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2-Aminohexahydrobenzoxazole analogue la, related to trehazolin (2) was synthesized using the 
Ferrier reaction as a key step. The structural elucidation of this compound by NMR analysis 
indicated that it is an inseparable mixture of three components (la-c) which in turn stems from 
the propensity of la  to partially undergo both transcyclization (la - lb) of the aminooxazoline 
between the hydroxy group at the C-1 position of aminocyclitol in the aglycon moiety and the hydroxy 
group at the C-2 position of D-glucose moiety and successive transformation (lb - IC) of the 
D-glucose moiety from a pyranose to a furanose structure. 

Introduction 

While the expansion of glycotechnology and glycobiol- 
ogy continues to progress at an unabated pace, there has 
been much attention paid to manipulating various gly- 
coconjugates as a means to finding suitable glycosidase 
inhibitors in therapeutic application. In particular, 
a-glucosidase inhibitors have been implicated to be useful 
as drugs for diabetes or HIV. Amid these circumstances, 
studies on the structure-activity relationship of various 
glycosidase inhibitors are considered to be rudimentary. 
It is noteworthy that the analogues 4 of allosamidin (3aY 
and allosamizoline (3b), possessing a 6-membered ami- 
nocyclitol in the aglycon, were synthesized and have been 
evaluated in terms of the relationship between their 
enzyme inhibitory activity and the framework of the 
aglycon.2 In light of the aforementioned studies of 
allosamidins, we also attempted similar studies on tre- 
hazolin (Figure 1). 

In Ando's original paper, trehazolin (2) was reported 
to be a unique pseudodisaccharide exhibiting specific 
inhibitory activities toward various t rehala~es.~ At this 
juncture, the relationship between the structure and the 
enzyme-specific and strong inhibitory activities was 
recognized as being of prime significance from both 
chemical and biological viewpoints. Therefore, various 
analogues related to trehazolin have been synthesized 
in order to consolidate the aforementioned relationship 
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Tetrahedron Lett. 1986,27, 2475. (b) Sakuda, S.; Isogai, A.; Makita, 
T.; Matsumoto, S.; Koseki, K.; Komada, H.; Suzuki, A. Agric. Biol. 
Chem. 1987, 51, 3251. ( c )  Sakuda, S.; Isogai, A.; Matsumoto, S.; 
Suzuki, A.; Koseki, K.; Komada, H.; Yamada, T. Agric. Biol. Chem. 
1988,52, 1615. 
(2) (a) Corbett, D. F.; Dean, D. K.; Robinson, S. R. Tetrahedron Lett. 

1993, 34, 1525. (b) Corbett, D. F.; Dean, D. K.; Robinson, S. R. 
Tetrahedron Lett. 1994, 35, 459. 
(3) The Ogawa group also attempted similar studies of trehazolin 

independently. Uchida, C.; Kitahashi, H.; Yamagishi, T.; Iwaisaki, Y.; 
Ogawa, S. J .  Chem. Soc., Perkin Trans. 1 1994, 2775. 
(4) Ando, 0.; Satake, H.; Itoi, K; Sato, A.; Nakajima, M.; Takahashi, 

S.; Haruyama, H.; Ohkuma, Y.; Kinoshita, T.; Enokita, R. J .  Antibiot. 
1991,44, 1165. 

0022-3263/95/1960-6103$09.00/0 

and the inhibitory activities of the various kinds of 
glycosidases under s t ~ d y . ~  

2-Aminohexahydrobenzoxazole analogue la  related to 
trehazolin was designed and synthesized for the purpose 
of evaluating the inhibitory activities influenced by the 
framework of the aglycon moiety. Herein, we describe 
the synthesis of 2-aminohexahydrobenzoxazole analogue 
la and its chemical properties. 

Synthetic Strategy 

The retrosynthetic analysis of the target la  is shown 
in Figure 2. On the basis of our previous syntheses of 
trehazolin and other related compounds, the thiourea 
derivative I, as the precursor of la, was to be synthesized 
from azido compound I1 and D-glucose isothiocyanate 
derivative 111. Compound I1 would be derived from the 
enone IV by performing a 1,a-reduction and a stereose- 
lective epoxidation on compound IV and then regiospecific 
azido opening of the corresponding epoxide. Preceeding 
this transformation, we selected the Ferrier reaction,6 
which uses a catalytic amount of Hg(OCOCF& as a key 
step to synthesize compound IV from methyl a-D-glu- 
copyranoside. 

Synthesis and Discussion 

Benzyl ether 7, obtained by the reported  method^,^ 
which included a regioselective ditosylation at the C-2,6 

(5 )  (a) Shiozaki, M.; Kobayashi, Y.; Arai, M.; Haruyama, H. Tetra- 
hedron Lett. 1994,35, 887. (b) Shiozaki, M.; Arai, M.; Kobayashi, Y.; 
Kasuya, A.; Miyamoto, S.; Furukawa, Y.; Takayama, T.; Haruyama, 
H. J .  O g .  Chem. 1994, 59, 4450. (c) Kobayashi, Y.; Shiozaki, M. J .  
Antibiot. 1994,47,243. (d) Kobayashi, Y.; Miyazaki, H.; Shiozaki, M.; 
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1 1985, 2413. (d) Chida, N.; Ohtsuka, M.; Ogura, K.; Ogawa, S. Bull. 
Chem. SOC. Jpn. 1991, 64, 2118. (e) Chida, N.; Ohtsuka, M.; Naka- 
zawa, K.; Ogawa, S. J .  Org. Chem. 1991, 56, 2976. 
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Figure 1. Analogues of allosamidin and trehazolin. 

positions of methyl a-D-glucopyranoside (6) and meth- 
oxymethylation with dimethoxymethane and P205, was 
converted to the enone 8 via the Ferrier reaction, in 
which a catalytic amount of Hg(OCOCF& was used6 
(Scheme 1). A 1,Zreduction of the enone 8 with N&&- 
CeCk7H20 gave allylic alcohol 9. Epoxidation of com- 
pound 9 was conducted stereospecifically, presumably by 
the free j3-hydroxyl group exerting a hydrogen bonding 
effect in directing the m-CPBA ,8 to the ring to yield the 
epoxy alcohol After cleavage of the benzyl groups 
in compound 10 with hydrogenolysis mediated by Pearl- 
man's catalyst (Pd(OH)2 on carbon), azido opening of the 
corresponding epoxy diol 11 produced an azido alcohol 
12 regiospe~ifically.~ The regiospecificity of this azido 
opening can be rationalized on the basis of a preferential 
diaxial attack of the nucleophile on the most stable 
conformation of 11, in accordance with the Fiirst- 
Plattner rule.1° In addition, the stereochemistry of 
compound 12 was confirmed by lH-NMR analysis of the 
triacetate 1S.I1 

(8) Henbest, H. B.; Wilson, R. A. L. J. Chem. Soc. 1967, 1958. 
(9) (a) VanderWerf, C. A.; Heisler, R. Y.; McEwen, W. E. J. Am. 

Chem. SOC. 1964, 76, 1231. (b) Chimi, M.; Crotti, P.; Flippin, L. A,; 
Macchia, F. J. Org. Chem. 1991, 56, 7043. 

(10) (a) Eliel, E. L.; Allinger, N. L.; Angyal, S. J.; Morrison, G. A. 
Conformational Analysis; Interscience: New York, 1965, 102. (b) 
Furst, A.; Plattner, P. A. Abstract of Papers, 12th International 
Congress of Pure and Applied Chemistry; 1951; 409. 
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Figure 2. Retrosynthetic analysis of compound la. 

Reduction of the azido group of 12 by hydrogenolysis 
using Pd(0H)z on carbon as a catalyst, deprotection of 
the two methoxymethyl (MOM) groups of the correspond- 
ing aminotrioll4, and the subsequent addition of 2,3,4,6- 
tetra-0-benzyl-a-D-glucopyranosyl isothiocyanate ( 16Y2 
to the six-membered aminocyclitol hydrogen chloride 16 
yielded the thiourea derivative 17, which was treated 
with 2-chloro-3-ethylbenzoxazolium tetrafluoroborate and 
triethylamine13J4 to give 18 (Scheme 2). Finally, hydro- 
genolysis of 18 using Pd(OH)2 on carbon as a catalyst 
gave a mixture that was inseparable by chromatography. 
We expected this mixture to consist of three. geometric 
isomers l a ,  Id,  and le  (Figure 31, predicted from the 
chemical properties of trehazolin a~etylation.~ Therefore, 

(11) 'H-NMR data for triacetate 13 used to determine the stereo- 
chemistry of compound 12 are as follows: 'H-NMR (270 MHz, CDC13) 
d 5.33 (lH, dd, Jz,~ = 3.3 Hz, 5 2 , s  = 4.6 Hz, Ca-eqH), 5.22 (lH, dd, J4,5 

Hz, C1-axH), 4.83-4.70 (4H, m), 4.03 ( lH,  dd, 53 ,2  = 4.6 Hz, JS4 = 4.0 
Hz, C3-eqH), 3.96 (lH, dd, J 6 1  = 9.2 Hz, J 6 5  = 8.6 Hz, C6-axH), 3.87 
(lH, dd, J5,4 = 9.2 Hz, J5,6 = 8.6 Hz, C5-a&), 3.40 (3H, s), 3.37 (3H, 
s), 2.16 (3H, s), 2.14 (3H, s), 2.05 (3H, 8 ) .  

(12) Camarasa, M. J.; F-Resa, P.; Garcialopez, M. T.; G delas Heras, 
F.; M-Castrillon, P. P.; Felix, A. S. Synthesis 1984, 509. 

(13) (a) Shibanuma, T.; Shiono, M.; Mukaiyama, T. Chem. Lett. 
1977,575. (b) Review: Mukaiyama, T. Angew. Chem., Int. Ed. Engl. 
1979, 18, 707. (c) Takeda, T.; Mukaiyama, T. Chem. Lett. 1980, 163. 

(14) (a) Kobayashi, Y.; Miyazaki, H.; Shiozaki, M. J. Am. Chem. Soc. 
1992, 114, 10065. (b) Kobayashi, Y.; Miyazaki, H.; Shiozaki, M. 
Tetrahedron Lett. 1993, 34, 1505. ( c )  Kobayashi, Y.; Miyazaki, H.; 
Shiozaki, M. J. Org. Chem. 1994, 59, 813. 
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structural elucidation of this mixture by NMR was 
performed to determine the correct structures of the 
respective components. As a result, surprisingly, the 
structural elucidation provided evidence that during 
debenzylation concomitant transcyclization of the ami- 
nooxazoline between the hydroxy group a t  the C-1 
position of the aminocyclitol in the aglycon and the C-2 
hydroxy group of the D-glucose moiety was occurring, and 
some ring contraction of the D-glucose moiety to form a 
furanose ring was also taking place (Scheme 2). The 
equilibration between la, lb, and IC (1:1:1-2) was 
therefore a confluence of the deprotection reaction and 
the above two reactions involving transcyclization. Struc- 
tural elucidation of this mixture was carried out by using 

l b  1c 

lH and 13C-NMR as ~ o ~ ~ o w s . ~ ~  After identification of the 
30 carbons by 13C-lH correlations, their connectivities 
were analyzed by DQF-COSY,16 HOHAHA,17 and HSQC- 
HOHAHA18 spectra. The analyses resulted in five partial 

(15) The 2D NMR spectra were collected over 1024 points along t2 
and 128-256 increments along t l  using spectral windows of 2000 Hz 
in 'H and 20 000 Hz in 13C. DQF-COSY, HOHAHA, NOESY,m HSQC, 
HMBC, and HSQC-HOHAHA spectra were recorded, the mixing time 
of HOHAHA and HSQC-HOHAHA spectra was 45 ms, and that of 
NOESY spectra was 400 ms. All data processing was carried out using 
NMRl and NMR2 software on a DEC station 5000/200 computer. 

(16)Rance, M.; Sorencen, 0. W.; Bodenhausen, G.; Wagner, G.; 
Ernst, R. R.; Wuthrich, K. Bwchem. Biophys. Res. Commun. 1983,117, 
458. 

(17)Davis, D. G.; Bax, A. J. Am. Chem. Soc. 1985,107, 2821. 
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partial structures C and E, their IH NMR signals were 
observed in the region from 3.50 to 4.70 ppm, and all 
carbons bearing those protons were shown to be methines 
by DEPT experiments. Thus, they were considered to 
form aminocyclitol moieties. To derive the whole struc- 
ture, long-range correlations with imino carbons, which 
are expected to be observed around 165 ppm from the 
known trehazolin-related compounds, were informative, 
while only four cross signals were observed. In addition 
to the above-mentioned long-range couplings of H-1 and 
H-2 of partial structure A to an imino carbon at 165.1 
ppm, the following long-range couplings were revealed: 
H-1 of partial structure B to an imino carbon at 164.5 
ppm and H-3a of partial structure C to an imino carbon 
at 162.3 ppm. Although these values were insufficient 
to imply connectivity in all of the partial structures, it 
was concluded that at least three fused ring systems with 
oxazoline rings were present in the mixture, and partial 
structures A-C should form such ring systems differ- 
ently. Further analysis was carried out as follows. 
Hydrogenolysis to cleave all of the benzyl groups of 18 
was expected to produce compound la at first, which 
corresponded to the combination of an a-D-glucopyranose 
moiety derived from partial structure D and the fused 
ring system incorporating partial structure C. The low- 
field chemical shift value of H-7a (4.67 ppm) in partial 
structure C was explained by the fused oxazoline ring. 
The existence of the fused ring system consisting of a 
D-glucopyranose moiety attributable to the partial struc- 
ture B and an oxazoline ring indicated that cleavage of 
the oxazoline ring of la  was followed by transcyclization 
with the hydroxy group of its D-glucose moiety. As a 
result, an aminocyclitol, which was in good agreement 
with partial structure E, was liberated. This corresponds 
to the structure of compound lb. 

Furthermore, if the transformation from glucopyranose 
to glucofuranose had occurred in lb, compound IC, which 
consists of partial structures A and E, might be produced. 
It seems probable that the aminocyclitol moieties of lb 
and IC have almost identical chemical shift values. In 
accordance with the above argument, partial structures 
A-E could be assigned as the structures la-c, and their 
relative abundance was explained by interconversion 
between these structures. This observation represents 
quite an interesting chemical property which we plan to 
exploit in future synthetic studies of other trehazolin 
derivatives. 

Since the components la-c are all structurally related 
to trehazolin, their activities were expected to be com- 
parable, if not superior, to that of trehazolin. However, 
disappointingly, the inhibitory activity of the mixture was 
as follows: IC50 (silkworm trehalase), > 100 pg/mL; ICso 
(porcine trehalase), >lo0 ,ug/mL. It is obvious that the 
tetrahydrocyclopentoxazole skeleton of trehazolin plays 
an important role in trehazolin's strong and specific 
inhibitory activity toward various trehalases. 

,OBn 

OH 
18 

,OH 

l a  OH 

+ 

I d  OH 

+ 

18 

Figure 3. First expected structures of the mixture 1. 

structures consisting of six carbons each, as summarized 
in Figure 4. In Figure 4, IH and 13C chemical shift values 
of trehazolin are also shown. Considering that these shift 
values are referenced to external TMS and that all IH 
chemical shifts are of a higher field shifted by about 0.15 
ppm than the product mixture, the partial structure D 
was easily assigned to the a-D-glucopyranose moiety by 
the comparison of lH and 13C chemical shift values with 
that of the a-D-glucopyranose moiety of trehazolin. 
Observation of the long-range coupling between H-1 and 
C-4 in the HMBClg spectrum of partial structure A 
indicated that it was closed in such a way as to form a 
five-membered ether ring, the glucofuranose moiety. 
Since long-range coupling could be observed between H-1 
and H-2 of partial structure A and the imino carbon at  
165.1 ppm, the furanose ring was found to be fused with 
an oxazoline ring at C-1 and C-2 of the D-glUC0Se moiety. 
This was consistent with the fact that the chemical shift 
of H-2 is low-field shifted at 4.88 ppm in partial structure 
A as observed in H-6a of the trehazolin aglycon moiety 
at  4.77 ppm. Partial structure B was assigned to the 
glucopyranose moiety, as judged by the long-range cou- 
pling between H-1 and (2-5. The low-field shift of H-1 
and H-2, resonating at 5.64 ppm and 4.52 ppm, respec- 
tively, strongly suggested that partial structure B is a 
glucopyranose ring fused with an oxazoline ring. In 

(18) Bodenhausen, G.; Ruben, D. Chem. Phys. Lett. 1980,69, 185. 
(19) Bax, A.; Summers, M. F. J. Am. Chem. Soc. 1986,108, 2093. 
(20) Jeener, J.; Meier, B. H.; Bachman, P.; Ernst, R. R. J. Chem. 

Phys. 1979, 71, 4546. 
(21) The absence of a C-C bond line means that the order of carbon 

atoms was not determined although they belong to the same spin 
system as judged from the HSQC-HOHAHA spectrum. In addition, 
'H and 13C chemical shifts of the components from A to E are 
referenced to internal TSP and internal dioxane (67.8 ppm), respec- 
tively, and the chemical shifts of trehazolin are referenced to external 
TMS. 

Conclusion 

We completed the synthesis of the 2-aminohexahy- 
drobenzoxazole analogue la  related to trehazolin from 
D-glucose, utilizing a catalytic Ferrier reaction as a key 
step. The resulting product was a mixture of three 
components, and it was proved through structural elu- 
cidation with NMR that an equilibrium mixture of 
compounds la-c was present, arising from the intramo- 
lecular transcyclization of la. These studies revealed 
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( A ) l  2 3 4 5 6 c-c-c- -c-c 
(97.2 (87.2 (n.s(fi7.7 (69.0 164.2 
H H H H H H  
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3.78 
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H H H H H H ,  
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(') 4 3a 7a 7 5-c-c- I 1.1 166.3 183.755.3 52.3 773.2 

H H H H H H  
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181.2 170.5 173.5 170.3 172.8 161.3 
H H H H H H ,  
5.32 3.74 3.64 3.41 3.58 3.73 

3.80 
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Figure 4. Partial structures of the inseparable mixture lZ1 and trehazolin. 

that the 5,5-ring fused constructions of trehazolin and 
its related compounds were thermodynamically more 
stable than the 5,6-ring fused ones and indicated that 
such chemical properties as the potent carbodiimide 
function in the aminooxazoline framework might influ- 
ence the generation of strong and enzyme-specific inhibi- 
tory activities toward various trehalases. 

Experimental Section 
General Method. Melting points are uncorrected. 270 

MHz 'H-NMR spectra were recorded using tetramethylsilane 
as an internal reference. Elemental analyses were performed 
by the Institute of Science and Technology, Inc. Analytical 
chromatography was performed on Merck Art 5715 silica gel 
6 0 - F ~  plates. Flash chromatography was performed on 
Merck Art 9385 silica gel 60 (230-400 mesh). THF was 
distilled from LiAlH4 and used immediately thereafter. Et20 
was dried by passage through ICN Alumina N-Super I. CH2- 
Clz and CHC13 were dried by passage through ICN Alumina 
B-Super I. DMF and pyridine were dried by storage over 4 A 
molecular sieves. MeCN was dried by storage over 3 A 
molecular sieves. All other commercial reagents were used 
directly as received. 

Methyl 6-Deoxy-3,4-bis-O-(methoxymethyl)-a-~-~Zo-5- 
hesenopyranoside (6). To a solution of 5 (50 g, 0.26 mol) 

in pyridine (1000 mL) was added TsCl(108 g, 0.57 mol) at  0 
"C, and the mixture was stirred at rt for 21 h. After completion 
of the reaction, the mixture was poured into H20 and was 
extracted three times with EtOAc. The combined organic layer 
was washed with HzO and brine, dried over Na2S04, and 
concentrated in vacuo to give 127 g of a crude methyl 2,6-bis- 
0-(p-toluenesulfony1)-a-D-glucopyranoside as a pale yellow 
syrup: 'H-NMR (CDCl3) 6 7.85-7.60 (4H, m), 7.40-7.20 (4H, 
m), 4.63 (lH, d, J = 3.3 Hz), 4.61-4.30 (5H, m), 3.91 ( lH,  t, J 
= 9.2 Hz), 3.77-3.68 (lH, m), 3.46 (lH, t ,  J = 9.2 Hz), 3.24 
(3H, s), 2.45 (6H, s); Rf = 0.73 (EtOAc). To a solution of the 
crude methyl 2,6-bis-O-@-toluenesulfonyl)-a-~-glucopyranoside 
(33.3 g, 66.2 mmol) in CHC13 (410 mL) and dimethoxymethane 
(410 mL) was added Pz05 (330 g, 2.32 mol) at 0 "C, and the 
mixture was stirred for 1 h at  0 "C. After completion of the 
reaction, the reaction mixture was poured into cooled saturated 
aqueous NaHC03 and extracted three times with EtOAc. The 
combined organic layer was washed with H2O and brine, dried 
over Na2S04, and concentrated in uucuo to give a crude 
product, which was chromatographed on silica gel. Elution 
with hexane-EtOAc (3:l) gave 21.9 g (60%) of methyl 3,4-bis- 
O-(methoxymethyl)-2,6-bis-O-(p-toluenesu~fony~~-a-~-glucopy- 
ranoside as a colorless syrup: Rf = 0.44 (hexane:EtOAc = 3:l); 
IH-NMR (CDC13) 6 7.80 (4H, m), 7.35 (4H, m), 4.77 (lH, d, J 
= 3.6 Hz), 4.59-4.49 (4H, m), 4.38-4.31 (lH, m), 4.24 ( lH,  
dd, J = 9.2, 3.3 Hz), 4.18-4.10 ( lH,  m), 3.93 ( lH,  t, J = 9.2 
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6 7.40-7.30 (5H, m), 6.83 (lH, dd, J = 9.9, 2.0 Hz), 6.04 (lH, 
dd, J = 9.9,2.0 Hz), 4.95-4.85 (4H, m), 4.78 (2H, s), 4.38 (lH, 
dt, J = 7.9, 2.2 Hz), 4.22 (lH, d, J = 11.2 Hz), 4.06 (lH, dd, J 
= 11.2, 7.9 Hz), 3.50 (3H, s), 3.43 (3H, s); MS (EI) mlz 322 
(M+), 291 (M+ - OMe). Anal. Calcd for C17H2zOs: C, 63.34; 
H, 6.88. Found: C, 63.60; H, 6.89. 

[ lS-(la,2/3,3a,4~)1-4-(Benzyloxy)-2,3-bis(methoxy- 
methoxy)-5-cyclohexen-l-ol(9). To a solution of 8 (794 mg, 
2.46 mmol) in MeOH (16 mL) was added CeCly7H20 (1.38 g, 
3.69 mmol) at 0 "C. After 5 min, NaBH4 (112 mg, 2.95 mmol) 
was added to the mixture, and it was stirred for 30 min, with 
the temperature kept at 0 "C. After completion of the reaction, 
glacial AcOH (0.18 mL) was added to  the reaction mixture, 
and it was poured into saturated aqueous NaHC03. The 
mixture was extracted twice with EtOAc. The combined 
organic layer was washed with brine, dried over Na2S04, and 
concentrated in vacuo to give a crude product, which was 
chromatographed on silica gel. Elution with hexane-EtOAc 
(4:l) gave 685 mg (86%) of 9 as a colorless syrup: Rf = 0.26 
(hexane:EtOAc = 2:l); [a]25~ +189" (c 1.2, CHCl3); IR (CHC13) 
3420,2990,2880 cm-'; 'H-NMR (CDC13) 6 7.45-7.25 (5H, m), 
5.78-5.66 (2H, m), 4.88 (lH, d, J = 6.6 Hz), 4.84 (lH, d, J = 
6.6 Hz), 4.82 (lH, d, J = 7.3 Hz), 4.78 (lH, d, J = 7.3 Hz), 
4.69 (lH, d, J = 11.2 Hz), 4.63 (lH, d, J = 11.2 Hz), 4.26- 
4.07 (3H including OH, m), 3.82 (lH, dd, J = 10.6, 7.9 Hz), 
3.48 (3H, s), 3.42 (lH, dd, J = 10.6, 7.3 Hz), 3.41 (3H, s); MS 
(EI) mlz 293 (M+ - OMe), 279 (M+ - MOM). Anal. Calcd for 
C17H2406: C, 62.95; H, 7.46. Found: C, 62.75; H, 7.46. 

[ 1 R - ( 1 a, 28,3 a, 48,5 a, 6 a) 1 - 5 - (Benzyl o x y ) - 3,4 -b i s - 
(methoxymethoxy)-7-oxabicyclo[4.1.0lheptan-2-ol (10). 
To a solution of 9 (110 mg, 0.34 mmol) in CHzCl2 (3 ml) was 
added m-CPBA (88 mg, 0.41 mmol) at rt, and the mixture was 
stirred at rt for 88 h. After completion of the reaction, the 
reaction mixture was poured into 20% aqueous Na2S03, and 
saturated aqueous NaHC03 was added to the mixture. This 
mixture was extracted twice with CHzC12. The combined 
organic layer was washed with brine, dried over NazS04, and 
concentrated in uacuo to give a crude product, which was 
chromatographed on silica gel. Elution with hexane-EtOAc 
(4:l - 2:l) gave 105 mg (91%) of 10 as a colorless syrup: R f =  
0.33 (hexane:EtOAc = 1:l); [a]% +131" (c 1.3, CHCls); IR 
(CHC13) 3400,3000,2900,2880,1150,1075,1030 cm-'; 'H-NMR 
(CDC13) 6 7.40-7.25 (5H, m), 4.83-4.67 (6H, m), 4.08 ( lH,  
broad s), 3.94 (lH, dd, J = 7.9, 2.0 Hz), 3.81 (lH, d, J = 7.9 
Hz), 3.56 (lH, dd, J = 9.9, 7.9 Hz), 3.46 (3H, s), 3.47-3.43 
(lH, m), 3.37 (3H, s), 3.35 (lH, dd, J = 9.9, 7.9 Hz), 3.24 ( lH,  
d, J = 3.3 Hz); MS (EI) mlz 295 (M+ - MOM). Anal. Calcd 
for C17H24O7: C, 59.99; H, 7.11. Found: C, 59.72; H, 7.01. 

[ 1R-( la,2/3,3a,4/3,5a,6a)l-3,4-Bis(methoxymethoxy)-7- 
oxabicyclo[4.l.0]heptane-2,S-diol(11). To a solution of 10 
(1.13 g, 3.31 mmol) in MeOH (23 mL) was added 20% Pd(OH)2 
on carbon (3.95 g) at rt, and the mixture was hydrogenolyzed 
at rt for 1 h. After completion of the reaction, this reaction 
mixture was filtered and concentrated in vacuo to give a crude 
product, which was chromatographed on silica gel. Elution 
with hexane-EtOAc (1:l) gave 711 mg (86%) of 11 as a 
colorless syrup: Rf = 0.14 (hexane:EtOAc = 1:2); f171" 

1070, 1025 cm-l; 'H-NMR (CDC13) 6 4.80-4.66 (4H, m), 4.30- 
4.10 (lH, broad s), 3.95 (lH, dd, J = 7.9, 2.0 Hz), 3.92 (lH, d, 
J =  7.9 Hz), 3.95-3.75 (lH, broad s), 3.50-3.44 (lH, m), 3.47 
(3H, s), 3.45 (3H, s), 3.41 ( lH,  dd, J = 10.6, 7.9 Hz), 3.26 (lH, 
d, J = 3.3 Hz), 3.21 (lH, dd, J = 10.6, 7.9 Hz); MS (E11 mlz 
219 (M+ - OMe), 205 (M+ - MOM). Anal. Calcd for 
C1OH1807: C, 48.00; H, 7.25. Found: C, 48.07; H, 7.27. 
[IS-( la,2~,3/3,~,5a,6/3)1-3-Azido-5,6-bis(methoxymethox- 

y)cyclohexane-1,2,4-triol(12). To a solution of 11 (766 mg, 
3.1 mmol) in DMF (20 mL) were added NaN3 (2.39 g, 36.7 
mmol) and NH4Cl (1.97 g, 36.7 mmol) at rt, and the mixture 
was stirred at 100 "C for 13 h. After completion of the reaction, 
the reaction mixture was poured into HzO, and the mixture 
was extracted twice with CH2C12. The combined organic layer 
was dried over NazS04 and concentrated in U ~ C U O  to give a 
crude product, which was chromatographed on silica gel. 
Elution with CH2C1z-MeOH (15:l) gave 772 mg (86%) of 12 
as a colorless syrup: Rf = 0.32 (CHzC1z:MeOH = 19:l); [aI2% 

(C 1.1, CHC13); IR (CHC13) 3410,3000,2940,2890, 1145, 1130, 

Hz), 3.80-3.72 (lH, m), 3.40-3.34 (lH, m), 3.32 (3H, s), 3.28 
(3H, s), 3.19 (3H, s), 2.46 (6H, s); MS (El) mlz 590 (M+), 545 
(M+ - MOM). To a solution of methyl 3,4-bis-O-(methoxym- 
ethyl)-2,6-bis-O-(p-toluenesulfonyl)-a-~-glucopyranoside (24.4 
g, 41.3 mmol) in DMSO (500 mL) were added NaI (108.2 g, 
0.57 mol), n-Bu4NI (7.6 g, 20.7 mmol), and molecular sieves 
(4 A powder, 250 g) at rt, and the mixture was stirred at 90 
"C. After 2 h, DBU (31 mL, 0.21 mol) was added, and the 
reaction mixture was stirred at 90 "C for 20 h. After comple- 
tion of the reaction, the reaction mixture was filtered through 
Celite, and the filtrate was poured into H2O and extracted 
three times with EtOAc. The combined organic layer was, in 
turn, washed with each of 10% aqueous NazS203, HzO, 
saturated aqueous NdC03 ,  and brine, dried over Na2S04, and 
concentrated in vacuo to give a crude product, which was 
chromatographed on silica gel. Elution with hexane-EtOAc 
(51 - 4:l) gave 9.22 g (53%) of methyl 6-deoxy-3,4-bis-O- 
(methoxymethyl)-2-0-(p-toluenesulfonyl)-a-~-~~~o-5-hexenopy- 
ranoside as a colorless syrup: Rf = 0.32 (hexane:EtOAc = 3:l); 
'H-NMR (CDC13) 6 7.38 (2H, m), 7.36 (2H, m), 4.87-4.78 (2H, 
m), 4.76-4.70 (3H, m), 4.64 (2H, s), 4.51-4.44 (lH, m), 4.05- 
3.93 (2H, m), 3.43 (3H, SI, 3.34 (3H, SI, 3.29 (3H, s), 2.46 (3H, 
s). To a solution of methyl 6-deoxy-3,4-bis-O-(methoxymethyl)- 
2-O-(p-toluenesulfonyl)-a-~-~~~o-5-hexenopyranoside (9.22 g, 
22.0 mmol) in MeOH (180 mL) was added NaOMe (4.9 M 
MeOH solution) (18 mL, 88.2 mmol) at rt, and the mixture 
was refluxed for 60 h. After completion of the reaction, glacial 
AcOH (5.1 mL, 89.6 mmol) was added, and the reaction 
mixture was poured into H2O. This mixture was extracted 
three times with EtOAc. The combined organic layer was 
washed with saturated aqueous NaHC03, dried over NazS04, 
and concentrated in vacuo t o  give a crude product, which was 
chromatographed on silica gel. Elution with hexane-EtOAc 
(3:l - 3:2) gave 5.21 g (90%) of 6 as a colorless syrup: Rf = 
0.31 (hexane:EtOAc = 3:2); [aIz5~ $119" (c  1.5, CHCl3); IR 
(CHC13) 3380,1665,1145,1030 cm-l; 'H-NMR (CDC13) 6 4.88- 
4.73 (7H, m), 4.09-4.02 (lH, m), 3.77-3.68 (2H, m), 3.63 (lH, 
broad s), 3.48 (3H, s), 3.46 (3H, s), 3.45 (3H, s); MS (EI) mlz 
219 (M+ - MOM). Anal. Calcd for CllH2007: C, 49.99; H, 
7.63. Found: C, 49.82; H, 7.70. 
Methyl 2-0-Benzyl-6-deoxy-3,4-bis-O-(methoxymethyl)- 

a-~-xyZo-5-hexenopyranoside (7). To a suspension of NaH 
(227 mg, 5.2 mmol, 55% oil dispersion) in DMF (19 mL) was 
added a solution of 6 (1.1 g, 4.3 mmol) in DMF (3 mL) at 0 "C, 
and the mixture was stirred at rt. After 30 min, BnBr (0.62 
mL, 5.2 mmol) was added to the mixture at 0 "C, and it was 
stirred at rt for 1 h. After completion of the reaction, the 
mixture was poured into HzO, and it was extracted twice with 
EtOAc. The combined organic layer was washed with brine, 
dried over Na2S04, and concentrated in uacuo t o  give a crude 
product, which was chromatographed on silica gel. Elution 
with hexane-EtOAc (9:l - 4:l) gave 1.33 g (86%) of 7 as a 
colorless syrup: Rf = 0.73 (hexane:EtOAc = 3:2); [a125~ $30.6" 

cm-'; 'H-NMR (CDC13) 6 7.40-7.30 (5H, m), 4.88 (lH, d, J = 
3.3 Hz), 4.93-4.57 (8H, m), 4.03-3.92 (2H, m), 3.54 (lH, dd, 
J = 9.2, 3.3 Hz), 3.46 (3H, s), 3.44 (3H, s), 3.39 (3H, 5); MS 
(EI) mlz 309 (M+ - MOM). Anal. Calcd for C18Hz607: C, 
61.00; H, 7.40. Found: C, 60.85; H, 7.43. 
[2S-(2~,38,4a)]-4-(Benzyloxy)-2,3-bis(methoxymetho~y)- 

6-cyclohexen-1-one (8). To a solution of 7 (794 mg, 2.46 
mmol) in aqueous acetone (24 mL, acetone:HzO = 2:l) was 
added Hg(OCOCF& (70 mg, 0.16 mmol) at rt, and the mixture 
was stirred at rt for 15 h. After completion of the reaction, 
acetone was evaporated under reduced pressure, and saturated 
aqueous NaHC03 was added to the residue. The mixture was 
extracted twice with EtOAc. The combined organic layer was 
washed with brine, dried over Na~S04, and concentrated in 
uacuo t o  give a residue. To a solution of this residue in 
pyridine (16 mL) was added AczO (8 mL) at rt, and the mixture 
was stirred at rt for 21 h. After completion of the reaction, 
the reaction mixture was concentrated in Vacuo to give a crude 
product, which was chromatographed on silica gel. Elution 
with hexane-EtOAc (9:l - 4:l) gave 801 mg (76%) of 8 as a 
colorless syrup: R f =  0.23 (hexane:EtOAc = 4:l); +101" 
(c = 1.2, CHCl3); IR (CHC13) 2990, 1695 cm-'; 'H-NMR (CDC13) 

(C 1.0, CHC13); IR (CHC13) 3010, 1670, 1150, 1085, 1040, 1010 



Synthesis of a 2-Aminohexahydrobenzoxazole Analogue 

1260, 1020 cm-l; 'H-NMR (CDCl3) 6 4.81-4.67 (4H, m), 4.14 
(lH, dd, J = 4.0, 3.3 Hz), 4.06 (lH, t, J = 3.3 Hz), 4.05 (IH, 
dd, J = 8.6, 4.0 Hz), 3.67 (lH, dd, J = 8.6, 3.3 Hz), 3.60 (lH, 
dd, J = 9.2, 8.6 Hz), 3.50 (lH, dd, J = 9.2, 8.6 Hz), 3.47 (6H, 
s), 3.20-2.40 (3H, broad s); MS (EI) mlz 294 (M+ + l) ,  262 
(M+ - OMe), 248 (M+ - MOM). Anal, Calcd for C I O H ~ ~ N ~ O ~ :  
C, 40.95; H, 6.53; N, 14.33. Found: C, 40.90; H, 6.48; N, 14.39. 

N - [ [  lS-(la,2@,3a,4/3,5/3,6a)l-1,2,3,4,5-Pentahydroxycy. 
clohex-6-yll -N'-(2,3,4,6-tetra-0-a-~-glucopyranosyl)thio- 
urea (17). To a solution of 12 (302 mg, 1.03 mmol) in MeOH 
(6 mL) was added 20% Pd(0H)Z on carbon (101 mg) at rt, and 
the mixture was hydrogenolyzed at rt for 1 h. After completion 
of the reaction, this reaction mixture was filtered and concen- 
trated in uucuo to give a crude product of 14. Subsequently, 
10% methanolic hydrogen chloride (3 mL) was added to a 
solution of 14 at rt, and the mixture was stirred at 50 "C for 
30 min. The mixture was evaporated in uucuo, and the residue 
15 was dried under reduced pressure. Next, 2,3,4,6-tetra-O- 
benzyl-l-deoxy-a-D-glucopyranosyl isothiocyanate (16) (601 
mg, 1.03 mmol) and Et3N (0.18 mL, 1.26 mmol) were added to  
a solution of the residue 15 in THF (4.8 mL) and HzO (0.6 
mL) at  0 "C, and the mixture was stirred at rt for 16 h. After 
completion of the reaction, the reaction mixture was evapo- 
rated in uucuo, and the residue was chromatographed on silica 
gel. Elution with CH2ClZ-MeOH ( 1 O : l )  gave 314 mg (40%, 
over three steps) of 17 as a white foamy glass: Rf= 0.39 (CHZ- 
C12:MeOH = 9:l); [ a l Z 5 ~  +75.4" (c 1.4, CHCl3); IR (CHC13) 
3600-3200 cm-l; lH-NMR (CDC13) 6 7.50-7.00 (22H, m), 
4.95-4.05 (12H, m), 4.00-3.25 (14H, m). Anal. Calcd for c41- 
H48N2010S: C, 64.72; H, 6.36; N, 3.68; S, 4.21. Found: C, 
64.56; H, 6.64; N, 3.55; S, 4.00. 
2,3,4,6-Tetra-O-benzyl- l-deoxy-l-[[ [3&-(3aa,4a,5a,w,- 

7a,7aa)] -4,5,6,7-tetrahydro~344,5,6,7,7a-hexan- 
zoxazoi-~-y~]amino]-a-D-g~ucopyranose (18). To a solution 
of 2-chloro-3-ethylbenzoxazolium tetrafluoroborate (140 mg, 
0.49 mmol) in MeCN (5.0 mL) was added a solution of 17 (250 
mg, 0.33 mmol) in MeCN (4.5 mL) at 0 "C under Nz. After 
the mixture was stirred for 1 h, Et3N (0.14 mL, 0.99 mmol) 
was added, with the temperature kept at 0 "C, and the 
resulting mixture was stirred for 1 h. After completion of the 

+93.2" (C 1.3, CHC13); IR (CHC13) 3360,2970,2860,2820,2080, 
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reaction, the reaction mixture was diluted with EtOAc and 
washed with saturated aqueous NaHC03. The aqueous layer 
was extracted with EtOAc. The combined organic layer was 
washed with brine, dried over Na2S04, and concentrated in 
uucuo to give a crude product, which was chromatographed 
on silica gel. Elution with CH2Clz-MeOH (8:l) gave 144 mg 
(60%) of 18 as a white foamy glass: Rf = 0.24 (MeCN:HzO = 
99:l); [aIz6~ +79.1" (c 1.2, CHCl3); IR (KBr) 3600-3100, 1665, 
1450, 1070 cm-l; 'H-NMR (CDCl3:CD30D = 1:l) 6 7.38-7.23 
(18H, m), 7.20-7.12 (2H, m), 5.40 (lH, d, J = 5.3 Hz), 4.94 
(lH, d, J = 11.2 Hz), 4.79 (2H, d, J = 11.2 Hz), 4.76-4.62 
(4H, m), 4.56 (lH, d, J = 11.9 Hz), 4.52 (lH, d, J = 9.9 Hz), 
4.47 (lH, d, J = 11.9 Hz), 4.15 (lH, dd, J = 8.6, 5.3 Hz), 4.07 
(lH, dd, J = 5.3, 2.5 Hz), 3.89 (lH, dd, J = 9.9, 8.6 Hz), 3.77 
(lH, dd, J =  9.2,5.3 Hz), 3.73-3.50 (6H, m). Anal. Calcd for 
C4&&2010: C, 67.75; H, 6.38; N, 3.85. Found: C, 67.77; H, 
6.23; N, 3.57. 
l-Deoxy-l-[[[3&-(3aa,4a,5~~,7o;7aa)l-4,5,6,7~tetrahy- 

droxy-3a,4,5,6,7,7a-hexahydrobenaoxazol-2-yllaminol-a- 
D-glucopyranose (la) and Isomers lb and IC. To a 
solution of 18 (33 mg, 0.04 mmol) in MeOH (6.7 mL) was added 
20% Pd(OH)2 on carbon (1.0 g) at 24 "C, and the mixture was 
hydrogenolyzed at 60 "C for 30 min. After completion of the 
reaction, this reaction mixture was filtered and concentrated 
in uucuo to give a crude product, which was chromatographed 
on Amberlite CG-50 (NHa type/H+ type = 3/2,5 mL). Elution 
with 0.5 M aqueous NH3 gave 5.9 mg (44%) of 1 as a white 
powder: Rf = 0.29 (MeCN:HzO:AcOH = 13:5:2); +70.3" 
(c 0.37, HzO); IR (KBr) 3380, 1656, 1591 cm-'; 'H-NMR (since 
large-scale overlapping of peaks occurred, herein the only 
observable H-H coupling constants of sugar moieties of 
respective components of mixture 1 are given) la 6 5.32 (d, J 
= 5.0 Hz, H-1, 3.74 (dd, J = 9.0, 5.0 Hz, H-2), 3.64 (dd, J = 
9.0, 10.0 Hz, H-3), 3.41 (t, J = 10.0 Hz, H-4); lb 6 5.64 (d, J 
= 6.4 Hz, H-l), 4.52 (dd, J = 5.7, 6.4 Hz, H-2), 3.96 (dd, J = 
6.5, 5.7 Hz, H-3), 3.57 (dd, J = 9.0, 6.5 Hz, H-4); IC 6 5.92 (d, 
J = 5.0 Hz, H-1); FAB-MS positive mlz 367 (M + HI+, negative 
mlz 365 (M - H)-; high resolution mass calcd for C13Hz3010N~ 
367.1357, found mlz 367.1355 (M + H)+. 
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