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A Spontaneously Resolved Chiral Molecular Box:
A Cyclic Tetranuclear Zn" Complex with DPTZ
(DPTZ = 3,6-di-2-pyridyl-1,2,4,5-tetrazine)

Xian-He Bu, Hiromasa Morishita, Kentaro Tanaka, Kumar Biradha,
Sanae Furusho, and Mitsuhiko Shionoya |
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Methods and Materials.

3,6-Di-2-pyridyl-1,2,4,5-tetrazine (DPTZ, 96 %) was purchased from Aldrich Co..
Ltd. Anhydrous acetonitrile and chloroformn (Wako Ist G., 994+%) were purchased
from Wako Pure Chemical Industries, Ltd. Zinc perchlorate hexahydrate (99+%) was
purchased from Soekawa Chemicals Co., Ltd. Acetonitrile-d, (99.8 atom % D) was
purchased from Nippon Sanso and used stored under argon. Chloroform-d (99.8
atom % D) and methanol-d, (99.8 atom % D} were purchased from EURISO-TOP and
stored under argon. The 'H NMR spectra were recorded on a Bruker DRX 500 or an
Alpha 500 (500 MHz for '"H NMR) spectrometer. In NMR descriptions, s = singlet. d
= doublet, dd = double of doublets, ddd = double of doublets of doublets. The mass
spectra were analyzed with a Micromass LCT with ionization performed under
electrospray (ESI-TOF-MS) at the Applycation Chemist, Division 2, Jasco

International Co. Ltd.

Synthesis of [Zn,(DPTZ),(CH,CN),(H,0),](CI0,), (2-1)

Zn{CIO 4}2-8H,O
=N N—N \ / CHaCN : CHCI3 (1:1); rt
HﬁCN—%n—I;—-—%n—NCCHs

DPTZ: L OH2 OH2 (C|04)8

4CHACN
2CHCI 5

H2 ?HZ
H3CCN-T:—I;—T—NCCH3

2-1
A solution of DPTZ (0.199 g, 0.81 mmol) in CHCI, (40 mL) was added to a solution of
Zn(C10,),76H,0 (0.308 g, 0.83 mmol) in CH,CN (35 mL) at room temperature.

Orange crystals appeared after 2 days. The orange crystals were collected and dricd in
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vacuo, to obtain 2-1 as orange powder. Yield: 0.44 g (93 %) 'H NMR (500 MHz,
acetonitrile-d,, TMS/acetonitrile-d;). For 2-1; 6: 8.14 (d, J = 7.5 Hz, 8H, 3, 3’-H),
8.33 (ddd, J = 1.0, 5.0, 8.0 Hz, 8H, 5, 5°-H), 8.54 (ddd, J = 1.5, 7.8, 7.8 Hz, 8H, 4, 4°-
H), 9.26 (d, J = 4.5 Hz, 8H, 6, 6’-H). For the ligand DPTZ; 8: 7.66 (ddd, J = 1.3, 4.8,
7.7 Hz, 2H, 5, 5’-H), 8.09 (ddd, J = 1.7, 7.8, 7.8 Hz, 2H, 4, 4'-H), 8.65 (ddd, J = I.1,

1.1,7.9 Hz, 2H, 3, 3'-H), 8.94 (ddd, /= 0.9, 1.6, 4.6 Hz, 2H, 6, 6’-H).
MS (ESITOF): m/z 2166.6 [M - (H,0) + H'T*, 1954.6 [M - (CH,CN), - (CIO,), - H'}",

1900.6 [M - (CH,CN), - (H,0), - (Cl0,), - H'T*, 1690.8 [M ~ Zn" - (CH,CN), - (ClO,), -
H*Y*, 1664.6 [M - L - (CH,CN), - (H,0), - (ClO,), - H'", 1554.6 [M - L - Zn" -
(CH,CN), - (CIO,),]*, 1454.7 [M - L - Zn" - (CH,CN), - (CIO,), - H*]*, 1400.7 [M - L -
Zn" - (CH,CN), - (H,0), - (ClO,), - H*}*, 1136.9 [M - L - Zn", - (CH,CN), - (H,0), -
(ClO,)s - H'T", 900.8 [M - L, - Zn", - (CH,CN), - (H,0), - (ClO,) - H']", 635.0 [M - L, -
Zn", - (CH,CN), - (H,0), - (CIO,)]*, 439.9 [M - L, - Zn", - (CH,CN), - (H,0), -

(C10,),}*, where M = [L,Zn",(H,0),(CH,CN),](CIO,); and L = DPTZ.
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2-3 BRARHESR (1) MBSO XS RS AR T

2-3-1 EEROE
X-ray Data Collection

X-ray analysis was performed at Coordination Chemistry Laboratories, Institute for
Molecular Science. An orange orthorhombic crystal of C,H,Cl,,N,,0,,Zn, having
approximate dimensions of 0.20 x 0.15 x 0.12 mm was transferred to a fine-focus
sealed tube, which was then flash cooled in a cold gas stream. All measurements were
performed on a Siemens CCD X-ray diffractometer with graphite monochromated Mo-
Ko radiation (A = 0.71073 A).

Cell constants and an orientation matrix for data collection corresponding to a

primitive triclinic cell with dimensions:

Unit cell dimensions a=13.6982(17) A a=90°
b =30.091(4) A B=90°
¢ =25.195(3) A y=90°

Volume V=103852) A’

For Z = 4 and FW. = 2641.29, the calculated density is 1.689 mg/m'. Based on the
statistical analysis of intensity distribution, and the successful solution and refinement
of the structure, the space group was determined to be:
C222, |

The date were collected over the 26 range of 3.18 - 57.56 ° at a temperature of 193
(2) K and further data were processed by the program SHELXS-97.
Data Reduction

Of the 15576 reflections which were collected, 10552 were unique (R,, = 0;0327):
equivalent reflections were merged. Convergence to the final R values was R, =

0.0505, wR, = 0.1129 (I > 2.0 6 (D)) and R, = 0.0886, wR, = 0.1239 (all data). The
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linear absorption coefficient u for Mo-Ka radiation was 1.368 mm™”. A symmetry-
related absorption correction using the program SHELXL-97 was applied and resulted
in transmission factors ranging from 0.85 to 0.77. The data were corrected for Lorentz
and polarization effects.

Structure Solution and Refinement

The final cycle of full matrix least-squares refinement was based on 10552 observed
reflections (7 > 2.0 o(l)} and 691 variable parameters and converged with unweighted
and weight agreement factors of :

R =X (Fo’- FcH/L Fo?
Rw = [Ew(Fo’- FAY(Foh)]"”
R =2 |Fol- IFclV ZlFo|l fori>2.00 () data

The étandard deviation of an observation of unit weight was 0.925. The maximum
and minimum peaks on the final difference fourier map corresponded to 0.545 and
-0.576 eA™, respectively.

Refinement of F? against All reflections.

The weighted R-factor wR and goodness of fit S are based on F*, conventional R-
factors R are based on F, with F set to zero for negative F*. The threshold cxpl_'cssion
of F* > T (F%) is used only for calculating R-factors (gt) etc. and is not relevant to the
choice of reflections for refinement. R-factors based on F* are statistically about twice
as large as those based on F, and R-factors based on all data will be even larger.

w = 1/[6* (Fo®) + (0.0617P)* + 0.0000P] where P = (Fo’ + 2Fc*)/3

All calculations were performed using the SHELXL-97.
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Trials for Crystallization

Syntheses of Zn" complexes

(1) A solution of DPTZ (4.8 mg, 0.02 mmol) in CHCI, (1 mL) was added to a solution
of Zn(NO,),-6H,0 (5.8 mg, 0.02 mmol) in CH,CN (1 mL) at room temperature,
Orange powder was obtained. Not crystallized.

(2) A solution of DPTZ (4.8 mg, 0.02 mmol) in CHCI, (1 mL) was added to a solution
of ZnCl,-6H,0 (2.7 mg, 0.02 mmol) in CH,CN (1 mL) at room temperature. Yellow

powder was obtained. Not crystallized.

Synthesis of Cd" complex
(1) A solution of DPTZ (4.8 mg, 0.02 mmol) in CHCI, (1 mL) was added to a solution
of Cd(ClO,),6H,0 (8.4 mg, 0.02 mmol) in CH,CN (I mL) at room temperature.

Orange gel was obtained. Not crystallized.

Synthesis of Hg" complex
(1) A solution of DPTZ (4.8 mg, 0.02 mmol) in CHCI, (1 mL) was added to a solution
of Hg(ClG,),:6H,0 (10.0 mg, 0.02 mmol) in CH,CN (! mL) at room temperature.

Orange gel was obtained. Not crystallized.

Synthesis of Ni' complex
A solution of DPTZ (9.6 mg, 0.04 mmol) in CH,Cl, (2 mL) was added to a solution of
Ni(ClO,},-6H,0 (14.6 mg, 0.02 mmol) in CH,CN (2 mL) at room temperature. Brown

cubic crystals were obtained (22 mg, 99 %) under investigation.
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2-3-2 MR BR

§ik 2.1 OERRIE. TERZRUNEZOORIVA 1] DREEED,
ZEiR T DPTZ &Zn(ClO,), 6H,OZMUBRAETH I &IcLD. F L2071 X
LENRONE., ZOREE, EBICHAWA L DBOET, Mg
PSR T 5 LHESEVNBENTAL > PoBKRIZR D, GHNRIE, 2o
ROEBNSKDDE 90 % ULONBTHLN, BREEDBH -2, XK
SRS S Z OB OMARIL. [Zn,(DPTZ),(CH,CN),(H,0),J(CIO,)(CH,CN),
(CHCL), TH Y. Bl A 20— — T 2EHEORTHER U/- U
WTHHZENbhok (1 2-1, 2-2). ZONEREL. MROEDREZNAER
FHZEMEE €222, 7R U, Flack NI A= %2RDBE 0 ITENT EMS, fHA
DEERICBVWTHRDEL TWS ZEMHSNMTZS DY, BIEIC OB
MOERPLOEMNEBEIL. MDOEBTRT AMTH-=, F. WA A
B L TV R KA FETEMZ MUINSFE. BAUMICERLTHED, Ky
FRILERZE T2 MR FRLPREWICHE S - 2L BIZEEmL Thz,
i1 A2 EENENOERAMA T OB SERIT. XD TF, 7D MU LE
LTEUZCROEFRFHRERLSSVWOHEM TR 210ATHE- 7. LML,
FROT I VROEBROETFTIE 8 223 & 229 ALBEFEHTH 7=,
%ﬁﬁ&éﬁfaéaﬁ&%@:jmgi&ﬁﬁn$éﬁﬁﬂ\ﬁ755&74
¢ ERBATW, ZOLHEMOEMESET. EAEEMSETFEATHLE,
EHOSEEEMI. BLT 72 ATHD. NHLOY A X2 4 A x4 A Tho
Zo ZORFLITIE. —DOBEFEEET A BRI TH Y., FRERE/D S
ROE D= o0 naRIVAGFRRDAEN T (K 2-3), BiEEE-
ﬁym‘Wﬂ@ﬁ%i&—ﬁbfﬁb,m&%ﬁ%%ﬁ¢6t®®7:%y%
TL—=bhELTHNTVEEEZSNS, BERED/N Y F 2 THEN S (1
2-4), MEMEERIEOMEERIIRVI EathhoTs,
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2R
3 |

2-1. {b &4 2-1 D 50% DORTEP [,

A A ICBT A ER (A) SEABE (°): Zn(1)-N(1D) 2.089(4), Zn(1)-N( |
2.100(5), Zn(1)-N(11A) 2.1055(5), Zn(1)-N(24A) 2.238(4), Zn(1)-N(22C) 2.294(5 )3 Zn(1)-
O(11A)2.081(4). O(11A)-Zn(1)-N(1D) 91.48(18), 0(11A)~2n(1)-m11m9mf 8), N(1D)-
Zn(1)-N(11C) 97.54(19), O(11A)-Zn(1)-N(11A) 97.68(18), N(ID)-Zn(1)-N(11A) 96.85(19),
N(HC) Zn(1)-N(11A) 158.94(18), O(11A)-Zn(1)-N(24A) 85.63(16), N(1D)-Zn(1)-N(24A)
171.02(19), N(11C)-Zn(1)-N(24A) 91.27(17), N(11A)-Zn(1)-N(24A) 75.16(1 7> o IA)-
Zn(1)-N(22C) 171.25(18), N(1D)-Zn(1)-N(22C) 90.34(17), N(1 1C)-Zn(1)-N(22C) 74.04(16).
N(11A)-Zn(1)-N(22C), 90.59(18), N(24A)-Zn(1)-N(22C) 93.80(16).

1C)

Lo g g s B g4y 5]

0 10A
22§84k 21 DRAR—RT 4 VR (2) EMOE & (0) EEOR .
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i S M B CHO,
K_ Z/i\ - U e @Hc 3>
TEMZ ¥ a
AU G0 C, o,
Ky y o T == D)
.
i (CHCIg)
13 2N A7V* CHCI,
T 5. KU o
Loz b B 23 OEBESECHYRAENTOSBERRA AL E29F
Do aafRLA
SR i i O e

DE VY bisbidentate BUELNLF DPTZ SiEMFHEEEIE N S, BREEZ DM
BN EEMICER I, LD ARFENERDRT L a0 shErm-oT.
DPTZ ESHREH-T A 8, SR L7z & &0 &0 5 HihEIE, BRI SHE &
LT all AR, all AK, AAAA 1R, AAAA (K72 ERRFED —KICR ) X —72 &
MEZEND, L. TOXDITERBREREARZ BT 5 n6E
BN BT, BIC2-5 THRARSESIC all AKE all AKD 1: 1 OIE3

LD DI

BEMEL T, 90 XLALOWNERTERIICERT DH I ENTEL, GllFO
AR RR I BN T,

BUIRHE SR (D) PHAZ Cyclic
SN, ih oD B
RS &R
A IE B I & RE 7
WETHDEH A
b5, ¥z, T
FF AT — D

Four Chiral Centers

70 Achiral ligand

RICH B DDE
B4 2-5. Bisbidentate ZYELfIF & NEC AL\ E ARG S
N PERANER Y I R RY | P
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B=F DPTZ % H > 7 SRV R A D (5 & W

L7el &b, aliARE al AERZEIEHMEL THRLT 2R & EAT, all
ABRERE al ABODIF o FAT—O—HREREL THRELIEEEDS
P, Ny F S ERAFENICEMICBW 2 EE 2 51D, Dunbar S DIEK
Tk LTS E BRRDy SIIVEBETR—D0 v 1 2
OODPTZEZDDTE M FUNSFHEMI L TV BOIH L, FFRIKE
REEETIE, —~DOFERA A TR MUV EKRDFR—DFTDENL T
B, RRZ T IIEHEERRLR > TWARED, #BENNyF 2 JIZENELD
mEEZLNS,
XBHEERNTDOBEONERBREEE 2-1 ~ 22 12, ThThRER¥NT—
5. TS OSSR L TS ORI DN TE LD/,

£ 21 FERKER () OSEE 2-1 OBRYHT -5

Empirical formula CHesCl4N;,0,.7n,

Formula weight 2641.29

Crystal size 0.20 X 0.15 X 0.12 mm’

Temperature 193(2) K

Mo-Ka radiation 0.71073 A

Crystal system Orthorhombic

Space group C222,

Unit cell dimensions a=13.6982(17) A a=90"
b=30.091(4) A B=90"
c=25.195(3) A ¥y=90"

Volume 10385(2) A’

zZ 4

D.. 1.689 mg/m’

Absorption coefficient 1.368 mm’’
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F(000)

Theta range for data collection
Reflections collected
Independent reflections

Max. and min. transmission
Refinement method

Goodness-of-fit on F2

Final R indices [/ > 20 (I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

DPTZ R W/ BB BIEIHAD Sk Sl

5328

1.581t027.88 °

15576

10552 {R (int) = 0.0327]
0.8530 and 0.7714

Full-matrix least-squares on F ’

0.925

R, =0.0499, wR, = 0.1105
R, =0.0880, wR, =0.1218

0.032(15)

0.545 and - 0.576 eA”

® 22, 4K 2-1 OFERA AV ICHTIRESER A LESH (°)

& EREA)
Zn(1)-N(1D) 2.089(4)
Zn(1)-N(11C)  2.100(5)
Zn{1)-N(11A) 2.1055(5)
Zn(1)-N(24A) 2.238(4)
Zn{1)-N(22C) 2.294(5)

Zn(1)-O(11A) 2.081(4)

RHEA(°)

O(11A)-Zn(1)-N(1D)
O(11A)-Zn(1)-N(11C)
N(1D)-Zn(1)-N(11C)
O(11A)-Zn(1)-N(11A}
N(ID)-Zn(1)-N(11A)
N(1IC)-Zn(1)-N(11A)
O(11A)-Zn(1)-N(24A)
N(1D)-Zn(1)-N(24A)
N(11C)-Zn{1)-N(24A)
N(11A)-Zn(1)-N(24A)

O(11A)-Zn(1)-N(22C)

21

91.48(18)
97.23(18)
97.54(19)
97.68(18)
96.85(19)
158.94(18)
85.63(16)
171.02(19)
91.27(17)
75.16(17)

171.25(18)
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N(1D)-Zn(1)-N(22C)
N(11C)-Zn(1)-N(22C)
N(11A)-Zn(1)-N(22C)

N(24A)-Zn(1)-N(22C)

22

90.34(17)
74.04(16)
90.59(18)

93.80(16)
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2-4 RIREH (D MESEAEOBEENES S EEDE
2-4-1 HERDOE
NMR Measurement

The concentrations of 2-1 and DPTZ were adjusted to 2 mM and 10 mM, respectively
in acetonitrile-d, The 'H NMR spectra were recorded on a Bruker DRXS500
spectrometer.

Mass spectral measurement

Referred to 2-2.  The concentration of 2-1 was adjusted to 50 ng/ul for injection.
UV-visible spectral measurement

UV-visible spectra were measured using a Hitachi U-3500 spectrophotometer
equipped with a temperature controller Spr-10.  Anhydrous acetonitrile and chloroform
(Wako Ist G., 99+%) were purchased from Wako Pure Chemical Industries, le and
used without purification. Temp: 20 °C, scan region: 700 nm ~ 200 nm. The
concentrations of 2-1 were 0.25, 0.5, 1.0, 2.0, 4.0, 8.0 uM (700 nm ~ 200 nm), and 12.5,
25, 50, 100, 200, 400 uM (700 nm ~ 400 nm). UV-visible spectra were measured

using a 10 mm quartz cell.
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W—H DPTZ % i L> 7= S HUR G R B 10D (30 & b
2-4-2 R =25

2-4-2-1 7R b= bUIVATES O RREEOHS

WIRP OERMAEDOEEB IVEENRERERD DI, HEHT. EBoHa
HIBARY BV, BEUNMR BIE #7571,
a) HESMTHIE

12K 50 ng/ul (#9720 pM) DK 2-1 ZEMLA 7 £ = B YA 100 pl
ZHWT, ESITOF-MS ZRIEL#R (K 2-6). XBHEMIF TH SN/ 5
REgGEmkO - PBRRE N, M & [L,2n",(H,0),(CH,CN),I(CIO,),. L
%DNZ&%%?%t\IKE“UH,m&ﬂ%ﬁmhﬂum+HTJ%{MM-
(CH,CN), - (CiQ,), - H'T", 1900.6 [M - (CH,CN), - (H,0), - (CIO}), - H']* & If BT %
ZENTEL. IThoid, EREEMENSKSTF. YR UL, iRl
B A S RBE L B IS T 3 SR A N, FIT, RS OALRR A
HiZoIal—2a EaT>R. BAMEONY =22 b8 THRHM S I
BICRO—BERLL, 0T ELD, FTBBE 241 FERLET = -
DIVESHAFIZIE, 20 uM E WS FEZBEICBWTHERLBHEAS EhTL
DI EMRASMER ST, Eho. FOMIZHREBEINEZEOY—71E. Wi
—. ZH TLTERICHETAE -V L TRBT D emTE/,

by #EARIERIRZRT BIVE

BT b= b UIVEROBEE 025 uM 2 5 400 uM £ TEL X
WA MIVERAELRE (F 2-7), 025 pM A5 8 uM OB TI. 700 nm
M5 200nm (& 2-7,2), 12.5 pM A 5 400 uM D BEEE T 700 nm 71 & 400 nm
DRBZ/EL 72 (® 2-7,b), 400 uM O HEHEEE 3-1 OEATILL 1L, 503
nm & 304 nm TH -7z, 400 uM OFFREE & 500 pM DEAETO 500 nm #1507
DBV (o) ZLLET 2 STMEAED ¢ 13 1832 T, FSLFD ¢ 13437
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(a)
% 14007
100
] | (@)
1664.8 1
Ml MMA
............. R Lgaas ot o ot S T T
o4 w50 1060 L]
1 (d)
1454.7 ]
50 ] 1
1890.8 1
: '\I\./*J\N\z-.¥i
10 19850 19400 570 i
1500 2000 2500 3000
(b) miz
%
100 o
420.9
635.0
50
900.8
1136.9 1400.7
o Y & * "
L N LR RN Lkl LA MAALN RELAS LAY ELRLI LAARS WA LARRs LR R 1 ™™
100 500 1000 1500
m/z

Ed2-6. RINMESRE 2-1 D7 2 b= FPUIBHEDESI-TOF RRAANY ML -
(a) 1300 /5 3000 Da¥ T (b) 0 5 1500 Da¥ T (c) 1954.6 DaDEERE & (d)
1954.6 DatD BRI {A.
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ol e,
[ 1 1 L 1 l L 1 1 ] I 1 L 1 1 I 1 1 L L I 1 j -
200 300 400 500 600 700
Wavelength (nm)
0.8 ¢
J b) X e 400 uM
] -------200 UM
0.6 - ; p
w 0.4 ] ':I ‘:' i '..l
m 1% 3 ’ S *~ I'-
< h .'. '.' K . .“
0-2 - I'n‘ ',"‘ ';" ) _* “:‘n\
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Wavelength (nm)

2.7. RIROIBSEE 2-1 OF C b= PUNBEOESNTTEI RS b
0.25-8mM & (b) 12.5 - 400 mM.

650
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THO., BEMNTFOH4LEOMEER Lz, EROBENE IRLITDNTHEHRMT
ORAHEE, BEREAICS T b UATEEOMAREL, EEEM~> 7 L
2o TORERNS, NS OREFESR T, WHRUEFEDR 2 IR ENT
WSRENBEE I N, BT <EVWAY IR EDEEHESY TH S Z &0
g s, $IAE, 500 nm HEDE— 2 SRR ST 5 & H RO
IV 20 pM R O IBIE IS TS IRIL. DT MIC LR SN T
WZ EDhn 5, SEIERRIC R - TRIEHNICWIS B 55 L5127 5 o3l
SR AL D DPTZ DEBENHERDHNzZ EERLTWD, £ £
DRI OB RFEEN T 7 M LT 2 NS EHOPRE Gt o

T—75E) DEFEEDREIND,

¢) '"HNMR A2 b)LHIE 3O TO kY
SR 2-1 OE T b2 M UIVER (2 mM)

® 'H NMR A7 bVIE, EALF DPTZ &

FERICS > I dBp R~y bD
— 2 U THERENE (J 2-8), ZOff
RV SR 2-1 DERBERICB W TIERIC

(=N s e j‘*‘ 1, 1 7;’}«.:\ ‘W-o
PEOEWHEZ L > TWD 2 E%ERT @JfW%%W%EWszg%%
ENENO Y= ORIEL. o T 2y BADR

ERINSWE Uz, 46, 5MAZLT6MDO T2 DY —0 D ERS > 7
LTHBD., DPTZ WRHigh-( A4 B L TnWs D &aR Lz, —H, 3D
O b2 SEBRAT 7 N TWeE, ZhUd, AR R L - & &I

ZD 3RO R, TS DPTZ OE ) U POBIOREIRRE LT TND
iz EFZ LN (K 2-9), HICEMLTWA 7 b= MU O T
B NImh 0Tz, BMLFOTT D7 F IV, —y O E s

EDNS L TR S AN TR N VBt 1 IZIEo TS Z &N Mg B




i p— =

DPTZ % Rz AU B R A D G ik & B

3-H
—  N=N N= 4-H
SavaWi
3 4
L 6-H
o jkv J/ . —
T | | 1 T T T T T 1 Y 1 T T
I |

=

—

OH2 OH?

H3CCN-Zn—L—2Zn-NCCH3

H3CCN —in—L-lJn —NCCH3

Ho OH2

it

9.5

T T T T T | S— |

8.0 75
ppm

H 28 E7E ;= FUNNROD THNMR ZARS MV (26°C) () BEALF (10 mM) &
(b) RIAHEERPIZEEE O mM) EZ7 R P MU DO TMS 25 8ER BV
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FE DPTZ % MWW Z BRI SRR O &1 &

LTWa 7t hrZbUNEKRSFN, EV b bUINEBERL /200, &
T DRI PR E L TS Z LR X N,

2-4-2-2 BKMESR (1D MMESHA DR ERICRIT TR

BUREESR (D) DEEHEK 2-1 QDA F C7 2 b= b UL &R T
L TWBZ ENS, 7R PUNUADBRORIZHEA b2,
T, W< DMDBEIZDW TR ET /., 9. 8k 21 o711
IWIBRICEREREMA D & BHROGHTL > DB S REIIED 2, MA
LHREBKOBEZ LT HEBMTO DPTZ D Uiz, IR OMHEK 2-1 13, A
7/ = NVIZEG TH—ORAFKRE 2572, $8E 2.1 13, 7ILa—)LRisC
W, BRI, BHROBITELSELRLE, T2T, 8k 21 ZAY /-
ICEB LI EDOMBER Tz, §HE 2-1 ZEAY /—)VICHEMRLE 2 mM O
2N @D'HNMR ZHELEZS. BY R RUNBOARY ML &Iz
ESRLOLARY FUREFONE (K 2-1000 2O 'H NMR AR ML,
3007 O0—RAE—IHEMEN, MUEHEEMEL TSRS ERL
2o TRTO—RIRE—J OB, ERUENN 52 1 1 Thor, =
;?@ﬁ%mﬁﬁszQEYtb:bUW@ﬁ(MMUMmue;ix&/—
V% 10, 20, 40, 60 pL ZiRMUZ & ZFOBHEZLZE 'H NMR L O @~ &0
TEREH -1 IRz, §HK 2-1 D5, EAY /=)L OIRMBICEKEL T
RAITE LT, BAY =)V 10 uL, 20 pLIEIILAZ EZE DAY Lt
MESEEER D — 2 & A5 ) — LEITENAS LW E— 2 0T %4/
THD, INHDFv— b, | BEERTHOE< B LN o7, TOEM
S, WEMEEAY / —IVBIRPOBELE OB TESHICEL TWA EEZ SN
7Zo E5HIT. BAY )/ —)V%& 60 uL ¥ U724 > TS & i U TR e
%, BOUETE R bULEMALY L FILE HNMR THIE LS, 55 &,
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a) : :
( B OH2 ?Hz B+
Haccm-z;n—L—zln--r\nccn3
H3CCN—ZIn—L—Z|n—NCCH3
| OH,  OH, |
2-1
105 100 95 90 85 - 8.0ppm
b)
10.5

BJ 2-10. '"HNMRAARS P (26°C) (QE7EZ =k UIBEPD $84 2-1 (2 mM)
(b) B 2-10MEKEEAY / —IVICBRBRLEEEQ2 mM).
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B DPTZ % R W - BB SR D Gk & M)l
(a)
[ OHy OH, g+
HacCN-—Z:n— -—zln—NCCH3
L L L
H;,CCN-—ZIn—L—Zln-NCCHa ;‘ j I
L o o T T N
3"1 WW‘J hy\fw" i“"f \"J \me—
|'
(b) ',-‘
i
A | ;v/fﬁi ,\(’( ‘-L‘Ji/\
I
i {
+MeOH meon | © n\ \‘ !\ { “
L \Wl i
o V
v — o fi —"
(d) |
J"j| {”‘ /!
? .fi ‘ ‘: ’N't.
» MMMM Mﬂ"/ | w/ L“w«ammw
i
(e) | * ,
-’ i
WMMJ L""‘NM”/ WJ \Wb
b é - — Alaaanane 7 oom

2-11 R SR PO A%EHAK 2-1 CMM)AB A S /=)L &HBILEE O
'THNMR AR L (26°C) (a) Oyl (b) 10 pl, (c) 20 ul, (d) 40 pl # LT (e)

60 ul CD30H.
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ZTDY 2 TIVD 'H NMR AR bLid, BURIRENEE 2-1 DART bL#
AUz R, HAZ ) —)VIRIRHC (L U 72 B8R A % ESI-TOF A AR Y
MV THIE L, AIER., MEELSTET URBEME, A¥/—)L: 7t
ZHRUJILVAY 1 6 OWEEITHMA 2.1 OFEERBL, 50 ng/ul (20 uM) D4
ETHEZT-> /2. 72 MNIWAKOWE TR S N7 W 0 440 K
FRECHRTIE-IH, SEGEBRICBEITE -, SSI08 ARy k
W%ﬁét\7Dwﬁméﬁ%#>t%15hée~7ﬁ3$Gm:A5=
1091.9825, A4 = 1364.6356, A3 = 1819.0216) MREZ Nz (K 2-12), ZhH 3
DOE=JDEMNS, EHFFREZ m SREL. A3 OffifE n &3 5& Al
o1 Z2UTASIEn2&ET5E,

m/n - m/(n-1) = A3 - A4 @

m/(n - 1) - m/(n-2) = A4 - AS @
EOQLQDEIFERMEOLE, THEN A3 ~ A5 OEZRAL. My
HEXEEEm a2 RDB L, E
BT m it 54545 ORTRTH
B ENHMNY. B n X5 LR
SNz, OB FEEMBICHYT
L FHRE. THTHZ, LiL,
YHAZETIE, B F DPTZ &
Cd(NOy), ZRIG S 8% &, LRz B 2-13. CdSBAED—XTRY v —EE

HMRLAE—RERUT—PERT LI EMERINTEO (K 2-13). 2o
ELHERHNOCHONHREEZMIETEZS L, AR KT HY v —
MERLTNAEEITND,
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2-5 BORHEL#R (1) WMEZSEED B MR & L EFE S

2-5-1 EROHER
General Methods and materials

Referred to 2-2.  Zinc oxide (99+%), (15)-(+)-Camphor sulfonic acid ([ct]*,+19.9.
99+%), and 3,6-di-2-pyridyl-1,2,4,5-tetrazine (DPTZ, 96 %) were purchased from
Aldrich Co., Ltd. Anhydrous acetonitrile and chloroform (Wako st G., 994+%) werc
purchased from Wako Pure Chemical Industries, Ltd.  Circular dichroism (CD) spectra
were measured in a 2.0 mm quartz cell using Jasco J-725 spectropolarimeter.  The
concentration of 2-1 used in the measurement was 20 UM in acetonitrile at room
temperature. The scan number was 10 and the scan region was 700 - 300 nm.
Optical rotation was measured in quartz jacketed cell (¢ 3.5 mm x 10 c¢m) using a Jasco
polarimeter. The concentration of 2-1 used in the measurement was 0.5 mM in
acetonitrile at 30 £ 2 °C.  The scan number was 10. The light source was sodium D-

ray (589 nm).

Synthesis of zinc (15)-(+)-camphor sulfonate hexahydrate (2-2)

To a solution of (/5)-(+)-camphor sulfonic acid 0.362 g (1.56 mmol) in 3 mL distilled
water was added zinc oxide 65 mg (0.80 mmol). After stirring for 1 h at room
temperature, the reaction mixture was filtered and then the filtrate was concentrated by
evaporation. The residue was recrystallized from acetone:water = 20 : 1 to obtain 0.46
g (99 %) of the zinc (IS)-(+)-camphor sulfonate hexahydrate. Anal. Caled for

CyoH4,0,S,Zn: C, 37.77; H, 6.66; S, 10.08. Found: C, 37.69; H, 6.40: S, 9.99.

Synthesis of zinc (IR)-(-)-camphor sulfonate hexahydrate (2-3)

To a solution of ({R)-(-)-camphor sulfonic acid 1.00 g (4.30 mmol) in 9 mL distilled
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water was added zinc oxide 175 mg (2.15 mmol). After stirring for 1 h at room
temperature, the reaction mixture was filtered and then the filtrate was concentrated by
evaporation. The residue was recrystallized from acetone:water = 20 : [ 1o obtain 0.8

g (58 %) of the zinc (/R)-(-)-camphor sulfonate hexahydrate.

Synthesis of Zn complex with DPTZ using Zn(1S)-(+)-camphor sulfonate (2-4)

A solution of Zn((/5)-(+)-camphor sulfonate),-6H,0 (0.76 mg, 0.0012 mmol) in 0.3
mL of CD,CN at 60 °C was added to a solution of DPTZ (0.28 mg, 0.0012 mmol)
dissolved in anhydrous CD,CN (0.3 mL) and measured by NMR spectrometer. 'H
NMR (CD,CN) 2 mM: Camphor sulfonate area & 0.84 (br, CH, (9)), 1.04 (br, CH.(8)),

1.39 (br, 1H, H (1 and 2)), 1.60 (br, 0.6H, H (1 and 2)}, 2.10 (br, 0.9H, (6 or 7)).
2.39;—2.43 (br, 1.8H, (3 or 4)), 2.17 (br, Hz, 1H, (5)), 2.00 (m, (3 or 4) include
CH,CN), 2.20 H,0 (m, (6 or 7)), 2.80 (d, J = 14.6 Hz, 1H, (10 or 11)), 3.37 (d, J =

15.2 Hz, 1H, (10 or 11)). Tetrazine area 8.0 - 8.2, 8.3 - 8.6, 8.8 - 9.0, 9.2 - 9.5 (br).

Synthesis of Zn complex with DPTZ using Zn (IS)-(+)-camphor sulfonate and
sodium perchlorrate (2-5)

A solution of NaClO, (6.6 mg, 005 mmol) and Zn((/ S)-(+)-cz_1mphor
sulfonate),-6H,0 (127 mg, 0.2 mmol) in of anhydrous CH,CN (5 mL) at 60 °C was
added to a solution of DPTZ (47 mg, 0.2 mmol) dissolved in CHCI, (4 mL) and stirred
for 1 hat60 °C. This orange solution was evaporated and the residue was dissolved in
CHCI, (3 mL) and added to ether (50 mL). Orange powder precipitated was collected
and dried. Yield : 86 mg. 'H NMR (CD,CN) 2 mM: camphor sulfonate area: 8 0.70
(s, 3H X7, CH; (9)), 0.90 (s, 3H x 7, CH,(8)), 8 1.19 (br, 2H x 7, H (1 and 2)), 1.74 (d,
J=18.5,Hz, 1H, (6 or 7)), 1.84 (br, 1H, (3 or4)), 2.17 (br, Hz, 1H, (5)), 2.00 MeCN

(m, 1H, (3 or 4)), 2.20 H,0 (m, 1H, (6 or 7)), 2.62 (d, J = 14.7 Hz, IH x 7, (10 or 11)).
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3.02(d, J=144Hz, IHx7,(100r 11)). Tetrazine area: 6 8.02 (dd, J=8.1, 8.1 Hz. 8
H, 3, 3’-H), 8.20(dd, J=6.0,6.0Hz, 8 H, 4, 4’-H), 8.41 (dd, J =7.6, 7.6 Hz. 8§ H. 5.

5’-H), 239 (d, 1.8 H. 6, 6’-H), 9.52 (d. 6.2 H. 6. 6'-H).
'H NMR studies using chiral shift reagent

The concentration of 2-1 was adjusted to 2 mM in CD,CN at room temperature in the

présence of (5)-(+)-2,2,2-trifluolo-1-(9-anthoryl)ethanol (0.003 mmol, 3 eq).
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2-5-2-1 J¥nE
a) FEXEB LU CD AT b

RICE#H (1) MBEEHE 2-1 13, #BERETEIARSRL TWAHZ AN X
BERITICE DS MNTRD, £2 oM BEO7 R MY NBEPICBWT
b, MEEEERFLTNSZ LM 'H NMR #IBIZL D RIEENZD T, KIC
RO E, CD AT MVERHELE (K 2-14 & 2-15), BHREKENLD
i3, BESGOBEOT—F THLD, BEEDOY 1 ANREICLERBEES
SNDIETOREE (ER) TRM DO TREENSERDEES OV 7
d) ZRVTRAE L. £7. RIRESS aD #4E 2-1 OB&EMANT 0.5 mM
D7 b bUIVERK 25 mL ZHF/L, 17 > TINIZDWTHENREZHIEL
o TORRE, 1THTNDIE ISHTNDFEE OIEWEER L, 1S
YTNVDOR 6 2T )id, BESHIECIOFAMLUERT, B oY 7
Vid, BREHECLDBONEHETH S, BRALELERREEICILY
BoNEKROEELIZBVTH, BAENKRE 0 RETH 7. HRGLIE
,m%%m‘ all A, all AD 1: 1 DIREYTH DI LAREI NS, —4, BRI
BEEBWTHESNBRIIBVWTORAESTEE TH > ERELT. D
i, BEAREECOEDLTILIREMTH > ENEZLN, 5 —
DL T NUIVERICB W TEL LA E W20, BRI L 0%
RTIEIHENRI A EEZISENS, CD AXY MLORIEIL. HAREG L
L#&H2-1 D20 M D72 MU JNEKZE 0.5 mL #ANWTHIE L=, ZOik
R, BT EIZEFRBROARY MLOADBBIEEN, Jv FRIZE SR
Mole. 2-4-2- 1 DENABBINARY MLOEREGDEEZS &, 20 1M
DIRETIL, 8K 2-1 OMERERDTALMEREINTHWRNLDOT, CD A
R M OERERRBE TWiEnEEZ s, |
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b) FIIN 7 FREICKDAEMEORE

NMR TRWSHNEF I 7 MdER, ZBROLI > FAT—LPT A
FTLAAYy VisEERERL., ERELCTI AN T NE2RITZFEO Y
WICHUTERSY T NBRESZ2HDTH 5, $8E2-1 DNV T #EGRIT. all A
. al AER 1 1 OREYTHZIENS, FINTTFRAEENMADL &
KROZTATVLARAD v I BEEENHREI. NMR ART BV OE—Y
Mty bFDRASZEMHfFFINL., FEEROFIN L7 MRETH S
(5)-(+)-trifluoro-1-(9-anthryl) ethanol 3 M EZ K 2-1 2 mM) D NMR 52 7}
HEmUN, 27 b LEE—2RBRIENEM - (K 2-16),
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OH2 OH2 8+
HscCN—:]:rr—L— n-NCCH3

HscCN—iln—L—ﬂn —NCCH3
L OH2 sz

9.5 9.0 8.5 8.0 7.5

pPpm

| | | | T
10.0 9.0 ‘ 8.0

B 2-16. E7Z =P UIHFTOIHNMR RS MLOEE (26 °C) (a) BHE
SPAESEME 2-1 (2 mM) & (b) (S)-(+)-trifluoro-1-(9-anthryl) ethanol %148
% 2-1 (2 mM)BRIZERN.
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2-5-2-2  HEEMBIEOBH

BORES ) IEEEDOHRICBWTBEER A 87 457> 7L —
hCOBREER T I EEMBA TR, BHEP TOXNFIG A BRI S A 2
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ERORERTSA 2.4 ZLT 25 OV F N, BT TO— R Y — 2 T
HENTED, 2EMICERIBES 7 L TW e, —FH, 881K 2.4 & 2.5 O >
Ty =ANWKCEBDTFNERELTHDE, K 24 D27 FHILoHnT
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BRIZ UR-(-) W7 7 — AR EEHIR & DPTZ &38R &L D5k 7%
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41




B DPTZ % /o SRR RIREMA O 51K & WSl

= — (18)y-(+ .
@—g}:_/ N 2 + (%’223%) >

Zn(Hx0)e 2
a)

10.0 9.5 9.0 | 8.5 8.0 7.5

N—N

H3CCN—%@§?—L—§ZH‘—NCCH3
DPTZ (L)  Naclo, 0.25eq . " g |

L L
N N
(’3)‘(“( % ) H;CCN—Zn—I—Zn—NCCHj
CH,S0, A]J I
Q — -
Zn(H-0)s A OH, OH,
b)
| 3.5: 1 ’
FF :
! J ' | 1 1
10.0 9.5 9.0 8.5 8.0 7.5

B2-17. (18)-(+)-H 277 —RIRBEE & DPTZ $E4ED NMR AR2Z ML O HEE:
DPTZ XL T a) BIEF#MF P U AO LR, b)BIERBF MU YA 025 L

HEFRME:26°C, E7E=PYIN., OEEEELT2MM

42



[ L. ¥ DPTZ % W R I8 HHRD & hk & Wl

HIENTEL E BV ORRBOVERIEZ S5 Mo/ RIC. A2 7 57—
AWK ERRMONFEEEE (1) & O 211 IKRELE > T 7 — ALK
CERED S I{L B E DPTZ LR FEEE S MU T A TRERICEER SR L /-,
€D NMR AANY bV, 8 2.1 SHEULES > TINVRBED S T LT 5
Alce UL, 6070 R 2AY 2-1 ICHART O FiZf-> Tz, DPTZ &
ARG REF DN 2 7 7 — AR VED S T F IR, 70— Rz VLB imw,
HFEEFR L0 M RHEEERIC LSS 7 N ERRTHZ & TERN - 1,
NS DR SNFERIRT 2 T 7 — AN KR BEA 7 > &GN
moA) WEGHEMMIEER L ThWa EE X 5N 5,
INCDRREREDDE, ZDOh 2Ty —ZAIKBAi#E DPTZ £L T
BEFEERT U LSS BRI NIHA 2-4 13, BUIREES (1) DG 2.1 &
FlfR7% 'H NMR DA R BLIMGO N T EMS, MBS ZFRL T D
ENRRENTz, COEEREREI AT T —FELTEHOT O,
N7 72NV BRD (4) 4 () RO—77 EBUREEANGED all AR, all A
KOG OHPEMTHEFRAT LI EICED, 6107 T N ICEEE N
1035 ~4IBRLIEBDEER OGNS, H2T77—ANKRVED (+) k&
G %1 1ICREES I EmE WKL, 647D ‘H NMR D2
FTNR=ERDTFNVEUTBAESNE, 2028 127 7—Z bk
O (+) BRERBEERLERRBEBEOLF FAY—-D—F&H 27 7 —
ANWEBD () KEROIETF O FAY—EMMEERLAEE, 0D
DHEMERLZZEED NMR Q7 I AN 7 RBFE—TH =D it |-,
MADE -2 OH MBI N EEL NS,

43



BoE DPTZ %R/ R SR EHA D & % & il
2-6 BEH

1) a) M. Fujita, J. Yazaki and K. Ogura, J. Am. Chem. Soc., 1990, 112, 5645. b) M.
Fujita, S. Nagao, M. lida, K. Okada and K. Ogura, J. Am. Chem. Soc., 1993, 115,
1574. c¢) M. Fujita, S. Nagao, and K. Ogura, J. An. Chem. Soc., 1995, 117, 1649,
d) M. Fujita, D. Oguro, M. Miyazawa, H. Oka, K. Yamaguchi and K. Ogura, Natui,
1995, 378, 469. e) M. Fujita, O. Sasaki, T. Mitsuhashi, T. Fujita, J. Yazaki. K.
Yamaguchi and K. Ogura, J. Chem. Soc., Chem. Commum., 1996, 1535. f) N.
Takeda, K. Umemoto, K. Yamaguchi and M. Fujita, Narure, 1999, 398, 794.

2) a) P. J. Stang and V. Zhdankin, J. Am. Chem. Soc., 1993, 115, 9808. b)P. J. Stang
and D. H. Cao, J. Am. Chem. Soc., 1994, 116, 4981. d)P. J. Stang, D. H. Cao. S.
Saito and A. M. Arif; J. Am. Chem. Soc., 1995, 117, 6273. ¢)P. ]. Stang and K.
Chen, J. Am. Chem. Soc., 1995, 117, 1667. f) J. Mana, J. A. Whiteford and P. .
Stang, J. Am. Chem. Soc., 1996, 118, 8731. g)J. A. Whiteford, E. M. Rachlin and
P. J. Stang, Angew. Chem., Int. Ed. Engl., 1996, 35, 2524. h)J. Fan, J. A. White. B.
Olenyuk, M. D. Levin, P. J. Stang, and E. B. Fleischer, J. Am. Chem. Soc., 1999,
121, 2741. H. M. Colghoun, R. Fairman, P. Tootell, and D. J. Williams, J. Chem.
Soc., Dalton Trans., 1999, 2651. _

3) a) B. Olenyuk, J. A. Whiteford and P. J. Stang, J. Am. Chem. Soc., 1996, 118, 8221.
b) P. J. Stang and B. Olenyuk, Acc. Chem. Res., 1997, 30, 502. ¢) P. . Stang, B.
Olenyuk, D. C. Muddiman and R. D. Smith, Organometallics, 1997, 16, 3094,

4) B. Olenyuk, P. Fechtenkotter, P. J. Stang, J. Chem. Soc., Dalton Trans., 1998, 1707.

5) Y. Zhang, S. Wang, G. D. Enright and S. R. Breeze, J. Am. Chem. Soc., 1998, 120.
9398.

6) J. Zyss LRGN . FFULFRE. 1992, No. 15.

7) H. D. Flack, Acta Cryst, 1983, A39, 876.

8) RiEth=. HHERILFEHRIE. Vol. 58, No 4, 2000.



EH

[+

" DPPZ % FIU 7= RIS 2RSS A 51k & Wi

B

2,5-Di-2-pyridyl-pyrazine (DPPZ)%& )/~
LS ERADOE K &G

Two Types of One-Dimensional Structures of Ag' Complexes with DPPZ
(DPPZ = 2,5-di-2-pyridyl-pyrazine)

Hiromasa Morishita, Kentaro Tanaka, Xian-He Bu, Motoo Shiro,
and Mitsuhiko Shionoya

To be submitted.
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B=E 2,5-Di-2-pyridyl-pyrazine (DPPZ) % H W EHE G [BHEE
DE k& i
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Experimental Section
Methods and Materials.

'H NMR spectra were recorded on a Bruker DRX500 spectrometer. In NMR
descriptions, s = singlet, d = doublet, dd = double of doublets, ddd = double of doublets
of doublets. All melting points were determined on Yanako MP-500D with out
correction.  Reactions were monitored by thin-layer chromatography (Merck TLC
aluminum sheets Kieselgel 60 F,q,, No. 105554, 25 DC-Alufolien). Unless otlierwise
noted, column chromatography was carried out uéing Wakogel C-300 (45 ~ 75 pm,
75% up).

Reagents and solvents were purchased from commercial sources and were used
without further purification, unless otherwise noted. ~Anhydrate pyridine, anhydrule
tetrahydrofuran, ethanol (Wako S. G., 99+%), methanol (Wako Ist G., 99+%), dicthyl
ether (Wako 1st G., 99+%) and dichloromethane (Wako S. G., 99+%) were purchased
from Wako Pure Chemical Industries, Ltd. 2-Acetylpyridine (TCI-EP, 99+%) was
purchaseq from Tokyo Kasei Co., Ltd. Hydroxylammonium chloride (Wako ' S. G..
99+%), sodium acetate trihydrate (Wako S. G., 99+%), p-toluenesulfonyl chloride
(Wako S. G., 99+%) and 30 % potassium methoxide (Wako S. G., 99+%) were

purchased from Wako Pure Chemical Industries, Ltd.

Synthesis of 2-acetylpyridineoxime® (3-1)
2-Acetylpyridine (7.70 g, 63.5 mmol), hydroxylammonium chloride (4.89 g, 69.9
mmol) and sodium acetate trihydrate (9.50 g, 69.9 mmol) in MeOH (34 mL) was heated

at reflux for 30 min.  After cooling down, colorless precipitate (NaCl) was removed by
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filtration. The filtrate was evaporated and dried in vacuo. Recrystallization of the
residue from diethyl ether afforded 8.60 g (99 % yield) of 2-acetylpyridineoxime. m.p.
121.0~ 122.5°C. 'H NMR (500 MHz, CDCI, TMS/CDCl,). For 3-1; §: 2.42. (3H. s,
CH;), 7.23 (1H, ddd, J = 1.1, 49, 7.5 Hz), 7.60 (1H, ddd, J = 1.7, 7.7, 7.7 Hz).

7.84 (1H, pseudo-d, J = 7.9 Hz), 8.64 (1H, pseudo-d, J = 4.1 Hz), 9.27(1H, s, OH).

_ Synthesis of O-p-toluenesulfonyl-2-acetylpyridineoxime* (3-2)

p-Toluenesulfonyl chloride (8.30 g, 43.5 mmol) was added to a solulionr of 2-
acetylpyridineoxime (5.40 g, 39.7 mmol} in pyridine (10 mL) at 0 °C and the reaction
mixture was stirred for 2 h.  The mixture was poured into ice and water (500 mL) and
stirred at 0 °C overnight. The resulting colorless precipitate was collected and washed
with water.  Recrystallization from methanol - H,0 (2 : 3, 500 mL) afforded IO.SO gof
3-2 (91 %) as colorless crystals. m.p. 83.0 - 84.3 °C, '"H NMR (500 MHz, CDCI,
TMS/ CDCl,).  For 3-2; §: 2.45 (6H, s, CH, x 2), 7.32 (1H, ddd, J = 0.9, 4.8, 7.4 Hz).
7.36 (2H, d, J = 8.2 Hz), 7.69 (1H, ddd, J = 1.7, 7.8, 7.8 Hz), 7.81 (1H, d, J = 7.9 H).

7.93 (2H, d, /= 8.3 Hz), 8.60 (1H, d, J = 4.7 Hz).

Synthesis of 2-(ai-aminoacetyl) pyridine hydrochloride® (3-3)

A solution of 30 % potassium methoxide (0.51 g, 7.36 mmol) in MeOH (1.72 mL)
was added dropwise over 10 min. to a solution of 3-2 (1.86 g, 6.4 mmol) in THF (20
mL} at 0 °C under argon. The reaction mixture was stirred at 0 °C for 30 min and the
temperature was gradually raised and further stirred at room temperature for 2 h. A
colorless precipitate of potassium p-toluenesulfonate was removed by filtration.
Diethyl ether (80 mL) was added to remain the potassium salt by precipitation. The
filtrate was extracted three times with | M - hydrochloric acid (100 mL) aqueous

solution, and the combined extract was evaporated to dryness at 30 °C under reduced
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pressure. The residue was reprecipitated from MeOH - A;:OEt (1 :8) to afford 3-3 as
colorless powder (655 mg, 59 %). m.p. 174.0 - 176.4 °C. 'H NMR (500 MHz,
DMSO-d;, TMS/ DMSO-d,). For 3-3; 6:4.61 (2H, dd, J = 5.6, 11.3 Hz, CH,), 7.77
(1H,ddd, J=1.8,4.9,7.0Hz), 8.06 (1H, d, J=7.6 Hz), 8.09 (1H, ddd, /= 1.6,7.5,7.5

Hz), 8.43 (3H, s, br, NH,), 8.78 (1H, d, / = 4.7 Hz).

Synthesis of 2,5-di-2-pyridyl-pyrazine (DPPZ)"(3-4)

To a solution 3-3 (1.83 g, 10.77 mmol) in distilled water (4.8 mL) was added a 4 M
NaOH aqueous solution (2.7 mL) and the mixture was stirred at room temperature for
28 h. A red precipitate appeared was collected and washed with distilled water and
dried in vacuo. A red powder was dissolved in CH,Cl, (100 mL) and stirred for 2 days
at room temperature. Ethanol (20 mL) was added to the solution to obtain 3-4 as
yellow crystal (215 mg, 17 %). m.p. 227.9 - 228.1 °C. 'H NMR (500 MHz. CDCl,
TMS/ CDCL,). For 3-4; &: 7.38 (1H, ddd, J = 1.1, 4.8, 7.5 Hz, 3), 7.87 (lH, ddd, J=
1.8, 7.7, 7.7 Hz,), 8.45 (1H, pseudo-d, J = 8.0 Hz), 8.75 (1H, pseudo-d, J = 5.1 Hz),

9.66 (1H, s).
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Methods and Materials.
Anhydrous acetonitrile and chloroform (Wako Ist G., 99+%) were purchased from
Wako Pure Chemical Industries, Ltd. ~ Silver perchlorate (Wako, 90 %) was purchased

from Wako Pure Chemical Industries, Ltd.

Synthesis of [Ag(DPPZ)CIQ,], (3-5)
DPPZ (23 mg, 0.1 mmol) dissolved in CHCI, (5 mL) was added to a solution of
AgClO, (21 mg, 0.1 mmol) dissolved in CH,CN (5 mL) at room temperature. Yellow

crystals obtained after 36 h were collected and dried in vacuo. Yield: 42 mg (96 %).

Synthesis of [Ag (DPPZ)NO,], (3-6)
DPPZ (23 mg, 0.1 mmol) dissolved in CHCI, (5 mL) was added to a solution of
AgNO, (17 mg, 0.1 mmol) in CH,CN (5 mL) at room temperature.  Yellow crystals

were obtained after 36 h were collected and dried in vacuo. Yield: 25 mg (63 %).

X-ray data collection and structure solution for compounds (3-5) and (3-6).

A yellow prismatic crystal having approximate dimensions of 0.10 x 0.08 x (.05 mm
(3-5), and 0.30 x 0.10 x 0.05 mm (3-6) were transferred to a drop of paraffin ;)il and
mounted in a small lop, which was then flash cooled in a cold gas stream. All
Mmeasurements were made on a Rigaku RAXIS-RAPID Imaging Plate diffractometer
with graphite monochromated Mo-Ko radiation (A = 0.71069 A) (3-5) and (3-6). The
date were collected at -160 £ 1 °C (3-5) and -150 + 1 °C (3-6) to 2 maximuwmn 26 value
of 55.0 ° (3-5) and 54.9 ° (3-6). 44 images in total, corresponding to 220.0 °

oscillation angle, were collected with two different goniometer settings.  Exposure
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time was 2.00 minutes per degree. The camera radius was 127.40 mm. Readout was
performed in the 0.100 mm pixel mode. Data were processed by thc PROCESS-
AUTO program package. A linear absorption coefficient, u, for Mo-Ka radiation was
16.4 cm™ (3-5) and 14.9 cm' (3-6). A symmetry-related absorption correction using
the program ABSCOR was applied which resulted in transmission factors ranging [rom

0.63 t0 0.92 (3-5) and 0.63 to 0.93 (3-6).
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& 3-1. 8R () $8{K 3-5 & 3.6 DERENT—4

Empirical formula
Formula weight

Crystal color, habit
Crystal dimensions (mm)
Crystal system

Space group

Z

Lattice Parameters

D, (g/cm?)

FOOO

#(MoKoa)(cm™)
“MoKa

Temp (°C)

Residuals: R; Rw"*

Residuals: R,*

3-5
C..H,;N,0,ClAg
441.58
yellow, prismatic
0.10x 0.08 x 0.05
monoclinic
C2/c
4
a=11.845(1) A
b=17.1832) A

c=7.4478(2) A

B=110.670(2) °

V=1418.2(2) A®
2.068

872.00

16.35
A=0.71069 A
-160.0

0.061; 0.095

0.035

3-6
C,,H,N.O.Ag "
404.13
yellow, prismatic
0.30 x 0.10 x 0.05
triclinic
Pl
2
a= 7.3826(6) A
b=12.7124(3) A
c= 7.3750(6) A
o =95.565(2) °
B=91.182(7)°
y=95.836(3) °.

V = 684.99(8) A"
1.959

400.00

14.92

A =0.71069 A
-150.0

0.068; 0.093

0.037

‘R =2 o F IFe Iz IFo.

‘R = Z(Fo*-Fc?) IZFo?
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*Rw = [Sa(Fo*-Fe)YZw(Fo?)']'".




BoE DPPZ % Rl W= BB IR (A D 5k & Wil

F 32, 84k 3.5 & 3.6 OWAFICHTIESEE A LESHE ()

—XKILR ) v —REHE 3-5

Ag(1)»—N(1) 2.303(3) N(I—Ag()—N(1*) 120.9(1)
Ag(1)—N(1*) 2.303(3) N(1)—Ag(1)—N(2) 71.87(9)
Ag(1)—N(2) 2.369(3) N(1—Ag(1)—N(2*) 156.5(1)
Ag(1)—N(2%) 2.369(3) N(1*)—Ag(1)—N(@2) 156.5(1)

N(1*)—Ag(1)—N(2%) 71.87(9)

N(2)—Ag(1)—N(2*) 104.3(1)

— KR v —HEEEE 3-6

Ag(1)—N(l) 2.301(3) N(1)—Ag(1)—N(2) 69.34(10)
Ag(1}—N(2) 2.464(3) N(1)—Ag(1)—N(3) 143.89(9)
Ag(1)—N(@3) 2.301(3) N(1)—Ag(1)—N(4) 110.11(9)
Ag(1)y—N(4) 2.465(3) N@2)y—Ag(1)—-N(3) 110.18(9)
Ag(1)—0(1) 2.701(4) N(2}—Ag(1)—N@) 178.70(%)
Ag(1)—0(2) 2.698(4) N(3)—Ag(1)—N(4) 69.51(9)

O(1)—Ag(1)—0(2) 4583
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i DPPZ % RIWZ IR R IR HHAD Sk & i
3-3 FEREER

DPPZ &BHHRLR () HIUMER () 7585 N/-5k 3.5 & 3.6 13,
Z00FRNL-TERZNINDOREBEENMSTHBD T U X LFELT 96 %
B 63 YDOWBTRH/LZIENTES, INSOMFIT, I8 L TH AN
MENDIERHBTLIIENTE, KHLTHEETH- =, SR
U —sakid, ZEALEDEE (B2 id. DMSO, DMF, K. A% /J—Jl.
OOFRIVALEE) U THEBEL -7,

XERHERRAT DR R, BHE 3-5 BEN 36 12, —KRTRU Y=z L Tun
2o TOZDD—RKITHR T — M %81 A > OESOLH I E L Tk
D&, 35 1L, [Ag(DPPZ)CIO) EBAL & L €. SBOEATEIZE A EmimE
REEEZLTHO, BUITR. 22083 28EEL, hhol s oL

B EATRID V10185 .
ESERFILTVS (4 33), _ GO
ToelVAS ek = S B iV M (= = & A Tl N e W
7 \ ,{ "

Ag n

IR L T—RITAR U ¥ — D

EEHRL T, —H, 3-6 S84k 3.5 DX F— A

Tid. [Ag(DPPNO,Z B E L. O 21, =D0 DPPZ BT & i
AFNFL— MUTERALL. BAENEBEAMAEEIESES &> T 451
XS ORICERM L T LR FORMEEIL. AKE ARO DA E K
Lo ARE ABRDRZEIN R A > DS EBIRICEDN R ) v — ST - -

(& 3-5), BALF DPPZ i 0
EFRUNHIEELTHD, arava
&STMm%@euy>%&¢‘C><2*€}ﬁﬁ%f__ P
ROV ST BOEA, \;H?/\/
117 ° THD. 3-6 DA $8K 3.6 DRF—A
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B=E DPPZ % Rl HEVU IR A O Sk & W

id. M8 ~9° OAFEEFESTHED, 3-6 DAHMNEMTFORMENET N &2
Mo, TR, @EBPEMEL TWARWKORMFOZ ML 78 ° T
Hole? 35 OQWELYPCBOBEOHEEET, 2303 A T, #LTET Y
ROBHREOERI. 2369 A THD. 3-6 Tik. ZNTN 2301 A & 2.464 A
THolze NELTHD 36 OFNMEE S D VROBEEHNE T RN EMD
Mol. 3-6 TIL, HETANFL ML TERMLTOVWAIENSHEI A
EHEEOBRERFOERL. ThET 2701 A £ 2698 A THH, ZODw
BRERTLHOKSMEIL, 458 ° THok. B4 DE O DS M 7% Hk
T2HE, 35 TOMARLICHALC) P VROEE, HELTEI S VED
BROMAEIL 1565 ° THD, MARELCHARLEDS —HOHELFE U T
Holze 36 Tid, 1787 ° & 1439 ° THol, 3-5 & 3-6 DEET O &N
PRI W TA4ATRIU TH 572,35 £ 3-6 DRERD /NN F L V5 ED & (" 34,
3-6), BEXDRII—FHOE )P BMNEROE->TWT, [IRIFREED L i
38 3.7A, W3BATHHT=.

UEDZ &z snd, TOZDOHEMEE 3-5

E3-6 X1 A DUV HICKRERFHMNR SIS,
3-5 DEETIE, WA AW TFIA AT HGEZ

LTWDDIZH LT, 3-6 TR ERRICHEAITHE Zig-Zag lincar

ZLTWS (K 3-2), ELZ0EIHHEDENI. 3-5 3-6

FU—EDB|TH DR SEMEMNRED &k B 32 —RTRUT
Fo i Bt 2 D R

NECEZEFEASNDS, £/, 3.5 DDPPZ &£ 36 D

DPPZ DENTNOEN P UVREVYSPVBOTHAIZO K IN, fiF T
17 ° THRELE ~ 9 ° THO DPPZMEMLL Tz & & LFEBRODBIETH
272 IDEDICFHRMNE<BREZ I EICL0O#ERENEND 1 BFOLENT
MBI EEIOND, COZDDOHBEDOBEVD, YHICEDOL D ICRBEINS
RPN, BEZDORY X —SEBAOBBIEIZI DWW TR T TH S,
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Bmom DPPZ % 12 7= SR S R 00 (5 0 & H i

[ 3-4. [Ag(DPPZ)CIO,), D/ v+ &'
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EoE DPPZ Z WL /- BB &I M (A D T H & Wil

Figure 4-5. [Ag(DPPZ)NO;],? ORTEP [

Figure 4-6. [Ag(DPPZ)NO;], D /% v ¥+ > /¥

59



B=E DPPZ Z WL - BB RIS R D Gk & Wik

3-4 2% Hk

1) a) A. Neels and H. Stoeckli-Evans, Chimia., 1993, 47, 198. b) A. Hassner and F. W.
Fowler, J. Am. Chem. Soc., 1968, 90, 2869.

2) a) M. Munakata, L. P. Wu, G. L. Ning, T. Kuroda-Sowa, M. Mackawa, Y. Suenaga,
G. L. Ning, and T. Kojima, J. Am. Chem. Soc., 1998, 120, 8610. b) M. Munakata, L.
P.Wu, G. L. Ning, T. Kuroda-Sowa, M. Maekawa, Y. Suenaga, and N. Macno, J. Am.
Chem. Soc., 1999, 121, 4968.

3) P. Oxley and W. F. Short, J. Chem. Soc., 1948, 1514.

4) G. R. Clemo, J. Chem. Soc., 1938, 753.

3) a) G. R. Clemo, J. Chem. Soc., 1938, 753. b) H. O. House and W. F. Berkowitz. J.

Org. Chem., 1963, 28, 307.
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BINE

IR o i

AFREINZAREMNT LB A E2AW-ERUSBHEE. #£<
RESNTND, ZOPTh, REEHLRVATH, BROIERT 5 &
LD RAEERET2HREE, EMRAOLFELICBIZRFOIRE
EEADETHRKEN, £72, 5L OHREDBEEE O % 5D 5 R 6
i3, B4R SBTORABRINS,

413, bisbidentate BIEIHIF 3,6-di-2-pyridyl-1,2,4,5-tetrazine (DPTZ) & i
HEES () 2V, ERMICERIRIER () MESEEESHRT 2 2 IRy
L. TOWBPERIRTDHIEERA LML, £z, DPTZ EFBRICAHHR
£ D E VY bisbidentate BYERLF 2,5-di-2-pyridyl-pyrazine (DPPZ) &i@iEEESE (1)
ETEEEER () ZHVWT, TNTIHBEORRLE S —RITR) v—2&M L. HiE
FRAT L 77,

WETIL, 3,6-di-2-pyridyl-1,2,4,5-tetrazine (DPTZ) &i@iE#EEEdish () %
AWT, AERIKER () WE#EEZERMICERT DI EITRIL. TOh
i, XEHERITICLXVERASRL TWAEZ EMbholk, BiRTOEE) -
LT 72 b2 bUILEHEP O Z OsEEIE. RS & RRRICEHR I
ELTHFELTOWA I N7z, BRP TR, al AMREall AtKD 11 O
BEEWMTHD, AFEHRBIAEETH -7, BROVREEL T, AY /—ILiE
R TI, EEEENENR) Y —BENEE T DI ENREE NS, £
FALUIREE. A% ) —IVERETEIEREDBUENEEEZBRT 5
EMDHN oI, HFEMEIRN T 7 — AN K BEEM & DPTZ THEEZIEK L
P EERE, BRABIEBENERL TND ZENTRBINSEN, BEEE 14
EMAS EHENPORT 2 ZEMRM o7, TOT EMGBEERE1T 47T
ST —=hELTEHOTWS I EARMBEI N, Fi, XEHERAT) S U
BEOWNTLICIE, BEERA A OMMDAZTNTED, 20 EHS B
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GEllth=

WEBRTDEDITF T —hEULTEERBEZ LT, XFAESELD
Y77 —ANKUEBEHRERAWAS Z LI D RRKHEBEEEED ot A ol A
MoHE3S5 . | ORBTR 2 ERDh 27, UL, BEOLIAZODIF
MAMEIDWTAHTH D, IOHMEORRELD. XHERMEMRITE
i3z s,

E=E &L LT, 2,5-di-2-pyridyl-pyrazine (DPPZ) &iBMEFEERSH (D S WEEEEE ()
EMNT, BEORMLS 2 BO—RTRY T—MHELN, HREZUTS NI
U7z EERBIBEHWRNU T —#EIL, BAF M2 7851036 A 2R
Z2ED, INEIEHEANC, MEREER WSS, 814 2 EEIRICEA
Tz, ZOMEBDEWT, B4 M7 0RMEDENICED,
NENEMBE 0 PR REFEX SN, BE, Z0ZO0&@MER
D —DEBERIZOWTHRHFTH S,

AT, FEATE U bisbidentate BUELHIF & RIBA 4 124D, TERN
I, AERKRELGBIUMSEAEHEL, LObHADRTHZ EE2RMLE,
ZDEIBREEZ-RETEND, BHRBEN T A TLOH L WS EE T
ITHIEITRBEHHTED, BRDRURKRE, HEIERIEME & L
TORWRICOEKPF NS, £, BRURMNTEEBIA oo 8EBR)
I8 EGHRL., M7 A EeBrA 0Nt REO O T A&
K DEATHIE, X510, BREUMEE DY NO— LT BT ENTES, =
D& DR 7 -, BEFHEHEREORANBEIN. HEogns
WM RIETREIC DLW TR SN 5,
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A Spontaneously Resolved Chiral Molecular Box: A Cyclic Tetranuclear Zn"
Complex with DPTZ (DPTZ = 3,6-di-2-pyridyl-1,2,4,5-tetrazine)

Xian-He Bu, Hiromasa Morishita, Kentaro Tanaka, Kumar Biradha, Sanae Furusho.
and Mitsuhiko Shionoya

Chem. Commun., 2000, 11, 971-972.

. Two Types of One-Dimensional Structures of Ag' Complexes with DPPZ

(DPPZ = 2,5-di-2-pyridyl-pyrazine)

Hiromasa Morjshita, Kentaro Tanaka, Xian-He Bu, Motoo Shiro, and Mitsuhiko
Shionoya

To be submitted.
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. Metal-Assisted Formation of Artificial Nucleic Acids

Akihiko Hatano, Hiromasa Morishita, Kentaro Tanaka, and Mitsuhiko Shionoya
Nucleic Acids Symp. Ser., 1998, 39, 171-172.

- Enantiomeric Bleomycin Model Compounds Bearing Long Alkyi-Chain

Kazuo Shinozuka, Hiromasa Morishita, Tsutomu Yamazaki, Yukio Sugiura, und
Hiroaki Sawai
Tetrahedron Lett., 1991, 32, 6869-6872.

FRFEE

T RRFL—MMELKRBEEEAT IR TY 722y DG

Bb#e, PR, BBRKE, ARMPRE 74 BARFEESR, S0, 1998 423 1
(PEY PN FHEREEMT & U ERBS B 58

FETFA, HIPHOKER, HBEE. 5540 MEMAILYHINS, HUIR, 1999 459 |
TEAR&T DA RN S stk

#k F# 2. Bu, Xian-He, W {#ABS, Biradha, Kumar, 73R, M.
HALF2, 876 M&EFRER, FE, 2000 43 A

[Dipyridyltetrazine 35 & X Dipyridylpyrazine % iV 7= 4851 & B 8HA D & 1% & Wi |
& F# 2. Bu, Xian-He, R KRR, Biradha, Kumar, o750, Beiin, Hiw ez,
5 50 EIsEA LA RS, B, 2000 49 A

I Dipyridyltetrazine % ff L2 /= SEFEEI &R SHA D & AL & W75 |

ZT#E, Bu, Xian-He, P AR, Biradha, Kumar, #5000, ST, Himyis,
SEARALFE RS 50 EACEERES >R A, B, 200049 A
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KPR D HIBD . KIBROLIEE, BUEE L Torr 2 L7
BIRBASEAEN - MERPIRR &I BOAEALE G L AURATE
K5 & ORISE S FFFIHN - 5 PRFIIRT  HBD (507 S /-
LFET,

RPREZEDDITHI=D, KIBFRHIGE, HBEE2LTWEEEE LA
WEMAKRYE #i® Xian-He Bu &4 (B RUSE ST L ETITHEEE - 5 TR 2207
KT BRI 1S h B LT

AR LD DI b 0, D RIE, BB EE L T e s L
BURMAEAES - BERGRR BV ERRARSAE G EEIL
BRAHEM - S TRETRT BVE) 1ol BB L E T

KPRl 51250 D, SERBUCET L. %< BB, W) L Tl
WERHFIAZK, RHEHMEICEBHL T, _

XS E LT WS LR BATREASE BLIIAR Kumar Biradha
Mt G RISETEFFRERA FRERET  BEPR) 12hk 0E<
HHLHEL BT E T

XEHERITE L TV E 8 S LERERE (B XA ST Y-
ik 0 R EALE U LV 7

HEAFELTORE RS E LY e 201 2555 0 F LR A g
EH SR E AL DR EILEL LT E T

Sr. PTREHRFREERIGRO S 2. WA EDF 4 1 b HiE.
B2 RE. B LT |

REIC., COWEZEDIEHEVFEVEREEATRLXBLTINAE 51
W2 COBRZEEODTERBFOBREELET,
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