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UDC 547.728.1 + 547.75 + 542,953 + 543.422

Condensing o-alkyl(aryl)-8-bromo-8-nitroethylenes with dimedon
and dihydroresorcinol gives a number of derivatives of nitrohexahydro-
benzofuran, reduced using Raney nickel catalyst, to substituted hexa-
hydroindolones, boiling with the same catalyst in ethanol giving tetra-
hydroindolones, Acid hydrolysis of derivatives of nitrohexahydrobenzo-
furan gives monocarboxylic acids (only the furan ring being opened),
or dicarboxylic keto-acids (both rings opened), Reaction of nitrohexa-
hydrobenzofurans with p-nitrophenylthydrazine gives monohydrazones,
2-Nitro=3-(m-nitrophenyl)hexahydrobenzofurans, when boiled with
excess triethylamine, lose nitrous acid to give 3-(m-nitrophenyl)tetra-
hydrobenzofurans,

In previous papers it was shown that reaction of 1-
nitro-prop-1l-ene, g-bromo-p-nitrostyrene, and a-~
(p-nitrophenyl)~3 -bromo-8-nitroethylene with dime-~
don and dihydroresorcinol, in the presence of basic
reagents (triethylamine, sodium methoxide), involves
dehydrohalogenation, and leads to the formation of
nitro derivatives of hexahydrobenzofuran [1-4]. The
present work aimed to extend this reaction to a series
of other a-alkyl{aryl)-S-bromo-p3-nitroethylenes,
and to study the chemical behaviors of the resultant
products.

1- Bromo-1-nitroethylene and dimedon initially
give the product of a Michael reaction, 2-(8-bromo-
8 -nitroethyl)-5, 5-dimethylcyclo-hexa-1, 3-dione (I)
[5], converted to 2-nitro-4-oxo-6, 6-dimethyl-2, 3,4, -
5, 6, T-hexahydrobenzofuran (II). 1-Bromo-1-nitro-
ethylene reacts with dimedon to give immediately a
cyclization product, 2-nitro-propyl-4-oxo-6, 6-di-
methyl-2, 3, 4, 5, 6, T-hexahydrobenzofuran (IV).
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Condensation of a-(m-nitrophenyl)-8~bromo-3-
nitroethylene with dihydroresorcinol or dimedon in
benzene, in the presence of an equimolecular amount
of triethylamine, is accompanied by dehydrohalogen-
ation, and gives respectively 2-nitro-3-(m-nitro-
phenyl-4-oxo0-2, 3,4, 5, 6, 7-hexahydrobenzofuran (VII),

and 2-nitro-3-{m-nitrophenyl)-4~-oxo-6, 6~dimethyl-
2,3,4,5, 6, T-hexahydrobenzofuran (VIII). With excess
triethylamine, dehydrchalogenation is accompanied

by denitration, and the end products are, respectively,
3-(m-nitrophenyl)-4-oxo0-4, 5, 6, T-tetrahydrobenzo-
furan (IX), and 3-(m-nitrophenyl)-4-ox0-6, 6-di-
methyl-4, 5, 6, 7-tetrahydrobenzofuran (X). The struc-
tures of products II—-VIII checked by their IR spectra,*
which had absorption bands at 3430—3456 cm~-1 and
31403230 cm-1, corresponding to asymmetric and
symmetric vibrations of the nitro group, and the
frequencies, characteristic of the immobilized enol
form of 1, 3-cyclohexanedione, 1640-1670 cm~1[6, 7].
The latter were also found in the IR spectra of IX

and X. Furthermore compounds IX and X show ab-
sorptions corresponding to the nitro group in the
benzene ring, at 1525~1530 and 1348—1350 cm~1,

as well as absorptions in the 1550-1555 cm~! region,
corresponding to vibrations of C=C in the furan or
benzofuran ring [8, 9].

When 2~-nitro-3-phenyl-4-oxo-86, 6-dimethyl-2, 3, -
4,5, 6, 7T-hexahydrobenzofuran (V) [1, 2] is reduced
over Raney nickel in methanol under ordinary condi-
tions, nitro group reduction is accompanied by re-
heterocyclization, and conversion of V to 3-phenyl-

6, 6-dimethyl-2, 3, 4, 5, 6, 7-hexahydroindol-4~-one (XI),
previously synthesized from 2-(a~-phenyl-j-nitro-
ethyl)-5, 5-dimethylcyclohexane-1, 3~dione (XXI)[10].
Compound XI is also obtained by reducing 4-phenyl-
5-0xo-7, T-dimethyl-5, 6, 7, 8-tetrahydro(1, 2, 4)benzo-
xazine-N-oxide (XIX). The latter is obtained from
XXI by boiling in ethanol, or by treating an ethanol
solution with a catalytic quantity of sodium methoxide,
as well as by condensing B -nitrostyrene with dimedon,

_ using the same catalyst. The IR spectra of XIX and

4-phenyl-5-ox0-5, 6, 7, 8-tetrahydro(1, 2, 4)benzoxa-
zine-N-oxide (XX) [11] are the same, and they exhibit
intense absorption bands, characteristic of benzoxa-
zine-N-oxides [12]. Hydrogenation of 2-nitro-3-phenyl
4-0x0-2, 3,4, 5, 6, T-hexahydrobenzofuran (VI) [4] and
XX over Raney nickel, gives 3-phenyl-2, 3,4,5, 6, 7-
hexahydroindol-4-one (XII). Under similar conditions,
compound IV was converted to 3-propyl-6, 6-dimethyl-
2, 3,4, 5, 6, 7-hexahydroindol-4-one (XIII), also ob-
tained as the hydrochloride XIV. Reduction of 2-nitro-
3-methyl-4-oxo0-6, 6-dimethyl-2, 3, 4, 5, 6, 7-hexa-
hydrobenzofuran (III) [3], followed by treatment of a

*The authors wish to express their great thanks to
T. Ya. Paperno for determining the IR spectra.
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Table 1
Derivatives of Hexa-and Tetrahydrobenzofuran*
IR spectrum, cm™ Found, % Calculated, %
Com- Yield,
Mp, ° C C=C Formula 9%
pound c=0 NO; benzo- C H N C H N 0
furan
I1 98—99** | 1653 | 1365, 1570 — C1oH1zsNO, 57.11 6.45 6.46 | 56.87 6.16 | 6.63 90
56.99 6.37 6.66
v 81—82 1670 11371, 1555 — CisHpNOy 6l.11 7.72 582 | 61.66 7.56 | 5.53 376
(MeQOH) 61.26 7.62 5.78
VII 196—197 | 1645 | 1563, 1370 — C1sHoN2Os 53.30 4.19 9.36 | 55.26 394 | 921 71
(MeOH) 4 1530, 1330 55.54 423 9.34
VII 177—177.5 | 1670 | 1575, 1365 — CieHisN2Og | 57.79 5.12 8.43 | 57.83 482 | 843 60
(MeOH) 1538, 1355 57.90 5.13 8.39 ’
IX*#% | 94-—93*#** 1 1670 | 1525, 1350 1350 Ci1sHINOy 65.26 4,19 5.66 65.37 428 | 544 60
65.55 4.14 551
XHEH 106—107 1680 | 1530, 1348 1535 CigHisNOy 67.35 5.33 5.16
(MeOH) 67.65 5.41 5.12 | 57.36 5.26 | 491 62
* The synthesis of I, 11, V, and VI have previously been described [1-41.
* Compound 11 was recrystallized from petrol ether containing a few drops of benzene.
#* Compounds IX and X formed brown crystals; all the other compounds were white.
*=* Product IX was recrystallized from MeOH plus a few drops of dry CHCly,
Table 2
Derivatives of Hexahydroindol-4-one
R Found, % . Calculated, %
. Spec- Yield,
Compound Mp, ° C truml, Formula ) 7
cm” c H N ¢ H N o
NH ‘
XI 235 3160 CisH1sNO 79.75 8.21 6.11 7961 | 794 | 581 80
(MeOH) 79.86 7.74 6.17
XII* 194—195 3430 CHisNO 79.01 6.95 6.40 | 7887 | 7.0 | 6.57 29
(Dioxaney 3175 78.90 6.90 65.68
XHI 155 3450 CysHy NO 75.65 | 10.48 7.05 | 75.36| 10.14 | 6.76 73
(H,0-MeOH | 3230 75.28 | 10.21 6.99
' 1:.1)
XIV** 183 —184*** — Ci3Hy NO - HCI 64.02 9.21 5.95 | 64.07| 9.03 | 5.75 88
64.08 9.08 6.05
Xy#*&% | 299 230*** — CuHizNO - HCI 61.07 8.56 6.75 61.21| 8.35 | 6.50 84
60.91 8.63 6.58 |

* Mixed mp shows it to be identical with the known compound [11],
*= Found: Cl 15,00; 14,80%, Calculated: Cl 14,58%,
= XIV and XV were recrystallized from dry ether + a few drops of MeOH,
==+ Found: Cl 186.36; 16,31%, Calculated: Cl 16,47%.
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Table 3
Derivatives of Tetrahydroindol-4-one
Found, % Calculated, % teld
Compound Mp, ° C Formula Tleld,
C H N c H N %o
XVI* 243244 CisHi7NO | 8032 | 7.32 5.81 80,33 | 7.11 5.86 66
(MeOH) 80.43 | 7.40 5.87
XV 934235 Ci1sHisNO | 7977 | 646 6.55 7962 | 6.16 | 6.63 30
(MeOH) 7901 | 649 | 671
XVIII 143—144*** |+ Cy3H,eNO 76.44 | 9.32 696 | 7609 | 9.27 | 6.83 24
76.41 | 9.22 | 6.92

* IR spectrum of XVI, em~!: 3200 wide (NH), 1630 (C==0), 1603 (C==C pyrrole),
# Compound identical with authentic XVII[11]}, judging by mixed mp.
== ¥ VI was recrystallized from aqueous EtOH 1:1.
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methanol solution of the resultant base with hydro-
chloric acid, results in the synthesis of the hydro-
chloride of 3, 6, 6-trimethyl-2, 3,4, 5, 6, 7T-hexahy-
droinol-4-one (XV).

When compound XI is boiled with Raney nickel in
ethanol, it undergoes dehydrogenation, giving 3-
phenyl-6, 6-dimethyl-4, 5, 6, 7-tetrahydroindol-4-one
(XVI), which is similarly obtained from V or XXI.

In the same way VI is converted to 3-phenyl-4,5,6,7-
tetrahydroindolone (XVII), while XIII gives 3-propyl-
6, 6-dimethyl-4, 5, 6, 7-tetrahydroindol-4-one (XVIII).
The IR spectra of compounds XI-XIII are found to
contain absorption bands characteristic of pyrrole

[13] (free NH 3430-3456 em™! and associated NH
3140-3230 cm'i). Hydrolysis of V with 36% hydro-
chloric acid is accompanied by opening of the dihydro-
furan ring, to give o-(5,5-dimethyl-1, 3-cyclohexan~
edion-2-yl)-a~-phenylacetic acid, also obtained by
hydrolyzing XIX. Acid hydrolysis of VI is accompanied
by opening of both rings, and leads to synthesis of
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a-phenyl-y-keto- suberic acid (XXIII). Obviously this
difference in the behaviors of V and VI is due to the
greater lability of the dihydroresorcinol as compared
with the dimedon [14].
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Condensation of V and VI with one or two molecules
of p~nitrophenyl-hydrazine leads to the isolation of the
respective monohydrazones: 4-(p-nitrophenylhydra-
zone)-2-nitro-3-phenyl-6, 6-dimethyl-2, 3, 4,5, 6, 7~
hexahydrobenzofuran (XXIV) and 4~(p-nitrophenyl-
hydrazone)-2-nitro-3-phenyl-2, 3, 4, 5, 6, 7-hexa-
hydrobenzofuran (XXV).
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EXPERIMENTAL

2-Nitro~-4-oxo-6, 6-dimethyl-2, 3, 4, 5, 6, 7-hexa-
hydrobenzofuran (II). A solution of 0.2 g (0.0008 mole)
1, 110 ml dry benzene, 3 ml MeOH, and 0.14 ml
(0.001 mole) Ez4N was refluxed for 10 hr, then the
MeOH distilled off. The EtsN*HBr was separated off,
the benzene evaporated, to give 0.13 g (90%) II.

2-Nitro-3-propyl-4-oxo-6, 6-dimethyl-2, 3, 4, 5, 6, -
7-hexahydrobenzofuran (IV). A solution of 4.68 g
(0.024 mole) 1-bromo-1-nitropent-1-ene in 10 ml
dry methanol was prepared, cooled to 0° C, stirred,
and a solution of 2.8 g (0.020 mole) dimedon in 25
ml MeOH and 0.46 g (0.020 g at) Na added. After
holding at 0° for 1 hr, the products were poured into
300 ml cold water. The resultant oil quickly solidif-
ied. Yield 1.9 g (37.6%) IV.

2-Nitro-3-(m-nitrophenyl)-4-oxo-2, 3, 4, 5,6, 7-
hexahydrobenzofuran (VII). A hot solution was pre-
pared consisting of 0,27 g (0. 001 mole) dihydro-
resorcinol in 15 ml dry benzene, and 0.14 g (0.001
mole) added, then the whole refluxed for 1 hr. The
product was isolated as described for II, yield 0.2
g (11%) VIL.

Compounds VIII-X were synthesized similarly to
VII (in preparing IX and X, a 4-fold excess of EtzN
was used, and the reaction mixture refluxed for 10
hr). X was obtained in the same way, from VIII (36%
yield), by boiling with a 2-fold excess Et3N in dry
benzene for 20 hr.

3-Phenyl-6, 6-dimethyl-2, 8, 4, 5, 6, T-hexahydroin-
dol-4-one (XI). A solution of 1.22 g (0.0042 mole) V
in 70 ml MeOH and 1 g Raney Ni was hydrogenated
with vigorous shaking, under ordinary conditions. The
calculated amount of hydrogen was taken up in 2 hr
(4 mole H, per mole V calculated). The catalyst was
filtered off, washed with MeOH, and the filtrate
evaporated at 18°-20° C to give 0.8 g (80%) XI. A
mixed mp and its IR spectrum showed it to be identical
with authentic XI [10]. Similarly XI was obtained in
34% yield from XIX.

The syntheses of XII-XV were carried out similarly
to that of XI (with XII and XIII hydrogenation was ef-
fected in EtOH). Hydrochlorides of XIV and XV were
prepared by treating with conc. HCI the solutions of
the bases obtained by reduction, then keeping the
reaction mixtures for 5—10 hr, and lastly evaporating
on a water-bath (Table 2).

3-Phenyl-6, 6-dimethyl-4, 5, 6, T-tetrahydroindol-
4-one (XVI). 2 g Raney Ni was added to a hot solution
of 0.9 g (0.004 mole) XI in 45 ml 96% EtOH, and the
whole refluxed for 5 hr. After filtering off the catalyst
the EtOH was evaporated off at 18°~20°, and 0.6 g
(66%) XVI obtained. In the same way XVI was obtained
in 48% yield from V, and in 31% yield (18 hr boiling)
from XXI., XVII and XVIII were prepared respectively
from VI and XIII, similarly to XVI. Tetrahydroindol-
4-ones (XVI-XVIII) gave the Erlich qualitative reac-
tion for pyrrole [15] (Table 3).

4-Phenyl-5-0x0~-7, 7-dimethyl-5, 8, 7, 8-tetrahydro-
(1, 2, 4)benzoxazine-N-oxide (XIX). A solution of 0.42
g (0.003 mole) dimedon, 0.45 g (0.003 mole) 3 -~nitro-
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styrene, in 30 ml dry MeOH containing 0.2 ml 6%
NaOMe, was kept for 22—25 hr. The MeOH was
removed at 16°-20°, to give 0.5 g (62%) XIX, white
plates, mp 159°-160° C (ex MeOH-H,0 2:1). Found:
C 71.05, 70.90; H 6.36, 6.55; N 4.85, 5.22%. Calcula-
ted for CygHiyNOg: C 70.85; H 6.27; N 5.16%. IR
spectrum, em™i; 1646, 1390, 1161, 1030, 945. Com-~-
pound XX: IR spectrum, cm™!: 1646, 1388, 1164,
1000, 947 [11, 12]. Similarly, in the presence of 6%
NaOMe, XXI gave a 39% yield of XIX. XIX was also
synthesized by refluxing for 2 hr 0.22 g (0.0008
mole) XVI in 8 ml EtOH after which the solvent was
removed at room temperature, yield 0.07 g (38%)
XIX. ,

a~(5, 5-Dimethylcyclohexane-1, 3-dion-2-yl)~- o~
phenylacetic acid (XXII), A suspension of 1 g (0,0035
mole) in 14 ml 36% HC1 was refluxed for 3 hr, and
the tar filtered off from the hot solution. 0.1 g (11%)
XXII separated from the filtrate, white crystals mp
196°~-197° C (ex benzene plus a few drops of MeOH).
Found: C 70,27; 70.08; H 6.80; 6.84%. Calculated for
CyeHyg04: C 70.07; H 6.57%. XXII was obtained simi-
larly from XIX, yield 13%, mp 196°-197°,

a~Phenyl-y-ketosuberic acid (XXIII), This was
synthesized by the method used for preparing XXIII,
yield 23%, mp 146°-147° (ex water). Mixed mp showed
it to be identical with authentic material [11].

Hydrazone (XXIV)., Equimolecular amounts of V
and p-nitrophenylhydrazine in EtOH containing a few
drops of AcOH were boiled for 3 min, then the prod-
ucts allowed to stand for a few days. Yield of XXIV
18%, mp 202°-203° (ex EtOH). Found: N 13.43; 13.55.
Calculated for CypHgNOs: N 13.27%. The hydrazone
XXV was prepared similarly to XXIV, yield 39%, mp
190°-191°, Found: N 14.02; 14.15%. Calculated for
C20H18N4O52 N 14:.21%. :

The IR spectra were determined with a double
beam IKS-14 spectrophotometer, in CHCIly solution
(except VII, XI, and XII, for which vaseline mulls
were used). The spectra of II, IV, VII-X, XIII, XVI,
XIX, and XX were observed over the range 1800-660
cm-1, using a NaCl prism, while XI, XII, XIII, and
KVI were observed over the 4000—1700 cm-1 range,
using a LiF prism.
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