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SYNTHESES AND ENZYME INHIBITING
ACTIVITIES OF CYCLOPHELLITOL

ANALOGS

Sir:
Cyclophellitol1} (1) was isolated from culture

filtrates of mushroom, Phellinus sp., and exhibits a

very high /?-glucosidase inhibiting activity. Recently,
we have synthesized2'3) cyclophellitol (1) from
L-glucose through the stereospecific intramolecular
cycloaddition of a nitrile oxide to an olefin. In

order to provide additional insight into the mode
of action of cyclophellitol (1), we have also
synthesized the unnatural epoxide diastereomer of
1, 1,6-epz-cyclophellitol (2)3'4), which proved to be
an a-glucosidase inhibitor. As part of an ongoing
program to clarify the mode of action ofglucosidase
inhibition, we attempted to makesome analogs
having different configurations and functionalities
on the cyclohexane unit. We describe in this
communication the syntheses and the glycosidase
inhibiting activities of the a-mannotype analog 3
and the aziridine analog 4 of cyclophellitol (1). The
a-mannoanalog 3 was expected to inhibit the
a-mannosidase activity4) and the aziridine analog 4
was expected to show strong ^-glucosidase inhibiting
activity5). The a-manno analog 3 was derived from
the isoxazoline 5 which was the key intermediate in
l ,6-ep/-cyclophellitol (2) synthesis3A). The aziridine
analog 4 was derived from 1 ,6-e/H-cyclophellitol (2)
itself. Although there are many polyhydroxylated
nitrogen-containing heterocycles (e.g. nojirimycin6),
swainsonine7), and their analogs5)), the compound
4 is, to our knowledge, the first 7-azabicyclo[4. 1.0]-
heptane derivative having very high glucosidase
inhibiting activity (vide infra).
The synthesis of3 began with the isoxazoline 53'4).
In contrast to the synthesis of 23'4), it was necessary
to open the isoxazoline without epimerization at C-5
position*. Therefore, the hydrogenolysis of 5 was
conducted under the conditions of 1 atm of H2 and
Raney Ni-W4 in dioxane and in the presence of

B(OH)38), which was known to inhibit the epi-
merization of the center adjacent to the carbonyl
function, to afford the keto-alcohol 63A) in a

quantitative yield as a single product. Reduction of
6 with Zn(BH4)2 in THF in the presence of MgBr2
at 0°C for 1 hour gave the alcohol 7 (60%) and its
C-6 epimer (17%) which were easily separated by
silica gel column chromatography (benzene - ethyl
acetate (2:3)): 7: [a]£5 +12° (c 0.50, CHC13); XH

NMR (270MHz, CDC13) S 3.70 (1H, dd, J2t3=3.2
Hz, /34=9.4Hz, 3-H), 4.30 (1H, ddd, /4f5'=10.4
Hz, /4OH=2.0Hz, 4-H) (the corresponding tri-

acetate: d 1.92, 2.01, 2.02(each 3H, eachs, 3 x OAc),
5.ll (1H, dd, J56=/16=4.2Hz, 6-H), 5.48 (1H,

dd, /3f4=/4f5=8.0Hz, 4-H)); Anal Calcd for

C28H32O6: C72.40, H6.94. Found: C 72.21, H 6.94.

The stereochemistry was confirmed by the XHNMR
analyses of compounds 7, 8, 9, and 3. Regioselective
benzylidenation of 7 (PhCH(OMe)2, camphorsulfo-
nic acid, DMF, 50°C, 1 hour) followed by mesylation
(MsCl, pyridine, 25°C, 12 hours) afforded 8 ([oc]£5
+9.3° (c0.30, CHC13); *HNMR(270MHz, CDC13)
S 2.78 (3H, s, OMs), 4.75 (1H, dd, /lt6=/5f6=2.2

Hz, 6-H), 5.63 (1H, s, OCi/(Ph)O)), which was

subjected to the hydrogenolysis using 1 atm of H2
and Pd(OH)2 in MeOHto generate the mesylate 9
in 50% overall yield from 7: [a]£5 +15° (c 0.35,
H2O); XH NMR (270MHz, D2O, DOH=4.80) S
3.26 (3H, s, OMs), 3.84 (1H, dd, /23=3.6Hz,

/3 4=7.8Hz, 3-H), 3.89 (lH,dd, /3 4=./4'5=7.8Hz,
4-H), 4.18 (1H, dd, /1>2=/lf6=5.'oHz, 1-H), 4.93

(1H, dd, /5>6=5.0Hz, 6-H).

Finally, treatment of 9 with MeONain MeOH
(0°C, 3 hours) afforded the a-manno type compound
3in60% yield: [a]£5 -76° (c0.10, H2O): JH NMR
(270MHz, CD3OD) S 1.93 (1H, m, 5-H), 3.17 (1H,
d, /1>6=3.0Hz, /5>6=0Hz, 6-H), 3.22 (1H, dd,
Jlj2=3.0Hz, 1-H), 3.41 (1H, dd, J2;3=3.0Hz,

73|4=9.8Hz, 3-H), 3.45 (1H, dd, /4,5=9.8Hz, 4-H),
3.66(1H,dd,J5 8=7.8Hz,/gem= 10.6Hz, 8-H), 3.77

(1H, dd, /5f8,=4.0Hz, 8'-H), 4.27 (1H, dd, 2-H).

The aziridine type compound4 was prepared as

The carbon-numbering protocol of 5~ 13 anticiptates conveniently the construction of 3 and 4.
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follows. 1,6-epz-Cyclophellitol (2) was benzylated
with BnBr and NaH in DMFat 25°C for 0.5 hour
to give the tetra-O-benzyl derivative 10 in 95% yield:
Mis5 +60° (c 0.50, CHC13); mp 103~104°C
(recrystallization from ethyl acetate - hexane); *H
NMR (270MHz, CDC13) S 2.21 (1H, ddd,
/45=9.6Hz, /5>6=0Hz, /5 8=/5 8,=3.6Hz, 5-H),
3.16 (1H, d, /lj6=4.0Hz,' 6-H), 3.32 (1H, dd,

/12=2.0Hz, 1-H); Anal Calcd for C35H36O5: C

78.34, H 6.76. Found: C 78.76, H 6.81. The

epoxide-ring opening of 10 with NaN3 in DMFat
110°C for 12 hours afforded a mixture ofll and 12
which was separated by silica gel column chroma-
tography (chloroform-ethyl acetate (20: 1)): ll:
50% yield: [a]£5 +32° (c 0.44, CHC13); XH NMR
(270MHz, CDC13) 5 2.53 (1H, br s, 1-OH), 4.07

(1H, brdd, J12=J16=3.0Hz, 1-H), 4.17 (1H, dd,

;5 6=3.0Hz, 6-H); Anal Calcd for C35H37N3O5: C
72.52, H 6.43, N 7.25. Found: C 72.80, H 6.20, N

7.12. 12: 25% yield: [a]^5 +61° (c 0.41, CHC13);
MP 137~139°C (recrystallization from ethyl
acetate-hexane); XH NMR(270MHz, CDC13) S
2.97 (1H, d, /OH,6=2.0Hz, 6-OH); Anal Calcd for

C35H37N3O5: C 72.52, H 6.43, N 7.25. Found: C
72.36, H 6.25, N 7.28. Without separation, the
mixture of ll and 12 was subjected to reduction
with PPh3 in toluene (1 10°C, 0.5 hour)9'10) to afford
a single aziridine 13 in 60% yield, because both

compounds ll and 12 gave the desired aziridine 13:
[a]£5 +94° (c o.35, CHC13); XH NMR (270MHz,
CDC13) S 2.35 (1H, dd, /12=0Hz, /16=6.0Hz,

1-H), 2.63 (1H, dd, J5 6=3.0Uz, 6-H); Anal Calcdfor C35H37NO4:C 78.48,H 6.96, N 2.62. Found:C 78.14,H 6.77, N2.56.Finally, de-O-benzylation of 13 (Li, NH3, ether,
- 78°C, 1 hour) afforded the desired aziridine analog4in60%yield: [a]J35+ 104° (c0.10, H2O);*HNMR
(270MHz, D2O,DOH=4.80) S 2.06 (1H,m, 5-H),2.34(1H, d, /1)2=0Hz, /16=6.0Hz, 1-H), 2.62(1H,dd, /5>6=4.0Hz,6-H), 3.07 (1H, dd,J3A=
/4>5=10.0Hz,4-H), 3.30(1H, dd, /2,3=8.4 Hz,3-H), 3.67(1H, d, 2-H), 3.69 (1H, dd,J58=
9.2Hz,/gem=10.6Hz, 8-H), 3.99 (1H, dd,J5^=4.0Hz,8'-H).The glycosidase inhibiting activities of 3 and4
were generally assayed accordingto the methodreported by Saul et al}x\ Whilecyclophellitol (1)
inhibited almond ^-glucosidase activity with an IC50of 0.8/ig/ml1*, the a-manno analog3 expectedly
showed inhibitory activity against Jack beana-mannosidase of IC5019/zg/ml, indicating that acarba analogof monosaccharides havingthe proper
epoxide ring inhibit thecorresponding glycosidaseactivities as antagonists of thecorresponding
glycosides. Remarkably,the aziridine analog 4 ofcyclophellitol (1)showed very highinhibitoryactivity against almondjS-glucosidase of IC50

0.22 /ig/ml.This dramatic result suggested thattheaziridine-containing polyoxygenatedcyclohexanes
such as 4would be stronger glucosidase inhibitorsthan the epoxide analogssuch as 1. Although furtherstudies are nowin progress, the/?-galacto analog of

1 was found to inhibit Escherichia coli /?-galacto-sidase12).

Seep.912.
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