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Abstrsd-The title enamines were prepared and their structures, as regards the C=C isomertsm. were 

established by NMR and IR spectroscopy. Morpholino- and ptperidino-derivative exist more or less as 

substituted isomer mixtures, whereas pyrrolidino-enamines are almost exclusively in the more substituted 

form. As expected. the less substituted isomers of all these enamines reacted with both ethyl azodicarboxyl- 

ate and phenylisocyanate. However. contrary to what occurs with 2-alkyl-cyclohexanone enamines. the 

reaction yields were much higher than those expected on the basis of the percentages of the reactive 

isomera found by NMR analysis. These results are discussed and an interpretation of this unusual chemical 

behavtour is gtven. 

As PREVIOUSLY reported,’ the determination of the mixture composition of 2-methyl- 
cyclohexanone enamines can be accomplished by chemical methods, that is by 
reaction in the cold with ethyl azodicarboxylate or phenylisocyanate, since only the 
trisubstituted isomer is reactive toward these reagents. The results obtained parallel 
those found by NMR analysis and indicate that neither a spontaneous equilibrium 
is present. nor does equilibration occur between the more or less substituted forms. 
at least under the conditions already reported.” ’ Ethyl azodicarboxylate has been 
used to analyse the composition of the enamine mixtures obtained from the reactions 
between cyclohexanone enamines and electrofilic olefins3 

We report the chemical behaviour of 2-substituted-cyclohexanone enamines in 
which the substituent is not an alkyl but an electron withdrawing group that can be 
conjugated with the enaminic N atom, through the C=C double bond. We have 
found that the reactions of these enamines with the aforementioned reagents give 
results which are not in agreement with the percentages of the more or less substituted 
isomers found by NMR analysis. 

The examined enamines were 2carbomethoxy- (I-III), 2-carbethoxy- (IV-VI), 
2-acetyl- (VII-IX), 2-benzoyl- (X-XII) and 2-phenylcarbamyl-cyclohexanone (XIII- 
XV) derivatives (Table 1). Their structures were established by NMR and IR spectro- 
scopy. The percentages of more or less substituted isomers, determined by integration 
of vinyl proton signals, are listed in Table 1. Morpholinoenamine mixtures contained 
the less substituted form in amounts varying from 590/, for 2_phenylcarbamyl- to 
78% for 2-carbethoxy derivative. The percentages of this form, found in the piperidino- 
enamines, ranged from 33% for 2-phenylcarbamyl- to 73:4 for 2-carbethoxy com- 
pound. Whichever the substituent, only small amounts, 10-25x. of the less substituted 
isomer. were always found for the pyrrolidinoenamines. 
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The IR spectroscopic data (Table 1) supported the structures assigned by NMR 
analysis. Actually, when considerable amounts of both more or less substituted 
isomers were present, we found the bands of the conjugated system N-C=C-C=04 
and those of the N-C=C and C=O groups of the trisubstituted form. Thus, for 
instance, the IR spectrum of 1-N-morpholino-2(and 6)-carbomethoxy-cyclohex-1-ene 
(I) showed a strong band at 1740 cm-’ and a weak band at 1650 cm-‘, attributable 
respectively to the C=O and N-C=C groups of the less substituted form. Other 
bands at 1685 cm-’ and at 1580 cm-‘, characteristic of the conjugated system 
N--C=Ca. indicated the presence of the more substituted isomer. On the 
other hand, the IR spectrum of l-N-pyrrolidino-2-carbomethoxycyclohex-1-ene 
(III), containing only about loo/, of the trisubstituted isomer, showed absorption 
bands at 1681 cm-’ and at 1535 cm- ’ (N-C=C--C=O), whereas C=O and 
N-C==C bands were not present. 

Enamines IIIs, VI16* 7* s, VII16* 7, 1X7. X **’ XIII” and XV7 are reported in the 
literature. The structure of the more substituted isomer assigned to III, IX and X is 
in agreement with our data, whereas for the enamines VII, VIII, XIII”” and XV, 
our results are not in agreement with those found in the literature. 

The fact that 2-methylcyclohexanone morpholino- and piperidino-enamines exist 
as mixtures of about equal amounts’* ‘i or more or less substituted isomers has 
been explained ’ ’ on the basis of the slight importance of the conjugation of the 
heterocyclic N atom with the C=C double bond. This does not depend on the basicity 
of the N atom, but it is due to the low stability of the resonance structures having a 
double bond exo to two dmembered rings. l2 This postulate, indeed, is in accordance 
with the relative stability of enamines of l-azabicycloalkanes,13 in which are missing 
the steric factors that could affect the N<=C conjugation. Hence the position of 
the double bond is controlled by the same factors that are responsible for the relative 
stability of simple cyclic olefins.‘2 

In the more substituted enamines B. reported in Table 1, the condition of planarity 
of the N--C%C-C=O system is not completely fulfilled. Therefore a full interaction 
of the x-electrons of the two double bonds with the free electron pair of the N atom 
is not possible. This situation is not very different from that of the 2-methylcyclo- 
hexanoneenamines. This holds, for instance for morpholino- and piperidino- 
enamine derivatives, in which R=OMe, OEt, Me and NHPh, that exist as mixtures 
of more or less substituted isomers A and B: 

R R 

A B 

X=0.CH2 R = OMe. OEt. Me. NHPh 
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In these cases, however, besides steric factors there are also electronic ones control- 
ling the composition of isomeric mixtures, that is the base strength and the electron 
withdrawing character of the carbony atom. 

Actually, our findings indicate that the percentages of the conjugated form B are 
higher in the piperidino than in the morpholino derivatives Moreover, the amount 
of B for each enamine depends also on the nature of R. which competes with the N atom 
in conjugating with C--O. Hence the percentage of B is reduced in favour of that of A : 

The greater the + R resonance effect of the R group (OMe > CH, > NH-Ph > Ph), 

the less the conjugation @Ca</x. Because of steric hindrances the phenyl 
group is somewhat distorted out of the plane of the C=O group and therefore the 

conjugation P?&-&% is greatly reduced. This could account for the fact that 
enamines X and XI exist almost exclusively in the form B. In this connection attention 
must be turned to the fact that l-N-morpholino-2-formylcyclohex-lene14 (R=H) 
exists just as B isomer. Its NMR spectrum shows a singlet at 274 T (1 I-I) for the formyl 
proton and multiplets at 6.45 r (8H), 7.65 T (41-1) and at 8.30 T (4H). while vinyl proton 
signal is not present. In the IR spectrum the bands of the N-C=C--(3=0 group at 
1642 cm-’ and at 1540 cm- ’ are clearly evident. 

A completely different situation was observed in the pyrrolidino-enamines III, 
VI, IX, XII and XV (Table l), with respect to the corresponding 2-methylcyclohexa- 
none derivative. Actually, the former exist largely (80-95x) as B isomers, whereas 
the latter exists almost completely (90%) as the less substituted isomer.‘, ll. l4 This 
opposite situation depends, however, on the same factors. The pyrrolidino N atom 
requires the most extended conjugation, both for its basicity and for the stability of 
the double bond exo to a 5-membered ring. I2 The most extended conjugation is 
present in the trisubstituted form of the 2-methylcyclohexanone enamine, whereas in 
enamines III, VI, IX, XII and XV it occurs when they are in the structure B. 

As far as the reactivity of enamines I-XV is concerned. the most remarkable fact 
we have observed was their behaviour towards both ethyl azodicarboxylate and 
phenylisocyanate. Actually, the results of these reactions when carried out under the 
conditions reported ‘* ’ for 2-methylcyclohexanone enamines, did not reflect the iso- 
merit compositions of I-XV found by NMR analysis. but seemed to indicate that 
these enamines existed almost exclusively as A isomers. 

In fact. the percentages of 2.6disubstituted products, isolated as enamines C and 
E or as cyclohexanone derivatives D and F. after hydrolysis of the reaction mixtures, 
were always much higher than those expected (Table 1). 

Noteworthy is the behaviour of l-N-pyrrolidino-2-carbomethoxycyclohex-1-ene 
(III) that reacts, under the standard conditions.‘* 2 with both ethyl azodicarboxylate 
and phenylisocyanate leading to the enamines XVIII and XXXVII in 85% and 



F. P. COLONNA, G. PITACCO and E. VALENTIN 

05 I 
II II II 
xxx 

me= 

n 

0s I 
II II II 

XXX 

2>5 



Vinylamines-XI 

II II II II II II II II II 
xxx XXX xxx . . . . . . . 
ZEx q > 
>>- XEZ ;;;;>x 

s 
-0 cc / q-J 

c 
a 

k 0 

a- / LX 



5486 F. P. COLONNA, G. Prrrrcco and E. VALENTIN 

95% yields, respectively. The results obtained from the reactions of the other enamines 
I-XV with the aforementioned reagents are summarized in Table 1. 

All the spectra of the 2,6_disubstituted enamines C show, at 4.9-50 z (1H) the 
signal of the proton linked at the C atom bearing the -N(COOEt)NHCOOEt 
grouping. This clearly indicates that enamines C have the structure of vinylogous 
amides N-C=C-C=O. 

In the NMR spectra of the corresponding 2,6disubstituted cyclohexanones D, 
the signal of the same proton is slightly shifted upheld. 

In the NMR spectra of enamines E, the signals of the protons linked at C-2 and 
C-6 atoms appear at very close r values, so that a broad and unresolved multiplet 
(1H) is observed. Therefore the assignment of the C=C double bond position was 
not possible. In our opinion, however, as the enaminic N atom can be conjugated 
with both CL=0 of the -COR and CONHPh groups, enamines E very probably 
exist as mixtures of C=C double bond isomers. 

Since our reaction conditions are nonequilibrating,1*z we must assume that in 
these enamines, in which the B isomers are, after all, a$-unsaturated ketones, there 
is a spontaneous equilibrium between the forms A and B, through the common 
enols A’ 

A A B 

In this way all the enamines I-XV react with ethyl azodicarboxylate as well as 
with phenylisocyanate through the corresponding A isomers and this can account 
for the high reaction yields, whatever is the effective percentage of A in the mixtures. 

We were not able to evidence the enolic form A’ in the equilibrium. Nevertheless, 
in some cases, analogous compounds have been isolated; 

o- / N+ 0 9 \ N/oH - 

0 N 0 0 0 

Thus, for instance, 1-N-morpholino-2-nitroso-cyclohex-lene is the initial product 
of the reaction of 1-N-morpholinocyclohex-l-ene with nitrosyl chloride. But it is 
very unstable and changes immediately into the corresponding more stable oximino 
isomer.” which can be regarded as its enolic form. 
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EXPERIMENTAL 

All m.ps are uncorrected. The IR spectra were record4 with a Perkin-Elmer 225 double beam spectro- 

photometer and the NMR spectra with a Jeol JNM-C-6OHL spectrometer with TMS as internal standard. 

for CDCI, solns. unless otherwise noted. Plates for analytical TLC were spread with Silica Gel G (Merck) 

and developed with benzene-acetone 90: 10. Chromatographic columns were prepared by using extra 

pure SiO, Merck (70-325 mesh ATMS) as stationary phase and employing gradient elution of benzene 

acetone. 

1. I -N-morpholino-2 (and 6)carhomethoxycyclohex-1-ene (I) 

Methylchloroformate (18.5 g. 0.25 moles) was added dropwise to a soln of I-N-morpholino-cyclohex-l- 

ene (83 g. @SO moles) in dry benzene (200 ml). The mixture was heated under reflux and stirring. for 30 hr. 

After I2 hr. some more methylchloroformate (11 g. 0.14 moles) was added. After cooling. dry ether (150 ml) 

was added and the ppt of enamine hydrochloride filtered off. Removal of the solvent left an oil which was 

twice distilled. b.p. 160-168” (14 mm). (Found: C. 6360: H. 8.33: N. 6.24. C,zH,,NO, requires: C. 63.98: 

H. 8.50: N. 6.21%): IR spectrum (neat): 174Ocm-’ (COOCH,): 1650cm-’ (N-C==== 1685. 1580cm-’ 

(N.-C==C-C==O): NMR spectrum: 5.107 (C+C): 6.36 7 (OCI&: Cf&-O-C&). 

2. Reaction of I-N-morph&no-2 (and 6) carbomethoxycyclohex-I-ene (I) ~(ith ethyl azodicarboxylate 

(a) 1-N-Morpholino-2-carbomethoxy-6-(N.N’-di cyclohex-l-ene (XVI). Ethyl azo- 

dicarboxylate (2.3 g, 13 mmoles) in dry ether (5 ml) was added dropwise and under stirring, to the soln of I 

(3.0 g 13 mmoles) in the same solvent (15 ml). cooling with an ice bath. in order to prevent the temp from 

rising above 5-10’. The mixture was kept in the refrigerator for 72 hr.* The solvent was removed under 

red press and left XVI (5ag. 950/,) m.p. 118-120’. (Found: C. 53.30: H. 7.50: N. 1060. C,,H,,N,O, 

requires: C. 53.93: H. 7.31: N. 10.52%): IR spectrum (nujol): 3324cm-’ (NH): 1744. 1702 1677cm-’ 

(CO): 1618cm-’ (N<=C+O): NMR spectrum: 3.807 (NM: 4.977 (CH-N-NH): 5.847 

(CH,CH,); 6.26 7 (OCII,); 6.42 7 (C!J-04&): 7.07 T (CHz-N<&); 8.73 7 (CH,<I-i,). 
(b) 2-Corbomethoxy-6~N.N’-dicorbethoxy)hydrazino-cyclohexanone (XXX). To a suspension of XVI 

(1.0 g. 2.5 mmoles) in water. HCI lo%, (10 ml) was added. The soln was stirred for 48 hr and gave XXX. 

m.p. 80-86”. from ligroin. (Found: C. 5090: H. 6.71: N. 8.48. C1.Hz2N207 requires: C. 5@97: H. 6.76: 

N. 8.45%): IR spectrum (nujol): 3280cm-* (NH): 1750. 1721. 1708. 169Ocm-’ (COOEt: CO): NMR 

spectrum: 3.33 7 (NW; 4.97 7 (CH-N-NH): 5.85 7 (CH,-CH,): 6.25 7 (OCI-I,); 6.52 r (C&ZOOCH,): 
8.74 r (CH,-CI-I,). 

3. Reaction of I-N-morpholino_2(ond 6)corbomethoxy-cyclohex-1-ene (I) with phenylisocyanate) 

2-Carbomethoxy-6-phenylcarbomyl-cyclohexonone (XLV). Phenylisocyanate (1.59 g. 13 mmoles) in dry 

ether (10 ml) was added dropwise to a soln of I(3.0 g 13 mmoles) in the same solvent (10 ml) under stirring 

and cooling with an ice bath in order to prevent the temp from rising above 5-10’. The mixture was kept 
in the refrigerator for 72 hr.7 The solvent was distilled under red press and the viscous oily residue was 

dissolved in EtOH and hydrolised with HCl 10% (15 ml). The soln was stirred for 48 hr. giving XLV (3 I5 g. 

86%) m.p. 126-128”. (Found: C. 65.50: H. 6.25: N. 5.17. C1sH,sNO, requires: C. 65.20: H. 6.57: N. 

5a7%): IR spectrum (nujol): 3287. 3135cm-’ (NH): 1732. 1715. 1704. 1670. 1655. 1546cm-’ (COOEt: 

CONH): NMR spectrum (DMSO d,): 0.167 (N&: 2.65 T (Ph): 6.277 (OCl&: CH&COOCH,: 
CJ&CONHPh) (5H). 

4. I-N-piperidino-2Jand 6)corbomethoxycyclohx-I-ene (II) 

The enamine II was prepared as described in section 1 and purified by two distillations. b.p. 140-145” 

(7 mm). (Found: C. 70.80: H. 9.81: N. 617. C,,Hz,NOz requires: C. 69.92: H. 9.48: N. 6.27%). IR spectrum 
(neat): 1738 cm-’ (COOCH,): 1648cm-’ (N-C==C): 1685. 1565cn-’ (N<<-C=O): NMR 

spectrum: 5.14 7 (CI+=C): 646 7 (OCH,). 

l Unless otherwise specified, all the reactions with ethyl azodicarboxylate were carried out in the 

conditions of solvent temp and time above noted 

7 Unless otherwise specilied, all the reactions with phenylisocyanate were carried OUI m the condmons 

of solvent, temp and time, above noted 
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5. Reaction of I-N-piperidino-2(and 6)cmbomethoxycyclohex-I-ene (II) with ethyl arodicarboxytate 

(a) l-N-Piperidin~2-carbomethoxy-6-(N.N’-dic~be~boxy)hydrazin~cycIohex-l-enP (XVII). From ethyl 

azodicarboxylate (1.37 g. 7.9 mmolcs) and II (1.75 g 7.9 mmoles). after removal of the solvent. XVII was 

obtained as viscous oil which solidified in light petroleum (2.2Og 71%). m.p. 80-82”. (Found: C. 57.8: 

H. 7.72: N. 10%. C,PH~,N,06 requires: C. 57.4: H. 7.86: N. 10.58%): IR spectrum (nujol) 329Ocm-’ 

(NH): 1750. 1705 cm-’ (CO): 1688. 1602 1523 cm-’ (N--Cd---C=O): NMR spectrum: 3.67 s (NHJ: 

4.95 r (CH-N-NH): 628 7 (OCH,). 
(h) The compound XVII. hydsolysed with HCI lo”/, gave XXX. identical to the analytical sample. 

6. Reaction of I-N-piberidino_2(and 6)curbomethoxycyclohex-1-ene (II) with phenylisocyanate 

(a) I-N-Piperidino_2(and 6)carbomethoxy-qand 2) phenylcorbamylcyclohex-I-ene (XXXVI). From phenyl- 

isocyanate (0.93 g. 7.9 mmoles) and II (1.75 g 7.9 mmoles). after removal of the solvent. an oil was obtained. 

which solidified in light petroleum (2.15 g. 80%). m.p. 87-93” (Found: C. 7Oa: H. 764: N. 8.32. Cz,Hz,NzO, 

requires: C. 7015: H. 7.65: N. 8.18%): IR spectrum (nujol): 3245 cm-’ (CO): 1645. 1610. 1534 cm-’ 

(N--W): 1591. 1495 cm-’ (Ph): NMR spectrum: - 2Gl T (NHJ: 6.26 1 (O-C&): 6.43 r 

(CH- 40). 

(b) The compound XXXVI. hydrolyzed with HCI lo”/, gave XLV. 

7. I-N-Pyrrolidino-2(and 6)carbomethoxycyclohex-I-ene (III). 

The enamine III was prepared as described in section I. and purilied by distillation. b.p. 120-125” (@l 

mm). The product solidified on standing or by scratching m.p. 71-73” [lit. 76-78s]. from light petroleum 

(Found: C. 68.34: H. 9.42: N. 6.6. C,2H19N02 requires: C. 68.87: H. 9.15: N. 669%): IR spectrum (nujol): 

1681, 1662, 1558, 1535 cm-’ (N--C==C-C=O); NMR spectrum: 556 z (Cu=C): 634 t (OCki,): 6.74 T 

(Cl&-N-CH,). 

8. Reaction of I-N-pyrrolidino-2(and 6)carbomethoxycyclohex-I-ene (III) with ethyl azodicarboxylate 

(a) l-N-Pyrrolidino-2-carbometkoxy-6~N.N’-dicarbethoxy)hydrazin~yc~obex-l-ene (XVIII). Ethyl azo- 

dicarboxylate (1.74 g. 9.8 mmoles) and III (20 g. 9.8 mmolcs) gave a crystalline XVIII (3.1 g. 85%). m.p. 

106-109”. (Found: C. 56.29: H. 7.42: N. 10.97. ClllHz9N306 requires: C. 56.38: H. 7.62: N. 1096%): IR 

spectrum (nujol): 3308 cm-’ (NH): 1754. 1692 cm-’ (COOEt): 1672 1602 cm-’ (N--C=C--C=O): 

NMR spectrum: 3.65 r (NHJ: 5% T (C&-N-NH): 6.32 r (OC&). 

(b) The compound XVIII, hydrolysed with HCI lo”/, gave XXX, identical to the analytical sample. 

9. Reaction of I-N-pyrrolidino-2(and 6)carbomethoxycyclohex-I-ene (III) with phenylisocyanate 

(a) I-N-Pyrrolidino-2(and 6)carbomethoxy-6(and 2)phenylcarbumylcyclohex-I-ene (XXXVII). Phenyliso- 
cyanatc (1.17 g. 9.8 mmoles) reacted with III (2.0 g 9.8 mmolcs) to give XXXVII (293 g. 95%l m.p. 157 

158 . from benzene. (Found: C. 69.70: H. 7.47; N. 8.36. C19H24N203 requires: C. 69.49: H. 7.38: N. 8.53%): 

IR spectrum (nujol): 3320 cm-’ (NH): 1729 cm-’ (CO): 1634. 1609. 1508 cm-’ (N--Ma): 

1590 cm-’ (Ph): NMR spectrum: 2.75 r (Ph: Nm: 6.26 s (OC&): 6.32 r (CHZO). 

(b) The compound XXXVII. treated with HCl loo/,. gave XLV. identical to the analytical sample. 

10. I-N-Morpholino_2(and 6)carbethoxycyclohex-I-ene (IV) 

Ethylchloroformate (14.4 g, 012 moles) was added dropwise to a soln of l-N-morpholinocyclohex-lene 
(4.0 g. 0.24 moles) in dry benzene (200 ml). The mixture. was heated under reflux with stirring for 10 hr. 

After cooling. dry ether (150 ml) tias added and the ppt of enamine hydrochloride tiltertd off. Removal of 

the solvent left an oil which was twice distilled. b.p. 95-105” (@l mm). (Found: C. 64.80: H. 8.85: N. 5.87. 

C,3H,INOs requires: C. 65.24: H. 8.85: N. 5.85%): IR spectrum (neat): 174Ocm-’ (CO): 1686. 1575 cm-’ 

(Na--C==O): 1647 cm-’ (N-CkCH): NMR spectrum: 508 5 (Cu=C): 5.85 r (CH,--CH,): 

6.32 7 (CH, SC&): 8.74 5 (CH,<kI,). 

1 I. Reaction of I-N-morpholino-2(and 6)carbetboxycyclohex-I-ene (IV) with ethyl azodicarboxylate 

(a) I-N-Morpholino-2-carbethoxy-qN.N’-dicar (XIX). Ethyl azodi- 

carboxylate (1.95 g. 13 mmoles) reacted with IV (27 g 13 mmolcs) to give. after removal of the solvent. 

an oil which crystallized by scratching (4.1 g. 88%) m.p. 92-94”. from benzene and light petroleum (Found: 
C. 55.36: H. 7.49: N. 10.10. C19H3,N307 requires: C. 55.18: H. 7.56: N. 1@160/,): IR spectrum (nujol): 

3300 cm-’ (NH): 1746. 1699 cm-’ (CO): 1675. 1594 cm-’ (N---c--O): NMR spectrum: 3.67 r 

(NH: 494 z (CH-N-NH): 5.82 7 (CEz<H,): 6.42 I (CH,-C&Cl&): 7G8 r (C~,-N--CIJz); 
8.72 T (W-C&). 
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(b) 2-Carbetboxy-6-(N.N’dicarbethoxy)hydrarinocyc~ohexanone (XxX1). The compound XIX treated 
with HCl lo”/, gave a solid (XXXI) m.p. 69-71”. from aqueous MeGH. in quantitative yield. (Found: C. 
52.12: H. 7.10: N. 8@9. C,,Hr,N,O, rquires: C. 52.31: H. 71)3: N. 8.14%): IR spectrum (nujol) 3278 
cm-’ (NH): 1751. 1738. 1719. 1680 cm-’ (CO): NMR spectrum 342 7 (Nff): 5-20 T (CH-N-NH): 
584 r (C&-CH,): 6.62 r (CH-COOEt): 8.72 T (CH,-Cffs). 

12 Reaction of I-N-tnorpholino-2(and 6)carbethoxycyclohex-I-ene (Iv) with phenylisocyonate 
2-Carbethoxy-6-phenykarbamykyclohexon (XLVI). Phenylisccyanate (10 g, 8.4 mmoles) reacted 

with IV (20 g 8.4 mmolcs). to give a viscous oil which was hydrolysed with HCI 10% under cooling and 
stirring for 48 hr. A solid XLVI was obtained (li) g). m.p. 97-989 from aqueous EtOH. The mother liquors 
were extracted with benzene: the benzene soln. after concentration. was chromatography to give a 
further060 g of XLVI. total yield 80%. (Found: C. 66.97: H. 6,59: N. 4.87. CibH,sNO, requires: C. 66.42: 
H, 6.62; N, 4.84%); IR spectrum (nujol); 3285, 3254 3195, 3138cm-t (NH); 1740, 1730, 1712 1670, 
1652cm-* (CO); 16QZ 1595cm-* (Ph); NMR spectrum: -4.05 T, - 1.27 T (-OtI--c-c); @78 7, 1.27 7, 
1.63 T (NH,): 2.75 T (Ph): 582 r (CH,-CH,); 6.57 r (C&-CO); 8.74 (CH,-CII,). 

13. l-N-Piperidi~2(a~ 6~~bef~oxycyc~obex-~-e~ (v) 
The enamine V was prepared as described in section 10 and purified by two distillations. b.p. 120’ 

(1.5 mm). (Found: C. 71.80: H. 9.29: N. 608. Cr&H,,NO, requires: C. 70.85: H. 9.77: N. 590%): IR 
spectrum (neat): 1737 cm-i (CO): 1686. 1570 cm-i (N&C=C--C+G). 1645 cm-’ (N-C=CH): 
NMR spectrum: 5.15 r (C&C): 5.89 r (C&--CH,): 8.75 7 (CH,--CH,). 

14. Reuction of I-N-piperidinoG?&nd 6)carbethoxycyciohex-I-ene (v)with ethyl azodicurboxylute 
(a) l-N-Piperidino-2-carbethoxy-6-(N.N’-dic~rbet~oxy)~ydr~zino-cyc~o~ex-l-ene (XX). Ethyl azodicarb- 

oxylate (1.5 g 8-4 mmoles) reacted with V (2.0 g, 84 mmoles) to give, after removal of the solvent, a spongy 
solid (3.15 g. 90%). which crystallized by scratching in light petroleum m.p. 70-72”. (Found: C. 5860: 
H. 8.01: N. 1040. C,,H,,NsO, rquires: C. 58.37: H. 8.07: N. 1@21%): IR spectrum (nujol): 3276 cm-’ 
(NH): 1745. 1704.1678 cm-t (CO): 1595 cm-’ (N--C=C--C=O): NMR spectrum: 3.72 r (NIL): 4.95 r 
(C&-N-NH): 5.82 7 (C&--CH,): 8.71 s (CHI-C&). 

(b) Acidic hydrolysis of XX with HCl loO/, gave XxX1. identical to the analytical sample. 

15. 1 -N-Pyrrolidino-2(und 6~~be~~oxycyc~o~ex- 1 -ene (VI) 
The enamine VI was prepared as described in section 10 and purified by two distillations. b.p. 148-152” 

(4 mm). The product crystallized by scratching. m.p. 53-W. (Found: C. 7OgO: H. 9.81: N. 6.16. C,,H,iNOr 
requires: C. 6990: H.9.48:N.627%): IR spectrum(neat): 174O(CO): 1678.1558cm-’ (N-C=C-CC=O): 
1615 cm-’ (N--C=C): NMR spectrum: 5.56 s (CH=C): 5.91 r (C&--CH3): 8.76 7 (CHa-CH,). 

16. Reaction of l-N-p~oI~ino-~~ 6~~ber~oxycycIo~ex-l-em (VI) with ethyl az~~curboxy~~e 
Ethyl azodicarboxylate (136 g 9Q mmoles) reacted with VI (2@ g. 9Q mmoles) to give. after removal of 

the solvent. a viscous oil which hydrolysed with HCl 10%. under cooling and stirring for 48 hr. The mixture 
was extracted with ether and benzene. The organic extracts. concentrated and chromatographed on silica 
gel. gave XXX1 (1.96 g. 65%). identical to the analytical sample. 

17. Reaction of l-N-pyrroiidirm-2&d 6)curbethoxycyclohex-1 -ene VI with phenyiisocycmate 
(a) I-N-P~ol~i~~~ 6)c~bez~x~~ 2)p~~yJc~b~y~cyc~b~-l-~ (XxX1X). Phenyliso- 

cyanate (16 g 135 mmoles) reacted with Vi to give XXXIX as a crystalline product (4.25 g. 92;/,) m.p. 

135-138”. (Found: C. 70.70: H. 7.86: N. 8.35. CZOH,,N,Os requires: C. 7014: H. 766: N. 8.18%): IR 
spectrum (nujol): 3318 cm-i (NH): 1740 cm-’ (COOEt): 1634. 1610. 1515 cm-’ (N--*0): 
NMR spectrum: @52 r. 2.27 r (NHCOPh): 5.84 7 (CH,-CH,): 6.46 z (CH-CO): 8.71 T (CHr-Us). 

(b) The product XXXIX was hydrolysed with HCI loo/,. giving XLVI. identical to the analytical sample. 

18. l-N-~orp~oIi~~~~ 6)ucetyicyciohex-l-ear (VII)’ 
Acetylcyclohcxanone (10s g 0.07 moles) and morpholine (130 g. 014 moles) were heated in refluxing 

benzene (35 ml) for 96 hr. The solvent was removed and the residue distilled b.p. 88-90” (@l mm): IR 
spectrum(neat): 1704 cm-’ (CO): 1642 cm -’ (N-C=CH): 1620. 154Ocm-’ (N-C==C---C=G): NMR 
spectrum: 507 r (CH=C): 6.4 r (CHr-O-C&): 7.73 z (C=C-COC&): 7.91 T (CH-CGCHs). 
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19. Reacfion of 1-N-morpholino2Jand 6)acetylcyclohex-1-ene (VII) with ethyl azodicarboxylate 
2-Acetyl-6-(N.N’-dicarbethoxy)hydrazinocyclohexanone (XXXII). Ethyl axodicarboxylate (1.67 g 9.6 

mmoles) reacted with VII (29 g 9.6 mmoles) to give. after removal of the solvent a viscous oil which was 
hydrolysed with HCI 10%. under stirring for 48 hr. The mixtute was extracted with benzene. The concen- 
trated benzene soln was chromatographed on column and left XXX11 (29 g 800/,) mp. 88-89”. from 
aqueous MeOH. (Found: C. 53.86: H. 6.98: N. 8.93. C,*H,,N,06 requires: C. 53.49: H. 705: N. 8.91%): 
IR spectrum (nujol); 3265 cm-’ (NH): 1752, 17ODcm-’ (CO): 1605 cm-’ (C=C-OH...OC-): NMR 
spectrum (CDCIs + Ccl,): - 1.24 r (C=C-OH..OC-) 3.33 r (NH): 5.22 r (CH-N---NH): 5.85 T 
(CHII-CH,): 7.87 r (COCII,): 8.41 r (CHz-CH,). 

20. I-N-Piperidino-2@nd 6)acetylcyclohex-1-ene (VIII) 
The enamine VIII was prepared as described in section 19. and purified by distillation. b.p. 108-l 10” 

(0.3 mm): IR spectrum (neat): 1705 cm-’ (CO): 1640 cm-’ (N-C=CH): 1615. 1580 cm-’ 
(N-CK-C=O):NMRspectrum:5.11 7(C~=C-N):7~797(C=C-COCHs):807(CH-CO~~,). 

21. Reaction of I-N-piperidino-2&d 6)acetylcyclohex-1-ene (VIII) with ethyl azodicarboxylate 
Ethyl azodicarboxylate (1.34 g. 7.7 mmoles) reacted with VIII (1.6 g 7.7 mmoles) to give a viscous oil 

which was hydrolysed with HCI 10%. under stirring for 72 hr. The mixture was extracted with ether. The 
extracts gave XXX11 (1.7 g. 70”/,) by column chromatography. 

22. I-N-Pyrrolidino-2(and 6)acetylcyclohex-1-ene (IX) 
The enamine IX was prepared according to the method described.’ namely by acetylation of I-N-pyrro- 

lidinocyclohex-lene with acetylchloride. in presence of(Et),N. The ppt. of base hydrochloride was filtered 
off and the residue distilled. b.p. 120-l 30” (@l mm). The product crystallized by scratching in light petroleum. 
m.p. 74-76”: IR spectrum (nujol): 1610. 1492 cm-’ (N-C=C-C+O): NMR spectrum: 5% 7 
(CH-C-N): 6.80 7 (CHz-N-C&): 790 ‘I (C=C--CWH,). 

23. Reaction of I-N-pyrrolidino_2(and 6)ucetylcyclohex-1-ene (IX) with ethyl ozodicarboxylate 
Ethyl azodicarboxylate (2a g. 119 mmoles) reacted with IX (2.3 g. 11.9 mmole-s) to give. after tbe removal 

of the solvent. an oil which was hydrolysed with HCl loO/W under stirring for 48 hr. The compound XXX11 
was obtained. The mother liquors were extracted with benzene. chromatographed in column. and furnished 
0.850 g of XxX11. total yield 59%. 

24. Reaction of I-N-pyrrolidino-2@nd 6)acetylcyclohex-I-ene (IX) with phenylisocyanate 
(a) I-N-Pyrrolidino-2(and 6)acetyl_6(and 2)-phenylcarbamylcyclohex-I-ene (XL). Phenylisocyanate (1.26 

8. 106 mmoles) reacted with IX (20 g 10-6 mmoles) to give crystalline XL (2.57 g 80”/,). m.p. 169-170 
[lit. 169-170”‘] (Found: C. 72.92: H. 7.74: N. 8.97. C,sHz.NzOz requires: C. 7304: H. 7.86: N. 9Gl”/,); 
IR spectrum (nujol): 3240.3180.3120 cm-’ (NH): 1682 1580. 1549 (N-<--V): 1599 cm-’ (Ph). 

(b) 2-Acetyld-phenylcorbamylcyclohexonone (XLVII). Acidic hydrolysis of XL gave quantitatively 
XLVII m.p. 113-114”. from ligroin. (Found: C. 69.34: H. 6.58: N. 546. C,sH,,NO, requires: C. 6948: 
H. 6.61: N. 540%): IR spectrum (nujol): 3280. 3250. 3195 cm-’ (NH): 1660. 1546 cm-’ (CO-NH): 
1615cn-’ (C.==C-OH..O=C): 1599, 1500crK’ (Ph): NMR spectrum (DMSO d,): -5.8 7 

( Y ’ 
C ): -0.11 7 (NH--CO); 2.7 7 (Ph); 6.44 7 (CH-CONHPh); 7.81 7 (COCII,). 
,I 

25. I-N-Morpholino-2@nd 6)benzoylcyclohex-1-ene (X) 
Benzoylcyclohexanone (lO+l g 0.05 moles) and morpholine (13Q6 g 015 moles) in dry benzene. were 

heated under reflux for 7 days Removal of the solvent left an oil which was distilled b.p. 170-180” (06 mm). 
The product solidified in ether. m.p. 77.5-79” [lit. 77-7809]. (Found: C. 759: H. 7.98; N. 5.15. Ci,Hz,NOz 
requires: C. 75.2: H. 7.70: N. 5.10%): IR spectrum (nujol): 1620. 1571 cm-’ (Ne-C=O): 1591 
cm-’ (Ph): NMR spectrum: 2.45 7 (Ph): 5G 7 (C&=C). 

26. Reaction of I-N-morpholino-2(and 6)benzoylcyclohex-1-ene (X) with ethyl azodicarboxylare 
(a) l-N-Morpholino-2-benzoyl-6-(N.N’-dicmbe~~xy~ydr~zi~yclo~x-l~~ (XXV) Ethyl axodicar- 

boxylate (20 g. 11.4 mmoles) reacted with X (3@9 g 114 mmoles) in a mixture of dry ether and benzene 
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(IO ml). to give a solid (4.2 g. 83%). m.p. 140-142’. from benzene and ligroin. (Found: C. 61.30: H. 6.85: 

N. 9.37. Cz3H3,N306 requires: C. 61.91: H. 700. N. 9.42%): IR spectrum (nujol): 3275 cm-’ (NH): 1740. 

1690 cm-’ (CO): 1675. 1619. 1572 cm-i (N-Ce--C=O): NMR spectrum: 252 T (Ph): 3.82 T (NHJ: 

4.80 r (CI-J-N-NH): 5.82 7 (C&J-CH,): 6.76 7 (CH,--o-CI-I,): 8.72 7 (CHz-CII,). 

(b) 2-Benzoyl-6-(N.N’dicorhethoxy)hydrarinocyc~ohexanone (XXXIII). Acidic hydrolysis of XXV gave 

quantitatively XXXIII. m.p. 142-143”. from benzene and ligroin (Found: C. 6005: H. 6.50: N. 7.26. 

C,9H24Nz06 requires: C. 60.63: H. 6.43; N. 7.44%): IR spectrum (nujol): 3278 cm-’ (NH): 1745. 1703. 

1681 cm-’ (CO): 1594. 1578 cm-’ (Ph): NMR spectrum: 2.50 7 (Ph): 3.45 7 (NHJ: 5G 7 (CH-N---NH): 

5.86 7 (CI&-CH,): 8.76 7 (CH,<II,). 

27. I -N-Piperidino_2(and 6)benzoylcyclohex- 1 -ene (XI) 

The enamine XI was prepared as described in section 25. and purified by distillation b.p. 158-160 

(0.1 mm). The product crystallized from light petroleum. m.p. 52-55”. (Found: C. 80.30: H. 8.55: N. 4.91. 

C,,H,,NOrequires:C.80~26:H.8.61;N.5~20%);IRspectrum(nujol): 1642.1565cm-‘(N<<--0): 

1595. 1578 cm-’ (Ph): NMR spectrum: 2.50 7 (Ph): 5.02 7 (N-C==CHJ. 

28. Reaction of 1-N-piperidino-2(and 6)benzoylcyclohex-1-ene (XI) with ethyl azodicurboxylate 
(a) l-N-Piperidino-2-benzoy/-~(N.N’-dicorbethoxy)hydruzinocyclohex-l-ene (XXVI). Ethyl azodicar- 

boxylate (1.29 g. 7.4 mmoles) and XI (20 g. 7.4 mmoles). in a mixture of dry ether and benzene (10 ml). 

gave a crystalline product (1.6 g) m.p. 11 l-l 13” from light petroleum. (Found: C. 65QO: H. 7.47; N. 9.49. 

Cz4H3,N30s requires: C. 64.99: H. 7.50: N. 9.47%): IR spectrum (nujol): 3325 cm-’ (NH): 1745. 1692 

cm-’ (COOEt): 1652. 1635 cm-’ (N-C=C-C=O): 1597. 1579 cm-’ (Ph): NMR spectrum: 248 7 

(Ph): 348 7 (NHJ: 4.82 7 (CH-N---NH): 5.83 7 (CIJzZH,): 8.74 7 (CHz-CH,). The mother liquors 

were treated with HCI loo/ under stirring for 24 hr. and left XXX111 identical to the analytical sample. 

yield 65%. 

(b) The product XXXVI. hydrolysed with HCI lO;L. gave XxX111. 

29. I-N-Pyrrolidino_2(and 6)benzoy/cyclohex-I-ene (XII) 

The enamine XII was prepared as described in section 25 and purified by distillation. b.p. 165-166” 

(@l mm). The product solidified by scratching m.p. 87-89”. from light petroleum. (Found: C. 7990: H. 

8.24: N. 5.21. Cz,Hz,NO requires: C. 8oiw): H. 8.20: N. 540%): IR spectrum (nujol): 1600. 1586 cm-’ 

(Ph): 1618. 1538 car-’ (N---C=CSC=O): NMR spectrum: 2.62 7 (Ph): 5.71 7 (CH<-N): 6.88 7 

(CM,-N-CI-I,). 

30. Reaction of I-N-pyrrolidino_2(and 6)benzoylcyclohex-1-ene (XII) with ethyl azodicarboxylate 

(a) l-N-Pyrrolidino-2-benzoy~-qN.N’-dicarbethoxy)hydruzinocyclohex-l-ene (XXVII) Ethyl azodi- 

carboxylate (2a g. Il.3 mmoles) and XII (2.9 g. 11.3 mmoles) in a mixture of dry ether and benzene (10 ml). 

gave a yellow product. XXVII m.p. 91-93”. from light petroleum. (Found: C. 64-W: H. 7.34: N. 9.67. 

Cz,H,,NsO, requires: C. 64.32: H. 7.26: N. 9.78%): IR spectrum (nujol): 3245 cm-’ (NH): 1747. 1695 

cm-’ (COOEt): 1685. 1622. 1559 cm-’ (N.-C=-C=O): 1596. 1588 cm-’ (Ph): NMR spectrum: 

2.57 7 (Ph): 3.70 7 (NHJ: 4.97 7 (Q-N-NH): 5.84 7 (CHz---CH,): 7.Ct8 7 (C& --N- <II,): 8.74 r 

(CHz-CH,). 
(b) The product XXVII. hydrolyzed with HCI IOn?. gave (XxX111). 

31. Reaction of 1-N-pyrrolidino-2Jand 6)benzoylcyclohex-I-ene (XII) with phenylisocyanate 
(a) I-N-PyrroBdino_2(and 6)benzoyl4(ond 2)-phenyfcarbumylcyclohex-I-ene (XLI). Phenylisccyanate 

(0.93 g, 7.8 mmoles) reacted with XII (2Q g. 7.8 mmoles) to give a yellow product XL1 (26 g. 81%) m.p. 
193-194”. (Found: C. 77.33: H. 7.20: N. 7.38. C,,H,,N,O, requires: C. 76.97: H. 7a: N. 7.48%): IR 
spectrum (nujol): 3295-3136 cn-’ (NH): 1671. 1619. 1552 cm-’ (Nm-C=O): 1601. 1581 cm-’ 

(Ph). 
(b) 2-Benzoyld-phenylcurbamymylcyclohexanone (XLVIII). Acidic hydrolysis of XL1 gave XLVIII, m.p. 

153-155’. from aqueous MeOH. (Found: C. 74 32: H. 590: N. 4.29. Cz,,H,,NO, requires: C. 74.74: H. 

5.96: N. 4.36%): IR spectrum (nujol): 3283.3200 (NH) 1697. 1678. 1665. 1546 cm-’ (CO: CONH): 1594. 

1581 cm-’ (Ph): NMR spectrum (DMSO de): 017 r (NM; 2.5 r (Ph); 5.20 7 (CIJCOPh); 6.15 7 

(CH-CONHPh). 
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32. I-N-Morph&no-2@nd 6)phenylcarbmnylcyclohex-l-ene (XIII) 
Phenylisocyanate (285 g. 24 mmoles) in dry ether (5 ml) was added dropwise to a soln of 1-N-morpho- 

linocyclohex-1-ene (40 g. 24 mmoles) in the same solvent (15 ml). A solid was obtained (5.8 g. 85%). m.p. 

123-126” [lit. 125-126”‘00*b 1. from acetonitrile. (Found: C. 7064: H. 764: N. 969. C,,H,,N20; requires: 

C. 71.30: H. 7.74: N. 978%): IR spectrum (nujol): 3240-3120 cm-’ (NH): 1688 cm-’ (CO): 1595. 1545 

cn-’ (N--C=CK==O): 1656 cm-’ (N-H): NMR spectrum: - 2.92 7.0.21 7 (NH-CO): 2.74 7 

(Ph): 494 7 (CkJ=C): 6.21 7 (W-0-Ckl,). 

33. Reaction of I-N-morpholino-2(and 6)phenylcarbamylcyc/ohex-I-ene (XIII) with ethyl azodicarboxylate 
(a) l-N-Morpholino-2-phenylcarbamyl-6-(N.N’-dicarbethoxy)hydrazinocyclohex-l-ene (XXVIII). Ethyl 

azodicarboxylate (1.32 g. 76 mmoles) reacted with XIII (2.2 g 7.6 mmoles). in a mixture of dry ether and 

acetonitrile. Removal of the solvent left an oil which solidified by scratching. m.p. 124-127”. from benzene 

and light petroleum (3.3 g. 93%). (Found: C. 59.83: H. 6.84: N. 12.10. C23H,2Nb0, requires: C. 5998: 

H.7OO:N. 12.17%):IRspectrum(nujol): 3308cm-‘(NH); 1743.1688.1657.1538cm-‘(N-C=C--C===O: 

COOEt: CONH): NMR spectrum (DMSO d6): 02 7 (NHCO): 102 7 (NHJ; 2.65 7 (Ph); 5.05 7 

(U-I-N-NH): 59O7(C~,-CH,):6~557(C~,-O~l&):7~077(Cl&-N~l&): 8.787(CH,-U-I,). 

(b) 2-Phenylcarbamyl-6-(N.N’-dicarbelhoxy)hydr~inocyc~ohexano~ (XXXIV). The compound XXVIII 

was treattd with HCl loo/ under stirring for 36 hr. giving XXXIV. m.p. 175-176”. from MeOH. (Found: 

C. 57.91: H. 6.26: N. 1076. C,,H,,N,O, requires: C. 58.30: H. 640: N. 10700/); IR spectrum (nujol): 

3250. 3180 cm-’ (NH): 1752 1725. 1690. 1672 1538 cn-’ (COOEt: CONH): NMR spectrum: I.11 7 

(NHCOPh): 2687(Ph): 3.177(NH-N): 5.127(0-N-NH): 5.867(CI&ZH,);6~657(CH--CONH): 

8.75 T (CHI- Cl-I,). 

34. Reaction of I-N-morpholino-2(and 6)phenylcarbamylcyc[hex-I-ene (XIII) with phenylisocyanate 
(a) l-N-Morpholino_26diphenylcarbamylcyclohex-I-ene (XLII). A quantitative yield of XLII. m.p. 

194-196”. from MeOH could be obtained only when the reaction was carried out in refluxing benzene. 

(Found: C. 7033: H. 6.70: N. lW8. CZ4H2,N303 requires: C. 71a8; H. 6.71; N. 1036%); IR spectrum 

(nujol): 3280-3130 cm-’ (NH): 1650. 1550 cm-’ (CONH); 1640. 1534 cm-’ (Nm-C==O); NMR 

spectrum: (DMSO d,) - 0.24 7.0.00 7 (NW); 2.7 T (Ph); 6.34 7 (CHxONHPh): 6.56 7 (Cl-I-O<&); 

7.12 7 (C@,--N-C&). 

(b) 2.6-Diphenylcarbamylcyclohexanone (XLIX). Acidic hydrolysis of XL11 with HCI lo”/, gave quantita- 

tively XLIX. m.p. 234-238” [lit. 254”‘0’sb 1. from aqueous dioxan. (Found: C. 71.10: H. 613: N. 8.24. 

C,,H,,N,O, requires: C. 71.40: H. 599: N. 8.33%): IR spectrum (nujol): 3285-3140 cm-’ (NH); 1702. 

1688. 1648. 1546 cm-’ (CO: CONH). 

35. I-N-Piperidino-2(and 6)phenylcarbamylcyclohex-I-ene (XIV) 

Phenylisocyanate (2.8 g. 24 mmoles) reacted with l-N-piperidinocyclohex-I-ene (4G g. 24 mmoles) in 

dry ether (15 ml). A solid compound was isolated (5.3 g. 78%) m.p. 102-103”. from acetonitrile. (Found: 

C. 76.15: H. 8.61: N. 9.92. C,,H,,N,O requires: C. 76.01: H. 8.51: N. 9.85%): IR spectrum (nujol): 3230- 

3118 cm-’ (NH): 1684 cm-’ (CONH); 1595. 1542 cm-’ (N <+Z=O): 1650 cm-’ (N-C==CH): 

NMR spectrum: - 2.82 7. - 0.45 7 (NHJ: 240 7 (Ph): 4.95 7 (CH==C): 7.31 7 (CM,-N--C&). 

36. Reaction of I-N-piperidino_2(and 6)phenyicarbamylcyclohex-l-me (XIV) with ethyl azodicarboxylale 
(a) l-N-Pieeridino-2-phey~carbamyl-6-(N.N’-dic~be~hoxy~ydrazi~cyc~ohex-l-e~ (XXIX). Ethyl azo- 

dicarboxylate (1.24 g. 7.04 mmoles) reactad with XIV (2-02 g 704 mmoles) to give a crystalline product 

(1.5 g). m.p. 138-140. (Found: C. 62.16: H. 7.31: N. 11.9. &H,,N,Os require>: C. 62.86: H. 7.47: N. 

12.22%): IR spectrum (nujol): 3310 cm-’ (NH): 1745. 1735. 1690 cm-’ (CO): 1657. 1535 cn-’ (CONH): 
NMR spectrum: - C-35 7 fNHC0): 26 7 (Ph): 3.25 7 (NJ&COOEt): 4.82 7 (CH-N-NH): 5.78 7 

(CH,--CH,): 705 7 (CH,- N Cl&): 8.70 7 (CH,<l&). The mother liquors. hydrolysed with HCI 

lq4 gave further 0.810 g of XXXIV. identical to the analytical sample. yield 74%. 
(b) Acidic hydrolysis of XXIX with HCI lo”/, gave quantitatively XXXIV. 

37. Reaction of I-N-piperidino_2(and 6)phenylcarbamylcyclohex-l-ene (XIV) with phenylisocyanate 
Phenylisocyanate (10 g. 8.4 mmoles) in dry benzene (10 ml) was added to a soln of XIV (2.4 & 8.4 mmoles) 

in the same solvent (10 ml). Removal of the solvent left a crude product which was treated with HCl loO/O. 

under cooling and stirring The compound XLIX (2.26 g. 80%) was isolated. 
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38. Reaction of 1-N-pyrrolidinocyclohex-I-ene with phenylisocyanate 
Numerous attempts were made in order to obtain 1-N-pyrrolidino XV’ as pure product. but they all 

failed. Therefore we carried out the same reaction using CDCls as solvent and preventing the temp from 
rising above 25”. After 30 min. a little portion of it was analysed by NMR. No chang was observed after 
24 hr: NMR spectrum: 008 7. @26 7. 1.2 7 (NH: 1H): 2.76 T (Ph: 5H): 5.32 T (CI+=C: 025 H): 6.4 T 
(C&CONHPh): 6.83 7 (C&-N-C&: 4H). 

39. Reaction of 1-N-pyrrolidinocyclohx-1-ene with phenylisocyanafe (1: 2) 
Phenylisccyanate (3.12 g 26 mmoles) in dry ether (5 ml) was added to a soln of I-N-pyrrolidino-cyclohcx- 

I-cnc (2Q 8. 13 mmoles) in the same solvent (10 ml). After removal of the solvent. the crude product was 
hydrolysed with HCI 10% under stirring for 24 hr. The compound XLIX (3.15 g, 68%) was isolated. 
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