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Hetero-Diels-Alder Reaction with Thiazolyl Oxabutadienes-Model Studies 
Toward the Synthesis of Directly Linked C-Disaccharides** 

Alessandro Dondoni,* Ladislav Kniezo, Miroslava Martinkova, and Jan Imrich 

Abstract: A method for the construction 
of substituted pyranoses by means of the 
hetero-Dicls-Alder (HDA) reaction of 
ethyl vinyl ether with 1 -oxabuta-l,3-di- 
enes bearing a thiazolyl ring at C-2 is de- 
scribed. The cycloaddition with 1 -(thia- 
zol-2-yl)-2-penten-l -one (2) occurred with 
good cwdo/e.xo selectivity to give cis- and 
triins-3,4-dihydro-2H-pyrans 3a and 3 b 
in a ca. 9:  1 ratio and 91 '%I overall yield. 
The elaboration of 3a through the conver- 
sion of the thiazole ring into the formyl 
group and reduction of the latter to alco- 
hol, followed by hydroxylation of the 

doublc bond through hydroboration- ox- 
idation led to the ethyl 2.3-didcoxypyra- 
noside 8. The asymmetric version of this 
synthetic sequence started from the HDA 
cycloaddition of the same alkene with the 
chiral oxabutadiene 10 bearing the D- 

galacto-pentopyranosid-5-yl moiety at  
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C-3. This reaction afforded a mixture of 
the four diastereomeric cycloadducts- 
3,4-dihydro-2H-pyrans 11 a,b and 12a,b- 
in 97% overall yield. The reaction was 
moderately rrzdo and face selective. A high 
level of endo selectivity (96%) was ob- 
tained by the use of catalytic Eu(fod), . The 
elaboration of the endo cycloadducts 11 a 
and 12a by the same synthetic sequence as 
that developed for 3a (i.e. thiazolyl-to- 
formyl conversion and hydroxylation of 
the double bond) gave the uncommon C- 
disaccharides IS and 16 featuring two di- 
rectly linked pyranose rings. 

Introduction 

Of the numerous types of the hetero-Dieis-Alder (HDA) reac- 
tions generated through structural and heteroatom variations in 
the cycloaddition partners,['] that involving substituted l-oxa- 
1,3-butadienes and electron-rich alkenes appears to be one of 
the more useful combinations for the de novo synthesis of C~T- 
bohydrates.12' The endo/exo selectivity of the concerted cycload- 
dition and the asymmetric induction associated with the use of 
chiral substrates or catalysts determine the relative and absolute 
configuration at the newly formed stereocenters in the resulting 
3,4-dihydro-2H-pyrans. This synthetic approach to pyranoid 
systems has been studied under various conditions by Boger,[j] 
Tietze,141 and Schmidt,[5J and their co-workers. Particular atten- 
tion has been focused on the enrlolexo selective control by Lewis 

acids and, quite recently, on the internal asymmetric induc- 

We report here our results on the HDA-based approach to 
pyranoses using l-oxa-1,3-butadienes bearing the thiazolyl ring 
at  C-2 and on the application of this method to the synthesis of 
modified disaccharides with the two pyranose units directly 
joined by a carbon-carbon bond. The development of a syn- 
thetic route to this uncommon class of C-disaccharidesr6I by the 
stereocontrolled construction of a second sugar moiety on an 
existing one is in fact the main objective of this research. The 
inhibitory activity that modified disaccharides might exert on 
carbohydrate-based metabolic processes has provided a strong 
impetus in recent years for the synthesis of various types of 
C-disac~harides[~J with different tethers between the two sugar 
moieties."] 

tion,[4cs dl 
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Various 1 -oxa-l,3-butadienes activated by electron-withdraw- 
ing groups at  C-2 or C-3 have been described as convenient 
partners in HDA-based routes to pyrano~es . [~ ,  4, 'I Our ap- 
proach relies on the use of derivatives bearing the thiazole ring 
at (2-2. This heteroaromatic system not only serves as a masked 
formyl group equivalent that tolerates harsh reaction conditions 
and can be further elaborated at  a later stage in the reaction,"'] 
it is also expected to activate the heterodiene, owing to its elec- 
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tron-withdrawing character.[' The access to various oxadicnes 
with C-4 substitution appeared to be secured through the Wittig 
olefination of suitable aldehydes with the thiazole-substituted 
phosphorous carbonyl ylide I ,  a readily available reagent, which 
can be prepared in multigram scale and storcd for long periods 
at room temperature without appreciable decomposition.[' 

The initial HDA reactions were carried out with the thiazolyl 
pentenone 2, which was prepared in 86 % yield from propanal 
and the ylidc 1 (Scheme 1). The ( E )  selectivity of this olefination 

Et-CHO CH,=CH-OEt 
b 

0 a,o Et 

1 2 

Fortunately, the captodative double bond rcmaincd intact. 
Thus, the methylation of 3a with methyl triflate and reduction 
with sodium borohydride"'] gave the 3,4-dihydro-2H-pyran 
dcrivativc 4 bearing the N-methylthiazolidine ring at C-6 in very 
good yicld (Scheme 2). This compound was then transformed 

Me 

NaBH, 

91% 

HgCI2 -H,O 

91% 
Et Et 

4 5 

3a - 
89% 

R O T E t  BH,.SMe, - A c O T  

68% RO"' 
i t  i t  

AC?O, r 6 R = H  AC,O, r 8 R =  H 
Pyridine -- 7 R =Ac Pyridine - 9 R =Ac 

94% 93% 

Scheme 2.  Hydroxylation at C-5. 

3a 3b 

Scheme 1. a) No catalyst, 8 d,  70;C: 3a + 3 b  (9:l) .  91%. h) LICIO,. 1 X  h, RT: 
3a + 3 b  (2.3:l) .  

reaction matches earlier reactions of 1 with other alde- 
hydes,rl'"Z1 The cycloaddition of 2 with neat ethyl vinyl ether 
in sealed tube at 70 "C occurred with good endolexo selectivity 
to give, after 8 days, the cis and trans 2,4-disubstituted 3,4-dihy- 
dro-2H-pyrans 3a and 3b in 9:l ratio (analysis by ' H N M R  
spectroscopy). The cycloadduct 3a was isolated by chromato- 
graphy in 70% yield, while 3b could not be obtained as pure 
material. The cycloaddition appeared to be considerably accel- 
erated by the presence of 1 equiv of lithium perchl~ra te"~ .  14] to 
give, after 18 hours at room temperature, a mixture of 3a and 
3b in a ratio of 2.311, as shown by 'HNMR analysis.["] The 
structural assignment of these cycloadducts by 'H N M R  spec- 
troscopy relied mainly on the analysis of the H-2 and H-4 sig- 
nals. In the cis cycloadduct 3a, the H-2 signal exhibits a rather 
large coupling constant with the H-3,, ( J  = 8.2 Hz) and a small 
one with the H-3,, ( J  = 2.1 Hz). Similarly, the H-4 signal shows 
a large ( J  = 9.3 Hz) and a small coupling constant ( J  = 6.6 Hz) 
with H-3,, and H-3,, , respectively. These data indicate a prefer- 
ence for the half-chair conformation with equatorial ethoxy and 
cthyl groups. On the other hand, the H-2 signal of the frans 
isomer 3b exhibits coupling constants J = 2.6 and 5.4 Hz with 
H-3,, and H-3,,, respectively; the values for the coupling of H-4 
with the same protons are J = 4.5 and 7.7 Hz. A distortion from 
the half-chair conformation appears to be very likely for this 
isomcr. 

We next examined the hydroboration of the double bond of 
3a with the aim of achieving the stereoselective hydroxylation at 
C-5. Attempts hydroboration with BH,.SMe, or BH;THF 
complexes were unsuccessful. We therefore proceeded with the 
unmasking of the formyl group from the thiazole ring, although 
we wondered whether this operation might be accompanied by 
the reduction of the double bond of the dihydropyran ring.[''] 

into the aldehyde 5 by mercuric chloride assisted hydrolysis of 
the thiazolidine ring.[9a1 The reduction of the formyl group of 5 
afforded the alcohol 6, which was acetylatcd to give the acetate 
7 (69 O/O isolated yield from 3a). The cis-selective hydroboration 
of this compound with BH;SMe, followed by introduction of 
a hydroxyl group by addition of hydrogen peroxide smoothly 
gave the ethyl pyranoside 8, which was fully characterized in the 
form of the acetate 9. The trans-trans relationship of the sub- 
stituents at C-3, C-4, and C-5 in the pyranose ring (carbohydrate 
numbering) was established by the coupling constants of the 
following signals: H-I/H-2,,, J = 9.6 Hz; H-2,JH-3. J = 

13.0 Hz; H-3/H-4, J = 10.2 Hz; and H-4/H-5, J = 9.8 Hz. The 
predictably stereoselective hydroboration of the 3,4-dihydro- 
2H-pyran derivative 7 is in agreement with previous observa- 
t i o n ~ ' ~ .  51 and is consistent with the attack of the boranc reagent 
at the less hindered side of the double bond, anti to the C-4 ethyl 
substituent. 

Having set up the Diels-Alder route toward the tetrasubsti- 
tuted pyranoid system, we next considered its application to the 
planned C-disaccharide synthesis. Thc readily available chi- 
ral thiazolyl propenone 10, bearing a I,-gulacro-pyranosidyl ring 
at C-4, was chosen as starting material. This compound, al- 
though quite sluggish, reacted with neat ethyl vinyl ether in 
sealed tubc at 70°C to give, after 5 days, a mixture of four 
diastereomeric 3,4-dihydro-2H-pyrans 11  a,b and 12a,b in 97 % 
overall yield (Scheme 3). The HPLC analysis of the mixture 
allowed an accurate evnluation of its composition (Table 1).  As 
judged from the ratio between the major products (,is 1 1  a and 
12a and the truns isomers 11 b and 12 b (ca. 5 :  I ) ,  thc cycloaddi- 
tion appeared to be moderately endo sclective. The diastereofa- 
cia1 selectivity was even lower as the ratio between l l a ,b  and 
12a,b was ca. 3 .5: l .  The reaction was dramatically accelerated 
by catalytic ZnC1, and Eu(fod), (fod = 1,1,1,2,2.3,3,3-hepta- 
fluoro-7,7-dimethyl-4,6-octanedione). Moreover, the europium 
complex increased the level of endo selectivity up to a 96 % (24: 1 
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Scheme 3. Gal = galactopyranoside moiety. 

l i b l e  1 .  Stereoselectivity of the cycloaddition [a] of ethyl vinyl ether to  the galac- 
topyranosidyl oxabutadiene 10. 

10. mmol Solwnt Cat. (mmol) t'h T"C Yield [b] l la : l lb:12a:12b[c]  

I 6 9  ~ 120 70 97 64:14:20:2 

0.27 CH,CI, Eu(fod), (0.027) X 25 90 43:1:51:- 

l a ]  Reactions in CHJI, were carried nut with a 4 molar excess of ethyl vinyl ether. 
[b] Isolated products ("/o). [c] HPLC of crude mixtures. 

1.36 CM,CI, ZnCI, (0.18) 0.5 25  - 30: 5 : 5 8  :7 

cis: t ram isomers). These catalysts also produced a reversal or 
the diastereofacial selectivity, slightly in favor of the isomer 12a. 
In all cases, the ratio of the cycloadducts determined at  the end 
of the reaction (monitored by means of the oxadiene 10) coin- 
cided with the values obtained during the course of the reaction. 
This supports the assumption that kinetic mixtures of products 
were observed. When the mixture from the ZnCI2-catalyzed 
reaction was left to stand for 24 h at  room temperature, the trans 
isomers 11 band 12b increased ~ u b s t a n t i a l l y , ~ ' ~ ~  and these prod- 
ucts could be isolated by preparative HPLC (sec Experimental 
Section). The cis products 1 1  a and 12a were separated by flash 
chromatography from the uncatalyzed reaction mixture and 
even more easily from the Eu(fod),-catalyzed reaction. The cis 
and trans isomers were characterized on the basis of the cou- 
pling constant values of H-2 and H-4 with the diastereotopic 
axial and equatorial H-3 protons.r201 The absolute configura- 
tion at C-2 and C-4 in 12a was cstablished directly by means of 
its crystal structure,["] while that of l l a  was deduced from the 
structure of a derivative (see below), The formation of 11 a as ;i 
inajor product of the cycloaddition in the absence of catalysts 
indicates that the dienophile mainly attacks the oxadienc in 10 
at the stereoface opposed to the plane of the pyranosc ring. The 
rcactive conrorination of 10 shown in Scheme 3 has already 
been postulated to accommodate the results of 1,4-conJugate 
addition reactions."*] The change in the diastereofacial selectiv- 
ity for the reactions carried out in the presence of catalysts may 
be ascribed to other reactive conformations induced by chela- 
lion, as already described in many  instance^.^^"' 

The cycloadducts l l a  and 12a were convcrtcd into the 
diastereomeric C-disaccharides 15 and 16 through implementa- 
tion of the same reaction sequence established for the 2E-I-pyran 
3a. First, 11 a and 12a wcrc subjected to the improved thiazolyl- 
to-formyl conversion protocol[' 7l  to give the corresponding 
aldehydes 13a and 14a (Scheme 4). The hydroxylation of these 
compounds by stereoselective hydroboration-oxidation pro- 
ceeded with the concomitant reduction of the formyl group, 

118 12a 

a, 9 2 %  I a, 90 Yo i 

13a 14a 

b, 64 % I b, 70 % 

H O Y o y o E '  

1 

15 16 

Scheme4. a )  1. CF,SO,Me, 2.  NaBH,; HgCI,. MeCN-H20 ( 4 : l )  
b) I .  BH;THF, 2. H,O, (Gal = galactopyrdnoslde moiety) 

giving rise to the C-dipyranosides 15 and 16 in one-pot reaction 
sequence. In both cases the stereoselectivity of the hydrobora- 
tion was that expected on the basis of the prior observation with 
3,4-dihydro-2H-pyran derivative 7, that is, a cis addition to the 
face of the double bond anti to the C-4 galactopyranosidyl moi- 
ety. Compounds 15 and 16 were isolated and purifiedc2*] by 
careful chromatography on silica gel, although this led to a 
partial epimerization at  C-2 of the newly formed pyran ring.[231 
The anomcr of 15 (20-25%) was occasionally isolated during 
this operation. 

A more substantial epimerizationrZ3' occurred when the alde- 
hyde unmasking from 11 a and 12a was carried out by the orig- 
inal employing Me1 in refluxing acetonitrile for 
the N-methylation of the thiazole ring. This method produced 
mixtures of diastereomeric aldehydes 13a,b and 14a,b in vari- 
able ratios depending on thc refluxing time (Scheme 5 ) .  

The assignment of thc cis and trans relationship of the sub- 
stituents at C-2 and C-4 of these 3,4-dihydro-2H-pyran deriva- 
tives was based on the coupling constants of thc H-2 and H-4 
signals.[241 Fortunately, compound 13 b was a crystalline mate- 
rial whose structure was determined by X-ray crystallographic 
analysis.'z This provided indirect evidence for the stereochem- 
ical relationship between the ethoxy group and the galactopyra- 

1. Me1 
2. NaBH, 

O H C o O E t  
3. HgCI, - H,O 

79% 
I l a  ~ - 13a + 

Gal 

13b 

1. Me1 14a + OHcQ,,~OEt 
2. NaBH, 

12a * 
3. HgCIz - HPO 

72% 
Gal 

14b 

Scheme 5. Gal = galactopyrano~ide moiety. 
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nosidyl moiety in the epimer 13a and consequently in the orig- 
inal cycloadduct 11 a. It is worth noting that the two pyranose 
rings which have becn constructed are antipodes having the 
~-avuhinn (in 15) and u-arahino (in 16) configuration. Evidently, 
the same structures can be obtained by the elaboration of 13b 
and 14b. 

Conclusion 

An asymmetric hetero-Diels-Alder route for the synthesis of 
C-disaccharides directly linked by a carbon-carbon bond has 
been described. The construction of a new pyranose ring on an 
existing one through cycloaddition occurs with some degree of 
asymmetric induction, which controls the configuration of the 
two new stereocenters. This successful model study suggests that 
this strategy can be extended to  other 1-oxabuta-I ,3-dienes 
bearing different pyranosyl and furanosyl fragments as well as 
to other electron-rich dienophiles. 

Experimental Section 

Melting points are uncorrected. Unless otherwise stated the 'H and I3C 
NMR spectra were recorded on a 300 MHz Gemini 300 Varian spectrometer 
and the chemical shifts are given in ppm downfield from TMS as internal 
standard. HPLC analyses were carried out o n  a Kontron Instrument using a 
C-18 reversed-phase column (Spherisorb S 5 ODS 2, 125 x 4.6 mm) with a UV 
detector operating at  254 nm, and elution with a methanol/water mixture 
(60:40) at 0.55 mLmin- ' .  The new compounds were purified by flash chro- 
matography on Merck silicagel grade 60, 230 400 mesh. All reactions were 
carried out under nitrogen atmosphere with freshly distilled and dried sol- 
vents. 

I-Oxa-2-(thiazol-2-yI)-1,3-(E)-hexadiene (2): A mixture of propanal (0.5 g, 
8.6 mmol) and triphenyl(thiazol-2-ylcarbonylmethylene)phosphorane ' I  (1) 
(3.4 g, 8.66 mmol) in 20 mL of chloroform was stirred at room temperature 
for 28 h. After evaporation of the solvent under reduced pressure, the chro- 
matography of the residue (1 : 5  diethy! ether-hexane) gave 1.25 g (87%) of 
compound 2 as a colorless oil. ' H N M R  (CDCI,): 6 =1.16 (t. 3H,  
J=7 .2Hz) .  2.39 (ddq, 2H,  J=7 .2 ,  6.5, 1.5Hz), 7.29 (dt, I H ,  J=15.8,  
1.5 Hz), 7.42 (dt, I H ,  J=15.8, 6.5 Hz), 7.68 (d, 1 H, J =  3.1 Hz), 8.03 (d, 
I H ,  J = 3 . 1  Hz). I3C NMR (CDCI,): 6=12.2. 26.1, 123.8, 126.1, 144.7, 
152.9, 168.6, 181.8. Anal. calcd for C,H,NOS: C,  57.46; H ,  5.42; N,  8.38. 
Found: C, 57.71; H. 5.69; N,  8.53 . 

cis-2-Ethoxy-4-ethyl-6-(thiazol-2-yl)-3,4-dihydro-2~-pyran (3 a): A solution 
of the 1-oxadiene 2 (0.23 g, 1.38 mmol) in 15 m L  of ethyl vinyl ether was 
heated in a sealed tube at  70°C for 8 d. After evaporation of the excess of 
ethyl vinyl ether a t  reduced pressure, the ' H N M R  analysis of the residue 
showed a 9 : l  mixtureofthecycloadducts3aand3h(H-2of3a: 6 = 5.16(dd, 
I H , J = 8 . 1 , 2 . 1  Hz) ;H-2of3b:6=5.28(dd , lH,J=5.4 ,2 .6Hz)) .Chro-  
matography of the mixture (1 : 3  diethyl ether-cyclohexane) afforded 0.23 g 
(70%) of the cis diastereoisomer 3a as a colorless oil: I H N M R  (CDCI,): 
6=0 .99  (t, 3H, J = 7 . 4 H z ) ,  1.31 (t, 3H,  J = 7 . l H z ) ,  1.49 (ddq, I H ,  
J=13.4,7.4,7.4Hz),1.58(ddq,  I H , J = 1 3 . 4 , 7 . 4 , 6 . 7 H z ) ,  1.65(ddd, I H ,  
J=13 .3 ,  9.3, 8.2Hz), 2.14 (dddd, I H ,  J = 1 3 . 3 ,  6.6, 2.1, 1.1 Hz), 2.42 
(ddddd, l H , J = 9 . 3 .  7 .4 ,6 .7 ,6 .6 ,3 .0Hz),3.69(dq,  l H , J = 9 . 6 , 7 . 1 H ~ ) ,  
4.07 (dq, l H , J =  9.6, 7.1 Hz), 5.16 (dd, 1 H, J =  8.2, 2.1 Hz), 5.95 (dd, l H ,  
/ = 3 . 0 , 1 . 1 H ~ ) , 7 . 2 8 ( d , l H ,  J = 3 . 2 H z ) , 7 . 7 8 ( d , I H , J = 3 . 2 H z ) . " C  
NMR (CDCI,): 6 =11.4, 15.3, 28.5, 33.4, 34.0, 64.8, 100.6, 105.1, 118.4, 
143.2, 144.0, 164.8. Anal. calcd forC,,HI,NO,S: C, 60.22; H, 7.16; N,  5.85. 
Found: C, 60.42; H, 7.39: N, 6.03. 
'H N M R  (CDCI,) data of the trans stercoisomer 3b obtained from the spec- 
trum of the mixture with 3a: 6 = 0.82 (t, 3H, J =7.4 Hz), 1.25 (t, 3H, 
J = 7 . 1  Hz), 1.4-1.7 (m, ZH), 1.97 (ddd, I H ,  J=13.1, 4.5, 2.6Hz), 2.24 
( d d d , l H ,  J=13.1,7.7,5.4Hz),2.75(ddddd, l H , J = I 5 , 7 ( t h i s i s t h e s u m  

of two coupling constants of H 4  with CH, of ethyl group), 7.7. 7.5, 4.5 Hz), 
3.53 (dq, 1 H. J =  9.5, 7.1 Hz),4.00 (dq, I H ,  J = 9.5. 7.1 Hz), 5.28 (dtl. I H, 
J = 5.4, 2.6 Hzj, 5.76 (d, 1 H, J =7.5 Hz), 7.70 (d.  1 H. J = 3.0 H7). 8.01 (d. 
1 H. J = 3.0 Hzj. 

cis-2-Ethoxy-4-ethyl-6-[ (N-methyl)thiazolidin-2-yll-3,4-dihydro-2H-pyran (4) : 
A solution or 3a (1 g, 4.2 mmol) in 27 m L  of CH,CN containing activated 
4 8, powdcrcd molecular sieve (4.1 g) was stirred at room temperature for 
10 min. After addition of methyl triflatc (0.61 mL,  5.4 mmol). the mixture 
was stirred at  room temperature for another 15 min. The solvent was evapo- 
rated under reduced pressure. and the residue suspcndcd in methanol 
(27 mL), cooled to 0 C, and treated with NaBH, (0.35 g, 9.25 mmolj. The 
mixture was stirred for 10 min at  room tcmperature and then diluted with 
acetone (27 mL), filtered through Celite and concentrated. The crude product 
was partitioned between diethyl ether and saturatcd aqueous NaHCO,, the 
organic layer was dried (Na,SO,). and the solvent evaporated under reduced 
pressure. Chromatography of the residue (1  :2  diethyl ether-cyclohcxane) 
afforded 0.95 g (YO%) of compound 4 colorless nil: 'H NMR (CDCI,): 
6 = 0.90 (t, 3 H. J = 7.4 Hz), 1.24 (t, 3 H, J = 7.2 Hz). 1.35 (m, I H), 1.40 (m. 
1 H) ,  1.50 (ddd, 1 H, J =13.1, 9.2, 8.2 Hz), 1.99 (m, 1 H). 2.20 (m, 1 H),  2.3X 
(s ,3H),  3 .00(m,3H),3.29(m, I H ) ,  3.58(dq, 1 H, J =  9.6,7.2 Hr) ,  3.9X(dq. 
lH,J=9.6,7.2Hz),4.47(s,lH),4.87(m.1H).4.95(ddd,IH.J=8.2,7.3, 

59.2, 64.3, 100.1, 102.1. 149.6 . Anal. calcd for C,3H,,N0,S: C. 60.66; H, 
9.01; N ,  5.44. Found: C, 60.89; H, 9.39: N. 5.72. 

2.2 Hz). I3C NMR (CDCI,): 6 = 11.3. 15.2, 28.7, 30.0. 30.8. 33.0, 33.9. 41.4. 

cis-2-Ethoxy-4-ethyl-6-formyl-3,4-dihydro-2H-pyran (5): A solution of 4 
(0.9 g. 3.5 mmol) in CH,CN (18 mL) was added dropwise to a stirred solution 
of HgCI, (1.13 g. 4.16 mmol) in 20% H,O-CH,CN (5  mL) .  After having 
been stirred for IS min at  room temperature, thc mixture was partitioned 
betwccn diethyl ether and brine. The organic layer was scparatcd. washed 
with 20% aqueous KI,  and dried (Na,SO,). The solvent was evaporated 
under reduced pressure. Purification by chromatography ( 1  : 5 diethyl cthcr 
hexane) afforded 0.58 g (91 %) of 5 as a colorleas oil: 'H  NMR (CDCI,): 
6 = 0.99 (1, 3H,  J = 7 . 4 H z ) ,  1.22 (dd, 3H,  J=7.2.  7.1 Hz). 1.45 1.80 (m, 
2H),  1.63 (ddd, I H ,  J=13 .5 ,  7.0, 6.8Hz). 2.08 (ddd, I H ,  J=13.5,  6.4. 
2.6Hz). 2.43 (dddt, I H ,  J=7.2.  7.0, 6.4, 3.3Hz). 3.63 (dq, I H ,  J = 9 . 6 ,  
7.1 Hz),3.99(dq,lH,J=9.6,7.2H/),5.12(dd,IH,J=6.8,2.6H7),5.83 
(d, 1 H ,  J =  3.3 Hz), 9.17 (s, 1 H). I3C NMR (CDCI,): 6 =11.5. 15.1, 27.8, 
32.8.33.5,64.7.99.6,126.7,149.9, 186.9. Anal.calcdforC,,H,,O,:  C,65.19; 
H, 8.75. Found: C, 65.34; H, 8.98. 

cis-2-Ethoxy-4-ethyI-6-hydroxymethyl-3,4-dihydro-2H-pyran (6): A solution 
of the aldehyde 5 (0.55 g, 3 mmol) in MeOH (I0 mL) was treated at  0°C with 
NaBH, (0 23 g, 6 mmol). After having been stirred for 20 min at room tem- 
perature, the solvent was evaporated, and the residue partitioned between 
diethyl ether and saturated aqueous NaHCO,. The organic layer was dried 
(Na,SO,), and the solvent eVdpOrdted undcr reduced pressurc. Purification 
by chromatography (1 : 2  diethyl ether-cyclohexane) afforded 0.51 g (91 YO) 
of the alcohol 6 as a colorless oil: ' H N M R  (SO MHz, CDC13): 6 = 0.91 ( t ,  
3H,  J =7.3 Hz), 1.23 (t, 3H, J =7.1 Hz), 1.44 (in, 1 H), 1.46 (m, 1 H). 1.56 
(m,lH),1.98(m,1H),2.21(m,1H),3.37(m,2H).3.64(dq,1H,J=9.6, 
7.1H~),3.93(dq,1H,J=9.6,7.1Hz),4.73(dd,lH,J=3.0,0.9Hz).4.98 
(dd, I H ,  J = 9 . 0 , 2 . 6 H ~ ) .  '3CNMR(CDCI,):6 =11.3, 15.3.28.7, 33.0, 34.3. 
62.9, 64.4, 100.9, 102.2, 150.3. Anal. calcd for C, ,H, ,0 ,3:  C. 64.49: H. 9.74. 
Found:  C, 64.76; H, 9.92. 

cis-6-Acetoxymethyl-2-ethoxy-4-ethyl-3,4-dihydro-2H-pyran (7): The alcohol 
6 (0.5 g, 2,7 mmol), 5.2 mL of pyridine, and 3.2 m L  of acetic anhydride were 
stirred for 15 h. at room temperature. The reaction mixture was poured into 
ice water (20 mL) and extracted with diethyl ether (4 x 20 mL) .  The combined 
organic layers were washed successivcly with 1 0 %  aqueous HCI (20 mL), 
water (20 mL) ,  and saturated aqueous NaHCO, (25 mL). The solution was 
dried (Na,SO,j, and the solvent evaporated under reduced pressure. Purifica- 
tion by chromatography (1 : 3  diethyl ether-cyclohexane) afforded 0.58 g 
(94%) of compound 7 as  a colorless oil: 'H NMR (CDCI,): 5 = 0.91 (1. 3H. 
J = ~ . ~ H L ) ,  1 . 2 4 ( t , 3 H , J = 7 . 1 H z ) ,  1 ,37(ddq,  l H ,  J=13 .4 ,7 .4 ,7 .2Hz) .  
1.44(ddq,lH,J=13.4,7.4,7.0Hz),1.50(ddd,1H,/=13.1,9.5,X.3H~), 
2.02 (dddd. I H ,  J=13.1,  6.5,  2.3, 1.2Hz), 2.09 (s. 3H),  2.23 (ddddd, I H ,  
J = 9.5, 7.2, 7.0, 6.5, 2.4 Hz), 3.58 (dq, 1 H, J = 9.5, 7.1 Hz), 3.94 (dq, 1 H. 
J=9.5,7.1Hz),4.44(d,lH,J=12.9Hz),4.47(d.lH,J=l2.9Hz),4.X1 
(dd, ',C NMR 1 H, J =  2.4, 1.2 Hz), 4.98 (dd, 1 H, J = 8.3, 2.3 Hz). 
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( m c i , ) .  6 = i i . 3 ,  15.2,20.9.2~.5.32.9. 33.8,64.2, 64.3, 100.0, 105.5. 146.2, 
170.6. Anal. calcd for C,,H,,O,: C. 63.14: H. 8.83. Found: C, 63.33: H, 9.05. 

rc/-(2R,4R,SS,6R)-2-Ethoxy-4-ethyl-S-hydroxy-6-hydroxymethylte~~dhydro- 
2H-pyran (8): A solution of 7 (0.55 g, 2.4 minol) in anhydrous T H F  (24 niL) 
\vas cooled to 0 ' C  and then treated with a 2 . 0 ~  solution of BH;SMe, in 
T H F  (3 mL, 6 mmol). The reaction mixture was stirred for 1 h at 0 C and 
then for 18 h at  room temperature. This mixture was treated with 30% 
aqueous NnOH (1.2mL) and 30% aqueous H,O, (1.21nL) at the same 
teinpemture and then heated at  60 C for 1 h. The solution was diluted with 
water (15 mL), then saturated with NaCI, and extracted with ethyl acetate 
( 5  x 15 mL) .  The combined organic extracts were dried (Na,SO,) and con- 
centrated under reduccd pressure to gi\e an oily product, which was purified 
by chromatography (ethyl acetate) to give product 8 (033  g, 68%) .  M.p. 
75 76 C (from diethyl ether-hexane); 'H N M R  (CDC1,): (5 = 0.91 (I. 3H, 
.I =7.7 Hz), 1.18 (m, 1 H). 1.23 (dd, 3H,  J=7 .1 .  7.2Hz). 1.26(m. 1 H,), 1.49 
(in, IH, ) -  1.83(m, IH),1.96(ddd,  1H, . /=13 .1 ,4 .1 ,2 .0Hz) ,2 .58 ( t ,  I H ) ,  
2.:7(brs.1H),3.27(m,lH,).3.28(m,1H.),3.55(dq,lH,J=9.6,7.2Hz), 
3.X4 (m. 2H). 3.91 i,dq, 1 H, J = 9.6, 7.1 Hz), 4.54 (dd, 1 H, .I = 9.6, 2.0 Hz). 
"C NMR (CDC13): d =10.4, 15.2, 24.3, 35.3, 42.1, 63.2, 64.6, 70.6, 78.2, 
101.6 . Anal. calcd for C,,HzoO,: C.58.80;H.9.87. Found:  C ,  59.08; H, 
1 0 . 1 1  

rcl-(2R,4R,SS,6R)-S-Acetoxy-6-acetoxymethyl-2-ethoxy-4-ethyltetrahydro- 
2H-pyran (9): The same procedure as for the preparation of 7 starting from 
coiupound 8 (0.1 g. 0.49 miiiol), 2 m L  pyridine, and 1.3 mL of acetic anhy- 
dride. The purification of the product by chromatography (1 : 3  diethyl ether 
cyclohcxane) gave 0.13 g (93%) of diacetate 9 as a colorless oil: 'HNMR 
(CDCI,): 6 = 0.X7 (t. 3H,  J =7.6 Hz), 1.15 (ddq. I H, J = 13.6, 8.3, 7.6 Hz). 
1.24 (1, 3H. J = 7 . 0 H t ) ,  1.30 (ddd, 1H.  J = 1 3 . 0 ,  13.0, ? . ~ H z ) ,  1.50 (ddq, 
1H.J=13.6,7.6,3.6H~),1.67(ddddd.1H,.I=13.0,10.?,8.3,4.2,3.6H~), 
2.03 (ddd, 1 H,  J =13.0,4.2,2.1 Hz), 2.06(~, 3H), 2.07(s, 3H) ,  3.54idq. 1 H. 
.I = 9 5. 7.0 Hz). 3.55 (ddd. 1 f l ,  J = 9.8. 5.3, 2.6 Hz). 3.95 (dq, 1 H, J = 9.5, 
7.0 Hz).4.05 (dd, IH, . /=12.1,2.6 H ~ ) , 4 . 2 3  (dd, 1 H, . I=  12.1, 5.3 €1/),4.53 
(dd. l H ,  J = 9 . 6 ,  2.3Hz). 4.68 (dd, I H ,  .I=10.2, 9.XHz). I3C NMR 
(CDCI,): 6 =10.1, 15.0, 20.7, 24.0, 34.9, 40.2, 63.2, 64.5, 70.7, 74.6, 101.4, 
170.1. 170.X. Anal. calcd for C14H2,06: C ,  58.32: H, 8.39. Found: C. 58.42; 
H. 8.12. 

(2S)-Ethoxy-(4S)-( 1,2:3,4-di- 0-isopropylidene-a-D-guluctu- 1,S-pyranose-S- 
yl)-6-(thiazol-2-yl)-3,4-dihydro-2H-pyran (11 a ) ,  (2R)-Ethoxy-(4S)-( 1,2:3,4-di 
-O-isoprop~Lidene-a-o-aulucto- l,S-p)ranose-S-yl)-6-(thiazol-2-yl)-3,4-dihy- 
dro-2H-pyran (1 1 b). (2R)-ethoxy-(4K)-( 1,2: 3,4-di-O-isopropylidene-~-D- 
~~+cto-l ,S-pyranosr-S-yl)-6-(thiazoI-2-yl)-3,4-dihydro-2H-pyran (12 a) ~ end 
(2S)-ethoxy-(4R)-( 1,2:3,4-di-~-isopropylidene-~-o-jialacto-I,S-pyranosed-yl)- 
6-(thiazol-2-yl)-3,4-dihydro-2If-pyran (1 2 b): 
N) C'nc~tciL~~zed w t ~ t r o n :  A solution of the 1-oxadiene 10"xl (6.2 g, 
10.9 inniol) in 35 mL ol'ethyl vinyl ether (0.36 mol) was hzated in sealed tube 
at 70 C for 5 d. The HPLC analysis of the reaction iiiixture showed very little 
(ca. 2%) unreacted 10 and four diastereomeric cycloadducts I la ,  11 b, 12a, 
and 12h in 64.2:13.7:20.4:1.7 ratio. The ethyl vinyl ether was evaporated 
undei- reduced pressure and the residue was chromatographed (1 :4  diethyl 
ether-hexane) to give two fractions: the first one (5.77 g, 78%) contained the 
cycloaddticts I1a.b. and the second (1.49 g, 20%) 12a,b. Siihsequent 
chromatography (1 : 6 diethyl ether-hexane) of the first fraction afforded 
4.07 g (55%,) of I l a  (oil): [z]? = - 82.0 (L. = 2.72, CHCI,); ' H N M R  
(CDCI,): 0 =1.21 (dd, 3H, .I =7.1, 6.5 Hz), 1.31 (s. 3H). 1.37 (s, 3H) ,  1.46 
( ~ . 3 H ) , 1 5 1 ( s . 3 H ) , 2 . 1 3 ~ 2 . 1 7 ( n i , 2 H ) . 2 . 7 6 ( d d d d . l f i , J = 9 . 9 , 6 . 3 , 5 . 5 ,  
4.2H~),3.69(dq,1tI..I=10.2,6.5Hr),3.89(dq,lH,./=10.2,7.1 H ~ ) , 3 . 9 0  
(dd.  1 H. J = 9.9, 1.9 I iz ) .  4.29 (dd, 1 H ,  J = 5.1. 2 4 Hz), 4.43 (dd, 1 H, 
J = 8.2, 1.9 Hz), 4.59 (dd, 1 H, J = X.2,2.4 HL), 5.29 (t, 1 H, .I = 3.5 Hz), 5.54 
(d. 1 H, J =  5.1 HL), 6.12 (d, 1 H. J = 4.2 Hz), 7.30 (d, 1 H. .I= 3.2 HL), 7.80 
(d,1H.J=3.2H7). i iCNMR(CDC1~):~S=15.0,24.? ,24.7.25.7.25.8,28.9,  
30.5. 64.6, 69.9, 70.6. 70.9, 71.1,96.7. 98.9. 100.3, 108.8. 109.3. 118.9, 143.7. 
145.0. 165.3. Anal. calcd for C,,H,,NO,S: C ,  57.39: H,  6.65; N, 3.19. 
Found: C. 57.26, H. 6.54; N. 3.23. 

Crqstallization of the sccoiid fraction from diethyl ether afforded 1.1 g (15 %) 
of [he cyclondduct 12a, m.p. 158-160'C (diethyl ether). [XI? = -77.4 
(( = 0.51. CHCI,). ' H N M R  (CDCI,): 6 =1.25 (dd, 3H. J = 6.9, 6.8 Hz), 
129~~.3H).1.33~~,3H),1.43(~,3H),l.46(~,3H),l.83(ddd,1H,./=13.5, 
7.1. 6.4 H71. 2.18 (ddd. 1 H, J = 13.5. 6.7, 2.3 Hz). 2.77 (dddd, 1 H, J = 10.1, 
7.1. 6.7. 3 . 6 H ~ j ,  3.67 (dq. lH ,  J = 9 . 5 ,  6.9Hz), 3.73 (dd. I H ,  ./=10.0, 

2 . 0 H ~ ) . 4 . 0 ( d q .  l H , . J = 9 . 5 , 6 . 8 H z ) , 4 . 2 8 ( d d , I H , J = 7 . 9 . 2 . 0 H z ) . 4 . 2 9  
(dd. I H ,  J = 5 . 1 ,  2 . 6 H ~ ) .  4.60 (dd, 1H. ./=7.9, 2.6Hz), 5.21 (dd. 1H. 

1 H, J = 3.2 Hz), 7.7X (d, 1 H, .I = 3.2 HL). I3C N M R  (CDCI,): h = 14.9. 
J = 6.4, 2.3 Hz) 5.54 (d. 1 H, .I = 5.0 Hz) ~ 6.23 (d, 1 H, J = 3.6 Hz), 7.25 (d. 

24.2, 24.x, 25.6. 25.7.29.1, 31.3. 64.6. 70.5.70.6, 71.0 71.1, 96.1,99.1, 103.3. 
108.7, 109.4, 118.5, 143.8, 144.3, 164.9. Anal. calcd for C,,H,,N07S: C. 
57.39; H, 6.65: N ,  3.19. Found: C ,  57.21; H. 6.58; N ,  3.26. 

h)  Rcuctiom ctrfulped wifh ZnCl,: A solution of 10 (0.5 g. 1.36 mmol). 
catalyst (25 mg, 0.18 nimol), and ethyl vinyl ether (0.52 mL. 5.4 inmol) in 
55 mL of CH,CI, was stirred at  room temperature. The HPLC analysis of the 
reaction mixture showed that the reaction went to completion after 30 min to 
givethccycloadducts I l a .  l l b ,  12a,and 12bin30.1:5.9:57.6:6.4ratio. After 
24 h a t  room temperature the ratio changed to 18.3:18.3:47.9:15.5. Samples 
of thc ruins isomers l l b  and 12h were isolated from the latter mixture by 
preparative HPLC. 
Compound l l h :  ' H N M R  (CDCI,): 6 = I 2 3  (dd, 3H,  ./=7.1. 7.1 Hz), 1.32 
(~,3H).1.37(~,3H),1.47(s.3H).1.49(s,3H),1.X2(ddd,1H,J=13.7,9.1. 
2.6 Hz), 2.26 (ddd, 1 H, .I = 13.7, 6.7. 3.8 Hr), 2.95 (dddd, 1 H, J = 10.1. 9.1, 
6.7,2.8Hz).3.53 (dd ,1H, . l=10 .1 ,1 .6Hz) ,3 .68 (dq .1H, . I=9 .6 ,7 .1  H L ) .  
3.93(dq, lH. . /=Y.6.7.1 Hz).4.32(dd,1H..I=5.1,2.3Hzj.4.49(dd,IH. 
. I = S . O ,  1.6Hz). 4.62 (dd. 1H. . I = 8 . 0 ,  2.3Hz).  5.26 (dd, 1H.  . 1=3 .8 .  
2 . 6 H ~ ) ,  5.55 (d. l H ,  . I=5 .1Hz) .  6.04 (d. I H ,  J = 2 . 8 H z ) ,  7.30 (d. I H .  
J = ~ . ~ H z ) , ~ . X O ( ~ , I H , J = ~ . ~ H ~ ) .  "CNMR(CDCI,) :6=15.9.25.2.  
25.6,26.7.26.8. 30.0, 31.3.65.3. 71.3,71.5. 71.6,71.8.97.3,98.7. 100.7. 109.1. 
110.0. 119.3, 144.0, 145.4, 165.4. 
Compound 12h: ' H N M R  (CDCI,): (S =1.21 (dd. 3H,  J =7.1,  7.0 Hr): 1.32 
(s, 3H) :  1.35 ( ~ , 3 1 i ) ;  1.48 (s, 3H) ;  1.50(s, 3H):  1.73 (ddd, 1 H,J=13.1.  11.8. 
2.6 Hz); 2.15 (dddd, 1 H, J =13.1, 6.0,2.6. 1.4 Hz), 2.95 (dddd. 1 H, .I = 11.8. 
8.6, 6.0, 2.4Hz), 3.54 (dd, I H ,  J = 8 . 6 ,  1 . 5 H ~ ) ,  3.67 (dq, IH, . I=9 .7 .  
7.0H~),3.89(dq,1H,J=9.7,7.1H7).4.25(dd.1H./=7.9.1.5Hr).4.32 
(dd, 111. J = 5 . 0 ,  2.3112). 4.61 (dd. l t l ,  J=7 .9 ,  2 .3Hz),  5.35 ( t ,  l H ,  
J =  2.6 Hz) 5.59 (d. 1 H, J =  5.0 H7). 6.30 (dd, 1 H, J = 2.4.1.4 Hz). 7.24 (d. 
l H ,  J = 3 . 2 H z ) ,  7.78 (d. I N .  J = 3 . 2 H z ) .  I3C NMR(CDC1,):  6=15.X. 
25.2, 25.6, 26.7. 26.8, 29.6. 29.7, 64.5, 64.6, 70.8, 71.3 71.7, 72.3. 97.3. 97.6. 
104.6, 109.1. 110.1, 118.7, 143.8. 144.0, 165.4. 

CJ Rcwclioris ~ . u t o l w , d  with Eu(fiid),: A solutioii of 10 (0.1 g, 0.27 mmol),  
catalyst (28 ing, 0.027 mmol). and ethyl vinyl ether (0.1 mL. 1.1 mmol) in 
11 mL of CH,CI, was stirred for 8 h at room temperature. The HPLC annl- 
ysis showed the presence of 0.8 YO unreacted oxadiene 10 and the cycloadducts 
l l a .  II b, 12a. 12b in a42.6:3.9:53.4:0 1 ratio. The chromatography ofthis 
material (1 :s  diethyl ether-hexane) afforded 0.045 g (39%) of l l a  and 
0.059 g (51 56) of 12a. 

(2S)-Ethoxy-(4S)-( 1,2: 3,4-di-O-isopropylidene-~-~-~ulu~~u-I ,S-pyranose-S- 
yl)-6-forrnyl-3,4-dihydro-2H-pyran ( 13 a) : 
Merhod A :  A mixture of I 1 a (2.0 g. 4.55 minol) in 30 mL of CH,CN and 
activated 4 A powdered molecular sieve (4.2 g) was stirred at  room tempera- 
ture for 10 min. After the addition of methyl triflate (0.7 mL. 6.2 minol). the 
mixture was stirred at  room temperature for another 15 min. The solvent was 
evaporated under reduced pressure, and the residue suspended in methanol 
(30 mL),  cooled to 0 C. and treated with NaBH, (0.4 g, 10.6 mmol). The 
mixture was stirred for 15 miii at i-ooin temperature and then diluted with 
acetone (30 mL). filtered through Celite and concentrated. The crude product 
was partitioned between diethyl ether and saturated aqueous NaHCO,, the 
organic layer was dried (Na,SO,), and the solvent evaporated under reduced 
pressure. A solutioii of the residue in CH,CN (25 mL) was added dropwise 
to a stirred solution of HgCI, (1.5g. 5.5mmol) in 20'Xk H,O-CH,C'N 
(6 .5  inL). After i t  had been stirred for 15 min at room temperature. the 
reaction inixture was partitioned between diethyl ether and brine. The organic 
layer was separated. washed with 20% aqueous K1. and dried (Na,SO,). The 
solvent was evaporated under reduced pressure. The c h r o m a t o p p h y  of the 
residue ( 1  :4 dicthyl ether hexanc) afrorded 1.61 g (92 (5,) or the aldehyde 13a 
as a colorless oil: [x]:; = - 64.4 (L .  = 0.03 in CHCI,): ' H  N M R  (CDC'I,): 
6 = 1 . 1 3 ( t . 3 H . J = 7 . 2 H z ) ; 1 . 3 1  ( ~ , 3 H ) : 1 . 3 8 ( s , 3 H ) : 1 . 4 6 ( ~ , 3 H ) : 1 . 5 0 ( s ,  
3H): 1.95 (ddd, 1 H.J=14.6. 7.8. 3.0 Hz), 2.23 (dddd. 1H. .I=14.6. 3.0. 2.5.  
1.0Hz): 2.72 (dddd, l H ,  J = 9 . 7 ,  7.8. 4.6. 2.5Hz), 3.60 (dq, l H ,  J=10.3. 
7.2 Hz). 3.74 (dq. 1 H ,  J = 10.3, 7.2 HI), 3.99 (dd, 1 H. J = 9.7. 1.9 Hz). 4.29 
(dd, 1 H. J = 5.1, 2.4 HL), 4.30 (dd. 1 H, J =  8.0, 1.0 Hz). 4.60 (dd. 1 H. 
. I=  8.0. 2.4Hr). 5.26(t. I H , J =  3.0 Hz), 5.51 (d, 1 H , J =  5.1 Hz): 6.02idd. 
1H.J~4.6,1.0H~),9.19(~,1H).'~CNMR(CDCI,):R=14.8.24.~.24.6, 
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25.6, 25.7, 27.3. 30.9, 64.4, 68.8, 70.3, 70.7, 71.1. 96.5, 97.5, 108.9, 109.4, 
123.0, 150.5, 187.9. Anal. calcd for C,,H,BO,: C, 59.36; H, 7.34. Found: C. 
59.18; H, 7.27. 

Method B: CH,I (7.1 mL, 114 mmol) was added to a solution ofconipound 
lla (5.13 g, 11.7 mmol) in 40 inL of CH,CN. Thc mixture was stirred at 
80 'C for 15 h. The solvent and the excess CH,I were evaporated undcr 
reduced pressure, and the residue was dissolved in 40 mL of MeOH. The 
solution was cooled to 0 '  C, and then NaBH, (0.82 g. 21.7 mmol) was added 
in portions. The reaction mixture was stirred Tor 15 min at room temperature 
and then concentrated undcr reduced pressure. The residue was partitioned 
between CH,CI, and saturated aqueous NaHCO,. The organic layer was 
dried (Na,SO,), [he solvent evaporated at reduced pressure, and the residue 
dissolved in CH,CN (10 mL).  This solution was added dropwise to a solution 
of HgC1, (3.56 g. 13.1 mmol) in 25 mL of 20% H,O-CH,CN. After 15 min 
of stirring at room temperature, the reaction mixture was partitioned between 
diethyl ether and brine. The organic layer was washed with 20% aqueous K1 
and dried (Na,SO,). The solvent was evaporated at reduced pressure. Chro- 
matography of the residue (1 : 4  diethyl ether-hexane) gave 2.51 g (56%) of 
the aldehyde 13a and 3.05 g (23%) or the (2R)  epimer 13b. 13b: m.p. 163- 
164 'C  (diethyl ether-hexane); [.]A'' = - 253.5 (c = 0.51 in CHCI,). 
'HNMR(CDC1,):6=1.18(t,3H,J=7.0Hz),1.33(s,3H),1.38(s,3H), 
1.47(s,3H),1.49(~,3H),1.68(ddd,lH, J=13.6,10.0,2.7Hz),2.27(dddd, 
1H.  J=13.6 ,  6.4, 2.7, 1.1 Hz); 3.02 (dddd, l H ,  J=10.0,  9.5, 6.4, 2.9Hz),  
3.55 (dd, 1 H , J =  9.5, 1.8 Hz), 3.62 (dq, l H ,  J =  9.6, 7.0Hz), 3.85 (dq, I H ,  
J = 9 . 6 ,  7.0Hz), 4.34 (dd, l H ,  J = 5 . 1 ,  2.5Hz); 4.36 (dd, lH, .J=7.6, 
1.8 Hz), 4.64 (dd, 1 H,  J =7.6, 2.5 Hz); 5.26 (t. 1 H, J = 2.7 Hz), 5.55 (d, 1 H, 
. I = 5 . 1  I-Iz) ,S.94(dd, lH. . I=2.9,1.1 H~),~.IX(S,~H).~~CNMR(CDCI,): 
6 =14.7, 24.1, 24.5, 25.6, 25.7, 29.6. 29.7, 64.2. 70.1. 70.2, 70.7. 70.8, 96.6, 
97.4, 108.7. 109.7, 123.2, 150.5, 187.7. Anal. calcd for C,,H,,O,: C, 59.36; 
H,  7.34. Found: C, 59.23; H, 7.39. 

(2R)-Ethoxy-(4R)-( 1,2 :3,4-di-O-isopropylidene-~-~-gu~uc~u-l,S-pyranose-S- 
yl)-6-formyl-3,4-dihydro-2ff-pyran (14 a) : 
Method A :  According to Method A described above, the aldehyde 14a 
(0.79 g, 90%) was obtained as a colorless oil from 12a (1.0 g. 2.27 mmol): 
[x]k = -39.0 (c =1.10 in CDCI,); ' H N M R  (CDCI,): 6 = ] . I8  (t. 3H,  
. I= 6.9Hz), 1.32(s, 3H) ,1 .3h ( s ,3H) ,  1 .44(s ,3H),  1.46(s.3H), 1.91 (ddd, 
IH ,  J=14.2.  5.1, 5.1 Hz), 2.09 (ddd, l H ,  J=14 .2 ,  7.3, 2.5Hz); 2.79 (m, 
IH.) .  3.61 (dq, I H ,  J=9 .9 ,  6.9Hz), 3.85(dd, I H , J = 1 0 . 2 ,  1.9Hzj, 3.92 
(dq, 1 €I, J = 9.9, 6.9 Hz), 4.30 (dd, 1 H, .I = 8.0, 1.9 Hz), 4.32 (dd, 1 H, 
J = 5 . 0 .  2.4Hz), 4.63 (dd. IH. J = 8 . 0 ,  2.4Hz), 5.19 (dd, l H ,  J = 5 . 1 ,  
2.5 Hz); 5.55 (d, 1 H, J = 5.1 Hz), 6.20 (d. 1 H, J = 4.1 Hz), 9.19 (s, 1 H) .',C 
NMR (CDCl,): S =14.8. 24.1, 24.7, 25.6, 25.7, 28.0. 31.2, 64.6, 70.0, 70.3, 
70.7, 70.8. 96.6, 97.9, 108.9, 109.4, 125.9, 149.9, 387.9. Anal. calcd for 
C,,H,,O,: C. 59.36; H, 7.34. Found: C, 59.28; H ,  7.27. 

Meihod R: According to Method B described above, 0.65 g (50%) 0 1  the 
aldehyde 14a and 0.27 g (22%) of the (2s) epimer 14b were obtained as 
colorless oils from 1.49 g (3.4 mmol) of 12a. 14b: [m]? = + 14.4 ( c  = 0.64 in 
CHCI,); ' H N M R  (CDCI,): 6 =1.16 (t, 3H,  J -7 .3Hz) .  1.32 (s, 3H).  1.35 
(s, 3H) ,  1.46 ( s ,  3H) ,  1.47 (s. 3H), 1.57 (ddd, 1 H, J = 13.0, 12.1.2.7 Hz). 2.11 
(dddd. I H ,  J = 1 3 . 0 ,  6.3, 2.2, 1.4Hz); 3.00 (dddd, I H ,  .1=12.1, 9.2, 6.3. 
2.1H~),3.47(dd.1H,J=9.2,1.8H~),3.62(dq,1H,J=9.6.7.3H~),3.81 
(dq, 1 H, J = 9.6, 7.3 H r ) ,  4.21 (dd. 1 H ,  .I = 8.0, 1.7 Hz), 4.33 (dd, 1 H ,  
J=5 .1 ,  2.4Hz), 4.62 (dd, IH, .J=8.0,  2.4Hz), 5.31 (dd, ZH, J = 2 . 7 ,  
2 . 2 H ~ ) , 5 . 5 7 ( d , 1 H , J = 5 . 1 H z ) , 6 . 2 8 ( d d , 1 H , J = 2 . 1 , 1 . 4 H z ) , 9 . 1 7 ( ~ ,  
1H).13CNMR(CDCI,) :6  =34.7,24.1.24.6,25.6,25.7,28.2,29.1,63.9,69.4, 
70.3, 70.8, 71.2, 96.4, 96.7, 108.8, 109.7, 126.5, 149.5, 188.0. Anal. calcd for 
CI9HZ8O8: C, 59.36; H, 7.34. Found: C, 59.12; H ,  7.18. 

(2s)-Ethoxy-(4s)-(1,2: 3,4-di-O-isopropylidene-a-~-gufucro-1,5-pyranose-S- 
yl)-(SR)-hydroxy-(6~-hydroxymethyltetrahydropyran (15): A solution of the 
aldehyde 13a (0.3 g, 0.75 mmol) in X inL of T H F  was cooled to 0 'C and then 
treated with a 1 M solution of BH, in T H F  (3.9 mL, 3.9 mmol). The reaction 

tirred for 1 h at 0 'C and for 18 h at room temperature. Then, 
0.35 mL of 30% NaOH and 0.35 mL of 30% H,O, were added, and the 
solution was heated at 6O'C for 1 h. After dilution with H,O (10mL),  the 
solution was extracted with diethyl ether (6 x 10 mL), and the combined 
organic layers were dried (Na,SO,). The evaporation of the solvent at re- 
duced pressure and chromatography of the residue (1 : 5 diethyl ether-cyclo- 
hexane) afforded 0.22 g (70%) of the diol 15 as a colorless oil: [ x ] F  = - 29.1 

(c=0.70iuCHCl3)'HNMR(CDC1,):6 =1.21 ( t . 3H, . I=7 .0Hz) .  1.31 (9. 

3H), 1.33(s,3H),1.39-1.45(m,lH),1.45(s,3H),1.49(s,3H). 1,99(dddd. 
l H ,  J=12 .4 ,  10.5, 6.6, 4.1 Hz), 2.26 (ddd, 1H.  J - 1 3 . 2 ,  4.4. 2.OHz). 2.42 
(b r t , IH , J=5 .5Hz) .3 .26 (d .  l H , . J = 4 . 4 H r ) . 3 . 3 1  (ddd, l H , J = 9 . 2 , 4 . 9 .  

3.76 (dd, 1 H, J =7.0. 1.9 Hz), 3.78 (m, 1 H), 3.90 (m, 1 H) ,  3.91 (dq. 1 H, 
4.0 Hz), 3.34 (dq, 1 H. J = 9.3, 7.0 H z ) ,  3.56 (ddd, 1 H. J = 10.5,9.2,4.4 Hz). 

J = 9 . 3 ,  7 . 0 H ~ ) .  4.28 (dd, I H ,  J = 5 . 2 ,  2.2Hz). 4.39 (dd. 1H.  . /=7.9,  
1.9H~),4.56(dd,lH,J=9.0,2.0H~),4.59(dd,lH.J=7.9.2.2H7),5.52 
(d, 1 H , J =  5.2 Hz). l3CNMR(CDC1,): 6 =15.6. 24.6,25.3.26.3. 26.4.33.X. 
42.5, 63.9, 65.0, 68.7, 69.3, 71.0, 71.4, 73.2, 78.8. 97.1. 101.7. 109.1, 109.8. 
Anal. calcd for Ci4H3,09:  C, 56.42; H,  7.97. Found: C.  56.52: H, 8.02. 

C-2 epimer of 15 (oil): [ZIP: -26.7 (c = 0.75 in CHCI,): ' H N M R  (CDC.1,): 
8 = 1 . 2 2 ( t , 3 H , J = 7 . 2 H z ) 1 . 3 2 ( ~ . 3 H ) , 1 . 3 4 ( s , 3 H ) .  1.44(s. 3H),1.52(s ,  
3H),1.65(brs.lH).1.67(ddd,1H,J=14.0.10.6,5.4Hz).2.04(dddd.1H, 
J=10.6,9.7,  8.3, 5.4 Hz), 2.23(ddd, 1 H , J=14 .0 ,  5.4, 5.4 HI), 2.83 (dd, 1 H. 
J =7.2, 0.8 Hz), 3.53 (dq, 1 H ,  .I = 9.8, 7.2 Hz), 3.73 (m. 1 H).  3.74 (ddd, 1 H. 
J = 8 . 3 ,  7.5, 2 . 3 H ~ ) ,  3.80 (dq, I H ,  J=9 .8 .  7.2Hz). 3.83 (dd. l H ,  7.5, 
4.5 Hz). 3.84 (m. 1 H), 3.91 (dd, 1 H, .I = 9.7. 1.8 H r ) ,  4.30 (dd. 1 H. J = 5.0. 
2.5 Hz), 4.43 (dd, 1 H, J =7.9, 1.8 Hz), 4.60 (dd, 1 H, J = 7.9, 2.5 Hz). 4.89 
(dd, l H ,  J = 5 . 4 ,  5.4Hz), 5.52 (d, I H ,  . I=5 .0Hz) ;  "C NMR (CDCI,): 
6 =15.2, 24.2, 24.9, 25.9, 26.0, 30.6, 42.1, 60.6. 64.6, 68.4, 69.2. 70.5. 70.9, 
72.5. 78.4, 96.5, 101.1. 108.6, 109.3. 

(2R)-Ethoxy-(4R)-(l,2: 3,4-di-O-isopropylidene-~-~-gufucru-1,5-pyranose-S- 
yl)-(SS)-hydroxy-(6R)-hydrnxymethyltetrahydropyran (16) : The siime proce- 
dure was used as for the hydroboration of 13a. From the aldehyde 14a (0.3 g, 
0.78 mmol) and 3.9 mL of a 1 M solution of BH, in T H E  0.2 g (64%) of 
compound 16 was obtained: m.p. 114-116°C (diethyl ether-hexane); 
[r]? = - 82.8 (c = 0.62 in CHCI,) . ' H N M R  (CDCI,): (5 =1.23 it, 3H. 
J=7.1Hz),l.33(s,6H),1.50(s,3H),1.53(s.3H).1.23-1.30(m,1H,).~.02 
(ddd , lH , J=12 .7 ,4 .5 ,2 .1Hz) ,2 .14 (dddd ,  l H , J = 1 2 . 7 . 9 . 2 . Y . 1 , 4 . 5 H z ) ,  
2.32 (dd, 1 H, J = 6.9, 6.2 Hz), 3.38 (ddd, 1 H, J = 9.4. 5.4.4.2 HL),  3.50 (dd. 
1 H, J = 9.4, 9.1 Hz), 3.56 (dq, 1 H. J = 9.4, 7.1 Hz), 3.76 (dd, 1 H, J = 9.2. 
1 . 7 H ~ ) ,  3.77(ddd, I H , J = 1 1 . 5 ,  6.9, 5 .4Hr) ,  3.93 (ddd, l H ,  J=11 .5 .  6.2, 
4.2 Hz), 3.96 (dq, 1 H, J = 9.4, 7.1 Hz) ,  4.15 (s,I H), 4.20 (dd. 1 H, J = 8.0. 
1.7H~).4.33(dd,lH.J=5.0,2.5H~).4.60(dd.lH.J=8.0.2.5Hz).4.63 
(dd. 1 H, J = 9.7. 2.1 Hz) ,  5.52 (d. 1 H,  J = 5.0 Hz): ' ,C NMR (CDCI,): 
6 =15.1, 24.2. 24.8, 25.8, 26.0, 32.1, 39.5, 63.5, 64.6, 70.3, 12.7. 73.7. 77.5. 
96.2, 100.7, 109.3, 109.6Anal. calcd for C,,H,,O,: C ,  56.42; H. 7.97. Found: 
C, 56.35; H, 7.90. 
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