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gest some at tract ive contac t  be tween the ca rbony l  and  
phosph ine  groups,  a l though  the effect o f  the m a n y  
repulsive in teract ions  wi th in  and  between the t r iphenyl -  
phosph ine  l igands is hard  to assess. 
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physics  Depar tmen t ,  Univers i ty  o f  Leeds, for  use o f  
the d i f f rac tometer  and  to the Science Research  Counci l  
for  a s tudentsh ip  (to M.C.N. ) .  
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Abstrac t .  Pd(CllH19OS)2, monocl in ic ,  P21/c, a= 
11.15 (1), b = 2 1 . 2 2  (1), c = 1 2 . 4 0  (1) A, f l=119 .3  (1) °, 
Z = 4 .  The  two S a n d  two O a toms occur in cis ar- 
r angemen t  in a dis tor ted square -p lanar  conf igura t ion  
a round  Pd at distances o f  2.232 (2) and  2.028 (6) A 
respectively. The  bond  lengths in the chelate rings 
indicate  par t ia l  double  bonds  and  hence incomple te  
delocal izat ion.  

In troduc t ion .  Shkol 'n ikova ,  Yuta l ,  S h u g a m  & K n y a -  
zeva (1973) found  a surpr is ingly  shor t  Pd -S  bond  
(2.235 A), which  they ascr ibed to dn-pn back dona t ion  
in p a l l a d i u m  m o n o t h i o d i b e n z o y l m e t h a n a t e .  The  P d - O  
bond  (2"10 A) was also cons idered  short ,  and  this 
was ascr ibed to the s t rong trans effect of  S. Because 
bo th  observat ions  have  signif icant  impl ica t ions ,  an 
independen t  inves t igat ion of  these effects is desirable.  

Tab le  1. Final fractional positional ( x 104) 
and anisotropic thermal parameters (/~2x 103) with e.s.d.'s in parentheses 

T= exp [ -  2n2(Ullh2a .2 + U22k2b .2 + U3312c *z + 2 URhka*b* + 2 U13hla*c* + 2 U23klb*c*)] . 

y z Ull U22 U33 U23 
Ring I 
Pd -493 (1) 
S 1547 (2) 
O - 1394 (6) 
C(1) 1502 (9) 
C(2) 405 (9) 
C(3) - 939(9) 
C(4) 2888 (10) 
C(5) - 1984 (10) 
M(1) 4039 (12) 
M(2) 2718 (15) 
M(3) 3405 (17) 
M(4) -- 3279 (11) 
M(5) - 1324 (12) 
M(6) -2384 (12) 
Ring II 
S 416 (2) 
O - 2362 (6) 
C(1) - 832 (9) 
C(2) - 2170 (10) 
C(3) - 2848 (9) 
C(4) -374  (10) 
C(5) -4318 (10) 
M(1) 1211 (11) 
M(2) -1110 (12) 
M(3) -796  (13) 
M(4) -4836 (16) 
M(5) -5212 (18) 
M(6) -4527 (18) 

U13 U12 

1184 (0) 226 (1) 34 (0) 44 (0) 32 (0) - 6  (0) 
1645 (1) 1371 (2) 37 (1) 59 (2) 44 (1) --14 (1) 
1580 (3) 1142 (6) 40 (4) 54 (5) 45 (4) - 1 4  (3) 
2119 (4) 2461 (8) 37 (5) 41 (6) 38 (5) - 3  (4) 
2233 (6) 2657 (9) 38 (5) 49 (6) 51 (6) - 10 (5) 
1963 (5) 2032 (8) 41 (5) 41 (6) 42 (5) - 2  (5) 
2430 (5) 3361 (10) 37 (5) 69 (8) 55 (6) -21  (5) 
2159 (5) 2446 (9) 42 (5) 51 (7) 51 (5) - 7  (5) 
2345 (8) 3033 (13) 54 (6) 141 (12) 93 (8) - 5 3  (8) 
3140 (8) 3495 (21) 71 (11) 74 (10) 248 (28) - 6 7  (9) 
2078 (I1) 4628 (14) 101 (13) 236 (20) 65 (9) 20 (11) 
1743 (6) 1802 (12) 47 (5) 88 (8) 94 (7) - 3 9  (6) 
2078 (7) 3871 (10) 68 (7) 108 (11) 47 (6) 2 (6) 
2865 (6) 2072 (12) 66 (7) 57 (7) 87 (8) 6 (6) 

751 (1) -849  (2) 40 (1) 59 (2) 41 (1) - 1 3  (1) 
776 (3) --775 (6) 39 (3) 59 (5) 46 (4) - 1 3  (3) 
363 (4) -2105 (8) 47 (5) 35 (5) 30 (4) - 2  (3) 
246 (5) -2384 (8) 45 (5) 52 (6) 40 (4) 5 (4) 
433 (5) -1724 (8) 34 (4) 50 (6) 38 (5) - 2  (4) 
147 (5) -3044 (8) 54 (5) 47 (6) 41 (4) 1 (4) 
224 (6) -2161 (9) 38 (5) 70 (7) 49 (6) 18 (5) 

34 (6) -2424 (10) 54 (5) 83 (8) 63 (5) 14 (5) 
-473 (6) -3700 (10) 73 (6) 64 (7) 60 (5) - 2 6  (5) 

695 (6) -4002 (10) 99 (7) 70 (8) 53 (5) - 1 2  (5) 
-319  (10) -3148 (19) 74 (6) 185 (11) 169 (11) 89 (9) 

778 (10) --2714 (33) 65 (8) 115 (15) 487 (30) 1 (17) 
15 (17) --1128 (15) 93 (6) 499 (20) 67 1,7) 25 (9) 

18 (0) - 4 (0) 
23 (1) - 8  (1) 
24 (3) - 5  (3) 
16 (4) - 3 (4) 
25 (4) - 3  (4) 
21 (4) 1 (5) 
24 (5) --13 (5) 
28 (4) 1 (5) 
45 (5) - 3 3  (7) 
66 (12) - 2 0  (8) 
21 (11) - 6 4  (12) 
46 (5) - 2 5  (5) 
39 (5) 5 (7) 
41 (6) 17 (5) 

24 (1) - 8  (1) 
25 (3) - 8  (3) 
21 (3) 1 (4) 
26 (4) 3 (4) 
17 (4) 1 (4) 
31 (4) 0 (4) 
20 (4) 8 (4) 
40 (4) - 1 (5) 
41 (5) -- 14 (5) 
51 (5) -- 12 (6) 
73 (7) 54 (7) 

106 (15) - 5  (9) 
36 (5) 123 (7) 



1600 B I S - ( 2 , 2 , 6 , 6 - T E T R A M E T H Y L H E P T A  N E - 5 - T H I O L O - 3 - O N A T O ) P A L L A D I U  M (II) 

Since diffraction-quality crystals of  the related title 
compound,  obtained by the method of  Chaston, 
Livingstone, Lockyer, Pickles & Shannon (1965), were 
available to us, we undertook this analysis. 

The material  was recrystallized from n-hexane and, 
after prel iminary examinat ion by photographic meth- 
ods, cell constants and diffraction intensities were 
measured on a Stoe Stadi 2 diffractometer with Mo Ks 
radiation at room temperature.  The instrument is 
equipped with an incident-beam graphite crystal mono- 
chromator.  To compensate for spot elongation, a vari- 
able range was scanned in co-mode at a rate of  ls per 
0.02 °. No absorption corrections were applied ( / tR= 
0.3). After  Lp correction the structure was solved by 
the Patterson method and refined by full-matrix least 
squares with the program SHEL-X written by G.M. 
Sheldrick. 

The refinement of  the two t-butyl groups in trans 
disposition converged very poorly. Although aniso- 

Table 2. Intramolecular bond lengths (1~,) and angles (°) 

Ring I Ring II 
P d - - S  2.233 (2) 2.230 (2) 
Pd---O 2-030 (6) 2.026 (6) 
S- - -C(1)  1-705 (9) 1.709 (9) 
C(1)-C(2) 1.379 (12) 1.380 (12) 
C(2)-C(3) 1-428 (12) 1.414 (12) 
C(3)-O 1.260 (10) 1-259 (10) 
C(1)-C(4) 1.544 (12) 1.551 (11) '1 
C(3)-C(5) 1.542 (12) 1.519 (13) f 
M(1)-C(4) 1"534 (14) 1"563 (14) 
M(2)-C(4) 1-538 (18) 1.554 (14) 
M(3)-C(4) 1.573 (19) 1.562 (15) 
M(4)-C(5) 1-541 (14) 1.571 (24) 
M(5)-C(5) 1.556 (14) 1.476 (23) 
M(6)-C(5) 1.567 (15) 1.478 (22) 
O----S 3" 152 (5) 3" 144 (5) 

S(I)--S(II) 
o(i) -o fg )  
s Pd--S 
O : Pd--O 
S Pd--O 95"3 (2) 95"1 (2) 
P d - - S  C(1) 110"3 (3) 109.7 (3) 
S - -C(1) -C(2)  127.9 (7) 127.9 (7) 
C(1)-C(2)-C(3) 128.3 (9) 128.5 (9) 
C(2)-C(3)-0 126.9 (8) 126.5 (8) 
C(3)-O---Pd 131.2 (6) 131.6 (6) 
S--mC(1)-C(4) 114.7 (6) 114.0 (7) 
C(2)-C(1)-C(4) 117.3 (8) 118-1 (8) 
O----C(3)-C(5) 114.8 (8) 113.5 (8) 
C(2) -C(3)-C(5) 118.3 (8) 120.0 (8) 
C(1)-C(4)-M(1) 115-4 (8) 112.6 (8) 
C(1)-C(4)-M(2) 111.3 (1.0) 111.1 (8) 
C(1)-C(4)-M(3) 105.6 (9) 105.2 (8) 
C(3)-C(5)-M(4) 109-9 (8) 114-5 (9) 
C(3)-C(5)-M(5) 109.5 (8) 107.4 (1.1) 
C(3)-C(5)-M(6) 108.1 (8) 112.2 (1.1) 
M(1)-C(4)-M(2) 107.9 (1.1) 107.9 (9) 
M(1)-C(4)-M(3) 105.3 (1.2) 109.6 (8) 
M(2)-C(4)-M(3) 111.2 (1.4) 110.3 (8) 
M(4)-C(5)-M(5) 109"2 (9) 108"4 (1"5) 
M(4)-C(5)-M(6) 109-6 (9) 107.5 (1.6) 
M(5)-C(5)-M(6) 110.5 (9) 106.5 (1.7) 
0(I) -Pd--S(II) 177.7 (2) 
O(II)-Pd--S(I) 178.2 (2) 

* Overall mean 109.4 °. 

Mean 
2.232 
2-028 
1-707 
1.380 
1.421 
1.260 

1.539 

1"543 

3"148 
3"062 (3) 
2"687 (8) 

86"6 (1) 
83"0 (2) 
95"2 

llO'O 
127"9 
128"4 
126"7 
131"4 
114"4 
117"7 
114"2 
119-2 

110"2" 

108"6" 

178"0 

tropic refinement of  their thermal  parameters elimi- 
nated most of  the spurious difference Fourier  peaks in 
their vicinity, the extremely high Ui~ reflect some dis- 
order rather than pure thermal  motion. Despite this, 
the bond parameters calculated for these groups are 
fairly reasonable. Weighting was applied according to 
counting statistics, and at the terminat ion of refine- 
ment R was 0.05. The refined parameters are listed in 
Table 1, and the atom number ing  is shown in Fig. 1.* 

Discussion. All intramolecular  bond lengths are col- 
lated in Table 2. Bond parameters averaged over 
chemically equivalent, but crystallographically inde- 
pendent, entities are shown in Fig. 1. The coordinat ion 
is very close to planar.  The least-squares plane through 
the four ligand atoms is given by 0 .0062u+0 .7794v-  
0-6265w= 1.8104d, where u=xa+zc  cos fl, v=yb, and 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 31627 (21 pp., 1 microfiche). Copies may be 
obtained through The Executive Secretary, International 
Union of Crystallography, 13 White Friars, Chester CH 1 1 NZ, 
England. 

Table 3. Deviations (~ × 103) from the plane through 
the coordinating atoms 

Ring I Ring II 
Pd - 9  
S -13  13 
O 15 -15  
C(1) 28 219 
C(2) 75 208 
C(3) 45 61 

, , . # ,  

8 

9! 

II 
j .  v 

/ 
.¢ 

Fig. 1. One asynimetric unit drawn in projection on the average 
plane through the molecule. The bond parameters are aver- 
aged over chemically equivalent, but crystallographically 
distinct, entities. 
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w=z¢ sin ft. The deviations of all the ring atoms from 
this plane are given in Table 3. 

The most striking feature of the structure is the 
short Pd-S bond of 2.23 A. However, the Pd-O bond, 
although shorter than the 2.10 A observed by 
Shkol'nikova et al. (1973), appears normal in com- 
parison with the 2.02 A reported by Ito, Marumo & 
Saito (1971) for a Pd-O bond trans to N. Compared 
with the structure of the present ligand with Ni 
(Coetzer & Boeyens, 1971), it is once again the short 
Pd-S bond that stands out. The 2.14 .& Ni-S bond is 
not far from corresponding lengths of bonds trans to 
either S or N, and hence the present effect finds no 
easy explanation in terms of backbonding and/or 
trans effects. The eis arrangement that occurs per- 
sistently in the chelates of monothiodiketones is prob- 
ably related to this effect, and further studies are in- 
dicated. 

The structural formula of the complex is best re- 
presented by 

C(CH3)3 C(CH3)3 
\ / 

C - - S  S - - C  
/ \ / \ 

CH Pd CH 
\ / \ / 

C ~ O  O ~ C  
/ \ 

C(CH3)3 C(CH3)3 

This paper is published by permission of the Di- 
rector General of the National Institute for Metal- 
lurgy. 
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Abstract. C9H9N302S. H20 , a product of the oxidative 
cyclization of N-ethoxycarbonyl-N'-(2-pyridyl)thio- 
urea by bromine in acetic acid [Koren, Stanovnik & 
Tigler, Org. Prep. Proced. Int. (1975), 7, 55-59] is 
monoclinic, P21/e, a=6.310 {4), b=37-269 (22), e=  
4.568 (4) A, fl= 100.44 (3) °, V= 1056.5 A 3, Dr,= 1"52 (5) 
g cm -3 (flotation), Z = 4 ,  D~,=1.517 g cm -3, at 20 
(1)°C. The molecule is almost planar, except for the 
ethoxy group which is bent out of the plane, and ex- 
hibits a very strong S . - - O  interaction of 2.294 (5) A, 
thus suggesting the presence of a single bond-no bond 
resonance structure. 

Introduction. The compound crystallizes as transparent 
needles from toluene and dimethylformamide (3: 1). 
The systematically absent reflexions (0k0; k = 2 n + l  
and hOl; / = 2 n +  1) on Weissenberg photographs and 
the centric distribution of ]E[ values ( (E2)=l .000;  
([E 2 -  1[)= 1.020; (1E1)=0-776) indicate space group 
P21/c. Unit-cell dimensions were obtained from a 
least-squares fit of the 20 values of 15 reflexions meas- 
ured on a CAD-4 diffractometer [Mo Kal radiation, 
2=0.70926 A, t=20  (1)°C]. 

A single crystal with approximate dimensions 0.3 x 
0.1 x 0.5 mm was used for data collection on an auto- 
matic computer-controlled Enraf-Nonius CAD-4 four- 

circle diffractometer with Mo Ka radiation and a 
graphite monochromator. Reflexions were scanned in 
the o9-20 mode (moving crystal-moving counter) at 
different rates to obtain a minimum net count of 5000 
within a specified maximum scan time of 60 s. The 
background counts were taken at each of the scan 
limits for ¼ of the scan time. The 20 scan width in de- 
grees was 0.6+0.2 tan 0 and the aperture was 2.4+ 
0.9 tan 0. The complete sphere of reflexions (7707 in- 
tensities in all) in the range 1.0< 0<25.0 ° was meas- 
ured. The symmetry-related reflexions were averaged 
(mean discrepancy on I = 5 . 2 % )  to yield 1901 inde- 
pendent reflexions. Of these, 972 with I >  3.0a(1) were 
considered observed and were included in the refine- 
ment. The values of a(1) were based on counting sta- 
tistics. Absorption corrections were not made 
[/~(Mo Kc0 =2.882 cm-1]. The structure was solved by 
direct methods with M U L T A N  (Declercq, Germain, 
Main & Woolfson, 1973). An E map with the highest 
combined figure of merit CFOM (2.00) obtained with 
the unit weighting of ABSFOM (1.13), gt 0 (2772) and 
RESID (31.13), computed with 300 phases (IEI > 1.42) 
gave initial coordinates for all the heavy atoms. The 
structure refinement was by full-matrix least squares, 
minimizing the function "~w(Fo - Fc) 2, where the weight- 
ing function was determined empirically: 


