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The metal carbonyl derivatives containing a metal-sulfur bond 
have recently been shown to afford a variety of novel products 
through oxidative decarbonylation.I4 In particular, [(HB- 
(Mezpz)3)W (C0)2( $-(S,S))] (Mezpz = 3,5-dimethylpyrazol- 
1-yl; (S,S)- = dithiocarbamato) was confirmed by Young, et al.3 
to be the important intermediate for the reaction between 
Et4N[(HB(Me2pz)3)W(C0)3] and tetraalkylthiuram disulfide, 
(S,S)2. This tungsten intermediate cannot be obtained either 
from substitutionof [ ( H B ( M ~ ~ ~ Z ) ~ ] W ( C O ) ~ I ]  with (S,S)-or from 
oxidation of [(HB(Me2pz)s)W(CO)3] with (S,S)2, because either 
the anion, [ (HB(Me2pz)3)W (CO)3]-,3c or [ (HB(Me2pz)s) W02(p- 
O)WO(CO)(HB(Mezpz)~)]s is produced. Quite unexpectedly, 
the only isolated product from the reaction of Et4N[(HB- 
(Me2pz)3)Mo(CO)3] with (S,S)2 is not the intermediate carbonyl 
complex but [(HB(Me2pz)3)Mo(+(S,S))(s1-(S,S))] ,3a,b although 
in the related cyclopentadienyl (Cp) system both analogues 
[CpM(C0)2($-(S,S))] (M = Mo, W) can be prepared.6 
However, we wish to report that the reaction between [(N-N- 
N)Mo(CO)J] and silver dithiocarbamate, Ag+(S,S)-, can give 
successfully and cleanly all of the desired compounds [(N-N- 

pz = pyrazol-1-yl; tz = 1,2,4-triazolyl; (S,S)- = N,N-dieth- 
yldithiocarbamato, pyrrolidine- 1 -carbodithioato) with satisfactory 
yields (eq 1). When the reaction between [(HBtz3)Mo(C0)31] 
and bis(triphenylphosphine)nitrogen( 1 +) dithiocarbamate, PPN+- 
(S,S)-, was carried out in CH2Cl2, both PPN [ (HB~z~)Mo(CO)~]  
and [(HBtz3)Mo(CO)2($-(S,S))] were obtained in an approx- 
imate ratio of 1:l. Apparently, the less electron-releasing and 
the smaller ligand (HBpz3)-, (HBtz3)-, or (PhBtz3)- relative to 
(HB(Mezpz)3)- can help to stabilize [(N-N-N)Mo(C0)2(q2- 

N)Mo(CO)~($-(S,S))] ((N-N-N)- = HBpz3-, HBtz3-, PhBtz3-; 

( ~ S ) ) I .  

[(N-N-N)Mo(CO),I] + Ag+(S,S)- - 
[(N-N-N)Mo(CO),(q2-(S,S))] + CO + AgI (1) 

The crystal structures of [(HB~Z~)MO(CO)Z(+SZCNE~~)] 
(1) (Figure 1) and [(HBtz3)Mo(C0)2(q2-SzCNEt2)] (2) (Figure 
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Figure 1. ORTEP drawing of complex 1 (50% probability ellipsoids). 

Figure 2. ORTEP drawing of complex 2 (50% probability ellipsoids). 

2) were also determined by X-ray crystallography to confirm the 
dihapticity of (S-S)-, which is independent of the identity of 
(N-N-N)-, either (HBpz3)- or (HBtz3)-. Like [{HB(Me2- 
PZ)~)W(CO)~($-SZCNE~~)],~~ 1 and 2 adopt the “four-legged 
piano stool” or 3:4 structures* or the distorted pentagonal 
bipyramidal geometry.3c Comparison of the angles of LOC- 
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Tabk I. Crystal Data for Complexes 1 and 2 
complex comDlex 

1 2 1 2 
formula 
Mr 
cryst syst 
space group 
cell params at 296 K 

a, A 
b, A 
c, A 
a, deg 
4, deg 

C I ~ H ~ O B M O N ~ ~ ~ S ~  
513.26 
triclinic 
P1 (No. 2) 

8.344(3) 
9.206(5) 
15.226(4) 
107.1 3 (4) 
96.585(23) 

C I 3H I’IBMoN 1002S2 
516.21 
monoclinic 
P21/n (No. 14) 

12.347(3) 
13.572(3) 
13.209(4) 
90 
107.364(21) 

-f* deg 106.53(4) 90 
v, A3 1046.0(7) 21 12.4(9) 

Z 2 4 
Dale, g ~ m - ~  1.629 1.623 
x 0.709 30 0.709 30 
p(Mo, Ka), mm-’ 0.83 0.83 
Tmia-Tmrx 0.971-0.999 0.918-0.994 

R, Rw 0.022,0.024 0.023,0.023 
no. of unique obsd data 3427 3335 

Tabk II. Fractional Atomic Coordinates and E, Values for Complex 1 

X Y Z E ,  X Y Z 4 
Mo 0.03691(3) 0.41695(3) 0.768464(15) 2.170(9) C(13) 0.3385(4) 0.8278(3) 0.68473(21) 4.04(16) 
S(1) -0.03748(8) 0.29977(8) 0.59157(4) 2.61(3) C(14) 0.3044(3) 0.9048(3) 0.76845(20) 3.47(14) 
S(2) 0.25526(8) 0.29968(8) 0.70529(4) 2.69(3) N(15) 0.2155(3) 0.79349(22) 0.80146(14) 2.66(10) 
C(3) 0.1459(3) 0.2498(3) 0.59248(17) 2.33(12) N(21) 0.1940(3) 0.56872(24) 0.91289(14) 2.82(10) 
N(4) 0.19577(25) 0.18177(23) 0.51572(14) 2.56(10) C(22) 0.2857(4) 0.5335(3) 0.97703(20) 3.90(15) 
C(5) 0.0935(3) 0.1408(3) 0.421 19(18) 3.27(14) C(23) 0.3770(4) 0.6723(4) 1.05324(20) 4.55(17) 
C(6) 0.1534(5) 0.2630(5) 0.3757(3) 6.44(22) C(24) 0.3354(4) 0.7935(3) 1.03272(18) 3.91(15) 
C(7) 0.3601(3) 0.1519(3) 0.52395(19) 3.49(15) N(25) 0.2253(3) 0.73101(24) 0.94875(14) 2.96(10) 
C(8) 0.5093(4) 0.2972(4) 0.53460(21) 4.57(18) N(31) -0.11960(24) 0.57597(23) 0.81337(13) 2.52(10) 
C(9) -0.1892(3) 0.2588(3) 0.73554(19) 3.52(14) C(32) -0.2888(3) 0.5469(3) 0.79799(19) 3.31(14) 
O(9) -0.32427(25) 0.15989(23) 0.71507(15) 5.03(11) C(33) -0).3249(4) 0.6868(4) 0.84078(21) 4.09(17) 
C(10) 0.0254(4) 0.2533(3) 0.82529(20) 3.79(15) C(34) -0.1693(4) 0.8020(3) 0.88211(19) 3.64(15) 
O(10) 0.0206(3) 0.1540(3) 0.85801(16) 6.27(16) N(35) -0.0461(3) 0.73559(23) 0.86591(14) 2.76(10) 
N(11) 0.1893(3) 0.64243(23) 0.74001(14) 2.79(10) B 0.1484(4) 0.8 156(3) 0.89 178(2 1) 2.93( 14) 
C(12) 0.2651(4) 0.6647(3) 0.67005(19) 3.60(14) 

0 E,, equivalent isotropic thermal parameter, is the mean of the principal axes of the thermal ellipsoid. 

Table III. Fractional Atomic Coordinates and B, Values (A2). for the Complex 2 

X Y Z Bca X Y Z BRl 

Mo 0.335959(18) 0.083014(16) 0.130751(17) 2.143(9) N(13) 0.37350(19) 0.26030(17) 
S(1) 0.28894(6) 0.14629(5) 0.29347(5) 2.96(3) C(14) 0.281 13(22) 0.20618(20) 
S(2) 0.31100(6) -0.05450(5) 0.25037(5) 2.86(3) N(1S) 0.25514(16) 0.14863(15) 
C(3) 0.29130(20) 0.02813(19) 0.34090(19) 2.57(11) N(21) 0.14514(17) 0.11320(14) 
N(4) 0.28013(18) 0.00456(15) 0.43429(15) 2.88(11) C(22) 0.05946(22) 0.14089(20) 
C( 5 )  0.25907(24) 0.07901 (22) 0.50664(2 1) 3.65( 14) N(23) -0.04190( 18) 0.14461 (1 8) 
C(6) 0.1380(3) 0.0791(3) 0.5057(3) 6.82(23) C(24) -0.01658(20) 0.1 1726(19) 
C(7) 0.2925(3) -0.09819(20) 0.47144(22) 3.69(14) N(25) 0.09426(16) 0.09785(14) 
C(8) 0.4126(3) -0.12255(24) 0.5300(3) 5.76(19) N(31) 0.29801(17) -0.03736(15) 
C(9) 0.43255(24) 0.19664(21) 0.18896(20) 3.49(13) C(32) 0.33689(22) -0.12873(19) 
O(9) 0.49704(18) 0.25920(16) 0.22133(16) 5.48(12) N(33) 0.29507(19) -0.17838(16) 
C(10) 0.48940(22) 0.03293(20) 0.17847(20) 3.17(13) C(34) 0.22539(22) -0).11246(19) 
O( 10) 0.58136( 16) 0.00252( 17) 0.20851 (16) 5.16( 11) N(35) 0.22449( 16) 4.02809( 15) 
N(11) 0.33619(16) 0.16400(14) -0.01678(15) 2.36(9) B 0.163 l(3) 0.06946(21) 
C(12) 0.40390(21) 0.23025(19) -0.03873(20) 3.04(12) 

a E,, equivalent isotropic thermal parameter, is the mean of the principal axes of the thermal ellipsoid. 

Tabk IV. Selected Bond Lengths (A) and Angles (deg) for Complexes 1 and 2 

-0).14043( 17) 
-0.18297(20) 
-0.11255( IS) 

0.05761(15) 
0.09249(21) 
0.01770( 18) 

-0).06887(21) 
-0.04904( 15) 
0.01254( 15) 
0.0 14 16(2 1) 

-0.07692(17) 
-0.13706(20) 
-0.08771( IS) 
4.12363(23) 

3.70( 11) 
3.23(13) 
2.41(9) 
2.44(9) 
3.23(13) 
3.75(12) 
3.03( 12) 
2.42(9) 
2.49(9) 
3.10( 13) 
3.45(12) 
3.03( 12) 
2.34( 9) 
2.58(13) 

Mo-S(I) 
Mo-C(9) 
Mo-C(l0) 
Mo-N( 11) 
Mo-N(31) 
C(3)+%1) 
S( 1)-Mo-S(2) 
N(l  l)-Mo-N(Zl) 
N(2l)-M+N( 3 1) 
C(5)-N(4)-C(7) 
M&( lo)*( 10) 

Complex 1 
2.5154(12) Mo-S(2) 
1.929(3) C(9)-0(9) 
1.932(3) C(10)-0(10) 
2.2949(23) Mo-N(21) 

1.7 184(25) C(3)4(2)  
2.2402(22) C(3)-N(4) 

68.42(3) C(9)-M&(10) 
79.74(8) N(l  l)-MwN(31) 
80.72(8) S( l ) -C(3)4(2)  
118.46(19) Mo-C(9)-0(9) 
178.5(3) 

2.5137(11) 
1.168( 3) 
1.156(3) 
2.2346(23) 
1.327(3) 
1.7 12(3) 
67.57(13) 
79.60(8) 
11 1.04( 14) 
178.21 (23) 

Mo-N, fN-Mo-S, and fOC-Mo-S and that of the Mo-N 
distancesin 1 a n d 2  (Table IV) further reveals that thepentagaonal 
bipyramid is best defined by axial donor atoms (C( 10) and N( 11) 
in 1 and C(10) and N(21) in 2) and equatorial donor atoms 
(C(9),N(21), N(31),S(l),andS(2) in 1 andC(9) ,N(  1 l ) ,N(31) ,  
S(1), and S(2) in 2). The  major difference between the two 
structures is the orientation of the dithiocarbamato group, as 
reflectedin thedihedralangles0f81.44(17)~ in 1 and89.68(17)O 

Mo-S(l) 
Mo-C(9) 
Mo-C(l0) 
Mo-N(l1) 
Mo-N(31) 
c ( 3 ) 4 ( 1 )  
S( l)-Mo-S(2) 
N( l  l)-Mo-N(21) 
N(21)-Mo-N( 3 1) 
C(s)-N(4)-C(7) 
Mo-C( 10)-0( 10) 

Complex 2 
2.5374(9) Mo-S(2) 
1.961 (3) C(9)-0(9) 
1.933(3) C(10)-0(10) 
2.2381(20) MwN(21) 

1.719(3) C(3)S(2) 
2.2112(20) C(3)-N(4) 

67.56(3) C(B)-Mo-C(lO) 
79.29(7) N(ll)-M+N(31) 
81.98(7) S( l ) -C(3)4(2)  
117.19(20) Mo-C(9)-0(9) 
179.04(23) 

2.5228(8) 
1.1 5 5( 3) 
1.161 (3) 
2.3006(20) 
1.321 (3) 
1.709(3) 
74.12( 12) 
78.64(7) 
110.34(14) 
174.1(3) 

in 2 between the planes defined by Mo, C(9), and C (  10) on one 
hand and S(l), S(2), and C(3) on the other. Since the steric 
effect can be regarded as similar for (HBpz3)- or (HBtz3)-, the 
resulted electronic effect caused by the change of the substituent 
from pz to tz influences somehow unexpectedly not only the 
observed vco frequencies (1934, 1840 in 1 and 1946,1856 cm-1 
in 2, measured in CHZC12) but also the relative orientation of the 
dithiocarbamato group with respect to the nitrogen-tripod ligand. 



Notes 

Experimental Section 
The general operations and the spectral measurements were carried 

out as previously des~ribed.~ The complexes [(N-N-N)Mo(CO)aI] were 
prepared by following the published proc+dures?h& Since the preparations 
of the orange red compounds [(N-N-N)Mo(CO)Z($-(S,S))] are all 
similar and straightforward, only a typical preparation for 1 is described. 
Microanalytical and spectral data for the complexes are deposited as 
supplementary material. 

heparation of 1. To a stirred solution of [ (HB~Z~)MO(CO)~I ]  (0.26 
g, 0.50 mmol) dissolved in MeCN (20 mL) was added solid AgSzCNEtz 
(0.14g,0.55 mmol). Aftergasevolution hadceased (30min), theresulted 
suspension was filtered through a pad of Celite and the solvent was removed 
from the filtrate under vacuum. Recrystallization from CHzCl~/hexane 
gave 0.19 g of the orange product. Yield: 74%. 

(9) (a) Shiu, K.-B.; Liou, K.-S.; Cheng, C. P.; Fang, B.-R.; Wang, Y.; Lee, 
G.-H.; Vong, W.-J. Organometallics 1989, 8, 1219. (b) Shiu, K.-B.; 
Chou, J. L.; Wang, Y.; Lee, G.-H. J.  Chem. Soc., Dalton Trans. 1990, 
1989. 
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X-ray Diffraction Study of 1 and 2. All the single crystals were grown 
from CHzClZ/hexane at room temperature. General procedures and 
listings of programs were previously given.9a An absorption correction 
was performed on the structures using CC. scans. Related crystal data, 
final coordinates of the non-hydrogen atoms, and selected bond lengths 
and bond angles are reported in Tables I-IV. 
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