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Total Synthesis of Spirotryprostatin B

O Itroduction

Isolation:  fermentation broth of Aspergilflus fumigatus BM939
Osada et. al. Tetrahedron 1997, 53, 59.

1 mg of spirotryprostatin A and 11 mg of

spirotryprostatinB was yielded from 400 L of
culture medium

Bioactivity: inhibition of mammalian Go/M phase cell-cycle
progress (12.5 ﬁfg/ml: mammalian tsFt210 cells)
cytotoxic activity on the growth of human
leukemiacell lines.

Chemical Features:

spirooxindole unit at C3 position
isobutenyl side chain branched from C18 X =OCHg : spirotryprostatin A

diketopiperazine construction =H: 6- demethoxysp|rostat|n A

Total Synthesis: How do they build spirooxindole unit 2?2
Danishefsky, S. J. et. al. Angew. Chem. Int. Ed. 2000, 39, 2175. : Mannich reaction

Genesan, A. et. al. J. Org. Chem. 2000, 65, 4685. » Pictet-Spengler reaction and
Oxidative rearrangement

Williams, R. M. et. al. J. Am. Chem. Soc. 2000, 39, 2175. [1 .3]-Dipolar cycloaddition

Overman, L. E. et. al. Angew. Chem. Int. Ed. 2000, 39, 4596. 1 Intramolecular Heck reaction

Fuji, K. et. al. Org. Lett. 2002, 4, 249.
Carreira, E. M. et. al. Angew. Chem. Int. Ed. 2003, 42, 649.
Horne, D. A. et. al. Angew. Chem. Int. Ed. 2004, 43, 5357.
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1 Comparison of Three Methodologies to Build Spirooxindole Unit

[E)‘amshefskys methodology’ Angew. Chem. Int. Ed. 2000, 39, 2175.
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1-1 Mannich Reaction by Danishefsky

ref. Angew. Chem. Int. Ed. 2000, 39, 2175. CondiTion ~
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Scheme 4. Synthesis of spirotryprostatin B (1). HMDS = 1,1.1.3.3.3-hexamethyl-
disilazane, DMDO = dimethyldioxiranc.

1-2 Pictet-Spengler Reaction and Oxidative Rearrangement
by Ganesan

ref. J. Org. Chem. 2000, 65, 4685.
Tetrahedron Lett. 1997, 38. 4327.
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1-3 Mannich Reaction Starting from 2-Halotryptophan by Horne
ref. Angew. Chem. Int. Ed. 2004, 43, 5357.

Org. Lett. 2004, 6, 711.
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2-1 [1,3]Dipolar Cycloaddition by R.M. Williams

ref. J. Am. Chem. Soc. 2000, 122 5666.

Tetrahedoron 2002, 58, 6311.
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2-2 Construction of Spirooxindoles Library by Schreiber
ref. J. Am. Chem. Soc. 2004, 126, 16077.
Angew. Chem. Int. Ed. 2004, 43, 46.

"rarjd oviented fjkl\mhho&) mediciwal and comrbinateriaf cf\eu}ihy diverstTy ontented syuthess (Dol
A) ' ' B) <) .

descriptor 2

poiats along a continuum

Figure 1. Comparison of TOS (A), medicinal and combinatorial chemistry (B), and DOS (Q). Each three-dimensional plot is meant to represent
the chemical product or collection of products derived from a single synthesis pathway. Each axis plots a calculable or measurable property of a = -
small molecule (for example, molecular weight, solubility). A) The aim in TOS is to synthesize a singfe target structure having known or predicted
properties (red sphere). B) The goal in medicinal and combinatorial chemistry is to synthesize 2 collection of analogues (blue spheres) of a target
structure having known or predicted properties (red sphere). C) The aim in DOS is to populate chemistry space broadly with complex and diverse
structures having unknown.properties (blue spheres) as a first step in the small molecule discovery process. In some ways, these three
approaches to synthesizing small-molecules represent points along a continuum. -
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Scheme 4. Library Scheme and Final Building Block Selection?
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3 [5+2]Cycloaddition to n°-molybdenum n-Complex by Liebeskind
ref. Org. Lett. 2000, 2, 4083. Org. Lett. 2000, 2, 3909,

J. Am. Chem. Soc. 1999, 121, 58111. J. Am. Chem. Soc. 2001, 123, 12477
J. Am. Chem. Soc. 2003, 125. 9026. T '
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Table 1. (5 + 2] Cycloaddition of 7°-Pyranylmolybdenum Complexes
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—CHC ) exo-Ta HCO H H H
| CH,=CHCHO 20%,n12.5h 87%. 10:1 endo-Ta  H H H CHO

— i . exo-Th MeCO H H H
2 CH,=CHCOMe 10%.1t 1.5h 94%.84:1 endoTb  H H H COMe o5

- . exo-Te MeO:C H H H 5¢
3 CH,=CHCO:Me 20%. 1t Sh 88%, 3.5:1 endo7c H H H CO:Me 9222

. . exo-7d —CO(CH;)s— H H 9

4 2-cyclohexenone 20%.1t4 h 93%. {:0 endo-7d i[,;]lc g 4 ~(CH 22; CO- o

- . 57%. 0.64:1 exo-Te 2
5 CH,;=CHCN (6 equiv) 120%.114.5h endoTe H H o H CN g%&

- . . exo-70 —CON(Me)CO— H H
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. o~ . exo-7g HCO Ph H e

7 (E)-2-PhCHCH(Me)CHO  20%, 1t 4h 91%. 1:1.2 endotg Mo Ph H CHO
8  PhCH=C(CN) 20%. 113 h %%, 10 0T NC th B\
9 DMAD 110%.rt 10 min ~ 43%, - - - - i E1O.C CO:Et C—Cbond

* Mol % EtAICl,, temp, time. ® Enantiomeric excess of product prepared from (+)-6 of 97% ce. © Small amount of impurity precluded an accurate
determination of the minor isomer ee. However, recrystallization of endo-7f gave product in >99% ee.
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4 Mol % E(AIC,. time. ¥ rac-form was used. © (—)-3 of 98% cc was used. *

Table 1. {5 + 2| Cycloaddition of 7*-Pyridinyimolybdenum z-Complexes
Tp(CO)zMo\ OMe Me0OC, H  Me(CORTP
N
/j/ EtAICH, HQ A
J\ e CH,Cl R
OMe 1 R? R'
(*)‘3 413
entry alkene conditions” yield. cxoendo prodt R! R? R* RY % cc
1 N-methylmaleimide 1209 10 min  68%, 100:0 w 4 H —CON{Me)CO- H b
2 CH,;=CHCOMe 50%. 20 min 79%, 82:12 exo-Sa H i COMe H b
endo-Sb  H H H COMe b
3 2-cyclohexenone 50%. 30 min 87%. 100:0, 8% recov 3 g.))_ﬁ_ H —(CH.)CO—- H 97
4 CH=CHCO;M¢e 180%. 55 mio  88%, 100:0. 5% recov 3 7 H H CO:Me H 98"
5 CH»=C(M¢)CO;Me 150%. 16 h 47%, 100:0, 21% recov 3 w H H CO:Me Me 651
6 CH,=C(M¢)CHO 20%. 40 min 74%. 6139, 21% recov 3 'c.ru-9a H H CHO Mec 95"
endo9b H H Me CHO 95"
7 (E)-EtCH=CHCHO 40%, 40 min 74%.57:43. 14% recov 3 exo-10a Et H CHO H b
endo-10b  H Et H CHO b
8 O 180%:., 16 h 86%, 69:31 exo-11a H H —COx(CH 12— b
%0
endo-11b H H —(CH3):0.C - b
9 MeQ2CCH=C=CHCO;Me 110%.35min 57% 12 =CHCO:Mc¢  (CO:Me H b
10 HC=CCO;Et 150%.2.5h 68%, 1% recov 3 l3 ML C—C bond CO:Et b
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R}/ R4 2 1
R? R! R R
16-19
substrate  prdt (%) R'  R? R? RY  ee®%
1 4 16 (52%) H -CON(Me)CO- H
2 6or(—)»6 17(81%) H —(CH1):CO- H 96¢
3 Tor(=)>-7T 18(77%) H H CO;Me H 98t
4 9a 19 (77%) H H CHO Me

« Prepared from (—)-6 of Y7% ce. ¢ Prepared from (—) 7 of 98% ee.

Pu\rq

‘froP anes

CAN wmedigled oxjdative
aHordcd racemic (b , 1§ and krjl,\ enatio merlc

deméTalna

Ton

15 was stable

dedble Eahc‘ and

to an allene are espe clally notable .

Scheme 2. Effect of Functional Groups on Cycloadduct
Stability
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4 Appendix
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