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XIH.* CHEMICAL METHODS FOR THE SEPARATION OF A MIXTURE 

OF EPIMERIC 3-METI-IYLPYRROLIZlDINES. RELATIVELY HIGH 

BASICITIES OF THE ISOMERS 

I .  M. S k v o r t s o v  a n d  I .  V. A n t i p o v a  UDC 547.759 : 541.634'128 

Ep imer i c  3 -methy lpyr ro l i z id ines  we re  sepa ra t ed  p repa ra t ive ly .  Compet i t ive  quaternizat ion of 
the mix tu re  of i s o m e r s  with n -p ropy l  iodide and cata lyt ic  i somer iza t ion  were  used to obtain 
t r a n s - 3 ,  8 -H-3-methy lpyr ro l i z id ine .  c i s -3 ,8 -H-3 -Methy lpy r ro l i z id ine  was isola ted f r o m  the 
mix tu re  by quaternizat ion with benzyl  chlor ide  and subsequent  hydrogenolysis  of the resu l t ing  
qua te rna ry  salt .  The pK a values  of t r a n s -  and c i s - 3 , 8 - H - 3 - m e t h y l p y r r o l i z i d i n e s ,  pyr ro l iz id ine ,  
and indolizidine were  measu red .  It is shown that in a s e r i e s  of sa tu ra ted  amines  with a t e r t i a r y  
ni t rogen a tom pyrro l iz id ine  and 3 -methy lpyr ro l i z id ines  a r e  among the s t ronges t  bases .  

Var ious  methods for  the synthes is  of mix tu res  of i somer i c  3 -methy lpyr ro l i z id ines  were  p resen ted  in a 
previous  communicat ion  [2]. In the p resen t  paper  we p ropose  methods for  the p r e p a r a t i v e  isolation of t r a n s -  

and c i s - 3 , 8 - H - 3 - m e t h y l p y r r o l i z i d i n e  lID f r o m  thei r  mix tures ;  the methods a r e  based  on our p rev ious ly  de- 
sc r ibed  [3] method of compet i t ive  quaternizat ion.  

To isola te  ba se  I we se lec ted  an alkyl  halide whose r a t e  of reac t ion  with this compound is cons iderably  
lower than the r a t e  of r eac t ion  with i s om er  II  for  s t e r i c  r ea sons .  In ether  solutions methyl  iodide and ethyl 
iodide r e a c t  v e r y  vigorously  with both ep imer s .  Good se lec t iv i ty  is achieved by the use  of i sopropyl  iodide, but 
the reac t ion  r a t e  in this ca se  is low. In a p r e p a r a t i v e  r e s p e c t  it was found to be m o r e  convenient to use n - p r o -  
pyl iodide ~ as the quaterniz ing agent;  ba se  I can be isolated in up to 50% yields  af ter  t r ea tmen t  of a mix ture  
enr iched in i somer  I with IH and separa t ion  of qua te rna ry  sa l t s  IV and V. 
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l l l -V R=n-C3H 7, X=I ;  VI-VIII R=C6HsCli 2. X=CI 

Pyrro l iz id ine  I can a lso  be obtained by catalyt ic  i somer iza t ion  of ep imer  II. We used Raney nickel  and 
15% P d / C  as the ca ta lys t s ;  be t te r  r e s u l t s  a r e  obtained when the la t ter  ca ta lys t s  a r e  used. 

To obtain II  we used the abil i ty of benzylhal ides  of t e r t i a r y  amines  to undergo specif ic  hydrogenolysis  
[4]. I s o m e r  II was p r e p a r e d  in this way on Raney nickel  f r o m  c i s -3 ,  8 -H-3 -me thy l -4 -benzy lpy r ro l i z id in ium 
chloride (VI1), which was isolated in the f i r s t  c ry s t a l  f rac t ions  f r o m  the reac t ion  of a mix tu re  of bases  I and II 
with benzyl  chlor ide (V1). 

According to data obtained by g a s - l i q u i d  ch roma tog raphy  (GLC), the i somer ic  pur i ty  of the isolated I and 
II was no less  than 997o. 

* S e e  [1] for  communicat ion  XII. 
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A dist inct  d i f fe rence  in the absorp t ion  at 480-560 c m  -1, which depends on the configurat ion at the 3-C 
a tom,  is obse rved  in the IR s p e c t r a  of the products .  A band of medium intensi ty at 525-537 c m  -1 is c h a r a c -  
t e r i s t i c  for  the t r ans  i s o m e r  of I and its de r iva t ives  - qua te rna ry  sal t  VIII and hydrochlor ide  IX; c is  i s o m e r s  
II and VII andhydroch lor ide  X have two absorpt ion  bands of med ium intensi ty at 485-500 and 542-550 c m  -I .  
This  d i f ference  in the s p e c t r a  can be  used to moni tor  the pur i ty  of the chlor ide  VII f rac t ions  in the qua te rn iza -  
tion reac t ions .  The absorpt ion  band pecul ia r  to sa l t  VIII at 525 c m  -1 shows up c l ea r ly  when 5% VIII is p resen t  
in the mix ture ,  as  shown by the IR s p e c t r u m  of an a r t i f ic ia l ly  p r e p a r e d  mix tu re  of i s o m e r s  VH and VIII. 

In examining the r e s u l t s  of the de te rmina t ions  of the pK a values  of the invest igated b a s e s ,  one must  take 
into account the fact  that I, l ike unsubst i tuted pyr ro l iz id ine  XI, exis ts  in c i s - fu sed  conformat ions  IA and XIA.* 
According to the PMR s p e c t r a l  data,  i s o m e r  II  exis ts  in nonpolar  solvents  as a mix tu re  of c i s -  (HA) and t r a n s -  
fused  (HB) f o r m s ,  and the equi l ibr ium is shifted substant ia l ly  to favor  the f o r m e r  [5]. 

According  to the avai lable  data [6], polar  solvents  s tabi l ize  conformat ions  with higher dipole moments .  The equil i -  
b r i um is t h e r e f o r e  shif ted to an even g r e a t e r  extent to favor  the c i s - f u s e d  conformat ion  of HA on pass ing  f r o m  a non- 
po la r  solut ion to an aqueous solution of II, s ince  ci s - fu sed  conformat ion  HA, as follows f r o m  an examinat ion of models ,  
has a higher dipole moment  than t r a n s - f u s e d  f o r m  liB. 
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t ica l ly  ent i re ly ,  in c i s - f u s e d  f o r m  HA, just  l ike I and XI. The methyl  group in ep imer  I is c i s -o r i en t ed  with r e -  
spect  to the unshared  e lec t ron  pa i r  of ni t rogen (exo or ienta t ion with r e s p e c t  to the bicycl ic  sys tem)  and c r ea t e s  
g r e a t e r  s t e r i c  hindrance to hydrat ion than in ep imer  II, in which the methyl  group (endo orientation) and un- 
sha red  e lec t ron  pa i r  a r e  mutual ly  t r an s -o r i en t ed .  This explains the lower bas ic i ty  of I (pK a 11.62 �9 0.09) as 
c o m p a r e d  with the bas ic i ty  of ep i m er  H (pK a 11.94 :~ 0.07). The bas ic i ty  of H also  exceeds  the bas ic i ty  of un- 
subst i tu ted pyr ro l iz id ine  (XI), for  which the pK a value is 11.68 & 0.06. It is known [7] that in a s e r i e s  of sa tu-  
r a t ed  amines  the change in bas ic i ty  when an alkyl  group is introduced in the ~ posit ion re la t ive  to ni t rogen is 
the r e su l t  of the effect  of two opposing fac tors  - an inc rease  in the bas[c i ty  due to a posi t ive inductive effect  of 
the alkyl subst i tuent  and a weakening because  of s t e r i c  hindrance to solvation. In the case  of i somer  I the ef-  
fects  of these  fac to r s  a r e  pa r t i a l ly  compensated.  The change in the exo or ienta t ion of the methyl  group in 
ep imer  I to the endo or ienta t ion  in ep imer  II leads to a dec r ea se  in the s t e r i c  hindrance and, consequently,  to 
an inc rease  in the bas ic i ty  of the la t ter  compound as compa red  with the bas ic i ty  of i somer  I. 

The pK a values  of pyr ro l iz id ines  I, H, and XI a r e  higher than the cor responding  constants  of sa tu ra ted  
t e r t i a r y  amines  (7, 8), pa r t i cu l a r ly  r e l a t ed  bicycl ic  s y s t e m s  with a nodal n i t rogen a tom such as indolizidine 
(pK a 10.15 -~ 0.05) and quinolizidine (pK a 10.19 • 0.07 [9]. The increased  bas ic i t i e s  of the pyrro l iz id ines  under 
considera t ion  he re  may  be due to the pecu l ia r i t i es  of the geome t r i e s  of the i r  c i s - fu sed  fo rms .  Thei r  f i r s t  
specif ic  pecul ia r i ty  cons is t s  in the fact that ,  in con t ras t  to quinolizidine and indolizidine, the c i s - fu sed  confor -  
mat ions  of pyr ro l iz id ines  do not have ant icoplanar  f ragments  involving the unshared  e lec t ron  pa i r  of ni t rogen 
and the ~ - C  - H  bond. Hence the degree  of par t i a l  deloeal izat ion of the unshared pair  of n i t rogen via the wel l -  
known scheme  in [10] is reduced  (if not excluded entirely) in p~rro l iz id ines  I, II, and XI as compa red  with t h e  
above -named  1-azabicyc l ic  s y s t em s .  The second pecul ia r i ty  that is cha r ac t e r i s t i c  of pyr ro l iz id ines  with c i s -  
fused r ings  [11] is due to the high s t e r i c  access ib i l i ty  of the sp  3 orb i ta l  of the ni t rogen a toms  of II and XI. 
Fea tu res  of this so r t  a r e  a lso  pecul iar  to the quinuclidine molecule ,  the bas ic i ty  of which (pK a 10.95, 10.65) [7] 
is explained by the exposed configurat ion of the unshared e lec t ron pair  of its ni t rogen a tom [12]. However ,  

*The genera l  and essen t i a l  p rope r t i e s  of the va r ious  c i s - fu sed  conformat ions  [5] - the cis  re la t ionsh ip  of the 
hydrogen a tom at tached to 8-C and the unshared e lec t ron  pa i r  of ni t rogen - a r e  re f l ec ted  in the scheme.  
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quinuclidine is a weaker  ba se  than pyrro l iz id ine  XI. This  d i f ference  is p r o b a b l y  de te rmined  by the fact  that  
the unshared  e lec t ron  pa i r  of the ni t rogen a tom in the f o r m e r  is shielded by s ix  syn-hydrogen a toms  as c o m -  
pa red  with only t h r ee  in the la t t e r .  

EXPERIMENTAL 

The IR s p e c t r a  of thin l a y e r s  of  bases  I and I I  and m i n e r a l  oil and hexachlorobutadiene suspens ions  of 
c rys ta l l ine  de r iva t ives  VII-X w e r e  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  Chromatographic  analys is  was c a r -  
r i ed  out with an LKhM-8M chromatograph  with a the rmal -conduc t iv i ty  detector .  Tr ie thanolamine  applied in 
15% amounts  to s i lanized N-AW-tIMDS Chromaton (Chemapol,  Czechoslovakia) with a grain s ize  of 0.20-0.25 
m m  was used as the s t a t iona ry  phase.  The column was 2 .9 -m- long  and had an inner d i ame te r  of 3 m m ,  the 
t e m p e r a t u r e  was 120 ~ and the c a r r i e r - g a s  (hydrogen) flow r a t e  was 50 m l / m i n .  

The pK a values  we re  de te rmined  by potent inmetr ic  t i t ra t ion  [13] with an LPU-01 p H - m e t e r  with g lass  
and s i lve r  chlor ide  e lec t rodes .  The appara tus  was adjusted by means  of groups of s tandard  buffer  solutions 
with pH 9.5, 11.0, and i2~0; and 10.0, 11.0, and 12.5, Ti t ra t ion  was c a r r i e d o u t  in a t he rmos t a t ed  (at 25 ~ ve s se l  that 
excluded contact  between the solution and a i r .  A s t r e a m  o f a r g o n w a s  bubbled through the solution continuously. The 
aqueous solution of the t es t  base  (0.01 M at the ha l f -neut ra l iza t ion  point) was t i t ra ted  with 0.1 M HC1 solution. 
The pK a values  we re  ca lcula ted  f r o m  a se t  of de te rmina t ions  (35-44) in pa ra l l e l  exper iments .  The re l iab i l i ty  
was a s sumed  to be 95% in the calculat ion of the confidence in terval  [14]. Since the invest igated compounds 
have pK a values  higher than 11, control  de terminat ion of the pKa value of purif ied piper idine,  for which con-  
s tants  m e a s u r e d  at 25 ~ with both glass  (pK a 11.22) [15] and hydrogen (pK a 11.12) [8] e lec t rodes  a r e  known, 
w e r e  made  p r io r  to each exper iment .  We found a pK a value of 11.29 for  piperidine.  

�9 Pyr ro l iz id ines  I, II, and XI were  obtained by methods prev ious ly  descr ibed  in [2, 16]. Indolizidine was 
p r e p a r e d  by in t ramolecu la r  dehydrat ion of 2 - ( ? -hydroxypropy l )  piperidine [17] by the method in [2]. The p rod-  
uct was obtained in 56% yield and had bp 66-67 ~ (34 ram) and nD 2~ 1.4703 [bp 71-72 ~ (32 mm) and nD 21 1.4702 [2]]. 

t r ans -3 ,8 -H-3 -Me thy lpy r ro l i z id ine  (I). A) A 17-g (0.1 mole) sample  of propyl  iodide was added to a so lu-  
tion of 12.3 g (0.1 mole) of a mix tu re  containing 77% i s o m e r  I and 23% i somer  II in 30 ml  of e ther ,  and the 
solution was allowed to stand a t  r o o m  t e m p e r a t u r e  until i s o m e r  H vanished comple te ly  (monitoring by GLC), 
which took ~ 17 h. The prec ip i ta te  was r e m o v e d  by f i l t ra t ion and washed with ether .  The f i l t ra te  was acidif ied 
to pH 3-4  with 15% aqueous HC1 solution, and the aqueous l ayer  was sepa ra t ed  and ex t rac ted  with ether .  The 
ether  ex t r ac t s  were  d iscarded ,  and the aqueous solution was sa tu ra ted  with solid KOH. The l ibe ra ted  I was ex-  
t r a c t e d  with e ther ,  and the e ther  solution was dr ied  with KOH. The solvent  was r e m o v e d  by dist i l lat ion,  and the 
r e s idue  was f rac t iona ted  at reduced  p r e s s u r e  to give 4.8 g (50%) of a product with bp 77-78 ~ (72 ram),  d42~ 
0.8919, and nD2~ 1.4608 [bp 64-65 ~ (35 ram),  d42~ 0.8942, and nD 2~ 1.4606]. The hydroehlor ide  (IX) of p y r r o l i z i -  
dine I, with mp 185-186 ~ (from ethyl aceta te) ,  was obtained in 48% yield by mixing ether  solutions of base  I and 
dry  HC1. Found: C 59.6; H 9.9; N 8.6%. CsH15N'HC1. Calculated:  C 59.4; H 10.0; N 8.6%. 

B) A 30-ml  ro ta t ing  autoclave was charged  with 2 g (16 mmole)  of a mix tu re  consis t ing of 16% ep imer  I 
and 84% ep imer  H, 0.5 g of 15% P d / C ,  and 5 ml of ethanol. The a i r  was displaced f r o m  the autoclave with 
hydrogen,  and the isome.r izat ton was  c a r r i e d  out at 100 ~ After  9 h, i s o m e r  II  was conver ted  prac t ica l ly  c o m -  
pletely to i somer  I. The ca ta lys t  was r e m o v e d  by f i l t ra t ion,  the alcohol was r emoved  by dist i l lat ion at reduced  
p r e s s u r e ,  and the res idue  was vacuum dist i l led to give 1.1 g (55%) of product.  

t r a n s - 3 , 8 - H - 3 - M e t h y l - 4 - b e n z y l p y r r o l i z i d i n i u m  Chloride (vm).: A 2.02-g (16 mmole)  sample  of benzyl  
chlor ide was added to a solution of 2 g (16 mmole)  of ba se  I in 20 ml  of e ther ,  and the mix tu re  was ref luxed for  
60 h. The resu l t ing  sal t  was r em oved  by f i l t ra t ion and washed with ether  to give 2.76 g (68%) of a product  with 
mp 235-236 ~ (from cyelopentanone).  Found: C 71.5; H 8.4; N 5.9%. CtsH22C1N. Calculated: C 71.5; H 8.8; 
N 5.6%. 

c i s -3 ,8 -H-3 -Me thy l -4 -benzy lpy r ro l i z id in ium Chloride (VII). A 7.0-g (55 mmole)  sample  of benzyl chlo-  
r ide  was added to a solution of 7.6 g (61 mmole)  of a mix tu re  of e p i m e r s  (12% I and 88% 1D in 30 ml  of e ther ,  
and the resu l t ing  prec ip i ta te  was sepa ra ted  in port ions as it formed.  The qua te rna ry  sal t  f rac t ions  were  ana-  
lyzed,  beginning with the las t ,  by subject ing them to hydrogenolysis  by the method p resen ted  below and ch ro -  
matography  of the resu l t ing  base .  The fract ion that yielded pure  i somer  II was es tabl ished,  and all  of the p r e -  
ceding c ry s t a l  f rac t ions  were  united. The yield of sal t  VII, with mp  226-227.5 ~ (from dichloroethane),  was 5.5 g 
(41%). Found: C 71.6; H 8.5; N 5.6%. CIsH22C1N. Calculated:  C 71.5; H 8.8; N 5.6%. 

c i s -3 ,8 -H-3 -Methy lpy r ro l i z id ine  (I1). A 250-ml  ro ta t ing  autoclave was charged  with 5.5 g (22 mmole)  of 
sa l t  VII, 27 ml of ethanol,  and 1.5 g of highly ac t ive  alkal ine nickel  (Urusibar  nickel)." The initial hydrogen 
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p r e s s u r e  was 50 atm. Hydrogenolysis  was c a r r i e d  out at 50-60 ~ for 2.5 h. The cata lys t  was r emoved  by fil-  
t ra t ion,  the solution was acidified to pH 3-4 with 15% HC1 solution, and the alcohol was removed  by distillation. 
I somer  II was then isolated as in the case  of i somer  I to give 1.6 g (59%) of a product  with bp 85-86 ~ (72 ram), 
d42~ 0.9092, and nD 2~ 1.4689. Found: C 76.9; H 12.2; N 11.2%; MR D 38.34. CsH15N. Calculated: C 76.7; H 12.1; 
N 11.2%; MRD 38.68. The hydrochlor ide  (X) of i somer  II, with mp 197-198 ~ (from benzene)j  was obtained by 
the method used to p r epa re  salt  IX. Found: C 59.4; H 10.1; N 8.9%. CsH15N. HC1. Calculated: C 59.4; H 10.0; 
N 8.6%. 
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