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hibition in growth of nasopharyngeal carcinoma cells 
in culture by cardenolides is due to inhibition of amino 
acid accumulation. 

In any event, the fact that similar structural features 
are important for inhibition of transport ATPase, KB 
cytotoxic activity, and atrial muscle inotropic activity 

In the metabolism of ( —)-nicotine in many mam­
malian species,3 ( —)-cotinine is one of the early metab­
olites that appears during the course of a long series of 
progressive oxidations leading eventually to the urinary 
excretion of 3-pyridylacetic acid. The experimental 
administration of large quantities of ( —)-cotinine to 
the dog gives rise to ( —)-demethylcotinine, one of the 
later intermediates in the series. Chromatographic 
studies on human urine after administration of ( —)-
nicotine suggest3d the presence of demethylcotinine, 
while administration of cotinine gives rise4 to no, or 
insignificant, urinary excretion of the demethyl com­
pound. 

In view of the possible mammalian conversion of 
nicotine to nornicotine, a reaction5 that was later to 
receive positive experimental support3f'6 with rabbit 
liver and dog liver preparations, Wada, et al.,1 ad­
ministered nornicotine to dogs and studied the urinary 
metabolites. Among these, demethylcotinine was pres-

(a) These studies were aided by grants from the American Medical 
Association Education and Research Foundation, The Council for Tobacco 
Research—-U.S.A., and The American Tobacco Company. Presented in 
part at the 44th Annual Meeting of the Virginia Academy of Science, May 5, 
1966. A preliminary report has appeared.2 (b) To whom inquiries should 
be directed. 
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Chim. Biol, 41, 1693 (1959); (c) H. B. Hucker, J. R. Gillette, and B. B. 
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Appelgren, E. Hansson, and C. G. Schmiterlow, Acta Physiol. Scand., 56, 249 
(1962); (f) K. Decker and R. Sammeck, Biochem. Z., 340, 326 (1964). 

(4) E. R. Bowman and H. McKennis, Jr., J. Pharmacol. Exptl. Therap., 
135, 306 (1962). 

(5) The reversible nature of this reaction is suggested by experiments 
conducted with preparations from rabbit lungs by J. Axelrod, ibid., 138, 28 
(1962). 

(6) N. M. Papadopoulos and J. A. Kintzios, ibid., 140, 269 (1963). 
(7) E. Wada, E. R. Bowman, L. B. Turnbull, and H. McKennis, Jr., 

J. Med. Pharm. Chem., 4, 21 (1961). 

lends support to the view that the receptors for the 
cardenolides in the three systems may be structurally 
very similar. 
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ent. From these findings and additional data, there 
thus arose the possible alternate routes (Scheme I) to 
the formation of demethylcotinine in the dog. 

Administration of ( —)-nicotine-methyl-14C to the rat 
gives8 rise to significant quantities of 14C activity in the 
respiratory C02. This excretion could presumably 
reflect several alternate routes of degradation, includ­
ing (a) conversion of nicotine to nornicotine, (b) con­
version of cotinine to demethylcotinine, and (c) oxida­
tive attacks proceeding initially by way of the pyridine 
ring of nicotine. 

Conversion of (-)-cotinine to ( —)-demethylcotinine 
in the rat has already been established9 on a semiquan­
titative basis using nonisotopic material. 

We were thus led to consider and develop methods for 
the synthesis of pyrrolidone-ring-labeled cotinine-14C 
and to determine some aspects of its metabolism and 
intermediary role as a nicotine metabolite in the rat. 

Experimental Section 

General Procedures.—Paper chromatograms were prepared 
on Whatman No. 1 paper and developed in solvent B,10 0.5 
N NH4OH-95% EtOH-re-BuOH (1:1:4 by volume), and solvent 
C,10 90% formic acid-sec-BuOH-HsO (14:75:11 by volume). 
Thin-layer chromatograms were prepared on silica gel (Eastman 
Chromogram Sheet, Type K 301R) and developed in solvent 
K,11." MeOH-CHCl3 (15:85 by volume). Koenig-positive zones 
were disclosed as previously described.7 Melting points were 
determined on the hot stage. 

(8) H. McKennis, Jr., E. Wada, E. R. Bowman, and L. B. Turnbull, 
Nature, 190, 910 (1961). 

(9) H. McKennis, Jr., L. B. Turnbull, S. L. Schwartz, E. Tamaki, and 
E. R. Bowman, / . Biol. Chem., 237, 541 (1962). 

(10) H. McKennis, Jr., L. B. Turnbull, and E. R. Bowman, ibid., 239, 
1215 (1964). 

(11) H. McKennis, Jr., E. R. Bowman, and M. S. Dar, Virginia J. Sri., 
18, 14 (1967). 

(12) J. C. Craig, N. Y. Mary, N. L. Goldman, and L. Wolf, J. Am. 
Chem. Soc, 86, 3866 (1964). 
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A route to the synthesis of a number of nicotine metabolites bearing a I4C label adjacent to the pyridine ring 
is described. This synthesis, which starts with the condensation of ethyl nicotinate-7-14C and diethyl succinate, 
provides 7-(3-pyridyl)-7-oxobutyric acid, 7-(3-pyridyl)hydroxybutyric acid, 7-(3-pyridyl)-y-methylamino-
butyric acid, cotinine, and demethylcotinine, as well as the two alkaloids nicotine and nornicotine. After ad­
ministration of (±)-cotinine-2-14C to the rat, the urine was examined chromatographically for radioactive and 
Koenig-positive (pyridine) substances. The general pattern of excretion of the radioactive Koenig-positive 
substances resembled those previously encountered in some other species and paralleled that found earlier with 
nonisotopic material. The radioactivity of administered (± )-cotinine was eliminated with a high degree of ef­
ficiency (90-97% of the administered dose), predominantly by way of the urine. Virtually no radioactivity was 
encountered in expired air, suggesting little or no conversion to nicotinic acid. Demethylcotinine and y-(3-
pyridyl)-7-oxo-N-methylbutyramide were identified in the urine by isotopic dilution. Similar experiments 
where carrier nicotine was employed failed to provide evidence for the reversibility of the metabolic reaction 
nicotine —»• cotinine. 
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Radioactive determinations were made in a Nuclear-Chicago 
720 Series liquid scintillation system. Isolated compounds, with 
the exception of highly colored picrates, were counted in scintil­
lator solution I (butyl-PBD, 2-(4-(-butylphenyI)-.V(4-biphenylyl)-
1,3,4-oxidiazole (7 g) in 1 1. of solution of toluene-ethylene 
glycol monomethyl ether (2:1 by volume)). Respiratory COo in 
the animal experiments was collected in solution II1 3 (ethanol-
amine-ethylene glycol monomethyl ether (1:2 by volume)). 
Aliquots (3 ml) were added to 1.1 ml of solution I for counting. 
Dried feces and picrates were burned by the Schiiniger method 
in a modified Thomas-Ogg flask.14 The resultant C0 2 was 
collected in solution III (15 ml of solution I and 3 ml of solution 
II). Confirmation of the radioactivity of the picrates (0.4-0.7 
mg) was achieved by direct counting in scintillator solution IV 
(BBOT, 2,5-bis[2-(5-(-butylbenzoxazolyl)]thiophene (4 g), in 1 

(13) 11. Jeffay and J. Alvarez, Anal. Cliem., 33, 612 (1961). 
(14) J. P. Bederka, Jr., E. Hansson, E. R. Bowman, and H. McKennis, 

r., Biochem. Pharmacol., 16, 1 (1A67). 

1. of toluene-ethylene glycol monomethyl ether (2:1 by volume !). 
Counts were corrected by the channel-ratio procedure and by 
internal standards. 

Ethyl Nicotinate-7-14C--Nicotinic acid-7-"C was esterih'od 
in EtOH-HiSOi during 24 hr. The cooled solution was treated 
with an excess of CllCb, ice, and concent ml ed NH4OH to pH 9. 
Evaporation of the CHC13 layer and two subsequent CIK'la 
extractions provided the ester, 1.46 g (lit 0.73, solvent K), 

" ! > < ; ; . • 

Ethyl7-(3-Pyridyl)7-oxo-fJ-carbethoxybutyrate-7-'•(.'. A solu­
tion of ethyl nicotinate (above) in 25 ml of benzene was con­
centrated to 2 ml, 1 rented with 290 mg of NaH (5oc/(: in mineral 
oil) under N2, and then 2 drops of absolute EtOH. Freshly dis­
tilled ethyl succinate (870 mg) was added to the stirred mixture 
under reflux during 15 min. At the end of 1 additional hr, the 
stirred mixture was cooled to 0° and treated with 10 ml of 1 A' 
H O . After removal of an upper organic layer (I), the cooled aque­
ous phase was adjusted to pH 8 with Na2COs for extraction with 
three portions_of ether (II) . The organic layer (I) was extracted 
with 10 ml of cold 1 A' HCl. The acidic solution was alkalinized 

y-i3-PYRIDYD-r-OXO-N-METHYl.BUTYRAAi.IDE
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EXCRETION OF KADIOACTIVITY IN 24 H: 

OF ( ± ) - C O T I N I N E - 1 4 0 

R a t 
no. 

1 
2 
3 
4 
5 
6 

wt, 
g 

245 
250 
130 
125 
174 
170 

mg/kg 

10.4 
10.2 
10.1 
10.4 
15.7 
9.6 

Dose 
dpm X 10' 

6.9) 
6.9J 
3.6) 
3.6) 
7.4 
4.4 

and extracted with ether (III) as above. The residue from evapo­
ration of the combined extracts (II and I I I ) was fractionated 
at bath temperature, 110° (3 mm), to yield 500 mg of ethyl nico-
tinate as a distillate and 855 mg (33%, based on ethyl nico-
tinate) of ethyl 7-(3-pyridyl)-7-oxo-j3-carbethoxybutyrate as resi­
due. 

7-(3 Pyridyl)-7-oxobutyric Acid-7-14C.—The residual carb-
ethoxybutyrate (above) was processed15 to yield 347 mg (63%) of 
the oxo acid, mp 160-163°. 

(±)-7-(3-Pyridyl)-7-methylaminobutyric Acid-7-14C.—The oxo-
acid (above) in 3.0 g of methylamine and 30 ml of absolute 
EtOH was allowed to stand overnight. The mixture was hy-
drogenated15 at 60° and atmospheric pressure in the presence of 
5% P t -BaS0 4 (150 mg) until cessation of H2 uptake (6 
hr). The residue from evaporation of the solvent at room tem­
perature was dissolved in 1 ml of absolute EtOH. The cooled 
solution was treated with acetone to a persistent turbidity and 
scratched to yield 200 mg (53%) of product, mp 120-123°, 
after recrystallization from alcohol-acetone (7ft 0.15, solvent B ; 
Ri 0.54, solvent A). 

( ± )-Cotinine-2-14C.—The residue from evaporation of the com­
bined mother liquors from the methylamino acid (above) was 
heated to 120° under N2 for 1 hr to give cotinine (Ri 0.62, 
solvent K), which was recrystallized from 2-propanol-hexane, 
mp 52-54°. 

Metabolism of (±)-Cotinine-2-1 ' lC.—Female albino Wistar-
strain rats (Albino Farms, Red Bank, N. J.) that were previously 
maintained on a diet of water and Purina Rat Chow received 
(Table I) intraperitoneal injections of aqueous (±)-cotinine-
2-"C. The animals were then housed in glass metabolism cages 
with water, but no food. Respiratory C0 2 was entrained in a 
stream of air which passed through a concentrated H2SO4 trap 
and finally into a tower of ethanolamine-ethylene glycol mono-
methyl ether (1:2 by volume).13 Urine was separated from feces 
by a wire screen wmich permitted some cross contamination. 
Terminal bladder urine was obtained by aspiration after anes­
thetization of the animals with ether. 

Nicotine.—An aliquot from the CHCL extract (rats 1 and 2) 
containing 2.4 X 106 dpm was treated with 53 mg of finely pow­
dered ( —)-nicotine dipicrate. The mixture was brought slowly 
to dryness in a rotating evaporator and the residue was dissolved 
in acetone-alcohol for reevaporation of the solvent. The residue 
was dissolved in a small quantity of alcohol. Upon addition of 
water and cooling, nicotine dipicrate deposited from the mixture. 
The product, mp 219-220° (undepressed by admixture with an 
authentic sample), contained no radioactivity above background 
and all of the initially present radioactivity was accounted for in 
the mother liquors. In a similar experiment (rats 3 and 4) an 
aliquot (1.0 X 10B dpm) from the CHCI3 extract was similarly 
treated with (— )-nicotine dipicrate (40 mg). No radioactivity 
above background was recovered in the carrier. Examination 
of an additional urine (rat 5) produced the same results. 

Nornicotine.—A solution of ( — )-nornicotine dipicrate (31 mg 
in ethanol-acetone) was added to a CHCL aliquot (2.34 X 10s 

dpm from rats 1 and 2). The solution was processed essentially 
as described above and the (— )-nornicotine picrate, mp 189-191° 
(undepressed by admixture with an authentic sample), showed 
no radioactivity above background. In a similar experiment 

(15) (a) R. N. Castle and A. Burger, J. Am. Pharm. Avsoc, Sci. Ed., 43, 
163 (1954); (b) H. McKennis, Jr., L. B. Turnbull, H. N. Wingfield, Jr., and 
L. J. Dewey, J. Am. Chem. Soc, 80, 1634 (1958); (c) H. McKennis, Jr., S. 
L. Schwartz, L. B. Turnbull, E. Tamaki, and E. R. Bowman, J. Biol. Chem., 
239, 3981 (1964). 

r.VBLE I 

s FOLLOWING INTRAPERITONEAL INJECTION 

TO FEMALE ALBINO RATS 

Dose recovered, 
Respiratory 

air 

0.0 

0.0 

0.0 
0.0 

% 

Urine 

97 

97 

98 
90 

Total 

98.1 

98.3 

98.3 
91.9 

processed 
CHCla 
extract 

79 

74 

78 
72 

urine, % 
Aq 

phase 

15 

16 

16 
14 

(rats 3 and 4) with 72 mg of carrier and a CHCL aliquot (8.5 X 
104 dpm), the carrier after four recrystallizations showed no 
radioactivity above background. Examination of an additional 
urine (rat 5) provided the same results. 

Demethylcotinine.—A CHCL aliquot (2.02 X 10s dpm from 
rats 3 and 4) was concentrated to dryness under diminished 
pressure. The residue was dissolved in acetone and an aliquot 
(1.57 X 105 dpm) was chromatographed on Whatman No. 1 
paper (solvent B) to give four radioactive zones: Rt 0.50 (11.9% 
of the activity of the CHC13 fraction), Rs 0.62 (2.5% and Koenig 
positive), Ri 0.69 (16.8% and Koenig positive), Rt 0.75 (42.8% 
and Koenig positive). The remaining radioactivity was more or 
less randomly distributed throughout the chromatogram and 
the zones at Ri 0.62 and Rt 0.69 corresponding in Ri value to hy-
droxycotinine and demethylcotinine, respectively, failed to 
show complete separation.16 

A 48-hr continuous extraction of the paper in the vicinity of 
the Ri 0.69 zone with ethanol removed 83% of the radioactivity 
there present. After removal of EtOH by evaporation, the residue 
was dissolved in 5 ml of acetone and warmed to dissolve 52 mg 
of added carrier (±)-demethylcotinine.16 The solution was 
cooled and a few drops of hexane were added to hasten the pre­
cipitation of demethylcotinine. The resultant demethylcotinine, 
mp 110-113°, showed a constant specific activity, 328 dpm/mg, 
after six recrystallizations (/?[ 0.47 in solvent K, corresponding 
in Rt value to authentic material). The recovered radioactivity 
corresponded to 6% of the administered dose, or 8% of the radio­
activity in the CIICI3 fraction. 

The combined mother liquors from the recrystallization of 
demethylcotinine were treated with 27 mg of picric acid in 
ethanol. The mixture was cooled and concentrated to obtain 
crystalline ( ± )-demethylcotinine picrate. After five recrystal­
lizations (EtOH), the product, mp 161-164° (undepressed by 
admixture with an authentic sample161'), showed a constant spe­
cific activity 142 dpm/mg, again corresponding to 6% of the ad­
ministered dose. 

7-(3-Pyridyl)-7-oxo-N-methylbutyramide.—An aliquot of the 
CHCL solution from rats 1 and 2 (3.23 X 105 dpm) was treated 
with 85 mg of 7-(3-pyridyl)-7-oxo-N-methylbutyramide in 5 
ml of acetone. The solution was evaporated to dryness under 
diminished pressure. The residue was dissolved in a minimal 
quantity of acetone and cooled. Upon addition of a few-
drops of hexane, crystals of 7-(3-pyridyl)-7-oxo-N-methyl-
butyramide formed. The product, mp 118-120° (undepressed 
by admixture with an authentic sample), was recrystallized 
five times to a constant specific activity, 97 dpm/mg, Rt 

0.60 in solvent K, representing 2.5% of the radioactivity of the 
administered dose. In another experiment from the same group 
of rats, the recovery was 2.5% of the administered radioactivity. 
The activity recovered in the form of the oxoamide from rats 
3 and 4 was 13%, of the administered dose. The recovery from 
rat 5 was 9.0%. of the administered dose, while the carrier 
experiment with rat 6 accounted for 9.5% of the administered 
dose. 

7-(3-Pyridyl)-7-oxobutyric Acid.—The aqueous phase (rats 3 
and 4) remaining from the CHCL extraction was concentrated 
to dryness under diminished pressure. A solution of 50 mg of 
7-(3-pyridyl)-7-oxobut\u'ic acid in 10 ml of alcohol was added 
and the mixture was heated to reflux. After removal of the sol­
vent under diminished pressure, the residue was treated with 
EtOH (15 ml). After filtration, the solution was concentrated 

(16) H. McKennis, Jr., L. B. Turnbull, E. R. Bowman, and E. 'tt'ada, 
J. Am. Chem. Soc, 81, 3951 (1959). 
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to 2.3 nil and cooled. Crystalline material, nip 12->- b>0° and 
essentially devoid of radioactivity, was removed and discarded. 
Further concentration and cooling provided -,-( :!-pyridyl)--,-
oxobutyric acid, inp Kit) lr>2° (undepressed by authentic ma­
terial). After four recrystallizations. the product showed a 
constant specific activity of 210 dptn/mg (/'r O.i'i in solvent l\'i 
which was equivalent to 1.4', of t he.administered radioactivity. 
Lu a similar experiment with rat (>, the radioactivity recovered 
amounted to 1.2'; of the administered radioactivity. 

Results and Discussion 

In previous experiments,9 administration of ( — j -
cotiniue to the rat led to the urinary excretion of de­
methylcotinine, hydroxycotinine, and 7-(3-pyridyI)-
7-oxo-N-methylbutyramide and provided paper chro­
matographic evidence for the presence of other metab­
olites. In the present series of experiments, in which 
(±)-cotinine-1 4C was administered to the same species, 
general confirmation and extension of some earlier 
findings was achieved and data were obtained which 
indicated (Tables I and II) a very effective elimination 
of cotinine, as itself and in the form of numerous 
metabolites, consistent iiiRi value with previous studies 
and predominantly by way of the urine. 

TABLE II 

PAPER CHROMATOGRAPHY OF PROCESSED URINE OF HATS AFTER 

INTRAPERITONEAL ADMINISTRATION OF (±)-COTI.VJNE-2-14C 

lit v a lue of zones d e \ eloped in so lvent H 
OUCI3 extract, Kemain ing aq phase 

0.44" 0.14'' 
0. On'' 0.22'' 
0.7.V ().:',]•' 

i).Xi« 
" Radioactive and Koenig negative. h Radioactive and Koenig 

positive; corresponding in Kt value to 7-(:>-pyridyl)-7-methyl-
aminobutyric acid. '' Radioactive and Koenig positive; corre­
sponding in A'f value to demethylcotinine and hydroxycotinine. 
'' Radioactive and Koenig positive; corresponding in lit value to 
-,-(3-pyridyl)-7-oxobutyric acid. e Radioactive and Koenig 
positive; corresponding in lit value to cot inineand 7-(3-pyridylj-
7-oxo-X-niethylbutyramide. •' A Koenig-positive and non­
radioactive zone which appeared only in chromatography of the 
processed urine of rat 4. '•> Koenig positive and nonradioactive. 

Tor the radioactive studies, (±)-eotinine-2-1 4C was 
prepared synthetically for the first rime. The par­
ticular location of the label was selected in view of the 
commerical availability of nicotinic acid-7-140 as start­
ing material for the synthesis1''" of 7-(3-pyridyl)-7-oxo-
butyric acid-7-14C. The latter substance, in. addition 
to being a mammalian metabolite of nicotine, provides 
chemical access7,i;,,>'c''lfi to a wide variety of metabolites 
of nicotine, including1"1''17'13 the alkaloid itself.19 

In the present report details are given for the small-
scale synthesis of ethyl 7-(3-pyridyl)-7-oxo-#-carbeth-
oxybu ty ra te -7 - u C from ethyl nicotinate-7-14C and the 
conversion of the carbethoxy compound to 7-(3-

i lT) S. Susiasawa. T . T a t s u n o . and T . Kant iya , 1'htrm. Bull. (Tokyo ) . 2, 
39 (195-1). 

(18) F . Zyinalko«>ki and IS. Trenk t ro j j . Arch. I'lmrm.. 292, 9 (1959). 
(19) A synthes i s of ( ± ) - n i c o t i n e has been descr ibed by K. Decker in 

Proceedings of (he S y m p o s i u m on the P r e p a r a t i o n a n d Bio-Medica l Appl ica­
t ion of Labeled Molecules , E u r o p e a n Atomic Knerszy Commiss ion , Brussels, 
1964. p 3-1. Th is syn thes i s has great convenience , b u t does not p rov ide easy 
access 1o the large n u m b e r of me tabo l i t e s m a d e avai lab le by the rou t e we 
have chosen. 

pyridyl)-7-oxobutyric acid-7- , 4C. The subsequent re­
ductive X-mothylamination of the oxo acid to obtain 
( +• )-7-(o-pyrid\'l)-7-me|.hylainiiiol)Utyrie ac id -7 - 1 'H • 
and ( ± j-cotinine-2- ! 'C was accoin])lisht>d by a modili-
cation of previously described procedures1 ' '1 '"' and af-
lorded (lie two desired nicotine metabolites essentially 
devoid of the side product. 7-io-pyridvl)-7-hydroxy-
butyric acid, which accompanied the products obtained 
by the original methods. 

In view of ilu1 long-standing discussion'-" on the pos­
sible metabolic conversion of nicotine to nicotinic acid 
in mammals, it was of interest to seek evidence for 
radioactivity in the respiratory C 0 2 in rats that had 
received ( ± )-eotiniiie-2- ,40. From the 24-hr period 
of collection, little or no radioactivity was found in the 
expired air. These results, in the light of the demon­
strated magnitude of the metabolism'-1 of the carboxyl 
carbon of nicotinic acid to respiratory ('()._., suggest that 
the oxidation of t, == )-cotinine to nicotinic acid plays no 
role of any great magnitude in the metabolic degrada­
tion of ( ± i-cotinine. 

In all of the animals studied the aqueous phase re­
maining after 0H( ' I 3 extraction of the alkalinized urine 
contained 7-(2>-pyridyl)-7-oxobutyric acid, indicated 
by the chromatograms. and amounting to .1.2 1.4r, of 
the administered radioactivity by the isotopic dilution 
studied in two cases. Fvidenee was obtained in all 
of the experiments, by chromatograms and by isotopic 
dilution, for the presence of 7-('o'-pyridyl )-7~oxo-X-
methylbut.yrainide and demethylcotinine. The oxo 
acid may have arisen as a result, of the metabolic hy­
drolysis of the oxoamide, as previously noted.-- or 
alternatively from the metabolism of demethylcotinine 
as previously described.-3 

Although the metabolism of nicotine (II) to de­
methylcotinine (V; by two alternate routes (Scheme I), 
one ria the domethylation of the intermediate cotinine 
(III) and the other ria the demethylation of nicotine to 
nornicotine (I) which is subsequently oxidized to de­
methylcotinine. is apparent from numerous mammalian 
studies in/;//oand /'// ritro, little attention hits been given 
to the possible reconversion of cotinine to nicotine, a 
reaction whicli can be accomplished readily by chemi­
cal reductions.11'' Since a metabolic reaction of this 
typo and a subsequent demethylation to give, nornico­
tine. a precursor of demethylcotinine, would provide an 
additional route to 7-(.3-pyridyl)-7-oxobutyric acid, 
evidence was sought for the presence of nicotine and 
nornicotine in the urine of the cotinine-treated animals. 
Xeither the chromatograms nor the isotopic dilution 
experiments afforded any evidence for the presence of 
the two alkaloids. Since numerous restrictions apply 
to the interpretation of the current data which were ob­
tained with ( ± )-cotiniue-2-14C, a detailed study of the 
metabolism of the appropriately labeled, naturally oc­
curring L-(— ) form, appears to be warranted. 

'20) I'. S. Larson. II. 11. i l a a g , and II. S i lveue , " T o b a c c o , Exper imen ta l 
and Clinical S tud i e s . " T h e Will iams anil Wilk ins Co. . Bal t imore . Met , 
.19(11. i) 19. 

(21) L. Leifer, L. J. Roll. , II, S. Hogness. and M. S. Cars,,it, ,/. Bint. Chrm.. 
190, 595 (1951). 

,22; S. L. Schwar tz and It. M c K e n n i s . J r . , ibid., 238, 1807 ( I9B4). 
,2(f) S. L. Schwar tz and U. M c K e n n i s , Jr . . \ature. 202, 594 (19«1). 
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