Synthesis of Azadirachtin: A Long but
Successful Journey

Gemma E. Veitch, Edith Beckmann, Brenda J. Burke, Alistair
Boyer, Sarah L. Maslen, and Steven V. Ley
Angew. Chem. Int. Ed. 2007, Early View
And

Gemma E. Veitch, Edith Beckmann, Brenda J. Burke, Alistair
Boyer, Carles Ayats, and Steven V. Ley

Angew. Chem. Int. Ed. 2007, Early View

Current Literature
Chenbo Wang @ Wipf Group
Aug 18th, 2007

Chenbo Wang @ Wipf Group 1 10/29/2007



Azadirachtin

» Azadirachtin was isolated from the seed of
Indian neem tree Azadirachta indica (0.2 to
0.8 percent by weight) in 1968.

* It acts as an antifeedant and growth disruptor
against over 200 species of insect yet Ayl
displays very low mammalian toxicity srsdaga dia noem e

ictured by antonie van den bos

(LDgo(rat) > 5g/kg). M |
e Its structure was elucidated in 1987.
« Commercially available: 10 mg@$137

Butterworth, J. H. et al Chem. Commun. 1968, 23 — 24.
Kraus, W et al Tetrahedron 1987, 43, 2817 — 2830
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Azadirachtin: Structural Features

e Sixteen contiguous stereogenic centers,
seven quaternary carbons

 Highly oxygenated

e Sensitive functionalities (enol ether and
epoxide)



Retrosynthesis

QOzMe

OMe

o Key tranformations:
— Methy acetal protection of the enol ether functionality
— Radical cyclization to provide the bridged ring system

— O-alkylation followed by Claisen rearrangement to install the C8
quartenary center
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Preparation of Left Hand Fragment
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85% —0

Kolb, H. C. et al. J. Chem. Soc. Perkin Trans. 1 1992, 2735
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Preparation of Left Hand Fragment (cont.)

1. PhCHO, PPTS, 94% Ph
?

2. L-Selectride, 97%
3. Optical resolution with
(-)-Camphanic acid, 40%

1. Dess-Martin

1. TBSOTTf, 2,6-lutidine

1. Zn(BH,), Ph

2. TBSOTf, TEA
3. 03 then PPh3

74% “'OTBS

DMDO

2. NCCH,CO,H, TsCl, py

PPTS, MeOH

30 steps, 0.12% overall yield
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70%, dr 4.4:1

2. LiOH
3. CH,N,

79% “OTBS

1. PhCHO, PPTS, 74%
>

2. BnBr, Ag,0, 61%
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Degradation Study

1. Hy, Pd/IC, 76% PCC, 50%

>
2. Ac,0, TEA, DMAP, 65%

1. PhCHO, PPTS, 72%
>

2. Ag,0, BnBr, 71%

Ley, S. V. et al Tetrahedron, 1993, 49, 1675
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Demethylation of the C-8 Position

1. SeO,, tBuUOH, 60% 1. OsQOy4, 83%

1. TSNHNH,, TsOH, 60%

2. RhCI(PPhs)3, 70% 2. PhCH(OMe),,

2. PhCH(OMe),, PPTS

0,
3. MeONa, 79% PPTS, 90%
4. H,S0,, H,0, 93%
5. Ac,0, TEA, DMAP, 92%
NBS, hv, H,0, 50% PCC, 84% 1. MeONa
- >
Sml,, 79% 2. Ph(OMe),, PPTS

83%

Ph

Koot, W. J. et al Tetrahedron, 1995, 51, 2077

Chenbo Wang @ Wipf Group 8 10/29/2007



Methylation of the C-8 Position

Ph Ph

1. TBSOTf, TEA, 77%

2. CH,=NMe,l, then SiO,

Ph

H,, Pd/C, 60%

3 steps, 46%
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Preparation of Right Hand Fragment

OH 1. Bu,SnO, then MOMCI, 82% MOoMO 1. NBS, 60% MOMO
Py, O, A\ sOH » Ph, O, ~C > pn, 0, o0
ForshY, 3. 03, then PS-PPh ©
O ™SNg 3. AllyIMgCl, 85% Oy - O, then PS-PPhs O
\ . y y 0 \
1. TFA, H,0, 99% MOMO 5, 1. AIBN, BusSnH, 70% MOMO o

»  MeS,CO,, _ > Br %
2. TBSCI, TEA, 90% (I>:o 2. TFA, H,0, 80% PN g °
o o] Br A

3. CS,, NaHMDS, then Mel, 99% TBSO . 3. SOy, DIPEA
. 3 y

4. tBUOK, Ph3PCHBr,Br
80% PMBO

1. TMSBr, 82% PMBO 1. MeLi, LiBr, 80% 5
- - QBn - OMe
Br Y i 0, o O
2. PMBTCA, La(OTf)3, 90% mOH 2. iPrMgBr, (CH,0),,, 80% S
3. DIBAL-H Br )\ o 3. Ms,0, DIPEA, 90% MsO ///
4. Amberlyst 15, MeOH, 70%
o:f1:1

22 steps, 4.1%

Veitch, G. et al Angew. Chem. Int. Ed. Early View
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8 steps, 17%
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Fragment coupling

microwave, 185 °C, 80%
or

[(Ph3PAu)30IBF4, 80%

’

= 1. NaH, [15]crown-5,
2 _9Bn a: 99%. B: 60%

_mo'\"e 2. TBAF, a: 90%, p: 95%
2 o

1. TBS-imidazole,
o 70%, B: 90%

BuzSnH, AIBN, 80%
>

2.DDQ, 85%
3. CS,, NaHMDS, then Mel

60%

MMPP-H,0,
5-tbutyl-4-hydroxy-2-methyl-phenyl-sulfide,

OMe
85% >
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A Relay Route to Azadirachtin

1. NBS, MeOH, quant. OMe 1. DMP, 99%

'

2. BuzSnH, AIBN, 91%
3. BnBr, Ag,0, 60%

2. TEA, MeOH, H,0, 99%
3. TBSOTf, DIPEA, 90%

Azadirachtin

CO,Me
0.-.0Bn

OMe 1. TBAF, quant.

2. Hyp, Pd/C, a: 99%, B: 80%

g Amberlyst 15, 49%
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End Game

_ OMe 1.Ac,0, TEA, DMAP, 74% j)K
HO »
| N

Cs,CO3, 80%

1. NaBH,, CeCls, 49%

2. H,, PdIC, 81%

SPh DMDO, 67%

Azadirachtin

6 steps, 11%
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Summary

 The authors have demonstrated a feasible
pathway for the synthesis of azadirachtin: “22
years in the making”.

* 47 linear steps, 0.0010% overall yield

o Key steps include a Claisen rearrangement for
the formation of C8-C14 bond and a radical
cyclization to form the bridged ring system.

 End game relies on an intermediate prepared by
the degradation of the target molecule.
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