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We describe herein a CrCl ,-promoted cyclopropanation of o, f-unsaturated amides. This reaction can be carried outon ( E)- or (2)-a.,f-enamides
in which the C —C double bond is di-, tri-, or tetrasubstituted. In all cases the process is completely stereospecific and only a single diasterecisomer

is obtained. In addition, cyclopropy! ketones were readily prepared by reaction of the cyclopropanecarboxamides (derived from morpholine)

obtained with a range of organolithium compounds. A mechanism has been proposed to explain the cyclopropanation reaction.

In general the properties and reactions of cyclopropanes ardectivity are the metal-catalyzed decomposition of diazo-
significantly different in comparison to those of other compound®?or through the cyclopropanation of different
carbocycles. The smallest cycloalkane is present in an unsaturated acceptots®
important number of natural produétsnd compounds Despite strenuous efforts, the difficulty or impossibility
bearing this moiety are largely used to elucidate biological to cyclopropanate highly substituted C=C botids a—or
mechanisms.
Although the SimmonsSmith reactiofis considered one (4)h(agI Katagiri, T.; Iguchi, N.; Kawate, T.; Ta(llg)':lhashi, S, Uneyamah, K.
; : Tetrahedron:Asymmetry2006,17, 1157—1160. Du, H.; Long, J.; Shi,
of the most widely employed methods for cyclopropanation " et 2006, 8, 2827-2829. (c) Long, J.; Du, H.; Li, K.; Shi, Y.
processes, the two most commonly utilized methodologies Tetrahedron Lett2005,46, 2737—2740. (d) Wipf, P.; Stephenson, C. R. J.
i i i _Org. Lett.2005,7, 1137—1140. (e) Kim, H. Y.; Lurain, A. E.; Gdecl
to access cyclopropyl esters or amides with high stereose Garcia. .. Cartoll, B. J.: Walsh. P LJAM. Chem,. So@00B.157, 13136
13139. (f) Long, J.; Yuan, Y.; Shi, Y&. Am. Chem. So2003 125 13632~
(1) The Chemistry of the Cyclopropyl Grgupatai, S., Rappoport, Z., 13633. (g) Aggarwal, V. K.; Fang, G. Y.; Meek, @rg. Lett.2003,5,

Eds.; John Wiley and Sons: New York, 1987. 4417-4420. (h) Nakamura, M.; Hirai, A.; Nakamura, E.Am. Chem. Soc.
(2) (a) Lebel, H.; Marcoux, J.-F.; Molinaro, C.; Charette, A.@Gem. 2003,125, 2341—2350.

Rew.2003,103, 977—1050. (b) Faust, Rngew. Chemint. Ed.2001,40, (5) (@) Reddy, R. P.; Lee, G. H.; Davies, H. M. Org. Lett.2006,8,

2251-2253. (c) Donaldson, W. Aetrahedror2001,57, 8589—8627. (d) 3437-3440. (b) Bayardon, J.; Holczknecht, O.; Pozzi, G.; Sinou, D.

Beumer, R.; Reiser, Oletrahedron2001,57, 6497—6503. (e) SalauJ. TetrahedronAsymmetr2006,17, 1568-1572. (c) Branstetter, B.; Hossain,

Top. Curr. Chem2000,207, 1-67. (f) Alami, A.; Calnes, M.; Daunis, J.; M. M. Tetrahedron Lett2006,47, 221—223. (d) Marko, I. E.; Giard, T.;
Jacquier, RBull. Soc. Chim. Fr1993,130, 5-24. (g) Liu, H. W.; Walsh, Sumida, S.; Gies, A.-ETetrahedron Lett2002,43, 2317—-2320.

C. T. Biochemistry of the Cyclopropyl Group. Mhe Chemistry of the (6) (a) Deng, X.-M.; Cai, P.; Ye, S.; Sun, X.-L.; Liao, W.-W.; Li, K.;
Cyclopropyl Group; Patai, S., Rappoport, Z., Eds.; John Wiley and Sons: Tang, Y.; Wu, Y.-D.; Dai, L.-X.J. Am. Chem. So006, 128, 9730—
New York, 1987; Chapter 16, pp 959025. 9740. (b) McCooey, S. H.; McCabe, T.; Connon, S1.JOrg. Chem2006,

(3) (a) Breckenridge, R. J.; Suckling, C.T®etrahedrorl986 42, 5665— 71, 7494—7497. (c) Papageorgiou, C. D.; Ley, S. V.; Gaunt, M\n@lew.
5677. (b) Arai, Y.; Konno, M.; Shimoji, K.; Konishi, Y.; Niwa, H.; Toda, Chem.,Int. Ed.2003,42, 828—831. (d) Li, A. H.; Dai, L. X.; Aggarwal,
M.; Hayashi, M.Chem. Pharm. Bull1982,30, 379—382. V. K. Chem. Rev1997,97, 2341—-2372.
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C—C double bonds with unsaturated esters or amides havindjj N QDR R

(2)-stereochemistfy remains clear.
In the established case of cyclopropyl ketones, various

methods for their preparation have been developed since the

cyclopropyl ketone moiety exhibits important properties in
mechanistic studies and it is also found in marine organisms
conferring important physiological propertie&enerally, the
cyclopropyl ketone moiety is mostly synthesized by using
the cyclopropanation methodology of Michael acceptors;

nevertheless some other methods for their preparation are

also reported in the literatufe.

For all of these reasons, an efficient synthesis of cyclo-
propanecarboxamides and cyclopropyl ketones is desirable

Very recently, CrGHpromoted cyclopropanation processes
of terminal alkenes, in moderate or good stereoselectivity,
were reported® Consequently, no information about the
conservation of the olefin geometry during the cyclopropa-
nation reaction can be established. In addition, alkenes in
which the olefinic carbons were di-, tri-, or tetrasubstituted
could not be cyclopropanated by using these gritdiated

methods. Previously, we have reported the stereospecific

cyclopropanation offf)- and ¢)-a,f-unsaturated amides by
using a mixture of samarium and diiodomethahe.

Thus, our own resultsand Takai's fore-mentioned waik
prompted us to test the possible cyclopropanation reaction
of a,f-unsaturated amides promoted by Gr@hus, in this
Letter we describe the cyclopropanationogf-unsaturated
amides by reaction with chloroiodomethane in the presence
of CrCl,. It is noteworthy that this reaction can be carried
out from (E)- or (Z)-enamides in which the C—C double
bond is di-, tri-, or tetrasubstituted and takes place with
complete stereospecificity and in higher yield than with Sm/
CHoal,. In addition, cyclopropyl ketones were readily prepared
by reaction of the obtained cyclopropanecarboxamides
(derived from morpholine) with a range of organolithium

Table 1. Study of the Reaction Conditions Based on
N,N-Diethylcinnamamidde

CrCly CH,IC1 t yield
entry (equiv) (equiv) T (h) (%)
2.5 2.5 rt 96 61
3.0 3.0 rt 96 75
3 4.0 3.75 rt 96 89
4 4.0 3.75 rt 96 85b
5 4.0 3.75 rt 96 76¢
6 4.0 3.75 reflux 18 98

aYield of the isolated product after column chromatography based on
compoundle.? TMEDA was added (see ref 10)CH,l, was employed
instead of CHICI.

reaction time, and temperature being varied. The obtained
results are shown in Table 1.

After testing the reaction conditions shown in Table 1,
the best results were obtained by treatment of Mhil-
diethylcinnamamidée (0.4 mmol, 1 equiVif with a mixture
of CrCl, (4.0 equiv) and CHICI (3.75 equiv) at reflux. These
reaction conditions afforded, after hydrolysis, the corre-
sponding cyclopropylamid2ewith total stereoselectivity and
in high yields (Table 2).

After this study, the cyclopropanation reaction was then
performed on various,S-unsaturated amides. As is shown
in Table 2, the reaction seems to be general and cyclopro-
panation can be carried out on a variety of aliphatic (linear,
cyclic, branched, and unsaturated) and aromgfieunsatur-
ated amideg. Taking into account the absence of alternative
methods to cyclopropanate the highly substituteetGC
double bond, the results obtained in the cyclopropanation
of enamides in which the C—C double bond is tri- or
tetrasubstituted were especially interesting. It is noteworthy
that the process took place with total chemoselectivity since

compounds. A mechanism has been proposed to explain the,ny the cyclopropanation reaction of the 2,3-double bond

cyclopropanation reaction.

Initially the cyclopropanation reaction of,f-unsaturated
amides1'? was carried out omN,N-diethylcinnamamidée
at room temperature, with the amount of IgH, CrCl,

(7) (a) Rodriguez, A. D.; Shi, J.-GDrg. Lett. 1999, 1, 337—340. (b)
Tanko, J. M.; Phillips, J. R1. Am. Chem. S0d.999,121, 6078—6079. (c)
Enholm, E. J.; Jia, Z. J. Org. Chem1997,62, 5248—5249. (d) Mash, E.
A.; Gregg, T. M.; Kaczynski, M. AJ. Org. Chem1996,61, 2743—2752.
(e) White, J. D.; Jensen, M. 3. Am. Soc. Chen1993,115, 2970—2971.

(8) (a) Yadav, A. K.; Peruncheralathan, S.; lla, H.; Junjappal.t@rg.
Chem.2007,72, 1388—1394. (b) Tang, Y.; Huang, Y.-Z.; Dai, L.-X.; Sun,
J.; Xia, W. J. Org. Chem 1997, 62, 954-959. (c) Rodriques, K. E.
Tetrahedron Lett1991,32, 1275-1278. (d) Artaud, |.; Seyden-Penne, J.;
Viout, P. Synthesis 980, 34-36; and ref 6d.

(9) () Bhat, N. G.; Garcia, L.; Tamez, V., Jretrahedron Lett2003,
44,7175—-7177. (b) Che, H.; Deng, M.-@rg. Lett.2000,2, 1649—1651.
(c) Pohmakotr, M.; Thisayukta, Jetrahedron Lett1997,38, 6759-6762.
(d) Nelson, A.; Warren, STetrahedron Lett1996, 37, 1501—1504. (e)
Shimazaki, M.; Hara, H.; Suzuki, KTetrahedron Lett1989,30, 5443—
5446. (f) Grignon-Dubois, M.; Dunogues, J.; CalasSinthesid 976, 737—
738.

(10) (a) Takai, K.; Hirano, M.; Toshikawa, Synlett2004 1347-1350.
(b) Takai, K.; Toshikawa, S.; Inoue, A.; Kokumai, R. Am. Chem. Soc.
2003,125, 12990—12991.

(11) (a) Concellon, J. M.; Rodriguez-Solla, H.; GbmezABGgew. Chem.,
Int. Ed.2002,41, 1917—1919. (b) Concellon, J. M.; Rodriguez-Solla, H.;
Llavona, R.J. Org. Chem2003,68, 1132—1133.

2982

took place in the case of the polyunsaturated arbimérable
2).

Other significant aspects of the described cyclopropanation
were the following: (1) No important differences were
observed when the reaction was performed on amides derived
from different amines, so no lower stereoselectivity was
observed from amides with bulky groups*tRi-Pr) on the
carbonyl amide (Table 2). (2) No additives were necessary
to perform the cyclopropanation reaction, in opposition to
other previously described method¢3) Cyclopropylamides
were prepared in higher yields (approximately a 20%

(12) (a)o,f-Unsaturated amideswere prepared following the method
described in: Concellon, J. M.; Pérez-Andrés, J. A.; Rodriguez-Solla, H.
Chem. Eur. J.2001, 7, 3062—3068. (b) Compounds=—g were easily
obtained through the amination of cinnamoyl chloride in THF. @) (
Cinnamamidelh was obtained from the catalytic Lindlar's hydrogenation
of N,N-diethyl-3-phenylpropiolamide. (dZ)J-Amide 1o was prepared by
using the method described in: Concellén, J. M.; Bardale3, @rg. Chem.
2003,68, 9492—9495.

(13) Although the reactions were all carried out on a 0.4 mmol scale,
when this process was carried out on a 3 mmol scale no differences were
observed. However, 4 equiv of CeGliere necessary; when a lower amount
of CrCl, was employed (3 equiv) lower yields were obtained (see also Table
1).
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Table 2. Synthesis of Cyclopropanecarboxamides

RZ  CONRy* CrCly/ CHylCI RZ A CONRy*
RT R? THF, A Rl R3
1 2
2 R! R2 R3 R* dre yield (%)?
a Me H H Et >98/2 68
b MeCH=CH H H Et 93/7¢ 90
¢ n-C/His H H Et >98/2 89
d Cy H H Et >98/2 92
e Ph H H Et >98/2 98
f Ph H H i-Pr  >98/2 89
g Ph H H d >08/2 79
h H Ph H Et >08/2 98
i i-Bu H Me Et 98/2 89
j n-C7His H Me Et 98/2 88
k Cy H Me Et >98/2 84
l Ph H Me Et >98/2 91
m Ph H Me i-Pr >98/2 79
n Ph H Me d >98/2 90
o H p-CIC¢Hy Me i-Pr >98/2 87
p Et Et Me Et 97
q n-Pr Me Me Et 68/32¢ 63
r n-CsHpp Me Me Et 96/4f 79
s Ph Me Me Et 98/28 86
t Ph Et Me Et 92/8" 85

a Diastereoisomeric ratio (dr) of the cyclopropylami@esas determined
by GC-MS and/or'H NMR (300 MHz) analysis of the crude reaction
products X Yields of the isolated products (major diastereoisomer) after
column chromatography based on compouhdsdr of the starting amide
1b, 93/7.9 From morpholine&dr of the starting amidéd.q, 68/32.f dr of
the starting amidér, 95/5. 9 dr of the starting amidés, >98/2." dr of the
starting amidelt, 94/6.

increase) than the previously obtained compowztge,f,
2h, 2j—I, and 2t with the Sm/CHl, systemta

The relative configuration of the cyclopropane ring was
established by comparison with the data previously reported

of the reaction, the cyclopropanation dt){?* and (2)-
cinnamamid&cwas carried out (Table 2, starting compounds
leand1h). In both cases, the geometry of the=C bond
was conserved during the cyclopropanation, each yielding a
sole diastereoisomer as the reaction product.

Taking into account the synthetic applications of amides
derived from morpholinés o, 5-unsaturated amides derived
from morpholine were readily prepared from the correspond-
ing a,B-unsaturated acid chloride and morpholtffeCyclo-
propanation reactions of theegs-enamided.gandln gave
the corresponding cyclopropylamid2g and 2n with total
stereoselectivity and in good yields. The reactior2gfind
2n with a range of organolithium compounds-af8 °C for
1 h afforded the corresponding crude cyclopropyl ketones
3a—g without any loss of diastereoselectivity and in high
yields (Table 3).

Table 3. Synthesis of Cyclopropyl Ketones

9 o
] SLi
Ph/q“\ J\N/\ RSLi, THF ““U\RS
R L_o -T8ciorn 3
2g,n 3
entry 3 R3 R dre yield (%)?

1 a H Me >98/2 80
2 b H n-Bu >98/2 86
3 c H Ph >98/2 89
4 d Me Me >98/2 91
5 e Me n-Bu >98/2 88
6 f Me CH,SiMes >98/2 82
7 g Me allyl >98/2 85¢

a Diastereoisomeric ratio (dr) of the cyclopropylketoBegas determined
by GC-MS and/orH NMR (300 MHz) analysis of the crude reaction
products Yields of the isolated products after column chromatography
based on compound®. ¢ This reaction was carried out by using the
corresponding Grignard derivative (under the same conditions) rather than
the organolithium compound.

in the literature for product&b, 2e.f, 2h, 2j—I, 2t,**2and
2d,'** by analysis of théH NMR coupling constants between
the cyclopropane protons of compouriis 2c, and2g, or
by NOESY experiments in the case of tri- and tetrasubstituted
cyclopropanei, 20, and2s. The structure and relative
configuration of the other cyclopropylcarboxamidzsvas
assigned by analogy.

After this determination it could be established that the
starting enamide$ and cyclopropanecarboxamidepresent
the same relative configuration. Consequently, the cyclo-
propanation reaction took place with conservation of the C
C bond geometry of the starting materfabffording only
one diastereoisomer &f This fact together with the synthesis
of cyclopropanamide®b and2g—t with the same dr as those
shown by the starting unsaturated amid€3able 2) could
support the complete stereospecificity of the cyclopropana-
tion reaction. To unambiguously prove the stereospecificity

(14) Morris, D. G. Nuclear Magnetic Resonance and Infrared Spectra
of Cyclopropanes and CyclopropenesTimre Chemistry of the Cyclopropyl
Group; Patai, S., Rappoport, Z., Eds.; John Wiley and Sons: New York,
1987; Chapter 3.
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Synthesis of product® might be explained by assuming
the formation of chromium(lll) carbenoids and using a model
similar to that proposed by Houk for the addition of
carbenoids to olefins (Scheme %)This staggered model
has also been utilized to explain the cyclopropanatiom,6f
unsaturated amides by using the SmiCHystemt:!

Tentatively, we propose a transition state modein
which the C-C double bond is not conjugated with the amide
carbonyl groufy and the coordination of the icenter (from
the incipient :CH carbene) to the oxygen atom of the amide
group providing the obtained cyclopropylamid2swhile
maintaining the C=C bond geometry (Scheme 1).

(15) Sengupta, S.; Mondal, S.; Das, Tetrahedron Lett1999,40, 4107
4110.

(16) (a) Mareda, J.; Rondan, N. G.; Houk, K.NAm. Chem. Sod983
105, 6997—6999. (b) Paddon-Row, M. N.; Rondan, N. G.; Houk, KJ.N.
Am. Chem. Sod982,104, 7162—7166.

(17) This is based on the well-known resonance of the lone pair electron
of the nitrogen atom with the carbonyl group. As a consequence of this
conjugation the free rotation through the CO—N bond is restricted, being
this CO-N bond is shorter than a-€N bond (The Chemistry of Acid
Derivatives Patai, S., Ed.; John Wiley and Sons: New York, 1979;
Supplement B).
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Scheme 1. Proposed Mechanism

CrCl, + CH,ICI
Q o .,
Ré_g\*NRz“ R2>_2:NR24 [CICHCIC,]  R? A CONR,*
R1 RS R1 RB R1 R3
1 2
H 7
H=C O
rR2 \\ .
Iz R4
Ny S NR;

Indirect support for this mechanistic proposal is provided
by the fact that no cyclopropanation reaction @ff-

unsaturated amides in which the-C double bond is di-,
tri-, or tetrasubstituted. The reaction of cyclopropanamides
derived from morpholine with a range of organolithium
reagents readily afforded cyclopropyl ketones, as a single
diastereoisomer and in high yields. Other synthetic applica-
tions of this CrCj-promoted cyclopropanation process,
including studies directed toward fully delineating the factors
involved in these transformations, and the preparation of
functionalized and enantiopure cyclopropylamides are cur-
rently under investigation within our laboratory.
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