Lawrence Berkeley National Laboratory
Recent Work

Title

INCORPORATION OF [,3-DIMETHN.-I-PYRROLINIUM CHLORIDE IN NICOTIANA GLUTINOSA.
BIOSYNTHESIS OF A SUBSTITUTED NICOTINE

Permalink

https://escholarship.org/uc/item/31t114xhH

Authors

Rueppel, Melvin L.
Rapoport, Henry

Publication Date
1970-08-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/31t114xb
https://escholarship.org
http://www.cdlib.org/

Submitted to Journal of the UCRL-20065

American Chemical Society Preprint

RECEIVED
LAWRENCE
RADIATION LABORATORY

FEB 18 1971

LIBRARY AND INCORPORATION OF
DOCUMENTS SECTIQN3 piviETHYL-1-PYRROLINIUM CHLORIDE IN

NICOTIANA GLUTINOSA.
BIOSYNTHESIS OF A SUBSTITUTED NICOTINE

Melvin L. Rueppel and Henry Rapoport
August 13, 1970

AEC Contract No. W-7405-eng-48

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545
\— J

LAWRENCE RADIATION LABORATORY g
UNIVERSITY of CALIFORNIA BERKELEY ¢
N

Z2-1aon



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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The study of the biosynthesis of natural producfs“in»du’TY
plants has been carrled out almost exc1u51vely by means of
precursor feedlng experlments, although the importance of
alternate methods such as. short term biosynthesis with l\/{30

has been stressed.2

Ideally, only the natural precursor
should be incorpdrated effiéiently into the natural product;
however, 1ncorporat10n of an unnatural precursor into a natural
/3 product is wellrdocumented\é/ -Although theoretlcally possible,
._nelther the incorporation of a,naturallprecursor into an |
" annatural produc%é/hor the inéorpofation of an unnatural preéursor
'ihto an unnatural préduct,icldséiy related to the.natﬁral one,
has been previously re?orted‘ We now provide an example of
biosynthesis invblving the latter type of precursor incorporation.
Since 1l-methyl-l-pyrrolinium chloride Qg)-has been found
to be an efficient precursor»of'the-p&rrolidine?ring of nicotine
Qé):é/’1,3-diﬁethyl~1—pyrrolinium—3:{§@H3 chloride (1) was
selected as the candidate unnatural pfecursor and synthesized

6/

as showﬂ$¢ . 1-Methyl-2-pyrrolidone .(4), condensed with diethyl

‘ .
carbonate with sodium hydride as base, gave ester 5. 1,3-

Dimethyl-3-carbethoxy-2-pyrrolidone-3—l4CH3 (GTwaas obtained by
~alkylating the sodium endlate of 5 with methyl- %ﬁC 1od1dé\§/f TN
) . ~ T — et o

Hydrolysis of the alkylated ester § (sgzact{2.71.x 10 dpm/mmole)
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appear Ln your paper. Please examine them carefully for
accuracy before engravings are made. Avoid unnccessary
changes to prevent delay in publication. When approved,
engravings will be made, reduced to the proper size =
(3 2/3 of the original size shown here,

B3 same size as shown here.
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\~__—«f~K%quant1tat1ve1y gave acid 7 (sp,act 2. 68 5107 dpm/mmol@) which

o/
A3 on degarboxylatlon at 150-160°-gave 1,3- dlmethyl 2-pyrrolidinone

- N
:E) 3 l~(8) Reduction of 8 with lithium alumlnum hydrlde gave in 92%

LKSyleld a mixture of pyrrollnlum salt P! (70 ) and pyrrolidine 9

’

4» (30 ). Chromatographles on silica gel -eluting with ethanol-0. lN
I\J A
7HCi\(2 1),vf0110wed by ion exchange gave pure 1 in 40% overkall ‘

p—

' 15Y1eld from RE T ' '”,' ' o . T
égégg%i§¥i~\ In order to examine the possibility of biosyﬁthesizing




- + containing four.N. gl&tindsa plants in each experiment
ZLDIQ\ 2 (Table I)
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Table I. L]Admlnlstratlon of 1,3- D1methy1 1/ﬁ/;r011n1um 3- \/CH
/(/\/k N\

~—

Chloride (1) to Nlcotlana,Glutlnosas/and e
Incorporation into 3¥-Methylnicotine (10)y /”};{;Axd%fb
. T / ’,0 ,(/‘,ﬁ_,/// o

N : Incorpn, into

. 7 T ‘Pyrrolinium salt ] fed 3-methylnicotine (10)
P }/XP i . 1\ | S i o

. s prent’ mg " dpm dpm %

4 - \ ‘ Jl H

{L‘? T > .10(x|10° .22/x110° 5.2 |
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&&ﬁbr ‘the preparatlon of the plants, see ﬁégﬁﬁg$e 11. \%Adminishernd
over a 5-day period followed by -emellday of growth. Total weight
of the four plants was-261 g; their ‘age was 66 days. \yﬁdmanstered
“* in increasing amounts over a period of 8 days to 59 day-old plants.
Total weight of the four plants was 54 g and 139 g at the start and
5. finish, respectively. \9U51ng nicotine () as the standard, glpc '
analy51s indicated the presence of 56.0 mg of nicotine (3) and
Q; 21.6 mg (8.3%) of SQhethylnlcotlne (19) .

"7 \\TT\ﬂt the end of the blosynthetlc experlment the alkaloidal fraction -

;;2&

3
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1 11 Y9 was isolated as described\//;nd fractionated by preparative gas

1 i\\ llquld partition chromatography\{//,In addition to the normal

1 Nicotiana alka101d5>\} a peak at retention time 31.2 minﬁﬁé@

.y,gg

< was also present in a yield of %5119 (Table I).
Azc The new substance has been characterlzed as 3t methy1n1pot1ne
a% (10). 1Its ultraviolet spectrum shows éténg5QH of 261 nm and is

»(.U“’VU L
identical in all re%pects-t& that of nlcotlne The spec1f1c
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act1V1ty-0f 10 was determlned by a comblnatlon of uv absorption
i

and 11qu1d sc1ntlllat10n counLlng to be 2. 76 %J107 dpm/mmole in
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! excellent agreement w1th its precursor 1 The mass spectrum

. L~ '
g\ of %Q gave a molecular ion at m/e 176 (22% of base) along

-

3 with peaks at "m/_g 175 (7), 133 (100), 119 (6), and 98 (53), all
n l4,> x; analogous withprhose of nicotinetli//High—resolutibn mass

" {5 spectroscopy established the molecular formula as C11 16N2 for

\5 ’m/e 176 (Calcd:“176.1313; Found:¥ 176.1323) and CgHy,N for m/e 98

;Calcd Y 98.0970; /Feun #98.0974) for the 1,3-dimethyl-1- pyrrollnlum
F fragment formed by ggaeavage The nmr (C9i4) shows peaks at
G égé 40 (m, %ﬁ),'7 60 (m, 1 %), 7.17 (m, %H), 3.20 (m, lH), 1. 4 2.6
1o (m, gH), 2.10 (s, 3 h N- CH3), and 0.97 (d, %h >CHCH ) consistent

1 with structure 10.

;Lg,/”’ﬂgBiogenetically; jyemethylﬁicotine~Q%g)"wou1d be expectedv

wiﬁg to have the same absolute configuration at the 2V-carbon ae

“ nicotine.cé)'whieh has been assigned the Séconfiguration with
reference to L prollnexb L,serlne\{//and opt1ca1 rotary

- dispersion measurements\l// The CD curve of 10 (1n 95% EtOH)

i
\ _‘(S_ o "“'\]ij\
17 gave a molecular ellipticity [0] at 260 nm of +22 800 (peak);

'.ra 3 showed a [O]éA}\ 7090 (trough) in addition to [O;zg\\+24 800
&9:(peak) Although 3 showed a weaker negative cotton effect_at
- ;6 273 nm in theaORﬁ?{}/rhis absorption was absent in both the CD -
Q‘ ‘ 'wgfvand ORD of 10 due possibly’to the presence of an adjacent
@i”assymmetric center. As a consequence, 10 is tentatively 3551gned
23 the S&conflguratlon at the 2V- Ezr%on, the presence of the alkyl
_{Qﬁ methyl in 10 as a single doublet in the nmr indicates that
2% only one of the ﬁossible diastereomere was formed biosynthetically.

>

The biosynthesis of 3kﬂmethy1nicotine Q&g) from l,S-f:

o dimethyl=I=pyrrolinium salt 1 demonstrates thatkthe enzyme system
3 “~ ! .
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which catalyzes the biosynthesis of nicotine from l-methyl-‘
l-pyrrolinium salt 2 and a nicotinic ac1d derivative 15 not
completely specific, and its requirements may become definable

through experiments such as these. In addition the formation

of unnatural products from unnatural PTecursors in vivo should

be useful in the preparation of analogs of biologically active

natural products (with high specific activity if desired) and

in the study ofvmetabolism and interrelationships among

_alkaloids.> - S Zﬁyau;ﬂkf 57/' Co Ae
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spectrally (uv, ir, nmr) and analytically (elemental
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: _

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,°or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, .to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access, to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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