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Phosphorus-Containing Inhibitors of HMG-CoA Reductase. 3.
Synthesis of Hydroxyphosphinyl-Analogues of the Mevinic Acids
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Abstract: The synthesis of a series of hydroxyphosphmyl—contazmng analogues of the
HMG-CoA reductase inhibitor trans-tetrahydrocompactin is described.

Several members of the mevinic acid family of HMG-CoA reductase inhibitors (e.g., 1a-c) have now been
shown to be effective in lowering plasma cholesterol in a variety of animal models and in humans.2
Extensive structure-activity studies3:4ab on reduced analogues of the mevinic acids (e.g., 2ab) have
demonstrated that the trans ring junction stereochemistry as well as the presence of an axial methyl group cis
to the 3,5-dihydroxyheptanoic acid side chain are crucial for maximal inhibitory activity. We have recently
reported?2b the rationale for the design and synthesis of a new class of HMG-CoA reductase inhibitors which
utilize a hydroxyphosphinyl function in place of the C-5 hydroxyl group found in a diverse group of
synthetic reductase inhibitors which incorporate a "biphenyl-like" nucleus in place of the decalin ring system
of the mevinic acids. In this paper we extend this concept to a series of hydroxyphosphinyl-containing
mevinic acid analogues 3a-d based on the trans-tetrahydrocompactin analogue 2b.
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The hexahydronaphthylene nucleus of our phospho-mevinic acid analogues was assembled in racemic form
by a modification of the Diels-Alder strategy originally developed by Funk and ZellerSab for the total
synthesis of compactin (see Scheme 1). Although palladium catalyzed alkylation? of dimethyl sodiomalonate
with sorbyl acetate (4) produced a 2.5:1 mixture of diesters § and 6 (78% combined yield) the desired diacid
7 (mp 134-135°C) could be easily be obtained free of isomeric impurities in 51% overall yield from 4 by
simple recrystallization of the mixture of the corresponding diacids from EtoO-hexane. In our hands,
alkylation of the Grignard reagent derived from chloride 8 with (E)-MeO,C-CH=CH-CHO (-78° to -25°C,
THF)62 gave a complex mixture of products from which the desired alcohol could be isolated in only 31%
yield. However, this problem was easily circumvented by carrying out the Grignard reaction on a substrate
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containing a latent ester function. Thus, reaction of the Grignard reagent derived from 8 with (E)-THPO-
CH3-CH=CH-CHOS gave allylic alcohol 9 in 94% yield.

Scheme 1
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Reagents and Conditions: (a) NaCH(CO2Me),, Pd(PPh3)4, PPh3, THF, reflux; (b) 4N NaOH, MeOH, reflux; recryst
from EtzO-hexane; (c) CuO, MeCN, reflux; (d) LiAlHy, Et;0; (e) SOCly, pyridine, PhH, reflux; (f) Mg, THF, reflux; (g) (E)-
OHC-CH=CH-CHyOTHP, THF, -78°C; (h) t-BuPh,SiCl, imidazole, DMAP, DMF; (i) p-TsOH, MeOH:; (j) MnO2, hexane; (k)
MnO3, NaCN, AcOH, MeOH; (1) EtAICI, CH»Cla; (m) LiAlHy4, THF, reflux; (n) 1.0 M n-BuyNF, THF; (0) R(-)-1-(1-
naphthylethyl isocyanate, pyridine, 60°C; (p) t-BuMe3SiCl, imidazole, DMAP, DMF, 80°C; (g) LiAlH4, THF, reflux.

Lewis acid catalyzed Diels-Alder reaction of 11 following the Funk protocol62 gave exclusively the desired
endo adduct 12 in 73% yield as a 95:5 mixture of epimers at the silyloxy group. The stereochemistry of the
major product was readily apparent from its proton NMR spectrum and is consistent with that reported by
FunkSa for the corresponding t-butyldimethylsilyl ether. The minor isomer was easily removed by flash
chromatography on silica gel after reduction of the methyl ester with LiAlH4. Treatment of diol 13 with
(R)-1-(1-naphthyl)ethyl isocyanate in pyridine (60°C, 3.5 hrs) followed by silylation with t-
butyldimethylsilyl chloride gave a diastereomeric mixture of urethanes® which were readily separated by
flash chromatography on silica gel to give 14a and 14b in 44% and 41% overall yields, respectively from
diol 13. Reductive cleavage of the separated urethanes with LiAlH4 (94-96% yield) afforded the
enantiomeric decalins (e.g., 15) with essentially equal and opposite rotations. 10



Condensation of (+)-1511 with phosphonochloridate 1658 in CH»Clp-pyridine gave the mixed diester 17 in
85% yield. Selective cleavage of the t-butyldimethylsilyl ether of 17 with aqueous HF in acetonitrile (67%,
89% corrected for recovered 17) followed by esterification of the resulting secondary, axial alcohol with
2,2-dimethylbutyryl chloride gave ester 18 (78% yield). Cleavage of the remaining silyl ether with n-
BuN4F-AcOH in THF and hydrolysis of the carboxylic and phosphonic methyl esters proceeded smoothly to
afford the target phosphonic monoester 3a in excellent overall yield. Similarly, hydrogenation of the de-
silylated intermediate over Pt-C followed by basic hydrolysis afforded the corrresponding 3,4-dihydro
analogue 3b.
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Reagents and Conditions: (r) 16 in CH3Cl, added dropwise to (+)-15 in pyridine; (s) 48% HF, MeCN; (1) 2,2-
dimethylbutyryl chloride, DMAP, pyridine, 80°C; (u) n-BusNF (3 equiv), AcOH (4 equiv), THF; (v) 1.0 N LiOH, dioxane,
50°C; (w) Hp, 10% Pt-C, McOH.

Oxidation of (+)-15 with tetra-n-propylammonium perruthenate/NMO12 followed by treatment of the
resulting unstable aldehyde with BrCCl3-PPh3 in acetonitrile!3 gave dichloro-olefin 19 in 76-85% overall
yield. The acetylenic anion generated in situ by treatment of 19 with 2.1 equivalents of n-BuLi in THF at -
78°C was quenched with phosphonofluoridate 2014 to give acetylenic phosphinate 21 in 89% yield.
Selective cleavage of the t-butyldimethylsilyl ether of 21 and esterification of the resulting alcohol was
accomplished using the methodology described above for the phosphonate-based inhibitors. Direct
deprotection following the usual protocol afforded the acetylenic phosphinic acid 3c. The reduced analog 3d
was prepared by hydrogenation of the intermediate alcohol over Pt-C followed by basic hydroylsis of methyl
esters.

Compared to its dihydroxy isostere 2b (Iso = 93 nM), phosphinic acid 3d (Isg = 4.9 nM) was nearly 20-fold
more potent as an inhibitor of rat microsomal HMG-CoA reductase!5. While phosphonate 3b (Isp = 290
nM) was 57X less active than its carbon isotere 3d, its potency was significantly enhanced by the
introduction of a double bond in the "A-ring" of the decalin nucleus (i.e., 3a, Iso = 20 nM). In contrast,
acetylenic phosphinic acid 3¢ (Isp = 2,300 nM) was a relatively poor inhibitor of reductase. This study

41



demonstrates that the replacement of the C-5 hydroxyl of the mevinic acids by a hydroxyphosphinyl function
can lead to enhanced binding to the active site of HMG-CoA reductase.

Scheme 3

uyv (—>3¢) db/
uw,v (—3d) £) 3
H 4

3c. X-Y = CamC
3d. X-Y = CH2CH2 (3,4-dlhydro)

Reagents and Conditions: (x) TPAP, NMO, 4A molecular sieves, CHCl; (y) BrCClz, Ph3P, MeCN; (z) 19 in THF
treated with n-BuLi/hexane (2.05 equiv) at -78°C; after 1 hr at -78°C added to 20 in THF at -78°C;, (s) 48% HF, MeCN; (t) 2,2-
dimethylbutyryl chloride, DMAP, pyridine, 80°C; (u) n-BugyNF (3 equiv), AcOH (4 equiv), THF; (v) 1.0 N LiOH, dioxane,
50°C; (w) Ha, 10% Pt-C, MeOH.
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