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ABSTRACT

R3
CONEt,  crCly/Hal,CHR® A CONEt,  66-98% yield
— \ stereoselectively
R? R2 R® = +-Bu,Sit-BuMe, =Y R2 stereospecifically

A novel chromium-promoted alkyl- and silyl cyclopropanation of ( E)- or (2)-oB-unsaturated amides in which the C —C double bond is di-, or
trisubstituted is described. This process takes place with total stereospecificity, and the new stereogenic center is generated with high or total
stereoselectivity. A mechanism is proposed to explain the cyclopropanation reaction.

The smallest cycloalkahean be found in a wide number of the synthesis of 2-silylcyclopropanecarboxylic acid de-
of natural products. In addition, the use of cyclopropanes in rivatives, to the best of our knowledge only three exanfples
biological mechanistic studies and their utility as synthetic have been reported with the 2-silylcyclopropanoates being
intermediates warrants interest in these carbocycles from aobtained in low yields, low stereoselectivities, and with poor
variety of fields in organic chemist/Moreover, cyclopro- generality and substitution patterns on the cyclopropane ring.
panecarboxylic acids and their derivatives are important Taking into account the synthetic applications of these
building blocks and have been used as starting materials incompounds, an efficient synthesis of 2-silylcyclopropan-
the synthesis of a range of compounds such as pyrethrinsecarboxamides, in which a new stereogenic center can be
pyrethroids, and other industrially valuable compounds that generated to furnish only one diastereoisomer would be
are abundant in natufeln general, these cyclopropyl desirable.

derivatives can be generally accessed through the metal- Very recently, Takai et al. reported an efficient silylcy-
catalyzed decomposition of diazocompounds or through the clopropanation of terminal alkenes by usin@HSIR; or a
cyclopropanation of various unsaturated acceptors. In the casé.il/Br ,CHSIiR; mixture, promoted by CrGlin the presence

(1) Patai, S., Rappoport, Z., EdShe Chemistry of the Cyclopropyl (3) (a) Wang, M.-X.; Feng, G.-QJ. Org. Chem2003,68, 621—624.
Group; John Wiley and Sons, New York, 1987. (b) Sakaguchi, K.; Mano, H.; Ohfune, Yetrahedron Lett1998 39, 4311—

(2) (a) Lebel, H.; Marcoux, J.-F.; Molinaro, C.; Charette, A.@Gem. 4312. (c) Armesto, D.; Gallego, M. G.; Horspool, W. M.; Agarrabeitia, A.
Re».2003,103, 977—1050. (b) Faust, Rngew. Chem., Int. E@001,40, R. Tetrahedronl 995,51, 9223—9240. (d) Benedetti, F.; Berti, F.; Risaliti,
2251-2253. (c) Donaldson, W. Aetrahedror2001,57, 8589—8627. (d) A. Tetrahedron Lett1993 34, 6443-6446. (e) Krief, A.; Trabelsi, M.
Beumer, R.; Reiser, Oletrahedron2001,57, 6497—6503. (e) SalauJ. Tetrahedron Lett1987,28, 4225—4228. (f) Aratani, TPure Appl. Chem.
Top. Curr. Chem2000,207, 1-67. (f) Alami, A.; Calnes, M.; Daunis, J.; 1985,57, 1839—-1844. (g) Singh, R. K.; Danishefsky, SJJOrg. Chem.
Jacquier, RBull. Soc. Chim. Fr1993,130, 5-24. (g) Liu, H. W.; Walsh, 1975,40, 2969—2970.

C. T. Biochemistry of the Cyclopropyl Group. Mhe Chemistry of the (4) (a) Sharma, V. B.; Jain, S. L.; Sain, Batal. Commun2006, 7,

Cyclopropyl Group; Patai, S., Rappoport, Z., Eds.; John Wiley and Sons: 454—456. (b) Rios, R.; Liang, J.; Lo, M. M.-C.; Fu, G.Chem. Commun.
New York, 1987; Chapter 16, pp 959025. (h) Breckenridge, R. J,; 2000, 377—378.

Suckling, C. J.Tetrahedron1986,42, 5665—5677. (i) Arai, Y.; Konno, (5) (a) Weber, W. PSilicon Reagents for Organic Synthesspringer-
M.; Shimoji, K.; Konishi, Y.; Niwa, H.; Toda, M.; Hayashi, MChem. Verlag: Berlin, 1983; pp 159163. (b) Paquette, L. AChem. Rev1986,
Pharm. Bull.1982,30, 379—382. 86, 733—750. (c) Krief, ATop. Curr. Chem1987,135, 1-75.

10.1021/0l702876r CCC: $40.75  © 2008 American Chemical Society
Published on Web 12/19/2007



of TMEDA.® Thetrans/cisratios of the obtained silylcyclo- Thus, when a mixture of 4.0 equiv of Cgind 3.75 equiv
propanes ranged between 63/37 and 87/13, the reaction wasf Br,CHSitBuMe was stirred at room temperature for 18
carried out using nonfunctionalized terminal alkenes, and h in the presence of the correspondiagi-enamidesl,
consequently no information about the conservation of the cyclopropylamides were obtained after hydrolysis in high
geometry of the starting olefin has been reported. We haveyields. In all of these cases, only one stereocisomer was
also recently described the stereospecific cyclopropanationobtained (determined by analysis of the crude materials by
of a,f-unsaturated amides, in which the-C double bond GC—MS and/or 300 MH2H NMR spectroscopy); the new
was di-, tri-, or tetrasubstituted, using also GrGind stereogenic center was therefore generated with complete
chloroiodomethané. stereoselectivity (Table 2).

In this communication we describe a novel stereospecific
alkyl- and silylcyclopropanation ad,3-unsaturated amides _

with total. stereoselectivity promqted by CeCrhe cyclo- . _Table 2. Synthesis of Silylcyclopropanecarboxamices
propanation process took place with complete stereochemical

control of the newly generated stereogenic center, affording o

a single diastereoisomer of the proposed alkyl- and silylcy- CONEt, /Gl Br,CHSIBuMe, A CONEt,
clopropanecarboxamide. A mechanism is proposed to explain —\, T M\
these results. R ’ RLR

Taking into account the difficulty that is presented in the
last objective (stereoselective generation of a new stereogenic
center during the cyclopropanation), prior to attempting the

entry 3 R R2 dre yield (%)?

synthesis of 2-silylcyclopropanecarboxamides, we initially 1 3a  Me H >98/2 81
studied the easier Crg&imediated alkylcyclopropanation of 2 3b  n-CsHn H 95/5¢ 66

. . . . 3 3¢ i-Bu H >98/2 78
a,f-unsaturated amidésising the commercially available 1 3sd  n-Bu Me  >98/2 79
t-BuCHI,. Thus, the treatment of severs3-enamided with 5 3¢ Ph Me  >98/2 84

4.0 equiv of CrC} and 3.75 equivt-BuCHI, at room 6 3f  p-MeOCeH, Me  >98/2 76
temperature afforded, after hydrolysis, the corresponidirig _ _ o _
a Diastereoisomeric ratio (dr) was determined by-@¥S and 300 MHz

butylcyclopropylamide® as a single diastereoisomer (er H NMR analysis of the crude producds® Yields of the isolated products
98/2, determined on the crude reaction products by-GC after column chromatography based on compolintidr of the starting

MS and 300 MHZ'H NMR) and in high yields (Table 1). ~ amide 95/5.

_ The structure and relative configuration tefrt-butylcy-

Table 1. Synthesis otert-Butylcyclopropanecarboxamid@s clopropylamideg, and silylcyclopropane3 (as depicted in
L Tables 1 and 2) were established by analysis otth®IMR
CONEt, CrChytBuCHI, : CONEt, coupling constants between the cyclopropane protons of
— —_— \ compound®a—c and3b—f, by NOE experiments in the case
R R? THF, rt r! R2 . .
of compounds8cand3e, and by single-crystal X-ray analysis
1 2 of compound3el° The NOE experiment in compourk
was in accordance with the obtained X-ray structure.
entry 2 R! R? dre yield (%)® It is worth noting that the relative configuration of the
1 2a  n-Bu Me  >98/2 79 alkene is conserved and that a new stereogenic center has
2 2b Ph Me >98/2 98 been generated with complete stereoselectivity, affording a
3 2¢  p-MeOC¢Hy Me  >98/2 80 cyclopropane ring showing a 1,2,3-subsitution pattern in

a Diastereoisomeric ratio (dr) was determined by-&@d@S and 300 MHz Whlc_h the tert'bUt_yI or SIIYI group has &is-disposition
H NMR analysis of the crude produds® Yields of the isolated products ~ relative to the amide functional group.
after column chromatography based on compoind The stereospecificity of this silylcyclopropanation was
unambiguously established starting frod)-(N,N-dimethy-
_ ) ) ) loct-2-enamide (Scheme DIt was shown that the geometry
With _these preceding results in h_and, our_followmg efforts f the c=C bond was conserved during the cyclopropanation
were directed toward the synthesis of 2-silylcyclopropyla- rgcess:4 was then obtained as a 77/23 mixture from a 78/

mides. Hence, this process was carried out with the corre- 55 7/ mixture of the startingy, 8-unsaturated amide (GE
sponding commercially available dibromomethylsilane.

(9) In the case of compoungb although dr= 95/5 the reaction was
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Organomet. Chem2007, 692, 520—529. (b) Takai, K.; Hirano, M.; unsaturated amide was 95/5.
Toshikawa, SSynlett2004, 1347—1350. (10) CCDC 630875 contains the supplementary crystallographic data for
(7) Concellén, J. M.; Rodriguez-Solla, H.; Méjica, C.; Blanco, EC®y. compound3e. These data can be obtained free of charge via: www.ccd-
Lett. 2007,9, 2981—2984. c.cam.ac.uk/conts/retrieving.html (or the Cambridge Data Center, 12 Union

(8) (E)-o,f-Unsaturated amiddswere prepared following the methods ~ Road, Cambridge CB21EZ, UK; fax+#44)1223-336-033, or e-mail
described in: (a) Concellon, J. M.; Pérez-Andrés, J. A.; Rodriguez-Solla, deposit@ccdc.cam.ac.uk).
H. Chem. Eur. J2001,7, 3062—3068. (b) Concellon, J. M.; Rodriguez- (11) (Z)-N,N-Dimethyloct-2-enamide was obtained from the catalytic
Solla, H.; Diaz, PJ. Org. Chem2007,72, 7974—7979. Lindlar's hydrogenation oN,N-dimethyloct-2-inamide.
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Scheme 1. Synthesis of SinIcycIopropyIamides Starting from Scheme 2. Proposed Mechanism
(2)-of-Enamides CrCly + Hal,CHR®

L |
CrCly/ Br,CHSitBuMe !
n-CsHyy  CONMe, itk n-CsHy A CONMe; Hal_ _R®
THF, rt ) R?
-1 4 Q + crel :
Z/éz7)8/22 dr77/23, 76% yield NEt, /_2:NEt2 42_ CONEt,
R1 - > R1 _— > Hal = Br, | R1 R2
1 2 R®= t-Bu
MS and/or 300 MHZ'H NMR) and in 76% yield. In this ol Ha 3 R? = Sit-BuMe,
case, the silyl group adoptedtm@ns-relative position with Re |G H, |G
respect to the carboxamide instead of tieerelative position H=0 T\ Qj—c T;
observed when the (E)-unsaturated amides were employed 1 /---‘\“>REt2 AN,
as starting material. R R R
The relative configuration of substituents on the cyclo- favoured disfavoured
propane ring of compound was again established by A B

NOESY experiments and analysis of thé NMR coupling

constants between the cyclopropane protons. . .
It is worth noting that (1) this alkyl- and silylcyclopro- no cyclopropanation reaction takes placengftunsaturated
! ) . S esters under the same reaction conditions. This experimental
panation reaction seems to be general and aliphatic (linear .
result also suggests that the electron-donating character of

or branched) and aromatic unsaturated amitlesan be : . o .
. o . . ) the nitrogen is decisive in the cyclopropanation of the@
employed as starting materials; (2) di- and trisubstituteCC double bond

double bonds can be efficiently cyclopropanated, affording . . .
mainly only one stereoisomer (Tables 1 and 2): (3) the This proposed mechanism also explains the observed
. LN ) i e stereospecificity of the cyclopropanation. Thus, in cyclo-
cyclopropanation takes place in high yields; (4) in contrast ropane4 obtained from aZ-amide (Scheme 1) the silyl
with other methods, no employment of diamines or other propanes . S o ; y
group is in an opposite spatial disposition, with respect to

e e e et e o peapihose shoun by cylopropanes obianed frrmmices
' P P (Table 2). Thus, in the reaction af-amides, the favored

or absence of diamines, no significant differences were o : .
i ) S transition state could bg, since the silyl group would adopt
detected?); and finally (5) the determination of the structure . » :
a trans-disposition relative to the pentyl group rather than

for _compoundQ, 3, and4 has proven that the cyclopropg—_ the cis-disposition shown in the less favored transition state
nation process takes place with complete stereospe0|f|C|tyD (Scheme 3)

since the geometry of the=8C bond of both E)- or (2)-

o,B-enamides is conserved during the cyclopropanation_

process Table 2/Scheme 1). Scheme 3. Mechanistic Proposal for the Cyclopropanation of
Mechanism. Synthesis of product®2 and 3 may be (2)-Unsaturated Amides

rationalized by assuming the formation of chromium (lII)

carbenoids and us_in_g a model simi_lar to that propo;ed by [[Si] _<CTC[2:| j\sl;i/
Houk for the addition of carbenoids to oIef|h°s.Th|.s n-Csttyy_ CONMe, Br nCsH, A:CONMez
staggered model has also been utilized to explain the [Si] = Sit-BuMe, )
cyclopropanation of,f-unsaturated amides by using the @ 4
CrCl/ICH,CI systen. Br.c B
Tentatively, we propose a transition-state model depicted SH’C 5" [S’]';,’/ 5
asA/B in Scheme 2, in which the transition statecould e H[ ! AN L e L
be favored when compared wihdue to the steric hindrance S TS NMe, ST N M,
between the Rand R groups. favoured disfavoured
The coordination of the Cr(lll) center (from the incipient c D

:CHR® carbene) with the oxygen atom of the amide group
provides the obtained cyclopropylamideand3 (R® = t-Bu
and Sit-BuMe respectively), while maintaining the=€C

In conclusion, a CrGlpromoted stereospecific alkyl- and
bond geometry. In this proposed transition state theCC silylcyclopropanation reaction oft,3-unsaturated amides

bond and the €0 double bonds are not conjugated. Indirect With complete or very high stereoselectivity and in high

support for this mechanistic proposal could be the fact that y'e"?'s was carried out. This cyclppropananpn process Is
achieved fromo,5-unsaturated amides in which the=C
(12) The use of diamines' TMEDA or TEEDA’ was necessary to carry bond |S dl' and trlSUbStltUIEd. Generallzatlon Of thIS reaCtIOI’l
Out( {gge(si)ly’\l/tltyclgpr%pagaﬁgn de,\fcgbelj inkrelzejr\?zce ?:'h Sot983 and studies to fully delineate all the factors involved in these
a areda, J., ronaan, N. G.; HOUK, K. m. em. S0 . . . . .
105, 6997—6999. (b) Paddon-Row, M. N.: Rondan, N. G.; Houk, KJN. transformations are currently under investigation in our

Am. Chem. Socl982,104, 7162—7166. laboratory.
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