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Selective activation of unfunctionalized-®& bonds repre-
sents a major challenge in organic synthési€ne notable
method is the intramolecular carbenoid-8 insertion, which
is particularly useful for the synthesis of five-membered rings
with excellent control of relative and absolute stereochemistry.
In contrast, thentermolecularcarbenoid G-H insertion has

not been greatly utilized and has been generally regarded as a

rather inefficient and unselective procégsThe most signifi-
cant papers in the field are by Notland Callottt which
reported that reasonable yields of intermoleculat-Oinsertion

products could be obtained from rhodium-catalyzed decomposi-
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Table 1. Asymmetric C-H Insertions into Cycloalkanes
R
(o “
C&m + Lichy, Rhy(S-DOSP)4 Cha,
MeO,C "
1 MeO,C
entry  product R n temp yield (%) ee, (%)
1 2a OMe 1 50 55 83
2 2b H 1 50 84 87
3 2c Cl 1 50 78 89
4 3a OMe 2 81 85 67
5 3b H 2 81 83 81
6 3b H 2 50 69 88
7 3c Cl 2 81 91 86
8 3c Cl 2 25 53 93
9 4a MeO 3 118 78 60
4b H 3 118 84 70
11 4c Cl 3 118 96 81

2 Enantiomeric excesses (ee values) were determined eith# by
NMR using tris[3-((heptafluoropropyl)hydroxymethylenefj¢cam-
phorato]europium(lll) as a chiral shift reagent or by HPLC using a
Daicel OD analytical column.

tion of ethyl diazoacetate in the presence of alkanes. In recentfairly forcing reactions conditions were used, moderate to high

years, we have found that vinyldiazoacetatesd phenyl-
diazoacetat@sare capable of highly stereoselective cyclopro-
panations on rhodium(I1)S}-N-(p-alkylphenyl)sulfonylprolinate
Rhp(S-DOSP)-catalyzed decomposition in the presence of

levels of asymmetric induction were obtained {&9% ee
(enantiomeric excess)). The effect of temperature is clearly seen
in the formation of3c; under refluxing conditions3cis formed
in 91% yield and 86% ee, while under ambient conditidts,

alkenes. In this paper we describe that the decomposition ofis formed in 53% vyield and 93% ee. For the phenyl, chlo-

aryldiazoacetates by RSDOSP), results in intermolecular
C—H insertions in excellent yields and high levels of asymmetric
induction (eq 1).

HolRn
R [;L‘o]én
! SO.Ar |4 Ry
= p-CypHasCeH
MeO.C No + @“2% Ar=pCi 25_.06 4 (CHa)n (4
ez Rhy(S-DOSP), Me0,c” H
55-96% yield
60-93% ee

The initial determination of the feasibility of the intermo-
lecular C-H insertion reaction was carried out with a series of
aryldiazoacetateslé—c) in the presence of cycloalkanes as
solvent (Table 1). The yields of the-@ insertion products
were found to be much higher when the reactions were
conducted under refluxing conditions instead of at room
temperature. Under these conditions thetCinsertion products
were obtained in yields ranging from 55 to 96%. Even though
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rophenyl, and methoxyphenyl derivativesa{-c), a steady
increase in both yield and enantioselectivity was seen on going
from the electron-donating to the electron-withdrawing aromatic
substituent. The apparent trend toward enhanced enantioselec-
tivity could not be extended to thgenitro derivative ofl because

of the insolubility of the diazo compound in the hydrocarbon
solvent. The absolute stereochemistry2bfwas determined

to beR by comparison of the optical rotation of the acid derived
from 2b with the literature valu@€1® The absolute stereochem-
istry of the other C-H insertion products is tentatively assumed
to beR in analogy to2b.

The efficiency of the aryldiazoacetate system for asymmetric
C—H insertion is in sharp contrast to the results that were
obtained with the more traditional carbenoid precursors. Even
though the reaction with ethyl diazoacetdigdoes not generate
a stereogenic center, the reaction is instructive because in
addition to the G-H insertion product a significant amount
of butenedioate products are formed (eq®2No dimeric

E0,c” 2 Rno(SDOSP), /_O EtOZCI
5 cyclohexane EtO:C° ¢ CO,E @
34% 29%
Meoc)=N2 Rhy(S-DOSP),  MeOC
Me0.C cyclohexane MeO,C 3% ee ©
7 51%
Ph
=N, Rh(SDOSP), —
Me0,C cyclohexane MeO,C 151 83% ee @
9 50%

carbene products were seen in the reaction of the aryldiazoac-
etates described in Table 1. RBDOSP)-catalyzed decom-
position of methyl diazoacetoacetaté) (in the presence of
cyclohexane resulted in the—@ insertion produc®8 in only

(9) Camps, P.; Gimenez, Setrahedron: Asymmetry996 7, 1227.

(10) Lit. value: )% = —38.8 (c = 20.0, CHC}) (Barlow, R. B.;
Franks, F. M.; Pearson, J. D. Med. Chem1973 16, 493). Found: ¢]%%
—28.3 (c = 0.48, CHCY).
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Table 2. Asymmetric C-H Insertion into Tetrahydrofuran

R R
Q Rha(S-DOSP), @W R\©\?/#—>
N2 /—/\
MeO2C o

"o
1 COoMe COoMe
1 12
yield e
entry substrate R temp (%) 11122 11(%) 12(%)
1 la MeO 65 63 25 68 66
2 1b H 65 82 2.3 60 61
3 1c Cl 65 48 17 52 51
4 1c Cl 25 57 1.9 76 71
5 1d NO; 65 50 1.8 69 58

a11:12ratios determined frofH NMR of crude reaction mixtures.
b Enantiomeric excesses (ee values) were determined eitAerWiyIR
using tris[3-((heptafluoropropyl)hydroxymethylenejjtcamphor-
ato]europium(lll) as a chiral shift reagent or by HPLC using a Daicel
OD analytical column.

3% ee (eq 3). However, the reaction with the vinylcarbenoid
precursor9 was very effective resulting in the-H insertion
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on carrying out the reaction at ambient temperature as seen for
1c (76% ee forllg 71% ee forl2c) The absolute stereo-
chemistry of11 and 12 has not been determined, but if the
asymmetric induction runs parallel to the cycloalkane insertions,
the products would be expected to beR@S) and (Sa9),
respectviely.

The asymmetric induction observed in the formatior2bf
can be rationalized by a similar model to the one that we have
proposed for the asymmetric cyclopropanation by(BIDOSP)
(Figure 1)7¢ In this model the catalyst is considered to behave
as if it hasD, symmetry and the rhodiusncarbenoid complex
can be represented as structuré°APositive charge build up

product10in 83% ee (eq 4). These observations parallel the occurs in the transition state. The approach of the cycloalkane
trends that were seen in the asymmetric cyclopropanation byis considered to occur over the side of the ester group of the

Rhp(S-DOSP) in which high asymmetric induction occurred
only with donor-acceptor metal carbenes from vinyl- or
aryldiazoacetate®.

carbenoid, in an analogous manner to the asymmetric cyclo-
propanatiorf® Completion of the reaction by rotation of the
cycloalkane away from the catalyst would lead to the observed

Extension of the reaction to tetrahydrofuran as the carbenoid R configuration in the product.

trap illustrates that the €H insertion of aryldiazoacetates also
holds promise for good regioselectivity (Table*?}! Rhy(S
DOSP) catalyzed decomposition dfb in the presence of

In summary, the RIS DOSP)-catalyzed intermolecular
C—H insertion reaction of aryldiazoacetates shows considerable
promise for the asymmetric synthesis of arylacetic acid deriva-

tetrahydrofuran, heated under reflux, resulted in the formation tives. These studies reconfirm that the;@DOSP)/donor-

of a diastereomeric mixture of productdb and12b. These
products are formed by-€H insertion into the methylene group
adjacent to the ether. The major diastereobidrwas assigned
to be the (R*,aS") isomer on the basis of its NMR spectral
data, which is similar to that published for the carboxylic acid

acceptor-substituted carbenoid is an excellent combination for
enantioselective carbenoid transformations. Further evaluation
of the scope of the intermolecular-E insertions is in progress.
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