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The different s t e reochemis t r i e s  of the addition of acetylene and vinyl- or ethylmagnesium bro-  
mides to 1-a lkyl-  and 1 ,2 ,2- t r imethyl - t rans-decahydro-4-quinolones  are  shown. In the ethy- 
nylation of mixtures of c i s -  and t rans - l -a lky ldecahydro-4-qu ino lones ,  one acetylenic alcohol of 
the cis ser ies  was isolated in each case  in addition to two epimeric (with respec t  to the 4 posi-  
tion) t rans alcohols.  The configurations of the synthesized alcohols were established by IR 
spect roscopy.  

Continuing our study of the s t e r eochemis t ry  of nucleophilic react ions involving addition to the carbonyl  
group of y-decahydroquinolones (for example, see [1-3]), in the present  r e s e a r c h  we have studied the addition 
of sodium acetylide in liquid ammonia and of vinyl- and ethylmagnesium bromides to decahydro-4-quinolone 
and its 1-alkyl-  and 1 ,2 ,2- t r imethyl-subst i tu ted derivatives.  The s tar t ing  decahydro-4-quinolone and 1-alkyl-  
decahydro-4-quinolones  were obtained by the method in [4] by cycl izat ion of/~-diethylaminoethyl 1-cyclohexenyl 
ketone with the appropriate  amines.  The cyclizat ion products were obtained as mixtures of cis and t rans  
ketones, the rat io of which was determined by gas - l i qu idch roma tog raphy(GLC)(Tab le  1). The picrates  of the 
individual c i s -  and t r ans - l - a lky ldecahydro-4 -qu ino lones  were isolated by fractional crys ta l l iza t ion of the mix-  
ture  of p icra tes .  We were unable to isolate the pure picrate  of cis i somer  III in the case  of 1-methyldecahydro-  
4-quinolone. The individual 1 -a lky l - t rans -decahydro-4-qu ino lones  II, IV, VI, and VIII were obtained by decom- 
position of the cor responding  p icra tes  with a column filled with A1203. We were unable to isolate f ree e i s -de -  
cahydroquinolones III, V, VII, and IX because of their i someriza t ion to the t rans-ke tones .  

A mixture of two epimer ic  (with respec t  to the 4 position) acetylenic alcohols is formed in high yield as 
a resu l t  of the addition of sodium acetylide in liquid ammonia to t rans-decahydroquinolones  I, II, IV, VI, and 
VIII, The individual acetylenic alcohols were isolated by crysta l l izat ion of the bases or hydrochlorides (Table 
2). The ra t ios  of the acetylenic alcohols with an axial ethynyl group to their  epimers  in the react ion products 
were 2 : 1 in all cases ,  according to the TLC data. 

In order  to determine the configurations of the synthesized acetylenic alcohols, we obtained their acetates 
(Table 3). The spatial  orientation of the hydroxy group in the epimeric  acetylenic alcohols was determined from 
the vO-H frequency and the form of the PC-O band of their  acetates.  It is known [5] that the axial OH group in 
alicyclic alcohols has a higher >O-H frequency than the equatorial  OH group. One >C-O absorption band at 
1200-1260 cm -1 was observed in the spec t ra  of the acetates  of the equatorial  alcohols, whereas two or more  
bands in the same region were observed in the spec t ra  of the acetates  of the axial alcohols [3, 6, 7]. It is seen 
f rom Table 2 that acetylenic alcohols XIV, XVII, XX, and XXIII have higher vO-H frequencies than acetates 
XXVI, XXIX, XXXII, and XXXV - three or four ~C-O bands. In cont ras t  to this, acetylenic alcohols XIII, XVI, 
XIX and XXII have lower VO_ H absorption frequencies,  but their acetates  XXV, XXVIII, XXXI, and XXXIV have 
a singlet VC_ O band. On the basis of this, an axial orientation of the hydroxy group should be assigned to a lco-  
hols XIV, XVII, XX, and XXIII, and an equatorial  orientation should be assigned to alcohols XIII, XVI, XIX, and 
XXII. The re la t ive  ra tes  of ester i f icat ion of the epimeric  acetylenic alcohols conf i rm the IR spectra l  data: 
alcohols XIII, XVI, XIX, and XXII Lorm es te r s  fas ter  by a factor  of two than alcohols XIV, XVII, XX, and XXIII. 
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The established orientation of the hydroxy group of the epimeric acetylenic alcohols is in conformity with their  
chromatographic  mobilit ies.  

The configuration of secondary  bases XI and XII was established by their  conversion to t e r t i a ry  bases 
XIII and XIV by methylation of the nitrogen atom. 

In order  to obtain the cis  i somers  of the acetylenic alcohols we also subjected the mixture of c i s - t r a n s -  
ketones to ethynylation. As a resul t  of this, in addition to the epimeric (with respect  to the 4 position) acetylenic 
alcohols of the t rans  se r i es ,  we also isolated acetylenic alcohols of the cis ser ies  XW, XXI, and XXIV. Analy- 
sis of the reaction products by GLC reveals ~ 10% of the eis isomer of the acetylenic alcohol in the mixture in 
each case. An axial orientation of the hydroxy group was assigned, from the form of the band in the IR spectra 
of acetates XXVII, XXX, XXXIII, and XXXVI, to alcohols XV, XVIII, X~XI, and XXIV (Table 3). 

Mainly (65-85%) 4-vinyl- (LII, LIV, LVII, I~Y, and LXIII, Table 4) and 4-ethyl-substituted (XXXVIII, XL, 
XLIII, and XLIX, Table 5) alcohols with equatorial vinyl or ethyl groups, identical to the alcohols obtained by 
selective and exhaustive hydrogenation of acetylenic alcohols XII, XIV, XVII, XX, and XXIII, are formed in the 
reaction of the individual trans-ketones I, II, IV, VI, and VIII with vinyl- and ethylmagnesium bromides. Their 
epimers with respect to the 4 position, which are present in small amounts in the resulting mixtures, were 
identified by thin-layer chromatography (TLC) with vinyl (LI, LIII, LVI, LIX, and LXII) and saturated (XXXVII, 
XXXIX, XLII, XLV, and XLVIII) alcohols, which have axial alkenyl or alkyl substituents and are obtained by 
hydrogenation of acetylenic alcohols XI, XIII, XVI, XLX, and XXII. We were able to isolate alcohol XXXIX, 
which has an axial C2H 5 group, only in one case by crystallization of the mixture of epimeric 1-methyl-4-ethyl- 
trans- deea hydr o-4-quinolones. 

4-Vinyl- (LV, LVIII, LXI, and LXIV) and 4-ethyl-substituted (XLI, XLIV, and XLVII) alcohols of the cis 
series were obtained by means of selective and exhaustive hydrogenation of the corresponding acetylenic alco- 
hols XV, XVIII, XXI, and XX1%'. 

The data obtained in this r e s e a r c h  indicate that the addition of sodium acetylide in liquid ammonia to 
t rans -deeahydro-4-qu ino lone  and l - a lky l - t r ans -decahydro -4 -qu ino lones  takes place by p re fe r red  axial attack 
of the reagent  with a three-d imens ional  specificity that is the r e v e r s e  of that in the addition of organomagnesium 
compounds. 

The react ions descr ibed above were also studied in the case  of 1 ,2 ,2 - t r ime thy l - t r ans -deeahydro-4-qu ino-  
lone (X), obtained by the method in [71. Analysts of deeahydroquinolone X by GLC did not reveal  the presence  
of the cis form in it. Ketone X, being hindered because of the presence  of two geminal methyl groups in the 
meta position re la t ive  to the carbonyl  group, reac t s  with sodium aeetylide in liquid ammonia s t r ic t ly  selectively 
to give only one i somer  of acetylenic alcohol LXV in high yield (94%) (Table 6). The relat ively high Vo_ H f r e -  
quency of the hydroxy group of aleohoI LXV and the doublet form of the Vc_ O band of its acetate LXVI make it 
possible to assign an axial orientation to the hydroxy group. Thus in this ease  one observes unusual (for ethyny- 
lation) s tereospeci f ic i ty  with exclusive equatorial  incorporat ion of the ethynyl group. 

Vinyl and saturated alcohols LXVII and LX%'III, which were found to be identical to the alcohols obtained 
by hydrogenation of acetylenic alcohol LNW, were obtained by react ion of ketone X with vinyl- and e thyl -mag-  
nesium bromides .  The lat ter  conf i rms the equatorial  orientation of the ethynyl group in alcohol LXV. 

EXPERIMENTA L 

Starting decahydroquinolones I-LY (Table 1) were obtained by cycylizat ion of fi-diethylaminoethyl 1 -cyc lo-  
hexenyl ketone [4] with 40% aqueous amines (1 : 1.5) in methanol at 70-80 ~ for 6 h; decahydroquinolone X was 
obtained by cyclization of isobutenyl 1-cyclohexenyl  ketone with methylamine [8]. Thin- layer  chromatography 
(TLC) of the ketones was accomplished on plates (70 by 25 ram) with Woelm A1203 in a c h l o r o f o r m - h e x a n e  
sys tem (4 : 1). The picra tes  of the ketones were obtained and crys ta l l ized from ethanol. The t rans-ketone  bases 
were isolated by decomposit ion of the corresponding picra tes  in a column filled with A1203 by elution with 
chloroform.  Analysis of the ketones by GLC was accomplished with a Khrom-31 chromatograph  with a glass 
capi l lary column (100 m by 0.5 ram) on an Apiezon K stat ionary phase at 160 ~ and a helium p re s su re  at the inlet 
of 1.1 aim. 

Acetylenic alcohols XI-XXIV and LXV (Tables 2 and 6) were prepared by ethynylation of the corresponding 
decahydroquinolones with sodium acetylide in liquid ammonia under the conditions previously  described in [1]. 
Acetylenic alcohols XI and XII were extracted with ethyl acetate,  and the remaining alcohols were extracted 
with diethyl ether.  Thin- layer  chromatography of the acetylenic alcohols was accompli3hed in a c h l o r o f o r m -  
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ethanol sys tem (30 : 1). The t rans -a lcohols  were isolated from the mixture of c i s - t r ans -ace ty l en i c  alcohols 
obtained f rom the mixture of c i s - t r ans -ke tones  by crys ta l l iza t ion of the bases f rom hexane ethyl acetate (4 : 1) ; 
the uncrysta l l izable  res idue  was vacuum fractionated and converted to a mixture of the hydrochlor ides;  f r ac -  
tional reprecipi ta t ion of the latter yielded the individual hydrochloride of the c is -a lcohol .  The rat ios of the 
i somers  in the p r ima ry  mixtures were determined by GLC with a glass capi l lary column (100 m by 0.5 ram) on 
a s ta t ionary phase consist ing of Apiezon K and 10% Carbowax 20 M at 180 ~ and a helium p re s su re  at the inlet of 
1.1 atm. Quantitative analysis was accomplished from the a reas  of the peaks. 

Acetates  XXV-XXXVI and LXVI (Tables 3 and 6) were obtained by acetylation of alcohols X I - X X I V  and 
LXV with a mixture of acetic anhydride and acetyl chloride at 70-80 ~ 

Acetylenic alcohols XI and XII were methylated to alcohols XIII and XIV with a mixture of 40% aqueous 
formalin and 85% formic acid at 100 ~ . 

The vinyl (LI-LXIV and LXVIII) and 4-ethyl-subst i tuted (XXXVII-L and LXVII) amino alcohols (Tables 4 
and 6) were synthesized from the corresponding ketones by means of the Normant  and Grignard react ions under 
the conditions descr ibed in [2] and also by catalytic reduction of the acetylenic alcohols in the p resence  of the 
Lindlar ca ta lys t  and Pd/CaCO 3 at room tempera ture ,  respect ively .  

The IR spec t ra  of 3 " 10 -3 M CCI~ solutions of the compounds were recorded  with a UR-20 spec t rometer .  

1~ 

2. 
3. 

4. 

5. 
6. 
7. 

8~ 

9. 
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