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ABSTRACT

Z > CoH

OH
Reveromycin A (1)

The stereoselective total synthesis of reveromycin A (1), a potent inhibitor of eukaryotic cell growth, has been accomplished on the basis of
the stereocontrolled construction of the 6,6-spiroketal system, efficient succinylation of the tert-alcohol under high pressure, and the introduction
of the unsaturated side chains.

Reveromycins A—D 1—4, Figure 1) are novel polyketide-
type antibiotics isolated from the gen@&reptomycesas
inhibitors of mitogenic activity induced by the epidermal
growth factor (EGF) in a mouse epidermal keratinocyte.
Reveromycins A, C, and D exhibit the morphological
reversion ofsrds-NRK cells, the antiproliferative activity
against human tumor cell lines and antifungal activity.

Furthermore, reveromycin A is a selective inhibitor of protein Reveromycin A (1): Ry=H, Ry=H
synthesis in eukaryotic cells. Reveromycin C (3): Ry=H, Ro=Me
The characteristic structural features of reveromycins o ReveromycinD {4):Ry=Me, Ry=H

include a 6,6- or a 5,6-spiroketal system bearing a hemisuc- HOZC/\)LQ Me Me

. ; . : H
cinate, two unsaturated side chains, and two alkyl grédps. HOZC/WS PN = co

Their strong biological activity as potential drugs and their Me 0% ! ‘ OH
synthetically challenging, unique structure have attracted the )/ i ™M ReveromycinB (2)
attention of synthetic organic chemists, and the total synthesis Me

of reveromycin B 2) has been independently accomplished
by three group4.% Despite some synthetic efforts, however,
no synthesis of reveromycin A (1), which is the major and

Figure 1. Structures of reveromycins.

most bioactive compound of the reveromycins, has been
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Our retrosynthetic analysis of reveromycin B (s shown

achieved by the intramolecular ketalization of the ketBne

in Figure 2. The unsaturated left and right side chains shouldin which the C18 hydroxyl group is protected as the MTM

acylation \\j)\A Julia Coupling
o) CO,H
Me : H Me Me
% 0 NF yZ
NS COH
HO,C PR ! OH
Me/ Me
Horner-Wadsworth- 1 Wittig Reaction
Emmons reaction ﬂ
(04
n-Bu:
R7:ITO7:1° R
/ H s Me \\\
oX OH
n-Bu H H
% )0l AN Lot~n
O ~g RNE VR
R H o 1 nBu T X Me
6 Me spiroketalization 7
H
OMTM 2 9
Me 3 11 OMPM
19
OH Me
OTBDPS
C14-C15 bond formation
OMTM Q 4 OTES
: .OMe \\ H 9
Me 15[}1 + WOMPM
20 ~otes Me Me
OTBDPS 9 10

Figure 2. Retrosynthetic analysis of reveromycin A)(

be produced by the Hornewfadsworth-Emmons reaction,
Julia coupling, and Wittig reaction during the later stage as
a result of their instabilities. The construction of the
hemisuccinate of the Cit&rt-hydroxyl group, which is one

of the difficult tasks in the synthesis &f might be achieved
by acylation under high pressuf€The main problem should
be the construction of the 6,6-spiroketal cérim which the
C18 tert-hydroxyl group and C19 side chain are axially
oriented The inherent instability of the 6,6-spiroketal system
in 5 may cause some difficulties during the synthetic studies,
e.g., easy transketalization 8f{X = H) into the stable 5,6-
spiroketal7,”~® transformation ob into the undesired 6,6-
spiroketals6 in the unnatural form via an equilibration
(Figure 3)I* and so on. The construction & could be

Figure 3. Conformations of 6,6-spiroketasand6.

ether. The keton8 would be synthesized via the coupling
reaction of the Weinreb amid@and alkynel05

We first investigated the union of the Weinreb am#ié
and alkynel0* leading to the spiroketal core (Scheme 1).

Scheme 1. Synthesis of Spiroketals2 and13?
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aReagents and conditions: (a)}BuLi, THF, 0 °C to room
temperature (93%); (b) HPd/C, AcOEt, room temperature (99%);
(c) CSA, CHC}E, MeOH, 0°C to room temperaturel®, 54%;13,
27%); (d) TBAF, THF, room temperature; (e) A2, Py, CHClI,,
room temperature (98%, two steps).

The coupling reaction 0® and the lithio derivative ofLO
followed by hydrogenation furnished the saturated ketone
11in 92% vyield. The stage is now set for the construction
of the 6,6-spiroketal. The MM2 calculation of the spiroketals
5and6 (R = R' = CH,OMe, X = Me), corresponding to
12 and13, revealed an energy difference of only 0.44 kcal/
mol, which means a 2.3:1 ratio 6fand6.*® The deprotection

of the two TES groups ii1 with CSA in CHCg—MeOH
effected, as expected, the simultaneous intramolecular ket-
alization to give the 6,6-spiroketal?2 and 13 in 54% and
27% vyields, respectively. The stereochemistrl®find13
was determined by extensive NMR analysis of the corre-
sponding acetate$4 and 15; the NOEs between H11 and
H20 in 14 and NOEs between H11 and H16eqlis were
observed (Figure 4).
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Figure 4. NOE observed in spiroketals4 and 15.

2154

Org. Lett., Vol. 2, No. 14, 2000



The 6,6-spiroketall2 in the natural form was first

several attempts, we found that the succinylatiot@vith

subjected to the introduction of succinate and dienoic estermono-allyl succinate and DCC at 1.5 GPa efficiently

(Scheme 2). Deprotection of the MTM grouplia with Mel

Scheme 2. Synthesis of Spiroketal &
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aReagents and conditions: (a) Mel, NaHg @cetone, KO, 60
°C (96%); (b)mono-allyl succinate, DCC, DMAP, GBl,, 1.5 GPa,
room temperature, 24 h (83%); (c) HFy—Py (1:4), THF, room
temperature (92%); (d) Des#artin periodinane, MS4A, CkCl,,
room temperature (e) diethyl £-3-(allyloxycarbonyl)-2-methyl-
prop-2-enylphosphonate, LHMDS, HMPA, THF78 to 0 °C
(82%, two steps; 22E:22Z 14:1); (f) DDQ, CH.Cl,, H,0O, room
temperature (89%).

proceeded to give the succindféin 83% yield. Desilylation

of 17 with HF-Py (92%}° followed by the DessMartin
oxidation gave the aldehyde, which was subjected to the
Horner—Wadsworth—Emmons reaction with (Et2{O)-
CH,C(Me)=CHCQAIlyl > and LHMDS in the presence of
HMPA!® to give the desired (ZB,22E)-dienoic ester48
along with the (2&,227)-isomer (8:22Z-isomer= 14:1;
82% vyield, two steps). Deprotection of the MPM group in
18 with DDQ afforded the alcohal9 in 89% vyield.

Next, the conversion of the 6,6-spiroketaB in the
unnatural form into the desiret® was examined (Scheme
3). We anticipated that this problem should be overcome by
an equilibration after the introduction of the unsaturated ester,
because the MM2 calculation of the spiroket&lsand 6
having the C19 dienoic ester (R CH=CH—C(Me)=
CHCOMe, R' = CH,OMe, X = Me) suggested a large
energy difference (4.68 kcal/mol) in favor &1 Being
encouraged by these studies, the isomi& was thus

Scheme 4. Completion of the Total Synthesis
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in the presence of NaHCGproceeded without transketal-
ization leading to the undesired 5,6-spiroketal to afford the
alcohol 16 in 91% yield!* The next crucial step is the
introduction of the hemisuccinate of thert-hydroxyl group o
in 16. The initial attempt using our reported procedure under
high pressure (succinic anhydride in pyridine in the presence

(
24:R= CH2802 \l,S
10

of DMAP at 1.5 GPdY resulted in the recovery df6. After -

Scheme 3. Conversion of Spiroketal3 into 1%
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a Reagents and conditions: (a) Mel, NaHg @cetone, KO, 60
°C (91%); (b)mono-allyl succinate, DCC, DMAP, GBl,, 1.5 GPa,
room temperature, 24 h (76%); (c) HFy—Py (1:4), THF, room
temperature (95%); (d) Des#artin periodinane, MS4A, CkCl,,
room temperature; (e) diethyl £2-3-(allyloxycarbonyl)-2-methyl-
prop-2-enylphosphonate, LHMDS, HMPA, THF78 to 0 °C
(88%, two steps; 2:22Z— 50:1); (f) DDQ, CH,Cl,, H,O, room
temperature (88%); (g) 0.1 equiv CSA, CHCMeOH, room
temperature, 24 h; 2 times repeatd®,(82%;21, 8%).

( 25: R = CH,OTES

0 26: R = CHO
QJ\/\COQAIIyI
: Me Me
Me O Hi N ==
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aReagents and conditions: (a) Deddartin periodinane, MS4A,
CH,Cl,, room temperature; (b) RRF=C(Me)CHO, toluene, 116C
(88%, two steps); (c) Zn(Bkk, EO, 0°C (99%); (d) 2-mercap-
tobenzothiazolen-BuP, TMAD, benzene, 5C to room temper-
ature (87%); (e) M@D24(NH,)e-4H,0, H,O,, EtOH, 0°C to room
temperature (79%); (f) LHMDS28, THF, —78 °C to room
temperature (90%); (g) PPTS, CHCMeOH, 0°C; (h) Dess—
Martin periodinane, MS4A, CKCl,, room temperature (91%, two
steps); (i) PBP=CHCQAIlyI, toluene, 80°C (98%); (j) PA(PHEP)4,
PhP, pyrrolidine, CHCIl,, 0 °C to room temperature; (K)
TBAF-3H,0, DMF, room temperature (71%, two steps).
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converted into21 having the C19 dienoic ester V20 in zole under the modified Mitsunobu conditions with TMAD
54% overall yield, under the same procedure for the andn-BwP'’ gave the sulfide (87%F which was subjected
preparation ofl9 from 12. During these steps, no equilibra- to the Mo(VI)-mediated oxidation to give the sulfo@é in
tion was observed. Upon treatment with 0.1 equiv of CSA 79% yield. The one-pot Julia olefinati¥of 24 and the
in CHCl;—MeOH, the spiroketal21 was, as expected, aldehyde?8stereoselectively produced thee(BE)-diene25
epimerized into the desired spiroket&in the natural form in 90% yield. After selective deprotection of the TES group
(82% of 19 and 8% of21 after twice repeated treatments). in 25 with PPTS followed by the DesdMartin oxidation
The final elaboration of the labile unsaturated right side (91% yield, two steps), the resulting aldehyzfwas treated
chain was accomplished in a stepwise procedure (Schemewith PlsP=CHCQ:AIlyl ° to afford thea,3-unsaturated ester
4). The DessMartin oxidation ofl9followed by the Wittig 27 in 98% yield. Deprotection of the three allyl groups in
reaction gave the,-unsaturated aldehy®® (88%), which 27 was cleanly achieved by treatment with PdPlh—PhsP
was reduced with Zn(B); to give the allyl alcohoR3 in in the presence of pyrrolidin@.Finally, the removal of the
99% yield. The treatment ¢f3 with 2-mercaptobenzothia- ~ TBS group with TBAF in DMF gave reveromycin A (1) in
71% vyield over two steps. The spectral datd NMR, 13C

(9) Drouet, K. E.; Ling, T.; Tran, H. V.; Theodorakis, E. @rg. Lett. NMR, [a]p, IR, HRMS) of the synthetid were identical
2000, 2, 207—-210. _ ) with those of the natural reveromycin A (1).
(10) Shimizu, T.; Kobayashi, R.; Ohmori, H.; Nakata,Synlett1995,
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a 1.5:1 ratic’ , _ , , Education, Science, Sports, and Culture, Japan, and by the
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Information. pecial Project Funding for Basic Science (Multibioprobes)
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recovery of23. This result would be due to the steric hindrance of the C19
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