
I N V E S T I G A T I O N S  IN T H E  F I E L D  OF 1 - A Z A B I C Y C L A N E S  

XI.* THE STEREOCHEMISTRY OF THE HYDROGENATION OF 5- AND 

7- (fl-HYDROXYETHYL)-I,2-DIHYDROPYRROLIZINES ON RHODIUM AND 

NICKEL. CONFIGURATIONAL ASSIGNMENT OF THE REACTION PRODUCTS 

I .  M. S k v o r t s o v  a n d  V. M.  L e v i n  UDC 541.634:542.941.7:547.759:543.544 

The s t e r eochemis t ry  of the catalytic hydrogenation of 5- and 7 -~ -hyd roxye thy l ) - l , 2 -d ihyd ro -  
pyrro l iz ines  on 2.5% Rh/At20  s and Raney nickel under various conditions has been studied. 
On the basis  of information on the configurational catalyt ic  i somerizat ion and the competing 
quaternizat ion of the i somers ,  a considerat ion of the relat ive retention t imes,  and an analy- 
sis of the geomet r ies  of the molecules of the 1- and 3-(f l -hydroxyethyl)pyrrol izidines a con- 
figurational ass ignment  of the s t e r eo i somers  has been made. 

The s t e r eochemis t ry  of the catalyt ic  hydrogenation of 5- and 7- ( f l -hydroxyethyl) - l ,2-dihydropyrrol i -  
zines [2] and the s t e r e o c h e m i s t r y  of the saturated react ion products is of considerable interest .  

In the hydrogenation of 5- (B-hydroxyethyl ) - l ,2 -d ihydropyrro l iz  ine (I) the formation of two i somers  is 
possible - c is -  and t rans-3H,7aH-3-(f l -hydroxyethyl)pyrrol iz idine  (II and HI, respect ively) :  

B 

(CH2)~ (CH2) 2OII (CB2)2OH 

( II |11 

Similarly,  7- ( f l -hydroxyethyl ) - l ,2 -d ihydropyrro l iz ine  (IV) can be converted into c i s -  and t r ans -  
1 H, 7a H- 1- (fl- hydroxyethyl) pyr ro  liz idine (VI) : 

IV 

H 

.~. F - - ~ ( c " ~ ) ~ o .  + F-T--T(c"~)~ ~ 
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The hydrogenation of (I) was pe r fo rmed  in the presence  of 2.5% Rh/A1203 or  Raney nickel [3], and in 
the lat ter  case a l a rger  amount of catalyst  was also used to ensure  the complete hydrogenation of the ini- 
tial (I) and, possibly,  more  rapid i somer iza t ion  at the selected react ion t empera tu re  (120~ [4]. The con- 
ditions of hydrogenation and its s te reochemica l  resu l t  a re  given in Table 1~ The rat io of (II) and (Ill) in the 
catalyzate  was determined by the GLC method. On the chromatograms  of the hydrogenation products,  the 
configurational ass ignment  of the peaks was made on the basis of the following considerat ions.  It follows 
f rom a considerat ion of molecular  models that in the case of (HI) a re la t ive ly  s trong in t ramolecular  hydro-  
gen bond may be formed.  In the c is- l inked conformation (IIA), such a bond, if it a r i ses  at all, must,  f rom 
s te r ic  principles,  be ve ry  weak. However, if an inversion of the nitrogen in this sys tem s imi la r  to that 
descr ibed by Skvortsov and Elvidge [5] is assumed,  which appears  probable in view of the p resence  of 

* For  communicat ion X, see [1]. 
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TABLE 1. Conditions and S te reochemica l  Resul t  of the Hydro-  
genation of 5 - (B-Hydroxye thy l ) - l ,2 -d ihydropyr ro l i z ine  in Methanol 

Catalyst 
Amt. of metal  in ~ 
on the compound 
undergoing hydrog. 

Ni 300 
2,5% Rh/A1203 2,5 

Proporfiom of the 
Temp., ~ l epimers according to 

120 26 74 
~ 2 5  86 14 

s t e r i c  in teract ions  of the 3 -CH 2 and t r a n s - 5 - H  group, then in the t r ans - l i nked  f o r m  (IIB) the g e o m e t r y  
n e c e s s a r y  for  the fo rmat ion  of an in t r amolecu la r  hydrogen bond will  be  rea l i zed .  

H H 

"" (s (CH~)~OH 

I! A II B 

In (I/B), the in t r amolecu la r  hydrogen bond mus t  be weake r  than in (III) because  of the less  favorable  
g e o m e t r i c  p a r a m e t e r s .  Of these  p a r a m e t e r s ,  the mos t  important  is the angle a fo rmed  by the line of the 
OH bond and the axis of the unshared  e lec t ron  pa i r  of the ni t rogen,  and the N.  -- O dis tance [6]. It is ob- 
vious that the c l o s e r  the angle a is to 180 ~ the s t ronge r  is the hydrogen bond [7]. On the o ther  hand, be-  
ginning with the op t imum N. - �9 O dis tance of ~2 .8  ~ [8], an i nc rea se  in this dis tance leads to a weakening 
of the hydrogen bond [6]. 

F o r  (IID, the angle ~ = 140 ~ for  (IIB) 125 ~ and for  (]IA) 75 ~ The l inear  c h a r a c t e r i s t i c s  of the in t ra -  
mo lecu la r  hydrogen bond in (HI) and (IIB) a r e  s i m i l a r  - the dis tance between O and N amounts to 2.5/~ for  
(HI) and 2.7 .~ for  (IIB).* 

Although the posi t ion of the equi l ibr ium (IIA) ~- (IIB) is unknown, neve r the l e s s  the p r e sence  of the in- 
v e r t o m e r  (IIA) leads,  as it we re  to an additional reduct ion of the mean  value of the angle a and, the re fo re ,  
to a s t rengthening of the bond with the s ta t ionary  phase.  It is known that  i s o m e r s  fo rming  less  s t rong  
in t r amolecu la r  hydrogen bonds or  no such bonds at  all  a r e  re ta ined  by a polar  liquid phase more  s t rongly  
than i s o m e r s  with a s t ronger  bond [9-11]. 

In the p resen t  work  we used the s a m e  s t a t iona ry  phase  as p rev ious ly  [9-11], and the compounds in- 
ves t igated have a s i m i l a r  chemica l  na ture .  

F r o m  what has been said,  it follows that  the ep imer  with the s m a l l e r  re tent ion t ime  is (HI) (Table 2). 
This a s s ignment  wi l l  be conf i rmed  below in a considera t ion  of expe r imen t s  on configurat ional  catalyt ic  
i somer iza t ion  on nickel,  and also by the r e su l t s  of the compet ing quaternizat ion reac t ion  [12]. 

As the f igures  given in Table  1 show, the hydrogenat ion of (I) on Rh/A1203 is s t e r eose l ec t i ve  and 
leads main ly  to the ep i m er  (II). This r e s u l t  can probably  be explained by the p re fe ren t i a l  cis  addition of 
hydrogen in catalyt ic  hydrogenat ion [13, 14]. The high propor t ion  of the ep imer  (HI) in the hydrogenat ion 
of (D on Raney nickel  is a consequence of a secondary  i somer iza t ion  p r o c e s s .  

To study the poss ib i l i t ies  of the p r e p a r a t i v e  isolat ion of the individual i s o m e r s  f r o m  the total  mix tu re  
of (]I, HI, V, and VI), and also to invest igate  the s t e r e o c h e m i s t r y  of the hydrogenat ion of (IV), exper iments  
w e r e  p e r f o r m e d  on the hydrogenat ion of a mix tu re  of (D and (IV) [2] (Table 3). The a s s ignment  of the peaks  
on the c h r o m a t o g r a m  of the hYdrogenizate to the e p i m e r s  (V) and (VD was p e r f o r m e d  as in the preceding 
case  on the bas i s  of a compar i son  of the re tent ion  t imes  and an analys is  of the g e o m e t r y  of the molecules  
of both e p i m e r s  (Table 2). A study of models  shows that  (V) cannot f o r m  an in t r amolecu la r  hydrogen bond, 
while (VD has a g e o m e t r y  for  which the appearance  of such a bond is probable .  

* The m e a s u r e m e n t s  w e r e  p e r f o r m e d  on models  based  on F r a m e w o r k  Molecular  Models (Pren t ice -Hal l ,  
Inc., Englewood Cliffs} in the open f o r m  of the b icycl ic  s y s t e m  [5]. A skew conformat ion  was found in the 
CH 2 - C H  2 - O  f ragment ,  and the axis of the unshared  pair  of e lec t rons  of the ni t rogen and the line of the 
O - H  bond were  in the s a m e  plane. In view of the difficult ies in the choice of the opt imum conformat ions  
in the hydroxyethyl  group,  the m e a s u r e m e n t s  made  in this way contain some  e lement  of a r b i t r a r i n e s s .  
Never the les s ,  they r e f l ec t  the o r d e r  of magnitude of the angles a in (IIA, IIB, HI, V, and VD (Table 2}. 
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T A B L E  2. G e o m e t r i c  P a r a m e t e r s  of  the  I n t r a m o l e c u l a r  Hydrogen  
Bonds and of  the Reten t ion  T i m e s  of  the I s o m e r s  (H, III, V, and VI) 

N �9 �9 �9 O dis- Retention time, 
Compound Angle a, deg tance, ~ min 

III H( HAt 
IIB/ 
Vl 
V 

140 
75 

125 
110 

0 

2,5 
2,9 
2,7 
3,4 
4,0 

16 
24 
32 
42 

T A B L E  3. Condi t ions  and S t e r e o c h e m i c a l  Resu l t  of the H y d r o g e n -  
a t ion  of  a Mix ture  of  (I) and (IV). The  Rat ios  (I.I) : (III)  and 
(V) : (VI) as a Func t ion  of  the Condi t ions  of  Hydrogena t ion  of a Mix-  
t a r e  of  (I) and (IV) 

Amt. of I 
I metal in% 

Cata- Ion the I 
lyst compound I 

unde:t~oin~t 
hydro~en.~l 

Ni 
Nt 
2,5% Rh/AI2Oa 
2,5% Rh/Al2Oa 

Content of isomers Ratio of l Ratio of 
according to GLC, epimers, ] c pimers, 

Temp. % ~o _ _ _  1~ 

/ 

Solvent 

I 20 ICHaOH 120 
300 ICHaOH I 120 

2,5 ]CH30H ~ 20 
2,5 d:CH3COOH ~25 

i 
2~ 31 28 

4~ 12 
50 32 
34 22 31 

12 4~ 52 
3~ 91 

85 15 
13 61 39 

70 I 30 26 74 
78 22 
70 30 

The  r e s u l t s  g iven in Tab le  3 show tha t  when s m a l l  amounts  of  n ickel  a r e  used as c a t a l y s t  the amoun t s  
of  (II) and (III) in the ca t a lyza t e  do not d i f fe r  fundamenta l ly .  However ,  with an  i n c r e a s e  in the amount  of  
Raney  nickel  in the r e a c t i o n  m i x t u r e  t h e r e  is a m a r k e d  r i s e  in the p r o p o r t i o n  of  (HI), which  can be  ex-  
pla ined by s e c o n d a r y  i s o m e r i z a t i o n  t r a n s f o r m a t i o n s  on this ca t a lys t .  A s i m i l a r  conc lus ion  can be m a d e  
conce rn ing  the pa r t i c ipa t ion  of n ickel  in the  hydrogena t ion  of (IV) and the subsequen t  e p i m e r i z a t i o n  of (V) 
into (VI). 

As  a r e s u l t  of  conf igura t iona l  i s o m e r i z a t i o n ,  the main  i s o m e r s  obta ined a r e  the t h e r m o d y n a m i c a l l y  
m o r e  s tab le  ones ,  and in the p y r r o l i z i d i n e  s e r i e s  these  a r e  the t r a n s  i s o m e r s  [11, 15, 16]. F r o m  the p a i r -  
wise  c o n s i d e r a t i o n  of  mode l s  of (II) [the s t rong  unbound in te rac t ions  in (HA) and the cons ide rab l e  angu la r  
s t r a i n  in (IIB)] and of  (HI) and (V) (unbound in t e rac t ions  of  the 1 - C H  2 and the t r a n s - 7 - H )  and (VI) it can  be 
unde r s tood  that  compounds  (HI) and (VI)* have a s m a l l e r  s tock  of f r e e  ene rgy  than the i r  e p i m e r s .  Conse -  
quent ly ,  on ca ta ly t ic  e p i m e r i z a t i on ,  they  m u s t  b e c o m e  the p redomina t ing  componen t s  of the mix tu re .  An  
a c c e l e r a t i o n  of the i s o m e r i z a t i o n  p r o c e s s  was  ach ieved  by an i n c r e a s e  in the amoun t  of ca t a ly s t  [4]. Con-  
sequent ly ,  the r e s u l t s  of  hyd rogena t ion  and subsequen t  i s o m e r i z a t i o n  on nickel  f o r m  an impor t an t  a r g u m e n t  
in f a v o r  of the conf igura t iona l  a s s i g n m e n t  made .  

In the  hydrogena t ion  of (I) in the p r e s e n c e  of  2.5% Rh/A1203, a p a s s a g e  f r o m  methano l  to ace t i c  ac id  
as  so lven t  c ause s  a r i s e  in the amount  of  (HI). N e v e r t h e l e s s ,  in this  case ,  too, the e p i m e r  (II) r e m a i n s  
p r edominan t .  S imi la r  c h a r a c t e r i s t i c s  a r e  o b s e r v e d  with r e s p e c t  to (V) and (VI) in dependence  on the con-  
di t ions of the hydrogena t ion  of (IV). 

In the p r e s e n t  work ,  we a l so  se t  o u r s e l v e s  the t a s k  of developing a method for  the p r e p a r a t i v e  sepa -  
r a t i o n  of  (III) f r o m  its m i x t u r e  with (II), (V), and 07I), us ing the qua te rn i za t ion  method  [12]. As  can be 
seen  f r o m  m o l e c u l a r  mode l s ,  the  u n s h a r e d  pa i r  of  n i t rogen  in (HI) is shie lded by the f l -hydroxye thy l  
g r o u p  to a g r e a t e r  deg ree  than  in (1I), (V), and {VI) and, in addi t ion to th is ,  it is pa r t i a l l y  pa s s iva t ed  by the 
p r e s e n c e  of  a s t r ong  i n t r a m o l e c u l a r  hydrogen  bond. 

To ach ieve  sepa ra t ion ,  it was  n e c e s s a r y  to s e l e c t  an a lkyl  hal ide  the s t e r i c  i n t e rac t ion  of the r a d i c a l  
of  which  with the f i -hydroxye thy l  g roup  p r e s e n t  in va r ious  pos i t ions  would be such  that  under  the condi-  
t ions  adopted a r ap id  qua t e rn i z a t i on  r e a c t i o n  would be poss ib l e  in al l  c a s e s  with the  except ion  of  (HI). Of 
the  compounds  t e s t ed ,  me thy l  iodide, ethyl  iodide,  i sop ropy l  iodide, and n - p r o p y l  iodide p r o v e d  to be the 
m o s t  su i tab le  fo r  these  p u r p o s e s .  The  r e a c t i o n  was  p e r f o r m e d  at r o o m  t e m p e r a t u r e  in e the r  with an  ex-  

* We did not c o n s i d e r  an  addi t ional  s t ab i l i za t ion  of  (IH) and (VI) t h rough  an i n t r a m o l e c u l a r  hydrogen  bond, 
s i nce  i s o m e r i z a t i o n  was  p e r f o r m e d  in me thano l .  
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cess  of n -propyl  iodide. The prec ip i ta te  of qua te rna ry  sa l t s  obtained f r o m  (H), (V), and (VI), was f i l te red  
off, and (III) was isolated f r o m  the mothe r  solution. The method of isolating (IID f r o m  the mix tu re  s e r v e s  
as an additional independent proof  of its s t ruc tu re .  

The exis tence of a s t rong in t r amolecu la r  hydrogen bond in (HD (AvOH = 380 cm -1) was shown by the 
IR spec t roscop ic  study of the concentra t ion dependence of ea  of the band of the s t re tching v ibra t ions  of the 
bound hydroxyl  [17]. 

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

The IR spec t r a  we re  taken by I. Ya. Evtushenko, to whom the authors  exp re s s  the i r  thanks,  a t  
r o o m  t e m p e r a t u r e  on a UR-10 s p e c t r o m e t e r  (LiF pr i sm) .  The solvent  (CC14) was p rev ious ly  dr ied with 
phosphorus pentoxide and dist i l led.  Solutions with concentra t ions  of 0.005, 0.003, 0.002, 0.001, and 0.0005 
M were  studied at cell  lengths of 20 m m  for  the f i r s t  four concentra t ions  and 50 m m  for  the last .  The 
values  of ea  of the bound hydroxyl  at  these  concentrat ions were ,  r e spec t ive ly ,  41, 42, 44, 47, and 48. In 
0.005 M solution, vOH is 3640 cm -1 and v~) H 3260 cm -1. 

Hydrogenation of (I) [18] and Analys is  of the Cata lyzate .  A 160-ml  autoclave was charged  with 0.5 g 
of (I), 15 ml  of methanol ,  and 1.5 g of Raney nickel .  The reac t ion  was p e r f o r m e d  at  120~ and an initial 
p r e s s u r e  of hydrogen of 115 a tm for  5 h. The hydrogenizate  was f i l t e red  f r o m  the ca ta lys t  and evapora ted  
to a volume of 5 ml.  This solution was analyzed on a UKh-2 ch romatograph  with the rma l -conduc t iv i ty  de- 
tect ion.  Polyethyleneglycol  20,000 deposited in an amount  of 15% on INZ-600 c a r r i e r  t r ea t ed  success ive ly  
by published methods [19, 20] was used as  the s t a t ionary  phase .  The length of the column was 4 m, the 
d i ame te r  4 mm,  the t e m p e r a t u r e  234~ and the r a t e  of flow of the c a r r i e r  gas (helium) 200 m l / m i n .  

The conditions of hydrogenat ion in the other  exper iments  a r e  given in Tables  1 and 3. When acet ic  
acid was used as the solvent ,  the ca ta lys t  was f i l te red  off, the acet ic  acid was dist i l led off under  reduced  
p r e s s u r e  on the wa te r  bath, and the res idue  was dissolved in a sevenfold amount of benzene.  The benzene 
solution was t r ea t ed  with concent ra ted  caus t ic  soda solution, and the benzene layer  was s epa ra t ed  off and 
dr ied  with caust ic  potash. 

Mixture  of 3- ( f l -Hydroxyethyl )pyrro l iz id ines  (II and HI) and 1- ( f l -Hydroxyethyl )pyrro l iz id ines  (V and 
(VI) .  A. A 160-ml  autoclave was charged  with 8.1 g of a mix ture  of (I) and (IV) [2], 80 ml  of methanol ,  and 
1.7 g of  Raney nickel ,  Hydrogenation was p e r f o r m e d  at  120~ and an initial  p r e s s u r e  of hydrogen of 115 
a tm.  for  5 h. The hydrogenizate  was f i l te red  f r o m  the ca ta lys t ,  the methanol  was evapora ted  off, and the 
res idue  was t r ea t ed  with 80 ml  of hydrochlor ic  acid. The solution was washed th ree  t imes  with benzene 
and twice with e ther  (50-75 ml  portions) and was dried with caust ic  potash.  The oil isolated and benzene 
ex t rac t s  f r o m  the alkal ine solution were  combined and dr ied with caus t ic  potash. The benzene was dist i l led 
off and the r e s idue  was f rac t iona ted  under reduced  p r e s s u r e ,  giving 4.7 g (56%) of a mix tu re  of (H), (III), 
{V), and (VI). Bp 119-130~ (2 mm); d 2~ 1.0218; n~ 1.4997. Found, %: C 69.6; H 11.0; N 9.1. CgHITNO. 
Calculated,  %: C 69.6; H 11.0; N 9.0. 

B. The hydrogenat ion of 8 g of a mix tu re  of (I) and (IV) on 24 g of Raney nickel  under the s a m e  con- 
ditions and the isolat ion of the product  by the method descr ibed  above gave 4.2 g (51%) of a mix tu re  of (II), 
(III), (V), and (VI). Bp 132-150~ (10 mm); n~  1.4985. 

C. A 160-ml  rota t ing autoclave was charged  with 7 g of a mix tu re  of (D and (IV), 50 ml  of g lac ia l  
ace t ic  acid,  and 7 g of 2.5% Rh/AI203. Hydrogenation was p e r f o r m e d  at r o o m  t e m p e r a t u r e  and an initial  
p r e s s u r e  of hydrogen of 110 a tm.  The calculated amount  of hydrogen was absorbed  in 40 min. The ca ta l -  
yza te  was t r ea t ed  by the method descr ibed  above,  giving 4.38 g (61%) of a mix tu re  of i somer i c  hydroxy-  
e thylpyr ro l iz id ines .  Bp 124-135~ (5 ram), d 2~ 1.0314; n~  1.4974. 

In all  cases ,  according to GLC, the yields  of the hydrogenat ion products  were  cons iderably  higher  
than those given in the p r epa ra t i ve  syntheses ,  which is explained by losses  in the isolat ion and pur i f ica-  
t ion s tages .  

t r ans -3 - ( f l -Hydroxye thy l ) -3H,7aH-pyr ro l i z id ine  (III). A solution of 8.7 g (0.051 mole) of n -p ropy l  
iodide in 35 ml  of e ther  was added to 4.4 g (0.028 mole) of a mix tu re  of i s o m e r s  containing 5% of (ID, 49% 
of (IID, 12% of (V), and 34% of (VI). Af te r  only one of the i s o m e r s  r e m a i n e d  in the solution (5 days,  chro-  
matographic  check), the p rec ip i ta te  was f i l te red  off, the f i l t ra te  was t r ea t ed  with 5% hydrochlor ic  acid, the 
e therea l  l ayer  was s epa ra t ed  off, and the aqueous l ayer  was t r ea t ed  with caust ic  potash.  The  oil that  
s epa ra t ed  out and benzene ex t rac t s  f r o m  the aqueous l ayer  (2 x 30 ml) w e r e  combined and w e r e  dr ied with 
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solid KOH. The benzene was evaporated off and the res idue  was dist i l led under reduced p re s su re .  Yield 
1.77 g [40% on the total  weight of the mixture  of i somers  and 82% on the (HI) contained in the initial mix-  
ture] in the fo rm of a co lor less  viscous liquid. The puri ty of the i somer  was confi rmed chromatographica l -  
ly. Bp 91-94~ (2 mm),  d 2~ 1.0177; n~ 1.4955. Found, %: C 69.6; H 11.1; N 9.0; MR D 44.52. CgH17NO. 
Calculated, %: C 69.6; H 11.0; N 9.0; MR D 44.83. 
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