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Summary Several novel rearrangement reactions of the natural product azatichtm and 

related denvanves have been charactensed usmg a combmation of x-ray crystallographic and 

high field nmr techmques The insect anhfeedant propemes of these and a number of C7 

mod&ied compounds have been mveshgated 

Durmg a systemanc programme deslgned to probe the structure-achvlty relanonshlps of the potent msect 

antlfeedant and growth dlsrupang agent azaduachtm (l), we 2,3 and other& have reported upon simple 

functional group changes and their resultant effects on brologcal acfivlty In further stu&es, mlhated by our 

desire to construct a concise relay sequence to enrrch supplies of advanced synthetic mtermtiates, we have 

noted more extensrve skeletal changes. We have also shown that simple structural fragments of the natural 

product can display anhfeedant activity against some species of Insect 6 Furthermore, durmg our synthetic 

stu&es, we have defined strateges for the preparanon of key umts of these mterestmg molecules 1,758 

(1) 
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Theaunofthrsworkrstoprovrdenewen vironmemally safe, behaviour modrfyrng compounds which may 

be used in integrated pest control pmgmmmes This will encompass compounds that will aid our understandmg 

of host-plant selection and feedmg mechanisms of insects. The complex saucmrec presented am amongst the 

first examples of highly rearranged limonoids from the a&m&tin series to be evaluated as ant&darns. The 

biologrcal ch amcmrimtion of these molecules has provided us with new cxmpcwnds(*yfra)&ch~morc 

stable than the parent azadnachttn (1) and yet retam full brological activny This observatnm could be important 

m the future wmmercrahsatton of these materials Moreover, the reported rearranged compounds give new 

mwght mto the structure-actrvrty relationshrps of these important molecules Eventually these studres wtll be 

directed towards the desrgn and synthesis of smaller molecules capable of numicking the acttvny of then more 

complex natural CotlMerparts 

Here we descnbe some novel rearrangement reactrons of the azadrachan skeleton whtch have provrded a 

&verse array of new compounds for screenmg and also assrsted 111 the formulation of synthetic pathways 

Addmonally, we wrll dtscuss mod&atrons centted on the C7 hydroxyl group, mcluding the first examples of 

oxulatton at tlus posmon.6 It is our belief that the correct dtsposmon of hydroxyl functronahty at thts site 1s 

essenttal for biologtcal actrvity 

We had prevrously shown that the azadnachtm-acenc acid adduct (2) could be thermolysed to recover near 

quantrtatrve yields of (1) b We now fiid that on a larger scale thrs reactron also affords a new compound (3). 

isolated m 17% yield, along wrth (1) as the mayor product (22%) (Scheme 1) The structure of (3), whtch 

follows from its spectral propertres, requires an mvolved rearrangement of the nght hand pomon of the 

molecule 

Scheme 1. 

23 

+ (1) 
This new compound (3) has some structural sunilantres to that which we obtamed on Lewis acid catalysed 

rearrangement of salannin Zh The C-Mg tetrahydrofuran, formed via C7-OH ring opemng of the Cl3-Cl4 

epoxide, is rdenncal to that found m the azadtrachtmms. 9J” In the 13C nmr spectrum of (3) the orrgmal Cl3 

and Cl4 quatemsry epoxlde carbons and the Cl8-methyl resonances were shifted u&eld wrth respect to the 

starting material (see expenmental sectron), mdicatmg epoxrde opemng. The butenohde functron could be 

identrfied by its charactensnc double bond carbon resonances (6148 5 and 6132 2) and by the presence of one 

olefimc resonance m the 1H nmr spectrum (67 32) Thrs olefrmc proton was shown to be attached to the mom 

upfield carbon (6132 2) by a r6C-rH heteroatom correlatton spectrum Thus. and the nOe enhancement of 

+2 4% observed between H-22 and H-23 mdrcates that the butenoltde 1s attached to the D Mg by a C17-C20 

bond A small couplmg exists between H-22 and H- 17 In selective one dimensional decouphng expenments 
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evident that the hydroxyl group at C20 had dsappeared The l3C nrnr revealed the dlsappearence of the 

charactenstlc epoxide resonances of Cl3 and Cl4 The opemng of the epoxlde was also apparent from the 

upfield slnft of the CII-methyl [62 01 in (1) to 61 65 m (S)], a charactenstuz of the azaduachtmm 

skeleton lo,11 The spectral data IS consistent Hrlth the formation of an oxetane rmg through the openmg of the 

epoxlde function at Cl3 by the C20-hydroxyl group. This IS further supported by the observed nOe 

enhancement of H-7 (64 45, lH, dd, J 3.9,2 7 Hz, +5 0%) upon &ation of H-21 (85 56, lH, s) and by 

other chermcal experunents on related denvatwes l3 Hqh resolution accurate mass measurement and elemental 

analysis were both consistent with this assignment. 

Scheme 3. 

HZ (latm), PdlC, 
11-methoxyazadlrachtln w 

MeOH, 20hr 

I 

Hz (latm), PdlC, 
MeOH, POrnIn 
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J 

NaBHa 
CeC13 7H20 
MeOH 

For other studies, we were interested m oxldatlon products of the hindered C7-hydroxyl group At first the 

oxidation of thrs secondary hydroxyl group appeared rnvlal Unfortunately, due to strong hydrogen bonds 

between the C7 and C20-hydroxyl groups and the Cll-hydroxyl group and the C13-ClCepoxlde, the nght 

hand potion of azadlrachnn effectively shields the C7 position After much experunentanon it became clear that 

efficient oxidation was only possible following Cll-OH protection This was selectively and efficiently 

achieved by reactmg azaduachtm with methyl iodide in the presence of silver (I) oxide at 43T for 4h to give 
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1 I-methoxyazadrrachtm4 in 86% yteld.7e accompanied by some 11,20-drmethoxyazadtrachtm. II- 

Methoxyazaduachtin could be sclecuvely hydrogenated in methanol over Pd/C to gtve (6) m 82% yteld 

(Scheme 3).14 Hydrogenation for longer penods gave a 93% yield of 11-methoxy-2’,3’,22.23- 

tetrahydroazaduachtm (7). Compound (6) can be oxuitsed to the CT-ketone denvauve (8) in 86% yteld usutg 

Dess-Martin penodmanet5 (Scheme 3) It was ranonahsed that methylation of the Cl1 hydroxyl group 

effecttvely removed one of the hydrogen bonds whrch resulted in an increased avarlabthty of a more reacttve 

conformer where the nght hand srde lay away from C7. Reduction of (8) wrth the Luche reagent16 regenerated 

(6) (44 S) and also provtded the C7 eprmenc alcohol (9) (34 %). an important compound for our structure- 

actrvtty profile The 1H rum spectrum of (9) showed stgmficant broadening of a number of resonances due to 

resmcted rotatron. This fluctronal behavrour augments our ideas concemutg the importance of specrfic 

hydrogen bonds rn determuung the conformation of azaduachtm. 

Figure 1. 

Prolonged treatment of (6) with pynduuum chlorochromate 17 (PCC) ur the presence of 4A molecular 

steves tn anhydrous dtchloromethane gave the novel Qketocarhonate (10) isolated tn 72% yteld (Scheme 3) 

This oxidatrvely cleaved product was also produced when pynduuum drchromatela (PDC) was used as 

oxidant The formation of (10) IS probably due to chromate ester formatton at the angular C20-hydroxyl group 

followed by C2OC21 cleavage asststed by the P-acetal moiety 

The structure of (10) followed from 1H and 13C nmr expenments and unambtguously by smgle crystal x- 

ray drffractron analysts (Fig 1) The novel compound (10) can be further degraded by base mediated retro 

Aldol reaction to gave key buddmg blocks for our total synthesis studtes 7c The resultant decalm fragments 

from the cleavage reaction are surtable for addmonal modtficauon to novel analogues to probe further the 

btologtcal acttvrty of these systems The drketocarbonate (10) therefore plays a prvotal role tn our research 

programme 
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Compound (13) wses by methanol opening of the CX-natal followed by reacetahsatmn at the C7- 

carbonyl group, wrth theresultant C!Rs-hemiacetal mm olRnlngtheepoxldermgatc13 Tbesmlcmre 

of (13) was again de&rmu& by single crystal x-ray dSfrauion analysis fig. 2) 

Finally, e ncouragai by our earher success in the use of Dess-Mar&s penodmane as a rmld and selmve 

oxuiant, we addressed the pmblem of obtammg 7-ketoa&nac htm, a vital compound for completmn of our 

structure actlnty profiIe. Indeed, oxidation of the azaduachtm aceac aced adduct (2) with periodmane did 

provide the correspondmg C!7-ketones (14) and (15) Thermolysls of (15) then allowed isolation of 7- 

ketoeachtm (16) (Scheme 5) The lmtial oxtdatlon step in this sequence has subsequently proved 

somewhat capricious, however (16) has been obtamed m sufficient quantity to allow its charactensation and 

holo@cal assesment. 

Scheme 5. 
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With a collection of novel and highly rearranged azaduachtms m hand it was necessary to assess th~er 

potential as insect ant&&ants To date it is still unclear how much of the molecules activity is due to the left- 

hand decalm pomon. These s&es complement our analyns of the Importance of the right-hand pmon to 

azaduachtins potent bzolog& acawty 6 

Larvae of the Al&an leafworm Spodopteru krrorufis (Bcnsduval) were used to assess the antlfeedant 

actwvlty of the compounds in a choice bioassay. Larvae, 24-3&r mto the final stadmm, were placed m&vldualIy 

m Pem dishes (8 5cm diam.) with two glass-f&z chaos (Whatman GF/A, 2 lcm &am.) The discs were made 

palatable by the addmon of a lw ahquot of 5OmM sucmse and allowed to dry One disc acted as a control 

and the other was treated wtth lOOp1 of a solution contaimng the test compound at either lppm or 1Oppm The 

dned &scs were weighed before being presented to the larvae. ‘Ike bmassay was terminated after the larvae had 

eaten approximately 50% of one of the discs, or after 24hr if larvae fouled to eat 50% of either disc The discs 
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were reweighed and the Antieedant Index calculated, where C and T represent the mass eaten of the control 

and treatment &SC, respectively A potent antlfeedant would be reptesented by a value greater than 75% 

The table illustrates that compounds showmg gross structural rearrangement of the hydmxy&hydrofuran 

acetal pomon of the molecule, for example, (3), (5), and (13), are less active than azadlrachun (1) 

Interestmgly, the potency of compound (3) 1s comparable to that of a smular product Isolated from the Le\~ls 

acid catalysed rearrangement of salannm. 2b From the table one can see that methylanon of the Cl 1-hydmxy 

group and hydrogenanon of the acid lablle C22,23-enol ether molenes in (6) and (7) has no demmental effect 

on actlvlty The fact that methylatlon of the Cll-hydroxy group 1s possible wtthout reducmg act~vlty 1s 

important as the hermacetal feature of the parent molecules causes them to be unstable However, further 

alkylanon at C20. as m compound (ll), results in a decrease m activity, especually at 1 ppm. Thus act~ty IS 

further reduced when the C7-hydroxy group 1s oxldlsed as m compound (12) A comparison of the acavlty of 

(6) with (8) and (1) with (16) shows clearly that oxldanon at C7 results In a decrease m actlvlty Further 

support that the C7-hydroxy group may play a role m enhancing antlfeedant activity can be obtamed by 

compsnng the potent activity of (6) with the slgmficantly less active eplmenc alcohol (9) However, the 

observahon that the novel nng cleaved carbonate (10) has reasonable antieedant acnvlty shows that a hydroxy 

group at C7 1s not essenhal for achvlty, nor apparently 1s the ng~dlty and specfic substitution pattern associated 

with the hydroxyfuran acetal fragment essennal for actlvlty Overall, these results offer valuable mslght mto the 

complexltles associated with the design of sunpler sltemaave structures to the potent annfeedant azadtrachtln 

Table: Annfeedant Index [(C-T)/(C+T)]% of test compounds [mean k(sem)] 

Concentranon @pm) applied to &scs 

Compounda 10 1 

1 100 (0 o)** 99 (1 l)** 

3 64 (8 8)* 41 (15 2)* 

5 16 (13 2) 22 (15 2) 

6 100 (0 o)** 100 (0 o)** 

7 lOO(0 o)** 98(1 6)** 

8 100 (0 o)** 26 (14 0) 

9 46(12 l)* 35(7 4)* 

10 63 (12 8)* 61 (13 l)* 

11 95 (2 3)** 66 (12 6)* 

12 100 (0 o)** 29 (13 8)* 

13 31 (10 8)* 33 (6 9) * 

16 23(12 3) 21(6 0) 

a = 15-20 rephcations 

Slgnlficant achvity, ** = P<O 01, * = PcO 05, Wllcoxon matched-pus test, C versus T 
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Experimental: 

lH and 13C nmr spectra were recorded m CDC13 unless otherwlse stated, on a Bruker AM-500 mnr 
spectrometer, usmg residual protic solvent CHC13 (&=7 26 ppm) or CDC13 (&=77 0 ppm, t) as mtemal 
reference Infra-red spectra were recorded on a Perkm-Elmer 983G spectrometer Mass spectra were recorded 
usmg VG7070B. VG 12-253 and VG ZAB-E mstxuments m the Impenal College Chermstry Department Mass 
Spectroscopy laboratory and the SERC Mass Spectrometry Service m Swansea Microanalyses were 
performed m the Impenal College Chermstry Department nucroanaly~~I laboratory Melnng pomts were 
determmed on a Rachert hot stage apparatus Opt& rotauons were measured usmg an Optical Acnvlty AA- 
1000 polanmeter Molecular mcdelhng was performed usmg the MACROMODEL package,lg on an Evans and 
Sutherland PS-390 graphics termmal Flash column chromatography was performed on Merck Kleselgel60 
(230-400 mesh) Flonal refers to 230-300 U S mesh Flonsll as supphed by BDH Ltd Dlchloromethane 
(DCM) was dlsnlled from phosphorous pentoxide and methanol from magnesium. Petrol refers to petroleum 
ether b p 4.0~60°C which was &salled pnor to use as was ethyl acetate Analyucal thin layer chromatography 
was performed usmg pre-coated glass-backed plates (Merck leselgel 60 F254) and visualised by acidic 
ammomum molybdate (IV) Numbenng for lH nmr assignments follows the natural product numbenng 
system Couplmg constants are measured m Hertz The nmr assignments follow the azadlrachtm carbon 
skeleton numbenng system 

Preparation of (2aR, 3R, SS, SaS, SS, SaR, SbS, 9S, lOS, 12R, 13R, 14aR, 14bR, 14cR) 
Dimethyl 3-acetoxy-12-(2,5-dihydro-2-oxo-3-furanyl)-S-(2-methylbut-2-enoyloxy)-8,9,lO- 
trihydroxyhexadecahydro-9,13-methanodifuro[2”,3”,4”:4,4a,5;3’,4’:l,Sa]naphth[2,3-~]- 
oxocine-2a,8-dicarboxylate (3). A flask contammg a thin, even film of 23-a$-acetoxy-22,23- 
dlhydroazadlrachtm (2) (153mg, 0.196mmol) was heated rapldly to 165°C under vacuum (0 OlmmHg 
pressure, mercury dlffuslon pump) for 50 mm After coohng, the residue was punfled by flash 
chromatography (gradient elutlon, O-108 methanol/ethyl acetate) to @ve, m order of elutlon, azadlrachtm (1) 
(314mg, 22%), and the rearranged compound (3) (23 8mg, 17%) as a colourless foam, [a]:=-45 5 (c=l 32, 
chloroform), urnax (film) 3375, 2963, 1739. 1705, 1433, 1374, 1266, 1215, 1138, 1042,978,928 and 734 
cm-l, 1H 6 (CDC13, natural prod numbenng) 1 45 (3H, s, l8-CH3). 1 60 (3H, s, 30-CH3), 1 78 (3H, dd, J 
7 1, 1 1, 4’-CH3). 1 86 (3H, d, J 1 1, 5’-CH3), 194 (3H, s, 3-OAc), 2 07 (lH, dd, J 15 6, 8 0, H-16), 
2 13 (lH, dt, J 16 8, 3 3, H-2), 2 27-2 33 (2H, m, H-2 and H-16). 3 14 (1H. d, J 12 7, H-5), 3 21 (lH, d, 
J 7 6, H-17), 3 49 (IH, s, H-9), 3 67 (lH, d, J 9 9, H-19), 3 71 (3H, s, C@Me), 3 75 (3H, s, COzMe), 
3 81 (lH, d, J 8 9, H-28), 3 95 (lH, d, J 3 4, H-7). 4 01 (lH, d, J 8 9, H-28), 4 17 (lH, d, J 3 8, H-15), 
4 19 (lH, d, J 9 9, H-19), 4.38 (lH, dd, J 12 7, 3 4, H-6). 476 (IH, t, J 2 8, H-l), 4 84 (lH, dd, J 19 8, 
1 3, H-23), 4 86 (lH, dt, J 19 8, 14, H-23), 4 90 (1H. s. OH), 5 47 (lH, t, J 3 0, H-3), 6 89 (lH, dq, J 
1 5, 7 1, H-3’) and 7 32 (lH, m, H-22), t3C 6 (CDC13) 12 1 (C5’), 14 1 (CY), 18 0 (C30), 21 1 (C3- 
OCOMe), 24 3 (C18), 29 9 (C2). 31 3 (C16), 37 8 (C5), 48 5 (C9), 43 1, 49 6, 53 2 (C4, C8 and ClO), 
52 7, 52 8 (2xC!O#e), 55 5 (C17), 60 0 (C3), 67 9 (C15), 69 7 (Cl), 70 0 (C22), 70 4 (C19), 72 3 (C6). 
72 5 (C-28), 83 1 (c7), 85 7, 86 8 (Cl3 and C14), 103 3 (Cll), 128 9 (C2’), 132 2 (C20), 137 2 (C3’), 
148 5 (C22), 166 3, 169 8, 1712, 1729, 173 3 (Cl’. C12. C21, C29, C3-OCOMe), m/z (FAB, 
thlodlethanol) 703 (MH+-H20). 685 (MH+-2H20), 643,585,551 and 523, Found (MH+-H20) 703 2602 
C35I-L43015 requires 703 2602, Found C, 58 55, H, 6 11 C35I&Ot6 requires C, 58 33, H, 6 15% 
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Preparation of 3-Desacetylazadirachtin (4) and Methyl-(lS, 2R, 3R, SR, 6S, 7S, WZ, llR, 
lSS, 17R, ISR, 1’S, S’R, 7’S, 9’R, ll’S)-3,7,17-trihydroxy-6,9’-dimethyl-15-[(2-methyl- 
1-oxo-2-butenyl)oxy]-12-oxospiro[[4,9,14]trioxapentacyc1o[9.3.3.1~~~.0~~~.0*~~~~] octa- 
decane-5,8’[4,6,10]trioxatetracyclo[5.3.2.0 1~$.09~~~ldodec-2’-ene]-3-carboxylate (5). A 
solution of sodmm methoxlde (67~1 of a 3 26M solunon m methanol, 0 218 mmol, 6.7 eq) m anhydrous 
methanol was added, VM syrmge, to a magnettcally s-d solution of azadnachtm (1) (23 3 mg, 32 3 pmol) 
in anhydrous methanol (1 ml) at room temperature, under argon After 40 mm the reaction was quenched by 
the addmon of two small spatulas of solid ammomum chlonde and then stirred unttl the evolunon of ammonia 
had ceased (-2 hr) The mixture was then filtered over a small plug of cehte, washed copiously with 
dlchloromethane and evaporated The resultant white solid was then redtssolved tn tichloromethane and the 
heterogeneous nuxture filtered through a small plug of glass wool Evaporaaon gave a yellow glass that was 
punfied by flash chromatography went elunon 70-8096 ethyl acetate./pe.trol) to gve, 111 o&r of elunon. the 
rearranged compound (5) (2 2 mg, 10%) as a clear glass; [a];‘= -42.3 (~1 10. chloroform), Umax (film) 
3437,2926,2855, 1733, 1650, 1585, 1440, 1377, 1269,1197, 1152,1120, 1080. 1045. 1018 and 945 cm- 
1, 1H 6 1 66 (lH, d, J 14 9, H-16b), 1.65 (3H, s, H-18), 1 80 (1H. m, H-16a), 1 84 (3H, dd, J 8 2, 1 1, H- 
4’), 191 (3H, t, J 12, H-5’), 192-l 94 (1H. m, H-2). 193 (3H, s, H-30), 2 14 (1H. d. J 8 8, C3-OH), 
2 37 (lH, dt, J 16 6, 2 3, H-2), 2 90 (lH, br.d, J 4 9, H-17), 3 27 (lH, d, J 11 9. H-5), 3 54 (IH, d, J 17, 
H-9), 3 65 (3H, s, C12-OMe), 4 06 (lH, brd, J 7 7, H-3), 4 08 (lH, d, J 14 7, H-19a), 4 22 (lH, dt, J 
11 9, 1 3, H-6), 4 36 (lH, d, J 9 1, H-28), 445 (lH, dd, J 3 9, 27, H-7), 4 51 (lH, d. J 9 1, H-28), 4 56 
(lH, br d, J 3 1, H-15), 4 61 (lH, d, J 1 8, Cll-OH), 4 66 (lH, dd, J 4 0, 10, C7-OH), 4 69 (lH, t, J 2 6, 
H-l), 5 24 (lH, d, J 3 2, H-22), 5 51 (lH, d, J 14 6, H-19b), 5 56 (lH, s, H-21), 641 (lH, d, J 3 1, H- 
23) and 7 08 (lH, qq, J 7 1, 15, H-3’), ‘3C 6 (&-DMSO) 173 2 (C=O), 170 2 (GO), 165 9 (Cl’), 148 7 
(C23), 136 8 (C3’). 128 4 (W), 106 7 and 106 6 (C21 and C22), 99 3 (Cl l), 95.2 and 89 5 (Cl3 and 
C14), 87 6 (C20), 82 8 (C15), 77 1 (Cl), 72 5 (Cl9 or C28), 72 3 (C6). 716 (Cl9 or C28), 69 7 (C7), 
65 3 (C3), 56 4 (ClO), 52 6 (OCH3). 52 5 (C4), 52 2 (C17), 45 9 (C9), 35 8 (C8), 34 5 (C5), 31 7 (C2), 
26 2 (C16), 22 0 (C18). 20 0 (C30), 14 1 (C4’) and 119 (CS), m/z (FAB. thmdtethanol) 647 (MH+), 639 
(MH+-H20), 553, 529, 511, 279, 213, 167. 149. 137 and 95 (QH70+). [Found (MH+) 647 2309 
C32H39014 reqmres 647 22781, (Found C. 59 52, H, 6 12 C32H38014 requires C, 59 44, H, 5 92%), and 
3-desacetylazadnachtm (4)4~11 (14 0 mg, 64%) as a white, glassy solid 

A mtified procedure for the preparanon of (5) 111 higher yield. but at the expense of (4) was developed 
Treatment of azahrachtm (1) wtth sodium methoxlde ( 3 eq prepared as above) m methanol, at room 
temperature for 2 hr after the consumpuon of startmg mate& (30 mm) gave, after work up and purdicatlon as 
above, (5) (23%) and an inseparable rmxture of the 3-desacetyl compound (4) and its rearranged Mhtuun 
dlastereolsomers (-50%) 

Preparation of 22,23-Dihydro-11-methoxyazadirachtin (6). A degassed solution of ll- 
methoxyazadlrachtm (287mg. 392pmol) over 10% Pd/C (20mg) m methanol (20ml) was hydrogenated at 1 
atm for 20 mm The nuxture was degassed, filtered through a small pad of cehte and evaporated The residue 
was punfied by flash chromatography @adtent elutton 60-100% ethyl acetate/petrol) to gwe 22,223~&hydro- 
1 I-methoxyazadlrachtm (6) (236mg, 82%) as a colourless foam, [a]:‘=-8 8 (c=l 28, chloroform), urnax 
(film) 3473.2952, 1735, 1646, 1266, 1221, 1160, 1044 and 734 cm-l, lH S (CDC13) 146 (lH, d, J 12 7, 
H-16), 1 62 (3H, s, H-30), 1 76 (3H, dd, J 7 0, 07, H-S), 1 83 (3H, s, H-4’), 1 88 (3H, s, C3-OAc), 1 93 
(3H, s, H-18), 196-2 04 (2H, m, H-16 and H-22), 2 10-2 16 (lH, m, H-22), 2 25-2 27 (2H, m. 2H-2), 
2 34 (lH, d, J 5 3, H-17), 276 (lH, s, OH), 3 23 (lH, d, J 12 9, H-5), 3 31 (3H, s, Cll-OMe), 3 35 (lH, 
s, H-9), 3.63 (3H, s, CO2Me), 3 69 (1H. d, J 8 9, H-28), 3 78 (3H, s, CO2Me), 3 87 (lH, q, J 8 4, H-23), 
3 99 (lH, m, H-23), 4 04 (lH, d, J 9.6, H-19), 4 05 (lH, d, J 8 9, H-28). 4 56 (2H, m, H-6 and H-7), 4 64 
(lH, d, J 3 3, H-15), 4 72 (lH, t, J 2 8, H-l), 5 18 (1H. s, H-21), 5 46 (lH, t, J 2 9, H-3) and 6 84 (lH, q, 
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J 7 1, H-3’). m/z (EI) 718 (M+-H20). 677 (M+-CO2Me). 659 (M+-H20-C@Me), 643,633,420,384,291, 
253,187,151 and 144, Found (M+-C02Me) 677 2792 C34H45014 reqmres 677 2809 

Preparation of 11-Methoxy-2’,3’,22,23-tetrahydroazadirachtin (7) A degassed solution of 1 l- 
methoxyazadlrachtm (71 lmg. 0 969mmol) in anhydrous methanol contammg 10% Pd/C (70mg) was 
hydrogenated at latm for 20hr The rmxtuxr. was then degas& thoroughly and filtered through a pad of cehte 
The solvent was evaporated and the residue pun&d by flash chromatography (gradient elutlon 80-100% ethyl 
acetate/petrol) to gave the tetrahydro product (7) (664mg, 93%) (3 2 nuxtuxr. at C2’) as a colourless foam, h 
(film) 3464,2964,1736,1248,1220,1042 and 732 cm- *, tH 6 (CDC13) (mayor isomer, although most signals 
overlap exactly) 0 91 (3H, t, J 7 5, 4’-CH3), 1 15 (3H, d, J 6 9, 5’-CH3), 1 36-l 42 (lH, m, H-3’), 1 49 
(lH, d, J 12 8, H-16), 1 62 (3H, s, 30-CH3), 173-l 79 (2H, m, H-3’ and H-16), 1 97-2 03 (lH, m, H-22). 
2 04 (3H, s, 18-CH3 or 3-OAc), 2 05 (3H, s, l8-CH3 or 3-OAc), 2 10-2 38 (4H, m, 2xH-2, H-2’ and H-22 
mcluslve), 2 39 (lH, d, J 5 4, H-17), 2 62 (lH, br s, OH), 3 08 (lH, d, J 12 3, H-5), 3 31 (3H, s, OMe), 
3 34 (lH, br m, OH), 3 42 (lH, s. H-9), 3 58 (IH, d, J 8 9, H-28), 3 62 (lH, d, J 9 5, H-19), 3 69 (3H, s, 
COzMe), 3 78 (3H, s, C&Me), 3 86-3 91 (IH, m, H-23), 3 98-4 02 (2H, m, H-23, including d, J 9 4, H- 
19), 4 07 (lH, d, J 8 9, H-28), 4 53-4 57 (2H, m, H-6 and H-7), 4 60 (lH, t, J 2 6, H-l), 4 67 (lH, d, J 
3 3, H-15), 5 19 (lH, s, H-21) and 5 47 (lH, m, H-3), m/z (EI) 679 (M+-COzMe), 661 (M+-COzMe-HzO), 
645,635,577,425, 351,291,253 and 151, Found (M+-C02Me) 679 2953 C34H47014 requires 679 2966, 
Found C, 56 94, H, 6 69 C36H50016 Hz0 requires C, 57 14, H, 6 93% 

Preparation of 22,23-Dihydro-7-keto-ll-methoxyazadirachtin (8). To a solution of 22,23- 
dlhydro-1 1-methoxyazadlrachtm (6) (17 Omg 23 lpmol) m dlchloromethane (lml) was added Dess-Martin 
penodmane (98mg, 0 231mmo1,lO eqmv) After stlmng for 72hr the nuxture was warmed to 35’C and further 
penodmane (49mg, 5 equlv) was added After 48hr (120hr total) the mixture was diluted with ethyl acetate 
(10ml) and poured into sat NaHC03 (aq) (IOml) contauung Na2S203 (50mg) After stu-rmg for 2Omm, the 
layers were separated The aqueous layer was n-extracted with ethyl acetate (1Oml) and the combmed extracts 
were washed with sat NaHC03 (aq) (lOml), dned (Na2S04) and evaporated Punficatlon of the residue by 
flash chromatography (gradient elution, 70-100% ethyl acetate/petrol) gave the (n-ketone (8) (14 6mg, 86%) 
as a colourless foam, [a]:=+22 8 (c=l 0, chloroform), urnax (film) 3498, 2955, 1739, 1433, 1263, 1219, 
1129, 1040,988 and 731 cm-l, lH 6 (CDC13) 1 56 (3H. s, 30-CH3), 1 62 (IH, d, J 8 4, H-16), 173 (4H, 
dd, J 7 1, 1 0,4’-CH3 and obscured H-16), 1 80 (3H, d, J 1 0, 5’-CH3), 1 90 (3H, s, 3-OAc), 2 01 (3H, s, 
l&CH3), 2 03-2 12 (2H, m, 2xH-22), 2 19 (lH, dt, J 16 9, 3 2, H-2), 2 31 (lH, dt, 16 9, 2 6, H-2), 2 43 
(lH, d, J 5 2, H-17). 2 76 (lH, d, J 14 3, H-5), 3 33 (3H, s, OMe), 3 64 (lH, s, H-9), 3 69 (3H, s, 
COzMe), 3 77 (2H, d, J 10 0. H-19 and obscured OH), 3 81 (lH, d, J 9 1, H-28). 3 83 (3H, s, CQMe), 
3 84-3 87 (lH, m, H-23), 3 99 (lH, dt, J 3 4, 8 8, H-2), 4 10 (lH, d, J 9 0, H-28), 4 42 (lH, d, J 3 3, H- 
15), 4 46 (lH, d, J 9 9, H-19), 4 76 (lH, t, J 2 8, H-l), 5 09 (IH, s, H-21). 5 41 (lH, d, J 14 3, H-6), 
5 49 (lH, t, J 2 8, H-3) and 6 65-6 66 (lH, m, H-3’), l3C 6 (CDCl3) 12 1 (CS), 14 1 (W), 18 0 (Cl@, 
20 8, 214 (C30 and C3-OCOMe), 24 5 (C22), 29 7 (C2), 414 (C16), 45 9 (C5), 48 4 (ClO), 48 6 (C-9), 
52 4 (C17), 53 0, 53 1, 53 1, 53 2, 53 2 (C4, C8, OMe, 2xCOzMe), 64 4 (C23). 65 1 (C13), 66 2 (C3), 
66 6 (C14), 69 4 (C28). 70 1 (Cl), 73 1 (C19), 76 0,76 1 (C6 and C15), 810 (C20), 107 2, 108 0 (Cl 1 
and C21), 128 6 (C2’), 137 4 (C3’), 166 0, 168 9, 169 5, 172 2 (Cl’, C12, C19, C3-OCOMe) and 205 8 
(C7), m/z (EI) 734 (M+), 716 (M+-H20), 702 (M+-MeOH), 684, 675 (M+-COZMe), 631, 506, 405, 320, 
251,178, 136,95 and 83, Found (M+) 734 2787 C36H46016 requires 734 2786 

Preparation of 22,23-Dihydro-7-epi-11-methoxyazadirachtin (9) A solution of 22,23-dlhydro-7- 
keto-I I-methoxyazadlrachtm (23mg. 32pmol) in methanol (1 0 cm3) was added dropwlse to a stmed solution 
of sodmm borohydnde (2 5 mg, 66pmol) and cermm mchlonde heptahydrate (24mg, 66pmol) tn methanol 
(1 0 cm3), adrmxed at -78W The resulhng solution was stirred under argon at -78OC for 1 hr then quenched 
by the addition of analar acetone (0 5 cm3) The flask contents wen allowed to warm to ambient temperature, 
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then aqueous hydmchlonc acid (1 drop, 1M) was added and the resultmg soluhon concentrated under reduced 
pressure The residue was then parttttoned between water (1 cm3) and ethyl acetate (3x5 cm3) The combmed 

organic extracts were dned over anhydrous sodmm sulphate and concentrated Flash chromatography (80 % 
ethyl acetate/petrol) gave m order of elunon, 22.23~Qhydro-l l-methoxyazaduachtm (6) (11 mg, 14 pmol, 
44%) and 22,23-dthydro-7-epr-l l-methoxyazadtrachtm (9) (8 mg, 11 pmol. 34 %).[a]:‘=-2 0 (c=O 2, 
chloroform), Urn= (film) 3442,2919,2850,2251,1740, 1645, and 1439 cm-l, tH 6 (CDC13, natural prod 
numbering) 15 (lH, br, H-16), 1.57 (3H, s, 30-CH3), 1.8 (lH, br. H-16). 179 (3H, dd, J 7 1 and J’l 1, 
4’-CH3). 1 87 (3H, t. J 1 1, 5’-CH3), 1.92 (6H, s, l8-CH3 and 3-OAc), 1 9 (lH, br, H-22), 2 16 (lH, dt, J 
17 1 and J’3 2, H-2). 2 2 (lH, br, H-22), 2.4 (3H, b, H-2, H-17, and OH), 2 5 (lH, br, OH), 3 30 (3H, s, 
ll-OCH3), 3 31 (lH, d, J 12 5, H-5), 3 64 (lH, d. J 9 5, H-19), 3 67 (lH, d, J 9 1, H-28), 3.68 (3H, s, 
29-OCHS), 3 76 (lH, s, H-9), 3 78 (lH, d, J 9 0. H-7), 3 78 (3H, S, l2-OCH3), 4 0 (2H, br, H-23), 4 04 
(lH, d, J 9 1, H-28), 4 18 (lH, d, J 9 5, H-19), 443 (1H. dd, J 12 0 and J’ 9 0, H-6). 4 6 (lH, br, H-15), 
4 61 (lH, t, J 2 9 H-l), 5 43 (lH, s, H-21), 5 46 (lH, t, J 2 8, H-3). and 6 8 (lH, s, H-3’), m/z (FAB, 
MNBA) 759 (MNa+), 737 (MH+), 705 (MH+-MeOH), 687 (MH+-MeOH-HZO), and 633, Found (MNa+) 
759 2840 C3&&&jNa requves 759 2840 

Preparation of [2aR, 4R (4S, SR, 6S, 7R), 4aR, SS, 7aS, 8s (E), lOR, lOaR, lObR] 
Dimethyl 10-acetoxy-4-methyl-4-(6-methy1-2,8-dioxo-5,6-epoxy-4,7-methano-1,3-dioxec- 
an-5-yl)-5-methoxy-8-(2-methylbut-2-enoyloxy)-3-oxodecahydronaphtho[l,8-~c;4,4a-c’ldi- 
furan-5,lOa-dicarboxylate (10) To a solutton of 22,23-dlhydro-ll-methoxyazadaachtm (6) (203mg 
0 276mmol) m dlchloromethane (5ml) was added PCC (292mg, 1 36mmo1, 5 eqmv) and powdered activated 
4A molecular sieves (2OOmg) The mtxture was stmed at room temperature for 24hr, after which tlme further 
PCC (292mg, 1 36mmol,5 eqmv) and powdered acuvated 4A molecular sieves (200mg) were added After 
stlmng for a further 24hr, ethyl acetate (5ml) was added and snrred for 1Omm The mixture was filtered 
through a pad of Flonsll and the filtrate evaporated Punficauon by flash chromatography (gradlent elutlon, 70- 
100% ethyl acetate/petrol) gave the rearranged compound (10) (149mg, 72%) as a colourless sohd, m pt 
152’C (dec ), [a];‘=+16 6 (c=6 10, chloroform), u max (film) 2954, 1750, 1740, 1700, 1434, 1390, 1268, 
1128.1042 and 734 cm-l, 1H 6 (CDC13, natural prod. numbenng) 164 (3H, l8-CH3 or 30-CH3), 175 (3H, 
dd, J 7 1, 1 0, 4’-CH3), 1 81 (3H, d, J 1 1, 5’-CH3), 1 85 (3H, s, l8-CH3 or 30-CH3). 1 90 (3H, s, 3- 
OAc), 1 94 (lH, d, J 14 7, H-16). 2 00-2 05 (lH, m, H-16), 2 20 (lH, dt, J 16 9, 3 2, H-2), 2 26 (lH, dt, 
J 16 9, 2 6, H-2), 2 64 (lH, ddd, J 14 5, 9.4, 1 3, H-22), 2 76 (lH, d, J 14 3, H-5), 2 89 (lH, d, J 6 8, H- 
17) 2 94 (lH, dd, J 14 7, 6 4, H-22), 3 33 (3H, s, OMe), 3 62 (lH, s, H-9). 3 69 (3H, s, C@Me), 3 75 
(lH, d, J 9 0, H-28), 3 76 (lH, d, J 10 0, H-19), 3 80 (3H, s, C@Me), 4 06 (lH, d, J 9 0, H-28), 4 27 
(lH, dd, J 11 4, 9 4, H-23), 4 39 (lH, d, J 10 0, H-19). 4 61 (lH, ddd, J 11 8, 6 5, 14, H-23), 4 80 (lH, 
t, J 2 8, H-l), 5 20 (lH, d, J 14 3, H-6). 5 35 (lH, d, J 27, H-15), 5 48 (lH, t, J 3 0, H-3) and 6 66 (lH, 
dq, J 1 4, 7 1, H-3’), 13C 6 (CDC13) 12 5 (C5’), 14 6 (W), 17 2 (C18), 21 0 and 214 (C30 and C3- 
OCOMe), 30 2 (C2), 31 4 (C22), 42 5 (C16), 45 5 (C5), 48 7 (ClO), 52 5, 52 9, 53 2, 53 4, 53 4, 53 5 
(C4, C8, C9, OMe, 2xC0$4e), 55 1 (C17), 66 5 (C3), 67 3 (Cl3 and C14), 68 0 (C23), 69 8 (C19), 70 8 
(Cl), 73 5 (C28), 75 6 (C6), 82 6 (C15), 107 5 (Cll), 129 3 (W), 132 0 (C3’), 152 7 (C21), 166 2, 
169 0,169 6,172 5 (Cl’, C12, C29, C3-OCOMe), 201.9 (C20) and 208 2 (C7), m/z (EI) 689 (M+-COzMe), 
672 (MH+-C@Me-HZO), 654 (MH+-C@Me-2H20), 645,506,479,319,291,259,231,199 and 83, Found 
(M+-C02Me) 689 243 C34H41015 requires 689 245, Found C, 57 40, H, 5 79 C36H44017 requires C, 
57 75, H, 5 92% 

Preparation of 22,23-Dihydro-11,20-dimethoxyazadirachtin (11). A degas& solutton of 11,20- 
dunethoxyazadlrachtm (223mg, 0 298mmol) in methanol (15ml) was hydrogenated over 10% Pd/C for 60mln 
at latm The mixture was degassed, filtered over celite. evaporated and the residue punfied by flash 
chromatography (ethyl acetate) to give the 22,23-dlhydro compound (11) (162mg. 72%) as a colourless foam, 
[a]:=+2 39 (c=2 72, chloroform), u max (film) 3478, 2951, 1739, 1439, 1372, 1265, 1221, 1160, 1044, 
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915 and 733 cm-l; tH 6 (CDCl3) 1.16 (IH, d, J 13.0, H-f@, 1.54 (3H, s, 3xH-30). 1.77 (3H, dd, J 6 9, 
1 1, 3xH-47, 181 (3H, s, 3xH-18), 1.83 (lH, obscured m, H-16). 1.85 (3H. t, J 12, 3xH-S’), 186-l 92 
(lH, m, H-22), 1.92 (3H, s, C3-OAc), 2.16-2.20 (lH, m, H-22). 2.24 (lH, dt, J 16.9, 3.2, H-2), 2.34 (lH, 
dt, J 17.0, 2 6, H-2). 2.37 (IH, C7-OH), 2.62 (lH, d, J 6.0, H-17), 3 25 (3H, s. OMe), 3 31 (3H, s, OMe), 
3 39 (lH, d, J 12 4, H-5), 3 55 (lH, s, H-9), 3.64 (3H, s, COzMe), 3 645 (lH, d, J 11 2, H-19), 3.68 (IH, 
d, J 8 8, H-28). 3 78 (3H. s, C@Me), 3 98-4.04 (lH, m, H-23), 4 03 (IH, d, J 8.7, H-28), 4 04 (IH, d, J 
10.4, H-19), 407-4.13 (lH, m, H-23), 442 (lH, d. J 1.4, H-7), 4.54 (lH, dd, 3 12.4, 2.6, H-6), 470 
(lH, t, J 2.8, H-l), 4.79 (lH, d, J 24, H-15), 546 (III, t, J 3.0, H-3), 5.57 (lH, s, H-21) and 6.94 (lH, 
dq, J 1.5, 7.1, H-3‘); m/z @I) 691 (M+-COzMe), 675,659 (M+-COzMe-MeOH), 643, 633, 575, 543, 451, 
423,351,29X, 267,151,108 and 81, Found (M+-C&Me) 6912957 C35H47014 requires 691.2968 

Preparation of 22,23-Dihydro-7-oxo-l&20-dimethoxyazadirachtin (12). To a solution of 22,23- 
chhydro- 11,20-&methoxyaza&rachtln (11) (lSOmg, 0.2Ommol) m dichloromethane (3ml), was added 
powdered activated 4A molecular saves (500mg) followed by PDC (348mg, LOmmol, 5 eqmv). After 
stmmg at room tempera&me for 48hr, ethyl acetate (3ml) was added. The rmxture was stu-red for 1Omm and 
then faltered through a pad of Florisd. Evaporation and purification by flash c~mat~~aphy (90% ethyl 
acetate/petrol) gave the C7-ketone (12) (137mg, 91%) as a colourless foam, [aIt, =+17 3 (c=l 36, 
chloroform), v,, (film) 2954, 1740.1646, 1436.1373, 1263,1219, 1129, 1105, 1042,989,916,860 and 
733 cm-t, tH 6 (CDC13) 1 16 (lH, d, J 12 5, H-16), 1.56 (3H, s, 30-CH3), 1 72 (3H, dd, J 7 0, 1 1, 4’- 
CH3). 1 79 (3H, s, S-CH3), 1.87 (3H, s, l8-CH3). 1.88-1 97 (2H, m, H-16 and H-22), 2 00 (3H, s, 3- 
OAc), 2.14 (lH, dt, J 16 9, 3.2, H-2), 2.18-2.23 (lH, m, H-22), 2.33 (lH, br m, J 16 8, H-2), 2 65 (lH, d, 
J 5 8, H-17). 2 81 (lH, d, J 14.3, H-S), 3.29 (49 br s, H-9 and OMe), 3.30 (3H, s, OMe), 3 67 (3H, s, 
COzMe), 3 ‘74 (lH, d, J 9 8, H-19), 3 78-3 79 (lH, obscured H-28), 3 79 (3H, s, C@Me), 3 94 (lH, q, J 
8 8, H-231, 4 06 (lH, d, J 9.0, H-28), 4.12-4 16 (lH, m, H-23), 4 39-4 43 (2H, m, H-15 and H-19), 4 74 
(lH, br t, H-l), 5 25 (lH, d, J 14 4, H-6). 5 45 (lH, t, J 2 5, H-3), 5.86 (IH, s, H-21) and 6 71 (IH, br q, 
J 7 0, H-3’); m/z (EI) 748 (M+), 689 (M+-COzMe), 661 (M+-COzMe-CO), 641,631, 613,573,541, 513, 
479,405,231 and 16’7, Found (M+-C!OzMe) 689.2809 C35H45014 requrres 689 2809. 

Preparation of [2aR, 3R, 5S (E), SaS, 8S, 8aR, 8bR, 9S, lOS, 12R (2S, 3S), 13R, 14aR, 
14bR, 14cRl Dimethyl 3-acetoxy-12-(2,3-dimethoxytetrahydro-3-furyl)-8b,13-dimethyl-9- 
hydroxy-8-methoxy-5-(2-methylbut-2-enoyloxy)-~O,l4a-epoxyhexadecahydro-P,l3-methan- 
odifuro[2”,3”,4”:4,4a,5;3’,4’:1,8a]naphth[2,3-~]oxocine-2a,8-dicarboxylate (13). To a 
solution of 22,23-dihydro-11,2O~e~oxy-7-ke~a~~ch~n (12) (1 IOrng, 0 147mmol) in methanol (1Oml) 
was added Amberlyst 15 ion exchange resm (3g). The rmxture was stmed at room temperature for 72hr, 
filtered, evaporated and the readue punfled by flash chromatography (gradient elutlon, 60-100% ethyl 
acet~e/~~ol) to give the rearranged compound (13) (68mg, 59%) as a colourless sohd, m pt 224-227*C; 
[a]F=+8.8 (c=O 98, chloroform), vrnax (film) 3520,2954,1749,1704,1430,1381, 1062 and 738 cm-*. tH 
8 (CDC13, natural prod numbermg) 1 42 (3H, s. l8-CH3 or 30-CH3), 1.60 (3H, s, l8-CH3 or 30-CH3). 
1.82 (3H, d, J 1.0, S-CH3). 1.82-1.85 (lH, m, H-22), 1.85 (3H, dd, J 70, 10, 4’-CH3). 191 (3H, s, 3- 
OAc), 1 97 (lH, dd, J 15 4, 5 2, H-16), 2 03-2 06 (lH, m, H-16), 2 10 (lH, dt, J 16 9, 3 1, H-2), 2 25 
(lH, dt, J 16 8, 2 8, H-2), 2.63-2 68 (lH, m, H-221, 2.75 (lH, dd. J 11 3, 5 2, H-17), 3 18 (lH, d, J 122, 
H-S), 3 26 (3H, s, OMe), 3.34 (3H, s, OMe), 3 42 (3H, s, OMe), 3.64 (lH, d, J 9 0, H-281, 3 69 (3H, s, 
COzMe), 3 72 (lH, d, J 9 8, H-19), 3 74 (3H, s, C@Me), 3 81 (lH, s, H-9). 3.87 (lH, s, OH), 3 92-3 98 
(lH, m, H-23), 3.99 (lH, d, J 9 0, H-28), 4 04-4 19 (lH, m, H-23). 4 21 (lH, d, J. 3 3, H-15), 4 28 (lH, 
d, J 9 8, H-19). 4.40 (IH, d, J 12.2, H-61, 4.74 (lH, t, J 1.8, H-l), 4.88 (lH, s, H-21), 5 45 (lH, t, J 2.9, 
H-3) and 7.0 (IH, dq, J 1 4, 6 9. H-3’), t3C 6 (CDC13) 12 2 (CS’), 14.4 (W), 15.9 (Cl8), 22 1, 20 7 
(C30, C3-OCOMe), 29 9, 30.0, 31.9 (C2, C16, C22), 42 2 (CS), 48 1 (C9), 50 6 (ClO). SO 8 (C17), 52 1, 
52 5, 52.6, 52.6, 53.0, 53.6, 54.2 (C4, C8, 3xOMe. ZxCOzMe), 65.1 (C23), 66 6 (C3), 70 2 (Cl), 71.7 
(Cl9 or C28), 72 6 (C6), 72.9 (Cl9 or C28), 83 3 (CI5). 87 9, 88 4 (Cl3 and C14), 95 5 (C20), 104 5 
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(C2l), 104 7 (Cll), 106 8 (C7), 127 8 (C2’), 139 7 (C3’), 166 1, 169 4, 169.6, 172 3 (Cl’, C12, C29 and 

C3-OCOMe), m/z (EI). 748 (M+-MeOH), 733,721 (M+-COzMe), 721,705,689,673,641,631,575,562, 
506,405,2ll, 139, 130, 111, 100 and 83, Found (M+-C@Me) 721 3059 c36H&t5 reqmres 721.3071, 
Found C, 58 21, H, 6 73 t&H&,17 reqmres C, 58 45, H, 6 71% 

Preparation of 22,23-Dihydro-2ba-acetoxy-7-ketoazadirachtin (14) and 22,23-Dihydro-25 
P-acetoxy-7-ketoazadirachtin (15). Des-Martm permdmane (33 mg, 77 pmol) was added to a solunon 

of azadn-achtm acehc acid adduct (2) (20 mg, 26 pmol) in dry dtchloromethane under argon After sttrrmg at 
ambtent temperature for 2hr, further per&mane (900 mg, 212 pool) was added and stunng contmued at 4&T 

for 16 hr The flask was then cooled to amblent temperature and saturated aqueous sodmm bicarbonate (1 cm3) 
and sodmm thlosulphate (1 cm3) added and the rmxture stured vtgorously for 10 mmutes The organic phase 
was then removed and the residue further extracted with dtchloromethane (3x2 cm3) The combmed orgamc 
extracts were tied over anhydrous so&urn sulphate and concentrated under reduced pressure Flash 
chromatography (60-80 46 ethyl acetate/petrol) gave, m order of elunon. (14) (‘7 mg, 9 pmol, 35 %), 
[a$‘=+12.9 (c=O.3. chloroform), Dmax (film) 3517. 2922, 1743, 1646, and 1433 cm-*, tH 6 (CDC13, 

natural prod numbering) 154 (3H, s, 30-CH3), 1 61 (lH, d. J 13 2, H-16). 169 (lH, m, H-16), 1 75 (3H, 
dd, J 7 1, J’ 10, 4’-CH3). 1 80 (3H, d. J l 1, S-CH3). 195 (3H, s, l8-CH3), 2 01 (3H, s, 23-OAc), 2 05 
(3H, s, 3-OAc), 2 27 (lH, dt, J 17 1, r 3 2, H-2), 2 32 (lH, d, J 14 9, H-22), 2 37 (lH, dt, J 17.1, J’ 3 3, 
H-2), 239 (IH, dd, J 149, J’55,H-22), 243 (lH,d, JJ 1, H-17). 280 (lH, d, J 145, H-5), 365 (lH, 

s, H-91, 3 78 (3H, s, 29-OCH$, 3 79 (lH, d, J 9 0, H-28), 3 84 (3H, S, l2-OCH3). 3 96 (lH, d, J 10 4, 
H-19), 4 03 (lH, s, 20-OH), 4 13 (1H. d. J 9.1, H-28). 4.28 (lH, d, J 3 1, H-15), 4 58 (IH, d, J 10 3, H- 
19), 5 33 (lH, d, J 14 6, H-6), 544 (lH, t, J 2 8, H-l), 5 47 (lH, s, H-21), 5 55 (IH, t, J 2 9, H-3), 6 35 

(lH, d, J 5 1, H-23), and 6 71 (lH, dq. J 7 1, J’ 14, H-3’) and (15) (5 mg. 25 %), [a];‘=+37 8 (c 0 2, 
chloroform), Umm (film) 3414.2916, 1745, 1646. and 1433 cm- l, lH 6 (CDC13, natural prod numbenng) 
152 (lH, d, J 12 1, H-16), 153 (3H, s, 30-CH3). 171 (lH, m, H-16), 174 (3H, dd, J 7 1, J’ 1 1, 4’- 

CH3), 1 80 (3H, d. J 1.1, S-CH3). 1 93 (3H, S, l8-CH3). 2 01 (3H, s, 23-OAc), 2 07 (3H, s. 3-OAc), 2 28 
(lH, dt, J 17 0, T 3 2, H-2). 2 32 (1H. m, H-221, 2 38 (lH, dt, J 17 0, J’ 2 5, H-2), 2 54 (lH, d, J 5 3, H- 
17), 2 66 (lH, dd, J 14.9 and J’ 7 0, H-22). 2 82 (1H. d, J 14 6, H-5), 3 41 (lH, s. 2QOH), 3 71 (1H. s, 
H-91, 3 78 (1H. d, J 9.2, H-28). 3 80 (3H. s, 29-OCHS), 3 84 (3H, s, l2-OCH3), 3.96 (lH, d, J 10 3, H- 

191, 4 12 (lH, d, J 9 0, H-281, 4 30 (1H. d, J 3 2, H-15). 4 56 (lH, d, J 10 2, H-19). 5 32 (lH, d, J 14 6, 
H-6), 5 43 (lH, t, J 2 8, H-l), 5 50 (lH, s, H-21), 5.54 (1H. t. J 2 8, H-3), 6 39 (lH, dd, J 6 9, J’ 2 8, H- 

23), and 6 73 (lH, dq, J 7 1 and J’ 14, H-3’). m/z (EI). 604,577,551.479,449,437. and 423 

Preparation of ‘I-Ketoazadirachtin (16) 22,23-Dlhydro-23-a-acetoxy-7-ketoazaduachtm (14) (3 mg, 4 
pmol) was heated at 165 oC under high vacuum, 2x10-3 mm Hg, for 15 mmutes The flask was then cooled 

and the residue flash chromatographed (80 % ethyl acetate/petrol) to gve 7-ketoazadtrachtm (16) (2 mg, 2 5 
pmol. 63 %>, lag=+16 (c=O 2, chloroform), umax (film) 3424.2954.2921, 1743, 1646, 1617, 1434, and 
1371 cm-l, IH 6 (CDCl3,natural prod numbermg) 1 40 (lH, d, J 13 0, H-16), 1 55 (3H, s, l8-CH3), 172 
(lH, m, H-161, 1 75 (3H, dd, J 7 1, J’ 1 2, 4’-CH3). 1 80 (3H, d, J 1 2, 5’-CH3). 1 94 (3H, s. 30-CH3), 
202 (3H, s, 3-OAc), 2.28 (lH, dt, J 17 0, J’ 3 3, H-2), 2.39 (lH, dt, J 17 0, J’ 3 3, H-2), 2 40 ( lH, d, J 
5 4, H-17), 2.83 (lH, d, J 146, H-5). 3 31 (IH, s, 20-OH), 3 70 (lH, s, H-9), 3 77 (3H. s, 29-OCH$, 
3.80 (lH, d, J 9 1, H-28), 3 84 (3H, S, l2-OCH3), 3 97 (lH, d, J 10 3, H-19), 4 12 (lH, d, J 9 1, H-28), 
423 (lH, d, J 3 2, H-15), 458 (lH, d, J 103, H-19), 504 (lH, d, J 30. H-22), 5 33 (lH, d, J 146, H- 
6), 5 44 (lH, t, J 2.9, H-l), 5.55 (IH, t, J 3 0. H-3), 5 72 (lH, s, H-21). 6.42 (lH, d, J 3 0, H-23), and 
6 73 (IH, dq, J 7 1 and J’ 14, H-3’). m/z (FAB, MNBA) 701 (MH+-HzO), 683 (MH+-ZHzO), 659 (MI-If- 
HOAc) and 601, Found (MH+-H20) 7012445 C35H41015 requires 7012445 

Crystal data for (10): (Crystalhsed from ethyl acetate/petrol) C3&&]7, M=748 7, orthorhomblc, a = 
13 039(2), b = 14 524(2), c = 19 244(4)A, V = 3644A3, space group P2t212t, Z = 4, D, = 1 36gcm-3, Cu 
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radiation, h = 154178A, p(Cu-Ka) = 9cm-*, F(OO0) = 1584 Data were measured on a Ntcolet R3m 

mffractometer wrth Cu-Ko radtatton (graphite monochromator) using a, scans 2774 independent reflecttons 
(28 5 116”) were measured, of which 2509 had IF01 > 30( IFA ). and were considered to be observed The data 
were corrected for Lorentx and polansatron factors, no absorption correctton was apphed The structure was 
solved by rhrect methods . The non-hydrogen atoms were refined amsotroptcally The leadmg protons on the 

methyl groups on the sp2 centms were located fIom a AF map The posittons of the mmaimng hydrogen atoms 
were ldeahsed, C-H = O.96A. asstgned lsotroplc thermal parameters, U(H) = 1 2 U,(C), and allowed to nde 

on their parent carbon atoms The methyl groups were refined as ngld bodies The absolute configurahon of 
the molecule could not be determmed unambiguously Refinement was by block-cascade full-mamx least- 
squares to R = 0 046, Rw = 0 052 [w-l = 02(F) + 0 00103@] The maximum and rmmmum residual electron 

densltles in the final AF map were 0 30 and -0 20eA-3 respecuvely The mean and maximum shtft/error in the 
final refinement were 0 023 and 0 124 respecuvely Computattons were camed out on an Eclipse S 140 
computer usmg the SHELTXL program system 20 

Crystal data for (13): (Crystalhsed from ether/petrol) C38H52017, M=780 8, orthorhomblc, a = 
11 386(4), b = 11 669(3), c = 28 692(8)A, V = 3812A3, space group P212121, Z = 4, DC = 1 36gcm-3, Cu 

ra&atlon, h = 1 54178A, p(Cu-Ku) = 9cm-l. F(000) = 1664 Data were measured on a Nlcolet R3m 
diffractometer with Cu-K, tiauon (graphite monochromator) usmg o scans 2922 independent reflections 
(28 I 116’) were measured, of which 2633 had IFd > 30( IF4 ), and were considered to be observed. The data 
were corrected for Lorentz and polansatlon factors, no absorption correcuon was applied The structure was 
solved by tit methods The non-hydrogen atoms were refined amsotroplcally The leadmg protons on the 
methyl groups on the sp2 centres were located from a AF map The hydroxy proton on 0( 14) was located from 

a AF map and refined lsotroplcally The posltlons of the remammg hydrogen atoms were ldeahsed, C-H = 
0 96A, assigned lsotroplc thermal parameters, U(H) = 12 U,(C), and allowed to nde on their parent carbon 

atoms The methyl groups were refined as ngd bodies The absolute configuration of the molecule could not 
be determmed unarnblguously Refinement was by block-cascade full-matnx least-squares to R = 0 040, R, = 

0 044 [w-l = 02(F) + 0 00134@1 The maximum and muumum residual electron denstues in the final AF map 
were 0 18 and -0 loeA-3 respecuvely The mean and maxtmum shift/error tn the fiial refinement were 0 07 1 

and 0 570 respecuvely Computations were camed out on an Eclipse S 140 computer using the SHELTXL 
program system 20 
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