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Melv'in L. Rucppel and Henry Rapoport 

Contribution froll'itho Department of Chemistry ,and Lawrence 

Radiation Laboratory, University of California, Berkeley, 

California, 94720. 

10 Abstract: Several methyl derivatives of nicotine have 

1 I been biosynthesizedusing Nicotiana gLutinosa. p~ants and the 

12 corresponding substituted pyrroliniumprecursors. Tlle 

13 syntheses of the 14C-labeled pyrrolinium precursors, which 

l~ were utilize~ in the biosynthetic experiments, are also 

15 described. For chromatographic and spectral comparisons, 

16 authentic samples of some of the substituted nicotines were ~lso 

I] synthesiz~d. The stereochemistry and absolute co~fLg~ration 

It of the biosynthesized nicotine analogs_have been de~ermined. 

l' Incorporation results with 2- and 3-methyl substituted 

20 pyrrolinium precursois allow some speculation on the ~pecificity 

2 I 

2 1 

2 3 

2 ~ 

. ~ 

and steric requirements of the enzyme (s) involved in ~ :1e . 

latter stages of nicotine biosynth~sis. 

*****~1c 

The biosynthetic pathway of formatiot,. oC 11. \.~.Qt 1 ~l:... (1" 
""J 

in Nicotiana has been subject to a great deal Of s:- ud\ A 

;: ~. multitude of experiments have been carried out o)'.:c .. , 0r 

; 7 precursor feedings and shor·t;-term biosyntheses v,'i th 14CO'-2 ) 
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hO\~cver, the' precise biosynthctic path\vay luis yet to be 

completclyclucidatcd. 2 In conjunction with other I)iosynthetic 

) experiments with Nicotiaha glutinos~. we became interested in 

~ the possibility of biosynthcsizing urinatural nicotine ,analogs 

S by 'using fiUbsti tut~d precursors instead of the ;normal, 

, na~ural precursor. 
, The, possibility of biosynthesiziilg unnatural nicotirie 

8 analogs using substituted naturalprecurs?rs was interesting 

, for several reasons. Firs't,. the incorporati'on of 'an unnatural 

10 precursor (i.e., a substituted natural precursor) into an 

~1 unnatur~l produtt (i.e., nicotine .nalog) had not been 

12 pr~viously reported in plants. Second, e~periments with a 
-" 

13 series of substituted precursors might define the specificity 

1~ of the enzyme syst~m which catalyzes the bi6synthesis of 

15 nicotine from a l-methyl-i:-pyrroliniUin salt 2 and a nicotinic 
IV 

Ii. acid derivative. Third, the formation of unnatural 'alkaloids 

1 , in vivo should be useful in thepreparation~f 
. 

analogs ot bio-

I ; logically active, natural products. Finally, since the unnatural 

1 'l .products possess a structural label in addition to the usual 

20 radioactivity label, they should also be of great utility in the 

21 ~t~dy of metabolism and interr~lationships among the various 

21" alkaloids and other natural.products in a given plant. 

23 In a preliminary communication,3 we have reported the 

2 .. incorporation of 1,3-diniethYI-I-pyrrolinium-3- l4 c1I 3 chloriJ-: (~), .' 

2~ into the nicotine analog, 3'-methylnicotine (~). ,We now rc)ort 

26 the full details for this preliminary'communication and additioD3l 

:7 related expe~iments concerning the formation of the nicotine 
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analop,s, Q and 7, from 9b and lOb, respectively, 
to . " I\, I\,'\i '\/\il\, 

1 Precursor synthes~s. In the present work, only dcrlv~tivcs 
I 

) of the natural pyrrolidinc ring prechrsor. I-mcthyl-l-pyrrolinium 

~ salt (2), have been examined as potential unnatural precursors 
I\, 

~ for ana16gs ~f nicotine. This choice was based on the fact 
• 

/ ' 

, 
Rl cj2 it 

8 3 

0' S 3 

I ' ,+ ~ , RI , 
• ~N 12 CH 3 I X-

l 0 CH 3 
1 1 

Rl =RZ";R3=il 1 , 2 , Rl =R2=R3 =H 
I\, I\, 

1 2 

R3= 14GI3; 3, R =R =H' R2=CH3 4, R =R =H' X=CI 
I\, 13' I\, 1 2 ' 

Ll 
Rl =14CH 3 ; //' 5, R =R=H' R3=CH3 9a, R2=R3=H; X=CI0 4 I\, 1 2 ' 1\,1\, 

1 It R
1

=14 CH3 ; 6, Rl =CH3 ; RZ=R3=H b, R =R =11' X=Cl 
I\, I\, 23' 

1 S 
, 

RZ=R3=14CH3; 7, R1=H; RZ=R3=CH3 ' lOa, R =H' X=CI0 4 I\, 1\,1\,1\, 1 ' 
1 i 14 

8, R =0' R2=R3""CH3 b, R1=H; R2=R3= CH 3 ; X:::Cl 
I\, I' I\, 

1 1 

1., that 2 has been reported to be a highly efficient precursor of 
I\, , 

4,5 1 'l the pyrrolidine ring of nicotine. 4,5 A Eriori, derivatives of 

2 0 the pyridine ring precursor, nicotinic acid, could also have 

2 I been examined; however, nicotinic acid is a less efficient 

2 2 precursor, probably due .to its more wide spread metabolic 

6 23 'functions. 6 Accordingly, it seemed reasonable to fiist con-

:~ centrate on analogs of 2. 
, I\, 

: "'/ 

The first candidate unnatural prccurs~r examined was 1,3-, 

dimethYl-2-pyrrOli~ium-3-14cH3 chloride (~). It was synthesized 

by condensation of' l-methyl- 2'-pyrrolidinone C.U) with diethyl 
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1 carbohute using sodium hydride as the base to gi~e ester 12. 
'v\" 

2 l,3-Dimethyl-3-carbethoxy-z-Pyrrolidinonc-3- 14 CH 3 (.t~)7 
~ ~as obtained by alkylating the sodium enolate of 12 with mcthyl-

" "'v\.. 

~ 14C iodide. S The procedure utilized in the isolation of 

3-methyl deriv~tive 13 pr~cludcd the presence of unalky1ated 
, """ . ' 

compound ~~; this was verified by glpc analysis. Hy;1rolysis 

7 of the alkylated ester 13' (specific activity 2.71 x 10 7 dp~/mmo1) 
""'v\.. 

• quantitatively gavethe~cid 14 (specific activity 2.68 x 10 7 , , " - 'v\.. " 

"'~~pm/mmOl) which on decarboxylation gave l,3-d,imethyl-2-pyrroli-

1 0 d-i~on'e (IS). 9 Stoichiometrically controlled reduction of IS 
""""" """ 'v\.. 

If 

12 

1 3 

1 It 

1 5 

1 6 

1 1 

1 8 . 

1 9 

2 0 

2 I 

Q..o 

4' 
'V 

I " 
CH3 """ 

11 
'V\I 

+ 
.r;j4CH

3 

H ' I .. 
CH Cl 

3 

16 
/''V~ 

14CH .. 0'0 3 
I 
CH3 

15 
'V'" 

14CI1 
3 

d COZR 

N ~O 
. I 
CH3 

- 13 R C H 
'V'V'" = 2 S 
14, R=H 
'V'V 

22 with lithium aluminum hydride gave in 92% yield a m~xtur~ of 

2 3 pyrrolinium.,salt 4 (63%) and thepyrroli,dine hydrochloride 16 (37%). 
'V . . . . . . ~ 

2.. Chromatography o,n silica gel, fo110wed by, ion exc!lange gave 
I 

25 pure 4 in 40% overall yield from 12. The preeUrsor 4 was 
'V ~ 'V 

26 characterized, spectrally, chromatographically, microanu'lytically 

27 and by conversion to the hygrine derivative 17. 
'\IV 

; 

' .. 
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1 0 

1 1 

10,11 12 

12 
1 3 

c 1 .. 

1 S 

1 , 

1 .; 

1 q 

2 U 

2 I 

2 1 

13 2 ) 

~ ~ 

~ ~ 

- t · 
· 7 · 

r-fC1l3 0 

yi- C1I2C-CH3 
, 
C1l 3 

17 
"'''' 

, 
ClI3 

18 
"'''' . 

The second candidate unnatural precursor (9b) also 
'V'\" 

5 

labeled with carbon-14, was synthesized as follows. Methyl-
\ 

14 8 C iodide was conv~rted to the corre$ponding Grignard reagent 

and sub~equent ~ddition of 1~methyl-2-pyrTolidinone (11) 
'v\" 

gave a mixture of 1,2-dimethyl-l-pyrrolinium-2- l4 cH 3 chloride 

(9b) and 1,2,2-trimethYlpyrrolidine-~,2-l4CH3 hydrochloride. 10-12 
"'''' Conversion of the mixture to the corresponding free bases, 

followed by the addition of 70% perch10ric acid gave the pure 

iminium perchlorate 9a(~pecific activity 9.57 x 10 6 dpm/mmo1) 
""" 

in an overall yield of 27%. Immediately prior to the actual 

feeding experimeilts,the perchlorate 9a was converted into the 
""" 

chloride 9b by ion exchange. 
""" 

Synthesis of the third candidate unnatural precursor 

(lOb) was also initiated with l-methyl-2-pyrro1idinone (11). 
"''V'V . . 'V"" 

Alkylation of 11 with methyl-14C iodide 8 in diethyl ether at 
'V'V 

-78 0 with lithium diisopropylamite as the base gave 1,3,3-

trimcthYl.;.2-pyrrOlidinone-3,3- 14 CH 3 (18)9,13 in 78% yield. 
• . "''V 

Controlled lithium aluminum llydridc re~~ction of 18 (specific 
'v\" 

activity 8.63 x 106 dpm/riunol) gave a mixture of lOb (66 9.;) and 
'V'V'V 

1,3,3~trimethYlpyrrolidine-3,3-l4CH3 hydrochloride (~Z; 34%). 

The pure perchlorate (specific activity 8.93 x 10 6 dpm/mmol) 
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was obttdncd h~ the ulltHtioll of pcrchloric acid to the corrc:~ponJ-

~nr •. free base of lOb and 19. 
t 'vv,", 'vv 

Prior to the feeding CXPCrJll}(;Hts 

) ] On ,."as rccc)nvcrtcd into the chloride lOb. 
~~~ ~~~ 

It Biosyntheses and Isolation. Each biosynthetic experiment 

~ (Tables ~ and II) was carried out using four Nicotian~ glutinosa 

. h' .. d} d . 1· 14 'plants Wh1C were grow1ng 1n an aerate 1y roponlc so utlon. 

7 The plants had bcengrO\'1J1 prior to' the feeding. experiment 

e • .' IS 
as previously descri~ed. Appropriate precursor was added 

9 daily in portioris to the aerated hydro~onicsolution; the 

10 rate of addition, age of plants, and the initial and ·final 

I I weights of'iheplants are given in the footnotes toTable 1. 

12 The rate and amount of uptake' of the precursors in experiments 

13 1-4 were monitored continually 'by liquid scintillation 

lit counting ~f aliquots of the hydroponic nutrient solution. 

15 Particularly in experiments land 4 in which an excess of the 
1 

Ii appropriate precursor was constantly'maintained in the hydro-

, I 1 ponic solution, the rate and amount of precursor uptake was 

I~ directly proportional to the maS's of the plants; that is, 

1~' as the mass of the plants increased by normal growth, a 

20 corresponding increase in the rate and amount of precursor 

2 I was observed. The rate and amount of uptake was apparently 

21 independent- of the amount of precursor available in the hydro-

23 ponic solution. Finally, no harmful effects w3re' noted l.n 

2~ plant gro~th althougfi up to 40 mg of precursor wasincorpora~cd 

daily. 

Since the plants failed to completely absorb all the 

radioactivity associated with each precursor from the h)'dropcnic 

'.' 
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solu t ion,' the residual nut rien tsolu tion was examined In order to 

2 assess the stability of each precursor administored. In expcri-

3 ments 3 and 4, greater than 95% of the radioactivity in theresiclual 

It nutrient ,,,as sho,,,n by nmr and tIc to be due to the presence of 90 
'v\, 

5 and lab, respectively. In experiment 1, 90t of the total precursor 
'\iVv 

6 

7 

8 

9 

1 0 

1 1 

12 

administered each day was absorbed into the plants in 24 ho~rs. 

The remaining 10% of 'the activitj was due to chemical or biological 

change of 4' and accumulated 'as the experiment proceeded. Since "', 
these plants, and plants added to the nutrient solution after 

removal of the previous plants, were incapable of absorbing xhe 

transformation products of 4 ,the observed incorporation most 
",' 

probably is due to the uptake ~f 1,3-dimethyl-I-pyrrolinium-3- 14 cH3 
13 chloride (4). Further support for the role of intact 4 as the '" ~ 
lit actual precursor is provided by the excellent agreement in specific 

15 activities '(see following) between 4 and the biosynthesized 3'­
'" 16 16 methylnicotinj (3)~16 

'" 
1 7 After each feeding experiment had p,roceeded for several days and 

" 

18 the desired amount of precursor had been incorporated, the plants 

19 were frac~ionated as described previou~lyl~ to give the four fractions 

20 indicated in Table I. The distribution of activity found in 

21 these four fractions is of interest for several reasons. First, 

22 

23 

2 5 

26 

27 

28 

29 

essentially all (100 ± 3\) of the activity incorporated into the 

plants in each experiment (with the exception of expt. 1 where 

the activiti~~ of two fractions were not determined) has been accounted 

~or by these four fractions. Clearly no lo~s of activity has occurred 

by metabolism of the administered precursors to respired l4 COZ ' 

Second, significant diffefences in metabolism of each of the 

three precursors are indicated in the activity distributions. 

The compilation of activity distributions of the typ~ given in 



TABLE I. Distribution of Activity in Various Fractions of 

Nic,otiana slutinosa after Feeding Unnatural 

Pyrrolinium Precursors 4, 9b and lOb. '" ",,,,,,,,,,,,,, 

~6 
EXEt. Precursor Activity ( ul)m x 10) in Fractions 

Totala Marcb Acidic &c Alkaloidal Res~dual 
plant neutral (basic) aqueous 

lC 4 6.58 d, d 1. 85 Z.15 
'" Ze, 4 31. 40 2.52 4.00 14.30 9.95 
'" 3f 9b ,21.60 0.76 1.32 15.10 4.85 ",,,,. 

4g lOb 12.30 0.16 0.21 10.90 0.59 
"""'" 

8 

aBased on total activity fed minus activity re~aining in"nut~ient 

solution. bThe actiyity present in the marc was determined by 

combusting an aliquot using a modification of the method of Kalberer 

7 and Rutschman17 • cAdministered in equ:a:l portions over a period 

of 5' days with l day' additional for growth. Total weight of the 

four plants was 261 g" at the start and finish;, _,their initial age 

was 66 days. d Not determined. eAdministered in increasing amounts 

over a period of 8 days to 59-day-old plants. Total weight of the 

four plants wa$ 54 and 139 g at the start an4 finish, respectively. 

fAdministeredin increasing amounts over a period of 13 days to 43-

day-old plants. Total weight of the four plants was 13.7 and 53.3 g 

at the start and finish, respectively. gAdministered in increasing 

amounts over a period of 8 days toSS-daY-9ld plants. Total weight 

of the four plants was 2i.2and 54.5g at the star,t and finish, 

respecti vely. 
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TABLE II. Administration of Pyrrolinium Precursors 4, 9h, and . ,.. 'V 'V'V 

lOb to Nicotiana glutinosaa and Incorporation into! 
J'V 

- N icot inc Analogs ~. ~,and ~.' 

Yield of 
Precursor Incorporation Nicotine analog 

Expt. fed wt . {ms) act. (dEm) analog formed dEm C%) 

1 4 33 6.58 )( 10 6 3 4.22 x lOS 
'V. 'V 

2 4 159 31.4 .~ l06 3 4.34 x I (l () 

'V 'V 

3 9b 304 21.6 ). 106 6 8.26 x 10 3 
'V'V 'V 

4, lOb 202 12.3 x'10 6 7 9. SO x 104 
'V'V'V 'V 

9 

(6.4) 

(13.S)b 

(0.04) 

(0.77)c 

a For the preparation of the plants, see ref. 15. bUs ing nicotine (1) as 
'V 

the standard~ glpc analysis of the crude alkaloid fraction indicated the 

presence of 56.0 mg of 1 a~d 21.6 mg (10.5%) of 3'-methy1nicotine (3). 
''V 'V 

c G1pc analysis of the crude, alkaloid fraction indicated the presence 

of 17.0 mg of 1 and 2.2 mg (0.8%) of 3' .31-dim~~hy1nicotine (7). 
'V ' 'V 
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Table I should prove valuable in metaholism and precursor 

2 feeding experiments. . Although incorpora t ions of the r ~lJlgc 

) of,30 to O.00.3%·hiive been reporte<.lin biosynthetic experjments, 

~ generally no attempt has been made to ascertain· the fate of 

~ the majority of the precursor administered. Undoubtedly,· 

7 

8 

1 0 

1 I 

1 2 

significant metabolic and biosjnthetic information could be 

obtained iri many precursor feeding experiments frrim such a 

treatment. 

The crude alkaloid fraction was analyzed by preparative 

glpc on either a 15' x 1/4"columrt (expts. 1, 2, and 4) or 

as' x 1/4" column (expt .. 3) of 10% KOH, 10% polybutylene glycol 

on 60/80 firebrick. IS In the latter case (expt. 3) no 

13 fractionation of nicotige (1) and2'~methylnicotine (6) was 
~ ~ 

1 ~. attempted due to the presence of only approximately 150 ug 

15 of 6 in-a total of 19.6 mg of 1. The jields of the three 
.~ ~ 

1'; analogs (3, 6, and 7) of nicotine are shown in Table II. 
.. I\, I\, - I\, 

. . 
11 Relative incorporations of l,3-dimethyl'" (~), l;2-dimethyl-· 

u (9b), and 1,3,3-trimethyl-l-methyl pyrrolinium' chloride (lOb) 
1\,1\, . ~~~ 

1'1 into the corresponding nicotine analogs (3~ 6·, and 7, 
, . .. I\, ~ ~ 

20 respectively) are in an, approximate ratio of 360:1:20. The 

21 differences in incorporation appear to be consistent with 

22 the relative amount of steric hindrance expected in each case 

2 3 

2 Ii 

= , 

in j ofning the substituted precursor \vi th t'he hypothes ized 

1,6-dihydroni2Gtinic acid derivative (20)19 to give the 
'\t'\t 

intermediate 2la~b, or c, respectively •. Oxidation decarboxylation 
. I\,I\,I\,~I\, I\, 

of 21 and subsequent loss o~ R affords' the appropriate 
'\t'\t 

nicotine analog. 



· , 
) 4, 9h or lOb 

'" "'''' "''''''' 
It '.' 

7 

8 

+ '10' .. \ .CO; 
II . , 

Hit· 

20 
"'''' 

HZ 

t .v-: CII
3 

II 
H R 

U.e, R I = R 3 = II; R 2 = ell 3 

,e, Rl =CH3 ; R2=R3=11 

,e, Rl=H; R2=R3=CIl 3 

, In Vitro Synthesis and Characterization of Nicotine 

11 

10 Analogs. To aid in the characterization of the biosynthesized 

11 nicotine analogs 3 and 7, authentic samples of3 and 7 were 
'" '" '" '" 

12 synthesized along with cis-3'-methylnicotine (5) and 3,3'-- '" 
13 dimethylnicotine-2'-d (8). Adapting a method previously 

'" 
I it utilized for synthesizing nicotine (,t) 20, 1,),3-trimethyl-2-

15 pyrrolidinone wa~ added to an ethereal solution of 3-pyridyl-, 

16 lithium at _7~o; isolation gave t~e iminium salt 22a which" 
'\/\,'" 

1 1 was not purified or characterized. the sample was divided into 

1 ~ t\Y'O portions, and reduction wi th NaBH4 in one case and NaBD 4 

1·~ in the other gave 7 and 8 in 17 and 16% overall yield, 
"'" '" 

20 respectively. Complete characterization of 7 and 8is given 
'" '" 

2 I 

2 2 

2 3 

2 l,' • 'R = R • ell 
'\,'\t vI· " 3 

t. R11UII , 1~2 =CH 3 

: , 
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in Table III and the Experimental Section; however, the 

, f0110wing points need emph~sisfor utilizatfon in further 

1 discussion. In thenmr of 7 and 8 important resonances occur 
'" 'V 

II at IS 0.64 (s" 3H) and 1.08 (s,311). The assignment of the 

7 

e 

, 
1 0 

1 I 

1 2 

1 1 

I Ii 

I 5 

singlet at c5 0.64 to the cis-methyl in Zand ~, foU ows from 

an examination Qf molecular'models which indicate that the 

cis-methyl, in the most stable confirmation, is i:nthe 
-j'" 

shielding corie of the pyridine ring; the trans-methyl in 

7 and 8 is in the deshielding, :Cone and occurs at significantly 
'" '" lower field, & 1.08. 

In an analogous manner, trans-3'-methylnicotine (3) and 
. ' ' 'V 

cis-3' -methyln~cotine~}wcre synthesized by sodium borohydride 

reduction of the iminitim salt 22b in 10 and 4% overall yield, 
""'"''V 

respectively. By means of preparative glpc, 3 .and ~\ ... ere 
'" separated ~nd characterized as summarized in Table III and 

16 the Experimerital S~ction: The most significant features aris~ 
, .' 

11 from an examination of the nmt spectra of 3 and 5 along v'li th 
",. '" 

l~ that of nico~ine (1) and nicotine-5',5'-dZ (23).21 
~ 'V'V ' 

trans-3'-Methylnicotine (3) was assigned trans stereo-
.' 'V 

I It 

20 . ch.emistry wi th respect to the methyl group and the pyridine 

21 ring on the basis of the methyl doublet occurring at 6 0.97 

) , 

22 in analogy with the assignment for methyl groups in 7 and 8. In a 
. ' 'V 'V , 

23 similar manner,cis-3'-methylnicotirte (5) was assigned cis stereo-- .", --
:' ~ chcmistrysin<:c its methyl resonance \ ... as· centered at <5 O~ 55 as a doublet'· 

. ·1 
2~ On the basis of the nmr spectra of~, Z, ~ and ~~, a 

:t very interesting'difference in the shift of the C-2' hydrogen 
. 

: 7 in ,J and ~ can also be noted. The nmr of nicotine (1) has a 
. '\. 

.' 
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Table I I r. N~m, Mass Spectral, and Gas Chromatographic 

Data for Nicotine and its Pyrrolidine Ring Analogs. 

Mass Glpc 
'6' Compound Assignment of spectrum m/c b Hetention 

3-pyridrl -1 NMR z 6a 
N~fR Resonances {reI. C}bund) time (min) 

I 

.0/:) 1 • 6 - 2 • (t (Ill, 5 H) . c:,.· 3' (2H) 20.0 
C-4' (2H) 

, C-S'(lH) 
CB3 

2.17(s. 311) N-CH 162(36) 3 
I d . 3.-2 (m, 2H) C-2'(lH), 134(9) 
'" C-S' CIH) 

7.21(m, IH) C-S 133(60), 
7.68(m, IH) C-.4 119(19) 
8.43(m, IH) C-2, C-6 84(100) 

Il~ 0.97(d, C-3'-CH 
J=6.3 ijz, 3H) 3 

.,' N 1.4-2.4(rn, 4H) C- 3' (lH), 22.4 , 
C-'4' (2H) , CH3 C-S' (lH) 

3 2~10(s, 3H) N-CH 176(37) 3 
'" 2.S4(d, C-2' 134(30) 

J=7.5 Hz, IH) 

3.2 (rn , IH) C-S'(UI) 133(100) 
7.17 (m, 1H). C-S 119(9) 
7.60(m, 1H) C:-4 "98(73) 
8.40(m, 2H) C-2, C-6 

c~ 
O.SS(d, J= C-3'-CH 176(33) 24.3 
6.3 Hz, 3H) 3 

H .. 
1. 4 - 2 • 4 (rn, 4H) C ... 3' (UI) , 134 (29) , , 

" C-4'(2H),. , 
CH3 C-S'(lH). 

5 2.14(5, 3H) N-CH 3 133(100) 

'" 3.2 (m" 2H) C- 2 I (UI) , 119 (l2~ 
C- 5' (UI) 

7.15(m, 1H) C""'S 98(64) 
7.S8(m, III) C-4 
8.38Cm, 2H) C-Z, C-6 



Cll~~ 0.,64(5, 311) . C- 3' -Cil (cis) 19.0(15) 3 
·1.08 (s, 311) C-3'-CII3 (trans) 134(48) 

" , 1.64(m, 211) C- 4' 133(100) , 
CII3 2.13(5, 311) N-CII 3 119 (6) 

7 2.43(m, HI) C-5' 112 (7) 
'" 2.88(5, IH) C- 2" 

3.21(m, Ill) C-5' 

7~18(m, lH) :C- 5 

.7.56(m, 1H) C-4 

8.41(m, 211) C-2, C-6 

~~ Same as 7 with 191(18) 
, '" resonance at 2.88 135(46) 

(5, 1H) ·absent 134(1'00) , 
CH3 120(4) 
8 113(8) 
tV 

a In CC1
4 

with TMS as the internal standard. bAt 70 eVe 

c G1pc was carried on a column of 10% KOH, 10% polybutylene 

glycol on 60/80 firebrick (column length; IS' x 1/4"; 

column· temperature: 182 0
, f1'ow rate :100 m1 He/min). 

d . 
For 

. -
the ~epo~ted mass spe~trum and pattia11y assigned nmr of 1, 

tV 

~,23 see references 22 and 23, respectively. The. nmr spectrum 

of 1 reported above was obtained by ~s. 
tV 

14 

26.2 

... 

26.2 



.. 
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multiplet integrating for two hydrogens centereu at <5 3.2. 

~ Since 23 also shows a multiplet at 3.2 but integrating for 
'V~ . 

1 'only one lI,this resonance ca.n beassigncd in 1 to the C-2 I 
'\, 

.. h)'drogenand to one of the C-S' hydrogens. The large 

~ difference (> 0.8) in the shifts of the two hydrogens is no 

, doubt due to dcshielding by :thelone pair electrons of the 

7 pyrrolidine ring nitrogen. In the nmr spectrum of 7, the 
'\, 

8 multiplet at a 3.21 integrates for one II, corresponding to 

9 one of theC-5' hydrogens. The C-2' hydrogen has been 

10 shifted upfield to a 2.88 as confirmed by the absence of 

11 this singlet in the spectrum 6f 3' ,3'-dimethylnicotine-2'-d 

12 (8). The rimr spectrum of cis:3 i -methyinicotine (5) shows a 
'\, ----- '\, 

11 multiplet at 0 3,'2 integrating for two H's). assigned to the 

1" C-2' hydrogen and one of the C-S ' ~ydrbgens in analogy to the 

15 spectrum of 1. In marked contrast, the n~r spectrum of 
'\, 

16 trans~3'-methylnicotin~ (3) has a multiplet at <5 3.2 which 
'" 

I} integrates for only one H while a doublet (J=7.5 Hz, IH) 

1~ is present at <5 2.54 and is assigned to the C-2' hydrogen 

l' in analogy with the spectrum of 7. 
'" 

20 With reference to the spectra of 5, 7, and 8, the large 
'" '" '\, 

21 shift of the C-2' hydrogen in 3 is attributed primarily to 
'" 

22 shielding by the trans methyl group rather than confirmational 

2) influ~nces. Finally, it should be noted that coupling 'constant 

h (J= 7.5 liz) observed for the C - 2 I hydrogel). in 3 is cons is ten t 
'\, 

24 25 with the. assigned trans stcreochemistrt. 24 

2 t . 

. ., .. 
Charaeterizationof the Biosynthetic Nicotine Analogs. 

The chara~tcrization of the biosynthctic product obtained 



5 

:8 

IG 

(6.4;'13.8% y:ic1d) from the admiili:;tration of 1,3-dill1cthy1-1-

2 pyrr01inium-3- 14cIl3 ch1qride as trans-3'-methy1nicotinc (~) 

1 "has been established. High r.esolution mass spectroscopy 

established the molecular formula as C1lH1GNZ' m/£. 17-6 

!) Cca1ed: 176.1313; foul1d: 176.1313), and C611 1Z N, ml£ 98 Ccalcd: 
\ . 

(, 98.0970; found: 98.0974) for fhe 1,3-dimethyl-1-pyrrolinium 

7 . frui!1l;en t formed by a .,. 1 eavag( The nmr, mass spectrum, allu 

e glpc retention time uf biosYllthetic 3 are identical to those 
'" , of synthetic'~ (sec table III); these 'comparisons eliminate 

10 alternative structures such as 4'-methy111icotine from con-

11 sideration. The specific activity ofbiosynthetic 3 was 
. .' '" 

12 de~ermined by a combination of uv .bsorption,and liquid 
- 7, 

13 scintillation counting to be 2.76 x 10 dpm/mmo1,. in excellent 

1 .. agreement 'with its precursor ~ (sp~ acf. 2.74x 10
7 

dpm/mmol).The 

/<) " 4 h d \ C2HSOH '261 
15 ultraviolet spectrum of b~osyntletlc '" s owe 1\ nm as 

max 
'd .'" f" t" 25 

Ii expected for a er1vatlve 0 nlCO lne. 

1 1 

1 " ' 

Biogenetically~ trans-3'-~ethylnicotine (3) w6uld be 
'" expected to have the same absolute configuration at C-2' 

... 

as nicotine (1) which has been assigned the S configuration 
'" '" . 26 27 

with reference to L-proline, L-serine,' and optical rotary 

d " " . .' 28 T f 
2 I , lsperslon measurements. he CD curve 0 . biosynthetic 3. 

'" 
22 (in 95% C2H50H) gave a molecular ellipticity [0] at 260 nm 

2 ) of +22',800 (peak); .~ showed a [0J 27.0 -7~90 .. (trough) in addition 

to [0]261 +24,800 (peak). Although ~ showed a·weaker negative 

C ff 7 28 i otton cect at 2 3 nm in the ORD, this absorption was 

~~ absent in both the. CD an~ORD of biosjnthctic~. On the basis 

=7 of the CD~urve of biosynthetic ~, the S configuration is 

, 
\ 

t· 

" 
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assignell at the 2'-carbon. )n aduition, as a result of the 

nOll' spectral differences between cis- (5) and trans-3' -Illetbyl­
tV 

) nicotine (3) as discu5seu previously, the absolute configuration 
tV· 

~ at the 3'-carbon ofbiosynthetic 3 can also be assigned the 
. . tV 

~ S chirality. Clearly, only one of the four possible diastcreomcrs 

6 ,,'as formed bi03ynthetically )from precursor 4. 
tV 

7 The prouuct (6)arising from the administration of '" . 

8 l,2-dimethY1-l~pyrrolinium-z-14cII3 chloride (9b) to N. glutinosa 
. tV'\" 

9 was characterized solely on the basis of mass spectroscopy 

10 due to the low incorporation (0.04%) of 9b.The mass spectrum 
. '\"'\,, 

11 of 6 and 1 in a ratio of 1 to 130 showed mle 176 and 98 in 
'\" '" 

12 audition to the normal mass spectrum of nicotine. High 

13 resolution mass spectroscopy established a molecular formula 

110 of Cl1H16NZ form/! 176 Ccalcd: 176.1313; found: 176.1313) 

15 and C6Hl2N for m/! 98 Cealed: 98.0970; found: 98.0971) in 

Ii agreement with formulation of the biosynthetic product as 6. 
I\" 

1 1 No additional characterization was possible due to the small 

1, amount of material available. 

1'1 Administration of l,3,3-trimethyl-l-p-yrrOlinium-3,3- 14 CH3 
20 chloride (lOb) to the plants, subsequentisolatioll, and 

'\All\" 

21 preparatiVe glpc gave 3' ,3'-dimethylnicotine (7) in 0.77% yield. 
.. I\" 

22 The characterization of biosynthetic Z was by direct com-

:I ) parison with synthetic 7. Synthetic andbiosyn.thetic 7 were 
. '" '\" 

identical in ~lpc retention time ~stablishcd by co-injection) 

;:~ and mass spectrally. The CD curve of ~ (in 95%C2HSOII) gave 

~.; molecular ellipticities [0] of +1950 (peak) and +2100 (peak) 

:7 at 263 and 270 nm, respectively. The large decrease in the 



1 molecular ellipticity at 263nm makes assignment of theS 

2 configuration of the 2'-carboa of "7 tenllousalthough, bio­
'V 

) genetically, the S configuration might be expected. The 
~ , 

~ possibility that the changes observ~d in the CD curve of t 
S are due t~ the presence of an unequal mixture of enantiomers 

6 cannot be ~liminated at this time. 

1 Conclusions. The. present work has shown that" the enzyme 

e system \"hich catalyzes the ccndensatipn of l-methyl-l-

, pyrrolinium salt with I- 1,6-(tlhydronicotirtic~acid derivative 

lOis not completely SPlH" fico i,urthe'rmore, its specifici~y 

11 has been partially dotincdb~ the present experiments. The 

12 great diff~rerices observed in the efficiencyoi incorporation 

13 of the three substituted precursors examin~d can be'rationalized 

l~ in a consistent manner on the basis of differences in steric 

15 hindrance in the condensation reaction with a 1,6-dihydro 

16 nicotinic acid dorivative~ Th~present experiments, therefore, 

1 1 furnish addition support for this hypothesized step in 

18 nicotine biosynthesi~. Alternately, the ,differences in the 

19 efficiency of incorporation of 4, 9b, and lOb may refl~ct 
, " 'V 'V'V 'V'V'V , 

20 differences, in the metabolism of the precursors in vivo;" ho,.,,-

21 ever, we regard possible metabolic differences to be of secondary 

22 importance. "Finally, it seems'possible that a single cnz~me 

21 system might produce the four common Nicotiana alkaloids, 

2~ tiicotine (1), nornicotine (24), anabasine (25), and anatabine 
'V 'V'V 'V'V 

~s '(26), by similar cbndensations when prrivided with proper 
'V'V 

26 substrates. 

21 The present approach also has bro.d potential applications 

18 

.. 
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3 

.. 

5 

, 
7 

24 
'\IV 

2S 
'V'v 

26 
'v"\, 

• for the preparation of analogs of biologically active natural 

9 products since, in 'general, it is easier to synthesize a 

10 substituted precursor than to carry out a total synthesis of 

19 

11 an analog of a complex natur~l product. Additional expcrimerits 

12 are planned with Nicotiana and other species' in order to . 

13 examine the generality of this latt~r concep~. 

1 It 

1 5 

1 6 

1 1 

1 8 

1 9 

20 

2 1 

22 

2 3 

2 .. 

25 

2 , 

27 
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EXPERHlENTAL SECTION Z9 

't,rans- 3' --Hct hvllHcot inc (3) ancl cis - 3 1_ Mcthv In i C ot inc 
~----~' ~~~~~~~~~~~~~~~~~~~~~~~~~--- ~~~~~~J~'V~~~~~~~~ 

'(~). The method of preparation of~ and~ is exactly as 

de~cribed for the synthesis of Z below with the followj~g 

exceptions:. (a) 5 mmoles (565 rn~) of 1,3-dimcthyl-2-pyrrolidinonc 

werc used in place of 18 and (b) all of the crude iminium 
~~ 

salt 22bwas reduced with Na13H 4 .- Isolation as described fOT 
~~~ 

7 and preparati~e glpe,gave 86mg (10%) of 3 and 36 mg (4%) 
~ ~ 

of 5. 
~ 

Mol. Fo~m~: Caled. for CllH16NZ: l76.~313. Fouhd: 176.1313. 

3' ..I~t - Di, methvlnieotine (7) • Under a nitrogen atmosphere 
~·~~~~~~~~"'''''VVV\;~~· ~ 

was placed'50 ml of anhydrous'diethyl ether.' After adding 

5 nunoies (790 mg) of 3-bromopyridine, the reaction mixture 

was cooled to - 78 0, and 3.1 ml (5 IJ?llol) of n -,butyll {thi urn 

in hexane was added, followed by stirring for 20 minutes at 

-78°tlTen addition of 5· mmoles (t,35 mg) of 1,3,3-trimethyl-2-

py~rcilidinone (18). After stirring at ~78° for 5 hours and 
, """ ) 

roomtemp~rature for '13 hours, 20 ml of 6N NaOH was added, 

the ether laye~ was separated, and'the aqu~ous phase extracted 

2.0 with ether (2 x 30 ml). The combined ethereal solutions were 

then extracted with 30 ml of lO%HCI and evaporation of the 2 I 

aqueou,s solution in vacuo gave the crude iminium sal t 2 2a. 
, '\J~~ 

. . 
23 An aliquot (40%) of this iminium 'Salt'was dissolved in 10 ml 

2~ of H20, sDdium borohydride wa;added until the solution 

2 i: 

; 7 

reached pH'S, and it, wa~alio '.ld to sdmd alkaline at roum 

temperature for 30. mililltes. 1: '.l css borohydride lias des·troycd 

byacidiffeation with 10% HCI, and the reSUlting acidic 
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solution ,,,as maue alkaline w.i th 6N NaOII to pll 11. Aft.er 

, extracting 'vith methylene chloride, (3 x 25 ml), dr),jng the 

j resulting methylene chloride solution over K2C03 , ano 

~ filtering, concentration l!!.. vacuo to give the crude nicotine 

!I analog. Preparative glpc gave 64mg (17%) of pure 3' ,3'-

(, dimcthylnicotine (7) • 
'\i 

7 ~101. Form.: Galcd. for C12HlSN2: 190.1469. Found: 

e 190.1449. 

3' 3'-dimcthvlnicotine-2'-d (S). The iminium salt 22a, 
'V\,~lvvvVVVVV\IVV\lVV"'VV\lVVVV"'" 'U'.' "''''''' 

1 0 not ut~lized in the preparation of 7 was used to prepaie 8. 
'" '" 

1 I The reduction and is~lation were carried out as described for 

1 2 ~except that NaBD4 in DZO solution was used instead of 

13 NaBH4 in .HZ O' Preparative glpc of the crude nicotine analog 

1 It 

1 $ 

gave 90 mg .(16%) of pure S. 
'" 

The nmr indicated the presence 

of 93% of the 2'-deutero spicies. 

Ie Mol. Form.: Calcd for C12H17DN2: 191.1533. Found: 

I 1 

I .; 

2 0 

2 I 

2 2 

2 • 

: , 

191.l53l. 

1.J~-Dimethvl-l-'Ovrrolinium-2~14cH3 Perchlorate (9a). 
""VV""""''''''''''~'''''''V\,~~'''''''''''''\..'\..''''''''''''''''V\, "'''''''''''''~''''''''''''''' '\..~ 

In a flask,equipped with two dropping funn-e1s, a condenser, 

stir bar, and nitrogen sweep was plated 50 nunoles (1. 22 g) of 

magnesium and 100 ml of anhyd. diethyl ether. Then 0.25 
. . 

millicuries of methyl-l4 C iodideS (9.9 mg) and 50 mmoles 

(7.1 g) of methyl iodide dissolved in 25 ml of ether was 

added slowly with stirring. After hearly all the magnesium 

had dissolved, 37.5 mmoles (3.72 g) of l-methyl-2-pyrrolidinone 

in 25 ml of diethyl ether was added over 30 minutes, the 

solution was allowed to stand 20 hours at room temperature, 
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and 100 JIll of GN N~IOll \'Ia5o adJcll. The ether layci' \Vas 

removed, the aqueous phase lv-as extracted wi th dicthyl ether 

(6 x 50 m1), the combined ethereal solutions were extracted 

It with 10% hydrochloric acid (3 x 50 ml), and the aqueous 

? 

8 

solution ,was evaporated in vacuo at 40° to give the crude 

pyrrolinium salt. This residue was dissolved in 50 ml of 3N 

NaOII, which" lv-as extracted with methylene chloride (4 x 25 ml). 

The methylene chloride extracts were added to 200 ml of 

9 .absolute ethanol and 70% aquoues perchloric acid was added 

10 until the solution was slightly acidic, (pH 3). Concentration 

1 1 in vacuo to 150. rnl and cool illg to 0 ° resul ted in a prc-c ip,i tate 

12 which was ftried at 10~ for 18" hours giving 2.62 g {27%).of 

13 ~; rnp (dec.) 225-30° (lit. IO ,11,12 mp 238°, 235-36°, 239-40°); 

lit nrnr (D20) 4.17 Ct, 2H), 3.46 (5, 311), 3.23(t, tH), 2.44 (5, 

1 5 

1 .; 

1 , 

3Il), 2.20 (m., 2H); "tlc (EtOH:O.IN HCl =2:1; 12 detection) 

one spot at Rp = 0~27; tlc (n-Bih'H:HOAc:H20 = 4:1:5; 12 

detection) one spot at RF 0.10. 

H Anal. Ca1cd for C6H1Z CIN04 : C,36.5; II, 6.1; N, 7.l. 

1'1 Found: C, 36.2; H, 6.1; N, 7.2. 

20 1,2-DimethYl-l-pyrrOlinium-2- l4cH3 Chloride (9b) . 
. ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~ 

21 Approxim.tely 8 mmoles of 9a was dissovled in SO ml of 3N 
. ~~ 

21 N~Oll and the alkaline solution was extracted with methylene 

2) chloride (3 x25 ml). The combined extracts were shaken with 

2 .. 25 ml of 10% IIC1, and "the aqu,'ous ·solution was evapor~ltC'd 

2~ in va'cuo. The residuo\Y'as di"olved in 100 ml ·of distilled 

H water prior to admini:dcring :Iiquots ,to N. glutinosa pl~ints. 

z, 1,3,3-TrimethYl-l-pyrrolinitim-3,3- 14 cH3_Perchloratc (lOa). 
'VV\IV\t~~'VVVVVVVV"~~~~~~~~~~'\,~~~~~ ~'\,~~~~~~'\,~~'\, ~~rv 



• 

~) 

1 

To 25 mI of anhydrous dlethyl ether was added 20 mmoles 

(2.54 g) o[ 1.3,3-tl:'ill1ethYl-1-pyrrolidinonc.3,3~14CH3 and 

6 .• 75 ml (20 lIunoles) of lithium aluminum hydride in ether 

23 

(0.74 I\llllole/ml). After refl~xing for· one hour, the reaction 

~ mixture \~as cooled, 50 ml of ether and 50 ml of 3N NaOll were I . . 
, added, the etherlaycir was removed. and the aqueous solution 

7 

e 

1 0 

I I 

I 2 

11 

I It 

1 5 

1 t 

I , 

was extracted with' ether (6 . x 30 ml) •. The c.ombincd ether 

extracts were washed with, 10% IICl(4 x 25 ml)and the aqu"eous 

solution was conc~ntYatedin vacuo at 40° to give a mixture 

of lOb (66%) and 1,3,3-trimethYlPyrrolidine-3,3. 14CI!3 hydro-
'vv" 

chloride (~~) (34 % las determined by nmr; ~lC (n -BuOI!: IIZO: 1l0Ac 

[4:5:1]): 19 at Rp 0.14 and lOb at RF 0.10; tIc (EtOH:O.IN 
. """ 'vv" 

HCl [2:1]): 19 at RF 0.51 and lOb at RF 0.37. 
. 'V" 'v"''' .. 

The mixture of lOb and 19 was dissolved in 50 ml of 
"""'" . "'''' 

6NNaOH and extracted with methylene chloride (4 x 25 ml)~ 

The methylene chloride extracts were added to 150 ml of 

absolute ethanol, 70% aqueous p~rchl~Tic .acid was added until 

I'; . the ethanolic solution became acidic (pH 3), the methylene 
, 

1 If .chloride was removed in vacuo, and the ethanolic solution 

20 was cooled to -10°. The resulting precipitate was removed and 

21 dried to give 1.14 g (27%) of lOa; mp 110~12°; nmr (DZO) 8:41 
"''''''' 

22 (s, UI), 4.24 Ct, 2H), 3.58 (s, 3H), 2.19 (t, 2H), 1.36 (s, 6H). 

23 Anal. Calcd. for C7H14 CIN04 : C, 39.7; H, 6.7; N, 6.6. 

200 Po un d : C , 39 . 4; H, 6. 7 ~ N, 6. 5 . 

2S 1,.3,3~TrimethYl-l.pYrrOlinium.3,3-14CH3. Chloride (lab) 
",,,,'V,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,'V\IV\,"''''''''''''''''''''v''''''''''''''''''''''''''''''''''''''' "''''''''''''''''''''''''' "''''''' 

2~. was obtained from the corresponding pe~chlorate lOa by the 
"''''''' 

=7 procedure gi~en above ~or obtaining the chloride 9b from the 
tV" 
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perchlorate 9a. 
'v\, 

3 -E thox)'carbonyl-1-methYl- 2 -pyrrOI i d inone (12). A 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~\.t~~~~~~~~~~~~ ~~ 

l mixtu~e of 500 g of die thy 1 carbonate, 99~1 gel mole) of 

I-methyl-2-pyrrolidinone and 2500 ml of anhydrousbenzcne 

was ~eflu~ed overni~ht under a water separator. The mixture 

t was tooled to room te~peraturc, 85.3" g of 56.3% NaII"dispersion 

7 was slowly added, and reaction was allowed:to proceed at ioom 

8 temperature for IS minutes and then refluxed for 12 hours 

9 at wbich time hydro~en evolution had ceased. Cooling in an 

10 icc bath was followed by addition of 130 g of glacial 

11 a~etic acid ~nd 200 rnl of benzene to decompose the excess 

12 sodium hydride and sodiuin" enolate. "The resulting slurry was 

1 3 filtered, the, precipi tate was washed" wi th rne-thylene chloride, 

"1~ and the filtrate ~nd washings wer~ concentrated in vacu~ and 

IS then fractionally distil1eda t 119 0 an.d" 1. 8 mmto gi ~e \ the 

16 desired product conta~inated with a s~ailamount of minerai 
. - . . 

1 1 oil. Column chromatography on silica gel using benzene and 

l~ benzene:ethanol (1:1) as e1uants follow6d by" redistillation 

1 'I, gave 70.4 g (41. 2%) of 12; ir (thin film) "1680 (amide C=O) and . 'v\, 

2 0 1740 -1 
cm" (ester C=O); nmr (neat) 4.17 (q, 2H), 3.42 (m, 3H) , 

2 I 2.83 (s, 3H), 2.35 em, 2H), 1. 27 (t, SH). 

22 Anal. "Calcd for CSH13N03 : C, 56.1; H, 7.7; N, 8.2. 

23 Found: C, SS.9;H, 7.7;N," 8.3 . 

. 3'- E thoxvca rbonvl-l, 3- dimethvl- 2 -pvrrol i,dinorie -:-; _14 elL (J.3). 
~~ ~",,,,'\Iv\,~,,,~,,,~~'V\,,,,'V~~,,,,,,,,,,,,~,,,,,,i\,~"'I\."'~~~"'''''''''' "''''~~~" JV\'~""\.t :) rv~ 

Petroleum ether was added to l~71 g (40 ~moles) of 56% sodium 

2 Ii hydride dispersion and then drained, leaving sodium hydride " 

:. 7 free of mine~al oil. 
) 

A solution of S.13 g (30 mmoles) of 3-

• 



~, 

'( 

2S . 
cthoxyc<.J,· rbonyl-l-mcthyl-2-pyrro1idinonc (12) and 165 JIll of 

'v\, , 

1 tctrahydrofuran \Vus ~l(lclcd und stirred with the sodiUl;1 h)'dridc 

3 for two hours. Then 2.18 rnl (35 rnmole~) of metllyl-J4 C iodideB 

It was (ldoed, the mixture was stirred overnight " ano the 

!o solvent ,,,as' removed in vacuo., The product was extracted 

, from the sodium sa1t~ with benzene (4 x 25 mIl, and distillation 

7 a t lOS - 09 0 an d 1. 4 mm g a v e 3. 73 g ( 66 %) 0 f 13; i r ( t hi n f i 1 m) _, 'v\, 

8 16BO (amide·C=O) and 1740 em-I (ester C=O); nmr (CDC1 3) 4.17 

9 (q, 2H), 3.40 (m, 2H), 2.84 (5, 3H), 1.7-2.5 (m, 2H), 1.27 (m, 

, ,1 0 61l); g1pc on 30 %QF-1 on chromosorb P (5' x 1/4"; 1 00 ml/min; 

11 146°) gave one peak, retention time 6.4 min (starting material 

l2 12, S. 2 min retention time). -
"'" 

l1 Anal. Calcd. for C
9

1-l15N03 : C, 58.4; H, 8.2; N, 7.6. 

1 It 

1 S 

Found: C, 58.3; H, 8.0; N, 7.5. 

3'::CarbOXt-1~3-dimetha-2-l?~rr~lidinone-3-14c1l3 (14) ~ ~ AA • 'V'V'V'V'V'V\t'V 'V'V 'V'V'V'V'V'V'V'V 'V'V'V -v'V'V'V'V'V' v'V'V'V'V'V'V"v'V'V'V"v v v 

3-c~rbethoXY~I,3~dimethYI-2-pyrrOlidinone-3-14cH3' 1.85 g 

11 (lOmmoles),and 25 ml of 10% NaOH were stirred at room 

1~ temperaturefo!16 hours. The reaction mixture was adjusted 

1 'I 

2 0 

2 I 

22 

2 ) 

2 • 

.1 S 

2 t 

. ., ... . 

to pH I with.concentratedhydroL~loric acid and continuously 

extracted with methylene chloride for 90 hours. Removal of 

the solvent in vacuo gave 1.57 g (100%) of acid 14, melting 
'V'V 

at 142-4~o (dec) after recrystallization from ethyl acetate; 

nmr (CDC1 3) 10.91 (s, HO, 3.42 (m,2H), 2.90 (5, 3il), 1.8-2.6 

(m, 211)~ ~.42 (5,31-1).-

Anal. Calcd. for C7H1lN0 3 : C, 53.5; H, 7.1; N, B.9 . 

F 0 un d : C, 53. 5; H, 7. 2; N,' 8 . 8 . 

l',3-D,imethyl-Z-PyrrOlid:none-3,_14CH3 (15). The acid 14, 
'VVV\lv\''V'V'V'V'VVV\l\'~-'..,'''''\''V'V'V'V' \. 'V'V'V"''V'V'V'V'V'V 'V'V 'V'V 



26 

1.16 r. (1.4 mmoles) was heated at 15'0-60° until decarboxyl<Jtion 

2 'vas complete to gtvc 836 mg (100%) of 15; nmr (CDC1.3) 3.25 (m, 
, ,~~ 

) '211), 2.80 (5,311),1.5-2.6 (m, 3il), 1.18 (d,311) . . , An a 1. Cal cd. for C 61111 NO: - C, 6 3. 7; II, 9. 8; N, 1 2 . 4'. 

S Found: C, 63. 6; 11, :':rO .,0; N, 12. 3. 
r _,' 

, 
8 

,~ -
LithiumA1U1hillllJllllydride;{eduction of 1,3-D:imcthyl-2-
'V~'V~'V'V'V'V~~'V'\."V~~ "",,"'I'\/\/'V''-''\' '\., ,\,'V~'V~'V'V'Vr\l~'V"'~~' \I~'V~ 'V~'V'V 'V \, '\, '\i'V'\., 

ny'rr~lidinone-3-14CII., (15).' 'Ille acid 14, 3.144 g (20 IIIJIlolcs) 
tv \i'V"''''~'V~'V'V'V'V~'V~~~'V'V'V.l \ 'V~ ~~. ' 

\Vas- heated at 150-00° until t 110 evolution of carbon dioxide . ' 

, h~d ~eased: After ~o~ling, 25 ml of anhydrous ether was added 

10 followed by 5 m1 of a l~ 2M ethereal, Ii thium aluminum hydride 

1 1 solution and the solution was rcfluxed for one hour. 

12 Water (5 ml) was added after cooling, then 100 ml of 6N NaOIL 

13 The ether layer was removed, the aqueous solution \Vas extracted 

1 It with ether (7 x 25 ml), the combined ethereal extracts were 

1 5 extracted with 10% HCl (6 x.2S ml) , and aqueous acid solution 

1 tj \vas evaporated to dryness in vacuo. The residue \v8.S dissolved -----
1 1 in 2 ml of D20 and its limr showed a doublet at 1.33 (3H) , " a 

l~ singlet at 3.61 (311), a triplei at 4.17 (211), and a single~ at 

l' 8.6 (lH) assignable to 4; signals assignable to 16 occurred 
'\, " ~'V-

20 at 1.10 (overlapping doublets~ 3H) and 2.92 (5, 3H). Th~~, 

21 nmr analysis indicated that the product was a mixture of 4 
~ 

22 (63%) and 16 (37%). Scintillation counting of an aliquot 
~'\, 

23, of the aqueOus solution ~f the reduction'products gave a 

2~ yield of 92%; tIc (12 detection, EtOH:0.1N jIC~ (2:1)] gave 16 
'V'" 

and 4 at R 's of 0.54 and 0.41, respectively; 't,lc [I 2 detection, 
'V F , ' 

n-Bu011:HOAc;H20.(4:~:S)] gave, uft'er t,,,,o elutions, 16 and 4 
'V~ 'V 

: , a-t Rp's of 0.,45 and 0.33, respectively. 

/ 
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1.J3-DimcthyJJ)vrroliu:inC-3-14CII3 Ilydroch·lori.ue (16). 
'VVVVVVVVu'V Vvtu1u'V'V'V'vVu'V'VVy'V'V'V'V'V'V- 'V'V'V'V'V'V'V'V'V'V'V'V'V'V 'V'v 

111 a Parr hydrogenation hottle was placed 3 mm6les of a 

) Il~ i xt u reo f 4 ( 6 3 % ) and 16 ( 3 7 t ) inS 0 m 1 0 f II 2 ° and 5 0 Tn g 
'" 'V'V 

.. of 10% Pd/e was added. After hydr~ceRation at 40 psi of 

7 

hydrogen' ,for 18 hours, the solution was filtered through 

celite, and the filter pad was washed with 100 ml of hot water. 

The solvent was removed in vacuo at 40° to give a 97% yield 

8 

1 0 

1 I 

1 2 

1 ) 

1 It 

of 16 by radioactive assay; nmr (D20) 3.0-3.9(m, 4H), 2.92 
'V'" 

(5, 311), 1.6-2.8 (m, 3II), 1.10 (overlapping doublets, 3H); 

tIc 

tlc 

Rp 

[1 2 detection, EtOII:O.lN HCl (2:1)] one spot at RF 0.53 ; 

[1 2 detection, n-BuOH:1I0Ac:H2O (4:1:5)] one spot at 

" 0.47 after two elutions. 

. A portion of 16 was converted to the free base to whi~h 
"'''' was added picric acid. The:picrate was cryst~llized from 

isooropanol,mp 180-83° (lit. 12 mp 183-84°). 

lti Anal. Calcd for C12H16N407: C, 43.9; H, 4.9; N, 17.1. 

11 Found: C, 44.2; 11,4.9; N, 17.1. 

Seoaration of 1 3-Dimethvl-l-pvrrolinium-3- l4 CH Chloride 
",,,,~,,,'V,,,,,,,,,'V,,,,,,'V'V'V,,,{,,,,,,'V'V,,,,,,'V'V~,,,'V,,,,,,~~'V,,,,,,'V,,,'V'V'V'V'V,,,'V'V,,,'V'V3'V'V'V'V'V'V'V"'''' 

1 'I (4) and 1,3-DimethvlPvrro1idine-3- 14 cH 3 Hv-droch1oride (16). 
'" "''''~'''~''''''''''''''''''''''''~'''~~''''V'''''''V'V'V''''V'V'V'''''''V'V'V "'~~~"''V'V'V'V'V'V'V'V'V 'V 'V 

2 0 A column (5 x 64 em) was prepared using 550 g of silica gel 

21 . slurriedln EtOH:O.lN HCl (2:10, the eluting solvent. 

2.2 Four mmoles ofa mixture oJ 4 (63%) and 16 (37%) was applied 
'" 'V'" 

23 to the column in 25 ml of. the eluting solvent~ using two 25-ml 

2. portions of the eluting solvent for rinsing the compounus 

2 ~ onto the column. Fractions of approximately 50 ml were 

2 " 
collected at 'a flow rate of approxilnately SO ml/hr and the 

. ., chromatograp~y ... was followed by scintillation. counting; 200 fll ± 
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) 

7 

10 pI of each fraction ,."as dissolved in 15 mIof dioxane 

scintillation coullting solution. The' pyrr'ol idrne 16 was 
'\IV 

elUted in fractions 18-26 and the pyrrolinium salt ~ in . 
, 

fractions 26-50. Fractions 27-S0 were combined, evaporated 

to dryness in vacuo at 40° and reapplied to the silica gel 

column as a slurry in EtOH:0.1N ~Cl (2:1), carrying out the 

chromatography in the sa~e manner. The desired product 4 
'" 

·8. was eluted in fractions 39-71 which were combined, concentrated 

1 0 

J J 

1 2 

J 1 

to approximately 200 fil/in vacuo at 40°, and applied to a 

cation exchange column (AG-SOW-X8; H+ form;' 200-400 'mesh; 

approximat'ely 150 ml resin). The column was washed until 

neutral with distilled water; elution of 4 from the column 
'" followed·with 1. 5N HCI, the volume of each fraction being'75 

and the flo~ rate 75 ~l/hr., monitored by scintillation 

IS counting as described above. Pyrrolini~m Salt 4 was eluted 
'" 

1 .; 

. 1 , 

in fraction 16-24; 'in addiii6n, each of these. fractions 
, 30 

gave positive Dragendorf's test. Fractions 16-24 were 

1~ combined and evaporated at 46° in vacuo to give 85% (2.DS 

1 'I 

2 0 

2 I 

mmoles) of the 4 

'" 
applied to the lnitial co-Iumn: A C2 HSOH 262 . max 

(c 21); AHZO 249 nm, (c 14); nmr max (D20) B.5S (s, 111), 4.18 Ct, 

2H), 3.63 (singlet methyl superimposed on mul tiple,t J 4H), 

22 1. 7- 2. ,8Cm, 2H), 1. 33 Cd, 3H); tIc [ 12 detection, E-tOH: 0 .IN 

ml 

nm 

2~ lICl (2:1)] one spot.'RF 0.43; tIc [TZ detection, n-'BuOII:HOAc:HZO 

2 .. (4:1:5)] one spot, RF O.31 after two elutions;,mass spettrum 

(70 eV) m/£ (reI· intensity) 97 (54, M+-lICl), 96 (100), 82 (34) ~ 

2~ Mol. Potm. Caled. fOr C6HllN (M+~HCl): 97.0891. 

:7 FOund: 97~OB87. 



" 

c 

2 

1,3,3-Trilllcth)'1-2-pyrro~i(Jinone-3,3-14CII (18). 
","''''''''''''''''''',,",,\'''\',,",,\'''''''''''''''\/\''''''''\'''''''''''''''''''''''''''''''''''''''''''''''\'''\..0''' 3 "'''' 

29 

To 500 1111, of ,anhYlrrou~ dicth)'l cthcr and 220 mmol,cs (31 ml) 
,; '. • :. . ,: ~ >. ~ 

.) of diisopr6pyluminc (freshly distilled from BOlO)) cooled to 

-70°) was added 131 mle210 mmoles) of n-buty1lithium (1.6 M 

!. i~l hc.~;;anc). Thcn 4.95 g (50 mmoles; 4.85m1)of 1-mcthyl-2-

{. pyrro1idinone was added, the solution was stirred for 15 

7 minutcs at -70°, and 13.8 m1 (220 mmolcs) of 14CIl IS was 3 , added. Stirring was continued at room temperature for 16 
, hours, 150 ml of H20 was added, the ether layer was removed 

10 and evaporated in vacuo, and the residue was dissolved in 

1 I 100 ml of H20. The combined aqueous solutions were continuously 

12 extracted with'methylene chloride for 24 hours~ Removal 

1) of the solvent and distillation of the residue at 95-97° 

. 1 It (27 mm) gave 4.79,g (7S%) of IS; nmr (CDC1 3) 
'\IV 

3.29 (t, 2H), 

1 S 2.79 (s, 311), 1.Sl (t, 2H), 1. 04 (s, 6H); glpc on 30% QF-l 

1 .. ChromosoJ;b .p (168°; 'lOOml/min; 10 1 x 1/4") one peak, 9.0 

on 

min. 

I 1 :Anal. Calcd~ for C7H13NO: C, 66.1; H, 10.3; ,N, 11. O. 

1~. Found:· .. C, ,:65.9; H~ 10.2; N, 1.0.9 . 
• 1\. -,I" . II)" \'. ' 

2 -Acetonyl-l J 3-dimethylpyrrolidine (17) ,. To 6 mmoles 
"""'V'VV'V'V\,"-"''''''''V'V''''''''''\IV'\IV''-'''''-''''''''\IV'\IV'V\,'\IV "'''' 

1 'I 

200f 1,3-dime~hyl-l~pyrroliniumchloride and 6 ml of H
2

0 were 

2 I added 35 mlo~, IN NaOH, 10 ml of, H20, 20 ml of ethanol, . and 

2215 ml of ethyl acetoacetate. After stirring in the dark under 

21nitrogen for 17 days, SO ml of concentrated H~l was added. 

l~The reaction mixture was warmed on a steam bath for 5 hours, 

2~and concentrated toS.ml in vacuo. The re~idue Was dissolv~d 

2 Ii ~n ::~O ml of water and made strongly alkal inc hli th 6N NuOH; 

:" the resulting ,aqueous solution was continuously extracted \vith 
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methylene chloride ~ot 4. dUY$. Removal of the solvent 

nave 440 nl" (47~) of 17; ir (thin film) 1730 cm-l (C::O); nmr 
b . ~ ~~ . 

ceDC13) 2 .. 7-3.7 (m, SH), 2.69 (5, 31l), L4-2.$ (m" 3H), 

2.30 (s,,~H), 1.12 Cd, 311); mass spectrum (70,eV) mle (reL 

intcn~sitY) 1$5 (4, M+), 140 (2), 124 (28), 109 (21), 98 (100). 

(, 'Warming 17 \d th a saturated ethanol ic solution of l)icric acid 
~~ . 

7 gave the picrate which was recrystallized from absolute 

8 

1 () 

ethanol; mp 147-51 (dec); nmr (?yridin~-d~) 8.97 (5, 2H), 

3.1-4.0 (m, 5Il), 3.08 (5, 3H). 1.6-2.6 (m., 3H), 2.25 (5, 3JI) I 

1.01 (overlapping' doub 1 ets, 3:'). 

11 Anal •.. Calcd. for ClSH20'~408:' C~ ,46~9; H, 5.3; 

12 N, l4~6; 0, 33.3. Found: C, 47.1; H, 5.3; N, 14.7. 

1 1 

1 It 

1 5 

I .. 

1 1 

i .; 

I 'I 

2 0 

2 I 

2 1 

2 ) 

2 • 

2 t 

. ., ... , . 

) 
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(PPO), 0.4 g of p-bis[2-(S-phenyloxazoTy1)]benzenc (POPO!», 

and 4 I. of toluene or a solution of 18.0 g of PPO, 0.4 g 

of POPOP, 200 g of naphthalene, 1 I. of ethanol, 1.4 1 of 

toluene, and 1.6 t of dioxane. Whenever necessary, 1 ml 

of NCS Solubi1izer (Nuclear Chicago Corp.) was added to 

the liquid scintillation sample vial in order to insure 

complete solubility. All elemental analjses we~e 

'performed by the Analytical Laboratory, Department of 

Chemistry, University of California,nerkeley. CD and 

ORD spectra~ere run on a Cary 60 instrument. Glpc's 

were ~arried out on a Varian Aerograph A-90-P instrument. 

K. Randerath, '.'Thin Layer Chromatography", Academic 

Press, New York, N.Y. 1963, p. 74. 
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