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4458 measured reflections 
4182 independent  reflections 
2066 reflections with 

I > 2o(/)  
Ri.t = 0.101 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(/72)] = 0.072 
wR(F 2) = 0.121 
S = 1.225 
4117 reflections 
343 parameters 
H atoms constrained 
w = l/[o.2(F d) + (0.0683P) 2] 

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

2 standard reflections 
every 98 reflections 
intensity decay: 5% 

(-"~/O')max < 0.001 
Apmax = 0.23 e f i -3  
Aprnin = --0.37 e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table  1. Selected geometric parameters  (A, °) 

NI--C2 1.446 (4) C5---C6 1.352 (5) 
N2--C4 1.432 (4) C7--C8 1.395 (4) 
N3--C6 1.438 (4) C7--CI 3 1.415 (4) 
CI---C6 1.489 (4) C8---C9 1.384 (4) 
CI--C2 1.493 (4) C9---C10 1.378 (5) 
C2--C3 1.367 (5) CI0--CI 1 1.393 (5) 
C3--C4 1.385(4) CI 1---C12 1.391 (5) 
C4---C5 1.385 (4) C12---CI3 1.376 (4) 

C3--C2----C 1 124.0(3) C8---C7---C 13 131.1 (3) 
C2---C3---C4 120.3 (3) C10----C9---C8 130.4 (3) 
C3---C4---C5 120.6(3) C9--CI0~CI 1 131.4(4) 
C6--C5--C4 120.6(3) CI 2---C1 l---C10 129.1 (3) 
C5---C6--C1 124.6 (3) C12--CI 3---C7 132.7 (3) 

C13--O8--CI---O7 -3.7 (3) CI---O8--C13---C7 3.8 (3) 
C7---O7---CI ~O8 2.2 (3) O7---C7-~ 13---O8 -2.4 (3) 
C 1--O7~C7---C 13 -0.1 (3) 

Tab le  2. Intramolecular contact distances (A ) and van der 

Waals radii 

O1. • .C7 
OI. .C13 
02. .H3 
03. .H3 
04. -H5 
05- .H5 
O6..C7 
06. .C13 

Radius-[ 
2.816 (4) 3.00 
2.777 (4) 3.00 
2.369 (5) 2.45 
2.428 (5) 2.45 
2.395 (4) 2.45 
2.359 (4) 2.45 
2.896 (4) 3.00 
2.959 (4) 3.00 

t van der Waals radii are taken from Zefirov & Zorky (1989). 

The slightly high value of  R~ is attributed to the limited quality 
of  available crystals. 

Data collection: P3 (Siemens, 1989). Cell refinement: P3. 
Data reduction: PROFIT (Strel ' tsov & Zavodnik,  1989). 
Program(s) used to solve structure: SHELXTL-Plus (Sheldrick, 
1994). Program(s) used to refine structure: SHELXTL-Plus. 
Molecular graphics: SHELXTL-Plus. Software used to prepare 
material for publication: SHELXTL-Plus. 

T h i s  w o r k  was  s u p p o r t e d  by  the  R u s s i a n  F o u n d a t i o n  

for  Bas ic  R e s e a r c h  (g ran t  Nos .  9 7 - 0 3 - 3 3 7 8 3  and  96 -15-  

97367) .  
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A b s t r a c t  

T h e  crys ta l  s t ruc tu re  o f  the  t i t le c o m p o u n d ,  CI2H14OS2,  
s h o w s  a 1 ,3 -d i th i ane  r ing  a d o p t i n g  a cha i r  c o n f o r m a -  
t ion  w i th  the  2 - b e n z o y l  g r o u p  o r i e n t a t e d  axial ly.  T h e  
c a r b o n y l - O  a t o m  lies a b o v e  the  h e t e r o c y c l e ,  bu t  is 
a s y m m e t r i c a l l y  d i s p o s e d  wi th  r e spec t  to b o t h  S a t o m s .  
T h u s ,  the  c o n f o r m a t i o n  can  m a i n l y  be  d i s c u s s e d  on  the  
bas is  o f  e lec t ros ta t i c  d i p o l e - d i p o l e  a t t rac t ion  ( a n o m e r i c  
ef fec t )  o f  the  C - - S  and  C = = O  d ipo les ,  t o g e t h e r  w i th  
exo-orientation o f  the  p h e n y l  g r o u p  as a c o n s e q u e n c e  o f  
its s ter ic  d e m a n d .  T h e  o b s e r v e d  b o n d  d i s t ances  do  no t  
s u p p o r t  an  n--,o-* d e l o c a l i z a t i o n  as a f u r t he r  r ea son  for  

the  axial  o r i en t a t i on  o f  the  c a r b o n y l  g roup .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM1362). Services for accessing these 
data are described at the back of the journal. 

C o m m e n t  

2 - A c y l - l , 3 - d i t h i a n e s  r e p r e s e n t  i m p o r t a n t  k e y  i n t e r m e d i -  
ates  and  may ,  af ter  s u l f o x i d a t i o n ,  be u s e d  as s t e r e o c o n -  
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trol elements for a wide variety of synthetic transfor- 
mations, principally involving carbonyl-group reactivity 
(Page et al., 1996). Furthermore, chiral building blocks 
for the synthesis of optically active secondary alcohols 
and a-hydroxy ketones can be obtained directly and 
with high enantiomeric excess by enantioselective re- 
duction of the basic compounds (DeNinno et al., 1990). 
For steric reasons 2-acyl-1,3-dithianes exhibit interesting 
conformational behaviour with the acyl group orientated 
axially, as deduced from NMR spectroscopy (Juaristi et 
al., 1986). 

In the course of our investigations directed at new 
chiral synthons from 2-acyl-l,3-dithianes we have now 
carried out the crystal structure determination of the title 
compound, (I). As expected the 1,3-dithiane ring adopts 
a chair conformation. The bond distances are normal and 

s s 
MeXC--~O 

(5 
(I) 

are similar to those found for other 2-substituted 1,3-di- 
thianes, e.& 2-phenyl-l,3-dithiane with C--S  at 1.80 (3) 
and 1.79A, C- -C at 1.51 (3) and 1.46(3),~, (Kalff 
& Romers, 1966), 2-methyl-2-triphoenylsilyl-1,3-dithiane 
with C--S at 1.815 (3) and 1.824A, C- -C at 1.497 (6) 
and 1.505(6),~ (Bryan et al., 1978), 2-[1,3]-dithia- 
nyldiphen~clphosphine oxide with C--S  at 1.809 (3) and 
1.810(3)A, C---C at 1.517 (5),~ (Juaristi et al., 1984), 
2-inethyl-2-(4-nitrophen),l)-l,3-dithiane with C--S  at 
1.813 (6) and 1.820 (6)A, average C- -C 1.523 .A, (Fink 
& Stahl, 1985) and 2-(1,3-dithian-2-ylidenemeth.y1)- 1,3- 
dithiane with C--S  at 1.799 (7 ! and 1.792 (7)A, C - -  
C at 1.501 (11) and 1.497(10)A (Dziadulewicz et al., 
1989); they do not differ greatly from the standard 
values for oCsp3----S and Csp3--Csp 3 [1.819(19) and 
1.530(15)A; Allen et al., 1987]. The benzoyl group 
at C4 is orientated axially; its O atom lies above the 
heterocycle but is asymmetrically disposed with respect 
to both S atoms. The torsion angles S1--C4---C5--  
O and $2--C4---C5--O are -98.5  (2) and 24.2(3) °, 
and the molecule (I) thus deviates significantly from 
Cs-symmetry. The bulky aryl group is orientated away 
from the dithiane ring and furthermore twisted with 
respect to the plane of the carbonyl group. The relevant 
torsion angles O--C5--C6--C11 and O- - C5- - C6- - C7  
are equal to -37.1 (3) and +139.6 (2) ° . 

The fact that the benzoyl group is orientated axially 
can be interpreted on the basis of the 'anomeric effect' 
(Eliel, 1972) and so mainly rationalized in terms of 
stabilization by dipole-dipole attraction of the C--S  and 
the C~---O dipoles. A second common explanation of the 
anomeric effect can be given in terms of delocalization 
of the lone pair on the endocyclic heteroatom into 

the antiperiplanar (axial) adjacent polar bonds (Romers 
et al., 1969). According to the latter interpretation, 
the presence of significant n s ~ or* interactions should 
be manifested in shortened C4--S1 or C4 $2 and 
elongated C4 C5 distances in the axial versus the 
equatorial isomer. However, in the absence of data 
for the equatorial conformer of (I), no conclusion 
can be drawn at present as to whether these bonds 
are shortened with respect to those in the equatorial 
conformer. The C4--C5 bond distance of the title 
compound (I) is, at 1.536 (3),~,, only slightly elongated 
with respect to the relevant Csp3--C~-----O distance 
in the reference compound 1-benzoyl-4-tert-butyl-1- 
methylcyclohexane, for which a value of 1.527 (4) has 
been determined recently (Fu et al., 1997) and for 
which a stereoelectronic stabilization as a consequence 
of the absence of heteroatoms in the ring can be strictly 
ruled out. Supporting this argument, it is known that 
stereoelectronic stabilization is indeed not valid for 
all types of 2-substituted 1,3-dithianes, as has been 
demonstrated for 1,3-dithianyldiphenylphosphine oxide, 
which bears an axially orientated PO group (Juaristi et 
al., 1984). The C- -P  bond distance in the reference 
compound, r- 2-( diphen y lphosphino y l )-c-4,c-6-dimethyl- 
1,3-dithiane (Juaristi et al., 1984), which bears an 
equatorially orientated diphenylphosphinoyl group, is 
significantly longer than that in the axial compound, 
mentioned above. This observation, together with the 
mean S 1--C2 bond lengths of both compounds, which 
do not show any significant difference, are thus contrary 
to the expectations, if an ns~cr*c_p interaction made 
an important contribution to the axial conformation of 
the basic compound, i.e. such an interaction would have 
been manifested in shortened C--S  and elongated C- -P  
distances in the axial versus equatorial form. 

C 4 ~  2 C 3 ~  

CI0 
Fig. I. Perspective drawing (ZORTEP: Zsolnai, 1993) of the title 

compound indicating the atom labelling. Displacement ellipsoids 
are drawn at the 50% probability level. 

The steric crowding at C4 of (I) leads to significant 
alterations of the angles within the heterocycle. As 
compared with the structure parameters of 2-phenyl- 
1,3-dithiane the molecule (I) is more puckered in the 
C - - C - - C  region as is indicated by the lower values 
for the S - -C- -C ,  C - - C - - C  and S - - C - - S  angles, 
whereas a pronounced flattening at the opposite side 
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o f  the r ing  is assoc ia ted  wi th  the open ing  o f  the 
C - - S - - - C  angle  to 104 .90 (12)  °. C o m p a r a b l e  va lues  
for  the C - - S - - - C  angles  o f  2 - p h e n y l - l , 3 - d i t h i a n e ,  2- 
me thy l -2 - t r i pheny l s i l y l -  1 ,3-di thiane,  2-[ 1 ,3]-di th ianyldi -  
p h e n y l p h o s p h i n e  oxide ,  2 - m e t h y l - 2 - ( 4 - n i t r o p h e n y l ) - l , 3 -  
d i th iane  and  2-( 1 ,3 -d i th i an -2 -y l idenemethy l ) -  1,3-dithia-  
ne  are 9 9 . 2 0 ( 1 5 )  and  100 .90 (15)  °, 102 .6 (2 )  and 
101.7 (2) °, ave r age  101.3 (1) °, 101.4 (3) and 100.9 (3) ° 
and  101.4 (4) and  100.4 (3) ° . Assoc ia t ed  tors ion angles  
C 1 - - S 1 - - - C 4 - - $ 2  and  C 3 - - $ 2 - - - C 4  S1 for  the S - -  
C - - S  m o i e t y  are - 5 5 . 2 2 ( 1 5 )  and  5 1 . 2 3 ( 1 5 ) ° ;  C 1 - -  
C 2 - - - C 3 - - $ 2  and  S1- - -C1- - -C2- - -C3  for  the C- - -C- - -C  
m o i e t y  are  61.9 (3) and - 6 8 . 5  (3) ° . 

Experimental 

The N-acylation of N,O-dimethylhydroxylamine hydrochloride 
was performed according to DeVoss et al. (1994) start- 
ing with benzoyl chloride (1.95 g, 13.9 mmol) and N,O-di- 
methylhydroxylamine hydrochloride (1.50 g, 15.4 mmol) in 
anhydrous trichloromethane (150 ml). The crude N-methoxy- 
N-methylbenzamide needs no further purification and was 
added, diluted in dry tetrahydrofuran (THF) (50ml),  over 
a period of 30 rain at 188 K to a stirred solution of 2-1i- 
thio-2-methyl-1,3-dithiane in anhydrous THE The latter com- 
pound was prepared by the method of Seebach & Corey 
(1975), by lithiation of a 0.5 M solution of 2-methyl-l ,3-di- 
thiane (2.07 g, 15.4 mmol) in anhydrous THF with a 1.6 M 
solution of n-butyllithium in n-hexane. The reaction mixture 
was then warmed in 3 h to 273 K and diluted with a satu- 
rated aqueous solution of ammonium chloride. After extrac- 
tion with diethyl ether/dichloromethane (100 ml, 1:1) and dry- 
ing over sodium sulfate, the solvents were removed under 
reduced pressure. The solid thus obtained was recrystallized 
from methanol/water (2:1) to give 2-benzoyl-2-methyl-l,3-di- 
thiane (1.16g, 35% yield), m.p. 371-372 K [literature 372- 
373 K (Page et al., 1988)]. Crystals of X-ray quality were 
grown from the same solvent mixture. 

Crystal data 

CI2H14052  Mo K a  radiation 
Mr = 238.35 A = 0.71073 ,~, 
Monoclinic Cell parameters from 25 
P'21/ n reflections 
a = 6.056(1) ,4, 0 = 16-18 ° 
b = 26.822 (3) A # = 0.414 mm - t  
c = 7.713 (1) ~, T =  298 (2) K 
/3 = 106.61 (1) ° Plate 
V= 1200.6 (3)~,3 0.60 x 0.40 x 0.10 mm 
Z = 4 Colourless 
Dx = 1.319 Mg m -3 
Dm not measured 

Data collection 

Enraf-Nonius CAD-4 1433 reflections with 
diffractometer I > 2o'(/) 
scans  Rint = 0.032 

Absorption correction: 
refined from A F  (Walker 
& Stuart, 1983) 
Tm,, = 0.738, Tmax = 1.000 

4196 measured reflections 
2107 independent reflections 

0max = 25.01 ° 
h = - 7  ---, 7 
k = - 3 1  ---,0 
1 = - 9  ---, 9 
2 standard reflections 

frequency: 120 min 
intensity decay: 1% 

Refinement 

Refinement on F 2 
R[F 2 > 2~r(F2)] = 0.038 
wR(F 2) = 0.079 
S = 0.999 
2107 reflections 
136 parameters 
H-atom parameters 

constrained 

w = 1/[o-2(Fo 2) + (0.0339P) 2 
+ 0.0388P] 

where P = (Fo 2 + 2F,.2)/3 
(m/O')max < 0.001 
Aprnax = 0.19 e /~,- 3 
Apmin = - 0 . 1 6  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for  
Crystallography (Vol. C) 

Table  1. Selec ted  geometr ic  parame te r s  (,4, °) 

SI---CI 1.801 (3) C1---C2 1.511 (4) 
SI-----C4 1.821 (2) C2~C3 1.505 (4) 
$2--C3 1.804 (3) C4--C4A 1.523 (3) 
$2--C4 1.814 (2) C4---C5 1.536 (3) 
CI--SI---C4 101.42 (12) C3---C2--CI 113.3 (2) 
C3--$2---C4 104.90 (12) C2---C3--$2 115.2 (2) 
C2---C I--S 1 113.5 (2) 
SI--CI--C2--C3 -68.5 (3) $2--C4--C5--O 24.2 (3) 
C1--C2--C3--$2 61.9 (3) S 1----C4--C5--O -98.5 (2) 
C3--$2~-C4---S I 51.23 (15) ~ 5 ~ C 6 - - - C 7  139.6 (2) 
C1--S1--C4---$2 -55.22 (15) O---C5--C6--C11 -37.1 (3) 

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1995). 
Cell refinement: CAD-4 EXPRESS. Data reduction: XCAD4 
(Harms, 1993). Program(s) used to solve structure: SHELXS97 
(Sheldrick, 1990). Program(s) used to refine structure: 
SHELXL97 (Sheldrick, 1997). Molecular graphics: ZORTEP 
(Zsolnai, 1993). 

IS thanks  the Universi t i i t  G e s a m t h o c h s c h u l e  Kasse l  
for  f inancial  suppor t  o f  this w o r k  t h rough  the Zen t r a l e  

F o r s c h u n g s f 6 r d e r u n g .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: JZ1341). Services for accessing these 
data are described at the back of the journal. 
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synthetic potential of the title iodinated compound, N- 
benzyl-N-(2-iodo-4-methylphenyl)cinnamamide, (I), and 
those of other acyclamides which react with a wide 
range of nucleophilic compounds and which therefore 
present new possibilities in the synthesis of heterocyclic 
compounds (Augustin et al., 1980). We have undertaken 
the X-ray structure analyses of the two title compounds, 
(I) and N-benzyl-N-(p-tolyl)cinnamamide, (II), as an ex- 
tension of studies of the molecular packing of cinnam- 
amide derivatives. 

Me Me 

o o 
(I) (II) 

The bond lengths and angles of the cinnamamide 
group in (I) and (II) are comparable with the analogues 
N-methyl-2'-nitrocinnamanilide (Subramanian et al., 
1999) and N-(4-chloro-2-iodophenyl)-N-methylcinnam- 
amide (Renganayaki et al., 1999) reported by our group, 
and with other reported values (Iwamoto & Kashino, 
1990; Iwamoto et al., 1989). The C--I  distance in (I) 
is comparable with the values of the para-substituted 
compounds [2.088(4) (Elmali & Elerman, 1997) and 
2.085 (4)A (Banerjee et al., 1994)]. The widening of 
the C1---C7--C8 angle [127.8 (3) ° in (I) and 128.5 (3) ° 
in (II)] is due to the intramolecular repulsion of C2 
and C8 [C2-..C8 = 3.034 (5),~, in (I) and 3.045 (4),~, 
in (II)] and perhaps also to the attractive intramolecular 
force between C7 and O10 [C7.--O10 = 2.818 (5) in (I) 
and 2.788 (3) ,~, in (II)]. Structural studies reveal that the 
exocyclic N11 atom is sp 2 hybridized despite forming 
three valence bonds. The inner angle at C22 is smaller 
[C21---C22--C23: 118.6(3) ° in (I) and 117.1 (3) ° in 
(II)] than the sp 2 angle commonly observed at methyl- 
substituted C-atom positions (Dominicano et al., 1975). 

(Received 13 May 1999; accepted 14 September 1999) 

Abstract 
The cinnamamide moiety in the crystals of the title 
compounds, C23H20INO, (I), and C23H21NO, (II), is 
almost planar and the benzyl ring is twisted through 
60.4 (4) and 63.6 (1) ° with respect to this moiety in (I) 
and (II), respectively. In the unit cell, the molecules exist 
as dimers joined through C - - H . . - O  hydrogen bonding. 

Comment 
Cinnamoyl anilides are substrates for cyclization to bi- 
ologically active five-membered 2-oxindole derivatives 
and six-membered 2-oxyquinolines by photochemical 
methods, ortho-Iodinated anilides are used for the same 
reaction by electrochemical methods. Interest lies in the 

.. C25 .. 

C22 ~ . - - ~ '  

C21 '~ ' ,  C ~ ll 

C20 ~ ~r '  3 
. C19 k ~ ~ C 3  

C18 -' " -' . f 
" ~ 5  ~ O10 ~., 

Fig. I. The structure of (1) showing 50% probability displacement 
ellipsoids and the atom-numbering schemc. H atoms are shown as 
spheres of arbitrary radii. 
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