Total Synthesis of Aspidophytine

“La hierba de la cucaracha”
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|Isolation and Structure Determination

 In 1973 Cava and Yates isolated
haplophytine from the plant Haplophyton
cimicidum, which is found in parts of Mexico
and Central America

* The structure was determined by X-ray
crystallography of haplophytine dibromide

« Haplophytine is believed to be one of the
many alkaloids from this plant specimen
that is responsible for its
anticockroach/insecticidal nature

* Aspidophytine was isolated by acidic
cleavage of haplophytine

* Aspidophytine is believed to be a precursor
in the biosynthesis as well as a potential
synthetic intermediate to haplophytine




Synthetic Efforts

« The first total synthesis was reported by Corey in 1999
* He, F.; Bo,Y.; Altom, J. D.; Corey, E. J. J. Am. Chem. Soc. 1999, 121, 6771

« Two more total syntheses were later reported, Fukuyama
In 2003 and Padwa in 2006

Sumi, S.; Matsumoto, S.; Tokuyama, H.; Fukuyama, T.; Org. Lett. 2003, 5,
1891

« Sumi, S.; Matsumoto, S.; Tokuyama, H.; Fukuyama, T.; Tetrahedron 2003, 59,
8571

« Mejia-Oneto, J. M.; Padwa, A.; Org. Lett. 2006, 8, ASAP
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Construction of the Indole
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Construction of the a-Diazo Imide Cycloadduct
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Dipolar Cycloaddition
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Completion of Aspidophytine
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Fukuyama's Strategy
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Fukuyama'’s First Generation Synthesis

T™S i ; T™S
o __ ~ vinyl acetate, Lipase PS, ~
ﬁ 1, =—TMS _ S +BuOMe - = MeC(OMe),NMe,,
n-BuLi 50°C, 45% (99% ee) / ?lylenzeh
THF. -78 °C (65%) OH refiux,
2. 3% H,S0,, Et,0, OH 84%
1, 10 h, (98%)

™S T™S
1. 0sO,, NMO
acetone-H,0,0°C ;B,\?%SSEPMéﬁc > OTBDPS
2. NalO,, THF/H,O Me,NOC__ OH 3 o5 h2(752°’/) Me,NOC__ .+
0°C, 1h. ' ° OH
3. NaBH,, EtOH, -20 °C HO

85 % (3 steps)

1. (COCl),, DMSO
CH,Cl, Et;N -78 °C (95%) _ N
2. p-TsOH, ethylene glycol ~ Me,NOC. . OTBDPS
PhH,25h N~
3. K,COg, MeOH, r.t,, 2 h o\)

83% 2 steps



Construction of the Indole Coupling Partner

X _CO,Et
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Construction of the Mannich Precursor

Pd(PPhs),,
Cul, Et;N MeO
70°C, 1 h 92%

MeO u I OMe

1. TBAF, THF, 45 °C,

1. Lindlar catalyst or

2 h, 85% Pd/C, EtOH, H,
2. NsNH,, PPhs, DEAD, 2. BOC;(;,Q[;'\/AA; MeCN
— r.t. % (2 steps
PhH, rt., 5 min.; MeO ( ps)
3. chOS, MeOH, r.t.
1.5h

PPhg, DEAD, PhH
r.t. 5 min, 73% (3 steps)
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Finishing the Synthesis

1. PPTS, acetone-H,O
70 °C, 18 h, quant.

2. PhSH, Cs,CO3,
MeCN, rt., 3h

3. TFA, Mezs, CHQCIZ,
r.t., 5 min.; ag NaHCO3
84% 2 steps

(PhSe(0)),0, PhH
65°C, 1.5 h, 65%

CONMe, HCHO. NaBH.CN

pH 7.0 buffer, -70 °C to rt
2.5h, 67%

MeO

NaOH, EtOH, 70 °C;
K3Fe(CN)6, NaH003
5°C to rt, 40 min, 29%

MeO




Fukuyama’s Second Generation Synthesis

TIPS i i TIPS
') - =~ vinyl acetate, Lipase PS, =~
ﬁ 1.=—TIPS _ = papvie g = CH.C(OE,
n-BuLi, CeCly 50 °C, 48% (99% ee) , +BuCO,H, xylene
THF. -78 °C OH reflux, 10 h
2. 3% H,SO,, THF, OH

r, 6.5 h, (94%)

1. 0s0,, NMO N\
tearTHE, N acetone-H,0, 0°C N on
50°C,45min Et0,C._ 2. NalO,, THF/H,0 . Et0,C._" H

0 °C, 25 min.
3. NaBH,, EtOH, -20 °C
38% (5 steps)

1. (COCI),, DMSO
CH,Clp, EtN-78°C N
2. CSA, HC(OMe);, MeOH E0,C OTBDPS
rt, 30 min 74% (2 steps) N CH(OMe),

TBDPSCI, DMAP, -~
EtsN, CH,Cl,, -20 °C
45 min 95%




Completion of Aspidophytine

CH,OA
20Ac N Pd(PPha),,
+ OTBDPS __CuLEEN _  MeO
B0C( CH(OMe), T70°C, 2h 78%

1. Boc,O, DMAP
MeCN, rt, 15 min, 94%
2. Pd/C, H,, EtOH
rt.3.5h97%

PPH;, DEAD, PhH

3. KoCO3, MeOH, 1t 1 h 96% rt 5 min 93%

4. NsNH,, PPH3;, DEAD, PhH

rt. 5 min, 93%
5. TBAF, THF, rt 1h 93% OMe OMe

R = CH(OMe), R = CH(OMe),

1. TMSBY, CH,Cl,

o 2 ne COqEt HCHO, NaBHCN,
2. PhSH, CS,CO4 pH 7.0 buffer, -70 °C to rt
25h, 67%

MeCN, 55 °C, 20 min
3. TFA, Me,S, CH,Cl, OMe
rt, 5 min; pH 7.8 buffer

56% (2 steps)

NaOH, EtOH, 70 °C;
KsFe(CN)s, NaHCO,
5°C to rt, 40 min, 39%
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Corey’s Strategy
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1. Fe, HOAC, silica gel
Toluene, A, 71% |

A, 1h, 88%

2. CHgl, KOH, Bu,NI ~  MeO N
THF, 23 °C, 94% OMe Me

| LiAIH,, THF

Synthesis of the Indole System
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Synthesis of Dialdehyde

o) O 1. R-CBS B-methoxazaborolidine OAc
TMSCH,C(=CH,)MgBr, Br catalyst, catechol borane, CH,ClI,,
Br CeCl,, THF, then H,0*, _ .78 °C, 97.4% ee, 94% .
82% - 2. Na(Hg), MeOH, 23 °C, 82%
MeG 3. Ac,0, EtsN, DMAP, CH,Cl,, 97%
T™S T™MS
1. LDA, TBSCI, THF, -78 °C . OHC CHO
' ’ ’ ’ 1. OsO, (cat), NMO (1.2 equiv),
then A (0] acetone-H,0, 23 °C, 6 h, 57% 0]

2. EDCI, -PrOH, DMAP, 57% 2 NalO,, THF-H,0 4:1, 23°C
(2 steps) s’ \ 04< 35 min 98% s’ \ 04<



Assembly of the Aspidophytine Skeleton

o}
CH3CN, 23°C,
| NH2 + OHC 5 Qi-Pr then TFAA, O OC,

then NaBH3CN, 23 °C
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Completion of Aspidophytine
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1. NaOH, EtOH, /p
75°C, 24 h, 88% .~ J\)\

2. KsFe(CN)g, )\/’\
NaHCO,, +BUOH-H,0 1:2 MeO
92% OMe Me

+BUOH/H,O (1:1), then NaSO;4
2. Pb(OAC),, AcOH, CH,Cls, -20 °C,

1. OsO, (1 equiv), DMAP (2 equiv)
71% (2 steps)

1. KHMDS, THF, -78°C,
then PhNTf,, -78 °C, 54%
2. Pd(PPhg), (0.2 equiv),
BusSnH (8 equiv), THF MeO U
23°C, 1 h, 86% OMe Me




