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Abstract

The crystal structures of Co(thiamine)Cl;-0.4H,0 (1) and Zn(thiamine)Br;-0.2H,O (2) have been
determined by X-ray diffraction. The compounds are isomorphous to each other. Each compound
forms a discrete M(thiamine)X; (M= Co(II) and X=Cl"; M=Zn(II) and X=Br") structure with the
tetrahedral M(II) atom being bonded by the three halide atoms and the N(1') atom of the pyrimidine
ring. The thiamine ligand adopts the S conformation: ¢ and ¢p=128.9(3) and 111.8(4)° for 1 and
130.5(9) and 113.5(9)° for 2. A ‘two-point’ halide bridge between the pyrimidine and the thiazolium
moieties of the same molecule through an N(4'a)-H- - - X(1) hydrogen bond and an X(2)- - -thiazolium
electrostatic contact is a factor that affects the S conformation. Crystal data: 1, monoclinic, space
group C2/c, a=25.767(9), b=8.490(2), c=17.539(6) A, B=106.24(1)°, Z=8, Dcyc=1.579 g cm~> and
R=0.045 for 3508 observed reflections; 2, monoclinic, space group C2/c, a=26.388(5), b=28.563(1),
¢c=17.753(3) A, B=105.95(1)°, Z=8, D, =1.977 g cm 3 and R=0.051 for 1991 observed reflections.

Introduction

There has been considerable interest in metal ion
interactions with thiamine (vitamin B,) because thia-
mine (as a coenzyme) enzymes require a divalent
metal ion, Mgz+ , for their functions [1]. In accordance
with Schellenberger’s suggestion from enzyme studies
[2] that the Mg®* ion is involved in the formation
of the enzyme—coenzyme complex through the metal
bonding to the base moiety of thiamine, probably
at N(1'), six metal-thiamine structures with direct
metal-N(1') bonding have been reported [3]. We
describe here crystal structures of two additional
compounds showing the metal bonding to N(1'),
Co(thiamine)Cl;-0.4H,O (1) and Zn(thiamine)-
Br;-0.2H,O (2). The significance of a ‘two-point’
halide bridge between the pyrimidine and the thia-
zolium rings of the same thiamine through an
N(4'a)-H-:--X(1) hydrogen bond and an
X(2)- - -thiazolium ring electrostatic interaction is
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empbhasized as a factor affecting the S conformation
of thiamine. The compounds are isomorphous to
each other and also to Cd(thiamine)Cl;-0.4H,O [3a]
and Zn(thiamine)Cl;-0.4H,O [3b].

Experimental

Co(thiamine)Cl;-0.4H,O (1) and Zn(thiamine)-
Br;+0.2H,O (2) were prepared by reacting (Hthia-
mine)Cl, and Co(CH;CO;),-4H,O and (Hthia-
mine)Br, and Zn(CH;CO,),-2H,0, respectively,
each with 2:1 molar ratio in an aqueous solution at
room temperature.

X-ray structure determination

Details of crystal data and data collection together
with refinement are summarized in Table 1. Inten-
sities were corrected for Lp effects; absorption cor-
rections were applied for 2 but not for 1 because
of the small variation in intensity of an axial reflection
(at x~90°) with the spindle angle ¢.

© Elsevier Sequoia/Printed in Switzerland
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TABLE 1. Crystal and refinement data

Compound 1 2

Formula C12H17_3C0C13N4OL4S C12H17.4ZnBr3N4OuS

Molecular weight 437.86 574.05

Crystal system monoclinic monoclinic

Space group C2/c C2/c

a (R) 25.767(9) 26.388(5)

b (A) 8.490(2) 8.563(1)

c (A) 17.539(6) 17.753(3)

B( 106.24(1) 105.95(1)

vV (AY) 3683(2) 3857(1)

V4 8 8

D, (g cm™) 1.58 1.98

F(000) 1784 2224

Crystal size (mm) 0.14x0.23x0.35 0.17x0.37x0.38

Crystal shape plate rectangular

Crystal colour deep blue light yellow

Diffractometer Enraf-Nonius CAD4 Rigaku-AFCS

Radiation used graphite-monochromated Mo Ka (0.71073 A)

#(Mo Ka) (cm™) 14.85 75.72

Transmission factors 0.94-1.08° 0.17-0.57°

T (K) 293 293

Data measured +h, +k, +1 +h, +k, +1

Scan type w28 w-2¢

2¢ Range (°) 3.0-55.0 3.045.0

Scan speed (% 2¢ min~') 1.274.12 4

Scan range (°) 0.80+0.35 tan ¢ 1.540.5 tan ¢

No. standard reflections 3 3

Variation in intensity (%) +23 £2.9

No. reflections measured 4378 2614

No. observed unique reflections 3508 1991

(m) [Fo>30(F.)]

Variables (n) 281 203

Weighting scheme (w) o(F,) 2 0.2+ 0.005F, for F,<70
1.0 for 70<F, <200
(0.14+1073F,+3X 1075F,2)~? for F,>200

R® 0.045 0.051

R’ 0.051 0.054

S° 345 5.81

(A ) max 0.29 0.31

(AP)max (¢ A7) 0.80 0.75

*Scan method, normalized to an average of unity.
[4]. “R=Z|F,— |F.|l/ZF,.

The structures were solved by heavy-atom methods
and refined by block-diagonal least-squares methods
minimizing the function Sw(F;— |F.|)?. Water mo-
lecules O(W1) and O(W2) in 1 and O(W) in 2 were
disordered each with the occupancy factor of 0.2
estimated on the basis of its electron density; a
separation of 1.13(3) A between the water molecules
in 1 is prohibitively short, thus the water positions
may be half-occupied at most. All H atoms were
located from difference Fourier maps, except for
those attached to water molecules. Thermal para-
meters of all non-hydrogen atoms were refined ani-
sotropically, including the disordered waters O(W1)
and O(W2) in 1, except for O(W) in 2 which was

®Calculated by using the Gaussian integration (grid 8 X 8 X8) method
IR, =[Zw(F,— | F.| }/SwF]*~.

S =[Ew(F,— |F1)¥%(m—n)]"~

refined isotropically. The H atom positions and their
isotropic thermal parameters were included in the
structure-factor calculations in the final cycles of the
refinements, where these parameters were refined
for 1 but fixed for 2 (B=5.0 A?). The final R and
R, values were 0.045 and 0.051 for 1 and 0.051 and
0.054 for 2, for 3508 and 1991 observed reflections,
respectively. The final atomic parameters for the
non-hydrogen atoms are listed in Tables 2 and 3.

Neutral atomic scattering factors and anomalous-
dispersion corrections for Br, Cl, Zn, Co and S were
taken from the International Tables for X-ray Crys-
tallography [5]. All calculations were performed with
the UNICSIII program system [6] on a FACOM
780 computer.
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TABLE 2. Final atomic coordinates ( X 10* for Co, Cl and TABLE 4. Bond distances (A) and angles (°) for 1 and
S, x10* for O(W1) and O(W2), and X 10°* for others) for 2
1
1 2

Atom x y z

Coordination sphere®
Co 33382(2) 67522(6) 33940(3) M-N(1’) 2.046(3) 2.044(7)
i1 32463(5) 40775(12) 33929(6) M-X(1) 2.283(1) 2.403(2)
a2 27763(4) 79589(13) 40006(6) M-X(2) 2.267(1) 2.370(2)
Ci(3) 41950(5) 73969(18) 40659(8) M-X(3) 2.260(1) 2.374(2)
N(1) 3225(1) 7336(4) 2227(2) N(1")-M—X(1) 104.7(1) 104.7(2)
€@ 3205(2) 8816(5) 1938(2) N(1')-M-X(2) 115.4(1) 114.9(2)
NG9 3185(2) 9181(4) 1195(2) N(1')-M=X(3) 107.9(1) 107.6(2)
C(+") 3190(2) 8010(4) 682(2) X(1)-M-X(2) 111.7(1) 111.2(1)
C3") 32242 6421(4) 930(2) X(1)-M-X(3) 109.1(1) 109.9(1)
C(6") 3231(2) 6166(4) 1702(2) X(2)-M-X(3) 107.8(1) 108.5(1)
C((z'“)) §f§§8§ lgiﬂg; 24228 M-N(1')-C(2") 125.5(3) 125.3(6)
N{@4'a - ' '
C(3,5") 3233(2) 5057(5) 388(2) M=N(T)-C(8) 118.43) 118.0(6)
S(1) 41953(5) 15699(14) 13276(8) Thiamine molecule
C(2) 3614(2) 2546(5) 970(3) N(1)-C(2") 1.350(5) 1.36(1)
N(3) 3690(1) 3983(4) 736(2) C(2")-N(3") 1.326(6) 1.33(1)
C(4) 4228(2) 4375(5) 825(2) N(3")-C(4") 1.344(5) 1.35(1)
C(5) 4565(2) 3174(5) 1165(3) C(4)-C(5") 1.413(5) 1.40(1)
C(4a) 4366(2) 5921(6) 533(3) C(5")-C(6") 1.368(6) 1.39(1)
C(5a) 5172(2) 3131(7) 1350(3) C(6")-N(1") 1.357(5) 1.35(1)
C(58) 5387(2) 1694(7) 1048(4) C(2')-C(2'a) 1.495(6) 1.48(1)
O(5v) 5273(2) 409(5) 1495(3) C(4)-N(4'a) 1.347(5) 1.35(1)
O(W1)* 0 237(2) 250 C(5)-C(3,5") 1.503(6) 1.51(1)
O(w2)* 32(1) 148(3) 247(1) C(3,5)-N(3) 1.479(5) 1.49(1)
*O(W1) and O(W2) are disordered each with occupancy z((lz))—_%(é)) }ggg; ig;g;
factor of 02. N(3)-C(4) 1.392(6) 137(1)
TABLE 3. Final atomic coordinates (X 10° for Zn and ggg:g((f)) }?,ggg; },3/:8;
Br, x10° for O(W), and X 10* for others) for 2 C(#)-C(da) 1:488(7) 1:50(2)

C(5)-C(5) 1.506(7) 1.54(2)
Atom x y z C(5a)-C(5B) 1.497(9) 1.47(2)

C(5B)-O(5v) 1.421(8) 1.41(2)
Zn 33488(4) 67462(12) 33749(6) NN LN 125.0(4 124.4(8
Br(1) 32507(5) 39562(13) 33651(6) C((Z’;—NE3’;—CE4’; 118’723; 118_8283
Br(2) 27622(5) 79716(13) 39897(6) NGO 120.8(8) 1210(8)
Br(3) 42242(5) 74404(18) 40659(8) AR 116.0(4) 116.0(8)
N(1") 3242(3) 7337(8) 2226(4) C(5')-C(6')-N(1") 123.8(4) 123.4(8)
c@) 3219(3) 8815(11) 1945(5) C(6)-N(1)-C(2") 115.7(3) 116.3(8)
NG 3199(3) 9175(9) 1211(4) N(1)-C(2')-C(2" a) 117.7(4) 118.4(8)
c( 3197(3) 8006(10) 697(5) N(3)-C(2')-C(2'a) 117.3(4) 117.1(8)
C(s" 3239(3) 6446(10) 93905) N(3')-C(4')-C(4') 116.4(4) 116.0(8)
(6" 3246(4) 6182(10) 1711(5) C(5')-C(4')-N(4'cl) 122.8(4) 123.1(8)
C(2'e) 3233(4) 10132(11) 2494(6) CIC5C(.5) 123.5(4) 1241(8)
N(@#'a) 3159(4) 8446(9) —43(3) C(6')-C(5")-C(3,5") 120.5(3) 119.9(8)
€357 3258(4) 5084(10) 409(3) C(5')-C(3,5)-N(3) 111.4(3) 112.1(6)
(1) 4175(1) 1591(3) 1314(2) C(3,5')-N(3)-C(2) 121.9(3) 121.5(8)
C@) 3617(4) 2571(11) 964(5) C(3,5')-N(3)-C(4) 123.5(3) 123.5(8)
N@) 37013) 4007(9) 739(4) $(1)-C(2)-N(3) 112.4(3) 111.9(7)
C(4) 4215(4) 4397(11) 87705) C(2)-N(3)-C(4) 114.6(3) 115.0(8)
c(s) 4541(4) 3211(13) 1185(6) NG -5y 1113(4) 111.9(9)
C4a) 4370(5) 5971(14) 630(8) CHCGIS) 110403) 110.5(8)
C(5a) 5146(5) 3142(17) 1394(9) S0 914(2) 90.8(5)
82553; 23‘3‘;8 112;83 i;gig; N(3)-C(4)-C(4a) 120.0(4) 120.5(8)

y _C(4)-Cl4er , (1

o o 2489, 2695 C(5)-C(4)-C(4cr) 128.8(4) 127.6(10)

*O(W) is disordered with occupancy factor of 0.2. (continued)
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TABLE 4. (continued)

1 2
S(1)-C(5)-C(5a) 122.1(4) 120.7(9)

C(4)~(C5)-C(5a) 127.4(4) 128.8(11)
C(5)-C(5)-C(5B) 114.1(4) 113.1(11)
C(5a)-C(5B8)-O(5y) 106.0(6) 107.3(13)

*M and X denote Co and C] for 1 and Zn and Br for 2,
respectively.

Results

Interatomic distances and angles are listed in Table
4. Molecular structures of 1 and 2 are shown in Fig.
1(a) and (b), respectively, and their crystal-packing
arrangements are in Fig. 2(a) and (b).

The compounds are isomorphous to each other
and thus there are many common structural features.
(i) The metal atom is tetrahedrally coordinated by
the pyrimidine base N(1'), the most basic site [7],
and by three halide atoms. (ii) The thiamine moiety
is in the uncommon § conformation: ¢p=
C(5')-C(3,5')-N(3)-C(2) and ¢p=N(3)-C(3,5")-
C(5')-C(4’) are 128.9(3) and 111.8(4)° for 1 and
130.5(9) and 113.5(9)° for 2, respectively (these
conformational terms were defined by Pletcher and
Sax [8]); the dihedral angle between the pyrimidine
and the thiazolium rings =86.8(2)° for 1 and 88.5(4)°
for 2. (iii) The C(5) hydroxyethyl side chain folds
back towards the thiazolium moiety to make a close
contact between the electro-negative O(5y) and the
electro-positive [8, 9] S(1): O(5y)-+ -S(1) =2.884(5)
A for 1 and 2.87(1) A for 2 (sum of van der Waals
radii  for 0---S=332 A [10]); .=
S(1)-C(5)-C(5a)-C(5B)=47.3(6)° for 1 and 44(1)°
for 2 and  ¢isp=C(5)-C(5a)-C(58)-O(57y) =
—67.4(6)° for 1 and —70(1)° for 2 (conformational
terms by Pletcher and Sax [8]). (iv) The bond distances
and angles of the thiamine molecule are normal for
the N(1')-metalated or the neutral thiamines [3a]
(Table 4); the N(1') ligation does not affect the
C(2")-N(1")-C(6") bond angle and the opposite
C(4")-N(4'a) bond length, in contrast to appreciable
effects of the N(1’) protonation. (v) The values of
the C(2)-N(3)-C(3,5") and C(4)-N(3)-C(3,5') bond
angles, which are sensitive to the molecular confor-
mation [3a], are those expected for the C(2)-subst-
ituent free of thiamine in the S-form, where the
C(4)-N(3)-C(3,5') angle is always larger (3-9°) than
the C(2)-N(3)-C(3,5') angle [3a, b, 11], while they
are nearly equal or rather opposite (0-2°) for the
C(2)-substituted thiamine in the S-form [12], and
the C(2)-N(3)-C(3,5") angle is usually larger (1-4°)
than the C(4)-N(3)-C(3,5') angle for the F-form
thiamine with a sole exception [13].

. z K2
(50 £458)

H |

(b)
Fig. 1. Molecular structures of (a) Co(thiamine)Cl; (1)
and (b) Zn(thiamine)Br; (2).

Crystal packings are also alike in 1 and 2 (Tables
5 and 6 and Fig. 2). Hydrogen bonds and electrostatic
contacts are major intermolecular interactions. All
three hydrogen atoms attached to the O(5y) or N(4'«)
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(b)

Fig. 2. Crystal-packing arrangements of (a) Co(thiamine)Cl; (1) and (b) Zn(thiamine)Br; (2), each viewed down the b
axis with the ¢ axis horizontal and a axis vertical. Broken lines denote hydrogen bonds.

atoms are hydrogen-bonded to halide acceptors. As
observed in many thiamine structures [11a], the acidic
[14] C(2)-hydrogen also takes part in hydrogen bon-
ding, here with the pyrimidine N(3") of aneighbouring
thiamine molecule (not shown in Fig. 2) and a halide
ligand (a bifurcated hydrogen bond). Dipolar in-
teractions occur between halide ions and the pyri-
midine ring (not shown in Fig. 2) or the thiazolium
ring.

Discussion

Crystals of Co(thiamine)Cly (€3] and
Zn(thiamine)Br; (2) are isomorphous with those of
Cd(thiamine)Cl; [3a] and Zn(thiamine)Cl; [3b]. Thus
the structural features (i)-(v) noted above are also

common to the four M(thiamine)X; compounds;
Table 7 compares some relevant structural para-
meters. Including the present work, nine structures
of thiamine [3] or tetrahydrothiamine [15] are avai-
lable, in which a metal ion (Cd(II) [3a], Zn(II) [3b],
Cu(I) [3c,f], Rh(II) [3d], Pt(II) [3e], or Co(II) [15])
is bonded to the pyrimidine N(1’). It is of interest
to note here that Co(II), Zn(II) and even Cd(II)
ions are among those ions which activate pyruvate
carboxylase [16] (Cu(I), Rh(II) or Pt(II) have not
been examined). Thus the involvement of N(1’) in
the metal coordination seems to certainly play some
roles in enzymic processes. For example, Schellen-
berger suggests that the metal acts as a bridge between
the apoenzyme and the thiamine cofactor [2].
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TABLE 5. Hydrogen-bonding and other short contacts in 1*°

Hydrogen bonding contacts

Donor (D)-H Acceptor (A) D-H (A) D...A(A) H...AA) D-H...A (9)
N(4'a)-H1 CI(2) 0.75(7) 3.477(4) 2.79(7) 153(6)
N(4’a)-H2 CI(1%) 0.94(6) 3.498(4) 2.56(6) 178(4)
O(5y)-H CI(3'y 0.94(12) 3.184(5) 2.25(12) 170(8)
C(2)-H N(@3'™") 0.93(4) 3.128(5) 2.57(4) 118(3)
C(2)-H) CI(2%) 3.615(5) 2.81(4) 145(3)
Other short contacts (less than 3.7 A for contacts with Cl and less than 3.5 A for other contacts)

A B A..B (A) A B A..B (A)
C1(1) C(2'd™) 3.678(5) CI(3) o(w2h 3.36(2)
CI(1) C(3,5™) 3.584(4) N(@3") S(1v) 3.257(4)
CI(1) c@2™ 3.627(4) C(5") N4’ 3.468(5)
CI(2) C(3,5™ 3.501(4) S(1) O(5y) 2.884(5)
CI(2) C(3,5™ 3.557(4) C4) o(W2'h) 3.40(2)
CI(2) Cc(2" 3.550(4) C(4a) O(W2i 3.40(2)
CI1(2) N(3") 3.676(3) C(5a) O(W2¥) 3.42(2)
Cl(3) C(4) 3.412(5) o(5y) O(W1%) 3.31(1)
Cl(3) C(5"% 3.568(5)

*Symmetry operations: (none) x, y, z; (i) x, 2—y, —4+2z; (i) x, 1—y, —+z; (iii) 1—-x, —1+y, $—2z; (iv) x, —1+y, z; (v)
t—x, —4+y, d—z (viyx, 1~y, $+z (vii) $—x, $+y, +—2z; (viii) x, 1 +y, z; (ix) +—x, ;——y, —2z; (x) t+x, 4y, z; (xi) 342,
~%+y, z. PSince hydrogen atoms on the disordered water molecules were not located, interactions involving O(W1)
or O(W2) are listed here rather than as hydrogen bonds.

TABLE 6. Hydrogen-bonding and other short contacts in 2*°

Hydrogen-bonding contacts

Donor(D)-H Acceptor (A) D-H (A) D...A (A) H...A (A) D-H...A (°)
N(4'a)-H1 Br(2) 1.00 3.530(8) 2.58 158
N(4'a)-H2 Br(1%) 1.01 3.555(9) 2.56 168
O(5y)-H Br(3i) 1.03 3.31(1) 2.29 168

C(2)-H N(3'%) 1.02 3.18(1) 2.60 116

C(2)-H Br(2") 3.68(1) 2.81 143

Other short contacts (less than 3.7 A for contacts with Br and less than 3.5 A for other contacts)

A B A..B (A) A B A..B (A)
Br(1) cR™ 3.62(1) Br(3) O(wWHi 3.66(9)
Br(2) C(3,5'") 3.618(8) N@3%) S(1viy 3.277(8)
Br(2) C(3,5) 3.64(1) S(1) O(5y) 2.87(1)
Br(2) Cc(2" 3.640(8) C(4a) O(Wiy 3.15(8)
Br(3) C(4") 3.58(1) O(5y) O(W™) 3.20(8)
Br(3) C(5% 3.66(1) O(57) O(WY) 3.36(8)

*Symmetry operations: (none) x, y, z; (i) x, 2—y, —%+z; (il) x, 1 -y, —4+z; (iii)) 1~x, —1+y, -z (V) x, —1+y, z; (v)
t—x, —4+y, 4~z (Viyx, 1 -y, +2z; (vii) $—x, $+y, $—z; (vii) x, 1 +y, z; (iX) $+x, —3+y,z.  "Since the hydrogen atoms
on the disordered water molecule were not located, interactions involving O(W) are listed here rather than as hydrogen
bonds.

The conformation of thiamine is important for its
functions [2, 17]. Table 8 compiles the structural
parameters in  polyhalogenometal ion-thiamine
compounds. Sax [18], Richardson er al. [11b, 19] and
Cramer er al. [3e] have noticed that the double
interaction of the halide ion with the amino group
and the thiazolium ring via a N(4'a)-H. - X~ (X~

=halide ion) hydrogen bond and X~ - - - thiazolium
electrostatic interaction is a factor affecting the
conformation of thiamine, where the larger size of
the anion is responsible for the S-form while the
smaller size is responsible for the F-form, basically
due to crystal-packing requirements. The present
complexes 1 and 2 also hold for this rule judging



253

‘USAIF 2IB S9JBRUIPIOOO DIWOIE ON,

-auerd Junr ayy o3 saouelsip repnoipuadiag,

Jiom siyy SSE (6)sss°€ (Pos’€ [eIpayena} Iy f1g (surureryy)uz
j1oM sy e (P)s6ve 91Le feIpayen) s D (surweryl)e)
ag ThE ELY'E (97 [e1payena) s SO (ourwen)uz

Bg 6£°€ (Dseee Mo+ [e1payena) s o (sunweryy)pd

o1 a « « [e1payena) 1y "OSH(sunuenyIH)

qart 61°€ £2€°€ zLe [eIpayens} S 100D (urweIyIH)

er] 0zg (€)ootg ()ooy [e1paYENa) s "[DPO(surweryIH)

JUNIOZRIYY - « - TX-N-IX - - - (0, 4)N

€1 6€°¢ (Dyye @re [e1payena) d Fon)(sutwelyy)

a¢ [4%3 (9)eLre T9T°€ reuerd orenbs d Zo(f10Vd)¥(surweryiy)

a¢ 9¢°'¢ (D)s1°€ (9evze reueld arenbs d 101 (Surwreryiy)

o¢ 0ge (€AL: 1Al LTE reue[d azenbs q D (euiweyIig

€ 1¥€ (De6g€ (Ds66°¢ reueld [euodin A tg(suiweiy)n)

o¢ 6T°€ (@D1sTe L98°E reuerd [euodin d o (sutureryiny

OEE.QEu .«O
OQEO.uOqum nES=ONN_£~ .o .x. .o Ad\vvz un. . .vm COMCN .uO %EOEOOO EOC&EHO.«EOU v::OQEOU

spunodwos sutweyl—uorue [ejswousforeydjod oy

ul (ag 10 [D=X) (y) seouesip wnyozeryy- - - X ‘puoq uaforpAy X---H-(0,¥)N ‘popuog-uou X---X '8 AIAV.L

‘[8] xeg pue 19ym9[d Aq SWII9) [BUONEUIIOUOS 2Y] JO UOHIUYR(,

Dm ef FIoMm m_cu u_uOK m.:.: JIDUAIIJY

(p)8L8T (e)6L8T (L8t (S)r88T (y) ®9)0---(1)s

9°L9— 889 — (Dot - QL9 — ) ¢

oSy Sop 49747 ¢Ly G) ¢

S S S S LUOIIBUIIOIUOD)

! 8621 (6)scrr w11 @) <9

2! 9111 (6)s0€1 (£)6'8T1 ©) ¢

(6)6sTT (&)15%C (e)se'T @z (y) “X-W

(edovoz (RegTT (LY¥o'T (€)oroT (y) CON-W
fo(eutweryi)uz fo(euwery)pd fig (ourweryy)uz “o(utwerg)on

spunodwod (1g 10 [D=X ‘pD 10 ‘UZ ‘00 =) Ex(unuery))y ut siojowered [ernjonns juead[al jo uosuedwo) L AI1dV.L



254

from the non-bonded X-.--X  distances.
Cu(thiamine)Cl, [3c] and Cu(thiamine)Br, [3f] are
exceptions, since their non-bonded X- - - X distances
are rather large for the F-form thiamine. Previously
we have pointed out [3f] that ‘one-point’ and ‘two-
point’ halide bridges are characteristic of haloge-
nometal compounds involving F-form and S-form
thiamines, respectively, where the ‘one-point’ and
‘two-point’ bridges mean that the same halide atom
bridges between the pyrimidine and the thiazolium
rings in the former while a halide atom forms a
hydrogen bond with N(4'«) and another halide of
the same anion stacks on the thiazolium ring in the
latter. This is also true for the present complexes
1 and 2, which both contain S-form thiamines and
‘two-point’ halide bridges. It is most probable that
crystal-packing forces determine the ‘one-point’ or
the ‘two-point’ bridge, but further investigation is
needed to clarify this suggestion.

Supplementary material

Listings of the thermal parameters for the non-
hydrogen atoms, hydrogen atom coordinates, bond
lengths and angles involving hydrogen atoms, least-
squares planes, and of observed and calculated struc-
ture factors are available from the authors on request.

Acknowledgement

This work was supported in part by the Tsumura
Inc.

References

1 M. C. Scrutton, Inorg. Biochem., 1 (1973) 381.
2 A. Schellenberger, Angew. Chem., Int. Ed. Engl, 6
(1967) 1024.

3

12

13

14

15

16

17
18

(a) R. E. Cramer, R. B. Maynard and J. A. Ibers, J.
Am. Chem. Soc., 103 (1981) 76; (b) A. Bencini and
E. Borghi, Inorg. Chim. Acta, 135 (1987) 85; (c¢) R. E.
Cramer, R. B. Maynard and R. S. Evangelista, J. Am.
Chem. Soc., 106 (1984) 111; (d) K. Aoki and H.
Yamazaki, J. Am. Chem. Soc., 107 (1985) 6242; (e) R.
E. Cramer, R. E. Kirkup and M. J. J. Carrie, Inorg.
Chem., 27 (1988) 123; (f) E. Archibong, A. Adeyemo,
K. Aoki and H. Yamazaki, Inorg. Chim. Acta, 156 (1989)
77.

W. R. Busing and H. A. Levy, Acta Crystallogr., 10
(1957) 180.

International Tables for X-ray Crystallography, Vol. IV,
Kynoch Press, Birmingham, U.K., 1974.

T. Sakurai and K. Kobayashi, Rikagaku Kenkyusho
Hokoku, 55 (1979) 69.

S. Mizukami and E. Hirai, J. Org. Chem., 31 (1966)
1199.

J. Pletcher and M. Sax, J. Am. Chem. Soc., 94 (1972)
3998.

F. Jordan, J. Am. Chem. Soc., 96 (1974) 3623.

A. Bondi, J. Phys. Chem., 68 (1964) 441.

(a) M. F. Richardson, K. Franklin and D. M. Thompson,
J. Am. Chem. Soc., 97 (1975) 3204; (b) C. L. MacLaurin
and M. F. Richardson, Acta Crystallogr., Sect. C, 39
(1983) 854, (c) N. Hadjiliadis, A. Yannopoulos and R.
Bau, Inorg. Chim. Acta, 69 (1983) 109; (d) M.-J. Kim,
I.-L. Suh, K. Aoki and H. Yamazaki, Acta Crystallogr.,
Sect. C, 44 (1988) 725.

(a) M. Sax, P. Pulsinelli and J. Pletcher, J. Am. Chem.
Soc., 96 (1974) 155; (b) J. Pletcher, M. Sax, G. Blank
and M. Wood, J. Am. Chem. Soc., 99 (1977) 1396; (c)
W. Shin, J. Pletcher and M. Sax, J. Am. Chem. Soc.,
101 (1979) 4365; (d) A. Turano, W. Furey, J. Pletcher,
M. Sax, D. Pike and R. Kruger, J. Am. Chem. Soc.,
104 (1982) 3089.

M. R. Caira, G. V. Fazakerley, P. W. Linder and L.
R. Nassimbeni, Acta Crystallogr, Sect. B, 30 (1974)
1660.

J. Pletcher, M. Sax, S. Sengupta, J. Chu and C. S.
Yoo, Acta Crystallogr., Sect. B, 28 (1972) 2928.

R. Bau, Y.-S. Hyun, J. Lim, H.-K. Choi, A. Yannopoulos
and N. Hadjiliadis, Inorg. Chim. Acta, 150 (1988) 107.
D. E. Green, D. Herbert and V. Subrahmanyan, J.
Biol. Chem., 138 (1941) 327.

J. Biggs and P. Sykes, J. Chem. Soc., (1959) 1849.
M. Sax, personal communication to M. F. Richardson
[11b], 1982,

D. M. Thompson and M. F. Richardson, Acta Crys-
tallogr., Sect. B, 33 (1977) 324.



