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The O ( 2 ) - S - O ( 3 )  bond angle is 119.4(3)  ° in 
agreement with that in related compounds (Kfilmfin, 
1967; Kfilmfin et al., 1971; Cameron et al., 1973, 
1974). 

The molecular packing is shown in Fig. 2. The 
molecule is a racemate and two enantiomers are related 
by a center of symmetry. The shortest intermolecular 
contact of 3.29 A is seen between C(2) and C(3). The 
molecules are held together by van der Waals forces in 
the crystal. 

Compound (4) is identified as the title compound. 
Thus the reaction mechanism can be deduced as 
follows. 

(2) 
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Abstract. M r=  370.235, tetragonal, I41/a, a = 
31.475(6) ,  c = 6 . 4 4 6 ( 1 ) A ,  V =  6385.64 (5) A 3, z 
= 16, D x = 1.5404 (3) g cm -3, F(000) = 2944, Mo Kct, 
g = 19.765 cm -l,  2 = 0.7107 A, room temperature, 
R = 0.024 for 1643 unique observed reflections. The 

t t ! reaction of 5 -amino-2 -(2-pyridyl)cyclohexanespiro-4 - 
4 'H-imidazole with methyl iodide takes place at the 
pyridine N atom giving the pyridinium salt. The 
pyridine ring is planar, the five-membered ring is near 
planar and the cyclohexane ring adopts a slightly 
flattened chair conformation. The molecules are held 
together by van der Waals  contacts and N - H . . . N  
hydrogen bonds. 

Introduction. The reaction of 5'-amino-2'-(2-pyridyl)- 
cyclohexanespiro-4'-4'H-imidazole, previously studied 
by X-ray diffraction (Avendafio, Ramos, Bellanato, 
Smith-Verdier, Florencio & Garcia-Blanco, 1984), with 
methyl iodide in acetonitrile (Avendafio & Ramos, 
1984) afforded crystals of the title compound. Among 
all possible alkylated products on any of the four N 
atoms which are present, this study shows that the 
reaction takes place at the pyridine N atom giving the 
pyridinium salt. 

Experimental. Crystal 0.10 × 0.20 × 0.25 mm. D m not 
determined. Unit-cell parameters determined by least- 
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squares fit of angular settings for 25 high-angle 
reflections. Enraf-Nonius CAD-4 diffractometer, 
graphite monochromator. Systematic absences consis- 
tent with space group I41/a. co---20 scanning mode. 
2 < 0 <  30 °. No absorption correction. 2 reference 
reflections monitored every 100 reflections showed no 
significant variation. 4632 independent reflections, 1643 
observed with I > 23(/). R | n  t = 0.013. Scattering fac- 
tors from International Tables for X-ray Crystal- 
lography (1974). Structure solved by Patterson and 
Fourier techniques and refined by full-matrix least- 

squares method. Anisotropic thermal parameters for 
non-H atoms, H (from AF synthesis) isotropic. 
~w(dF) 2 minimized. Empirical weighting scheme giving 
no trends. (A/O')mea n = 0.02. Final R = 0.024, R w 
= 0.040. Final difference Fourier synthesis showed no 
significant electron density. Calculation performed with 
the XRAY76 system (Stewart, Machin, Dickinson, 
Ammon, Heck & Flack, 1976) and programs PARST 
(Nardelli, 1982) and PESOS (Martinez-Ripoll & Cano, 
1975) on a Digital-11/750 VAX computer. 

Table 1. Atomic positional parameters and Ueq values 
( A  2 × 10 4) 

Ueq = ~Y i Y j U ijas'a~ ~. aj cos (a t, a j). 

x y z Ueq 
I 0.34501 (1) 0.10939(1) 0.72521 (6) 574 
C(I) 0.3425 (2) 0.2398 (2) 0.0745 (8) 352 
N(2) 0.3378 (I) 0.2770 (1) 0.2076 (7) 387 
C(3) 0.3015 (2) 0.2923 (2) 0.1584 (8) 355 
Y(4) 0.2785 (1) 0.2726 (1) -0.0017 (7) 437 
C(5) 0.3024 (2) 0.2396 (2) -0.0477 (8) 419 
C(6) 0.3511 (2) 0.2007 (2) 0.2156 (9) 502 
C(7) 0-3924 (2) 0.2031 (2) 0.3270 (9) 523 
C(8) 0.4293 (2) 0.2085 (2) 0.1798 (11) 659 
C(9) 0.4232 (2) 0.2480 (2) 0.0544 (9) 550 
C(10) 0.3823 (2) 0.2476 (2) -0.0652 (10) 538 
N(11) 0.2973 (1) 0-3469 (1) 0.4358 (6) 383 
C(12) 0.2827 (2) 0.3305 (2) 0.2528 (8) 407 
C(13) 0.2500 (2) 0.3522 (2) 0.1532 (9) 444 
C(14) 0.2339 (2) 0.3889 (2) 0.2346 (12) 732 
C(15) 0.2489 (2) 0.4044 (2) 0.4161 (10) 563 
C(16) 0.2810 (2) 0.3822 (2) 0.5151 (9) 508 
N(17) 0.2931 (2) 0.2114 (2) -0.1911 (10) 662 
C(18) 0.3317 (3) 0.3263 (2) 0.5582 (I0) 752 
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Fig. 1. A view of the molecule showing the atom numbering. 

Table 2. Bond distances (/k), bond angles (o) and torsion angles (o) 

C(1)-N(2) 1.459 (6) 
C(1)-C(5) 1.487 (7) 
C(1)-C(6) 1.553 (8) 
C(1)-C(10) 1.562 (8) 
N(2)-C(3) 1.281 (6) 
C(6)-C(1)--C(10) 108.9 (4) 
C(5)-C(1)-C(10) 112.0 (4) 
C(5)-C(1)-C(6) 117.1 (4) 
N(2)-C(I)--C(10) 107.0 (4) 
N(2)-C(I)-C(6) 108.0 (4) 
N(2)-C(1)-C(5) 103.2 (4) 
C(1)-N(2)-C(3) 104.3 (4) 

C(6)-C(1)-C(10)-C(9) -48.9 (6) 
C(5)-C(I)-C(10)-C(9) 179.9 (5) 
N(2)-C(1)-C(10)-C(9) 67.6 (6) 
C(5)-C(1)--C(6)-C(7) 178.4 (5) 
N(2)-C(1)-C(6)-C(7) -65.8 (6) 
N(2)-C(I)-C(5)-N(17) 179.2 (5) 
C(10)-C(1)-C(5)-N(4) -112.2 (5) 
C(6)-C (1)--C(5)-N(4) 120.9 (5) 
N (2)-C ( I)-C (5)-N(4) 2.5 (5) 
C(5)-C(1)-N(2)-C(3) 0.0 (5) 
C(6)-C(1)-N(2)-C(3) -124-6 (4) 
C(10)-C(1)--N(2)-C(3) 118.3 (5) 
C(6)--C(I)--C(5)--N(17) . --62.4 (7) 
C(10)-C(1)-C(5)-N(I 7) 64.4 (7) 

C(3)--N(4) 1.405 (7) C(7)-C(8) 1.507 (9) N(11)--C(18) 1.489 (9) 
C(3)-C(12) 1.472 (7) C(8)-C(9) 1.494 (9) C(12)-C(13) 1.391 (7) 
N(4)-C(5) 1.313 (6) C(9)-C(10) 1.503 (8) C(13)-C(14) 1-366 (9) 
C(5)-N(17) 1.315 (8) N(I1)-C(12) 1.367 (6) C(14)-C(15) 1.353 (10) 
C(6)-C(7) 1.489 (8) N(I 1)-C(16) 1.325 (7) C(15)-C(16) 1.384 (8) 

N(2)-C(3)-C(12) 124.4 (5) C(1)-C(6)-C(7) 113.3 (5) 
N(2)-C(3)-N(4) 118.3 (4) C(6)-C(7)-C(8) 112.0 (5) 
N(4)-C(3)-C(12) 117.3 (4) C(7)-C(8)-C(9) 109.7 (5) 
C(3)-N(4)-C(5) 102.8 (4) C(8)-C(9)-C(10) 112.4 (5) 
C(I)-C(5)--N(4) 111.3 (4) C(I)-C(10)-C(9) 113.2 (5) 
N(4)--C(5)-N(17) 124.4 (5) C(16)-N(11)-C(18) 116.2 (5) 
C(1)-C(5)-N(17) 124.2 (5) C(12)-N(11)--C(18) 122.5 (4) 

C(12)-N(I 1)--C(16) 121.3 (4) 
C(3)-C(12)-N(I I) 122.0 (4) 
N(11)-C(12)-C(13) 117.5 (5) 
C(3)-C(12)--C(13) 120.5 (5) 
C(12)-C(13)-C(14) 120.8 (5) 
C(13)-C(14)-C(15) 120.5 (6) 
C(14)-C(15)-C(16) 118.2 (6) 

C(10)-C(I)-C(6)-C(7) 50.0 (6) 
C(1)-N(2)-C(3)-N(4) -2.5 (6) 
C(1)-N(2)-C(3)-C(12) 180.0 (5) 
N(2)-C(3)--C(12)-C(13) 161.1 (5) 
N(2)-C(3)--C(12)-N(I 1) -16.7 (8) 
N(2)-C(3)-N(4)-C(5) 4.1 (6) 
C(6)-C(7)-C(8)-C(9) 58.6 (7) 
C (7)-C (8)--C (9)-C (10) -57.7 (7) 
C(8)-C(9)-C(10)-C(I) 54.6 (7) 
C(16)-N(1 I)-C(12)-C(3) 177.6 (5) 
C(18)-N(11)-C(12)-C(3) -3.0 (8) 
C(18)-N(11)-C(16)-C(15) 179.8 (6) 
C(12)-N(I 1)-C(16)-C(15) -0.8 (8) 

C(16)-N(11)-C(12)-C(13) -0-3 (7) 
C(18)-N(11)-C(12)-C(13) 179.1 (5) 
N(11)-C (12)--C(13)-C(14) 1.3 (8) 
C(3)-C(I 2)-C(13)-C(14) -176-6 (5) 
C(I 2)--C(13)-C(14)-C(15) -1.4 (9) 
C(I 3)-C(14)-C(15)-C(16) 0-3 (9) 
C(14)-C(15)-C(16)-N(11) 0-8 (9) 
N(4)-C(3)-C(12)-C(13) -16.4 (7) 
N(4)-C(3)-C(12)-N(I 1) 165.8 (4) 
C(12)-C(3)-N(4)-C(5) -178.2 (4) 
C(3)-N(4)-C(5)-C(1) -3.7 (5) 
C(3)-N(4)-C(5)-N(17) 179.6 (6) 
C(1)-C(6)-C(7)-C(8) -56.4 (7) 
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Discussion. The positional coordinates are given in 
Table 1.* Fig. 1 shows a projection of the molecule with 
the atomic numbering. Bond lengths and angles are 
given in Table 2. 

The molecule of the title compound contains an 
N-methylpyridinium moiety joined to a 4H-imidazole 
which has a pentamethylene group substituted at the 
spiranic C (1) atom. 

The pyridine ring is planar (average torsion angle 
0.8 °) and the five-membered ring is near planar 
(average torsion angle 2.59°). N(2)-C(3)  
[1.281(6)A1 is a localized double bond in the 
five-membered ring. The identity of the bond distances 
N(4)-C(5)  [1.313 (6)] and C(5) -N(17) [1 .315  (8)/i,], 
shorter than the value usually found for a single C - N  
bond, reflects the conjugation of this amidine portion of 
the molecule (Takayanagi, Ogura, Matsuzaki, Kitajima 
& Nishimura, 1979). 

In particular, the short C(3)-C(12)  bond and the 
small torsion angle about this bond may be attributed to 
the conjugation between the imidazole and pyridinium 
groups. This is in good agreement with the previously 
studied compound 5'-amino-2'-(2-pyridyl)cyclo- 
hexanespiro-4'-4'H-imidazole (Avendafio, Ramos, Bel- 
lanato, Smith-Verdier, Florencio & Garcia-Blanco, 
1984). 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and least-squares plane data have been 
deposited with the British Library Lending Division as Supplemen- 
tary Publication No. SUP 39859 (35 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 

The cyclohexane ring adopts a slightly flattened chair 
conformation with approximate mirror symmetry [C s 
plane through C(1) and C(8), with C~s = 1-30(1), 
CT-S= 3.39 (2) and C 6-7 = 8.64 (2) (Duax & Norton, 
1975)1. The deviations of C(1) and C(8) from the plane 
through the remaining atoms of the ring are -0 .633  (5) 
and 0.679 (7)A, respectively; consequently the C(6), 
C(1), C(10) part of the ring is a little more flattened 
than the opposite C(7), C(8), C(9) part. 

The molecules in the crystal are held together by van 
der Waals contacts and are also connected by N -  
H. . .N hydrogen bonds [N(17) . . .N(4)( -x  + ½, - y  + ½, 
- z - ½ )  3.043 (7), H(17) . . .N(4 )=  2.36 (8)A, angle 
N(17)-H(17) . . .N(4)  175.°1. 
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Structure of a 1/1 Complex of Y,5'-Di-O-acetyl-5-bromo-2'-deoxyuridine and 
Y,5'-Di-O-acetyl-5-iodo-2'-deoxyuridine, C 13 H15Br0.S10.5 N 2 0 7 
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Abstract. M r = 4 1 4 . 7  , P212121, a = 7 . 7 0 8 ( 3 ) ,  b =  
26.835(5), c = 7 . 8 0 5 ( 3 )  A, U = 1 6 1 4 . 4 2 A  3, Z = 4 ,  
D x = 1.71 g cm -3, Mo Ka, 2 = 0.71069 ]~, ~t = 
21.82 cm -l, F(000) = 828, T =  293 K, R = 0.062 for 
2400 reflections (Friedel pairs not merged). The 
glycosidic torsion angle, Z, is - 133 .3  (11) °, and the 
sugar pucker is 2T1 [C(l')-exo, C(2')-endol with 
P = 137.2 (14) °. The conformation about C(4 ' ) -C(5 ' )  
is gauche-gauche (g+). There is one hydrogen bond, 
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N(3).--O(3'1) [2.914 (18)A]. Close contacts are pres- 
ent between halogen and O(5'1) [average 3.21 (2)A] 
and between acetyl O(5'1) and a neighbouring base 
ring, 2.93 (3)A. The halogen position is occupied 
randomly by Br and I atoms. 

Introduction. A previously determined structure in our 
series of substituted nucleosides, 3',5'-di-O-acet- 
ylthymidine (AT) (Wilson, Low, Tollin & Wilson, 
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