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The Stereochemistry of a Rhodium-Catalyzed 
Rearrangement of a Cyclopropane to a Propylene 

Sir: 
Cyclopropanes can be isomerized to propylenes by 

catalysts containing transition metals such as platinum,1 

palladium,2 nickel,3 rhodium,4 and iridium.6 The 
mechanism of the reaction, like that of the metal-
catalyzed hydrogenolysis of small-ring compounds to 
which it is probably related, is unclear.6 An oppor­
tunity to learn how these reactions work is provided by 
the observation that compound Ia below when warmed 
with [(C6Hs)3P]3RhCl gives Ha, III, and IVa.4a Al­
though IVa comprises only a small part (about 6%) 
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of the product, the reaction provides a means to dis­
cover the stereochemistry of the rearrangement. Thus 
if, as seems likely, the metal inserts into one of the 
cyclopropane bonds, metal hydride is eliminated, and 
the metal is extruded as in Scheme I below,4'7-9 then the 
isomerization of Ib should yield IVb.10 This scheme 
seems likely because a simple variant also accounts for 
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the formation of Ha and for the demonstrated stereo-
specificity of the rearrangement of Ib to IIb.4a 8 How­
ever, it is possible that the rearrangement of Ia to IVa 
proceeds by a mechanism very different from that by 
which Ia rearranges to Ha, and if it proceeds as de­
picted in Scheme II,11 then the deuterium-labeled 
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cyclopropane Ib should yield not IVb, but IVc in­
stead.12'13 

The starting material Ib required to distinguish be­
tween Schemes I and II was prepared from CD2I2

16 

and norbornadiene using the Simmons-Smith reaction,16 

and purified by fractional distillation and repeated 
crystallization of a silver nitrate complex.163 The 
extensive purification was necessary because about17 

18% of the product of the Simmons-Smith reaction of 
norbornadiene with CH2I2 is IVa and with CD2I2 
IVd.18 If this latter contaminant is not removed from 
the samples of Ib used for the study, the analysis of the 
location of the deuterium atoms in the IV produced in 
the rearrangement is difficult. 

A 3.90-g sample of Ib (96.64 ± 0.51% dt, 2.63 ± 
0.02% di, 0.73 
merically pure, 

± 0.02% d0)
21 that was 99.5% iso-

contaminated by 0.5% IVd,22 was 
heated with 0.43 g of [(C6Hs)3P]3RhCl at 90° for 2 hr, 
giving, after distillation, 3.83 g of products consisting 
of deuterated II (54%), III (43 %), and IV (3 %). The 
proton nmr spectrum of the deuterated product IV, 
isolated by glpc,23 and the spectrum of the undeuterated 
IV are compared in Figure 1. These spectra show that 
the product of the rearrangement is almost entirely 
IVb, that the amount of IVc is less than 3 %, and that 
the product is contaminated with about 18 % IVd (which 
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Figure 1. Proton nmr spectra (220 MHz) of IVa and of the product 
IV of the rearrangement of Ib. The solvent is CCl4 and TMS is the 
internal standard. Intensities and assignments (integers) are above 
the peaks: (a and b) low-field portions of the spectra of IVa and 
product, respectively; (c and d), high-field portions of the spectra 
of IVa and product, respectively. 

is expected because the starting material Ib contained 
0.5% IVd). Thus, in the deuterated compound (1) the 
doublet ( |7[ = 18.3 Hz) in the undeuterated compound 
at r 8.24 (the upfield half of which is buried under the 
low-field peak of the doublet at T 8.3), attributed to the 

4-endo proton,20"'24-26 is essentially absent, and the 
intensity of the singlet at T 8.24 expected of IVc (but 
not observed) is estimated to be less than that of 0.03 
proton; (2) the doublet ( | / | = 18.3 Hz) in the un­
deuterated compound at r 7.73, attributed to the 4-exo 
proton,208'24'25 is collapsed to a singlet; (3) the mul-
tiplet in the undeuterated compound at r 4.88, at­
tributed to the proton at position 3,20'26 is collapsed to 
a doublet (\h,i1 = 10 Hz) and of only small intensity; 
(4) the multiplet in the undeuterated compound at 
T 4.06, attributed to the proton at position 2,20'26 is 
collapsed to a doublet (|/i |2| = 7.0 Hz). 

Thus, the rearrangement involves the stereospecific 
transfer of a hydrogen atom across that face of the 
molecule to which the metal is almost surely coor­
dinated, and is in accord with the mechanism of Scheme 
I, not with that of Scheme II. 
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Transition Metal Chemistry. A Series of Advances. Volume 6. 
Edited by RICHARD L. CARLIN, Department of Chemistry, Univer­
sity of Illinois at Chicago Circle, Chicago, 111. Marcel Dekker, Inc., 
95 Madison Ave., New York, N. Y. 1970. ix + 328 pp. 16 X 
23.5 cm. S19.75. 

This book is the sixth volume in the series under the general 
editorship of Richard L. Carlin which is "devoted to the science of 
the transition elements and is geared to research scientists, graduate 
students, and teachers of advanced inorganic chemistry." Volume 
6 covers the two topics: (a) Theory of Bridge Bonding and the 
Structure of Binuclear Coordination Compounds (B. Jezowska-
Trzcbiatowska and W. Wojciehowski, 58 pages) and (b) Amine 
Complexes of Chromium(III) (C. S. Garner and D. A. House, 
236 pages). Chapter 1 includes discussions of the magnetic prop­
erties of bi- and polynuclear complexes, the theory of bridge bond­
ing, which includes both electron-donating and electron-accepting 
bridges, metal-metal interaction in coordination compounds, 
infrared spectra of bi- and polynuclear complexes, and the stereo­
chemistry and structure of polynuclear complexes. The 203 ref­
erences quoted by the authors appear to offer an adequate number 
of entries into the open chemical literature; unfortunately very few 
of the references cited are for material published after 1967. How­
ever, the authors have listed a few manuscripts as "in press" with 
the journal where the work is to appear so that the serious worker 
in the field can find more up-to-date material. 

The section concerning the infrared spectra of bridged complexes 
contains a number of stretching frequencies for the M-O-X system 
where X is a group IV element as well as S-O-S, Se-O-Se, and X-
O-X (X is a group V element). The section on stereochemistry and 
structure contains the results of a number of structural determina­
tions for several polynuclear coordination compounds. 

Chapter 2 is a monumental review which includes the general 

chemistry, structure, synthesis, kinetics and mechanisms, photo­
chemistry, chemical effects of nuclear radiations, and optical and 
magnetic properties of chromium(III) complexes which have one or 
more primary, secondary, or tertiary amine groups as coordinated 
ligands. The chemical literature has been searched through June of 
1969, and the 923 quoted references provide easy access to the open 
chemical literature. The entire review is well written and the 
authors have pointed to those synthetic methods which yield the 
desired product in poor yield as well as areas in which more work 
needs to be done. 

Two sections of the review deserve special mention. The portion 
which deals with spectra and optical activity will be important to 
those chemists who are involved in preparative work, and the 
very complete table of visible absorption maxima and minima is a 
most welcome addition to the chemical literature. 

The section on kinetics and reaction mechanisms is excellent, 
and again workers in this field will appreciate the extensive tabula­
tion of data which appears in this section. Topics covered in this 
section are aquation, base hydrolysis, anation, isomerization, race-
mization, redox, reactions in nonaqueous or mixed solvents, reac­
tions of polynuclear complexes, isotopic exchange, and tracer chem­
istry. 

The diagrams which relate the rate constants for a number of 
aquation and isomerization reactions can be confusing at times 
because of the large amount of information contained in these 
drawings. 

The entire book is printed on a good grade of paper and is rel­
atively free of typographical errors. Volume 6 is a good but high-
priced addition to the series. 
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