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&&ract: The catalytic osmylation of electron-poor allylic ethers and alcohols was 
studied. In the case of )J-alkoxy E-enoates reaction selectivity was found 
to range fro& 2:1 to Sri in favor of Lhe prabinq (2,3-syn - 3,4-anti) 
product, regardless of the.double bond substitution. Lower (if any) 
selectivity was found for the B-isomers. On the contrary, 
2-methylene-3-hydroxy esters were osmylated with virtually complete 
2,3-syn oelectivity.The factors affecting the stereochemical outcome of 
the reacUons are discussed 

The relevance of the catalytic osmylation of allylic alcohols and ethers to the 

asymmetric synthesis of polyhydroxylated compounds has been recently 

rocognixed1-4 and has stimulated an intensive effort of rationalization. 1,2a,3b,5,6 

Different empirical rules have been proposed to predict the stereochenical outcome 

of the reaction. 

As far as electron rich alkeneo are concerned, the study of a large number of 

cases led Kiohi to otate that’ “the relative stereochemistry between the 

preexisting hydroxy or alkoxy group and the adjacent, newly introduced hydroxy 

group of the major product, in all cases is “grvthrq” (antl1.7 For 4-alkoxy enoates 

and anunes, inotead, Stork proposed that the 3,4 - relative configuration of the 

mayor hydroxylation product depends upon double bond configuration, E and 2 enoates 

being oamylated with apparently complete 3,4 - m and 3,4 - syll selectivity 

respectively. 2a 

During the course of our studies directed toward the synthesis of rare sugars we 

decided to undertake an investigation of catalytic osmylation of alkoxy enoatea of 

general formulae I and II &th the aim of obtaining erumtioaerically pure 

intermediates for branched-chain hexoses synthesis0 and, at the same time, getting 

further information on enoate hydroxylation stereoselectivity. 

R = Ii, Alk 

1 
R = Ii, Me 
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RESULTS AHI) DISCUSSION 

Esters 3-10 were straightforwardly prepared starting froze O-protected 

lactaldehydes 1’ and 2l*by Wttig-type reaction (see Table 1). Either stabilized 

ylldes or Horner-mans reagents were employed for the synthesis of E-en;:tea, 

whereas Z-pentenoatee were best prepared with the Still-Gennari reagent. 
For 

comparison, ester 11 was synthesized 55 described by Stork.2a The synthesis Of 

methylene esters 12 and 13 has been reported elsewhere. 
12 

1 R = Bn 

2 R = BOM 

E- J-10 

3 

4 

5 R1 = H 

6 Rl = Bn 

7 = Bn 

0 = Bn 

9 Rl = BOH 

10 R1 = H 

QEE 
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R2 a H 

R2 .= H 

R2 = H 

:; PH = Me 

;: 
- Me 

= He 
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q Me 
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$ ” Et 
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RJ = Et? 

= Et 

= Et 

I? 

z- J-10 

y&$cc$B” BnoJ+“.M% 
OH 

12 

BOH = C6H5CH20a2 

Brl = C6H5CH2 

EE - CHKM31~2~3 
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21 a 21b 

17a- 1% 17b-19b 17d 

22b 22c 22d 

of olefins 3-13 occurs with high chemical yields, 

generally affording mixtures of ioomeric dlols. The relative configuration at 

product stereocenters was assigned by conversion to the correspondingb’-lactones 

(Scheme 1) whose structure can be est+bllsbed by 'H- and l3 C-NKR spectroscopy cn 

the basis of very characteristic trends of chemical shift and coupling constant 
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valuea.14 The @rabinQ configuration was assigned to 20a by Stork.2a 

In the case of E-enoatea (Table 2) dials 14-20 and lactonea 21 were obtained In 

iaomeric ratios ranging from 2:l to S:l. The predominant Isomer showed, in all 

cases, the arabinc! (2,3-m - 3,4-@&&I configuration. Some dependence on the 

nature of R1 (see Figure) was also evidentl in the series 3-6 (Table 2, Entries 

l-4) the beat result was obtained withy-hydroxy pentenoate 5 from which a 711 

mixture of lactonea 21a and 21b was isolated. 

Occasionally the atereoaelectlon In the series of 2-methyl-E-enoatea la the aame 

as that of 2-unaubatltuted enoatea in the case of protected hydroxyl groups, as 

observed for wo-gJLlo ratios of E diaubatituted pentenoatea and the 

corresponding 'L-methyl derivatives (cfr Table 2, Entries 1 VI 5, 4 va 6). On the 

contrary no atereoaelectivlty is observed if, in position 4. there is a free 

hydroxyl group (Entry 8). 

The ratio 20a : 20b which was not specified In Ref. 2a, was found to be Erl. 
Surprisingly, 2a osmylatlona of Z-enoatea were either non selective (2-3 end Z-4, 

Table 3 Entries 1 and 2) or showed low preference for the RQQ (2,3-u - 

3,4-m) product (Z-7, Table 2, Entry 3). 

Osmium tetroxlde promoted hydroxylation of esters 12 and 13 (Scheme 2) provided 

the beat stereochemical results: in both cases a &~g& &&eCtable trio1 (23 and 25 

respectively) was generated. Product configurations were shown to be 2,3-m by 

conversion Into the known lactonea 24 and 26.15 

Since the mechanism of oamylation la not well defined, 16 the factors determining 

reaction selectivity are particularly difficult to evaluate. A rationalization of 

the results can be attempted on the basis of Stork's model for enoate oaaylatlon. 2a 

From this point of vIew, the 3,4-m aelectlvity shown by E-enoatea can be 

explained assuming that reaction takes place preferentially through transition 

structure A (Y&&H, X= C02R). Thin structure, which features an S-CiS 

TABLEI. Synthesis of Enoates 

Rntry Reagent Reaction Enoate EIZLL 

Conditions 

1 1 

2 1 

3 2 

4 1 

5 1 

6 2 

7 1 

S 1 

9 1 

10 1 

11 2 

12 2 

Ph3P=C(He)C02Meb 

Ph3p=C(Me)C02Etb 
8, 

(MeO)2P(=O)CH(Me)C02He 

(EtO12P(=O)CH2C02Et 
0, 

CH2C12/R.T. 7 
I, *, 8 
I, ,I 9 

KH/THF/-7f3ac 7 

CH2C12/R.T. 3 
II II 4 

twimw~-7a”c 6 

NaH/THF/-40°C 6 

NaHlTHPI-60°C 3. 

KN(SIMe3)21THE’I 3 

DCH-18-C-6/-7S'C 

KN(SIMe3)21THFI-7& 4 

KHITHPI-7S°C 4 

1531 

15:l 

15:l 

1:l 

1.7:l 

2.1:1 

12:l 

1911 

1:l 

1:5 

1:S 

lr9 

a Ratios determined by HPLC and/or 'H-R?LR 

b Yllde generated by 28 NaOH from the corresponding phoaphonium salt 
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TABLE 2. Catalytic Osmylation of E-Ehates 

Entry Ehwte Product Y % R. Time Dlast. Ratio 

(hours) a:b 

1 E-3 14a,b 70 12 381" 

2 E-4 15a,b 76 12 2.2rla 

3 E-5 21a,b 70 4 7r1a 

4 E-6 16a,b 75 24 3:la 

5 E-7 17a.b 88 2.5 3:la 

6 E-8 18a,b 85 2.5 3:lb 

7 E-9 19a,b 94 3 2.211b 

8 E-10 22a,b 95 8 lrl.aa 

9 11 20a,b 85 12 881' 

a. determined by lH-NMR and/or "C-NM? on the crude product 

b. determined by isolation of products 
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TABLE 3 . Catalytic Osmylatlon of Z-Enoates 

Entry Enoate Product Y 't R. Time Dfast. Ratioa 

(hours) crd 

1 2-3 14c-d 85 15 1x1 

2 z-4 15c-d 85 12 111 

3 2-7 17c-d 91 12 1.711 

a. determined by lH-NHR and/or 
13 C-NMR on the crude product 

SCHELm 2. 

12 4 

13 + 

25 OH 26 
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conformational arrangement between the oleflnic linkage and the allyllc C-O bond, 

la lndeod auggeoted by Stork to be more stable than 1 because of favorable 

Interaction between the system and an m electron pair on the g-oxygen. 

It 15 interesting to note that models A and B correspond to the moat stable 

transition atructurec proposed by Houk for electrophllic attacks to double bonds on 

the ba5ia of hyperconjugative effect conaiderationa.5 In accordance with Houk, the 

d-acceptor (OR) would occupy ‘inside” or “outside” positions and the beat &donor 

(CH3) would be “anti” to the electrophile to facilitate olefin HOI40 - electrophile 

LUMO interactions. Structures e and B should represent the beat transition states 

for 2,3-ppn - 3.4-u and 2,3-m - 3,4-m allylic ether enoatea hydroxylationa 

.reopectively. 

Structure e should be deatabillzed in Z-enoatea and higher aelectivlty for 

2,3-ppn - 3,4-m hydroxy groups would be expected for E-enoatea. 

The formation of 2,3-m dials from methylene eaters 12 and 13 can as well be 

rationalized by transition structure e (X-Y-H, Z-C02He). The exceptionally high 

selectivity observed can be tentatively explained considering thatt should undergo 

a deatabflixing carboxy-alkoxy interaction as a result of B aubatltutlon and thus 

the energy gap between the suggested transition structures should be further 

lncrea5ed. 

On attempting a rationalization of the stereochemical outcome of Z-enoatea 

hydroxylatlon, Stork proposed that the ateric hindrance between two cia 

aubatituenta should force the reaction Lo proceed through transition structure B 

(X-Z-H, Y-C02R), which is leas aterlcally crowded than A . This should determine 

the Inversion of dia5tereoface oelectlon with respect to ;h;,E;~a;~ra. 

Such a prediction was verfti.ed in all the known cases . ’ ’ ’ However, for 

moat of the reporto, result Interpretation la blurred by the fact that they deal 

with rather complex molecules, where the allylic stereocenter la actually part of 

large, 5ugar-like appendage5 that ‘can exert a significant influence on the reaction 

couroe. Although our results suggest that inversion of selectivity is not a 

necessary consequence of changing double bond configuration, they are in 

qualitative agreement with the proposed model. Indeed a comparison between Tables 2 

and 3 ahowa that Z-enoateo require longer reaction times and give lower iaomeric 

ratios than the E-ones. 

Thio seem5 to support the hypotheaia that, for Z-isomers, structure B is strongly 

destabilized and B becomes the moat important transition structure. 
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The steric effects can be better interpreted taking into account transition 

sJxuctures C and p, proposed by Vedejs6 for storlcally crowded electron rich 

olef ins. 

These models can be useful especially for explaining the stereochemical outcome 

of 2-methyl E or 2 enoates (less electron poor with respect to the corresponding 

2-unsubstituted enoates) and Z-enoates with X equal to hydrogen. 

Recent findings by Houk et al. and Vedejs et al. attribute a steric role for 

allylic oxygen substituents rather than electronic effects. 

In particular Vedejs6 has demonstrated that hyperconjugative effects of allylic 

oubstituents are not important in osmylation of electron rich olefins. 

In effect as shown by our data (Table 3). for Z-enoates the sterically dominant 

effects are between carbomethoxy group and C4; consequently C4-hydrogen is placed 

"inside" as in c or In Q (Y=C02CH3 ; X=H or CH3). 

A small selectivity is however observed with the preference of C on Q only in the 

case of 2-7 (Y=C02CH3 ; X=CH3). 

No selectivity was observed for 2-3 and Z-4 (Table 3). 

In the series of 2-methyl-E-enoates, models c and D (Y=CH3 ; X=C02CH3) are both 

operating, with a preference for c when R is benzyl or benzyloxymethyl. 

No selectivity is observed when R is hydrogen owing to the eqlvalence between c 

and p. 

> E%PERIME%TALSECTION. 
'H NUR tipectra were recorded witha_Varian XL-20&or Bruker W-80 instrument and 

13C NMR spectra with a Varlan XL-200 instrument, in the FT mode, using 
tetramethylsilane as internal standard. IR spectra were recorded with a 
Perkln-Elmer 457 spectrophotoaer. Optical rotations were measured in 1-dm cells of 
l-ml capacity using a Perkin-Elmer -poIarimeter. Silica gel 60 F plates (Merck) 
were used for analytic TLC; 270-400,mesh silica gel (Merck) was 2%ed f or flash 
chromatography?' HPLC analyses were performed on a Varian SO0 equipped with a 
LiChrosorb Column and a U.V. (254) detector using a Hewlett-Packard 3390 A 
integrator. Organic extracts were dried over Na SO4 and filtered before removal of 
the solvent under reduced pressure. "Dry" 
before use: 

solve ts were distilled under dry N just ii 

the presence 
Diethyl ether and tetrabydrofuran C$HF) were distilled from sod& in 
of benzophenone; CH Cl was distilled from CaH ; acetone was distilled 

from K CO . All reactions 
liquid2N2? atmosphere. 

employ ny dry ? 2 solvents were run dder a nitrogen (from 

Svnthesis of 2E-2-aethvloent-2-enoates: eeneral Procedure. 
A solution of the appropriate aldehyde (we Table 1) (0.430 mm011 in methylene 
chloride (1.1 ml) was added dropwise to a solution of the indicated ylide (see 
Table 1) (0.52 mmol) in aethylene chloride (2.3 ml) at room temperature. After 2.5 
hours, 2.5 ml of water were added. The orgeic lqer vas separated, dried and 
evaporated to dryness. Flash chromatography on silica gel with hexane/AcOEt‘90:10 
as eluant yielded olefins E-7 -E-9 (6%70%). 
&th~l (2E1-(4S)-4-benzvloxv methvlw nt 2 eno te E-7,[4$: 

II? KHC131$:1705, 1645 cm-l. '::NMR ,d13; -d-:1.30 (3H, d,":~::::;:;":.::&; 

d, J=l.OHz); 3.77 (3H, s); 4.28(1H, m); 4.44 (2H, a,); 6.69 (lH, dq, J17.8, 6.3Hz); 

7.30 (5H, 5). (Found C,71.66; H,7.66; C14H1803 requires C.7i.77; H,7.74). 

Ethvl (2E)-(4S)-4-benzvloxv-2-methvlPent-2-enoate E-S:[&?s=-54.60(~=l.24 CHC13). 

IR (CHC13)$:1705, 1650 cm-l. ' H-NMR (CDC13) 6: 1.29 (3H, d, J=6.6Hz); 1.31 (3H, t, 

J=7.5Hz); 1.82 (3H, d, J=l.QHz); 4.20 (2H, q, J=7.5Hz); 4.32 (lH, m); 4.45 (2H,m), 

6.80 (lH, dq, J=tl.4, 6.6Hz); 7.30 (5H, s). 13C-Nt4R (CDC131 selected data 6: 12.69; 

60.60; 130.34; 142.86. (Found C,72.41; H,8.06; C15H2c03 requires C.72.55; H,S.12). 

Ethyl (2E)-(4S)y 4-benzvloxvmethoxv-Z-methylpent-2-enoste E-g:[dgz- 9S.1°(c=1.00 
CHC13). IR (CHC13) 3:1700, 1650 cm-l. 'H-NHR (CDC13)d: 1.26 (3H, d, J=6.5Hz); 

1.28 (3H, t, J=7.5Hz); 1.86 (3H, d, J=l.SHz): 4.18 2H, q, J=7.5Hz); 4.48 (lH, m); 

4.65 (2H, m); 6.62 (lH, m); 7.30 (5H, 5). (Found C.69.19; H,8.01; C16H2204 
requires C.69.04; H,7.97). 
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-5 of 2E-Pentenoates: uem1 ~roc& r~ s t 
Sodium hydride (1.0 mm011 was suspended in dry &IF (2.0 ml) at the desired 
temperature (see Table 1) and the appropriate neat phosphonate (1.0 mmol) was'hdded 
at this mixture. After 30 rin a solution of the appropriate aldehyde (1.0 mmol) In 
THF (0.5 ml) was added dropwise. The mixture was stirred for 30-45 mln, then 
diluted with diethyl ether (3 al) 'and the reaction quenched with saturated aqueous 
ammonium chloride (3 ml+. The temperature was made to rise to +25*C, then the 
organic layer was oeparated, washed with brine, dried and evaporated to dryness. 
Flash chromatography on silica gel with hexaneIAc0E.t 9525 as eluant yielded oleflns 
E-3, E-4, E-6 (70-75%). 
Methvl (2E)-(45)-4-benzvloxvDent-2-enoate E-3: 'H-NM? (CDC13)6: 1.38 (3H, d, 

J=6.3Hz); 3.75 (3H, 8); 4.10 (lH, m);4.30-4.70 (2H, ABsyst~A=4.40, GB=i.60, 

JAB=11.5Hz); 6.00 (lH, dd, J=16.0, 1.4Hz); 6.90 ( lH, dd, J=16.0, 5.9Hz); 7.30 (5H, 

sl. (Found, C,70.85; H,7.30; C13H1603 requires C,70.89; H,7.32). 

fl hv! ( E)-(4S)-+benzvlwethoxvDent-2-enoate E-4: et 2 'H-NHR UXC1316: 1.30 (3H, 

d, J=6.3Hz); 3.72 (3H, s); 4.40 ( lH, m); 5.90 (lH, d br, J=15.2Hz); 6.88 ( lH, dd, 
J=6.0, 15.2Hz); 7.30 (5H, 8). (Found C,67.01; H,7.30; C14H1804 requires C,67.18; 

H,7.25). 

Ethvl (2E)-(45)-4-benzvloxvPent-2-enoate E-Q: 'H-NHR (CDC13) d- : 1.30 (3H, t, 
J=7.8Hz); 1.38 (3H, d, J=6.0Hz); 4.20 (lH, m); 4.25 (4H, q, J=7.8Hz); 4.30-4.70 

(2H, A%yst gA=4.40 gB=4.60, JAB=11.5Hz); 6.00 (lH, dd, J-15.8, 1.3Hz); 6.90 (lH, 

dd, J=6.0, 15.8Hz); 7.30 (5H, s). (Found C,71.60; H,7.68; C14H1803 requires 

C.71.77; H,7.74). 

Svnthesis of methvl (2E)-(4S)-4-hvdroxvDent-2-enoate E-5. 
Concentrated HCl (0.15 ml) was added dropwlse to a solution of 4 (22 mg, 0.090 
mmol) in THF (0.73 ml). The nlxturi was stirred for 24 hours. Then the reaction was 
quenched with NaHCO (290 mg) and extracted with Et 0 
was washed with b&e, dried and evaporated to dryn a 

(3x3 ml); the organic layer 
ES. Flash chromatography on 

silica gel with hexane/AcOEt 70r30 as eluant ylalded E-5 (10.0 mg, 85%). 

E-5: 'H-NHR (CDC13 + D20)$: 1.32 (3H, d, J+6.4Hz); 3.73 (3H, 8); 4.48 (IH, m 

br); 6.00 (lH, dd, J=15.2, 1.3Hz); 6.95 (lH, dd, J=15.2, 4.6Hz). (Found C,55.42; 

H,7.71; C6H1003 requires C,55.37; H,7.75). 

Svntheois of ethvl (2E)-(43)-4-hvdroxv-2-methvlD ent-2-enoate E-10 
The reaction was carried out as for E-S. Flash chromatography on n&a gel with 
hexane/AcOEt 75r25 yielded E- 0 

d 
(90%). 

E-10: 'H-Nt4R (CIX13 + D20) : 1.28 (3H, t, J=7.2Hz); 1.30 ( 3H, d, J=6.4Hz); 1.85 

(3H, d, J=1.5Hz); 4.19 (2H, q, J=7.2Hz); 4.66 ( lH, dq, Jt6.4, 8.1Hz)l 6.67 (lH, 

dq, J=8.1, 1.5Hz). (Found C, 60.66; H,0.04; C8H1403 requires C.60.74; H,8.92). 

Svntheols of 2%Dentenoates: sen r 1 Dr d r . 
Potassium hydride (1.0 mmol) was s&~ende?~n"d~y THF (2.0 ml) at -78'C. A solution 
of the appropriate phosphonate (see Table 1) (1.0 mmol) in THF (2.0 ml) was added 
dropwise. After 40 min a solution of the indicated aldehyde (1.0 mm011 in 'IliF (2.0 
ml) was added dropwise. The mixture was stirred for 40 min then diluted with Et20 
(3 ml) and the reaction quenched with saturated aqueous ammonium chloride (3 ml). 
The temperature wan made to rise to +25*C, then the organic layer wae separated, 
washed with brine, dried and evaporated under reduced pressure. Flash 
chromatography on silica gel with hexanel AcOEt 9O:lO as eluant yielded olefins 
Z-3, Z-4, 2-7 (70-75%;). 

Z-3: 'H-NMR KCC13)6: 1.20 (3H, d, J=6.3Hz); 3.68 (3H, 8); 4.45 (ZH, 3); 5.13 

[lH, n); 5.83 (lH, dd, J=l.l, 11.9Hz); 6.22 (lH, dd, J=8.3, 11.9Hz); 7.30 (5H, 3). 

(Found C,70.76; H,7.31; C13H1603 require3 C,70.89; H,7.32). 

2-4: 'H-NMR UZDC13)c(: 1.30 (3H, d, J=6.3Hz); 3.70 (3H, 8,); 4.60 (2H, 3); 4.75 

(2H. 8); 5.36 (lH, m); 5.78 (lH, dd, J=l.O, 11.5H;); 6.22 (lH, dd, J=8.0, 11.5 Hi); 

7.30 (5H, 8). (Found C.67.15; y7.18 Cl4 H 0 requires C,67.18; H,7.25). 18 4 

Z-7: 'H-NMR (CDC13& 1.30 (3H, d, J=6.3Hz); 1.95 (3H, 8); 3.70 (3H, 8); 4.44 

(2H, m); 4.81 (lH, m); 5.91 (lH, d br, J=El.6Hz); 7.30 (5h, 8). (Found C, 71.85; 

H,7.72; C14H1803 requires C,71.77; H,7.74). 
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fatalvtic 0swWon cmmral. Drocedwa 
A solutlsn,of osal~ titraoxide in t-but&no1 (0.039 Il. 2.56 ml. 0.10 mm011 was 
addei~dropwise to a soiutlon of tri8ethylamine-N-oxide dihydrate (222 mg; 2.0 uol) 
in acetonerwater 8:l (2.0 ml) at room temnperature. To the'oxidlzing mixture a 
solution of the olefin (2.0 mmol) in acetone:water 821 (3.3 ml) was added. The 
solution was stirred for 3-24 hours (oee Table 21, then sodium sulphite (2.0 mmol) 
was added anti the suspension stirred for an hour. The inorganic salts were filtered 
off and washed with CH Cl # the crude product was evaporated, analyeed and 
characterized as report&l 'below. 

lotio of E 3 
The reactioz yielded an Inseparable mixture of dials 14 a,b, whose ratio was 
determined by integration of 'H-NMR methyl ester signal5 (3.78 ppm 14a, 3.70 ppm 
14b). The mixture was then disaolved in acetone and treated with toluene-4-sulfohlc 
acid (0.05 eq) and CuS04 (1.0 eq) at room temperature overnight. The acetonides 28 
and 29 were separated by lflash chromatography on silica gel with hexane/AcOEt 
9O:lO and characterized by H-NMR. From lla, 28 was obtained; and from 14b, 29. 
~2R)-(3S)-(4S)-2.3-O-iso~ro~vlidene-4-O-benzvlarabinonlc acid methvl ester 24 : 

'H-NMR KDC13)6: 1.24 (3H, d, J=6.5Hz); 1.43 (3H, 3); 1.45 (3H, 8); 3.72 (lH, 8); 

3.72 (lH, a); 4.25 (lH, dd, J-4.5, 7.OHz); 4.44 (lH, d, J='I.OHz); 4.60 (2H, ml; 

7.30 (5H, 5). (Found c,65.18; H,f.48 C16H2205 requires C,65.29; H,7.53). 

~2S~-~3R~-~4S~-2.3-0-~soDromlidene-4-~-benzvlxPlonic acid methvl ester 29: 

lH-NIiR (CDC13)& 1.26 (3H, d, J=6.5Hz); 1.43 (3H, s); 1.47 (3H, a); 3.72 (lH, ml; 

3.73 (3H, 3); 4.25 (lH, dd, Jt7.0, 4.OHz); 4.48 (lH, d, J=7.OHz); 4.62 (2H, ml; 

7.30 (5H, 3). (Found c,65.33; H, 7.55; C16H2205 requires C&5.29; iL7.53). 

ti vl tie Qf E 4 
The Feakioi pie& an inseparable mixture OX dials 15a b whose ratio was 
determined by 15C-NMR. *zC-NM&(CDCl 1 selected data: 15&52.9, 70.0, 73.8, 75.0, 
93.4, 174.1. 15bb: 52.8, 69.8, 71.0; 75.6, 94.5, 173.4. 
The dlols were transformed into the corresponding acetonides as reported for E-3; 
from 15a, 30 wac obtained; from 15b, 31. 

ethoxvarablnonic acid methvl 

ester 3Q: 'H-NM? (CDC13)b: 1.27 (3H, d, J=6.5Hz); 1.45 (3H, 8); 1.50 (3H, s); 3.80 

(3H, cl; 3.85-4.60 (3H, m)r 4.63 (2H, a); 4.83 (2H, a); 7.30 (5H, s). (Found 

C,62.87; H,7.45; C17H2406 requires C,62.95; H,7.46). 
_ _ --_ isoProovlidene-4-0-benzvloxvmethoxvxvlonic acid methvl ester 

21: lH-NMR VXC13)6: 1.29 (3H, d, J=6.5Hz); 1.43 (3H, s); 1.50 (3H, 8); 3.80 (3H, 

5); 3.85-4.60 (3H, m); 4.58 (2H, 5); 4.85 (2H, 5); 7.30 (5H, 3). (Found C,63.07; 

H,7.45; C17H2406 requires C,62.95; H,7.46). 

OslPvlation of E S 
The reaction yielded an inseparable mixture of the correeponding lactones 21a,b, 
whose ratio was determined by 
C,45.46; H,6.10). 

W-NMR. (Found C,45.51; H,6.10; C5He04 requires 

(2RI-( _ _ t 2 'H-NMR (D20)b: 1.50 (3H, d, 
J-5.9Hz); 4.01 (lH, dd, J=9.2, 8.5Hz,, 4.07 (lH, 4, J-8.5Hz); 4.48 (1H. dq, J=9.2, 

5.9Hz); 13C-NMR (D20)d-: 17.85, 74.61, 78.78, 79.45, 177.0. 

: l3 C-NHR (D20) selected data: 6: 
14.79, 72.64, 74.01, 79.07. 

latlon of E 6 -. 
The reaction yielded an inseparable mixture of dials 16a,b, whose ratio was 

-C-N?4R. de;&ylned by13 
C-NMR 

(Found C,62.66r H,?.51; C14H2005 requires C,62.67~ H,7.51). 
(CDCl3) selected data: 

6: 14.1; 62.1, 70.1, 71.4, 75.1, 75.5, 138.1, 173.8. 

16b: 33C-NMR (CDC13) selected data: d :15.3, 62.0, 70.7, 71.2, 75.3, 75.6, 137.9, 

173.0. 

The dials were separated by flash chromatography on silica gel with hexane/AcOEt 
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70:30 as eluant. 
JZR)-(3S)-(48)-4-0-benzvl-2-C-methvl-5-deoxva abinonic acid aathvl 

[df=+2U0k=0.435 CHC13), IR (CHC13) 3 : '. 

eater 17ar 

3540-3480, 1730, 1450, 1250 cm-l.~1R-t9MR 

(CDC13) 6: 1.35 (3H, d, J=6.3Hz); 1.45 (JH, 5)) 2.55 (lH, II br); 3.50-3.70,(2H, PI); 

3.70 (3H, 5); 4.02 (1H. s br); 4.36 (lH, d, J=11.2Hz); 4.62 (lH, d, J=ll.irHz)f 7.30 

(5H, G). (Found c,62.56; H,7.56; C14H2005 requires C,62.67; H,7.51). 

~2S)-(3R)-(4S)-Q-O-benzvl-2-C-methvl-5-deo~~vlo~ic aci d methvl eater 17b: 

Ml:' +32.2°(c=o.a90 CHC13). IR (CHC13)g : 3570, 3520, 1730, 1450, 1250 cm-1. 'H-NHR 
(cDc13)& 1.30 (3H, d, J=6.3Hz); 1.50 (3H, s); 2.77 (lH, d, J=ll.SHz); 3.40 (lH, 

dd, J111.5, 1.9Hz); 3.42 (3H, 3); 3.61 (lH, s); 3.95 (lH, dq, 516.4, 1.9Hz); 4.23 

(lH, d, J=10.7Hz); 4.57 (lH, d, J=10.7Hz); 7.30 (5H, 8). (Found C,62.54; H,7.55; 

C14H2005 requires C,62.67; H,7.51). 

Osmvlation of E-S. 
The dials were separated as reported for E-7. 

(2R)-(3S)-(45)-4-O-benzvl-2-C-methvl-5-deoxvarabinonic acid ethvl ester lb : 
CdX? +23.2'(c-1.570 CHC13). IR (CHC13)3 : 3550, 3480, 1720, 1445, 1255 cm-l. 'H-NMR 

(CZC13)6: 1.25 (3H, t, J=6.7Hz); 1.34 (3H, d, J=6.3Hz); 1.43 (3H, s); 2.61 (1H, 

la); 3.50-3.80 (2H, m); 4.18 (2H, q, J=6.7); 4.25 (lH, s br); 4.36 (lH, d, 

J=ll.BHz); 4.60 (lH, d, J=ll.BHz); 7.30 (5H, 8). (Found C,63.88; H,7.93; C15H2205 

requires C.63.81; H,7.85). 

(2S)-(3R)-(4S)-4-O-benzvl-2-C-methvl-5-dea~xvlonlc acid ethvl eater Mb: 

[ dx’ +27.1%-0.520 CHC13). IR (CHC13) 3: 3570, 3520, 1730, 1445, 1255 cm-'. 'H-NMR 

(CDC13)& 1.08 (3H, t, J=6.7Hz); 1.30 (3H, d, J=9.6 Hz); 1.47 ( 3H, 8); 2.77 (lH, 

d, J=11.4Hz); 3.42 (lH, dd, J=11.4, 1.6Hz); 3.63 (lH, 6); 3.90 (2H, q, J=6.7Hz); 

3.94 (lH, dq, J=9.6, 1.6Hz); 4.23 (lH, d, J=lO.gHz); 4.56 (lH, d, J=lO.gHz); 7.30 

(5H, 3). (Found C,63.90; H,7.89; C15H2205 requires C.63.81; H,7.85). 

Osmvlation of E-9. 
The diols were separated as reported for E-7. 
12R)-(3S)-(4S)-4-O-benzvloxvmethoxv-2-C-methvl-5-deoJcvarsbinonic acid ethvl ester 

190: IR (CHC13)~ : 3525, 3500, 1725, 1450, 1220 cm-'. 1H-~,(~13)6:l.27 (3% t, 

J=6.7Hz); 1.31 (3~, d, J=6.4Hz); 1.40 (3H, 8); 2.62 (lH, n); 3.70-4.20 (2H, m); 

3.80 (lH, s br); 4.22 (2H, q, Jt6.7Hz); 4.61 (2H, 9); 4.78 (2H, 8); 7.30 (5H, s). 

(Found C,61.48; H,7.66; c16H2406 requires C,61.52; H,7.74). 

(2S)-(3R)-(4S)-4-O-benzvloxvmethoxv-2-C-methvl-5-deoxv~lon~c acid ethvl ester 

m: 'H-NMR (CDc13)((:1.30 (3H, t, J=6.7Hz); 1.32 (3H, d, J=6.11Hz)i 1.47 (3H, s); 

2.85 (lH, d br, J=10.7Hz); 3.43 (lH, d, J=1.6Hz); 3.50 (lH, 9 br); 4.15 (1H, m); 

a.19 (2H, q, J=6.7Hz); 4.59 (2H, s); 4.71 (2H, s); 7.30 (5H, 8). (Found Cp61.43; 

H,7.70; C16H2406 requires C,61.52; H,7.74). 

Osmvlation of E-10. 
The reaction vielded the correspondins lactones 22a.b whose ratio was determined by 
LJC-NHR. (See-above). 
Osmvlation of Methvl (2E)-(4S)-4-ethoxvethvl __ 3 aethvler 2 enRate E 13. -- -. 

The reaction yielded an inseparabIe mixture of four diols, whose ratio was 
determined by "C-NKR. (Found C,54.61; H,9.10; C H 0 re irea C,54.53; H.9.15). 
%-NM2 (CDCl ) selected data: two mayor diaster&i%&s x 11.7, 11.8, 15.0, 
15.2, 61.3, 62.6, 101.3, 102.7. Two minor diastereoisomersbr 10.9, 11.1, 15.5, 
61.0, 62.3, 100.5, 103.0. 
Oamvlation of Z-3. 

The reaction yielded an inseparable mixture of dials 14c,d Jhoae ratio was 
determined by 'H-NHR integration of methyl ester: dH: 3.55 (3H, s), 3.74 (3H, s). 
(Found C,61.37; H,7.03; C13H1805 requires C.61.40; H,7.13). 
Osmvlatlon of Z-4, 

The reaction yielded an lnaeparable mixture of dials 15c,d whoae ratio was 
determined by 'H-NM? Integration of methyl ester: 3 : 3.70 (3H, s), 3.78 (3H, 5). 
(Found C,59.12; H,7.02; C14H2006 requires C,59.147 H,7.09). 
Osmvlati on of Z-7, 

The dlolr were purified by flash chromatographylon silica gel with heraneIAcOEt 
50:50 as eluant. The ratio was determined by H-N?4R Integration of the crude 
product. 

(23)-(3$)-(45)-4-O-benzv1-2-C-methv1-5-deoxvribonic acid methvl ester 174: 'H-NHR 

(CDC13)6: 1.32 (3H, d, J=6.2Hz); 1.40 (3H, s); 2.12 (lH, s br), 3.38 (3H, 8); 
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3.42-3.62 (3H, m)r 4.35 (2H, rn)) 7.30 (5H, 0). (Found C,62.73; H,7.61; C14H2005 

requires C,62.67; H,7.51). 

~2R)-I~~-(4S~-4-Q-be~vl-2-C-aethvl-5-deoxvlvronic acid nethvl ester 174: 'H-NMR 

{CDC13)f: 1.32 (3H, d, J=6.2Hz); 1.45 (3H, 3); 2.80 (lH, s br); 3.48-3.90 (3H, ml; 

3.65 (3H, 8); 4.40 (2H, m); 7.30 (SH, s). (Found C,62.51; H,7.47; C14H2605 requires 

C,62.67; H,7.51). 

osmvlation of (3R)-(4R~-4.5-O-ieo~rowlidene-2-deoxv-2-C-methvlenar~inonic acid 
t-butvl ote 12 . 
To a sol%ioE of N-methylmorpholine N-oxide (135 mg, 1 mm011 and 0s04 (0.6 ml of a 
0.039 H solution In t-BuOH, 0.025 mmol) in 8:l acetone-H 0 (1 ml) was added a 
solution of hydroxy ester 12 (129 mg, 0.5 mmol) in 8:l agetone - H20 (1.4 ml). The 
reaction was stirred overnight at room temperature and then Na SO 
mm011 was added. The mixture was stirred 1 hour, the solvent de &$r~%d"a~~ the 
crude product purified by flash chromatography on silica gel with hexane/AcOEt 
30:70 as eluant to give 23 as a white solid (139 ag, 95%). 

(25)-(3R)-(4R)-4.5-O-isoProDvlidene-2-C-hvdrorvloethv~~inonic acid t-butvl 
5 

ester 23: mp 95°C.k]~=+22.10 (c=O.98 MeOH). IR (CHCl31 3 I 3550, 3470, 1725, 1280, 

1250, 1150, 1050, cm -l. lH-NMI? (Me2SO-d6)6:1.30 (3H, s)i 

3); 3.44-3.65 (2H, m); 3.71 (lH, dd, J=10.5, E.OHz); 3.89 

(lH, d, J=7.0Hz); 4.11 (lH, ddd, J=8.0, 7.0, 9.5Hz); 4.44 

5.08 (lH, d, 5=10.5Hz). 
13 
c-NMR (CDC13) selected data: 6 

64.89, 66.52, 73.17, 75.21, 80.50, 83.39, 129.04, 172.28. 

C13H2407 requires C,53.41; H,8.28). 

1.35 (3H, s); 1.46 (9H, 

(lH, d, J=g.SHzl; 3.90 

(lH, 8); 4.66 (IH, ml; 

: 25.43, 26.48, 27.89, 
(Found C,53.35; H,8.25; 

Osmvlation of ~3S~-~4R~-4.5-0-dlbenzvl-2-deoxv-2-C-methvlenxvlonic acid methvl 
ester 13. 
The trio1 25 was purified by flash chromatography on silica gel with hexanefAc0Et 
SO:50 as eluant (90%). 

(2R)-(3S)-(dR)-4.5-O-dibenzvl-2-C-hvdroxPmethvl~lonic acid t-butvl ester 25: mp 

75'C.[dG+ll.l* (c=2.50 CHC13). 'H-NMR KDC13+D20)6: 3.40 (3H, 3); 3.68-4.10 (4H, 

ml; 3.88 (2H, ml; 4.52 (2H, ml; 4.53 (2H, 31; 7.30 (lOH, m). 13c-NMR (CDC131 

selected data 6: 52.8, 66.4, 70.2; 73.0, 73.5, 73.8, 75.0, 78.1, 174.5. (Found 

C.66.53; H.7.38; C24H3207 requires C,66.65; H,7.46). 

Svnthetio of (2S)-(3Rl-(4R)-2-C-hvdroxvmethvl abinono-1.4-lactone 24 
A solution of 23 (800 mg, 2.74 mmol) in 70% aqu%s AcOH (18 ml) was stirred at 50' 
C for 1 hour. 'Ihe solution was then cooled to room temperature, 12 N HCl (0.45 ml) 
was added, and the reaction was stirred wernight at this temperature before adding 
a second portion of 12 N HCl (0.4 ml). After 2 hours AcONa (2.4 g) was added, the 
solvent e;aporated, and the crude product purified by flash chromatography on 
silica gtl with acetone/C34 Cl 70330 as elytlto give 24 as a syrup (320 mg, 66%). 
24:[d],'=+59a(c=1.02 H,O)? 21RS:1780 cm . H-NW? (He2SO-d6+D20)6:3.34-3.56 

(2H, ml; 3.76 (2H, ARsyst, J=5.0Hz); 4.1 (lH, d, J=S.OHz); 4.15-4.22 (lH, ml. 

13C-NMR (D20& 60.74, 62.23, 74.52, 79.16, 83.09. (Found C,40.41; H,5.72; C6H1006 

requires C,40.46; H,5.66). 

Hydrolysis wiyh aqueous ammonia ga: a solution of ammonium 

2-C-(hydroxymcthyl)-D-ara.bonate,[~~=+13° (c=O.S in 1N NH40H) (lit.15 for the 

L-isomer[dx' =-11.5°(c=l.2 In 1N NH40H)). 

Qvntheaio of (2R)-(3S1-(4R)-2-C-hvdroxvmethvlxvlono 1.4 lactone 26. 2_&&& ^ _ . . 
I- 3 ( S)-(4S)-2-C-methvl-5-deoxvarabinono-l.4-lact e 22a.(231-(3R)-(45)-2-C- 

methvl-5-deoxvxvlono-1.4-lactone22b. ~2S)-~351-(4Sl~~-C-methvl-5-deoxvribono- 
1,4-lactone 22~. (2R)-(3R)-(4S)-2-C-methvl-5-deoxvl~ono-l.4-lactone 22d. 
2,3_diolpentanoates (1 mmol) were hydrogenated in the presence of 10% Pd-C (0.05 
mm011 in ethanol for 3 hours, then palladium was filtered off and washed with ethyl 
alcohol. Evaporation of the solvent afforded the pure lactones 26, 21a,b and 
22a-d. 

26:b$+65.5’ (c=O.S D20). 'H-NHR (Me2SO-d6) 6: 2.8-3.9 (6H, 8~); 4.12 (lH, d, 

J=9.7Hz, OH 2 1; 4.45(1H, t, J=5.7Hz, OH 1 ); 4.75 (lH, t, J=5.7Hz, OH 1 1; 5.00 

(lH, s, OH 3 1.18 (Found C,40.42; H,5.68; C6H1006 requires C,40.46; H,5.66). 

21a,b: See above. 

22a:[d$+44.0° (c=O.87 CH30H). 'H-NMR (Me2S0-d6)g: 1.14 (3H, s); 1.31 (3H, d, 

J=6.3Hzl; 3.69 (lH, dd, Js7.5, 5.2Hz); 4.02 (lH, dq, J=7.5, 6.3Hz); 5.74 (lH, 8); 

5.76 (lH, d, J=5.2Hz). (Found C,49.38; H,6.82; C6H1004 requires C,49.31; H.6.90). 

22b: lH-NIQ? (Me2S0-d6)6: 1.21 (3H, s); 1.22 (3H, d, J=6.5Hz); 3.70 (lH, dd, 
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J=5.4, 3.5Hz); 4.72 (lH, dq, J=6.5, 3.5Hz); 5.53 (lH, d, J=5.4Hz); 5.97 (lH, s). 

(Found C,49.25; H,6.84; C6Hl,,04 requires C,49.31; H,6.90). 

22cr 'H-NMR (CD30D)6: 1.40 (6H, m); 3.56 (lH, d, J=7.4Hz); 4.35 (lH, dq, Jp7.4, 

6.4Hz). 13C-NMR (CDC13)6: 18.1 (Meg), 22.0 (Me2), 72.6, 78.5, 80.5, 176.6. (Found 

C,49.42; H,6.89; C6H1004 requiree C,49.31; H,6.90). 

22d: 'H-NMR (CD30D)6: 1.40 (6H, m); 3.90 (lH, d, J=3.0Hz); 4.65 (lH, dq, 503.0, 

6.OHz). 13C-NMR (CDC13)6: 13.9 (Meg); 21.4 (Me,), 75.0, 75.4, 178.5. (Found 

C,49.21, H, 6.91; C6H1004 requires C,49.31; H,6.90). 
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