
VINYLAMINES-VIII’ 

THE REACTION OF CYCLOHEXANONE ENAMINES WITH 
l- AND 2-NITROPROPENE 

A. RLSALITI, M. FORCHIASSIN and E. VALENTJN 
Institute of Chemistry, University of Trieste, Italy 

(Received in the UK 23 July I%7 ; accepted for publication 21 August 1967) 

Al&net-Enamines containing a trisubstituted double bond were obtained by reaction of morpholine, 
piperidine and pyrrolidine enamines of cyclohexanone with I-nitropropene. Different results were ob- 
tained in the reaction of the same enamines with 2nitropropene. A cycloaddition reaction occurred 
between I-N-morpholino-cyclohexene and 2nitropropene in ether at O”, leading to an oxazine derivative. 
The structures of the products were determined by spectral and chemical evidence. In acetonitrile at 
0” or in ether at room temperature the same enamine reacted with 24tropropene to give an enaminic 
mixture, where the less substituted alkylated isomer appeared to be the minor component. Analogous 
behaviour was shown by piperidine and pyrrolidine enamines. The mechanism and the stereochemistry 
of these reactions have been discussed. The formation of diadducts of a different nature from morpholine 
and pyrrolidine enamina with excess 2nitropropeneis also reported. 

THE selective formation of isomeric products in the reaction of cyclohexanone 
enamines with electrophilic unsaturated reagents, depends on the structure of the 
latter. Thus, with reagents bearing hindering groups at the electrophilic center, new 
less substituted enamines were obtained,’ while opposite results’ were found when 
no substituents were linked to such a center. These findings have been interpreted 
in terms of relative conformational and rotational stability of the dipolar inter- 
mediates formed in the reactions. 

In this connection, a comparison has been made between the reactions of cyclo- 
hexanone enamines with l- and 2-nitropropene-two simple electrophilic isomeric 
olefms differing from one another only in the above mentioned steric requirements. 
In this paper, the results of these reactions3 are discussed and the possibility of 
nitro group participation in the formation of heterocyclic derivatives containing 
0 and N is atoms considered. 

RESULTS 

The reaction of 1-N-morpholino-cyclohexene (Ia) with 1-nitropropene (Chart 1) 
in petroleum ether at 0” gave l-N-morpholino-6-(l3-nitroisopropyl)cyclohex-l-ene 
(IIa) in 85 % yield. The structure of IIa followed from analytical, spectral and chemical 
data. The NMR spectrum of IIa showed signals at 4.98 7 (area 1) and 5.58 7 (area 2) 
corresponding to the vinyl and nitromethylenic protons respectively. In the IR 
spectrum of IIa absorption bands at 1642 cm- ’ for enaminic double bond and 
1550 cm-’ for nitro group were evident. IIa upon hydrolysis with dilute aqueous 
hydrochloric acid gave 2-@nitroisopropyl)yclohexanone (IV) and by reaction with 
ethyl azodicarboxylate led to 1-N-morpholino-2-(N,N’dicarbethoxyhydrazino)-6- 
(g-nitroisopropyl)cyclohex-l-ene (IIIa) in 90% yield. The IR spectrum of IIIa showed 
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strong bands at 3280 cm- ’ (NH) and at 1652 cm- ’ (C==C-N). No signals at about 
5 T were seen in the NMR spectrum of IIIa, while one signal at 5.13 t for the proton 
attached to the ring carbon atom bearing the dicarbethoxyhydrazinic group was 
present in the NMR spectrum of 2-(N,N’-dicarbethoxyhydrazino)-6-(fkitroiso- 
propyljcyclohexanone (V), obtained on acidic hydrolysis of IIIa. These spectral 
data indicate the correct position of enaminic double bond in IIIa. 
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The behaviour of 1-N-piperidino- (Ib) and 1-N-pyrrolidinocyclohexene (Ic) in 
the reaction with 1-nitropropene is similar to that of Ia (Chart 1). We were unable to 
isolate from Ib and Ic the corresponding reaction products II, but the structure 
similar to IIa, was demonstrated by reaction with ethyl azodicarboxylate. Actually, 
when this reagent was added to a soln of the reaction product from Ic and l-nitro- 

propene, l-N-pyrrolidino-2-(N,N’-dicarbethoxyhydraino)-6-(B-nitroisopropyl)cy- 
clohex-1-ene (111~) was obtained in 85% yield. Similarly, from Ib through IIIb, V 
was formed in 76 % yield. The structures of the disubstituted enamines IIIb and 111~ 
were assigned on the basis of their IR and NMR spectra. 

When 1-N-morpholino-cyclohexene (Ia) reacted with 2-nitropropene (Chart 2) 
in dry ether at O”, a white solid was formed within a few minutes. This product (80 % 
yield) showed in the IR spectrum a strong band at 1628 cm- ‘, but no significant 
absorption for NO1 stretching. Its NMR spectrum revealed a signal at 7.95 z as 
singlet (area 3) corresponding to the Me group and no signals in the region of 4-6 r, 
as would be expected if vinyl or nitromethylenic protons were present. These spectral 
data, together with the analytical figures, indicate the structure of 3-methyl-PN- 
morpholino-5,6,7,8,9,1O-hexahydro-[1.2.4H]benzoxazine-N-oxide (VIIa). The band 

0 
at 1628 cm-’ in the IR spectrum can be attributed4 to the ring C=N( . In fact the 

same group in the furoxan ring has been found’ to absorb at 1625-1600 cm- ‘. 
Moreover VIIa was unreactive toward ethyl azodicarboxylate. 





1892 A. RISALITI, M. FORCHIASSIN and E. VALENIIN 

VIII was obtained in 3540% yield (Chart 2). This indicates that also in the case of 
piperidine and pyrrolidine enamines, the monoalkylated less substituted enamine 
in the mixture VI was not the main product of the reaction with 2-nitropropene. 
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From the reactions of I-N-morpholino- and 1-N-pyrrolidinocyclohexene (1 mole) 
with excess of 2-nitropropene (2 moles), diadducts in small yields (4 “/, and 10 % respec- 
tively) were isolated. These products however had different structures. The morpho- 
line derivative showed in the IR spectrum absorptions at 1658 cm- ’ and 1552 cm- ’ 
giving evidence for R---N and NO, groups respectively. The NMR spectrum of 
this compound revealed a multiplet (area 2) at 5.1 7 which can be ascribed to protons 
linked to carbon atoms bearing a nitro group, and doublets at 844 7 and 8.46 7 
corresponding to two nonequivalent Me groups. In contrast, in the IR spectrum of 
the pyrrolidine derivative, absorption bands were missing in the 280&1550 cm-’ 
region, but a band was seen at 1538 cm- ’ (NO,). Moreover, no signals were found in 
the 4-6 7 region of its NMR spectrum, while signals due to two nonequivalent Me 
groups appeared as singlets. These data would indicate the structures of 1-N-mor- 
pholino-2,6-his@-nitropropyl)cyclohex-1-ene (XII) and 1,3-dimethyl-1,3-dinitro-9- 
N-pyrrolidinodecalin (XIII) for the above compounds, (Chart 3). 

Compound XIII in aqueous solvents underwent rapid hydrolysis to give the 
hydroxy derivative XIV (Chart 3). The structure of the latter was consistent with its 
NMR and IR spectra that resembled those of XIII. The only significant difference 
was the appearance in NMR of a singlet at 7.47 7 and in IR of a band at 3510 cm-‘, 
both being distinctive features for the OH group. 

All attempts to form analogous 2,6-dialkylated enamines or decalin derivatives 
by reaction of Ia, b, c with 1-nitropropene were unsuccessful. 

DISCUSSION 

The difference in chemical behaviour between l- and 2-nitropropene in the re- 
actions with cyclohexanone enamines, evidently depends on the position at which 
the Me group is bonded in the a&unsaturated nitro compound. In our opinion this 
structural feature plays an important role in defining the favorable conformation of 
the dipolar intermediate, on which, in turn, depends the nature of the final products. 

When the Me group is linked to the electrophilic carbon atom of the olefinic 
reagent, as in l-nitropropene, the result of the reaction with cyclohexanone enamines 
(I) is similar to that observed’* for g-nitrostyrene and the steric course of the reac- 
tion is similarly interpreted (Chart 4). 

Assuming a two step mechanism with formation of a dipolar intermediate, the 
most stable conformation of the latter appears to be XV, in which the substituent 
in 2 position of the cyclohexane ring chair form is axially oriented. The alternative 
chair conformation with this substituent equatorially oriented is indeed strongly 
destabilized by the large A”* ‘) strain6 between the equatorial substituent and the 
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a-methylenic group on the nitrogen atom of the heterocyclic ring. Furthermore, 
in XV the rotation around the axial C,-C, bond is somewhat restricted and in the 
most stable rotomer the methyl group attached to C, atom must be pointed outside 
the cyclohexane ring. As a result, the carbon atom bearing the negative charge 
points inside the ring, near to the axial hydrogen at the 6 position. Thus, by intra- 
molecular transfer of this hydrogen to the negative carbon atom, the less substituted 
enamine II, in the quasi-axial half-chair conformation to avoid the A(le2) strain,6 
is then formed from the intermediate XV. 

This mechanism also determines the configuration of both C2 and C, atoms and, 
of the two possible diastereoisomers, only the erythro derivative is expected for the 
enamine II and, of course, for its hydrolysis product IV. Accordingly, a sole isomer 
was obtained from this reaction, as found by GC analysis of the hydrolysis product. 
Since these results are identical with those of the reaction of cyclohexanone enamines 
with j3-nitrostyrenes yielding only erythro derivatives,‘** a similar configuration 
may be assigned to the compounds II and IV (Chart 4). 

The most stable conformation for the dipolar intermediate of the reaction between 
cyclohexanone enamines (I) and 2nitropropene, is again ‘that with the substituent 
in 2 position axially oriented (XVI) (Chart 5). In this case, however, the rotation 
around the axial C,-C, bond is not hindered, so that both rotomers with 

--&H,)N02 at C, atom turned outside (XVI A) or inside (XVI B) the cyclohexane 
ring, are possible. 

From the rotomer XVI A, by intramolecular transfer of the equatorial hydrogen 
from the C, of the ring to the negative carbon atom, through a 6-membered cyclic 
transition state, the more substituted enamine VI A can be formed via the aci-nitro 
tautomer. Nevertheless, as the abstraction of an equatorial proton to form a cyclo- 
hexene double bond is difficult because of unfavourable stereoelectronic factors,’ 

l The erythro configuration of 2-(a-pbromophenyl-~nitroe.thyl)cyclohexanone, obtained from the 

reaction of pbromo-fkitrostyrenc with I-N-morpholino-cyclohexene, followed by hydrolysis, has been 

demonstrated by X-ray crystal structure determination. 
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the intermediate XVI A may rearrange along another pathway to give the cyclic 
product VII. Heterocyclic compounds analogous to VII are formed for instance 
from enamines with g&unsaturated aldehydesg and from methyl vinyl ketone.‘O 
Compound VII is however unstable and at room temperature is converted, probably 
through XVI A, into the enamine VI A. Thus, according to reaction conditions, the 
rotomer XVI A can lead either to more substituted enamines VI A or heterocyclic 
compounds VII. 

On the contrary, from the rotomer XVI B, by a similar mechanism (Chart 4) for 
the intermediate XV of the reaction with 1-nitropropene, the less substituted enamines 
VI B would be formed. It may be inferred that the rotomer XVI B, being more crowded, 
is less favoured than XVI A. This can account for the observed low yields of VI B, 
by reaction of cyclohexanone enamines with 2nitropropene. 

Finally, the intermediate XVI B, as well as XV (Chart 4), could collapse to the 
cyclobutane adduct XVII (Chart 5). Actually, products of this type have been found 
in several cases’ ’ by reaction of enamines with electrophilic olefins. In particular, a 
cyclobutane adduct has been reported12 to be formed from 1-N-morpholino-cyclo- 
hexene and nitroethylene when the reaction is carried out in apolar solvents. Never- 
theless cyclobutane derivatives were not isolated from the reactions with either l- 
or 2nitropropene even when working under analogous conditions. 

EXPERIMENTAL 

All m.ps are uncorrected. The IR spectra were recorded with a Perkin-Elmer Model 13 double beam 

1R Spectrophotometer and the NMR spectra with a Varian DP-60 NMR Spectrometer at 56.4 Mc, with 
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TMS as internal standard Gas chromatographic analyses were carried out on a CErba Fractovap Model 
C with tlame ionization detector, using a 1 meter column of 10% SE 30 methyl silicon-Chromosorb W on 
80-100 mesh. 

1. Reaction of 1-N-nwrpholino-cyclohexene with I-nitropropene. 
(a) l-N-Morpholino+@-nftroisopropyljcyclohex-l-ene (Ha). l-Nitropropene’3 was prepared by de- 

hydration of I-nitro-Zpropanol. “The nitro olefin (2-l g, 24 mmoles) in pet. ether (5 ml) was added dropwise 
under stirring to a soln of I-N-morpholino-cyclohexene (4 g, 24 mmolea) in the same solvent (5 ml), keeping 
the temp at about 0” with an ice bath. After standing in refrigerator for 24 hr. IIa (5.1 g. 85:/, yield) was 
filtered oIT and recrystallized from pet. ether as white prisms, m.p. 51-53”. (Found: C, 61.39; H, 9.30; 
N, 11~12.C,sH,,N,O,requires:C,61~39;H,8~79;N, 1101 %);IRspectrum(KBr): 1642cm-‘(c=C-N); 
1550 cm-’ (NO,); NMR spectrum (Chf): 498 5 (H--C=C): 5.58 T (CH,--NO,); 6.27 T (CH_,--O-CH,); 
7.17 T (C&--N--C&); 912 7 (CH-CHJ. 

(b) 2-@-Nirroisopropyf)cy&hexanone (IV). To a soln of IIa (5.1 g, 20 mmoles) in EtOH (10 ml) 10% 
HCI (50 ml) was added under cooling. After allowing the mixture to stand at room temp for 12 hr, the 
solvent was removed at reduced press and the residue was extracted with ether. The ethereal extract by 
evaporation IeR crude IV as brown oil (3 g, 80% yield) which was purified by distillation-pale yellow oil, 
b.p. 128-130” (O-8 mm), d5 14808. The product was unstable and darkened after short storage. (Found : 
C, 59.14; H, 8.39; N, 7.45. C9H1SN03 requires: C, 58.36; H, 8.16; N, 756%); IR spectrum (neat): 1710 
cm-’ (CO); 15H) cm-’ (NO,). IV showed a single GC peak. On TLC the substance migrated as one spot. 
IV gave a semicorbarone, mp. 148-149”. (Found: C, 50.10; H, 7%; N, 23.25. C,,H,,N,O, requires: 
C, 49.57 ; H, 7.49 ; N, 23.13 %.) 

(c) l-N-Morpholino-2~N,N’-dicarbelhoxyhydrazi~~~ni~ro~o~opy~yclo~x-l-ene (IHa). Ethyl azo- 
dicarboxylate (2.1 g, 12 mmola) in dry ether (5 ml) was added dropwise to a well cooled soln of IIa (3.05 g, 
12 mmoles) in dry ether (10 ml). After standing in refrigerator for 72 hr the white solid was filtered ON 
(4.62 g, 90% yield). Purification from benzene-pet. ether afforded white crystals of pure IIIa, m.p. 1H)“. 
(Found: C. 53.71; H, 7.88; N, 130J C19H32N407 requires: C, 53.26; H, 7.53; N, 1308%); IR spectrum 
(KBr): 3280 cm-’ (NH); 1754 cm-’ and 1694 cm-’ (CO); 1652 cm-’ (C=C-N); 1550 cm-’ (NO,); 
NMR spectrum (Chf): 3.27 1 (NH); 5.58 7 (C&-NO,); 5.78 T (C&-CH,); 6.29 T (CH,S&); 
708 T (C&-N-C&); 8.73 7 (CH,-C&); 9.03 7 (CH-CH,). 

(d) 2-N,N’-Dicarbethoxyhydrazino)-6~B-nitruisopropyl)-cyclohexanone (V). Compound IlIa (2.15 8. 
5 mmoles) was dissolved in acetone (50 ml) and to this soln 5 % HCl(40 ml) was added portionwise and 
under cooling in order to maintain the temp below 10”. After standing at room temp for 72 hr. the solvent 
was removed and the mixture yielded 154 g (86 %) of V as white crystals (from benzene-pet. ether), m.p. 
115-116”. (Found: C. 5016; H, 7.22; N, 11.83. C,,H,,N,O, requires: C, 5@13; H, 7.17; N, 11.69%); 
IR spectrum(KBr): 3255cn-L (NH); 176Ocu-’ and 1706cm- (CO); 1552cm-‘(NO,). NMR spaarum 
(Chf): 3.24 5 (NW; 513 7 (C&N-NH); 5.80 5 (C&-NO*); 5.92 r (C@!,XH,); 8.73 7 (CH,-C&); 

893 7 (CHX&). 

2. Reaction of 1-N-piperidino-cyclohexene with I-ni~opropene 
(a) I-Nitropropene (2.6 g, 30 mmoles) in pet. ether (3 ml) was added dropwise to a stirred soln of I-N- 

piperidinocyclohexene (5.1 g. 30 mmoles) in 5 ml of the same solvent at 0”. After 24 hr the solvent was 
distilled off at reduced press and the oily residue was diluted with EtOH (5 ml) and then treated with 10 % 
HCI (20 ml). Work up, followed by distillation of the residue from ether afforded IV, b.p. 128-130” (@8 mm), 
np 14806. GC and TLC analyses, and IR spectrum indicated the compound was identical with that 
obtained on hydrolysis of IIa. 

(b) l-N-Piperidi~2-(N,N’-dicarbethoxyhydrazino)-6-(~-nitroisop*opyl)cyclohex-l-ene (IIIb). 1-Nitro- 
propene (2.6 & 30 mmoles) and I-N-piperidino-cyclohexene (5.1 g, 30 mmoles) were allowed to react as 
described in section 2(a). After 24 hr. ethyl azodicarboxylate (5.2 g, 30 mmoles) in pet. ether (5 ml) was 
added and the soln was kept in refrigerator for further 72 hr. Removal of the solvent under reduced press 
gave a crude viscous oil which solidified on refluxing with ligroin (hp. 70-l 1Oq. The solid recrystallized 
from benzene-pet. ether gave IIIb as white crystals, m.p. 103-105”. (Found: C, 55.37; H, 8ix); N, 12.80. 
C20E13bNd06 requires: C, 55.03; H, 7.85; N, 12.83%); IR spectrum (KBr): 3270 cm-’ (NH); 1750-1690 
cm-’ (CO); 1630 cn-’ (C=C-N); 1550 cm-’ (NO,); NMR spectrum (Chf): 560 T (C&-NO,); 
5.80 7 (CH,-CH,); 8.73 7 (CH,X&); 9.02 7 (CH-C&). 

(c) In another experiment carried out on the same amounts of reagents and under reaction conditions 
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as reported in 20, the crude product was dissolved in acetone (75 ml) and treated with 5 % HCI (20 ml). 
After 72 hr the solvent was removed and 8 g (76 %) of V were obtained, m.p. 115-l 16”. with no depression 
in m.p. on admixture of the compound obtained on hydrolysis of IIIa 

3. Reaction of I-N-pyrrolidino-cyclohexene with I-nitropropene 
(a) The reaction between 1-nitropropene and l-N-pyrrolidino-cyclobexene, followed by hydrolysis, 

was carried out as de-scribed for tbe piperidine enaminc. The ketone IV was obtained and identified by 
GC, TLC analyses and IR spectrum. 

(b) l-N-Pyrrolidino-2~,N’-dfcorbethoxyhydrazino~~-~i~ro~opropy~~~~x-l~ (111~). The re- 
action soln of 1-nitropropene (1.9 g, 21 mmoles) with I-N-pyrrolidino-cyclobexene (315 & 21 mmolea) 
was treated with ethyl axodicatboxylate (3.75 8 21 mmoles) under the conditions dcscrihed for IIIb. 
Compound 111~ (7.32 g, 84x), lap. lO>lCKY, was obtained after recrystallization from benxen+pet. etber. 
(Found: C. 5544; H, 7.84; N, 13.71. &H,,N,O, requires: C, 55.32; H, 7.82; N, 13.59%); IR spectrum 
(KBr): 3260 cm-’ (NH); 1764-1694 cm-’ (CO): 1650 cm-’ (C=C-N); 1549 cm-’ (NO,). NMR spcc- 
trum (Cbf): 3.24 s 0; 5.65 t (CBz-NOz); 5.77 T (C&-CH,); 8.74 r (CH,-C&); 8.91 t (CH-CI;I,). 

(c) Tbe acidic hydrolysis of 111~ afforded V. identical in all respects (m.p., mixed m.p. and IR spectrum) 
with that obtained from IIIa or IIIb. 

4. Reaction ofl-N-morpholino-cyclohexene with 2-nirropropene. 
(a) 3-Methyl-9-N-morpholino-5,6,7,8,9,1O-hexahydro-[l.2.4H] benzoxazine-N-oxide (VIIIa). 2-Nitropre 

penei3 was prepared by dehydration of 2-nitropropanoL*’ 2-Nitropropene (2.8 g 32 mmoles) in dry ether 
(5 ml) ~89 addaI dropwise and under vigorous stirring to a well cooled soln of I-N-morpholino-cyclo- 
hexene (55 g, 32 mmoles) in the same solvent (5 ml). The reaction was very exotbermic and it was neassary 
to cool the mixture in an ice-salt bath to prevent the temp from rising above 5”. Within few min after the 
nitro olefin was added, VIIa (6.5 g, 80%) separated as a crystalline solid, mp. 64-65”. Tbe product had 
to be filtered off as quickly as possible, washed with dry etber, dried by suction and stored in desiccator 
in uacuo at 0”. (Found: C, @88; H, 8.39; N. 1091. C,,H,zN,O, requires: C, 61.39; H, 8.79; N, 1191%); 

0 
IR spectrum (Nujol): 1628 cm-’ (*N( ); some CO and NOz absorptions were present due to partial 

hydrolysis; NMR spectrum (CDCl,): triplet (4H) at 6.33 z (C&-N--C&); singlet (3Ii) at 795 s (C&); 
multiplets at 7.24 T (5H) and &41 s (1OH) were also present. 

At room temp. even in desiccator, compound VIIa gradually changed into a semi-solid product (Via). 
IR spectrum (neat): 1640 cm-’ (C=C-N); 1552 cm-’ (NO,). VIIa by exposure to the air moisture 
rapidly bydrolysed to 2-@-nitropropyl)cyclohexanone (IX). VIIa in dry benzene at O-5” did not react 
with ethyl axodicarboxylate. 

(b) 2~&Ni~opropyl)-6~N,N’-dicarbethoxyhydra (VIII). A repeat of tbe reaction 4(a) 
using acetonitrile instead of dry ether, Via was obtained. In fact, IR spectrum of a small portion of the 
reaction soln showed absorption bands at 1640 cm-’ (C=C-N) and 1550 cm-’ (NO,). To this soln 
ethyl axodicarboxylate (5.6 g, 32 mmoles) in acttonitrile (5 ml) was added. After standing at 0” for 5 days, 
the solvent was removed under reduced press and the dark reddish brown oily residue was dissolved in 
EtOH (50 ml) and treated with 5 % HCI (20 ml). After 24 hr the EtOH was evaporated, the mixture was 
extracted with kcnxene and cbromatographed on alumina (Merck act. to Brockmann). Elution with 
be.nzeneCHCl,-acetone (45 :4.5: 1). testing every fraction on TLC, gave: VIII (3.45 g, 30%), XI, 2,6- 
bis(N,N’-dicarbethoxybydrazino)cyclohexanone,*a ethyl hydrazodicarboxylate and traces of unidentied 
products. VIII crystallized from aqueous MeOH. as white crystals, rn.p. 111”. (Found: C. -80; H, 7.21; 
N, 11.57. CISHzSN307 requires: C. 5@13; H, 717; N, 11.69%); IR spectrum (KBr): 3260 cm-’ (NH); 
1760-1700 cm-’ (CO); 1550 cm-’ (NOz); NMR spectrum (CCl--CHCl,): multiplet (2H) at 5.27 ? 
(CH-NO, and CH-N(COOEt)--NHCOOEt). 

The mixture of enamines Via obtained either by allowing VIIa to warm to room temp or by reaction 
of Ia with 2-nitropropene in excess of dry ether at 2>30”, upon treatment with ethyl azodiauboxylate 
afforded the same results (20-30x of VIII). Compound VIII showed on TLC two spots, which evidently 
were corresponding to two isomers. Tbesc. by conversion into their sodium salt and subsequent acidifica- 
tion, gave a product that showed on TLC an unique spot of different R, with respect to those ol VIII and 
in its IR spectrum NO, bands were missing. 
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(c) 2-(g-~irropropyf)cyclohexunone (IX). Compound VIIa (5.1 g, 20 mmolea) was dissolved in EtOH 
(5 ml) and treated with 5% HCl(15 ml) under stirring and cooling to keep the temp at about lo”. The 
oil which separated by removal of the organic solver& was extracted with ether. Distillation of the ether 
extracts gave 2.8 g (75 Y’J of crude IX. This was purified by distillation under reduced pmss-pale yellow 
oil, b.p. ll8-l#p (1 mm), 4’ 1.4705. (Found: C, 58.29; II, 8.12; N, 756. CaH,sNOs requires: C, 5836; 
H, 8.16; N, 7600/; IR spectrum (neat): 1716 cm-’ (CO); 1552 cm-’ (NO,). IX gave a semicurlmzone, 
m.p. 150”. (Found: C, 4936; H, 740; N. 23.62. CrOH,sN,Os requirea: C, 4957; H, 7.49; N. 23*13x.) 
The same compound IX was obtained also upon hydrolysis of the mixture Via 

Compound IX on TLC over silica gel G (Merck, act. to Stahl) using benxene-acetone (9: 1) as cluent 
showed two spots which were detected by spraying with a suitable indicator. GC analysis at 150” and a 
N, flow of 12 ml/min gave two peaks having retention times 45 and W. 

(d) 2-Acetonyl-cycfohexunone (XI). The diastereoisomeric mixture IX (3.7 g, 20 mmoles), freshly dis- 
tilled, was added dropwise to a soln of NaOH (@5 g, 22 mmoles) in abs EtOH (30 ml). The sohr was reduced 
in rnrctw at room temp to one third of its initial volume and then dry ether was added until separation of 

the Nasalt(X)as whitecrystals,m.p.93-95”; IR spectrum(KBr): 17lOcm-’ (CO); 15%cm-’ (C+N< 
0 

). 

The salt X was dissolved in water and on acidification with lo”/, HCl a transient blue colour appeared. 
After standing overnight, the colourless mixture was extracted with ether. Removal of the solvent left an 
oil that was analysed on TLC and GC under the same conditions used for the ketone IX. TLC and GC 
analyses showed the presence of a major product, identified as XI, and only traces of IX. XI distilled as 
pale yellow oil, b.p. 91-93” (1 mm), PI:’ 14618 (lit.r6: 4’ 14615). (Found: C, 6973; H, 927. Calc. for 
C,H,,Os: C. 7CNO; H, 915%); IR spectrum (neat): 1712 cm-’ (CO). Bis-semicmbarone, mp. 192-194” 
dec (lit”: mp. 195-199” dec). An authentic sample of XI for comparison was prepared by reaction of 
Ic with bromoacetone, followed by hydrolysis.” 

(e) l-N-Morpholino-~~byB-nftropropyl)cyclohx-1-ene (XII). When I-N-morpholino-cyclohexene 
(11 g, 66 mmoles) in dry ether (10 ml) w,as added dropwise under stirring and cooling to a soln of 2-nitro- 
propene (11 g, 130 mmoles) in the same solvent (10 ml), aRer standing overnight in refrigerator, XII (09 g, 
4 %) as white solid separated. This was filtered off and recrystallixed from MeOH, m.p. 117-l 18”. (Found : 
C, 5604; H, 7.67; N, 12.25. Cr6H2,N301 requires: C, 5630; H, 7.97; N, 12.31%); IR qcctnun (KBr): 
1658 cm-’ (C=C-N); 1546 cm-’ (NO,); NMR spectrum (Chl): multiplet (2H) at 5.1 r (2 C&-NO,): 
triplet (4H) at 6.24 7 (C&-O-C&); triplet (4H) at 7.20 7 (C&--N-C&); two doublets at 844 7 and 
846 7 (2 C&). 

5. Reaction of l-N-piperidino-cyclohexene with 2-nirropropene. 
(a) 2-Nitropropene (2.6 g, 30 mmoles) in dry ether (5 ml) was added dropwise to a stirred soht of l-N- 

piperidinocyclohexene (5.1 g, 30 mmoles) in 5 ml of the same solvent, at 0”. After standing in refrigerator 
for 24 hr. the solvent was distilled off under reduced press and the oily residue was dissolved in EtOH 
(5 ml) and then treated with 5 % HCI (20 ml). Removal of the alcohol, extraction with ether and evaporation 
of the extract gave crude IX (4.5 g, 80%). By distillation pure IX, b.p. 118-120” (1 mm), 4’ 1.4705, was 
obtained. It was identical in all respects with that formed on hydrolysis of VIIa 

(b) 2-Nitropropene (2.6 g, 30 mmoles) reacted with l-N-piperidino-cyclohexene (5.1 g, 30 mmoles) as 
described in s(a). After 24 hr, ethyl axodicarboxylate (5.2 g, 30 mmoles) in dry ether (10 ml) was added and 
the soln was kept in refrigerator for further 72 hr. The solvent was removed in tmcuo and thedark reddish 
oil obtained was diluted with EtOH (20 ml) and then treated with 5 % HCl(20 ml). The alcohol was dis- 
tilled off and the residue was extracted with benzene. The benzene soln was dried over Na,SOI and then, 
alter concentration, chromatographed on Also, (Merck, act. to Br ockmann). Elution with benxene- 
acetone (9: I), testing every fraction on TLC, gave VIII (4 g, 35 “/ and a mixture of IX, XI, 2,6bis(N,N’- 
dicarbethoxyhydraxino)cyclohexanone~ and ethyl hydraxodicarboxylate. 

6. Reaction of l-N-pywolidi~~~yclohexene with 2-nitropropene. 
(a) The reaction of 2nitropropene with I-N-pyrrolidinocyclohexene, followed by hydrolysis, was 

carried out as described for the piperidine enamine. In this case the nitro olefin had to be added very 
slowly to avoid the formation of the diadduct XIII. The crude ketone IX was obtained in 88 % yield and, 
after purification, it was identified by GC, TLC analyses and IR spectrum. 

(b) The enaminic mixture obtained from the reaction between Ic and 2-nitropropene, as reported in 
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6(a), by treatment with ethyl azodicarboxylate in the usual manner, led to VIII (4OyJ separated by chroma- 
tography on alumina. 

(c) 1,3-Dimethyl-l,3-diniho-9-N-pyrrol~i~decaI~n (XIII). 1-N-Pyrrolidino-cyclohexene (33 g, 22 
mmolcs) dissolved in dry ether (4 ml) was added dropwise to a well stirred soln of Znitropropene (3.9 g, 
44 mmoles) in the same solvent (4 ml). The reaction temp was maintained at about 0”. Within few min a 
pale yellow crystalline product corresponding to XIII (@83 g, 10%) separated. It was filtered off and 
carefully washed with dry ether, m.p. 114-116”. (Found: C, 59.58; H, 8.55; N, 12.11. C,,H,,N,O, requires: 
C, 59Q5; H, 8.36; N. 12.91%); IR spectrum (KBr): no absorption bands in the 2800-1550 cm-’ region; 
strong band at 1538 cm-’ (NO,); NMR spectrum (CDCI,): no signals below 6 5; broad line at about 
7.1 z (C&-N-CJ&); singlet at 8-39 T (C& at 1 position); singlet at 8.52 z (C& at 3 position). 

(d) 1,3-Dimerhyl-l,3-diniho-9-hydrox~ecalin (XIV). Compound XIII was dissolved in aqueous EtOH 
and the soln was allowed to stand overnight at room temp. XIV separated quantitatively as white crystals 
that, after recrystallization from EtOH. had m.p. 147”. (Found: C, 52.62; H. 733; N. 1@15. C,,HlON,Os 
requires: C. 5Z93; H, 740; N, 10.29%); IR spectrum (KBr): 3510 cm-’ (OH); no bands between 2800 
cm-’ and 15u) cm-‘; 1538 cm-’ (NO,); NMR spectrum (CDCl,): no signals below 6 r; singlet (1H) at 
7.47 r (OtI); singlet at 8.39 r (CH, at 1 position); singlet at 8.52 T (CH, at 3 position). 
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