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SUM M A R Y  

A 3 - s t ep  synthesis ,of g - n i c o t i n e  w - ' ~ C )  is described. 

Comerciatly available nicotinamide Icarbonyl- C) is dehydra- 

ted t o  3-cyanopyridine (cyano-14C). Reaction of the  3-cyano- 
pyridine with cyctopropyl l i thium y ie lds  3 p y r i d y l  cyclopropyl 
ketone ( ~ a r b o n y t - ~ ~ C )  which is converted t o  g - n i c o t i n e  
( 2 ' - 1 4 C )  by refluxing i n  N-me thy l fomkde .  Gas-liquid radio- 
chromatogmphy is used f o r  cheinical and radiochemical p u r i t y  

14 

determinations. 

Discussion 

Total c iga re t t e  smoke d i s t r ibu t ion  s tudies  of nicotine have 

The use of been conducted using randomly labeled 14C-nicotine.2 

materials i so l a t ed  from plants grown i n  a I4CO2 atmosphere usually 

suffers  from low spec i f i c  a c t i v i t i e s .  The use of a uniformly 

labeled tobacco consti tuent gives rise t o  a l l  of the pyrolysis 

products that  i t  produces during the smoking process. I n  orde. 

t o  conduct the necessary mechanistic s tudies  of a given component, 

i t  becomes necessary t o  invest igate  the pyrolytic behavior of each 
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carbon atom. Ideally, these studies are best conducted in a series 

of separate experiments with the component specifically I4C-labeled 

at each carbon atom. 

commercially or synthetically available are used. A previously 

reported synthesis of specifically labeled 14C-nicotine3 proved 

long and produced low radiochemical yield. 

14C-labeled nicotine is limited to that with the label at the N- 

methyl position. 

In practice, only those compounds which are 

Commercially available 

4 

A novel 1-step synthesis of nicotine has been reported' in 

which 3-pyridyl cyclopropyl ketone is converted to &-nicqtine 

with N-methylformamide. 

sequence for the synthesis of =-nicotine (2'-14C). 

We have utilized this reaction in a 3-step 

@: C-NH2 

0 

*-14C-labeled position 

Nicotinamide (carbonyl-14C), I, was heated in vacuo in the 

presence of p205 to yield 3-cyanopyridine (cyano-14C), 11, in 
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6 0 4 0 %  yield.6 

rap id  app l i ca t ion  of hea t  gave rise t o  a considerable amount of 

t a r r y  res idue  and a lower y ie ld .  

slowly, t h e  product was no t  driven from t h e  m e l t  and the  quant i ty  

of i s o l a t e d  ma te r i a l  was small. 

The r a t e  of hea t ing  was c r i t i c a l  i n  t h a t  too 

I f  t h e  hea t ing  was  appl ied  too 

The preparation of 3-pyridyl cyclopropyl ketone (carbonyl- 

"C), 111, required a dry, i n e r t  atmosphere and f r e sh ly  d i s t i l l e d  

solvents.  Cyclopropyl l i th ium was prepared from l i th ium ribbon 

and cyclopropyl bromide i n  dry e ther .  

l i th ium with I1 afforded 111 i n  56% yie ld .  All t r a n s f e r s  and 

addi t ions  were conducted under N2  wi th  syr inges  through rubber 

sep tum.  

Reaction of cyclopropyl 

Refluxing 111 with N-methylformamide and MgC12 under N2 a f -  

forded crude g - n i c o t i n e ,  IV, which was i s o l a t e d  by column chroma- 

tography on alumina. 7 

8 Experimental 

Gas chromatographic analyses were ca r r i ed  ou t  on a F&M Model 

720 Dual Colunm Gas Chromatograph. The columns (6 m O.D. by 3 m 

copper) contained 5% Carbowax 20M on 80-100 mesh Chromasorb G, AW- 

DMCS. In j ec t ion  por t  and de tec to r  temperatures were 245" and 230" 

respec t ive ly  and H e  flow w a s  65 ylfmin. 

Liquid s c i n t i l l a t i o n  counting was accomplished on a Packard 

Model 3310 Tri-Carb Liquid S c i n t i l l a t i o n  Spectrometer. 

t i l l a t i o n  so lu t ion  w a s  prepared from Liqui f lour  (New England Nu- 

c l e a r  Corp.) and s p e c t r a l  grade toluene (Packard) . 
(New England Nuclear Corp.) w a s  used as an i n t e r n a l  standard f o r  

applying proper quenching cor rec t ions .  

The sc in-  

14C-Toluene 
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Gas-liquid radiochromatography (GLRC) was accomplished by 

standard sample injection and detection by thermal conductivity on 

one column of the gas chromatograph. 

through a stainless steel tube (3 uun O.D. by 50 cm) maintained at 

410" to a stainless steel combustion tube (9 mm O.D. by 32 cm, 

containing CuO at 710") and a copper drying tube ( 6  mm O.D. by 25 

cm, containing MgC104 followed by COO). 

then mixed with the counting gas (propane) in the ratio 1.5:1 

(propane:He) and passed into an 80 cc flow through counting tube 

(Lab. Prof. Dr. Berthold). A Berthold pre-amplifier was coupled 

to a Hewlett-Packard Model 5201L Scaler-Timer. 

printed on a Hewlett-Packard Model 5628 Digital Recorder. 

activity measurements by scintillation counting and by GLRC were 

in agreement within experimental error. 

were conducted with t~luene-'~C (New England Nuclear). 

3-Cyanopyridine (~yano-'~C) [IIL 

The exit port was coupled 

The oxidized sample was 

Digitized data was 

Radio- 

Efficiency determinations 

Nicotinamide (~arbonyl-~~C)', I, (122 mg, 1 mM, 2 mCi) was 

placed in a 10 ml round bottom flask and P205 (142 mg, 1 mM) added. 

The flask was shaken to mix the solids and connected to a distill- 

ing head and short downward air condenser. 

ated to 14 nnn and the receiver chilled in an ice-water bath. Rapid 

heating of the reaction flask was accomplished with a Bunsen burner 

at which time the solids melted and distillation was observed. 

Heating was continued until distillation ceased. When the system 

had cooled to room temperature the condensed solids were washed 

from the condenser and receiver with CH2ClZ and the solution 

brought to a total volume of 50 ml. Liquid scintillation counting 

of this solution gave a total activity of 1250 pCi (62%). GLRC at 

150' showed a solvent peak and one other mass peak with a retention 

The system was evacu- 
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t i m e  o f  24 min., 11. 

Concentration of t h e  CH2C12 so lu t ion  i n  vacuo yielded 60 mg of  an  

off-white s o l i d  which was used i n  the  next s t e p  without f u r t h e r  

pu r i f i ca t ion .  

3-Pyridyl cyclopropyl ketone (~a rbony l - '~C)  [ 1111 

This peak contained 100% of t h e  a c t i v i t y .  

Lithium ribbon (67.7 mg, 9.8 a) was wiped thoroughly wi th  a 

dry towel t o  remove mineral  o i l  and c u t  i n  small pieces  and placed 

i n t o  a dry f l a s k  which was then  placed under p o s i t i v e  n i t rogen  

pressure.  

f e r r ed  (syringe) under N2 t o  t h e  f l a sk .  

mg, 3 . 9  mM) of cyclopropyl bromide i n  2 m l  d i s t i l l e d  (LAH) e t h e r  

was added dropwise wi th  s t i r r i n g  t o  the  f l a s k  over 30 min. and t h e  

r eac t ion  was allowed t o  proceed f o r  24 hours a t  room temperature 

(slow r e f l u x  usua l ly  occurred during cyclopropyl bromide add i t ion ) .  

Ether (3 m l )  f r e s h l y  d i s t i l l e d  from LiA1H4 was t rans-  

A so lu t ion  of 300 p , l  (471 

3-Cyanopyridine (cyano-14C, 11, 60 mg, 0 .58 mM, 1250 WCi) was 

t r ans fe r r ed  t o  a dry f l a s k  and t h e  system sea led  under a p o s i t i v e  

pressure  of dry N2. 

r inge )  t o  t h e  f l a s k  under N2. 

was r ransfer red  under N2 and added dropwise wi th  s t i r r i n g  ( syr inge)  

a t  -20-  over 2-3 min. The cold bath w a s  removed immediately f o l -  

lowing add i t ion  and t h e  mixture allowed t o  s t i r  a t  room temperature 

f o r  1 . 5  hours. 

was added and t h e  r e a c t i o n  mixture a c i d i f i e d  (pH 1-2) wi th  10% HC1. 

The layers  were separa ted  and the  aqueous layer  was ex t rac ted  wi th  

two 25 m l  por t ions  of e t h e r  f o r  removal of  non-basic impur i t ies .  

The combined e t h e r  layers  were ex t r ac t ed  t w i c e  wi th  50 m l  por t ions  

of 10% HC1. The combined aqueous layers  (125 m l )  were bas i f i ed  

(pH 11) with 50% NaOH and ex t rac ted  wi th  th ree  125 m l  por t ions  of 

e the r .  The combined e t h e r  e x t r a c t s  were washed t w i c e  wi th  10 ml 

D i s t i l l e d  (LAH) e t h e r  (5  m l )  w a s  added (sy- 

The cyclopropyl l i th ium (3 .9  mM) 

A so lu t ion  of NH4Cl (424 mg, 8 mM) i n  5 m l  water 
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portions of distilled water and dried (anh. Na2SO4). The solution 

was filtered (N2 blanket), the solvent removed in vacuo below room 

temperature, and the residue redissolved in 100 ml of CH2C12 and 

redried (anh. Na2S04). 

solvent (in vacuo below room temperature) afforded a clear, orange 

colored, viscous oil. 

for activity determinations and storage. 

Filtration (N2 blanket) and removal of 

This oil was taken up in 10 ml of CH2C12 

GLRC of the CH2C12 solution at an oven temperature of 150" for 

5 rnin. followed by temperature programing to 200" at 5"fmin. 

yielded a solvent peak and one other mass peak at a retention time 

of 26 min., 111. Total activity was found to be 705 KCi (56% based 

on the starting activity of the 3-cyanopyridine). Of this activity, 

96% (679 pCi) was in the 3-pyridyl cyclopropyl ketone activity peak, 

2.5% (17.5 ICi) in an activity peak at 37 min. and 1.2% (8.2 GCi) 

at 54 rnin. (retention times from activity tape). 

The 3-pyridyl cyclopropyl ketone was of adequate purity for 

the next step and was used without further purification. 

dl-Nicotine (2' -I4C) 1 I V L  

A solution containing 3.9 mg (0.041 mM) of anhyd. MgC12 in 

295 mg (5 mM) N-methylformamide was added to 60 mg (0.41 mM) of  3- 

pyridyl cyclopropyl ketone (~arbonyl-~~C) [ 705 wCi] under N2. The 
mixture was heated at reflux for 24 hours under N2 and allowed to 

cool to room temperature. The total reaction mixture was dissolved 

in a minimum of CH2C12 and transferred to a 1.2 cm I . D .  chromatog- 

raphy column containing 40 g. of A1203.7 

yielded 36.5 pCi in fractions 1-6 (70 ml) - no nicotine by GLRC. 
Fractions 7-12 (30 ml) contained pure nicotine (204 pCi). Fractions 

13-20 (40 ml) contained nicotine (63 WCi) contaminated w i t h  N- 

methylformamide. 

Elution with CH2C12 

Additional elution with CH2C12 (50 ml) gave 8.5 
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pCi of  an impurity with a shorter GC retention time than that of 

nicotine. 

Fractions 13-20 were combined, concentrated and rechromatog- 

raphed on another 40 g A1203 column from which 29.1 pCi of pure 

nicotine were isolated. 

Combination of all purified nicotine fractions, concentration 

and dilution to 10 m l  with CH2C12 yielded 215 KCi (32% yield based 

on activity of 1111 of =-nicotine (~I-'~c) at a retention time of 
22 min. at 170°C. Activity determinations by GLRC and liquid 

scintillation counting were in excellent agreement. , 
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