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Abtdnct liatractian of the dried fruity from the cannon ball tra: Ccrurnupiru quiunemn Auhl.. yickkd &it- 
dihydrvCh12dioxoimfdo[Tl-blqu~~Line ~t~th~~ la as wcil as in&go 17) indi~bin t&f and 1ylw~ 
Compound ta could readily be synthaized by condensation af isstin with isatoic anhydride (6) in pyridinc. 

Rcocntly a yellow compound isolated from the fruits of 
the cannon ball tree, Cmroupi~a quiun<ncis Aubl., was 
idcnti&d by us’ as 6,12-dihydro-6,12-dioxoindolo- 
[2,1-6)quinazoline (Ia) (tryptanthrin), which carlicr’ 
had been assigned the erroneous formula 2. 
Subsequently Honda et ol. 3, ‘identified tryptanthrin~ 
the active principle in the tcavcs of Sr~~bi~~r~~s cusi~l 
0. Kuntz, which has a long tradition in Okinawa as a 
rcmbdy against dcrmatophytic inf=tions, notably 
athlete’s foot. 

Furthermore the Japanw! workers could isolate 
tryptanthrin from Pu~~g~~~ rinctariwn and /s&s 
rinctnrio. lntcrcstingly la can also be produced by 
dircctcd biosynthesis when the yeast, CIXI&&I 
iipofytica is fed with rtlativcty large amounts of 
tryptophan.’ ’ The fact that tryptanthrin is a highly 
spcciific antimjcrobial agent against dc~atophyt~, 
notably an cnict similar to that of griscofulvin (3) 
against Tric~~~p~~r~n ~~~~r~ph~~~$, has already 
triggered the devtlopment of several synthcscs* ’ ’ as 
well as cultivation methods,* 8 of tryptanthrin and 
various halogen and NO,-substituted andogu+f. 

T~ptanthrin (la), whose structure has been 
cstabfishcd by X-ray crystatlography,‘2 and also 
studied in detail by c.g. NMR spectroscopy,” is a 
compound with a long historyI and the compound 
was obtained by O’Ncifl as early as 1892. Howcvcr, the 
old’. “synthetic methods, which include’” treatment 
ofisatin with hot aqueous KMnO,, arctimitcd in scope 
and give poor yields. The method” of &idG and 
Chetintsev. which involves nuclcophitic substitution d 
2chforobcnzoic acid with 2-~jn~~noji~ followuj 
by cycli;ration to 4, and subscqucnt oxidation of4 with 
Cr03 to fa, is ofspeciat intcrcst as it is relatively simple 
and should be considcrcd for the synthesis of certain 
analogua. This method Stems to have faltcn into 
oblivion.” 

For the synthesis of tryptanthrin itself and several 
analogues the most &cient tcchniquc is to heat isatin 
@a) and isatoic anhydride (2H-3.1~bcnzoxaxine-2$- 
(I H)-d~one)6~n py~dinGfor ca 1 hr followed by cooling 
and collection ofthc~ystalsfo~~ (7S-95% yield). N- 
Mcthylpj~~dinc was found to bc a useful catalyst in 
this condensation. 

In order to get high yields it was found to bc nm 
to add an agent to trap the water formed in the 
condensation @a + 6 -+ lab. Diisopropyl carbodiimidc 

or an cxccss of isatoic anhydridc can bc conveniently 
used2’ for this purpose, In thisconncction it was found 
that although isatoic anhydride can bc conveniently 
rccrystallizcd from dry pyridinc it decomposes in 
aqueous pyridint. 

Thedricd and pwdcrcd fruits wcrcextractcd with an 
alkalinc Na,S,O, solution. AtratiOn yielded (O.OrrSY~) 
indigo (7) which proved to be the major indolic 
constituent. Howcvcr, it shoufd be noted that the 
frcshlyclcavc4 fruits arc colorless but do bccomcdark- 
green within 60 see. The structure of the indigo- 
generating compound has not been dctcrmincd. 

Chromatographic separation of an extract (CHCIS) 
from a dried and powdered fruit yicfdcd exapt ta also 
indirubin(&).acommoncongcncr2’~2zofindigo,anda 
small amount of isatin (5a). which thus now for the first 
time has been isolated from plant material.” in this 
connection a rcccnt report by Kapadia” concerning 
the isolation of the isatin derivative !% from the plant 
Melcrchia tomento.su L. is of intcrcst. 

lndirubjn was earlier tsolatcd from Cuuroupira 
yuiunems Aubl. by Scn et ut’ but these workers failed to 
identify it and caltcd the compound couropitinc R. 
which thus is a superfluous name. The monoacctyl 
dcrivativc (rcportcd m.p. 186”) obtained by Scn seems 
to bc the N-acctyl derivative gb although the melting 
point was found to bc 214 21 S’.Thc N,N’-diacctylatcd 
derivative tk has carficr been rcportcd by de Diesbach 
and Wicdcrkchr” as a product from the interaction of 
indirubin with aatyl chloride in r&axing acetic 
anhydridc. Howcvcr rep&ion of this cxpcrimcnt only 
yielded 8b. 

FinaMy. rcccnt rcportP’ ” by Chincsc workers that 
indirubin inhibit Lewis lung carcinoma and Walker 
carcinosarcoma 256 is of considcrabic interest. The N- 
acrtyl derivative 8b showed equal or slightly higbcr 
activity.~c~o~~~ndingN~thyldc~vativ~~~3~ 
to bc even better. 

EXPERIMENTAL 

IR rpactrr were obtain4 using a Perkin Elmer 257 
instrument and mats spectra were rmrdal with 8n LK B %)QQ 
mafs rpobromctcr. UV spectra WM rsxxdcd on a Perkin. 
Elmer llitachi 200 spcctrophotomctn. The dara of the 
tbitowing compounds were in compkte agrcemcnr with thov 
previously given in hterature. In rl.&. 
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Exrrucrion u~~~~~~s~~rn Couroupi~a quiancmir. D&d 
and powdered fruits (1 kg) of Cmmmpita qWmmsis wcn 
extracted with CHCl,. The evaporated ex!ract was dissolved 
in CHrQr, filrtrcd {to remove some indigo) and fihcred 
through a column of srhca gel to remove the rest of the indigv. 

The resulting wln was concentrated and chrvmalograp~ 
on sihca gel using CHsCls containing slowly increasing 
amounts of MeOH as elumt. Tht fvfbwmg compounds were 
isolatai m order delutmn (da tv the colour of the compvunds 
the acparation is easy to follow): tryptanthrin fla) 140 mg 
indirubin @a) UI mg : isatia (%) 8 mg The indigo containing 
r&dues were sublimed yrelding mdlgo @SS mg$ This vaiuc 
might be compare4 with the amount fg50 mg) obtained by 
extraction al the dried fruits (1 kg) with an alkaline soln of 

NarSrO,, followed by aeration. fihranvn, drying and 
suhhmafion 

In&s&in @a).” 2~h~oroindoknin-~~ (I.65 g)” and 2- 

indohnonc( 1.33 g) were refluxcd in dry toiu~~~~rnl) fvr 1 hr, 
whereupon the solid formed was cvllociad washed with 
tolucne and recrystaliizcd from dimethyl sulfvxidt, yield 2.6 g 
(PgT,); m.p. z7 340”. 

Arcryiurivn ~~~~j~ (&), Aatyl chloride [OX371 ml) was 
added 10 a soln ofindirubin [262 mg) in dry pyridine (MI ml). 
The mixture wax then heated f&S”. 2 hrf and qumched by 
addition of wamr. The 81, formed was cxrractai by CHrCIP 
After drying and concentration the residue was chromato- 
graphed on a pmgmrativc TLC-p&e using CHrc?, cvntinmg 
M&H(19,)asducnt. Under theseconditions& had fhc R,- 
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valucO.6S~~d~~cR~v~~O.83.~i~la!~y~ldof~was 
ZlOmg(?~*): m.p. 21&21S’(lit.’ m.p. 186’); IR (KBr) 3310, 
1710.16W).l620,1500,1460,1370,1MO,1270,1140,l0X),900. 
?8O.?SOcm ‘;MS,m’cU)4(M’.451,262(3003.2~(55t,2X) 
(18). 205(23); UVjViSri,(E1OH)204fl08~4.32),2Ut(4.273 
290(4.16), 360(3.56), 549(3.9O)nm. 

Methud A. isatin (7.35 8) and isatoic anhydridc(8. IS 8) was 
added to a well-stirred solution of N-m~thylpi~~di~(O.2 ml) 
and diisopropyl carbodiimide (5 ml) in dry pyridine (35 ml) at 
6CMS’.Adcar soln wasquicklyobtarncd follow&shortly bya 
~~$k~voiutrono~C~~. W~cnth~evolutions~~id~ thctemp 
was slowly (during 10 minf incrtasbd to 75 hfing this 
operation crystallization of Ia usually commcnscd. To 
complete the reaction a final heatrng period (30 min) at 95~ 
100‘irsuitahk.Fina11ythtmixturewasnx~~andtheayrtals 
colkctat. washed with Y&H and dncd, yield 11 S3 8 (939~) 
m.p. 263-268” flit.‘* m.p. 265-266”). if the drying apnt is 
omitted the yield drops to 68%. 

M~rhud it. 2-Chloromdoknin-3+ne (8.33 8)‘. and 
anthranjl~mide(6.~ g) were rcfluxed in CH ,CN (~rnll~or 15 
min. whereupon the solid formed was collected washed with 
water and rccrystallizd from A&H or dtmethyl sulfoxide, 
ytcld 10.17 8 (XT;) m.p. 267-268”. 

The bllowmg compounds wcrt similarly prepared (using 
method A): lb yreld (8T”,) m.p. 285-286’. Ic yield (76”~~) m.p. 
103 305 , II yield (8@‘,) m-p. 326 328 . 

Financial support was given by the Swedish Board of 
Technical Dcvelopmcn~. 

Acknu&dgemenrs WC thank Sfrs E. jramir, Georgetown, 
Guyana; I>r M. T. Thomas, Waterloo, <?ntario, Canada; Dt 
D. Rajapak.sa, Colombo. Sri Lanka and Dr R. Liming. 
Ilppsala. Sweden, for vaiuabk help m connection with the 
colkction and transport ol t he fruits. A generous @ft of isatos 
anhydride fram BASF, Ludwighafcn, Germany, is 8ratcfully 
acknowkd8cd. 

REFERENCES 

* J. Bergman, B. Egcstad and J. 0 Lindstrtjm. Ihrruked~an 
Lptrefs 2625 (v?771 

‘A, K. Scn, S. B. Mahato and K. L. Dutta, Te!ralvdran 
iarrers tio9 (1974). 

‘G Honda, M.Tabataand M.Tsuda Pfanra Medica37.172 
f 1979). 

*G. Honda and M. Tahata, PIuntu ,/je-dice 36.8s (1979). 
‘G Honda. V. Tosirisuk and M. Tabata, Parry .Medicu 3%. 
27s (1980). 

*F. Sthindlcrand H. Z.&hncrArch. Micr&iol.?9,18?(1971). 
’ E. Ftcdkr, H.+P. Filer, A. Gcrhard, W. Keller-!ichiakin. 

W. A. Kbnig and H. Z&hoer, AI& Micro&&. tO7, 249 
(1976). 

*H. P. Fiedkr. Diss. Tijbingen (19745. 
QL.A.Mitscher. W.C. Won~T.DeMeullrtnaere,J.Sulkoand 

S. Drake. ifcrcmcydes 15, 101?(198lf. 
laM. Y. Jarrah and V.ThaJkr,J. Chum. Res (M)2601(1980). 
‘) J~KokaiTokkyoKoho~47,~~tr~Tak~a~~~.lnd.~ 

Chem. Ahstr. 93, 186400d (1981). 
‘* W. F&ii and F. Hazza, J. Cknn. Sot. Perkin 7iwt.x I 1621 

(1974). 
’ 'H Hachcmcr,&r. Dtsch. Ckem.&sbT. 1341 (t93O)and &s . . 

thercin, 
I* P I;r&l&dcr and N. 

&s 48, I841 (1915). 
Roschdcstwcnrky. fir. lkwh. Ckm. 

“C. W. Bird, Trrrahedrun 19,9OI(1%3). 
‘*R. Kikumolo and T. Kohayashi. Tetrahedron 2% 3337 

(l%@. 
*-D. R. P. 287,373 (to BASF) (19141. 
“J. Martinet and M. J. Grosjcan, Rev, pen. des MaG.@es 

colorames 28. 3 (1922) and r&s therein. - 
“0. A. &de and G. V. Chclmtxv. J. Cim. C&m. USSR 7. 

2318 (19371 
“*G. Coppola, 1. I&r. Chem. 17.1785(19~) 
It E. Eostcin and P.G. Miles. Bar. Mao 7’okvo79.566(1966l. 
It A 6. Perkm and A. E. Everest.?Tlu ~kmuol &anic 

Cofiwin~ Mutmm. pi. 475 528, Longman, Grun. London 
fIYf8). 

*~S-Chforo-&met hoxy- I mcthylisatin had earlier heen 
Isolatcd’” as a mctabohte from cultures of Micromono- 
sp>ra carhonactu. 

“‘H. Rcimann and R. Joret, Chin. Ind, 2173 (lW7). 
“G. J. Kapadia, Y. N. ShuklaS. P. Basak, E. A. Sokoloski and 

ti. M. Faks. ~rr~~h~dr~~ 36,244t $ f9RO). 
“H. de Diesbach and F. X. Wiedakthr, Jlelc. C&m. Acta 

28,690(1945). 
rbX.-J. Ji, F. R. Zhang. J.-L. Lei and Y.-T. Xu, fuo Cfsuch 

fisaek You i&146(1981). 
*‘Q. Zeng, D. Du, D. Xie, X. Wan8 and C. Ran, ~ho~~~~ 

13.24 (1982). 
I’F. Fang and G. Wu, %hq$naa N&kc Z&i 21,312 (19821, 
*‘G Wu J. Liu. F. Fan8 and J. Zuo. Sci. Sin. Ser. 8 2S. 1071 

$82): 
“Jpn Kokai Tokkyo Koho JP 57.209.271, <hem Absrr, 98, 

143702q (1983). 
Ji Y. Cai, C. Xu, S. Li and Y. tiu, Zhonegu, Yixur Kexveywa 

Xuchuo 5, 161 (1983). 
“C Li and X. Ji, Yooxur Xivboo 1% 232 (1983). 
“A. Wahl and P, Bagard, Bull. Sot. Ckim. f’r. 15,329 (1914). 
M J. Grimshaw and W. B&y. Symhrsit 4% (1974). 


