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Abstract-The admuustratlon of cmnamoyl-[2-‘4C]-tropme-[N-methyl-14C] to Datum stramomum plants 
resulted m the formatIon of labeled atropme and scopolamme However the atropme was found to have almost 
all its radioactivity located on the N-methyl group of the alkalmd, mchcatmg that the admmistered ester had 
undergone hydrolysis m the plant affording tropme and cmnanuc acid, the latter not bemg utlhzed for the blosyn- 
thesis of tropic acid Dual labeled RS-httorme (3a-(2-hydroxy-3-phenylproplonyloxy-[l-’4C]-tropane-[3P-3H]) 
was also fed to D stramonrum and radioactive atropme was obtained. However the drastic change m the 3H. l“C 
ratio found m the atropme mdlcated that the httorme was not converted directly to the alkaloid, and It IS sug- 
gested that the httorme IS hydrolysed m V~IO to tropme and phenyl-la&c acid, the latter undergomg rearrange- 
ment to tropic acid prior to esterificatlon with tropme 

TROPIC ACID IS found in nature as the acid moiety of the ester alkaloids atropine (7) and 
scopolamme. It was discovered m 19601 that the administration of phenylalanme-[3-‘4Cj 
to intact Datura stramonium plants yielded radioactive atropme having essentially all its 
activity located at C-2 of its tropic acid moiety Later workers confirmed this result in D. 
stramonium (intact plants)2 and D. mete1 (sterile root culture).3 It was then established that 
the other carbons of the phenylalanine side chain are utilized for the production of the 
side cham of tropic acid.4,5 The pattern of labeling found in tropic acid after feeding var- 
lously labeled phenylalanmes indicated that a migration of the carboxyl group from C-2 
to C-3 occurs during the formation of tropic acid. By using phenylalanine-[U-‘4C] as a 
precursor it was established that the phenyl group is mcorporated intact into tropic acid.6 
The mechanism of the rearrangement of the side chain of phenylalanine 1s currently un- 
known. Various metabohtes of phenylalanine have been exammed as precursors of tropic 
acid. Phenylpyruvlc acid (1) was mcorporated, and in competition with phenylalanine it 
was almost as an efficient a precursor of tropic acid.’ However the expected facile intercon- 
version of these two compounds (by transammation) does not enable us to make a decision 
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as to which is blosynthctically closer to tropic acid The same remarks apply to phenyl- 
lachc acid (3) the reduction product of phenylpyruvlc acid This acid 1s esterlfied with tro- 
pine in the alkaloid httorme (5), and phenylalanme was shown to be Its precursor III D 
sangurm~a’ and D ultw.~~a.y Phenyl-lactic acid is also a good precursor of tropic acid’ ’ and 

it was reported to be superior to phenylalanme III competltlve feeding expenments 
Cmnamlc acid (2), a metabohle of phenylalamne m many plant species. was considered 

to be a prime candidate as an Intermediate between phenJ,lalanme and tropic acid.‘” In 

a model system it has been shown that phenyl tlans-3-phenylt-hlolglycidate (4) rearranges 
on treatment with boron trlfluorlde etherate to 2-formylphenylthlol acetate (6) ‘I ” This 
reaction mvolves a I,‘-mlgratlon of a thiol ester group, analogous to the mlgratlon of the 
carboxyl group which occurs during the blosynthesls of tropic acid III I /IO. However cm- 
namlc acld7b,9 or Its epoxlde’ ’ failed to serve as precursors of lroplc acid m Drrtwtr species 

It was consldered that perhaps rearrangement of the C,, C, skeleton occurs after ester]- 
ficatlon of tropme with an acid derived from phenylalanme Cmnamoyl-tropme was thus 
prepared labeled with 14C at C-2 of Its cmnamoyl moiety. and on the X-methyl group 
of the tropme base This doubly labeled compound was fed to D ~tmmomum plants by 
the wick method. After 5 days the plants were harvested and yielded radloactlve atropme 
and scopolamme. However hydrolysis of the alkaloids yielded tropic acid havmg low actl- 
vlty (see Experimental), the bulk of the actlvlty residing m the tropme bases Demethyla- 
tlon of the tropme obtamed by hydrolysis of the atropme with phenjl chloroformate 
yielded mactlve N-carbophenoxynortroplne. These results are consistent with the cmna- 
moyl-tropme being hydrolysed in the plant to tropme and cmnamlc acid. the latter not 
bemg converted to tropic acid The mcorporatlon of radloactrvity mto atropme and scopo- 
lamme based on the 14C present m the tropine moiety of the admmlstered clnnamo)l-tro- 
pme was 0.94 and @91”/; respectively 

We then examined the ablhty of httorme to serve as a direct precursor of atropme. 
Phenyl-lactic-[1-‘4C] acid was prepared from glycme-[1-‘“C] by the sequence gly- 

cme --f N-acetylglycine -+ azlactone of &‘-acetyl-x-ammocmnamlc acid -+ phenylpyruvlc 
acid - phenyl-lactic acid using modifications of established procedures ” Thus phenyl- 
iactic acid was esterlfied with tr opine yleldmg httormc ih This material was moved with 
llttorme prepared from tropme-[3[j-3H] ’ 4 to afford dual labeled llttorme (‘H. “C = 6 75) 
which was fed as before to D stw~m~tm plants After 7 days the plants yielded radloactlve 
atropme (3H. 15C = 33) Hydrolysis of this atropme afforded tropme (labeled onl) with 
%J which on oxldatlon to tropmone fast alI Its radloactlvlt> rndlcating that aIT the tntlum 
was located at C-3 The tropic acid was degraded as previously described< and was found 
to have essentially all its actlvlty located on the carboxyl group The drastic change m the 
3H ‘“C ratio of the Isolated atropme mdlcates that the phenvl-lactic acid molcty of llttor- 
me does not undergo a rearrangement to tropic acid whilst It 1~ esterlficd ~lth tropme 
The specific labeling of the troplne and tropic acid with trltium and “C’ respectively 
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strongly suggests that the littorine is hydrolysed in the plant to tropine and phenyl-lactic 
acid, the latter undergoing rearrangement to tropic acid prior to esterification with tropine 
to yield atropine. 

Our results could also be ratlonahzed by postulating that the administered radioactive 
littorine undergoes a facile reversible hydrolysis in the plant, the resultant tropine and 
phenyl-lactic acid bemg then diluted with non-radioactive pools of these materials already 
present in the plant. It has been demonstrated that esters of tropane alcohols are readily 
hydrolysed m Datura and related species. “-19 The resynthesized littorine would then be 
expected to have a different 3H: 14C ratio from the administered alkaloid. Rearrangement 
of the phenyl-lactic acid moiety of the littorme could then yield atropme havmg a 3H: 14C 
ratio different from the administered littorine. This explanation seems unlikely since the 
littorine isolated from the plant at the end of the feeding experiment had essentially the 
same specific actlvlty and 3H: 14C ratio (6.9) as the administered alkaloid 
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Hypothehcal metabohsm of phenylalanme m Daru~u 

EXPERIMENTAL 

Genera~mettiodi Radioactivity measurements were carrledout m a Nuclear Chicago Mark TTilqmd~scmtdTa- 
&on counter Rachoactlve compounds were dissolved m l-2 ml EtOH or H,O and diluted with 10 ml dloxane 
soln containing naphthalene (lo%), 2,5-diphenyloxazole (0 7x), and 1,4-bls-2-(S-phenyloxazolyl)benzene (0 05%) 

C~nnnm0yl-[2-‘~C]-trop~~e-[N-methyl-’~C] Cmnamlc-[2-‘4C] acid (ICN, Irvme, Cahf, nommal activity 
0 2 mQ, 85 mg 0 575 mM) dissolved m light petrol (10 ml) was refluxed with thlonyl chloride (5 ml) for 3 hr The 
reactlon nuxture was evaporated, the residue &solved m petrol and the evaporation repeated Tropme (100 mg, 
0 71 mM) was dissolved in dry ether and the soln saturated with HCl gas Evaporation yielded tropme hydrochlo- 
ride which was mixed with the cmnamoyl chloride and the rmxture heated at 100’ for 6 hr After coolmg, the 
reaction mixture was dissolved m 2 N HZSOb filtered and the filtrate made basic with Na,CO, when cmnamoyl- 
[2-‘4C]-tropme monohydrate separated (115 mg, 7 8 x 10s dpm/mM) m p 45” (ht 2o m p 45-46”) Cmnamoyl- 
tropme-[N-methyl-‘4C] was slrmlarly prepared usmg cmnamoyl chloride and tropme-[N-methyl-‘4C] I4 

Admmstratron ofcmnamoyl-troprne to D stramomum plants and uolatlon of the alkaloids For admmistratlon 
to the plants a rmxture of cmnamoyl-[2-‘4C]-tropme (24 3 mg, 6 57 x 10’ dpm) and cmnamoyl-tropme-[N-meth- 
Y~-‘~C] (21 1 mg, 8 75 x 10’ dpm) was dissolved m HZ0 (6 ml) containing 0 I ml 2 N H,SO, This soln was 
admmlstered to 7 D strarnomum plants (3-months-old) by means of cotton wicks Inserted mto the stems near 
to ground level After 5 days the whole plants (fr wt 250 g) were extracted as previously described,’ inactive atro- 
pme (1 mM) and scopolamme (1 mM) bemg added as carriers to facdltate the lsolatlon of the labeled alkaloids 
The crude alkaloids had an actlvlty of 2 3 x 10’ dpm (15% of the activity fed to the plants) TLC on a sample 
of this mixture (on Slhca gel G, developmg with CHCl,-EtOHxonc NH,, 85 14 I) showed the presence of 
the following alkaloids havmg the Indicated distnbutlon of-radioactivity atropme (K, u^Ij (‘fY,“/bX cinnamoyi- 
tropme (R, 0 72) (71:<), and scopolamme (R, 0 85) (13 6%) The alkaloids were separated by partition chromat- 
ography on a cehte column,’ atropme (8 2 x lo5 dpm/mM) and scopolamme (8 0 x IO5 dpm/mM) being 
obtained 
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Deyturlutron oj the olkulo~ds Hydrolysis of the atropme ylelded tropic acid (~002 x 10’ dpm/mM) and tro- 
pme (8 I x lo5 dpm/mM) Reactton of the tropme with phenyl chloroformate ” afforded N-carbophenoxynor- 
tropme (004 x IO5 dpm/mM) The scopolamme on hydrolysis yielded tropic acid ( ~0 03 x IO’ dpm/mM) and 
oscme (8 05 x 10’ dpm;mM) 

RS-Phrr~Jl-kuctrc-II_‘“CI trcrrl Giycme-[l-‘JC] (Amersham-Sea& nommaI actlvlty 0 5 mC‘1, 101 mg 
I 35 mM) was dissolved m Hz0 (1 ml) and Ac,O (1 1 ml) added After stlrrmg for 1 hr at room temp the mixture 
was diluted with H,O and extr‘lcted with pentane m a contmuous extractor for 18 hr The aq soln was then 
neutrahzed with NaOH and eb‘tporatcd to dryness The residual sodium dceturate was &solved 1n a mlxtule 
of AczO (2 ml) and benzaldehyde (0 5 ml) and refluxcd for I 5 hr m NZ The reaction mixture was cooled dttd 
diluted with HZ0 (2 ml) when the azlactone of IV-acetyl-r-ammo-cmnamlc acid separated (72 my) Recrqstnlh/a- 
tlon from Ccl, afforded the azlactone ‘1s yellow needles (63 I mg) m p 148 5 149 5 (ht ” m p 14% 150’ ) This 
labeled azlactone (61 4 mg) was diluted with Inactive material (52 ? mg) and refluxed m 2 N HCI (4 ml) m Nz for 
2 hr The cooled, filtered soln ua3 extrdctcd with Et?0 (4 x 10 ml) which wets then washed with satd NaCl soln 
,>nd cvdporated to drine\s The rcstdunl crude phcnylpq~rrrvrc-fl-“C~ c~crd was drssolied m a mixture of hatd 
Na,C 0, soln (5 ml) and Hz0 (2 ml). cooled to 0 , and NaBH, (Xl mg) added After \tlrrmg for 7 hr the \oln 
ULLS acidified v,~th HCI. and extracted with CHzClz for 12 hr The residue obtamed on evaporation of the extract 
was dried by azeotropmg off the H,O with C,H, nnd finally crystallved from C‘CI, to qleld phenyl-lactic-[I-“Cl 
~cld ac colorless plate? (75 9 mg) m p Y4 S Yh- (ht ” mp Y4 95 I ha~tng a sp .Ict of 5 15 x 10’ dpm mM (2?,, 
radlochemlcal yield from glvclne-[ I-“Cl) 

RS-Lrtrvrrrrr-[‘“Cl ;3~(2-hr’t~fo\J-3-p~l~‘~lJ~~~~J~~(~/lJ~~J~~~-~l-‘“C~)_f/opct~~f,: Phenyl-lactic-[I-“C) acid (58 mg. 
035 mM. 5 15 x IO” dpm,‘mM) was mixed with tropme (567 me, 041 mM) and the mixture heated .It 120 m 
d current of drq HCI g,;s After- 4 5 hr the mixture wi, cooled dnz the pale ycllorc gum shrrrd with lo”,, aq NH, 
(10 ml) This aqueous solution was extracted with CHZC12 (4 x 10 ml) w,hlch was then estr‘icted ulth 2 N HCI 
(2 x 10 ml) and HZ0 (IO ml) The combmed nqueous extracts were hrought to pH X by the addition of N,I~CO, 
and extracted with Et,0 Evaporation ylelded httorme ds n colorlers od(67 mg) which was converted to Its plc- 
rate and crystallized from &OH (X0 3 mgl mp 158 5- 160 (ht ” mp 1595~160 )(\p act 46 x lO*dpm/‘mM) 
Llttormc-[-‘HI was prepared ~lrnlldrl! from phenyllactlc acid and tropmc-[3/?-3H]‘” ,md had d specific dctlvltl 
of 1 02 x IO” dpm:mM 

Ad~~,~r,\rrul~on af RS-3r-(7-I~J~drouJ-3-~~~~,~J/~~~,~~~,~~/~/~~~-[l-‘~C])-rt~~~u~1~-~3~-~H] to D stramomum trrrri 
~~~l~uo~l ofrhr dkahtls KS-Llttorme-[‘“Cl plcrate (80 mg, 0 154 mM) and HS-httorme-[‘HI picrate (246 mg, 
0467 mM) were dlssoIved In 2 N EICI (60 ml) and the sohi extracted with Et,0 untl1 tree of plcrlc acid The aq 
soln was evaporated to dryness 111 CULLK~ at 30. and the resrdue rxpo\ed to hrgh vacuum to remove trdcea of 
HCI and H,O The residual httorme hydrochloride was dlssolvcd In Hz0 (10 ml) and assayed The soln con- 
tamed 14C 7 05 x 10’ dpm. “H 3 76 x 10* dpm (“H lJC = 6 75) The sp act ( 14C) 1 l3 x lo8 dpm:mM Thlr 
aqueous solrrtron was admmlstercd to SIX D ~t~~rrclmt~~r plants (3-months-old) as before The plant> were h,tr- 
vested 7 days later (fr wt 69Sg) and the alk,ilolds isoldted wlthout the ‘id&Ion of mactlve atropme Partition 
chromatography of the crude alkaloids (‘“C 2 1 x lo* dpm, ‘H ‘&C = 7 I ) on a cehte column’ yielded a nnx- 
ture of atropme and httorlne ahlch was separated by TLC on Sdlca gel PF-254. developmg with CHCl,-EtOH 
(I9 1) saturated with anhydrous NH, The httorme (43 mg) was conbcrted to Its picrate and cr)stalhzed to con- 
stdnt ‘lctlvlt) “C t 14 x 10Xdpm!‘mM (“H “C = 691 The atropme (51 6 mg) was subhmed (95 , 
5 x lO_‘mm) and crystalhred to constant activity at Its hydrohlomldc “C. 680 x lOi dpm,mM, ‘H 
126 x IO7 dpm/mM (?H ‘“C‘ = 33) 

Dryrrrdut~on of rhr ciwopu~c Hvdrolysis of the atropme yielded tropme assayed ds Itc HBr salt (jH 
2 02 x IO7 dpm, mM. neghglble “C’) and tropic acid (lJC 6 X2 x IO’ dpmjmM, neghglhle 3H) The tropmc dls- 
solved m CH2CiZ was oxldlred with a soln of Cr03 m pyrldme-‘-‘ dffordmg tropmone assayed as Its plcratc (neg- 
llglhle activity) The tropic acid uab degraded as previously described ’ Dehydration afforded atroplc acid 
ih 54 x 10’ dpm;mM) which ~l“l\ oxldlzed with NafO, and 0~0, yleldmg formaldehyde (Inactive) and phcnyl- 
glyoxyl~c dcid isoldted as its oxlme (6 9 x IO5 dpmimM) This oxlme wds decomposed in hollmg H1O yleldmg 
CO2 collected as BaCO, (6 64 x IO’ dpm,‘mM) and hcnzomtrlle which *‘IS hqdrol!sed to henLolc dcld (m‘ictlve) 
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