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A large and normal nitrogen-15 kinetic isotope effect of 1.035

catalyzed carbene formation from diazo compounds, which involves the fast formation of a metal
—N bond fission in the transition state.

extrusion of N ,. The large magnitude of the KIE indicates extensive C

COR'

Rh(ll) Carbene

+ 0.003 provides direct support for the proposed mechanism for the rhodium-

—diazo complex followed by rate-limiting

The Rh(Il)-catalyzed reactions af-diazo carbonyl com-

negatively polarized carbon of the diazo compound to the

pounds have been well-established as powerful approachesxial site of the Rh(ll) catalyst, which is coordinatively
to generate Rh(ll) carbene species, which may subsequentlyunsaturated (Scheme 1). The existence of diazonium ion

undergo diverse synthetically useful transformations, such
as cyclopropanation, ylide generation, and X-H=XC, O,

S, N, etc.) insertiod. Recent advances in asymmetric
catalysis with chiral Rh(ll) complex have led to high levels
of enantiocontrof. On the other hand, the detailed reaction
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not been fully understood despite significant research effort
over the past decadéd.he generally accepted mechanism,
originally proposed by Yates in 1952 for Cu-catalyzed diazo
decompositiort, involves the initial complexation of the

T San Francisco State University.
* Peking University.
§ Utah State University.

10.1021/0l070345n CCC: $37.00
Published on Web 04/05/2007

© 2007 American Chemical Society

in Organic SynthesjsMoser, W. R., Slocum, D. W., Eds.; ACS Advanced
Chemistry Series No. 230; American Chemical Society: Washington, DC,
1992. (g) Taber, D. F. IlComprehensive Organic Synthesis; Pattenden,
G., Ed.; Pergamon Press: Oxford, UK, 1991; Vol. 3, p 1045. (h) Doyle,
M. P.Chem. Re»1986,86, 919—939. (i) Padwa, Al. Organomet. Chem.
2001,617/618, 3-16.

(2) For reviews, see: (a) Doyle, M. P.; Forbes, DGbem. Rev1998,
98, 911-935. (b) Davies, H. M. L.; Antoulinakis, E. G. Organomet.
Chem. 2001, 617/618, 4#55. (c) Timmons, D. J.; Doyle, M. PJ.
Organomet. Chen001,617/618, 98-104. (d) Hodgson, D. M.; Pierard,
F. Y. T. M,; Stupple, P. AChem. Soc. Re2001,30, 50-61.



Scheme 1. Proposed Mechanism for Carbene Formation
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intermediates such @&was first demonstrated with use of
optical spectroscopy and NMRSubsequent irreversible
extrusion of N from the intermediat@ generates the Rh(ll)
carbene comple8. In this mechanism, the extrusion of N

catalyzed carbene formation from methyddiazophenyl-
acetate and its subsequent quantitative reaction with triethyl-
silane was employed as shown in SchenfeThe reaction

Scheme 2. Formation of a Rhodium Carbene and Its Reaction
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was carried out with 0.05 mol % of RI©AC), in dichloro-
methane at OC. Four different reactions were run to partial
completion, ranging from 35% to 73%, and the remaining
diazo ester was recovered and purified through column
chromatography for isotope ratio mass spectrometry. The
fractional conversions were determined by the mass of the

Et,SiH

is considered to be the rate-limiting step. Kinetic studies, diazo ester recovered as compared to that initially use_d. The
especially the observation of saturation kinetics, have ~N/'N ratios of these samples were analyzed by using an

provided some support for the mechani&mlso, the
observation of a significant negative Hammgettalue for a

ANCA-NT combustion system working in tandem with a
Europa 20—20 isotope ratio mass spectrometer. Control

series of substitutech-diazophenylacetate substrates is €xPeriments showed that the reaction workup and purification
consistent with a rate-limiting step aided by electron-donating Procedures did not result in fractionation of the diazo

substituents, which should facilitate the Bitrusion step.

compound.

These results are in agreement with a computational study The *N/*“N ratios were measured for the remaining

that concluded that Nloss should be rate limiting.The

starting material (B at partial reaction, and for the original

energetic profiles of the comparative reactions of diazo- Starting material before reactiondRAssuming loss of il
methane and methyl diazoacetate have also been examinetp form the carbene is irreversible, no steps after formation

computationally?
In this Letter, we report a large and norméN kinetic

of the carbend& (Scheme 1) will affect the nitrogen ratios.
Thus, this method reports only on steps up to and including

isotope effect (KIE) for the Rh(ll)-catalyzed decomposition the conversion o2 to 3 in Scheme 1. The isotope effects
of a diazo compound, which provides direct support for the Were calculated from these isotope ratios by using eq 1,
proposed mechanism. wheref is the fraction of reactioft

The study of KIEs is a useful tool in the investigation of
reaction mechanisms, and in the present reaction can give
insight into the transition state of the rate-limiting step, as
well as provide a further test of the assumptions of the Yates

Bkops= log(L — f)/log[(1 — HI(RIR)] (1)

kinetic model. Previous\:3C KIEs have been employed to

probe the carbene insertion step in the cyclopropenation of

alkynes by a diazo-derived carbefie.

The ™N KIE was determined by isotope ratio mass
spectrometry at natural abundance. The Rh(ll) acetate-
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The notation for isotope effects used is the use of a leading
superscript denoting the heavier isotope; in this caséthe
isotope effect, oki4/kis, is designated ak.

The %k values obtained from four trials were averaged to
give 1.035+ 0.003. The diazo leaving group contains two
nitrogen atoms that contribute to the isotope ratio measure-
ments and thus to the observed isotope effect. Equation 2
shows the observed KIE in terms of the contributions of the
KIEs at the two position& The nitrogen atom involved in
the scissile C—N bond will contribute a primary isotope
effect. The terminal nitrogen atom will contribute a much
smaller secondary effect.

(15k0b97l = I:(lskprimary)71 + (15ksecondar)/71]/2 (2)

Secondary heavy-atom isotope effects are typically an
order of magnitude smaller than primary effects that result
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from bond fissiont3 Solving eq 2 for**kyrimar, @ssuming an % will reflect only this step. In this case, for the reasons
isotope effect of unity at the secondary position, yields a described above, a small secondary nitrogen isotope effect
value of 1.072. would be observed, which is not the case. A significant,
In the multistep mechanism of Scheme 1, the KIE will normal isotope effect is expected if-@ bond fission is
reflect differences between the transition state of the rate-rate limiting. The'Sk,ps of 1.035 and the estimated value of
limiting step and the reactant. If the second step is rate 1.072 for *imary are large; for comparison, a theoretical
limiting as the Yates model describes, then the KIE will maximum KIE of 1.044 has been calculated for the fission
reflect the transition state for loss ot s intermediat@ is of a C—N single bond® The C—N bond order in the diazo
converted to the carbene (Scheme 1). In this case, a largesster is greater than unity, which will result in a higher
normal isotope effect is expected. If formation of add2ct maximum isotope effect for the present reaction. Previous
is rate limiting a much smaller KIE is expected. Adduct %k,,svalues measured for the hydrolysis of substituted aryl
formation involves the hybridization change of carbon from diazonium salts range from 1.043 to 1.047 depending on the
s to sp and a reduction in €N bond order due to loss of  identity of substituents on the benzene rihghese reactions
double bond character in the-® bond. The hybridization  proceed by an & process, with a late transition state.
change will result in an inverse isotope effect due to In summary, the large, normal isotope effect requires that
compression of bending mod&swhile the bond order = C—N bond fission and extrusion of Nnust be largely, if
reduction will contribute a normal effect. An estimation of not fully, rate limiting. This is consistent with the transfor-
the isotope effect that might be expected on adduct formationmation of 1 to 3 via a rapid equilibrium formation o2,
is provided by the KIE of 0.9975 0.0003 for the formation  followed by rate-limiting formation of the Rh(ll) carbef3e
of a tetrahedral intermediate in the hydrolysis of an amifde. as postulated by Yates and supported by kinetic and
This slightly inverse value indicates that bending mode computational studi€s?® The magnitude of the KIE indicates
compression outweighs the reduction in bond order resultinga high degree of €N bond fission in the transition state
from loss of amide resonance. While the C—N bond order for loss of N, though slightly less than that in the
is similar but not identical in the diazo reactant in the present decomposition of aryl diazonium salts.
study compared to the amide, this precedent nonetheless
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