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SUMMARY 

A v a r i e t y  o f  deuterium l a b e l l e d  tobacco a l k a l o i d s  

has been prepared f o r  metabol ic  s tud ies.  

myosmine w i t h  sodium borodeuter ide prov ided no rn i co t i ne -  

2'-dl. 

exchange w i t h  deuterium oxide t o  myosmine-3',3'-d2 

which could be reduced t o  norn icot ine-3 ' ,3 ' -d2 and 

nornicotine-2',3',3'-d3. Thus avenues t o  n i c o t i n e  

a l k a l o i d s  l a b e l l e d  a t  C;, and/or C;, have been estab- 

l i shed .  

n o r n i c o t i n e  fo l lowed by l i t h i u m  aluminum deuter ide 

reduc t i on  gave nicotine-N-methyl-d3. 

was prepared by o x i d a t i o n  o f  n icot ine-2 ' -d l  t o  c o t i n i n e -  

5-d, f o l l owed  by l i t h i u m  aluminium deuter ide reduct ion.  

I n  each case we observed the p a r t i a l  exchange o f  p y r i d y l  

protons w i t h  deuterium de r i ved  from the l i t h i u m  aluminium 

deuteride. 

Reduction of 

Myosmine a l s o  underwent smooth base cata lyzed 

Conversion o f  n o r n i c o t i n e  t o  N-ethoxycarbonyl- 

N ico t i ne -2 '  ,5' ,5'-d3 

I n  combination w i t h  e x i s t i n g  methods, these 
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reac t i ons  w i l l  be use fu l  i n  the synthes is  o f  a v a r i e t y  o f  

deuterium l a b e l l e d  n i c o t i n e  a l k a l o i d s  

Key Words: Nicot ine,  Norn icot ine,  Cot in ine,  Deuterium 

- INTRODUCTION 

The o x i d a t i v e  metabolism o f  n i c o t i n e  (i) has been shown t o  i n v o l v e  the  

C 2 ' ,  C 4 '  and C 5 '  p o s i t i o n s  o f  the f i v e  membered p y r r o l i d i n e  r i n g  (1).  

order  t o  f a c i l i t a t e  ou r  s tud ies on n i c o t i n e  metabolism, we requ i red  s y n t h e t i c  

methods f o r  t he  p repara t i on  o f  1 and i t s  p r i n c i p a l  metabol i tes n o r n i c o t i n e  ( 2 )  

and c o t i n i n e  (3 )  con ta in ing  s p e c i f i c  deuterium l a b e l s  i n  the  f i v e  membered 

r i n g .  

I n  

I u 

Y 

The synthes is  o f  n o r n i c o t i n e - 2 ' - d l _ ( ~ )  has been achieved p rev ious l y  

by c a t a l y t i c  reduc t i on  o f  myosmine (4)  w i t h  deuterium gas over pa l lad ium on 

charcoal ( 2 ) .  

However t h i s  procedure prov ided 

The same workers prepared nicotine-N-methyl-d3 ( l c )  i n  low y i e l d  by 

methy lat ion o f  L w i t h  methyl iod ide-d3 and n i co t i ne -5 ' , 5 ' -d2  ( l b )  .,A. by the 

l i t h i u m  aluminium deuter ide reduc t i on  o f  c o t i n i n e  (3 ) .  

cotinine-3,3-d3 (2)  by exchange w i t h  deuterium ox ide has been shown t o  

proceed i n  good y i e l d  w i t h  a h igh  i nco rpo ra t i on  o f  l a b e l  (3 ) .  

Y 

Subsequent me thy la t i on  o f  2 prov ided n i co t i ne -2 ' -d l  (12) .  

and &a w i t h  low deuterium inco rpo ra t i on .  

UL 

The p repara t i on  of 
uc 

DISCUSSION 

The reac t i ons  f o r  t h e  p repara t i on  o f  t he  var ious deuterium l a b e l l e d  

tobacco a l k a l o i d s  are summarized i n  Scheme I. 

intermediate i n  t h i s  s y n t h e t i c  sequence. 

an oppor tun i t y  t o  in t roduce deuterium atoms a t  C 2 '  (by reduc t i on )  and 

C3 '  (by exchange) o f  the f i v e  membered r i n g .  

Myosmine ( 4 )  i s  the key 

The imino f u n c t i o n a l i t y  provides 
- 
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R1 R2 R3 H4 

- 1 :  CH3 H H H 

2 :  CH3 D H H 

- lb  : CH3 H H D 

' c .  . CD3 H H H 

- Id : CH3 0 H 0 

... 2 :  H H H H 

2s : H 0 H H 
L 

2b : H H D H 

2c : H D D H 

- 
- 
- 9 : COOEt H H H 

9a: COOEt D H H - 

R 

f l  

acooEt 5 

- 

R1 
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R2 = H - 6 :  R1 = 0''- ; 

Several procedures leading to ,4- have appeared in the 1 i terature (4). 

The procedure followed in this program is a modification of that reported 

by Korte and Schulze-Steinen (4a). 

of ethyl nicotinate (2) with N-nicotinoyl-2-pyrrolidinone (5) followed by 
acid catalyzed hydrolysis and decarboxylation of the condensation product 

to myosmine. These authors suggested that the base induced condensation 

o f  2 and .6- gives 1,3-dinicotinoyl-2-pyrrolidinone (7-) which upon heating 

at reflux in hydrochloric acid is converted to myosmine via the 

intermediate 3-nicotinoyl-2-pyrrolidinone (8). 

This approach involves the condensation 

However no characterization 
c 
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4 
-I. 

K2C03 

@ ‘ N 

Id - 

2 : R = H  

2s: R = D  
- - 

LiA IH4 

(L i A ID4) 1 

Scheme I. S y n t h e t i c  sequence for t h e  s y n t h e s e s  of d e u t e r a t e d  

t o b a c c o  a l k a l o i d s .  
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o f ?  o r  g w a s  reported. We havenow isolated this condensation product and 

established i t s  structure as 3-nicotinoyl-2-pyrrolidinone (2) by analytical  

and spectral data (see experimental). 

work-up from cleavage of the amide linkage ofJ.  

reported the synthesis of 1 by an independent route. 

Compound 5 presumably i s  formed during 

Hu, e t  a l .  (4e) recently 

Treatment of myosmine w i t h  potassium carbonate i n  deuterium oxide led 

to  the incorporation of two deuterium atoms. 

product shows a s h i f t  of two mass units i n  the molecular ion (from 146 t o  

148) b u t  no s h i f t  i n  the base peak a t  m/e 118 (M' - C 2 H 2 O 2 ) .  

t h a t  the  label is  located in the pyrroline and not the pyridyl r ing.  The 

nmr signals of the pyrroline protons of myosmine-do include two t r i p l e t  of 

t r i p l e t s  centered a t  6 2.9 and  4.15 ppm fo r  the C3'  and C5' protons. 

signal a t  6 2.9ppm,which i s  absent in the myosmine-d2 spectrum, must be 

due to  the C3' protons since the signal f o r  the C5 '  methyleneamino protons 

will occur downfield re la t ive  t o  the signal for  the C3' a l l y l i c  protons ( 5 ) .  

Therefore we have assigned the s t ruc ture  of this product as myosmine-3',3'-d2 

The mass spectrum of the 

T h i s  established 

The 

($1. 
Reduction of 5 w i t h  sodium borohydride gave nornicotine-3' ,3'-d2 (2) 

w i t h o u t  any s igni f icant  exchange of the label w i t h  the medium. 

sodium borodeuteride reduction of A and $ gave nornicotine-2'-dl (2a) 

and nomicotine-2' ,3'  ,3 '-d3 (g ) ,  respectively, again without detectable 

exchange of the desired label.  The mass and nmr spectra of these products 

are completely in accord w i t h  the assigned structure (see experimental for  

detai 1 5 ) .  Exchange between borohydride (o r  borodeuteride) and the medi um 

i s  known to  occur a t  low pH (6 )  while, as we have shown, exchange between 

myosmine and the medium occurs a t  high pH. 

aqueous alcoholic solution of borohydride neither of these processes presents 

a problem. 

Similarly 

...-. 

Fortunately a t  the pH of an 
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Trideuteriomethyl ation of norni  cotine ( 2 )  t o  form ni cotine-N-methyl -d3 
L 

( l c )  was accomplished by reduction of N-ethoxycarbonylnornicotine (9) w i t h  

lithium aluminium deuteride. 

reduction proceed i n  acceptable yields (80 and 73%, respectively). 

nornicotine-2'-dl ($) was converted t o  nicotine-2'-dl ( l a ) .  c 

c +.- 

Both the N-ethoxycarbonylation and the deuteride 

Similarly 

The synthesis of nicotine-5',5'-d2 was achieved as described in the 

l i t e r a tu re  ( 2 )  by lithium aluminium deuteride reduction o f  cotinine ( 3 ) .  

In order to establish the ve r sa t i l i t y  of t h i s  approach t o  labelled nicotine 

alkaloids,  we examined the oxidation of nicotine to 3,3-dibromocotinine (2) 
and the conversion of 

isolated was exclusively cotinine-3-3-d2 (2)  showing t h a t  t h i s  reaction 

sequence can be carried out i n  protio 

deuterium a t  2 '  ,3' and the N-methyl group without loss o f  label.  Nicotine- 

2 ' ,5 ' ,5 ' -d3  ( I d )  c was successfully prepared in th i s  way. 

using the appropriate combination of the above synthetic steps nicotine and 

related alkaloids w i t h  a variety of patterns of labell ing i n  the f ive  

membered r i n g  can be prepared. 

- 

t o  cotinine in deuterated solvents. The product 

solvents on nicotine bearing 

Consequently by 

One complication was noted in these studies.  Reduction of cotinine 

(2) and N-ethoxycarbonylnornicotine 

led t o  an excess incorporation o f  deuterium in the final products. The 

mass spectrum o f  the deuterium labelled nicotines displayed the excess 

label in the parent i o n  b u t  n o t  i n  the base peak (M'-pyridine) indicating 

tha t  par t ia l  incorporation o f  deuterium in to  the pyridine ring was occuring. 

When lithium aluminium hydride i s  dissolved i n  pyridine a t  room temperature 

the solution immediately turns orange. I t  has been established by nmr 

and i r  studies tha t  under these conditions the te t rak is  (N-1,2- and /o r  

N-lY4-dihydropyridyl) aluminate ( l l a )  is  formed ( 7 ) .  

(9 )  with lithium aluminium deuteride 
c 

I t  seems l ike ly  - 
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t h a t  the p y r i d i n e  moiety o f  2 a n d 2  a l so  can r e a c t  w i t h  l i t h i u m  aluminium 

deuter ide t o  form a complex (1_Lb) s i m i l a r  t o  t h a t  formed by p y r i d i n e  

i t s e l f .  

the o r i g i n a l  p y r i d i n e  compound. The n e t  r e s u l t  i s  a p a r t i a l  i nco rpo ra t i on  

o f  deuterium i n t o  the p y r i d i n e  moiety. 

Apparently t h i s  complex i s  subsequently a i r  ox id i zed  t o  regenerate 

When n icot ine-do was al lowed t o  r e a c t  w i t h  l i t h i u m  aluminium deuter ide 

F igure I i n  THF a s i m i l a r  p a r t i a l  i nco rpo ra t i on  o f  deuterium was observed. 

shows the nmr spect ra o f  the p y r i d y l  protons o f  n i co t i ne -do  (bottom) and 

the corresponding se t  o f  s igna ls  from t h e  n i c o t i n e  recovered from t h e  

l i t h i u m  aluminium deuter ide reac t i on .  

deuterated sample shows t h a t  t he  s igna l  f o r  proton 1 has co l lapsed i n t o  

two doublets i n d i c a t i n g  t h a t  the major coupl ing w i t h  proton 

i s  unchanged and t h a t  p ro ton  

Since the  major coupl ing o f  proton 

we have concluded t h a t  p r o t o n 1  and not; i s  replaced. 

confirms t h i s .  

s igna l  f o r  proton A. 
0, L a n d  the p y r r o l i d i n e  protons are 1.2, 0.7, 0.8 and 10.0. 

therefore t h a t  t he re  i s  a s l i g h t  replacement o f  deuterium f o r  hydrogen a t  

o ther  pos i t i ons  o f  the p y r i d y l  r i n g  as w e l l .  

i nco rpo ra t i on  i n  the s y n t h e t i c  compounds obta ined i n  t h i s  way amounted 

t o  as much as 20%. Fo r tuna te l y ,  t h i s  does n o t  i n t e r f e r e  w i t h  the mass 

spec t ra l  analyses o f  these compounds s ince  we were able t o  r e l y  on the  

fragment ions a r i s i n g  from the l o s s  o f  the p y r i d i n e  moiety. 

The spectrum o f  t he  p a r t i a l l y  

(Jco = 8 Hz) 

o r  J has been rep laced by a deuterium atom. 
c 

w i t h  proton J (JBc = 4.8 Hz) i s  unchanged, -... 
The i n t e g r a t i o n  

There i s  an obvious decrease i n  t h e  i n t e n s i t y  o f  t he  

The r e l a t i v e  i n t e n s i t i e s  o f  the s i g n a l s  f o r  A + l3-, 

It appears - 
The excess deuterium 
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c 

A B  D C 

Figure  1. The nmr s p e c t r a  (60  MHz, CDC13) TMS) of t h e  

p y r i d y l  pro tons  of n ico t ine-do  (bottom) and of t h e  

corresponding set of n i c o t i n e  recovered from t h e  r e a c t i o n  

of n ico t ine-do  wi th  L i A 1 D 4  i n  THF ( t o p ) .  
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EXPERIMENTAL 

All reactions were carried out under a nitrogen atmosphere unless 

otherwise stated.  

All chemicals used were reagent grade unless otherwise specified. 

Infrared ( i r )  spectra were taken on a Perkin Elmer 337 grating spectro- 

photometer. In tens i t ies  of i r  absorption bands a re  given as ( sh)  sharp, 

( s )  strong, ( m )  medium, ( w )  weak, and ( b )  broad. 

was used t o  obtain nuclear magnetic resonance (nmr)  spectra. 

sh i f t s  a re  given i n  parts per million (ppm) downfield from internal 

tetramethylsilane (TMS) in a l l  solvents except D20 where sodium 2,2-dimethyl- 

2-silapentane-5-sulfonate (SDSS)  was used. 

(5) s ingle t ,  ( d )  doublet, ( t )  triplet ,  (9) quar te t ,  ( p )  pentet o r  (m) 

multiplet. Ultraviolet ( u v )  spectra were recorded on a Cary 15 Spectro- 

photometer. Electron impact mass spectra (eims) were obtained e i the r  by 

d i rec t  insertion or  by gas chromatography mass spectrometry (gcms) on an 

AEI MS-12 mass spectrometer which i s  interfaced to  a PDP 8/I computer 

us ing  the DS-30 software. An Infotronics 2400 gas chromatograph using 

helium as the car r ie r  gas is  interfaced t o  the mass spectrometer v i a  a 

Biemann-Watson molecular separator. 

were taken w i t h  an 8 k V  accelerating voltage, a t r a p  current of 500 P A ,  

an electron beam energy of 70 ev, a source temperature of 200' C and a 

resolving power of 1,200. Chemical ionization mass spectra (cims) were 

taken on an Associated Electronics Incorporated Model MS-902 double focus 

mass spectrometer equipped with a d i rec t  i n l e t  system and modified for  

chemical ionization mass spectrometry. The reagent gas was isobutane 

a t  a pressure of 0.5 t o  1.0 Torr and the probe temperature 180-200'. 

N-Nicotinoyt-2-pyrroZidinone f2) -- The following modified l i t e r a t u r e  (4a) 

procedure provided reasonable yields of compound $. 

Melting p o i n t s  and boiling p o i n t s  are uncorrected. 

A Varian A 60 instrument 

Chemical 

S p i n  multiplicity i s  given as 

Unless otherwise s t a t ed ,  mass spectra 

A mixture of 
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n i c o t i n i c  a c i d  (10 g, 8.13 mnol) and t h i o n y l  c h l o r i d e  (30 g, 250 mmol) was 

heated w i t h  vigoroug s t i r r i n g  under r e f l u x  f o r  2.5 h r  and t h e  res idue 

obta ined a f t e r  removing the excess t h i o n y l  c h l o r i d e  (us ing c o - d i s t i l l a t i o n  

w i t h  benzene f o r  l a s t  t races)  was t r e a t e d  w i t h  p y r i d i n e  (10 g, 127 mmol) 

and anhydrous dichloromethane (40 m l )  f o l l owed  by the dropwise a d d i t i o n  

of 2 -py r ro l i d inone  (30 g, 310 mmol) i n  dichloromethane (60 m l )  over  a 

pe r iod  of 30 min. The r e a c t i o n  m ix tu re  was then heated b r i e f l y  t o  50-60' 

t o  he lp  break up l a r g e  chunks o f  s o l i d  and s t i r r i n g  was continued a t  room 

temperature f o r  15 hr .  Water (100 m l )  was added and the  pH o f  the aqueous 

l a y e r  ad justed t o  4-5 w i t h  d i l u t e  hyd roch lo r i c  ac id .  

dichloromethane ( 7  x 350 m l )  gave a f t e r  d r y i n g  (anhydrous sodium s u l f a t e )  

and removing the so l ven t  a brown res idue which by programed (75' f o r  1 min 

then inc reas ing  10°/min) gcms on 3% OV17 was found t o  conta in  the des i red 

compound 5, p y r i d i n e  and 2-pyrro l id inone.  

i m p u r i t i e s  were decanted and the res idue r e c r y s t a l l i z e d  a l t e r n a t e l y  from 

e t h y l  acetate and benzene t o  ob ta in  co lo r l ess  needles (8.45 g, 50%): 

mp 103-105° (lit.4b mp 103-105°); nmr (CDC13) 6 ppm 1.8-2.3 ( d i s t o r t e d  p,  

2H, C4), 2.2-2.9 (4, 2H, C 3 ) ,  3.9 ( t ,  J =  6.5 Hz, 2H, C5), 7.0-9.0 (3m, 

4H, the t y p i c a l  3 -subs t i t u ted  p y r i d i n e  pa t te rn8  observed f o r  a l l  p y r i d y l  

systems stud ied;  eims m/e (%) 190 (35), 162 (25) ,  106 ( l o o ) ,  78 (74). 

3. NicotinayZ-2-pyrroZidinone (L) -- The procedure fo l lowed was t h a t  

which Kor te and Schulze-Steinen (4a) repo r ted  f o r  t he  p repara t i on  of 

1,3-dinicotinoyl-2-pyrrolidinone Q).  

s o l i d i f i e d  upon standing a t  room temperature f o r  two days. R e c r y s t a l l i z a t i o n  

from toluene fo l l owed  by sub l ima t ion  (90' C, 0.1 mm) prov ided an a n a l y t i c a l l y  

pure product  i n  69% y i e l d :  mp 1OO-10lo (lit.4e mp 102-106°); nmr (CDC13) 

6 2.0-3.7 ppm (2m, 4H, C 4  and C5), 4.45 (Zd, l H ,  C3) ,  7.68 (broad s ,  l H ,  NH); 

E x t r a c t i o n  w i t h  

A f t e r  s o l i d i f y i n g ,  t h e  o i l y  

The crude product  obta ined 



i r  (CHC13) v 3440 cm-' ( s h ,  m ) ,  3325 ( b ,  m ) ,  1720 (s), 1700 ( s ) ;  u v  (EtOH) 

Amax 300 nm (E 1100), 267 (E 3750), 225 (E  9800); cims MH+ 191; eims m/e (%) 

190 (30) ,  162 (16) ,  106 ( l o o ) ,  84 ( 5 2 ) ,  78 (90) .  

AnaZ.  Calcd f o r  C,0H10N202: C ,  63.16; H ,  5.29; N, 14.73. Found: C ,  63.33; 

H ,  5.30; N, 14.84. 

Mgosmine f4-) -- Myosmine-do (4J was prepared from 

published procedure (4a) .  

63% y i e l d  of yellowish white c r y s t a l s :  mp 42-44' ( l i t . 4 a  mp 44' C); nmr 

(CDC13) 6 2.1 ppm ( d i s t o r t e d  p ,  2H, C4'), 3.0 ( d i s t o r t e d  t of  t ,  ZH, C 3 ' ) ,  

4.15 ( t  of t ,  ZH, C 5 ' ) ;  i r  (CHC13) v 1621 cm-' ( s h ,  s ,  C=N) ( l i t . '  1621 cm"); 

eims, m/e (%) M' 146 (831, 145 (43.8) ,  118 ( l o o ) ,  91 (7.7) ( s i m i l a r  to  l i t . 2  

spectrum). 

Myosmine-3',3'-dZ (2) -- All glassware was baked overnight i n  the oven. 

Potassium carbonate was placed i n  a tes t  tube and heated by a f r e e  flame to  

expel absorbed moisture and was then baked i n  the oven overnight  befare use. 

according to  the  

Recrys ta l l iza t ion  from diethyl  ether gave a 

A so lu t ion  of myosmine (730 mg, 5 mmol) and potassium carbonate 

(305 mg, 2.2 mmol) i n  D20 (5 ml, 99.8% D ,  275 m o l e s )  was heated w i t h  

s t i r r i n g  a t  80-90' f o r  f i v e  days and then  extracted w i t h  dry chloroform 

(4 x 10 ml). The e x t r a c t s  were combined, dr ied  (anhydrous sodium s u l f a t e )  

and the solvent  was removed t o  y i e l d  e s s e n t i a l l y  pure myosmine-3' ,3'-d2: 

nmr (D20) 6 2.1 ppm ( t ,  J = 8 H t ,  2H, C 4 ' ) ,  4.1 ( t ,  J = 8 Hz, C51); no s ignal  

was observed a t  2.9 ppm. 

(64.61, 147 (431, 118 (100). The i so topic  composition of mYosmine-3's3'-d2 

could not be determined d i r e c t l y  due t o  the in te r fe rence  of the (M-I) '  and 

(M-2) peaks in the molecular region. The m i n i m u m  deuterium incorporation 

The eims of  myosmine-3' ,3'-d2: mfe (%) M' 148 

+ 
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as determined i n d i r e c t l y  by r e d u c t i o n  o f  myosmine-3' ,3'-d2 t o  n o r n i c o t i n e -  

3 ' , 3 ' -d2  (see below) was 96% d2 and 4% dl. 

Nornicotine-do (2) and deuteriwn ZabelZed nornicotine &z, 

The f o l l o w i n g  procedure f o r  n o r n i c i t i n e - d o  (L) a l s o  was f o l l o w e d  f o r  t h e  

deuter ium l a b e l l e d  compounds. 

borohydr ide (0.76 g, 20 mnol) were s t i r r e d  f o r  5 days a t  room temperature 

i n  a 1:3 ethano1:water m i x t u r e  (120 m l ) .  

e x t r a c t  was d r i e d  (anhydrous sodium s u l f a t e )  and removed t o  y i e l d  a y e l l o w  

res idue  (1.37 g)  which on s h o r t  pa th  d i s t i l l a t i o n  (94'/0.5 mm) gave pure 

no rn i co t i ne -do  (1.30 g ,  90%): nmr (CDC13) 6 1.2-2.4 ppm (m, 4H, C 3 ' ,  and 

C 4 ' ) ,  2.65 ( s ,  l H ,  N H ) ,  3.1 (m, 2H, C 5 ' ) ,  4.15 (t, l H ,  C 2 ' ) ;  eims m/e (%) 

t@ 148 (23) ,  147 (32) ,  120 (34 ) ,  119 ( l o o ) ,  118 (34),  70 (901, ( s i m i l a r  t o  

lit.' spectrum) uv and ir spec t ra  agreed w i t h  lit." The f o l l o w i n g  

c h a r a c t e r i s t i c s  were ob ta ined  f o r  t h e  deuter ium l a b e l l e d  compounds. 

Norn i co t i ne -2 ' -d l  (2): nmr (CDC13) 6 1.2-2.4 (my 4H, C 3 '  and C 4 ' ) ,  2.6 

( s ,  l H ,  NH), 2.8-3.4 (m, 2H, C 5 ' ) ;  t h e  s i g n a l  a t  4.15 ppm f o r  C 2 '  was 

absent;  eims m/e (%)  M+ 149 (30 ) ,  120 ( l o o ) ,  71 (99) ,  70 (7.7). 

a t  m/e 71 and 70 ( t h e  p y r r o l i n i u m  species)  e s t a b l i s h e d  t h e  deuter ium 

enr ichment t o  be 96% dl. 

(281, 119 ( l o o ) ,  72 (911, 71 (3.9) ,  deuter ium enr ichment  96% d2 and 4% dl. 

Norn i co t i ne -2 ' , 3 ' , 3 ' -d3  (2): nmr (CDC13) 6 1.8 ppm (broad t, 2H, C 4 ' ) ,  

2.65 ( s ,  l H ,  NH),  2.8-3.4 (m, 2H, C5 ' ) ;  a weak s i g n a l  (8% o f  1H) appeared 

a t  4.1 ppm f o r  C2 ' ) ;  eims m/e (%)  M+ 151 (35) ,  120 ( l o o ) ,  73 (99 ) ,  72 (11.6);  

and 2 -- 

Myosmine-do ( 4 ,  1.46 g, 10 m o l )  and sodium - 
The combined ch lo ro fo rm (5 x 140 m l )  

The i o n s  

2 

Norn i co t i ne -3 ' , 3 ' -d2  (2b ) :  eims m/e (%) M+ 150 ,.--.. 

deuter ium enr ichment 94"L d3 and 6% d2. 

N-EthoxycarbonyZnornicotine (i) -- TO a 

(222 mg, 1.5 m o l e s )  and t r i e t h y l a m i n e  

f r e s h l y  d i s t i l l e d  e t h e r  was added dropw 

w e l l  s t i r r e d  s o l u t i o n  o f  n o r n i c o t i n e  

25. mg, 2.5 mmoles) i n  10 m l  o f  

se e t h y l  ch lo ro fo rma te  (267 mg, 
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2.5 mmoles) i n  3 ml e t h e r .  Af te r  5 minutes the mixture was f i l t e r e d  and 

the solvent  was removed t o  give the crude product which was d i s t i l l e d  a t  

133'/65 p i n  a Kugelrohr oven t o  y i e l d  a c o l o r l e s s  l i q u i d  (256mg, 80%): 

nmr (CDC13) 6 1.1 ( t ,  3H, J = 6.5 Hz, O C H 2 C H 3 ) ,  1.6-2.5 (m, 4H, C 3 '  and 

C 4 ' ) ,  3.6 ( t ,  2H, C5 ' ) ,  4.0 (9. 2H, J = 6.5 Hz,  O C H 2 C H 3 ) ,  4.9 (2d,  lH, 

C2'); i r  (CHC13) v 1710 cm-l ( s ,  C=O); eims m/e (%) M+ 220 (34.8), 191 

( loo) ,  147 (60) ,  142 (51.5) .  

Anal. Calcd f o r  ClZH16N202: C ,  65.43; H ,  7.32; N, 12.71. Found: C ,  65.24; 

H ,  7.27; N, 12.64. 

Nicotine-do (1) -- 
prepared according t o  the procedure described above, i n  f r e s h l y  d i s t i l l e d  

te t rahydrofuran (10 ml) was added dropwise t o  a well s t i r r e d  suspension 

of l i thium aluminium hydride (76 mg, 2 mmol) i n  f r e s h l y  d i s t i l l e d  t e t r a -  

hydrofuran (5  ml). 

temperature f o r  1.5 days and a f t e r  cooling,water (1/4 ml) followed by 

15% NaOH (1/4 ml) and f i n a l l y  addi t iona l  water (1.2 m l )  were added 

carefu l ly .  

s u l f a t e  and t h e  solvent  was removed. 

0.6 mm) gave 118 mg (73%) of a c o l o r l e s s  l iqu id .  

( i r , "  nmr,* eims ) were ident ica l  t o  those reported for n ico t ine .  

(Sl-Cotinine (2) -- T h i s  compound was synthesized according t o  the method 

of Bowman and McKennis (11). 

which s o l i d i f i e d  upon s torage  a t  0' C: nmr (CDC13) 6 1.8-2.8 ppm (complex 

p a t t e r n ,  4H, C3 and C4), 2.75 ( s ,  3H, NCH3), 4.75 ( d i s t o r t e d  t ,  lH, C5); 

eims m/e (%) M+ 176 (40) ,  175 ( 1 2 ) ,  98 (100). 

Nicotine-2',5',5'-dj fg) -- 
2 ' -d l  (2) v i a  $ according t o  the procedure described above f o r  the synthes is  

Crude N-el.hoxycarbonylnornicotine ( 9 ,  210 mg, 0.95 mmol) , - u 

The yellow reac t ion  mixture was s t i r r e d  a t  room 

Af ter  f i l t e r i n g  the  l i q u i d  was dried over anhydrous sodium 

A s h o r t  path d i s t i l l a t i o n  (84' C 

All the spec t ra l  da ta  
2 

A 70% y i e l d  of a co lor less  l i q u i d  was obtained 

Nicotine-2'-dl was prepared from nornicot ine-  
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of nicotine-do. 

according to  the method of Bowmaan and McKennis (11 ) :  eims m/e (%)  Mt 

177 (50.31, 99 ( l o o ) ,  98 (8.9);  deuterium enrichment 93% d l .  

of cotinine-5-dl w i t h  l i t h i u m  aluminium deuteride gave nicotine-2' ,5 '  ,5'-d3 

( I d ) :  eims m/3 ( X )  Mt 165 (20.7), 126 (ZO), 87 ( l o o ) ,  86 (13.8),  85 ( 2 . 7 ) ,  

84 (3.0); deuterium enrichment 86% d3 a n d  13% d2.  

Nicotine-8-methyZ-d3 (&I -- 

w i t h  l i t h i u m  aluminium deuteride instead (see synthesis of nicotine-do 

above) gave l c :  

eims m/e (%) Mt 165 (33.83, 135 (36) ,  87 ( l o o ) ,  86 (6.7),  85 (9.01, 

84 (1.6);  deuterium enrichment 96% d3 and 4% d2. 

Incubation of nicotine with Zithium aZuminiwn deuteride -- TO a well 

s t i r r e d  suspension of lithium aluminium deuteride (168 mg, 4 mmol) in 

10 m l  of freshly d is t i l l ed .  tetrahydrofuran was added slowly nicotine-do 

(648 mg, 4 mmol ) .  The yellow mixture was s t i r r e d  a t  room temperature for  

10 days and a f t e r  cooling was worked up by adding water (0.2 ml) followed 

by NaOH (0.2 m l )  and additional water (0.6 m l ) .  

tetrahydrofuran was removed and water (10 m l )  was added t o  the wet residue 

and the nicotine extracted w i t h  chloroform (4 x 10 m l ) .  

(anhydrous sodium su l f a t e )  the solvent was removed and the residue d i s t i l l e d  

(81' 0.2 mm) t o  give 358 mg (54%) of a colorless l iquid.  

(between 7.0-9.0 ppm) o f  t h i s  material in C D C 1 3  i s  shown i n  Figure 1 .  

Crude &was converted d i rec t ly  t o  cotinine-5-dl (3a) 
1- 

Reduction 

Reduction of N-ethoxycarbonylnornicotine (2) 

nclr ( C D C 1 3 )  no signal a t  6 2.17 ppm fo r  the NCH3 group; 

After f i l t e r i n g ,  the 

After drying 

The nmr spectrum 
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