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Abstract The blosynthesls of the pyrrohdme ring of mcotme has been studied using short-term SteddV-5tdte 
exposures of il~cot~u~~u y[~rrr~~o~~ seedhngs to ‘?I’O1 The pyrrobdme ring of the ldbeled nlcotlne has been 
degraded in d systematic mdnner to dscertdm the rddlOdCtlVlty dt edch carbon, dnd d new method hds been 
developed for obtaining C-2’ with complete rachochenucal mtegrlty Some of the labeling patterns obtained were 
symmetrical while others were clearly unsymmetrical The duality of the labeling patterns found m these 14C02 
biosyntheses together with other data on pyrrohdme rmg blosynthesls wl-uch are critically exammed, IS best 
rdtlOndhZed by postulating two biosynthetic pathways for formdtion of the pyrrohdme ring, one involving a 
symmetrical precursor and the other an unsymmetrical one 

INTRODUCTION 

THE BIOSYNTHETK pathway forming the pyrrohdme rmg of mcotme (1) m NKO~WW has 
been the subject of Intensive study I-* Based upon precursor feeding experiments alone, a 
redsonable pathway has been developed Both glutamate-2-‘4C5~h and ornlthme-2-‘4C7-g 
are incorporated only mto the pyrrohdme rmg of mcotme, C-2’ and C-S’ contained all 
the radloactlvlty and were equally labeled, requiring the intervention of a symmetrical 
intermediate A logical intermediate between ormthme and glutamlc acid m the blo- 
synthetic sequence IS glutamlc y-semlaldehyde, lo ’ ’ and the mcorporatlon of I -pyrrolme-5 
carboxylate, the cychzed lmme of glutamlc y-semlaldehyde, has been reported I2 

From ormthme, the next step m the blosynthesls of the pyrrohdme rmg presumably 
involves decarboxylatlon to give putrescme an established precursor of the pyrrohdme 
ring ’ 3-1 5 Subsequent methylatlon would give N-methylputrescme, which was found to be 
incorporated unsymmetrically as expected I6 Transdminaiion of N-methvlputrescme 
1 BATTERSBY, A R (1961) Qua) t Rrrl (London) 15,259 
’ MOTHES, K dnd SCHUTTE, H R (1963) Anyew Chem 75,265 
3 RAMSTAD, E and AGURELL, S (1964) Ann Ret Plant Physml 15, 143 
4 LEETE, E (1965) S~UGVK~ 147, 1000 
’ LEETE, E (1958) J Am Chem Sac 80,2162 
6 LAMBERT~. B L and BYERRUM, R U (19581 J Bml Chem 233,939 
’ LEETE, E (1955) Chun Ind (London) i37 ’ 
’ DEWEY, L J , BY~RRUM, R U and BALL, C D (1955) Blochem Blophyp Actu 18, 141 
9 LIEBMAN, A A, Muuou, B P and RAPOPORT, H (1967) J Am Chem SOL 89,664 

lo LFFTI E (1956) I Am Chcr~ Sot 78. 7520 
” W(’ P-H L GRIFFITH T ‘md BY~KKUM R U (1962) J Bml (hem 237, X87 
I2 KRAMPL, V , ZIELK~, H R and BYLRKUM, R U (1969) Phyto&ermst, y 8,843 
I3 LEETE, E (1958) J Am Chem Sot 80,4393 
I4 KISAKI, T, MIZUSAKI, S dnd TAMAKI, E (1966) Arch Btochem Blophys 117,677 
I5 MIZ~SAKI S, KISAKI, T dnd TAMAKI E (1968) P/ant Phvvol 43,9? 
lb SCHUTTE H R MANOR, W and MOTHFS, K (1966) Actu Bmchem Pal 13, 401, SCHUTTE, H R, 

MAIER 6 and S~FPHAN U (1968) Z Natvrforsch 23b, 1426 
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would gave 4-methyldmmobutdndl vvhrch would be m equthbrtum with tts cychzed 
tmmrum form. d I-methyl-I-pyrrolmtum \dlt, the I-methyl-l-pyrrohntum salt 11‘~ been 
shown to be it metabolrte of orntthme nnd to be ‘in effictent prccursot ” ” ” ” of the 
pgrrohdme rmg of mcotme The rcmdmlng steps m the btosynthe$ts piesumdbly mvolve 
condensdtron of the l-methyl-l -pyrt ohmum salt with .t I 6-drhydromcotmtc dctd dertv‘t- 
ttve’” followed bv outd,rttve dcc,trboxyLttton to g~vc ntcottne 

In dddttton to the ,~hove precut sot s of the pyrroltdtne I ~ng of mcottne the rncorpot‘ttron 
of <I large number of less tmmedr‘tte precursors h,ts been exnmmcd I1 “I ” The mdtottty 
of these Litter precursors hLivc been ctther ttrcdrboryhc ‘iad cycle or glycolyus mtet- 
rnedt‘ttes In gener,tI the Lthchng p,tttern 111 the pvrrolrdtne I mg of ntcntme ,tftet the 
.tdmunsttatton of these compounds mdrc,tted .m tncorpor‘ttton sequence tnvolvrng the 
EmbdenMeyerhof glycolyttc p,tthung the trtc‘u boxyhc ,tctd ~yclc dnd glutCunic acid 
However there were unexpl,uncd mconsrstenctes whtch have been noted ” Lb the most 
strtktng of whtch was tn the mcotpordtron of ncetdte-_- 3 “C ‘14 ‘1 functton of trme The 
lnbeltng patterns 111 the pyrrohdme rmg from ,tcet,ttc-2- “% feedings vvcre not ‘tlv$,ty\ 
conststent with me;dboli\m v~‘t the TC 4 cycle to give glutdmtc ‘lctd Tl11\ result tndrcdted 
etthel dn alternate btosynthettc pathwdy fat formation 01 glutamnte or dnother precursor 
of the pyt roltdtnc 1 ~ng 

A dtsttnctton between ‘1 mator, minor ot .tberrant p‘tthw,ty m,ty be dtlhcult to ,tsccrtdm 
from precursor fcedmg expcrrmcnts ‘ilone For example most of the TCA Lycle 01 
glycoly~~c mtermedlatcs gave mcorpoldtlons mto the p~rrohdmc rmg of nlLotlne con- 
slstcnt hlth met~bohsm WI the TCA cycle to X-kctoglut~uate uhtch could bc trana- 
dmrnnted to the established precursor, glutdmtc nctd An ea,tmrnatron2- of the labeling 
pattern ofglutamrc ,tctd isofdted trom SV~tol/~rr~a I uwa .tftei exposure to ‘“CO, however 
tndtcates thdt the major normal brosvnthettc p‘tthw,ly of form,ttion 15 not via the mter- 
mcdidcj of the TCA cycle The lnbelmg patterns acre dlflicult to rattondhzc wtth dn x- 
kctoglutdrdte precursor formed VIM the TC‘A cycle .tnd the fol matton of glut,rmrtte from 
x-ketoglutdrdte vtd glycoldte, giyoxyl,ttc, oxdlm,tldte ,md , ,-hydrohL’-z-kctoglUt,~l,lte I+‘IS 
tndrcdted 

AddtttonJ doubt hds been c,tst on the exact mtetpretdtton of precursor feeding 
experiments wrth ,Y~toll~cr ‘1s d result of numct OLIS contr‘tdrctory report\ On the bdsls of 
feeding cxpenmcnt\ with F dnd ci-” N-labeled ormthmcs the &mtrogen wds reportedz8 
to bc utlhzed in the blosynthesls of the py~~olldme ~mg, and the r-nitrogen of ornlthlne 
~‘~15 not mcolpor‘tted In other wet k hovvcver the r/-nrtt ogcn of otnltlllne-x-liN ~‘1s 
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utilized m the biosynthesis of the pyrrohdme rmg 29 Another contradlctlon has arisen 
with regard to the mode of mcorporatlon of a- and 6-N-methylormthmes 30,31 a-N-Methyl- 
ornlthme-N-‘4CH, was mcorporated more efficiently mto the pyrrohdme rmg than was 
6-N-methylormthme-N-l 4CH,, m addition, the N-methyl group of mcotme resulting from 
u-N-methylormthme had four times greater radloactlvlty than from 6-N-methylormthme 3o 
In other experlments,31 a-N-methylormthme was a less efficient precursor than 6-N- 
methylormthme A double-label experiment with the N-methylormthmes indicated that 
u-N-methylormthme was not incorporated intact, while the d-compound was mcorporated 
intact, but m an unsymmetrical manner In addition to these contrasting results, the 
mcorporatlon of w and &N-methyl ormthmes represent the mcorporatlon of compounds 
generally considered not to be normal biosynthetic precursors of mcotme 31 The observed 
symmetrical mcorporatlon of these precursors might have been the result of minor or 
aberrant pathwdys 

The biosynthesis of the pyrrohdme rmg of mcotme has also been studied with 
‘4C07, 9 32 which is a normal precursor Exposure of N qlut~~sa to 14C02. followed by 
degradation of the radloactlve mcotme gave ‘I clearly unsymmetrtidl labeling pattern m 
contradlctlon to the observed mcorporatlon of intact precursors Other mcorporatlon 
experimentsz4 with 14C02 gave a symmetrical (uniform) labeling pattern m the pyrrohdme 
rmg The labeling patterns found m the pyrrohdme rmg were correlated with the labeling 
patterns found m glutarmc acid, however such a correlation may be fortuitous since these 
exposures were performed under non-steady-state condltlons 

Expt 

1t 
2 
3 
4 
5 
6 

Length of Light :/, co2 (‘JC + ‘V) 
exposure (hr) lntensltv (Ix)* Start End 

20 6200: 018 002 
05 170004 003 002 
20 17 0004 004 005 
05 17otXXq 004 005 
20 5500: 005 005 
20 5500$ 022 0 22 

* The light mtenslty was measured with a Weston Illummator Meter (Model 756) 
‘r Expt 1 was carried out usmg a modified steady-state apparatus 44 
$ The hght source was d bdnk of Nu-hfe Ultra Lux fluorescent bulbs 
$ The hght source wds d bank of Sylvamn Gro-Lux fluorescent bulbs 

The present series of steady-state exposures was undertaken m an attempt to clarify this 
paradoxical status of the biosynthesis of the pyrrohdme rmg N~otzana glutlnosa seedlings 
(6-day-old) were used throughout since the seedlings could be grown under reproducible, 
controlled condltlons m d growth chamber In order to mmlmlze interpretative dlfficultles, 
the exposures of the seedlings to 14C0, was planned so thdt the CO2 concentration and 
light intensity could be precisely con;rolled The specific activity of ’ 4C0, was kept 
constant (I e , steady-stdte condltlons)33 throughout the total exposure period m all the 
experiments so that the labeling patterns obtained would undmblguously reflect the 
labeling pattern of the pyrrohdme precursors (Table 1) 
*9 LOVKOVA, M Y dnd ILY~N, G S (1967) Blokhumy 32,812 
3o SCHROTER, H B and NEUMAN, D (1966) Tetrahedron Lrtte!s 1279 
3’ GILRFRTWI~ T J dnd LIFTF E (1967) J 4111 Chcm Sot 89. 70X5 
‘? LII ,%\,A\ 4 A %IoKsI\c,~+ F .md R \POI’OI<I H 1I0h.s) J Irr~ C IICW TOC 87, -IW9 
I1 PAKhlK H I BI,\\cI,~, <J .~nd R\I’OI’I)I<I H II9721 J 4~1r (/lc,r! Sot 95. 1276 



Degradatzon of I adzoac tlvr mcotzw 
RESL LTS 

The radioactive mcotme (I), pullfied by preparative GLC, was diluted with carrier 
mcotme and systematlcally degraded ds shown m Scheme 1, to obtam the labelmg 
pattern m the pyrrohdme ring The estdbhshed procedure used wlthout rnodlficatlon 
In degrading the rddioactrve mcotme from expt I (Table 3) was partldlly modified for 
the degrddatlon of mcotmes from expts 2 6 m order to expedite the deglddatlon and to 
Improve the radlochemlcdl integrity However, the ndtule dnd magmtude of the Improve- 
ments m radlochermcal mtegrlty are not sufficient to ch‘tngc an> previous results or 
Interpretations 

(1) (2) (3) 
I 

HO& HO& 7 

~cozH+ ~cHzcozH+ Me,+C6H5 + ML,sN$C6H5 j 

b 
(6) (7) (4) 

\ 

,.,,- 
\ 

iNJ Me o 
yNYC6H5 

(8) 

i 
/- CO&H, HOzC? 

/l 

MkNH 

t 
HO&-- 

+ CO2 + H,CO + MeLNH 

(C-4’) (C-5’) Mel 

The mcotme (I) wds hedted with benzoyl chlorldc to give Y-benzoylmetamcotme (2) and 
its uncoqugated isomer 3 in 83”’ ,O yield, the presence of 3 does not interfere with the 
utihzatlon of the mixture of 2 and 3 ds the base compound for scmtlllatlon countmg 
The unconlugated isomer 3 wds present to the extrnt of ,tpploulm,ltely 5”:, n$ shown by 
5ubscqucnt dcgrdddtion of the I~IX~LII c 
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Periodate-permanganate cleavage of2 and 3 gave N-benzoyl-N-methyl-fi-alanme (4) and 
N-benzoylsarcosme (5) and, by ion exchange chromatography, mcotmlc acid (6) and 3- 
pyrldylacetlc acid (7) The presence of pyrldylacetlc acid m the mcotmlc acid fraction was 
established by GLC of the correspondmg methyl esters, prepared by acid-catalyzed 
esterlficatlon with methanol Comparisons with known GLC standards established that 
7 was present to the extent of 4 6% m 6 The unconJugated isomer 3 probably arises by 
acid catalyzed lsomerlzatlon of 2 The possible presence of 8 the other Isomer of 2, was 
eliminated by the dbsence of methyl 3-(3-pyndyl)-proplonate (9) m the GLC of the 
rmxture of methyl esters of 6 and 7 

The presence of N-benzoylsarcosme m the N-benzoyl-IV-methyl-fl-alanme fraction was 
established by hydrolysis to sarcosme and N-methyl-/I-alamne hydrochloride (lo), res- 
pectively TLC on kleselgel revealed the presence of sarcosme Prior to carrymg out 
further degradation of the nicotine, the sarcosme, isolated in 6”/, yield, wds separdted from 
10 by ion exchange chromdtogrdphy For scintillation counting, a small portion of N- 
methyl+alanme hydrochloride was converted to the Lt-bromobenzenesulfonamlde 
derlvatlve 

The pyrldylacetlc acid was quantitatively removed from the mcotmlc acid by oxldatlon 
with alkaline permanganate Conversion of an ahquot of oxldlzed 6 to the methyl ester 
followed by GLC analysis showed a single peak and the complete absence of methyl 
3-pyndylacetate 

The N-methyl+alanme hydrochloride (10) was degraded essentially as previously 
described 9 Reductive methylatlon of 10 gave N,N-dimethyl-P-alanme hydrochloride (11) 
which was converted to acid chloride and used m Fnedel-Crafts acylatlon of benzene 
to give the Manmch base, /I-dlmethylammoproplophenone (12) After converting 12 to the 
sulfate, oxldatlve cleavage with chromium trloxlde m acetic acrd-tnfluoroacetlc acid gave 
benzolc acid (C-3’) and N,N-dlmethyl glycme hydrochloride The yield of N,N-dlmethyl- 
glycme hydrochloride was improved to 57% from the reported9 30% by the above 
mo&ficatlon Lead tetraacetate oxldatlon of NJ-dlmethylglycme hydrochlorlde34 gave 
COZ (C-4’), formaldehyde (C-5’), dnd dlmethylamme (N-Me) which were isolated as BaCO,, 
the dlmedone derivative. and NJ-dlmethyl-p-bromobenzenesulfonamlde. respectively 

Nlcotmlc acid hydrochloride was degraded by a combmatlon of methods m order to 
obtain C-2’ of the pyrrohdme ring dnd the pyrldme rmg Thermal decarboxylatlon of 
mcotmlc acid m CaO gave pyndme which was isolated as the perchlorate The classical 
procedure for lsoldtmg C-2’ of mcotme has been by ~egenerdtlon of the decarboxyldtlon 
carbon dioxide from the CaO to give BaCO, To test this procedure, the decarboxylatlon 
of a sample of mcotmlc acld-7-14C (50 660 dpm/mmol) was carried out and gave BaCO, 
of 48 130 dpm/mmol, indicating a lack of radlochemlcal integrity m this mode of decar- 
boxylatlon due to partial decomposltlon of the pyrldme ring, as has been found by 
others 24,35 Alternatively, the decarboxylatlon of mcotmlc acid has been reported24 using 
a copper chromate catalyst, however, this latter method also lacks complete radlochermcal 
integrity As a consequence, an alternate completely reliable method for obtaining C-2’ 
was needed and was developed 

The method for obt,unmg C-2’ of mcotme (1 e the carboxyl of mcotmlc acid) IS shown 
m Scheme 2 Nlcotmlc acid hydrochloride was converted to the acid chloride, the dcld 
chloride was then converted by Fnedel-Crafts acylatlon of benzene to 3-benzoylpyndme 

34 LIEBMAN, A A, Ml NVY, B F, RU~PPEL, M L dnd RAI’OPOKT, H (1972) J C S Chrr~ Corwwr~ 1022 
” ARO~OFF, S (1957) Pltmt PITI vol 31, 755 
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(13). and the quaternary pyrldmlum sdlt 14 was obtdmed quantltntlvel\i from 13 and methyl 
lodlde Permangdnate oxiddtion of 14 gd%c benlolc dcld (15) in dn over-d11 yield of .50’:,, 
The oxlme 16 was prepared3” ‘IS d solid derivdtive of 13 fol scmt&~tlon counting In 
addltlon, Beckmann rearrangement of 16 hlth thlonyl chloride m methylene chloride gave 
benrolc ,icld (M”,,) ,md nlcotlmc dcld (57”,,) corresponding >leldT of ,Imlme dnd 3- 
.lmlnopyl IdIne ue~e Aso oht,ilned The reported’” sterospeclficlt\ In the prep,il,itlon 01 the 
t\\o pos$lble oxlrneC of 16 nouid .~ppw to be l,lcklng 

CO,H (1) SOClz 

( 2) ALCL3, CeHs 

he (14) 

(16) (15) (C-2’) 

To check the radlochemlcal mtegrlty of the degrddation of nicotimc acid, two different 
samples of mcotmlc dcid-7-‘4C were degraded TLC dnd rndrodutogrdphq were used to 
verify the homogeneity of the r,idiochemicnls The results of the two dcglLlddtlons dre 
shown m Table 2 Clearly, the method for obt,unmg the cdrboxyl of nlcotln~c. ,lcld ah benzolL 
acid proceeds with complete rddiochemical Integrity In ‘tddltlon, benzolc ,Icld IS d more 
suitable denv,ltlve fol ~cmtlll,ltmn counting than B,lCO, 

91 ho0 IO0 0 
94 500 101 1 
Y4 650 lOI I 

Sdmple ‘7 
Nlcotlmc acid-7-‘“C HCI 
Phenql i-pwdjl ketowlme 
BenLolc acid 

48 550 IO0 0 
47 ‘50 97 i 
4x 270 yy c; 
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Lahelznq patterns UT the pjrrolldzne rmg 
The labeling patterns m the pyrrohdme rmg of mcotme from SIX different 14C02 

exposures are shown m Table 3 Both symmetrical and unsymmetrical labeling patterns 
were obtained as a result of steady-state blosynthesls with ’ 4C0, 

DISCUSSION 

The most striking support for the formatlon of the pyrrohdme rmg of mcotme via an 
unsymmetrical intermediate IS evident m the labeling pattern obtained m expt 1 Carbon-2’ 
of nicotine had 19 2% of the total actlvlty while C-5’ had only 2 0% Asymmetry IS also 
evldent when the labeling of C-3’ and C-4’ IS examined, C-3 and C-4’ had 2 8 and 0 S%, 
respectively Clearly, m the case of expt 1, the major pathway of blosynthesls of the 
pyrrohdme rmg of mcotme was via a pathway m which the carbon skeleton was not 
symmetrized Experiments 2-6 also contam small degrees of asymmetry, however, the 
asymmetry found m expts 3-6 may be within experlmentdl error 

As d consequence, expt 3-6 may be consistent with form‘ltlon of the pyrrohdme ring 
via a symmetrical precursor, C-2’, C-3’, C-4’ and C-5’ dre all nearly equally labeled in edch 
case For example, C-2’, C-3’, C-4’ and C-5’ had 3 0, 3 4, 3 1 and 3 2% of total activity of 
mcotme m expt 4 The observed labeling patterns m expts 3-6 can be correlated with 
the steady-state labeling pattern obtained previously” for glutarmc acid A slmllar correla- 
tion has been made24 based upon non-steady-state labeling patterns m the pyrrohdme rmg 
of mcotme, this latter correlation IS not defimtlve since the possible kmetlc effects of an 
mcorporatlon of ’ 2C02 after ’ 4C02 apparently were not considered 

Although labeling patterns m glutamic acid after d non-steady-state exposure24 were 
similar to those obtamed under steady-state condltlons,27 several significant differences can 
be noted For example the trend2’ of increasing label m C-X relative to C-4 and C-5 of 
glutamate as a function of time was not observed I4 The labelmg pattern m glutamate from 
N qlutlrgosa also differs slgmficantly from the glutamate pattern observed for N ruytrca, 
m partlculdr, the 0/o 14C m C-l relative to C-2 and C-3 was greater m the former while 
less m the latter These discrepdncles may reflect species differences and/or the kmetlc 
effects due to non-steady-stdte exposures with ’ 4C02 m the one case 

The posslblhty exists that uniform labeling, resulting from saturation of all pyrrohdme 
rmg metabolic precursors with C-14, has been mlsmterpretedZ4 as symmetrical labelmg, 
however the variety of condltlons utlhzed and the low percentage of the total C-14 m the 
pyrrohdme rmg m each of the present experiments mdkes this interpretation unlikely 
The posslblhty that the difference m the two types of labelmg patterns observed 1s due 
to degradatlve errors also seems highly unhkely m view of the many examples of both 
symmetrical and non-symmetrical labeling in the pyrrohdme ring of nicotine, excellent 
activity balances have been obtamed in all the reported degladdtlons with the exception 
of expt 1 which contams a mmor discrepancy due to the lack of complete integrity m the 
decarboxylatlon of mcotmlc acid 

The effect of CO2 concentration was examined m expt 6 (y/, ’ 4C02 = 0 22) since the 
posslblhty existed that the very high incorporation of ldbel mto C-2’ of nicotine in expt 1 
was the result of a direct fixahon of ’ 4C02 mto an immediate precursor of the pyrrohdme 
rmg Although no effect other than kinetic was observed in expt 6 due to the high 
concentration of 14C02, the posslblhty thdt Cm unsymmetncdl biogenetic pdthwdy mvolv- 
mg direct fixation of CO, exists m Nlcotlana IS an attractive explandtlon for the labeling 
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m expt I Prevlously,Y nonsymmetrlcal labelmg was obtnmed 111 the pqrrohdme ring using 
lower levels dnd ‘t pulsed &posure to ‘“CO, followed by 1 ‘CO, ‘11s ch,iser 

The effect of clther “CO, concentrdtlon or light mtensltj on the blosqnthesls of the 
pyrrohdme ring of mcotmc dppe,us to be mdmly kmetlc The ldbelmg pattern in edch of 
steady-stdte expts 3, 5 and 6 a,~\ essentially the sdme Each exposure was carried out for 
2 hr, only the light intensity and 14C02 concentrdtlon were bdned Utilizing the fact that 
C-14 from ‘“CO, is mcorpordted more rdpidly into the pqndme ring thdn into the 
pyrrohdme rmg of mcotlne,” the effect of these two vdllables upon the rdte of blo- 
synthesis becomes evident Decre,lsmg the measured light intensity from 17 000 to 5 500 lx 
gave 76 0 ,lnd 90 2”,, of the ,NXI\I~J m the pyrldme ring respectively Clearli <I gledter 
fraction of the activity was incorporated into the pyrrohdme ring in the sdme period of 
time at the higher intensity. the amount decreased from 16 5 to 5 6”,, on decredsmg the 
light intensity 

Slmlldr decreases in the amount of CO, fixed and the actlvlty m both the total alkaloid 
fraction and mcotme also were observed with a decrease m hght intensity usmg ’ 4C02 of 
the sdme specific dctlvlty At n light intensity of 5 500 lx flom the same hght source, the 
pyrrohdme ring contained 5 6 and 7 5”;, of the totdl activit) dfter bloqnthesls at a 
14C02 concentration of0 05 and 0 2Zoo, respectively. the pyrldme ring had 90 2 dnd 86 4:,,, 
respectively, of the dctlvlty Thus ‘1 ch‘mge In light intensity 1~5 <I much greatei effect 
upon the rdte of blo\ynthesls m Yrtot~r~ than ‘1 change m CO2 concentrdtlon 

The fact that the pyrldme rmg of nlcotme 1s blosynthesl7ed more lapidly than the 
pyrrohdme rmg lsconslstentwlth the hypothesis that the pyrldme ring of mcotme 1s formed 
from 3-phosphoglycerdldehyde and dspnrtlc dcld 3’ 3-Phosphoglycenc acid, closely related 
to 3-phosphoglyceraldehyde has been shown’* to be essentially uniformly labeled m the 
leaves of N ftrhacum dfter 1 mln of photosynthesis in ’ 4C0, Accordmgly lt seems 
redsonable that the pyrldmc ring should Incorporate C-14 from “CO2 mole rdpidly than 
the pqrrohdme ring <lb 15 ekldcnt from the dlstrlbutlon of C-13 in expt\ 3 ,md 3 At the 
same light Intenslt) ,md pcrccntqe of ‘“CO, the pyndme 1 Ing hdd 82 ,md 76”,, of the total 
dctivity after 0 5 dnd 2 hr respectively 

Two areas of potential experlmental and interpretative difficult> deserve comment 
First, since experiments hdve been cdrrled out with sever& different species of h’~ot~a 
(qlut~r~o~, tahac~l~ and I ~rctrcrr), some of the observed contrddlctlons m the precursor dnd 
“CO2 experiments rnd\ result from <I species difference A F~CCICS dlffcrence however has 

3- ZlfI k1 H R RI fhhl C M md B\I KKI M R 1: (1969) J Bw/ (/w,,, 244, 95 
lH Hess 1 L <wd TOI l<f l<r U f (I’1661 I Ni,r/ (/~<,,r 241. .570_5 
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sp dCf o,, 0r Dot sp ‘ICC “,,of‘w sp *Ct or IL1 sp *ct ,, 0r ait sp .I‘, <Jr 10 
(dpmjmmol) I” 2 (dpmjmmol) Ill2 (dpm:mmol) 111 2 ldpmjmmol) m2 Idpm mm011 I” 2 
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not yet been definitely detected The mcorpordtlon of ormthme-2-14C mto all three species 
studled has been found to give equal labeling dt C-2’ dnd C-5’ of the pyrrohdme ring 7-9 
As mentloned above, however, a species differences m N ylutlnosa and N rustxa may 
have been observedz4 when differences m the labeling patterns of glutamate were obtained 
Another difficulty, m attempting to correlate the multitude of biosynthetic experiments 
concerned with the formation of the pyrrohdme rmg of mcotme mvolves the variety of 
N~otzana plant materials used by various workers Precursor feeding and 14C02 exposures 
have been carried out with root cultures. de-rooted plants, seedlings, intact plants, topped 
plants, and excised rooted leaves In general, there seems to be little experimental Justlfi- 
cation for the variety of modified plant mater& used, the modlficatlons merely introduce 
other variables mto an already complex situation This would appear to be particularly 
true d the potential influence on the enzymology of a plant 1s considered For example, 
topping or partial defohatlon of Nzcot~~a has been used by several workers24,37 prior to 
14C02 exposures Using several different plants, it has been establlshed39 that partial 
defohatlon leads to an increased photosynthetic rate under varying light mtensltles and 
carbon dioxide concentrations, m addition, a correspondmg increase m the level of 
carboxylatmg enzymes was also noted Potentially other enzyrmc and metabolic changes 
nught also occur and influence the experimental result of biosynthetic experiments 

The multitude of data and the resultant paradox implies the existence of two different 
pathways for the blosynthesls of the pyrrohdme ring, one symmetrical, the other un- 
symmetrical There are several cases m which two different biosynthetic pathways are 
known for the blosynthesls of a natural product, m fact, th Nuzotmna alkaloids ana- 
basme’ 3,40,41 and normcotme4’ are cases m point A much greater understanding of the 
system m Nlcotmna will be required before the mconslstencles obtained m precursor 
feedings and 14C02 exposures are resolved 

EXPERIMENTAL 

Growth ofNlcotlana glutmosa seedhngs The seedlings were grown m a modified Petri dish, half of which was 
fitted first with a circular wick of Whdtman No 1 filter paper and then with d circular piece of Whatman 
seed test paper On each seed paper was spread evenly 300 mg of N glutmsa seeds The seeds (8 g) had been 
previously washed m ‘1 fretted filter with 500 ml 1°C Hz02 and 250 ml dust Hz0 subsequently the seeds were 
dried on the filttr hq drdwlng stcrlle dir through for IX 111 The ulck ,issLrnhlq wdc then placed on he other 

39 WAREING P F, KHALIFA, M M and TRFHARNE, K J (1968) Nutut e 220,453 
40 MOPES K , SCHUTTL, H R, SIMON, H and WEYGAND, F (1959) 2 Nattrrforsch 14b, 49 
41 MOTH& K (1964) m Abstracts IUPAC Natural Products Symposium Kyoto Japan p 122 
42 MIZUSAKI S Ki5Ahl T ,md TAMAh E (1965) Ayiic BIO/ Chc,ftr 29, 71 i 
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coohng, so&urn bisulfite was added to decompose any excess MnO*, the MnO, wds removed by centrifugmg, 
and the aq soln was acidified with cone HCl The aq soln was then extrdcted with CH2Cl, (8 x 20 ml) and 
the CH,Cl, extract dried over MgSO, Filtration, removal of the solvent and subhmatlon gave 40 mg (71%) of 
pure benzcnc aad, m p 119~120” 

Chrowuc acid owldatzon of B-dfmethylamlrloproprophenonr hpdrochlortde (12) fi-Dimethylammopropiophenone 
hydrochloride’ (I 02 g, 475 mmol), 50 ml H,O, and 2 ml cone H,SO, were mixed and the soln was 
evaporated to a viscous hquld in uacuo The remamder of the oxldatlon and lsolatlon was carried out as 
previously described 9 

Ion exchange chromatography of sarcoww and N-methyl-/?-alanme (10) The Ion exchange column of AC-50W-X8 
(sulfomc acid resin, H+ form, 20&400 mesh, 5 x 58 cm) Wds washed first with 20 1 6 N HCl, then 1 1 chst H,O, 
and finally 4 0 15 N HCI The crystalline mixture of 89 mg SdrcoSme (1 mmol) and 2 20 g (15 mmol) 
N-methyl-fl-alamne hydrochloride was dissolved m 50 ml 1 5 N HCI and applied to the column Using a flow 
rate of 200 ml/hr and collecting 50 ml fractions, the column was eluted with 0 15 N HCl (2 l), 0 25 N HCl 
(3 I), 040 N HCI (3 1) and 0 75 N HCl Each fraction was dndlyzed by TLC spraying with nmhydrm 
solution and heated at 105’ for d few mm Evaporation of fractions 114-12’) gave sarcosme hydrochloride, and 
evaporation offractions 130-145 gave N-methyl-b-alanme hydrochloride, completely separated from one another 

Merhvl 3-(3-pvrfn,‘l)_prop’o,lnte (9) Ethvl 3-(3-pvndyl)_acrylate dlrsolved m EtOAc was hydrogenated at 
3 kg/cm’ over Pd-C The theoretical amount of HZ wd> absorbed m 2 hr the soln wds filtered, the solvent was 
evaporated and the residue of ethyl 3-(3-pyrldyl)-propionate was dissolved m MeOH and heated at reflux for 
96 hr after dddmg 130 mol ‘6 p-toluenesulfonic acid Elaporatlon of the MeOH and ddditlon of sdtd NdHCO, 
soln WdS followed by extraction with CH,CI, The dried solvent wds evaporated and the product purified by 
molecular distillation at 10(&120’/2 mm to give methyl ester UV max (95% EtOH) 262 nm NMR (Ccl,) 6 
8 50 (m 2H), 7 42 (m IH) 7 20 (m, lH), 3 58 (s, 3H), and 2 71 (,?I 4H) An analytical sdmple wds prepdred by 
GLC using 30”,, QF-1 on Chromosorb P (AW) (2 4 m x 13 mm column temp 156 flow rate 130 mllmm, 
R,224mm)(Aucrl Cdkd forC,H,,N02 C,654,H 67 N,85 Found C 654,H 67,N 84”“) 

N-p-B~onohe~zenesulfonyl-N-mrthql-B_ulanlr~~ In a centrifuge tube was placed 0 28 mmol of N-methyl+ 
alamne hydrochloride dissolved in 2 ml H1O then 150 mg p-bromobenzenesulfonyl chloride wns added along 
with I ml 6 N NdOH and the resultmg aq slurry wds somcated dt 20. for 1 hr The solid wds removed by 
centrifugdtion and the liquid wds decanted into another centrifuge tube dcidihed to Congo red with 10% HCl, 
and cooled After centrifugation, the hqmd wds decdnted, and the resulting ppt was recrystallized from aq EtOH 
to give 15 mg of XI m p 107-109” (Anal Calcd for C,,H,,BrNO,S C 37 3, H, 3 8 Found C, 37 3, H, 3 7%) 

Phenyl3-pyrldyl ketovrme (16) 3-Benzoylpyrldme (3 mmol, 549 mg) was dissolved m 20 ml EtOH, after which 
125 g (18 mmol) NH,OH hydrochloride and 1 55 g (18 mmol) NaHCO, were added After heating at reflux 
under N, for 5 hr, the reaction mixture was cooled and 60 ml ice Wdj added The ppt was removed by 
filtration, dried, and recrystallized from EtOH to give 500 mg, 84::,, of 16 m p 145-148” [II? m p 141-143”, 
161-162”] 

Beckrnanrt rearrutqemwt of phenol 3-pvrrdvl ketourrne (16) To 100 ml CH2C1, dnd 5 96 g (10 mmol) phenyl 
3-pyrldyl ketoxlme wds slowlv ddded 8 ml SOCI, and the mixture wds hented at reflux for IX hr Solvent dnd 
excess SOClz were removed 1~1 I (I( uo X0 ml 6 N HC I ~~‘1s ,Iddtd end the ml\tul e u Cl\ ht‘ltcd ‘it retlur for 
6 5 hr After cooling the pH uds adjusted to 1 I with IO”,, NdOH ,md the ~q soln continuously extracted with 
CHICI, for 60 hr Evaporation of the CHzClz gave 3 06 g of d hquld GLC exdmmdtlon of this hquld on d 

column of 30’:” QF-I on Chromosorb P (3 m x 16 mm, column temp 186 , How rate 100 ml/mm, aniline R, 
4 5 mm, 3-ammopyridme R, 11 3 mm) and comparison with known standards showed the presence of 1 74 g 
(57%) aniline and 1 32 g (43%) 3-dminopyrldine The pH of the aq soln wds then adjusted to 1 with 10% HCl 
and contmuously extracted with CHZCl, for 48 hr Removal of the solvent gave 1 38 g (37 8”,/,) benzolc acid 
Ion exchange chromatography of the aq soln ds described previously gave, after sublimation, 275 g (57%) 
mcotmlc acid hydrochloride 

C-14 determrnatlons The degrddation compounds were assayed for by liquid scintillation employing d Nuclear- 
C&ago Mark I counter Sample quenching was determmed with the external standard attachment for this 
instrument All sample counts were corrected for bdckground When multiple counts were performed repetitive 
counts agreed wlthln 2O:, m all cases When counting samples of low sp dct sufficient sample was counted so 
that edch scmtilldtlon sample wds dt least 50 cpm dbove background Edch compound regardless of sp dCt was 

also subjected to liquid scintillation countmg until d rnmlmum of 20000 totdl counts hdd been dmdSSed, as a 

consequence, the sp act obtained has a 99”; probability of bemg with 2:; of the actual vdlue 
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