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A mix ture  of s t e r e o i s o m e r i c  diacetylenic piperidols  was obtained by the react ion of 1,2,5- 
t r ime thy l -4 -p ipe r idone  with p-diethynylbenzene in liquid ammonia in the p resence  of sodium 
amide.  Each of the two pure alcohol and glycol geomet r ica l  i so m er s  were isolated by chro-  
matography with columns fi l led with aluminum oxide. Assumptions re la t ive  to the t h r ee -  
dimensional  s t ruc tu re  of the synthesized compounds a re  expressed  on the basis  of the pr in-  
ciples  of conformational  analysis ,  the chromatographic  data, and a study of the IR and NMR 
spec t ra .  Saturated piperidols  were obtained by catalyt ic  hydrogenation on a Raney nickel 
catalyst .  

Di- and polyacetylenic compounds have recent ly  a t t rac ted  the attention of r e s e a r c h e r s  because  of 
the i r  b iochemical  p roper t i e s .  Active bac te r ioc ides  and fungicides were  found among such compounds [1, 
2]. The condensation of diacetylene and its der iva t ives  with var ious  carbonyl  compounds has been widely 
used to synthesize  polyacetylenic compounds [3,4]. However,  this method was investigated only for  the 
s imples t  carbonyl  compounds and has not been studied at all for  he te rocyc l ic  ketches .  

In continuing our investigations [5,6] of the synthesis  of polyacetylcnic alcohols of the he te rocyc l ic  
s e r i e s  we studied the condensation of 1 ,2 ,5- t r imethyl -4-piper~done (I) [7] with p-diethynylbenzene (II) [8]; 
the condensation was ca r r i ed  out in liquid ammonia in the p resence  of sodium amide~ The react ion yielded 
mix tures  of s t e r e o i s o m e r i c  a l c o h o l s -  1 ,2 ,5- t r imethyl -4- [ f l - (p-d ie thy~ylphenyl ] -4-p iper ido ls  (Hlfi, T)and  
/7, f lLb is (1 ,2 ,5 - t r imethy l -4 -hydroxy-4-p iper idy l ) -p -d ie thynylbenzenes  (IV#, T ) - i n  the approximate  ra t ios  
III#: IIIT = 2 .5 :1  and IVfl :IVT = 2 .3 :1 .  
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TABLE 1. Data of the IR and NMR Spectra  of S t e r e o i s o m e r s  IIIfi, ' /  

and IVfl, 7 '  

Iso- 
mers 

IIIu 

IV~ 
IVy 

Vibrational frer uencies (v, cm -t) and chemical shifts (r, ppm) 
i 

O--H ~C--H 

3598 3230 
6,05 6,89 
3601 3245 
7.05 6,93 
3587 
3589 

C--=C 

2110 

2105 

l t 4 -  
c - o  1sub~ti- 

[tunon 

1030 828 
2,75 

995 830 
2,60 

1031 842 
1000 838 

N--CH3 

7,83 

7,80 

3-H 

8,25--8,40 

8,25--8,35 

6-H 

7,30--7,45 

7,35--7,45 

2-and5-H 

8,95--9,15 

8,95--9,05 

*The IR s p e c t r a  of a lcohols  IIIfl and I IT ' /were  obtained in CC14, 
while those of g lycoles  IVfi and I V ' / w e r e  obtained in CHC13 (UR- 
10), c 0.01 M; the NMR spec t r a  of alcohols  IIIft and I I I ' / w e r e  
obtained in CHC13 (JN1V[-3H, 100 MHz, hexamethyld is i loxane  
s tandard ,  c 0.1 M). 

It is well known [9-13] that p iper idone I en te rs  into the major i ty  of r eac t ions  at  the carbonyl  group 
in both of i ts  s t e r e o i s o m e r i c  f o r m s  [ trans (Ia) and c is  (Ib)], which a r e  in t au tomer ic  equi l ibr ium with the 
enol fo rm:  

"-%, 
2e 5e '~ CH3 la O~ 2elb 5a 

This equi l ibr ium is marked ly  shifted to favor  the t r ans  i s o m e r  Ia with diequator ia l  methyl  groups  (2e5e 
conformat ion)  [10-13]. Proceeding  f r o m  these data, one can a s s u m e  that the g e o m e t r i c a l  i s o m e r s  of di-  
ace ty lenic  alcohol IIIfi and ITI ' /and glycol  IVfl, I V ' / r e l a t e  to de r iva t ives  of t r an s -p ipe r i done  Ia. Since they 
have the s a m e  t r ans -d i equa to r i a l  conformat ion  of the methyl  groups ,  i s o m e r s  TITfl and HI7 and IVfl and IV'/ 
should be e p i m e r s  with r e s p e c t  to C 4 of the piper idine  r ing and should differ  only with r e s p e c t  to the spat ia l  
or ienta t ion of the hydroxyl  and p-diethynylphenyl  groups .  

The s t e r e o i s o m e r i c  m i x t u r e s  were  sepa ra t ed  into the individual i s o m e r s ,  and the approx imate  ra t io  
of e p i m e r s  was es tab l i shed  by means  of p r e p a r a t i v e  adsorpt ion ch romatography  with columns fi l led with 
a luminum oxide. In the p r o c e s s ,  i t  was found that  ch lo ro fo rm elution occurs  cons iderably  m o r e  readi ly  for  
I I I ' / a n d  IV ' / t han  for  the i r  e p i m e r s ,  which have a high d i sp lacemen t  volume.  The Rf  values  were  d e t e r -  
mined by ch roma tog raphy  of the individual i s o m e r s  (IIIfi, TII7 and IV/?, IV?/) in a loose ,  thin l aye r  of a lum-  
inum oxide i n a b e n z e n e - n - h e p t a n e - m e t h a n o l ( 5  : 2 :1 )  sys t em:  IH'/ 0.81, TIIfl 0.60, IV'/ 0.45, and IVfl 0.30, 
It is well known [13-16] that g e o m e t r i c a l  i s o m e r s  with an equator ia l  or ienta t ion of the polar  groups  a r e  
adsorbed  m o r e  s t rongly  than the i r  axial  e p i m e r s  during adsorpt ion ch romatography .  Consequently, i so -  
m e r s  III7 and IV7 (which have l a r g e r  Rf  values  have axial  hydroxyi  groups,  while i s o m e r s  IIIfi and IVfi 
(which have lower  Rf  va lues)  have equator ia l  hydroxyl  groups ;  this makes  it  poss ib le  to conclude that the 
C5 p-diethynylphenyl  and methyl  g roups  of the piper idone r ings  of ITI ' /and IV ' / have  a t r ans  or ientat ion,  and 
that  these  subst i tuents  have the cis  or ienta t ion in III/~ and IVfl. Considering that p iper idone I en te r s  into 
nucleophil ic addition at  the carbonyl  group  p r i m a r i l y  in the t r ans  f r o m  (2e5e) [10-13], the ch romatograph ic  
data and the p r inc ip les  of conformat ional  ana lys i s  make  it poss ib le  to conclude that  III7 and I V ' / h a v e  p r i -  
ma r i l y  the 2e4e5e conformat ion  and that IIIfl and IVfi have p r i m a r i l y  the 2e4e5e conformat ion  with an equa-  
to r ia l  hydroxyl  group:  
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HO R ' C - ~ C ~  ~-C tl 3 H3 

II1~; IV~ II I  y ;  IV~ 
2 e  4a  5 e  2 e  4e  5 e  

II1~ R=H; l i l y  R' ~ I I ;  

NO ' 
IV I~ R = H3 IV'~ I~' = H3 

c " 3 ~  ~ .~  

The IR spec t r a  of the s t e r e o i s o m e r i c  alcohols  and glycols  (in KBr pel le ts  and in dilute solutions) and 
the NMR s p e c t r a  of i s o m e r s  IIIfl and IIIT (Table 1) were  obtained to conf i rm the conclusions  regard ing  the 
t h r ee -d imens iona l  s t r u c t u r e  of the diacetylenic  p iper idols .  The IR spec t r a  of the i s o m e r s  of glycols  IVfl 
IV7 do not contain - C  _--- C - a b s o r p t i o n  bands at  2260-2190 c m - t ;  this is probably  explained by the s y m -  
m e t r y  of the glycol molecule .  

I t  was prev ious ly  es tab l i shed  [17-22] in the ca se  of r e l a t ed  cycl ic  compounds that  an ethynyl group  
(C~ C - H )  in the equator ia l  posi t ion has  a l a rge  C - H  frequency and that  a hydroxyl  group  in the axial  pos i -  
tion has  a l a rge  O - H  f requency;  the C - O  frequency for  i s o m e r s  with an equator ia l  hydroxyl  group occu-  
pies  the 1020-1070 cm - t  region,  while f requenc ies  f r o m  950-1010 c m  - t  co r r e spond  to axial  ep imer s .  In the 
NMR s p e c t r u m ,  the g r e a t e r  acidic c h a r a c t e r  of the proton cause s  a l a rge  shift  in the r e sonance  signal to 
the weak-f ie ld  region.  It is a lso well known that  an equator ia l  hydroxyl  group has  a m o r e  acidic proton 
than an axial  hydroxyl  group.  Consequently,  on the bas i s  of the IR and NMR data and in accordance  with 
the l i t e r a t u r e  data it can be concluded that the hydroxyl  group in molecules  of IIIfl and IVfi is in the equa-  
to r ia l  posi t ion,  while the p-diethynylphenyl  group  is in the axial  posi t ion;  in molecu les  of III7 and IV7, on the 
the o ther  hand, the hydroxyl  group is in the axial  posit ion, while the p-diethynylphenyl  group  is  in the equa-  
to r ia l  posi t ion.  In addition, the p r e s e n c e  of two doublets a t  9 ppm in the NMR s p e c t r a  of III/3 and III7 be -  
cause  of in teract ion of the methyl  group protons  with the C 2 and C s protons  (the sp in - sp in  spli t t ing constant  
in both ca se s  is found f r o m  6 to 8 Hz) is evidence that  the s t e r e o i s o m e r s  obtained a r e  t r an s -p ipe r i do n e  
de r iva t ives .  

Thus the data of adsorpt ion ch roma tog raphy  and IR and NMR spec t r a  make  it poss ib le  to conclude 
that i s o m e r s  lIIfl and IVfl, is f o r m e d  by axial  entry  of the p-diethynylphenyl  group  into the c is  position with 
r e s p e c t  to the C~ methyl  g roup  of the p iper id ine  r ing (predominant  2e4a5e conformat ion) ,  p redomina te  in 
the s t e r e o i s o m e r i c  mix tu re  of piperid01e. 

The IIIfi, IIIT, IVfl, and IV7 i s o m e r s  obtained were  ca ta ly t ica l ly  hydrogenated in the p r e s e n c e  of Raney 
nickel  to give the cor responding  sa tu ra ted  compounds (Vfi, 7 and VIfl, 7) (Table 2). 

E X P E R I M E N T A L  

1,2, 5 - T r i m e t h y l - 4 -  [fl- (p-diethynylphenyl)]-  4-p iper idol  (HI) and fi, fi ~-bis (1,2, 5 - t r i m e t h y l -  4 -hydroxy-  
4 -p iper idy l ) -p -d ie thynylbenzene  (IV). Liquid ammonia  (250 ml)  was addedto a 500-ml t h r ee -necked  equipped 
with a s t i r r e r  and a dropping funnel, the s t i r r e r  was switched on, and 0.05 g of thoroughly ground f e r r i c  ni t -  
r a t e  (hydrated) was added. Sodium meta l  [1.63 g (0.71 g -a tom)]  was then added in the cou r se  of 10 min, the 
mix tu re  was s t i r r e d  for  1 h, and a solution of 9.0 g (0o071 mole)  of II in 20 ml  of dry  e ther  was added d rop-  
wise.  The resu l t ing  mix tu re  was s t i r r e d  for  another  1 h. A solution of 10.02 g (0o071 mole)  of I in 20 ml 
of dry  e the r  was then added, and the reac t ion  was s t i r r e d  for  4 h and decomposed  by the addition of 3.8 g 
(0.071 mole)  of am m on i um  chlor ide .  The reac t ion  product  was al lowed to stand overnight  under  a l aye r  of 
e ther  (200 ml)  to evapora te  the ammonia .  The next  day the p rec ip i ta te  of sodium chlor ide  was f i l t e red  and 
and d i s so lved  in water ,  and the aqueous solution was ex t rac ted  with e ther  (five 50-ml  port ions) .  The c o m -  
bined e ther  ex t r ac t s  and the e ther  l aye r  were  dr ied with po t a s s ium carbonate~ The e ther  was r emoved ,  the 
unchanged s ta r t ing  m a t e r i a l s  were  r e m o v e d  by vacuum dis t i l la t ion [60-80 deg (3 mm)] ,  and the solid r e s idue  
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was c rys ta l l i zed  f rom benzene (200 ml) to give 3.43 g (18%) of a mixture  of i somers  of the glycol (IVfl, 7) ; 
a f te r  f i l t rat ion,  the mother  l iquor was concentra ted to 50 ml to give 13.56 g (71%) of a s t e r eo i so m er i c  mix-  
tu re  of alcohols (IIIfl, 7). 

Chromatographic Separation of the S te reo i somer ic  Mixtures of Alcohols (IIIfl, 7) and Glycols (IVfl, 7). 
A. The S te reo i somer ic  mixture  of alcohols (IIIfl, T) (13.56 g) was dissolved in 250 ml of ch loroform and 
chromatographed with a column (170 cm long and 3 cm in d iameter )  containing 1300 g of act ivi ty II aluminum 
oxide. The elution solvent was throughly dr ied  ch loroform.  Eluate samples  (20 ml) were  selected,  and the 
separat ion was moni tored by th in - l aye r  chromatography on aluminum oxide. The separat ion yielded 3.8 g 
(28~ based on the mixture  of IIIfl and T) of i somer  III7 with mp 126-127 deg (from n-heptane) and Rf  0.81 
[in a b e n z e n e - n - h e p t a n e - m e t h a n o l  ( 5 : 2 : 1 )  sys tem;  the Rf  values in all cases  were de termined  in this 
solvent sys tem].  The hydrochlor ide  of III7 had mp 159-160 deg (from alcohol). High-melt ing i somer  III fi 
[9.57 g (70% based on a mixture  of IIIfl and III7)] had mp 135-136 deg (from benzene) and R/  0.60. The 
hydrochlor ide  of IIIfl had mp 171 deg (dec., f rom alcohol). 

B. The s t e r e o i s o m e r i c  mixture  (3.43 g) of glycols IVfl and IV7 was s imi la r ly  chromatographed with 
a column (120 cm long and 1.8 cm in d iamete r )  containing 300 g of activity II aluminum oxide to give 1.01 
g (29~ based on a mixture  of IVfl and IV7) of i somer  IV7 with mp 163 deg (dec., f rom benzene) and Rf 0.45. 
The dihydrochlor ide of IV7 had mp 245 deg (dec., f rom acetone).  The high-melt ing i somer  [2.37 g (~9% 
based on a mixture  of IVfl and IV7)] had mp 212 deg (dec., f rom benzene) and Rf  0.30. The dihydrochlor ide 
of IV~ had mp 265 deg (dec., f rom acetone).  

The yields ,  constants,  and analyt ical  data for  the diacetylenic piperidols  (IIIfl, 7 and IVfl, 7) a re  p r e -  
sented in Table 2. 

Catalytic Hydrogenation of Diacetylenic Piper idols  IIIfl, III7, IVfl, and IV'/. The diacetylenic piperidols  
(0.005 mole) were  hydrogenated in the p resence  of Raney nickel (0.3 g) and 100 ml of ethanol at room tem-  
pe ra tu re  and normal  p r e s su re .  After  absorption of the volume of hydrogen calculated for  two t r ip le  bonds, 
the ca ta lys t  was f i l tered,  the ethanol was r emoved  by disti l lation, and the solid res idue  of Vfl and V7 was 
r ec ry s t a l l i z e d  f rom pe t ro leum e ther  (40-70 deg fract ion),  while VIfl and VI? were r ec rys t a l l i z ed  f rom ben-  
zene. The yields ,  constants ,  and analytical  data for  the hydrogenation products  a re  p resen ted  in Table 2. 

The authors  thank O. V. Agasikin for  this ass i s tance  in in terpre t ing the IR and NMR spect ra .  
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