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Figure 1-1. Examples of Polymer-Immobilized DMAP Derivatives
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Figure 1-2. (a) Electrostatic Potential Map of CF3l as Example of Halogen Bonding, and (b) Dimer of

H»0 as Example of Hydrogen Bonding
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Figure 1-3. Examples of Polymer with Perfluoroiodobenzene
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Figure 1-4. Examples of Polymer with Bidentate Halogen Bond Donor
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Figure 1-5. Examples of Poly Halo Acetylene
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Figure 1-6. Design Concept for Catalysis with 4-Dimethylaminopyridine-Penant Polymer via Halogen

Bond as Key Interaction
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Scheme 1-1. Preparation of DMAP-Pendant Polymer Catalyst
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DMAP R & NS5 FAE D& R

2-1. BREMTE ) ~—DEEEREH

Takeuchi &%, a7 U fEA Z2IEH LTc 0 88 G 0 T DA R & 0 TRk eE 12 B3 5 5
IZBWT, Wit/ ~—Thbra Vb7 NI 7NAA R AFLUOARKFIEEZHRE LT
(Scheme 2-1) !, Takeuchi b DG TiX, RO 4-7 X /-2,3,5,6-7 7 7 )V A v @ BEMEZ H
FEEHT Y, Sandmeyer SO K 5 3 7 Fb, K KFEbY A Y 7F T/ =7 L (DIBAL)
IZEDRITSISIZ LY, 2356-7 T 7 A r4-9— KXUXT LT b Rk L%,
Wittig ST VLT 87 70 A 0 AF LU OEREToT-EmENTWD, L, &S
23T D OSSR FERR 1L, & HIT Wittig SUS THWEHEIKIZ DWW T, FEliERSE I T
7200

1) NaNO,/HCI
2Nal _ DBAL _ HpC=PPhs _

Scheme 2-1. Synthesis of 2,3,5,6-Tetrafluoro-4-iodostylene Reported by Takeuchi

W7 —F O CY . ERFZEE) (X, Takeuchi HOHGE A B E I U{bT T 7 v 41
RLEEFRD G Z A 7= (Scheme 2-2) , ZDOFER, B ET5 3 vibT 7 7 A4 v BER
3ELoNT=b0D, IR 35% TH o7,

Ox©H Ox_OH
F F NaNO, (2.0 eq) Kl (3.0 eq) F F
6 M HCI 6 M HCI
F F 0°C,1h 0°Ctort,18h T F
NH, |
35% yield

Scheme 2-2. Synthesis of 2,3,5,6-Tetrafluoro-4-iodobenzoic Acid in Our Group
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222, NaFUMET I INLFaR AT VT E ROESE

2-2-1. T b I I70FuRo X7 IVTF e ROEEK

Y7 N—T7OWLvE (Y, HEFTEE) 1%, #ReMEE ) ~— &<, F vk F 77
VAT 2 BAERR DA G & B L= (Scheme 2-3) 2, S BAIETIE, il 2,3,56-7 b7
7N a2 AR HEFEENCHW, U F b ki a vHEbTa vibT 7 7 vt un i BE
i amlkt 2, HFonicavibs M7 70 AL B&EBIZH L, DIBAL 12X 28K ELT
HIZET, AMET F I IAFA RV AT AT RAELND,

1) "BuLi
F F 2) 1, F F DIBAL F F

Scheme 2-3. Synthetic Route of 2,3,5,6-Tetrafluoro-4-iodobenzaldehyde

XUDIZ, IWFERBRE LIEARIEICESE avbT b 7t B&mBs L0a vikr
N7 7N Fd X X7 T RaeGa L7 (Scheme 2-4) , iR CAFR[RERT T 7 A%
B&M 2 MRS LT, THF BB, n-Buli, 373 UHEEEA S, -78°Ch B =EIRIZH
IR L7230 4 RERIEAE L7z, T ORER, B E T2 3 B LERR B MR TR Lz, fit
WTC, YZF =T 5573 UHEKIZ DIBAL Z/E/H &, —78 °CT 6 KefHlif#:
T52LT, BETHT AT NE 30%FREDHENR TR, Sbhi-a vkT h5 7
NAB R XT LT B ROMEIL, NMR 3 X OUCHE /54T (Table 2-1) TRIE L7, FHHEE & E
BEIXREW—8Z2 R L, BAMIEICEY ., 7T T IV AaZEERNO T VT & R 19a [
B ARTEDZ o7,

O._H
"BuLi (1.95 eq)
I2 (0.95 eq) DIBAL (2 0eq) F F
THF Et,0 F F
-78°Ctort, 4h -78°C,6h
19a
15 mmol crude ~ 95% 33% vyield

Scheme 2-4. Synthesis of 2,3,5,6-Tetrafluoro-4-iodobenzaldehyde (19a)
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Table 2-1. Elemental Analysis of 2,3,5,6-Tetrafluoro-4-iodobenzaldehyde (19a)

C;HF4I0 H (%) C (%) F (%) 1(%)
found 0.38 27.63 25.07 41.70
caled. 0.33 27.66 25.00 41.75

2-2-2. BALT v S IINAFuRUXT VT B ROERR

BAbT F I 704 a XU X7 T e RA9) 1%, I VEORDDICRFZ L, 2-2-1
L AR DO MR CTH A% L7- (Scheme 2-5), = DR, BAbT b7 7 VA ZEEFBR)S BIF
RHINETE LN, HIET 577 b ROBBEINERIT 37% THh -7,

O._H
"BuLi (2.0 eq)
B"z (2.0 eq) DIBAL (2 0 eq) F F
THF Et,O F F
-78°Ctort,4h -78°C,20h Br
19b
3.0 mmol crude 89% 37% yield

Scheme 2-5. Synthesis of 4-Bromo-2,3,5,6-tetrafluorobenzaldehyde (19b)

2-2-3. LT FF I FuRUXT VT ROAR

WHAbT b7 AR X7 F e KA9e) i, TR ICESWTAE R L 7= (Scheme 2-6) , T
IR CAFARERR X 7V Aa XX T T e Rk LT, k) Forz/EHSE, NMP
IErR . 150 °CC 3 R FR T2 2 & T, B E 95 19¢ 13 42% D HBEIN R T H T,

(0] H 0] H
F F LiCI (1.1 eq) F F
F F NMP F F
F 150 °C, 3 h cl
19¢
10 mmol 42% yield

Scheme 2-6. Synthesis of 4-Chloro-2,3,5,6-tetrafluorobenzaldehyde (19¢)
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2-3.  Wittig RUSMZ E B e b7 NG I NVAa RF L DOERR
2-3-1.  #HRRE

T R T T7AA B AT L2 20a AT D729, Wittig s DORER 72 AHE B IR
HEREHISE Td % n-BuLi, ~BuOK, NaH, K,COs % IV TR 24T - 7= (Table 2-2), n-BuLi T
X, BOSEER 2 BEE & 22 BRI CRRET 21T o 7223, &6 D ORISR B W T MIGRIA R
THH N T 2= VRAT 4 XY RSFREOCIRTH LN, L, BIERD TH
D AF L 20a DULHEIT 30%F2E T, [FEAN O USRI 03 iR S d7c (entries 1, 2), -
BuOK O#3& 13, FUSHOMEIZ LN Y 7 2= VR A7 4 U F % ROARL L Wittig K&
DHETHRD HALTZA, 202 DUERIT 10% AR TdH o 72, 20a 35 L&, FIEANHDK
CRIERI A~ L BB ISINTWD Z EARE Iz, —J7, NaH =° KoCOs Tl HHYARA) 20a
DULRIE 10%A0 T, JFUEH 19a 23 [ANIY X #17= (entries 3-8)

Table 2-2. Screening of Organometallic Base and Inorganic Base in Wittig Reaction of 19al®

PhzPMeBr (1.2 eq) Z
F F Base (1.2 eq) F F
B —— + PhsP=0
F F THF F F
| 0 °C, 30 min; |
0 °Ctort., time
19a 20a
- 5 me () Yield (%)
ntry ase time
20al’! PhsP=0[]
1 n-BuLi 2 31 64
2 n-BuLi 24 34 71
3 t-BuOK 2 2 28
4 t-BuOK 24 7 51
5 NaH 2 <1
6 NaH 24 2 4
7 K>CO3 2 <1 6
8 K>CO3 24 <1 10

[a] Reactions were performed using 19a (0.5 mmol), PhsPMeBr (0.6 mmol), base (0.6 mmol) in THF
(6.5 mL). [b] Determined by '°F nuclear magnetic resonance spectroscopy using a,a,a-trifluorotoluene
as a standard. [c] Determined by *'P nuclear magnetic resonance spectroscopy using PhsP as an internal

standard.
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2-3-2. AHEEB X ORISEEM0E L

1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) &, 4-= b X X7 /L7 & K& 5 Wittig K&
DL LTHPDTHL Z EBME SN TN DY, CeFs ki, = bk & FRRICTHRA) 72E 1R
GIEETHD Z LD, DBUIZ K D Wittig UG Z1TH Z & T20a z 8T 52 LIZ L, Mt
(T, Y7 mm AR R BRI, BOSKEH 2 KifE T1T - 72 (Table2-3) . BALAF /L b
V7 == VR AR=T L DBU 222 1.2 YEMAWZSHE, BRERN TH S 20a 5 K&
ORI 7 2= VAR AT 4 o Fy FITRINE TH o 7203, FIERHORIERD MR S D
Lvbirofzlentry 1o &5IC, BLAFARY 7z =k A K=" AL DBU O k% B
L7223 200 BEON Y 7 == /LAR AT 4 A F 2 ROWETA431210) B L7227 7= (entries 2-
4),

Table 2-3. Screening of Equivalents of PhsPMeBr and DBU in Wittig Reaction of 19al?!

Os_H
PhsPMeBr Z
F F DBU F F
_ + Ph3P=0
F F CH,Cl, F F
| reflux, 30 min; |
reflux, 2 h
19a 20a
PhsPMeBr DBU Yield (%)
Entry . .
(Equiv.) (Equiv.) 20a PhsP=0"!
1 12 12 7 10
2 12 15 8 12
3 24 3.0 12 17
4 3.6 4.5 11 24

[a] Reactions were performed using 19a (0.5 mmol), PhsPMeBr, DBU for 2 h in CH2Cl» (6.5 mL).
“Reflux” in dichloromethane as solvent indicates to set up the temperature controller of hotplate stirrer
at 55 °C. [b] Determined by '°F nuclear magnetic resonance spectroscopy using o,a,0-trifluorotoluene as
an internal standard. [c] Determined by *'P nuclear magnetic resonance spectroscopy using PhsP as an

internal standard.

RIZ, M) T 2= VR AT 4 A F 2 FORRB IR bmroTo, BIEAF NV Y 7 2 =17k
AR=U L% 3.6 M, DBU % 4.5 YEDOFM TN Z 175 L7- (Table2-4), £, #&ift
T, vraraAZy THF, 7 h=hU b bR TRIEEITo72E 2 A, THF B
BEbHBEWERAL 5 27 (entries 1-4) ., 4 FEHO T —T VR, P oF )L —F )L tert-7 F )L
AFNTE=T )b 12-VA FFxZ 2 (glyme), 144XV EMATLIEA, AT 1L 20a
DU THF % V7= entry 2 12 K& 13X 72525 7= (entries 5-8) .
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Table 2-4. Screening of Solvent in Wittig Reaction of 19al?!

PhzPMeBr (3.6 eq) Z
F F DBU (4.5 eq) F F
_— + Ph;P=0
F F solvent F F
| reflux, 30 min; |
reflux, 2 h
19a 20a
Ent Ivent / S (cc)™ vield 06)
ntry solven etup temp. (°
20a! PhsP=0["!
1 CHCl / 55 11 24
2 THF / 80 35 71
3 MeCN / 95 <1 17
4 toluene / 125 9 23
5 Et,O / 45 29 37
6 t-BuOMe / 65 25 31
7 glyme / 95 21 59
8 1,4-dioxane / 115 11 76

[a] Reactions were performed using 19a (0.5 mmol), PhsPMeBr (1.8 mmol), DBU (2.3 mmol) for 2 h in
solvent (6.5 mL). [b] Reaction temperature was set up based on the temperature controller of hotplate
stirrer. [c] Determined by !°F nuclear magnetic resonance spectroscopy using a,a,a-trifluorotoluene as
an internal standard. [d] Determined by *'P nuclear magnetic resonance spectroscopy using PhsP as an

internal standard.
HIEEEE 2 THF & U C, SOSIREE & it L 72 (Table 2-5), 80, 70, 60°C TlX, AF L 20a

DIRIZBAE 72 B T 72 < | 35~37% T o o7 (entries 1-3), ISR % 50, 40 °C & FiF 51
DT, PEEPME T L7z (entries 4, 5),
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Table 2-5. Screening of Rection Temperature in Wittig Reaction of 19al®

O~_H
PhzPMeBr (3.6 eq) Z
F F DBU (4.5 eq) F F
_— + PhsP=0
F F THF F F
| temp., 30 min; |
temp., 2 h
19a 20a
- ‘ . Yield (%)
ntry etup temp. (°
bemp 20al®! PhsP=0l!
1 80 35 71
2 70 36 65
3 60 37 61
4 50 32 44
5 40 26 44

[a] Reactions were performed using 19a (0.5 mmol), PhsPMeBr (1.8 mmol), DBU (2.3 mmol) for 2 h in
THF (6.5 mL). [b] Reaction temperature was set up based on the temperature controller of hotplate stirrer.
[c] Determined by '"F nuclear magnetic resonance spectroscopy using o,a,o-trifluorotoluene as an
internal standard. [d] Determined by *'P nuclear magnetic resonance spectroscopy using PhsP as an

internal standard.

FOGIRE % 60 °C & L., pKpn & 25 TF 4~ OF I % it L7z (Table 2-6), DBU L Vi
FEMEE O EV, TBD, MTBD, DBN %3k L 7= (entry 1-3), MTBD (%, HIJAERKH DO AF L v
(20a) %, DBU {#/E FOGE L RREDOIETH 2 7=, —J. TBD & DBN & W\ 235514,
20a 3G HNT2H DD, DBU F(E FOGE DL FDIETH > 72, DBU X O HEMEED
K, TMG, B U P> $X 7 U P i-PnEIN, EN, DABCO OHA 1L, TMG D475 20a
% 5. % 7= (entries 5-10) , 5t L7 AR O F T, TMG O5GE TR S RIFRIGENE LT,
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Table 2-6. Screening of Organic Base in Wittig Reaction of 19al?

PhsPMeBr (3.6 eq) Z
F F organicbase (4.5eq) F F
_— +  PhgP=0
F F THF F F
| 60 °C, 30 min; |
60 °C, 2 h
19a 20a
Ent o B / Ko ] Yield (%)
ntry rganic Base pKen
20al PhgP=0[
1 TBD / 20.1 8 33
2 MTBD / 18.0 36 56
3 DBN / 17.2 15 16
4 DBU / 16.9 37 61
5 TMG / 155 43 52
6 Piperidine / 14.3 <1 <1
7 Quinuclidine / 13.1 <5 <1
8 i-Pr,EtN / 12.7 <1 <1
9 EtsN / 125 <5 <1
10 DABCO / 11.7 <1 <1

[a] Reactions were performed using 19a (0.5 mmol), PhsPMeBr (1.8 mmol), organic base (2.3 mmol) for
2hin THF (6.5 mL). [b] Eur. J. Org. Chem. 2019, 40, 6735-6748. [c] Determined by '°F nuclear magnetic
resonance spectroscopy using a,a,0-trifluorotoluene as an internal standard. [d] Determined by *'P
nuclear magnetic resonance spectroscopy using PhsP as an internal standard. MTBD = 7-methyl-1,5,7-
triazabicyclo[4.4.0]dec-5-ene. DBN = 1,5-diazabicyclo[4.3.0]non-5-ene. TMG = 1,1,3,3-

tetramethylguanidine.

VT, Table2-6 DOREHRICIESE | THF P, AL L LT TMG & v, BUSSKIEZE
fEt L 72 (Table 2-7), 2 KEE O SSIRFE COSIREE 60 °C & 80 °C Tt L& 2 A, AF L
¥ 20a, N T7x2=/VRAT 4 FF Y ROPFFERIZWTILE 80 °C DA E N> 7= (entries 1,
2) BUGIREEZ 80 °C I 2 T, FUGKEM 4 K], 6 IR, 24 REfE CHGHZ1T 5 & 6 IRF[E T
20a DULHRIT 53%, b 7 2= VIR AT ¢ A F T ROIEIT 2%IZE L, D%, IRITK
ERBLIT R oo 7z (entries 3-5), L7223-> T, entry 4 ORISGMFERBESMEE L, LA
B OMETEIT o 72,
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Table 2-7. Optimization for Wittig Reaction of 19al®

Os_H
PhsPMeBr Z
F F TMG F F
_— + Ph3P=0
F F THF F F
| temp., 30 min; |
temp., time
19a 20a
- oy time (1) Yield (%)
ntry temp. (° ime
20al PhgP=0[
1 60 2 43 52
2 80 2 46 64
3 80 4 51 69
4 80 6 53 82
5 80 24 54 80

[a] Reactions were performed using 19a (0.5 mmol), PhsPMeBr (1.8 mmol), DBU (2.3 mmol) in THF
(6.5 mL). [b] The reaction temperature was set up based on the temperature controller of hotplate stirrer.
[c] Determined by '"F nuclear magnetic resonance spectroscopy using o,a,o-trifluorotoluene as an
internal standard. [d] Determined by *'P nuclear magnetic resonance spectroscopy using PhsP as an

internal standard.

2-3-3. BAbHET RT 7 F e RF L USRA~DGA

BAbT RT 7 FaRAF L v 200 RWHFILT N T T AF AT L 20e DGR ERRTZ
(Scheme 2-5), #FHE, B LI-B{LT T 704X X7 L7 F19b it T F 5 70
FrR_X AT T E R 19e 2 VY, 20a OGSO Thadifl U 7o SORGME T TITo 72, £ O
F. 202 LR LT, 20b X0 20c OUCRIFE T L2 b DD, FHIER TMG OHZMWED DO
Sz, LML, EBELDHEAL N 722 VR AT 4 XY RNBHRINETEL A TY
2D RIEROFNIZ, EFHTHDLAF L OLREICERT2HOTH D LIRS
iz,

Os_H
Ph;PMeBr (3.6 eq) ~
F F TMG (4.5 eq) F F
+ Phs;P=0
F F THF F F
X 80 °C, 30 min; 80 °C, 6 h X
19 X = Br 20b: 39%, Ph3P=0: 70% 20

X = Cl 20c: 29%, Ph3P=0: 73%

Scheme 2-7. Synthesis of 2,3,5,6-Tetrafluoro-4-halostyrene
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2-3-4. RBRIFEORE

a7 F T 7 AA R AF L2 20a DRBER AR T, TORE VAT ax N7
77 4 —DREEETH ~F R THMT 2 2 ERH LN o7, BIREE 2 ~F
MO AR T T A, BIER O S RITIH S ivlz, B2 B HPLC TR
L2 LICEST, XU UNI0%REZTEND OO, EfED 20a & 9%IETHDL Z LIT
L=,

2-3-5. HHEEZ AV 5 Wittig Rt DE L

LB (DFT) BHRE OFE R4 & L0, ARIER A W2 Wittig FOGEBEZ L, ~a b
AT N T T Fa ZAF L (TFXS) OARRICEERR T2 LT 5 2 LI Lz, DFT &
X, ~7 V7 ki) b —F A4 7 T ORKEERH DX B bRt EO—BRE LTHEML, &
KB —F—R3 Y Lz,

TP HERT LUy~ v FIC L0 | Wittig KSR RO ER L O EROME
I % wItHAL L7z (Table 2-8, 5z EBY MEP), §#EART > ¥ v b~ v 7T OIREGEITA BN O A
KREVTIEB M O Z 7~ LT 5, Wittig LA EEIT L7z MTBD, DBN, DBU, TMG TiZ,
AV ROAERIZBE ST 2 HEHEMER EBRVIREA L o T-DIZk L, UGB EIT Lo 7o B
RV XXV MY ZFAT I U TEHEWIRE E 7257, MTBD, DBN, DBU, TMG
I, B X7 YV MU FT I UACHSR ABRETICET D 2 &R
Sz,

Wi, A4V ROAERICEEGT 2 EHEFA EORT 2 v LT H X — (Vo min) & NBO Efif %
B LT, AR OS2 E BRI FEE L 72 (Table2-8, TERBLOFE), TOfEHE, TFXS
DAL Vs, min & NBO BEIZE 41175 kl/mol, —0.60 au L ETHDH Z EpnEniz, L
L. &x OFHERD pKenX° Ve mine NBO & UWERIZHfEZ2AHBIL A HIE T, TMG 28 TBD X
MTBD. DBN, DBU & b L THEREREZHITHZ LIXTE ol
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Table 2-8. Molecular electrostatic potential maps, ¥smin, and NBO charges!®!

T [ E—— |
MEPs  LLY ALY ’32‘12 1D o % /«f(i
» T = At s
Organic . . -
0 MTBD DBN DBU TMG Piperidine  Quinuclidine NEts
ase
Vs,min
-176 —200 -197 -187 -132 -140 -118
(kJ/mol)
NBO
au) -0.67 -0.64 -0.64 -0.84 -0.73 —-0.58 -0.60
a.u.

[a] DFT calculations were performed at the SMD(THF)/M06-2X-D3/6-311+G(d,p) level at 333K.

BRI Z VN B Wittig FUSDERZRD 5120, FBESH 21T - 72, HBESHTIE. BE— b
~ v 7 OVER & F BRI DA RHE () & B & 12,
L72% MBERHTIC S0 BOSIZET 4618, AL ORI T 2 HE1E, A
DOREEIZBIT DD 3 DI LT, Wittig KUt Z 5Lk L7z (Table 2-9), F£7-. A nlDOFHE
AT IR, BRI X DSOS T4 T, FEBREE Y F VR C X 2 3R T o #iPHIC
BT, MHBEREOFHMEIL, 0.9 <[ < 1.0 DEAITHBENIEFITE D, 0.7 <[] <0.9 DHAEI
FHREASE, 0.5 <1 <0.7 DFAITHENRH D, 03 <|r]<0.5 DEEITHBEBNE, 1<03 D
BATHBEATHO G U< I3MEREN RN E LT, EEAITHIE Lz,
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Table 2-9. Classifications of the Descriptors Used in the Correlation Analysis of the Organic Base-
Mediated Wittig Reaction of 19a

Category Descriptor Physical meaning
yield (%) of PhsP=0 Yield of triphenylphosphine oxide
UDR-Pro Undesired Reaction Product®
Reaction temp. (°C) Reaction temperature
time (h) Reaction time
SVI-PC5t314 Reaction solvent index
pPKg-H Basicity of organic base
Nucleophili Vsmin (kI/mol) Electrostatic potential energy!®!
ite NBO (a.u.) NBO chargel®!
delta G (kcal/mol) AG: Gibbs free energy!®l
Mayer-N [d]
NXBA Number of halogen bond acceptors
Cyclic/Acyclic Structure of the organic basel®
Structure NRing Number of rings in the organic base
Ring Size of N [f]
Ring Size of S [a]

[a] Calculated according to the following equation: UDR-Pro (%) = 100 - (recovery yield of 20a (%) +
yield of 19a (%)). [b] For nitrogen atom as the active center. [c] For the protonation of an organic base.
[d] Mayr’s nucleophilicity parameters. [e] Equal to 1 if the structure is cyclic; equal to 0 if the structure
is acyclic. [f] Size of the ring the basicity center; “0” if the active center is out of the ring. [g] Size of the
ring that is out of the basicity center, “0” if the organic base is without ring structure or no ring structure

in the out of the active center.

FARAHT DFER, 20a DILERIT, N 7 2= LR AT ¢ A F S ROIGERIZFHENEW T &
3B B 2272 5 72 (r]: 0.88) (Figure 2-1a), Z OFEHRIL, £ TH D AF L 2 20a DELY
DEEL < Wittig BUS OEAT &2 R THIBr 2 2 & BREER 56 RISOHEITZ 20a & M2
Bond b 72 VR AT 4 TR ROEREZL LI LTIV LA RLTWD,
202 OULERIZHT D 5 DORUNI T L FRIEOFBEREIL, FHENEWIEIZ, yields (%) of
Ph3P=0 (|r]: 0.88) > time (h) (jr|: 0.44) > SVI-PC5 (Jr: 0.23) > UDR-Pro (|r]: 0.12) > temp. (°C) (|r:
0.06) T& > 7= (Figure 2-1b) , FUSFEMSCSOSIREE T B A9 20a OUCGE L FHBEINMK LS L SIS
MOERECRSREDHIEIZ, BT UL E LWEREE X NE W) ZEPRB SN, A
B L O KNI BT 2R O TlE, REEME T A — & (Mayr-N) 23 20a OIURIZx LA
OFIEAZ R LT (1:0.75) . Z OFERIE, AHIEIRIC X D REKEEIZ X > T 19a £721% 20a D5y
fEIEE D | AR IR O SRIEMEDR VR 202 DILENME T+ 5 Z L2 AHAICHATE 5, B
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BF7RINR 2 AT 121, AHEEL DRV SKREMEDR 2 FERICKFTH D 2 LAVRS LT, EBR
2. TMG OREEMEIL 11.4 THH DTk L, DBN D413 16.6 & RS 572, Vemn & NBO
1%, 20a OPCERICHFEE OB % 7R LCTE Y (jr): 0.64 for NBO, [r]: 0.41 for Vsmin) (Figure 2-1a)
AV RERICGEERBEEEENEETCHDL EWVWZ D, DI, "a P UBasBiEERoK
(NXBA) 78 20a DOILRIZIEDB % 7~ L7z (r]: 0.73, Figure 2-1b), /1 7 USSR IKO$K
(NXBA) 8 3 ZHICEHERRK T THDZ ENRHALMNIR -T2, 20a & HREEEN a7 A
N LUTEERT 2 2 & T, RISRFIZEBIT D 200 DZEMICTHFG L TNDL EZEx LD,

(a) Heatmap with r values for yield (%) of TFIS

Reaction Nucleophilic Site Structure

yield (%) of Phap=0 gll:H]

UDR-Pro —0,12

temp. (deg.C} -+0.06

delta G (keal/mol} Uk
25
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(b) Feature ranking based on | r| values
1,00 e
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g
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Figure 2-1. Correlation analysis. (a) Heatmap with r values for the yield (%) of TFIS

(b) Feature ranking based on the |r| values.

2-4. NuFUREEHEBMNER TSRS T OERK

ERED 200 Z HWTE S FEREITo70, 4UEAlE LTYE=AR_UBUEERL, 20
MENENENERD A FHEOR 20 LIz, 1XUHIT, 20a kL TI5Ss YEOVE=
NRB U EHWTER LR REZLLTICRT, 20alCxf LT, 133 Y EDATF L2 15 Y&
DI E=N_B a2V, BEABMGH ADVN f74E T, 7 1o kL MRS, 60°C, 2 iR,
PEFR L7- (Scheme2-8), 6N 7@y 27 by, =& /) —)b, Yr7nu A X o &RANTH
WL, REIED AT Lo ADVN ZHUD BRUV-, 20T, T 0ET 2 & ¢, AROBmREHS7,
B STz E sy TR Z TR AT KL 0 FE L 7= (Table 2-10), = V{bT 7 7 AAa AF L
Mk 7 vFEEL I vRBPmHshiz, £, ElE & FHREEICRE BT R o7, M, AF
EIZ X0 ARk LT @591 % | polymer with halogen (X)-bond donorsite & 44 L. PX & £ T %,
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0.30 eq CH,Cl, E E AD

. -
- > |

X X
F F Ns ><)\ Washed with 1.3 1.0 15
+ W acetone F F
EtOH
F F
|

20a CHCl3, 60 °C, 2 h

1.0 eq 1.3 eq 15 eq R: W PX
CN

Scheme 2-8. Synthesis of PX (n = 15)

Table 2-10. Elemental Analysis of PX (n = 15)

Ci70.7H1672No3F4l H (%) C (%) N (%) F (%) (%)
found 7.04 85.37 0.27 2.70 4.18
calcd. 6.95 84.52 0.17 3.13 5.23

Content of 0.355 mmol/g 0.329 mmol/g
[CeFal]? (F based) (I based)

“(Content of [C¢F4I] in PX) mmol/g = (mole of used TFIS) mmol / (theoretical weight of PX) g

VESARCB NS ME TN LI FiEE S LI, Y= "B 0.01 Y&, 0.1 Y5,
1.0 Y EDOLA b IRIERIZ, &5 1% Gk L7 (Scheme 2-9~11, Table 2-11~13), Y E=/L X ¥
> 0.01 ¥, 0.1 YEAZHWTEARISEIT 1256 RISERPEIRIZR 2 £ TEREL 63
RFfE, 17 BEfE DB Ch o7z, Flo, 7 ra A2 o078 N ACRED 20, ~F b=
Z )=V T LT, YE=ARUE S 1.0 YEOGAIE, 15 Y& & R 2 K] THEIERIC
D, TEbhr, PZaaRrB, X )—)LTHREZIT-oT-,

NC
N
N
Washed with
hexane
0.30 eq EtOH

20a CHCl,, 60 °C, 63 h

1.0 eq 1.3eq 0.01eq R: W PX (n=0.01)
CN

Scheme 2-9. Synthesis of PX (n =0.01)

24



Table 2-11. Elemental Analysis of PX (n=0.01)

Cis7H13.7NosFal H (%) C (%) N (%) F (%) 1 (%)
found 4.04 50.94 1.35 15.59 24.51
calcd. 3.13 50.94 0.30 17.20 28.72

Content of 2.05 mmol/g 1.93 mmol/g
[CeF4I] (F based) (I based)

[a] (Content of [CsF4l] in PX) mmol/g = (mole of used TFIS) mmol / (theoretical weight of PX) g

XN N N NC
F F W N
+ + CN Washed with
F F = 0.30 eq fexane
| = >

Y

20a CHCI3, 60 °C, 17 h

1.0 eq 1.3eq 0.1eq R:W PX (n=0.1)
CN

Scheme 2-10. Synthesis of PX (n=0.1)

Table 2-12. Elemental Analysis of PX (n=0.1)

Ci9.6H14.6No3F4l H (%) C (%) N (%) F (%) L (%)
found 4.38 55.80 1.40 14.02 23.77
calcd. 3.25 52.01 0.50 16.76 27.98

Content of 1.84 mmol/g 1.88 mmol/g
[CoF4I71! (F based) (I based)

[a] (Content of [CsF4l] in PX) mmol/g = (mole of used TFIS) mmol / (theoretical weight of PX) g

NC
N Washed W|th
N acetone
EtOH
CH20I2

0.30 eq

20a CHCI;,60°C, 2 h

1.0 eq 1.3 eq 1.0 eq R;W PX (n=1)
CN

Scheme 2-11. Synthesis of PX (n =1)
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Table 2-13. Elemental Analysis of PX (n=1)

Cag.6H23 6No.3F4l H (%) C (%) N (%) F (%) I (%)
found 4.34 60.12 0.41 12.96 21.15
calcd. 4.18 60.27 0.30 13.32 22.24

Content of 1.71 mmol/g 1.67 mmol/g
[CeF4I] (F based) (I based)

[a] (Content of [CsF4l] in PX) mmol/g = (mole of used TFIS) mmol / (theoretical weight of PX) g

2-5. WA OFE L REmatT

2-5-1. s FAREEOFRRE

BONTAFEEOBEmS T PX FOIAURICKH LT, ¥7ra XX U EEP 14580 DMAP
Z N % SR C 3 B4 5 = & T.DMAP L & o M RIE S5l (PDPXpmap) Z2 i85 L 7=,
PDPXpmap D&% LL T IZ75 3 (Scheme 2-12~15), TR OHT D#E R (Table 2-14~17) 205 &5y
T-H O DMAP OEH &IZZIE4 0428, 1.47, 148, 1.44 mmol/g & FHH I /-6,

N
| N
1eq PX
- - °
. > H
CH,Cly, r.t., 3 h in vacuo for 3 h DMAP
PX (I- 0.329 mmol/g) 2‘ PDPXpmap N =15

CN DMAP 0.428 mmol/g

Scheme 2-12. Preparation of PDPXpmap (n = 15)

Table 2-14. Elemental Analysis of and PDPXpmap (n = 15)

C175.64H173.64N2.3F4l H (%) C (%) N (%)
found 6.11 83.51 1.47
calcd. 6.96 83.86 1.11

(Content of [DMAP] in PDPXpmap) mmol/g = (mole of DMAP calculated by elemental analysis) mmol
/ (obtained weight of PDPXpwmar) g
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=
/N\
R 1.3 1.0 0.01 1eq ox
F F _ _ :
E E 0_0’\ CH,Cly, rt, 3 h in vacuo for 3 h DMAP

R: E‘«
PX (I- 1.93 mmol/g) W PDPXppap n = 0.01
CN DMAP 1.47 mmol/g

Scheme 2-13. Preparation of PDPXpwmap (n = 0.01)

Table 2-15. Elemental Analysis of and PDPXpmap (n =0.01)

Cas.7H237N2 3F41 H (%) C (%) N (%)
found 4.80 56.61 5.47
calcd. 421 54.41 5.67

(Content of [DMAP] in PDPXpmap) mmol/g = (mole of DMAP calculated by elemental analysis) mmol
/ (obtained weight of PDPXpmar) g

N

| N
1eq PX
- L3
_— > o
. L]

CH,Cly, r.t., 3h in vacuo for 3 h DMAP
(I- 1.87 mmol/g) 1771“ PDPXpmap n = 0.1

CN DMAP 1.48 mmol/g

Scheme 2-14. Preparation of PDPXpmap (n =0.1)

Table 2-16. Elemental Analysis of and PDPXpmap (n = 0.1)

C26.6H24.6N2 3F4l H (%) C (%) N (%)
found 5.08 58.01 5.53
caled. 4.28 55.17 5.56

(Content of [DMAP] in PDPXpMmap) mmol/g = (mole of DMAP calculated by elemental analysis) mmol
/ (obtained weight of PDPXpwmar) g
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=
/N\
R 1.3 1.0 1.0 1eq oy
F F . _ E
E F AQ  CHyCly rt, 3h in vacuo for 3 h DMAP

R: Eli
PX (I- 1.67 mmol/g) W PDPXppap n = 1
CN DMAP 1.44 mmol/g

Scheme 2-15. Preparation of PDPXpwmap (n = 1)

Table 2-17. Elemental Analysis of and PDPXpmap (n = 1)

C356H33.6N23Fal H (%) C (%) N (%)
found 5.14 61.42 4.46
caled. 4.86 61.41 4.62

(Content of [DMAP] in PDPXpmap) mmol/g = (mole of DMAP calculated by elemental analysis) mmol
/ (obtained weight of PDPXpmar) g

2-5-2. BOTHEOREHERBLIOR Yo7

B THEMEL (SEM) HIER L O 3L — 8 X #5481 (EDS) 12XV, &5y ik
PX OFRHBERB IO LHFE~ v BV 7 217572 (Figure2-2~4) , PX ORiZRI%, BT LR 7D
RKEZIZELDENRHD . 50400 um FEE TH o772, /2, 2 THOPX T vENmELE L A
b, REOBEBLOILHE T~y B 7 b, Uik 7 7403 a X8 U

B FHICRIET D2 < EENTVDHZ &#Twéﬂtogﬁilmswmfwﬁﬂﬂ
EMICEAEZREST 2 2 LIXTE RN o7,
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(b)

N

Map data Map data
SEM MAG: 400x HV: 1.5kV WD: 14.9mm SEM MAG: 400x HV: 1.5kV WD: 14.9mm

Figure 2-2. (a) SEM image and (b) elementary mapping for PX (n = 15)

showing a 50 um scale for each.
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i\'a: 400X HVA5KV WD:15.2 mm

(b)

156 156 w<' | 7
MAG: 400x - HV: 5kV' WD: 15.2 mm MAG:400%’ (HV: 5KV WD:15.2 mm

Figure 2-3. (a) SEM image and (b) elementary mapping for PX (n=0.01)

showing a 200 pm scale for each.
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156 sole
MAG: 180x HV:5kV WB:1

ot o
.
M

(b)

NI
o) E

156 156 Y 200 pm
MAG: 180X *HV: 5KV, "WDZ15.2 mipt MAG: 180x HV:5kV WDMS2mm, (& & 4

Figure 2-4. (a) SEM image and (b) elementary mapping for PX (n=1)

showing a 200 pm scale for each.
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2-5-3. BoTHEOREBREBI VTR~ VS

=7 AR PXpmap ORHEBEB L O EHE~ v B 7 H[AERIC SEM KT EDS TiT-o 7=
(Figure 2-5~7) , PX & Wl L C, REFEICRKE BT 678>, £72, DMAP % PX
Iz 5 Z &2k > T, 2-5-1 THRAREZ LS ICEFOGHRITMZTWDN, HEAZENVIT
Rohnnot,

(2)

SEM MAG: 400x HV: ¥.

(b)

Map data
SEM MAG: 400x HV: 1.5kV WD: 15.1mm

Figure 2-5. (a) SEM image and (b) elementary mapping for PDPXpmap (n = 15)

showing a 50 um scale for each.
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156
MAG: 180X HV:5KV WD:15.2 mm

(b)

G

156
MAG:180x ~ HV: § kV' WD:15.2 mm MAG: 180x HV:5KV WD: 152 mm

Figure 2-6. (a) SEM image and (b) elementary mapping for PDPXpmap (n = 0.01)

showing a 200 pm scale for each.
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156
MAG: 180x HV:5KV WD:15.2 mm

(b)

N

156 56
MAG: 180x . HV: 5KV WD: 152 mm MAG:180x HV:5KV WD:15.2 mm_

Figure 2-7. (a) SEM image and (b) elementary mapping for PDPXpmap (n = 1)

showing a 200 pm scale for each.

2—-6. B FAlE D DNP 1SN NMR HIE

o KL DMAP & O M AEMER Z M) D 5728, PDPXpmar @ NMR {HIE 21T -
7o ISUEDVE =AY & HOTAR L7 PDPXpMar (n = 15)135H 5 D D FHEIABEIC A
W=, EIR NMR Z#iat L7z, [EA NMR A NMR L0 6 REEANME < . A REEDS B
ZENHMBINTWS, BRI, PDPXpumap (n = 15)DZEFOHALILIE 1.47%1238 X3, DNP PN
CPMAS ZFfi4+ 2 Z LI L7=7, DNP N CPMAS i%. B Z F 4 % [E{A NMR T&
Do WTAE, [EAR NMR O DOREZ fiFR 25 FiE L L TREBLZRIT TS,

HI7E X, PDPXpmap (n = 15)& DMAP, & 5[ZHfiE LT, DMAP &# & 3 v RN nm
TR R T HI VT T 7 A e BT = =/L/DMAP @ DNP SN NMR &4, FE¥
B G se il B b P A et o ¥ — o MPEEIE Lo )0 b & ERFE & LTl
L 7= (Figure 2-8) ,
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Gk 7 70F e T =2 =/L/DMAP DA, 260 ppm (IO E Y ¥ U ERICHEKT S
' — 27 53 DMAP O ' — 7 L g U T ppm mifdids > 7 k L7z, —J5. PDPXpmar(n = 15)D 5
B, ZoOvY VUBERICHKTHE— 7 1T ppm KB 7 R L=, £z, 60 ppm fHiED Y
AFNT I KO — 7 1XEmBY; 7 b Lz, PDPXpmar(n=15)i%. I Vb7 F 7 74
2 BT = =/L/DMAP & 872 5{bF> 7 NELE R LT Z &2 5  PDPXpmap(n = 15)F1 > DMAP
BN THTAF LRV E AR UNIRINT D ILFEE O BEEH OREL 1)
RO ELTWD Z E DR S 472, 4-PhCeFal---DMAP O BEAIREE & 13272 5 55 F BB D
AREME D B X HiLD,

Scale : 1.189] ]

(a)

(b)

(©

PDPXpwmar

R = (CH,CH,0),Me

AMUPol

Figure 2-8. DNP ’N NMR (41 MHz, 103-105 K, 3.2 mm, 10 kHz).
(a) Tetrafuluoroiodobiphenyl/DMAP in AMUPol/DMSO ds, (b) DMAP in AMUPol/DMSO dg, and
(c) PDPXpmar in AMUPol/DMSO dg.

35



2-7. ¥&®

H2EEFLEDDH, TIRCTAFARRT N7 74 ZBEFRNGI VLT N7 7 v 4
AF L (TFIS) Z G kT 2 Te O DEMFIEEMSL LTz, K2, 3 kT b7 7 AF e X X7
T B RO Wittig SOGE B L, Bet Lo x OFEHEEO R T, TMG 2 W81, &
HEWINERT TFIS 3o Z &2 /il Lz, E7=, MHESHTIC LY | Wittig SUSITHZh 72
ARERE LT, DAY FAERICESRAEMEZGETL22L, 2)T AT F19 BLIOAF L
¥ 20 DOREAREE L 2WMESRIEEMETH D Z & ) EFRPMOAT L2 20 LR ATRE/ 1
TFURBZEREATHIE, ZNUOL3DDERNEETHLZ AR LT, AFL2 200
FERLCIE, BB L LTV H U 2N D Z LT BERMOSREMHI TE 52 L2 A
H U, SfEED TFIS 2452 Z LITP LT, EHIT, mfiED TFIS # V5 Z L2k » T,
ThRIINA RIS — RRUCB UL E T RIS T om0 T eSS LIRS, 1 YED
DMAP # /Il x, BRI E T % @0 i 2 i35 14 M Lo, &2, DNP "N NMR I
EICED ., HONT-EST DMAP K2, R U CeFl AF L DI 7HEEAL L DMAP FERE
FLO NP UREE TR VRILKFRAT L ROV E =R B L BERER L OIEERE
AMMAERIC LV EAEEEA L TS RN R ST,
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1. General information

Unless otherwise noted, all reactions were carried out under an atmosphere of standard grade
nitrogen gas (oxygen <10 ppm) in flame-dried glassware with magnetic stirring. Anhydrous THF,
CHCl,, toluene and diethyl ether (Et,O) were supplied from Kanto Chemical Co., Inc. as
“Dehydrated solvent system”. Other reagents were purchased from commercial suppliers and used
without further purification. Purification of reaction products was carried out by column
chromatography on silica gel 60 (spherical, neutral, 100-210 um; KANTO and Merck). Analytical
thin layer chromatography (TLC) was performed on E. Merck precoated (0.25 mm) silica gel 60-
F254 plates. Visualization was accomplished with UV light and phosphomolybdic acid solution in
ethanol by heating.H NMR spectra were recorded on a JEOL ECS-400 (400 MHz) spectrometer.
Chemical shifts are reported in ppm from the solvent resonance or tetramethylsilane (TMS) as the
internal standard (CDCls: referenced to TMS 0.00 ppm). Data are reported as follows: chemical shift,
integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, m
= multiplet), and coupling constants (Hz). *C NMR spectra were recorded on a JEOL ECS-400
(100 MHz) spectrometer with complete proton decoupling or fluorine decoupling. Chemical shifts
are reported in ppm from the solvent resonance as the internal standard (CDCl3: 77.0 ppm). **F NMR
spectra were recorded on a JEOL ECS-400 (376 MHz) spectrometer. Chemical shifts are reported
in ppm from a,o.,a-trifluorotoluene as the external standard (—63.72 ppm). DNP solid-state **N
NMR measurements were performed with a Bruker Avance NEO 400 MHz/263 GHz 9.4 T DNP
system. AMUPol was purchased from a commercial source, and used as a polarizing agent. Incipient
wetness impregnation of AMUPol in DMSO-d6 was used to prepare the samples for DNP
experiments. The impregnated samples were packed into sapphire rotors and sealed with teflon
insert and zirconia cap under an inert atmosphere, and the sample was frozen at ca. 100 K inside the
precooled low temperature 3.2 mm MAS probe head. The sweep coil of the main magnetic field was
set so that microwave irradiation occurred at the 1 H positive DNP enhancement maximum of the
nitroxide biradicals. Standard ramped cross polarization (CP) was used to transfer polarization from
the 1 H nuclei to the nucleus of interest (**N). CP contact time was 3000- 9000 Ps. SPINAL-64 1 H
heteronuclear decoupling was applied during acquisition. The DNP enhanced solid-state **°N NMR
spectra were typically acquired with a recycle delay 2.4-3.3 s and 16384 scans with a sample
spinning frequency of 10 kHz and a sample temperature of 103-105 K. *N chemical shifts were
referenced to lig. NHz at 0 ppm using **NH,Cl as an external standard (39.3 ppm). High-performance
liquid chromatography (HPLC) was performed on a Jasco HPLC-2000 system equipped with a
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variable wavelength detector using YMC-Pack SIL-06 column from YMC. Elemental analysis of H,
C, and N was performed on J-SCIENCE LAB MICRO CORDER JM10 at the Instrument Center,
Institute for Molecular Science. Elemental analysis of F, I, and ClI in addition to H, C, and N was
performed on XS-2100H at Organic Elemental Microanalysis Center, Kyoto University. SEM
images were obtained using Hitachi High-Tech SU6600 and EDS mapping were measured using
BrukerAXS QUANTAX XFlash 5060FQ and XFlash6|10. Infrared (IR) spectra were recorded on a
Jasco FT/IR-460plus spectrometer. High-resolution mass spectra (HRMS) were recorded on a JEOL
JMS-700 instrument (double-focusing magnetic sector mass analyzer: EB) using fast atom
bombardment (FAB) as the ionization method and 3-nitrobenzyl alcohol as the matrix at the

Instrument Center of the Institute for Molecular Science.
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2. Preparation of DMAP-pendant XB polymers
Synthesis of 2,3,5,6-tetrafluoro-4-iodobenzoic acid (S1)

O~_OH O~ _OH
"BulLi
F F I F F
F F THF F F
H -78°Ctort,4h I
S1

The S1 was synthesized according to literature procedure.® To a solution of 2,3,5,6-
tetrafluorobenzoic acid (2.91 g, 15.0 mmol, 1.0 equiv.) in THF (300 mL) was added n-BuLi (1.6 M
in hexane, 18.3 mL, 29.3 mmol, 2.0 equiv.) dropwise over 15 min at —78 °C under nitrogen
atmosphere, then the mixture was stirred at —78 °C for 1 h. A solution of iodine (3.70 g, 14.3 mmol,
0.95 equiv.) in THF (20 mL) was then slowly added to the reaction mixture. The mixture was
allowed to slowly warm up to room temperature and stirred for 4 h. 2M HCI aq. (19 mL) was added
to the mixture and the organic layer was separated. The aqueous layer was extracted with diethyl
ether (3 x 50 mL). The combined organic layers were washed with sat. Na,S;03 ag. (50 mL) and
brine (50 mL), dried over MgSO4, and concentrated under reduced pressure after filtration to afford
S1 as a white solid (4.56 g, 14.3 mmol, 95% yield). The S1 was used in the next reaction without

further purification.

Synthesis of 2,3,5,6-tetrafluoro-4-iodobenzaldehyde (19a)

0+ _OH O+_H
F F DIBAL F F
F F Et,0 F F
| ~78°C, 14 h |
s1 19a

The 19a was synthesized according to literature procedure.> To a solution of 2,3,5,6-tetrafluoro-4-
iodobenzoic acid S1 (4.64 g, 14.5 mmol, 1.0 equiv.) in diethyl ether (180 mL) was added DIBAL
(1.0 M in n-hexane, 28.4 mL, 29.0 mmol, 2.0 equiv.) dropwise over 15 min at—78 °C under nitrogen
atmosphere, then the mixture was stirred at —78 °C for 14 h. Methanol (22.7 mL) was added to the
mixture, and the mixture was allowed to warm to room temperature. Then 30% Rochelle’s salt aqg.
(28.4 mL), celite (30 g), and sea sand (50 g) were added to the mixture, and the mixture was further
stirred at room temperature for 1.5 h. The resulting suspension was filtered by celite and washed

with diethyl ether (50 mL). A filtrate was extracted with diethyl ether (3 x 50 mL). The combined
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organic layers were washed with sat. Rochelle’s salt ag. (20 mL, 15 mL) and brine (30 mL), dried
over Na>SOg, and concentrated under reduced pressure after filtration. The obtained crude product
was purified by silica gel chromatography (hexane/ethyl acetate = 30:1 to 8:1) to afford 19a (1.36
g, 4.50 mmol, 31%) as a white solid.

Rf = 0.42 (hexane/ethyl acetate = 8:1)

'H NMR (CDCl3, 400 MHz) § 10.32 (s, 1H). **F NMR (CDCls, 376 MHz) 5 —118.18- —118.24 (m,
2F), —143.56- —143.65 (m, 2F). elemental analysis calcd. (%) for C;HF410: C 27.66, H 0.33, F 25.00,
I 41.75; found: C 27.63, H 0.38, F 25.07, 1 41.70.

Synthesis of 4-bromo-2,3,5,6-tetrafluorobenzoic acid (S2)

(@] OH (0] OH
n-BulLi
F F Br, F F
THF
F F_78°Ctort, 4h F F
Br
S2

The S2 was synthesized according to Synthesis of 2,3,5,6-tetrafluoro-4-iodobenzoic acid (S1). To
a solution of 2,3,5,6-tetrafluorobenzoic acid (584 mg, 3.01 mmol, 1.0 equiv) in THF (64 mL) was
added n-BuLi (1.59 M in hexane, 3.80 mL, 6.04 mmol, 2.0 equiv) dropwise over 15 min at —78 °C
under nitrogen atmosphere, then the mixture was stirred at —78 °C for 1 h. Bromine (310 uL, 6.10
mmol, 2.0 equiv.) was then added to the reaction mixture. The mixture was allowed to slowly warm
up to room temperature and stirred for 4 h. 2M HCI ag. (4 mL) was added to the mixture and the
organic layer was separated. The aqueous layer was extracted with diethyl ether (3 x 30 mL). The
combined organic layers were washed with sat. Na;S;03 ag. (50 mL) and brine (50 mL), and
concentrated under reduced pressure after filtration. The obtained residue was dissolved in CH,CI;
(40 mL) then the solution was back-extracted with 5% NaOH aqg. (4 x 25 mL). The aqueous layer
was acidified with 2M-HCI ag. (100 mL), then extracted with CH2Cl; (4 x 25 mL). The combined
organic layers were washed with H,O (15 mL) and brine (20 mL), dried over MgSO., and
concentrated under reduced pressure after filtration to afford S2 as a white solid (728 mg, 2.67 mmol,

89% vyield). The S2 was used in the next reaction without further purification.
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Synthesis of 4-bromo-2,3,5,6-tetrafluorobenzaldehyde (19b)3*

O_OH O _H
F F DIBAL F F
F F Et,0 F F
Br ~78°C, 20 h Br
s2 19b

The 19b was synthesized according to Synthesis of 2,3,5,6-tetrafluoro-4-iodobenzaldehyde (19a)
using 4-bromo-2,3,5,6-tetrafluorobenzoic acid (S2) (728 mg, 2.67 mmol, 1.0 equiv.) to afford 19b
as a white solid (286 mg, 1.11 mmol, 37%).

IH NMR (400 MHz, CDCls) & 10.30 (s, 1H).

19F NMR (375 MHz, CDCls) § —131.3- —131.4 (m, 2F), -141.0- —~141.1 (m, 2F).

Synthesis of 4-chloro-2,3,5,6-tetrafluorobenzaldehyde (19c)

OsH OsH
F F Licl F F
F F NMP F F
F 150 °C, 3 h cl
19¢

The 19¢ was synthesized according to literature procedure.>*

A 100 mL three neck flask equipped with a magnetic stirring bar and a septum was charged with
LiCl (466 mg, 11.0 mmol, 1.1 equiv.). The flask was flame-dried under vacuo then backfilled with
nitrogen gas after cooling to room temperature. N-methylpyrrolidone (15 mL) and
pentafluorobenzaldehyde (1.25 mL, 10.0 mmol, 1.0 equiv.) were added to the flask. The resulting
suspension was warmed up to 150 °C and stirred for 3 h. After cooling to room temperature, the
mixture was poured into ice-water (50 mL) then extracted with CH,Cl; (3 x 15 mL). The combined
organic layers were washed with brine (15 mL), dried over Na,SO4, and concentrated under reduced
pressure after filtration. The obtained crude product was purified by silica gel column
chromatography (hexane/ethyl acetate = 10:1) to afford 19c as a pale-yellow solid (1.52 g, 7.10
mmol, 71% yield, 89% purity). The 19c was further purified by washing with a little amount of
hexane to afford 99% purity of 19c as a white solid (891 mg, 4.20 mmol, 42% yield).

Rf = 0.20 (hexane/ethyl acetate = 10:1)

'H NMR (400 MHz, CDCl3) § 10.30 (s, 1H). **F NMR (CDCls, 376 MHz) 5 —138.8- —138.9 (m, 2F),
~144.1- -144.2 (m, 2F).
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Synthesis of 1-ethenyl-2,3,5,6-tetrafluoro-4-iodobenzene (20a)
General procedure for Wittig reaction:

Synthesis of 2,3,5,6-tetrafluoro-4-iodostyrene (20a)

=
Ph;PMeBr
F F TMG F F
F F THF F F
I 80°C,6h I
19a 20a

To a solution of methyltriphenylphosphonium bromide (0.643 g, 1.80 mmol, 3.6 equiv.) in THF (5
mL) was added 1,1,3,3-tetramethylguanidine (282 uL, 2.25 mmol, 4.5 equiv.) and the reaction
mixture was stirred at 80 °C for 30 min. Then a solution of 2,3,5,6-tetrafluoro-4-iodobenzaldehyde
19a (0.152 g, 0.50 mmol, 1.0 equiv.) in THF (1.5 mL) was added to the mixture. The mixture was
stirred for 6 h. H,O (10 mL) was added to the mixture and the organic layer was separated. The
aqueous layer was extracted with dichloromethane (3 x 10 mL). The combined organic layers were
washed with brine (10 mL), dried over MgSO4. Small aliquots from the organic layers were analyzed
by °F NMR using o.,a,o-trifluorotoluene as a standard (53% NMR vyield). The organic layers were
concentrated under reduced pressure to afford crude of 20a as colorless oil. Due to the stability of
the product, the 20a was characterized as a mixture.

Rf = 0.53 (hexane)

IH NMR (CDCls, 400 MHz) § 6.69 (dd, 1H, J = 11.9, 6.2 Hz), 6.15 (d, 1H, J = 18.1 Hz), 5.76 (d, J
= 11.9 Hz, 1H). °F NMR (CDCls, 376 MHz) & —121.65- —121.74 (m, 2F), —141.56- —141.66 (m,
2F). 3C NMR {!°F} (CDCls, 100 MHz) §147.2, 144.0 (d, J = 4.9 Hz), 124.3 (t, J = 160 Hz), 122.3
(dd, J =163, 2.9 Hz), 117.6-117.3 (m), 70.3. IR (ATR) 1471, 1416, 1259, 1101, 983, 953, 794.

4-bromo-2,3,5,6-tetrafluorostyrene (20b)

=
F F
F F
Br
20b

The 20b was synthesized according to General Procedure using 19b (128 mg, 0.500 mmol, 1.0
equiv.) to afford 20b in 39% NMR yield. Due to the stability of the product, the 20b was

characterized as a mixture and full data could not be collected.
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Rf = 0.58 (hexane)
'H NMR (CDCls, 400 MHz) § 6.67 (dd, 1H, J = 11.9, 18.1 Hz), 6.14 (d, 1H, J = 17.9 Hz), 5.76 (d,
1H, J = 11.9 Hz). F NMR (CDCls, 376 MHz) § —134.43- —134.50 (m, 2F), —142.10- —142.18 (m,
2F). °C NMR {*°F} (CDCls, 100 MHz) & 144.9, 144.7, 124.3 (dt, J = 160, 1.9 Hz), 122.0 (ddd, J =
162, 3.8, 2.8 Hz), 116.5-116.1 (m), 98.2. IR (ATR) 1481, 1457, 1421, 1398, 1267, 1122, 1072, 988,
957, 820, 741, 704.

4-chloro-2,3,5,6-tetrafluorostyrene (20c)

Cl

20c
The 20c was synthesized according to General Procedure using 19c¢ (106 mg, 0.500 mmol, 1.0
equiv.) to afford 20c in 29% NMR vyield. Due to the stability of the product, the 20c was
characterized as a mixture and full date could not be collected.
Rf = 0.60 (hexane)
'H NMR (CDCls, 400 MHz) & 6.67 (dd, 1H, J = 11.5, 18.6 Hz), 6.12 (d, 1H, J = 18.6 Hz), 5.76 (d,
1H, J = 12.6 Hz). ®F NMR (CDCls, 376 MHz) 5 —142.11- —142.19 (m, 2F), —-142.65- —142.71 (m,
2F). 3C NMR {*F} (CDCls3, 100 MHz) & 144.7, 144.1, 124.3 (t, J = 161 Hz), 121.8 (ddd, J = 162,
2.8,1.9Hz), 115.7-115.3 (m), 110.7. IR (ATR) 1485, 1465, 1425, 1402, 1279, 1108, 1000, 989, 961,
939, 901, 859.
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Calculation of yield for 20a.

After the finish of reaction in 0.50 mmol scale, 1.0 equivalent of a,a,a-trifluorotoluene as internal
standard was added to organic extract. 500 uL of the organic extract was transferred to NMR tube,
then *F NMR was measured without lock and shim. The yield of 20a was determined by °F NMR
based on integration ratios of two fluorines at either the ortho or meta position of 20a comparing

with those of CF; group in a,o,a-trifluorotoluene as an internal standard.

g CF3
- -
2
internal standard
<
o
=
F F
F F
|
<
o
20a
e g
<
o
Q
=
<
k| t | J
g ) e
—C.é B B e [TrrrrroroT [TrrrrroroT [TrrrrroroT [TrrrrroroT [TrrrrroroT [TrrrrroroT [TrrrrroroT [TrrrrroroT [TrrrrroroT [TrrrrroroT
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¢ ag 53T
X : parts per Million : Fluorine19

Figure S1. F NMR spectra (CH,Cl,/THF) for crude product with oo, a-trifluorotoluene as an

internal standard.
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Calculation of yield for PhsP=0.

After the finish of reaction in 0.50 mmol scale, 1.0 equivalent of PhsP as an internal standard was
added to organic extract. 500 uL of the organic extract was transferred to NMR tube, then 3'P
NMR was measured without lock and shim. The yield of PhsP=0 was determined by *'P NMR
based on integration ratios of phosphorous atom in PhsP=0 comparing with that in PhsP as an

internal standard.
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Figure S2. 3P NMR spectra (CH.Cl,/THF) for crude product with PhsP as an internal standard.
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DFT Calculations

Computational analysis by DFT

All molecular geometries were optimized by the M06-2X functional with Grimme’s D3 dispersion
correction® using the 6-311+G(d,p) basis set. The SMD solvation model®® was used with the
solvents indicated. The stationary geometries were checked by the vibration analyses after the

geometry optimization procedures. The stationary geometries and their energies were refined using

Gaussian 16 software package."’

Computational details

The table shows total energy E, enthalpy H, and Gibbs free energy G (hartree) at the SMD/MO06-

2X-D3/6-311+G(d,p) level.

Table S4. Organic bases

compound solvent | temp. (°C) E H G
MTBD THF 60 -478.0685409 -477.820122 -477.874209
DBN THF 60 -383.4162621 -383.216875 | -383.264765
DBU THF 40 -462.0245018 -461.765565 -461.814401
DBU THF 60 -462.0245018 -461.764137 -461.817565
DBU THF 80 -462.0245018 -461.762611 | -461.820816
DBU CH2Cl 55 -462.0271203 -461.767163 -461.819432
DBU MeCN 95 -462.0265648 -461.763596 | -461.825434
DBU toluene 125 -462.0220921 -461.756142 | -461.825920
DBU Et.O 45 -462.0242003 -461.764818 -461.814828
DBU i 115 | -462.0179106 | -461.752743 | -461.819820
ioxane
TMG THF 60 -362.5440492 -362.341413 | -362.394088
TMG THF 80 -362.5440492 -362.340084 | -362.397289
piperidine THF 60 -251.8589684 -251.691224 -251.731886
quinuclidine THF 60 -329.2536598 -329.048446 | -329.092528
EtzN THF 60 -292.3478434 -292.128626 | -292.180267
Table S5. (Organic base)-HBr salts
compound solvent t(eor?:p)). E H G
MTBD-HBr THF 60 -3052.9024750 | -3052.635936 | -3052.698567
DBN-HBr THF 60 -2958.2499495 | -2958.033479 | -2958.091369
DBU-HBr THF 40 -3036.8606171 | -3036.584522 | -3036.642610
DBU-HBr THF 60 -3036.8606171 | -3036.582886 | -3036.646370
DBU-HBr THF 80 -3036.8606171 | -3036.581151 | -3036.650232
DBU-HBr CH.Cl, 55 -3036.8639084 | -3036.586625 | -3036.648763
DBU-HBr MeCN 95 -3036.8654663 | -3036.584698 | -3036.658308
DBU-HBr toluene 125 -3036.8508323 | -3036.567264 | -3036.650314
DBU-HBr Et,O 45 -3036.8576031 | -3036.581161 | -3036.640606
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DBU-HBr Di%)fa;ne 115 -3036.8452591 | -3036.562597 | -3036.641936
TMG-HBr THF 60 -2937.3741575 | -2937.154729 | -2937.217686
TMG-HBr THF 80 -2937.3741575 | -2937.153162 | -2937.221512
piperidine-HBr THF 60 -2826.6854590 | -2826.500219 | -2826.550472
quinuclidine-HBr THF 60 -2904.0849020 | -2903.862007 | -2903.915777
EtsN-HBr THF 60 -2867.1788689 | -2866.941629 | -2867.001054
Table S6. HBr
compound solvent tzaong:r)). E H G
HBr THF 40 -2574.7712306 | -2574.761714 -2574.785546
HBr THF 60 -2574.7712306 | -2574.761493 -2574.787075
HBr THF 80 -2574.7712306 | -2574.761271 -2574.788617
HBr CHCl, 55 -2574.7716789 | -2574.761997 -2574.787141
HBr MeCN 95 -2574.7712393 | -2574.761118 -2574.789796
HBr toluene 125 -2574.7712645 | -2574.760778 -2574.792136
HBr Et,O 45 -2574.7714449 | -2574.761869 -2574.786137
HBr .1’4' 115 -2574.7703863 | -2574.760006 -2574.790467
Dioxane
Correlation analyses
Preparation of data sets
Data sets were prepared as csv. file using bellow descriptors.
Table S7. Descriptors for correlation analyses
Category Descriptor Physical meaning Reference
. Yield of 2,3,5,6-tetrafluoro-4-
0 ) i) 1
yield (%) of TFIS iodostyrene 2a
yield (%) of PhsP=0 | Yield of triphenylphosphine oxide
. Undesired Reaction Product:
Reaction UDR-Pro 0: Not observed. -1:0bserved
temp. (deg C) Reaction temperature
time (h) Reaction time
pKen Basicity of organic base. Ref.S8
Vs,min (ki/mol) E_Iectrostatlc potential energy for
nitrogen atom center
NBO (a.u.) NBO charge for nitrogen atom center
Basicity — .
delta G (kcal/mol) AG: Gibbs free energy for nitrogen atom
center
Mayer-N Nucleophilicity of organic base Ref. SO
Volume Volume of organic base
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Surface Surface area of organic base
Number of hydrogen-bond door centers
HBD connected to or conjugated with the
bacisity center.
NXBA Number of Halogen bond acceptor in

organic base

Type of structure for organic base

Cyclic/Acyclic (Equal to 1 if the structure is cyclic; Ref. S8
equal to O if the structure is acyclic)
NRing Number of ring in organic base
Structure Size of the ring containing the basicity
Ring Size of N center (“0” if the center is not part of a
ring)
Size of the ring that is out of the basicity
Ring Size of S center (“0” if the organic base is without
g ring structure or no ring structure in the
out of active center)
SVI-Et(30) Solvent mdex; polarity index based on Ref. S10
molar absorption energy (kcal/mol)
SVI-n Solvent index: Reflective index
SVI-epsilon Solvent index: dielectric constant
SVI-mu Solvent index: dipole moment Ref. S11
. Solvent index: polarity index based on
SVI-pi* ;
solvatochromism
SVI-PC1
SVI-PC2
. Principal components which are
Solvent SVI-PC3 reported in ACS solvent selection tool Ref. 512
SVI-PC4
SVI-PC5
SVI-DN Solvent index: Number of Electron pair
Donor Ref. S13
Solvent index: Number of Electron pair '
SVI-AN
Acceptor
Solvent index: The energy from
SVI-dD ) X
dispersion forces between molecules
SVI-dp _Solvent index: The energy from dipolar Ref. S14
intermolecular forces between molecules
SVI-dH The energy from hydrogen bonds

between molecules
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Missing values

Some missing values such as pKg.n of DBU in CH»Cly, toluene, diethyl ether, MTBE, glyme, and
1,4-dioxane, pKg.n of DMAP, NMI, N-methylpyrrolidine in THF, Mayer-N of MTBD, TMG,
DABCO, DIPEA, NMO and TBD, AG of DBU in MTBE and glyme, NBO of DBU in MTBE and
glyme, Vs,min of DBU in MTBE and glyme, SVI-pi* of MTBE, SVI-DN of MTBE, and SVI-AN
of MTBE, were complemented by Datachemical LAB®* using VBGMR as prediction model.

Heatmaps

Correlation analyses were performed by Datachemical LAB®™ using the prepared data sets.

yield (%) of Ph3P=0 1.00
UDR-Pro -
PKBH 4 0.75
temp. (deg.C) -
time (h) 0.50
Mayr-N
delta G (kcal/mol) - 0.25
NBO (a.u.) '

Vs min (kJ/mol) X
Surface - 0.00
Volume -

NXBA -0.25
HBD
Cyclic/Acyclic -0.50
NRing
Ring Size of N —~0.75
Ring Size of S -
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Figure S3. Heatmap for reaction, basicity, and structure.
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SVI-Et(30) 4
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Figure S4. Heatmap for solvent index.

Table S6. Absolute value of coefficients |r| between yield of TFIS and other descriptors

a) |r| with reaction, basicity, and structure

b) |r| with solvent index

51

yield (%) of Ph3P=0 0.87851602 SVI-PC4 0.23832203
Mayr-N 0.75498824 SVI-PC5 0.22652904
NXBA 0.73258635 SVI-DN 0.22047459
NBO (a.u.) 0.63623788 SVI-epsilon 0.20423598
HBD 0.50353021 SVI-Et(30) 0.17919842
Cyclic/Acyclic 0.47202832 SVI-PC2 0.16431018
Ring Size of N 0.44661906 SVI-pi* 0.15798741
time (h) 0.43708529 SVI-dP 0.13012447
Vs min (kJ/mol) 0.40885252 SVI-PC3 0.1247082
delta G (kcal/mol) 0.3517582 SVI-dH 0.11489653
NRing 0.34331351 SVI-AN 0.11364303
pKBH 0.27723438 SVI-mu 0.08929459
Surface 0.24364337 SVI-dD 0.0718004
Volume 0.22430024 SVI-n 0.05710998
UDR-Pro 0.11519679 SVI-PC1 0.02393466
Ring Size of S 0.06486573

temp. (deg.C) 0.0602195




Scatter plots between yield of TFIS and other descriptors
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3. Preparation of DMAP-pendant XB polymers

Isolation of 2,3,5,6-tetrafluoro-4-iodostyrene 20a for polymerization

To a solution of methyltriphenylphosphonium bromide (5.36 g, 15.0 mmol, 3.0 equiv.) in CH.CI;
(52 mL) was added 1,8-diazabicyclo[5.4.0Jundec-7-ene (2.27 mL, 15.2 mmol, 3.0 equiv.) and the
reaction mixture was stirred at reflux condition for 30 min. Then a solution of 2,3,5,6-tetrafluoro-4-
iodobenzaldehyde 19a (1.52 g, 5.00 mmol, 1.0 equiv.) in CH2Cl, (12 mL) was added to the mixture
and the mixture was stirred at reflux for 3 h. After cooling to room temperature, the reaction mixture
was washed with H,O (30 mL). The organic layer was dried over MgSO4 and concentrated under
reduced pressure after filtration. The obtained crude product was through the short-plug silica gel
column chromatography (pentane/CH,Cl, = 4:1 as eluent), then purified by silica gel column
chromatography (pentane 100% as eluent) followed by preparative HPLC (YMC-Pack SIL-06,
pentane 100%, 5 mL/min) to afford 1-ethenyl-2,3,5,6-tetrafluoro-4-iodobenzene 20a (140 mg, 0.464
mmol, 9% yield) as colorless oil. Due to the stability, the 20a was obtained as mixture with pentane.
Rf = 0.53 (pentane)

'H NMR (CDCls, 400 MHz) § 6.69 (dd, 1H, J = 11.9, 6.2 Hz), 6.15 (d, 1H, J = 18.1 Hz), 5.76 (d,
1H, J = 11.9 Hz). **F NMR (CDCls, 376 MHz) & —121.65—121.74 (m, 2F), ~141.56—141.66 (m,
2F). 3C NMR {*°F} (CDCls, 100 MHz) & 147.24 (dd, J = 229, 15 Hz), 144.11 (dd, J = 239, 15 Hz),
124.40 (t, J = 160 Hz), 122.41 (d, J = 166 Hz), 117.51 (t, J = 13 Hz), 70.40 (s). IR (ATR) 1471,
1416, 1259, 1101, 983, 953, 794. HRMS (FAB/EB) m/z [M+H]" calcd

for CgHsF4l 301.9216, found 301.9223.

Synthesis of Polymer with XB Donor Site (PX) (n = 15)

15.0
ADVN F
CHCl, F ©®
60°C, 2 h

20a PX (n = 15)

R:

To a solution of 2,3,5,6-tetrafluoro-4-iodostyrene 20a (188 mg, 0.335 mmol, 1.0 equiv., 10%
pentane contained) in CHCI; (1.68 mL) was added styrene (51 puL, 0.446 mmol, 1.3 equiv.), and
divinylbenzene (710 uL, 5.03 mmol, 15.0 equiv.) at room temperature. The reaction mixture was

degassed by Freeze-Pump-Thaw (4 cycle). Then 2,2’-azobis(2,4-dimethylvaleronitrile) (24.9 mg,
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0.101 mmol, 0.3 equiv.) was added to the mixture, and the reaction mixture was stirred at 60 °C for
2 h. The resulting suspension was transferred to mortar while washing with acetone (8 mL) then the
suspension was ground and filtered. The residue was washed with acetone (2 mL), EtOH (2 mL),
and CH,Cl; (2 mL), then dried under vacuo to afford PX as a white solid (674 mg, 84% yield, [-
CeF4l]: 0.343 mmol/g). elemental analysis calcd (%) for Cizo74H167.24NosFal: C 84.52, H 6.95, N
0.17, F 3.13,15.23, found: C 85.26, H 7.26, N 0.25, F 2.72, | 4.35.

Synthesis of PX (n=1)

G- %%@

20a R PX (n = 1)

To a solution of 2,3,5,6-tetrafluoro-4-iodostyrene 20a (297 mg, 0.794 mmol, 1.0 equiv., 20%
pentane contained) in CHCI3 (830 uL) was added styrene (120 uL, 1.06 mmol, 1.3 equiv.), and
divinylbenzene (110 pL, 0.794 mmol, 1.0 equiv.) at room temperature. The reaction mixture was
degassed by Freeze-Pump-Thaw (4 cycle). Then 2,2’-azobis(2,4-dimethylvaleronitrile) (59.1 mg,
0.238 mmol, 0.30 equiv.) was added to the mixture, and the reaction mixture was stirred at 60 °C
for 2 h. The resulting suspension was transferred to mortar while washing with acetone (3 mL) then
the suspension was ground and filtered. The residue was washed with acetone (2 mL), EtOH (2 mL),
and CHCl, (2 mL), then dried under vacuo to afford PX (n = 1) as a white solid (275 mg, 61%
yield, [-CesF4l]: 1.67 mmol/g). elemental analysis calcd (%) for CagsaH2364NosFal: C 60.27, H 4.18,
N 0.30, F 13.32, 1 22.24, found: C 60.12, H 4.34, N 0.41, F 12.96, | 21.15.

Synthesis of PX (n =0.1)

R 1.33 1.00 0.10
ADVN F F
CHC|3 F F gf\g

60 °C, 17 h

20a R: w PX (n =0.1)
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To a solution of 2,3,5,6-tetrafluoro-4-iodostyrene 20a (350 mg, 1.16 mmol, 1.0 equiv., 6% pentane
contained) in CHCI; (0.81 mL) was added styrene (180 plL, 1.54 mmol, 1.3 equiv.), and
divinylbenzene (16 pL, 0.116 pmol, 0.1 equiv.) at room temperature. The reaction mixture was
degassed by Freeze-Pump-Thaw (4 cycle). Then 2,2’-azobis(2,4-dimethylvaleronitrile) (86.4mg,
0.348 mmol, 0.30 equiv.) was added to the mixture, and the reaction mixture was stirred at 60 °C
for 17 h. The resulting suspension was transferred to mortar while washing with hexane (8 mL) then
the suspension was ground and filtered. The residue was washed with hexane (2 mL) and EtOH (2
mL), then dried under vacuo to afford PX (n =0.1) as a yellow solid (417 mg, 79% vyield, [-CsFal]:
1.88 mmol/g). elemental analysis calcd (%) for Cige4H14.64No.3F4l: C 52.01, H 3.25, N 0.50, F 16.76,
| 27.98, found: C 55.80, H 4.38, N 1.40, F 14.02, 1 23.77.

Synthesis of PX (n =0.01)

ﬁéﬁggéﬁ@

20a R PX (n = 0.01)

To a solution of 2,3,5,6-tetrafluoro-4-iodostyrene 20a (1.04 g, 3.25 mmol, 1.0 equiv., 6% pentane
contained) in CHCI; (1.68 mL) was added styrene (500 pulL, 4.33 mmol, 1.3 equiv.), and
divinylbenzene (5 pL, 32.5 umol, 0.01 equiv.) at room temperature. The reaction mixture was
degassed by Freeze-Pump-Thaw (4 cycle). Then 2,2’-azobis(2,4-dimethylvaleronitrile) (242 mg,
0.976 mmol, 0.30 equiv.) was added to the mixture, and the reaction mixture was stirred at 60 °C
for 63 h. The resulting suspension was transferred to mortar while washing with hexane (8 mL) then
the suspension was ground and filtered. The residue was washed with hexane (2 mL) and EtOH (2
mL), then dried under vacuo to afford PX (n = 0.01) as a yellow solid (817 mg, 57% yield, [-CsFal]:
1.93 mmol/g). elemental analysis calcd (%) for Cig.74H1374NosFal: C 50.94, H 3.13, N 0.30, F 17.20,
| 28.72, found: C 50.94, H 4.04, N 1.35, F 15.59, | 24.51.
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Preparation of PDPXpmap (n = 15)

N
| N
=
/N\
R 1.3 1.0 15 1eq P
F F
> - E
E E AD CH.Cly, rt, 3h in vacuo for 3 h DMAP

R:
PX (10929 mmell) WAK} OMAP 0,438 mmoli

To a suspension of PX (n = 15) (460 mg, [-CsF4l]: 0.343 mmol/g) in CH.Cl, (3 mL) was added

DMAP (19.3 mg, 0.158 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred at

room temperature for 3 h then concentrated under reduced pressure to afford PDPXpmap (N = 15)

as a white solid (474 mg, [DMAP]: 0.393 mmol/g). elemental analysis calcd (%) for

Ci77.74H17724N23F4l: C 83.86, H 6.96, N 1.11, found: C 84.32, H 7.15, N 0.25.

Preparation of PDPXpmap (N = 1)

| N
(J
/N\
R 1.3 1.0 1.0 1eq P
F F
- - .
: o - > H
F F AQ  CHxCly,rt, 3h in vacuo for 3 h DMAP

R:
T e,

To a suspension of PX (n =1) (100 mg, [-CeF4l]: 1.67 mmol/g) in CH,Cl, (2 mL) was added DMAP

(20.4 mg, 0.167 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred at room

temperature for 3 h, then concentrated under reduced pressure to afford PDPXpmar (n = 1) as a

white solid (75.0 mg, [DMAP]: 1.44 mmol/g). elemental analysis calcd (%) for CssesH3364N2.3F4l:

C61.41,H4.86, N 4.62, found: C 61.42, H 5.14, N 4.46.

58



Preparation of PDPXpmap (N =0.1)

N
| N
=
/N\
R 1.3 1.0 0.1 1eq Py
F F g o :
E E oA CHyClp,rt, 3h in vacuo for 3 h DMAP

R:
T oot

To a solution of PX (n =0.1) (100 mg, [-CeFal]: 1.87 mmol/g) in CH,CI, (2 mL) was added DMAP

(20.8 mg, 0.187 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred at room

temperature for 3 h, then concentrated under reduced pressure to afford PDPXpmap (N = 0.1) as a

yellow solid (56.6 mg, [DMAP]: 1.48 mmol/g). elemental analysis calcd (%) for CassaH24.64N2.3F4l:

C55.17, H 4.28, N 5.56, found: C 58.01, H 5.08, N 5.53.

Preparation of PDPXpmap (N = 0.01)

| N
J
/N\
R 13 1.0 0.01 1eq o
F F k- o
- . > :
E F o CH.Cl, rt, 3h in vacuo for 3 h DMAP

R:
PX (I- 1.93 mmol/g) mt? E?AZ);D:AZF’?nm:m%S;

To asolution of PX (n =0.01) (100 mg, [-CsF4l]: 1.93 mmol/g) in CH2Cl, (2 mL) was added DMAP

(23.6 mg, 0.193 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred at room

temperature for 3 h, then concentrated under reduced pressure to afford PDPXpmap (n = 0.01) as a

yellow solid (53.6 mg, [DMAP]: 1.47 mmol/g). elemental analysis calcd (%) for for

Cas.74H2374N23F4l: C 54.41, H 4.21, N 5.67, found: C 56.61, H 4.80, N 5.47.
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Synthesis of PSDV

X X
ADVN

CHCl,
Vs 60°C,2h

To a solution of styrene (30 uL, 0.260 mmol, 1.0 equiv.) in CHCI; (980 uL) was added
divinylbenzene (410 pL, 2.93 mmol, 11.3 equiv.) at room temperature. The reaction mixture was
degassed by Freeze-Pump-Thaw (4 cycle). Then 2,2'-azobis(2,4-dimethylvaleronitrile) (14.5 mg,
0.0585 mmol, 0.23 equiv.) was added, and the reaction mixture was stirred at 60 °C for 2 h. The
resulting suspension was transferred to mortar while washing with acetone (8 mL) then the
suspension was ground and filtered. The residue was washed with acetone (2 mL), EtOH (2 mL),

and CH2Cl; (2 mL), then dried under vacuo to afford PSDV as a white solid (293 mg).

Synthesis of PS[CsH4I]DV
1-ethenyl-4-iodobenzene (S3)

X

I
S3

S3 was prepared according to the literature.>*

Rf = 0.91 (hexane/ethyl acetate = 1:1)
'H NMR (CDCls, 400 MHz) & 7.67-7.63 (m, 2H), 7.16-7.12 (m, 2H), 6.64 (dd, 1H, J = 17.6, 10.8
Hz), 5.75 (dd, 1H, J = 17.6, 0.8 Hz), 5.27 (dd, 1H, J = 10.8, 0.8 Hz).

Spectral data are in agreement with the literature.>*’

ADVN

CHCl,

Q
60 °C, 2 h "

s3 R N PS[CgH,IIDV
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To a solution of 1-ethenyl-4-iodobenzene S3 (33.2 mg, 0.144 mmol, 1.0 equiv.) in CHCI; (0.72 mL)
at room temperature was added styrene (22 pL, 0.192 mmol, 1.3 equiv.) and divinylbenzene (300
uL, 2.16 mmol, 15.0 equiv.). The reaction mixture was degassed by Freeze-Pump-Thaw (4 cycle).
Then 2,2’-azobis(2,4-dimethylvaleronitrile) (10.7 mg, 43.2 pumol, 0.3 equiv.) was added, and the
reaction mixture was stirred at 60 °C for 2 h. The resulting suspension was transferred to mortar
while washing with acetone (8 mL) then the suspension was ground and filtered. The residue was
washed with acetone (2 mL), EtOH (2 mL), and CHCI; (2 mL), then dried under vacuo to afford
PS[CsH4IIDV as white solid (299 mg, [CsHal]: 0.410 mmol/g). elemental analysis calcd (%) for
Ciss.aH16764Nosl: C 87.07, H 7.27, N 0.20, 1 5.46, found: C 87.17, H 7.50, N 0.17, 1 5.20.

2,3,5,6-tetrafluoro-4-iodo-1,1’-biphenyl (54)

F!F
F F
|
sS4

S4 was prepared and characterized according to the literature.>'®

Rf = 0.33 (cyclohexane)

4 NMR (CDCls, 400 MHz) & 7.54 (t, 2H, J = 4.9 Hz), 7.53-7.46 (m, 3H), 1*F NMR (CDCls, 376
MHz) § ~120.41- ~121.14 (m, 2F), ~141.12- ~141.92 (m, 2F).

Synthesis of BPX (n =0.1)
Synthesis of 4'-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1'-biphenyl (28)

X
N ' 3 M NaOH aq. O
F F Pd(dppf)Cl;,
+ F F
S T T
B(OH), I 60 °C, 48 h F F
|
28

To a 500-mL flame-dried three-necked flask was charged 4-vinylphenylboronic acid (1.47 g, 10.0
mmol, 1.0 equiv.), tetrafluoro-1,4-diiodobenzene (4.01 g, 10.0 mmol, 1.0 eq), and Pd(dppf)ClI, (118
mg, 0.145 mmol, 0.015 equiv.). The flask was evacuated and refilled with nitrogen 3 times. 200 mL
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of dry THF was added to the solid starting materials. After stirring for 5 min to this was added 1.24
mL of a 3 M aqueous solution of sodium hydroxide (30.0 mmol, 3.0 equiv) which had been
previously degassed with a stream of argon. The mixture was heated and stirred at 60 °C for 48
hours. The reaction mixture was through the short-plug silica gel column chromatography
(THF/hexane = 1:1 as eluent), then purified by silica gel column chromatography (hexane/CHCl;
= 10:1) to afford 4'-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1'-biphenyl 28 (2.00 g, 5.29 mmol, 53%
yield) as a white solid. Spectral data are in agreement with the literature.5*

Rf = 0.40 (hexane)

'H NMR (CDCls, 400 MHz) & 7.55-7.52 (m, 2H), 7.44-7.42 (m, 2H), 6.77 (dd, 1H, J = 17.6, 10.9
Hz), 5.85 (dd, 1H, J = 17.6, 0.8 Hz), 5.36 (dd, 1H, J = 10.9, 0.8 Hz) °F NMR (CDCls, 376 MHz) &
~121.9- -122.0 (M, 2F), —142.6- —142.7 (m, 2F).

X
CHCl,
E F 60 °C, 24 h
F E F R:
|
28 BPX (n=0.1)

To a solution of 4'-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1'-biphenyl 28 (378 mg, 1.00 mmol, 1.0
equiv.) in CHCI3 (1.4 mL) was added styrene (150 uL, 1.33 mmol, 1.3 equiv.), and divinylbenzene
(14 pL, 0.10 mmol, 0.1 equiv.) at room temperature. The reaction mixture was degassed by Freeze-
Pump-Thaw (4 cycle). Then 2,2’-azobis(2,4-dimethylvaleronitrile) (74.5 mg, 0.30 mmol, 0.30
equiv.) was added to the mixture, and the reaction mixture was stirred at 60 °C for 24 h. The resulting
suspension was transferred to mortar while washing with hexane (8 mL) then the suspension was
ground and filtered. The residue was washed with hexane (2 mL) and EtOH (2 mL), then dried under
vacuo to afford BPX (n = 0.1) as a yellow solid (302 mg, 57% yield, [-CsF4l]: 1.59 mmol/g).
elemental analysis calcd (%) for Cas64H1s64NosFal: C 58.14, H 3.55, N 1.40, F 14.35, 1 23.96, found:
C 60.25, H 4.25, N 1.29, F 12.20, 1 20.10.
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Synthesis of BPX (n =0. 01)

X
CHCl,
F F 60 °C, 24 h
F ‘ F R:
|
28 BPX (n =0.01)

To a solution of 4’-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1’-biphenyl 28 (378 mg, 1.00 mmol, 1.0
equiv.) in CHCI3 (0.70 mL) was added styrene (150 pL, 1.33 mmol, 1.3 equiv.), and divinylbenzene
(1.4 uL, 0.01 mmol, 0.01 equiv.) at room temperature. The reaction mixture was degassed by Freeze-
Pump-Thaw (4 cycle). Then 2,2’-azobis(2,4-dimethylvaleronitrile) (74.5 mg, 0.30 mmol, 0.30
equiv.) was added to the mixture, and the reaction mixture was stirred at 60 °C for 24 h. The resulting
suspension was transferred to mortar while washing with hexane (8 mL) then the suspension was
ground and filtered. The residue was washed with hexane (2 mL) and EtOH (2 mL), then dried under
vacuo to afford BPX (n = 0.01) as a yellow solid (359 mg, 69% yield, [-CsF.I]: 1.63 mmol/g).
elemental analysis calcd (%) for Cas.74H1774NosFal: C 57.37, H 3.45, N 1.35, F 14.67, | 24.50, found:
C60.22,H 4.22, N 1.18, F 12.46, 1 20.70.

Preparation of PDBPXpmap (N =0.1)

‘/5 i DMAP
A/éﬁ (1.0 03) BI?X

CH2C'2 DMAP

BPX n=0.1,1..1.59 mmol/g PDBPXpmap N = 0.1, 1.39 mmol/g

R: W‘%

CN
To asolution of BPX (n=0.1) (100 mg, [-CeF4l]: 1.59 mmol/g) in CH.Cl, (2 mL) was added DMAP
(19.4 mg, 0.159 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred at room
temperature for 3 h, then concentrated under reduced pressure to afford PDBPXpmap (N =0.1) as a
yellow solid (59.6 mg, [DMAP]: 1.39 mmol/g). elemental analysis calcd (%) for CazesH2s64N2.3Fl:
C 59.76, H 4.40, N 6.10, found: C 62.00, H 5.07, N 4.48.
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Preparation of PDBPXpmar (N =0.01)

‘/5 DMAP

CHQC|2
rt. 3 h DMAP

BPX n = 0.01, 1...1.63 mmol/g PDBPXppap n = 0.01, 1.30 mmol/g

R: Wﬁl

CN
To a solution of BPX (n = 0.01) (92.0 mg, [-CeF4l]: 1.63 mmol/g) in CH,CI, (2 mL) was added
DMAP (18.3 mg, 0.150 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred at
room temperature for 3 h, then concentrated under reduced pressure to afford PDBPXpmar (N =
0.01) as a yellow solid (59.0 mg, [DMAP]: 1.30 mmol/g). elemental analysis calcd (%) for
Ca1.74H27.74N23F4l: C 59.17, H 4.34, N 6.18, found: C 61.67, H 4.98, N 4.81.
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I b HIT CTHENOE IR NOREETHH0, < A TIIKIZET 20, 2078,
K TOREB D B E BT 5 HEm OB NED S TE i,

AEGI, MBS FICEBBESEABEE L, KPP TOMAK - Tl axly 7Y 7
K Heck i, RET U NVEBLUG R SRk & 72 iAoy AR ZER L2, @~ b
U2 A& 35 2 LT KRBT TORRM RO Z EZH L T\ D, mr FEEARE
O3 TR KX A K COBF D TEBRLHRE SN TV D, 2006 4F-1Z Pericas Hi%, WU AF L
VIEEMRE Raxora ) VAR L, KR TORET IV R— VI SE®E Lz2, £72, 2010
#E|Z Hansen HI1E, Bix 7270l ViFEREZRY 77 VAT AT VIZEEL L, KFTOR
BTV R—IVSE#E LT3, 2012 45 2013 4£12F T, O’Reilly 5%, &2+ EE/L
B A B L. DMAP X° L-7'0 U 2 FEE L Lol a2l > T, KPP TORET L F—
VSR T IV — )L DT I LR S & g Lz 4,

3-2. O-TIMERVI T75 ) v DEMNK S

K KX DX 7T ) DT VEERAIROSE, 1986 4EIT Black HIZ &V HE S

TLR, XY 7T UEKOIMICABEWBIRFELEETELFELLTHALRATWVDS®
(Scheme 3-1), £ L7z 3,3 - FHN Y 7T ) i3k 2 R RMEEWERRICHABND S,
)R BESOSIZ K D EERE - @NLARI T S VIR SO IS < b TV D H O
D7 R RMBSOS T BN R DD 8, Fiz, KEEE L TR E TR,

o)
Ph O}_OR DMAP (9 mol%) Ph
o CH,Cly, r.t. o]
0 o

R = Me. Et "Pr. "Bu up to 96% vyield
Bn, Ph, Allyl

Scheme 3-1. Acyl Rearrangement Reaction of O-Acyl Benzofuranone
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3-3. EOFHEC X BKFPTO O-T IRV 75 ) v DR

3-3-1. B FRERIGBOT A v

AWFFETIL, BHFE L 72 PDPXpmap OftHEREZ BRI T 2720, KPTOXRUY 7T ) DT
VIR SOG E T A 2 LiC Le, BRMICIE, @ rHEBOKMERISSH S LT T 8T
TNAm I — RRUBUCHKRT e T UG RGN & ROSEE O L E LT, O-
TINT )T — NOBEBFARRIRAINVE ZVEER LGS BIEAL L LT AR — R R AR S
JEOARHEITE 2 Z &I LT, @ FIEHD CeFal #L e O-T > ) T — FDANLR=
JVERFEMN, K FITB L AEHE L b o FUia 2R TEE?, RISHEETH D
O-TNvzx ) T— M, KFCTEYFHEIHICRET L ZENTE S, ZOoMWEICLY, =
172 K W DA 23 FTREIZ 72 5 & & 2 7= (Figure 3-1) ,

Figure 3-1. Working Hypothesis in Polymer Catalysis

Black three dots represent the halogen bonding.

3-3-2.  FIEIRRES

U HIC, PE= P (DVB) DY BHBIRICE 2 588 2R~ Bihd, v
770D 0-TVNVE ) T— |k 21a ZH, 1mol%? PDPXpuar & VT, KH, 30 °C, 24
IREFE], F#P L CTYT o 7= (Table 3-1), Z DR, PDPXpmar (n=15) & V723545 B4R 22a
1L 89%INR TELNT-DIZKF L (entry 1), DVB % 1, 0.1, 0.01 %4 &MV 7= PDPXpmap (n = 1),
PDPXpmar (n = 0.1), PDPXpmar (n=0.01) TiE, IERAMET L7z (entries 2~4), Z AL O DFREH
5. DVB OFHENPEL 2513 E, XVBUKMEOISE PEE I, OSIE, o FEm D
LIGEBETHEITL TS EEZ LN,

b ROV % 5- 2 72 PDPXpwmar (n = 15) Z AW T RIS & ORI A4 37272, 0.5 mol%
DRI T 3-7 2 MbR_ Y 7T ) 2 22a X RAFRIER T 6 41, 0.2 mol% D fil i & Tl e

FE DI T - 7= (entries 5, 6) .
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Table 3-1. Rearrangement Reaction of O-Acyl Benzofuranones with PDPXpwmap®

Ph Q catalyst

N )—owme Ove
o o H,0 (0.2 M), 30 °C, 24 h

21a

L
DMAP

PDPXDMAP (1’1 = 15, 1, 0.1, 001)

yield™ (%) scale
entry Catalyst!®! (mol%)
3-acyl 3-H (mmol)
1 PDPXpmar (n = 15) 1 89 2 0.2
2 PDPXpmar (n=1) 1 66 8 0.2
3 PDPXpmar (n=0.1) 1 50 10 0.2
4 PDPXpmar (n=0.01) 1 50 11 0.2
5 PDPXpmar(n=15) 0.5 83 5 0.2
6 PDPXpmar(n=15) 0.2 65 3 0.2

[a] The reactions were performed using 21a (0.2 mmol) and catalyst at 30 °C for 24 h in H,O (1.0 mL).
[b] Isolated yield.

3-3-3. XIPREBR

PDPXpmar DHINE A KFET 572D, DMAP O, il CATF A HEZR &4y I PSpmapr. &
Bl L7z @53+ PX & W Cx 3R 417 > 72 (Table 3-2) . DMAP <° PSpwmap %%M%“m 1 mol%
FTOMWSGE, ARVERD 22a 13 10%AKHIZHE £ VD . PDPXpmar DA I LA IR D i
(AR L7z (entries 1~3) . £72, PX DA T, ISIEE < EIT Li,crbwf: (entry4), 15 ¥4 &ED
DVB 7> 5 Ak L7z PX (1 mol%) & DMAP (1 mol%) ZMZ 5 L. 20%FEE O H AR 22a &
10%FRED 3 frD 71 AR 23 G o7z(entry 5), 7 7 7t pd— KRy EBra=
v FDOEEN TV PSDV & PLM[CsHal]. PLM[C¢Fs]Z FIV 72354, BAA Y 22a 13715 5
=23, WL PDPXpmar D AT e~ (AR T L 72 (entries 6~8)O 4-7 = =)VT N T TV
Fnra— R E L DMAP OEAKRE 1 mol%HV 2 & FREE DRI £ - 7= (entry 9)
U EOFERNG | @ FEPBUKMEO RSS2 A0 H L e 7 GG G5 03 ) 3 72 A
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NSOEDETIZH G L TND EBEZBILD,

Table 3-2. Rearrangement Reaction of O-Acyl Benzofuranones with Several Catalysts®!
(0]
Ph O
catalyst Ph Ph
N >—0Me 3 oMe 3 H
0 H,0 (0.2 M), 30 °C, 24 h 0 o
© 0 o
21a 22a 23
N 7 7~
N N
PX (n = 15) O”©/\ 1.2 1.0F 15
° X X
: B B
N N

DMAP E E AD
PDPXpwmap (n = 15) DMAP PSpmap PXI(n =15)
%.3 15 %.3 1.0 15 1.3 1.0 15
H H F FA
%\5 Hj 1 :j@@ : 1 :F AN
[ F
PSDV PS[CgH,4IIDV PS[CsF5IDV
yield®! (%) scale
entry catalyst (mol%)
3-acyl 3-H (mmol)

1 PDPXpwmap (n = 15) 1 89 2 0.2
2 DMAP 1 8 <1 1
3 PSpmap!! 1 4 0 0.2
4 PX (n=15) 11 0 0 0.2
5 PX (n=15)+ DMAP 194+ 1 23 12 1
6 PSDV+ DMAP 1+ 1 6 0 1
7 PS[CsH4I]DV + DMAP 110+ 1 11 <1 1
8 PS[CcFs]DV + DMAP 101+ 1 23 <1 1

el

/
Phl---N@N\ 1 41 17 1

[a] The reactions were performed using 21a and catalyst at 30 °C for 24 h in H,O. [b] Isolated yield. [c]

0.3 mmol/g. [d] Based on [C¢F4l] of PX. [e] PSDV amount is same as PX amount (Table 3-1 entry 9).
[f] PS[CsH4I]DV is based on [CsHal]. [g] PS[CeF5]DV is based on [C¢Fs].
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3-3-4. FEE—&HE

3-3-2 B LN 3-3-3 OMFHERN S, 1 mol%? PDPXpuap (n = 15) fF7E K, 30°C, 24 %
AL L, E O ME 21T - 72 (Scheme 3-2) , Z DOf5 5%, 21a, 21d. 21e, 21h, 21i,
211, 21m, 21n OHEIEL, EEKFTRICT D C-T L NAXR 75 ) 2 22 PWHRRRED G R4
RIGR TR LIV, —J7, 21b, 21c, 21f, 21g, 21j, 21k OHE, FERKF TITARNEIZE £
Stz TNHOREITH LTI, 14-VF4FY L THF, =% /) —/L% | ¥ &Nz 5 LT,
KT 2 BROERY) 22 % BIFRIETHD Z LM TE I 3- AT ARV 75 )2 21h R0 21
O%E . HIAERY 22h <° 22i OICRITHRRE CTH - T-,

0
>_OR2 PDPXDMAP (1 mol /0) R)I OR2
@ng H,0, 30 °C, 24 h R o
o)
22
o) o} o) 0 0
Ph OMe Ph OEt Ph O"Pr Ph OAllyl Ph OPh
0 o) o) o) o)
o) o) o o o]
22a, 89% 22b, 86%” 22c, 72%°%¢ 22d, 78% 22e, 89%¢
22f, 88%° 22g, 78%“’ 22h, 59% 22i, 48%7 22j, 92%bd
o 0 o 0 0
Me. _Mey ~~OPh g Me_ ~0Ph peo. _Me\ ~0OPh Me  ~~oph _Me_ “~opn
o) o} 0 o) o)
o) o o) Me o o]
22k, 76%°¢ 221, 76%%9 22m, 93%“ 22n, 74%¢ 220, 69%2¢

Scheme 3-2. Substrate Scope”
[a] 3 (0.2 mmol) and PDPXpmap (1.0 mol%) were stirred in H,O (1.0 mL) at 30 °C. Isolated yield. [b]
1,4-Dioxane (1.0 eq) was added. [c] THF (1.0 eq) was added. [d] Obtained as a mixture with 3-H-
benzofuranones. [e] EtOH (1.0 eq) was added.
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3-4. BEIN D RIHERE

Figure 3-2 |ZHE SN D 2~ 3, £79. bl Ufiaema FHICHR T 59k
#Aiw > EAEH- 29 LT, DMAP & BUGKEE & A BV @y F8HEE CHEET 5, &
. R L TNV SOSEIT L, C-T VARV Y T T ) k2D, BRI
%uim%ﬁmA%%ﬁ#%M%bf WO A 7 VN Z %, Table 3-2 Til «hio
2. H O T L7z PDPXpuar & H 54556 (entry 1) 23, DMAP & PX Z Z i E Ul 4 12
Wié%QQMyﬂi@% BARIENMFONTZZ LD, KFIZEBWT, DMAP & S

DRy T HUT R B E T DN CThH D B2 b LD,

Figure 3-2. Proposed Reaction Mechanism

—5. WO FAEEDO BRI

o IR & R HIZ, @ FEEMEORETH D, £ T, AFEICEBNTD,
PDPXpumar D FFFIAMEZ G~ FFAMEOR B2 BIE L2, £, Koy 75 007>
JVIEHAN SOG%,. PDPXpmar 28RN L. 72 b, YZuu A X =X ) — )L THE LT,
S BT, B2 ATV 15 BTz PDPXpmar & VT, KEEEEF, X775 ) D7 v
FHRNL NS 2 AT 2 12, T ORGSR BOGIE A < AT Leh o 72, PDPXpmap & 1515 L 725 C DMAP
LBV SNT- & B2, TTEOHT &21T - 7= (Table 3-5), EHEDITLHESHE D Veikt4 Ol

IZ1%. ADVN H3kD 0.21%% 75 L5V 72 0.17%I2F024 95 DMAP % L < (X DMAP #5338 {K735%
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FL TV, KD DMAP 3BV STV D Z b o 7z, B L 7= PDPXpuap & H
WA, RIREESEIT LR o722 b, @O FHICEF L TV D ERBERDS
BOGE D 27 = o F T U 7o SRR AR K - TARR L 72 DMAP gt © ifmvﬁ:k%z E
o,

ZZC, B L7Z@E5 112 1 480 DMAP % 1% Tl 2 3R %L L 72 (PDPXpmar-2nd) . 0.5
mol%? PDPXpmap-2nd F1E F. K1, 30 °C., 24 BT, XUV 7T ) DT U VIEERNL
%177 (Scheme 3-3), =R, BWAERY 22a OULEIL 56%ITIK T Lz, ZORERIT
DMAP HEMRIEN &SRO~ L7 e d— KRRV fhagd 5L T, EHLTWAaw
FRDIL ol EHEE L TV D,

Table 3-5. Elemental Analysis of PX, PDPXpmap, and Used PDPXpmap

H (%) C (%) N (%)
PX 7.15 84.93 0.21
PDPXpwmar 7.15 84.32 1.32
Used PDPXpmar 7.04 84.47 0.38
o
>—OM catalyst (0.5 mol%) Ph
OMe PDPXDMAP :83 % y|e|d
H,0 (0.2 M), 30 °C, 24 h o 0 PDPXpmap-2nd :56% yield
22a

Scheme 3-3. Comparison of PDPXpmap and PDPXpMmap-2nd

3-6. £&

% 3 FE Tl PDPXpwmap Z R —Rfilllt L L THWA XY 7T ) O T 2 VIR G
DWTIH~7= (Scheme 3-4), AWFFETIX, 2, T F 770 va3—FAF L AZKHLTE
ZEIL0.01, 0.1, 1, 15 ¥ &ED DVB 55 PX 28, KF TORE—RAMBELIGIC 5 2 % 8
BAFII2D3 S PDPXpmar D7K T COMBEREREZ R L7z, £ O, 15 48D DVB 726
ARk L7z PDPXppap 28 0.01, 0.1, 1 Y EDO LD LV HINKRCHMWER M EZE 2D Z L2 LM
\Z L7z, F£72. DMAP BT CAFAAE/RAR U AT L il PSpmap % FHV CTxbfRSERR &
1TV, PDPXpmap DA HMEZ R L7z, DMAP HAKOAR U 2 F L Uil PSpmap Tl HAYAERL
MOUEEDN 10%LL T & 725 2 L # LT Lz, BH% L7- PDPXpuar (n = 15) [k~ 7o (& #i
HEHETD O-TINR_ Y75 ) ASEMARRETH Y ST DAY 2 BRI F 72135
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WETHRD 2 L& R L, @ TS LCORRMIETE 2ho 8, ABFEE, Ao
A B TR R AT B E5 TAKR TO R RRERS I N 51 OB T B,

o

Ph O>_O,Me catalyst (1 mol%) Ph O,Me
mo H,O (0.2 M), 30 °C, 24 h 0
o 2 . , , o

1.3 1.0 n PDPXpyap (n=15): 89%
F F (n=1):66%
(n=0.1): 50%
F F o (n=0.01): 50%
I
PX

DMAP: 8%
PSDMAP: 4%

DMAP
PDPXpmap

Scheme 3-4. Representative results for acyl rearrangement reaction of benzofuranones

in H>O catalyzed by PDPXpmap
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1. General information

Unless otherwise noted, all reactions were carried out under an atmosphere of standard grade
nitrogen gas (oxygen <10 ppm) in flame-dried glassware with magnetic stirring. 'H NMR spectra
were recorded on a JEOL ECS-400 (400 MHz) spectrometer. Chemical shifts are reported in ppm
from the solvent resonance or tetramethylsilane (TMS) as the internal standard (CDCls: referenced
to TMS 0.00 ppm). Data are reported as follows: chemical shift, integration, multiplicity (s = singlet,
d = doublet, t = triplet, q = quartet, dd = doublet of doublets, m = multiplet), and coupling constants
(Hz). *C NMR spectra were recorded on a JEOL ECS-400 (100 MHz) spectrometer with complete
proton decoupling or fluorine decoupling. Chemical shifts are reported in ppm from the solvent
resonance as the internal standard (CDCls: 77.0 ppm). '’F NMR spectra were recorded on a JEOL
ECS-400 (376 MHz) spectrometer. Chemical shifts are reported in ppm from a,o,0-trifluorotoluene
as the external standard (—63.72 ppm). High-performance liquid chromatography (HPLC) was
performed on a Jasco HPLC-2000 system equipped with a variable wavelength detector using YMC-
Pack SIL-06 column from YMC. Elemental analysis of H, C, and N was performed on J-SCIENCE
LAB MICRO CORDER JM10 at the Instrument Center, Institute for Molecular Science. Elemental
analysis of F, I, and Cl in addition to H, C, and N was performed on XS-2100H at Organic Elemental
Microanalysis Center, Kyoto University. SEM images were obtained using Hitachi High-Tech
SU6600 and EDS mapping were measured using BrukerAXS QUANTAX XFlash 5060FQ and
Xflash6|10. Infrared (IR) spectra were recorded on a Jasco FT/IR-460plus spectrometer. High-
resolution mass spectra (HRMS) were recorded on a JEOL JMS-700 instrument (double-focusing
magnetic sector mass analyzer: EB) using fast atom bombardment (FAB) as the ionization method
and 3-nitrobenzyl alcohol as the matrix at the Instrument Center of the Institute for Molecular
Science.

Purification of reaction products was carried out by flash column chromatography using silica
gel 60 N (Merck: 0.040-0.063 mm). Dichloromethane (CH,Cl,), diethyl ether (Et.O) and
tetrahydrofuran (THF) were supplied from Kanto Chemical Co., Inc. as “Dehydrated solvent
system”. Other solvents were supplied from FUJIFILM Wako Pure Chemical Corporation. As

dehydrated solvents. Other reagents were used without further purification.
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2. Synthesis of O-acylated benzofuranones
3-Phenylbenzofuran-2(3H)-one (23)

Ph

e

23

23 was synthesized and characterized according to the literature !
Rf=0.41 (hexane/ethyl acetate = 4:1)
'H NMR (CDCl;, 400 MHz) § 7.39-7.19 (m, 9H), 4.91 (s, 1H).

3-Methylbenzofuran-2(3H)-one (S5)
Me

e

S5

S5 was synthesized and characterized according to the literature.>*

Rf=0.41 (hexane/ethyl acetate = 8:1)

'H NMR (CDCls, 400 MHz) § 7.32-7.22 (m, 2H), 7.17-7.05 (m, 2H), 3.72 (q, 1H, J= 7.5 Hz), 1.57
(d, 3H, J=17.6 Hz).

3-Ethylbenzofuran-2(3H)-one (S6)
Et

(o

S6

S6 was synthesized and characterized according to the literature.>

Rf=0.44 (hexane/ethyl acetate = 8:1)

'H NMR (CDCls, 400 MHz) § 7.33-7.25 (m, 2H), 7.20-7.08 (m, 2H), 3.71 (t, 1H, J = 5.7 Hz), 2.13-
2.00 (m, 2H), 0.97 (t, 3H, J= 7.4 Hz).

3,5-Dimethylbenzofuran-2(3H)-one (S7)

Me
(0]
(0]

S§7
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S7 was synthesized and characterized according to the literature.>

Rf=0.29 (hexane/ethyl acetate = 8:1)

'H NMR (CDCls, 400 MHz) & 7.13-7.04 (m, 2H), 7.01-6.94 (m, 1H), 3.69 (q, 1H, J= 7.5 Hz), 2. 35
(s, 3H), 1.55 (d, 3H, J=7.7 Hz).

5-Methoxy-3-methylbenzofuran-2(3H)-one (S8)

Me

MeO
(0]
(0]

S8

S8 was synthesized and characterized according to the literature.>

Rf=0.19 (hexane/ethyl acetate = 8:1)

'H NMR (CDCls, 400 MHz) & 7.09-6.96 (m, 1H), 6.86-6.70 (m, 2H), 3.80 (s, 3H), 3.72 (g, 1H, J =
7.4 Hz), 1.57 (d, 3H, J = 7.6 Hz).

5-Ethyl-3-methylbenzofuran-2(3H)-one (S9)
Me

Et
o
(6]

S9

S9 was synthesized and characterized according to the literature.

Rf=0.20 (hexane/ethyl acetate = 8:1)

'H NMR (CDCls, 400 MHz) § 7.11-7.08 (m, 1H), 7.03-6.98 (m, 2H), 3.70 (q, 1H, J = 7.5 Hz), 2.64
(g, 2H,J=7.6 Hz), 1.56 (d, 3H, J="7.6 Hz), 1.23 (t, 3H, /= 7.6 Hz).

3,6-Dimethylbenzofuran-2(3H)-one (S10)

S10 was synthesized and characterized according to the literature.*

Rf=0.35 (hexane/ethyl acetate = 8:1)

'H NMR (CDCls, 400 MHz) & 7.15-7.10 (m, 1H), 6.99-6.88 (m, 2H), 3.67 (q, 1H, J = 7.5 Hz), 2. 37
(s, 3H), 1.54 (d, 3H, J=7.6 Hz).
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3,7-Dimethylbenzofuran-2(3H)-one (S11)

S11

S11 was synthesized and characterized according to the literature.

Rf=0.19 (hexane/ethyl acetate = 8:1)

'H NMR (CDCls, 400 MHz) § 7.15-7.00 (m, 3H), 3.72 (q, 1H, J = 7.6 Hz), 2.32 (s, 3H), 1.56 (d, 3H,
J=17.6 Hz).

Synthesis of methyl 3-phenylbenzofur-2-yl carbonates (21a)

o}
Ph CI)J\OMe Ph O
w NaH CE%* »—ome
o} o}
o DMF o
0°Ctort,6h

23 21a

To a 50-mL flame-dried two-necked flask was charged sodium hydride (60% dispersion in oil, 536
mg, 13.4 mmol, 1.4 equiv.) that was washed with 5 mL of hexane three times. DMF (10 mL) was
added to the flask under nitrogen atmosphere. To the suspension was added 23 (2.09 g, 9.94 mmol,
1.0 equiv.), then the mixture was stirred at 0 °C for 1.5 h. Methyl chloroformate (840 uL, 10.9 mmol,
1.1 equiv.) was added over a period of several minutes to the mixture. The reaction mixture was
stirred at room temperature for 6 h, then poured into H>O (30 mL), and extracted with diethyl ether
(3 x 30 mL). The combined organic layers were washed with H,O (3 x 30 mL) and brine (30 mL),
dried over Na,SOs, and concentrated under reduced pressure after filtration. The obtained crude
product was purified by silica gel column chromatography (hexane/diethyl ether = 40:1 to 10:1 as
eluent) to afford 21a (2.36 g, 8.85 mmol, 89% yield) as colorless oil. Spectral data are in agreement
with the literature.5*

Rf=0.18 (hexane/diethyl ether = 19:1)

'H NMR (CDCls, 400 MHz) § 8.00-7.20 (m, 9H), 3.80 (s, 3H).
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General procedure for synthesis of O-acylated benzofuranones 21

o]
Ph CI)J\ORZ Ph O
EtzN >—OR2
o N—o
o THF 9

0°C,1h

23 21

To a solution of 23 (2.00 mmol, 1.0 equiv.) in THF (7 mL) was added triethylamine (420 pL, 3.00
mmol, 1.5 equiv.) and chloroformate (290 pL, 3.00 mmol, 1.5 equiv.) at 0 °C under nitrogen
atmosphere. The mixture was stirred at 0 °C for 1 h and then diluted with Et,O (5 mL) and quenched
with 0.1 M HCI (2 mL). The organic layer was separated and the aqueous layer extracted with diethyl
ether (3 x 5 mL). The combined organic layers were washed with brine, dried over Na,SO4, and
concentrated under reduced pressure after filtration. The residual crude product was purified by
silica gel column chromatography (hexane/diethyl ether = 30:1 as eluent) to afford O-acylated

benzofuranone 21.

Ethyl 3-phenylbenzofur-2-yl carbonate (21b)

Ph O
OEt
N O>\_
(0]

21b

General procedure was followed using 23 (421 mg, 2.00 mmol, 1.0 equiv.), ethyl chloroformate (290
pL, 3.00 mmol, 1.5 equiv.), triethylamine (420 uL, 3.00 mmol, 1.5 equiv.), and THF (7 mL) to afford
21b as colorless oil (538 mg, 1.91 mmol, 95%). Spectral data are in agreement with the literature.5*
Rf=0.15 (hexane/diethyl ether = 19:1)

'H NMR (CDCls, 400 MHz) § 7.78-7.12 (m, 9H), 4.25 (q, 2H, J = 7.1 Hz), 1.28 (t, 3H, J = 7.3 Hz).

Propyl 3-phenylbenzofur-2-yl carbonate (21c)
Ph O

{ O>\—0"Pr
o

21c

General procedure was followed using 23 (298 mg, 1.42 mmol, 1.0 equiv.), n-propyl chloroformate
(240 pL, 2.13 mmol, 1.5 equiv.), triethylamine (420 pL, 3.00 mmol, 1.5 equiv.), and THF (5 mL) to
afford 21c¢ as colorless oil (398 mg, 1.34 mmol, 95%). Spectral data are in agreement with the

literature .53
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Rf=0.28 (hexane/diethyl ether = 19:1)
'H NMR (CDCls, 400 MHz) § 8.05-7.19 (m, 9H), 4.18 (t, 2H, J= 6.6 Hz), 1.15 (m, 2H), 0.83 (t, 3H,
J=17.6 Hz).

2-Propenyl 3-phenylbenzofur-2-yl carbonate (21d)
Ph O

SSTA

21d

General procedure was followed using 23 (421 mg, 2.00 mmol, 1.0 equiv.), allyl chloroformate (320
pL, 3.00 mmol, 1.5 equiv.), triethylamine (420 uL, 3.00 mmol, 1.5 equiv.), and THF (7 mL) to afford
21d as colorless oil (559 mg, 1.90 mmol, 95%). Spectral data are in agreement with the literature.'*®
Rf=0.27 (hexane/diethyl ether = 19:1)

'H NMR (CDCl;, 400 MHz) § 8.09-7.18 (m, 9H), 5.81 (m, 1H), 5.28 (m, 2H), 4.61 (br, 2H).

Phenyl 3-phenylbenzofur-2-yl carbonate (21e)

Ph O
OPh
\ O>\_
(0]

21e

General procedure was followed using 23 (421 mg, 2.00 mmol, 1.0 equiv.), phenyl chloroformate
(250 pL, 3.00 mmol, 1.5 equiv.), triethylamine (420 uL, 3.00 mmol, 1.5 equiv.), and THF (7 mL) to
afford 21e as colorless oil (660 mg, 2.00 mmol, >99%). Spectral data are in agreement with the
literature.'*®

Rf=0.23 (hexane/diethyl ether = 19:1)

'H NMR (CDCl3, 400 MHz) § 7.00-7.50 (m, 14H).

Benzyl 3-phenylbenzofur-2-yl carbonate (21f)

Ph O
OBn
\ o>_
o
21f

General procedure was followed using 23 (421 mg, 2.00 mmol, 1.0 equiv.), benzyl chloroformate
(430 pL, 3.00 mmol, 1.5 equiv.), triethylamine (420 pL, 3.00 mmol, 1.5 equiv.), and THF (7 mL) to

afford 21f as colorless oil (598 mg, 1.74 mmol, 87%). Spectral data are in agreement with the

82



literature.5*
Rf=0.24 (hexane/diethyl ether = 19:1)
'H NMR (CDCl;, 400 MHz) § 8.00-7.20 (m, 14H), 4.95 (s, 2H).

2,2,2-Trichloro-1,1-dimethylethyl 3-phenylbenzofur-2-yl carbonate (21g)

Ph O
0

219

21g was synthesized and characterized according to the literature.5*®

Rf=0.34 (hexane/diethyl ether = 19:1)

'H NMR (CDCls, 400 MHz) § 7.66 (d, 1H, J = 7.5 Hz), 7.55 (d, 2H, J = 7.7 Hz), 7.40 (m, 3H), 7.26
(m, 3H), 1.85 (s, 6H).

Methyl 3-methylbenzofur-2-yl carbonate (21h)

Me O
@E\gﬂ?\—om
0

21h

21h was synthesized and characterized according to the literature.5*

Rf=0.37 (hexane/ethyl acetate = 8:1)

'H NMR (CDCl;, 400 MHz) § 7.42-7.35 (m, 1H), 7.33-7.27 (m, 1H), 7.24-7.12 (m, 2H), 3.89 (s,
3H), 2.05 (s, 3H)

Phenyl 3-methylbenzofur-2-yl carbonate (21i)

Me O

OPh
\ o>_
o

21i

21i was synthesized and characterized according to the literature. 5*¢
Rf=0.50 (hexane/ethyl acetate = 8:1)
'H NMR (CDCl;s, 400 MHz) § 7.48-7.39 (m, 4H), 7.31-7.22 (m, 5H), 2.18 (s, 3H).

Phenyl 3-ethylbenzofur-2-yl carbonate (21j)
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Et O
OPh
\ O>\_
(0]

21

21j was synthesized and characterized according to the literature.>*¢

Rf=0.25 (hexane/diethyl ether = 19:1)

'H NMR (CDCls, 400 MHz) § 7.52-7.51 (m, 2H), 7.45-7.40 (m, 3H), 7.32-7.25 (m, 4H), 2.68 (q,
2H,J=7.2Hz), 1.32 (t, 3H, J= 7.6 Hz).

Phenyl 3,5-dimethylbenzofur-2-yl carbonate (21k)

Me M—opn
N0
0
21k

21k was synthesized and characterized according to the literature.5*

Rf=0.25 (hexane/diethyl ether = 19:1)

'H NMR (CDCl;s, 400 MHz) & 7.45-7.41 (t, 2H, J = 8.0 Hz), 7.32-7.25 (m, 5H), 7.10-7.08 (m, 1H),
2.45 (s, 3H), 2.17 (s, 3H).

Phenyl 5-ethyl-3-methylbenzofur-2-yl carbonate (211)

Et OPh
\ o>_
o]
211

211 was synthesized and characterized according to the literature.>*

Rf=0.26 (hexane/diethyl ether = 19:1)

'H NMR (CDCl;, 400 MHz) § 7.45-7.39 (m, 2H), 7.33-7.27 (m, 5H), 7.14-7.10 (m, 1H), 2.73 (q,
2H,J=17.2 Hz), 2.17 (s, 3H), 1.28 (t, 3H, J= 7.6 Hz).

Phenyl 5-methoxy-3-methylbenzofur-2-yl carbonate (21m)

MeO 0
T ™
0]

21m

21m was synthesized and characterized according to the literature.5*
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Rf=0.18 (hexane/diethyl ether = 19:1)
'H NMR (CDCls, 400 MHz) § 7.44 (t, 2H, J = 7.6 Hz), 7.30 (d, 4H, J = 9.2 Hz), 6.94-6.86 (m, 2H),
3.86 (s, 3H), 2.17 (s, 3H).

Phenyl 3,6-dimethylbenzofur-2-yl carbonate (21n)

{ O>\—0Ph
Me 0

21n

21n was synthesized and characterized according to the literature.>*

Rf=0.26 (hexane/diethyl ether = 19:1)

'H NMR (CDCls, 400 MHz) § 7.46-7.41 (m, 2H), 7.35 (d, 1H, J = 8.4 Hz), 7.32-7.21 (m, 4H), 7.09-
7.07 (m, 1H), 2.46 (s, 3H), 2.17 (s, 3H).

Phenyl 3,7-dimethylbenzofur-2-yl carbonate (210)

Me O
M—opn

N0

o

Me 210

210 was synthesized and characterized according to the literature.>*

Rf=0.33 (hexane/diethyl ether = 19:1)

'H NMR (CDCl;, 400 MHz) § 7.46-7.26 (m, 6H), 7.17 (t, 1H, J= 7.2 Hz), 7.10-7.08 (m, 1H), 2.49
(s, 3H), 2.18 (s, 3H).
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3. PDPXpmar catalyzed acyl rearrangement reaction of benzofuranones

(0]

R' O R
>\—0R2 PDPXpwap (1.0 mol%) OR2
R® N0 R® o
o H,0 o
°C, 24 h
21 30°C, 22

General Procedure A: for liquid starting material: To a mixture of O-acylated benzofuranone 21
(0.200 mmol, 1.0 equiv.) in H>O (1 mL) was added PDPXpmapr ((DMAP]: 0.393 mmol/g, 5.2 mg,
0.002 mmol, 1.0 mol%) and the reaction mixture was stirred at 30 °C for 24 h. The reaction mixture
was quenched with 2 M HCI (1 mL) and extracted with CH,Cl, (3 x 5 mL). The combined organic
layers were washed with 2 M HCI (2 mL), sat. NaHCOj3 aq. (2 mL), and brine, dried over Na,;SOs,
and concentrated under reduced pressure after filtration. The residual crude product was purified by
silica gel column chromatography (hexane/diethyl ether = 19:1 to 7:1 as eluent) to afford desired

product 22.

General Procedure B: for solid starting material: To a mixture of O-acylated benzofuranone 21
(0.200 mmol, 1.0 equiv.), and corresponding organic solvent (0.200 mmol, 1.0 equiv.) in H,O (1
mL) was added PDPXpmar ([DMAP]: 0.393 mmol/g, 5.2 mg, 0.002 mmol, 1.0 mol%) and the
reaction mixture was stirred at 30 °C for 24 h. The reaction mixture was quenched with 2 M HCI (1
mL) and extracted with CH,Cl, (3 x 5 mL). The combined organic layers were washed with 2 M
HCI (2 mL), sat. NaHCOs aq. (2 mL), and brine, dried over Na,SOs, and concentrated under reduced
pressure after filtration. The residual crude product was purified by silica gel column

chromatography (hexane/diethyl ether = 19:1 to 7:1 as eluent) to afford desired product 22.

S3a

Methyl 2,3-dihydro-2-oxo-3-phenyl-3-benzofurancarboxylate (22a)
0]

Ph
OMe
O
(6]

22a

General Procedure A was followed using 21a (59.7 mg, 0.22 mmol, 1.0 equiv.), PDPXpmar
(IDMAP]: 0.507 mmol/g, 4.4 mg, 0.002 mmol, 1.0 mol%) and H,O (1 mL) to afford 22a as colorless
oil (53.4 mg, 0.20 mmol, 89% yield).

Rf=0.26 (hexane/diethyl ether = 7:3)

'H NMR (CDCl;, 400 MHz) § 7.53-7.44 (m, 2 H), 7.38-7.21 (m, 7 H), 3.80 (s, 3 H).
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Ethyl 2,3-dihydro-2-oxo-3-phenyl-3-benzofurancarboxylate (22b)%*
0

Ph
OEt
0]
o)

22b

General Procedure B was followed using 21b (63.7 mg, 0.23 mmol, 1.0 equiv.), PDPXpmar
(IDMAP]: 0.393 mmol/g, 5.8 mg, 0.002 mmol, 1.0 mol%), H,O (1 mL), and 1,4-dioxane (19.3 pL,
0.23 mmol, 1.0 equiv.) to afford 22b as a white solid (55.1 mg, 0.20 mmol, 86% yield).

Rf=0.16 (hexane/diethyl ether = 7:1)

'H NMR (CDCls, 400 MHz) § 7.52-7.46 (m, 2 H), 7.37-7.21 (m, 7 H), 4.32-4.20 (m, 2 H), 1.23 (4,
3H, J=7.2 Hz).

Propyl 2,3-dihydro-2-oxo-3-phenyl-3-benzofurancarboxylate (22¢)**
(0}

Ph
O"Pr
@fﬁo
(0]

22c

General Procedure B was followed using 21c (62.6 mg, 0.211 mmol, 1.0 equiv.), PDPXpmar
([DMAP]: 0.189 mmol/g, 11.2 mg, 0.002 mmol, 1.0 mol%), H,O (1 mL), and THF (17.5 uL, 0.20
mmol, 1.0 equiv.) to afford 22¢ as a white solid (47.3 mg, 0.169 mmol, 72% yield).

Rf=0.16 (hexane/diethyl ether = 7:1)

'HNMR (CDCls, 400 MHz) § 7.52-7.21 (m, 9H), 4.22-4.12 (m, 2H), 1.64-1.55 (m, 2H), 0.82 (t, 3H,
J=17.5Hz).

S3a

2-Propenyl 2,3-dihydro-2-o0xo0-3-phenyl-3-benzofurancarboxylate (22d)

O
Ph O/\/
O
o
22d

General Procedure A was followed using 21d (60.0 mg, 0.20 mmol, 1.0 equiv.), PDPXpmar
(IDMAP]: 0.393 mmol/g, 5.2 mg, 0.002 mmol, 1.0 mol%), and H>O (1 mL) to afford 22d as
colorless oil (46.7 mg, 0.16 mmol, 78% yield).
Rf=0.19 (hexane/diethyl ether = 19:1)
'H NMR (CDCl;, 400 MHz) § 7.51-7.24 (m, 9 H), 5.86-5.79 (m, 1 H), 5.22-5.19 (m, 2 H), 4.71-
4.66 (m, 2 H).
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S3a

Phenyl 2,3-dihydro-2-0x0-3-phenyl-3-benzofurancarboxylate (22¢)
(6]

Ph
OPh
0]
o}

22e

General Procedure A was followed using 21e (63.5 mg, 0.19 mmol, 1.0 equiv.), PDPXpmapr
(IDMAP]: 0.393 mmol/g, 4.9 mg, 0.002 mmol, 1.0 mol%), and H,O (1 mL) to afford 22e as colorless
oil (56.3 mg, 0.17 mmol, 89% yield).

Rf=0.16 (hexane/diethyl ether = 7:1)

'H NMR (CDCls, 400 MHz) & 7.64 (dd, 1H, J = 6.4, 1.1 Hz), 7.54-7.20 (m, 11H), 7.03-7.00 (m, 2
H)

Benzyl 2,3-dihydro-2-oxo-3-phenyl-3-benzofurancarboxylate (22f)>**
(¢}

Ph
OBn
(0]
(¢}

22f

General Procedure B was followed using 21f (68.0 mg, 0.20 mmol, 1.0 equiv.), PDPXpmar
([DMAP]: 0.393 mmol/g, 5.0 mg, 0.002 mmol, 1.0 mol%), H>O (1 mL), and ethanol (11.5 pL, 0.20
mmol, 1.0 equiv.) to afford 22f as a yellow solid (63.8 mg, 0.19 mmol, 88% yield).

Rf=0.16 (hexane/diethyl ether = 7:1)

'H NMR (CDCl;, 400 MHz) § 7.47-7.19 (m, 14 H), 5.22 (dd, 2 H, J= 12.4, 5.3 Hz).

2,2,2-Trichloro-1,1-dimethylethyl 2,3-dihydro-2-oxo-3-phenyl-3-benzofurancarboxylate
(229)*"

O
Ph V4
O~ "CCl3
(0]
(0]
22g

General Procedure B was followed using 21g (85.8 mg, 0.21 mmol, 1.0 equiv.), PDPXpmar
([DMAP]: 0.189 mmol/g, 11.0 mg, 0.002 mmol, 1.0 mol%), H,O (1.1 mL), and THF (16.9 puL, 0.21
mmol 1.0 equiv.) to afford 22g as a white solid (67.9 mg, 0.17 mmol, 78% yield).

Rf=0.14 (hexane/diethyl ether = 19:1)

'H NMR (CDCls, 400 MHz) & 7.59 (dd, 1H, J= 6.2, 1.4 Hz), 7.48-7.35 (m, 6H), 7.31-7.20 (m, 2H),
1.92 (s, 3H), 1.80 (s, 3H).
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Methyl 2,3-dihydro-2-oxo-3-methyl-3-benzofurancarboxylate (22h)>**
0]

Me
OMe
(0]
(0]

22h

General Procedure A was followed using 21h (56.3 mg, 0.27 mmol, 1.0 equiv.), PDPXpwmap
(IDMAP]: 0.393 mmol/g, 7.0 mg, 0.003 mmol, 1.0 mol%), and H,O (1.4 mL) to afford 22h as
colorless oil (33.1 mg, 0.16 mmol, 59% yield).

Rf=0.16 (hexane/diethyl ether = 7:1)

'H NMR (CDCls, 400 MHz) & 7.37 (ddd, 1H, J = 6.6, 1.4, 0.9 Hz), 7.30 (dd, 1H, J= 6.2, 1.4 Hz),
7.20-7.15 (m, 2H), 3.72 (s, 3H), 1.79 (s, 3H).

Phenyl 2,3-dihydro-2-oxo-3-methyl-3-benzofurancarboxylate (22i)%*
(¢}

Me
OPh
0]
(0]

22i

General Procedure A was followed using 21i (51.3 mg, 0.19 mmol, 1.0 equiv.), PDPXpmar
([DMAP]: 0.393 mmol/g, 4.9 mg, 0.002 mmol, 1.0 mol%), and H>O (1 mL) to afford 22i as colorless
oil (30.8 mg, 0.092 mmol, 48% yield).

Rf=0.21 (hexane/diethyl ether = 7:1)

'H NMR (CDCl3, 400 MHz) § 7.41-7.20 (m, 7H), 6.99-6.96 (m, 2H), 1.89 (s, 3H).

Phenyl 2,3-dihydro-2-oxo-3-ethyl-3-benzofurancarboxylate (22j)%*¢

o]

Et
OPh
)
0]

22j
General Procedure B was followed using 21j (53.3 mg, 0.19 mmol, 1.0 equiv.), PDPXpmar
([DMAP]: 0.507 mmol/g, 3.7 mg, 0.002 mmol, 1.0 mol%), H>O (1 mL), and 1,4-dioxane (16.2 pL,
0.19 mmol, 1.0 equiv.) to afford 22j as colorless oil (52.0 mg, 0.17 mmol, 92% yield). mixture with
3-ethylbenzofuran-2(3 H)-one (S6) (5%).
Rf=0.15 (hexane/diethyl ether = 7:1)
'HNMR (CDCls, 400 MHz) § 7.44-7.20 (m, 7H), 7.00-6.98 (m, 2H), 2.54-2.35 (m, 2H), 0.86 (t, 3H,
J=17.4 Hz).
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Phenyl 2,3-dihydro-3,5-dimethyl-2-oxo-3-benzofurancarboxylate (22k)5*

General Procedure B was followed using 21k (55.8 mg, 0.20 mmol, 1.0 equiv.), PDPXpmar
(IDMAP]: 0.178 mmol/g, 11.1 mg, 0.002 mmol, 1.0 mol%), H,O (1 mL) and THF (16.0 pL, 0.20
mmol, 1,0 equiv.) to afford 22k as a white solid (44.6 mg, 0.15 mmol, 76% yield). mixture with 3,5-
dimethylbenzofuran-2(3H)-one (S7) (13%).

Rf=0.23 (hexane/diethyl ether = 7:1)

'H NMR (CDCl;s, 400 MHz) § 7.36-7.31 (m, 2H), 7.26-7.19 (m, 3H), 7.10-7.06 (m, 1H), 7.00-6.98
(m, 2H), 2.39 (s, 3H), 1.86 (s, 3H).

Phenyl 5-ethyl-2,3-dihydro-3-methyl-2-0xo0-3-benzofurancarboxylate (221)>*
O

Me
Et OPh
o
o

22i
General Procedure B was followed using 211 (58.1 mg, 0.20 mmol, 1.0 equiv.), PDPXpmar
(IDMAP]: 0.178 mmol/g, 11.0 mg, 0.002 mmol, 1.0 mol%), H>O (1 mL) and THF (15.9 pL, 0.20
mmol, 1,0 equiv.) to afford 221 as colorless oil (47.0 mg, 0.15 mmol, 76% yield).
Rf=0.14 (hexane/diethyl ether = 7:1)
'H NMR (CDCls, 400 MHz) § 7.34 (t, 2H, J= 7.8 Hz), 7.26-7.21 (m, 3H), 7.11 (dd, 1H, J = 7.6 Hz),
7.00-6.96 (m, 2H), 2.68 (q, 2H, J= 7.6 Hz), 1.87 (s, 3H), 1.26 (t, 3H, J = 7.7 Hz).

Phenyl 2,3-dihydro-5-methoxy-3-methyl-2-o0xo-3-benzofurancarboxylate (22m)*>**

0]

Me
MeO OPh
O
(0]

22m

General Procedure A was followed using 21m (59.5 mg, 0.20 mmol, 1.0 equiv.), PDPXpmap
([DMAP]: 0.507 mmol/g, 3.9 mg, 0.002 mmol, 1.0 mol%), and H>O (1 mL) to afford 22m as a white
solid (57.3 mg, 0.19 mmol, 93% yield).
Rf=0.081 (hexane/diethyl ether = 7:1)
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'"H NMR (CDCls, 400 MHz) & 7.34 (t, 2H, J = 7.9 Hz), 7.23 (t, 1H, J = 7.4 Hz), 7.13 (dd, 1H, J =
4.8,2.3 Hz), 6.99 (d, 2H, J = 8.2 Hz), 6.93-6.90 (m, 2H), 3.82 (s, 3H), 1.87 (s, 3H).

Phenyl 2,3-dihydro-3,6-dimethyl-2-oxo-3-benzofurancarboxylate (22n)5*
(0]

Me
OPh
(0]
Me o

22n

General Procedure A was followed using 21n (56.5 mg, 0.20 mmol, 1.0 equiv.), PDPXpmar
(IDMAP]: 0.178 mmol/g, 11.3 mg, 0.002 mmol, 1.0 mol%), and H,O (1 mL) to afford 22n as yellow
0il (50.5 mg, 0.18 mmol, 74% yield).

Rf=0.29 (hexane/diethyl ether = 7:1)

'H NMR (CDCls, 400 MHz) § 7.35-7.21 (m, 4H), 7.05-6.95 (m, 4H), 2.42 (s, 3H), 1.86 (s, 3H).

Phenyl 2,3-dihydro-3,7-dimethyl-2-ox0-3-benzofurancarboxylate (220)5*¢

(o]
Me
OPh

0]
o}

Me 220
General Procedure B was followed using 210 (56.2 mg, 0.20 mmol, 1.0 equiv.), PDPXpmar
([DMAP]: 0.507 mmol/g, 3.9 mg, 0.002 mmol, 1.0 mol%), H>O (1 mL), and 1,4-dioxane (17.0 pL,
0.20 mmol, 1,0 equiv) to afford 220 as colorless oil (41.7 mg, 0.14 mmol, 69% yield). mixuture with
3,7-dimethylbenzofuran-2(3H)-one (S11) (8%).
Rf=0.29 (hexane/diethyl ether = 7:1)
'H NMR (CDCl;3, 400 MHz) & 7.36-7.31 (t, 2H, J = 7.9 Hz), 7.24-7.20 (m, 3H), 7.15-7.11 (m, 1H),
7.00-6.96 (d, 2H, J = 8.5 Hz), 2.38 (s, 3H), 1.87 (s, 3H).
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4. Catalyst reuse

A mixture of O-acylated benzofuranone (21a, 55.1 mg, 0.200 mmol, 1.0 equiv.), PDPXpmar
([DMAP]: 0.393 mmol/g, 2.6 mg, 0.001 mmol, 0.5 mol%), and H,O (1 mL) was stirred at 30 °C for
24 h. The reaction mixture was quenched with 2 M HCI (1 mL). PDPXpwmap was filtrated and washed
with acetone (2 mL), CH,Cl, (2 mL), and EtOH (2 mL). The residue was corrected and dried under
vacuo to afford a recovered-PDPX. To a suspension of recovered PDPX (49.8 mg, [-C¢F4I]: 0.329
mmol/g) in CH,Cl, (2 mL) was added DMAP (2.0 mg, 0.0164 mmol, 1.0 equiv.) at room temperature.
The reaction mixture was stirred at room temperature for 3 h then concentrated under reduced
pressure to afford PDPXpmap-2nd as a white solid (40.1 mg, [DMAP]: 0.446 mmol/g). elemental
analysis calcd (%) for Ci77.74H177.24N23F4l: C 83.86, H 6.96, N 1.11, found: C 82.93,H 7.14, N 1.51.
A mixture of 21a (72.4 mg, 0.270 mmol, 1.0 equiv.), PDPXpmar-2nd ([ DMAP]: 0.446 mmol/g, 2.9
mg, 0.0013 mmol, 0.5 mol%), and H>O (1.3 mL) was stirred at 30 °C for 24 h. The reaction mixture
was quenched with 2 M HCI (1 mL) and extracted with CH,Cl; (3 x 5 mL). The combined organic
layers were washed with 2 M HCI (2 mL), sat. NaHCO3; aq. (2 mL), and brine, dried over Na>SOs,
and concentrated under reduced pressure after filtration. The residual crude product was purified by
silica gel column chromatography (hexane/diethyl ether = 19:1 to 7:1 as eluent) to afford 22a as
colorless oil (40.5 mg, 0.151 mmol, 56%).
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A
O-T VLT AT 7 bV OB 5
i ES RERR TR

4-1. ERETOEES FER

HEIRRIR « FERIMEE DB RN ATREIC I o T2 WS . BRSSO 2, BRI
RELWARIENRRD N TND, b7 ot 2AOBRERMMEL ER&IMiT 2 s LT,
1992 4=, Sheldon (Z X > T EfEARE I N/, EfEE X, BEYOEE L AR OEETH
STETH D, EMEA/NSWVIE CBREERfENE W L&, BEMSE 2T EEE
I T0) 75, —RRERLOESK T 1t 22BN T, EMEIZ 100 UL EEHEE S TD
%o EMEICHEORELSEELEZDONARFE ChH Y | MRS OB L, REEFIFIME
DOEEICBENDBEELRETH 52, BEELOSITIE, = X PO, HE T XL F —0Ofi
. BUSKEM OMHE, SRR ERBRE DM N Vo722 v MDD, T E CTICERE
WCORmIFAS, TN A A AREROE® . BRSPS 0 EFBRIET, =F
FABRBIBIE DR ST D, o, TFE, BRSO~ ThD, AH /IR
N —ICbEEREE->TND,

4-2. O-TIMET XF 7 v OB K6

DMAP <& MRS S F A PDPXpmar DA HAIPEZ LIRS D720, Xy 75 ) 0%
FERETHDLT AT b OT VIR IR CI2E B L, SBBAAERWIET X/ B ORI
BRR & 720 kx 22IERRT X VEBEOGMAATRETH D 1L, @I - @SRRI — %
REMEIIHRES N TS HOD! 2 RE—RMESOSICB W TILTFE 5O —flOATH
213, EHELIX, 47 Y VNV EEZAEHICRE S, bEARDORY X FH U
(PQXmdpp) ZBHHE L, 7 X T 7 N DEHEW) « =F U F ARIREYT 2V IR RS & 132
& L7= (Scheme 4-1),
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0]

BnO” O (P)R}-PQXmdpp O/ﬂ\<JLO
B”\xf}\o (0.5 mol% Py) N0

n N=< H— —Tol

_
N=< toluene, —78 °C Ar
24-96 h N
Ar 25 RO A
24 (Ar = 4-CF3CgH3) 93% vyield, 91% ee RO N/
m

(P)-PQXmdpp

Scheme 4-1. Chiral Poly(quinoxaline-2,3-diyl)s bearing 4-aminopyridid-3-yl Pendant Catalyzed
Asymmetric Steglich Rearrangement of Benzyl 4-benzyl-2-(4-trifluoromethylphenyl)-oxazol-5-yl

carbonate 24

4-3. B FHEIZ X EBBETD O-T I WVET T 7 N DMK
4-3-1. EIRERE S TFRIGHE~D R

HIETHRARIZERBY, O-TI AR Y 7T ) U ORMIGNE., @y 8 TEITL T
WD EDRIB ST, BA%E L7 DMAP U &2 MES T, I v ERISEE O/
HAEREALE LTHBEL TV D EHER SN D, Fo. AV D4EAIOYEIZL Y, mﬁ%ﬁ
OB ZZLIEDLZ L HARETH D, ISEEEZI IALLT WL D IZ@mmy FHOME
BxDHIZET, @ THPBIEER O L RUSEE L oKL 720 | @@ﬁ@ﬁﬁmﬁ%
BTX 50 TIXRW & E 2 7= (Figure 4-1),

(a) (b)

Polymer-immobilized catalyst This study: Catalyst on polymer chain
via covalent bond via non-covalent interaction

. . Solvent free

o ,Q.
Solvent .

» oo’
®

Difficult to come into contact _ Easytocome into contact
with each other for bond formation with each other through halogen bonding
‘ : Starting material A : Polymer chain == : Covalent bond

@ : starting material B @ catalyst @ cF.iunit <<« :Halogen bonding

Figure 4-1 (a) Conventional Heterogeneous Reaction in Solvent (b) This Study: PDPX-Mediated

Heterogeneous Reaction without Solvent
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4-3-2. FI#RRE

PIIRANL, NV 7T v DT VABBRISDRERE b LT, YE=ARC P 15 Y
7255 PDPXowar (n = 15) f£{E T O-7 207 X5 2 b 26a) &V, BUSIRE 30 °CT
BER L CTIT o 72 (Table 4-1), [, $50ZERM 272 13, S U BT MK 20 T DRERICE W T
Srfif Liztz, NMR BIEIC K0 IEEZRH L7, 1 mol%? PDPXpumar fF7E N T 10 43 £
L7235 A. 91%INERTHMAERM E 5 2 7 (entry 1), & 0.1 mol%D54E . KIS 30 4y
THAN AR R DS B A 72 N3 T B 07z (entry 2),  0.05 mol% (500 mol ppm) D354, SO RERH] 30
ISR 17%I2 8 P E 7= (entry 3), & 2 T. 40°C. 50°C. 60 °C TISIREDMH %1T -
oo ZORER, BCERT L, SUSIRE 60 COBEIE 91%IE T B ML RN BT
(entries 4~6), FUSIREE % 60 °C, filif & 250 mol ppm, 100 mol ppm T ZIT-7-& 2 A,
FOGKE 30 43 CTHAAZLAE B 3 2 L Z Ul % B 4L7z (entries 7, 8), 50 mol ppm D54,
FSRFTE] 30 25 T 12%UU R TdH - 7278 (entry 9) . 45 3 12 E &I S U7 (entries 10, 11),
25 mol ppm DFHE B, 30 3 HEDULEIL 6% T 72 b DD (entry 12), SUGHFH 2 iEIF T LN
A E U (entries 13, 14) . 70 53 #4121% 96% (entry 15) . 90 7312121% 99% LA LD @R THIT
D 385 7 (entry 16), TON. TOF IEZALZ LK T 40,000, 549 mn (23 L7,

Table 4-1. Acyl Rearrangement Reaction of Azlactones!®

Me O
€ >—0Ph PDPXDMAP Me OPh
NN N
)I\/g’O solvent free )I\ 0
Ph o temp., time Ph 0

R: :
26a 27a ILZ ®
m"‘ PDPXpuap
catalyst loading temp. time yield™® TOF

entry (mol ppm) 0 (min) (%) TN (min)
1 10,000 = 1 mol% 30 10 91 91 9
2 1,000 = 0.1 mol% 30 30 89 890 30
3 500 =0.05 mol% 30 30 17 340 11
4 500 40 30 59 1,180 39
5 500 50 30 82 1,640 55
6 500 60 30 91 1,820 61
7 250 60 30 94 3,760 125
8 100 60 30 96 9,600 320
9 50 60 30 12 2,400 80
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10 50 60 45 99 19,800 440

11 50 60 60 99 19,800 330
12 25 60 30 6 2,400 80
13 25 60 45 23 9,200 204
14 25 60 60 78 31,200 520
15 25 60 70 96 38,400 549
16 25 60 90 >99 40,000 444

[a] Reactions were performed using 26a and PDPXpwmap.

[b] Yields were determined by 'H NMR.

WIZ, BEATHHVE=NRB U OYEEZEZ TED T2 L, 22EHOM &N
FOGIERIT e\ E 5288 % 3~ 7= (Table 4-2), FR&HX, 25 mol ppm @ PDPXpwmap 77E F. S
REfE] 30 70 TIT o 72, HLERD 7=, Table 4-1, entry 12, n=15 O FHE % Table 4-2, entry 1 {Z7%
L7z, n=15® PDPXpmar P, WEIZDOT D 6% ThH->7225 (entry 1), n=1 TIX 35% (entry
2). n=0.1 TIX97%(entry 3), n=0.01 TiX91% TH o7z (entry 4), ZNHDOFER ML, VB
SRR OYBIIISHEICRE REELZ KT L, n=0.1 OHEITR S EWIGE, TON,
TOF # 525 Z L BNbh-olz, ZORKE, TON X 38,800, TOF i% 1,293 min' THh -7, filf &
D72 51K A BfE L, IS 20 mol ppm @ PDPXpmap n = 0.1 Z W THIFH A2 1T > 7= (entry
5). ZO%A, EBROB/BNEICZ LWERE o772, LIBEOMEHE 25 mol ppm TIT9 =
iz L7,

Table 4-2. Acyl Rearrangement Reaction of Azlactones: Examination of DVBI

Me Q PDPXpmap Me
)NI\/\$70>_OPh solvent free )Nl\)igph
ph” O 60°C,30min  ph~ O E .
26a 27a R: :
m"‘ PDPXpmap
entry cat(a Iz)slt ;(F))?r(ll)ing n yi(f();)d)[b] TON (Iflgllf;)
1 25 15 6 2,400 80
2 25 1 35 14,000 467
3 25 0.1 97 38,800 1,293
4 25 0.01 91 36,400 1,213
5 20 0.1 45~89 22,500~44,500 750~1,483
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[a] Reactions were performed using 26a and PDPXpwmap at 60 °C for 30 min.

[b] Yields were determined by 'H NMR.

4-3-3. NueFUEAtERMNOKE

PIHARRFHC L 0, BA%E L7z PDPXpmap 28, 7 AT 7 b2 OEIEIEA T o )V FRERAT G &)
L CENT-fMEREEE BT 5 2 LN bhot, —FH T, @O ARV SHEEET ) ~—
TFIS I%, iR 2,3,5,6-7 F 7 7 AA 0w ZBEMRNG 3 TRZ T TERLRTIIER ST,
HIEEDETFIS 2455 72121, /B HPLC IC L 2R M CTH D, £ 2T, TFISE D
AR B R ATRE R REMEE /  ~— L LT, aUkT F 77 AR E 7 2= L AT L2 (28)1C
EAHLVE, aET R I7AA R E T 2= L AF LU AR G At e T L— A
BHILIZEORY ZF L OFEEHT AW STV S,

F9°. Taylor DHEEZBEZICI VLT F T 704 E T 2=V AF L2 (28) DEKEIT-
72 (Scheme 4-2), HD4- L= L7 2=V Rua LT N7 704 n 14-VI— KXo B ok
DEAR-EH I n AT v 7TV THEATO, GO ERME L ) BTN T LT va~x T T
T4 IR HEERER L., ZORR. BRIE T 5 28 0 S3%INR TR LT,

X
N ! 3 M NaOH aq. O
F F Pd(dppf)Cl,
+ F F
R TS
B(OH), I 60 °C,48h F F
I
28

Scheme 4-2. Synthesis of 4’-Ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1'-biphenyl (28)

WIZ, PDPXpmar & A UFNETE S AR %Z1T > 72 (Scheme 4-3), 28 2% LT, 1.3 ¥ &ED
ZF L, 0.1 FE721E, 001 M EDOVE = ARV 2, BEABGA ADVNIFETR, 71
2RV LR 60 °C, 24 I, IR LT, b ema e~k =& ) — L Hn
THH L, REILDAF L. ADVN 2 R\, FinT, T 0iETZ & T, ARDOHER
(BPX) #1587, fFoN7- 2 HEOES+ BPX FO I URICHH LT, Y7 ra XX ST,
14 £ DMAP % Il 2 S5 C 3 Rl 95 Z & T, DMAP > & > ME Sy 1-filiit 2 7 4l
L7z, W, RFEICK Y ER L7551 DMAP filt#if % . Pendant biphenyl polymer with halogen
(X)-bond donor pmap & 44 L. PDBPXpmap & Fi0 9 5,
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X
styrene (1.3 eq)
divinylbenzene (n eq) DMAP
ADVN (0.3 eq) _(1.0eq) BPX
F ! F $

CHCl3 CHZCIZ DMAP
E F 60°C, 24 h
2 N f"C BPX n = 0.1, I...1.59 mmol/g PDBPXpyap N = 0.1, 1.39 mmolig
: W ‘N BPX n = 0.01, I...1.63 mmolig PDBPXpuap N = 0.01, 1.30 mmol/g
CN
R:

T

Scheme 4-3. Preparation of PDBPXpmap

4-3-4. WREL AR X D %RE

X LT, PDPXpmapn=0.1 & PDBPXpmapn=0.1 OFEEIENE A Ll L=, #iEHE, Table 4-
2 DEBRFEREBEI, bR 25 mol ppm. KSR 30 43 TIT o7z, H#RD 7=, Table 4-2,
entry 3, n=0.1 DRFHE R Z Table 4-3, entry 112785 L7=, PDBPXpmap (X, PDPXpmap & [F]ZE DU
RKaG Z, @R EZ BT 5 2 L b o7 (entry 2), £7-. HiIRDE S+ DMAP fil
BECd % PSpmap & EZ L72 & 2 A PSpmap [ R 100 mol ppm, SUGREE 60 °C, S REfH

Sy DEAET B RIGIT AL AT L7272 > 72, PDBPXpmap n=0.1 78 B4/ filfiiiE 2 A9 % 2
ENA ST o272, PDBPXpwar n =0.1 Z VN, LIBEORG 2179 Z 12 LTz,

Table 4-3. Comparison of Catalyst in Acyl Rearrangement Reaction of Azlactones!¥
(0]
Me O

catalyst Me
= »—oph Y W oPh
)I\ o solvent free )I\ o}
ph” O 0

temp., time Ph

26a 27a
catalyst loading temp. time yield™ TOF
entry catalyst (mol ppm) (C)  (min) (%) TON (min!)
1 PDPXpmar n=0.1 25 60 30 97 38,800 1,293
2 PDBPXpmapn=0.1 25 60 30 97 38,800 1,293
3 PSpmar 100 60 30 <1 - —

[a] Reactions were performed using 26a and catalyst at 60 °C for 30 min.

[b] Yields were determined by 'H NMR.
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4-3-4. FHBE—E

25 mol ppm @ PDBPXpwmar n = 0.1 77E . BUGIRE 60 °)CT, AH x4 did Lz
(Scheme 4-4), R' N ATV, = FNE -7 o ENVEDLEESL, RZOXUCBUER EICE
TREMMEEHRILEZHT 558, RROXUE VR BICE FREIMMEERILE 21X, A F ks
BT 2%6. 305 OROGKH T ARY D BIF2INETH LN, —FH, RICE#EHOT
NENILRR P UBRE B OHAR, RE RROXRUVYUER EICE G ENER SN
FOGHE Cix, RISHMZHET 2 Z L1k, BEFRIECIRMARD BT LN, W
THOELAL, BxREBHILEEZET D O-TI VT AT 27 b AR LT, @V TON 275 L
Too APLIZA Y 7 a BV EER U2 SOGFEEIZR LT, ROSEIELS 27d) . F 7RI
e LT2-7 v bk b5 507 (27d"),
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[a] Reactions were performed using 26 and PDBPXpwmap (25 mol ppm) at 60 °C. Yields were determined
by 'H NMR. [b] PDBPXpmap 100 mol ppm. Regioisomer 27d’ was obtained in 36% yield. [c]

R'" O R! 2
N/$7 >—OR2 PDBPXpmap (25 mol ppm) N OR
N
Jl\ 0 solvent free, 60 °C Jl\ 0
R3 (o] R3 (o]
26 27
o) 0 0 o)
n i
MNe OPh Et OPh PNr OPh Zr OPh
| o | o) | @) | o)
Ph)\o Ph)\o Ph)\o Ph)\o
27a, 96% (30 min) 27b, 92% (30 min) 27c, 96% (30 min) 27db, 45% (42 h)
TON 38,400 TON 36,800 TON 38,400 TON 4,500
TOF 1,280 min~" TOF 1,227 min™" TOF 1,280 min~" TOF 2 min~!
o} o) o 0
n i
E:\l“ OPh E:\l” OPh 'Lh OPh E:\l” OPh
| o) | @) | o) | 0
Ph)\o Ph)\o Ph)\o Ph)\o
27e, 94% (48 h) 27f, 99% (3 h) 279, 97% (8 h) 27h, 94% (4.5 h)
TON 37,600 TON 39,600 TON 38,800 TON 37,600
TOF 13 min~" TOF 220 min~" TOF 81 min~" TOF 139 min~"
Me OMe Cl
NCT S S AR S ¢ R 6
y OPh '\f\le 0 'V"\le 0 'V"\le 0
| 0 | (¢} | o) | 0
Ph)\ 0 Ph)\ 0 Ph)\ o Ph)\ 0
27i, 87% (15.5 h) 27j, 96% (45 min) 27k, 90% (75 min) 271, 92% (30 min)
TON 34,800 TON 38,400 TON 36,000 TON 36,800
TOF 37 min™" TOF 853 min™" TOF 480 min™" TOF 1,227 min™
o) o) 0
MNe OPh
| o

MNe OPh '\f\,e OPh
0
Y | 0] | 0]
Me O/\/ o o
N
P
Ph (0] Me MeO

27m, 91% (1 h)
TON 36,400
TOF 607 min~"

27n°, 94% (30 min)
TON 18,800
TOF 627 min~"

270, 96% (1.5 h)
TON 38,400
TOF 427 min™"

Scheme 4-4. Substrate Scopel®

PDBPXpmar 50 mol ppm.

Pr

101

Cl

27p°, 96% (30 min)
TON 19,200
TOF 640 min~"



4—4. VURy N7 ) BEFHEEROERR

T AT N DT VN OGR4 BBRAKFREZEEZFT L7 X BHERE S
KT 59 2T, AHARRIBMATHD, £2CT, TAT7 b OT UNVEKIBNKIEET I 1L
& 2 BABR SOS OERESUSIT K D7 X BEFHER DG & 7~ 72 (Scheme 4-5) . EHE., O-7
PIVT X7 ki 26all% LT, 25 mol ppm @ PDBPXpmap % VY, 60 °CC 30 43 fEFEH#E L7
BT, DONEEZE 30 °CIZ T, 3 YEBEDT I V2L, SHITHBTLIZETirotz, 0
R, REFIE LR Y RUUAT IV, TI v F A AT AL L B
&5 20300 T, TATIVZH LT 290353 54072 (292%, 29b°,29¢”), A 5T I U %
1 MEIIHD LEEGEIE, 29 3G b ODRIRICE E -7z, —FH., REHlE LTT=
U EMZSE, 93 E<BloNnT, BNET 57 I BEFHEAR 294 728 RAFe R 5
b,

OPh 4
Me O PDBPXpyap R4NH2 NHR
(25 mol 3.0
b* mol ppm) (3.0 equiv.) BZHN BZHN
solvent free solvent free
60 °C, 30 min 30 °C, time
H COzEt
OsxN-gn o OPh
O Me N ® CoEt
BzHN BzHN “Bn BzHN Y 2 BzHN Ph
(0] (0]
293’ 67% (<5 min) 29b', 90% (<5 min) 29¢' 87% (3 h) 29d, 84% (3 h)

Scheme 4-5. Synthesis of Amino Acid Derivatives in One-pot[®/[®!
[a] Reactions were performed using 26a and PDBPXpmap (25 mol ppm) at 60 °C for 30 min. Then the

reaction mixture was added to amine (3.0 eq) and stirred at 30 °C. [b] Isolated yield.

4-5. O- TV MET XZ 7 v v ODARFEN KRG

AIESS R OFEO—21%, B Lo a7 U552 A3 5 mEm 1 EBEfF DK
KA 218 2 7200 T, AR —RREMEZ ST 2 2 LN TELRTH D, £Z T, BH—
AR S CTHAS SV TN D F T VKRB 2« 2 v, o &0 MRS S - il 2 G 5
52 LT, R —RARFMBESOE~ERIET D Z LI Lz, F 7V REMEIE, Mandai &
Suga (Z &£ U B ¥ = # 72(S)-2,6-Dimethoxy-4-(pyridin-4-yl)-4,5-dihydro-3H-dinaphtho[2,1-c:1,2'-

elazepine & H\\ 7=, M, KWL, 7/ T T v T v T—Tr—n 5o WEEKT
Ty b7 LXEEE] OXEOS & I RERBERFENARSAE L ERIE S LT HER
L7z,
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MREHE, 15672 @50 A PDPXManda 33 &2 UY PDBPXMandai & VY, PDPXpmap C R USSR
%o L7 i & 25 mol ppm. SRR 60 °C. SUGKERH] 30 47 D5 T1T - 7= (Table 4-5), %
DOFER, FUSIZFIBICHEIT L, 53%0 = o F A8 4RI CHahr AR 27a 235 S 17 (entry 1),
WIZ, 50 TR 30 CTHILEIT>T285A. = F U FA@RMEIT O30k L7 (entries 2, 3),
PDBPXmandai 2 VT H . TF o FABIRMEIIE L Lo 7= (entry 4), B0 F8HIT. RABR
BEOMEICHEL B2 RN AR IR,

Table 4-5. Asymmetric Acyl Rearrangement Reaction of Azlactones®

(0]
Me Q Catalyst Me OPh
N oph T
)I\ o solvent free )I\ 0
Ph o temp., time Ph o

26a 27a

PDPXMandai
0.671 mmol/g
PDBPXMandai
0.657 mmol/g
temp.  time  yield® TOF  eel
entry catalyst (mol ppm) °C) (min) (%) TON (min) (%)
1 PDPXmandai (25) 60 30 95 38,000 1,267 53
2 PDPXmandai (50) 50 70 94 37,600 537 55
3 PDPXmandai (100) 30 120 99 9,900 83 57
4 PDBPX mandai (100) 30 240 >99 10,000 42 57

[a] Reactions were performed using 26a and catalyst. [b] Yields were determined by 'H NMR. [c] Ee
was determined by HPLC.
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4-6. £

% 4 T ClL, DMAP > & o MRIE S filliit PDPXpmar <> PDBPXpmap & H VN 2 SEVEMEC O
TRXT Y DT VRN S O BAFEIZ OV Tk 272 (Scheme 4-6a), 0.1 & L <% 0.01 4
BOVE =B DB AL T2 PDPXpmar X° PDBPXpumap 23 i WA TR 4 A L, ppm L
SOLDOFEETT X7 7 N OT VNN AR E 525 2 LR R L, 612, B%
U 7o BRI — R AR SO T AR E B #iPH 2R Lie, £z, AL C-T7 2T
AT NAZT =V U EMADZ LT, 48 o7 X BFHERO GRS LT (Scheme 4-
6b) . NFMBESIS~DRERIZIE W TR, TREOT T - F FBREOES IR LI
(Scheme 4-6¢) .
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(a)

PDBPXpuap

M
/$7>—0Ph (25 mol ppm) N OPh
| (0]
solvent free
Ph)\ ©

60 °C, 30 min
97% vyield
TON 38,800
TOF 1,293 min™’

o

R: W H
(b) CN .@ PDBPXpuap

o)

Me PDBPXpyap PhNH, Os__OPh
(25 mol ppm OPh (3.0 eq)
N >—0Ph ppm) \ I
- o Ph” N

)I\O solvent free )I\O solvent free

Ph 60°C,30min " 30°C,3h
84% yield
(c)
o)
PDPXMandal Me
/$7 >\—0Ph (100 molppm) ¢/ “OPh
o)
)\ solvent free )I\O
30°C, 120 min 70
99% yield
TON 9,900
TOF 83 min™"
57%ee

l:>DF’XMancIai
0.671 mmol/g

Scheme 4-6. Representative Results for Rearrangement Reaction of O-Acyl Azlactones
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SKBRIE
1. General information

Unless otherwise noted, all reactions were carried out under an atmosphere of standard grade
nitrogen gas (oxygen <10 ppm) in flame-dried glassware with magnetic stirring. '"H NMR spectra
were recorded on a JEOL ECS-400 (400 MHz) spectrometer. Chemical shifts are reported in ppm
from the solvent resonance or tetramethylsilane (TMS) as the internal standard (CDCls:
referenced to TMS 0.00 ppm). Data are reported as follows: chemical shift, integration,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, m =
multiplet), and coupling constants (Hz). *C NMR spectra were recorded on a JEOL ECS-400
(100 MHz) spectrometer with complete proton decoupling or fluorine decoupling. Chemical
shifts are reported in ppm from the solvent resonance as the internal standard (CDCls: 77.0 ppm).
F NMR spectra were recorded on a JEOL ECS-400 (376 MHz) spectrometer. Chemical shifts
are reported in ppm from o,a,o-trifluorotoluene as the external standard (—63.72 ppm). High-
performance liquid chromatography (HPLC) was performed on a Jasco HPLC-2000 system
equipped with a variable wavelength detector using YMC-Pack SIL-06 column from YMC.
Elemental analysis of H, C, and N was performed on J-SCIENCE LAB MICRO CORDER JM10
at the Instrument Center, Institute for Molecular Science. Elemental analysis of F, I, and CI in
addition to H, C, and N was performed on XS-2100H at Organic Elemental Microanalysis Center,
Kyoto University. SEM images were obtained using Hitachi High-Tech SU6600 and EDS
mapping were measured using BrukerAXS QUANTAX XFlash 5060FQ and XFlash6|10.
Infrared (IR) spectra were recorded on a Jasco FT/IR-460plus spectrometer. High-resolution mass
spectra (HRMS) were recorded on a JEOL JMS-700 instrument (double-focusing magnetic sector
mass analyzer: EB) using fast atom bombardment (FAB) as the ionization method and 3-
nitrobenzyl alcohol as the matrix at the Instrument Center of the Institute for Molecular Science.

Purification of reaction products was carried out by flash column chromatography using silica
gel 60 N (Merck: 0.040-0.063 mm). Dichloromethane (CH>Cl,), diethyl ether (Et,O) and
tetrahydrofuran (THF) were supplied from Kanto Chemical Co., Inc. as “Dehydrated solvent
system”. Other solvents were supplied from FUJIFILM Wako Pure Chemical Corporation. as

dehydrated solvents. Other reagents were used without further purification.
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2. Preparation of DMAP-pendant XB polymers
Synthesis of BPX (n =0.1)
Synthesis of 4’-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1'-biphenyl (28)

X
o 3 M NaOH ag. O
F F Pd(dppf)Cl,
+ F F
S T e T
B(OH), 60°C,48h F | E
28

To a 500-mL flame-dried three-necked flask was charged 4-vinylphenylboronic acid (1.47 g, 10.0
mmol, 1.0 equiv.), tetrafluoro-1,4-diiodobenzene (4.01 g, 10.0 mmol, 1.0 eq), and Pd(dppf)Cl»
(118 mg, 0.145 mmol, 0.015 equiv.). The flask was evacuated and refilled with nitrogen 3 times.
200 mL of dry THF was added to the solid starting materials. After stirring for 5 min to this was
added 1.24 mL of a 3 M aqueous solution of sodium hydroxide (30.0 mmol, 3.0 equiv) which had
been previously degassed with a stream of argon. The mixture was heated and stirred at 60 °C for
48 hours. The reaction mixture was filtered through the short-plug silica gel column
chromatography (THF/hexane = 1:1 as eluent), then purified by silica gel column chromatography
(hexane/CHCl;, = 10:1) to afford 4'-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1’-biphenyl 28 (2.00 g,
5.29 mmol, 53% yield) as a white solid. Spectral data are in agreement with the literature.5"!
Rf=0.40 (hexane)

"HNMR (CDCls, 400 MHz) § 7.55-7.52 (m, 2H), 7.44-7.42 (m, 2H), 6.77 (dd, J = 17.6, 10.9 Hz,
1H), 5.85 (dd, J=17.6, 0.8 Hz, 1H), 5.36 (dd, J=10.9, 0.8 Hz, 1H) "’F NMR (CDCls, 376 MHz)
8-121.9-—122.0 (m, 2F), —142.6-—142.7 (m, 2F).

X
O ADVN
CHCl3
F F 60 °C, 24 h
F O F R:
|
28 BPX (n = 0.1)

To a solution of 4'-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1'-biphenyl 28 (378 mg, 1.00 mmol, 1.0

equiv.) in CHCI; (1.4 mL) was added styrene (150 uL, 1.33 mmol, 1.3 equiv.), and divinylbenzene

(14 pL, 0.10 mmol, 0.1 equiv.) at room temperature. The reaction mixture was degassed by
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Freeze-Pump-Thaw (4 cycle). Then 2,2’-azobis(2,4-dimethylvaleronitrile) (74.5 mg, 0.30 mmol,
0.30 equiv.) was added to the mixture, and the reaction mixture was stirred at 60 °C for 24 h. After
the cooling to room temperature, the solvent was removed under vacuo. The residue was
transferred to mortar while washing with hexane (8 mL) then the suspension was ground and
filtered. The residue was washed with hexane (2 mL) and EtOH (2 mL), then dried under vacuo
to afford BPX (n = 0.1) as a yellow solid (302 mg, 57% yield, [-C¢F4l]: 1.59 mmol/g). elemental
analysis calcd (%) for CaseaHigeaNosFal: C 58.14, H 3.55, N 1.40, F 14.35, 1 23.96, found: C
60.25, H4.25,N 1.29, F 12.20, 1 20.10.

Synthesis of BPX (n =0. 01)

X
CHCI;
F F 60 °C, 24 h
F ‘ F R:
|
28 BPX (n =0.01)

To a solution of 4'-ethenyl-2,3,5,6-tetrafluoro-4-iodo-1,1'-biphenyl 28 (378 mg, 1.00 mmol, 1.0
equiv.) in CHCIl; (0.70 mL) was added styrene (150 pL, 1.33 mmol, 1.3 equiv.), and
divinylbenzene (1.4 puL, 0.01 mmol, 0.01 equiv.) at room temperature. The reaction mixture was
degassed by Freeze-Pump-Thaw (4 cycle). Then 2,2’-azobis(2,4-dimethylvaleronitrile) (74.5 mg,
0.30 mmol, 0.30 equiv.) was added to the mixture, and the reaction mixture was stirred at 60 °C
for 24 h. After the cooling to room temperature, the solvent was removed under vacuo. The residue
was transferred to mortar while washing with hexane (8 mL) then the suspension was ground and
filtered. The residue was washed with hexane (2 mL) and EtOH (2 mL), then dried under vacuo
to afford BPX (n = 0.01) as a yellow solid (359 mg, 69% yield, [-CsF4l]: 1.63 mmol/g). elemental
analysis calcd (%) for Ca474H1774NosFal: C 57.37, H 3.45, N 1.35, F 14.67, 1 24.50, found: C
60.22, H4.22,N 1.18, F 12.46, 1 20.70.

Preparation of PDBPXpmap (n = 0.1)
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CHZC'Z DMAP

$E g

BPX n=0.1,1...1.59 mmol/g PDBPXppyap N = 0.1, 1.39 mmol/g

R W‘z
CN

To a solution of BPX (n = 0.1) (100 mg, [-CsFal]: 1.59 mmol/g) in CH,Cl, (2 mL) was added

DMAP (19.4 mg, 0.159 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred

at room temperature for 3 h, then concentrated under reduced pressure to afford PDBPXpmap (n

= 0.1) as a yellow solid (59.6 mg, [DMAP]: 1.39 mmol/g). elemental analysis calcd (%) for

Cs2.64H2g 64N23F4l: C 59.76, H 4.40, N 6.10, found: C 62.00, H 5.07, N 4.48.

Preparation of PDBPXpMar (n = 0.01)

BPX n=0.01,1...1.63 mmol/g PDBPXpmap N = 0.01, 1.30 mmol/g

R: WHL&

CN
To a solution of BPX (n = 0.01) (92.0 mg, [-CeF4lI]: 1.63 mmol/g) in CH>Cl, (2 mL) was added
DMAP (18.3 mg, 0.150 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred
at room temperature for 3 h, then concentrated under reduced pressure to afford PDBPXpmar (n
= 0.01) as a yellow solid (59.0 mg, [DMAP]: 1.30 mmol/g). elemental analysis calcd (%) for
C31.74H27.7aN23F41: C 59.17, H 4.34, N 6.18, found: C 61.67, H 4.98, N 4.81.
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3. Synthesis of N-acyl aminoacids

General procedure:

o)
R CI)J\RS ;
on  NaOH ﬁ\ R
H,N R3 N)\H/OH

0°Cto75°C,2h
To a solution of NaOH (1.68 g, 42.0 mmol, 2.1 equiv.) and amino acid (20.0 mmol, 1.0 equiv.) in
H,0 (40.0 mL) at 0 °C was added acyl chloride (22.0 mmol, 1.1 equiv.). The reaction mixture was
warmed to 75 °C and stirred for 2 h. The reaction mixture was cooled to 0 °C and acidified with
2 M HCI (20 mL). The resulting suspension was filtered. The residue was washed with H,O (100
mL) then dried under vacuo to afford N-protected amino acid as a white solid. The obtained

product was used in the next step without further purification.

2-(Phenylcarbamoyl)butanoic acid (S12)5'*

O Et

P OH
Ph N
o)
12

General procedure was followed using DL-2-aminobutyric acid (2.06 g, 20.0 mmol, 1.0 equiv.),
benzoyl chloride (2.54 mL, 22.0 mmol, 1.1 equiv.), sodium hydroxide (1.76 g, 44.0 mmol, 2.2
equiv.), and H,O (40 mL) to afford 2-(phenylcarbamoyl)butanoic acid (S12) as a white solid.
Rf=0.39 (CH2Cl/MeOH = 9:1)

"H NMR (MeOH ds, 400 MHz) & 7.86 (d, 2H, J= 7.3 Hz), 7.56 (t, 1H, J = 7.3 Hz), 7.44 (t, 2H, J
=7.3 Hz), 448 (q, 1H, J= 6.5 Hz), 2.07 (dq, 1H, J=14.3, 6.9 Hz), 1.80 (dq, 1H, /=143, 7.1
Hz), 1.03 (t, 3H, J= 7.4 Hz).

2-(Phenylcarbamoyl)pentanoic acid (S13)5'2> S12¢ 812d. 812

0 "Pr

H
Ph)J\H)\WO
0
13
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General procedure was followed using DL-norvaline (2.34 g, 20.0 mmol, 1.0 equiv.), benzoyl
chloride (2.54 mL, 22.0 mmol, 1.1 equiv.), sodium hydroxide (1.76 g, 44.0 mmol, 2.2 equiv.), and
H,0 (40 mL) to afford 2-(phenylcarbamoyl)pentanoic acid (S13) as a white solid.

Rf=10.21 (CH,Cl,/MeOH = 9:1)

'H NMR (DMSO de, 400 MHz) & 8.56 (d, 1H, J= 7.8 Hz), 7.90-7.87 (m, 2H), 7.56-7.46 (m, 3H),
438 (q, 1H, J=7.5Hz), 1.78 (q, 2H, J = 8.1 Hz), 1.50-1.29 (m, 2H), 0.90 (t, 3H, J = 7.2 Hz).

3-Methyl-2-(phenylcarbamoyl)butanoic acid (S14)'*

0 ipr

H
Ph N ©

H0o

S14
General procedure was followed using DL-valine (5.86 g, 50.0 mmol, 1.0 equiv.), benzoyl
chloride (6.34 mL, 55.0 mmol, 1.1 equiv.), sodium hydroxide (4.40 g, 110 mmol, 2.0 equiv.), and
H,O (100 mL) to afford 3-methyl-2-(phenylcarbamoyl)butanoic acid (S14) as a white solid.
Rf=0.51 (CH,Cl,/MeOH = 9:1)
'H NMR (CDCls, 400 MHz) & 8.08 (d, 1H, J = 8.3 Hz), 7.80 (d, 2H, J= 7.2 Hz), 7.52 (t, 1H, J =
7.2 Hz), 7.47 (t, 2H, J= 7.2 Hz), 4.78 (dd, 1H, J = 8.3, 4.8 Hz), 2.41-2.30 (m, 1H), 1.05 (d, 3H,
J=7.1Hz),1.03 (d, 3H, J="7.1 Hz).

2-(Phenylcarbamoyl)hexanoic acid (S15)%'*

0 "Bu

H
Ph N °

"o

S$15
General procedure was followed using DL-norleucine (6.56 g, 50.0 mmol, 1.0 equiv.), benzoyl
chloride (6.34 mL, 55.0 mmol, 1.1 equiv.), sodium hydroxide (4.40 g, 110 mmol, 2.0 equiv.), and
H>O (100 mL) to afford 2-(phenylcarbamoyl)hexanoic acid (S15) as a white solid.
Rf=0.32 (CH,Cl,/MeOH = 9:1)
'"H NMR (DMSO ds, 400 MHz) & 8.58 (d, 1H, J = 7.8 Hz), 7.89 (d, 2H, J = 6.9 Hz), 7.54-7.46
(m, 3H), 4.38-4.32 (m, 1H), 1.81-1.78 (m, 2H), 1.32-1.29 (m, 4H), 0.87 (t, 3H, /= 7.1 Hz).
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S12a

4-Methyl-2-(phenylcarbamoyl)pentanoic acid (S16)

O Bu

OH
Ph N

H o

S$16
General procedure was followed using DL-isoleucine (6.56 g, 50.0 mmol, 1.0 equiv.), benzoyl
chloride (6.34 mL, 55.0 mmol, 1.1 equiv.), sodium hydroxide (4.40 g, 110 mmol, 2.0 equiv.), and
H>O (100 mL) to afford 4-methyl-2-(phenylcarbamoyl)pentanoic acid (S16) as a white solid.
Rf=0.42 (CH,Cl,/MeOH = 9:1)
"H NMR (MeOH ds, 400 MHz) & 7.86 (d, 2H, J = 7.0 Hz), 7.52 (t, 1H, J = 7.4 Hz), 7.44 (dd, 2H,
J=17.4,7.0 Hz), 4.69 (dd, 1H, J=10.0, 4.6 Hz), 1.88-1.69 (m, 3H), 0.99 (d, 3H, J= 6.2 Hz), 0.97
(d, 3H, J=6.2 Hz).

2-Phenyl-2-(phenylcarbamoyl)acetic acid (S17)%'*
O Ph
)J\N)\H/OH
H (0]
S17

Ph

General procedure was followed using DL-2-phenylglycine (7.56 g, 50.0 mmol, 1.0 equiv.),
benzoyl chloride (6.34 mL, 55.0 mmol, 1.1 equiv.), sodium hydroxide (4.40 g, 110 mmol, 2.0
equiv.), and H,O (100 mL) to afford 2-phenyl-2-(phenylcarbamoyl)acetic acid (S17) as a white
solid.

Rf=0.17 (CH,Cl,/MeOH = 7:1)

'H NMR (CDCls, 400 MHz) § 9.60 (s, 1H), 7.92 (d, 2H, J = 7.3 Hz), 7.88-7.78 (m, 2H), 7.60-
7.33 (m, 9H), 5.78 (s, 1H).

S12a

3-Phenyl-2-(phenylcarbamoyl)propanoic acid (S18)

(0] Bn

Ph N OH

Hoo

S18

General procedure was followed using DL-phenylalanine (8.04 g, 48.7 mmol, 1.0 equiv.), 4-

methyl chloroformate (6.17 mL, 53.5 mmol, 1.1 equiv.), sodium hydroxide (4.40 g, 110 mmol,
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2.3 equiv.), and H,O (100 mL) to afford 3-phenyl-2-(phenylcarbamoyl)propanoic acid (S18) as a
white solid.

Rf=0.20 (CH,Cl,/MeOH = 9:1)

'"HNMR (CDCls, 400 MHz) § 7.71-7.16 (m, 10H), 6.70 (d, 1H, J=7.3 Hz), 5.08 (dt, 1H, J= 7.3,
5.6 Hz), 3.37 (dd, 1H, J=13.9, 5.6 Hz), 3.26 (dd, 1H, J=13.9, 5.6 Hz).

2-(Phenylcarbamoyl)-4-pentenoic acid (S19)5'*"

o]
or )LH OH
(0]
$19
General procedure was followed using DL-2-allylglycine (2.30 g, 20.0 mmol, 1.0 equiv.), benzoyl
chloride (2.54 mL, 22.0 mmol, 1.1 equiv.), sodium hydroxide (1.76 g, 44.0 mmol, 2.0 equiv.), and
H,0 (40 mL) to afford 2-(phenylcarbamoyl)-4-pentenoic acid (S19) as a white solid.
Rf=0.29 (CH,Cl,/MeOH =9:1)
'H NMR (DMSO-ds, 400 MHz) & 8.54 (d, 1H, J = 7.8 Hz), 7.79 (d, 2H, J = 7.1 Hz), 7.49-7.35
(m, 3H), 5.88-5.78 (m, 1H), 4.98 (dd, 2H, J = 25.4, 15.3 Hz), 4.48-4.42 (m, 1H), 2.64-2.53 (m,
1H).

S12i

2-[(4-Methylphenyl)carbamoyl]propanoic acid (S20)

O Me
OH
(0]
Me
S20

General procedure was followed using DL-alanine (4.45 g, 50.0 mmol, 1.0 equiv.), 4-
methylbenzoyl chloride (7.50 mL, 55.0 mmol, 1.1 equiv.), sodium hydroxide (4.40 g, 110 mmol,
2.2 equiv.), and H>O (100 mL) to afford 2-[(4-methylphenyl)carbamoyl]propanoic acid (S2) as a
white solid.

Rf=0.31 (CH2Cl/MeOH = 9:1)

"H NMR (DMSO-ds, 400 MHz) & 8.58 (d, 1H, J=7.1 Hz), 7.84-7.78 (m, 2H), 7.31-7.27 (m, 2H),
4.43-4.36 (m, 1H), 2.36 (s, 3H), 1.38 (d, 3H, J="7.3 Hz).
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S12j

2-[(4-Chlorophenyl)carbamoyl|propanoic acid (S21)

(0] Me
OH
Cl ©
S21

General procedure was followed using DL-alanine (4.45 g, 50.0 mmol, 1.0 equiv.), 4-
chlorobenzoyl chloride (7.03 mL, 55.0 mmol, 1.1 equiv.), sodium hydroxide (4.40 g, 110 mmol,
2.2 equiv.), and H,O (100 mL) to afford 2-[(4-chlorophenyl)carbamoyl]propanoic acid (S21) as a
white solid.

Rf=0.22 (CH2Cl,/MeOH = 7:1)

'H NMR (DMSO ds, 400 MHz) 6 8.78 (d, 1H, J= 7.1 Hz), 7.95-7.90 (m, 2H), 7.58-7.55 (m, 2H),
4.41 (q, 1H,J=7.3 Hz), 3.44 (d, 3H, J= 7.6 Hz).

4. Synthesis of azlactones

General Procedure:

R1
0 R

DCC
S o2 o
H 0 CH2C|2 R3 (0]

rt,25h

To a solution of N-protected amino acid (20.0 mmol, 1.0 equiv.) in CH>Cl, (40 mL) was added
DCC (4.13 g, 20.0 mmol, 1.0 equiv.) and the reaction mixture was stirred at room temperature for
2.5 h. The resulting suspension was filtered by celite then the residue was washed with diethyl
ether (25 mL). The filtrate was concentrated under reduced pressure to afford an azlactone as a

crude product. The crude product was used in next step without further purification.

4-Ethyl-2-phenyloxazol-5(4H)-one (S22)5'*"
Et

Ko

P~ O

S22
General procedure was followed using S12 (8.29 g, 40.0 mmol, 1.0 equiv.), DCC (8.26 g, 40.0
mmol, 1.0 equiv.), and dichloromethane (80 mL) to afford 2-phenyl-4-ethyloxazolone (S22) as a

white solid.
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Rf=0.35 (hexane/ethyl acetate = 8:1)
"H NMR (CDCls, 400 MHz) § 8.01 (d, 2H, J= 7.1 Hz), 7.58 (t, 1H, J= 7.3 Hz), 7.49 (t, 2H, J =
7.8 Hz), 4.40 (t, 1H, J= 6.1 Hz), 2.14-1.90 (m, 2H), 1.06 (t, 3H, J= 7.6 Hz).

2-Phenyl-4-propyloxazol-5(4H)-one (S23)%'%*
"Pr

as

P~ O

S23
General procedure was followed using S13 (3.79 g, 11.7 mmol, 1.0 equiv.), DCC (2.42 g, 11.7
mmol, 1.0 equiv.), and dichloromethane (23 mL) to afford 2-phenyl-4-propyloxazolone (S23) as
a white solid.
Rf=0.35 (hexane/ethyl acetate = 4:1)
'H NMR (CDCls, 400 MHz) § 8.00 (d, 2H, J = 7.6 Hz), 7.65-7.47 (m, 3H), 7.49 (t, 2H, J = 7.8
Hz), 4.42 (dd, 1H, J = 5.7, 1.4 Hz), 1.59-1.43 (m, 2H), 1.37-1.21 (m, 2H), 0.99 (t, 3H, J=7.3
Hz).

4-Isopropyl-2-phenyloxazol-5(4H)-one (S24)°'%¢

S24

General procedure was followed using S14 (4.43 g, 20.0 mmol, 1.0 equiv.), DCC (4.13 g, 20.0
mmol, 1.0 equiv.), and dichloromethane (40 mL) to afford 4-isopropyl-2-phenyloxazolone (S24)
as a white solid.

Rf=0.44 (hexane/ethyl acetate = 4:1)

'H NMR (CDCl;, 400 MHz) § 8.02 (d, 2H, J = 7.3 Hz), 7.58 (t, 1H, J= 7.6 Hz), 7.49 (t, 2H, J =
7.6 Hz), 4.30 (d, 1H, J = 4.6 Hz), 2.45-2.34 (m, 1H), 1.15 (d, 3H, J= 6.9 Hz), 1.02 (d, 3H, J =
6.9 Hz).

4-Butyl-2-phenyloxazol-5(4H)-one (S25)5'*!

117



General procedure was followed using S15 (4.71 g, 20.0 mmol, 1.0 equiv.), DCC (4.13 g, 20.0
mmol, 1.0 equiv.), and dichloromethane (40 mL) to afford 4-butyl-2-phenyloxazolone (S25) as a
white solid.

Rf=0.41 (hexane/ethyl acetate = 4:1)

"H NMR (CDCls, 400 MHz) & 8.01 (d, 2H, J = 7.3 Hz), 7.60-7.47 (m, 3H), 4.42 (t, 1H, J= 6.9
Hz), 2.08-1.84 (m, 2H), 1.53-1.34 (m, 4H), 0.92 (t, 3H, J="7.1 Hz).

4-Isobutyl-2-phenyloxazol-5(4H)-one (S26) 5'*¢

S$26

General procedure was followed using S16 (3.57 g, 15.2 mmol, 1.0 equiv.), DCC (3.13 g, 15.2
mmol, 1.0 equiv.), and dichloromethane (30 mL) to afford 4-isobutyl-2-phenyloxazolone (S26)
as a white solid.

Rf=0.49 (hexane/ethyl acetate = 4:1)

"H NMR (CDCls, 400 MHz) § 8.00 (d, 2H, J = 7.3 Hz), 7.59-7.47 (m, 3H), 4.42 (dd, 1H, J=5.7,
3.2 Hz), 2.12-1.65 (m, 3H), 1.02 (dd, 6H, J = 6.6, 3.0 Hz).

2,4-Diphenyloxazol-5(4H)-one (S27)5"*™
Ph

Ko

P~ O

S27
General procedure was followed using S17 (5.10 g, 20.0 mmol, 1.0 equiv.), DCC (4.13 g, 20.0
mmol, 1.0 equiv.), and dichloromethane (40 mL) to afford 2,4-diphenyloxazolone (S27) as a white
solid.
Rf=0.47 (hexane/ethyl acetate = 4:1)

'H NMR (CDCls, 400 MHz) § 8.10 (d, 2H, J = 7.3 Hz), 7.64-7.36 (m, 8H), 5.53 (s, 1H).
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4-Benzyl-2-phenyloxazol-5(4H)-one (S28)5'%
Bn

Ko

P~ O

S28
General procedure was followed using S18 (10.8 g, 40.0 mmol, 1.0 equiv.), DCC (8.26 g, 40.0
mmol, 1.0 equiv.), and dichloromethane (80 mL) to afford 4-benzyl-2-phenyloxazolone (S28) as
a white solid.
Rf=0.42 (hexane/ethyl acetate = 8:1)
'H NMR (CDCls, 400 MHz) § 7.94-7.90 (m, 2H), 7.58-7.52 (m, 1H), 7.48-7.42 (m, 2H), 7.28-
7.18 (m, 5H), 4.70 (dd, 1H, J = 6.7, 4.9 Hz), 3.38 (dd, 1H, J = 13.9, 4.9 Hz), 3.19 (dd, 1H, J =
14.0, 6.7 Hz).

2-Phenyloxazol-4-(2-propenyl)-5(4H)-one (S29)5'*"

General procedure was followed using S19 (2.45 g, 11.2 mmol, 1.0 equiv.), DCC (2.31 g, 11.2
mmol, 1.0 equiv.), and dichloromethane (22 mL) to afford 4-allyl-2-phenyloxazolone (S29) as a
white solid.

Rf=0.51 (hexane/ethyl acetate = 4:1)

'"H NMR (CDCl;, 400 MHz) & 8.01-8.00 (m, 2H), 7.60-7.47 (m, 3H), 5.85-5.75 (m, 1H), 5.28-
5.16 (m, 2H), 4.51 (t, 1H, J = 5.7 Hz), 2.86-2.79 (m, 1H), 2.69-2.62 (m, 1H).

4-Methyl-2-phenyloxazol-5(4H)-one (S30)'°™

Me

s

P~ O
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General procedure was followed using benzoyl DL-alanine (3.86 g, 20.0 mmol, 1.0 equiv.), DCC
(4.13 g, 20.0 mmol, 1.0 equiv.), and dichloromethane (40 mL) to afford 4-methyl-2-
phenyloxazolone (S30) as a white solid.

Rf=0.14 (hexane/ethyl acetate = 8:1)

'H NMR (CDCls, 400 MHz) & 8.00 (d, 2H, J = 7.6 Hz), 7.60-7.46 (m, 3H), 4.46 (q, 1H, J=17.6
Hz), 1.60 (d, 3H, J= 7.6 Hz).

2-(4-Methylphenyl)-4-methyloxazol-5(4H)-one (S31)5'*
Me

General procedure was followed using S20 (2.36 g, 11.4 mmol, 1.0 equiv.), DCC (2.35 g, 11.4
mmol, 1.0 equiv.), and dichloromethane (23 mL) to afford 2-(4-methylphenyl)-4-
methyloxazolone (S31) as a white solid.

Rf=0.43 (hexane/ethyl acetate = 4:1)

'H NMR (CDCls, 400 MHz) & 7.88 (d, 2H, J = 8.2 Hz), 7.28 (t, 3H, J= 8.0 Hz), 4.44 (q, I1H, J =
7.6 Hz), 2.43 (s, 3H), 1.59 (d, 3H, J= 7.6 Hz).

2-(4-Chlorophenyl)-4-methyloxazol-5(4H)-one (S32)5"
Me

General procedure was followed using S21 (4.15 g, 20.0 mmol, 1.0 equiv.), DCC (4.13 g, 20.0
mmol, 1.0 equiv.), and dichloromethane (40 mL) to afford 2-(4-chlorophenyl)-4-methyloxazolone
(S32) as a white solid.

Rf=0.38 (hexane/ethyl acetate = 4:1)

'H NMR (CDCls, 400 MHz) & 7.95-7.92 (m, 2H), 7.49-7.46 (m, 2H), 4.45 (q, 1H, J = 7.6 Hz),
1.59 (d, 3H, J= 7.6 Hz).
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5. Synthesis of O-acylated azlactones 26
Phenyl 4-methyl-2-phenyloxazol-5-yl carbonate (26a)

Me O

Jll\&o}—oph

ph” O
26a

26a was synthesized and characterized according to the literature.5'?!

Rf=0.19 (hexane/ethyl acetate = 8:1)
"H NMR (CDCl;, 400 MHz) & 8.04 (m, 2H), 7.49-7.46 (m, 5H), 7.35-7.30 (m, 3H), 2.26 (s, 3H).

2-Propenyl 4-methyl-2-phenyloxazol-5-yl carbonate (26m)

Me O>_
N 0]
Jo S
26m

26m was synthesized and characterized according to the literature.5'*™

Rf=0.23 (hexane/ethyl acetate = 8:1)
'HNMR (CDCl;, 400 MHz) § 7.95-7.92 (m, 2H), 7.43-7.40 (m, 3H), 6.03-5.96 (m, 1H), 5.46 (dd,
1H, J=16.0, 1.0 Hz), 5.38 (dd, 1H, J=10.8, 1.0 Hz), 4.79 (d, 2H, J = 6.0 Hz), 2.14 (s, 3H).

Phenyl 2-(4-methoxyphenyl)-4-methyloxazol-5-yl carbonate (260)

Me O>_
OPh
NAro
(o8

MeO
260

260 was synthesized and characterized according to the literature.>'*"

Rf=0.51 (hexane/ethyl acetate = 4:1)
'H NMR (CDCls, 400 MHz) & 7.90 (d, 2H, J = 8.8 Hz), 7.46-7.43 (m, 2H), 7.33-7.29 (m, 3H),
6.95 (d, 2H, J= 8.8 Hz), 3.85 (s, 3H), 2.19 (s, 3H).
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General procedure for O-acylated azlactones 26

o
R Cl)J\OR2 R'" O
N/KFO Et;N NJ\>70>—0R2
Ao THF L
R R ©

0°Ctort,13h
26

To a solution of azlactone (20.0 mmol, 1.0 equiv.) and triethylamine (22.0 mmol, 1.1 equiv.) in
THF (17.5 mL) at 0 °C was added chloroformate (21.0 mmol, 1.1 equiv.). The reaction mixture
was warmed to room temperature and stirred for 13 h. The reaction mixture was quenched with
H>O (20 mL) and extracted with diethyl ether (3 x 10 mL). The combined organic layers were
washed with 2 M HCI aq. (10 mL), sat. NaHCO3; aq. (10 mL), and brine (10 mL), dried over
NaxSOs, and concentrated under reduced pressure after filtration. The residue was purified by
silica gel column chromatography (hexane/ethyl acetate/CH>Cl, = 8:2:1 as eluent) to afford O-

acylated azlactone 26.

Phenyl 4-ethyl-2-phenyloxazol-5-yl carbonate (26b)

Et O

Nxc}—oph

Ao

26b

Ph

General procedure was followed using S22 (7.56 g, 40.0 mmol, 1.0 equiv.), phenyl chloroformate
(5.30 mL, 42.0 mmol, 1.1 equiv.), triethylamine (6.10 mL, 44.0 mmol, 1.1 equiv.), and THF (35
mL) to afford 26b as a white solid (1.01 g, 25.1 mmol, 63%).

Rf=0.43 (hexane/ethyl acetate = 4:1)

"H NMR (CDCl;, 400 MHz) § 8.04-7.93 (m, 2H), 7.51-7.38 (m, 5H), 7.34-7.25 (m, 3H), 2.59 (q,
2H,J=17.6 Hz), 1.30 (t, 3H, J = 7.7 Hz).

C NMR (CDCls, 100 MHz) § 155.2, 150.8, 150.4, 145.2, 130.4, 129.9, 128.8, 127.2, 127.0,
126.1, 126.0, 120.6, 18.6, 12.5.

IR (ATR) 3065, 2977, 2934, 2876, 1789, 1666, 1593, 1552, 1496, 1447, 1335, 1227, 1192, 1173,
1083, 1067, 997, 939, 869.

HRMS (FAB/EB) m/z [M+H]" caled for CisHisNO4 310.1074, found 310.1076.
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Phenyl 2-phenyl-4-propyloxazol-5-yl carbonate (26¢)

"PrQ,

)Nl:\g;O}—oph

ph” O

26¢
General procedure was followed using S23 (2.38 g, 11.7 mmol, 1.0 equiv.), phenyl chloroformate
(1.55 mL, 12.3 mmol, 1.1 equiv.), triethylamine (1.79 mL, 12.9 mmol, 1.1 equiv.), and THF (10
mL) to afford 26¢ as a white solid (4.62 g, 12.4 mmol, 31%).
Rf=0.53 (hexane/ethyl acetate = 4:1)
"H NMR (CDCl;, 400 MHz) § 8.06-7.89 (m, 2H), 7.53-7.38 (m, 5H), 7.37-7.27 (m, 3H), 2.53 (t,
2H,J=17.6 Hz), 1.75 (td, 2H, J= 7.4 Hz), 1.00 (t, 3H, J= 7.3 Hz).
5C NMR (CDCls, 100 MHz) § 155.0, 150.7, 150.2, 145.6, 130.3, 129.8, 128.7, 127.1, 126.8,
125.9,124.7,120.5, 26.9, 21.2, 13.8.
IR (ATR) 3069, 2962, 2933, 2873, 1799, 1662, 1591, 1554, 1492, 1449, 1263, 1210, 1186, 1085,
1068, 985, 940.
HRMS (FAB/EB) m/z [M+H]" calcd for C1oH1sNO4 324.1230, found 324.1241.

Phenyl 4-isopropyl-2-phenyloxazol-5-yl carbonate (26d)

PrQ

)Nl:\gi()}—oph

ph” O

26d
General procedure was followed using S24 (4.06 g, 20.0 mmol, 1.0 equiv.), phenyl chloroformate
(2.65 mL, 21.0 mmol, 1.1 equiv.), triethylamine (3.05 mL, 22.0 mmol, 1.1 equiv.), and THF (18
mL) to afford 26d as a white solid (5.00 g, 15.5 mmol, 77%).
Rf=0.58 (hexane/ethyl acetate = 4:1)
'H NMR (CDCl;, 400 MHz) § 8.02-7.92 (m, 2H), 7.48-7.39 (m, 5H), 7.35-7.26 (m, 3H), 3.03-
2.86 (m, 1H), 1.33 (d, 6H, J= 7.1 Hz).
C NMR (CDCls, 100 MHz) § 154.9, 150.7, 150.4, 144.1, 130.2, 129.8, 128.7, 127.2, 126.8,
126.7 126.0, 120.5, 25.5, 21.0.
IR (ATR) 3066, 2967, 2933, 2873, 1795, 1654, 1591, 1556, 1485, 1457, 1449, 1207, 1186, 1105,
1068, 1024, 1005, 985, 940, 864.

HRMS (FAB/EB) m/z [M+H]" caled for C1oHisNO4 324.1230, found 324.1238.
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Phenyl 4-butyl-2-phenyloxazol-5-yl carbonate (26¢)

"BuO
N/§ H—opn
Pt

pn~ O

26e
General procedure was followed using S25 (4.34 g, 20.0 mmol, 1.0 equiv.), phenyl chloroformate
(2.65 mL, 21.0 mmol, 1.1 equiv.), triethylamine (3.05 mL, 22.0 mmol, 1.1 equiv.), and THF (18
mL) to afford 26e as a white solid (5.54 g, 16.4 mmol, 82%).
Rf=0.41 (hexane/ethyl acetate = 4:1)
"H NMR (CDCl;, 400 MHz) § 8.05-7.91 (m, 2H), 7.52-7.38 (m, 5H), 7.38-7.26 (m, 3H), 2.55 (t,
2H, J=17.6 Hz), 1.88-1.60 (m, 2H), 1.42 (td, 2H, J = 7.4 Hz), 1.03-0.88 (m, 3H).
5C NMR (CDCls, 100 MHz) § 155.1, 150.7, 150.2, 145.4, 130.3, 129.7, 128.7, 127.1, 126.8,
125.9,124.9, 120.5, 30.0, 24.6, 22.3, 13.8.
IR (ATR) 3068, 2957, 2931, 2861, 1800, 1717, 1645, 1592, 1526, 1488, 1206, 1182, 1088, 1070,
1025, 984, 870.
HRMS (FAB/EB) m/z [M+H]" calcd for C20H20NO4 338.1387, found 338.1400.

Phenyl 4-isobutyl-2-phenyloxazol-5-yl carbonate (26f)

Buo

JII\/\g70>\—0Ph

pn~ O

26f
General procedure was followed using S26 (3.15 g, 14.5 mmol, 1.0 equiv.), phenyl chloroformate
(2.02 mL, 16.0 mmol, 1.1 equiv.), triethylamine (2.32 mL, 16.7 mmol, 1.1 equiv.), and THF (13
mL) to afford 26f as a white solid (2.20 g, 6.52 mmol, 31%).
Rf=0.54 (hexane/ethyl acetate = 4:1)
'H NMR (CDCls, 400 MHz) § 8.05-7.93 (m, 2H), 7.51-7.39 (m, 5H), 7.34-7.25 (m, 3H), 2.42 (d,
2H, J=7.1 Hz), 2.19-2.03 (m, 1H), 1.00 (d, 6H, J= 6.6 Hz).
C NMR (CDCls, 100 MHz) § 155.0, 150.7, 150.2, 146.1, 130.3, 129.7, 128.7, 127.1, 126.8,
125.9,124.1, 120.4, 33.8, 27.6, 22.3.
IR (ATR) 3061, 2954, 2926, 2867, 1790, 1666, 1552, 1482, 1285, 1223, 1188, 1174, 1071, 987,
939, 874.

HRMS (FAB/EB) m/z [M+H]" caled for C20H20NO4 338.1387, found 338.1400.
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Phenyl 2-phenyl-4-phenyloxazol-5-yl carbonate (26g)

Ph O

)NI\/\g*O}_OPh

pn~ O

269
General procedure was followed using S27 (4.74 g, 20.0 mmol, 1.0 equiv.), phenyl chloroformate
(2.65 mL, 21.0 mmol, 1.1 equiv.), triethylamine (3.05 mL, 22.0 mmol, 1.1 equiv.), and THF (18
mL) to afford 26g as a white solid (0.626 g, 1.75 mmol, 9%).
Rf=0.51 (hexane/ethyl acetate = 4:1)
"H NMR (CDCl;, 400 MHz) & 8.09-8.07 (m, 1H), 7.89 (d, 1H, J= 7.1 Hz), 7.50-7.29 (m, 13H).
C NMR (CDCls, 100 MHz) § 155.3, 150.68, 149.7, 145.0, 130.6, 129.8, 129.7, 128.8, 128.8,
128.1, 126.9, 126.9, 126.2, 126.0, 123.8, 120.5.
IR (ATR) 1789, 1495, 1240, 1217, 1197, 980, 784, 761, 724, 712, 687.
HRMS (FAB/EB) m/z [M+H]" caled for C2,H6NO4 358.1079, found 358.1079.

Phenyl 4-benzyl-2-phenyloxazol-5-yl carbonate (26h)

Bn O

N/\g;(?—OPh

Ao

26h

Ph

General procedure was followed using S28 (10.1 g, 40.0 mmol, 1.0 equiv.), phenyl chloroformate
(5.30 mL, 42.0 mmol, 1.1 equiv.), triethylamine (6.10 mL, 44.0 mmol, 1.1 equiv.), and THF (35
mL) to afford 26h as a white solid (4.62 g, 12.4 mmol, 31%).

Rf=0.50 (hexane/ethyl acetate = 4:1)

"H NMR (CDCl;, 400 MHz) & 8.03-7.90 (m, 2H), 7.45-7.12 (m, 13H), 3.94 (s, 2H).

C NMR (CDCls, 100 MHz) § 155.2, 150.6, 149.8, 145.9, 137.2, 130.4, 129.6, 128.9, 128.7,
128.5,126.9, 126.8, 126.6, 126.0, 123.7, 120.4, 31.7.

IR (ATR) 3065, 3028, 2976, 2918, 1798, 1661, 1556, 1541, 1491, 1455, 1208, 1192, 1170, 1118,
1067, 1024, 1004, 985, 941, 873.

HRMS (FAB/EB) m/z [M+H]" calcd for C20Hz0NO4 372.1230, found 372.1242.

125



Phenyl 2-phenyl-4-(2-propenyl)oxazol-5-yl carbonate (26i)

/

0
N O>—0Ph
o

26i

Ph

General procedure was followed using S29 (2.25 g, 11.2 mmol, 1.0 equiv.), phenyl chloroformate
(1.48 mL, 11.8 mmol, 1.1 equiv.), triethylamine (1.71 mL, 12.3 mmol, 1.1 equiv.), and THF (9.9
mL) to afford 26i as a white solid (1.13 g, 3.52 mmol, 31%).

Rf=0.59 (hexane/ethyl acetate = 4:1)

'H NMR (CDCl;, 400 MHz) § 8.05-7.87 (m, 2H), 7.52-7.38 (m, 5H), 7.37-7.24 (m, 3H), 6.12-
5.93 (m, 1H), 5.40-4.98 (m, 2H), 3.36 (dt, 2H, J = 6.6, 1.5 Hz).

5C NMR (CDCls, 100 MHz) § 155.2, 150.7, 150.0, 145.9, 133.3, 130.4, 129.7, 128.7, 126.9,
126.0, 122.7, 120.5, 117.2, 29.7.

IR (ATR) 3080, 3018, 2979, 2959, 1779, 1666, 1592, 1552, 1481, 1447, 1275, 1230, 1174, 1094,
1072, 998, 911.

HRMS (FAB/EB) m/z [M+H]" calcd for C20H20NO4 322.1074, found 322.1077.

4-Methylphenyl 4-methyl-2-phenyloxazol-5-yl carbonate (26j)

Me O
o
N
)'\& °
ph” O
Me
26j

General procedure was followed using S30 (3.50 g, 20.0 mmol, 1.0 equiv.), 4-methylphenyl
carbonate (2.91 mL, 21.0 mmol, 1.1 equiv.), triethylamine (3.05 mL, 22.0 mmol, 1.1 equiv.), and
THF (17.5 mL) to afford 26j as a white solid (3.90 g, 12.6 mmol, 63%).

Rf=0.22 (hexane/dichloromethane = 1:1)

'H NMR (CDCls, 400 MHz) § 8.07-7.87 (m, 2H), 7.44-7.42 (m, 3H), 7.24-7.07 (m, 4H), 2.36 (s,
3H), 2.20 (s, 3H).

5C NMR (CDCls, 100 MHz) § 154.9, 150.2, 148.6, 145.8, 136.6, 130.3, 130.2, 128.7, 127.0,
125.9, 120.6, 120.1, 20.8, 10.4.
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IR (ATR) 3051, 2962, 2924, 2861, 1782, 1667, 1551, 1508, 1479, 1446, 1248, 1229, 1193, 1171,
1150, 1079, 999, 940, 880, 821.
HRMS (FAB/EB) m/z [M+H]" caled for Ci1sHi¢NO4 310.1074, found 310.1070.

4-Methoxyphenyl 4-methyl-2-phenyloxazol-5-yl carbonate (26k)

Me O
0]
N
)'\& °
ph” O
OMe
26k

General procedure was followed using S30 (3.50 g, 20.0 mmol, 1.0 equiv.), 4-methoxyphenyl
carbonate (3.11 mL, 21.0 mmol, 1.1 equiv.), triethylamine (3.05 mL, 22.0 mmol, 1.1 equiv.), and
THF (17.5 mL) to afford 26k as a white solid (1.29 g, 3.97 mmol, 20%).

Rf=0.36 (hexane/dichloromethane = 1:1)

"H NMR (CDCls, 400 MHz) § 8.07-7.89 (m, 2H), 7.44-7.42 (m, 3H), 7.21 (dd, 2H, J = 6.8, 2.4
Hz), 6.92 (dd, 2H, /= 6.9, 2.3 Hz), 3.80 (s, 3H), 2.20 (s, 3H).

C NMR (CDCls, 100 MHz) § 157.9, 154.9, 150.4, 145.8, 144.3, 130.3, 128.7, 127.0, 125.8,
121.4,120.6, 114.6, 55.6, 10.4.

IR (ATR) 3064, 2956, 2932, 2837, 1794, 1667, 1597, 1553, 1505, 1210, 1187, 1175, 1068, 1027,
991, 831.

HRMS (FAB/EB) m/z [M+H]" calcd for CsH1sNOs 326.1023, found 326.1034.

4-Chlorophenyl 4-methyl-2-phenyloxazol-5-yl carbonate (261)

Me O
o
N
o
ph” O
Cl
26l

General procedure was followed using S30 (3.50 g, 20.0 mmol, 1.0 equiv.), 4-chlorophenyl
carbonate (2.89 mL, 21.0 mmol, 1.1 equiv.), triethylamine (3.05 mL, 22.0 mmol, 1.1 equiv.), and
THF (28.5 mL) to afford 261 as a white solid (1.85 g, 5.62 mmol, 28%).

Rf=0.42 (hexane/dichloromethane = 1:1)
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'H NMR (CDCl;, 400 MHz) & 8.07-7.87 (m, 2H), 7.50-7.35 (m, SH), 7.31-7.18 (m, 2H), 2.21 (s,
3H).

13C NMR (CDCl;, 100 MHz) § 155.0, 149.8, 149.1, 145.5, 132.4, 130.4, 129.8, 128.8, 126.9,
125.9, 121.9, 120.7, 10.4.

IR (ATR) 3013, 3061, 2977, 2933, 1787, 1719, 1669, 1554, 1487, 1448, 1253, 1229, 1202, 1090,
1002, 939, 876, 828.

HRMS (FAB/EB) m/z [M+H]" calcd for C17H;3CINO,4 330.0528, found 330.0534.

Phenyl 4-methyl-2-(4-methylphenyl)oxazol-5-yl carbonate (26n)

N/\gi M»—opn
| o}
o
Me 26n

General procedure was followed using S31 (3.78 g, 20.0 mmol, 1.0 equiv.), phenyl chloroformate
(2.91 mL, 21.0 mmol, 1.1 equiv.), triethylamine (3.05 mL, 22.0 mmol, 1.1 equiv.), and THF (17.5
mL) to afford 26n as a white solid (3.14 g, 10.2 mmol, 51%).

Rf=0.46 (hexane/ethyl acetate = 4:1)

'H NMR (CDCls, 400 MHz) § 7.86 (d, 2H, J = 8.2 Hz), 7.43 (d, 2H, J = 7.3 Hz), 7.33-7.12 (m,
5H), 2.39 (s, 3H), 2.20 (s, 3H).

C NMR (CDCls, 100 MHz) § 155.2, 150.7, 150.1, 145.5, 140.7, 129.8, 129.5, 126.8, 125.9,
124.3, 120.5, 120.4, 21.5, 10.4.

IR (ATR) 3034, 2955, 2922, 2857, 1785, 1666, 1592, 1497, 1247, 1222, 1196, 1179, 1076, 1005,
939, 899, 867, 819.

HRMS (FAB/EB) m/z [M+H]" calcd for CsH16NO4 310.1074, found 310.1074.

Phenyl 2-(4-chlorophenyl)-4-methyloxazol-5-yl carbonate (26p)

Me O
OPh
s
ﬁ )

cl 26p
General procedure was followed using S32 (4.18 g, 20.0 mmol, 1.0 equiv.), phenyl chloroformate
(2.91 mL, 21.0 mmol, 1.1 equiv.), triethylamine (3.05 mL, 22.0 mmol, 1.1 equiv.), and THF (17.5

mL) to afford 26p as a white solid (2.03 g, 6.16 mmol, 31%).
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Rf=0.49 (hexane/ethyl acetate = 4:1)

"H NMR (CDCl;s, 400 MHz) § 7.94-7.86 (m, 2H), 7.50-7.37 (m, 4H), 7.37-7.27 (m, 3H), 2.20 (s,
3H).

5C NMR (CDCls, 100 MHz) § 154.0, 150.7, 150.0, 145.8, 136.5, 129.8, 129.1, 127.1, 126.9,
125.5, 120.9, 120.5, 10.4.

IR (ATR) 3093, 3065, 2964, 2925, 1782, 1666, 1603, 1547, 1495, 1482, 1458, 1402, 1252, 1226,
1195, 1172, 1090, 1072, 1006, 939, 833.

HRMS (FAB/EB) m/z [M+H]" calcd for C7H13CINO4 330.0528, found 330.0532.

6. PDBPXpmar catalyzed acyl rearrangement reaction of azlactones

o!
R' O 1
N/$, J—orz  PDEPXouse (25 ppm) NR OR?
\ >
| o o . | o)
st\o 60 °C, 30 min st\o
26 27

General Procedure: O-acylated azlactone 26 (1.96 mmol, 1.0 equiv.) and PDBPXpmar
([DMAP]: 1.41 mmol/g, 0.0348 mg, 0.0491 umol, 25 ppm) were charged to flask and the mixture
was stirred at 60 °C for 30 min. After cooling to 0 °C, the mixture was treated with H>O (4.0 mL),
stirred at 0 °C for a few minutes, then treated with 0.1 M HCI (10 pL), stirred at 0 °C for a few
minutes, and extracted with CH>Cl (3 x 5 mL). The combined organic layers were washed with
brine (10 mL), dried over Na>SQs, and concentrated under reduced pressure after filtration. Yields

were determined by '"H NMR without purification.

Phenyl 4,5-dihydro-4-methyl-5-oxo-2-phenyl-4-oxazolecarboxylate (27a)'”
O
Me
N OPh
My
ph” O
27a

General procedure was followed using 26a (1.17 g, 3.97 mmol, 1.0 equiv.) and PDBPXpmar
([DMAP]: 1.14 mmol/g, 0.087 mg, 0.099 pmol, 25 ppm) for 30 min afforded 27a as a white solid
(96% yield, TON 38,400, TOF 1,280 /min).
Rf=0.67 (dichloromethane/diethyl ether = 50:1)
'H NMR (CDCl;, 400 MHz) § 8.11 (d, 2H, J = 8.0 Hz), 7.66 (t, 1H, J= 7.0 Hz), 7.56 (t, 2H, J =

8.0 Hz), 7.40 (t, 2H, J= 5.0 Hz), 7.21 (t, 1H, J = 7.5 Hz), 7.09 (d, 2H, J = 7.6 Hz), 1.88 (s, 3H).
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Phenyl 4-ethyl-4,5-dihydro-5-oxo-2-phenyl-4-oxazolecarboxylate (27b)

27b

General procedure was followed using 26b (686 mg, 2.22 mmol, 1.0 equiv.) and PDBPXpmap
(IDMAP]: 1.41 mmol/g, 0.0393 mg, 0.0554 pmol, 25 ppm) for 30 min afforded 27b as colorless
oil (92% yield, TON 36,800, TOF 1,227 /min).

Rf=0.73 (dichloromethane/diethyl ether = 50:1)

'H NMR (CDCl3, 400 MHz) § 8.19-8.02 (m, 2H), 7.69-7.57 (m, 1H), 7.51 (t, 2H, J = 7.7 Hz),
7.41-7.30 (m, 2H), 7.24-7.21 (m, 1H), 7.15-7.03 (m, 2 H), 2.53-2.31 (m, 2H), 1.01 (t, 3H, J=7.6
Hz).

C NMR (CDCls;, 100 MHz) & 173.9, 164.3, 163.6, 150.1, 133.4, 129.4, 128.9, 128.3, 126.4,
121.0, 77.2,27.8, 7.6.

IR (ATR) 3060, 2977, 2937, 1818, 1765, 1648, 1590, 1491, 1451, 1321, 1293, 1186, 1039, 1021,
929, 883, 843.

HRMS (FAB/EB) m/z [M+H]" caled for C1sHi¢NO4 310.1074, found 310.1076.

Phenyl 4,5-dihydro-5-oxo-2-phenyl-4-propyl-4-oxazolecarboxylate (27¢)
o

27c

General procedure was followed using 26¢ (336 mg, 1.04 mmol, 1.0 equiv.) and PDBPXpmar
(IDMAP]: 1.41 mmol/g, 0.0184 mg, 0.0259 umol, 25 ppm) for 30 min afforded 27¢ as colorless
oil (96% yield, TON 38,400, TOF 1,280 /min).

Rf=0.82 (dichloromethane/diethyl ether = 50:1)

'H NMR (CDCls, 400 MHz) § 8.19-8.08 (m, 2H), 7.88-7.79 (m, 1H), 7.70-7.06 (m, 7H), 2.54-
2.20 (m, 2H), 1.63-1.19 (m, 2H), 1.11-0.86 (m, 3H).

5C NMR (CDCls, 100 MHz) § 173.9, 164.3, 163.6, 150.1, 133.5, 129.5, 128.3, 126.5, 124.9,
121.0, 66.8, 36.3, 16.8, 13.7.
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IR (ATR) 3060, 2964, 2933, 2875, 1821, 1768, 1648, 1482, 1451, 1321, 1294, 1185, 1159, 1107,
1042, 1023, 956, 887, 840.

HRMS (FAB/EB) m/z [M+H]" caled for C1oH;sNO4 324.1230, found 324.1230.

Phenyl 4,5-dihydro-4-isopropyl-5-oxo-2-phenyl-4-oxazolecarboxylate (27d)

27d

General procedure was followed using 26d (625 mg, 1.93 mmol, 1.0 equiv.) and PDBPXpmap
([DMAP]: 1.41 mmol/g, 0.137 mg, 0.193 pmol, 100 ppm) for 42 h afforded 27d (45% yield, TON
4,500, TOF 2 /min) as colorless oil.

It was difficult to separate the isomers. Products were analyzed as a mixture.

Rf=0.76 (dichloromethane/diethyl ether = 50:1)

'H NMR (CDCl;3, 400 MHz) § 8.13-8.10 (m, 1H), 7.82-7.01 (m, 9H), 3.18-3.03 (m, 0.4H), 3.03-
2.84 (m, 0.6H), 1.38 (q, 2H, J= 6.6 Hz), 1.20 (d, 2H, J= 6.9 Hz), 1.08 (d, 2H, J= 6.9 Hz).

C NMR (CDCls, 100 MHz) & 173.2, 169.7, 164.2, 164.0, 163.8, 163.1, 150.22, 150.15, 134.2,
133.3,130.0, 129.5, 128.8, 128.6, 128.3, 126.9, 126.5, 126.4, 125.0, 121.1, 120.7, 80.4, 34.8, 28.5,
19.0, 18.9, 17.2, 16.3.

IR (ATR) 3061, 2971, 2936, 2877, 1818, 1794, 1764, 1649, 1591, 1491, 1451, 1321, 1294, 1186,
1115, 1059, 1024, 967, 884, 843.

HRMS (FAB/EB) m/z [M+H]" caled for C1oHsNO4 324.1230, found 324.1242.

Phenyl 4-buthyl-4,5-dihydro-5-oxo-2-phenyl-4-oxazolecarboxylate (27¢)
O
"Bu
N OPh

My

ph” O
27e

General procedure was followed using 26e (437 mg, 1.30 mmol, 1.0 equiv.) and PDBPXpmar
(IDMAP]: 1.41 mmol/g, 0.0231 mg, 0.0326 umol, 25 ppm) for 48 h afforded 27e as colorless oil
(94% yield, TON 37,600, TOF 13 /min).
Rf=0.56 (hexane/ethyl acetate = 7:3)
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'H NMR (CDCls, 400 MHz) & 8.15-8.03 (m, 2H), 7.67-7.58 (m, 1H), 7.56-7.49 (m, 2H), 7.40-
7.30 (m, 2H), 7.28-7.19 (m, 1H), 7.14-7.05 (m, 2H), 2.57-2.22 (m, 2H), 1.55-1.17 (m, 4H), 0.91
(t, 3H, J=17.1 Hz).

13C NMR (CDCls, 100 MHz) § 174.1, 164.4, 163.5, 150.2, 133.4, 129.5, 128.9, 128.3, 126.5,
125.1, 121.0, 76.8, 34.1, 25.4, 22.4, 13.7.

IR (ATR) 3060, 2957, 2931, 2862, 1748, 1638, 1529, 1487, 1224, 1180, 1159, 1127, 1071, 1024,
1001, 913.

HRMS (FAB/EB) m/z [M+H]" caled for C20HaNO4 338.1387, found 338.1382.

Phenyl 4,5-dihydro-4-isobuthyl-5-o0xo0-2-phenyl-4-oxazolecarboxylate (27f)
O

Bu
OPh
N
M y°
(0}

27f

Ph

General procedure was followed using 26f (605 mg, 1.79 mmol, 1.0 equiv.) and PDBPXpmap
([DMAP]: 1.41 mmol/g, 0.0318 mg, 0.0448 pmol, 25 ppm) for 3 h afforded 27f as colorless oil
(99% yield, TON 39,600, TOF 220 /min).

Rf=0.88 (dichloromethane/diethyl ether = 50:1)

"H NMR (CDCls, 400 MHz) § 8.10 (d, 1H, J= 7.3 Hz), 7.95-6.98 (m, 9H), 2.53 (dd, 1H, J = 14.3,
5.8 Hz), 2.18 (q, 1H, J= 7.2 Hz), 1.93-1.68 (m, 1H), 1.10-0.90 (m, 6H).

C NMR (CDCls, 100 MHz) & 174.5, 164.5, 163.3, 150.2, 133.4, 129.5, 128.9, 218.3, 126.5,
125.1,121.0 76.3, 42.7, 24.7, 23.7, 23.0.

IR (ATR) 3061, 2959, 2934, 2872, 1822, 1767, 1649, 1482, 1292, 1183, 1159, 1049, 1024, 967,
886.

HRMS (FAB/EB) m/z [M+H]" caled for C20H20NO4 338.1387, found 338.1385.

Phenyl 4,5-dihydro-2,4-diphenyl-5-0x0-4-0xazolecarboxylate (27g)
O

Ph
1&8%
pn”~ O

27g
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General procedure was followed using 26g (500 mg, 1.40 mmol, 1.0 equiv.) and PDBPXpmap
(IDMAP]: 1.41 mmol/g, 0.0248 mg, 0.0350 umol, 25 ppm) for 8 h afforded 27g as a white solid
(97% yield, TON 38,800, TOF 81 /min).

Rf=0.21 (hexane/toluene = 1:1)

'H NMR (CDCl3, 400 MHz) § 8.20-8.18 (m, 2H), 7.86-7.84 (m, 2H), 7.67-7.23 (m, 9H), 7.10-
7.08 (m, 2H).

C NMR (CDCls, 100 MHz) § 172.3, 164.2, 163.8, 150.4, 133.7, 133.3, 129.5, 129.4, 129.0,
128.9, 128.6, 126.6, 126.5, 125.1, 121.0.

IR (ATR) 1820, 1752, 1655, 1492, 1226, 1185, 1141, 1052, 974, 946, 886, 735, 713, 695.
HRMS (FAB/EB) m/z [M+H]" caled for C22H16NO4 358.1079, found 358.1079.

Phenyl 4-benzyl-4,5-dihydro-5-o0xo-2-phenyl-4-oxazolecarboxylate (27h)
O
Bn
N OPh
M™°
pn” O
27h

General procedure was followed using 26h (610 mg, 1.64 mmol, 1.0 equiv.) and PDBPXpwmap
([DMAP]: 1.41 mmol/g, 0.0291 mg, 0.0410 pmol, 25 ppm) for 4.5 h afforded 27h as a white solid
(94% yield, TON 37,600, TOF 139 /min).
Rf=0.76 (dichloromethane/diethyl ether = 50:1)
'H NMR (CDCls, 400 MHz) § 8.05-7875 (m, 2H), 7.58-7.05 (m, 13H), 3.75-3.61 (m, 2H).
C NMR (CDCls, 100 MHz) § 173.3, 164.2, 163.5, 150.3, 133.3, 132.5, 130.4, 129.5, 128.8,
128.3, 128.2, 127.7, 126.5, 124.8, 121.0, 76.7, 40.1.
IR (ATR) 3062, 3032, 934, 1821, 1764, 1648, 1491, 1452, 1321, 1292, 1184, 1094, 1056, 974,
897, 878, 846.
HRMS (FAB/EB) m/z [M+H]" calcd for C1oHsNO4 372.1230, found 372.1238.

Phenyl 4-allyl-4,5-dihydro-5-oxo-2-phenyl-4-oxazolecarboxylate (27i)

Yo
OPh
N
Ay°
ph” O
27i
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General procedure was followed using 26i (453 mg, 1.41 mmol, 1.0 equiv.) and PDBPXpmap
(IDMAP]: 1.41 mmol/g, 0.0250 mg, 0.0353 umol, 25 ppm) for 15.5 h afforded 27i as colorless
oil (87% yield, TON 34,800, TOF 37 /min).

Rf=0.75 (dichloromethane/diethyl ether = 50:1)

'H NMR (CDCl;s, 400 MHz) & 8.19-8.02 (m, 2H), 7.66-7.06 (m, 8H), 5.79-5.51 (m, 1H), 5.32 (dd,
1H,J=17.2, 1.1 Hz), 5.22 (dd, 1H, J=10.1, 0.7 Hz), 3.30-2.93 (m, 2H).

5C NMR (CDCls, 100 MHz) § 173.4, 170.6, 167.3, 164.0, 163.7, 150.1, 133.5, 129.5, 128.9,
128.4, 127.0, 124.9, 121.0, 76.6, 38.3.

IR (ATR) 3074, 2981, 2929, 2920, 1823, 1761, 1648, 1482, 1293, 1183, 1056, 1024, 971, 929,
893, 841.

HRMS (FAB/EB) m/z [M+H]" calcd for C19H16NO4 322.1074, found 322.1085.

4-Methylphenyl 4,5-dihydro-4-methyl-5-0xo0-2-phenyl-4-oxazolecarboxylate (27j)

SN

Me

fos
Ph

27j

General procedure was followed using 26j (760 mg, 2.46 mmol, 1.0 equiv.) and PDBPXpmap
([DMAP]: 1.33 mmol/g, 0.0462 mg, 0.0614 pmol, 25 ppm) for 45 min, afforded 27j as colorless
oil (96% yield, TON 38,400, TOF 853 /min).
Rf=0.74 (dichloromethane/diethyl ether = 50:1)
'H NMR (CDCls, 400 MHz) § 8.16-7.97 (m, 2H), 7.67-7.57 (m, 1H), 7.56-7.47 (m, 2H), 7.14 (d,
2H, J=8.2 Hz), 6.97 (dt, 2H, J=9.2, 2.5 Hz), 2.31 (s, 3H), 1.88 (s, 3H).
C NMR (CDCls, 100 MHz) & 174.7, 164.7, 163.7, 147.9, 136.2, 133.5, 129.9, 128.9, 128.3,
125.0, 120.6, 72.8, 20.8, 20.4.
IR (ATR) 3065, 3034, 2939, 2868, 1830, 1766, 1646, 1506, 1450, 1321, 1161, 1091, 1006, 913,
881, 854.
HRMS (FAB/EB) m/z [M+H]" caled for C1sHiNO4 310.1074, found 310.1070.

4-Methoxyphenyl 4,5-dihydro-4-methyl-5-0xo0-2-phenyl-4-oxazolecarboxylate (27k)
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oM
o e
Me
0
N
M=
ph” O
27k

General procedure was followed using 26k (269 mg, 0.828 mmol, 1.0 equiv.) and PDBPXpmap
([DMAP]: 1.39 mmol/g, 0.0149 mg, 0.0207 pmol, 25 ppm) for 75 min, afforded 27k as colorless
oil (90% yield, TON 36,000, TOF 480 /min).

Rf=0.63 (dichloromethane/diethyl ether = 50:1)

'H NMR (CDCls, 400 MHz) § 8.15-8.02 (m, 2H), 7.61 (d, 1H, J = 7.6 Hz), 7.52 (d, 2H, J = 7.7
Hz), 7.01 (dd, 2H, J= 6.9, 2.3 Hz), 6.85 (dd, 2H, J = 6.6, 2.3 Hz), 3.77 (s, 3H), 1.88 (s, 3H).

C NMR (CDCls, 100 MHz) & 174.8, 164.9, 163.6, 157.6, 143.6, 133.6, 128.9, 128.3, 125.0,
121.8, 114.4,72.8, 55.5, 20.4.

IR (ATR) 3061, 3003, 2944, 2837, 1741, 1646, 1601, 1577, 1504, 1482, 1440, 1246, 1174, 1096,
1029, 932, 881, 812.

HRMS (FAB/EB) m/z [M+H]" caled for C1sHi¢NOs 326.1023, found 326.1037.

4-Chlorophenyl 4,5-dihydo-4-methyl-5-oxo-2-phenyl-4-oxazolecarboxylate (271)

|
o C
Me

o
N
M=
P O

271

General procedure was followed using 261 (530 mg, 1.61 mmol, 1.0 equiv.) and PDBPXpwmap
([DMAP]: 1.33 mmol/g, 0.0303 mg, 0.0403 pmol, 25 ppm) for 75 min, afforded 271 as colorless
0il (92% yield, TON 36,800, TOF 1,227 /min).

Rf=0.53 (dichloromethane/diethyl ether = 50:1)

"HNMR (CDCls, 400 MHz) § 8.15-8.02 (m, 2H), 7.67-7.59 (m, 1H), 7.56-7.48 (m, 2H), 7.33 (dt,
2H,J=9.8,2.7 Hz), 7.12-7.03 (m, 2H), 1.88 (s, 3H).

C NMR (CDCls, 100 MHz) § 174.5, 164.3, 163.7, 148.5, 133.5, 129.5, 128.9, 128.3, 127.0,
124.5,122.4,72.8,20.4.

IR (ATR) 3062, 3044, 2992, 2940, 1833, 1743, 1645, 1592, 1516, 1480, 1444, 1266, 1184, 1159,

1090, 1005, 932, 844.
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HRMS (FAB/EB) m/z [M+H]" calcd for C;7H;3CINO4 330.0528, found 330.0531.
Allyl 4,5-dihydro-4-methyl-5-0x0-2-phenyl-4-oxazolecarboxylate (27m)%'*"
(0]
Me o/\/
N
J o
ph” O
27m
General procedure was followed using 26m (455 mg, 1.76 mmol, 1.0 equiv.) and PDBPXpwmar
([DMAP]: 1.33 mmol/g, 0.0330 mg, 0.0439 umol, 25 ppm) for 60 min afforded 27m as colorless
0il (91% yield, TON 36,400, TOF 607 /min).
Rf=0.61 (dichloromethane/diethyl ether = 50:1)
"H NMR (CDCls, 400 MHz) § 8.03 (d, 2H, J = 8.0 Hz), 7.61 (t, 1H, J = 7.3 Hz), 7.50 (dd, 2H, J
= 7.3, 8.0 Hz), 5.89-5.82 (m, 1H), 5.30 (dd, 1H, J=17.5, 0.92 Hz), 5.24 (d, 1H, J = 10.5 Hz),
4.73-4.66 (m, 2H), 1.79 (s, 3H).

Phenyl 4,5-dihydro-4-(4-methylphenyl)-5-oxo-2-phenyl-4-oxazolecarboxylate (27n)
0]

Me

Nl)ﬁé)Ph
Iof

Me 27n

General procedure was followed using 26n (464 mg, 1.50 mmol, 1.0 equiv.) and PDBPXpmap

([DMAP]: 1.41 mmol/g, 0.0532 mg, 0.0750 pmol, 50 ppm) for 30 min, afforded 27n as colorless

0il (94% yield, TON 18,800, TOF 627 /min).

Rf=0.67 (dichloromethane/diethyl ether = 50:1)

"H NMR (CDCl;, 400 MHz) § 7.96 (dd, 2H, J = 9.2, 2.5 Hz), 7.38-7.06 (m, 7H), 2.43 (s, 3H),

1.88 (s, 3H).

C NMR (CDCls, 100 MHz) § 174.7, 164.6, 163.8, 150.1, 129.6, 129.5, 128.3, 126.5, 122.2,

121.0, 72.8, 21.7, 20.4.

IR (ATR) 3043, 2992, 2938, 2922, 1828, 1767, 1644, 1612, 1489, 1445, 1291, 1182, 1159, 1089,

1005, 923, 902, 880, 828.

HRMS (FAB/EB) m/z [M+H]" caled for CisHisNO4 310.1074, found 310.1082.

S120

Phenyl 4,5-dihydro-4-(4-methoxyphenyl)-5-oxo-2-phenyl-4-oxazolecarboxylate (270)
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MeO

General procedure was followed using 260 (719 mg, 2.21 mmol, 1.0 equiv.) and PDBPXpmap
([DMAP]: 1.41 mmol/g, 0.0392 mg, 0.0553 umol, 25 ppm) for 1.5 h afforded 270 as colorless oil
(96% yield, TON 38,400, TOF 427 /min).

Rf=0.62 (dichloromethane/diethyl ether = 50:1)

'H NMR (CDCls, 400 MHz) § 8.02 (d, 2H, J = 8.8 Hz), 7.38-7.35 (m, 2H), 7.26-7.23 (m, 1H),
7.10 (d, 2H, J= 8.8 Hz), 7.01 (d, 2H, J = 8.8 Hz), 3.90 (s, 3H), 1.87 (s, 3H).

Phenyl 4-(4-Chlorophenyl)-4,5-dihydro-5-o0xo-2-phenyl-4-oxazolecarboxylate (27p)

cl 27p
General procedure was followed using 26p (260 mg, 0.789 mmol, 1.0 equiv.) and PDBPXpmap

([DMAP]: 1.41 mmol/g, 0.0279 mg, 0.0393 pmol, 50 ppm) for 30 min, afforded 27p as colorless
oil (96% yield, TON 19,200, TOF 640 /min).

Rf=0.74 (dichloromethane/diethyl ether = 50:1)

"H NMR (CDCls, 400 MHz) § 8.01 (dd, 2H, J = 6.8, 1.9 Hz), 7.50 (dd, 2H, J = 6.8, 1.9 Hz), 7.40-
7.33 (m, 2H), 7.28-7.19 (m, 1H), 7.14-7.06 (m, 2H), 1.89 (s, 3H).

C NMR (CDCls, 100 MHz) & 174.3, 164.4, 162,9, 150.1, 129.6, 129.5, 129.4, 128.6, 126.6,
121.2,121.0, 72.9, 20.4.

IR (ATR) 3060, 2992, 2938, 2853, 1833, 1764, 1645, 1593, 1515, 1480, 1444, 1404, 1275, 1184,
1159, 1088, 1004, 923, 903, 881, 841.

HRMS (FAB/EB) m/z [M+H]" caled for C17Hi3CINO4 330.0528, found 330.0525.

7. PDBPXpmar catalyzed acyl rearrangement reaction of azlactones followed by

ring opening reaction

L-alanine ethyl ester (S33)
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OEt

0]
S33

S33 was prepared and characterized according to the literature 5"

Rf=0.35 (CH,Cl/MeOH = 7:1)

'"H NMR (CDCls, 400 MHz) & 4.09 (q, 2H, J = 7.5 Hz), 3.45 (q, 1H, J = 7.2 Hz), 1.48 (s, 2H),
125 (d, 3H, /= 7.5 Hz), 1.20 (t, 3H, J = 7.5 Hz).

Me O OPh NHR4
>\—0Ph ]
PDBPXpmap (25 ppm)  R*NH, (3.0 equiv.)
BzHN

60 °C, 30 min 30°C,3h

26a

General Procedure for one-pot reaction: Phenyl 4-methyl-2-phenyloxazol-5-yl carbonate (26a)
(1.00 g, 3.38 mmol, 1.0 equiv.) and PDBPXpmar ([DMAP]: 1.39 mmol/g, 0.0608 mg, 0.0845
pmol, 25 ppm) were charged to flask and the mixture was stirred at 60 °C for 30 min. After cooling
to 30 °C, corresponding primary amine (3.0 equiv.) was added to the mixture. The resulting
reaction mixture was stirred at 30 °C for 3 h. After cooling to 0 °C, H,O (12 mL) was added to
the mixture and the mixture was stirred at 0 °C for a few minutes, then 2 M HCI (3.5 mL) was
added. After stirring at 0 °C for a few minutes, the mixture was extracted with CH,Cl, (3 x 10
mL). The combined organic layers were washed with brine (10 mL), dried over Na,SOs, and
concentrated under reduced pressure after filtration. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate = 10:1 to 1:1 as eluent) to afford amino acid derivative 29

or 29°.

o A=)
M
I D
BZHNIH/
0

General procedure was followed using 26a (880 mg, 2.97 mmol, 1.0 equiv.), PDBPXpmar
([DMAP]: 1.14 mmol/g, 0.0652 mg, 0.0743 umol, 25 ppm) for 30 min, and pyrrolidine (740 pL,
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8.92 mmol, 3.0 equiv.) for a few minutes afforded 29a’ as a white solid (680 mg, 1.98 mmol, 67%
yield).

Rf=0.35 (hexane/ethyl acetate = 1:1)

'H NMR (CDCl;, 400 MHz) & 8.41 (s, 1H), 7.88-7.86 (m, 2H), 7.57-7.52 (m, 3H), 3.68-3.45 (m,
6H), 3.29-3.23 (m, 2H), 1.88-1.73 (m, 11H).

C NMR (CDCls, 100 MHz) & 165.6, 164.1, 133.8, 131.7, 128.6, 127.0, 63.1, 47.9, 46.6, 26.8,
23.3,21.1.

IR (ATR) 3362, 1668, 1624, 1504, 1433, 950, 714, 692.

HRMS (FAB/EB) m/z [M+H]" calcd for C19H26N303 344.1974, found 344.1961.

29b’

General procedure was followed using 26a (700 mg, 2.36 mmol, 1.0 equiv.), PDBPXpmap
([DMAP]: 1.39 mmol/g, 0.0425 mg, 0.0591 pmol, 25 ppm) for 30 min, and benzylamine (0.77
mL, 7.09 mmol, 3.0 equiv.) for a few minutes afforded 29b’ as a white solid (882 mg, 2.12 mmol,
90% yield).

Rf=0.33 (hexane/ethyl acetate = 1:1)

'H NMR (CDCl;, 400 MHz) § 8.18 (s, 1H), 7.89 (d, 2H, J = 7.3 Hz), 7.54 (t, 1H, J = 7.1 Hz),
7.46 (t, 2H, J= 7.8 Hz), 7.33-7.22 (m, 12H), 4.54-4.42 (m, 4H), 2.00 (s, 3H).

C NMR (CDCls, 100 MHz) § 167.0, 166.5, 137.4, 133.4, 132.2, 128.7, 128.7, 127.6, 127.3,
127.2, 63.6, 44.0, 22.5.

IR (ATR) 3305, 1653, 1539, 1498, 1470, 1430, 1263, 733, 699.

HRMS (FAB/EB) m/z [M+H]" calcd for C2sHa6N3O3 416.1974, found 416.1964.

y  COEt
(@) N
Me HMe
N CO,Et
BzHN he 2
(@] Me
29c'

General procedure was followed using 26a (1.00 g, 3.38 mmol, 1.0 equiv.), PDBPXpmar
([DMAP]: 1.39 mmol/g, 0.0608 mg, 0.0845 umol, 25 ppm) for 30 min, and L-alanine ethyl ester
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S35 (1.2 mL, 10.1 mmol, 3.0 equiv.) for 3 h to afforded 29¢’ as colorless oil (1.41 g, 2.94 mmol,
87% yield).

Rf=0.22 (hexane/ethyl acetate = 3:1)

'H NMR (CDCl;, 400 MHz) § 7.93-7.87 (m, 3H), 7.56-7.45 (m, 5H), 4.57-4.48 (m, 2H), 4.21-
4.15 (m, 4H), 1.94 (s, 3H), 1.43 (t, 6H, J = 6.9 Hz), 1.26 (q, 6H, J= 8.0 Hz).

C NMR (CDCls, 100 MHz) § 172.1, 169.7, 169.3, 166.8, 133.6, 132.2, 128.8, 127.3, 63.4,
61.7,48.9,22.5,18.0,17.8, 14.1.

IR (ATR) 3329, 2984, 1736, 1664, 1506, 1475, 1377, 1202, 1156, 1052, 1020, 860, 714.

HRMS (FAB/EB) m/z [M+H]" caled for C21H30N307 436.2084, found 436.2074.

General procedure was followed using 26a (909 mg, 3.07 mmol, 1.0 equiv.), PDBPXpmap
([DMAP]: 1.39 mmol/g, 0.0552 mg, 0.0767 umol, 25 ppm) for 30 min, and aniline (0.84 mL,
9.21 mmol, 3.0 equiv.) for 3 h afforded 29d as a white solid (997 mg, 2.57 mmol, 84% yield).
Rf=0.20 (hexane/ethyl acetate = 3:1)

"H NMR (CDCl;, 400 MHz) & 8.62 (s, 1H), 7.90 (d, 3H, J = 7.8 Hz), 7.57-7.52 (m, 3H), 7.48-
7.44 (m, 2H), 7.36 (t, 4H, J= 8.2 Hz), 7.25 (m, 2H), 7.12-7.10 (m, 2H), 2.10 (s, 3H).

3C NMR (CDCls, 100 MHz) § 170.5, 167.0, 165.8, 150.6, 136.9, 133.1, 132.2, 129.5, 129.2,
128.7,127.3, 126.4, 125.2, 121.3, 120.3, 63.6, 22.4.

IR (ATR) 2360, 1737, 1654, 1599, 1558, 1542, 1520, 1488, 1267, 1184, 1160, 1116, 760, 734,
711, 689.

HRMS (FAB/EB) m/z [M+H]" calcd for C23H21N204 389.1501, found 389.1502.

8. Asymmetric acyl rearrangement reaction of azlactones

Preparation of PDPXwmangai (n = 0.01)
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OM
R 1.33 1.00 0.01
F F
@
F F oS

OMe :
s34 :
N\
R: CN CH,Cl, |
rt. 3h =
N

MeO OMe

PDPXMandai (I1 = 0-01) Q O

To a solution of PX (n = 0.01) (60.0 mg, [-C¢F4l]: 1.93 mmol/g) in CH,Cl, (2 mL) was added S34

PX (n = 0.01)

(50.1 mg, 0.116 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred at room
temperature for 3 h, then concentrated under reduced pressure to afford a PDPXmandai (n = 0.01)
as a yellow solid (79.6 mg, [Mandai]: 0.657 mmol/g). elemental analysis calcd (%) for
C47.74H37.7aN230,F41: C 65.58, H 4.35, N 4.56, found: C 64.02, H 4.81, N 3.24.

Preparation of PDBPXwangai (n = 0.01)

OMe
R 1.33 1.00 0.01 OO _ R 1.33 1.00 0.01
N
& % ®
ot OO o
F F OMe F F
F g F g
[ R: )\)ﬁ;

S34

CH,ClI,
rt.,, 3h

BPX (n = 0.01)

z@z..._

MeO OMe

PDBPXpandai (n = 0.01) O O

To a solution of BPX (n = 0.01) (100 mg, [-CeF4l]: 1.63 mmol/g) in CH,Cl, (2 mL) was added
S34 (43.3 mg, 0.100 mmol, 1.0 equiv.) at room temperature. The reaction mixture was stirred at

room temperature for 3 h, then concentrated under reduced pressure to afford PDBPXmandai (n =
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0.01) as a yellow solid (79.6 mg, [Mandai]: 0.657 mmol/g). elemental analysis calcd (%) for
Cs3.74H41.74N230,F41: C 67.91, H 4.43, N 4.33, found: C 67.78, H 4.98, N 3.02.

Procedure for asymmetric acyl rearrangement reaction: synthesis of Phenyl 4-(4-

12¢

Methoxyphenyl)-5-0xo0-2-phenyl-4-oxazolecarboxylate (270)

ol
Me O Me
N >—0Ph PDPXMandai N 2 OPh
Pilat I =0
ph” O P~ O
26a 27a

O-acylated azlactone 26a (387 mg, 1.31 mmol, 1.0 equiv.) and PDPXuuandai ([Mandai Catalyst]:
0.671 mmol/g, 0.195 mg, 0.131 umol, 100 ppm) were charged to flask and the mixture was stirred
at 30 °C for 2 h. After cooling to 0 °C, the mixture was treated with H,O (4.0 mL), stirred at 0 °C
for a few minutes, then treated with 0.1 M HCI (10 uL), stirred at 0 °C for a few minutes, and
extracted with CH,Cl, (3 x 5 mL). The combined organic layers were washed with brine (10 mL),
dried over Na,SOs, and concentrated under reduced pressure after filtration. 27a was afforded as
colorless oil (>99% yield, TON 9,900, TOF 83 /min, 57% ee). Yields were determined by 'H
NMR and enantioselectivity was determined by chiral HPLC without further purification.
Rf=0.67 (dichloromethane/diethyl ether = 50:1)

'H NMR (CDCl;, 400 MHz) § 8.11 (d, 1H, J = 8.0 Hz), 7.66 (t, 1H, J= 7.0 Hz), 7.56 (t, 2H, J =
8.0 Hz), 7.40 (t, 2H, J=5.0 Hz), 7.21 (t, 2H, J= 7.5 Hz), 7.09 (d, 2H, J= 7.6 Hz), 1.88 (s, 3H).
HPLC (CHIRALCEL OD-3, n-hexane/i-PrOH = 20:1 v/v, 0.525 mL min', 4 = 254 nm, 30 °C),

tr = 11.1 min (minor), tg = 12.7 min (major).
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Racemic sample of 27a

1000000 1 1-CH1
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2 1-CH1
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250000
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100000
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Racemic sample of 27a (5)-27a
1 1-CH1 2 1-CH1
2
1
\J , & Y \4
A A A A
10.0 12.0 14.0 10.0 12.0 14.0

Peak # | Ret. Time | Area Area % | Peak # | Ret. Time | Area Area %
1 11.183 13565457 | 49.823 1 11.092 1402401 | 21.383
2 12.850 13661853 | 50.177 |2 12.717 5155978 | 78.617
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A
Ph;PMeBr (3.6 eq)
F F TMG (4.5 eq) F F
F F THF F F
80 °C, 30 min; 80 °C, 6 h i
53% yield
(b)
R 1.3 1.0 n
X styrene (1.3 eq) F F
. . divinylbenzene (0.01~15 eq) PX
ADVN (0.3 eq) F F " DMAP (1.0 eq) .
> I —_——— 3
F F CHClj CHClL  pmAP
60 °C, 2~63 h PX N o DPX oy

SN SRS

ADVN: N+, '

YO e
CN CN

Scheme 5-1. Preparation of DMAP-Pendant Polymer Catalyst
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(Scheme 5-2) , AW TIX FFIC. 7 F T 7 vA v I — RAF L AZH L TENEI 0.01, 0.1,
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PDPXpmar DA AP 7R L7z, DMAP BUERLAR Y 2 F L il PSpmar Tl&,  H BIAERA) DIX
KR 10%LA T L7002 L2 BT Lz, BA%E L7z PDPXpmar (n = 15) 134k~ 7@ L 2 A9
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Ph
, catalyst (1 mol%) .Me
y-d O3
g H,0 (0.2 M), 30 °C, 24 h g
1.3 1.0 n PDPXpyap (N =15): 89%
F F (n=1): 66%
(n = 0.1): 50%
E E o (n =0.01): 50%
[
PX

DMAP: 8%
PSDMAP: 4%

DMAP

Scheme 5-2. Representative results for acyl rearrangement reaction of benzofuranones

in HO catalyzed by PDPXpmap

BT X B EBEETO 0-T VLT X5 7 b v OB RS (8 4 )

DMAP X & > NG G5 -fillie PDPXpmap X° PDBPXpmap 2 WD BRIECOT XZ 7 K v
DT 2 NVHNANL UG % BA%E L7 (Scheme 5-3a), 0.1 H L <% 0.01 HEDOI L=/ B n
5k L 72 PDPXpmar X° PDBPXpmap 73 8 WGP ZH L, ppm L~V Ofifii & C7 XZ 7
N DT VNV AR E B2 5 2 LR R UTs, S HIT, BIgE U7 AR — SR b
S, IR A R T S AL L, £, AL C-T VAT XT T b
NCT =V U EMADZET, 4 @ a7 2 BHEEEROEGHKICHEY) LT (Scheme 5-3b), A
FRE RS ~DRBIZ B W T, FREDO T F o F RO L7~ (Scheme 5-3¢) .
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(a)

PDBPXpyap .
/$7 >—0Ph (25 mol ppm) N OPh
0
solvent free )I\O
60°C,30 min "
97% yield
TON 38,800
TOF 1,293 min™
(b)
o]
M PDBPXDMAP Me
>—0Ph (25 mol ppm) OPh

D ————————

solvent free

A

Ao

Ph 60 °C, 30 min
(c)
0
PDPXManda| Me
/$7 >\—0Ph (100 mol ppm) N oen
o]
)\ solvent free )I\O
30°C, 120 min "0
99% yield
TON 9,900
TOF 83 min™’
57%ee

PhNH, o Ox,-OPh
(3.0 eq) )J\
Ph” N
H

solvent free
30°C,3h
84% yield

l:>DPXMandai
0.671 mmol/g

Scheme 5-3. Representative Results for Rearrangement Reaction of O-Acyl Azlactones

150



5-2. BY

AL SUPAAFRIC LY 2R E THMPRES N TR o7 g UkT N7 704 aR
VAT LV UFEROGRIELAMSL LTz, £72, A LT3 U{bT F I 704 mR ) ZAF L U
BikZ 4-7 1)€Y DRy NSRRI & U CHEBE O FABBOSIIICH L. &
BRI T 2 VAN BOS DBAFE TR U T ARFFEIC IV TR S a7z @O Al ETEME 1T CeFal
DO AEERE G ARG EE EFHEERA L TWATD EBZTND, 20 X 5 72l
ISYHE, B VLT IR R AF L UFEERER VD Z LT D TERETE 5, 51%,
Tl 22 DAY — FZoRIZ I SOG~ DI RS EIR S v D, £o, SEIBAF Lic v 7 Mg
ST, RS FROBFEMEEAZ ZOF AV THEICRHM X 2 8ICBERS D, H4%=
TIRARIZ LI, RFMBRIS~DORE RS Th 5, B#IED R 5 X 7 WKy 1Rk fil
B2 WD Z & T mhERE LRI BOS OE BTSN D,

KRG 1 T R BEEEAL A2 A T DHEREMEAR U ~ — O RS ~DTE ] & mzh s 72
AV — SRRSO DSBS & IpiuiTd= 0 Th 5,

151



abundance

ZIO 3‘.0 4‘.0 5.0 6.0 7.0 8.0

1.0

1.00
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('"H NMR, 400 MHz, CDCl5)

Ao

A "

(JEDLD

—---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], O.
trapezoid( 0[%],
zerofill( 1 )

0[s] )
0[%], 80[%], 100[%] )

£ft( 1, TRUE, TRUE )

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0

10.307
7.262

X : parts per Million : Proton

4.0

3.0 2.0

1.549

1.0 0 -1.0 -2.0

0.000

machinephase

ppm

Filename = 4-I F4 benzaldehyde 1H-1.
Author delta

Experiment proton. jxp

Sample Id 180420 TH2

Solvent CHLOROFORM-D

Actual Start Time
Revision_Time

Comment
Data_Format
Dim Size

X _Domain

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field Strength
X _Acq Duration
X Domain
X_Freq

X Offset
X_Points
X_Prescans

X Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq

Irr Offset
Tri_Domain
Tri_Freq

Tri Offset
Clipped

Scans
Total_Scans

Relaxation Delay
Recvr_Gain
Temp_Get
X_90_Width
X_Acq_Time
X_AngTle

X_Atn

X_Pulse
Irr_Mode
Tri_Mode
Dante_Presat
Initial Wait
Repetition_Time

20-APR-2018 15:31:27
= 18-NOV-2022 15:48:19

= single_pulse
1D COMPLEX
26214

Proton
Proton

[ppm]

X

JNM-ECS400
DELTA2_NMR

9.389766[T] (400 [MHz])
4.36731904[s]

1H

399.78219838 [MHz]
5[ppm]

32768

1

0.22897343[Hz]
7.5030012 [kHz]
6.00240096 [kHz]
Proton
399.78219838 [MHz]
5[ppm]

Proton
399.78219838 [MHz]
5[ppm]

FALSE

20.9[dc]

6[us]
4.36731904[s]
45[deg]
0.7[dB]

3[us]

Off

Off

FALSE

1[s]
= 9.36731904[s]
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19a

("F NMR, 376 MHz, CDCl;)

2.00
2.02

(JEDLD

- PROCESSING PARAMETERS -
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )
trapezoid( 0[%], O[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

ppm

Derived from: 4-I F4 benzaldehyde 19F.jdf

abundance

X : parts per Million : Fluorine19

Filename 4-I F4 benzaldehyde 19F-1
Author delta

Experiment single_pulse.jxp
Sample_Id 180420 TH2

Solvent CHLOROFORM-D
Actual_Start Time = 20-APR-2018 15:35:18
Revision_ Time = 18-NOV-2022 15:48:50
Comment single_pulse
Data_Format 1D COMPLEX

Dim_Size 52429

X _Domain Fluori

Dim Title Fluorinel9

Dim Units [ppm]

Dimensions =X

Site JNM-ECS400
Spectrometer = DELTA2_NMR

Field Strength
X_Acq_Duration

9.389766[T] (400 [MHz])
0.34603008(s]

X Domain 19F
X_Freq 376.17105393 [MHz]
X_Offset 0 [ppm]
X_Points 65536

X_Prescans

X Resolution
X_Sweep
X_Sweep_Clipped

1
2.88992217 [Hz]

189.39393939 [kHz]
151.51515152 [kHz]

Irr_Domain Fluorinel9
Irr Freq 376.17105393 [MHz]
Irr Offset 5[ppm]
Tri_Domain Fluorinel9
Tri Freq 376.17105393 [MHz]
Tri_Offset 5 [ppm.
Clipped FALSE

Scans 8
Total_Scans 8
Relaxation_Delay 5[s]
Recvr_Gain 42

Temp_Get 21[dc]
X_90_Width = 7.3[us]
X_Acq_Time 0.34603008[s]
X_Angle 45 [degq]

X Atn 2.6[dB]
X_Pulse 3.65[us]
Irr_Mode Off

Tri Mode Off
Dante_Presat FALSE

Initial Wait 1[s]
Repetition_Time = 5.34603008([s]




1.00

abundance

Br
19b

('H NMR, 400 MHz, CDCls)

dEDLD

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

££ft( 1, TRUE, TRUE )

machinephase

ppm

Derived from: 4-Br F4 benzaldehyde 1H.jdf

0.305

9.0 8.0 7.0 6.0 5.0

7.261

—
X : parts per Million : Proton

0.000

Filename = 4-Br F4 benzaldehyde 1H-1
Author delta

Experiment proton. jx]

Sample_Id SK221117_s15_pure
Solvent CHLOROFORM-D

21-NOV-2022 15:29:14
29-NOV-2022 09:49:24

Actual_Start_Time
Revision_Time

Comment = single_pulse
Data_Format 1D COMPLEX
Dim Size 26214
X_Domain Proton

Dim Title Proton

Dim Units [ppm]
Dimensions X

Site JNM-ECS400
Spectrometer DELTA2_NMR

Field_Strength
X_Acq_Duration

9.389766[T] (400 [MHz])
4.36731904(s]

X Domain 1H

X_Freq 399.78219838 [MHz]
X Offset 5[ppm]

X_Points 32768

X_Prescans 1

0.22897343[Hz]
7.5030012 [kHz]
6.00240096 [kHz]

X Resolution
X_Sweep
X_Sweep_Clipped

Irr_Domain Proton
Irr_Freq 399.78219838 [MHz]
Irr Offset 5[ppm]
Tri_Domain Proton
Tri_Freq 399.78219838 [MHz]
Tri Offset 5[ppm]
Clipped FALSE

Scans 8

Total_Scans 8
Relaxation_Delay 5[s]
Recvr_Gain 52

Temp_Get 19.1[dc]
X_90_Width 6.3[us]

X Acq_Time 4.36731904[s]
X_AngTe 45[deg]

X Atn 0.7[dB]
X_Pulse 3.15[us]
Irr_Mode Off

Tri Mode Off
Dante_Presat FALSE

Initial _Wait 1[s]
Repetition Time = 9.36731904[s]
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O - dEDLD

—--- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], O[%], 80[%], 100[%] )

F F zerofill( 1, TRUE )
££ft( 1, TRUE, TRUE )
machinephase
Br
phase( 7.97525, 0, 50([%] )
19b Derived from: 4-Br F4 benzaldehyde 19F.jdf

= 4-Br F4 benzaldehyde 19F-
delta

("’F NMR, 376 MHz, CDCls) riionane

Author

Experiment single_pulse.jxp
Sample_ Id SK221117_s15_pure
Solvent CHLOROFORM-D

Actual_Start_Time
Revision_Time

21-NOV-2022 1 6
29-NOV-2022 09:50:00

Comment single_pulse
Data_Format 1D COMPLEX
Dim_Size 52429
X_Domain Fluori
Dim_Title Fluorinel9
Dim_Units [ppm]
Dimensions X

Site JNM-ECS400
Spectrometer DELTA2_NMR

Field_Strength
X_Acq_Duration
X_Domain

9.389766[T] (400 [MHz])
0.34603008(s]
F

19
376.17105393 [MHz]

X Freq
X Offset 0 [ppm]
X Points 65536

X_Prescans

X Resolution
X_Sweep
X_Sweep_Clipped

1

2.88992217 [Hz]
189.39393939 [kHz]
151.51515152 [kHz]

Irr_Domain Fluorinel9
Irr_Freq 376.17105393 [MHZ]
Irr_Offset 5[ppm]
Tri_Domain Fluorinel9
Tri_Freq 376.17105393 [MHz]
Tri_Offset 5[ppm]
Clipped FALSE
Scans 8
Total_Scans =8
e ) - Relaxation_Delay 5[s]
Recvr_Gain 40
Temp_Get 19.4[dC]
T T X S0 Widen 8=l oosie)
i .
100.0 0 -100.0 X_AngTe 45[deq]
X Atn 2.6[dB]
X_Pulse 4[us]
ITrr_Mode Off
DO A AN~ M Tri_Mode Off
co>_ g 'S 3 2 :O\’ % Q Dante Presat FALSE
AA A TN M Initial Wait 1[s]
QBB TIITT Repetition Time = 5.34603008[s]

X : parts per Million : Fluorine19
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], O0[%], 80([%], 100[%] )
zerofill( 1, TRUE )

££t( 1, TRUE, TRUE )

machinephase

ppm

Derived from: NO 221116 1978 wash by hexane p

E Os_H
F F
F F
Cl
19¢c
("H NMR, 400 MHz, CDCl3)
,,,,, S S O S E
120 110 100 90 80 70 60 50 40 30 20 10 0 -0  -20

X : parts per Million : Proton

Filename NO 221116 1978 wash by he
Author delta

Experiment proton.jxp

Sample_ Id NO 221116 1978 wash by he
Solvent CHLOROFORM-D
Actual_Start Time = 16-NOV-2022 16:58:54
Revision_Time = 17-NOV-2022 17:17:55
Comment = single_pulse

Data_Format 1D COMPLEX

Dim_Size 26214

X_Domain Proton

Dim _Title Proton

Dim_Units [ppm]

Dimensions X

Site JNM-ECS400

Spectrometer = DELTA2_NMR
Field_Strength 9.389766[T] (400[MHz])

X_Acq_Duration
X Domain

4.36731904(s]

1H
399.78219838 [MHz]

X Freq

X Offset 5 [ppm]
X_Points 32768
X_Prescans 1

X_Resolution
X_Sweep
X_Sweep_Clipped

0.22897343 [Hz]
7.5030012 [kHz]
6.00240096 [kHz]

Irr_Domain Proton
Irr_Freq 399.78219838 [MHz]
Irr Offset 5[ppm]
Tri_Domain Proton
Tri_Freq 399.78219838 [MHz]
Tri_Offset 5 [ppm]
Clipped FALSE

Scans 8

Total_Scans 8
Relaxation_Delay 5[s]
Recvr_Gain 54

Temp_Get 19.2[dC]
X_90_Width 6.3[us]
X_Acq_Time 4.36731904([s]
X_AngTe 45[deg]

X Atn 0.7[dB]
X_Pulse 3.15[us]
ITr_Mode Off

Tri_Mode Off
Dante_Presat FALSE

Initial Wait = 1[s]

1[s
9.36731904[s]

Repetition_Time
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abundance

] Cl
1 19¢c
("’FNMR, 376 MHz, CDCl5)

198
2.00

(JEDLO

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], O0[%], 80([%], 100[%] )
zerofill( 1, TRUE )

££t( 1, TRUE, TRUE )

machinephase

ppm

Derived from: NO 221116 1978 wash by hexane_1

X : parts per Million : Fluorine19

Filename NO 221116 1978 wash by he
Author delta

Experiment single_pulse.jxp
Sample_Id NO 221716 1978 wash by he
Solvent CHLOROFORM-D
Actual_Start Time = 16-NOV-2022 17:02:43
Revision_Time = 17-NOV-2022 17:15:44
Comment = single pulse

Data_Format 1D COMPLEX

Dim Size 52429

X_Domain Fluori

Dim _Title Fluorinel9

Dim_Units [ppm]

Dimensions X

Site JNM-ECS400

Spectrometer DELTA2_NMR

Field_Strength
X_Acq_Duration
X Domain

9.389766[T] (400 [MHz])
0.34603008(s]

19F
376.17105393 [MHz]

X Freq

X Offset 0 [ppm]
X_Points 65536
X_Prescans 1

X_Resolution
X_Sweep
X_Sweep_Clipped

2.88992217 [Hz]
189.39393939 [kHz]
151.51515152 [kHz]

Irr_Domain Fluorinel9
Irr_Freq 376.17105393 [MHz]
Irr Offset 5[ppm]
Tri_Domain Fluorinel9
Tri_Freq 376.17105393 [MHZz]
Tri_Offset 5 [ppm]
Clipped FALSE
Scans 8
Total_Scans 8
Relaxation_Delay 5[s]
Recvr_Gain 42

| Temp_Get 19.2[dC]
X_90_Width 8[us]
X Acq_Time 0.34603008(s]
X_AngTe 45[deg]
X Atn 2.6[dB]
X_Pulse 4[us]
ITr_Mode Off
Tri_Mode Off
Dante_Presat FALSE
Initial Wait = 1[s]
Repetition Time = 5.34603008[s]




abundance

0

6.0

5.0

4.0

3.0

2.0

1.0

cJEECJl_J::,}

———— PROCESSI NG PARAMETERS ----
de_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machi nephase

ppm

1 Z oz
] F F =N
] F F
] |
1 20a
" ("HNMR, 400 MHz, CDCl)
: SV | S, L |
T120 110 100 90 80 70 60 50 40 30 20 10 0 -0 20

X : parts per Million : Proton

Fil ename TH81 HPLC collection_p

Aut hor delta

Experiment = proton.jxp

Sample_Id = TH81 HPLC collection
Sol vent CHLOROFORM-D

Actual _Start_Ti me 15-0CT-2018 20:26:58
Revision_Ti me = 16-FEB-2023 16:51:29
Comment = single_pulse
Data_Format = 1D COWPLEX

Di m_Size = 26214

X_Domain = Proton

Dim Title = Proton

Dim Units = [ppml

Di mensions X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength
X_Acq_Duration
X_Domai n
X_Freq

X Offset
X_Points =
X_Prescans =
X_Resolution =

9.389766[T] (4000 MHz])
4.36731904[s]

1
0.22897343[ Hz]

X_Sweep = 7.5030012[ kHz]

X_ Sweep_Clipped 6.00240096[ kHz]
Irr_Domain = Proton

Irr_Freq = 399.78219838[ Mz]
Irr_Offset = 5[ppm]
Tri_Domain = Proton

Tri_Freq = 399.78219838[ MHz]
Tri_Offset = 5[ppm]

Clipped = FALSE

Scans =8

Total _Scans =8

Rel axation_Delay = 5[s]

Recvr_Gain = 46

Temp_ Get = 19.4[dC
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1IO ZIO 3I0 4I0 5‘.0 6‘.0 7‘.0 8‘.0 9‘.0 1q.0 11‘.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0

0

20a

(*’FNMR, 376 MHz, CDCl3)

2.00
1.98

dEDLD

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( O[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

££t( 1, TRUE, TRUE )

machinephase
ppm

Derived from: TFIS 19F.jdf

abundance

X : parts per Million : Fluorinel9

Filename
Author
Experiment
Sample_Id
Solvent

Actual_Start_Time

Revision_Time

Comment
Data_Format
Dim_Size

X _Domain

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field Strength
X _Acq_Duration
X_Domain
X_Freq
X_Offset
X_Points
X_Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Tri_Domain
Tri_Freq

Tri Offset
Clipped

Scans
Total_Scans

Relaxation_ Delay
Recvr_Gain
Temp_Get
X_90_Width
X_Acq_Time
X_AngTle

X_Atn

X_Pulse

Irr_Mode

Tri Mode
Dante_Presat
Initial Wait
RepetitIon_Time

= TFIS 19F-1.3jdf

delta
single_pulse.jxp
191024 TH330
CHLOROFORM-D
24-0CT-2019 16:06:27
18-NOV-2022 15:51:23

= single_pulse

1D COMPLEX
52429
Fluori
Fluorinel9
[ppm]

X

JNM-ECS400
DELTA2_NMR

9.389766[T] (400 [MHz])
0.34603008s]

19F
376.17105393 [MHz]
0 [ppm]

65536

1

2.88992217 [Hz]
189.39393939 [kHz]
151.51515152 [kHz]
Fluorinel9
376.17105393 [MHz]
5[ppm]

Fluorinel9
376.17105393 [MHz]
5[ppm]

FALSE

20.2[dC]
7.3[us]
0.34603008[s]
45[deg]
2.6[dB]
3.65[us]

Off

Off
FALSE

1[s]
5.34603008[s]
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abundance

20a

BCNMR, 101 MHz, CDCls)

JEOL O

---- PROCESSING PARAMETERS —_——
E )

dc_balance( 0, FALS
sexp( 2.0[Hz], 0.0

trapezoid( 0[%],

machinephase
ppm

[s] )

0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

£ft( 1, TRUE, TRUE )

Derived from: TH 220720_carbon-2-1.3jdf

——_—-

| T—

210.0200.0190.0180. 0170 0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 100 O

X : parts per Million : Carbon13

7
_—
.

22376
14.653
12174 S

23.606 ~__
13.423

77.315 ~__;

147.165 ~__¢

144.057

144.009
77.000
76.685
70.316

Filename
Author
Experiment
Sample_Id
Solvent

Actual_Start_Time

Revision Time

Comment
Data_Format
Dim_Size

X _Domain

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domain

X _Freq
X_Offset
X_Points
X_Prescans
X_Resolution

X Sweep

X Sweep Cl:.pped
Irr_Domai.
Irr_Freq
Irr_Offset
Clipped

Scans
Total_Scans

Relaxation_Delay
Recvr_Gain
Temp_Get.
X_90_Width

X Acq_Time

X_Pulse

Irr_Atn Dec
Irr_Atn Noe

Irr Noise
Irr_Pwidth
Decoupling
Initial Wait
Noe

Noe_Time
Repetition Time

TH 220720_carbon-2-2.3jdf
delta

carbon. jxp

TH 220720
CHLOROFORM-D
20-JUL-2022 19:10:18
30-MAY-2023 16:01:43

single pulse decoupled ga
1D COMPLEX

26214

Carbon

Carbonl3

[ppm]

X

JNM-ECS400
DELTA2_NMR

9.389766[T] (400 [MHz])
1 04333312[5]

100 52530333 [MHz]
100 [ppm]

32768

4

0.95846665[Hz]
31.40703518 [kHz]
25.12562814 [kHz]
Fluorinel9
376.17105393 [MHz]
-130 [ppm]

TRUE

1000

1000

21.4[dc]
13.6[us]
1.04333312(s]

4.53333333[us]
14.6[dB]
20.662[dB]

2
3.04333312[s]




abundance

Br
20b

(*H NMR, 400 MHz, CDCl;)

L

1.00

1.04

JEOL

Solutions for Innovation

AP\.J L___,L ]L AJUJ
T T T T T T T T T T T T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0
© N WD O = o =3
EEEZE22ES £

X : parts per Million : Proton

~--— PROCESSING PARAMETERS —---
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill1( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = 230307 C6F4Brstyrene_proto
Aut hor delta

Experi ment = proton.j

Xp
230307 C6F4Br CHO
CHLOROFORM-D
7-MAR-2023 14:21:56
= 9-MAR-2023 09:5
9-MAR-2023 09:5

Sample_ld
Sol vent

Creation_ Time
Revi sion_Ti me
Current_Time

Somment single_pulse
Data_Format 1D COMPLEX
Di m_Si ze 26214
DimTitle = Proton

Di m Uni ts = [ppm

Di mensi ons =X

Site JNMEECS400

Spectrometer DEIL NMR

9.389766[ T] (4000 Miz])
4.36731904[s]

Field Strength =
X_Acq_Duration =

X_Domai n 1H

X_Freq 399.78219838[ Mz]
X Offset = 5[ppm]

X_Points 32768

X_Pr cans 1

X_Resol ution = 0.22897343[ Hz)

7.5030012[ kHz]
6.00240096( kiz]

X_Sweep =
X_Sweep_Clipped =

Irr_Domain = Proton
Irr_Freq = 399.78219838[ Mlz]
Irr_Offset 5[ ppm]
Domai n Proton
_Freq = 399.78219838[ M)
i_Offset 5[ ppm]
Clipped = FALSE
Scans =8
Total _Scans =8
Relaxation_ Delay = 5[s]
Recvr_Gain = 56
Temp_ Get 18.9[dC]
X_90_W dth = 6.3[us]
cq_ Ti me 4.36731904[s]
X_Angl e 15[ deg]
X_Atn 0.70dB]
X Pulse = 3.15[us]
Irr_Mbde = Of
Tri_Mde of
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3.0

2‘.0

1.0

dEDLD

2.00
2.05

—--- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], O[%], 80[%], 100[%] )
zerofill( 1, TRUE )

F F ££ft( 1, TRUE, TRUE )
machinephase
B ppm
r Derived from: SK221129_sl16_crude_19F-1-1.3jdf

20b

= SK221129_s16_crude_19F-1-
delta

(*’FNMR, 376 MHz, CDCl3) Eiinoone

Experiment single_pulse.jxp
Sample_Id SK221129_s16_crude
Solvent

Actual_Start_Time
Revision_Time

29-NOV-2022 1. 9:43
29-NOV-2022 18:46:45

Comment = single_pulse
Data_Format 1D COMPLEX
Dim Size 52429

X _Domain Fluori

Dim Title Fluorinel9
Dim Units [ppm]
Dimensions X

Site JNM-ECS400
Spectrometer DELTA2_NMR

Field Strength
X_Acq_Duration
X_Domain

9.389766[T] (400 [MHz])
0.34603008[s]

abundance

X_Freq
X_Offset
X_Points
X_Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped

19F
376.17105393 [MHz]
0 [ppm]

65536

1

2.88992217 [Hz]
189.39393939 [kHz]
151.51515152 [kHz]

Irr_Domain Fluorinel9
Irr_Freq 376.17105393 [MHz]
Irr_Offset 5[ppm]
Tri_Domain Fluorinel9
Tri_Freq 376.17105393 [MHz]
Tri Offset 5 [ppm]
Clipped FALSE
Scans 8
Total_Scans 8
Relaxation_Delay 5[s]
Recvr_Gain 42
Temp_Get 19.2[dC]
—_—— X_90_Width 8[us]
X Acq_Time 0.34603008[s]
100.0 X_Angle 45[deg]
X_Atn 2.6[dB]
X_Pulse 4[us]
Irr_Mode Off
HNOAMON~O Tri_Mode Off
o8I 589Y Dante_Presat FALSE
WWWW oo Initial Wait 1[s]
223.’233:’;3 Repetition Time 5.34603008[s]

X : parts per Million : Fluorinel9
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abundance

HHHHOQ
T
N
n

0.8

] Br
20b

0.4 0.5 0.6

03

A A tp po

JEOL O

('*C NMR, 101 MHz, CDCls)

---- PROCESSING PARAMETERS ----

dc_balance( 0, FALS

sexp( 2.0[Hz], O.
trapezoid( 0[%],

machinephase
ppm

E )

0[s] )

0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

££t( 1, TRUE, TRUE )

Derived from: NO 230530 2150 TFBrS 13C_carbon

|

210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.010
| |

X : parts per Million : Carbon13

~ ]

0.0 50.0 40.0 30.0 20.0 100 ©

o1
o
D |

144.905
144,715
124.263
124.244
122.842
122.814
122.642
121.231
121.193
98.186 —
77.315 ——
77.000
76.685
67.942— ©

Filename

Author

Experiment
Sample_Id

Solvent
Actual_Start_Time
Revision_Time

Comment
Data_Format
Dim_Size

X _Domain

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domain

X _Freq

X_Offset
X_Points
X_Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans
Total_Scans

Relaxation_Delay
Recvr_Gain
Temp_Get
X_90_Width
X_Acq_Time
X_AngTe

X_Atn

X_Pulse

Irr_Atn Dec
Irr_Atn Noe

Irr Noise
Irr_Pwidth
Decoupling
Initial Wait
Noe

Noe_Time
Repetition Time

NO 230530 2150 TFBrS 13C_
delta

carbon. jxp

NO 230530 2150 TFBrS 13C
CHLOROFORM-D

30-MAY-2023 15:01:07
30-MAY-2023 15:41:21

single pulse decoupled ga
1D COMPLEX

26214

Carbon

Carbonl3

[ppm]

X

JNM-ECS400
DELTA2_NMR

9.389766[T] (400 [MHz])
1.04333312[s]
c

1

100.52530333 [MHz]
100 [ppm]

32768

4

0.95846665[Hz]
31.40703518 [kHz]
25.12562814 [kHz]
Fluorinel9
376.17105393 [MHz]
-130 [ppm]

UE

19.9[dcC]
13.6[us]
1.04333312(s]

4.53333333[us]
14.8[dB]
20.662[dB]

2[s]
3.04333312(s]




JEOL

Solutions for Innovation

1.06

n

T
1.00
1.00

———— PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoi d( 0[%], 0[%], 80[%], 100[%] )

= = zerofill( 1)
fre( 1, TRUE, TRUE )
CI machi nephase

ppm

20c
("H NMR, 400 MHz, CDCl3)

Fil ename 230308 C8FAClstyrene_proto
Aut hor delta

Experiment = proton.jxp
Sample_1d 230308 CBFAClstyrene
Sol vent CHLOROFORM-D
Creation_Time = 8-MAR-2023 16:13:47
Revi sion_Time = 9-MAR-2023 09:42:22
Current_Ti me = 9-MAR-2023 09:42:43
Somment single_pulse
Data_Format 1D COVPLEX

Di m_Size 26214

Dim Title = Proton

Di m Uni ts = [ppm

Di mensi ons = X

Site = JNMFECS400
Spectrometer = DEL NVR

Field Strength = 9.389766[T] (400[ Miz])
X Acq_Duration = 4.36731904[s]
X_Domain = 1H

X_Freq 399.78219838[ Mz]

X Offset = 5[ppm)

X_Points 32768

abundance

X_Prescans 1
X_Resol ution = 0.22897343[ Hz)
X_Sweep = 7.5030012[ kHz]
X Sweep_ Clipped = 6.00240096 kHz]
Irr_Domain = Proton
Irr_Freq = 399. 78219838 Miz]
Irr_Offset 50 ppml
Domai n Proton
_Freq = 399.78219838[ MHz]
i_Offset 5[ ppm]
Clipped = FALSE
Scans =8
N », L JU Total _Scans =3
R o R R R SRR R LR R R R AR S S R ARNRRRRRRNRENRERS ﬁcldxaéipn Delay = 5|f651
- e ecvr_Gain = 4
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 1.0 2.0 | tom Got 18.80dC)
X_90_W dth = 6.3[us]
cq_ Ti me 4.36731904[s]
Mo NO Mmoo o ;QQ\"H‘ e 85[7‘[19‘%
SIS RS 3 " Atn 7l
Sc8B8=8R S X Pul se = 3.15[us]
s © 666G G 8s s Irr_Mode = off
X : parts per Million : Proton Tri_ Mbde OfFf
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2.0

1.0

Cl
20c

('°F NMR, 376 MHz, CDCls)

0.97.00

JJEDLO

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( O[%], O[%], 80[%], 100[%] )
zerofill( 1, TRUE )

£ft( 1, TRUE, TRUE )

machinephase

ppm
phase( -44.97696, 0, 50[%] )

Derived from: TFC1lS 19F column.jdf

abundance

X : parts per Million : Fluorine19

Filename TFC1S 19F column-1.3jdf
Author delta

Experiment single_pulse.jxp
Sample_Id SK221130_s18_Cl_column-He
Solvent CHLOROFORM-D

Actual_Start Time
Revision_Time

30-NOV-2022 15:51:58
30-NOV-2022 18:48:36

Comment = single_pulse
Data_Format 1D COMPLEX
Dim_Size 52429
X_Domain Fluori

Dim Title Fluorinel9
Dim Units [ppm]
Dimensions =X

Site JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength

9.389766[T] (400[MHz])
X_Acq_Duration 1

0.34603008[s

X_Domain 19F

X_Freq 376.17105393 [MHz]
X Offset 0[ppm]

X_Points 65536

X_Prescans 1

2.88992217[Hz]
189.39393939[kHz]
151.51515152[kHz]
Fluorinel9

X Resolution
X_Sweep
X_Sweep_Clipped
IFr_Domain

Irr_Freq 376.17105393 [MHz]

Irr Offset 5 [ppm]

Tri_Domain Fluorinel9

376.17105393 [MHz]

-_ 5 [ppm]

Clipped FALSE

Scans 8

Total_Scans =8

Relaxation Delay = 5[s]

Recvr_Gain 46

Temp_Get 19.4[dC]

X_90_Width 8[us]

X_Acq_Time 0.34603008([s]

X_AngTe 45[deg]

X_Atn 2.6[dBR]

X_Pulse 4[us]

Irr_Mode = Off

Tri_Mode Off

Dante_Presat FALSE

Initial Wait 1[s]

Repetition_Time 5.34603008([s]




abundance

0.12 0.13

01 o011

0.08 0.09

002 003 0.04 005 0.06 0.07

0.01

JEOL O

Cl
20c

---- PROCESSING PARAMETERS ----

dc_balance( 0,
sexp( 2.0[Hz], O.
trapezoid( 0[%],
zerofill( 1,

FALS!

E )

0[s] )
0[%], 80[%], 100[%] )
TRUE )

£ft( 1, TRUE, TRUE )
machinephase
ppm

Derived from:

C6F4Clstyrene 19F decoupling_ca

(3CNMR, 101 MHz, CDCls)

WMWMWMMWM’”W

210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0-20.0|

144743 —_
144.085

X : parts per Million : Carbon13

Filename

Author

Experiment
Sample_Id

Solvent
Actual_Start_Time
Revision_Time

Comment
Data_Format
Dim_Size

X _Domain

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domain

X _Freq

X_Offset
X_Points
X_Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped
Scans
Total_Scans

Relaxation_Delay
Recvr_Gain
Temp_Get.
X_90_Width

X Acq_Time

X_Pulse

Irr_Atn Dec
Irr_Atn Noe

Irr Noise
Irr_Pwidth
Decoupling
Initial Wait
Noe

Noe_Time
Repetition Time

= C6F4Clstyrene 19F decoupl
delta

carbon. jxp

230309 C6F4Clstyrene 19F
CHLOROFORM-D

9-MAR-2023 19:31:18
30-MAY-2023 16:03:09

single pulse decoupled ga
1D COMPLEX

26214

Carbon

Carbonl3

[ppm]

X

JNM-ECS400
DELTA2_NMR

9.389766[T] (400 [MHz])
1.04333312[s]
c

13

100.52530333 [MHz]
100 [ppm]

32768

4

0.95846665[Hz]
31.40703518 [kHz]
25.12562814 [kHz]
Fluorinel9
376.17105393 [MHz]
-130 [ppm]

FALSE

16000

16000

19.5[dcC]
13.6[us]
1.04333312(s]

4.53333333[us]
14.6[dB]
20.662[dB]

2[s
3.04333312(s]
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abundance

7.0 8.0 9.0 10.0 11.0

6.0

4.0

3.0

2.0

1.0

] Ph g JEOL '
] = Solutions for Innovation
] OMe
] o) ——-— PROCESSING PARAVETERS ----
] de_balance( 0, FALSE )
] e} sexp( 0.2[Hz], 0.0[s]
] trapezoi d( 0[%], 0[%], 80[%], 100[%] )
] zerofill( 1)
3 22a £re( 1, TRUE, TRUE )
] machi nephase
] m
1 (*H NMR, 400 MHz, CDCly) o
1 Fi l ename = 3a_190704 TH260_proton-1-3
e Aut hor del ta
] Experiment = proton.jxp
] Sample_Id = 190704 TH260
] Sol vent CHLOROFORM-D
] Creation Time = 4-JUL-2019 10:04:04
3 Revision Time = 26-JAN-2023 10:58:31
] Current_Ti me = 26-JAN-2023 10:58:50
] Comment single_pulse
] Data_Format 1D COVPLEX
Dim_Size 26214
] Dim Title = Proton
] Dim Units [ppm
] Di mensi ons X
q Site = JNMEECS400
E Spectrometer = DELTAZ_ NMVR
] - Field Strength = 9.389766[T] (400[ M1])
] 3 X_Acq_Duration 36731904[s]
] o X_Domain
E X Freq = 399.78219838[ M ]
] X Offset = 5[ppm
] d X_Points 32768
1 s X_Prescans =1
] X_Resol ution 0.22897343[ Hz)
E X_Sweep = 7.5030012[ kHz]
E X_Sweep_Clipped 6.00240096[ kHz]
1 Irr_Domain = Proton
1 Irr_Freq 99. 78219838 M)
| Offset 5[ppm]
1 Domai n = Proton
E Freq = 399.78219838[ MHz]
1 i_Offset 5[ ppml
q Clipped = FALSE
1 J Scans 8
1 Total _Scans =8
|
T T T T T T T T T T T T T T T T T T T T T T e e Relaxation Delay
120 110 100 9.0 8.0 7.0 6.0 4.0 2.0 1.0 0 10 20 v i
X_90_W dth
X_Acq_ Ti me
O ID — 1o Q1 — o1 © 1D 0 o ) o X Angle
SERoUM NNl 02D a = 3 X_Atn
SEECS 00Dl =50 0mm 3 3
Rl R R R R R R @ =] X Pulse
- SN S S S S S P S Irr_\bde
X : parts per Million : Proton Tri_ \bde
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9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

dEDLQ

abundance

] =
] 0
Ph
] OEt -—-- PROCESSING PARAMETERS ----
] e} de_balance( 0, FALSE )
7 sexp( 0.2[Hz], 0.0[s] )
1 O trapezoi d( 0[%], 0[%], 80[%], 100[%] )
4 zerofill( 1, TRUE )
- fft( 1, TRUE, TRUE )
7 22b machi nephase
] ppm
1 (*HNMR, 400 MHz, CDCl5)
3 Fil ename = 191108 TH348_proton-1-
] Aut hor = delta
] Experiment = proton.jxp
] lo Sample_Id = 191108 TH348
- =5 Sol vent CHLOROFORM-D
b ~ Actual Start_Time = 8-NOV-2019 12:21:49
] Revision_ Ti me = 10-FEB-2023 19:44: 32
] Comment = single_pulse
4 Data_Format = 1D COWLEX
] Di m_Size = 26214
1 X_Domai n = Proton
B Dim Title = Proton
] Di m_ Uni t s = [ppm]
] = Di mensions =X
| ~ Site = JNM-ECS400
| Spectrometer = DELTA2_NMR
9 i - Field_ Strength = 9.389766[T] (400[ ME])
1 5 S X_Acq_Duration = 4.36731904[s]
3 H ™ X_Domain =
] X Freq = 399.78219838[ Miz]
] X Offset = 5[ppml
| X_Points = 32768
7 X Prescans =1
q X_Resolution = 0.22897343[ Hz]
B X_Sweep = 7.5030012[kHz]
] X_Sweep_Clipped 6.00240096[ kHz]
] Irr_Domain Proton
] U Irr_Freq 399. 78219838 Miz]
9 Irr_Offset 5[ ppm]
T I i Tri_Domain = Proton
T T T T T T T T T T T T T T T T T T e e Tri_Freq :3?9.732219838[\442]
Tri_Offset 5[ ppm
12.0 11.0 10.0 9.0 8.0 R . 1.0 0 Qipped PALSE
I Scans =8
Total _Scans =8
— N O D O ¢ < © o~ m o
AIZTLEBLeF 58 I35 = Relaxation_Delay = 5[s]
= [~ 0= [~ 0= 0= 0= < < —_—— =3 Recvr_Gain 50
X : parts per Million : Proton Temp_ Get = 19.4[dC]




1.9 2.0

1.1 1.2 13 14 15 16 1.7 1.8

1.0

0.6 0.7 08 09

02 03 04 05

0.1

Ph

2 JEOL
O"Pr 2 Solutions for Innovation
o —==- PROCESSING PARAMETERS ----
de_balance( 0, FALSE )
O sexp( 0.2[Hz], 0.0[s]

trapezoi d( 0[%], 0[%], 80[%], 100[%] )

Z fillC 1)
22¢ ey

ft( 1, TRUE, TRUE )

(1H NMR, 400 MHz, CDC|3) machi nephase

ppm

Fil ename = 3c 220708 proton—1-3.jdf
Aut hor del ta

Experiment proton. jxp
Sample_Id 3¢ 220708

Sol vent CHLOROFORM-D
Creation_Time 8-JUL-2022 11:05:°
Revi si on_Ti me 26-] AN-2023 10:51
Current_Ti me 26-J AN-2023 10:51

Comment single_pulse
Data_Format = 1D COWLEX
Dim Size 26214
Dim Title = Proton
Dim Units [ppml
Di mensi ons
Site = J\wusmo
Spectrometer = DELTAZ_NMR
Field Strength = 9.389766[T] (400[Miz])
- X_Acq_Duration 4.36731904[s]
> S X_Domain 1H
~ o X_Freq = 399.78219838[ MHz]
X Offset = 5[ppm
X_Points 32768
- X_Prescans =1
< X_Resol ution 0.22897343[ Hz]

X_Sweep = 7.5030012[kHz]
X_Sweep_Clipped 6.00240096[ kHz]
Irr_Domain = Proton

Irr_Freq 99.78219838[ Mt]

Irr_Offset 5[ ppm]
Tri_Domain = Proton
Tri_Freq = 399.78219838[ ME]
Tri_Offset 5[ ppm)

= FALSE

Clipped
Scans 8
Total Scans =8

abundance

HH‘HHHH\‘\\\\H\H‘HH\\\\\‘\\\\\\H\‘\HHHH‘H\HHH‘HHHH\‘HHH\H‘H\\\\\\\‘HHH\\\‘\HHHH‘HHHH\‘HHH\H‘HHHH\‘HH Relaxation Delay

. Recvr_ Gai
12.0 11.0 10.0 0 1.0 9. |Recvr_ Gain
Temp_ Get
| X_90_W dth
X_Acq_Ti me
SN FOFNONIFDRD Vo OO AFO DO H— D b= 0 o X Angl e
O = FHID VIO N DO O VWO O O AANDIID VO NN ©OHODIOM o =3 X Atn
SO RE R N eI RR D PRV OB TBDAN TS BIBIB = 3 -
DAL FNRANNNANN 1~~~ ©© QLYY g S X Pulse
L R ™ e ik s i L S e e S Irr_Mde
X : parts per Million : Proton Tri_Mbde

169




abundance

O

JEOL

Solutions for [nnovation

—=-= PROCESSING PARAMETERS ----

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

machinephase

ppm

Ph g
OM
O
O]
22d
(*H NMR, 400 MHz, CDCly)
g
\
A o A A A A B A o apan s na
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0
=N AN A
SEATBBBZIEE D283z BIB2 =
SECESANENS Goiiziiiiiih :
Il =

X : parts per Million : Proton

Filename = [revised] 3d 220711 _proton

Aut hor del ta
Experiment = proton.jxp
Sample_Id = 3d 220711

CHLOROFORM-D

11-JUL-2022 12:09:32
26-JAN-2023 13:07:24
26-JAN-2023 13:07:48

Sol vent

Creation_Time
Revision_Ti me
Current_Ti me

Comment single_pulse
Data_Format 1D COVWPLEX

Dim Size 26214

Dim Title = Proton

Di m_Units [ppm]

Di mensi ons X

Site = JNMFECS400
Spectrometer = DELTAZ_ NMR

Field Strength = 9.389766[T] (400[ M1])
X_Acq_Duration 36731904[s]
X_Domain

X_Freq = 399.78219838[ Mz]

X Offset = 5[ppm]
X_Points 32768
X_Prescans =1

X_Resol ution 0.22897343[ Hz]

= 7.5030012[ kHz]
6.00240096[ kHz]
Proton

99. 78219838 Mkz]

X_Sweep

X Sweep_Clipped
Irr_Domain =
Irr_Freq

Offset 5[ ppm]
Domain = Proton
Freq = 399.78219838[ M)
i_Ofset 5[ ppm]
Clipped = FALSE
Scans 8
Total _Scans =8

Rel axation_Delay = 5[s]
Recvr_Gain 48
Temp_ Get = 20.6[dC]
X_90_W dth
X_Acq_ Ti me
X_Angl e

X n

X Pulse
Irr_Mde
Tri_Mde
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abundance

0

| (*H NMR, 400 MHz, CDCls)

OPh
O]

(@)
22e

2.00

BIANI A U

JEOL

Solutions for [nnovation

---- PROCESSING PARAVETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

machinephase

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0
%/&\\ ‘
CC NP OCPROND® B IE D ® =
O =M OO0 0OVE=-MO — =3
BER2SEcR23E2828 S
S23955399a298883833 3
RSN N N NN NN =

X : parts per Million : Proton

ppm
Filename = 3e 220708_proton—1-3.jdf
Aut hor delta

Experiment proton. jxp
Sample_Id 3¢ 220708

Sol vent CHLOROFORM-D
Creation_Time 8-JUL-2022 19:37:13
Revi si on_Ti me 26-J AN-2023 10:54:29
Current_Ti me 26-J AN-2023 10:54: 45

Comment single_pulse
Data_Format = 1D COMPLEX
Dim_ Size 26214

Dim Title = Proton

Dim Units [ppm]

Di mensions X

Site JNM-ECS400

Spectrometer DELTA2 _ NMR

Field Strength = 9.389766[T] (400[Miz])
X_Acq_Duration 1.36731904[s]
X_Domain 1H

X_Freq = 399.78219838[ ME]

X Offset = 5[ppml

X_Points 32768
X_Prescans =1
X_Resolution 0.22897343[ Hz]

= 7.5030012[ kHz]
6.00240096[ kHz]

X_Sweep
X Sweep_Clipped

Irr_Domain = Proton
Irr_Freq 99.78219838[ M)
Irr_Offset 5[ ppm]
Tri_Domain = Proton

Tri_Freq = 399.78219838[ ME]
Tri_Offset 5[ppm)

Clipped = FALSE

Scans 8

Total _Scans =8
Relaxation_Delay = 5[s]

Recvr_Gain
Temp_ Get
X_90_W dth
X_Acq_Ti me
X_Angl e
X_Atn
X_Pul se
Irr_Mde
Iri_Mbde
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abundance

19 2.0

1.1 12 13 14 15 16 1.7 1.8

1.0

06 0.7 0.8 09

02 03 04 05

0.1

Ph

OBn
o

16.14

O
22f

(*H NMR, 400 MHz, CDCls)

JEOL

Solutions for [nnovation

—=-= PROCESSING PARAMETERS ----

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

machi nephase
ppm

\
J SN R 5 | JL,J‘L_}\ .
R R LA R R A a2 AR E A L B RS AA e st
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0
I A |
SESsR22LgsR S588 g

X : parts per Million : Proton

Filename

Aut hor
Experiment
Sample_ld

Sol vent
Creation_ Ti me
Revision_Ti me
Current_Ti me

Comment
Data_Format
Di m_Size
Dim Title

Di m Units

Di mensions
Site
Spectrometer

Field_Strength
X Acq_Duration
X_Domain
X_Freq

X Offset

X Points
X_Prescans

X Resol ution
X_Sweep

X Sweep_Clipped
Irr_Domain
Irr_Freq
Offset
Domai n
Freq
Ofset

Clipped
Scans
Total _Scans

Rel axation_Delay
Recvr_Gain

Temp_ Get

X_90_W dth
X_Acq_ Ti me
X_Angl e

X n

X Pulse
Irr_Mde
Tri_Mde

= 3f_191218 TH323_proton-1-3
del ta

proton. jxp

191218 TH323

CHLOROFORM-D

18-DEC-2019 18: 38: 00

26-] AN-2023 10:45: 33

26-J AN-2023 10: 45: 55

single_pulse
1D COWLEX
26214

Proton

[ppm]

X
JNM-ECS400
DELTAZ_ NVR

= 9.389766[T] (400[ Miz])
36731904[s]

. 78219838[ Mtz]
= 5[ppm)
32768
=1

0.22897343[ Hz]
= 7.5030012[ kHz]
6.00240096[ kiz]
= Proton
99. 78219838 Mkz]
5[ ppm]
Proton
399. 78219838 M)
5[ ppm]
= FALSE

|
s
o)

= 6[us]
4.36731904[s]
45[ deg]
0.70dB]

3[us]
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4.0

3.0

2.0

1.0
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6.35

Ph

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

O trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

229 machi nephase

CCI —=-= PROCESSING PARAMETERS ----
3
0]

ppm

(*H NMR, 400 MHz, CDCls)
Filename = 35200214 TH391_ proton-1-3
Aut hor delta

Experiment proton. jxp
Sample_Id 200214 TH391
Sol vent CHLOROFORM-D
Creation_ Time = 14-FEB-2020 12:50:37
Revi sion_Ti me 26-JAN-2023 10:38: 39

Current _Ti me = 26-JAN-2023 10:39:55
- Comment single_pul se
EO. Data_Format 1D COWPLEX
g Dim_Size 26214
Dim Title Proton
2 Dim Units [ppm
~ Di mensi ons X
Site

Spectrometer =

389766 T] (400[Miz])
36731904[s]
1H

Field_Strength
X_Acq_Duration
Domai n
req
X Offset
X_Points 32768
X_Prescans 1

Resol ution 0.22897343[ Hz]
X_Sweep 7.5030012[ kHz]
X_Sweep_Clipped 6.00240096[ kiz]
Irr_Domain Proton

9. 78219838 Mtz]
5[ ppm]

Irr_Freq 9.78219838[ Mz
Irr_Ofset 5[ppml
Tri_Domain = Proton
Tri_Freq = 399.78219838[ Mtz]
Tri_Offset 5[ ppm]
Clipped = FALSE
Scans =8

X ) N wa J Total _Scans =8

0

abundance

T T T T T T T T T T T T T T T T T T T T e e prrrerrrrpreer| Relaxation Delay = 50s]

120 110 100 9.0 8.0 7.0 6.0 5.0 1.0 3.0 2.0 1.0 0 4.0 20 |feevr Guin o

p_Get 19.1[dC]

/%x /\ ‘ X hea. T
X

e =o s

8522535 2223848% 28 g

S2CE3z8cEzasg2 22 g

RN TR NN NN N @ R =

NI GRS 23 S

X : parts per Million : Proton
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abundance

7.0

6.0

4.0

3.0

2.0

1.0

JEOL

Solutions for [nnovation

—=-= PROCESSING PARAMETERS ----

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

machi nephase
ppm

] (0] .

1 Me S .

] OMe

] @]

1 O

] 22h

1 (*H NMR, 400 MHz, CDCls)

1 L

1 £

1 _“[ L \Ju_l_,.___._J

120 110 100 9.0 8.0 7.0 6.0 5.0 10 3.0 2.0 1.0 0 10 20

SESEEZEEE-gRT € 2 g
MR NN RN NN A = = S

X : parts per Million : Proton

Filename

Aut hor
Experiment
Sample_ld

Sol vent
Creation_ Ti me
Revision_Ti me
Current_Ti me

Comment
Data_Format
Di m_Size
Dim Title

Di m Units

Di mensions
Site
Spectrometer

Field_Strength
X Acq_Duration
X_Domain
X_Freq

X Offset

X Points
X_Prescans

X Resol ution
X_Sweep

X Sweep_Clipped
Irr_Domain
Irr_Freq
Offset
Domai n
Freq
Ofset

Clipped
Scans
Total _Scans

Rel axation_Delay
Recvr_Gain

Temp_ Get

X_90_W dth
X_Acq_ Ti me
X_Angl e

X n

X Pulse
Irr_Mde
Tri_Mde

3h_200110 TH377_proton-1-3
del ta

proton. jxp

200110 TH377

CHLOROFORM-D

10-JAN-2020 12:41:23

26-] AN-2023 10:28:31

26-J AN-2023 10:29: 47

single_pulse
1D COWLEX
26214

Proton

[ppm]

X
JNM-ECS400
DELTAZ_ NVR

9.389766[ T] (400[MHz])
36731904[s]

. 78219838 Mz]
5[ ppm]

32768

1

0.22897343[ Hz]

= 7.5030012[ kHz]

6.00240096[ kHz]
Proton

99. 78219838 Mkz]
5[ ppm]

Proton

399. 78219838 M)
5[ ppm]

FALSE
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abundance

Me 2 JEOL '
= Solutions for [nnovation
OPh ——-— PROCESSING PARAVETERS ----
(@) de_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s]
O trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)
. fre( 1, TRUE, TRUE )
22i machi nephase
ppm
(*H NMR, 400 MHz, CDCls)
Fil ename = 3i 220708 proton—1-3.jdf
Aut hor delta
Experiment = proton.jxp
Sample_Id = 3i 220708
Sol vent CHLOROFORM-D
Creation_Time = 8-JUL-2022 10:36:22
Revi si on_Ti me = 26-]AN-2023 10:22:24
Current_Ti me = 26-]AN-2023 10:23: 08
Comment single_pulse
Data_Format 1D COVPLEX
Dim Size 26214
Dim Title = Proton
- Dim_ Units [ ppm]
S Di mensi ons X
g Site = JNMHECS400
Spectrometer = DELTAZ_ NMR
Field Strength = 9.389766[T] (400[ Ml])
X_Acq_Duration 4.36731904[s]
X_Domain H
3 X_Freq = 399.78219838[ Vi)
— X Offset = 5[ ppml
X_Points 32768
X_Prescans =1
X_Resol ution 0.22897343[ Hz]
X_Sweep = 7.5030012[kHz]
X_Sweep_Clipped 6.00240096[ kHz]
Irr_Domain = Proton
Irr_Freq 99. 78219838 M)
Irr_ Offset 5[ ppml
Tri_Domain = Proton
Tri_Freq = 399.78219838[ V]
Tri_Offset 5[ppm)
Clipped = FALSE
| u D/ Scans 8
Total _Scans =8
N B e I e o R NI o e e e AR SR L S RS S LS Relnxat\ipn,mla)’
120 110 100 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 4.0 20 | feerr n
X_90_W dth
X_Acq_Ti me
S % 0 W T N MW M T © o o X Angle
PRI NED AR N 0N > S = S X_Atn
B R R AR RN R R TR R R % 3 -
TR ANNNNY SRR ! =] X Pulse
- [ S S e = R I = S I'rr_\bde
X : parts per Million : Proton Tri_Mbde
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abundance

0
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6.0
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—=-= PROCESSING PARAMETERS ----

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

machinephase

ppm

X : parts per Million : Proton

: (=3

. Et =

] OPh

1 O

1 (@)

] 22j

- (*H NMR, 400 MHz, CDCly)

] 2 -

] Ul . i o

7HH‘HHHH\‘HHH\H‘HH\\\\\‘\\\\\\H\‘\\\H\\\\‘HH\HH‘HHH\H‘HH\HH‘HHHH\‘\\\\H\\\‘\H\\\\H‘\\HHH\‘HH\HH‘HHHH\‘HH

120 110 100 90 80 7.0 6.0 50 4.0 30 20 1.0 0 10 20
222 E 2SS XIN2SEDY Ie3=3=2988 2S5 S
SRERLI[IINFES 5 QRESISSRE 33 3

Filename =
Aut hor
Experiment
Sample_ld

Sol vent
Creation_ Ti me
Revision_Ti me
Current_Ti me

Comment
Data_Format
Di m_Size
Dim Title

Di m Units

Di mensions
Site
Spectrometer

Field_Strength =
X_Acq_Duration

3j_200204 TH384_proton-1-3
del ta

proton. jxp

200204 TH384

CHLOROFORM-D

4-FEB-2020 20:30: 29

26-] AN-2023 10: 17
26-J AN-2023 10: 18: 24

single_pulse
1D COWLEX
26214

Proton

[ppm]

X
JNM-ECS400
DELTAZ_ NVR

9.389766[ T] (400[MHz])
36731904[s]

X_Domain

X Freq = 399.78219838[ Mz]
X Offset = 5[ppm]

X Points 32768

X_Prescans =
X Resol ution
X_Sweep

X Sweep_Clipped
Irr_Domain =
Irr_Freq
Offset
Domai n
Freq
Ofset

Clipped -
Scans
Total _Scans =

Rel axation_Delay
Recvr_Gain

Temp_ Get

X_90_W dth
X_Acq_ Ti me
X_Angl e

X n

X Pulse
Irr_Mde
Tri_Mde

1
0.22897343[ Hz]

= 7.5030012[ kHz]

6.00240096[ kHz]
Proton

99. 78219838 Mkz]
5[ ppm]

Proton

399. 78219838 M)
5[ ppm]

FALSE
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Me

Me OPh

O

@)
22k

(*H NMR, 400 MHz, CDCls)

9.95

dEDLD

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( O[%], O[%], 80[%], 100([%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

3.00
2.90

2.25

T

-01 0 0102030405060708091011121314151617181920

abundance

120 110 100 9.0 8.0

=7.359

X : parts per Million : Proto

2.388
1.865
0.000 e

machinephase

ppm

Filename = TH 200306 Exp-1_protor
Author = delta

Experiment = proton.jxp

Sample_Id = TH 200306 Exp-1
Solvent = CHLOROFORM-D

7-MAR-2020 14:23:53
13-MAR-2023 19:35:04

Actual_Start Time
Revision_Time

Comment = single_pulse
Data_Format = 1D COMPLEX
Dim_Size = 26214

X Domain = Proton

Dim Title = Proton
Dim_Units = [ppm]
Dimensions =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength
X _Acq_Duration

9.389766[T] (400[MHz])
4.36731904[s]

X_Domain 1H

X_Freq = 399.78219838[MHz]
X Offset = 5[ppm]

X_Points = 32768

X Prescans 1

X:Resolution
X_Sweep
X_Sweep_Clipped

0.22897343[Hz]
7.5030012 [kHz]
6.00240096 [kHz]

Irr_Domain = Proton

Irr_Freq = 399.78219838[MHz]
Irr_Offset = 5[ppm]

Tri_Domain = Proton

Tri_Freq = 399.78219838[MHz]
Tri_Offset = 5[ppm]

Clipped = FALSE

Scans =8

Total_Scans =8

Relaxation Delay = 5[s]

Recvr_Gain = 50

Temp_Get = 18.9[dC]




abundance

o
3.01
3.04

Me
Et

OPh 2
o)
o
22|
(*H NMR, 400 MHz, CDCl,)

|RYUY)

L Jut J

JEOL

Solutions for [nnovation

—=-= PROCESSING PARAMETERS ----

de_balance( 0,
sexp( 0.2[Hz],
trapezoi d(
zerofill( 1)
fre( 1, TRUE, T
machi nephase
ppm

o[%],

FALSE )
0.0[s]
0[%],

80[ %], 100[%] )

RUE )

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0
o WP D == ©OLOND D ©xoow © Two o
OO DINN—~ AN O 0 S =M m N =+ 0 © =3
PR R ] SaRB £ 28R S
NN 2R S mee® 9 A S
N e e R ERESRSES P i S

X : parts per Million : Proton

Filename

Aut hor
Experiment
Sample_Id

Sol vent
Creation_Time
Revision_Time
Current_Ti me

Comment
Data_Format
Di m_Size

Dim Title

Di m Units

Di mensi ons
Site
Spectrometer

Field_Strength
X Acq_Duration
X_Domain

X_Freq

X Offset
X_Points
X_Prescans

X Resolution
X_Sweep
X_Sweep_Clipped
Irr_

Tri_
Tri_ OFf
Clipped
Scans

Total _Scans

= 31-2_proton-1-3.jdf
del ta

proton. jxp

31-2

CHLOROFORM-D
6-JUL-2022 15:37:
26-] AN-2023 10:10:5
= 26-JAN-2023 10:11:

single_pulse
1D COWPLEX
26214

Proton

[ppm]

X

JNM-ECS400
DELTAZ_ NMR

= 9.389766[T] (400[ Miz])

36731904[s]

1H
= 399.78219838[ Miz]
= 5[ppm]
32768
=1

0.22897343[ Hz)
= 7.5030012[ kHz]
6.00240096[ kiL]
= Proton
99. 78219838 M)
5[ ppm]
Proton
399.78219838
5[ ppm]
FALSE
8
=8

[ Mz ]

Rel axation_Delay = 5[s]

Recvr_Gain
Temp_ Get
X_90_W dth
X_Acq_ Ti me
X Angl e

X Atn

X_Pul se
Irr_Mode
Tri_Mode

44
= 22.60dC

= 6.3[us]
4.36731904[s]
450 deg]
0.70dB]
3.15[us]

of

= Of
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abundance

0

Me

JEOL

Solutions for [nnovation

—=-= PROCESSING PARAMETERS ----

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

machinephase

ppm

M 3 g
e0 OPh :
o
O
22m
H NMR, 400 MHz, CDCl3) |5
SR
F
120 110 100 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 410 20
\
ST2LBRITESLERIRS B < ]
SARNTSSE8ERSe S & % S

X : parts per Million : Proton

Filename =
Aut hor
Experiment
Sample_ld

Sol vent
Creation_ Ti me
Revision_Ti me
Current_Ti me =

Comment
Data_Format
Di m_Size
Dim Title =
Di m Units

Di mensions
Site
Spectrometer

Field_ Strength =
X Acq_Duration
X_Domain
X_Freq =
X Offset =
X Points
X_Prescans =
X Resol ution
X_Sweep

X Sweep_Clipped
Irr_Domain =
Irr_Freq
Offset
Domai n
Freq
Ofset

Clipped -
Scans
Total _Scans =

Rel axation_Delay
Recvr_Gain

Temp_ Get

X_90_W dth
X_Acq_ Ti me
X_Angl e

X n

X Pulse
Irr_Mde
Tri_Mde =

200227 THA01_proton-1-3.jd
del ta

proton. jxp

200227 THA01

CHLOROFORM-D

27-FEB-2020 12:55: 23
9-MAR-2023 10:03: 28
9-MAR-2023 10:03: 52

single_pulse
1D COWLEX
26214

Proton

[ppm]

X
JNM-ECS400
DELTAZ_ NVR

9.389766[ T] (400[MHz])
36731904[s]

399. 78219838 M)
5[ ppm]

32768

1

0.22897343[ Hz]

= 7.5030012[ kHz]

6.00240096[ kHz]
Proton

99. 78219838 Mkz]
5[ ppm]

Proton

399. 78219838 M)
5[ ppm]

FALSE

8

8

5(s]
16
19.3[dC)

= 6[us]

4.36731904[s]
45[ deg]
0.70dB]

3[us]
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Me o
22n

(*H NMR, 400 MHz, CDCls)

4.54

L

3.00

abundance

0

3.04

L

JEOL

Solutions for [nnovation

---- PROCESSING PARAVETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

machinephase

12.0 11.0 10.0 9.0 8.0 7.0
' N“\

_—

S~ o =N
S-S 3o
PN~ O D =
N

7.3311

X : parts per Million : Proton

7.0322

o
15
<
=

6.0

w0
]
@0
=
©

6.9806
589
24216

2.0

1.8580

0.0000

ppm
Filename = [revised] 3n 220711 _proton
Aut hor delta

Experiment proton. jxp
Sample_Id 3n 220711

Sol vent CHLOROFORM-D
Creation_ Time 11-JUL-2022 17:45:07
Revi sion_Ti me 26-JAN-2023 11:10:12

Current_Ti me = 26-JAN-2023 11:11:23
Comment single_pulse
Data_Format = 1D COWLEX

Dim Size 26214

Dim Title = Proton

Di m_Units [ppm]

Di mensi ons X

Site = JNMFECS400
Spectrometer = DELTAZ_ NMR

Field Strength = 9.389766[T] (400[ M1])

X_Acq_Duration 36731904[s]
X_Domain

X Freq = 399.78219838[ M ]

X Offset = 5[ppm]

X Points 32768

X_Prescans =1

X_ Resolution 0.22897343[ Hz)

X Sweep = 7.5030012[ kHz]

X Sweep_Clipped 6.00240096[ kHz]
Irr_Domain = Proton

Irr_Freq 99. 78219838 Mtz

Offset 5[ ppm]
Domain = Proton
Freq = 399.78219838[ M)
_Offset 5[ ppm]
Clipped = FALSE
Scans 8
Total _Scans =8

Rel axation_Delay = 5[s]
Recvr_Gain 40
Temp_ Get = 20.8[dC]
X_90_W dth
X_Acq_ Ti me
X_Angl e

X n

X Pulse
Irr_Mde
Tri_Mde




2.0 3.0 4.0 5.0 6.0 7.0

1.0

abundance

Me

OPh
O

O

Me
220

(*H NMR, 400 MHz, CDCls)

it

U

)

Ot

2.00

11

L

JEOL

Solutions for [nnovation

---- PROCESSING PARAVETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fre( 1, TRUE, TRUE )

machinephase

ppm

12.0 11.0 10.0 9.0 8.0

6.0

N

7.3558

o)
©
)
o«
.

7.3163

>
2
~

X : parts per Million : Proton

©
N
=

7.2298

')
=3
N
o~

o
2]
N
~

-
=
S
=

3

7.151

<
3
B
=

©
@
©
=
<

©
oy
%
S
©

6.9646

5.0

4.0

3.0

2.0

2.3826

1.8729

1.0

-1.0 2.0

0.0000 <

[revised]
del ta
proton. jxp
TH 200408 Exp-3
CHLOROFORM-D

= 13-APR-2020 12:23:14
26-JAN-2023 11:17: 44
26-J AN-2023 11:18: 04

Filename =
Aut hor
Experiment
Sample_ld

Sol vent
Creation_ Ti me
Revision_Ti me
Current_Ti me =

30_TH 200408 Exp

Comment single_pulse
Data_Format 1D COWLEX
Dim_ Size 26214

Dim Title Proton

Di m_Uni ts [ppm]

Di mensions X

Site

Spectrometer =

389766 T] (400[Miz])
36731904[s]
1H

Field_Strength
X_Acq_Duration
Domai n

req

X Offset
X_Points
X_Prescans

9. 78219838 Mtz]
5[ ppm]
32768
1

Resol ution 0.22897343[ Hz]
weep 7.5030012[ kHz]

6.00240096[ kHz]
Proton

X Sweep_Clipped
Irr_Domain

Irr_Freq 9.78219838[ MEz]
Irr_Ofset 5[ppml
Tri_Domain = Proton

Tri_Freq = 399.78219838[ M)
Tri_Offset 5[ ppm]

Clipped = FALSE

Scans =8

Total _Scans =8

Rel axation_Delay 5[s]

Recvr_Gain 52

Temp_ Get = 19.6[dC]
X 90_ W dth

X
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abundance

26b

|(*H NMR, 400 MHz, CDCls)

5.00

3.00

2.00

N

3.00

2.00

dEDLg

———— PROCESSING PARAMETERS ----
de_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

X : parts per Million :

12.0 11.0 10.0 9.0

7.963
7.444
7.439
7.426

~
©
N
=
P

%7.978
5 7.969

T

7418
7412
7.404
7.311
7.309
7.301
7.294
7.280

3.0 2.0 1.0 0 -1.0 2.0
~ o O — S — (=3
— 30O O © =3
Qe n e <
NN —— =3

ppm
Fil ename = Hl-1.jdf
Aut hor = delta

Experiment = proton.jxp
Sample_Id = 170512-ky-2

Sol vent CHLOROFORM-D

Actual _Start_Time = 12-MAY-2017 10:40:01
Revision_Ti me = 20-SEP-2017 09:58:21
Comment single_pulse
Data_Format 1D COWPLEX

Di m_Size = 26214

X_Domain = Proton

Dim Title = Proton

Di m_Units = [ppm]

Di mensions =X

Site = JNM-ECS400

Spectrometer DELTA2_NMR

9.389766[ T] (4000 MHz])
4.36731904[s]

Field_ Strength
X_Acq_Duration

X_Domai n 1H

X_Freq 399. 78219838 MHz]
X_Offset = 5[ppm]

X_Points = 32768

X Prescans =1

X_Resol ution = 0.22897343[Hz]
X_Sweep = 7.5030012[kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain Proton

Irr_Freq = 399.78219838[ Mz]
Irr_Offset = 5[ ppm]
Tri_Domain = Proton

Tri_Freq = 399.78219838[ Mz]
Tri_Offset = 5[ppm]

Clipped = FALSE

Scans =8

Total _Scans =8

Rel axation_Delay = 5[s]

Recvr_Gain 22

Temp_ Get = 21.8[dC]
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abundance

0 0.10.203040506070809101.112131415 16 1.7 1819 2.0

26b
(*C NMR, 100 MHz, CDCls)

N

A T L

dEOLD

PROCESSI NG PARAMETERS —---

150.0

AN

210.0 190.0 170.0

155.167 ~__

150.848

X : parts per Million : Carbon13

150.390
145.194
130.425
129.881

128.833

130.0

M

126.964
126.096
126.048
120.623

110.0

70.0

AN

77.489
77.174
76.850

50.0

30.0

18.603 —

10.0

-10.0

12.501

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0L%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = Cl-1.jdf

Aut hor = delta
Experiment = carbon.jxp
Sample_Id = 170512-ky-2
Sol vent = CHLOROFORM-D

12-MAY-2017 10:41:53
20-SEP-2017 10:02:29

Actual _Start_Time
Revision_Time

Comme nt = single pulse decouple
Data_Format = 1D COWPLEX

Dim Size = 26214

X_Domain = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons =X

Site = JNMFECS400
Spectrometer = DELTA2_NMR

9.389766[T] (4000 MHz])
1.04333312[s]

Field_Strength
X_Acq_Duration

X_Domain = 13C

X_Freq = 100.52530333[ MHz]
X Offset = 100[ ppm]

X_Points = 32768

X_Prescans =4

0.95846665[ Hz]
31.40703518[ kiHz]
25.12562814[ kiz]

X_Resolution
X_Sweep =
X_Sweep_Clipped

Irr_Domain = Proton
Irr_Freq = 399.78219838[ MHz]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 40

Total _Scans = 40

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.8[dcC]
X_90_W dth = 10.6[ us]
X_Acq_ Ti me = 1.04333312[s]
X_ Angle = 30[deg]
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3.0

"Pr O -
A o 2 seoLJ

' ———— PROCESSING PARAMETERS ----
O dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)
fft( 1, TRUE, TRUE )
266 machinephase

ppm
(*H NMR, 400 MHz, CDCly)
Fil ename = H-2.jdf
- Aut hor = delta
S g Experi ment = proton.jxp
o ~ Sample_Id = 170627-ky-2
Sol vent = CHLOROFORM-D
Actual _Start_Time = 27-JUN-2017 15:07:50
Revision_Ti me = 16-FEB-2023 15:19:01
Comment = single_pulse
Data_Format = 1D COWPLEX
o~ oy Di m_Size = 26214
S}- S 2 X_Domai n = Proton
N Dim Title = Proton
Dim Units = [ppml
Di mensions =X
Site JNM-ECS400

Spectrometer DELTA2_NMR

Field Strength 9.389766[ T] (400[MHz])

X_Acq_Duration = 4.36731904[s]
X_Domain = 1H

X_Freq = 399.78219838[ MHz]
X_Offset = 5[ppm]

X_Points = 32768

X_Prescans
X_Resolution
X_Sweep

1
0.22897343[ Hz]
7.5030012[ kHz)

abundance

X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain = Proton
L Irr_Freq = 399.78219838[ VHz]
[ Irr_Offset = 5[ppm]
) ‘L‘ 4“‘1—“—" . Tri_Domain = Proton
e e e e e A e m e IV SR L = 399.78219838[ Miz]
120 110 100 90 80 70 60 50 40 30 20 10 0 -0 20 |T Ofse = 5lppm
Clipped = FALSE
‘ 0 Scans =8
Total _Scans =8
O O MM F DL © o OO »we =
SRR EEEEEERE IREEZ 28 E Relaxation Delay = 53]
I R S S R S e e e M M N N e T S Recvr_Gain = 34
X : parts per Million : Proton Temp_ Get = 21.50dC
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abundance

26¢c
(*C NMR, 100 MHz, CDCls)

0.8
TR,

dEDLD

—--- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )

210.0 190.0 170.0 150.0

150.712
150.235
145.592
130.298
129.755

128.696

X : parts per Million : Carbonl3

130.0 110.0

AN

125.941
124.721
120.497

126.837

90.0

77.315
77.000
76.685

70.0

A

50.0

30.0

26.886

21.242 ——

10.0

13.757 ——

-10.0

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerof ill( 1)

fft( 1, TRUE, TRUE )

machinephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon.jxp
Sample_Id = 170627-ky-2

Sol vent = CHLOROFORM-D

Actual _Start_Ti me
Revision_Time

27-JUN-2017 15:09:42
20-SEP-2017 10:34:30

Comment = single pulse decoupled
Data_Format = 1D COWPLEX

Dim Size = 26214

X_Domain = Carbon

Dim Title Carbonl3

Di m_Units [ppm]

Di mensi ons X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength 9.389766[T] (400[ MHz])

X_Acq_Duration = 04333312[s]
X_Domai n = 13C

X_Freq = 100.52530333[ M1z]
X Offset = 100[ppm]
X_Points = 32768

X Prescans =4

0.95846665[ HzJ
31.40703518[ kHz]
25.12562814[ kHz]

X Resolution
X_Sweep
X_Sweep_Clipped

Irr_Domain Proton
Irr_Freq 399. 78219838 MHz]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans =171

Total _Scans =171

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.4[dC]
X_90_W dth = 10.6[us]

X Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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3.0 4.0 5.0

2.0

1.0

abundance

'Pr O
2 JEOL
[
A M—orh
I O ———— PROCESSI NG PARAMETERS ----
O dc_balance( 0, FALSE )
Ph sexp( 0.2[Hz], 0.0[s] )
_ trapezoi d( 0[%], 0[%], 80[%], 100[%] )
< zerofill( 1)
26d e fft( 1, TRUE, TRUE )
machinephase
1 ppm
1 (*H NMR, 400 MHz, CDCls)
Fil ename = H-1.jdf
Aut hor = delta
Experiment = proton.jxp
Sample_Id = 170405-ky-1
Sol vent = CHLOROFORM-D
Actual _Start_Time = 5-APR-2017 10:37:34
= Revision_Time = 20-SEP-2017 13:35:03
)
Comment = single_pulse
Data_Format = 1D COWPLEX
Di m_Size = 26214
X_Domain = Proton
Dim Title = Proton
Di m_ Units = [ppml
S Di mensions =X
o~ Site = JNM-ECS400
Spectrometer = DELTA2_NMR
Field_ Strength = 9.389766[T] (400[MHz])
X_Acq_Duration = 4.36731904[s]
X_Domain = 1H
o X Freq = 399.78219838[ MHz]
< X_ Offset = 5[ ppm]
- X_Points = 32768
X_Prescans =1
X_Resolution = 0.22897343[ Hz]
X_Sweep = 7.5030012[ kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain = Proton
Irr_Freq = 399.78219838[ MHz]
l 1 J Irr_Offset = 5[ppm]
— s Tri_Domain = Proton
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T O e e i Freq = 399.78219838[ Mz]
120 110 100 90 80 70 60 50 40 30 20 10 0 -0 =20 |0l - olepm
Clipped = FALSE
I Scans =8
Total _Scans =8
S VWO DO DM 0L N N = O N O © ~ o =3
SERE5ESSISSSERYy SL88528 2z g Rel axati on_Delay = 5[s]
R S S S S Sy Sy Sy S Sy Sy S BRSNS IS IS N N —— S Recvr_Gain = 36
X : parts per Million : Proton Temp_ Get = 21.2[dC]
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abundance

0.2 0.3 0.4 0.5 0.6 0.7

0.1

26d
13C NMR (100 MHz, CDCl5)

(JEDLD

———— PROCESSING PARAMETERS ----

150.0

210.0 190.0 170.0

130.0

110.0

/) AN

©
52}
<
<
o
—

150.435

150.721
144.200

X : parts per Million : Carbonl3

130.222
129.755

128.658

127.219

126.828

125.979

120.516

90.0

70.0

AN

77.324
77.000
76.685

50.0

30.0

25485 7

10.0 -10.0

21.032

de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Author = delta

Experiment = carbon. jxp
Sample_Id = 170405-ky-1

Sol vent = CHLOROFORM-D

Actual _Start_Time = 5-APR-2017 10:39:40
Revision_Ti me = 20-SEP-2017 13:40:02
Comment = single pulse decouple
Data_Format = 1D COWLEX

Di m_Size = 26214

X_Domai n = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_ Strength = 9.389766[T] (400[ MH])
X_Acq_Duration = 1.04333312[s]
X_Domain = 13C

X Freq = 100.52530333[ MHz]

X O fset 100[ ppm]

X_Points 32768

X_Prescans 4

X_Resolution

X_Sweep
X_Sweep_Clipped

0.95846665( Hz]
31.40703518[ kHz]
25.12562814[ kHz]

Irr_Domain = Proton
Irr_Freq = 399.78219838[ MHz]
Irr_Offset = 5[ ppm]
Clipped = FALSE

Scans = 57

Total _Scans = 57

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.1[dcC]

X 90_ W dth = 10.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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abundance

2.0

1.0

B JEOL
<
<
N \ OPh m
I ———— PROCESSING PARAMETERS ----
O dc_balance( 0, FALSE )
Ph sexp( 0.2[1], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofil1( 1)
26e fft( 1, TRUE, TRUE )
machinephase
ppm
(*H NMR, 400 MHz, CDCls)
Fil ename = H-1.jdf
b=y o Aut hor = delta
3 S} Experi ment proton.jxp
o Sample_Id 170421-ky-3
Sol vent CHLOROFORM-D
Actual _Start_Time = 21-APR-2017 11:04:22
Revision_Ti me = 20-SEP-2017 10:44:25
Comment = single_pulse
Data_Format = 1D COWPLEX
— R o Di m_Size = 26214
z g 2 X_Domain = Proton
— Dim Title = Proton
Dim Units = [ppm]
Di mensions =X
Site = JNMFECS400
Spectrometer = DELTA2_NMR
Field Strength = 9.389766[T] (400[MHz])
X_Acq_Duration = 4.36731904[s]
X_Domain = 1H
X Freq = 399.78219838[ Mz]
X Offset = 5[ppml
X_Points = 32768
X_Prescans =1
X Resolution = 0.22897343[ Hz]
N _Sweep = 7.5030012[ kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain Proton
LJ JU Irr_Freq 399. 78219838 MHz]
Irr_Offset 5[ ppm]
- k“‘ Tri_Domain = Proton
T T T T T T T T T T T T T T T T T T T T T T T T T T e e e i o Freq 399. 78219838 Mlz]
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0 | Tri-Ofset 5L ppm]
Clipped FALSE
| Scans =8
Total _Scans =8
DN DO IO = O O DM WO O HN T O —~ ;o =3
EESSRRIITITR28E sBBEIZss S Relaxation Delay = 5[s]
- O S S O S S Sy S S NNN — oS IS Recvr_Gain 28
X : parts per Million : Proton Temp_ Get = 21.6[dC]
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abundance

0.8 0.9 1.0

0.7

0.6

0.5

0.2 0.3 0.4

0.1

26e
(3C NMR, 100 MHz, CDCls)

dEDLD

—=== PROCESSI NG PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], O[%], 80[%],
zerofill( 1)

fft( 1, TRUE, TRUE )
machinephase

1000 %] )

210.0 190.0 170.0 150.0

A\

155.050 ~__

150.702
150.226
145.439
130.279
129.736
128.677

127.114

X : parts per Million : Carbon13

70.0

130.0 110.0

M

126.828
125.922
120.487

90.0

A

77.315
77.000
76.685

50.0

30.0

29.956

24598 7/ =

222727

10.0

13.795 ——

ppm

Fil ename = C-1.jdf

Aut hor = delta
Experiment = carbon.jxp
Sample_Id = 170421-ky-3
Sol vent = CHLOROFORM-D

21-APR-2017 11:06:13
20-SEP-2017 10:46: 45

Actual _Start_Ti me
Revision_Time

Comment = single pulse decoupled
Data_Format = 1D COWPLEX

Di m_Size = 26214

X_Domain = Carbon

Dim Title = Carbonl3

Di m_ Uni ts = [ppml

Di mensions =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength
X_Acq_Duration

9.389766[T] (4000 MHz])
1.04333312[s]

X_Domai n 13C

X_ Freq 100.52530333[ MHz]
X Offset = 100[ ppm]
X_Points = 32768

X Prescans =4

0.95846665[ Hz]
31.40703518[ kHz]
25.12562814[ kHz]

Proton

X_Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain

Irr_Freq 399. 78219838 MHz]
Irr_Offset = 5[ppml
Clipped = FALSE

Scans = 38

Total _Scans = 38

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.5[dC]
X_90_Wdth = 10.6[us]
X_Acq_Ti me = 1.04333312[s]
X_Angle = 30[deg]
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abundance

4.0

3.0

2.0

1.0

Ph
26f =
1 (*H NMR, 400 MHz, CDCl3)

Z
VY
Y
o
5
5.99

AL d__JL |

dEDLD

———— PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

0[%], 80[%], 100[%] )

trapezoi d( 0[%],
zerof ill( 1)

120 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0

A A=

|

M- M0 OO0 H O <~ O N NN LD O —~ <~ O L o

YW V- O N AN —~ — O = M~ O F AN — - O [=Jce)

e I e i Il B N S mmamS oS &5

b= = b= = b= b= 0= b= D= b= b= 0= NN NN NN NN — o
X : parts per Million : Proton

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = H-1.jdf

Aut hor = delta

Experiment = proton.jxp

Sample_Id = 170512-ky-3

Sol vent = CHLOROFORM-D

Actual _Start_Time = (-2017 10:49:33
Revision_Ti me = iP-2017 10:54:35
Comment = single_pulse
Data_Format = 1D COWPLEX

Di m_Size = 26214

X_Domain = Proton

Dim Title Proton

Dim Units = [ppm]

Di mensions =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_ Strength
X_Acq_Duration
X_Domain
X_Freq

X Offset
X_Points
X_Prescans

X Resolution

{ veep
veep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Tri_Domain
Tri_Freq
Tri_Offset
Clipped

Scans

Total _Scans

Rel axation_Del ay
Recvr_Gain
Temp_ Get

9.389766[ T] (400[ MHz])
4.36731904[s]

399.78219838[ MHz]

5[ ppml

32768

1
0.22897343[ Hz]
7.5030012[ kHz]
6.00240096[ kHz]
Proton

= 399.78219838[ MHz]

5[ppm

Proton
399.78219838[ MHz]
5[ ppm]

FALSE

=8

8

5[s]
22
1.4[dC]
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abundance

1.1 1.2 13 14 15 16

1.0

02 03 04 05 06 0.7 08 09

0.1

0

'Bu O
N /\gioy\OPh
[
A0

26f
(*3C NMR, 100 MHz, CDCls)

R——

dEDLO

———— PROCESSING PARAMETERS ----

S ———.

30.0

210.0 190.0 170.0 150.0 130.0 110.0
AN NS
“IlRs -8RI E
LT~ Ao ~nRQ

X : parts per Million : Carbon13

120.449

90.0

A

77.315
77.000
76.685

70.0 50.0

33.827

10.0 -10.0

27.592
22.300

de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experi ment = carbon.jxp
Sample_Id = 170512-ky-3

Sol vent = CHLOROFORM-D
Actual _Start_Time = 12-MAY-2017 10:51: 24

Revision_Time 20-SEP-2017 10:56:31

Comment = single pulse decoupled
Data_Format = 1D COWPLEX

Di m_Size = 26214

X_Domain = Carbon

Dim Title = Carbonl3

Dim_ Units = [ppm]

Di mensions =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

9.389766[T] (4000 MHz])
1.04333312[s]

Field_Strength
X_Acq_Duration

X_Domain 13C

X_Freq = 100.52530333[ MHz]
X Offset = 100 ppm]

X_Points 32768

X_ Prescans 4

0.95846665[ Hz]
31.40703518[ kHz]
25.12562814[ kHz]

X_Resolution
X_Sweep
X_Sweep_Clipped

Irr_Domain = Proton
Irr_Freq = 399.78219838[ MHz]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 66

Total _Scans = 66

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.2[dC]
X_90_W dth = 10.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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abundance

] A opr JEOL
] NN g ? RESONANCE
] )\O ———— PROCESSING PARAVETERS -~
Ph =X dc_balance( 0, FALSE )
J ) sexp( 0.2[Hz], 0.0[s] )
4 f trapezoid( 0[%], 0[%], 80[%], 100[%] )
4 xerz)l‘i 11 1 )
(=} fft 1, TRUE, TRUE
< 269 machi nephase
b bpm
(*H NMR, 400 MHz, CDCls)
1 Fil ename = TH 220907-recry_proton-1
B Aut hor = delta
< Experiment = proton.jxp
> | Sample_Id = TH 220907-recry
1 Sol vent = CHLOROFORM-D
Creation_Time = 9-SEP-2022 14:43:32
1 Revision_Ti me 26-JAN-2023 1
1 Current _Ti me = 26-JAN-2023 19:
d Comment single_pulse
i Data_Format 1D COMPLEX
1 Dim_Size = 26214
Dim Title = Proton
o ] Dim Units = [ppm
~ Di mensi ons =X
B Site = JNM-ECS400
d Spectrometer = DELTA2_NMR
1 Fiel d_Strength = 9.389766[T] (400[ MHz])
X_Acq_Duration = 4.36731904[s]
] X_Domain = 1H
1 X_Freq 399. 78219838 Mz]
4 X Offset 5[ ppm]
d X_Points = 32768
i X_Prescans =1
<o | X_Resol ution 0.22897343[ Hz]
— X_Sweep = 7.5030012[ kHz]
1 X_Sweep_Clipped 6.00240096[ kHz]
1 Irr_Domain Proton
4 Irr_Freq 399.78219838[ MHz]
B Irr_Offset 5[ ppm]
i Tri_Domain Proton
1 = Tri_Freq 399.78219838[ Mz]
Tri_Offset = 5[ppm]
1 Clipped = FALSE
1 ‘U Scans =8
B Total _Scans =8
- W e I
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0 | Temp_Get 20. 8[dC]
| 1 X_90_W dth = 6.3[us]
X_Acq_ Ti me = 4.36731904[s]
X_Angle = 45[deg]
VOOM =MD O D ON M <F o X_Atn = 0.7[dB]
S 00 Y00 W= WO T — — OO 0O =3 X_Pul se = 3.15[us]
ISR R RN < Irr_Mode = Off
D= b= D= b= D= b= D= D= b= D= b= D= b= D= b~ o Tri Mbde - Of

X : parts per Million : Proton
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abundance

12 1.3 14 15 1.6 1.7

1.1

1.0

0.1 02 03 04 05 0.6 0.7 08 0.9

0

269
(**C NMR, 100 MHz, CDCly)

dEDLD

———— PROCESSING PARAMETERS ----

dc_balance( 0,
sexp( 2.0[Hz],

3 )
0.0[s] )

X : parts per Million : Carbon13

i J J
7\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
2100 190.0 1700 1500 130.0  110.0 900  70.0 500 300  10.0  -10.0
I R AN
SR B2I5SC3 zgwe
NeQa =S oW 0 S
BRI IKEK]SS R

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = S_carbon-1-2.jdf
Aut hor = delta

Experi ment = carbon.jxp
Sample_Id =

Sol vent = CHLOROFORM-D
Actual _Start_Time = 15-SEP-2022 11:45:27

Revision_Time

Comment
Data_Format
Dim_Size
X_Domain
Dim Title

Di m_Units

Di mensi ons
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domain
X_Freq

X Offset

X Points

X Prescans

X Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total _Scans

Rel axation_Del ay
Recvr_Gain

Temp_ Get

X_90_W dth
X_Acq_Ti me
X_Angle

= single pulse decoupled

= 5[ppm]

2-MAR-2023 17:11:50

1D COWPLEX
26214
Carbon
Carbonl3
[ppml

X

JNM-ECS400
DELTAZ_NMR

9.389766[T] (400[MHz])
1.04333312[s]

13C
100.52530333[ M)
100 ppm]

32768

4

0.95846665[ Hz]
31.40703518[ kHz]
25.12562814[ kHz]
Proton
399.78219838[ Miz]

FALSE
1000
1000

2[s]

60

20.6[dC]
13.6[us]
1.04333312[s]
30[deg]
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abundance

26h
(*H NMR, 400 MHz, CDCls)

2.04

J

S

13.07

dEDLD

——-—— PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

12.0 11.0 10.0 9.0 8.0

o
~
N
~

7.965
7.961
7.958
7.954

ppm
Fil ename = H-1.jdf
Aut hor = delta
Experiment = proton.jxp
Sample_Id = 170421-ky-1
Sol vent = CHLOROFORM-D
Actual _Start_Time = 21-APR-2017 10:44:38
Revision_Ti me = 20-SEP-2017 13:21:17
Comment = single_pulse
Data_Format = 1D COWPLEX
Di m Size = 26214
X_Domai n = Proton
Dim Title = Proton
Dim Units = [ppm]
Di mensi ons =X
Site = JNM-ECS400
Spectrometer = DELTA2_NMR
o Field Strength = 9.389766[T] (400[MH])
(_C\i' X_Acq_Duration = 4.36731904[s]
X_Domain = 1H
X Freq = 399.78219838[ MHz]
X_Offset = 5[ppm]
X_Points = 32768
X_Prescans =1
X_Resolution = 0.22897343[ Hz]
X_Sweep = 7.5030012[kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain = Proton
Irr_Freq = 399.78219838[ MHz]
| Irr_Offset = 5[ppm]
A Tri_Domain = Proton
R R LA e o B R R A Rannasmamsesssasssannn s U I O 3?[99.7?219838[!%&]
Tri_Offset 5[ ppm
7.0 6.0 Clipped = FALSE
L Scans =8
Total _Scans =8
~ 0O N D < =3
IS2R825 = =4 Relaxation Delay = 5[s]
I~ = I~ 0~ =~ [~ = o o Recvr_Gain 24
Temp_ Get = 21.6[dC]

27971
5 7.969

X : parts per Million : P

=




abundance

14 15 1.6 1.7

1.3

1.2

0.1 02 03 04 05 06 0.7 08 09 1.0 1.1

0

Bn O
OPh
N\ o>\;

Jo

Ph

26h
(3C NMR, 100 MHz, CDCly)

e

dEDLO

———— PROCESSING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

70.0

\

210.0 190.0 170.0 150.0 130.0 110.0 90.0
N I S S R P =28
NP NRANGR LIRS 0[S « S
BRILEERIETIESSSSER e
X : parts per Million : Carbon13

76.676

30.0

31.654

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon. jxp

Sample_Id = 170421-ky-1

Sol vent = CHLOROFORM-D

Actual _Start_Time = 21-APR-2017 10:46: 24
Revision_Ti me = 20-SEP-2017 13:27:17
Comment = single pulse decouple
Data_Format = 1D COWLEX

Di m_Size = 26214

X_Domai n = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength
X_Acq_Duration

9.389766[ T] (400[ MHz])
1.04333312[s]

X_Domain = 13C

X Freq = 100.52530333[ Mz]
X_Offset = 100[ppm]

X_Points = 32768

X Prescans =4

0.95846665( Hz)
= 31.40703518[ k]
25.12562814[ kHz]

X_Resolution
X_Sweep
X_Sweep_Clipped

Irr_Domain = Proton
Irr_Freq = 399.78219838[ MHz]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans =39

Total _Scans = 39
Relaxation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.4[dC]
X_90_W dth = 10.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]




2.0

1.0

5.04

[ o : dEDLO

OPh -—-- PROCESSING PARAMETERS ----
N AN de_balance( 0, FALSE )
)|\ O sexp( 0.2[H], 0.0[s] )
trapezoi d( 0[%], 0[%], 80[%], 100[%] )
Ph O zerofill( 1)
fft( 1, TRUE, TRUE )
machi nephase
ppm

(*H NMR, 400 MHz, CDCl5)

Filename = H-1.jdf
=9 Aut hor = delta
IS . .
o Experi ment = proton.jxp
Sample_Id = 170512-ky-1
Sol vent = CHLOROFORM-D
Actual _Start_Time = 12-MAY-2017 10:29:21
Revision_Ti me = 20-SEP-2017 12:43:06
Comment = single_pulse
Data_Format = 1D COWLEX
o o (,—4 Di m_Size = 26214
SH < < X_Domain = Proton
- ™ o Dim Title = Proton
Dim Units = [ppml
Di mensi ons =X
Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field Strength 9.389766[T] (400[ MHz])

N X_Acq_Duration = 4.36731904[s]

—_ X_Domain = 1H
X Freq = 399.78219838[ M1z]
X O fset 5[ppm]
X_Points 32768

1
0.22897343[ Hz)
7.5030012[ kHz]
.00240096( kitz]

X Prescans

X Resolution
X_Sweep
X_Sweep_Clipped

abundance

Irr_Domain = Proton
Irr_Freq = 399.78219838[ ML)
H | Irr_Offset = 5[ppm]
ke Tri_Domain = Proton

T e e e g = 399.78219838[ Miz]

] e Tri_Offset = 5[ppm]
12.0 11.0 10.0 9.0 8.0 7.0 4.0 3.0 2.0 1.0 0 1.0 2.0 C{;ppgd” :M{"gﬁ'

6.0 5.0
—— AN A A 3
Total _Scans =8

VR HAXICIELRT RVOVIRL S DRLE=RD = .
$8855533IY 385822 s88895 S Rel axation. Delay = 5s]
- I S S e S S IB 60 IS IS B S Recvr_Gain = 28

X : parts per Million : Proton Temp_ Get = 21.1[dq]
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abundance

0.8 0.9 1.0

0.7

0.6

0.5

0.4
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0.2

0.1

0

o}
L o

Jo

OPh

Ph

26i
(C NMR, 100 MHz, CDCl,)

dEDLO

———— PROCESSING PARAMETERS ----

130.0

210.0 190.0 170.0 150.0

155.193
150.025
145.878
133.340
130.413
129.745
128.706
126.933
126.856
125.970
122.690
120.487
117.198

=
<
=
s}
—

X : parts per Million : Carbon13

110.0

N

90.0

77.324
77.000
76.685

/

70.0

\

30.0

29.680

10.0

-10.0

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor delta

Experiment carbon. jxp
Sample_Id 170512-ky-1

Sol vent = CHLOROFORM-D

Actual _Start_Time = 12-MAY-2017 10:32:04
Revi sion_Ti me = 20-SEP-2017 13:13:44
Comment = single pulse decouple
Data_Format = 1D COWLEX

Di m_ Size = 26214

X_Domai n = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength
X_Acq_Duration

9.389766[T] (400[ MH])
1.04333312[s]

X_Domain = 13C

X Freq = 100.52530333[ Mz]
X_Offset = 100[ppm]

X Points = 32768

X Prescans =4

X_Resolution 0.95846665[ Hz]

X_Sweep = 31.40703518[ kHz]
X_Sweep_Clipped = 25.12562814[kHz]
Irr_Domain = Proton

Irr_Freq = 399.78219838[ MHz]
Irr_Offset = 5[ppm]

Clipped = FALSE

Scans = 52

Total _Scans = 52
Relaxation_Delay = 2[s]

Recvr_Gain = 60

Temp_ Get = 21.3[dC]

X_90_W dth = 10.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]




abundance

2.0 3.0 4.0 5.0 6.0

1.0

Z
VY
b
@)
4.06

26j Me
(*H NMR, 400 MHz, CDCls)

300

2.03

il I

dEDLO

———— PROCESSING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill1( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0
L~ M- MO~ MO — ™m o (=1
- O FMANLM— 0 O O o o (=1
QRRAR T AN N~ a2 =3
= = b= D= D= [= D= b= D= 0= 0= = b= D= b= o~ o
X : parts per Million : Proton

Fil ename H-1.jdf
Aut hor = delta
Experi ment proton.jxp

Sample_Td = 170627-ky-3

Sol vent = CHLOROFORM-D

Actual _Start_Time = 27-JUN-2017 15:18:04
Revision_Ti me = 20-SEP-2017 21:37:42
Comment = single_pulse
Data_Format = 1D COWLEX

Dim Size = 26214

X Domain = Proton

Dim Title = Proton

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength
X_Acq_Duration

9.389766[T] (400[ MHz])
4.36731904[s]

X_Domain = 1H

X_Freq = 399.78219838[ M1z]
X Offset 5[ ppm]

X_Points 32768

X Prescans

X Resolution
X_Sweep
X_Sweep_Clipped

1
0.22897343[ Hz]
7.5030012[ kHz]
6.00240096[ kiz]

Irr_Domain = Proton

Irr_Freq = 399.78219838[ Mz]

Irr_Offset = 5[ppm]

Tri_Domain = Proton

Tri_Freq = 399.78219838[ Mz]
_Offset = 5[ppm]

Clipped = FALSE

Scans =8

Total _Scans =8

Rel axation_Delay = 5[s]

Recvr_Gain = 30

Temp_ Get = 21.3[dC]
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abundance
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Me

26j
(33C NMR, 100 MHz, CDCls)

dEDLD

———— PROCESSING PARAMETERS ----

Field_ Strength
X_Acq_Duration
X Domain
X_Freq

X Ofset
X_Points

X Prescans

X Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain

Irr_Freq
Irr_Offset
T T T T T T T T T T T T T T T T T T T T T T T e e i pped
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Scans
Total _Scans
/////// \\\\ /‘\ ‘ ‘ Relaxation_Delay
W= O MDD F O D~ T 0 oW — ] Recvr_Gain
SO M =~ DO+ — S < ~
0 HIRE QR =R R e — w3 g ) Temp_Get
Y O WD O OO WO IS D ~ = © =) = X_90_W dth
LD FFOOmHmAN N QN [ X =
. — e o X Acq_ Ti me
X : parts per Million : Carbon13 X Angle

de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerof ill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon. jxp

Sample_Id = 170627-ky-3

Sol vent = CHLOROFORM-D

Actual _Start_ Time = 27-JUN-2017 15:19:55
Revision_Ti me = 20-SEP-2017 21:38:55
Comment = single pulse decouple
Data_Format = 1D COWLEX

Di m_Size = 26214

X_Domai n = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

9.389766[ T] (400[MH])
1.04333312[s]

13C
100.52530333[ Mz]
100 ppm]

32768

4

0.95846665[ Hz]
1.40703518[ kHz]
25.12562814[ kiz]
Proton

399. 78219838 Mz]
5[ ppm]

FALSE

45

45

= 2[s]

60

21.4[dc]
10.6[ us]
1.04333312[s]

= 30[deg]
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abundance

(=
=5 Me O
: e = . JEOL
N7\ - g =
< | O i
S 7 )\ ———— PROCESSING PARAMETERS ---—-
] Ph O dc_balance( 0, FALSE )
] sexp( 0.2[Hz], 0.0[s] )
- 3] trapezoi d( 0[%], 0[%], 80[%], 100[%] )
g zerofill( 1)
o 26k OMe fft( 1, TRUE, TRUE )
machi nephase
ppm
< 1(*H NMR, 400 MHz, CDCls)
e~ =
r
g |32
o o Fil ename = H-1.jdf
o Aut hor = delta
o Experi ment = proton.jxp
Sample_Id = 170427-ky-9
Sol vent = CHLOROFORM-D
Actual _Start_Time = 27-APR-2017 17:47:24
o Revision_Ti me = 20-SEP-2017 21:29:34
[
7 Comment = single_pulse
3 Data_Format = 1D COWPLEX
] Di m_Size = 26214
<o 1 X_Domain = Proton
w? Dim Title = Proton
1 Dim Units = [ppml
B Di mensions =X
1 Site = JNM-ECS400
< Spectrometer = DELTA2_NMR
P
] Field_ Strength = 9.389766[T] (400[M¥])
1 X_Acq_Duration = 4.36731904[s]
] X Domain = 1H
<3 X_Freq = 399. 78219838 ML)
N7 X Offset = 5[ ppm]
] X_Points = 32768
] X_Prescans =1
] X_Resolution = 0.22897343[ Hz]
<3 X_Sweep = 7.5030012[ kHz]
—1 X_Sweep_Clipped = 6.00240096[ kHz]
3 Irr_Domain = Proton
] \J J Irr_Freq = 399.78219838[ MHz]
q Irr_Offset = 5[ppm]
o “—‘“L‘ B M Tri_Domain = Proton
T e e T T e e e e oo Tri Freq = 399. 78219838 Miz]
120 110 100 90 80 70 60 50 40 30 20 10 0 -0 =20 |Ii-Ofw = 5Lopnd
Clipped = FALSE
Scans =8
Total _Scans =8
ESIBBIIIJINSEESIS = = S = i -
SRR FIITANND OO ) N S Relaxation Delay = 5[s]
L = [~ b= = D= [= [~ [~ b= [~ [= 0= O O S o ~ = Recvr_Gain =30
X : parts per Million : Proton Temp_ Get = 21.1[dC)
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abundance

0.7 08 09 1.0 1.1 1.2

0.6

02 03 04 05

0.1

26k OMe

(3C NMR, 100 MHz, CDCls)

dEDLO

———— PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%],
zerofill( 1)

fft( 1, TRUE, TRUE )
machinephase

1000 %] )

210.0 190.0 170.0 150.0
SRE S
Q00 &5 N
EESSE S
X : parts per Million : Carbon13

130.0

AN

130.317

128.706
126.990

125.836

110.0

121.355

[N
=)

re)
(=3
N
—

114.585

90.0

70.0

A

77.315
77.000
76.676

50.0

)
e}
2
o
o

10.0

10.363

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experi ment carbon. jxp

Sample_Td 170427-ky-9

Sol vent CHLOROFORM-D

Actual _Start_Ti me 27-APR-2017 17:49:09
Revision_Ti me = 20-SEP-2017 21:31:50
Comment = single pulse decoupled
Data_Format = 1D COWPLEX

Dim_ Size = 26214

X Domain = Carbon

Dim Title Carbonl3

Dim Units = [ppm]

Di mensions =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field_ Strength = 9.389766[ T] (400[Miz])
X_Acq_Duration = 1.04333312[s]
X_Domain = 13C

X_Freq = 100.52530333[ MHz]
X_Offset = 100[ ppm]

X Points = 32768

X Prescans =4

X_Resolution = 0.95846665[ Hz]
X_Sweep = 31.40703518[ kHz]
X_Sweep_Clipped = 25.12562814[klz]
Irr_Domain Proton

Irr_Freq = 399.78219838[ Mz]
Irr_Offset = 5[ppm]

Clipped FALSE

Scans = 26

Total _Scans = 26

Rel axation_Delay = 2[s]

Recvr_Gain = 60

Temp_ Get = 21.1[dC]

X_90_W dth = 10.6[us]

X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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abundance

Me O
Yq : JEOL
NN g &
|
)\O —-—— PROCESSING PARAMETERS ----
Ph dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%], 100[%] )
CI zerofill( 1)
261 ffe( 1, TRUE, TRUE )
machi nephase
1 ppm
(*H NMR, 400 MHz, CDCls)
Fil ename = H-1.jdf
=3 Aut hor = delta
o Experi ment = proton.jxp
Sample_Id = 170518-ky-1
Sol vent = CHLOROFORM-D
Actual _Start_Time = 18-MAY-2017 15:09:01
Revision_Ti me = 20-SEP-2017 21:44:45
o~
N . .
- ~ Comment = slnglo,pu\vsc
S Data_Format = 1D COWPLEX
N Dim_ Size = 26214
X_Domain = Proton
Dim Title = Proton
Di m_Units = [ppm]
Di mensi ons =X
Site = JNM-ECS400
Spectrometer = DELTA2_NMR
Field Strength = 9.389766[T] (400[ MHz])
X_Acq_Duration = 4.36731904[s]
X_Domain = 1H
X_Freq = 399.78219838[ Mz]
X_Offset = 5[ppm]
X Points = 32768
X Prescans =1
X_Resolution = 0.22897343[ Hz]
X_Sweep = 7.5030012[kHz]
X_Sweep_Clipped = 6.00240096[ klz]
Irr_Domain = Proton
Irr_Freq = 399.78219838[ MHz]
J Irr_Offset = 5[ppm]
St Tri_Domain = Proton
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e e eeer| Tri_Freg = 399.78219838[ Mk]
120 110 100 90 80 70 60 50 40 30 20 10 0 -0 =20 |0t - sleom
Clipped = FALSE
Scans =8
Total _Scans =8
~ o = M DM == N0 O © =
gggggjﬁjﬁjﬁgg;ggmg S S Reluxﬂtif)n,Delay = 5[s]
=~ = [ O e S S S Sy ~ o Recvr_Gain = 38
X : parts per Million : Proton Temp_ Get = 21.3[dC]
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

abundance
0

261 Cl

(33C NMR, 100 MHz, CDCls)

dEDLD

———— PROCESSING PARAMETERS ----

dc_balance( 0,
sexp( 2.0[Hz],

FALSE )
0.0[s] )

110.0

210.0 190.0 170.0 150.0

—
1N
<
Iy
1)
=

149.835
149.091
145.544
132.358
130.422

X : parts per Million : Carbon13

130.0

AN

129.822

128.754
126.923

84

121.908

x
)
]
—

120.726

90.0

77.315
77.000
76.685

/

\

70.0

50.0

30.0

10.0

10.391

-10.0

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon. jxp
Sample_Id = 170518-ky-1

Sol vent = CHLOROFORM-D
Actual _Start_Time = 18-MAY-2017 15:10:53

Revision_Time

Comment
Data_Format
Di m_Size
X_Domain
Dim Title
Dim Units

Di mensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domain
X_Freq

X Offset
X_Points

X Prescans

X Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total _Scans

Rel axation_Delay

Recvr_Gain
Temp_ Get
X_90_W dth
X_Acq_Ti me
X_Angle

20-SEP-2017 21:46:02

= single pulse decouple
= 1D COWPLEX

= 26214

Carbon

Carbonl3

= [ppm]

X
JNM-ECS400
DELTAZ_NMR

= 9.389766[7T]
= 1.04333312[s]

= 13C
100.52530333[ MHz)
100[ ppm]

32768

4

0.95846665( Hzl
31.40703518[ kHz]
25.12562814[ kHz]
Proton

= 399.78219838[ M1z]
= 5[ppm]

= FALSE

=43

= 43

= 2[s]

= 60

= 21.3[dC]
10.6[ us]
1.04333312[s]
30[ deg]
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abundance

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

] »—oPh s JEOL
] N \ s
] | O e
] (@) ---— PROCESSING PARAMETERS ----
3 dc_balance( 0, FALSE )
] sexp( 0.2[Hz], 0.0[s] )
1 trapezoid( 0[%], 0[%], 80[%], 100[%] )
1 zerof ill( 1)
Me 26n ffe( 1, TRUE, TRUE )
- machi nephase
| (*H NMR, 400 MHz, CDCls) pom
| Fil ename = H-1.jdf
] 2E8 Aut hor = delta
7 o Mol Experiment = proton.jxp
7 Sample_Id = 170627-ky-1
] Sol vent = CHLOROFORM-D
- Actual _Start_Time = 27-JUN-2017 14:55:
B Revision_Ti me = 20-SEP-2017 21:51:41
] < [t= Comment = single_pulse
] 2|2 Data_Format = 1D COWPLEX
g {N ! Di m_Size = 26214
] X_Domai n = Proton
] Dim Title = Proton
] Di m Units = [ppm]
] Di mensi ons =X
; Site = JNM-ECS400
7 Spectrometer = DELTA2_NMR
] Field Strength = 9.389766[ T] (400[ MH])
B X_Acq_Duration = 4.36731904[s]
q X_Domain = 1H
E X Freq = 399.78219838[ MHz]
] X_Offset = 5[ppm]
] X_Points = 32768
] y X_Prescans =1
] X_Resolution = 0.22897343[ Hz]
| X_Sweep = 7.5030012[kHz]
] X_Sweep_Clipped = 6.00240096[ kHz]
] ITrr_Domain = Proton
] Irr_Freq 399.78219838[ Mz
1 J Irr_Offset = 5[ppm]
. = Tri_Domain = Proton
R L B R L e o R RAARES S S SRanananaanun sy S T 399.78219838[ Mz]
120 11.0 100 0O 80 70 60 50 40 30 20 10 0 4.0 20 | Ofset - oL ppn]
Clipped = FALSE
Scans =8
Total _Scans =8
O MW M~ T N o =3
LTI ZIISLSLY 29 =3 Rel axation_Delay = 5[s]
L I~ I~ I~ I~ I~ [~ [~ [~ [~ 0= 0= Ny o Recvr_Gain 40
X : parts per Million : Proton Temp_ Get = 21.7[dC]
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abundance

0.4 0.5 0.6 0.7 0.8 0.9 1.0
T T

0.3

0.2

dEDLD

(*3C NMR, 100 MHz, CDCl,)

—-—- PROCESSING PARAMETERS ----

N T

R R B T A A o i e A BRASEamssEEE S
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0
NN NI~ — 10D =10~ OO o0 oo w — (=3 —
N~ O =0 WL ML~ — M — N O 00 = [=2) (2]
N =S QE R Raig ? NS Qg = 0®
IO OO O OO b~ 0= b= © © — =1
HEEZEIII903T miEEes N =

X : parts per Million : Carbon13

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerof ill1( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-l.jdf

Aut hor = delta

Experi ment = carbon.jxp
Sample_Id = 170627-ky-1
Sol vent = CHLOROFORM-D

Actual _Start_Ti me
Revision_Time

Comment
Data_Format
Di m_Size
X_Domain
Dim Title

Di m_Units

Di mensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domai n

X Freq

X Offset

X Points

X Prescans

X Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total _Scans

Rel axation_Del ay
Recvr_Gain

Temp_ Get

X 90_W dth
X_Acq_Ti me
X_Angle

27-JUN-2017 14:57:39
20-SEP-2017 21:53:17

= single pulse decoupled
1D COWPLEX
26214
Carbon
Carbonl3
[ppm]

X

= JNM-ECS400
DELTA2_ NMR

9.389766[T] (4000 MHz])
1.04333312[s]
13C
100.52530333[ MHz]
= 100 ppm]

= 32768

=4

0.95846665( Hz]
31.40703518[ kHz]
25.12562814[ kHz]
Proton

399. 78219838 Mlz]
5[ ppm]

= FALSE

101

= 101

= 2[s]

60

= 21.6[dC]
10.6[us]
1.04333312[s]
= 30[deg]
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5.0 6.0 7.0 8.0 9.0 10.0 11.0

4.0

3.0

2.0

1.0

abundance

M—orPh

——-— PROCESSI NG PARAVETE
dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )

trapezoi d( 0[%],
zerofill( 1)

0[%], 80[%], 100[%]

= 26p fft( 1, TRUE, TRUE )
B CI machi nephase
] o ppm
3 N <
© (*H NMR, 400 MHz, CDCly)  ||& &
] Fil ename = H-1.jdf
3 Aut hor = delta
- Experi ment = proton.jxp
3 Sample_Td = 170525-ky-2
3 Sol vent = CHLOROFORM-D
E - Actual _Start_Time = 25-MAY-2017 11:01:33
— =1 Revision_Ti me = 20-SEP-2017 21:58:27
9 ™
3 Comment = single_pulse
| Data_Format 1D COMPLEX
3 Di m_Size = 26214
3 X_Domain = Proton
3 Dim Title = Proton
] Dim Units = [ppm]
| Di mensi ons =X
] Site = JNM-ECS400
3 Spectrometer = DELTA2_NMR
E Field Strength = 9.389766[T] (400[MH])
] X_Acq_Duration = 4.36731904[s]
| X_Domain = 1H
E X_Freq = 399.78219838[ M1z]
B X Offset = 5[ ppm]
- X_Points = 32768
| X Prescans =1
] X_Resolution = 0.22897343[Hz]
3 X_Sweep = 7.5030012[kHz]
= X_Sweep_ Clipped = 6.00240096[ ki)
3 Irr_Domain = Proton
i Irr_Freq = 399.78219838[ MHz]
B b | Irr_Offset = 5[ppm]
5 = Tri_Domain = Proton
T L e e e e = 399.78219838[ Mz]
120 110 100 90 80 7.0 2.0 [ Orfset = olppnt
Clipped = FALSE
‘ Scans =8
Total _Scans =8
©COWMAUM®WOV—ION DO X O 00 e} =3
gg%%:ﬂggg;;%ggg% S =4 Rel axation_Delay = 5[s]
L T S S e S S S S Sy S S S ~ o Recvr_Gain = 34
X : parts per Million : Proton Temp_ Get = 21.6[dC]
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abundance

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

0.1

“—oPh

cl 26p

(33C NMR, 100 MHz, CDCls)

dEDLD

—-——— PROCESSING PARAMETERS ----
de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%],
zerofill( 1)

1000 %] )

110.0

210.0 190.0 170.0 150.0

=3
)
<
<
i)
—

150.655
149.987
145.830
136.458
129.764
129.068

X : parts per Million : Carbon13

130.0

7] 27N

™

127.13

126.885

125.474

120.926

120.459

90.0

70.0

A

77.315
77.000
76.685

10.0

10.353

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon. jxp

Sample_Id = 170525-ky-2

Sol vent = CHLOROFORM-D

Actual _Start_Ti me 25-MAY-2017 11:03:25
Revision_Ti me = 20-SEP-2017 21:59:27
Comment = single pulse decouple
Data_Format = 1D COWLEX

Di m_Size = 26214

X Domain = Carbon

Dim Title = Carbonl3

Di m_ Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field Strength = 9.389766[T] (400[Miz])
X_Acq_Duration = 1.04333312[s]
X_Domain = 13C

X_Freq = 100.52530333[ MHz]

X Offset 100[ ppm]

X_ Points 32768

1

0.95846665[ Hz]
31.40703518[ kitz]
25.12562814[ kHz)

X Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped

Irr_Domain Proton
Irr_Freq = 399.78219838[ MHz]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 38

Total _Scans = 38

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.8[dC]

X 90_ W dth = 10.6[us]
X_Acq_Ti me = 1.04333312[s]
X_Angle = 30[deg]

207




abundance

5.0

4.0

3.0

2.0

1.0

: 27a

1(*H NMR, 400 MHz, CDCl5)

3.00

JEOL
22) RESONANCE

de_balance( 0,
sexp( 0.2[Hz],
trapezoid( 0[%]
zerofill

- PROCESSING PARAVETERS ----
"ALSE )

0.0[s] )
, 0[%], 80[%], 100[%] )

1
fft( 1, TRUE, TRUE )

machi nephase
ppm

©
5 B
o]
™
o
o
L__.J~’ |
L o L L o e L LR mn e m S e e e e s e
12.0 11.0 10.0 9.0 8.0 7.0 3.0 2.0 0
A NS~
LO Qb= <H o — <H D~ ™ o
S 0 = = LO M = O © 23 =3
oo MmmA [} S
00 00 00 00 b= b= = b= b= = S

X : parts per Million : Proton

Fil ename
Aut hor
Experi ment
Sample_Id
Sol vent
Creation_Ti
Revisio
Current_Ti me

Comment
Data_Format
Di m_Size
Dim Title
Dim Units

Di mensi ons
Site
Spectrometer

Field_ Strength
X_Acq_Duration
X_Domain

X_Points
X_Prescans
X_Resol ution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Tri_Domain
Tri_Freq
Tri_Offset
Clipped
Scans

Total _Scans

Rel axation_Del ay

Recvr_Gain
Temp_ Get
X_90_W dth
X_Acq_ Ti me
X_Angle
X_Atn

X Pulse
Irr_Nbde
Tri_Mde

= TH 220520-new3_proton-1-
delta

proton. jxp

TH 220520-new3
CHLOROFORM-D

20-MAY-2022 18:19:11
8-MAR-2023 19:3
8-MAR-2023 19:3

single_pul se
1D COVPLEX
26214

Proton

[ppm]

X
JNM-ECS400
DELTA2_NMR

9.389766[T] (400[ Miz])
4.36731904[s]

1H
399. 78219838[ Mtz]
5[ ppml
32768

1
0.22897343[ Hz)
7.5030012[ kHz)
6.00240096[ kHz]
Proton

399. 78219838 Mt]
5[ ppm)

Proton

399. 78219838 Mtz]
5[ ppml

FALSE

8

8

5[s]

42

19.2[dC]
6.3[us]
4.36731904[s]
45[ deg]

= 0.7[dB]

= 3.15[us]

= Ooff

= Off
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abundance

2.94

———— PROCESSING PARAMETERS ----

)I\ O de_balance( 0, FALSE )
O sexp( 0.2[Hz], 0.0[s] )
Ph trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)
fft( 1, TRUE, TRUE )
27b machinephase
ppm
(*H NMR, 400 MHz, CDCls) =
N
= .
S B — Fil ename = H-2.jdf
- Aut hor = delta
Experi ment = proton.jxp
Sample_Id = 170914-ky-1
Sol vent = CHLOROFORM-D
Actual _Start_Time = 14-SEP-2017 15:57:22
Revision_Time = 21-SEP-2017 10:17:45
Comment = single_pulse
Data_Format = 1D COWPLEX
Di m_ Size = 26214
X Domain = Proton
Dim Title = Proton
o) Dim Units = [ppml
g 3 Di mensions =X
= Site = JNM-ECS400
Spectrometer = DELTAZ2_NMR
Field Strength = 9.389766[T] (400[Miz])
X_Acq_Duration = 4.36731904[s]
X_Domain = 1H
X_Freq = 399. 78219838 Mz]
X Offset = 5[ ppml
X_Points = 32768
X Prescans =1
X_Resolution = 0.22897343[Hz]
X_Sweep = 7.5030012[kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
| 1 Irr_Domain = Proton
Irr_Freq = 399.78219838[ Mz]
\JLJ M WL } Irr_Offset = 5[ppm]
. L Tri_Domain = Proton
T T T T T T T T T T T T T T T T T T T T T T T T T T e e Tri_Freq = 399.78219838[ M1]
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0 |Tri-Offset = 5Lppml
Clipped = FALSE
I Scans =8
Total _Scans =8
F =DM MO A s~ FTODONNWOD DO~
EEEERE-E R, g523IqgceEss 823 Rel axation Delay = 5[s]
. 00 00 00 I~ b= b= I~ b= b= b= b= b~ N I o R N I R o I =) Recvr_Gain = 24
X : parts per Million : Proton Temp_ Get = 21.4[dC)
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abundance

27b
(33C NMR, 100 MHz, CDCl5)

AU G TP R

dEDLD

———— PROCESSING PARAMETERS ----

210.0 190.0 170.0 150.0
(=3 o A N
(=23 0 — <
o N9
238 B
X : parts per Million : Carbon13

130.0 110.0

AN

133.416
129.450
128.859
128.296
126.437
124.949
121.002

90.0

70.0 50.0 30.0
0N oW —
—~ © S ®© —
e R =] ©
0~ = 0~ © =
I~ [~ 0~ 0~ ™

o
7.636 o

-10.0

de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon. jxp
Sample_Td = 170914-ky-1

Sol vent = CHLOROFORM-D

Actual _Start_Time = 14 2017 16:00:02
Revision_Ti me = 21-SEP-2017 10:24:11
Comment = single pulse decouple
Data_Format = 1D COWLEX

Di m_Size = 26214

X_Domai n = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field Strength = 9.389766[ T] (400[ Mi])
X_Acq_Duration = 1.04333312[s]
X_Domain = 13C

X Freq = 100.52530333[ MHz]

X O fset 100[ ppm]

X_Points 32768

X_Prescans 4

0.95846665[ Hz]
1.40703518[ kHz]
25.12562814[ kHz]

X Resolution

X_Sweep
X_Sweep_Clipped

Irr_Domain = Proton
Irr_Freq = 399.78219838[ M)
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 31

Total _Scans = 31
Relaxation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.4[dC]
X_90_W dth 10.6[ us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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abundance

0 0.1 0.2 03 04 05 06 0.7 08 09 10 1.1 1.2 13 14 15 16 1.7 18 19

27c
(*H NMR, 400 MHz, CDCls)

1.99

793

1.95

3.00

(JEDLO

———— PROCESSING PARAMETERS ----

LAY e LR

R R L L B L B IR B IR I B L I UL L
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0

N AN

<+ O H Lo I~ © © <H — N & 0~ 10 O ¢ <H — <H SO S — (=]

O Oy O O b= = o0 om <t — — O 0 N — Y oM Ao O oM N oD (=3

—3333¢9 A== S SYManaad smwes S

CO 00 CO OO 0O O 0~ 0= 0~ 0~ [~ 0~ = [N e o BN EaN BN BaN JaN | ——— O (=}

n

de_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofil1( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = H-1.jdf

Aut hor = delta

Experi ment = proton.jxp
Sample_Td = 170914-ky-2

Sol vent = CHLOROFORM-D
Actual _Start_Time = 14-SEP-2017 16:06:48

Revision_Ti me = 21-SEP-2017 10:35:20

Comment = single_pulse
Data_Format = 1D COWPLEX

Dim Size = 26214

X_Domain = Proton

Dim Title = Proton

Dim Units = [ppm

Di mensions =X

Site = JNMFECS400
Spectrometer = DELTA2_NMR

Field_ Strength 9.389766[ T] (400[ MHz])

X_Acq_Duration 4.36731904[s]

X_Domain = 1H

X_Freq = 399.78219838[ MHz]
X Offset 5[ ppm]

X_Points 32768

X Prescans 1

0.22897343[ Hz)
7.5030012[ kiz]
6.00240096[ ki)

X Resolution
X_Sweep
X_Sweep_Clipped =

Irr_Domain = Proton

Irr_Freq = 399.78219838[ MHz]
Irr_Offset = 5[ppm]
Tri_Domain = Proton

Tri_Freq = 399.78219838[ Mz]
Tri_Offset = 5[ppml

Clipped = FALSE

Scans =8

Total _Scans =8

Rel axation_Delay = 5[s]

Recvr_Gain = 24

Temp_ Get = 21.4[dC)
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abundance

1.4

09 1.0 1.1

0.6 0.7 08

0.2 03 04 05

0.1

n
Pr._’~oph
L g=o
ph” ©
27c¢c

13C NMR, 100 MHz, CDCls)

dEDLD

---— PROCESSING PARAMETERS —---
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s]

210.0 190.0 170.0 150.0
2T T
S ae o
E2E 2
X : parts per Million : Carbon13

130.0

AN

<~ D=0 © —
DD —I0H D
ST S
M D W WO F
N AN AN NN
B R e

110.0

70.0

50.0

AN

77.315
77.000

o
o)
<
©
=

66.750

30.0

36.278

©
—
x
©
—

10.0

13.700 —

-10.0

trapezoid( 0[%], O[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon. jxp
Sample_Td = 170914-ky-2

Sol vent = CHLOROFORM-D
Actual _Start_Time = 14-SEP-2017 16:08:39

Revision_Time 21-SEP-2017 10:38:12

Comment = single pulse decouple
Data_Format = 1D COWLEX

Di m_Size = 26214

X Domain = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field Strength 9.389766[T] (400[ MHz])

X_Acq_Duration 1.04333312[s]
X_Domai n = 13C

X_Freq = 100.52530333[ MHz]
X Offset 100[ ppm]

X_Points 32768

X_Prescans 4

X_Resolution 0.95846665[ Hz]

X_Sweep 31.40703518[ kHz]
X_Sweep_Clipped = 25.12562814[ kHz]
Irr_Domain = Proton

Irr_Freq = 399.78219838[ M)
Irr_Offset = 5[ppm]

Clipped = FALSE

Scans = 27

Total _Scans =27

Rel axation_Delay = 2[s]

Recvr_Gain = 60

Temp_ Get = 21.4[dC]

X_90_W dth = 10.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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abundance

9.39

@]
Pro W o . JEOL O

| | O ———- PROCESSING PARAMETERS ----
)\ dc_balance( 0, FALSE )
O sexp( 0.2[Hz], 0.0[s] )
Ph trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)
fft( 1, TRUE, TRUE )

27d machi nephase

ppm
'H NMR, 400 MHz, CDCls)

Fil ename = H-1.jdf
Aut hor = delta
Experi ment = proton.jxp
Sample_Id = 170405-ky-2
Sol vent = CHLOROFORM-D
Actual _Start_Time = 5-APR-2017 15:34:54
Revision_Ti me = 21-SEP-2017 11:42:26
Comment = single_pulse
Data_Format = 1D COWPLEX
Di m_Size = 26214
X Domain = Proton
Dim Title = Proton

B Dim Units = [ppml

q Di mensions =X
Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field Strength = 9.389766[T] (400[ Mi])
2
23 X_Acq_Duration = 4.36731904[s]
= X_Domain = 1H
X_Freq = 399. 78219838 MHz]
) X Offset = 5[ppm]
- X_Points 32768

1
0.22897343[ Hz]

X Prescans
X_Resolution

061

0 0.1 0.2 0.3 0405 0.6 0.7 08091011 1213 14 15 16 1.7 1.8 1.9 2.0

X_Sweep 7.5030012[ kHz]
X_Sweep_ Qi pped 6.00240096[ kil]
Irr_Domain = Proton
H Irr_Freq = 399.78219838[ M1z]
Lﬂuu J W Irr_Offset = 5[ppm]
= 4 Tri_Domain = Proton
T T e e e e e e e e e T Freg = 399. 78219838 Miz]
120 110 100 90 80 70 60 50 40 30 20 10 0 10 20 |l Ol = 5Lppm
1y ) Scang. P
Total _Scans =8
I~ N O~ D WO I ™ O T O MO —~ MO DN =
SSSSSEZBEELERAT 23532552282 32888 8 Relaxation Delay = 5[s]
00 00 00 00 00 00 b~ b= = b= b= I~ b= = b~ BB AN N NN o Recvr_Gain = 24
X : parts per Million : Proton Temp_ Get = 16.90dC)

213




N 0
ok Pr oph JEOL
— ] N
—
] | O ———- PROCESSING PARAMETERS ----
q )\O dc_balance( 0, FALSE )
i sexp( 2.0[Hz], 0.0[s] )
= Ph trapezoid( 0[%], 0[%], 80[%], 100[%] )
] zerofill( 1)
B fft( 1, TRUE, TRUE )
o ] 27d machi nephase
(=R ppm
.. 1 (®C NMR, 100 MHz, CDCl,)
s
B Fil ename = C-1.jdf
] Aut hor = delta
~ Experiment = carbon. jxp
<4 Sample_Id = 170405-ky-2
] Sol vent = CHLOROFORM-D
o 1 Actual _Start_Time = 5-APR-2017 15:36:45
> Revision_Ti me = 21-SEP-2017 11:47:25
o |
] Comment = single pulse decouple
o Data_Format = 1D COWLEX
=] i mS = 26214
4 = Carbon
Bl Dim Title = Carbonl3
< Dim Units = [ppm]
I Di mensi ons =X
B Site = JNM-ECS400
T Spectrometer = DELTA2_NMR
@]
S Field_ Strength = 9.389766[T] (400[M¥])
q X_Acq_Duration = 1.04333312[s]
] X_Domai n = 13C
N X_Freq = 100.52530333[ MHz]
< X Offset = 100[ ppm]
] X_Points = 32768
4 X_Prescans =4
—
© =] X_Resolution = 0.95846665[ Hz]
g ] X_Sweep = 31.40703518[ kHz]
< ] X_Sweep_Clipped = 25.12562814[ kHz]
—g q Irr_Domain = Proton
5 o g MWNMWMMWW Irr_Freq = 399.78219838[ M1z]
3 Irr_Offset = 5[ppm]
T T T T T T T T T T T T T T T T T e e Cliopped = FALSE
2100 1900 170.0 150.0 1300 1100  90.0  70.0  50.0 300  10.0  -10.0 | Scars - 62
I | Total _Scans = 62
N A AN~ AN AN oot nlay < 2
T AMALL ©D 0O N T 0O N0 O © S © —~ O~ Recvr_Gain = 58
S DM SN —ID 0T DM MmN - =S = S N =S~ -
SO Ng 0~ N~ FToomaad o SIS © SR S5~ Temp_ Get = 17.90dC]
NI F L MM SS TR OO S S =~ © <+ © o 0w~ © X_90_W dth = 10.6[us]
TELELEL BE NN NN o0 b= b= = RE e X_Acq_ Ti me = 1.04333312[s]
X : parts per Million : Carbon13 X_Angl e = 30[deg]
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1.5

1.4

1.3

04 05 06 0.7 08 09

0.3

0.1

abundance

O]
"Bu OPh & JEOL
|
I\ll O —-—— PROCESSING PARAMETERS ----—
)\ de_balance( 0, FALSE )
O sexp( 0.2[Hz], 0.0[s] )
Ph trapezoid( 0(%], 0[%], 80[%], 100[%] )
zerofill( 1)
fft( 1, TRUE, TRUE )
machi nephase
27e 8 ppm
)
(*H NMR, 400 MHz, CDCls)
Fil ename = H-1.jdf
Aut hor = delta
Experiment = proton.jxp
Sample_Id = 170428-ky-1
| Sol vent = CHLOROFORM-D
D o Actual _Start_Time = 28-APR-2017 14:15:28
o Eg g 2 Revision_Ti me = 21-SEP-2017 10: : 00
= g =
Comme nt = single_pulse
Data_Format = 1D COWPLEX
Di m_Si ze = 26214
X_Domai n = Proton
Dim Title = Proton
Di m_Units = [ppml
Di mensi ons =X
L, Site = JNM-ECS400
g = Spectrometer = DELTA2_NMR
L
I Field_ Strength = 9.389766[ T] (400[ Mi])
X_Acq_Duration 4.36731904[s]
X_Domain 1H
X Freq 399.78219838[ M1z]
X Offset 5[ppm]
X_Points 32768
X_Prescans 1
X_Resolution = 0.22897343[ Hz]
X_Sweep = 7.5030012[kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain = Proton
‘F 1 Irr_Freq = 399.78219838[ MHz]
L«U \ ) | J Irr_Offset = 5[ ppml
et Tri_Domain Proton
B R o B L I o A B RS S 8 NRAA S s s n s n I L R 399.78219838[ Mz]
120 110 100 90 80 70 60 50 40 30 20 10 0 A0 20 |Ii-Ofse = 5Lopm
Clipped = FALSE
1)l [ | Scans -3
Total _Scans =8
© MWL N ML ©m AN © O WO WWMmO- b~ 00— =
S28EZITRIZTJ==283 LTI RFER 885 8 Relaxation Delay = 5[s]
- 00 00 00 00 b= b= = b= = b= b= b= b~ NN S S S Recvr_Gain =24
X : parts per Million : Proton Temp_ Get = 20.8[dC]
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abundance
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1.1
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0.1

n
Bu. *~oph
JLg=o
ph” ©
27e

(*3C NMR, 100 MHz, CDCl5)

Wl

(JEDLQ

PROCESSI NG PARAMETERS
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )

150.0

210.0 190.0 170.0

74.110
164.365
150.159

o
©
=
(5]
©
—
3

X : parts per Million : Ca?bo 1

=

AN

133.397
129.478
128.887

128.334

130.0

110.0 90.0 70.0

AN

125.064
121.040
77.324
77.000
76.771
76.685

126.465

50.0

30.0

34.066 —

25.361 /™

22.367 —

10.0

13.729

-10.0

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerof ill( 1)

fft( 1, TRUE, TRUE )

machinephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon.jxp
Sample_Id = 170428-ky-1

Sol vent = CHLOROFORM-D

28-APR-2017 14:17:20
21-SEP-2017 10:47:39

Actual _Start_Ti me
Revision_Time

Comme nt = single pulse decoupled

Data_Format 1D COVPLEX
Dim Size = 26214
X_Domai n = Carbon

Dim Title = Carbonl3
Dim Units = [ppm

Di mensions =X

Site JNM-ECS400

Spectrometer DELTA2_ NMR

Field_Strength
X_Acq_Duration

9.389766[ T] (400[MHz])
1.04333312[s]

X_Domai n 13C

X_Freq 100.52530333[ MHz]
X Offset = 100[ppm]
X_Points = 32768

X Prescans =4

X_Resolution = 0.95846665[ Hz]
X_Sweep = 31.40703518[ kHz]

X Sweep_Clipped 25.12562814[ kHz]

Irr_Domain = Proton
Irr_Freq = 399. 78219838 Ml]
Irr_Offset = 5[ ppm]
Clipped = FALSE

Scans = 28

Total _Scans = 28

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.2[dC)
X_90_Wdth = 10.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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1.1 1.2 13 14 15 16

1.0

0.2 03 04 05 06 0.7 08 09

0.1

abundance

0

zerofill( 1)
fft( 1, TRUE, TRUE )

1 0]

] iBu g JEOL

B OPh =

] N o ———— PROCESSING PARAMETERS ---—-—

- | dec_balance( 0, FALSE )

] O sexp( 0.2[Hz]l, 0.0[s] )

] Ph trapezoid( 0[%], 0[%], 80[%], 100[%] )

27f ;nz;;hinephuse
(*H NMR, 400 MHz, CDCls) _

<

© Fil ename = H-1.jdf
Aut hor = delta
Experiment = proton.jxp
Sample_Id = 170914-ky-3
Sol vent = CHLOROFORM-D

Actual _Start_Time = 14-SEP-2017 16:15:20

Revi sion_Ti me = 21-SEP-2017 11:01:02
Comment = single_pulse
Data_Format = 1D COWLEX

Di m_ Size = 26214

X_Domai n = Proton

Dim Title = Proton

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

Field Strength 9.389766[T] (400[ MHz])

X_Acq_Duration = 4.36731904[s]
X_Domain = 1H
X_ Freq = 399.78219838[ M1z]
S 0/ [ X Offset 5[ ppm]
— S of = X_Points 32768
of S| o

X Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain = Proton

Irr_Freq = 399.78219838[ M1z]

w J \J Irr_Offset = 5[ppm]
LJU LJL;_M‘M R Tri_Domain = Proton

1
0.22897343[ Hz)
7.5030012[ kHz]
00240096 kiz]

L B e R R R R RS R R R 'l'r?,l’req 399. 78219838 Mlz]
120 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 -1.0 2.0 I{!*OHS” = 5Lppml
Jipped = FALSE
L o I Gunbp Ty
Total _Scans =8

1013~

0.000 <

I~ 00 © L= 0O <F < 00 I= b= b= 00 — it — COWO — O mm =
SHOASFAOIDI- 16 m NI M S 0 Dm—S > S o Rel axation Delay = 5[s]
=S RrRRREN RIS g BIRRE SRR SRS ° 5Ls

. 0 00 b= b= b= b= [= b= [~ 0= 0= 0= b= 0= 0= b= NN N A A o — == Recvr_Gain = 28
X : parts per Million : Proton Temp_ Get = 21.4[dC)
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abundance

02 03 04 05 06 07 08 09 10 1.1 1.2

0.1

27f
13C NMR, 100 MHz, CDCls)

dEDLD

———- PROCESSING PARAVETERS ----

dc_balance( 0,
sexp( 2.0[Hz],

FALSE )
0.0[s] )

110.0

210.0 190.0 170.0 150.0
0T
2 28 =
= 238 B
X : parts per Million : Carbon13

130.0

AN

133.426
129.478
128.916
128.325
126.465
125.092
121.002

70.0

AN

77.315
77.000
76.676
76.342

50.0

42.676

30.0

AN

24.665
23.740
23.025

10.0

-10.0

trapezoi d( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machinephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experiment = carbon.jxp
Sample_Id = 170914-ky-3

Sol vent = CHLOROFORM-D

Actual _Start_Ti me
Revision_Time

Comment
Data_Format
Di m_Size

X Domain
Dim Title

Di m_Units

Di mensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domai n
X_Freq

X Offset
X_Points
X_Prescans

X Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total _Scans

Rel axation_Delay
Recvr_Gain

Temp_ Get

X_90_W dth
X_Acq_Ti me
X_Angle

14-SEP-2017 16:17:11
21-SEP-2017 11:02:59

single pulse decoupled
1D COWPLEX

26214

Carbon

Carbonl3

[ppm]

X

JNM-ECS400

DELTA2_ NMR

9.389766[T] (4000 M1z])
1.04333312[s]

13C

100.52530333[ M1z]
100[ ppm]

32768

4

0.95846665[ Hz]
31.40703518[ kHz]
25.12562814[ kHz]
Proton
399.78219838[ Miz]
5[ ppml

= FALSE

36
36

2[s]

60

21.4[dC]
10.6[ us]
1.04333312[s]
30[deg]
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abundance

o
1Y)
=
99

27g
'H NMR, 400 MHz, CDCls)

dEDLD

—--- PROCESSING PARAMETERS ----
de_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], O[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

o Lo <
SRl
|
LU B J
R R A B L L L I B B L AR A AR AR R) RN
120 11.0  10.0 9.0 .0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0
A MNS |
ScS8URTRSLEREZER g
S i R RS S
00 00 00 00 00 b= = b= = b= b= b= b= 0= P
X : parts per Million : Proton

ppm

Filename = 220915 Pro Ph_Ph_Ph_pr|
Aut hor = delta

Experi ment = proton.jxp
Sample_ld = 220915 Pro Ph_Ph_Ph
Sol vent = CHLOROFORM-D

Actual _Start_Time = 15-SEP-2022 19:11:30
Revision_Time = 2-MAR-2023 17:05:47
Comment = single_pulse
Data_Format = 1D COWPLEX

Di m_Size = 26214

X_Domai n = Proton

Dim Title = Proton

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400

Spectrometer DELTA2_NMR

Field_Strength

9.389766[T] (400[ MHz])

X_Acq_Duration = 4.36731904[s]

X Domain = 1H

X_Freq = 399.78219838[ MHz]
X Offset = 5[ppm]

X_Points = 32768

X_ Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped

1
0.22897343[ Hz]
7.5030012[ kHz]
6.00240096[ k1]

Irr_Domain = Proton
Irr_Freq = 399.78219838[ M1z]
Irr_Offset = 5[ppm]
= Proton
= 399.78219838[ Mz]
= 5[ppml
Clipped = FALSE
Scans =8
Total _Scans =8
Rel axation_Delay = 5[s]
Recvr_Gain = 38
Temp_ Get = 20.4[dC]
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abundance

0.2 0.3 0.4 0.5 0.6 0.7 0.8

0.1

27¢g
(**C NMR, 100 MHz, CDCly)

e

I

dEDLQ

———— PROCESSING PARAMETERS ----

T T T T T T T T T e e e
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0
oo L0 L0 (=} O AN H O S~ L0 — 10 O O
[ap e rINep) o~ 0 M = O b~ O M = N M AN O
SRy @ W n 05 © o
AN <t ™M (=3 S YO V0 W OO ~ [~ [~ ©
588 8 S9N93SSg s

w

X : parts per Million : Carbonl

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerof il1( 1, TRUE )

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = 220915 Pro Ph_Ph_Ph_c
Aut hor = delta

Experi ment = carbon. jxp
Sample_ld = 220915 Pro Ph_Ph_Ph
Sol vent = CHLOROFORM-D

15-SEP-2022 19:14:06
2-MAR-2023 17:02: 36

Actual _Start_Time =
Revision_Time =

Comment = single pulse decouple
Data_Format = 1D COWPLEX

Di m_Size = 26214

X_Domai n = Carbon

Dim Title = Carbonl3

Di m Uni ts = [ppm

Di mensi ons =X

Site = JNM-ECS400

Spectrometer DELTA2_ NMR

9.389766[T] (4000 MHz])
1.04333312[s]

Field_Strength
X_Acq_Duration

X_Domain = 13C

X_Freq = 100.52530333[ MHz]
X Offset = 100[ ppm]
X_Points = 32768

X_Prescans

X Resolution
X_Sweep =
X_Sweep_Clipped

4
0.95846665[ Hz]

31.40703518[ kHz]
25.12562814[ kHz]

Irr_Domain = Proton
Irr_Freq = 399.78219838[ Mtz]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 1000

Total _Scans = 1000

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 20.5[dC]

X 90_W dth = 13.6[us]
X_Acq_Ti me = 1.04333312[s]
X_Angle = 30[deg]
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1.2 13 14 15 16 1.7 1.8

1.1

0.1 02 03 04 05 06 0.7 08 09 1.0

0

abundance

(JEDLD

de_balance( 0,
sexp( 0.2[Hz],
trapezoid( 0[%]
zerofill( 1)

FALSE )
0.0[s] )
, 0L%], 80[%], 100[%] )

fft( 1, TRUE, TRUE )

machinephase
ppm

@)
Bn 2
OPh =
N
)l\ O
ph” O
27h
(*H NMR, 400 MHz, CDCly)
(=3 (=3
S S
N [aN]
A
T T T T T e
12.0 11.0 10.0 9.0 8.0 7.0 6.0
A MR AN
— OO -0 MO o — <t O (=3
FEZZRLLSIKE= =33 =
[ A R S S S ™o IS
X : parts per Million : Proton

Fil ename
Aut hor
Experiment
Sample_Id
Sol vent

Actual _Start_Time

Revision_Time

Comme nt
Data_Format
Di m_Si ze
X_Domain
Dim Title

Di m_Units

Di mensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domai n

X Freq

X Offset
X_Points

X Prescans
X_Resolution
X_Sweep

X_ Sweep_Clipped
Irr_Domain

Irr_Freq
Irr_Offset
Tri_Domain
Tri_Freq
Tri_Offset
Clipped
Scans

Total _Scans

Rel axation_Del ay

Recvr_Gain
Temp_ Get

H-1.jdf

= delta

= proton.jxp

= 170420-ky-4

= CHLOROFORM-D
20-APR-2017 18:26:59
21-SEP-2017 11:20:12

= single_pulse
= 1D COWPLEX
26214

Proton
Proton

Lppm]

X

= JNMFECS400
= DELTA2_NWVR

9.389766[T] (4000 MHz])
4.36731904[s]

= IH

399. 78219838 M)
50 ppml

32768

1

0.22897343[ Hz]
7.5030012[ kHz]
6.00240096[ ki)

= Proton

399. 78219838 Miz]
= 5[ppm

Proton

399. 78219838 M)
5[ ppm]

FALSE

8

8

5[s]
28
21.4[dC)




1.2 1.4

1.1

0.8

0.7

0.1

abundance

1 O]
] Bn Y oo JEOL
] ,\Il O ———— PROCESSING PARAMETERS ----
] dc_balance( 0, FALSE )
E O sexp( 2.0[Hz], 0.0[s] )
1 Ph trapezoid( 0[%], 0[%], 80[%], 100[%] )
] zerofill( 1)
| fft( 1, TRUE, TRUE )
7 27h machi nephase
] ppm
1(13C NMR, 100 MHz, CDCls)
] Fil ename = C-1.jdf
q Aut hor = delta
] Experi ment = carbon.jxp
| Sample_Id = 170420-ky-4
4 Sol vent = CHLOROFORM-D
] Actual _Start_Time = 20-APR-2017 18:28:50
— Revision_Ti me =21 P-2017 11:22:42
B Comment = single pulse decouple
3 Data_Format = 1D COWPLEX
] Di m_Size = 26214
] X_Domain = Carbon
7 Dim Title = Carbonl3
] Dim Units = [ppm]
] Di mensi ons =X
B Site = JNM-ECS400
- Spectrometer = DELTA2_NMR
B Field_ Strength = 9.389766[T] (400[M¥])
3 X_Acq_Duration = 1.04333312[s]
B X_Domai n = 13C
] X_Freq = 100.52530333[ Mz]
— X Offset = 100 ppm]
] X_Points = 32768
] X_Prescans =4
J X Resolution = 0.95846665[ ]
] X_Sweep = 31.40703518[ kHz]
B X_Sweep_Clipped = 25.12562814[ kHz]
] l Irr_Domain = Proton
" M Irr_Freq = 399.78219838[ ML)
Irr_Offset = 5[ppm]
LB L L B B L B L L L L L L e ey IO SRS ELY = FALSE
2100 1900 1700 1500  130.0 1100  90.0 700 500 300 100  -10.0 | Scans -3
Il Total _Scans = 34
‘ /\ ‘ //\\H\\ /K Relaxation Delay = 2[s]
o < b~ =3 O F - OO — 010 O © — Recvr_Gain = 60
825 ETORBRSIR=ESE 2RSs = Temp_ Get = 21.6[dC)
) =3 S o0 W W= — =~ 1~ © = X_90_W dth = 10.6[us]
=22 E R B B A R It = X_Acq_ Ti me = 1.04333312[s]
X : parts per Million : Carbonl3 X Angle = 30[deg]
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abundance

1 AN
] 2 JEOL
b ~
< g ©
= OPh
] —-——— PROCESSING PARAMETERS ----
] I O dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
o )\O trapezoid( 0[%], 0[%], 80[%], 100[%] )
] h zerofill( 1)
] fft( 1, TRUE, TRUE )
. B machinephase
C;f 27i ppm
(*H NMR, 400 MHz, CDCls)
Fil ename = H-1.jdf
Aut hor = delta
Experi ment = proton.jxp
Sample_Id = 170509-ky-2
Sol vent = CHLOROFORM-D
| Actual _Start_Time = 9-MAY-2017 16:40:39
] Revision_Ti me = 21-SEP-2017 11:10:54
o 4 Comment = single_pulse
[ Dat a_Format = 1D COWLEX
] Di m_Size = 26214
] X_Domai n = Proton
] Dim Title = Proton
Dim Units = [ppm]
| Di mensi ons =X
3 Site = JNM-ECS400
1 ES [S Spectrometer = DELTAZ_NMR
Sl — ™
Field_Strength = 9.389766[T] (400[ME])
X_Acq_Duration = 4.36731904[s]
W ot I X_Domain = 1H
il e X_Freq = 399.78219838[ M1z]
s X_Offset = 5[ ppm]
X_Points = 32768
X_Prescans =1
X Resolution = 0.22897343[ Hz]
X_Sweep = 7.5030012[ kikz]
9 | X_Sweep_Clipped = 6.00240096[ kHz]
| Irr_Domain = Proton
3 L)V ‘ Irr_Freq = 399.78219838[ MHz]
E | m Irr_Offset = 5[ppm]
[ A‘J dw;“ JL’ Tri_Domain = Proton
“““““““‘ Tri_Freq = 399.78219838[ M)
120 110 10.0 4.0 10 0 .0 20 |[Ii-Ofse = 5L ppnl
Clipped = FALSE
I HHH\I\ Scans -8
Total _Scans =8
HN DO DD OO T HHDOHAD OD AT O OO © =
SSESEERR=ZS ER2cEaJy xZ2Es8ES = Relaxation Delay = 5[s]
L 00 00 00 00 = I~ = I~ I~ I~ 1O 16 1O 10 16 1O 16 o o5 03 o o o o o =5 Recvr_Gain =24
X : parts per Million : Proton Temp_ Get = 20.9[dC)
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0.2 0.3 0.4 0.5 0.6 0.7

0.1

abundance

X
dEDLD
OPh

N ——-—— PROCESSING PARAMETERS ----
| (@] dc_balance( 0, FALSE )
)\ sexp( 2.0[Hz], 0.0[s] )
O trapezoid( 0[%], 0[%], 80[%], 100[%] )
Ph zerofill( 1)
fft( 1, TRUE, TRUE )
machi nephase
27i pem
(3C NMR, 100 MHz, CDCls)
Fil ename = C-3.jdf
Aut hor = delta
Experiment = carbon.jxp
Sample_Td = 170914-ky-4
Sol vent CHLOROFORM-D

14-SEP-2017 16:25:41
21-SEP-2017 11:23:24

Actual _Start_Ti me
Revision_Ti me

Comment = single pulse decouple
Data_Format = 1D COWPLEX

Dim_Size = 26214

X Domain = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400

Spectrometer DELTA2_ NMR

9.389766[T] (4000 M¥])
1.04333312[s]

Field_ Strength
X Acq_Duration

X_Domain = 13C

X_Freq = 100.52530333[ MHz]
X Offset = 100[ ppm]

X Points = 32768

X Prescans 4

X_Resolution 0.95846665[ Hz]

X_Sweep 31.40703518[ kHz]
X_Sweep_Clipped 25.12562814[ kHz]
Irr_Domain = Proton
NWWWMWW Irr_Freq = 399. 78219838 MHz]
Irr_Offset = 5[ppm]
LB L L B B B B B B L B B B B B B B B N R R RS EEE s EEE s nn e n ey na WO BN = FALSE
2100 1900 1700 1500 1300 1100 900 700 500 300  10.0 100 |Scans _ =512
Total _Scans =512
/// \ ‘ ///\\\\ j\ Relaxation_Delay = 2[s]
O N MM D — N OO =D 0 O w0 = Recvr_Gain = 58
S558% 5 $5E35%E 288 E Tomp Got - 2atag
NSO mm S 5 OB B = =~ S o © X_90_W dth = 10.6[us]
SSEEE L zZRIZZz=ZSE B o« X_Acq_ Ti me = 1.04333312[s]
X : parts per Million : Carbon13 X_Angle = 30[deg]
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abundance

(JEDLO

———— PROCESSING PARAMETERS ----

de_balance( 0,
sexp( 0.2[Hz],
trapezoi d( 0[%]
zerofill( 1)

FALSE )
0.0[s] )
, 0[%], 80[%], 100[%] )

fft( 1, TRUE, TRUE )

machi nephase
ppm

] Me
] g
2] Q -
b Me
] O
1 N
] /“\ O
<
s1 ph” O
1 27j -
] o}
(*H NMR, 400 MHz, CDCl,)
< ]
o
] =
] &
| | =
<
[N
<]
] 4 AL
L R L R L L B L B L L B L R AR AR R AR RN R
120 11.0 10.0 9.0 8.0 7.0 . 2.0 0
P BB LRI SZIZIEICELS 22 g
SRR TN ~RRRSR ] =
0O 00 00 0O I~ b= I~ = = I~ b= [~ © © © © N~ <
X : parts per Million : Proton

Fil ename

Aut hor

Experi ment
Sample_Id

Sol vent

Actual _Start_Ti
Revision_Time

Comment
Data_Format
Dim_ Size
X_Domain
Dim Title
Dim Units

Di mensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domain
X_Freq

X Offset
X_Points
X_Prescans
X_Resolution

X Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Tri_Domain
Tri_Freq
Tri_Offset
Clipped

Scans

Total _Scans

Rel axation_Del a
Recvr_Gain
Temp_ Get

= H-1.jdf

delta

proton.jxp
170915-ky-5
CHLOROFORM-D
EP-2017 14:21:21
P-2017 16:08:47

me =

single_pulse
1D COMPLEX
26214

Proton
Proton

= [ppm

X
JNM-ECS400
DELTA2_NMR

= 9.389766[T] (400[ MHE])
4.36731904[s]

1H

399. 78219838[ MHz]
5[ ppm]

32768

1

0.22897343[ Hz]
7.5030012[ ki)

= 6.00240096[ ki)
Proton

= 399.78219838[ M1z]
5[ ppm]

Proton
399.78219838[ Mz]
5[ ppm]

= FALSE

8

8

y = 5[s]
28
= 21.2[dC]
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abundance

14 15 16 L7

1.3

1.2

1.0 1.1

0.1 02 03 04 05 06 0.7 0.8 0.9

0

Me

dEDLD

Jo

27j

Ph

——-—— PROCESSING PARAMETERS ----

(33C NMR, 100 MHz, CDCly)

PRl ——

R B B L BB B e e
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0
€ g S395%833 =888 &5
N <t ™ ~© MO 0 LW O 0~ 0~ N (=)
5 58 XEzZIZ3SN D NN
X : parts per Million : Carbon13

de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta
Experiment = carbon.jxp
Sample_Td = 170915-ky-5
Sol vent CHLOROFORM-D

Actual _Start_Ti me
Revision_Ti me

Comment
Data_Format
Dim_Size

X Domain
Dim Title
Dim_ Units

Di mensi ons
Site
Spectrometer

Field_ Strength
X Acq_Duration
X_Domai n

X_Freq

X Offset

X Points

X Prescans
X_Resolution
X_Sweep

X_ Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans
Total _Scans

Rel axation_Delay
Recvr_Gain

Temp_ Get

X 90_W dth
X_Acq_Ti me
X_Angle

15-SEP-2017 14:23:07
21-SEP-2017 16:10:33

single pulse decouple
1D COVPLEX

26214

Carbon

Carbonl3

[ppm]

X

= JNM-ECS400

DELTAZ_NMR

9.389766[T] (400[ME])
1.04333312[s]

13C

100.52530333[ MHz]

100[ ppm]

= 32768

4

0.95846665( Hz]
31.40703518[ kHz]
25.12562814[ kiz]
Proton

399. 78219838 M1z]
[ppml]

FALSE

52

52

2[s]

60

21.2[dC]
10.6[ us]
1.04333312[s]
30[deg]
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7.0

6.0

5.0

4.0

3.0

2.0

1.0

abundance

| o JEOL
1 2 -
] (@) B 2
] Me ——-—— PROCESSING PARAMETERS ----
] O dc_balance( 0, FALSE )
] sexp( 0.2[Hz], 0.0[s] )
4 N trapezoid( 0[%], 0[%], 80[%], 100[%] )
] O zerofill( 1)
B | fft( 1, TRUE, TRUE )
] O machi nephase
1 Ph ppm
f 27k - BB
. 32 e Fi | ename = ML jdf
Bl Aut hor = delta
:(1H NMR, 400 MHZ, CDCI3) Experi ment = proton.jxp
B Sample_Id = 170428-ky-3
] Sol vent = CHLOROFORM-D
] Actual _Start_Time = 28-APR-2017 14:33:01
— Revision_Ti me = 21-SEP-2017 15:59:22
] Comment = single_pulse
4 Data_Format = 1D COWPLEX
] Di m_Size = 26214
g X_Domai n = Proton
1 DimTitle = Proton
] L Di m_ Units = [ppml
] = Di mensions =X
] — Site = JNM-ECS400
B Spectrometer = DELTA2_NMR
B Field_Strength = 9.389766[T] (400[Mi])
1 X_Acq_Duration = 4.36731904[s]
] X_Domain = 1H
B X_Freq = 399.78219838[ M1z]
] X Offset = 5[ ppm]
] X_Points = 32768
i X_Prescans =1
| X_Resolution = 0.22897343[ Hz]
q X_Sweep = 7.5030012[kHz]
] X_Sweep_Clipped = 6.00240096[ kHz]
] Irr_Domain = Proton
B J L ‘ Irr_Freq = 399.78219838[ MHz]
] Irr_Offset = 5[ppm]
ad ‘J UL ) T T S - ‘l Tri_Domain = Proton
T T T e T e e e e e e e TriFreq = 399.78219838[ Miz]
120 110 100 90 80 70 60 50 40 30 20 10 0 -0 =20 |Ii-Ols = sLoom
Clipped = FALSE
‘ Scans =8
Total _Scans =8
ML =00 D FHFFHFOLOOXONLO™M © jeel o
LEETRR LIS ESLLS D © % = Rel axation_Delay = 5[s]
. 00 00 OO0 b= b= b= [= b= [~ b= [~ [~ O O © o — = Recvr_Gain = 24
X : parts per Million : Proton Temp_ Get = 21[dC)
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abundance

0 0.1 0.2 03 04 05 0.6 0.7 08 09 1.0 1.1 1.2 1.3 14 15 1.6 1.7 18

27k

OMe

13C NMR, 100 MHz, CDCls)

e

dEDLD

——-—— PROCESSI NG PARAMETERS ----

130.0

AN

210.0 190.0 170.

4.758 7/

X : parts per Million : Cz:llbo

0 150.0
W
0 > (=3
X 0 © <«
ZEE 3
nl3

133.416
128.868

128.286

125.073
121.774
114.385

110.0

90.0

%
-

77.315
77.000
76.676
72.843

70.0

50.0

55.490

30.0 10.0 -10.0

20.403

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta
Experiment = carbon.jxp
Sample_Id = 170428-ky-3
Sol vent CHLOROFORM-D

28-APR-2017 14:34:52
21-SEP-2017 16:00:53

Actual _Start_Ti me
Revision_Ti me

Comment = single pulse decouple
Data_Format = 1D COWPLEX

Dim_Size = 26214

X_Domain Carbon

Dim Title = Carbonl3

Di m Uni ts = [ppml

Di mensions =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR

9.389766[T] (4000 M¥E])
1.04333312[s]

Field_ Strength
X Acq_Duration

X_Domain = 13C

X_Freq = 100.52530333[ MHz]
X Offset = 100[ ppm]
X_Points = 32768

X_Prescans 4

0.95846665[ Hz]
31.40703518[ ki)
25.12562814[ ki)

X_Resolution
X_Sweep
X_ Sweep_Clipped

Irr_Domain = Proton
Irr_Freq = 399.78219838[ M1z]
Irr_Offset = 5[ppm
Clipped = FALSE

Scans = 31

Total _Scans = 31

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 20.9[dC]
X_90_W dth = 10.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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2.0 3.0 4.0 5.0 6.0 7.0 8.0

1.0

abundance

ClI

(JEDLD

o
S
0 E
Me TSI NG y
O —-—— PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )
N sexp( 0.2[Hz], 0.0[s] )
I O trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)
(@) fre( 1, TRUE, TRUE )
Ph machinephase
ppm
&
1 — g Fil ename = H-1.jdf
(*H NMR, 400 MHz, CDCl) |~ 15,/ b - delin
?fi Experi ment = proton.jxp
Sample_Id = 170519-ky-2
Sol vent = CHLOROFORM-D
Actual _Start_Time = 19-MAY-2017 12:36:35

Revision_Time 21-SEP-2017 16:18:31

Comment = single_pulse
Data_Format = 1D COWPLEX
Di m_Size = 26214
X_Domain = Proton
Dim Title = Proton
Di m_ Uni ts = [ppml

= Di mensi ons =X

= Site = JNM-ECS400
Spectrometer = DELTA2_NMR

9.389766[T] (4000 Mz])
4.36731904[s]

Field_ Strength
X_Acq_Duration

X_Domain = 1H

X_Freq = 399.78219838[ MHz]
X_Offset = 5[ppm

X_Points 32768

1
0.22897343[ Hz]

X Prescans
X Resolution

X_Sweep 7.5030012[ kHz]
X_Sweep_Clipped 6.00240096[ kiHz]
Irr_Domain = Proton

399.78219838[ MHz]

Irr_Freq
d I L ‘ Irr_Offset 50 ppm
I " [ Tri_Domain = Proton

T T T T T T T T T T T T T T T | TriCFreq = 399.78219838[ Mz]
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0 |Tri-Ofset = slppm]
Clipped = FALSE
I Scans =8
Total _Scans =8
O N~ F OO FDHMN — O M= O — o~ (=3
BEELELIRI[RRTREESS % = Rel axation Delay = 5[s]
06 00 00 b= = b= b= b= b= D= b= b= b= D= 0= b= — IS Recvr_Gain = 30
X : parts per Million : Proton Temp_ Get = 21.4[dC]
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1.1 12 13 14 15 1.6

1.0

02 03 04 05 0.6 0.7 08 09

0.1

abundance

Cl

271
(3C NMR, 100 MHz, CDCly)

dEDLO

———- PROCESSING PARAMETERS ----

dc_balance( 0,
sexp( 2.0[Hz],
trapezoid( 0[%]
zerof il1( 1)

ffe( 1, TRUE, T

machinephase
ppm

FALSE )
0.0[s] )
, O[%], 80[%], 100[%] )

RUE )

210.0 190.0 170.0 150.0

AN

o
~
[ts)

67.235
148.500

©
<
e}
=<
©
—

163.736

——

™
n
<
= —
~ ~
5
Carbon13

X : parts per Million :

—
—

[T)
)
™
—

Y]

)
N
—

130.0

Z

L

128.87

=

127.018
124.902
122.385
77.315
76.676
72.767
20.393

128.286

Fil ename

Aut hor
Experiment
Sample_Id

Sol vent

Actual _Start_Ti
Revision_Time

Comment
Data_Format
Di m_Size
X_Domain
Dim Title

Di m Units

Di mensions
Site
Spectrometer

Field_ Strength
X_Acq_Duration
X_Domain
X_Fregq

X Offset
X_Points

X Prescans

X Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total _Scans

Rel axation_Dela
Recvr_Gain
Temp_ Get
X_90_W dth
X_Acq_Ti me
X_Angle

= C-1.jdf

delta

= carbon.jxp

= 170809-ky-1
CHLOROFORM-D
9-AUG-2017 13:17:
21-SEP-2017 16:26:

me

1D COMPLEX
26214
Carbon
Carbonl3
[ppm]

X
JNM-ECS400
DELTA2_NMR

1.04333312[s]

13C

= 100.52530333[ M1z]
= 100 ppm]

32768

4

0.95846665[ Hz]
31.40703518[ kHz]
25.12562814[ kHz]
= Proton

399. 78219838[ MHiz]
5[ ppm]

= FALSE

56

56

y = 2[s]

60

22.1[dC]
10.6[ us]
1.04333312[s]
30[deg]

& ©

single pulse decoupled

9.389766[T] (4000 MHz])




27m
1(*H NMR, 400 MHz, CDCl5)

—/

3.04

dEDLQ

---— PROCESSING PARAMETERS ----
de_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machi nephase

2.04
2.00

19

[.02

Jd

abundance

12.0 11.0  10.0 9.0

\

8.053
8.050
8.037

X : parts per Million : Proto

=

f

8.032
8.029
7.512
5.876
5.859
5.833
5.258
5.255
4.704
4.694
4.690
4.687
4.673
1.797
0.000 <

ppm

Fil ename = TH 221017_proton-1-2.]
Aut hor = delta

Experiment = proton.jxp

Sample_ld = TH 221017

Sol vent = CHLOROFORM-D

Actual _Start_Time = 17-0OCT-2022 12:06:05
Revision_Time = 17-FEB-2023 16:13:52
Comment = single_pulse
Data_Format = 1D COWPLEX

Di m_Size = 26214

X_Domai n = Proton

Dim Title = Proton

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400
Spectrometer = DELTA2_NMR
Field_Strength = 9.389766[T] (400[Mz])
X_Acq_Duration = 4.36731904[s]

X Domain = 1H

X_Freq = 399.78219838[ Mtz]

X Offset = 5[ppm]

X_Points = 32768

1
0.22897343[ Hz)
7.5030012[ kHz]
6.00240096[ k1]

X Prescans
X_Resol ution
X_Sweep
X_Sweep_Clipped

Irr_Domain = Proton

Irr_Freq = 399.78219838[ Mlz]
Irr_Offset = 5[ppm]
Tri_Domain = Proton

Tri_Freq = 399.78219838[ Miz]
Tri_Offset = 5[ppml

Clipped = FALSE

Scans =8

Total _Scans =8

Rel axation_Delay = 5[s]

Recvr_Gain = 46

Temp_ Get = 21.1[dC]




abundance

7.47

—-—-—- PROCESSI NG

de_balance( 0, FAl

SE
7 O sexp( 0.2[Hz], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)
fft( 1, TRUE, TRUE )
_| machi nephase
1Me 27n ppm
1 (*H NMR, 400 MHz, CDCls)
Fil ename = H-1.jdf
Aut hor = delta
Experi ment = proton.jxp
Sample_Id = 170915-ky-2
Sol vent = CHLOROFORM-D
Actual _Start_Time = 15-SEP-2017 10:59:17
Revision_Ti me = 21-SEP-2017 16:40:52
Comme nt = single_pulse
o (=3 Data_Format = 1D COWPLEX
Do Di m_Si ze = 26214
X_Domain = Proton
Dim Title = Proton
Di m_Units = [ppml
- Di mensi ons =X
=) Site = JNMFECS400
N Spectrometer = DELTA2_NMR
Field_ Strength = 9.389766[T] (400[Mk])
X_Acq_Duration = 4.36731904[s]
X_Domain = 1H
X_Freq = 399.78219838[ Mlz]
X Offset = 5[ppm
X_Points = 32768
X Prescans =1
X_Resolution = 0.22897343[ Hz]
X_Sweep = 7.5030012[ kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain = Proton
| M ‘ Irr_Freq = 399.78219838[ Mi]
B Irr_Offset = 5[ ppml
o J LJ—'L’L Tri_Domain = Proton
T T T T T T T T T T T T T T T T T T T T T T T T T T e TrioFreq = 399.78219838[ MHz]
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0 |Tri-Ofset = 5lppm]
Clipped = FALSE
I Scans =8
Total _Scans =8
O WO T O MANW O XN <~ 0
58RRBRIAISSXXR 2 g Relaxation_Delay = 5[s]
S E Recvr_Gain =30
X : parts per Million : Proton Temp_ Get = 21.7[dC]

232




abundance

02 03 04 05 06 07 08 09 1.0 1.1 12
el b

0.1

Me 27n

(33C NMR, 100 MHz, CDCls)

dEDLO

———— PROCESSING PARAMETERS ----

110.0

210.0 190.0 170.0 150.0
(2] [ <o 0
S 8% IS
= 28 BZ
X : parts per Million : Carbon13

130.0

120.983

90.0

%
=

77.315
77.000
76.676
72.767

70.0

50.0

21.728 ——

20422~

-10.0

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta
Experiment = carbon.jxp
Sample_ld = 170915-ky-2
Sol vent = CHLOROFORM-D

15-SEP-2017 11:01:03
= 21-SEP-2017 16:42:38

Actual _Start_Ti me
Revision_Time

Comment = single pulse decouple
Data_Format = 1D COWPLEX

Di m_Size = 26214

X_Domai n = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons =X

Site = JNM-ECS400

Spectrometer DELTA2_ NMR

= 9.389766[T] (400[MHz])
1.04333312[s]

Field_Strength
X_Acq_Duration

X Domain = 13C

X Freq = 100.52530333[ MHz]
X Offset = 100[ppm]

X_Points = 32768

X Prescans =4

0.95846665[ Hz]
31.40703518[ kHz]
25.12562814[kiz]

X_Resolution
X_Sweep
X_Sweep_Clipped

Irr_Domain = Proton
Irr_Freq = 399.78219838[ Mlz]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 27

Total _Scans =27

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.70dC]
X_90_W dth = 10.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]
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5.0

4.0

3.0

2.0

1.0

] o)
: Me Wopn |- JEOL O

%
R <
] | O ———— PROCESSING PARAMETERS --—-
] dec_balance( 0, FALSE )
] @) sexp( 0.20H], 0.0[s] )

4 trapezoid( 0[%], 0[%], 80[%], 100[%] )
1 zerofill( 1, TRUE )

4 27 fft( 1, TRUE, TRUE )

| machi nephase

| MeO °

ppm

| (*H NMR, 400 MHz, CDCl3)

b o Fil ename = TH 201013 Exp-2 AcOH.
] < 2 Aut hor = delta
2e) g f = H
i o Experiment = proton.jxp
4 Sample_Id = TH 201013 Exp-2 AcOH
- Sol vent = CHLOROFORM-D
Bl Actual _Start_Time = 15-0OCT-2020 15:04:12
B Revision_Ti me = 1-MAR-2023 19:00: 57
7 Comment = single_pulse
] Data_Format = 1D COWPLEX
i b, Di m_ Size = 26214
] S HE X_ Domai n = Proton
4 — M =~ Dim Title = Proton
4 Dim Units = [ppm]
q Di mensi ons =X
b Site = JNM-ECS400
7 Spectrometer = DELTA2_NMR

9.389766[T] (400[ MHz])
4.36731904[s]

Field_Strength
X_Acq_Duration

4 X Domain = 1H

4 X Freq = 399.78219838[ M1z]
—| X O fset = 5[ppm]

B X_Points = 32768

7 X_Prescans =1

1 X Resolution = 0.22897343[ Iz]

abundance

] X_Sweep = 7.5030012[kHz]
] X_Sweep_Clipped = 6.00240096[ kHz]
4 Irr_Domain = Proton
4 Irr_Freq = 399.78219838[ ML)
B LJU Irr_Offset = 5[ppm]
Y — G Tri_Domain = Proton
e S ST = 399. 782198380 Miz]
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0 |ri-Ofset = 5lopml
Clipped = FALSE
Scans =8
Total _Scans =8
M AN —~ NN OO O [ee] Lo (=]
B2 TNEEIIc=m2E= 2 % = Rel axation_Delay = 5[s]
L 00 00 I~ = b= b= b= b= b= b= 0= b= b= 0= ) — o Recvr_Gain =50
X : parts per Million : Proton Temp_ Get = 19.1[dC)
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2.0 3.0 4.0 5.0 6.0 7.0 8.0

1.0

3.00

0
Me N qpn . (JEDLD

O ——--- PROCESSING PARAMETERS ----
| dc_balance( 0, FALSE )
O sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1)
fft( 1, TRUE, TRUE )

27 machi nephase
Cl P ppm
=
(*H NMR, 400 MHz, CDCl3) (. |
SNEN]
— — Fil ename = H-1.jdf
- Aut hor = delta
Experiment = proton.jxp
Sample_Id = 170525-ky-5
Sol vent = CHLOROFORM-D
Actual _Start_Time = 25-MAY-2017 15:21:27
Revision_Time = 21-SEP-2017 16:56: 40
Comment = single_pulse
Data_Format = 1D COWPLEX
Di m Size = 26214
50 X_Domain = Proton
= Dim Title = Proton
r Di m_Units = [ppm)
Di mensions =X
Site = JNM-ECS400

Spectrometer DELTA2_NMR

Field_Strength
X_ Acq_Duration

9.389766[ T] (400[ Mz])
4.36731904[s]

X_Domain = 1H

X_Freq = 399.78219838[ Mz]
X Offset = 5[ppm]

X_Points = 32768

X_Prescans =1

abundance

0

X_Resol ution = 0.22897343[ Hz]
X_Sweep = 7.5030012[ kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain = Proton
L_LJL ‘ Irr_Freq = 399.78219838[ MHz]
Irr_Offset = 5[ppm]
“‘J“ﬂ‘—‘u“‘ “ e H‘L‘J Tri_Domain = Proton
e o e I SR L = 399.78219838[ Miz]
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0 | Iri-Ofset = 5[ppm
Clipped = FALSE
Scans =8
Total _Scans =8
N 00O~ O WD 0O TR D o =
HZSsZ28g8E58c823 S g Rel axation Delay = 5s]
L 00 00 G0 00 b= b= b= b= b= b= b= b= b= b= b= b= — S Recvr_Gain = 28
X : parts per Million : Proton Temp_ Get = 21.70dq
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o

0.9

cl 27p

0.6

0.1

abundance

13C NMR, 100 MHz, CDCl5)

(JEDLQ

———— PROCESSING PARAMETERS ----
de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill1( 1)

210.0 190.0 170.0

164.375

X : parts per Million : Earbonl?;

110.0

150.0 130.0

N O FTN DO Hm
O O W N W SO - -
“SQwarnRR —9
SOV O M~ O
AN AN NN NN
SX3Jfaggan

90.0

70.0

72.938

50.0

30.0

20.422

10.0

-10.0

fft( 1, TRUE, TRUE )

machi nephase

ppm

Fil ename = C-1.jdf

Aut hor = delta

Experi ment = carbon.jxp
Sample_Id = 170915-ky-4
Sol vent = CHLOROFORM-D

Actual _Start_Time = 15-SEP-2017 14:11:01
Revision_Ti me = 21-SEP-2017 17:04:29

Comment = single pulse decouple
Data_Format = 1D COWMPLEX

Di m_Size = 26214

X_Domain = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Di mensi ons = X

Site JNM-ECS400

Spectrometer DELTA2_NMR

9.389766[T] (4000 MHz])
1.04333312[s]

Field_ Strength
X_Acq_Duration

X_Domai n = 13C

X_Freq = 100.52530333[ MHz]
X Offset = 100[ ppm]

X_Points 32768

X_Prescans 4

0.95846665[ Hz]
31.40703518[ k]
25.12562814[ kHz]

X Resolution
X_Sweep
X_Sweep_Clipped

Irr_Domain = Proton
Irr_Freq = 399.78219838[ M1z]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 105

Total _Scans = 105

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 21.3[dC]
X_90_Wdth = 10.6[us]
X_Acq_Ti me = 1.04333312[s]
X_Angle = 30[deg]
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3.0

2.0

1.0

abundance

o) N = JEOL ;
Me
N ———— PROCESSING PARAMETERS ----—
dc_balance( 0, FALSE )
BzHN sexp( 0.2[1&], 0.0[s] )
O trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )
fft( 1, TRUE, TRUE )
29a’ machi nephase
ppm
(*H NMR, 400 MHz, CDCls)
Fil ename = TH 220119-1 recol umun
Aut hor = delta
Experi ment = proton.jxp
Sample_Id = TH 220119-1 recol umun
Sol vent = CHLOROFORM-D
; Actual _Start_Time = 20-JAN-2022 18:49:
o Revision_Ti me = 16-FEB-2023 16:33:
Comment = single_pulse
Data_Format = 1D COWPLEX
Dim Size = 26214
X_Domai n = Proton
Dim Title = Proton
Dim Units = [ppml
Di mensions =X
Site = JNM-ECS400
= Spectrometer = DELTA2_NMR
T Field_ Strength 9.389766[T] (400[MHz])
X_Acq_Duration 4.36731904(s]
~ X_Domai n 1H
— = X Freq = 399.78219838[ Mz]
o > X Offset = 5[ppml
X_Points = 32768
X_Prescans =1
= X_Resol ution = 0.22897343[ Hz]
— X_Sweep = 7.5030012[ kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain = Proton
J Irr_Freq = 399.78219838[ M1z]
J J Irr_Offset = 5[ppm]
Tri_Domain = Proton

T L L [ | 1 ey 399. 78219838[ Mz ]
120 110 100 90 80 70 60 50 40 30 20 10 0 A0 20 |l Ofe = olopnl
‘ I I Scans =8
Total _Scans =8
€ 2zgges3c S3EEEEERIEZaEE S Rel axation. Delay = 3151
- 0 = = b= b= = = = = IR DM DD o o Recvr_Gain = 44
X : parts per Million : Proton Temp_ Get = 18.9[dC]
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abundance

0.2 0.3 0.4 0.5 0.6 0.7 0.8

0.1

(@) N
Me N/J
BzHN
(@]

292’

(*3C NMR, 100 MHz, CDCls)

" b oot

dEDLO

———- PROCESSING PARAMETERS ----

7\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
210.0 190.0 170.0 150.0 130.0 90.0 70.0 50.0 30.0 10.0 -10.0
28 S828 SER8 25 =88
e < X Qe wene xQ QN =
23 CERDR EEEg $% 88

w

X : parts per Million : Carbonl

de_balance( 0, FALS

sexp( 2.0[Hz], 0.0[s]

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

ppm

Fil ename = Pro BzNCMeCO( Pyrorri di
Aut hor = delta

Experi ment = carbon.jxp

Sample_Td = Pro BzNCM:CO2PhCOPyr orf
Sol vent = CHLOROFORM-D

Actual _Start_Time = 7-FEB-2022 11:58:51

Revision_Time

Comment
Data_Format
Di m_Size

X Domain
Dim Title

Di m Units

Di mensions
Site
Spectrometer

Field_Strength
X_ Acq_Duration
X_Domai n
X_Freqg

X Offset

X Points
X_Prescans
X_Resolution
X_Sweep

X_ Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total _Scans

Rel axation_Delay
Recvr_Gain

Temp_ Get

X.90_W dth
X_Acq_Ti me
X_Angle

16-FEB-2023 16:14:50

single pulse decoupled
1D COWPLEX

26214

Carbon

Carbonl3

[ppm]

X

JNM-ECS400

DELTA2_NMVR

9.389766[T] (400[Miz])
1.04333312[s]
13C

= 100.52530333[ MHz]

100[ ppm]

32768

4

0.95846665[ Hz]
31.40703518[ kHz]
5.12562814[ kHz]
Proton

= 399.78219838[ MHz]
= 5[ppm
= FALSE

1024
1024

2[s]

58

19.4[dC)
13.6[us]
1.04333312[s]
30[deg]
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3.0

2.0

1.0

O _NHBN
Me NHBn
BzHN

O
29b’

(*H NMR, 400 MHz, CDCls)

abundance

-

<
™

{,
L

15.19

(JEDLD

---- PROCESSING PARAVETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machi nephase

4.04

3.00

ppm
Fil ename = TH 220125_proton—-1-2.]
Aut hor = delta

Experi ment = proton.jxp

Sample_Id = TH 220125

Sol vent = CHLOROFORM-D

Actual _Start_Time = 26-JAN-2022 13:04:03
Revision_Time = 16-FEB-2023 16:22: 54
Comment = single_pulse
Data_Format = 1D COWPLEX

Dim Size = 26214

X_Domain = Proton

Dim Title = Proton

Dim_ Units = [ppm]

Di mensions =X

Site JNM-ECS400
Spectrometer = DELTA2_NMR

Field_Strength
X_Acq_Duration

9.389766[T] (4000 MHz])
4.36731904[s]

12.0 11.0 10.0 9.0 8

//M%

X : parts per Million : Prot

8.182
7.894
7.876
7.544
7.478
7.458
7.333

o

n

0

©
—
@
~

7.297
7.285

7.267

7.262

7.219

4545

4530

4508

4.493

4474

4.459

4.436

4.422

2.002 —
0.000 — <2

X_Domai n 1H

X_Freq 399. 78219838 Mz]
X Offset = 5[ppm]

X_Points = 32768

X Prescans =1

X_Resol ution = 0.22897343[ Hz]
X_Sweep = 7.5030012[ kHz]
X_Sweep_Clipped = 6.00240096[ kHz]
Irr_Domain = Proton

Irr_Freq = 399. 78219838 Mlz]
Irr_Offset = 5[ ppm]
Tri_Domain = Proton

Tri_Freq = 399.78219838[ MHz]
Tri_Offset = 5[ppm]

Clipped = FALSE

Scans =8

Total _Scans =8

Rel axation_Delay 5[s]

Recvr_Gain = 50

Temp_ Get = 19[dC]




abundance

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.1

O.. _NHBn
Me NHBn
BzHN

O
29b’

(3C NMR, 100 MHz, CDCls)

"

(JEDLQ

———— PROCESSING PARAMETERS ----

W

i

Yo

Ll g ¥ " o

130.0

AN

210.0 190.0 170.0

\

le)
=)
~
©
©
—

_

~
i)
2
o
o
—

—_

X : parts per Million : Carbon

137.355
133.389

150.0

132.235

128.736
128.707
127.554
127.334
127.239

110.0

90.0

77.345
77.020

70.0

N\

o
(=1
=
©
2

50.0 30.0 10.0 -10.0

63.567
44.040 ——
22.492

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

bpm

Fil ename = Pro BzCMe(CONBn) 2_car
Aut hor delta

Experi ment carbon. jxp
Sample_ld Pro BzCMe( CONBn) 2
Sol vent CHLOROFORM-D

Actual _Start_Ti me 7-FEB-2022 19:05:57
Revi sion_Ti me 16-FEB-2023 16:16:31
Comment = single pulse decoupled
Data_Format 1D COMPLEX

Di m_Size 26214

X_Domain Carbon

Dim Title = Carbonl3

Dim Units = [ppml

Di mensions =X

Site = JNMFECS400
Spectrometer = DELTA2_NMR

Field_ Strength
X_Acq_Duration
X_Domain

X_ Freq

X Ofset
X_Points
X_Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total _Scans

Rel axation_Del ay
Recvr_Gain

Temp_ Get

X

9.389766[T] (4000 MHz])
= 1.04333312[s]

= 13C
100.52530333[ MHz]
100[ ppm]

32768

4

0.95846665[ Iz]
31.40703518[ kiz]
25.12562814[ kHz]
= Proton

399. 78219838 MHz]
5[ ppm]

FALSE

1000

1000

2[s]

60

19[dcC]

= 13.6[us]

= 1.04333312[s]
= 30[deg]
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1.3 14 15

1.2

02 03 04 05 06 07 08 09 1.0

0.1

abundance

MeYCOZEt
NH
Me CO,Et
BzHN
Me

29¢’
(*H NMR, 400 MHz, CDCls)

JEOL
%) RESONANCE

@%13

5.24

—-—~ PROCESSI NG PARAVETERS ----
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], 0[%], 80[%], 100[%] )

zerofill(
freC 1, TRUE, TRUE )
machi nephase

3.13
4.18

3.00

2.04

J

12.0 11.0 10.0 9.0 8.0

\

7.927
7.892
7.874
7.565
7.546
7.528
7.483
7.465
7.447

X : parts per Million : Proton

-

AN

4538
4517
4515
4214
4.196
4.187
4.184
4.178
4.169
1 267
1.247
-0.000 ——

30-NOV-2022 14:39:20
26-JAN-2023 18:45:06
26-JAN-2023 18:49:14

Creation_Time
Revi sion_Ti me
Current _Ti me

ppm

Fil ename = 221130 BzNH(Me) CCONH-Al a
Aut hor = delta

Experi ment = proton.jxp

Sample_Id = 221130 BzNH(Me) CCONH-Al a
Sol vent = CHLOROFORM-D

Comment = single_pulse
Data_Format = 1D COWLEX
Dim_Size = 26214

Dim Title = Proton

Di m_Uni t s = [ppml

Di mensi ons =X

Site = JNM-ECS400

Spectrometer DELTA2_ NMVR

Field_ Strength
X_Acq_Duration

9.389766[T] (4000 MHz])
4.36731904[s]

X_Domain = 1H

X_Freq = 399. 78219838 ME]
X_Offset = 5[ppm]

X_Points = 32768

X_Prescans

X Resolution
X_Sweep
X_Sweep_Clipped

1
0.22897343[ 1]
7.5030012[ kiz]
6.00240096[ kitz]

I'rr_Domain Proton
Irr_Freq = 399. 78219838 MHz]
Irr_Offset = 5[ppm]
Tri_Domain = Proton
Tri_Freq = 399.78219838[ Mtz]
Tri_ Offset = 5[ppm]
Clipped = FALSE
Scans =8
Total _Scans =8
Rel axation_Delay = 5[s]
Recvr_Gain = 32
Temp_ Get = 19.2[dC]
X.90_W dth = 6.3[us]
> = 4.36731904[s]
= 45[deg]
= 0.7[dB]
X_Pulse = 3.15[us]
Irr_Mbde = Of
Tri_Mbde = Off




abundance

-0.01

0.01 0.02 0.03 004 0.05 006 0.07 0.08 0.09 0.1 0.11

0

2

JEOL
RESONANCE

PROCESSI

NG PARAMETERS

dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], O[%], 80[%], 100[%] )

zerofill(
freC 1,
machinephase
ppm

1
TRUE, TRUE )

Me COzEt
(@] NH
Me H
N_ _CO,Et
BzHN h
(@] Me
29¢’
(33C NMR, 100 MHz, CDCls)
NI A A R B I R R B S L R R B I R I A R A I R R
220.0 200.0 180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0 -20.
Al /0 AL LA
o < S~ 0 N O 0= O o™ < 0 <o
= NN ey 3 Qo e~
N o o 00 b~ I~ 0~ © o — [ee) N~ = <
X : parts per Million : Carbon13

Filename

Aut hor

Experi ment
Sample_Id

Sol vent
Creation_Ti me
Revision_Ti me
Current _Ti me

Comment
Data_Format
Dim Size

Dim Title

Di m_Units

Di mensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X_Domain
X_Freq

X Offset
X_Points
X_Prescans
X_Resol ution
X_Sweep
X_Sweep_Clipped
I'rr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total _Scans

Rel axation_Del ay
Recvr_Gain
Temp_ Get
X_90_W dth
X_Acq_Ti me
X_Angl e

X Atn

X Pulse
Irr_Atn_Dec
Irr_Atn_Noe
Irr_Noise
Irr_Pwidth
Decoupling

221130 BzNH(Me) CCONH-Al a
delta

carbon. jxp

221130 BzNH(Me) CCONH-Al a
CHLOROFORM-D
30-NOV-2022 18
26-JAN-2023 1
26-JAN-2023 1

single pulse decoupled g
1D COWPLEX

26214

Carbonl3

[ppm]

X

JNM-ECS400
DELTA2_ NMR

9.389766[ T] (400[ Miz])
1.04333312[s]

13C

100.52530333[ Mtz]

100[ ppm]

32768

4
0.95846665[ Hz]
1.40703518[ kHz]
25.12562814[ kHz]
Proton
399.78219838[ M)
5[ ppm]

FALSE

1000

1000

2[s]
58

19.5[dC]
13.6[us]
1.04333312[s]
30[ deg]
6.8[dB]
4.53333333[us]
25.927[ dB]
25.927[ dB]
WALTZ
0.115[ms]
TRUE
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abundance

JEOL

O-OPh 2) RESONANCE
Me H
N\Ph - ;**;} f’R(X:B(SS%)NG ZCI;AI\/%:H:RS i
c_balance , FALSE
BZHN < sexp( 0.2[Hz], 0.0[s] )
= trapezoi d( 0[%], 0[%], 80[%], 100[%] )
O zerofill( 1
fft( 1, TRUE, TRUE )
machinephase
29d ppm
(*H NMR, 400 MHz, CDCls)
Fil ename = 221129 BzNH(Me) COZPhCONH|
Aut hor = delta
Experi ment = proton.jxp
Sample_Id = 221129 BzNH( Me) COZPhCONE
Sol vent = CHLOROFORM-D
Creation_Time = 29-NOV-2022 17:54:10
Revi sion_Ti me 26-JAN-2023 18:55:07
Current _Ti me = 26-JAN-2023 18:55:29
Comment = single_pulse
Data_Format 1D COWPLEX
Dim_Size = 26214
Dim Title = Proton
Dim Units = [ppml
Di mensi ons =X
Site = JNM-ECS400
Spectrometer = DELTA2_NWMR
Field_ Strength = 9.389766[T] (4000 Ml])
X Acq Duration = 4.36731904[s]
X_Domain = 1H
X_Freq 399. 78219838 ME]
X_Offset 5[ ppm]
X_Points 32768
[ o) X_Prescans 1
< > X_Resol ution 0.22897343[ Hz]
RE ™ X_Sweep = 7.5030012[ kHz]
X_Sweep_Clipped = 6.00240096[klz]
Irr_Domain = Proton
Irr_Freq 9.78219838[ Mt]
Irr_Offset = 5[ppm]
(=4 Tri _Domai n = Proton
< Tri_Freq = 399.78219838[ M)
— Tri_Offset
- Clipped
| ‘ h ‘l Scans
Total _Scans
JL NN . L
Rel axation_Del ay
L R L R B B B B B B B B AR BN R RN AR AR R RN NN,
120 110 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 -1.0 2.0 | Temp_Get = 19.9[dC]
X_90_W dth = 6.3[us]
H X_Acq_ Ti me = 4.36731904[s]
X_Angle 45[ deg]
<~ =0 YO T~ o X_Atn = 0.7[dB]
N oD FID O FIONNO = X Pulse = 3.15[us]
L QNN < 1 Mbde = Of
rr_
00 b= b= b= b= b= D= D= D= b= b= P Tri_ Mvde - Off

X : parts per Million : Proton
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abundance

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0

O.__OPh
H
Me N
BzHN Ph

o
29d

(*3C NMR, 100 MHz, CDCls)

L
il

m

LA i gl

JEOL
%) ResoNANCE

———— PROCESSI NG PARAVETERS ----
dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0

L0[s] )
trapezoid( 0[%], 0[%], 80[%], 100[%] )

‘NMMWWWM

W Laliide il
e . i o o o o o e e e e o o R
220.0 200.0 180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0 -20.0
/N AN A | |
Nelleopih ol (o2] b~ <t =00 © 0 O b~ 0w o O Ne) Ne) (e}
o = < jee) NI~-OLI O — O — MmO jee) o o
Lo O o Lo IO~ <Ff M o O = [le) <t fe)
S o w S B O S~ S N~ o ™ o
it AL T B B R N
X : parts per Million : Carbon13

zerofill( 1)

fft( 1, TRUE, TRUE )

machi nephase

ppm

Filename = 221129 BzNH(Me) CO2ZPh CONI
Aut hor = delta

Experiment = carbon.jxp

Sample_Id 221129 BzNH(Me) COZPhCONH|
Sol vent CHLOROFORM-D

29-NOV-2022 18:10:10
26-JAN-2023 18:50:00
26-JAN-2023 18:50:25

Creation_Time
Revi sion_Ti me
Current _Ti me

Comment = single pulse decoupled g
Data_Format = 1D COWLEX

Di m_Size = 26214

Dim Title = Carbonl3

Di m_ Uni ts = [ppml

Di mensi ons =X

Site = JNM-ECS400

Spectrometer = DELTA2_NMR

9.389766[ T] (400[MHz])
1.04333312[s]

Field_Strength
X_Acqg_Duration

X_Domai n = 13C

X_Freq = 100.52530333[ ML ]
X_Offset = 100[ ppml
X_Points = 32768

X_Prescans 4

0.95846665[ Hz]
31.40703518[ kHz]
25. 12562814 [ kHz]

X_Resolution
X_Sweep
X_Sweep_Clipped

Irr_Domain = Proton
Irr_Freq = 399.78219838[ ML]
Irr_Offset = 5[ppml

Clipped = FALSE

Scans = 1000

Total _Scans = 1000

Rel axation_Delay = 2[s]
Recvr_Gain = 60

Temp_ Get = 19.9[dC]
X_90_W dth = 13.6[us]
X_Acq_ Ti me = 1.04333312[s]
X_Angle = 30[deg]

X_Atn = 6.8[dB]

X Pulse = 4.53333333[us]
Irr_Atn_Dec = 25.927[dB]
Irr_Atn_Noe = 25.927[dB]
Irr_Noise = WALTZ
Irr_Pwidth = 0.115[ms]
Decoupling = TRUE
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9. Cartesian coordinates
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-0.061405
1.155478
2.409328
2.426446
1.197803

-0.024413

-1.118292

-2.419545

-2.438043

-1.261300
1.068152
2.524530
3.228475
2.416885
3.326580
1.287672
1.103197

-2.724726

-3.154976

-3.374181

-2.346586

-1.175747

-1.388389

2.007040
2.332791
1.285120
-0.053497
-0.351941
0.639719
-0.917025
-2.335506
-2.689798
-1.722559
1.627624
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-0.727514
-1.372612
-0.754500
0.675865
1.393990
0.652991
-1.457098
-0.808732
0.608241
1.371743
-2.360175
-0.761997
-1.333363
0.677991
1.191157
1.538883
2.382614
-0.786907
-1.428857
1.112234
0.582219
2.365146
1.503530

-1.506412
-0.110016
0.822431
0.477837
-0.879547
-1.893801
1.424617
1.103661
-0.261040
-1.277964
2.222664

SMD18(THF)/M06-2X-D3/6-311+G(d,p)-SDD

-0.035631
-0.214245
0.200280
-0.305689
0.222959
-0.083199
0.070411
0.179408
-0.379601
0.200500
-0.014334
1.292961
-0.228158
-1.399035
0.034220
1.309889
-0.232535
1.233855
-0.340352
-0.129712
-1.469565
-0.246440
1.285079

-0.292040
0.196553
-0.210660
-0.036416
-0.113837
0.230145
0.097599
0.187886
-0.385280
0.188443
-0.026893
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2.756638
2.006260
2.453692
3.270899
0.679205
0.307827
-2.895089
-2.644358
-3.718092
-2.594819
-1.866638
-1.879633
1.522718
2.664939
0.988491

-0.199564
-0.227264
0.832726
2.131506
2.134794
0.984157
-1.563744
-2.453264
-1.632090
2.869232
2.442938
3.086655
2.010042
0.864694
1.163963
-1.688891
-1.747140
-3.437093
-2.581759
-1.778024
-1.853619

-0.399604
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-2.215676
-1.521448
-0.109576
0.240120
-2.032792
-2.837747
1.889157
1.146868
-0.532701
-0.248695
-1.368331
-2.266852
2.543531
2.359023
2.853038

-0.735012
0.632734
-1.493327
-0.816749
0.605709
1.405757
1.174287
0.026377
-1.225593
-1.424816
-0.795921
1.095798
0.571406
2.368862
1.601758
2.093391
1.402050
0.032675
0.109030
-2.055963
-1.582778

0.779957

0.063929
-1.385327
1.291172
-0.237344
1.321426
-0.208641
-0.327814
1.240368
-0.136861
-1.475216
1.275794
-0.249039
1.017916
-0.335443
-0.641027

0.027013
0.009436
0.058036
0.146787
-0.413682
0.188915
0.199331
-0.294031
0.043109
-0.382199
1.198750
-0.199784
-1.500124
-0.314084
1.254669
-0.377284
1.258290
0.173385
-1.375259
-0.646741
1.053423

-0.362430
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-0.323718
-1.477585
-2.702152
-2.450338
-1.423437
0.903362
1.960866
2.755587
1.909922
0.895036
-3.446572
-3.107588
-3.367078
-2.067701
-1.887684
-1.002255
0.605772
1.323623
1.465075
2.652625
3.492954
3.321016
2.584083
1.378746
1.350947
0.617712

-2.398071
-1.171717
-0.006981
1.154368
2.388529
-1.377895
-0.064690
1.357556
-2.734787
-2.252962
-3.173051
2.245585
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-0.584729
1.451142
0.673102

-0.619957

-1.437073

-1.287631

-1.310327

-0.008392
1.245609
1.548091
1.289885
0.430495

-1.199732

-0.373145

-1.928247

-2.220133

-2.307472

-0.852905

-1.524798

-2.135613

-0.091525
0.118704
2.102315
1.172049
1.353609
2.601354

0.548984
-0.189521
0.554755
-0.202238
0.502159
-1.352177
1.842669
-1.363736
1.097671
1.261711
-0.164657
1.192539

-0.445636
-0.134876
0.010899
0.778252
0.015015
-0.811225
0.294824
0.385790
0.613626
-0.502897
0.518301
-0.981621
0.901906
1.773368
-0.848267
0.653789
-1.063400
-1.722962
1.248846
0.099504
1.189852
-0.545832
0.697998
1.569665
-1.479851
-0.478841

-0.372276
-0.124589
-0.007916
0.114045
0.409433
0.734058
-0.007767
-0.748421
0.516623
-1.181852
-0.658555
1.241622
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2.771287
-1.929949
-1.959212
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0.865596
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1.889178

0.747395
-0.714513
1.380336
0.747396
-0.714512
-1.451522
1.289202
0.791117
-0.754731
-1.190766
2.365405
1.289204
0.791118
-1.190764
-0.754730
-2.480956
-1.501923

1.014723
-1.295980
1.202805
-1.088145
1.013482
-1.295883
1.208386
-1.081630
1.021636
-1.288204
1.212121

248

-0.231858

1.060134
-1.066957
-2.107104
-1.788903

2.244795
-1.760604
-1.087828
-2.145219

-1.210570
-1.258097
-0.000001
1.210569
1.258097
0.000001
-2.080501
-1.240158
-1.324686
-2.155378
-0.000001
2.080501
1.240157
2.155379
1.324687
0.000001
0.000001

-2.086630
-1.902641
-1.035674
-0.562444
1.482512
1.700368
2.171486
2.005164
0.603706
0.202703
-1.136864

0.700618
-0.457015
1.639136
0.198967
1.037322
-0.076923
-1.094876
-1.626526
-0.199631

0.206149
-0.229077
-0.321053

0.206149
-0.229077

0.236373
-0.171684

1.308618
-1.321773

0.175484
-0.077509
-0.171684

1.308618

0.175483
-1.321773
-0.131719

1.332208

0.509705
0.861284
1.913119
1.987590
1.555453
1.212826
-0.056033
-0.510328
-2.057890
-2.083600
-1.848821
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-1.079552
2.382759
1.291016
0.750548

-0.791500
0.752304

-0.789183
0.756580

-0.785534

-1.290272

-0.042592
0.237770
0.182540
1.112492
1.517866
2.301983

-1.309180

-1.555478

-2.478482
1.223555

-0.471438
0.378641

-0.797897
0.930726
0.814962
0.681216
2.327872
1.872852
2.006723
3.095731
2.723028

-1.298780

-0.867049

-2.568834

-1.470057

-2.381213

-3.415735

-2.543222
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-1.442127
-0.000645
-0.000337
-1.107306
-0.944349

1.348875

1.346303
-0.242131
-0.401336

0.000395

0.139190
1.328836
2.622495
-0.770507
-1.450703
-0.056130
-0.510343
-1.808605
0.440325
1.244411
1.381063
3.488585
2.750241
2.607292
-1.550653
-1.998983
-2.163270
-0.723022
0.411246
-0.778253
0.714724
-0.746587
-2.607208
-2.159554
-1.637352
1.384426
-0.025427
0.661782

-1.484432
0.005820
0.003118
0.920362
1.007013
0.501228
0.311720

-1.416200

-1.324321

-0.003173

-0.147852
0.674751
-0.131515
-0.267098
1.046620
-0.906496
0.237514
-0.528371
-0.024992
1.139258
1.507995
0.508028
-0.596137
-0.927911
-0.969842
1.487933
0.868106
1.782202
-1.848993
-1.114553
-0.255440
1.316415
-0.247041
-0.320276
-1.606157
0.513612
0.290099
-1.094814
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-0.474924
-0.000113
-0.896454
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-0.486661
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-1.065489
-1.246438
-1.103702
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-1.086912
1.066020
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-1.308636
0.000282
1.065502

-2.482232
0.946142
0.243746
1.535420

-1.428805

-1.342421
1.104662
2.015039

-3.413166

-2.572148

-2.383693
1.880296
0.766353
0.146008

-0.586292
0.239185
1.531742
2.426804
1.614812

0.001055
0.111108
-1.245325
-0.001100
1.136111
1.050677
-1.299849
0.247250
0.975383
-0.783950
-2.090371
-1.268812
1.117878
2.055764
0.803864

0.284321
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0.284894
-0.246538
-0.246833
0.285500
-0.247163
-0.062703
1.389589
1.390189
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-0.062373
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-1.325019
-0.062843
-1.325315
0.232161
-0.059396
1.390789
-0.061521
0.229883
-1.325986
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1.383085
-0.583669
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-0.774924
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1.238416
1.227156
1.086088
1.104162
1.265122

-1.946317
-0.564523
0.185943
-0.564749
-1.946516
-2.659936
1.544068
2.270472
2.266900
-2.516543
-0.084203
-0.084298
-2.517012
2.095665
1.979297
3.334833
2.026482
3.334697
2.034901

0.191294
1.468075
1.500193
0.225210
-0.602499
-2.056506
-0.222562
2.430073
-0.163615
-2.423656
-2.419957
-2.420462
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1.998387
-1.537478
-2.058346

1.252603
-0.464433

-1.132307
-1.198104
-0.000486
1.197316
1.131656
-0.000340
0.000518
-1.256407
1.257732
-2.056918
-2.166498
2.165695
2.056299
-1.779867
-1.917255
-1.052491
1.790264
1.051613
1.911506

1.083930
0.766914
-0.605946
-1.106984
-0.013322
-0.035593
2.081439
-1.153656
-2.112662
-0.635886
-0.451648
0.984825

-0.631593
-1.434845
0.248423
1.640246
2.027733

0.016414
-0.002757
-0.027878
-0.021684
-0.002344

0.015911
-0.056113

0.005638

0.038757

0.036037

0.005981
-0.033733
-0.000197

0.952577
-0.815309
-0.086965

0.965513

0.027757
-0.807129

-0.001798
0.002473
0.002605

-0.002019

-0.006251
0.004212

-0.004293
0.003755

-0.004392

-0.828051
0.944274

-0.102842



N-methylpyrrolidine

TBD-HBr

I T T T T T T T T T I OOOOO2ZZ

I T T T T T T T T I T OOOZ2Z02Z202Z2020

0.709787
-0.019050
-1.491426
-1.491404
-0.019065

2.114677

0.193288

0.279070
-1.846812
-2.126085
-2.126227
-1.846544

0.279119

0.193164

2.604301

2.261523

2.604301

1.336862
0.483992
0.742020
0.913067
1.224328
1.062779
0.870275
0.727697
1.584508
1.200313
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-0.577985
0.736945
0.038570
1.760584
1.052638
-0.324358
1.423874
2.641568
0.188739
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-0.000017
1.149011
0.775810

-0.775823

-1.148990

-0.000005
1.269733
2.067773
1.158215
1.194299

-1.194474

-1.158075

-2.067817

-1.269554

-0.885214
0.000038
0.885173

-2.520825
-2.461275
-1.190234
-0.045817
-0.061538
-1.287879
1.109901
2.398309
2.377304
1.174984
-3.413508
-2.565408
-2.521371
-3.262660
-1.300761
-1.223511
3.173776
2.554991
3.288160
2.324007
1.290250

-0.372474
0.158860
-0.052957
-0.053077
0.158952
-0.015534
1.236610
-0.350770
-1.010911
0.728825
0.728485
-1.011185
-0.350521
1.236744
-0.428006
1.078655
-0.428073

-0.493383
0.759451
1.434343
0.751392

-0.546110

-1.334627
1.434859
0.759223

-0.492323

-1.335299

-1.069485

-0.223932
0.503089
1.452914

-1.724066

-2.170686
1.452035
0.502364

-1.070184

-0.219386

-1.740774
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1.901213
0.490950
-2.196364
0.342191

-1.006824
-1.730607
-0.765034
0.406258
0.882737
0.004744
1.154802
2.282305
3.021206
2.028206
-1.329195
-1.723435
-0.504011
-2.340050
-2.371476
-0.495378
0.641492
2.919887
1.902066
3.803704
3.486819
1.647495
2.487984
-1.542142
-2.260946
-0.663308
0.662757
-1.046159

-0.909789
-2.224670
-0.084144
-0.568133
-1.952403

253

1.040201
1.044931
0.109690
-1.083954

-2.460757
-1.774405
-1.247760
-0.733036
-0.975494
-1.499346
-0.050298
0.787246
0.096342
-0.217373
-0.802749
-2.754074
-3.360684
-0.941727
-2.477618
-0.650972
-1.997481
0.927184
1.758666
0.748410
-0.823960
0.705071
-0.829153
0.271577
-1.341169
-1.039318
0.276674
1.916226

0.272460
0.140883
-0.740733
-2.120670
-2.212454

-2.160618
2.370023
-0.177341
2.357409

-1.097889
0.040751
1.011102
0.596751

-0.635382

-1.683288
1.484781
1.076883

-0.050052

-1.151314
2.280801

-1.866009

-0.734225

-0.327903
0.572930

-2.165040

-2.415959
1.949511
0.745763

-0.439786
0.312189

-1.605293

-1.928659
2.251504
2.439704
3.112933
2.302520

-0.437244

-0.081282
-0.073546
-0.113131
-0.184151

0.447291



DBU-HBr
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-2.883853
-2.921643
-1.831453
-0.517305

0.147196
-0.596590
-2.368947
-1.870894
-3.814570
-3.127116
-3.783403
-3.266619
-1.943543
-1.872361

0.319874
-0.198036

0.933328

3.060310

-0.634805
-1.863084

0.421211

0.342844
-0.966700
-2.117877
-3.040685
-3.390068
-2.518203
-1.018000
-0.409539

1.206160

0.401072
-1.108020
-0.947768
-2.280419
-3.040395
-3.860388
-2.876289
-3.316671
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-1.158613
1.430084
2.419138
1.719672

-2.750996

-2.435135

-3.205234

-2.056074

-1.094772

-1.383621
1.414837
1.607135
3.389539
2.556276
1.912672
1.971357

-0.540060
0.077581

0.189540
0.688273
0.948594
2.382042
2.675250
2.095981
-0.137676
-1.130789
-2.385837
-2.129207
-1.282232
2.655177
2.924717
3.750249
2.224983
2.661666
2.118701
0.562945
-0.656171
-0.620125

-0.144643
-0.137570
0.295597
-0.088989
0.343277
-1.230932
0.277423
1.525751
0.420623
-1.187694
0.530031
-1.160773
-0.183452
1.376976
0.580446
-1.104782
-0.087416
0.016278

-0.408120
-0.394588
-0.207686
0.047829
0.759743
-0.044250
-0.705519
0.401117
0.385278
0.526923
-0.605115
0.654081
-0.900005
0.871782
1.755531
-0.966575
0.537863
-0.862056
-1.653730
1.367716



TMG-HBr

piperidine-HBr
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-4.435464
-2.839387
-2.692727
-0.497060
-0.800566
-0.829245
0.669110
1.350347
3.385972

-0.030854
1.114683
1.223747
2.405847
2.474448
1.913743
0.159415
3.677928

-0.864389

-0.367371
0.293174
1.625908
3.388146
2.504179
1.231351
2.570837
2.508105
0.276637
3.508329
4.219872
4.285419

-0.807839

-3.019601

1.083903
2.601436
0.537668
1.083741
2.601271
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-1.423767
-3.053804
-2.919322
-3.089197
-1.654143
-1.582091
-1.439259

0.494077
-0.402147

1.878926
1.187171
-0.147932
-0.745910
-2.182813
1.988357
-0.878504
-0.115829
1.940968
1.358011
2.883468
-2.510131
-2.386969
-2.746840
2.572056
2.672271
1.348800
-1.852629
0.825936
-0.785548
0.060005
-0.554217
-0.236821

-1.243801
-1.256828
-0.000087
1.243719
1.256919

0.271050
1.189000
-0.556638
0.528909
1.489533
-1.570372
-0.650844
-0.168580
0.020913

0.683299
0.096466
0.168299
-0.068828
-0.310901
-0.827798
0.489604
0.281171
-0.020782
1.578361
0.958103
-0.910627
-0.868950
0.627605
-1.449708
-0.285650
-1.476260
0.726987
0.797703
0.953177
-0.609220
0.327230
-0.112374

0.001518
0.096221
0.619343
0.001552
0.096267



quinuclidine-HBr
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3.200597
0.624609
0.746777
2.895116
2.970039
-0.515965
0.624335
0.746619
2.969769
2.894936
4.285861
2.990047
0.737324
-2.547395

2.562405
0.266227
2.823306
0.559945
2.564563
0.267820
2.822669
0.557869
2.560847
0.263521
2.819080
0.555001
3.969315
2.879396
2.344670
0.824439
2.345119
0.824422
2.342427
0.821944
0.345556
-0.711910
-2.816973
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0.000096
-2.088369
-1.238533
-1.319902
-2.158029
-0.000166

2.088207

1.238427

2.158185

1.319988

0.000166

0.000105
-0.000082
-0.000001

1.814239
1.997477
2.096060
1.756376
0.080587
-0.456959
-1.552228
-1.835326
-1.895764
-1.539021
-0.545364
0.080293
-0.001146
-0.000636
1.432654
1.412121
-0.594855
-0.797402
-0.838840
-0.613839
0.000576
0.001003
0.000015

-0.536810
0.514213
-1.037402
1.150198
-0.397594
0.498557
0.514275
-1.037369
-0.397509
1.150248
-0.417879
-1.612014
1.623695
-0.081123

1.141931
0.623412
-0.580093
-1.107163
-2.140642
-2.043065
-1.523950
-0.968315
1.002097
1.414804
2.107801
2.072008
0.002536
0.001424
0.141685
-0.106784
-1.310498
-1.170316
1.171375
1.274532
-0.001348
-0.002042
0.000046



i -Pr,EtN-HBr

Et,N-HBr
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-0.882323
-1.385380
-0.250556
-1.366297
-2.862477
-0.940426
-1.114506
-0.726673
-0.303023
-2.101369
-1.928821
-0.660849

0.478972

0.273533
-0.817689
-3.158011
-3.137567
-3.438298

0.129422
-1.135899
-1.499974
-2.182697
-1.383795
-0.795153

0.305539
-0.568654
-0.492030

0.764646

0.163058

2.315941

1.490826
1.066540
1.504942
1.095416
1.110177
1.497563
1.117448
1.004589
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0.081127
-0.302031
-0.719532
-0.853831
-0.726016
-2.283088

1.556470

1.921813

2.382002
-1.111904

0.550778
-0.973627

0.083051
-1.592083
-0.535113

0.283741
-1.399460
-1.020487
-2.331226
-2.893532
-2.717098

1.720865

1.479971

3.006674

1.624510

2.181010

3.439509

2.190238
-0.038029
-0.239154

-0.412473
-0.000564
1.392893
-1.836691
2.411698
-0.987785
-0.578221
0.277667

0.226885
1.598111
2.515582
-0.865626
-1.101854
-0.554449
-0.058103
-1.485057
0.935692
1.482310
2.001513
3.494911
2.639712
2.120799
-1.751810
-1.391101
-1.915974
-0.221086
-0.340304
-1.438385
0.276808
0.100730
-2.234352
-1.583839
-1.688568
1.974230
0.744096
0.798950
0.209308
-0.307769

1.378027
0.001847
-0.327458
1.727304
0.727306
-1.038692
-2.450945
2.065319



DABCO-HBr
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2.571773
2.586860
1.027779
1.257376
1.689022
0.035738
1.281701
0.048492
1.697524
1.006322
2.577029
1.280559
1.719656
0.059926
0.007222
-2.120445

2.859910
2.370772
2.363129
0.342694
2.355801
0.817526
0.826583
0.832722
2.853953
2.654782
2.850030
2.636252
2.831884
2.635613
0.512031
0.307199
0.312873
0.532230
0.531313
0.328670
-0.717760
-2.802471
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-0.261131
1.358899
1.645956

-1.981673

-2.579859

-2.005732
3.408242
2.324168
2.320972

-1.926379

-1.117082

-1.434214
0.249609

-0.307750
0.003600
0.002632

-0.001865
-0.382507
1.338487
0.001880
-0.959290
-0.837340
1.404407
-0.564063
-1.310572
0.401254
2.069614
1.558038
-0.764018
-1.962919
-0.331601
-1.798008
1.832509
1.947666
-1.611505
-0.030480
0.002460
-0.000020

1.436286
-0.478673
-1.272608

2.796768

1.194989

1.520258

0.316825

0.970857

1.640955
-0.787544
-0.926888
-3.107940
-2.824740
-2.503904
-0.003010
-0.004090

-0.007942
1.321762
-0.337824
0.007696
-0.998616
-1.131313
-0.153184
1.298565
1.628668
2.025769
0.308125
-1.371154
-1.959912
-0.674927
-2.047461
-1.066435
-1.013575
0.745113
1.320325
2.103970
0.013119
-0.000178



DMAP-HBr

NMI-HBr

N-methylpyrrolidine
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-0.087464
-1.452987
-2.200469
-1.453884
-0.088320

0.576084
-3.538928
-4.272951
-4.274017

0.522226
-1.939454
-1.941047

0.520677
-4.070987
-4.002551
-5.336773
-4.004313
-5.337673
-4.072336

1.627253

3.764441

-1.391025
-0.504389
-1.165219
-2.495409
-2.611703
-3.870520
-1.172290
-0.640232
-3.362038
-4.437448
-4.437665
-3.645692

0.544676

2.642753

-1.022259
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1.168847
1.212794
-0.000091
-1.213540
-1.170628
-0.001138
0.000451
1.261564
-1.260038
2.063383
2.176231
-2.176620
-2.065632
1.847168
1.853097
1.045292
-1.851367
-1.042866
-1.846242
-0.001285
0.000292

-0.746178
0.238566
1.440499
1.159013

-0.214504

-0.955644

-1.801566
2.380605
1.798816

-0.697679

-0.697264

-2.019840
0.109965

-0.132217

0.731977

0.012218
0.011677
-0.000100
-0.011776
-0.012035
0.000184
-0.000192
-0.021420
0.021503
0.023374
0.025404
-0.025637
-0.023057
0.879609
-0.899759
-0.065877
0.900197
0.065553
-0.879194
0.000179
-0.000032

0.000154
0.000070
0.000188
0.000189
0.000096
0.000071
0.000133
0.000214
0.000223
0.893149
-0.892748
-0.000206
-0.000005
-0.000158

-0.000620



‘HBr

HBr

TFIS
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-1.626835
-1.645034
-1.654703
-1.626264
-1.142909
-2.631595
-1.025856
-0.749147
-2.514799
-2.535899
-0.770170
-1.020925
-2.628179
-0.653857
-2.199341
-0.653065

0.011161

2.020056

0.000000
0.000000

4.760508
3.850788
2.389704
1.576379
0.195853
-0.452742
0.334580
1.715764
2.395568
-0.224506
-0.497591
2.136169
5.813416
4.508013
4.185542
-2.547523
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0.051552
-1.423822
-1.423349

0.052359

2.201002

0.460688

0.273626
-1.922416
-1.925330
-1.914364
-1.932930

0.270299

0.466897

2.592191

2.470331

2.592119

0.487242
-0.108247

0.000000
0.000000

-0.580134
0.342072
0.182224
1.314559
1.243993
0.019971

-1.120283

-1.037842

-2.187341

-2.330972
2.382213
2.529285

-0.330969

-1.577293
1.328638

-0.097102

-1.180574
-0.776238
0.775353
1.180271
-0.000751
-1.305947
-2.061748
-1.145482
-1.198276
1.185937
1.156559
2.059474
1.310047
0.890524
-0.001199
-0.891615
-0.000836
0.000530

0.039511
-1.382876

0.231838
-0.083119
-0.043921
-0.028677
-0.007433
-0.007521
-0.030133
-0.048378
-0.092062
-0.040486

0.014692
-0.026667

0.167085

0.567635
-0.385481

0.019916



TFBrS

TFCIS

T T T m T 7Tm7T1moooooooo

T T T TmOOO0O0000O0 w

T T T O

4.323816
3.402159
1.943868
1.112319
-0.266747
-0.887561
-0.085339
1.293465
1.992209
-0.631944
-0.987710
1.650991
5.373469
4.083925
3.721342
-2.754472

3.845059
2.879795
1.432109
0.547630
-0.825024
-1.384188
-0.528547
0.842722
1.595464
-1.021367
-1.605028
1.026134
-3.088169
4.880776
3.654092
3.149843
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-0.519547
0.383678
0.199944
1.319155
1.228226

-0.011703

-1.142847

-1.032879

-2.169049

-2.355629
2.345553
2.541719

-0.258109

-1.512833
1.369390

-0.154456

-0.362370
0.494694
0.241502
1.319387
1.161711

-0.107503

-1.198866

-1.021751

-2.122719

-2.434336
2.238528
2.566658

-0.321822

-0.051858

-1.364460
1.493289

0.242652
-0.091318
-0.047792
-0.030835
-0.005214
-0.003051
-0.028956
-0.051241
-0.098774
-0.039607

0.019404
-0.030788

0.174104

0.598946
-0.412561

0.030913

0.232540
-0.099710
-0.048298
-0.028473

0.002225

0.008308
-0.020001
-0.047984
-0.099240
-0.027397

0.029458
-0.031022

0.049238

0.157334

0.593939
-0.426129



name |yield (%) of TFIS |yield (%) of Ph3P=0 |Organic Base pKBH temp. (deg.C)/time (h) |UDR-Pro |Mayr-N
0 11 24/DBU 10.6573025 55 2 83 15.29
1 35 71 DBU 16.9 80 2 65 15.29
2 17/,DBU 24.31 95 2 100 15.29
3 23/DBU 8.99183593 125 2 91 15.29
4 29 37/DBU 12.7122316 45 2 71 15.29
5 25 31/DBU 13.0328157 65 2 75 15.29
6 21 59/ DBU 15.8179859 95 2 79 15.29
7 11 76/ DBU 10.8803429 115 2 89 15.29
8 37 61 DBU 16.9 60 2 63 15.29
9 27 44/DBU 16.9 40 2 73 15.29
10 36 56/ MTBD 18 60 2 64| 13.9348139
11 15 16/ DBN 17.2 60 2 85 16.28
12 37 61 DBU 16.9 60 2 63 15.29
13 43 52/ TMG 15.5 60 2 57| 11.4062673
14 0|Piperidine 14.3 60 2 99 17.35
15 0|Quinuclidine 13.1 60 2 25 20.54
16 0|Et3N 12.5 60 2 13 17.1
17 46 64/ TMG 15.5 80 2 54| 11.4062673
18 51 69 TMG 15.5 80 4 49| 11.4062673
19 53 82| TMG 15.5 80 6 47| 11.4062673
20 54 80| TMG 15.5 80 24 46| 11.4062673
21 0 0/DABCO 11.7 60 2 26| 19.6811049
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22 0 0/ DIPEA 12.7 60 2 17| 16.2720408
23 8 33|TBD 21 60 2 92| 12.6590042
24 0 0 DMAP 13.9312905 60 2 99 15.51
25 0 0/NMI 11.668496 60 2 55| 15.7441301
26 0 0/N-Mepyrrolidine | 10.2473137 60 2 54 20.59

263




delta G (kcal/mol) NBO (a.u.) \/'s min (kJ/mol)|Surface Volume NXBA HBD Cyclic/Acyclic|NRing

-26.5 -0.64 -198| 240.6185362 158.568 2 0 1 2

-25.6 -0.64 -197)  240.6185362 158.568 2 0 1 2

=27 -0.66 -205)  240.6185362 158.568 2 0 1 2

-20.2 -0.61 -178)  240.6185362 158.568 2 0 1 2

-24.9 -0.63 -189) 240.6185362 158.568 2 0 1 2
-28.25979554| -0.38916254| -318.9167011 240.6185362 158.568 2 0 1 2
-27.26870373| -0.606843478| -283.1995207| 240.6185362 158.568 2 0 1 2
-19.9 -0.61 -177)  240.6185362 158.568 2 0 1 2

-26.2 -0.64 -197) 240.6185362 158.568 2 0 1 2

-26.8 -0.64 -197) 240.6185362 158.568 2 0 1 2

-23.4 -0.67 -176)  238.1135779 154.28 3 0 1 2

-24.8 -0.64 -200 200.262347 126.28 2 0 1 2

-26.2 -0.64 -197) 240.6185362 158.568 2 0 1 2

-22.9 -0.84 -187 194.7574773 125.216 3 1 0 0

-19.8 -0.73 -132 159.4960995 96.712 1 1 1 1

-22.7 -0.58 -140) 184.1903585 119.592 1 0 1 3

-21.2 -0.6 -118) 200.2106681 123.768 1 0 0 0

-22.3 -0.84 -197 194.7574773 125.216 3 1 0 0

-22.3 -0.84 -197 194.7574773 125.216 3 1 0 0

-22.3 -0.84 -197 194.7574773 125.216 3 1 0 0

-22.3 -0.84 -197 194.7574773 125.216 3 1 0 0

-21.4 -0.567 -127 173.2066543 115.496 2 0 1 3
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-21.6 -0.62 -112 238.479512 157.384 1 0 0 0
-22.4 -0.68 -187|  212.5086809 137.776 3 1 1 2
-17.2 -0.56 -189 178.371399 124.304 2 0 1 1
-12.7 -0.57 -194|  160.0939643 97.416 2 0 1 1
-21.7 -0.6 -125| 125.8532292 81.56 1 0 1 1
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Ring Size of N |Ring Size of Ssolvent SVI-Et(30) |SVI-n SVl-epsilon  |SVI-mu SVI-pi* SVI-PC1
6 7/CH2CI2 40.7 1.424 9.02 1.14 0.82 -0.7
6 TITHF 37.4 1.406 7.47 1.75 0.58 -1.5
6 7/MeCN 45.6 1.344 36 3.53 0.66 -4.7
6 7|toluene 33.9 1.497 2.43 0.31 0.54 4.2
6 7|Et20 34.5 1.352 4.42 1.15 0.24 0.7
6 7/t-BuOMe 34.7 1.369 4.5 1.241 0.418020504 0.9
6 7|Glyme 38.2 1.377 7.2 1.71 0.53 -14
6 7/1_4-Dioxane 36 1.422 7.47 1.75 0.49 -0.9
6 TITHF 37.4 1.406 7.47 1.75 0.55 -1.5
6 TITHF 37.4 1.406 7.47 1.75 0.55 -1.5
6 6/ THF 37.4 1.406 7.47 1.75 0.55 -1.5
6 5/THF 37.4 1.406 7.47 1.75 0.55 -1.5
6 TITHF 37.4 1.406 7.47 1.75 0.55 -1.5
0 0|THF 37.4 1.406 7.47 1.75 0.55 -1.5
6 0|THF 37.4 1.406 7.47 1.75 0.55 -1.5
6 0|THF 37.4 1.406 7.47 1.75 0.55 -1.5
0 0|THF 37.4 1.406 7.47 1.75 0.55 -1.5
0 0|THF 37.4 1.406 7.47 1.75 0.55 -1.5
0 0|THF 37.4 1.406 7.47 1.75 0.55 -1.5
0 0|THF 37.4 1.406 7.47 1.75 0.55 -1.5
0 0|THF 37.4 1.406 7.47 1.75 0.55 -1.5
6 0|THF 37.4 1.406 1.47 1.75 0.55 -1.5
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0 0 THF 37.4 1.406 1.47 1.75 0.55 -1.5
6 6| THF 37.4 1.406 1.47 1.75 0.55 -1.5
6 0 THF 37.4 1.406 1.47 1.75 0.55 -1.5
5 0 THF 37.4 1.406 1.47 1.75 0.55 -1.5
5 0 THF 37.4 1.406 1.47 1.75 0.55 -1.5
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SVI-PC2 SVI-PC3 SVI-PC4 SVI-PC5 SVI-DN SVI-AN SVI-dD SVI-dP SVI-dH
-6.5 -1.3 1.3 2 10 3.9 18.2 6.3 6.1
-1.9 -3.2 -1.8 -1.2 20 38 16.8 5.7 8
-4.7 -3.3 -0.3 4.3 14.1 18.9 15.3 18 6.1
-3.7 -1.1 1 -1.4 0 0.1 18 1.4 2
-2.1 -2.3 -4 -0.8 19.2 3.9 15.2 6.1 5.7
-1.2 -2 -3 -0.8| 25.4338589| -2.038824 14.8 4.3 5
0.5 -2.5 -2.7 -0.4 24 10.2 15.4 6.3 6
0.2 -1.9 -1.5 -1.1 14.8 10.8 17.5 1.8 9
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 3
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 3
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 3
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 38
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 38
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 8 16.8 5.7 8
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-1.9 -3.2 -1.8 -1.2 20 38 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 38 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 38 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 38 16.8 5.7 8
-1.9 -3.2 -1.8 -1.2 20 38 16.8 5.7 8
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