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We report a straightforward synthesis of 1-azaspirocyclopropane lactams from imides. Following the described procedure, polycyclic nitrogen
heterocycles containing a cyclopropane unit could be obtained from unsaturated imides.

The Kulinkovich reaction, i.e., titanium-mediated formation of carbonateshave been employed, leading, respectively, to
cyclopropanols from carboxylic esters and Grignard reagents,tertiary cyclopropylamines and cyclopropanone hemiacetals
has extensively been studied since its discovery in 2889. after hydrolysis. In contrast, Cha and co-workers reported

This reaction involves the formation of titanacyclopropane that cyclic imides did not afford cyclopropane compounds

intermediatesA and insertion of esters to affof8, which under the Kulinkovich COﬂditiOﬂ%N-ACW hemiaminals were
spontaneously rearrange to afford cyclopropanol derivativessolely obtained, resulting from the hydrolysis of the five-
after hydrolysis (Scheme 1). membered ring intermediate, stable in this case (Scheme

2, eq 1) The reaction was applied to the synthesis of

Scheme 1. Kulinkovich Reaction
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The scope of substrates has gradually been extended,
leading to the preparation of a wide range of substituted
cyclopropanes. In addition to carboxylic esters used in the
original Kulinkovich reaction, tertiary amidéand dialkyl

pyrrolizidine, indolizidine, and related alkaloids by a titanium-
mediated cyclization of»-vinyl imides (Scheme 2, eq 2Y.

— — - . _ More recently, we have developed a synthesis of primary
(1) Kulinkovich, O. G.; Sviridov, S. V.; Vasilevsky, D. A.; Pritytskaja,

T.S.7h. Org. Khim.1989 25, 2244 2245: J. Org. Chem. USSR989 cyclopropqumlne_s,_ based on the reaction of titanacyclopro-
25, 2027-2028. panes A) with nitriles (Scheme 3j.Whereas under the
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Scheme 3. Ti-Mediated Cyclopropanation of Nitriles
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Kulinkovich conditions the ketone was the major product
of hydrolysis, the addition of BFOEL to the metallacycle

modified dramatically the outcome of the reaction, affording
cyclopropylamines in good vyields. The Lewis acid was

Scheme 4.Proposed Paths for the Lewis Acid Activation ©f
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assumed to induce the ring contraction of the five-membered of Tj(0i-Pr), and 1ain THF led to theN-acyl hemiaminal

metallacycle in this case.

The formation of cyclopropane derivatives would similarly
be expected through a Lewis acid activationG®{Scheme
4). In this case, two products can be anticipated, dependin
on the selectivity of the Lewis acid addition. Following path
a, the coordination of a Lewis acid on the carbonyl moiety

would induce the formation of the homoenolate equivalent

E, in the way analogous to that encountered in the Kulink-

ovich cyclopropanation of esters, to produce the amide-

substituted cyclopropan@.® In path b, coordination of the
Lewis acid on the oxygen linked to titanium would produce
the azaspirocyclic compourdlthrough the iminium inter-
mediateG.*°

Initial experiments were carried out witfrbenzylsuccin-
imide (1a). As expected, the addition of EtMgBr to a solution

(2) Reviews: (a) Kulinkovich, O. GEur. J. Org. Chem2004 4517
4529. (b) de Meijere, A.; Kozhushkov, S. I.; Savchenko, A. ITItanium
and Zirconium in Organic Synthesidarek, I., Ed.; Wiley-VCH: Wein-
heim, Germany, 2002; pp 39@34. (c) de Meijere, A.; Kulinkovich, O.
G. Chem. Re. 200Q 100, 2789-2834.

(3) Review: de Meijere, A.; Kozhushkov, S. I;
Organomet. Chen004 689 2033-2055.

(4) Lee, J.; Kim, Y. G.; Bae, J. G.; Cha, J. &K.Org. Chem1996 61,
4878-4879.

(5) (a) Lee, J.; Ha, J. D.; Cha, J. B.Am. Chem. S0d997, 119 8127
8128. (b) Lee, K.; Kim, S.-E.; Cha, J. K. Org. Chem1998 63, 9135~
9138. (c) Sung, M. J.; Lee, C.-W.; Cha, J. 8ynlett1999 561-562. (d)
Kim, S.-H.; Park, Y.; Choo, H.; Cha, J. Kletrahedron Lett2002 43,
6657—-6660. (e) Santra, S.; Masalov, N.; Epstein, O.; Cha, Dig. Lett.
2005 7, 5901-5904.

(6) Similarly to imides, N-acylpyrroles did not afford cyclopropane
derivatives under Kulinkovich conditions; see: Epstein, O. L.; Seo, J. M.;
Masalov, N.; Cha, J. KOrg. Lett 2005 7, 2105-2108.

(7) (&) Kim, S.-H.; Kim, S.-I.; Lai, S.; Cha, J. K. Org. Chem1999
64, 6771-6775. (b) Kim, S.-H.; Cha, J. KSynthesi2000 2113-2116.

(c) Qllero, L.; Mentink, G.; Rutjes, F. P. J. T.; Speckamp, W. N.; Hiemstra,
H. Org. Lett.1999 1, 1331-1334.

(8) (a) Bertus, P.; Szymoniak, &hem. Commurn2001, 1792-1793.

(b) Bertus, P.; Szymoniak, J. Org. Chem.2002 67, 3965-3968. (c)
Bertus, P.; Szymoniak, $ynlett2003 265-267. (d) Laroche, C.; Bertus,
P.; Szymoniak, JTetrahedron Lett2003 44, 2485-2487. (e) Bertus, P.;
Szymoniak, JJ. Org. Chem2003 68, 7133-7136. (f) Laroche, C.; Harakat,
D.; Bertus, P.; Szymoniak, Drg. Biomol. Chem2005 3, 3482-3487.

(g) Laroche, C.; Behr, J.-B.; Szymoniak, J.; Bertus, P.; Plantier-Royon, R.
Eur. J. Org. Chem 2005 5084-5088. See also: (h) Gensini, M,
Kozhushkov, S. I.; Yufit, D. S.; Howard, J. A. K.; Es-Sayed, M.; de Meijere,
A. Eur. J. Org. Chem2002 2499-2507.

(9) Closely related to imides, acyloxazolidinones afforded cyclopropanols
under Kulinkovich conditions; see: Mizojiri, R.; Urabe, H.; SatoJFOrg.
Chem.200Q 65, 6217-6222.
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2ain 89% vyield (Table 1, entry 1).

Table 1. Ti-Mediated Addition of EtMgBr to Imidela

o Me Me/
N-B 1. EtMgBr (n equiv) OH N-Bn
Bn —— o~ _ - "
[T, THF N-Bn N-Bn
o 2. BF300Et; (2 equiv) o) (@) e}
1a 2a
yield (%)*

entry [Ti] (equiv) n la 2a 4a 5a
1% Ti(Oi-Pr)s (1.2) 24 — 89(75) - -
2 Ti(Oi-Pr)s (1.2) 24 - - 49 34
3¢ Ti(Oi-Pr)s (1.2) 24 - - 50 39
4 CITi(Oi-Pr)s (1.2) 24 - - 62 21
5 MeTi(Oi-Pr); (1.2) 1.2 49 - 38 2

MeTi(Oi-Pr)s (1.5) 15 — - 79 (75) 2

74 MeTi(Oi-Pr)s (1.5) 15 — - 78 (74) 3

aNMR yields; isolated yields in parentheséReaction performed without
the addition of BEOEt. *Reaction carried out in ED. IMe3SiOTf used
instead of BR-OEb.

A successive addition of BFOEL to the reaction mixture
led to the formation of two new products, the enamide
resulting probably from the dehydration @&a and the
azaspirocyclic compoundla as the sole cyclopropane-
containing derivative (entry 2). Whereas the use of CITi-
(Oi-Pr) instead of Ti(O-Pr), had a moderate effect on the
4al5aratio (entry 4), the use of MeTi({@Pr)!* was found
to significantly increase the ratio of the cyclopropateto
the detriment of5a (entries 5-7). In fact, MeTi(Q-Pr)
requires only one equivalent of EtMgBr to form the titana-
cyclopropane, thus limiting side reactions resulting from the

(10) (a) According to the referee’s remarkcould also arise from the
Lewis acid coordination on the alkoxy ligands. (b) Another site of
coordination is the nitrogen atom. The expected final product would be the
same as that in path a, i. e., the cyclopropaol

(11) MeTi(O-Pr was prepared from CITi(i2Pr); and MeLi; see: Reetz,

M. T.; Westermann, J.; Steinbach, R.; Wenderoth, B.; Peter, R.; Ostarek,
R.; Maus, SChem. Ber1985 118 1421-1440.
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use of a larger amount of Grignard reag&nA slightly
hight_ar excess of _titanium and Grign.ard reagents was hpwever-rame 2. Cyclopropanation of Imidega—e
required to obtain a total conversion of the starting imide

(entry 6). The use of MSIOTf gave similar results (entry entry incl)ide RMgX product _yield (%)""
7). In all the experiments involvingja, the spirocyclic lactam
4awas the only cyclopropane-containing product obtained. 1 E:EN Bu EfMgBr 74

No trace of the cyclopropan@a was detected, suggesting o
that the cyclopropanation reaction occurred via path b solely. 1b

N-Bu

o}

4b

An overcyclopropanation ofa, possible with an excess H P i
ispi i i R N-Bn
of reagent, to afford the dispirocyclic amir@ was not ) CI::EN Bl EiMgBr 8

H o

4c
o}

4d

observed (Scheme 5). The amidieould be obtained from

" 0

Scheme 5. Preparation of the Dispirocyclic Aming
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the isolated amidda, without the subsequent use of a Lewis , &
acid. In this case, a large excess of reagents was required to . 'N-Bn 51
K . . a n-BuMgBr 68:32)
afford a total conversion of the starting amide. ) (68:3
The optimized conditions for efficiently preparidg from 4f°
la were successfully applied to a series of imides and Ph
Grignard reagents, to afford the spirocyclopropane lactams s . Ph(CHL):MeB “N-Bn 43
4b—g, as shown in Table 2. a (CH:);MgBr ( (65:35)
Good vyields of4b—e were obtained from EtMgBr and 4g¢

the cyclic imideslb—e (entries 1-4). Particularly noteworthy
is the regioselective cyclopropanation of tirediethylami- a|solated yields.PRatio of diastereomers is in parenthesé€She
nosuccinimideleat the less-hindered carbonyl moiety (entry configuration of the major stereoisomer was determined by NOE.
4). The use of higher Grignard reagemsBuMgBr and Ph-
(CH,)s-MgBr) afforded the corresponding substituted cyclo-
propanesAf and 4g with a low diastereocontrol (entries 5 magnesium chloride, followed by the addition of BBE%
and 6). In contrastN,N-diacetylbenzylamine, the acyclic (Scheme 6). The cyclization was extended to the formation
analogue ofla, was not a suitable substrate because only of polycyclic compounds with various cycle sizes leading
N-acetylbenzylamide was obtained in this c&se.

We next turned to the cyclopropanation Wfalkenyl
imides. Cha and co-workers extensively studied the regio-
and stereocontrol of the titanium-mediated cyclization of

Scheme 6. Cyclopropanation ofv-Vinylimides

unsaturated imides, providing an efficient access to substi- § .

tuted nitrogen heterocycles (Scheme 2, eg Phe scope of OJ\:\A\O ;Zi::g?ﬂsr? ((22 :::I\\//)) 09\/:\/%0 -
this method would be significantly extended if cyclopropane- “ THE %“O"P’)Z
containing polycyclic compounds are obtained by the addi- 7a L J
tion of Lewis acids. Initial attempts to prepare the tricyclic l

amide8a from imide 7a by activating the metallacyclel - .
(generated following the reported procedue&sHsMgCl/ BF 4+OEt, 0-Ti(0-Pr),
CITi(Oi-Pr)s2 or n-BuLi/Ti(Oi-Pr)®) with BFs-OEb led to ! i O%)

low yields of 8a. The amideB8a was obtained in 65% yield 2 N

by the use of an excess of MeTi®r) and cyclohexyl- 8a (65%) B H -

(12) MeTi(O-Pr) was initially used by de Meijere and co-workers for

the cyclopropanation of tertiary amides and was found to be generally more
efficient than Ti(Q-Pr);: Chaplinski, V.; Winsel, H.; Kordes, M.; de
Meijere, A. Synlett1997 111—-114. N N N N
(13) Acyclic imides are known to be much more reactive toward é
0] (0]

nucleophiles than the cyclic ones. See, for example: (a) Murakami, Y.; o
Kondo, K.; Miki, K.; Akiyama, Y.; Watanabe, T.; Yokoyama, Yetra- . . o 0
hedron Lett.1997 38, 3751-3754. (b) Sykes, N. O.; Macdonald, S. J. F.; 8b (62%) 8¢ (50%) 8d (51%) 8e (46%)

Page, M. I.J. Med. Chem2002 45, 2850-2856.
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to amides8b—e in 46—62% isolated yields. These com- applied by Cha and co-workers, mainly the use of MeTi-
pounds were obtained in a totally diastereoselective fashion. (Oi-Pr); as a titanium reagent and the addition of;BFEL,

A short preparation of such polycyclic frameworks is very gave 1-azaspirocyclopropane lactams ir-48% yield. The
rare in the literaturé> By a suitable use of substitutegvinyl described method allows a direct access to polycyclic
tethered starting imides, this method should present a shortitrogen heterocycles bearing a cyclopropane unit from
access to new cyclopropane-containing pyrrolizidine and readily available starting materials.
indolizidine derivatives®
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(14) The relative stereochemistry of compour@is-e has not been . . . .
established. Supporting Information Available: Experimental pro-

(15) Only two methods for preparing the tricyclic core 8 were cedures, characterization data, and NMR spectra of new
reported in the literature, whereas the other polycyclic frameworBbok . L . .
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