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Abstract: The construction of the three C16-N22C1-C76 (as oPe

23) and C8-C1% (as32) segments of the Hsp90 inhibitor herbimy-

cin A (1) is reported. 1-lodo-3-nitro-2,5-diphenol compongas 16 22 o
obtained in 55% vyield for 3 steps from the commercially availabl I NO,

diiodo derivative7. Reaction between 1,1-dibromo-alke2and OPG MeO”
vinyltin 17a using Pd(PP}), or Pd(CHCN),Cl,/Cul/diisopropyl- 2 |
ethylamine, in toluene or DMF at 85 °C, led to engBen 63% U 7 |
yield (19% overall yield from isopropylidene glyceraldehyde). The o OHC

synthesis of the C8-C15 sub-uB& was performed in 3.4% overall
yield for 13 steps, from the commercially available e2demwith a
Hoppe crotylation as a key step. MeO

Key words: herbimycin A, synthesis, Stille, enyne, 1,1-dibromo-1-
alkene, Sharpless oxidation, Hoppe aldehyde allylation

Molecular chaperones such as heat shock protein Me© OMe 7
(Hsp90) assist the folding, maturation and subcellul: herbimycin A 1 PO ¥ 5
localization of their client proteins, and target damage ﬂ OMe
proteins for degradation via the proteasome. Therefoi

the inhibition of Hsp90 provides a novel approach towar o
regulating crucial enzymes involved in the progression (|
cancer. The benzoquinoid ansamycins, such as herbin

cin A and geldanamycin, have recently been identified 5 Ome :

inhibitors of the Hsp90 folding process. Consequenth 3 5
these molecules are getting a lot of attention in the litera-

turel Scheme 1

Herbimycin A (1)?> was isolated from the fermentation

broth of Streptomyces hygroscopicus strain AM-3672, The present work describes the preparation of C16-N22
and exhibits pronounced antitumor and antiangiogenitiphenol2, C1-C7 enyn® and C8-C15 alcohd (as pre-
properties. At this time, only two syntheses of herbimycioursors of compoundsand3, respectively).

A (1) have been reported. Northern fragmen® was prepared in 55% overall yield
Our synthetic plan developed for herbimycin B {n- for 3 steps from the commercially available diiodo com-
volved the convergent approach depicted in Schemegound?7. Mono-nitration of7 under classical conditions
Our intention was to employ metal-catalyzed couplinfgd to nitro-aldehyd® in 80% yield. In order to generate
reactions to form both the C15-C16 bond between thke diphenol derivativé, we took advantage of the alde-
Northern C16-N22 aromatic fragmehand the Southern hyde function to perform a Baeyer—Villiger oxidation.
C8-C15 side chair8, and the C7-C8 link between theThis reaction cleanly delivered compouhih 80% yield
Eastern C1-C7 dienyl sub-uditand segmer8. A macro- (Scheme 2).

lactamization reaction was programmed for the final Yrhe last step for the preparation of C16-N22 Northern

clization step at N22-C1. fragment2 was achieved by methylation @by means of
KOH/Mel in DMF at 20 °C for 4 hours, in 85% yietd.
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CHO CHO 6 _CHO
O/\::/
16 4a> 16 22 *b, )’(O 13
| I I NO, ]
a
OH OH 4 Br i SnBug
| Br: Br
OH OMe J
22 ¢ 16 22 0. :O b Q : ¢
16 —_— -— 5 —_—
I NO, I NO, >/ )’_
OH OMe
9 2 15 14 16
; o . Scheme 4 a) Zn (3 equiv), CBr(3 equiv), PPH(3 equiv), CHCl,,
h 2 NaNQ (1 HOA 15 h % 2
Scheme2 @) NaNQ (1 equiv), HOAC 80 °C, 15 h, 80%; 20 °C 12 h, 65%; b) BiSnH (1.1 equiv), Pd(PRh, THF, 20 °C, D

b) m-CPBA (3 equiv), CHCl,, 4 °C, 15 h, 80%; c) KOH, Mel
D)MF 20 OC(4 hqué‘é)o’/o_ HCl, 4 °C, 15 h, 80%; c) KOH, Mel, min, 90%; c)n-BuLi (3 equiv), —40 °C, 2 h, B&NnCI, 20 °C, 1h,

95%.

partners10 and 11 (Scheme 3), or betweefO and into the corresponding 1,1-dibromo-alkene derivad2e
acetylenic compount. In this approach, a partial reduc-in 45% overall yield (Scheme 6).Compounds22 and
tion of the resulting enyné is required to reach the 17a under Shen’s conditions [Pd(Pfh or
desired compound. Pd(CH,CN),Cl,/Cul/diisopropylethylamine, in toluene or

For synthesis of compoundd and 12, isopropylidene D'\QF at 85 °C] conducted to the expected engBan
glyceraldehydd3® was selected as an appropriate startin@3 % yield:

material to introduce the C-6 centre (Scheme 4). Applicdhe elaboration of Southern C8-C15 sub-tnitarted
tion of the Corey—Fuchs metHothen led to dibromo from the commercially available hydroxy-es?dr classi-
alkenel4, which is a versatile intermediate. cal transformations gave access, via e85eto thea,p-
1,1-Dibromo-1-alkenel4 delivered pure Z)-vinyl bro- unsaturated aldehyd in 50% overall yield for 6 steps

mide 15 under ByYSnH/Pd(0) conditions, in 90% vyield (Scheme 7).

(Scheme 5%. Besides, acetylenic compound§’ (95%

yield) was easily obtained byBuLi treatment ofl4, fol- THPO
lowed by BySnClI trap.

Br.
However, we were disappointed to find out that Stille cot /\) 17a  SnBug |
pling reactiofl between vinylbromidé5, vinyliodidel7b o —H o
or 17¢° and vinyltin 17a,** or tributylstannylalkynel6 )fé a )fé
did not lead, in sufficient yields, to expected diene ¢ * :
enyne compoundgs, 19 or 202 (Scheme 5). Ll

Consequently, we turned to the Shen metodom-
pound14 was first transformed in 3 steps via alco@bl

PGO/\E o y
Le
OHC

| — 7 I
OMe
11
- Y.
CHO 10 X ! opG
OMe = OMe Scheme 5 a) Pd(PP§), or Pd(CHCN),CI, (15 mol%), Cul 80
mol%), THF, toluene or DMF, 85 °C; b) G&rCl, (0.25 equiy,
6 12 AlMe; (3 equiv), CHCI,, 20 °C, 24 h, then,[(1.2 equiv), 0 °C, 25%
¢) 17b or17c, PdCI(CHCN),Bn (15 mol%), Cul (30 mol%), toluen
Scheme 3 85 °C, 12 h, 30%.
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Scheme6 a)i) Amberlyst 15, MeOH, 20 °C, 12 h, 71%; ii) TBISC OMe =

imidazole, CHCl,, 20 °C, 10 h, 91%; b) Mel (excess), THF-BM 32

8:1, NaH (1.3 equiv), 0°C, 3 h, 70%; tya, Pd(CHCN),CI, (15

mol%), Cul (30 mol%), DIPEA (1.5 equiv), DMF, 85 °C, 12 h, 63% Scheme 8 a) i) DIAD (1.2 equiv), PPN(1.2 equiv), PhC@H (1.2
equiv), toluene, —78 °C, 10 min, 40%; ii) LIAIHTHF, 20 °C, 80%
b) b-(-)-diethyltartarate (1.2 equiv), Ti{&r), (1.2 equiv), TBHR?2

Elaboration of the C15-C8 skeleton was initiated by jg")é ﬁ"%%'g/;fdz)f_;ﬁ’uléhz' ssz/i"\j)C)l\ﬂz:iﬁtg'sgz'%Heguh’gé%’4

enantioselective Hoppe crotylatiéwof aldehyde26 to af- 555 151 700,
ford the pure vinyl carbamaf in 85% yield (100% de, B

Scheme 7). FurthesBuLi (3 equiv) treatment &7 deliv- ) . .
ered the expected acetylenic deriva®@in 70% yield. At this stage, installation of the secondary C12 alcohol
function was envisaged in a two steps sequence. Stereo-

Inversion of the C11 center of COMpOUPiwas envis- ge|ective matched Sharpless epoxidafia 29 usingp-
aged under Mitsunobu conditions. As a consequence

. . - —B—diethyltartarate gave epoxid® in 85% vyield as a
the allylic and homopropargylic position of the C11 hyp v isomer (the corresponding diastereomer was not

droxyl function, this reaction led to the inverted benzo bserved). Reduction of30 under DIBALH/THF

ester in a fair 40% yield when the temperature was keptfnditiond® furnished theanti-1,2-diol 31 in 60% vyield
—78 °C for 10 minutes. Generation of alcoB®lwas then (the correspondinganti-1,3-diol was isolated in 9%

obtained by LiAlH, reduction (80% yield, Scheme 8). yield).

Subsequent methylation 81 was then carried out using
5 5 3.2 equivalents afi-BuLi and an excess of Mel to furnish
ho COMe B N COMe dimethoxy derivative32 in 70% yield*®

: : In this sequence, and in spite of a modest yield for the
24 5o » Mitsunobu reaction, preparation of Southern fragn32nt
15 . . 0 .
THpe” Xy CHO was achieved in 3.4% overall yield for 13 steps from the
F commercially available estey.

Structural proof foB1 was obtained by NMR analysis of

b

_—

26

OH lactol 33, prepared in a three-step sequence (Scheme 9);
15 .
2% c THPO/\/\MS the observed coupling constady;; 4,= 9.8 Hz, gave
N confirmation of the C11-Clanti configuration?®
OCb = OCON(Pr), 27
OAc
OH 8/ H OH P .
d 15 = : = a o
PO NN THPO™ / —_— “: =
H : 28 : OH : 11
Scheme7 a)i) DHP, APTS, 20 °C, 12 h, 95%; i) LAH (0.8 eqliv “ R T

THF, 0 °C, 3 h, 85%; iii) IBX (2.2 equiv), DMSO, 20 °C, 2 h, qua
titative; iv) (GHs);P=CHCQMe/toluene, 50 °C, 10 h, 81%; )
DIBALH (2.1 equiv)/THF, =78 °C, 1 h, 80%; ii) IBX (2.2 eqQiv 5, b
DMSO, 20 °C, 2 h, 95%; c)d)-crotyl (diisopropyl)carbamate @
equiv), 1.6 Mn-BuLi in hexane (2.4 equiv), (-)-sparteine (2.3 ejjuiv
—78 °C, 10 min, then —78 °C, 3 h for crystallization. Then TiR9,

(6 equiv), pentane, =50 °C and —78 °C, 30 min for transmetat)atio
26 —78 °C, 2 h, 85%; d}-BuLi (3.1 equiv)/E$O, —78 °C, 45 nm,
70%.

Scheme 9 a) i) Amberlyst 15, MeOH, 25 °C, 15 h; ii) IBX (2.2
equiv), DMSO, 0 °C, 1.5 h; iii) A®, pyridine, 63% yield for 3 steps;
b) i) Amberlyst 15, MeOH, 20 °C, 2 h, 75%; ii) TPSCI, imidazole,
DMF, 20 °C, 12 h, 85%.
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THP ether32 was also transformed into the TPS deriva-(10) Baker, R.; Castro, J. I. Chem. Soc., Perkin Trans. 1 1990,
tive 34?* which was correlated with the same compound,

obtained by another approach based on a sequenti@ll)
Sharpless dihydroxylation—Brown crotylatiéh.

In conclusion, preparation of Northern fragmentof
herbimycin A1 was achieved in 55% yield for 3 steps. (12)
Synthesis of the Eastern p&8, precursor of diene frag-

ment4, was performed in 19% overall yield for 5 steps

from

the known glyceraldehyde derivatii8. Finally,

elaboration of the C8-C15 cha@, precursor of aldehyde (13)
3, was accomplished in 3.4% overall yield for 13 steps. (14)

The final synthesis of the Hsp90 inhibitor, herbimycin A

(1), is under study in our laboratory.
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(21) Compound4: *H NMR (270 MHz, CDC)): § = 7.61-7.58 (22) This route used more conventional transformations to reach

(m, 4 H, arom.), 7.36-7.31 (m, 6 H, arom.), 3.54 (m, 1 H), the desired fragment in a 6% overall yield for 18 steps
3.42 (m, 1 H), 3.35(s, 3H), 3.25(s, 3H), 3.15(m, 1 H), 3.05 (Scheme 10). Centonze-Audureau, S.; Porée, F-H.; Betzer,
(dd,J=7.0, 3.6 Hz, 1 H), 2.55 (m, 1 H), 1.86 (m, 1 H), 1.82 J. F.; Brion, J.-D.; Pancrazi, A.; Ardissonudpublished
(s, 3H), 1.64 (m, 1 H), 1.22 (m, 1 H), 1.11J¢; 7.0 Hz, 3 results.
H), 0.98 [s, 9 H, SiC(CH,], 0.93 (d,J=6.9 Hz, 3 H)3C
NMR (67.5 MHz, CDCJ): 5 =135.6 (4 CH, arom.), 133.9 (2 15 15
C, arom.), 129.4 (2 CH, arom.), 127.5 (4 CH, arom.), 84.0 24 ——= tpgo” 725 o A~
(CH), 80.2 (CH), 79.8 (C), 78.6 (C), 69.5 (§H61.2, 57.0 7 steps dihydroxylation : OH
(2 CH,;, 2 CH,0), 33.2 (CH), 30.1 (CH), 28.9 (CH), 26.9 [3
CHj, SiC(CHy)4), 19.3 [C, SiC(CH)4], 18.5 (CH), 16.8 Brown crotylation 15 Oﬂ 0
(CHjy), 4.0 (CH). Anal. Calcd for GgH,,0O,Si (466.73): C, — TPSO _ NN ——= 3
74.63; H, 9.07. Found: C, 74.86; H, 9.18. 5 steps She glo 5 steps

Scheme 10
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