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Abstract - From the mannitol derivatives 8 and 37 both enantiomeric series Of 
optically active glycerol derivatives are easily available as exem- 
plified by the synthesis of known precursors of PAF (6) and ent-6. 

Optically active glycerol derivatives play an important role in organic synthesis a 
“chiral C3 bui;dlng blocks”. 2-4 They are avallable by degradation of carbohydrates, 2-8 

from L-serine, (S)-(-jmalic acid,” D- and L-tartaric acid,” 
glycerol derivative by enantioselective ac latlon,‘2 

from glycerol or an achiral 

115-15 
by enantio- or diastereoselective 

reduc ion of 1-hydroxypropanone derivatives, 
hol, lt 

by Sharpless epoxidatip; of ally1 alco- 
via diastereoselective reduction of homochiral g-keto sulfoxi es 

1 
and by enzyme- 

catalyzed ester hydrolysis of 1,3-his-ace$xy-2-benzyloxy-propane. 1 -90 The most popular 
glycerol derived chiral C building blocks 

3 2.3 
are 2 aid 4 which are readily available from 

the mannitol derivative 1 and L-ascorbic acid, respectively. However, it has been 
pointed out, that for certain optically active compounds with an unsymmetrica;ly substi- 
tuted 1 cerol unit, such as simple glycerol esters and ethers, phospholipids, or glyco- 
lipid>;r (many of which are important cell-wall and membrane constituents), 2 and 4, 
respectively, may not be the starting materials of choice because extensive functional 
group manipulations are sometimes required.5*7 A case in question is the platelet activa- 
ting factor (PAF, 6), a mediator of many physiolog;;al responses, such as anaphylaxis, 
inflammation, platelet aggregation, and hypotension. Besides 2 (from which straightfor- 
wardly only ent-6 Is available, 
is necessary)23’28 and 4,27 

for the synthesis of 6 inversion of configuration at C-2 

(S)-malic acid”, D- and L-tartaric acid,” 
the 3,4-acetonide of D-mannitol (3),6 and epoxlde 72g 

have been used as starting materials. In most cases the 2-benzyl compound 5 was the 
precursor to 6. In the very last steps the benzyl group was removed hydrogenolytically and 
the acetyl group was introduced. This methodology avoids complicating acetyl migrations. 
Some time ago, we have show;;;;; 8 is a very convenient precursor of certain optically 
active glycerol derivatives. ) * It is the purpose of the present paper to demonstrate, 
that 5 and related compounds are readily available in both enantiomeric forms from 8 and 

37. 

Synthesis of ent-6a & 6a from 8 

Alkylation of 8 with benzyl bromide and ally1 bromide provided 9 and 10, respectively, 
which on acid-catalyzed acetal cleavage furnished 12 and 18. Selective reactions in the l- 
and 6-position of 12 with pivaloyl chloride, benzoyl chloride, tert-butyldiphenylsilyl 
chloride, trityl chloride and tosyl chloride proceeded smoothly to give 13, 14, 15, 16, 
and 17 in good to excellent yields. Dlol cleavage was performed either with sodium perio- 
date (13, 14, 15, and 17) or with lead tetraacetate (16). After immediate reduction of the 
intermediate glyceraldehyde derivatives with sodium borohydride 24 - 28 were obtained in 
yields ranging from 69% to 94%. 
In the case of 24, 25, and 26 the optical purity was examined. The diastereomeric Hosher 
esters32 derived from racemic 25/ent-25 displayed two well-separated methoxy signals in 
the 400 HHz ‘H NHR spectrum. The sample of 25 derived from 14 was shown to have an e.e. of 

43 2 2% (determined by Masher ester analysis). The Cc12i value of this sample of 25 was 
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-6.1 +, 0.2, corresponding to an [a12’ - -14.3 2 0.733 
B- 

for optically pure 25. The loss of 
optical purity can be attributed to enzoyl group migration under the conditions of the 
borohydride reduction of the intermediate glyceraldehyde derivative. Thus (see Scheme 31, 
Cleavage of 14 with NaIO4 and subsequent reduct2$on with NaBD,, provided a 6a2(+ 2) : 34 (2 
1) mixture of Cl-D,]-25 and [3-D I-ent-25 ([cl D = -4.5), as determined bj H NMR analy- 
sis. Assuming that the optical 1 
an Ca12E = -13.9 + 

ro ation is practically uneffected by the H substitution, 
0.7 of optically pure 25 can be estimated from this experiment. 

Using the same type of analysis (in this case the nicely separated tert-butyl signals of 
the diastereomeric Mosher esters were used) a sample of 24 whi.ch was obtained from 13 
(NaBH,, reduction: 45 min at 2o°C) was shown to have an e.e. of 78%. In a second experiment 
(NaBH,, reduction: 1.5 h at 20°C) a sample of 24 was obtained from 13 which had an e.e. of 
57%. In this case, too, racemlzation had its origin in acyl group migration: Reduction of 
the intermediate glyceraldehyde deriv;tive with NaBD4 (45 min at 20°C) gave a 90 : 10 
mixture of [l-D, l-24 and C 3-D, I-ent-24 ( H NHR analysis). 
The diastereomeric Mosher esters32 of the racemate 26/ent-26 displaced two tert-butyl 
signals in the 400 MHz ‘H NMR spectrum and many double signals in the 13C NHR spectrum. On 
the other hand, the Mosher ester derived from a sample of 26 (obtained from 15) furnished 
only one tert-butyl ‘H NHR signal and a single set of carbon resonances in the 13C NMR 
spectrum. No trace of the second diastereoisomer could be detected in this case. 
The alkylatlon of the silyl ether 16 with hexadecyl bromide and tosylate, respectively, 
was accompanied by extensive silyl group migration. Besides 31, the disilyl ether 32, the 
dialkylated compound 33 were Isolated as well as 5a which turned out to be racemlc. 31 was 
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desilylated to give 5a, which was also racemic. 34 

Alkylation of the trityl compound 27 proceeded uneventfully to give 30 1~~86% yield. 30 
can be converted to ent-6a by methods reported in the enantiomeric series. To reach the 
PAF series Itself, 26 was tritylated to give 23 (96%). Desilylation of 23 provided 22 
(gig), which has already been converted to 6a.l’ 
We have also considered the possibility to obtain 6a from 12 by a more direct route. In 
principle, this can be achieved by direct alkylation in the l- and 6-position with a 
hexadecyl derivative. Unfortunately, until now we have been unable to find a satisfactory 
solution to this problem. Reaction of 12 with hexadecyl mesylate in the presence of sodium 
hydride furnished the des_i_ed 20 in poor 14% yield along with mono-, lsomeric di- and 
the trialkylated products.33 The 
(15% of 20). Oxidative cleavage 
PAF precursor 5a in 72% yield. 

26 
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same result was obtained under phase-transfer conditions 
of 20 (PbOAc,,) followed by NaBH4 reduction provided the 
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Scheme 4 

With the idea of shielding the 3- and 4-positions in compounds of type 12 from alkylation, 
the his-dlphenylmethyl ether 11 was prepared from 8. Here exists the problem of two 
protecting groups with similar sensitivity towards acidic conditions. In the event, clea- 
vage of 11 in 80% acetic acid led to a mixture of products from which 19 was Isolated in 
41% yield along with the acetate 34 (23%), and a 1:3 mixture of the monoacetals 35 and 36 
(15%). The alkylation of 19 proceeded as disappointing as that of 12. Under phase-transfer 
conditions a mixture of products was formed from which the desired 21 was obtained In 26% 

yield.35 

Synthesis of opticallv active zlvcerol derivatives from 37. 

We also investigated the chemistry of the bis-methoxy analogue 37 of 1,3:4,6-di-o-benzyli- 
dene-D-mannitol (8) because it is known that 6-membered acetals of 4-methoxybenzald$yde 
can be reductively cleaved under very mild conditions to give 4-methoxybenzyl ethers. 37 

was dialkylated to give 38 (gig), 39 (83X), and 40 (70s). Reductive acetal cleavage in 38 
and 39 with sodium cyanoborohydride - trifluoroacetic acid led to the formation of the 

1,6-dl-O-methoxybenzylated compounds 41 (781) and 42 (76$), respectively. NaIO 

followed by sodium borohydride reduction provided the glycerol derivative 45 (8 I) and 46 % 
cleavage 

(67%). Alkylation of 45 with hexadecyl bromide gave 49 in 90% yield. The methoxybenzyl 
protecting group was then oxidatively removed with cerium(IV) ammonium nitrate in aceto- 
nitrile-water to provide enL5a, a known precursor to ent-6a, in 82% yield. This seems to 
be the most direct and efficient access to compounds of the ent-PAF type, starting from D- 
mannitol. 
From compounds such as 45 the PAF series can be reached by two functional group manipula- 
tions. Along this line we prepared (via 43 and 44, respectively) the (R)-compounds 47 and 
48 which are the enantiomers of 24 and 26, described above. 
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In Scheme 6 the processes are summarized which recently have been demonstrated to lead 
from a single precursor readily to both enantiomeric series of chiral glycerol deriva- 
tives. Probably, the most efficient route includes a Sharpless epoxidation of ally1 alco- 
hol followed by Tl(OiPr)4-mediated e 

# 
ride opening with thiols, secondary amines and 

phenols to give compounds such as 53, 
yeast reduction of 54.13 

a glycerol derivative which Is also available by 

OCHER 
Ac& 88 % e.k 

91 % e.e. 
M 

8 100 % e.e. 

90 % e.e. 

-OH = 

“ok.fzlc 
51 

RlO~O” 
52 

PhS&H 
53 

100 % e.e. 
* 37 

78 % e.e. 0 

4 HO&% 

!% 

The most flexible route (concerning the nature of R’ and R*) towards compounds of type 52 
appears to be the one that we have developed starting from the mannitol derivatives 8 and 

37. 
A drawback of the elegant enzyme-catalyzed ester hydrolysis method seems to be at present 
that only 50 (whit has to be prepared from glycerol in 4 steps) Is cleaved with high 
enantioselectivity.1’-20 In view of the very ready acyl group migration descri d above 
one may ask wether the incomplete enantloselectivity reported both by Schneider % and by 
Kreiserlg has its origin in a less than 1001 enantioselectivity of the enzyme or is caused 
by acyl group migration. 

EXPERIHENTAL 

All 02- or moisture-sensitive reactions were performed in oven-dried glassware under a 
positive pressure of argon. Liquids and solutions were transferred by syringe. Small-scale 
reactions were performed in Wheaton serum bottles sealed with aluminium caps with open top 
and Teflon-faced septum (Aldrich). Usual work-up means partitioning the reaction mixture 
between water and an organic solvent (given in parenthesis), drying the combined organic 
solutions in vacua at 40°C using a rotatory evaporator. The instrumentation used was: ‘H 
NHR: UP 80 (Bruker), AM 400 (Bruker); IR: Perkin Elmer 257 and 1310; EI HS: HAT-731 and 
HAT-CH-5 (Varian); FIB MS: HAT-CH-5, Cs ion source; CD: Jobin-Yvon-ISA dichrograph Mark 
111 connected online to a PUP-8/e; Cal B: Polarimeter 141 (Perkin-Elmer); HPLC: medium- 
pressure liquid chromatography using 31.0 cm x 2.5 cm (column 8) or 37.0 cm x 1.5 cm 
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requires C, 71.56; H, 6.01). 

_ __ 
To a suspension of 12 (49.6 mg, 0.1 
4-dimethylaminopyridine (4-DMAP) 
(145 ~1, 0.558 mmol), and the reaction mixture was 
(CH2C12) and SC (hexanes-ethyl acetate 20:1) provided 15 

'H NHR (80 MHz CDCl 
:8h;,Cy:$)'ind 4.65 (JAB= 1 i.0 Hz3 

): d = 1.04 (s, SiC(CH3)3), 2.95-3.15 (OH), 3.55-4.20 
benzyl. H's), 7.20-7.80 (Ar-H). After addition of 

trichloroacetyl isocyanate: 4o 'H ;HR (80 MHz, CDCl ): b= 1.04 (a, SiC(CH ) ) 3.50-4 14 
(6H), 4.31 and 4.48 (JAB= 11.6 Hz, benzyl. H's), b 5 az: '3-H, 4-;1), 
7.00-7.70 (Ar-H), 8.20 (NH).- 

5. 7 (d, J2 =J4 5= 

74.42; H, 7.45). 
(Found: C, 74.50; H, 7.48. C52H6$6Si; (839.2) requires C, 

?.5-Di-O-benzvl - - -_ 1.6 di 0 tri~tol (16). -- 

To a suspension of 12 (99.8 mg, 0.276 mmol) in CH2C12 (2 ml) were added 4-DMAP ( 135.7 mg, 
1.111 mmol) and trityl chloride (340.7 mg, 1.222 mmol). The reaction mixture was stirred 
for 50.5 h at 30°C. After usual work-up (ether), HPLC (hexanes- ethyl acetate 5:1) gave 16 
(216.2 mg, 93S).- [a12E = -20.9 (c 1.0, CHC13).- 'H NHR (80HHz, CDCl 
3.20-4.12 (8H), 4.57 and 4.72 (J = 12.0 Hz, benzyl. H's), 7.10-7.55 

&T).- 
? 

): b= 2.75-2.93 (OH), 
Ar-H).- US: m/z (%)= 

333 (5), 243 (loo), Ph3C+), 91 
C, 82.24; H, 6.43). 

(Found: C, 82.20; H, 6.45. C58H5406 (847.1) requires 

?.5-Di-O-Be- 1.6 bis 0 (tolm 4 sul&yll D r&anLUtol (17). - - -- -- _- 

To a suspension of 12 (100.0 mg, 0.276 mmol), 4-DHAP (2.5 mg, 0.020 mmol) and 4-toluene- 
sulfonyl chloride (108.9 mg, 0.571 mmol) in CH2C12 (2 ml), triethylamine (80 ~1, 0.574 
q mol) was added. After 10 h at 20°C again 4-toluenesulfonyl chloride (27.1 mg, 0.143 mmol) 
was added and the reaction mixture was left at 20°C for another 14 h. Solvent evaporation 
and SC (hewanes-ethyl acetate 2:1) provided 17 (126.1 mg, 68g).- 'H NHR (80 MHz, CDCl ): 
b = 2.18-2.38 (OH), 2.40 (s, 6H, Ar-CH ), 3.52-3.88 (4H), 4.02-4.40 (m, CH2-1, iI 
4.43 and 4.59 (JAB= 11.2 Hz, benzyl. H's 3 

CH2- ) 
, 7.12-7.76 (Ar-H).- IR (CHCl ): 1360, 1175 cm -i 

(S02).- FIB-MS (triethanolamine-glycerol-LiCl): m/z = 677 ((M+Li)+).- iFound: C, 60.89; H, 
5.75. C34H38010S2 (670.8) requires C, 60.88; H, 5.71). 

?rS-Di-O-ul D -- ~ 
A solution of 10 (65.0 mg, 0.148 mmol) in H20 (1.0 ml) and ethanol (3.2 ml) was stirred in 
the presence of Dowex-W50 (H+, 1.0 g in 0.5 ml H20) for 1 h at 1OO’C. After neutralization 
(NaHC03), filtration and solvent evaporation which was three times repeated after addition 
of toluene, SC (hexanes-ethyl acetate-ethanol 15:15:1) furnished 18 (31.7 q g, 82X).- H.p. 
77-78'C (from acetone-hexanes).- [a12E = -25.4 (c 0.8, ethanol).- 'H NHR (80 MHz, ace- 
tone-d6): b= 3.40-4.04 (8H), 4.05-4.25 (m, H2C=CHCH2), 5.00-5.45 (m, HZC=CHCH2), 5.70-6.25 
(m, H2C=CHCH2).- FIB-MS (glycerol): m/z = 285 ((M+Na)+), 263 ((H+H) ), 205.- (Found: C, 
55.00; H, 8.53. C12H2206 (262.3) requires C, 54.95; 8.45). 

s of 1t 
A solution of 11 (48.7 mg, 0.071 mmol) in 80s aqueous acetic acid (13 ml) was stirred 34 h 
at 40°C and 66 h at 20'C.After neutralization (NaHC03) and usual work-up (CH2C12, ethyl 
acetate), SC (hexanes-ethyl acetate 1:l) provided 19 (14.7 mg, 411), 34 (9.1 mg, 23%) and 
a 1:3 mixture (‘H NHR) of 35 and 36 (6.5 mg, 15%). The mixture of 35 and 36 was separated 
by reversed-phase HPLC (methanol-H20 5:l). 

to1 (192 
H.p. 
CDCl 

lOO-10l°C (from ethyl acetate-hexanes).- C=12E = 4.2 (c 1.0, CHC13).- ‘H NHR (80 MHz, 
): b= 1.47-2.95 (OH), 3.49-4.15 (8H), 5.55 (s, benzyl. H'a), 7.27-7.48 (Ar-H).- HS: 

m/z %)= 347 (2, (H-CHPh2)+), 167 (100, Ph2CH+).- ? 
(514.6) requires C, 74.69; H, 6.66). 

(Found: C, 74.73; H, 6.70. C32H3406 

__ - _ mm 01 (34L 
H NMR (80 MHz, CDCl 

CH2-‘I), 5.52 and 5.5 3 

): b= 1.90 (s, COCH 
(2 s, benzyl. H), $ 

1, 2.40-2.55 (OH), 3.48-4.18 (7H), 4.20-4.33 (m, 
.25-7.40 (Ar-HI.- IR (CHCl 1: 1725 cm-’ (C=O).- 

HS: m/z (%I= 389 (4, (M-CHPh2)+), 167 (loo).- (Found: C, 73.40; H, 
requires C, 73.36; H, 6.52). 

6358. C34H3607 (556.7) 
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- _ __ thvl D mm.&01 (3% 
H NMR (80 MHz, CDCl ): b= 3.35-4.05 (6H), 4 4 62 (m 2H ) 5 62 and 5.66 (2 s benzyl 

H), 5.80 (s, acetal. B ), 7.25-7.35 (Ar-H).- %,"R (160 6 {Hz' CDCl DEPT) ; 61 26' . 
61.49 (CH ), 103.72 (acetal. C).- IR (CHCl ): 3560, 3600-3300 cm 

'1 

(1 Ht), 235 (4, (M-CHPh )+), 167 (loo)?- 
(OH?: MS: m>z tZ)='60; 

rehuires C, 77.72; H, 6.36. 
(Found: C, 77.76; H, 6.39. C39H3806 (602.7) 

. R-- _ _ __ (16). 
'H NHR (80 MHz, CDC13): b= 3.3 -4.26 (8H), 5.10 (s, lH, acetal. H), 5.52 and 5.56 (2 s, 
benzyl. H), 7.26-7.44 (Ar-H).- 3 3C NMR (100.6 MHz, CDCl 
100.24 (acetal. C).- IR (CHC13): 3600-3200 cm-' (OH).- 

s;,"",',i':,",~=6Qd293;OP2q.6~f~~H1123); 

(6), 167 (loo).- (Found: C, 77.70; H, 6.32. C39H3806 (602.7) requires C, 77.72; H, 6.36). 

Alkvlation of 12, 
a.) To a solution of 12 (101.6 mg, 0.281 mmol) in benzene (2 ml) was added NaH (55-605 
suspension in oil, 53.0 mg, 1.215 mmol), and after 1 h at 80°C 1-hexadecyl methanesulfo- 
nate (89.7 mg, 0.281 mmol), dissolved in benzene (2 ml). The reaction mixture was stirred 
for 4 h at 90°C and for 4 h at20'C. Usual work-up (CH2C1 ), MPLC (hexanes-ethyl acetate 
15:l) and SC (hexanes-ethyl acetate 5:1) furnished 20 ? 31.0 mg, 14%) along with other 
alkylation products.35 47.3 mg (47%) of 12 were recovered. 
b.) A mixture of 12 (95.3 mg, 0.263 mmol), tetra-n-butylammonium hydrogensulfate (68.7 mg, 
0.202 mmol) and 1-bromo-hexadecane (210.5 ~1, 0.689 mmol) in a two-phase system of toluene 
(2 ml) and 12.5 N NaOH (2 ml) was intensively stirred at 60°C for 5 h. Usual work-up 
(CH2C12), MPLC (hexanes-ethyl acetate 8:l) and SC (hexanes-ethyl acetate 3O:l) gave 20 
(32.4 mg, 15%) along with other alkylation products.35 

- --b _ _ __h xadecvl D-t.01 (>Q_)., __ 

H NMR (80 MHz, CDCl ): b= 0.80-1.40 (62H), 3.04-3.98 (11(H), 4.61 and 4.70 (JAB= 12.0 Hz, 
benzyl. H's), 7.30 ( r-H).- d 13C NMR (100.6 MHz, CDC13, DEPT): 6 = 14.10 (CH3), 22.68, 
26.12, 29.35, 29.49, 29.64, 29.69, 31.92 (CH2), 70.24 (C-3, C-4), 71.04, 71.84, 73.01 
(OCH ), 78.94 (C-2, C-5), 127.68, 127.93, 128.35 (Ar-CH), 
76.88; H, 11.20. C52Hg006 (811.3) requires c, 76.99; H, 11.18). 

138.33 (Ar-C).- (Found: C, 

Alkvlation ofJ2.. 
21 was prepared from 19 as described for the phase-transfer alkylation of 12. After HPLC 
(hexanes-ethyl acetate 8:1) and SC (hexane;gethyl acetate 30:1) 21 was obtained in 26% 
yield, along with other alkylation products. 

~;15~~~-~8~i~~~lmethvl-1.6=di-O-hexadecvl-D-mannitol (21). 
CDC13): 6= 0.70-1.70 (62H), 2.94 (broad d, OH), 3.33 (t, 3J= 6 Hz; 

OCf12C15H31), 3.4;-3.83 (6H), 3.97 (dd, 3-H, 4-H), 5.68 (s, benzyl. H's), 7.13-7.49 (Ar-H); 
J2 =J4 5=J 
7g:$8; ri, 1&$!)=.J4'oH 

= 5 Hz.- (Found: C, 79.84; H, 10.18. C64Hg806 (963.5) requires C, 

_ - vloxv 7 (? 7 dimethvl-orovn __ __. -- 1 01 (24L 
To a solution of 13 (230.6 mg, 0.435 mmol) in methanol (8.5 ml) and THF (8.5 ml) was added 
NaI04 (219.9 mg, 1.025 mmol), dissolved in H20 (14.5 ml). The reaction mixture was stirred 
for 23 h at 20°C. Then NaBH4 (84.8 mg, 2.243 mmol) was added. After 0.5 h at20'C neutra- 
lization (2 N HCl), usual work-up (CH2C12) and SC (hexanes-ethyl acetate 3:1) furnished 24 
(213.0 mg, 92%).- [=12E = -16.7 (C 1.1, CHC13).- 'H NMR (80 MHz, CDCl3): b = 1.23 (s, 
C(CH 1 1, 2.15-2.35 (OH), 3.50-4.03 (2-H, CH2-l), 4.13-4.36 
(J 2 120 H -\ 

m, CH2-3), 4.62 and 4.74 

CO?, Mt;, 
z, benzyl. H's), 7.35 (Ar-H).- IR (CC14): 1730 cm (C=O).- MS: m/z (%)= 266 
235 (1, (H-H2COH)+), 181 (3, (M-COC(CH3)3)+), 91 (loo), 85 (81, 57 (34).- 

(Found: C, 67.57, H, 8.25. C15H2204 (266.3) requires C, 67.65; H, 8.33). 

i n of the ootical ouritv f 74. Determinat o 0 

For the determination of the optical purity of 24 the NaI04 cleavage of 13 was performed 
as described above (3 h at 2O'C). The resulting solution was then devided into two equal 
parts (A and B), NaBH4 was added to both of them. Reaction mixture A was neutralized after 
45 min at 20°C, solution B after 1.5 h. From both reaction mixtures 24 was isolated as 
described above. The Mosher esters were prepared32 from 24 (A and B) and from a racemic 
mixture of 24/ent-24 (prepared from 2-benzyloxy-propan-1,3-dial). 
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‘f.) Masher ester of 24/ent-24. 
H NHR (400 MHz, CDC13): *= 1.18, 1.19 WCH3) 

3 

), 3.51, 3.52 (OCH 
4.06-4.23, 4.31-4.36, and 4.52-4.62 (CH2-1, CH~- , benzyl. H's), 7. 2 

), 3.84-3.91 (m, 2-H), 
4-7.55 (Ar-H). 

b.) 24 from reaction A. 
[,I20 = -15.1 2 0.2 (c 1.1, CHCl ), X e.e.: 7823 (determined by cutting and weighing the 
peak ireas under the tert-buty 1 signals in the 400 MHz 'H NMR spectrum of the Hosher 
esters) 
c.) 24 from reaction B. 
[a320, = -11.7 ( c 1.1, CHC13), 1 e.e.: 57+-2 (determined as described above). 
Calculated [o]~: of optically pure 24: -19.3 2 0.8 (from experiment A), -20.7 2 0.8 (from 
experiment B). 

11-D11-24 and I+D11-ent-34 from 1% 
The NaI04 cleavage of 13 was performed as described above. NaBD4 was added after 3 h. 
After 45 min at20°C, neutralization, work-up and SC (hexanes-ethyl acetate 3:l) gave a 
mixture of [l-D,]-24 and [3-D,l-ent-24 (71%).- Ca12E = -15.3 t 0.2~ 2H NMR (61.4 ;!z, 
CHC13): fj = 3.48, 4.07 (ratio: 90:10, relative error: 4%). From these values an c (11 D = 
-19.3 2 0.8 for optically pure 24 can be estimated. 

_ _ __ vrooan 1 __ 01 (a 
The reaction was performed as described for 24 using methanol-THF-H20 1:1:1. NaBH4 was 
added after 3.5 h at 20°C (reduction: 

'H NHR (80 MHz, 
20 min at 2O'C). SC (hexanes-ethyl acetate 5:1) gave 

25 (72%).- CDCl 
and 4.76 (JAB= 12.0 Hz, benzyl. a 

): 6= 2.05-2.25 (OH), 3.65 (3H), 4.37-4.53 (CH2-3)' 4.62 

(C=O)cm-'.- 
Is), 7.20-8.05 (Ar-H).- IR (CC14): 3600-3300 (OH), 1725 

MS: m/z (X)= 286 (0.3, Ht), 255 (2, (H-H2COH)+), 105 (72), 91 (loo), 77 (34).- 
(Found: C, 71.17; H, 6.40. C17H1804 (286.3) requires C, 71.31; H, 6.34). 

Determination of the optical writv of 3% 
[a]2i of 25 (prepared from 14): -6.1 2 0.2 (c 2.0, CHC13). 
For the determination of the optical purity the Hosher esters were prepared32 from 25 and 
from a racemic mixture of 25/ent-25 (derived from 2-benzyloxy-propan-1,3-diol as described 
for 14).- 'H NHR (400 MHz, C6D ): 
(CH2-1, CH2-3, be:zyl. H), 6.97- 8 

6 = 3.39 and 3.42 (2 m, 0CH3), 3.54 (2-H), 4.03-4.42 
.06 (Ar-H). 

% e.e. of 25: 43 - 2 (determined by cutting and weighing the areas under the methoxy 
signals of the Mosher esters). 
From these data an [a12i = -14.3 t 

ra12; 

0.7 of optically pure 25 can be calculated (lit." 
= -11.9, c 2, CHC13). 

The oxidative cleavage of 14 followed by reduction were performed as described for 25. 
NaBD4 was added after 7.25 h (reduction: 30 min at20'C). SC (hexanes-ethyl acetate 5:1) 

3 
ave a mixture of [l-D,&25 and [3-D,l-ent-25 (86X).- [=.12i = -4.5 2 
H NMR (61.4 HHzZOCHC1?): 

0.2 (c 2.0, CHC13).- 
6= 3.74 and 4.50 (ratio: 66:34, relative error: 2.5%). From 

these data an 101 D = - 3.9 2 0.7 of optically pure 25 can be estimated. 

__ __ _ __ 6L 
To a solution of 15 (3.06 g, 3.65 mmol) in methanol (60 ml) and THF (80 ml) was added 
NaI04 (2.46 g, 11.50 mmol), in H20 (60 ml). The reaction mixture was stirred for 23 h at 
20°C. After filtration of the reaction mixture, NaBH4 (3.55 g, 93.92 mmol) was added at 
O'C. After 1 h atO°C, neutralization, usual work-up, and SC (hexanes-ethyl acetate 3:1) 
provided 26 (2.89 g, 94%).- ro12i = -24.5 (C 1.1, CHC13).- 'H NHR (80 MHz, CDC13): 6 = 
1.05 (s, SiC(CH 12.0 Hz, benzyl. H's), 7.20-7.75 
(Ar-H).- (Found: 

) ), 3.55-3.90 (5H), 4.51 and 4.63 (JAB= 
3 2, 74.31; H, 7.59. C26H3203Si (420.6) requires C, 74.24; H, 7.67). 

Determination of the optical nuritv of 76.. 
For the determination of the optical purity the Mosher esters were prepared32 from 26 
(prepared from 15) and from a racemic mixture of 26/ent-26 (prepared from 2-benzyloxy- 
propan-1,3-diol as described for 15). 

Masher esters of 26/ent-& 
'H NMR (400 6~ MHz, CDC13): 1.05, s, SiC(CH3) ), (m, 0CH3), (m, 1.06 (2 3.50 3.67-3.77 2- 
H, CH -l), 4.38-4.45 (3-H), 
H).- '3 

4.65-4.73 (3-H'), 4.46, 4. % 8 (9, benzyl. H's), 7.15-7.66 (Ar- 
C NMR (100.6 MHz, CDCl 

55.41, 55.47 (OCH3), 62.62, 
DEPT): 6= 19.16 (SiI;(CH ) ), 26.75, 26.77 (SiC(l;H3)3), 

6 2' .70 (CH2-1), 65.06, 65.60 ?a C -3), 71.98, 72.11 (benzyl. 2 
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CH2), 77.20, 77.00 (C-21, 127.37, 127.43, 127.57, 127.74, 128.30, 128.37, 129.54, 129.56, 
129.78 (Ar-CH), 132.21, 132.27, 132.99, 133.13, 133.16, 137.94, 137.97 (Ar-C), 135.51, 
135.56 (CF3), 166.52 (COO). 

osher ester of 36. 
H NMR (400 MHz, CDCl ): 6= 1.06 (s, 

4.42 (3-H), 4.68 (3-H’?, 4.48 (s, 
SiC(CH I ), 3.50 (m, OCH 1, 3.67-3.79 (CH2-1, 2-H), 

benzyl. H’s , 7 37.15-7.67 (Ar-Hj. J 
Hz, J ,- 11.5 Hz.- 13C NHR (100.6 HHz, CDCl DEPT): 6 = '192{d=(;;;(;H' )J$'3';63;; . . 
(SiC(&3)-), 55.41 (OCH3), 62.70 (CH2-11, 65.58 ( H2-31, 72.10 (benzyl. CH2), 7=.!?d (C-21, 

31 
I?' 

127.43, 1 7.57, 127.60, 127.76, 128.30, 128.38, 129.57, 129.80 (Ar-CH), 132.22, 132.99, 
133.13, 137.97 (Ar-C), 135.55 (CF 

? 
1, 166.53 (COO). 

No trace of the second isomer cou d be detected. 

(S) 7 Benzvloxv 3 tr&loxv-EQoan 1 __ -- __ 01 (212 
To a solution of 16 (19.2 mg, 0.023 mmol) in pyridine (100 ~1) lead tetraacetate (10.4 mg, 
0.023 mmol) was added, and the reaction mixture was stirred for 3.75 h at 20°C. Solid 
NaBH4 (7.9 mg, 0.209 mmol) was added, and the mixture was left for 3 h at 20°C. Usual 
work-up (CH2C12) and MPLC (hexanes-ethyl acetate 6:l) gave 27 (14.2 mg, 73%).- [aI 2i = 
-23.5 (c 0.8, CHC13).- MS: m/z (%)= 333 (2, (M-91)+), 243 (1001, 181 (431, 91 (92).42 

(28). (S)-2-Benzvloxv-Wtoluene-4-sulfonvloxv)-orooan 1 __ 01 
28 was prepared from 17 as described for 24 (in methanol-THF-H20 1:l:l solution). NaBH4 was 
added after 3 h. Neutralization after 30 min, usual work-up and SC (hexanes-ethyl acetate 
2:l) furnished 28 (93%).- Ia12i = -30.7 (c 1.8, CHC13), lit.,l’ ra12g = -30.5 ( c 2.0, 
CHC13) .- ‘H NHR (80 MHz, CDC13): 6~ 1.66-1.95 (OH), 2.43 (Ar-CH3), 3.40-3.90 (CH2-1, 2-H), 
4.04-4.20 (m, CH2-31, 4. 3 and 4.62 (JAB= 11.2 Hz, benzyl. H's), 7.20-7.88 (Ar-HI.- IR 
(CHCl 1: 1360, 1170 cm -7 (SO I.- MS: m/z (XI= 336 (0.5, MT), 279 (11, 181 (I), 173 (31, 
155 ( d 1, 107 (30), 91 (loo).- P Found: 336.1028 (MS). Calc for C17H2005S: 336.1031). 

02Benzvloxv-l-tert-butvldioxv~ __ -- -W-e (27L 
23 was prepared from 26 as described for 16 (22.5 h at 35'C). Usual work-up (CH2C12) and 
SC (hexanes-ethylacetate 25:l) gave 23 (96X).- 'H NHR (80 MHz, CDC13): 6 = 0.95 

(SiC(CH313), 3.20-3.35 (2H), 3.57-3.86 (3H), 4.63 (9, benzyl. H'S), 7.10-7.70 (Ar-Ii).- CD 
(CH3CN, c 0.241 mmol/l): A (AC) = 272 (O.Og), 265 (0.091, 260 (0.071, 212 nm (6.17).- 
(Found: C, 81.60; H, 6.90. Ctgfj4603Si (662.9) requires C, 81.53; H, 6.99). 

IR)-2-Benzvloxv-3-tritvloXy_ProDan-l-01 (32). 
23 (69.0 mg, 0.104 mmol) was stirred in THF (410 ~1) with tetra-n-butylammonium fluoride 
trihydrate (65.1 mg, 0.206 mmol) for 6 hat 20°C. After usual work-up (CH2C12), 32 (hexa- 
nes-ethyl acetate 15:l) provided 22 (40.0 mg, 91%).- Co12E = 23.6 (c 0.9, CHC13). 

LS)-2-Be!orY-l- hexadecvloXy.ZI=tritvloxv-DroDane 
30 was prepared from 27 as described by Ohno" for ent-30 (=29) using NaH instead of KH. 
Usual work-up (CH2C12) and HPLC (hexanes-ethyl acetate 3O:l) g$Je 30 in 86% yield.- CD 
(CH3CN, c 0.272 mmol/l): AmaX (AE) = 272 (-0.051, 264 nm (-0.05). 

Mation of 36, 
a.) To a suspension of NaH (55-602 suspension in oil, 11.1 mg, 0.254 mmol) in DMF (4 ml) 
was added at O°C a solution of 26 (101.3 mg, 0.241 mmol) and tetra-n-butylammonium iodide 
(10.5 mg, 0.028 mmol) in DMF (2 ml). After 1.5 h, 1-bromo-hexadecane (75 ~1. 0.244 mmol) 
was added. The reaction mixture was stirred for 1 h at O°C and for 21.5 h at 20'. Usual 
work-up (CH2C12), MPLC (hexanes-ethyl acetate 75:l) and SC (hexanes-ethyl acetate 1O:l) 
gave 31 (23.9 mg, 15x1, 32 (25.7 mg, 1611, 5a/ent-5a (12.9 mg, 13%), 33 (8.2 mg, 5%) and 
26 (8.1 mg, 8%). 
b.) A solution of 26 (107.1 mg, 0.255 mmol) and 1-hexadecyl 4-toluenesulfonate (99.7 mg, 
0.252 mmol) in DHF (4 ml) was added to a suspension of NaH (55-60% suspension in oil, 18.2 
mg, 0.417 mmol) in DMF (4 ml). After 18 h at 20°C, usual work-up (CH Cl ) and MPLC (hexa- 
nes-ethyl acetate 75:l) furnished 31 (56.3 mg, 34%), 33 (21.8 mg, $44 , 32 (1.2 mg, 1%) 
and 31.2 mg of a mixture of 5a/ent-5a and 26. 

~ff.S)_2_Benzvloxv_l_tert_butvldiDhenvlsixv 2 h~cvloXV-DroD __ ane _IlLz 
The sample of 31 prepared from 26 was optically Inactive.- 'H NMR (80 MHz, CDC13):6= 
0.80-1.50 (31H), 1.05 (SiC(CH3) ), 3.30-3.80 (7H), 4.63 (s, benzyl. H’s), 7.20-7.80 (Ar- 
HI.- MS: m/z (I):: 587 (2, (M-5?)+), 419 (141, 195 (561, 91 (loo).- (Found: C, 78.08; H, 
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ethyl acetate 1:l) furnished 41 (0.99 g, 78%).- 
(8H1, 3.78 (OCH ), 4.50 (s, 4H, benzyl. 

‘H NHR (80 MHz, acetone-d6): 6= 3.55-4.10 

H’s), 6.75-7.40 ?Ar-H).- 
H’s), 4.62 and 4.77 (JAB= 11.2 Hz, 4H, benzyl. 

13C NHR (100.6 MHz, acetone-d6, DEPT): 6 = 55.43 (OCH3), 70.10 (C- 
3, C-4), 71.47, 73.16, 73.44 (C-l, C-6, and benzyl. C’s), 80.05 (C-2, C-5), 114.38, 
127.98, 128.33, 128.91, 129.88 (Ar-CH), 131.68, 140.19, 160.06 (Ar-C).- FIB-MS (triethyl 
citrate): m/z = 603 ((M+H)+), 481.- 
C, 71.74; H, 7.02). 

(Found: C, 71.62; H, 7.00. C36H4208 (602.7) requires 

2.5_Di_O_allvl_1.~_0_(4_methoxv-b~l)-D-mannit~ 

42 was prepared from 39 as described for 41, using 20 equivalents of TFA. After 7 2hgat 
60°C usual work-up (CHt13) and SC (hexanes-ethyl acetate 3:1) provided 42 (76%).- Cal D = 
-0.4 (c 0.1, CHC13).- H NMR (80 MHz, CDC13): 6= 3.47-4.00 (8H), 3.78 (OCH3), 4.01-4.21 
(m, CH2CH=CH2), 4.46 (s, 
6.85-7.35 (Ar-H).- 

benzyl. H’S), 5.00-5.40 (m, CH2CH=CH2), 5.63-6.17 (m, CH2CH=CH ), 
MS: m/z (%)= 381 (25), 121 (loo), 41 (lO).- (Found: C, 66.87; H, 7.$3. 

C28H3808 (502.6) requires C, 66.91; H, 7.62). 

~)-7-Benzv~o~y-~-(4-metho~v-benzvloxv)-l-(?~-dimethv~-DroDionv~oXv)-DrODane (41). 
43 was prepared from 45 as described for 13. Usual work-u p (CHCl ) 
acetate 2:1) gave 43 (80%).- Co12i = -7.0 (c 1.2, CHCl 

and SC (hexanes-ethyl 

a 
).- H NMR ? 80 MHz, CDC13): 6= 1.17 

H’s) 36378 7 36 (Ar 
(C(CH 1 1, 3.45-3.70 (3H), 3.78 (OCH3), 4.12-4.30 (C 2-1), 4.45 and 4.63 (2 s, benzyl. 

. 
(82); 57 (32; - 

H) .- MS: m/z (%)= 386 (0.6, MT), 295 (6), 159 (loo), 121 (85), 91 
.- (Found: C, 71.50; H, 7.83. C23H3005 (386.5) requires C, 71.48; H, 7.82). 

_ - nzvloxv - _ 1 tert m loxv-l-(4-methoxy-m)-ProDane (44). 
44 was prepared from i5 as described for 15, leaving the reaction mixture for 17 h at 
4O’C. Usual work-up (CH2C12) and SC (hexanes-ethyl acetate 3:l and hexanes-acetone-metha- 
no1 15:l:O.l) furnished 44 (82%).- Co12E = 4.9 (c 0.9, CHC13).- ‘H NHR (80 MHz, CDCl 

a 
): 6~ 

1.05 (SiC(CH3)3), 3.60-3.85 (5H), 3.80 (OCH ), 4.44 and 4.60 (2 s, benzyl. H’s), 6.7 -7.72 
(Ar-H) .- MS: m/z (%)= 449 (O.l), 419 (0.2 , 121 (loo), 91 (42).- (Found: C, 75.39; H, 3 
7.53. C34H4004Si (540.8) requires C, 75.52; H, 7.46). 

IS)-7-Benzvloxv-&&methoxv-benzvloxv)-DroD&n=Lw 
45 was prepared from 41 as described for 24 (in methanol-THF-H 
was added after 6 h (reduction: 1.5 h at 2O’C). Usual work-up t 

0 1:l:l solution). NaBH4 
CHCl 

ethyl acetate 2:1) gave 45 (86%).- Ca12i = -15.9 (c 1.1, CHC13).- 
) and SC (hexanes- 

‘dNMR (80 MHZ, ace- 
tone-d6): 6~ 3.50-3.74 (6H), 3.78 (OCH 

? 
), 4.46 and 4.67 (2 s, benzyl. H’S), 6.76-7.60 (Ar- 

H).- MS: m/z (I)= 302 (0.8, Ht), 21 (26), 181 (25), 137 (44), 121 (loo), 91 (80).- 
(Found: C, 71.47; H, 7.29. C18H2204 (302.4) requires C, 71.50; H, 7.33). 

- - llylQxv-q-(4-rgethoxv-benmxv)-DroDan-l-01 (462 
46 was prepared from 42 as described for 24 (in methanol-THF-H20 1: 1:1 solution). NaBH4 
was added after 6.5 h (reduction: 30 min at 2O’C). Usual work-up (CHC13) and SC gave 46 
(67%).- [OS; = -16.6 (c 0.5, CHCl 

a 
).- 

(OCH3), 4.02-4.17 (m, C& CH=CH ), 
‘H NMR (80 MHz, CDC13): 6= 3.40-3.90 (5H), 3.79 

.45 (s, benzyl. H’S), 5.06-5.41 (m, CH CH=CH ), 5.65- 
6.22 (m, CH2CH=CH2), 6.78-7.37 ?Ar-H).- MS: m/z (%)= 252 (20, H?), 211 (25.?, 137 ?90), 121 
(go), 41 (lOO).- (Found: C, 66.73; H, 8.00. C14H2004 (252.3) requires C, 66.65; H, 7.99). 

-_ WQKiZ&fZ&dimethvl-ProDionvloxv)-D _ - 

At O°C to a solution of 43 (92 mg, 0.24 mmol) in acetonitrile (1.6 ml) and H20 (0.2 ml) 
cerium(IV) ammonium nitrate (329 mg, 0.6 mmol) was added. The reaction mixture was stirred 
for 2.5 h at 20°C. Usual work-up (CH2C12) and SC (hexanes-ethyl acetate 7:2 

d 
gave 47 (52.2 

.- The spectroscopic data were the same as reported for 24.-(~1~~ D 12.3 (C 1.1, 

.(R)-2-8enzvloxv-GterLbut v~diDhenvlsiIanv~oxv-DroDan-1-01 (48). 
48 was prepared from 44 as described for 47 (in acetonitrile-H20 22:1 solution). After 17 
h usual work-up (CH2C12) and SC (hexanes-ethyl acetate 15:l) gave 48 (65%).- The spectro- 
scopic data were the same as reported for 26.- Co12E = 24.3 (c 1.1, CHC13). 

~S)-7-Benzvloxv-3-hexadecvloxv-l-(4-methoxy-benzyloxy)-DroDane (49). 
49 was prepared from 45 as described for 38, using 1-bromo-hexadecane instead of benzyl 
bromide. The reaction mixture was stirred for 4 h at 40°C. Usual work-up (CH2C12) and SC 
(hexanes-ethyl acetate 15:l) furnished 49 (go%).- ‘H NHR (80 MHz, CDC13): 6= 0.86 (CH~), 
1.28 (28H), 3.30-3.70 (7H), 3.80 (OCH3), 4.47 and 4.69 (2 9, benzyl. H’S), 6.76-7.40 (Ar- 
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H).- MS: m/z (%)= 435 (30, (M-91)+), 405 (20), 137 (50), 121 (100). 91 (92).- CD (CH CN, c 
0.585 mmol/l): Amax (AC)= 274 (-0.02), 269 (-0.02), 261 nm (-0.02).- (Found: C, 77. ? 0; H, 
10.29. C34H5404 (526.8) requires C, 77.52; H, 10.33). 

ent-5a was prepared from 49 as described for 47. After 8 h at 20°C usual work-up (CH2C12) 
and SC (hexanes-ethyl acetate 15:l to 1O:l) provided en&:: (82%).- The ‘H NHR and the 
mass s ectrum 

Bl 
were Identical to those reported by Ohno. 

(lit., 7.98 (c 5, CHC13)). 
13.4 (c 1.0, CHC13), 
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