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Abstract 

The reaction of $-phosphino- or n2-thiocarbene complexes of molybdenum and tungsten with sodium thiocyanate 
provides high yields of metalla(phospha/thia)bicyclo[l.l.O]butanone compounds. The structures of the new bicyclic 
complexes were determined by spectroscopic investigations and, in the case of 6b, additionally by X-ray analysis. 

Kq words: Crystal structures; Carbene coupling; Molybdenum complexes; Tungsten complexes; Carbene 
complexes 

Introduction 

Since the discovery of the transition metal carbene 
[l] and carbyne [2] complexes, many other complexes 
with a metal carbon multiple bond have been synthesized 
by the classical routes of Fischer, by Schrock’s method 
or by way of new preparative approaches [3-51. The 
explorations of the metal carbon multiple bond have 
fascinated many research groups, and carbene as well 
as carbyne complexes have become increasingly im- 
portant in theory, synthesis and catalytic research. Car- 
bene as well as carbyne complexes can be conveniently 
classified into Fischer-type complexes with the metal 
not in its highest possible oxidation state and into 
Schrock-type complexes with the metal in a considerably 
high oxidation state. 

In agreement with theoretical calculations by Fenske 
[6, 71 and Hofmann [8] cyclopentadienyl substituted 
carbyne complexes [9-111 Cp(CO)LM=CR (M = MO, 
W; L= CO, PMe,; R = Me, Ph, Tol) add electrophilic 
agents like sulfur, protic acids, methylthio tetrafluo- 
roborate or chlorodimethylphosphine to afford dithio- 
carboxylates [12, 131, $-acyl complexes [14-161, $- 
thiocarbene complexes [CpL(CO)qMe][BF,] 
117-211 and v3-phosphinoketene complexes [22]. The 
$-thiocarbene complexes show a pronounced amphi- 
philic reactivity [20, 211 towards Lewis acids and Lewis 
bases. The related $-phosphinocarbene complexes 
[CpL(CO)qRJ[PF,] [23], however, have been 
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synthesized via treatment of suitable n2-ketenyl com- 
plexes [24, 251 with halophosphines followed by a 
chloride-hexafluorophosphate exchange and subse- 
quent decarbonylation of the resulting tungstaphos- 
phabicyclo[l.l.O]butanone hexafluorophosphate [26]. 

Results and discussion 

The addition of sodium thiocyanate to n2-thiocarbene 
complexes [Cp(CO)L&o=C(Tol)-SMe][BF,] (L= 
CO, PMe,) (lc, 2c) [19] or q2-phosphinocarbene com- 
plexes [Cp(CO)(PMe,)W=C(R)-PPh,][PF,] (R=Me, 
Ph) (3a [23] and 3b) in CH,CI, at low temperatures 
generates via carbonyl carbene coupling molybdathia- 
(4c, SC) or tungstaphosphabicyclo[l.l.O]butanone com- 
plexes (6a,b) in excellent yields (eqn. (1)). In the case 
of dicarbonyl(~5-cyclopentadienyl)(~2-methylthio-tolyl- 
carbene)molybdenum (lc) two isomers (SC, 5c’ N 4:l) 
are formed. 3b is prepared by adding chlorodiphen- 
ylphosphine to carbonyl-($-cyclopentadienyl)-trime- 
thylphosphine-(q2-phenylketenyl)tungsten (Sb) [25] 
providing tungstaphosphabicyclo[l.l.O]butanone chlo- 
ride. After a subsequent chloride/hexafluorophosphate 
exchange stirring at 38 “C causes loss of CO to yield 
3b (eqn. (2)). 
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The red (4c, 5c) to yellow (6a,b), diamagnetic com- 
pounds are slightly soluble in dichloromethane and in 
solution are temperature sensitive. The composition of 
these compounds was confirmed by elemental analysis, 
IR, proton, 13C phosphorus NMR spectroscopy as well 
as FAB (4c, 5~) or FD (6a,b) mass spectrometry. 

On heating the molybdenum complex 4c in dichloro- 
methane to 38 “C loss of carbon monoxide takes place 
to form the neutral n2-thiocarbene complex of molyb- 
denum (7~) (eqn. (3)). 

-co 
MO-C-To1 

oc”“‘d \ / 
(3) 

SCN s 

4c 7c 

The IR spectra (Table 1) of the new metallabicy- 
clo[l.l.O]butanone compounds 4c-6b and the neutral 

TABLE 1. IR spectra of 3t+7c in dichloromethane in the v(C0) 
region (cm-‘) 

Compound M-CO MSCN Ring CO 

3b 1932vs, 1981s 
4c 2024~s 2081~s 1670m 
5C 2077~s 1634m 
6a 2078~s 1593m 
6b 2079~ 1606m 
7c 1967vs 2082~s 

$-thiocarbene complex 7c in dichloromethane display 
in the Y(CO) region the expected vibrations for the 
carbonyl, the SCN ligands as well as for the bridging 
carbonyl group. 

The addition of the SCN unit to the T2-carbene 
complexes lc-3b causes in the lH NMR spectra (Table 
2) of 4c-6b a slight additional shielding of the cyclo- 
pentadienyl protons. The conversion of the q2-carbene 
into the metallabicyclobutanone complex does not sig- 
nificantly influence the chemical shifts of the remaining 
protons. 

The 13C NMR spectra also agree with the proposed 
metallabicyclobutanone structure (Table 3) for 4c-6b. 
Of special interest are the data of both ring carbon 
atoms as discussed for 6b. Thus the chemical shift of 
S 16.7 ppm can be regarded as a good indication for 
a remarkable degree of a-bonding to the metal [27]. 
The signal splits into a doublet of doublets due to 
spin-spin interactions (1J(3’P-13C) = 22.3, 2J(31P-13C) = 
5.6 Hz) with both phosphorus atoms. For the related 
cationic tungstaphosphabicyclo[l.l.O]butanone com- 
plexes [26] chemical shifts of 6 2 ppm are reported. 
Due to insufficient solubility of 6b the 183W-‘3C coupling 
has not been detected up to now. For the ring carbonyl 
group of 6b with 6 250.5 ppm the same pattern is 
observed with 2J(31P-13C) = 9.1 Hz and 2J(31P-13C) = 
9.1 Hz. 

The 13C NMR spectrum of the starting carbene 
complex 3b shows two doublets of doublets; one for 
the carbonyl carbon at S 211 ppm (dd, 30.8, 7.8 Hz) 
and one for the carbene carbon at 6 206 ppm (dd, 
34.9, 8.3 Hz). 

The phosphorus NMR spectra (Table 4) of the new 
cyclic compounds 3b, 6a and 6b display the expected 
characteristic features of a three-membered metal- 
phosphoruscarbon cycle with a strong shielding of the 
ring phosphorus [28, 291 as well as a decrease of the 
tungsten-phosphorus coupling constants [29, 301 com- 
pared to those of monodentate phosphine ligands. 

Crystal structure determination 

All X-ray investigations were performed on an au- 
tomated four-circle diffractometer CAD4 (ENRAF- 
NONIUS, Delft) with graphite-monochromated MO Ka 
radiation at low temperature of -71 “C to avoid 
decomposition of the crystal. A red single crystal of 
approximate dimensions 0.25 X 0.25 X 0.15 mm was 
sealed in a glass capillary. The lattice parameters were 
determined by refinement of the diffraction geometry 
of 25 precisely centered high-angle reflections. Intensity 
data were collected with w/e scan. During the exposure 
time of 68.7 h no loss of intensity was observed. The 
W and P positions from inspection of the Patterson 
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TABLE 2. ‘H NMR spectra in CD&& (8) 

Cd&, 
CA 

SCH3 

CCH, 

PCH, 

3b 

7.30 (m) 
5.78 (s) 

11.29 

(d, 9.8) 

4c SC 6a 6b 7c 

7.33 (m) 7.25 (m) 7.60 (m) 7.38 (m) 7.46 (m) 
5.45 (s) ‘4.92 (d, 1.9) 4.62 (dd, 2.0; 2.0) 4.69 (s) 5.49 (s) 

“4.90 (d, 1.9) 

2.22 (s) ‘2.30 (s) 2.06 (s) 
“2.29 (s) 

2.35 (s) ‘2.33 (s) 2.12 (s) 2.39 (s) 
“2.35 (s) 

‘0.99 (d, 10.0) 1.49 1.10 
“1.09 (d, 10.0) (4 9.3) (4 9.8) 

‘Isomer i. “Isomer ii. 

TABLE 3. ‘%{‘H} NMR spectra in CD&I, (6) 

M-CO 

M-C(O)- 

GH,,, 

SCN 

GH, 

M-C-R 

PMe3 

C-CH, 

s-3 

3b 4c SC 6a 6b 

210.9 (dd, 30.8; 7.8)” 225.0 

251.6 ‘262.4 (d, 10.l)a, jic 254.2 (dd, 15.6; 4.6)” (26.2)b 250.5 (dd, 9.1; 9.1)” 

136.3-118.6 137.6-125.3 141.7-126.9 135.8-126.6 136.5-125.9 

145.7 134.7 148.3 148.8 

82.8 94.5 ‘92 . 9 1 “92.3 87.1 87.5 

205.6 (dd, 34.9; 8.3)’ 49.2 e 14.9 (d, 28.5 br)” 16.7 (dd, 22.3; 5.6) 

11.5 (d, 36.7)” ‘16.0 (d, 28.0)= 16.1 (d, 29.4)” 15.2 (d, 30.3)” 
“16.1 (d, 28.0)” 

20.9 ‘21.2, “21.4 9.9 

25.4 ‘24 . 8 1 “24.7 

a ‘J(3LP-‘3C) and/or *J(“P-‘3C). b ‘J(‘83W-‘3C). ‘Identification not clear. ‘Isomer i. “Isomer ii. 

TABLE 4. 31P{‘w NMR spectra in CD& (6) 

3b 

5C 

6a 
6b 

PMe, 

-26.4 (d, 7.1”, 338.3b) 

‘7.1; “6.8 
-20.4 (d, 20.5”, 262.8b) 
-23.1 (d, 21.2”, 261.4b) 

PPh, 

- 113.2 (d, 8.5”, 72.1b) 

-28.1 (d, 20.5”, 204.8b) 
-31.7 (d, 21.2”, 200.6b) 

PFB- 

146.2 (d, 710.7’) 

.2J(3’P-3’P). b’J(‘83W-31P). “J(‘9F--)‘P). ‘Isomer i. “Isomer ii. 

map and subsequent difference-Fourier synthesis re- 
vealed the positions of all non-H atoms. After refinement 
with unique merged data and isotropic displacement 
factors the procedure for the empirical absorption 
correction with the program DIFABS [31] was applied. 
The final full-matrix least-squares refinement (on F’) 
with anisotropic displacement parameters for all non- 
H atoms, and positions of the H atoms in calculated 
idealized positions, led to R values of R' = 0.0239 
and Rw2= 0.058 with R1 = (ClpO] - ]Fc])/C]Fc] and 
Rw2 = [C(W(F,~ - Fc2)2/C(w(F,2)2)]o~‘. Calculations were 
performed with the programs CADSHEL, SHELXS- 
86, SHELXL-93 and the SHELXTL-PLUS package 

[32]. A summary of the crystal data, data collection 
and structure refinement parameters is given in Table 
5. Final atomic coordinates are listed in Table 6, and 
selected bond distances and angles in Table 7. A graphic 
representation of the two symmetry-independent mol- 
ecules (A and B) is shown in Fig. 1. 

The bond distances from tungsten to the cyclopen- 
tadienyl, to the trimethylphosphine and to the iso- 
thiocyanato ligand are comparable to other tungsten 
complexes. Within the W-P-C ring the W(l)-P(1) 
(238.9(l) pm), the W(l)-C(1) (234.1(3) pm) and the 
P(l)-C(1) (175.3(3) pm) bond distances are similar to 
those reported for three-membered metallaphospha- 
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TABLE 5. Crystal data for compound 6b 

Empirical formula 
Formula weight (g/mol) 
Temperature (K) 
Wavelength (A) 
Crystal system 
Space group 
Unit cell dimensions 

a (A) 
b (A) 
c (A) 
a (“) 
P (“) 
Y (“) 

Volume (A3) 
Formula units 
Density (talc) (g/cm3) 
Absorption coefficient (mm-‘) 
F(OOO) 
f? Range for data collection (“) 
Index ranges 
Reflections collected 
Reflections unique 
Reflections observed 
Refinement method 
No. variables 
Goodness-of-fit on FZ 
Final R indices (1>40(2)) 

$ 
R indices (all data) 

$ 
Residual electron density, p 

max., min. (e A) 

C&,Hr9NOPZSW. CHQ 
770.31 
202(2) 
0.71073 
triclinic 
Pi 

10.547(l) 
18.531(2) 
18.710(2) 

118.84(l) 
95.40( 1) 

102.09(l) 
3049.8(5) 
4 
1.678 
4.161 
1520 
2.03-26.96 
-13Ghhl3, O<k<23, -23~1~20 
13250 
13249 
11509 (F,>4@,)) 
full-matrix least-squares on FZ 
691 
1.040 

0.0239 
0.0580 

0.0321 
0.0619 

0.953, - 0.989 

heterocycles [33, 341 or to the rnetallaphosphabicy- 
clo[l.l.O]butanone complex [Cp(CO)(PMe,)W-q3- 
P(Me,)-C(Me)-C(O)]Cl [26]. 

Compared to the last one the bridging carbonyl group 
shows a slight slippage towards the metal. See also 
‘Supplementary material’. 

The reaction of sodium thiocyanate with the cationic 
$-thiocarbenecomplexes[Cp(CO)L&o=C(Tol)-$Me]- 
[BF,] (lc, 2c) or $-phosphinocarbene complexes 
[Cp(CO)(PMe,)W=C(R)-PPh,][PF,] (3a,b) results in 
a coordination of the SCN- anion as an isothiocyanato 
and not as a thiocyanato ligand. Thus, in the cationic 
n2-carbene complex tungsten behaves like a borderline 
metal in agreement with the periodic table of Ahrland 
et al. [35] according to which metal ions in their common 
oxidation states can be divided roughly into two groups, 
depending on the abilities to coordinate donor atoms. 

The possible electrophilic attack of the thiocyanate 
anion at the metal coordinated carbene carbon could 
not be excluded a priori. Thus, ammonia, primary or 
uncrowded secondary amines [36, 371, rigid tertiary 
amines such as l-azabicyclo[2.2.2]octane or 1,4-diaza- 
bicyclo[2.2.2]octane [37,38], secondary or tertiary phos- 

phines [37, 39, 401, thiols [37, 411 and selenols [37, 421 
attack in a typical reaction the carbene carbon in most 
of the Fischer carbene complexes with chromium, mo- 
lybdenum, tungsten, manganese or rhenium using a 
variety of carbene ligands as well as in selected cationic 
q*-thio- [43, 441 or $-phosphinocarbene complexes 
[451. 

The metal induced carbon-carbon coupling reaction 
is well known for distinct transition metal carbene as 
well as carbyne complexes. Thus nickel tetracarbonyl 
reacts with diazomethane via an intermediate nickel 
carbene complex to yield a free ketene [46]. The same 
type of coupling is reported on the high pressure 
carbonylation of dicarbonyl($-cyclopentadienyl)diphe- 
nylcarbene manganese [47] or the thermal decompo- 
sition of pentacarbonyl(diphenylcarbene)tungsten 1481. 
For transition metal carbyne complexes like 
Cp(CO),M=CR the nucleophilic carbonyl carbyne cou- 
pling is well investigated [ll, 24, 491. Subsequently the 
application of the nucleophilic or electrophilic induced 
carbonyl carbyne coupling reaction has been perfectly 
demonstrated by Fischer et al. [50, 511, Schrock and 
co-workers [52], Templeton and co-workers [53, 541, 



TABLE 6. Atomic coordinates (X 104) and equivalent isotropic 
displacement parameters (A’X 103) for 6b 

xla ylb ZlC ueq= 

Molecule A 

W(1) 
P(1) 
P(2) 
S(1) 
N(1) 
O(L) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(l1) 
C(12) 
CU3) 
C(14) 
C(15) 
C(16) 
C(21) 
C(22) 
~(23) 
~(24) 
C(25) 
C(26) 
C(31) 
~(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(41) 
~(42) 
C(43) 
W(2) 
P(21) 
P(22) 
S(2) 
N(2) 
O(2) 
C(201) 
C(202) 
C(203) 
C(204) 
C(205) 
C(206) 
C(207) 
C( 208) 
C(211) 
C(212) 
C(213) 
C(214) 
C(215) 
C(216) 
C(221) 
C(222) 
C(223) 

2520(l) 
2896( 1) 
2367(l) 
7346(l) 
4581(3) 
- 12(2) 
2312(3) 
1135(3) 
5733(3) 
2321(4) 
1050(4) 
776(4) 

1857(4) 
2795(4) 
2768(3) 
4117(4) 
4482(4) 
3513(5) 
2197(5) 
1825(4) 
4436(3) 
5592(3) 
6783(3) 
6809(4) 
5658(4) 
4470(4) 
1707(3) 
1864(3) 
947(4) 

- 128(4) 
- 297(4) 

614(3) 
3525(4) 
2664(4) 

761(4) 
-4603(l) 
-3329(l) 
-6247(l) 
-1233(l) 
- 3233(3) 
- 6907(2) 
- 4705(3) 
- 5809(3) 
- 2410(3) 
- 3658(4) 
- 4900(4) 
-5918(4) 
- 5314(4) 
- 3943(4) 
-4791(3) 
- 3860(3) 
- 4058(4) 
-5165(4) 
- 6060(4) 
- 5876(4) 
- 1736(3) 

- 747( 3) 
496(4) 

7202( 1) 
6241(l) 
8711(l) 
8519(l) 
7854(2) 
7010(2) 
7062(2) 
7023(2) 
8145(2) 
6133(2) 
6098(2) 
6882(2) 
7373(2) 
6908(2) 
7633(2) 
8065(2) 
8657(3) 
8821(3) 
8385(3) 
7787(2) 
6195(2) 
6366(2) 
6358(2) 
6171(2) 
5986(2) 
5996(2) 
5188(2) 
4491(2) 
3686(2) 
3570(2) 
4250(3) 
5067(2) 
9483(2) 
9242(2) 
8834(3) 
2897( 1) 
3769( 1) 
1421(l) 
1368( 1) 
2171(2) 
3132(2) 
2931(2) 
3073(2) 
1825(2) 
3981(2) 
4061(2) 
3333(2) 
2809(Z) 
3215(2) 
2313(2) 
1857(2) 
1226(3) 
1044(3) 
1514(3) 
2150(2) 
3763(2) 
3646(2) 
3672( 3) 

3669(l) 
2342( 1) 
4334(l) 
4537( 1) 
4013(2) 
2488(2) 
2348(2) 
2703(2) 
4238(2) 
3996(2) 
3609(2) 
4164(2) 
4882(2) 
4762(2) 
2020(2) 
2175(2) 
1924(3) 
1518(3) 
1339(2) 
1585(Z) 
1993(2) 
2539(2) 
2279(2) 
1472(3) 
917(2) 

1179(2) 
X48(2) 
1715(2) 
1221(2) 
655(2) 
585(2) 

1078(2) 
5332(2) 
3743(2) 
4557(3) 
1335( 1) 
2753( 1) 

545( 1) 
680( 1) 

1107(2) 
2314(2) 
2582(2) 
2172(2) 

921(2) 
1096(2) 
1340(2) 
704(2) 

69(2) 
317(2) 

2873(2) 
2800(2) 
3007(2) 
3298(3) 
3410(2) 
3206(2) 
3200(2) 
2751(2) 
3111(3) 

36(l) 
37(L) 
41(l) 
58(l) 
40(l) 
52(l) 
39(l) 
41(l) 
41(L) 
53(l) 
53(l) 
520) 
50(l) 
51(l) 
42(L) 
48(l) 
58(L) 
66(l) 
60(l) 
50(L) 
38(l) 
44(l) 
52(l) 
55(L) 
53(l) 
47(l) 
40(l) 
43(l) 
47(l) 
55(l) 
56(l) 
48(l) 
51(l) 
51(l) 
57(l) 
35(L) 
37(L) 
40(l) 
55(l) 
40(l) 
55(L) 
39(l) 
4W) 
41(l) 
50(l) 
48(l) 
46(L) 
47(l) 
48(l) 
42(l) 
46(l) 
56(l) 
620) 
58(L) 
49(L) 
39(l) 
46(l) 
540) 

(continued) 

81 

TABLE 6. (continued) 

Molecule A 
C( 224) 732(4) 
C(225) - 242(4) 
C(226) - 1476(4) 
C(231) - 3508(3) 
C(232) - 4566(4) 
C(233) - 4663(4) 
C(234) - 3743(4) 
C(235) - 2697(4) 
C(236) - 2572(3) 
C(241) - 6029(5) 
C(242) - 6291(5) 
C(243) - 7977(4) 

Solvent CH& 

C(50) 8439(9) 
Cl(51) 8758(4) 
Cl(52) 8395(2) 

C(60) 129(l) 
Cl(61) 338(2) 
Cl(62) 494(2) 

3811(3) 3910(3) 
3929(3) 4361(2) 
3908(2) 4009(2) 
4803(2) 3514(2) 
4858(2) 3908(2) 
5664(3) 4491(2) 
6398(2) 4669(2) 
6350(2) 4279(3) 
5555(2) 3705(2) 

673(3) - 476(3) 
791(3) 1039(3) 

1385(3) 336(3) 

8422(4) 
9446(2) 
8076(l) 
1377(6) 
1643(l) 
438( 1) 

2481(4) 
3122(2) 
1409( 1) 
2523(4) 
3550( 1) 
1852(l) 

57(l) 
53(L) 
47(l) 
40(l) 
50(l) 
55(l) 
52(l) 
55(l) 
49(l) 
71(l) 
67(L) 
66(L) 

124(3) 
209(2) 
110(l) 
149(4) 
118(l) 
105(l) 

aU,q is defined as one third of the trace of the orthogonalized 
U, tensor. 

James and Stone [55], Angelici and co-workers [56, 
571, Mayr et al. [58, 591, Geoffroy and co-workers [60] 
and Lippard and co-workers [61], preparing a variety 
of interesting ketenyl, alkyne and binuclear complexes 
involving q*-ketenyl species as possible intermediates. 

Experimental 

Preparation of carbonyl-(q5-cyclopentadienyl)- 
(trimethylphosphine)-[q2-(diphenylphosphino)- 

phenylcarbene]tungsten (3b) 
At -78 “C 3.3 ml (1.8 mmol) chlorodiphenylphos- 

phine were added to a solution of 0.88 g (1.81 mmol) 
carbonyl- ($-cyclopentadienyl) - trimethylphosphine - 
(#-phenylketenyl)tungsten (Sb) in 30 ml of dichloro- 
methane. After stirring for 3 h at this temperature 2.9 
g (1810 mmol) of ammoniumhexafluorophosphate were 
added to the formed but not isolated tungstaphos- 
phabicyclo[l.l.O]butanone chloride to exchange the 
chloride by the hexafluorophosphate anion. After 24 
h stirring at - 40 “C the resulting tungstaphosphabicyclo- 
[l.l.O]butanone hexafluorophosphate was precipitated 
by adding pentane. Subsequent treatment of a dich- 
loromethane solution of this intermediate product at 
38 “C for 2 h causes loss of CO to yield 3b. Further 
purification by recrystallization with dichloromethane/ 
pentane and drying under vacuum yielded 1.2 g (86%) 
of 3b, violet crystals. MS (FD in CH,Cl,): m/z 627 

GW+, m/z 599 (M-CO)+. Anal. Calc. for 
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TABLE 7. Selected bond lengths (A) and angles (“) for 6b 

W)-P(1) 
WP(2) 
W(l)-N(1) 
WPW) 
w1Fm 
W(l)-C(4) 
W(l)-C(5) 
W(l)-C(6) 
W(l)-C(7) 
W(l)-C(8) 

P(l)-C(l) 
P(l)-C(21) 
P(l)-C(31) 

S(l)-c(3) 
N(l)-C(3) 
0(1)-C(2) 
C(l)-C(2) 

P(l)-W(l)-P(2) 
P( 1)-W( 1)-N( 1) 
P(l)-W(l)-C(1) 
P(l)-W(l)-C(2) 
P(2)-W( 1)-N(l) 
P(2)-W(l)-C(1) 
P(Z)-W( 1)-C(2) 
N(l)-W(l)-C(1) 

N(l)-W(l)-C(2) 
C(l)-W(l)-C(2) 

2.389(l) W(2)-P(21) 
2.504(l) W(2)-P(22) 
2.118(3) W(2)-N(2) 
2.341(3) W(2)-C(201) 
2.058(3) W(2)-C(202) 
2.3X(4) W(2)-C(204) 
2.241(3) W(2)-C(205) 
2.234(3) W(2)-C(206) 
2.333(3) W(2)-C(207) 
2.365(3) W(Z)-C(208) 

1.753(3) P(Zl)-C(201) 
1.810(3) P(21)-C(221) 
1.814(3) P(Z)-C(231) 

1.626(3) S(2)-C(203) 
1.163(4) N(2)<(203) 
1.231(4) O(2)-C(202) 
1.467(4) C(201)-C(202) 

133.18(3) P(21)-W(2)-P(22) 
86.54(S) P(Zl)-W(2)-N(2) 
43.49(8) P(Zl)-W(2)-C(201) 
69.04(9) P(21)-W(2)-C(202) 
81.79(7) P(22)-W(2)-N(2) 
91.63(8) P(22)-W(2)-C(201) 
82.35(9) P(22)-W(2)-C(202) 
91.94(H) N(2)-W(2)-C(201) 

126.71(12) N(2)-W(2)-C(202) 
38.27(11) C(201)-W(2)-C(202) 

W( l)-P( 1)-C(l) 66.8( 1) 
W(l)-P(l)-C(21) 129.8(l) 
W(l)-P(l)-C(31) 120.5(l) 
C(l)-P(l)-C(21) 112.7(2) 
C(l)-P(l)-C(31) 111.7(2) 
C(21)-P(l)-C(31) 106.4(2) 

W(l)-N(l)-C(3) 171.5(3) 

W(l)-c(l)-P(1) 69.7(l) 
W( l)-C( 1)-C(2) 60.3(2) 
W(l)-C(l)-C(ll) 136.0(2) 
P(l)-C(l)-C(2) 103.5(2) 
P(l)-C(l)-C(ll) 130.9(2) 
C(2)-c(l)-c(ll) 125.4(3) 

W( l)-C(2)-O( 1) 144.7(3) 
W(l)-C(2)-C(1) 81.4(2) 
O(l)-C(2 j-C(l) 133.1(3) 

S(l)-C(3)-N(1) 178.1(3) 

W(2)-P(21)-C(201) 
W(2)-P(21)-C(221) 
W(2)-P(21)-C(231) 
C(201)-P(21)-C(221) 
C(ZOl)-P(21)-C(231) 
C(221)-P(21)-C(231) 

W(2)-N(2)-C(203) 

W(2)-C(201)-P(21) 
w(2)-c(201)-c(202) 
w(2)-c(201)-c(211) 
P(21)-c(201)-c(202) 

2.395(l) 
2.511(l) 
2.111(3) 
2.316(3) 
2.057(3) 
2.311(3) 
2.239(3) 
2.249(3) 
2.334(3) 
2.372(3) 

1.763(3) 
1.809(3) 
1.819(3) 

1.624(3) 
1.166(4) 
1.228(4) 
1.472(4) 

132.21(3) 
86.92(8) 
43.92(S) 
68.68(9) 
81.82(8) 
89.82(8) 
81.45(9) 
90.95(11) 

126.50(12) 
38.78(11) 

65.7( 1) 
129.0(l) 
124.2(l) 
115.2(2) 
109.8(2) 
104.1(2) 

170.5(3) 

70.4( 1) 
61.1(2) 

136.5(2) 
102.3(2) 

P(21)-C(201)-C(211) 129.6(2) 
C(202)-C(201)-C(211) 127.6(3) 

W(2)-C(202)-O(2) 146.7(3) 
w(2)-c(202)-c(201) 80.2(2) 
0(2)-c(202)-c(201) 132.3(3) 

N(2)-C(203)-S(2) 178.5(3) 

C,,H,,WP,OF,: C, 43.50; H, 3.78; W, 23.80. Found: 
C, 43.34; H, 3.75; W, 23.81%. 

Preparation of 1 -carbonyl-l -cyclopentadienyl-l- 
isothiocyanato-2-methyl-3-(4-methylphenyl)-l-molybda-2- 
thia-bicyclo[l.l.O]butan-Cone (4~) 

At -40 “C to a solution of 0.38 g (8.4 mmol) lc in 
30 ml of dichloromethane 2.04 g (25.2 mmol) sodium 
thiocyanate were added. After stirring for 14 h at this 
temperature, the dark red mixture was filtered through 
a fine-porosity frit and precipitated with dichloro- 

C23 

Fig. 1. Plot of the two symmetry independent molecules of 6b 
(A and B) along with the atom numbering scheme. 

methane/pentane at - 78 “C. Recrystallization with 
dichloromethanelpentane and drying under vacuum at 
-40 “C yielded 0.33 g (93%) of 3c, a red powder. MS 
(FAB in nitrobenzylalcohol): m/z 369 (M- SCN) + .AnaE. 
Calc. for MoC,,H,,O,S,N. O.SCH,Cl,: C, 46.39; H, 3.49; 
N, 3.13; MO, 21.48. Found: C, 46.31; H, 3.5; N, 3.23; 
MO 20.86%. 

Preparation of l-cyclopentadienyl-l-isothiocyanato-l- 
trimethylphosphine-2-methyi-3-(4-methylphenyl)-l- 
molybda-2-thia-bicyclo[l.l.O]butan-l-one (4~) 

In an analogous procedure to a solution of 0.05 g 
(0.1 mmol) 2c in 25 ml of dichloromethane was added 
at -25 “C 0.04 g (0.5 mmol) sodium thiocyanate. After 
stirring for 5 h at this temperature, the light red mixture 
was filtered and purified as described above. Yield 0.025 
g (54%) of 4c, a pale pink powder. MS (FAB in 
nitrobenzylalcohol): m/z 475 (M)‘, m/z 447 (M--CO)+, 
m/z 419 (M- SCN)‘. Anal. Calc. for MoC,,H,,S,OPN: 
C, 48.2; H, 5.11; N, 2.96. Found: C, 47.85; H, 5.03; N, 
2.89%. 



Preparation of l-cyclopentadienyl-l-isothiocyanato-l- 
trimethylphosphine-2,2-diphenyl-3-methyl-l-tungsta-2- 
phospha-bicycIo[l.l.O]butan-4-one (6a) 

At room temperature 0.5 g (6.17 mmol) of sodium 
thiocyanate was added to 0.26 g (0.37 mmol) of 3a in 
approximately 20 ml of dichloromethane. After 12 h 
stirring the solution was filtered and the product was 
precipitated with ether/pentane. Recrystallization with 
dichloromethane/pentane and drying under high 
vacuum yielded 0.21 g (92%) of 6a, a deep yellow 
powder. MS (FD in CH,Cl,): m/z 565 (M- SCN) +, m/ 

z 405 (M-PMe,- Ph- C,H,)+. Anal. Calc. for 
C;,H,,WP,NSO: C, 46.24; H, 4.37; N, 2.25. Found: C, 
45.9; H, 4.2; N, 2.0%. 

Preparation of l-cyclopentadienyl-l-isothiocyanato-l- 
trimethylphosphine-2,2,3-triphenyl-l-~ngsta-2-phospha- 
bicyclo[l.1.6]butan-4-one (6b) 

In an analogous procedure 0.4 g (4.94 mmol) of 
sodium thiocyanate was added to 0.27 g (0.35 mmol) 
of 3b in 30 ml of dichloromethane. The likewise isolation 
yielded 0.2 g (83%) of 6b, a pale yellow powder, MS 
(FD in CH,Cl,): m/z 657 (M--CO)+, m/z 627 
(M- SCN)’ . Anal. Calc. for C&,H,,WP,NSO . 
0.9CH,Cl,: C, 47.14; H, 4.08; N, 1.83. Found: C, 47.21; 
H, 4.47; N, 1.75%. This route provided the crystal for 
X-ray analysis (see above). 

Preparation of carbonyl-(q’-cycIopentadienyl)- 
(isothiocyanato)[~2-(methylthio)(4-methylphenyl)- 
carbenelmolybdenum (7~) 

At 25 “C to a solution of 0.5 g (1.1 mmol) lc in 50 
ml dichloromethane 0.44 g (5.5 mmol) sodium thio- 
cyanate was added. After stirring at 38 “C for 3 h the 
dark green solution was filtered through a fine-porosity 
frit. Purification by column chromatography on Merck 
silica gel (dichloromethane/pentane = l:l, - 40 “C) 
yielded a green oil. Further purification by recrystal- 
lization with dichloromethane/pentane and drying under 
vacuum at - 20 “C yielded 0.11 g (24%) of 7c, a green 
powder. MS (FAB in nitrobenzylalcohol): m/z 399 (M)‘, 
m/z 371 (M - CO) +, m/z 341 (M - SCN) + . Anal. Calc. 
for MoC,,H,,S,ON: C, 49.6; H, 4.21; N, 2.96. Found: 
C, 49.1; H, 4.13, N, 2.88%. 

Supplementary material 

Further details of the X-ray structure analysis are 
available on request from the Fachinformationszentrum 
Karlsruhe, Gesellschaft fur wissenschaftlich-technische 
Information mbH, D-76344 Eggenstein-Leopoldshafen 
(Germany), on quoting the depository number CSD- 
58114, the names of the authors, and the journal citation. 
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