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Abstract-By treating 2e-methyl-4-oxo-trans-decahydroquinoline with lithium acetylide a mixture of
stereoisomeric 4-cis-hydroxy-2e-methyl- and 4-trans-hydroxy-2e-methyl-4-ethynyl-trans-decahydroquinolines
was obtained in~3 : 2 ratio.Their reactionwith acetonitrile in the presence of sulfuric acid (Ritter

,
s reaction)

results in a mixture of stereoisomeric 4-cis-acetylamino-2e-methyl- and 4-trans-acetylamino-2e-methyl-4-
ethynyl-trans-decahydroquinolines in the sameratio. The ethynyl group of alcohols synthesized is not
hydrated under conditions of Kuchrerov

,
s reaction. Theboiling of the alcohols with formic acid furnished a

mixture of 4-acetyl-2e-methyl and 2e-methyl-4-ethynyl-1,2,3,6,7,8,9,10-octahydroquinolines in 1 : 7ratio.
The former ofthese compounds under conditions ofRitter

,
s reaction yielded a mixture (1 :1.4) of stereo-

isomeric 4-acetyl-4-trans-acetylamino- and 4-acetyl-4-cis-acetylamino-2e-methyl-trans-decahydroquinolines.
From 2e-methyl-4-ethynyl-1,2,3,6,7,8,9,10-octahydroquinolineunder the same conditionswere obtained
both already mentioned stereoisomeric 4-acetylamino-2e-methyl-4-ethynyl-decahydroquinolines (53% of
cis-isomer and 35% oftrans-isomer in the mixture) and 4-acetyl-4-acetylamino-2e-methyldecahydro-
quinolines (7% of cis-isomer and 5% oftrans-isomer).

Quinoline rings, also partially or completely
hydrogenated, are constituents of a number of natural
biologically active compounds, inparticular, of
alkaloids[1]. Chemical reactions furnishing versatile
derivatives of this series with potential biological
activity were investigated for a longtime.

The preparation from alkyl-substituted decahydro-
4-quinolinones of the corresponding ethynylcarbinols
by treating with acetylene in liquid ammonia in the
presence of sodium amide was described long ago[2].

In the course of this study by treating 2e-methyl-
4-oxo-trans-decahydroquinoline (I ) with lithium
acetylide we performed a synthesis of stereoisomeric
4-cis-hydroxy-2e-methyl- and 4-trans-hydroxy-2e-
methyl-4-ethynyl-trans-decahydroquinolines (II ) and
(III ), and their transformations involving ethynyl and
hydroxy groups were investigated.

The separation of compoundsII and III was dif-
ficult, and they were obtained in pure state only by
means of chromatography (seeEXPERIMENTAL).
On the contrary, the hydrochlorides of thestereoiso-
meric 4-hydroxy-2e-methyl-4-ethynyldecahydroquino-
lines (IV ) and (V) were easily separated by recrystal-
lization from water.

The spatial structure of compoundsII 3V was
established from thedata of NMR spectroscopy. In

the 1H NMR spectra of ethynylcarbinolsII and III
and their hydrochloridesIV andV the chemical shifts
of protons attached to carbon atoms C2 and C10 are
only slightly different. These signals in the spectra of
isomers with the equatorial position of hydroxy group
II and IV are observed downfield from the cor-
responding resonances oftrans-isomers III and V
where a 1,3-diaxial interaction arises between the
proton of the hydroxy group and hydrogen atoms at
C2 and C10 (see Table 1). Thetrans-junction of the
piperidine and cyclohexanerings in compoundsII 3V
is evidenced by the multiplicity of signalsfrom
protons linked to C10 atoms. The observed two
coupling constants ofJ ~11.2 Hz corresponding to
axial-axial interaction indicate the axial orientation of
H10 and H5 protons corresponding totrans-configura-
tion of the decahydroquinoline. The same coupling
constant belonging to the second downfield proton
signal (H2) demonstrates its axial orientation and
therefore equatorial orientation of the methyl group
in all these compounds.

Thus the obtained stereoisomeric ethynylquinolols
II and III (or their hydrochloridesIV and V) are
dissimilar only in orientation of ethynyl and hydroxy
substituents at C4 atom. The structurewith equatorial
orientation of the hydroxygroup, incis-position with
respect to methyl. wasassigned to the isomer prevail-



Table 1. 1H NMR spectra ofcis- andtrans-4-hydroxy-2e-methyl-4-ethynyl-trans-decahydroquinolinesII, III of their hydrochloridesIV, V , of cis-
andtrans-4-acetylamino-2e-methyl-4-ethynyl-trans-decahydroquinolines (VI, VII ), of 2e-methyl-4-ethynyl-1,2,3,6,7,8,9,10-octahydroquinoline
(IX ), 4-acethyl-2e-methyl-4-ethynyl-1,2,3,6,7,8,9,10-octahydroquinoline (X) andcis- and trans-4-acethyl-4-acethylamino-2e-methyl-trans-
decahydroquinolines (XII ) and (XIII ), d, ppma

ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Compd.³ H2 ³ 2-CH3 ³ H3 ³ H10 ³ =CH ³ OH, NH ³ COCH3 ³ Others

no. ³ ³ ³ ³ ³ ³ ³ ³
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

II ³3.18 m, 2JMe ³1.29 d, ³1.70 d.d (Ha), 2J13.2 Hz, ³2.68 d.t, 233Ja,a³3.09 s³ 3 ³ 3 ³2.08 d.q (He
6, 2J 12.0, 33J

³7.0 Hz, 3Ja,a ³
3J 7.0 Hz³3Ja,a 11.2 Hz, 2.10 d.d³11.2 Hz, 3Ja,e ³ ³ ³ ³3.6 Hz), 1.96 m (3H), 1.40 m

³11.2 Hz, 3Ja,e ³ ³(He),
3Ja,e 3.6 Hz ³3.6 Hz ³ ³ ³ ³(5H)

³3.6 Hz ³ ³ ³ ³ ³ ³ ³
III ³3.27 m, 2JMe ³1.22 d, ³1.77d.d (Ha),

2J13.2Hz,³2.79 d.t, 23Ja,a³2.94 s³ 3 ³ 3 ³1.96 m (3H), 1.79 d.t (H5,
³7.0 Hz, 3Ja,a ³

3J 7.0 Hz³3Ja,a 11.2 Hz, 2.17 d.d³11.2 Hz, 3Ja,e³ ³ ³ ³23Ja,a 11.2,3Ja,e 3.6 Hz),
³11.2 Hz, 3Ja,e ³ ³(He),

3Ja,e 3.6 Hz ³3.6 Hz ³ ³ ³ ³1.45 m(5H)
³3.6 Hz ³ ³ ³ ³ ³ ³ ³

IV ³3.22 m, 2JMe ³1.32 d, ³1.77 m (Ha), 2.07 m (He)³2.76 d.t, 23Ja,a³3.41 s³5.75 (OH),³ 3 ³2.07 m (3H), 1.77 m (3H),
³6.8 Hz, 3Ja,a ³

3J 6.8 Hz³ ³11.2 Hz, 3Ja,e ³ ³8.90, 9.50 ³ ³1.58 d.t (H5, 233Ja,a 11.2,
³11.2 Hz, 3Ja,e³ ³ ³3.6 Hz ³ ³(NH) ³ ³3Ja,e 3.6 Hz), 1.48 k.t (Ha

8, 2J
³3.6 Hz ³ ³ ³ ³ ³ ³ ³12.4, 233Ja,a 11.2, 23Ja,e 3.6
³ ³ ³ ³ ³ ³ ³ ³Hz), 1.20 m(3H)

V ³3.32 m, 2JMe ³1.26 d, ³1.65 d.d (Ha),
3Ja,a ³2.93 d.t, 23Ja,a³3.27 s³5.64 (OH),³ 3 ³2.03 m (3H), 1.92 d.q (He

6, 2J
³6.8 Hz, 3Ja,a ³

3J 6.8 Hz³11.2 Hz, 2J 13.6 Hz, ³11.2 Hz, 3Ja,e ³ ³8.90, 9.20 ³ ³12.0, 23Ja,a 11.2, 3Ja,e 3.6
³11.2 Hz, 3Ja,e ³ ³2.03 m (He) ³3.6 Hz ³ ³(NH) ³ ³Hz), 1.75 d.q (He

9, 2J 12.0,
³3.6 Hz ³ ³ ³ ³ ³ ³ ³23Ja,a 11.2, 3Ja,e 3.6 Hz), 1.47 m
³ ³ ³ ³ ³ ³ ³ ³(2H), 1.20 m(3H)

VI ³3.20 m, 2JMe ³1.31 d, ³1.76 d.d (Ha),
2J13.2 Hz, ³2.70 d.t, 23Ja,a³3.06 s³ 3 ³1.89 s (3H) ³2.12 d.q (He

6, 2J 12.2, 33Ja,e

³7.0 Hz, 3Ja,a ³
3J 7.0 Hz³3Ja,a 11.2 Hz, 2.19 d.d³11.2 Hz, 3Ja,e ³ ³ ³ ³3.6 Hz), 1.96 m (3H), 1.40 m

³11.2 Hz, 3Ja,e ³ ³(He), 3Ja,e 3.6 Hz ³3.6 Hz ³ ³ ³ ³(5H)
³3.6 Hz ³ ³ ³ ³ ³ ³ ³

VII ³3.30 m, 2JMe ³1.23 d, ³1.83 d.d (Ha), 23J13.2 Hz,³2.81 d.t, 23Ja,a ³2.91 s³ 3 ³1.92 s (3H) ³1.97 m (3H), 1.76 d.t (H5,
³7.0 Hz,3Ja,a ³3J 7.0 Hz³3Ja,a 11.2 Hz, 2.24 d.d³11.2 Hz, 3Ja,e ³ ³ ³ ³23Ja,a 11.2 Hz,3Ja,e 3.6 Hz),
³11.2 Hz, 3Ja,e ³ ³(He),

3Ja,e 3.6 Hz ³3.6 Hz ³ ³ ³ ³1.45 m (5H)
³3.6 Hz ³ ³ ³ ³ ³ ³ ³

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ



Table 1. (Contd.)
ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Compd.³ H2 ³ 2-CH3 ³ H3 ³ H10 ³ =CH ³ OH, NH ³ COCH3 ³ Others
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

IX ³3.02 m, 3JMe ³1.10 d, ³1.36 t (Ha),
2J 12.8 Hz,³2.51 d.d, 3Ja,a³2.50 s ³ 5.65 ³ 3 ³1.82 m (5H), 1.22 m(3H)

³6.5 Hz, 3Ja,a ³
3J 6.5 Hz³3Ja,a 12.4 Hz, 2.01 d.d³12.4 Hz, 3Ja,e³ ³ ³ ³

³12.4 Hz, 3Ja,e³ ³(He),
3Ja,e 2.8 Hz ³3.0 Hz ³ ³ ³ ³

³2.8 Hz ³ ³ ³ ³ ³ ³ ³
X ³3.55 m, 3JMe ³1.48 d, ³2.12 d.d (Ha),

2J13.2 Hz,³3.12 d.d, 3Ja,a³ 3 ³5.80 ³2.25 s (3H)³1.78 m (5H), 1.20 m (3H)
³7.0 Hz, 3Ja,a ³

3J 7.0 Hz³3Ja,a 12.4 Hz, 2.45 d.d³12.4 Hz, 3Ja,e ³ ³ ³ ³
³12.4 Hz, 3Ja,e ³ ³(He)

3Ja,e 3.0 Hz ³3.2 Hz ³ ³ ³ ³
³3.0 Hz ³ ³ ³ ³ ³ ³ ³

XII ³3.26 m, 3JMe ³1.37 d, ³1.96 d.d (Ha),
2J13.2 Hz,³2.73 d.t, 23Ja,a³ 3 ³5.85 ³2.00 s (3H,³1.98 d.q (He

6, 2J 12.4, 33J 3.6
³7.0 Hz, 3Ja,a ³

3J 7.0 Hz³3Ja,a 12.0 Hz, 2.16 d.d³11.9 Hz, 3Ja,e ³ ³(2H) ³keton),1.92 s³Hz), 1.68 m (3H), 1.42 m (2H),
³12.0 Hz, 3Ja,e ³ ³(He)

3Ja,e 3.6 Hz ³3.6 Hz ³ ³ ³(3H,amide) ³1.28 m (3H)
³3.6 Hz ³ ³ ³ ³ ³ ³ ³

XIII ³3.35 m, 3JMe ³1.26 d, ³2.02 d.d(Ha),
2J 13.2 Hz,³2.85 d.t, 23Ja,a³ 3 ³5.55, 5.68 ³2.00 s (3H,³1.90 d.q ((He

6,, 23Ja,a 11.8, 23J
³7.0 Hz, 3Ja,a ³

3J 7.0 Hz³3Ja,a 12.2 Hz, 2.22 d.d³11.8 Hz, 3Ja,e ³ ³ ³amide), 2.24 s³12.4, 3Ja,e 3.6 Hz), 1.66 m
³12.2 Hz, 3Ja,e ³ ³(He),

3
Ja,e 3.6 Hz ³3.6 Hz ³ ³ ³(3H, keton)³(3H), 1.45 m (2H), 1.30 m(3H)

³3.6 Hz ³ ³ ³ ³ ³ ³ ³
ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

a The NMR spectra were recorded in the following solvents: for compoundsII, III, VI, VII , deuteromethanol; for compoundsIV, V , DMSO-d6, for compounds
IX, X, XII and XIII , CDCl3.

Table 2. 13C NMR spectra of 2e-methyl-trans-decahydroquinoline (I), cis- andtrans-4-hydroxy-2e-methyl-4-ethynyl-trans-decahydrohydroquinolines
II, III ), and of their and their HydrochloridesIV and V, dC, ppma

ÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ
Compd.³ C2 ³ C3 ³ C4 ³ C5 ³ C6 ³ C7 ³ C8 ³ C9 ³ C10 ³ C11 ³ -C= ³ =CH

no. ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³
ÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ

I ³ 53.6 d ³ 51.1 t ³ 210.1 s ³ 56.1 d ³ 25.7 t ³ 24.2 t ³ 25.4 t ³ 34.7 t ³ 61.9 d ³ 23.3 q ³ 3 ³ 3

II ³ 47.4 d ³ 49.5 t ³ 68.9 s ³ 52.0 d ³ 26.7 t ³ 27.6 t ³ 26.4 t ³ 34.6 t ³ 55.8 d ³ 22.2 q ³ 72.3 s ³ 80.9 d
III ³ 48.2 d ³ 50.3 t ³ 71.6 s ³ 53.2 d ³ 26.6 t ³ 27.1 t ³ 26.3 t ³ 34.2 t ³ 58.4 d ³ 22.2 q ³ 75.9 s ³ 81.2 d
IV ³ 48.3 d ³ 44.5 t ³ 69.0 s ³ 50.9 d ³ 24.5 t ³ 24.9 t ³ 24.2 t ³ 29.9 t ³ 57.3 d ³ 18.3 q ³ 77.6 s ³ 81.9 d
V ³ 47.2 d ³ 44.7 t ³ 71.9 s ³ 48.0 d ³ 25.4 t ³ 25.6 t ³ 25.0 t ³ 30.1 t ³ 55.2 d ³ 18.4 q ³ 74.2 s ³ 82.3 d

ÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄ
a The spectra were recorded in the following solvents: for compoundI , in CDCl3, for compoundsII , III , in CD3OD, for compoundsIV andV, in D2O.
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ing in the product basing on the13C NMR data
(Table 2). The chemical shift of carbinol carbon is
known [3] to havelargervalue by the isomer with the
axial hydroxy group, andwith the tertiary alcohols
this difference amounts to 233 ppm [4]. In ourcase
the chemical shift of the C4 atom in the prevailing
isomer equals to68.9, and71.6 ppm in thesecond
isomer (69.0 and71.9 ppm in thespectra of the
respective hydrochlorides); therefore we assigned to
the former isomercis-4e-OH, and to the lattertrans-
4a-OH structure. Our conclusions on the spatial
geometry of stereoisomersII and III based on NMR
spectra are in agreement with the data of [2] where
the axial position of ethynyl substituent was derived
from the difference in the IR and UV spectra of the
stereoisomeric ethynylcarbinols.

We showed time and again that stereochemistry of
organolithium compounds addition, inparticular, in
the case of lithium acetylide[5], was controlled not
by thermodynamical but by sterical factors. Therefore
the observed isomer ratio (3 : 2) iscaused not by
relative thermodynamic feasibility of isomer forma-
tion with a hydroxy group in the equatorial position,
but by relative spatial accessibility of thea- and
b-sides of the molecule.

Tertiary alcoholsII andIII (in a mixture) and also
their hydrochloridesIV and V (as individual com-
pounds) were brought into Ritter

,
s reaction. We

showed formerly [5, 6] that in reaction proceeding
through a[classical] carbocation the ethynyl substitu-
ent virtually was notaffected in the course of reac-
tion, and theprocess gaverise to the corresponding
ethynylamines. If the[nonclassical] charge delocaliz-
ation is possible, then the ethynyl group would suffer
hydration and transform intoacetylgroup;then in the
reaction form the corresponding amidoketones.Since
the formation of nonclassical carbocations is not
characteristic of decahydroquinoline compounds, sub-
stancesII 3V eliminate the hydroxy group and are
converted into the stereoisomeric 4-cis-acetylamino-
2e-methyl- and 4-trans-acetylamino-2e-methyl-4-
ethynyl-trans-decahydroquinolines (VI ) and (VII ).
The isomer ratio (3 : 2) is independent of the stereo-
chemistry of the initial alcohol thus confirming that
the reaction proceeds through a[classical] propargyl
cation VIII .

The propernucleophilic center (a nitrogen atom)
in the initial compoundsII 3V may attack cationVIII
at the C4 atom resulting in formation of a significant
amount of polymerization (polycondensation) pro-
ducts. The latter fraction was partiallyreduced by
carrying out the process in 3-foldexcess of aceto-

nitrile as compared with the commonprocedure. The
quantity of sulfuric acid was also somewhat increased
for, firstly, the initial substrates were bases and
partially bound theacid, and, secondly, thereaction
was performed in excessacetonitrile, and thus at the
usual amount of acid (4-fold with respect to substrate)
the rate of the corresponding amide formationbecame
too slow. The amount of polymerization products
formed from hydrochloridesIV, V is somewhat
smaller. It is apparently due to the reduced nucleo-
philicity of the nitrogen in both these compounds
because it is already protonated before acidaddition.

The structure of stereoisomeric ethynylamidesVI
andVII was established from IR,1H NMR, andmass
spectra (Table 3). The IR spectra of the compounds
contain absorption bands corresponding to vibrations
of amide carbonyl at 1650 cm31, of amide NH group
at 1550 and 3420 cm31, of the NH group in the ring
at 3080 cm31, and also the bands from vibrations of
acetylene bond=C3H (3310 cm31 in thecis-isomer of
amide VI and 3250 cm31 in the trans-isomer VII ).
In the mass spectra of compoundsVI and VII
appear the peaks of molecular ionsM+ 236 with
relative intensity 17 and 14% to the maximal peak
respectively.

In the 1H NMR spectra of stereoisomeric amides
VI and VII are observed the singlets fromamide
acetyl groups at~1.9 ppm, and therest of the spectra
are similar to those of the corresponding alcohols
(see Table 1). Thecis-structure was assigned to the
prevailing isomerbecause theproton signals at C2

and C10 in the spectrum of this isomer are located
upfield as compared to the corresponding signals of
the minor product. It corresponds(see above) to the
equatorial orientation of the acetylamino group
attached to C4. This stereochemical result is well
consistent with the more favorable addition of the
nucleophile to cationVIII from the more spatially
accessibleside. Thefact that thecis/trans ratio was
the same in the reaction products at ethynylation of
ketone I and nucleophilic substitution in alcohols
II, III is due to the similarity of the size of the
entering ethynyl and nitrilegroups.

We failed to hydrate the ethynyl group in com-
poundsII and III by Kucherov

,
s reaction. According

to published data [7] the presence of an amino group
in the molecule prevents the Kucherov

,
s reaction, and

no proposals have been advanced how to overcome
this obstacle. We tried an alternative procedure for
conversion of ethynyl group into acetylone: The
initial ethynylcarbinol was heated withconcn. formic
acid (Rupe rearrangement). It isbelieved that



RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 8 2002

SYNTHESIS AND REACTIONS OF 4-cis- 1121

Table 3. IR and mass spectra and melting points of 4-cis- and 4-trans-4-hydroxy-2e-methyl-4-ethynyl-trans-
decahydroquinolines (II ), (III ) of their hydrochloridesIV, V , of cis- and trans-4-acetylamino-2e-methyl-4-ethynyl-
trans-decahydroquinolines (VI ), (VII ), 2e-methyl-4-ethynyl-1,2,3,6,7,8,9,10-octahydroquinoline (IX ),
4-acetyl-2e-methyl-1,2,3,6,7,8,9,10-octahydroquinoline (X), and cis- and trans-4-acetyl-4-acetylamino-2e-methyl-
trans-decahydroquinolines (XII ) and (XIII )
ÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ
Compd.³ mp, ³ IR spectrum,n, cm31 ³ Mass spectrum, m/z

no. ³ oC ³ ³
ÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

II ³ 2063207³3420 (OH), 3320 (=C3H), 3130 (NH), 2980, ³193 (M + , 23%), 178 (M +
3CH3, 100%), 160

³ ³2950, 2930, 2890,2860 (C3H), 2100 (C=C) ³(M +
3CH33H2O), 150, 136, 124, 110, 91, 82,

³ ³ ³68, 53, 44
III ³ 1273129³3450 (OH), 3250 (=C3H), 3130 (NH), 2980, ³193 (M + , 21%), 178 (M +

3CH3, 100%), 160
³ ³2940, 2925, 2890,2860 (C3H), 2100 (C=C) ³(M +

3CH33H2O), 150, 136, 124, 110, 91, 82,
³ ³ ³68, 53, 44

IV ³ >300 ³3440 (OH), 3320 (=C3H), 3200 (NH), 2980, ³194 (M + , 30%), 179 (M +
3CH3), 160 (M +

3

³ ³2950, 2930, 2890,2860 (C3H), 2750, 2720,³CH33H3O+ ), 151 (100%), 136, 124, 110, 108,
³ ³2660, 2520, 2470,2400 (NH+ ), 2100 (C=C) ³91, 82, 67, 53, 44

V ³ >300 ³3450 (OH), 3250 (=C3H), 3200 (NH), 2980, ³194 (M + , 26%), 179 (M +
3CH3), 160 (M +

3

³ ³2940, 2930, 2890,2860 (C3H), 2750, 2720,³CH33H3O+ ), 151 (100%), 136, 124, 110, 108,
³ ³2660, 2520, 2470,2400 (NH+ ), 2100 (C=C) ³91, 82, 67, 53, 44

VI ³ 2353236³3420 (NH), 3310 (=C3H), 3080 (NH), 2980, ³236 (M + , 17%), 221 (M +
3CH3), 206 (M +

32CH3),
³ ³2950, 2930, 2890,2860 (C3H), 2100 (C=C), ³178 (M +

3CH33COCH3), 152 (M +
3CH33

³ ³1660 (C=O, amide), 1550 (NH) ³NH2COCH3, 100%), 136, 124, 110, 91, 82, 68,
³ ³ ³58, 53, 44

VII ³ 1953196³3420 (NH), 3250 (=C3H), 3080 (NH), 2980, ³236 (M + , 14%), 221 (M +
3CH3), 206 (M +

32CH3),
³ ³2950, 2930, 2890,2860 (C3H), 2100 (C=C), ³178 (M +

3CH33COCH3), 152 (M +
3CH33

³ ³1660 (C=O, amide), 1550 (NH) ³NH2COCH3, 100%), 136, 124, 110, 91, 82, 68,
³ ³ ³58, 53, 44

IX ³ 1863188³3190 (=C3H), 3130 (NH), 2970, 2930, 2860,³175 (M + , 18%), 160 (M +
3CH3), 150 (100%),

³ ³2830(CH),2100 (C=C), 1620(C=C conjugated)³136, 124, 110, 91, 82, 68, 53, 44
X ³ 1823183³3120(NH), 2970, 2930, 2850,2820(CH), 1700³193 (M + , 15%), 178 (M +

3CH3), 150 (M +
3

³ ³(C=O conjugated), 1620(C=C conjugated) ³COCH3, 100%), 136, 124, 110, 108, 91, 82,
³ ³ ³68, 53, 44, 43

XII ³ 2123214³3360,3120(NH), 2980, 2950, 2930, 2890,2860³252 (M + , 11%), 237 (M +
3CH3), 222 (M +

32CH3),
³ ³(C3H), 1720 (C=O, ketone), 1660 (C=O, ³196 (M +

3CH33COCH3), 180 (M +
3CH33

³ ³amide), 1550 (NH) ³NH2COCH3, 100%), 158 (M +
32COCH3), 152,

³ ³ ³136, 124, 110, 91, 82, 68, 58, 53, 44
XIII ³ 1683169³3350,3110(NH), 2980, 2960, 2920, 2880,2840³252 (M + , 9%), 237 (M +

3CH3), 222 (M +
32CH3),

³ ³(C3H), 1720 (C=O, ketone), 1660 (C=O, ³196 (M +
3CH33COCH3), 180 (M +

3CH33

³ ³amide), 1550 (NH) ³NH2COCH3), 158 (M +
32COCH3), 152 (100%),

³ ³ ³136, 124, 110, 91, 82, 68, 58, 53, 44
ÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

a-hydroxyacetylenes isomerize under these conditions
to yield a,b-unsaturated ketones. It turned outhow-
ever that the main transformation which underwent
ethynylcarbinolsII and III was merely a dehydration
into 4-ethynyl-2e-methyl-1,2,3,6,7,8,9,10-octahydro-
quinoline (IX ). The isomerizationproduct, 4-acetyl-
2e-methyl-1,2,3,6,7,8,9,10-octahydroquinoline (X),
formed as a minor component (~12%). The lowyield
of ketoneX apparently originated from the structure
of the intermediate preceding its formation: The latter

should be a protonated form of oxirane ring with a
semicyclic methylene group [8] possessing large
skeletonstrains.Since in the initial compoundsII and
III the hydroxy group is in thering, in the inter-
mediateXI should occur a spiro-joint of the oxirane
and decalinrings. Obviously compoundX arises in
this case as aresult of the secondary hydration of the
preliminary formed enyne IX ; this assumption is
supported by results of its conversion in Ritter

,
s

reaction that are discussedfurther.
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CompoundsIX and X were isolated from the reac-
tion mixture in the individual state by crystallization
from acetone. Their structure wasdeducedfrom IR,
1H NMR, and massspectra, In the IR spectrum of
enyneIX in contrast to the initial carbinols lacked the
band of he hydroxy group but appeared a band at
1620 cm31 characteristic of a conjugated doublebond.
In the mass spectrum of the compound is present a
molecular ion peakM+ 75 with integral intensity
18% relative to the maximalone. Thedouble bond at
dehydration arose in keeping with Zaitsevrule,
between C4 and C5 atoms as show the data of
1H NMR spectroscopy:Firstly, in the spectrum of
compoundIX are no signals characteristic of olefin
protons; secondly, thesignal of H10 proton (d
2.51 ppm) has a single coupling constant character-
istic of an axial-axial coupling(12.4 Hz). In the IR
spectrum ofa,b-unsaturated ketoneX appear absorp-
tion bands at 1700 and 1620 cm31 characteristic of
enone fragment. Thepeak of molecular ion in the
mass spectrumM+ 193 (15%) corresponds to the
isomerization product. In the1H NMR spectrum of
compoundX appears a singlet from theacetyl group
at 2.25 ppmwith integral intensity corresponding to
three protons. Theposition of the double bond in the
ring wasestablished basing on the same reasoning as
was used for enyneIX .

We used compoundsIX and X as substrates for
Ritter

,
s reaction. It wasestablished that enoneX

under conditions of this reaction furnished a mixture
of stereoisomeric 4-acetyl-4-cis-acetylamino- and
4-acetyl-4-trans-acetylamino-2e-methyl-trans-deca-
hydroquinolines (XII ) and (XIII ) in 9 : 7 ratio. The
structure of compoundsXII andXIII was established
from the data of IR,1H NMR, andmassspectra. In
the IR spectra of both compounds are present the
absorption bands characteristic of ketone and amide
carbonyls (1720 and 1660 cm31 respectively),
and also of amide(1550, 3350 cm31) and amine
(3120 cm31) NH groups. In themass spectra are
observed molecular ion peaksM+ 252 of integral
intensity 11 and 9% relative to the maximal peak
respectively. The prevailing component was assigned
the cis-isomer structure basing on the1H NMR
spectrum (see Table 1). As in the case of the above
described amidesVI and VII in the trans-isomer a
1,3-nonbonded interaction was observed between
axial amide group and protons attached to C2 and C10

atoms. Therefore thesignals of protons H2 and H10

shift downfield.

Note that formation of amidoketones of the
mentioned structure corresponds formally to nucleo-

phile (nitrile) addition to cationXIV . We previously
[9] observed quite different behavior ofa,b-un-
saturated ketones in thisreaction. Themolecule was
exclusively protonated at the carbonyl group afford-
ing oxyallyl cation, andthen nucleophile added to the
carbon the most removed from the hydroxygroup;
the subsequent transformations resulted inb-diamide.
Presumably an analogous cation mayform also from
compound X, but the nucleophile addition to the
b-atom of allyl-cation XV would be thermo-
dynamically unfavored for it consists in introducing a
bulky amide substituent into a nodal position of the
decahydroquinolinering.

It was presumable that under conditions of Ritter
,
s

reaction enyneIX and alcoholsII and III (or their
hydrochloridesIV and V) would furnish the same
products for the reaction should proceed via the
common carbocationVIII . It turned out however that
amidesVI and VII were although the principal but
not the only reactionproducts. Alongside these
amides in the reaction mixture were found two more
compounds identified as amidoketonesXII andXIII .
Obviously the triple bond ofenyne IX underwent
partial hydration forming intermediately mesomerical-
ly stabilized ionXVI . The overall content of amides
XII and XIII in the reaction mixture amounts to
12%, corresponding to the quantity of enoneX in the
products obtained by treating ethynylcarbinolsII and
III with formic acid. This fact suggests an assump-
tion, that formation of 4-acetyl-substituted derivatives
X, XII , and XIII occurs along similar mechanisms
and is limited by the samefactors: protonation rate
and [life time] of cation XVI .

It should be noted that transformations of octa-
hydroquinolinesIX and X give rise to compounds
with trans-junetion of the cyclohexane and the
piperidine rings (derivatives oftrans-decahydroquino-
line) as show the1H NMR data. Thisstereochemical
outcome of the reaction is consistent with the thermo-
dynamically preferabletrans-configuration of the
decahydroquinolinering; it is also in agreement with
the published data [10] on exclusive formation of
trans-decahydroquinolines at hydride reduction of
N-substituted 4-oxo-1,2,3,4,6,7,8,9-octahydro-
quinolines.

EXPERIMENTAL

1H NMR spectra were registered on spectrometers
Bruker AC-200 (200 MHz) and Bruker DRX-500
(500 MHz). 13C NMR spectra were taken on
spectrometer Bruker AC-200. IRspectra were
measured onFourier spectrophotometer Protege-460
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(Nicolet Co), mass spectra were recorded on an
instrument ChromassGC/MS Hewlett Packard
5890/5972, column HP-5MS, ionizing electrons
energy 70 eV. The reactions progress was monitored
and the purity of products obtained waschecked by
GLC on chromatograph Chrom-5equipped with glass
column (20002 mm) packed with Cromaton-N-AW-
DMCS (0.1630.20),stationary phase Apiezon L.

4-cis-Hydroxy- and 4-trans-hydroxy-2e-methyl-
4-ethynyl-trans-decahydroquinolines (II) and (III)
were prepared by reaction of lithium acetylide (~50%
excess) with16.7 g (100 mmol) of 2e-methyl-4-oxo-
decahydroquinoline (I ) in tetrahydrofuran solution
along procedure we had described before[5]. The
most of products precipitate from the THF solution at
quenching lithium alcoholate withwater. The rest of
acetylene alcohols mixture was isolated after solvent
evaporation. After crystallization from ethanol we
obtained 17.3 g (90%) of amixture of ethynyl-
carbinols II and III . The separation of the isomers
involved some difficulty since the compounds are
sparingly soluble in most common solvents save
lower alcohols. The crystallization from ethanol and
methanol provided mixture with nearly the same
composition as the initialone. Since compoundsII
and III as relatively strong bases actively take up the
carbon dioxide fromair, their separation by repeated
crystallization also was unsuccessful. Small amounts
of individual compoundsII and III required for
measuring1H nd 13C NMR spectra were isolated by
preparative TLC on silica gel(5/40), eluent THF3
ethanolmixture, 4 : 1. The minorcomponent of the
reactionmixture, trans-isomer III , was more mobile
(Rf 0.59), mp 1273129oC. Publ. data [2]: mp 1273
128oC. Thecis-isomer II has lower chromatographic
mobility (Rf 0.38), mp 2063207oC. Publ. data [2]:
2053206oC.

4-cis-Hydroxy- and 4-trans-hydroxy-2e-methyl-
4-ethynyl-trans-decahydroquinoline hydrochlorides
(IV) and (V) we succeeded in preparation in small
amount by passing gaseous HCl through a solution of
acetylene alcoholsII and III in THF. CompoundsII
and III precipitated. However this method is not fit
for preparation of large quantities of hydrochlorides,
for alcohols II and III are poorly soluble inTHF.
Therefore hydrochloridesIV andV were obtained by
passing excess HCl through a solution of decahydro-
quinolines II and III in alcohol. On evaporation of
solvent the mixture of hydrochlorides was obtained in
quantitative yield. The mixture wasseparated by
crystallization from water. From thesolution first
precipitated the hydrochloride ofcis-isomerIV of the
purity tolerable in the spectral measurements (no less

than 98%). In themother liquor remained a mixture
of hydrochlorides IV and V containing ~12% of
cis-isomer and 88% oftrans-isomer. Hydrochloride
V in virtually pure state was obtained from the
alcoholic solution by careful precipitation with THF
(on addition of excess THF both isomersprecipitate).
Both hydrochloridesIV and V melt over 300oC and
are hygroscopic.

Ritter ,s reaction.To 10 ml (~200 mmol) of aceto-
nitrile was added 10 mmol ofsubstrate, and at
vigorous stirring andcooling with cold water (15oC)
was slowly added 5ml (~70 mmol) of sulfuricacid.
Therewith the substrate suspension gradually dis-
solved. The reaction mixture was stirred at room
temperature till completion of the process (GLC
monitoring), then it was cautiously poured into an
excess of diluted water solution of NaOH orKOH.
The precipitated reaction product was filteredoff,
dried on the filter, anddissolved in ethanol or
methanol. Insoluble residue (polymeric products) was
separated by filtration. On distilling off thealcohol
the mixture of stereoisomeric amides was separated
by crystallization.

(a) By Ritter
,
s reaction from a mixture ofacetylene

alcohols II and III were obtained 4-cis-acetylamino-
2e-methyl-4-ethynyl-trans-decahydroquinoline (VI )
and 4-trans-acetylamino-2e-methyl-4-ethynyl-trans-
decahydroquinoline (VII ) in 3 : 2 ratio. Yield 1.4 g
(60%). Amides VI and VII were separated by re-
peated crystallizationfrom ethanol. Therewith the
crystal phase enriched with thecis-isomer of amide,
and the mother liquor with thetrans-isomer. The
samples fit for spectral studies were obtained after
435 crystallizations.

(b) From individual hydrochloridesIV or V we
obtained a mixture of stereoisomeric amidesVI and
VII in the same ratio but in somewhat higher yield
(1.6 g, 68%).

(c ) F r om 4-ace ty l -2e-methy l -4-ethyny l -
1,2,3,6,7,8,9,10-octahydroquinoline (X) was obtained
a mixture of 4-acetyl-4-cis-acetylamino- and 4-acetyl-
4-trans-acetylamino-2e-methyl-trans-decahydroquino-
lines XII andXIII in 9 : 7 ratio and in amount1.56 g
(yield 62%). The individual stereoisomers were
isolated by the same procedure as used with amides
VI and VII . AmidoketonesXII , XIII are a little
better soluble in acetone andchloroform than com-
pounds VI, VII .

(d) From 2e-methyl-4-ethynyl-1,2,3,6,7,8,9,10-
octahydroquinoline (IX ) was obtained a mixture of
compoundsVI, VII, XII, XIII in 53 : 35 : 7 : 5 ratio
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(GLC data). For separation of the minor components
was used their better solubility inacetone than that of
ethynylamides VI and VII . Each two-component
mixture thus obtained was separated into isomers by
repeated crystallization from alcohol(seeabove).

Kucherov,s reaction was carried out by procedure
developed for hydration of an ethynyl group in
2-hydroxy-2-ethynyladamantane[11]. Ethynyl deriv-
atives II and III were not hydrated under these con-
ditions. At more stringentconditions only increased
the formation of polymer.

Rupe rearrangement was performed by boiling
5.9 g (30 mmol) of a mixture of compoundsII and
III with 24 ml of 87% HCOOH. Thereaction was
carried out till GLC analysis showed completecon-
sumption of the initial compounds. The reaction
mixture was diluted with water (~1 : 10), carefully
neutralized with excess of diluted aqueousalkali, the
separated precipitate was filtered off and dried on the
filter, then dissolved in ethanol. Insoluble part (poly-
merization products) was separated, the alcoholic
solution was evaporated to furnish a mixture of
2e-methyl-4-ethynyl-1,2,3,6,7,8,9,10-octahydro-
quinoline (IX ) and 4-acetyl-2e-methyl-4-ethynyl-
1,2,3,6,7,8,9,10-octahydroquinoline (X) (88 : 12),
yield 3.9 g (72% calculated to 1 mol ofproducts).
CompoundsIX and X were separated by crystalliza-
tion from acetone.First precipitated the dehydration
product IX as yellowish fine-crystallinepowder. The
mother liquor contained prevailinglyacetyl deriv-

ative X with some impurity of compoundIX . To
purify compoundX the mother liquor was evaporated,
and the residue was recrystallized from ethanol.
CompoundX was obtained as lemon-yellowcrystals.
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