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HMG-CoA Reductase Inhibitors: Design, Synthesis, and Biological Activity of
Tetrahydroindazole-Substituted 3,5-Dihydroxy-6-heptenoic Acid Sodium Salts
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Compounds comprising a series of 7-[2-(4-fluorophenyl)-4,5,6,7-tetrahydro-2H-indazol-3-yl]-3,5-
dihydroxy-6-heptenoic acid sodium salts (18) were synthesized and tested for their ability to inhibit
HMG-CoA reductase in a partially purified enzyme preparation and cholesterol biosynthesis from
acetate in cultured HEP-G2 cells. Changing the size of the saturated ring of the tetrahydroindazole
nucleus did not improve potency, but incorporation of substituents at the 7-position resulted in
up to 1700-fold improvement in inhibitory potency. Structure-activity studies revealed that the
most potent compounds possess a substituted benzyl group at the 7-position, with a preference
for steric bulk at the para position of the benzene ring. The most potent enzyme inhibitor (18¢,
ICso = 3.0 nM) is approximately 3-fold more potent than lovastatin sodium salt (2). The most
potent cholesterol biosynthesis inhibitor in HEP-G2 cells (18q, ICs = 0.078 uM) is slightly less
potent than 2 (sodium salt). Molecular modeling studies suggested that, when compared to the
parent compound (18b) lacking the appropriate 7-substituent, 18t overlaps better with 2 and
literature inhibitors 5 and 6 in a hydrophobic binding region adjacent to the enzyme active site.

Introduction

Management of hypercholesterolemia is an important
therapeutic goal in the treatment of atherosclerosis, the
underlying cause of coronary heart disease and thrombosis,
diseases which are responsible for half of all deaths in the
United States.! The search for new methods to control
high serum cholesterol levels led to the discovery of the
fungal metabolite compactin (1), the first known inhibitor
of HMG-CoA reductase, the enzyme controlling the rate-
limiting step in cholesterol biosynthesis.2 In the clinic,
HMG-CoA reductase inhibitors have proven to be effective
agents for the treatment of hypercholesterolemia, signif-
icantly lowering both total and low density lipoprotein
(LDL) cholesterol.? To date, the fungal metabolites
lovastatint (2) and pravastatin® (3), as well as the semi-
synthetic compound simvastatin® (4), have been approved
in the United States for use in humans.

During the past 7 years, many structurally novel
synthetic HMG-CoA reductase inhibitors have been
disclosed in the medicinal chemistry literature.” Com-
pared to 2, 3, and 4, most of the synthetic compounds
possess simplified structures in order to facilitate analog
synthesis and allow detailed structure-activity analyses
to be performed. Previous studies’ demonstrated that
potent inhibitors share similar structural requirements:
a syn-3,5-dihydroxypentanoic acid or 2,3,4,5-tetrahydro-
4-hydroxy-2H-pyranone group connected to a central ring
by alinking element (usually trans-CH=CH or CH,CH,),
flanked on one side by an aromatic ring (commonly
4-fluorophenyl) and on the other side by a bulky alkyl
substituent. A wide range of carbocyclic and heterocyclic
systems have served as the central ring, acting as the
framework to which the essential structural features of
the inhibitor are attached.

Our approach was centered around the 4,5,6,7-tetrahy-
dro-2H-indazole ring system (and the 2,4,5,6,7,8-hexahy-
drocycloheptapyrazole and 2,4,5,6-tetrahydrocyclopen-
tapyrazole analogs), which we viewed as a convenient
nucleus for an investigation of structure-activity rela-
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1 R=H R2= H 3
2 R'=CHz R2= H
4 R'= CHz R2= CHs3

tionships. We chose to limit our study to compounds in
which the dihydroxypentanoic acid side chain was linked
through a trans-ethylene group to the 3-position of the
tetrahydroindazole (and analogs). In addition, the aro-
matic ring attached to the 2-position was limited to
4-fluorophenyl. Molecular modeling studies of several
literature compounds, including 2, an indole-based in-
hibitor (fluvastatin, 5),” and a biphenyl-containing in-
hibitor (6),” led us to hypothesize that variations at the
7-position of tetrahydroindazole-based compounds would
have a significant effect on inhibitory potency. Our
rationale depended on overlap of the 7-substituents in
our proposed inhibitors with the “benzo” ring of 5, which
occupied a region of space not utilized by other synthetic
inhibitors and to which we attributed the increased potency
of 5.

Chemistry

Synthesis of the inhibitors began with the appropriately
substituted cyclic ketone 7 which, if not commercially
available, was prepared according to one of several
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Scheme I. Methods A, B, and C*
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¢ (a) For R = CH30Ac: AcOCH:COCI, morpholine, benzene. For
R2 = CH;0THP: NaH, cat. EtOH, THPOCH;CO:Et. For R? =
CH(OMe)z: LiN(SiMes)s or LiN(i-Pr)2, 0.5 equiv of (Me0)2CHCO;-
Me; (b) 4-FCaHNNHNH,-HCI, Et3N or NaOAc¢, MeOH or EtOH; (c)
aqueous NaOH, MeOH; (d) aqueous HC), THF; (¢) PCC, CHCl,.

literature procedures (Scheme I).8 Ketone 7 was converted
to diketone 8 by one of three methods, depending upon
the nature of R! and R% (1) acylation of the morpholine
enamine of 7 with acetoxyacetyl chloride® (Rl = H, R2 =
CH;0Ac); (2) reaction of 7 and ethyl (tetrahydropyran-
yloxy)acetate!® in ether with NaH and a catalytic amount
of EtOH!! (R! = H, R2 = CH;OTHP); (3) acylation of the
lithium enolate of 7 with 0.5 equiv of methyl dimethoxy-
acetate (R! ¢ H,R2= CH(OMe)2). Diketone 8 was further
elaborated into aldehyde 10 by one of three routes. For
R? = CH,0Ac or CH,OTHP, 8 was reacted with 4-fluo-
rophenylhydrazine to form the tetrahydroindazole, fol-
lowed by deprotection with aqueous base (method A) or
acid (method B), respectively, to give 2-(4-fluoropheny}l)-
substituted alcohol 9 along with the corresponding 1-(4-
fluorophenyl) isomer. After separation by crystallization
or medium-pressure liquid chromatography (MPLC), 9
was oxidized with PCC!2 to give the tetrahydroindazole-
3-carboxaldehyde 10. For R? = CH(OMe)s, reaction of 8
with 4-fluorophenylhydrazine followed by hydrolysis of
the intermediate mixture of dimethyl acetals afforded
aldehyde 10 in a more straightforward fashion, after MPLC
separation of the accompanying 1-(4-fluorophenyl) isomer
(method C).13

For R3 = H, allylic alcohol 12 was prepared by Wad-
sworth/Emmons homologation of aldehyde 10 with diethyl
phosphonoacetate to give unsaturated ester 11, followed
by (i-Bu)2AlH reduction (Scheme II, method D). Alter-
natively, when R! and R3, taken together, represented a
fused “benzo” substituent, 12 was synthesized by a
different method (Scheme III, method E). Ketone 18 was
treated with 4-fluorophenylhydrazine to form the mixture
of hydrazones 14 which was treated with 2 equiv of LDA
toform the hydrazone dianion.!* The dianion wasreacted
with methyl 4-(tetrahydropyranyloxy)-2-butenoate!s to
form the pyrazole ring, and the THP protecting group
was hydrolyzed to give the tricyclic unsaturated alcohol
12 (R!, R3 = benzo). For both methods D and E, oxidation
of 12 with MnO; provided the unsaturated aldehyde 15.
For certain examples of method D, the oxidation reaction
was accomplished with CrQs/pyridine.1é

Elaboration of 15 into the target molecule was accom-
plished by condensation with the sodium/lithium dianion
of ethyl acetoacetate!’ to give hydroxy keto ester 16
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Table I
o] o]
1
R R2
(CHZ)n
8
no. R! R? n % yield® mp, °Cbe
8a H CH,0COCH; 0 53  oilde
8b H CH,0COCH; 1 43  97-98~*
8¢ H CH:OTHP 2 88! oil/
8d CH; CH(OCHy): 1 85  oild
8¢ C;H; CH(OCHy): 1 85 oil
8f n-CsHy CH(OCHjy); 1 53 oil
8g s-CHp CH(OCHj): 1 95 oiV
8h c¢-CgHyy CH(OCHj), 1 81 oil
8i CgHj; CH(OCH3): 1 70 oil/
8§ Cg¢Hs;CH: CH(OCH3), 1 85 oil
8k 2-CIC¢H,CH: CH(OCHj); 1 79  oilf
81 4-CIC¢H,CH; CH(OCHj); 1 53  oil
8m 4-FCgH,CH; CH(OCHy):; 1 81 oil
8n 3-CH30CgHCH: CH(OCHj): 1 73 oil
80 4.CH3;0C¢H(CH; CH(OCH3); 1 72 il
8p 3,4-(CH30):CeHsCH; CH(OCHj): 1 69 ol
8q 4—CH303H4CH2 CH(OCHs)z 1 68 oil
8r 4-i-C3H,C¢H,CH; CH(OCHy); 1 66 oil
88 4-t-CHyCeHCH; CH(OCHy: 1 92 oil
8t 4-CgH;C¢H.CH; CH(OCHjy):; 1 96 wax
8u 1-naphthyl-CH; CH(OCH3): 1 96 oil
8v  2.naphthyl-CH, CH(OCH;): 1 71 oil
. 8w CgHsCH:CH; CH(OCH3): 1 90 oil
8x CgH;CH,CH.CH; CH(OCH3): 1 64 oil

8y (E)-CeéHsCH=CHCH, CH(OCHj): 1 61 oil

@ Yield of isolated material after purification by silica gel chro-
matography or crystallization, unless otherwise noted. ® All com-
pounds possessed !H NMR, IR, and mass spectra consistent with
assigned structure, unless otherwise noted. ° Combustion analyses
(C, H) within £0.4% of theoretical, unless otherwise noted. ¢ 'H
NMR spectrum consistent with assigned structure. ¢ Reference 9a.
f TH NMR and mass spectra consistent with assigned structure.
2 Recrystallized from EtOAc/hexanes. * Reference 9b. | Yield of crude
product. / Combustion analysis consistent for 0.25 hydrate.

Scheme II. Method D¢

X= CHO —ou X= CHCHCOEt —D o X= CH=CHOHOH —S o X= CH=CHOHO
10 11 12 15

¢ (a) (Et0)2P(=0)CH,CO:Et, NaH; (b) (i-Bu),AlH, THF; (c) MnO,
or CrOg/pyridine.

(Scheme IV, method F). With the exception of 16z and
16aa, each compound prepared by method F was obtained
as an inseparable mixture of diastereomers. Stereospecific
reduction of 16 was accomplished using Et;B and NaBH,
in4:1 THF/MeOH!8to give syn-dihydroxy ester 17, which
was determined to be free of the corresponding antiisomer
to the limit of detection by 13C NMR spectroscopy (>10:1
syn:anti).® Finally, treatment of 17 with aqueous NaOH
provided racemic sodium salt 18, which was isolated by
lyophilization of the aqueous solution.

Alternatively, some targets were prepared from 10 by
a shorter, more convergent route (Scheme V, method G).
Keto phosphonate 20, a racemic version of Heathcock’s
optically pure side-chain synthon,?’ was prepared in 40%
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Table 11
E
I;\l— N
1
R 7 CHO
(CHp)n
10
% yields mp, recrystallization
no. R! n (method) °Cbe solvent
10a H 0 5(A)  79-80 Et,0
10b H 1 68 (A) 80-81 Et;0/hexanes
10c H 2 30 (B) oild
10d CH; 1 31(C) 179-80 Et;0O/hexanes
10e C.H; 1 38 (C) 72-74
10f n-CsH, 1 36 (C) 50-563
10g s-C/Hp 1 20 (C) oile
10h  ¢-CgHyy 1 15 (C) oile
10i CgH; 1 19(C) 139-140 EtOAc/hexanes
103 CeH;CH; 1 30(C) 99-100 hexanes
10k 2-CIC¢H,CH, 1 23(C) glass
101 4-CICsH.CH, 1 47 (C) 126-128 EtOAc/hexanes
10m 4-FC;H,CH: 1 41 (C) oilé
10n 3-CH;OC¢H,CH:; 1 37 (C) foam®
100 4-CHsOCéHCH: 1 386(C) il
10p 3,423(](;IH30)2C5H3- 1 36 (C) 109-110 Et,0
2
10q 4-CH;CgH(CH, 1 40 (C) foame®
10r 4-i-CgH,C¢H.CH; 1 8 (C) oile
108  4-t-C(HyCsH,CH; 1 23 (C) 124-125 EtOAc/hexanes
10t 4-CgH;CsH,CH, 1 39 (C) 148-150¢ EtOAc/Et,0
10u 1-naphthyl-CH; 1 28 (C) 116-117 EtOAc/hexanes
10v  2-naphthyl-CH, 1 36(C) 122-123 Et,0
10w CgHsCH;CH, 1 20(C) 89-90 Et;0/hexanes
10x  CgHsCH,CH,CH, 1 32(C) 100-102 EtOAc/hexanes
1 44 (C) 104-105

10y (E)-CeHsCH=
CHCH;,

8 Overall yield from 8 of isolated material after purification by
silica gel chromatography or crystallization. ? All compounds pos-
sessed 'H NMR, IR, and mass spectra consistent with assigned
structure, unless otherwise noted. ¢ Combustion analyses (C, H, N)
within £0.4% of theoretical, unless otherwise noted. ¢ 'TH NMR
spectrum consistent with assigned structure. ¢ 'H NMR and mass
spectra consistent with assigned structure.

Scheme ITI. Method E¢
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yield from dimethyl 3-[(tert-butyldimethylsilyl)oxylglu-
tarate?! and lithium dimethyl methylphosphonate. Re-
action of 20 with 10 under Roush/Masamune conditions
(LiCl, DBU, CH3CN)22 gave hydroxy keto ester 21 as an
inseparable mixture of diastereomers. Stereospecific
reduction as described above afforded syn-dihydroxy ester
22, which in turn was saponified with NaOH and lyo-
philized to give racemic 18. It will be noted that, in
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Table III
F
;\I-N
1
R AT
R3 (CHo)n
15
% yielde mp, recrystallization
no. R! R? n (method) °Cg»‘ solvent
15a H H 0 52D 127-128 Et,0
15b H H 1 57(D) 122-123 EtOAc/hexanes
15c¢ H H 2 172(D) 9293 EtOAc/hexanes
15d CH; H 1 68(D) 145-146 EtOAc/hexanes
15¢ C.H; H 1 53{D) 99-101
15¢ n-CsH; H 1 41(dD) 9293 hexanes
16g s-CHp H 1 565[D oi
15h c-CeHu H 1 19 (D) Oild
15§ CgHsCH, H 1 21®) 130131
15k 2-CICeH,CH, H 1 53(D) 184-185 EtOAc/hexanes
151 4-CIC¢H.CH, H 1 32(D) 144-1456 EtOAc/hexanes
16m 4-FCeH,CH; H 1 10D oil
15n 3-05-{30061{4- H 1 23D 97-99
2
150 4-CHOCsH,CH; H 1 54(D) 141-142 EtOAc/hexanes
15p 3,4"0(1(?1“30)2(33}[3' H 1 37(D) foam
2
15q 4CHCéHCH; H 1 34(D) 160-162 EtOAc/hexanes
158 4-t-CC}4[HngH4- H 1 60(D) 145-148 EtOAc/hexanes
2
16w CgHsCH.CH, H 1 48(D) 132-134 EtOAc/hexanes
15x CsléslgchHz- H 1 25({D) oil¢
2
15z 6,7-benzo 1 33(E) 154-156 EtOAc/hexanes
15aa 7,8-benzo 2 28(E) 208-210 EtOAc

8 Overall yield from 10 (method D) or 13 (method E) of isolated
material after purification by silica gel chromatography or crystal-
lization. ® All compounds possessed 'H NMR, IR, and mass spectra
consistent with assigned structure, unless otherwise noted. ¢ Com-
bustion analyses (C, H, N) within £0.4% of theoretical, unless
otherwise noted. ¢ 'H NMR and mass spectra consistent with
assigned structure. ¢ 'H NMR spectrum consistent with assigned
structure.

Scheme IV. Method F¢
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lyophilize.

methods F and G, the syn relationship between the side-
chain hydroxyl groups is controlled by stereospecific
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Scheme V. Method G°
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DBU:; (¢) aqueous HF, CH;CN; (d) EtsB, THF/MeOH; then NaBH,,
-78 °C to room temperature; (e) aqueous NaOH, MeOH, lyophilize.

reduction, but the relative stereochemistry at the 7-position
of the tetrahydroindazole ring system is not controlled.
Therefore, the target inhibitors 18 are actually inseparable
mixtures of two diastereomers, each of which is racemic.

Biological Results and Discussion

The racemic sodium salts 18 were evaluated for their
ability to inhibit partially purified rat liver HMG-CoA
reductase in vitro; selected compounds (18j-y) were
evaluated for their ability to inhibit incorporation of [14C]-
acetate into cholesterol in cultured human hepatoma
(HEP-G2) cells (Table IV). Results were compared to
those obtained for 2, 5, and the sodium salt of 2 (prepared
by reaction of 2 with NaOH).

For the unsubstituted series (18a—¢, R! = R3 = H), the
tetrahydroindazole (n = 1) was a slightly more potent
HMG-CoA reductase inhibitor than the tetrahydrocyclo-
pentapyrazole (n = 0) and approximately equivalent to
the hexahydrocycloheptapyrazole (n = 2). Addition of
small straight or branched hydrocarbon chains to the
7-position of the tetrahydroindazole (18d-g) afforded an
approximately 2-fold increase in potency over the parent
compound. However, introduction of a large branching
group on the a-carbon of the 7-substituent (18h) resulted
in a loss in potency. Also, incorporation of phenyl at the
7-position (18i) or fusion of a benzene ring across the 6,7-
bond (18z) gave a less potent compound. Interestingly,
the corresponding benzohexahydrocycloheptapyrazole an-
alog (18aa) was more potent than either 18z or its
hexahydrocycloheptapyrazole parent (18c).

In contrast to the effect shown by a fused benzene ring,
the addition of a linking group between the phenyl group
and tetrahydroindazole nucleus provided compounds
which were 10—77-fold more potent than 18b: CsHsCHo-
CH_; (18w, 10X more potent)< C¢gHs;CH,CH,CH; (18x)<
(E)-C¢HsCH=CHCH; (18y)< CgH5sCH: (18], 77X more
potent). Of the saturated spacers, a single methylene unit
is preferred over two or three, which implies an optimum
spatial arrangement of the tetrahydroindazole portion of
the molecule and the pendant phenyl ring. The improved
activity of 18y (which contains the unsaturated three
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carbon spacer) can be explained by considering the double
bond and the phenyl ring together as a single, extended
w-system separated by one methylene unit from the rest
of the molecule. In thisanalysis, the important structural
features for improved potency are w-electrons connected
by a one carbon spacer to the 7-position of the tetrahy-
droindazole.

When electron-withdrawing substituents (18k-m) were
incorporated into the phenyl ring of 18j, loss of potency
was observed. In the case of electron-donating substit-
uents, 3-methoxy (18n) and 4-methoxy (180) gave a slight
increase in potency, whereas 3,4-dimethoxy (18p) suffered
a significant decrease. This pattern suggested a possible
steric effect at the 4-position, which was verified by the
inclusion of bulky substituents on the phenyl ring of 18j.
The 4-methyl and 4-isopropyl compounds (18q-r) were
approximately equal to 180, but the 4-tert-butyl analog
(188) was twice as potent and the 4-phenyl analog (18t)
was 10-fold more potent. In comparison to the standards,
18t was a better HMG-CoA reductase inhibitor than 2
(sodium salt) and equal to 5, making it the most potent
analog of the series (ICs = 3.0nM). The 2-naphthyl analog
(18v) was also extremely potent, consistent with the
requirement for steric bulk at the 4-position of the phenyl
ring. The 1-naphthyl analog (18u), while potent, was about
3-fold weaker than 18v.

Those compounds which were more potent than 1 uM
in the HMG-CoA reductase assay (18j—y) were also
evaluated in the HEP-G2 cell cholesterol biosynthesis
assay.?? As shown in Table IV, several of the tetrahy-
droindazole inhibitors inhibited cholesterol biosynthesis
in the 0.1 uM range, the most potent being 18q and 18s.
Structure—activity relationships in HEP-G2 cells, however,
did not parallel those established for the HMG-CoA
reductase assay. For example, some of the compounds
that were potent enzyme inhibitors were relativly inef-
fective inhibitors of cholesterol biosynthesis (180 and 18y).
Also, the methoxy-containing analogs (18n-p) were uni-
formly weak, suggesting degradation to inactive metab-
olites. Ultimately, although the best tetrahydroindazoles
(18q and 18s) exhibited promising activity in whole cells,
they were still inferior to 2 (sodium salt).

Molecular Modeling

Initially, 2, 5, 6, and 18b were studied to determine the
structural features important for activity. Structures for
inhibitors 5, 6, and 18b were built in their bioactive open-
chain forms as neutral acids using SYBYL.2¢ Although
18b was synthesized and tested as a racemic mixture, only
the (3R,5S) enantiomer was modeled in order to maintain
a consistent absolute configuration in the dihydroxy acid
side chain. The structure for 2 was retrieved from the
Cambridge Structural Database?> and modified by sub-
stituting the dihydroxy acid side chain for the lactone
ring. In our comparison, the dihydroxy acid side chains
of the inhibitors were overlapped while maintaining an
overlap of the ring systems (Figure 1a). Interestingly, when
electrostatic isopotential maps were generated for the
compounds in the study (MNDO charges), we found that
the (2-methyl)butyryl ester side chain of 2 creates a
negatively charged region (colored blue in Figure 2) in the
same area occupied by the 4-fluorophenyl group of §, 6,
and 18b. Thisindicates that the conformation of the ester
side chain of 2 selected for this study is reasonable.
Examination of difference volume maps shows that 5, the
most potent inhibitor of the four, occupies volume in a
region of space not shared by the other compounds in the
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Table IV. Inhibition of Rat Liver HMG-CoA Reductase and Cholesterol Biosynthesis Inhibition in Cultured HEP-G2 Cells by 18
E

Rt O Nat
OH
RG
18
HMG-CoA reductase®  cholesterol biosynthesis¢

no. Rt R® n % yield® (method) formula? ICs0, uM ICs0, uM

18a H H 0 56 (F) C19H20FN2NaOH:0 11 (2.1-54)

18b H H 1 45 (F) C20H322FN:NaO4-H:0 5.3 (3.1-9.1)

18¢ H H 2 40 (F) C1HoFN2NaO40.56H,0 3.6 (2.6-4.8)

18d CH; H 1 31 (F CoHo FN2NaO4H:0 2.1 (1.7-2.6)

18¢ C:Hs H 1 22 (F) CosHoeFNsNaO4H,0 2.0 (1.2-3.3)

18f n-CsHy H 1 52 (F)d Co3HosFN:NaO,1.5H:0 3.4 (2.1-5.6)

18g s-C(Hp H 1 6 (F) Co4H30FN3NaO4-2H,0 3.2 (1.9-5.3)

18h c¢-CgHyy H 1 15 (F) CoeH32FN2NaO4-2H,0 8.5 (3.8-19)

18i CgH; H 1 33 (G) CogHosFNaNaO,-1.25H.0 2.8 (0.73-10) 8.1 (0.73-91)

18§ C¢HsCH, H 1 45 (F) Co7H2sFNoNaO4-H:0 0.068 (0.047-0.098) 0.17 (0.11-0.27)
18k  2-CIC¢H,CH: H 1 16 (F) Co7Ho7CIFNoNaO2.5H:0  0.095 (0.026-0.34) 0.33 (0.16~0.68)
181 4-CICgH,CH, H 1 40 (F)? Co71H27CIFNoNaO¢H0 0.14 (0.07-0.27) - 1.1 (0.56-2.2)
18m 4-FCe¢H,CH; H 1 20 CorHF3aN2NaQy 0.20 (0.16-0.24) 0.40 (0.0071-23)
18n  3-CH;0C¢H,CH; H 1 31 (F CasH3oF'N3Na05-0.5H20 0.035 (0.027-0.046) 1.2 (0.44-3.0)

180 4-CH30C¢H,CH; H 1 37 (F CosH3oFN2NaOs-H,0 0.028 (0.015-0.51) 0.50 (0.16~-1.7)
18p 3,4-(CH30):CéHsCH; H 1 27 (F) C2gH3sFN3;NaOg-2H20 0.32 (0.17-0.61) 3.6 (2.9-4.6)

18q 4-CH3;C¢H,CH; H 1 45 (F) C2sH3FN2NaO,-H:0 0.028 (0.018-0.042) 0.078 (0.051-0.12)
18r 4-i-CsH;C¢H,CH: H 1 38 () CaoH3FN3NaO1.25H,0 0.040 (0.0090-0.17) 0.23 (0.16—0.33)
188  4-t-C{HyCe¢H,CH: H 1 36 (F) C31H36FN2NaO40.756H0 0.014 (0.0040-0.053) 0.088 (0.046-0.17)
18t 4-Ce¢Hs;CsH.CH, H 1 25 (GQ) C33sH3:FN2NaO42H20 0.0030 (0.0015-0.0049) 0.10 (0.013-0.81)
18u  1-naphthyl-CH; H 1 33(G) Cs1H3oFN2NaO4H;0 0.028 (0.021-0.036) 0.46 (0.26-0.80)
18v  2-naphthyl-CH, H 1 41(G) Cg1H30FNyNaOQH:0 0.0090 (0.0050-0.016) 0.33 (0.22-0.48)
18w CegH;CH.CH, H 1 6 (F)e CosH30FN2NaQ,42.5H.0 0.54 (0.41-0.73) 1.7 (1.3-2.3)

18x  CgH;CH;CH:CH; H 1 10 (F) CooH3FN2Na0-2.75H:0 0.16 (0.12-0.21) 0.87 (0.31-2.4)
18y (E)-CéHsCH=CHCH; H 1 48 (G) Co9H3FN;Na0O4-2.5H0 0.082 (0.038-0.18) 1.0 (0.70-1.4)

18z  6,7-benzo 1 28 (F) Co4H2FNoNaQ-H0 9.4 (4.1-22)

18aa 7,8-benzo 2 32 (F) CasHosFN2NaO,-1.25H,0 2.6 (1.8-3.7)
2 lactone 0.40 (0.23-0.71) 0.079 (0.061-0.10)
2 sodium salt 0.0092 (0.0073-0.017) 0.050 (0.019-0.14)
5 0.0025 (0.0015-0.0040) 0.079 (0.053-0.12)

@ Overall yield from 15 (method F) or 10 (method G) of isolated material after purification of intermediates 17 (method F) or 22 (method
G) by silica gel chromatography and saponification/lyophilization. ® All compounds possessed !H NMR, IR, and FAB mass spectra consistent
with assigned structure and combustion analyses (C, H, N) within £0.4% of theoretical for the hydrate shown. ¢ For assay protocols, see the
Experimental Section. The values shown represent the mean of several determinations; numbers in parentheses represent 95% confidence
limits. ¢ Compound isolated as a 2:1 mixture of syn:anti diols as determined by 1*C NMR spectroscopy. ¢ Compound isolated as a 4.5:1 mixture
of syn:anti diols as determined by 3C NMR spectroscopy.

study (Figure 1b). Beyond this, 2, 5, and 6 all share volume
which 18b does not (Figure 1lc¢). More specifically,
comparison of 5 and 18b reveals that, when the five-
membered heterocyclic rings of the two molecules are
superimposed, the fused phenyl ring of the indole moiety

of 5 is in close proximity to the 7-position of the.

tetrahydroindazole ring system of 18b. We hypothesized
that 7-substituted analogs of 18b would overlap better
with 5 and the other inhibitors in the region revealed in
Figure 1b,c. Therefore,the 7-[{(1,1’-biphenyl-4-ylymethyl]
substituent from the potent inhibitor 18t was incorporated
into the structure determined for 18b. Since 18t (and
each of the other 7-substituted inhibitors) actually exists
as a mixture of diastereomers at the 7-position relative to
the fixed syn stereochemistry on the side chain, structures
for each diastereomer (7R and 7S) were built. Volume
difference maps were generated, revealing the improved
overlap of both diastereomers with the volume shared by
2,5,and 6 (Figure 1d). Theimproved potency of 18t (1700-
fold better than 18b) and similar analogs can be attributed
to improved overlap in the critical region occupied by the
7-substituent, which presumably interacts with a hydro-

phobicbinding domain adjacent to the enzyme active site.2
This model is supported by the observed trend that the
7-substituent should contain a 7-system connected by a
single methylene group for optimum HMG-CoA reductase
inhibitory potency (vide supra).

Conclusions

Compounds comprising a novel series of 7-{2-(4-fluo-
rophenyl)-4,5,6,7-tetrahydro-2H-indazol-3-y1]-3,5-dihy-
droxy-6-heptenoic acid sodium salts were synthesized and
tested for their ability to inhibit HMG-CoA reductase in
vitro and in cultured HEP-G2 cells. Incorporation of a
benzyl substituent at the 7-position of the tetrahydroin-
dazole nucleus resulted in an analog (18j) which was 77-
fold more potent than the parent compound (18b) in vitro.
Substitution at the para position of the benzene ring
resulted in a compound (18t) which was 1700-fold more
potent than 18b and 3-fold more potent than the sodium
salt of lovastatin (2). Other analogs (18q and 18s8) were
essentially equipotent to 2 in HEP-G2 cells.
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Figure 1. Comparison of tetrahydroindazole inhibitors 18b and 18t with literature inhibitors 2 (open chain form), 5, and 6 (open chain
form). (a) Superimposition of energy-minimized structures for 2 (red), 5 (blue), 6 (green), and 18b (magenta). (b) Difference volume
map illustrating regions occupied by 5 (blue) that are not shared by 2 (red), 6 (green), and 18b (magenta). Volume unique to 5 is shown
in yellow. (c) Difference volume map illustrating regions shared by 2 (red), 5 (blue), and 6 (green) that are not occupied by 18b
(magenta). Volume not occupied by 18b is shown in yellow. (d) Difference volume map illustrating improved overlap of (75)-18t
(magenta) and (7R)-18t (cyan) with the regions shared by 2 (red), 5 (blue), and 6 (green). Volume not occupied by (75)- or (7R)-18t

is shown in yellow.

Experimental Section?”

Unless otherwise noted, materials were obtained from com-
mercial suppliers and were used without further purification.
Anhydrous tetrahydrofuran (THF) was purchased from Aldrich
and used without further drying. Diisopropylamine was distilled
from CaH; and was stored over 4A molecular sieves. 1,8-
Diazabicyclo[5.4.0]undec-7-ene (DBU) was used without puri-
fication. Dimethylformamide (DMF) was dried over 4A sieves
prior to use. Melting points were determined on a Thomas-
Hoover apparatus and are uncorrected. Nuclear magnetic
resonance (NMR) spectra were measured in the indicated solvent
with tetramethylsilane (TMS) as the internal standard using the
following spectrometers: Bruker WP-100SY (100 MHz 'H, 25
MHz 13C), General Electric QE-300 (300 MHz 'H, 75 MHz 13C),
and Varian XL-400 (400 MHz 'H, 100 MHz 13C). NMR chemical
shifts are expressed in parts per million (ppm) downfield from
internal TMS using the  scale. 'H NMR data are tabulated in
order: multiplicity, (s, singlet; d, doublet; t, triplet; q, quartet;
m, multiplet), number of protons, coupling constant in hertz).
13C NMR data are reported for proton-decoupled spectra and
are tabulated in order. Infrared (IR) spectra were determined
on a Nicolet 5DXB FT-IR spectrophotometer. Chemical ion-
ization (DCI), electron impact (EI), and fast atom bombardment
(FAB) mass spectra (MS) were determined on a Finnegan MAT
8230 spectrometer. Elemental analyses were carried out on a
Perkin-Elmer 240C analyzer. Analytical thin-layer chromatog-
raphy (TLC) was done with Merck silica gel 60 Fas54 plates (250
pm). Flash chromatography and medium-pressure liquid chro-
matography (MPLC) were done with Merck silica gel 60 (230—
400 mesh).

Ketones 7. These compounds were prepared according to
literature methods, if not commercially available.®

Diketones 8a,b. These compounds were prepared according
to literature methods.?

2-[(2-Tetrahydropyranyloxy)acetyl]cycloheptanone (8c).
A solution of 2.80 g (25 mmol) of cycloheptanone and 4.71 g (25
mmol) of ethyl (tetrahydropyranyloxy)acetate'? in 20 mL of Et,0
was added over the course of 1 h to an ice-cold, stirring mixture
of hexane-washed NaH (48 mmol, 1.15 g of 60% oil dispersion)
and 0.12 mL (2 mmol, 0.092 g) of absolute EtOH in 10 mL of
Et:0 under N2. The light brown mixture was allowed to warm
to room temperature and was stirred overnight. MeOH (5 mL)
was added, and the solution was poured onto 200 mL of saturated
aqueous NH,Cl. After acidification to pH 2 with 1 N aqueous
HCI, the mixture was extracted with Eto0. The organic layer
was washed with brine, dried over Na;SOy, and concentrated to
give 5.61 g (88%) of crude 8¢ as a light brown oil, which was used
without purification: 'H NMR (CDCl;, 100 MHz) 1.3-2.1
(complex, 14 H), 2.3-2.8 (complezx, 2 H), 3.5-4.8 (complex, 5 H),
13.8 (br s, 1 H).

General Procedure for the Synthesis of Diketones 8d-y
(Table I). 6-(4-tert-butylbenzyl)-2-(2,2-dimethoxyacetyl)-
cyclohexanone (8s). Diisopropylamine (94.2 mmol,9.53g,13.2
mL) was added under N; to a —20 °C solution of 1.6 M n-BuLi
in hexanes (89.7 mmol, 56.0 mL) and 75 mL of THF. After 15
min, the solution was cooled to —78 °C and 20.9 g (85.4 mmol)
of 2-(4-tert-butylbenzyl)cyclohexanone (7s) in 50 mL of THF
was added dropwise over a 20-min period. After 45 min, 5.50 mL
(44.8 mmol, 6.01 g) of methyl dimethoxyacetate was added; the
mixture was allowed to warm slowly to room temperature and
was stirred overnight. The resulting solution was cooled to 0 °C
and acidified to pH 3-4 with 2 N aqueous HCI. The mixture was
diluted with Et;O (200 mL) and washed with water and brine.
After drying over NaySOy, the solution was concentrated to give
26 g of amber oil. The crude product was purified by MPLC
using a solvent gradient ranging from 8 to 10% EtOAc/hexanes
to afford 9.4 g of recovered 7s and 14.3 g (92% ) of 8s as a colorless
oil: 'H NMR (300 MHz) 1.30 (s, 9 H), 1.2-2.8 (complex, 8 H),
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6 (open chain form)

Connolly et al.

Figure 2. Electrostatic isopotential maps (MNDO charges) for 2 (open chain form), 5, 6 (open chain form), and 18b, showing negatively

charged regions in blue and positively charged regions in red.

Table V
low-energy
no. of conformer, “fit” energy, energy

compd  conformers kcal/mol kcal/mol difference
2 500 10.191 15.436 5.245

5 646 27.263 31.686 1.681

6 335 13.140 16.244 3.080
18b 569 19.834 23.366 3.632
(75)-18t a 18.806 22.573 3.767
(TR)-18t a 18.964 22.592 3.628

@ Structures for (75)- and (7R)-18t were generated from the
reference low-energy conformer of 18b as described in the Experi-
mental Section.

3.1-3.5 (complex, 8 H), 4.63 (s, 1 H minor tautomer), 4.96 (s, 1
H, major tautomer), 7.11 (m, 2 H), 7.29 (m, 2 H); IR (film) 1740,
1707,1583 cm™1; MS (DCI) m/z 347, 315 (base). Anal. (C3;H300y4)
C, H.
6-[(1,1”-Biphenyl-4-yl)methyl]-2-(2,2-dimethoxyacetyl)cy-
clohexanone (8t). Diisopropylamine (38.8 mmol, 3.93 g, 5.4
mL) was added under N; to a —20 °C solution of 1.6 M n-BuLi
in hexanes (35.3 mmol, 22.0 mL) and 30 mL of THF. After 15
min, the solution was cooled to —78 °C and 8.88 g (33.6 mmol)
of 2-[(1,1’-biphenyl-4-yl)methyl]cyclohexanone (7t) in 50 mL of
THF was added. After 45 min, 2.26 mL (18.5 mmol, 2.48 g) of
methyl dimethoxyacetate was added; the mixture was allowed
to warm slowly to room temperature and was stirred overnight.
The resulting solution was cooled to 0 °C and acidified to pH 3—4
with 2 N aqueous HCl. The mixture was diluted with Et;0 (200
mL) and washed with water and brine. After drying over Nas-
S0y, the solution was concentrated to give 11.5 g of a yellow oil.
The crude product was purified by MPLC using a solvent gradient
ranging from 1:6 to 1:5 EtOAc/hexanes to afford 4.18 g of recovered
Ttand 5.94 g (96 % ) of 8t as a waxy, white solid: 'H NMR (CDCl;,
300 MHz) 1.4-2.8 (complex, 9 H), 3.33 (s, 3 H, minor tautomer),
3.37 (s, 3 H, minor tautomer), 3.42 (s, 6 H, major tautomer), 4.63
(s, 1 H, minor tautomer), 4.96 (s, 1 H, major tautomer), 7.2-7.6

(complex, 9 H); IR (KBr) 1739, 1704, 1601, 1584, 1488, 1444 cm™};
MS (DCI) m/z 335 (base), 303. Anal. (Cy3H204) C, H.

General Procedure for the Synthesis of Carboxaldehydes
10a—y (TableII). 2-(4-Fluorophenyl)-4,5,6,7-tetrahydro-2 H-
indazole-3-methanol (9b). Et;N (0.717 mL,0.520 g, 5.14 mmol)
was added to a stirring suspension of 1.00 g (5.04 mmol) of
2-(acetoxyacetyl)cyclohexanone® and 0.820 g (5.04 mmol) of
4-fluorophenylhydrazine hydrochloride in 20 mL of absolute
EtOH. The resulting solution was stirred under N; for 4 h at
room temperature and refluxed for 6 h. The mixture was
concentrated, and the residue was partitioned between 100 mL
of Et;0 and 50 mL of dilute aqueous HCl. The Et;O layer was
washed with water, saturated aqueous NaHCOj3, and brine. After
drying over NaySOy, the solution was concentrated to give 1.43
g of light brown solid. Recrystallization from EtOAc/hexanes
afforded 0.753 g (52 % ) of 3-(acetoxymethyl)-2-(4-fluorophenyl)-
4,5,6,7-tetrahydro-2H-indazole as a white solid: m.p 128.5-129.5
°C; 'H NMR (CDCls, 400 MHz) 1.85 (m, 4 H), 2.07 (s, 3 H), 2.60
(t, 2 H, J = 6 Hz), 2.73 (t, 2 H, J = 6 Hz), 5.00 (s, 2 H), 7.15 (t,
2H,J=9Hz),7.45 (dd, 2 H, J = 5, 9 Hz); IR (KBr) 1740, 1220
cm; MS (DCI) m/z 289 (base), 228. Anal. (C,sH1;FN:02) C,H,
N.

The intermediate (acetoxymethyl)indazole (24.3 mmol, 7.00
g) was dissolved in 125 mL of MeOH and stirred while 26.7 mL
of 1 N aqueous NaOH was added. After 30 min the resulting
cloudy suspension was concentrated and partitioned between
200 mL of EtOAc and 100 mL of water. The organic layer was
washed with water and brine and was dried over Na;SO,. The
solution was concentrated to give 5.85 g of orange solid.
Recrystallization from EtOAc gave 4.08 g (68%) of 9b as off-
white crystals: mp 163-164 °C; 'H NMR (CDCls, 400 MHz) 1.80
(m, 4 H), 2.52 (t, 1 H, J = 5 Hz), 2.86 (t, 2 H, J = 6 Hz), 2.71 (t,
2H,J =6Hz), 452 (d, 2H,J = 5Hz), 7.12 (t, 2 H, J = 9 Hz),
7.58 (dd, 2 H, J = 5, 9 Hz); 3C NMR (DMSO-ds, 25 MHz) 19.8,
23.0 (3 C), 52.1, 115.7 (d, Jcr = 23 Hz), 116.6, 125.2 (d, Jor =
8Hz), 136.5,137.9, 148.8,160.6 (d, Jc_r = 244 Hz); IR (KBr) 3200
(broad), 1510 cm™!; MS (DCI) m/z 247 (base). Anal. (CyHjs-
FN,0) C, H, N.
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2-(4-Fluorophenyl)-4,5,6,7-tetrahydro-2H-indazole-3-car-
boxaldehyde (10b). Compound 9b (14.8 mmol, 3.64 g) was added
in small portions over a 5-min period to a suspension of 4.74 g
(22.0 mmol) of pyridinium chlorochromate in 50 ml of CHxCl;.
The resulting mixture was stirred at room temperature for 4 h.
A 300-mL portion of Eto0 was added, and the mixture was filtered
through a pad of Florisil. The tarry residue remaining in the
flask was sonicated twice with 100 mL of Et;0, and the organic
solutions were also filtered through Florisil. The Florisil pad
was washed thoroughly with Et;0, and the combined filtrates
were dried over Na;SOy and concentrated, giving 3.57 g of off-
white solid. The crude product was recrystallized from Et;0/
hexanes to afford 1.71 g (47 %) of 10b as a white solid: mp 80-81
°C ; H NMR (CDCls, 400 MHz) 1.85 (m, 4 H), 2.77 t,2 H, J
= 6 Hz), 2.88 (t,2 H, J = 6 Hz), 7.20 (m, 2 H), 7.45 (m, 2 H), 9.86
(s, 1 H); IR (KBr) 1670, 1575 cm™1; MS (DCI) m/z 245 (base).
Anal. (C,4H;sFN:0) C, H, N. The mother liquors were con-
centrated to give an additional 1.67 g (46%) of 10b as a white
solid which was judged to be pure enough to carry on.

2-(4-Fluorophenyl)-2,4,5,6,7,8-hexahydrocycloheptapyra-
zole-3-methanol (9¢). Crude 8¢ was combined with 3.07 mL
(22 mmol, 2.23 g) of Et;N and 3.45 g (21.1 mmol) of 4-fluo-
rophenylhydrazine hydrochloride in 60 mL of absolute EtOH.
The resulting solution was stirred at room temperature under N
overnight and was refluxed for 4 h. A 30-mL portion of 1 N
aqueous HCI was added, and the mixture was refluxed for an
additional hour. The mixture was cooled and extracted with 200
mL of Et;0. The organic phase was washed with water, saturated
aqueous NaHCOs;, and brine and was dried over NaSO,. The
solution was concentrated to give 5.50 g of a 1:1.2 mixture of 9¢
and 1-(4-fluorophenyl)-1,4,5,6,7,8-hexahydrocycloheptapyrazole-
3-methanol as a brown oil. The crude product was crystallized
from EtOAc/Et;O to afford 0.97 g (18%) of 9¢ as an off-white
solid: mp 177-178 °C; 'H NMR (CDCls, 300 MHz) 1.72 (m, 4 H),
1.85 (m, 2 H), 2.60 (m, 2 H), 2.80 (m, 2H), 451 (d,2H,J =5
Hz), 7.15 (m, 2 H), 7.60 (m, 2 H); IR (KBr) 3240 (broad), 1513,
1223 cm‘l; MS (DCI) m/z 261 (base) Anal. (C15H17FN20) C, H,
N

2-(4-Fluorophenyl)-2,4,5,6,7,8-hexahydrocycloheptapyra-
zole-3-carboxaldehyde (10c). Compound 9¢ (11.6 mmol, 3.03
g) was added in small portions over a 15-min period to an
ultrasonically agitated suspension of 3.76 g (17.5 mmol) of
pyridinium chlorochromate in 40 mL of CH:Cl,. The resulting
mixture was sonicated for 2 h, diluted with 200 mL of Et,0, and
filtered through a Florisil pad. The remaining tarry residue was
sonicated three times with 50 mL of Et,0, and the washings were
also filtered through Florisil. The combined organic solutions
were washed with saturated aqueous NaHCO; and brine, dried
over Na;SO,, and concentrated to give 2.93 g of yellow oil.
Purification by MPLC using 1:9 EtOAc/hexanes yielded 2.68 g
(89%) of pure 10c as a pale yellow oil: 'H NMR (CDCl;, 100
MHz) 1.75 (complex, 6 H), 2.92 (complex, 4 H), 7.1-7.5 (complex,
4 H), 9.86 (s, 1 H).

7-(4-tert-Butylbenzyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahy-
dro-2H-indazole-3-carboxaldehyde (10s). A solution of 14.0
g (39.8 mmol) of 88 in 200 mL of MeOH was treated with 3.61
g (44.0 mmol) of NaOAc and 6.65 g (39.7 mmol) of 4-fluorophen-
ylhydrazine hydrochloride. After stirring overnight at room
temperature under N, and refluxing for 2 h, the mixture was
concentrated by rotary evaporation and the orange residue was
dissolved in 150 mL of THF. A 75-mL portion of 1 N aqueous
HCl was added, and the mixture was refluxed gently for 4 h.
Et,0 (250 mL) was added after cooling, and the organic layer was
washed sequentially with water, saturated aqueous NaHCOj3, and
brine. Drying over Na;SO, and concentration afforded 16.6 g of
brown oil. The crude product was purified by MPLC using 8%
EtOAc/hexanes to give 3.47 g (23%) of 108 and 10.9 g (71%) of
the isomeric 1-(4-fluorophenyl) compound, each as an off-white
solid. Compound 10s was recrystallized from EtOAc/hexanes to
afford analytically pure 10s as a white solid: mp 124-125 °C; 'H
NMR (CDCl;, 300 MHz) 1.32 (s, 9 H), 1.4-2.0 (complex, 4 H),
2.63 (dd, 1 H, J = 11, 13.5 Hz), 2.7-3.0 (complex, 2 H), 3.08 (m,
1 H), 3.48 (dd, 1 H, J = 4, 13.5 Hz), 7.1-7.3 (complex, 4 H), 7.33
d,2H,J =8Hz), 748 (dd, 2 H, J = 5, 9 Hz), 9.86 (s, 1 H); IR
(KBr) 1680, 1513 cm1; MS (DCI) m/z 391 (base). Anal. (CyHar-
FN:0)C,H,N. The 1-(4-fluorophenyl) isomer was recrystallized
from EtOAc/hexanes to give analytically pure 7-(4-tert-butyl-

Journal of Medicinal Chemistry, 1993, Vol. 86, No. 23 3681

benzyl)-1-(4-fluorophenyl)-4,5,8,7-tetrahydro-1H-indazole-3-car-
boxaldehyde as an off-white solid: mp 139-140 °C; 'H NMR
(CDCls, 300 MHz) 1.28 (s, 9 H), 1.75 (m, 4 H), 2.36 (dd, 1 H, J
= 13.5, 11 Hz), 2.53 (dd, 1 H, J = 13.5, 3.5 Hz), 2.72 (m, 1 H),
3.00 (m, 1 H), 3.23 (m, 1 H), 6.77 (d, 2 H, J = 8 Hz), 7.25 (m, 4
H), 7.54 (dd, 2 H, J = 9, 5.4 Hz), 10.07 (s, 1 H); IR (KBr) 1693,
1514 cm-1; MS (DCI) m/z 391 (base). Anal. (CosH2FN20)C, H,
N.
7-[(1,1’-Biphenyl-4-yl)methyl]-2-(4-fluorophenyl)-4,5,6,7-
tetrahydro-2H-indazole-3-carboxaldehyde (10t). A solution
of 8t (20.2 mmol, 5.35 g) in 100 mL of absolute EtOH was treated
with 1.91 g (23.3 mmol) of NaOAc and 3.45 g (21.2 mmol) of
4-fluorophenylhydrazine hydrochloride. After stirring overnight
under Ng, the solvent was removed by rotary evaporation and
the orange residue was dissolved in 100 mL of THF. A 50-mL
portion of 1 N aqueous HCI was added, and the mixture was
refluxed gently for 4 h. Et;0 (150 mL) was added after cooling,
and the organic layer was washed sequentially with water,
saturated aqueous NaHCOs, and brine. Drying over Na;SO,and
concentration afforded 6.74 g of orange foam. The crude product
was purified by MPLC using 1:9 EtOAc/hexanes to give 3.21 g
(39%) of 10t and 1.15g (14 %) of the isomeric 1-(4-fluorophenyl)
compound, each as an orange solid. Compound 10t was recrys-
tallized from EtOAc/Et;0 to afford analytically pure material as
a pale orange solid: mp 148150 °C; 'H NMR (CDCl;, 300 MHz)
1.6-2.0 (complex, 4 H), 2.72 (dd, 1 H, J = 10.5, 13.5 Hz), 2.75-3.0
(complex 2 H), 3.15 (m, 1 H), 3.56 (dd, 1 H, J = 4, 13.5 Hz),
7.2-17.7 (complex, 13 H), 9.87 (s, 1 H); IR (KBr) 1510, 1222 ¢cm™;
MS (DCD m/z 411 (base). Anal. (Cx7H3sFN20) C, H, N, The
1-(4-fluorophenyl) isomer was recrystallized from EtOAc/hexanes
to provide analytically pure 7-[(1,1’-biphenyl-4-yl)methyl]-1-(4-
fluorophenyl)-4,5,6,7-tetrahydro-1H-indazole-3-carboxalde-
hyde as an orange solid: mp 155-156 °C; TH NMR (CDCls, 300
MHz) 1.7-1.9 (complex, 4 H), 2.46 (dd, 1 H, J = 10.5, 13.5 Hz),
2.61 (dd, 1 H, J = 4, 13.5 Hz), 2.73 (dt, 1 H, J = 186.5, 8 Hz), 3.02
(dt,1 H, J = 16.5, 4 Hz), 3.30 (m, 1 H), 6.89 (d, 2 H, J = 8 Hz),
7.2-1.6 (complex, 11 H), 10.08 (s, 1 H); IR (KBr) 1691, 1512 cm™;
MS (DCI) m/z 411 (base). Anal. (C;H33FN.0) C, H, N.
General Procedure for the Synthesis of Unsaturated
Aldehydes 15 (Table III). Ethyl (E)-3-[7-(4-tert-Butylben-
zyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydro-2 H-indazol-3-y1]-
2-propenoate (11s). A solution of 1.80 mL (8.73 mmol, 2.04 g)
of triethyl phosphonoacetate in 10 mL of THF was added
dropwise under N; to a suspension of 0.214 g (8.91 mmol) of
oil-free NaH in 30 mL of THF. The resulting mixture was cooled
to 0 °C and treated with 3.10 g (7.94 mmol) of 10s in 30 mL of
THF. After warming slowly to room temperature and stirring
overnight, the mixture was combined with 50 mL of saturated
aqueous NH,Cl and extracted with 150 mL of Et;0. The organic
layer was washed with brine, dried over Na;SQ,, and concentrated
to give 3.75 g (~100%) of 11s as a brown oil which was used
without purification: 'H NMR (CDCl,;, 300 MHz) 1.30 (t, 3 H,
J =7 Hz), 1.32 (s, 9 H), 1.4-2.0 (complex, 4 H), 2.61 (dd, 1 H,
J = 13.5, 11 Hz), 2.70 (m, 2 H), 3.05 (m, 1 H), 3.49 (dd, 1 H, J
=13.5,4 Hz),4.22 (q,2H, J = 7 H2), 6.20 (d, 1 H, J = 16 Hz),
7.0-7.6 (complex, 9 H); MS (DCI) m/z 461 (base).
(E)-3-[7-(4-tert-Butylbenzyl)-2-(4-fluorophenyl)-4,5,6,7-
tetrahydro-2H-indazol-3-yl]-2-propenol (12s). A 1.5 M so-
lution of (i-Bu):AlH in toluene (19.8 mmol, 13.2 mL) was added
slowly under N; to an ice-cold solution of 3.75 g (7.9 mmol) of
118 in 30 mL of THF. After 30 min, 3 mL of MeOH was added
dropwise, followed by 100 mL of 1 N aqueous HCl. The mixture
was stirred for 10 min and extracted with 150 mL of Et;0. The
organic layer was washed with water, saturated aqueous NaHCO3,
and brine and dried over Na,SO,. Concentration gave 3.7 g of
orange oil which crystallized upon addition of Et;O to yield 1.46
g (44 %) of 128 as a white solid: mp 141-142°C;'H NMR (CDCl;,
300 MHz) 1.32 (s, 9 H), 1.4-2.0 (complex, 5 H), 2.6 (m, 3 H), 3.05
(m, 1 H), 3.50 (m, 1 H), 4.27 (d, 2 H, J = 5 Hz), 6.17 (dt, 1 H,
J =16, 5 Hz), 6.43 (d, 1 H, J = 16 Hz), 7.1-7.5 (complex, 8 H);
IR (KBr) 3270 (broad), 1513 cm-%; MS (DCI) m/z 419 (base).
Anal. (CxH3FNO- 0.33 H;0) C, H, N. The mother liquors
gave 2.03 g (56%) of less pure 128 as a tan foam.
(E)-3-[7-(4-tert-Butylbenzyl)-2-(4-fluorophenyl)-4,5,6,7-
tetrahydro-2H-indazol-3-yl]-2-propenal (158). A mixture of
3.29 g (7.86 mmol) of 128 and 10 g of MnO; was refluxed in 75
mL of benzene under N; for 2 h. After cooling, the black solids
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were filtered through Celite and washed with CH;Cl,. The
combined filtrates were concentrated to give 2.70 g of crude
aldehyde as a green oil. Crystallization from EtOAc/hexanes
afforded 1.21 g (37%) of 158 as an off-white solid: mp 145-148
°C; H NMR (CDCls, 300 MHz) 1.32 (s, 9 H), 1.4-2.0 (complex,
4 H), 2.65 (m, 3 H), 3.07 (m, 1 H), 3.49 (dd, 1 H, J = 13.5, 4 Hz),
6.48 (dd, 1 H, J = 186, 7.7 Hz), 7.1-7.5 (complex, 9 H), 9.52 (d,
1H, J = 7.7 Hz); IR (KBr) 1681, 1513 cm™; MS (DCI) m/z 417
(base), 391, 241. Anal. (CyHFN:0) C, H, N. The mother
liquors were purified by MPLC using 1:9 ethyl acetate/hexanes
to give an additional 0.75 g (23%) of 15s as a green foam.

(E)-3-[2-(4-Fluorophenyl)-2,4,5,6,7,8-hexahydrobenzo[6,7]-
cyclohepta[1,2-c]pyrazol-3-yl]-2-propen-1-o0l (12aa). 1-Ben-
zosuberone (25 mmol, 4.10 g, 3.74 mL) was added dropwise under
N: to a stirring suspension of 4.23 g (26 mmol) of 4-fluorophen-
ylhydrazine hydrochloride and 2.13 g (26 mmol) of NaQAcin 15
mL of ahsolute EtOH. The mixture was refluxed for 3 h and
allowed to stir at room temperature overnight. Solvent was
removed by rotary evaporation, and the residue was partitioned
between water and Et;0. The organic phase was washed with
saturated aqueous NaHCO; and brine, dried over Na;SO,, and
concentrated to give 6.68 g of crude hydrazone 14aa as an orange
solid. The crude product was dissolved in 25 mIL of THF and
added dropwise under N; to a solution of (i-Pr);NLi (made by
adding 7.34 mL (52.3 mmol, 5.29 g) of diisopropylamine in 20 mL
of THF to 33.7 mL (52.3 mmol) of 1.6 M n-BuLi in hexanes) at
-10 °C. The resulting dark brown solution was stirred for 30
min, and a solution of methyl 4-(tetrahydropyranyloxy)-2-
butenoate!® in 5 mL of THF was added dropwise. After 1.5 h,
42 mL of 3 N aqueous HCl was added to the cold solution, which
was then refluxed for 15 min. Et2O (150 mL) was added, and the
organic layer was washed with saturated aqueous NaHCO; and
brine. After drying over Na,SQ,, the mixture was concentrated
to give 12 g of light brown oil. The crude residue was dissolved
in 50 mL of MeOH and was refluxed under N, for 8 h with 0.31
g (1.25 mmol) of pyrdinium p-toluenesulfonate. The solution
was concentrated, and the residue was partitioned between Et,0
and water. The organic phase was washed with saturated aqueous
NaHCO; and brine, dried over NazSOy4, and concentrated to give
9.2 g of brown oil. Purification by MPLC using 1:3 EtOAc/
hexanes afforded 3.35 g of yellow solid which was recrystallized
from EtOAc/hexanes to give 3.00 g (36%) of 12aa as a white
solid: mp 127-128 °C; 'H NMR (CDCl;, 300 MHz) 2.15 (m, 2 H),
2.84 (m, 4 H), 4.30 (m, 2 H), 6.16 (dt, 1 H, J = 16, 5 Hz), 6.44 (d,
1 H, J = 16 Hz), 7.2, (complex, 5 H), 7.50 (m, 2), 8.07 (m, 1); IR
(KBr) 3300 (broad), 1515, 1223 cm1; MS (DCI) m/z 335 (base),
317. Anal. (CyHsFN;0) C, H, N.

(E)-3-[2-(4-Fluorophenyl)-2,4,5,6,7,8-hexahydrobenzo[6,7]-
cyclohepta[1,2-¢]pyrazol-3-y1]-2-propenal (15aa). A mixture
of 2.20 g (6.58 mmol) of 12aa and 10 g ofMnO; was refluxed in
75 mL of benzene under N, for 2 h. After cooling, the black
solids were filtered through Celite and washed with CH:Cl,. The
combined filtrates were concentrated to give 2.02 g of crude
aldehyde asa yellowsolid. Recrystallization from EtOAcafforded
1.70 g (78%) of 15aa as a pale yellow solid: mp 208-210 °C; 'H
NMR (CDClg, 300 MHz) 2.18 (m, 2 H), 2.92 (m, 4 H), 6.49 (dd,
1 H, J = 1.5, 16 Hz), 7.25 (complex, 6 H), 7.50 (dd, 1 H, J = 5,
9 Hz), 8.12 (m, 1 H), 9.54 (d, 1 H, J = 7.5 Hz); IR (KBr) 1676,
1620, 1511 cm™1; MS (DCI) m/z 333 (base). Anal. (CzH17FN;0)
C,H,N.

General Procedure for the Synthesis of Dihydroxyhep-
tenoates 18 (Table IV). Ethyl (E)-(3RS,58R)-7-[7-(4-tert-
Butylbenzyl)-2-(4-fluorophenyl)-4,5,6,7-tetrahydro-2 H-in-
dazol-3-yl}-3,5-dihydroxy-6-heptenoate (17s). Ethyl
acetoacetate (5.05 mmol, 0.657 g, 0.644 mL) was added dropwise
under Ny to a stirring suspension of 0.124 g (5.16 mmol) of oil-
free NaH in 10 mL of THF. The mixture was stirred for 30 min
and cooled to —10 °C in an ice/acetone bath. n-BuLi in hexanes
(1.6 M, 5.05 mmol, 3.16 mL) was added slowly, producing a pale
yellow solution. After 15 min, a solution of 1.83 g (4.39 mmol)
of 158 in 20 mL of THF was added, and the resulting yellow
solution was stirred overnight. Saturated aqueous NH,CI (50
mL) was added, and the mixture was extracted with 100 mL of
Et;0. The organic solution was washed with brine, dried over
NaySO,, and concentrated to give 2.48 g of yellow-orange foam
(impure 16s) which was used without purification. The crude
material was dissolved in a mixture of 5 mL of MeOH and 15 mL,
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of THF. A 1.0 M solution of Et;B in THF (4.84 mmol, 4.84 mL)
was added, and 20 mL of air was bubbled into the solution via
syringe. Thesolution was stirred under N: for 2 h and was cooled
t0—78°C. NaBH,(4.84 mmol, 0.182 g) was added in one portion.
The mixture was allowed to warm slowly to room temperature
and was stirred overnight. Saturated aqueous NH(Cl (75 mL)
was added, and the mixture was extracted with 100 mL of Et;0.
The organic solution was washed with brine, dried over Na;SO,,
and concentrated. The resulting oil was dissolved in 50 mL of
MeOH and stirred vigorously under air overnight. The solution
was concentrated to give 2.55 g of a yellow foam which was purified
by MPLC using a solvent gradient ranging from 1:2 to 2:3 EtOAc/
hexanes to give 0.89 g (37%) of 178 as a white foam: 'H NMR
(CDCls, 300 MHz) 1.27 (t, 3 H, J = 7 Hz), 1.32 (s, 9 H), 1.4-2.0
(complex, 6 H), 2.48 (d, 2 H, J = 6 Hz), 2.6 (m, 3 H), 3.03 (m,
1 H), 3.6-3.9 (complex, 3 H), 4.17 (q, 2 H, J = 7 Hz), 4.28 (m, 1
H), 448 (m, 1 H), 6,01 (dd, 1 H,J =16,6 Hz),6.44 (d, 1 H, J
= 16 Hz), 7.1-7.5 (complex, 8 H); 3C NMR (CDCl;, 75 MHz)
14.1, 21.5, 22.8, 27.8, 31.4 (3 C), 34.4, 36.2, 40.2, 41.4, 42.7, 60.9,
68.4, 72.5, 115.6, 116.0 (d, Jc.r = 23 Hz), 118.0, 125.0, 127.5 (d,
Jor =9 Hz), 129.0, 134.9, 135.4, 136.2, 137.5, 148.6, 153.4, 161.7
(d, Jor =247 Hz), 172.6; IR (KBr) 3320 (broad), 1733, 1513 cm™!;
MS (DCI) m/z 549 (base), 531, 513. Anal. (C3sHyFN,0,) C, H,
N

(E)-(3RS,55R)-7-[7-(4-tert-Butylbenzyl)-2-(4-fluoro-
phenyl)-4,5,6,7-tetrahydro-2 H-indazol-3-y1]-3,5-dihydroxy-
6-heptenoic Acid Sodium Salt (18s8). Aqueous NaOH (0.25N,
1.02 mmol, 4.07 mL) was added slowly to an ice-cold solution of
570 mg (1.04 mmol) of 178 in 11 mL of MeOH. The solution was
stirred for 15 min at 0 °C and 45 min at room temperature. The
solution was concentrated to dryness using a rotary evaporator,
and the residue was dissolved in 50 mL of water. The slightly
cloudy solution was suction filtered through a coarse frit, frozen
in & =78 °C bath, and lyophilized. The product was dried in a
vacuum oven over Drierite to provide 550 mg (97%) of 188 as a
white, fluffy solid: 'H NMR (DMSO-ds, 300 MHz) 1.27 (s, 9 H),
1.3-1.8 (complex, 6 H), 1.88 (dd, 1 H, J = 15, 8.5 Hz), 2.07 (dd,
1H, J = 15, 3.5 Hz), 2.55 (m, 3 H), 2.91 (m, 1 H), 3.32 (m, 1 H),
3.76 (m, 1 H), 4.26 (m, 1 H), 5.14 (brs, 1 H), 6.06 (dd, 1 H, J =
16, 5.6 Hz), 6.35 (d,1 H, J = 16 Hz), 7.16 (d, 2 H, J = 8 Hz), 7.31
(d,2H,J =8Hz),7.35-7.5 (complex, 4 H); IR (KBr) 3350 (broad),
15717, 1513 cm}; MS (FAB*) m/z 521 (base). Anal. (Cs;Hss-
FN;NaO,- 0.75 H:0) C, H, N.

Methyl (E)-(3RS)-7-[7-[(1,1’-Biphenyl-4-yl)methyl]-2-(4-
fluorophenyl)-4,5,6,7-tetrahydro-2 H-indazol-3-y1]}-3-hydroxy-
5-oxo-6-heptenoate (21t). A 1.10 g (2.68 mmol) portion of 10t
was combined with 0.131 g (3.08 mmol) of LiCl and 1.18 g (3.08
mmol) of 20 in 15 mL of CH;CN. DBU (2.95 mmol, 0.449 g, 0.441
mL) was added, and the resulting clear orange solution was stirred
under N; for 6 h. The mixture was diluted with 100 mL of Et,O
and washed successively with 50 mL of 5% aqueous NaHSO,,
water, and brine. After drying over Na,SO,, the solution was
concentrated to give 2.00 g of orange oil. The crude mixture was
dissolved in 256 mL of CH;CN, treated with 2.5 mL of 48 % aqueous
HF, and stirred for 5 h. Et,0 (100 mL) was added, and the acid
was neutralized by careful addition of saturated aqueous NaHCOs.
The ethereal solution was washed with brine, dried over Na,SOy,
and concentrated togive 1.54 g of orange foam. The crude product
was purified by MPLC using 1:2 EtOAc/hexanes to afford 0.22
g (15%) of 21t as a yellow solid and an additional 0.50 g (34%)
as a pale yellow solid which crystallized directly from the
chromatography fractions: mp 137-138 °C; *H NMR (CDCls,
300 MHz) 1.4-2.1 (complex, 4 H), 2.56 (d, 2 H, J = 6 Hz), 2.71
(m, 3 H), 2.80 (d, 2 H, J = 6 Hz), 3.15 (m, 1 H), 347 (d, 1 H, J
= 4 Hz), 3.56 (dd, 1 H, J = 4, 13.5 Hz), 3.71 (s, 3 H), 452 (m, 1
H), 6.51 (d, 1 H, J = 16 Hz), 7.1-7.7 (complex, 14 H); IR (KBr)
3450 (broad), 1734,1603,1512 cm™t; MS (DCI) m/z 553, 451 (base).
Anal. (C3H3FN20y) C, H, N.

Methyl (E)-(3RS,58R)-7-[7-[(1,1’-Biphenyl-4-yl)methyl]-
2-(4-fluorophenyl)-4,5,6,7-tetrahydro-2 H-indazol-3-y1]-3,5-
dihydroxy-6-heptenoate (22t). Compound 21t (1.21 mmol, 0.67
g) was dissolved in a mixture of 1.5 mL of MeOH and 5 mL of
THF and treated, dropwise, with 1.33 mL (1.33 mmol) of a 1.0
M solution of Et;B in THF. Air (5 mL) was bubbled into the
solution via syringe; the resulting solution was stirred under N;
for 2 h and then cooled to —78 °C. Solid NaBH, (0.050 g, 1.33
mmol) was added in one portion; the resulting mixture was allowed
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to warm slowly to room temperature and was stirred overnight.
Et;0 (100 mL) and saturated aqueous NH,C1 (50 mL) were added.
The ethereal solution was washed with brine, dried over Na,SO,,
and concentrated to give a yellow oil. The oil was dissolved in
MeOH, stirred vigorously under air overnight, and concentrated
to provide 0.74 g of pale yellow foam. Purification by MPLC
using 45:55 EtOAc/hexanes afforded a white foam which crys-
tallized upon addition of Et0, giving 281 mg (42%) of 22t as a
white solid: mp 118-119 °C; 'H NMR (CDCl,, 300 MHz) 1.4-2.0
(complex, 6 H), 2.49 d, 2 H, J = 6 Hz), 2.6-2.8 (complex, 3 H),
3.10 (m, 1 H), 3.56 (dt, 1 H, J = 13.5, 3.5 Hz), 3.62 (s, 1 H), 3.71
(s, 3 H), 3.78 (s, 1 H), 4.28 (m, 1 H), 4.48 (m, 1 H), 6.01 (dd, 1
H, J = 6, 16 Hz), 6.45 (d, 1 H, J = 16 Hz); 13*C NMR (CDCls, 75
MHz) 21.6, 22.8, 27.9, 36.2, 40.3, 41.3, 42.7, 51.9, 68.3, 72.5, 115.7,
116.0 (Jor = 23 Hz), 118.0, 127.0, 127.3 (Jo.r = 8 Hz), 128.7,
129.8, 135.0, 135.3, 136.1, 138.8, 139.8, 141.1, 153.3, 161.7 (Jcr
= 247 Hz), 172.9; IR (KBr) 3400 (broad), 1734, 1513 cm™!; MS
(DCI) m/z 555 (base), 537, 523. Anal. (CsHsFN:0,) C, H, N.
The mother liquors gave an additional 77 mg (12%) of 22t as a
white foam.

(E)-(3RS,5S8R)-7-[7-[(1,1’-Biphenyl-4-yl)methyl]-2-(4-flu-
orophenyl)-4,5,6,7-tetrahydro-2 H-indazol-3-y1]-3,5-dihydroxy-
6-heptenoic Acid Sodium Salt (18t). Aqueous NaOH (0.25N,
0.392 mmol, 1.57 mL) was added slowly to an ice-cold solution
of 22t (0.400 mmol, 222 mg) in 10 mL of MeOH. When the
addition was complete, the solution was allowed to warm to room
temperature and was stirred for 2 h. The solution was concen-
trated to dryness using a rotary evaporator, and the residue was
dissolved in 40 mL of water. The slightly cloudy solution was
suction filtered through a coarse frit, frozen in a-78 °C bath, and
lyophilized. The product wasdried in a vacuum oven over Drierite
to provide 219 mg (93% ) of 18t as a fluffy, white solid: *H NMR
(DMSO-dg, 400 MHz) 1.3-2.0 (complex, 7 H), 2.05 (dd, 1 H, J
= 4,15 Hz), 2.4-2.7 (complex, 4 H), 3.01 (m, 1 H), 3.40 (m, 1 H),
3.75 (m, 1 H), 4.26 (m, 1 H), 5.13 (broad s, 1 H), 6.07 (dd, 1 H,
J = 5,16 Hz), 6.36 (d, 1 H, J = 16 Hz), 7.2-7.7 (complex, 13 H);
IR (KBr) 3400 (broad), 1577, 1513 ¢cm!; MS (FAB*) m/z 535,
563, 541, 167, 115 (base). Anal. (Cs3HgFNoNaQ.2 H;0) C, H,
N.

Methyl (3RS)-3-[(tert-Butyldimethylsilyl)oxy]-6-
(dimethoxyphosphinyl)-5-oxohexanoate (20). A solution of
5.82 mL (52.1 mmol, 6.67 g) of methyl dimethylphosphonate in
10 mL of THF was added dropwise under N3 to a mixture of 29.7
mL (47.4 mmol) of 1.6 M n-BulLi in hexanes and 50 mL of THF
at-78 °C. The mixture was stirred for 30 min, becoming a white
slurry. A solution of 6.89 g (23.7 mmol) of dimethyl 3-[(tert-
butyldimethylsilyl)oxylglutarate®e (19) in 10 mL of THF was
added over a 5-min period, and the resulting mixture was stirred
for 30 min. The clear, pale yellow solution was placed in a -20
°C bath for 10 min, recooled to —78 °C, and quenched with 50
mL of 1 M aqueous H;PO,. The yellow slurry was warmed to
room temperature and extracted with three 100-mL portions of
Et;0. The combined organic layers were washed with water and
brine, dried over Na;SO,, and concentrated to give 7.62 g of
colorlessliquid. Purification by MPLC using 1:4 acetone/hexanes
and 90 g of silica gel afforded 2.78 g (31 % ) of pure 20 as a colorless
liquid, for which the *H NMR spectrum was consistent with data
previously reported for the 3R enantiomer.?® An additional 0.89
g (9%) of slightly less pure 20 was isolated from later chroma-
tography fractions.

Biological Assays. HMG-CoA Reductase Inhibition As-
say. Compounds were assayed for HMG-CoA reductase inhib-
itory activity using partially purified enzyme, which was isolated
in the following manner. Livers were harvested from male Wistar
rats (250 g) following a 5-day feeding with powdered rat chow
containing 2.0% cholestyramine in order to increase the liver
concentration of HMG-CoA reductase. A liver microsomal
fraction enriched in solublized HMG-CoA reductase was prepared
by slow freezing and thawing according to the method of Heller
and Shrewsbury.22 HMG-CoA reductase activity was measured
in 200 uL of an assay medium containing the following: pH 7.0
phosphate buffer, 50 mM; sucrose, 0.2 M; dithiothreitol, 10 mM;
NaCl, 7mM; NADPH, 2.8 mM; enriched microsomal fraction, 90
uL. Test compounds were preincubated with the assay medium
for 10 min and the reaction was initiated by the addition of 0.025
umol (0.045 uCi) of [CIHMG-CoA so that the final substrate
concentration was 0.1 mM. After the solution was incubated for
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20 min at 37 °C, the reaction was terminated and the reaction
product was purified by the procedure of Edwards et al.?® The
ability of test compounds to inhibit HMG-CoA reductase activity
was determined by measuring the percent inhibition of product
formation vs vehicle alone. Prior to use, the integrity of each
microsomal preparation was verified by determining an ICs value
for an in-house standard inhibitor (compound 18j). Minimal
variations were observed in the preparations; the average ICs
value for three batches used was 68 + 6.1 nM.

Inhibition of Acetate Incorporation into Cholesterol in
Cultured Hep-G2 Cells. Hep-G2 cells obtained from the
American Type Culture Collection were maintained in MEM
(minimal essential medium, obtained from GIBCO) containing
Earle’s salts and supplemented with 10% HI-FBS (heat-
inactivated fetal bovine serum). For cholesterol biosynthesis
experiments, cells were plated into T25 flasks. When the cells
were two-thirds confluent, they were fed MEM containing Earle’s
salts and delipidated serum protein (DLP)® at 5 mg/mL and
then incubated for a period of 24 h. The DLP medium was then

-removed, and 3.3 mL of medium containing the test compound

was added. Monolayers were incubated with test compound for
2.5 h; [YC]NaOAc (0.2 mCi/12 mmol) was added, and the cells
were incubated for an additional 3h. The reaction was stopped
by the addition of 0.2 mL of 12 N H,80,; [EH]cholesterol and
[3H]oleic acid were added as internal recovery standards. The
samples were saponified by incubation at 55 °C with 0.8 mL of
95% KOH and 4 mL of absolute EtOH. Fatty acids were
extracted, and digitonin-precipitable sterols were recovered
according tothe procedure of Kandutsch and Saucier.$* Toadjust
for cell number per flask, the cholesterol synthesized was
normalized to the fatty acids synthesized, and the results were
expressed as percent inhibition versus control.

Molecular Modeling. Structures for 5, 6 (open chain), 18b,
and 18t were constructed in SYBYL by the method described
below. The open-chain structure for 2 was derived from the
X-ray crystal structure of 2 (lactone form)® by removing the
lactone moiety and appending the dihydroxy acid side chain.
The flexible side chains of all of the compounds were set in an
extended conformation. Dihedral angles for rotatable bonds
extending from the central ring were initially set at 90° to
minimize steric interactions. Each rotatable bond was
SEARCHed independently using the ENERGY option. In this
way a 2D map of angle vs energy was created. The minima for
each rotatable bond were set up as ranges in the SEARCH
program, resulting in the generation of conformers representing
all combinations of the minima. The energy cutoff was set to 100
kcal/mol while the VDW cutoffs were set to 0.7 for general
interactions, 0.6 for 1,4 interactions, and 0.5 for H-bond inter-
actions, thus excluding conformers with unfavorable interactions.
Each of the resulting conformers was minimized in SYBYL using
MAXIMIN. The lowest-energy structure found in this way was
used as the reference low-energy conformer.

The following method was used to find a common dihydroxy
acid side chain conformation for each inhibitor. Maps of the
distances between a centroid and a normal of the central ring
and the two hydroxy oxygens and the carbonyl carbon were
generated by SEARCH using a 0.2-A grid size. These maps were
then intersected to give a combination map consisting of two
distance tuples. Families based upon torsion angles were
generated, and the lowest-energy conformer from each family
was minimized. The minimized conformers were overlapped,
and the rotatable bonds were modified using TWIST to give the
best overlap of the side chains. Pertinent data relating to the
conformer search procedure are summarized in Table V.

Structures for each diastereomer of 18t were built from 18b
in the following way. First, two puckers of the cyclohexenyl
portion of the ring system were generated. Next, the (1,1-
biphenyl-4-yl)methyl group was added to the 7-position of each
ring pucker in both pseudoaxial and pseudoequatorial orienta-
tions, thus generating the 7S and 7R isomers for each ring
conformer. Because of its distance from the groups at the 2- and
3-positions, we assumed that the 7-substituent would have a
negligible effect on the orientation of the groups at those positions.
Therefore, the conformations of the dihydroxy acid side chain
and 4-fluorophenyl group found in the low-energy conformer of
18b were also used for 18t. In addition, the effect of ring pucker
on the dihydroxy acid side chain conformation was assumed to
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be minimal as evidenced by the fact that the energy difference
between the different pucker conformations of 18b is only 0.17
kcal/mol.

Each of the four structures was SEARCHed for low-energy
conformations of the (1,1’-biphenyl-4-yl)methyl substituent. The
low-energy conformer given by SEARCH was minimized using
MAXIMIN. The lowest-energy conformers for the 78 and 7R
configurations were used as the reference low energy conformers;
in each case, the 7-substituent occupied a pseudoegquatorial
orientation. The reference low-energy conformers for (75)- and
(7R)-18t differed in energy by 0.16 kcal/mol. The “fit” conformers
for 18t were built by transferring the “fit”side chain conformations
of both the dihydroxy acid and 4-fluorophenyl groups of 18b to
the low energy conformers of (75)- and (7R)-18t (Table V).
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