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Summary 

The crystal structure of PhsGeSCG Ha-t-Bu-p has been determined using 
three dimensional X-ray diffractometer data by least squares methods, the final 
R being 0.069 for 2711 independent reflections. The crystals are monoclinic 
P21/C a 13.64, b 9.28, c 19.62 A, p 106.03”, 2 4. The compound is isostruc- 
tural with its tin analogue, with a Ge-S bond length of 2.229 8; 

Introduction 

Bonding between Group IVB elements and sulphur in organometallic sul- 
phides, such as R&n M(SR’), z (RsM)sS, (RaMS), , and (RM)& where 
n = 1 --, 4; M = Ge, Sn, Pb; R and R’ = alkyl or aryl, is the subject of-argument. 
Particular controversy has concerned the suggestion of a d, 4 pm component in 
the metal-sulphur bond [2]. Various techniques, mainly spectroscopic, have 
been employed to investigate such bonding [ 2 3 ; however only a few M-S bond 
lengths have been obtained from crystal structure data [3 - S] . Among the 
crystal structures determined have been those of PhaSnSPbPhj [3]. and 
(PhpSnS)3 141 ( containing the Sn-S-M groupings), Ph3 SnSCG H4 -t-Bu-p [‘5] , 
Me3SnSC(S)NMez [S] and Me,ClSnS(S)CNMes [7] (containingthe Sk-C-S 
grouping) and (MeGe)4 Ss [B] , which contains the Ge-S-Ge grouping. No 
crystal structure of an organogermanium mercaptide.has .as yet beenpublished. 
In this paper, the- structure of. triphenylgermanium -p-tert-butylphenyl mert 
captide,: PhsGeSCeHa-t:Bu-p j is reported; 

Experimental. 
: 

Triphenylgermanium .p-tert:butylphenyl mercapt$e vrai 1 prepared.,.from 
the. memthetic reaction of triphenylgermanium bromide. &nd p-t&t-butylthio- : _. -. _ . ., ... . . .:_ . ;_. ,_~ ‘. 

..: ‘._ 

*FarPartV&ref. Cli. 
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TABLE1 

INTRAMOLECULARDISTANCES : 

: 
RBonded 

Ge-S 2.229<2) 
Ge<7) 1.925(7) 
Ge-C<13) 1.947(7) 
Ge--C(lS) 1.941<8) 

S-C(l) 1.783(S) 

Phenyl groups 

C(l)--C(2) 1.392(11 
:: C<l)---C<6) 1.367(11 

CtZhC(3) 1.408(12) 
C<3)--c<4) 1.382(11) 
C(4)--c(5) 1.377(11) 
C<5k-c<6) 1.399(12) 

C(13)--+14)~.369<11) 
C<13)--C<18)1.381(12) 
C(14J--C(15)1.405(12) 
C(15)-c<16~1.375<14) 
C(16)-C(17)1.394(14) 
C<17)-C~18)1.404<13) I 

1.938= 

C-CH3 bonds 
C(4)-C(25) l-527(12) 
C<25)--C(26)1.577(14) 
C(25)-C(27)1.538(15) 

1.545 

C(25)--C<28)1,539(14) 

C(7)_C(s) 1.388<10)‘ 
C(7jC(12) l-412(11) 1 

1.388 
C(8)--C(9) 1.398(12) 
C(9)-C(10) 1.38403) 

1 

1.392 

c(1o)-_c<11)1.392(13) 
c(ll)--c<12~1.375(13) 

C<19)-_c(20)1.383(13) 
c<19+C<24)1.401(12) 

1.391 
c(2o)--C(21)1.414(14) 
C(21)-C(22)1.353<14) 

1.389 

C(22)-C(23)1.366(15) 
C(23)-_c<24)1.415(14) 

8. Selected non-bonded distances 

S--C(7) 3.47 
S-c<13) 3.49 

"Meanvalues. 

S-C(lS) 3.20 

S-C(24) 3.29 

ranges of (100 - 113”) and (109 - 111”) for the S-Ge-C and C-Ge-C bond 
angles respectively. It seems likely that this distortion from regular tetrahedral 
geometry (greatest for the angle S-Ge-C(l9)) is due to intermolecular interac- 
tions since the shortest Van der Waals contacts involve atoms of the tert-butyl- 
phenyl group attached to the sulphur atom, as with the tin analogue. 

TABLE2 

BONDANGLES 

S-Ge-C<7) 

S_Ge--C<13) 
SG+-C<lS) 
C(7jGe-C<13) 
C(7)--GeC<lS) 
C(13)_Ge-C(19) 
Ge-s-al) 

s-C<u-a2) 
S--CU.)_C(6) 
C(2)--cW-C<6) 
C<l)--c<2)--c~3) 
C<2FC<3I-C(4) 
C(3I-C<4)--c(5) 
CX4kC<5)--c(6~. 
C<l)--c<6I--CW 
C(3)--c<4)--c(25~ 
C<5)--c<4)--c<25) 

C(4)_C(25~Ct26) 109.2(7) 
C~4)--c(25)--c<27) 112.0<8) 

109.4 C<4I--C(25)_C(28) 109.0(7) 
C(26)--c(25)--c(27) 106.9(8) 

109.5 

C<26k-C<25)--c(28) 109.6<8) 
C(27I--C(25)--c(28) 

106.0(3) 
I 110.1(8) 

120.6(6) Ge-C<7kC(8) 122.7(6) 
11X7(6) G-<?)-C(12) 119.4(6) 
119.3<7) C(St_C('fFC(l2) 
119.2(8) C(7)--C(W--CfS) 
121.2(8) 1 . . . C(S)-C(9FC(lO) 118.5(7) 

120.0 c<9jC(1o~c~ll) 
120.6<7) C(1O)-C(l1)--c(12).- 120.6<9) 
121.1(7) C(7)-_c<12)_C(ll) 
119.6(7) 
121.8(7) / 

120.9<6) Ge_C(&S)-_c<20) 120.3(6) 
118.8(8) Gec<19)--c(~4> 

~C(2Oj-C(lS)--c<24) 
c~19)_c~20~~~1>- 

120.0 c~2w-C<2u-C<22) 
C<2l)-C(22)--c(23) 

--C(22)-C(23M<24): 
C(19I-c<?4)--c~23) _. 119.H@, : 



c22 

4 

c23 

c21 

C24 

c20 
Cl9 

fig_ Z; view if t&e &Iecu~e perpendic& to t&e plane containing CU), C(13) ad C<lS).- 

The avomg~ C&C bond of 1.9% A compares with valu& reported for 
single covalent germanium-phenyl bonds; namely l-945(8)8 in PhsGeCOMe 
[IO] and 1.953 A in Ph,Ge [ll]. 

The- sulphuF atom exhibits normal sp 3 hybrid&&ion, the angle at the 
sulphur being 106.0(3)’ and the S-C bond of l-783(8)8 being similar to that 
reported for other S-C single. bonds l5]. 

The Ge-S bond length of 2.229(2) A is slightly smaller (by ca. 0.03 A.) 
than the Sum- of the covalent radii [l2} of Ge and S (2.26 A) (in. the tin 
arialogue [5 J the Sn-S bond length was 2.413(3) A compared to the covalent 
radii sum of 2.43 a). Tfie .GeS bond length [8] of 2.212(3) A in the ada- 
mantane-like; (MeGe), Se, is also comparable to the covalent radii -sum; Strut- 
tures of/the. !binary germanium sulphides, GeS and .Ge& , have also-been deter- 
mi&d. Whiklik’GeSs ,‘the Ge-S bond iength reported was 2.21: [13a] and 
2.19, [13b] ;‘:th&;difforent G+S.bond lengths in GeS .were ,conside@bly-greater 
[14] at 2.41: and 2;64 A;’ These values -indicate, at least .for the.,organog&- 
manium &l&ides, that the Ge;-S bonds must esse&&y be single~covalent 
bon& with ‘:veji little, :if lany; C& + ji, components. A ‘.similarfinding was 
obt&r+I f&%ho~Sn-Sbond,.in o&$motin suiphides. ; ‘- : . .: 

.. -Each ~hen$l‘grciup~is pk+ar,:the maximum deviation from the me& plane 
beimg-o.o~S~-~* ..& w.ith;tfie%jnPh3 riagment m,tbe &,~alo&+,_;&~_ce&& 

residue h& ‘nox&&h&n&e~_~zTho ~ot&io&of the. mdi$dual ph&yl rings 
~bou~,‘~~eiri~~~~~ti~~~:.c~~b;d~ds _ws.t; the nbmi. ti‘ th; @&‘&&*~ 



the atoms C(7), C(13), C(19) are 130”, 12’7” and 157". The corresponding 
rotations in the tin analogue are 126”) 123” and 157”. Three fold rotational 
symmetry would occti if-the phenyl rings were rotated by-equal amou&s. 
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