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Crystal Structure of Bis-pyrimidyl-2,2'-disulfide Dihydrate

S. FURBERG and J. SOLBAKK

Department of Chemistry, University of Oslo, Oslo 3, Norway

The crystal structure of bis-pyrimidyl-2,2’-disulfide dihydrate
has been derived from 1690 observed reflections measured by counter
methods. The final value of R is 0.030 and the estimated standard
deviations in distance between non-hydrogen atoms are 0.001 — 0.003
A. The C-S-S-C dihedral angle is 82.5°, and both sulfur atoms lie
approximately in the plane of both pyrimidine rings. The S-S bond
length is 2.016 A. The bonds C2-N1 and C2-N3 appear to be signi-
ficantly different.

Continuing our investigations of the structure of pyrimidine derivatives!
we have carried out an X-ray analysis of bis-pyrimidyl-2,2’-disulfide.
The structure of this compound is of interest because it is a derivative of the
2-thiol rather than the usual 2-thio tautomer of pyrimidine. It would also
appear to be of interest to compare the structure of this simple disulfide with
those of other aromatic disulfides, such as diphenyl disulfide.?

EXPERIMENTAL. STRUCTURE ANALYSIS

The compound was prepared by solving 2-thiopyrimidine in hot ammoniacal water.
‘Oxidation takes place and after some time a crystalline precipitate was formed, which
was shown by the structure analysis to be the dihydrate of the disulfide. The crystals
disintegrate in air and were sealed off in glass capillaries containing some water during
the X-ray exposures.

Unit cell dimensions are a=11.835(4) A, b=6.944(1) A, ¢=18.655(3) A, and
B=128.94(1)°. The space group is P2,/c, with four disulfide and eight water molecules
in the unit cell. The density was measured by flotation in KI-solutions and found to be
1.44 g/em.® The calculated value is also 1.44 g/em.?

The intensity measurements were carried out on a crystal of dimensions
0.24 x 0.36 x 0.40 mm using a Syntex automatic diffractometer and MoKe radiation
(A=0.71069 A, graphite monochromator). The /26 scan technique (rates 1— 12°/min)
was used and 1690 reflections with 26 less than 55° were recorded with measurable inten-
sities, using a cut-off limit of 2¢. No breakdown of the crystal could be observed. Correc-
tions for absorption or secondary extinction were not made.

The structure was solved by Patterson methods and refined by block diagonal least
squares calculations to B =0.030 (R, = 0.032). The weighting scheme was based on stand-
ard deviations from counter statistics and an assumed 2 9, fluctuation in diffractometer
stability. Anisotropic temperature factors were applied to the non-hydrogen atoms,
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common isotropic ones to the hydrogen atoms. Observed and calculated structure factors
are given in Table 1, positional and thermal parameters in Table 2 and corresponding
bond lengths and angles in Table 3 and Fig. 1.

Table 1. Observed and calculated structure factors.

7
-
~
~
»
»
~
x
»
~

. o . - . nx 1P, T, LI I T SR
: ars " 1t -1 YA - 372 > - Ay 3515 231 23 3. -
PERTIIAETTH toroa e s 2 248 y1o8 73 N 3 e -
P [} v o ur e - 4 119 ERE T A TR L 3 e
b osel - 5es L S A SR 2 - R BT IR T s
12 7 2% [ L A 2 - e Y19 k- 66 37 -

6 1v 192 - 1A [ S S A - H 71 31 o1 W w2 v

PERTY pes 51 1y 59 kg - 2z 32 3 o112 8% - 66 37 -
veoe o [ T - T z -3 3 2-19 30 s 3y -
[ SRS TNt 1o w2 - we 2 154 3 2 -17 136 - 135 37 -
PR B TR ) 11 6 131 - - 56 2 75 3 2 =18 a3 91 s v

11 815 - 68 o 9 - 22t 2 - 7S 32 .13 201 20t s 7 -
1w 1%a0 1650 PO O S a4 - 123 2 - 180 3 2 -12 107 1 s 7 -
Vs ies - iee [T T IO £ 12 - s > -arz v ozoa1r Te . s 7 -

41 6 %as - uae 11 e LR IRET - 53 z - 251 3 2 -0 196 M7 37

MR T TR T 1oy ko a2r a2 - " ? 156 $ 2 -3 105 193 y o7 -

T R YT U 1YY 1oz Ste A e 2 L34 Vo2 -n 260 223 37 -

¢ 1 1 444 e 12 -8 75 - A 105 2 a5 3y 2 -7 238 26y 3 8 .

1o . 62 12 -te aas el 116 2 126 32 -6 Ju0 330 Fa) -

1 12 o =AY 1 i -13 ;‘; . ;z: 53 2 s7 32 =5 660 = KLY 3.

v o1oae ter 1es NI HAM -9 2 3z ek 432 - 132 L)

PR TSI 244 s 2 - an 2 3z -3 316 V26 3 -

471 use - RS 44 - 4 3y 2 -1 55% Su1 T

MR P Y v 2 -2 2 32 0 a8 - A6 3 oa s

MRS ot - a1 12 R 39 » - 3 2 1 %39 - 530 ~oo - 50

P Rt R LL 12 -h b st 2 - 3oz 2 367 - %63 Py H

v r s O L . s 2 - et Yoz 3 s ame “ e - 314

MY LR 29 110 2 204 12 76 - 79 .o s

P r 12 27 - Th » S6 32 s 77 16 .

1 tozoe2 dee - “ H - 67 32 6 a8 ek P -

HE [T we - b - s 2 P Y 2 7 2%% e 254 Py

M 12 . 1178 -1a2A as 2 37 T2 A tel 167 ‘0 -

: 12 1 9hb o+ WS 7y H B 1 y 2 8 1w 110 .o -

M o2 144 I a9 2 - e Y o2 10 122 e e

v o2 12 v 12 126 - A L T “ e

v 12 o 5 32 s © 39 P -

» 3 T N I 69 L] - 35 - 3% v

v o2 e maw? o 3 v -16 9 - ar P -

N 12 4 1s2 e - es 3 3-1s re Ta P -

HEM [T ny s - 250 Y3 -1l 148 - 15m Y -

v O L 105 3% -2 68 n P -

P o2 LIENA 156 AR IETY U FURE N S .t

HE 17 ot 22 - A L) Ty .10 63 - b LY -

M [ I R LA T 101 Ty -9 277 2mu Y -

MR 12 1% 110w -2 PR TS T o1 .ot -

') 1oy Te e e -2 vover 265 - 272 .«

HE 1ot ez as e w2 208 PR IR LI e L] P

M [ st %0 10 3% .5 355 - 367 [ -

M 1 44 rz 214 P T 35 [

M o »” ” we sy -y 221 226 [

HE Il - - Vv o2 w2 3 P

v ot 1.y 138 1 - 9% 38 et w71 - er7 .1

M 1 LI 11a 11 L] LT “ -

' . ™ 118 - 136 .9 - W5 A 1 152 = 148 . 1 -

PN LR} 222 = 22 126 = 126 AR 2 % - 82 . 1 -

. v a2 e e (TSRS ¥y oY o3 235 2w [ -

P 1 a2 - &3 U as [ ] N [T

. 1 : 213 ?,’ " 65 LI s 156 ~ 106 LI

. . vy AR A6 162 185 [ T 55 .t -

N ' a1y - ez e ws L TR T AR TL] PR -

P 1oy ": - '-7 6 - b6 3 Y oy 5 . .t

HE [ a2y - 22 w o L A L (Y [ -

" . 1 M e 44 3 8 es 52 = 5% .t -

IS [ S8 Sa 106 106 [ T I LA T .« -

"o, [ i 1re LI YT 3 & -12 1e9 - 151 [ -

.. LI L. 286 191 - 182 34 <11 182 AT (Y

MR vy s - 3 285 = 211 3 8 -1e 53 56 [ -

M 1 N i s L] a6 - 52 [ -

MR v 12e 127 sa 39 34 a7 25 - 28 [

« . [ ns 7?2 the = 164 1A -6 382 - M5 .2 -

s s L] 292 298 [SICETY 3 8 -5 73 re .2

MR [ FALIEEEALY ur I T 27 38 .2

IEEE] [ 165 - 130 81, sa S a4 =3 ha 5k .2 -

Y o+ [ o - 51 137 139 3 o4 -2 ars o .2 39 -

PR 1 ar - 56 [T ACIE 14 FEC T LI . 2

PR s [ nz S = 52 3. . 133 12 a2 133

MY 1 Y r LI 3 . 102 " . 2 235

" o8 2 [ (3404 54 Sv 3 8 2 252 258 .2 129

M 1. s b1+ 61 3 48 9% - 88 .2 99 -

« .S 1. 101 - 112 - 127 3 A & 6L = 65 .z [

LY r L] - 51 - 59 3. r 159 154 .2 367 -

v e [y 2 . 3 L] a7 - 9 2 79

. . Y 1. 278 - L] ™ 3 % 10 11 - .2 2

o 1. ot . - 6a I Y] o .2 5% -
vz 1. ey Y. Ty LTS ? A .2 245 -

oo [ 1 56 54 3 815 e - T3 .2 99

MR 1. 17e 61 59 3% -tk 85 - 6% ‘2 99

Ve o 1. 161 n i 3 % .10 187 152 a2 76

M 1. 2r - a6 $5 -9 75 77 P 59

PR 1. .- 1 3 S A 15k = 158 o »Y -

[ 1 521 [ 75 305 -7 132 a8 . s -

a7 1. L%} s - 105 3 5 -6 29 - 21 LT 96

MM 1 227 v ae 36 -6 A3 a3 o 31-16 5k -

18 18 1. .. - 188 = 162 3§ =2 198 = 145 8 3 -tS 167

T e PN 1) - 411 - 402 305 -1 4as a7 [ T L

182 1o . 207 - 264 3% 0 1% s [EEIRTT BT I

18 -8 1. kLl 133 - 138 y = t 150 153 4 3 -2 120

M 1. 523 [T vy o5 2 1178 “ Y-t 33 - 37

R P 76 - 0 Te - 7O 3 o5 3 A - 81 6y -9 3]

s 8 -2 1. 156 « 155 0 230 224 38 . o~ 76 3 257

1. v 1. e - T2 . 2 11 116 s 5 L) 42 " .Y -7 - 204

e ? Py ™ . o L3 19 124 3 s r 35 38 4 3 =6 261

1 . 1. M4 o 8 227 - 235 35 8 6r - 73 .3 -5 123

N PRI P TR <4 o 13 261 - 260 y 5 2 60 - 62 o3 - - sa1

1 " 105 -2 .5 “ 1 20 Ta tal 3 5 10 Ko - &Y 4 3 =3 - A0Y

T e S 218 150 - 1es 1 -y 36 30 3 s ot w2 s “ 3 -2 ot

'Y s -0 186 = 164 1 =13 124 131 L e 65 4 Y -1 - 23%

b 105 -b 315 Y7 1-10 1es 155 36 .15 A Gk P 230

'Y % s ° 93 1 -3 s - 332 3 6 -1s 99 - 102 LI 1 122

Y 105 ~v 127 - 129 1 -8 141 = 165 3 6 .12 111 A1t voy2 LT}

PR 15 -3 - 69 1o-7 33 30 3 6 -t 1. 87 [ (28

Y 15 -1 12 ELLY 1 =6 157 = 153 T 6 -9 .6 52 . 3 . ™

Pt 1% 8 166 187 15 311 Z8A 3 & -5 192 19 “ 3 s -~ 51

P s 1 7 s’ 1 -e 32 - 231 3 6 -5 53 53 L] "

H 108 2 My - 2 1 -3 159 - s Y6 =% 157 = 161 It "

i [ T I L] V2 b1 o1 Te -2 43 - a8z 6 ueas -y

HE s s 5 ) 1 -1 637 61% 3 8 1 rh - 78 IRSTY 121

P 1% & 102 10 10 16k - 26 s 6 2 229 -3 .8 ety -~ 158

11 15 8 58 - 75 1?2 ule - 385 3 6 S 61 6 v a2 - 1r

11 1 s n w “~ 1 3 192 - 393 LI 3 . L1 . L RS Y (1]




25638

Table 1. Continued.
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Table 1. Continued.
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Table 2. Positional ( x 10° for non-hydrogens, x 10 for hydrogens) and thermal ( x 10® for
non-hydrogens) parameters with estimated standard deviations. The anisotropic tem-
perature factor is exp[ — (B h* + Bagk? + Byyl® + B hk + Byshl + Byskl)].

Atom @ Y z B,(B) B,

B, B, B, By,

Ring A
3 —2459 69050 32958 1022 3059 400 864 751 -2
5 8 3 6 15 2 16 3
N1 —4284 71924 45977 1105 1811 600 311 1199 155

c2 5323 74542 44556 981 1475 439 617 868 222

N3 18956 80218 50536 1004 2450 490 —-96 913 -110
15 23 10 19 42 8 45 22 30
C4 23345 83735 59019 1208 2529 507 —25 851 —213
20 30 13 25 53 11 63 29 40
Cs 14526 81567 61339 1696 2413 499 634 1284 114
22 30 13 31 51 11 68 32 40
Cé 630 75539 54557 1663 1911 668 729 1705 444
21 27 13 29 45 12 61 34 39
H4 3325 8725 6333 5.3

H5 1827 8386 6732 5
0.2

H6 — 608 7355 5551 5.3
0.2

Ring B

S 13482 74597 32197 1836 2232 615 1390 1700 790

6 7 3 8 12 3 17 ¢

N1 34725 548567 35648 1310 2411 543 152 1291 65
15 23 10 21 42 9 49 25 31

C2 24534 53549 36630 982 1914 346 71 777 — 86
17 25 10 21 42 9 50 24 31

N3 22281 39382 40284 1128 1999 451 139 948 210
14 21 9 19 37 8 44 22 28
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Table 2. Continued.

C4

Water

molecules

W1
W2
HIW1
H2W1
H1W2
H2W2

31308

46851
14
35345
15
4255
23
5180
22
2695
22
3720
21

FURBERG AND SOLBAKK

87353
21
14793
29
7982
33
8077
33
1469
32
758
32

43125 1545 2126 553
13 29 49 11
42280 1578 2700 655
14 31 58 13
38571 1300 3282 654
14 27 63 13
4581 5.3
12 0.2
4409 5.3
12 0.2
3808 5.3
12 0.2
32207 1524 2638 893
10 20 40 10
18496 1186 5313 1168
13 20 65 14
3278 6.9
15 0.3
3185 6.9
14 0.3
1418 6.9
14 0.3
2186 6.9
14 0.3

368
63
1587
71
657
68

—107
47
124
60

1176
32
1318
35
1365
33

1651
26
1266
29

336
40
423
44
86
47

14
33
2195
10

Table 3. Bond lengths (A) and angles (°). Estimated standard deviations in parentheses.
Corrected bond lengths in brackets {}.

8-S 2.016(1)
c2-8 1.781(2) {1.788}
NI1-C2  1.332(2) {1.342)
C2-N3  1.319(2) {1.329)
N3-C4  1.342(2) {1.347
C4-C5  1.366(3) {1.374)
C5-C6  1.366(3) {1.374}
C6-N1  1.339(2) {1.345)
C4-H 0.95(2)
C5-H 0.92(2)
C6-H 0.93(2)
WI1-H1 0.78(2)
WI1-H2 0.78(2)
W2-H1 0.79(2)
W2-H2 0.72(2)

Ring B Ring A Ring B
1.781(2) {1.789} C2-8-8 104.6(1) 104.9(1)
1.332(2) {1.342} N1-C2-S 111.0(1) 110.1(1)
1.316(2) {1.325} N3-C2-8 121.0(1) 121.7(1)
1.343(2) {1.350} N1-C2-N3  128.0(2) 128.2(2)
1.373(3) {1.381} C2-N3-C4  114.4(1) 114.6(1)
1.363(3) {1.370} N3-C4-C5  123.1(2) 122.5(2)
1.334(3) {1.341} C+C5-C6  117.1(2) 117.3(2)
0.95(2) C5-C6-N1  122.0(2) 122.2(2)
0.92(2) C6-N1-C2  115.4(2) 115.3(2)
0.93(2) N3-C4-H4 114(1) 117(1)

C5-C4-H4  123(1) 120(1)
C4-C5-H5  119(1) 122(1)
N1,---W2 2.928(2) C6-C5~-H5  124(1) 120(1)
Nilg---W1 2.953(2) C5-C6-H6  123(1) 124(1)
W1...W2 2.766(2) NI1-C6-H6 115(1) 114(1)

W1... W2’ 2.694(2)

Acta Chem
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Fig. 1. The b projection of one molecule.

The effect of libration was examined by assuming each pyrimidine ring and its sulfur-
atom to be a rigid body. The root mean square differences between atomic vibration
tensor components calculated from Table 1 and those derived from the rigid body model

were 0.0019 A? and 0.0015 A2, respectively. Corrected bond lengths are included in
Table 2.

The atomic scattering factors were those of Hanson et al.? for non-hydrogen atoms and
of Stewart et al.* for hydrogen atoms. All programs used are described in Ref. 5.

DISCUSSION

Because of the inherent uncertainties in the correction procedure, the
discussion is based on uncorrected values of bond lengths and angles.

In Table 4 deviations from least square planes are given for the two
pyrimidine residues A and B. It is seen that one ring (A) is almost exactly
planar, whereas some of the atoms of the other are significantly displaced
from planarity. The angle between the two planes is 80.7°. The hydrogen atoms

lie in the ring planes to within 0.06 A. Those at C4 and 6 appear to be bent
away from that at C5.

Table 4. Deviation of atoms from least squares planes defined by the ring atoms and one
sulfur atom.

Ring A Ring B Ring A Ring B
N1 0.004 A 0.017 A C5-0.003 A -0.024 A
Cc2 0.005 0.009 C6—0.003 0.001
N3 0.001 0.016 S, —0.002 —0.220
C4 0.000 —0.002 Sy 0.052 —0.009

Acta Chem. Scand. 27 (1973) No. 7



2542 ' FURBERG AND SOLBAKK

The dihedral angle C—S-S-C is 82.5°, which is within the range of 90 + 10°
usually found for organic disulfides. It has been pointed out,® that the values
of the angle between the ring plane and the C-S—S plane fall into two general
classes, being either ca. 0° or ca. 90°. The present compound clearly belongs
to the former class, as the angles are 1.7° and 6.1° for rings A and B, respectively.
This means that both sulfur atoms lie approximately in the plane of both
pyrimidine rings. There would seem to be considerable strain in the molecule
caused by steric repulsion between N3 and the sulfur atom of the other ring.
This is shown by the great distortion of the external angles at C2, which differ
by about 10°. The distances N3,..-S; and N3;...S, are 3.08 A and 3.11 A,
respectively, still somewhat shorter than the sum of van der Waals radii
(about 3.3 A). The length of the S-S bond is 2.016 A, of the C—S bonds 1.781 A.
The S-S-C angles are 104.6° and 104.9°, respectively. These structural param-
eters are very similar to those found in other aromatic disulfides of this class,
such as diphenyl disulfide 2 (2.03 A, 1.80 A, 106°), and 4,4’-di(thiouridine) 7
(2.022 A, 1.79 A, 104°) but different from those of the other class (2.074 A,
1.75 A, 101°).¢ The corresponding parameters in (CH,),S, are 2.022 A, 1.806 A,
and 104.4°, with a dihedral angle of 84° about S-S.°

Corresponding bond lengths and bond angles in the two pyrimidine rings
agree very well. The angle N1-C2-N3 is large (128.2° and 128.0°), as is found
in pyrimidine itself (128.2°),8 but widely different from that in 2-one and
2-thio derivatives (near 120°). Each pyrimidine ring should be expected to
have a plane of symmetry through C2...C5. Within the limits of error this
is also found except that C2 — N3 is shorter than C2—-N1 by 0.013 A in ring
A and by 0.016 A in ring B. A full matrix least squares refinement of the param-
eters of C2, N1, N3, and S did not give significant changes and the relevant
correlation coefficients were small. The observed differences are therefore
probably significant. They may be related either to the angular deformation
at C2 or to a N3...S interaction. The effect has apparently not been observed
in other structures of this class,?? which, however, all are less accurately
determined than the present one.

The water molecules are linked together in infinite spirals around the
two-fold screw axes by nearly linear O-H...O hydrogen bonds of lengths
2.694 A and 2.766 A (Fig. 1). Each water molecule is also linked to N1 by an
O-H...N bond of length 2.953 A or 2.928 A. The angles at the hydrogen
atoms involved in hydrogen bonding are 167°, 178°, 164°, and 168° for H1W1,
H2W1, H1W2, and H2W2, respectively.
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