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Note 

Synthesis of pseudo-sugar derivatives from Sexo, Gexadihydtoxy-end& 
and -ex~7-oxabicyclo[2.2.llheptane-2-catboxylic acids* 

SEIICHIRO OGAWA+, MASAKI UEMURA, AND TOICHI FUJITA 

Department of Applied Chemistry, Faculty of Science and Technology, Keio University, Hiyoshi, 
Kohoku-ku, Yokohama 223 (Japan) 

(Recieved November 23rd, 1987; accepted for publication, December lOth, 1987) 

We have developed synthetic routes2 to pseudo-sugars and their derivatives by 
using endo-7-oxabicyclo[2.2.l]hept-5-ene-2-carboxylic acid3-6 (l), the Diels-Alder 
adduct of furan and acrylic acid, as the common starting material. In these syn- 
theses, cleavage of the 1,6anhydro ring is a crucial step in the generation of cyclo- 
hexane compounds having desired functional groups with appropriate stereoche- 
mistry, and the products need to be stable under the reaction conditions. In fact, 
when a fully acetylated pseudo-sugar derivative with an all-truns configuration is 
formed, it is obtained selectively in high yield, because neither aromatisation nor 
epimerisation via an intermediate cyclic acetoxonium ion occurs under acidic con- 
ditions . 

We now report on the acetolysis and bromination of some derivatives of 
Sexo,6exo-dihydroxy-endo- and -exe-7-oxabicyclo(2.2.l]heptane-2-carboxylic acid, 
which are expected to afford otherwise inaccessible pseudo-sugar derivatives. 

Oxidation of methyl endo-7-oxabicyclo[2.2. l]hept-5-ene-2-carboxylate4’5 (2) 
derived from the acid l6 with potassium permanganate and magnesium sulfate in 
ethanol, followed by acetylation, gave the cis-diacetate 3 in 53% yield. Reduction of 
3 with lithium aluminium hydride in tetrahydrofuran, followed by acetylation, gave 
the triacetate 4 in 65% yield. The ‘H-n.m.r. spectra of 3 and 4 supported the struc- 
tures assigned. 

Treatment of 3 with 30% hydrobromic acid-acetic acid in a sealed tube for 24 h 
at 100” produced a 52% yield of a single bromide, which was identical with an 
authentic sample of 5 (ref. 7). Mechanistically, 5 was deduced to be formed through 
an intramolecular rear-side attack of the carboxyl function in the intermediate cyclic 

* Pseudo-sugars, Part XXII. For Part XXI, see ref. 1. 
+ Author for correspondence. 
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acetoxonium ion after cleavage of the 1,6anhydro ring with a bromide ion at C-4. 
Acetolysis of 3 with acetic acid-acetic anhydride-cont. sulfuric acid (14:8:1) 

at 90” afforded a complex mixture of products, involving appreciable aromati- 
sation. However, similar treatment of 4 afforded a 98% yield of a single pseudo- 
sugar penta-acetate 6, which was identical with the pseudo-cr-allo isomer’. The 
anhydro ring is opened at C-l and/or C-4, and the intermediates then isomerise 
through a cyclic acetoxonium ion to the most stable isomer 6 under the reaction 
conditions’. The formation of 6 can also be explained by assuming an acid-catalysed 
cis-cleavage of the anhydro ring. 

Bromination of 4 gave an inseparable 4: 1 mixture of the dibromides 7 and 8 in 
66% yield. The 400-MHz ‘H-n.m.r. spectrum indicated the major product 7 to be 
DL-(1,2/3,4,6)-4-acetoxymethyl-1 ,2-di-0-acetyl-3,6-dibrom~-l,2-cyclohexanediol. 

Thus, it contained coupled signals at 6 5.64 (dd, J 3.2, 11 Hz), 5.49 (t. J 3.2 Hz), 
4.31 (bq, J3 Hz), and 4.19 (ddd, J4.8, 11, 12.8 Hz), ascribable to H-1,2,3, and 6, 
respectively, supporting the structure assigned. The formation of 7 and 8 involved 
initial cleavage of the anhydro ring of 4 by attack of bromide ion at C-4, and the 
resulting monobromide was attacked through an activated form (cyclic acetoxonium 
ion) by a bromide ion” at C-l (37) or intramolecularly by the 2-CHzOAc at C-2. 
The latter intermediate was then displaced at C-7 with bromide ion (-8). The 7- 
OAc of 7 may be further replaced by a bromide atom when excess of HBr is present. 

The exo-acid 9’-’ was easily accessible by fractional crystallisation of the pre- 
cipitates obtained from a long-standing mixture of products of the Diels-Alder 
reaction of furan with acrylic acid, after removal of the e&o-acid 1. Compound 9 
was esterified to give the methyl ester 106, which was oxidised with potassiutn per- 
manganate and then acetylated to give the diacetate 12 in 34% total yield. The 
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triacetate 13 was prepared in 42% total yield from 9 by reduction with lithium 
aiuminium hydride, followed by acetylation. 

Compounds 9 and 10 were further converted into the cis-diepoxides 143 and 
15, respectively, by treatment with peroxy acid. Compound 15 was convertible into 
the acetate 16. 

Acetolysis or bromination of 12, 14, 15, and 16 under the usual conditions 
gave complex mixtures of products, accompanied by appreciable aromatisation. 

Acetoiysis of the triacetate 13 proceeded cleanly to give, after chromato- 
graphy, three pseudo-hexopyranose penta-acetates with the ~-~a~~o’* (17, I I%), 
cu-&r10’~ (18, 33%), and at-galacto con~guratjon~3 (19, 22%). They were identj~ed 
with authentic samples by comparison of ‘H-n.m.r. spectra. Compounds 17 and 18 
are formed by opening of the anhydro ring, and the latter is epimerised at C-2 to 
give 19 via the intermediate 1,2-cyclic acetoxonium ionY. Similar results were obser- 
ved by McCasland et a1.‘3. 

Brominaton of 13 gave one di- (20, 12%) and one &i-bromide (21, 66%). 
Compound 21 was convertible into 20 in good yield by treatment with sodium ace- 
tate in ~,~-dimethy~formamide at 60”. The ‘H-n.m.r, spectrum of 20 contained 
coupled signals at 6 5.72 (dd, J 3, 10.5 Hz), 5.42 (t, f 3 Hz), and 4.14 (t, J 10.5 Hz, 
due to H-2, H-l, and H-3, respectively, which were consistent with the structure 
assigned. The anhydro ring of 13 is first attacked by a bromide ion at C-I and/or 
C-4, and then the second bromine atom is introduced at the remote carbon atom”. 

On treatment with sodium azide in boiling aqueous 90% 2-methoxyethanol for 
1.5 h, 20 afforded an 87% yield of a single azide 22, the ‘H-n.m.r. spectrum of 
which was very similar to that of 20, indicative of retention of configuration, The 
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reaction proceeded by a neighbouring-group participation of acetoxyl groups, foll- 
owed by a diaxial opening of the intermediate with azide ion. Hydrogenation of 22 
in methanol containing acetic anhydride in the presence of Raney nickelI gave the 
di-l\r-acetyl derivative 23 in 81% yield. Therefore, starting form 20, it may be 
possible to prepare pseudo-sugar derivatives with the wmanno configuration by use 
of different nucleophiles. 

EXPERIMENTAL 

Generai methods. - Melting points were determined with a MEL-TEMP 
capillary melting-point apparatus and are uncorrected. Unless otherwise noted, 

‘H-n.m.r. spectra were recorded for solutions in CDC13 (internal Me&i) with a 
Varian EM-390 (90 MHz) instrument. The spectrum at 400 MHz was recorded with 
a Jeol GX-400 (400 MHz) instrument. T.1.c. was performed on Silca Gel 60 F254 
(Merck) with detection by charring with sulfuric acid. Column chromatography was 
conducted on Wakogel C-300 (300 Mesh, Wako Co., Osaka). Organic solutions 
were dried over anhydrous Na2S04 and concentrated at <SO” under diminished 
pressure. 

Methyl (_+)-endo-7-oxabicycZof2.2.Ifhept-5-ene-2-carboxyIafe (2). - A mix- 
ture of (1+_)-endo-7-oxabicyclo[2.2.l]hept-5-ene-2-carboxylic acid (1; 5.0 g, 36 
mmol), methanol (250 mL), and acetyl chloride (2.5 mL) was stirred for 3 h at room 
temperature, then neutralised with sodium hydrogencarbonate, and concentrated. 
The residue was extracted with chloroform (50 mL) and the extract concentrated to 
give 2 (5.1 g, 93%) as a syrup. The ‘H-n.m.r. spectrum was superimposable on that 
of an authentic sample. 

Methyl (_+)-5exo,6exo-diacetoxy-endo-7-oxabicycloQ.2. Zlheptane-2-carboxy- 
late (3). - To a solution of the ester 2 (0.83 g, 5.4 mmol) in ethanol (12 mL) was 
added dropwise a solution of potassium permanganate (0.83 g) and anhydrous 
magnesium sulfate (0.67 g) in water (15 mL), and the mixture was stirred for 3 h at 
0”. An aqueous solution of sodium hydrogensulfate (1.2 g) and 2~ sulfuric acid (2.4 
mL) was then added and the mixture was stirred until it became colorless. The 
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solution was concentrated and the residue was treated with acetic anhydride (5 mL) 

and pyridine (5 mL) overnight at room temperature. The mixture was concentrated 

and the residue was extracted with ethyl acetate (20 mL). The extract was washed 

with M hydrocloric acid, aqueous sodium hydrogencarbonate, and aqueous sodium 

chloride, dried, and concentrated. The residue was crystallised from ethanol to give 

3 (780 mg, 53%) as prisms, m.p. 111-111.5”. ‘H-N.m.r. data: 6 5.20-4.30 (m, 4 H, 

H-1,4,5,6), 3.79 (s, 3 H, Me), 2.07 (s, 6 H, 2 OAc). 

Anal. Calc. for C12Hr607: C, 52.94; H, 5.92. Found: C, 52.83; H, 5.79. 

(+)-2exo,3exo-Diacetoxy-5endo-acetoxymefhyI- 7-oxabicycfo[Z.Z. Ilhepfane 
(4). - Compound 3 (0.20 g, 0.74 mmol) was treated with lithium aluminium hy- 

dride (0.09 g, 2.4 mmol) in tetrahydrofuran (3.5 mL) for 6 h at room temperature. 

To the mixture was added water (2 mL), aqueous 15% sodium hydroxide (I mL), 

and acetone-water (1: 1, 20 mL) in turn, and it was then filtered through Celite and 
concentrated to dryness. The residue was acetylated in the usual way. The product 

was crystallised from ethanol to give 4 (0.14 g, 65%) as prisms, m.p. 71-72”. ‘H- 

N.m.r. data: 6 5.17 (d, 1 H, Jz,? 10 Hz, H-3), 4.85 (d, H-2), 4.44 (m, 2 H, C&OAc), 
4.3-3.9 (m, 2 H, H-1,4), 2.11 (s, 9 H, 3 OAc), 2.75-1.70 (m, 2 H, H-5,6exo), 1.16 

(dd, 1 H, J6,6 13, J5,6endo 6 Hz, H-6endo). 

Anal. Calc. for Cr3H1s07: C, 54.54; H, 6.34. Found: C, 54.70; H, 6.24. 

Methyl IX-(1,3,5/2,4)-2,3,4- triacetoxy-5-bromocyclohexane-I -carboxylate 

(5). - A mixture of 3 (0.25 g, 0.92 mmol) and 30% hydrogen bromide-acetic acid 

(3.5 mL) was heated in a sealed tube for 24 h at IOO”, and then poured into ice-water 

(10 mL). After heating for 3 h at loo”, the mixture was concentrated to dryness, and 

the residue was treated with boiling methanol (20 mL) and acetyl chloride (0.5 mL) 

for 3 h. The mixture was then neutralised with sodium hydrogencarbonate and 

concentrated. The residue was extracted with chloroform and the product was 

acetylated in the usual way to give 5 (0.38 g, 52%) as needles, m.p. 153-153.5” (from 

ethanol); lit.’ m.p. 153-154”; compound 5 was identical with an authentic sample’. 

~~-(1,2,3,4/5)-5-Acetoxymethyl-I,2,3,4-tetra-O-acetyf-l,2,3,4-cyclohexane- 

tetrol (6). - A mixture of 4 (100 mg, 0.35 mmol), acetic acid (3.1 mL), acetic 

anhydride (1.7 mL), and cont. sulfuric acid (0.22 mL) was heated in a sealed tube 

for 45 h at 90”. The mixture was poured into ice-water (15 mt) and extracted with 

chloroform (15 mL). The extract was washed with saturated aqueous sodium hydro- 

gencarbonate and water, and dried. Evaporation of the solvent gave a syrup, which 

was eluted from a column of silica gel with 2-butanone-toluene (1:5), to give 6 (133 

mg, 98%) as prisms, m.p. 122-123” (from ethanol): lk8 m.p. 120-121”; which was 

identical to an authentic samples. 

~~-(1,2/3,4,6)-4-Acetoxymethyl-1,2-di-O-acet~f-3,6-dibromo-l,2-cyclohex- 

anediol (7) and ~~-(1,3/2,4,6)-1,2,3-tri-O-acetyi-4-bromo-6-bromomethyi-~,2,3- 
cyclohexanetriol (8). - A mixture of 4 (100 mg, 0.35 mmol), 30% hydrogen bro- 

mide-acetic acid (1.5 mL), and acetic acid (1 .O mL) was heated in a sealed tube for 

24 h at 80”. The mixture was poured into ice-water (15 mL) and extracted with ethyl 

acetate (15 mL). The extract was processed similarly and the product was eluted 
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from a column of silica gel with acetone-hexane (1:20) to give a 3: 1 mixture (100 mg 
66%) of 7 and 8 as inseparable needles, m.p. 124-125” (from ethanol). ‘H-N.m.r. 
data (400 MHz) for 7: d 5.64 (dd, 1 H, J1,2 3.2, J1,, 11 Hz, H-l), 5.49 (t. I H. Jz,3 3.2 
Hz,H-2),4.31 (bq,& = & = 3Hz,H-3),4.19(ddd, 1 H,J5u,612.8,J5,,64.8Hz, 
H-6), 4.12 and 4.00 (2 dd, each 1 H, J 4,~7.5, J,,, 11.7 Hz, CW20Ac), 2.14, 2.08, and 
2.07 (3 s, each 3 H, 3 OAc). 

Ana/. Calc. for C13H1sBr206: C, 36.30; H, 4.22. Found: C, 36.36; H, 4.18. 
(k)-exo-7-Oxabicyclo[2.2. IJhept-S-ene-2-carboxylic acid (9). - Compound 9 

(10%) was obtained as needles by recrystallisation of the product precipitated from 
the mother liquor of the en&-acid 1 after having been stored for a long time; m.p. 
78-81 o (from ethyl acetate-hexane). ‘H-N.m.r. data: S 5.45 (2 H, bs, H-5,6), 5.25 

(s, f H> Jl,Zendo = 51.6 = -OHz, H-l), 5.19 (d, 1 H, J3exo,44r J4,5 -OHz, H-4), 

2.45 (dd, 1 H, &3endo 8, Jz,3exo 4 Hz, H-2endo), 2.20 (td, 1 H, &ndo,3exo = J3exo,4 

= 4, J3,3 12 Hz, H-3exo), 1.56 (dd, 1 H, JZendO,lmdO 8 Hz, H-3endo). 
Anal. Calc. for C7Hs03: C, 59.97; H, 5.75. Found: C, 59.99; H, 5.73. 
Methyl (+-)-exo-7-oxabicycloi2.2. i]hept-5-ene-2-carboxylate (IO). - The acid 

9 (2.0 g, 14.2 mmol) was esterified as in the preparation of 2. The product was 
purified by chromatography on a column of silica gel with 2-butanone-toluene 
(l:lO), to give 10 (2.1 g, 96%) as a syrup. The ‘H-n.m.r. spectrum was superimpos- 

able on that of an authentic sample5. 
(+)-2exo-Acetoxymethyf-7-oxabicyciof2.2.I/hept-5-ene (11). - A mixture 

of the acid 9 (10.0 g, 71 mmol) and lithium aluminium hydride (5.4 g, 142 mmol) in 
tetrahydrofuran (100 mr,) was stirred for 3 h, at room temperature, and then 
processed as in the preparation of 4. The product was eluted form a column of silica 
gel with chloroform-ethanol (1O:l) to give 11 (9.5 g, 82%) as a syrup. ‘H-N.m.r. 
data: 6 6.34 (s, 2 H, H-5,6), 4.95 (d, 1 H, J3exo,4 4.2 Hz, H-4), 4.80 (s, 1 H, H-l), 
(dd, 1 H, 52,x 6.3, J8,x 10.5 Hz, H-8), 3.93 (dd, 1 H, Jz,~, 9.6 Hz, H-S’), 2.07 (s, 3 H, 
OAc), 1.95-1.20 (m, 3 H, H-2,3endo,3exoJ. 

Anal. Calc. for CgH1203: C, 64.27; H, 7.19. Found: C, 64.33; H, 7.29. 
Methyl ( I)-5exo,6exo-diacetoxy-exo- 7-oxahicyclo[2.2. Ijheptane-2-carboxy- 

fate (12). - A solution of the ester 10 (0.72 g, 4.7 mmol) in ethanol (10 mL) was 
treated with a solution of potassium permanganate (0.72 g) and anhydrous magne- 
sium sulfate (0.54 g) in water (15 mL) for 1 h at 0”. The mixture was processed as in 
the preparation of 3, and the product was acetylated in the usual way to give 12 (0.92 
g) as a syrup, which was crystallised from ethanol to give crystals (0.44 g, 35%). 
m.p. 70-71”. ‘H-N.m.r. data: S 5.05-4.40 (m, 4 H, H-1,4,5,6), 3.76 (s, 3 H, Me), 
and 2.02 (s, 6 H, 2 OAc). 

Anal. Calc. for ClzHlh07: C, 52.94; H, 5.92. Found: C, 53.23; H, 5.86. 
(k) -2exo,3exo -Diacetoxy -5exo - acetoxymethyl- 7- oxabicyclo(2.2. Zlheptane 

(13). - To a solution of the acetate 11 (11.6 g, 69 mmol) in ethanol (150 mL) was 
added a solution of potassium permanganatc (11 g, 69 mmol) and magnesium 
sulfate (8.3 g, 69 mmol) in water (220 mL) at O-5”. The mixture was stirred for 2 h, 
and then processed in the usual manner, and the product was acetylated and 
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crystallised from ethanol to give 13 (10.1 g, 51%) as prisms, m.p. 98-99”. ‘H- 
N.m.r. data: 64.90 (s, 2 H, H-2,3), 4.50 (d, 1 H, Jj,CKao 5.3 Hz, H-l), 4.35 (s, I H, 
H-4), 4.01 (dd, 1 H, J5,s 6.8, 38,s 10.5 Hz) and 3.81 (dd, JS,*’ 8.9 Hz) (C&OAc), 
2.04 (s, 9 H, 3 OAc), 1.67 (dd, 1 H, .&ndo 8.3, .Je,6 12 Hz, H-bendo), 1.27 (dt, 1 H, 
H-6exoJ 

Anuf. Calc. for Ct3H1s07: C, 54.54; H, 6.34. Found: C, 54.62; H, 6.33. 
(~)-exo-3,8-Dioxatricyclo[3.2.1.02~4~octane-6exo-curboxyliC acid 114). - The 

acid 9 (2X g, 14 mmolf was treated with aqueous 90% formic acid (30 mL) and 
aqueous 35% hydrogen peroxide (9 mL) for 2 h at 60”. The mixture was concen- 
trated and the residue was crystallised from ethanol to give 14 (2.0 g, 89%) as prisms, 
m.p. 127-128”; lit3 m.p. 131-132”. ‘H-N.m.r. data: 6 4.70 (s, 1 H, H-5), 4.48 (d, 1 

K J1,7exo 4.5 Hz, H-l), 3.42 (s, 2 H, H-2,3), 2.67 (dd, 1 H, &j&&j 9, J6,TeX04.5 Hz, 
H-6), 2.10 (dt, 1 H, J7,7 12 Hz, H-7exo), and 1.76 (dd, 1 H, H-7endo). 

Anal. Calc. for C7H8Q4: C, 53.85; H, 5.16. Found: C, 53.45; H, 5.17. 
klethyl (+)-exo-3,8-dioxutricyc~o~.2.I.02.4~octane-6exo-carboxylute (15). - 

A mixture of the ester 10 (2.12 g, 13.8 mmol), ~-chloroperbenzojc acid (5.38 g, - 40 
mmol), and dich~oromethane (60 mLf was stirred for 2 h at room temperature, and 
then concentrated. The residue was extracted with ethyl acetate (250 mL), and the 
extract was washed successively with aqueous 10% sodium thiosuifate, aqueous 
sodium hydrogencarbonate, and aqueous sodium chloride, dried, and then concen- 
trated. The product was eluted from a column of silica gel with ethyl acetate-hexane 
(1:3) to give 15 (1.94 g, 83%) as a syrup. ‘H-N.m.r. data: S 4.75 (s, 1 H, H-5), 4.55 
(d, 1 H, J1,7 4.5 Hz, H-l), 3.72(s, 3 H, ester), 3.32(s, 2 H, H-2,4), 2.40(dd, 1 H, 56.7 
4.5, &,, 9 Hz, H-6), 2.20 (dt, 1 H, J,,? 12 Hz H-7), 1.72 (dd, 1 H, H-7’}. 

Anal, Calc. for CSHn,04: C, 56.47; H, 5.92. Found: C, 56.61; H, 5.80. 
(+-)-6exo-Acefoxymethyi-exo-3,8-dioxatr~~y~~o~3.2.I,d~4]ocrane (16). - The 

ester 15 (97 mg, 0.57 mmol) was treated with lithium alumin~um hydride (23 mg, 
0.61 mmoi) in tetrahydrofuran (3 mL) for 1 h at room temperature. The mixture was 
processed as in the preparation of 3 and the product was acetylated in the usual way, 
to give 16 (67 mg, 64%) as a syrup. ‘H-N.m.r. data: 6 4.47 (d, 1 H, J1,7 4.5 Hz, H-l), 
4.34 (s, 1 K-l, H-5), 4.28-3.60 (m, 2 H, CH20Ac), 3.26 (s, 2 H, H-2,4), 2.04 (s, 3 H, 
OAc), 1.66 (dd, 1 H, J6,7 7.2, J,,, 12 Hz, H-7), 1.31 (dt, 1 H, J,,7, 4.5 Hz, H-7’). 

Anal. Calc. for C9H120*: C, 58.69; H, 6.57. Found: C, 58.58; H, 6.54. 
DL-(1,2,3,5/4)-(17), DL-(l/2,3,4,5)- (U), and ~~-~~,2/3,4,5~-5-Acetoxy~e- 

thy~-l,Z,3,4-fri-O~cetyl-I,2,3,4-cyclohexanetefrol(19). - A mixture of 12 (200 mg, 
0.70 mmol), acetic acid (4.2 mt), acetic anhydride (2.4 mL), and cont. sulfuric acid 

(0.24 mL) was heated in a sealed tube for 60 h at IOO”, and then poured into 
ice-water, The solution was processed as in the preparation of 6 and the products 
were eluted from a column of silica gel (30 g) with 2-butanone-toluene (1:30) to give 
three fractions, which were crystallised from ethanol to give X9 (60 mg, 22%) as 
prisms, m.p. 142-143” (lital m.p. 147-148”), 17 (30mg, 11%) as prisms, m.p. 125- 
125.5” (lit.” m.p. 123-125”), and 18(90mg, 33%)as prisms, m.p. 110.5-112” (lit.r2 
m.p. 111-112”). The ‘H-n.m.r. spectra of 17, 18 and 19 were identical to those of 
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the respective authentic samples” -13. 
~~-(l,2,4/3,6)-4-Acetoxymethyl-Z,2-di-O-acefy~-3,6-dibromo-l,2-cyc~ohex- 

anediol(20) and 3,6-dibromo-4-bromomethylcyciohexane (21). - A mixture of 13 
(2.0 g, 7.0 mmol) and 20% hydrogen bromide in acetic acid (1X mL) was heated in a 
sealed tube for 36 h at 80”. The mixture was processed as in the preparation of 7 and 
the products were eiuted from a column of silica gel with 2-butanone-toluene (I : 17) 
to give, first, 21 (2. I g. 66%) as prisms, m.p. 118-l 19’ (from ethanol). ‘I-I-N.m.r. 
data: 6 5.71 (dd, 1 H, Jr,2 3, J2,s 10.5 Hz, H-21, 5.32 (t, 1 H, 31,6 3 Hz, H-l), 4.29 
(m, H-6), 4.20 (t, I F-1, J3,4 IO.5 Hz, H-3), 3.96 (dd, 2 H, .f,,, 3, J?,, 11.3 Hz) and 
3.58 (dd, 1 H, J4,7. 3 Hz) (CHZBr), 2.12 and 2.05 (2 s, each 3 H, 2 OAc). 

Anal. Calc. for Cr rHISBr304: C, 29.30; H, 3.35. Found: C, 29.50; H, 3.32. 
Eluted second was 20 (0.36 g, 12X), isolated as prisms, m.p. 92-93”. ‘H- 

N.m.r. data: 6 5.72 (dd, 1 H, Jr,2 3, .32,3 IO.5 Hz, H-2), 5.42 (t, 1 H, J1,6 3 Hz, H-I), 
4.35 (m, 1 H, H-6), 4.38 (d, 2 H, f4,, 3 Hz, CH,OAc), 4.14 (t, 1 H, & 10.5 Hz, 
H-3), 2.16, 2.13, and 2.08 (3 s, each 3 L-I, 3 OAc). 

Anal. CaIc. for Gr3HrsBr206: C, 36.30; H, 4.22. Found: C, 36.44; H, 4.17. 
Tr-eatment of 21 (47 mg, 0.10 mmoi) with anhydrous sodium acetate (17 mg, 

0.21 mmol) in ~,~-dimethylformamide (1.5 mL> for 20 h at 60° gave 20 (40 mg, 
90%) as prisms (from methanol), identical to the above compound in all respects. 

Dt-(f,Z,4/3,6)-4-Aceto~ynaerhy~-1,2-di-O-acefyI-3,6-diazido-1,2-cycfohex- 

anediol (22). - A mixture of the dibromide 20 170 mg, 0.16 mmol) and sodium 
a&de (33 mg, 0.51 mmol) in aqueous 90% 2-methoxyethanoi was boiled under re- 
flux for 1.5 h and then concentrated. The residue was extracted with ethyl acetate 
and the usual work-up gave the product, which was &ted from a column of silica 
gel with ethyl acetate-hexane (1:5.5) to give 22 (43 mg, 87%) as needies, m.p. 60- 
60.5” (from ethanol). ‘H-N.m.r. data:.65.30(t, 1 H, Jr.2 = J1,6 = 3 Hz, H-l), 5.13 
(dd, I H, & 10.5 Hz, H-2}, 4.37 (d, 2 H, J4,7 3 Hz, CN@Ac), 3.90 (bq, I H, f 3 
Hz, H-6), 3.59 (t, 1 H, Js,* 10.5 Hz, H-3), 2.13, 2.l0, and 2.07 (3 s, each 3 H, 3 
OAc). 

Anal. Calc. for Cf3H1sN606: C, 44.07; H, 5.12; N, 23.72. Found: C, 43.99; 
H, 5.08; N, 23.75. 

~r-lf,#/2,3,5)-1,4-r)iacetumido-5-acetoxy~e~~y~-2,3-di_- 

hexunedio? (23). - A solution of 22 (130 mg, 0.37 mmol) in methanol (2 mL) and 
acetic anhydride (1 mL) was hydrogenated in the presence of Raney nickel at an 
initial hydrogen pressure of 3.4 kg/cm2 (Parr apparatus) overnight at room tem- 
perature. The product was eiuted from a column of silica gel with ethanol-toluene 
(X:5) to give 22 (115 mg, 8l‘X) as an amorphous solid. ‘I-I-N.m.r. data: 6 7.54 and 
6.73 (2 bd, each 2 H, J 9 Hz, 2 NNAc), 5.30 ft. I H, J1,2 = & = 3 Hz, H-Z), 5.20 
(dd, 1 H, J3.4 10.5 Hz, H-3), 4.25-4.00 (m, 2 H, W-1,4), 4.10 (d, 2 H, .J4,7 3 Wz, 
CEI,OAc), 2.14, 2.06, 1.98, f .97, and 1.94 (5 s, each 3 H, 2 NHAc and 3 OAc). 

Anal. Caic. for C17t126NZ08~H20: C, 50.48; H, 6.48; N, 6.93. Found: C, 
50.58; H, 6.36; N, 6.76. 
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We thank Mr. Akio Takahashi for the elemental analyses, Dr. Noritaka Chida 
for measurement of the 4~~M~ ‘f-I-n.m.r. spectrum, and Mr. Masayasu Ara for a 
first preparation of compound Ii from a mixture of the en&-acid 1 and exo-acid 9. 
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