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3 and 4 allowed us to assian the confiau- 
rations at C-3 to be-R in “a and Lb, and Q in za and 4b. S;e- 
reochemistry of the 172-oxaphospholane rina cl;ure is dis- 
cussed. . 

Several biologically important C-alkyl sugars were found in plants and micro- 

organisms. 
1 

Current efforts in the chemistry of these compounds2 involve the 

synthesis of components of various antibiotics. On the other hand, sugars 

containing the C-P bond have been extensively studied in the last decade. 3 

Some of them were designed as isosteres of natural phosphates 485 

4 
and they 

display interesting biological activity. Analogues of furanoses6, pyranoses’ 

and septanoses 
8 

with phosphorus as the ring heteroatom have been also 

synthesized and their chemistry has been reviewed. 9 

Recently, we have shown that g-ketoalkyl phosphites can be easily trans- 

formed into diastereomeri~oli~-oxaphospholan-3-ols and the corresponding a,b-di- 

hydroxyalkylphosphonates. ’ Furthermore, triethylamine-catalysed cyclisation 

of these phosphonates afforded 1,2-oxaphospholan-3-01s. 10 
These results have 

prompted us to synthesize analogues of C-2 branched-chain furanosides with P in 

the anomeric position. For the synthesis of the appropriate phosphite, 

four-carbon sugar c-hydroxyketones were selected as starting materials. l2 In 

this paper we wish to present the full accaunt 13 
for the synthesis and 

stereochemistry of the analogues derived from the suitably protected 

D-glvcero-tetrulose. 

*Stereochemistry of l,E-oxaphospholanes, part VII. 
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RESULTS 

Syntheses 

The Intramolecular Abramov reaction of &ketoalkyl phoaphitea with water 
10,ll 

and/ or an intramolecular transeateriflcation of &-hydroxyalkylphoaphonatea 
10 

are 

the two synthetic ways to the protected 3-(hydroxymethyl)-2-methoxy-2-oxo-1,2- 

-oxaphoapholane-3,4-diola 2 and $ employed in these studies. In our first appro- 

ach 1,3-dl-+benzyl-0-glycero-tetruloae l4 ( 
15 

k was treated with dimethyl phoapho- ) 

rochloridite under standard conditions to give the phoaphite 2. It was found 

by ‘H- and 31 P-NMR that the crude 2 was sufficiently pure for the subsequent 

transformation. The addition of the equivalent amount of water to 2 either at 

1 3a 3b 5 

4a 4b 

room temperature or at 5’. afforded a mixture of (2R, 3R, 4R_)-(@) and (22, 3s, 

4~-4-~-benzyl-3-(benzyloxymethyl)-2-methoxy-2-oxo-l,2-oxaphoapholane-3,4-dlol 

(B), and 1,3-di-~-benzyl-2-~-(dimethoxyphoaphoryl)-D-erythritol (2) and 1,3- 

-di-~-benzyl-2-~-(dimethoxyphoaphoryl)-D-threitol (&) which were contaminated 

by two unidentified a-hydroxyphoaphonatea. The 31P-NMR spectrum of the crude 

product revealed further features of this reaction: (i) a and $J were formed In 

a 2:l ratio, (II) the C-3 epimerlc 1,2-oxaphoapholanea 9 and & were absent, 

(iii) the ratio of the cyclic to acyclic products was 1:4, and (iv) large 

excess (>95:5) of 2 over ,6 was obtained. A careful column chromatography on 

silica gel allowed us to separate the 2:l mixture of & and 2 as an oil in 23% 

yield and pure 2 as a colorless syrup in 22% yield. 

In the alternative approach to 1,2-oxaphoapholan-3-015, 1 was treated with 

10 mol% triethylamine In benzene at 20’ and the progress of the reaction was 

monitored by 31 P-NMR. After 24 h the cycliaation of 2 was completed affording, 

after column chromatography, the 2:l mixture of @ and a in 73% yield. The 

2:l ratio of a and @ remained unchanged throughout the observation time. 

Because aa and $J were not obtained in the cycliaation of 2, and 2 was 

a trace contaminant in this reaction, we have designed a new approach to the 

g-hydroxyphoaphonatea ‘J and fi. The addition of dimethyl (trimethylailyl) 

phoaphite16 (&) to 1,3-di-e-benzyl-4-g-( tm-butyldimethylailyl)-D-glvcero- 

-tetrulose14 (3) (S h c eme 1) gave a 1:l mixture of 1,3-di-Q-benzyl-4+(tert- 

-butyldimethylailyl)-2-~-(trimethylailyl)-2-~-(dimethoxyphoaphoryl)-D-erythritol 

(2) and its C-2 epimer 59. The hydrolysis of both ailyl protecting groups was 

readily accompllehed using aqueous hydrogen fluoride In acetonitrlle 
17 

to give 
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7 

2 s*pwation 

5 6 

Scheme 1 

2 and & contaminated with substantial amounts of e, 3k. QB, and +&. The 

deprotected a-hydroxyphoephonates were aeparated by column chromatography on 

silica gel to give pure 3 and 2 as oils in.24% and 1% yield, respectively. Tri- 

ethylamine-catalysed intramolecular transesterification of 6 proceeded slower 

than that of 5. After 48 h et111 G. 7% of h was present in the reaction mix- 

ture, from which a 2:l mixture of 2 and 4,b was isolated by column chromato- 

graphy in 78% yield. Similarly ae for the cycllsation of 2, the 2:l ratio of 

4_a and +$ remained unchanged throughout the cyclisation of fi. 

The intramolecular transesterification of the phosphonate 2 was aignificant- 

ly accalaratad by the presence of the equimolar amount of triethylamine. In less 

than 1 h the 2:l mixture of ;La and $J was produced, but slmultaneoualy c> 10% 

of two other P-containing compounds were formed. Although these compounds were 

not isolated, the structure g and g were assigned to them on the basis of 

12 

31 
P-NMR shifts (32.4 and 17.5 ppm, respectively) 

18 
and a t.1.c. analysis. After 

Immediate purification on silica gel, ;te and Lb were isolated in 82% yield. 

Under basic conditions a-hydroxyphosphonatas are capable of the ratro- 

-Abramov reaction to give the starting phosphites and carbonyl compounds. This 

reaction leads to epimerization at C-l in the chlral a-hydroxyphosphonates. It 

was expected that selective cyclisation of 2 into a mixture of 3 and a as well 

as of & Into 42 and Qlb In the triethylamlna-catalysed processes could only be 

attained when no competition from the retro-Abramov reaction would have occured. 

This was true in the case of the triathylamine-catalysad cyclisation of 2 or 8, 

because when carried out at room tempereture, less than 2% of the C-3 eplmeric 

1,2-oxaphospholanes were detected in the crude products by 
31 

P-NMR. However, 

when the 1:l mixture of 5 and g was treated at 40’ with 10 mol% trlethylamina, 

after 1 h the 2:l ratio of 2 to fi we8 established and remained constant till the 

end of the reaction. Simultaneously, in slower processes as from 5 so from A 

diestereomeric pairs B .and 2, ee well as 42 and * Here produced in the 2:l 

ratios. As It could be expected the ratios of 2 to 32, and % to 4,b were again 
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found to be of 2:l. At 40’ the equilibration of 2 as well as of fi in the retro- 

-Abramov reaction appeared to be dominant process. 

Numerous attempts at separation of 3,“, Z&, 42, and 9, from the respective 

mixtures by column chromatography on silica gel failed. 

Stereochemistry at C-3 

The assignment of the absolute configuration at C-3 in 39, 3&, 42, and $& was 

particularly Important for the discussion of stereochemistry of the intramolecu- 

lar Abramov reaction of the phosphlte 2. We anticipated that lsopropylidenation 

of the debenzylated eplmeric triols l.a/lAb and lfia/l.b could be useful in con- 

figurational studies. 
re 

Reaction of polyols with an excess of 2,2-dimethoxypro- 

pane in the praience of catalytic toluene-p-sulfonic acid recently reported by 

Liptak, et al - -0 is one of the cleanest and fastest methods for isopropylidena- 

tion. Thus, the 2:l mixture of 2 and s was hydrogenolyzed and the crude 2:l 

mixture of the triols 1.a and lzb was immediately treated with 2,2-dimethoxypro- 

pane-toluene-p-sulfonic acid. From the crude product (2R, 3x, 4R_)-31,4-O-isopro- 

pylidene-( l& , and (2R, 3R, 4@-(12) and (22, 3&, rlR_)-3,31-~-isopropylidene-3- 

-(hydroxymethyl)-2-methoxy-2-oxo-l,2-oxaphospholane-3,4-diol (12) were isolated 

by column chromatography in 8.1, 22.6, and 10.2% yield, respectively. 

OH CH,OH 

13a 

13b 

The presence of the 

cal shifts at 99.15 

15a R=H 

16a R = CO&H,NQp 

15b R=H 

16b R=COC,H,N02-P 

1,3-dioxane ring in m was evident from the 13C-NMR chemi- -. 
(C_Me2), and 19.97 and 28.17 ppm (cMe~~).‘l Detailed configu- 

, 

17a 

M e,c -0’ 
0, ‘342 

17b 

rational and conformational analysis of %a based on the AH-NMR spectrum allowed 

us to assign unequivocally the R configuration at C-3. I3 Undoubtedly, the C-3 

atoms in 1Aa as well as in QJI have the same configuration. The 
13 C-NMR resonan- 

ces of the isopropylidene carbons in w (25.48, 26.29, and 112.43 ppm) and in 

$5J (25.38, 26.10, and 111.91 ppm) showed the presence of two non-fused 5-membe- 

red rings in these acetals. 
21 

Furthermore, the three-bond coupling of Qle2 to P 

of 4.4 Hz in both acetals suggested that the tertiary hydroxyl group underwent 

the reaction. After p-nitrobenroylation of 13 and l_@ substantial deshielding 

of H-C-4 down to 5.4 ppm was observed in the ‘H-NMR spectra of 1. and 1B. The- 

se data proved the formation of 3,31-O-isopropylidene derivatives in acetalation 

of the triols lsa and 1Ab. 
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Further evidence for the & configuration et C-3 in J,j and 32 ceme from the 

isopropylldenatlon studies of c-3 eplmerlc 1,2-oxaphospholanes 42 and 4h. Treat- 

ment of a crude mixture of @I and l& with 2,2-dlmethoxypropane afforded a mlx- 

ture of four O_lsopropylldene derivatives which were Identified as (2S, 3s. 4R_)- 

-(2La) and (25, 3~3, 4R_)-3,4-~-lsopropylidene-3-(hydroxymethyl)-2-methoxy-2-oxo- 

-1,2-oxaphospholans-3,4-diol (2pb), and (22, 32, 4@-(l&s) and (2R, 3s, 4E)- 

-3,3i-~-isopropylldene-3-(hydroxymethyl)-2-methoxy-2-oxo-l,2-oxaphospholane-3,4- 

-dlol (lzb). Column chromatography of these acetals gave crystalline 2Aa In 14% 

yield and an Inseparable mixture of 2sb, l.a and 1.b In the 32% total yield. 

18a R=H 20a R=H 

19a R = COC&&NO,-P 21a R=COQj,NO.p 

14b 
18b R=H 20b R=H 
19b R=CoC,,H4NQ-, 22b R= Si’BuMe, 

Deshlelding of the me2 signal down to 114.52 ppm with respect to those for $$a 

and 12 together with the appearence of the broad 13 
C-NMR signal at 26.94 ppm 

for Me2C In 2&& confirmed the presence of the two fused 5-membered rlngs.21 The 

p-nltrobenzoate of @ displayed in the %I-NMR spectrum a complex pattern at 

4.0 - 4.0 ppm and showed no resonances at the region 5.4 - 5.6 ppm as it was 

found for y-C-4 In $@ and iAb, as well as In 1. and 1.. These data clearly 

showed that C-3 In QJ as well as In Gb, 1. and 1s have the 2 absolute confl- 

gu ration. 

When the reaction of the mixture of Qa, 1.b and 2,Qb with m-butyldl- 

methylsllyl chloride 
22 

had been monitored by 
31 

P-NMR the loss of the signal at 

39.98 ppm characteristic of w and the appearsance of a new signal at 38.69 ppm 

of the ally1 ether &Zb was observed. A mixture of $&a and 1.b was separated from 

p 
2 by column chromatography and it was ssterifled to give =a and 1.. From the 

H-NMR shifts of E-C-4 In laa (5.59 ppm) and in 1. (5.58 ppm) It was concluded 

that the secondary hydroxy groups in l& and lQ3Jb reacted. Thus, compounds 1. 

and ¶,Sb had the 3,3’-g-isopropylldene moiety. 

Stereochemistry at P 

Configurations at P in the substituted 2,2-oxaphospholan-3-01s described In this 

paper could not be unambiguously established from the ‘H-and “C-NMR spectra. In 

esrlier studies on model 2-methoxy-2-oxo-1,2-oxaphospholan-3-ols we have found 

that the 31 P-NMR signals of the Isomers with the PED and Ho-C-3 groups of cls 

configuration were shifted downfield In comparisons to these of trans Isomers. 23 



3ao A. E. Wl-dBLEWSKI 

According to this relation the RP and S+ absolute configurations were assigned 

to ;La (h31P 41.73 ppm) and s (h31P 39.30 ppm), respectively. From a 2:l mix- 

ture of @ and s a mixture of the trio15 =a and 1Ab of the same ratio was ob- 

tained after hydrogenolysls, and for this reason 12 has the BP and 1.b has the 

Sp absolute configurations. In the 31 
P-NMR spectra of the crude products after 

isopropylidenation of the mixture of triola, the 2:l ratios of l> and zb as 

well as of 1,7a and 31t, were retained and this allows us to assign the 8p confi- 

gurations for l.a and 1Ja and the Sp configurations for 1% and 1Lb. Further- 

more, as for the trio15 1Aa (h31P 44.41 ppm) and 3.. (A3’P 42.95 ppm) so for 

their isopropylidene derivatives: 

(h31 

1 a (h3’P 38.56 ppm) and $3J (A31P 36.62 ppm), 

and xa 
% 

P 43.38 ppm) and 1.b (6 P 40.28 ppm) the 31P-NMR signals of the a 

Isomers were shifted downfield in agreement with the relationship of the 31 P-NMR 

chemical shifts and the P configuration in 2-methoxy-2-oxo-1,2-oxaphospholan-3- 

-ols.23 

In a similar manner the S, and BP configurations were assi’gned to $g 

(d3’P 39.17 ppm), aa (h3’P 41.70 ppm) and m (d3’P 35.35 ppm), and Qb (A3’P 

37.65 ppm), lQ%Jb (d31P 41.09 ppm) and l,@b (h31P 34.75 ppm), respectively.However, 

for the pair of epimers 2J_a (h31P 39.08 ppm) and gb (h31P 39.98 ppm) the 

opposite relationship in the 31 
P-NMR shifts was noticed. We suggest that the cis 

fusion of the 1,2-oxaphospholane and 1,3-dioxolane rings brought some extra 

strain to the ring system end thus influenced chemical environments around the 

phosphorus nuclei in %a end w. We now propose to extend the correlation of 

the 31P-NMR chemical shifts and the phosphorus configuration in 2-methoxy-2- 

-oxo-1,2-oxaphospholan-2-01s 23 also on their strain-free blcyclic acetals. 

DISCUSSION 

Similarly as for &-(N,N-dimethylhydrazono)alkyl phosphites 18 , the intramole- 

cular Abramov reaction of g-ketoalkylphosphites involves the water-promoted nu- 

cleophilic addition of phosphorus to the C-O group. Inspection of the Oreiding 

model of the phosphlte 3 revealed that the nucleophile can easily approach the 

plane of the carbonyl group on the trajectory of gg. 109 o 24 . The attack on the 

E-face of the carbonyl group leads to the trensition state a (Scheme 2), while 

2 would result from the &-fete attack. The 1,2-oxaphospholanes $s and s of 

the E configuration at C-3 as well as the phosphonate 2 of the R configuration 

at C-2 could be formed as the mejor products in the reaction of the phosphite 2 

with water when phosphorus approaches the E-face of the carbonyl group prefe- 

rentially. We suggest that repulsions of the lone pairs of 24-3 and Q-C-4 

disfavour the trensltion state a to such an extent that the E-face attack 

preponderates, although in a steric interactions of the two largest synperi- 

planar substituents around the C-3- C-4 bond (OBrl and CH20Bzl) occur. At this 

stage differentiation of the configurations et C-3 in the 1,2-oxaphospholane 

ring as well as at C-2 in the acyclic phosphonates takes place. On the other 

hand, no dlastereoselectivity was observed in the Intermolecular addition of 

dlmethyl (trimethylsilyl) phosphite to 2, although chemicel environments of the 

carbonyl groups in 2 and 2 are almost identical. It Is likely that a high 

temperature of this reaction accounts for the lack of asymmetric induction. 
25 

The 1,2-oxaphospholane ring closure v> the transition state G affords the 

intermediate a 
26 with the P-C bond in the energetically unfevourable 

position. 
27 

Ligand reorganlzetion by pseudorotation, taking as pivots either one 

or the other methoxy groups in a, gives the trigonel bipyramides 22 end 22 

(Scheme 2). After the departure of the apical methoxy group from e (pathway 8) 

&g IS formed, while from qb (pathway h) a is produced. In these processes the 
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26 H 

I 
+ 

4a+4b+ 6 

Scheme 2 

configuration at P is differentiated. Furthermore, In both intermediates w and 

a the ring-opening occurs by pathway c to form the acyclic phosphonate 2. It 

seems that the stereoelectronic effects 
28 

of basal oxygen8 facilitate the 

departures of both apical ligands from m as well as from 2a to the same 

extent. For this reason a substantial excess of the acyclic product 5 over the 

isomeric 1,2-oxaphospholanes &a/zb observed under neutral conditions of the 

reaction of 2 with water appears to be a result of the steric interactions within 

the 1,2-oxaphospholane ring, mainly around the C-3-C-4 bond. The formation of 

a 2:l mixture of B and ;tb from the Intermediates 2La and zb, respectively, 

Indicates that the decomposition of aa is faster than that of zb, probably 

because the hydrogen bond in 3,” is being formed. 

In the presence of catalytic amounts of base or even acid the intramolecular 

cyclisation of the $-hydroxyphosphonates 2 and 2 to 1,2-oxaphospholanes readily 

occurs. A displacement of the methoxy groups from phosphorus in 2 proceedes v> 

the transition state a to give the intermediates %a and 22 or their proto- 

nated forms. The slower cyclisatlon of 2 as compared with that of 2 can be ratio- 

nalized in terms of the repulsive interactions of the oxygen HO-_C-2 and 

Bzl-Q-C-3 lone pairs which takes place in the transition state g and we 

suggest that these Interactions are stronger than the sterlc onee of the 

BzlQ-C-3 and Br10~H2~-2 groups in a. A driving force for the triethylamine- 

catalysed cyclisatlon of fi as well as of Q is an irreversible formation of 
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1,2-oxaphospholane. 9. A dif ferantiatlon of configuration at phosphorus Is again 

governed by the faster decomposition of the trigonal bipyramide lntermsdlatee 

leading to the Isomers with the P=O,..-.-.H-O-C-3 bond. 

Moo., B . P 
MeO' j 

2 v2-1 I 4 .i 
0 

“O&l 
H 

EXPERIMENTAL 

General. Carbon NMR spectre were recorded at room temperature on Bruker HX-72 
spec t rome 
computer 

terat 22.63 MHz operating ln,fhe pulsed Fourier transform mode for the 
rssolutlon of 0.7 Hz/point. P-NMR spectra were taken on Bruker HX-72 

(36;43 MHz) or on Jeol JNM FX 60 (24.3 MHz) spectrometers. The purity of 
products was monitored by t.1.c. 
methanol mixtures: A (20:1), 

on Silica Gel 60 F254 (Merck) with chloroform/ 
and Q (5O:l). Other Instrumentation and general 

procedures were the same as described earlier.” 

[(2R)-2.4-Dlbenzvloxv-3-oxo-butvll di ethvl ohos 
(5’C) solution of 1,3-dl-Q-benzyl-D- lvceY!o-tet rulose 
and trlethylamlne (1 8 mL, 12.9 mmol 
phosphorochlorldlte (1.70 g, 12.9 mm 

In benzene (15 
1) In benzene ( 

solution of dlmethyl 
was added dropwlse. 

The mixture was stirred for 2 h, the solid was filtered off, and washed with 
benzene (3x5 mL) . The filtrate and washings were combined and after eveporatlon 
of benzene, all volatile lmpurltlss were removed In vacua to leave ;b (4.47 g, 
97%) as a slightly yellowish oil. ‘H-NMR (Ccl, 
CHdOP) , 3.8 - 4.2 (m, 3 H, H-la, 

60-d 3.39 (d, 6 H, J 11.5, 
lb, 2), 4.29 (s, 2 H H-4e, 4b), 4.47 and 4.53 

(2 s, 4 H, O-CHa-CgH~), 7.3 (m, 10 H, 2 Ph); ’ P-NMR (Ccl+,): 6 139.5. 

Reaction of 2 with water. To the well stirred 2 (4.47 g, 11.4 mmol) water 
(0.225 mL, 12.5 mmol) was added drop by drop. The mixture became homogeneous 
immediately. Purification was performed on the silica gel columns with 
chloroform-methanol and ethyl acetate-hexanes solvent systems to give: 

e 2:l mixture of 2 and ;Lb &97 g, 23% as a colorless oil, RF 0.60 (ethyl 

aCetate R o.42 (;;:;:3?;,!r ~3~~“6~oi;~~~8Hia’~~~~~~~d~~~~~H~~~~(~~~~~)’ ‘H-NW (C& 90 MHz) 
in a), and 3.5 - 
(m, 4 H,O-CH,-Ph), ;.l -‘7.: (m’ ?ObH ‘2 %j 
54.49 (d, J 7.4, 

‘{C-NMR (C 13 22.63 MHzj: -a” a7 
H COP) 69.41 (d 3 G.4 d-i’or C-5) 7?.‘05 (d 3 8.1 C-5 or 

C-3 ), 72.86 and 71.61 (2 a, OCH,;)h), 74168 (d, J 13513 C-3), A3.32 (d, J 14.7, 
8 54.56 (d, J 7.4, H&COP), 68.89 (d, J 5.9, C-3’or C-5), 72.86 end 
s, OCHzPh), 74.84 (d, J 136.8, C-3), 82.35 (d, 3 19,1, C-4).r) 

36.43 MHz).: s&41,73; J&?s 39.30. Anal. Calc. for C,9HzS06P: 
C, 60.31; H, 6.13; P, 8.19. Found: C, 59.40; H, 6.06; P. 8.15%. 

Addition of dlmethvl (trimethvleilvl) PhosDhite tQ 2. A homogeneous mixture 
7.9 mmol) and & (2.3 ml, 11.9 mmol) was maintained at 95 for 12 h 

To the cooled very thick yellowish oil 5% 
solution in water) In acetonltrlle (16 mL) was 

slowly added. After 1 h barium carbonate (4 g) and magnesium sulfate (2 g, 
anhydrous) were added and the suspension was stirred for 1 h at room temperature. 
Filtration of solids and evaporation of solvent left a colorless syrup (3.4 g) 
which was repeatedly chromatographed on silica gal to give the following 
f ractlons: 

Fraction A: 
36.43 MHz): 

a mixture of Zjg, 3b, 4~ and 4b (0.39 g, 13%). “P-NMR (CDCl,, 
r3,8 42.65; 3_b 39.91;% 39.54; 9 38.:2. 

Fraction g: compound 2 (0,795 g, 24.4x), [HI,,- 15.3’ (2 1.04, chloroform). 
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% 

Isopropylidsnatlon of the deprotected J& fi @&. A 2:l mixture of % and 
b (0.57 g, 1.51 mmo 

y and & ~~f2~~d~~geno1~sed 
as described above to give a crude 2:l 

m xture of 100% as a yellowish syrup. 3tP-NMR (CH~OH, 
24.3 MHz):&l_a 41.70, 1Ab 41.09. Isopropylidenation was also carried out as for 
13a and 1.. The mixture of crude (3-isopropylidsne derivatives was subjected 
& column chromatography on silica gel to give fractions A and 8_, 

2R, 3R, 4R)-3,3’-0-Isopropylidene-3-(hvdroxymethvl)-4-O-(p-nitroben~ovl~-2- 
oxy-2-oxo-1,2-oxaphospholane-3,4-dial ( Conventional p-nit robenzoyla- 

tlon of $$JJ gave $&p (82%) 
(co) I 

as a yellowish oi B’ 
crnei (P-0). ‘H-NMR ( , 90 MHz?: 

0.58 (solvent 9) - 3c1730 
and 1270 6 1.52 and s, 6 H, 

CHSCCH~), 3.98 
5.41 (ddd, 1 H 

(d, 3 H, J 11.0, CHSOP), CDCl, 4.2 - 4.7 

02N-C&k/-CO). 
3 1.8. 20 7, H-4), 

(m, 4 H, H-3’,, 1.57’(2 3 b, 5a, 5b), 

sf Jg P-fiR ICHCl;, 8,545b 24.3 Jyp MHz): 6 36.13. 
8.1-8.9 (AA’88’ , 4 H, 

(2S, 3R, 4R)-3,3’-0-Isopropylidene-3-(hydroxymethyl)-4-O-(p-nitroben~oyl)-2- 
-met oxy-2-0x0-1, -oxaphospholane- 3,4-diol ( . Conven tlona 
tion of b airorn chlorofor~-~,~~~,‘pbei~~~‘“- 
-95.9O (F i”~““c~rb~~~lr,“~.o’~~.980l:~nt A_) ; 32 1725 (CO), and 1270 ci-’ 
5’;;) i ’ ;,N;“,) t CtC;3 , 90 MHz): 2 1.48 and 1.50 (2 s, 6 H, 

4.6 (m 4 H, H-3 a, 3’b, 5a 
CH, CH,), 

Sb), 5.50 F 
3.96 (d, 3 H, 

4.0,‘& %7,‘5 
ddd, 1 H, Jy,so. 

MHz) : 8’ 25.27 
l 1: 5 H-41 8 3 (m 4 H, OzN-C;Hq-CO) ‘SC-NMR (CDCl 

an $P26.i7’(2 s ‘CH’C H j 55 09 (d J 7 4 ‘CH OP) 65 69 id 
22.63 

J 7.4, C-3’), 68.55 (d, J 4.4,-C:5 
C-3), 112.84 (d, J 5.9, HJCECH,), 

F ‘7&92’(d, 5’32.7: C-4): 77:91 (d J i45.6, 
123.90, 131.31, 134.10, and 151.40 (4 s, 

aromatic carbons), 163.62 (s, COO), 31P-NMR (CHC13, 24.3 MHz): 6 32.66. 

) and (2R. 3S, 4R)-3,3t-0-Isopropvlidene-3-(hvdroxvmethvl)- 

estsrifisd with 
pyridine. Separation on silica gel column gave 
7.7%) as yellowish oils. 

Compound 

0.19 solvent 8). ‘H-NMR (CDCls, 90 MHz). & 1.39 and 1.45 
’ 3.98 d, 3 H, 3 11.2, CH,OP), 4.2 - 4.6 (m, 4 H, H-3’a, t 

1 H, J.,,s 4.0, JW 3.0, JqP 19.8, H-4), 8.3 (m, 4 H, 

_,,,;2;, 35, 4R)-3,4-0-Isopropylldens-3-(hyd~y~e~~~~~~~~~~~(p-nitroben=ovl)-2- 
y-2-oxo-1,2-oxaphospholane-3,4-dial 1 

tion 0 
1 p-nit ro~enzoyla- 

(chlor~f~m_~~x~~~)o~04 msol afoforded ~c~‘,,:~;,::f)DRm’~‘~7fg~l:~~t 8). cd&, -!2.5 (c 0. 
$z 1720 (CO), 127;) (P-O) , and 109% and ‘1030 cm-’ 

t 
clo$ . l ’ H-NMR (CC& ’ 

zOOMHz): 6 1.45 and 1.64 (2 s, 6 H, CHJCCHs), 3 82 d, 3 H, J 10.8, CHJOP~, 
. - 4.8 (m, 5 H, H-3’a, 3’b, 4, 5a, 5b), 8.3 trn, 4 H, O,N-CgHy-CO). 



Analogues of branchedchain tetrafuranosides 3605 

3R, 4R)-3-(Hvdroxvmethvl)-2-methoxv-2-oxo-l.2-oxaphoapholane-3.4-diol 
A mixture of I&I (0.1 

(5 mg) In chloroform 
0.42 mmol) and toluene-p-aulfonic acid mono- 
ml) was maintained at 44O for 1 h. Then methanol 

was added and solvents were evaporated. The solid residue was 
recrystallized from chlosoform - meth 
crystals, m.p. 145 - 146 

chloroform-methanol 4:l 
MHz);& 3.84 d, 3 H, J 11.0, t 

(de:pp.), 
; ‘?-3200 - 3450 (OH 

“C NMR (CD OD 22.63 MHz): & 54.78 
73.99 (d, 3 8.1%4). 76.17 (d, J 136.8, 

(C&OD, 24.3 MHz); 6 43.3. Anal. Calc, for CSH,,O~P: C, 30.31; H, 5.60; 
P; 15.63. Found: C, 29.97; H 5.83; P 15.55%. 
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