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nitrogen using standard Schlenk techniques and were monitored 
by solution IR spectroscopy (carbonyl stretching region). Com- 
pound 1 was prepared as described previously;' 'VO-enriched 
1 was made from 'TO-enriched [ R u ~ ( C O ) ~ ~ ] . ~ ~  Infrared spectra 
were recorded on a Perkin-Elmer FT 1720-X spectrophotometer, 
using O.l-mm CaF, cells. 'H and 13C NMR spectra were run with 
Bruker AC-200 and AC-300 instruments, using internal SiMe, 
as standard (6 = 0 ppm). Microanalyses were obtained from the 
University of Oviedo Analytical Service. Analysis of the products 
of the catalytic reactions was carried out on a Perkin-Elmer 8600 
gas chromatograph, equipped with a 12-m AQ2 capillary column 
(i.d. 0.22 mm) and a flame ionization detector, at  160 "C; quan- 
tification was achieved with a PE-Nelson 1020 integrator. 

Reaction of Compound 1 with Diphenylacetylene. A THF 
(10 mL) solution of complex 1 (103 mg, 0.156 mmol) and di- 
phenylacetylene (56 mg, 0.312 mmol) was stirred at  reflux tem- 
perature for 35 min. The solvent was removed under reduced 
pressure and the residue dissolved in toluene (1 mL). The re- 
sulting solution was chromatographed on a neutral alumina 
column (10 x 3 cm, activity IV). Orange and yellow bands were 
eluted with 4:l and 2:l hexane-dichloromethane, respectively, 
but they only contained trace amounts of compounds which could 
not be identified.8 Dichloromethane eluted a pale-yellow fraction, 
while a brown residue remained uneluted at the top of the column. 
The pale-yellow fraction was evaporated to dryness to give, after 
crystallization from dichloromethane-hexane, [Ru2(h- 
C,Hl,N,)(r-~1,?2-PhC=C(H)Ph)(CO),] (2) as an off-white solid 
(35 mg, 33% based on Ru). Anal. Found: C, 49.53; H, 3.62; N, 
4.43. Calcd for C27H22N205R~2: C, 49.39; H, 3.38; N, 4.27. v(C0) 
(n-pentane): 2052 m, 2006 s, 1992 m, 1959 m, 1939 m, cm-'. 'H 
NMR (C6D6, 200 MHz, 23 "C): 7.8-6.7 (m, phenyl protons), 6.29 
(s, lH), 6.06 (s, 1H) 3.73 (8 ,  lH, alkenyl CH), 3.08 (AB spin system, 
2H, NH?), 2.47 (s, lH,  NH), 1.85 (s, 3H, Me), 1.80 (s, 3H, Me) 
ppm. Selected l3C(lH] NMR data (CD2C12, 75.5 MHz, -40 "C, 
sample enriched in WO): 204.6, 204.1,201.1, 199.5, 196.4, (5 CO 
ligands), 80.2 (alkenyl CH), 19.6, 19.1 (2 Me), ppm. 

Reaction of Compound 1 with Hydrogen. Hydrogen was 
bubbled through a solution of complex 1 in refluxing THF (20 
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mL) for 2.2 h. Since no reaction was observed by IR spectroscopy, 
the solvent was removed under reduced preasure, toluene (15 mL) 
added, and hydrogen bubbled through the resulting solution at  
reflux temperature (110 "C) for 2.5 h After removal of the toluene, 
CD,Cl, (1 mL) was added to give an insoluble residue and a 
solution whose 'H NMR spectrum showed it to be a mixture of 
compounds with no peaks in the hydride region. 

Catalytic Hydrogenation Reactions. The evolution of the 
catalytic reactions (Figure 1) was followed by gas chromatography. 
Reaction rates were obtained by measuring the hydrogen con- 
sumption as a function of time in a conventional gas buret. 

The appropriate amounts of 1 and diphenylacetylene were 
placed in a two-necked 25-mL flask with one neck connected to 
the gas buret, which was in turn conneded to a vacuum line. The 
flask was closed by a silicone septum and the system evacuated 
and filled with hydrogen five times. Degassed toluene (10 mL) 
was then introduced into the flask and the required pressure 
adjusted in the gas buret. The flask was immersed in a ther- 
mostated bath and shaken during the run at  600 min-' with a 
Selecta shaker. An equilibration time of 2 min was allowed before 
acquiring any data. The working partial pressure of hydrogen 
was determined by subtracting the toluene vapor pressure at  each 
temperature from the measured total pmure .  Plots of the kinetic 
data were fitted using conventional regression programs. 
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Summary: W(CPh)CI(CNCMe,),(CO), was prepared by 
reaction of W(CPh)CI(CO),(py), with CNCMe, in CH,CI,. 
W(CPh)I(CNCMe,),(CO), was prepared by sequential re- 
action of W(CPh)CI(CO),(py), with NaI in THF and with 
CNCMe, in CH,CI,. Reaction of W(CPh)Cl(CNCMe,),(CO), 
with pyrrole-2-carboxaldehyde methylimine in the pres- 
ence of KOH in THF gives the ketenyl complex K[W- 
(C,H,N,),(PhCCO)(CO)] . Reaction of W(CPh)I- 
(CNCMe,),(CO), with NaS,CNEt, in THF gives a mixture 
of products, of which Na[W(PhCCO)(S,CNEt,)&CO)] is the 
main product. Reaction of W(CPh)Cl(CNCMe,)(COMPMee,), 
with NaS2CNEt, in THF leads to the formation of [W- 
(PhCCO)(S,CNEt),(CO)PPMe,),] and [W(CPh)(S,CNEt,)- 
(COMPMe,),] as the main products. 

Introduction 
In a recent review article' we distinguished three fun- 

damentally different types of alkylidyne-carbonyl cou- 

Scheme I 

+ NSF-REU student from Southwest Texas State University, San 

(1) Mayr, A.; Bastos, C. M. Prog. Znorg. Chem. 1992, 40, 1. 
Marcos, TX 78666, Summer 1991. 
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pling:2 nucleophile-, electrophile-, and light-induced 
(Scheme I). Nucleophile-induced coupling (upper path- 

1992 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

A
ug

us
t 3

, 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

06
0a

06
7



Notes Organometallics, Vol. 11, No. 12, 1992 4359 

way in Scheme I) is very well established., There is some 
experimental evidence that the interaction of carbonyl 
ligands with electrophiles facilitates the coupling with 
alkylidyne ligands (lower pathway in Scheme I).495 Pho- 
togenerated ketenyl species may be trapped by nucleo- 
phile@ as well as by electrophiles' (middle pathway in 
Scheme I). 

In contrast, the coupling of alkylidyne and isocyanide 
ligands has so far only been observed as an electrophile- 
induced process (Scheme 11). Proton-induced coupling 
reactions of alkylidyne and isocyanide ligands were first 
demonstrated by Filippou and co-workers.8 We subse- 
quently described a similar reactionsg Lippard and Fi- 
lippou established independently that the bond-forming 
step in the reductive coupling of two isocyanide ligands 
occurs as an electrophile-induced aminomethylidyneiso- 
cyanide coupling.lOJ1 Recently, Filippou was able to 
isolate a bis(aminomethy1idyne)tungsten complex, gener- 
ated by alkylation of an (aminomethylidyne) (iso- 
cyanide)tungsten complex, and to complete coupling of the 
two aminomethylidyne ligands by addition of a nucleo- 
phile.12 That study clearly shows the role of the elec- 
trophile in activating the isocyanide ligand toward the 
coupling step. Nucleophile-induced or photoinduced 
coupling reactions of alkylidyne and isocyanide ligands 
have not yet been described. 

In a number of other bond-forming processes isocyanide 
ligands are better substrates than carbonyl ligands.13 For 
example, only isocyanide ligands participate easily in 
migratory insertion with hydride ligands or in multiple 
 insertion^.'^ While these bond-forming processes may be 
unrelated to those shown in Schemes I and 11, it never- 
theless appears surprising that the ability of isocyanide 
ligands to couple with alkylidyne ligands should be so 
much less versatile than that of carbonyl ligands. We have 
recently presented a simple qualitative molecular orbital 
model to rationalize the behavior of different terminal 
a-bonded ligands in coupling reactions.' It was argued 
that, in systems with six metal-ligand a electrons, coupling 
reactions of alkylidyne ligands with ?r-acceptor ligands 
become more facile with increasing a bonding between the 
metal and the ligands (B and C). According to this model, 
carbonyl ligands are more prone than isocyanide ligands 

(2) (a) Kim, H. P.; Angelici, R. J. Adu. Organomet. Chem. 1987,27, 
51. (b) Fischer, H.; Hofmann, P.; Kreissl, F. R.; Schrock, R. R.; Schubert, 
U.; Weiss, K. Carbyne Complexes; VCH: Weinheim, Germany, 1988. (c) 
Mayr, A.; Hoffmeister, H. Adu. Organomet. Chem. 1991, 32, 227. 

(3) Kreissl, F. R.; Eberl, K.; Uedelhoven, W. Chem. Ber. 1977, 110, 
3782. 

(4) (a) Churchill, M. R.; Wasserman, H. J.; Holmes, S. J.; Schrock, R. 
R. Organometallics 1982, I, 766. (b) Holmes, S. J.; Schrock, R. R.; 
Churchill, M. R.; Wasserman, H. J. Organometallics 1984, 3, 476. 

(5) (a) Vrtis, R. N.; Rao, C. P.; Warner, S.; Lippard, S. J. J. Am. Chem. 
SOC. 1988, 110, 2669. (b) Vrtis, R. N.; Liu, S.; Rao, C. P.; Bott, S. G.; 
Lippard, S. J. Organometallics 1991, 10, 275. 

(6) (a) Sheridan, J. B.; Pourreau, D. B.; Geoffroy, G. L.; Rheingold, A. 
L. Organometallics 1988, 7, 289. (b) Dossett, S. J.; Hill, A. F.; Jeffery, 
J. C.; Marken, F.; Sherwood, P.; Stone, F. G. A. J. Chem. SOC., Dalton 
Trans 1988, 2453. (c) Brower, D. C.; Stoll, M.; Templeton, J. L. Or- 
ganometallics 1989, 8 ,  2786. 

(7) Maw. A.: Bastos. C. M.: Chane. R. T.: Haberman. J. X.: Robinson. 
K. S.; BelieiOudry, D. A. Angew. Chem. 1992,104,802; Angew. Chem.; 
Int. Ed. Engl. 1992, 31, 747. 

(8) (a) Filippou, A.; C.; Griinleitner, W. 2. Naturforsch., B 1989, 44, 
1023. (b) Filippou, A. C. NATO ASI Ser., Ser. C 1989,269, 101. 

(9) Mayr, A.; Bastos, C. M. J. Am. Chem. SOC. 1990, 112, 7797. 
(10) Carnahan, E. M.; Lippard, S. J. J. Chem. Soc., Dalton, Trans. 

1991, 699. 
(11) (a) Filippou, A. C.; Grunleitner, W. J. Organomet. Chem. 1990, 

393, C10. (b) Filippou, A. C.; Grunleitner, W. 2. Naturforsch. B 1991, 
46, 216. 

(12) Filippou, A. C.; Grunleitner, W.; Volkl, C.; Kiprof, P. Angew. 
Chem. 1991, 103, 1188; Angew. Chem., Int .  Ed. Engl. 1991, 19, 1167. 

(13) Singleton, E.; Oosthuizen, H. E. Adu. Organomet. Chem. 1983,22, 
209. 

X +  X 

L c; 

A B 

X -  

iii + 

L,,M=C-R 

C 

X = 0, NR' 

to undergo coupling with alkylidyne ligands. An especially 
good situation for coupling is created when both ligands 
have alkylidyne character.14 Carbonyl and isocyanide 
ligands assume alkylidyne character (D and E) after ad- 

/E 

ii+ 
P 

I 
r. 

lil + 

L,M=C-R L,,M=C-R 

D E 

X=O,NR' 

dition of electrophiles to the oxygen and nitrogen atoms, 
respectively. Since isocyanide ligands15 are significantly 
more nucleophilic than carbonyl ligands,16 it is under- 
standable that isocyanide ligands undergo electrophile- 
induced coupling with alkylidyne ligands more easily than 
carbonyl ligands. However, in nucleophile-induced pro- 
cesses the lower ability of isocyanide ligands to undergo 
coupling should remain apparent. Experiments to test this 
situation are described in this work. 

Results 
We investigated the reaction of the alkylidynetungsten 

complexes W(CPh)X(CNCMe,),(CO), (1: a, X = C1; b, 
X = I) and W(CPh)Cl(CNCMe,)(CO)(PMe,), (2) under 
typical conditions for nucleophile-induced coupling (eqs 
3, 5,  and 6).l These complexes simultaneously contain 
carbonyl and isocyanide ligands, therefore allowing a direct 
comparison of the relative reactivity of these ligands. The 
isocyanide complex la was prepared by substitution of the 
two pyridine ligands in complex 3 with tert-butyl iso- 
cyanide (eq l), in analogy to the synthesis of W(CPh)Br- 
(CNCMe3)2(C0)2.17 Complex 1bl8 was prepared in a 
modification of a literature procedure by reaction of 319 
with NaI in THF followed by treatment with CNCMe, in 
CH2C1, (eq 2). 

(14) (a) McDermott, G. A.; Mayr, A. J. Am. Chem. SOC. 1987,109,580. 
(b) Mayr, A.; Bastos, C. M.; Daubenspeck, N.; McDermott, G. A. Chem. 
Ber., in press. 

(15) Pombeiro, A. J. L. Polyhedron 1989, 8, 1595. 
(16) Horwitz, C. P.; Shriver, D. F. Adu. Organomet. Chem. 1984,23, 

(17) Filippou, A. C.; Grunleitner, W. Z .  Naturforsch., B 1989,4.4,1023. 
(18) Filippou, A. C.; Fischer, E. 0. J. Organomet. Chem. 1990, 383, 

(19) McDermott, G. A.; Dorries, A. M.; Mayr, A. Organometallics 1987, 

219. 

179. 

6, 925. 
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Notes 

c o  I ...c CNCMe3 

CMe, 
N 
C NCMe, 
I ..c 

* cl-&- 

c’l =C-ph 
CH2C12 

PY O C  
0 

l a  3 

(1) 

CMe, 
N 

PY C NCMe, I .., PY 1. Nal/THF I .c 

2. CNCMe3 
CH2Cl2 

0 0 

3 l b  
(2) 

When a solution of complex la and pyrrole-2-carbox- 
aldehyde methylimine is stirred in THF, in the presence 
of KOH, the color of the solution changes from yellow to 
brown (eq 3). The two v(C0) stretches at  2015 and 1958 

CMe, 
N -  

w N *  lKOH 
H - 

THF 
r. t., several hrs 

0 

- 
THF 

r. t., several hrs 
0 

l a  

4 

cm-’ for the starting material gradually disappear while 
a strong absorption at  1824 cm-’ and a weak absorption 
at  1655 cm-’ gain in intensity. In addition, two new ab- 
sorptions are seen at  1604 and 1584 cm-’ for the coordi- 
nated pyrrole-2-carboxaldehyde methyliminate ligands. 
These absorptions show that the product is complex 4, 
which was previously obtained by reaction of 3 with pyr- 
role-2-carboxaldehyde methylimine under essentially the 
same conditions.m The conversion of la to 4 was at  least 
90%, as indicated by IR. An absorption at  2133 cm-’ was 
observed for the liberated tert-butyl isocyanide.21 To 
confirm the nature of 4, the solvent was removed in vacuo 
and the residue redissolved in CH2C12 and treated with 
MeOS02CF3 (eq 4). It had previously been shown that 
methylation of 4 affords the methoxyacetylene complex 
5.20 Complex 5 was indeed isolated in 15% yield and 
characterized by IR and ‘H NMR spectroscopy. Thus, the 
reaction of la with pyrrole-2-carboxaldehyde methyl- 
imine/KOH leads to substitution of both isocyanide lig- 
ands and alkylidyne-carbonyl coupling. The reaction of 
complex lb  with sodium diethyldithiocarbamate leads to 

(20) Mayr, A.; McDermott, G. A.; Dorries, A. M.; Van Engen, D. Or- 

(21) Casanova, J.; Werner, N. D.; Schuster, R. E. J. Org. Chem. 1966, 
ganometallics 1987, 6, 1503. 

31, 3473. 

L 

4 
0 

5 
a mixture of products (eq 5) .  A strong absorption at  1824 

CMe, 
N 
C NCMe, I .c NaS2CNEt2 

b 

THF 
r. t., several hrs 

0 

l b  

Na ( 5 )  

6 
+ 

unidentified products 

cm-’ and a weak absorption at  1683 cm-’ indicate the 
formation of the ketenyl complex 6 and account for about 
50% of the carbonyl-containing products. Thus, in this 
reaction substitution of the isocyanide ligands and al- 
kylidyne-carbonyl coupling is also the major reaction 
pathway. Complex 6 was not successfully separated from 
the byproducts. Complex 6 was previously obtained by 
reaction of complex 3 with sodium diethyldithio- 
carbamate.22 

The second type of complex investigated is 2. The re- 
action of 2 with sodium diethyldithiocarbamate in THF 
solution proceeds only sluggishly, resulting in the formation 
of a mixture of products (eq 6). The IR spectrum of the 

CMe, 
N EI,N 
C ‘ C S S  Me 

NaS2CNEI2 1: I .A PMe, 

./ I THF / I  
6 Me3P 
0 

2 + 

Me,P 
C 
0 

(6) 

(22) Mayr, A.; McDermott, G. A.; Dorries, A. M.; Holder, A. K.; Fultz, 
W. C.; Rheingold, A. L. J. Am. Chem. SOC. 1986, 108, 310. 
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reaction solution exhibits two prominent peaks in the 
metal carbonyl region at 1883 cm-' and at 1859 cm-', which 
are assigned to [W(PhCCO)(S,CNEt,)(CO)(PMe,),] (7) 
and [W(CPh)(S2CNEX&CO)(PMe3)2] (8).20 The ketenyl 
complex 7 was successfully separated from the reaction 
mixture by chromatography on silica gel and isolated in 
15% yield. Complex 7 has previously been obtained by 
reaction of W(CPh)C1(C0),(PMe3), with NaS2CNEb and 
complex 8 by reaction of W(CPh)Cl(CO)(PMe,), with 
NaS2CNEb.23 It has also been demonstrated that in 
complex 2 alkylidyne-isocyanide coupling may be induced 
by the addition of HCL9 

Discussion 
The reactions of the (alkylidyne) (isocyanide)carbonyl- 

tungsten complexes 1 and 2 with anionic chelate ligands 
(eqs 3, 5, and 6) lead to the substitution of isocyanide 
ligands and alkylidyne-carbonyl coupling in all three in- 
vestigated cases. In one case (eq 3) this was essentially 
the exclusive outcome. Given the fact that we were unable 
to characterize all of the products in the reaction mixtures, 
we cannot exclude the possibility that alkylidyne-iso- 
cyanide coupling reactions accompanied the substitution 
of the isocyanide ligands. Nevertheless, the results es- 
tablish that the isocyanide ligands in complexes 1 and 2 
are less able than the carbonyl ligands to undergo nu- 
cleophile-induced coupling with the alkylidyne ligand. 

Even though no evidence for nucleophile-induced al- 
kylidyne-isocyanide coupling in the reactions shown in eqs 
3,5, and 6 were discovered, it is of interest to consider what 
the outcome of such steps might have been. The potential 
products of alkylidyne-isocyanide ligands may be de- 
scribed as iminoketenyl ligands in analogy to the products 
of alkylidyne-carbonyl coupling. Such ligands have pre- 
viously been obtained by Fischer through the direct ad- 
dition of isocyanides to the alkylidyne ligands in the cat- 
ionic complexes [M(CR)(v5-C,H5)(C0),] [BF,] (9) (eq 7).2, 

RNC 

L "  0" J 
9 

Scheme I1 
R' 

I 
[I 
i E Nu 

L,M=C-R 

R' 
\ 

I J 
Nu N-E 

the iminoketenyl ligand (F) is obviously very different from 
that of the ketenyl ligand (G). The ketenyl ligand is 

+ R' 
N' * p 

R 
L,M=c\ 

F G 
interacting with the metal center via two carbon atoms 
(v2-RCCO), while the iminoketenyl ligand bonds to the 
metal center only via one carbon atom (vl-RCCNR'). Both 
ligands, however, if considered as monoanions, are donating 
four electrons to the metal center. The difference between 
the two bonding modes probably originates in the *-ac- 
ceptor ability of the ligands. The ketenyl ligand in 11 is 
a reasonable .rr while the iminoketenyl ligand 
in 10 apparently exhibits no *-acceptor properties. Due 
to the particular bonding the iminoketenyl ligands in 
complexes 10 exhibit IR absorptions in the CN triple-bond 
region at  about 2220 cm-'. If the iminoketenyl ligand in 
complexes 10 can be considered as typical for potential 
alkylidyne-isocyanide coupling products, one should ex- 
pect prominent IR absorptions in the 2150-2250-cm-' re- 
gion. No significant absorptions in this region, however, 
were observed. Another relevant report describes the 
formation of M(v5-C5H5){Me3CCH2C(CNAr)2)(CNAr)2 (12 

1 0  
L V  

M = Mn, Re; R = alkyl, aryl; R'= Me, f-Bu 

The isocyanide adducts 10 of complexes 9 are analogs of 
the v2-ketenyl tungsten complexes 11, but the bonding of 

1 2  

M = Mo, W; Ar = C6H3-2,6-Me2) from the alkylidyne 
complexes M(CCH2CMe3)v5-C5H5) [P(0Me),l2 and CNAr.= 
On the basis of NMR studies Green postulated that car- 
bon-bon bond formation in this system occurs by direct 
addition of isocyanide to the metal-bon triple bond, i.e. 
not by coupling of the alkylidyne ligand with coordinated 
isocyanide. 

In conclusion, the present work supports the expecta- 
tion' that the coupling of alkylidyne and isocyanide ligands 
in Fischer-type metal alkylidyne complexes is not easily 
induced by nucleophiles. If it is correct that increasing 

1 1  

(23) May ,  A.; Kjelsberg, M.; Van Engen, D.; Lee, T.  Y.; Chang, R. T. 
To be submitted for publication. 

(24) (a) Fischer, E. 0.; Schambeck, W.; Kreissl, F. R. J. Organomet. 
Chem. 1979,169, C27. (b) Fischer, E. 0.; Schambeck, W. J .  Organomet. 
Chem. 1980,201, 311. 

(25) (a) Sieber, W. J.; Wolfgruber, M.; Tran-Huy, N. H.; Schmidt, H. 
R.; Heiss, H.; Hofmann, P.; Kreiasl, F. R. J. Organomet. Chem. 1988,340, 
341. (b) Brower, D. C.; Birdwhistell, K. R.; Templeton, J. L. Organo- 
metallics 1986, 5,  94. 

(26) Baker, P. K.; Barker, G. K.; Gill, D. S.; Green, M.; Orpen, A. G.; 
Williams, I. D.; Welch, A. J. J. Chem. SOC.,  Dalton Trans. 1989, 1321. 
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7r bonding between the metal and the coupling partner CX 
(B and C) is favoring the coupling process, then one should 
be able to improve the conditions for coupling by in- 
creasing the electron density of the metal center or by 
using isocyanide ligands with stronger *-acceptor prop- 
erties. 

Experimental Section 
Standard inert-atmosphere techniques were used in the ex- 

ecution of the experiments. The solvents methylene chloride 
(CaHJ, tetrahydrofuran (Na/benzophenone), and hexane (CaH,) 
were dried and distilled prior to use. [W(CPh)(Cl)(CO)ay2] (3)'' 
and [W(CPh)C1(CNCMe3)(CO)(PMe3),] (2),' was prepared as 
previously described. NaSzCNEt2 was dried at  110 OC under 
vacuum for 6 h prior to use. N-Methylpyrrole-2-carbo~aldimine~ 
was prepared as described in the literature. The NMR spectra 
were measured at a magnetic field strength of 5.87 or 7.05 T (250 
or 300 MHz for lH NMR) in CDC1, at  room temperature unless 
otherwise noted; solvent peaks were used as internal reference, 
and the data are reported in 6 relative to TMS, based on residual 
solvent peaks. The elemental analysis was performed by 
Schwarzkopf Microanalytical Laboratory. 
[W(CPh)(Cl)(CO),(CNCMe,)z] (la). A solution of complex 

3 (1.027 g, 1.97 mmol) and tert-butyl isocyanide (0.488 mL, 4.32 
"01) in CH2Clz (75 mL) is stirred for 24 h at  room temperature. 
During this time the solution turns red. The solvent is removed 
in vacuo. The product is purified by filtration through a plug 
of silica gel at  -70 "C, using a 2:l mixture of Eh0/CH2C12 as the 
solvent. A yellow solution is collected and evaporated to dryness. 
Crystallization affords amber needles (0.417 g, 40%): 'H NMR 
6 7.36-7.24 (m, 5 H, C6H5), 1.63 (8, 18 H, C(CH,),; IR (CH2C12, 
cm-') 2184 (m, CN), 2167 (m, CN), 2015 (s, CO), 1958 (8, CO). 
Anal. Calcd for C21H23C1N202W (mol w t  530.71): C, 42.96; H, 
4.38. Found C, 42.88; H, 4.28. 
[W(CPh)(I)(CO),(CNCMe,),l (1b).l8 A solution of complex 

3 (0.122 g, 0.23 mmol) and NaI (0.907 g, 6.05 mmol) in THF (10 
mL) is stirred at  room temperature for 12 h. The solvent is 
removed in vacuo and the residue redissolved in CH,Cl,. The 
resulting solution is filtered and concentrated to a small volume. 
Addition of hexane results in the formation of dark orange needles 
of [W(CPh)I(CO)2(py)z] (1.064 g, 99%): IR (CHzCl2, cm-') 1989 
(s, CO), 1904 (e, CO). 

A larger sample of [W(CPh)I(CO)2(py)2] (4.231 g, 6.89 mmol) 
is dissolved in CHZCl2 and tert-butyl isocyanide (1.604 mL, 14.2 
mmol) is added. The solution is heated to reflux for 3 h. The 
solvent is removed. The residue is redissolved in a 2:l mixture 
of Et20/CH2C12 and filtered through a short plug of silica gel at  
-78 "C. Excess solvent is used to remove all product from the 
silica gel layer. The solvent is removed from the collected filtrate. 
Recrystallization from CH2ClZ/EhO/hexane affords yellow needles 
(4.01 g, 99%). Complex lb is more easily obtained in pure form 
than complex la. IR (CH2C12, cm-l): 2183 (m, CN), 2166 (m, CN), 
2014 (s, CO), 1957 (s, CO). The IR absorptions are in good 
agreement with those reported in the literature.ls 

Reaction of la with Pyrrole-2-carboxaldehyde Methyl- 
imine/KOH. A solution of la (0.150 g, 0.25 mmol) and pyr- 
role-2-carboxaldehyde methylimine (0.055 g, 0.50 mmol) in THF 
(7 mL) is stirred at room temperature over a crushed KOH pellet. 
The solution turns rapidly dark, but the reaction takes about 5 
h to go to completion. After 4 h the IR spectrum shows, in 
addition to residual absorptions of the starting materials, a peak 
at 2133 (m) cm-' for free tert-butyl isocyanide and absorptions 
at  1824 (s), 1655 (vw), 1604 (m), and 1584 (m) cm-', which are 

Notes 

(27) Mayr, A.; Asaro, M. F.; Kjelsberg, M. A.; Lee, K. S.; Van Engen, 

(28) Emmert, B.; Diehl, K.; Gollwitzer, F. Chem. Ber. 1929,62, 1733. 
D. Organometallics 1987, 6, 432. 

characteristic for the anionic ketenyl complex [W- 
(PhCCO)(C,H,N,),(CO)]- (4). The reported literature values 
(NEt4 salt) are 1839, 1665, 1605, and 1582 cm-1.20 

Characterization of 4 by Transformation into [W- 
(C,H,N,),(PhCCOMe)(CO)] (5). A solution of 4 (0.097 g, 0.18 
mmol) and pyrrole-2-carboxaldehyde methylimine (0.036 g, 0.16 
mmol) is stirred over a crushed KOH pellet. After 20 h at  room 
temperature the solution is filtered, the solvent is removed in 
vacuo, and the residue is washed with hexane. The solid is taken 
up in cold (0 "C) CH2C12, and MeOS02CF3 (0.021 mL, 0.183 "01) 
is added. The mixture is warmed to room temperature, and the 
solvent is removed in vacuo. The residue is extracted with 
CH,Cl,/hexane (2:l). The resulting solution is filtered through 
a plug of silica gel at  -78 "C, using an additional amount of the 
same solvent mixture to elute the product. The solvent of the 
combined eluates is removed in vacuo. Recrystallization of the 
product from CH2C12 affords green crystals (0.017 g, 15%): 'H 
NMR 6 8.1 (s, 1 H), 7.78 (s, 1 H), 7.49 (m, 1 H), 7.42-7.20 (m, 5 
H), 7.05 (m, 2 H), 6.80 (m, 1 H), 6.51 (m, 1 H), 6.38 (m, 1 H), 6.05 
(m, 1 H), 5.85 (s, 1 H), 4.25 (s, 3 H), 3.23 (s, 3 H), 3.04 (s, br, 3 
H); IR (CH2C12, cm-') 1925 (8, CO), 1686 (w, CCO), 1604 (m, 
C=N), 1586 (m, C=N). These spectroscopic data are essentially 
identical with those reported in the literature.,O 

Reaction of lb with NaS2CNEt2. Sodium diethyldithio- 
carbamate (0.077 g, 0.45 "01) is added to a solution of lb (0.131 
g, 0.22 mmol) in THF (10 mL). The solution is stirred for 24 h, 
during which time the color gradually turns brown. The IR 
spectrum indicates the formation of a mixture of products. The 
strongest absorption in the metal carbonyl region at  1824 cm-' 
is accompanied by a weak absorption a t  1683 cm-'. These ab- 
sorptions are indicative of the formation of Na[W- 
(PhCCO)(S,CNEg),(CO)] (6).n A weak peak at 2133 cm-l shows 
the presence of free tert-butyl isocyanide. After completion of 
the reaction the following additional peaks are observed: 2126 
(w), 1919 (s), and 1882 (s) cm-'. The products were not separated 
successfully. 

Reaction of 2 with NaS2CNEt,. A solution of 2 (1.43 g, 2.5 
mmol) and sodium diethyldithiocarbamate (0.465 g, 2.7 mmol) 
in THF (75 mL) is stirred for 4 h at  40 OC and an additional 14 
h at  room temperature. During this time the color changes from 
yellow to green-brown. The IR spectrum indicates the formation 
of a mixture of products. The two major peaks at  1883 cm-' and 
at 1859 cm-I are assigned to [W(PhCCO)(S2CNEh)(CO)(PMe3)21 
(6)lS and [W(CPh)(S2CNEt&20)(PMe3),] (9).l8 A third, weaker 
absorption in the metal carbonyl region at  1919 cm-l could not 
be assigned. Complex 6 was successfully separated by column 
chromatography (silica gel/ethyl acetate, -30 "C) and obtained 
as a purple solid (0.235 g, 15.3%): 'H NMR 6 7.74 (d, 2 H, CsH5), 

(q, 2 H, NCH,), 1.29 (t, 18 H, PMe,), 1.34-1.20 (m, 6 H, CH,); 
13C NMR 6 223.6 (t, CO), 206.6, 206.0 (CS2 and PhCCO), 204.6 
(t, PhCCO), 149.8 (ipso CsH5), 128.9, 126.8, 125.5 (CsH5), 44.44, 

(CH2C12, cm-') 1873 (s, CO), 1685 (w, CCO). These data are 
essentially identical with those found for 6 obtained by reaction 
of W(CPh)C1(C0),(PMe3), with NaS2CNEt2.,, 
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7.39 (t, 2 H, CsH,), 7.28 (t, 1 H, CsH5), 3.80 (4, 2 H, NCH,), 3.66 

44.1 (NCHZCHJ, 16.0 (t, P(CH,),), 12.6, 12.3 (NCH2CHJ; IR 
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