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A number of pyrrolidine and 1,2,3,4-tetrahydroquinoline derivatives are prepared selectively in moderate to good yields by the reaction of
arylvinylidenecyclopropanes 1 with ethyl (arylimino)acetates 2 in the presence of Lewis acid depending on the electronic nature both of 2 and

R! or R2 aromatic groups of 1.

Thermal and photochemical skeleton rearrangements ofreported the Lewis acid catalyzed reaction of arylvinylidene-
highly strained small rings with multiple bonds and functional cyclopropanes with acetals to produce indene derivatives in
groups have attracted much attention from both synthetic good yields* Herein, we present a new synthetic protocol
and mechanistic viewpoints. At the core of these develop- for the preparation of pyrrolidine and 1,2,3,4-tetrahydro-

ments resides the multifaceted reactivity of vinylidene-

quinoline derivatives by Lewis acid catalyzed reaction of

cyclopropanes, for which a wide variety of transformations arylvinylidenecyclopropanekwith ethyl (arylimino)acetates

has been discoverdd.For example, they can easily react
with carbon—carbon or carberheteroatom multiple bonds

to produce [3+ 2] or [2 + 2] cycloaddition products in good

yields upon heating or photoirradiatiénRecently, we
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2 where the product is determined by the electronic nature
of 2 and the R or R? aromatic groups of.

Initial studies were aimed at determining the optimal
reaction conditions for the Lewis acid catalyzed reactions.
Using diphenylvinylidenecycloproparia as the substrate,
we examined its reaction with ethyl (arylimino)acet&ie
in the presence of a variety of Lewis acids. The results are
summarized in Table 1. Using BPEL (10 mol %) as the
catalyst in 1,2-dichloroethane (DCE) at 6G, a [3 + 2]
cycloaddition producBa was formed in 84% vyield (Table

(3) (a) Mizuno, K.; Sugita, H.; Hirai, T.; Maeda, H.; Otsuji, Y.; Yasuda,
M.; Hashiguchi, M.; Shima, KTetrahedron Lett2001,42, 3363—3366.
(b) Mizuno, K.; Nire, K.; Sugita, H.; Otsuji, YTetrahedron Lett1993,
34, 6563—6566. (c) Sasaki, T.; Eguchi, S.; Ogawa]).TAm. Chem. Soc.
1975,97, 4413—-4414.

(4) Lu, J.-M.; Shi, M.Org. Lett.2006,8, 5317—5320.



Table 1. Optimization of the Reaction Conditions && and2a

CgHs p-BrCeH4\N LA
+ ! T T CeH
CeHL j: kcozEt e .
1a 2a EtO,C  CeHyBrp
3a
entry®  solvent catalyst T (°C) time (h) yield® (%)
1 DCE Sc(OTo)s 60 1 81
2 DCE Yb(OTDs 60 1 75
3 DCE SnOTf), 60 1 72
4 DCE 60 12 N.R.
5 DCE Zr(OTf)4 60 1 76
6 DCE In(OTf)3 60 1 80
7 DCE BF;-OEt, 60 1 84
8 DCE La(OTf)3 60 1 82
9 DCE TfOH 60 1 78
10 DCE TMSOTf 60 1 81
11 DCE BF;-OEt, rt 1.5 76
12 DCE BF3-OEt, 80 1 80
13 dioxane BF3:OEt, 60 19 37¢
14 CH3CN  BF3-OEtg 60 1 81
15 Et20 BF3-OEt, 35 22 354
16 toluene  BF3:OEts 60 5 41
17 THF BF;-OEt, 60 19 48¢
18 EtOH BF3-OEty 60 18 11/
19 hexane BF3:OEts 60 18 548

aAll of the reactions were carried out usirig (0.2 mmol), 2a (0.3
mmol), and catalyst (10 mol %) in various solvents (2.0 nflisolated
yield. © 31% of 1a was recovered! 29% of 1a was recoverect 7% of 1a
was recovered.64% of 1a was recovered 9% of 1a was recovered.

1, entry 7). The examination of various solvents revealed
that DCE is optimal for the reaction (Table 1, entries-13
19).

Table 2. BF;-OEt-Catalyzed Reaction of
Arylvinylidenecyclopropaneg with Ethyl (Arylimino)acetate®

R3 R*
1 R3 R4 7
R R\N BF5 OEt, (10 mol %)
2> g oo co.g DOEB0C.TH R?
R 4y R R bt E0,d  R7
3
entry® 1 (RYR2)® 2 (R7) yielde (%)
1 1b (p-ClCeHu/p-CIC¢Hy) 2a 3b, 85
2 lc (pFC6Hup-FCeH,) 2a 3¢, 79
3 1d (C¢Hs/p-C1C¢Hy) 2a 3d 86 (1:1)¢
4  le (C¢Hsp-CH3;0CH,) 2a 3e, 71 (2.6:1)¢
5 1f (C¢Hs/CgHs)e 2a 3f, 89
6 1a (CsHs/C¢Hs5) 2b (p-ClC¢Hs) 3h, 81
7 la 2¢c (O-CF306H4) 3h, 99
8 1f 2b 3i, 82
9 1g (C¢Hs/CeHs) 2a 3j, 88

a All reactions were carried out usirig(0.2 mmol),2 (0.3 mmol), and
BF3:OEt (10 mol %) in DCE (2.0 mL) at 60C. P Otherwise specified, R
= R*=R°>=R6= Me. ¢Isolated yieldsd Ratio of E/Zor Z/E. €R3=R*
= phenyl, R = R® = Me. TR® = R* = phenyl, R = R = H.
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With the optimized reaction conditions in hand, we next
examined an assortment of starting materladsd2 in order
to evaluate the scope of this new {8 2] cycloaddition
reaction. The results are summarized in Table 2. As can be
seen from Table 2, the corresponding pyrrolidine derivatives
3 were obtained in good to high yields within 1 h. For
unsymmetrical arylvinylidenecyclopropangd and 1e, the
corresponding [3- 2] cycloaddition product8d and3ewere
obtained a&/Z mixtures in 86% and 71% yields, respectively
(Table 2, entries 3 and 4). Furthermore, similar results were
obtained for other ethyl (arylimino)acetat&s and2c under
identical conditions (Table 2, entries 7 and 8). In addition,
usinglg (R' = R? = R® = R* = phenyl, R = R = H) as
the substrate, the corresponding {3 2] cycloaddition
product3j was obtained in 88% vyield (Table 2, entry 9).

Interestingly, when the reaction was carried out usiag
with 2d (in which R” was an electron-rich aromatic group)
under the optimal reaction conditions, 1,2,3,4-tetrahydro-
quinoline derivativeltawas formed in 44% yield, rather than
the [3+ 2] cycloaddition product (Table 3, entry 1Further

Table 3. Optimization of the Reaction Conditions d&& and
2d

CeHs g5
CaHs m—MeCeH4\N BF3OEt, /
+ | DCE, 1h
CeHs kcozEt Me N" COqEt
1a 2d ta
entry® BF5-OEty (mol %) T (°C) yield® (%)
1 10 60 44¢
2 30 60 544
3 50 60 49
4 100 60 45
5 10 rt 49¢
6 30 rt 58/
7 50 rt 61
8 50 0 71
9 50 —20 665

a All reactions were carried out usiriga (0.2 mmol) and2d (0.3 mmol)
in DCE (2.0 mL).? Isolated yields¢ 9% of 1a was recovered! 7% of 1a
was recoverect 14% oflawas recovered.15% of lawas recoveredThe
reaction was carried out for 1.5 h.

reaction condition screening efforts led to the observation
that the best result was obtained using:BEL (50 mol %)

as the catalyst in DCE at TC to producedain 71% yield
(Table 3, entry 8).

Next, we examined a variety of arylvinylidenecyclopro-
panesl with ethyl (arylimino)acetate® (in which R’ is an
electron-rich aromatic group) under these optimal reaction
conditions.

The corresponding 1,2,3,4-tetrahydroquinoline derivatives
4 were obtained in moderate yields (Table 4). For unsym-

(5) Previously, Prato and Scorrano’s group reported®Et-catalyzed
cycloaddition reaction of aryliminoacetates and electron-rich olefins to give
tetrahydroquinoline derivatives. See: Borrione, E.; Prato, M.; Scorrano, G.;
Stivanello, M.J. Heterocycl. Chenml988,25, 1831—-1835.
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Table 4. BFyOEb-Catalyzed Reaction of
Arylvinylidenecyclopropaneg with Ethyl (Arylimino)acetate®

R RZN BF3.0Et, (50 mol %)
U DCE, 0°C, 1 h
R COLEt
2

yield®
entry® 1 (RY/R?) 2 (R") (%)
1 1b (p-ClCsHy/p-C1CsHy4) 2d (m-MeCgHy) 4b, 70
2 1c (p-FCgHJp-FCaHO 2d 4c, 70
3 1d (C¢Hs/p-CICgHy) 2d 4d, 68 (1:1)¢
4 1h (p-MeCe¢H/p-MeCgHy) 2d 4e, 70
5 1i (p-MeOC¢H4/p-MeOCgHy) 2d 4f, 66
6 la (Cer,/CeH{,) 2e (p-MeCsH4) 4g, 75
7 la 2f (C¢Hs) 4h, 50

a All reactions were carried out usirig(0.2 mmol),2 (0.3 mmol), and
BF5:OEt (50 mol %) in DCE (2.0 mL) at OC. P Isolated yields¢ Ratio
of syn/anti or anti/syn.

metrical 1d, product4d was obtained as a syn/anti mixture
in 68% vyield (Table 4, entry 3). Similar results were obtained
for 2e and 2f under identical conditions (Table 4, entries 6
and 7). The structure ofih was determined by X-ray
diffraction (Figure 1§

Figure 1. ORTEP drawing ofth.

Plausible mechanisms for the formation of pyrrolidii3es
and 1,2,3,4-tetrahydroquinolindsare outlined in Scheme
1. First, ethyl (arylimino)acetat2 is activated by BFOEt,

(6) The crystal data ofih have been deposited with the CCDC (no.
613268): empirical formula, £H33sNO,; formula weight, 451.58; crystal
color, habit, colorless, prismatic; crystal system, monoclinic; lattice type,
primitive; lattice parametersa = 10.881(5) A,b = 9.452(4) A ¢ =
25.882(12) A = 90°, 8 = 97.981(8)°,y = 90°,V = 2636(2) A, space
group, P2(1)/c;Z = 4; Dcac = 1.138 g/crd; Fogo = 968; diffractometer,
Rigaku AFC7R; residual®}; Ry, 0.0686, 0.1976.
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Scheme 1. Proposed Mechanism for the Formation®and 4

to afford intermediaté\, which is subsequently attacked by
the central carbon ol to give the corresponding allylic
carbocationic intermediatd1 andB-2.” IntermediateC-1,
derived fromB-1 via a cyclopropyl ring-opening process,
undergoes cyclization to give the corresponding+32]
cycloaddition producB when R is an electron-poor aromatic
group. However, when Rs an electron-rich aromatic group,
intramolecular Friedel—Crafts reaction takes place from
intermediateB-2 to give intermediateC-2.2 which finally
furnishes product.®

Further investigation revealed that in the reaction
of 1h (R! = R? = p-MeGHy4, R® = R* = R®> = RS = Me)
with 2a (R’ p-BrC¢H,) in DCE at 60 °C, both
[3 + 2] cycloaddition product3k and intramolecular
Friedel—Crafts reaction produeti were obtained in 56%
and 36% yields, respectively (Scheme 2). This is probably
due to the fact that when'Rand R are both electron-rich
aromatic groups, intermediatB-2 is more stable, and
thus, the intramolecular FriedeCrafts reaction product can
also be formed even when’fs an electron-poor aromatic
group.

In conclusion, we have developed an effective Lewis acid-
catalyzed synthesis of pyrrolidine and 1,2,3,4-tetrahydro-
quinoline derivatives by the reactions of arylvinylidene-
cyclopropaneg with ethyl (arylimino)acetate® under mild

(7) (a) Regas, D.; Afonso, M. M.; Rodriguez, M. L.; Palenzuela, J.A.
Org. Chem2003 68, 7845-7852. (b) Xu, B.; Shi, MSynlet2003 1639
1642. (c) Hayashi, Y.; Shibata, T.; NarasakaGtem. Lett1990, 1693—
1696.

(8) (@) Fleming, I.Chemtracts: Org. Chen001, 14, 405-406. (b)
Chevrier, B.; Weis, RAngew. Chem1974,86, 12-21.

(9) Kobayashi has concluded that this type of aza-Diélsler reaction
proceeded via a stepwise mechanism, see: (a) Kobayashi, S.; Ishitani, H.;
Nagayama, SSynthesisl995, 1195—1202. (b) Shi, M.; Shao, L.-X.; Xu,

B. Org. Lett.2003,5, 579—582.

1807



Scheme 2. BF;-OEt-Catalyzed Reaction of
Arylvinylidenecyclopropandh with Ethyl (Arylimino)acetate
2

a
R3
R‘l R4 R7\
NI BF3 OEt, (10 mol %)
+
R? RE I\COZEt DCE, 60°C,1h
m R 2a

R!=R? = p-MeCgH, R7 = p-BrCeH,

R¥®=R*=R5=R®=Me

Et0,C R’

3k, 56% 4i, 36%

conditions. The reaction is believed to proceed viaH2]
cycloaddtion or intramolecular FriedeCrafts reaction path-
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ways, depending on the electronic nature botl2 ahd the

R! or R? aromatic groups of arylvinylidenecycloproparies
Efforts are in progress to elucidate further mechanistic details
of these reactions and to understand their scope and limita-
tions.
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