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under 2 atm of CO for 15-30 min. The color of the solution became pale 
yellow. IH, ,IP, and I3C NMR studies of the resulting solution, together 
with the IR spectrum of the residue obtained by removal of the solvent, 
allowed the identification of the organic anhydride ( R C 0 ) 2 0  and of the 
carbonyls Ni(C0),(PMeJ2 and Ni(CO)3(PMe3) as the only detectable 
products. 

X-ray Structure Determination. The air-sensitive crystal of [Ni- 
(CH2C6H,-o-Me)(PMe3)(p-OH)]2*HNC4H2Me2 was put in a glass ca- 
pillary under nitrogen atmosphere and mounted on the goniometer head 
of an Enraf-Nonius CAD4 diffractometer. Data were collected by using 
w-28 scans and reduced, and a set of 2012 unique reflections was used 
in subsequent calculations. The analysis of the Patterson map permitted 
the location of the Ni atoms, the rest of the non-H atoms being located 
by means of successive cycles of Fourier synthesis. The H atoms were 
geometrically placed, except the one corresponding to the N H  group 
(extracted from a Fourier difference map). The H atoms corresponding 
to the OH groups could not be found, and its consideration was omitted. 
An empirical absorption correction29 was applied at the end of the iso- 
tropic refinement of the non-H atoms but some degree of disorder, 
nonresolvable from thermal motion, was encountered in the pyrrolyl 
carbon atoms. The anisotropic refinement converged at R = 0.057, using 
unit weights. A summary of crystal data is given in Table 11. All 

(29) Walker, N.; Stuart, D. Acta Crystallogr., Sect. A 1983, ,439, 158.  

computations were made with the Oxford CRYSTALS package.,O The 
atomic scattering factors were taken from ref 31. 

Figure 2 shows the geometry of the molecule of 10. Although the 
structure has been solved in the triclinic space group PI, all attempts to 
refine it below R N 20 (convergence of isotropic refinement) have proved 
unsuccessful, and thus no crystallographic data are included. 
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Treatment of (&H5)W(C0),(PPh3)H with methyllithium and subsequently with RS(phth) gave (&,H,)W(CO),(PPh,)SR 
as a mixture of cis and trans isomers, where phth = phthalimido and R = CHMe,, CH2Ph, and 4-C6H4Me. These isomers react 
with CS2 to give the thioxanthate complexes (q-C,H5)W(C0),S2CSR wherein the CS2 has inserted into the W-SR bond. The 
structure of (i&H5)W(C0)2S2CSCH2Ph was determined: C2/c, a = 27.106 (20) A, b = 10.050 (5) A, c = 13.108 (13) A, p 
= 66.18 (7)O, V = 3266.4 A), and Z = 8. The cis isomer reacted more rapidly than the trans; the reaction was retarded by the 
presence of free PPh, or CO. The implications with respect to the mechanism of CS2 insertion are discussed. 

Introduction 
Preparat ive routes to  thiolato complexes of the  type C p W -  

(CO) ,SR,  where C p  = $-cyclopentadienide a n d  R = alkyl a n d  
aryl, a r e  well developed.* A s  par t  of our studies on polysulfano 
tungsten3 complexes, the  triphenylphosphine-substituted complexes 
CpW(CO),(PPh,)SR were required. Those with R = C6H, a n d  
4-C6H,Me have recently been prepared via a complicated pho- 
tochemical route a n d  were not isolated in t h e  pure  state.4 This  
paper reports the  preparation of the  desired complexes by a mild 
and general route. T h e  presence of the  triphenylphosphine ligand 
renders the complexes susceptible to  further reactions. Specifically, 
it was found that  CS2 easily inserts into the tungsten-thiolate bond 
to  give t h e  thioxanthate  complexes C p W ( C 0 ) 2 S 2 C S R .  
Results 

Treatment  of C p W ( C 0 ) 2 ( P P h , ) H 5  in THF a t  0 OC, first with 

( 1 )  (a) McGill University. (b) Concordia University. 
(2) Watkins, D. D.; George, T. A. J .  Organomet. Chem. 1975, 102, 71 .  
(3) (a) Shaver, A.; Hartgerink, J .  Can. J .  Chem. 1987, 65, 1190. (b) 

Shaver, A,; Hartgerink, J.;  Lai, R. D.; Bird, P.; Ansari, N. Organo- 
metallics 1983, 2 ,  938.  

(4) Weinmann, D. J.;  Abrahamson, H. B. Inorg. Chem. 1987, 26, 2133. 

Scheme I 

0 ' , "3 L 1 + R S - : b  

e o  I 
I 
7 

cs2 + c 7 ' T S . R  
- P P h 3  0 C P P h 3  

0 0 SR 
2a-c __ l a  R = C H M e 2  

- b R = C H 2 P h  
- 

R = 4-C H Me 6 4  
R = C 6 H 5  

MeLi a n d  subsequently with RS(phth) ,6  where phth = phthal- 
imido, gave the  complexes CpW(CO),PPh,SR (la-d) (Scheme 
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Table I. Analytical Data for CpW(CO),(PPh,)SR and CpW(CO),S,CSR 

compd 
CpW(CO),(PPh,)SCHMe, 

CpW (C0),(PPh,)S-4-C6H4Me 

CpW(C0)2S2CSCHMe2 

C P W ( C O ) ~ ( P P ~ ~ ) S C H ~ P ~  

CpW (CO),(PPh,)SPh 

CpW(CO)&CSCH2Ph 
CpW(C0),S2CS-4-C6H4Me 

no. 
l a  
l b  
IC 
Id 
2s 
2b 
2c 

yield, % 
46 
69 
71 
65 
58 
67 
45 

% C  
mp, "C U ( C O ) , ~  cm-I calc found 

100-102 1939, 1859' 55.67 54.09 
158-160 1930, 1849' 52.35 52.20 

151-153 1947, 1858' 55.67 55.57 
168-170 1946, 1869' 55.50 54.87 
127-128 1954, 1877 29.96 29.52 
137-138 1957, 1881 35.74 36.74 
172-173 1955, 1878 35.74 35.76 

% H  % S  
calc found 
4.24 4.17 
3.94 4.16 
3.94 3.84 
3.72 3.71 
2.65 2.68 
2.36 2.36 
2.36 2.51 

calc found 
4.99 4.91 
4.64 4.02 
4.64 4.69 
4.74 4.78 

21.08 20.64 
19.08 19.52 
19.08 18.93 

In toluene. ' Mixture of cis and trans isomers. 

Table 11. IH NMR Data for CpW(CO),(PPh,)SR and CpW(C0)2S2CSRU~b 

compd isomer CSHS CHMe, CH2Ph CH, c6Hx 

CpW (C0),(PPh3)SCHMe2 cis 5.49 2.53' 0.92, 1.11 
trans 5.05d 2.8lC 1.31 

CpW (C0)2(PPhJ)SCH2Ph cis 5.09 3.42e 7 . 2 6  
trans 4.859 3.64 7 . 2 6  

CpW(C0),(PPh,)S-4-C6H4Me cis 5.49 2.24 6.93h 
trans 5.1Sd 2.28 7.04h 

CpW(CO),(PPh,)SPh cis 5.50 7.01f 
trans 5.13d 7 . 1 g  

CpW (C0),S2CSCHMe2 5.64 4.02' 1.44 
CpW (C0)2S&SCH2Ph 5.64 4.42 7.33f 
CpW(C0),S2CS-4-C6H4Me 5.59 2.40 7.36' 

O l n  CDCl, solution; reported in ppm. 'Phenyl resonances of PPh3 appeared in the range 7.38-7.44 ppm. CSeptet, J(H-H) = 6.6 Hz. dDoublet, 
J(P-H) = 2.0 Hz. CDoublet, J(H-H) = 13.4 Hz. /x = 5. CDoublet, J(P-H) = 2.2 Hz. * X  = 4, quartet, J(H-H) = 8.0 Hz. 'Septet, J(H-H) = 
6.9 Hz. J x  = 4, quartet, J(H-H) = 8.4 Hz. 

I ) .  The complexes were isolated as a yellow mixture of cis and 
trans isomers in 50-70% yield (Table I). Attempts to separate 
the isomers via column chromatography were only successful in 
generating samples enriched in one isomer or the other. These 
samples soon equilibrated in solution (trans/& (CDC13): 3.5, 
la; 2.6, lb;  2.8, IC). Nevertheless, it was possible to characterize 
both isomers in solution. They can be clearly differentiated by 
their N M R  spectra (Table 11) in which the Cp protons appear 
as sharp singlets for the cis isomers and as doublets due to coupling 
with the phosphorus atom ( J  = 2 Hz) for the trans isomers.' In 
addition, the Me protons of the isopropyl derivatives appear as 
a doublet of doublets for the cis complex, consistent with a dia- 
stereotopic environment, and as a single doublet for the trans 
isomer. The methylene protons of 1 b similarly reveal their dia- 
stereotopic nature in the cis isomer. As well, enriched cis samples 
exhibit a strong symmetric carbonyl stretching absorption in the 
region 1930-1960 cm-' and a weak asymmetric absorption in the 
region 1850-1870 cm-l of their infrared spectra. Samples enriched 
in the trans isomer have opposite intensity profiles in their carbonyl 
absorptions.' 

The orange-yellow complexes la-c gave red solutions in CS2 
from which the thioxanthate complexes 2a-c were isolated in 
45-67% yield. Although the conversion of la-c to 2a-c was 
quantitative, as shown by NMR studies, the appreciable solubility 
of 2a-c lowered the yields. Complexes 2b and 2c are highly 
crystalline and interestingly transmit red light and reflect green 
light with a high luster. The analytical and spectroscopic data 
for 2a-c are given in Tables I and 11, respectively. The structure 
of 2b was determined by an X-ray study and is shown in Figure 

(a) Bainbridge, A.; Craig, P. J.; Green M. J .  Chem. SOC. A 1968, 2715. 
(b) Kalck, P.; Prince, R.; Poilblanc, R.; Roussell, J. J .  Urganomet. 
Chem. 1970, 24, 445. 
(a) Harpp, D. N.; Ash, D. K.; Back, T. G.; Gleason, J. G.; Orwig, B. 
A.; van Horn, W. F.; Snyder, J. P. Tetrahedron Letr. 1970, 3551. (b) 
Boustany, K. S.; Sullivan, A. B. Ibid. 1970, 3547. (c) Harpp, D. N.; 
Ash, D. K. Int. J .  Sulfur Chem., Part A 1971, 1, 21 1. (d) Behforouz, 
M.; Kerwood, J.  E. J. Urg. Chem. 1969, 34, 51. (e) Abe, Y.; Naka- 
bayashi, T.; Tsurugi, J. Bull. Chem. SOC. Jpn. 1973, 46, 1898. 
(a) Manning, A. R. J .  Chem, SOC. A 1967, 1984. (b) Craig, P. J.; 
Green, M. J .  Chem. SOC. A 1968, 1978. (c) Faller, J. W.; Anderson, 
A. S. J. Am. Chem. SOC. 1970,92, 5852. (d) Beach, D. L.; Dattilo, M.; 
Barnett, K. W. J .  Urganomet. Chem. 1977, 140, 47. 

Iw 

Figure 1. ORTEP view of CpW(C0)2S2CSCH2Ph (2b). Selected dis- 
tances (8,) and angles (deg): W-S1,2.489 (3); W-S2,2.481 (2); C8-S1, 
1.693 (5); C8-S2, 1.687 (6); C8-S3, 1.735 (5); S3-C9, 1.833 (6); S1- 
W-S2, 68.5 (6); Sl-C8-S2, 11 1.6 (3). 

Table 111. Crystallographic Data for CpW(C0),S,CSCH2Ph 
chemical formula CI5Hl2O2S3W formula weight = 504.29 
a = 27.106 (20) 8, space group C2/c (No. 15) 
b = 10.050 (5) 8, T = 22 "C 
c = 13.108 (13) 8, X = 0.71069 8, 
a = 90" paid = 2.051 g cm-3 
p = 66.18 (7)" p(Mo Ka) = 75.93 cm-I 
y = 90' transmission coeff = 22-34% 
V = 3266.4 A' R, = 0.032 
2 = 8  R, = 0.045 

1. The crystallographic data and the atomic coordinates are given 
in Tables I11 and IV, respectively, while the bond lengths and 
angles are listed in Table V. The structure is consistent with those 
reported for similar complexes.* 
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Table IV. Positional Parameters and Isotropic Thermal Parameters 
(A2) for CpW(C0)2S2CSCH2Ph"~b 

X Y z Bi," 
W 0.164357 (8) 0.005526 (20) 
SI 0.07378 (6) -0.05959 (14) 
S2 0.12064 (6) 0.19324 (14) 
S3 0.00644 (6) 0.15652 (16) 
CI 0.1821 (3) 0.1651 (7) 
01 0.191 I O  (22) 0.2623 (5) 
C2 0.22399 (23) -0.0605 (8) 
0 2  0.26158 (18) -0.0972 (6) 
C3 0.1476 (3) -0.0931 (7) 
C4 0.2036 (3) -0.0845 (7) 
C5 0.2171 (3) 0.0525 (8) 
C6 0.1685 (3) 0.1251 (6) 
C7 0.1265 (3) 0.0341 (7) 
C8 0.06538 (21) 0.1020 (5) 
C9 0.01792 (24) 0.3362 (6) 
CIO 0.05234 (21) 0.3780 (5) 
C11 0.04118 (24) 0.3399 (6) 
C12 0.0715 (3) 0.3834 (6) 
C13 0.1 138 (3) 0.4672 (7) 
C14 0.1262 (3) 0.5092 (6) 
C15 0.0958 (3) 0.4634 (7) 

0.126042 (17) 
0.63125 (12) 
0.58668 (12) 
0.59694 (14) 
0.0309 (5) 

-0.0212 (4) 
-0.0088 (5) 
-0.0861 (4) 

0.3018 (5) 
0.2354 (5) 
0.2187 (6) 
0.2730 (5) 
0.3248 (5) 
0.6055 (4) 
0.5766 (5) 
0.4598 (5) 
0.3672 (5) 
0.2618 (5) 
0.2405 (6) 
0.3300 (8) 
0.4381 (6) 

2.504 (15) 
2.95 (8) 
2.99 (8) 
3.76 (9) 
4.0 (4) 
6.2 (4) 
3.9 (4) 
6.0 (3) 
4.0 (4) 
4.4 (4) 
4.7 (4) 
4.2 (4) 
4.2 (4) 
2.6 (3) 
3.8 (4) 
2.8 (3) 
3.4 (3) 
3.9 (4) 

4.3 (5) 
3.7 (4) 

4.0 (4) 

"Esd's given in parentheses refer to the last digit(s) of the preceding 
number. bBiso is the arithmetic mean of the principal axes of the 
thermal vibration ellipsoid. 

When a mixture of the isomers of la-c in CDCI3 was treated 
with CS2, the signals in  the N M R  spectrum due to the cis com- 
plexes rapidly decreased in intensity followed by a gradual decrease 
in the intensity of the peaks due to the trans compound. Con- 
comitantly, peaks due to 2a-c appeared. The reaction of la was 
much faster than that of IC. After 8 h in CDCI,, in the presence 
of a 270-fold excess of CSz, the reaction was 95%, 25%, and 1% 
complete for la-c, respectively. The preparative-scale reactions, 
run in neat CSz, proceeded more rapidly. Addition of 1.8 equiv 
of free PPh3 slowed the reaction, while 5 equiv slowed it markedly. 
Purging the sample of la with CO also slowed the reaction; 
moreover, peaks due to C P W ( C O ) ~ S R ~  appeared in the N M R  
spectrum. Treatment of CpW(CO)3SCHMez in CDC13 with CS, 
(270-fold excess) gave N M R  peaks due to ta, but the rate of 
reaction was much slower than that of la, being only 70% complete 
after 4 days. 

Compound la did not react with C 0 2  at ambient temperature 
and pressure, nor did it react with COS. However, la-c slowly 
lost PPh3 in solution to form dimers of the type [CpW(CO),SR], 
( x  = 1 ,  2).1° The dimerization reactions of la-c and their 
reactions with other electrophiles such as SOz are under study. 
Discussion 

The preparative route to la-d probably involves the anion 
CpW(CO),PPh,-, itself an interesting species" generated by 
deprotonation of CpW(CO),(PPh,)H by methyllithium. Such 
an anion would be expected to displace the phthalimido anion from 
RS(phth) by analogy'* to the reaction of the anion CPW(CO)~- 

(8) (a) Gattow, G.; Behrendt, W. In Carbon Sulfides and Their Inorganic 
and Complex Chemistry; Senning, A,, Ed.; Topics in Sulfur Chemistry, 
Vol. 2; Georg Thieme: Stuttgart, West Germany, 1977; pp. 178-190 
and references therein. (b) Thiele, G.; Liehr, G.; Lindner, E. J .  Orga- 
nomet. Chem. 1974, 70,  427. (c) Villa, A. C.; Manfreditti, A. G.; 
Guastini, C.; Nardelli, M. Acta Crysrallogr., Sect. B 1972, 28, 2231. 
(d) Lewis, D. F.; Lippard, S. J.; Zubieta, J. A. Inorg. Chem. 1972, I I ,  
823. (e) Villa, A. C.; Manfreditti, A. G.; Guastini, C.; Nardelli, M. J .  
Chem Soc. D 1970, 1322. (f) Fackler, J. P.; Zegarski, W. J. J .  Am.  
Chem. SOC. 1973, 95, 8566. (g) Villa, A. C.; Manfreditti, A. G.; 
Guastini, C.; Nardelli, M. Acta Crystallogr., Secl. B 1974, 30, 2788. 

(9) Identified by comparison to peaks of authentic CpW(CO),SR. 'H 
NMR (CDC13): 6 5.65 (S ,  5 H), 2.69 (septet, 1 H, J(H-H) = 7 Hz), 
1.25 (d, 6 H, J(H-H) = 7 Hz) (Hartgerink, J. MSc.  Thesis, McGill 
University, 1981). 

(10) Weinmann, D. J . ;  Abrahamson, H. B. Inorg. Chem. 1987, 26, 3034. 
( 1  I )  The anion CpW(CO),PPh< has been previously mentioned as one of 

the products of reduction of CpW(CO),(PPh,)Cl by 1 %  Na amalgam 
(Goldman, A. S.; Tyler, D. R. J .  Am.  Chem. SOC. 1986, 108, 89). 

(12 )  Treichel, P. M.; Nakagaki, P. C.; Haller, K. J. J .  Organomet. Chem. 
1987, 327, 327. 

Table V. Bond Lengths (A) and Angles (deg) for 
CpW(CO)&CSCH2Ph 

w-SI 2.489 (3) CI-01 
w-s2  2.481 (2) C2-02 
w-c1 1.968 (6) C3-C4 
w - c 2  1.967 (7) C3-C7 
w - c 3  2.377 (6) C4-C5 
w - c 4  2.289 (6) C5-C6 
w - c 5  2.267 (6) C6-C7 
W-C6 2.312 (6) C9-CIO 
w-c7 2.400 (7) C10-Cll 
Sl-C8 1.693 (5) ClO-Cl5 
S2-C8 1.687 (6) Cll-C12 
S3-C8 1.735 (5) C12-Cl3 
s3-c9 1.833 (6) C13-Cl4 

C 14-CI5 

S1-W-S2 68.5 (6) W-SI-C8 
SI-W-CI 80.0 (2) W-S2-C8 
SI-W-C2 122.8 (2) C8-S3-C9 
Sl-W-C4 140.6 (2) W-C1-01 
SI-W-C5 140.2 (2) W-C2-02 
SI-W-C6 104.1 (2) C4-C3-C7 
S2-W-C1 122.7 (2) C3-C4-C5 
S2-W-C2 80.2 (2) C4-C5-C6 
S2-W-C4 101.2 (2) C5-C6-C7 
S2-W-C5 137.4 (2) C3-C7-C6 
S2-W-C6 141.3 (2) Sl-C8-S2 
C1-W-C2 78.7 (3) Sl-C8-S3 
Cl-W-C4 131.5 (3) S2-C8-S3 
CI-W-C5 97.1 (3) S3-C9-C10 
CI-W-C6 91.3 (3) C9-ClO-Cll 
C2-W-C4 90.5 (3) C9-ClO-CI5 

C2-W-C6 128.7 (3) ClO-Cll-Cl2 
C4-W-C5 36.3 (3) CI 1-CI2-Cl3 
C4-W-C6 59.5 (3) C12-C13-C14 
C5-W-C6 36.1 (3) C13-CI4-Cl5 

CIO-c 15-c 14 

c2-w-c5  94.9 (3) C11-C10-CI5 

1.160 (7) 
1.169 (8) 
1.42 (1) 
1.38 ( I )  
1.42 ( I )  
1.42 (1) 
1.40 (1) 
1.495 (9) 
1.417 (8) 
1.392 (9) 
1.363 (9) 
1.36 (1) 
1.41 (1) 
1.40 ( I )  

89.8 (2) 
90.2 (2) 

102.3 (3) 
177.0 (6) 
175.9 (5) 
108.9 (6) 
107.4 (6) 
107.1 (6) 
108.3 (6) 
108.3 (6) 
111.6 (3) 

127.3 (3) 
115.1 (4) 
122.7 (5) 
120.7 (5) 
116.6 (5) 

121.5 (6) 
118.6 (7) 
120.3 (6) 
120.9 (6) 

121.1 (3) 

122.1 (5) 

and to chloro anion displacement reactions between the CpCr- 
(CO),- anion and SxClz.13 Sulfur-transfer reagents of the type 
RS(phth) are a source of "RS'" in reactions with thiols to produce 
disulfides with phthalimide as the byproduct.6 Deutsch et ai.', 
and LaiI5 observed phthalimido anion displacement in reactions 
of these reagents and coordinated thiolato species. These sul- 
fur-transfer reagents have been shown to react with metal-SH 
species to generate polysulfano l i g a n d ~ . ~ J ~  The sulfur-nitrogen 
bond also oxidatively adds to p l a t i n ~ m ( 0 ) ' ~  and titanium(I1) 
species." Thus, they are useful precursors to a variety of met- 
al-sulfur species. The characterization of the chemistry of the 
CpW(C0),PPh3- anion is continuing. 

The complexes CPM(CO)~S~CSR (M = Mo, W; R = Me, Ph) 
have been prepared previously18 via treatment of CpM(CO),Cl 
with M'(S,CSR) (M' = Na', NMe,'), a fairly general route to 
such  specie^.'^ The complex where R = Me was also obtained 
in low yield via treatment of the c ~ M o ( C 0 ) ~ -  anion with LiMe 
and CS2.20 Alkali-metal thiolates are known to give thioxanthate 
salts upon treatment with CS2.8a Insertion of CS2 into transi- 
tion-metal thiolates has been reported. The complexes CpNi- 
(PBu3)SR and [CpNiSRI2 insert CS2 to give C ~ N ~ ( P B U , ) S , C S R ~ ~  
and C P N ~ S , C S R , ~ ~  respectively, the latter being unstable. The 
complex (PPh,),CuS,CSEt was prepared by dissolving 

( I  3) El-Hinnawi, M. A,; El-Quaseer, A. K. J .  Organomet. Chem. 1985,296, 
393. 

(14) Nosco, D. L.; Elder, R. C.; Deutsch, E. Inorg. Chem. 1976, 1.5, 1678. 
(15) Shaver, A,; Lai, R. D. Inorg. Chem. 1988, 27, 4664. 
(16) Shaver, A,; McCall, J .  M.; Bird, P.; Ansari, N. Orgunometullics 1983, 

2, 1894. 
(17) Morris, S. A. Ph.D. Thesis, McGill University, 1987. 
(18) Dean, W. K.; Heyl, B. L. J .  Orgunomer. Chem. 1978, 159, 171. 
(19) Bruce, R.; Knox, G. R. J .  Organomet. Chem. 1966, 6 ,  67. 
(20) Hunt, J.; Knox, S. A. R.; Oliphant, V. J .  Orgunomer. Chem. 1974.80, 

C50. 
(21) Bladon, P.; Bruce, R.; Knox, G. R. Chem. Commun. 1965, 557. 
(22) Sato, F.; Iida, K.; Sato, M. J .  Organomet. Chem. 1972, 39, 197 
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AQS-20 Fourier-transform infrared (FT-IR) spectrophotometer and 
calibrated by using the red line (632.8 nm) of a He/Ne laser. A tri- 
glycine sulfate (TGS) detector was used with a standard resolution of 4 
cm-l. Proton nuclear magnetic resonance ('H NMR) spectra were re- 
corded on Varian XL-200 and Varian XL-300 spectrometers. Chemical 
shifts (6) are in ppm units relative to an internal standard, tetra- 
methylsilane (TMS), and are accurate to f0 .02  ppm. Low-resolution 
mass spectra were measured on a Hewlett-Packard 5980A mass spec- 
trometer at the McGill University Biomedical Mass spectrometery Unit 
and on a Du Pont 21-492B mass spectrometer in the Otto Maass 
Chemistry Building with ionizing potentials of 10 or 70 eV. High-reso- 
lution and fast atom bombardment (FAB) mass spectra were measured 
on a ZAB-HS mass spectrometer at the Biomedical Unit with an ionizing 
potential of 10 eV. All mass spectra were measured with electron impact 
(EI) ionization unless otherwise stated. Chemical ionization was achieved 
with an NH, source, and FAB mass spectra were measured in a glycerol 
matrix. Elemental analyses were carried out by Spang Microanalytical 
Laboratories in Eagle Harbour, MI. Melting point determinations were 
performed in grease-sealed capillary tubes under nitrogen on a Thom- 
as-Hoover capillary melting point apparatus and are uncorrected. 

Tetrahydrofuran (THF), toluene, and hexanes were refluxed over 
sodium metal and benzophenone and collected by distillation under ni- 
trogen. Dichloromethane was refluxed over P2OS and distilled just prior 
to use. Absolute ethanol was purged with nitrogen before using. Deu- 
terated solvents (Merck Sharp and Dohme), methyllithium (Aldrich, 1.4 
M solution in diethyl ether), and CS2 (A & C Chemicals) were used as 
received. 

The sulfur-transfer reagents, N-(2-propylthio)phthalimide 
(Me2HCS(phth)), N-(phenymethy1)thio)phthalimide (PhCH,S(phth)), 
and N-(pheny1thio)phthalimide (PhS(phth)), and W((4-methyl- 
pheny1)thio)phthalimide (4-CH3C6H4S(phth)), were prepared according 
to the method of Back.68 Cyclopentadienyltricarbonylhydridotungsten- 
(11) (CpW(CO)JH)28 and cyclopentadienyldicarbonyl(triphenyl- 
phosphine)hydridotungsten(II) (CpW(CO)2(PPh3)H)s were prepared as 
reported. 

A. cis- and trans-Cyclopentadienyldicarbonyl(triphenylph~p~ne)(2- 
propanethiolato)tungsten(II) (la). The preparations of la-d follow a 
general procedure, which is described in detail for la, The hydride 
CpW(CO),(PPh,)H (1.15 g, 2.0 mmol) in T H F  (40 mL) was treated at 
0 OC with an excess of methyllithium (1.6 mL, 2.2 mmol) added slowly 
by syringe. After approximately 10 min, the clear orange solution be- 
came cloudy and a precipitate formed. Five minutes later, a T H F  so- 
lution (20 mL) of N-(2-propylthio)phthalimide (0.65 g, 2.9 mmol) was 
slowly added by cannula to the reaction mixture. The mixture became 
clear orange, and soon a precipitate formed. The reaction mixture was 
allowed to warm to room temperature over 3 h while being stirred. The 
mixture was then filtered through a medium-porosity Schlenk filter 
(Celite) and the solvent removed under vacuum. The dark orange-brown 
residue, dissolved in a small volume of CH2C12, was chromatographed 
on activated alumina (3  X 50 cm column) with CH2CI2 as eluant. A 
red-orange band and a subsequent yellow band were collected and 
evaporated to dryness. Both residues were recrystallized from 
CH2CI2/hexanes (1:4), each giving a mixture of red (cis) and yellow 
(trans) crystals of 2a (combined weight 0.60 g, 46%). Complexes lb-d 
were recrystallized from CH2C12/ethanol. 
B. Cyclopentadienyldicarbonyl(2-propyl thioxanthato)tungsten(II) 

(2a). The preparations of 2a-c follow the same procedure as that de- 
scribed in detail for 2a. Neat CS2 (20 mL) was added to solid la (0.15 
g, 2.3 mmol) to give a blood red solution immediately. After being stirred 
for 9 h (48 h, 2b-c), the solution was stripped to dryness (oil pump). The 
residue was dissolved in 4 mL of CH2C12 and chromatographed on ac- 
tivated alumina (3 X 40 cm). Elution with CH2CI2 gave one red band, 
which was collected. Removal of solvent and recrystallization from 
hexanes gave a dark red powder of 2a (0.062 g, 58%). Complexes 2b-c 
were recrystallized from CH2C12/hexanes. 
C. X-ray Structure Determination. Table 111 contains details of the 

crystal parameters, data collection, and structure refinement.29 Single 
crystals suitable for crystallographic studies were obtained by recrys- 
tallization from CH,Cl,/hexanes. The sample chosen, a thick plate, was 
mounted on a lithium borate fiber with epoxy glue. Preliminary Weis- 
senberg and precession photographs limited the choice of space group to 
Cc or C2/c. The subsequent solution and refinement of the structure 
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(PPh3)2CuSEt in CS2.23 A brief note (without supporting evi- 
dence) of the reaction of CpW(CO),SR (R = Me, Ph) with CS2 
to give CpW(C0)2S2CSR appeared 20 years ago.24 Interestingly, 
CpFe(CO)S2CSR loses'g CS2 in refluxing toluene to give the dimer 
[CpFe(CO)(pSR)],. It was also reportedlg that CS2 did not insert 
into the iron-thiolate bonds of either the latter dimer or the 
monomer C P F ~ ( C O ) ~ S R .  The facile reaction reported here is 
an interesting analogue of C 0 2  insertion into metal-alkoxide 
bonds25 and of other TO2-like" insertion26 reactions. 

The reactions of la-c with CS2 were monitored by using NMR 
spectroscopy. Qualitative observations include the following: (a) 
the sterically crowded cis isomer reacts more rapidly than the trans, 
(b) the reaction is accelerated by increasing CS2 concentration, 
(c) the reaction is retarded by the presence of free PPh3 or CO, 
(d) CpW(CO),SR is detected when C O  is present, and (e) the 
reaction of CpW(C0)2(L)SCHMe is much faster for L = PPh, 
than for L = CO. One could imagine electrophilic attack by either 
precoordinated or free CS2 on the coordinated sulfur atom. The 
latter has been proposed for the insertion of C 0 2  into the W-OR 
bond of W(CO)50R However, that reaction was not 
inhibited by the presence of free CO. Although the evidence does 
not completely rule out generation of some 2a-c via attack by free 
CS2, it seems reasonable to suggest that attack by precoordinated 
CS2 accounts for most if not all of the 2a-c produced (Scheme 
11). 

Experimental Section 
All reactions were performed in three-necked flasks or appropriately 

sized Schlenk tubes equipped with a nitrogen inlet. Standard inert-at- 
mosphere techniques2' were used in all manipulations. Flasks charged 
with solids were twice evacuated and filled with nitrogen. Solvents were 
transferred by syringe. Filtrations were performed under nitrogen, and 
filtrates were reduced to dryness under vacuum (oil pump). The packing 
and elution of column chromatographs, using solvents as received, were 
performed in air on activated alumina (Anachemia, 80-200 mesh). 
Recrystallizations, using distilled solvents, were done under nitrogen in 
Schlenk tubes or three-necked flasks. A layering technique was employed 
to recrystallize most compounds, which consisted of dissolving the crude 
product in a minimal amount of solvent and then carefully adding a 
precipitating solvent such that it did not mix with the lower layer. The 
flask was left overnight or longer at -16 OC. The mother liquors were 
removed via a disposable pipet, and the crystals were washed with the 
precipitating solvent and dried overnight under vacuum. 

Solution infrared (IR) spectra were recorded on a Perkin-Elmer 457 
grating infrared spectrophotometer (NaCI, 0.1 mm) and were calibrated 
by using the 1601.4-cm-I band of polystyrene film. Band positions are 
accurate to f 2  cm-I. Nujol samples were recorded on an Analect 

(23) Avdeef, A.; Fackler, J. P., Jr. J .  Coord. Chem. 1975, 4, 211. 
(24) Havlin, R.; Knox, G. R. 2. Naturforsch, 1966, 21B, 1108. 
(25) (a) Darensbourg, D. J.; Sanchez, R. K.; Rheingold, A. L. J .  Am. Chem. 

SOC. 1987, 109, 290. (b) Sneedon, R. P. A. In Comprehensive Or- 
ganometallic Chemisfry; Wilkinson, G., Stone, F. G. A,, Abel, E. W., 
Eds.; Pergamon Press: Oxford, England, 1982; Vol. 8, Chapter 50.4, 
pp 258-262. (c) Darensbourg, D. J.; Kudaroski, R. A. Adv. Organomet. 
Chem. 1983, 22, 129. 

(26) (a) Gambarotta, S.; Strologo, S.; Floriani, C.; Chiesi-Villa, A,; Guastini, 
C. Inorg. Chem. 1985,24,654. (b) J .  Am. Chem. SOC. 1985,107,6278. 

(27) Shriver, D. The Manipulations of Air-Sensitive Compounds; 
McGraw-Hill: New York, 1969; p 141. 

(28) King, R. 9. Organometallic Syntheses; Academic Press: New York, 
1965; Vol. 1, p 156. 

(29) All programs used for the data collection, structure solution, and re- 
finement are part of the X-ray crystallographic system for the PDP-8 
minicomputer by: Larson, A. C.; Gabe, E. J. In Computing in Crys- 
tallography; Schlenk, H., Olthof-Hazenkamp, R., Van Konigsveld, H., 
Bassi, J. C., Eds.; Delft University Press: Delft, Holland, 1978; p 81. 
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were successful in the latter. Intensity data were collected on a second 
similar crystal, mounted in the same way, after the unit cell data and 
orientation were obtained from 24 automatically aligned reflections. The 
data were corrected for Lorentz and polarization effects and scaled by 
using three reference reflections, whose intensities had been remeasured 
every 50 cycles. 

The structure was solved by using conventional heavy-atom methods. 
Full-matrix isotropic refinement converged at  R, = 0.084 and R2 = 
0.125, after four cycles. At this point, a general absorption correction 
using the Gaussian summation method was applied and isotropic re- 
finement was continued to a new convergence with R, = 0.072 and R2 
= 0.1 19. Thereafter, all atoms were assigned anisotropic vibrational 
parameters and the refinement was continued. It converged at R, = 
0.035 and R2 = 0.053, after five cycles using the block-diagonal ap- 
proximation. A final four cycles of refinement, with hydrogen atoms 
placed in calculated positions with the mean isotropic thermal parameter 
of their carbon atom, yielded the final coordinates reported in Table IV. 
Tables of thermal parameters and observed and calculated structure 

factors are included as supplementary material 
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IH N M R  spectra of aqueous and nonaqueous solutions of [Cu2LX]Y2 (L = 2,6-bis[((4-imidazolylethyl)imino)methyl]-4- 
methylphenolate, 2,6-bis[((4-imidazolylethyl)amino)methyl]-4-methylphenolate; X = OH-, Cl-; Y = CIOL, C1-) have been 
observed, together with the measurement of their solution magnetic susceptibilities. The obtained signals are narrow enough to 
characterize the species in solution. It has been found that both observed chemical shifts and line widths a t  half-height decrease 
as the magnetic moments of the corresponding copper(I1) complexes in solution decrease. The line widths of IH N M R  signals 
are controlled by the population distribution in singlet and triplet states of the complexes. Methanol solutions of [CU,L(OH)]~' 
showed equilibria that are associated with the apical coordination of water molecules: in addition to the water-free complex, two 
species, [Cu2L(0H)(H2O)l2' and [CU,L(OH)(H,O),]~', are found by IH NMR spectra. One of these species was crystallized 
from methanol solution. The crystal and molecular structures of [Cu,L(OH)(H20)](C10,), have been determined: space group 
P2,/c, a = 7.354 (4) A, b = 21.781 (19) A, c = 16.175 (8) A, 0 = 90.70 (4)O, Z = 4, R = 0.11 1, R, = 0.095. The two Cu atoms 
in this copper(I1) complex are bridged by the oxygen atoms of the phenolate and hydroxy groups. The axial position at one Cu 
atom is occupied by a water molecule, while another Cu has no apical ligand. The coordinate geometries around the two Cu atoms 
are distorted tetragonal-pyramidal and square-planar 

Introduction 
Interest2 in copper proteins has centered on the  design, prep- 

arat ion,  a n d  characterization of small-molecular binuclear cop- 
per(I1) complexes, which offer insight into t h e  coordination 
chemistry of copper(I1) systems in laccase, oxyhemocyanin, a n d  
so on. Among a vast body of binuclear copper(I1) complexes that  
have so far  been ~ y n t h e s i z e d , ~ , ~  t h e  complexes containing imid- 
azoles a r e  of marked importance in relation to  the  copper center 
of native proteins because a histidyl imidazole is one of the most 
probable  coordinated ligands.* 

In  addition t o  single-crystal X-ray structural  information, the  
characterization of binuclear copper(I1) complexes in solution is 
of significance. Although NMR spectroscopy has  been suc- 
cessfully used to  investigate the  structural and  bonding properties 
of metal c o m p l e x e ~ , ~  there a r e  few NMR studies of paramagnetic 
copper( 11) complexes because signals a r e  usually broadened out.6 
On t h e  other  hand,  antiferromagnetically coupled copper(I1) 

(a) Kinki University. (b) Institute for Molecular Science. 
Sigel, H. Metal Ions in Biological Systems. Copper Proteins; Marcel 
Dekker: New York, 1981; Vol. 13 and references therein. 
Urbach, F. L. In  ref 1, Chapter 3, pp 73-115. 
Fenton, D. E. In Advances in.Inorganic and Bioinorganic Mechanisms; 
Sykes, A. G., Ed.; Academic Press: New York, 1983: Vol. 2, Chapter 

LaMar, G. N.; Horrocks, W. D.; Holm, R. H. N M R  ofParamagnetic 
Molecules; Academic Press: New York, 1973. 
Holm, R. H.; Abbott, E. H. In Coordination Chemistry: Martell, A. 
E . ,  Ed.; Van Nostrand: New York, 1971; Vol. 2, pp 264-340. 

4, pp 187-257. 

complexes a re  expected to give relatively narrow NMR 
However, there a re  still few reports that  demonstrate the usefulness 
of NMR spectra of binuclear copper(I1) complexes in solution. 

T h e  purpose of this work was to  obtain NMR spectra of some 
binuclear copper( 11) complexes having imidazoles. On the  basis 
of these spectra, t h e  s t ructures  in solution and equilibria a r e  
discussed, which a r e  simultaneously compared with t h e  X-ray  
crystallographic molecular s t ructure  determined in this paper .  
Finally, t h e  relationship between t h e  s t ructure  and  NMR pa- 
rameters  is examined. 

Experimental Section 
Materials. Copper(I1) salts were commercially available and utilized 

after recrystallization. 2-Hydroxy-5-alkylisophthalaldehydes (alkyl = 
methyl, ethyl) were prepared by the method of Okawa." Histamine free 
base was isolated from histamine dihydrochloride (Sigma Chemical Co.) 
by the usual procedure.I2 

Deuterated solvents were purchased from Merck and wako Pure 
Chemical Industry Ltd. In order to obtain rigorously dry methanol, 
CD,OD was refluxed over Mg and distilled before use. Acetone-d, was 
treated with molecular sieves. Both solvents were purified under pure 

(7) Zelonka, R. A.; Baird, M. C. Inorg. Chem. 1972, 11, 134. 
(8) Byers, W.; Williams, R. J. P. J .  Chem. SOC. 1973, 555. 
(9) Dei, A.; Gatteschi, D.; Piergentili, E. Inorg. Chem. 1979, 18, 89. 

(10) Kitagawa, S.; Munakata, M.; Yonezawa, M. J .  Fac. Sci. Technol. Kinki 
CJnibT 1984, 19, 63. 

( 1 1 )  Okawa, H.; Kida, S. Bull. Chem. Soc. Jpn.  1972, 45, 1759. 
(12)  Pliml, J.: Protiva, M. Collect Czech. Chem. Commun. 1954, 19, 184. 
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