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Park, 

Abatract - Insect bioaaaay-guided fractiooation of seam 011 axpreaaed 

fra the freah fruits of Azadirachta lndica (Helfaceae) raaulted in the 

isolation and structural elucidation of a new linmold, deacetyl- 

awllrachtinol (1). In addition, four pravioualy elucidated llamnolda, 

including audirachtin (2). aelemin (A), 6-O_acetylnlmbandio1 (A), and 

3-deaecetylaalmaln (2) , were iaolatcd from the aume l oarce, spectrally 

identified, and bloeaaayed. The structure of 1 was elucidated by 

spectral caperlaoa with the known azadlrachtin uatig their 4-f 

and b-% ZD NKE spectra to aeaigo tlte tetel ‘H and % chemical 

ahifta. Deacctylaudlrachtlno1 was found to be aa potent aa axadlrach- 

tie in the inhibition of insect ecdyaia when fed in artlficlal diet to 

larvae of the tobacco budworm, Aeliothla vireacena (Noctuidae). The 

other iaolated ltionoida were much leas active againat g. vireacana. 

Indian neem Azadiracbta Mica 04liacwe) la a faat graring aturdy tree found widely in 

India, Paklaten and parta of Africa, and scattered in other parta of the world (e.g., Haiti)‘. 

Almoat every part of the neem tree, including ita roota, leuvee, and fruits, offera Sr+t poten- 

tial for agricultural, induetrlal and comercial exploitation.2 For instance, the aeed oil baa 

coarcial poaaibilitiea for lighting and heating end in the manufacture of unx, lubricant8 and 

soap. In addition, naem oil holda greet promlee for uae in insecticidal formletiosu bacauae of 

ita potent antlfeedent and ecdyaia (moltlug) inhibitory activitlea againat peat inaecta.3 

he mjor active conatltuent in naem la aradlrechtln (2, aee Figure l), one of the atrongeat 

insect antifeedant and ecdyala lahibltory compounda knowo from a botanical aource.4 Ita atroc- 

ture was eatabllahad, mainly beead on apectroacoplc data, to be a complex limnoid.5 Although 

ita structural complexity baa precluded ita econorical ayntheaia, ita potent and specific affecta 

l galnat inaecta may eatebliah it aa a rode1 compound for aynthetlc tiecticida research. 

In an ongoing progrcu to correlate the structure of azadlrachtin with ita activity, we have 

isolated, identified, and bioeaaeyed related limmoida from neam and chinaberry (u aaedarach). 

In the present peper, we report on the iaolatlon, structure elucidation, and biological activity 

of a new limonoid, deacetylazadirachtlnol (1). 

Neem oil fra.the freah frulta of A. Indice collectad In &it1 uaa partitioned into n-baxma _- 
and wtiunol l oluble portiona. Mmitori~ with an l rtlfidal diet feeding bioeaaey6 uain~ 
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wicultural pest Ioaecte, Aclfotbis virercenr, (Noctuidae) and Pectfnophora gosmmiella 

(Gelechifd8e), the activity warn fouod to reside in the Yrthaaolic portion. Submqueat fractiona- 
tion Of the 8cthanOlic portion On silica gal (petroleum ether/ether) was monitored by the insect 

bioassays. The most active fraetht wu further chromatographed on Cl8 rwersed pbaae colmos 

(methanol/reter) to give five actfve compounda, _1 (5 lp), 2 (8 q~), 2 (10 m&, 2 (26 ~1 aad? 

(55 m8). 

Corpo~de 2 (IP X46*, [al, -46', MW 720), 2 (ap 16S*, ial, +154*, 1Iw 5961, 6 (rp 178*, 

ial, +232', My 4%) and 2 fsp 207.. [aID + W", MU 556) were ideatified to be the kom UBO- 

noida, aurdirachtin (i),5*7 aalmmin (3>,8 6-@cety -101 

(218 

(4>' and 3-deucetylmlaanin 

, reopectively, by comparison of their pbyoical and spectral data cap, [a],, MS, lo @MU) 
with pubusbed data (F&we 2). 

-pound 1 (mp 148') was uoknoun in the literature. The JR spectrum (CHC13) of 1 showed 

the prceence of hydroryl @ 34401, enter 0~ 1730, 1720, 17001, double bond (u 1690, 1650) aad 

ether (v 1260, 1230, 1075) groupa, and the FV spectrum (EtOH) ahowed a peak at 222 nm due to the 
* 

n-n tramsltlon of the a,&-uomaturated carbony group. The molecular formula of &waa aacer 

tafned to be C33H44015 baaed on the 44 protow and 33 carbow obwrmd In the 'Ii and 13C NMR 

epectra, respectively, and also on an Ion peak at m/z 645 which remed to be caused by the -- 
fragment [W&,0 + II]+ lo the SIMS. 

Table 1. 1~ and 13~ IW dam of demzetylaudlracbtfaol (1) and 
azadirachtin (2) in cDcl3. 

4 t 2 1% r 2 

1-H 
2-u 

3-x 
!+H 
6-K 

E 
11-R 
15-8 
16-H 

17-E 
18-8 
19-H 
2l.-8 

E-II 
30-H 

32-H 

5.53(t 3)' 
-3,3,16.5) 
2.06(m) 
3.50 
m(d,12.5) 
4.57(dd,3,12.5) 
4.70(d,3) 
3.Mbr.s) 
4( ) 

4:6:(dbtjs5) 
1.68(d1;d:3.5,5.5,13) 
1.33(d,13) 
2.34(d,5.5) 
2.04(a) 
1.45(e) 
XmiiY 
5.05(d,3) 
6.45(d,3) 
3.82(d,9) 
4.05(6,9) 
3.47(d,9.5) 
X94(6,9.5) 
6.94(qq,7,1.5) 
1.8O(dq,7,1) 
1.84(dq,1.5,1) 

3.74(s) 
3.74(s) 

4.58idi.3,12) 
4.62(d,3) 
3.34 

4.70(6,2.5) 
1.7 
1.31(d,12) 
2.38(d.6.0) 
2.06bj 

z% .~. 
5.05(d,2.5) 
6.42<d,2.5) 
3.75 
4.05 
3.65 
4.16 
6.85(0,6) 
1.78(6,6) 
1.84 
1.92(E) 
3.76(s) 
3.65(s) 

C-l 
C-2 
C-3 
c-4 
c-5 
C-6 

z 
c-9 
c-10 
c-11 
c-12 
c-13 
C-14 
c-l.5 
C-16 
c-17 
c-18 
c-19 
c-20 
c-21 
c-22 
c-23 
C-30 
C-31 
C-32 
Q-1' 
c-2' 
C-3' 
C-4' 
C-5 8 
OWC 

OAC 

67.5(d) 
31.9(t) 
69.2(d) 
43.9(a) 
35.0(d) 
76.0(d) 
73.5(d) 
51.1(e) 
43.6(d) 
53.2(s) 

iM+ 

HEf 
74:2(d) 
24.9(t) 
48.8(d) 
18.1(q) 
21.2(q) 
83.5(s) 
109.0(d) 

z'(:; 
7312(t) 
173.9(s)* 
71.3(t) 
166.9(o) 
128.3(s) 
138.7(d) 
14.5(q) 
11.9(q) 
52.5(q) 
52.9(q) 

70.51(d) 
29.37(t) 
66.99(d) 
45.4lW 
37.06(d) 
74.37(d) 
76.43(d) 
sO.19w 
44.69(d) 
52.52(s) 

i&Be 
69.95(a) 

zz 
25:06(t) 
48.67(d) 
20.88(q) 
18.40(q) 
83.55(a) 
107.3(d) 
108.7(d) 
147.0(d) 
72.99q 

173.2(s) 
69.07(t) 
166.1(e) 
128.6&s) 
337.5,(d) 
14.29(q) 
il.%(q) 
52.72(q) 
53.52(q) 
21.33(q) 
169.5(s) 

l Aulepuents could be reversed. 
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Deacetylazadirachtil (1) 

Azadirachtio (2) 

Figure 1. Structures of deacetylazadlrachtinol (1) and azadirachtin (2’, 

and thair partial ‘A and % NHR aeuigment in CDCl 3 
(“C BR asaignmeetfi are in italice). 

Pi6ure 2. Structuree of aalannia (21, 6-+cetyleirbandiol (3) 

and 3-desacetylealannin (2). 



492 I. Km0 el al. 

The % NMR l Pectnn of 1 eugaeetr tbat Amas closely related to azedlrachtln (Tebla 1). 

In pmticular, the utrbon aigxule of C(4)-CflO), C&4)+X17) and C(20)-C(32) of madirachtin 

aseed well wltk the correqxmding eignule of & au& tbet the cerbm skeletoo of 1 wee elucideted 

to be the ame ae that for atzadlrachtin. 

(Praorc 4) 2D l@lR spat& 
Purthemore, tbe WIi @ijpus 3:, and the W3C 

&owed that 1 aleo bed one ti@oyl group and two nethoxycerbtsnyl 

grtmp~, the WC as for audiractttia. 

Homver, in the l3 C NW. of I.8 the signal correepondlng to the C-U. ketal carbon (104.1 ppm) 

wea not observed, but a tertlery carbon signal apPeared at 79.3 pp. In the %i-13C !U NUR 

apcctru~ of _1. this carbon slggml wes coupled tith the 4.47 pp ptotoe eigaal, which aleo showed 

the emell v1c1m.l coupllzq with tbe 9-H el~nal at 3.18 pp %n the %-lH ZD UMR apectmm. 

Therefore, the 79.3 pp I3 C NKS sl~ssl use aaolSned to the IA-C. The small $ N!@ coupling 

between the 9-B and the 11-H (wbf2 - 4 Hz) indicated the dlhedrel ex@e of S-C(9)-C(U)-H wae 

appxox&wetely 90’. Tble iudiceted that the conflyretion of the methoxycerbooyl group attached 

to the 11-C wae opposite to tbet of asedirachtln. 

Alao, the 13C WR chemical shift of the 13-C (66.4 ppm) wee different free that of 

ezadireehtla (69.95 p&t This slgelficant difference iaAlcettd that & bed a structure in which 

the CWFO-CU3) ether l&keSe ma reductively cleaved et the 11 position of aeadlrachtin. Since 

the M-methyl proton8 shwed a larr shifted % NMR eQne.l (2.04 ppr) in 1 by a through epace 

effect of the 20a hydroxyl goup, it was clear that tba U-C canfiSwation of 1 was the eme a# 

that for azadlracbtia. The confommtlon of the dlhydrofuran ring of 1 wan aaeigned 8 beeed on 

azedlrechtln. 

Table 2, Growth and ecdyaie inblbltory effects of neem oil Uwnolda fed in 
artlflclel diet to flret instar larvae of Helfothls virercma. 

==50 a us0 b 95% = 
Test CWpoumd (PP=) (PP=I Confidence Limits 

Racetylezadirnchtiaol (11) 0.17 0.12-O. 23 
0.80 0.66-0.97 

&adlrachtio (Z$ 0.07 0.05-0.10 
0.80 0.46-1.39 

4*Acetylnf8bendl01 (4) 4.4 2.8-7.0 
21.0 15.2-29.0 

J-lkaacetylwleimin <II> 170 d U3-257 

!klumin Q) 170 t 138-210 

* EC do la the effective cmcentretfon h pp~ of additive neceeeery to 
re uce lervel ~rovth to 50% of the control valuea. 

b LC~ ie the letbl concentretioo in pp of additive neccsaarg to kill 
bmsal.ly by feh%biting ecdysie, the finel etase of molting) SOS of tke 
treated ineect6. 

c ‘Ihe 95% confideme l&sits were deterriaed u&o& the method of Lit&field 
and Wlicoxor1~3. 

d No rortdlity was detected up to 200 ppm, the bi&est coneentratloa teeted. 

e No rortelity we detected up to 400 pp, the highest cOncentretlon tested. 
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------ _ ---- _ _._--___________-------~~------.. _______I# 

Ili-lH ZD NML spectruv of deecctylazadlracbtil (1) in CDCl3. 

The lack of1II and * C M slgnale in 1 correeponding to tbe acctoxyl group in azadiracb- 

tin, the one appearence of the +I HnB eignal aaeigned to tbe proton viclnal to an enter group 

(5.53 pp), and the %i 19IB oi&ma.l at 3.50 pp together indicated tht &, contained a 3u hydroxyl 

group and a la tigloyl group by comparison with aradirachtin. The ri~ficaat lov field ehlft of 

the 18 proton (5.53 pp) capered to tbat of audirachtln (4.76 pp) vaa conaletent vith the 

removal of the anisotropic effect caueed by the 11 methoxycarbonyl group. The 19 methyl proton 

signal ehifting upfield (1.45 pp) capered to that of audlrachtia (1.72 ppm) can also be 

explained by the difference of the conflgarat~on at the 11 poeitlon. 

me etrvctore of the nev livmoid vao thua defined ae l hovn In Figure 1 and nemed deacetyl- 

aradlrachtinol. The %I 8nd 
I.3 C l@R aselgmeote of deacetylazadlrachtiaol vere greetly 

facllltated by the l&i and W3C 2D NH spectra. Tbe carbon eeqvance, C(l)-C(3), C(5)4X7), 

C(9)-C(ll), C(15)-C(17) and C(22)-1X23), correeponding to the contlnuoua proton mystem, vere 

readily eetabliehed by the %i-"C 2D m epectnm. lSepe&lly, the une+incal dietinctioa 

between tbe carbon signale, W)/C(~), CUWC(l9). ~G!.l)/C(22), CUO)/C(32) and C(4')/C(5'), bad 

been achieved vithout the aid of any otber cabined Wna tecbniquee. For example. the 4' -thy1 

eignal at 1.80 pp~ (dq, 517 Rz, 1 Hz) end & 5' rthyl elgnal at 1.84 pp~ (dq, J-1 HZ, 1.5 Hz) 

vere obaemed to correlate vith the carbon resonances at 14.5 end ll.9 pp~ reepectively, thue 

providing an vneqafvo~l ueignvent of the tvo vinyl rthyl l ignale. In a ei&l.ar mmer, the 
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11.9(q, 5’) 

18.l(q, 18)- 
-- 14.5(q, 4’) 

- 21.2lq. 
24.9(t, 16) -_... 

- 35.0(d, 5) 
- 31.9(t. 2) 

43.9(s, 4) 

51.1(s, 8) 
53.2(s, 10) 

- 43.6(d, 9) 

- 48.8(d, 17) 

- 52.5 and 52.9 
(both q, 12-OMe and 31-OMe) 

.69.2(d. 3) 

66.4(s, 13) -67.5(d, 1) .I” 71.3(t. 32) m’ :. 
169.4(s, 14) ______-... 

i 73.5(d, 7) “..--= ____ “‘-------.73.2(t. 30) 

- 107.4(d, 22) 

109.0(d, 21) 

83.5(s, 20) 

79.3(d, 11) L-S.- -: 

- 138.7(d, 3’) 

- 146.6(d, 23) 

74.2(d. 15) 

‘76.0(d, 6) 

19) 

Figure 4. +i-% 2D NHR spectrum of deacetylazadlrachtiaol (A) In CD+ 

aeeignmeat of the two mthylene carbon aignale at C(30) and C(32) wae aleo achieved, confirmlog 

the uncertain aeeigoment made prevloualy. The total aaeignmnta of +I and 13c ma aignalr in 

deacetyluadlrachtinol is Ueted in Table 1. -_ 
Ihe biological activity of durcetylazadirachtiaol (1> fed in artificial diet to 4. vlreecena 

la l hom in Table 2 together with the activity of the other limonoide ieolated from ncu. -_ 
Although dwcetylazadirachtinol Q> war about 2.5 fold leee active then use armlirachtln (2) ae 

an lneect growth InhibItor (EC% - 0.17 and 0.07 ppm, reepectively), the two compounds had the 

are insecticidal activity (Lf$, = 0.80 p&. Thue, both capounda inhibited the final stage 

of the ineect molting proceae (ecdyeie), reeulting In death, at the same dletary cmcentration. 



The othu ll~mofde tuted r*re leu active. For ample, 6-+cetylnlmbmuUnI (5) u more 

than 60-fold end 25-fold 1-r active as an inoect grwth inhibitor and Insecticide, reapactively, 

than w8m ass&r&tin. m~~haZ~,~,,th~o,8~tantadketacx i.ntheA-r~,u &out 

39-fold more rctlve 48 mu insect @outh inhibitor thsn us8 3-dencetylsaUnin Q), ub&ch hu a 

tfslate group ande hydronyl~oup intoheAring or’*u ealumin Q), uhlch ti acetyIated at t&e 

3-poeitlon. Neither S nor 2 were lathal to the &. v&r- lamas at the h&heat concentratfm~ 

tested (200 ppm for .5, 400 pm for 2). 4 did prove lethal to 50% of the t-ted inaectm (IA+,) 

at 21 ppa. 

Caperlaoe of the activity of 1 and 2 seew to indicate that the ketal in the C-dug of 

audlrachtin is not necesury for potent ecdysis inhibitory activity, at least against g. 

vfreclcens. Thhia may be in agreement rtth the obaervstton of Dreyerll that many of the moat 

potent of the insect feeding deterrent Umonolda are either of the C-ring eccotypc or with 

features which allow C-ring opening. 

When fed to g. vlrwccms at lower dietary concentratianr, tlmn thon which caused mortality, 

&was found to be lees active (2.5 fold) as a growth inhibitor thn was 2. The reasou for them 

is unknown, although the functfonality (acetory VII hydroxyl) at position 3 in the A-ring is 

probably not involved. For cnmple, no difference in lnecct grwth and ecdyaia inhibitory 

activities NM found with 3-deacetylaradlrachtln when compared to those activities of 

acadlrachtin. Similarly, no difference was found in the insect growth lnhlbitory activity of 

3-deacetylsalannin (2) when compared to that activity of salannin (3) (Table 2). 

Al&x@ the limonoide baaed on the salannin lltceleton were much ICSIS active than those based 

ou the azadirachtin skeleton, their activity seemed to be anbanced by the presence of an 

o,6-unsaturated ketone In the A-ring. For ernmple,iuns more potentthan3or~aa a growth 

inhibitor and iuaecticide. This le conniatentwithtba obaervationthntmany of the moot potent 
of the growth-inhibitory linonolds from the Rutacase and l6xliaceae have an a,8-una&uratcd ketme 
or lactone, both potential ulkylet~ centers, in the A-ring-l2 

The present results are useful in attempts to correlate the insect ecdyefs inhibitory 

activity of azadirachtln with Its structure. However, further rweatch ie needed before compounds 

can be dceigned which are leas structurally complex than l zndlracbtln, yet retain itr potent and 

specific inaectlcidal effect. One of our approachw to fully underetand the structure-activity 

relationships of aradlraehtin vi11 be to continue to ieolate (or, in some casea, generate) 

copounde closely related structurally to azadirachtin (e.g., deacetyIazadirachtiuo1) tn 

asme their relative activity against pest insects. 

and are Gsneral titheda. Ml- points rare determined winp a Sybron Themlyne UF-l26l3 
uncorrected. Optical rotationa uere measured with a Perk&-Elmer 241 and 241 m: Mater. tw 
rpectrumua8 recorded on a BitachilOO-60 spectrophotometu and W spectrumr~ ona Nicol.+ 7199 
FT-IR. HSapectta were obt&.ned ona hltachlkMJ 6-1y:apparatns. CD IpeCwLmuaa wuredvith 
(L Jaaco J-40 apectropolarfmeter. l@Ii and lli-13C MQ). spectra were determined on 8 Varlan WOO. 

Nat&ala. Tha neam 011 (300 8). uhich warn exprund from fresh fruits of 4. indfca 
Collectedfn hiti, WI 8eperated into n-herme (291 8) and methauol (9 g) soluble aoni~. 
The rathun fr+ctlon m8a bt&rm&d on a silica gel column Wllca gel 60, E. Warck) using 
~heranelether and petroleum ether/ether Bolvent @y&e&s, and then purified by Cw reversed- 
phaeclwpre~sure llqufd chromatography (pump: FlufdNmterfB9, Inc ., calmr SR 10&O, pbuvcia 
Fine Chalcal~ packed with Llchroprep UP-18, particle she ZWO~um, B. Fkrck) wing a li2o-&CH 
mlrture aolvant to give A(5 w), 2_(8 m), 200 m6), $28 mg) and z(55 w). 

l C; Cp (HeCH) bc-4.6<237 nm) UV (EtOH) 222 ra (E 213000); 
1630, 1260, 1230 sod1075 e-1; iii m @Cl ) is lfsted 

ted in Table 1.; Si-i&, &E 645 (N-2&#I), l&. 

order to 
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;nP l.56. C; raJ~4 -45.3' (c 0.06, CHCl3); k NMR (CDCl3) in Table 1; 
1; KI-MS, m/z 702 (M+O~, 669, 642, 624. _I_ 

Mp 168. c; ra1$4 +153.8* (c 0.08, CEu3); Iii Nm mcl3MO.98 (8, 311, 19), 
(6, 3H, 301, 1.69 (s, 3Ti, 181, 1.81 Cd, 3B, J-Q Ht, 4'1, 1.95 (8, 6& 5' 

(m, 6ii, ihrB,,ll,,b, lqb), 2.75 (dd. 111, J-6 lk 3 lk, 9). 2.81 (de us PI2 
iiz, 5), 3.24 (8, 311, OMe), 3.58 fd, IH, J-7 Hz, 28A), 3.60 (br.d, I& J-9 a, 17). 3.70 (d, W 
J-7 &, 2Sb,, 3.96 (dd, Ifl, SI2 Bz, 3 3q 6), 4.19 (br.8, UI, ti2-6 *, 71, 4.79 (br.8, =, 
~2-9 RZ, 3), 4.97 (br.e, ur, wW2-9 as, 11, 5.45 (t-me, 111, J-Q Et, 15). 6.30 (br.8, W 
m12-6 EZ, 221, 6.96 (Q, u#, J-Q HZ, 3'1, 7.27 (br.e, IfI, M2-6 Ha, 231, 7.32 (br.8, W wb&6 
HZ, 21); SI-W, m/z 597 Wl), 565, 515, 495, 479, 437, 419, 259, 1.85, 147, 119, -- 

6 
60_acstylnisWoi (4). tip 178-O' C; [ala4 +232+3' (C 0.03, CHCl.3); 'Ii Nlpl (COCl.3) 

1.23 (6, 3H+ 19), 1.35 (8, 3X, 301, 1.37 (8, 3H, 291, 1.67-(6, 3H, 181, 2.00-2.08 (n, lE. 
16e,, 2.20 (e, 3H, MC), 2.18-2.23 (I, 2E, lab, U,>, 2.77 ft, lfl, 33 Hz, 9), 2.91 (dd, J-5 
HZ, I7 Ez, I&b), 3.07 (d, UI, J-13 HZ, S), 3.27 (sI I& OH), 3.62 (01 3E, One), 3.64 (br.d,.I& 
5-7 HZ, 17). 4.07 (a, lip, J-3 Hz, 71, 5.44 (dd, lR, J=l3 Hz, 3 Ht, 61, 5.53 fbr. tr J-7 Hz, 151, 
5.78 (d, J-10 Hz, 21, 6.30 (br. 8, rh/P3 Hz, 221, 6.47 (d, J-10 Hz, 31, 7.21 (br. I# lEB, *h/2-3 
HZ, 23). 7.30 (br. e, I.& wb/234 Hz, 21); SI-MS, I/Z 499 Mtl), 467, 407, 369, 277, 185. I_ 

3-Dt8acatylsaIanain (5). np 207.0' C; [c+$4 +54.2* (c 0.05, CHCl3); 13 NME (CDCI3) 6 0.97 
(t, 3H, 191, 1.18 ( 3 29) 1.30 (8, 3H 301, 1.64 (s &, 18) 1.85 (d 3R J-7 Hz 4') 
(t, 3H, Es'), 2.08 &d "i, $3 Rz 3 lit i6 Rz 26) 2.i2-2 38 & !Bl 2a' ll'b 16 bj 2 ;2 

1.92 

(d, l& J-10 Et, OH), &&dd, lH: J-lO'Bt, 3 ;rt, 9;* 2.73 id, 3H: J-i3 If:, 5I;,'3.28 & kt. 
me), 3.62 (br.d, Iff, J-8 Hr, 171, 3.65 cd, lH, J-7 ?iz, 28,), 3.88 (ddd, 131, J-3 k, 3 h, 10 
Hz, 31, 4.01 (dd, IR, J-4 Hz, 13 Hz, 61, 4.13 (d, IJI, J-7 Hz, 28b), 4.18 (d, m, J-4 fir, 7)s 
5.02 (t, IH, p3 Hz, 11, 5.39 (br. t, 111, J-7 As, 151, 6.27 (br. 8, lH, rh/2-3 Hz, 22)s 6.91 (qd, 
l.H, J-7 HZ, 1 &, 3'1, 7.25 (br. a, I& wb./2-3 Hz, 23), 7.31 (6, llf, 2l); EI+S, $g 3% (N+), 
522, 471, 421, 283, 173, 83, 55. 

Bioaq8. Ae prevlouely described,6 an ertifickel diet feeding bioasmy with n~rlp_ 
hatebed larvae of the tobacco budworm, 1. virescene, end the pink bcllr~ts, g. p88YVblW 
WAA USA~ to detect insect grarrth end ccdysls inbibltory 8ctivltfee in tba plant 8*rect* end 
to monitor the fractioeetioe of tbe extracts. Tbo mme bioeseey (with;. vlreecens onIy) was 
wed to determine the potency of the isolated colllltituente. Potency ms determined either tt 
the effective concentration (XC& of additive necaseary to reduce larvel growth to 30% of the 
control vtieee or ae the 1ttb& concentratfon (U: ) of additive neceeeary to kill (-Y bt 
inhibiting tqdysie, the fina.l stage of soltin& 5? X of the treeted lneeets. ECU] and LC50 
v&me were &tcr&ned from log probit paper and ana.lysed etAti8ti~y by th+z nAthod of 
Lit&field and Uilcoxon~. 
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