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R E S E A R C H  ON T W O - R I N G  1 - A Z A  C O M P O U N D S  

XIII.* SYNTHESIS OF 3(5)-HYDROXYMETHYLPYRI{OLIZIDINES BY CATALYTIC 

HYDROGENATION OF 5-HYDROXYMETHYL-1,2-DIHYDROPYRROLIZINES. 

DETERMINATION OF THE CONFIGURATIONS OF THE REACTION PRODUCTS 

I .  M.  S k v o r t s o v  a n d  S.  A.  K o l e s n i k o v  UDC541.634:542.941.7 :547.759.5 :543.544 

5 -Hydroxymethy l -  1 ,2-d ihydropyrro l iz ines  were  ca ta ly t ica l ly  hydrogenated to 3 (5)-hydroxy- 
methy lpyr ro l i z id ines ,  and the r a t ios  of the i s o m e r s  in the products  of the react ion,  which p ro -  
ceeds  s t e reose lec t ive ly ,  were  de te rmined .  The configurat ion of the d i a s t e r e o m e r s  was es tab-  
l ished on the bas i s  of the r e su l t s  of catalyt ic  i somer iza t ion ,  a study of the chromatographic  
behav io r  of the i s o m e r s  on a po la r  s ta t ionary  phase,  and a d iscuss ion  of the i somer i c  compo-  
si t ion of the hydrogenat ion products  in the light of the genera l  p r inc ip les  of the s t e r e o c h e m -  
i s t r y  of catalyt ic  hydrogenation,  t r a n s -  and c i s •  and 
t r a n s - 3 , 8 - H - 3 - m e t h y l - t r a n s - 5 , 8 - H - 5 - h y d r o x y m e t h y l p y r r o l i z i d i n e  were  isolated f rom the 
mix tu res  of i s o m e r s .  The exis tence  of an in t r amolecu la r  hydrogen bond in t r a n s - 3 , 8 - H - 3 -  
hydroxymethyl -  and t r a n s -  3, 8 - H - 3 - m e t h y l - t r a n s - 5 , 8 - H - 5 - h y d r o x y m e t h y l p y r r o l i z i d i n e  was 
shown by IR spec t roscopy .  

Up until now, very  l i t t le  study has been devoted to 3(5) -hydroxymethylpyrro l iz id ines .  The s imples t  route 
to these  compounds is catalyt ic  hydrogenat ion of 5 -hydroxymethy l - l , 2 -d ihydropyr ro l i z td ines  [2, 3]. 

The hydrogenat ion of 5 -hydroxymethy l - l , 2 -d ihydropyr ro l i z ine  {I) and its 2- and 3-methyl - subs t i tu ted  
der iva t ives  (II, III) is examined in the p re sen t  paper .  

Hydroxymethylpyr ro l iz id ines  were  obtained in 50-70% yields by hydrogenat ion of I - I I I  on a 5% Rh/A1203 
ca ta lys t  f r o m  Engelhard Indust r ies ,  Baker  Plat inum Division, or  one p r e p a r e d  by means  of the method in [4, 5] 
at room t e m p e r a t u r e  in methanol  at 90-150~ (Raney nickel caused hydrogenolys is  of the C - O  bond, whereas  a 
mixed R h - P t  ca ta lys t  o r  5~ Rh/C f rom the above company were  ineffective at 20-100~ 

*See [1] for  communicat ion  XII. 
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H 2 

HOCH 2 R' II.OCll 2 R' 

I - I I I  IV-XI[I 

I, III-V, X-XIII R=H;  II, VI-IX R=CH3; I, II IV-IX R ' = I ! ;  Ill ,  X-XIII R ' = C H  3 

According to the resul ts  of g a s - l i q u i d  chromatography (GLC), hydrogenation of alcohol I gives a 
mixture  of two compounds. It follows f rom the resul ts  of e lementary  analysis,  r e f rac tomet r ic  data, and 
the resul ts  of experiments  of configurational catalytic i somer iza t ion  that these compounds are  t r ans -  (IV) 
and c i s -3 ,8 -H-3-hydroxymethy lpyr ro l iz id ines  (V). The configurational assignment of epimers  IV and V 
was made as in [6] on the basis  of data on their  retention on polyethylene glycol 20,000 and configurational 
catalytic i somer iza t ion  [7]. I s o m e r  V (95%) is the predominant component in the mixture of amino alcohols 
IV and V in the hydrogenation products .  This fact served as an independent confirmation of the s te reo-  
chemical  assignment  above, inasmuch as it is in agreement  with the known pecul iar i t ies  of the catalytic 
hydrogenation of a romat ic  and he te roaromat ic  sys tems,  par t icu lar ly  1,2-dihydropyrrol iz ines  with substit-  
uents in the pyr ro le  port ion of the two-r ing sys tem [6-8]. These peculiar i t ies  are  eypressed in t e r m s  of 
p re fe r r ed  cis addition of hydrogen. 

The configurational assignment  of the epimeric  3-methylpyrrol iz idines  was previously made in [9] 
by means of the quaternizat ion method. An idea regarding the possibil i ty of the application of this method 
for  the configurational assignment  in d ias te reomer ic  pai rs  of any 3-substituted pyrrol iz idines  was s imul-  
taneously expressed.  However, Cis-trans convers ion of the ring, which may occur  in substituted c i s -3 ,8 -H-  
pyrrol iz id ines  [10], was not taken into account in [9]. Although the co r rec tness  of the configurational as-  
signment of 3-methylpyrrol iz id ines  made by means of the quaternization method was confirmed by the 
PMR spect roscopic  data [10], the subsequent application of the method for the solution of the problem of 
the configurations of 3- or  5-substituted pyrrol iz id ines  requires  verif ication in other  compounds with 
known s te reochemis t ry .  We investigated the possibi l i ty of the application of this method for  the establish-  
ment of the configuration of pyrrol iz idines  with hydroxymethyl groups in the 3 or  5 positions. In the re -  
action of a mixture of ep imers  of IV and V with alkyl halides, of the tested halides (methyl iodide, ethyl 
iodide, and N-propyl  iodide, n-propyl  iodide proved to be the most  convenient in a preparat ive  respect :  
In the react ion of the lat ter  with a mixture of i somers  IV (26%) and V (74%) the percentage of i somer  V 
fell to pract ica l ly  0%, and IV remained in solution. Consequently, i somer  IV, which has a t rans  configura- 
tion reacts  with propyl iodide more  slowly than epimer  V. 

In o rde r  to prepara t ive ly  isolate the i somer  we used a mixture enriched in epimer  IV by catalytic 
i somerizat ion.  After  the peak of i somer  V had disappeared on the chromatogram,  fur ther  quaternization 
was stopped by the addition of hydrochlor ic  acid solution. Pure i somer  IV was obtained in 50% y ie ld .  
I s o m e r  V was isolated by fractional distil lation f rom a mixture enriched in this compound. 

The formation of four d ias te reomers  - t r ans -  2,8-H- 2 -methy l - t r ans -  5,8 -H- (VI), c i s -  2,8-H- 2-methyl-  
t r a n s - 5 , 8 , H -  (VII), t r a n s - 2 , 8 - H - 2 - m e t h y l - c i s - 5 , 8 - H -  (VIII), and c i s -2 ,8 -H-2 -me thy l - c i s -5 ,8 -H-5 -hyd roxy -  
methylpyrrol iz idine (IX) - is possible in the hydrogenation of alcohol II. Two pairs  of poorly separated 
peaks (the area  rat io of the pairs  is 6 :94)  are  detected on the chromatogram of the catalyzate.  Themethyl  
group in s tar t ing II is more  remote  f rom the ring undergoing hydrogenation thafi in 3 -me thy l - l , 2 -d ihydro -  
pyr ro l iz ine  (XIV), and its effect on the! s te reochemical  resul ts  of the hydrogenation will therefore  be mani-  
fested more  weakly than in the case of XIV. In the hydrogenation of XIV, as a resul t  of the s ter ic  effect 
of the methyl group during the s u b s t r a t e - c a t a l y s t  interaction, the principal product is c i s -3 ,8 -H-3-methy l  - 
pyrrol izidine,  but its ep imer  is also formed [11]. One should especial ly expect the formation of two iso-  
mer s  with cis  and t rans  relationships at C 2 and C 8 ffor the same configurations of the other a symmet r i c  
centers)  in the hydrogenation of 1 ,2-dihydropyrrol iz ine sys tems with a methyl group in the 2 position. In 
analogy with the hydrogenation of I, one may suppose that the principal components of the mixture will be 
i somers  with a cis orientation of the hydrogen atoms attached to C5 and C 8 (VIII and IY), and the i somers  
with a t rans  orientation of the hydrogen atoms attached to these same centers  WI and VII) should beformed  
in smal le r  amounts.  The validity of this assumption was demonstrated in the following manner.  

F rom models i t  is apparent that i somers  VI and VII, as in the case of IV, may form a relat ively 
strong in t ramolecular  hydrogen bond. Like amino alcohol V, i somers  VIII and IX will fo rm a weaker  
in t ramolecular  hydrogen bond. Consequently, in analogy with epimers  IV and V and [6], one might assume 
that  when the mixture  is subjected to g a s - l i q u i d  chromatography (GLC), i somers  VI and VII* will emerge 

~The o rde r  of emergence  of the i somers  within the VI, VII and VIII, I:~ pai rs  was not established. 
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Fig.  1. IR s p e c t r a  of CCI 4 so lu t ions  of amino  a l c o h o l s  
IV (a) and X go) at v ar ious  t i m e  i n t e r v a l s  reckoned  f r o m  
the instant  of p r e p a r a t i o n  of the s o l u t i o n s .  

f rom the column first ,  followed by i somers  VIII and IX. This sor t  of assignment with respec t  to C 5 was 
confirmed by catalytic configurational isomerizat ion.  On Raney nickel the total percentage  of VI and VII 
in the mixture increased f rom 5% to 91%. In the react ion of i somers  VI-IX with alkyl halides the effect 
of the differences in the configurations at C 2 will be smal le r  than in the case of Ca, inasmuch as C 2 is re -  
moved f rom the react ion center  by nitrogen. The principles found for  the quaternizat ion of epimers  IV 
and V should therefore  be reproduced with respect  to the configurational difference at C a. An increase  in 
the fract ion of VI and VII to 34~ and a corresponding decrease  in the total amount of i somers  VIII and IX 
were observed during the react ion of a mixture of i somers  VI +VII (6Yc) and VIII +IX (94%) with propyl 
iodide. Thus the configurational assignment  at C a receives yet  another independent confirmation. 

The hydrogenation of alcohol III leads to four possible i somers  - t r a n s - 3 , 8 - H - 3 - m e t h y l - t r a n s - 5 , 8 , H -  
(X), c i s - 3 , 8 - H - 3 - m e t h y l - t r a n s - 5 , 8 - H -  (XI), t r a n s - 3 , 8 - H - 3 - m e t h y l - c i s - 5 , 8 - H -  (XII), and c i s -3 ,8 -H-3-  
methy l -c i s -5 ,8 -H-5-hydroxymethylpyr ro l iz id ine  (XIII) - which are  separated sharply by GLC on polyeth- 
ylene glycol 20,000 (the o rder  of emergence  of the i somers  was XIII, X, XI, and XII, and the ratio of the 
a reas  of the peaks was 56 : 14 : 8 : 22, respectively;  the o rder  of emergence  of i somers  XI and XII was es-  
tablished conjecturally).  

The configurational assignment of i somers  X-XIII was made by means of catalytic configurational 
isomer[zation,  determination of the o rder  of emergence  of the i somers  f rom a column with a polar  s ta-  
t ionary liquid phase, analysis of their  geometry ,  and considerat ion of the quantitative composit ion of the 
catalyzate as being a consequence of s tereoselec t ive  catalytic hydrogenation p rocesses  [7]. 

In order  to isolate amino alcohol X, we car r ied  out the prepara t ive  catalytic i someriza t ion of a mix- 
ture  of i somers  X-XIII. We obtained a mixture containing ~ 80% i somer  X, t reatment  of which with propyl 
iodide in ether  made it possible to obtain a sample containing 96~ of the desired compound. 

An in t ramolecular  hydrogen bond was detected in IV and X by IR spect roscopy by investigation of 
dilute solutions of the compounds in CC14. Despite the fact that CC14 reac ts  with amino alcohols IV and X, 
we were able to determine the ~'OH and v'OH bands by a study of the dependence of the absorption on the 
t ime (Fig. 1). Three  peaks are  isolated in the spect rum of IV at 3000-3700 cm -1. The intensity of the 
band with a maximum at 3460 cm -1 decreases  with time, whereas the intensity of the band at 3320 cm -~ 
increases .*  This observat ion can be explained if one assumes that the third peak with a maximum at 3637 
cm -1 is associated with the vOH band of IV and possibly also with superimposi t ion on it of the absorption 
of a f ree  hydroxyl group in the product of react ion of IV with CC14. The absorption at 3460 cm -1 is due to 
the s tretching vibrations of the hydroxyl group involved in the formation of an in t ramolecular  hydrogen 
bond in amino alcohol IV, whereas the band at 3320 cm -1 should be assigned to the manifestation of the 
vibration of the hydroxyl group in the product  of the react ion of IV with CC14. This product  is insoluble 
in CC14 and appears as an emulsion in the initial stages of the reaction. The absorption at 3320 cm -1 is 
therefore  related to the stretching vibrations of a f ree  hydroxyl group part icipating in the format ion of 
in~ermolecula r associa tes ,  as indicated also by the frequency. The ArCH value for  IV is 177 cm -1. The 
following values were  s imi lar ly  found for  x :  vOH 3638, v'OH 3460, and ArCH 178 cm -1. The  vOH value 
for  the product  of the react ion of X with CC14 Is 3310 cm -1. As one should have expected, amino alcohol X 
reacts  with CC14 considerably more  slowly than IV because of additional shielding of the methyl group by 
the unshared e lectron pa i r  of nitrogen. 

i 

*The maxima were found by graphical  separat ion of the overlapped bands. 
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EXPERIMENTAL METHOD 

The chromatographic analysis was carried out with an LKhM-SM chromatograph with a thermal con- 
ductivity detector. Polyethylene glycol 20,000 applied to sferokhrom-1 treated by the method in [12] served 
as the stationary phase. Hydrogen was used as the carrier gas. The column was made of stainless steel 
and had an inner diameter of 3 ram. The mixtures of epimers IV and V were analyzed with a columnfilled 
with 15~ of the stationary phase (length 2.9 m) at 165 ~ and a hydrogen flow rate of 68 ml/mtn. Chromatog- 
raphy of mixtures of isomers VI-IX and X-XIII was realized with a 6-m-long column containing 8.3% of the 
stationary phase. The column temperatures were, respectively, 157 and 160 ~ and the hydrogen flow rates 
were 55 and 43 ml/min. 

The IR spectra of IV and X were recorded with a UR-20 spectrometer at room temperature. The 
initial concentrations of IV and X in CCI 4 solution were 4- 10 -3 and 5.10 -3 mole/liter, respectively. The 
solution was placed in a 20-ram-long cuvette with CaF 2 windows. 

Five-Percent Rh/Al203 Catalyst. A 6-g sample of chromatographic T-A1203, whieh hadbeenpreviously 
calcined at 550-600 ~ for 2 h, and a solution of 1 g of rhodium chloride crystal hydrates in 10 ml of distilled 
water acidified to pH 2 with hydrochloric acid, were mixed in a porcelain dish, after which the mixture 
was evaporated with stirring in a water bath to dryness. The aluminum oxide with the applied rhodium 
chloride was transferred to a beaker, treated with 2.5 ml of 36% formalin, and allowed to remain under 
these conditions for 30 rain. The resulting slurry was cooled to 5 ~ and treated with 6 ml of 50% KOH solu- 
tion. The mixture was allowed to stand in an ice bath for 30 rain, after which it was stirred and heated for 
30 rain on a boiling-water bath~ The catalyst was washed with distilled water (four 200-ml portions) to 
neutrality, after which it was washed twice with water, acidified with acetic acid, removed by filtration 
with a Buchner funnel, and dried at 105 ~ for 4 h. 

3-Hydroxymethylpyrrolizidines IV and V. A 160-ml rotating autoclave was charged with 6 g (44 
mmole) of freshly distilled I, 80 ml of methanol, and 1.5 g of the 570 Rh/AI203 catalyst. The initial hydrogen 
pressure was 128 atm, and the hydrogenation temperature was 18-20 ~ After 5070 of the calculated amount 
of hydrogen had been absorbed (after 20-30 rain), the rate of hydrogenation decreased. Another 1.5 g of 
catalyst was added to the autoclave, and hydrogenation was continued under the same conditions for another 
5-6 h. The hydrogenation product was removed by filtration, the solvent was removed from the filtrate by 
distillation at reduced pressure, and the residue was acidified to pH 4-5 with 8% hydrochloric acid. The 
solution was then extracted with ether (three 10-ml portions) and benzene (two 10-ml portions). The ex- 
tracts were discarded, and the aqueous solution was cooled and saturated with solid KOH. The oily layer 
was separated, and the solution was extracted with benzene. The combined extracts were combined with 
the organic layer and dried with solid KOH. The solvent was removed by distillation, and the residue was 
distilled at reduced pressure to give 3.8 g (6170) of a mixture of epimers IV and V as a colorless viscous 
liquid with bp 83-85 ~ (2 ram), dl ~ 1.0500, and n21% 1.5030. Found: C 67.8; H 10.7; N 10.270; MR D 39.76. 
CsHIsNO. Calculated: C 68.0; H 10.7; N 9.970; MR D 40.21. 

2-Methyl-5-hydroxymethylpyrrolizidines (VI-IX) and 3-Methyl-5-hydroxymethylpyrrol[zidines (X- 
XIII). These compounds were obtained by hydrogenation of, respectively, II and Ill and were isolated by 
the method described above. A mixture of VI-IX was obtained in 527o yield and had bp 107-110 ~ (3.5 ram), 
d~ ~ 1.0208, and n~ 1.4952. Found: C 69.8; H 11.1; N 9.170; MR D 44.37. CgHITN(). Calculated: C 69.6; 
H 11.0; N 9.0%. MRD 44.83. A mixture of X-XIII was obtained in 6970 yield and had bp 89-92 ~ (5 ram), 
d42~ 1.0010, and n~ 1.4935. Found: C 69.7; H 11.5; N 9.170; MR D 45.11. CgHITNO. Calculated: C 69.6; 
H 11.0; N 9.0~; MR D 44.83. 

Catalytic Configurational Isomerizat ion.  Analytical and prepara t ive  variants of this i someriza t ion 
were examined. For  analytical purposes ,  the i someriza t ion was ca r r i ed  out in a 20-ml rotating autoclave 
with 0.5 g of mixtures  of the pyrrol iz idine alcohols in 1.5 ml of methanol at 100 ~ Raney nickel (3 g) was 
used as the catalyst  [13]. The trend of the react ion was monitored by chromatography.  

Competetive Quaternization Reactions.  A mixture of 0,21 g (1.5 mmole) of i somers  IV (26%) and V 
(7470) in 2 ml of ether  at room tempera tu re  was t reated with 0.425 g (2.5 mmole) of n-C3HTI. Quaterniza-  
tion of a mixture of amino alcohols VI-IX was car r ied  out s imilar ly .  

In view of the relat ively high react ion ra tes  and the  t ime required for  chromatographic  analysis,  a 
�9 new port ion of the reaction mixture was prepared  for each determination of the i somer  ratio, and samples 
were selected at the appropriate  t ime f rom the s tar t  of the reaction. The samples were taken into the 
syringe through a fi l ter.  
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�9 t r a n s - 3 , 8 - H - 3 - H y d r o x y m e t h y l p y r r o l i z i d i n e  {IV). A 160-ml autoclave was charged  with 7.6 g (54 mmole)  
of a mix tu re  containing 6% of e p i m e r  IV and 94% of ep imer  V, 14.5 g of Raney nickel [13], and 25 ml  of me tha -  
nol. The autoclave was flushed with hydrogen,  a hydrogen p r e s s u r e  of 15 a tm was establ ished,  and the hydro-  
genat ion was Carr ied out by rotat ing the autoclave at 100 ~ for  2 h. The ca ta lys t  was then removed  by f i l t rat ion,  
the solvent was removed  by disti l lation, and the res idue was dist i l led at reduced p r e s s u r e  to give 6 g (79%) of 
a mix tu re  of IV (92%) and V (8%). E ther  (35 ml) and 6.7 g (47 mmole)  of a mix tu re  of IV (88%) and V (12%), 
p r epa red  by catalyt ic  i somer iza t ion  as descr ibed  above,  were  placed in a 50-ml  flask, and 8.4 g (50 mmole)  of 
propyl  iodide was added to the resul t ing solution. The solution became  turbid,  and a light yel low prec ip i ta te  
appeared.  The t rend of the reac t ion  was moni tored by GLC. After  4 h, at which t ime  the peak of V had p r a c -  
t ical ly  vanished on the ch roma tog ram,  the solid ma te r i a l  was removed by f i l t ra t ion and washed with e ther .  
The f i l t ra te  was acidified to pH 1-2 with 5% hydrochlor ic  acid, and the aqueous l a y e r  was ex t rac ted  with e ther .  
The e the r  ex t rac t s  were  d iscarded.  The aqueous solution was cooled, sa tura ted  with solid KOH, and worked up 
as in the p r epa ra t i on  of a mix tu re  of e p i m e r s  IV and V to give 2.95 g (50%) of i s o m e r  IV with bp 70-71 ~ (2.5 mm),  

d 2~ 1.0369, and n~ 1.4961; Found: C 68.1; H 11.1; N 9.9%; MRD 39,79. CsH15NO. Ca lcu la ted :  C 68.0; H 10,7; 
N 9.9%; MRD 40.21. 

c i s -3 ,8 -H-3-Hydro•  (V). This  compound was isolated f r o m  a mix tu re  of amino a l -  
cohols IV and V, obtained as a resu l t  of hydrogenat ion of I, by fract ional  dist i l lat ion at reduced p r e s s u r e .  The 
product ,  with bp 102 ~ (3 ram), d 2~ 1o0575, and n~ 1.505.2, was obtained in 20% yield.  Found: C 67.8; H 11.0; 
N 10.1%; MR D 39.62. CsHI~NO. Calculated: C 68.0; H 10.7; N 9.9%; MR D 40.21.  

t r a n s - 3 , 8 - H - 3 - M e t h y l - t r a n s - 5 , 8 - H - 5 - h y d r o x y m e t h y l p y r r o l i z i d i n e  (X). A mix ture  of X (19%), XI (10%), 
XII (35%), and XIII (46O/o) was subjected to ca ta ly t i c  i somer iza t ion  by a method s i m i l a r  to that  descr ibed  above 
for  a mix tu re  of e p i m e r s  IV and V. Workup of the mix tu re  gave a mix tu re  of the i s o m e r s  (in 76% yield) con- 
taining 80% X. A solution of 5.2 g (34 mmole)  of the mix tu re  in 25 ml  of e the r  was t rea ted  with 6.2 g (37mmole) 
of propyl  iodide. The reac t ion  was c a r r i e d  out fo r  32 h, and amino alcohol X was isolated in the same  way  as 
IV. The yield was 3.6 g (86%). According to GLC data, the i somer i c  pur i ty  of the isolated sample  was 9670. 
The product  had bp 88-88.5 ~ (5 ram), d 2~ 1.0079, and n~ 1.4884. Found: C 69.5; H 11.1; N 9.3~ MR D 44.40. 
CgH17NO. Calculated.- C 69.6; H 11.0; N 9.070; MR D 44.83~ 
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