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Competitive azomethine ylide cycloaddition and
carbonyl-ene reaction in the treatment of 4-(alk-2-
enyl)amino-2-formylpyr-2(2H)-ones with sarcosine
ethyl ester’
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Department of Applied Chemistry, Faculty of Engineering, Yamaguchi University, Tokiwasai,
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The thermal reaction of 4-(alk-2-enyl)amino-2-formyl-2)2H)-pyrones 4 with sarcosine ethyl ester (2) gave two isomeric
pyrrol[3,4-clpyranol4,3-dlpyridines 5 and 6, arising from the endo-cycloaddition of the resulting S- and W- shaped
azomethine ylides, and [1,3]oxazines 8 via the carbonyl-ene reaction of pyrones 4 depending on the reaction conditions.

In a previous papérwe reported that the reaction of 4-(alk-2- the basis of their elemental analyses and spectroscopic data in
enyl)benzylamino-3-formylchromen-2i)-ones 1 with sar- comparison with those of the corresponding cycloadducts in the
cosine ethyl ester2) in benzene at reflux gave azomethine reaction of323 Based on their structural assignment, the for-
ylide intermediates, which underwent an intramolecularmation ofsawas ascribed to thendeapproach of the S-shaped
cycloaddition leading to chromeno[4t-pyrrolo- azomethine ylide, while that &a was ascribed to thende
[2,3-d]pyridin-11(11H)-ones as single isomerga an endo approach of the W-shaped one. On the other hand, the structure
approach of the S-shaped azomethine ylides. More reéentlyof 8a was deduced to be 1-benzyl-7-methyl-1,2-dihydro-2,4-
we also reported that the reaction of 2-(alk-2-enyl)benzyl-ethanopyrrolo[4,3][1,3]oxazin-5@H,5H)-one, which was
amino-3-formylpyrido[1,2a]pyrimidin-4(4H)-ones3 with 2 regarded as a secondary product from 1-benzyl-5-hydroxy-8-
gave two isomeric azomethine ylide-cycloaddugta an methyl-4,5-dihydropyrrolo[4, BJazepin-6({H)-one {a), a car-
endeapproach of the S- and W- shaped azomethine ylide®onyl ene product afa. Similar carbonyl ene reaction was also

(Scheme 1).

observed in the thermal reaction of aldehyde
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These findings were consistent with the proposed equilib-
rium between the S- and W- shaped azomethine ylides con-
trolled by the steric hindrance. The carbonyl ene reactidn of
was competitive with the azomethine ylide formation frém
at an elevated reaction temperature.
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While the dipole generated from aldehy8leand sarcosine P ’ g;i;am”m Z“;:,::t’::‘:ey.m
ethyl ester Z) existed as a mixture of S- and W- forms, the  sr= andoapprosch
dipole from aldehydé, which deemed more hindered than the
former, did as an S-form. We, therein, proposed that the equi 12 OO o

librium between S- and W-shaped azomethine ylides was cor
trolled not by the electronic nature of the dipoles induced by
heterocyclic systems but by the steric hindrance around th
dipole and dipolarophile. To check this working model, we
examined the reaction of the azomethine ylide from 4-(alk-2-
enyl)benzylamino-2-formylpyr-2¢2)-ones4 and 2, which is
less hindered than that from aldehyldend?2.

The reaction 4N-allylbenzylamino) substratéa with 2, in
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Scheme 1

Reaction of aldehydes 4 with sarcosine ethyl ester (2)

toluene at reflux for 24 h gave two isomeric azomethine ylide-

1 1 o/ \a
cycloadductba and6a (58%; as a 1:1 mixture) together with Run  Aldehyde Egﬁgti{?;ns Products (yield %)
8a (13%). The structure dda and6a were easily assigned on
1 4a Benzene, 80 h 5a (22) 6a (16)
2 4a Toluene, 24 h  5a (29) 6a (29) 8a (13)
* To receive any correspondence. E-mail: noguchi@po.cc.3 4b Benzene, 80 h  5b (49) 6b (23) 8b (trace)
¥amaguch| u.ac.jp 4 4b Toluene, 24 h  5b (34) 6a (22) 8b (20)
4c Toluene, 26 h  5¢ (48) 6¢ (trace) 8c (34)

This is a Short Paper, there is therefore no corresponding material i®
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Table 2 Thermal ene reaction of aldehydes 4 69.67; H, 7.12; N, 7.07Y; (KBr): 1725, 1680 cm' (CO); §,;: 1.21 (3
. ) H, d,J3.0, 3-Me), 1.27 (3 H, 7.3, CHMe), 1.62 (1 H, m, 3a-H),
Run  Aldehyde Reag?{."” Products (yield %) ® 1.84 (1 H, m, 3-H), 2.12, 2.46 (each 3 H, each s, 1- and 7-Me), 2.77
conditions (1 H, dJ5.9, 2-H), 3.09 (1 H, dd] 5.6, 12.2, 4-H), 3.51 (1 H, {
12.2, 4-H), 3.71 (1 H, dJ 4.6, 9b-H), 4.19 (2 H, ¢J 7.3, CH,Me),
;8 )T(‘;,',‘;fl';e'éshh o o oo o) 4.32, 4.74 (each 1 H, each #17.2, GH,Ph), 5.74 (1 H, s, 6-H),
1 4o Xylene, 20 h  8c (86) 9¢ (7) 54.1,57.0, 60.5, 60.8, 74.7, 88.8, 95.6, 125.9, 1320136.2, 154.6,
X 161.0, 164.9, 173.6.

Based on isolated products. Thermal reaction of aldehydéb; General proceduresa solution

of aldehydetb (0.30 g, 1.0 mmol) in xylene (10 ml) was heated under
reflux for 24 h. Chromatographic purification on silica gel gale

. 4 g, 13%; hexanelethyl acetate = 2/8p (0.13 g, 43%,
Our next concern was focused on the thermal behaviours Giexane/ethyl acetate = 1/1), anii(0.4 g, 14%, hexanelethyl acetate

aldehydes4; heating4a in toluene at reflux for 48 h gave = 1/2), respectively.

[1,3]oxazine8a and azepin®ain 60 and 21% vyield, respec- (4S*,5R*)-(4)-1-Benzyl-5-hydroxy-4,8-dimethyl-4,5-dihydropy-
tively. Compound9a was obtained as characteristic brown rrolo[4,3-bJazepin-6(H)-one {b): colourless prisms from hexane-
crystals and its formation was ascribed to dehydration of théenzene; m.p. 75-76°C (Found: 72.47; H, 6.48; N, 4.6HNO,
initially formed azepine7a. the reaction ofib in toluene at ~ requires C, 72.70; H, 6.44; N, 4.79)(KBr): 3375, (OH), 1680 cr
reflux gave7b, 8band9b. The structure of azepir#h, a pri- (CO); 3, (CDCLy: 1.24 (3H, dJ 7.3, 4-Me), 2.08 (3 H, s, Ble),

) : ; _2,77-2.81 (2 H, m, 4-H and 5-OH), 4.73 (2 H, $J,€h), 4.81 (1 H,
mary product in ene reaction of this system, was also assigneg; ;33 9.6 3'H). 5.28 (1 H, s, 5-H). 5.75 (1 H, s, 9-H), 5.91 (1 H

on the basis of the elemental analysis and spectroscopic dajg j2.3 9.6, 2-H), 7.20-7.42 (5 H, P (CDCL): 19.5, 21.8, 37.5,

in comparison with those of the ene products previouslyss.4, 70.2, 96.9, 114.8, 126.4, 127.0, 127.8, 129.2, 130.3, 136.7,
reported* The stereochemistry between the 4- and 5-posi-151.0, 162.0, 162.2n/z(El): 297 (M).

tion of the azepine ring afb was deduced to bes from the (28, 45+, 10S")-(z)-1Benzyl-7,10-dimethyl-1,2-dihydro-2,4-
coupling constant), . = ca. 0 Hz)! Acid treatment of azepine €thanopyrrolo[4,34[1,3]Joxazin-5(44,5H)-one @b): yellow prisms

7b gave the desired [1,3]oxazib in a good yield. Similar from hexane-benzene; m.p. 153-157°C (Found: 72.68; H, 6.47; N,

. . . 4.71. GH,,NO, requires C, 72.70; H, 6.44; N, 4.79)(KBr): 1680
ene reaction odcin xylene at reflux gav8cand9cin a good o (CO):°5,,, (CDCL): 1.09 (3H, d,J 6.9, 10-Me), 1.72 (1 H, m,

total yield. Thermal reaction of aldehydéperformed a car-  1g.4)"> 75 (3 H, s, 7-Me), 2.35 (1 H, d#i8.3, 13.3, 9- H), 2.65 (1
bonyl ene reaction to afford azepin@sstereoselectively, H m, 9-H), 4.40, 4.60 (each 1 H, eachid]2.7, @H,Ph), 4.83 (1 H,
which were converted into [1,3Joxazinéand fully conju- s, 4-H), 5.16 (1 H, dJ 5.9, 2- H), 5.66 (1 H, s, 8-H), 7.23-7.40 (5 H,
gated azepineg during the reaction. Ph); 5. (CDCL,): 20.4, 21.3, 44.3, 44.4, 51.5, 79.8, 89.7, 94.9, 96.4,
126.4,127.8,129.0, 136.3, 150.7, 161.2, 16M8&;(El): 297 (M).
1-Benzyl-4,8-dimethylpyrrolo[4,®]azepin-6(H)-one @b):

Experlme.ntal ~ brown needles from EtOH; m.p. 134-135°C (Found: C, 77.51; H,
The usual instruments general procedures and chromatographic prg:20; N, 4.89. H,-NO, requires C, 77.39; H, 6.13; N, 5.01),
cedures are given in ref. 3. (KBr): 1690 cm' (CO); 6,,. (CDCL,): 1.76 (3H, br, s, 4-Me), 2.13 (3

Reaction of aldehydéb with sarcosine ethyl esteR){ General H, s, 8-Me), 4.31 (2 H, s, &,Ph), 5.02 (1 H, dJ 7.6, 3-H), 5.08 (1
proceduresa solution of aldehydéb (0.15 g, 0.5 mmol), sarcosine ¢ 37.6, 2- H), 5.60 (1 H, br, s, 9-H), 6.18 (1 H, s, 5-H), 7.32 (5 H,
ethyl ester hydrochloride (0.1 g, 0.65 mmol), and diisopropylethy- Ph);5c (CDC].?)Z 20.0, 23.5, 54.5, 99.2, 108.5, 121.4, 125.6, 127.4,

lamine (0.17 ml, 0.95 mmol) in toluene (10 ml) was heated under;>7 5 127.8.128.8. 135.8. 136.9. 139.4. 161.7 168/2(El): 279
reflux for 24 h. the resultant precipitates were filtered off and the ﬁ"rg]M*). ' ' ' ' ' ' ' '
n

trate was evaporated to dryness. The residue was subjected to colu

chromatography on silica gel to affo@b and 5b as elution of : .

hexane/ethyl acetate (2/1) a8l (hexane/ethyl acetate = 1/1). Received 16 February 2000; accepted 30 June 2000
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