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Abst rac t  - T h e  prepara t ion  o f  f ou r  n ico t ine  analogues hav ing  one or two - 
addit ional  methylene un i t s  between the N-rnethylpyrrol id inyl  moiety and the 

aromatic r i n g  a re  repor ted.  Also prepared a re  the  corresponding nar- 

nicot ine and myosmine analogues. The  course o f  the  SpSth condensation 

used i n  these syntheses i s  examined, especially w i t h  rega rd  t o  possible 

pro ton t ransfer  reactions. 

T h e  search f a r  the  s t ruc tu ra l  re lat ionships be:ween nicot ine (L) and acetylcholine (2) has usually 

centered on t h e  possible correspondence between the N---N'  intramolecular distance in L com- 

pared wi th  the  N - - - 0  intramolecular distances i n  2.' As p a r t  of our s t ruc ture- react iv i ty  

studies,  we have prepared numerous analogues i n  which the basic nicotine r i n g  skeieton remains 

constant whi le var ious subst i tuents have been added to affect molecular proper t ies  b y  steric 

and/or  electronic per turbat ions  (Q. We here in  repo r t  the  prepara t ion  of a ser ies of 

n icot ine analogues in which the two basic s t ruc tu ra l  un i t s  of nicotine again remain f i xed  and un- 

modified, namely the  3-monosubstituted p y r i d y i  r i n g  and the 2-monosubstituted py r ro l i d i ny l  

moiety.  However, methylene un i t s  have been inserted between these molecular fragments [e.g.  

(? ) I  in such a fashion as t o  modify N---N'  distance. 



The  preparat ion o f  the  nicot ine analogues was achieved in  a d i rec t  fashion, as i l lus t ra ted i n  

Scheme i and summarized i n  Table I. i n  all cases, the  corresponding myosmine (9)  and nor- 

@ 9 & N - 10 

nicot ine (10) analogues were also prepared. These syntheses a r e  similar t o  the  ear l iest  modern 

5 
preparat ion of n icot ine i n  1928 b y  5 ~ 5 t h  who condensed the anion o f  N-methylpyrrol id inane w i th  

e thy i  nicotinate. To  ex tend the scope o f  our  syntheses, we performed the SpSth c ~ n d e n s a t i o n ~ ' ~  

i n  bath  the  3 -py r i dy l  series ( l a 2 - k )  and t h e  phenyl  series (2-d), i n  each case s ta r t i ng  w i th  

e i ther  one or two methylene un i ts  between the aromatic r i n g  and the ester moiety. 

6 I 
7 TMS 

4 
OzEt 0 2  A q (cH~J&) 

+ 0' N 

5 - I 7 TMS ! i i i i  
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a , X = N , n = l  
b , X = N ,  n = 2  
C ,  X = CH, n = 1 
d ,  X = CH, n = 2 

In i t ia l l y ,  we prepared the l i th ium amide enoiate 2 b y  t reat ing  N-trimethylsilylpyrrolidinone (6)  6 

wi th  l i th ium diisopropylamide (LDA) .  The appropr ia te  aromatic ester ! was then added to the  

reaction mix ture .  The  intermediate condensation p roduc t  was then isolated, d i rec t l y  hydrolyzed, 

and decarboxylated i n  re f l ux ing  HCI t o  y ie ld,  af ter  basif ication, the  myosmine analogues 2 and 

7 8b. I n  the  3 -py r i dy l  series, 2-% were  each cleanly reduced wi th  sodium cyanoborohydr ide t o  

g i ve  t h e  corresponding nornicot ine analogues 2 and 1 2  respect ively.  These were methylated 

us ing the Borch procedure8 (formaldehyde, sodium cyanoborohydr ide) t o  g i ve  t h e  respect ive 

nicotines %-I&. 
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TABLE. Summary of Isolated Yields o f  Pur i f ied  Reaction Products 

Reactions/Yields (%) 

Series Subst i tut ion Pattern _5 + _7 ->j _5 + _7 ->13 _8 -> 2 2 -> 1 2  

x - n 

5 Not isolated. B y  reduct ion o f  the  N-methylpyrrol in ium sal t  &. 

A similar sequence was followed fa r  the phenyl  series, s ta r t i ng  f rom &-z. I n  t h e  n = 1 case, 

t h e  py r ro l i ne  & was t reated w i th  iodomethane to  form the N-methy lpyr ro l in ium iodide which was 

reduced wi th  sodium barohydr ide  d i rec t l y  t o  the  nicotine analogue z; t h e  nornicot ine analogue 

I l c  was prepared b y  reduct ion o f  E. - 
An in teres t ing  consideration o f  the  SpBth condensation between the esters 5 and anion ! is the 

possibi l i ty ,  i l lustrated i n  Scheme 1 1 ,  o f  fo rming two d i f f e ren t  in i t ia l  condensation products ,  12 or 

14. Upon hydro lys is  and decarboxylation, bo th  2 and 14 could lead to  the  same myosmine - 

13a, X  = N, n = 1 - 
1 2 ,  X = N ,  n = 2  
13c, X  = C H ,  n = I -- 
1 3 ,  X  = C H ,  n = 2 

analogue 8 As the reactions were performed b y  t reat ing  6 wi th  preformed LDA, the  condensa- 

t ion  could occur d i rec t l y  (Route A), o r  fol lowing pro ton exchange (Route B) ,  t o  resu l t  i n  13 a r  

14 respect ively.  Acid hyd ro l ys i s  o f  e i ther  13 or  14 followed b y  decarboxylat ion and cyclization - 
would resu l t  i n  the formation o f  the  same myosmine analogue 8. Ta explore and resoive th is 

ambigui ty,  we performed a number of addit ional reactions and care fu l ly  examined the in i t ia l  

adducts formed i n  the  SpB'th condensations. 

The  SpBth reactions o f  7 w i th  2 - 5 d  were rerun w i th  the  goal of isolat ing,  i n  the  h ighest  yields, 

the  p u r e  in i t ia l  condensation products .  Without exception, t h e  condensation products  were the 

p-ketolactams 2 farmed v ia  Route A i n  Scheme 1 1 .  These s t ruc tu ra l  assignments were based an 

elementai analyses and NMR ('H and I3C)  spectroscopic proper t ies .  We note a t  t h i s  stage that  



I 
5a -- TMS 15 .. TMS 

I 
6 - 

t h e  Spath condensations of z, and 55, all lead to  isolable products  i n  h igh  yields.  We t hus  

exclude the possibi l i ty  t ha t  the  second pathway B i n  Scheme I1 proceeds simultaneously w i t h  

pathway A ,  w i th  the  p roduc t  14 being lost i n  the  workup and pur i f i ca t ion  procedures.  

In orde r  t o  evaluate t h e  involvement of  p ro ton t ransfer  i n  Scheme I1 chemistry,  we examined the 

reaction of preformed ester enolate 2 wi th  N-trimethylsilylpyrrolidinane. Enolate 15 (Scheme 

i l l ,  p ~ e p a r e d  b y  react ing e thy l  3-pyr idylacetate w i t h  LDA, was allowed to  react w i t h  N- t r imethy i -  

s i l y lpyr ro l id inone (6). A h igh  yield (88%) a f  B-ketolactam L1-; was obtained a f t e r  cor rec t ing  f o r  

recovered ester.  

i t  is  in teres t ing  t h a t  Route A operates, even when t h e  reaction flows from t h e  r i g h t  hand side o f  

the  Scheme l i  eq r~ i l i b r i um ( i .e. ,  2 + 1 : 5 + 6) .  While the  acidit ies o f  the  act ive methylene 

compounds e thy l  3-pyr idylacetate (S) and N- t r imethy ls i l y lpyr ro l id ine  (5) have not been repo r t -  

ed, we can estimate9 them to  b e  c a .  pKa(5) ; 28-30 and p K a ( k )  ; 19-20. Thus, 15 is  f a r  less 

basic than i s  7 and t h e  equ i l ib r ium shown i n  scheme 1 1  is  shi f ted considerably toward 15. For 

Route A t o  operate exclusively (>95%), then t h e  lower concentrat ion of + 2 ( re la t ive  t o  2 + 5 )  
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must b e  made u p  b y  a much greater  reaction ra te  between 2 + 7 ( t han  between 15 + 6 ) .  This 

argument is related t o  a Curtin-Hammett k inet ic analysis1' in which the minor camponent(s) react 

a t  a much greater  ra te  t o  g ive  product .  I n  the  case herein,  7 must be s ign i f i cant ly  more nuclea- 

ph i l i c  than 2 t o  over come ca.  8 o rde rs  o f  magnitude difference in basic i ty.  We note t ha t  2 is 

l i ke ly  t o  be more electrophi l ic  than 6. 

The  analogous reaction (eq 1) of t h e  l i th ium enolate 16 of  e thy l  phenylacetate ( z )  w i t h  5 led 

on l y  t o  t h e  p-ketoester self-condensation p roduc t  l7- i n  92% y ie ld .  The  s t ruc tu re  of 17 was 

confirmed b y  i t s  hyd ro l ys i s  and  decarboxylation t o  d ibenry lke tone (lS-)." i t  is  in teres t ing  to  

compare the d i f f e ren t  reac t i v i t y  pat te rns  o f  2 and 16; t h e  farmer reacts w i t h  N-tr imethyls i ly l -  

pyr ro l id inone to  y ie ld  > (Scheme 1 1 )  while the la t te r  forms the self-candensation product  17 (eq 

Two experimental resu l ts  help explain th is  anomaly. F i rs t ,  the  l i th ium enolate 2 of  e thy l  3- 

pyr idy laceta te  was allowed to  react w i th  2 under  the  same reaction condi t ions as the condensa- 

t i on  reactions were performed (eq 2). No p-ketaester was formed. Second, the  l i th ium enolate 7 

o f  N-tr imethylsi ly lpyrrol idinane was allowed to  react w i t h  a one-fold excess o f  a I:? mix tu re  of 

t h e  esters 2 and & (eq 3).  Fallowing hydrolysis,  decarboxylat ion and cycl izat ion of the  ent i re 

reaction mix ture ,  the  two myosmines & and & were formed i n  ca. 1 : l  ra t io .  Thus, t h e  two 

esters a re  equal ly react ive  t o  condensation w i th  t h e  l i th ium enolate 7 (eq 3), b u t  the  l i th ium 

enolate 2 of  e thy l  3-pyr idylacetate ( 2 )  is no t  su f f i c ien t ly  react ive as a nucleaphile under  these 

condit ions t o  condense w i th  i t s  precursor 2. Ai ternat ive ly ,  anion 2 is  stabil ized, re la t ive  to 

anion 16, b y  t h e  p y r i d i n e  r i n g  and does no t  decompose as read i ly  to a h igh l y  electrophil ic 

ketene. 
12 

C02 E l  
I 

3 + @-t+ p+++ ,a+ - 8, - (3) 
0' 'i' 

+ . I : ]  
TMS 



We thus conclude t h a t  t h e  SpBth condensations between N-trimethylsilylpyrrolidinone and t h e  

aromatic esters 5 occur b y  way of the  anion of the  farmer,  a s  i l lus t ra ted i n  Scheme I (and 

Scheme 1 1 ,  Route A) .  These procedures resu l t  in the facile, h i gh  y ie ld  preparat ions of a series 

of myosmine, nomicat ine,  and nicot ine analogues shown i n  Table I and Scheme I and should b e  

applicabie t o  a wide range o f  re lated compounds. 

EXPERIMENTAL 

Methods and Materials. 

'H and '% NMR spectra were obtained on ei ther a Var ian XL-100 NMR spectrometer equipped 

w i th  a Digilab NMR-3 FT  accessory, a B r u k e r  WP-80 spectrometer operated i n  the  FT  mode, o r  a 

Var ian XL-400 NMR spectrometer. The  coupl ing constants and chemical sh i f ts  repor ted here in  

are  taken from the d ig i ta l  ou tpu t  from the spectrometer and a r e  uncorrected. We estimate a n  

e r ro r  o f  t 0.1 Hz f o r  the  coupl ing constants. Mass spectra were obtained an a Finnigan 3300 

GC/MS/DS-6000. I n f ra red  spectra were obtained an a 2838 Perk in  Elmer spectrophotometer. 

Elemental analyses were obained from Galbrai th Laboratories, Inc .  

(R_,5_)-3-(3-PyridylacetyI)-Z-pyrrolidinone (13a) and 2-(3-Pyridylmethy1)-1-pyrraline (83). 

A s t i r r ed  solution o f  di isopropylamine (12.14 g ,  0.12 mol) i n  e ther  (200 ml) under  n i t rogen was 

cooled t o  -75'C and treated w i th  2.5 M n-buty l l i th ium (36.0 ml, 0.09 mol) i n  hexanes followed b y  

N-tr imethyisi ly l -2-pyrral id inone (15.28 g, 0.097 mo l l  and s t i r r e d  f o r  15 min a t  -70°C. Ethy l  

3-pyr idylacetate (10.0 g, 0.0605 mol) was added and t h e  reaction allowed to  warm t o  and s t i r  a t  

room temperature fo r  20 h. T h e  resu l t ing  precipi tate was collected, washed w i th  e ther  and a i r  

d r i ed  t o  g ive  20.3 g o f  a colorless solid. A sample (10.3 g )  o f  th is  material was added a t  ODC t o  

10% HOAc (50 mi) and t h e  resu l t ing  solution extracted wi th  methylene chlor ide.  T h e  resu l t ing  

ex t rac t  was d r i ed  (Na,SO,) and concentrated, f ina l ly  a t  95'C (0.01 mm), and gave an cooling, 

redd ish-brown crys ta ls  (5.52 g ;  88%). Recrystall ization f rom ethy l  acetate gave an analytical 

sample of E: mp 98-99'C; iR (nujol)  3174, 3090, 1716, 1691, 1598, 1581 cm- l ;  'H NMR (CDCi,) 

6 2.07-2.18 (m, I H ) ,  2.59-2.70 (m, l H ) ,  3.29-3.45 (m, 2H), 3.62 (dd, l H ,  J = 9.2, 6.6 Hz), 

3.94 (d ,  l H ,  j = 17.0 Hz), 4.28 (d ,  l H ,  _? = 17 .0  Hz), 6.75 ( b r  s ,  l H ,  NC),  7.25 (dd, l H ,  J = 

7.8, 4.9 Hz), 7.55 (d t ,  l H ,  J = 7.8, 2.0 Hz), 8.45 (d, l H ,  _? = 2.0 Hz),  8.48 (dd,  l H ,  ,! = 4.9, 

2.0 Hz); I 3 C  NMR (CDCI,) 6 22.2, 40.4, 46.1, 53.6, 123.4, 129.6, 137.5, 148.3, 150.7, 173.2, 

202.0. Anal. Calcd f a r  C,,H,,N,O,: C, 64.69; H, 5.92; N, 13.72. Found: C, 64.86; H, 5.95; 

N, 13.53. 

The  remaining crude p roduc t  (10.0 g )  was mixed wi th  6N HCI (150 ml) , heated a t  re f lux  for  20 

h, concentrated a t  reduced pressure  to a s y r u p  and then  basi f ied w i t h  10% KOH. The  resu l t ing  

two phase mix ture  was ex t rac ted w i th  e ther  and the ex t rac t  d r i ed  (Na2S0,) and concentrated. 
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Bulb- to-bu lb  dist i l lat ion [oven temperature 80°C (0.005 t a m ) ]  gave & (4.07 g ;  84.1%) as a 

colorless oi l :  lR (film) 1643, 1578 cm"; 'H NMR (CDCi3) 6 1.89 (m, ZH), 2.43 (t, ZH, J = 7.3 

Hz), 3.67 (s, ZH), 3.8-3.88 (m, 2H), 7.23 (dd,  l H ,  J = 7.8, 4.8 Hz), 7.58 ( b r  d, l H ,  J = 7.8 

Hz), 8.49 (dd, l H ,  J = 4.8, 1.6 Hz), 8.50 (d, l H ,  J = 2 Hz); I 3 C  NMR (CDCI3) 6 22.65, 36.82, 

37.66, 61.07, 123.47, 132.55, 136.54, 148.16, 150.25, 175.54. Analysis was obtained on the 

d ip ic ra te  salt, mp 199-200°C. Anal. Calcd f a r  C22H,sN,0,,: C, 42.73; H, 2.93; N, 18.12. 

Found: C, 42.81; H, 2.96; N, 18.08. 

(R,S)-2-(3-Pyridyimethyl)pyrrolidine ( l l a ) .  

A s t i r r e d  solution o f  (6.0 g ,  37.45 mmol) i n  MeOH (200 mi) was treated with a t r ace  of brom- 

cresol green indicator,  NaCNBH3 (2.56 g ,  40.7 mmol). 2N HCI in  MeOH (prepared from conc 

hydroch lor ic  acid and MeOH) was added t o  maintain a yellow color.  The  reaction was quenched 

af ter  10 h w i t h  conc HCI (30 ml), heated b r i e f l y  unde r  re f lux ,  t hen  Concentrated unde r  reduced 

pressure.  The  residue was taken u p  i n  water, washed w i th  ether and basif ied (50% KOH), 

extracted w i th  ether and the ethereal  ex t rac t  d r i ed  (Na2S0,). The f i l te red solut ion was con- 

centrated and d is t i l led  bu lb- to-bu lb  [oven temperature 85°C (0.005 t o r r ) ]  t o  g i ve  2 (5.43 g ;  

89.4%) as a colorless oil: 'H NMR (CDCI3) 6 1.3-1.4 (m, l H ) ,  1.67-1.9 (m, 4H), 2.74 (d, ZH, J 

= 15.8 Hz), 2.80-2.90 (m, l H ) ,  2.98-3.08 (m, l H ) ,  3.18-3.30 (m, l H ) ,  7.54 ( d t ,  l H ,  J =  7.9, 

1.6 Hz), 8.45 (dd, l H ,  j = 3.2, 1.6 Hz), 8.47 (d, l H ,  = 2.2 Hz); 13C NMR (CDCI,) 6 25.00, 

31.35, 39.73, 46.33, 60.11, 123.27, 135.57, 136.40, 147.62, 150.34. Analysis was obtained on 

the d ip ic ra te  salt, mp 154-155°C. Anal. Calcd fo r  CZ2H20N,0,,: C, 42.59; H, 3.25; N, 18.06. 

Found: C, 42.72; H, 3.30; N, 18.09 

(!,?I-1-Methyl-2-(3-pyridyirnethy1)pyrroiidine (12.3). 

A s t i r r ed ,  cooled (DOC) solution o f  CH,CN (60 mL) containing (3.0 g ,  18.5 mmol) and 37% 

aqueous formaldehyde (7.0 ml)  was t reated wi th  NaCNBH, (1.75 g, 27.8 rnmal) i n  one portion. 

A f t e r  being allowed t o  s t i r  f o r  1 h a t  O°C, t h e  reaction was warmed to  roam temperature and 

s t i red  overn ight ,  concentrated on a r o t a r y  evaporator,  and t h e  residue t reated w i th  10% KOH 

and ether.  The  aqueous phase was f u r t h e r  ex t rac ted w i th  ether and t h e  combined ethereal 

ex t rac ts  were in t u r n  ex t rac ted wi th  20% HOAc (3x15 ml) . T h e  combined HOAc extracts were 

washed w i th  ether,  basi f ied (50% KOH), ex t rac ted w i th  e ther ,  and d r i ed  (Na2S0,). T h e  f i l tered 

solution was concentrated and bu lb- to-bu lb  d is t i l led  [oven temperature 85-90DC (0.005 t o r r ) ]  to 

g i ve  (2.71 g ;  83.2%) as a colorless o i l :  'H NMR (CDCl3) 6 1.4-1.6 (m, l H ) ,  1.6-1.76 (m, 

3H), 2.2 (m, l H ) ,  2.2-2.24 (m, l H ) ,  2.39 ( 5 ,  3H), 2.47 (dd,  l H ,  J = 13.2, 9.1 Hz), 2.99 (dd, 

l H ,  _? = 13.4, 4.2 Hz), 3.09 (d t ,  l H ,  J = 7.4, 1.9 Hz),  7 .2  (ddd, l H ,  J = 7.8, 4.8, 0.8 Hz), 

7.52 (dt ,  l H ,  J = 7.g, 1.8 Hz), 8.45 (m, ZH); 13C NMR (CDCi3) 6 21.74, 30.60, 37.58, 40.63, 



57.23, 67.15, 123.12, 135.18, 136.54, 147.50, 150.48. Analysis was obtained on t he  d ip ic ra te  

salt, mp  196-197'C. Anal. Calcd f o r  CZ3HZZN8OI4: C, 43.54; H, 3.50; N, 17.66. Found: C, 

43.61; H, 3.54; N, 17.53. 

2-(2-(3-Pyridy1)ethyl)-1-pyrraline (8b). -- 
T h e  same procedure  was employed a s  used in the  preparat ion of & us ing  (5.0 g ,  30.3 mmal). 

B u l b  t o  b u l b  dist i l la t ion [oven temperature 1 0 5 T  (0.05 t o r r ) l  gave & (3.27 g; 61.9%) as a l i g h t  

t a n  colored oi l :  IR ( f i lm)  1646, 1591, 1577 cm-I; 'H NMR (CDCI3) 6 1.8-1.9 (m, 2H), 2.46 t, 

ZH, J = 8 Hz), 2.63 (t, 2H, J = 6.5 Hz), 2.99 (t, 2H, J = 8.5 Hz), 3.78-3.86 (m, ZH), 7.2 

(ddd,  l H ,  J = 7.8, 4.8, 0.8 Hz), 7.53 (d t ,  l H ,  J = 7.4, 1.6 Hz), 8.40 (dd ,  l H ,  J =  4.8, 1.6 

Hz), 8.48 (d,  l H ,  J = 2.2 Hz); I 3 C  NMR (CDC13) 6 22.56, 29.52, 34.78, 37.69, 60.86, 123.30, 

135.70, 136.83, 147.54, 149.81, 176.68. Analysis was obtained on t he  d ip ic ra te  salt, mp 165.5- 

167.5'C. Anal. Calcd f o r  C,,H,oN,O1,: C, 43.68; H, 3.19; N, 17.72. Found: C,  43.46; H, 

3.21; N, 17.56. 

(R_,S_)-2-(2-(3-Pyridy1)ethyl)pyrrolidine ( l l b ) .  

T h e  same procedure  was employed as used i n  t he  prepara t ion  of 2 us ing  8 2  (1.12 g, 6.44 

mmol). Bu lb  t o  bu lb  dist i l la t ion [oven temperature l l O D C  (0.05 t o r r ) ]  gave (0.75 g ,  66%) as 

a colorless ai l :  'H NMR (CDCls) 6 1.23-1.35 (m, l H ) ,  1.66-1.82 (m, 5H), 1.85-1.96 (m, lH ) ,  

2.6-2.76 (m, 2H), 2.78-2.89 (m, l H ) ,  2.94-3.05 (m, 2H), 7.19 (dd,  l H ,  J = 7.8, 4.8 Hz), 7.51 

(d ,  l H ,  J = 7.8 Hz), 8.43 (dd ,  l H ,  J = 4.8, 1 .6  Hz), 8.46 (d ,  l H ,  j = 2.2 Hz); I3C NMR 

(CDCI,) 6 25.49, 30.97, 31.86, 37.96, 46.65, 58.53, 123.26, 135.69, 137.51, 147.32, 149.90. 

Ana lys is  was obtained an t h e  d ip ic ra te  salt, mp 154-155'C. Anal. Calcd for  C23H22N8014: C, 

43.54; H, 3.50; N, 17.66. Found: C, 43.55; H, 3.60; N, 17.68. 

(R_,5_)-l-Methyi-2-(2-(3-pyridyl)ethyl)pyrrolidine (12b). 
-wpm-- 

T h e  same procedure  was employed as  used i n  t h e  preparat ion of = us ing  1 2  (2.80 g ,  15.9 

mmol). B u l b  t o  bu lb  dist i l la t ion,  [lOODC oven temperature (0.05 t a r " ) ]  gave 1 2  (2.55 g ;  84.4%) 

a s  a colorless o i l :  'H NMR (CDCI3) 6 1.75-1.9 (m, 2H), 1.9-2.1 m ,  2 2.2-2.38 (m, 3H), 

2.38-2.47 (m, l H ) ,  2.58 ( s ,  3H), 2.8-3.0 (m, ZH), 3.35 ( td ,  l H ,  J = 9.5, 2.4 Hz), 7.48 (dd,  

l H ,  J =  7.8, 4.8 Hz), 7.98 ( b r  d, l H ,  J = 8 Hz), 8.71 (dd ,  l H ,  J =  4.8, 1.6 Hz), 8.75 (d,  l H ,  

J = 2.2 Hz); 13C NMR (CDCI3) 6 21.92, 29.89, 30.65, 35.07, 40.46, 57.29, 65.67, 123.28, - 

135.61, 137.59, 147.34, 149.84. Analysis was obtained an t h e  d ip ic ra te  salt, mp 151-15Z°C. 

Anal .  Calcd for  C2,H2,N,0,,: C, 44.45; H, 3.73; N, 17.28. Found: C, 44.56; H, 3.65; N, 

17.19. 





(R_,S_)-1-Methyl-2-benzylpyrrolidine ( 1 2 ~ ) .  - 
A st i r red  solution of CH,CN (15 ml)  containing & (1.0 g ,  6.28 mmol) was t reated w i th  CH81 (1.0 

ml) and l e t  stand fo r  5 days a t  room temperature.  T h e  solut ion was concentrated on a r o t a r y  

evaporator and t h e  residue t r i t u ra ted  w i th  hot e thy l  acetate. The  s l i gh t l y  of f -colored h y g r o -  

scopic quaternary  sal t  was collected and  d i rec t l y  dissolved i n  MeOH (25 mL) . The  solut ion was 

cooled (0-1O0C), t rea ted w i th  NaBH, (0.75 g ,  19.8 mmal), s t i r r e d  f o r  2 h in the cold and then 

allowed to  s i t  ove rn igh t  a t  room temperature.  The  solution was concentrated and the residue 

~ ~ I u b i l i r e d  w i th  d i lu te  HCI. The  aqueous phase was basi f ied (50% KOH) and ex t rac ted w i th  

e ther .  The  d r i ed  (Na,SO,) ethereal phase was f i l tered, concentrated and bu lb- to-bu lb  d is t i l ied  

[oven temperature 68OC (0.025 t o r r ) ]  t o  g i ve  l& (0.62 g; 56.3%) as a colorless ail: 'H NMR 

(CDC13) 6 1.5-1.8 (m, 4H), 2.17 (m, l H ) ,  2.25-2.37 (m, l H ) ,  2.38 (s, 3H), 2.4-2.47 (m, l H ) ,  

3.04 (dd,  l H ,  J = 12.5, 3.2 Hz), 3.09 ( t d ,  l H ,  J = 7.8, 1.8 Hz), 7.15-7.29 (m, 5H); 13C NMR 

(CDCI3) 6 21.71, 30.88, 40.68, 57.34, 67.76, 125.91, 128.22, 129.09, 140.03. The  p ic ra te  sal t  

was prepared i n  EtOH, mp 143-144T ( l i t .13  144-145°C). Anal. Calcd f o r  C,,H,,N,O,: C, 

53.46; H, 4.99; N, 13.85. Found: C, 53.29; H, 5.00; N, 13.80. 

(R_,5_)-3-(3-Phenylpropionyl)-2-pyrrolidinone (13d). 

The same procedure as used i n  t h e  preparat ion o f  & was employed us ing  diisopropylamine (12.1 

g ,  0.12 mol), ether (200 ml), n -buty l l i th ium (0.09 mol), N-tr imethylsi ly l -2-pyrrol id inone (15.2 g ,  

0.10 mal) and e thy l  hydrocinnamate (10.7 g ,  0.06 mol). The  heterogeneous reaction mix ture  was 

allowed to  s t i r  fo r  20 h and was then  quenched w i th  3N HCI (70 ml) t o  g i ve  a clear solution from 

which a prec ip i ta te  appeared. The  solid was collected, t r i t u r a t e d  w i th  CH2CI2 and d r i ed  

(N~zSO,). The  f i l te red CH,CI, solut ion was concentrated, t r i t u ra ted  w i th  ether and the resu l t -  

i ng  solid collected to  give colorless (7.89 g; 60.5%): mp 105-106°C; IR (nujoi)  3410, 3340, 

3215, 1715, 1685 cm-'; 'H NMR (CDCI3) 6 2.05-2.17 (m, lH ) ,  2.5-2.64 (m, l H ) ,  2.8-2.95 (m, 

3H), 3.26-3.4 (m, 4H), 6.94 ( b r  s ,  I H ,  NH), 7.14-7.29 (m, 5H); 13C NMR (CDCI,) 6 22.56, 

29.37, 40.63, 44.07, 54.26, 126.03, 128.36, 128.42, 140.90, 173.91, 204.79. Anal .  Calcd fo r  

C13H15N02: C, 71.86; H, 6.96; N, 6.45. Found: C, 71.88; H, 7.16; N, 6.34. 

2-Phenethyl-1-pyrrol ine (Ed). 

A s t i r r e d  m ix tu re  of 2 (6.72 g ,  30.9 mmol) and 6N HCI (70 ml) was heated unde r  re f lux  u n t i l  

gas evolut ion ceased (ca. 5 h ) .  The  reaction was worked u p  exact ly  as descr ibed for  k. 

Bulb- to-bu lb  dist i l lat ion [oven temperature 95OC (0.005 t o r r ) ]  gave Ed- (5.24 g ;  97.8%) as a 

colorless oil: IR (f i lm) 1644, 1604, 1587 cm-'. 'H NMR (CDCI3) 6 1.82 (m, ZH), 2.4 (t, ZH, J 

= 8 Hz), 2.6 (t, 2H, J = 8 Hz), 2.9 (t, ZH, ,! = 8 Hz), 3.79 (tt, 2H, J = 7.3, 1 .8  Hz), 7.13- 

7.28 (m, 5H); 13C NMR (CDCI3) 6 22.56, 32.59, 33.36, 37.57, 60.74, 126.02, 128.27, 128.44, 
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141.54, 177.84. Analysis was obtained on t h e  p ic ra te  salt, mp 139-140°C. Anal. Calcd far 

ClsHI8N40,: C, 53.73; H, 4.51; N, 13.93. Found: C, 53.57; H, 4.72; N, 13.70. 

(R_,z)-2-Phenethylpvrrolidine ( l l d ) .  

T h e  same procedure  was employed as used in t h e  preparat ian o f  l& us ing  8 d  (3.86 g, 22.3 

mmol), MeOH (75 mi) and NaCNBH, (0.709, 11.1 mmol). Bu lb- to -bu lb  d is t i l la t ion  [oven tempera- 

t u r e  90°C (0.005 t a r r l l  gave % (3.52 g ;  90.1%) as a clear colorless oi l :  'H NMR CDCI, 6 

1.2-1.3 (m, l H ) ,  1.68 ( 5 ,  1 NH), 1.65-1.9 (m, 5H), 2.6-2.9 (m, 3H), 2.91-3.03 (m, ZH), 

7.13-7.28 (m, 5H); 13C NMR (CDCI,) 6 25.43, 31.82, 33.85, 38.25, 46.58, 58.68, 125.65, 128.28 

(C2+C3), 142.30. Anai. Calcd f o r  C,,H,,N: C, 82.23; H, 9.78; N, 7.99. Found: C, 82.11; 

H, 9.69; N, 7.97. 

(R_,z)-1-Methyl-2-phenethylpyrrolidine ( l 2 d ) .  - 
T h e  same procedure  was employed as used in t h e  preparat ion o f  2 us ing  % (2.21 g, 12.6 

mmol), CH,CN (45 ml), 37% aqueous formaldehyde (4.7 ml) and NaCNBH3 (0.79 g, 12.6 mrnoi). 

Bu lb- to -bu lb  dist i l la t ion [oven temperature 85'C (0.005 t o r r ) ]  gave 1s (1.91 g; 80.0%) as a 

colorless oil :  'H NMR (CDCI3) 6 1.5-1.9 (m, ZH), 1.9-2.0 (m, 3H), 2.12 (q ,  l H ,  4 = 8.2 Hz), 

2.29 ( 5 ,  3H), 2.54-2.69 (m, ZH), 3.05 ( b r  t, l H ,  _? = 7.3 Hz), 7.15-7.28 (m, 5H); 13C NMR 

(CDCI3) 6 21.89, 30.68, 32.78, 35.41, 40.39, 57.31, 65.84, 125.65, 128.19, 128.25, 142.41. Anal. 

Calcd f a r  C,,H,,N: C, 82.48; H, 10.12; N, 7.40. Found: C, 82.18; H, 10.13; N, 7.48. 
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