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FR901512 {) and FR9015162) (Figure 1), isolated from the
fermentation broth of agonomycete strain No. 149k new
specific and strong inhibitors of 3-hydroxy-3-methylglutaryl co-
enzyme A (HMG-CoA) reductase (¢ values of 0.95 and 14.0
nM, respectively), and inhibits cholesterol synthesis front'C]-
acetate in Hep G2 cells with an 4¢€of 1.0 nM. Single oral
administration ofl strongly inhibits sterol synthesis in rats, and FRO01512 (1) FRO01516 (2)
daily oral administration ofl to beagle dogs decreases plasma Figure 1. Structure of FR9015121f and FR9015162).
cholesterol levels; hencd, is expected to have a hypolipidemic
effect in humans. Compared to the previously reported naturally Scheme 1. Retrosynthetic Analysis of FR901512 (1) via 3
occurring HMG-CoA reductase inhibitotd, and2 possess a unique AcO  CHO
tetralin core with two stereogenic centers instead of the hexahy-
dronaphthalene ring found in mevastatin and lovastafiarther-
more, the side chain, 3,5-dihydroxy-6-heptenoic acid in both
compounds, differs from 3,5-dihydroxyheptanoic acid found in

mevastatin and lovastatin. )\i:©/ \D/
The potent bioactivity and unique structural featured afake

this compound an attractive target, and we report herein the

enantioselective total synthesis bfas well as elucidation of the
absolute structures of both compounds. Scheme 2. Enantioselective Synthesis of 12 and 152

Although1 was chemically correlated @ the absolute structure

of 1 has not been elucidatiédand only a limited amount of was \;©/ )\CQ/
available. Hence, we decided to elucidate the structutetafough

FR901512 (1) —> FRO01516 (2) —> E—

tetralin m0|ety

asymmetric total synthesis. We have previously developed the 7(R1 =Br)
catalytic asymmetric NozakiHiyama reactiond, which were 5(R1‘CH0) ,
widely applicable and reliable, providing both enantiomers of the RO gHO
product with high enantiomeric excess because both enantiomers - /CQ/
of the chiral ligand are readily available. Therefore, we outlined O O
our retrosynthetic analysis dfas shown in Scheme 1. f[:EEgz_gc
We envisioned that the side chain moiety dfwould be 16} )
connected at the benzylic position, and that both diastereomers of N "9
the tetralin moiety3 would be derived from% via a diastereose- /@ij/ /@ij/
lective hydrogenation. We expected to obtain alkérieom 5 via
the ring-closing metathesis, and both enantiomesveére thought [ 14 (®Re=H

. : . [eis RZ—A
to be prepared by the catalytic asymmetric Nozdhkiyama R=ho)
a8 Reagents and conditions: (a)BuLi, THF, —78 °C; DMF, 96%; (b)

methallylation of6. Consequently_, we Qeuded to first elucu_jate methallyl chioride, CrGl (5 mol %). 8 (6 mol %), Mn, DIPEA, TMSCI,
the absolu?e structure qf the tetrall_n moi8tgnd commenced With  THF " 9306, 929 ee: (c) GICY:P)(IMes)Ru=CHPh (3 mol %), PhMe
the catalytic asymmetric preparation ®f (0.03 M), 50°C, 96%; (d) B, [Ir(cod)PCyPy]PF; (4 mol %), DME, 0°C,
Aldehyde6 was prepared from readily availabfevia lithiation 94%, dr= >50/1; (e)s-BuLi, TMEDA, hexane,—10°C; DMF, THF,—40
and formylation (Scheme 2). The catalytic asymmetric Nozaki 10 0°C. 43%; (f) AGO, DMAP, THF,—78°C, 70% (94% brsm); (g) Dess
Hiyama methallylation o6 successfully provide8 with excellent Martin periodinane, CLlz, 0 °C; () NaBH, CeCh-7H:0, MeOH,
.y _y . yp —78°C, 100% (2 steps), dr >50/1; (i) s-BuLi, TMEDA, hexane~10°C;
yield and enantioselectivity (93%, 92% éa)e employed Grubbs DMF, THF, —40 to 0°C; (j) AcO, DMAP, THF, —78 °C, 13% (14%

second generation cataly$or the ring-closing metathesis &fto conv, 2 steps).
generate the trisubstituted alkeBg96%). The hydroxyl group
directed hydrogenation & with Crabtree’s cataly$in CH,Cl, to 10 and subsequent formylation were crucial, providirigin 43%

producel0 with >50/1 dr; however, the yield was 59% because yield under the optimized conditions. Acetylationldfabove 0°C
the competing dehydration reaction occurred, generating the was low-yielding due to the formation of an unidentified byproduct,
naphthalene derivative in 33% yieldConducting the reaction in  but performing the acetylation at78 °C improved the yield (94%,
DME improved the yield (94%)° The regioselective lithiation of ~ 74% conversion}!
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Scheme 3. Structure Elucidation of FR901512 (1)@

HO CHO 3,5-(NO,);B20 OBz-Br-p
a-c
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17 18

aReagents and conditions: (a) NaBHMeOH, 0 °C, 100%; (b)
p-bromobenzoyl chloride, DIPEA, Gi€l,, 10 °C; (c) 3,5-dinitrobenzoyl
chloride, NEt, DMAP, CHCl,, 75% (2 steps); (d) see Supporting
Information.

Scheme 4. Enantioselective Total Synthesis of FR901512 (1) and
FR901516 (2)2

f
— FR901516 (2)
Jon
FR901512 (1)

aReagents and conditions: (a) (E#®JO)CHCH=N-cHex, KHMDS,
THF, —78 to —30 °C; ag. oxalic acid, 88%; (b) allyl bromide, CrOI15
mol %), 8 (16 mol %), Mn, DIPEA, TMSCI, THF, 3C, 99%, 90% de; (c)
acryloyl chloride, DIPEA, CHCIy, 10°C, 94%; (d) C4(CysPpRu=CHPh
(10 mol %), CHCI (0.005 M), reflux, 100%; (e) TBHP, Triton B, PhMe,
0 °C, 70%; (f) PhSeSePh, NaBHAcOH, THF/EtOH, 0°C, 100%; (g)
MeOH, PhMe, rt; (h) TMSOK, THF, 0C, 95% (2 steps).

The diastereomeric acetai® was successfully prepared from
10 via 13. Dess-Martin oxidation of10 and subsequent highly
diastereoselective reduction with NaBghd CeCJ (100%,>50/1
dr, two steps) provided.3, which was converted td5 by the
transformations identical to those of the method f@rfrom 10.

Comparison of théH NMR spectra ofl2, 15, and1 clearly
indicated that the relative configuration of the tetralin moietyl of
would betrans Furthermore, alcoholl was gratifyingly trans-
formed to crystallinel6 via three steps (Scheme 3), and its X-ray
crystallographic analysis established the absolute structulé of

as shown in Scheme 3. At the same time, we succeeded in preparing

17 and 18 from 1,2 and the alcohol prepared by reductiondf
with NaBH, was spectroscopically identical v in all respects,
while the absolute structure 4B was determined by comparison
with known ent-1813 Consequently, we elucidated the entire
structure of FR9015121f as shown in Figure 1.

Further synthetic studies were continued fraéh(Scheme 4),
but all the attempts to assemble the side chain moiefiyvaith 12
failed. However, reaction of2 with Nagata’s reageftt provided
aldehydel9 in excellent yield (88%). Although a rather reactive
benzylic acetate was incorporated in aldehyld the catalytic
asymmetric NozakiHiyama allylation of19 fortunately provided
20 with excellent yield and stereoselectivity (99%, 90% the).

The acrylate 020 was subjected to the ring-closing metathesis

with Grubbs second generation catalyst, but unexpectedly, a

complex mixture formed. Fortunately, the reaction with Grubbs first
generation catalytafforded21in 100% yield. The chemoselective
and diastereoselective epoxidationzdf was well achieved with

TBHP and Triton B in toluene, affording2 as the sole produét.
The epoxide of22 was reacted with diphenyldiselenide, NaBH
and acetic aci# in THF/EtOH, providing2 in 100% vyield with
complete regioselectivity. Methanolysis & and subsequent
cleavage of the resultant methyl ester furnistie@he synthesized

1 and2 were spectroscopically identical to natural FR901512 and
FR901516, respectively.

In summary, the structure elucidation and enantioselective total
syntheses of FR901512 and FR901516 were accomplished. FR901512
was prepared in 15 steps from the commercially available 2-bromo-
4-methylbenzaldehyde in 16.3% overall yield (89% average yield).
The catalytic asymmetric NozakHiyama reactions developed by
us proved their applicability and reliability through this work,
enabling the concise, efficient, and protecting-group-free enantio-
selective total syntheses of these new statins.
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