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along the C(9)-C(10) and C(5). . .C(8) lines, both in 
the same sense, and to a very slight buckling of the 
cyclobutene ring. 

Table 4. Deviations from the least-squares plane 

The normal to the mean plane of the carbon atoms, all 
weighted equally, has direction cosines of -0"4860, 0.4272, 
and 0.8691 relative to a, b, and e; the origin-to-plane distance 
is 1.781 A. 

C(1) 0.006 A H(l) 0"01 A 
C(2) -0.004 H(2) 0.01 
C(3) -0.002 H(3) 0.01 
C(4) 0.005 n(4) -0.03 
C(5) 0.005 H(5) -0-05 
C(6) -0.018 H(6) 0.03 
C(7) -0.018 H(7) -0.81 
C(8) 0-011 H(8) 0.79 
C(9) 0.016 H(9) -0.81 
C(lO) 0.015 H(10) 0.80 
C(11) -0.014 
C(12) -0"002 

A packing drawing of the molecule is shown in 
Fig. 2. The shortest intermolecular distances include 

H . . . H ,  2.52A, and C . . . H ,  2.95A; there are no 
C. • • C distances below 3-5 A. Despite this rather loose 
packing, the temperature factors are relatively small 
and isotropic. While a rigid-body treatment is not 
entirely satisfactory, the largest thermal motions are 
consistent with an in-plane libration of r.m.s, am- 
plitude about 2 °, with the axis of libration passing near 
the center of mass of the molecule. The effects of this 
motion on the bond distances would be no larger than 
0.002 A or so. 
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S,S-Dimethyl-N-trichloroacetyl sulphilimine (DMTAS) crystallizes in the orthorhombic space group 
P21212~, with a=8.934 (5), b=9.317 (5), c=10.952 (6)A, Z=4. The structure was solved by direct 
methods and refined by least-squares calculations to an R value of 0-060 with 939 diffractometric inten- 
sities. All hydrogen atoms were located in a difference Fourier synthesis. The S(IV)-N(sp 2) bond length 
(1.667 ,~) is similar to that of 1.673 ~ observed in S,S-diethyl-N-dichloroacetyl sulphilimine, but 
considerably longer than those found in several N-sulphonyl sulphilimines. It can, however, be regarded 
as a partial z~ bond involved in the mesomerism of the SNCO group. The electronic structure and con- 
formation of the molecule are discussed. 

Introduction 

An X-ray study of S,S-dimethyl-N-trichloroacetyl sul- 
philimine (DMTAS; Me2S:N.CO.CCIa) has been car- 
ried out in order to gain support for the conclusions 
drawn from the structure determination (K~ilm~in, Sas- 
v~iri & Kucsman, 1971) of S,S-diethyl-N-dichloro- 
acetyl sulphilimine (DEDAS; Et2S:N. CO.CHCIz), 

+ 
namely (i) there is an > S=N-C=O+-+ > S-N=C-O res- 
onance in the fairly planar S,N,C(2), O,C(1) moiety; 
(ii) the S(IV)-N(sp 2) bond of intermediate bond order 

is significantly (Cruickshank & Robertson, 1953) 
longer and therefore weaker than in N-sulphonyl sul- 
philimines (K~ilm~in, 1967; Kucsman, K~ilm~in & Kapo- 
vits, 1967; Kilm~in, Duffin & Kucsman, 1971; Cam- 
eron, Hair & Morris, 1971; K~ilm~in& Sasv~iri, 1972) 
[1.673 vs. 1.620-1.636 A,]; (iii) sulphur and oxygen at- 
oms are in a cis arrangement. 

Experimental 

DMTAS was prepared and kindly provided by Dr I. 
Kapovits. Infrared and melting point data showed that 
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Table 1. Fractional coordinates and anL~otropic thermal parameters ( × 10 4) for  non-hydrogen atoms 

Estimated standard deviations are given in parentheses. The anisotropic thermal parameters are in the form: 
exp [ -  (bHh z + bzzk z + b33/z + b~2hk + bt3hl q- b23kl)]. 

x/a y/b z/c bl t b22 b33 b12 b13 b23 
CI(1) 4871 (3) 2735 (2) 1750 (2) 190 (4) 126 (2) 99 (2) -55  (5) - 9  (5) 49 (4) 
C1(2) 3264 (4) 3463 (4) -382 (2) 298 (5) 25l (4) 95 (2) -213 (9) - 140 (5) 33 (6) 
C1(3) 2943 (4) 5184 (3) 1772 (4) 206 (5) 183 (3) 262 (4) - 3  (7) 201 (7) - 164 (7) 
S 7784 (3) 6577 (2) 869 (2) 147 (3) 83 (2) 78 (1) - 2  (4) 10 (4) 31 (3) 
O 5258 (9) 5921 (7) -485 (5) 200 (11) 150 (7) 92 (5) -1  (17) -53  (13) 82 (11) 
N 6599 (9) 5263 (7) 1235 (6) 91 (9) 129 (8) 94 (6) -17  (16) -25  (12) 41 (13) 
C(1) 4195 (11) 4198 (8) 872 (8) 146 (14) 110 (8) 86 (7) -14  (19) - 7  (18) -19  (15) 
C(2) 5466 (10) 5246 (7) 462 (7) 134 (12) 79 (7) 76 (6) 49 (15) -12  (14) -32  (12) 
C(3) 8983 (14) 5808 (12) -267 (11) 240 (19) 175 (13) 144 (10) - 138 (28) 176 (22) -42  (21) 
C(4) 8983 (12) 6467 (11) 2166 (8) 175 (15) 157 (11) 96 (7) -99  (25) -25  (18) 0 (19) 

the product crystallized from ether was of analytical 
purity. The crystals were colourless transparent  need- 
les, the main  axis of which was parallel to c. The 
lattice parameters were determined from Weissenberg 
and precession photographs and the density measured 
by flotation. 

Crystal data 

C4H6NOSCI3, M =  222"54. Or thorhombic ;  
a=8.934(5),  b=9.317(5),  c =  10.952(6) A, 
V=911.62 A 3, 
Dc = 1.621, D~ = 1.620 g c m -  3, Z = 4. 
F(000)=448 
/.z for Cu K~ (2=  1.5418 A) 106.7 cm -1 
Space group P21212~ (No. 19). 

Data  were collected on a Stoe semi-automatic two- 
circle diffractometer. After setting the crystal and the 
counter in an equi-inclination arrangement,  the intensi- 
ties of  each two-dimensional reciprocal layer (up to 
/tmax=37"2 °) were measured automatically, but inde- 
pendently in the co region of crystal rotation between 
0 and 150 ° at fixed counter positions of 20'. The re- 
flexion peaks were counted at an interval of  2.5 ° with a 
scanning speed of 1 ° ra in-  i. Background measurements 
were made at both ends of the peaks for 60 sec. The 
positioning of the crystal and the scintillation counter 
(with a Ni filter and pulse height discriminator) and the 
reflexion and background measurements were con- 
trolled by a Gfittinger electronic unit according to set- 
ting data computed previously and stored on punched 
tape. After recording a layer, some reflexions of medium 
intensity were re-measured to check the stability of  the 
counting system. The mean deviations were compar- 
able to the final residual. Error caused by decomposi- 
tion of the crystal (usually considerable in sulphilim- 
ines) during the exposures were negligible. F rom a long 
needle, a small cylindrical sample was shaped (K~ilm~in 
& Argay, 1965) to a diameter of  0.06 mm. Absorpt ion 
corrections were neglected. The standard deviations of 
the integrated intensities corrected for the background 
were calculated from the formula 

Zz )2 (ii+i3)] 1/2 
0.(1)= [ /2+ (7"1+T3 " 

where 12 and T2 are the total counts and counting time 
for reflexion peaks, and the other quantities refer to the 
background measurements.  113 of the total 939 inde- 
pendent reflexions with I -1 .5o - (1 )<0  were taken as 
unobserved with a value of lo=½0-(1). After data re- 
duction an absolute scale factor and overall isotropic 
temperature factor /~=4.16 /~z were determined by 
Wilson's  method. 

Structure determination and refinement 
The phase problem was solved by direct methods using 
E values computed from the observed structure factors 
in the conventional way. To accomplish the phase de- 
termination the program M U L T A N  of Main, Woolf- 
son & Germain  (1970) was used with local modification 

Table 2. Fractional coordinates ( × 10 3) and bond 
distances (]~) for the hydrogen atoms 

Estimated standard deviations are given in parentheses 

x/a y/b z/c C-H distance 
H(31) 993 (11) 651 (10) - 5 4  (7) 1.11 (9) A 
H(32) 815 (13) 593 (10) - 119 (10) 1.26 (10) 
H(33) 872 (12) 491 (11) -43 (8) 0.89 (10) 
H(41) 989 (8) 730 (7) 193 (6) 1.15 (7) 
H(42) 835 (8) 675 (6) 291 (6) 1.03 (7) 
H(43) 943 (10) 564 (10) 235 (10) 0"89 (10) 

O•(a) ~ 1 ( 9 . )  

CK3) 
Fig. 1. Molecular conformation observed in the crystal struc- 

ture of S,S-dimethyl-N-trichloroacetyl sulphilimine showing 
atomic labels and the anisotropic thermal ellipsoids. 
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o n  a C D C  3300 c o m p u t e r .  S t a r t i ng  w i t h  E va lues  o f  
274 ref lex ions  ( E >  1.10) t a k i n g  E 3 M I N = 4 . 5 0  a n d  ac- 
c e p t i n g  s igns w i th  a p r o b a b i l i t y  g rea t e r  t h a n  0-80, t he  

T a b l e  3. Observed and calculated structure factors 
( x  10) 

Reflexions indicated by an asterisk have intensity values less 
than the threshold value for an observed reflexion. 
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p r o g r a m  p r o d u c e d  o n e  set o f  p h a s e s  fo r  t he  274 re- 
f lexions.  F r o m  the  E m a p  seven  o f  t he  t en  n o n - h y d r o g e n  
a t o m s  c o u l d  be iden t i f ied .  A t h r e e - d i m e n s i o n a l  F o u r i e r  
syn thes i s  r e v e a l e d  the  mi s s ing  t h r ee  a t o m s .  A s t ruc tu re -  
f ac to r  ca l cu la t ion ,  b a s e d  on  the  f r ac t i ona l  a t o m i c  co-  
o r d i n a t e s  o b t a i n e d  f r o m  the  F o u r i e r  m a p ,  w i th  an  iso-  
t r op i c  t e m p e r a t u r e  f ac to r  o f  B = 4.16 A z a p p l i e d  to  all 
t he  a t o m s ,  r e s u l t e d  in a va lue  o f  R=Y.[IFol-IFcl[/~lFol 
= 0.252 for  t he  o b s e r v e d  ref lexions .  

T h e  s t ruc tu re  was  r e f ined  by the  full m a t r i x  least-  
squa re s  m e t h o d  m i n i m i z i n g  the  f u n c t i o n  Y.w(IFol- 
1/GIFcl) z w i t h  the  w e i g h t i n g  s c h e m e  

w=(2 + Fo +O.O1F2) -x 

sugges t ed  by  C r u i c k s h a n k ,  Pi l l ing,  Bujosa ,  Lovel l  & 
T r u t e r  (1961);  G is t he  scale fac tor .  T h r e e  cycles o f  iso- 
t rop ic  r e f i n e m e n t  r e d u c e d  R to  0-152. A f u r t h e r  t h r ee  
cycles w i th  a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  gave  an  R 
va lue  o f  0.076. A t  this  s tage  the  h y d r o g e n  a t o m s  (five 
ou t  o f  six) were  l o c a t e d  f r o m  a d i f fe rence  F o u r i e r  m a p .  
T h e  p o s i t i o n  o f  t he  mi s s ing  s ixth h y d r o g e n  H(4,3)  was  
t h e n  g e n e r a t e d  geome t r i ca l l y .  Af t e r  a f u r t h e r  t w o  cycles 
o f  a n i s o t r o p i c  r e f i n e m e n t  o f  t he  n o n - h y d r o g e n  p a r a m -  
eters,  t he  h y d r o g e n  c o o r d i n a t e s  were  r e f ined  i so t rop ic -  
ally in t h r e e  cycles.  In  the  ca l cu l a t i on  o f  t he  final con -  
v e n t i o n a l  R va lue  o f  0 .060 for  t he  826 in tens i t i es  ob-  
se rved  ( a n d  0.070 for  t he  all re f lexions)  t he  h y d r o g e n s  
were ,  h o w e v e r ,  a s s i g n e d  the  a n i s o t r o p i c  v i b r a t i o n a l  
p a r a m e t e r s  o f  t he  c a r b o n  a t o m s  to  w h i c h  they  are  
b o u n d .  

A t o m i c  sca t t e r ing  fac tors  for  all a t o m s  were  t a k e n  
f r o m  International Tables for X-ray Crystallography 
(1962). Al l  c a l cu l a t i ons  were  p e r f o r m e d  on  a C D C  
3300 c o m p u t e r  us ing  the  F o u r i e r  a n d  l eas t - squa res  p r o -  
g r a m s  o f  D o m e n i c a n o  & V a c i a g o  (1966) a n d  A l b a n o ,  
D o m e n i c a n o  & V a c i a g o  (1966), respec t ive ly ,  wi th  local  
m o d i f i c a t i o n s .  T h e  final f r ac t i ona l  c o o r d i n a t e s  a n d  

T a b l e  4. Interatomic distances and bond angles with their e.s.d.'s 

S(IV)-N 1.667 (7)/~ 
S(IV)-C(3) 1.791 (12) 
S(IV)-C(4) 1.782 (10) 
C(2)--N 1.320 (10) 
C(2)--O 1-227 (10) 
C(1)--C(2) 1.563 (12) 
C( 1 )--Cl(1) 1.774 (9) 
C(1)--C1(2) 1.746 (9) 
C(1)--C1(3) 1.751 (9) 

S(IV)-N-C(2) 110.0 (6) ° 
C(3)--S(IV)-C(4) 99.9 (5) 

C(3)-S(IV)-N 104.7 (5) ° 
C(4)-S(IV)-N 98"5 (4) 
N - - - C ( 2 ) - - O  130-7 (8) 
N- - -C(2 ) - -C( I )  112.4 (7) 
O - - C ( 2 ) - - C ( 1 )  116.9 (7) 

C ( 2 ) - C ( 1 ) - C l ( 1 )  1 1 2 . 8  ( 6 )  

C(2)-C(1)-C1(2) 111.4 (6) 
C(2)-C(1)-C1(3) 107.3 (6) 
CI(1)-C(I)-CI(2) 106.7 (5) 
CI(1)-C(1)-CI(3) 108.4 (5) 
C1(2)-C(1)-C1(3) 110.1 (5) 

T a b l e  5. S(IV)-N(sp2)-X bond angles in the N-acyl sulphilimines 

Compounds 
DMMSS 
PPTSS 
DPTSS 
DMTSS 
DEDAS 
DMTAS 

X Angle 
S(VI) 116.2 (6) ° 
S(VI) 115"7 (4) 
S(VI) 113-4 (5) 
S(VI) 113.4 (5) 
C(sp 2) 112.6 (6) 
C(sp z) 110.0 (6) 

Reference 
K~lm~.n (1967) 
K~,lm~n & Sasv~ri (1972) 
K~lm~n, Duffin & Kucsman (1971) 
Cameron, Hair & Morris (1971) 
K~.Im~.n, Sasv~.ri & Kucsman (1971) 
Present work 
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anisotropic thermal parameters with their estimated 
standard deviations for the non-hydrogen atoms are 
given in Table 1. The coordinates of the hydrogen atoms 
and the C-H atomic distances are shown in Table 2. 
The structure factors calculated from the atomic param- 
eters given in Tables 1 and 2 are listed in Table 3. The 
interatomic distances and bond angles with their esti- 
mated standard deviations are given in Table 4. 

Discussion 

The S(IV)-N(sp 2) bond length in DMTAS is almost the 
same as in DEDAS (1.667 and 1.673 A, respectively) 
while the C-N, C-O and C-C bond lengths are some- 
what different (by 0-02-0.04 A), indicating a greater 
contribution of the polar structure in the resonance 
outlined above. The S(IV)-C bond lengths are identical 
within experimental error. The noticeable differences 
between the C-CI bond lengths (cf. 1.795 and 1.760 ,~, 
respectively in DEDAS) are due to the vigorous, but 
different, thermal motions of the chlorine atoms. The 
bond lengths were not corrected for these motions. 

The S(IV) hybridization reflected in the bond angles 
of the S(C,C,N) pyramid (Fig. 1) is similar to that in 
the other N-acyl sulphilimines. The surprisingly low 
S(IV)-N(spZ)-C(2) bond angle of 110.0 ° vs. those given 
in Table 5 and the characteristic trans arrangement of 
the carbonyl oxygen and the lone pair of the sp 2 nitro- 
gen atom (i.e. the cis arrangement of the sulphur and 
oxygen atoms in the SNCO group) can also be ex- 
plained here by the repulsion of the lone pair on the 
nitrogen atom. The remarkable deviation of the sulphur 
atom (As = 0-24 A vs. 0.13 A in DEDAS) from the plane 
(Table 6) formed by the N, C(2), O, C(1) atoms may be 
attributed to the unfavourable proximity of the sulphur 
and oxygen atoms in the cis arrangement. The halo- 
acetyl group is linked to the nitrogen atom of the 
R2S:N group more asymmetrically in DMTAS than in 
DEDAS (Fig. 2). 

Table 6. Equation for the atomic plane formed by 
N,C(2), O, C(1) moiety and atomic deviations (,~) 

from the plane 

- 0.4358x+ 0.7368 Y+ 0.5169z= 1.7407 
where X, Y and Z are orthogonal coordinates (A). 

O 0.0024* CI(I) -0-7691 S 0.2356 
N 0-0021" C1(2) -0-8504 C(3) - 1.4022 
C(1) 0.0015" C1(3) 1-6753 C(4) 0.4274 
C(2) - 0.0060* 

* Identifies the atoms defining the planes. 

C(2)  
c (2 )  ~ \ - - - - - -  

D M T A S  D E D A S  

Fig. 2. Newman projection of the (C,C)S-N(C) group in 
DMTAS and DEDAS. 

The authors thank Professor V. Bruckner for his 
interest and for financial support for the computations. 
Thanks are also due to Dr I. Kapovits for the crystals 
and Mr Cs. Kertdsz for technical help. 

References 

ALBANO, V., DOMENICANO, A. & VACIAGO, A. (1966). Full- 
and Block-Diagonal Matrix Least-Squares Refinement 
Program for the IBM 7040 Computer, adapted for the 
CDC3300 computer. Centro di Studio per la Strutturis- 
tica Chimica del C.N.R., Roma. 

CAMERON, A. F., HAIR, N. J. & MORRIS, D. G. (1971). 
Chem. Commun. pp. 918-919. 

CRUICKSHANK, D. W. J., PILLING, D. E., BuJosg, A., 
LOVELL, F. M. & TRUTER, M. R. (1961). In Computing 
Methods and the Phase Problem in X-ray Crystal Analysis. 
Oxford: Pergamon Press. 

CRUICKSHANK, D. W. J. & ROBERTSON, A. P. (1953). Acta 
Cryst. 6, 698-705. 

DOMENICANO, A. • VACIAGO, A. (1966). Three-Dimen- 
sional Fourier Program for the IBM 7040 Computer, 
adapted for the CDC3300 computer. Centro di Studio 
per la Strutturistica Chimica del C.N.R., Roma. 

International Tables for X-ray Crystallography (1962). Vol. 
III. Birmingham: Kynoch Press. 

K~,LMA, N, A. (1967). Acta Cryst. 22, 501-507. 
K,~,LMAN, A. & ARGAY, G. (1965). J. Sci. Instrum. 42, 

483-485. 
K~LM~,N, A., DUFFIN, B. & KUCSMAN, /~. (1971). Acta 

Cryst. B27, 586-594. 
K~LM~N, A. & SASV/~,RI, K. (1972). Cryst. Struct. Commun. 

1, 243-246. 
KALMAN, A., SASV,~RI, K. & KUCSMAN, /~. (1971). Chem. 

Commun. pp. 1447-1448. 
KUCSMAN, A., KALMAN, A. & KAPovrrs, I. (1967). Acta 

Chim. Acad. Sci. Hung. 53, 97-104. 
MAIN, P., WOOLFSON, M. M. & GERMAIN, G. (1970). A 

System of Computer Programs for the Automatic Solu- 
tion of Non-centrosymmetric Crystal Structures (MUL- 
TAN). Univ. of York, England, and Leuven, Belgium. 


