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Abstract—Decomposition of ethyl diazoacetate in the presence of copper, copper acetylacetonate, or copper
trifluoroacetylacetonate and ethyl 4-[ 2-(R-imino)phenoxymethyl]-2-butenoate leads to formation of chromeno-
[4,3-b]pyrrole-2,3-dicarboxylic acid derivatives. The reactions involve intermediate formation of azomethine
ylides which undergo regio- and stereoselective intramolecular cycloaddition at the C=C bond to afford
chromeno[4,3-b]pyrroles. The steric structure of the product depends on the configuration of intermediate ylide

and nature of the substituent at the ylide nitrogen atom.

Metal carbenoids generated by catalytic decom-
position of a-diazocarbonyl compounds are effective
intermediates in the synthesis of various polycyclic
systems. Several methods for building up nitrogen- and
oxygen-containing polycyclic skeletons with participa
tion of ylides have been developed in the framework
of the general metal carbenoid strategy. These include
cyclization of metal carbenoids to give azomethine or
carbonyl ylides (cycloaddition), cyclization of metal
carbenoids with formation of onium ylides (sigma-
tropic rearrangement), and intermolecular generation
of cyclic iminium ylides (intermolecular cycloaddi-
tion) [1-7]. One more possible approach to heteropoly-
cyclic systems via ylides generated from carbenes is
based on intermolecular generation of azomethine
ylide-intramolecular cycloaddition; it was implement-
ed only with difluoro- and dichlorocarbenes [8-11].
In the present work we extended this approach to
ylides generated from ethoxycarbonylcarbenoids and
Schiff bases la— ¢ derived from O-substituted salicyl-
aldehydes containing a dipolarophilic olefin fragment
in the side chain.

Ethyl diazoacetate was dowly added to a boiling
solution of Schiff base la in benzene containing a ca
talytic amount of copper. As a result, two compounds
were formed: hexahydrochromenopyrrole I1a (34%;
product of intramolecular cycloaddition of interme-
diate azomethine ylide 1Va at the C=C bond) and

tetrahydrochromenopyrrole I11a (26%) (Scheme 1).
Monitoring of the reaction course by thin-layer
chromatography showed that initially compound Il1ais
formed exclusively. Tetrahydrochromenopyrrole Il1a
appears in the reaction mixture later, the conversion of
initial Schiff base la being incomplete. By specia ex-
periment we found that compound Illa is formed by
dehydrogenation of 11a during decomposition of ethyl
diazoacetate in the presence of copper. Under anaog-
ous conditions, from Schiff base Ib we obtained only
hexahydrochromenopyrrole I1b. It should be empha-
sized that intramolecular cycloaddition of ylides |Va
and Vb is strictly stereoselective. Using the reaction
of Schiff base Ib with ethyl diazoacetate as an ex-
ample, we examined the effect of the catalyst on the
yield of product I1b. The best results were obtained
with copper acetylacetonate (Table 1). Surprisingly,
decomposition of ethyl diazoacetate in the presence of
copper and N-tert-butyl-substituted Schiff base Ic
afforded stereocisomeric chromenopyrrole I1¢ in which
the ethoxycarbonyl groups were arranged trans.

The structure of compounds I1a-l1¢ was confirmed
by the IR and NMR spectra. The cisjunction of the
dihydropyran and pyrrolidine rings in molecules |la—
I1c follows from the characteristic spin—spin coupling
constant between 3a-H and 9c-H, which is equal to
7.5-8.8 Hz; the corresponding coupling constant for
trans-fused rings is about ~11 Hz [12-16]. In addition,
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the structure of chromenopyrroles Il1a—l1c was unam-
biguously proved by X-ray analysis (Figs. 1-3).

Thus the intramolecular cycloaddition of ylides IV
generated from copper-containing ethoxycarbonyl-
carbenoids and Schiff bases | occurs with high regio-
and stereoselectivity to give chromenopyrrole deriva
tives 11 with cis-fused dihydropyran and pyrrolidine
rings, and the relative configuration at the C? and C°
atoms depends on the substituent on the nitrogen atom
intheinitia Schiff base.

It is known that ylideslike 1V can aso be generated
by condensation of the corresponding aldehydes with

Table 1. Catalytic decomposition of ethyl diazoacetate in the
presence of Schiff basesla—Ic

Schiff base R Catalyst Yield of 11, %
la Me Cu 342
Ib Ph Cu 16
Ib Ph Cu(tfacac), 31
Ib Ph Cu(acac), 37
Ib Ph Rhy(OAC) 0
Ic t-Bu Cu 25

2 Yidd of I11a 26%.
® The reaction was carried out in methylene chloride at 20°C.

secondary amines [17]. Kanemasa et al. [16] showed
that heating of an equimolar mixture of adehyde Vb
and ethyl 2-(methylamino)acetate in boiling toluene
with simultaneous removal of water (deprotonation
technique) leads to formation of almost equal amounts
of cis- and trans-fused isomers of 1-methyl-1,2,3,3a,-
4,9b-hexahydrochromeno[ 4,3-b] pyrrole-2,3-dicarbox-
ylic acid esters cis-Vlla and trans-Vlla (yield 42 and
44%, respectively; Scheme 2). In order to compare the
data of [16] with our results obtained by generation of
azomethine ylide |Va according to the carbene tech-
nique, we performed an analogous reaction of ethyl
2-(methylamino)acetate with aldehyde Va. By chroma-
tographic treatment of the reaction mixture we isolated
compounds cis-l1a and trans-11a in 38% yield each.

As shown in Schemes 3 and 4, isomer cis-lla could
be formed as a result of cycloaddition in E,Z-ylide
through endo-transition state or cycloaddition in Z,E-
ylide through exo-transition state. Isomer trans-l1a
could be formed via cycloaddition in E,Z-ylide through
exo-transition state or cycloaddition in Z,E-ylide
through endo-transition state. According to Kanemasa
et al. [16], the lack of stereoselectivity in the cyclo-
addition in ylide Vla is explained by similar energies
of the endo- and exo-transition states in the reaction of
Z,E-ylide (Scheme 3). When the ylide is generated by
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the carbene technique, attack by carbenoid species on
the unshared electron pair on the nitrogen atom in
Schiff bases la and Ib (which are E isomers) could
giveriseto only E,Z- and Z,Z-ylide. Among these, only
the former is capable of being converted into adducts
Ila and I1b, and the cycloaddition involves endo-
transition state. No cycloaddition products derived
from Z,Z-ylides were detected, presumably due to con-
siderably lower stability of Z,Z-ylides as compared to
E,Z isomers. This is confirmed by the results of quan-
tum-chemical calculations of the enthalpy of formation
of 2-[(E)-MeOCOCH=CHCH,0]C¢H,CH=N*(R)CH -
CO;Me (Table 2). The AHzz values for the N-phenyl-
and N-methyl-substituted ylides are greater than AHg 2
by 7-10 kcal/mol. By contrast, the enthal pies of forma-
tion of N-methyl-substituted E,Z- and Z,E-ylides differ

insignificantly; therefore, there are no reasons to
believe that ylides | Va and Vla will be formed only as
Z,E isomers under thermodynamically controlled con-
ditions of the deprotonation technique. We can con-
clude that nonstereosel ective reaction is most likely to
result from cycloaddition in E,Z- and Z,E-ylides, which
involves endo-transition state. This conclusion is sup-
ported by simple comparison of the structures of the
corresponding transition states (Scheme 5). In the
transition state responsible for formation of the ob-
served products, the dihydropyran ring should adopt
a half-chair conformation, while the exo-transition
state for the reaction of Z,E-ylide should be destabil-
ized due to ax,ax'-interaction. While studying the
reaction of methyl 2-diazo-2-phenylacetate with Schiff
bases [18], we aso concluded that the endo-transition

Fig. 1. Structure of the molecule of diethyl (2RS3RS3aRS -
9bSR)-1-methyl-1,2,3,3a,4,9b-hexahydrochromeno[4,3-b] -
pyrrole-2,3-dicarboxylate (I1a) according to the X-ray dif-
fraction data.

Fig. 2. Structure of the molecule of diethyl (2RS3SR,3aRS -
9bSR)-1-phenyl-1,2,3,3a,4,9b-hexahydrochromeno[ 4,3-b] -
pyrrole-2,3-dicarboxylate (I1b) according to the X-ray dif-
fraction data.
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Scheme 5.
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state is preferred in intramolecular 1,3-dipolar cyclo-
addition of azomethine ylides at activated C=C bond.

The datain Table 2 indicate increase in the stability
of Z,Z-ylide relative to E,Z-ylide as the size of the
R substituent increases. Presumably, this fact may be
responsible for change in the stereosel ectivity of cyclo-
addition in ylides 1V in going from N-methyl and
N-phenyl derivatives (generated by the carbene tech-
nique) to N-tert-butyl-substituted analog. In the latter
case, the only product was chromenopyrrole I1c which
can be formed via intramolecular 1,3-dipolar cycload-
dition in ylide Z,Z-1Vc through endo-TS (Scheme 4).

Thus we have effected intramolecular 1,3-dipolar
cycloaddition of azomethine ylides generated by cata-
Iytic decomposition of ethyl diazoacetate in the pres-
ence of ortho-substituted benzylideneamines contain-
ing a dipolarophilic C=C fragment in the side chain.
The cycloaddition stage is strictly regio- and stereo-
selective, and the products are hexahydrochromeno-
[4,3-b]pyrrole derivatives. The maximal yields of the
products were obtained with the use of Cu(acac), as
catalyst. Analysis of the stereochemical results of the
reaction of ylide I'Va generated by two methods

E,Z-ylide

trans-lla, trans-Vlla

(carbenoid and condensation of the aldehyde with
amine) suggests that the cycloadducts are formed via
endo approach of E,Z-ylides IVa and Vb to the C=C
bond. Increase in the size of the substituent on the
ylide nitrogen atom stabilizes the Z,Z-ylide, and N-tert-
butyl derivative 1Vc gives rise to isomeric hexahydro-
chromeno[4,3-b] pyrrole with trans-oriented ethoxy-
carbonyl groups.

EXPERIMENTAL

The melting points were determined on a Boetius
microscope device and are uncorrected. The IR spectra
were measured on a UR-20 instrument (Carl Zeiss)
using 400-um cells. The *H and **C NMR spectra were
recorded on a Bruker DPX 300 spectrometer at 300
and 75 MHz, respectively. The elemental compositions
were determined on an Hewlett—Packard HP-185B
CHN analyzer. The progress of reactions was moni-
tored by TLC on Silufol UV-254 plates. Column chro-
matography was performed on LS silica gel (5—40 um,
Chemapoal).

Schiff bases |a— ¢ were synthesized by condensa-
tion of aldehydes with amines in ethanol. Copper

Table 2. Calculated enthalpies of formation AH (PM3, kcal/mol) of ylides 2-[(E)-MeOCOCH=CHCH,O]CsH,CH=N"(R)-

CH™CO,Me
R Carbene E,Z-ylide E,E-Ylide ZE-Ylide Carbene Z,Z-ylide
AH AAH AH AAH AH AAH AH AAH
Me —-129.03 1.35 —129.66 0.72 -130.38 0 -120.26 10.12
Ph -94.47 2.88 -93.38 397 —-97.35 0 -90.03 7.32
t-Bu -137.22 6.00 -133.34 9.88 -143.22 0 -137.28 5.94
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Fig. 3. Structure of the molecule of diethyl (2RS,3SR,3aSR,-
9bRS)-1-tert-butyl-1,2,3,3a,4,9b-hexahydrochromeno[4,3-b] -
pyrrole-2,3-dicarboxylate (I1c) according to the X-ray dif-
fraction data.

powder for catalytic decomposition of ethyl diazo-
acetate was kept for 2 h in glacial acetic acid, filtered
off, washed with methanol and diethyl ether, and dried
for 0.5 h at 60°C under reduced pressure (1 mm).

Diethyl (2RS,3RS,3aRS,9bSR)-1-methyl-1,2,3,-
3a,4,9b-hexahydrochromeno[4,3-b]pyrrole-2,3-di-
carboxylate cis-(I1a) and diethyl (3aRS,9bSR)-1-
methyl-1,3a,4,9b-tetr ahydr ochromeno[4,3-b] pyr-
role-2,3-dicarboxylate (Il11a). A solution of 1.38 g
(12.1 mmol) of ethyl diazoacetate in 9 ml of benzene
was added dropwise over aperiod of 2.5 h to a mixture
of 1 g (4.0 mmol) of Schiff base la and 0.129 g
(2.0 mmol) of copper powder in 12 ml of anhydrous
benzene under stirring at 80°C. The progress of the
reaction was monitored by TLC following the disap-
pearance of initial Schiff base la. The mixture was
cooled, diluted with 20 ml of hexane, and filtered
through a 0.5-cm layer of silica gel, and the sorbent
was additionally washed with a 4:1 hexane—diethyl
ether mixture. The solvent was evaporated under re-
duced pressure, and the residue was recrystallized from
hexane—diethyl ether to isolate 0.189 g of compound
Ill1a. The mother liquor was evaporated, and the
residue was subjected to column chromatography
using hexane—diethyl ether as eluent to isolate an ad-
ditional portion of compound Illa (0.155 g, overal
yield 26%) and 0.460 g (34%) of compound lla as
colorless crystals.

Compound cis-lla. mp 39-41°C (from hexane). IR
spectrum (CCl,): v(C=0) 1735 cm™. *H NMR spec-
trum (CDCl3), 8, ppm: 1.28 t (3H, CCH3, J = 7.1 H2),

KHLEBNIKOV et al.

1.33 t (3H, CCHs, J = 7.1 Hz), 2.41 s (3H, NCHy),
3.41 d.d.d.d (1H, 3a-H, J = 2.2, 3.5, 8.8, 9.3 H2),
3.48 d.d (1H, 3-H, J= 6.6, 9.3 Hz), 3.90 d.d (1H, 4-H,
J=235,11.4Hz), 4.02d (1H, 9b-H, J = 8.8 Hz), 404 d
(1H, 2-H, J = 6.6 Hz), 4.10-4.31 m (5H, CH,, 4-H),
6.96-7.28 m (4H, Haom). *C NMR spectrum (CDCl5),
dc, ppm: 13.8 (CHy); 14.1 (CHy); 35.3 (NCHy); 41.4
(C*); 47.4 (C%); 59.5 (C®); 60.1 (CH,); 60.7 (CHy,);
67.4 (C?); 69.6 (C%; 117.7, 121.1, 125.0, 128.3, 129.5,
156.9 (Caom); 170.7, 171.0 (C=0). Found, %: C 64.85;
H 7.00; N 3.13. C15H23NOs. Calculated, %: C 64.85;
H 6.95; N 4.20.

Compound I11a. mp 87-89°C (from hexane—diethyl
ether). IR spectrum (CCly), v, cm™: 1755, 1705 (C=0).
'H NMR spectrum (CDCl3), 8, ppm: 1.26 t (3H, CCHa,
J=7.1Hz), 1.39t (3H, CCHj;, J = 7.1 Hz), 2.82 s (3H,
NCHs), 3.34 d.d.d (1H, 3aH, J = 5.1, 8.4, 10.6 Hz),
3.80 d.d (1H, 4-H, J = 10.6, 10.8 Hz), 4.30 d.d (1H,
4-H, J = 5.1, 10.8 Hz), 4.37 d (1H, 9b-H, J = 8.4 H2),
4.40 q (2H, CH,, J = 7.1 HZ), 6.94-7.00 m and 7.21—
7.30 m (4H, Haom). *C NMR spectrum (CDCls), 3¢,
ppm: 13.7 (CH3); 14.0 (CH3); 32.7 (NCHy); 37.3
(C*): 59.2, 62.0, 62.9, 64.2 (C°, C®, CH,); 99.4 (C%);
116.8, 117.5, 120.2, 129.5, 130.9 (Cyom); 153.8, 155.7
(C?, Caom); 162.8, 163.9 (C=0). Found, %: C 65.48;
H 7.38; N 3.98. CisH»1NOs. Calculated, %: C 65.24;
H 6.39; N 4.23.

Dehydrogenation of compound Ila. Copper
powder, 20 mg (0.32 mmol), was added to a solution
of 20 mg (0.06 mmol) of compound Ilain 2 ml of
anhydrous benzene, and the mixture was heated for
0.5 h under reflux. According to the TLC data, no
reaction occurred. A solution of ethyl diazoacetate in
benzene was then added until the initial compound
disappeared. The product was isolated by column
chromatography using hexane—diethyl ether as eluent.
Yield of I11a 7 mg (35%), colorless crystals.

Diethyl (2RS,3RS,3aRS,9bSR)-1-phenyl-1,2,3,-
3a,4,9b-hexahydrochromeno[4,3-b]pyrrole-2,3-di-
carboxylate (I1b). a. A solution of 0.7 g (9.14 mmol)
of ethyl diazoacetate in 12 ml of benzene was added
dropwise over a period of 2.5 h to a mixture of 0.7 g
(2.26 mmol) of Schiff base Ib and 0.1 g (1.57 mmol)
of copper powder in 10 ml of anhydrous benzene
under stirring at 80°C. The solvent was evaporated,
and the residue was subjected to column chromatog-
raphy using hexane—ethyl acetate as eluent to isolate
0.117 g (13%) of compound I11b as colorless crystals.
mp 101-103°C (from diethyl ether). IR spectrum
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(CCl,): v(C=0) 1750 cm™. *H NMR spectrum (CDCl5),
8, ppm: 1.14 t (3H, CCH3, J = 7.1 Hz), 1.33 t (3H,
CCHs, J = 7.1 Hz), 3.38 d.d.d.d (1H, 3aH, J = 2.3,
2.7,8.4,12.4Hz), 3.67d.d (1H, 3-H, J= 8.4, 12.4 H),
4.08 m (2H, CH,), 4.22 m (2H, CH,), 4.30-4.34 m
(2H, CH,), 4.80 d (1H, 2-H, J = 8.4 Hz), 550 d (1H,
9b-H, J = 8.4 Hz), 6.79-6.92 m (5H, C¢Hs), 7.12—
7.45 m (4H, Haom). **C NMR spectrum (CDCl3), dc,
ppm: 13.7 (CH5); 13.8 (CHa); 37.7 (C*®); 45.8 (C%);
53.2 (C®); 60.8 and 61.0 (CH,); 63.2 and 64.3 (C?,
C%; 113.8, 116.8, 117.7, 121.3, 124.9, 128.3, 128.5.
129.0, 146.2, 153.2 (Caom); 169.6, 170.9 (C=0).
Found, %: C 69.98; H 6.44; N 3.45. C23H25NO5. Cal-
culated, %: C 69.86; H 6.37; N 3.54.

b. A solution of 0.2 g (1.75 mmol) of ethyl diazo-
acetate in 12 ml of anhydrous benzene was added
dropwise over a period of 2.5 h to a mixture of 0.3 g
(0.97 mmol) of Schiff base Ib and 0.025 g (0.10 mmol)
of copper acetylacetonate in 5 ml of benzene under
stirring at 80°C (after addition of 1 equiv of ethyl di-
azoacetate, products with small Ry values appeared in
the mixture). The mixture was evaporated, and the
residue was subjected to column chromatography
using hexane—ethyl acetate as eluent to isolate 206 mg
of an oily substance. The product was dissolved in
diethyl ether, and the solution was | ft to stand for 24 h
in a refrigerator. The crystals were filtered off and
recrystallized from diethyl ether. Yield of 111b 0.142 g
(37%), colorless crystals.

c. A solution of 0.9 g (7.89 mmol) of ethyl diazo-
acetate in 3.1 ml of anhydrous benzene was added
dropwise over a period of 4 h to a mixture of 0.927 g
(3.0 mmoal) of Schiff base I1b and 0.111 g (0.3 mmol)
of copper trifluoroacetylacetonate in 15 ml of benzene
under stirring at 80°C. After appropriate treatment, we
isolated 0.37 g (31%) of compound Il1b as colorless
crystals.

Diethyl (2RS,3SR,3aSR,9bRS)-1-tert-butyl-
1,2,3,3a,4,9b-hexahydrochromeno[4,3-b]pyrrole-
2,3-dicarboxylate (I1c). Ethyl diazoacetate, 1.2 g
(20.5 mmol), was added dropwise over a period of 5 h
to a mixture of 0.572 g (1.98 mmol) of Schiff base Ic
and 0.3 g (0.47 mmol) of copper powder in 10 ml
of benzene under stirring at 80°C. The mixture was
evaporated, and the residue was subjected to column
chromatography using hexane—diethyl ether as eluent
to isolate 0.19 g (25%) of compound Il1c as colorless
crystals. mp 118-120°C (from hexane—diethyl ether).
IR spectrum (CCly,), v, cm™: 1745, 1760 (C=0).
'H NMR spectrum (CDCl3), 3, ppm: 1.03 t (3H, CHs,
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J=7.1Hz), 1.26 s (9H, t-Bu), 1.33 t (3H, CCH3, J =
7.1 Hz), 2.65 d.d.d.d (1H, 3a-H, J = 2.2, 2.2, 7.5,
11.5 Hz), 3.45 d.d (1H, 3-H, J = 8.4, 11.5 Hz), 3.90 q
(2H, CH,, J = 7.1 Hz), 420 d (1H, 2-H, J = 8.4 Hz),
4.23 q (2H, CH, J = 7.1 HZ), 427 d.d (1H, 4-H, J =
2.2, 7.1 HZ), 423 q (2H, CH,), 4.24 (1H, 4-H, J = 2.2,
11.9 Hz), 4.30 (1H, 4-H, J = 2.2, 11.9 Hz), 4.44 d (1H,
9b-H, J = 7.5 Hz), 6.73-7.56 m (4H, Haom). °C NMR
spectrum (CDCls), 8¢, ppm: 13.5 (CHa); 13.9 (CHy);
28.0 (t-Bu); 42.5 (C*); 48.2 (C%); 55.0 (CMey); 56.5
(C*®); 60.2 and 60.8 (CH,); 63.8 (C*); 64.0 (C?); 115.9,
120.6, 124.9, 127.5, 130.7, 153.5 (Caom); 172.9, 173.7
(C=0). Found, %: C 67.06; H 7.72; N 3.47.
Co1H26NOs. Calculated, %: C 67.18; H 7.78; N 3.73.

Reaction of ethyl 4-(2-for mylphenoxymethyl)-2-
butenoate (VI) with ethyl 2-(methylamino)acetate.
A mixture of 0.35 g (1.5 mmol) of aldehyde VI, 0.51 g
(3.32 mmol) of ethyl 2-(methylamino)acetate hydro-
chloride, and 0.4 g (3.95 mmol) of triethylamine in
10 ml of toluene was heated for 2 h under reflux. The
solvent was removed under reduced pressure, and the
residue was subjected to column chromatography
using hexane—ethyl acetate as eluent to isolate 0.18 g
(38%) of diethyl (2RS,3RS,3aRS,9bSR)-1-methyl-
1,2,3,3a,4,9b-hexahydrochromeno[4,3-b] pyrrole-2,3-
dicarboxylate (cis-l1la) and 0.18 g (38%) of diethyl
(2RS,3SR,3aSR,9bSR)-1-methyl-1,2,3,3a,4,9b-hexa-
hydrochromeno[4,3-b]pyrrole-2,3-dicarboxylate
(trans-l1a).

Compound trans-11a. mp 36-37°C (from pentane).
IR spectrum (CCl,): v(C=0) 1735 cm™. *H NMR
spectrum (CDCl3), 8, ppm: 1.30 t (3H, CCH3, J =
7.1 Hz), 1.33t (3H, CCH3, J = 7.1 Hz), 2.56 s (3H,
NCHs), 2.67 d.q (1H, 3a-H, J = 11.3, 4.4 Hz), 3.11 d.d
(1H, 3-H, J = 11.3, 5.9 Hz), 4.00 d (1H, 9b-H, J =
11.3 Hz), 4.17 d (1H, 2-H, J = 5.9 HZ), 4.22 q (2H,
CH,, J = 7.1 Hz), 4.25 g (2H, CH,, J = 7.1 Hz),
4.66 dd (1H, 4-H, J = 10.2, 59 Hz), 4.21 dd (1H,
4-H, J = 11.3, 10.2 Hz), 6.83-7.35 m (4H, Haom)-
13C NMR spectrum (CDCl3), 8¢, ppm: 13.9 (CH3);
38.1 (NCHs); 41.0 (C*); 48.9 (C%); 61.0 (C*); 64.2
(CH.); 64.3 (CH,); 69.5 and 71.2 (C? C%: 116.2,
119.9, 122.9, 125.5, 127.9, 153.7 (Cyom); 171.8, 172.2
(C=0). Found, %: C 64.83; H 6.94; N 3.96.
ClgH23N05. Calculated, %: C 6485, H 695, N 4.20.
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