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The addition of carbenes (generated from diazo esters) to aromatic molecules is efficiently catalyzed at room 
temperature by electron-poor Rh(I1) carboxylates [tetrakis(perfluorocarboxylato)dirhodium(II)]. The reaction 
gives ready access to l-carbalkoxycyclohepta-2,4,6-trienes (the kinetic nonconjugated isomer) in very good yield. 
The observed regioselectivities are rationalized in terms of an attack of a highly electrophilic carbenoid species 
on the aromatic molecule. A competitive reduction of the catalyst simultaneously occurs and is responsible for 
a slow deactivation of the system. 

Since Buchner’s classical work, the chemistry of cyclo- 
heptatrienes has been adequately discussed in the litera- 
ture. However, the problem of efficient and selective 
synthesis of substituted cycloheptatrienes is still unsolved. 
Indeed, because of the lability of the triene system, except 
for intramolecular reactions, a direct addition of carbenes 
to aromatic molecules produces hard-to-purify mixtures 
of isomers2 (Scheme I). Our general investigations of 
transition-metal catalysis in carbene chemistry led to the 
discovery of the high efficiency of rhodium(1I) carboxylates 
for promoting the insertion of carbenes into activated 
hydrogen bonds3 and the cycloaddition to olefins,4 acety- 
lenes: acrylonitriles,B8 and carbodiimides.6b We now report 
that some Rh(I1) complexes also catalyze carbene additions 
to aromatic substrates under mild conditions, allowing 
easy, resonably regioselective access to substituted cyclo- 
heptatrienes. 

Results and Discussion 
Rhodium(I1) carboxylate catalyzed decomposition of 

alkyl diazoacetates (2, AlkDA) in a large excess of an 
aromatic substrate 1 produces cycloheptatrienes a t  room 
temperature. Yields are good, and the selectivity for the 
nonconjugated isomers 3 (Scheme I) is very high (>go%; 
see Tables I and 11). The relative ratios of isomers (Table 
111), their yields, and their structures were determined by 
VPC and NMR (LIS) and are described in the Experi- 
mental Section. With benzene or toluene, 3 is formed 
practically quantitatively when the ratio of substrate to 
diazo ester is kept above 10 (typically 20). 

The most efficient catalysts are specifically tetrakis 
(carboxylato)dirhodium(II) complexes of very strong or- 
ganic acids such as trifluoroacetic and perfluorobenzoic 
acids. Indeed, a correlation is observed between the acidity 
of the metal counterions and the yields in 3 (R = H); e.g.: 

= 4.7,7%; (CH3)3CCOOH, pK, = 5 ,5%.  Substitution of 
the aromatic nucleus somewhat decreases the overall yield 
of 3, although the yield is also related to some extent to 

CF&OOH, pK, = 0, 100% of 3; CGFSCOOH, pKa = 1.5, 
89% ; CH30CH&OOH, pKa = 3.6,30%; CH,COOH, PK, 
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Scheme I 
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Table I. Formation of l-Carbalkoxy-2,4,6- 
cycloheptatrienes (3) from 1 (100 mmol), Methyl 
Diazoacetate (MeDA, 5 mmol), and Rhodium(I1) 

Trifluoroacetate (0.02 mmol) at 22 ’ C 
substratea yield,b*c % substratea yield,bic % 

benzene 100  (87) 
toluene 95  (77) 

o-xylene 80  

m-xylene 90 

p-xylene 90 

1,3,54rimethyl- 6 0  
benzene 

indan 53 (59)  

anisole 73 (79) 
chloro- 72 

fluoro- 46 

ethyl- 1 0  

hexafluoro- - 5 

pyridine 0 

benzene 

benzene 

benzoate 

benzene 

a For the isomeric distribution, see Table 111. Rela- 
tive to MeDA. 
dium(I1) perfluorobenzoate catalysis. 

Table 11. Effects of the Diazoacetate (AlkDA) and of the 

Values in parentheses refer to rho- 

Catalyst on  the  Yields and Selectivities in Alkyl 
Cyclohepta- 2,4,6-trienel-carboxylates ( 3 p  

benzene MeDA 100 87 85 
EtDA 98 8 9  76 
t-BuDA 80 84 51 

toluene MeDA 95 77 88 
EtDA 89 73 55 
t-BuDA 45  78  50 

a Same reaction conditions as in Table I. 
for the 2,4-dichloro-3,5-dinitrophenyl group. 

the bulkiness of the diazo ester alkoxy group, especially 
with substituted benzenes (Tables 11 and 111). For exam- 
ple, with toluene a higher regioselectivity is clearly ob- 
tained with the more bulky diazo ester (Table 111; with 
t-BuDA, the more sterically crowded 2-isomer is no longer 
formed). However, tert-butyl diazoacetate regularly gives 

R stands 
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Table 111. Isomeric Distribution in 
Methvl CvcloheDtatrienecarboxylates 3" 

Anciaux et al. 

isomeric 
substrate isomersd distribution, % 15t /- / I 

benzene 100 
toluene 4-methyl 56, 70,b 32' 

3-methyl 23, 15,b 13' 
2-methyl l7 ,10 ,b  o c  

o-x yl ene 2,3-dimethyl 18 
3,4-dimethyl 39 
4,5-dimethyl 43  

m-xylene 2,4-dimethyl 1 2  
2,6-dimethyl 43 
3,5-dimethyl 4 3  

p-xylene 2,5-dimethyl 8 5  
3,6-dimethyl 1 0  
others 5 

anisole 3-methox y 8 
4-methoxy 56 

chlorobenzene 4-chloro 80 
3-chloro 15  
2-chloro 5 

fluorobenzene 4-flUOrO 80 
3-fluor0 1 2  
2-fluoro 8 

Isomeric distribution observed 
a For the overall reaction yields and experimental con- 

ditions, see Table I. 
with EtDA. 
BuDA. 

Table IV. 

Isomeric distribution observed with t- 
All for l-ester except entry for "others". 

Relative Reactivities of Substituted Aromatic 
Compounds in Competition against C,H, " 

substrate Rh(II)b thermalC 
chlorobenzene 0.1 0.84 
fluorobenzene 0.46 0.80 
benzene 1 1 
toluene 1.10 1.06 
anisole 1.16 1.15 
o-xylene 1.6 
m-xylene 1.20 1.2 
p-x ylene 1.0 1 . 2  

Reaction conditions were the same as in Table I but 
with 100 mmol of each aromatic compound. 
dium(I1) trifluoroacetate catalyzed competitions. From 
ref 15,  thermal decomposition of EtDA. 

Rho- 

lower yields than methyl diazoacetate in rhodium(I1) 
trifluoroacetate and rhodium(I1) 2,4-dichloro-3,5-dinitro- 
benzoate catalyzed reactions. Strangely enough, the cat- 
alytic efficiency of rhodium(I1) perfluorobenzoate seems 
unaffected by the nature of the diazo ester alkoxy group 
(Table 111). 

The synthetic interest of the method is further widened 
by the possibility of a direct and controlled functionali- 
zation of polymers. For example, polystyrene was readily 
converted into a polymer containing ester-substituted 
cycloheptatriene units in one single step (see Experimental 
Section). 

The dimeric nature of rhodium(I1) carboxylates is well 
established.' These diamagnetic complexes have only one 
coordination site per metal.8 In fact, formation of highly 
electrophilic carbenoid species is expected with electron- 
poor carboxylates (carbenes are good (r donors, and poor 

(7) Johnson, S. A., Hunt, H. R.; Neuman, H. M. Inorg. Chem. 1963, 
2,  960. Richman, R. M.; Kuechler, T. C.; Tanner, S. P.; Drago, R. S. J .  
Am. Chem. SOC. 1977, 99, 1055. Norman, J. G., Jr.; Kolari, H. J. Ibid. 
1978,100, 791. 

(8) Koh, Y. B.; Christoph, G. G. Inorg. Chem. 1978, 17, 2590 and 
references therein. 

(9) Mechanistically, the rhodium(I1) acetate cyclopropanation of ole- 
fins was proposed to occur through a bimolecular attack of a Rh carbe- 
noid on a noncomplexed olefin (see ref 4). 

) 3 T8meIhrl 4 

Figure 1. Evolution of Nz against time in rhodium(I1) tri- 
fluoroacetate catalyzed decompositions of n-BuDA (e), EtDA (O), 
and MeDA, X and A, respectively, 1.15 X 
mol L-' a t  - 12 "C in toluene. 

and 2.47 X 

metal retrodonation into the carbene empty p orbital is 
expected with strongly electron-withdrawing ligands). 
Indeed, the electrophilic character of the attacking species 
is evidenced by the results of the competitive experiments 
summarized in Table IV. There is always a preferential 
addition to the electron-rich molecule, although the re- 
active species is rather indiscriminate in its selection of 
substrates. Increasing alkyl substitution of the benzene 
nucleus does not necessarily further increase the selection 
of the electron-rich molecule (for competition between 
toluene and p-xylene, the relative reactivity is 1.06), re- 
vealing, in that case, dominance of steric over electronic 
effects. Fluorobenzene and especially chlorobenzene are 
notable exceptions, the catalytic system generating in thwe 
particular cases much more discriminating species than 
in its thermal counterpart. 

The much lower yields observed in thermal and photo- 
chemical reactions relative to the catalyzed reactions (e.g., 
with EtDA thermal decomposition in C6H6 is 22% and 
photochemical decomposition is 39% ; photochemical de- 
composition in toluene is 43%) might also be an indication 
against the generation of free carbenes in the presence of 
rhodium catalysts. Eventually the results of intermolecular 
competitions between benzene and cyclohexane also sup- 
port the hypothesis of reacting carbenoids. In the latter 
case, while thermally or photochemically generated carb- 
enes (from EtDA) do not discriminate between the sub- 
strates (overall yield C50% ), the Rh-catalyzed decompo- 
sition shows a large selectivity for the addition to benzene 
(ratio of reacted C6H6 to C6H12 of 6.5, overall yield >70%). 

Whether the addition of the carbenoid to the aromatic 
molecule is concerted or takes place via a stepwise ionic 
mechanism as proposed by Miiller and co-workers for the 
CuC1-catalyzed addition of methylene to aromates'O re- 
mains to be answered. Since the reactions are observed 
to be much less sensitive to substituent effects than 
electrophilic aromatic substitution reactions, they might 
be classified as "concerted". This conclusion would imply 
that carbenoids undergo cycloadditions in a concerted 
fashion, a fact that has never been convincingly proved." 

We simply note that products expected to be formed in 
multistep mechanisms (e.g., phenyl acetate or molecules 
resulting from l,&dipolar addition of carbalkoxycarbene 
on an hypothetic arenium intermediate) are not observed. 

The fate of the catalyst was next investigated. The 
original green rhodium(I1) carboxylate is not recovered 
after reaction. Actually, all of the catalysts described in 
this study are slowly transformed into inactive species 

(10) Muller, E.; Kessler, H.; Fricke, H.; Kiedaisch, W. Justus Liebigs 
Ann. Chem. 1964, 675,63. 

(11) Marchand, A. P.; MacBrockway, N. Chem. Rev. 1974, 74,431. See 
also: Nakamura, A.; Konischi, A.; Tsujitani, R.; Kudo, M.; Otauka, S. J .  
Am. Chem. SOC. 1978, 100, 3449. 
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during the course of the reaction. TLC or column chro- 
matography of t h e  nonvolatile fraction of rhodium(I1) 
trifluoroacetate catalyzed reaction only allowed isolation 
of noncrystalline fractions.I2 Modification of the catalyst 
was also evidenced by  the kinetics of the reaction in tol- 
uene at -12 "C (measure of N2 evolution, catalyst rhodi- 
um(I1) trifluoroacetate). T h e  fast initial N2 evolution was 
followed by  a slow s t ep  (Figure 1, break in the  curve) 
corresponding to the formation of byproducts, mostly 
maleates, fumarates, and polyketocarbenes. In fact, the 
reaction completely stopped with tert-butyl diazoacetate. 
Moreover, the yield of 3 was directly related to the first 
part of the curve, and that approximately corresponded 
to 20 turnovers of t h e  catalyst. The above system re- 
mained inactive for the formation of 3 even when warmed 
up to 25 "C. On t h e  contrary, when the reaction was 
directly performed at 25 "C, carbene addition to toluene 
was kinetically sufficiently favored so as to perform the 
ringenlargment reaction in good yield, a process requiring 
over 100 catalytic cycles. Deactivation of the  catalyst is 
probably related to t h e  formation of reduced rhodium 
species. Indeed, the reducing ability of diazo esters has 
been amply demon~t ra t ed . '~  Moreover, the electrochem- 
ical reduction of rhodium(I1) trifluoroacetate is easy, and 
it was shown to be favored by 500 mV compared to the 
corresponding rhodium(I1) acetate14 and irreversibly led 
to stable yellow Rh(1) species. 

Experimental Section 
Analysis and purification of the cycloheptatrienes were carried 

out on Varian 3700 and 2800 gas-liquid chromatographs using, 
respectively, capillary (50 m X 0.25 mm, FFAP) and analytical 
(1.2 m X 5 mm) FFAP, 15% on Chromosorb W, 45-60 DMCS 
columns. The preparative separations were run on a 3 m X 9.5 
mm, FFAP, 20% Chromosorb A 45-60 column: carrier gas He, 
40 mL/min, temperature program from 70 to 230 "C at 15 "C/min. 
Aromatic solvents were distilled under nitrogen. Most reactions 
were carried out under Nz at room temperature, but identical 
results were obtained when the reactions were run in the atmo- 
sphere. The catalysts were prepared according to Wilkinson'sl6 
or J o h n ' s '  procedure. Rhodium(II) trifluoroacetate was further 
crystallized from benzene prior to use. 
Tetrakis(pentafluorobenzoato)dirhodium(II). A 4.5-g 

sample of pentafluorobenzoic acid and 1 g of hydrated RhC1, were 
dissolved in 80 mL of ethanol. After dissolution, 0.8 g of NaOH 
was added and the mixture heated for 3 h under nitrogen. After 
the mixture was cooled and filtered, the insoluble fraction was 
further refluxed for 1 h in 80 mL of fresh ethanol. The liquid 
fractions were added and the solvent was evaporated under 
vaccum. The solid green residue was extracted with ether until 
colorless and chromatographed on SiOz (toluene-ether 9:l). A 
1-g sample of complex was collected and dried in vacuo for 3 h 
I150 "C mm)]: IR (KBr) 1655 (m), 1597 (s), 1525 (m), 1500 
(s), 1433 (s), 1405 (s), 1297 (w), 1118 (m), 997 (s), 942 (w), 768 
(m) cm-'. Anal. Calcd for C, H (&0.5%). 
Tetrakis(2,4-diclloro-3,5-dinitrobenzoato)dirhodium(II). 

A 250-mg sample of hydrated RhC13 and 3 g of 2,4-dichloro-3,5- 
dinitrobenzoic acid were dissolved in 100 mL of ethanol. After 

~~~ ~~ 

(12) The elemental analysis of those fractions was close to Rh2(02C- 
CF&N2(CHC02CH&. A product corresponding to N2(CHC02Et)12 has 
been isolated by Forbes after decomposition of EtDA in an alkane: 
Forbes, A. D.; Wood, J. J. Chem. SOC. B 1971,646. 

(13) Salomon, R. G.; Kochi, J. K. J.  Am. Chem. SOC. 1973,95,3300. 
Moniotte, P. G.; Hubert, A. J.; Teyssi6, P. J. Organomet. Chem. 1975,88, 
115. See also: Bethell, D.; Haudo, K. L.; Fairhurst, S. A.; Sutcliffe, L. 
H. J. Chem. SOC., Chem. Commun. 1977,326; Saegusn, T.; Ito, Y.; Shim- 
izu, T.; Kobayashi, s. Bull. Chem. SOC. Jpn. 1969,42,3535; Shirafuji, T.; 
Yamamoto, Y.; Nozaki, H. Tetrahedron 1971,27,5353; Golenko, T. G.; 
Dolgoplosk, B. A. Dokl. Akad. Nauk SSSR 1975,220(4), 80. 

(14) Das, K.; Kadish, K. M.; Bear, J. L. Inorg. Chem. 1978,17,930. 
(15) Baldwin, J. E.; Smith, R. A. J. Am. Chem. SOC. 1967,89, 1886. 
(16) Rempel, G. A.; Legzdins, P.; Smith, H.; Wilkinson, G. Inorg. 

Synth. 1971,13, 90. 

solubilization, 220 mg of sodium bicarbonate was added and the 
mixture refluxed under nitrogen for 2 h. After the mixture cooled, 
the deep green precipitate was filtered off. After a slow evapo- 
ration, the ethanol solution yielded a second crop of the same 
complex, which was washed twice with acetone and ether (yield 
69%). Analytical samples were obtained by crystallization from 
chloroform (slow solubility): IR (KBr) 1617 (s), 1600 (s), 1555 
(s), 1393 (s), 1335 (e), 1350 (s), 1110 (m), 425 (m) cm-'. Anal. Calcd 
for C, N, H (*0.3%). 

P repa ra t ion  of Alkyl Cyclohepta-2,4,6-triene-l- 
carboxylates. General Procedure. The diazo ester (5 mmol) 
was added with an automatic syringe (Sage Model 352) to the 
aromatic substrate (0.1 mol) containing the catalyst (2 X 
mmol) within approximatively 2 h while the mixture was stirred 
magnetically at room temperature. After absence of any residual 
absorption of the diazo group (2175 cm-') had been confirmed, 
the reaction mixture was analyzed by W C  using an internal 
s t a n d d  (dimethyl fumarate or diethyl phthalate). In preparative 
experiments, the mixture was distilled under vacuum (10-2-10-3 
mm) at a relatively low temperature so as to minimize isomeri- 
zation. 

The isomeric mixture was then analyzed by W C  and IR and 
NMR spectroscopy. Typically, all the isolated cycloheptatrienes 
showed a nonconjugated ester absorption at  1740-1750 cm-' in 
the IR (cf. 1720 cm-' for an ester-conjugated and C = C  
stretching in the range of 1630-1615 cm-'. All the products gave 
satisfactory elemental analyses (C, H, *0.5%). 

Analysis of the Isomeric Distribution of the Cyclo- 
heptatrienes. The LIS technique was used for identifying the 
various isomers of substituted cycloheptatrienes. Variations of 
the H chemical shifts were recorded for various concentrations 
of the europium complex (ratios of Eu to substrates of 0.05,0.1, 
0.2, and 0.5). The paramagnetic complex used was Eu(DPM)~ 
[(2,2,6,6-tetramethyleptane-3,5-dionato]europium(III). The 
results of the analysis are summarized hereafter for the methyl 
esters. 

For toluene as substrate:" 'H NMR (CDC13, Me,Si) 6 6.6-4.4 
(5 H, olefinic H); 3.77, 3.76, and 3.74 (three s, 3 H, 3 different 
OCH3), 2.87 (d, 1 H, 3J = 7 Hz), 2.56 (t, 1 H, 3J = 6 Hz), 2.24 (t, 
1 H, 3J = 6 Hz, three different CHCOOCH3). The doublet at 6 
2.87 is attributed to the H on the sp3 C of the 2-CH3-substituted 
isomer (17%; see Table 111). The triplet a t  6 2.24 is attributed 
to the corresponding 3-CH3 isomer (23%) and the triplet at 6 2.56 
to the same H of the 4-CH3 isomer (56%), a chemical shift very 
close to that of the unsubstituted 1-(carbomethoxy)cyclo- 
heptatriene 3. Moreover, the relative areas also correspond to 
those of the ester group (OCH,; see below). The CH3 groups 
absorbs at 6 2.06 (4isomer) and 1.96 (2- and 3-isomers). The above 
assignments have been checked by the use of Eu(DMP)~. Res- 
olution of the previously ill-resolved CH3 and OCH3 signals then 
became distinct and allowed us to conclude that (1) a CH3 at the 
2-position is more deshielded than the other ones; (2) the H-1 
and OCH3 chemical shifts of both the 4- and 7-methyl-substituted 
isomers are identical; (3) the influence of the paramagnetic ion 
is smaller on the 2-CH3 isomer than on the 3- and 4-isomers, and 
steric hindrance by a methyl on carbon 2 destabilizes the complex; 
and (4) the deshielding of the olefinic proton also allowed some 
attributions: 6.1 and 6.38, H-4, H-5 or H-3, H-6; 5.28, H-2 and 
H-7 of the 4-Me-substituted cycloheptatriene; 4.69 and 4.97, H-2 
and H-7 of the 3-Me isomer. The remaining signals could not 
be assigned. 

For p-Xylene as Substrate.'"sb Methyl %,&dimethyl- 
cyclohepta-2,4,6-triene-l-carboxylate: yield 85% ; 'H NMR 
(CDC13, Me4Si) 6 1.89 (s, 3 H, 2-CH3), 2.01 (8,  3 H, 5-CH3) 2.86 
( s , ~ J  = 7 Hz, 1 H, CHCOOMe),3.65 (s,3 H,COOCH3), 6.5-5.5 
(m, 4 H, olefinic H). For the 3,6-dimethyl isomer: yield 10%; 
lH NMR 6 1.92 (s, 6 H, 2 CH3), 2.26 (t, 3J = 6 Hz, 1 H, 
CHCOOCH,), 3.71 ( 8 ,  3 H, OCH3). 

Methyl 2,4-dimethyl- 
cyclohepta-2,4,6-triene-l-carboxylate: yield 12% ; 'H NMR 

For m-Xylene as Substrate.'"gb 

(17) Baldwin, J. E.; Smith, R. A. J. Ow.  Chem. 1967, 32, 3511. 
(18) (a) Hanessian, S.; Schiitze, G. J. Org. Chem. 1969,34, 3196. (b) 

Doma, B.; Vercek, B.; Stanovnik, B.; Tishey, M. Chimia 1974,28, 235. 
(c)  Brember, A.; Gorman, A. A.; Sheridan, J. B. Tetrahedron Lett. 1973, 
415. 
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(CDC13, Me4Si) 6 1.92 (s,3 H, 2-CH3), 2.02 (s,3 H, 4-CH3), 3.71 
(s,3 H, OCH3), 2.86 (d, 35 = 7 Hz, 1 H, CHCOOCH3). For the 
2,6-dimethyl isomer: yield 43%; 1.92 (8, 6 H, 2- and 6-CH3), 

For the 3,5-dimethyl isomer: yield 43%; 1.92 (s, 3 H, 3-CH3), 

(s,3 H, COOCH,). For o-Xylene as Substrate. Methyl 4,5- 
dimethylcyclohepta-2,4,6-triene-l-carboxylate: yield 43% ; 
'H NMR (CDCl,, Me4%) 6 1.93 (large s, 6 H, 4- and 5-CH,), 2.23 
(t, 1 H, CHCOOCH,), 3.74 (s, 3 H, COOCH3),4.73 (dd, 2 H , 3 J  

For the 3,4-dimethyl isomer: yield 39%; 'H NMR (CDCl,, 
Me4%) 1.93 (s, 3 H, 3-CH3), 1.99 (8, 3 H, 4-CHs), 2.15 t ,  1 H, 
=CHCOOCH3), 3.74 (s, 3 H, C02CH,), 4.57-5.13 (m, 2 H, H-2 
and H-7), 5.95-6.61 (m, 2 H, H-5 and H-6). For the %>-dimethyl 
isomer: yield 18%; 'H NhfR (CDCl,, Me4&) 1.82 (a, 3 H, 2-CH3), 

COOCH3), 5.65-6.65 (m, 4 H, olefinic H). 
For Anisole as Substrate.'"sc Methyl I-methoxycyclo- 

hepta-2,4,6-triene-l-carboxylate: yield 56%; 'H NMR (CDCl,, 
Me4%) 6 2.58 (t, 1 H, 35 = 6 Hz, =CHCOOCH,), 3.56 (8, 3 H, 
OCH,), 3.68 (s, 3 H, COOCH3), 5.05-5.64 (dd, 35 = 6, 10 Hz, H-2 
and H-7), 5.64-6.36 (m, other olefinic H). For the 2-methoxy 
isomer: yield 29%; 'H NMR (CDC13, Me,Si) 6 3.08 (d, 1 H, 
CHCOOCH3),3.53 (s,3 H,OMe),3.61(~,3 H,COOCH3),5.40-5.93 
(m, 2 H), 6.20-6.60 (m, 2 H), 6.63-7.20 (m, 1 H). For the 3- 
methoxy isomer: yield 8%; 1.58 (t, 1 H, =CHCOOCH3), 3.56 
(s,3 H, OMe), 3.67 ( s ,3  H, COOMe). For  Chlorobenzene as 
Substrate.  Methyl 4-chlorocyclohepta-2,4,6-triene-l- 
carboxylate yield 80%; 'H NMR (CDCI,, Me4%) 6 2.70 (t, 1 H, 
3J = 6 Hz, =CHCOOCH3), 3.77 (s, 3 H, COOCHJ, 6.80 (d, 35 
= 7 Hz, H-5). For the 3-chloro isomer: yield 15%; 'H NMR 
(CDCl,, Me4&) 6 2.49 (t, 1 H, 35 = 6 Hz, =CHCOOCH3), 3.76 
(s,3 H, COOCH,), 5.16 (d, 1 H, H-2). For the 2-chloro isomer: 
yield 5%; 'H NMR (CDCl,, Me4Si) 6 3.47 (d, 1 H, 3J = 7 Hz, 
=CHCOOCH3), 3.70 (s, 3 H, COOCH3). For Indan as Sub- 
strate. Isomer A: yield 40%; 'H NMR (CDC13, Me4Si) 6 3.74 
(s, 3 H, CHa3), 5.34 (dd, 2 H, 35 = 6, 10 Hz, He), 6.17 (d, 2 H, 35 
= 10 Hz, H3, Hb was visible at  high Eu concentration and ap- 
peared as a triplet, 1.68-2.14 (m, 2 H, CHd2), 2.26-3.35 (m, 4 H, 

2.89 (d, 1 H, 35 = 7 Hz, CHCOOCH,), 3.71 (8, 3 H, COOCH3). 

1.96 (8, 3 H, 5-CH3), 2.08 (t, 1 H, 35 = 7 Hz, CHCOOCH,), 3.72 

= 5 , 8  Hz, H-2 and H-7), 5.99 (d, 35 = 8 Hz, 2 H, H-3 and H-6). 

1.86 (5, 3 H, 3-CH3), 2.69 (d, 1 H, =CHCOOCH3), 3.68 (5, 3 H, 

CHC2). 

H' 
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I 

d*; COOC H "3 

H' 
A 

Isomer B: 'H NMR (CDC13, Me4Si) 6 3.72 (s,3 H, COOCH,), 
the protons b, c, and d have the same attribution as those for 
isomer A, 4.94 (m, 2 H, He), 6.52-6.0 (m, 2 H, H' and Hg). 

B 

Isomer C: 'H NMR (CDC13, Me4Si) 6 3.22 (d, 1 H, 3J = 7 Hz, 
Hb) 3.67 (s,3 H, COOCHd. The CHcz and CHdz signals were same 

as above; the remaining olefinic H could not be assigned. 

Ac 
H y  COOCHa3 

C 

Application to Polystyrene. (a) Solution in C&, A 0.610-g 
sample of EtDA was slowly added a t  room temperature to a 
solution of 1 g of polystyrene (mol w t  40000, M,/M, < l .l),  in 
10 mL of C& containing 10 mg of rhodium trifluoroacetate. The 
resulting polymer (0.84 g), twice reprecipitated from methanol 
and dried in vacuo, shows an IR absorption a t  1745 cm-'. Its 
elemental analysis (C, 90.6; H, 8.0) indicates a 10% incorporation 
of the carbalkoxycarbene. 

(b) Solution in CHC1,. The same procedure was used as in 
part a, but the solvent was CHCl3. The analysis of the repre- 
cipitated polymer (C, 91.7; H, 8.3) corresponds to a 3.7% func- 
tionalization. 
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