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Abstract 

Ten complexes, M'[Mo(Et2NCS2)(CO)2(NO)X] (M '÷ =PPN + or Et4N+; X - = N C S -  (1), NO 3- (2), N3- (3), Br-  (4) or 
CI- (5)) and [Mo(Et2NCS2)(CO)(NO)L2] (L2=py and CO (6); dppe (7); 2PPh3 (8); 2PMe3 (9); 2P(OMe)3 (10)), have been 
prepared. Crystal structures of 1, 3, 4, 6, 7, 8 and 10 were determined from single crystal X-ray data. The structures show 
clearly that the stronger electron-withdrawing NO, compared with CO, prefers the location trans to the better electron donor 
such as NCS- in 1, N3- in 3 and Br- in 4, unless some other apparent counteracting factors are also involved. The two 
bulky phosphine ligands are as expected trans to each other in 8 and 10 and a chelate dppe is found in 7. Although the 
structure of 6 has NO trans to py, the spectral data of 6 (and 7), both in solution and in the solid state, reveal the presence 
of two different structures. Crystal data: 1, space group P21/n, a =9.879(2), b=30.302(3), c=14.858(4) /~, /3=97.00(2) °, Z = 4 ;  
3, space group P21/c, a=16.806(5), b=16.128(3), c=18.025(4) /~, /3=116.94(2) °, Z = 4 ;  4, space group Ia, a=14.773(8), 
b = 8.982(2), c = 17.748(5)/~,/3 = 96.49(5) °, Z = 4; 6, space group P21/c, a = 13.499(4), b = 10.033(5), c = 12.962(2)/~,/3 = 91.66(2) °, 
Z = 4; 7, space group P21/n, a = 11.634(3), b = 19.881(4), c = 15.225(4)/~,/3 = 111.10(2) °, Z = 4; 8, space group P21/n, a = 11.767(2), 
b = 18.851(4), c = 19.436(4)/~,/3 = 107.12(2) °, Z = 4; 10, space group P21/n, a = 8.732(2), b = 23.98(3), c = 11.303(3)/~,/3 = 97.66(2) °, 
Z = 4 .  
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1. Introduction 

Following the discovery of  the symmetrical  and asym- 
metr ical  or ientat ions  of  the allyl g roup with respect  to 
the neutra l  pyrazole-derived t r identate  ligand (N-N-N)  
in cations,  [M(N-N-N)(CO)z(~Ta-allyl)] + ( M = C r ,  Mo  
and W)  [1,2], we were  interested in examining the 
s t ructure  predictabil i ty f rom the electronic and steric 
p roper ty  o f  the associated ligands. In  this paper  we 
repor t  some related results f rom the syntheses and 
s t ructures  of  a number  o f  six-coordinate complexes o f  
molybdenum,  [Mo(Et2NCS2)(NO)(CO)L2]  m- ( m = 0  or  
1; I a = l , 2 - b i s ( d i p h e n y l p h o s p h i n o ) e t h a n e  (dppe) or  
L = PPh3, PMe3, P(OMe)3,  B r - ,  C I - ,  N3- ,  N O 3 - ,  NCS - 
or  pyridine (py)). 

Dedicated to Professor F. Albert Cotton on the occasion of his 
65th birthday and the graduation of his 100th Ph.D. student. 

*Corresponding author. 

2. Experimental 

All manipulat ions  were carr ied out  under  an at- 
mosphere  of  prepurified ni trogen by using conventional  
Schlenk-tube techniques.  Solvents were purified by dis- 
tillation f rom an appropr ia te  drying agent  (ethers,  par-  
affins and arenes f rom potassium with b e n z o p h e n o n e  
as indicator; halocarbons and acetonitri le f rom Call2 
and alcohols f rom the cor responding  alkoxide). 

1H and 13C N M R  spectra were recorded  on a Bruker  
AM-200  (~H, 200 MHz;  13C, 50 M H z )  or AMC-400  
(all, 400 MHz)  N M R  spec t rometer  and chemical  shifts 
(6 ppm,  J Hz) are positive downfield relative to internal  
MeSi4 (TMS) or  the deu te ra ted  solvent (s, singlet; d, 
doublet;  m, multiplet; br, broad) .  31p N M R  spectra  
were  recorded  on a Bruker  AMC-400  (3~p, 162 M H z )  
N M R  spec t rometer  and the chemical  shifts (6 ppm)  
are  defined as positive downfield relative to external 
85% H3PO4. I R  spectra were  recorded  by using a 
Hitachi  270-30 ins t rument  (vs, very strong; s, strong; 
m, medium;  w, weak; br, broad;  sh, shoulder).  Elementa l  
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analysis results were obtained by the staff of the Mi- 
croanalytical Service of the Department of Chemistry, 
National Cheng Kung University. [Mo(Et2NCS2)- 
(CO)2(NO)]2 was prepared by the published procedure 
[3]. 

2.1. Synthesis of 
[PPN]IMo(EteNCS2)(CO)2(NO)(NCS)] (1) 

To a 50 ml round-bottom flask containing a magnetic 
bar, 0.099 g of [Mo(Et2NCS2)(CO)2(NO)]2 (0.15 mmol) 
and 0.18 g of PPN+SCN - (0.30 mmol) (PPN += 
bis(triphenylphosphino)iminium (1+) cation) were 
added to 15 ml of CH2C12. The resulting solution was 
stirred for 15 min at 28 °C and its color changed from 
orange-red to orange-yellow. The solvent was then 
removed under vacuum. Recrystallization from CH2CI2/ 
MeOH gave a yellow product (0.24 g, 86%). Anal. Calc. 
for C44H4oMoN403PzS3: C, 57.02; H, 4.35; N, 6.04. 
Found: C, 56.89; H, 4.35; N, 6.00%. 1H NMR (23 °C, 
acetone-d6, 200 MHz); 6, phenyl protons 7.70 (m, 30H); 
ethyl protons, 3.81 (q, 2H), 3.84 (q, 2H), 1.24 (t, 6H, 
3j(H,H)=7.1). IR (KBr, cm-1): b~CO) 2012s, 1926s; 
~NO) 1628s; ~CN) of Et2NCS2-, 1496s; v(CN) of 
NCS-, 2076s. IR (CH2CI/, cm-a): u(CO) 2016s, 1924s; 
u(NO) 1626s; v(CN) of Et2NCS2-, 14923; v(CN) of 
SCN-, 2076s. 

2.2. Synthesis of IPPNIIMo(Et2NCS2)(CO)2(NO)(~fl - 
N03)1 (2) 

This yellow compound was prepared in a yield of 
71% by a procedure similar to that used for 1, using 
PPN+NO3 -. Anal. Calc. for C43H4oMoNnO6P2S2: C, 
55.49; H, 4.33; N, 6.02. Found: C, 55.27; H, 4.33; N, 
5.76%. ~H NMR (23 °C, acetone-d6, 200 MHz): 6, 
phenyl protons 7.70 (m, 30H); ethyl protons 3.85 (q, 
2H, 3J(H,H)=7.1), 3.80 (q, 2H, 3j(H,H)=7.1), 1.23 (t, 
3H), 1.22 (t, 3H). IR (KBr, cm-a): v(CO) 2016s, 1930s; 
~NO) 1626s; ~(CN) 1496s. IR (CH2C12, cm-1): ~CO) 
2020s, 1926s; u(NO) 1616s; v(CN) 1486s. 

2.3. Synthesis of [PPN][Mo(Et2NCS2)(CO)2(NO)(~I'- 
(3) 

This yellow compound was prepared in a yield of 
88% by a procedure similar to that used for 1, using 
PPN + N3-.Anal. Calc. for Ca3H4oMoN603P2S2: C, 56.70; 
H, 4.43; N, 9.23. Found: C, 56.48; H, 4.43; N, 8.97%. 
1H NMR (23 °C, acetone-d6, 200 MHz): 6, phenyl 
protons 7.70 (m, 30H); ethyl protons 3.80 (q, 2H, 
3j(H,H)= 7.1), 3.78 (q, 2H, 3j(H,H) =7.1), 1.24 (t, 3H), 
1.23 (t, 3H). ~3C{aH} NMR (23 °C, CDC13, 50 MHz): 
6, carbonyls 223.52; CN, 214.52; phenyl carbons 133.91, 
133.88, 132.24, 132.18, 132.07, 131.95, 131.88, 129.77, 
129.71, 129.58, 129.44, 129.40, 128.00, 125.85; ethyl 

carbons 44.90, 12.38. IR (KBr, cm-l): v(N3) 2060s; 
v(CO) 2000s, 1914s; v(NO) 1596s; u(CN) 1506. IR 
(CH2CIz, cm-l): v(N3) 2064s; v(CO) 2008s, 1920s; 
v(NO) 1608s; u(CN) 1494s. 

2. 4. Synthesis of [Et4N][Mo(Et2NCS2) (C0)2 (NO) (Br)] 
(4) 

This yellow compound was prepared in a yield of 
92% by a procedure similar to that used for 1, using 
EtaN + Br - .Anal. Calc. for C15H3oBrMoN303Sz: C, 33.34; 
H, 5.60; N, 7.78. Found: C, 33.35; H, 5.62; N, 7.76%. 
1H NMR (23 °C, acetone-d6, 200 MHz): 8, Et4N + 1.39 
(tt, 12H, 3j(H,H)=7.25, 3j(N,H)= 1.86), 3.50 (q, 8H); 
Et2NCSz- 1.23 (t, 6H, 3j(H,H)=7.1), 3.80 (q, 2H), 3.79 
(q, 2H). IR (KBr, cm-~): v(CO) 2012s, 1908s; v(NO) 
1608s; u(CN) 1502s. IR (CH2CIz, cm-1): v(CO) 2012s, 
1920s; v(NO) 1610s; u(CN) 1486s. 

2.5. Synthesis of IPPNIIMo(Et2NCS2) (C0)2 (NO) (Cl)] 
(S) 

This yellow compound was prepared in a yield of 
95% by a procedure similar to that used for 1, using 
PPN+C1 -. Anal. Calc. for C43H4oClMoN303PzSz: C, 
57.11; H, 4.46; N, 4.65. Found: C, 57.07; H, 4.50; N, 
4.72%. aH NMR (23 °C, acetone-d6, 200 MHz): 6, 
phenyl protons 7.70 (m, 30H); Et2NCS2- 1.24 (t, 6H, 
3J(H,I-I)=7.2), 3.85 (q, 2H), 3.81 (q, 2H). IR (Ia3r, 
cm-a): u(CO) 2000s, 1912s; ,,(NO) 1608s; v(CN) 1502s. 
IR (CH2Clz, cm-1): ~CO) 2016s, 1922s; v(NO) 1604s; 
ffCN) 1488s. 

2.6. Synthesis of [Mo(Et2NCSe)(CO)2(NO)(py)] (6) 

To a 50 ml round-bottom flask containing a magnetic 
bar, 0.16 g of [Mo(Et2NCS2)(CO)z(NO)]2 (0.24 mmol) 
and 15 ml of CH2C12, 0.5 ml of py was added and the 
resulting solution stirred for 15 min at room temperature. 
The solvents were then removed under vacuum. Re- 
crystallization from CHzC12/hexane gave an orange-red 
product (0.17 g, 87%).Anal. Calc. for C12Ha6MoN30382: 
C, 35.21; H, 3.69; N, 10.27. Found: C, 35.07; H, 3.73; 
N, 10.33%. 1H NMR (23 °C, acetone-d6, 200 MHz): 
6, py 7.45 (m, 2H), 8.03 (m, 2H), 8.78 (m, 1H); EtzNCS2- 
1.23 (m, 6H), 3.86 (m, 2H). IR (KBr, cm-~): v(CO) 
2012s, 1916s; u(NO) 1644s, 1602m; u(CN) 1504s. IR 
(CH2C12, cm-1): u(CO) 2020s, 1924s; u(NO) 1646s, 
1602m; v(CN) 1498s. 

2.7. Synthesis of [Mo(EbNCS2)(CO)(NO)(dppe)] (7) 

To a 50 ml round-bottom flask containing a magnetic 
bar, 0.16 g of [Mo(Et2NCS2)(CO)z(NO)]2 (0.24 mmol) 
and 0.96 g of dppe (0.24 mmol) were added to 15 ml 
of CH2C12. The resulting solution was stirred for 30 
min at room temperature. The solvent was then removed 
under vacuum. Recrystallization from CHzCIz/Et20 gave 
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a red product (0.28 g, 83%). Anal. Calc. for 
C32H34MoN2OzP282: C, 54.86; H, 4.89; N, 4.00. Found: 
C, 54.85; H, 4.91; N, 3.99%. 1H{31p} NMR (27 °C, 
acetone-d6, 400 MHz): 3, dppe 7.55 (m, 40H), 2.66 (m, 
8H); EhNCS2- 1.08 (t, 3H, 3j(H,H)= 7.2), 1.00 (t, 3H, 
3j(H,H) = 7.2), 0.88 (t, 3H, 3j(H,H)= 7.2), 0.75 (t, 3H, 
3j (n ,u)=7.2) ,  3.55 (m, 4H), 3.23 (m, 4H). 31p{~H} 
NMR (27 °C, acetone-d6, 162 MHz): 3, dppe 67.76, 
64.22, 41.10, 23.07. IR (KBr, cm-i):  u(CO) 1898s, 1872s; 
v(NO) 1602s, 1580m; v(CN) 1488s. IR (CH2C12, cm-1): 
v(CO) 1912 (s, br); v(NO) 1600 (s, br); v(CN) 1488 
S. 

2.8. Synthesis of [Mo(Et2NCS2)(CO)(NO)(PPh3)2] (8) 

This red compound was prepared in a yield of 85% 
by a procedure similar to that used for 1, using 4 equiv. 
of PPh3. Anal. Calc. for CnzH4oMoN202P2S2: C, 61.01; 
H, 4.88; N, 3.39. Found: C, 60.87; H, 4.86; N, 3.34%. 
1H NMR (27 °C, CDC13, 200 MHz): 6, PPh 3 7.45 (m, 
30H); Et2NCS2- 0.62 (t, 3H, 3j(H,H)=7.1), 0.49 (t, 
3H, 3J(H,H)=7.1), 2.97 (q, 2H), 2.76 (q, 2H). 3ap{1H} 
NMR (27 °C, CDCI3, 162 MHz): 3, PPh3 43.08. IR 
(KBr, cm-1): v(CO) 1888s; v(NO) 1604s; ~CN) 1484s. 
IR (CH2C12, cm-a): v(CO) 1904s; v(NO) 1606s; v(CN) 
1486s. 

2. 9. Synthesis of IMo(Et2NCSe) (CO) (NO) (PMe3)e] 
(9) 

This red compound was prepared in a yield of 75% 
by a procedure similar to that used for 1, using 1.5 
ml of PMe 3 (1.0 M solution in toluene). Anal. Calc. 
for C12H2sMoN2OzP2S2: C, 31.72; H, 6.21; N, 6.17. 
Found: C, 31.70; H, 6.19; N, 6.25%. 1H NMR (27 °C, 
acetone-d6, 200 MHz): 3, PMe3 1.45 (t, 18H, 
2J(p,H)=aJ(p,H)=3.3); EhNCS2- 1.25 (t, 3H, 
3j(H,H) =7.1), 1.78 (t, 3H, 3j(H,H) =7.1), 3.89 (q, 2H), 
3.76 (q, 2H). 31p{1H} NMR (27 °C, CDCI3, 162 MHz): 
3, PMe3 -6.62. IR (KBr, cm-1): u(CO) 1874s; v(NO) 
1596s; ~CN) 1496s. IR (CH2C12, cm-1): v(CO) 1874s; 
v(NO) 1600s; v(CN) 1488s. 

2.10. Synthesis of 
[Mo(Et2NCS2)(CO)(NO){P(OMe)3}2] (10) 

This red compound was prepared in a yield of 75% 
by a procedure similar to that used for 1, using 0.5 
ml of P(OMe)3. Anal. Calc. for C12H28MoN2OsP2S2: C, 
26.19; H, 5.13; N, 5.09. Found: C, 26.13; H, 5.13; N, 
5.18%. 1H NMR (27 °C, CDC13, 200 MHz): 6, P(OMe)3 
3.72 (t, 18H, 3J(p,H)=SJ(P,H)=2.7); EhNCS2-,  1.17 
(t, 3H, 3j(H,H)=7.1), 1.25 (t, 3H, 3J(H,H)=7.1), 3.81 
(q, 2H), 3.67 (q, 2H). 31p{1H} NMR (27 °C, CDC13, 
162 MHz): 3, P(OMe)3 159.30. IR (KBr, cm-1): ~CO) 

1924s; v(NO) 1626s; v(CN) 1502s. IR (CH2C12, cm-l):  
v(CO) 1922s; v(NO) 1626s; v(CN) 1494s. 

2.11. X-ray diffraction study 

Single crystals were grown by the liquid diffusion 
method from CH2Cl2/hexane at room temperature. The 
intensity data for suitable crystals of the complexes 
were collected at room temperature on a CAD-4 dif- 
fractometer using monochromated Mo Ka radiation 
(h = 0.710930 ~). The unit-cell constants were derived 
from a least-squares refinement of 24 setting reflections. 
The 0-20 scan technique and a variable scan speed 
were used to obtain the integrated intensities. Three 
reference reflections were monitored throughout the 
measurement and the variation of the intensities was 
a total decay of less than 2% in any complex. Absorption 
corrections were applied for each structure according 
to experimental ~p rotation curves. The structural anal- 
yses were carried out on Microvax III using NRCVAX 
programs [4]. Atomic scattering factors were taken from 
the literature [5]. 

The metal atom position in any of the seven structures 
reported here was first determined by the heavy atom 
method. The remaining non-hydrogen atoms were sub- 
sequently located from the Fourier difference maps and 
all atoms except the disordered atom were then refined 
anisotropically (C(12) and C(12') each with 
occupancy = 0.50 in structure 10 were found disordered). 
We have checked the transformed cells of both 3 and 
8 crystals, by transformation matrix 1 0 0 1 0 2 0 - 1 0 
and 1 0 0 1 0 2 0 1 0, respectively, and found that they 
are not satisfactory. First, the 3' angles deviate from 
90.0 °. Second, the intensities of hkl do not equal to 
those of hl~l. The ambiguities of locating NO and CO 
positions, if there are any, were solved according to 
the chemical and crystallographical meaningfulness of 
thermal displacement coefficients. A more restricted N 
atomic peak with a lower thermal parameter, U, than 
the neighboring O atomic peak [6] confirmed the suc- 
cessful assignment of the NO positions. Accordingly, 
only one nitrosyl position was found for any of the 
seven structures described here. The positions of all 
hydrogen atoms were calculated and refined isotropically 
to give residual R and Rw values shown in Table 1 
with other crystallographic information. 

In the asymmetric unit of the crystal used for 8, 
there is a half molecule of CH2C12. The ORTEP plots 
for anions of 1 (Fig. 1), 3 (Fig. 2) and 4 (Fig. 3), and 
neutral molecules of 6 (Fig. 4), 7 (Fig. 5), 8 (Fig. 6) 
and 10 (Fig. 7) are shown with 50% probability thermal 
ellipsoids. The numbering schemes in the figures cor- 
respond to the atomic positions (Table 2). Some selected 
bond lengths and angles are collected in Table 3. See 
also Section 4. 



Table 1 O~ 
Crystal data for diethyldithiocarbamate complexes of molybdenum(0) 

1 3 4 6 7 8 10 

Formula C44H40MoN403P253  C43H40MoNeOaP252 C15H30BrMoN30352 ClzH15MoN3OaS2 C32H34MoN202P282 C42.sI4-~CIMoN202P282 C12H28MoN2OaP252 
Formula weight 926.89 910.84 540.38 409.44 700.64 868.25 550.37 
Crystal system monoclinic monoclinic monoclinic monoclinic monoclinic monoclinic monoclinic 
Space group P2fln P2flc Ia P21/c P2fln P21/n P21/n 
Cell parameters 

a (/~) 9.879(2) 16.806(5) 14.773(8) 13.499(4) 11.634(3) 11.767(2) 8.732(2) 
b (.~) 30.302(3) 16.128(3) 8.982(2) 10.033(5) 19.881(4) 18.851(4) 23.98(3) 
c (.~) 14.858(4) 18.025(4) 17.748(5) 12.962(2) 15.225(4) 19.436(4) 11.303(3) 
/3 (°) 97.00(2) 116.94(2) 96.49(5) 91.66(2) 111.10(2) 107.12(2) 97.66(2) .~ 

V (/~3) 4415(2) 4355(2) 2340(2) 1755(1) 3285(1) 4120(1) 2346(3) 
Z 4 4 4 4 4 4 4 
D~atc (g cm -a) 1.395 1.389 1.534 1.549 1.417 1.400 1.545 
F(000) 1904 1872 1096 824 1440 1784 1128 
A (Mo Ka) (~) 0.70930 0.70930 0.70930 0.70930 0.70930 0.70930 0.70930 
Iz (mm- ' )  0.539 0.501 2.43 0.968 0.637 0.586 0.879 
T~-Tm~ 0.855-1.000 0.961-1.000 0.937-0.997 0.936--1.000 0.856-1.000 0.958-0.998 0.766--1.000 
20Limits (°) 0 < 0 < 4 5  0 < 0 < 4 5  0 < 0 < 5 0  0 < 0 < 4 5  0 < 0 < 4 5  0 < 0 < 5 0  0 < 0 < 4 5  
Total data 5741 5676 2059 2285 4284 7231 3065 ~-, 
Data used 4050 (>2.00(/))  3688 (>2.00(/))  1822 (>2.00(/))  1708 (>2.00(/))  3321 (>2.00(/))  4798 (>2.00(/))  1977 (>2.00(/))  ~" 
Parameters used 514 515 225 191 370 479 243 
R, Rw a 0.038, 0.038 0.038, 0.027 0.024, 0.022 0.038, 0.035 0.032, 0.028 0.043, 0.034 0.059, 0.057 ~" 
S" 2.05 1.60 1.73 2.54 1.88 2.09 2.75 ~" 
Weighting factor b 0.000020 0 0.000020 0.000020 0.000020 0 0.000050 
Residual peak/hole 0.28/- 0.33 0.25/- 0.29 0.35/-  0.49 0.40/- 0.36 0.45/-  0.35 1.16 c / -  0.62 1.03 ~/-  0.68 
Max. shift/error 0.35 0.73 0.043 0.17 1.03 0.23 0.40 

"R = ~llFol- IFclV~lFol; R .  ~ [~w(IFol- IFd)=/~wFo2]l'~; S = [~w[lFol- [Fcll2/(No--gv)] I~, where No 
b w-l=o~.(Fo)+g(Fo)2, where g is the weighting factor. 

Ghost peak. 

is the number of the data used and Nv is the number of the parameters used. 

L 



K.-B. Shiu et al. / Inorganica Chimica Acta 229 (1995) 153-163 157 

Table 2 
Fractional atomic coordinates and B.q values 

Atom x y z Beq a 

(a) [PPN][Mo(Et2NCS2)(CO)2(NO)(NCS)] (1) 
Mo 0.13725(5) 0.11904(2) 0.13528(3) 3.52(3) 
$1 0.2655(2) 0.19142(5) 0.1642(1) 3.96(8) 
$2 0.3820(2) 0.10506(5) 0.2030(1) 4.14(8) 
$3 0.0230(2) 0.11011(6) 0.4495(1) 4.77(9) 
C1 0.0592(5) 0.1163(2) 0.3470(4) 3.2(3) 
N1 0.0865(5) 0.1204(2) 0.2740(3) 4.0(3) 
C2 0.4083(6) 0.1609(2) 0.2017(4) 3.5(3) 
N2 0.5287(5) 0.1790(2) 0.2287(3) 3.7(2) 
ca  0.6453(6) 0.1523(2) 0.2675(5) 5.1(4) 
CA 0.6449(7) 0,1445(3) 0.3674(5) 6.7(4) 
C5 0.5522(6) 0.2264(2) 0.2234(5) 4.8(4) 
C6 0.6246(7) 0,2388(2) 0.1433(5) 6.5(4) 
N3 0.1625(4) 0.1130(2) 0.0192(3) 3.9(3) 
O1 0.1706(4) 0.1072(2) -0.0599(3) 5.9(3) 
C7 0.0689(7) 0.0569(2) 0.1256(4) 4.3(3) 
O2 0.0319(5) 0.0214(2) 0.1132(3) 6.6(3) 
C8 -0.0506(7) 0.1413(2) 0.0972(4) 4.4(3) 
O3 -0.1586(5) 0.1535(2) 0.0735(4) 7.1(3) 
P1 0.9722(1) 0.43299(5) 0.2227(1) 2.66(6) 
P2 1.0119(1) 0.33664(5) 0.1964(1) 2.68(6) 
N4 0.9421(4) 0.3834(1) 0.1951(3) 3.0(2) 
C11A 0.8098(5) 0.4609(2) 0.2128(3) 2.6(3) 
C12A 0.6930(6) 0.4387(2) 0.1791(4) 3.6(3) 
C13A 0.5695(6) 0.4611(2) 0.1659(4) 4.4(3) 
C14A 0.5634(6) 0.5050(2) 0.1871(4) 4.3(3) 
C15A 0.6792(6) 0.5268(2) 0.2222(4) 4.2(3) 
C16A 0.8026(6) 0.5054(2) 0.2344(4) 3.6(3) 
Cl lB  1.0523(6) 0.4411(2) 0.3377(4) 3.1(3) 
C12B 0.9731(7) 0.4387(2) 0.4071(4) 4.8(3) 
C13B 1.0344(9) 0.4407(3) 0.4959(5) 6.6(5) 
C14B 1.173(1) 0.4442(3) 0.5136(5) 7.2(5) 
C15B 1.2530(7) 0.4467(3) 0.4450(5) 6.0(4) 
C16B 1.1926(6) 0.4445(2) 0.3561(4) 4.4(3) 
C l lC  1.0762(5) 0.4604(2) 0.1491(3) 2.7(3) 
C12C 1.1246(6) 0.5029(2) 0.1691(4) 3.6(3) 
C13C 1.1989(6) 0.5245(2) 0.1100(5) 4.4(3) 
C14C 1.2260(6) 0.5044(3) 0,0322(4) 4.9(4) 
C15C 1.1787(7) 0.4625(3) 0,0112(4) 5.4(4) 
C16C 1.1021(6) 0.4412(2) 0,0691(4) 3.9(3) 
C21A 1.1953(5) 0.3374(2) 0.2163(4) 2.9(3) 
C22A 1.2576(6) 0.3388(2) 0.3060(4) 3.7(3) 
C23A 1.3978(6) 0.3441(2) 0.3230(4) 4.5(3) 
C24A 1.4751(6) 0.3468(2) 0.2539(5) 5.1(4) 
C25A 1.4142(6) 0.3446(2) 0.1652(4) 5.1(4) 
C26A 1.2750(6) 0.3401(2) 0.1472(4) 3.7(3) 
C21B 0.9634(5) 0.3104(2) 0.0895(3) 2.8(3) 
C22B 1.0251(6) 0.2713(2) 0.0658(4) 4.1(3) 
C23B 0.9805(7) 0.2507(2) -0.0149(4) 4.6(3) 
C24B 0.8767(7) 0.2688(2) -0.0735(4) 4.7(3) 
C25B 0.8183(6) 0.3076(2) -0.0530(4) 4.9(4) 
C26B 0.8582(6) 0.3286(2) 0.0294(4) 4.0(3) 
C21C 0.9544(5) 0.3025(2) 0.2845(4) 2.8(3) 
C22C 0.9943(6) 0.2590(2) 0.2954(4) 4.3(3) 
C23C 0.9518(7) 0.2340(2) 0.3638(5) 5.2(4) 
C24C 0.8717(7) 0.2522(2) 0.4227(4) 5.0(4) 
C25C 0.8332(7) 0.2955(3) 0.4124(5) 5.7(4) 
C26C 0.8732(6) 0.3207(2) 0.3433(4) 4.1(3) 

(b) [PPN][Mo(Et2NCS2)(CO)2(NO)(n'-N3)] (3) 
Mo 0.22821(4) 0.19321(3) 0.24184(3) 3.30(3) 
S1 0.3126(1) 0.1142(1) 0.3759(1) 4.0(1) 
$2 0.2366(1) 0.2781(1) 0.3630(1) 4.2(1) 
N1 0.3542(3) 0.2512(3) 0.2611(3) 4.5(3) 

Table 2 (continued) 

Atom x y z Beq a 

N2 0.4124(4) 0.2755(3) 0.3222(4) 
N3 0.4720(4) 0.3003(4) 0.3811(4) 
N4 0.1237(3) 0.1421(3) 0.2147(3) 
O4 0.0556(3) 0.1054(3) 0.1958(3) 
C1 0.2443(4) 0,1140(4) 0.1641(4) 
O1 0.2502(3) 0.0664(3) 0.1200(3) 
C2 0.1717(4) 0.2817(4) 0.1556(4) 
O2 0.1405(3) 0,3347(3) 0.1092(3) 
C3 0.2982(3) 0.1987(4) 0.4256(3) 
N5 0.3328(3) 0.2019(3) 0.5084(3) 
ca  0.3766(4) 0.1292(4) 0.5605(4) 
C5 0.3103(5) 0.0730(5) 0.5695(4) 
C6 0.3288(4) 0.2768(4) 0.5521(4) 
C7 0.4109(5) 0.3288(4) 0.5766(4) 
P1 0.2801(1) 0.6990(1) 0.18466(9) 
P2 0.1875(1) 0.78094(9) 0.02154(9) 
N6 0.2670(3) 0.7447(3) 0.1030(3) 
C l l A  0.3192(4) 0.7695(4) 0.2712(4) 
C12A 0.3200(4) 0.8539(4) 0.2583(4) 
C13A 0.3522(5) 0.9077(4) 0.3241(5) 
ClaA 0.3850(5) 0.8785(5) 0.4031(5) 
C15A 0.3854(4) 0.7956(5) 0.4187(4) 
C16A 0.3521(4) 0.7403(4) 0.3520(4) 
Cl lB 0.1809(4) 0.6484(4) 0.1768(3) 
C12B 0.1301(4) 0.6853(4) 0.2106(3) 
C13B 0.0489(5) 0.6500(5) 0.1952(4) 
C14B 0.0199(5) 0.5796(5) 0,1475(5) 
C15B 0.0707(5) 0.5422(4) 0,1155(5) 
C16B 0.1511(4) 0.5771(4) 0,1302(4) 
C l lC  0.3651(4) 0.6209(3) 0,2100(3) 
C12C 0.3698(4) 0.5534(4) 0.2591(4) 
C13C 0.4387(5) 0.4963(4) 0,2813(4) 
C14C 0.5015(5) 0.5085(5) 0.2544(5) 
C15C 0.4981(4) 0.5751(5) 0.2071(4) 
C16C 0.4302(4) 0.6318(4) 0.1844(4) 
C21A 0.0961(3) 0.8220(4) 0.0359(3) 
C22A 0.0989(4) 0.9017(4) 0.0633(4) 
C23A 0.0332(5) 0.9316(4) 0.0812(4) 
C24A - 0.0374(5) 0.8827(5) 0.0701(4) 
C25A - 0.0411(4) 0.8036(5) 0.0440(4) 
C26A 0.0252(4) 0.7716(4) 0.0263(3) 
C21B 0.1437(4) 0.7050(3) - 0.0604(3) 
C22B 0.1955(4) 0.6364(4) - 0.0570(4) 
C23B 0.1651(5) 0.5814(4) -0.1229(5) 
C24B 0.0845(5) 0.5935(4) -0.1911(4) 
C25B 0.0325(4) 0.6597(4) - 0.1947(4) 
C26B 0.0614(4) 0.7158(4) - 0.1302(4) 
C21C 0.2314(4) 0.8644(3) - 0.0147(3) 
C22C 0.1757(4) 0.9119(4) - 0.0826(4) 
C23C 0.2099(4) 0.9751(4) -0.1104(4) 
C24C 0.3001(5) 0.9917(4) -0.0711(4) 
C25C 0.3554(4) 0.9451(4) - 0.0052(4) 
C26C 0.3222(4) 0.8809(4) 0.0237(3) 

(c) [Et4N][Mo(Et2NCS2)(CO)2(NO)(Br)] (4) 

4.7(4) 
7.6(4) 
3.6(3) 
5.1(3) 
4.1(4) 
6.1(3) 
4.3(4) 
6.6(3) 
3.3(3) 
3.7(3) 
5.0(4) 
6.9(5) 
4.5(4) 
6.5(5) 
2.87(8) 
2.83(8) 
3.2(3) 
2.9(3) 
4.1(4) 
5.6(5) 
5.8(5) 
5.3(5) 
4.5(4) 
3.1(3) 
4.2(4) 
5.9(5) 
6.8(6) 
6.4(5) 
4.9(5) 
2.8(3) 
3.9(4) 
5.0(5) 
5.4(4) 
4.9(5) 
3.8(4) 
2.8(3) 
3.9(4) 
5.3(5) 
5.5(5) 
5.2(5) 
3.8(4) 
2.9(3) 
3.8(4) 
5.2(5) 
5.1(5) 
4.9(4) 
4.0(4) 
2.9(3) 
3.9(4) 
4.3(4) 
4.3(4) 
4.7(4) 
3.7(4) 

(continued) 

Mo 0.30830 0.99507(5) 0.15025 2.85(2) 
Br 0.30139(7) 0.70062(6) 0.13508(6) 4.08(3) 
S1 0.3999(1) 1.0082(2) 0.03845(9) 3.61(7) 
$2 0.2028(1) 1.0211(2) 0.0270(1) 4.04(8) 
C 0.2984(4) 1.0219(7) - 0.0190(3) 3.6(3) 
N1 0.2953(4) 1.0329(6) - 0.0938(3) 4.7(3) 
C1 0.3781(6) 1.0342(9) - 0.1330(4) 6.6(4) 
C2 0.4028(9) 0.884(1) - 0.1547(6) 10.6(7) 
C3 0.2079(6) 1.047(1) - 0.1436(5) 6.0(4) 
C4 0.1807(6) 1.210(1) -0.1506(5) 7.3(5) 

(continued) 
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Table 2 (continued) 

Atom x y z B e  q u 

Table 2 (continued) 

Atom x y z Beq  a 

C5 0.4105(5) 0 . 9 6 2 7 ( 7 )  0.2329(4) 4.2(3) 
05 0.4681(4) 0 . 9 4 8 5 ( 7 )  0.2814(3) 7.3(3) 
C6 0.2211(5) 0 . 9 5 4 8 ( 7 )  0.2265(4) 4.0(3) 
06 0.1753(4) 0 . 9 3 3 3 ( 7 )  0.2727(3) 7.3(3) 
N7 0.3079(3) 1 .1890(6 )  0.1725(3) 3.0(2) 
07 0.3055(3) 1 .3148(5 )  0.1914(3) 5.1(3) 
N3 0.5284(3) 0 . 4 6 9 8 ( 5 )  0.0514(3) 3.2(2) 
C8 0.4804(4) 0 . 4 0 2 4 ( 7 )  0.1139(3) 3.6(3) 
C9 0.5412(6) 0 . 3 3 2 4 ( 9 )  0.1782(5) 6.3(5) 
C10 0 . 6 0 0 4 ( 4 )  0 . 5 8 2 3 ( 7 )  0.0831(4) 4.2(3) 
Cll 0 . 5 6 7 6 ( 6 )  0 . 7 0 3 ( 1 )  0.1311(5) 5.6(5) 
C12 0 . 4 6 0 1 ( 4 )  0 .5495(7)  -0.0041(4) 4.3(3) 
C13 0 . 3 8 4 0 ( 6 )  0 . 4 5 1 ( 1 )  -0.0427(5) 6.3(4) 
C14 0 . 5 7 5 7 ( 4 )  0 . 3 4 5 0 ( 7 )  0.0132(4) 4.1(3) 
C15 0 . 6 1 8 7 ( 6 )  0 .3859(9)  -0.0555(4) 6.5(4) 

(d) [Mo(Et2NCS2)(CO)2(NO)(py)] (6) 
Mo 0 .30211(4)  0.18907(6) 0.07959(4) 
$1 0.1313(1) 0 .2206(2)  -0.0008(1) 
$2 0.1896(1) 0 . 2 9 2 0 ( 2 )  0.2091(1) 
C1 0.0981(4) 0 . 2 8 1 9 ( 6 )  0.1162(4) 
N1 0.0064(3) 0 . 3 1 6 8 ( 7 )  0.1348(4) 
C2 -0.0727(6) 0 . 3 3 1 ( 1 )  0.0439(8) 
C3 -0.1175(7) 0 . 2 1 3 ( 1 )  0.0547(7) 
C4 -0.0283(5) 0 . 3 5 0 5 ( 9 )  0.2434(6) 
C5 -0.0251(7) 0 . 4 8 4 6 ( 9 )  0.2488(7) 
N2 0.2872(4) 0 . 0 1 6 8 ( 6 )  0.1183(4) 
02 0.2812(4) -0.0972(5) 0.1443(4) 
C6 0.3744(4) 0 .1234(6)  -0.0423(5) 
06 0.4155(4) 0 .0818(5)  -0.1113(4) 
C7 0.4259(4) 0 . 1 8 8 2 ( 7 )  0.1636(4) 
07 0.4966(3) 0 . 1 8 3 0 ( 5 )  0.2145(3) 
N8 0.3334(3) 0 . 4 0 1 7 ( 5 )  0.0278(3) 
C9 0.3223(4) 0 .4399(6)  -0.0700(4) 
C10 0 . 3 4 3 0 ( 4 )  0 .5662(7)  -0.1031(4) 
Cll 0 . 3 7 5 4 ( 4 )  0 .6601(7)  -0.0330(5) 
C12 0 . 3 8 6 3 ( 5 )  0 . 6 2 1 7 ( 7 )  0.0673(5) 
C13 0 . 3 6 5 7 ( 4 )  0 . 4 9 3 1 ( 7 )  0.0962(4) 

(e) [Mo(Et2NCS2)(CO)(NO)(dppe)] (7) 
Mo 0 .08472(3)  0.22115(2) 0.06342(3) 
P1 0.2405(1) 0 .26312(5)  0.20842(8) 
P2 -0.0545(1) 0 .27263(6)  0.14857(8) 
S1 0.0453(1) 0 .11248(6)  0.13693(8) 
$2 -0.1002(1) 0.15963(6) -0.04975(8) 
O1 0.2920(3) 0 . 1 5 9 0 ( 2 )  0.0112(2) 
02 0.0981(3) 0 .3436(2)  -0.0510(2) 
N1 0.2085(4) 0 . 1 8 2 0 ( 2 )  0.0283(3) 
N2 -0.1460(4) 0 . 0 4 2 4 ( 2 )  0.0196(3) 
C1 0.0913(4) 0 .2974(2)  -0.0051(3) 
C2 -0.0756(4) 0 . 0 9 8 3 ( 2 )  0.0341(3) 
C3 -0.2454(5) 0 .0281(3)  -0.0702(4) 
C4 -0.3671(6) 0 .0256(4)  -0.0633(5) 
(25 -0.1171(5) -0.0089(3) 0.0941(5) 
C6 -0.1705(6) 0 . 0 0 5 9 ( 3 )  0.1679(5) 
C'7 0.1674(4) 0 . 3 1 4 4 ( 2 )  0.2729(3) 
C8 0.0498(4) 0 . 2 7 9 9 ( 2 )  0.2712(3) 
Cll 0 . 3 2 6 4 ( 4 )  0 . 1 9 9 5 ( 2 )  0.2926(3) 
C12 0 . 3 5 8 4 ( 4 )  0 . 1 4 0 5 ( 2 )  0.2600(3) 
C13 0 . 4 3 1 2 ( 5 )  0 . 0 9 3 8 ( 3 )  0.3221(4) 
C14 0 . 4 7 0 9 ( 5 )  0 . 1 0 4 0 ( 3 )  0.4164(4) 
C15 0 . 4 3 8 4 ( 6 )  0 . 1 6 1 5 ( 3 )  0.4499(4) 
C16 0 . 3 6 7 3 ( 5 )  0 . 2 0 8 9 ( 3 )  0.3886(3) 
C21 0 . 3 6 1 4 ( 4 )  0 . 3 1 9 1 ( 2 )  0.2012(3) 
C22 0 . 4 8 3 4 ( 5 )  0 . 3 0 2 0 ( 2 )  0.2354(4) 

C23 0 . 5 7 2 2 ( 4 )  0 .3455 (3 )  0.2262(4) 5.6(3) 
C24 0 . 5 3 8 3 ( 5 )  0 . 4 0 5 9 ( 3 )  0.1840(4) 5.5(3) 
C25 0 . 4 1 7 4 ( 5 )  0 .4240 (2 )  0.1501(4) 5.7(3) 
C26 0 . 3 2 9 1 ( 4 )  0 .3810 (2 )  0.1572(3) 4.7(3) 
C31 -0.1091(4) 0 . 3 5 9 2 ( 2 )  0.1190(3) 3.6(2) 
C32 -0.1301(5) 0 . 4 0 1 8 ( 3 )  0.1831(3) 4.9(3) 
C33 -0.1639(5) 0 . 4 6 8 2 ( 3 )  0.1602(4) 6.2(3) 
C34 -0.1790(6) 0 . 4 9 1 4 ( 3 )  0.0735(5) 7.3(5) 
C35 -0.1610(7) 0 . 4 5 0 0 ( 4 )  0 .0087(5)  10.0(5) 
C36 -0.1273(6) 0 .3833 (3 )  0.0311(4) 7.4(4) 
C41 -0.1879(4) 0 .2280 (2 )  0.1548(3) 3.7(2) 
C42 -0.2908(5) 0 .2218 (3 )  0.0737(4) 5.2(3) 
(243 -0.3924(5) 0 . 1 8 6 1 ( 3 )  0.0739(4) 6.2(4) 
C44 -0.3928(6) 0 . 1 5 7 7 ( 3 )  0.1546(6) 7.2(5) 
C45 -0.2931(6) 0 . 1 6 4 2 ( 3 )  0.2354(5) 7.0(4) 
C46 -0.1909(5) 0 . 1 9 9 3 ( 3 )  0.2362(4) 5.3(3) 

5.84(3) (0 [Mo(Et2NCS2)(CO)(NO)(PPh3)2] (8) 
6.51(9) Mo 0 .05515(4)  0.16060(2) 
7.0(1) SI 0.2547(1) 0.19704(7) 
6.6(3) $2 0.1633(1) 0.05317(7) 
9.5(4) P1 -0.0458(1) 0.15938(7) 

17.2(8) P2 0.1808(1) 0.15413(7) 
18.1(8) O1 -0.1585(3) 0.0983(2) 
10.9(5) 02 -0.0368(3) 0.3107(2) 
14.9(7) N2 0.3671(5) 0.0895(3) 
8.6(4) N1 -0.0742(4) 0.1219(2) 

12.4(4) C2 -0.0007(4) 0.2531(2) 
7.3(4) C3 0.2744(4) 0.1104(3) 

11.3(3) C4 0.3691(6) 0.0148(4) 
6.9(3) C5 0.4289(7) -0.0248(5) 

10.1(3) C6 0.4588(8) 0.1423(4) 
5.4(4) C7 0.5553(8) 0.1335(5) 
6.4(4) Cll 0 . 0 5 0 1 ( 4 )  0.1900(3) 
7.5(4) C12 0 . 0 6 6 3 ( 5 )  0.2619(3) 
7.9(4) C13 0 . 1 4 6 7 ( 5 )  0.2875(3) 
7.8(4) C14 0 . 2 1 2 7 ( 5 )  0.2402(3) 
6.8(3) C15 0 . 2 0 1 0 ( 5 )  0.1693(3) 

C16 0 . 1 1 9 2 ( 5 )  0.1436(3) 
C21 -0.1052(4) 0.0745(3) 

2.86(2) C22 -0.1374(5) 0.0628(3) 
3.02(6) C23 -0.1892(6) 0.0000(3) 
3.26(6) C24 -0.2150(5) -0.0517(3) 
3.83(6) C25 -0.1846(5) -0.0409(3) 
3.90(6) C26 -0.1300(4) 0.0215(3) 
5.1(2) C31 -0.1800(4) 0.2130(3) 
5.8(2) C32 -0.2179(5) 0.2402(3) 
4.3(2) C33 -0.3251(5) 0.2743(3) 
4.8(2) C34 -0.3977(5) 0.2818(3) 
2.7(2) C35 -0.3633(5) 0.2554(3) 
3.7(3) C36 -0.2554(4) 0.2208(3) 
6.3(3) C41 0 . 2 9 8 5 ( 4 )  0.0878(3) 
9.5(5) C42 0 . 4 1 6 4 ( 5 )  0.1064(3) 
6.5(4) C43 0 . 5 0 1 6 ( 5 )  0.0545(4) 
8.1(4) C44 0 .4713(5)  -0.0157(3) 
3.9(2) (245 0 .3551(5)  -0.0349(3) 
3.8(2) C46 0 . 2 7 0 3 ( 4 )  0.0166(3) 
3.1(2) C51 0 . 2 6 1 0 ( 4 )  0.2341(3) 
4.4(3) C52 0 . 2 6 1 1 ( 4 )  0.2954(3) 
5.8(3) C53 0 . 3 2 4 3 ( 5 )  0.3552(3) 
6.0(3) C54 0 . 3 8 7 2 ( 5 )  0.3540(3) 
7.2(4) C55 0 . 3 8 8 3 ( 4 )  0.2941(3) 
5.5(3) C56 0 . 3 2 4 8 ( 4 )  0.2343(3) 
3.3(2) C61 0 . 0 9 7 2 ( 4 )  0.1332(2) 
4.5(3) C62 0 . 1 3 0 4 ( 5 )  0.0830(3) 

(continued) 

0.20113(2) 2.58(2) 
0.28992(7) 3.71(6) 
0.27322(7) 3.49(6) 
0.29858(7) 2.81(6) 
0.11556(7) 2.86(6) 
0.0900(2) 5.1(2) 
0.1567(2) 6.2(3) 
0.3682(3) 10.4(4) 
0.1351(2) 3.9(2) 
0.1724(3) 3.1(2) 
0.3161(3) 4.7(3) 
0.4070(4) 9.9(5) 
0.3703(5) 12.7(7) 
0.4203(5) 13.0(7) 
0.4110(7) 20(1) 
0.3851(2) 3.0(2) 
0.3981(3) 4.1(3) 
0.4602(3) 5.2(3) 
0.5093(3) 5.5(3) 
0.4972(3) 5.5(3) 
0.4353(3) 4.2(3) 
0.3182(2) 3.0(2) 
0.3804(3) 5.1(3) 
0.3910(3) 6.5(4) 
0.3392(3) 5.6(3) 
0.2774(3) 4.9(3) 
0.2671(3) 3.8(3) 
0.2840(2) 3.0(2) 
0.3396(3) 4.9(3) 
0.3267(3) 5.8(4) 
0.2579(3) 5.5(3) 
0.2025(3) 5.1(3) 
0.2150(3) 4.2(3) 
0.1403(3) 3.3(3) 
0.1741(3) 4.9(3) 
0.1982(4) 7.0(4) 
0.1897(4) 7.0(4) 
0.1582(3) 5.7(4) 
0.1342(3) 4.3(3) 
0.1024(2) 3.1(2) 
0.1417(3) 3.7(3) 
0.1326(3) 4.5(3) 
0.0834(3) 5.1(3) 
0.0435(3) 4.5(3) 
0.0520(3) 3.8(3) 
0.0223(2) 3.0(2) 

-0.0195(3) 4.8(3) 

(continued) 
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Table 2 (continued) 

Atom x y z B e  q a 

C63 0 . 0 6 2 4 ( 6 )  0 .0718(3)  -0.0900(3) 5.8(4) 
C64 -0.0378(5) 0 .1105(3)  -0.1200(3) 5.3(3) 
C65 -0.0724(5) 0 .1607(3)  -0.0789(3) 5.0(3) 
C66 -0.0052(5) 0 .1715(3)  -0.0081(3) 4.1(3) 
CI1 0 . 5 6 5 8 ( 4 )  0 . 9 3 9 8 ( 2 )  0 .0345(3)  29.2(5) 
C8 0.5866(9) 1 . 0 1 9 9 ( 6 )  0.0260(7) 5.8(7) 

(g) [Mo(EtzNCS2)(CO)(NO){P(OMe)3}z] (10) 
Mo 0 . 2 1 4 1 ( 1 )  0 ,15129(4)  0.21547(9) 3.06(5) 
P1 0.2454(4) 0 , 1 6 5 3 ( 1 )  0.0036(3) 3.4(2) 
P2 0.1790(5) 0 , 1 3 0 6 ( 2 )  0.4247(3) 4.5(2) 
S1 0.2311(4) 0 . 0 4 7 0 ( 1 )  0.1683(3) 4.6(2) 
$2 0.4911(4) 0 , 1 1 5 2 ( 2 )  0.2638(3) 5.3(2) 
C1 0.422(2) 0 . 0 5 2 0 ( 6 )  0.216(1) 5.8(8) 
N1 0.516(2) 0 . 0 0 7 3 ( 5 )  0.213(2) 10(1) 
C2 0.458(2) -0.0478(8) 0.175(3) 16(2) 
C3 0.408(3) - 0.0834(9) 0.265(3) 22(3) 
C4 0.682(2) 0 . 0 1 0 1 ( 9 )  0.249(3) 15(2) 
C5 0.777(3) 0.024(1) 0.160(3) 20(3) 
N2 0.005(1) 0 . 1 6 3 0 ( 4 )  0.1795(9) 4.7(6) 
02 -0.134(1) 0 . 1 7 2 4 ( 4 )  0.1600(8) 6.3(6) 
C6 0.242(1) 0 . 2 2 7 4 ( 5 )  0.2473(9) 3.2(6) 
06 0.261(1) 0 . 2 7 4 8 ( 4 )  0.2610(8) 6.4(6) 
07 0.190(1) 0 .2264(3 )  -0.0369(7) 4.8(5) 
C7 0.199(2) 0 . 2 4 6 0 ( 6 )  -0.158(1) 6.4(8) 
08 0.407(1) 0 . 1 5 8 5 ( 4 )  -0.0432(7) 4.8(5) 
C8 0.531(2) 0 . 1 9 3 6 ( 8 )  0.003(2) 9(1) 
09 0.160(1) 0 .1245(4 )  -0.0964(7) 5.0(5) 
C9 0.004(2) 0 .1101(6 )  -0.096(1) 5.9(8) 
O10 0.305(1) 0 . 1 4 9 2 ( 4 )  0.5320(7) 7.1(6) 
CI0 0.398(2) 0 . 1 9 5 8 ( 7 )  0.533(1) 7.4(10) 
Oll  0.023(1) 0 . 1 5 5 2 ( 5 )  0.4519(8) 7.3(6) 
Cll -0.035(2) 0.1411(9) 0.567(2 12(1) 
O12 0.166(1) 0 . 0 6 7 2 ( 4 )  0.4683(8) 6.7(5) 
C12 b 0.023(4) 0.040(1) 0.426(3) 8.1(9) 
C12 'b 0.311(3) 0.031(1) 0.469(3) 6.5(8) 

a B e  q (/~2) is the mean of the principal axes of the thermal ellipsoid. 
b Mean atoms with occupancy= 0.5. 

3. Results and discussion 

Ten monomeric substitution products of M'[Mo- 
(Et2NCS2)(CO)2(NO)X] (M'+=PPN + or Et4N+; 
X - = N C S -  (1), NO3- (2), N3- (3), Br- (4) or Cl- 
(5)) and [Mo(Et2NCS2)(CO)(NO)L2] (I-.2 = py and CO 
(6); dppe (7); 2PPh3 (8); 2PMe3 (9); 2P(OMe)3 (10)) 
were obtained readily from the reactions of 
[Mo(Et2NCS2)(CO)z(NO)]2, a dinuclear compound with 
two/z:r/1,~/Z-diethyldithiocarbamato bridging ligands [3], 
with suitable nucleophiles at 28 °C. The facile prep- 
aration reflects the fragile nature of the sulfur bridges 
in the dimeric compound. 

From the similarity in the IR spectral data of com- 
plexes 1-5 and the structures of 1, 3 and 4 (Figs. 1-3), 
it is possible that all five compounds have a similar 
geometry with the nitrosyl group trans to NCS- in 1, 
N O  3 -  in 2, N 3 -  in 3, Br- in 4, and CI- in 5. This 
indicates that the higher electrophilie nitrosyl, compared 
with CO, prefers to occupy a position trans to a stronger 
electron donor, compared with ~T2-Et2NCSz - in the 

Table 3 
Selected bond lengths (A) and angles (°) 

(a) [PPN][Mo(Et2NCS2)(CO)2(NO)(NCS)] (1) 
Mo~S(1) 2.543(2) C(1)-N(1) 
Mo-S(2) 2.539(2) C(2)-N(2) 
Mo-N(1) 2.180(5) N(2)--C(3) 
Mo-N(3) 1.782(5) N(2)-C(5) 
Mo-C(7) 2.001(7) C(3)-C(4) 
Mo-C(8) 1.991(7) C(5)-C(6) 
S(1)-C(2) 1.721(6) N(3)-O(1) 
S(2)-C(2) 1.713(6) C(7)-O(2) 
S(3)-C(1) 1.618(6) C(8)-O(3) 
S(1)-Mo-S(2) 69.27(5) S(1)-Mo-C(8) 
N(1)-Mo-N(3) 173.0(2) S(2)-Mo-C(7) 
C(7)-Mo-C(8) 90.3(3) C(3)-N(2)-C(5) 
S(3)-C(1)-N(1) 179.1(5) Mo-N(3)-O(1) 
Mo-N(1)--C(1) 172.8(5) Mo-C(7)-O(2) 
S(1)-C(2)-S(2) 114.5(3) Mo-C(8)-O(3) 

1.156(8) 
1.327(8) 
1.467(8) 
1.458(8) 
1.50(1) 
1.51(1) 
1.201(6) 
1.142(9) 
1.143(8) 

100.6(2) 
99.7(2) 

116.3(5) 
175.1(4) 
174.7(5) 
178.3(5) 

(b) [PPNIIMo(Et2NCS2)(CO)2(NO)(-q'-N3) ] (3) 
Mo-S(1) 2.524(2) N(2)-N(3) 1,152(8) 
Mo~S(2) 2.526(2) N(4)-O(4) 1.193(6) 
Mo-N(1) 2.195(5) C(1)-O(1) 1.142(8) 
Mo-N(4) 1.795(5) C(2)-O(2) 1.143(8) 
Mo-C(1) 2.002(7) C(3)-N(5) 1.335(7) 
Mo-C(2) 2.005(7) N(5)--C(4) 1.475(8) 
S(1)-C(3) 1.707(6) N(5)-C(6) 1.460(8) 
S(2)-C(3) 1.710(6) C(4)--C(5) 1.50(1) 
N(1)-N(2) 1.160(8) C(6)-C(7) 1.50(1) 
S(1)-Mo-S(2) 70.04(5) N(1)-N(2)-N(3) 177.3(7) 
S(1)-Mo--C(1) 98.8(2) Mo-N(4)-O(4) 177.5(4) 
S(2)-Mo-C(2) 96.1(2) Mo-C(1)-O(1) 176.4(5) 
N(1)-Mo-N(4) 173.4(2) Mo-C(2)-O(2) 176.9(6) 
C(1)-Mo-C(2) 94.5(3) S(1)-C(3)-S(2) 116.0(3) 
Mo-N(1)-N(2) 129.2(4) C(4)-N(5)-C(6) 116.6(4) 

(c) [Et,NIIMo(EtzNCS2)(CO):(NO)(Br)] (4) 
Mo-Br 2.659(1) C(3)-C(4) 
Mo-S(1) 2.528(2) C(5)--O(5) 
Mo-S(2) 2.550(2) C(6)-O(6) 
Mo-C(5) 2.004(8) N(7)-O(7) 
Mo-C(6) 2.004(8) C-N(1) 
Mo-N(7) 1.786(5) N(I)-C(1) 
S(1)--C 1.720(6) N(1)-C(3) 
S(2)--C 1.708(6) C(1)-C(2) 
C(1)-N(1}-C(3) 115.5(5) Br-Mo-N(7) 
S(1)-Mo-S(2) 69.61(6) N(1)--C(3)-C(4) 
S(1)-Mo--C(5) 98.9(2) Mo-C(5)-O(5) 
Mo-C(6)-O(6) 176.3(7) C(5)-Mo-C(6) 
Mo-N(7)-O(7) 175.8(4) S(1)--C-S(2) 
S(2)-Mo-C(6) 102.7(2) 

(d) [Mo(Et2NCS2)(CO)2(NO)py] (6) 
Mo-S(1) 2.523(2) C(2)-C(3) 
Mo-S(2) 2.518(2) C(4)-C(5) 
Mo-N(2) 1.813(6) N(2)-O(2) 
Mo-C(6) 1.993(6) C(6)-O(6) 
Mo-<3(7) 1.968(6) C(7)-O(7) 
Mo-N(8) 2.280(5) N(8)-C(9) 
S(1)-C(1) 1.709(6) N(8)--C(13) 
S(2)-C(1) 1.703(6) C(9)-C(10) 
C(1)-N(1) 1.315(7) C(10)-C(ll) 
N(1)-C(2) 1.57(1) C(11)-C(12) 
N(1)-C(4) 1.535(9) C(12)-C(13) 
S(1)-Mo-S(2) 70.25(5) S(1)-Mo--C(6) 
S(2)-Mo-C(7) 98.7(2) Mo-N(2)-O(2) 

1.52(1) 
1.146(9) 
1.137(9) 
1.181(7) 
1.328(8) 
1.47(1) 
1.49(1) 
1.46(1) 

172.4(1) 
109.6(7) 
177.6(6) 
88.2(3) 

115.4(3) 

1.34(2) 
1.35(1) 
1.196(8) 
1.144(7) 
1.146(7) 
1.329(7) 
1.34o(7) 
1.369(9) 
1.371(9) 
1.360(9) 
1.374(9) 

100.2(2) 
177.5(5) 

(continued) 
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Table 3 (continued) Table 3 (continued) 

N(2)-Mo-N(8) 175.5(2) Mo--N(8)-C(13) 
C(6)-Mo~C(7) 90.6(2) S(1)-C(1)-S(2) 
Mo-C(6)-O(6) 177.9(6) Mo-C(7)~O(7) 
Mo-N(8)-C(9) 122.3(4) C(2)-N(1)-C(4) 

(e) [Mo(EtENCS2)(CO)(NO)(dppe)] (7) 
Mo-P(1) 2.444(1) P(2)--C(41) 1.820(5) 
Mo-P(2) 2.620(1) S(1)-C(2) 1.709(5) 
Mo-S(1) 2.549(1) S(2)-C(2) 1.714(5) 
Mo-S(2) 2.535(1) O(1)-N(1) 1.185(5) 
Mo-N(1) 1.876(4) O(2)-C(1) 1.175(5) 
Mo-C(1) 1.857(4) N(2)-C(2) 1.350(6) 
P(1)-C(7) 1.824(4) N(2)-C(3) 1.466(7) 
P(1)-C(11) 1.821(4) N(2)-C(5) 1.472(7) 
P(1)-C(21) 1.828(4) C(3)-C(4) 1.458(9) 
P(2)-C(8) 1.829(4) C(5)-C(6) 1.50(1) 
P(2)-C(31) 1.835(5) C(7)-C(8) 1.521(7) 
P(1)-Mo-P(2) 79.00(4) P(1)-C(7)--C(8) 109.3(3) 
P(1)-Mo-N(1) 90.2(1) P(2)-C(8)-C(7) 108.4(3) 
S(1)-Mo-S(2) 69.31(4) S(1)-Mo-C(1) 171.3(1) 
Mo--P(1)-C(7) 109.8(1) Mo-P(2)~(41) 121.8(2) 
Mo--P(1)-C(ll) 116.0(1) Mo--N(1)--O(1) 175.8(3) 
Mo--P(1)-C(21) 119.3(1) C(3)-N(2)-C(5) 118.0(4) 
Mo--P(2)-C(8) 103.6(1) Mo-C(1)-O(2) 176.6(4) 
Mo-P(2)-C(31) 117.8(2) S(1)-C(2)-S(2) 115.2(3) 
P(2)-Mo-S(2) 90.02(4) 
P(2)-Mo-P(1)-C(7) -9.4(1) Mo-P(1)-C(7)-C(8) 42.8(2) 
P(1)-C(7)-C(8)-P(2) -61.2(2) P(1)-Mo-P(2)~(8) -18.0(1) 
Mo-P(2)-C(8)-C(7) 49.3(2) 

120.3(4) 
116.4(3) 
177.2(6) 
116.7(5) 

(f) [Mo(Et2NCS2)(CO)(NO)(PPh3)2] (8) 
Mo-S(1) 2.565(2) P(2)-C(41) 1.822(5) 
Mo-S(2) 2.576(1) P(2)-C(51) 1.837(5) 
Mo-P(1) 2.515(1) P(2)-C(61) 1.832(5) 
Mo-P(2) 2.533(1) O(1)-N(1) 1.199(5) 
Mo--N(1) 1.830(4) O(2)-C(2) 1.173(6) 
Mo-C(2) 1.889(5) N(2)-C(3) 1.311(7) 
S(1)-C(3) 1.707(5) N(2)-C(4) 1.594(9) 
S(2)-C(3) 1.710(5) N(2)-C(6) 1.59(1) 
P(1)-C(ll) 1.821(5) C(4)-C(5) 1.36(1) 
P(1)-C(21) 1.831(5) C(6)-C(7) 1.21(1) 
P(1)-C(31) 1.826(5) 
S(1)-Mo-S(2) 68.70(5) Mo-P(2)-C(41) 113.9(2) 
S(1)-Mo-C(2) 97.0(1) Mo-P(2)-C(51) 118.4(2) 
S(2)-Mo-N(1) 104.1(1) Mo-P(2)-C(61) 114.4(2) 
P(1)-Mo-P(2) 172.17(4) C(4)-N(2)-C(6) 109.8(5) 
N(1)-Mo-C(2) 90.9(2) Mo-N(1)-O(1) 177.7(4) 
Mo--P(1)-C(ll) 113.0(2) Mo--C(2)-O(2) 177.5(4) 
Mo--P(1)-C(21) 117.4(2) S(1)--C(3)-S(2) 116.2(3) 
Mo--P(1)-C(31) 117.2(2) 

(g) [Mo(Et2NCSz)(CO)(NO){P(OMe)3}2I (10) 
Mo--P(1) 2.469(3) C(1)-N(1) 1.36(2) 
Mo--P(2) 2.475(4) N(1)--C(2) 1.46(2) 
Mo--S(1) 2.565(4) N(1)-C(4) 1.45(2) 
Mo-S(2) 2.559(4) C(2)-C(3) 1.44(4) 
Mo--N(2) 1.84(1) C(4)-C(5) 1.42(4) 
Mo--C(6) 1.87(1) N(2)-O(2) 1.22(2) 
P(1)-O(7) 1.592(8) C(6)-O(6) 1.16(1) 
P(1)-O(8) 1.580(9) O(7)-C(7) 1.46(1) 
P(1)-O(9) 1.602(9) O(8)-C(8) 1.42(2) 
P(2)-O(10) 1.59(1) 0(9)---(2(9) 1.40(2) 
P(2)-O(11) 1.56(1) O(10)-C(10) 1.38(2) 
P(2)-O(12) 1.61(1) O(11)-C(11) 1.46(2) 
S(1)-C(1) 1.68(1) O(12)-C(12) 1.42(4) 

(continued) 

S(2)-C(1) 1.69(2) O(12)-C(12') 
P(1)-Mo-P(2) 176.2(1) S(1)-C(1)-S(2) 
S(1)-Mo-N(2) 100.7(3) C(2)-N(1)-C(4) 
S(2)-Mo-C(6) 101.2(4) Mo--N(2)-O(2) 
N(2)-Mo-C(6) 89.6(5) Mo--C(6)-O(6) 
Mo-P(1)-O(7) 109.6(3) Mo-P(2)-O(10) 
Mo-P(1)-O(8) 122.0(3) Mo-P(2)-O(ll) 
Mo-V(1)-O(9) 120.0(3) Mo--P(2)-O(12) 
S(1)-Mo-S(2) 68.6(1) 

1.54(3) 
117.6(8) 
114.9(14) 
177.1(9) 
176.5(10) 
120.8(4) 
109.7(4) 
120.4(4) 

~ ~ C 8 ~ 0 3 ~  N2 C2 ~ 03 

$3~ 

Fig. i. ORTEP plot of [Mo(EtzNCS2)(CO)2(NO)(NCS)]- (1-). 

N3 ( ~  
Fig. 2. ORTEP plot of [Mo(Et2NCS2)(CO)2(NO)(r/1-N3)] - (3-). 

3 

c2C I ~J C5 05 

Fig. 3. ORTEP plot of [Mo(Et2NCS2)(CO)2(NO)(Br)]- (4-). 

compounds. Apparently this unique nitrosyl position 
can help to dissipate any accumulated charge density 
after coordination of a strong electron donor through 
a metal-to-nitrosyl backbonding. 

The structure of 6 was also found to have py trans 

to NO (Fig. 4). However, there are two nitrosyl fre- 
quencies observed both in solution and in the solid 
state, indicating that 6 may have two isomers. Only 
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C2 C l 1 ~  

C4 $2 02 ( 

~ C10 

Fig. 4. ORTEP plot of [Mo(Et2NCS2)(CO)2(NO)py] (6). 

C 
8 

Fig. 5. ORTEP plot of [Mo(Et2NCS2)(CO)(NO)(dppe)] (7). Carbon 
atoms of C(7), C( l l )  and C(21) are connected to P(I) and those 
of C(8), C(31) and C(41) are connected to P(2). 

two rather than four carbonyl stretching bands observed 
for 6 may be due to the accidental overlap of the close 
bands or the poor resolution of the IR machine used. 
This may also explain why only one CN stretching band 
for the diethyldithiocarbamato ligands in the two isomers 
was observed. The isomer shown in Fig. 4 may represent 
the one more easily crystallized from the solution, while 
the other is believed to have a different disposition of 
py, possibly py trans to CO. 

Although only one  3ap singlet is observed for 8, 9 
and 10 at 43.05, -6 .62 and 159.30 ppm, respectively, 
there are four singlets observed at 67.76, 64.22, 41.10 
and 23.07 ppm for 7. From the spectral data of 7-10 
and the structures of 7, 8 and 10 (Figs. 5-7), we believe 
that the structure of 9 is similar to that of $ or 10, 
with the two bulky phosphine ligands trans to each 
other, apparently to minimize the steric hindrance 
between the ligands, and that like 6, two isomeric 
structures are also present for 7. However, the two 
probable isomeric structures may involve either different 
orientations of phenyl groups with respect to the five- 
membered ring formed by dppe and Mo, or may have 
different dispositions of the nitrosyl and carbonyl groups. 
By comparing the torsional angles in a range between 
- 6 1 . 2  and 49.3 ° (Table 3), the five-membered ring has 
close to a skew-boat geometry [7]. Based on the 31p 

C7 C41 

~ ~  01 

Fig. 6. ORTEP plot of [Mo(Et~NCS2)(CO)(NO)(PPh3)~I (S). Carbon 
atoms of C(l l ) ,  C(21) and C(31) are connected to P(1) and those 
of C(41), C(51) and C(61) are connected to P(2); C(21) is below 
C(261. 

C9 

C'2 O7 
C3 ,/~C5 $1 2 

C4 

C10 CTI 
Fig. 7. ORTEP plot of [Mo(Et2NCS2)(CO)(NO){P(OMe)3}2] (10). 

NMR chemical shifts and theory of Letcher and Van 
Wazer [8], structures with different arrangements of 
NO and CO appear more probable. According to this 
theory, the singlet at 67.76 (or 64.22) and the one at 
41.10 ppm are assigned to one isomer, with this signal 
for the phosphorus atom trans to NO, and the singlet 
at 64.22 (or 67.76) and the one at 23.07 ppm are 
assigned to the other isomer, with this signal for the 
phosphorus atom also trans to NO. The two possible 
arrangements for 6 and 7, we believe, may reflect the 
weaker ~r-donicity of py and phosphine ligands than 
the uninegative anionic ligand such as NCS- in 1, 
NO3- in 2, N3- in 3, Br-  in 4, and CI- in 5. It is 
worth remembering that the different preferred ge- 
ometries of [Mo(L-L)(CO)2(r/a-allyl)X] (L-L=2,2'-bi- 
pyridine (bpy) and dppe; X-  = halide anion) were pre- 
viously attributed to the cr-donicity difference between 
the two ligands [9]. 

The metal atom in each of the seven X-ray structures 
is six-coordinate. The angles, formed by two ligands 
and the metal atom are in the range 68.6-104.1 ° (Table 
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Table 4 
Relevant parameters of molybdenum(0) compounds containing dithiocarbamato ligands 

Compound MO-S C-S (/~) C-N (1~) S---S (/k) ASCS (o) Ref. 
(A) 

[PPN] [Mo(C4HsNCS2) (CO)4] ~ 2.600(1) 1.704(4) 1.319(5) 2.908(2) 116.4(2) [12] 
2.631(1) 1.716(4) 

[PPN][Mo(CsHtoNCS2)(CO)4] b 2.598(5) 1.72(2) 1.34(2) 2.892(6) 116.1(10) [12] 
2.597(5) 1.69(2) 

[PPN][Mo(Et2NCS2)(CO)4] c 2.596(1) 1.704(3) 1.343(7) 2.90(1) 116.4(3) Illl 
[PPN]IMo(Et2NCS2)(CO)2(NO)(NCS)] 2.543(2) 1.721(6) 1.327(8) 2.889(2) 114.5(3) this work 

2.549(2) 1.713(6) 
[PPN][Mo(Et2NCS2)(CO)2(NO)(n'-N3)] 2.524(2) 1.707(6) 1.335(7) 2.898(2) 116.0(3) this work 

2.526(2) 1.710(6) 
[Et4N][Mo(Et2NCS2)(CO)2(NO)(Br)] 2.528(2) 1.720(6) 1.328(8) 2.898(3) 115.4(3) this work 

2.550(2) 1.708(6) 
[Mo(Et2NCS2)(CO)2(NO)(py)] 2.523(2) 1.709(6) 1.315(7) 2.900(2) 116.4(3) this work 

2.518(2) 1.703(6) 
[Mo(Et2NCS2)(CO)(NO)(dppe)] 2.549(1) 1.709(5) 1.350(6) 2.891(2) 115.2(3) this work 

2.535(1) 1.714(5) 
[Mo(Et2NCS2)(CO)(NO)(PPh3)2] 2.565(2) 1.707(5) 1.311(7) 2.901(2) 116.2(3) this work 

2.576(1) 1.710(5) 
[Mo(Et2NCS2) (CO)(NO) (P{OMe}3)2] 2.565(4) 1.68(1) 1.36(2) 2.888(5) 117.6(8) this work 

2.559(4) 1.69(2) 

a C 4 H a N C S 2 -  = py r ro l id ine -  1 - c a r b o d i t h i o a t o .  

b C s H t o N C S 2 -  = p i p e r i d i n e - l - c a r b o d i t h i o a t o .  

¢ T h e  s t r u c t u r e  c o n t a i n s  a c ry s t a l l og raph i ca l l y  i m p o s e d  two- fo ld  axis,  t h r o u g h  the  M o  a t o m  a n d  the  C - N  b o n d .  

3), indicating a quasi-octahedral environment. The ob- 
served bond angles, /_M-N-O, which lie within the 
range 175.1-177.7 °, show that the nitrosyl group can 
be considered linear 'NO +' in these Mo O compounds 
[10]. 

The S - . - S  'bite' distances of the diethoyldithiocar- 
bamato ligands between 2.888 and 2.901 A (Table 4) 
are typical for bidentate geometry [13]. This is also 
compatible with the expectation of the ligand as a four- 
electron donor, based on a simple electron counting 
rule (e.g., 18-electron rule). This conclusion is further 
supported by the two nearly identical C-S bond lengths 
in each ligand. However, the angles, /_S-C-S, which 
lie in the range 114.5-117.6 ° , contain the value of 115.7 ° 
observed for the monodentate diethyldithiocarbamato 
ligand in [Pt071-Et2NCS2)({PhP(CH2CH2PPh2)2}]BPh4 
[13] so that this angle cannot be used as a criterion 
for judging a mono- or bidentate coordination mode 
for the ligand. 

Although the S - . - S  values of 1, 3, 4, 6, 7, 8 and 
10 are similar to that of 2.908(2)/~ in [PPN][Mo- 
(C4HsNCS2)(CO)4] (11), 2.892(6) A in [PPN][Mo- 
(CsHloNCS2)(CO)4 ] (12) (C4HsNCS2-=pyrroline-1- 
carbodithioato; CsH1oNCS2- = piperidine- 1-carbodi- 
thioato) [12], and 2.90(1) /~ in [PPN][Mo(Et2NCS2)- 
(CO)4] (13) [11], comparison of the Mo-S distances 
in 1-13 (Table 4) reveals two types with the longer 
values (2.597-2.631/~) for the tetracarbonyl complexes, 
11-13, and the shorter values (2.518-2.576 A) for 
[Mo(Et2NCS2)(NO)(CO)L2] m-. Apparently, if relative 
contribution of the canonical forms I, II and III is used 

to represent the tr-donicity of a dialkyldithiocarbamato 
ligand, as depicted below, the presence of a stronger 
~--acid, NO, in the structures can permit a greater 
contribution of III of the diethyldithiocarbamato 

- s \  s \  + 
S % C  - - N R  2 ~ - -  -S 7 s ~ , C  ~ N R 2  ~ C " - -NR 2 

~S ~ 
I II III 

ligand. However, as reflected in the similar C-N dis- 
tances (Table 4), one should also be cautious in that 
some modest difference, as large as 0.03/k [11,14], in 
the singly bonded distances may not indicate chemical 
effects but may be caused by the crystal packing effects. 

4. Supplementary material 

Tables of complete bond lengths and angles, anis- 
otropic displacement parameters, hydrogen coordinates, 
observed and calculated structure factors can be ob- 
tained from the authors upon request. 
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