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geometry on the observed metal-metal distance is exemplified by 
comparing the structure of 4 with that of Cp2Zr(~-PPh2),W- 
(co)4.23 As the covalent radii of Zr and Mo are very similar 
to those of Hf and W, the  shorter metal-metal distance (Zr-W 
= 3.289 (1) A) observed in the latter case must result primarily 
from substituting the PEt, with bulkier PPh, bridges. 

Conclusion 
The “metal-containing bis(phosphine)” C P , H ~ ( P E ~ ~ ) ~  binds 

metal carbonyl fragments to form new heterobimetallic complexes. 
The spectroscopic and X-ray structural results both suggest that 
these complexes contain adjacent 16e Hf(1V) and 18e M(0) 
centers. Reactivity studies on these and related electronically 
unsaturated heterobimetallics are presently under way. 

Figure 1. Perspective drawing of Cp2Hf(p-PEtz)2M~(C0)4 (4). Hy- 
drogen atoms are omitted for clarity. Thermal ellipsoids are drawn at 
the 50% probability level. 

the range foundz2 (94-97O) for do Cp2MX2 complexes and may 
be compared with P-Hf-P = 98.6 (1)O in CpzHf(PEtZ),. The 
bulky Cp,Hf vertex leads to large Hf-P-C angles to the PEt, 
bridges (ca. 122O). The intermediate19 Hf-P-Mo angles of 83’ 
result in a Hf-Mo separation of 3.400 (1) 8, (cf. Mc-Mo = 3.057 
(6) A in [ M O ( C O ) ~ ( ~ - P E ~ ~ ) ] , ) .  The influence of the bridge 
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Cyclopropene reacts with Mo(CO)~(S~CNR~)~,  MO(CO)~(S~PR~)~,  W(CO)3(SzCNRz)2, and W(CO)2(PPh3)(SzCNR2)2 to yield 
new complexes that are best formulated as M(CO)(C3H4CO)(BB), (M = Mo, W). Analogous products form when l-methyl- 
cyclopropene reacts with W(CO),(S2CNR2),. Infrared, ‘H NMR, and 13C NMR spectroscopic techniques have been used to 
probe the mode of attachment of the newly formed vinylketene ligand, C2H3RC0 (R = H, CH3), which evidently results from 
cyclopropene ring opening and CO insertion. 

Introduction 
For several years we have been interested in the ability of 

low-valent molybdenum and tungsten dithiolate complexes to bind 
small molecules. The complexes MO(CO)~(BB)~ (BB = S2CNR2, 
SzPR2) and W(C0)zL(S2CNR2)z (L = CO, PPh3) have been 
shown to react with acetylenes (including C2H2) to yield species 
of the form M(CO)(RC,R)(BB), (M = Mo, W)1-4 and M- 
(RCZR),(BB), (M = M O ) . ~ , ~ ? ~  NMR,  structural, and reactivity 
data for these systems have been interpreted in terms of the alkynes 
behaving as formal four- and three-electron donors, respectively; 
a molecular orbital description’ of these complexes has been 
published. Olefins either do not react with the above starting 
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materials or form only weakly associated adducts that readily 
dissociate.* 

Cyclopropene has properties intermediate between those of 
alkenes and alkynes: and with this in mind, we have explored its 
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reactivity with Mo(CO)~(BB)~ compounds. In spi te  of t h e  
abundance of ?r-bound olefinsI0 a n d  acetylenes" extan t  in the 
organometallic literature, very few well-characterized n-cyclo- 
propene-metal complexes have been r e p ~ r t e d . l ~ , ~ ~  In addition, 
cyclopropene has been shown to be an alternative substrate of the 
molybdenum enzyme nitrogenase, where  it is reduced to a 2:l 
mixture of propene/cyclopropane both in vitroI4 and in v i ~ 0 . l ~  The 
formation of this characteristic, reproducible ratio of products has 
already been used to test the postulated similarity to nitrogenase 
of the BH4--FeMocoI6 and BHL-molybdo thiol systems.l' The 
potential utility of cyclopropene reduction as a chemical probe 
of nitrogenase and its models  makes i ts  behavior as a l igand 
important. In this work we describe the  reactions of cyclopropenes 
with several Mo(I1) and W(I1) dithiolate complexes, present 
spectral data on the  new compounds, and discuss the net  reaction 
of free cyclopropene and coordinated CO to form a coordinated 
vinylketene ligand. 

Experimental Section 
Materials and Methods. All manipulations were performed under a 

dry oxygen-free nitrogen or argon atmosphere by using standard Schlenk 
techniques unless otherwise noted. Cyclopropene? l-methylcyclo- 
propene,19 M o ( C O ) ~ ( S ~ C N E ~ ~ ) ~ , ' *  M O ( C O ) ~ [ S ~ P ( ~ - P ~ ) ~ I ~ , ' ~  w ( c o ) 3 -  
(S2CNR2)2,20 and W(CO)2(PPh3)(S2CNR2)2u, were prepared as previ- 
ously reported. Preparation of W(C0)2(PPh3)(S2CNPh2)2 has not been 
previously described, but utilization of HNPh2 as the amine for reaction 
with CS2 in the presence of base leads to the S 2 C N P h 2  ligand, which 
displays chemistry similar to that of dialkyldithiocarbamates. Infrared 
spectra were recorded on a Beckman IR-4250 or a Beckman IR-2OA and 
calibrated with a polystyrene standard. 'H N M R  spectra were recorded 
on a Varian XL-100 spectrometer at 100 MHz and on a W M  Bruker 250 
spectrometer a t  250 MHz.  "C N M R  spectra (62.89 MHz) were re- 
corded on a W M  Bruker 250 spectrometer. All chemical shifts are 
reported as ppm downfield of Me4Si. 

M(CO)(C3&CO)(BB)2 Preparation. Cyclopropene (-0.5 mmol) was 
transferred by Toepler pumping at  -78 OC to a calibrated manometric 
vacuum system where the amount could be accurately determined. An 
equivalent amount of W(CO),L(BB), or M o ( C O ) ~ ( B B ) ~  was then dis- 
solved in CH2CI2, the solution degassed and frozen at  77 K, and the 
cyclopropene condensed into the reaction vessel. The reaction mixtures 
were warmed first to 195 K and then to room temperature. After the 
reaction was complete, the reaction mixture was again frozen at 77 K, 
the amount of evolved CO was determined, and then the solution was 
evaporated to dryness under vacuum. Trituration of the residue with 
Et,O (M = W) or hexane (M = Mo) yielded the products as orange 
solids, which were isolated by filtration, washed with Et20,  and dried in 
vacuo. Reaction times appear to be much shorter for the molybdenum 
(-5 min) than for tungsten (- 1 h), although no quantitative studies on 
the reactions have been carried out. Anal. Calcd for W- 
(C0)(C3H4CO)(S2CNMe2), (CIIHI,N2O2S4W): C,  25.4; H, 3.07; N,  
5.38. Found: C, 25.5; H ,  3.01; N ,  5.19. Caicd for W- 
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Figure 1. Infrared spectra of complexes of KBr pellets: (a) W(CO),- 

H,CO); (d) Mo(CO),(S2CNEt2),; (e) Mo(CO)(C3H4CO)(S2CNEt,),; 
(f) product from the W(CO),(S,CNEt,), + C3H4 reaction. 

(PPh3)(S2CNEt2)2; (b) W(CO)(CSH~CO)(S~CNE~~)~;  (c) W(CO)(C4- 

(CO)(C,H,CO)(S2CNEt,), (ClSH24N202S4W): 

(CO)(C3H4CO)(S2CNPh2)2 (CgIH24N202S4W): 

C, 31.3; H,  4.16; N,  
4.86. Found: C, 31.1; H ,  4.18; N ,  4.74. Calcd for W- 

3.65. Found: C, 49.8; H, 3.24; N, 3.30. Due to the high thermal and/or 
air sensitivity of the Mo complexes, satisfactory elemental analytical data 
could not be collected. 
W(CO)(C3H3CH3CO)(S2CNR2), Preparation. A stream of dry N, 

was used to sweep an excess of 1-methylcyclopropene from the refluxing 
T H F  solution in which it was generated through a wash bottle containing 
0.5 M H,S04 (to remove NH,) and then through a CaS04 drying tube 
before passing it into a CH2C12 solution of W(C0)3(S2CNR2)2 chilled 
in a dry ice/2-propanol bath. The T H F  reflux is continued for 4-6 h to 
promote complete reaction of the 3-chloro-2-methylpropene with sodium 
amide. The CH2C12 solution of metal reagent and 1 -methylcyclopropene 
was then allowed to warm to 0 OC and was stirred for a few hours. 
Infrared solution spectra allow one to monitor conversion to the vinyl- 
ketene complex at  this point. The product was purified by Flor id  
chromatography using a mixed CH2C12/Et,0 eluant. Yields based on 
W(C0)3(S,CNR2)2 were greater than 50% after purification. The di- 
alkyldithiocarbamates (R = Me, Et, i-Pr) were isolated as bright orange 
powders, and the pyrrole complex derived from S2CNC4H4 was cherry 
red (the term pyrroledithiocarbamate is inappropriate because it includes 
the nitrogen twice; pyrrole-N-carbodithioate is preferred for naming the 

C,  48.4; H,  3.13; N ,  

S2CNC4H4 ligand): 
Oxidation of W(CO)(C4H6CO)(S2CNEt2),. The complex (0.0694 g; 

0.1 176 mmol) was oxidized in vacuo by a solution of excess Br2 (0.10 mL; 

- 

1.95 mmol) in CH2CI2 (25 mL) that had previously been-rigorously 
degassed. After 4 h, the reaction mixture was frozen at  77 K and the 
evolved, noncondensable gas was Toepler pumped to a calibrated ma- 
nometric system where the amount was accurately determined. The yield 
was 0.0995 mmol, which corresponded to 0.85 mol of CO/mol of com- 
plex. 

Results and Discussion 

Syntheses. React ions of cyclopropene with t h e  complexes 
Mo(CO)~(BB), (BB = S2P(i-Pr)2, S2CNEt2) proceed smoothly 
in CH2CI2 solution a t  room temperature. No CO is evolved, and  
solid products  can be isolated f rom the reaction mixtures  af ter  
evaporation of t h e  solvent and tr i turat ion of t h e  residues with 
hexane. As shown in Figure 1, the infrared spectra of these solids 
contain intense bands a t  -1950 a n d  1820 cm-' (intensity ra t io  - 3:2, respectively), which are rssigned to carbonyl  s t re tching 
frequencies, and a weak band a t  -3050 cm-I, indicative of t h e  
presence of C-H groups not  present in the s tar t ing materials. 
These  spectral  da ta ,  a long with the fac t  t h a t  no CO is evolved 
in the  reaction, a r e  consistent with t h e  solid products having t h e  
empirical formula Mo(CO)~(C~H~)(BB)~ (BB = S2CNEt2 ,  S2P- 
(i-Pr)2). Unfortunately, the high sensitivity of these solids to  aerial 



Cyclopropene Reactions with Mo and W Carbonyls 

Table I. Infrared v(C0) Vibrational Frequencies for 
M(CO)(C,H,RCO)(S,CNR'~), (M = Mo, W) and 
Related Compounds" 

complex u(CO), cm-I 
Mo(CO)(C,H,CO)(S,CNEt,), 1960,1810 
Mo(CO)(C,H,CO)(S,P(Pr-i), 1, 1945,1830 
W(CO)(C,H,CO)(S,CNMe,), 1935,1780 
W(CO)(C,H,CO)(S,CNEt,), 1960,1780 
W(CO)(C,H,CO)(S,CNPh~~, 1947,1762 
W(CO)(C,H,CH,CO)(S,CNMe,), 1938,1736 
W(CO)(C,H,CH,CO)(S,CNEtz)a 1942,1744 
W(CO)(C,H,CH,CO)(S,CN(Pr-i),), 1942, 1734' 
W (CO)(C, H,CH,CO)(S,CNC,H,), 1933,177 8 

" Recorded in KBr pellets. Recorded in CH,Cl, solution. 

oxidation and decomposition has prevented us from obtaining 
satisfactory elemental analytical or N M R  spectral data for the 
molybdenum complexes. 

The rapid uptake of cyclopropene by Mo(CO),(BB)~ was 
reminiscent of the reactivity of these complexes with alkynes, and 
previous studies of the M(CO)(C,R~)(BB)Z~ and OM(C2R2)- 
(BB)221 (M = Mo, W) systems showed greater stability for the 
tungsten species. These observations protnpted US to synthesize 
the tungsten analogues of the above molybdenum-cyclopropene 
species in order to obtain more stable products. The tungsten 
complexes, W(C0)2(PPh3)(S2CNR2)2 (R = Me, Et, Ph), were 
reacted with stoichiometric amounts of cyclopropene in CH2C12 
followed by evaporation of the reaction mixtures to dryness and 
trituration of the residues with diethyl ether (to remove PPh,) 
to yield well-formed orange solids whose elemental analytical data 
(for R = Me, Et) were again consistent with the empirical for- 
mulation W(C0)2(C3H4)(S2CNR2)2. For R = Ph, the extremely 
high solubility of the complex in diethyl ether made complete 
separation from PPh, difficult and the CHN analytical data reflect 
this problem. As for the above molybdenum systems, no CO was 
evolved in these reactions and the infrared spectra of the species 
again contain bands of unequal intensity at - 1950 and 1780 cm-l 
assigned to carbonyl stretching frequencies (Figure 1). Exact band 
positions for both Mo and W complexes are given in Table I. 

Reactions of the tricarbonyl-tungsten species W(CO),- 
(S2CNEt2), with cyclopropenes were more complex than those 
of W(CO),(PPh,)(S,CNEt,),. With unsubstituted cyclopropene 
under the above reaction conditions, a solid product was isolated 
whose IR spectrum not only contained bands at  1960 and 1780 
cm-' due to W(C0),(C3H4)(S2CNEtZ), but also exhibited me- 
dium-intensity bands at 1820 and 1590 cm-' due to an unidentified 
carbonyl complex (Figure 1). In addition, only -0.7 equiv of 
CO was evolved in this reaction rather than the anticipated 1.0 
equiv. W(C0)3(S2CNet2)2 was also reacted with 1-methyl- 
cyclopropene under somewhat different reaction conditions. In 
this case, a well-characterized species of empirical formula W- 
(C0)2(C4Hs)(S2CNEt2)2 was isolated after chromatography of 
the reaction mixture. 

As pointed out above, the infrared spectral, analytical, and gas 
evolution data are indicative of an empirical formula of M- 
(C0)2(C3H4)(S2CNEt2)2 for these products. However, it should 
be noted that these data are consistent with the complexes con- 
taining either two terminal carbonyl ligands or a single terminal 
carbonyl and a ligand with an organic C=O moiety. In order 
to differentiate between these possibilities, we oxidized the complex 
W(C0)2(C4H6)(S2CNEt2)2 in vacuo with excess Br, and measured 
the amount of evolved carbon monoxide. This treatment would 
be expected to liberate terminal carbonyl groups on tungsten, but 
not CO that was part of a coordinated organic moiety. Only 0.85 
equiv of CO was obtained under these conditions, a result which 
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Figure 2. 'H NMR spectrum of W(CO)(C3HpCO)(S2CNPh2)2 in C6D6 
showing expansions of the four proton signals derived from the cyclo- 
propene reagent. 

indicates that this complex should be formulated as W- 
(CO)(C3H3CH3CO)(S2CNEtz)2, a species containing only one 
terminal carbonyl ligand. The similarity of the IR spectral 
properties of the other complexes of empirical formula M- 
(CO)2(C3H4)(BB)2 to those of the tungsten-methylcyclopropene 
complex (Figure 1) suggests that they should also be formulated 
in this way. Thus the stronger band at - 1950 cm-l in the infrared 
spectra of these complexes should be assigned to the terminal 
carbonyl stretching frequency while the lower energy, weaker band 
at  1760-1830 cm-' (depending on the metal and ligands) is due 
to the C=O stretch of the coordinated C3H4C0 or C3H3CH3C0 
moiety. N M R  data presented in the next section are also con- 
sistent with a compound that contains a single terminal CO ligand 
and, in addition, provide evidence for deducing the nature of the 
organic, CO-containing ligand. 

NMR Spectra. T h e  s tabi l i ty  of the  W -  
(CO)(C3H3R'CO)(S2CNR2)2 (R' = H, CH,) complexes allowed 
us to record 'H and I3C N M R  spectra and provided the data listed 
in Tables I1 and 111, respectively. A comparison of the data for 
the parent cyclopropene-metal complexes and the methyl-sub- 
stituted cyclopropene derivatives suggests that they are analogous. 
The 'H N M R  spectrum of W(CO)(C3H4CO)(S2CNMe2), ex- 
hibits two eight-line doublets of doublets of doublets and one 
approximate doublet of triplets with each of these three resonances 
integrating as one proton. The fourth C3H4 proton is not observed; 
presumably i t  is masked by dithiocarbamate methyl resonances. 
The corresponding spectrum of the N,N'-diphenyldithiorbamate 
derivative has an open NMR window above the phenyl resonances 
and reveals a very similar pattern of C3H4 signals with the fourth 
cyclopropene signal at 3.04 ppm resembling a triplet (Figure 2). 

Carbon- 13 spectra of dialkyldithiocarbamate-tungsten deriv- 
atives proved uninformative. The location of the bound cyclo- 
propene 13C resonances amid the N-bound I3C signals of the ligand 
complicated definitive spectral analysis. Again W- 
(CO)(C3H4CO)(SZCNPh2), was utilized to provide a more ap- 
propriate N M R  probe (Figure 3). Three distinct I3C signals were 
observed between 40 and 77 ppm in the I3C('H) spectrum, and 
the retention of two CH units and one CH2 unit in the metal-bound 
cyclopropene product was confirmed by the 'JnC+ splitting 
patterns and values of 180 (d), 164 (t), and 179 (d) Hz for the 
signals at 76.8, 50.8, and 40.4 ppm, respectively, observed in the 
gated decoupled spectrum (see Table 111). The W(CO)(C3H3- 
CH,CO)(S2CNC4H4), complex was chosen for 13C N M R  studies 
with '3CO-enriched material. 

The 'H N M R  spectrum of W(CO)2(C3H4)(S2CNMe2)2 sug- 
gested that the four cyclopropene protons were magnetically in- 
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Table 11. 'H  NMR Data for W(CO)(C,H,RCO)(S,CNR'2), (R = H, CH,) 

Templeton et  al. 

CH,(D), isomeric 
complex HA 6 ( J ,  Hz) HB 6 (J ,  Hz) H c  6 ( J ,  Hz) HD 6 ( J ,  Hz) 6 ratio solvent 

R = H, R' ,  = Me, 

R = H, R', = Ph, 

1.94 (dt; 6.3, 2.8, 2.8) 2.36 (ddd; 7.5, 
2.8, 0.7) 

1.82 (dt; 6.5, 2.6, 2.6) 2.33 (dd; 7.3, 2.6) 

R = CH,, R', = Me, 

R = CH,, R', = Et, 

R = CH,, R', = Et, 

R = CH,, R', = C,H, 

2.03 (obscured by 

1.89 (dd; 7.3, 2.7) 
2.00 (obscured by 

1.85 (dd; 7.7, 2.8) 
1.97 (dd; 6.3, 2.8) 
1.81 (dd; 7.3, 3.0) 
(obscured by methyl 

2.00 singlet) 

2.01 singlet) 

signals from 2.2-2.3) 

2.33 (dd; 7.0, 3.0) 

2.72 (dd; 6.7, 3.0) 
2.33 (dd; 6.9, 2.8) 

2.73 (dd; 6.5,2.8) 
2.30 (dd; 6.8, 2.8) 
2.72 (dd; 6.6, 3.1) 
2.35 (dd; 7.2, 3.2) 
2.85 (dd; 6.0, 2.8) 

equivalent. This feature was confirmed by the simple first-order 
appearance of four distinct single proton resonances in the 'H 
N M R  spectrum of W(C0)2(C3H4)(S2CNPh2)2 analogue. The 
eight-line patterns a t  2.3 and 4.9 ppm in the W(C0)2-  
(C3H4)(S2CNPh2)2 spectrum each provide three coupling constants 
and unambiguous chemical shift-coupling constant assignment 
results. 

Several possible structures we considered and rejected are 
presented below. Both the chemical shifts and the coupling 
constants require a highly unsymmetrical environment for the 
C3H, fragment and make isomer A unattractive. The two v(C0) 

H \ / H  H 
/ 

H 

Y H  

M 

C - B n - 
frequencies are too low to be compatible with a metal dicarbonyl 
derivative formed by either oxidative addition to generate a d2 
metallacyclobutane (B) or by ring opening and rearrangement 
to produce a ?r-acid vinylcarbene ligand (C). The lower energy 
CO stretching frequency is in the range observed for metal-bound 
ketene ligands,22 and cyclopropene is known to undergo ring 
opening and C O  insertion with iron carbonyl reagentseZ3 For- 
mation of a vinylketene ligand analogous to those found in 
(C3R4CO)Fe(C0)3 complexes suggested itself. 

\ /H 
H 

Representative chemical shifts and coupling constants for several 
vinylketene-iron complexes are included in Table IV for com- 
parison with the W(CO)(C3H3R'CO)(S2CNR2)2 data reported 
here. There is a general consistency in the N M R  data for these 
vinylketene complexes even though particular proton assignments 
in some literature reports are ambiguous. 

~ ~~~ 

(22) Kreissl, F. R.; Friedrich, P.; Huttner, G. Angew. Chem., Int. Ed. Engl. 
1977, 16, 102. 

(23) (a) King, R. E. Inorg. Chem. 1963, 2, 642. (b) Hill, A. E.; Hoffman, 
H. M. R. J .  Chem. SOC., Chem. Commun. 1972, 574. 
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Figure 3. I3C N M R  spectra of W(CO)(C3H,CO)(S,CNPh2)2 in C,D6 
showing resonances assigned to the carbons of the cyclopropene reagent: 
(a) "C{'H) N M R  spectrum; (b) a coupled spectrum that reveals the 
IJC-" coupling constants. 

No simple bonding description adequately describes the vi- 
nylketene-metal linkage. A resonance form reminiscent of an 
v4-butadiene can be drawn but various u and ?r combinations may 
be equally valid representations. 

Structures of (~4-CH,C(C0,Me)C(OMe)CO)Fe(CO)2(PPh3),24 
(v4-CMe2CHCRCO)Fe(CO), (R = Me, H),25926 and (v4- 
C3Ph3HCO)Fe(C0)327 reflect contributions from all three reso- 
nance forms. Green and co-workers have reported the structure 
of a molybdenum compound that contains an v4-vinylketene 

(24) Mitsudo, T.-A.; Sasaki, T.; Watanabe, Y.;  Takegami, Y . ;  Nishigaki, S.; 
Nakatsu, K. J .  Chem. SOC., Chem. Commun. 1978, 252. 

(25) Newton, M. G.;  Pantaleo, N. S.; King, R. B.; Chu, C.-K. J .  Chem. Soc., 
Chem. Commun. 1979, 10. 

( 2 6 )  Binger, P.; Cetinkaya, B.; Kruger, C. J .  Organomet. Chem. 1978, 159, 
6 3 .  

(27) Dettlaf, G.; Behrens, V.; Weiss, E. Chem. Ber. 1978, 1 1 1 ,  3019. 
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Table 111. I3C NMR Data for W(CO)(C,H,RCO)(S,CNR'~), (R = H, CH,) 
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/Ro H C  1 
fi-\ H,-ct \W< ct, 

0 
H A  

isomeric isomeric 
6 'JcH, Hz ratio assgnt 6 'JcH, Hz ratio assgnt 

38.4 b 0.1 c3 8.0 131 (4 0.6 CH, 

50.0 b 0.1 Cl 50.1 164 (t) 0.4 Cl 

76.8 180 (d) 0.9 C' 53.1 b 0.6 c3 

125-135 phenyl carbons 79.7 174 (d) 0.6 C' 
213.2 coc 
221.8 S,CNC 
225.4 S,CNC 
233.0 

40.4 179 (d) 0.9 9.7 130 (9) 0.4 

50.8 164 (t) 0.9 50.2 164 (t) 0.6 

82.9 b 0.1 56.3 b 0.4 

88.1 176 (d) 0.4 
115-118 pyrrole carbons 

210.2e 1JW-C = 159 0.6 
209.1e 'Jw-c= 162 0.4 w-co 

c4 214.1 b 0.6 S, CN 
215.4 b 
221.7 b 
224.2 b 

0.4 
0.4 S, CN 
0.6 

230.4e Jw-c < 10 0.6 c4 
236.0e 0.4 

a Spectrum was recorded in benzene-d,. These signals were too weak to observe coupling in the gated decoupled spectrum. These very 
weak signals are tentatively assigned by analogy to the 13CO-enriched pyrrole derivative. 
e These are the only signals observed in the I3C NMR spectrum of material prepared from 50% "CO-enriched W(13CO)3(S,CNC4H,),. 

Spectrum was recorded in chloroform-d,. 

Table IV. ' H  NMR Data for Vinylketene-Iron Complexesa 
C 

vc 0- 
A,  B,  C, D HA HB HC HD (ketene) ref 

Me, Me, H, Me 5.62 1785 23a,27 
H, H, Ph, Ph 3.20 ('JAB = 1.8) 1.74 ('JAB = 1.8) 1783 27 
Ph, H, Ph, Ph 3.28 1783 27 

Me, Me, H, H (with PPh, 5.50 (,JcD = 4.5) 1.87 (J 4) 1690 26 
Me, Me, H, H 5.67 (,JCD = 4.5) 3.26 (,JCD = 4.5) 1760 26 

replacing one CO) 
H, H, CH30, H 1.47 ('JAB = 4.7; 2.91 ('JAB = 4.7; 3.52 (,JAD = 1; 1775 23b 

, JAD = 1) 4 J ~ ~  = 3) 'JBD = 3) 
a Signals in ppm; couplmg constants in Hz. 

fragment as part of a complex ligand derived from alkyne insertion 
into (~s-CsHs)Mo(C(0)CF3)(CO)3.28 

The IH and I3C N M R  assignments summarized in Table V 
are suggested by comparison with typical metal-bound *-allyl and 
*-butadiene N M R  values. The vinyl fragments of both metal- 
bound ?r-C3H529 and T-C.,H~~O typically show increasingly 
downfield chemical shifts as one passes from HA (anti) to HB (syn) 
to Hc (central). Differentiation of Hc and HD is possible here 
since coupling of HA and HB to Hc should be large, and even the 
third coupling constant to Hc, 3JcD, is expected to be substantial. 
This pattern identifies Hc by the three largest coupling constants 
while the HD signal is associated with two coupling constants less 

(28) Green, M.; Nyathi, J. 2.; Scott, C.; Stone, F. G. A.; Welch, A. J.; 
Woodward, P. J. Chem. SOC., Dalron Trans. 1978, 1067. 

(29) Green, M. L. H.; Nagy, P. L. I. Adu. Orgonomet. Chem. 1964,2,325. 
(30) Pettit, R.; Emerson, G. F. Adu. Organomef. Chem. 1964, 1 ,  1. 

then 3 Hz in addition to the 4-5-Hz coupling to Hc. Similar 
reasoning applies to the 13C NMR chemical shift values. The 
internal carbons of *-allyl and ?r-butadiene ligands typically 

\ '0 
H A  
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210 ppm were coupled to 183W (14% abundant) with normal values 
for terminal carbonyl ligands ( E  160 H z ) . ~ ~  The other two I3CO 
signals, located below 230 ppm, showed no resolved coupling to 
tungsten. We interpret this as reflecting incorporation of one of 
the reagent carbonyl ligands into the vinylketene ligand in accord 
with the C4 13C NMR assignment. 

In summary, we have isolated complexes of the form W- 
(CO)(C3H4CO)(SzCNRz)z and W(CO)(C3H3CH3CO)(S2C- 
NR& that were generated from reactions of cyclopropenes with 
tungsten-carbonyl species. These compounds exhibit IR and 
NMR spectra that are most consistent with the presence of a 
coordinated vinylketene moiety formed from cyclopropene ring 
opening and CO insertion. The similarity of the IR spectral data 
for the extremely labile molybdenum species Mo(CO)(C3H,C- 
O)(BB), (BB = S2CNRz, S2P(i-Pr)2 indicate that they are 
structurally similar to the tungsten analogues. 
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Registry No. Mo(CO)(C3H4CO)(S2CNEt,),, 95069-43-5; Mo- 
(CO)(C,H4CO)(S2P(i-Pr)2)2, 9 5 0 6 9 - 4 4 - 6 ;  W -  
(CO)(C3H4CO)(S2CNMe2),, 95069-45-7; W(CO)(C3H,CO)(S2CN- 

( C O ) ( C 3 H 3 C H 3 C O ) ( S 2 C N M e 2 ) 2 ,  9 5 0 9 8 - 0 5 - 8 ;  W -  

(CO)(C3H3CH3CO)(S2CN(i-Pr)2)2, 95069-48-0; W(CO)(C3H3CH3C- 

(C0)2[S2P(i-Pr)2]2, 60965-90-4; W(C0)2(PPh3)(S2CNMe2)2, 6091 1- 

(PPh3)(S2CNPh2),, 95069-50-4; W(C0)3(S2CNMe2)2, 72881-01-7; 
W(CO)3(S2CNEt2)2, 72827-54-4; W(CO)3(S2CN(i-Pr)2)2, 95069-51-5; 
W(CO)3(S2CNC4H4)2, 95069-52-6; cyclopropene, 278 1-85-3; 1- 
methylcyclopropene, 3 100-04-7; 3-chloro-2-methylpropene, 563-47-3. 

Et2)2, 95069-46-8; W(CO)(CjH4CO)(S2CNPh2)2, 95069-47-9; W- 

(CO)(C,H3CH3CO)(S2CNEt,),, 9 5 0 9 8 - 0 6 - 9 ;  W -  

O)(S$NCdH4)2,95069-49-1; Mo(C0)2(S2CNEt2)2, 18947-43-8; MO- 

44-6; W(C0)2(PPh,)(S,CNEt2)2, 6091 1-45-7; W ( C 0 ) 2 -  

Table V. Summary of NMR Data for 
W(CO)(C,H,R'CO)(S,CNR,), Complexesa 

C D 

'H NMR Data 

50-51 76-88 38-56 230-236 
' J ~ ~ = 1 6 4  ' J c ~ = 1 7 4 - 1 8 0  l J c ~ = 1 7 9  

a Signals in ppm; coupling constants in Hz. 

resonate 30-50 ppm below the terminal methylene carbons.31 
Since C, and C4 are unique as a triplet and singlet, respectively, 
only Cz and C3 require differentiation. The signal near 80 ppm 
is in the range of normal internal carbons for 7r-C3H5 or ?r-C4Hs, 
so we assign it as Cz. The methine signal near 40 ppm is unusually 
high for an internal CH unit, and we attribute this to the ketene 
linkage. Alternatively, one can arrive at  these same assignments 
by analogy with the *-allyl fragment present in resonance structure 
C. The larger *JCH coupling constants for Cz and C3 are also 
common to internal carbons relative to terminal methylenes in 
*-bound allyls and dienes. 

As an additional probe of CO incorporation into the organic 
ligand, we synthesized the 1-methylcyclopropene complex from 

(*CO)(C3H3CH3*CO)(SzCNC4H4)2 isomers were present in 
roughly equal amounts,3z but the level of I3CO enrichment 
( N 50%) allowed us to easily resolve 1H~83w-~3c  coupling constants 
in the carbonyl region. Of the four 13C0 signals, the two near 

"CO-enriched W ( C 0 ) 3 ( S 2 C N C 4 H 4 ) 2 .  TWO W- 

(31) (a) Chisholm, M. H.; Godleski, S. Prog. Inorg. Chem. 1976, 20,299. 
(b) Mann, B. E. Adv. Organomer. Chem. 1974, 22, 135. 

(32) On the basis of the analogy between coordinated 1,3-butadiene and 
alkynes,33 the C2-C3 bond of the vinylketene is expected to lie perpen- 
dicular to the metal carbonyl axis. Without a structural determination, 
specific suggestions about isomeric geometries are inappropriate. One 
can imagine flipping the vinylketene ligand end to end to generate an 
isomer, or more likely, one could rotate the vinylketene ligand about the 
C2-C3 axis to keep the ketene moiety at the same end as before, but now 
pointing in a different direction. 

(33) Allen, S. R.; Green, M.; Moran, G.; Orpen, A. G.; Taylor, G. E. J .  
Chem. SOC., Dalton Tram. 1984, 441. 

(34) Templeton, J. L.; Ward, B. C. J .  Am. Chem. SOC. 1981, 103, 3743. 




