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Crystals of 3-phenyl'l-propene-l,3-dione-l-(dimethyl mercaptole), Cl1H12082, belongto the mono- 
clinic system, a=5.972 (7), b= 10.382 (25), C = 19"536 (!1), t =  109.42 (2) °, space group P21/c, Z = 4  
molecules per cell. The structure was solved by direct methods using Cu K~ diffractometric intensity 
data. The molecule shows an S. ,. O distance of 2.727 (10)/~. 

3-Phenyl- 1-propene- 1,3-dione- 1-(dimethyl mercaptole) 
PDM, (I), was the: second compound whose crystal 

H3--C(10)-- S(1)__C('I)! , .  . :  .C(3)~ - - - ~  

H3--0(11) H " " 

f l )  

structure was examined in order to add more to our 
understanding o f  the S . . . O  interaction. Enough is 
known of this type of interaction to expect that the 
central part of a molecule such as (I) will almost cer- 
tainly be fiat with sulphur quite close to oxygen. Crys- 
tal structure analysis Confirms this. 

Experimental 

Crystals of PDM prepared by Kelber's 0910)method 
were kindly supplied by Professor P. Yates. They were 
obtained as somewhat poor!y formed yellow needles, 
elongated along the monoclinic y axis, on crystallization 
f rom an ethyl acetate, pentane mixture. 

Initial photographic examination of the crystals 
showed them to be monoclinic, space group P2i/c .  
Subsequently they were studied with a Picker auto- 
mated four-circle diffractometer using Ni-filtered Cu 
Kc< radiation. A least-squares refinement based on 20 
of 42 reflexions gave the following cell dimensions: 
a=5.972 (7), b=10.382 (25), c=19.536 (11)A,  t =  

109.42 (0.02) ° whence V= 1142.3/13. The crystal den- 
sity, by flotation in n-hexane/carbon tetrachloride was 
1.26s: g.cm -3 which, using a molecular weight of 224.3, 
calculates to 1.304 g.cm -a for four molecules of PDM 
per cell. 

Intensity data were collected in 0-20 scanning mode 
with A1 foil attenuators for counting rates in excess of 
104 sec -1. The scanning range A(20) used was 1.80+ 
0.86 tan 0m degrees where 0m was the computed position of 
the diffraction maximum for a meanweightedwavelength 
(Alexander & Smith, 1964). The maximum usable 20 was 
130 °. Only the independent reflexions were measured. 

The crystal used for data collection measured 0.1 x 
0.1 x0.3 mm (along y) and, with/z=36.01 cm -1, no 
absorption corrections were made. Standard deviations 
in Fo were calculated by the statistical treatment given 
by Cetlin & Abrahams (1963); Abrahams (1964) and 
Abrahams & Bernstein (1965). Reflexions were regar- 
ded as unobserved if the background-corrected inten- 
sity was zero or negative and with a maximum possible 
intensity of 20 counts. If 0 < [Fol < a(lFo[), the reflexion 
was retained with structure amplitude IFol but still 
regarded as unobserved. Of the 1882 independent in- 
tensity measurements made, 322 were classified as un- 
observed. 

The structure was solved by the symbolic addition 
procedure, Karle & Karle (1966). Conversion of Fo to 
normalized structure factors, E, was carried out by the 
method described by Norment (1961). There were 91• 
independent reflexi0ns with IE[>2-0 and 242 with 
ILl >- 1.5 and reasonably uniform distribution between 
the eighty parity groups. Using only one symbol it was 
possible to generate phases for 198 reflexions from ~z 
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relations with a strong indication that this symbol was 
of negative phase. With this assignment the E map 
showed clearly all the non-hydrogen atoms (except the 

carbon atoms of the methyl groups). These atoms were 
then used to phase all the reflexions allowing the two 
missing carbon atoms to be located. A check on the 

Table 1. Final atomic coordinates, anisotropic thermal parameters (A 2) and their standard deviations 
The temperature factor T is of form exp [ -  ¼(h2a*ZBl I + k2b*2B2z + 12c'2B33 + 2hka*b*B]2 + 2hla*c*Bl 3 + 2klb*c*B23)] . 

104x 104y 1042 102BII 102B22 102B33 102B12 102B13 102B23 
S(1) 5264 (5) 1585 (3) 4812 (15) 334 (15) 303 (12) 403 (14) 6 ( l l )  15 (11) 96 (11) 
S(2) 7300 (5) 4107 (3) 4649 (15) 353 (15) 328 (13) 436 (15) - 5 6  (12) 7 (11) 64 (11) 
O 684 (13) 1511 (7) 3895 (38) 356 (39) 284 (33) 524 (39) 15 (30) - 13  (32) 204 (31) 
C(I) 4843 (17) 3079 (9) 4378 (55) 249 (47) 267 (46) 297 (49) - 6 2  (38) 24 (40) -51  (39) 
C(2) 2739 (18) 3433 (10) 3857 (58) 329 (51) 260 (44) 437 (57) 32 (42) 115 (45) 44 (45) 
C(3) 729 (18) 2580 (9) 3610 (56) 374 (55) 210 (44) 348 (50) 19 (40) 72 (42) - 4 9  (41) 
C(4) - 1386 (19) 3024 (10) 2982 (55) 365 (56) 239 (47) 301 (49) 76 (42) 97 (43) 0 (40) 
C(5) -1223 (20) 3986 (11) 2509 (59) 393 (62) 496 (59) 361 (53) 138 (53) 90 (49) 145 (50) 
C(6) -3262 (21) 4356 (11) 1934 (60) 371 (62) 428 (64) 425 (57) 30 (54) 9 (48) - 8 6  (50) 
C(7) -5435 (22) 3732 (13) 1840 (62) 403 (67) 563 (79) 413 (60) 132 (58) 39 (51) - 9 2  (54) 
C(8) -5569 (21) 2729 (11) 2312 (63) 386 (66) 370 (57) 410 (60) - 5  (49) - 2 5  (52) - 9 4  (49) 
C(9) -3546 (19) 2363 (11) 2874 (61) 286 (54) 403 (59) 450 (57) -148 (47) 111 (47) -279  (50) 
C(10) 8446 (19) 1558 (12) 5355 (64) 275 (53) 310 (60) 602 (72) 44 (49) -166  (50) 44 (57) 
C(11) 6406 (20) 5491 (10) 4045 (60) 499 (65) 288 (48) 564 (62) 68 (48) 97 (51) 299 (47) 

Table  2. H y d r o g e n  pos i t i ons  

(a) as observed from a difference synthesis and used in Fc; (b) as calculated making normal angle assumptions and assuming a 
C-H length of 1.075 A 

(a) (b)  
Attached 

Atom to carbon 104x 104y 104z 104x 104y 1042 
atom 

H(1) C(2) 2450 4220 3510 2593 4382 3636 
H(2) C(5) 240 4750 2610 451 4447 2581 
H(3) C(6) -3900 4830 1490 -3159 5111 1569 
H(4) C(7) -6850 4160 1440 -7001 4021 1406 
H(5) C(8) -7200 2190 2300 -7130 2250 2237 
H(6) C(9) - 3550 1780 3400 - 3622 1580 3226 
H(7) C(10) 8520 680 5330 8706 639 5619 
H(8) C(10) 9720 1580 4950 9520 1645 5011 
H(9) C(10) 8850 2170 5700 8874 2325 5747 
H(10) C(11) 8050 6000 4160 7918 6121 4211 
H(11) C(I 1) 6000 4900 3540 6012 5203 3489 
H(12) C(ll)  5300 6180 4210 4878 5954 4109 

C(8 )_  , 

o O'-~,,~,Y X.Jc(5) 

, ~o~. 2.727(10) ~.~ 

. . . . . . . .  Y 

(.-) . . . .  S(2)k. A -  %...) Me(11) 
- MeO0) ~z) 

,, / 

o.22j2/ , ......... , . ,  

)_2 2. :~..,) 

~- I04.4(~ 

Fig. 1. Atomic numbering scheme, bond lengths, bond angles and perspective view of a molecule of PDM seen from about 
80 A, showing 50 % probability thermal ellipsoids (Johnson, 1965). 

A C 2 7 B  - 8 *  
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original 198 phases showed that only one reflexion, 
hkl=254 with IE1=1"58, had been given the wrong 
sign. 

Refinement was by minimization of X(wlFol- IFcl) 2 
using a local version of ORFLS (Busing, Martin & 
Levy, 1962) with scattering factors of neutral atoms 
taken from International Tables for X-ray Crystallo- 
graphy (1962). The inclusion of unobserved reflexions 
had no significant effect on final non-hydrogen param- 
eters. The atomic numbering scheme is given in Fig. 1 
and the atomic parameters listed in Table 1. A difference 
synthesis revealed the positions of all the hydrogen 
atoms. A comparison between the observed coordinates 
and those expected, using a C-H length of 1.075 A is 
given in Table 2 assuming that one C-H bond of each 
methyl group is parallel to S(2)-C(1). 

Hydrogen atoms at their observed positions and with 
the anisotropic thermal motion parameters of the atoms 
to which they are attached were included in the final 
Fc calculation given in Table 4. The scattering factor 
curve used was that given in International Tables for 
X-ray Crystallography (1962). The conventional R 
values are 0.119 for all reflexions and 0.10 when un- 
observed reflexions are omitted. 

Discussion 

Bond lengths and angles for non-hydrogen atoms de- 
rived from the parameters listed in Table 1 are given 
together with the thermal ellipsoids in Fig. 1. 

The molecule has an s-cis conformation of the bonds 
C(1)-C(2) and C(3)-O about the single bond C(2)- 

C(3) just as in the analogous part of the desaurin mol- 
ecule (see Lynch, Mellor & Nyburg, 1971). The C(1)-S 
bond distances in PDM, 1.745 (11) and 1.748 (10) A 
are about 3a/2 shorter than those in desaurin and hence 
the difference is of marginal significance. The S-C bond 
lengths to the methyl groups are, at 1.823 (11) and 
1.843 (11) A, virtually identical and in accord with the 
accepted 1.82 A for a C(spa)--S bond (Abrahams, 1956). 

Table 3. Deviations of atoms from 
least-squares planes 

Starred deviations refer to atoms omitted from the least- 
squares analysis. All planes of form Px+Qy+Rz=S with 
x, y, z fractional coordinates. 

Plane A 
A(A) 

S(1) 
s(2) 
o 
C(1) 
C(2) 
C(3) 
C(4) -0"0194 
C(5) 0"0095 
C(6) 0"0050 
C(7) -0"0094 
C(8) -0"0006 
C(9) 0"0148 
Me(lO) 
Me(11) 

P -2.6616 
Q 6.9544 
R 13.836 
S 6.5785 

Plane B Plane C PlaneD 
A(A) A(A) ~(A) 

0.0004 0.0136 0.0149 
0.0004 -0.0127" -0.0043 

-0.0308* -0-0275 -0.0305 
-0.0013 -0-0076 -0.0035 

0.0005 -0.0152 -0.0123 
0.0468* 0.0366 0.0358 

0.2125" 0.2325* 0.2366* 
0.1635" 0 . 1 3 0 2 "  0.1407" 

- 3-5265 -3-5295 - 3-5396 
3.9428 4.0432 4.0231 

16.955 16-854 16.858 
6-9277 6.9067 6.9016 

, •  , . . ~  C.//O r ~  O 

• 2 , I J 

I ' ' i _ , 

o I ~' ~ ,~, 

Fig. 2. Molecular packing viewed along [100]. 
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T a b l e  4 .  Calculated and observed structure factors 
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In the chain of atoms S(1) to O, differences in bond 
length from desaurin, i.e. C(3)=O and C(1)-C(2), 
longer, and C(2)-C(3), shorter, are of marginal signif- 
icance. This chain of atoms is also, as in desaurin, 
closely coplanar; S(2) is closely planar with them also. 
Various least-squares planes and deviations from them 
are given in Table 3. The bond angles in this chain of 
atoms are quite different from those in desaurin, the 
net effect being a significantly longer S . . . O  distance 
2"727 (10) A compared with 2.640 (6) A in desaurin, but 
still well within the range of interaction. The benzene 
ring (closely coplanar, see Table 3, with mean C-C, 
1.402 A) makes an angle 19.3 with the central plane 
of the molecule, plane D. The bond C(4)-C(3) by which 
the phenyl group is attached is, at 1.511 (13) A, only mar- 
ginaUy longer than the corresponding bond in desaurin, 
1-495 (8) A. Sulphur atom S(2) is closely coplanar with 
the central molecular plane, being 0.13 A t'rom plane 

Table 5. Non-bonded interatomic distances 
less than 3.90 A 

Atom B is generated from the coordinates of Table 1 using 
the unit-cell translation shown together with the following 
symmetry operations: 

i x, y, z 
ii -- x,-- y,z 

Atom A 
S(1) 
S(1) 
S(2) 
S(2) 
S(2) " 
S(2) 
S(2) 
S(2) 
0 
0 
0 
0 
co)  
c(1) 
C(2) 
C(2) 
C(3) 
C(4) 
C(6) 
C(6) 
C(7) 
C(7) 
c(8) 

iii x,½-Y,½+z 
iv - x ,½+Y ,½-z .  

Unit cell translation 
Atom B of atom B Distance 

SO u ) ( 1, 0, 1) 3.41A 
C(10 u) ( 1, 0, 1) 3.89 
S(2 u) ( 2 ,  1, 1) 3.57 
C(2 u) ( 1, 1, 1) 3.88 
C(3 l) ( 1, 0, 0) 3.69 
C(4 l) ( 1, 0, 0) 3.77 
C(9 l) ( 1, 0, 0) 3-79 
C(ll it) ( 2, 1, 1) 3.80 
C(5 ~') ( 0,-1, 0) 3.88 
C(O v) ( 0,-1, 0) 3"41 
C(10 ~) (-1,  0, 0) 3"53 
C(10 u) ( 1, 0, 1 )  3"47 
C(9 i) ( 1, 0, 0) 3"46 
C(11 l~) ( 1, 1, 1) 3"71 
C(8 ~) :( 1, 0, 0) 3.56 
C(9 ~) ( 1, 0, 0) 3.56 
C(8 ~) ( 1, 0, 0) 3.88 
C(11 i) ( -1,  0, 0) 3.80 
C(9 iv) ( -1,  0, 0) 3-74 
CO@ u) ( -  1, 0 , -  1) 3.68 
C(9i v) ( -1,  0, 0) 3.89 
C(lli0 ( 0,-1, 0) 3.74 
C(ll ~v) ( 1,-1, 0) 3.45 

C (Table 3). In the analogous system in 2-desylidene- 
1,3-dithiolane (II) Schmidt & Tulinsky, 1967; Tulinsky, 
1967), S(2) is quite substantially (0.24 A) out of the 
mean plane O=C-C=C-S(1) which is itself closely co- 
planar with mean atomic deviation 0.034 A. This dif- 
ference is presumably attributable to constraints exer- 
ted by the ring ethylene group. 

/7 
C6Hs--'- C , .  S(1) ~ C H 2  

\ / 
C = C  

/ ~S(2) CsHs .__.- CH2 
(II) 

• Intermolecular interatomic distances of less than 3.9 
A are listed in Table 5, and the packing illustrated in 
Fig. 2. Because of the shortness of the a cell dimension 
there is no overlap in x projection. No intermolecular 
contacts are unusual save perhaps C(8)-Me(11) which, 
at 3.45 A; is somewhat shorter than the expected 3-65 A. 
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