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Raman spectrum on as thin coating layer as 0.05 /urn or less 
showed five peaks of polystyrene, which were sufficiently well 
defined for their identification separately from those of poly­
ethylene, while the conventional Raman spectrum of the same 
sample was completely of polyethylene, the 1002-cm_1 peak 
of polystyrene being hardly observed. 

The observed facts meet the expectation that the method can 
be applied to analysis of much thinner surface layers than ATR 
IR. The present study is the first to demonstrate powerfulness 
of the total internal reflection laser Raman method for surface 
analysis by molecular species.10 Details of the present study 
will be published in the near future. 
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Synthesis of Metal Carbonyl Complexes 
Highly Enriched in Carbon-13: Utilization of the 
CO-Labilizing Ability of (H-Bu)3P=O 

Sir: 

The carbon-13 nuclide provides a versatile spectroscopic 
handle for organometallic compounds (in particular, metal 
carbonyl derivatives) and, as such, many mechanistic studies 
benefit greatly from the use of 13C isotopically enriched 
compounds. In addition, the structures of a variety of unstable 
metal carbonyl fragments (intermediates) have been deter­
mined by means of vibrational analysis of these species which 
are derived from parent carbonyl derivatives enriched in 13CO 
to varying degrees.' Although a few metal carbonyl compounds 
exchange carbon monoxide ligands with free 13CO under 
rather mild conditions [e.g., Ni(CO)4], most undergo this li­
gand exchange process reluctantly. Therefore, in order to 
prepare ' 3CO-enriched derivatives, methods for activating CO 
dissociation, such as irradiation2 or surface catalysis involving 
palladium on charcoal,3 must be employed. An alternative 
method for providing 13C-enriched species involves replace­
ment of a labile ligand by 13CO.4 In this communication we 
describe a convenient synthesis of some common starting 
materials, M(CO)6 (M = Cr, Mo, W) and Fe(CO)5, enriched 
in carbon-13 up to levels of >90%. 

While investigating ligand exchange reactions of (CHT)-
Cr(CO)3 (CHT = cycloheptatriene), it was observed that 
mixtures of (CHT)Cr(CO)2(

13CO) and Cr(12CO)3(13CO)3 
were obtained from refluxing solutions of the parent compound 
in hexane under a 13CO atmosphere (free 13CO-to-metal 
complex molar ratio —50:1). Under these conditions CHT 
replacement by 13CO was much more facile than CO ex­
change. With the addition of large excesses of (M-Bu)3P=O 

(the phosphine oxide to metal ratio was ~30:'l for convenient 
reaction times and the enrichment levels reported here)5 to the 
reaction, however, CHT was partially or completely replaced 
by the phosphine oxide [KCO) observed for (?j4-CHT)-
Cr[(«-Bu)3P=0](CO)3 1981, 1917, and 1895 cm"1 and for 
[(/!-Bu)3P=O]3Cr(CO)3 1908 and 1783 cm"1]6 yielding 
complexes which were very CO labile as well as ligand labile. 
An infrared monitor showed, for example, the buildup of 
[(A-Bu)3P=O]3Cr(13CO)3 prior to phosphine oxide re­
placement to yield Cr(13CO)6 in >80% spectroscopic yield. 
The level of '3CO content in the hexacarbonyl thus obtained 
was found to be consistent with the level of enrichment of the 
free CO gas used (93.3% 13CO, Prochem., Ltd.) by means of 
quantitative infrared analysis4 and by a quantitative com­
parison of the 13C NMR of the 13C-enriched M(13CO)6 vs. 
natural-abundance 13C M(CO)6, employing acetone as an 
internal standard.7 

Further studies of this unique reaction demonstrated the 
singular requirement to be the presence of at least one readily 
available coordination site for the (/2-Bu)3P=O, provided by 
a labile ligand. Thus analogous reactions with py3Mo(CO)3, 
PyCr(CO)5, pip2W(CO)4, pipW(CO)5, and pipMo(CO)5 (py 
= pyridine and pip = piperidine) with 13CO in the presence of 
excess (/1-Bu)3P=O all lead to M(13CO)6.8 In the absence of 
the phosphine oxide, low levels of isotopic enrichment were 
obtained,9 illustrating preferential replacement of the bound 
labile ligand by 13CO as well as a profound difference in CO 
lability induced by the hard nitrogeneous bases compared with 
that of the phosphine oxide. Control experiments between 
M(CO)6 and 13CO in the presence of excess /J-Bu3P=O af­
forded no ' 3C-enriched M(CO)6 species. The skeletal sequence 
below summarizes these observations. 

PR3 PR3 O 
L O O 13C 

+ R3PO J +13CO L +13CO 

In a similar manner, although no enrichment of Fe(CO)5 
with 13CO occurs in the dark with or without tri-rz-butyl-
phosphine oxide, the reaction of (Py)Fe(CO)4 with 13CO in 
the presence of (/7-Bu)3P=O afforded the highly enriched 
Fe(CO)5-„(13CO)„ species.10'11 Other studies in progress in 
our laboratories involve assessing the generality of this process 
employing a wide variety of mononuclear and cluster metal 
carbonyl species, as well as the use of other highly directed 
oxygen bases. 

The necessity of a labile ligand tends to suggest that the 
observed CO labilization by the phosphine oxide does not 
proceed by carbonyl carbon attack by the R3P=O, the pre­
sumed pathway used by Me3NO in its CO-labilizing activi­
ties.12 If such were the case, 13CO incorporation into M(CO)6 
(M = Cr, Mo, W) or Fe(CO)5 should be as facile, if not more 
so, under the reaction conditions. In addition, GC analysis of 
the gases over the reaction showed no CO2, a prominent 
product of the reactions in which Me3N--O activates M-CO 
dissociation.13 This might be anticipated, based on the much 
weaker N-O bond compared with the P-O bond. Our results 
indicate that the metal-bound phosphine oxide promotes CO 
loss and the initial tentative explanation is that the R3PO li­
gand acts as a labilizing ligand relative to CO, of greater 
capabilities than pip or py.14 

A recent report in the literature15 of decarbonylation pro­
cesses carried out under mild conditions can also be interpreted 
in terms of the CO-labilizing ability of phosphine oxide ligands, 
e.g., exhaustive decarbonylation of M(CO)6 (M = Cr, Mo, 
W), Fe(CO)5, and Ni(CO)4 was observed by hexamethyl-
phosphoramide in the presence of the CO-abstracting reagent 
[Rh(C8Hn)2Cl]2 (CgHi4 = cyclooctene). The rhodium(I) 
abstraction of carbon monoxide may indeed be the homoge­
neous analogue to the palladium on charcoal carbonyl ex-
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change process,3 with both processes possibly proceeding via 
isocarbonyl intermediates or transition states ( M — C = O - R h 
— M - C = O - R h — M - O = C - R h ) . 1 6 That is, the unsat­
urated metal carbonyl intermediate containing a binding site 
for the CO-labilizing R 3 P=O ligand in this instance is pro­
vided by rhodium(I) withdrawal of carbon monoxide with 
concomitant formation of Rh(C8H]4)(CO)Cl. It has not es­
caped our attention that the linear bridging carbonyl 
(?72(C,0) CO) illustrated above, in addition to providing the 
first step in the CO abstraction process, also represents a highly 
directional oxygen donor which might itself promote lability 
in either of the metal centers.16 
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The a-Cyano Group as a Substituent in 
Solvolysis Reactions. An Evaluation of Inductive 
Destabilization vs. Mesomeric Stabilization of 
Cations by the Cyano Moiety 

Sir. 

Amazingly little is known about the effect of strong elec­

tron-withdrawing substituents on incipient carbonium-ion 
centers. Recently, interest in this area has been increasing.1 

We now report our preliminary results on the influence of the 
a-cyano group on incipient carbonium-ion centers and to 
propose that a-cyano groups are ambivalent in their rela­
tionships with attached carbonium-ion centers. Inductively, 
the cyano group is strongly destabilizing. However, much of 
this inductive effect can be balanced by a mesomeric (der ­
ealization) effect involving resonance contributors 1 and 2. 

R' R' 
1 2 

Interestingly, the resonance form 2 is a nitrenium ion, which 
should be much less stable than an analogous carbonium ion.2 

Thus, the extent to which 2 contributes to the structure of the 
intermediate cationic species will depend greatly on the nature 
of R and R'.3 

Recently, Koshy and Tidwell have found that an a-trifluo-
romethyl group provides a rate retardation of 106 relative to 
hydrogen in the solvolysis of simple sulfonate esters. 1J Simi­
larly, Creary has found an H/a-keto rate ratio of 107. lk On 
the basis of the Taft polar substituent constants [<7*(NCCH2) 
(1.30), er*(CF3CH2) (0.92), and o-*(CH 3 C(=0)CH 2 ) 
(0.60)] ,4 it might be predicted that an a-cyano moiety would 
have a greater rate retarding effect than either the a-trifluo-
romethyl or a-keto group. As shown in Table I, the influence 
of the a-cyano group on the rate of solvolysis of 2-propyl sul­
fonates resulted in an H/a-cyano (^3/^4) rate ratio of only 
3.5 X 103. This is considerably smaller than the retardation 
factor expected on the basis of the Taft polar substituent 
constant and even less than the 104-107 rate retardation pre­
viously observed for /3-cyano substitution."'5 

A number of different explanations might be suggested for 
the relatively small rate effect resulting from the introduction 
of the a-cyano group. Possibilities are (a) the reaction occurs 
by concerted elimination to give the only observed product 
methacrylonitrile; (b) the reaction occurs via solvent dis­
placement followed by fast elimination of 2,2,2-trifluo-
roethanol; (c) the inductive destabilization of the cyano group 
is naturally less than calculated; or (d) the inductive destabi­
lization of the cyano group is balanced by some other cation-
stabilizing characteristic of the cyano group, namely mesom­
eric stabilization. 

To evaluate the possibility of rate-limiting, concerted (E2) 
elimination, we measured the effect of /3-deuterium substitu­
tion on the rate of solvolysis of 2-cyano-2-propyl trifluoro-
methanesulfonate. At 25 0 C, a CH3/CD3 rate ratio6 of 1.48 
was observed. This value is very similar to the value of 1.46 
found for 2-propyl p-bromobenzenesulfonate in trifluoroacetic 
acid.7 More significantly, it is very close to the value of 1.54 
obtained for the CD3 isotope effect observed in the solvolysis 
of 2-trifluoromethyl-2-propyl p-toluenesulfonate.'-i These 
values are too small for a rate-limiting, concerted elimina­
tion.8'9 The observation of an isotope effect similar to that 
found in the presence of an a-trifluoromethyl group (which 
provides a lO6 rate retardation) suggests that an a-cyano 
moiety should provide an even greater deceleration. However, 
this is not experimentally true. 

Solvent participation in a S N 2 manner could be considered. 
2,2,2-Trifluoroethanol is a relatively nonnucleophilic solvent 
which has been used widely for the study of solvolytic reactions 
because of this property. In addition, the isotope effect-of 1.48 
argues against such involvement.9 To strengthen the basis for 
ruling out S N 2 involvement by solvent,10 we solvolyzed the 
highly hindered 1-cyano-1-cyclooctyl tosylate (7) in 100% 
2,2,2-trifluoroethanol. Cyclooctyl p-toluenesulfonate has been 
reported to solvolyze without nucleophilic solvent assistance 
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