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ABSTRACT

PD 113.271

A total synthesis of PD 113,271, an antitumor fostriecin analogue isolated from Streptomyces pulveraceus , was achieved by the chiral pool
approach starting with  p-galactose and L-tartaric acid. The synthesis of PD 113,271 led to unambiguous assignment of the relative and absolute
stereochemistry of its stereocenters.

PD 113,271 (), which is a 4-hydroxy analogue of fostriecin  (HCT-8, 1G5, = 9.0uM) in vitro, and it also exhibits potent
(CI-920,2), was isolated in 1983 by Tunac and co-workers antitumor activity against L1210 and P388 leukemia in Vivo.
from a fermentation broth ofStreptomyces pulveraceus It has been reported that PD 113,271 inhibits the enzyme
subsp.fostreusATCC 31906 (Figure 1}2 Compoundl topoisomerase Il with an MIC of 12.6M in an in vitro
assay' There have been several reports of total synthesis of

I, fostriecin (2) as well as many biological studies @n

including descriptions of its mechanism of actfori.How-

Ny Na® ever, little is known about PD 113,271 (1). Since there are
R % A neither synthetic nor degradation studies reported fahe
o =OH PD 113271 (1) complete relative and absolute configurationd ¢fave not
OH R=H Fostriecin (2)
Figure 1. Structures of PD 113,2711) and fostriecin Z). (3) (@) Lewy, D. S.; Gauss, C.-M.; Soenen, D. R.; Boger, DCLrT.

Med. Chem2002,9, 2005. (b) Jackson, R. C.; Fry, D. W.; Boritzki, T. J.;
Roberts, B. J.; Hook, K. E.; Leopold, W. Rdv. Enzyme Regul 985,23,
193. (c) Scheithauer, W.; von Hoff, D. D.; Clark, G. M.; Shillis, J. L.;
exhibits excellent cytotoxic activity against a mouse leukemia EIS(Iz)g?r)' E. FEll(.I_r. TJ SIIir\]/.v olpcgl.ngag,zé, 921. LA Jack -

— ; ; a) Boritzki, T. J.; Wolfard, T. S.; Besserer, J. A.; Jackson, R. C.;
(L1210, 1Gso = 1'8ﬂM) and a human ileocecal carcinoma Fry, D. W. Biochem. Pharmacoll988,37, 4063. (b) de Jong, R. S.; de
Vries, E. G. E.; Mulder, N. HAnti-Cancer Drugsl997,8, 413.

T Department of Applied Biological Science. (5) Total synthesis: (a) Boger, D. L.; Ichikawa, S.; Zhong, WAm.
* Faculty of Pharmaceutical Sciences. Chem. Soc2001,123, 4161. (b) Chavez, D. E.; Jacobsen, E Agew.
(1) (@) Tunac, T. B.; Graham, B. D.; Dobson, W. E.Antibiot. 1983, Chem.,Int. Ed. 2001,40, 3667. (c) Reddy, Y. K.; Falck, J. Rrg. Lett.

36, 1595. (b) Stampwala, S. S.; Bunge, R. H.; Hurley, T. R.; Willmer, N. 2002, 4, 969. (d) Miyashita, K.; lkejiri, M.; Kawasaki, H.; Maemura, S.;
E.; Brankiewicz, A. J.; Steinman, C. E.; Smitka, T. A.; French, JJC. Imanishi, T.Chem. Commur002,9, 742. (e) Wang, Y.-G.; Kobayashi,

Antibiot. 1983,36, 1601. (c) Hokanson, G. C.; French, J.JCOrg. Chem. Y. Org. Lett.2002,4, 4615. (f) Esumi, T.; Okamoto, N.; Hatakeyama, S.
1985,50, 462. (d) Mamber, S. W.; Okasinski, W. G.; Pinter, C. D.; Tunac, Chem. Commur2002,9, 3042. (g) Miyashita, K.; Ikejiri, M.; Kawasaki,
J. B.J. Antibiot. 1986,39, 1467. H.; Maemura, S.; Imanishi, T. Am. Chem. So2003 125, 8238. (h) Trost,

(2) (@) Stampwala, S. S.; French, J. C.; Tunac, J. B.; Hurley, T. R.; Bunge, B. M.; Frederiksen, M. U.; Papillon, J. P. N.; Harrington, P. E.; Shin, S.;
R. H. U.S. Patent 447,544, 1986. (b) Stampwala, S. S.; French, J. C.; Tunac,Shireman, B. TJ. Am. Chem. So2005 127, 3666. (i) Yadav, J. S.; Prathap,
J. B.; Hurley, T. R.; Bunge, R. H. European Patent Appl. 87021 A2, 1983. |.; Tadi, B. P.Tetrahedron Lett2006,47, 3773.
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yet been establishé@?8To confirm the configurations and

(JH—SIH—4 = 2.7 Hz,y—4n-5s = 8.7 Hz, 4,5anti). Thus we

examine the structure activity relationships, total synthesis deduced that the absolute configuration at C4 mighSbe

of 1is required. Herein we report the synthesis of PD 113,-
271 and establish that its stereochemistry $56,8R,9R,-
11Rin 1.

In planning the synthesis, we drew from knowledge of
the structurally related natural products fostriecin 42§28
phomalactone J),° and 4-epi-phomalactone4)® whose

absolute and relative configurations have been determined
by NMR spectroscopy, degradation studies, and total syn-

thesis (Figure 2). Sinceé should be synthesized via biosyn-
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Figure 2. Speculations about the absolute configuration of PD
113,271 1) based on the NMR data for phomalacto8gand 4epk
phomalactone (4).

thetic pathways that are similar & the absolute configu-
rations at C5, C8, C9, and C11 bimight beS,R, R, andr,
respectively, the same as the stereochemist®. dhesyn
relationship between C4 and C5 bfvas deduced based on
the reported coupling constantk{s—4 = 6.3 HZ,Ju—an—s5
= 2.7 Hz) of1*which are similar to those & (J4-zn-4=
5.3 Hz, Jy-4n-s = 3.1 Hz, 4,5syn) versus those of

(6) Synthetic studies: (a) Just, G.; O’Connor,T&trahedron Lett1988,
29, 753. (b) Liu, S. U.; Huang, D. F.; Huang, H. H.; HuangQhin. Chem.
Lett. 2000,11, 957. (c) Cossy, J.; Pradaux, F.; BouzBouzO#g. Lett.
2001,3, 2233. (d) Kiyotsuka, Y.; Igarashi, J.; Kobayashi, ¥etrahedron
Lett. 2002,43, 2725. (e) Marshall, J. A.; Bourbeau, M.®rg. Lett.2003,

5, 3197. (f) Ramachandran, P. V.; Liu, H. P.; Reddy, M. V. R.; Brown, H.
C. Org. Lett.2003,5, 3755.

(7) Roberge, M.; Tudan, C.; Hung, S. M. F.; Harder, K. W.; Jirik, F. R;
Anderson, H.Cancer Res1994,54, 6115. Guo, X. W.; Th'ng, J. P. H;
Swank, R. A.; Anderson, H. J.; Tudan, C.; Bradbury, E. M.; Roberge, M.
EMBO J.1995,14, 976. Ho, D. T.; Roberge, MCarcinogenesid4996,17,
967. Walsh, A. H.; Cheng, A.; Honkanen, R. EEBS Lett.1997,416,
230. Hastie, C. J.; Cohen, P. T. \WEBS Lett1998,431, 357. Cheng, A.;
Balczon, R.; Zuo, Z.; Koons, J. S.; Walsh, A. H.; Honkanen, RCancer
Res.1998,58, 36110.

(8) Boger, D. L.; Hikota, M.; Lewis, B. MJ. Org. Chem.1997, 62,
1748.

(9) Evans, R. H., Jr.; Ellestad, G. A.; Kunstmann, M.TRtrahedron
Lett. 1969,22, 1791.

(10) Hiraoka, H.; Furuta, K.; lkeda, N.; Yamamoto, Bep. Appl. Chem.
1984,57, 2777.
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Our retrosynthetic analysis dfais outlined in Figure 3.
In this strategy, two unstable units, phosphate monoester and

(4S5)-4-hydroxyfostriecin (1a)
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Figure 3. Retrosynthetic analysis of 8+4-hydroxyfostriecin 1a).

triene, should be introduced at the late stages of the synthesis.
Further disconnection of the,5-unsaturated lactorteat the
C6—C7 bond would lead to an aldehydend a ketophos-
phonate8. The aldehyd& would be derived from alcohol
9, prepared from.-tartaric acid according to a published
method!! The ketophosphona®& would be prepared from
the optically active lactonelO, which is derived from
p-galactosé?

Synthesis of the aldehydgis outlined in Scheme 1. The
alcohol9, which can be readily produced in three steps from
dimethyl L-tartratel* was oxidized by a Swern oxidatiéh
to give the corresponding aldehyde. Without any further
purification, the aldehyde was directly subjected to the
Z-selective HornerEmmons reactiort to produce the
unsaturated estédrl in 93% yield from9. Next was a DIBAL
reduction of esterlO (98% vyield) and oxidation of the
corresponding allylic alcohol with Mng) followed by
treatment of the resulting aldehyde with CSA in EtOH to
provide12 (69% yield in two steps). A Swern oxidation of
12 furnished aldehyd& with a 97% yield.

(11) Somfai, P.; Olsson, Rietrahedron1993,34, 6645.

(12) (a) Kiliani, H.; Kleeman, SBer.1884 17, 1296. (b) Bock, K.; Lundt,
I.; Pedersen, CActa Chem.Scand.B 1981, 163. (c) Nicolaou, K. C.;
Fylaktakidou, K. C.; Monenschein, H.; Li, Y.; Weyershausen, B.; Mitchell,
H. J.; Wei, H.; Guntupalli, P.; Hepworth, D.; Sugita, K.Am. Chem. Soc.
2003,125, 15433.

(13) Mancuso, A. J.; Huang, S.-L.; Swern, D.Org. Chem1978,43,
2480.

(14) (@) Ando, K.J. Org. Chem.1998 63, 8411. (b) Ando, K.
Tetrahedron Lett1995,36, 4105. (c) Ando, KJ. Org. Chem1997,62,
1934. (d) Ando, K.; Oishi, T.; Hirama, M.; Ohno, H.; Ibuka, J. Org.
Chem.2000,65, 4745. (e) Pinko, P. E.; Salo, T. Nletrahedron Lett2003,
44, 4361.
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s Protection ofl5a as a TBS ether, then deprotection of

Scheme 1. Synthesis of the Aldehyd@ from 9 the ethyl acetal followed by Mnfbxidation of the resulting
s
O,

hemiacetal furnished lactori with a 54% vyield in three
steps (Scheme 4). After deprotection of the acetodiéle
\)\/\ 1) DMSO, (COCl),, CH,Cl, then EtzN
7" TOH  2) (PhO),P(O)CH,CO,Me, NaH, Nal, THF

1) DIBAL, THF, 98% Scheme 4. Synthesis of the C£C13 Fragment of PD 113,271
4/—0 2) MnO,, CH,Cl, A~ ~OMPM 1) TBSOT, 2,6-lutidine,
0 3) CSA, EtOH CH,Cly, 94% ~OMPM
Y Et0” o R 2) Zn(NO3),-6H,0,MeCN, 66% © TBSQ OTBS
MPMO CO,Me 69% in 2 steps 15a (19% recovery of S.M.) o A o
1 DMSO, (COCl),. R =CH,0H, 12 3) MnO,, CHyCly, 87% ‘otes o7g
CH,Cl, then Et;N R=CHO. 7 16
97% 1) Zn(NO3)»6H,0,MeCN, 66%

{13% recovery of S.M.)
2) NalOQy4, THF, H,O
3) [PhsPCH,II*I, NaHMDS, HMPA, THF

OMPM

OR' OR? |

The synthesis of ketophosphonatis outlined in Scheme

. . R 84%in2steps (Z: E=2:1)
2. TBS protection of an optically active lactofh®, produced

oR!
R'=R?=TBS, 17
R'=R?=H, 18

TBSOT, 2,6-lutidine, CHoCl, [, o1 _ 2

Et;N-3HF, EtsN, MeCN, quant. [

1) DDQ, CH,Cly, H,0, 84%

Scheme 2. Synthesis of the Phosphonadrom the 2) TBSOT, 2,6-lutidine,
Lactonel0 CHoClp, 99%
3) HCI aq, THF, MeCN
‘/LO then separation 37%
o\)\@o 1) TBSCI, Im, DMF, quant.
2) (MeO),P(O)Me, n-BuLi, THF, 88%
10 OH the resulting diol was oxidized with sodium periodate to give
% an aldehyde, which was subsequently converted into the vinyl
d ] 0. OH KotBu, TBSCL TBSQ  OTBS iodide 17 by a Wittig reactio#” as an inseparable mixture
\)\OAE(OMe)zL“af (MeO)P 0 (E:Z = 2:1) with a 58% yield in three steps. Deprotection
oTBe quant. °0° 07Q of the TBS ether with in situ generated;Bt2HF'® in
13 8 acetonitrile afforded trioll8. TBS protection of the C11

hydroxyl group and sequential TES protection (C8 and C9)
L R . i of two hydroxyl groups afforded vinyl iodid&9 with an

in five steps fromp-galactosé? then addition of dimethyl  gqo4 yield in two steps. Deprotection of the MPM ether with
methylphosphonate to the lactone, followed by TBS protec- DDQ/® TBS protection of the C4 hydroxy group, and
tion'® of the hemiketall3 produced the ketophosphond&e  ggjective removal of the C8 TES group followed by separa-

with an 88% yield in three steps. _ tion of the Z-isomer by silica gel column chromatography
A Horner—Emmons reaction of ketophosphonateith furnished the vinyl iodid@0 with a 31% yield in three steps.

gldehyde? yielded enond 4. Addition of M.eLl to enond 4 A Stille coupling reactio? of the viny! iodide 20 with

in the presence of Cegt'®gave the desired @-alcohol  he known stannane derivatig: followed by phosphory-

15a and the undesired §-alcoholl5b in 75% and 17% latior?? of the resulting alcohol, gav@l (Scheme 5).
yields, respectively (Scheme 3). The major diasteredtBar  peprotection of the allyl ester and deprotection of the silyl
ether with in situ generated #&-2HF® in acetonitrile
I ovidedlaas a sodium salt with a 92% yield in two steps.
Scheme 3. Synthesis of the C1C12 Fragment of PD 113,271  1H and'®C NMR spectral data fatawere in good agreement

“\OMPF'\BAS(:) oTeS with those reported for natural PD 113,271{%3.

KOt-Bu

7 + . Unfortunately, the optical rotation of natural PD 113,271
toluene, 93% EtO” O ” 0 .
R R2 O7Q (1) has not been reported and the authentic sample of natural
R0 14 PD 113,271 1) is no longer available. To confirm the
Meli, CeCls, THF . .
o e [ R'=Me, R? = OH, 15a (75%) (17) (a) Seyferth, D.; Heeren, J. K.; Singh, G.; Grim, S. O.; Hughes, W.
R' = OH, R2 = Me, 15b (17%) B. J. Organomet. Cheni966,5, 267. (b) Stork, G.; Zhao, Kletrahedron

Lett. 1989,30, 2173.

(18) (a) Durham, T. B.; Blanchard, N.; Savall, B. M.; Powell, N. A.;
Roush, W. RJ. Am. Chem. So004,126, 9307. (b) Giudicelli, M. B.;
is derived from a FelkirAnh addition mechanism. The Picg, D.; Veyron, B.Tetrahedron Lett1990,31, 6527. ,

. - . . (19) Horita, K.; Yoshioka, T.; Tanaka, T.; Oikawa, Y.; Yonemitsu, O.

relative configuration of C8 and C9 was determined by veyranedron 986,42, 3021.

NOESY experiments of the corresponding acetonide deriva- (20) Stille, J. K.; Groh, B. LJ. Am. Chem. S0d.987,109, 813.

; ; ; (21) (a) Mapp, A. K.; Heathcock, C. H. Org. Chem1999,64, 23. (b)
tive (see the Supporting Information). Dabdoub, M. J.; Dabdoub, V. B.; Baroni, A. C. M. Am. Chem. Soc.
2001,123, 9694.

(15) Ditrich, K.; Hoffmann, R. W.Tetrahedron Lett1985,26, 6325. (22) (a) Bannwarth, W.; Kiing, H.etrahedron Lett1989,30, 4219. (b)
(16) Imamoto, T.Pure Appl. Chem1990,62, 747. Matsuhashi, H.; Shimada, R.etrahedron2002,58, 5619.
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Scheme 5. Total Synthesis of PD 113,271

1) 6, Pd(MeCN),Cl,,

DMF, 96% OAC  The proposed structure

20 of PD 116,251 (22)

2) (AllylO),PN/-Pry,
tetrazole o)
CH.Cly
thenTBHP, 93%

1) Pd(PPhg)s, EtsN, HCO,H, THF
2) Et3N-3HF, Et3N, MeCN

The revised structure
of PD 116,251 (22a)

92% in 2 steps PD 113,271 (1a)

O

!
~P~o Na*
o

absolute configuration df, syntheticlawas converted into ~ Figure 4. The proposed and revised structure of PD 116,251.
PD 116,251 by acetylation according to the reported
proceduré® and the spectral data for synthetic PD 116,251 acetylating step? The optical rotation of our synthetic PD
(22a) were compared with those of the authentic natural PD 116,251 ([af% +28 (c 0.02 in HO)) was identical with

116,251 sample (Scheme 8% NMR data for our synthetic  that of the authentic one ([&} +29 (c0.04 in HO)). Thus
we confirmed the structural and stereochemical assignments

(4S,5S,8R,9R,11R) of 1.

_ In summary, we have accomplished the first total synthesis

Scheme 6. Acetylation of1a of PD 113,271 from readily available starting materials using
a chiral pool approach, thereby establishing its relative and
absolute stereochemistry. The natural product was obtained
in a 23-step sequence with an overall yield of 2.9%, starting
from the known and easily accessible alco®olFurther
synthetic studies to improve the synthetic efficiency as well
as biological studies are currently ongoing. Our synthesis
and structural determination @fnow open up opportunities
22awere in excellent agreement with those of the natural to develop new tools for biological studies and to design
sample. However, th&P chemical shift of PD 116,251 was new drugs to treat or prevent cancer.
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