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Bis(diazo)piperidin-2-ones that are devoid of a donor substituent in the 4-position undergo a one-pot
cyclopropanation/cascade dipole formation/cycloaddition reaction to produce novel azapolycycles.

� 2014 Elsevier Ltd. All rights reserved.
Tandem reactions represent an efficient protocol for the con-
struction of multiple C–C bonds in a single operation.1 Recently,
we have reported on the tandem Rh(II)-catalyzed reactions of the
bis(diazo)indolin-2-one system (1).2 The carbenoid intermediate
derived from the more reactive 3-diazo group present in 1
undergoes either an initial cyclopropanation or else insertion into
a XH-bond (i.e., ROH or RNHR). This step is then followed by
formation of an acyclic metallocarbenoid which subsequently
results in dipole formation and a final dipolar cycloaddition in
the presence of a dipolarophile to give adducts 2 or 3 (Scheme 1).
The events occur selectively, and in a predictable manner.3 Metal-
lo-carbenoids derived from the Rh(II)-catalyzed reaction of a-diazo
carbonyl compounds are generally classified into various reaction
types based on the nature of the substituents flanking the carbe-
noid center. Most typically, electron donor or acceptor groups are
employed, with donor/acceptor (D/A) and acceptor/acceptor (A/A)
combinations being most frequently used.4

3-Diazopiperidinones represent an uncommon class of a-diazo
carbonyl compounds and there are very few examples in the
literature of metallocarbenoid-mediated reactions of these
diazo-substituted lactams.5 The 4-substituent group present in
the few known examples is often a carbonyl or else a fused aro-
matic ring which changes the nature of the metallocarbenoid from
an acceptor to an acceptor/acceptor or donor/acceptor system. The
diazo group present in the 3-diazopiperidin-2-one system (i.e., 5)
contains only a single a-electron withdrawing substituent and
should exhibit different reactivity from the diazo functionality
present in the bis(diazo)indolin-2-one system (1).2 However, the
reactivity differences in the acceptor, acceptor/acceptor system
should still permit this type of tandem process to occur. In an
earlier publication, Muthusamy and Srinivasan reported an exam-
ple of a formal CH insertion of a bis(diazo) lactam followed by an
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4 OCH2CH=CH2 -40 Rh2(OPiv)4 DCM 61
5 OCH2CH=CH2 -78 Rh2(OPiv)4 DCM 57
6 -40 Rh2(OPiv)4 DCM 0
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intramolecular 1,3-dipolar cycloaddition thereby providing prom-
ising precedent for the proposed cascade sequence of reactions
for the bis(diazo)piperidin-2-one system (4).5 In this Letter, we
describe an extension of the scope of the one-pot cyclopropana-
tion/dipolar cycloaddition to bis(diazo)-substituted piperidinones
of type 4.

Ethyl 2-diazo-3-(3-diazo-2-oxopiperidin-1-yl)-3-oxopropano-
ate (4) was synthesized by acylation of 3-diazo-2-piperidone6 with
ethyl 2-diazomalonyl chloride. We anticipated that the cyclic diazo
moiety would react with the rhodium(II) catalyst as the first step in
our proposed tandem cascade sequence. Prior to assessing the
reactivity of bis(diazo) 4, we conducted a brief study of the behav-
ior of this portion of our model system in the absence of the ethyl
2-diazomalonyl substituent in order to avoid potential complica-
tion by the second diazo group. To this end, 3-diazo-2-piperidinone
was converted to the Boc-protected piperidinone 5 under standard
conditions.

Since cyclopropanation corresponds to one of the most impor-
tant reactions of a-diazocarbonyl compounds,7 we first explored
the reaction of 5 with several alkenes. The Boc-3-diazopiperidone
5 was added over 1 h to 3 equiv of styrene in DCM at �40 �C in
the presence of catalytic Rh2(OAc)4, providing cyclopropane 6 in
42% yield as a single diastereomer. When Rh2(OPiv)4 was used
instead of Rh2(OAc)4, the yield of phenylcyclopropane 6 was sub-
stantially enhanced (i.e., 87%). Since toluene was previously found
to be a better solvent than dichloromethane for the dipolar cyclo-
addition reaction that we intended to combine with the cycloprop-
anation reaction, we screened this solvent for the cyclopropanation
reaction. We noted, however, that on changing the reaction solvent
from DCM to toluene, the yield of phenylcyclopropane 6 derived
from 5 dropped to 48% (Scheme 2).

Because of this significant solvent effect, DCM was employed for
the cyclopropanation of 5 with allyl vinyl ether. The reaction
proceeded in 61% yield under these reaction conditions, with com-
plete chemoselectivity for cyclopropanation at the electron-rich
vinyl ether. The yield of cyclopropane 7 did not improve when
the reaction was conducted at �78 �C. In contrast, the bulky
(hexa-1,5-dien-2-yloxy)triisopropylsilane was not a suitable sub-
strate for cyclopropanation at �40 �C, or even when the reaction
was carried out at ambient temperature (Table 1).

At this point we went on to study the Rh(II)-catalyzed reaction
of bis(diazo) piperidone 4. Reaction of 4 with styrene or allyl vinyl
ether proceeded cleanly by TLC analysis of the reaction mixture.
The resulting products 8 and 9 were obtained as single diastereo-
mers but were not stable to workup or chromatographic purifica-
tion, and the phenyl and allyloxy-substituted cyclopropanes
Table 1

# R Temp (�C) Catalyst Solvent %

1 Ph �40 Rh2(OAc)4 DCM 42
2 Ph �40 Rh2(OPiv)4 DCM 87
3 Ph �40 Rh2(OPiv)4 Toluene 48
4 OCH2CH@CH2 �40 Rh2(OPiv)4 DCM 61
5 OCH2CH@CH2 �78 Rh2(OPiv)4 DCM 57
6 CH2@C(OTIPS)(CH2)2CH@CH2 �40 Rh2(OPiv)4 DCM 0
could only be isolated in low yields (i.e., 25% and 10%, respectively).
Addition of thiourea to the reaction mixture so as to remove the
catalyst prior to isolation of the resulting cyclopropanes did not
improve the overall yields.8 Also, cyclopropanation of 4 with sty-
rene using benzene as the solvent did not significantly alter the
amount of the resulting cyclopropane products formed. However,
by TLC analysis of these reactions, it appeared that the cycloprop-
anation was proceeding cleanly, despite the poor isolated yields
(Scheme 3).

A subsequent study using 8 under Rh(II)-catalysis with added
N-phenylmaleimide gave cycloadduct 11 in 70% yield as a 1.4:1
mixture of diastereomers and presumably occurs by initial dipole
formation to produce isomünchnone 10 followed by a subsequent
dipolar cycloaddition with the added dipolarophile (Scheme 4).9

Considering the success of the Rh(II)-catalyzed cycloaddition of
8 with N-phenylmaleimide, it seemed plausible that the overall
yield might be improved if the cyclopropanation and cycloaddition
steps were telescoped together so as to avoid isolation of the prob-
lematic cyclopropanated diazo compound intermediate. Thus, sty-
rene was first allowed to undergo cyclopropanation with bis(diazo)
4 in benzene at 0 �C, and then 2 equiv of N-phenylmaleimide was
added, and the reaction mixture was heated to reflux. Cycloadduct
11 was isolated in 30% yield. When the reaction sequence was car-
ried out with ethyl vinyl ether in place of styrene, cycloadduct 12
was obtained in 35% yield (Scheme 5).
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Although benzene appears to be an excellent solvent for the
dipole formation/cycloaddition cascade portion of the reaction
sequence, as demonstrated using Boc-diazopiperidinone 5, dichlo-
romethane is the preferred solvent for cyclopropanation of the
diazopiperidone. We reasoned that the cyclopropanation reaction
of 9 could be done in dichloromethane, and then benzene would
be added as a cosolvent to improve the yield of the subsequent
cycloaddition step. With this in mind, ethyl vinyl ether was cyclo-
propanated using bis(diazo) 4 in dichloromethane at �40 �C, and
then a mixture of DMAD and benzene was added and the solution
was heated to reflux so as to effect dipole formation/dipolar cyclo-
addition. Cycloadduct 13 was formed in 44% yield as a 2.7:1 mix-
ture of diastereomers. More gratifyingly, bis(diazo) 4 underwent
the telescoped process using a mixture of styrene and methyl acry-
late to give a 70% yield of cycloadduct 14 as a mixture of three dia-
stereomers (Scheme 6).

In conclusion, we have demonstrated that cyclic a-diazoamides
lacking a donor substituent in the 4-position can undergo a one-
pot cyclopropanation/cascade dipole formation–cycloaddition
reaction to produce novel azapolycycles. The use of vinyl ethers
and styrene as substrates for the cyclopropanation reaction was
examined and several dipolarophiles were studied and resulted
in the formation of azapolycycles as a mixture of diastereoisomers
in moderate to good yields. Unlike the previously studied
bis(diazo)indolin-2-one system (1), the piperidone carbenoid sys-
tem required that the cyclopropanation be carried out at a lower
temperature before heating the initially formed cyclopropane with
an added dipolarophile so as to produce the final cycloadduct. Fur-
ther studies on an intramolecular variant of this reaction will be
reported in due course.
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