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1090. An X-Ray Determination of the Molecular Structure of a 
Wittig Reagent : p- Tolyl Triphenylphosphoranylidenemethyl Xulphone 

By P. J. WHEATLEY 

The structure of 9-tolyl triphenylphosphoranylidenemethyl sulphone 
has been determined and refined with three-dimensional intensities col- 
lected on a Hilger-Watts linear diffractometer. There are eight molecules 
of PTT in a monoclinic cell, space group C2/c, with a = 25.633, b = 8-981, 
c = 20.733 A, p = 111" 54'. The 
length of the bond written as P=C is 1.709 A, with a standard deviation of 
0.019 A, which is rather longer than expected from interpolation between 
the known single- and triple-bond lengths, or from the sum of the covalent 
radii. 

A STRUCTURE analysis of $-tolyl triphenylphosphoranylidenemethyl sulphone (PTT) (I) was 
undertaken to provide details of the molecular geometry of a Wittig reagent,l and as part 

/H 
of a wider study of several phosphorus ylids.2 The structural analyses 
of two further phosphorus ylids will be described by step hen^,^ and Ph,P=C 
a full interpretation of the structural results in terms of the chemical \so~c,H,M~(~) 

and physico-chemical properties will appear in a Paper by Speziale 
and Ratts.4 This Paper is concerned solely with the results of the X-ray structure 
determination of PTT. 

The mean P-C,H, length is 1.808 A. 

(1) 

E~~e~irnentuZ.-C~,H~~O~PS, M = 430.5. Monoclinic, a = 25.633 f 0.087, b = 8.981 f 

1.291, F(000) = 1808. Cu-K, radiation ( A  = 1.542 A) for cell 
dimensions, Mo-K, radiation ( A  = 0-71069 A) for intensity measurements. 

The crystals, m. p. 185-186", were well-formed needles with [b] as the direction of elong- 
ation. Cell dimensions were measured from single crystal oscillation photographs. In- 
tensities were collected in a Hilger-Watts linear diffractometer 5 equipped with SrO/ZrO, 
balanced filters. All reflexions in the h0Z to h,12,1 layers were measured twice with a half- 
minute motor. In  this 
way a total of 6249 independent reflexions, up to a maximum 8 = 32-5", was recorded, of which 
1750 were deemed significant in that they had a corrected count more than twice the standard 
deviation of the total counts. 

The structure was solved in projection down [b] from a sharpened Patterson synthesis which 
served to  locate the phosphorus and sulphur atoms. The positions of the 28 lighter atoms, 
excluding hydrogen atoms, were fixed by a succession of Fourier approximations. The y 
co-ordinates of the two heavier atoms were then found from a series of three-dimensional 
Patterson sections. With these known positions and a model of the molecule, the remaining 
y co-ordinates could be chosen, and the atomic positions and isotropic thermal factors refined 
by a least-squares analysis using the block-diagonal approximation. All calculations were 
carried out on an Elliott 803 computer with the programmes of Daly, Stephens, and Wheatlcy.6 
A Cruickshank weighing scheme was used.' The scattering factors were obtained from Inter- 
national Tables. In  the refinement cycles, reflexions with a calculated value less than 0.3 
times the observed were omitted from the least-squares totals, though not from the R factors. 

The final R factor was 16.4%, which is considerably worse than would have been expected 
with photographic intensities, and is an indication of our inexperience with the diffractometer. 
This was our first structure analysis carried out with diffractometer intensities. Our techniques 

G. Wittig and U. Schollkopf, Chem. Bey., 1954, 9'7, 1318. 
A. J. Speziale and I<. W. Ratts, J .  Ovg. Chem., 1963, 28, 465; J .  Amev. Chem. SOC., 1963, 85, 2790. 
F. S. Stephens, J. ,  in the press. 
A. J. Speziale and K. W. Ratts, J .  Amer.  Chem. SOC., in the press. 
U. Arndt and D. C. Phillips, Acta Cryst., 1961, 14, 807. 
J. J. Daly, F. S. Stephens, and P. J. Wheatley, unpublished results. 
D. W. J. Cruickshank et al., " Computing Methods and the Phase Problem in X-Ray Analysis," 

0.008, c = 20.733 f 0.071 A, p = 111" 54' f lo', U = 4428.5 A3, D, = 1-30, 2 = 8. D, = 
Space group C2/c(C,Bh, No. 15). 

In  the first seven layers the oscillation angle was 2": in the rest 3". 

The analysis is based on these 1750 reflexions. 

Pergamon Press, London, 1961. 
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TABLE 1 
Atomic co-ordinates (A) and individual isotropic temperature factors (A2) . 

Standard deviations are given in parentheses as units in the last place 
Atom 

s ..................... 
P ..................... 
O(1) .................. 
O(2) .................. 
C(1) .................. 
C(2) .................. 
C(3) .................. 
C(4) .................. 
C(5) .................. 
C(7) .................. 
C(9) .................. 
C(10) .................. 
C(l1) .................. 
C(12) .................. 

C(6) .................. 
C(8) .................. 

C(13) .................. 
C(14) .................. 
C(15) .................. 
C(16) .................. 
C(17) .................. 
C(18) .................. 
G(19) .................. 
C(20) .................. 
C(21) .................. 
C(22) .................. 
C(23) .................. 
C(24) .................. 
C(25) .................. 
C(26) .................. 

X 
2 * 3432 (46) 

1-5387( 131) 
2-3356( 142) 
4.0430( 184) 
1.5113(168) 
0*6598( 190) 
0.0 100 (1 89) 
0.1859 (190) 
1 a 0  195 (2 16) 
1.6924(207) 
3-6649( 178) 
:+6726( 198) 
2*8886(2 17) 
2*1733( 217) 
2.1 8 8 6 (22 6) 
2.9955( 192) 
5*0922( 159) 
6.5152 (192) 
6*7309(278) 
5.5756(224) 
4*2312(228) 
3.9847( 196) 
6.4773 (170) 
6*8337( 193) 
8*1286(254) 
9*0012(214) 
8*6522(217) 
7*3877(203) 

4*7545(45) 

- 0.5799 (278) 

Y 
0-4922(43) 
1-0774(42) 
1 -3  127 ( 122) 
0.9170( 136) 
0.2684( 168) 

- 1*0977(169) 
. 1*4992(182) 
-2*7040( 174) 
. 3*5863( 176) 
. 3*2001(210) 
. 1.9802(200) 

0.8587( 163) 
1 . 8869 ( 1 89) 
1 . 6566 (206) 
0.4862(215) 

- 0.4888(224) 
. 0.3125( 184) 

2*8214( 152) 
3-3413 (185) 
4.6797 (245) 
5*5897(228) 
5.1389 (224) 
3-7269( 179) 
0*2728( 149) 

- 1-2064[207) 

0.0209( 192) 

- 0.2253( 177) 
-0.9196 240) 

- 0*6775(206) 

-4.9444(277) 

z 
3-1895(47) 
2*1856(45) 
1*9259( 132) 
4*5665( 146) 
3.2727( 187) 
2-8945( 171) 
1 * 472 9 ( 1 93) 
1*2598( 190) 
2.4138(196) 
3.7570(218) 
4*0200( 209) 
O.2676( 180) 

-0.7043(200) 
- 2.1627(220) 
- 2.6439( 2 17) 
- 1.6955(231) 
- 0*1739(197) 

2.4462( 165) 
2*7772(195) 
2.9295(275) 
2 . 7 58 7 (2 25) 
2-4305(230) 
2-3289( 198) 
2-5272( 169) 
1-3938( 193) 
1*7084(253) 
3.1198(217) 
4.2535(220) 
3*9590( 203) 
2.1324(279) 

u. .. 
0.027 1 (8) 
0.021 5( 8) 
0.0381 (30) 
0.0492 (35) 
0.0311 (39) 
0-0270(35) 
0.0354 (42) 
0.0331(42) 
0.0356( 42) 
0.0485 (52) 
0.0420 (46) 
0-02 90 (3 9) 
0.0400 (46) 
0.0464 (49) 
0.0455 (49) 
0.05 16( 52) 
0.0355 (43) 
0.0207(33) 
0*0366(42) 
0.0671(67) 
0.0522 (54) 
0*0524(54) 
0-0355(44) 
0.0245(35) 
0*0345(43) 
0*0602(62) 
0-0478(51) 
0*0481(52) 
0*0388(45) 
0-07 1 2 (7 0) 

have improved sufficiently to give intensities as reliable as those obtained photographically. 
but with a great saving of time . 

ResuZts.-The final atomic co-ordinates and individual isotropic temperature factors are 
given in Table 1. with the standard deviations as units in the last place . The observed and 

Projection of the molecule viewed down 
the [b] axis 

calculated structure factors are shown in Table 2 . 
with their standard deviations . 
down [b] .  and also the labelling of the atoms . 

with the values obtained by step hen^,^ and by Mak and T r ~ t t e r . ~  

Table 3 gives the bond lengths and angles 
Figure 1 shows the molecule as it appears in projection 

The P=C length is 1.709 %., in agreement 
It is. however. longer than 

The bond lengths agree wellwith expected values.* 

8 L . E . Sutton et al., " Tables of Interatomic Distances. .' Chem . Soc . Sfiecial Publ., No . 11. 1958 . 
T . C . W . Mak and J . Trotter. Acta Cryst., 1965. 18. 81 . 
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153 

-2850 
1540 

-2055 

-J55  

D 33!. :;z; 
617 

-662 
2642 
1052 

-75 
145 

-7; 7 
3 J 5  

-53(J 
1041 
-1 63 
-a 73 

441 
2694 

-1166 
-32 4e 
-300 7 

3 77G 2 r :  0 

-53 75 
4;12 
-514 
45 4 

-252; 
-1245 
-232 2 

- 1 m c  
22 4 
6 63 
101  
3 6 2  

-1 133 
347 
U44 

-1 752 
531 
1273 

J d J  

>$O 
> 2 J  
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h 

9 
st 
9 
9 
9 
9 
9 
5 
'j 
9 
9 
9 
9 
9 
5 
Y 

11 
11 
11 
11  
11 
11 
11 
11 
I 1  
11 
11 
11 
11 
11 
11  
11 
11 
11 
11 
11 
13 
13 
1 3  
13  
13 
13 
13 
13 
13 
13 
13 
12 
1: 
I ?  
13 
13 

1J  
1 5 
15 
15 
1: 
'15 
75 
15 
:: 
15 
.; r 
1 5  
1 5  
1: 

'2 

' c. 
1 ,  

'1 r. ' 2  

J 

1 2 1  

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

1 -16 
1 -21 
1 -22 
1 6  
1 4  
1 3  
1 2  
1 1  
1 0  
1 -1 
1 -2 
1 -3 
1 -4  
1 -5 
1 -7 
1 -b 
1 -la 
1 -11 
1 -12 
1 -13 
I -16 
1 -1L 
1 -1; 
1 l r  
1 1 5  
1 12 
1 11 
1 1c 
1 7  
1 6  
1 3  
1 2  
I -6 
1 -7 
1 -10 
1 -14 
1 -15 
1 -16 
1 -1; 
I -21 
1 10 
l a  
1 6  
1 5  

I 4 
1 3  
1 2  
1 1  
1 -1 
1 - 4  
1 -= 

1 -7 
1 -cI 

I -2 

I -IS 

1 -17 

7 -: 

MolecuLar Structuure of a Wittig Reagent 

Fo 
43 75 
800 3 
2y42 

-22 43 
-2b534 
I 7 t h ~  -B()ij3 

7705 
75!@ 
3532 
b055 

-3527 
5779 
6755 

-3 060 
-384:. 

332 4 
-9611 

353b 
-5812 
-6834 
14444 
131 14  
-23  40 

720 6 
-5540 
-32 61 
-21 66 
-51 57 

302 4 
40 42 
51 30 

-64b5  

-3741 
-4565 
-4363 

3 753 
4203 

-41 82 
-5836 

5533 
12375 
- t 5  76 

b31 C 
-2 53 e 
-7430 

-67<:7 
-9173 
-31 74 

551 ? 
-5431, 
-t, 460 
-002 1 

5361 
-3556 

5 472 
2b41 
2 6 3 c  

-1OLJLO 
-12552 

3367 
-.G53 

331 u 
2 0 3  
3 i L 4  

-3505 

3G4> 

0,: '6 
32;4 

=c 

41 89 
El2 .> 
I 322 

-1 0 450 
-23833 

152 b3 
-9330 

7101 
o 402 
1507  
66eo  

473u 
71 70 

-2 3 40 
-4462 

22 7; 
7 7 6 5  2456 
-5104 
-5353 
1 2 6 ~ 3  
10ClL 
-L  432 

66431 
-603 1 
-5 4, b 
-1 472 
-521 4 
-331 1 

3 1 5 ~  
3172 
472 1 

-701 7 
305. 

-3 763 
-4G0 

-281 5 
4151 
5572 

-475t 
-70 41 

6421  
12245 
-d.o43 

72?1 -1 7tJ? - jb42 
d 4 3 7  
4033 

-61 73 
-32 6 3  
-2677 

6764 
-7243 
- 3 3 3 2  
-7c5. 

2 3  74 

,?4L 

' 17; 

2017 
-0651 

-1 153- 
jO>, 

-6,12 
J J 5 A  

3:,04 
i-L joJ 

-75; 

-?2 -$ 

,.,. 

(Continued) 

h k I  
1 5  6 - . .  
15  I -12 
15 1 -15 
15 1 -17 
15 1 -.1 ; 
15 1 -22 
17 1 12 
1 7  I 10 
1 7  1 
1 7  i 4 
17 I o 
1 7  I -1 
1 7  1 -3 
1 7  I - 4  
1 7  1 -5 
1 7  I -6 
1 7  3 -7 
1 7  1 -'-I 

1 7  1 -16 
1 7  I -12 
1 7  1 -13 
1 7  1 -14 
17 I -20 

15 1 2 
19 1 1 
I >  I c 
1:1 1 -1 
-l> I -3  
15 1 -4 
A ?  1 -G 
19 1 -7 
19 1 - b  
13 1 -3  
15 1 - l G  
75 I -11 
15 1 -12 
I 3  1 -20 
I ?  1 -21 
75  7 -24  
2.1 1 5 
21 1 3 
2 1  1 1 
L 1  1 3 
2.1 1 -1 
21 1 -2 
i.1 1 -4  
21 I -5 

2 1  1 -13 
;I 1 -15 
;I 1 -21 
2 1  1 -22 
21 1 -22 
;? 1 2 
2 3  1 -2 
; 3  1 -5 
22 1 -7 
is? 1 -14 
; 3  1 -15 
i-3 1 -22 
22, 1 4 
2 5  1 2 
;r 1 -c 

2 5  1 -17 
;.5 1 -1k 
i.7 1 -3 

A ,  

1 7  I -22 

i.1 1 - L J  

$5 1 -7 
;5 1 - 1 3  
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TABLE 2 

FO--FC 

-63d 
-1 002 

-61 5 
-261 -1 55G 

251 

(Continued) 

h k l  FO 

4235 
-b A t  7 

FC 

4e65 
-5 465 
-350b  

-31 tr 
-5577 

4117 
-1120 

6 3  70 
5152 

-7732 
2 u 3 s  
"356 
3525 
d b 0 d  
231 G 

-153b7 
-4797 
-5ctJl 

. -1325 
- 4 q 5  

422 L 

-3673 

FO 

45 56 
6122 

-1 1 3 ~ 3  
-41 45 
-3667 
-3527 
-302 4 

7666 
-4462 

5254 
-10712 

7420 
-6627 

0500 
10ObC 
-3 71 0 

23113 
-1 423b 
-10304 
-22253 

607: 
1451 5 
-3 r56 

5023 

-457v 
6 

-4743 
-4235 

3 3 > a  
'L]>Vr; 

7392 

b 477 

-41 02 

Fa 
2.iL2 
5043 

-5740 
-45 71 
-3553 
-2573 

-3 5 
6751 

-4CG1 
110 

- 1 1 2 ~ 3  
6G42 

-6215 
7544 

FCFC 
20 9 '. 

2 7.d 
-1 6 4c. 

422 
-11 4 
-554 

- 2 2 ~ 5  
-1125 

372 
51 3 t  

551 
572 

2% 
-225 

173 
-4220 

-473 
-2 32 6 
-1 202 

L,12 
-122.J 
-1 4; 
1761 

-1 6& 
-413 
1: 7; 
.J1 

-1 7'13 
-1077 

1224  
-4&7 

V l O  
10!0 
-5 t Li 

-551 
1031 

43c 
-1 607 
-12:L 

635 LJ 
532 

-336 
-353 
1544  
1076 
-2 c2  

5 32 
1743  

-44-1  < 

-- c 

r 7 -10 
L. 2. -11 
i 2 -12 
li 2 -15 
4 2 -16; 
6 2 13 
6 2 16 
G 2 15 
G 2 1 4  
G 2 12  
i, 2 11 
6 2 10 
6 2 9  
6 2 7  
6 2 5  
6 2 3  
6 2 2  
6 2 1  
6 2 0  
G 2 -1 

2 -2 

G 2 -5 
2 -10 

6 2 -13 
6 2 -14 
6 2 -15 
L 2 13 
b 2 12 
b 2 g 
0 2 8  
b 2 7  
8 2 6  
a 2 5  
8 2 4  
6 2 3  
8 2 1  
b 2 3  
0 2 -1 
8 2 -2 
8 2 -3 
8 2 -4 
8 2 -5 
cr 2 -6 
8 2 -7 
8 2 -L 
3 2 -5 
0 2 -10 
8 2 -11 
ti 2 -12 
0 2 -13 
0 2 -14 
u 2 -16 
8 2 -17 
8 2 -1i 
8 2 -21 

1 0  2 ti 
1 0  2 3 
10 2 1 
10 2 -1 
l() 2 -2 
18 2 -4  
1c 2 - c  3 1c)  2 -j 
13 i' -7 
I C  <- 

IG L. -_ 

E 2 -3 

2 2 -12 

10 2 1; 

, -  

70 6 
-2265 

42 
- 4 3 t 5  

6412 
5972 

-71 73 
2 Oh0 
6670 

~ 1 3  
355 

4$ 
-1720 

556 
19/16 

760 
-2531 
I100 
i 43 

-2114 
5u3 

-1036 
-21 1 
557 
Gi; 

-117 

-71 $2 
-22 741 

' 77c5 
61 63 3 474 

-52 cc 
4555 

3Gb: 

4531 
252 5 

-2925 
-2ti3 
-I 22: 
-5021, 
6 733 
3c26 

171 57 
-2 6531 
-1 4420 

-r\ ,UL3 - 1275: 
-2310 

5503 
-5361 
-51 65 

02 30 
-3 6 72 
-5 455 

3065 
-5755 

20 71 
-2 61 I 

-1374 

-1b5'5 
$37 

2 50 
1631 

-1 372 
3756 

-1293 
-4262 

31 15 
-31 55 
-5 447 -16643 

4793 
14221 

-4b% 
i 772 
3344 
40 46 

-6454 
4111 

-1577 
5561 

-4447 

1761 J 
-s577 
-4694 
-2 La,  

1 ~ 3 6  

3162 

2!2 CJ 

-251,s 
2 i 7 3  

16116 
-3511 
-4406 
-422 5 

53G2 
673 4 

-7430 
-441 L 

-12535 

31 7 4  
3335 
5600 
42 60 
6557 

-10260 
3504 

2242 
-2 3 42 

-23 7 
21 1 4 2  1 

-41 3 2  -22 77 
-3255 

2>61 
61 06 

-4451 
-3;13 

2iGG 
--. . :? 
u.-; 1 

-455 4 
1321 t 

5662 
-13643 
-11052 

-4a53 

L l l l  

G i  72 

-2433 

-531 
166; 
7L2; 

- q i r  
1 C l C C  
5 4ii3 

-151622 
-,>I 
-53>, 
-2 3 62 

32cu 
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h 

1 rl 
1 Q 
7 c; 
10 
1 17 

1% 
12 
:2 
12 
12 
1.2 
12  
12  
12  
12 
12 
12 
12 
12  
I 2  
12  
12  
12  
12 
1 2  
1 2  
1 I; 
1 4 
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4 
1 4  
1 4 
16 
16 
16 
16 
16 
It; 
1 6  
16 
1 6  
? G  
i G  
15  
16 
16 
It; 
16 
16 
I i; 
1 b 
1 i; 
1 E-; 

z c  
I IJ 

k l  

2 - i c )  
2 -12 2 - 7 3  
2 -16 
2 -37 
2 -25 
2 17 
2 9  
2 5  
2 4  
2 2  
2 1  
2 0  
2 -1 
2 -2 
2 -3 
2 '  - 4  
2 -5 
2 -6 
2 ,c. 
2 -10 
2 -11 
2 -12 
2 -13 
2 -15 
2 -17 
2 -21 
2 15 
2 11 
2 5  
2 7  
2 5  
2 4  
2 3  
2 2  
2 0  
2 -1 
2 -3 
2 -4 
2 -5 
2 -7 
2 -8 
2 -10 
2 -11 
2 -13 
2 -14 
2 -17 
2 -13 
3. 13 2 5  

2 2  
2 3  
2 -2 
2 -3 
2 -4 

2 -&  

2 -9 
2 -10 
2 -11 
2 -12 
2 -15 
2 -16 
2 15  
2 12  
2 '3 

g ;  

3- -7 

Molecular Structure of a Wittig Reagent 

Fo 

233 7 
7066 

-3 71 0 
-4310 
-51322 
-43 75 
3!?7 

-3336 
>726 

-6326 
-5328 - 499 7 
13 753 
2873 
31 35 

15255 
-22379 

6503 
3556 

-5566 
-5E;bG 
-2951 

FC 

730 
7261 

-3555 
-46 41 

-30 43 
20 66 

-5271 
593b 

-61 46 
-5087 
-5935 
12127  

1396 
39 7 

1316Y 
-16722 

7523 
5352 

-5367 
-6407 
-2564 

-4a.45 

TABLE 2 

FO-FC 

1 LO7 
-1 95 
-1 'il 
331 

-1 326 
1741 
1315 
-212 
-1 78 
-2 41 

33d 
-374 
1 4 7 7  
2755 
20 

y d 0  
-1346 

-1 95 
521 
-22 

-977 

-3g57 

-5750 -4053 ' -1637 
356C 4437 
7334 6716 

-5533 
3012 
-4364 

6701 
-4533 
-72 4, 
-3226 

4657 
5612 

-536 1 
-50 71 
-3 8 60 
10240 
-689 4 
-2 3 50 
- d l 3 3  

50e2 
4372 
72 5~ 

-51 35 
6101 

-332 4 
-3652 
3551 

-51.50 
-6b4l 

441 ;I. 
-s750 

4256 
6 2 9 4  
451 4 

-1 4905 
753 6 

-633 7 
4127 

10733 
-451 Ll -57K:' 

4 2 c 9  
3710 

-3 441 

4032 

J I  

-5 9 40 
1673 

-351 6 
7657 

-4726 
-6574 
-891 3 

5576 
5663 

-500 5 
-4031 
-3975 

3361 
-6631, 
-2;'tL: 
-6106 

502 3 
2c33  
66 42 

-6 452 
31 2 4  
6605 

-3555 
-432 3 

4 7 9  
-71 43 
- 7 e +  
-15537 

3344  
5 763 
5220 

-1 41 4 4  
7407 

-r: ," 

1 0 r 2 4  

3320 

555;  
-$205 

5s+ 
-0525 

2764  
-26iJ2 

-4406 -5020 
2 7 3 3 2 4  3337 

h 

1 t i  

7 8  
18 
l c j  
1 0  
13 
18 
1 8  
1 c', 
1 d 
18 
1 6  
18 
1 8  
15 
1 :7 
18 
20 
20 
20 
2 0 
20 
20 
20 
20 
20 
20 
20 
20 
20 
22 
22. 
22 
22 
2 2 
22  
22. 
i 2 
2 2  
22 
2 4  
2 4  
24  
2 4  
2 4  
2 4  
2 4  
26 
2 6  
2G 
2G 
2 s  
2 [i 
2 6  
2 cj 
2 0  
39 
30 
30 
3 4 
1 
1 
I 
1 
1 
1 
1 

4 i  

1 

(Continued) 

k l  

2 5  
2 3  
2 2  
L: 2 
2 -1 
2 -2 
2 -4  
2 -5 
2 -6 
2 -6 
2 -2 
2 -10 
2 -11 

2 -14 
2 -21 
2 -22 
2 2  
2 6  
2 ' 4  
2 - l  
2 -1 
2 -7 
2 -d 
2 -11 
2 -14 
2 -16 
2 -1b 
2 -15 
2 -22 
2 5  
2 3  
2 1  
2 -1 
2 -3 
2 -5 
2 -12 
2 -14 

2 -fL1 
2 -1 
2 -7 
2 -8 
2 -11 
2 -12 
2 -13 
2. '15 
2 2  
2 -5 
2 -11 
2 -15 
2 0  
z -3 
2 -5 
2 -;I 

2 -14 
2 0  
2 -4 
2 -5 
2 -3  
3 2 7  
3 7 5  
3 1 4  
3 12 
3 10 
3 s  
- 7  

., 

2 -13. 

2 -!7 

$ 6  

FO 

to31 

605; 
-2 j51 
-43 42 

* -4042 
4353 

12L1;j 
363 4 

-6434 
-6444 

2541! 
-62 41 

53u3 
-30 45 
-)20l 
- 3 $ 2 3  

33 45 
4C65 

-4847 
d310 
495 4 
6056 

-35005 
-3N3 
-2 0 73 
-4139 

-3753 
-532; 
-;147j 

3946 
31 22 

46 42 
3726 

-3r33 
3503 

-361 7 
31110 
31 41 

-471 
-3 495 
-41 4% 

3092 
43 42 

- 3 7 7 4  
5726 

-4556 
-3 t 49 

/!56c, 
352 7 

-3946 
.-3 8 22 
-3 360 

4 5 3  
3312 

- 3 6 3 4  

3.1 7 
560 7 
3938 

-733 r: - 452 5 
-753s 
1 2 t t "  

- ; ! $ i j C  

3;; 
4036 

~ Y G J  

-441 c 

-7 9 4 4 4 3 ;  

FC 

6920 
-1 772 

5367 
-2236 
'3b44 
-457: 

46 43 
12261 
222 3 

-43sc: 
-6ba3 

1766 
-615s 

41 5s 
-4577 
-2 32 G 

2200 
4051 

-4366 
4474 
51 35 
5576 

-2 100 

- 1 3 ~ 6  
-3012 

2928 
4053 

-363a 
3 7% 

-51 85 
-931 8 

43 46 
2528 
1731 
3 466 
3097 

-2671 
42 43 

-33$7 
2 0 3 5  
31 40 

-4535 
-32 96 
-3631 

2549 
2 852 

-2900 
4065 

- 4 5 ~ 1  
-33 62 

31 4 l i  
3302 

-2 720 
-344e 
-1 360 

32 $1 
t ' 2  

-1oc1 
-1 360 

2122 
6131 
402 0 

-75a1 
-4c50 
-731 3 

i l 7 7  

-1529 

-32q5 

2 2  

10523 

5791 

Fo-Fc 

-82 9 

72  4 
-455 
-692 

c3 7 

1.413 

30: 
11X 

1105 
lr,?;! 

-355 
-2 4 3 s  

-46 i 
-164 
-1 21 
4t2 

-1 405 
-633 

-1 407 
-1127 

6 42 
77  

-123 
302 

-1 40 
-1 G I  
-400 

3 44 
1176 
11 76 

6 3 :  
-132., 

-3 4c 
-51 0 

51 5 
1 

21 e 
-1 39 
-316 
1352 
11eo 
-974 
1657 
335 

-787 
142 4 
-3 7 5  

-1226 
-444 

-1 330 2 72 
2 126 
-2633 
- 3 2 5  

1115  
-52 4 

-2 1 
15-l 
32 5 

-22 5 
234: 

315 

27! 

2; ;  
-1 i?t 

-!3 

-c 0 7 

J /  

l o o ?  
1. 
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TABLE 2 (Continued) 

FO-FC h k I  h k Z  Fo 

1768 
-9 41 5 
.13 886 
-1 415 
11324 

42 46 
15473 
-4500 

465 4 
132 32 

4503 
~ 7 ~ 0  

-7066 
2 $73 
91 57 

-3% 7 
-4385 

5865 
4320 

-C@IG 
-2535 

70 44 
7056 
4954 

- P  F 

Fo 

1483 
-02 79 
.lG22 6 
-151 8 
12544 
2 779 

11 490 - 4522 
5385 

1194b 
5fi74 

-7189 
-70 49 

4117 
10220 
-4960 
-5474 

61 42 
3949 

P o  

41 82 
669; 

- - l243> 
3210 
.5 662 
531 9 

-1341 4 
-3 72 5 
-350 1 
31 19 
5 z q  
7.. 45 
40 42 
31 95 

-5361 
3 710 

-3 41 0 
-41 82 

FC 

7 3 5  
7 3 4  
I ? ?  

3 ..L 

7 7 1  
7 :j ; O  
7 

f -2  + 5 -3 
7 3 -4  
7 3 -5 
7 3 -6 
7 3 -7 
7 3 -9 

I 3 3  
1 3 2  
1 3 1  
1 3 0  
I 3 -1 
1 3 -2 
1 3 -3 
1 3 -4 
1 3 -5 
1 3 -6 
1 3 -3 
1 -9 

1 $ -13 
1 2 -15 
1 3 -17 
1 3 -19 
3 3 13 
3 3 16  

1 2 -10 

3 474 
6 850 

-11119 
6338 
4151 
rid0 1 

-13090 
-0963 
-7626 
40 91 
5936 
6646 
41 75 

70 8 
-159 

-1320 
8 72 

I511 
1115 
-32 4 
-762 

-1 375 
-972 
-403 

603 

103 
-1223 

1467 
3963 
-3 -jiJ 
-732 
1286 
-971 
-3 61 

5 83 
-1 244 
-1 063 

1433 
283 

-2 77 
3 71 

-1 33  
-335 
-96 4 

7 3 -10 -. 3 -11 

5 3  

3 3 6  
5 3 4  
9 3 3  
9 3 1  
5 3 0  
9 3 -1 

6 3 15 

9 3 '125 
3 530 

-4397 
3367 

-5550 
-4711 

9 433 
-7014 
-6653 

3 43 
21 40 

52 9 
-63 

-1236 
-61 2 
1312 
1146 

106 
85 4 
45 & 

-3035 
9 43 

- 4 s )  
-3  9 

-555 
2 4  

-452 
359 

-1 721 
-1 096 

93 50 
-63 10 
-7302 

9554 
7260 
253b 

-9d 5? 

290 7 

-31 0d 
7256 
6475 

- i347 
-2324 
-760 5 
ti123 

15000 
892 6 
89.1 I 

-1 4033 
-7657 

2503 
-4423 

l i2 42 
6134 
2832 
9676 

-12305 
-2 444 

50 a 
445 7 
3700 

-600 7 
5015 

-2464 
-4336 

5 8 1  
1047 
-30 

-1043 
1 140 

13 530 
-12 445 

-7377 
-3367 
-6465 

a235 
. 6369 
1109s 

-5479 
5533 
3577 
3741 

-43 72 

112 

23 72 
-3631 

3 3 -10 
9 3 -11 
9 3 -12 
5 3 -13 

y 3 -17 
c j  3 -19 

11 11 

11 3 7 
11 3 5 
11 3 3 

ic' 3 -16 

1 1  3 10 

1 46 48 
-1 7236 
-8803 

451 4 

5737 
-3293 
-1 146 

231 1 

56 40 
-2916 
-3577 
-31 52 

51 68 
-7430 
-3647 

2 733 
-5 468 

4562 
-3 '463 

3367 
-3646 
-2813 

5500 51 "0 

3431 
-3591 

989 7 
-2776 
-8731 
2 476 

-7356 

-300 1 
5 70 

-1 5'3 

-1 431 
6266 
3 860 

-4265 

-423'7 
294b 
-56 43 

541 S 

4235 
-32 59 

3527 
2540 

-3827 
5286 

1 r j L o S  
10767 
-4127 
-62 41 
-561 9 

2540 
-0653 
-4718 

3 75 
1006 
-556 

30 
-31 4 

482 

175 
-65 1 
-3 75 
7614 

73 1 
-2253 
-460 

-1331 
20 41 

-3 4 
-21 37 

2513 
1090 

-1 599 
2116 

4123 
I510  

-351 3 
5104 

13742 
9266 

-35GO 
-602 4 
-4290 

1347 
-7295 
-4797 

522 7 
3577 
4467 

-3ei 7 
-281 3 
-1 986 

7073 
-12C44 

-4476 
la431 
-5595 

41 16 
3947 

-10569 
-6311, 

5 961 
2457 

-5 492 
61 12 

-3082 
1753 

-4377 
-5G6 

11 
11 
11 
11 
11 
1?1 
11 
11 
11 
11 
11 
11 
11 
11 

3 0  
3 -1 
3 -2 
3 -4 
3 -5 
3 -6 
3 -7 
3 -8 
3 -10 
3 -12 
3 -14 
3 -15 
3 -13 
3 -13 
3 14 
3 11 
3 7  
3 4  
3 3  

46 6 
1519 
-1 47 

5560 
652: 

-939 I 
3525 

-1 454 
7384 

-3474 - 71 92 
3 Go 

901 5 
-5573 

22 43 
-51 62 

60 45 
-2566 
-? 772 
-0775 

1090 
-1 52 7 
-4201 

4236 
-791 5 
2060 

-7219 
-65 41 
-7452 

56 50 
30@@ 
5237 

-3 41 9 
-3032 

12 6 . 0  
-5440 

2538 
-665:: 

3667 
-302 4 
-2455 
-6487 

2841 
-4074 
-3205 

4599 
-6251 

2 712 
-72 10 
-6 5 72 
-;I785 

3595 
1 Q3 
6?5 

-1 4YC 

010 
40 7 

-1 0 7 3  
-1 2 95 
-1 166 

-73 
3 49 

13 
13 
73 
13 

-3281 
6712 

-12117 
-4127 
10766 
-480 4 
339b 

-10040 
-6284 

5 773 
39 8% 

+€a 

-r.cc ;:& 

-2351 
-458 
31 7 
280 

175: 
-254, 

93 6 
363 

1604 
6 52 
-52 
-3 1 

-333 

13 
13 A 
13 3 -3 

13 3 -8 
13 3 -11 
13 3 -13 
13 3 -15 

;; ; 1: -271 
632 

-1 62 
63 1 
-G2 
5 59 



Molecular Structuure of a Wittig Reagent 5793 
TABLE 2 (Continued) 

h k  I FO h 

25 

k l  

3 8  , r? .  
I j 3JC3 

-1,j -3O$j 
13 -53cll 
10 3045 
2 3753 
7 -3441 
5 -7571 
1 43CJc 
3 -2;.:^1 

-1 -4556 
-2 77G3 
-c- - 3 7 y 6  -6 ->136 
-7 -2515 

-1i 5414 
-1; -56b3 
-14 3367 
-15 -4432 
-17 3231 

5 -3570 
4 7313 
2 5251 
0 -4321 

-I -5166 
-3 3474 
-4 11302 
-5 5722 
-7 -273b - 1,. -11324 

-10 4462 
-11 3152 
-13 441G 
-15 -7130 
-20 -3024 
-21 -3551 

12 -3152 
4 -4042 
2 5511 
1 6375 
0 3660 

J d  

-1 3603 
-3 -6235 
-7 10C47 
-8 -3 790 

143 53 -3 
-11 - 4 3 2  
-16 3050 
-15 353t; 
-23 -3455 

7 3463 
3 -3b60 
2 ' -4i-j2c 

- 4  5s5c; 
-7 3 2 ~ 1  

-571 2 -i; 
3 4143 

-11 -4503 
-13 4246 
-20 2365 
-22 - 3 P 0  

- .. 

0 -4651 

4 2 3 5  
4127 
4723 

61 
4780 
45 7G 

-3300 
-2 92 3 

5 73 
-76b3 
-42; 6 

41 74 
-653 
-2 5c 
-41 r3 

3 0  
3 -2 
3 -4 
3 -6 
3 -11 

-3 j i o  
-3667 

32 81 
-1169 

-544 
1151 

- > 2 3  
-1357 

-30 5 
-1 332 

41 I, 

41 4 

2 5  
2 7  
2 7  
2 7  
2 7  
2.9 
31 
33 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ; 

3 -13 
3 -7 
3 -11 

-6257 
-3 5 70 

452 5 
361 7 
4364 

5635 
3 702 
2 402 

3 -14 
3 -16 
3 -7 
3 -6 
3 -14 
rr 1 6  
4 1 5 
11 1 4 
ii I 2  
4 10 
4 s  
4 b  
4 6  
4 5  
4 4  

115 
2562 
1393 
-993 
22 70 

61 2 
755 
85 

4203 
-3 77 4 

4320 
3 0 ~ ~  

-3205 
2343 25#>5 
r 6 - 1 ~  

-a374 
-022 4 

6733 
5661 

14412 
-453 7 
-302 4 
-700 1 
2 569 

-4032 

-9 2' 

2610 
-2 781 
2050 
2 476 

-3564 
2855 
1441  

-7055 
- t r Z G l  

15 3 
1 5  3 
17  3 

1154  
-6 44 

-93 
732 
20 

5 42 
2111 

133 
-2567 

-c 4 
42 1 
171 

4YO 4 

-6556 
071 
5063 

12301 
-51 56 

-43 7 
-11 b35 

4 3  
4 2  

3053 

- 2 ~ 6 9  
-4f253 

2217 
/595 
7506 
4605 

-2 7$u 
5 765 
7602 
7645 
5007 

-22 62 

2 
i 

3 i 0 2  .:; 3 
4 2  31 50 "2336 

10307 
-2665 

2 
L 

51 33 

-61 72 
462 7 

3 0  7~ 
2623 

2361 

-357z 
4 2 
4 1  
G O  
4 -1 
4 -2 
4 -4 
4 -5 
4 -6 
4 -7 
r, -c; 
4 -19 

3560 
-40 42 

6530 
52 76 

-6300 
-11 -7270 
-12 -3152 
-1F 6026 - d.'.. 7" -1; 2 2  

-6031 
-1075C: 

3 431 
4023 
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k I  

4 -;1 
4 -1; 

4 -16 
4 1 4  
4 11 
4 1 0  
4 3  

4 -13 

4 q 
4 5  
4 4 
4 3  
4 2  
4 1  
4 0 
4 -1 
4 -2 
4 -4 
4 -5 
4 -6 
4 -6 
4; -3 
4 -10 

4 -14 
1: -15 
4 15  
4 9 
4 ”  
4 7  
4 6  
4 i  
4 3  
4 1  
4 0  
4 -1 
4 -2 
4 -3 
4 -4 
4 -6 
4 -7 
4 -6 
/I -5 
4 -10 
4 -11 
4 -12 
4 -13 
4 -14 
4 10 
4 i ,  
4 7  
4 6  
4 5  
4 3  
4 1  
4 -1 
1: -2 
4 -3 
4 -4 
4 -7 
4 -6 
4 -11 
.I -12 
4 -14 
4 -17 
4 - I t  
1: -21 

4 -13 

Fo 

931 8 
62 72 

-i;122 
-4259 

3259 
-3784 
-5062 
-3227 
-4857 

4762 
-53 40 

3535 
5 L 0 ’> 

6214 
2355 

-10423 
-15556 
-1 r b G ~  

10553 
~ 2 6 7  
502 2:. 
2111 

-322 7 
-4032 

4127 
43 65 

-452 1 
-3377 
-3b4, 

3 441 
5114 

-671 2 
-2 5 1 3 

2S5i; 
1251 3 
203  7 
5&22 

-4C20 
- 1 o y  

-7703 
456b 
3 7 1 s  

-2 776 
452 5 

-2862 
-3474 
3560 

-3236 
-4621 

3474  
5447 
7671 
71 30 

-6658 
-4353 
13544 
-31 41 
-5522 

4q57 
2516 

-61 66 
-3495 

6065 
4255 

-3312 
-61 65 
351 3 

-535; 

-6723 

Fc 

9 4.,9 
6574 

-563; 
-4097 
2285 

-413E 
-5 90 6 
-3567 
-4453 

4257 
-4330 

20 43 
533% 7 

-33 c2 
~ 5 3 2  
2216 

-5633 
-1 4055 
-1 7766 

btJ4;: 
6525 
>&ti0 

1 4 5  
-2506 
-3155 

51 43 
463 4 

-4bb; 
2 o t j  
571 0 

-2>c l  
-7120 

200 
11 391 

035 
Gc57 

-4559 
-124dL 

-600 t 
4L50 
261 r 

-21 40 
52.61 

-2555 
-322 1 

3541 
-36 74 
-461 7 

3263 
6677 
33Y4 
740 6 

-7103 
-3222 
bS 74 
-2 43 

-5L15 
3761 
225b 

-7477 
-2 3 46 

52 4; 
-4241 
-71 7;. 
331 0 

-45 77 

-7655 

-2054 

6050 

TABLE 2 (Continued) 

h 

1;. 
12 
12 
1% 
12  
12 
12  
12 
12 
12 
1% 
12 
12 
12  
12 
14 
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
14  
14  
1 4 
1 4  
1 4  
1 4  
1 4  
1 6  
16 
16 
16 
16 
16 
16 
i G  
1 C  
16 
16 
16 
i G  
i C  
12 
1 i ;  
l t  
1; 
10  
li, 
1 L 
11) 
1 2  
1L 
1 ij 
1 i; 
20  
20 
20 
20 
2 0 
20 
22 
22 
22 
22 

22 

2 4 

,- ,-I f L.  

PI ? L l .  

Fo 

-3 !?5 
>y 53 
4554 

-7105 
-2167 

4020 
2541 
4443 
2412 
/ 6 J O  

-2 755 
-2c;41 

6346 
4426 

-322 7 
-4353 

7152 
-4235 
-331 2 

3413 
-7452 

2519 
-7506 

3 441 

3527 
’52 11 

3534. 
-5426 
-3 41 0 

622 5 
-50 53 
- 46 42 

6364 
-8 42 L 
-2 41 2 
-4256 
-4406 

b3 42 
364G 

-73 45 
3527 
356c 

-4353 
4353 
5506 
41 52 

-43 42 
,t: c ;. r J J U U  

c n i‘ Ju-.3 

L r -, ,‘. r i  

-c c 

36~1, .,I 

5452 
- 4 4 6 1  

3 x 3  
-4032 

4i32 
-4535 

2;>1 
33 ‘;5 
472u 

-3 5.3 L 
40 7.4 

-3’ ”. L I 1  
3 2 7  -7367 
4656 

-441 t - 432 0 
-3 5 70 
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TABLE 2 (Continued) 

h k  A k l  F O  

41 -ja 
JU25 

-3'iYl 
-41 32 

3324 
-332 .4 
-3205 
-3 50 5 

4117 
40 42 
511.4 

-461 4 
-3 62 4 
-3710 
-3 41 0 

4363 
~ 5 3 2  
4074 
3741 

-31 52 
-5651 

-c r 

%; 
-2 5 40 

5663 
-3312 

3753 
-6225 

Fc 
4333 

-5703 
-2467 
-1025 

2aao 

1 Fc 

: L A 1  
3 4oa 
5775 

-4022 
-3:.21 

4321 
452 3 

71 4 
-3 103 
-3 763 
-5356 

7220 
5331 

-51 10 
-7b4t  
-62 4 4  

1707 
2637 
1 h 4 1  

-603 7 
-5456 

-1C  445 
2 5 3 t  -;", 
u 1 L -. 

.; i) 
/I -7 
I: -13 
I!  -21 
d'; 3 
I ;  -7  
.I -6 
4 -7 
4 -12 
4 -14 
ti -22 
4 -12 

-1 LY - 1 .r 

-1124 
-31 6 >  

444  

8" 

324 
-53  1 

5; 1 
2105 
-61 7 

522 
135  
-6 75 

105. -2 5 
-3s7  

J,1 
555 

-222 
11 50 
30Gt 

3;u 
-427 

c I- 

-752 

-2791 
-1 733 
-41 42 

2957 
5266 
33 42 

-52 46 

-533 
-1 472 

63 7 
116C 26  

2 6 
26 

-3 720 
-323& 
-5221 
65 41 
6c 3 6  

-1224 
1772 

43 2 
-3 97.; 

19;. 
-432 
1412 
-83.; 
-47L 
-561 

2 5  
30 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 

I -1 650 
-3904 
-297a 
2345 
9E28 
45 45 
43Q2 

-3593 
-11 166  

2774 
42 44 

-2 5 50 
, 7 3 0 9  
-30 5 4 

51 59 
-5293 
-61 56  

8731 
-3 72 6 
-3844 

-5135 
-'.235 
-5653 

2262 
5 
3 
2 5 11 

5 10 0 
-1 
-2 

541 5 
2 3 1  

-52 51 
-10047 

2111 

3 425 
-51 6 8  
-72 70 
-3205 5993. 
- y p s  
-4235 
1 0 ~ t i 3  
661 5 
5371 213s 

- 4 3  1 
-7763 

-51 43 
3513 

11624 
3 3 2 4  
332 4 

-62 1 4  
251 6 
i:q 43 

-5Ob2 
663 

-3540 
4745 

-376 4 
3567 

-3312 

325: 
-52 7G 
-2 5 73 
- 3 o t t  

6765 
3 6 72 
5 ili3 4 

-2 455 
-7666 

33 45 
31 41 
5779 

-LO74 
2L62 

-2569 

-2 620 
51 $L 

-22 G i  

4461 

-3 
-4 
-6 - 1; 

-1 1 
-12 
-1 5 
-1 6 
-1 9 
1.1 
5 
G 

-1 02 i 
5 -1 
5 -2 
5 -3 
5 -4  
5 -5 

5 -13 
5 -14 
5 -15 
5 -16 
5 -26 
5 -27 
5 19 
= 18 
$ 1 5  
5 13 
5 11 
5 10 

c -c, 
j -1; 

-6701 
b355 

-3 50 5 
-302 4 
-56513 
4096 
3088 

3 7 ~ 6  
-2Y38 

31 74  

3593 

74 
-;.43 
-1 20 

-571 6 
3679 
2348 
2093 
, 7 6 4  

-2355 
241 9 

7 
5 
C 
J 
4 
3 
2 3 

3 
; 75 

-731 
1 4 2 2  

1 
-1 
-2 

2754 623 
-4575 1 1 1 4  
2533  3d5 
SO43 -570 
6 ~ 2 7  -475 
4365 -6 6 

-3715 -134 

3>,s 865 
2 3 4 2  4 

-512., -1423 

-39: 5 535 

3 
-3 
-5 
-6 ; 

3 
3 -7 

-10 
-1 1 

-1 b 
-2 0 

13 
11 

b 
4 

. 2  
0 

-2 
-3 
-G 
-7 -3 

-10 
-1 1 
-1 4 
-1 5 
-1 6 

-13 

1 4 
-r 

50 7 
-3207 
-435 

1 

4 4  
51 s 
-92 

2 
-4  

2221 -2 5 iL; 
-20 3 

45 2 5v25 
c l 3 3  

-L33c 
s .! 

3 6 ; G  
4352 

-45';3 
-2652 
-5733 

4733 
-L20'l 

4032 
-2256 
-3332 
-1 625 

3 
3 
3 
5 
I: 

C 
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k k l  FO Fc F0-C h k l  Fo Fo Fo-Fc 

TABLE 2 (Contiwed) 

1 3  
13 

OQ12 
-;I 45 

2234 
4353 

-:c,; 
-31 1.j 
31 41 

-32 5 1 -33; u 

-3 560 
431a 

3t4u 
4026 

-4235 

- 5 u w  
10776 
-03 5 5 
-3634 
-7ocJ7 

72 70 
7 >73 

-30 I 2  

-362 4 
5522 
530 7 
6005 

-472i 
-4;rb5 
-3 710 
ci34 

-3 563 
-323,4 

3 9 7  

3 G70 

23 
23 
23 
23 
23  
25 
25 
25 
27 

-1373 
1,55 

-1 520 
-1 755 
-1075 

LI 3 

402G 
-3 5 70 
-261 G 

-1 446 
-461 

105 
153 

-3 52 
4 7 6  

-2659 
-4445 

-,Lf 
-20; < 

1524 
747 

-1 4 5 7  
310 
63;  

-233 
-G>G 

9 )  f 
62 t 
123 
G" 

- 2 4 0 ~  
-5 73 
-41, 

-1 2 - -1 2 ;  
102; 
-,3L 

1 4 j  
-3 7; 

1 2 7  
70 5 
7 t O  

-I 434 
321  

-1 3 b  
-12; 

Y715 
50 52 

-6422 

5223 743 
-32 5 

32 73 
2;0> 

-651 6 
1160; 

-? 73 iJ 
-1224 

-4267 
-5763 
.4203 
3 41 0 
42 46 
2Y1G 

-3 5 
6 76 

-22 G 4431 
333 7 

5 42 
4461 

73 
3704 

-1545 
105 
32 3 
23 

-771 5 
7077 
1 jo ' ;  
-52 4 
4443 

; 
0 

-1 
-2 

71 63 

-1 1677 

. -6363 
-2548 

31 41 

f 9 7 4  
-6692 
-31 b6 

-12757 54;:; 
51 42 

-5 446 
-6525 
-6504 
3235 
4740 

L3 6 50 
-42 32 

400 C 
6355 -5655 

-6077 
51 53 
2 ~ 3  
2167 
2364 

-3= 3 
-4763 

261 4 

IOLC 
-7 61 4 

2 77 
101 
126 

1727 
2 >O 
742 

-21 5 

23 
- i 2 0  

-44 
6s 1 

-30 5 

-1 1 v2 

ta7s 
5243 

-531 L 
-5e i  2 
-62 4 4 -330 1 

$456 
G I  I/> 

0 441 
-5 476 
-3672 

8053 
35 ..6 
3559 
43 43 
2501 

- 2 ~ 7 3  
-222 c 
-31 43 
-5 442 

3645 
-4652 

Go23 
-41 0 4 

822 45 

1534  
550-5 

12356 
-32 62 

-7736 

3577 
452 5 

-11732 
323d 
5007 

-5157 
-3670 

732 4 

-41 3s 
3068 
6315 

-480 4 
-7785 

4449 
41 52 3655 

bi 70 
3527 
3L27 
254b 

-2365 
-30 45 
-32 s 1 
-50 b2 

3367 
-5061 

6 422 
-4032 

602 1 -7555 
26 30 
5254 

12267 
-4309 
-4020 
-3336 

5234  
3377 

-3 441 
-302 4 
-4482 

11792 
4559 

-Y333 
-47E2 

-744 
130'5 
1532 

447 
J 

-u17 
-1 42 

367 
- 2 t l  
-434 
-401 

72 
-22 4 

l U 2 d  

-- :03 

33 77 
-322 7 
-5876 

2 Y l 6  

1013 
-20 4 

-1113 
?02 
CI 53 

-La7 
-1 165 -135 

653 
-22 6 
14G 
130 
305 

-31 7 
- l G  70 

5 -17 

5 3  
5 -20 

2210 
-200 E 

-31 52 
-3346 
-251 6 

2 77G 
547'2 

-365is 
-40 42 
4 4 2  

-1 9a7 

-3563 
3 702 
5331 

-3 t 2  3 
-4351 

47s r  
5760 
42 t 2  

-3362 
-320 1 
-2131 
-35E3 

3693 
31 Y7 
4065 

-3574 
-42 40 
2 464 

-31 53 4 

= 0  

5 -3 
5 -4 
5 -< 
5 -10 
5 -11 
5 -14 

; 3  
j -1 

-3472 
-3033 
652 4 2566 

-5 42 
-305 
-230 

351 
--I 91 1 

471e 
3012 

-356i1 
-4974 
-31 52 
-3503 

3312 
4320 
3677 

-3S03 
-3667 
332 4 
-405C 

-1 2 70 
-1 ;s 
-3  73 

-1 021 
-320 
-491 
1123 
-363 

71 
5 73 
iiC 
-6 1 

1425 
-1 523 

G 

6 
; 13 

21 
2 1  
21 G 

6 
u 21 

21 g a  
6 -3 
6 -4 

52 43 
-2755 

-1 1 763 
o j  75 
2 573 

21 -4035 
44; 5 

-3 d o  

G 
G 
6 

23 
2 3 
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expected for a true double bond by an interpolation between the known single (1.843 %.) 10 
and triple (1.542 A) l1 bond lengths, or from the sum of the covalent radii (1-665 A),12 a situation 
that is comparable to that generally found with CN bonds. The mean P-C,H, length is 1.808 %., 
which is rather shorter than that found l3 in triphenylphosphorus (1.828 A) but not significantly 
so. There is a significant difference 
in the lengths of the two C-S bonds, that to the doubly-bonded carbon atom being 0.08 A 
shorter than that to the benzene ring. This difference is in the same sense as, but rather greater 
than, that found by Bullough and Wheatley in comparable circurn~tances.~~ The bond joining 
the methyl group to the benzene ring has a length of 1.535 A. The four bonds to the phos- 
phorus atom are tetrahedrally arranged, as are the four bonds to the sulphur atom, but some 

lo D. R. Lide and D. E. Mann, J .  Chem. Phys., 1958, 29, 914; L. S. Bartell and L. 0. Brockway, 
ibid., 1960, 32, 512. 

l1 J. K. Tyler, J .  Chem. Phys., 1964, 40, 1170. 
le L. Pauling, " Nature of the Chemical Bond," 1st edn., Cornell University Press, 1948. 
la J. J. Daly, J., 1964, 3799. 
l* R. K. Bullough and P. J. Wheatley, Acta Cryst., 1957, 10, 233. 

The mean C-C length in the four benzene rings is 1.390 A. 



X-Ray Detemination of Molecular Structure of a Wittig Reagent 
TABLE 3 

Bond lengths (A) and angles (”) 
S-O(1) 1*469(14) C(2)-C(3) 1.416(25) C(9)-C(10) 1.393(29) C(17)-C(18) 
S-O(2) 1*444(15) C(2)-C(7) 1-388(27) C(lO)-C(11) 1.363(31) C(18)-C(19) 

1*686(19) C(3)-C(4) 1.348(26) C(l1)-C(12) 1.356(31) C(20)-C(21) zztkj 1-767(18) C(4)-C(5) 1.411(26) C(12)-C(13) 1-443(30) C(20)-C(25) 
P-C(l) 1-709(19) C(5)-C(6) 1*347(29) C(14)-C(15) 1.433(25) C(21)-C(22) 
P-C(8) 1*832(18) C(6)-€(7) 1*370(30) C(14)-C(19) 1.401(25) C(22)-C(23) 
P -C( l4 )  1*777(16) C(8)-C(9) 1*412(26) C(15)-C(16) 1.355(33) C(23)-C(24) 
P-C(20) 1.815(17) C(8)-C(13) 1.340(26) C(16)-C(17) 1*430(35) C(24)-C(25) 
C( 5)-C (2 6) 1 -53 3 (34) 

0(1)S0(2) ..... . 117*4(8) PC(8)C(9) ... ......... 118*6(13) C( 1O)C( ll)C(12) . . . ... 
O( 1) SC( 1) . . . . . . 109*6(8) PC(8)C(13) ......... 118*6(14) C(ll)C(12)C(13) ... . .. 
0(2)SC(1) ... . . . 110.9(9) PC(14)C(15) ......... 120*5(13) c (15)c(  14)c(19) .. . ... 
0(2)SC(2) . . . . . . 104.7(8) PC(2O)C(21) ..... . .. . 121-0(13) C(14)C(19)C(18) . . ... . 

C(l)PC(8) ...... ll2.6(9) C (2) C (3) C(4) . . . . . . . . . 1 19- 1 ( 17) C(17)C(18)C(19) ..... . 
C(l)PC(14) ... 118*2(8) C(2)C(7)C(6) ......... 120.3(19) C(2l)C(20)C(25) ... . .. 
C(l)PC(20) ... 105*2(8) C(3)C(4)C(5) ...... . . . 121-6( 17) C(20)C(21)C(22) ...... 
SC( 2) C(3) . . . . . . 11 9.5( 13) C(4)C(5)C(6) ..... . . .. 118*6( 18) C(20)C(25)C(24) ...... 
SC( 2) C( 7) C( 2 1)C( 22) C( 23) . . . . . . 
C(8)PC(14) ... 106-l(8) C( 9) C(8) C( 13) . . . . . . 122.6 (1 7) C(22)C(23)C( 24) . . . . . . 
C(S)PC(20) ... 107-2(8) C(8)C(9) C( 10) . . . . . . 11 6.9 (1 8) C(23)C(24)C(25) . . . . . . 

0(1)SC(2) .. . . . . 106*6(8) PC(14)C(19) ... ...... 121*4(13) C(14)C(15)C(16) ...... 
C(l)SC(2) . ... . . 107*0(9) C(15)C(16)C(17) . . . ... 
PC(1)S ......... 123.9(11) C(16)C(17)C(18) .... . . 

PC (20) C (25) . . . . . . . . . 
C( 3) C( 2) C( 7) . . . . . . . . . 

1 18- 7 ( 13) 
1 18.8 (1 7) 

. . . . . . 12 1.7 ( 14) C (5) C (6) C( 7) . . . . . . . . . 12 1.6 (20) 

C(14)PC(20) ... 107-0(8) C(8)C(13)C( 12) ..... . 117.9(18) 
C(9) C( 10) C( 11) . . . . . . 121.9 (20) 

C (4) C( 5) C( 26) . . . . . . . . . 
C (6) C (5) C (26) . . . . . . . . . 

1 - 3 38 (32) 
1*430(30) 
1-400( 25) 
1-404(26) 
1-398(3 1) 
1 - 3 8 5 ( 3 3) 
1.408( 30) 
1*377(29) 

120*2(21) 

119.1 (19) 

12 0.4 (20) 
118.1 (16) 

12 1.5 ( 18) 
12 1-8 (23) 
120*5(22) 
1 1 8.7 (2 0) 
119*9( 16) 
119*3( 18) 
120-3( 18) 
120-7 (2 1) 
119-5(20) 
120-1 (19) 
120.2 ( 1 8) 
121*2(19) 

considerable distortions from a regular tetrahedral distribution do occur a t  both atoms. The 
mean of the three C,H6-P-C,H, angles (106.8”) is rather greater than that found l3 in triphenyl- 
phosphorus (103.0”). 

The equations for the mean least-squares planes through the four benzene rings were cal- 
culated in terms of orthogonal axes in which [a’] and [b’] coincide with the original monoclinic 
[a] and [b] axes, and [c’] is normal to them. These equations are: 

Ring I .............................. +0.9087X’ - 0-4012Y’ - 0.11532’ = 0.5343 
Ring I1 ........................... +0-9169X’ - 0.3885Y‘ - 0.09142‘ = 2-9284 
Ring I11 ........................... -0.1964X’ - 0.0700Y’ + 0.97802’ = 1.2147 
Ring I V  ........................... +0*5304X’ + 0.8477Y’ + 0.00532’ = 3.1770 

The distance of the methyl-group carbon atoms from the first plane is -0.029 A, which is not 
significant, The distances of the phosphorus atom from the last three planes are +0.080, 
-0.080, and -0.164 A, respectively. Each of these is highly significant, a phenomenon found 
elsewhere. l3-I5 

It was noticeable from the molecular model that the four atoms P, S, 0(1), and C(l)  were 
almost coplanar. The weighted least-squares plane through these four atoms is given by the 
equation, 

+ 0-0276X’ + 0.8001 Y’ + 0.59922’ = 2.1732. 

None of the four atoms departs significantly from this plane, the greatest deviation being 
-0-061 A for C(1). All three benzene rings attached t o  the phosphorus atoms are twisted in 
the same sense round the P-C,H, bonds, so that the distribution is of the familiar “ paddle- 
wheel ” form. 

There are 52 van der Waals’ contacts less than 4 A, the two shortest being 0 ( 1 )  . . . C(4), 
3.287, and 0 ( 1 )  . . . C(3), 3.293 A. 

I thank Drs. A. J. Speziale and K. W. Ratts of the Monsanto Company, St. Louis, for 
suggesting this problem and supplying the sample. 
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