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Abstract—Zinc enolate obtained from 1,1-dibromo-3,3-dimethylbutan-2-one reacted with N-substituted 2-
oxochromene-3-carboxamides and 3-oxobenzo[f]chromene-2-carboxami des affording 1-(2,2-dimethyl-propanoyl)-
2-oxo-1a,7b-dihydrocyclopropa c]chromene-1a-carboxamides and 1-(2,2-dimethylpropanoyl)-2-oxo-1a,9C-
dihydrobenzo[f]cyclopropa] c]chromene- 1a-carboxamide assingleisomers.

In extension of studies on the cyclopropanation of 2-
oxochromene-3-carboxylic acid derivatives[1, 2] wein-
vestigated the reaction of N-substituted amides of this
acid and itsana ogswith abromine-containing zinc enolate
I generated from a,o.-dibromopinacolin (1) and zinc.

It was established that zinc enolate || was highly re-
active toward electrophilic substrates [l 1a— IIc and | V.
The reaction occurred along the following scheme.

First the treating with organozinc reagent |1 converts
substrates|I1a—l11cand |V into the corresponding salts,
and then zinc enolate | | regiospecifically addswithits C-
nucleophilic center to the C4 atom of the heterocycle pro-
viding intermediates Va—Vcand V1. Thelatter spontane-
ously undergo cyclization transforming into intermediates
VlIla=VIIcand VIII which on hydrolysis afford the tar-
get products, N-substituted 1-(2,2-dimethylpropanoyl)-2-
oxo-1a,7b-dihydrocyclopropalc]chromene-la-
carboxamides | Xa— Xc, and 1-(2,2-dimethyl propanoyl)-
2-0x0-1a,9C-dihydrobenzo[ f]cyclopropa] c] chromene-1a-
carboxylic acid p-toluidide (X) (see Scheme).

The structure of obtained compounds| Xa— Xcand X
was proved by the data of IR and 1H NMR spectros-
copy. In the IR spectra appear characteristic absorption
bands (v) of amide carbonyl at 1670-1680, ketone and
lactone carbonylsat 17251755, and NH group at 3325—
3390 cmL. Inthe1H NMR spectraasingle set of proton
signalsis observed evidencing that the compounds syn-
thesized formed as one geometrical isomer. It is known
that in cyclopropg] c]chromene derivativesof smilar struc-

tures the value of coupling constant J,3 is 9.4-9.8, and
Jii™®is5.1-5.5 Hz [3].

To gain moreinformation on the configuration of such
compounds we performed by the above procedureasyn-
thesis of ethyl 1-(2,2-dimethylpropanoyl)-2-oxo-1a,7b-
dihydrocyclopropa] c]chromene-1a-carboxylate (X1) us-
ing as starting compound ethyl 2-oxochromene-3-carboxy-
late.

In the IH NMR spectrum of compound XI Jyic_cy™
is equal to 10.0 Hz. In the IH NMR spectra of com-
pounds | Xa— Xc and X Jyyic_cpym 1S10.2 and Jyyic e IS
9.8 Hz respectively, i.e, very closeto Jg; of cyclopropalc]-
chromene derivatives[3]. These dataare areliable proof
of compounds| Xa— Xcand X formation asasingledias-
tereomer with pivaloyl and amide (or alkoxycarbonyl)
groups situated on the different sides with respect to the
plane of the cyclopropanering.

EXPERIMENTAL

IR spectra were recorded on a spectrometer UR-20
from samplesas mullsin mineral oil. IH NMR spectraof
compounds | Xa— Xc, X, and X1 were registered from
solutionsin CDCl; on TeslaBS-576 A instrument at oper-
ating frequency 100 MHz using HMDS asinternal refer-
ence.

1-(2,2-Dimethyl pr opanoyl)-2-oxo-1a,7b-dihydr o-
cyclopropa]c]chromene-1a-car boxamides | Xa—I Xc¢
and 1-(2,2-dimethylpropanoyl)-2-oxo-1a,9C-di-
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[11,V, VI1,1X,R=CH,Ph (a), 4MeCgH, (b), CsHys (0); IV, VI, VIIT, X, R=4-MeCeH,.

hydr obenzo[f]cyclopropa[c]-chromene-1la-car boxy-
lix acid p-toluidide (X). To 4 g of fine zinc turningsin
7 ml of ether and 10 ml of ethyl acetate was added
0.03 mol of a,o-dibromopinacolin. The mixture was
hested till the reaction started, and then it proceeded spon-
taneously. On compl etion of the reaction the mixturewas
boiled for 15 min, cooled, and decanted from zinc. Then
to the solution was added 0.01 mol of compound |11a—
[1lcorlV,themixturewasboiled for 30—40 min, cooled,
and hydrolyzed with 5% acetic acid. The product was
extracted into benzene, the solvent was distilled off, and
theresiduewasrecrystallized from ethyl acetate or metha-
nol.
1-(2,2-Dimethylpropanoyl)-2-oxo-1a,7b-
dihydrocyclopropa[c]chromene-la-carboxylic acid
benzylamide (I Xa). Yield 65%, mp 125-127°C. IR spec-
trum, v, cmL; 1680, 1735, 1745, 3390. IH NMR spec-
trum, §, ppm: 0.95s(9H, t-Bu), 3.35d, 3.67 d (2H, CH,
Jntc_cy™ 10.2 Hz), 4.39 d (2H, CH,, J 5.6 Hz), 6.83—

7.25m (9H, CgH,, Ph), 8.53t (1H, NH). Found, %:
C 7.07; H 6.05; N 3.58. C,3H,3NO,. Calculated, %:
C73.19; H 6.14; N 3.71.
1-(2,2-Dimethylpropanoyl)-2-oxo-1a,7b-dihydr o-
cyclopropa[c]chromene-la-carboxylic acid
p-toluidide (IXb). Yield 52%, mp 179-180°C. IR spec-
trum, v, cm1: 1680, 1735, 1755, 3325. 1H NMR spec-
trum, 8, ppm: 0.97 s (9H, t-Bu), 2.24s (3H, Me), 3.38 d,
3.74 d (2H, CH, Jy:c_cy™ 10.2 Hz), 6.89-7.35 m (8H,
CgH4, 4-MeCgH,), 10.09 s(1H, NH). Found, %: C 73.04;
H 6.03; N 3.60. C,3H,3NO,. Calculated, %: C 73.19; H
6.14; N 3.71.
1-(2,2-Dimethylpropanoyl)-2-oxo-1a,7b-di-
hydrocyclopropa[c]chromene-1a-car boxylic acid
cyclohexylamide (1Xc). Yield 63%, mp 192— 193°C.
IR spectrum, v, cm1: 1670, 1735, 1745, 3375. 1H NMR
spectrum, 8, ppm: 0.95 s (9H, t-Bu), 1.16-1.92 m (10H,
CeH11), 3.29d, 3.40d (2H, CH, J,y:c_cy™ 10.2 HZz), 3.45
m (1H, CgH;,), 6.85-7.20 m (4H, CzH,), 8.09 d (1H,
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NH). Found, %: C 72.40; H 7.29; N 3.65. C,,H,7NO,.
Calculated, %: C 72.51; H 7.37; N 3.79.

1-(2,2-Dimethylpr opanoyl)-2-oxo-1a,9C-dihydr o-
benzo[f]cyclopropalc]chromene-la-carboxylic acid
p-toluidide (X). Yield 41%, mp 99-101°C. IR spectrum,
v, cm-1: 1665, 1725,1740, 3330. 1H NMR spectrum, 9,
ppm: 0.87 s (9H, t-Bu), 2.24 s (3H, Me), 3.58d, 4.21 d
(2H, CH, J,yic_cp* 9.8 Hz), 6.95-7.93 m (10H, C,oHg, 4-
MeCgH,), 10.07 s(1H, NH). Found, %: C 75.73; H 5.80;
N 3.17. C,;H,5sNO,. Calculated, %: C 75.86; H 5.89;
N 3.28.

Ethyl 1-(2,2-dimethylpropanoyl)-2-oxo-1a,7b-di-
hydrocyclopropal c]chromene-1a-car boxylate (XI).
To 2 g of fine zinc turningsin 7 ml of ether and 10 ml of
ethyl acetate was added 0.03 mol of o,a-dibromo-
pinacolin. The mixturewasheated till the reaction started,
and then it proceeded spontaneously. On completion of
thereaction the mixture was boiled for 5 min, cooled, and
decanted from zinc. Then 0.01 mol of ethyl 2-oxo-
chromene-3-carboxylate was added, the mixture was
boiled for 3040 min, cooled, and hydrolyzed with 5%
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acetic acid. The product was extracted into benzene, the
solvent was distilled off, and the residue was recrystal-
lized from methanal. Yield 78%, mp 155°C. IR spectrum,
v, cmr1: 1690, 1730, 1760. 1H NMR spectrum, 8, ppm:
1.00 s (9H, t-Bu), 1.22t (3H, Me), 3.07 d, 3.59 d (2H,
CH, Jyic_cyr 10.0 Hz), 4.17 q (2H, CH,), ~7.05 m (4H,
CgH,). Found, %: C 68.22; H 6.30. C;gH,,Os. Calcu-
lated, %: C 68.34; H 6.37.
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the Russian Foundation for Basic Research (grant
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