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Copper and dirhodium(ll) catalysts have been remarkably Scheme 1
effective for metal carbene reactions of diazo compounds. Their z
basic success is derived from their activities as Lewis acids for N__COOMe R :O: COOMe
electrophilic addition to the diazo compound and in the stabilization [\ ) “n
of the metal carbene formed upon dinitrogen dissocidtiRacently, O only stereoisomer
vers_atile catalytic approaches to ylide generatic_nn a_nd reactions A K//\%N\z R 'Y y’
leading to heterocyclic compounds from aryl- and vinyldiazoacetates

. o . Rh,(OAc) Rhy(OAC)
have been reported? Epoxides, aziridines, and, in selected N
examples, dihydropyrrolidines and dihydroazepines are among the )]i
compounds whose highly stereoselective syntheses have been COOMe
demonstrated in RfOAc),-catalyzed reactions (Scheme 1).

In the course of investigating catalytic ylide-derived reactions
of vinyldiazo compounds with imines, we surveyed a broad
selection of catalysts that were suitable for ylide generation,

including copper(l) hexafluorophosphate and triflate, and copper- )I )J\
2(OAC), Rhy(OAc),

Ar or Ar\/\g =A

(I triflate. Whereas RE(OAc), and reactive chiral carboxylates
and carboxamidates of dirhodium(ll) gave the anticipated dihy-

dropyrrole3 from the reaction between styryldiazoacethteand COOMe H ' COOMe
imine 2a (R = transPhCH=CH) with high stereocontrol (100:0 / \A/
cit), use of copper catalysts, including those like Cy@fd CuOTf R A

A only stereoisomer

that normally operate through the same mechanistic pathway as
rhodlum(ll) catalysts, produced the ISomeric dlhydropyrroka Table 1. Catalyst-Dependent Product Distributions from Reactions
competitively (eq 1), and Cu(OTfwas optimum for this trans- between 1 and 2b (R = Ph)a

formation @:4 = 0:100, 74% yield). The structures of these

) . catalyst 1 isolated yield, % 3(tc) 4 (t:c)
compounds were confirmed by 2-D and nOe NMR experiments. R (OACLD - 100 (<982
Formation of 3 occurred in competition with dihydroazepine M(OAC): E 22 1%%((9%810)) 00
production (32:68:dihydroazepine), and only itis-sterecisomer c 51 100 (93;7) 0
was obtained4 was produced in a 70:30c ratio. d 14¢ 100 0
f 64 100 (65:35) 0
MeOOC Cu(OTf)e a 67 0 100 (91:9)
1+ 2 catalyst \ — ) f 76 0 100 (93:7)
CHCl COOMe R

aReactions performed in refluxing GEI, by addingl to an equal molar
amount of2b over 1 h.p 1.0 mol %.¢5.0 mol %.91.2 equiv ofla was
used in this casé.Yield of 5.

”V“@
B NO,
Other Lewis acids were employed in efforts to develop the
generality of the processhut only Sn(OTf) showed comparable
product yield (but::c = 84:16).
— COOMe Accordingly, 3 is formed from a ylide originating with a metal
%COCMG Q)LCOOB carbene intermediafewhereast is formed by a process in which
N the metal catalyst, acting as a Lewis acid, activates the imine for
1a:Z = trans-Ph electrophilic addition to the diazo compound (Scheme 2). In
1b : Z = trans-Me previous investigations of copper-catalyzed aziridination reactions
}f’ : §= trans-COOMe of ethyl diazoacetate, copper carbene species were the proposed
= cis-Cl (ethyl ester) . . L L L
intermediate$:.” However, activation of imines for electrophilic
This contrasting, highly stereoselective, behavior is also evident addition by copper salts has recently been utilized in cycloaddition
in reactions of a diverse set (Table 1) of vinyldiazoacetdtpwith reactiong®® In the present case, addition is proposed to occur
imine 2b (R = Ph) and led us to understand the alternative copper- directly into the diazo carbon to generate an intermediate that is
(I)-catalyzed pathway td (and9) as being due to a Lewis acid-  aligned for §2' displacement of dinitrogen. OnBis formed with
catalyzed process that is reminiscent of that used by W. Wulff for Rhy(OAc), catalysis, and only is obtained from reactions catalyzed
the efficient construction of aziridines with ethyl diazoacetate. by Cu(OTf).

Q.
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Scheme 2
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Table 2. Imine Substituent Effect on Product Yield and
Selectivities in Reactions with Methyl Styryldiazoacetate?
% yield 8 from % yield 9 from
Arinimine (7) Rh,(OAc),-catal.? Cu(OTf),-catal.®
p-NO2CsHa 12 40 (98:2)
p-ClCsH4 47 66 (96:4)
CeHs 66 67 (91:9)
p-MeCeH4 56 63 (88:12)
p-MeOGCsH4 62 74 (83:17)

aReactions performed as in Table 1 with equimolar amountsaaind
7.°Only trans-8 was obtained; a minor product having two units of the
vinylcarbene and one of the imine was also obtaifddtans:cis ratio in
parentheses.

The dihydropyrrole product formed frorhd with Rhy(OAC),

\
Ph— EN; ~COCEt

3f

Et0OC
Ph“"Z Q

N

4f

no crossover in these transformations;,(®&Ac), catalyzed the
formation of8, and use of Cu(OTj$)led only t09. Stereoselectivity
was high in both transformations, but in the rhodium(ll)-catalyzed
reactions only the trans isomd) fvas isolated. A substituent effect
on stereoselectivity was evident in the formation9of

Ph MeOOC
g N )
Ar v N COOMe Ar v h
QL
NO2
7 NO, NO,

(@a)NO,,(b) CI, (c)H, 8 9

(d) Me, (e) OMe

Lewis acid catalysis of imine addition reactions is a recent
development;1®-12and in most instances the activation mechanism
is not known. The present study implicates imine coordination as
an integral step in the addition process with accompanying
stereocontrol. Efforts are underway to develop asymmetric catalytic
analogues of these transformations.
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(5) with loss of HCI. The product fromia with Cu(OTf), was
converted in 96% yield to pyrrol& by oxidation with DDQ, thus

demonstrating the accessibility of this methodology to both dihy-

dropyrroles and pyrroles. The-nitrophenyl group is a suitable

protective group that can be conveniently removed (reduction of

NO,/CAN oxidation)?

Ph Ph
= -
COOEt MeOOC Ph
5 6

Vinyldiazoacetatele was unresponsive in reactions catalyzed
by either RR(OAc), or Cu(OTfp, and unreacted imine was
recovered under the same conditions used wathd,f. However,
the aliphatic vinyldiazoacetatd was very effective in its catalytic
applications, providing the requisite produc8 &nd 4f) in high
isolated yield. In the Cu(OT)catalysis series, neithdb nor 1c
formed produc#; unreacted diazo compound was recovered.

Substituted benzalimineg)(fare well in these transformations.

Thus, with methyl styryldiazoacetates, high product yields and

selectivities were obtained from Aw p-CIC¢H, through Ar=
p-MeOGH, in Cu(OTf),-catalyzed reactions (Table 2). There was
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