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The additions of the enantiomerically pure organozinc re- 
agents 17 and 33 to the THF-aldehyde 1 in the presence of 
the monodentate Lewis acid boron trifluoride-ether give the 
nonchelation-controlled addition products 7 and 36, respecti- 
vely (stereoselectivity 95:5, 86: 14). These results provide a 
route to oligo(tetrahydr0furan)s with the relative stereo- 

chemistry trans-syn-cis. A stereodirecting effect of the chiral 
center in the organozinc reagent 17 is found, leading to sim- 
ple diastereoselectivies in the reaction with achiral aldehy- 
des and to a matched-mismatched case in the reaction with 
the chiral aldehyde 1. 

During our studies directed to the stereoselective syn- 
thesis of natural"] and non-natural[21 oligo(tetrahydr0fur- 
an)s (oligo-THFs) we used a chelation-controlled Grignard 
reaction as a synthetic route to THF dimers and trimers 
with the relative configuration tr~ns-anti-trans[~]. Cu(1)-cat- 
alyzed addition of the enantiomerically pure Grignard re- 
agent 2 to the THF-aldehyde 1 gave the alcohol 3 with a 
stereoselectivity of 93:7. The acetonide functionality of 3 
was stereoselectively transformed into the epoxide function 
of the alcohol 4. An intramolecular epoxide opening was 
used to close the new THF ring, thus providing the THF 
dimer 5 (relative configuration: trans-anti-trans). 

Scheme 1 

1 
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3 n  
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In order to realize a stereoselective synthesis of oligo- 
THFs with the relative configuration trans-syn-cis, it would 
be very eficient to use the same route as in Scheme 1, but 
a nonchelation-controlled addition step instead of the 
chelation-controlled one. This suggests the use of another 
organometallic reagent as the Grignard compound, i.e. we 
wanted to control the stereochemical outcome of the ad- 
dition reaction by metal tuning. In this way the new or- 
ganometallic reagent 6 should add to the THF-aldehyde 1 
to give an acetonide alcohol 7. Transformation of the ace- 

tonide into the epoxide 8 and intramolecular ring closure 
would provide access to a THF dimer 9 with the relative 
configuration trans-syn-cis. 
Scheme 2 
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Which metal is the right one, to achieve nonchelation- 
control in this particular situation? In this paper we report 
on synthetic studies to answer this question. The choice of 
the metal has to be based on the of stereose- 
lective additions of organometallic reagents R- M to chiral 
a-alkoxy aldehydes of type 11, leading to the anti product 
12 via a chelation-controlled pathway and to the syn prod- 
uct 10 via a nonchelation-controlled pathway. 
Scheme 3 

non-chelation control ! chelation control poH R-M vo ' H  R-M:, vOH HR - 
PGO PGO PGO 

10 ; 11 12 
I 

Introduced by CramF51, chelation control was a tran- 
sition-state concept in its beginning. Nowadays, it is exper- 
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imentally supported by NMR[6bl, and X-ray da- 
ta[6c]. Chelation control occurs if the metal M is a strong 
bidentate Lewis acid (Mg) or if a strong bidentate Lewis 
acid is additionally present (e.g. TiCl4)L41. These obser- 
vations correspond to our results, whereby the use of the 
Grignard reagent resulted in chelation control as described 
in Scheme 1. Nonchelation-control has been reported to be 
achieved with weakly Lewis-acidic reagents [e.g. 
R-Ti(OR),]L71. In our case preliminary tests using organo- 
titanium reagents were unsuccessfull. Looking for other or- 
ganometallic reagents with a reactivity low enough to avoid 
bidentate Lewis acidic behavior, we focused on organozinc 
reagents. We hoped that in the organozinc case, the 
knownL81 low reactivity of the organozinc compound might 
be overcome by the use of an additional monodentate Lewis 
acid, e.g. boron trifluoride-ether (BF3 . OEt,), to activate 
the aldehyde. This idea was supported by the findingL91 that 
the addition of organozinc reagents to simple aliphatic alde- 
hydes can be accelerated by BF3 . OEt2[101. For these rea- 
sons, the preparation of the enantiomerically pure organoz- 
inc reagent 17 was undertaken. 

Preparation of the Enantiomerically Pure Organozinc 
Reagents 17 and ent-17 

The enantiomerically pure organozinc reagents 17 and 
ent-17 were prepared by starting from (+)-diethy1 L-tartrate 
(13) and (-)-diethy1 L-malate (ent-14), respectively. 

Scheme 4 

pH 
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According to Gao's procedure["], (+)-diethy1 L-tartrate 
(13) was converted into (+)-diethy1 D-malate (14) in an 
overall yield of 55%. Next, we focused on the conversion of 
14 into the acetonide alcohol 15. While direct reduction of 
14 with LiAIH4 gave a very low yield - obviously due to 
workup problems in connection with the very hydrophilic 
trio1 intermediate -, a four-step sequence including a pro- 
tection/deprotection step was preferred. DHP protec- 
tion['2al, LiA1H4 reduction, THP deprotection, and aceton- 
ide succeeded in an overall yield of 69%. Tos- 
ylation of the alcohol 15 and subsequent treatment of the 
tosylate with NaI in acetone provided the acetonide iodide 
16 (62%). The corresponding acetonide iodide ent-16[I3] was 

synthesized by an analogous route starting from (-)-diethy1 
L-malate (ent-14). 

The iodides 16 and ent-16 were converted into the corre- 
sponding organozinc reagents 17 and ent-17 by treatment 
with activated zinc powder in THF at 45-50°C. Activated 
zinc powder was prepared by Knochel's method[I41 with 1,2- 
dibromoethane and chlorotrimethylsilane. The yields of the 
organozinc reagents were estimated by GC analysis[14] to be 
80-85%. Compounds 17 and ent-17 could be isolated as 
white solids and characterized by NMR spectroscopy ['H 
NMR (500 MHz), [D6]DMSO: 6 =  -0.29 to -0.24 (m, 
2H, CH2Zn); CD2C12: 6 = 0.30 (bs, 1 H, CH2Zn), 0.60 (bs, 
1 H, CH2Zn); 13C NMR (125 MHz), [D6]DMSO: 6 = 5.33 
(C-Zn); CD2C12: 6 = 8.09 (C-Zn)]. The solid organozinc 
reagents were redissolved in CH2C12 for reactions with alde- 
hydes. 

Reaction of the Organozinc Reagents with Achiral 
Aldehydes 

In order to evaluate the reactivity of the organozinc re- 
agents 17 and ent-17, their reactions with achiral aldehydes 
were investigated first. For the reasons discussed above, BF3 
. OEt2 (2-3 equiv.) was added as a monodentate Lewis 
acid. CHzC12 was found to be the solvent of choice, while 
THF gave poorer results. Table 1 summarizes the results of 
the reactions of the organozinc reagent ent-17 with different 
achiral aldehydes 18 to give the two epimeric alcohols 19 
and 20. 

Table 1. Reactions of the organozinc reagent ent-17 with achiral alde- 
hydes 

ent-17 / - q - f l  + *R 
0 0 OH 0 0 OH R-CHO - 
K 19 K 20 

[a1 
18 

~ 

R yield (%) 

Ethyl 56 
n-Propyl 76 
lsopropyl 56 
Phenyl 96 

Thiophen-3-yl 92 
Crotyl 51 

TBDPSOCH2 58 

~ 

19 : 201b1 

73 : 27 
69 : 31 
76 : 24 
76 : 24 
77 : 23 
71 : 29 
85 : 15 

[a] BF, . OEt,, CH2C12, -30 to O'C, 3 h, 0°C. - Ib] Ratios determined 
by HPLC and NMR. 

Noteworthy is the stereoselective outcome of these reac- 
tions. The chiral center of the organozinc reagent controls 
to some extent the relative configuration of the new chiral 
center. The selectivities observed were normally in the range 
of 75:25. Only in the case of the bulky aldehyde 18g a 
higher selectivity of 85: 15 was obtained. For the structural 
assignments of the two epimeric products 19 and 20, the 
epimeric mixture of the two alcohols 19g and 20g was 
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transformed into the two epimeric tetrahydrofuran alcohols 
21 and 22. 

Scheme 5 

21 
+ -  + - +  HOAc 

22 
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a) i: HOAc, ii: MesitylSOzCI, iii: KzCO3, MeOH 
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23 
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2) DIBAH 
H 

24 

The two tetrahydrofuran alcohols 21 and ent-22 were 
synthesized independently from the two tetrahydrofu- 
rancarbonitriles 23 and 24. Based on an X-ray structural 
analysis of the cis nitrile 23r31, the relative configurations of 
the tetrahydrofuran alcohols 21 and 22 were assigned. By 
a comparison of NMR data, the major isomer from the 
organozinc route was shown to be the cis alcohol 21. 

While the yields for the reactions of aromatic aldehydes 
with the organozinc reagent ent-17 were over go%, the reac- 
tions of aliphatic aldehydes gave only yields of 50-60% of 
the corresponding products. Closer inspection of the reac- 
tion mixture led to the isolation and characterization of a 
side product, the tetrahydrofuran alcohol 25. The formation 
of 25 can be rationalized by a Lewis acid-assisted, intramo- 
lecular attack of the organozinc functionality on the ace- 
tonide group. 

Scheme 6 

25 ent-17 

To support this mechanistic view, the organozinc reagent 
was allowed to react with Tic& in the absence of any alde- 
hyde. Under these conditions the tetrahydrofuran alcohol 
25 was isolated in 55% yield. 

Reaction of the Organozinc Reagents with the Chiral THF- 
Aldehyde 1 

Having worked out experimental conditions for the ad- 
dition of the organozinc reagents to achiral aldehydes, we 
focused our attention on the reaction with the chiral THF- 
aldehyde 1. Reaction of 17 with the aldehyde 1 afforded the 
nonchelation product 7 with 95 : 5 stereoselectivity. 

Scheme 7 

l z n y  
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1 
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3 
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+ 
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95 
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73 

27 
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In contrast, the same reaction with the enantiomeric re- 
agent ent-17 gave only a moderate selectivity (73 :27) 
towards the nonchelation product 26. This illustrates a case 
of double stereodifferentiati~n['~] in organozinc chemistry. 
Two directing effects determine the stereochemical outcome 
of this reaction: The stereocenter in the organozinc reagent 
and the stereocenter in the a-alkoxy aldehyde. In the reac- 
tion of the organozinc reagents 17 and ent-17 with the 
THF-aldehyde 1 the influence of the aldehyde stereocenter 
dominates the influence of the organozinc stereocenter. The 
net result is a nonchelation-controlled addition. This ex- 
ample presents, to our knowledge, the first case of a mat- 
ched-mismatched pair in organozinc chemistry. 

While the selectivities observed were quite satisfactory, 
the yields of the adducts were only in the range of 50Y0, 
while unreacted THF-aldehyde 1 could be recovered in 45% 
yield. This indicates that the organozinc reagent is partially 
consumed by the transformation to the tetrahydrofuran al- 
cohol 25. Indeed, compound 25 was always formed in these 
reactions as a byproduct. 

Changing the Protective Group: How to Avoid the 
Intramolecular Side Reaction 

The intramolecular attack of the organozinc func- 
tionality on the acetonide moiety (Scheme 6) gave rise to 
the formation of byproduct 25. Thus, an only moderate 
yield in the additions to aliphatic aldehydes was the price 
to pay for the acetonide group. While the acetonide func- 
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tionality was only used as a diol-protecting group, we 
looked for a more suitable protecting group. The benzyl 
ether group seemed promising. Therefore, we synthesized 
the enantiomerically pure bis(benzy1oxy) iodide 32 starting 
from the acetonide alcohol ent-15. 

Scheme 9 

Scheme 8 Ph*H 
0 

18d 

28 29 

1 

P = TBDPS 

- 
31 (X = H) 

Pivaloylation (80%) followed by acidic acetonide cleavage 
(73%) gave the diol 29. Dibenzylation of 29 to 30 was suc- 
cessfully achieved by using the silver oxide modification 
(78Y0)[~~1. The standard procedure with NaH as a base gave 
low yields due to the formation of side products resulting 
from transesterification reactions. Reductive ester cleavage 
(97%) of the bis(benzy1oxy) pivalate 30 afforded the 
bis(benzy1oxy) alcohol 31, which was tosylated and trans- 
formed into the iodide 32 by reaction with NaI in acetone 
(74%). From 32, the corresponding organozinc reagent 33 
was prepared as described above by using activated zinc 
powder. 

Reaction of the organozinc reagent 33 with benzaldehyde 
(18d) gave the two epimeric alcohols 34 and 35 as an epim- 
eric mixture in 98% yield. 

In this example no side product resulting from an intra- 
molecular side reaction of the organozinc compound was 
observed. No stereodirecting effect of the organozinc re- 
agent was found. The two alcohols 34 and 35 were formed 
in a 1:l ratio. 

Reaction of the organozinc reagent 33 with the THF- 
aldehyde 1 gave the two epimeric alcohols 36 and 37 in 81% 
yield. The stereoselectivity of the reaction was 86: 14 in 
favor of the nonchelation product 36. This 86: 14 selectivity 
lies between the matched (95:5) and the mismatched (73:27) 
case, observed with the acetonide zinc reagents 17 and ent- 
17. Replacement of the acetonide zinc reagent 17 by the 
bis(benzy1oxy)zinc reagent 33 led to disappearence of the 
stereodirecting effect. The existence of the cyclic acetonide 
function seems to be essential for the double stereodifferen- 
tiation. 

In summary, a high degree of nonchelation control has 
been achieved in the BF3 . OEt2-catalyzed additions of 
functionalized organozinc reagents 17 and 33 to the THF- 
aldehyde 1. This provides a stereoselective route to oligo(te- 
trahydrofuran)s with the relative configuration cis-syn- 
trans. The non-chelation-controlled route via the organo- 

HO OBn OBn 5o 

34 - + 
BF, OEtp 
CH2C12 

98% 

33 

PhJ% 50 
HO OBn OBn 

35 

P o  l-Qi37 H H HO OBnOBn 86 - + 
BF3 OEtp 
CH2CI2 

81% fi 14 
P o  H H OH OBnOBn 

37 

zinc reagent presented in this paper is complementary to 
the route via the Cu(1)-catalyzed Grignard reagent13], which 
leads to the chelation-controlled product. Noteworthy is the 
stereodirecting effect of the acetonide organozinc reagents 
17 and ent-17 leading to moderate and simple diastereose- 
lectivities in the addition to achiral aldehydes and to a mat- 
ched-mismatched case in the addition to the chiral THF- 
aldehyde 1. 

Financial support by the Deutsche Forschungsgemeinschaft (SFB 
260) is gratefully acknowledged. We thank the BASF AG and the 
Wucker AG for gifts of chemicals. 

Experimental 
All temperatures quoted are not corrected. - Melting points: 

Tottoli apparatus (Buchi). - Elemental analyses: Analytik-Ser- 
vicelabor Marburg, CHN-Rapid (Heraeus). - Thin-layer chroma- 
tography (TLC): Merck silica gel 60 on glass plates with fluor- 
escence indicator F-254, TLC detection was carried out by UV 
irridiation andlor heatgun treatment with 5% phosphomolybdic 
acid in ethanol. - Analytical gas chromatography (GC). Hewlett- 
Packard (5890, series 11) with a 5 m X 0.53 mm quartz capillary 
column with methylpolysiloxane Hewlett-Packard 1, neat thick- 
ness: 2.65 mm, 13 kP He. - HPLC: Merck LiChroGraph L-6200, 
L-4200 UV/Vis detector (h = 254 nm), D-2500 chromato-inte- 
grator, column: Merck Supersphere Si 60 (250-4). - Optical ro- 
tations: Polarimeter 241 (Perkin Elmer). - IR: Interferometer 
Buker IFS 88. - NMR: Bruker AT 200, AC-300, WH 400, AMX- 
500. - Column chromatography (CC): Merck silica gel 60 (70-200 
mesh ASTM). - Dry solvents: All solvents used for the organozinc 
reactions were dried and handled under argon; THF was predried 
with KOH, distilled first from LiAIH4 and then from sodium/ 
benzophenone; diethyl ether was predried with CaCI, and distilled 
from sodiumlbenzophenone; CH2C12 was distilled from CaH2, 
MeOH from Mg(OMe)2, acetone from P4010, and toluene was dis- 
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tilled from sodiudbenzophenone. - Boiling range of petroleum 
ether: 40-60°C. 

1) (+)-Diethy1 D-Mulute (14): A 500-ml three-necked flask was 
charged with 206 g (1.00 mol) of (+)-diethy1 L-tartrate (13). To this 
was added with ice cooling and magnetic stirring 81.0 ml (132 g, 
1.10 mol) of thionyl chloride. Then 1.0 ml (13 mmol) of dry DMF 
was added. The cooling bath was removed. Upon warming to room 
temp., vigorous HCl evolution started. The HCl was swept away 
by a steady stream of nitrogen. After 1 h the reaction mixture was 
warmed to 45-50°C. It was kept at this temp. for 2 h. At this 
stage, the gas evolution ceased indicating complete turnover of the 
starting material. The cyclic sulfite was purified by vacuum distil- 
lation (b.p. 130-135"C/0.5 Torr) to yield 250 g of a colourless 
liquid, which was dissolved in 700 in1 of dry acetone. At 0°C 113 
g (1.30 mol) of anhydrous lithium bromide was added. The reaction 
mixture was stirred for 12 h at 45-50°C. It was then cooled to 
O"C, and 131 g (2.00 mol) of Zn (activated by washing zinc dust 
with 10% aqueous HCl and drying for 30 min at 0.5 Torr) was 
added. With great caution, 700 ml of water was added in 35-ml 
portions during 2 h. A vigorous exothermic reaction occurred. The 
reaction mixture was stirred for 3 h at 50°C to complete the re- 
duction. It was then cooled to 0°C and filtered through Celite. The 
Celite plug was washed successively with 100 ml of water and 100 
ml of ethyl acetate. The filtrate was acidified with conc. HCI to pH 
2-3. It was concentrated in vacuo to remove most of the acetone. 
The remaining solution was extracted three times with 400 ml of 
ethyl acetate each. The combined organic layers were washed with 
satd. aqueous NaCl solution and dried with MgS04. Evaporation 
of the solvent and fractional distillation (b.p. 86"C/0.5 Torr) of the 
residue afforded 105 g (0.55 mol, 55%) of 14 as a colorless liquid. 
- TLC (petroleum etheddiethyl ether, 2: 1):- Rf = 0.1 1. - [a18 = 
+ 10.5 (c  = 2.93, EtOH). - IR (neat): 0 = 3437 (OH), 2966, 2929, 
1444, 1034 cm-I. - 'H NMR (300 MHz, CDC13): F = 1.15-1.24 
(m, 6H,  CH,), 2.65-2.81 (m, 2H, 3-H2), 3.36 (br. s, l H ,  OH), 
4.05-4.22 (m, 4H, OCH2CH,), 4.41 (t, J = 5.4 Hz, 1 H, 2-H). - 
I3C NMR (75 MHz, CDC13): 6 = 13.8, 13.9 (CH,), 38.6 (C-31, 
60.7, 61.7 (OCH2), 67.2 (C-2), 170.3, 173.2 (C-1,4); cf. data in 
ref.["]. 

2) (2 R)  -1,2-O-Isopropylidenebutune-l,2,4-triol (15): To a mag- 
netically stirred solution of 80.0 g (421 mmol) of (+)-diethy1 D- 

malate (14) in 500 ml of CH2CI2 was added 70.0 ml(767 mmol) of 
dihydropyran. After addition of 300 mg (1.58 mmol) of p-tolu- 
enesulfonic acid an exothermic reaction started which was con- 
trolled by occasional ice cooling. The reaction mixture was stirred 
for 2 h at room temp. to complete the reaction. Then 1.12 g (10.0 
mmol) of K2C03 was added, and the reaction mixture was stirred 
for 30 min. The solvent was evaporated in vdcuo. Two portions of 
200 ml of toluene each were added to the residue, and the mixture 
was concentrated each time to remove excess dihydropyran. The 
remaining residue was dissolved in 120 ml of THF and the solution 
added dropwise during 2 h to an ice-cooled suspension of 35.0 g 
(922 mmol) of LiA1H4 in 500 ml of THE The reaction mixture was 
refluxed for 12 h. After cooling to O T ,  40 ml of water was added 
dropwise with great caution. Subsequently, 50 ml of 3 N NaOH 
and 50 ml of water were added successively. The resulting mixture 
was refluxed for 2 h, whereupon a yellow solution with a white 
precipitate was formed. The mixture was filtered through a Celite 
plug. The plug was suspended in 300 ml of THF, refluxed for 10 
min, and filtered off. This operation was repeated twice. The fil- 
trates were combined, and the solvent was removed in vacuo. The 
remaining oil (78.0 g) was dissolved in 500 ml of MeOH. Then 5.00 
g (26.3 mmol) of p-toluenesulfonic acid was added, and the reac- 
tion mixture was refluxed for 3 h. The volatile components were 

removed in a rotary evaporator. 200 ml of toluene was added twice, 
and the mixture was concentrated each time to remove residual 
methanol. To the residue were added 500 ml of acetone and 80.0 g 
(501 mmol) of anhydrous CuSO4. The reaction mixture was stirred 
for 2 d at room temp. Then 5.00 g (44.6 mmol) of K2C03 was 
added. After stirring for 1 h, the mixture was filtered through Ce- 
lite. The Celite plug was washed three times with 100 ml of acetone 
each. The filtrates were combined, and the solvent was evaporated 
in vacuo. Vacuum distillation of the residue afforded 42.2 g (289 
mmol 69%) of the acetonide alcohol 15 (b.p. 70-75"C/0.5 Torr) as 
a colorless liquid. - TLC (petroleum etherldiethyl ether, 2:l): Rf = 

CDC13): S = 1.30 (s, 3H, CH3), 1.36 (s, 3H, CH3), 1.72-1.78 (m, 
2H, 3-H2), 2.43 (br. s, l H ,  OH), 3.53 (t. J =  7.5 Hz, l H ,  1-H'), 

4.20 (quint, J = 6.1 Hz, 1 H, 2-H). - I3C NMR (75 MHz, CDCI,): 

109.0 (acetonide). - C7HI4O3 (146.2): calcd. C 57.51, H 9.65; 
found C 57.80, H 9.67. 

3) (2R)-4-Iodo-1,2-O-isopropylidenebutane-l,2-diol (16): To a 
stirred solution of 10.0 g (68.0 mmol) of alcohol 15 were added at 
0°C 39.0 ml (483 mmol) of pyridine and 15.7 g (82.1 mmol) ofp-  
tosyl chloride. The reaction mixture was warmed to room temp. 
and stirred for 12 h. Then 200 ml of ice/water was added, and the 
resulting mixture was extracted twice with 75 ml of CH2C12 each. 
The combined organic phases were washed successively with 200 
ml of 1 M HCI, twice with 100 ml of a satd. aqueous NaHC03 
solution each, and two times with 100 ml of a satd. aqueous NaCl 
solution each. After drying with MgS04 the solvent was evaporated 
in vacuo. The residue was filtered over a short silica gel column 
(200 g of silica gel) with petroleum etherldiethyl ether (2: 1) to yield 
17.0 g (56.6 mmol) of the corresponding tosylate, which was used 
directly for the following step. It was dissolved in 300 ml of acetone 
and 16.8 g (1 12.4 mmol) of NaI and 779 mg (5.60 mmol) of K2C03 
were added. The reaction mixture was stirred for 3 d at room temp. 
It was partitioned between 400 ml of diethyl ether and 400 ml of 
water. The aqueous phase was extracted twice with 150 ml of di- 
ethyl ether each. The combined organic phases were washed twice 
with 200 ml of a satd. aqueous NaCl solution each and dried with 
MgS04. After evaporation of the solvent the residue was purified 
by bulb-to-bulb distillation (1 50°C bath temp.ll2 Torr) to afford 
9.00 g (35.1 mmol, 62%) of the iodide 16 as a colorless liquid. - 
TLC (petroleum etherldiethyl ether, 2: 1): Rf = 0.65. - [a18 = 
+23.0, = +23.6, [a]:& = +26.5, = +42.2, [a]$!& = 
+59.0 (c  = 1.02 in CHCl,). - 'H NMR (300 MHz, CDC13): 6 = 
1.28 (s, 3H, CH,), 1.33 (s, 3H, CH3), 1.95-2.02 (m, 2H, 3-H2), 
3.20-3.24 (m, 2H, 4-H2), 3.48-3.51 (m, IH,  I-H'), 4.03 (dd, J =  
6.U8.0 Hz, 1 H, 1-H"), 4.06-4.14 (m, 1 H, 2-H). - I3C NMR (75 

l), 75.5 (C-2), 108.9 (acetonide). - C7HI3IO2 (256.1): calcd. C 
32.83, H 5.12; found C 32.99, H 5.09. 

0.11. - [a13 = -2.4 (C = 1.8, CHCI,). - 'H NMR (300 MHz, 

3.72 (t, J =  5.9 Hz, 2H, 4-H2), 4.02 (dd, J =  6.1/7.5 Hz, 1-H"), 

F 25.6, 26.8 (CH3), 35.7 (C-3), 60.3 (C-4), 69.4 (C-l), 74.9 (C-2), 

MHz, CDC13): F = 1.0 (C-4), 25.4, 26.8 (CH3), 37.8 (C-3), 68.5 (C- 

4) (3R)  -3,4- (Isopropylidenedioxy) butylzinc Iodide (17) 
4.1) Preparation of the THF Solution of the Orgunozinc Reagent 

17: A dry 100-ml three-necked round-bottomed flasked was 
equipped with a magnetic stirring bar, a rubber septum, an inert 
gas inlet, and a thermometer. The air in the flask was replaced by 
argon, and the flask was charged with 3.00 g (45.9 mmol) of zinc 
dust. Then 3 ml of THF and 100 p1 (218 mg, 1.16 mmol) of 1,2- 
dibromoethane were successively injected into the flask. The reac- 
tion mixture was gently heated three times with a heat gun until 
ebullition of the solvent was observed. After cooling to room temp. 
0.10 ml (86 mg, 0.79 mmol) of chlorotrimethylsilane was added, 
and the reaction mixture was heated for 15 min to 35°C. After 
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cooling to room temp. the rubber septum was exchanged for an to the general procedure 5 )  20.0 ml(8.00 mmol) of the organozinc 
addition funnel charged with 5.12 g (20.0 mmol) of the iodide 16 reagent ent-17, 140 p1 (116 mg, 2.00 mmol) of propionaldehyde 
and 1.98 g (1.00 mmol) of n-tetradecane (as internal standard for (18a) and 500 pl (570 mg, 4.00 mmol) of BF3 . OEt, were allowed 
GC analysis) dissolved in 20 ml of THE GC analysis of the iodide to react to yield 210 mg (1.11 mmol, 56%) of an epimeric mixture 
THF solution [starting temp. 100°C, 1 min at 100°C, heating rate of alcohols 19a and 20a as a colorless liquid; epimeric ratio deter- 
SO'Clmin, final temperature 250°C, R, (iodide) = 2.67 min, R, mined by 'H-NMR analysis = 73:27. - TLC (petroleum ether/ 
(standard) = 3.23 min] yielded a ratio of iodide 16 to standard of diethyl ether, 2:l): Rf = 0.14. - IR (neat): 3 = 3441 (OH), 2956, 
21.5:1. The iodide solution was added dropwise to the reaction 2935, 1060 cm-'. - 'H NMR (300 MHz, CDC13): 6 = 0.87 (t, J = 
mixture during 30 min. During addition of the iodide the temp. of 7.3 Hz, 3H, 7-H3), 1.28 (s, 3H, CH3, acetonide), 1.34 (s, 3H, CH3, 
the reaction mixture rose to 48°C. After the addition the reaction acetonide), 1.37-1.72 (m, 6H, 3,4,6-H2), 2.76 (s, 1 H, OH), 
mixture was stirred for 3 h at 50°C. Stirring was stopped, and ex- 3.43-3.48 (m, 2H, 1-H', 5-H), 3.95-4.20 (m, 2H, 1-H", 2-H). - 
cess zinc dust was allowed to settle down during 1 h. The super- I3C NMR (75 MHz, CDCI3): major diastereomer 19a: 6 = 10.0 
natant colorless slightly turbid THF solution of the zinc reagent 17 (C-7), 25.7 (CH3, acetonide), 26.9 (CH3, acetonide), 30.0,30.2, 33.1 
was transferred to a Schlenk flask by means of a stainless steel (C-3,4,6), 69.4 (C-I), 72.9 (C-5), 76.2 (C-2), 108.9 (acetonide); ad- 
canula. GC analysis of a hydrolyzed aliquot (0.1 ml of the reaction ditional signals of the minor diastereomer 20a: 6 = 29.7, 30.2, 33.0, 
mixture to 1 ml of a satd. aqueous NH4C1 solutionll ml diethyl 72.7, 76.3, 108.9. - CloHzo03 (188.3): calcd. C 63.79, H 10.71; 
ether) showed complete consumption of the starting iodide (R, of found C 63.64, H 10.58. 
the alkane resulting from the hydrolysis = 1.80 min). GC analysis 

ml of a satd. 
aqueous Na2S203 solution) yielded a ratio of iodide 16 to standard 
of 17.5:l. Therefore, a yield of 81% of zinc reagent could be as- 
sumed on the basis of GC analysis. 

4.2) Spectroscopic Characterization of the Organozinc Reagent 17: 
The THF solution of 17 was concentrated in vacua to give a white 

of an iodinated aliquot (0.1 ml of the reaction mixture, relative to 5'2) f 2 ~ 5 R ~ - 1 ~ 2 ~ o ~ z s o ~ r o ~ ~ 1 i d e n e o c t a n e - 1 ~ 2 ~ 5 ~ t r i o 1  (19b) and 
mg of iodine in ml of THF, addition of (2S,5S)-I,2-0-Isopropylideneoctane-1,2,5-triol (20b): According to 

the general procedure 5 )  20.0 ml (8.00 mmol) of the organozinc 
reagent ent-17, 180 pl(144 mg, 2.00 mmol) of butyraldehyde (18b), 
and 500 p1 (570 mg, 4.00 mmol) of BF3 . OEt, were allowed to 
react to yield 310 mg (1.53 mmol, 76Y0) of an epimeric mixture of 
alcohols 19b and 20b as a colorless liquid, - TLC 
ether/diethy] ether, : Rf = o. 7, - Analytical HPLC: analyzed 

IH-  and '3C-NMR spectra Of the showed a adduct as TBDPS ethers, supersphere column, flow rate: 1.0 ml/min, elu- 
Of l7 and - IH  NMR (500 MHz, [D61DMSo): ent: n-hexanelethyl acetate (15:1), major isomer: R, = 1.3 min, 

= -0.29 to -0.24 (m> 2 H 3  1-H2)> '.18 (s, 3H, CH3)? (s, 3H, minor isomer: R, = 1.8 min, ratio 19b/20b = 69:31. - IR (neat): 
CH3)? 1.44-1.48 (m, I H ,  2-H'), 1.64-1.69 1H, 2-H), 1.71 3 = 3442 (OH), 2957, 2934, 1063 cm-l, - I H  NMR (300 M H ~ ,  

CDC13): 6 = 0.86 (t, J =  7.2 Hz, 3H, 8-H3), 1.29 (s, 3H, CH3, (quint, J =  3.1 Hz, 4H, THF), 3.31 (t, J =  7.5 Hz, lH ,  4-H'), 
3.35-3.56 (m, 4H, THF), 3.81-3.85 (m, 1 H, 3-H), 3.90 (t, J= 7.5 acetonide), 1.35 (s, 3H, CH3, acetonide), 1.20-1.70 (m, 8H, 
Hz, lHz 4-H"); I H  NMR (500 MHz, CD2C12): = 0'30 (br' s, l H 9  

3H, CH3)3 1'50 (s, 3H, CH3)> 
1'99-2'10 (m, 6H, 2-H2> THF), 3.52 (t7 J =  "O Hz, lH, 4-H')> 

3,4,6,7-H2), 2.23 (s, 1 H, OH), 3.37-3.48 (m, 1H, I-H'), 3.50-3.61 
(m, 1H, 5-H), 3.95-4.20 (m, 2H, l - H ,  2-H). - 13C NMR (75 
MHz, CDC13): major diastereomer 19b: 6 = 14.1 (C-g), 18.8 (C- 

o'60 (bs, l H ,  

3'97-4'10 (m' 6H' 3-H' 4-H"' THF)' - NMR (125 MHz' 7), 25.9 (CH3, acetonide), 26.9 (CH3, acetonide), 30.1, 33.8, 39.7 [D61DMSo): = 5'3 ('-I)' 25'1 (THF)' 25'9 (CH3), 27'1 (CH3), 
32'3 (c-2), 67.5 (THF), 69.0 (c-4), 79.9 (c-3)? 107.4 (acetonide); 

(C-3,4,6), 69.5 (C-]), 71.4 (C-5), 76.2 (C-27, 108.9 (acetonid@; ad- 
ditional signals ofthe minor diastereomer 20b: 6 = 29.6, 33.6, 71.1, 

NMR (125 MHz' CD2C12): = ('-')' 25'6 (THF)' 26'2 108.9. - CI1H2,O3 (202.3): calcd. C 65.31, H 10.96; found C 65.56, 
(CH3), 27.5 (CH,), 31.5 (C-2), 69.6 (THF), 70.6 (C-4), 80.0 (C-3), 11,06. 
109.9 (acetonide). 

4.3) Preparation of a CH2C12 Solution of the Organozinc Reagent 
17: TO the neat organozinc reagent (16.2 mmol), prepared as de- 
scribed in 4.1), was added 40 nil of freshly distilled degassed 
CH2Cl2 to give a colorless slightly turbid solution of 17, which 
was used directly for the following experiments. The solution was 
determined by GC analysis to be 0.4 molar as described in 4.1). 

5) General Procedure for  the Addition of the Organozinc Reagent 

5.3) (2S,5S)-I,2-O-Iso~ro~~lidene-6-meth~lhe~tane-l,2,5-triol 
(19c) and f~~5R)-1,~-O-Isopropylidene-6-methylheptane-l,2,5-triol 
(2oC): According to the general Procedure 5) 20.0 ml (8.00 mmol) 
of the organozinc reagent ent-17, 200 (160 mg, 2.20 mmol) of 
isobutYraldehYde (18C), and 500 (570 mg, 4.00 mmol) of BF3 ' 
OEt2 Were a k x e d  to react to Yield 250 mg (1.24 mmok 56%) of 
an epimeric mixture of alcohols 19c and 2Oc as a colorless liquid; 

ent-17 to Achiral Aldehydes 18: A solution of 20.0 ml (8.00 mmol) 
of ent-17 in CH,Cl,, prepared as described in 4, I), was cooled to 

epimeric ratio determined by 'H-NMR = 76:24. - TLC 
(petroleum ether/diethyl ether, :l): Rf = 0.20. - lH NMR (300 
MHz, CDC13): 6 = 0.86 (d, J =  6.8 Hz, 6H, 6,7-H3), 1.29 (s, 3H, 
CH3, acetonide), 1.35 (s, 3H, CH3, acetonidel, 1.38-1.75 (m, 5H, 

-30°C. To this solution were added successively 2.00 mmol of the 

' OEt,. After stirring for 5 min the reaction mixture was warmed 

was added. The reaction mixture was extracted with 100 ml of di- 
ethyl ether. The organic phase was washed successively with 50 ml 
of a satd. aqueous Na2C03 solution and 50 ml of a satd. aqueous 
NaCl solution. It was subsequently dried with MgS04 and concen- 
trated. The residue was purified by CC (30 g of silica gel) with 
petroleum ether/diethyl ether (1 : I), to give the addition product as 
an epimeric mixture of compounds 19 and 20. The ratio of the two 
epimers was determined by NMR andlor HPLC analysis. 

5.1) (2S,5R)-1,2-O-Isopropylideneheptane-1,2.5-triol (19a) and 
(ZS,5S)-I,Z-O-Isopropylideneheptane-l,2,5-triol (20a): According 

corresponding 18 and 500 (570 mg, 4.00 mmol) of B F ~  
3,4-H2, 6-H). 2.25 (s, 1 H, OH), 3.24-3.35 (m, 1 H, 5-H), 3.42-3.50 

MHz, CDC13): major diastereomer 19c: 6 = 17.2, 18.7 (C-7, 6- 
CH3), 25.6 (CH3, acetonide), 26.8 (CH3, acetonide), 30.3,30.4, 33.6 
(C-3,4,6), 69.4 (C-l), 76.1, 76.5 (C-2,5), 108.8 (acetonide); ad- 
ditional signals of the minor diastereomer 20c: 6 = 29.9, 76.2. - 
CllH22O3 (202.3): calcd. C 65.31, H 10.96; found C 65.10, H 11.09. 

5.4) (2S,5S)-1,2-O-Isopropylidene-5-pheny~entane-l,2,5-triol 
(19d) and (2S,5R)-1,2-O-~sopropylidene-5-phenylpentane-l,2,5-triol 
(20d): According to the general procedure 5) 20.0 ml (8.00 mmol) 
of the organozinc reagent ent-17, 200 p1 (212 mg, 2.00 mmol) of 
benzaldehyde (18d), and 500 pI (570 mg, 4.00 mniol) of BF3 . OEt, 
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were allowed to react to yield 453 mg (1.92 mmol, 96%) of an 
epimeric mixture of alcohols 19d and 20d as a colorless liquid. - 
Analytical HPLC: supersphere column, flow rate 1.0 ml/min, eluent 
n-hexanelethyl acetate (4:1), major isomer 19d: R, = 8.0 min, 
minor isomer 20d: R, = 8.6 min, ratio 19d120d = 76:24. - TLC 
(petroleum ethedether acetate, 2:l): Rf = 0.27. - IR (neat): F = 
3443 (OH), 2986, 2935, 1603, 1056, 702 cm-I. - IH NMR (200 

(m, 4H, 3,4-H2), 2.57 (s, lH,  OH), 3.20-3.30 (m, lH ,  1-H'), 
3.75-3.86 (m, lH ,  1-H"), 3.80-3.95 (m, l H ,  2-H), 4.40-4.55 (m, 
lH ,  5-H), 7.00-7.20 (m, 5H, phenyl). - I3C NMR (50 MHz, 
CDCl,): major diastereomer 19d: S = 25.9 (CH,), 27.1 (CH,), 30.2, 
35.7 (C-3,4), 69.6 (C-l), 74.5, 76.2 (C-2,5), 109.2 (acetonide), 126.1, 
127.7, 128.7, 144.9 (phenyl); additional signals of the minor diaster- 
eomer 20d: 6 = 29.8, 35.5, 74.2. - Ci4H2003 (236.3): calcd. C 
71.16, H 8.53; found C 71.23, H 8.65. 

MHz, CDC13): 6 = 1.12(~, 3H, CH3), 1.17 (s, 3H, CH3), 1.25-1.80 

5.5) (2S,5S)-l,2-O-Isopropylidene-5-(thiophen-3-yl)pentane- 
I ,2,Z-triol (19e) and ( 2 s  5R) -1,2-O-Isopropylidene-5- (thiophen-3- 
yl)pentane-1,2,5-triol(20e): According to the general procedure 5 )  
20.0 ml (8.00 mmol) of the organozinc reagent enf-17, 200 pl (256 
mg, 2.30 mmol) of thiophene-3-carbaldehyde (Me), and 500 pl(570 
mg, 4.00 mmol) of BF3 . OEt2 were allowed to react to yield 510 
mg (2.10 mmol, 92%) of an epimeric mixture of alcohols 19e and 
20e as a colorless liquid. - Analytical HPLC: supersphere column, 
flow rate 1 .O ml/min, eluent n-hexanelethyl acetate (4: I), major iso- 
mer 19e: R, = 5.7 min, minor isomer 20e: R, = 6.4 min, epimeric 
ratio 19e/20e = 77:23. - TLC (petroleum ethedethyl acetate, 2:l): 
Rf = 0.18. - IR (neat): 0 = 3437 (OH), 2984,2935, 1057, 852,789 
cm-'. - 'H NMR (200 MHz, CDCI3): 6 = 1.37 (s, 3H, CH3), 1.43 
(s, 3H, CH3), 1.55-2.00 (rn, 4H, 3,4-H2), 2.87 (s, lH ,  OH), 3.52 
(t,J=7.3H~,lH,l-H'),4.05(t,J=7.3Hz,1H,I-H"),4.07-4.22 
(m, IH, 2-H), 4.78-4.85 (m, IH, 5-H), 7.09 [dd, J =  531.1  Hz, 
lH ,  4-H (thiophene)], 7.21 [d, J = 1.1 Hz, IH, 2-H (thiophene)], 
7.32 [d, J = 5.5 Hz, 1 H, 5-H (thiophene)]. - 13C NMR (50 MHz, 
CDCI3): major diastereomer 19e: 6 = 25.9 (CH,), 27.1 (CH,), 30.1, 
35.1 (C-3,4), 69.6 (C-l), 70.6 (C-5), 76.2 (C-2), 109.2 (acetonide), 
120.9, 125.9, 126.3, 146.3 (thiophene); additional signals of the 
minor diastereomer 20e: 6 = 29.7, 34.9, 70.4, 76.15. - CI2Hl8O3S 
(242.3): calcd. C 59.48, H 7.49; found C 59.36, H 7.65. 

5.6) (2S,5S,4E)-1,2-O-Zsopro~ylidene-6-octene-l,2,5-triol (190 
and (2S,SR,4E) -1,2-O-Isopropylidene-4-octene-1,2,5-trio1(20f): Ac- 
cording to the general procedure 5 )  20.0 ml (8.00 mmol) of the 
organozinc reagent ent-17, 160 pl (140 mg, 2.00 mmol) of croton- 
aldehyde (180, and 500 pl(570 mg, 4.00 mmol) of BF3 . OEt, were 
allowed to react to yield 205 mg (1.02 mmol, 51%0) of an epimeric 
mixture of alcohols 19f and 20f as a colorless liquid; epimeric ratio 
determined by 'H-NMR analysis = 71:29. - TLC (petroleum 
etherldiethyl ether, 1:l): Rf= 0.17. - IR (neat): 0 = 3401 (OH), 
2986, 2935, 2870, 1710, 1450, 1375, 1058, 968 cm-I. - 'H NMR 
(300 MHz, CDC13): S = 1.28 (s, 3 H, CH3, acetonide), 1.40 (s, 3 H, 
CH3, acetonide), 1.41-1.64 (m, 4H, 3,4-H2), 1.63 (d, J =  6.5 Hz, 

3.95-4.09 (m, 3H, I - H ,  2,5-H), 5.41 (ddd, J =  1.5/6.9/15.4 Hz, 

MHz, CDCI3): major diastereomer 19f S = 17.7 (C-8), 25.8 (CH3, 
acetonide), 27.0 (CH,, acetonide), 29.7, 33.6 (C-3,4), 69.5 (C-l), 
72.7 (C-5), 76.0 (C-2), 108.9 (acetonide), 126.8, 130.1 (C=C); ad- 
ditional signals of the minor diastereomer 20f: 6 = 29.5, 33.5, 69.5, 
72.6, 76.1. - C11H20O3 (200.3): calcd. C 65.97, H 10.07; found C 
65.91, H 10.06. 

3H, 8-H3), 1.97, 2.1 1 (s, 1 H, OH), 3.46 (t, J = 7.4 Hz, 1 H, 1-H'), 

lH,  6-H), 5.60 (dq, J =  6.3/15.3 Hz, lH ,  7-H). - I3C NMR (75 

5.7) (2S,5S)-6-(tert-Butyldiphenylsiloxy)-l,2-O-isopropylidene- 
hexane-1,2,5-triol (19g) and (2S,5R)-6-(tert-Butyldiphenylsiloxy)- 

1,2-O-isopropylidenehexane-1,2,5-triol(20g): According to the gen- 
eral procedure 5)  20.0 ml (8.00 mmol) of the organozinc reagent 
ent-17, 500 mg (1.70 mmol) of aldehyde 18g, and 500 p1 (570 mg, 
4.00 mmol) of BF3 . OEt2 were allowed to react to yield 420 mg 
(0.98 mmol, 58Y0) of an epimeric mixture of alcohols 19g and 2Og 
as a colorless liquid; epimeric ratio determined by 'H-NMR analy- 
sis = 85:15. - TLC (petroleum ethedethyl acetate, 2: 1): Rf  = 0.35. 
- IR (neat): 0 = 3469 (OH), 2932, 2860, 1114, 703, 505 cm-'. - 

3H, CH3, acetonide), 1.36 (s, 3H, CH3, acetonide), 1.44-1.75 (m, 
4H, 3,4-H2), 2.70 (d, J =  3.5 Hz, I H ,  OH), 3.42-3.54 (m, 2H, 6- 
H,), 3.63 (dd, J =  3.8/10.0 Hz, lH ,  1-H'), 3.67-3.78 (m, IH, 5- 
H), 3.99 (dd, J = 6.0110.0 Hz, 1 H, 1-H), 4.00-4.12 (m, 1 H, 2-H), 
7.36-7.41 (m, 6H, phenyl), 7.62-7.66 (m, 4H, phenyl). - I3C 
NMR (75 MHz, CDCI,): major diastereomer 19g: 6 = 19.2 
[C(CH3),], 25.7 (CH,, acetonide), 26.9 [C(CH3), and CH3-aceton- 
ide], 28.9, 29.4 (C-3,4), 67.9 (C-6), 69.3 (C-l), 71.6 ((2-3, 75.7 (C- 
2), 108.8 (acetonide), 127.8, 129.8, 133.2, 135.5 (phenyl); additional 
signals of the minor diastereomer 20g: 6 = 29.2, 29.6, 69.4, 71.8, 
76.1. - C25H3604Si (428.6): calcd. C 70.05, H 8.47; found C 69.96, 
H 8.57. 

6) (2 RJS)  -5-[ (tert- Butyldiphenylsiloxy) methyl]tetrahydrofuran- 
2-methanol (21) and (2R,5R)-5-[(tert-Butyldiphenylsiloxy)- 
methyl]tetrahydrofuran-2-methanol(22) 

6.1) From the Organozinc Route: A solution of 370 mg (0.86 
mmol) of the acetonide alcohol 19g/20g (epimeric ratio 85:15) in 
5.00 ml of acetic acid and 0.50 ml of water was stirred at room 
temp. for 14 h. The solvent was evaporated. Then 10 ml of toluene 
was added to the residue, and the solvent was again evaporated. 
The residue was dissolved in 5.0 ml of CH2CI2. At 0°C 2.0 ml of 
pyridine and 223 mg ( I  .02 mmol) of mesitylenesulfonyl chloride 
were added. The reaction mixture was stirred at 0°C for 4 h. After 
addition of 0.50 ml of water the solvent was evaporated. The resi- 
due was partitioned between 50 ml of diethyl ether and 10 ml of 
water. The organic layer was washed successively with 10 ml of 1 
M HCl, 30 ml of a satd. aqueous NaHC03 solution, and with 20 
ml of a satd. aqueous NaCl solution. After drying with MgS04 the 
solvent was evaporated. The residue was dissolved in dry MeOH, 
and 400 mg (2.90 mmol) of K2C03 was added to the solution. The 
reaction mixture was stirred for 1 h at room temp. The solvent was 
evaporated in vacuo. The residue was dissolved in 20 ml of CH2C12, 
and 5 ml of HOAc was added to the solution. After stirring for 3 
h at room temp. the solvent was evaporated. The residue was par- 
titioned between 100 ml of diethyl ether and 40 ml of water. The 
organic layer was washed successively with 50 ml of a satd. aqueous 
NaHC03 solution and with 50 ml of a satd. aqueous NaCl solu- 
tion. After drying with MgS04 the solvent was evaporated. The 
residue was purified by CC (30 g of silica gel) with petroleum ether/ 
diethyl ether (1:l) to give 150 mg (48Y0) of a 85:15 mixture of 21 
and 22 as a colorless liquid. - TLC (petroleum etherlethyl acetate, 

C(CH3)3], 1.75-2.00 (m, 4H, 3,4-H2), 2.20 (d, J = 5.2 Hz, lH ,  
OH), 3.35-3.75 (m, 4H, a,a'-H,), 4.01-4.05 (m, 2H, 2,5-H), 
7.32-7.36 (m, 6H, phenyl), 7.60-7.64 (m, 4H, phenyl). - I3C 
NMR (75 MHz, CDCI3): major diastereomer (cis) 21: 6 = 19.2 

79.9, 80.1 (C-2,5), 127.8, 129.8, 133.5, 135.7 (phenyl); additional 
signals of the minor diastereomer (trans) 22: 6 = 29.2, 29.6, 65.1, 
66.6, 79.7. - C22H3003Si (370.6): calcd. C 71.31, H 8.04; found C 
71.31, H 8.16. 

6.2) From the Nitrile Route: 21 (cis alcohol): A solution of Na- 
OMe in MeOH was prepared from 190 mg (8.26 mmol) of sodium 
in 20 ml of dry MeOH. To this was added 2.00 g (5.47 mmol) of 

'H NMR (300 MHz, CDC13): 6 = 1.04 [s, 9H, C(CH,),], 1.31 (s, 

4:l): Rf= 0.22. - 'H NMR (300 MHz, CDC13): 6 = 1.01 [s, 9H, 

[C(CH3)3], 26.9 [C(CH3)3], 27.5, 27.8 (C-3,4), 65.6, 66.1 (C-O.,~'), 
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the cis nitrile 23. The reaction mixture was stirred for 1 h at room 
temp. After cooling to 0°C 6.0 ml of ice-cooled 2 M HCI was added. 
The reaction mixture was partitioned between 50 ml of a satd. 
aqueous NH4CI solution and 100 ml of diethyl ether. The organic 
layer was separated and washed with 50 ml of a satd. aqueous NaCl 
solution. After drying with MgS04 the solvent was evaporated. The 
residue was dissolved in 50 ml of THE After cooling to -30°C 
300 mg (8.11 mmol) of LiAIH4 was added. The stirred reaction 
mixture was warmed to 0°C during 30 min. Then 0.50 ml of water 
was added with caution followed by 0.50 ml of 3 M NaOH and 1 
ml of water. The reaction mixture was stirred for 30 min at room 
temp. It was subsequently filtered through Celite. The Celite plug 
was washed with 50 ml of THE The combined filtrates were dried 
with MgS04. After evaporation of the solvent the residue was puri- 
fied by CC (50 g of silica gel) to yield 1.23 g (3.54 mmol, 65%) of 
the cis alcohol 21 as a colorless liquid. - TLC (petroleum ether/ 
ethyl acetate, 4:l): Rf = 0.22. - [a]? = -1.9 (c = 1.18, CHCI,). 
- IR (neat): 0 = 3449 (OH), 3071, 3048, 2932, 2858, 1429, 1112, 
1084, 824, 741, 703, 505 cm-I. - ’H NMR (300 MHz, CDCI,): 
6 = 1.05 [s, 9H, C(CH,),], 1.73-2.01 (m, 4H, 3,4-H2), 2.37 (dd, 
J =  5.4l7.3 Hz, l H ,  OH), 3.44-3.51 (m, IH, a-H’), 3.62(dd, J =  

H ) , 3 . 7 7 ( d d , J =  10.8/3.8Hz,lH,a‘-H’’),4.03-4.12(m,2H,2,5- 
H), 7.34-7.43 (m, 6H, phenyl), 7.65-7.72 (m, 4H,  phenyl). - I3C 

27.7 (C-3,4), 65.4, 66.0 (C-a,a‘), 79.8, 80.0 (C-2,5), 127.7, 129.7, 
133.4, 135.5 (phenyl). - C22H3003Si (370.6): calcd. C 71.31, H 
8.04; found C 71.31, H 8.16. 

ent-22 (trans alcohol): A solution of NaOMe in MeOH was pre- 
pared from 190 mg (8.26 mmol) of sodium in 20 ml of dry MeOH. 
To this was added 2.00 g (5.47 mmol) of the trans nitrile 24. Ac- 
cording to the procedure described for the methanolysis and the 
LiAIH4 reduction of the cis nitrile 23, 1.17 g (3.16 mmol, 58%) of 
the trans-alcohol ent-22 was isolated as a colorless liquid. - TLC 
(petroleum ether/ethyl acetate, 4:l): Rf = 0.22. - [a]g = +5.9 (c = 

1.7, CHCI,). - IR (neat): 0 = 3442 (OH), 3070, 3049, 2956, 2932, 
1429, 1111, 1081,823, 742, 705, 507 cm-’. - ‘ H  NMR (300 MHz, 
CDCl,): 6 = 1.06 [s, 9H, C(CH3),], 1.62-2.04 (m, 4H, 3,4-H2), 
2 .26(t ,J= 6.2Hz. lH,OH),  3.40-3.48(m, lH,a-H’),3.60-3.68 
(m, 3H, a-H‘, a’-H2), 4.04-4.18 (m, 2H, 2,5-H), 7.34-7.46 (m, 
6H, phenyl), 7.64-7.72 (m, 4H, phenyl). - I3C NMR (75 MHz, 

64.9, 66.4 (C-a,a‘), 79.6, 79.7 (C-2,5), 127.6, 129.5, 133.6, 135.6 
(phenyl). - C22H3003Si (370.6): calcd. C 71.31, H 8.04; found C 
71.39, H 8.10. 

7) (2S)-Tetrahydro-5,5-dimethylfuran-2-methanol (25): 7.50 ml 
(3.00 mmol) of a solution of the organozinc reagent ent-17 in 
CH2CI2, prepared as described in 4.1), was cooled to -78°C. Then 
3.00 ml (3.00 mmol) of a 1 M solution of TiCI4 in CH2CI2 was 
added. The reaction mixture was warmed to room temp. during 3 
h. Subsequently 10 ml of a satd. aqueous NH4CI solution was ad- 
ded. The aqueous phase was extracted twice with 10 ml of CH2C12 
each. The combined organic phases were washed twice with 10 ml 
of a satd. aqueous NaCl solution each and dried with MgS04. 
Evaporation of the solvent yielded an oily residue. This was puri- 
fied by CC (50 g of silica gel) with petroleum etherldiethyl ether 
(1:l) to give 192 mg (55%) of alcohol 25 as a colorless liquid. - 
TLC (petroleum etheddiethyl ether, 2:l): Rf = 0.1 1. - [a]g = 

(c = 1.75, CHCI3). - IR (neat): 0 = 3437 (OH), 2966, 2929, 1444, 
1034 cm-’. - ‘H NMR (300 MHz, CDC13): 6 = 1.18 (s, 3H, CH,), 
1.20 (s, 3H, CH,), 1.65-1.96 (m, 4H, 3,4-H2), 2.49 (s, l H ,  OH), 
3.42 (dd, J = 11.5/5.6 Hz, 1 H, a-H’), 3.59 (dd, J = 11.513.5 Hz, 

10.813.9 Hz, IH,  u’-H’), 3.73 (ddd, J =  11.5/5.3/3.2 Hz, l H ,  a- 

NMR (75 MHz, CDCI,): 6 = 19.2 [C(CH,),], 26.8 [C(CH,),], 27.3, 

CDCI,): 6 = 19.2 [C(CH,),], 26.8 [C(CH,),], 27.4, 28.1 (C-3,4), 

-9.7, [a]$& = -9.7, [~1]:$6 = -11.4, [a]& = -17.1, [~1]#5 = -22.3 

IH,  a-H”), 3.99-4.07 (m, l H ,  2-H). - 13C NMR (75 MHz, 

(C-a), 78.7 (C-2), 81.3 (C-5). - C7H14O2 (130.2): calcd. C 64.58, 
H 10.84; found C 64.27, H 10.72. 

CDC13): 6 = 27.5 (C-3), 27.6 (CH,), 28.7 (CH3), 38.3 (C-4), 65.1 

8) (2R,5R,2’S, 5’s) -5- {5’-[ (tert-Butyldiphenylsiloxy) methyllte- 
trahydro-2‘-furyl)-I,2-O-isopropylidenepen~arie-l,2,5-triol (7) and 
(2R,5$2’SS’S) -5- @I-[ (tert-Butyld@henyIsiloxy)methyl]tetruhydro- 
2’-furyl)-1,2-O-isopropylidenepentane-1,2,5-triol (3): A solution of 
15.0 ml (6.00 mmol) of the organozinc reagent 17 in CH2Cl2 was 
cooled to -30°C. To this solution were added successively 737 mg 
(2.00 mmol) of THF-aldehyde 1 dissolved in 3.0 ml of CH2CI2 and 
370 pl (426 mg, 3.00 mmol) of BF, . OEt,. After stirring for 5 min 
the reaction mixture was warmed to 0°C during 3 h. Then 50 ml 
of a satd. aqueous NH4CI solution was added. The reaction mix- 
ture was extracted with 100 ml of diethyl ether. The organic phase 
was washed with 50 ml of a satd. aqueous Na2C03 solution and 
50 ml of a satd. aqueous NaCl solution, then dried with MgS04 
and concentrated. The residue was purified by CC (70 g silica gel) 
with petroleum etherltert-butyl methyl ether (2:l) to give 536 mg 
(1.07 mmol, 53%) of a 95:5 mixture (determined by ‘H-NMR 
analysis) of 7 and 3 as a colorless liquid. In addition, 317 mg (43%) 
of the aldehyde 1 was recovered. For analytical purposes the mix- 
ture of 7 and 3 was separated by CC (100 g of silica gel) with 
petroleum etherldiethyl ether (1:l) to give 478 mg of 7 and 30 mg 
of 3. 
7: TLC (petroleum etherlethyl acetate, 4: 1): Rf = 0.22. - [a]% = 

-2.5, [a]?$s = -2.7, [a]:& = -3.3, [a]& = -7.9, [a]:& = -15.0 
(c = 2.4, CHC13). - IR (neat): 0 = 3466 (OH), 2982, 2932, 2858, 
1472, 1462, 1429, 1378, 1369, 1309, 1254, 1114, 1066, 824, 741, 
703, 615, 505 cm-’. - ’H NMR (300 MHz, CDCI,): 6 = 1.02 [s, 
9H, C(CH,),], 1.32 (s, 3H, CH,, acetonide), 1.38 (s, 3H, CH,, 
acetonide), 1.22-2.00 (m, 8H,  3,4,3’,4’-H2), 2.77 (s, l H ,  OH), 
3.47-3.56 (m, 1 H, 1-H’), 3.62 (d, J =  4.7 Hz, 2H, I”-H’), 
3.66-3.85 (m, 2H, 2‘,5-H), 3.99-4.26 (m, 3H, 1-H,  2,5‘-H), 
7.30-7.40 (m, 6H, phenyl), 7.64-7.68 (m, 4H, phenyl). - I3C 
NMR (75 MHz, CDC13): 6 = 19.2 [C(CH,),], 25.7 (CH,, aceton- 
ide), 26.8 [C(CH,), and CH,-acetonide], 26.9, 28.3, 29.2, 30.1 (C- 

(C-5’,2’), 108.8 (acetonide), 127.6, 129.6, 133.6, 135.6 (phenyl). - 
C29H4205Si (498.7): calcd. C 69.84, H 8.49; found C 69.86, H 8.26. 

3: TLC (petroleum etherlethyl acetate, 4:l): Rf = 0.27. - [a]g = 

3,4,3’,4’), 66.5 (C-I”), 69.3 (C-l), 72.1 (C-5), 75.9 (C-2), 79.8, 82.3 

-7.9, [a]:& = -8.4, [a]& = -9.7, [a]& = -18.3, [a]:& = -31.2 
(C = 1.06, CHC13). - ‘H NMR (300 MHz, CDCI,): 6 = 1.07 [s,  
9H, C(CH&], 1.37 (s, 3H, CH3, acetonide), 1.43 (s, 3H, CH,, 
acetonide), 1.51-2.06 (m, 8H, 3,4,3’,4’-H2), 2.51 (d, J =  3.7 Hz, 
l H ,  OH), 3.37-3.44 (m, l H ,  I-H‘), 3.46-3.58 (m, l H ,  5-H), 3.68 
(d, J = 4.7 Hz, 2H, 1”-H2), 3.79-3.87 (m, l H ,  2-H), 4.02-4.18 
(m, 3H, 1 - H ,  2’,5‘-H), 7.36-7.48 (m, 6H, phenyl), 7.66-7.75 (m, 
4H, phenyl). - I3C NMR (75 MHz, CDCI,): 6 = 19.1 [C(CH,),], 
25.6 (CH3, acetonide), 26.7 [C(CH3),], 26.9 (CH3, acetonide), 28.2, 

76.2 (C-2), 79.5, 82.6 (C-2’,5’), 108.7 (acetonide), 127.5, 129.5, 
133.5, 133.6, 135.5 (phenyl). - C29H4205Si (498.7): calcd. C 69.84, 
H 8.49; found C 69.51, H 8.33. 

28.3, 29.8, 30.1 (C-3,4,3’,4’), 66.3 (C-l”), 69.4 (C-I), 73.8 (C-5), 

9) (2S,5R,2‘S,SfSj-5- {5’-[ (tert-Butyldiphenylsiloxy)rnethyl]te- 
trahydro-2’-fuqvl)-1,2-O-isopropylidenept.rzlane-l,2,5-triol (26) and 
(2$5S,2‘$5’S) -5- {5‘-[ (tert-Butyldiphenylsiloxy)methyl]tetrahydro- 
2’-furyl,’-I,2-O-isopropylidenepentane-1,2,5-triol(27): A solution of 
20.0 ml (8.10 mmol) of the organozinc reagent mt-17 in CH2CI2 
was cooled to -30°C. To this solution were added successively 1.10 
g (3.00 mmol) of the aldehyde 1 dissolved in 3.0 ml of CH2CI2 and 
500 p1 (570 mg, 4.00 mmol) of BF3 . OEt,. After stirring for 5 min 
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the reaction mixture was warmed to 0°C during 3 h. Then 50 ml 
of a satd. aqueous NH4CI solution was added. The reaction mix- 
ture was extracted with 100 ml of diethyl ether. The organic phase 
was washed successively with 50 ml of a satd. aqueous Na2C03 
solution and 50 ml of a satd. aqueous NaCl solution, then dried 
with MgS04 and concentrated. The residue was purified by CC (50 
g of silica gel) with petroleum etherfdiethyl ether (1 : 1) to give 758 
mg (1.52 mmol, 51%) of a 73:27 mixture (determined by 'H-NMR 
analysis) of 26 and 27 as a colorless liquid. In addition, 508 mg 
(45%) of aldehyde 1 was recovered. For analytical studies the mix- 
ture of 26 and 27 was separated by CC (100 g of silica gel) with 
petroleum etherfdiethyl ether (1:l) to give 331 mg of 26 and 107 
mg of 27. 

26: TLC (petroleum etherldiethyl ether, 1 : 1): Rf = 0.23. - [a]g 
= +1.3, [a]:Ss = +1.7, [a]$!, = +1.7, [a]$g6 = +3.5, [a]:!& = +4.3 

2858, 1472, 1429, 1369, 1255, 1114, 1066, 851, 824, 795, 742, 703, 
615, 505 cm-'. - 'H NMR (300 MHz, CDC13): 6 = 1.00 [s, 9H, 
C(CH3),], 1.30 (s, 3H, CH,, acetonide), 1.35 (s, 3H, CH3, aceton- 
ide), 1.49-1.98 (m, 8H, 3,4,4',4'-H2), 2.26 (d, J =  2.8 Hz, l H ,  

H2), 3.67-3.85 (m, 2H, 5,2'-H), 3.97-4.11 (m, 3H, 1 - H ,  2,5'-H), 
7.29-7.37 (m, 6H, phenyl), 7.61-7.65 (ni, 4H, phenyl). - 13C 
NMR (75 MHz, CDC13): 6 = 19.3 [C(CH&], 25.5 (CH3, aceton- 
ide), 25.8 (CH,, acetonide), 26.9 [C(CH3)3], 27.0, 28.2, 29.4, 30.2 

82.3 (C-2',5'), 109.0 (acetonide), 127.7, 129.7, 133.6, 135.7 (phen- 
yl). - C29H4205Si (498.7): calcd. C 69.84, H 8.49; found C 69.63, 
H 8.66. 

(C = 2.3, CHC13). - IR (neat): 3 = 3468 (OH), 3070, 3050, 2932, 

OH), 3.47 (t, J =  7.5 Hz, l H ,  I-H'), 3.60 (d, J =  4.8 Hz, 2H,  1"- 

(C-3,4,3',4'), 66.6 (C-1"), 69.6 (C-I), 72.0 (C-5), 76.4 (C-2), 80.0, 

27: TLC (petroleum etheddiethyl ether, 1 : 1): Rf = 0.30. - [a18 
= + O S ,  [a1298 = +0.5, [a]:& = +0.9, [a]$'& = +1.2, [a]:& = +1.5 

(c = 0.74, CHC13). - IR (neat): 0 = 3465 (OH), 3071, 3050, 2932, 
2862, 1466, 1428, 1372, 1254, 1111, 1069, 852, 824, 742, 705, 613, 
508 cm-l. - 'H NMR (300 MHz, CDC13): 6 = 1.07 [s, 9H, 
C(CH,),], 1.36 (s, 3H, CH3, acetonide), 1.42 (s, 3H, CH3, aceton- 
ide), 1.48-2.08 (m, 8H, 3,4,3',4'-H2), 2.46 (br. s, l H ,  OH), 
3.38-3.48 (m, l H ,  5-H), 3.54 (t, J =  7.5 Hz, I H ,  1-H'), 3.67 (d, 
J = 4.8 Hz, 2H, l"-Hz), 3.80-3.88 (m, 1 H, 2-H), 4.01-4.20 (m, 
3H, 1-H', 2',5'-H), 7.35-7.48 (m, 6H,  phenyl), 7.64-7.75 (m, 4H, 
phenyl). - I3C NMR (75 MHz, CDCI,): 6 = 19.3 [C(CH,),], 25.8 
(CH3, acetonide), 26.9 [C(CH3),], 27.0 (CH3, acetonide), 28.3,28.4, 

2), 79.6, 82.6 (C-2',5'), 108.8 (acetonide), 127.6, 129.6, 133.7, 135.6, 
135.7 (phenyl). - C29H4205Si (498.7): calcd. C 69.84, H 8.49; 
found C 69.68, H 8.44. 

29.6, 29.7 (C-3,4,3',4'), 66.4 (C-1"), 69.4 (C-1), 73.6 (C-5), 75.8 (C- 

10) (3S)-3,4-(Isopropylidenedioxy)butyl Pivalate (28): To a 
stirred solution of 21.0 g (143 mmol) of alcohol ent-15 in 100 ml 
of CH2C12 were added at 0°C 26.5 ml (26.0 g, 216 mmol) of piva- 
loyl chloride and 23.2 ml (288 mmol) of pyridine. The reaction 
mixture was warmed to room temp. and stirred for 48 h. It was 
subsequently partitioned between 200 ml of CH2C12 and 200 ml of 
water. The aqueous layer was extracted twice with 100 ml of 
CH2C12 each. The combined organic phases were washed with 100 
ml of water. After drying with MgS04 the solvent was evaporated 
in vacuo. The residue was purified by fractional vacuum distil- 
lation. The fraction obtained at 90-95"C/0.5 Torr gave 26.5 g (1  15 
mmol, 80%) of pivalate 28 as a colorless liquid. - TLC (petroleum 
etheddiethyl ether, 1:l): Rf = 0.77. - [a13 = -3.4, [a]:$ = -3.6, 
[a& = -4.0, [a]:& = -5.5, [a]:& = -5.8 (c = 1.03, CHCl,). - 
' H  NMR (300 MHz, CDC13): 6 = 1.13 [s, 9H, C(CH,),], 1.28 (s, 
3H, CH,, acetonide), 1.34 (s, 3H, CH3, acetonide), 1.76-1.92 (m, 
2H, 2-H2), 3.52 (dd, J = 7.9/7.1 Hz, 1 H, 4-H'), 3.99-4.20 (m, 4H, 

4-H', 3-H, 1-H2). - 13C NMR (75 MHz, CDC13): 6 = 25.7, 26.5, 
26.9 (CH3, acetonide, C-2), 27.2 [C(CH3)3], 32.8 [C(CH3),], 61.3 
(C-l), 69.4 (C-4), 73.4 (C-3), 108.9 (acetonide), 178.4 (C=O). - 
C12H2204 (230.3): calcd. C 62.58, H 9.63; found C 62.59, H 9.83. 

11) (3S)-3,4-Dihydroxybutyl Pivalute (29): To a stirred solution 
of 5.00 g (21.7 mmol) of the pivalate 28 in 100 ml of MeOH was 
added 100 mg (0.53 mmol) of p-toluenesulfonic acid monohydrate. 
The reaction mixture was stirred for 4 h at room temp. Then 100 
ml of a satd. aqueous NaHC0, solution was added, and most of 
the methanol was evaporated in vacuo. The residue was extracted 
three times with 100 ml of fert-butyl methyl ether each. The com- 
bined organic phases were dried with MgS04. The solvent was 
evaporated in vacuo and the residue purified by CC (50 g of silica 
gel) with diethyl ether to give 3.00 g (15.8 mmol, 73%) of the diol 
29 as a colorless liquid. - TLC (diethyl ether): Rf = 0.32. - [a18 
= -11.5, [~t]:17)~ = -11.9, [a]::, = -13.5, [a]:g6 = -22.0, [a]$& = 
-32.4 (C = 2.91, CHCI,). - 'H NMR (300 MHz, CDC13): 6 = 
1.21 [s, 9H, C(CH&], 1.76-1.92 (m, 2H, 2-H2), 3.47-3.74 (m, 
5H, 4-H', l-H2, 2 OH), 4.16-4.28 (m, 2H, 4-H", 3-H). - 13C 
NMR (75 MHz, CDCl,): 6 = 26.6 (C-2), 26.8 [C(CH3)3], 32.0 
[C(CH3)3], 60.9 (C-l), 66.2 (C-4), 68.7 (C-3), 178.8 (C=O). - 
C3H1804 (190.2): calcd. C 56.82, H 9.54; found C 57.18, H 9.56. 

12) (3S)-3,4-Bis(benzyloxy)hutyl Pivalate (30): 11.5 g (60.4 
mmol) of the diol 29 was dissolved in 500 ml of diethyl ether in 
the dark. To the obtained solution were subsequently added 28.7 
ml (41.3 g, 242 mmol) o f  benzyl bromide and 84.0 g (363 mmol) 
of Ag20. The reaction mixture was refluxed for 6 h and stirred for 
ca. 12 h at room temp. It was then filtered through Celite. The 
Celite plug was washed with diethyl ether. Evaporation of the sol- 
vent from the combined filtrates and purification of the residue by 
CC (300 g of silica gel) with petroleum etherfdiethyl ether (1O:l) 
gave 17.5 g (47.2 mmol, 78%) of the dibenzylated compound 30 as 
a colorless oil. - TLC (petroleum etherfdiethyl ether, l0:l): Rf = 
0.32. - [a18 = -33.3, [a]:17)* = -34.4, [a]:!, = -38.8, [a]& = 
-65.2, [a]::, = -98.2 (c = 1.19, CHC13). - IR (neat): 3 = 3088, 
3064, 3030,2970,2933,2870, 1727 (C=O), 1496, 1480, 1454, 1397, 
1365, 1284, 1161, 1101, 737, 698 cm-I. - IH NMR (300 MHz, 
CDCl,): 6 = 1.21 [s, 9H, C(CH3),], 1.82-2.02 (m, 2H, 2-H2), 3.59 
(d, J = 4.8 Hz, 2H, 1-H2), 3.71-3.78 (m, 1 H, 3-H), 4.20 (dd, J = 
5.9/7.0 Hz, 2H, 4-H2), 4.57 (d, J = 11.4 Hz, 1 H, PhCHH-O-3), 
4.58 (s, 2H, PhCH20-4), 4.74 (d, J = 11.5 Hz, 1 H, PhCHH-O-3), 
7.29-7.37 (m, 10H, phenyl). - I3C NMR (75 MHz, CDCI,): 6 = 

27.1 [C(CH,),], 31.3 (C-2), 32.0 [C(CH,),], 61.0 (C-I), 72.2, 72.6, 
73.4, 74.9 (C-3,4, PhCH,O-3,4), 127.5, 127.7, 128.3, 138.2, 138.5 
(phenyl), 178.4 (C=O). - C23H30O4 (370.5): calcd. C 74.56, H 8.16; 
found C 74.30, H 8.30. 

13) (3S)-3,4-Bis(henzyloxy)butan-l-o1(31): To a stirred suspen- 
sion of 8.00 g (211 mmol) of LiAlH4 in 200 ml of THF was added 
dropwise at 0°C 24.4 g (65.7 mmol) of the benzylated pivalate 30 
dissolved in 80 ml of THE The reaction mixture was refluxed for 
3 h and then cooled to 0°C. With great caution 8 ml of water was 
added dropwise. After 30 min 8 ml of 3 N NaOH and 8 ml of water 
were added successively. The resulting mixture was stirred for 1 h 
at room temp. It was then filtered trough Celite. The Celite plug 
was suspended in 200 ml of T H E  The suspension was filtered. This 
operation was repeated once. The filtrates were combined, and the 
solvent was evaporated in vacuo. The residue was purified by CC 
(300 g of silica gel) to yield 18.3 g (63.9 mmol, 97%) of the alcohol 
31 as a colorless liquid. - TLC (petroleum etherldiethyl ether, 1 : 1): 

= -65.0, [a]:!& = -97.0 (c = 2.00, CHCI,). - IR (neat): 3 = 3433 
(OH), 3089, 3064, 3030, 2926, 2866, 1496, 1454, 1399, 1364, 1310, 

Rf = 0.24. - [a]E = -32.0, [a]:'& = -34.0, [a]:!, = -38.0, [a]& 
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1206, 1093, 1057, 738, 698 cm-'. - 'H NMR (300 MHz, CDCl,): 
6 = 1.84-1.90 (m, 2H, 2-H2), 2.45 (br. s, l H ,  OH), 3.58-3.69 (m, 
2H, 1-Hz), 3.74-3.80 (m, 2H, 4-H2), 3.83-3.91 (m, 1 H, 3-H), 4.60 

(d, J = 11.2 Hz, 1 H, PhCHHO-3), 7.30-7.42 (m, 10H, phenyl). 
- I3C NMR (75 MHz, CDC13): 6 = 34.6 (C-2), 60.1 (C-1), 72.0 

128.3, 137.9, 138.3 (phenyl). - Cl8HZ2O3 (286.4): calcd. C 75.50, 
H 7.74; found C 75.54, H 7.94. 

(s, 2H, PhCH20-4), 4.61 (d, J =  11.2 Hz, l H ,  PhCHHO-3), 4.77 

(C-4), 72.4, 73.3 (CHzPh), 76.8 (C-3), 127.5, 127.6, 127.8, 128.2, 

14) (2S)-I,2-Bis(benzyloxy)-4-iodobutane (32): To a stirred solu- 
tion of 13.0 g (45.4 mmol) of the alcohol 31 in 100 ml of CH2C12 
were added at 0°C 22.0 ml (272.6 mmol) of pyridine and 17.5 g 
(91.8 mmol) ofp-tosyl chloride. The reaction mixture was warmed 
to room temp. and stirred for 12 h and subsequently cooled to 0°C. 
Then 20 ml of water was added. After stirring for 10 min the mix- 
ture was acidified by the addition of 1 N HCI until pH 3. The 
phases were separated. The aqueous phase was extracted twice with 
250 ml of tert-butyl methyl ether each. The combined organic 
phases were washed successively with 200 ml of a satd. aqueous 
NaHCO, solution and with 200 ml of a satd. aqueous NaCl solu- 
tion. After drying with MgS04 the solvent was evaporated in va- 
CUO. The crude tosylate was used without further purification for 
the next step. It was dissolved in 150 ml of acetone, and 13.6 g 
(90.7 mmol) of NaI was added. The reaction mixture was refluxed 
for 2 h. After cooling to room temp. it was partitioned between 
300 ml of tert-butyl methyl ether and 300 ml of water. The aqueous 
phase was extracted twice with 150 ml of tert-butyl methyl ether 
each. The combined organic phases were washed twice with 100 ml 
of a satd. aqueous NaCl solution and dried with MgS04. After 
evaporation of the solvent the residue was purified by CC (200 g 
of silica gel) with petroleum etherltert-butyl methyl ether (2: 1) to 
afford 13.3 g (33.5 mmol, 74%) of the iodide 32 as a colorless 
liquid. - TLC (petroleum etherldiethyl ether, 20:l): Rf  = 0.67. - 

1.08, CHC13). - 'H NMR (300 MHz, CDCl,): 6 = 1.88-1.92 (m, 
2H, 3-H2), 3.26 (dd, J = 6.4/7.5 Hz, 2H, 4-H2), 3.54 (dd, J = 2.6/ 
4.8 Hz, 2H, I-H2), 3.68-3.76 (m, 1 H, 2-H), 4.54 (s, 2H, PhCH20- 

l H ,  PhCHHO-2), 7.24-7.38 (m, 10H, phenyl). - I3C NMR (75 

[a]@ = -39.3, [a]$!& = -41.3, [a]$& = -79.4, [u]:& = -120.9 (C = 

I), 4.56 (d, J =  11.5 Hz, 1 H, PhCHHO-2), 4.72 (d, J =  11.5 Hz, 

MHz, CDC13): 6 = 2.7 (C-4), 36.3 (C-3), 70.8 (C-I), 72.5, 73.4 
(CHZPh), 77.8 (C-2), 127.5, 127.6, 127.9, 128.4, 128.5, 138.1, 138.4 
(phenyl). - C18Hz1102 (396.3): calcd. C 54.56, H 5.34; found C 
54.73, H 5.39. 

15) Preparation of (3S)-3,4-Bis(benzyloxy)butylzinc Iodide (33): 
A 100-ml three-necked round-bottomed flasked was equipped with 
a magnetic stirring bar, a rubber septum, an inert gas inlet, and a 
thermometer. The air in the flask was replaced by argon, and the 
flask was charged with 1.96 g (30.0 mmol) of zinc dust. Then 2 ml 
of THF and 100 p1 (218 mg, 1.16 mmol) of dibromoethane were 
successively injected into the flask. The reaction mixture was gently 
heated three times with a heat gun until ebullition of the solvent 
was observed. After cooling to room temp., 10 p1 (86 mg, 0.79 
mmol) of chlorotrimethylsilane was added, and the reaction mix- 
ture was heated for 15 min to 35°C. After cooling to room temp., 
the rubber septum was replaced by an addition funnel charged with 
3.96 g (10.0 mmol) of the iodide 32 dissolved in 20 ml of THE The 
iodide solution was added dropwise to the reaction mixture over a 
period of 30 min, during which time the temp. of the reaction mix- 
ture rose to 32°C. The reaction mixture was subsequently stirred 
for 4 h at 45°C. After addition of 10 ml of THF stirring was 
stopped, and excess zinc dust was allowed to settle down overnight. 
The supernatant colorless, slightly turbid THF solution of the or- 

ganozinc reagent 33 was transferred to a Schlenk flask by a stain- 
less steel canula. The solvent was evaporated in vacuo. To the neat 
zinc reagent was added 40 ml of freshly distilled degassed CH2C12 
to give a colorless, slightly turbid solution of 33, which was used 
directly for the following experiments. 

16) ( I  R,4S) -4,S-Bis(benzyloxy)-I -phenylpentan-1-01 (34) and 
( I  S,4S)-4,5-Bis(benzyloxy)-l-phenylpentan-l-ol(35): 10.0 ml(4.00 
mmol) of a CH2Clz solution of the organozinc reagent 33 was 
cooled to -30°C. To this stirred solution were added successively 
200 pl(212 mg, 2.00 mmol) of benzaldehyde (18d) and 500 pl(570 
mg, 4.00 mmol) of BF3 . OEt,. The reaction mixture was warmed 
to room temp. during 3 h and stirred at this temp. for 16 h. Then 
30 ml of a satd. aqueous NH4CI solution was added. The reaction 
mixture was extracted twice with 20 ml of tert-butyl methyl ether 
each. The combined organic phases were washed with 30 ml of a 
satd. aqueous NaCl solution, dried with MgS04, and concentrated. 
The residue was purified by CC (30 g of silica gel) with petroleum 
etherltevt-butyl methyl ether (1 : 1) to give 737 mg (1.96 mmol, 98%) 
of an epimeric mixture of the alcohols 34 and 35 as a colorless 
liquid. 'H-NMR analysis revealed an epimeric ratio of 1 : 1. - TLC 
(petroleum etherldiethyl ether, 1 : 1): Rf = 0.39. - 'H NMR (300 
MHz, CDC13): 6 = 1.58-1.95 (m, 4H,  2,3-H2), 2.37, 2.42 (br. s, 
1 H, OH), 3.51-3.72 (m, 3H, 5-H2, 4-H), 4.55-4.74 (m, 5H, I-H, 
PhCH20-4,5), 7.26-7.40 (m, 15H, phenyl). - 13C NMR (75 MHz, 

79.5, 125.9, 127.4, 127.6, 127.7, 127.8, 127.9, 128.3, 128.4, 128.5, 
138.3, 138.6. - C25H2803 (376.5): calcd. C 79.75, H 7.50; found C 
79.33, H 7.35. 

CDCI,): 6 = 28.2, 34.9, 71.9, 72.0, 72.1, 72.7, 73.4, 74.4, 77.8, 78.0, 

17) ( I  R,4S,2'S,StS) -I - (5I-r (tert-Butyldiphenylsiloxy)methyl]- 
tetrahydro-2'-jiiryl)-4,5-bis(benzyloxy)pentan-l-o1(36) and ( I  S,4S, 
2'S,5'S) -I  - (5I-r  (tert-Butyldiphenylsiloxy)methyl]tetrahydro-2'- 
furyl)-4,5-bisbenzyloxy)pen1ane-l-ol (37): A solution of 737 mg 
(2.00 mmol) of the THF-aldehyde 1 in 20 ml of CHzClz was cooled 
to -55°C. To this solution was added 500 pI(570 mg, 4.00 mmol) 
of BF, . OEtz. After stirring for 5 min 10.0 ml (4.00 mmol) of the 
solution of the organozinc reagent 33 in CH2C12 was added drop- 
wise. The mixture was warmed to room temp. during 3 h and 
stirred at this temp. for 16 h. Then 30 ml of a satd. aqueous NH4CI 
solution was added. The reaction mixture was extracted two times 
with 100 ml of tert-butyl methyl ether each. The combined organic 
phases were washed with 30 ml of a satd. aqueous NaCl solution, 
dried with MgS04 and concentrated. The residue was purified by 
CC (40 g of silica gel) with petroleum etherltevt-butyl methyl ether 
(1:l) to give 1.03 g (1.61 mmol, 81%) of a 86:14 epimeric mixture 
(determined by 'H-NMR analysis) of 36 and 37 as a colorless 
liquid. - TLC (petroleum etherldiethyl ether, 1 : 1): Rf  = 0.38. - 

-25.3 (c = 1.74, CHC13). - IR (neat): 0 = 3456 (OH), 3069, 3031, 
2930, 2858, 1472, 1454, 1429, 1390, 1362, 1112, 1029, 1007, 824, 
739, 701,613, 505 cm-'. - 'H NMR (300 MHz, CDCl,): 6 = 1.09 
[s, 9H,  C(CH,),], 1.48-2.07 (m, 8H, 2,3,3',4'-H2), 2.36 (d, J = 2.5 
Hz, IH,  OH), 3.56-3.59 (m, 2H, 5-H', 1-H), 3.62-3.73 (m, 2H, 
5-H', 4-H), 3.68 (d, J =  4.7 Hz, 2H, 1"-Hz), 3.83-3.91 (m, IH,  
2'-H), 4.11-4.20 (m, l H ,  5'-H), 4.57 (s, 2H, PhCHz0-5), 4.60 (d, 

PhCHHO-4), 7.37-7.49 (m, 16H, phenyl), 7.69-7.74 (m, 4H, phe- 
nyl). - ',C NMR (75 MHz, CDCl,): 6 = 19.2 [C(CH,),], 26.8 

[GI]@ = -7.5, [U]:gg = -8.6, [a]:& = -9.8, [a]& = -16.1, [a]:& = 

J =  11.8 Hz, l H ,  PhCHHO-4), 4.74 (d, J =  11.8 Hz, IH,  

[C(CH,),], 27.0, 28.2, 28.5, 28.7 (C-2,3,3',4'), 66.6 (C-1"), 72.0, 72.2 
(C-1,5), 72.8, 73.3 (PhCH,O-4,5), 78.2 (C-4). 79.9, 82.2 (C-2',5'), 
127.5, 127.6, 127.7, 127.8, 128.2, 128.3, 129.6, 133.7, 135.6, 138.3, 
138.7 (phenyl). - C40H5005Si (638.9): calcd. C 75.19, H 7.89; 
found C 75.04, H 7.91. 
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