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Abstract 

Trans-opening of the 2,3-anhydro-6-deoxy-4-0-methyl-a-D-allopyranoside with lithium 
bromide yields the altro and gluco regioisomers methyl 2-bromo-2,6-dideoxy-4-O-methyl-d+ 
D-altropyranoside and methyl 2-bromo-3,6-dideoxy-4-O-methyl-cr-I)glycopyranoside which 
can be hydrolysed to give the sugar precursors 2-bromo-2,6-dideoxy-4-O-methyl-a/P-Dal- 
tropyranose and 3-bromo-3,6-dideoxy-4-U-methyl-Dglucopyranose. Under Mitsunobu condi- 
tions the altro compound yields the first 1,3-anhydro-altrose derivative. In case of the gluco 
derivative alkaline treatment does not give a 1,3-anhydro-glucose derivative but the 2,6-dide- 
oxy-altrose via intermediate 2,3-epoxide formation. Methanolysis and reductive debromina- 
tion under photolytic initiation were studied. 0 1997 Elsevier Science Ltd. 

Kqwwrds: 2,6-Dioxabicyclo[3.1. Ilheptanes; I ,3-Anhydro-cu-t-altropyranoside; 2,6-dideoxy; Thromboxane; Model 
compounds 

1. Indroduction 

In thromboxane A molecules [1,2] the 2,6-di- 
oxabicyclo[3.1. llheptane system is the highly reac- 
tive oxetane substructure which causes the decisive 
vascular contraction. By hydrolysis of TXA, the 
more stable but physiologically non-active TXB, has 
been synthesized previously by several groups [3-51. 
A number of heterosubstituted TXA, analogues with 
higher stability against hydrolysis have also been 
prepared [6]. The first racemic TXA, model com- 
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pounds with enhanced hydrolytic stability were pub- 
lished by Fried et al. [7] employing fluoro-stabilized 
precursors. Another racemic model was described by 
Still et al. [8], and this group subsequently published 
the synthesis of TXA, itself by cyclisation of TXB, 
[9,10]. Previously Schuerch et al. were the first to 
describe syntheses of 2,6-dioxabicyclo[3.1.1 lheptanes 
in the sugar series [ 1 I- 141 in the course of their 
polymerisation studies to give 1,3-glycanes. Their 
systems were 2-substituted derivatives with D-gluco 
or D-ma12Y10 configuration and later Kong et al. re- 
ported on the preparation of other 1,3-anhydro sugar 
derivatives [ 1%171. We were interested in a sugar- 
based approach to enantiomerically pure TXA, mod- 
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els which would require 2-deoxy compounds having 
the D-rib0 configuration. Such a system in turn should 
be easily accessible from glucose according to a 
series of established reactions, and the final cyclisa- 
tion to the 1,3-anhydro system should make use of an 
intramolecular nucleophilic substitution reaction. 

R2 

TXA2: QH 

R1 = H3Cw 

R2= H02Ce - 

2. Results and discussion 

Methyl a-D-glucopyranoside was benzylidenated, 
mesylated and transformed into the al10 epoxide [ 181. 
Oxidative benzylidene ring opening with NBS, 
debenzoylation and reductive debromination gave the 
epoxide 1 [ 191 as a versatile precursor. For 1,3- 
anhydro sugar model the 4-position was methylated 
employing the old but very mild Purdie method with 
methyl iodide/silver oxide [20] to give the crystalline 
ether derivative 2 in over 90% yield. 

A favourable access to bromohydrines employing 
commercially available lithium bromide could be fol- 
lowed in analogy to epoxide openings with lithium 
iodide [21,22]. By trans-opening according to the 
First-Plattner rule [23] both regioisomers with altro 
(3) and gluco configuration (4) were obtained as 
crystals in a ratio of about 1: 1. As has been shown 
previously [22] the altro compound 3 is formed by 
S,2 attack of bromide at C-2 of 2 in the OH, (D) 
half-chair conformation. Similarly, 2 in the inverted 
‘Ho (D) half-chair conformation would be preferen- 
tially attacked at C-3 to give the gluco compound 4 
in the ‘C, (D) conformation, which readily adopts 
the normal 4C, (D) chair conformation. 

For cleavage of the methyl glycosides [24], treat- 
ment with strong acid ion exchange resin for four 
days at 80 “C proved to be mild enough to leave 
intact the 4-methyl ether function. However, the 
turnover was only about 50% which required chro- 
matographic regeneration and reuse of the recovered 
glycoside. The altrose derivative 5 was obtained as a 
syrupy anomeric mixture (iH NMR: (Y:P - 1: 1). 

Similarly, the glucose derivative 6 was obtained as an 
anomeric mixture and assigned (‘H NMR: (Y: p - 
1:1.75) 

Attempts to construct a 1,3-anhydro sugar in the 
gluco series having an electron attracting 2-OH group 
were made with 6, the c-u-anomer of which was 
expected to be converted by basic deprotonation of 
l-OH and intramolecular S,2 attack at C-3. With 
n-butyl- or methyllithium (cf. lit. [ 13,141) complex 
mixtures resulted but treatment of 6 with sodium 
hydride under argon in benzene after 20 min at 0 “C 
gave exclusively an anomeric mixture ( (Y : p = 2: 1) of 
2,6-dideoxy-4-@methyl-D-ribo-hexopyranose (8). 
Apparently, in this case the well known but undesired 
epoxide formation from vicinal halohydrines [25,26] 
dominated to give the intermediate 2,3-epoxide ex- 
clusively. This in turn would have been expected to 
readily undergo a hydride opening, both at C-2 and 
C-3 corresponding to the opening of 2 with bromide. 
We assume that the regiospecific nucleophilic attack 
by hydride at C-2 occured via the open chain 2,3- 
epoxide, in which the nucleophile enjoyed direc- 
tionary effects from the aldehyde function. 

Both anomers, 8 (Y and Sp, exhibit coupling con- 
stants in the ’ H NMR spectra which deviate consider- 
ably from the normal 4C, (D) chair conformations as 
for instance in the corresponding digitoxose. Based 
on the coupling constants J ,5 = 1.5 Hz for a 1~x0 
compound in virtually pure ‘C, (D) form [27] and 
J4,5 = 10.0 Hz for digitoxose in practically pure 4C, 
(D) form the molar fractions of 8 (Y and 8 p could be 
calculated [28]. Both in Sa and Sp the ‘C, (D) chair 
forms dominate by 70% and 90% in chloroform, 
respectively, which may be interpreted as a result of 
steric and polar interactions (Scheme 1). 

Treatment of the 2-bromo-altro derivative 5 with 
trimethyl phosphite and diethyl azodicarboxylate in a 
Mitsunobu reaction [29] was to generate an anomeric 
leaving group [8-121. By reaction at 0 “C under 
argon for 30 min the cyclisation could be effected to 
give the 1,3-anhydro compound 7. Quick workup and 
inspection of the novel material by ‘H NMR and 2 
D-COSY spectroscopy revealed the oxetane substruc- 
ture. In the spectrum the anomeric proton shows a 
triplet at 6 5.53 with a vicinal J, 2 and a long-range 
J, 3 coupling of 3.8 Hz each. Such long-range cou- 
plings are typical of oxetanes [30] as well as planar 
compounds with the coupling protons in a zig-zag 
arrangement [3 1,321. Long-range couplings of com- 
parable magnitude were observed in the NMR spectra 
of the corresponding bicyclo[ 1.1 .O]butane [33] or bi- 
cyclo[2.l.l]hexane [34]. Further, the identity of 7 
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Scheme 1. 

could be underlined by a chemical ionisation mass 
spectrum. 

Physiological tests of thromboxane derivatives 
make use of the Krebs-Henseleit approach with a 
rabbit aorta [2,35] and it was shown that often the 
physiological activity of these compounds runs paral- 
lel to the hydrolysis rate. Therefore, determination of 
methanolysis of 7 in dry deuterochloroform was per- 
formed to reveal a half life of about 20 min. This half 
life is in the same order of magnitude as that of 
comparable TXA Z models [8,36,37], but relatively 
small in comparison with TXA, itself, yet much 
smaller than that of the fluoro-stabilized models of 
Fried et al. [7]. 

After complete methanolysis of 7 both the methyl 
2-bromo-a-D-altro derivatives 3 and the correspond- 
ing methyl p-anomer of 3 (not depicted) could be 
determined in the ratio 1: 1. Apparently, following 
protonation the resulting oxocarbenium intermediate 
was attacked from both faces. Such a mechanism is 
in keeping with that expected for anhydro sugars [38] 
and that of I-hydroxy-oxetanes [39]. It was of interest 
to study the debromination of this enantiomerically 
pure 2,6-dioxabicyclo[3.1. llheptane system, with ribo 
configuration 7. The radical debromination of the 

axially disposed bromine atom was performed ac- 
cording to a protocol of previous communications 
[8- 101 using tributylstannic hydride and catalytic 
amounts of a radical initiator (AIBN) under irradia- 
tion at 364 nm in deuterobenzene. The process was 
monitored by ‘H NMR spectroscopy but signals of 
the debrominated 2,6-dioxabicyclo[3.1. llheptane 9 
could not be unequivocally identified. Apparently, 
the system was extremely labil to hydrolysis and 
therefore after 30 min a mixture of compounds 5 and 
8 in the ratio 1:2 was detected. Compound 5 is 
assumed to result from hydrolysis of the starting 
oxetane 7 the half life of which was about 20 min. 
The 2,6-dideoxy-altro compound 8 is supposed to be 
formed from the labile intermediate 9, however, an 
alternative pathway directly via 5 cannot be excluded. 

3. Experimental 

General methods.-Melting points were deter- 
mined with a Reichert hot-stage microscope. Specific 
optical rotations were measured with a Perkin-Elmer 
Polarimeter 241. NMR spectra were recorded with a 
Bruker WM 300 (‘H: 300 MHz; “C: 75.43 MHz) 
and a Bruker 360 (‘H: 360 MHz; ‘jC: 90.52 MHz) 
instrument, for solutions in CDCl, unless otherwise 
specified. Thin-layer and column chromatography 
were performed on precoated silica gel plates (Merck 
60 F254) and on Kieselgel 60 (Merck 230-400 mesh), 
respectively. All reaction products were detected by 
TLC on silica gel 60 F254 (Merck) by quenching of 
fluorescence and/or charring with 10% ethanolic 
H,SO,. 

Methyl 2,3 - anhydro - 6 - deoxy - 4 - 0 - methyl- Q - I) - 
allopyrunoside (2).-Alloepoxide 1 [ 191 (300 mg, 
1.8 mmol) was dissolves in methyl iodide (7 mL) and 
after addition of freshly prepared silver oxide (2.5 g, 
18 mmol) the mixture was heated under reflux for 3 
h. After filtration and twofold extraction of the residue 
with hot CHCl, evaporation of the solvent gave a 
raw material which was purified by column chro- 
matography on silica gel (I:3 EtOAc-toluene). Yield 
290 mg (92%): mp 76.9 “C; [ a]~f + 194” ((. 0.5, 
CHCl,). ‘H NMR (300 MHz, CDCl,): 6 4.82 (d. 1 

H* 51.2 2.3 Hz, H-l), 3.50 (dd, 1 H, J2,? 2.7 Hz, 
H-2), 3.53 (dd, 1 H, J,,, 1.2 Hz, H-3), 3.24 (ddd, 1 

H, J-1.5 9.1 Hz, H-4), 3.85 (dq, 1 H, Js.h 6.3 Hz, 
H-5), 1.23 (d, 3 H, CH,-61, 3.44 and 3.51 (each s, 
each 3 H, OCH,). Anal. Calcd for C,H,,O, (174.2): 
C, 55.16; H, 8.10. Found: C, 55.29; H, 8.12. 

Methyl 2 - hromo - 2,6 - dideoxy - 4 - 0 - methyl - (Y - D - 
altropyranoside (3) and meth>~l 3-hromo-3,6-dideoxy- 
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4 - 0 - methyl - (Y - D - glucopyranoside (4).-A soln of 
compound 2 (2.5 g, 14.3 mmol) in CHCl, (60 mL) 
was stirred with glacial acetic acid (0.86 g, 14.3 
mmol), NaOAc (1.23 g, 15.0 mmol) and lithium 
bromide (3.5 g, 44.3 mmol) for 8 h at r-t. The mixture 
was washed with aq sodium thiosulfate and NaHCO, 
soln, extracted with EtOAc, the extract dried (MgSO,) 
and the solvent evaporated. Purification and separa- 
tion of the regioisomers was on silica gel with 2:l 
toluene-EtOAc. Compound 3: yield 1.53 g (42%); 
mp 93 “C; [a]: +86.4” (c 0.5, CHCl,). ‘H NMR 
(300 MHz, CDCl,): 6 4.79 (d, 1 H, .I,,, 1.4 Hz, 
H-l), 4.17 (dd, 1 H, J,,, 3.7 Hz, H-21, 4.20 (ddd, 1 
H, 1, 4 3.0, J,.._, 7.1 Hz, H-3), 3.42 (dd, 1 H, & 
9.0 Hz, H-4), 3.94 (dq, 1 H, & 6.3 Hz, H-51, 1.31 
(d, 3 H, CH,-6), 3.10 (d, OH-31, 3.37 and 3.40 (each 
s, each 3 H, OCH,). 

Compound 4: yield 1.31 g (36%); mp 87 “C; [ a]~ 
+74.5” (c 0.8, CHCl,). ‘H NMR (300 MHz, CDCl,): 
6 4.69 (d, 1 H, J,,, 3.7 Hz, H-l), 3.74 (ddd, 1 H, I,,, 
10.4, J, OH-2 8.7 Hz, H-21, 4.06 (dd, 1 H, J,,, 10.2 
Hz, H-3), 2.99 (dd, 1 H, J4,5 9.6 Hz, H-41, 3.63 (dq, 
lH, J5,6 6.2 Hz, H-51, 1.33 (d, 3 H, CH,-61, 2.47 (d, 
1 H, OH-2), 3.44 and 3.61 (each s, each 3 H, OCH,). 
Anal. Calcd for CsH,,BrO, (255.1): C, 37.67; H, 
5.93. Found: C, 37.91; H, 5.73. 

2-Bromo-2,6-dideoxy-4-O-methyl-a/P-D- 
altropyranose (5).-A soln of compound 3 (225 mg, 
0.88 mmol) in water (100 mL) was stirred with 
Lewatit SP 1080 (2 g) for 4 d at 80 “C. After 
filtration and evaporation the residue was purified on 
silica gel (2:3 toluene-EtOAc). The syrupy product 
(102 mg, 48%) was obtained as an a/p-mixture 
(l:l, ‘H NMR); [cx]~ + 19” (c 0.6, CHCl,). ‘H 
NMR (300 MHz, CDCl,): 5~: 6 5.15 (dd, 1 H, J,,, 

1.3, JLCW 9.7 Hz, H-l), 4.30 (dd, 1 H, J2,3 3.5 Hz, 
H-2) 4.39 (ddd, 1 H, J3,‘, 3.2, J3,0H_3 7.2 Hz, H-3), 
3.40 (dd, 1 H, J4,5 9.6 Hz, H-41, 4.09 (dq, 1 H, J5,6 
6.3 Hz, H-5), 1.35 (d, 3 H, CH,-61, 2.76 (d, 1 H, 
OH- I), 3.28 (d, 1 H, OH-31, 3.46 (s, 3 H, OCH,); 
5p: 6 4.96 (dd, 1 H, J,,, 1.5, Jl,OH_l 11.3 Hz, H-l), 
4.39 (dd, 1 H, J2,3 3.6 Hz, H-21, 4.41 (ddd, 1 H, J3/, 
3.0, J, OH-3 7.4 Hz, H-31, 3.47 (dd, 1 H, Ja5 9.6 Hz, 
H-41, 3.82 (dq, 1 H, J5,6 6.3 Hz, H-51, 1.32 (d, 3 H, 
CH,-61, 1.76 (d, 1 H, OH-l), 3.35 (d, 1 H, OH-31, 
3.43 (s, 3 H, OCH,). Anal. Calcd for C,H,3Br0, 
(241.1): C, 34.87; H, 5.44. Found: C, 34.96; H, 5.44. 

3-Bromo-3,6-dideoxy-4-O-methyl-a/P-o- 
glucopyranose (6).-A soln of compound 4 (30 mg, 
1.17 mmol) in water (120 rnL) was stirred with 
Lewatit SP 1080 (2 g) for 4 d at 50-80 “C. After 
filtration and evaporation the residue was purified on 

silica gel (2:l toluene-EtOAc). The syrupy material 
(152 mg, 54%) was obtained as an a/p-mixture 
(1:1.75, ‘H NMR); [cy]“,” +28” (c 1.0, CHCl,). ‘H 
NMR (300 MHz, CDCl,): 6~: 6 4.51 (d, lH, J,,, 
3.7 Hz, H-l), 3.70 (ddd, 1 H, J,,, 10.0, J2,0H_2 9.8 
Hz, H-21, 3.79 (dd, 1 H, J,,, 9.5 Hz, H-31, 3.01 (dd, 
1 H, J4,5 9.2 Hz, H-41, 3.34 (dq, 1 H, Js,6 6.1 Hz, 
H-51, 1.31 (d, 3 H, CH,-61, 2.72 (s, 1 H, OH-l), 3.45 
(d, 1 H, OH-21, 3.57 (s, 3 H, OCH,); 6/3: 6 5.15 (d, 
1 H, J,,, 7.4 Hz, H-l), 3.45 (dd, 1 H, J2,3 10.2 Hz, 
H-2), 4.60 (dd, 1 H, J,,, 9.6 Hz, H-31, 2.93 (dd, 1 H, 
J4,s 9.2 Hz, H-41, 3.88 (dq, 1 H, J5,6 6.3 Hz, H-5), 
1.26 (d, 3 H, CH,-61, 2.44 (s, 1 H, OH-l), 3.01 (s, 1 
H, OH-21, 3.53 (s, 3 H, OCH,). Anal Calcd for 
C,H,,BrO, (241.1): C, 34.87; H, 5.44. Found: C, 
34.78; H, 5.31. 

I,3-Anhydro-2-bromo-2,6-dideoxy-4-O-methyl-a-D- 
altropyranoside (7).-Under argon trimethylphos- 
phite (0.1 mL, 0.82 mmol) was dissolved in dry 
CHCl, (2 mL) and at 0 “C diethylazodicarboxylate 
(0.1 mL, 0.6 mmol) was added and the mixture 
stirred at rt for 5 min. The altro derivative 5 (12 mg, 
0.05 mmol) was dissolved in dry CHCl, (1 mL) and 
0.2 mL of the above soln was added at 0 “C under 
argon and stirred for 30 min. The reaction mixture 
was evaporated to dryness, the residue dissolved in 
dry 1:2 EtOAc-toluene and quickly purified on silica 
gel by flash chromatography (2: 1 EtOAc-toluene). 
The product (8 mg, 70%) was obtained in about 80% 
purity as indicated by ‘H NMR. ‘H NMR (300 MHz, 
CDCl,): 6 5.53 (dd, 1 H, J,,, 3.8, J,,, 3.8 Hz, H-l), 
4.91 (dd, 1 H, J2,3 6.3 Hz, H-2),4.87 (dd, 1 H, J3,4 0 
Hz, H-31, 3.59 (dd, 1 H, J4,5 6.2 Hz, H-41, 4.06 (dq, 
1 H, J5,6 6.5 Hz, H-51, 1.46 (d, 3 H, CH,-6), 3.32 (s, 
3 H, OCH,). MS: C,H,,BrO, (223.1); m/z= 241 
[M + 18]+. 

2,3-Dideoxy-4-O-methyl-a/ P-D-ribohexopyranose 
(8).-Under argon the 3-bromo altro derivative 6 
(12.1 mg, 0.048 mmol) was dissolved in anhyd 
deuterobenzene (1 mL) and treated at 0 “C with 
sodium hydride (3 mg, 0.1 mmol, obtained from the 
paraffin suspension by washing with deuterobenzene) 
for 20 min. The crude reaction mixture ( a/P = 2: 1, 
‘H NMR) was studied by ‘H NMR (300 MHz, 
C,D,): 8a: S 5.36 (ddd, 1 H, J1,2a 5.1, J1,2e 0.4, 
J l,OH_, 9.9 Hz, H-l), 1.56 (ddd, 1 H, Jzaze 13.4, Jza3 
5.2 HZ, H-2a),l.77 (ddd, 1 H, J2e,3 2.2 HZ, H-2& 
2.99 (ddd, 1 H, J,,, 6.4, J3,0H_3 9.0 Hz, H-31, 2.98 
(dd, 1 H, J4,5 2.1 Hz, H-41, 4.31 (dq, 1 H, J5,6 6.6 
Hz, H-5), 0.91 (d, 3 H, CH,-6), 3.01 (d, 1 H, OH-l), 
3.00 (m, 1 H, OH-31, 2.79 (s, 3 H, OCH,); Sp: 6 
5.30 (ddd, 1 H, J1,2a 4.1, J1,2e 3.1, J, OH_l 8.2 Hz, 
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H-l), 1.84 (ddd, 1 H, J2a,2e 13.2, J2a,3 5.4 Hz, H-2a), 
1.99 (ddd, 1 H J2e,3 2.5 Hz, H-2e), 3.49 (ddd, 1 H, 

J,,, 6.0, J,,,“~.? 8.3 Hz, H-31, 2.90 (dd, 1 H, J4,5 4.1 
Hz, H-41, 4.20 (dq, 1 H, Js,6 6.5 Hz, H-5), 1.26 (d, 3 
H, CH,-61, 3.24 (d, 1 H, OH-l), 3.00 (m, 1 H, 
OH-31, 2.98 (s, 3 H, OCH,). 

Methanolysis of compound 7.-In an NMR tube 
compound 7 (8 mg, 0.03 mmol) was dissolved in dry 
deuterochloroform (1 mL) and treated with dry MeOH 
(0.1 mL). The solvolysis rate was determined by 
integration of the ‘H NMR signal monitoring the 
decreasing amount of starting material 7 (4 min: 
92%; 10 min: 77%; 17 min: 58%; 30 min: 30%). 
After completion of the reaction methyl 2-hromo- 
2,6-dideoxy-4-O-methyZ-a!- (3) and the corresponding 
-P-D-altropyranoside (no number) could be assigned 
by ‘H NMR analysis in a ratio of 1: 1. In the mixture 
the ‘H NMR spectrum showed typical signals for 
methyl 2-hromo-2,6-dideoxy-4-O-methyl-P_D-al- 
tropyranoside: ‘H NMR (300 MHz, CDCl,): S 4.52 
((1, 1 H, J,,z 2.2 Hz, H-l), 3.84 (dq, 1 H, J1,s 9.2, 
Ji.h 6.3 Hz, H-51, 1.38 (d, 3 H, CH,-6). 

Photolysis og compound 7.-To a soln of 1,3- 
anhydro-2-bromo derivative 7 (8 mg, 0.03 mmol) in 
dry deuterobenzene (1 mL) under argon tri-n-butyls- 
tannic hydride ( 12.0 mL, 0.045 mmol) and a catalytic 
amount of azobisisobutylnitrile were added. The mix- 
ture was irradiated at 364 nm for 30 min and the 
resulting mixture directly monitored by ‘H NMR. 
NMR signals of compounds 5 and 8 could be un- 
equivocally assigned in a ratio of 5:s = 1:2. 
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