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ABERRANT ALKALOID BIOSYNTIESLS. FORMATION OF NICOT .. i

ANALOGS FROM UNNATURAL PRECURSORS IN NICOTIANA CLJTTNC%&.I

Melvin L. Rueppel and llenry Rapoport

Contribution from the Department of Chemistry and Lawrcnce
Radiation Laboratory, University of California, Berkcley,

California, 94720.

Abstract: Several methyl derivatives of nicotinc have

been biosynthesized using Nicotiana glutinosa plants and the

corresponding substituted pyrrolinium precursors. Thc

14

syntheses of the ~'C-labeled pyrrolinium precursors, which

€

were Utilized;in the biosynthetic experiments, are also

described. For chromatographic and spectral comparisons,

authentic samples of some of the substituted nicotines wecre also

synthesized. The stereochemistry and absolute conf{.guration’
of the biosynthesizéd nicotine analogs have been dctermined.

Incorporatidn results with 2- and 3-methyl substituted

pyrrolinium precursors allow some speculation on the specificity

and steric requirements of the enzyme(s) involved in {he
latter stages of nicotine biosynthesis.

KA KKK KR

The biosynthctic pathway of formation of n.uotiunc (

N

in Nicotiana has been subject to a great dcal of studyv. A

; multitude of experiments have been carricd out oy uc. . of

precursor feedings and short-term biosynthesés with '5COZE/



s
~

by using substltuted precursors instead of the normal

’

hovaer,'thohpreciso biosynthetic pathway has yet to be
complctely;clucidated.2 In conjunction with other biosynthetic

experiments ‘with Nicotiaha'glutinosa, we became interested in

the p0551b111ty of blosynthe5121ng unnatural nicotine ‘analogs : Y

natural prccursor.
The p0551b111ty of blosynth05121ng unnatural nicotine
analogs using substituted natural precursors was 1ntercst1ng

for several'reasons. First, the 1ncorporat10n of 'an unnatural

prccursor (1 e., a substltuted natural precursor) into an

unnatural produCt (i.e., nicotine analog) had not been_:i
previOUSIy reported'iniplants; Second, experiments with a
Series_of'suostituted precursors migﬁt define the specificity
of thé-onzymé sysiém'which catalyzes the biosynthésis”of
nicotiné“fromza~1—méthy1~1§pyrrolinium salt % and a nicotinic

LN

acid derivative. Third, the formation of ‘unnatural alkaloids

.'in vivo-should'be uSeful in the‘preparation=of’analog5'of bio-

loglcally actlve natural products. ‘'Finally, since the unnatural

products possess a structural label in addltlon to the usual
radioactivity label, they should also be of great utility in the
'study of metabolism and interrelationships among the various

“alkaloids and other natural products in a given plant.

In a preliminary communica_tion,'3 we have reported the

incorporation of-l}3-diﬁeth§lfl-pyrrolinium-3~14CH3 chloride (4), « -

:intoffhe nicotine analog, 3‘4methy1nic0tine'(3) . We now report

the full detalls for thls prellmlnary communication and addLLlOWJI

related exper1ments concernlng the formatlon of thc nlcotlnc



i

anaiOgs, 6 and 7; from Qb and kgk, respectively.

Prccursor synthesis. 1In the prcsent-wbrk only derivatives

of the natural pyrrolldlne ring precursor, 1 methyl-1- pyrrolln um
salt (%), have been examined as potentlal.unnatu1al precursorb

for analbgs'bf'nicotine._ This choice was based on the fact

s 7
PR
N
1, R1=R2§R3=H | 2, Ry=Ry=Rg=H |
3, RI%R3=H; R,=CHy ' 4, R =R,=H; Rg=""CHy; X=C1~
é,'R1=RiéH< Ry=CH, 9a, R=14ciiy; R, =R =H; X=C10,”
6, Ry=CHy; R,=Ry=H b, Ry ="YcH,; R2=R3=n; X=C1~
) 1» Ry=H; R,=Ry=CH %Q%, R,=H; R2=R3=14CH3; X=C10,”
8, Ry=D; Ry=Ry=CH; b, Ry=H; R,=R=1ciiy; X=C17

R1=Di Ry 1

that 2 has been reported to’ be a highly eff1c1ent precursor of

the pyrrolldlne ring of n1cot1ne 4,5

A priori, derivatives of
the pyr1d1ne ring precursor, nicotinic acid, could also have
been examined; however, nicotinic acid is a less efficient

precursor, probably due to its more wide spread metabolic

 funct1ons, Accordingly, it seemed reasonable to first con-

centrate on analogs of'Z

The flrst candldate unnatural precursor exam;ned was 1,3~

14

dimethylfz—pyrrolanum-S- CH3 chlorlde (4) It was synth051zed '

by condensation of:l-méthyl-Zprrrolldlnone (%%) with dicthyl



?

carbonate using sodium;hYdridc as the'basé'to giVe cstcr‘%%.
1, 3-Dimeth}1-3-carb’ethoky-2-pyrrolidinone-3-MCH3 (13)7

was obta1ned by alkylatlng the sodium enolate of 12 with methyl-
14C 1od1de. _' The procedurc utlllzed in the 1solat10n of
3—mcthylvderivat1ve %% precluded'tbe prcsencc of,unalkylatcd
compoundiigi ;his-was verified by glpc anaiysis. Hyﬁroinis

of the alkflated ester_%é7(spétific activityv2;7i x,io7 dpm/mmol-)

quantitatively'gave’the acid 14 (specific'actiﬁity 2.68 xv107‘

\\\dpm/mmol) Wthh on decarboxylation gave 1,3- dlmethyl 2- pyrroll—

1Y

y2

13

18

15§
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17

18 -

19
20

21

22

‘23

26

25

26

27

d1none (15) Sto;chlometrlcally controlled reductlon of 19
. Yoy
. : ¢ '3
- | : ' COZR
| ;':j\o - WS
-CHSf ' CH3
11 12 =
LY. » . CAN o , /_%é,:R CZHS
. _- - 14, R=l
o _ L ‘ A
. 14CH3 R o CH3
+ . :
{ ;, <+ { ;
N -:-H ; '_‘ - - ' %O
C1 ' o
CHS CH3.
T 1

w1th ‘1ithium alumlnum hydride gave in 92% yleld.a ml#ture of
pyrrollnlum salt 4 (63%) and the pyrrolldlne hydroch1011dc 16 (37%);
Chromatography on s111ca gcl followed by ion cxcaang nave _
pure 4 in 40% overall yleld from 12 The precursor 4 was
characterlzed spectrally, chromatogranhlcally, mlcroanalytlcally

and by conver51on to the hygrlne derlvatlve 17
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The second.candidate unnatural precufsor (22) also
labeled with carbon-14, was synthesized as follows. Mcthyl-
Cl4 iodide8 was converted to the corresponding Grignard rcagent
and subSequént ad&itioh of l-methyl-2-pyrrolidinone (%%).
gave a mixture of 1,‘2-dimethy1-1-pyrrolinium-2-14CH3 chloride
(gk) and’1',2;Z-trimethYIpyrrolidine—2,241.4CH3 hydrochloride.10-12

Conversion of the mixture to the corresponding freec bases,

- followed by the addiiioh'bf 70% perchlofic acid gave the pure

iminium perchlorate 22 (cpecific éctivity 9.57 x 10° dpm/mmo1l)

in an'ovétallvyield'of 27%. Immediately pridr‘to the actual

feeding experiments, the perchlorate 9a was converted into the
. v .

chloride 9b by ion exchange. '

Synthesis of the third candidate unnatural precursor

(%QR) was'also initiated with 1-methy142-pyrrolidinone (%}).

Alkylation of 11 with methyl-1%C iodide® in diethyl cther at

-78° with lithium diisopropylamile as the base gave 1,3,3-

trimgthyl{Z-pyfrOIidinone-3,3-14CH3'(%§)9’13;in 78% yield.

Controlled lithium aluminum hydride reduction of %g’(spccific

‘activity38.63 b 106 dpm/mmol) gave a miXturé of 10b (66%) and

NNy

14,

1,3,3~trimethy1pyrrolidine-3,3- CH3 hydrochloride’(%g; 34%).

6

The pure perch1orate (specific‘activity:8.93 x 10 dpm/mmol)
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plants which were growing in an aerated hydrOponlc solution.

was obtaincd by the addition of pcrchloric acid'to the corrcespond-

ing free base of kQR and kg, Prior to the fcchnL experiments

_]On'wné'rcconvcftéd into the chloride 10b.
(4 Via VO VIR LVAVAY)

'Biosynthcses and Isolation. Lach bioSynthetiC'cxpcrimont

(Tables I} and II) was carried out using four Nicotiana glptinbsa
14 -

The " plants had been grown prior to- the feedlng ‘experiment

as previously descrlbed.l5

Approprlate;precursor'was added
daily in pbrfioﬂs to the aerated hydroponié“solution;-the'
rate.of‘addifion, ége of plants, and the initial and final
weights of the‘p1ants are given invthe‘fdotancs to Table 1.
The rate and amounf'bf uptake of thé'precursors-iﬁ’experiments‘
1-4 were monitored continuélly“by'liquid'écintiilation
countlng of a11quots of the hydroponlc nutrlent solution.
Particularly in experlments 3 and 4 in which an excess of the
approprlate precursor was constantly maintained in the hydro—

ponlq solution, the rate and amount ofvprecursor uptake was

directly’propbrtiOnalvto the mas's of the pl?hts;-that is,

. as the mass of the plahts increased by normal growth, a

corresponding increase in the rate and amount of precursor

was‘ob5¢rvedﬂ The rate and amount of uptake_was'apparently‘

‘independeptiof the amount of pfgcursor available in'the'hydro-

ponic solutiqn.. Finally, no harmful effects were'ﬁOted in

plant growth althougﬁ up to 40 mg of précursor‘was incorporatcd

daily.

Since the plants faiied to complétely absorb.alllthé‘

radioactivity associated with each precursor from the hydropcnic

-
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solution, tﬁe'rcsidUal nutrient solution was cxamined in order to
asscss the stability of cach brccursor‘administorcd. In cxperi-
ments 3 and}4,.grcater than 95% of the radioactivity in the Tesidual
nutrient qu shown by‘umr and ‘tlc to oe due to the prcsence of 9
and %22, reschtively. In eXperiment 1, 90% ofvthe total precursor
administered-each'day-was abSOrbed into the plants in 24 hoUrs

The rcmaining 10% of ‘the act1v1ty was due to chemical or blOlOglCdl

change of 4 and accumulated as the experlment proceedcd Since

vthese-plants, and plants added to the nutrlent 'solution after

removal of the previous plants, were incapable of absorbing the
transformation products of i,-the'observed incorporation most

probablydis due ro the‘upteke of 1,3—dimethy1-1-pyrrolinium-3-14

CHq
chloride (4). Further support for the role of intact 4 as the
actual precurSor is'provided by the excellent agreemenc in specific
act1v1t1es (see following) ‘between 4 and the blosynthe51zed 3'-
methyln1cot1ne (3) 16
After each feedlng experiment had proceeded for several days and

the desired amount of precursor had been 1ncorporated,_the plants

" were fractionated as described previously’® to give the four fractions

indicetedfin_Table I.=;The_distribution of‘activity foupd in
these four fractions is of interest for several reasons. FlTSt
essentially'all (100 = 3%) of the activity 1ncorporated into the
planrs in eech-experlmen; (with the exception of expt. 1 where

the activitiés of two fractions were not determined) has been accounted

for by these four fractions. Clearly no loss of activity has occurred

Y4eo

by metabollsm of the administerecd precursors to respired 5

-Second, 51gn1f1cant differences . 1n metabollsm of each of the

- three precursors are 1nd1cated in' the activity d15tr1but10ns

The compllatlon of actlv;ty dlstrlbUtions of the type_giVen in



~

TABLE I. letllbutlon of ALthlty in Vdr10u5 Fractions of

',N1cotlana glutlnosa after Feadlng Unnatural

'Pyrlollnlum Precursors 4, 9b and 10b

'\;'\:’\:

Expt. Precursor. o Activity (dpm X lbeé)in Fraétions
'Totalé S Acidic §- Alkaloidal Residual
plant .Marc_ neutra} (basic) aqueous

1€ 4 6.58 4;,;,. d 1.85 . 2.15
2¢ 4 340 2.52 4.00 14.30 9.95
3f b 21.60 6776 1.32 15.10  4.85
48 14&&3 12,30 0.16 '0;21 ©10.90 . 0.59

aBa_sed on total activity fed minus activity remaining in nutrient
solution. bThe-attiyity present in the marc was determined by
combusting an aliquot using a modification of the method of Kalberer

andvRutschman17f

CAdministe_red in eque1-pdrtions‘over a period
of § days”with,l.dayiédditional for growth. Total weight of the
four plants wésv261 g;at'the start and'finish;:their:initial age
was‘66 days;i‘dNot determined _eAdministeted'in.inereasing'amounts
over a perlod of 8 days to 59 day-old plants - Total weight of the
four plants was 54 and 139 g at the start and flnlsh respectlvely.
fAdmmlstered-mv1ncr~eas1ng amounts over .a peTlOd'Of 13,days td'43;
day-old plénts;?‘Total weight of the four plants was 13.7 and 53.3 g
at the start énd finish,drespéctively gAdministered in increasing
'amounts over a perlod of 8 days to SS day old plants ~Total neight
of the four plants was 27.2 and 54 S g at the start and flnlsh,

~ respectively.’ u,e



TABLE II. Admin;stration of Pyrrolihium Prccursors i, %R, and

;ep'tO»Nicotiana glutinosaa,and Incbrporation into -

" Nicotine Analogs_é, Q; and 1

. s _ Yield of
- Precursor Incorporation : Nicotine analog
Expt. fed wt. (m act. (dpm) analog formed _dpm (%)
” 1 4 33 6.58 x 108 | g»-'  4.22 x 10° (6.4)
5 2 4 159  31.4 x 108 3 4.3 x 100 (3.9)P
’ : i ' 6 C i 3
g 3 gk_, 304 21.6 » 10 s 8.26 x 107 (0.04)
. ~ 6 ' ' 4
2% 4 10b 202 12.3 x-10 7 9.50 x 10" (0.77)°

2ror the prepar?fiop-gf the plaﬁts, see.réf. 15. bUsing nicotine_(%)‘aé
the standard;'glpc analysis'of‘the crude alkaloid fraction indicated the
prgsenCe of,56.0 mg of i and.21.6 mg (10.5%) of 3'-methylnicotine (i)._
CGlpc ana1ysis_ of the crude a1kaioid fraction indicated‘the‘presence

of 17.0 mg of 1 and 2.2 mg (0.8%) of 3',3'-dimethylnicotine (Z).’
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‘Table I should prove valuable in metabolism and precursor

fceding experiments. Although incorporations of the range
of .30 to 0.003% have been reported in biosynthetic experiments,

gencrally no attempt has becn made to ascertain the fatc of

the majority'of*the precursor administered. Undoubtedly,

-51gn1f1cant metabolic and blosynthet1c 1nformat10n could be

obtained in many precursor feeding: experlmcnts from such a
treatment. = i Co SIS

Thefcrudévalkélbid fraction was analyzed_by‘preparatiVe
glpc on,eifher'a.IS'-x 1/4"=column'(expts;'1,.Z!jand 4) or
a's' xvi/4" column-(expt; 3) of 10% KOH, 10%‘poiybutylene glycol

18

on 60/80 flrebrlck ~In the latter case (expt. 3) no

fractlonatlonrof nlcotige (1) andﬂZ‘%methylniCQtine (6) was

’ attempted due to the presence of only approx1mately 150 ug

of 6 in-a total of 19.6 mg of 1 The yields of the three

"analogs (3 6, and 7) of n1cot1ne'are»shQWn ih'Tablé II.

Relative 1ncorporat10ns of 1,3- dlmethyl- (4), 1 2- dlmethyl—-
(32), and 1,3,3-tr1methy1-l-methyl pyrrollnlum chlor;de (%QR)
intoxthe-correspondipg nicotin§ anal¢gs (é; 2; énd 7,
respectivelyj_are in.anuapproximété rafio of 3@0:1;20. The
differehceS'in incorporation appear to be consisfeht'with
the relative'amount of sterié hindranCe_éxpecied‘in each case
in'jofning the'Substitufed‘precufsor with thé hypotheéized

19

1,6- d1hydron1cot1n1c ac1d derivative’ (20) to givé‘the'

1ntermed1ate Zla b, or c, respect1ve1y Oxidation decarboxylation
A’ ,

of 21 and subsequent loss of R affords ‘the approprlatc

nicotine analog.

-
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4, 3por X% - Cilg

- 20 .21 =R3—H R, =Cll

N . i R1 2 3
k, R1 CH3, R2=R3=H
5, R1 H; R,=R. =CH

2 73 3

In Viﬁro-Synthesis and Characterization of Nicotine
Analogs. To aid in the characterization of the biosynthesized
nicoting_anaiogsfé and Z;'éuthentic sémples of'é'and‘z were
synthesized along with cis-3';methy1hicotine (5) and 3,3'-
d1methy1n1cot1ne 2'- d (8) Adaptlng a method preV1ously

tlllzed for synthe5121ng nlcotlne (1)20, 1,3,3- tr1methy1 2-
pyrrol;dlnone_was added to an ethereal solution of 3-pyridyl-.
iithiUm at -785;-1solat10n gave tne iminium salt ZZa which-
was not purlfled or characterlzed ‘The sample was divided into
two port1ons, and reductlon w1th NaBH4 in one case.and NaBD4
in the other gave 7 and 8 in 17 and 16% overall yield,

respectlvely. Complete characterlzatlon of 7 and 8 is glven

zvn.zR1=R'¢cu3

k R I, R =CH3
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in Table III and ‘the prcrlmcntal Scctlon, howcvcr the

~—

2 following points nced empha51s for utilization in furthcr
> ‘discussion. In‘the nmr of Z ‘and % 1mportant resonances occur
o \at 8 0;64-(5;13H) and‘1.08 (a, 3”).'Tho.assignmcnt of the

s singlef at’o70£64 to the gié-mothyi'inbz and éifoljows from

¢ an examination of molecular models which indicate that the

~

cis- mcthyl in the most stéble‘Confirmation, is in. the‘

shlcldlng cone of the pyr1d1ne rlng, the trans- methyl in

9 z'and e'ls in tho deshleldlng\cone and occuerat 'significantly

10 'lower’fieid '87I 08. |

11 S In an, analogous manner, Ezgng 3t- methylnlcotlne (3) and

12 cis-3'- methylnlcotlne Qé) were synthe51zed by sod1um borohydrlde

13 reductlon ofvtho iminium aalt %i% in 10 and 4% overall‘yleld,
1u~,re3péctiVélyov_Byvmeans of preparativevglpo, i}andiiuwero

s .Senarated-and'charactefized as summarized in Table'III and

16 fhe Experimental.Sectionl 'The most Signifioant features'arisé’

K fron an examination‘of théJnmr spectra Of»é.and é_along with -

' that of nicotine (}) and nicotine—s';Sf-dz (%é),z?

1 Ezagg-S!lme;hylnicotiné (é) was assiéned trans stereo-

20 chenistrvaith respect tovthe methyl grbup'and'thé pyridine

21 ring on the ba51s of the methyl doublet occurrlng at § 0. 97 .

22 in analogy w1th the a551gnment for mcthyl groups in 7 and 8 In av~'
23 51m;1ar manner,iglg—S'-methylnlcotlne_Qé) was.a551gncd Eli sterco-

2 ohemiatfy”sinocTits.methylhrosonunce'Was'cenfcrod at6i0,55 as a"doublct'
:s  On the baSis of the-nmf specfra 6% L, Z, 8 and 23 a |
¢ Vvery 1nterest1ng dlfference in the sh1ft of the C-2' hydrogen

:97 in o and,éloan also.be;notod._ The nmr‘of n1cot;ne (%) has a
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Table IIT. - NMR, Mass Spectral, and Gas Chromatographic

Data for Nicotine and its Pyrfolidinc Ring Andlogs.

—

_ : : Mass . Glbc
Compound " a Assignment of spectrum m/c®  Retention
3-Pyridyl- NMR, & NMR Resonances  (rel. abund) - timc (min)

. 1.6-2.6(m,SH)  C-3'(2H) 20.6
- * | C-4' (2H)

Y ¢-5' (1H)
CH - T o
- | 2.17(s, 311)  N-CHy o 162(36)
¢4 3.2 (m 2H)  C-2'(1H), 134(9)
R | | 4 C-5'(1H) . N
7.21(m, 1H) c-5 | 133(60)
7.68(m, 1H) c-4 - 119(19)
8.43(m, 1H) C-2, C-6 - 84(100)
H. ,CH3 0.97(d, C-3'-CH,
| qf‘)  J=6.3 Hz, 3H) S
<7 © 1.4-2.4(m, 4H) C-3'(1H), 22.4
: : : . v C-4"' (2H) _
CH | C-5' (1H) '
3 ~2.10(s, 3H)  N-CHy S 176(37)
| 2.54(d, c-2' 134 (30)
J=7.5 Hz, 1H) - | . |
3.2 (m, 1H) C-5'(1H) 7 133(100)
7.17(m, 1H). C-5§ o 119(9)
7.60(m, 1H) C-4 B - 98(73)
8.40(m, 2H)  C-2, C-6 |
Cs ,u  0.55(d, J=  C-3'-CH 176 (33) 243

o 6.3 Hz, ) 3 -
CRGT Laezam, am) c3T(m), o 134(29)

C-3'(1
v C-4'(2H),
CH,q | | C-5'(1H)
c 2.14(s, 3H) N-CHy 133(100)
~o 3.2 (m, 2H) C-2'(1H), 119(12)
' o - C-5'(1H) o
7.15(m, 1H)  C-5 98(64)
7.58(m, 1) c-4 . z
8.38(m, 2H)  C-2, C-6



0.64(s, 311) " C-3'-CHg (cis)  190(15)

- 1.08(s, 3H) ~ C-3'-Clg(trans) = 134(48)
1.64(m, 2H) c-4' ~ 133(100)
2.13(s, 3H) N-Cll ©119(6)
. 2.43(m, 1H) c-s' o 112(7)
- 2.88(s, 1H) c-2° | ‘
3.21(m, 14)  C-5'
7.18(m, 1H)  C-5
7.56(m, 1H) ~ C-4
8.41(m, 2H) c-2, C-6 )
Cliz Cllg - . e B o . S
D . Same.as~z,w1th : 191(18)
v . resonance at 2.88 o 135(46)
W7 (s, 1H) absent . 134 (100)
cHy S 120(4)
8 | * 113(8)
?In CC14 with TMS as the internal standard. BAtv70 eV.

CGlpc was carried on a column of 10% KOH, 10%-pdlybu;ylene

.'glytol"on 60/80~firebrick (COIUmn length; 15 xv1/4”;

column~température: 182°, row'ratezfloo ml He/min). dFor

the réportqd mass spectrum and partially agsigned nmr of 1,

k3

see references 22 and 23, respectively. The:hmr'spectrum

of i reported above was obtained by us.

14

26.

- 26.

2

2
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~With the assigned trans stereochemistry.

multiplet integrating for two hydrogens centered at & 3.2.

Since %i.aISO shows a multiplet at 3.2 but intcgrating for

‘only onc I, this resonance can be assigned in 1 to the C-2°
' N

hydrogen and to one of the C-5° hydrogcns. The large
diffefencc‘(} 0.8) in the shifts of the two hydrogens is no-
doubt due to deshielding by:theilone ﬁair‘electrons of the
pyrrolidingvring nitrogen. In the nmr spéctrum of 1, the
mﬁltiplct'at s 3.21 integrates for one I, corresﬁonding to

onc of thé‘C-S' hydrogens. The C-2' hydrogen has been

- shifted upfield to & 2.88 as confirmed by the absence of

this singlet in the spectrum of 3',3'-dimethylnicotine-2'-d
(g). The nmr‘spectrum of cis-3'-methylnicotine (2) showé a

multiplet at & 3.2 integrating for two H's, assigned to the

C-2' hydrogen and one of the C-5' hydrogens ‘in analogy to the

spectrum of‘%. In marked contrast, the nmr spectrum of
tfans¥3'fmethy1nicofin¢ (z)’has a multiplet at 6§ 3.2 which

integrates for only one H while a doublet (J=7.5 Hz, 1H)

is present at & 2.54 and is assigned to the C-2' hydrogen

in analogy -with the spectrum of Z.
Withzreference to the spectra of é, Z,-and E, the_lérge

shiftvofithe C-2' hydrogen in i is attributed primarily to

'shielding_by'the trans mefhyl group'rather than confirmational

influences,‘ Finally, it should be noted that'coupling‘cdﬁstaht

(J=7.5 liz) observed for the C-2' hydrogen in é-isvcoﬁsisteht
e ' 24 o

.Charaeterization_of the Biosynthetic Nicotine Analogs.

The charaéterization of the biosynthetic product obtained
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.
1 (6.4-13.8% yield) from the aam;n;stiatiOn of 1,3-dimethyl-1-"

2 pyrrblinium-j-IACHs

3 ‘has been established. High resolution mass spectroscopy

chloride as tfans-S'FmCthYInicotine (3)

“ established the molecular formula as C;,H,; N,, m/c 176

5 (calcd:'176,1313; fouﬁd: 176. ]313) and C N m/c 98 (calcd:

12
¢ 98.0970; found: 98.0974) for the 1,3-dimethyl-1-pyrrolinium

7 'frugﬁent fqrmed by'a vlcavagc The nmr, ﬁass spectrum, und

'8 glpc retention time uf'biosynthetiC'3 are identical to those

s of synthetlc 3 (sce lable III); these comparlsons ellmlnate

10 alternatlve structures such. as 4'-methy1n1cot1ne from con-

11 s1dcra§10n;' The spec1f1c actlv;ty-of biosynthetic 2 was

12 determined.b§ a ‘combination of uv abSOrption,and liquid

13 séintilléﬁion counting to be 2.76 x 107 dpm/mmol;.in‘excelient

. o o . 7 . v
e ‘agreemeht‘withfits precursor 4 (sp. act. 2.74 x 10’ dpm/mmol). The

OH - :
1S ultraV1olet spectrum of blosynthetlc 4 showed ACZHS : 261 nm as
: max
5 18 expected for a der1vat1Ve .of nicotine. 25
17 B1ogenet1ca11y; trans-S'-methylnlcdtine (é) would be

15 expected to have thé-Same‘absdluté'COnfigufapiOn at C-2°

19. as nicotine (%) thch has been'aséigned th% S_configurétion
6,27,, with reféfénce to L;pfoliné,26 L—serine,27 aﬁd optical rotary
2.',dispersionvm'eas'urein'en'(:s‘.-28 The CD curve of biosynthetic 3.
22 (in 956 CZHSOH) gave a molecular e111pt1c1ty [0] at 260 nm
23 of +22,80Q (peak); %:showed a [0]270 7090 (trough) in addltlon
,, to [0]261'+24,800 Cpeak). Although 1 showed a weaker negative
25 Cotton effect at 273 nm in the ORD, 28 fhié absorptibn was
ze vabscnt 1n both the CD and ORD of biosynthetic 3. 0n the basié

.9 of the CD ‘curve of blosynthetlc 3 the.S_conflguration is
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assigncd at the 2'-carbon. In addition, as a rcsult of the
nmr spcctralvdiffcronccs‘Bctwccn Cis- (2) and trans-3'-mcthyl-
nicotine (é)»ds discussed prceviously, the absolute configuration

at the 3'-carbon of ‘biosynthctic é can also be assigned the

S chiralify. Clcarly, only one of the four possible diastercomcrs

was formed biosynthetically ,from precursor“i,

The product (g)'arising from the administration of

14

1 Z-dimethyl-l;pyrrolinium-2- CH., chloride (9b) to N. glutinosa

3
was charactcrlzed 'solely on the ba51s of mass spectroscopy

‘due to the low incorporation (0.04%) of 22. 'The mass spectrun

of g_and %’ihﬁa ratio of 1 to 130 showed g/g 176 and 98 in
additibn to the normal mass sbcctrum of nicotine. High
resolution mass spectroscopy established a molecular formula
of C,,H,.N, for m/e 176 (Calcd: 176.1313; found: 176.1313)

117162
and CgH) N for m/e 98 (calcd: 98.0970; found: 98.0971) in
agreement with formulation of the biosynthetic proddﬁt as g.
Nd additional characterization was possible due to the small
amount of material available. |

14

Administration of 1,3,3- trlmethyl 1- pyrrolln1um 3, 3-14cy

3
chlorlde (10b) to the plants, subsequent 1solat10n, and /
preparat1Ve.g1pc gave 3',3'- dlmethylnlcotlne (7) in 0.77% y1€ld
The characterlzatlon of blosynthetlc 7 was by direct com-
parlson w1th synthetlc 7 Synthctlc_and-bxosynthetlc_z wcfg»
identical 'in glpc retentxon time @stablishéd by co-injcction)
and mass,spéctrally. The CD curve of l (ih‘95%~C2HSOH) gave
molecular ellipticities [©] of +.1950 (peak) and‘+2100 (péak)'

at 263 and 270 nm, respectively. The large decrcase in the
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molocular elllpt1c1ty at 263 nm makes a<51gnmcnt of the S
conflguratlon of the 2'-carboa of 7 tendous dlthough, bio-
gcnetlcally, thc S conflguratlon mlght be cxpectcd. The
possibility that the‘changeS‘obsérvédvin the CD curve of”Z
afc due to thé'preéence of an uncqual mixture of cnantiomers
cannot be.giiminated.at this time.

Conclusions. . The present work has shown that the enzyme

systcm which-catalyzcs thevcondensatioﬁ of 1-methyl-1-
pyrrollnlum salt w1th 1) 1 6- dxhydronlcotlnlc acid derlvatxvc

is not completely spu«iflc. turthermore, 1tsvspec1f1C1ty

has been partlally dqflned by-the-present'éxperiments; Thé
greatvdifférehces_obServed‘in:the éfficiency‘Of‘incorporation

of the thfee substitu§ed precursors examined cah be“rationalized
in a consistént mannér on thé basis of differences in stéric
hlndrance in the condensation reaction with a 1 6 dlhydro'
n1cot1n1¢ acid derlvatlve. The present experiments, therefore,
furnish addition support for this hypotheéizéd step in

nicotine biosYntheSis.' Alternately, the differences in the
efficiency.of incorporation of_i, 22, and'%gk'may reflecﬁ
differenceslin'the'metabolism of the precursors‘ig vivo; how-
ever, we.regard possible'metébolic differences to bé of secbndary
importan;e,,Finally,*it'Seems‘possibie that a»siﬁgle'cnzymc
sYsteﬁ might'brOduée the fbur_commbn Nicotiana alkaloids,
nicotine (%), nornicotine (%i), anabasine (ié), and'aﬁatabine
(26), by‘Similar cbndén;ations when provided with proper
substrate;t \

The present approach also has broad potential applications

&
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for the preparation of analogs of biolbgicélly active natural
products SihCe, ih’geheral,’it.is easier fo synthesize a :
subsfitutéd‘precursor than to’caffy out a total synthesis of
an analog of a complex natural product; Additional experiments
are plénned with Nicotiana and other speéies'in_order to |

examine the generality of this lattér concept.
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EXPLERIMENTAL SECT10N2?
tlans 3'-Methz1n1cot1nc and ¢is-3"'- Mcthzlnicotine
m——————— '\;'\a’\a'\;'\; ’\:’\J'\;"\:’\a'\a'\"\:’\;'\a’\:’\a NN T '\a’\:’\:'\/\a'\;’\/ U’\/\z’\;’\/\/\/\a'\;

(é). “The method of preparation of S and’ 3 is exactly as

described for the synthe51s of 7 below ‘with the follow;ng' N

exccptious"(a) 5 mmoles (565 mg) of 1,3-dimethyl- 2- pyrrolldlnone
were uscd in place of 18 and (b) all of the crude iminium
salt %%R-was'reduced'W1th'NaBH4.~ Isolatlon as descrlbed for
7 and preparative glpc gave 86 mg (10%) of 3 and 36 mg (4%)
of 5. B o
Mol. Form;; Calcd. for Cy H16 2+ 176.1313. Found' 176.1313.

|
3 &émmgggsgkxlnlcotlne (7) Under a n1trogen atmosphere
was placed 50 ml of anhydrous dlethyl ether After addlng
5 mmoles (790 mg) of 3- bromopyrldlne, the reactlon mlxture
was cooled to -78°, and 3.1 ml (5 mmol) of n- butylllthlum

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

- -78° ‘then addition of 5 mmoles (L35 mg) of 1,3;3-trimethyl-2-

pyrrdlidinone (%é);"vAfEer.stirring’atT?78f fOr 5 hours and
room temperature for 13 hours, 20 ml of 6N'NaOH was added,
the.ether-iayer was separated,“andfthe aqUéope phase extracted
with ether'(z x 30 ﬁl). The combined ethereal solutions were
then extracted with 30 ml of 10% HC1 and eVapqration of the
aqueous solution in vacuo gave the crude imiﬁium salt 22a.

An aliquot (40%) of this iminium ealtfwas dissolved in?lo ml

of H, o, sodlum borohydrxde wWas added until the solution

S

reached pil- 8, and it Wils allo +d to stand alkallne at TOOm

temperature for 30 mjuulcs. } \oss borohydrlde was dcstroyed

‘by ac1d1f1cat10n w1th 10% HC1, and the resultlng ac1d1e'
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solution was made alkaline with ON NaOll to pil 11. After
extracting with methylenc chiorido,(sbx 25 ml), drying the
rcsulting methy1cne:chldridc solution»ovcr KZCOS’ and
fi]tcring; concentration in vacuo to giVC'thc_crudc_nicétinc,
analog. Pfcputatch glpc gave 64 mg (17%) of purec 31,3
dimcthylniéotinc (Z}. |

"Mol. Form.: Calcd. for CIZHIBNZ: }90;1469. Found:

190.1449.

3' 3'-dimethylnicotine-2'-d (%).' The iminium salt 22a,

anAaaannanuah LAV A

not‘utiliied in the preparation of L was used to preparec %.
The reduction and isolation were carriéd out as described for
L-excéptvthat‘NaBD4~in DZO’Solution waSjusedrinstead of

NaBH4 in'ﬁzo. Prepafative glpc of the crude nicotine aﬁalog
gave 90 mg.(16%) of pure Q. Thé nmr indicated the preseﬁce
of 93% of the 2'-deutero species. ' |

H..DN.: 191.1533. Found:

12717772

Mol. Fdrm(ﬁ_Calcd for C
191.1531. ,' |
 MBRSRLRE AR A s BT e (G-

In a flask.equipped with two dropping funnels, a condenser,
stir bar, and nitrogen sweep was placed 50 mmoles_(l.zz g) of
magnesium.and 100 ml1 of anhyd. diethyl ether. Then 0.25

14¢ i0aide® (9.9 mg) and 50 mmoles

millicurieéfof methyl-
(7.1 g) 6f'metﬁy1’iqdide dissolved in 25 ml of ether was

added slowly.with'stirring. After hearly all.the mdgnésiumf
had.dissolféd!:37;5_mmoles C3;72vg)‘of 1-methyi-2;pyrrolidinone
in 25 mlfof‘diethYI ether was added over 30 minutes, the

solution'Was allowed to stand 20 hours at room temperature,
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and 100 ml of GON NaOll was added. The cthcrllaycr'was

removed, tﬁc aqucous phase was extractcdeith}dicthyl cther

(6 x 50 ml),'the combined ethcreal solutions were cxtractéd

with 10% hydrochlorié'acid (3 x 50 ml), and the aqucous | o .
solution was evaporated in nggg at 405 té»givc the crudec

py11011n1um salt This residuc was dlSSOlVCd 1n 50 ml of 3N

NaOll, which-was extracted with mcthylcnc chlorldc (4 x 25 ml)

The mcthylene chloride extracts were added to 200 ml of

_ébsolute“ethanOI‘aﬁd 70% aquoues perchloric acid was added

until the solution was SIightly'acidic (pH 3). Concentration
in vacuo to 150 ml and cooling to 0° resulted in a precipitate

which was-ﬁried at 10y for 18 hours giving 2.62 g‘(27%).of'

9a; mp (dec.) 225-30° (1it.10»11+1% pp 238°, 235-36°, 239-40°);

nmr (D,0) 4.17 (t, 2H), 3.46 (s, 3H), 3.23 (t, 2H), 2.44 (s,
34), 2.20 (m, 2H); tlc (EtOH:0.1N HC1 = 2:1; I, detection)

one spot at Ry = 0.27; tlc (n-BucH:HOAC:H,0 = 4:1:5; I,

detection) one spot ét(R 0.10.

6 12

Anal. Calcd for CgH;,CINO,: C, 36.5; I, 6.1; N, 7.1.
Found: C, 36.2; H, 6.1; N, 7.2. o

1,2-Dimethyl-1- pyrroliniun- 2-14cH, Chloride (9b).

V2 Vi Vo Vi Vg VL VL Vo Vo W VL VI Ve W '\;’\a’\a'\a’\;’\:’\:"\;’\/\:’\a’\/\a’\/\: 3 VAV VA VUV Vi VL VL W vy

Approxlmately 8 mmoles of 9a was dlssovled in 50 ml of 3V
y

NaO!l and the alkaline solutlon was extracted w1th methylenc

chioridc (3vx'25 ml). The cbmbined extracts were shékcn with

25 ml of 10% HC1, ‘and'The‘aqUxQUS Sblution was evaporated & S

in vacuo. The residue was di - olved in 100 ml of dlstxllcd
watcr pr1or to admlnl‘(cr1ng quuots to N. glutlnoqa Uldnlb

1,3,3-Trimethyl-1- pyrrollnlum 3,3- 14 CII3 Perchlorate (10a).
WWMNWWNN%'VVNNNN%NNNN% '\;’\4’\;’\;’\/’\:'\:’\;'\:’\.«’\;’\4 BTV
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To 25 ml.ofiunhydrous dictliyl eihcf was addcd 20 mmolcs
(2.54 g) of1,3,3- trlmcthyl -1- pyrrolldJnonc -3, 3- C}3 and
6,75 ml (20 mmoles) of lithium alumlnum hydrldc in cther
(0.74 mmole/ml). After roflux1ng for onc hour, the rcuction
mixture was cooled, 50 ml of cther and 50 ml ofVSN'NuOH-werc
added, tho ethor'1ayér was rcmoved, aﬁd‘the aqucous solution
was extracted with’ether'{GchSO'ml),"The'combiﬁed cther
extracts Were washed with 10% HCl'(4'x 25'm1)'and the‘aqdeoué‘
solutlon was concentrated in vacuo at 40° to give a mlxturc

14

of 10b (66%) and 1,3, 3-tr1methy1pyrr011d1ne-3 3- Cli; hydro-

chlor1de (19) (34%) as dctermlncd by nmr, tle (n-BuOll: ”20 HOAC

[4:5:1]): 19 at R, 0.14 and 10b at Ry 0.10; tlc (EtOH:0. 1N
- gy F AV F

HC1 [2:1])): 19 at R, 0.51 and 10b at R. 0.37.
SN F - A ‘F
The mixture of 10b and 19 was dissolved in 50 ml of
‘ R : ann e ‘ _ . -
6N NaOH and extracted with methylene chloride (4 x 25 ml),
The'methy;ene-chloride extréctsewere-added to‘150.ml of |

absolute ethahol,'70% aqueous perchloric acid was added until

.the'ethanolicfsolutipn*becamé'acidic_(pH_3), the methylene
‘chloride‘was removed in vacuo, and the'ethanolic solution

was cooled to'¥10°.f The-resu1ting precipitate was removed and

dried to“give 1.14 g (27%)'of %2&;'mp 110~12°;’nmr (DZO) 8.41
(s, 1H), 4.24 (t, 2H), 3.58 (s, 3H), 2.19 (t, 2H), 1.36 (s,
Anal. Calcd. for G, ,CINO,: C, 39.7; H, 6.7; N, 6.6.

Found: c;;39.4; H, 6.7; N, 6.5.
1,3, Trlmethx errollnxum 3, 3-14CH CthlldC (10b)
'\l’\l'\/'\/\l'\o’\:’\;’\:’\l'\l’\l’\l 4 '\f’\a'\l'\t’b’\l'\/\l’\l'\a’\l’\;'\l'\/\:%’\: 3’\:’\1’\4’\/'\:’\/\)’\/\4 SEAVIA Vis VIRER

was obtalned from thc correspondlng perchlorate 10a by the
VY

6H) .

procedure glyen-above'for obtaxnlng‘the chloride 22 from the_~:
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3-choxk carbonyl-1:<mcthy P rrolldlnono (12) ‘A
TV W Vi Vi Wi V1 Vi VL VI Vi WAL VL Vi VL VI Wiy VI VL Vig Vg Vg VALV '\J'\l'\l'\l\l '\4’\:’\"\1’\:’\;'\4'\/\;’\:'\: AV

mixture of 500 g of dicthyl carbonate, 99.1 g (1 molc) of

l—mcthyl=2?pYrrolidinone and 2500 ml of anhydrous bcnzene

was refluxed overnight under a water separator. The-mixture

was cooled to room temperatule, 85 3 g of 56. 3% Nall- d15pcrsxon
was slowly.addcd, and reaction was allowed ‘to proceed at room

temperature for 15 minutes ‘and then refluxed for 12 hours

at which time hydrogen evolution had ceased. Cooling in an

ice bath was - followed by addltlon of 130 g of glaC1a1

acetic: ac1d and 200 ml of benzenc to decompose the ‘excess
sodlum-hydrlde and\sodlum enolate. " -The resu1t1ng-slurry waS
filtered, ‘the'precipitatejwas waShed'with methylene chloride;
and the flltrate and washlngs were concentrated in vacuo and
then fractlonally dlStlllcd at’ 119° and 1.8 mm to g1vc\the
de51red product contaminated with a small amount of mlneral
0il. .Colﬁmn ehromatography on silica'gel using benzene and
benzene:ethanol (1:1) as eluants followed by'redlstillation
gave 70. 4 g (41. 2%) of 12 ir (thin film) '1680 (amlde C= 0) and
1740 cm” (estor C=0), nmr (necat) 4.17 (q, ZH), 3.42 (m, 3H),
2.83 (s,'SH), 2.35 (m, 2H),'1.27 (t, 3H). v _

C, 56.1; H, 7.7; N, 8.2.

Ana l Calcd for C8H13NO3
Found: C, ss.g;vH, 7.7; ,N,is.s. .
‘ . o L .14 N
3-Et] b -3-17CHL 3).
mxNm£2£X£2£w82memrmmﬂtﬁﬁkRXNNNNRKE{S%&Q%2222mexmm5¥» () K

_ Petroleum ether was added to 1.71 g (40 mmoles) of 56% sodium

hydride dlspers1on and then dralned 1eavxng sodlum hydrldc

frece of m;neral 0112 A solution of 5.13 g'(30 mmolcs) of 3-

1
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3- Cérbethoxy 1,3- d1methy1 2- pyrrolldlnone -3-

. _ 25
othoxytgrbonyl-l4mcthy142—pyrrolidinone (%%) and 165 ml of

tctrahydrofUrun’qu added and stirred with the sodium hydride

M jodide®

for two houre."Then 2.18 m1 (35 mmoleS) of methyl-
was added;rthc~mixture waS‘stirred ovcrnight; and the
solvcnt was removed in vacuo. The product was extracted
from thc sodlum salts with bcnzenc (4 x 25 ml), and dlbtl]latlon
at 1os-og°,§nd»1.4 mm gave 3.73 g (66%) of 13; ir (thin film)
168b'(amrdedC=0) and 174o'cm (ester C= 0), nmr (CDC1,) 4. 17
(q,_ZH), 3. 40 (m, zn), 2.84 (s, 30), 1.7-2.5 (m, 2H), 1.27 (m,
6H);‘g1pc on 30% QF-1 on chromosorb P (5' x 1/4"; 100 ml/min;
146 ) gave one peak, retention time 6.4 min (startlng matcrial
%3, 3 2 m1n retentlon tlme) ‘

Aggl. Calcd for C9H15N03 C, 58.4; H, 8.2; N, 7.6..
Found: C, 58.3; H, 8.0; N, 7.5. |
| Carboxxmm&wmdlmethxmmmmgxrroiidinOne-3-14CH3 (%i).

BT A T A T T T ANV VLAV Vi VL VU Vi P Vi Va VLAV Vi Vi Ve Vg VU VAV

14CH-

5 1.85 g

(10 mmoles), and 25 ml of 10@ NaOH were stlrred at room
'temperature for 16, hours "The reaction mixture was adjusted

‘to pH 1 w1th concentrated hydroc1lor1c acid and continuously

extracted w1th methylene chloride for 90 hours. Removal of
the solvent in vacuo gave 1.57 g (100%) of ac1d ki,dmelting
at 142-44° (dec) after recrystallization from ethyl acetate;

nmr (CDCIS) 10.91 (s, 1H), 3.42 (m, ZH), 2. 90 (s, 3H), 1.8-2.6

(m, le), 1.42 (s SH)

_Anal. ' Calcd for c7H11\zo3 C, 53.5; H, 7.1; N, 8.0.
Found: c, 53. i H, 7. 2 N, 8.8,

1,3-Dimethyl-2- BXTTOlld none- 3-14 Hq (15).. The acid 14,
NNNNNNNNNNNNNNN VAN x%NNNN%NNNN Q" N
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1.16 g (7.4 mmolecs) was hcatcd at 150-060° until dccarboxy]atlon

was comp]cte to glve 836 m5 (100% ) of 15 nmr (LDClz) 3.25 (m,

‘211), 2. 80 (s, 311), 1.5-2.6 (m, 3y, 1. 18 (d 3H) .

Anal Calcd. for CgllyNO:  C, 63.7; H, 9.8; N, 12.4.
Found: C, 63.6; Hi 1, 10.0; N, 12.3. o -

}
L1th1um Alwhinum HydrldL Reduction of 1 Dimcthyl- ?;’
B VL P W U W W W WL WL W W W VL WL W WL W Vi P W Vi P VAW \z’\:’\;’\a’\:’b'\:’\/ \/’\4'\4’\;'\;'\:&"\:’\1’\/\/\:’\/\;’\; VAV VLV W)

. 14 ey
k&kk&k&%k&%&%ximmwmmx (15) ihe acid 14 3. 144 g (20 mmoles ).

. was’ heated at 150- 60° unt11 1nc evolut1on of carbon d10x1de

had ceased. After coollng, 25 ml of anhydrous ethcr was added
followed by S ml of a 1.2M ethereal 11th1um alumlnum hydrlde
solutlon and the solution was refluxed for one hour

Water (S ml) was addcd after coollng, then 100 ‘ml of 6V NaOH
The ether layer was removed the aqueous solutlon was extracted
with ether (7 x 25 ml). the comblned ethereal extracts were
extracted wlth'lo% HCYI (6 x. 25 ml), and aqueous ac1d solution
was evaﬁorated to‘dryness in‘Vacuo The re51due wes olssolved

in 2 m1 of D 0 and its nmr showed a doublet at 1.33" (SH),;

singlet at 3.61 (3H), a triplet at 4.17 (ZH), and a 51nglet at

8.6 (1H) assignable to é; signals a551gnab1e to‘&s occurred

at 1.10 (overlapping doublets, 3H) and 2.92 (s, 3H). ~lhus,
nmr analysis indicated that the product was a.mixture of'é
(63 ) and 16 (37%) Sc1nt111at10n countlng of an allquot

\

-of the aqueous solutlon of the reduction’ products gaVc a

yield of_92% tlc [I2 detectlon, }LOH O lN HCl (2 l)J gavc 16

and 4 at RH'
n-BuOH: HOAc H, 0 (4:1:5)] gave, after two elutlons, 16 and 4

at RP'S of 0 45 and 0. 33 respectlvely

r's of 0.54 and 0.41, rcspectlvely, tlc [I cetectlon,'

A
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1,3- D1m°1hywkkf1°]1d'”° 3-14CH Hydroéhlorxdc (16).

’\.a)\» AV VLV VA VU Vi VLA V) VIV VL VU VL Vi Vg \l'\l'\lr\l’\n"\l'\l’\l’\l"; ’\a'\;’\:'\:’\:’\:’\;’\a’\z’\/\;'\:’\a'\: AV VRS
i a Parl hydro&cnatlon bottlc was placed 3 mmoles of a

mixture of i (63%) and 16 (37% ) in 50 ml of H 0 and SO mg
of 10% Pd/C was added. After hydrqgenatlon at 40 psi “of

hydrogch‘ﬁorwl8 ﬁours,‘thc'solution Qas_filtcrcd througﬁ
cclitc,-and the filter pad waé washed with 100 ml-of hot water.

The solvent was removed in !ﬁggg at 40° to give a 97% ylcld o
of kg by radioactive assay; nmr (DZO) 3.0-3.9.(m, 4H), 2. 92
(s, 31), 1.6-2.8 (m, 31), 1.10 (overlapping doublets, 3H);
tlc tI detéction, EtOH'O IN HCl.(Z'l)] oné'spot‘at RF'0.53§

tlc {I detectlon, n- BuOH HOAc: H 0 (4:1: 5)] one spot at
. v ~
RF 0. 47 after two elutlons '

A p01t10n of 16 was converted to the free base to which

was added picric acid. The:picrate was crystallized from

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

12 16 4°7°

Anal. Calcd for C N,0.: C, 43.9; H, 4.9; N, 17.1.
Found: C, 44.2; H, 4.9; N, 17.1. IR

S Raratlon of 1 Dlmethx 41-err011n1um 3-14CH ‘Chloride .
’\:’\a’\:’\:’\a’\:’\;’\:'\;’\;’\a'\;&;’\o’\a’\:’\a’\:’\/\;'\: LN ’\:’\1’\;’\:’\;’\;'\;’\;’\;'\:’\:’\:’\;’\:'\/\;3 L VAVAVIAVL VI VL VA VA V)

(4) an Dlmethxmgxrrolldlne 3-14CH H rochlorldc (106).

'\o’\/\a'\:&’\a’\:’\a'\:’\:’\:’\;’b VAV VL VL VL VL Ve Vi VI P VI Ve VL VI V) 3 l\,'\, AT VA VLA VA VA VL Vg VIA Ve VL VIR A VI V)
A column (5 x 64 cm) ‘was prepared u51ng 550 g of silica gel

-slurrled in EtOH:0.1N HC1 (2 1), the elutlng solvent.

Four mmoles of a mlxture of 4 (63% ) and 16 (379) was dpplled

to thc column 1n 25 ml of the elutlng solvent, using two 25- ml

‘_portlons of the" elutlng solvcnt for r1n51ng thc compoundbv
. onto the column Fractlons of approx1mate1y 50 ml were

. collccted at a flow rate of approx1mate1y 50 ml/hr and ‘the

chromatography wasrfollowed by sc1nt111at10n,count1n5, 200 ul i
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12

13

14

15

] 28
10 ul‘of‘cach‘fraction was dissolved in 15 ml of dioxane
scintillation counting solution. The’pyrrblidiné 16 was
clUtéd.in'fra¢tions 18726vandvthe“pyrrélinium salt i ih 

fractiohé 26450 Fractions 27-50 were combined, evaporated

to dryncss in vacuo at- 40° and rcappllcd to the 5111ca gel

column as a slurry in EtOH 0.1N ‘HC1 (2: l), carrylng out the
chlomatobraphy in the same manner. ‘The de51red product i '
was eluted in fractions 39-71 which were combined, concentrated

to approximately 200 ml .in vacuo at 40°, and applicd to a

cation exchange column (AG-SOW—XS; H* form;-200-400fmcsh;

'approxfméfely 150 m1 resin). The cdlumn'was washed until

neutral w1th distilled water, "elution of 4 from the column
followed with 1.5N HC1l, the volume of each fractlon being’ 75 ml
and the flow;rate 75 ml/hr., monltored'by SC1nt111at;on
copnting‘as describéd above. nyrqliﬁiUm“Salt i‘was elutéd
_in'fractioﬁ_16-24;“in addition, each of these.fractions

gave poéitive Dragendorf”s teétso :Fractions 16-24 were

comblned ‘and evaporated at 40° in vacuo to glve 8S° (2.08
L T———— \

mmoles) of the 4 applled to the ainitial column, xcggsoH 262 nm
(e 21); AH20 249 nm (e 14); nwr (D;0) 8.55 (s, 1), 4.18 (t,

max
2“), 3.63 (51ng1et methyl superlmposed on multlplet 4H),

1.7-2.8 (m, ZH), 1.33 (d, 3H); tlc [I, detection, ‘EtOH:0.1N
HC1 (2: 1)] one spot, R 0. 43 tlc [T, 'detection,fn;BuOH:HOAc3H20

(4:1:5)] one 5pot Rr 0 31 aftcr two elutlons, mass spectxum

- (70 eV) m/e (rel 1ntensxty) 97 (54 M*-HCl), 96 (100), 82 (34)

Mol.. Form. Calcd. for C6H11N:(M+-HC1). 97. 0891

Found: 97.0887.



K - Anal. Calcd: for C,H

21 added 35 ml of 1N NaOH, 10 ml of H,0, 20 ml of ethanol, and

29

! 1,3,3-Trimethyl-2-pyrrolidinone-3,3- 14cn3 (18).
’\4'\;’\"\:‘\4'\:’\:'\;'\:’\: AV V4 b'\c’\c’\a’\:’\;’\:’\:’\o V\:’\:"\:’\:’\;’V\;'\;’\a’\;’\:’\:’\;'\:"\:’\:’b'\; Ny

7 To 500 ml of .anhydrous dlcthyl -cther and ZZQ_mmoLcs (31 ml)

¥ of diisoﬁrdelaminé‘(fre#hly distiiied-from_BaO),'coo]cd to
vo-70°, waS addcd 131 ml (210 mmoles) of ﬁ-butYllithium (1.6 M
* in hexane). - Then 4,95 g (50 mmoles; 4.850m1):0f i-mcthyi-Z-.
¢ pyrrolidinbhc waé‘added, the solution was stirred fOr 15

’ minutes at‘-70°, and 13.8 ml (220 mmoles) of 14CH318 was

¢ added. .Stirring'was continued at room temperature'fqr'IS

’ houré,_lsdfml of H,0 was added, theféfher>1ayer was removed
2

1% .and evaporated in vacuo, and the re51due was dlssolved in

17 100 ml of H,O. The comblned aqueous SOlutlonS were contlnuously

2
12 extracted with methylene chloride for 24 hqurs; Removal

13 of the sdlyent énd distillation of the residue at 95-97°

s (27 mm) gave 4.79.g (78%) of 183 nmr (CDC1y) 3.29 (t, 2H),
1s2.79 (s, 3H), 1.8) (t, 2H), 1.04 (s, 6H); glpc on 30% QF-1 on

16 Chromosorb-P (168°; 100 ml/min; 10' x 1/4") one peak, 9.0 min.
13N0: €, 66.1; H, 10.3; N, 11.0.
15, Found: C, 65.9; H, 10.2; N, 10.9. |

19 2-Aceton dim : L
| mmwmmmmmemm&mmmkmggk ka{iﬁiiﬁiﬁi (£7) . To 6 mmoles

‘zoof 1,3- dlmethyl l-pyrrolinium chloride and 6 ml of H, 0 were

1]

2
zzlS ml of ethyl acetoacetate. After stirring in the'dark under

;z;nltrogen for 17 days, 50 ml of concentrated H 21 was addcd
2+ The reactlon mlxture was warmcd on a steam bath for S hours,

’<and coucentrated to S.ml 1n vacuo. The- r0<1due was dissolvad

2.1n 50 ml of water and made strongly alkallne w1th 6N NJOU

‘1-,the resultlng aqueous solutlon was contlnuously extractcd w1th
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21

22

methylene chloride for 4. days.

gu?c 440‘mg’(479) of 17‘
(CDC14) 2.7:3.7 (m, SH), 2.69 (s, 3H), 1.4-2. 5 (m,

ir'(thin.fiim) 1730'cm

Removal of the solvent
—'1
(

30

C¥O); nmr -

3H),

2.30 (s, 3”), 1. 12 (d, 3H); mass spcctrum (70. cV) n/c (rcl

inten%ity) 155 (4,

Warming'17 with a saturated ethaholic'sbluiion of picric acid

M*), 140 (2), 124 (28), 109 (21), 98 (100).

gavc thc plcratc whlch was rccrystalllzod from absolute

ethanol, mp 147-51 (dec), nmr (pyrldlne -d ) 8 97 (s,

3.1-4.0 (m SH) , 3.08 (s, 3H),

1.01 (overlapping doub]ets, 30,

Anal. Calcd "for C

N, 14.6; o,»33.3.

qund.

15 20”408

C, 47.1; H,

C, 46.9; H,
5.3; N,

zn);

1.6-2.6 (m, sn), 2. 25 (s, 31),

.5.3;

14.7.
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of Agriculture;'University of California, Berkeley.

W. L. Alworth, R. C. 'DcSclms and'H .Rapoport J. Amer.
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Howover, Such'anfhypothesis_woﬁld réqUiré rapid and total

absorption of the transformation product.ahd‘w0u1d be

extremely difficult to'subjectrto experimental test.

| It would also require reconveréiOn.inothe plant to a

form ‘capable of 1ncorporat10n into- the observed substituted
nlcotlne, a most improbably event |

F. Kalberer and J. Rutschmann Helv Chim. Acta, éé, 1956

(1961)

-See" footnote c in Table II1I for the condltlons utilized

W1th ‘the 15' x 1/4" column The 5'-x 1/4" column at a
temperature of 162° and flow rate of ‘100 ml/min gave a

retention time of 9.3 minutes for niéotiﬁe‘Q%)

R. F Dawson, D. R. Christman, A. D Adamo, M. L. Solt,

and A. P, Wolf, J. Amer. Chem. Soc., 82, 2628 (1960). S ’
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spcctxa and - for the spcctrum of 23_ preparcd by the
method of A. M, Dufflold H Budz1k1ew1cz and C. DJCIdSSl,
J. Amer.-Chem. Soc.,'mz, 2926 (1965),-see also

N. Castagnoli, A. P. Melikian,“and'V; Rosnati, J. Pharm.
Sci., seo (1969). |
W. L Alworth Ph. D. The51s, Unlver51ty of Callfornla

_1964

Var1an H1gh Resolutlon NMR Spectra Catalog, Spcctrum No.
269. » | | E

L. M Jackman, “"Nuclear Magnetic Resonance Spectroscopy",
The Machllan Co., New York N. Y 1959 p. 86.

M. I. Swaln A. Eisner, C "F. Woodward and ‘B. "A. Brice,

g, Amer. Chen. Soc., 71 1341 (1949)
(26) .
@n

P. Karrer and R. Widmer, Helv. Chlm Acta, 8, 364 (1925).

AR

C. S Hudson and A. Neuberger, J. Org¥ Chem.,'ls,-24

(1950).

J. C Cra1g and S. K. Roy, Tetrahedron, g& 401 (1965)

All me1t1ng p01nts are uncorrected “Infrared (ir)

spectra were measured on a Perkin-Elmer 137 spectro-

- photometer, ultraviolet (uv) spectra were recordcd on

k a Cary‘Model 14 instro%vnt, and nociear magnetic

resonance (nmr) Hpcctli were: obtalned with e1thc1

. Varlan A- 60 or T- 60 Spectrometer and are rcported as 8

fvalues downfleld fzom internal tetramethylsllane or

f"sodlum trlmethylsllylprOpanesulfonate (6 0) ass

Spectra were obtaxned on a CEC 103C or 21-110B 1nst1ument.

All rad10act1Ve countlng was performed on a Nuclear
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_Chicago.Corporation Mark I Liquid.Scintillation Computer

(Modcl 6880) and are in diSintegrations'per'minute (dpm)

7 relative to an extcrnal standard, corrccted for back-

'g1ound. Countlng was carried out W1th 15 ml dlquOtS

of ecither a solutlon of 18.0 g of 2,5-d1phcnyloxazolc

' (PPO), 0.4 g'of p-bis[Z-(S-phenyioxazolyl)]benzcne (roror),

and 4 & of tolucne or ufsolution'of’18 0 g of PPO, 0.4 g

- of POPOP 200 g of naphthalene, 1 £ of ethanol, 1.4 % of

toluene, and 1. 6 2 of dioxane. Whenever necessary, 1 ml
of NCS Solublllzer (Nuclear Chicago Corp ) was added to

the llqu1d sc1nt111at10n sample v1a1 in order to insure

complete solublllty All elemental analyses were
Tperformed by the Analytical Laboratory, Department of

- Chemistry, UnLVer51ty of Callfornla,~Berkeley. CD andf

ORD,spectra:yere-run on a Cary 60,in$trument. Glpc's_,
were carried out on a Varian Aerograph‘A-QO—P instrument.
K. Randerath, "Th1n Layer Chromatography", Academic =~
Press, New York, N. Y. 1963, p. 74. ’
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