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A b s t r a c t  ~ 

The crystal structure analysis of {3-[(4-amino-2' 
methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl),4- 
methylthiazol}ium dithiocyanate reveals tha t  there 
are two types of anion bridges between the t w o  
aromatic rings of the Same: thiamine which •adopts 
the usual F conformation, one of which involves a 
contact between H(C2) on the thiazolium ring and 
the hydroxy O atom from a neighbouring molecule. 
The crystal packing shows a novel triple helical 
structure formed b y  strongly/hydrogen-bonded 
thiamine-SCN- molecular chains. 

C o m m e n t  : 

Thiamine, as its pyrophosphate ester, is  a coenzyme 
in a number of important metabolic processes such 
as the decarboxylation of a 'keto acids. The reactions 
proceed through C(2)-substituted thiamines, which 
are intermediates in the reaction pathway (Breslow, 
1958). It has been suggested that thiamine-anion 
salts can serve as model compo.unds for thiamine- 

t 4-Amino-5-[(5-hydroxyethyl-4-methylthiazol-3-ylio)methyl]-2. 
methyl- 1-pyrimidinium dithiocyanate. 
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substrate interactions based on the fact that the 
thiamine molecule fixes an anionic group near the 
active C(2)-position through both hydrogen bonding 
a n d  electrostatic interact ions (Aoki, Yamazaki, 
Waragai & I tokawa,  1988). In order to further 
examine such interactions we have determined the 
structure of thiamine dithiocyanate (I). 

t l~2 CH 3 

3 ' .  5 CH^CH^OH 

tt 

( I )  . 

The crystal cleaves easily along {001} planes. In 
the structure, the thiamine cation adopts the usual F 
conformation • i n t e r m S  of the torsion ang les  
(Pletcher, Sax, Blank & Wood, 1977): q~r = C(5')-- 
C(35')--N(3)---C(2) = 0.4 (6) ° and q~e = N(3)--- 
C(35')---C(5')--C(4') = 81.2 (5)°; the  dihedral angle 
between the pyrimidine and thiazolium rings is 
78.1 (2) °. The C(5):hydroxyethyl side chain folds 
back towards the thiazolium moiety to make a close 
contact of 2.868 (4) A between 0(53) and S(1). These 
structural features are similar to those found in 
thiamine.SCN and its monohydrate (Aoki, Hu, 
Yamazaki & Adeyemo, 1990), in which the thiamines 
are in free-base form. The molecular dimensions of 
the thiamine are in good agreement, • with those of 
thiamine containing a protonated pyrimidine ring 
(Shin & Lah, 1987; Aoki et al., 1988). Compared 
with the free-base form, the protonation of N(I ')  in 
this structure causes the C(6')--N(I ')--C(2')  bond 
angle and the N(I')---C(2') bond length to increase 
and the C(2')---N(3') and C(4')---N(41') bond lengths 
to decrease. 

Two types of anion bridges between the two 
aromatic rings •of the same •thiamine have been sug- 
gested to be factors affecting the F conformation of 
thiamine and provide a model for thiamine-substrate 
interactions (Aoki, Yamazaki • & Adeyemo, 1991). In 
the present structure the thiocyanate anion, S(12)-- 
C(12)---N(12), bridges the two aromatic rings 
through a n  N(41')---H...N(12) hydrogen bond and 
an SCN-...thiazolium-ring electrostatic interaction 
(Fig. 1) [closest contact N(12)...N(3)= 3.066 (6)A]. 
An 0(53) atom from a neighbouring thiamine (i + x, 

- y ,  " z )  seems to act as another bridge. The 0(53) 
a tom is involved in a stacking interaction with the 
pyrimidine r ing by locating over the r ing plane 
[closest contact O(53)-..N(1')= 3.079 (6) A and per- 
pendicular distance O(53)...pyrimidine ring = 
2.955 (3)A] and  an O...H--C interaction with the 
acidic H atom at C(2)[O(53).-.C(2)= 3.676(6), 
O(53)..-H(C2) = 2.66 A; sum of van der Waals radii 
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for O..-H = 2.72 A (Bondi, 1964); O(53)...H---C(2) = 
158°]. The thiamine molecule in the F conformation 
as a host holds a guest hydroxyl group near to the 
C(2) site in a pincer-like encirclement through elec- 
trostatic interactions. This is the first observation in 
thiamine structures of this type of thiamine inter- 
action with a hydroxyl group. 

The crystal packing is in an interesting mode. As is 
shown in Fig. 2, a thiamine cation is connected with 
an N( I I ) - -C( I1) - -S( l l )  anion by an N(I ' ) - -  
H.--N(ll) hydrogen bond, and this anion further 
with another thiamine by an S(11)...H--O(53) 
hydrogen bond (Table 2) to form a helical molecular 
chain along the a direction. The distance at which 
the helical chain takes one turn, the pitch length, is 
three times the length of the a axis. By translation 
symmetry, there are three such chains twisted around 
each other, thus creating a triple helical structure. 
The electrostatic interactions between the SCN- 
anion and adjacent thiazolium rings, and between 
the 0(53) atom and the pyrimidine ring, as men- 
tioned above, hold the triple helix together. More- 
over, one triple helix is linked to the other in the b 
direction by hydrogen bonds involving S(12)-- 

S1 0 5 3 ~  
c~ c_2 ~ C52 

N. C6"-' ~ C.~-~--O 

Fig. 1. Molecular structure of thiamine dithiocyanate. Dashed lines rep- 
resent hydrogen bonds. 

Fig. 2. A stereoscopic view of the triple helical structure viewed down 
the c axis. Dashed lines represent hydrogen bonds. 

C(12)---N(12) anions and the amino groups of thia- 
mines (Table 2), but in the e direction only by van 
der Waals contacts. This explains the cleavability of 
the crystal perpendicular to the c direction. 

Experimental 
Crystal data 

C 12HlsN4OS 2+ . 2 S C N -  
Mr --- 382.52 
Or thorhombic  
Pbca 
a --- 8.029 (1) ~, 
b -- 23.091 (5) A 
c = 20.110 (5)/~, 
V--- 3728 ( I )  A 3 

Z = 8  
Dx = 1.363 Mg m -3 
Dm = 1.361 Mg m -3 
Densi ty  measured  by flota- 

tion in cyc lohexane  and 
chloroform 

Data collection 
Nicolet  R3m]E diffractome- 

ter 
co seal'ls 
Absorpt ion correction: 

empirical  
Train = 0.89, Tmax --- 0.95 

2992 measured  reflections 
2925 independent  reflections 
1963 observed reflections 

[Fo > 3o'(Fo)] 

Refinement 

Refinement  on F 
Final R = 0.052 
wR-- 0.047 
S = 1.91 
1963 reflections 
217 parameters  
Unit weights  applied 

Mo  K s  radiation 
A = 0.71069 A 
Cell parameters  f rom 22 

reflections 
0 = 3 .8 -9 .7  ° 
# = 0.40 m m  -1 

T = 295 K 
Tabular 
0.58 × 0.42 × 0.20 m m  
Colourless 
Crystal source: f rom aque- 

ous solution o f  thi- 
amine.C1.HCl and KSCN 

Rim -- 0.007 
0n~x = 24 ° 
h = O ~ 9  
k = 0 ---, 26 
1 = 0 - - - , 2 2  
2 standard reflections 

moni tored  every  98 
reflections 

intensity variation: < 2.5% 

(A/Or)max = 0.01 

APmax = 0.25 e A -3 
Apmi, = - 0 . 3 1  e A -3 
Atomic  scattering factors 

f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (]k 2) 

Ueq is defined as one third of the trace of the orthogonalized U/j tensor. 

x y z Ueq 
N(I') 0.7985 (4) 0.0979 (2) 0.1052 (2) 0.054 (1) 
C(2') 0.7009 (6) 0.0729 (2) 0.1520 (2) 0.052 (2) 
N(3') 0.5504 (4) 0.0552 (2) 0.1390 (2) 0.050 (1) 
C(4') 0.4886 (5) 0.0630 (2) 0.0767 (2) 0.044 (1) 
C(5') 0.5880 (6) 0.0875 (2) 0.0253 (2) 0.046 (2) 
C(6') 0.7437 (6) 0.1042 (2) 0.0423 (2) 0.053 (2) 
C(21') 0.7732 (7) 0.0660 (2) 0.2195 (3) 0.073 (2) 
N(41') 0.3335 (4) 0.0455 (2) 0.0667 (2) 0.055 (1) 
C(35') 0.5338 (6) 0.0898 (2) -0.0458 (2) 0.053 (2) 
S(1) 0.2359 (2) 0.2247 (1) -0.0546 (1) 0.059 (1) 
C(2) 0.3664 (6) 0.1770 (2) -0.0195 (2) 0.050 (2) 
N(3) 0.4194 (4) 0.1379 (1) -0.0622 (2) 0.044 (1) 
C(4) 0.3585 (6) 0.1451 (2) -0.1263 (2) 0.045 (1) 
C(5) 0.2559 (6) 0.1910 (2) -0.1311 (2) 0.047 (1) 
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C(41) 0.4084 (7), 0.1043 (2) 
C(51) 0.1639 (7) 0.2116 (2) 
C(52) 0.1524 (7) 0.2768 (2) 
0(53) 0.0652 (4) 0.3017 (1) 
S(ll) 1..2310(2) , 0.2715 (1) 
C(ll) 1.1388 (6) 0.2079 (2) 
N(ll) 1.0801 (6) 0.1638 (2) 
S(12)  --0.0936 (2) 0.0538 (1) 
C(12) 0.0439 (6) 0.0505 (2) 
N(12) 0.1406 (6) 0.0477 (2) 

--0.1802 (2) 
-0.1918 (2) 
-o .  1977 (2) 
--0.1433 (2) 

0.1148 (I) 
0.1220 (2) 
0.1270 (2) 

--0.1516 (1) 
--0.0918 (2) 
--0.0512 (2) 

0,064 (2) 
0.O6O (2) 
0.069 (2) 
0.069 (1) 
0.073 (1) 
0.066 (2) 
0.092 (2) 
0.082 (1) 
0.059 (2) 
0.101 (2) 

Table 2. Bond lengths (A), bond angles (o) and hydrogen- 
bond geometry (A, o) 

N(I')--C(2') 
C(2')--N(3') 
N(31)--C(4 ') 
c(4')--c(5') 
C(5')--C(6') 
C(6')--N(1 I) 
C(2')--C(21') 
C(4')--N(41/) 
c(51)--c(35 ') 
C(35:)--N(3) 
S(1)--C(2) 
C(2)--N(3) • 

N(i')--C(2')'--N(3') 
C(2')--N(3')--C(4') 
N(3')--C(4')--C(5') 
C(4')--C(5')--C(6') 
CO')--C(6')--N(I'), 
C(6')--N(1')--C(2') ' 
N(11)--C(2')--C(21 ') 
N(3')--C(2')--C(21') 
N(3')--C(4')--N(41') 
C(5')--C(4')--N(41') 
C(4')--C(5')--C(35') 
C(6')--C(5')--C(35') 
C(5')--C(35')--N(3) 
C(35')--N(3)--C(2) 

1.354 (6) 
1.303 (6) 
1.361 (5) 
1.423 (6) 
1.351 (7) 
1.347 (6). 
1.485 (7) 
1.325 (6) 
1.496 (6) 
i.479 (6) 
1.675 (5) 
1.316 (5) 
122.1 (4) 
118.7 (4) 
121.2 (4) 
116.6 (4) 
120.6 (4) 
120.7 (4) 
117.2 (4) 
120.7 (4) 
116.2 (4) 
122.6 (4) 
123.0 (4) 
.120:0 (4) 
114.8 (3) 
124.8 (3) 

N(3)--C(4) 
C(4)--C(5) 
C(5)--S(1) 
C(4)--C(41) 
C(5)--C(51) 
c(51)--c(52) 
C(52)--O(53) 
S(ll)--C(ll) 
C(11)--N(11) 
S(12)--C(12). 
C(12)--N(12) 

1.388 (5) 
1.345 (6) 

• 1.731 (4) 
1.493 (6) 
1.505 (6) 
1.513 (7) 
1.420 (6) 
1.651 (6) 
1.128 (7) 
1.635 (5) 
1.127 (7) 

C(35')--N(3)--C(4) 121.0 (3) 
S(1)--C(2)--N(3) 112.2 (3) 
C(2)--N(3)--C(4) 114.1 (3) 
N(3)--C(4)--C(5) 112.1 (3) 
C(4)--C(5)--S(1) 110.3 (3) 
C(5)--S(I)--C(2) • 91.2 (2) 
N(3)--C(4)--C(41) 120.3(4) 
C(5)--C(4)--C(41) 127.5 (4) 
S(I)--C(5)--C(51) 122.2 (3) 
C(4)--C(5)--C(51) 127.5 (4) 
C(5)--C(51)--C(52) 114.1 (4) 
C(51)--C(52)=-O(53) 111.8 (4) 
S(II)--C(II)--N(II) 178.1 (5) 
S(12)--C(12)--N(12) 178.7 (5) 

D--H- . -A ' • D. . .A H-. .A • D- -H . . .A  
N(I')--H. • .N(11) 2.760 (6) 1.72 162 
O(53)--H..-SOP) 3.223 (4) 2.23 166 
N(411)--HI .. .N(12) 2.834 (6) 1.76 165 
N(411)--H2 .. .S(12 u) 3.447 (4) 2.62 134 

Symmetry code: ( i ) 3  + x, ½ - y , - z ;  ( i i ) -x ,  - y , - z .  

The structure was  solved by direct methods  and refined by block- 
diagonal  least squares on F with anisotropic thermal  parameters  
for non-H atoms. All  H atoms were  located on a difference map 
and fixed with  isotropic thermal  parameters  (U = 0.06 ,~2) in the 
final cycles  of  the refinement.  All  calculations were  per formed 
using the SHELXTL program sys tem (Sheldrick, 1983). 

Lists of structure factors, aniso.tropic thermal parameters, H-atom coor- 
dinates and intermolecular contacts have been deposited with the British 
Library Document Supply Centre as Supplementary Publication No. 
SUP 55896 (24 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography , 5 Abbey Square, Chester 
CHI 2HU, England. [CIF reference: OH1007] 
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Abstract 
The central ethylenic double bond, C(7~--C(8) 
[1.296 (9)A], is shorter than a normal C-----C double 
bond. The two substituted phenyl rings are twisted 
by 15.5 (9) and 17.6 (9) ° , respectively, out of the 
plane of the double bond. The dihedral angle 
between the mean planes of the two phenyl rings is 
33.1 (1) °. 

Comment 
2,6-Di-tert-butylphenol derivatives appear to be a 
new class of non,steroidal anti-inflammatory drugs 
with antioxidant properties (Ikuta, Shirota, 
Kobayashi, Yamagishi, Yamada, Yamatsu & 
Katayama, 1987). The title compound has anti- 
inflammatory activity and is one of a series of related 
compounds prepared by Lazer, Wong, Possanza, 
Graham & Farina (1989). Their biological activity 
and molecular Structure are being studied. 

The bond length C(1)--F [1.367 (6)A] is in good 
agreement with those in other fluorine-substituted 
phenyl rings (Taga, Yamamoto & Osaki, 1985; 
Kemmish & Hamor, 1990). However, the bond angle 
C(2)---C(I)---C(6) [ 122.3 (4) °] is significantly greater 
than 120 ° . This can be attributed to the strong 
or-electron withdrawing properties of F, in agreement 
with the observation of Domenicano & Murray-Rust 
(1979). This enlargement of the angle is accompanied 
by shortening of the C---C bonds C(I)--C(2) 
[1.353 (8) A] and C(I)--C(6) [1.361 (9) A], compared 
to the central C---C bonds C(2)---C(3) [1.375 (7)A] 
and C(6)--C(5) [1.398 (7) A] of this ring (Colapietro, 
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