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The synthesis of disodium (6-deoxy-a-~-ribo-hexopyran-3- 
ulosyl) (2'-deoxythymidin-5'-yl) diphosphate (1) is described. 
To this end, D-glucose is transformed into known furanose 
derivative 2 possessing a 3-C-methylene group as latent 
functionality for 3-ulose generation. From 2 ,  3,6-dideoxy de- 
rivative 6 was synthesized; ensuing acid catalyzed cleavage 
of the 1,2-0-isopropylidene group and then 0-acetylation 
furnished the required pyranose 8qP, which could be selecti- 
vely deacetylated at the anomeric oxygen to afford 9qP. Tre- 
atment with phosphitylating agent 13e and then oxidation 

led to dibenzylphosphate derivative 15e which could be che- 
moselectively debenzylated by hydrogenolysis without affec- 
ting the olefinic double bond (+ 17); de-0-acetylation and 
then ozonolysis afforded the unprotected phosphate interme- 
diates 18 and 19, respectively. Both compounds could be suc- 
cessfully used for the synthesis of 1 by employing the nucle- 
oside phosphate morpholidate procedure for the generation 
of nucleoside diphosphate sugars. Ozone cleavage of the ole- 
finic double bond in 20 could be successfully performed even 
in the presence of the thymine moiety. 

Many antibiotics contain deoxy-, aminodeoxy, and C- 
branched deoxysugar units; elucidation of their biosynthe- 
sis is still under investigation['][']. An important first inter- 
mediate in the biosynthetic pathway is dTDP-6-deoxy-~- 
xy2o-4-hexulose (Scheme 1, B; instead of dTDP also the 
corresponding CDP intermediate is found), which is gener- 
ated from dTDP-glucose (A, dTDP-Glc) with the help of 
an NAD-dependent dTDP-glucose-4,6-dehydratase (e.g. 
from E. coli); B is a direct precursor of the commonly oc- 
curring 6-deo~ysugars['][~][~][~]. From B in a pyridoxamine/ 
pyridoxal phosphate mediated enzymatic reaction also 3,6- 
dideoxysugars and derivatives are accessible. For the bio- 
synthesis of 2,6- and 4,6-dideoxysugars an isomerase appar- 
ently converts B into the corresponding dTDP-6-deoxy-~- 
ribo-3-hexulose C, which serves as the next key intermediate 
for the preparation of the important dideoxy-, trideoxy, am- 
inodeoxy, and C-branched s~gars [~1[~][~] [~1;  the presence of 
C in equilibrium with B has been recently claimedL41. For 
the establishment of the biosynthesis of di- and trideoxy 
sugars (e.g. with 4,6-dehydratase- or isomerase-deficient 
mutants)['] the availability of C is very important. Yet, the 
synthesis of C is particularly difficult due to the hydrolytic 
instability of nucleoside diphosphates of deoxysugars[61 and 
the tendency of 3-ulosides to undergo p-elimination of the 
nucleoside diphosphate group[7]. We report here the details 
of the synthesis of C as disodium salt (= compound l)[8][9]; 
the synthesis is based on removal of all protecting groups 
(in the penultimate or last reaction step) and introduction 
of the 3-0x0 function by ozonolysis of the corresponding 
methylene group, in order to avoid p-elimination during the 
various chemical transformation. 

For the introduction of a methylene group at C-3 and 
deoxygenation at C-6, D-glucose was converted into 1,256- 
di-0-isopropylidene-3-methylene derivative 2 (Scheme 2) 
employing published procedures['']; selective cleavage of the 
5,6-0-isopropylidene group with 50% acetic acid (+ 3) and 
subsequent regioselective 6-0-tosylation with one equiva- 
lent of tosyl chloride in pyridine afforded mainly desired 4 
together with some di-0-tosyl derivative 5 (4/5 = 9:l) which 
could be readily separated. The structures of compounds 3 
and 4 could be confirmed based on the NMR data of the 
corresponding 5,6-di-O-trichloroacetylcarbamoyl 3a and 5- 
0-trichloroacetyl carbamoyl derivative 4a, respectively. The 
6-deoxy compound 6 was obtained from 4 in 83% yield by 
reaction with LiAIH4 in ether at room temperature. Treat- 
ment of 6 with 80% acetic acid at 60 "C resulted in cleavage 
of the isopropylidene group (+ 7cx,p); Subsequent acety- 
lation with acetic anhydride in pyridine afforded the anom- 
eric tri-0-acetyl derivatives 8cx and Sp which were separated 
in order to get unequivocal structural assignments. Treat- 
ment of S a , p  with hydrazinium acetate["] in DMF at 40 
"C resulted in 1 -0-unprotected pyranose derivatives 9cx$ in 
high overall yield. 

For exploratory studies on the stability of the desired in- 
termediates, ozonolysis[12] of Sp in dichloromethane/meth- 
anol at -78 "C was performed furnishing 3-uloside lop in 
practically quantitative yield. Surprisingly, also regioselec- 
tive removal of the anomeric 0-acetyl group was possible 
by treatment with hydrazinium acetate in DMF at 40 "C 
affording 1-0-unpr0tected.J-ulose lla$ (a,p-mixture) in 
good yield; the same compound was accessible from 9cx$ 
by the standard ozonolysis procedure. Yet, the attempts to 
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phosphitylate 11, in order to synthesize finally phosphate 
derivatives, were not successful; application of typical phos- 
phitylation procedures['3] did either not lead to any reaction 
or - not unexpectedly - elimination product 12 was 
formed. Therefore, as outlined above, 3-methylene inter- 
mediate 9 was employed for the excecution of the synthesis 
of target molecule 1 .  

Phosphitylation of 9 was investigated with various re- 
agents (Scheme 3, 13a-e; X = C1 or iPr2N) because, after 
oxidation to the corresponding phosphates, mild hydrolysis 
to the desired 0-unprotected phosphates was desirable. Re- 
action of 9 with the phosphitylation reagents 13a[14] and 
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13b[I51 (X = diisopropylamino) in dichloromethane/aceto- 
nitrile in the presence of tetrazole as catalyst afforded ex- 
clusively the undesired p-phosphites 14ap and 14bp, repsec- 
tively; the structures were assigned with the help of their 
NMR data['6]. With 9 and bis(trich1oroethoxy)phosphor- 
ochloridite 13c as phosphitylating agent['7] in the presence 
of Hiinig's base a separable 1:l mixture of the anomers 
14ca and 14cp was obtained. Yet, oxidation of 14c with 
ozone, in order to get the corresponding phosphate, led 
partly to ozonolysis of the methylene group and partly to 
cleavage of the glycosidic bond; the latter reaction was also 
observed for attempts to oxidize the phosphite moiety with 
either tert-butyl hydroperoxide or with m-chloroperbenzoic 
acid (MCPBA). Obviously, less electron-withdrawing sub- 
stituents at the phosphite moiety were required: in order 
to increase the nucleophilicity of the phosphorous atom. 
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Therefore, from 9 and diethylphosphorochloridite 13d[1s1 in 
the presence of Hunig's base diethyl phosphite 14d was pre- 
pared, furnishing a 1:l mixture of the anomers 14da and 
14dp which was separated by flash chromatography. As ex- 
pected, ozone oxidation of 14da under controlled con- 
ditions afforded cleanly the diethyl phosphate 15d; however, 
continuation of the ozonisation led also to quantitative 
cleavage of the methylene group, thus providing 3-ulose 
phosphate 16d; this compound could be also directly ob- 
tained from 14da without the isolation of 15d. Yet, at- 
tempts to cleave the 0-ethyl and 0-acetyl groups in 16d led 
again to elimination (-+ 12) and/or cleavage of the glycos- 
idic bond (+ 9). However, these reactions exhibited that 
benzyl phosphates would be appropriate intermediates for 
obtaining the target molecule if hydrogenolytic O-debenzyl- 
ation is fast compared to hydrogenation of the olefin moi- 
ety. Therefore, from 9 and di-0-benzyldiisopropylamino- 
ph~sphitamide['~J (13e) in the presence of tetrazole di- 
benzylphosphite 14e was synthesized, furnishing again a 1: 1 
mixture of the anomers 14ea and 14ep (total yield 80%) 
which could be separated by flash chromatography. Oxi- 
dation of 14ea with teut-butyl hydroperoxide in dichloro- 
methane furnished the dibenzyl phosphate 15e in 94% yield. 
Controlled hydrogenolysis of 15e in the presence of pal- 
ladium on carbon as catalyst in methanol/ethyl acetate (EA) 
as solvents for 10 minutes led to chemoselective O-de- 
benzylation affording the desired unprotected phosphate 17 
in 88% yield. Due to the presence of the negative charge at 
the phosphate moiety, 17 could be readily 0-deacetylated 
by treatment with methanoUwater in the presence of tri- 
ethylamine as base, thus providing the desired unprotected 
3,6-dideoxy-3-C-methylene-~-ribo-hexopyranosyl phos- 
phate (18) as triethylammonium salt in high overall yield. 
The 3-dose phosphate 19 was obtained from 18 in almost 
quantitative yield by direct ozonolysis under standard con- 
ditions. The structural assignments of compounds 17-19 
was based on their NMR and FAB-MS data (1-H; 17: 6 = 

5.38, dd, J1.2 = 3.6, J1,p = 7.3 Hz; 18: 6 = 5.24, dd, J1 ,2  = 
3.7, JI ,p = 6.5 Hz; 19: 6 = 5.58, dd, J1,2 = 4.3, J 1 , p  = 

6.7 Hz). 
Two routes were used for the synthesis of target molecule 

1 (Scheme 4). First the thymidine diphosphate derivative 20 
was prepared from 18 usin8 thymidine phosphomorpholid- 
ate[19] in pyridine and 4-A molecular sieves; 20 was ob- 
tained in 51% yield by preparative HPLC (5% CH3CN in 
0.5 M HNEt; HCO;) as the bis(triethy1ammonium) salt; as 
expected, it was stable at pH = 8. This compound is of 
interest for biological studies as the methylene analogue of 
1. In order to obtain target molecule 1, a methanolic solu- 
tion of 20 at -78 "C was mixed with a dichloromethane 
solution saturated with ozone at -78 "C, and the reaction 
mixture was separated by subsequent reversed-phase HPLC 
on RP-18 (3% CH3CN in 0.5 M HNEt; HCO,); ensuing 
lyophilization gave 1 in 22% yield as the bistriethylammon- 
ium salt along with recovered starting material. Due to low 
hydrolytic stability of this salt (half-life ca. 1 h at pH = 
7), the disodium salt of 1 was obtained by ion exchange 
(Amberlite IR- 120, Nai form), which, as was 
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much more stable. Surprisingly, a higher overall yield was 
obtained for the synthesis of I from 18 by changing the 
sequence of the reaction steps. Transformation of 18 into 3- 
ulose 19 (Scheme 3) led, in spite of the greater instability of 
19 compared with 18, with thymidine phosphomorpholid- 
ate and ensuing purification as described above, to 1 in 30% 
yield. Target molecule 1 was thus obtained in pure form (40 
mg) and its structure was confirmed by NMR ('H, I3C, 3'P) 
and FAB-MS data. 

In conclusion, the synthetic strategy presented here is ap- 
parently variable and suitable for the generation of various 
interesting nucleosidediphosphate derivatives of deoxysug- 

which occur as intermediates in their biosynthesis. 
Therefore, this methodology should make an important 
contribution to the elucidation of the various biosynthetic 
pathways employed by nature for deoxysugar production. 

We are grateful to the Deutsche Forschungsgemeinschaft and to 
the Fonds der Chemischen Industrie for their financial support of 
this work. We thank Dr. K.-H. Jung for his help in preparing the 
manuscript. 

Liebigs Ann.lRecueill997, 1907-1914 1909 



FULL PAPER T. Miiller, R. R. Schmidt 

Scheme 4 
Me 

8 
2 HNEt3 0 

Me d-TMP- 
18 Morpholiiate 

H 
H 

0 0  

I 
HO 20 

I (Scheme 3) 03, MeOHICH,C12, -78%; 1.E. 

1 
1 Me 
7 

19 
2Na8 0 

Morpholiiate Me 

0 'p' / o  LP.O / 

1 0 0  
HO 

Experimental Section 
Solvents were purified in the usual way. - 'H NMR spectra: 

Bruker AC-250 (250 MHz); internal standard tetramethylsilane 
(TMS). - Flash chromatography: Silica gel 60 (Baker: 0.04-0.063 
mm). - Thin-layer chromatography (TLC): Foil plates, silica gel 
60 F254 (Merck: layer thickness 0.2 mm). Preparative HPLC: RP 
18, 250 X 16 mm (Knauer, Eurospher 100 C 18.7 mm). - Optical 
roations: Perkin-Elmer polarimeter 241 MC; I-dm cell, temp. 20 
"C. - Elemental analyses: Heraeus CHN-0-Rapid. 

3-Deoxy-l,2-O-isopropylidene-3- C-methylene-a-D-ribo-hexo- 
furunose (3): Compound 2["1 (10 g, 39 mmol) was dissolved in 
acetic acid (50%, 100 ml) and stirred at room temperature for 2 
d. The clear solution was neutralized with satd. sodium hydrogen 
carbonate solution, extracted with dichloromethane (4 X 400 ml) 
and the combined organic extracts were dried with magnesium sul- 
fate. Concentration in vacuo yielded a yellowish residue, which was 
purified by flash chromatography (petroleum ethedethyl acetate, 
15)  to yield 6.23 g (74%) of 3 as a colorless syrup. - TLC (petro- 
leum ethdethyl acetate, 15): Rf = 0.30, - [a]$? = +118.5 (c = l ,  
chloroform, [aID = +122). - 'H NMR (250 MHz, CDCl3): 
6 = 1.35, 1.47 [2 s, 6 H, C(CH&], 2.62 (m, 1 H, OH), 3.00 (m, 1 
H, OH), 3.68-3.70 (m, 3 H, 5-, 6A-, 6B-H), 4.73 (m, 1 H, 4-H), 
4.88 (dd, J1,2 = 4.1 Hz, I H, 2-H), 5.39-5.46 (m, 2 H, =CH2). 

calcd. C 54.97, H 7.50; found C 55.08, H 7.52. 
5.79 (d, Jl,z = 4.1 Hz, 1 H, I-H). - Ci0Hi6O5 0.125 H2O (218.48): 

3-Deoxy-l,2-O-isopropylidene-3-C-methylene-5,6-di- O-trichloro- 
acetylcarbamoyl-a-D-ribo-hexofuranose (3a): To a solution of com- 
pound 3 (20 mg, 0.09 mmol) in deuteriochloroform (0.5 ml) was 
added trichloroacetyl isocyanate (1 drop). - 'H NMR (250 MHz, 
CDCI?): 6 = 1.35, 1.47 [2 S, 6 H, C(CH3)2], 4.40 (dd, J 5 . 6 ~  = 7.7, 
J6A,6B = 12.3 Hz, 1 H, 6A-H), 4.52 (dd, J 5 . 6 ~  = 2.7, J ~ A , ~ B  = 12.3 
Hz, 1 H, 6B-H), 4.93 (dd, J1.2 = 4.0, J = 0.8 Hz, 1 H, 2-H), 
4.99-5.01 (m, 1 H, 4-H), 5.32 (ddd, J4,5 = 3.2, J 5 , 6 ~  = 7.7, J s , ~ B  = 
2.7 Hz, 1 H, 5-H), 5.38-5.59 (m, 2 H, =CH2), 5.82 (d, J1,2 = 4.0 
Hz, 1 H, 1-H), 8.46, 8.58 (2 s, 2 H, 2 CONH). 

3-Deoxy-1,2-isopro~~ylidene-3-C-methylene-6-O-tolylsu~onyl-a-~- 
ribo-hexofuranose (4) and 3-Deoxy-1,2-O-isopropylidene-3-C-meth- 
ylene-5,6-di-O-tolylsulfonyl-a-~-ribo-hexofuranose (5): To a solu- 
tion of 3 (2 g, 9.25 mmol) in dry dichloromethane (60 ml) and dry 

pyridine (12 ml) was addedp-toluenesulfonyl chloride (1.94 g, 10.02 
mmol) at -10 "C over a period of 30 min. The reaction mixture 
was allowed to stand at 0 "C for 2 d. After addition of dichloro- 
methane (100 ml), the mixture was extracted with satd. sodium 
hydrogen carbonate solution (4 X 50 ml) and the organic layer was 
dried with magnesium sulfate and concentrated in vacuo. Purifi- 
cation of the residue by flash chromatography (petroleum ether/ 
ethyl acetate, 2.1) yielded 4 (2.85 g, 83%) as a colorless syrup and 
5 (0.44 g, 9%) as a colorless solid. 4: TLC (petroleum ethedethyl 
acetate, 2:l): Rf = 0.23. - [a]$' = +100.5 (c = 1, chloroform). - 
'H NMR (250 MHz, CDCI?): 6 = 1.32, 1.43 [2 s, 6 H, C(CH3),]. 
2.41 (s, 3 H, PhCH3), 2.73 (d, J5 ,OH = 5.7 Hz, 1 H, 5-OH), 
3.83-3.92 (m, 1 H, 5-H), 4.00 (dd, J 5 , 6 ~  = 7.3, J ~ A , ~ B  = 10.3 HZ, 
1 H, 6A-H), 4.18 (dd, J5,6,4 = 3.0, J ~ , G B  = 10.3 Hz, 1 H, 6B-H), 
4.62-4.64 (m, 1 H, 2-H), 4.84 (d, J = 3.0 Hz, 1 H, 4-H), 5.38-5.43 
(m, 2 H, =CH2), 5.73 (d, J,,, = 4.0 Hz. 1 H, I-H), 7.30-7.77 (m, 
4 H, Ph). - C17H2207S (370.42): calcd. C 55.12, H 5.99: found C 
55.11, H 6.33. 5: TLC (petroleum ethedethyl acetate, 2:l): Rf = 

0.32. - [a]$' = +70.4 (c = I ,  chloroform). - 'H NMR (250 MHz, 

4.05-4.08 (m, 2 H, 6A-H, 6B-H). 4.74 (ddd, J = 1.0, J = 3.2, J = 

4.87-4.88 (m. 1 H, 4-H), 5.22-5.49 (m, 2 H, =CH2), 5.59 (d, J1,2 = 

4.1 Hz, 1 H, 1-H), 7.28-7.75 (m, 8 H, 2 Ph). - C24H2809S2 (524.60): 
calcd. C 54.95, H 5.38; found C 54.62, H 5.76. 

CDC13): 6 = 1.31, 1.36 [2 S, 6 H, C(CH,),], 2.42 (s, 6 H, 2 PhCH3), 

7.8 Hz, 1 H, 5-H), 4.80 (dd, J1,2 = 4.1, J = 1.3 Hz, 1 H, 2-H), 

3- Deoxy-l,2- 0-isopropylidene-3- C-methylenr-6- 0- tolylsulfonyl-5- 
O-tric~iloroacetylcarbamoyl-cu-o-ribo-hexofuranose (4a): To a solu- 
tion of compound 4 (20 mg, 0.05 mmol) in deuteriochloroform (0.5 
ml) was added trichloroacetyl isocyanate (1 drop). - 'H NMR (250 
MHz, CDC13): 6 = 1.33, 1.43 [2 S, 6 H, C(CH3)2], 2.42 ( s ,  3 H, 
PhCH3), 4.18 (dd, J 5 , 6 ~  = 3.4, J ~ A , ~ B  = 11.6 Hz, I H, 6A-H), 4.26 
(dd, 55,6B = 6.7, J ~ A , ~ B  = 11.6 Hz, I H, 6B-H), 4.88 (dd, Ji,, = 
4.0, J = 0.8 Hz. 1 H, 2-H), 4.92-4.94 (m, 1 H, 4-H), 5.09-5.15 (m, 
1 H, 5-H), 5.07-5.23 (m, 2 H, =CH2), 5.74 (d, Jl,> = 4.0 Hz, 1 
H, I-H), 7.31-7.76 (in, 4 H, Ph), 8.48 (s. 1 H, CONH). 

3,6- Dideoxy-1,2-O-isopropylidene-3- C-methylene-a-D-ribo-hexo- 
furunose (6): Under nitrogen, a solution of the tosylate 4 (2 g, 5.4 
mmol) in dry diethyl ether (10 ml) was added slowly to a suspen- 
sion of LiAlH4 (410 mg, 10.8 mmol) in dry diethyl ether (10 ml). 
After 1 h, the reaction mixture was cooled to 0 "C , carefully 
quenched with satd. sodium sulfate solution ( 5  ml) and extracted 
with diethyl ether (4 X 50 ml). The combined extracts were washed 
with water (50 ml), dried with magnesium sulfate and concentrated 
under reduced pressure. Flash chromatography (toluenelacetone, 
1O:l) gave 895 mg (83%) of 6 as a colorless oil. - TLC (toluene/ 
acetone, 5:l): Rf = 0.31. - [a]$' = +170.5 (c = I ,  chloroform). - 

H), 1.30, 1.40 [2 s, 6 H, C(CH3)2], 2.51 (br.s, 1 H, SOH), 3.79 (m, 
'H NMR (250 MHz, CDC13): 6 = 1.08 (d, J5.6 = 6.5 Hz, 3 H, 6- 

1 H, 5-H), 4.64 (ddd, J4.5 = 4.8, J = 2.0, J = 1.4 Hz, 1 H, 4-H), 
4.83 (ddd, J l ,2  = 4.2, J = 1.5, J = 1.3 Hz, 1 H, 2-H), 5.18-5.41 
(m, 2 H, =CH2), 5.78 (d, .J1,2 = 4.2 Hz, 2 H, 1-H). - I3C NMR 
(62.9 MHz, CDC13): 6 = 17.66 (s, 1 C, 6-C), 27.34, 27.46 [2 S, 2 C, 
C(CH3)2], 69.95 (s, 1 C, 5-C), 81.98, 83.94 (2 S, 2 C, 2-C, 4-C), 
104.69, ( S ,  1 C, I-C), 112.54 (S, 1 C,  =CHl). - C10H1604 (200.23): 
calcd. C 59.99, H 8.05; found C 60.00, H 7.98. 

Acetyl 0-(2,4-Di-O-ncety~-3,6-~ideoxy-3-C-meth~~lene-cr-~-ribo- 
hexopyranoside) (801) and Acetyl 0-(2,4-Di-O-acetyl-3,6-dideo.xy-3- 
C-methylene-P-u-ribo-hexopyranoside) (SP): A solution of com- 
pound 6 (2 g, 10 mmol) in acetic acid (SO%, 20 ml) was heated to 
60 "C for 3 h. The reaction mixture was concentrated in vacuo, 
codestillated with toluene and chloroform to yield crude 7 (1.6 g) 
as a colorless foam. The obtained solid was dissolved in acetic an- 
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hydride/pyridine (1:2, 6 ml) and stirred overnight. After evapor- 
ation in vacuo and codestillation with toluene, the residue was puri- 
fied by flash chromatography (petroleum etherlethyl acetate, 2: 1) 
to yield 1.69 g (59%) of 8a as a colorless syrup and 570 mg (20%) 
of So as colorless crystals. 8a: TLC (toluene-acetone, 20:l): Rf = 

0.35. - [a]$ = +112.7 (c = I ,  chloroform). - 'H NMR (250 
MHz, CDC13): 6 = 1.17, 1.20 (d, J5,6 = 6.2 Hz, 3 H, 6-H), 2.07, 
2.08 (2 s, 9 H, 3 COCN3), 3.85 (dq, J4,5 = 9.7, J5,6 = 6.2 Hz, 1 H, 
5-H), 4.97-5.08 (m, 3 H, 4-H, =CH2), 5.44-5.47 (m, 1 H, 2-H), 
6.20 (d, J I , ~  = 3.7 Hz. 1 H, I-H). - 13C NMR (62.9 MHz, CDC13): 
6 = 17.74 (s, 1 C, 6-C), 20.51, 20.64, 20.84 (3 S, 3 C, 3 COCH3), 
69.51, 70.45, 72.95 (3 S, 3 C, 2-C, 4-C, 5-C), 89.56, (s, 1 C, I-C), 
106.07 (s ,  1 C, 343 ,  136.87 (s, 1 C ,  =CH2), 169.20, 169.26, 169.30 
(3 S, 3 C ,  3 COCH3). - C13H1807 (286.28): cdcd. C 54.54, H 6.34; 
found C 54.19, H 6.36. Sp: TLC (toluenelacetone, 20:l): Rf = 0.26. 
- [a]g = +20.6 (c = 1, chloroform). - 'H NMR (250 MHz, 
CDCI3): 6 = 1.23 (d, J5,6 = 6.2 Hz, 3 H, 6-H), 2.08, 2.11, 2.14 (3 
S, 9 H, 3 COCH,), 3.58 (dq, J4,5 = 9.0, J5.6 = 6.2 Hz, 1 H, 5-H), 
4.99-5.02 (m, 2 H, =CH2), 5.04-5.08 (m, J4,5 = 9.0 Hz, 1 H, 4- 
H), 5.33 (ddd, J l , 2  = 7.9, J = 1.9 Hz, 1 H, 2-H), 5.53 (d, 1 H, 1- 
H). - 13C NMR (62.9 MHz, CDC13): 6 = 17.83 (s, 1 C, 6-C), 
20.51, 20.62, 20.83 (3 s, 3 C, 3 COCH,), 70.86, 72.95, 74.38 (3 s, 3 
C, 2-C, 4-C, 5-C). 93.46 (s, 1 C, 1-C), 107.83 (S 1 C, 3-C). 138.39 
(s, 1 C, =CH2), 168.84, 169.10, 169.14 (3 S, 3 C, 3 COCH3). - 
CI3H1807 (286.28): calcd. C 54.54, H 6.34; C 54.52, H 6.26. 

2,4- Di-O-acetyl-3,6-dideoxy-3- C-methy/ene-ol/,8-D-ribo-hexopyra- 
nose (9a,P): Compound 8 (1 g, 3.5 mmol) and hydrazinium acetate 
(430 mg, 1.1 eq) in dry NN-dimethylformamide (25 ml) were 
stirred at 40 "C for 30 min, until the reaction mixture became a 
clear solution. After addition of ethyl acetate (100 ml), the mixture 
was extracted with water (3 X 50 ml) and the organic layer was 
dried with magnesium sulfate. Evaporation of the solvents and 
purification by flash chromatography (petroleum etherlethyl acet- 
ate, 3:2) yielded 9a,P (l:l,  794 mg, 93%) as a colorless oil. - TLC 
(petroleum etherlethyl acetate, 3:2): Rr = 0.30. - 'H NMR (250 
MHz, CDC13): 6 = 1.15 (d, J5.6 = 6.2 Hz, 1.5 H, 6a-H), 1.22 (d, 
J5,6 = 6.1 Hz, 1.5 H, 6p-H), 2.12, 2.14, (2 S, 6 H, 2a-COCH3, 2p- 
COCH,), 3.45 (dq, J4,5 = 9.8, J5,h = 6.1 Hz, 0.5 H, 5p-H), 3.94 
(dq, J4,5 = 9.8, J5.6 = 6.2 Hz, 0.5 H, 5a-H), 4.48 (d, J1.2 = 7.8 Hz, 
0.5 H, lP-H), 4.89-5.09 (m, 3 H, 4-H, =CH2), 5.15 (dd, J1,> = 7.8 

H, 2a-H). - CllHI6O6 0.5H20 (253.25): calcd. C 52.17, H 6.76; 
found C 52.48, H 6.75. 

Acetyl 2,4-Di-O-ucetyl-6-deo,uy-~-u-ribo-hexopyran-3-~iloside 
(lop): Into a solution of 8p (1.00 g, 3.49 mmol) in methanolldi- 
chloromethane (l:l, 100 ml) at -78 "C was bubbled ozone until 
the solution was blue colored. Then, the excess ozone was removed 
by passing argon through the solution. After evaporation of the 
solvents pure lop (1.00, was obtained as a colorless solid. - 
TLC (petroleum ethedethyl acetate, 5:2): Rf = 0.13. - [a@ = +58 
(c = 1, chloroform). - 'H NMR (250 MHz, CDC13): 6 = 1.37 (d, 
J5,6 = 6.1 Hz, 3 H, 6-H), 2.12, 2.13 (2 s, 9 H, 3 C 0 C H 3 )  3.81 (dq, 

Hz, 0.5 H, 2P-H), 5.26 (d, JL,2 = 3.7 Hz, 0.5 H, la-H), 5.33 (b, 0.5 

J4,5 10.3, J5.6 = 6.1 Hz, 1 H, 5-H), 4.99 (dd, J2,4 = 1.1, J4.5 = 

10.3 Hz, 1 H, 4-H), 5.29 (dd, J1,2 = 8.5, J2,4 = 1.1 Hz, 1 H, 2-H), 
5.78 (d, J1,2  = 8.5 Hz, 1 H, I-H). - CI2Hl6O8 (288.25): calcd. C 
50.00, H 5.59; found C 50.00, H 5.59. 

2,4-Di-O-~cetyl-6-deoxy-a/~-~-ribo-he,uopyran-3-ulose (1 la$). - 
From 9 4 :  Into a solution of compound 9aJ3 (100 mg, 0.409 
mmol) in methanolldichloromethane (l : l ,  5 ml) at -78 "C was 
bubbled ozone until the solution was blue colored. Then, the excess 
ozone was removed by passing argon through the solution. After 
evaporation of the solvents pure lla,p (101 mg, 99%) was obtained 
as a colorless foam. 
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From 10a,P: A mixture of 10s (0.29 g, 1.0 mmol) and hydrazin- 
ium acetate (0.10 g, 1.1 mmol) in dry dimethylformamide (1.5 ml) 
was heated to 40 "C until the solution was clear. After addition of 
ethyl acetate (40 ml) the solution was extracted with water (3 X 20 
ml) and the organic solution was dried (MgS04) and concentrated. 
Flash chromatography (petroleum etherlethyl acetate, 3:2) of the 
residue yielded lla,fl (0.61 g, 71%) as a colorless solid. - TLC 
(petroleum etherlethyl acetate, 3:2): Rf = 0.22. - 'H NMR (250 
MHz, CDC13): 6 = 1.39 (d, J5,h = 6.0 Hz, 3 H, 6-H), 2.16, 2.17 (2 
~,6H,2COCH3),3.54(~,lH,l-OH),3.77(dq,J4,5= 10.1,35,6= 
6.0 Hz. 1 H, 5-H), 4.31 (d, J1.2 = 8.2 Hz, 1 H, 1-H), 4.98 (d, J4.5 = 

10.1 Hz, 1 H, 4-H), 5.48 (d, JI.2 = 8.2 Hz, 1 H, 2-H). - Cl0H1407 
0.125 H 2 0  (248.47): calcd. C 48.34, H 5.78; found C 48.36, H 5.70. 
2,4-Di-O-acetyl-l,5-anhydro-6-deoxy-hex-l -en-3-ulose (12): Com- 

pound 12 was obtained as elimination product in several reactions, 
i.e. in attempts to phosphitylate 11. - TLC (toluene/acetone, 20:l): 
Rf = 0.36. - [a]g = + 159.8 (c = 1, chloroform). - 'H NMR (250 
MHz, CDC13): 6 = 1.43 (d, J5,6 = 6.4 Hz, 3 H, 6-H), 2.15, 2.18 (2 
S, 6 H, 2COCH3), 4.56 (dq, J4.5 = 12.2, J5,6 = 6.4 Hz, 1 H, 5-H), 
5.32 (d, J4.5 = 12.2 Hz, 1 H, 4-H), 7.38 (s, 1 H, I-H). - I3C NMR 
(62.9 MHz, CDC13): 6 = 17.21 (s, 1 C, 6-C), 20.06, 20.39 (2 s, 2 C, 
2 COCH,), 72.67, 78.06 (2 S, 2 C, 4-C, 5-C), 130.47 (s, 1 C, 2-C), 
155.80 (s, 1 C, 1-C), 168.52, 169.26 (2 s, 2 C, 2 COCH3), 182.17 (s, 
1 C, 3-C). - C10H1206 (228.20): calcd. C 52.63, H 5.30; found C 
52.82, H 5.46. 
Bis(Z-cyanoethyl)2,4-Di- O-acetyl-3,6-dideoxy-3- C-methylene-P- 

D-ribo-hexopyrunosyl Phosphite (14ap): A solution of bis(2-cyane- 
thyl) NN-diisopropylphosphoramidite (167 mg, 0.61 mmol) in dry 
dichloromethane (1 ml) was added dropwise to a solution of 9a,p 
(100 mg, 0.409 mmol) in dichloromethanelacetonitrile (1 : I ,  3 ml) 
under nitrogen at room temp. After addition of 1H-tetrazole (57 
mg, 0.82 mmol) the mixture was stirred for 20 min. Concentration 
under reduced pressure and purification of the residue by flash 
chromatography (petroleum etherlethyl acetate, 1:l) yielded 14a,P 
(146 mg, 86%) as a colorless oil. - TLC (petroleum ethedethyl 
acetate, 1:l): Rf = 0.40. - 'H NMR (250 MHz, CDCI,): 6 = 1.25 

2.69 [m, 4 H, P(OCH,CH,CN),], 3.53 (dq, J4,5 = 9.3, J5,6 = 6.1 
Hz, 1 H, 5-H), 3.96-4.16 [m, 4 H, P(OCH2CH2CN)2], 4.86 (dd, 
JI,? = 7.7, J1,2 = 7.6 Hz, 1 H, I-H), 4.96-5.07 (m, 3 H, 4-H, = 

CDC1,): 6 = 137.92 (s, Pe). No further purification was performed 
because of the sensitivity of 14ap to moisture. 
Bis (2- trirnethylsilylethyl) 2,4- Di- O-acetyl-3,6-dideoxy-3- C-meth- 

)'lene-P-D-ribo-hexopyranosyl Phosphite (14bp): A solution of bis(2- 
trimethylsilylethyl) NN-diisopropylphosphoramidite (223 mg, 0.6 1 
mmol) in dry dichloromethane (1 ml) was added dropwise to a 
solution of 9a,p (100 mg, 0.409 mmol) in dichloromethanelaceto- 
nitrile ( l : l ,  3 ml) under nitrogen at room temp. After addition of 
IH-tetrazole (57 mg, 0.82 mmol) the mixture was stirred for 20 
min. Concentration under reduced pressure and purification of the 
residue by flash chromatography (petroleum etherlethyl acetate, 6: 1 
+ 1% triethylamine) yielded 14bp (195 mg, 94%) as a colorless oil. 
- TLC (petroleum ethedethyl acetate, 6:l): Rf = 0.47. - 'H NMR 
(250 MHz, CDC13): 6 = 0.01-0.02 [m, 18 H, 2 Si(CH3)3], 0.84-1.20 
[m, 4 H, P(OCH,CH,TMS),], 1.23 (d, J5,6 = 6.1 Hz, 3 H, 6-H), 

1 H, 5-H). 3.88-4.22 [m, 4 H, P(OCH2CH2TMS)2], 4.83 (dd, Jl,p = 
8.3, J1,2 = 7.7 Hz, 1 H, I-H), 4.92-4.96 (m, 2 H, =CH2), 5.06 (d, 

31P NMR (161.7 MHz, CDC13): 6 = 139.08 (s, Pb). - No further 
purification was performed because of the sensitivity of 14b$ to 
moisture. 

(d,J5,6=6.1 Hz,~H,~-H),~.I~,~.I~(~s,~H,~COCH~),~.~I- 

CHl), 5.32 (d, J1,2 = 7.6 Hz, 1 H, 2-H). - 31P NMR (161.7 MHz, 

2.12, 2.14 (2 S, 6 H, 2COCH3), 3.49 (dq, 3 4 , ~  = 9.3, J5,6 = 6.1 Hz, 

J4.5 = 9.3 Hz, 1 H, 4-H), 5.30 (d, J1,2 = 7.7 Hz, 1 H, 2-H). - 
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Bis(2,2,2-tvichloroethyl) 2,4-Di-o-acetyI-3,6-dideoxycy-3-C-methyl- 
ene-a-o-ribo-hexopyranosyl Phosphite (14ca) and Bis(2,2,2- 
trichloroethyl) 2,4-Di-O-acetyl-3,6-dideoxy-3-C-methylene-P-o- 
ribo-hexopyranosyl Phosphite (14cp): To a solution of !?a$ (500 mg, 
2.05 mmol) and ethyldiisopropylamine (0.62 ml, 3.58 mmol) in dry 
acetonitrile (10 ml) was added bis(2,2,2-trichloroethyl)chloro- 
phosphite (1.75 g, 3.07 mmol) at room temp. The solution was 
concentrated under reduced pressure and the residue was purified 
by flash chromatography (petroleum ethedethyl acetate, 1:l + 1% 
triethylamine) to yield the anomeric mixture (1:l) 14ca,p (1.13 g, 
97%)) as a colorless oil. 14ca: TLC (petroleum ethedethyl acetate, 
2:l): Rf  = 0.67. - 'H NMR (250 MHz, CDCl3): 6 = 1.20 (d, J5.6 = 
6.2 Hz, 3 H, 6-H), 2.16 (s, 6 H, 2 COCH,), 4.04 (dq, J4.5 = 9.8, 
J5,6 = 6.2 Hz, 1 H, 5-H), 4.37-4.53 [m, 4 H, P(OCH2CC13),], 4.97- 
5.02 (m, 3 H, 4-H, =CH2), 5.40 (br.s, 1 H, 2-H), 5.68 (dd, J1,p = 

6 = 135.41 (s, Pa). 14~0:  TLC (petroleum ethedethyl acetate, 2:l): 
7.9, J1,2 = 3.4 Hz, 1 H, I-H). - ,'P NMR (161.7 MHz, CDCI,): 

Rj = 0.60. - 'H NMR (250 MHz, CDC13): 6 = 1.26 (d, J5,6 = 6.1 
Hz, 3 H, 6-H), 2.15 (s, 6 H, 2COCH3), 3.52 (dq, 54.5 = 9.3, J5.6 = 
6.1 Hz, 1 H, 5-H), 4.37-4.53 [m, 4 H, P(OCH,CCl,),], 4.95 (dd, 
J1,p = 7.5, J I , ~  = 7.6, 1 H, I-H), 4.97-5.02 (m, 2 H, =CH2), 5.08 

31P NMR (161.7 MHz, CDC1,): 6 = 136.82 (s, PB). - No further 
purification was performed because of the sensitivity of 14ca and 
14cP to moisture. 

Diethyl2,4-Di- O-acetyl-3,6-dideo.xyy-3- C-methylerie-a-o-ribo-hex- 
opyranosyl Phosphite (14da) arid Diethyl 2,4-Di-O-acetyl-3,6-dide- 
ox~~-3-C-methylene-~-o-ribo-he.xopyranosyl Phosphite (14dp): To a 
solution of 9a,P (3.0 g, 12.3 mmol) and ethyldiisopropylamine 
(3.72 ml, 21.5 mmol) in dry acetonitrile (60 ml) was added diethyl 
chlorophosphite (6.7 g, 18.4 mmol) at room temp. The solution was 
concentrated under reduced pressure and the residue was purified 
by flash chromatography (petroleum ethedethyl acetate, 10: 1) to 
yield 14da (1.65 g, 37%) and 14dp (1.65 g, 37%) as colorless oils. 
14da: TLC (petroleum ethedethyl acetate, 5:l): Rf = 0.32. - ' H  

(d, J4.5 = 9.3 Hz, 1 H, 4-H), 5.35 (d, J1,2 = 7.6 Hz, 1 H, 2-H). - 

NMR (250 MHz, CDCI,): 6 = 1.18 (d, J5,6 = 6.2 Hz, 3 H, 6-H), 
1.23 [2  t, 6 H, P(OCH,CH3)2], 2.12,2.15 (2 S, 6 H, 2COCH3), 3.80- 
4.02 [m, 5 H, 5-H, P(OCH,CH,),], 4.96-5.06 (m, 3 H, 4-H, =CH2), 
5.34-5.36 (m, 1 H, 2-H), 5.56 (dd, J,,p = 8.4, J,,2 = 3.6 Hz, 1 H, 

TLC (petroleum ethedethyl acetate, 5:l): Rj = 0.29. - 'H NMR 
(250 MHz, CDC1,): 6 = 1.18-1.26 [m, 9 H, 6-H, P(OCH,CH,),], 

1 H, 5-H), 3.79-3.96 [m, 4 H, P(OCH,CH,),], 4.83 (dd, JI,p = 8.5, 
J,,* = 7.7 Hz, 1 H, I-H), 4.91-4.95 (m, 2 H, =CH,), 5.05 (d, 

NMR (161.7 MHz, CDC1,): 6 = 138.95 (s, Pp). - Because of the 
sensitivity to moisture, l4da and 14dp were used for the next step 
without further purification. 

Dibenzyl (2,4-Di-O-ucetyl-3,6-dideo~y-3-C-methylene-a-~-ribo- 
hexopyranosyl) Phosphite (14ea) and Dibenzyl (2,I-Di-0-acetyl- 
3,6-di~~eoxy-3-C-methylene-~-~-ribo-hexopyranosyl) Phosphite 
(l4ep): A solution of dibenzyl N;N-diisopropylph~sphoramidite~'~~ 
(2.83 g, 8.2 mmol) in dry dichloromethane (20 ml) was added drop- 
wise to a solution of 9aJ (1 g, 4.09 mmol) in acetonitrile/dichloro- 
methane (l:l, 20 ml) under nitrogen at room temp. After addition 
of 1 M tetrazole (717 mg, 10.2 mmol) the reaction mixture was 
stirred for 20 min. Concentration under reduced pressure and purf- 
ication of the residue by flash chromatography (petroleum ether/ 
ethyl acetate, 1O:l + 1'% triethylamine) yielded 14ea (800 mg, 40%) 
and 14ep as colorless oils. 14ea: TLC (petroleum ethedethyl acet- 
ate, 8:l): Rf 0.24. - 'H  NMR (250 MHz, CDCl,): 6 = 1.16 (d, 

I-H). - ,'P NMR (161.7 MHz, CDC13): 6 = 139.51 (s, P,). 14dp: 

2.12 ,2 .13(2~,6H,2COCH3) ,3 .50(dq ,J4 ,5=9.4 , J5 .~=6.1H~,  

J4,5 = 9.4 Hz, 1 H, 4-H), 5.29 (d, J1.2 = 7.7 Hz, 1 H, 2-H). - "P 

J5,6 = 6.2 Hz, 3 H, 6-H), 1.97, 2.17 (2 S, 6 H, 2 COCH,), 3.99 (dq, 

J4,5 = 9.8, J5,6 = 6.2 Hz, 1 H, 5-H), 4.86-4.94 (m, 4 H, 2CH2Ph), 
4.95-5.11 (m, 3 H, 4-H, =CH2), 5.41 (dd, J1 ,2  = 3.5, J2,4 = 1.1 

7.24-7.38 (m, 10 H, 2 CH2Ph). - ,'P NMR (161.7 MHz, CDCI,): 
6 = 138.85 (s, Pa). 14ep: TLC (petroleum ethedethyl acetate, 8:l): 

Hz, 1 H, 2-H), 5.68 (dd, J1,p = 8.3, J1,2 = 3.5 Hz, 1 H, I-H), 

Rf = 0.20. - 'H NMR (250 MHz, CDC13): 6 = 1.27 (d, 55.6 = 6.1 
Hz, 3 H, 6-H), 2.00, 2.16 (2 S, 6 H, 2 COCH,), 3.53 (dq, J4,5 = 9.5, 
J5,6=6.1Hz,1H,5-H),4.66-5.18(m,8H,l-H,4-H,2CH,Ph,= 
CH2), 5.41 (d, Jl,2 = 7.5 Hz, 1 H, 2-H), 7.19-7.36 (m, 10 H, 2 

Because of the sensitivity to moisture, 14ea and 14ep were used for 
the next step without further purification. 

CH2Ph). - ,'P-NMR (161.7 MHz, CDC13): 6 138.37 (s, Pp). 

Diethyl2,4-Di-O-acetyl-3,6-dideoxy-3-C-inethylene-a-~-ribo-lzex- 
opyrunosyl Phosphate (15da) and Diethyl2,4-Di-O-ncetyl-3,6-dide- 
oxy-3-C-methylene-P-~-ribo-hexopyranosyl Phosphate (15dp): Into 
a solution of 14da and 14dp ( l : l ,  0.72 g, 1.98 mmol) in methanol/ 
dichloromethane (1 : 1, 40 ml) was bubbled ozone, until the starting 
material was disappeared (TLC control). Then, the excess ozone 
was removed by passing argon through the solution. Concentration 
under reduced pressure and flash chromatography (petroleum 
ethedethyl acetate, 1:l) yielded 15da and l5dP ( l : l ,  655 mg, 87%) 
as a colorless solid. - TLC (petroleum ethedethyl acetate, 1:l): 
Rf = 0.29. - ' H  NMR (250 MHz, CDC13): 6 = 1.18 (d, J5,6 = 6.2 
Hz, 1.5 H, 6a-H), 1.22 (d, J5,b = 6.1 Hz, 1.5 H, 6P-H), 1.25-1.32 
[m, 6 H, a-P(OCH,CH,),, P-P(OCH2CH,),], 2.12-2.13 (m, 6 H, 
2a-COCH3, 2 p-COCH,),), 3.55 (dq, J4,5 = 9.2, J5,6 = 6.1, 0.5 H, 
5P-H), 3.93 (dq, J4,5 = 9.6, J5,6 = 6.2 Hz, 0.5 H, 5a-H), 4.00-4.16 
[m, 4 H, a- Symbol 'P(OCH2CH3),, P-P(OCH2CH3),], 4.965.06 (m, 
3 H, 4-H, =CHZ), 5.09 (dd, J I , p  = 7.5, JI,, = 7.6 Hz, 0.5 H, lp- 
H), 5.30 (d, J1,2 = 7.6 Hz, 0.5 H, 2P-H), 5.36 (p, 0.5 H, 2a-H), 
5.70 (dd, JI,p = 6.5, J1.2 = 3.5 Hz, 0.5 H, la-H). - NMR 
(161.7 MHz, CDC13): 6 = -2.55 (s, Pa), -2.08 (s, Pp). - 
C15H2509P (380.33): calcd. C 47.37, H 6.63; found C 47.56, H 6.80. 

Dibenzyl (2,4-Di-O-ucetyl-3,6-dideo.x~-3-C-methylene-au-~-ribo- 
he.xopyrunosy1) Phosphate (15e): Under nitrogen, the phosphite 
14ea (530 mg, 1.08 mmol) was dissolved in dry dichloromethane 
(10 ml) and a solution of tert-butyl hydroperoxide (910 ml, 3 M in 
toluene) was injected slowly while stirring. After addition of tri- 
ethylamine ( 5  drops) the reaction mixture was concentrated under 
reduced pressure. The residue was purified by flash chromatogra- 
phy (petroleum ethedethyl acetate, 2.1 + 1'Yn triethylamine) to give 
15e (517 mg, 94%) as a colorless oil. - TLC (petroleum ethedethyl 
acetate, 2:l): Rj  = 0.26. - ' H  NMR (250 MHz, CDC13): 6 = 1.12, 

3.91 (dq, J4,5 = 9.7 Hz, 1 H, 5-H), 5.01-5.10 (m, 7 H, 4-H, 2 
CH2Ph, =CH2), 5.39-5.41 (m, 1 H, 2-H), 5.83 (dd: J1,p 6.4, JI,? = 

3.4 Hz, 1 H, I-H), 7.25-7.38 (m, 10 H, 2 CH2Ph). - 31P NMR 
(161.7 MHz, CDCl,): 6 = -2.07 (s, Pa). - Because of the sensi- 
tivity to moisture, 15e was used for the next step without further 
purification. 

1.14 (d, J5.6 = 6.2 Hz, 3 H, 6-H), 1.97, 2.15 (2 S, 6 H, 2 COCH,), 

Diethy1 2,4-Di-O-acetyl-6-deoxy-cr-o-ribo-hexop~~rnn-3-ulosyl 
Phosphate (16d): Into a solution of compound 14da (1.0 g, 2.74 
mmol) or 15d (1.04 g, 2.74 mmol) in methanol/dichloromethane 
(l:l,  50 ml) at -78 "C was bubbled ozone until the solution was 
blue colored. Then, the excess ozone was removed by passing argon 
through the solution. After evaporation of the solvents pure 16d 
(1.0 g, 95%) was obtained as a colorless solid. - TLC (petroleum 
etherkthyl acetate, 1:l): Rf = 0.12. - [a]g = +84.5 (c = 1 ,  chloro- 
form). - 'H NMR (250 MHz, CDC13): 6 = 1.32 [t, 6 H, 

s, 6 H, 2 COCH,), 4.05-4.18 [m, 4 H, P(O)(OCH,CH,),], 4.31 (dq, 
P(O)(OCH2CH,),], 1.37 (d, J5.6 = 6.1 Hz, 3 H, 6-H), 2.15, 2.19 (2 

J4.5 = 10.1, J5,6 = 6.1 Hz, 1 H, 5-H), 5.04 (dd, J2.4 = 0.7, J4,5 = 
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10.1 Hz, 1 H, 4-H), 5.44-5.47 (m, 1 H, 2-H), 6.04 (dd, JI,p = 6.7, 

2.61 (s, Pa). - C14H23010P (382.30): calcd. C 43.98, H 6.06; found 
C 43.91, H 6.06. 

Jf .2  = 4.2 Hz, 1 H, 1-H). - 31P NMR (161.7 MHz, CDCI,): 6 = 

Bis(triethy1ammonium) (2,4-Di- O-acetyl-3,6-dideoxy-3- C-methyl- 
ene-a-D-ribo-hexopyrunosyl) Phosphate (17): A mixture of 15e (125 
mg, 248 mmmol) and palladium on charcoal (lo%, 10 mg) in meth- 
anol/ethyl acetate (1 : 1, 6 ml) was shaken under hydrogen. After 10 
min the reaction mixture was passed immediately through a pad of 
Celite and after addition of triethylamine (3 drops) the filtrate was 
concentrated in vacuo. Flash chromatography over a short silica 
gel column (chloroformlmethanol, 2: 1+ 1: I), followed by filtration 
through RP 18-material yielded 17 (91 mg, 88%) as a white powder. 
- TLC (chloroform/methanol, 1:l): Rr = 0.23. - 'H NMR (250 
MHz, D20): 6 = 1.03 (d, J5,6 = 6.2 Hz, 3 H, 6-H), 1.07 [t, J = 7.3 
Hz, 9 H, N(CH*CH,),], 2.10, 2.04 (2 S, 6 H, 2 COCH,), 3.00 [q, 
J = 7.3 Hz, 6 H, N(CH2CH?),], 3.88 (dq, 54,s = 9.6, J5,6 = 6.2 Hz, 
1 H, 5-H), 4.85-4.94 (m, 3 H, 4-H, =CH2), 5.21 (br.s, 1 H, 2-H), 
5.38 (dd, J1,p = 7.3, Jl.2 = 3.6 Hz, 1 H, I-H). - I3C NMR (62.9 
MHz, D20): 6 = 9.17 [s, 3 C, N(CH,CH,),], 17.63 (s, 1 C, 6-C), 
21.11 (s, 2 C, 2COCH3), 47.60 [s, 3 C, N(CH*CH,),], 70.07-74.64 
(2 S, 2 C, 4-C, 5-C), 71.95 (d, J2.p = 8.3 Hz, 1 C ,  2-C), 92.78 (d, 
J1,p = 5.0 Hz, 1 C, I-C), 107.98 (s, 1 C, 3-C), 137.26 (s, 1 C, = 

CH2), 173.67, 173.76 (2 S, 2 C, 2 COCH,). - "P NMR (161.7 
MHz, D20): 6 = - 1.25 (s, Pa). - FAR-MS (negative mode, matrix: 
3-nitrobenzyl alcohol): m/z (%): 263 (9) [M - HOAc - H+]-, 281 
(27) [M - C2H20 - H+]-, 323 (100) [M - H+]-, 605 (7) [2 M 
- C2H20 - Ht]- ,  647 (22) [2 M - H+]-. - CllH1709P 0.90 
triethylamine (415.29). 

Bisjtriethylammonium) (3,6-Dideoxyy-3-C-methylene-a-~-ribo- 
hexopyrunosyl) Phopshute (18): Compound 17 (400 mg, 963 mmol) 
was dissolved in a mixture of methanol/water/triethylamine (9555, 
15 ml) and stirred at room temp. for 1 d. After a second addition 
of methanol/water/triethylamine (10:5:2, 15 mi) the solution was 
further stirred for 4 d, until deacetylation was complete. The reac- 
tion mixture was concentrated in vacuo, codestillated with toluene/ 
chloroform and finally purified by flash chromatography (chloro- 
form/methanol/water, 3:2:0.25). Filtration through a pad of RP 18- 
material gave after lyophilization in water 18 (281 mg, 91%) as a 
white powder. - TLC (chloroform/methanol/water, 1:l:O.l): Rf = 

0.11. - 'H NMR (250 MHz, D20): 6 = 1.05 [t, J = 7.3 Hz, 9 H, 
N(CH2CH,),], 1.07 (d, J5,6 = 5.4 Hz, 3 H, 6-H), 2.97 [q, J = 7.3 
Hz, 6 H, N(CH2CH3),], 3.52-3.62 (m, 2 H, 4-H, 5-H), 4.08 (m, 1 
H, 2-H), 4.93-5.08 (m, 2 H, =CH2), 5.24 (dd, JI,p = 6.5, J1,2 = 
3.7 Hz. 1 H, I-H). - I3C NMR (62.9 MHz, DzO): 6 = 9.16 [s, 3 
C, N(CH,CH,),], 18.11 (s, 1 C, 6-C), 47.61 [s, 3 C, N(CH,CH,),], 
70.89 (d, J2 ,p  = 8.9 Hz, 1 C, 243,  71.80-73.40 (2 S, 2 C, 4-C, 5-C), 
95.48 (d, J I , p  = 6.3 Hz, 1 C, I-C), 105.58 (s, 1 C, 343,  146.30 (s, 
1 C, =CH2). - ,'P NMR (161.70 MHz, D20): F = 3.97 (s, Pa). - 
FAB-MS (negative mode, matrix: 3-nitrobenzyl alcohol): mlz (YO): 

M - H-']--. - C7HI3O7P 0.80 triethylamine (321.10). 
239 (100) [M - H+]-, 281 (20) [M + C2H20 - H+]-, 479 (12) [2 

Bis(triethylammonium) (6-Deo,~y-a-~-ribo-hexopyran-3-ulosyl) 
Phosphute (19): The phosphate 18 (40 mg, 125 mmol) was dissolved 
in dry methanol/dichloromethane ( l : l ,  4 ml) and cooled to -78 
"C. Oxidation occurr by passing in an oxygen-ozone stream for 70 
sec. Excess ozone was removed by bubbling a stream of argon 
through the reaction mixture. Finally the solution was allowed to 
warm up to room temp., concentrated under reduced pressure and 
codestillated with chloroform/dichloromethane to yield 19 (40 mg, 
quant.) as an amorphous powder. - TLC (chloroform/methanol/ 
water, 3:2:0.25): Rf = 0.10. - 'H NMR (250 MHz, D20): 6 = 1.09 

[t, J = 7.3 Hz, 9 H, N(CH,CH,),], 1.23 (d, J5,6 = 5.8 Hz, 3 H, 6- 
H), 3.00 [q, J = 7.3 Hz, 6 H, N(CH2CH,),], 3.86-3.99 (m, 2 H, 
4-H, 5-H), 4.44 (m, 1 H, 2-H), 5.58 (dd, JI,p = 6.7, = 4.3 Hz, 
1 H, I-H). - I3C NMR (62.9 MHz, [D7]-DMF): 6 = 13.82 [s, 3 
C, N(CH,CH,),], 23.98 (s, I C, 6-C), 51.16 [s, 3 C, N(CH,CH,),], 
77.70-83.52 (2 S, 2 C ,  4-C, 5-C), 81.71 (d, J2,p = 5.2 Hz, 1 C, 243,  
103.06 (d, JI,p = 4.3 Hz, 1 C, 1-C), 199.54 (s, 1 C, 3-C). - j 'P 
NMR (161.7 MHz, D20): 6 = - 1.44 (s, Pa). - FAB-MS [negative 
mode, matrix: methanol/glycerin (l:l)]: m/z ?%): 97 (49) [H2P04]-, 

- H+]-. - C6HI1O8P 0.80 triethylamine (323.07). 
241 (100) [M - H+]-, 333 (16) [M + Gly - H+]-, 483 (12) [2 M 

Bis(triethy1ammonium) (3",6"-Dideoxy-3"-C-metliylene-a-~-ribo- 
hexopyranosyl) (2'-Deoxythymidine-5'-yl) Diphosphate (20): To a 
solution of 18 (50 mg, 156 mmol) in dry pyridine (2 ml) was added 
4 A molecular sieves, which was dried by heating at 250°C/10-3 
Torr. The solution was stirred at room temp. for 2 h under argon. 
The dTMP morpholidate (126 mg, 193 mmol), previously dried by 
repeated evaporation with dry pyridine ( 5  X 10 mi), was dissolved 
in dry pyridine (2 ml) and added dropwise over a period of 10 min 
to the stirred solution. The reaction was monitored by analytical 
HPLC ( 5 %  acetonitrile in 0.5 M triethylammonium hydrogen car- 
bonate solution) and after standing for 5 d, the reaction mixture 
was evaporated to dryness. Purification of the residue by prep- 
aration HPLC (5% acetonitrile in 0.5 M triethylammonium hydro- 
gen carbonate solution, tR = 22 min) gave after lyophilization in 
water 20 (56 mg, 51%) as a white solid. - TLC (chloroform/meth- 
anol/water, 3:4:0.25): Rf = 0.30. - ' H  NMR (250 MHz, D20): 6 = 

N(CH,CH,),], 1.73 (s, 3 H, CH,), 2.13-2.18 (m, 2 H, 2'A-H, 2'B- 
H), 2.97 [q, J = 7.3 Hz, 12 H, 2 N(CH2CH3),], 3.61-3.63 (m, 2 
H, 4"-H, 5"-H), 3.95-3.97 (m, 3 H, 4'-H, 5'A-H, 5'B-H), 4.08 (m, 
1 H, 2"-H), 4.42 (m, 1 H, 3'-'H), 4.97-5.04 (m, 2 H, =CH2), 5.37 

1.05 (d, Jy,V = 5.8 Hz, 3 H, 6"-H), 1.07 [t, J = 7.3 Hz, 18 H, 2 

(dd, J1-8,p = 7.0, J1",2$, = 3.7 Hz, 1 H, 1"-H), 6.16 (dd, J1, ,2 ,A 1 6.8, 
J1,,2,B = 7.1 Hz, 1 H, 1'-H), 7.52 (d, J = 0.9 Hz, 1 H, 6-H). - I3C 
NMR (62.9 MHz, D2O): 6 = 9.17 [s, 3 C, N(CH,CH,),], 12.59 (s, 
1 C, CH,), 18.20 (s, 1 C, 6"-C), 39.56 (s, 1 C 2'-C), 47.63 [s, 3 C, 
N(CH,CH,),], 66.32 (d, Jg,,p = 5.2 Hz, 1 C, 5 '43 ,  71.07 (d, J y , p  = 
9.1 Hz, 1 C, 2"-C), 71.82-73.44 (m, 3 C, 3'-C, 4"-C, 5"-C), 85.92 (s, 
1 C, 1'-C), 86.35 (d, J4s.p = 9.1 Hz, 1 C, 4 '43,  96.25 (d, J I" ,p  = 
6.4 Hz, 1 C, I"-C), 105.62 (s, 1 C, 3"-C), 112.62 (s, 1 C, 5-C), 138.33 
(s, 1 C, 6-C), 146.54 (s, 1 C, =CH2), 152.60 (s, 1 C, 243,  167.40 
(s, 1 C, 4-C). - "P NMR (161.7 MHz, DZO): 6 = -12.35 (d, 
Jp,p. = 22.5 Hz, 1 P), -10.81 (d, J p y  = 22.5 Hz, 1 P). - FAB- 
MAS (negative mode, matrix: methanollglycerin, 1: 1): m/z ("2): 321 

635 (4) [M - Gly-H 'I--. -C17H26N2014P2 1.5 triethylamine 
(696.13). 

(9) [dTMP - H+]-, 401 (12) [dTDP - H+]-, 543 (30) [M - H+]-, 

Disodium j6"-Deoxy-a-D-ribo-hexopyran-3"-ulosyl) (2'-Deoxy- 
thymidine-Y-yl) Diphosphate (1). - Via Oionolyis: Compound 20 
(40 mg, 57.5 mmol) was dissolved in dry methanol (6 ml) and co- 
oled to -78 "C and satd. with ozone, until the characteristical blue 
color persisted. The ozone satd. dichloromethane ( 5  ml) was added 
dropwise to the solution, until TLC shows a slower moving non 
ultraviolett absorbing byproduct. Excess ozone was removed by 
bubbling a stream of argon through the reaction mixture. Concen- 
tration in vacuo yielded a yellowish residue, which was purified by 
preparative HPLC (3% acetonitrile in 0.01 M triethylammonium 
hydrogen carbonate solution, tR = 12 min). Lyophilization of the 
resulting solutions gave 1 (9 mg, 22%) along with recovered 20 (28 
mg, 70%), all as amorphous solids. The triethylammonium salt of 
compound 1 was dissolved in water and treated with ion exchanger 
(Amberlite IR 120, Na' form). After filtration, the solution was 
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concentrated under reduced pressure and finally lyophilized to give 
the much more stable disodium salt of compound 1. 

By the Morpholidate Procedure: The dTMP morpholidate (1 87 
mg, 288 mmol), previously dried by repeated evaporation with dry 
dimethylformamide ( 5  X 10 ml) at Torr, was dissolved in dry 
dimethylformamide (2 ml) and stirred with freshly activated 4-A 
molecular sieves at room temp. for 2 h under argon. A solution of 
the phosphate 19 (60 mg, 186 mmol) in dry dimethylformamide (2 
ml) was added dropwise while stirring. The reaction was monitored 
by analytical HPLC. After standing for 5 d, the reaction mixture 
was concentrated under reduced pressure at Torr. Purification 
of the residue by preparative HPLC (3% acetonitrile in 0.05 M trie- 
thylammonium hydrogen carbonate solution, tR = 15 min) and fol- 
lowing lyophilization gave the triethylammonium salt of compound 
54 (40 mg, 30%) as an amorphous solid. The diphosphate 1 was 
converted in his disodium salt as described before. - TLC (chloro- 
form/methanol/water, 3:4:0.25): R f  = 0.28. - 'H NMR (250 MHz, 

2.14-2.18 (m, 2 H, 2'A-H, 2'B-H), 3.93-4.07 (m, 5 H, 4'-H, 5'A- 
H, 5'B-H, 4"-H, 5"-H), 4.41-4.56 (m, 2 H, 3'-H, 2"-H), 5.67 (dd, 

D20): 6 = 1.05 (d, Jy$,y = 5.8 Hz, 3 H, 6"-H), 1.73 (s, 3 H, CH3), 

J I" ,p  = 7.1, JI",y = 4.3 Hz, 1 H, I"-H), 6.13 (dd, J1, ,2 'A = 6.6, 
J1, ,2 ,B = 6.9 Hz, 1 H, 1'-H), 7.55 (s ,  1 H, 6-H). - 31P NMR (161.7 
MHz, D20): 6 = -10.64 (d, Jp,p, = 22.5 Hz, 1 P), -6.02 (d, Jp,p, = 

22.5 Hz, 1 P). - FAB-MS [negative mode, matrix: methanol/gly- 
cerin (l:l)]: m/z (%): 4.01 (78) [dTDP - H']-, 493 (12) [dTDP + 
Gly - H+]-, 545 (100) [M - H+]-, 637 (12) [M + Gly - H+]-, 
1091 (8) [2 M - H 'I-. - C I ~ H ~ ~ N ~ O I ~ P ~  2 Na (590.30). 

Ir Dedicated to Professor Gotfried Huttner on the occasion of his 
60th birthday. 

[ I ]  H. Griesebach, Adv. Carbohydr. Chem. Biochem. 1978, 35, 
81-126; V. N. Shibaev, ibid. 1986, 44, 277-339. 

[*I J. S. Thorson, S. F. Lo, H. -W. Liu, C. R. Hutchinson, J.  Am. 
Chem. Soc. 1993, 115, 6993-6994; H. -W. Liu, J. S. Thorson, 
Annu. Rev. Microbiol. 1994, 48, 223-256 and ref. cited therein. 

I31 R. Okazaki, T. Okazaki, J. L. Strominger, A. M. Michelson, J 
Biol. Chem. 1962, 237, 3014-3026; C. E. Snipes, G. U. Bril- 
linger, L. Sellers, L. Mascaro, H. G. Floss, ibid. 1977, 252, 

141 A. Stein, M. -R. Kula, L. Elling, S. Verseck, W. Klaffke, Angew. 
81 13-81 17. 

Chem. 1995, 107, 1881-1883; Angew. Chem. Int. Ed Engl. 

L51 C. E. Snipes, C. Chang, H. G. Floss, J Am. Chem. Soc. 1979, 
101, 701-706; H. G. Floss in The Antibiotics Vol. 4 (Ed.: J. W. 
Corcoran), Springer, Berlin, 1981, 215-235; J. J. Lee, J. P. Lee, 
P. J. Keller, C. E. Cottrell, C.-J. Chang, J Antibiotics 1986, 39, 
1123- 1134. 

16] E. Heinz, H. Schmidt, M. Hoch, K.-H. Jung, R. R. Schmidt, 
Eur. J Biochem. 1989, 184, 445-453; M. Hoch, E. Heinz, R. 
R. Schmidt, Curbohydr. Res. 1989, 193, 33-47; R. R. Schmidt, 
B. Wegmann, K.-H. Jung, Liebigs Ann. Chem. 1991, 121 - 124. 

L7 I  T. Eisele, R. R. Schmidt, unpublished results; T. Eisele, Dip- 
lomarbeit, Universitat Konstanz, 1993. 
For a short communication of this work see: T. Muller, R. R. 
Schmidt, Angew: Chern. 1995, 107, 1467- 1468; Angew. Chem. 
Int. Ed. Engl. 1995, 34, 1328-1329. 

Iy] Another synthesis of 1 has been recently displayed; the final 
step is 0-debenzylation: A. Naundorf, W. Klaffke, Eurocurb 
VIII, Sevillu, July, 1995, Abstract A 0-4. 

[lo] 0. T. Schmidt in Methody in Carbohydrate Chemistry, Vol. II 
(Ed.: R. L. Whistler, M. L. Wolfrom), Academic Press, New 
York, 1963, 318-325; W. Sowa, G. M. S. Thomas, Can. J 
Chenz. 1966, 44, 836-838; A. Mazur, B. E. Tropp, R. Engel, 
Tetrahedron 1984, 40, 3949- 3956. 

[I1]  G. Excoffier, D. Gagnaire, J.-P. Utille, Carbohydr. Res. 1975, 
39, 368-373. 

[I2]  R. Criegee, Angew. Chem. 1975, 87, 765-771; R. Criegee, An- 
gerv. Chem. Int. Ed. Engl. 1975, 14, 745-752. 

[I3] R.  L. Letsinger, J. L. Finnan, G. A. Heavner, W. B. Lunsford, 
J Am. Chem. Soc. 1975, 97, 3278-3279; S. L. Beaucage, M. H. 
Carnthers, Tetrahedron Lett. 1981, 22, 1859- 1862. 

[I4] W. Bannwarth, A. Trzeciak, Helv. Chim. Acta 1987, 70, 

[ I5]  J. P. Perich, R. B. Johns, Synthesis 1988, 142-144. 
[I6] Attempts to perform an acid catalyzed anomerisation led 

[I7]  W. Gerrard, W. J. Green, J. R. Phillips, J.  Chem. Soc. 1954, 

[ I8 ]  This compound is commercially available. 

1995, 34, 1741 - 1743. 

175- 183. 

mainly to decomposition. 

I 148- 1 150. 

S. Roseman, J. J. Distler, J. G. Moffat, H. G. Khorana, J Am. 
Chern. Soc. 1961, 83, 659-663; J. G. Moffat, Met1zod.y Enzymol. 
1966, 8, 136-142. 

L20] R. R. Schmidt, K. Frische, Bioorg. Med. Chem. Lett. 1993, 3,  
1747-1750; K. Frische, R. R. Schmidt, Liebigs Ann. Chem. 

L 2 ' ]  T. Muller, Dissertation, Univ. Konstanz, 1996. 
[221 J. S. Brimacombe, J. A. Miller, U. Zakir, Curbohydr. Res. 1976, 

1994, 297-303. 

49, 233-242. 
[97144] 

1914 Liebigs Ann.lRecueil1997, 1907- 1914 




