
Archive ouverte UNIGE
https://archive-ouverte.unige.ch

Article scientifique Article 1995                                     Published version Open Access

This is the published version of the publication, made available in accordance with the publisher’s policy.

Metallocarbene intermediates in rhodium(II)-catalyzed rearrangements of 

ethyl 2-butylcycloprop-2-ene-1-carboxylate

Muller, Paul; Graenicher, Christian; Klärner, Frank-Gerritt; Breitkopf, Volker

How to cite

MULLER, Paul et al. Metallocarbene intermediates in rhodium(II)-catalyzed rearrangements of ethyl 2-

butylcycloprop-2-ene-1-carboxylate. In: Gazzetta chimica italiana, 1995, vol. 125, p. 459–463.

This publication URL: https://archive-ouverte.unige.ch/unige:164039

© This document is protected by copyright. Please refer to copyright holder(s) for terms of use.

https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:164039


Gazzetta Chimica ltaliana, 125, 1995 - Published by Societa Chimica Italiana 459 

lJf\lP/r:~~~~s· ~ r;~~ [~!.: G ~}~.~r.~~\/E 
B1t,'.~ ·.:~ '.; ~· ~:~ .-~~ ~· ~· - ~ :::· .sn!e 

;:t~J .. ~-. I. . <. J;-i~3i 

C~ -i - 12·1 -i G ~-: i'~ ;~:J E 4 
METALLOCARBENE INTERMEDIATES 
IN RHODIUM(II)-CATALYZED REARRANGEMENTS 
OF ETHYL 2-BUTYLCYCLOPROP-2-ENE-1-CARBOXYLATE (*) e'*) 

PAUL MULLER (0
) and CHRISTIAN GRANICHER 

Departement de Chimie Organique, Universite de Geneve, 30 Quai Ernest Ansermet, CH-1211 Geneve 4, Switzerland 

FRANK-GERRITT Kl.ARNER and VOLKER BREITKOPF 
lnstitul fi1r Organische Chemie, Universitat Essen, D-45117 Essen, Germany 

Summary - Ethyl 2-butylcycloprop-2-ene-l-ca1·boxylate, l , was rearranged Lhennally. photochemically 
and in the presence of Cu(l) and Rh(Il) catalysts. The rearrangement leads lo vi.nylcarbenes vil1 ring open-
ing. The products of the thermal and photochemical reactions derive from lhe more stable vinylcarbene 4 
which, in tum, originates Erom cleavage of the more highly substitu ted cyclopropene single bond , while 

\ those of the transition metal-catalyzed rearrangement derive from cleavage of the less subs tituted bond 
through the vinylcarbenes (E)-2, (Z)-2 and (Z)-10, respectively. When enantio-enriched 1 was rearranged 
with acbiral [Rh2(pfb)4J t11e unreacted starling material retained the enantiomeric excess in the course of 
the reaction, while the product 3 was racemic. Rearrangement of l \vith the chfral Rh(Il) cata lysts 
[Rh2((2S).mepy}4] or [Rh2(R-bnp)4) produced 3 in modest yield and modest enantiomeric excess (<52%). 

The rearrangement of cyclopropenes to vinylcar-
benes is of considerable interest for synthetic 
applications 1. In the presence of certain transition 
metals, isolable metal-complexed vinylcarbenes 
may be obtained2 . The first such complexes were 
prepared from cyclopropene rearrangements with 
titanocene and zirconocene precursors3. More 
recently,_ vinylcarbenes complexed to tungsten4, 
rhenium:. and ruthenium6 have been generated 
from reactions with 3,3-diphenylcyclopropene. 

In previous communications on cyclopropene 
rearrangements we have repo1ted isomerizations 
of cycloprop-2-ene-l-carboxylates in the presence 
of [Rh2(pfb)4] [dirhodium(Il) tetrakis(perfluorobu-
tyrate)]. The most remarkable result of these stud-
ies was the formation of a cyclopentylidene, (E)-3, 
upon heating of ethyl 2-butylcycloprop-2-ene- l-
carboxylate, 1, in the presence of a catalytic 
amount of [Rh2(pfb)4] in refluxing benzene (see 
scheme 1)7. A reaction mechanism was proposed 
in which electrophilic attack of the catalyst 
affords a complexed vinylcarbene, (E)-2, which 
then inserts into one of the CH bonds of the ali-
phatic substituent. Reversible fonnation of 2 was 
assumed in order to account for the high regio-
and stereoselectivity of the rearrangement. More 
detailed investigations revealed, however, that the 
product distribution is remarkably sensitive to the 
substitution pattern of Lhe cyclopropene. Furans, 
dienoates and indenes ma)'. be produced in prefer-
ence to cyclopentylidenes8. In some cases, ring 
opening was found. to be highly regio- and stereo-

(*) Dedicated to Professor Giorgio Modena for his 70th 
birthday. 

(**) Work supported by the Swiss National Foundation. 
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selective, while in others, products derived from 
all possible isomeiic vinylcarbene intermediates 
were observed9. This communication deals with 
the role of the Rh(II)-catalyst in the rearrange-
ment of l , by comparison of the reaction products 
with those occurring in thermal and photochemi-
cal rearrangements, and in its rearrangement cata-
lyzed with Cu(I). In addition, the reversibility of 
the Rh(Il)-catalyzed cyclopropene-vinylcarbene 
rearrangement was investigated, and the involve-
ment of the metal in the CH insertion of the car-
bene was established10. 

RESULTS AND DISCUSSION 

1. THERMAL AND PHOTOCHEMICAL REARRANGE-
MENT OF 1 
Flash-vacuum pyrolysis of 1 at 450 °C/Sx l0-5 

Torr afforded a mi'<ture of S products, ethyl 
(2E,4E)-octa-2,4-dienoate, 5 11 (32%), the 2Z,4E 
and 2E,4Z isomers 6 (5%) and 7 (5%), the acety-
lene 8 12 (6%) and the allene 9 13 (21 %) (see 
scheme 2). Products 5-7 originate from ring cleav-
age of the more .highly substituted cyclopropene 
single bond to form the vinylcarbene 4 which 
undergoes 1,2-hydrogen migration. The preferen-
tial formation of the thermodynamically most sta-
ble 2£,4£ diene 5 .from 4 is typical for thermal 
rearrangements of cyclopropenes. Ring opening to 
the more stable vinylcarbene (E)-4 should have a 
lower batTier than that to (Z)-4, although there 
are ei<ceptions where electonic effects of electron-
attracting substituents overrule t he preference for 
formation of that vinylcarbene, which has the 
bulkier substituent trans to the carbenic centre14. 
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SCHEME 1 

~C008 
~: f)=<:OOE1 -- AH~~ • 

1 

E Configuration at C(4), in tum, corresponds 
equally to fonnation of the thermodynamically 
most stable product. The other stereoisomers 
(2Z,4E)-6 and (2E,4Z)-7 also occur, but in much 
lower yield, while the 2Z,4Z isomer is not obser-
ved. In contrast, under catalysis with [Rh2(0Ac)4] 15 

or [Rh2(pfb)4] 16, the 1,2-hydrogen migration of 
carbenes often predominantly affords the less sta-
ble Z-configurated olefins. The formation of the 
allene 9 is readily rationalized by 1,2-migration of 
the olefinic hydrogen of 4 . The occunence of alle-
nes upon pyrolysis of <f'clopropenes has been 
reported in the literature1 . The origin of the acet-
ylene 8 is unknown. It could derive from an inter-
mediate biradical18 . However, more recent work 
on pyrolysis of 3 ,3-dimethylcyclopropene suggests 
the involvement of a vinylidenecarben.e as more 
likely19. Acetylene formation has been observed in 
the pyrolysis of other cyclopropenes20,21 . 

SCHEME 2 
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The photochemical rearrangement of 1 was car-
ried out at 185 nm in a Suprasil A Quartz reactor 
under N2 at -15 °C. The reaction was interrupted 
after low conversion owing to formation of poly-
meric material which could not be suppressed. 
The allene 9 (10%) was Lhe only isolable product. 
In addition, acetylene 8 was identified as a secon-
dary product in trace amounts in the 1H NMR of 
the crude reaction mixture. Dienes 5-7 were not 

(El·2 (E)·S 

detected. If t hey were fo1med, they must have 
decomposed (polymerized) during irradiation. 
These results are consistent with those obtained in 
the photolysis of other cyclopropenes21•22, where 
products derived from vinylcarbenes are observed 
upon direct irradiation. 

2. THERMOCATALYTIC REARRANGEMENT IN THE 
PRESENCE OF Rh(Il) AND Cu(I) 
The products of the rearrangement of ethyl 2-

butylcycloprop-2-ene- l-carboxylate, 1, in the pre-
sence of Cu(I) [[CuC1·2 MeCCSi(Me)J])23 or Rh(ll) 
([Rh2(pfp)4])24 differ from those of the thennal 
and photochemical reactions. With both metals the 
less substituted cyclopropene single bond is clea-
ved, whereby the less substituted (terminal) vinyl-
carbene forms . The configuration of the carbenes 
obtained from the metals is, however, different 
(see scheme 3). The furan 11, which results from 
Cu(I)-catalyzed decomposition derives from a 
vinylcarbene (Z)-10 in which the carboxylate group 
and the carbenic centre are cis. An analogous for-
mation of a furan upon rearrangement of a cyclo-
propene-1-carbo0Ylate with Cu(l) has been obser-
ved in the past2 3 . In contrast, the cyclopentylidene 
(E)-3, which is oblaim:J iu the reaction with 
[Rh2(pfb )4], derives from a carbene (£)-2 in which 
the carbox.-ylate and carbenic centre are lrans (see 
scheme 1). The preferential formation of the trans-
configurated metallocarbene 2 in the rhodjum-cat-
alyzed reaction may be rationalized on the grounds 
of steric reasons. In the case of the Cu(I)-catalyzed 
rearrangement, coordination of the carboxylate 
group with a vacant coordination site of the metal 
could be involved. Such coordination may be 
responsible for the reported exclusive furan forma-
tion upon Cu(I)-catalyzed decomposition of ethyl 
2,3-diorganylcycloproP..enecarboxylates v ia Z-confi.g-
urated vinylcarbenes"'.:.. Trapping of vinylcarbenes 
generated from cyclopropenes with Cu(!) revealed 
a preference for Z over E configuration of the car-
bene, with ratios va1ying from 1.3:1 (CuCl) to 4:1 
[(PhOhP·CuCl] according to the ligands. The struc-
ture of the dimeric Rh(II) complex does not allow 
such coordination and, accordingly, the rearrange-
ment products de1iving Erom E-configu.rated vinyl-
carbenes predominate with [Rh2(pfb)4] 9• 

3. REVERSIBILITY OF THE Rh(Il)-CATALYZED REAR-
RANGEMENT 
The reversibility of the ring cleavage was investi-

gated with an enantio-emiched sample of S-con-
figurated l , which was synthesized by addition of 
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SCHEME 3 
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ethyl diazoacetate to hex-1-yne in the presence of 
a chiral Rh(Il) catalyst, [Rh2((2S)-mepy}1]

26 

[dirhodium tetrakismethyl 2(S)-pyrrolidinone car-
boxylate] in 83% yield and with ee of 55%27. The 
cyclopropene was rearranged in refluxing benzene 
in the presence of 3.4 mol% of [Rh2(pfb)4], and 
samples were withdrawn after 5, 10, 20, and 30 
min, corresponding to 30, 52, 85, and 100% con-
version, respectively. The ee of the unreacted 
cyclopropene was measured by GC, using a chiral 
Lipodex E column. No change in enantiopmity of 
1 was detected. In contrast, the cyclopentylidene 
was racemic according to GC (Lipodex E column) 
and HPLC (Chiracel OD column). This shows that 
the cyclopropene-vinylcarbene rearrangement is 
irTeversible under our reaction conditions, and 
that the rearrangement proceeds via an achiral 
intermediate (see scheme 4). This intermediate 
could be a metallocarbene 2 or a free carbene. In 
order to distinguish between these possibilities, 
the rearrangement was carried out in the presence 
of a chiral Rh(Il) catalyst. The presently known 
catalysts which are most efficient for asymmetric 
carbenoid reactions have pyrrolidinone or oxazo-
lidinone hgands. They are much less electrophilic 
than [Rh2(pfb)4] and, accordingly, are less suited 
for cyclopropene rearrangements. Thus, with 
[Rh2(2(S)-mepy ]4] in reflwdng benzene the cyclo-
pentyhdene (E)-3 was formed in only 4% yield, 
but v.rith an ee of 52%. Increase of the tempera-
ture to 110 °C (refluxing toluene) afforded a 
higher yield of 3 (9%), but an ee of only 32%. A 
slightly more electrophilic catalyst, [Rh2((R)-b11p}4) 
[dirhodium(II) tetrakisbinaphtholphosphate]28 af-
forded a yield of 25% (ee 5%) at 80 °C, and a 
yield of 14% (ee 14%) at 40 °C. These results dem-
onstrate unambiguously that the CH insertion 
occurs from a metal-complexed rather than from 
a free carbene. The asymmetric inductions achie-
ved in these reactions compare rather unfavour-
ably with those of other intt.-amolecuJar CH-inser-
tions of diazo esters with [Rh2(2(S)-mepy ]4] where 
ee's in the range of 95% have been reported. How-
ever, the pyrrolidinone catalyst is equally ineffi-
cient in intramolecular CH-insertions of diazo 
ketones29. A low yield of furan 11 (2%) was also 
detected in the reaction mixture when 1 was rear-
ranged with [Rh2[(2S)-mepyl~J in refluxing ben-
zene. It derives from the complexed carbene (Z)-2 
(see scheme 5), which prefers cyclization to 11 
over insertion to (Z)-3. 

Our initial mechanism for the [Rh2(pfb)4]-cata-
lyzed rearrangement of 1 to 3 involved reversible 
formation of an Rh-complexed vinylcarbene 27. 
Reversibility was proposed in order to account for 
the stereo- and regioselectivity of the ring-opening. 

121-10 11 

Subsequent studies involving systematic variations 
of the cyclopropene substituents, casted serious 
doubts on this hypothesis8·9 . The present experi-
ments show that under our reaction conditions 
([Rh2(pfb)4]. refluxing benzene} ring cleavage is 
irreversible. Once reversible formation of the vinyl-
carbene is eliminated, the reasons for tbe stereose-
lectivity of ·the ring-opening must be addressed 
.again. It may be due either to a stereoselective 
attack of the catalyst to the less hindered face of 
the cyclopropene, followed by stereoselective dis-
rotatory ring-opening9, or to rapid cisllrans isom-
erization of the vinylcarbene. Such isomelizations 
reportedly occur thennaUy3° or photochemically31 

with Cr(C0)5-complexed vinylcarbenes. There is 
some evidence that cis/trans isomerizations should 
be slow in comparison to the product-forming step 
in tl1e rearrangements catalyzed by [Rh2(pfb)4], 
but definitive proof is lacking9. Unfortunately, the 
ring-opening of cyclopropenes does not allow the 
generation of vinylcarbenes having predetermined 
configuration, so that this question must be inves-
tigated by another approach. 

SCHEME 4 
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Otn- observation of irreversible ring cleavage 
may not be genernl. Formation of cyclopropenes 
Erom vinylcarbenes is a well-established reaction32 

and an example of an [Rh2(0Ac)4)-catalyzed trans-
fo1mation of an allylic diazo ketone into a cyclo-
propene (methyl 2-t-buty:lcyclopropene-1-carboxy-
late) via a vinylcarbene has been reported 
recently33. The 1·eaction conditions of this latter 
transformation were however significantly milder 
(refluxing CH2Cli) than those used in the cyclo-
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propene rearrangements, and since the substitu-
tion pattern of the cyclopropene is different, this 
result should have no direct implications on our 
conclusions. 

The reaction mechanism dicussed so far makes 
no mention of possible metallacyclobutenes (12) 
as reaction intermediates. Evidence for such spe-
cies has been presented for several transHion metal-
catalyzed rearrangements of cyclopropenes34•35, 
and some of them have been characterized by 
spectroscopic means36 or by X-ray crystallogra-
phy.37. A mechanism for Rh(I)-catalyzed cyclo-
propene rearrangements involving electrocyclic 
ring opening of an intermediate cyclopropyl cation 
to a complexed vinylcarbene, followed by electro-
cyclic ring-closure of the latter to a metallacyclo-
butene has been proposed by Padwa38, and could 
also apply to Rh(Il). Direct insertion of the metaJ 
in one of the single bonds of the cyclopropene is 
however also concievable. Unfortunately, our pre-
sent approach provides no insight into the pos-
sible involvement of metallocyclobutenes. 

SCHEME 5 
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GENERAL 

See ref. 39. 

THERMAL REARRANGEMENT OF 1 

Ethyl 2-butylcyclopi:op-2-ene-L-carboxylate, t7 (132.l mg 
0.79 rnmol) was subjected to flash vacuum pyrolysis by Rassing 
through a 40 cm quartz tube heated to 450 °C at 5xl0"5 Torr. 
A mix1u1·e of products (107.4 mg) was collected in a cold lrap, 
consisting of 5 (32%), 6 (5%), 7 (5%), 8 (6%) and 9 (2 1 %) (by 
gas chromatography and NMR). Flash chromatography (si lica 
gel, I :1 CH2C)i/hexane) allowed separation of pure 6, a mixture 
of 7 and 8 (12 mg), and a mixture .of 5 and 9 (70 mg). Pure 5 
was isolated by column chromatography (si lka gel, I : I 
CH2Cl2/hexane). 

Ethyl (2E,4E)-ocw-2,4-dienoale, 5 11 - IR (CH2Ch): 3054111, 
2965111. 293 l m, J960w, J706s, 1642m, J.6 17111, 142 1\11, 1368w, 
.l302w, I 143m, 1002111, 896111 cm- •. 1H NMR (CDCh, 400 
MHz), S: 0.92 (t. 1= 7.4 Hz, 3 H); L.29 (t. l= 7 Hz, 3 H); 1.30-
1.50 (m, 2 H); 2.l0-2.20 (m, 2 H); 4. 19 (q, 1=7 Hz. 2 H); 5.78 
(d, .!= 15.5 Hz, l H); 6.00-6.24 (m, 2 H); 7.25 ppm (dxd, 1=5.2, 
15.5 Hz, .I I-I). 13C N1v!R (CDCl3), 6: 13.6 (q): 14.3 (q); 21.9 (t, 
35.0 (l); 60.J (l); 11 9.2 (d); 128.5 (d); 144 .5 (d); 145 .. 1 (d); 167.3 
ppm (s). MS, 111h.: 169 (6, [!vl + l)"'), 168 (53). 139 (7). 126 (IS), 
125 (92). 123 (57). Ul (JI), 98 (40), 97 ( 100), 95 (58), 94 ( 19), 
93 (21). 8 1 (47). 79 (22), 77 ( 14). 53 (22). 

Ethyl (2Z,4E)-ocra-2,4-dienoate, 611 - 1H NMR (CQC13, 200 
MHz), 6: 0.8-1.0 (l, 3 H); 1.25 (t, 1=7, 3 H); 1.40-1.55 (m, 2 H); 
2.10-2.30 (m, 2 H); 4.19{q,1=7 Hz, 2 H); 5.55 (d, 1= 11.3 Hz, 
l H); 6.06 (dxt, .!= 15, 7.3 Hz, 1 H); 6.54 (dxd, app. t, 1=11.4 
Hz, 1 H); 7.25-7.44 ppm (m, 1 H). 

Ethyl (2E,4Z)-octa-2,4-dienoace, 711 (from. mixture with 8) -
1H NMR (CDCl3, 200 MHz), 8: 0.85-1.10 (l, 3 H); 1.20-1.35 (t, 
3 H); J.35-1.50 (m, 2 FI); 2. 10-2.40 (m, 2 H); 4.05-4.25 (q, 2 H); 
5.70-6.30 {m, 2 R); S.85 (d , 1= 15.5 Hz, I H); 7.60 ppm (dxd , 
1=15.3 , 15.0 Hz, 1 H). 

Ethyl oct-3-ynoate, 813 - Characteristic 1H NMR signal: 3.22 
ppm (t, 1=2.5 Hz). 

Ethyl octa-2,3-dienoa.te, 9 12 (from mixture with 5) - IR 
(CH1Cl2): 1972s, 1718s cm-1• 1H NMR (CDC13, 300 MHz), 6: 
0.87 (t, 1=7.2 Hz, 3 H); J.25 (t, 1=7.2, Hz, 3 H); 1.20-1.50 (m, 
4 H); 2.10 (m, 2 H); 4. 15 (q, 1=7.2 Hz, 2 H); 5.50-5.60 ppm (m, 
1""6 Hz, 2 H). 13C NMR (CDCh). 6: 13.7 (q); 14.2 (q); 21.9 (t); 
27.l (l); 30.7 (t); 60.7 (L); 88.2 (d); 95.3 (d); 166.3 (s); 212.3 (s). 

PHOTOCHEMICAL REARRANGEMENT OF 1 
A solution of l (206 mg, 206 mmol) in pudfied, dried and 

degassed pentane (240 ml) was degassed and irrncliated in a 
Supras il A-Quartz photolysis apparatus (Heraeus) by means of 
a 'low-pressure mercury lamp (Osram HNS, JO W) at - IS °C. 
Cooli.ng jacket and lamp compartment were cooled with dry 
N2. Progress of the reaction was followed by GC. Irradiation 
was stopped after 4 h, when product formation ceased. The 
solvent was distiJled (0 °C/15 Torr) and the residue (ea. 50 mg) 
was purified by column chromatography (silica gel, 50: I cyclo-
hexane/erhyl acetate). The main fraction contained 9 (ea . 20 mg, 
10%), identified by 1H- and 13 C N"MR (see above) and by 
GC/MS; 111/z: 140 (7), 139 (8), .125 (45), 123 ( 18), 112 (17) , 98 
(1 00). 97 (82), 81 (57), 79 (21), 6 7 ( 4 1 ), 55 ( 43), 4 I (30). 29 
~67). A trace amount of acetylene 8 was identifi.ed in the 
H NMR spectra of the reaction mixture (tat 3.22 ppm). 

REARRANGEMENT OF 1 IN THE PRESENCE OF [Rh2(pfb)4] 

To a refluxiog mixtW'e of [Rhi{pfb)4] (0.0L mmol) in dry 
ht»n7R.nP. under N2 (S.O ml) were added simult.·meoi.1sly, by 
means of a syringe pump, i.n 15 h solut ions of 1 (0.50 mmol) 
in bem.cnc (S_.O ml) and [Rh2(pfb)4] (0.005 mmol) in benzene 
(5.0 ml). Afte1· the addition, the mixture \Vas refluxed for an 
additional 4 h and U1en filtered through a p.lug of silica gel 
(CH2Cl2) under N2• The solvent was evaporated, and the yield 
(44%) was determined by GC, using an authentic sample of 3 
ill: siandard. TJ1e reaction mixture contained, i.n addition, 
unreacted 1 (2%) and ethyl 2-(cyclohepta-2,4,6-tiienyl)hept-2-
enoa te (5 to 40%)7 • 

Et11yl (E)-(3-methylcyclopentylidene)acelate, 3 - 1H NMR 
(CDClJ), 400 MHz), 6: 1.02 (d, 1=6.4 Hz, 3 H:); 1.28 (t, .!=7.2 
Hz, 3 H); 1.30-1.38 (m, I H); 1.89-1.99 (m. 1 H); 2.00-2.10 (m, 
2 H ); 2.55-2.73 (m. 2 H); 2.92-3.02 (dxm, I H); 4.15 {q, 1=7.2 
Hz, 2 H); 5.77-5.78 ppm (m, I. R ). For other spectral data, see 
ref. 7. 

REARRANGEMENT OF 1 IN THE PRESENCE OF [CuCl-2MeCCSi-
(Me)JJ 

To CuCI ( L0.5 mg, 0.106 mmol, Fluka, 99.99% pw·e) under 
Al' and 3-(u·imethylsilyl)prop-1-yne (24 mg, 0.215 mmol) in 
degassed CH2Cl2 (5.0 ml) was added under refl ux a solu tion of 
1 (209 mg, J .25 mmol) in CH2C]z (5.0 mJ ) wirhi n 15 h. After 
the addition, refluxing was continued further fo r 4 h. The mix-
ture was filtered through Cell re under N2 (hexane, foll.owed by 
degassed CH2C'2). The solvents were evapora ted (oil pump). 
1H NMR revealed the presence of 11 (53%). DistilJa lion (bulb-
to-bulb, 60. °C/0. I Toff) afforded 70 mg (33%) of 98% pu:re 11. 

2-ethoxy-4-butylfiiran, 11 - lR (CH zCl2 ): 2930m, 2290w. 
1620s, J575,s, 1380m, 950111 . 1H NMR (COCl3, 200 MHz). l>: 
0.9 1 (t, 3 H): l.38 (t, 3 H); J.25-1.58 (m, 4 H); 2.32 (dxt, 2 H); 
4.04 (q, 2 H); 5.03 (d, 1=1.3 Hz, I H): 6.64 (q. 1-= l.2 Hz, I A') . 
13C NMR (CDC1 3), 5: 13.8 (q); 14.S (q): 22.3 (t); 25.3 (t); 31.7 
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(t); 66.S (t); 81.8 (d); 126.7 (s); 128.3 (d); 160.6 (s). MS, mlz: 
170 (JO.S, [M-r2J"), 169 (9S.4), 168 (89.S), 14 1 (12), 126 (69), 
111 ( 11 ), 98 (100), 70 (19), SS (36). RRMS. mlz: 168.1139 
[C10H 1602J+. calc. 168.1152). 

REARRANGEMENT OF ENANTIO-ENRICHED 1 
A solution of enantio-enriched (S)-1 (ee 55%)27 (47 mg, 0.28 

mmol) and [Rh2(pfb)~) (10 mg, 0.0J mmol, 3.4%) was refluxed 
in benzene (10.0 ml) under N2 with stirring. Aliquots (LO ml) 
were withdrawn after 5 (soln. 1 ), I 0 (soln. 2), 20 (soln. 3), a nd 
30 (soln. 4) )Ilinutes, filtered through a plug of silica gel 
(CH2Cli) and analyzed by GC (chiral Lipodex E column). Com-
position of solns.: soln 1: 1 (70%, ee 54%), 3 (30%, racemic); 
soln. 2: 1 (48%, ee 55%), 3 (52%, racemic); soln. 3: 1 (15%, ee 
54%), 3 (85%, racemic); so)n. 4: 1 (0%), 3 (100%, racemic). 

REARRANGEMENT OF 1 IN THE PRESENCE OF CHIRAL Rh(ll)-
CATALYSTS 

To [Rh2((2S)-mepy]4]~6 (8.0 mg, 0 .01 mmol) in refluxing ben-
zene (JO.O ml) was added 1 (60.2 mg, 0.36 mmol) in benzene 
(5.0 ml) in 15 h. Afi:er the addition, stin"iog and heating were 
continued for 75 h, until alJ 1 had dfaappem:ed. The mixture 
was fi ltered through silica gel (CH2Cl2). After bulb-to-bulb dis-
tilJation (120 °C/0.0 I Torr) a complex mixture of products 
containing 3 (4%, by GC) and. J l (2%) was obtained. The ee of 
3 was determined by GC (Lipodex column} to 52%. When the 
reaction was ca1Tied out in refluxing toluene (110 °C) reaction 
was complete in 20 h, and it afforded 9% of 3 i.Vitb an ee of 
32% and 7% of 11 . 

With [Rh2(R-bnp)4]28 in refluxjng benzene the yield of 3 was 
25% (ee 5%) after 17 h. At 60 °C, a yield of 21% (ee 8%) was 
obtained after 18 h. When 1 he reaction was canied out at 
40 °C, the yie.ld of 3 was 14% (ee 14%) after 48 h. The e.e of 3 
obtained in Lhe reactions with [Rh2(R-bnp)~) was determined 
by HPLC (Chiracel OD column, solvent 200:J hexane/isopropa-
nol). 

We are indebted to Mr. A. Pinto, Mr. J.-P. Saul-
nier (NMR) and to Ms. D. Klink (MS) for techni-
cal assistance. 
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