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Abstract 

Treatment of [ TpRuCl( PPh~ ) 2 t ( ( 1 ) ; Tp = hydridotris( 1 -pyrazolyl ) borate) with NaS2CNMe2 afforded the dithiocarbamate complex 
[ TpRu(r/e-SeCNMe2) ( PPhD ] (2)  in high yield. The structure of 2 has been determined unambiguously by X-ray diffraction study. Complex 
1 also reacted with a mixture of excess TolSSTol ( Tol =p-MeC6H4) and Zn powder to give a novel trinuclear complex with bridging thiolate 
ligands [ { TpRu (PPhs) (/-t-STol)e } =Zn] (3) in moderate yield, which has been characterized spectroscopically and by elemental analyses. 
Initial lreatment of 1 with an equimolar amount of AgBF4 followed by the reaction with a mixture of TolSSTol and Zn also resulted in the 
formation of 3 as the major product. However, from this reaction mixture, a dinuclear complex closely related to 3, [TpRu(PPh:~)- 
( /x-STol)2Zn(STol)(MeOH) ], was able to be isolated in quite a low yield, which has also been fully characterized by the X-ray analysis. 
© 1998 Elsevier Science S.A. All rights reserved. 
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1. Introduction 

For some years, we have been developing the chemistry of 
a series of thiolate-bridged diruthenium complexes obtained 
from the reactions of [(Cp*Ru)4(#3-CI)4] or [Cp*Ru- 
CI (/,-CI) 2RuCp*CI ] (Cp* = r/S-CsMes) with certain thiol- 
ate compounds [1 ]. These studies have already shown that 
complexes containing Ru(lI) and/or Ru(iII)  centers such 
as [Cp*Ru(>-SR)2RuCp* ], [ Cp*Ru(#-SR)3RuCp*],and 
[ Cp* RuC1 ( #-SR ) ~RuCp* (H=O) ] + can promote numerous 
stoichiometric and catalytic translbrmations of organic and 
inorganic substrates represented by alkynes [ 2], alkyl halides 
[ 3 ], hydrazines [ 4], etc., with retention of the dinuclear cores 
owing to the presence of lirmly bound thiolate bridges. A 
recent investigation in this area has also been directed toward 
the syntheses and reactivities of related Ir and Rh complexes, 
some results of which have already appeared elsewhere [ 5 ]. 

Another intriguing extension of our studies on diruthenium 
thiolate complexes has gone to the replacement of the Cp* 
ligand by the hydridotris( l-pyrazolyl)borate (Tp) ligand 
[6]. In spite of the similarity of the Tp ligand to the Cp 
(Cp = r/5-CsHs) and Cp* ligands with respect to the number 
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of donating electrons and the charge, the chemistry of the 
ruthenium complexes containing Tp ligands [6,7] is less 
explored than that for complexes having Cp and Cp* ligands. 
To our knowledge, the (pyrazolyl)borate complexes of Ru 
with sulfur-donor coligands are still unknown, although sev- 
eral well-defined complexes have been reported for other 
metals such as Mo [8], W [9], Zn [ 10], and Cu I l l ] .  

Despite much effort in this laboratory, the dinuclear TpRu 
thiolate complexes analogous to the Cp*Ru complexes cited 
above have remained unattainable. However, we have very 
recently isolated two types of the ruthenium compounds con- 
taining both Tp and sulfur-donor ligands by the use of 
[TpRuCl(PPh3)2] (1) as the starting Ru source; one is the 
mononuclear dithiocarbamate complex [TpRu(r/=-S=CN- 
Me2)(PPhs)] (2) and the other includes the thiolate- 
bridged mixed metal complexes [ {TpRu(PPhs)- 
( #-STol ) 2 } 2Zn ] ((3) ; Tol = p-MeC6H4) and [ TpRu ( PPh 3 ) - 
( / ,-STol)2Zn(STol)(MeOH) ] (4). In this paper, we wish 
to describe the syntheses and characterization of these new 
complexes. 

2. Experimental 

2.1. General 

All manipulations were carried out under a nitrogen atmos- 
phere. Complex 1 was prepared according to the literature 
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[ 12], while the chemicals commercially obtained were used 
as received. IR and ~H NMR spectra were recorded on a 
Shimadzu 8100M or JEOL EX-270 spectrometer, respec- 
tively. Elemental analyses were done using a Perkin-Elmer 
2400II CHN analyzer. For 3, the atomic ratio with respect to 
Ru, Zn, P, and S was determined by electron-probe micro- 
analysis (EPMA) using a Kevex/zX 7000 energy dispersive- 
type X-ray analyzer. 

2.2. Prepa ration ~?f [ TpRu( ~2_ $2 CNMe2)(PPh~) ] (2) 

A mixture of 1 (88rag, 0.10mmol) and NaS2- 
CNMe~.2H20 (44 rag, 0.24 mmol) in THF (4cm :~) was 
refluxed for 2 h. After cooling, the mixture was dried up in 
vacuo and the residue was extracted with CH2CI2. Addition 
of EtOH to the concentrated extract gave 2 as orange crystals 
(62mg, 88%).IR(KBr,  cm I ) : 2 5 0 0 1 v ( B H ) ] . J H N M R  
(CDCI~, ppm): 3.00 (s, 6H), NMe~; 5.68 (t, 2H), 6.62 (2H, 
d), and 7.60 (2H, d), pyrazolyl (Pz) trans to S: 6.13 (t, 
IH), 7.61 (d, IH), and 7.75 (d, IH), Pz trans to P; 7.1- 
7.3 (m, 15H), PPh 3. Anal. Found: C, 51.75; H. 4.65; N, 
13.88. Calc. for C3oH3~NvPS2BRu: C, 51.73; H, 4.49: N, 
14.08%. 

2.4. X-ray cD'stallography ¢?f 2 and 4 

Single crystals of 2 and 4 mounted in glass capillaries under 
N2 were transferred to a Rigaku AFC7R diffractometer 
equipped with a graphite-monochromated Mo Kc~ source. 
Cell constants and orientation matrices were derived from the 
least-squares fit of 25 machine-centered reflections of 
35 < 20 < 40 °. Data collections were carried out at room tem- 
perature and intensity data were corrected for the Lorentz- 
polarization effects and for absorption. Intensities of three 
check reflections were measured every 150 reflections, which 
showed no significant decay for both compounds. 

All calculations were performed by the use of the teXsan 
program package [ 13 ]. Structures were solved by a combi- 
nation of the Patterson methods and Fourier syntheses [ 14], 
and refined by full-matrix least-squares techniques using ani- 
sotropic parameters for all non-hydrogen atoms. Hydrogen 
atoms were placed at the calculated positions and included 
at the final stage of refinements with fixed parameters 
[ d(  C - H  ) = 0.95 A;  Beq ( H ) = 1.2B~q ( attached C) ]. Details 
of X-ray crystallography are given in Table I. 

3. Results and discussion 

2.3. Preparation of[{ TpRu( PPh s)( tz-STol )2 } eZn ] (3) and 
[TpRu(PPhfl(tz-STol)2Zn(STol)(MeOH)] (4) 

3.1. Swlthesis and X-ray structure qf [TpRu(712-S:CNMe2) - 
(PPh,)] (2) 

(a) A mixture containing 1 (87 mg, 0.10 mmol), Tol- 
SSTol ( 123 rag, 0.50 mmol), and Zn powder ( 129 rag, 
1.97 mmol) in THF ( 8 cm 3) was refluxed for 2 h. The resul- 
tant mixture was dried up in vacuo and the residue was 
extracted with benzene. Addition of EtOH to the concentrated 
extract afforded 3 as yellow microcrystals (54 rag, 32%). IR 
(KBr, cm i): 2500 [v(BH)] .  IH NMR (CD2Cla, ppm): 
1.95 (s, 6H) and 2.21 (s, 6H), C6H4Me; 5.65 (d, 4H), 5.67 
(d, 4H), 6.15 (d, 4H), and 6.50 (d, 4H), CoH4Me; 5.13 (t, 
2H), 5.52 (t, 2H), 5.54 (t, 2H), 5.71 (d, 2H), 6.95(d, 2H), 
7.56 (d, 2H), 7.61 (d, 2H), 7.62 (d, 2H), and 7.68 (d, 2H), 
Pz; 7.1-7.3 (m, 30H), PPh3. EPMA: atomic ratio of 
Ru:Zn:S:P=2:I:4:2. Anal. Found: C, 57.66; H, 5.00: N, 
9.32. Calc. for CszHwN~_,P2S4B~Ru~Zn: C, 57.36: H, 4.93: 
N, 9.03. 

(b) A mixture containing 1 (44 rag, 0.050 retool) and 
AgBF4 ( 10 rag, 0.050 retool) in THF (4 cm ~) was stirred at 
room temperature for 30 rain. The resultant suspension was 
filtered and the filtrate was poured into a mixture of TolSSTol 
(62 mg, 0.25 retool) and Zn powder (26 rag, 0.40 retool) in 
THF (4 cm~). After refluxing for 2 h, all volatile materials 
were removed in vacuo apd the residue was extracted with 
benzene. Addition of MeOH to the concentrated extract gave 
microcrystalline 3 as the major product, together with a small 
amount of 4 as the yellow prismatic crystals. The yield of 
each compound could not be specified. 

Extensive studies in this laboratory have already demon- 
strated that [(Cp*Ru)4(/.t-Cl)4] and [Cp*RuCI(/.t-CI)_~- 
RuCp*CI] react readily with various thiolate sources 
including HSR [15], Me3SiSR [15a], NaSR [16], and 
RSSR [17] to give a series of thiolate-bridged diruthenium 
complexes. Reactivities of the related phosphine (L) adducts 
such as [Cp'Ru(L)2C1] and [Cp'Ru(L)CI2] (Cp' =Cp or 
Cp*) towards thiolate compounds have also been studied by 
us and others though less extensively, which disclosed, for 
example, the t~rmation of mononuclear thiolate complexes 
[CpRu(PPh3)2SR] (5) from the reactions of [CpRu- 
(PPh3)2CI] (6) with LiSR (R=alkyl,  aryl) 118] or 
Bu%SnSPh [ 19], and [Cp*Ru(PR'3) (SR)2] by treatment 
of [Cp*Ru(PR'~)CI2] with NaSR (R, R' =Ph, Me) [ 15a]. 
In the reaction mixture of 6 with LiSR, dimeric and trimeric 
products are formed as well as complex 5, which are consid- 
ered to include a well-defined trimeric compound 
[(CpRu)~(/~2-SPr")3I and a dimeric complex [{CpRu- 
( PPhO }2( ~-SPr")2] not yet available in a pure form [20]. 

In contrast to the high reactivities of Cp'Ru precursors 
towards various thiolate compounds, complex 1 did not react 
with RSH, Me3SiSR, or RSSR, and the reactions of I with 
NaSR resulted in the formation of untractable products. How- 
ever, in the course of these studies, we have found that 1 
reacts with NaS~CNMe. in THF at reflux to give the ~72- 
dithiocarbamate complex 2 in high yield (Eq. ( I t ). 



24O 

Table 1 
Crystalhlgraphic data for 2 and 4 
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2 4 

("rvsloi data 
Forn lMa C~(J-[,~ NvBPS:Ru C4,~Hs,N<,OS3PBRuZn 
Formula weight 696.6 1043.4 
('ryslal systcln lriclinic triclinic 
Space gr,.)up P[  ( No. 2 ) P i  ( No. 2 ) 

o i A) 10.373(2i 12.876(3) 
h I A) 16.259(2 i 19.052(3) 

I A )  9 . 9 7 9 ( 2 )  10.686(21 
~{ ) 99.31(11 92.83(2)  

/3 ( '1  112.111( 1 ) 112.56(2) 

y ! ~) 87.58( I ) 87.83(2) 

v ( A ~ l  I538.4(4) 2417.4(9)  

z 2 2 
/ ) , , < ( g e m  ;I 1.504 1.433 

/'( 000 ) 712 1072 
, tx(MoKo<cnl  i) 7.31 10.14 

Data <el/cotton 
Scan lype t ~ 2 0  (0-20 
,l~Call rate ( o rain ' ) 16 16 

2 O,,,.. i ' ) 55 50 
N O. LI n iq tie re llection s measured 7061 8537 
fransnl iss iou factors 0.978- 1.00 0.715-  1.00 

5"ohttion mid r~f inemenr~ 
NO. dala used (12, 3.0~r(/) ) 3573 4962 

No. variables 379 568 

Data/parameter  ratio 9.43 8.74 
Weighting :,theme 1/+re( t " . )  I/<rZ(F,, i 

R. R,, 0.l)26, 0.()53 0.048, 0.034 

Maximum residual le/~. ~) (I.41 1.45 

tr "~CI  NaS2CNMe2 [ ,~S 
~' \ ~Rtr'" *... 

NP" [ "~PPh3 THF/reflux N w- [ . s ~ C N M e ~  
PPh3 PPha 

1 

< - 
N__ N ( I )  

<2 
Anah)gous reaction carried out in CH~CI, at room tempera- 
ture overnight afforded the desired product 2 in only 23%, 
yield. Related Cp' complexes [Cp'Ru(r/Z-S2CNRR') - 
(PPh.~) ] [Cp' =Cp.  rIs-CH3CsH4, @-CH3COCsH4; R, 
R ' = E t  2, (CH2)4] have previously been synthesized from 
[Cp'Ru( PPh3)2CI ] and NaS~CNRR' in refluxing MeOH or 
CHCI, [21 ], and the closely relevant complex [CpRu- 
(rF'-S,CNMe,)(PPh~) ] (7)  has been obtained from 
[ CpRu( PPh3)_,(HSC~HT) ] ' by treatment with NaS_~CNM% 
in CH~CI, [221. Since the single crystals were readily 
obtained for 2, its detailed structure has been determined by 
the X-ray crystallography. 

The ORTEP drawing of  2 is shown in Fig. 1, while perti- 
nent bonding parameters of  2 are listed in Table 2. Complex 
2 has a distorted octahedral structure in which the Tp ligand 

c 4 - - N t l ¢ ' "  ,~  I s2 c ,2 

( Ig~'L._ ..all,. 
~ ~  C3 e l 4  

C30 

C23 f 

P 

c2o ~ _ " ' ~ c ~  

CI8 ~z~ C17 

f C21 

C22 

Fig. l. Molecular structure o f  2. Thermal ellipsoids are drawn at the 30cA 
probability level. 

coordinates to the Ru atom in an r# ~ fashion with the N - R u -  
N angles varying from 83.9(2)  to 88.3(2)  °. The dithiocar- 
bamate ligand is planar and bound to Ru in a bidentate manner 
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but not symmetr ical ly:  one R u - S  bond distance [ Ru-S(  I ): 

2 .423(2)  A]  is somewhat  longer  than the other  I Ru-S(  2): 

2 .360(2)  A ] ,  presenting a marked contrast to the ahnost  

symmetr ical  coordinat ion found in the S , C N M e e  ligand of  7 

[Ru-S :  2 .397(3)  and 2 .394 (3 ) ,~1  [221 as well as the 

related S ,CSPr" ligand of  [ CpRu(  r/e-S=CSPr '') ( PPh+ ) ] (8)  

[ R u - S :  2.374(41 and 2 . 3 6 2 ( 2 ) , ~ ]  1181. However ,  in the 

~H N M R  spectrum of  2 the methyl protons are recorded as a 

sharp singlet, indicating that two med~yl groups in the dithio- 

carbamate ligand are equivalent  in solution. The S - R u - S  
,-1 o angle at % . 3 8 ( 5 )  and two S - R u - P  angles at 89.96( 51 and 

93 .51(5)  ° in 2 are comparable  with those in 7 IS Ru-S:  

71.88 ( 9 ) o. S - R u - P :  89.82 ( 9 ) and 95.18 ( 9 ):'1 and 8 [ S - R  u - 

S: 71.47( 11 )°, S - R u - P :  90 .76(12)  and 93 .35(9) ;  1. ,ahich 

indicates that the Tp ligand with a much greater cone angle 

(ch)se to 180") than that of  the Cp moiety (100 + ) 17c.231 

causes little difference in the coordinat ion geolnetry of  the 

remaining three ligands between the Tp complex  2 and the 

Cp complexes  7 and 8. 

3.2. Svnt/wsLs q f  mi. ted-metal c o m p l e x / [  TpRu( PPh,,)- 

( t-t-STol)_~ } 2Zn] (3) and X-ray structure o1 /TpRu(PPh  )- 

( # -STol  )_,Zn( STol )( M e O H  ) ] (4) 

As descr ibed ah+eady, complex  1 did not react with RSSR 

(R = alkyl, aryl) even under forcing condit ions.  However .  

when treated with To lSSTol  in the presence of  Zn in "I'HF at 

reflux, I was conver ted  to a trinuclear Ru+Zn complex  3 

having fi)ur bridging thiolatc ligands ( Ee t. ( 2 ) ). 

To, ! Tol N 
TolSSTol/Zn I ,,\Sin,,, / S ~ ,  

" +X,....4"Ru'~ ~Zn- -  Re / 
THF/reflux N~"  I S \ / ~ . N  / ( '2 )  

PPh3 Tol Sol PPh3 

3 

The elemental  analysis as we l l  as the E P M A  data strongly 

suggested the formula  I { TpRu{ PPh~) ( # - S T o t ) ,  }:,Zn I liw3. 

and the ~H N M R  spectrum also confirmed this formulation.  

The inequivalent  nature of  the three pyrazolyl  groups in the 

Tp ligand as well as the appearance of  two sets of  thiolate 

resonances demonstra ted by the ~H NMR spectrum can be 

interpreted in terms of the structure having a t w o + l o l d  sym- 

metry imposed on the tett+ahedral Zn atom. The plausible 

structure f o r 3  is shown in Eq. (2 ) ,  which illustrates one 

enantiomer,  and 3 must exist as a mixture o l t w o  enantiomers.  

Unfortunately,  despite many trials, single crystals of  3 suit- 

able to X-ray crystal lography have not been obtained. 

To improve the yield o['3, another procedure involving the 

treatment of  l with AgBF+ prior to the reaction will+ a Zn 

TolSSTol  mixture was folh)wed. Although this did nol pro- 

vide a better route to 3, a hey,' product 14) was isolated as 

good-qual i ty  crystals in trace amounts  together with 

microcrystal l ine 3 ( Eq. (3) ). 

Table 2 
Selected bond distances and angles ill 2 and 4 

2 
Bond dislanccs { A ) 
Ru--S( I ) 
Ru P 
P,u-N ( 3 ) 
S( I ) C ( I 0 )  

Bond angles ("1 
S( I ).Ru-S(21 
Y,+t) Ru N(I  
S( I )  Ru-N(5 
S(2) Ru N{ I  
SI2)- Ru-N(5 
Ru S(21 C( I0 )  

4 
Bond di',tanc¢~; ( A ) 
Rtt-SI i l 
P,u P 
R u--N ( 3 ) 
Z I 1 - S (  I ) 

Zn S(3) 

Bond angles ( ')  
S ( l )  Ru S(2 )  
S i l )  Ru-N!I) 
,'<,1 I1 Ru N(5) 
S(2)-Ru-N(I) 
S(2) Ru Nt5) 
P-Ru N(3! 
Sql}  Zn S(2~ 
Stl)  Z n - O ( I )  
S( 2 ).-ZH-O(I) 
Ru Si I i Zn 
Zn--S( I )-C( I I 
Ru S( 2)-('(8) 

2.423i 2) Ru-S(21 
2.292i2) Ru N(I) 
2.09(~( 4 ) Ru-N(5) 
1.723101 St2) C([0) 

72.38i 5 ) SI I ) Ru P 
104.9( 1 ~ S( 1 /--Ru-N( 31 
90.3{ I ) S( 2 )-P,u-P 

173.1( 11 S(2} Ru-N(3 j 
S8.5( I I Ru-S( I 1-(7(10) 
8t).2{2~ S~ I )-C(IO)-S!2) 

2.417(2) Ru-S(2) 
2.349(2! Ru-Ni I) 
2.110(6! Ru N(5) 
2.338(2) Zn S(2i 
2.260(2) ZJ~ O( 1 i 

S3.68i 71 St l l -Ru-P 
98.5(2) S(II Ru N(3 
72.6(2) S(2/--Ru-P 
74.2(2) SI 2 )-Ru-N(3 
89.3( 2 ) P-Ru-N( I I 
72.5~2) P-Ru-N(51 
86.94(7} S<l! Zn S(3J 

104.7i2) S(2b Zn--S(3i 
102.5t 11 S(3! Zn O(I) 
93.21(71 Ru-SI I )-('( I ) 

11)9.112} Ru Si2) Zn 
119.2!3} Ru S{2} C(8) 

2.360i 2 ) 
2.143i4) 
2.132{4) 
1.697((~) 

89.96( 5 ) 
105.0( I ) 
93.51(5) 
93.6( 1 } 
86.012 } 

111.4{3} 

2.399( 2 ! 
2.122(~ 
2.079( 6 I 
2.331(2~ 
2.042( 5 

91.51(7) 
91.4(2~ 
95.94( 7 
91.3(2~ 
89.4( 2 ) 
t~1.6(2 ) 

129.1918 
134.08{ 8; 
94.8( 2 

119.2~3) 
93.87¢ 8 

107,71 2 ) 

W-~N To, T ol 
1)AgBF 4 t "~, l ~ TOI S 

1 2) TolSSTol/Zn 3 (major) + k "~,.~ .,,,~S//L / \~,~Hu /~Zn 

THF/reflux N I " ~ ' S "  " O "  ( 3 )  
PPh3 Me ~ 

4 (minor) 

Although tile paucity of  4 hampered the analytical and spec- 

troscopic characterizat ion,  its structure has been determined 

unequivocal ly  by single-crystal  X-ray diffraction study. As 

shown in Fig. 2, the structtlre of  4 may relate intimately to 

that proposed for 3 in that tile former may be der ived from 

the latter by replacing one T p R u ( S T o l )  f ragment  wilh 

MeOH.  This structural relationship might support, though 

i nd i rec t l y ,  the proposed structure or  3. 

Selected bond distances and angles in 4 are g iven in 

Table 2. Complex  4 consists o i t h e  Ru( 11 ) and Zn( 11 ) atoms 

separated by 3.46 A. which indicates the absence of  any direct 

interaction. These two metal centers were connected by two 

bridging STol ligands and the f(mr-nlembered ring consti- 

luted by one Ru. one Zn. and two S morns is slightly puckered 

with the dihedral angle of  - 1 2  + along the S - S  xcdor .  Two  

Tol substituents are attached to this ring in mutually syn 
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tances and angles, and observed and calculated structure fac- 
tors are available from author (Y.M. or M.H.) upon request. 
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Fig. 2. Mulecuhtr structure of 4. Thermal ellipsoids arc drawn at the 309;- 
probability Icvel. 

orientation. For the bridging STol ligands, the Ru-S bonds 
12.417 ( 2 ) and 2.399(2) ,~] are considerably elongated from 
the corresponding Zn-S bonds [2.338(2) and 2.331 (2) A],  
but both are not exceptional for bond distances between the 
Ru -~ or Zn ~ atom and the bridging thiolate. 

The Ru atom has a slightly distorted octahedral configu- 
ration and the facial Tp ligand is bound to Ru with the N -  
Ru-N angles of 83 .3(2) -88 .2(2)  °, which are comparable 
with those in 2 (vide supra). Around the essentially tetra- 
hedrai Zn atom, the S ( t e rmina l ) -Zn-S (b r idg ing )  angles 
[ 1 2 9 . 1 9 t 8 )  and  134.08(8)+1 are m u c h  w i d e r  than  the 

S( b r i d g i n g ) - Z n - S ( b r i d g i n g )  a n g l e  o f  86 .94(  7)° .  It is a l so  

wor th  no t ing  that  the Z n - S ( b r i d g i n g )  b o n d  d i s t a n c e s  

d e s c r i b e d  a b o v e  are c o n s i d e r a b l y  l o n g e r  than  the  Z n -  

S ( t e r m i n a l )  b o n d  leng th  at 2 . 2 6 0 ( 2 )  A.. A n a l o g o u s  fea tu re  

has p r e v i o u s l y  b e e n  o b s e r v e d  in the d i n u c l e a r  Zn  c o m p l e x  

wi th  b e n z e n e -  1 ,2-d i th io la te  l i gands  [ Z n , ( C , , H 4 S , ) z -  

( CsH~,N + ) ~ ] [ 2 .433  ( 3 ) and  2 .475 ( 3 ) ,~ ve r su s  2 .303 ( 3 ) ,g, ] 

1281. 

4. Supplementary material 

Tables listing atom coordinates, anisotropic displacement 
parameters for non-hydrogen atoms, extensive bond dis- 

" Tile Ru-SR(bridgmg) bond distances observed in various dinuclear 
(Tp:~Ru complexes cited above fall in the range 2.28-2.42 A. 

' For cx:tmple, the Zn-SR(terminal) distances observed in 
IZn{SPh)~l 2 124t and [Zn(SPh)~(Melrn)l [251 are 2.31 2.37,~, 
while Ihe Zn-SR(bridging ~ bond lengths fimnd in I ZnpoS~(SPh)~, I ~ 
1261. [Zth,+SASF'-t!t::((7~NH~Me+Ial 1271. {.tilt] [ Z n ? (  C , , H ~ S  , ) 2 - 

(('~H,,N~):[ [28] arc 2.39 2.48 A. 
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