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Treatment of tertiary formamides with a silylated diazoester in the presence of a rhodium(ll) catalyst leads to the formation of 3-amino-2-
silyloxyacrylates in good yield. No olefination is observed if a nonsilylated diazo compound is employed.

The reaction of metal carbenes derived frardiazocarbonyl with the parent diazoesters are frequently observed. In this
compounds with heteroatom lone pairs is a well-established communication, we describe the use of such a silylated
method for the preparation of ylidsRecently, the use of  diazoester in an unusual and unexpected formamide olefi-
o-silylated o-diazoesters compounds has been found to be nation reaction.

beneficial in a range of ylid-formirfgand other metal carbene As part of a program directed toward the synthesis of the
reactions’ better selectivity and fewer side-reactions than sarain alkaloids, we recently synthesized bicyclic amirfal

It was anticipated that treatment a&fwith silylated diaz-

ll\UﬂniVifSSitg Colgf%e #Oﬂdgn-  Laboratori oacetate?® in the presence of an appropriate metal catalyst
erc arp onme Rresearc aporatories. . .
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Oxford University Press: Oxford, 2002; 113. ;

2 @ Ioannoﬁ, M., Porter. M. .- Saeg%nem_ Commur002 346. rearrangement to a ring-expanded proddu:l_Contrary to
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M.; Maas, G.Chem. Ber.1994 127, 1537. (d) Alt, M.; Maas, G.  the presence of 10 mol % rhodium(ll) acetate, the major
Tetrahedron1994 50, 7435. (e) Bolm, C.; Saladin, S.; Kasyan, @Arg.

Lett. 2002 4, 4631. (f) Ducept, P. C.; Marsden, S.$ynlet2000 692. (g) ~ Product obtained was the vinylogous carbam@teThis
Bolm, C.; Kasyan, A,; Drauz, K.; Guher, K.; Raabe, GAngew. Chem.,  product arises from reaction of the intermediate metal carbene

Int. Ed.200Q 39, 2288. (h) Bolm, C.; Kasyan, A.; Heider, P.; Saladin, S.; ; ; ;
Drauz, K.: Ginther, K. Wagner, COrg. Lett. 2002 4. 2265, with the formamide oxygen to givé and subsequent

(3) (a) Maas, G.; Werle, T.; Alt, M.; Mayer, Dietrahedron1993 49, rearrangement (Scheme 1).
881. (b) Maas, G.; Alt, M.; Mayer, D.; Bergstiser, U.; Sklenak, S.; Xavier, St ati : ;
P.; Apeloig, Y. Organometallics2001, 20, 4607. (c) Braddock, D. C.; The scope_ and limitations _O_f this r_eaCtlon were next
Badine, D. M.; Gottschalk, T.; Matsuno, Synlett2003 345. (d) Maier, explored. Using 1-formylpyrrolidine7@, Figure 1) as a test

G.; Volz, D.; Neudert, JSynthesi992 561. (e) Arrowood, T. L; Kass,  sybstraté, it was established that 0.4 mol % rhodium(ll)
S. R.Tetrahedrornl999 55, 6739. (f) Kablean, S. N.; Marsden, S. P.; Craig,

A. M. Tetrahedron Lett1998 39, 5109. (g) Marsden, S. P.; Pang, W.-K.

Tetrahedron Lett1998 39, 6077. (h) Clark, J. S.; Middleton, M. ODrg. (4) Nandra, G. S.; Porter, M. J.; Elliott, J. Mynthesi005 475.
Lett. 2002 4, 765. (i) Muler, P.; Lacrampe, F.; Bernardinelli, G. (5) Allspach, T.; Gmbel, H.; Regitz, MJ. Organomet. Cherh985 290,
Tetrahedron: Asymmetr2003 14, 1503. 33.

10.1021/0l0510872 CCC: $30.25  © 2005 American Chemical Society
Published on Web 07/08/2005



Scheme 1. Unanticipated Generation of a Vinylogous

Table 1. Conversion of Formamides to Vinylogous

Carbamate Carbamates
: 2, Rhy(OA OSiEt
N N N benzene CO,Et
Bn CHO 2 reflux
7a- 8a-l
1 2
Rhy(OAc)4 entry amide time product yield %
CgHe, reflux

m - e m 1 7a 90 min 8a 80
RN NN 2 () 90 min 8b 83¢

Bn CHO Bn  \_ o 3 7c 45 min 8c 90
Et3Si”™ "CO,Et B 4 7d 90 min 8d 87
3 Eto,c” SIE 5 7e 240 hd 8e 63

; 5 6 7t 165 min 8f 82

Y | 7 g 45 min 8g 64

8 7h 90 min 8h 90

. m 9 7 90 min 8i 97

N N N . . . .

Et,Si CHO Bn __ OSiEts 10 7j 90 min 8j 85
CO,Et 11 7k 90 min 8k 69

4 6 CO,Et 12 71 180 min 81 50¢

aConditions: 7a—| (1 mmol), 2 (1.25 mmol), RB(OAc)s (4 umol),
benzene (6 mL), refluX Yield of 89% was obtained after 16 hYield of
92% was obtained after 16 BFurther2 (1.25 mmol) and RKOAc), (4
umol) were added after 144 RRatio of Z:E isomers was 3:2.

acetate was sufficient to catalyze the reaction, and the
corresponding alken®a could be obtained ir=80% yield

as a single geometric isomer, by chromatography on alumina . .
(entry 1, Table 1). Thed)-geometry of the double bond was Nevertheless, a moderate.yleld'of alkgteould b.e obta!ned .
after an extended reaction time. 1-Formylpiperazines in

established by observation of a nuclear Overhauser enhance-

ment between the GiN protons of the pyrrolidine ring and which the coordinative ability of the second nitrogen was
the methylene protons of the triethylsilyl moiety. Control lowered by substitution with a bulky benzhydryl groug,(

experiments established that no reaction took place in theentry 6) or by derivatization with a 3-chlorophenyl substituent

absence of the rhodium catalyst and that if ethyl diazoacetate(7g’ entry 7) underwent reaction at a similar rate to

was used in place of the silylated analogyehe starting compound§7a—d. ) ) i
amide was recovered unchanged. Formamides derived from acyclic secondary amines were

Similarly efficient reactions were observed with piperidine- /S0 converted to the corresponding vinylogous carbamates
and morpholine-derived formamides (entries, but when in mc_)derate to high yields under thes_e_ reaction conditions
1-formyl-4-methylpiperazine 7€) was employed as the (entries 8-12). In the case of _formamlld§l, the _alkene
substrate, the reaction proceeded very slowly (entry 5). This Product8l was obtained as a mixture of geometric isomers
reduced reactivity was ascribed to competitive complexation (ENtry 12). For all other substrates, solely tizg-glkenes

of the rhodium catalyst by the tertiary amine of the subsfrate. Were obtained. . _
It is noteworthy that in all cases, the only product isolated

from the reaction was the vinylogous carbamate: for the
piperazine-derived formamideé&—g, no products arising
from ammonium ylid formation were observed, and in the
case of alkene-containing substraféand7j, no cyclopro-
pane products were obtained.

The reaction described in this letter is analogous to an
intramolecular reaction of some amido diazoketones that has
been reported by Padwa et.°aRelated intramolecular
reactions between diazoketones and thiolactams were utilized

O
CNCHO {  NcHo [>CNCHO d  NcHo
o /

7a 7b 7c 7d
Cl

MeN NCHO Pho,CHN NCHO N NCHO
/ S /

7e 7f 79

N (6) Formamides were used as received from commercial sources or
\ Ph— \ Ph prepared by reaction of the corresponding secondary amines with ethyl
NCHO NCHO NCHO NCHO NCHO formate; see: Moffat, J.; Newton, M. V.; Papenmeier, Gl.Drg. Chem.
/—/ /J PH 1962 27, 4058.
/ / CO,Et (7) In this case, peaks corresponding to diethyl maleate and diethyl
. . fumarate could be observed in thé NMR spectrum of the crude reaction
7h 7i 7j 7k 71 mixture
. . . . . 8) Doyle, M. P.; Tamblyn, W. H.; Bagheri, \J. Org. Chem1981, 46,
Figure 1. Tertiary formamides subjected to the olefination 5054)_ y y g g !
conditions. (9) Padwa, A.; Hasegawa, T.; Liu, B.; Zhang, Z.Org. Chem200Q
65, 7124.
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by Danishefsky et al. in syntheses of A58385Aand pressed, relative to reaction with the formamide substrate,
indolizomycin!* and one example of an intermolecular upon silylation of the diazo compouritl.This may be
reaction between a thiolactam and ethyl diazoacetate wasattributable to the increased steric hindrance that pertains to
also reported® In addition, Corey has reported the conver- the silylated compound, and/or to theacceptor character
sion of some cyclic secondary amides to imidates using ethyl of the silyl substituent, which renders the diazo compound
diazoacetate and a rhodium catalyst. less nucleophilic. The unusual chemoselectivity observed
The mechanism we propose for this conversion is es- with formamidesl, 7e and7f, in which the metal carbene
sentially the same as that put forward by Padwa for reacts with a formamide oxygen rather than the ostensibly

intramolecular reactions (Scheme®®eaction of the diazo ~ more nucleophilic tertiary amine, may also be steric in nature.
The stereoselectivity of the olefination is likely to be

_ thermodynamically controlled; while the reaction may ini-
tially give a mixture of isomers, rapid conversion to the

Scheme 2. Proposed Course of the Olefination Reaction thermodynamu:a”y more Stabla)esomer |S expected to

SiEts + occut® under the reaction conditions, due to the partial
I o e single-bond character of the olefin. Only with the anilide-
SiEt; derived produc8l, in which the degree of electron-release
7 9 10 from the nitrogen is lower, is this equilibration suppressed,
l resulting in the observed mixture oE)- and ¢)-isomers.
ositt o o In conclusion, we have discovered a new and general
IEts + . AV method for the conversion of tertiary formamidesotesi-
RaN-~ COEt RzNVisgféi = RN SiI(E:tSZEt lyloxy--dialkylaminoacrylates. We are currently investigat-
8 12 11 ing further transformations of these intriguing produéts.
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by ring-opening to zwitterion12. Finally, silyl group
migration from carbon to oxygéh gives the observed
product5.

The importance of the triethylsilyl group to this process
can be judged by the fact that attempts to carry out reactions
between ethyl diazoacetate and tertiary formamides do not
lead to any olefination of the amide; instead, the diazo OL0510872
°9mp°””d 1S Consume(_j unproductively in the formatl_on O_f (14) It should be noted that in the absence of a nucleophilic substrate,
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i i i ion” i _ Gimmy, M.; Alt, M. Organometallics1992 11, 3813.
recovered unchanged. This “carbene dimerization” is sup (15) (a) Dudek, G. O.. Volpp. G. R Am. Chem. Sod963 85, 2697.
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