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which contained 0.17 g (29%) of the 5/6-fused acetoxy ketone 
14: 'H NMR (360 MHz) 6 1.10 (a, 9 H), 1-18 (a, 3 H), 1.49 (m, 
1 H), 1.73 (a, 3 H), 1.78 (m, 1 H), 2.47 (m, 3 HI, 2.67 (m, 1 H), 
3.78 (d, J = 6 Hz, 1 H), 4.90 (a, 1 H), 5.93 (e, 1 H), 7.42 (m, 6 H), 
7.68 (m, 4 H); 13C NMR (360 MHz) 6 17.23, 19.46, 22.17, 24.10, 
27.02,28.96,36.48,45.49,71.44,85.51,127.49,129.11,129.71,129.96, 

2960,2900,2870,1740,1710,1675,1625,1470,1000 cm-'; HRMS 
m/z calcd for CUHZ6O4Si (M - C4H9 (tert-butyl)) 405.1522, obsd 
405.1512. 

Irradiation of (lR,7aS)-l-( tert -Butyldiphenylsiloxy)- 
7a-methyl-B(7aB)-indanone (4a) in  Aqueous Acetic Acid. 
A solution of 0.85 g (11.25 mmol) of dienone 4a containing 9% 
of the unoxidized 6/5fused enone 6f in 120 mL of THF was placed 
in a 250-mL capacity cylindrical glass vessel and agitated with 
a stream of prepurified Nz while 120 mL of water was added 
slowly. To the turbid mixture was added 15 mL of glacial acetic 
acid. The resulting clear solution was irradiated for 1.0 h with 
a 450-W high-pressure mercury lamp housed in a Pyrex probe. 
The reaction mixture was then poured into 50 mL of ether, the 
organic layer was separated, and the aqueous layer was extracted 
with ether (3 X 25 mL). The combined ethereal extracts were 
washed with saturated NaHC03 (5 X 25 mL) and 50 mL of brine. 
The organic layer was dried (MgSO,) and filtered, and the solvent 
was removed in vacuo to give 5.83 g of a mixture of photoproducts. 
Subjection of the mixture to flash column chromatography 
(20-30% ethyl acetate in hexane) gave as an initial fraction 0.31 
g of tert-butyldiphenylaiol. Further elution of the column gave 
a second fraction which contained 0.09 g of unoxidized 6/5-fused 
enone 6f, a third fraction which contained 0.09 g ( l l%,  based on 
unrecovered starting material) of the hemiacetal acetate 18, a 
fourth fraction which contained 0.19 g (62% based on unrecovered 
starting material) of 3-(2-methyl-5-hydroxyphenyl)propanal(20), 
and a fifth fraction which contained 0.07 g (8%, based on un- 
recovered starting material) of 5/6-fused acetoxy ketone 14. 

Irradiation of (1S,7aS)- 1-( tert-Butyldiphenylsiloxy)-7a- 
methyl-S(7aH)-indanone ( la)  in Aqueous Acetic Acid. A 
solution of 4.52 g (11.25 mmol) of dienone la containing 27% of 
the unoxidized 6 / 5 - W  enone 5g in 225 mL of THF was placed 
in a 600-mL capacity cylindrical glass vessel and agitated with 
a stream of prepurified N2 while 225 mL of water was added 
slowly. To the turbid mixture was added 30 mL of glacial acetic 
acid. The resulting clear solution was irradiated with a 450-W 
high-pressure mercury lamp housed in a Pyrex probe for 2.0 h. 
After this period, the starting material had disappeared as evi- 
denced by TLC analysis (25% ethyl acetate in hexane) of an 
aliquot of the solution. The reaction mixture was then poured 
into 100 mL of ether, the organic layer was separated, and the 
aqueous layer was extracted with ether (3 X 50 mL). The com- 
bined organic layers were washed with saturated NaHC03 (5 x 

133.16,133.44, 135.97, 169.90,180.00,208.93; IR (CHC13) 3080, 

50 mL) and then with 75 mL of brine. The organic layer was dried 
(MgSO,) and filtered, and the solvent was removed in vacuo to 
give 5.83 g of a mixture of photoproducts. Subjection of the 
mixture to flash column chromatography (20-30% ethyl acetate 
in hexane) gave as an initial fraction 1.24 g of unoxidized 6/5fused 
enone 5g. Further elution of the column gave a second fraction 
which contained 0.06 g (4%) of (2-methyl-5-hydroxyphenyl)- 
propanal (20), a third fraction which contained 0.16 g (5%, based 
on unrecovered starting material) of 5/6-fused acetoxy ketone 
2a, a fourth fraction which contained 1.50 g (47% based on un- 
recovered starting material) of 5/6-fused hydroxy ketone 21 ['H 
NMR (360 MHz) 6 1.07 (a, 3 H), 1.09 (a, 9 HI, 1.49 (m, 1 H), 1.78 
(m, 1 H), 2.07 (m, 1 H), 2.40 (m, 3 H), 2.60 (m, 1 H), 2.74 (d, J 
= 6 Hz, 1 H), 3.83 (dd, J = 4.6,11.7 Hz, 1 H), 5.82 (a, 1 H), 7.42 
(m, 6 H), 7.71 (m, 4 H); '% NMR (360 MHz)  6 14.52,19.38,26.99, 
27.16,27.69,30.45,36.39,50.05,78.51,127.61,127.68,128.66,129.92, 

1705, 1630 cm-'; HRMS m/z  calcd for CZ2HaO3Si (M - C4H9 
(tert-butyl)) 363.1417, obsd 363.13971, and a f i fh  fraction which 
contained 0.50 g (15% based on unrecovered starting material) 
of the cyclopropyl ketone 22: 'H NMR (360 MHz) 6 1.00 (e, 3 
H), 1.04 (a, 9 H), 1.18 (m, 2 H), 1.52 (m, 2 H), 1.71 (m, 1 H), 1.90 
(d, J = 5.5 Hz, 1 H), 2.12 (d, J = 5.5 Hz, 1 H), 2.51 (d, J = 17 
Hz, 1 H), 2.77 (d, J = 17 Hz, 1 H), 4.07 (dd, J = 7.5,lO Hz, 1 H), 
7.40 (m, 6 H), 7.72 (m, 4 H); 13C NMR (360 MHz) 6 19.34, 25.68, 
26.87, 29.69, 35.79,36.34,43.05,45.39, 58.33,72.48,73.00, 127.46, 

3590,2960,2940,2860,1720 cm-'; HRMS m/z calcd for CZHBO@i 
(M - C4H9 (tert-butyl)), 363.1417, obsd 363.1418. 
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Silicon-mediated synthesis of stereoisomeric tetroses 1,2,3, and 4, from propargyl alcohol, is described. An 
allylic alcohol bearing the trimethylsilyl group in the y-position, rac-9b, was subjected to the Sharpless kinetic 
reaolution to give (2S)-9b and the (ZS,BS,4S)-epoxide 1Oa of very high enantiomeric purity (297% ee). Compound 
(2S)-Sb was epoxidized with tert-butyl hydroperoxide and vanadyl acetylacetonate to give epoxide 14a as the 
major product. Epoxy silanes 10a and 14a were treated with benzenethiol in the presence of silica gel to give 
the correaponding sulfides (lla and 16a). Sulfides l l b  and 16b were oxidized to sulfoxides which, without isolation, 
were subjected to the Pummerer rearrangement followed by hydrolysis. Intermediate vinylsiie 9a was prepared 
from vinylsilane 6 via epoxy silane 7 using a novel homologation method. 

A general method of carbohydrate syntheais has recently 
been developed1 on the basis of titanium-mediated a s p -  
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metric epoxidation of allylic alcohols2 and stereoselective 
transformations of hydroxy epoxides. Although the succeaa 
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of this method in the synthesis of all classes of saccharides 
is unquestionable, it appeared to us that use of allylic 
alcohols bearing a silicon substituent in the y-position for 
asymmetric epoxidation would provide some advantages 
in polyhydroxylated compounds synthesis. In particular, 
such an approach could benefit from the facts that: (1) 
kinetic resolution of Q-y (trimethylsily1)allylic alcohols 
affords both allylic alcohols and a,@-epoxy silanes in ex- 
tremely high enantiomeric ex-? and (2) (a&epoxyaUcyl) 
silanes may be transformed stereoselectively into why- 
droxy aldehydes under remarkably mild conditions? As 
far as extension of the carbon chain is concerned, we en- 
visioned one-carbon homologation of vinylsilanea via epoxy 
silanes, based upon the reaction of ar,&epoxy silanes with 
sulfonyl anions! Herein we describe the synthesis of four 
enantiomeric tetroses 1-4 (Figure 1) starting from pro- 
pargyl alcohol and utilizing a sequence of silicon-assisted 
reactions. 

Acetylene derivative 5b (Scheme I), prepared from 
propargyl alcohol via its trityl ether Sa, was subjected to 
hydroalumination-protonation reactions6 to give isomer- 
ically pure (2)-vinylsilane 6 (81% yield from propargyl 

~~~~~ ~ ~ 
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Walker, F. J. Science 1983,220,949. (c) Reed, L. A., III; Ito, Y.; Maea- 
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alcohol). Homologation of vinylsilane 6 to four-carbon 
(E)-vinylsilane 9a was achieved in two steps. Compound 
6 was oxidized with m-CPBA to epoxide 7 (91% yield) 
which was then subjected to reaction with the anion gen- 
erated using phenyl (trimethylsily1)methyl sulfide and 
butyllithium.7 Vinylsilane 9a was obtained in a 70% yield 
(after chromatography). This reaction proceeded in an 
analogous way as reactions involving all-carbon alkyl 
phenyl ~ulfones:~ in the intermediate adduct 8 migration 
of the trimethylsilyl group from carbon to oxygen took 
place with simultaneous elimination of the benzenethiolate 
anion. It is noteworthy that our initial attempts to use 
phenyl (trimethylsily1)methyl sulfone as a nucleophilic 
counterpart of oxirane 7 failed, apparently because of 
higher steric requirements of this species. Trimethylsilyl 
ether 9a was quantitatively hydrolyzed to the corre- 
sponding alcohol 9b. 

Kinetic resolutions of allylic alcohol 9b using diisopropyl 
L-tartrate (L-(+)-DIPT) afforded alcohol (S)-9b (47% 
yield) and (2S,3&4S)-epoxide 10a (47% yield) (Scheme 
11). The optical purity of each of these products was 
197%, as indicated by the 'H NMR spectra of acetates 
9c and lob, taken in the presence of tris[3-(heptafluoro- 
propylhydroxymethylene)-d-camphorato]europium [Eu- 

Hydroxy epoxide 10a was treated with an excess of 
benzenethiol in the presence of silica gel at room tem- 
perature for 24 h, according to the methodology developed 
in our laboratory: to give sulfide l l a  in 98% yield. The 
hydroxy groups in compound 1 la were protected with the 
dimethylpropylidene group and the derivative l l b  was 
oxidized with 1 molar equiv of m-CPBA at -78 "C. The 
crude sulfoxide 12 was treated with acetic anhydride in 
the presence of sodium acetate at 58 O C  to give acetal 13a 

( h f C ) d 9  
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(comparison was made to the product derived from racemic material). 
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as a mixture of diastereomers in a 91:l ratio (67% yield 
after chromatography). It should be noted that the Pum- 
merer rearrangement of sulfoxide 12 occurs under excep- 
tionally mild conditions, as compared to those required for 
sulfoxides lacking the trimethylsilyl group. 

Acetal 13a was further processed by applying the Ma- 
samune-Sharplese methodology. Reduction with DIBAH 
in methylene chloride at -78 OC gave the 2S,3S derivative 
1 (79%.yield). Treatment of 13a with potassium carbonate 
in methanol resulted in saponification of the acetate group 
and epimehtion at C2 to afford (%,359-threOae 2 in 69% 
yield. 

Alternatively, the crude trimethylsilyl sulfoxide 12 was 
heated in toluene at 60 OC for 2 h to promote the sila- 
Pummerer rearrangement.lO The trhethylsilyl acetal 13b 
thus formed was hydrolyzed with methanol containing a 
trace of perchloric acid to give erythrose 1 (82%). Mild 
alkaline hydrolysis of 13b (methanolic potassium carbonate 
at room temperature for 16 h), combined with epimeri- 
zation, afforded threose 2 in 85% yield. 

To explore chirality transfer in epoxidation of allylic 
alcohols, alcohol (59-9b was treated with tetrabutyl hy- 
droperoxide (TBHP) in the presence of vanadyl acetyl- 
acetonate [ V O ( a c a ~ ) ~ ] . ~ ~  Erythro (2R,3R,4R)-14a and 
threo (2R,3S,4S)-lSa epoxides were obtained in 57 and 
13% yields (4.4:l ratio), respectively (Scheme 111). In- 
terestingly, oxidation of allylic alcohol 9b with m-CPBA 
in methylene chloride at -20 to -10 OC proved to be vir- 
tually unselective, affording epoxides 14a and 1Sa in a 1:1.2 
ratio. Like*, epoxidation of silyl ether 9a with m-CPBA 
under buffered conditions yielded diastereomers 14b and 
1Sb in a 1:1.4 ratio. Epoxide (2R,3R,4R)-14a was further 
transformed, as described above for ita enantiomer loa. 
Thus, epoxide ring opening with benzenethiol and silica 
gel afforded sulfide 16a in 91% yield. The latter com- 
pound was quantitatively converted to acetonide 16b which 
was subjected to the Pummerer rearrangement to give 
acetal 17 (67% yield, 9 1  diastereomer ratio). Finally, 
DIBAH removal of the acetate group in 17 afforded er- 
ythrose 3 (67% yield) whereas alkaline hydrolysis of 17 
yielded threose 4 (85%). 

To confirm the stereochemical assignments, erythrose 
3 was treated first with hydrochloric acid and benzenethiol 
and then with acetic anhydride, pyridine, and DMAP to 
yield the derivatives 18 ([.]"D +63.1°). Simii treatment 
of authentic D-(-)-erythrose gave the same compound 18 

Experimental Section 

([.]"D +58.5'). 

Melting points were determined on a hot-stage apparatus. 'H 

(10) (a) Ager, D. J.; Cookaon, R. C. Tetrahedron Lett. 1980,21,1677. 
(b) Ager, D. J. J.  Chem. SOC., Perkin Tram 1 1983, 1135. 

(11) Sharpless, K. B.; Verhoeven, T. R. Aldrichemica Acta 1979,12, 
63-73 and references quoted therein. 

(12) After manwript of this paper was submitted for publication, we 
became cognizant of two very recent communications related to our work. 
Ycehida et al.'* have deacribed transformation of (a,&epoxyalkyl)eilanea 
to a-hydroxy aldehydes, utilizing electrochemical oxidation of a-alkoxy- 
silanes. Kobayaehi et al." have reported on homologation of vinylailanen 
vie epoxy silanes. 

(13) Yoehida, J.4.; Tsuyoehi, M.; Yuko, M.; Sachihiko, I. J. Org. Chem. 

(14) Kobayashi, Y.; Ito, T.; Yamakawa, I.; Urabe, H.; Sato, F. Synlett. 
1992,57,1321-1322. 

1991,813-815. 

and 13C NMR spectra were recorded at  200 and 50 MHz, re- 
spectively, in CW13 unleea specified otherwise. MS were obtained 
at 70 eV ionizing potentiaL All reactions involving organometallic 
reagents were carried out under argon with stirring. Organic 
solutions were dried over anhyd NazS04, and solvents were 
evaporated on a rotary evaporator. Column chromatography was 
performed on Merck silica gel 60,230-400 mesh, and TLC on 
Merck slica gel G. Ligroin fraction boiling at 75-90 OC was used. 
Optid rotations were measured using a 8mGcapacity cell (1O-cm 
path length) in CHCl,. 
3-0-(Triphenylmethyl)prop-l-yn-3-01 (sa). A mixture of 

W l ( 2 . 7  g, 9.7 mmol), DMAP (26 mg, 0.21 mmol), pyridine (0.75 

(4 mL) was stirred for 6 h. Workup and chromatography of the 
crude product @ioz, ligroin-toluene) gave crystalline trityl ether 
5a (2.58 g, 89%). A sample was crystallized from etherheptane 
to give the pure product. mp 112-112.5 O C ;  NMR SH (60 MHz) 

(m, 15, arom H); SC 52.8 (C3), 73.4 (CJ, 80.4 (CJ, 87.6 (CPh,), 
127.3 (CJ, 128.1 (Co), 128.7 (Cm), 143.6 ( C i d .  Anal. Calcd for 

3- 0 - (Tripheny lmet hy1)- 1 -( t rimethylsily1)prop- 1-yn-3-01 
(5b). To a solution of alkyne 5a (1.58 g, 5.53 mmol) in anhyd 
THF (6 mL) at -70 OC WL~B added BuLi (1.6 M in hexane, 3.4 mL, 
5.4 "01) followed, after 30 min, by MqSiCl(0.8 mL, 6.4 "01) 
in THF (7 mL). Stirring at  -70 to 4 0  "C was continued for 1.5 
h, the mixture was allowed to warm to 0 OC, and the reaction was 
quenched with saturated aqueous NH4Cl (1 mL). Workup and 
chromatography of the crude product @io2, 10 g, ligroin-toluene) 
gave crystalline compound 5b (1.89 g, 96%). A sample was re- 
crystallized from pentane to give 5b mp 93-94 OC; NMFt SH (60 
MHz) 0.17 (s,9, TMS H), 3.8 (8, 2, C3 H), 7.0-7.7 (m, 15, arom 

127.3 (C ), 128.0 (0 ,128.8  (Cm), 143.7 (Cip). Anal. Calcd for 
C&,Obi (370.55): C, 80.96; H, 7.05. Found C, 81.03; H, 7.07. 

(2)-3- 0 -(Triphenylmethyl)-1-( trimethylsily1)prop-l-en- 
3-01 (6). To a mixture of acetylene 5b (0.721 g, 1.95 mmol), 
N-methylmorpholine (0.22 mL), and toluene (3 mL) was added 
DIBALH (1.2 M in toluene) at  58 "C in four portions (0.5 mL 
each) at 30-min intervals. After an additional 75 min, DIBALH 
(0.5 mL) was added, and stirring was continued for 1 h. The 
mixture was cooled to rt and was treated successively with MeOH 
(0.5 mL), saturated aqueous NazS04 (0.5 mL), and toluene (10 
mL). After 30 min the precipitate was filtered off, and the fiitrate 
was washed with saturated aqueous sodium potassium tartrate. 
Workup and chromatography of the crude product @ioz, ligroin) 
gave olefin 6 (691 mg, 95%). A sample was crystallized to give 
pure 6: mp 33-34 OC (MeOH-HzO); NMR SH 0.12 (8,  9, TMS 

Hz, C1 H), 6.67 (dt, 1, J = 6.2,14.4 Hz, Cz H), 7.2-7.5 (m, 15, arom 

128.8 (C,,,), 131.7 (Cl), 144.3 (Cim), 144.7 (Cz). Anal. Calcd for 
CzHaOSi (372.56): C, 80.59; H, 7.57. Found C, 80.54; H, 7.43. 

(1R *,2S *)- 1,2-Epoxy-3- 0 -(tr iphenylmet hy1)- 1-(tri- 
methylsilyl)propan-3-01 (7). To a stirred solution of olefin 6 
(300 mg, 0.8 m o l )  in CHzClz (1 mL), were added dry NazHPOl 
(155 mg, 1.09 mmol) and m-CPBA (90%, 200 mg, 1.04 mmol). 
After 20 h the mixture was diluted with CHzClz (20 mL) and 
washed with saturated aqueous NazSO3 The crude product 
(recovered in the usual way) was chromatographed (SOz, 2.5 g, 
ligroin-acetone) to give epoxide 7 (285 mg, 91%): mp 75-75.5 
"C (pentane); NMR SH (500 MHz) -0.10 (8, 9, TMS H), 2.25 (d, 
1, J = 5.4 Hz, C1 H), 3.06 (dd, 1, J = 7.2, 10.3 Hz, C3 Ha), 3.11 

H), 7.2-7.5 (m, 15, arom H); SC -2.3 (TMS C), 49.0 (Cl), 55.7 (Cz), 

(Ciw). Anal. Calcd for CZ5Ha&Si (388.56): C, 77.27; H, 7.26. 
Found: C, 77.21; H, 7.32. 

(E)- 1- 0 -(Triphenylmethyl)-2- 0,4-bis(trimethylsilyl)- 
but-3-ene-1,Z-diol (sa). To a solution of phenyl (trimethyl- 
sily1)methyl sulfide (942 mg, 4.8 mmol) in anhyd THF (15 mL) 
was added n-butyllithium (1.6 M in hexane, 3 mL, 4.8 mmol) at  
-5 OC. After 30 min at  0 OC the mixture was cooled to -40 OC, 
and epoxide 7 (630 mg, 1.63 mmol) in THF (5 mL) was added 
during 15 min. The mixture was stirred at  -40 to -35 OC for 1.5 
h and then allowed to warm to rt. Saturated aqueous NH,Cl(lO 

mL, 9.8 "01)~ pm-1 almhol (0.57 mL, 9.7 m o l ) ,  and CHZC1, 

2.34 (t, 1, J 2 Hz, C1 H), 3.82 (d, 2, J = 2 Hz, C3 H), 7.0-7.7 

CzzHleO (298.36): C, 88.56; H, 6.08. Found C, 88.53; H, 6.06. 

H); SC -0.4 (TMS C), 53.6 (C3), 87.6 (CPhJ, 90.2 (CJ, 102.3 (CJ, 

H), 3.63 (dd, 2, J = 1.4,6.2 Hz, C3 H), 5.66 (dt, 1, J = 1.4, 14.4 

H); Sc -0.5 (TMS C), 64.8 (Cd, 86.8 (CPh,), 127.1 (CJ, 127.9 (CJ, 

(dd, 1, J = 3.8,10.3 Hz, C3 Hb), 3.45 (ddd, 1, J 3.8,7.2 Hz, C2 

65.5 (C3), 86.8 (CPhs), 127.2 (C ), 128.0 (Co), 128.9 (Cm), 144.1 
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C4 H), 5.96 (dd, 1, J = 7.4,18.8 Hz, C3 H), 7.2-7.5 (m, 15, aromat. 

144.0 (Ci,), 170.4 (CO). Anal. Calcd for C28H3203Si (444.63): 
C, 75.63; H, 7.26. Found C, 75.59; H, 7.38. 'H NMR with 
(+)-Eu(hfc), indicated 297% ee. 

( 15 ,25,35 )- 1- (Phenylt hio)- 1-( trimet hylsilyl)-4- 0 -(tri- 
phenylmethyl)butane-2,3,4-triol (lla). (a) A mixture of hy- 
droxy epoxide 10a (46 mg, 0.11 mmol), benzenethiol(O.25 mL), 
and silica gel (160 mg) was set aside at rt for 24 h. Toluene (10 
mL) waa added, and the silica gel waa filtered off and washed with 
toluene (10 mL). The combined filtrates were concentrated in 
vacuo, and the residue was transferred to a silica gel column (0.5 
g, ligroin). The column was eluted with ligroin to remove exceas 
of benzenethiol and then with ligroin-toluene to give sulfide lla 
(57 mg, 98%): mp 137-139 "C (acetone-hexane); [aImD +28.4' 

H), 3.23 (dd, 1, J = 4.7,9.8 Hz, C, Ha), 3.41 (dd, 1, J = 3.1,9.8 
Hz, C4 Hb), 3.72 (m, 1, C3 H), 3.94 (ddd, 1, J = 3.7,5.3,8.1 Hz, 
Cz H), 7.1-7.4 (m, 20, arom H); SC -0.8 (TMS C), 38.7 (CJ, 64.8 

(TT CJ, 128.1 (TT CJ, 128.7 (Tr C,), 129.1 (PhS C,), 129.6 (PhS 
CJ, 137.3 (PhS 0 ,143 .8  ("? C&. AnaL Calcd for C&sO$Si 
(528.76): C, 72.68; H, 6.86. Found C, 72.59; H, 6.80. 

(b) A mixture of hydroxy epoxide 10a (151 mg, 0.36 mmol), 
benzenethiol(O.08 mL, 0.78 mmol), toluene (0.5 mL), and silica 
gel (380 mg) was set aside at 60 'C for 20 h. Workup as under 
a gave sulfide lla (162 mg, 85% yield). rac-lla: mp 120-122 
'C. 
(lSJ5 ,3S)- l-(Phenylthio)-2,3-0 -isopropylidene-l-(tri- 

methylsilyl)-kO-(triphenylmethyl)butane-2,3,4-triol(l lb). 
A mixture of diol lla (411 mg), 2-methoxypropene (0.2 mL), PPTS 
(7 mg), and CH2C12 (5 mL) was stirred under argon for 3.5 h. 
Workup and chromatography of the crude product @ioz, 5 g, 
ligroin-toluene) gave acetonide llb (443 mg, 100%) as colorless 

1, J = 5.3, 9.9 Hz, C, Ha), 3.16 (dd, 1, J = 4.3, 9.9 Hz, C4 Hb), 

Hz, Cz H), 7.0-7.5 (m, 20, arom HI; bC -1.3 (TMS C), 25.0,27.2 
(Me), 32.3 (CJ, 63.3 (CJ, 77.4 and 80.4 (C, and C3), 86.9 (CPh3), 
107.6 ( m e z ) ,  126.4 (PhS CJ, 127.1 (Tr C,), 127.9 (Tr CJ, 128.9 
(PhS Cm), 129.0 (Tr Cm), 130.8 (PhS Co), 136.5 (PhS C A ,  144.1 
(Tr Ci 1. Anal. Calcd for C3SH4003SSi (568.82): C, 73.34; H, 
7.09. ~ o u n d  C, 73.49; H, 7.09. rac-llb (lR*,2R*,3R*): mp 
110.5-112 OC (pentane). 
(1RS ,25,35)-1-0 -Acetyl-l-(phenylthio)-2,3-0 -iso- 

propylidene-4-O-(triphenylmethyl)erythritol (13a). To a 
solution of sulfide llb (404 mg, 0.71 mmol) in CHzClz (3.5 mL), 
stirred under argon at -78 "C, was added m-CPBA (90%, 144 mg, 
0.75 mmol) in CH2Clz (2.1 mL). After 45 min at -78 "C the 
mixture was diluted with CHzClz (40 mL) and washed with 
aqueous NaHC03 and with water. The solvent was evaporated, 
and the reaidue was treated with anhyd AcONa (87 mg, 1.04 "01) 
and with Ac20 (4 mL). The mixture was stirred at 58 "C for 2 
h, cooled, and diluted with toluene (20 mL). The solvent was 
removed in vacuo, and the residue was diluted with toluene (20 
mL), filtered, and evaporated. The residue was filtered through 
SiOz (10 g, toluene) to give acetate 13a (257 mg, 65%) as a mixture 
of diastereomers in a 91:9 ratio (NMR): IR (fh) 1755 and 1215 
(acetate) cm-'; NMR, major diastereomer, b~ 1.36 and 1.51 (2 8, 
3 and 3, acetonide CH3), 1.97 (s,3, CH3CO), Ci,), (d, 2, J = 5.0 

6.3 Hz, C3 H), 6.08 (d, 1, J = 7.1 Hz, C1 HI, 7.2-7.5 (m, 20, mom 
H); minor diastereomer, 1.26 (a), 1.42 (a), 1.82 (a), 6.0 (d, J = 6.1 
Hz); 6c (major diastereomer) 20.8 (CH3CO), 25.4 and 27.0 (CH3C), 
62.7 (C4), 76.5 and 77.3 (Cz and C3), 87.1 (CPh3), 109.5 (CMez), 
127.2 (Tr C,), 128.0 (Tr CJ, 128.5 (PhS C,), 129.0 (TT Cm), 129.1 
(PhS C,,,), 131.1,133.9 (C1, PhS C A ,  144.0 (TT C , 169.1 (CO). 

Found C, 73.37; H, 5.99; S, 5.47. 
(25,35 )-2,3- 0 -1sopropylidene-4- 0 -(triphenylmethyl)- 

erythrose (1). (a) Via Acetal 13a. To a solution of acetate 13a 
(65 mg, 0.162 mmol) in CH2Clz (1.5 mL) was added DIBALH (1 
M in hexane, 0.4 mL) at -78 OC. After 1 h at -78 "C the reaction 

H); bc -1.7 (TMS C), 21.0 (CH,CO), 64.9 (Cl), 74.8 (Cz), 86.4 
(CPhS), 127.1 (C,), 127.9 (Co), 128.8 (C,), 132.9 (C4), 140.8 (C3), 

(C 3.47); NMR b H  0.18 ( ~ , 9 ,  TMS H), 2.45 (d, 1, J = 6.5 Hz, Cs 
OH), 2.50 (d, 1, J = 5.3 Hz, Cz OH), 2.95 (d, 1, J = 3.7 Hz, C1 

(C4), 71.3 and 75.5 (Cz and C3), 87.0 (CPhS), 126.2 (PhS C,), 127.3 

oil: [LT]~D -17.3' (C 4.81); NMR b~ 0.03 (8,9, TMS H), 1.35 and 
1.45 (2 8, 3 and 3, CH3), 2.59 (d, 1, J = 8.3 Hz, C1 H), 3.06 (dd, 

4.19 (ddd, 1, J = 4.8,4.8,6.2 Hz, C3 H), 4.43 (dd, 1, J = 6.2,8.3 

Hz,C4H),4.26(dd,l, J=6.3,7.1Hz,CzH),4.38(dt , l ,  J=5 .0 ,  

Anal. Calcd for C34H3406S (554.67): C, 73.62; if? 6.1s; S, 5.78. 

mL) and toluene (40 mL) were added. Workup and chroma- 
tography of the crude product (SiOz, 17 g, ligroin-toluene) gave 
vinylsilane 9a (542 mg, 70%) aa a colorless oil: NMR b~ (500 
MHz) 0.06 (s,9, TMS H), 0.11 (s,9, TMSO H), 3.00 (dd, 1, J = 
5.5,g.l Hz, C1 Ha), 3.11 (dd, 1, J = 6.5,g.l Hz, C1 Hb), 4.25 (m, 

18.7 Hz, C1 H), 7.20-7.50 (m, 15, a" H); (125 MHz) -1.4 (TMS 
1, Cz H), 5.91 (dd, 1, J = 1.2,18.7 Hz, Cz H), 6.02 (dd, 1, J = 5-19 

C), 0.3 (TMSO C), 68.0 (CJ, 74.7 (Cz), 86.4 (CPha), 126.9 (C,), 
127.7 (Co), 128.8 (C,), 130.4 (C4), 144.2 (Ci ), 146.1 ('23). Anal. 
calcd for c d , o g i ,  (474.77): C, 73.36; H, fi. ~ound:  C, 73.25; 
H, 8.26. 

(E)- 1- O-(Triphenylmethyl)-4-(trimethylsilyl)but-3-ena 
1J-diol(9b). Silyl ether Sa (103 mg, 0.22 "01) in toluene (0.5 
mL) was treated with HC104 [I  mL of a solution prepared from 
70% aqueous HC104 (0.1 mL) and MeOH (100 mL)]. After 1 min 
the reaction was quenched with aqueous NaHC03 (0.1 mL). 
Workup gave alcohol 9b (87 mg, 100%): IR (film) 3600 and 3460 
(OH) cm-l; NMR bH (500 MHz) 0.06 (8, 9, TMS H), 2.40 (d, 1, 
J = 4.3 Hz, OH), 3.13 (dd, 1, J = 7.1,9.3 Hz, C1 Ha), 3.22 (dd, 
1, J = 3.8,9.3 Hz, C1 Hb), 4.26 (m, 1, Cz HI, 5.97 (dd, 1, J = 1.6, 
18.8 Hz, C4 H), 5.99 (dd, 1, J = 5.0, 18.8 Hz, C3 H), 7.22-7.47 (m, 
15, a" H); 6c (125 MHz)  -1.4 (TMS C), 67.2 C1), 73.4 (CJ, 86.7 

144.5 (CJ. Anal. Calcd for C&IsoOgi (402.59): C, 77.57; H, 7.51. 
Found C, 77.34; H, 7.41. 
Asymmetric Epoxidation of rac-9b To Give (25)-(E)-4- 

(Trimethylrily1)-l- 0 -(triphenylmethyl)but-3-ene-lJ-diol 
[ (5)-9b] and (25,3S ,45 )-3,4-Epoxy-&(trimet hylsily1)- 1- 
O-(triphenylmethy1)butane-l&diol (the Erythro Isomer) 
(loa). To a suepension of powdered and freshly activated mo- 
lecular eeivea 4A (576 mg) in anhyd CHZCl2 (10 mL), stirred under 
argon at -20 'C, successively were added Ti(Oi-Pr)4 (0.49 mL, 
1.64 mmol), L-(+)-DIPT (0.42 mL, 1.97 mmol), (after 10 min) 
allylic alcohol 9b (644 mg, 1.60 mmol) in CHzClz (10 mL), and 
(after subsequent 10 min) TBHP (3.5 M in toluene, 0.69 mL, 2.4 
mmol). The mixture was stirred at -20 "C for additional 1 h and 
was set aside in a freezer (-22 "C) for 6 h. Saturated aqueous 
NazS04 (1.6 mL) and ether (3 mL) were then added, and the 
mixture was stirred at rt for 30 min. Solid anhydrous NazSO4 
(0.5 g) was added, and stirring was continued for 15 min. The 
precipitate was filtered through a pad of Celite, and the pad was 
washed with toluene (50 mL). The solvent was removed in vacuo, 
and the residue was chromatographed @ioz, 10 g, toluenmtone) 
to give 

spectroscopic data as described for 9b. 

3470 (OH) cm-l; NMR SH (500 MHz) 0.014 (e, 9, TMS H), 2.22 

(dd, 1, J = 3.6,4.2 Hz, C3 H), 3.26 (dd, 1, J = 4.8,9.5 Hz, C1 Ha), 
3.30 (dd, 1, J = 5.6,9.5 Hz, C1 Hb), 3.88 (m, 1, Cz H), 7.2-7.5 (m, 
15, arom H); bc (125 MHz)  -3.7 (TMS C), 48.3 (CJ, 56.3 (CJ, 65.2 

(Ciw). Anal. Calcd for C1BH3003& (418.59): C, 74.60; H, 7.22. 
Found C, 74.49; H, 7.20. 
(25,35,45 )-2- 0 -Acetyl-3,4-epoxy-4-(trimethylsilyl)- 1- 

O-(triphenylmethy1)butane-1J-diol (lob). A mixture of al- 
cohol 10a (36 mg), pyridine (0.03 mL), AczO (0.03 mL), DMAP 
(2 mg), and CHzCIP (0.5 mL) was stirred for 1 h. Workup gave 
acetate 10b (36 mg, 91%): [aI2OD -10.8O (c 4.39); IR (film) 1750 
and 1230 (acetate) cm-l; NMR 8~ 0.03 (s,9, TMS H), 2.11 (a, 3, 

Hz, C3 H), 3.28 (dd, 1, J = 3.9, 10.1 Hz, C1 Ha), 3.33 (dd, 1, J = 
5.9,lO.l Hz, Cl Hb), 5.01 (m, 1, Cz H), 7.1-7.5 (m, 15, arom H); 

(Cipo), 170.2 (CO). Anal. Calcd &r C&3z04Si (460.63): C, 73.00; 
H, 7.00. Found C, 73.08; H, 7.14. 'H NMR with (+) -E~(hfc)~  
indicated 297% ee. 
(25)-(E)-2-O-Acetyl-4-(trimethylsilyl)-l-~-(t~phenyl- 

methyl)but-3-ene-1,2-diol [(S)-9c]. Alcohol (S)-Sb (41 mg) was 
acetylated in a similar way as described above to give acetate 

1240 (acetate) cm-l; NMR b H  0.06 (8, 9, TMS H), 2.13 (8,  3, 
CH3CO), 3.12 (dd, 1, J = 4.2,9.7 Hz, C1 Ha), 3.21 (dd, 1, J = 6.8, 
9.7 Hz, C1 Hb), 5.51 (m, 1, Cz H), 5.93 (dd, 1, J = 4.1, 18.8 Hz, 

(CPhJ, 127.1 (CJ, 127.9 (CJ, 128.7 (C,), 131.2 (CJ, 143.8 ( C i d ,  

(1) Allylic alcohol (S)-9b (301 mg, 47%): [a]"~-3.1~ (C 1.59); 

(2) Epoxide 10a (317 mg, 47%): [aIm~-3.9' (C 4-60]; IR (film) 

(d, 1, J = 3.2 Hz, OH), 2.34 (dd, 1, J = 0.4, 3.6 Hz, C4 H), 2.98 

(Cl), 70.1 (Cd, 86.9 (CPhs), 127.1 (C ), 127.9 (CJ, 128.6 (C,), 143.7 

CH,CO), 2.28 (d, 1, J = 3.4 Hz, C4 H), 2.92 (dd, 1, J 3.4, 5.2 

6c -4.0 (TMS C), 20.8 (CHSCO), 49.6 (C4), 53.9 (C&, 63.2 (Cl), 
73.1 (Cz), 86.7 (CPhS), 127.2 (C ), 128.0 (Co), 128.8 (Cm), 143.9 

(S)-9C (46 mg, 100%): [ C Y ] ~ D  -2.0' (C 4.64); IR (film) 1750 and 



Synthesis of Tetrose Derivatives via a,&Epoxysilanes 

was quenched with saturated aqueous Na.$04 (0.2 mL), and the 
mixture was allowed to warm to rt. Solid anhyd Na804 (200 mg) 
was added, and the mixture was set aside for 30 min and then 
diluted with toluene (10 mL) and filtered through a pad of Celite. 
The solvent was removed, and the reaidue was chromatographed 
@ioz, 1.5 g, 100-200 mesh, toluene) to give aldehyde 1 (37 mg, 
79%): mp 119.5-121 OC (acetone-hexane); [aImD -88.6O (c 2.10); 
IR (film) 2820 and 2720 (HCO), 1735 (CO) cm-'; NMR b~ 1.42 
and 1.72 (2 s, 3 and 3, acetonide CH3), 2.97 (dd, 1, J = 3.0,10.5 
Hz, C4 Ha), 3.44 (dd, 1, J = 3.7, 10.5 Hz, C4 Hb), 4.42 (dd, 1, J 

(m, 15, mom H), 9.66 (d, 1, J = 1.9 Hz, C1 H); bC 24.8 and 26.7 
(Me), 61.3 (C4), 77.8 (C3), 80.7 (Cz), 87.4 (CPh3), 110.9 (Me2C), 
127.3 (CJ, 128.0 (CJ, 128.8 (Cm), 143.8 ( C d ,  200.0 (CHO). Anal. 
Calcd for C&I,O, (402.57): C, 77.59; H, 6.51. Found C, 77.58; 
H, 6.58. 

(b) Via Acetal 13b. To a solution of sulfide rac-llb (182 mg, 
0.32 "01) in CHzC12 (7 mL), stirred under argon at -78 OC, was 
added m-CPBA (90%, 64 mg, 0.33 "01) in CHZCl2 (3 mL). After 
3 h at -78 OC, anhyd NazC03 (40 mg) was added, the mixture was 
allowed to warm to rt, and then it was diluted with CHzClz (20 
mL) and washed successively with 1 M aqueous NaOH, water, 
and brine. The solvent was removed in vacuo, and the residue 
was diluted with toluene (3 mL) and stirred at 60 OC for 2 h. The 
solution was cooled and treated with HC104 in MeOH (1 mL of 
a mixture: 0.1 mL of 70% aqueous HC104 and 100 mL of MeOH). 
After 1.5 min, 1 M NaOH (1 mL) was added. The mixture was 
diluted with toluene (25 mL) and washed successively with 1 M 
NaOH, water and brine. The solvent was removed, and the crude 
product was chromatographed (SOz, lg,  hexane-toluene) to give 
aldehyde rac-l(106 mg, 82%): mp 131-133 OC (acetone-hexane). 
The IR and NMR spectra of this product are identical with those 
of the product described under a. 

(2R ,3S)-2,3- 0 -1sopropylidene-4- 0 -(triphenylmethyl)- 
threose (2). (a) Via Acetal 13a. A mixture of acetate 13a (30 
mg, 0.075 mmol), anhyd K2C03 (28 mg, 0.28 mmol), and MeOH 
(1 mL) was stirred for 21 h and then diluted with toluene (15 mL) 
and washed with 0.5 N aqueous NaOH. Workup and chroma- 
tography of the crude product @ioz, 100-200 mesh, 0.5 g, tolu- 
ene-acetone) gave aldehyde 2 (15 mg, 69%) as colorlees oil: [aImD 
-3.3O (c 2.09); IR (fii) 2800 and 2720 (HCO), 1740 (CO) cm-l; 
NMR b~ 1.42 and 1.49 (2 s, 3 and 3, acetonide CHJ, 3.34 (m, 2, 
C4 H), 4.26 (m, 2, C2 and C3 H), 7.1-7.6 (m, 15, arom H), 9.75 (d, 
1, J = 1.4 Hz, C1 H); bC 26.2 and 26.7 (Me), 64.0 (C4), 76.2 (C3), 
82.6 (CJ, 87.1 (CPh3), 111.7 (CMe,), 127.3 (CJ, 128.0 (CJ, 128.8 
(C3,143.8 ( C A ,  200.5 (CHO). AnaL Cald for C&,04 (402.47): 
C, 77.59; H, 6.51. Found C, 77.35; H, 6.55. 

(b) Via Acetal 13b. To a solution of sulfide rac-llb (150 mg, 
0.264 mmol) in CHZCl2 (6 mL), stirred under argon at  -78 OC, 
was added m-CPBA (90%, 55 mg, 0.29 "01) in CHzClz (1.4 mL). 
After 1 h at -78 "C, the mixture was diluted with CHZCl2 (20 mL) 
and was washed successively with 1 M aqueous NaOH, water, and 
brine. The solvent was removed in vacuo, and the residue was 
diluted with toluene (5 mL) and stirred at 60 OC for 2 h. After 
cooling, the solvent was removed in vacuo. The residue was 
diasolved in MeOH (5 mL), and anhyd KzC03 (41 mg, 0.3 mmol) 
was added. The mixture was stirred for 16 h, and then it was 
diluted with toluene (30 mL) and washed successively with 1 M 
NaOH, water, and brine. The solvent was removed, and the crude 
product was chromatographed @ioz, 1 g, toluene-awtone) to give 
aldehyde rac-2 (90 mg, 85%) as colorlees oil. The IR and NMR 
spectra of this product are identical with those of the product 
described under a. 

(2R ,3R ,4R )-3,4-Epory-4-(trimethylsilyl)- 1- 0 -(tri- 
phenylmethy1)butane-12-diol (l4a) and (2R,3S,4S)-3,4-Ep 
o.y-4-(trimethylrilyl)-l- 0-( triphenylmethyl) butane-1 f-diol 
(l6a). Epoxidation of (S)-Sb with TBHP-VO(acac)2. To a 
solution of allylic alcohol (S)-9b (666 mg, 1.66 mmol) in toluene 
(1 mL) were added VO(acac), (56 mg, 0.21 "01) and TBHP (3.5 
M in toluene, 1.2 mL, 4.2 mmol). The mixture was stirred for 
2 h, and then it was diluted with toluene (50 mL) and washed 
with saturated aqueous NazS03 and brine. The solvent was 
removed in vacuo, and the residue was chromatographed (Si02, 
10 g, toluene-acetone) to give the following: 

1.9,8.1 Hz, C2 H), 4.51 (ddd, 1, J 3.3,3.3,8.1 Hz, C3 H), 7.1-7.5 
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1. (2R,3R,4R) (erythro) epoxide l4a (396.7 mg, 57%): [a]:. 
+3.9O (c 4.58). NMR spectra of this product are identical wlth 
those of loa. 

2. (m,S,4s) (thre0) epoxide 1 k  (93.3 mg, 13%): [alm~-17.6O 
(C 3.62); NMR 6~ (500 MHz) 0.05 ( ~ ~ 9 ,  TMS H), 2.22 (d, 1, J 
6.3 Hz, OH), 2.67 (d, 1, J = 3.6 Hz, C4 H), 2.98 (dd, 1, J = 3.6, 
4.4 Hz, C3 H), 3.27 (d, 2, J 5.4 Hz, C1 H), 3.65 (ddt, 1, J = 4.4, 

(C41957.0 (C3),65.6 (Ci), 71.7 (CJ, 86.9 (CPhS), 127.3 (C ), 128.0 
5.4,6.3 Hz, Cz H), 7.2-7.5 (m, 15, arom H); bc -3.9 (TMS C), 48.2 

(CJ, 128.8 (C,J,144.0 ( C d .  AnaL Calcd for C&mO#i 4418.69): 
C, 74.60; H, 7.22. Found C, 74.60, H, 7.49. 
(2R *,3R *,4R *)-3,4-Epoxy-4-(trimethylrilyl)-l-O -(tri- 

phenylmethyl)butane-1,2-diol ( r a c - l 4 a )  a n d  
(2R *,3S *,4S *)-3,4-Epoxy-4-(trimethylrilyl)-l-O - ( t r i -  
phenylmethyl)butane-l,2-diol (me- lk ) .  Epoxidation of Sb 
with m-CPBA Olefin rac-Sb (45 mg, 0.11 "01) in CHZClz (0.5 
mL) was treated at -20 "C with m-CPBA (90%, 32 mg, 1.65 mol)  
in CHzClz (0.75 mL). The mixture was stirred at  -20 to -15 OC 
for 5 h and left aside at  -10 OC for 44 h. Workup and chroma- 
tography @ioz, 2 g, toluene-acetone) of the crude product gave 
a mixture of epoxides rac-14a and rac-16a (33 mg, 72%) in a k1.2 
ratio and unreacted olefin rac-9b (9 mg, 20%). 

(2R *,3R *,4R*)-3,4-Epoxy-2- 0 ,Gbis( trimethylsily1)-l- 0 - 
(triphenylmethyl)butane-1,2-diol ( r a c - l l b )  a n d  
(2R *,3S *,4S *)-3,4-Epoxy-2-0,4-bis(trimethylsily1)-1- 0 - 
(triphenylmethyl)butane-l,24iol (rac-l5b). Epoxidation of 
Sa with m -CPBA. A mixture of m-CPBA (90%, 105 mg, 0.55 
mmol), Na2HP04 (101 mg, 0.7 mmol), and CHzClz (0.5 mL) was 
stirred for 30 min, whereupon it was cooled to 0 OC, and olefin 
Sa (183 mg, 0.39 mmol) in CHPClz (1.5 mL) was added. The 
mixture was stirred a t  0 OC for 6 h and set aside at 0 OC for 18 
h. Workup and chromatography of the crude product @ioz, 2 
g, ligroin-toluene) gave erythro epoxide 14b (55 mg, 30%), threo 
epoxide 15b (78 mg, 43%), and unreacted olefin Sa (46 mg, 25%). 

14b (erythro): NMR b H  0.04 ( ~ , 9 ,  TMS H), 0.14 ( ~ , 9 ,  TMSO 
H), 2.21 (d, 1, J = 3.4 Hz, C, H), 2.89 (dd, 1, J = 3.5,5.0 Hz, C3 
HI, 3.16 (dd, 1, J = 4.7,9.4 Hz, C1 Ha), 3.23 (dd, 1, J = 6.0,9.4 
Hz, C1 Hb), 3.75 (q, 1, J = 5.2 Hz, C2 H), 7.2-7.6 (m, 15, arom 
H); bc -3.9 (TMS C), 0.04 (TMSO C), 48.7 (C4), 56.5 (C3), 66.8 
(CJ, 74.2 (CJ, 86.6 (CPha, 127.1 (C , 127.9 (CJ, 128.9 (C,), 144.3 
(Ciw). Anal. Calcd for Cz$Iw03 d iz (490.77): C, 70.97; H, 7.80. 
Found: C, 71.10; H, 8.02. 

15b (threo): NMR 8~ 0.01 (8, 9, TMS H), 0.12 (s, 9, TMSO 

H), 3.11 (dd, 1, J = 5.2,9.4 Hz, C1 Ha), 3.15 (dd, 1, J = 5.9,9.4 
Hz, Cl Hb), 3.40 (9, 1, J = 5.8 Hz, C2 H), 7.2-7.5 (m, 15, arom 

(Ciw). Anal. Calcd for Cz$Is03di2 (490.77): C, 70.97; H, 7.80. 
Found: C, 70.82; H, 8.01. 

( 1R ,2R ,3R )- 1- (Phenylt hio)- 1-(trimethylsily1)-4- 0 -(tri- 
phenylmethyl)butane-2,3,4-triol (16a). A mixture of epoxy 
alcohol 16a (330 mg), benzenethiol(O.5 mL), and silica gel (515 
mg) was set aside for 24 h. Workup as described above for a 
similar reaction gave adduct 16a (380 mg, 91%): mp 137-139 OC 
(acetone-hexane); [ a I m ~  -28.6O (c 2.76). The NMR spectra of 
this product are identical with those of 1 la. 
(1R~R,3R)-l-(Phenylthio)-2,3-O-isopropylidene-l-(tri- 

met hy lsily 1)-4- 0 - (tripheny lmet hyl)butane-2,3,4-triol(16b). 
A mixture of diol 16a (339 mg), 2-methoxypropene (0.17 mL), 
PPTS (6 mg), and CHzClz (4 mL) was stirred for 3.5 h. Workup 
gave acetonide 16b (365 mg, 100%) as colorless oil: [almD +17.4O 
(c 3.63). NMR spectra of this product are identical with those 
of l lb .  

(1RS ,2R ,3R)-1-0  -Acetyl-l-(phenylthio)-2,3-0-iso- 
propylidene-rt-O-(triphenylmethyl)erytMto1(17). A solution 
of 16b (323 mg, 0.57 mmol) in CH2Clz (3 mL) was treated with 
m-CPBA (90%, 114 mg, 0.59 mmol) in CHzC12 (1.7 mL) at -78 
OC for 45 min. Workup gave crude sulfoxide which was treated 
with anhyd AcONa (73 mg) and AczO (3 mL) at  58 OC for 2 h. 
Workup and chromatography (SO2, 7 g, toluene) of the crude 
product gave acetal 17 (212 mg, 67%) as a mixture of diaste- 
reomers in a 9 1  ratio. The NMR spectra of this product are 
identical with those of 13a. 
(25,3R)-2,3-O-Isopropylidene-4-0 -(triphenylmethyl)- 

threose (4). A mixture of thioacetal 17 (55 mg, 0.10 mmol), anhyd 

H), 2.21 (d, 1, J 3.6 Hz, C4 H), 2.94 (dd, 1, J = 3.6,6.5 Hz, Cs 

H); bc -3.8 (TMS C), -0.1 (TMSO C), 48.7 ((24). 58.3 (C3), 66.4 
(CJ, 75.4 (CJ, 86.8 (CPh,), 127.2 (C 1,127.9 (CJ, 128.9 (CJ, 144.2 
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KzCO3 (35 mg, 0.25 mmol), and MeOH (1.5 mL) was stirred for 
19 h. The product was isolated in the usual way and chroma- 
tographed @ioz, 1.5 g, 100-200 mesh, toluene-acetone) to give 
aldehyde 4 (34 mg, 85%) as colorless oik [a]'$ +3.5" (c 2.14). 
NMR spectra of this product are identical with those of 2. 
(2R,3R)-2,3- 0 -1eopropylidene-4- 0 -(triphenylmethyl)- 

erythrose (3). A solution of thioacetal 17 (152 mg, 0.274 "01) 
in CHzClz (2 mL) was treated with DIBALH (1 M in hexane, 0.9 
mL) at -78 "C for 1 h. Workup and chromatography of the crude 
product @ioz, 2 g, toluene) gave aldehyde 3 (74 mg, 67%): mp 
120-122 OC (acetonehexane); [a]lgD +87.5" (c 2.08). The NMR 
spectra of this product are identical with those of 1. 
(2R,3R)-L,l-Bis(phenylthio~butane-2,3,4-triol Triacetate 

(18). (a) From D-(-)-Erythrose (19). A mixture of D-(-1- 
erythrose (88 mg), benzenethiol(O.5 mL), and concd HCl(O.5 mL) 
was stirred for 18 h. Solid CaC03 was added, and the mixture 
was diluted with MeOH (10 mL) and filtered. The filtrate was 
evaporated in vacuo. The residue was washed with hexane and 
dried whereupon it was treated wit pyridine (1 mLJ, AqO (1 mL), 

and DMAP (10 mg) for 30 min. Workup and chromatography 
(SiOz, 5 g, toluene-acetone) gave the derivative 18 (76 mg) as 
colorless oik [a]"D +58.5" (c 1.91); IR (film) 1755 and 1220 
(acetate) cm-'; NMR b~ 1.93, 2.00, and 2.01 (3 a, 3 each, CH3), 
4.16 (dd, 1, J = 4.8,12.5 Hz, C4 Ha), 4.34 (dd, 1, J = 2.7,12.5 Hz, 

H), 5.59 (ddd, 1, J = 2.7,4.8,7.6 Hz, C3 H), 7.2-7.6 (m, 10, arom 
H); bc 20.25, 20.36,20.46 (Me), 61.3,61.8 (Cl, C4), 70.5, 72.4 (Cz, 

(Ciw), 169.7, 170.7 (CO). Anal. Calcd for CzzHz406Sz (448.53): 
C, 58.91; H, 5.39; S, 14.30. Found C, 59.13; H, 5.47; S, 14.16. 

(b) From Compound 3. A mixture of aldehyde 3 (47 mg), 
benzenethiol(O.25 mL), and concd HCl(0.25 mL) was stirred for 
14 h and worked up as described above. The crude product was 
treated with pyridine (0.2 mL), AqO (0.2 mL), and DMAP (3 mg) 
for 2 h. Workup and chromatography @ioz, 1 g) of the crude 
product gave acetal 18 (40 mg, 76%) as colorless oil: [a]'$ + 63.1" 
(c 2-06), showing the same spectral properties as the product 
described under a. 

Cd Hb), 4.50 (d, 1, J = 3.4, C1 H), 5.50 (dd, 1, J = 3.4,7.6 Hz, Cz 

C3), 128.3, 128.5 (CJ, 129.2 (Cm), 132.8, 133.7 (Co), 133.8, 134.5 
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[ (Trimethylsilyl)propargyl)]diisobutyltelluronium bromide (l), after being treated with alkyl- or aryllithium 
reagent, undergoes a lithium-tellurium exchange reaction via an unstable transient tetraorganyltellurium in- 
termediate, and the in situ generated lithium species reacts with carbonyl compounds to give (trimethylsily1)- 
propargyl alcohols 2 in high yields with high regioseledivity. However, when the telluronium salt 1 was treated 
with nonnucleophilic basea such as LDA or lithium 2,2,6,6tetrmethylpiperidide, the moderately stabilized silylated 
telluronium ylide formed. The silylated telluronium ylide reacted with carbonyl compounds to afford (tri- 
methylsily1)alkynyl epoxides ll in good to excellent yields with high cis stereoselectivity. 

Recently there has been a remarkable interest in the 
synthetic application of organotellurium reagents.' With 
the development of sulfonium, sulfoxonium, and seleno- 
nium ylides? the application of several stabilized and 
moderately stabilized telluronium ylides in organic syn- 
thesis has been de~cribed.~ In our previous paper, we 
found that diphenyltelluronium methylide-the first 
nonstabilized telluronium ylide generated from methyl- 
diphenyltelluronium tetraphenylborate-reacted with al- 
dehydes or ketones to form substituted oxiranes.4 How- 
ever, the reactions of trimethyl- and methyldiphenyl- 
telluronium salts (precursors of nonstabilized telluronium 
ylides) with aromatic aldehydes gave secondary alcohols 
with the use of alkyl- or aryllithium reagent.5 Later, we 
reported that the reactions of carbonyl compounds with 
benzyldibutyltelluronium bromide (precursor of semista- 
bilized telluronium ylide) and dibutyl(cyanomethy1)- 
telluronium chloride (precursor of stabilized telluronium 
ylide) afforded homobenzylic alcohols and &hydroxy ni- 
triles respectively promoted by alkyl- or aryllithium 

'This paper is the 100th report on the application of elemen- 
toorganic compounds of 15th and 16th groups in organic synthesis. 
For the 99th report and preliminary communication, see: Zhou, 2. 
L.; Huang, Y. Z.; Shi, L. L. J.  Chem. Soc., Chem. Commun. 1992,986. 
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reagent6 However, no report concerning the synthesis and 
reactions of a silylated telluronium ylide has appeared in 
the literature. We wish to report herein that reactions of 
carbonyl compounds with [ (trimethylsilyl)propargyl]di- 
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