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y-Iminolactones?, dihydroquinolin-2-ones3, and y-lactames4 have been synthesized starting from
B-hydroxymethylcyclopropanylamidels mediated by SnGINal/NEt, BFs-OEL, and TiCW/NEts. The
corresponding product® 3, and4 were produced, respectively, in high to excellent yields.

Introduction

Cyclopropanes are extremely versatile building blocks in
organic synthesis owing to their ready accessibility and good
reactivity2 Since the first report by Cloke in 1929 that
cyclopropyl ketones can be transformed into dihydrofuran
derivatives® the synthetic applications of cyclopropyl ketones

(1) For reviews, see: (a) Sydnes, L. €hem. Re. 2003 103 1133~
1150. (b) Gnad, F.; Reiser, @hem. Re. 2003 103 1603-1624. (c)
Reissig, H.-U.; Zimmer, RChem. Re. 2003 103 1151-1196. (d) Lebel,
H.; Marcoux, J.-F.; Molinaro, C.; Charette, A. Bhem. Re. 2003 103
977—-1050. (e) Reichelt, A.; Martin, S. Acc. Chem. Re2006 39, 433~
442. (f) Yu, M.; Pagenkopf, B. LTetrahedron2005 61, 321-347. (g)
Wong, H. N. C.; Hon, M. Y.; Tse, C. W.; Yip, Y. GCChem. Re. 1989 89,
165-198.

(2) For some recent results, see: (a) Ogoshi, S.; Nagata, M.; Kurosawa,
H. J. Am. Chem. So@006 128 5350-5351. (b) Liu, L.; Montgomery, J.
J. Am. Chem. SoQ006 128 5348-5349. (c) Ma, S.; Zhang, Angew.
Chem, Int. Ed. 2003 42, 183-187.

(3) Cloke, J. BJ. Am. Chem. S0d.929 51, 1174-1187.

(4) (a) Alonso, M. E.; Morales, Al. Org. Chem198Q 45, 4530-4532.
(b) Yadav, V. K.; Balamurugan, ROrg. Lett. 2001, 3, 2717-2719. (c)
Bernard, A. M.; Frongia, A.; Piras, P. P.; Secci, F.; Spiga,Quig. Lett.
2005 7, 4565-4568. (d) Pittman, C. U.; McManus, S. P. Am. Chem.
Soc.1969 91, 5915-5918. (e) Honda, M.; Naitou, T.; Hoshino, H.; Takagi,
S.; Segi, M.; Nakajima, TTetrahedron Lett2005 46, 7345-7348. (f)
Bowman, R. K.; Johnson, J. 8rg. Lett.2006 8, 573-576. (g) Yadav, A.
K.; Peruncheralathan, S.; lla, H.; Junjappa,J.Org. Chem.2007, 72,
1388-1394. (h) Liu, L.; Montgomery, JJ. Am. Chem. So2006 128
5348-5349. (i) Ogoshi, S.; Nagata, M.; Kurosawa, HAm. Chem. Soc.
2006 128 5350-5351. (j) Lloyd-Jones, G. GAngew. ChemInt. Ed.2006
45, 6788-6790. (k) Zhang, J.; Schmalz, H.-Gngew. ChemInt. Ed.2006
45, 6704-6707.
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have been well studieiComparatively, although the studies
on the synthetic utility of cyclopropyl amides are relatively few,
some interesting resuftécluding the ring-expansion products
like the N-substituted pyrrolidin-2-ones have been obtaiffed.
Recently, we developed new strategies for the preparation of
furo[2,3-b]quinolines and highly substituted pyridin-2{)-ones
through a novel SnGimediated tandem ring-opening/recycliza-
tion reactioi2and the VilsmeierHaack reactiofi? respectively,
starting from the easily available 1-adyarylcyclopropane-
carboxamide§.Due to our interest in the synthetic applications
of cyclopropyl amide&?in this paper, the Lewis acid mediated
highly selective reactions gf-hydroxymethylcyclopropanyl-
amidesl, which can lead tg-iminolactone2, dihydroquinolin-
2-ones3, andy-lactames4, are reported (Scheme 1).
B-Hydroxymethylcyclopropanylamidek have the structure
characters of both cyclopropyl amidésand cyclopropyl
carbinol. On treatment with an acid, cyclopropyl carbinyl cation
intermediate could be formed from cyclopropy! carbinol. This
carbocation will undergo either ring expansion to give a

(5) (a) Yang, Y.-H.; Shi, MJ. Org. Chem2005 70, 8645-8648. (b)
Kirkland, T. A.; Colucci, J.; Geraci, L. S.; Marx, M. A.; Schneider, M.;
Kaelin, D. E., Jr.; Martin, S. FJ. Am. Chem. SoQ00], 123 12432
12433. (c) Zheng, X.; Kerr, M. AOrg. Lett.2006 8, 37773779. (d) Zhang,
M.-X.; Eaton, P. E.Angew. Chem.Int. Ed. 2002 41, 2169-2171. (e)
Concellon, J. M.; Rodriguez-Solla, H.; Llavona, R.Org. Chem2003
68, 1132-1133.

(6) (a) Zhang, Z.; Zhang, Q.; Sun, S.; Xiong, T.; Liu, Ahgew. Chem.
Int. Ed. 2007, 46, 1726-1729. (b) Pan, W.; Dong, D.; Wang, K.; Zhang,
J.; Wu, R.; Xiang, D.; Liu, QOrg. Lett.2007, 9, 2421-2423.
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SCHEME 1. The Lewis Acid Mediated Reactions of
f-Hydroxymethylcyclopropanylamides 1
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cyclobutyl cationi or ring cleavage to give a homoallyl catfon
to relieve ring strain. Recently, the ring-cleavage pathway of
cyclopropyl carbinol through stabilization of the homoallyl
cation by a silylmethyl function was efficiently utilized for the
synthesis of multiply substituted tetrahydropyran rifigwis

acids have been used as catalysts for an enormous variety o

organic reactions, for example, alkene alkylation and dimer-
ization1® formation and hydrolysis of acetal5Friedel-Crafts
reactions;? aldol and related reactiod$,and electrocyclic
reactions’* Recent reports show that Lewis acid-mediated
halogenative ring-opening of cyclopropyl carbinol substrates
offered a practical, useful, and versatile method for the stereo-
selective synthesis of substituted olefthén our recent research,
the cyclopropyl carbinol substratgghydroxymethylcyclopro-
panylamidesl, showed divergent behavior with respect to the
Lewis acid catalyst. As a result, in the presence of SnGCl,,

and BR-OEb, a series of ring-openiniyf or O-annulation and
FriedeCrafts alkylation products were obtained in high to
excellent yields, respectively, as described in Scheme 1.

(7) (a) Kanemoto, S.; Shimizu, M.; Yoshioka, Hetrahedron Lett1987,
28, 6313-6316. (b) Hardouin, C.; Taran, F.; Doris, E.Org. Chem2001,
66, 4450-4452. (c) Bernard, A. M.; Frongia, A.; Secci, F.; Piras, P. P.
Chem. Commur2005 3853-3855.

(8) (a) Sarel, S.; Yovell, J.; Sarel-Imber, Mngew. ChemInt. Ed. Engl.
1968 7, 577-588. (b) Wong, H. N. C.; Hon, M. Y.; Tse, C. W.; Yip, Y.
C.; Tanko, J.; Huldicky, TChem. Re. 1989 89, 165-198.

(9) Yadav, V. K.; Kumar, N. V.J. Am. Chem. So@004 126, 8652~
8653.

(10) (a) Buchmann, W.; Desmazieres, B.; Morizur, J.-P.; Nguyen, H.
A.; Cheradame, HMacromolecule2001, 34, 2783-2791. (b) Angle, S.
R.; Frutos, R. PJ. Chem. SocChem. Commuri993 171-172. (c) Keller,

A. J. Mol. Catal. 1991, 64, 171-178.

(11) (a) Chang, J.-W.; Jang, D.-P.; Uang, B.-J.; Liao, F.-L.; Wang, S.-
L. Org. Lett. 1999 1, 2061-2063. (b) Du, Y.; Kong, FJ. Carbohydr.
Chem.1995 14, 341-352. (c) Thompson, J. BE. Org. Chem1967, 32,
3947-3950.

(12) (a) Uto, K.; Sakamoto, T.; Matsumoto, K.; Kikugawa, Netero-
cycles1996 43, 633-640. (b) Tashiro, MSynthesisl979 921-936. (c)
Park, B.-D.; Lee, H.-l.; Ryoo, S.-J.; Lee, Y.-Betrahedron Lett1997, 38,
591-594.

(13) (a) Mukaiyama, T.; Narasaka, Krg. Synth.1987 65, 6—10. (b)
Walker, M. A.; Heathcock, C. HJ. Org. Chem1991, 56, 5747-5750. (c)
Uno, H.; Baldwin, J. E.; Churcher, I.; Russell, A. $ynlett1997, 390-
393. (d) Maeda, K.; Shinokubo, H.; Oshima, K.Org. Chem1997, 62,
6429-6431. (e) Paterson, Tetrahedron1988 44, 4207-4219.

(14) (a) Haynes, R. K.; King, G. R.; Vonwiller, S. Q. Org. Chem.
1994 59, 4743-4748. (b) Mandal, A. B.; Gomez, A,; Trujillo, G.; Mendez,
F.; Jimenez, H. A.; de Rosales, M.; Martinez, R.; Delgado, F.; Tamariz, J.
J. Org. Chem1997, 62, 4105-4115. (c) Liu, H. J.; Han, YTetrahedron
Lett. 1993 34, 423-426. (d) Engler, T. A.; Gfesser, G. A.; Draney, B. W.
J. Org. Chem1995 60, 3700-3706. (e) Hojo, M.; Tomita, K.; Hirohara,
Y.; Hosomi, A. Tetrahedron Lett1993 34, 8123-8126. (f) Conde, S.;
Corral, C.; Madronero, RSynthesisl974 28-29.

(15) (a) Li, W.-D. Z.; Yang, J.-HOrg. Lett.2004 6, 1849-1852. (b)
Wong, H. N. C.; Hon, M.-Y.; Tse, C.-W.; Yip, Y.-CChem. Re. 1989
89, 165-198. (c) Li, W.-D. Z.; Peng, YOrg. Lett.2005 7, 3069-3072.

(d) Ranu, B. C.; Banerjee, &ur. J. Org. Chem2006 3012-3015.
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Results and Discussion

In our initial studies, the 1-(1-hydroxyethyN-(2-methoxy-
phenyl)cyclopropanecarboxamidé),( prepared by reducing
1-acetyIN-(2-methoxyphenyl)cyclopropanecarboxan§isdth
sodium borohydridé® was selected as the substrate (Scheme
2). Unfortunately, it was found that no reaction occurred upon
treatment of5 with Lewis acids, such as Sn&bH,0, TiCly,
and BR+OEt in acetonitrile. However, the SngbH,0 medi-
ated reaction offf)-1-(1-hydroxy-3-phenylallyl)N-(2-methoxy-
phenyl)cyclopropanecarboxamidks] (obtained by the sodium
borohydride reduction of 1-cinnamoiX-(2-methoxyphenyl)-
cyclopropanecarboxamidé which was prepared by the con-
densation of 1-acetyl-(2-methoxyphenyl)cyclopropanecar-
boxamide with benzaldehydéprovided a ring-opened product
6 in 43% yield, an intramolecular FriedeCrafts alkylation
groduct dihydroquinolin-2-on8a in 41% yield, and a ring-

pened/recylization produgtiminolactoné® 2ain 6% vyield,
respectively, in acetonitrile for 0.5 h (Scheme 2). With the aim
to improve the yield of2a (according to our previous work
regarding the-annulation of 2-(2-chloroethylIN-(2-methoxy-
phenyl)-3-oxobutanamidéy,2.0 equiv of Nal® was added to
the SnCJ-5H,0 mediated reaction dfain acetonitrile for 1 h,
then NEg (3.0 equiv) was added and reacted for another 1 h.
To our delight,2a was obtained in 78% isolated yield (Table
1, entry 1). In addition, our experiments showed that a small
amount of SnGF5H,0 (for example, 0.5 equiv) was not efficient
(Table 1, entry 2). Other Lewis acids, including TiCFeCk,
and AICkL, gave2ain relatively lower yields (Table 1, entries
3—5). The reaction could be carried out in DMF, THF, xylene,
and dichloroethane but with lower yields 24 (Table 1, entries
7—10). Interestingly3awas obtained as the major product (in
yield of 52%) for the BG-OEt% mediated reaction dfa (Table
1, entry 6). Therefore, selecting BPEL as the Lewis acid,
we tried to improve the yield o8a by changing the solvent
system and reaction temperature without the activation of Nal
(Table 1, entries 11 and 12). Mediated bysBPE®L, the reaction
of 1a exclusively affordedain 70% isolated yield within 15
min with dicholormethane as the solvent at room temperature
(Table 1, entry 12). It is noteworthy that bothiminolactone
2a and dihydroquinolin-2-onéa could be obtained in high
yields from the same substrate (Table 1, entries 1 and 12).
In fact, selective synthesis has been a formidable challenge in
organic synthesis, especially controlled highly selective synthesis

(16) For details for the preparation of 1-(1-hydroxyethy2-methoxy-
phenyl)cyclopropanecarboxamids) @nds-hydroxymethylcyclopropanyl-
amidesl, please see the Supporting Information and also see: (a) Liu, J.;
Liang, F.; Liu, Q.; Li, B.Synlett2007, 156-160. (b) Liu, J.; Wang, M.;

Li, B.; Liu, Q.; Zhao, Y.J. Org. Chem2007, 72, 4401-4405.

(17) For the preparation of condensation adducts of 1-atésylylcy-
clopropanecarboxamides with aromatic aldehydes, please see: (a) Bi, X.;
Dong, D.; Liu, Q.; Pan, W.; Zhao, L.; Li, Bl. Am. Chem. So2005 127,
4578-4579. (b) Bi, X.; Liu, Q.; Sun, S.; Liu, J.; Pan, W.; Zhao, L.; Dong,
D. Synlett2005 49-54.

(18) For selected examples for the synthesig/dfminolactones, see:
(a) Nair, V.; Rajesh, C.; Vinod, A. U.; Bindu, S.; Sreekanth, A. R.; Mathen,
J. S.; Balagopal, LAcc. Chem. Re003 36, 899-907. (b) Ma, S.; Gu,
Z.; Yu, Z.J. Org. Chem2005 70, 6291-6294. (c) Tang, Y.; Li, C.-Z.
Tetrahedron Lett2006 47, 3823-3825. (d) Ma, S.; Xie, HJ. Org. Chem.
2002 67, 6575-6578.

(19) (a) Bartoli, G.; Bellucci, M. C.; Petrini, M.; Marcantoni, E.; Sambri,
L.; Torregiani, E.Org. Lett.200Q 2, 1791-1793. (b) Kamal, A.; Prasad,
B. R.; Ramana, A. V.; Babu, A. H.; Reddy, K. Betrahedron Lett2004
45, 3507-3509. (c) Node, M.; Kajimoto, T.; Nishide, K.; Fujita, E.; Fuji,
K. Tetrahedron Lett1984 25, 219-222.
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SCHEME 2
MeO OMe o
OH O SnCl XN
— e _Ph N N + NH * H
R N CH;CN N/ OMe
Ho OMe 0o Ph” X o ™ a
1a: R=trans Ph\CH=CH; 5: R=Me 2a 3a 6
TABLE 1. Lewis Acid Mediated Transformation of 1a to 2a and TABLE 2. Synthesis ofy-Iminolactones 2 from
3a2 f-Hydroxymethyl- N-arylcyclopropanylamides ®
. yield® (%) A
. time “—_ OH O SnCl,/Nal /Et;N N=A
entry reagent (equiv) solvent (hy 2a 3a N’ Ar —— = RN\ /
1 SnCk-5H,0 (1.0)/Nal (2.0) acetonitrile 20 78 0 | H CH,CN 0
2 SnCh-5H,0 (0.5)/Nal (2.0) acetonitrile 20 43 17 R 1 2
3 TiCls(1.0)/Nal (2.0) acetonitrile 15 51 5
4  FeCg(1.0)/Nal (2.0) acetonitrile 55 34 0 B-hydroxymethyIN-
5 AICI3(1.0)/NaI (2.0) acetonitrile 2.0 62 10 aw|cyc|0propany|amides . - 14b
6 BFrOEbL(L0)/Nal (2.0) acetonitrile 05 19 52 I - i time pr°2d“°t V'S/'d
7 SnC5H,O (L.0)/Nal (2.0) DMF 20 29 0 entry r Q) (%)
8  SnCh-5H,0 (1.0)/Nal (2.0) THF 20 35 28 1 1b PhCH=CH 2-MeOGH; 2.0 2b 64
9  SnCh-5H,0 (1.0)/Nal (2.0) xylene 20 41 11 2 1c  4-MeOGHs 2-MeOGH4 25 2c 84
10 SnCk-5H,0 (1.0)/Nal (2.0) dichloroethane 2.0 34 46 3 1d  4-MeGH4 2-MeOGH4 3.0 2d 82
11 BR-OEL(1.0) dicholorethane 0.25 0 57 4 le 4-CIGH4 2-MeOGHa4 35 2e 71
12 BR-OEL(1.0) dicholormethane 0.25 0 90 5 1f 4-MeOGHs 2,4-MeCgHsz 3.5 2f 85
aThe reactions were carried out in solvent (6 mL) witl§1.0 mmol), 6 19 4-MeOGH,  2-MeCeH, 3.0 29 82
p h . h 7 1h  4-MeOGH; Ph 3.0 2h 84
NEt; (3.0 mmol), and Lewis acid, with or without Nal (2.0 mmol) at €D, 8 1 4-MeGH Ph 3.0 2i 79
b Isolated yield.© 65% of 1awas recovered! The reaction was performed ! e e ' ;
t " : 9 1j  2-furyl 4-EtOGH4 2.0 2j 75
at room tempeérature. 10 1k 4-CICH,  4-EtOGHs 3.0 2k 87
11 1l 3-MeOGHs  4-EtOGH4 3.0 2l 91
. . . . 12 1m 2-ClCgH4 4-EtOGH4 2.5 2m 88
derived from the same starting materigisTherefore, this 13 1n  Ph 4-CIGHs 35 on 67

divergent method for the synthesis pfiminolactone2a and
dihydroquinolin-2-one3a from S-hydroxymethylcyclopropa-
nylamidesl was studied in detail.

With the optimized reaction conditions in hand (Table 1,
entries 1 and 12), the scope of the transformations was thentag g 3. synthesis of Dihydroguinolin-2-ones 3 from
evaluated. Thus, a series @fhydroxymethylN-arylcyclopro- B-Hydroxymethyl- N-arylcyclopropanylamides
panylamided b—n6 were subjected to the optimized conditions
described in Table 1, entry 1, and the results are summarized
in Table 2. The substrateddh—n (with both electron-donating
and electron-withdrawing group(s) on the aryl ring) underwent N CH.Cl
the ring-opened/recylization reaction smoothly to afford the | e
corresponding-iminolactone2b—n in good to high yields with
the reaction time of 23.5 h (Table 2, entries-113). The
structures of the/-iminolactones were further determined by
the X-ray diffraction of2e (see the Surpporting Information,

aThe reactions were carried out in acetonitrile (6 mL) viifi.0 mmol),
SnCl-5H,0 (1.0 mmol), Nal (2.0 mmol), and NE{3.0 mmol) at 60°C.
blsolated yield.

p-hydroxymethyIN-

arylcyclopropanylamides time product  yield®

Figure S1), in whiciN-aryl orientated toward the oxygen atom  eniry 1 R R (min) 3 (%)
of the ring. 1 1b  PhCH=CH 2-MeO 15 3b 79
The Friedet-Crafts alkylation reaction ofa could also be 2 lc  4-MeOGH, 2-MeO 10 3c 83
expanded. As shown in Table 3, substratdsydroxymethyl- 3 1d  4-MeGH, 2-MeQ 5 3d 9
) . . 4 le  4-CIGsHa 2-MeO 25 3e 50
N-arylcyclopropanylamide$ with one or two electron-donating 5 1f  4-MeOGH: 24-Me 15 3f 80
group(s) on either or both aryl ring(s) were reactive and the 6 1g 4-MeOGH; 2-Me 20 3g 78
corresponding dihydroquinolin-2-on8swvere obtained in high 7 1h  4-MeOGH: H 15 3h 72
)’_'e|d5_ (Table 3, entries-13 and 5-7) Ieavmg_the cyclopropane aThe reactions were carried out in dichloromethane (6 mL) wi(fh.0
ring intact. In the case of precursdre with an electron- mmol) and BR-OE® (1.0 mmol) at room temperaturklsolated yield.

withdrawing chloro group on an aryl ring, the desired product

3e was obtained in good yields (Table 3, entry 4). Recently, SOM€ reports showed that the spirotryprostatin core could be

efficiently constructed by the Mgimediated ring expansion
(20) Selected examples: (a) Barluenga, J.: Alonso, JafanF. J.J. reaction of a sp|ro_[cyc_lopropane-1-,6x|ndole] with an aIdl-_

Am. Chem. So003 125, 2610-2616. (b) Doyle, M. P.; Yan, M.; Hu, mine?! such investigations, i.e., the synthetic transformations

W.; Gronenberg, L. SJ. Am. Chem. So003 125 4692-4693. (c) of dihydroquinolin-2-ones3 via cyclopropane ring-opening

Denmark, S. E.; Pan, WOrg. Lett.2003 5, 1119-1122. (d) Zhang, Y.; ;
Raines, A. J.: Flowers, Il, R. A0rg. Lett. 2003 5, 2363-2365. () Ma,  Pathway, are currently under way in our laboratory.

S.; Wang, GAngew. ChemlInt. Ed.2003 42, 4215-4217. (f) Panne, P.;

Fox, J. M.J. Am. Chem. So2007, 129, 22—23. (g) Sun, X. W.; Xu, M. (21) (a) Marti, C.; Carreira, E. Ml. Am. Chem. So2005 127, 11505~
H.; Lin, G. Q.Org. Lett.2006 8, 4979-4982. (h) Cuny, G.; Bois-Choussy, 11515. (b) Alper, P. B.; Meyers, C.; Lerchner, A.; Siegel, D. R.; Carreira,
M.; Zhu, J.J. Am. Chem. So@004 126, 14475-14484. E. M. Angew. Chem.nt. Ed. 1999 38, 3186-3189.
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TABLE 4. Synthesis ofy-Lactames 4 from
p-Hydroxymethyl- N-alkylcyclopropanylamides #

OH 0 TiCl,/Et;N 2
N R —m—mm8M R AN
‘ H CH,CICH,CI N-R'
R 1 4

B-hydroxymethylIN-

alkylcyclopropanylamides time  product yield®
entry 1 R R (h) 4 (%)
1 lo Ph Me 1.6 4a 94
2 1p 2-thienyl Me 1.0 4b 83
3 1q 4-CICsH4 Me 35 4c 86
4 1r 4-MeGsH4 Me 21 4d 87
5 1s 4-MeOGHa4 Me 2.0 4e 76
6 1t 4-MeGeHa n-Pr 2.3 Af 84
7 1u Ph n-Pr 2.0 49 87
8 1v Ph Bn 3.3 4h 91

aThe reactions were carried out in 1,2-dichloroethane (6 mL) &ith
(1.0 mmol), TiCk (0.5 mmol), and NE£(3.0 mmol) at room temperature
to 60 °C. P Isolated yield.

SCHEME 3. Proposed Mechanisms for the Synthesis of
y-Iminolactones 2 andy-Lactames 4
CLM. X X=1
(“ Jos R TRar 2
. MCl/-HCl - R -M(OH)Cl; "\ __ NEt; [ R'=Ar
M=Sn or Ti NHR' X=Cl
RHN" 70 7 o 8 R=Alkyl !

Interestingly, when the reaction g8-hydroxymethyIN-
alkylcyclopropanylamidelo (in which R is a methyl instead
of an aryl group as irLia—n) was carried out under the above
optimal reaction conditions (Table 1, entry 1) for 6 h, instead
of anO-attack annulation produgtiminolactone2o, anN-attack
annulation producy-lactamed4awas obtained in 37% isolated
yield. Under otherwise identical conditions as described (Table
1, entry 1) and with 1,2-dichloroethane as the solvéatwas
obtained in 82% isolated yield in 4.5 h. It was found that in the
case when only SngbH,O was employed (without Nal),
y-lactamedawas obtained in 80% isolated yield. Gratifyingly,
the higher yield of4a (94%) was achieved within 1.5 h when
TiCl4 (0.5 equiv) was selected to promote the reaction with 1,2-

dichloroethane as the solvent (Table 4, entry 1). As expected,

the transformation oflo to 4a could be expanded. Under the
optimized conditions (Table 4, entry 1), the reactions of
B-hydroxymethylIN-alkylcyclopropanylamideslp—vi® were
performed and the desiredlactamesib—h were produced in
high to excellent yields (Table 4, entries-). In a study on
coupling-cyclization reactions of 2,3-allenamides with organic
halides by Ma and co-worket&dthe O- or N-attack selectivity

Xiong et al.

nitrogen atom. When Rs a large group, such as an aryl group,
O-annulation is preferred. Wheredkannulation is preferred
when R is a relatively smaller group, such as MePr, and
Bn. In addition, compared with an oxygen atom, the relatively
higher nucleophilicity of the nitrogen atom made the transfor-
mation from8 to 4 proceeded more efficiently even in the
absence of Nal.

Conclusion

In summary, a divergent synthesis gfiminolactones2,
dihydroquinolin-2-ones3, andy-lactames4 from j-hydroxy-
methylcyclopropanylamidekin high to excellent yields under
mild reaction conditions has been developed. Through an
efficient one-pot ring-opene@* or N-annulation process, Sn{l
Nal/NEt; mediated reactions gi-hydroxymethyIN-arylcyclo-
propanylamidesla—n provided y-iminolactones2a—n and
TiCl4/NEt; mediated reactions ¢f-hydroxymethyIN-alkylcy-
clopropanylamidedo—v gavey-lactamesia—h, respectively.
This highO/N-attack selectivity may be directed by the steric
effect of the substituent on the nitrogen atom in the amide
moiety. Mediated by BEOEtb, dihydroquinolin-2-one8a—h
could also be efficiently prepared frofthydroxymethyIN-
arylcyclopropanylamide$a—h via an intramolecular Friedel
Crafts alkylation reaction. Further synthetic applications for
y-iminolactone and dihydroquinolin-2-one3are in progress.

Experimental Section

General procedure for the synthesis of 2 (with 2a as an
example): To a solution of substratgéa (323 mg, 1.0 mmol) in
acetonitrile (6.0 mL) was added Sn€&H,0O (350 mg, 1.0 mmol)
and Nal (300 mg, 2.0 mmol). The mixture was stirred at6Cor
1 h, then NE#0.41 mL, 3.0 mmol) was added. After an additional
1 h, the reaction mixture was poured into cold water (50 mL),
extracted with dichloromethane (6 8 mL), and dried over with
anhydrous Nz50, The solvent was removed under reduced
pressure, and the residue was purified by a shot flash silica gel
column chromatography to give compouBd (238 mg, 78%) as
yellow crystals (eluent: ethyl ether/petroleum ether 1/4).
Compound2a: mp 142-143°C; IH NMR (500 MHz, CDC¥}) o
2.98-3.01 (m, 2H), 3.91 (s, 3H), 4.32 @,= 7.5 Hz, 2H), 6.65
6.73 (m, 2H), 6.956.96 (m, 2H), 7.06-7.07 (m, 1H), 7.23-7.38
(m, 4H), 7.54 (dJ = 7.5 Hz, 2H), 8.73-8.78 (m, 1H);3C NMR
(125 MHz, CDC¥) 6 30.0, 54.6, 66.5, 110.4, 119.3, 121.7, 123.2,
124.3,125.4,125.9, 126.5, 126.8, 127.3, 132.2, 135.4, 135.9, 150.5,
156.4; IR (KBr, cnm?) 3426, 1731, 1650, 1550, 1327, 1288, 1222,
1136, 1066, 961, 857, 749, 689; MS calodz 305.1, found 306.1
[(M + 1)]*. Anal. Calcd for GoH1gNO,: C, 78.66; H, 6.27; N,
4.59. Found: C, 78.61; H, 6.29; N, 4.62.

General procedure for the synthesis of 3 (with 3a as an
example): To a solution of substratéa (323 mg, 1.0 mmol) in

was attributed to the steric hindrance at the 4-positions of 2,3- gichioromethane (6.0 mL) was added 8BEL (1.0 mmol, 0.12
allenamides. In our expel’iments, steric effects of the SubstituentmL) at room temperature. The mixture was stirred for 15 min

on the nitrogen atom may play an important role for the highly
selective formation of the related annulation produgtimi-
nolactone< or y-lactames.

(monitored by TLC). The reaction mixture was then poured into
cold water (50 mL), extracted with dichloromethanex @ mL),
and dried over anhydrous &0, The solvent was removed under

On the basis of all of the above results, plausible mechanismsreduced pressure, and the residue was purified by a shot flash silica

for the formation ofy-iminolactones2 andy-lactames from
B-hydroxymethylcyclopropanylamidédsare presented in Scheme
3. The overall transformations may involve the SyiiS&l or
TiCly initiated reaction ofl to provide a ring-opened intermedi-
ate 8, which was followed by either an intramolecul&F
annulation orO-annulation to produce-lactames4 or y-imi-
nolactone2 in the presence of NEtrespectively, depending
in a large part on the steric effects of the substitueft¢R the
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gel column chromatography to give compowal(214 mg, 70%)

as white crystals (eluent: ethyl ether/petroleum etherl/3).
Compound3a: mp 129-130°C; *H NMR (500 MHz, CDC}) 6
0.86-0.89 (m, 1H), 0.930.95 (m, 1H), 1.121.16 (m, 1H), 1.69

1.73 (m, 1H), 3.10 (dJ = 6.5 Hz, 1H), 3.89 (s, 3H), 6.236.28

(m, 1H), 6.34 (dJ = 16 Hz, 1H), 6.78-6.83 (m, 2H), 6.99-7.02

(m, 1H), 7.19-7.32 (m, 5H), 7.95 (s, 1H)}:3C NMR (125 MHz,
CDCl) 6 8.9, 16.6, 22.7, 46.9, 54.5, 108.0, 118.8, 121.6, 123.8,
124.4, 125.1, 126.2, 127.2, 127.8, 129.2, 135.5, 144.6, 170.6; IR
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(KBr, cm™1) 3194, 1679, 1492, 1387, 1075, 1023, 925, 841, 734; 169.1; IR (KBr, cnm?) 2881, 1671, 1634, 1291, 1134, 1058, 977,
MS calcdm/z 305.1, found 306.1 [(M+ 1)]*;. Anal. Calcd for 754; MS calcdm/z 213.1, found 214.1 [(M+ 1)]*. Anal. Calcd
CyH1gNO2: C, 78.66; H, 6.27; N, 4.59. Found: C, 78.73; H, 6.24; for C,4H:sNO: C, 78.84; H, 7.09; N, 6.57. Found: C, 78.67; H,
N, 4.57. 7.11; N, 6.46.

General procedure for the synthesis of 4 (with 4a as an

example): To a solution of substrat&o (231 mg, 1.0 mmol) in . . .
1,2-dichloroethane (6 mL) was added Ti@.5 mmol, 0.054 mL) Acknowledgment. Financial support of this research by the

: Ministry of Education of China (106064), the NNSFC
for 20 min at room temperature then .41 mL, 3.0 mmol) at - .
60°C. After an additiongl 80 min, the rl\ggztion mixture was goured (20672019), Science Foundation for Yong Teachers of Northeast
into cold water (50 mL), extracted with dichloromethanex(68 Normal University (20060301), and analysis and testing founda-
mL), and dried over anhydrous p&0, The solvent was removed tion of Northeast Normal University is greatly acknowledged.
under reduced pressure, and the residue was purified by a shot flash

silica gel column chromatography to give compoua(201 mg, Supporting Information Available: Experimental details and
94%) as white crystals (eluent: ethyl ether/petroleum ethé&fl). full characterization data, copies #f and3C NMR spectra for
Compoundda: mp 150-151°C; *H NMR (500 MHz, CDC}) 6 compoundda—v, 2a—n, 3a—h, 4a—h, 5, and6, and CIF data for
2.87-2.91 (m, 2H), 2.97 (s, 3H), 3.47 (,= 7.5 Hz, 2H), 6.86- 2e. This material is available free of charge via the Internet at

6.85 (m, 2H), 7.03-7.05 (m, 1H), 7.267.28 (m, 1H), 7.32.7.35
(M, 2H), 7.45-7.46 (m, 2H):33C NMR (125 MHz, CDC}) 6 22.6,
30.5, 46.9, 124.4, 127.1, 128.7, 129.0, 129.3, 132.2, 137.0, 138.0,J0701495S
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