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Abstract: Siereoselective preparation of a structurally simplified 3,4-unsubstituted zaragozic acid
derivative was achieved starting from D-glucose. The present approach involved the stereoselective
addition of a vinyl Grignard reagent, selective cleavage of 1,2-diol, and regioselective acylation of the
hydroxyl group at C-6. © 1997 Elsevier Science Ltd.

Zaragozic acids (squalestatins), which have strong activities to inhibit squalene synthase and farnesyl-
protein transferase, were isolated by the Merck and Glaxo groups.2 Zaragozic acids have a densely oxygenated
hydrophilic bicyclic core connected with two hydrophobic side chains which were thought to work as a mimic
of presqualene pyrophosphate. Zaragozic acids have attracted a great deal of attention due to both their
structural complexity and potential inhibitory activities. Total synthesis of zaragozic acids has already been
accomplished by several groups,? and investigation on structure-activity relationships of zaragozic acid has also
extensively been carried out.5 We were particularly interested in the fact that the carboxyl group at C5 is
essential for their inhibitory activities and other carboxyl groups at C3 and C4 can be esterified or deleted.>
These results led us to design the structurally simplified derivative 2 which has only one carboxyl group at C5
in the core moiety. We describe here the stereoselective preparation of 2 starting from diacetone-D-glucose in
which the Cs segment (C1,7,6,5-CO;H) is derived from D-glucose.

Zaragozic acid A (1)

Our strategy was to construct the CS quaternary chiral center by the nucleophilic addition of a vinyl metal
reagent¥ to the ketone 5. Since the ketone 5 has a pseudo C2-symmetry, it seemed rather difficult to achieve a
stereoselective reaction. Nevertheless, we examined this approach considering that the vinyl group could serve
as either a carboxyl group at C5 or a part of the bicyclic core (02-C3-C4) in the target molecules if some
selectivity could be realized. . Systematic investigation on the stereochemistry of Grignard addition to O-
protected polyhydroxy ketones was very recently reported.
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Reagents and conditions: a (i) BnBr, NaH/DMF, r.t., 5h, 99%; (ii) 2V H2804/AcOH, 60°C, 12h, 96%.

b (i) LiAlH4/THF, r.t., 30min, 90%; (ii) TBDMSCI, imidazole/DMF, r.t., 12h, 98%; (iii) (COCI)2, DMSO,
Et3N/CH2Clp, -60°C, 20min, 9%6%. ¢ CH2=CHMgB1/ THF, -78°C, 2h, 98%. d (i) 9-BBN/THF, reflux, 12h; then
3N NaOH, 30% H203, r.t., 1h, 88%; (ii) (MeO)2CMe), PPTS/benzene, reflux, 3h, 93%.

Known methyl furanoside 3, prepared from diacetone D-glucose,” was converted to ketone 58 in 80%
overall yield (5 steps). (Scheme 1) Then the reaction of ketone 5§ with various nucleophiles was examined, and
we found that vinylmagnesium bromide added to 5§ with excellent diastereoselectivity (98%, >95 : 5).9
Stereochemistry of the newly formed quaternary center was determined as shown by NOESY spectrum after
converting 6 into lactone 8 [(i) TBAF, 99%; (ii) PCC, 73%]. Two pairs of diagnostic NOEs were observed as
indicated in Scheme 1. The unexpectedly high diastereoselectivity is quite interesting, but how the remote
TBDMS-oxymethyl group participates in the transition state is still unclear.

With the stereochemistry established as shown, the strategy was fixed to transform the vinyl group to a
hydroxy ethyl group (C-C-OH) requisite for the part of the bicyclic core moiety. Thus, 6 was subjected to
hydroboration with 9-BBN to give 1,3-diol (not shown) in 88% yield after oxidative workup.10 1,3-Diol was
then protected as acetonide to obtain fully protected polyhydroxy compound 7 in 93% yield.
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Reagents and conditions: a (i) TBAF/THF, r.t., 3h; (ii) (COCl)2, DMSO, Et3N/CH2Cl2, -60°C, 20min.

b Ph(CH2)6MgBr, Li2CuCl4/THF, 0°C, 2h, 81% (3 steps from 7). ¢ (COCl)2, DMSO, Et3N/CH2Cl2, -60°C.

d PPTS/THF-MeOH, reflux, 3h, 86% (2 steps from 10). e Pd/C, Ho/THF, r.t., 8h. f (i) NalO4/THF-H20, r.t, 1h;
(ii) NaCiO3, 2-methyl-2-butene, NaH2PO4/t-BuOH-H20, r.t., 1h. g CH2N2/Et20, r.t., 1h, 63% (4 steps from 12).
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A side chain at C1 was introduced by the reaction of 6-phenylhexylmagnesium bromide!! with aldehyde
9 to provide alcohol 10 as an epimeric mixture in 81% overall yield (3 steps) from 7. (Scheme 2)
Construction of a bicyclic system was achieved by Swern oxidation of 10 followed by treatment of the
resulting ketone 11 with PPTS in refluxing THF-MeOH for 3 hr to afford 12 in 86% yield from 10. The
benzyl protecting groups in 12 was removed by catalytic hydrogenation, and the resulting tetraol 13 was
subjected to an oxidative cleavage with NalO4. As expected, only the vicinal diol at the side chain at C5 was
cleaved and the other one in the bicyclic ring was untouched due to the fixed anti orientation of the two
hydroxyl groups. The resulting aldehyde was oxidized to the dihydroxy carboxylic acid 14, which was treated
with CH2Nj for purification to isolate methyl ester 15 in 63% overall yield from 12.

Acylation of C6-OH was next examined. (Scheme 3) After hydrolysis of methyl ester 15, dihydroxy
acid 14 was treated with 2-octenoyl chloride and Et3N in CH2Cl3 at room temperature for Shr to isolate the
desired 212 in 48% yield. Regiochemistry of 2 was based on !H-NMR analysis. Thus, a signal attributed to
C6-H in the diol 15 [8 4.34 (J,7=2.2Hz)] was shifted downfield in 2 [§ 4.97 (Jg,7=2.2Hz)], while C7-H
appeared at 8 4.08 for 15 and & 3.99 for 2, respectively. The other identified product was a diacylated product
at C6-OH and C5-CO2H (mixed anhydride of 2). Although not direct evidence, NOE was observed between
C6-H and C3-H in the 6-O-cinnamoyl analog (not shown). Formation of the acylation product at C7-OH could
not be detected. Regioselectivity of the present method is quite useful considering the lack of regioselectivity in
the case of an ester derivative.# We assume the reaction proceeded through the initial formation of a mixed
anhydride of 14 and 2-octenoic acid, followed by the intramolecular acyl migration to the hydroxyl group at
Cé6.

Scheme 3
HQ_ OH
Rozc/é (CH)gPh
0
15 R=Me
a
L 14 an 2
Reagents and conditions: a K2CQ3/H20-MeOH, r.t., 3h. b 2-octenoyl chloride, Et3N/CH2Cly, r.t., Sh, 48% (2 steps
from 15).

The biological activity of structurally simplified zaragozic acid derivative 2 was then examined. Contrary
to our expectation, inhibitory activity against squalene synthase was much lower than that of zaragozic acid A
(2; IC5p=1.1puM. 1; IC50=0.5nM). This result may imply that the presence of polar group such as carboxyl
or hydroxyl group at C4 is also necessary for significant inhibitory activity. We are currently directing our
investigation along this line.

Although biological activity of structurally simplified analog 2 proved to be not promising, the present
approach involved several significant features: (1) stereoselective Grignard addition to pseudo C2-symmetric
ketone 5; (2) selective cleavage of vicinal glycol; and (3) selective acylation of diol through intramolecular acyl
migration.

Acknowledgment: We thank Banyu Pharmaceutical Co., Ltd. for measuring inhibitory activity of 2 against
squalene synthase.



9012

References and Notes

1.

2.

0o~ O

10.
11.

12.

Present address: Tokyo University of Pharmacy and Life Science, 1432-1, Horinouchi, Hachioji,
Tokyo 192-03, Japan.

(a) Dawson, M. J.; Farthing, J. E.; Marshall, P. S.; Middleton, R. F.; O'Neill, M. J.; Shuttleworth,
A Stylli, C,; Tait, R. M.; Taylor, P. M.; Wildman, H. G.; Buss, A. D,; Langley, D.; Hayes, M. V. J.
Antibiot. 1992, 45, 639-647. (b) Sidebottom, P. J.; Highcock, R. M.; Lane, S. J.; Procopiou, P. A.;
Watson, N. S. ibid. 1992, 45, 648-658. (c) Bergstrom, J. D.; Kurtz, M. M.; Rew, D. J.; Amend, A.
M.; Karkas, J. D.; Bostedor, R. G.; Bansal, V. S.; Dufresne, C.; VanMiddlesworth, F. L.; Hensens,
O. D.; Liesch, J. M.; Zink, D. L.; Wilson, K. E; Onishi, J.; Milligan, J. A,; Bills, G.; Kaplan, L.;
Omstead, M. N; Jenkins, R. G.; Huang, L.; Meinz, M. S.; Quinn, L.; Burg, R. W.; Kong, Y. L.;
Mochales, S.; Mojena, M.; Martin, L; Pelaez, F.; Diez, M. T.; Alberts, A. W. Proc. Natl. Acad. Sci.
U.S.A. 1993, 90, 80-84.

Nadin, A.; Nicolaou, K. C. Angew. Chem. Int. Ed. Engl. 1996, 35, 1622-1656.

. (a) Carreira, E. M.; Du Bois, J. J. Am. Chem. Soc. 1994, 116, 10825-10826; ibid. 1995, 117,

8106-8125. (b) Nicolaou, K. C; Nadin, A.; Leresche, J. E.; Yue, E. W,; La Greca, S. Angew.
Chem. Int. Ed. Engl. 1994, 33, 2190-2191. (c) Evans. D. A,; Barrow. J. C.; Leighton, J. L.;
Robichaud, A. J.; Sefkow, M. J. Am. Chem. Soc. 1994, 116, 12111-12112. (d) Caron, S.;
Stoermer, D.; Mapp, A. K.; Heathcock, C. H. J. Org. Chem. 1996, 61, 9126-9134. (e) Sato, H.;
Nakamura, S.; Watanabe, N.; Hashimoto, S. Synlerr 1997, 451-454,

(a) Watson, N. §; Bell, R.; Chan, C,; Cox, B.; Hutson, J. L.; Keeling, S. E.; Kirk, B. E.; Procopiou,
P. A,; Steeples, 1. P.; Widdowson, J. Bicorg. Med. Chem. Lett. 1993, 3, 2541-2546. (b) Chan, C.;
Inglis, G. A.; Procopiou, P. A.; Ross, B. C.; Srikantha, A. R.; Watson, N. S. Tetrahedron Leit.
1993, 34, 6143-6146. (c) Biftu, T.; Acton, J. J.; Berger, G. D.; Bergstrom, J. D.; Dufresne, C.;
Kurtz, M. M.; Marquis, R. W.; Parsons, W. H;; Rew, D. R.; Wilson, K. E. J. Med. Chem. 1994,
37, 421-424. (d) Treiber, L. R.; Arison, B. H.; Doss, G. A.; Huang, L.; MacConnell, J. G.; Miller,
R. R; Stearns, R. A. Experientia 1995, 51, 252-255. (e) Procopiou, P. A.; Watson, N. S. Prog.
Med. Chem. 1996, 33, 331-378.

Mulzer, J.; Pietschmann, C.; Buschmann, J.; Luger, P. J. Org. Chem. 1997, 62, 3938-3943,
Weygand, F.; Trauth, O. Chem. Ber. 1952, 85, 57-60.

All new compounds were fully characterized by TH-NMR (400 or 200 MHz) and IR spectra, and
satisfactory high-resolution MS was obtained for them.

Other nucleophiles such as TMSCN-Lewis acid or even allylmagnesium bromide showed almost no
selectivity. Reaction of CHz=CHMgBr with ketone 16 prepared from D-xylose was also examined to
form 17 with high diastereoselectivity (>95 : 5). The sense of the diastereofacial selection was found to
be opposite to the case of 5. Since 17 has the wrong stereochemistry for the synthesis of the core
moiety, it could not be utilized for synthetic purpose.

O OBn HO, OBn
B %,
D-xylose 8n0. OTBDMS M BnO_ > OTBDMS
OBn oBn
16 17 (>95:5)

Dihydroxylation of 6 with OsO4-NMO was also examined for the preparation of 4-hydroxy derivative
in mind, but the dihydroxylation proceeded very slowly to afford an almost 1:1 diastereomeric mixture.
Grignard reaction proceeded smoothly only in the presence of a catalytic amount of LioCuCly. See also:
Hiraki, T.; Yamagiwa, Y.; Kamikawa, T. Tetrahedron Lett. 1995, 36, 4841-4844,

The structure of zaragozic acid analog 2 was characterized as follows: [a]%? -36.2° (¢ 1.25, CHCl3);
IR (neat) 3300, 2940, 1730, 1650, 1460, 1270, 1170, and 1050 cm-1; lH-NMR (CDCl3) § 0.90 (3H,
t, J=6.9Hz), 1.23-1.66 (14H, m), 1.71-1.86 (2H, m), 2.03 (1H, dd, J=3.8, 12.9Hz), 2.15-2.26 (3H,
m), 2.58 (2H, t, J=7.5Hz), 3.99 (1H, d, J=2.2Hz), 4.09 (1H, dd, J=6.4, 12.2Hz), 4.34 (1H, ddd,
J=3.8, 12.2, 12.5Hz), 4.97 (1H, d, J=2.2Hz), 5.83 (1H, dt, J=15.6, 1.5Hz), 7.03 (1H, dt, J =15.6,
7.0Hz), 7.13-7.19 (3H, m), 7.23-7.29 (2H, m); 13C-NMR (CDCl3) § 13.9, 22.4, 22.7, 27.5, 29.1,
29.6, 31.2, 31.3, 31.4, 32.4, 35.9, 36.8, 60.1, 82.8, 83.0, 84.2, 106.4, 119.8, 125.6, 128.2, 128.4,
142.8, 152.7, 167.4, 170.4. HRMS calcd for C7H3307 474.2615, found 474.2613.
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