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Abstract—The N-bis(trimethysilyl)methyl (N-BTMSM) group is effective for conformational control about the amide N�C(O)
bond in tertiary diazoamides; metallocarbenoid C–H insertion reaction occurs only at the other N-‘alkyl’ unit. In C�-unbranched
diazoamides, the inherent electronic effects of the N-‘alkyl’ group influence the regioselectivity of the reaction. The N-BTMSM
group also influences the conformational preference about the amide N–C� bond in C�-branched systems which, in turn, affects
the regioselectivity of the reaction; substituent electronic effects are subtle and play subordinate roles. A transition state model to
explain the results is proposed. © 2002 Elsevier Science Ltd. All rights reserved.

The intramolecular dirhodium(II) carbenoid C–H inser-
tion reaction of diazocarbonyl compounds is a useful
method for the construction of cyclic compounds.1 This
process is useful for the synthesis of �- and �-lactams
when applied to diazoamides. Steric, electronic and
conformational factors as well as the nature of the
ligands on the Rh(II) catalysts have been shown to play
important roles in determining the type of lactam prod-
ucts that are formed.2 It is also recognized that for
tertiary diazoamides, conformational effects about the
amide N�C(O) bond can result in metallocarbenoid
attack at both N-substituents resulting in product mix-
tures.2a–c Strategies to improve site selectivity, which are
based on replacing one of the N-substituents in the
tertiary diazoamide with a bulky group (e.g. t-butyl2c),
an electronically deactivated group2a or a N-protecting
group,3 have been developed and used with varying
degrees of success. In connection with our ongoing
interest in this area, we have investigated the Rh(II)-
catalyzed reaction of N-bis(trimethylsilylmethyl)diazo-
amides to determine whether the N-bis(trimethylsi-
lyl)methyl (N-BTMSM)4 group will be effective for
conformational control about (i) the amide N�C(O)
bond and (ii) the N�C� (sp3) sigma bond of the second
N-substituent. We report our preliminary findings in
this Letter.

The reaction of compounds 1a–d catalyzed by
Rh2(OAc)4 (Eq. (1)) was first investigated.5

(1)

The reactions proceeded efficiently to give good overall,
isolated yields of the �-lactam products. No �-lactam
products were detected. Furthermore, the N-BTMSM
group was not attacked by the reactive metallocar-
benoid. For the lactams 2a,b, the relative stereochem-
istry at C3-C4 was assigned as trans on the basis of the
vicinal coupling constant of 9 Hz.2b

Unlike 1a,b, the reaction of 1c afforded the �-lactam 2c
along with the cycloheptatriene derivative 3c (n=1),
and in a ratio of 2:1. Treatment of 1c with the more
‘electron-rich’1 Rh2(Cap)4 favored more C–H inser-
tion, but the cycloaddition pathway was still significant;
the ratio of 2c:3c (combined yield: 97%) was 3.5:1.
Moving the phenyl moiety farther by one methylene
unit, as in 1d, resulted in the suppression of the unde-
sired cycloaddition pathway and only the �-lactam 2d
was formed.
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We then studied the Rh2(OAc)4-catalyzed reaction of
diazo compounds 4a,b (Eq. (2)). It has been shown6

that the electron-withdrawing carbalkoxy group deacti-
vates � and � C–H bonds towards metallocarbenoid
insertion. However, the Rh(II)-catalyzed reaction of
diazoamides possessing a N-(carbalkoxyethyl) sub-
stituent was found to give products which had arisen
from metallocarbenoid insertion into C–H bonds � and
� to the carbalkoxy moiety and from the carbonyl ylide
derived from the interception of the metallocarbenoid
by the carbonyl oxygen of the ester moiety.2c

(2)

In 4a,b metallocarbenoid C–H insertion occurred exclu-
sively at the electronically activated2 �-C–H bond to
give 5a,b in very good yields. Neither the corresponding
�-lactam nor the dihydro[1,4]oxazepin-3-one derivative
which would be formed via a carbonyl ylide intermedi-
ate was detected. Again, the N-BTMSM group was not
attacked by the metallocarbenoid. Compound 5a was
obtained as a 2:1 mixture of cis and trans (Jcis=5 Hz,
Jtrans=1.9 Hz)2b diastereomers whereas 5b was obtained
only as the trans diastereomer. It is likely that in the
latter case epimerization at C-3 had occurred under the
reaction conditions to afford the thermodynamically
more stable trans product.

The results from compounds 1 and 4 revealed that
metallocarbenoid reaction preferentially occurred at the
N-‘alkyl’ substituent and not at the N-BTMSM group.
This suggested that the N-BTMSM group has a strong
bias on the conformation about the amide
N�C(O)bond; the preferred amide rotamer is the one
with the N-BTMSM group and the amide carbonyl
moiety syn to each other.

Next, we investigated the C–H insertion reaction in
diazoamides 6, 9, and 12. Compounds 6a–e were
designed to examine electronic effects on metallocar-
benoid insertion reaction between tertiary and sec-
ondary C–H bonds (6a,b,c) and between tertiary C�H
bonds (6d,e). Compounds 9 and 12 will permit the
assessment of electronic effects on metallocarbenoid
insertion into secondary and tertiary C�H bonds. These
compounds should also allow us to determine whether
the N-BTMSM group has any influence on the confor-

mational preference about the amide N�C(‘alkyl’)
sigma bond, which may affect the regio- and site-selec-
tivity of the C–H insertion reactions in 6, 9 and 12.

For the Rh2(OAc)4-catalyzed reaction of 6a–c (Eq. (3)
and Table 1), preferential metallocarbenoid insertion
into the tertiary C–H bond to give only the �-lactams
7a–c was observed. Identical results were obtained with
the more electron rich Rh2(acam)4. The reaction of
6d,e, with Rh2(OAc)4 revealed the subtle influence of
the �-substituent at the carbenoid center; with 6d, only
the �-lactam 7d was formed, whereas with 6e a 2:1 ratio
of an inseparable diastereomeric mixtures of 7e:8e was
produced and in a combined yield of 78%. The �-lac-
tam that could arise from insertion into the electroni-
cally less favorable methyl C–H bond was not detected.

(3)

The above C–H insertion results are nicely comple-
mented by the data from the reaction of compound 9
(Eq. (4)). The reaction of 9a with Rh2(OAc)4 led only to
the �-lactam product 10a, which arose from preferential
insertion of the metallocarbenoid into the secondary
C–H bond. Interestingly, the reaction of 9b,c with
Rh2(OAc)4 indicated that there was increased prefer-
ence for Rh(II)-carbenoid insertion into the tertiary
C–H bond adjacent to the amide nitrogen atom, which
produced a mixture of the �-lactams 10b,c and the
�-lactams 11b,c, respectively.7 For 9b the ratio of
10b:11b was 1:3.8, whereas for 9c the ratio of 10c:11c
was 1:3.

(4)

Furthermore, when 9b was treated with Rh2(acam)4

insertion into the tertiary C–H bond was still the pre-
ferred pathway; the �-lactam 11b was obtained as the
major product and the ratio of 10b:11b was 1:2.7. This
result suggests that the electronic nature of the catalyst

Table 1. Rh(II)-catalyzed reaction of 6: regioselectivity

�-Lactam%aDiazo DiazoRh2L4 Rh2L4 �-Lactam%a

6a Rh2(OAc)4 7c, 75Rh2(OAc)47a, 94 6c
Rh2(acam)46a 7c, 577a, 71 Rh2(acam)46c

7d, 706b Rh2(OAc)4 7b, 87 6d Rh2(OAc)4

7e,b 786b Rh2(acam)4 7b, 41 6e Rh2(OAc)4

a Isolated yields.
b Inseparable mixture of �-lactam 7e and �-lactam 8e.
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Figure 1. Transition state models for formation of �- and �-lactams.

has little effect on the regioselectivity of C�-branched
systems. We then studied the Rh2(OAc)4-catalyzed reac-
tion of the geometrically more constrained diazoamide
12a,b (Eq. (5)). Interestingly, a similar behavior of the
metallocarbenoid to that observed for 9a,b was dis-
played. Thus for 12a, a high preference for insertion
into the secondary (axial and equatorial) C�H bond of
the cyclohexyl ring was observed, which resulted in a
75% yield of a 1:1 diastereomeric mixture of cis- and
trans-13.

(5)

Insertion into both axial and equatorial bonds in the
cyclohexyl ring is well precedented in the literature.8

For 12b, however, the spiro �-lactam 14b was formed
as the major product reflecting a high preference for
metallocarbenoid attack on the tertiary C–H bond.
This outcome is in agreement with the results obtained
for the reaction of 9b (Eq. (4)).

The overall composite results suggested that if the
carbon (C�) directly adjacent to the amide nitrogen
atom is unbranched, �-lactam formation is highly
favored (1a–d; 6a–c), but the regioselectivity is subject
to the usual electronic effects of the N-substituent and
not the �-substituent at the carbenoid center (4a,b
versus 6a–c). However, for the C� branched systems
(6d,e; 9a–c, 12a,b), the data suggested that the regiose-
lectivity of the reaction is strongly influenced by the
conformational preference about the N�C� sigma bond;
the electronic influence of the �-substituent at the car-
benoid carbon is subtle but important.

The formation of the �- and �-lactams can be under-
stood by considering the following ‘chair-like’ transi-
tion state (TS) models (Fig. 1), wherein the
Rh�carbenoid bond is aligned parallel to the target
C�H sigma bond.9 Insertion of the carbenoid center
into the C�H bond is believed to involve the overlap of
the vacant p-orbital of the carbenoid carbon and the
target C�H sigma bond.10 In an unbranched system,
C–H insertion proceeds via TS-A11a to give �-lactams.
Neither the �-substituent at the carbenoid carbon nor
the nature of the ligand in the Rh(II) catalyst has an
influence on the regioselectivity of the reaction.

When C� is branched, destabilizing interaction between
the syn pseudoequatorial R (see TS-A) and SiMe3 moi-
ety of the N-BTMSM group causes the R group to
rotate away and adopt the relatively more stable TS-
B.11b In this TS, the tertiary C–H unit is in the vicinity
of the metallocarbenoid. The results from 6d,e, 9a–c
and 12a,b suggest that for the �-acetyl and �-car-
bomethoxy substituted metallocarbenoid, interaction of
the more electrophilic carbenoid center with the C–H
bonds occur via an earlier10 TS and therefore the more
electron-rich (nucleophilic) tertiary C–H bond is prefer-
entially attacked leading to the formation of the �-lac-
tam as the major product. When the metallocarbenoid
center is unsubstituted, the carbenoid carbon is less
electrophilic and a later10 TS is involved. Insertion into
the tertiary C�H bond is now enthalpically less favored
and the carbenoid reacts via the more kinetically and
electronically favored pathway, that is via TS-A to
preferentially give the �-lactam.

In summary, we have demonstrated the effectiveness of
the N-BTMSM group for conformational control
about the amide N�C(O) bond in tertiary diazoamides.
In C�-unbranched diazoamides, the regioselectivity of
the C–H insertion reaction was influenced by the inher-
ent electronic effects of the N-‘alkyl’ group, whereas in
C�-branched systems regioselectivity was governed by
conformational preference about the amide N–C� bond
as well as by subtle, but important electronic effects of
the �-substituent at the carbenoid carbon and the N-
‘alkyl’ group. Further studies are directed at expanding
the use of N-BTMSM in C�-branched diazoamides for
the synthesis of trisubstituted �-lactams.
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