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The Crystal and Molecular Structure of 1-Thiocarbamoylimldazolidine-2-thione 

BY G. VALLE, G. COJAZZI,* V. BUSETTI AND M. MAMMIt 

lstituto di Chimica Organica dell' Universitgt, 35100 Padova, Italy 

(Received 28 May 1969) 

The structure of 1-thiocarbamoylimidazolidine-2-thione, C4H7N382, has been determined from X-ray 
three-dimensional diffraction data. The crystals are monoclinic, space group P21/c, a= 4.958 + 0.003, 
b= 10.092+0.005, c= 13"841 +0"006/~, ,O= 103.0+0.2 °, Z=4.  The structure has been determined by 
Patterson and direct methods and refined by full-matrix least squares (R= 0.057). The molecule is 
nearly planar, with an intramolecular N-H.  • • S hydrogen bond of 2.998/~. Bond lengths and resonance 
in the dithiobiuret moiety are discussed. Two pairs of intermolecular N - H . . .  S hydrogen bonds of 
3.409 and 3.449/~ bring molecules together across centres of symmetry and give rise to infinite chains 
which are superimposed on each other, by the a-axis repeat, at a perpendicular distance of 3.506/~. 

Introduction 

1-Thiocarbamoylimidazolidine-2-thione (formula I) 
(hereinafter TIO), is obtained by reacting ethylene 
diisothiocyanate (II) with ammonia. The structure of 
this product of the reaction was uncertain and the 
heptatomic triazepinic ring (III) was suggested on 
chemical grounds (Thorn & Ludwig, 1954). 

CH2--NH " 
C= S 

CH2-- N 

) C ~ N H 2  

S 
(I) 

s 
/ 

C H z - - N H - - C  )NH 
C H z - - N H - - C ~  

S 
(lid 

C H z - - N  = C = S 

C H 2 - - N  = C = S 

(H) 

Further chemical investigations cast some doubt on 
this hypothesis (D'Angeli & Bandel, 1961; D'Angeli, 
Bandel & Giormani, 1963) and the X-ray analysis, also 
undertaken to elucidate the physico-chemical proper- 
ties of the compound, definitely established the im- 
idazolidine structure (I). While the chemical implica- 
tions of this assignment have been reported in a pre- 
liminary account based on two-dimensional data 
(Yalle, Cojazzi & Busetti, 1963; Mammi, D'Angeli & 
Bezzi, 1965), the crystal and molecular structures ob- 
tained by three-dimensional refinement are discussed 
here. 

* Present address:  Centro di Fisica Macromolecolare,  
Isti tuto Ciamician, 40100 Bologna,  Italy. 
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Experimental 

Transparent colourless crystals were obtained by evap- 
orating ethanolic solutions. They were spindle-shaped, 
with a nearly square cross-section and with elongation 
axis perpendicular to (100). 

Crystal data 
1 - T h i o c a r b a m o y l i m i d a z o l i d i n e - 2 - t h i o n e ,  C4H7N382,  

F.W. 161.1, m.p. 193°C. 
Monoclinic, space group P21/c 

a =  4.958 + 0.003 A 
b = 10.092 + 0.005 
c = 13.841 _ 0.006 
f l= 103.0 __ 0.2 o 
V= 674.8 A 3 
Z = 4  

Dx = 1"57 g.cm -3 
Dm= 1.53 (by flotation) 
/zcu K, = 63.2 cm -~ 
/Zr~o K~ = 7.4 
F(000) = 336 

Okl, hOl and hkO reflexions were first collected and 
used in a preliminary two-dimensional analysis. Three- 
dimensional data, Okl to 4kl, were then recorded in a 
Weissenberg camera (multiple-film technique, Ni- 
filtered Cu Kc~ radiation) and 915 reflexions were 
observed, out of 1359 possible in the collected layers. 
Moreover, 82 hOl reflexions (out of 103) and 64 hkO 
(out of 74) were measured on Buerger precession pho- 
tographs (Zr-filtered Mo Ke radiation) and used for 
interlayer scaling. 

Intensities were obtained by a Joyce Flying Spot 
Integrating Microdensitometer and the Lorentz, 
polarization and absorption correction were applied. 
The cross-dimensions of the crystal used were 0.25 x 
0"30 ram. 

Determination and refinement of the structure 

The atomic positional parameters were first deter- 
mined by two-dimensional analysis. The (100) Patter- 
son synthesis allowed a direct localization of the sul- 
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phur atom S(1) only. As later ascertained, the S(2) 
rotational vector was in fact out of peak position, 
masked by a neighbouring larger peak. The S(2) atom 
was, however, easily localized on the first electron den- 
sity map, and the R index decreased from 54 to 44%. 
The next Fourier synthesis showed an electron density 
distribution which was consistent with the imidazoli- 
dine structure (I), although the molecular model could 
fit with two different orientations. Only one of them 
significantly improved the R index (34%). 

On account of the preliminary uncertainty on the 
chemical structure, a parallel attempt to derive the 
phases of the structure factors directly from the Sayre 
relationship (Woolfson, 1961) was successfully carried 
out, with the following simplified procedure. The Okl 

N 
reflexions having [U(Okl)l > 1.5 [.Sjn1211/2=0.17 (63 re- 

1 

flexions out of 122 observed) (Zachariasen, 1952) were 
divided into four groups of 10, 16, 20 and 17 reflexions 
having I U(Okl)l >_ 0.35, 0.25, 0.20 and 0.17 respectively. 
Arbitrary sign was given to the 0,2,15 and 0,9,2 re- 
flexions and the sign of two others was expressed by 
letters; thus the four sign relationships found in the 
first group gave the sign to eight reflexions (just as 
sign or as letters). 

By including the 16 reflexions of the next group 
(twelve new sign relationships found), the sign of all 
the 26 first reflexions was obtained, and so continuing 
the process, 60 structure factors were given a sign, 

Table 1. A tomic coordinates, vibrational parameters ( x 10 4) and e.s.d. 's (in parentheses) 
The expression for the temperature factor is 

exp [ -  (lil 1//2 +/~22k 2 +/~3312 -t- 2/J12hk -t- 2~13hl + 2~23k/)] • 

x/a y/b Z/C fill fl22 fl33 fl12 fl13 
S(I) 0"2792 (2) 0"3437 (1) 0"5762 (0) 335 (8) 96 (2) 36 (1) - 4 4  (3) 5 (2) 
S(2) -0 .4869 (2) 0-0900 (1) 0.3557 (0) 280 (8) 85 (2) 45 (1) - 4 9  (3) 14 (2) 
N(I) 0.2228 (7) 0.4171 (4) 0-3901 (2) 284 (27) 79 (6) 45 (3) - 3 1  (10) 30 (7) 
N(2) -0.0848 (7) 0.2660 (3) 0.4016 (2) 218 (24) 69 (5) 34 (3) - 9  (8) 20 (6) 
N(3) -0.1633 (9) 0.1358 (4) 0.5309 (2) 432 (32) 125 (8) 40 (3) - 9 6  (12) 22 (8) 
C(I) -0 .1429 (10) 0.2984 (5) 0.2951 (3) 333 (33) 95 (8) 36 (3) - 2 2  (12) 14 (8) 
C(2) 0.0622 (10) 0.4061 (5) 0.2878 (3) 353 (37) 124 (9) 45 (4) - 4 6  (14) 9 (9) 
C(3) 0.1377 (8) 0.3425 (4) 0.4544 (3) 185 (27) 71 (6) 39 (3) - 2  (10) 15 (7) 
C(4) -0.2295 (9) 0.1671 (4) 0.4366 (3) 231 (30) 75 (6) 41 (3) 0 (10) 33 (8) 

B 
H(1) 0.390 (3) 0.475 (2) 0.409 (1) 3.1 /~2 
H(2) -0 .048 (3) 0-497 (2) 0.266 (1) 3.2 
H(3) 0.192 (3) 0.371 (2) 0.238 (1) 3.2 
H(4) -0 .348 (3) 0.332 (2) 0.271 (1) 3.9 
H(5) -0 .099 (3) 0.212 (2) 0.255 (1) 3.9 
H(6) -0 .005 (3) 0.189 (2) 0.576 (1) 4.0 
H(7) -0-266 (3) 0.065 (2) 0-557 (1) 4.0 

II 
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Fig. I. Bond lengths and angles in the TIO molecule, and parameters of the hydrogen bridges. 
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Tab le  2. Observed and calculated structu,'e factors 
C o l u m n s  a r e  L ,  l O I F o l ,  l O I F e l .  U n o b s e r v e d  r e f l e x i o n s ,  w h i c h  w e r e  g i v e n  h a l f  t h e  m i n i m u m  o b s e r v e d  i n t e n s i t y ,  a r e  m a r k e d  b y  a n  

a s t e r i s k .  

0,0,~ 
2 404 453 
4407 -490 

438 -446 
171 -168 

10 81 -81 
12 25* -6 
14179 199 
1648 -58 

O,1,D 
193 8o 
2 498~] 546 
3 82 
4 436 -412 
5 142 -148 
6140 -133 

08 -521 
20" 10 

9 149 145 
i0211 205 
ii 182187 
12 25* -70 
13 24 ~ -3 
1 4 8 1  -85 
15 20" -i 
16 44 -52 
1730 4O 

0,7,~ -10 90 67 1313 -325 1,9, ~. i0 22. 19 
1119 107 II 72 -69 -21 59 46 0 29* -40 -i0184 192 
2246 -273 -11233 -235 54 46 1 73 69 II 21" 
43 47 -38 12 29*-32 -~ 132 130 -1 56 48 -11 74 68 

37 12 -12 220 -210 237 233 ~ 127 125 12 35 -39 
5125 -116 13 27 ~ 24 -3295 29~ 134 -131 -12140 149 
619. 173 1 3 ~  82 _ : ~ 1 o ~  ~ 6 , - 5 1  13•115 12o 

25" 27 14 -~0 I -107 - 115 -115 -13 88 -88 
57 52 -14 53 -55 ~ 95 91 4 29 • -I0 14 75 90 

9164 -152 15 21 ~ -24 - 24 ~ -11 -4 29~ 1 -14 70 -74 
lO 2 , ,  19 -15 lO8 124 _~ 198-189 ~ 2 8 . - 1 8  ~5 99.-55 
11 54 -41 16 34 -47 227 -213 - 52 -53 -15 i * -40 
12 5o 57 -16 2 2  6 ~ 67 -65 6 82 -79 -16 136-133 
13142 134 -17 17" 4 - 272 -285 164 152 -17 66 54 
14 50 -63 8 209 -203 7 42 -40 

1.2., -~ g -,i -I 28. 31 2.2. ,  
0,8,*- 0409 -434 I 121 130 149 0274 258 

10 51 -45 1282-290  ~ 29"-27 .~ 26"-513 .1 242-224 
"51 -45 -I0-60:~-1601 ~,',,, 29" 25 48 i0"  5 

2 49 46 234.6 353 -I0 29 = -14 -9 79 7~ 2140 138 
3136 -I16 -2428 -466 ii 57 64 i019" 3 . . . .  76 -165 
4 50 45 3 53 49 -Ii 196 175 -i0 23" 24 3 64 -65 
5 241 2 2 7  3 , 7 o  -517 12 i n  189 n 15-  - 33  - 3  259 -277 
6 25 • -9 4 378 366 -12 28" 17 -11 46 46 4 109 -121 
7143 127 -4 72 61 13 84 -87 -12 16" 36 -4105 102 
8 24" i0 5194 181 -13 95 -106 -13 6" 29 5328 316 
9 260 286 -5 438 476 14 96 107 -5 606 -636 

1021" ~ ~ 23* 1 -1461 63 I,IO,L ~ 19" ~7 
11 !9" - 20" -37 15 61 -65 0 91 -89 93 

O,2,L 12 16" 24 7362 346 -15 20* -31 1 52 49 ~ 44 -45 
0377-375 13 23 -33 -7208 202 -16 14" 23 -i 147 152 -7 16 • 1 
1106 -89 8 256 -257 2 64 62 8 140 -142 
2265 -273 Oe9eL -8186 181 le6~ -2 IIi -106 -8 43 29 
43441 -493 1114 -100 ~ 241265 0142137 13923 9 349 -339 
138 -120 2222 -230 - 26 m -29 1159 152 - 28 v - 428 420 

65254 2?9 ~ 25 • ~ i057 -50 -I 212205  ./417517~ i057 -51 
3~4 317 40 -i0127 114 2241 -242 27 e -i0164 -162 

7 I0~ 95 5 50 42 ii 45 -37 -2 229 210 5 26" -25 11 21~ -20 
8 2 ~  231 6 3 4  _~ -11 29" 1, 3~ 26" 12 - :  136-136 -11 232 221 
9 62 7 23* 12 29* 23 - 53 48 68 -69 12 57 47 
i0108 -Ii0 8 34 -27 -12 29 ~ 16 4298 -290 -6 26 ~ -28 -12 22" ~32 
11 418 418 9 73 72 13 190 -183 -4 62. 54 7 54 -56 15 76 90 
12 ~7 -58 I018•-215 -1329" 20 
13 96 ii 15 • - 14 25" 
14 22e 7 12 50 59 -14 27 e -28 
15145 -153 15 34 47 
16 16 • 5 O,IO,L -I~ 134-~136 
17127 -134 0 24 • -18 16 64 64 

1 88 78 -16 22 ~ -9 
0,3,5 2182 -170 -17 16" 6 

1 Z93 -274 3 114 98 
2371 368 4 56 -45 1.3.;. 
4 ~ 86 ~ 65 22" -6 0375-372 

291 - 170 153 i 195 188 
5177  173 7 20 • -12 -i 229 -225 
6276-300 8118 i0~ 2380 -402 

~,?-5 340 9 16" - 463 545 
8196 185 i0 13 u -8 3351 345 
923" 8 II 53 -47 -3114-121 

i0  151 128 4 195 195 
1.1 Iii -105 O,II,L -4 134 127 
I~152"156 176 ~ ~76 ,3 

91 -89 2 21" - 171 -158 
1 , ~ - 3 2  ~76 7~ ~ ,3o43,  
15 -60 20" - 64 -58 
16 31 33 5 66 57 7 68 -77 
17 4 m 29 6 17" 23 -752 41 

42 -45 162 -151 S 
O,4,L 51 -50 -8193 191 

0711 -772 9 42 42 9193 -188 
1 79 -78 -9172 165 
2249 -255 0,12~ T' I0163 -155 
3189 208 0147 164 -i0 73 -72 
493 81 116" -14 ii 29. -14 
5323 323 2 4444 -Ii 82 76 

19" 15 3 15" -18 12 80 79 
7174-153 4 92 -95 -1298 ~3 

104 96 5 39 42 13 59 
9277 -297 6 46 -36 -13 29" -I0 

I0186 189 14 43 -42 
Ii 73 -71 O,13,L -14 27" 39 
12 24 • -4 1 73 55 15 91 106 
13 59 53 2 7764 -15108 -107 
14127 -124 16 53 -57 
15 17" 0 I,O,L -16 72 63 
16 12" -I 1225 227 -17 53 -63 

2 285 -262 
O,5,L -2478 448 1,4,L 

1 240 241 4 294 261 0 219 213 
2443 441 -4725 749 1373 383 
3 189 -203 6 336 -332 -i 42 38 
42021988 ~ 232-228 2 ~ -61 
5 20* 127 118 -2 1 -11o 
117 -i00 -8486 -479 3 240 227 
171 169 i0487 559 -3321  ~25 
168 -156 -I087 -82. 4177 -178 

O 9 ~ -72 1 2 7 5  64 ~ 439 -443 
1 -72 -12267 -266 393 -373 
ii 87 -74 14173 -180 -5170 164 
12 23" -2 -14 112 -109 6 26. 22 
13 77 73 16129 -156 -6 24* 24 
1488 89 -16131 126 7196 -187 
15 15" 29 -7178 -171 
16 79 95 1,i,I~ 8 28" 3 

0 Iii -96 -8197 176 
0,6, n 1352 324 9 29 ~ -21 

0 52 -44 -i 186 202 -9369 -387 
1150142 286 -67 i0222 -229 
2305 309 -2261 -280 -i0174 173 
3 129 lO5 3 564 -533 11 29. -22 
4 273 281 -3 482 -.479 -11 64 63 
5 76 -64 4 334 328 12 54 -53 

259 -261 -4 39 30 -12 199 183 
7 73 -69 5142 -131 13 42 33 
8326 -332 -5221 216 -13201 180 
9115 -108 6416 405 14 69 75 
i025" -8 -6 45 36 -1426 m 47 
ii 62 -51 7 98 105 15 91 79 
12 99 85 -7298 278 -15 23" -13 
13 19 ~ -21 8188 -176 -16101 -94 
14 16a 14 -8408 ~98 -17 7* -7 
15 27 42 9 105 94 

-9105 -93 1,5,L 
10 29*-~o O 18p 21) 

.~ 27" ~ -725"-36 -136~7 85 
26" I00 -108 14 93 

6173 168 -8 23" 30 -14113 122 
-6 240 232 9 38 --36 i~ 7" 66 

_716363 -162_,3 Iv-9 21" 38 -15 18" 3~0 
Ii~ -16 15" 

241 247 -I0140 143 -17 77 -74 
114 -104 -11 13" -13 

9 97 .-05 2,3,L 
8~ 79 1,11.5 0303 -281 
56 -47 0 84 82 139 123 

-i0345 -353 1 90 84 -I 193 201 
II 26w 4"~ -i 25" 1 2365 343 

-11 29"-32 2 24" 1.1 -2 82-104 
12 24" 6 -2 6864 3210 -192 
-12106 -98 3 24 '= -16 -3 65 70 
13 20~ 24 -3148 -145 4 60 -54 

-132,"-~ ~ 62 -59 ~ 326 319 
14 28 24" 40 243 -240 

- 1 , ~  ,3 _~,7 ,: -~15.-3, 
-15 • 28 23 ~ 52 41 

'7 -65 -68, 88 
I;7.~o ,7 -~ 115-118 

0 - 7 51 -7 148 -151 
1 2 ~ - ~  -~ 82 93 8 1 7 0 1 4 5  
-I II • -44 207 -219 
2 39 36 -8 17 • -37 9 22" -16 

-2236 -228 -9 i~ a -16 -9 85 -72 
3 28~ -Ii i0 38 -37 

-3329 34: 1,12,L -I0104 -106 
28. - 0 56 -59 162 163 

-~ ~9 61~46 168 7 .... 5 2 - 4 8  • -i 19 • 28 12130 -135 
18 ~ -13 -12230 229 

-6 29= 49 48 13123 131 
-6 iii I00 317"-I0 -1368 82 
7 29" -3 -3 39 42 14 12" -ii 
-7109 -II0 4 1 5 "  0 -14 36 -34 
8 171 161 -4 126 96 -15 17 • 49 
-8129-121 51 .... 50 - 1 6 9 9  -93 
9 28" 19 -5 15" 31 -17 I0" ~22 

67 -7: ~ 1~.-25 
26" - " -47 2,4,L 

-i0 28" -5 0173 170 
ii 78 83 2,0eL 1317 -~04 
-II 27 ~ -7 1194 -192 -i 280 256 
12112 -128 2357 -331 2 16" 25 
-12 25 • 22 -2675 -675 -2486 523 
13 37 -49 4 39 42 3 330 -315 
-13 22" -~ ~ 399-366 -43512556 
-1418" 553 536 93-92 
-159" 18 -63~5 351 -4166 176 

.~8 417 404 ~ 92 93 
lIBeL 147154 - 63 -54 

0 69 68 i0 94 -98 6357 -362 
1345 -390 -I0182 -179 -6 202 -211 

-I 28'* -24 12170 -164 7195 210 
2 47 4~ -12 51 -40 -7 35 28 

29" 30 14 15" 18 116 -106 8 
121 -113 -1421" 22 -8206 -201 

-3 80 -71 -16 94 -90 9 66 -73 
4 53 -55 -9 108 -107 
: 29" -22 2,1,L i0 64 63 

255 253 0267 282 -i0140 143 
-5109 .-102 1317 -294 ii 58 55 

6 29. 3 7  - 1 3 7 4  ~ 1 1  - n  262 -252 
-6 78 -80 2457 428 .L2 51 56 

192 208 - 257 -282 -12113 107 2 
- 158 152 3336 315 13 15* 22 
8 54 57 -3 247 283 -13 66 -64 
-8 29. 1 4 47 42 14 25 -~i 
9 26" 24 -4158 -145 -14 19" -ii 

-O9183174 ~380337 -15 ~ 43 
1 246 -6 - 229 206 -16 " 34 
-i026. -15 6170 -158 -1771 73 
ii 21" -22 -6 93 -85 

-11 25* -22 7169 -156 2,5,L 
12 16" -8 -7131 -122 0 52 -55 
-12 21" 27 8 80 -77 1104 106 
-13 96 -106 -~ 58 -56 -i 280 278 
-14 I0" 6 9 21" -24 2 88 -93 

-9 1~4 I~0 -2 17" ~0 

3 1 1 8 - 1 0 8  5 1 1 3 - n 9  4 65 71 3 25- 25 4,0,L -11 19. - 2  
-3 303 -302 -5 21* 25 -4248 260 -3 61 -54 1236 257 -12 51 -53 
4166 -150 6 55 57 5 484 -506 4 25o -12 2 72 -65 -13 35 40 
174 196 ~ 68 -70 -5687 91 ~ 423 -439 -2133134 -14 93 ~25 
98 -102 89 -86 24 = 136 122 4435 -453 -15 64 

-5171 -166 -7 85 -91 -6 18" -7 -5 35 -46 -4 i0" -27 
6 71 -70 8 67 -70 ? 196-191 6 24--25 6 20. -34 4,5,L -~43 37 -81~,4 ,  -;144-1,, -6 66 67 - ~ 5 9 - ~  0124,,,1 
250 237 ~ ,g 94 ,2 7 23 20 79 12~ 

-7177 166 - 18" - -8 22" -6 - 25" -27 -8 58 -56 -i 20 • 9 
~I02116 i0 7"-53 9103102 221" 09 I013"-17 219619: 

88 -84 -I0 4 52 - 187 -186 144 15 -10189 -179 -2 19" - 
921" 31 -1142 57 1083 83 949 47 .... 81174 3137-124 
-9 133 -121 -12 52 -53 -i0 24" 4 -9 42 38 -14218 202 -3 96 -94 
I0114116 ii 43 47 i0122 -117 -16 8" ii 4 40 42 

~ -4 85 -86 -i0 79 -75 2,10, r' 189 203 -i0 24* 
ii 142 -145 0176 177 16 • 13 Ii I0= 4,I,L 5 94 -90 
-ii 22* -16 I 37 34 -12134 -141 -Ii 23 w -7 0139 -131 -5 70 72 
12 16" -27 -I 50 -47 13 II ~ 8 -12102 106 1113 -93 6102 -I00 
-12 21" -13 2 19 g 12 -13138 144 -13 67 -69 -i 20 27 -6131 -137 
13 39 46 -2 60 I~ -14 22"-5_7 -1469 ~ 2 45 -41 _77109 120 
-13 19" 22 3 18~ -15 19 t -15 • -2 18 -17 145 149 
-1417" i -~ ~"-12 -16 l~8W 21 ~ 18"-18 ~ 61 _~ 
-15 14" 13 -88 -17 " 15 3,7,L - 279 284 52 
-16 i0" 22 -4 ~9" -33 0 44 -40 4132 -126 9 i0" 6 

5 88 -93 3,3tL 1 65 62 -4 85 76 -9108 -113 
2,6~L -5 79 80 0 17" 27 -I 36 -29 5 20" -20 -i0 81 87 

0472-461 ~ '4 -58 1167-174 .~225"-18 -585 -77 -Ii 63 --~ 
129 120 51 42 -I 95 -97 90 -85 88 -77 -12 85 

-i 103 107 7 35 -43 2163 -157 3205 204 -6147 149 -13 76 88 
,,8 ,4 7 17 8 2291298 ~63 59 781-85 ...... -8 

-2137 -132 8 44 -46 3147 -143 4 88 -80 -7186 -199 
3 31 -28 -8 16" -22 -3 74 80 -4155" 155 8196 184 4,6pL 

-4319"~ -g 7~i -33 4 34-36 ~ 83 84 ~ 51 -47 062 -65 
325 -i -78 141 -149 - 102 -106 47 42 1 54 53 

-420" -27 -ii 6" -18 524" -i0 6137 -124 -968 60 -i 20" -13 
5 37 -41 -5 206 218 -6153 145 I0 93 ~5 2 20" 1 
-5149 142 2,11,L 6221 217 7 140 -147 -10 20" - --2137 142 

102 ~ 027 23 ~ 24~-203 -759-58 ii 7" 138 3 41 41 
21 • 1 26 -36 41 59 54 -Ii 30• 50 -3113 -114 
22" -17 -I 71 -70 -7 21 m 16 -8113 -118 -12 19 m 32 4 51 46 

~7 45 -55 2 44 -53 8 84 -85 9 67 -65 -13 18• -36 -4 90 91 
164 60 ~ 23 ~ ~ 207 179 -09136138 -14 88 -83 ~ 17"--23 

112 n7 11o i 11o m i 11- 53 -15 13--28 - ~ - ~  
9103 105 -3 49 54 -9 24 m -27 -I0 22" -37 -167-8" 6163 -163 
-9 57 -63 4 13~ -28 i0 84 -78 -II 72 68 -6 i01 -104 
10,8 ~ -4~ 49 1063 58 1248 56 42 713 17 
-I0168 180 544 48 II 35 36 -13 54 -57 0103 112 -7 40 --38 
ii 17" 0 -5 15 w -I -ii 92 -97 -14 8 • 34 1196 -190 8108 -106 
-Ii 47 -44 6 8 i 33 12 98 104 -i 226 248 -8 78 -79 
1~ 42--40 -6 41 49 -12 98-I00 3,8,5 2 55 47 -9 18"--20 

-12 64 -68 -7 89 -79 13 6 . - 7 1  0 25- 11 -2186-166  - 1 0  62 61 
13 9* -i0 -8 I0" -20 -13 71 -74 1 43 -42 3 207 -205 -11 54 65 
-13 49 -48 -9 4 • 0 -14 21 • 21 -i 194 192 -3226 233 -12 13 ~ 15 
-14 165-185 -15 18,, 34 2 24,, - 9  4 20,, -.4 -13 10. 32 
-1512. -8 2,12,5 -1681 61 -263 -62 -4 113 -120 

0 11" -4 .3 I03 -106 5 20. -24 4,7,L 
2,7,,. i 52 -52 3,4J. -3 134 130 -5 35 31 o 78 -73 

0 21* 29 -i 45 41 0185 173 4 58 -51 6 4636 1102 97 
183 91 2 ~" 99 145 43 -~ 24" 2 -~ 78 74 -i 5~77 61 
-i 76 -75 -2 8 - -i 359 -383 21" 17 62 62 2 I -159 
2156-148 150 -34 2140-136 -65 58 -5~ -7238243 ~ 4C~7 -4~ 
-2 44 44 - 66 70 -2221 223 20" 8 17" 31 ~,9-40 _~ ~:-19 ~1,~1,8 -~2,'18 -~96 ~0 -~88-93 
- 178 -183 I0 - 58 -61 104 -95 15" -29 63 61 
4 Ii0 I0~ 2~2-215 -~41-34 -~o2°"3° -~28 23 

~ 128 -115 3,0,L 106 105 39 37 1 12• -19 98 -I07 
54 53 1356-386 ~ 24" ~ -98 . . . . .  7 -10 . . . .  5 -65 48 48 

-5 21 = 22 2 47 46 - 92 8 109 --106 -Ii 191 -194 96 93 
22" 16 ...... 0 ~ 25" 26 -0921" 43 -1249 -45 ~ 38 42 
56 -67 4297 315 - 246 252 -I 19" -i -13165--156 a -18 

77189187 -4108-i01 771,7150 -ii 66 -723 -1415" ~ ~ 18" 24 
- 224 214 6 24 ~ I0 - 59 56 -12 14 • - -15 12" 93 104 

128 -135 -6575 -562 8170 168 -13 56 43 -9102 --85 
52 56 8164 -167 -B 41 -37 4,3~L -10 15 q 11 

• 9 19. -10 -8 110 -104 9 65 67 3 9 z  o 121 1 1 8  1 1  22 -31 
-9 66 64 I0 23 = -5 -9 25* 6 0 23 a 11 1 31 30 -12 56 -65 
10 35 -37 -10359 3~6 i0 20 • -28 1 53 -50 -I 42 -34 
-i069 66 1217 • 13 -i0212 -221 -i 50 45 2214211 4,8,L 
11 111 -119 -12 312 301 11 56 -54 2 134 130 -2 189 -206 0 17 '= -27 
-ii 75 -69 -14 23* 3 -Ii 25 • 35 -2 81 -75 3103 102 1 17 m -17 
12 60 65 -16 ~6. -25 12 1 3 . - 1 5  3 11,-112 -3 17o-176 - i  91 - 9 ~  
-12 60 -57 -12 86 -90 -3 63 55 4 62 -51 251 -54 
-13 15* -I0 3,1,L -13 22" -18 4 19 a -32 -4113 125 -2 18" 17 
-14 40 47 0229255 -14 20" 12 ~ 79 75 ~159150 ~ 41 -39 
-15 " -25 1262 276 -15150 -139 18" 14 - 17 ~ -5 - 107 113 

194111 16 11 7 546 51 6116 115 ,=1 
28~ 2220-225 6 120 118 ~ 133 ~ ; 18. -1 

0 22 ~ 24 -2385 -373 3,5,L -6 21 • -8 18 • 61 -59 
1140141 ~ 96 -91 ..... 35 77 95 95 -770 ~ -5257 257 

-1241 -233 - 144 -180 1171 -166 - 64 65 56 4" 10 
244 ~2 4212-212 -i 22"-~4 _~ 117-113 ~ 86 -81 _~ 17" 2 

- 2 4 4  -4168-163 2 2 3 "  17" -27 93 -80 16" -I 
3224 215 5 22 m i0 -2 53 -45 -i0 15" -23 -9 8184 -8 15= 6 
3237-24o ~71-67 3204205 1138-43 10 69 73 9 88 96 
4 44 -37 6 125 -125 -3135133 -i090 -83 -I0 i0. 19 
4 22. 13 -6 209 2o6 4 84 77 31o~ 11 20. 15 11 58 59 
5 72 -72 7 123 123 -4 162 -153 0 85 -85 -12 18. 22 
-5 22 • 38 -7 76 73 5 75 -61 1 18* -26 -13 45 -49 4,9,L 
641 32 825" -6 -5 96 -94 -I 19" 19 -1414"-39 014. 32 

-6 128 -I29 -8 21 • -8 6 155 152 2 17" -23 -15 i0 • -14 1 20 22 
7 55 -56 9 88 -87 -6 23" -24 -2106 102 -I 58 -59 

-721" 177 -923" -37 77155 -140 3316 .... 4,4,L 2146 -155 
18" 1 129 123 - 131 -123 - 60 -56 0218 -21.= -2 84 87 
21. 3 8  l o  48 47 8 23* 21 4 14. 9 i 97 90 lo7 107 3 
16 • I0 ii 120 -121 -8 164162 -4149151 -i 52 51 -314" 22 

-9 20" 16 -11 25a -9 9 21 • 25 5 11 • 52 2 20 • 7 4 4" -53 
1044 43 ~216116~ 9 2  -2 5 32 ~ -2 18 1 -4 14 9 

-i019. 13 -iz 25* -15 i 0 94 -102 .-6 17. -3 ~ 20* 16 -5 14* -5 
ii 68 -74 13 48 48 -I0 96 92 -7 53 55 -3 152 -162 -6 41 -41 

1 1 1 ~ 8  167 1 3  168 157 Zl 86 91 -8 30 3 4  4 n 9  21~ 7 11. 1 ~  
-1215" 4 -1423" 1 -ii 104103 -95362 -4 ii0 ii0 -8 i0. 19 
-13 90 96 -15 20. -24 12 73 -90 5103 i00 -9 4" -2 

-16 16" 33 -12 44 -40 3,11,L -5 265 -288 
2,9,L -17 102 -93 -13 68 -70 0 48 -52 6 81 78 4,10,L 

0 68 61 -14 70 -51 1 48 49 -6 19" 14 0 6" 25 
1 21" -13 3,2.L -15 14 ~ 2 -I 30 27 7 17" i -i 8* -Ii 

-I 66 71 0 75 -72 2 i0" 33 -7 20. 25 -2 60 -63 
2 21" ii 1272 278 3,6,L -2 41 -42 8 29 20 -3 9" 13 
-2 40 3B -i 140 145 0187 180 -3 44 -43 -8 35 -37 -4 63 -75 
365 -60 2 80 -76 182-76 -4 13"-ii 9131-127 -5 6- 6 

-3 134 136 -2 30 27 -i 42 37 --5 Ii" 4 -9 137 151 
4 88 88 3 50 -4~ 2 216 222 -6 9" 26 I0 6" -12 
-4 174 -I8% -) 150 158 -~ 257 -29~ -i0 ~4 )0 



G. V A L L E ,  G.  C O J A Z Z I ,  V. B U S E T T I  A N D  M. M A M M I  471 

wi th  no uncer ta in ty .  Moreover ,  several coincidences  
ind ica ted  the sign, as + or - ,  of  the two let ters:  the 
process  was therefore  ex tended to all the 122 observed 
reflexions, all of  which  were given an appropr i a t e  sign. 

Four ie r  syntheses  conf i rmed the Pa t t e r son  hypothes is ,  
wi th  an  R index of  22% and,  at  the end o f  the refine- 
ment ,  only three o f  the weakes t  reflexions had  their  
sign changed.  Analys is  and ref inement  o f  the (010) pro- 

Tab le  3. Principal axes oJ" the vibration ellipsoids 
Root-mean-square displacements Ut and angles 0 with the crystallographic axes. 

Axis 
(i) U~ O~a 0~o O~e 
1 0"1658 A 56"2 68"6 41"6 

S(I) 2 0"2023 54"9 61 "2 131 "4 
3 0"2396 126"9 37"1 86"7 

1 0"1575 39"4 57"8 69-8 
S(2) 2 0"2094 71 "7 81 "1 159"6 

3 0"2274 123"6 33"7 92"8 

1 0"1655 32"9 57-6 95-1 
N( 1 ) 2 0"2045 99"9 83-8 168 "3 

3 0"2144 121"0 33-1 79"5 

1 0"1588 12"9 79"0 83-3 
N(2) 2 0" 1771 80"5 104"9 162"2 

3 0'1911 98"7 18"7 106"4 

1 0"1697 128"6 125"4 58"3 
N(3) 2 0"1957 119"6 103"2 147-0 

3 0"2940 127"3 38-5 81"8 

1 0"1713 91"0 114"0 23"1 
C(I) 2 0"1922 152"9 114-4 101"2 

3 0"2386 117"1 34-7 70-0 

1 0"1903 42"7 81"3 48"6 
C(2) 2 0"1989 59"4 58"7 133"3 

3 0"2731 116"6 32"8 72"3 

1 0"1477 13-6 87"7 76"6 
C(3) 2 0" 1755 78"8 134"2 133"6 

3 0"2059 97"7 135"7 46"7 

1 0"1582 166-5 84"4 77"8 
C(4) 2 0"1888 102"9 129.6 137"5 

3 0"2030 86"4 139"8 50"0 

Table  4. Intramolecular 

The calculated double 

S(1) -C(3) 
S(2) -C(4) 
N(I)-C(3) 
N(2)-C(3) 
N(1)-C(2) 
N(2)-C(1) 
N(3)-C(4) 
N(2)-C(4) 
C(1)-C(2) 

1.674 (4) A 
1.687 (4) 
1.306 (6) 
1.409 (5) 
1.464 (5) 
1.474 (5) 
1.311 (5) 
1.379 (6) 
1"507 (7) 

H(I)-N(1) 
H(2)-C(2) 
H(3)-C(2) 
H(4)-C(I ) 
H(5)-C(1) 
H(6)-N(3) 
H(7)-N(3) 

1.00 (2) 
1.08 (2) 
1.10 (2) 
1.05 (2) 
1-08 (2) 
1-04 (2) 
1.00 (2) 

distances and angles with e.s.d. 's (in parentheses) 

bond characters are reported in square brackets. 

[1.40] S(I)-C(3)-N(1) 123.8 (3) ° 
[1.35] S(1)-C(3)-N(2) 128.9 (3) 
[1.48] S(2)-C(4)-N(3) 122.2 (3) 
[1.121 S(2) -C(4)-N(2) 118.4 (3) 

N(3)-C(4)-N(2) 119.4 (4) 
N(2)-C(3)-N(1) 107.3 (3) 

[1.46] C(4)-N(2)-C(3) 128-5 (3) 
[1" 191 C(4) -N(2)-C(I) 120" 8 (3) 

C(3)-N(2)-C(1) 110.6 (3) 
N(2)-C(1)-C(2) 104-1 (3) 
C(1)-C(2)-N(1) 102.6 (3) 
C(2)-N(1)-C(3) 115.2 (4) 

Values involving hydrogen atoms 

H(1)-N(1)-C(3) 122 (1) ° 
H(1)-N(1)-C(2) 122 (1) 
H(2)-C(2)-H(3) 115 (1) 
H(2)-C(2)-N(1) 109 (1) 
H(2)-C(2) -C(1 ) 109 (1) 
H(3)-C(2)-N(1) 111 (1) 
H(3)-C(2)-C(1) 108 (1) 
H(4)-C(1)-H(5) 113 (1) 
H(4)-C(1)-C(2) 111 (1) 
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jection were then straightforward (Valle et al., 1963; 
Mammi  et al., 1965). 

The three-dimensional  refinement was carried out 
later, on an IBM 7094/7040 DCS computer,  using the 
ORFLS full-matrix least-squares program of  Busing, 
Mart in  & Levy (1962), as adapted in the X-ray 63 Pro- 
gram System (1965). The weighting scheme of  Mills & 
Rollett  (1961), w = l / ( l + [ ( k l F o l - b ) / a ] 2 ) ,  with a =  
8lFminl = 24, b = 51Fminl = 15 and k = 0"7, wasapp l i ed .  
The R index decreased f rom 14 to 10.5% in two cycles, 
with isotropic thermal parameters,  and was improved 
to 5.9% in three further cycles, allowing for anisotropic 
vibrations. All  the final shifts in atomic parameters 
were less than one tenth the estimated standard devia- 
tions. 

Dur ing  refinement, which was carried out with the 
observed reflexions only, the H a tom coordinates cal- 
culated from a model  were kept constant. Almost  the 
same coordinates were then obtained by a difference 
synthesis, that  showed peaks in the expected H atom 
positions, of  heights 0.45 to 0.60 e.A. -3, on m a x i m u m  
background fluctuations of + 0.20 e./~k -3. A final least- 
squares cycle was calculated to refine these H atom 
coordinates only, using the reflexions up to sin 0=0 .5  
and unitary weighting scheme. The final R index for all 
the observed reflexions was 5.7%. 

The atomic coordinates and vibrational  parameters,  
with their estimated s tandard deviations, are reported 
in Table 1, the observed and calculated structure fac- 
tors in Table 2, and the parameters of  the principal 
axes of  the vibrational  ellipsoids in Table 3. The 
scattering factors used were those listed in Interna- 
tional Tables for X-ray Crystallography (1962). 

M o l e c u l a r  s t r u c t u r e  

Bond lengths and angles in the molecule are listed in 
Table 4 and shown in Fig. 1. The estimated standard 
deviations have been calculated according to Ahmed  & 
Cruickshank (1953) an d D arlow ( 19 60). 

Table 5. Distances of atoms from the planes 
(a) Mean molecular plane, re1, 

- 0-1842X+ 0" 1815 Y+ 0.0392Z = 1 
(b) Mean ring plane, n2, 

-O'1781X+O.1822Y+O.O395Z= 1 
Equations refer to the orthogonal axes X, Y, Z (A.) coincident 
with a,b,e*. Distances of centres of symmetry and of atoms 
not included in calculations are given in parentheses. 

(a) (b) 
S(1) + 0.041 A (+ 0.048) 
S(2) +0.017 (-0.067) 
N(1) -0"047 --0"020 
N(2) +0.029 +0.004 
Y(3) - 0.048 ( - 0" 110) 
C(1) +0.002 -0.015 
C(2) +0.001 +0.020 
C(3) +0.007 +0.010 
C(4) -0.004 (-0.059) 
] ' (-- ½, 0, ½) (+ 0-054) ( -- 0-056) 
T(½, ½, ½) (+ 0.029) ( + 0.085) 

si ....... 5"(  1 
. . . . . . . . . .  ............. u 

.............. i w2 
• • . . . . . . . . .  

Fig.2. View of the structure along the a axis. The electron 
density at the H atom positions is also reported, as found 
on sections of a difference map at the x levels of each H 
atom. Contours are at intervals of 0"1 e.A-3, starting from 
0.2 e.~ -3. (For molecule numbering, see Table 6). 

" ' " . . . . . . . . . .  . 

~ f ' .  

Fig. 3. Perspective view of the structure, showing the packing 
of chains of hydrogen-bonded molecules. (For molecule 
numbering, see Table 6.) 
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The molecule is planar, on the whole, but a detailed 
analysis indicates (Table 5) that some of the deviations 
from the best molecular plane are very significant 
(A/a  up to 10 and more). A more strict planarity is 
shown by the five atoms of the imidazolidine ring; the 
S(1) and C(4) atoms are significantly out of this plane, 
with the C(3)-S(1) and N(2)-C(4) bonds bent on 
opposite sides by 1.3 and 2.6 ° respectively. The thio- 
carbamoyl group S(2)C(4)N(3) is tilted from the ring 
plane 2.8 °. 

The molecular parameters in the ethylenethiourea 
moiety compare with those reported by Wheatley 
(1953) for the unsubstituted ethylenethiourea. The 
main differences are observed in the C=S (1.708 A) and 
C-N (1.322 A) bond lengths, and appear to be due to 
the effect of the bonded thiocarbamoyl group on the 
thiourea resonance system. The same considerations 
apply to trimethylenethiourea (Dias & Truter, 1964) 
and to tetramethylenethiourea (Mammi, Del Pra & Di 
Bello, 1967), in which, however, the ring valence angles 
are obviously much larger. In these compounds, the 

N--C 
/ 

bending of the C-S bond out of t he - - c  plane 
\ 

N--C 
increases with the ring size, being 1, 3.8 and 5 °, for the 
five-, six- and seven-membered ring molecules respec- 
tively. (The 3.8 ° value has been calculated using the 
parameters reported by Dias & Truter, 1964.) The 
unsubstituted thiourea is fairly planar (Kunchur & 
Truter, 1958). The rather small value of the C(1)-C(2) 
bond length in the ring is also worth noting. It is 
comparable with those found in trimethylenethiourea 
(1.518A) and tetramethylenethiourea (1.50-1.51 A). 

The TIO molecule may also be regarded as the 1,3- 
ethylene derivative of dithiobiuret, 

H2N-CS-NH-CS-NHz ; 

its structure and resonance are therefore quite similar 
to those found in biuret (Hughes, Yakel & Freeman, 
1961) which has a trans conformation and a strong 
internal N - H . . . O  hydrogen bond (Kogon, 1957; 
Kumler & Lee, 1960). In the TIO molecule, the intra- 
molecular N(3)---S(1) distance is 2.998 A, with the 

H(6) atom at 2.1 A from S(1) and with an N - H . . . S  
angle of 143 ° (for other angular values, see Fig. 1). The 
H(6) atom thus forms a nearly planar six-membered 
ring with the S(1), C(3), N(2), C(4) and N(3) atoms, 
deviations from planarity being in the range 0.01- 
0.02 A. In this ring, besides the S . . .  H positive inter- 
action, a repulsion between S(1) and N(3) is likely to 
occur, as suggested by the large N(2) and C(3) valence 
angles. 

One may think of the dithiobiuret moiety as made up 
by two thiourea molecules, sharing one nitrogen atom, 
N(2), which is itself in sp 2 hybridization, coplanar 
(0.027 A) with the three bonded atoms, C(1), C(3) and 
C(4). Each of the two thiourea fragments, N-CS-N, 
is planar (maximum deviation 0.0003 A) and they are 
inclined to each other by 4.2 ° (5 ° 33' in biuret). Three 
resonance structures can be written for each thiourea 
fragment: 

s s- s -  
" I I 
c c c 

\ / \ / \ / \ + /  \ + / \  / 
N(2) N N(2) N N(2) N 

I [ I I I I 
A B C 

Their contributions may be estimated to about 40, 
48 and 12% respectively, for the ring thiourea frag- 
ment N(1)-C(3)S(1)-N(2), and 35, 46 and 19% for the 
outer one, N(3)-C(4)S(2)-N(2). These amounts corre- 
spond to the double bond characters of Table 4, which 
have been computed by Pauling's (1948) equation 
using the values C-N, 1.475; C--N, 1.265; C-S, 1.81 and 
C--S, 1.59 A, corrected by + 0.03 A for negatively or 
positively charged atoms, according to Hahn (1957). 
The contribution of the resonance structure C, with a 
positive charge on the central N(2) atom, is therefore 
greatly decreased in both the thiourea groups with 
respect to symmetrical thioureas (where the values are 
about 20, 40 and 40%, respectively), and the decrease is 
mainly in favour of the unpolar structure A. The 
lengthening of the central bonds N(2)-C(3) and 
N(2)-C(4) corresponds quantitatively to the shortening 
of the C-S bonds, as indicated by the value of 4.00 for 

.~J. > ~ / - - . - w - v ~  I ~ " - . ~  .......... : ,  ....~,.,~,.:...~ ..... e / / / e , , ~ - - - - - - -~  t ~.,~ ~ , , o ,  

w-- Y . . . . . .  
t O  . .  . . .  . 

Fig. 4. Projection of three consecutive chains on to the molecular plane. 
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the total bond order of both C(3) and C(4). The formal 
charges on the atoms would be: S(1), -0 .60;  S(2), 
-0 .65;  N(1), +0.48; N(2), +0.31; N(3), +0.46; C(3), 
0.00; C(4), 0.00 electrons. The two thiourea fragments, 
each with its three resonance structures A, B and C, 
combine in the dithiobiuret system to give the nine 
following resonance structures, whose estimated con- 
tributions are indicated in parentheses. The last struc- 
ture has been excluded from consideration, as being 
impossible. 

not exist or that there is no real evidence for its 
presence (Wheatley, 1953; Kunchur & Truter, 1958; 
Pimentel & McClellan, 1960). It must be pointed out, 
however, that there is some uncertainty in the reported 
values of the van der Waals radii. For instance, a 
radius in the range 1.6-1.7 A has been suggested for 
nitrogen by a detailed analysis of hydrogen bond 
distances (Pimentel & McClellan, 1960). Similarly, sul- 
phur radii as high as 2-0/k and more have been used by 
Kitaigorodskii (1961a) for crystal packing considera- 

NH2 S 
[ H 

S = C - - N - - C - - N H  (13%) 
~__ L 

NH2 S-  
I I + 

S = C - - N - - C - - N H  (17%) 
I I 

NH2 S-  
I + I 

S = C - - N  = C - - N H  (6%) 
I I 

+NH2 S 
11 II 

- S - - C m N - - C ~ N  H (17%) 
I I 

+NH2 S -  
II I + 

- S - - C - - N - - C =  N H  (22%) 
I I 

+NH2 S -  
u + I 

- S - - C - - N = C ~ N H  (6%) 
I I 

NHz  S 
I + II 

- S m C  = N - - C - - N H  (10%) 
I I 

NH/ S -  
t + I + 

- S m C  = N - - C = N H  (10%) 
[ I 

NH2 S-  
I + +  I 

- S - - C = N = C - - N H  (0%) 
[ I 

The above reasoning, fairly common and useful in 
organic chemistry (Pauling, 1948; Streitwieser, 1961), 
gives a qualitative indication of the resonance in the 
TIO molecule. 

H y d r o g e n  b o n d i n g  

As shown in Figs. 1 and 2, the molecule is hydrogen 
bonded to the two neighbouring molecules II and III, 
across centres of symmetry at -½,0,½ and ½,½,½. The 
bridging atoms, H(1) and H(7), whose observed posi- 
tions agree with the resonance-required sp 2 hybridiza- 
tion of the nitrogen atoms, are almost collinear with 
N . . . S ,  the N - H . . . S  angles being 165 ° and 172 ° 
respectively. 

Each of the two resulting eight-membered rings, as 
a whole, is approximately planar, the small deviations 
from planarity being not unexpected (Jeffrey & Sax, 
1963; Robertson, 1964). The displacements of the two 
centres of symmetry from the planes of the corre- 
sponding fairly planar thiourea groups, S(2)N(3)N(2)- 
C(4) and S(1)N(1)N(2)C(3), are +0.114 and +0.082 A 
respectively; their displacements from the imidazoli- 
dine ring plane are -0.056 and +0.085 A. It means 
that the hydrogen bond formation does not account 
for the observed molecular deviations from planarity 
and particularly for the bending and rotation of the 
thiocarbamoyl group C(4)N(3)S(2) from the ring plane. 
Other packing considerations are more likely to 
interfere. 

The N. • • S distances of 3.409 and 3.449 observed in 
the hydrogen bridges are slightly longer than the sum 
of the van der Waals radii reported by Pauling (1948) 
(N, 1.50; S, 1.85 A), as shown in Fig. 1. Such cases 
(that is, A - H - - - B  with dan > rA + re) have often been 
considered as indicating that the hydrogen bond does 

tions. However, S-- .  S contacts of 3.4-3-5 A observed 
in several structures (Marsh, 1955; Van der Helm, 
Lessor & Merritt, 1962; Walker, Folting & Merritt, 
1969; Andreetti, Cavalca, Manfredotti & Musatti, 
1969; Valle, Busetti, Mammi & Carazzolo, 1969) 
suggest the reduction of the value for the sulphur atom 
to about 1.75 A (Donohue, 1950; Walker et al., 1969). 
Such discrepancies might be tentatively accounted for 
by a non-spherical symmetry of the sulphur radius, 
with shortening in the valence-bond direction (Kitai- 
gorodskii, 1961b). 

Beyond the above speculations, the point is that in 
the present structure the hydrogen atoms have been 
located by the refinement, at an H . - .  S distance much 
smaller than the sum of the van der Waals radii (H 
radius, 1-2 .A,); their position thus indicates that they 
do interact significantly with the sulphur atoms, with 
a hydrogen bond contraction of 0.6-0.7/~ (see Fig. 1). 
Furthermore, it should be noted that almost all the 
N - H . . .  S distances observed in crystal structures with 
geometry compatible with hydrogen bonding, range 
from 3.3 to 3.5 A (Wheatley, 1953; Kunchur & Truter, 
1958; Truter, 1960; Dias & Truter, 1964; Braibanti, 
Manotti Lanfredi, Tiripicchio & Logiudice, 1969; 
Domiano, Fava Gasparri, Nardelli & Sgarabotto, 
1969). Hydrogen bond interaction in the TIO structure 
is also supported by the formation of infinite chains of 
nearly coplanar molecules and by the rather high 
melting point of the crystals (193 °C). Some differences 
observed in the infrared spectra of the compound in 
the crystalline state and in solution (shift of the v NH 
and amide II bands to lower and higher frequencies, 
respectively) (Giormani & Di Bello, 1969a, b) seem to 
agree with the hydrogen bond formation, though their 
interpretation is not certain (Mecke & Mecke, 1956; 
Rao, 1963; Bellamy, 1968). 
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M o l e c u l a r  p a c k i n g  

T h e  m o l e c u l a r  p l ane  is t i l ted  by on ly  3.3 ° f r o m  the  
c r y s t a l l o g r a p h i c  p l ane  ( ]21) .  T h e  c o r r e s p o n d i n g  re- 
f lex ion  a m p l i t u d e  is the  s t r onges t  in the  s t ruc tu re  
(Tab le  2) a n d  the  ca l cu l a t ed  va lue  was  used  in s t ead  o f  
t he  o b s e r v e d  value ,  w h i c h  was  u n r e l i a b l e  because  o f  
u n c e r t a i n t y  in its o r ig ina l  e s t ima t e s  o r  because  o f  ex- 
t inc t ion .  

T w o  e q u i v a l e n t  o r i e n t a t i o n s  o f  the  m o l e c u l e s  o c c u r  
by s y m m e t r y  o p e r a t i o n s ,  a t  88.6 ° to  each  o the r ,  as 
s h o w n  in F igs .2  a n d  3. F e w  i n t e r m o l e c u l a r  c o n t a c t s  
o c c u r  b e t w e e n  m o l e c u l e s  in the  two  d i f fe ren t  o r i en t a -  
t ions  a n d  all the  d i s t ances  less t h a n  4 A invo lve  the  
m e t h y l e n e  c a r b o n  a t o m s  C(1) a n d  C(2),  excep t  two  
S . . .  S c o n t a c t s  a t  3.838 A (Tab le  6). 

T a b l e  6. Intermolecular contacts less than 4.0 A 

I x y z 
I I  - l - x  - y  l - z  
III 1 - x  1 - y  1 - z  
IV - x  1 - y  1 - z  
V - l + x  y z 
VI 1 + x  y z 
VII - x  - y  1 - z  
VIII x ½ - y  - ½ + z  
IX - l + x  ½ - y  - ½ + z  
X - x  ½+y ½ - z  
XI - 1 --x ½+y ½--z 

o.~(~") 0.>~ o s(,v,,) 
s(,v)~ , ~  o, ') 

~%,) s~, 

(a) N(3 I) 

175.90 

(c) s (l') 

Contacts 

N(1 m) 
N(3Vl) O 

T a b l e  6 (cont.) 

between chains with different orientations 
C(1 I) 
C(2 I) 
S(2 ~) 
C(1 ~) 
C(2 I) 
COb 
C(2 i) 

• N(3 vm)  3"696 A 
• N(3 vnI) 3"504 
• S(1 ix) 3"838 
• S(1 ix) 3"942 
• S(2 x) 3"701 
• S(2 xl) 3"829 
• S(2 xI) 3 "602 

Contacts between parallel 
N(lI) .  •. S(llV) 
C(2I) .. • S(1 iv) 
C(3I) •. • S(lIV) 
C(31) .. • N(1 iv) 
C(3I) • .. C(3IV) 

N(3I) • .S(lV) 
C(4I) • "S(1 v) 
S(2 I)" "N(lV) 
N(2I) • "N(lV) 
C(1I) "N(lV) 
C(4 I) "N(lV) 
S(2 I) • N(2 v ) 
S(2 I) "C(1 v) 
S(2 I) • C(2 v) 
S(2 I) "C(3 v) 
N(3 I) .C(3 v) 
C(4 I) .C(3 v) 

N(11).. .  S(2Vl) 
N(21). • . S(2Vi) 

chains 
3.572 A 
3.773 
3.752 
3.929 
3.785 

3"635 
3"868 
3-676 
3"727 
3.862 
3.658 
3"633 
3.805 
3-886 
3-603 
3.980 
3.661 

3"675 
3.632 

'~.o, [-o.o,,]/ 
>'( ,1 o h  

,o,., ~j 

°j/ 
N0') N(2') 

[,.o,,] [-o.,,] 

(~> s(,')[-,.,] 

/ 

/ ~.#. 
O'--3-"--"9";-- 

s(2") ,~o\ 
(o 

s(,v) ( 

801° S 11 ~ _  .~11 .2  
! . . ~, 

158.2! % / ~ L )  
. 1 /963o ,  N(3') ~o~\4J~o~° / ~ . A o ~  o S(lii') 

/ =0,,)<~ / = (,'v)o 

(<~) ~(,')i--o.,,~} (t) ~(,,)I-H,,] 
Fig. 5. Environments of the sulphur and nitrogen atoms. In (b) (d) (e) and (f) the signs of the distances from the plane of paper, 

reported in parentheses, are defined assuming as positive the distance of the carbon atom bonded to the central atom. 

A C 2 6 B  - 2 
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Table 6 (cont.) 

C(II)" • S(2VI) 
C(2I). • S(2VI) 
C(3I). • S(2VI) 
N(II)" .N(2VI) 
S(1 I) . . N ( 3  vI) 
C(3t). • N(3VI) 
N(II) • "C(1 vI) 
S(l ~) • . C(4vr) 
N(II)" .C(4vr) 
C(3I) • .C(4 w) 

3.805 
3"887 
3"601 
3.727 
3.635 
3-979 
3"862 
3"868 
3.656 
3"659 

N(3I) • .. 5(2 TM) 3"972 
N(3r) .. • N(3 TM) 3"391 
C(4~) • • • N(3 wI) 3"597 

More important and much greater in number are the 
interactions between parallel chains, in the rows 
generated by the a-axis translation (Fig. 3). The per- 
pendicular distance between the plane of a molecule 
and the next along the row is 3.506 A, a value of the 
order of the normal van der Waals contacts between 
extended-resonance molecules (Pauling, 1948). Fig.4 
shows the projection of three consecutive chains on to 
the molecular plane: the hydrogen bridging of a chain 
is superimposed on the resonance system of the next, 
thus limitating the possible zc-r~ interactions. Some 
atomic overlapping does occur, but none of the inter- 
atomic distances is less than 3.6 A, except one, which 
is the shortest in the structure and is observed between 
N(3 r) and N(3 vn) (3.391 A). This distance is involved 
in the following overlapping of atoms in consecutive 
chains, which occur approximately along a line: 

3.391 3.635 3.572 
N(3vn) --~ --- N(3 I) ~ S(1 v) --+ N(1 xlI) 

The arrows indicate the direction of the displace- 
ment of each atom from its own molecular plane; the 
last atom, N(lXrr), at - 1 - x ,  1 - y ,  1 - z ,  is displaced 
toward a free space, in between more distant 
atoms S(2) and N(2). The three contacts along the line 
are slightly larger than the corresponding van der 
Waals distances and almost by the same amount. The 
attaining of such an 'equilibrium' situation may be 
responsible for the opposite deviations of the N(3) and 
S(1) atoms from the molecular plane. These considera- 
tions and the observed contacts from S(2 r) to molecule 
V may also account for the reported rotation (4.2 °) of 
the two thiourea fragments from each other. 

A more general survey of the atomic environments 
shows that each sulphur atom is mainly surrounded, in 
the crystal packing, by nitrogen atoms, and vice versa 
(Figs.4 and 5). Both S(1) and N(3) are surrounded by 
four atoms in an exactly planar nearly square arrange- 
ment, originated by the a-axis repeat. Two of these four 
contacts are hydrogen bonds. The environments of 
N(1) and S(2) are less regular as shown in Fig.5; the 
two bonds C(3)-N(1) and C(4)-S(2) are inclined to the 
plane of surrounding atoms by 48.7 and 45.7 o respec- 
tively. 

The observed arrangement around the sulphur and 
nitrogen atoms agrees with their different electronega- 
tivities (and formal charges) and is likely to be very 
important in defining the stacking of the chains along 
the a axis. 

We wish to thank Mr L. DaU'Olio for assistance 
with the computing and Mr M. Tognolin and Mr R. 
Pavan for their valuable help in the experimental work 
and in the drawings. 
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Structure  Cristal l ine  du 'M6thy lparath ion '  

PAR RENI~E BALLY 

Laboratoire de Rayons X de l'IrChA, 12, quai Henri-IV, Par& 4e, France 

(Recu le 27 f~vrier 1969) 

The crystal structure of methylparathion, (CH30)2PSOC6H4NO2, has been determined by the symbolic 
addition method. There are four formula units in the monoclinic cell, a=  6.82, b= 21"78, c= 8.39/~, 
/~= 103°54 ', space group P21/c. The material crystallizes along a direction perpendicular to the stacking 
of the phenyl rings. 

Introduction 

La d6termination de la structure cristalline du 'm6thyl- 
parathion'  

CH3 
I 

o 
I 

CH 3--O-- P - - O - - C ~ - - N O 2  
I, 
s 

a 6t6 entreprise pour essayer d 'apporter  des renseigne- 
ments sur son mode d'action dans l 'organisme animal. 
Les propri&6s sont ~ comparer ~ celles du 'sumithion' 

CH3 CH3 
1 

oio6 o 
s 

dont la cristallisation, tr~s difficile, est en cours. Le 
'm6thylparathion'  est biologiquement beaucoup plus 
actif. La dose l&hale fi 50 % pour la souris est de 20 ~ 
30 rag. kg- '  pour le 'm6thylparathion' et de 700 fi 900 
mg. kg -1 pour le 'sumithion'. 

Partie exp~rimentale 

Le 'm6thylparathion' cristallise facilement dans le 
cyclohexane ou dans l'6ther de p6trole, en plaquettes 

A C 2 6 B  - 2 *  

incolores et transparentes. La direction d'allongement 
ne coincide pas avec un axe cristallographique (cf. Fig.6). 

L'6tude a 6t6 faite par diffraction des rayons X sur 
monocristaux. Les clich6s ont 6t6 enregistr6s sur cham- 
bre de Weissenberg en utilisant la technique des films 
multiples. L'ensemb!e.des intensit6s utilis6es au nombre 
de 2570 ont 6t6.~etev6es sur 7 strates selon l'axe a; 
elles ont ~t6 lues au moyen d'un densitom~tre et d'une 
6chelle 6talonn6e. 

La maille appartient au syst~me monoclinique; le 
groupe spatial est P2,/c avec les param6tres" 

a = 6,82 + 0,02 A. 
b =21,78 + 0,02 
c = 8,39 + 0,02 
fl = 103o54 ' + 20' 
V= 1210 A 3 

La densit6 mesur6e par flottaison (1,448+0,010 
g.cm -3) dans une solution d'iodure de potassium im- 
pose 4 mol6cules par maille et est en accord avec la 
densit6 calcul6e (1,444). 

Les corrections de Lorentz et de polarisation ont 6t6 
effectu6es sur calculateur CDC 3600. Le facteur d'6- 
chelle absolue et le facteur d'agitation thermique g6n6ral 
(B= 6,0 A 2) ont ~t6 obtenus graphiquement par la m6- 
thode statistique de Wilson (1942). Un second pro- 
gramme de calculs pr61iminaires a permis le calcul des 
modules des facteurs de structure IFHI et des modules 
des facteurs de structure norma!isds IEnl. Pour le groupe 

' " l .  ' !  ~ : .  . 


