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1051. The Crystal and Molecular Structure cf Benxoyl(tripheny1- 
23hos23horanylidene)methyl Chloride 

By F. S.  STEPHENS 
The crystal structure of benzoyl(triphenylphosphorany1idene)niethyl 

chloride has been determined by X-ray diffraction methods ; refinement has 
been carried out by an isotropic least-squares procedure with three- 
dimensional data. There are €our molecules in the monoclinic unit cell 
(space group P2,/a) with cell dimensions a = 11.130, b = 12.641, c = 
15*470A, f3 = 97" 32'. The phosphorus-carbon double bond length is 
1.736 A with an estimated standard deviation of 0.014 A. The ca-bony1 
group is almost coplanar with the plane containing the phosphorus- 
carbon double bond and the benzoyl ring is twisted 57.7" from the plane 
containing the carbonyl group. 

IT has been shown that as the hydrogen is replaced in structure (I) by halogen atoms the 
carbonyl stretching frequency decreases in the infrared solid-state spectrum. In the 
iodo-compound it is indicated that delocalisation of the phosphorus-carbon double bond 

0 
II 

(C,H,),P=C-C.C,H, 

H 
I 

(1) 

and the carbonyl bond occurs (structure (11)). Thus, as predicted,l the decrease in the 
vco stretch can be accounted for in terms of a field effect lengthening the C-0 bond. The 
(C,H,),P and benzoyl ring, in this compound, are fou-nd to be trans to one another and the 
benzoyl ring is rotated 63" from the plane containing the phosphorus and iodine atoms, 
the carbonyl group being rotated 21" from the latter plane. 

The chloro- and bromo-compounds are isomorphous (see Table 1) and it is uncertain 
what effects on the overcrowding occurs when the iodine is replaced by the other halogens. 

TABLE 1 
Unit cell dimensions of the chloro- and bromo-compounds 

u ..................... 11.130 A 11.149 A U ..................... 2157.8 A3 2195.8 A3 
b 12.641 12.663 Space group P21la P21la 
c ..................... 15.470 15.686 D, ..................... 1.277 1.389 

97" 32' 97" 27' D, ..................... 1.279 1.380 

The structure analysis of the chloro-compound was undertaken to investigate this and to 
obtain information of the delocalisation of the double bonds. 

ChIoro Bromo Chloro Bromo 

..................... ......... 

EXPERIMENTAL 
C,,H,,ClOP. M = 414.9. Monoclinic. a = 11.130 +. 0.019, b = 12.641 f 0.026, c = 

15-470 f 0.030 A, p = 97" 32' &-15'. U = 2157.8 Pi3. 2 = 4, D, = 1.279 g. C M . - ~  (by flota- 
tion). D, = 1-277 g. ~ m . - ~ .  F(000) = 864. Space group P2Ja (C&, No. 14). Cu-K, radiation 
(A = 1.5418 A) for cell dimensions. 

Crystals of the compound were obtained from ethanol solution as colourless hexagonal 
plates elongated in the [a] direction. Cell dimensions were obtained from single crystal oscill- 
tion and Weissenberg photographs. The intensities were collected on a Hilger-Watts linear 

diffractometer 3 equipped with SrO-ZrO, balanced filters. Each reflection in the Okl to 12kl 
layers, to a maximum angle of 8 = 30°, was measured six times, thrice with the SrO(a) filter 
in position and thrice with the ZrO,(p) filter. For all measurements a half-minute oscillation 

A. J. Speziale and K. W. Ratts, J .  Org. Chem., 1963, 28, 465; J .  Amer. Chem. SOG., 1963, 85, 
2790. 

F. S. Stephens, J. ,  1965, 5640. 
U. W. Arndt and D. C. Phillips, ,4cta Cryst., 1961, 14, 807. 

Mo-K, (A = 0.71069 A) for intensity measurements. 
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TABLE 2 
Co-ordinates (A) and isotropic thermal parameters (A2) (estimated standard 

deviations are given in parentheses) 

c1 . . . . . . . . . . . . . . . . . . . . . . . . . . , 
P 
0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 
C (  1) . . . . . . . . . . . . . . . . . . . . . . . . 
C(2) .... . . . . . . . . . . . . . . . . . . . . 
C ( 3 )  ..... . ..... . .... . . . ... .. 
C(4) ..... . .... . . .... .. .... . . 
C(5) ...... . .. ... . * .  .... . . . .. 

C(7) . * .  .. . . . *. . . . . . . . . . . . . . . 
C(8) . . . . . . . . . . . . . . . . . . . . . . . . 
C(9) ..... . . . . . . . . . . . . . . . . . . . 
C(10) . . . . . . . . . . . . . . . . . I  ... 
C(11) ..................... 
C(12) ............ ......... 
('(13) ..................... 

('(15) ........... .......... 

C(18) ..................... 
C(19) ..................... 
C(20) 

C(21) 
C(22) ........ . .... ..... 

C(25) 

C (6) . . . . . . . . . . . . . . . . . . . . . . . . 

('(14) . . . ... . . . .... . . . . . . . 
C(16) ..................... 
('(17) ..................... 

. . . . . . . . . . . . , . . . . . . . . 

......... . . . . ... . . ... 

9 2 3 )  .... . . .. .. .. ... . . . . . . 
C(24) 

C(2G) 

. ... . . . . . . . . . . . . . . . . . 

.... . , . . . . . . . . . . . . . . . 

..... . . . .... . * .... . . . 

x 
4.14 7 (4) 

4*674( 12) 

2*304(13) 
1.672 ( 14) 
0*515( 16) 
0*047(17\ 
O.G05( 17) 
1 * 795 ( 16) 

:1.386(13) 
4*196( 14) 
3.88 1 ( 15) 
2.65 1 ( 15) 
1 * S  17 ( 16) 
2*145( 14) 

5.15S(13) 
4.92 6 ( 1 5) 
6.1 05( 15) 
7*386( 15) 
7*590(19) 
6~4'71(16) 

4-232( 14) 
4.736( 15) 

5.241(14) 
4.652 (1 G) 
5.142(17) 
6.230( 16) 
6.828( 17) 
6.329( 17) 

3- 7 97 (4) 

Y 
6.1 2 3 (4) 

8.247 (1 3) 

G*06@(14) 
5077( 15) 
5484( 17) 
6*777(17) 
7.709 ( 18) 
7*350( 16) 

5.554(4) 

3.95 1 ( 1 2) 
2.872 ( 14) 
1*639(15) 
1 *507( 16) 
2.590 ( 1 6) 
3-831 (14) 

5272(13) 
4*83$( 15) 

5.099( 19) 

4*520( 17) 
4-648( 18) 

5.370( 16) 

6.671 (14) 
7.8 0 7 ( 1 5) 

8.9 12 (1 4) 

1 1.109( 17) 
10.813( 16) 
9.587(17) 
8.585(17) 

10.12 1 (16) 

z 
1.201 (4) 
4*081(3) 
4*506( 12) 

4.8 19 ( 1 3) 
5.556 ( 14) 
6*141(15) 

5*103(17) 
5.960( 16) 

4.598 ( 15) 

3.320( 12) 
3*554( 13) 
2.962( 15) 
2.075(14) 

2.426 ( 1 3) 

5.4 16( 12) 
6.678 ( 14) 
7*667(16) 
7.:336( 17) 
6.093(19) 
6.097 ( 15) 

1.839 ( 1 5 )  

2.88 1 (1 3) 
3*2G3( 14) 

2-362( 13) 
2.2 35 ( 1 5) 
1*395(17) 
0.736( 15) 
0-873( 16) 
1.688 (1 6) 

U 
0.0492 (9) 
0*0321(7) 
0.0782 (36) 

0*0393(31) 
0*0455(34) 
0.0569 (40) 
0.0632 (45) 
(~0659(46)  
0.0556 (40) 

0.03 15 (28) 
O.0434( 34) 
0.05 1 7 (3 8) 
0-0514(38) 
0.0532 (3 9) 
0-0432(34) 

0*0358(30) 
0.0487(36) 
0.061 3 (44) 
0.0647(46) 
0.0739(51) 
0.0539(39) 

0.04 10 (32) 
0*0489(37) 

0-0394(32) 
0.05 19 (38) 
0.0651 (46) 
0.0573 (42) 
0.06 14(44) 
0.0608(44) 

motor was used; the oscillation angle was increased from 3.5" to 4.0" for the layers 7kZ to 12kZ. 
Of the 4759 reflections measured the counts for only 2212 reflections were significant (a count 
was considered significant if it exceeded twice the standard deviation of its measurement) and 
these were used in subsequent calculations. The intensities were corrected for Lorentz and 
polarisation effects but no correction for absorption or extinction was applied. Wilson's 
method However, 
during the refinement it was necessary to rescale the data layerwise by comparison with the 
calculated structurc factor values. The scattering factor curves for all atoms are those given 
in International Tables. All calculations were carried out on an Elliott 803B computer with 
programmes of Daly, Stephens, and Wheatley.6 

Positions for the chlorine and phosphorus atoms were obtained 
from a sharpened three-dimensional Patterson synthesis. A subsequent three-dimensional 
Fourier synthesis using the phases of the contributions of these heavy atoms to the structure 
factors enabled all the other atoms to be obtained (excluding hydrogen atoms). The structure 
factors calculated with the co-ordinates for all atoms with an overall temperature factor of 
U = 0.035 A2 ( U  = B/8n2) for planes sin O/? ,  < 0.35 gave an  X value of 0.228. The structure 
was refined by an isotropic least-squares procedure in which the function niinimised was 
&(lFol - lFcl)2. Each reflection was weighted as follows: IFo/ < F,, w = 0.005; lFol > F,, 
w = l/cIF,I2 where c is given by l/cF, = 0.005. Reflections, the calculated structure factors 
of which were less than one-third of the observed values, were omitted from the least-squares 
analysis. The number of planes used in the final cycle of refinement was 2189. The final 
values for R and R'* were 0-167 and 0-028, respectively. The final atomic co-ordinates and 
isotropic thermal parameters together with their estimated standard deviations (in brackets 

was used to put the observed data on an approximately absolute scale. 

Stvucture Determination. 

* R' = CW(~F,I - IF,.[)2/Cw[Fo12. 
A. T. C. Wilson, Natu/te, 1942, 150, 161. 
_I. J .  Daly, F. S .  Stephens, a n d  P. J ,  Wheatley, Monsanto Research S.A. ,  Final Report No. 52, 

1963. 
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TABLE 3 
Observed and calculated structure factors (scale : 100 x absolute) 

A 
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3 0 d  
457 
121 
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l3,> 
5 22 
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TABLE 3 (ConCinued) 
A h k l  Fo 
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-4705 
3 646 
5205 
32 44 
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3 47s 
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-2522 

F a  A h k  I 
u 1:; 9 
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c) 11 4 
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9 11 s 
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0 12 1 

F a  

1760 
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3 6  
3 6  
3 6  
3 6  
3 /  
3 ;  
3 Y  
Z Y  
5 ;  
3 $  

3 3 ;  

3 5  

3 1  

3 b  

3 6  

3 - J  
3 6  
3 6  
3 6  
3 G  
= b  

3 ' i  
3 7  
3 * 7  
3 . 7  
3 -' 

3 .7 
3 * ?  
3 . 7  
3 7  
3 7  
3 7  
3 

5 2  

3 i /  

3 2  
3 f  
3 z  3 i  

I 

-1 2 

-1 g 

-1 0 
-1 4 
-1 3 

-6 
-7 
-5 
-4 
-3 
-i 
-1 
0 
1 
2 
3 
4 
5 
5 
7 
3 

10 
11 
13 
1 4  

-16 
-1 4 
-12 
-1 1 
-10 -3 

-7 
-5 -- 4 
-3 
-2 
-1 

1 
2 
3 
4 
5 
6 
7 

10 
11 
12 
1 4 
15 

-1 4 
-1 3 
-1 1 

-7 -6 
-4 

-1 
1 
2 
4 
5 
6 

- w  

t 

'i 

* 
-L 

? 
J 

10 

Fo 

-1232 
-:;05 

-1732 
-577 
1459 

2 453 
33 32 

-1 7b4 
-1 736 
-2153 
-1547 

2371 
-1 5Gg 
-4435 

1030 
-44; 
3205 
21 71 
1554 
4005 
1137 

-3007 
-4222 
-1654 

1371 
-125y 
-1264 

1306 
-1364 
I 472 
120z 
- 3 l L  

5 Go 
-32 52 
71.257 

* 742 
- l55 i  

u,3 
3 602 
3557. 

, 1323 
26:6 45 6 

-1 3 72 
-3557 
-651 

-1275 
1632 
-a 

750 
-1 41 1 
"07C 62 4 
z593 
1% 4 -> c3 
23 43 -5034 

472 
-51 4 
3055 
1203 

-1212 
2662 
1571 

-1252 

b C 0  

-2 '.. c; 

-43 i: f 

113s. 
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TABLE 3 (Continued) 
A h k  h k l  FO Fc 

-839 

1354 
1036 
-b47 

3 7! 
333 

1636 
2025 

-1365 
-1 410 
-1 560 

-:ti2 

-32 
1742 
-7524 
1437 

651 
832 

-792 
-1360 
-20 47 

1060 
-353 

-1 445 
1313 

73 4 
1197 
-677 
1127 

-1712 
2439 
915 

-sg4 
1 ti02 
21 63 

-1 444 
-4134 
-1810 
2113 
-665 

I F O  

124G 
d l  3 

Fo 
1 GOO 
7361 

-1377 
-1157 
1307 
-603 

752 
-1315 

1163 
1 37 

-1323 -355 
-1564 

-460 
217s 
1146 
2744 
1532 
7467 

-1050 
3 13 

-1475 
-1 1 5 C  

-775 
120;. 

-1457 

1440 
-72 5 
1041 
1426 

-37d 

A 
-41 

-402 
-6 

-46 8 
-1 40 

74 
-35 
322 

3 11 
3 11 
3 11 
3 11 
3 11 
3 11 
3 11 

-8 
-7 
1 
2 

-420 

42C 
-551 

i 41 
-3LO 35 3 

5 
7 

li) 

-& 
- c. 
2 

-7i3 
3 43 
66 1 

-71 4 
756 

-143d 

76 4 
7215 

44 
-123 
-435 
-5 73 *;;;. 
257 
1:3 -2 02 

-935 
-2 7 -5 Ga 

3 11 
3 12 1461 

1731 
-1535 
-104s 
-1.423 
-65 1 

5 79 
1748 
-875 
1561 

66 1 
555 

-1017 
-1 799 
-1872 

1136 
-699 

-131 3 
*1723 

666 
1310 
-73 4 
1043 

-1 160 
2301 

clG5 
-687 
1360 
25Gb 

-1 123 
-3'332 
-1221 

1651 
-316 

-2277 
1770 
2032 

1683 
651 

-1 401 
-1021 
-1 447 

763 
85 4 
686 

-756 
.-I 245 
-1 001 

89 4 
241 5 

-1243 
1545 
23 62 

623 

-1;;; 
-1 47" 

971 
-93 4 

876 

3 12 
3 12 
3 12 

50 
312 
137 

-104 
3 42 

-1 -p ? 4  

-6512 
-1 40 1 

lo74 
1115 
2093 
I 463 

-742 

3 12 
3 12 
3 12 
3 12 
3 12 
3 12 
3 12 

-5 
-3 
-2 

3 8 -3 
3 L -2 
3 6 -1 
3 e o  
3 L l  
3 8 2  
3 6  

s c j  3 

3 6 11 
3 8 12 
3 2 13 
3 i: 15 
3 2 -13 
3 -. -11 
3 9 -6 

3 6 ;  
3 ; ;  

; I;  10 

3 ; -10 

-1 
0 -77 

144  
213 

-277 
-225 
-41 5 

154 
f26 
410 
,132 
113 
-5 7 
-8 4 
552 

-196 
-50 

7 
-43 4 

'35 

2 
3 
4 
5 
G 

3 12 
3 12 
3 12 257 

377 
64 

-263 
-226 
42 J 

3 12 
3 12 

G 
9 

12 
-9 
-7 
-3 
-1 

S t 3  
-1329 
-1136 

1324 
423 

-33 s 
25 

-356 
1 

-45 5 
-777 
-703 
1017 
562 
S3Z 
773 

-2522 
-3 1 SO 
2176 

-3t3 4. -363 
21Gb 
1652 
1 3 ~ 3  
5 5 ~ 1  

-1377 
-3553 
32 43 

-i;765 
-10556 

-2137 
3215 
2313 

-6545 

4723 
29pG 

731 
73 7 

-1 so2 
-2 430 
-1064 
1;co 

639 1 

-1274f 

3 5 -  
3 5 -5 
3 5 -4 
3 9 -3 
3 3 -2 
3 5 -1 
3 3 0  
3 5 1  
3 3 2  
3 9 3  
3 3 4  

3 5 -2 
405 
315 
202 
C Z L  

-43b. 
-2 48 

55 
-41 5 
-3 73 
-1 41 

4 4  

0 
3 62 
2b4 

-445 
-527 

477 
-1052 

-446 
244 
31 d 

-13 
-16 
-1 5 
-1 4 
-13 
-1 1 
-10 

-3 

-5 

-? 

2 
-4 

1213 
1053 

-3367 
-4117 
2553 

-4 15 

4 0  
4 0  
4 3 
4 0  
*1 0 
4 0  
4 G  
4 0  
4 Q  
4 0  
4 c 
4 0 
4 0 
4 0 
4 3 
*I 3 
4 0 
4 c  
4 ti 
4 0  
4 0  
4 C 
4 G  
4 0  
4 0 
4 0 
4 G  
A i l  
4 0  
4 0  

-2332 
2185 
2410 
* 764 
1560 
282 

-1 3 63 
-89 fl 

-1 2 73 
1200 
385 
632 

-371 
-1553 
-2 460 

163 
300 7 

-1 660 
2412 
2 6 7 ~  

-1908 
-774 

516 
-1 352 

72 
-S? 7 
1223 

3 9 5  
3 s  
3 s  il 128 

369 
-3 8 

-127 
-1 61; 
-43 7 
-131 

5 4  

31 i; 
12 73 s 75 
-45G 

45 7 
660 

2354 
71 6 

-1324 
-154 

-1273 
2163 

3C3654 
9366 

-2 43 3 
-3056 
3305 

-6411 
-5 & 42 
-3461 
3061 
5032 

-7tz 4 
-2351 

1125 
4755 
3 460 

62 3 
1147 

-1620 
-2368 
-1404 

151 7 
-1355 

3 9 9  
3 9 10 
3 9 13 -3 

-2 .j 10 -12 
3 10 -11 
3 10 -6 
3 qO -G 
3 10 -4 
3 10 -3 
3 10 -2 
3 10 -1 
3 10 1 
3 10 2 
3 10 3 
3 10 5 
3 10 G 
3 10 

3 10 14 
3 11 -13 
3 11 -11 

3 10 a 

-1 
0 
1 
2 
3 
4 

5 
7 
ii 
9 

13 
11 

-5 7 il 
5 46 
66 

53 4 
-1 54 

12 
13 
14 
16 -1 746 



Ste+hens: T k  Crystal a d  Molecular Structure of 
TABLE 3 (Continusd) 

A h k  h k  1 I F O  

1846 
-880 
5573 
3411 

-2364 
-1084 

231 4 
-4013 
-1 830 

1356 
ti56 

-1 836 
-1124 

-370 
825 
705 

3352 
4337 

481 
1971 

-4530 
-4121 
-458b 
-6230 

3 730 
556 

381 9 
4376 
1559 
1019 

A 

50 
-4 7 
-1 4 
-1 3 
-1 1 
-10 
-3 
-6 
-7 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
6" 

-1 02 
-233 
-303 
-236 

132 
-90 

91 
297 

-41 1 
-1 053 

233 
731 

-51 6 
41 1 

1197 
-504 
-40 

-462 
126 

4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 4  
4 4  
4 4  
.4 4 
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
4 4  
1 4  
4 4  
4 4  

3 
4 

2 
20 43 
-52 4 
482 4 
331 4 

-1 9 78 

-3626 
-2131 

1265 
732 

-1555 
-1154 

-451 
480 
935 

3 484 
4327 
111 

2344 
-402 7 
-4870 
'4062 
-6523 
2020 

-io2 1 35 

:;sz 74s 

-33 9 
-3 82 

475 
-367 
301 

51 
126 

-281 
30 

-1 15 
3 45 

-1 53 
-132 
-10 
370 

-3 73 
29 

-526 
553 

-230 
262 
366 
574 

79 
-2 40 
-83 

-40 4 

743 

4 0  
4 1  
4 1  
4 1  
4 1  
.4 1 
41 1 
.I 1 
4 1  
- 1  

4; I 
4 3  
4 1  
4 1  
4 1 
4'  1 
4 1  
4 i  1 
4 1  
4 '  1 
4. 1 
81 1 
4 1  
4 2  
4: 2 
4 2  
4 2  
4 2  
4 2  
4 2  
4 2  
4 2  
4 2  
4 2  
4: 2 
4 2  
4 2  
4 2  

4 2' 
4 2  
4 2  
4 2  
41 2 
4 2  
4 2  
4 2  
4 2  
4 2  
4 

4 2  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3  
4 3 
4 3  
4 3  
4 3  

:: 1 

81 2. 

4 :  

-12s5 
- 1 ~ 3 2  

-1265 
475 

4 730 
1417 

-3610 
s 722 
6050 

. 441 573 
-1353 

566 

7 
8 
5 
10 
11 2321 100 

-4663 
2555 
6621 

13 
16 

-1 3 
-12 
-9 
-6 

2 
-2075 

-53 7 
3244 
4'170 
551 -5 661 

-1362 
2060 

-;g 

-1559 
-5 48 
2061 
557Y 

541 
'5399 

444 
-1316 
-101 1 

1650 
-200 1 

-59 4 
505 

1245 
-101 4 
-1564 
-2316 
-4935 
-1151. 

420 7 
43 41 
-6 42 
'79 7 
1073 

-1 675 
21 72 

-5 
-4 
-3 
-2 
-1 

z 354 
-334 
3 0  

-1 02 
9 

13 
1 4  

3 
-15 
-1 4 
-12 
-1 1 
-10 
-9 
-8 

-9 
- 5 .  
-4 
-3, 

0 
;1 
2 

-7 

-21 03 
-75 & 

2% 
-7.42 

-5 465 
-1291 

4666 

74? 

r:g; 

0 
1 
4 

-20 4 
-1 63 
-2 46 

2 2  
-129 

294 
3433 
3802 
1460 
1259 

-18 4 

-1215 
-1080 

a7 .g 
10 
12 
14 

-1957 
=1502 
-1012 5531 

-440 
4 7 5  
2144 

15 
-1 6 
-15 
-1 4 
-1 3 
-12 
-1 0 

-6 

-5 
rb 
-4 

-1071 
-1 41 1 

1122 
1069 
-33 4 
2565 

-1 3 45 
1360 
2 74 

- y o  
-44 

-1 8<9 
-1149 

2562 
-2 482 

551 
2401 
151 7 

-6285 
-13cc 

2101 
f 661 

-1 7 6  
-00 7 
$98 

-132, 
1326 
2447 

132 1 
3404 

-306 

-1L 

955 

63s 

-32 - 1 2 g  J 

-1274 
-1 609 

1143 
671 -1374 

2256 
-2312 
-5726 
-653 

-45 
-272 

157 
13 

-681 

-2543 
-5175 
-1313 

1513 
3003 
3534 
2460 

31 
47 

41 5 
-66 

7347 
3 455 

-1506 
-1655 

-29 
-256i 
-1 750 

2708 

3 
5 z 

:% 
4360 
3047 
c 62 
1 b61 

-1225 
-2 42 8 

-758 
-1026 
-875 
933 

-1264 

-131 1 
1496. 
14a3 
-880 
-470 
21 44 
-487 

;E 

133 

"$% 
3 15 

-103 
-9s 

-1 52 
665 

-5 47 
737 
557 

-226 

2 44 

-1 3 7~ 
-531 

90 
468 

-132 

-45 -328 
57: 

32 

-2 
-1 
0 

-7sl  
1346 

-1 122 
-232 9 

-766 

10 
11 
12 
13 
15 
?G 
?ti  

-1 6 
-1 5 
-1 4 
-1 2 
-1 0 

-3 
-3 

-5 
-4 
-2 
-1 
0 
1 
2 

"3 
-0 

1: 
3 -2157 

1110 
21 57 

9 41 
-4310 

-79 7 
2011 
1213 

-1 65 7 
-720 

33 ti 
513 

-1 >22 
1236 
2 760 

42 n; 
1641 
3620 

-1652 
-3355 

-2 8 

4 

2 
7 
6 
s 

10 
11 

-1114 
-1027 

1082 
-1 562 

-674 
2003 

-1 623 

13 3 
-5 75 
-256 
1564 
-1 61 

1 3 p  

86 
152 

236 

-86 

-1 49 

-1 23 

312 
11 

-305 
-21 4 

5 60 
-326 
-1 52 

41 4 
'2 8 

669 
fC0 

1 2 i  

-5; 

12 

-1 3 
:2 
2 

43 
533 

-3i3 
-259 
21 0 

-150 

-700 - 
-31 60 
-2325 

47.d 

-559 
3 q 9  

-6655 
4304 

-3 441 
-2263 
-1 32 8 
2405 

-5 
-4 
-3 
-2 
-1 
3 



L 

h 

1 
4 
4 
4 
4 
4; 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

k 

6 
6 
6 
6 
6 
6 
6 

G 
6 
6 
6 
G 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

t 

77 
i 
6 
f 
b 
& 
b 
6 
5 
8 

E 
6 
e 
6 c 
0 
c1 
6 
il 
9 
3 
5 
si 
9 
9 
3 
5 

9 
5 
5 
9 
9 
10 
10 
10 

U V 

5 

1 

1 
2 
3 
4 

65 
i 
3 
la 
11 
12 
1 4  
95 

-1 5 
-10 

-a 

-5 
-4 
-3 
-1 
0 
1 
2 

7 
4 

11 
-1 3 
-12 
-3 
-7 
-5 
-4 
-3 
-1 
1 
2 
3 
4 
5 
6 
7 
6 

12 
13 
14 
-9 

-5 
-3 
-2 

5 
7 
il 
9 
10 
11 
12 

0 -z 

$ 

2 

34 

Benzoyl(tri+tcenylPhs+hranylidene)methyt C h i d e  
TABLE 3 (Continued) 

Fo 
-963 

-332 1 
-63 4 

J77 
-15t4 

1564 
3 670 

744 
-1226 
-1 5 79 
-10 45 
-1334 

-426 
-676 
2059 
-853 
. 937 
* 634 

-2267 
-23 62 
-2314 

1666 
-1915 
2548 
1449 
1141 
1456 

-la36 
647 

-1618 
-1081 
-79 1 
1 S66 
43 03 

-3777 
1333 
2283 

-331 1 
1145 

-3350 
01052 

1231 
1355 
-776 
1227 
1610 

65 4 
-6 47 

-1353 
718 

1122 
-725 
-669 
-s5e 
-606 
1678 
1783 
769 
73 7 

-1 768 
-1336 
-1294 
-699 
-044 

3 p  

Fo 
-826 

-3236 
-1134 
3202 
1017 

-1 436 
1433 
3061 

146 
-1 3 33 
-153 4 

-028 

-3 bO 
-35s 
2 456 

-1 315 
1403 
1033 

-2 33 
-2285 
-3008 

1604 
-21 68 
251  6 
7606 
1027 
1542 

-1113 
-1 62 1 

-956 

51 81 
-4369 

1230 
1951 

-251 4 
' 1245 
-3 a9 

-?9E 
65 4 

1453 

1325 
665 

-644 
-1264 

767 
1557 

-1 0 60 
-93 

-8 44 
2286 
1607 

-1 30 

-1096 
-9 83 
-658 

-957 

- l3Z0  5 2  

2636 

-;;: 

-6Oi 

g: 
-876 

A 

-1 35 
-b5 
530 

-151 
-443 
-1 46 

13:! 
832 
536 
157 
-45 

-217 
-3 4 

122 
-337 

472 
-5 46 
-3 45 

466 
303 

94 
62 

253 
32 

-159 
114 
-46 

-430 
265 

-705 
740 
165 

-970 
-738 

552 
73 

2 92 
203 

-100 
19 

-53 
3 77 -5E 

-444 
443 
261 
135 
-3 
-89 
-49 

-475 

-52 
238 
-408 

-2 4 
191 
417 
-3 8 

-3 62 
-1 96 

ti4 
-1 46 

-2J i  

32z 

h k  2 

4 13 -1 
4 70 7 
4 10 2 
4 10 4 
4 10 L 
4 to 9 
4 10 10 
4 10 11 
4 11 -9 

4 11 -5 
4 11 -3 
4 11 -2 
4 11 0 
4 11 1 
4 11 3 
4 11 

4 11 7 
4 11 9 
4 17 10 
4 72 -5 
4 12 -3 
4 12 -2 
4 12 1 
4 12 2 
4 12 3 
4 12 

4 13 -6 
4 13 -6 
4 13 -3 
4 13 -2 
4 73 0 
4 13 1 
4 13 2 
4 13 3 
4 13 4 
4 73 
4 15 -2 
4 0 

5 1 -13 

1 -15 
1 -13 
1 -11 

1 -4 8 1 -8 

5 1 -5 
5 1 -4 
5 1 -3 
5 1 -2 
5 1 -1 
5 1 0  
5 1 1  
5 1 2  
5 1 4  
5 1 5  

: :: 2 

4 11 5" 

4 12 6" 

4 74 z 
4 :5 -1 

; ; 1;s 
8 1 -10 

z ; r2 

F O  

- * I  736 
7 426 

-1 4 3 ~  
1005 
2335 

465 - 1 3 ~ ~  
-757 

720 
1122 
-353 

-1 174 
-723 

-13 37 
1413 

-1 430 
31 41 
4 726 
-Y12 
1534 

-1274 
-032 

705 

-54c 
-1 603 
-1320 

374 
770 
613 

-748 
-663 

-1081 
7606 

-1134 
1 k61 
7043 
-620 

?>5 
-210 

]a5 
r 2  5 
62 G 

1329 
1475 

7b7 -103; 

ii; 

c J 4u 

-334: 
-634J 

61 6 
3440 

-7625 
-29 12 

501 4 
7726 

-3030 g;; 
322 
-4354 
-3 430 

-630 

F O  

-2331 
1 2 3  

-1256 

17t3 
0; 47 

-1 322 
-75 7 

523 
1455 

-1330 
-1 131 
-1325 
-1 61 6 
1551 

3 23 
1637 

-1046 
1237 

-7267 
-6 47 
53 4 

1447 

- y 5 7  

441 

-g 
la:; 

-1 e03 
-1203 

1 a> 
-64U 

-1 162 
-1 471 

1736 
-1347 

-41 5 
2107 

762 
-4b5 
350 

-1 !ji;;o 
452 

1003 
533 

1245 
1325 
625 

-23 7 
-2622 
-54d6 

3?5 
3431 

-1593 
-2364 
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TABLE 3 (Continued) 
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5674 Stephens: The Crystal and Molecular Structure of 
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62 5 

<;;i 

-1;; 
-810 
1148 

5675 

302 
503 
332 

-157 
21 

-1 465 
159 
154 
659 

17 
394 
- 7 i  
-477 

-3 7 
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TABLE 3 (Continued) 

h k l  Fo FC A h k I  Fo FC A 

12 4 -1096 -996 -100 12 6 -1  -934 -632 -262 
12 5" 4 -1143 -450 -693 12 6 5 1436 1328 128 

after each parameter) are given in Table 2 . 
atom (4.147 A) has an estimated standard deviation of 0.004 A . 
structure factor values are given in Table 3 . 

Thus 4-147(4) means that the co-ordinate of the 
The calculated and observed 

DISCUSSION 
The Figure shows the molecule as it appears when projected down the [c] axis. and also 

the labelling of the atoms . The bond lengths and bond angles. together with their esti- 
mated standard deviations. are given in Table 4 . The bond lengths and angles invoving 

TABLE 4 
Bond lengths (A) and bond angles ( O ) .  (estimated standard deviations are given 

in parentheses) 
Cl-C(l9) ........................... 1*759( 14) P-C(1) .............................. 1*822(14) 
O-C(20) .............................. 1-301(19) P-C(7) .............................. 1.798(13) 
C(19)-C(20) ........................ 1.361(20) P-C( l3)  ........................... 1-800(13) 
C(2O-C(21) ........................ 1*489(20) P-C(l9) ........................... 1*736(14) 
C(l)-C(2) ........................... 1*425(19) C(7)-C(8) ........................... 1*351(19) 
C(2)-C(3) ........................... 1*423(21) C(8)-C(9) ........................... 1.386(21) 
C( 3)-C(4) ........................... 1.380( 23) C(9)-C(lO) ........................ 1*427(21) 
C(4)-C(5) ........................... 1-364(24) C( lo)<( 11) ........................ 1.368(22) 
C(5)-C(6) ........................... 1*443(23) C ( 1 l)-C( 12) ........................ 1.393 (2 1) 
C (6)-C ( 1) ........................... 1 *3 9 3 (2 1) C(12)-C(7) ........................ 1*437(18) 
C(13)-C(14) ........................ 1-383(19) C(21)-C(22) ........................ 1*344(20) 
C( 14)-C( 15) ........................ 1*470(22) C(22)-C(23) ........................ 1*424(23) 
C( l5) -C( l6)  ........................ 1*370(24) C(23)-C(24) ........................ 1*377(24) 
C(16)-C(17) ........................ 1.363(25) C(24)-C(25) ........................ 1*363(23) 
C( 1 7)-C ( 18) ........................ 1.425 (24) C(25)-C(26) ........................ 1.422(24) 
C ( 1 8) -C ( 13) ........................ 1.395 (20) C(26)-C(21) ........................ 1.392 (21) 
C(l)-P-C(7) ........................ 105-4(5) P-C(l)-C(B) ........................ 117*4(10) 
C(l)-P-C(13) ..................... 108*9(6) P-C( l ) -C(  6) ........................ 1 19.7 (1 1) 

C(1)-P-C(l9) ..................... 113*2(6) P-C(7)-C(12) ..................... 117*9(9) 
..................... C(7)-P-C(13) 106.4(6) P-C(7)-C(8) ........................ 122*7(10) 

C(7)-P-C(19) 110-2(6) P-C(13)-C(14) ..................... 121-7(10) C( 13)-P-C ( 19) 1 12-3 (6) P-C(  13)-C( 18) ..................... 1 17-5 ( 10) 
..................... 
..................... 

C1-q 19)-P ........................ 
C1-C ( 19)-C( 20) ..................... 
P - C  ( 1 9)-C (20) ..................... 
C (6)-C( l)-C (2) ..................... 
C( l)-C(2)-C(3) ..................... 
C (2)-C (3)-C( 4) ..................... 
C (4)-C( 5)-C (6) ..................... 
C (5)-C (6)-C ( 1) ..................... 
C ( 18)-C( 13)-C ( 14) ............... 
C( 14)-C(15)--C( 16) ............... 
C( 15)-C( 1 6)-C ( 17) ............... 
C( 16)-C( 17)-C( 1 8) ............... 
C( 17)-C( 18)-C( 13) ............... 

c (3)-c (4)-C( 5)  ..................... 

C( 13)-C( 14)-C ( 15) ............... 

118.3(8) 
121.2( 11) 
120-2(11) 
122-9( 13) 
11 7-O( 13) 
119*4( 14) 
124.0( 16) 
1 1 8.6 ( 15) 
1 17.9 (14) 
120.6 ( 13) 
1 17.8 ( 13) 
120-7 ( 15) 
120-5( 16) 
120.3 (16) 
120.1 (14) 

C(2O)-C(21)-c(22) ............... 

0-C( 20)-C( 2 1) ..................... 
c (1 9)-c (20)-c (2 1) 

C (20)-C (2 l ) -C(  26) ............... 
O-C (20)-C ( 1 9) ..................... 

............... 
C ( 12)-C (7)-C (8) .................. 
C (7)-C( 8)-C (9) .................. 
C (8)-C (9)-C ( 10) .................. 
C(9)-C(lO)-C(ll) ............... 
c(10)-c(11)-c(12) ............... 

C(21)-C(22)-C(23) ............... 
c (23)-c (24)-c (2 5) 

C( 1 l)-C( 12)-C(7) ............... 
C(26)-C(21)-C(22) ............... 
C(22)-C(23)-C(24) ............... 
C(24)-C(25)<(26) ............... 
C(25)<(26)-C(21) ............... 

............... 

1 19.4 ( 13) 
118-8(13) 
116.6(13) 
11 7.2( 13) 
12 6.0 ( 1 3) 
119*4( 12) 
122.7( 13) 
118*5( 13) 
119*3(14) 
121.9(14) 
1 18.2 (13) 
12 1 -8 ( 14) 
120*0( 14) 
11 9.1 (15) 
120-6( 15) 
120.6 ( 15) 
1 17*8( 15) 

the phosphorus atom and the phenyl rings of the triphenylphosphorus group do not differ 
significantly from their mean values of 1-807 A and 106.Q0, respectively . These values 
are in good agreement with the corresponding values reported in similar cornpounds.2.6 

P . J . Wheatley. in preparation . 
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The lengths are rather shorter than the values found in phosphorus triphenyl (1-828 A) 
but not significantly so. The mean values in the phenyl rings for the C-C bond and C-C-C 
angle are 1.397 A and 120.0”, respectively. The mean planes through the phenyl rings are 
given in Table 5, and none of the carbon atoms departs significantly from its mean plane. 

TABLE 5 
Weighted least-squares planes in terms of the orthogonal axes where X’ = X + 2 cos p, 

Y’ = Y ,  2’ = 2 sin p and the equations of the planes given by ZX’ + my’  + nZ’ - = 0. 
1 

Ring I ........................... 0.4757 
I1 ........................... 0.5797 

IV ........................... 0.5257 
P, C(19), C(20), 0 ............... 0.9243 
P,Cl,C(l9),C(20) .................. 0.9220 
O,C(19),C(2O),C(21) ............ 0-8952 

I11 ........................... - 0.0174 

m 
0-2986 
0.2544 
0.9472 
0.3309 

- 0.3243 
- 0.3500 
- 0.3750 

n 
0.8274 

0.3202 
0.7838 
0.2012 
0.1655 
0.2408 

-0.7741 

P 
6.5387 
0.1684 
6.6286 
7-3726 
2.0197 
1.7283 
1,6457 

The molecule as it appears when projected 
down [GI, and also the labelling of the 
atoms 

The bond lengths show that resonance is present in the grouping P, C(19), C(20), 0 as is 
indicated in the iodo-compound.2 The C-C length (1.361 A) more closely agrees with a 
C=C length (1-337 A) than an (sfi2) C-C (sfi2) (1.460 A) * and the C-0 distance (1-301 A) 
is considerably longer than that expected for C=O (1.23 A).8 The P-C distance (1.736 A), 
although rather longer than that found in fi-tolyl (triphenylphosphorany1idene)methyl 
sulphone (1.709 A) 6 and the iodo-compound (1.71 A),2 is found to be between P-C (1.863A) 
and P=C (1.665A),lo the latter being the sum of the covalent radii. The mean plane 
through the atoms P, C(19), C(20), 0 shows that the atoms C(19) and C(20) depart signi- 
ficantly from this plane, though this departure is small C(19), -0.046 A (3.4 o), C(20, 
0.052 A (3.6 0). The chlorine and C(21) atoms are both significantly out of the mean 
plane (Cl, -0.078 A, C(21), -0.205 A). The C-C1 bond is lengthened compared with that 
found for =C-Cl (1.72 A).s However, the accuracy of the determination does not permit 
this difference to be considered significant. This elongation is also apparent in the iodo- 
compound.2 There appears to be no significant effect on the C(20)-C(21) length and the 
value found is in agreement with that e ~ p e c t e d . ~  Thus the resonance indicated is in accord 
with the postulations to account for the decrease in the vCo stretching frequency.l 

J. J. Daly, J., 1964,,?799. 

T. Kojima, E. L. Breig, and C. C. Lim, J. Chem. Phys., 1961, 35, 2139. 

* L. E. Sutton et al., International Distances and Configuration in Molecules and Ions,” Chem. 

lo L. Pauling, “ Nature of the Chemical Bond,” Cornell Univ. Press Ithaca, New York, 1942, p. 192. 

SOC. Special Publ. No. 11, London, 1958. 
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As expected the benzoyl ring is twisted with respect to the plane containing the carbonyl 
group, the latter plane being rotated from the plane of the phosphorus and chlorine atoms. 
The planes of both the benzoyl ring and that containing the carbonyl group are rotated 
in the same direction from the plane containing the phosphorus and chlorine atoms. The 
equations of the respective mean planes are given in Table 5, and Table 6 gives the various 
angles of rotation for these mean planes together with those for the iodo-compound2 
for comparison. The carbonyl group is more closely planar to the phosphorus and halogen 
atoms in the chloro- than in the iodo-compound and this may account for the very marked 

TABLE 6 
Chloro Iodo 

C( 19) ,C(20) ,O,C(21) /Ring IV ....................................... 57.7' 52" 
P.X,C ( 19) , c  (20) /C( 19) ,C( 20), 0,c (2 1) .............................. 4.8 12 
PDXDC(19),C(20)/Ring IV ............................................. 60.1 63 

elongation of the C-I bond in the latter compound. The closest approach of a carbon 
atom of the benzoyl ring to the halogen atom is C(26) a t  a distance of 3.28 A for the chloro- 
and 3.44 A for the iodo-compound.2 This is in accord with the increase in size of the atom 
when the chlorine is replaced by iodine. 

Of the 51 van der Waals' contacts less than 4.0 A the shortest contact is that of 3.27 A 
between an oxygen atom of one molecule and carbon atom C(15) of an adjacent molecule. 

I thank Dr. K. W. Ratts of Monsanto Company, St. Louis, for suggesting this problem and 
supplying the sample and Monsanto Research S.A., Zurich, for providing funds to enable the 
work to be carried out. 
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