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Abstract: The catalytic osmylation of electron-poor allylic ethers and alcohols was
studied. In the case of X—alkoxy E-enocates reaction selectivity was found
to range from 2:1 to B:1 in favor of Lhe arading (2,3-syn - 3,4-anti)
product, regardless of the -double bond substitution. Lower (if any)
selectivity was found for the Z-isomers. On the contrary,
2-methylene-3-hydroxy esters were osmylated with virtually complete
2,3-syn selectivity.The factors affecting the stereochemical outcome of
thé reaclions are discussed

The relevance of the catalytic osmylation of allylic alcohols and ethers to the
asymmetric synthesis of polyhydroxylated compounds has been recently
recogni.zedl_4 and has stimulated an intensive effort of rationalization.
Different empirical rules have been proposed to predict the stereochemical outcome
of the reaction.

1,2a,3b,5,6

As far as electron rich alkenes are concerned, the study of a large number of
cases led Kishi to gstate thatl "the relative stereochemistry between the
preexisting hydroxy or alkoxy group and the adjacent, newly introduced hydroxy
group of the major producl, in all cases 1s "erythro“ (gggi).7 For 4-alkoxy enoates
and enunes, instead, Stork prouposed that the 3,4 - relative configuration of the
mayor hydroxylation product depends upon double bond configuration, E and Z enoates
being osmylated wilh apparently complete 3,4 - anti and 3,4 - gyn 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 enocates of
general formulae I and II with the aim of obtaining enantiomerically pure
intermediates for branched-chain hexoses synthesiss and, at the same time, getting
further information on enoate hydroxylation stereoselectivity.

R
! RO
/'>~\/R COR'
R COMe
OH
| I
R = H, Alk
R'= H, Me



492 A. BERNARD! et al.
RESULTS AND DISCUSSION

Esters 3-10 were straightforwardly prepared starting from O-protected
lactaldehydes 1° and 2'%by Wittig-type reaction (see Table 1). Either stabilized
ylides or Horner-Emmons reagents were employed for the synthesis of E-encates,
whereas Z-pentencates were best prepared with the Still-Gennari reagent:.]':l For
comparison, ester 11 was synthesized as described by Stork.u The synthesis of
methylene esters 12 and 13 has been reported elaewhere.12
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~"\cHO
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2 R = BOM
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Ro CO,R
E£- 3-10 z- 3-10
3 r'=En R = H R3 = Me
4 R! = BOM RZ = H R® = Me
5 R':=H R = H R? = Me
6 R!=Bn R® = H R® = Et
7 R]'-Bn R2=Me R?’=Me
8 R =Bn R = Me RS = Et
9 r! = BOM R? = Me R? = Et
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BOM = CgHCH,OCH,
Bn = CgHCH,
EE = CH(CH,)OCH,CHy
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SCHEME 1.
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Catalytic osmylation13 of olefins 3-~13 occurs with high chemical ylelds,
generally affording mixtures of isomeric diols. The relative configuration at
product stereocenters was assigned by conversion to the corresponding b/—lactones
(Scheme 1) whose structure can he established by IH— and 13C-NMR spectroscopy on
the basis of very characteristic trends of chemical shift and coupling constant
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14 2a

values. The arabing configuration was assigned to 20a by Stork.

In the case of E-encates (Table 2) diols 14-20 and lactones 21 were obtained in
isomeric ratios ranging from 2:1 to 8:1. The predominant isomer showed, in all
cases, the arabino (2,3-syn - 3,4-antl) configuration. Some dependence on the
nature of Rl (see Figure) was also evident: in the series 3-6 (Table 2, Entries
1-4) the best result was obtained with.}zhydroxy pentencate 5 from which a 7:1
mixture of lactones 2la and 21b was isolated.

Occasionally the stereoselection in the series of 2-methyl-E-encates is the same
as that of 2~unsubstituted enocates in the case of protected hydroxyl groups, as
observed for arabino-xylo ratios of E disubstituted pentencates and the
corresponding 2-methyl derivatives (cfr Table 2, Entries 1 vs S, 4 vs 6). On the
contrary no stereoselectivity is observed 1if, 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 8:1.

Surprisingly,2a osmylations of Z-enoates were either non selective (Z-3 and 2Z-4,
Table 3 Entries 1 and 2) or showed low preference for the yibo (2,3-anti -
3,4-antil) product (2-7, Table 2, Entry 3).

Osmium tetroxide promoted hydroxylation of esters 12 and 13 (Scheme 2) provided
the best stereochemical results: in both cases a gingle detestable triol (23 and 25
respectively) was generated. Product configurations were shown to be 2,3-syn by
conversion into the known lactones 24 and 26.15

Since the mechanism of osmylation is not well defined, 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 osmylation.
From this point of view, the 3,4-anti selectivity shown by E-enocates can be
explained assuming that reaction takes place preferentially through transition
structure A (Y=2=H, X= COZR). This structure, which features an s-cis
TABLE 1. Synthesis of Enoates

16

2a

Entry Reagent Reaction Enocate E:22
Conditions
1 1 Ph3P=C(He)C02He: CH,C1,/R.T. 7 15:1
2 1 Ph,P=C(Me)CO,EL " " 8 15:1
3 2 " " " 9 15:1
4 1 (HeO)zP(=0)CH£Me)C02He KH/THF/-78% 7 1:1
5 1 Ph,P=CH,CO Me CH,C1,/R.T. 3 1.7:1
6 2 " " " 4 2.1:1
7 1 (Et0),P(=0)CH,C0,Et NaH/THF/-78°C 6 12:1
8 1 “ NaH/THF/-40°C 6 19:1
9 1 (Me0),P(=0)CH,CO,Me NaH/THF/-60°C 3 1:1
10 1 (CF4CH,0) ,P(=0)CH,CO,Me KN(SiMe3)2/THF: 3 1:5
DPCH-18-C-6/-78°C
11 2 “ KN(91Me3)2/THF/-7dE 4 1:8
12 “ KH/THF/-78°C 4 1:9

a Ratios determined by HPLC and/or 1H—NHR
b Ylide generated by 2N NaOH from the corresponding phosphonium salt
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TABLE 2 . Catalytic Osmylation of E-Enocates

Entry Enoate Product Y% R. Time Diast. Ratio

(hours) az:b
1 E~3 14a,b 70 12 3512
2 E-4 15a,b 76 12 2.2112
3 E-5 21a,b 70 4 7:12
4 E-6 16a,b 75 24 3:12
5 E-7 17a,b 88 2.5 3:12
6 E-8 18a,b 85 2.5 3:1P
7 E-9 19a,b 94 2.2:1P
8 E-10 22a,b 95 8 1:1.2%
9 11 20a,b 85 12 8:12

a. determined by 1H-NHR and/or 1

b. determined by isolation of products

3C-NHR on the crude product

TABLE 3 Catalytic Osmylation of Z-Enoates
Entry  Enoate  Product Y % R. Time Diast. Ratio®
(hours) c:d
Z-3 l4c-d 85 15 1:1
Z-4 15c-d 85 12 1:1
z-7 17c¢c-d 91 12 1.7:1
a. determined by IH-NHR and/or 13C-NHR on the crude product
SCHEME 2.
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conformational arrangement between the olefinic linkage and the allylic C-0 bond,
is indeed suggested by Stork to be more stable than B because of favorable
interaclion belween Lhe system and an unghared electron pair on the 3’-oxygen.

It 18 interecting to note that models A and B correspond to the most stable
transition structurec proposed by Houk for electrophilic attacks to double bonds on
the bacis of hyperconjugative effect considerations.s In accordance with Houk, the
0’-acceptor (OR) would occupy "inside" or "outside® positions and the best 0“donor
(CH3) would be “anti” to the electrophile to facilitate olefin HOMO - electrophile
LUMO interactions. Structures A and B should represent the best transition states
for 2,3-gyn - 3,4-anti and 2,3-gyn - 3,4-g3yn allylic ether enoates hydroxylations
Jrespectively.

Structure A should be destabilized in Z-enoates and higher selectivity for
2,3-3yn - 3,4-anti hydroxy groups would be expected for E-enoates.

The formation of 2,3-gyn diocls from methylene esters 12 and 13 can as well be
rationalized by transition structure } (X=¥Y=H, z-COZHe). The exceptionally high
selectivity observed can be tentatively explained considering that ‘B should undergo
a destadbilizing carboxy-alkoxy interaction as a result of gem substitution and thus
the energy gap between the suggested transition structures should be further
increaged.

On attempting a rationalization of Lhe stereochemical outcome of Z-enoates
hydroxylation, Stork proposed that the steric hindrance between two cis
substituents should force the reaction Lo proceed through transition structure B
(X=Z=H, Y-COZR), which is less sterically crowded than 3 . This should determine
the inversion of diastereoface selection with respect to the E-{somers.

Such a prediction was verified in all the known cases .1'2"3“"“ However, for
nost of the reports, result interpretation is blurred by the fact that they deal
with rather complex molecules, where the allylic stereocenter is actually part of
large, sugar-like appendages that can exert a significant influence on the reaction
course. 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 shows that Z-encates require longer reaction times and give lower isomeric
ratios than the E-ones.

%o,

x’l,,‘

0

This seems Lo support the hypothesis that, for Z-isomers, structure A is strongly
destabilized and B becomes Lhe most important transition structure.



A synthetic approach to branched chain sugars 497

The steric effects can be better interpreted taking into account transition
structures C and D, proposed by Vedejs6 for sterically crowded electron rich
olefins.

These models can be useful especially for explaining the stereochemical outcome
of 2-methyl E or Z encates (less electron poor with respect to the corresponding
2-unsubstituted encates) and Z-enocates 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
substituents are not important in osmylation of electron rich olefins.

In effect as shown by our data (Table 3), for Z-enocates the sterically dominant
effects are between carbomethoxy group and C4; consequently C4°hydrogen is placed
“inside” as in C or in D (Y=COZCH3 ; X=H or CH3).

A swall selectivity is however observed with the preference of C on D 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 ¢ 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 egivalence between C
and D.

1 EXPERIMENTAL SECTION.
13 H NMR spectra were recorded with a Varian XL-200 or Bruker WP-80 instrument and

C NMR spectra with a Varian XL-200 fnstrument, in the FT mode, using
tetramethylsilane as internal standard. IR specdtra were recorded with a
Perkin-Elmer 457 spectrophotomer. Optical rotations were measured in l-dm cells of
1-ml capacity using a Perkin-Elmer polarimeter. Silica gel 60 F2 plates (Merck)
were used for analytic TLC; 270-400 mesh silica gel (Merck) was aaed for flash
chromatography.”” HPLC analyses were performed on a Varian 500 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" solveﬁts were distilled under dry N, just
before use: Diethyl ether and tetrahydrofuran (THF) were distilled from sodiui in
the presence of benzophenone; CH;CI was distilled from CaH,; acetone was distilled

from K2C0 . All reactions employ ngzdry solvents were run uﬁder a nitrogen (from
liquia®N,} atmosphere.

th of -2- ent-2-en 8: geneyal procedure.
A solution of the appropriate aldehyde (see Table 1) (0.430 mmol) in methylene
chloride (1.1 ml) was added dropwise to a solution of the indicated ylide (see
Table 1) (0.52 mmol) in methylene chloride (2.3 ml) at room temperature. After 2.5
hours, 2.5 ml of water were added. The organic layer was separated, dried and
evaporated to dryness. Flash chromatography on silica geél with hexane/AcOEt 90:10
as eluant yielded olefins E-7 -E-9 (65-70%).

2E)-(4S)-4-be -2- ent-2-epoate E-7:[d 2 53.3%c-1.84 CHC1,) .
IR (CHC1,)Y :1705, 1645 cn . lH-mm (€oC1y)  J :1.30 (3H, d, J=6.3Hz); 1.85 (3H,
d, J=1.4Hz); 3.77 (3H, s); 4.28(1H, m); 4.44 (2H, m,); 6.69 (1H, dq, J=7.8, 6.3Hz);
7.30 (SH, s). (Found C,71.66; H,7.66; C) H g0, requires C,71.77; H,7.74).

Ethyl (2E)-(48)-4-benzyloxy-2-methylpent-2-enocate E-B:Eik=-54.60(c=1.24 CHCl3).
IR (CHC1) Y :1705, 1650 cm t. 'H-mm (CDC1,) 4 : 1.29 (3H, d, J=6.6Hz); 1.31 (3H, t,
J=7.SHz); 1.82 (3H, d, J=1.4Hz); 4.20 (2H, q, J=7.5Hz); 4.32 (1H, m); 4.45 (2H,m),
6.80 (1H, dq, J=8.4, 6.6Hz); 7.30 (SH, s). L3C-NMR (CDC1,) selected data 4 : 12.69;
60.60; 138.34; 142.86. (Found C,72.41; H,8.06; C,H, 0, requires C,72.55; H,8.12),

- 4-benzyloxymethoxy-2-pethylpent-2-enoate E-9:[412-98.1° (c=1.00
CHC1). IR (CHC1,) Y :1700, 1650 cm™l. lH-mm (CDC13) d :+ 1.26 (3H, d, J=6.5Hz);
1.28 (3H, t, J=7.5Hz); 1.86 (3H, d, J=1.5Hz); 4.18 2H, q, J=7.5Hz); 4.48 (1H, m);
4.65 (2H, m); 6.62 (1H, m); 7.30 (SH, 8). (Found C,69.19; H,8.01; C,cH,-0,
requires C,69.04; H,7.97).
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Synthegis of 2E-pentencateg: general procedure

Sodium hydride (1.0 mmol) was suspended in dry THF (2.0 ml) at the desired )
temperature (see Table 1) and the appropriate neat phosphonate (1.0 mmol) was added
at this mixture. After 30 min a solution of the appropriate aldehyde (1.0 Emol) in
THF (0.5 ml) was added dropwise. The mixture was stirred for 30-45 min, then
diluted with diethyl ether (3 ml) and the reaction quenched with saturated aqueous
ammonium chloride (3 mljd. The temperature was made to rise to +25°C, then the
organic layer was separated, washed with brine, dried and evaporated to dryness.
Flash chromatography on silica gel with hexane/AcOEt 95:5 as eluant yielded olefins
E-3, E-4, E-6 (70-75%). 1

Meth 2E)-(48)-4-ben o ent~2- te E-3: "H-NMR (CDC13)J’: 1.38 (3H, 4,
J=6.3Hz); 3.75 (3H, s); 4.10 (1H, m);4.30-4.70 (2H, ABsyat QA=4-40, i7B=4-60'
JAB=11.5Hz); 6.00 (1H, d4d, J=16.0, 1.4Hz); 6.90 ( 1H, dd, J=16.0, 5.9Hz); 7.30 (SH,
8). (Found, C,70.85; H,7.30; c13H1603 requires C,70.89; H,7.32). .

1 d
et 2E)-(4S)-4-ben t-2- -4: "H-NMR (CDC13) s 1.30 (3H,

d, J=6.3Hz); 3.72 (3H, s); 4.40 ( 1H, m); 5.90 (1H, 4 br, J=15.2Hz); 6.88 ( 1H, dd,
J=6.0, 15.2Hz); 7.30 (5H, s). (Found C,67.01; H,7.30; C14H1804 requires C,67.18;
H,7.25).

Eth 2E)-(48)-4-ben oxypent-2-e te E-6: 1H-NHR (CDCla)J-: 1.30 (3H, t,
J=7.8Hz); 1.38 (3H, d, J=6.0Hz); 4.20 (1H, m); 4.25 (4H, q, J=7.8Hz); 4.30-4.70
(2H, ABSYSti)A=4.40 ‘QB=4.60, JAB=11.SH2); 6.00 (1H, d4d, J=15.8, 1.3Hz); 6.90 (1H,
dd, J=6.0, 15.8Hz); 7.30 (SH, s). (Found C,71.60; H,7.68; C14H18°3 requires
C,71.77; H,7.74).

Synthes f methyl (2E)-(4S)-4-hydrox nt~2-enoate E-S.
Concentrated HC1l (0.15 ml) was added dropwise to a solution of 4 (22 mg, 0.090
mmol) in THF (0.73 ml). The mixture was stirred for 24 hours. Then the reaction was
quenched with NaHCO, (290 mg) and extracted with Et_O (3X3 ml); the organic layer
was washed with brifie, dried and evaporated to dtyngss. Flash chromatography on
silica gel with hexane/AcOEt 70:30 as eluant yielded E-5 (10.0 mg, 85%).

E-5: 1H-NHR (CDCl3 + DZO)A‘: 1.32 (3H, 4, J«6.4Hz); 3.73 (3H, 3); 4.48 (1H, m
br); 6.00 (1H, dd4, J=15.2, 1.3Hz); 6.95 (1H, 44, J=15.2, 4.6Hz). (Found C,55.42;
H,7.71; C6H1003 requires C,55.37; H,7.75).

Synthesis of ethyl (2E)-(48)-4-hydroxy-2-methylpent-2-encate E-10.
The reaction was carried out as for E-5. Flash chromatography on silica gel with
hexane/AcOEt 75:25 yielded E-10 (90%).

E-10: TH-NMR (cnc13 + D20) :+ 1.28 (3H, t, J=7.2Hz); 1.30 ( 3H, 4, J=6.4Hz); 1.85

(3H, 4, J=1.5Hz); 4.19 (2H, q, J=7.2Hz); 4.66 ( 1H, dq, J=6.4, 8.1Hz); 6.67 (1lH,
dg, J=8.1, 1.5Hz). (Found C, 60.66; H,8.84; C8H1403 requires C,60.74; H,8.92).

Synthesis of 2Z-pentepocates: general procedure. 0
Potassium hydride (1.0 mmol) was suspended in dry 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 mmol) in THF (2.0
ml) was added dropwise. The mixture was stirred for 40 min then diluted with ECZO
(3 ml) 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 separated,
washed with brine, dried and evaporated under reduced pressure. Flash
chromatography on silica gel with hexane/ AcOEt 90:10 as eluant yielded olefins
2-3, Z2-4, Z-7 (70-75%).

2-3: 1H-NHR (CDC13)J: 1.20 (3H, d, J=6.3Hz); 3.68 (3H, s); 4.45 (2H, s); 5.13
(1H, m); S5.83 (1H, 4ad, J=1.1, 11.9Hz); 6.22 (1H, 44, J=8.3, 11.9Hz); 7.30 (SH, s).
{Found C,70.76; H,7.31; C13H1603 requires C,70.89; H,7.32).

Z-4: 1H—NMR (CDC13)J': 1.30 (3H, d, J=6.3Hz); 3.70 (3H, s8,); 4.60 (2H, s); 4.75
(2H, s); 5.36 (1H, m); 5.78 (iH, dd, J=1.0, 11.5Hz); 6.22 (1H, dd, J=8.0, 11.5 Hz);
7.30 (5H, s). (Found C,67.15; H7.18 CI4H1804 requires C,67.18; H,7.25).

Z-7: lH—NHR (CDCl3)J': 1.30 (3H, d, J=6.3Hz); 1.95 (3H, s); 3.70 (3H, 8); 4.44
(2H, m); 4.81 (1H, m); 5.91 (1H, 4 br, J=8.6Hz); 7.30 (5h, 8). (Found C, 71.85;

H,7.72; C“Hlao3 requires C,71.77; H,7.74).
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Catalvtic ospylation: general) procedure.
A solution of osmium tetraoxide in t-butanol (0.039 M, 2.56 ml, 0.10 mmol) was
added dropwise to a solution of trimethylamine-N-oxide dihydrate (222 mg; 2.0 mmol)
in acetoneswater 8:1 (2.0 ml) at room temnperature. To the oxidizing mixture a
golution of the olefin (2.0 mmol) in acetone:water 8:1 (3.3 ml) was added. The
solution was stirred for 3-24 hours (see Table 2), then sodium sulphite (2.0 mmol)
was added and the suspension stirred for an hour. The inorganic salts were filtered
off and washed with CH C12; the crude product was evaporated, analyzed and
characterized as teport&d below.

Osmylation of E-3.
The reaction yielded an inseparable mixture of diols 14 a,b, whose ratio was
determined by integration of 'H-NMR methyl ester signals (3.78 ppm l4a, 3.70 ppm
14b). The mixture was then dissolved in acetone and treated with toluene-4-sulfonic
acid (0.05 eq) and CuSO, (1.0 eq) at room temperature overnight. The acetonides 28
and 29 were separated by .flash chromatography on silica gel with hexane/AcOEt
90:10 and characterized by "H-NMR. From l1l4a, 28 was obtained; and from 14b, 29.
2R)-(38)-(48)-2,3-0-1isgpro -4-0-benzyla ino d e :
1H—NMR (CDCl3)J-= 1.24 (3H, d, J=6.5Hz); 1.43 (3H, s); 1.45 (3H, s); 3.72 (1H, 8);
3.72 (1H, w); 4.25 (1H, dd, J=4.5, 7.0Hz); 4.44 (1H, 4, J=7.0Hz); 4.60 (2H, m);
7.30 (5H, 8). (Found C,65.18; H,7.48 016H2205 requires C,65.29; H,7.53).
-{3R)-(48)-2,3-0- r ne-4-0-benzylx nic ac e 1 ter 29:

H-NMR (CDC13) J-: 1.26 (3H, 4, J=6.5Hz); 1.43 (3H, s); 1.47 (3H, s); 3.72 (1H, m);
3.73 (3H, s); 4.25 (1H, dd4, J=7.0, 4.0Hz); 4.48 (1H, 4, J=7.0Hz); 4.62 (2H, m);

7.30 (SH, s). (Found C,65.33; H, 7.55; C16H2205 requires C,65.29; H,7.53).

1

R‘Q Rig
z 3 29 R'=Bn

O,Me 3, pl_pom

28 RY<Bn
L Me 30 R'-BOM

mylation ~4.
The reaction yielded an inseparable mixture of diols 15a, whose ratio was
determined by '3C-NMR. ”C-NHR—(CDC13) selected data: 15a¢f:52.9, 70.0, 73.8, 75.0,
93.4, 174.1. 15b 4: 52.8, 69.8, 71.07 75.6, 94.5, 173.4.
The diols were transformed into the corresponding acetonides as reported for E-3;
from 15a, 30 was obtained; from 15b, 31.

~ )-(48)- -Q- -4-0-b on acid t
ester 30: 1H-NHR (CDC13)J': 1.27 (3H, 4, J=6.5Hz); 1.45 (3H, 8); 1.50 (3H, s); 3.80
(3H, 5); 3.85-4.60 (3H, m); 4.63 (2H, 8); 4.83 (2H, a); 7.30 (S5H, s). (Found

C,62.87; H,7.45; C17H2406 requires C,62.95; H,7.46).

N BOPY QP dene-4-0-benz ¥ ] acid m Y = €
31: "H-NMR (CDC13)J-: 1.29 (3H, d, J=6.5Hz); 1.43 (3H, s); 1.50 (3H, s); 3,80 (3H,
s); 3.85-4.60 (3H, m); 4.58 (2H, s); 4.85 (2H, s); 7.30 (5H, s). (Found C,63.07;

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

lation o -9,
The reaction yielded an inseparable mixture of the corresponding lactones 2la,b,
whose ratio was determined by 'WC-NMR. (Found C,45.51; H,6.10; C_H.0, requires
C,45.46; H,6.10). >58¢

-(35)-(48)-5-deo -1.4-lact : THeRMR (0,00 : 1.50 (3H, d,
J-5.9Hz); 4.01 (1H, dd, J=9.2, 8.5Hz); 4.07 (1H, 4, J=8.5Hz); 4.48 (1H, dq, J=9.2,

5.9Hz); 13C—NHR (DZO)J-: 17.85, 74.61, 7B.78, 79.45, 177.0.

-(3R)-(48)=-5- o-1,4-lact : Pc-mm (D,0) selected data: d.

14.79, 72.64, 74.01, 79.07.

1

Osmavlation of E-6.
The reaction yielded an inseparable mixture of diols 16a,b, whose ratio was
determined by1;°C-!HR. (Found C,62.66; H,7.51; 014"2005 requires C,62.67; H,7.51).
16a: C~-NMR (CDC13) selected data:

d: 14.1; 62.1, 70.1, 71.4, 75.1, 75.5, 138.1, 173.8.
l6b: 13C-NHR (CDC13) selected data: 5.:15.3, 62.a, 70.7, 71.2, 75.3, 75.6, 137.9,
173.0.

Ogzaylation of E-7.
The diols were separated by flash chromatography on silica gel with hexane/AcOEt
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70:30 as eluant.

-(38)-(48)-1-0-be
=+26.1°(c=0.435 CHC13). IR (CHCl,) ) : 3540-3480, 1730, 1450, 1250 en” 1. lg-mMR
(CDC1y) d'+ 1.35 (3H, d, J=6.3Hz); 1.45 (3H, 8); 2.55 (1H, m br); 3.50-3.70 (2H, m);
3.70 (3H, s); 4.02 (1H, s br); 4.36 (1H, d, J=11.2Hz); 4.62 (1H, 4, J=11.2Hz); 7.30
(S5H, s). (Found C,62.56; H,7.56; 61482005 requires C,62.67; H,7.51).
25)-(3R)-(48)-4-0-benzyl-2-C-methyl-5-deo onic d methyl este 7b:
[4)=+32.2%(c=0.490 CHC1,). IR (CHC1p) D : 3570, 3520, 1730, 1450, 1250 et lH-mR
(coc13)J': 1.30 (3H, d, J=6.3Hz); 1.50 (3H, s); 2.77 (1H, d, J=11.5Hz); 3.40 (1H,
dd, J=11.5, 1.9Hz); 3.42 (3H, 2); 3.61 (1H, s); 3.95 (1H, dq, J=6.4, 1.9Hz); 4.23
(1H, d, J=10.7Hz); 4.57 (1H, d, J=10.7Hz); 7.30 (5H, s). (Found C,62.54; H,7.55;
C14H;405 requires C,62.67; H,7.51).

Osmylation of E-§8.

The diols were separated as reported for E-7.
(2R) - -(48)-4-0-benzyl-2-C- 1-5- Y nic _acid et e

[a1%+23.2%(e=1.570 CHCl,). IR (CHC1,)V : 3550, 3¢80, 1720, 1445, 1255 cm H-NMR
(CDC1,0d : 1.25 (3H, t, J=6.7Hz); 1.34 (3H, d, J=6.3Hz); 1.43 (3H, s); 2.61 (1H,
m); 3.50-3.80 (2H, m); 4.18 (2H, q, J=6.7); 4.25 (1H, s br); 4.36 (1H, d,
J=11.8Hz); 4.60 (1H, 4, J=11.8Hz); 7.30 (5H, s). (Found C,63.88; H,7.93; C)gH,,0¢
requires C,63.81; H,7.85).

1

28)-(3R)-(4S)-4-0-benzyl-2-C-me 1-5-de xylopnic acid ethyl ester :
[4}%+27.1° (c=0.520 CHC1,). IR (CHC1,) D : 3570, 3520, 1730, 1445, 1255 cm . 'H-NMR
(CDC15)d ¢ 1.08 (3H, t, J=6.7Hz); 1.30 (3H, d, J=9.6 Hz); 1.47 ( 3H, 8); 2.77 (IH,
d, J=11.4Hz); 3.42 (1H, dd, J=11.4, 1.6Hz); 3.63 (1H, 8); 3.90 (2H, q, J=6.7Hz);
3.94 (1H, dg, J<9.6, 1.6Hz); 4.23 (1H, d, J=10.9Hz); 4.56 (1H, d, J=10.9Hz); 7.30
(5H, ). (Found C,63.90; H,7.89; C,.H,,0, requires C,63.81; H,7.85).

Osmylation of E-9.
The diols were separated as reported for E-7.
(2R)-(35)-(48)-4-0-henzyloxymethoxy-2-C-m 1-5- i c acjd ster

19a: IR (CHC13)Q + 3525, 3500, 1725, 1450, 1220 cn_l. 1H-NMR'(CDCl3)J-:1.27 (3H, t,
J=6.7Hz); 1.31 (3H, 4, J=6.4Hz); 1.40 (3H, s); 2.62 (1H, m); 3.70-4.20 (2H, w);
3.80 (1H, s br); 4.22 (2H, q, J=6.7Hz); 4.61 (2H, s); 4.78 (2H, 8); 7.30 (5H, s).
(Found C,61.48; H,7.66; c16H2406 requires C,61.52; H,7.74).

28)-(3R)-(48)-4~-0-benzyl e -2-C-methyl-5-deox lonic acid e ester
19b: 1H-NHR (CDC13)J-:1.30 (3H, t, J=6.7Hz); 1.32 (3H, 4, J=6.11Hz); 1.47 (3H, s);
2.85 (1H, 4 br, J=10.7Hz); 3.43 (1H, 4, J=1.6Hz); 3.50 (1H, s br); 4.15 (1H, m);
4.19 (2H, q, J=6.7Hz); 4.59 (2H, s); 4.71 (2H, s); 7.30 (5H, s). (Found C,61.43;
H,7.70; C16H2406 requires C,61.52; H,7.74).

Osmylatio f E-10.
¥§e reaction yielded the corresponding lactones 22a,b whose ratio was determined by

C-NMR. (See above).

Osmylation of Methyl (2E)-(48)-4-ethoxyethyl-3-methylex-2-encate E-11.
The reaction yielded an inseparable mixture of four diols, whose ratio wa
determined by BC-NMR. (Found C,54.61; H,9.10; C, H,,0. requires C,54.53; H,9.15).
WC_NMR (CDCl.) selected data: two mayor diasterd8ifdmfrsd’: 11.7, 11.8, 15.0,
15.2, 61.3, 62.6, 101.3, 102.7. Two minor diastereoisomers §: 10.9, 11.1, 15.5,
61.0, 62.3, 100.5, 103.0.

Osmylation of 2-3.
The reaction yielded an inseparable mixture of diols l4c,d whose ratio was
determined by 'H-NMR integration of methyl ester: v.,: 3.55 (3H, 3), 3.74 (3H, s).
(Found C,61.37; H,7.03; C, . H,.0 requires C,61.40; H,7.13).

Osmylation of 2-4. 1371875
The reaction yielded an inseparable mixture of diols 15c,d whose ratio was
determined by 'H-NMR integration of methyl ester: 9,: 3.70 (3H, s), 3.78 (3H, s8).
(Found C,59.12; H,7.02; C,,H,,0 requires C,59.147 H,7.09).

Osmylation of 2-7. 1472076
The diols were purified by flash chtomatographylon silica gel with hexane/AcOEt
50:50 as eluant. The ratio was determined by H-NMR integration of the crude
product. 1

28)-(38)-(48)-4-0- 1-2-C-methyl-5- r c d meth r : "H-NMR

(CDC13) d:1.32 (3H, 4, J=6.2Hz); 1.40 (3H, s); 2.12 (1H, s dbr); 3.38 (3H, s8);
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3.42-3.62 (3H, m); 4.35 (2H, m); 7.30 (S5H, 8). (Found C,62.73; H,7.61; C14H2005
requires C,62.67; H,7.51).

R)- ) - -4-0- -2-C-methyl-5-de 1 ac eth t 7d: "H~NMR
(CDC13)J-= 1.32 (3H, 4, J=6.2Hz); 1.45 (3H, s); 2.80 (1H, s br); 3.48-3.90 (3H, m);
3.65 (3H, s): 4.40 (2H, m); 7.30 (5H, 8). (Found C,62.51; H,7.47; C14H20°S requires
c,62.67; H,7.51).

1

Osm £ 3R)-(4R)-4,5-0- lidene-2-deoxy-2-C-methylenarabinonic acid
- e r .
To a solution of N-methylmorpholine N-oxide (135 mg, 1 mmol) and 0504 (0.6 ml of a

0.039 M solution in t-BuOH, 0.025 mmol) in 8:1 acetone-H,0 (1 ml) was’added a
solution of hydroxy ester 12 (129 mg, 0.5 mmol) in 8:1 azetone - H,0 (1.4 ml). The
reaction was stirred overnight at room temperature and then Na,S0,%(35 mg, 0.22
mnmol) was added. The mixture was stirred 1 hour, the solvent s E8vaporated and 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 mg, 95%).

28)-(3R) - )-4,5-0-1ig0pro dene-2-C-hydro h ino a -butyl
ester 23: mp 95°C. [4J=422.1° (c=0.98 MeOH). IR (CHC1;) ) s 3550, 3470, 1725, 1280,

1250, 1150, 1050, cm-l. 1H-NHIR (HeZSO—dG)J.:l.BO (3H, s); 1.35 (3H, s); 1.46 (SH,

3); 3.44-3.65 (2H, m); 3.71 (1H, 44, J=10.5, B.0Hz); 3.89 (1H, d, J=9.5Hz); 3.90
(1H, 4, J=7.0Hz); 4.11 (1H, ddd, J=8.0, 7.0, 9.5Hz); 4.44 (1H, 8); 4.66 (1H, m);
5.08 (1H, 4, J=10.5Hz). 13C—NHR (CDC13) selected data: J.: 25.43, 26.48, 27.89,
64.89, 66.52, 73.17, 75.21, 80.50, 83.39, 129.04, 172.28. (Found C,53.35; H,8.25;

C13H2407 requires C,53.41; H,8.28).

Os io 3S)-(4R)-4,5-0-4 zyl-2-deoxy-2-C-methylen: onic acid methyl

ester 13.
The triol 25 was purified by flash chromatography on silica gel with hexane/AcOEt
50:50 ac eluant (90%).

2R)-(38)- -4,5-0-d n -2-C- [} thyl ic acid t-butyl ester 25: mp

75°c.[a}5+11.1° (c=2.50 CHCl,). 'H-NMR (CDC1,+D,0) J : 3.40 (3H, s); 3.68-4.10 (4H,
m); 3.88 (2H, m); 4.52 (2H, m); 4.53 (2H, 3); 7.30 (10H, m). ‘3C-NMR (CDC1;)
selected datad : 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).

Synthecis of (28)-(3R)-(4R)-2-C-hydroxymethylarabinono-1,4-1lagtone 24. 0
A solution of 23 (800 mg, 2.74 mmol) in 70% aqueous AcOH (18 ml) was stirred at S0
C for 1 hour. The solution was then cooled to room temperature, 12 N HC1l (0.45 ml)
was added, and the reaction was stirred overnight 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 evaporated, and the crude product purified by flash chromatography on
silica ggl with acetone/CH2C12 70:30 as elngtlto give 24 as a syrup (320 mg, 66%).

24:[433 =+59°(c=1.02 H20). IRV :1780 cm™ *. “H-NMR (Mezso—d6+D20)J':3.34-3.56

(2H, m); 3.76 (2H, ABsyst’ J=5.0Hz); 4.1 (1H, d, J=5.0Hz); 4.15-4.22 (1H, m).
B3c-amr (0,08 : 60.74, 62.23, 74.52, 79.16, 83.09. (Found C,40.41; H,5.72; CgH,Og
requires C,40.46; H,5.66).

Hydrolysis wiyh aqueous ammonia gave a solution of ammonium
2-C-(hydroxymethyl)-D-arabonate,ﬁll:g+13o (c=0.5 in 1N NH40H) (1lit.
L-isomer[d])’ =-11.5%(c=1.2 in IN NH,O0H)).

Synthesis of (2R)-(35)-(4R)-2-C-hydroxymethylxylonp-l.4-lactone 26; 2la,b:

(2R)-(38)-(48)-2-C-methyl-5-deoxyarabinono-1,4-lactone 22a,(28)-(3R)-(48)-2-C-
-5-deox S

1l,4-lactone 22¢, (2R)-(3R)-(48)-2-C-methyl-5-deoxylyxono-1,4-lactone 22d.
2,3-diolpentancates (1 mmol) were hydrogenated in the presence of 10% Pd-C (0.05
mnol) in ethanol for 3 hours, then palladium was filtered off and washed with ethyl
;%cogol. Evaporation of the solvent afforded the pure lactones 26, 2la,b and

a-d.

26:[&K£+65.50 (c=0.5 D20). lH-NHR (Me230-d6) J.: 2.8-3.9 (6H, m); 4.12 (1H, d,

J=9.7Hz, OH 2 ); 4.45(1H, t, J=5.7Hz, OH 1 ); 4.75 (1H, t, J=5.7Hz, OH 1 ); 5.00
(1H, s, 0H 3 ).%® (Found C,40.42; H,5.68; CGH, 0, requires C,40.46; H,5.66).

2la,b: See above.

3 o J’

22a:[AL5+44.0° (c=0.87 CH,OH). 'H-NMR (Me,S0-a6)d : 1.14 (3H, s); 1.31 (3H, 4,
J<6.3Hz); 3.69 (1H, dd, J=7.5, 5.2Hz); 4.02 (1H, dq, J=7.5, 6.3Hz); 5.74 (1H, 8);
5.76 (1H, d, J=5.ZHz). (Found C,49.38; H,6.82; CgH,,0, requires C,49.31; H,6.90).

22b: 'H-NMR (Me,S0-d6)4 : 1.21 (3H, s); 1.22 (3H, 4, J=6.SHz); 3.70 (1H, dd,

15 for the

1
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J=5.4, 3.SHz); 4.72 (1H, dq, J=6.5, 3.5Hz); 5.53 (1H, d, J=5.4Hz); 5.97 (1H, s).
(Found C,49.25; H,6.84; C6H1004 requires C,49.31; H,6.90).

22¢: 1H JMR (D, oD)d : 1.40 (6H, m); 3.56 (1H, d, J=7.4Hz); 4.35 (1H, dq, J=7.4,
6.4Hz). 13c-NMMR (coc1 )d : 18.1 (Meg), 22.0 (Me,), 72.6, 78.5, 80.5, 176.6. (Found
C,49. 42; H,6.89; C6H1004 requires C,49.31; H,6.90).

22d: 'H-NMR (CD,OD)d : 1.40 (6H, m); 3.90 (1H, d, J=3.0Hz); 4.65 (1H, dq, J=3.0,
6.0Hz). 13c-MMR (CDC1,) 4 : 13.9 (Meg); 21.4 (Me,), 75.0, 75.4, 178.5. (Found

C,49.21, H, 6.91; C H 0, requires C,49.31; H,6.90).
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