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The asymmetric total synthesis of (—)-callystatin A has been achieved. The key steps generating the stereogenic centers rely on the asymmetric
a-alkylation of aldehydes or ketones exploiting the SAMP/RAMP hydrazone alkylation methodology, as well as an enzymatic enantioselective
reduction of a 3,5-dioxocarboxylate. For the construction of the alkene moieties, highly selective Wittig or Horner—Wadsworth—Emmons reactions
were employed.

Callystatin A is a polyketide marine natural product isolated by Crimmins and Kingand most recently by the groups of
by Kobayashi et al. from the spon@allyspongia truncata ~ Smith¢ Kaless€, and Marshalf

that shows remarkably high cytotoxic activity @G= 0.01 The limited quantities of-)-callystatin A available from
ng/mL against KB tumor cells).Shortly thereafter, the  natural sources, together with the possibility of preparing
Kobayashi group confirmed the absolute configuration of this analogues with improved biological activities, show the
product via parti&l and total synthesisand also reported  imperative need for total synthesis. In this context, and as
the preparation of several structural analogues, which led toan opportunity to demonstrate the scope and efficiency of

further insight on structureactivity relationshipg. Subse- our SAMP/RAMP hydrazone alkylation methodolSgyp-
quently, the total synthesis of-}-callystatin A was reported

(5) Crimmins, M. T.; King, B. W.J. Am. Chem. S0d.998 120 9084—
T Present address: InstitutrflBiotechnologie 2, Forschungszentrum  9085.

Juich GmbH, 52425 Jlich, Germany. (6) Smith, A. B., Ill; Brandt, B. M.Org. Lett.2001, 3, 1685-1688.
(1) Kobayashi, M.; Higuchi, K.; Murakami, N.; Tajima, H.; Aoki, S. (7) Kalesse, M.; Quitschalle, M.; Khandavalli, C. P.; Saeed)HA). Lett.
Tetrahedron Lett1997, 38, 2723-2728. 2001 3, 31073109.
(2) Murakami, N.; Wang, W.; Aoki, M.; Tsutsui, Y.; Higuchi, K.; Aoki, (8) Marshall, J. A.; Bourbeau, M. B. Org. Chem2002 ASAP article.
S.; Kobayashi, MTetrahedron Lett1997, 38, 5533-5536. (9) (@) Enders, D. InAsymmetric SynthesiMorrison, J. D., Ed,;
(3) Murakami, N.; Wang, W.; Aoki, M.; Tsutsui, Y.; Sugimoto, M.; Academic Press: Orlando, 1984; Vol. 3, pp 2839. (b) Enders, D.; Klatt,
Kobayashi, M.Tetrahedron Lett1998 39, 2349-2352. M. In Encyclopedia of Reagents for Organic SyntheBiaquette, L. A.,
(4) Murakami, N.; Sugimoto, M.; Nakajima, T.; Kawanishi, M.; Tsutsui, Ed.; Wiley: Chichester, 1995; Vol. 1, pp 17882. (c) Job, A.; Janeck, C.
Y.; Kobayashi, M.Bioorg. Med. Chem200Q 8, 2651-2661. F.; Bettray, W.; Peters, R.; Enders, Detrahedron2002 in press.
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cl BnO O enantioselectivity, affording the hydroxyketoesfemwhich
5 6 7 8 was easily converted into chlorinatédlactone9 (94% ee

by HPLC) as described in Scheme 2. DIBAL-H reduction
of 9 and subsequent acetalization provided chloroadétal

gether with an enzymatic enantioselective reduction devel- Wich upon chloroacetoxy substitution reaction with tet-
oped recently we resolved to engage in the task of pursuing rabutylamonium acetate (TBAA) followed by hydrolysis of
its total synthesid the ester moiety afforded hydroxyacetl in good yield.

Our retrosynthetic plan is shown in Scheme 1 and includes The key synthetic intermediafewas obtained after treatment

disconnections of the & C; and G,—Ci3 double bonds, of 11 under standa:jd Swernhomdanc;]n C.Ond'ftloﬁs' heti
which can be built up by means of a higltyselective Wittig . Next we proceede ot y synthesis o t_e synthetic
olefination? between allyltributylphosphorus ylide derived |nFermed|ate3, Wh'Ch. st.arted with the' asymmetricalkyl-
from bromide3 and aldehyd& and between ylide derived ation 0:1 aldehydé..zr\]/'la}ts coi[resptr)]ndlng .SAMP hydra},zone
from 4 with the aldehyde obtained by Swern oxidation of flosilc(jvce denkf/ 3.E)liklg/lliltli?)tl10r\1lvioth3 iv(\)/gonl;gtﬁa::eﬂ;'; f(;(;) og

the hydroxyl group present i, respectively. Aldehyd@

should be accessible from ketoedigwhich can be prepared

by enantioselective reduction of a 6-chloro-3,5-dioxohex- _

anoate. With respect to bromidg it can be obtained by Scheme 3

selective olefination of functionalized aldehy@8ewhich is OMe

a suitable compound to be prepared by asymmaetiddky!- OHC™""0TBDPS o N(\A OTBDPS
ation of the correspondingS(-1-amino-2-methoxymethyl- 95% N’

pyrrolidine (SAMP) hydrazone. Finally, stereopentadan 12 13

be synthesized by means ofsgnselective aldol reaction 1) LDA, THF, 0°C
between the enolate derived fromand aldehydes, both 73% \2) Mel, THF, -100°C
also suitable to be obtained as single enantiomers by SAMP/ 3) O3, CH,Cl, -78°C

RAMP hydrazone alkylation procedures.

. . EtO,C - E
For the synthesis of aldehy@Scheme 2) we exploited \j\/\ﬂ 15b, NaH PN
. , . . . X OTBDPS OHC OTBDPS
the already published enantioselective enzymatic reduction THF, it
of 3,5-dioxocarboxylates catalyzed by baker's yéést. 14 6
Therefore, reduction ofert-butyl 6-chloro-3,5-dioxohex- 91%; 341 2E
anoate proceeded with virtually full regiocontrol and high .. | 1y DiBALH, CHaC,
92% | 2 CBry, PPhy, CHaCN 0
. P(OR),
(10) (a) Wolberg, M.; Hummel, W.; Wandrey, C.; Mer, M. Angew.
Chem., Int. Ed. Engl200Q 39, 4306-4308. (b) Wolberg, M.; Hummel, Br ~
W.; Miiller, M. Chem. Eur. J2001, 7, 4562-4571. (c) Job, A.; Wolberg, « EtO” O
M.; Mller, M.; Enders, D.Synlett2001, 1796-1798. OTBDPS
- - 15a; R=CH,CF;
(11) Job, A. Dissertation, RWTH Aachen, 1998001. 5 15b: R=0-(MeO)CeHs

(12) Tamura, R.; Saegusa, K.; Kakihana, M.; Oda,JDOrg. Chem.
1988 53, 2723-2728.
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(-)-callystatin A

afforded then-alkylated hydrazone ir 95% de as indicated
by 3C NMR analysis of the crude reaction mixture. Ozo-
nolysis of this alkylated hydrazone cleanly yielded aldehyde
6. For the selective installation of the double bond in the

a£ ;:uer:jsua:teu\r,va;de;stle(i)r4,eg :lsci)r:ne;f:‘/\e/ fniwn?(ﬂ;iignmﬁ:ss ho- of butanal-RAMP hydrazon&6 with iodomethane. Subse-
P ploy 9 phosp guent Sn(ll)-mediatechismatchedhldol reactiof® between

nate reagents. StilGennart® coupling with phosphonate .
15ayielded the desired product with moderate diastereose-;]asr;% /8 pireolge;ddegxigloeor:?Ic)j/ialtgteprrgc\)/;deTegSirtoxgskfr:g?e 2)
lectivity (Z/E ratio of 8:1)® however, it was greatly improved oy y '

(34:1) by changing to the modified reagerib* in both After protection of the hydroxyl moiety as its TBS ether,
cases with comparable yields. Subsequent DIBAL-H reduc- re_zmoval of the b_enzyl group by hydrogenolyss, and DIBAL-H
tion of the ester moiety followed by bromination with GBr _d|astereosel_e ctive reduc_tlon of the obtaifiekly droxyketo_ne,
PPh in acetonitrile provided the allylic bromid& The ee It. Was.possmle to obtain compourd as a stereodefl.ned.
of the final compound was checked at the allylic alcohol single isomer after (;qlumn ghrqmatqgraphy. Swern oxidation
stage (after DIBAL-H reduction of4) and was found to be of 19 fqllowed by Wittig olefination W.'th PEP:(.:(CHQCQZ'
>98% by GC analysis. Et furnlshgdx,ﬁ—unsatU(ated est@Q in good yield and in a
For the synthesis of the stereopentaScheme 45 we fully selective way favoring thg de§|reEi|§omer. Subquuent
roceeded first with the asymmetric alkylation of 3-pen- DIBAL-H reduct|onland bromination with CBfPPH in the
fanone via its R)-1-amino-2-methoxymethylpyrrolidine presence of 2,6-lutidine afforded the target stereopefitad

L . In this case, the presence of a base such as 2,6-lutidine in
(RAMP) hydrazone derivativel7 with benzyloxymethyl S . . :
chloride (BOMCI), yielding ketone7 (96% ee by GC the bromination reaction was necessary in order to avoid

vsi ft | | of the chiral i b deprotection of the TBS ether.
analysis) after clean removal of the chiral auxiliary by a Finally, we proceeded to the assembly of the obtained

(13) Still, W. C.; Gennari, CTetrahedron Lett1983 24, 4405-4408. synthetic |nt§rmed|ates n order-to build up t_he skelgton of
(14) Ando, K.J. Org. Chem1997, 62, 1934-1939. (—)-callystatin A (Scheme 5). First, the allylic bromi&e
(15) Other published syntheses of the;€Cs, fragment of callystatin was converted into the tributylphosphonium s2 and

A (@) Marshall, J. A; Fitzgerald, R. NI. Org. Chem1999 64, 4477 subsequently a Wittig reaction was performed by reacting it

4481. (b) Dias, L. C.; Meira, P. R. Rietrahedron Lett2002 43, 185- . ; ’
187. with aldehyde? in the presence of KBu to afford the triene

standard ozonolysis procedure. The asymmetric synthesis of
aldehydeB was performed in an analogous way by alkylation
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22 in good vyield and as a single diastereoisomer. Next, Consequently, this total synthesis can be favorably compared
deprotection of the alcohol moiety with TBAF in THF, with other published routé8® and is efficient enough to
followed by Swern oxidation of the primary alcohol, allow the preparation of other modified analogues.
furnished cleanly aldehyde3, which was then coupled with

allylic bromide 4 using again a Wittig reaction. However, ~ Acknowledgment. This work has been generously sup-

in this case the use of KBu as the base that promotes the Ported by the Deutsche Forschungsgemeinschaft (Sonder-
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alcohol functionality and concomitant hydrolysis/oxidation
of the acetal moiety. The asymmetric synthesis of-(
callystatin A was completed with the deprotection of the TBS
ether with HFpyridine in THF.

In summary, a highly efficient asymmetric total synthesis
of (—)-callystatin A has been accomplished. A very important OL0256116
feature of this synthesis is the creation of the stereogenic .
centers in the first stages by using the SAMPIRAMP {16\ (® Pelerson; | Tiber R, Dfevnedron Lot1902 33 1233
hydrazone alkylation protocol together with an enantiose- A.J. Am. Chem. S04994 116 11287-11314. For other Sn(ll)-mediated
lective enzymatic reduction. In this context it should be noted a9l reactions. see: 4(°£)1 3,”“1“5‘;'3{3?2@3_” '(‘évfsﬁgvg‘éé\j-'fte‘ﬁe;;wz} ;/E/.,Yl.ﬂ;aga,
that this constitutes the first non-ex-chiral pool synthesis of kumagai, T.; Ochiai, M.; Inoue, T.; Hashimoto, K.; Fujita, EOrg. Chem.
this cytotoxic polyketide. It is also noteworthy that the 1986 51, 2391-2396. (e) Evans, D. A.; DiMare, Ml. Am. Chem. Soc.
formation of G-C double bonds during the synthesis has 1986 108 2476-2478. (f) Evans, D. A.; Weber, A. B. Am. Chem. Soc.

. g - #1986 108 6757-6761. (g) Evans, D. A.; Gage, J. R.Org. Chem1992
been performed with a very high degree of diastereoselection.57, 1961-1963.

Supporting Information Available: Spectroscopic and
analytical data for key compounés-8, 14, 18, 22, 24, and
(—)-callystatin A and experimental procedures. This material
is available free of charge via the Internet at http://pubs.acs.org.
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