
AARNE PAJUNEN, GOSTA BRUNOW AND HARRI SETAL,~ 1825 

Set~il~i, H., Pajunen, A., Kilpel~iinen, I. & Brunow, G. (1994). J. Chem. 
Soc. Perkin Trans. 1, pp. 1163-1165. 

Sheldrick, G. M. (1990). Acta Crysr A46, 467--473. 
Sheldrick, G. M. (1991). SHELXTL-Plus. Release 4.1. Siemens 

Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 
Sheldrick, G. M. (1994). SHELXL93. Program for Crystal Structure 

Refinement. Univ. of Grttingen, Germany. 

Acta Cryst. (1994). C50, 1825-1828 

3-Chloro- and 3-Bromo-2-oxopropyl 
p-Toluenesulfonate 

JUDITH A. K. HOWARD, ANDREI S. BATSANOV, 
DAVID O'HAGAN AND JEFFREY WHITE 

dihedral angles of 93.9 (1) and 91.5 (1) ° with each other 
in (1) and (2), respectively, and both are approximately 
perpendicular to the O1,S,C1 plane. This apparently 
unfavourable conformation, on steric grounds, may be 
eased by hyperconjugation in the planar moiety, or by 
donation from the lone pair of O1 onto the a* orbital 
of the X---C10 bond [in both molecules, O1.. .C10 
2.68 ,~]. The latter explanation, however, seems less 
likely as the X--C10 bonds are not weakened, but rather 
are shorter than the average C1---CH2 and Br---CH2 
bond lengths of 1.790 (7) and 1.966 (29),g,, respectively 
(Allen, Kennard, Watson, Brammer, Orpen & Taylor, 
1987), and the S--O1 bond is not lengthened. The cis- 
planar orientation of the halogen and 04  atoms is quite 
common for o~-halogenoketones and can be attributed 
to O.. .CI charge-transfer bonds (e.g. S0rensen, 1974; 
Watson, Go & Purdy, 1973). 
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Abstract 
The crystal structures of 3-chloro-2-oxopropyl p-tol- 
uenesulfonate, C10HlIC104S, and 3-bromo-2-oxopropyl 
p-toluenesulfonate, C10HllBrOaS, were determined at 
150 and 293 K, respectively. They have essentially 
identical molecular structures and conformations, but 
different, though closely related, crystal structures. The 
Cl(or Br) - -CH2--CO--CH2--O chain has an almost 
planar conformation. 

Comment 

The title compounds 3-chloro- (1) and 3-bromo-2- 
oxopropyl p-toluenesulfonate (2) are of interest as 
intermediates in a recently developed synthesis of 
isotopically labelled epichlorohydrins (O'Hagan, White 
& Jones, 1994). In order to provide additional insight 
into the potential reactivity of these molecules, we 
undertook structural studies. 
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The molecular structures of (1) and (2) in the 
crystalline form are essentially identical (Fig. 1). An 
interesting feature to emerge was the conformation of 
the O1,C8,C9,O4,C10,X moiety (X = C1 or Br), which 
is planar to within 0.11 ,~ for (1) and 0.05,~ for (2). 
The planes of this moiety and the benzene ring form 

(l) 

C~014) 

0131 0 1 6 ) ~ C  15) .0 

(2) 

Fig. 1. Molecular structures of compounds (1) and (2), showing 50% 
probability displacement ellipsoids. 

It is noteworthy that the deviation of the C 1 - - S - -  
O1---C8 torsion angle from 0 or 180 ° makes the molec- 
ular conformation chiral and the actual conformations 
of (1) and (2) are those of maximum chirality. 

With the van der Waals radii of C1 and Br being 
similar (1.75 versus 1.85 ~,; see Bondi, 1964), crystals 
of (1) and (2) might be expected to be isomorphous. In 
fact, (1) forms chiral crystals (space group P21) with the 
polarity along the 21 axis defined by parallel orientation 
of S(==O)2 groups along this axis, while (2) crystallizes 
in space group P21/c (Fig. 2) with the unit cell equal 
to that of (1) with the c parameter doubled. The latter 
contains enantiomers differing by rotation of ca 160 ° 
around the S--O1 bond and oriented antiparallel along 
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Fig. 2. Crystal packing of (1) and (2), projected on the (10i) and 
(102) planes, respectively. 

the  21 axis. Secondary  h a l o g e n - h a l o g e n  in teract ions  do  

not  exis t  in e i ther  structure,  the shortest  C1 . . .C l  (4.35 A) 
and B r . . . B r  (3 .97/~)  d is tances  be ing  greater  than van  
der  Waals d is tances  (Bondi ,  1964). 

T h e  crystal  latt ices o f  both  (1) and (2) can be 
conver t ed  into p s e u d o - o r t h o r h o m b i c  by t rans format ions  
2a + c -~  a ' ,  2a  - c --~ c' for  (1), and  a + c --~ 
a ' ,  a - c --. c '  for  (2), but  the  structures possess  
ne i ther  strict nor  approx imate  s y m m e t r y  cor respond-  
ing to any o r tho rhombic  space group.  The  crystal  o f  
(2) is pseudo- isos t ruc tura l  wi th  the  no rma l  (ambien t -  
t empera ture )  phase  o f  4 ,4 ' - d i ch lo rob ipheny l  su l fone  (3), 
k n o w n  for  the stabili ty o f  its i n c o m m e n s u r a t e  phase  be-  
low 1 5 0 K  (Zdfiiga, P6rez-Mato  & Breczewsk i ,  1993), 
and  also wi th  4 ,4 ' - d ib romo-  (4) and  4 ,4 ' - d i i odob ipheny l  
su l fone  (5) (S ime  & W o o d h o u s e ,  1974). Uni t -ce l l  pa- 
rameters  o f  c o m p o u n d s  (3 ) - (5 )  in the  I2/a set t ing are 
s imi lar  to those  o f  (2) in the  P21/a sett ing,  wi th  es- 
sent ia l ly  the same  pack ing  motif .  The  mo lecu l e s  o f  
(3 ) - (5 )  occupy  special  pos i t ions  wi th  S a toms  on  the 
[¼ y 0] twofo ld  axis; a s imilar  pseudo-ax is  exists  in 
the  crystal  o f  (2), ' l i nk ing '  the 4 - m e t h y l p h e n y l -  and 
B r C H E C O C H 2 0  moie t ies ,  w h i c h  have  rather  s imi lar  van  
der  Waals shapes.  

Experimental 
Compound (1) 
Crystal data 

Cl0HnCIO4S 
Mr = 262.70 
Monoclinic 
P21 
a = 10.888 (8)/~ 
b = 5.095 (3) ,~, 
c = 10.923 (8) A 
/3 = 111.16 (5) ° 
V = 565.1 (7) A 3 
Z = 2  
Dx = 1.544 Mg m -3 

Mo Ka  radiation 
A =  0.71073/~ 
Cell parameters from 22 

reflections 
0 = 13-14 ° 

= 0.517 mm -1 
T = 150 (2) K 
Tetragonal prism 
0.48 × 0.13 × 0.11 mm 
Colourless 

Data collection 
Rigaku AFC-6S four-circle 

diffractometer 
20/w scans 
Absorption correction: 

analytical, six faces 
indexed 
Tmin = 0.9158, Tm~, = 
0.9539 

1182 measured reflections 
1118 independent reflections 

1022 observed reflections 
[I > 2or(/)] 

Rim = 0.0341 
0max = 27.31 ° 
h = 0 ---~ 12 
k =  0---~ 6 
l = - 1 3  + 13 
3 standard reflections 

monitored every 150 
reflections 

intensity variation: none 

Refinement 
Refinement on F 2 
R[F 2 > 2or(F2)] = 0.0341 
wR(F 2) = 0.0905 
S = 1.072 
1116 reflections 
149 parameters 
w = 1/[~r2(F 2) + (0.0491P) 2 

+ 0.5576P] 
where P = (Fo 2 + 2F2)/3 

(A/a)max <0.001 

Apmax = 0.522 e /~ -3  
Apmin = -0 .494  e /~ -3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Absolute configuration: 
Flack (1983) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) for  (1) 

Ueq = ( l /3)Y]i~-]jUija i aj a,.aj. 

x y z U~ 
Cl 0.17189 (1 I) 0.2010 (3) 0.04095 (10) 0.0302 (3) 
S 0.21188 (10) 0.9788 (2) 0.46500 (9) 0.0172 (3) 
Ol 0.1747 (3) 0.8044 (7) 0.3369 (3) 0.0189 (7) 
02 0.2973 (3) 1.1728 (7) 0.4447 (3) 0.0217 (7) 
03 0.0927 (3) 1.0568 (7) 0.4827 (3) 0.0238 (8) 
04 --0.0181 (3) 0.2578 (8) 0.1743 (3) 0.0269 (8) 
CI 0.3006 (4) 0.7649 (10) 0.5913 (4) 0.0191 (10) 
C2 0.4303 (4) 0.7003 (11) 0.6077 (4) 0.0202 (10) 
C3 0.4966 (4) 0.5219 (9) 0.7032 (4) 0.0196 (10) 
C4 0.4373 (4) 0.4061 (10) 0.7843 (4) 0.0220 (11) 
C5 0.3094 (4) 0.4787 (13) 0.7670 (4) 0.0262 (10) 
C6 0.2398 (4) 0.6541 (10) 0.6716 (4) 0.0223 (11) 
C7 0.5105 (5) 0.2046 (12) 0.8853 (4) 0.0325 (12) 
C8 0.0625 (4) 0.6268 (11) 0.3077 (4) 0.0233 (11) 
C9 0.0649 (4) 0.4267 (10) 0.2068 (4) 0.0194 (10) 
Cl0 0.1729 (4) 0.4601 (12) 0.1503 (4) 0.0246 (11) 
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Tab l e  2. Selected geometric parameters (,~, o) for (1) 
Cl---CI0 1.778 (5) OI---C8 1.460 (5) 
S----O2 1.428 (3) O4----C9 1.205 (6) 
S---4)3 1.436 (3) C8---C9 1.509 (7) 
S--O1 1.582 (3) C9---C10 1.522 (6) 
S---C 1 1.750 (5) 

O2--S--4)3 120.1 (2) O1--C8---C9 110.1 (3) 
O2--S---O1 102.9 (2) O4--C9--C8 119.3 (4) 
O3--S--4)1 108.6 (2) O4----C9---C10 124.6 (4) 
OI--S----CI 103.8 (2) C8---C9--4210 116.1 (4) 
C8---O1--S 117.9(3) C9---C! 0---CI 111.8(4) 
C6---421--C2 120.8 (4) 

C2--C I--S---OI 75.4 (4) O1--C8---C9---C10 -4.2 (6) 
CI--S--OI---C8 80.3 (3) C8--C9---C10---C1 176.2 (3) 
S----O 1---C8--C9 - 164.2 (3) 

Compound (2) 
Crystal data 
Cl0HllBrO4S Mo Ko~ radiation 
Mr = 307.16 A = 0.71073/~, 
Monocl inic  Cell parameters  from 24 
P21/ c reflections 

a = 11.002 (2) A, 0 = 13.5-14.5 ° 
b = 5.160 (2) A, # = 3.606 m m  - I  
c = 22.490 (3) A, T = 293 (2) K 
/3 = 110.48 (3) ° Plate 
V = 1196.3 (3) /~3 0.51 X 0.22 X 0.10 m m  
Z = 4 Colourless 

D ,  = 1.706 Mg m -3 

Data collection 
Rigaku AFC-6S four-circle 

di f f ractometer  
20/w scans 
Absorption correction: 

analytical,  six faces 
indexed 
Tm~n = 0.4143, Tmax = 
0.7165 

2893 measured  reflections 
2752 independent  reflections 

Refinement 
Refinement  on F 2 
R[F 2 > 2o.(F2)] = 0.0401 
wR(F 2) = 0.0877 
S = 1.117 
2751 reflections 
149 parameters  
w = 1/[o'2(Fo 2) + (0.0362P) 2 

+ 1.0468P] 
where  P = (Fo 2 + 2F 2)/3 

1550 observed reflections 
[1 > 2o'(1)] 

Rint = 0.0288 
0max = 27.50 ° 
h = - 1 4  ---~ 0 
k = - 6 - - o  0 
l = - 2 7  ~ 29 
3 standard reflections 

moni tored every  150 
reflections 

intensity variation: 0.2% 

(A/or)max = - 0 . 0 0 9  
mpmax = 0.344 e A, -3 
mpmin = - 0 . 3 4 0  e A, -3 
Extinction correction: none 
Atomic  scattering factors 

f rom International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Tab le  3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) for (2) 

Ueq = (1/3)EiEjUija~ aT ai.a j. 
x y Z Ueq 

Br 0.16417 (5) 0.19840 (I 1) 0.01966 (2) 0.0619 (2) 
S 0.21392 (9) 0.9838 (2) 0.23277 (5) 0.0327 (2) 
Ol 0.1776 (2) 0.8066 (5) 0.17120 (11) 0.0351 (6) 
02 0.2994 (3) 1.1711 (5) 0.22244 (13) 0.0425 (7) 
03 0.0971 (3) !.0660 (6) 0.24121 (13)  0.0418 (7) 
04 -0.0184 (3) 0.2805 (6) 0.09153 (15) 0.0559 (9) 

c1 0.2986 (3) 0.7725 (7) 0.2942 (2) 0.0306 (9) 
c2 0.4257 (4) 0.7088 (8) 0.3032 (2) 0.0364 (9) 
c3 0.4901 (4) 0.5343 (9) 0.3502 (2) 0.0420 (10) 
c4 0.4289 (4) 0.4246 (9) 0.3889 (2) 0.0418 (10) 
c5 0.3028 (4) 0.4939 (10) 0.3798 (2) 0.0512 (12) 
c6 0.2356 (4) 0.6669 (9) 0.3323 (2) 0.0450 (11 ) 
c7 0.4994 (5) 0.2299 (10) 0.4393 (2) 0.0639 (14) 
c8 0.0665 (4) 0.6369 (8) 0.1575 (2) 0.0404 (10) 
c9 0.0660 (4) 0.4416 (8) 0.1073 (2) 0.0370 (10) 
ClO 0.1735 (4) 0.4637 (8) 0.0809 (2) 0.0435 (11) 

Tab l e  4. Selected geometric parameters (/~, °)for (2) 

Br---CI0 1.920 (4) O1--428 1.447 (5) 
S--O2 1.424 (3) O4----C9 1.204 (5) 
S---O3 1.428 (3) C8--C9 1.512 (5) 
S---4)1 1.590 (3) C9--C10 1.501 (5) 
S--C1 1.750 (4) 

O2--S---O3 119.8 (2) O1---C8---C9 110.2 (3) 
O2--S---O1 103.1 (2) O4--C9---C10 124.7 (4) 
O3--S---O1 108.9 (2) O4----C9---C8 118.7 (4) 
O1--S---C1 103.4 (2) C10---C9---C8 116.5 (4) 
C8-----<) 1--S 118.0 (2) C9---CIO--Br 112.2 (3) 
C2----C 1----C6 120.9 (4) 

C2---C1--S---O1 76.9 (3) O1--C8---C9---C10 - 1.6 (5) 
CI--S---O1---C8 80.6 (3) C8---C9---CI0--Br 178.2 (3) 
S---O1--C8--C9 - 166.7 (3) 

Varied-temperature experiments  were carried out using a 
Cryost ream (Oxford Cryosys tems)  l iquid-nitrogen cooling de- 
vice. For (1), at room temperature  a = 10.984 (2), b = 

5.161 (1), c = 10.988 (2) A, /3 = 110.82(1) ° , V =  582 .2 (2 ) /~  3 
and no phase transition was detected between this tempera-  
ture and that of  data collection (150 K). For (1), the abso- 
lute configuration could not be est imated unequivocally,  the 
Flack parameter  (Hack,  1983) converged to - 0 . 0 7  (14) for 
the 'direct '  and to 0.27 (14) for the inverted structure, and R 
factors were only marginally higher  for the latter [wR(all) = 
0.1063, wR(obs) = 0.0982, R(all) = 0.0427, R(obs) = 0.0344, 
S = 1.181]. All non-H atoms were refined with anisotropic 
displacement  parameters.  All H atoms were found by differ- 
ence Fourier  synthesis, but included in the refinement as part 
of  a r igid-body (methyl)  or riding model  (for CH3 and CH2, 
U refined). 

MSC/AFC Diffractometer Control Software (Molecular  
Structure Corporation, 1988) was used for data collection and 
cell determination,  and TEXSAN software (Molecular  Structure 
Corporation, 1989) for data reduction and absorption correc- 
tion (De Meulenaer  & Tompa, 1965). The latter gave negligi- 
ble improvement  for (1), but a significant improvement  for (2) 
[without correction, R(obs) = 0.056, mpmax -- 0.93, mpmin - 
- 0 . 9 1  e ,~-3]. Both structures were solved by direct methods  
using SHELXS86 programs (Sheldrick, 1990) and refined using 
SHELXL93 programs (Sheldrick, 1994). Material was prepared 
for publication with SHELXL93 and molecular  graphics were 
obtained using SHELXTL-PIus software (Sheldrick, 1991). 

W e  t h a n k  t h e  D e f e n c e  R e s e a r c h  A g e n c y  ( D R A ) ,  

M a t e r i a l s  a n d  S t r u c t u r e s  D e p a r t m e n t ,  F a r n b o r o u g h ,  f o r  

f u n d i n g  this  w o r k ,  S E R C  f o r  f i nanc i a l  s u p p o r t  ( to  A S B )  

a n d  D r  D a v i d  J o n e s  o f  D R A  f o r  f ru i t f u l  d i s c u s s i o n s .  

Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
HUll09). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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is E and the bond lengths in the thiosemicarbazono 
groups indicate delocalization of  the electrons of  the N 
atoms. The planes of  the aryl groups are approximately 
parallel to each other. One of  the two cyclohexenone 
rings is in a twist-chair conformation and the other is in 
a twist-boat conformation. 

Comment 
Recently, the anticonvulsant activity of a number of 
Mannich bases has been described (Dimmock, Jon- 
nalagadda, Phillips, Erciyas, Shyam & Semple, 1992). 
These compounds are known to undergo facile de- 
amination, producing the corresponding a,/3-unsaturated 
ketones (Tramontini & Angiolini, 1990) which may be 
the moieties responsible for bioactivity. Since various 
thiosemicarbazones have displayed anticonvulsant prop- 
erties (Dimmock, McColl, Wonko, Thayer & Hancock, 
1991), the synthesis of thiosemicarbazones of conju- 
gated enones such as (2) was considered with the aim of 
producing novel, prototypic anticonvulsant agents. How- 
ever, reaction of (1) with thiosemicarbazide produced 
(3) as indicated in the scheme below. The structure of 
(3) is reported here and Fig. 1 shows an ORTEPII (John- 
son, 1976) diagram of this compound. 
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Abstract 
In an attempt to produce 2-methylene-l-tetralone 
thiosemicarbazone,  the reaction of  2-methylene-1- 
tetralone with thiosemicarbazide in ethanol containing 
catalytic quantities of  acetic acid afforded the title 
compound,  2-[2-(2-hydroxy- 1-oxo- 1,2,3,4-tetrahydro-2- 
naphthyl)ethyl]- 1,2,3,4-tetrahydronaphthalen- 1 -one 
1-thiosemicarbazone, C23H25N302S, whose structure is 
reported here. The configuration of  the carbimino group 

N3 C9 ~ ' S ~  N3 C9 ~ -  

- "~CII 

C 2 1 ~ ~  °2 C2 02 

- c ~  -~'c17 ~l~ "~cl7 

Fig. 1. A stereoscopic ORTEPII (Johnson, 1976) view of the 
title compound. Displacement ellipsoids are plotted at the 50% 
probability level. 
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