
1157 

Acta Cryst. (1963). 16, 1157 

The Crystal Structure of Xanthane Hydride 
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The crystal structure of xanthane hydride has been determined by analysis of three-dimensional 
data from copper X-radiation. The y and z coordinates were determined from a Patterson projection, 
and the x coordinates were then determined by the use of the projected bond lengths and twenty- 
five low order lkl reflections. The coordinates of all nine atoms and the anisotropic temperature 
parameters for the seven heavy atoms were refined by the method of least squares. The final R 
index was 0.069. 

The xanthane hydride molecule is essentially planar and is bound to neighboring molecules 
by N - H - N  and N-H-S  hydrogen bonds. Both hydrogen atoms were found to be on the non-ring 
nitrogen atom. The bond lengths are not significantly different from those found in similar structures. 

Introduction 

X a n t h a n e  hydride,  C2I-I2N283 (I), is a member  of a 
group of f ive-membered cyclic disulfides, some of 
whose s t ructures  have been repor ted (Foss & Tjoms- 
land,  1958; Kehl  & Jeffrey,  1958; Hordvik ,  1960). 
This s t ructure  de te rmina t ion  was in i t i a ted  a t  the  
Rice In s t i t u t e  in 1957 wi th  the  hopes of obta ining 
accurate  values for the  bond lengths and  angles and 
i l luminat ing  the  aromat ic  character  of the  compound. 

H~N\C/N\C/s 
I I 
S S 

(I) 

While  this  inves t iga t ion  was in progress, I t o rdv ik  
(1961) published a solut ion of the  s t ructure  in the  
[100] projection,  which he ob ta ined  by direct  methods.  
1~o three-dimensional  work was ment ioned.  

Experimental  

X a n t h a n e  hydr ide  was prepared by  adding 7M 
ammonium th iocyana te  to concent ra ted  hydrochlor ic  
acid (Zappi, 1930, 1931; Hantzsch  & Wolvekamp,  
1904). Thin  yellow crystal l ine needles, e longated 
along a, were formed by  allowing the  solut ion to 
s tand  overnight .  I n t e n s i t y  da ta  for the  Ok/, l/c/, 2kl, 
and  3/cl layers were collected by  the  mult iple-f i lm 
equi- incl inat ion Weissenberg technique wi th  Cu Ka 
radiat ion.  Because of ins t rumenta l  difficulties i t  was 
impossible to collect the  4/cl da ta  by  the  equi-inclina- 

* Contribution No. 2924 from the Gates and Crellin 
Laboratories of Chemistry. This work was initiated under 
a grant from the Robert A. Welch Foundation, Houston, 
Texas, and has been aided by a Contract (Nonr-220(38)) 
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t ion  technique.  General- incl inat ion photographs  were 
t a ke n  of this  layer,  but  the  spots were d is tor ted  and 
diffuse and  the  photographs  were of inferior qual i ty .  
The f inal  s t ruc ture  derived shows agreement  for this  
layer  (R--0.14) t h a t  is poor in comparison with the  
agreement  for the other  layers, so these da ta  were no t  
included in the pa ramete r  refinement.  

The intensi t ies  were es t imated  visual ly  by  com- 
parison with a prepared scale and  were corrected for 
Lorentz and  polar iza t ion  factors. No absorpt ion 
corrections were made. Ten of the  strong, low order 
reflections seem to be affected by  ext inct ion,  and  
were omi t t ed  from the R factor  and  the  least-squares 
ref inement .  Of the 1227 independent  reflections wi th in  
the  copper sphere, 895 are on the f irst  four layer  l ines; 
of these, 699 were s t rong enough to be measured. 

The unit-cell  dimensions,  summarized in Table 1, 
were determined from St raumanis - type  single-crystal  
ro t a t ion  photographs  about  the  a and  b axes. The 
measured spacings of six hO1 and seven 0kl high-angle 

Table 1. Unit-cell parameters of xanthane hydride 
This investigation* Foss (1956)t 

a 4-1030+0.0006 A 4.05 A 
b 10.5675 _+ 0-0009 10.59 
c 12.8012_+0.0012 12.78 

98 ° 5 '_  1' 97 ° 

* Estimated errors are three times the standard deviations 
given by the least-squares analysis. These errors probably 
indicate only the precision of the data. A change of one degree 
in temperature might well cause a change in axial lengths 
of the order of magnitude of their estimated error; accordingly, 
in the absence of a temperature control, the reported errors 
are of dubious significance. 

t Errors estimated to be about 0.5%. 

reflections were used as inpu t  to  a least-squares 
t r ea tment .  The ou tpu t  parameters  are in  fair  agree- 
men t  wi th  those of Foss (1956), which are also l is ted 
in Table 1. The absence of hO1 reflections wi th  l odd 
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and 0k0 reflections with k odd indicates that  the 
space group is P21/c. 

The density of the crystals as measured by the 
flotation method is 1"810 +_ 0.005 g.cm -8. The density 
calculated for xanthane hydride, assuming four mole- 
cules per unit cell, is 1.816 g.cm -3. 

Determinat ion of the structure 

The first at tempt at solving the structure was by 
use of the 01el data. The Patterson projection along 
the a axis is shown in Fig. 1. The interpretation of 
this projection was reasonably straightforward, and 
tentative y and z parameters for the seven heavy 
atoms were chosen. The structure factors calculated 
for this trial structure were in good agreement with 
the observed values, and after two least-squares 
refinement cycles the R index was 0.15. 

W ~ 

\ 

Fig. 1. The Patterson projection in the [100] direction. 
Contours at arbitrary but equal intervals. Crosses mark 
positions of sulfur-sulfur interactions for the final structure. 

From the projected bond lengths calculated from 
the y and z coordinates, two possible three-dimensional 
orientations of the molecule were established. Only 
the choice of the correct orientation and the position 
along the a axis were then necessary. Accordingly, 
structure factors were calculated for twenty-five low- 
order lkl reflections using the parameters for each 
of the two possible orientations and allowing the 
molecule to migrate through the cell with increments 
of 0-1 in x. Only one of the orientations showed any 
reasonable agreement with the observed values, The 
R index for this orientation varied from a maximum 
of 0.90 to a minimum of 0.45 for two adjacent posi- 
tions; for an intermediate position R was 0.42. 
Least-squares shifts were applied to the parameters 
for the next cycle, which included approximately 
one-half of the lkl data and used weights proportional 
to 1/Fo. The R index was now 0.30, and for the next 
cycle one-fourth shifts were allowed. In the next two 
cycles all of the llcl data were included with the 
same shift factor and the same weighting. The R 
indices for these two cycles were 0.15 and 0.09. 

Attention was now turned to the complete three- 
dimensional data. 

Ref inement  of the parameters  

The structure was refined by a series of structure- 
factor least-squares cycles. The atomic form factors 
were those of Tomiie & Stare (1958) for sulfur, 
McWeeny (1951) for hydrogen, and averages of those 
of Berghuis, l-[aanappel, Potters, Loopstra, MacGil- 
lavry & Veenendaal (1955) and Hoerni & Ibers (1954) 
for carbon and nitrogen. The calculations were carried 
out on a Burroughs 220 computer with a program 
written by Dr Richard E. Marsh of these laboratories. 
This program will accept and optimize ten parameters 
per atom: three positional coordinates, six tempera- 
ture parameters, and a population scale factor. The 
program neglects interatomic interactions; for an 
individual atom the cross terms between the scale 
and temperature parameters and between the x and 
z coordinates are collected. The quantity minimized is 
2:w(AF2) 2. The weight, l/w, used throughout the 
complete refinement was 1/Fo if Fo >_ 4Fmin and 
1/(Fo.4Fmin)½ if $'o-< 4Fmin, where Fmin was taken 
as 4.11. Unobserved and very weak reflections whose 
intensities were estimated as being less than a certain 
value were omitted from the R index, but those 
whose calculated structure factors were greater than 
the estimated maximum possible values were included 
in the least-squares. 

In the initial cycles only the coordinates and 
isotropic temperature parameters of the seven heavy 
atoms were adjusted. Refinement was continued until 
the shifts were no longer significant in comparison 
with the standard deviations; R had dropped to 0-09. 
At this point anisotropic temperature parameters 
were introduced for all seven heavy atoms. The re- 
finement was continued until the shifts were again in- 
significant in comparison with the standard deviations. 
The R index was 0.071. The positions of the hydrogen 
atoms were then calculated, assuming a planar amine 
group with N(2)-H distances of 1.0 A. The hydrogen 
atoms were assigned fixed isotropic temperature 
parameters of 3"0 ~2. During the succeeding least- 
squares cycles both hydrogen atoms seemed to drift 
away from N(2) along the directions of the apparent 
hydrogen bonds, raising the possibility of tautomeric 
forms. At this juncture each of the hydrogen atoms 
was replaced by two separated half hydrogen atoms. 
This replacement, however, had little effect on the 
sum of the weighted residuals or on the R index. 
Indeed, during succeeding cycles the half hydrogen 
atoms tended to merge and their final least-squares 
positions were within a standard deviation of each 
other and of the original single positions. Single 
hydrogen atoms were, therefore, re-entered. 

At this stage the R index was 0-069, and no shift 
was greater than one-third of its standard deviation. 
The final parameters and standard deviations of the 
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Table  2. The  f i n a l  parameters  and  their s tandard deviat ions 
All values are multiplied by 104 . The temperature factors are of the form: 

T~ = exp -- (etch 2 + flilc 9 + 7~l 9. + ~thk + ~ihl + ~hlcl) 

Atom x cr x y gy z gz 
S(1) 2751 (7) 1513 (2) 0517 (2) 
S(2) 5296 (7) 1601 (2) 2014 (2) 
S(3) 8741 (7) 3812 (2) 2963 (2) 
N(1) 5389 (22) 3781 (6) 1024 (8) 
N(2) 2381 (22) 3601 (6) --0637 (8) 
C(1) 6479 (21) 3189 (7) 1921 (7) 
C(2) 3559 (26) 3121 (7) 0273 (8) 

Atom ~ a~ fl aft ~' err ~ o'a e cre ~] cr,j 
S(1) 532 (25) 46 (2) 35 (2) --96 (10) 27 (8) --2 (3) 
S(2) 379 (22) 35 (2) 27 (1) --22 (9) 36 (7) 11 (3) 
S(3) 420 (24) 46 (2) 39 (2) 33 (10) -- 51 (8) - 6 (3) 
N(1) 499 (79) 51 (8) 24 (5) --21 (36) --22 (26) 6 (10) 
N(2) 568 (82) 51 (8) 25 (5) -- 81 (36) -- 45 (28) 6 (10) 
C(1) 66 (74) 27 (8) 37 (6) --25 (30) 74 (28) 6 (10) 
C(2) 401 (92) 42 (9) 26 (6) - 27 (38) 58 (32) -- 13 (10) 

Table  3. Compar i son  o f  parameters  f o r  Hordv i k  (1961) 
and  f o r  this invest igat ion 

Hordvik* This investigation 

Atom y z y z 
S(1) 0.151 0.051 0.151 0.051 
S(2) 0.158 0.199 0.160 0.201 
S(3) 0.382 0.299 0.381 0.296 
N(1) 0.375 0.105 0.378 0.102 
Iq(2) 0.359 -- 0.055 0.360 -- 0.064 
C(1) 0.323 0.190 0.319 0.192 
C(2) 0.313 0.030 0.312 0.027 

* The values reported by Hordvik are for a different 
equivalent position in the unit cell, and have been re-evaluated 
for presentation here. 

Tab le  4. Parameters  o f  hydrogen atoms 
Isotropie temperature factor B = 3-0 ~2 

Atom x cr x y Cry z az 
H(1) 0.281 0-032 0.480 0.009 -- 0.076 0.013 
I-I(2) 0.047 0.032 0.284 0.010 --0.121 0.013 

h e a v y  a toms  are shown  in  Table  2. Table  3 gives a 
compar i son  of t he  va lues  of H o r d v i k  (1961) for t he  
y and  z coord ina tes  w i th  those  of th is  inves t iga t ion .  
The  p a r a m e t e r s  of t he  h y d r o g e n  a toms  are g iven  in  

N(2) NO) 

s(3) 

C(2) ~{// ~ C(1) 

S (1) ~ ..... ~ S (2) 

Fig. 2. The electron density in the least-squares plane of 
the molecule. The lowest contour is drawn at 2 e.A -a, 
and the interval between contours is 2 e./~ -a. 
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Table  4. The  obse rved  and  f inal  ca lcu la ted  s t ruc tu re  
factors  are l i s ted  in  Table  5. The  e lec t ron  d e n s i t y  in  
t he  p lane  of t he  molecule  is shown  in  Fig. 2 and  the  
cor responding  di f ference  Four i e r  synthes is  is shown  
in  Fig. 3. 

s(0 ) 

O Q 

Fig. 3. A plot of the difference Fourier syntheses in the 
least-squares plane of the molecule. The lowest contour is 
drawn at 0.2 e..~ -3 and the interval between contours is 
0.1 e.A -3. 

Discussion 

The x a n t h a n e  h y d r i d e  molecule  is essen t ia l ly  p lanar ,  
a n d  is h y d r o g e n  b o n d e d  to the  ne ighbor ing  molecules  
t h r o u g h  N - H - N  a n d  N - H - S  h y d r o g e n  bonds.  These  
bonds,  of l e n g t h  2.98 and  3-35 2~, are i n d i c a t e d  in  
the  pack ing  d i ag ram of Fig. 4. The  i n t r a m o l e c u l a r  
b o n d  l eng ths  and  angles  b e t w e e n  t he  h e a v y  a toms  
are g iven  in  Table  6 and  shown in  Fig. 5; those  
invo lv ing  h y d r o g e n  a toms  are l i s t ed  in  Table  7. The  
e s t i m a t e d  s t a n d a r d  dev ia t ions  of these  bond  leng ths ,  
de r i ved  f rom the  leas t - squares  analysis ,  are 0.004 /~ 
for S-S,  0.009 J~ for C-S, a n d  0-012 A for C-N;  
t he  s t a n d a r d  dev ia t ions  for t he  b o n d  angles  are  
a p p r o x i m a t e l y  0.1 ° for t he  S - S - C  angles  and  0.2 ° 
for t h e  o the r  angles.  For  t he  N - H  b o n d  l eng ths  t he  
e s t i m a t e d  s t a n d a r d  d e v i a t i o n  is 0.14 /~. 
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Table 5. Observed and calculated structure factors 
T h e  t h r e e  c o l u m n s  in  e a c h  g r o u p  c o n t a i n  t h e  v a l u e s ,  r e a d i n g  f r o m  l e f t  t o  r i g h t ,  o f  l, 1001Fo l, a n d  100  Fc 

R e f l e c t i o n s  m a r k e d  b y  ~ w e r e  o m i t t e d  f r o m  t h e  R i n d e x  a n d  t h e  l e a s t - s q u a r e s  c a l c u l a t i o n  

00/. 9 1 4 9 6  1726 
i0 4580 568 

c 1954 -1394 ii 1047 -ICG5 
3733 4057 12 602 -551 
1060 -896 13 2065 2095 
7079 -7711 

I02571 2935 092 
12 4249 -4880 
14 645 760 11388 -]448 
1 6 6 5 0  665 2 6 0 2  -415 

3 667 -500 012 4 1261 -1184 
5 671 662 

1 109'0 959 6 <532 -53 
2 3 8 4 0  "52761' 7 699 796 
: 3126 -5508 98 <610 -213 

15"/5 -1435 643 611 
55216 5916 i0 <511 165 
,~3542 -3703 ii 541 474 

5526 -5542 
1010 -896 0~I0~£ 
<480 -16 
<513 -486 10 .'2486 -2592 
961 -i015 2479 2519 
• 95- lOO~ ! 609 -793 
1596 -1515 1350 .1483 

14 1369 1269 526 -487 
151570 1663 5 ~517 
16 448 341 ~ 565 611 

7 <531 178 
8 2210 2105 

1718 -1676 
04666  .6988V 1 925 657 
1953 884 
o 427 -306 0,11,2. 
3 4011 -4227 

1806 -1724 1 876 -927 
4515 -4585 2 2 3 0 6  `2242 

6 669 -616 4 ~ 4~03 94 
2",'52 -2761 1951 -2051 

8 2 0 8 5  1993 5 1169 -1301 
9 5 5 2  -597 6 3 ~ 1 0 3 8 6 6  

1 4.519 -2'73 <490 583 
1112252 Z365 9 8 9 2 4  -1082 
2 1224- 1-"95 594 484 

1 3 2 2 6 9  -c269 
14 <655 1~ 0,12,£ 
15129113 

*.542 ,114.6 
~ , ~  2309 2293 

2 ,~530 -70 
12140 -1980 642 547 
-" 653 477 4 490 503 
53529 3125 5 1566 1544 
43156 .3216 6 412 321 
55391 -5321 7 1853 1860 
6 8196 2838 
74413 4745 i0 £ 
8 846 -821 
9 565 ;556 ~ 1749 -1718 

10 <526 301 4 1111 -1213 
II 1503 1450 6 39,56 -3870  
12 ~645 155 8 <471 -193 
13 1878 1953 10 2132 -2483 
14 <532 -419 
15 2O68 -209o To£ 

04 £ 2 1782 1378 
4 2403 1769 

0 6910-13637'1r 6 4324 3911 
13980 3413 83318 2803 
2 1 6 7 8  1622 10 ~.502 -856 
3 ~542 272 12 .<534 440 
4 1 8 5 5  -1'?'/6 ~.4, <-474 .544 
652546 2016 

1489 1198 
71257 1221 
84650 5042 13024 -3038 
9 1 7 5 4  -1789 1970 -2108 

1 1881 -2029 3£'762 -2520 
II <653 491 4213 -4566 
1 ~ 3 4 2 0  3193 5 3374 -3186 

2225 -22'76 585,5 6475 
14 640 -7"/8 1901 -1760 
15 434 -415 1604 -1678 

2011 2068 
052' i04090 4351 

1465 -640 TI~ 
'2 3513 3516 

1157 115/= 1 2954 
988 739 2 4 8 9 7  

65 3399 .3417 ~ 1470 
3~-53 5214 3012 

T 650 749 652176 
<511 299 5005 

9 4 5 2 9  -256 718-"-1 
<~7 % ,8 5167 
<642 4470 

12 <609 55,3 i03178 
13 801 635 ii '4846 
14 1550 -1562 12 1767 

1 3 1 6 0 3  
0~£ 142168 

1 5 1 4 5 4  
0 7 5 2 5  7059 

18Z6 -1410 
555 490 122 

27572601 
4 20~4 19~¢ 0 M67 
52445 21"27 15969 
6 ,¢49O 124 2 1406 
~ 2252 1972 3 6 6 2 5  

5547 -5666 4 37`25 
i~ 14551448 ~ 3678 

,¢650 161 1275 
ii 1797 -1745 71684 
12 2050 -2038 8 <490 

9 602 
08~ i01360 

ii ~614 
1 L'777 2510 121356 
,22967 -5032 
3 1253 -]247 T-22 
4 ,55085".546 

3665 3771 
6 5`297 -556£ 

2800 -2765 
1022 1102 

9 690 -618 
1C 513 -629 
11 75-3 -879 7 3771 
12 643 -701 8 2475 
152045 -1847 95234 

10 697 
08~ I~ 7~,72' 

0 2575 2373 15 2884 
13634 -5884 144567 
r- 5~7 -497 15 477 
3 6d6 -553 
4 4 5 1 u  -541 1 3 2  
52610 -2697 

1150 -1156 1 0 8 8 0  
2576 -2639 3374 

8 1093 -1150 £ 4302 

~ 1936 1684 
677 -785 

5 4712 4746 
8 2324 2266 
~ I0~4 942 

1373 -1467 
1~ 1336 -1424 

19082010 
II 1110 -956 
12 "610 -65 

4344 -4367 
5121 5252 

44182 .3946 
1907 -1910 

~ 1683 -1630 
390 494 

3603 -3798 
2112 -2031 

9 942 953 
10 1626 -1653 
11 <652 581 
£ 1161 1060 

181602 1459 
14 682 -827 
152591 ~567 

141 

01620 1812 
1 676 -547 

2526 `2344 
31024 859 

1670 -1532 
5 4 4 2 1  172 
7 2 3 2 5  2344 

1462 -1352 
8 <509 66 

*-529 `283 
1 709 881 
13. 1265 -1336 
12 <58'7 -190 

7 4 2  

1 3 0 0 3  -2642 
652 -763  

3 1408 1577 
4 904 -789 
5 4 3 9 2  -214 
6 3 6 5 3  -5479 
7 1 0 4 5  891 
8 <482 -395 
9 2 4 6 2 2 6 1 8  

10 <528 78 
II 4 5 ~  -241 
12 <6~2 201 
1315081491 
14 942 648 
15 <4.11 -315 

152 

0 2071 1967 
110~2 924 
,21551 1546 
3 2247 2183 
4 3040 3303 
5 4454 -293 
6 4977 -5300 
7 2 4 ~  2417 
8 772 654 

1986 -2051 
I05710 -8549 
Ii 876 ~76 
12 1220 -1571 

T5~ 

212437 -2277 ~ 1444 -1584 
~396 2184 

7625 -9033  ~" 5 1281 1206 
3 2997 2883 ~ 795 664 
424,56 2618 7 < 5 ~  -466 
5 2 0 0 2  -1957 8 <480 -441 
6 2 0 0 8  -2058 

1309 1267 ~i0~£ 
3095 3347 

77~ 184323 4408 25A ~,iO,~ 4 1 6 1 7  1576 
4506 376£ 5 <544 519 

0 9 3 2 - 7 0 6  1 , 6 5 4  214 67<5£7 649 
1 975 1035 "~'02 2538 2560 2847 2549 1851 -2009' 
2 587 579 .'¢468 299 - 2765 2 %  , 6778 -6628 ~ ~00~ -290, ~ <652<647 ~ ~6<72,<584 ~'~-'2'~ 

4490 4£72 3778 ~ 3591 -3742 5 911 -910 10:7512 
5 841 -806 23.49 Ii 1419 1359 82596 -2269 <636 152 

846 927 72-'585 2666 104298  4197 64.560 `262 7 1 1 6 9  1203 
1~ 1617 1022 <693 280 

8 ~535 -160 14 985 -985 8 1 8 1 8  -1774 ~,II~£ 552 
9 <645 593 9 1 0 2 0  -962 

10 <225 -90 212 i0 <618 310 I01565 1547 0 5645 -3851 
11 <565 -426 111231 1179 1152 I16~ <559 467 
12 595 -469 0 881 1290 1215=5 1549 21741 .1547 2 <.570 129 
15 549 -563 1 2 4 4 5  -2996 -957 3 671 -845 
144304 -403 2 ¢459 -253 w~5~ 41359 -1384 4 <556 359 

3 665 639 5 596 595 
182 44034 4£85 11576 -1534- W~,ll,~ 1060 9"78 

17081659 _~ 16771516 ~<669 23b 
1828 1860 6 <489 -4 1109 105,5 1 <575 -100 3189 £803 
<511 146 ~ 1513 -1540 ~ 2764 -2637 1445 1570 

E 2518 -2727 1750 1871 988 1050 3 950 920 ~52 
31468 -1454 4514 112 43152 -3072 2048 1894 
43301 5569 1 4684 -i~ 71144 -1155 5 968 954 1 <5462138 -2281132 
5 <533 47 Ii 609 -914 ~ 2565 -2660 
6 <651 -667 2593 25~6 50 ¢ 3 ¢551 187 
7 1907 1747 ~iJ[ i0 947 -729 ~- 2099 ,20~5 
6 <621 -252 1] 4669 -199 0 1 5 3 9  -1969 65 '~579 -480 
9 -580 -26 1353 -2137 i~ 952 1032 2 4020 4218 ¢588 -110 

10 931 1066 23 5063 -3927 13 <553 30'7 4 1030 922 7 <596 -;~70 
68<680 ~26 8 i170 -1350 

ii 1841 1976 41511 1723 26~ 1671 1527 9 4 7 0 7  634 
20'76 2206 io <671 67 

~81  6 ¢399 -181 <494 -442 '302" ii I0~6 -1054 
8 441 243 2278 -2265 12 198~ -1959 

13377 3419 2 8 0 0 2 7 8 2  25.592 -3d90 641559 -i137 
948 -1035 9 .¢868 -268 1649 -1534 1230 -853 36/- 

~,51,  500 16 ~69 699 ,1635 1,,7 ~<565 511 0 
<519 -619 1 1 2 2 1 5  2229 2677 -2780 <582 -49 

5 '¢526 455 24688 -6`23 6 1 1 4 7  1127 2598 -2502 
6 2 3 2 6  2490 13 699 -754 962 1012 1084 1101 
7 "651 78 14 <581 116 ~ 1542 15"~6 22473 2627 

754 746 1135 "982 
82201 -2118 151547 1505 9 8~5 -684 3 1 2  4 <723 .529 92451 -2400 

10 `2429 2666 65 955 -996 
<5~954 962.15 22L 11 765 ,~5 o 3674 428£ 174o 1",11 

12 881 -842 0 <259 160 '~6~, S <359 -341 ~ 1605 1"/62 
-899 *.586 -40  

19/. 1 370 758 - 869 3160 9 657 -622 
21965 1 9 ~  1443 1231 ~ 2905 51 4521 
3 5146 3078 3229 -5,~49 5 1317 -1443 ~ 6 2  

01080 -1129 4 1421 -1214 3 ~726 -2661 6 16~I -1571 
4533. 197 5379`2 4189 41517 -1316 71905 1670 11873 191~ 

2 <534 -575 6 654 ' -427 654550 -235 8 3 9 0 1  -,%0£0 2 <680 
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Fig. 4. The structure viewed along [100]. 

I18.6 ° ~ 8 . 5  ° II 6 - 5 ° ~  17"1" 1 -76~55  

Fig. 5. Bond distances and angles for xanthane hydride. 

Table 6. Interatomic distances and angles 

Distances Angles 

S(1)-S(2) 2.052 h S(1)-S(2)-C(1) 95.1 ° 
S(1)-C(2) 1 . 7 6 8  S(2)-S(1)-C(2) 92.1 
S(2)-C(1) 1 . 7 5 5  S(2)-C(1)-S(3) 117.1 
s(3)-C(1) 1 . 6 5 0  S(2)-C(1)-N(1) 116.5 
N(1)-c(1) 1.330 s(1)-c(2)-N(2) 118.6 
N(1)-C(2) 1 . 3 3 0  S(1)-C(2)-N(1) 118.5 
N(2)-C(2) 1 . 3 0 0  S(3)-C(1)-N(1) 126.4 

N(1)-C(2)-N(2) 122.9 
C(1)-N(1)-C(2) 117.7 

Table  7. Interatomic distances and angles 
involving hydrogen atoms 

Distances Angles 

N(2)-tt(1) 1-29 J~ C(2)-N(2)-It(1) 117 ° 
N(2)-H(2) 1 . 2 8  C(2)-N(2)-H(2) 113 

H(1)-N(2)-H(2) 129 

The equat ion for the  least-squares plane through 
the  molecule is 

0-8890X - 0-2773 Y - 0-3644Z' = 0.2238 A , 

axes abc*. Deviat ions  of the ind iv idua l  a toms for 
this  plane are smal l  bu t  s ignif icant ;  they  are: 

s(1) 0.015 h N(1) -0.002 A 
8(2) --0.014 N(2) - 0 . 0 1 5  
s(3) 0.005 c(1) 0.o10 

C(2) -0.010 

The r ing C-S bond lengths  of 1.76 A are only  
s l ight ly  shorter t h a n  the normal  single-bond C-S 
dis tance of 1.81/~, which indicates  tha t  the resonance 
s tabi l iza t ion is located m a i n l y  in  the  carbon and  
ni t rogen par t  of the ring. The C - N 0 )  distances,  
1.33/~, are closely s imilar  to those distances found in  
pyr idine  and  other re la ted resonat ing s ix-membered 
heterocyclics. The two major  resonat ing forms, repre- 
sented b y  formulae (I) and  (II), seem to contr ibute  
equal ly  to the  structure,  while other possibil i t ies 
(III, IV, and  V) appear  to have only smal l  (5 to 10%) 
contributions.  

+ 

~ - N \ c / N N c / S  ~ - ~ \ c / N X c / s -  

I I I I 
S S 8 8 

(i) (ii) 

H~-N\c/NXc/S- H ~ X c / N N c / S -  

+S S S 

(III) (IV) 

H~-NNc/NXc/S 

I I 
S S 

where the  direct ion cosines refer to the  orthogonal (V) 
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An interesting comparison can be made between 
xanthane hydride, thiuret hydrobromide (Foss & 
Tjomsland, 1958) and 4-methyl-l,2-dithia-4-cyclo- 
pentene-3-thione (Kehl & Jeffreys, 1958; Jeffreys & 
Shiono, 1959). The bond distances and angles found 
for these two structures are shown in Fig. 6. An 
analysis of the electronic structure of 1-2-dithia-4- 
cyclopentene-3-thione has been carried out by Bergson 

12l° ~ ' ~  qlS° i 

r"~'~; ~ ~o9 s I 

(cO 

C 

1-483 

120"4°(~125.6 ° 

74T 

(b) 

Fig. 6. Bond distances and angles for (a) thiuret ion and 
(b) 4-methyl- 1,2-dithia-4-eyelopentene- 3-thione. 

(1962). I t  should be noted that  the thiuret structure 
was solved only in projections, and that  the thiuret 
ion contains a mirror plane perpendicular to the 
molecular plane. The standard deviations for the 
bond lengths in the thiuret ion are 0.012 A for the 
S-S bond and 0.03 A for the remainder; the standard 
deviations in the cyclopentenethione are 0.007 _~ for 
the S-S bond, 0.017 _~ for the S-C bonds, 0.024 /~ 
for the ring C-C bonds, and 0.035 A for the 
C-methyl-C bond. The distance reported for the 
non-ring C-N bond in the thiuret ion is slightly 
longer than that  found in xanthane hydride. The 
S-S bond length in cyclopentenethione is in good 
agreement with that  for xanthane hydride, but that  
for thiuret ion is somewhat longer. Within exper- 
imental error, agreement is found among the C-S 
single bonds in all three of the rings, the non-ring 
C-S bonds in cyclopentenethione and xanthane 
hydride, and the C-N bonds in the rings of xanthane 
hydride and the thiuret ion. 

The intermolecular N . "  N and N ' "  S distances 
seem reasonable for hydrogen bonding, and both 
hydrogen atoms are attached to N(2). The N(2)-H 
bond lengths are not significantly longer than the 
value normally expected. The packing of the molecules 
is quite tight with non-bonded sulfur-sulfur distances 
of 3.4 A. 

The difference map shown in Fig. 5 indicates peaks 
in approximately the correct places for the hydrogen 
atoms, but there are other peaks as well. The structure 
factors were recalculated with the anisotropic tem- 
perature factors readjusted in a manner suggested by 
the difference Fourier synthesis. In particular, the 
c~ for C(1) was raised to a value of 0-0460. For these 
calculations the R index was 0.072 and the sum of 
the weighted residuals increased by 10%. In a reflec- 
tion-by-reflection examination of the observed and 
calculated structure factors, no trend was readily 
obvious, nor did any particular reflection show a 
distinct variation. In addition, the least-squares shifts 
for these calculations indicated no significant changes 
for the positional parameters and temperature factors 
except for C(1), whose ~ required a drastic reduction. 
Since this carbon atom is very close to the center 
of mass of the molecule, it may be expected to have 
a somewhat smaller temperature factor than the 
average, but the value obtained here seems too low. 
There are probably several sources for the additional 
peaks in the difference map and the anomalous 
temperature parameter: uncorrected absorption effects, 
the fact that  data were collected around one axis 
only, the absence of data with h > 3, and the presence 
of the three sulfur atoms which contribute about 
80% to the average intensity. I t  seems prudent, 
therefore, to treat the anisotropic temperature para- 
meters with some scepticism. 
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