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Abstract-The blosynthesls of the morphmandlenone alkaloids norsmoacutme, smoacutme and flavmantme 
has been studled usmg I-“H-smoacutme, l-3H-norsmoacutme, l-3H-norsmoacutmols, r-[Smethyl-“Cl- 
methlonme, glycme-2- ‘%I 1-3H-8,14-dlhydronorsalutarldme, l-3H-8,14-dlhydrosalutarldlne, l-3H-smo- 
menme, I-“H-lsosmomen;ne, (f)-[2-1*C]phenylalanme, ( ~))-[N-methyl-‘4C]or~entalme and (f)-[N- 
methyl-“T]retlculme 

A PRELIMINARY report’ showed that (f)-[N-methylJ4C]retlculme (I) was 10 times more 
efficiently mcorporated into flavmantme (11) m Crotonjhens than the lsomerlc compound 
( &)-[N-methyl-14C]or~entalme (III) Whereas (f)-retlculme IS most probably oxldlzed first 
to lsosalutandme (IV), (&)-onentahne was probably utlhzed via the blsdlenone (V), and 
then by rearrangement formed flavinantme directly, but by a minor pathway Although the 
formation of flavmantme from (f)-retlculme seems to mvolve demethylatlon and re- 
methylatlon after the mltlal oxldatlon mvolvmg apara-para dlradlcal coupling, the fact that 
degradation2 of radloactlve flavmantme gave an mactlve phenanthrene (VI), m p 186-l 88”, 
indicates that the N-methyl group of flavmantme 1s m no way involved m the remethylatlon 
process even If flavmantme and flavmme (VII), a known component of C. fluveq3 are 
mterconvertlble Such mterconvertlblhty has been shown for smoacutme (VIII) and 
norsinoacutme (IX) 

Degradation of flavmantme [actlvlty 1.01 to the phenanthrene (VI) [actlvlty 0.471 after 
feeding experiments with ( f)-[2J4C]phenylalanme showed that for flavmantme, as for the 
morphme alkaloids, two molecules of this ammo acid were utlhzed by equivalent pathways 
to form one molecule of this alkaloid. Other wick-feedmg experiments clearly demonstrated 
the mterconvertlblhty of smoacutme (VIII) and norsmoacutme (IX) Also, the 1-3H- 
norsmoacutmols (X) were utilized by the plant to form norsmoacutme and smoacutmeP 
This latter expenment clearly indicates that, unhke Pupaver somniferum plants which can 
dehydrate l-3H-salutar~dmol (XI) to form thebame (XII), C flavens as well as Sznomenium 
acutum5 plants which contam morphmandlenone compounds but do not produce morphine- 
type alkaloids, are able to suppress the necessary dehydration step by oxldlung dlenols to 

* Part XIII m the series “Alkalords from Croton spec~cs.” For Part XII see KUTNEY. J P , KLEIN, F. K , 
EIOENDORF, G., MCNEILL. D and STUART, K L (1971) Tetrahedron Letters 4973, (1972) zbrd 250. 

’ STUART, K. L., TEETZ, V. and FRANCK. B (1969) Chem Commun 33 
a DOPKE, W , FLENTIE, H and JEFFS, P W (1968) Tetrahedron 24,4459. 
3 .%IJART, K. L. (1971) Chem Reu 71,47 
’ %‘UART, K L. and GRAIUM, L (1971) Chcm. Commwt 392 
5 BARTON, D H R , KIRBY, A J and KIRBY, G W (1968) J Chcm Sot C, 929 
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dlenones In all these expenments, the locatlon of trrtlum in the Isolated norslno‘lcutlne was 
shown to be at C-l by the fact that bromlnatlon at thl$ cltc removed all the radloLlctl\lty In 
the case of slnoacuttne, the locatlon of the label was ,isccrt‘llned by deuteratlon, .md more 
than 97”; of the actrvrty was removed m this derlvatlve 

TARL F I ACTIVITY OF COSIPOUUD~ FED TO Crororr flaze,zr 4\r1 PFRC I \TAC.T IYCORPOR UIOU 

Compound fed Actwty (pCt) Alkaloid extracted “0 incorporation 
___--_ 

l-3H-9~noacutme 
l-3H-Nors~naacutme 
I-‘H-Norslnoacutlnols 

L-[S-Methyl-“‘C]methmnrne 

52 2 
45 1 
50 R 

50 0 

Glycrne-2-‘% 

Glycme-2-“‘C 

l-3H-Slnomenme 
I-3H-Smomenme 
I-3H-Smomenlne 
I-3H-Iso~momenme 
(i_)-[2-‘4C]-Phenylalanme 

IO 

10 

57 0 
63 0 
33 0 
140 
20 0 

10 0 

(I)-[N-Methyl-“C]or~entallne 90 

( 1 )-[N-Methyl-‘4C]rettcullne 104 

I-‘H-8 14-Dlhydronorsalutarldrne 58 0 

1-3H-8 l4-Dlhydrosalutarldrne 58 0 

Norslnoacutlne 0 20 
~inoacutine 001 
Norslnoncutlne 0 002 
\lnoacutrne OOOI 
3innacutlne 0 0002 
Nnr\lnnacutlne 0001* 
FLivinanttne 0001t 
Nnrslnoncutlne 0 0002 
Flavlnantme 00007 
Norsmoacutrne 0001 
Fln\manttne 0 003; 
Nnrslnoacutme 0 002 
Sinoacutinc 0001 
NorFlnnacutlne 0001 
Nor\lnnacutme 001 
Flavinantine 0001 
%innacutlne 0001 
Norsmoacutlne 0002 
Flavlnanttne 0001 
Qnnacutlne 0001 
Nnrslnn.lcutine 0 005 
Fln\lnantlnc Ol?lZ 
Clncracutlne 0 000’ 
Norslnoacut!nc lnactfce 
f-lavlnantine 0 101 
Sinnacutrne 0 003 
Nnrsinoacutme Inactnc 
Norsmoacutlne Inactive 
Flavmantrne Inactive 
Norsinnnc utine Innctibe 
Smnncutine Tnactne 

- 
* Actlvtty tn 2 x O-Me (7;) 92. N-Me (7;) Groups 0 Total (?L) 92 
t Ac:lvlty m 2 * O-Me (‘A) 60, N-Me (X) Groups 29, Total (7;) 89 
$ Actlvlty m 2x O-Me (T’,) 60 2, N-Me (“i) Groups 25, Total (“3 85 2 

Because of the demonstrated role of slnoacutme In the formation of slnomenlne (XTi1),5 
It was decided to rnvestlgate whether or not C flal rn~ could utlll7e I-3H-~momenlne for the 
elaboration of norsmoacutlne and slnoacutlne Table I lndlcatcs that these transformatlonr, 
are possible In addition It was shown that I-3H-lso~lnomenlne (XIV) was a better precursor 
and Scheme I outlines how these compounds may be converted to nor$lnoacutlne It should. 
however, be borne In mind that the presence of smomenlne and lsoqlnomenme In C fluz~~ 
has not yet been demonstrated Tn caces where the presence of a precursor has not been 
eqtabll$hed In a plant, the experiment really only Indicate5 that the plant system being 
studred IS capable of accomphshlng a particular transformation, and the compound may not 
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necessarily be an intermediate along the main biosynthetic pathway to the isolated radto- 
active compound. 

In order to mvestrgate the “Cr” pool of this plant, the facility of the plant to utihze 
methionme and glycme as precursors of the 0- and N-methyl groups was checked These 
compounds were fed as L-[S-methyl-14C]methionme and glycme-2-‘*C, and both were m- 
corporated mto the alkaloids under study Smoacutme was not recovered from the glycme 
feedings and It IS now known that the productton of smoacutme varies with the season6 and 
no smoacutme was isolated when this experiment was performed Norsmoacutme and 
flavmantme recovered from the metmonme experiment were demethylated usmg the method 
described recently by Jeffs et al ’ In both cases, the acttvity was shown to be located primarily 
m the methyl groups (92 and 893% respectively) In the glycme feedings only the alkaloid 
flavmantme isolated from the second experiment was demethylated, and this showed that 
85 2 % of the total activity was located m the methyl groups The results of these experiments 
show that both methionme and glycme can serve as precursors of labrle methyl groups in 
C fluuens, and the results also suggest that as a source of one carbon unit, these precursors 
are at equal levels along the biosynthetic pathway 

Both I-3H-8,14-dihydronorsalutandlne (XV) and I-3H-8,14-dihydrosalutaridme (XVI) 
were fed and norsmoacutme, flavmantme m the case of the former compound and nor- 
smoacutme and smoacutme m the latter case were isolated and shown to be radloisotoplcally 

6 STUART, K L and GFUILM, L , unpubhshed results. 
7 Jam, P W , ARCHIE, W C , HAWKS, L and FARMER, D S (1971) J Am Chem Sot 93,3752 
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mactlve This findrng IS not surprlsmg smce In the case of flacmdntlne a rddlcal modlficatlon 
of the substitution pattern of the aromatlc ring would be required, and for norslnodcutlne 
and slnoacutlne to be formed from these compounds, the plant would have to accomplish 
not only the oxldatlon step, but m addmon, the more dlficult Inversion of two asymmetric 
centres, one at C-9 and the other at C-13 

From these feeding expenments it now seems very likely that in C jibens. the major 
pathway to the alkaloid flak mantlne IS from the amino acids phenylalnnlne aqd glyclne or 
methtonlne and then via rctlcuirne and rsosalutarldlne Although the lntcrconvertiblllty of 
smoacutlne and norslnoacutlne have been demonctrated, the greater predominance of 
norsmoacutlnc clearly Indlc‘ltes a blosynthetlc bid5 In favour of this alhaloid 

EXPERIMENTAL 

Croron flu~en~ L plants were grown m the Botany gardens, U W 1 , Mona, Jamaica m the open A special 
water-proof cellophane sack was developed and used to protect the WI& and feedmg v~nl from ram and 
Insects Ail radioIsotopIc feedmgs were by the wick-InsertIon under the bark method and the feed lrmb was 
Isolated usually 2 weeks after feeding It was earller shown by feedmg radIoactIve phenylalanme that there 
was no redlstrrbutlon of any radroactrvity to any other lrmbs m the fed pl‘lnt durmg a 2-weeh period In some 
cases. the sparing solublllty of the test compound necessltatcd the use of a drop of 3 N HCI and a drop of 
EtOH for a 10 mg sample During Isolation, when necessary, TLC .lnd PLC wcrc done using slhca as 
adsorbent and column chromatography was carried out on grade II III neutral alumina All counts (rcldio- 
actlvlty) were carried out on a Trl-Carb ltquld scmtlllatlon cnunter. model 314 ES-2 (Pachard). or d Bechman 
liquid scmtlllatron counter, Model LS 150 9amples were prepared for counting by dlssohlng the crystals In 
a mtnlmum of McOH and addmg this to the scmtrllatlon solutrnn (IO ml) which Lon,lsted of POP and 
POPOP rn toluene All samples uerc crystallized to constant actl\lty and IncorporatIon percentages calcu- 
lated on duplicate counts 

Preparutron of I-3H-onnacur,~~e and fcedrrlp A solution of smoqcutlnc (I00 mg) m d~methylformamlde 
(2 ml) and 1 ml trltlated H>O of actl\lty 0 2 CI were scaled under nitrogen m .I thick glass tube The tube 
was heated at 100’ (72 hr) m a pressure tube, then cooled to room temp. chlllcd tn rce and opened After 
dtlutton with H20, the contents of the tube were extracted wtth CHCI, and the brown 011 resulting put on an 
alumina column and cluted with CHCI, Crystalllzatton from EtOH ylclded I-‘H-rmoacutlne (13 8 mg) 
havmg an actlvlty of 5 55 &~‘mg 9 4 mg of thlc material wn\ dl\<nlvcd m P mrxture conglstmg of I drop 
EtOH. 1 drop 1 N HCI and H,O. and led tn the plant 

I~olatro~z o~o/kn/ord~ nfier fred/nK radroactrt e mat~rm~ In a typlcal experunent, the reaped branch was 
dried and powdered (230 g) and dlgested with 2 “; tartdrtc acid Solution (2 1 ) The acrd extract was con- 
centrated at reduced pressure, placed m an Ice-box overnight filtered, baslfied with 2.5’:: NH,OH and then 
contmuously extracted wrth CHCI 1 (2 davs) After evapordtmn , 2 64 g of crude alkaloid was obtained This 
was dissolved m CHCI, and a few drops of MeOH, put on an alumina column (14 4 5 cm dla ) pached 
m CHCI, Elutlon with CHCI, ytclded smoacutlne (0 058 g) CHCl,-MeOH (95 5) first removed a brown 
band which was followed by a yellow band These when combmed (based on TLC evidence) ylelded nor- 
smoacutme (0 49 g) Further elutlon (150 ml) gave a fraction contammp flavmdntlne (0 22 g) All alhdlolds 
Isolated were compared wtth authcntlc samples 

Brotmnatron of no, rmoacutlne 3H-Norsmoacutme (28 I mg) as Isolated from an appropriate feedmg 
expernnent way diluted wrth unlabelled material and the whole (233 mg) dissolved m CHCI, and Br2 (187 mg) 
m CHCI, (IO ml) was added dropwlse with sttrrmg over 25 mm Stlrrmg was continued for a further 5 hr 
The CHCI, solution was washed wtth I N NdHCO1 and then HI0 After evaporation the dark resrdue was 
passed through an alumma column. eluted with CHCl,-MeOH (I I) The product had an IR spectrum 
ldentlcal to that of an authenttc. sample Counting of the brnmo compound (5 mg) showed that dll the 
radloactlvrty uaq removed, and proving that the trltmm label was exclusively at C-l 

Incorpnmlron o/ I-3H-norrrnoorrr/r/le Radloactne norslnoacutinc was prepared rn a slmllar manner to that 
descrrbed for smoacutme 9 5 mg (4 75 &,‘mg) was fed and slnoacutme Isolated and reclystalllzed by 
dlssolvrng the sample In FtOAc-CHCI, (5 I) with warmlng and then causmg raprd cooling by bubbling N, 
through the solution An Incorporattng of 0 01 :g was obtained 

Experrment wvth l-lH-norrrnoacutrno/~ Norslnoacutlne (216 mg) was trltlrlted as nutllned for srnodcutme 
and 100 mg of the product a? dissolved m EtOH (IO ml) NaBH, (340 mg) was added to the solution which 
was maintained at 0’ for 4 hr After a further 2 hr at rnnm temp 2 N HCI was added dropwise until effcr- 
vescence ceased The solution was then adjusted to pH 9 wrth NH,OH and the mtxturc extracted wrth 
CHCI1 Evaporation yielded two eplmerlc alcohols (TI_C) I2 mg of this mixture of alcohols (4 23 &:mg) 
was fed to the plant and reaped 2 weehs later The extraction of the crude alhalold mixture and then the 
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separation of smoacutme and norsmoacutme were carried out as descr1be.d above (see Table 1 for y/, m- 
corporation) 

Demethylatlon of alkalords from glycme-2-L4C and L-[S-methyP4C] methronme The demethylatlon of 
flavmantme derived from the methkonme feedmg experiment ~111 be described as a typlcal example The 
Pregl-Lleb apparatus was modified for sequential 0- and N-methyl mlcrodetermmatlons,’ so that the 
reaction flask (B) preceding the washer-receiver tram was extended through a Clalsen head adapter to an- 
other reaction flask (A) The washer was charged with NaOAc (25 ‘A) and CdSO, (5 %) (10 1) The receiver 
contained ethanohc NMe3 (10%) and was cooled m solid CO,-acetone bath Flavmantme (30 mg) was 
dissolved m Ac,O (0 1 ml) a crystal of phenol, a small square of alummlum foil and freshly d&lied HI 
(2 ml, sp gr 1 7) were added to flask (A) A stream of Nz passed through pyrogallol, then cone H,SO, was 
adjusted to a flow rate of 1 bubble/set The solution was refluxed (1 hr) and then all but 0 5 ml allowed to 
dlstll into flask (B) over 10 mm This completed the 0-demethylatlon process After removmg the receiver, 
it was warmed to room temp and evaporated under reduced pressure This afforded NMe*I (25 8 mg) A 
new receiver was attached and NH41 (10 mg) was added to the cooled residue m flask’A Three drops of 
catalytic chloroaurlc acid (3 4 %) were introduced, and the remainder of the residue was dlstllled into flask B 
and the residual salt pyrolysed (90 mm) The solution m the receiver on being warmed to room temp under 
reduced pressure afforded NMe,I (2 95 mg), derived from the N-methyl group Scmtdlatlon countmg showed 
that 60 % of the activity was m the O-methyl groups and 29 % m the N-methyl group 

Trrtratron of srnomenme and preparatron of l-3H-tsosmnomenme Smomenme (500 mg) was dissolved m 
HCONMez (2 5 ml), and 0 5 ml trltlated Hz0 of activity 0 1 Cl along with sodium formate (103 mg) were 
added s The mixture was sealed under N1 and heated at 100” for 7 days The solution was then evaporated 
and the residue treated with potassmm-t-butoxlde (700 mg) m Hz0 (10 ml) under N1 overnight at room 
temp An excess of sohd COz was added to the solution and the l&rated smomenme was extracted mto 
CHC13 Smomenme (277 mg) was separated from other products on a PLC plate Some of this product 
(100 mg) was dissolved m MeOH (3 ml) and CHCIJ, freshly dlstllled from PzOs (96 ml) and previously 
saturated with dry HCI, added The resulting solution was kept overmght at lo”, then agitated under reduced 
pressure to remove HCI, and finally shaken with an excess of 1 N NaHC03 The aqueous layer was ex- 
tracted with CHC13, and the dried solution was evaporated The residue was separated on very thm TLC 
plates m CHCI,-MeOH (3 1) The faster running band was extracted and after recrystalhzatlon yielded 
pure lsosmomenme This was Incorporated to the extent of 0 01% into norsmoacutme 

Deuteratlon of smoacutzne A solution of radloactlve smoacutme (25 mg) m HCONMez and D20 (2 ml) 
was sealed with N2 m a glass tube The tube was placed m a stainless steel bomb and heated at 100” for 72 hr 
The tube was cooled to room temp , chilled m ice and opened The solution was dduted with water and 
extracted with CHC13 CHCIJ was evaporated and traces of HCONMe* removed at 50” under reduced 
pressure Purlficatlon on a small alumma column and subsequent crystalhzatlon from EtOAc gave I-‘H- 
Hmoacutme Scmtillatlon countmg showed that less than 3 % bf the actlvlty remained 

Svntheszs of (+)-IN-methyl-14Clretrcufme The procedure used was essentlallv that as reported earher * 
Thdpurlty ofihk l&&led re&uh& was ascertained after TLC on a radlolsotope icanner 115‘mg of the pure 
product obtained has an actlvlty of 1 14 x 10-l &/mg 

Synthesrs of ( ~)-[N-methyf-14C]or~enta/me HCI This synthesis was similar to that carried out by Bat- 
tersby et al 9 and yielded 160 mg of material (1 13 x 10-l &l/mg) A radlolsotope scan of TLC showed 
only one radloactlve component to be present 

Degradation offlaumatitme from (+)-[2-Tlphenylalanme feedmg Flavmantme (90 mg) from both feedrng 
experiments usmg radloactlve phenylalanme was combined and recrystallized to constant actlvlty (5 04 x 
10m3 &l/mmol) This material was converted to NO-dlmethylflavmantme,2 and the quaternary base (57 
mg) treated with 20% NaOH (5 ml) and heated at 120-140” (1 hr) m N2 The alkaline solution was extracted 
with CHCIJ to yield 8 7 mg of a phenol, which recrystallized from MeOH to yield cream-coloured crystals, 
m p 186-190” Dimethy1ammoethano1 produced by this degradation was trapped as the chloroaurate An 
alternative method was used m view of the low yield of the desired phenohc compound NO-dlmethyl- 
flavmantme sulphate was tirst prepared by dlssolvmg radloactlve flavmantme (80 mg) m MeOH, addmg 
Me$O,, (0 5 ml) followed by NaOH solution until the mixture was Just basic The mixture was allowed to 
staid overnight This was subject to Hofmann degradation wlthout separation The solution on cooling was 
extracted with CHCl+ and after acidlficatlon was again extracted with CHCI, Both fractions were shown to 
contam an identical major product by TLC and were combmed and purified on neutral alumma in CHCIJ 
Crystals obtained (25 mg) had m p 186-188”) A zgH 218,255,286, 300,335,350 nm (log ~4 36,4 86,4 38. 
4 16. 3 08, 2 78) UV data 1s characterlstlc of a phenanthrene (Found C, 69 8, H, 6 1 CI,HlsOl )H30 
requves C, 69 7, H, 5 8 ‘4) The activity of this phenanthrene was shown to be 2 36 x lo-* &/mmol and 

s BARTON, D H R , KIRBY, G W , STEGLICH, W , THOMAS, G M , BAITERSBY, A R , DoB~~N, T A and 
RAMUZ, H (1965) J Chem Sot. 2423 

9 BATTERSBY, A R , BROWN, T H and CLEMENTS, J H. (1965) J Chem Sot 4550 
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so accounted for 47% of the actlvlty of flavmantme Due to the very dark colour of the chloroaurate of 
dlmethylammoethanol, no rehable counts could be obtamed on this material, especially rn vtew of Its low 
acttvlty 

Degradatron offlavrnantme from feedmg experrments wrth (I)-[N-methvl-‘“C]orrenta/me Flavmantme 
(96 mg, 1 50 x IO3 dpm/mmol) Isolated from this feedmg experiment was degraded as described above to 
yield 2-hydroxy-3,6,7-tnmethoxyphenanthrene (20 mg) which was ldentrcal (m p , TLC) to that obtamed 
earher This material contamed no actlvlty 

Degradatron of flavrnantme from feedmg experiment usrng (rt)-[N-n~etl~yl-‘4C]retrrulttte Flavmantme (85 
mg), 227 x 104dpm/mmol was also degraded to the phenanthrene described above, but rt showed no 
actlvlty and attested to a lack of randomlzatlon of the N-methyl label durmg the duration of the experiment 

Trrtratron of 8,14-ddzydronorsalutandme and 8,14-ddzydrosalutartdrne 8,14-Dlhydronorsalutarldlne (85 mg) 
was trltlated m the usual way to yield 25 mg (9 7 &/mg) of I-“H-8,14-dlhydronorsalutarldlne 8,14- 
Dlhydrosalutarldme with an actlvlty of 58 @/mg was also prepared and both fed to C flacet,ry In both 
cases, alkaloids &lated were shown to be mactlve 
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