Bioorganic & Medicinal Chemistry Letters, Vol. 1, No. 1, pp. 61-64, 1991 0960-894X/91 $3.00 + .00
Printed in Great Britain © 1991 Pergamon Press plc

SYNTHESIS OF SUBSTRATE-BASED INHIBITORS OF HMG CoA
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Abstract: Synthesis of chemically stable sub-structures (5-7) of substrate (1) and putative intermediate
hemithioacetal (2) of the enzymatic HMG CoA reductase (HMGR) reaction are described. Methods are reported for
the preparation of a modified pantetheine residue ( 24 ), and for its subsequent attachment to various
hydroxy(methyl)glutaryt mimics, to elaborate a series of potential substrate-based HMGR inhibitors.

Inhibition of HMGR is becoming a major mechanism of controlling hypercholesterolemia in man. The
enzyme 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGR) 1is considered to be the critically
regulated point in (hepatic) cholesterol biosynthesis. HMGR catalyzes a two step, irreversible, rate -limiting,
reduction of HMG CoA (1) to mevalonic acid (3) and coenzyme A, which proceeds through the intermediacy
of hemithioacetal (2). The origin of potent HMG CoA reductase inhibitors can be traced to the discovery of
compactin (4) and other "mevinic acids” by Endo and Co-workers 123, Abeles studied the mode of
interaction of compactin-like inhibitors with HMGR, and proposed that the upper sidechain of compactin
likely mimics the 3-hydroxy-3-methylglutaryl portion of substrate, while the decalin group binds to a
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hydrophobic region which neighbors the active-site 4. The critical C-5 hydroxyl group of inhibitor apparently
satisfies the enzyme binding interactions normally engaged by the newly formed hydroxy group of ]
hemithioacetal 2. Though a great deal of work has been devoted to the study of mevinic acids and synthetic
3,5,dihydroxyheptanoic acids, less attention has been directed toward the design of substrate based (1)

inhibitors of HMGR 3.
Synthetic inhibitor targets such as §-7 may be considered chemically stable, non-reducible analogs of

substrate 1 and intermediate 2. The introduction of an extra methylene group betweﬁ,n sulfur and "X" in
substances 5 and § is a deliberate design feature intended to create "hyperextended” versions of L.Z. Sucha
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Compactin  (4)

modification simultaneously introduces enhanced chemical stability (over thioester and hemithioacetal) while
atternpting to mimick the separation of HMG and CoA components that occurs as the enzyme reaction
proceeds 6. In these targets several refinements have been incorporated to facilitate inhibitor design and
synthesis: a section of coenzyme A containing the pyrophosphate, sugar, and base, moieties has been deleted
(see 1) to allow for chemical/pharmacological stability; and the C-3 methyl group is not present. The sub-
section of coenzyme A selected for use is essentially a desmethylenchydroxy pantetheine. This material was
intentionally selected to obviate the previously observed intramolecular decomposition of pantetheine
derivatives via loss of pantalolactone. The balance of this letter describes synthetic routes to materials 5-7.

HO
CO,H OH

H H H
N N

x s/\/ \”/\/ W

\ o o

No. X

5 C=0

6 CH-OH

7 (deleted)

Syntheses of B-ketosulfide §_and p-hydroxysulfide 6 proceeded via the alkylation of a modified pantetheine
mercaptan (24) by protected chloroketones (13,14 ). Chloroketone preparation is outlined in Scheme 1.
After silylation, saponification and dehydration of diethyl 3-hydroxyglutarate ( 8 ) to glutaric anhydride 9,
monoesterification was smoothly achieved by alcoholysis (10-12 ). The half-ester 10 was treated under a
haloketone forming sequence (i) mixed anhydride ii) diazomethane iii)HCI) to provide 13 as a key
intermediate (13C NMR (CD3CN) 5 -1.4, 18.5, 26.1, 42.9, 50.6, 52.0, 66.8, 172.2, 173.4 ppm; IR
(CHCl3) 1733 cra-1 ; CI-MS: m/e 309 (M+1)). The inhibitor component modelled after pantetheine was
synthesized as shown in Scheme 2. Diazotization of D-valine afforded lactic acid derivative 21 with
retention of configuration. Coupling of 21 with g-alanine benzyl ester , followed by deesterification and
subsequent coupling with cysteamine, afforded pantetheine analog 24 (mp 104-106°C; 13C NMR
(CDCl3) 8 16.3,19.7,24.9, 32.5,35.8, 36.4, 43.2, 76.9, 172.4, 1750 ppm; [«]?D= +32.5° (c= 1.04,

CH30H); CI-MS : m/e 249 (M+1)). Alkylation of 24 by 13 smoothly produced the protected a-thioketone
15 . Successful desilylation afforded 16, but attempted saponification of this material failed to afford desired
product (§). On the other hand, reduction of 18 with lithium tri-t-butoxy aluminum hydride yielded the
corresponding alcohol, which was desilylated and saponified to give target §. Preparation of
trimethylsilylethyl ester 11 from anhydride 9, led via the aforementioned sequence to chloroketone 14 .
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This substance underwent alkylation as described above, and was smoothly deprotected to give the ketosulfide
target 5.
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a) t-butyl{CHy)2S1-Ci ,CHzClp, imidazole, (100%) ., b) iINaCH, CHyOH, 1) Ag O, heat, (58%), ¢} trimethylsilylethanol, DMAP, CH,Cl;
(93 %), d} CH ;OH, DMAP, CH, Cl, (100%); @) 1) 1sobulyl chloroformate, NMM , 1i) CH,N, , 1) HCI, EtOAc (40-50-%), f) compound 24 ,

E4N, DMF (58% , 100%), g) HF, CH3CN (23%), h) tetrabutylammonwm fluonde, HOAc, THF {66%), 1) LIAI{t-BuO)H , THF (31%),
1) NaOH, CHgOH (93%)
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a)HC!1, NaNO,, HOAc (98%) ; b)B- Ala-Obz hydrochloride, DCC, HBT, dusopropylethylamine THF (47%);
) Hp,10% Pd/C, 95% EtOH (100 %); d) cysteamine hydrochloride, diisopropylethylamine, DCC, HBT, THF (69%);

Thioether 7 is a chemically stable, isosteric (non-hyperextended) analog of 2 or 4. Synthesis of 7 was
accomplished by alkylation of thiol 24 with protected tosylate 25. The latter derives from borane reduction of
half ester 12, followed by tosylation. Desilylation and saponification of the adduct afforded thioether 7 ( mp
165-168 °C; FAB-MS : m/e 387 (M+H), 385 (M-H), 409 (M+Na); Rf = 0.66 EM silica gel (n-BuOH:HOAc:
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a) borane, THF, b) tosyi chloride, pyridine, ¢) compound 2 6, DMSO, K, 0, (73%), d) HF, CH,CN (100%),
e) 1N NaOH, CHaCH. HP-20 Resin

H,0, 3:1:1). Tested in a rat hepatic microsornal HMGR assay system9, materials S and § described above
were inactive at 300 UM, and 7 inhibited enzyme activity 24% at 100uM . The reasons for lack of expected
activity are the subject of a continuing investigation.

We thank the Squibb Institute Analytical Department for assistance in obtaining

spectral and microanalytical data.
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