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ABSTRACT
Ry Ro
Rie _R» CO3R3
| < [6+3] CORs R, = H, Me, Ph, -(CHy)a-, -(CHa)e-, etc
+ N —_— Ry = Me, Ph, -(CHa)s-, -(CHy)s-, etc
/< NH R = Me, Et
H R4 = Ph, CkPh, n-Pr, etc
Re R4

In contrast to the [3+2] or [4+3] cycloaddition of N-metalated azomethine ylides and various alkenes, N-benzylidene glycine ethyl ester reacts
with fulvenes to give the hetero [6+3] cycloaddition adducts with high stereoselectivity, constituting an efficient and novel route to [2]-
pyrindines.

The theoretical, mechanistic, and synthetic importance of synthesis of indan derivativdMore recently, Barluenga et
fulvene and its derivatives have intrigued chemists for more al. demonstrated that the [6+3] cycloaddition of chromium
than a century. Cycloadditions of fulvenes (e.g. 8].2 alkenyl carbene complexes with fulvene leads to indates.
[242].2 [4+2],* [2+4],° [6+4],° [6+2]") provide versatile  Additionally, we recently reported a novel heteroHBs
and powerful approaches to various polycyclic systems andcycloaddition of fulvenes for the synthesis of 11-oxa-
natural products. Recently, we reported a new type of steroidst! In conjunction with our continuing efforts in
reaction: the [6+3] cycloaddition of fulverfefor the facile fulvene chemistry? we have now developed a hetercH8]
cycloaddition of fulvenes antll-benzylidene glycine ethyl
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Scheme 1

the synthesis of [2]pyrindines via a heteroH8] cyclo- On the basis of our previous observations, we suspected
addition has never been reported. [2]Pyrindine systems canthat the addition of a heterodipolar reagent, such as an
be found in a variety of natural products including delavayine azomethine ylide, to fulvene could afford the heterd-8

A,13 SB-203208 incarvillateine!® louisianin A and cycloadduct and provide a novel route to the [2]pyrindine
racemigerin& (Scheme 1}8 The 1,3-dipolar cycloaddition  skeleton. In a model study, we have found that the

of N-alkyl glycine ester to alkenes via aff2] pathway?® or benzylidene glycine ethyl ester derived from benzaldehyde
with a diene via a [4+3] pathwdYrepresents an efficient  and glycine ethyl ester in the presence of LDA in dry THF
and convergent approach to pharmacologically active alka- reacts with 6,6-dimethylfulvenel) to yield the predicted
loids (e.g. the synthesis of pyrrolidirfésvia the [3+2] hetero [6+3] cycloadduct as the only isolable product in
cycloaddition reaction of azomethine ylidéand alkenes).  80% yield (Scheme 2). The structuredifvas assigned based
The 1,3-dipolar cycloaddition of fulvene has received much on IR, 'H, *3C NMR, COSY, DEPT, HMQC, HMBC, MS,
less attention, but examples of thet#], [4+2], and [3t+2] and HRMS analysis. The formation 4imay be rationalized
cycloadditions of fulvene have been reportéd® via the stepwise mechanism shown in Scheme 2. Initial
addition of the metalloazomethine yli@do the C-6 position
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Table 1. Reaction ofN-Alkylidene Glycine Ester with Fulvenes

R, R, <C02Et R4 R; ot
2!
+ N —_—
</ NH
a
Ph Ph

entry fulvene product method time (h) yield (%)*

A 1 80

Me Me B 24 75

COZEt C 24 20

1 D 12 92°

1 E 12.5 7

F 4 53¢

G 6 for step 1 75"

4 for step 2

>

CO,Et 57
D 12 70
COEl A 1 73
D 12 86"
COE A 1 66
NH D 12 78
H

wn

4

9 Ph 10

A 1 75
CO,Et
5 D 12 89"
11
Ph L?h
Ph H CO.Et H COyEt
L A 1 71
NH
6 ) ) D 12 63"
13 Ph 14 15 (1:1)
H A 1 74
| CO,Et
0 D 12 68"
16
Ph 18 (1:)
Me Me Mg Me COEL
3 G 6 for step 1 67°"
NH 4 for step 2
1 H Pr 19

a|solated yield based on starting fulvene. Method A: LDA, THH,8 °C. Method B: LiBr, EtN, THF, 25°C. Method C: toluene, reflux. Method D:
Ag20, EgN, THF, 25°C. Method E: LiBr, DBU, 25°C. Method F: AgOAc, EN, 25 °C. Method G: glycine ethyl ester,sBsCHO, MgSQ, toluene,
reflux, 12 h; fulvenel, AgO, E&N, 25 °C, 12 h.? 8% of the uncyclized imine was obtain€t®0% of the uncyclized imine was obtaine#7% of the
uncyclized imine was obtaine@Reacted withN-propyl glycine ethyl ester hydrochlorideTotal yield for two steps.

Org. Lett., Vol. 5, No. 10, 2003 1691



Scheme 2

M & & <C°2Et Me COEt - Me Me
=] Me
o Mn CO,EL
| R @/ N== ML,  — @ ({"'\@ = — ﬁ
= < 7 Nen H B

1 2 3 4

The two-step reaction can be carried out in one pot by In summary, we have developed a novel synthesis of [2]-
heating a 64 mM solution of benzaldehyde (1 equiv), glycine pyrindine derivatives (delavayine and incarvillateine skel-
ethyl ester hydrochloride (1.3 equiv), 3Bt (5 equiv), and etons) via a stereoselective one-pot hetero [6+3] cycload-
MgSGQ, in toluene to reflux for 6 h, followed by addition of  dition of N-alkylidene glycine esters to fulvenes. We are
currently pursuing the application of this methodology to
the solid-phase synthesis of a large [2]pyrindine library and
Scheme 3 other natural products.

Rs. R4
o o Ry | R, COsR;
/U\ + HZN/\ﬂ/ Re o — NH
Ry H o) :
Ry

Ry = C¢Hg, p-CICgHy, p-OMeCgHy, C3H7, ¢-CHyq;
Rz = Me, Et, R3 = Me, _(CH2)5_’ Ph, R4: _(CHZ)S_’ H

a THF solution of fulvend. (1.2 equiv), E4N, and AgO at
ambient temperature and stirring for 4 h (Table 1, entry 1,
method G, Table 1). This process yields addigh 75%
yield without the need for isolation of thBl-alkylidene
glycine ester.

Next a selection of 3 fulvenes, 2 glycine esters, and 5
aldehydes were reacted according to Method G to yield a
30-membered [2]pyrindine library. During this process,
heating in toluene was maintained for 12 h and the cycliza-  Acknowledgment. We are grateful to Dr. Sepehr Sarshar
tion was allowed to proceed at ambient temperature for 8 h. for valuable discussions. Financial support from National
Simple filtration through Celite and removal of the solvent Science Council and National Health Research Institute are
afforded the final products in good yield and pure enough gratefully acknowledged.
for MS and/or NMR analysis without further purification.

Figure 1. ORTEP plots for X-ray crystal structures 8fand14.
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