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Abstract (] A new synthetic sequence for the chiral lactone moiety of compactin was
developed from a-D-glucose in 9 steps via simultaneous reductive detosylation and epo-
xide-ring opening of 2,3-epoxy-4-tosylate using NaBH, to afford 2,4-dideoxy sugar as

a key intermediate.

Keywords [] compactin, HMG-CoA reductase, methyl a-D-glucopyranoside, methyl 2, 4-di-

deoxy-6-O-trityl-u-D-erythro-hexopyranoside,
erythro-hexopyranoside.

After discoveries of compactin (1a)" and mevi-
nolin (1b)?, potent inhibitors of cholesterol biosyn-
thesis at the level of the major rate-limiting enzy-
me 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase, structure-activity relationship (SAR)
studies on this system revealed that the chiral B-hy-
droxy-8-lactone moiety 2 is essential for strong bio-
logical activity.” In the present paper, we describe
an efficient and short-cut route to 2 from methyl
a-D-glucopyranoside.

d*C \C

la Compactin (R=H)
1b Mevinolin (R=CH,)

OCH}

-—-.

X
2 R=protecting group
(a R=benzyl)
X=leaving group
(a X=1)

EXPERIMENTAL

Melting points were determined on Yanaco micro
melting point apparatus and are uncorrected. Infra-
red (IR) spectra were obtained on a Perkin Elmer
1310 spectrophotometer in KBr, except where noted.

methyl

3-0-benzyl-6-i0do-2, 4, 6-trideoxy-a-D-

Nuclear magnetic resonance (NMR) spectra were
obtained on a Bruker AM-300 (300 MHz for 'H-
NMR and 755MHz for “C-NMR) spectrometer
and chemical shift are reported in parts per million
(ppm) downfield from tetramethylsilane (TMS) as
an internal standard. Mass spectra were obtained
by direct sample ‘introduction into a Hewlett-Pac-
kard 5933 A GC-mass spectrometer and are repor-
ted herein as m/e (relative intensity). Dry pyridine
was obtained by distilling over CaH. and all other
solvents were reagent grade and used directly
without further purification.

Methyl 2, 3, 4-O-tritosyl-6-O-trityl-0-D-ribo-hexopyranoside
“4

To a 250 m/ dry pyridine containing 393 g (0.09
mol) of methyl 6-O-trityl-a-D-ribo-hexopyranoside®
was added 1029 g (0.54 mol) of p-TsCl and resulting
solution was allowed to be stirred for 24h. The
reaction mixture was diluted with 300 m/ of water
and extracted with ether (100 m/X4), The combined
organic layers were washed with sat. NaHCO; solu-
tion and dried over MgSO,. Removal of the solvent
gave cyrstalline solid, which was recrystallized from
n-hexane : CHCI; (3:1) to give the product: mp. 229-
230C; IR (KBr) v 3180, 2920, 1588, 1440, 1340, 1170,
1035, 960, 905, 810, 690 cm ™ '; 'H-NMR (CDCl,, 300
MHz) & 2.39 (s, 3H). 241 (s. 3H), 244 (s, 3H), 3.26
(dd, /=105, 20Hz, 1H), 348 (dd, J=10.5, 20 Hz,
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O

Methyl Trityl-Cl

a-D-glucopyranoside A HO

NaOCH;

OCH;

1H), 3.94 (t, J=85Hz, 1H), 427 (dd, J=98, 3.6 Hz,
1H), 437 (dd, J=10.0, 9.0 Hz, 1H), 4.86 (d, J=3.6 Hz,
1H), 505 (dd, J=104, 92 Hz, 1H), 7.14-7.80 (m, 27
H).

Methyl 2, 3-anhydro-4-O-tosyl-6-trityl-o-D-allopyranoside
&

To a 150 m/ of freshly distilled CHCI; was dissol-
ved 1796 g (0.02 mol) of methyl 234-O-tritosyl-6-O-
trityl-a-D-ribo-hexopyranoside (4) and the resulting
solution was cooled to 0C. Sodium methoxide (new-
ly prepared from 253g of Na and 40m/ of dry
methanol) was added by dropwise and the reaction
mixture was allowed to be stirred for 24 h. followed
by 48 h’s standing in the refrigerator. The reaction
mixture was poured into 100 m/ of water and ex-
tracted with CHCI; (200 m/X 3). The combined or-
ganic layers were dried over MgSQO, and removal
of solvent afforded crystalline solid, which was recry-
stallized from n-hexane: CHCl, (3:1) to give 7.62¢g
(67%) of white crystals: mp. 185-187C: IR (KBr)
v 3200, 3010, 2995, 1585, 1435, 1363, 1170, 1072, 980,
810, 760, 695cm™'; 'H-NMR (CDCl;, 300 MHz) 8§
239 (s, 3H, CHy), 293 (dd, Jun =104 Hz, J41..=6.6
Hz, 1H, Hg,), 320 (dd. Ju.=104 Hz, J .5.= 1.6 Hz,
Hes), 3.50 (s, 3H, OCH,), 353 (d, J2.,..=2.8 Hz, H,,).
3.55 (dd, J4sa=9.7Hz, J4=15Hz, Ha). 401 (m,
1H. Hs,), 473 (dd, J5.2=4.1 Hz. J4.3.=1.5Hz, Ha),
490 (d, /=28 Hz, H,), 7.14 (d, J=83 Hz, 2H), 7.54
(d. J=83Hz, 2H), 7.20-7.37 (m, 15H, trityl H).

Methyl 2, 4-dideoxy-6-O-trityl-a-D-erythro-hexopyranoside
(©

Under N, atmosphere, 3.43 g (0.006 mol) of methyl
2,3-anhydro-4-0-tosyl-6-O-trityl-a-D-allopyranoside
was dissolved in 30m/ of freshly distilled DMSO.

OCH; OCH;

NaBH4 ———— ) 2
——— TsO

To the resulting solution was added 1.37g (0.036
mol) of NaBH, and the reaction mixture was heated
at 80T for 5 days. After cooling to room tempera-
ture, the mixture was diluted with 160 m/ of ether
and 150 m/ of water and extracted with ether (100
m/X2). The combined organic layers were dried
over MgSOs and work-up as usual afforded oily
material, which was chromatographed on silica gel
eluting with CH>Cl,. From the early eluent 1.0g
(41%) of oil as a product. IR (thin film) v 3180,
2920, 1480, 1435, 1258, 1170, 1132, 985, 895, 735cm ',
'H-NMR (CDCl;, 300 MHz) & 1.53 (dt. Jo.2.=135
Hz, Jy.=J%3.=27Hz, Hy), 1.75 (d, Jom.=13.5Hz,
Ha.), 1.81 (dt, J s = 144 Hz, J 450 =J 403 = 3.4 Hz, Ha,),
1.93 (d. Juus- =144 Hz, Ha), 305 (AB quartet, J=9.6,
4.1 Hz, Hu). 324 (AB quartet, J=9.6Hz, J=65
Hz, Hgs), 345 (s, 3H, OCH;), 362 (d, J=9.7 Hz,
OH), 405 (m, 1H, H,,), 420 (m, 1H, Hs,). 4.30 (d,
J=28 Hz, H,), 7.19-749 (m, 15H, trityl H); "C-NMR
(CDCl;, 75.5MHz) & 144.1, 1287, 127.7, 1269, 99.1,
864, 670, 63.0, 350, 349; mass spectrum, m/e (rel.
intensity) 405 (2.6, M+1), 404 (1.2, M), 373 (224),
326 (24.5), 259 (37.3). 258 (64.6). 245 (25.5), 244 (78.7),
243 (100), 242 (45.4). 241 (46.6), 240 (16.9). 239 (27.3),
215 (18.3), 167 (40.0), 166 (50.0), 165 (90.0), 161 (68.0),
154 (28.3), 131 (42.0), 128 (58.0). 113 (82.0), 84 (70.5),
59 (70.5), 43 (85.5).

Methyl 3-O-benzyl-2,4-dideoxy-a-D-erythro-hexopyranoside
)

Under N, atmosphere. a suspension of 4.04g
(001 mol) of methyl 24-dideoxy-6-O-trityl-a-D-ery-
thro-hexopyranoside and 096g (0.04 mol) of NaH
in 10m/ of DMF was added 095g (0.02 mol) of
benzyl chloride and resulting mixture was heated
for 4h at 160C. The reaction mixture was cooled
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to room temperature and poured into 200 m/ of ice
water to afford white crystal which showed no OH
band in the IR. This material was dissolved in 25
m/ of CH;Cl, and treated with 1.06 m/ of 70% tri-
fluoroacetic acid for 5 min with vigorous stirring. To
the reaction mixture was added 23 m/ of sat. Na-
HCO; and stirred for 20 min. The organic layer was
dried over MgSO., and work-up as usual gave a
gummy material, which was purified by flash chro-
matography” eluting with acetone : CH.Cl, (3:17) to
give 2.08 g (83%) of gum as a product. IR (thin film)
v 3400, 2910, 1630, 1430, 1190, 1120, 1090, 1040, 730,
690cm™"; 'H-NMR (CDCl;, 300 MHz) 8 1.61 (ddd,
Jaae=151Hz, Jys,=11.1Hz, Js.a.=33Hz, Hy),
1.72-1.81 (m, H,, & H.), 1.87 (br, s, OH), 2.07 (dm,
J=148 Hz, H,). 340 (s, OCH,), 3.51 (dd. J=84, 60
Hz, Hu) 364 (dm. J=60Hz, He), 3.79 (quintet,
J=34Hz, H,), 421 (m, Hs). 449 (AB quartet, benz-
ylic H), 464 (AB quartet, benzylic H), 479 (d. J=43
Hz, H)). 7.32 (m. 5H); “C-NMR (CDCl;, 75.5 MHz)
5 1388, 1282, 1274, 1273, 982, 69.6, 69.0. 659, 644,
55.1.0 323, 309: mass spectrum, m/e (rel. intensity)
252 (0.1, M+1), 251 (04, M), 221 (34. M-31), 157
(9.3). 114 (37.2), 91 (100), 87 (40.0).

Methyl 3-O-benzyl-6-O-tosyl-2,4-dideoxy-o-D-erythro-hexo-
pyranoside (8)

The solution of 5.0 g (0.02 mol) of methyl 3-O-ben-
zyl-2 4-dideoxy-a-D-eryrhro-hexopyranoside in 50 m/
of dry pyridine was cooled 10 0C and added 7.56 g
(0.04 mol) of p-TsCl. The reaction solution was stir-
red for 8h and was slowly added 10m/ of water.
The resulting mixture was extracted with ether (100
m/X2) and evaporation of solvent gave 65g of
sticky material, which was purified by flash chromato-
graphy eluting with acetone : CH-Cl, (1:19) to afford
620g (78%) of product as a gum: IR (thin film)
v 3040, 2970. 1590, 1430, 1350, 1095, 1035, 950, 820.
730cm ™' '"H-NMR (CDCI;, 300 MHz) & 1.55 (ddd.
Jsae=148Hz, Jus,=120Hz, Jo,2.=30Hz, H,).
1.66-1.74 (m, H,, & Hy), 203 (dt. J=148Hz. J=12
Hz. H,), 242 (s. CH;). 3.31 (s, OCH,). 3.76 (quintet,
J=33 Hz, H,,). 402 (d. J=6.7 Hz. Hq,). 430 (m, Hs,).
444 (AB quartet, benzylic H), 4.60 (AB quartet, ben-
zylic H). 470 (d. J=42Hz. H,). 7.23-7.32 (m. 7H),
7.78 (d, J=82 Hz, 2H). "C-NMR (CDCl;, 75.5 MHz)
& 144.6, 138.6, 133.1. 1297, 1282, 1279, 127.5, 1274,
98.1. 723, 699, 68.7. 61.9. 552, 320, 31.0. 21: mass
spectrum, m/e (rel. intensity) 407 (0.1, M+1), 406

(0.77, M), 375 (5:8), 155 (20.8), 127 (30.0), 117 (45.0),
107 (40.0), 95 (76.6), 91 (100), 79 (45.2), 69 (70.5).

Methyl 3-O-benzyl-6-iodo-2,4,6-trideoxy-o-D-erythro-hexo-
pyranoside (2)

To a light protected round bottomed flask, 1.5¢g
(3.67 mmol) of 8 and 6.5g (434 mmol) of Nal was
dissolved in 70 m/ of acetone. After refluxing 24 h
under N, gas, solvent was removed under reduced
pressure. The residue was poured into ether : water
(L:1) mixture and extracted with ether (50 m/X2).
The combined organic layers were washed with di-
lute NaHSO, and dried over MgSO,. Removal of
solvent gave on oily material, which was c¢hromato-
graphed on silica gel eluting with CH,Cl; to afford
1.12 g (85%) of pale yellow oil. IR (thin film) v 2980,
1440, 1355, 1255, 1170, 1050 (br), 730 cm™"; '"H-NMR
(CDCl, 300 MHz) & 1.55 (ddd, Jame=150Hz, J 4,5.=
120Hz, Ji.=30Hz, Hy), 1.76 (dt, Jy..=15.0Hz,
Jrwn =J2a=45Hz, Hy,), 195 (br. d, J=150Hz, H.),
204 (br. d. J=150Hz, Hy), 3.17 (dd. J=10.5, 7.5 Hz,
He), 327 (dd. J=105Hz, J=34Hz, He). 346 (s,
OCH;). 3.76 (quintet, J=3.3Hz, H;), 409 (m, Hs,),
451 (AB. quartet, benzylic, H), 464 (AB quartet,
benzylic H), 482 (d, J=45Hz, H,), 7.25-740 (m,
5H). "C-NMR (CDClL. 75.5MHz) & 1386, 1282,
127.5, 1274, 98.5, 699, 69.2, 634, 55.5, 35.5, 320, 10.2.

RESULTS AND DISCUSSION

Our synthetic strategy is based on the fact that
NaBH, is a practical and efficient reagent for reduc-
tion of tosyl group to alkane® as well as epoxide
to alcohol”.

Commercially available methyl a-D-glucopyrano-
side® was selectively O-tritylated of primary alcohol
moiety (triphenylmethyl chloride, pyridine, rt, 6
days) followed by treatment of the product with 6
eq. p-TsCl in pyridine to afford 4 in 76% overall
yield. Tritosylate was then treated with sodium me-
thoxide to afford epoxy tosylate 5 in 67% yield.

Simultaneous reductive detosylation and epoxide-
ring opening of § using 6 equivalents NaBH, in
DMSO at 80T for 5 days” under N, was found
to afford 24-dideoxy derivatives 6 in 41% yield'",
This appears to be a new method for the prepara-
tions of 24-dideoxy sugars. The compound 6 can
be converted to known chiral synthon 2a” after
protection at C; (NaH, benzyl bromide, DMF),
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detritylation at C, (70% aq. trifluoroacetic acid,
CH,Cl,, r.t, S min), and tosylation followed by treat-
ment of the product with Nal

The sequences, so far reported for the preparation
of above lactone from a-D-glucose were required
more than 13 steps”, thus this sequence appears
to be the shortest as well as should have general
synthetic applicability for the preparation of various
deoxy sugars. Attempts to increase the yield of the
key step as well as coupling reactions of 2 are in
progress which will be reported in the future.
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