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ABSTRACT 

Triphenylphosphine and diethyl azodicarboxylate react with 1,2-O-isopropylidene- 
a-~-xylo- (1) and ribohanose (2) to give six-membered-ring phosphoranes. Xylohanose 
1 undergoes cyclodehydration to produce oxetane 17 in 85% yeld, but ribohanose 2 
gives a pyrazolidine derivative 19 in 80% yield. In the presence of 2- 
mercaptobenzohazole, the desired 5-S-(benzothiazol-2-y1)-5-thio derivatives 3 and 4 were 
isolated in 80% yield. 31P NMR examination of this Mitsunobu duofunctionahation reveals 
the presence of an alkoxytnphenylphosphonium species as the most stable intermekate 
which reacts with the thio-nucleophile via SN2 m a rate h t h g  step. 

INTRODUCTION 

S&-containing saccharides have become fiequently used as chnal synthons. 

A recent paper' has introduced new heterocyclelthiosugar hybrids which can be ready  

prepared using miscellaneous ho-nucleophiles in the Mitsunobu reaction.' These 
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114 MORAVCOVA ET AL. 

uncommon hosugars can easily be transformed into the corresponding deoxy sugars? 

chiral vinyl sulfone~,~ or can promote C-alkylation.' Exceptionally mild and convenient 

conditions of the regioselective thiohct ionaht ion of the primary hydroxyl b c t i o n  of 

hexo~ides',~ associated with reasonably hgh yields prompted us to focus on the unexplored 

case of partially protected pentofuranoses. 

RESULTS AND DISCUSSION 

The readily available6 1,2-O-isopropylidene-a-~-xylofUranose (1) and 1,2-0- 

kopropyhdene-a-D-nbohanose (2) were chosen as model compounds and after reaction 

with 2-mercaptobenzothiazole (HetSH), crystalline products 3 and 4 were isolated in ca. 

80% yield. During optimization, it was found that the reaction rate could be affected by the 

order of addition of reagents, so we decided to investigate the mechanism of the title 

reaction using 3 1 ~  NMR. 

1 R ] = O H , R 2 = H  3 Rl=OH,R;! = H 
2 R]=H,R; !=OH 4 Ri = H, R2 = OH 

The mechanism of the Tvhtsunobu ester&cation,* employing a mixture of 

triphenylphosphme and a Qalkyl azodicarboxylate, has been well doc~mented'"~ and 

Scheme 1 shows many of the possible intermedates generated during t h ~ ~  reaction and the 

effects produced by adding acids or alcohols to the transient betaine 5. ' I hs  betaine is 

formed through an irre~ersible'~ nucleophdic attack of the phosphme on a nitrogen atom 

under a standard mode of adhtion (e.g. addmg the azodicarboxylate to a solution of 

triphenylphosphine (TPP), the alcohol and the carboxylic acid in tetrahydrohau). 

However, when the acid is added last, or when a large excess of azodicarboxylate and TPP 

is present, a raQcal chain mechanism can also be envisaged.*' The attack of the carboxylate 
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REGIOSELECTIVE MITSUNOBU THIOFUNCTIONALIZATION 115 

P b P  + ROOC-N=N-COOR 0 
acy’anhydride f.- PbP-OCORz 

formation A 

5 ROOC-~;~-N-COOR 

YOOR 

OCORZ 
p‘p’OCOR2 

7 yk3 8 
OCORz 

I / 
/ 

ROOC-N-NH-COOR 0 /RIOH / 
,, I’ RlOH ROOC- NH - NH -COOR 

+ / 

12 

1 11 
i 

formation of epoxides, ester with inversion ester with retention 
anhydro derivatives of configuration of configuration 

and oxetanes 

Scheme 1 

on the triphenylphosphonium group of 5 yieldmg mono- and diacylated hydrazides was also 

observed.” If the carboxylic acid was replaced by hydrazoic acid in the a d o  modification 

of the Mitsunobu reaction other relatively stable intermediates of type 7 and 8 with an azido 

group attached were involved.” The complexity of these intermehates and the possibihty 

of radical side reactions depended strongly on the order of adhtion of reagents, thus it may 

influence the outcome of the Mttsunobu reaction in some cases. 

The key role was attributed to an equilibrium between the hoxatriphenylphosphorane 11 

and the oxyphosphonium ion pair 12 which can be affected by changes in the concentration 

or the pK, of the acid, and changes in the solvent polarity. 

Treatment of TPP (1.1 equiv) and diethyi azodicarboxylate (DEAD, 1 equiv) in 

pyridme at 10 “C under argon resulted in the immediate appearance of a dominant signal at 
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116 MORAVCOVA ET AL. 

Table 1. Relative abundance of phosphorane intermedates derived fiom furanoses 1 and 2 

Xylofuranose l a ,  Sp [ppm] 

Time [min] -50.29 -51.96 -55.04 -56.24 
~ 

0 73 14 10 3 

20 75 11 14 0 

40 79 5 16 0 

60 80 0 20 0 

Ribofbranose 2b, SP [ppm] 

Time [min] -51.24 -54.85 -56.68 -56.89 sum of minor 

0 19 16 0 65 0 

20 20 10 15 48 7 

40 40 6 22 20 12 

a. chloroform, 10 "C, molar ratio 1 : 5 = 1 : 1;b. pyridine, 10 "C, molar ratio 2 : 5 = 1 : 2. 

S p  +45.64 ~ p m , * ~  corresponding'. to the formation of 5. Addition of half an equivalent of 

xylofuranose 1 gave rise to a single sharp peak (SP -50.00 ppm) in the phosphorane 11 

(Scheme 1) region", l 2  of the 31P Nh4R spectrum, while adhtion of ribofbranose 2 

produced at least four sharp peaks, the relative proportions of which were time-dependent 

(Table 1). The highest-field (Sp -56.89 ppm) phosphorane was the least stable among them. 

The same results were obtained in THF and chloroform. As expected the peak due to 

remaining betaine 5 was st i l l  present.23 When this experiment was repeated with one 

equivalent of xylofuranose 1, the mixture of four phosphoranes was also formed (Table 1). 

These observations agree surprisingly well with the results for acyclic a,w-&ols described 

previously.",'' Under similar conditions, a,o-diols react with the betaine 5 to gwe cyclic 

doxatriphenylphosphoranes which appear to be oligomeric. ' I  Such phosphoranes undergo 

exchange reactions with one another to give mixed species. According to the chemical M 

assignments in the case of propane-l,3-&ol," the lowest-field signals (for 1: -50.3 ppm, for 

2: -5 1.2 ppm) can be readily assigned to six-membered-ring cyclic phosphoranes 13 and 14, 

respectively. The formation of analogous cyclic phosphoranes was also reported" for 

conformationally restricted 1,3-&0ls such as methyl 2,3-d1-O-benzoyl-cl-~-glucopyranoside 
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REGIOSELECTIVE MITSUNOBU THIOFUNCTIONALIZATION 117 

47.96 51.50 - 47.09 

Scheme 2 

(& -5 1.7 ppm) and methyl 2,3-di-O-@-tolylsulfonyl)a-D-galactopyranoside (Sp -52.9 

ppm). The 31P chemical shifts of phosphoranes originated fiom 1,2-O-kopropylidene-a-D- 

Ph3P !!ao Ph3P,&$ TCH2 O 

O T  
13 14 

-pentofuranose derivatives with only one fiee secondary hydroxyl group were also 

measured (Scheme 2). Their structures can be attributed to acyclic 0,O-phosphoranes of 

type 11 on the secondary 0-sites according to known type-11-phosphoranes (R = Et: Sp -54 

pprn,l’ R = iPr: Sp - 49.6 ppm,” R = 1,2:5,6-di-O-kopropylidene-cc-~-glucofuranos-3-y1: 

Sp -57.5 ~ p m , ” ~ ~  R = neopentyl: SP -57.5 ppm16). Interestingly, the phosphorane 15 was m 

equilibrium with the alkoxyphosphonium salt 16 (6~ +66.32 ppm) even in the absence of 

added acid. The direct observation of this equilibrium had not been described previously. 

HetS-CH2 

15 16 
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118 MOFUVCOVA ET AL. 

13 17 

Scheme 3 

Et00C-N-NH-COOEt 

18 

Scheme 4 

Furthermore, both phosphoranes 13 and 14 were unstable under the Mitsunobu 

con&ons. Treatment of 1 with DEAD and TPP at 80 "C for 45 min gave 3,5-anhydro- 

1,2-O-kopropylidene-cr-D-xylofuranose (17) in 85% yield as the result of attack of an 

mternal nucleophile (Scheme 3). In contrast, the rrbo-epimer 2 reacted14 predominantly 

with the conjugated base of diethyl N,N'-hydrazinodicarboxylate and the transient species 

18 underwent SN2 cyclisation to afford the pyrazolidine derivative 19 (Scheme 4), which 

was subsequently isolated by chromatography in 80% yield and its structure confirmed in 

the usual way ('H NMR, l3C NMR, MS). 

Addition of one equivalent of HetSH to the solution of phosphorane 13 generated 

from one equivalent of TPP and DEAD, and half an equivalent of 1 (pyridine, 10 "C, 5:  Zip 

+45.64 ppm, 13: tip -50.00 ppm) caused the immediate &appearance of the betaine 5 and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
1
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



REGIOSELECTIVE MITSUNOBU THIOFUNCTIONALIZATION 119 

Table 2. Relative abundance of alkoxyphosphonium intermediates obtained from hanoses  

1 and 2 in the Mitsunobu reaction with HetSH. 

Xylohanose 1, 6~ [ppm] 

+64.12 +64.98 +66.38 +66.72 

100 0 0 0 

74 6 14 6 

50 5 38 7 

0 0 100 0 

Time [min] hbohanose  2, 6~ [ppm] 

+64.40 +65.14 

100 0 

79 21 

60 40 

0 100 

20 

40 

60 

next day 

phosphorane 13 peaks and gave risez3 to several new peaks in the 31P NMR. Two signals at 

Sp +53.17 ppm and 51.97 ppm in a ratio 20 : 1 and a 

downfield-shifted peak at 6 p  +64.12 ppm appeared. At 

this moment, no product 3 was formed according to 

TLC thereforc the signal at Sp +64.12 ppm i n h ~ a t i v e ' ~ ~ ' ~  

of a phosphonium ion represents the primary 

oxyphosphonium intermediate 22. The intensity of its signal decreased with a time-rate 

following the appearance of adhtional signals in this 3'P NMR region (Table 2). As the 

intensay of the most stable alkoxyphosphonium salt (tip +66.38 ppm) increased, product 3 

was formed until it was the only signal present and no starting material 1 could be detected 

on TLC anymore. Clearly, the structure of this alkoxyphosphonium species must involve 

one molecule 3 and therefore, the descriptive formula 16 seems to be the most probable. 

The presence of 16 in the reaction mixture was also confirmed by a preparative experiment 

m whch the minor fraction of less polar products consisted in compounds 20 and 21 

resulting from its subsequent SN2 and E2 reaction, respectively. The formation of related 

compounds has previously been reported3 in the reaction of methyl D-hexopyranosides. 

0 
Ph3P-O-CH2 0 

Het!? qo 
di 22 

SN2 E2 
16 + HetS-CH2 

HetS 
20 21 
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120 MORAVCOVA ET AL. 

THF + 1  

10 oc 0.5 equiv phosphorane 
TPP +DEAD - betaine 5 - 13+ excess of betaine 5 

6p 44.77 ppm 6p - 50.06 ppm 6p 45.16 ppm 

+ HetSH oxyphosphonium species 
v 

2 equv 6p  63.49 ppm (very broad) 

Scheme 5 

The analogous experiment with ribohanose 2 led to the mixture of two 

oxyphosphonium species (Table 2) : the signal at 6 p  +64.40 ppm can be attributed to a ribo 

analog of 22 and this one at ZP +65.14 ppm to an oxyphosphonium cation of the product 4. 

Practically the same course of the reaction was found in THF as the solvent (Scheme 5 )  

with the exception that the interconversion of phosphonium species was not detectable due 

to the signal broadening. This is in accordance with the expectation that polar solvents 

should favor ion-pair formation. ''J' 
Changing the order of adhtion of the reagents to the betaine 5 solution gave similar 

but not identical results. Thus, addtion of HetSH (1 equiv) to the betaine 5 (6p 1-45.14 

ppm; 1 equiv) in pyridine at 10 "C afforded two signals at 53.21 ppm and 52.06 pprn in a 

ratio 20 : 1. When half an equivalent of 1 was introduced, the intensity of these peaks 

decreased and a new signal at 6~ +64.10 pprn appeared. After addtion of ribofuranose 2 

into the solution containing TPP, DEAD, and HetSH, the oxyphosphonium salt at lip 

+64.40 ppm appeared immediately as well. The further course of both reactions monitored 

by 31P NMR and TLC was the same as discussed in the previous experiment. No sign of the 

formation of dialkoxyphosphorane~~~ was observed and therefore it appears that in the 

presence of HetSH, oxyphosphonium species are stable in solution with respect to any 

possible phosphoranes. 

Finally, the generally accepted mode2 of the Wtsunobu reaction was tested. The 

solution of TPP, HetSH and xylohanose 1 was prepared first (pyridme, 10 "C, molar ratio 

1 . 1  : 1 : 0.5) and only the TPP signal was observed ( 6 p  -4.51 ppm). One equivalent of 

DEAD was then introduced directly into solution and the 31P NMR spectrum was recorded 

after 5 min. Surprisingly, two approximately equal phosphorus signals were present besides 
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REGIOSELECTIVE MITSUNOBU THIOFUNCTIONALIZATION 121 

Table 3. The 3'P IWR chemical M s a  of betaine 5 and protonated betaine 6 dependmg on 

experimental conditions 

5 lip [ppm] 6 6 p  [ppm] Acid Solvent Temperature References 

44.8 51 .5  fluoroboric 

44.8 

44.7 

44.9 52.3 hydrazoic 

43.7 

44 5 1  benzoic 

43.7 5 1.3 tduoroacetic 

44.9 53.1 fluoroboric 

43.9 

44.7 

45.4 

43.0 

44.0 50.0 benzoic 

CHCl3 

THF 

CHCl3 

THF 

THF 

THF 

THF 

benzene 

CHCl3 

DMF 

THF 

THF 

-3 0 

0 

0 

- 
0 

-78 

- 
- 
- 
- 

0 

25 

9 

9 

22 

17 

17 

13 

8 

8 

8 

8 

19 

15 

a. relative to external 85% phosphoric acid (Zip = 0) 

the smallest one (17 % rel) correspondmg to TPP. The peak at 6 p  +27.39 ppm (44 % rel) 

was attributed to TPPO and the downfield-shifted peak at Sp +64.17 ppm (39 % rel) was 

assumed to be 22. The composition of the solution changed very slowly during several 

hours (TPP - 17 %, TPPO - 51 %, and 22 - 32 YO after 3 hours) liberating the TPPO and 

the conversion was estimated to be 10 - 20 YO accordmg to TLC. The reason why this 
reaction is extremely slow is not yet clear and will be the object of fiuther investigations. 

Further experiments were centered on a reaction of HetSH with betaine 5 giving 

two signals in "P NMR spectrum at tip +53.17 pprn and Sp +51.97 pprn in an appro?knately 

20 : 1 ratio. As has been demonstrated by previous studies on the Mitsunobu reaction, the 

betaine 5 reacts with acids to produce a protonated betaine 6 (Scheme 1, Table 3) and 

therefore the reaction of betaine 5 with benzoic acid was examined at first (pyridine, 10 

"C). If only half an equivalent of benzoic acid was introduced, the signals of 5 and 6 were 
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122 MORAVCOVA ET AL. 

Table 4. Relative abundance of phosphonium species derived from 2- 

mercaptobenzothiazole 

5 - HetSH (2 : 1)” 

6p  [ppm] 54.40 53.38 52.30 51.24 50.52 

re1 % 5 70 2 18 5 

5 - benzoic acid - HetSH (2 : 1 : 2)” 

6 p  bpm] 54.70 53.64 52.63 

re1 YO 14 84 2 

5 - benzoic acid - HetSH (2 : 2 : 2)” 

6~ [ppm] 54.68 53.59 52.77 

re1 % 20 78 2 

a. a molar ratio 

unresolved correspondmg to a rapid chemical exchange.” On addmg one equivalent of 

benzoic acid, the signal of 6 was shifted to lower field ( 6 ~  +51.69 ppm) and when HetSH (1 

equiv) was iutroduced subsequently it dwappeared at once. Two new siguals were formed 

at 6p +53.22 ppm and 6 p  +52.06, respectively, the former being predominant.26 The 

temperature was then lowered at -60 “C and pyridine was replaced by THF. The rate of 

equilibrium 5 6 efficiently decreased and the signals of 5 and 6 were resolved (5: Zip 

+46.53 ppm, 6: 6p +5 1.87 ppm). On adding HetSH to a solution of 5, 6 or a mixture of 5 

and 6, several peaks - whch were not visible at higher temperature - rose in the 

phosphonium region (Table 4). The major signal could be asigned to a protonated betaine 6 

probably associated with HetS- as a counterion but the remaining signals are dd3cult to 

i d e n e .  The data extracted fiom literature (Table 3) do not seem to be useful enough 

because any correlation between the chemical shifts of 5 or 6 and solvent, temperature, or 

acid used can hardly be discovered. Nevertheless, it seems that the formation of the 

lhophosphonium species 23 can be adrmtted. Especially the peaks at 6~ +54.70 ppm and 

0 
=He& or Et00C-N-NH-COOE 

or CgH5CO8 

23 
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REGIOSELECTIVE MITSUNOBU THIOFUNCTIONALIZATION 123 

Sp +5 1.24 ppm are of interest, the content of the first one increased with concentration of 

protonated betaine 6 originally present and the latter was found only in reaction with the 

betaine 5 (Table 4). 

Thiols are known to react with TPP and DEAD producing dtsulfidesz7 and in the 

case of t-butyl mercaptan, isobutene and triphenylphosphine sulfide were identified as by- 

products arising from rapid P-elimination in the corresponding duophosphonium salt. 

Similarly, the presence of tiphenylphosphine sulfide in a reaction between 0,O-&ethyl 

phosphorodithioic acid and ethanol under the Mitsunobu con&tions was explained25 

through the intermediacy of an unstable thiophosphonium salt. In adhtion, the chemical 

shift of phosphorus in p-tolylthlophosphonium perchlorate was2' +46.5 ppm. Under the 

conditions used, no trace of tripheny€phosphine sulfide was found, so the reaction of 23 

with furanose 1 must be faster than the U d e  formation. No evidence for 

thiophosphoranes was apparent as well. 

Conclusion. Under the Mitsunobu conditions (DEAD, TPP), the phosphoranes of 

variable stability are produced fiom the partially protected pentofuranoses. Their 

subsequent reaction with an external nucleophile can be complicated by a competitive 

reaction with an internal nucleophile or with &ethyl 4"-hydrazinodicarboxyylate anion. In 

the presence of HetSH, the formation of the oxyphosphonium ion is favored over the 

phosphoranes and a rate h t h g  step is then the S N ~  dsplacement of the primary 

oxyphosphonium intermediate. The reaction of HetSH with both betaine 5 and protonated 

betaine 6 gives several phosphonium species therefore the presence of an unstable 

thiophosphonium salt cannot be excluded. The mechanism of the duofunctionalization 

studied is analogous to this one reported for the Mitsunobu estenfication. The reaction rate 

and the yield of the title reaction is not affected by the order of the reagents if the solution 

of betame 5 is made first. Keeping the classic route with the a d h g  of DEAD last of all, the 

reaction is slow and leads to a low yield of the desired products. 

EXPERIMENTAL 

General Methods. Diethyl azodicarboxylate, triphenylphosphine and 2- 

mercaptobenzothlazole were purchased fiom Aldnch. 1,2-O-Isopropylidene-cr-D- 
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124 MORAVCOVA ET AL. 

xylofbranose (1) was synthesized from D-xylose via a one-pot procedure6 and 1,2-0- 

isopropylidene-a-D-ribofbranose (2) was prepared in 70% yield from 1 by pyridiTllum 

dichromate oxidation*' followed by reduction with sodium b~rohydride.~' AU solvents were 

dried prior to distillation and stored over molecular sieves. Solvents were removed under 

dunmished pressure below 45 "C. Column chromatography was performed on Silica Gel 

Lachema (Brno, Czech Republic), 100 - 160 pm, and TLC on Silica Gel G according to 

Stahl, 10 - 40 pm (Merck, Darmstadt, Germany). Compounds on TLC plates were 

visualized by spraying with 1 % cerium(IV)sulfate in 10 % sulfuric acid and subsequent 

mineralization. Melting points were determined with a Kofler hot block and are 

uncorrected. Optical rotations were measured on an Opton Photoelectric Precision 

Polarimeter 0.005. NMR data were extracted from spectra measured in solution of CDCl3 

(TMS as an internal standard) with a BRUKER AM-400 spectrometer. Carbon-signal shifts 

were made by HETCOR experiment and proton-signal shifts were obtained by first order 

analysis of the spectra using COSY experiment and a selective decoupling. Mass spectra 

were recorded on a JEOL DX 303 instrument using an EI technique at 70 eV. 

General Procedure for 31P NMR Experiments. A solution of TPP (47 mg, 0.179 

mmol) in pyridine or THF (1.5 mL) was cooled at 10 "C or -60 "C in a 10 mm NMR tube 

with rubber seal. DEAD (26 pL, 0.166 mmol) was inserted into this solution under argon in 

one portion. The mixture was shaken and after 5 min the 31P NMR spectnun was recorded. 

Changing the order of compounds a volume 50 pL (a molar ration of betaine 5 to an agent 

2 : 1) or 100 pL (a ratio 1 : 1) of 1.6 M solutions of each 1, 2, HetSH, and benzoic acid 

was quickly added under argon. The mixture was shaken and the spectrum was recorded 

again. AU stock solutions were kept under argon. This t echque  gave better results than 

those obtained by dropwise addition of solution or by inserting the solid compounds. 

Nevertheless, the content of TPPO in betaine 5 solution was about 20 % of all phosphorus 

signals detected. The 31P NMR chemical shifts were measured with external 85% 

phosphoric acid as a reference. The signal of TPP was used as an internal reference at -60 

"C and its value was set at -4.58 ppm. 

5-S-(Benzothiazol-2-yl)-1,2-O-isopropy~den~S-thio~-~~lof~anose (3). TPP 

(2.9 g, 10.8 mmol) and 1 (1.0 g, 5.4 mmol) were dissolved in pyridine (30 mL) and DEAD 

(1.7 mL, 10.8 mmol) was introduced in one portion under nitrogen. After standing for 5 

min, HetSH (1.8 g, 10.8 mmol) was added and the mixture was heated at 80 "C under 
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REGIOSELECTIVE MITSUNOBU THIOFUNCTIONALIZATION 125 

nitrogen for 15 min. After evaporation of pyridine, the residue was purified by 

chromatography (150 g silica gel, petroleum etherlAc0Et from 8 : 1 to 6 : 1). The first 

eluated Graction of non polar products (166 mg) contained two compounds in a ratio 2 : 1 

identified by NMR as 3,5-d~-S-(benzothiazol-2-yl)-1,2-O-isopropylidene-3,5-~~o-a-~- 

ribofbranose (20) and 5-S-(benzothiazol-2-yl)-3-deoxy-l,2-O-~opropylidene-5-~o-a-~- 

elythro-pent-3-enofanose (21) whch could not be separated. 'H NMR 6 [ppm], 20: 1.35 

( S ,  3 6  C S ) ,  1.55 (s ,  3H, CH3), 3.81 (dd, lH, J4,sa = 4.4 Hz, Jsa,5b =14.4 Hz, H-5a), 3.95 

(dd, lH, J4,5b = 3.6 Hz, H-5b), 4.55 (m, 1% H-4), 4.66 (dd, lH, J3.4 = 10.2 Hz, J,? -,- = 4.6 

Hz, H-3), 4.97 (dd, lH, H-2), 5.95 (d, lH, JQ = 3.7 Hz, H-l), 7.1 - 7.9 (m, arom H). 21: 

1.41 (s ,  3H, CH3), 1.42 (s, 3H, CH3), 4.11 (s, 2H, 2 x H-5), 5.28 (d, lH, H-2), 6.09 (d, 

lH, JIJ = 4.9 Hz, H-l), 7.1 - 7.9 (m, arom H, H-3). 

Further elution afforded product 3 (1.62 g, 88.5 %) which was recrystabzed from 

ether-petroleum ether (1.04 g, 56 %), mp. 149 - 150 "C, [ a ] ~ ~ ~  +276 (c 1.4, CHC13). 

Chromatography of the mother liquor gave a further fraction of 420 mg, the overall yield 

of 3 being 1.46 g (80 %).'H NMR 6 Ippm]: 1.32 (s, 3H, CH3), 1.55 (s, 3H, CH,), 3.30 (dd, 

1H, J43= = 3.2 Hz, J545b =14.7 Hz, H-Sa), 3.95 (dd, 1% J4,5b = 11.3 Hz, H-5b), 4.15 (dd, 

lH, 53.4 = 2.1 Hz, J 3 p ~  = 2.5 Hz, H-3), 4.36 (ddd, lH, H-4), 4.63 (d, lH, J1.2 = 3.6 Hz, 52.3 

z 0 Hz, H-2), 5.97 (d, lH, H-l), 6.16 (d, lH, OH-3), 7.34 (ddd, lH, a r o d d ) ,  7.45 (ddd, 

lH, aromH-5), 7.75 (d, lH, aro&-7), 7.82 (d, lH, aromH-4). I3C NMR F [ppm]: 26.15 

and 26.86 (2 x CH3), 29.31 (C-5), 73.39 (C-3), 81.90 (C-4), 84.96 (C-2), 104.94 (C-l), 

11 1.70 (tertC), 120.77 (aromC-4), 121.19 (aromC-7), 124.96 (aromC-6), 126.55 (aromC- 

5),  134.75 (aryl-C-S), 15 1.60 (aryl-C-N), 168.53 (C-S). 

Anal.Calcd for C15H17N04S2 (339.42): C, 53.06; H, 5.01; N, 4.12; S, 18.89. Found: 

C, 53.21; H, 5.15; N, 4.01; S, 18.67. 

5 - S - ( B e n z o t h i a z o 1 - 2 - y 1 ) - 1 , 2 - ~ - i s o p r o p y l i r a n o s e  (4). 

Starting Grom 2 (890 mg, 4.7 mmol) the same experiment as described above afforded 

product 4 (1.32 g, 84.3 %). After crystabtion and chromatography of the mother liquor, 

1.1 g of pure 4 (70 %) was obtained, mp. 119 - 120 "C, [a]~" -102 (c  1.4, CHC13). 'H 

NMR 6 bpm]: 1.35 (s, 3% CH3), 1.60 (s, 3H, CH3), 3.87 (dd, lH, J4ja = 3.1 Hz, J54b 

=14.9 Hz, H-5a), 3.87 (dd, 1% J4,5b = 3.7 Hz, H-5b), 3.95 (dd, lH, J2,3 = 4.3 Hz, J3,4 = 8.7 

Hz, J3,OH z 0 Hz, H-3), 4.35 (m, lH, H4),  4.40 (bs,lH, OH-3), 4.64 (dd, lH, H-2), 5.78 

(d, 1 9  J I , ~  = 3.6 Hz, H-1), 7.33 (dd, lH, aromH-6), 7.43 (dd, lH, ar0&-5), 7.76 (d, lH, 
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aromH-7), 7.80 (d, lH, aromH-4). I3C NMR 6 [ppm]: 26.35 and 26.60 (2 x CH3), 34.56 

(c-5), 73.63 (C-3), 77.85 (C-4), 79.02 (C-2), 103.84 (C-l), 113.03 (terK=), 121.13 

(aromC-4), 121.17 (aromC-7), 124.70 (aromC-6), 126.37 (aromC-5), 135.20 (aryl-C-S), 

152.49 (aryl-C-N), 168.45 (C-S). 

Anal.Calcd for C I ~ H I ~ N O ~ S Z  (339.42): C, 53.06; H, 5.01; N, 4.12; S, 18.89. Found: 

C, 53.28; H, 5.05; N, 4.20; S, 18.60. 

3,5-Anhydro-1,2-0-isopropylidene-a-~-xylofuranose (17). TPP (1.4 g, 5.4 

mmol) was dzssolved in pyndine (15 mL) and DEAD (0.83 mL, 5.4 -01) was added in 

one portion under nitrogen. Solid 1 ( 5  13 mg, 2.7 mmol) was introduced after 5 min and the 

mixture was heated at 80 "C for 30 min. After concentration, a residue was separated on 

d c a  gel (100 g) with petroleum ether - ethyl acetate fiom 6 : 1 to 6 : 2 (v/v). Product 17 

was obtained (340 mg) in 85 % yield, [ a ] ~ ~ ~  +11 (c 1.0, CHCl3), ref31 [alDZ4 = +11.9 (c 

0.75, CHC13). 'H NMR, 6 [ppm]: 1.38 (s, 3H, CH3), 1.43 (s, 3H, CH3), 4.27 (dd, lH, J4,5a 

= 2.3 Hz, J5g~b = 8.0 Hz, long range couphg 0.5 Hz, H-5a), 4.74 (d, lH, JI,Z = 3.7 Hz, H- 

2), 4.76 (dd, lH, J43 = 4.2 Hz, H-5b), 5.13 (dt, lH, H-4), 5.22 (d, lH, J3,4 = 4.0 E, H-3), 

6.3 1 (d, lH, H-1) agrees with those3' reported. 

Diethyl 6,6-dimethyl-4aH-(3~,4aR,7aS,7bR)-[1,3]-dioxolo-[4,5]f~o[3,2-c] 

pyrazolidin-1,Zdicarboxylate (19). Starting fiom 2 (513 mg, 2.7 mmol) and using the 

same procedure as for 17 product 19 was isolated as a syrup in yield 80 % (700 mg), [ a ] ~ "  

-15 (c 0.7, CHCh), 'H NMR, 6 [Ppm]: 1.31 (s, 3H, CH& 1.50 (s, 3H, CH3), 1.28 (9, 6H, 2 

x CH3), 3.17 (dd, lH, J ~ J ~  = 2.2 Hz, Jsa5b =12.7 Hz, H-5a), 4.20 (m, 5H, CH2, H-5b), 4.53 

(d, 1 9  J3,4 = 4.5 Hz, 52.3 z 0 Hz, H-3), 4.85 (bs, d at 50 "C, lH, H-2), 5.03 (dd, lH, J4,5b = 
0 Hz, H-4), 5.76 (d, lH, JIJ = 3.6 Hz, H-1). I3C NMR 6 [ppm]: 14.39 and 14.55 (2 x 

CH3), 27.42 and 26.69 (2 x CH3), 55.10 (broad, C-5), 62.96 and 62.73 (2 x OCH2), 67.96 

(broad, C-3), 82.77 (C-4), 84.14 (C-2), 106.69 (C-1), 112.89 (tertC), 152.66 and 152.66 

(2 X CO). MS (4~): 330( 14) (w), 315( 11) (M'-CH3), 285(4) (M'-OCH2CH3), 258(70) 

(w-cH2CH2, -COz), 69( 100) (CBsNt'), 97(80) (C&N20+), 29(74), 141(55) 

(C6H9N202+), 117(45) (CsH903+), 185(37) (CSHI~N~O~') ,  59(41) (C2H302+). 

Anal.Calcd for C14H22N207 (330.34): C, 50.90; H, 6.71; N, 8.48. Found: C, 50.81; 

H, 6.65; N, 8.11. 
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