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A new general synthetic route to obtain highly functionalized (Z)- and (E)-alk-1-enyl halides is described,
where the halogen can be indistinctly F, Cl, Br, and I. The procedure involves CrCl,-promoted reductive
elimination of B-O-substituted gem-dihalo alditols easily accessible from carbohydrates. The simplicity
and mildness of the reaction conditions and their compatibility with different functional groups increase
the synthetic potential of this methodology.
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1. Introduction

Alk-1-enyl halides are useful synthetic intermediates' and
probably the most widely used organic electrophiles in the Stille,
Suzuki, Nozaki-Hiyama-Kishi, and Heck cross-coupling reactions.
Moreover, new strategic reactions are emerging for C-N and C-O
bond formation that employ this type of compounds as starting
materials and their importance as valuable synthons is increasing
accordingly.? The synthetic utility of these reactions owes a great
deal to the ease with which the coupling partners can be
synthesized.

There are many methods for obtaining alk-1-enyl halides, but
very few of them are mild enough to be used with highly func-
tionalized or sensitive substrates.* An overview reveals few general
procedures and these usually have to be optimized for each class of
vinyl halides. Elimination reactions are well known among the
earliest routes toward vinyl halides, especially base-promoted
dehydrohalogenation of vicinal or geminal dihalo compounds.’
Zinc-promoted reductive elimination of f-heterosubstituted
polyhalogenated compounds have also been used but to a lesser
extent.® Some years ago the preparation of vinyl halides by a ster-
eoselective reductive B-elimination of non-fluorinated O-acety-
lated gem-dihaloalkanols with samarium(ll) iodide was reported.”
Recent advances, for instance, involve the use of transition-metal
reagents in the reductive dehalogenation of gem-trihalo com-
pounds promoted by CrCl, or CuCl/2,2’-bipyridine.®

Herein we describe a facile and general synthetic route to
chiral polyhydroxylated alk-1-enyl halides 4 by chromium(Il)-
mediated reductive B-elimination reaction of 1,1-dihalo alditols 3
(Scheme 1). These gem-dihalo derivatives are easily available from
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glycals 1 by an advantageous two-step methodology previously
developed in our laboratory,’ with the alkoxyl radical p-frag-
mentation (ARF) reaction of 2-deoxy-2-halo pyranoses 2 as the
key step.

o O ,OH
RO i a RO
RO RO X
RO RO
1 }y 2
RO | RO
RO “x _© _ RO Zx
HOCO OR HOCO
3 4

Scheme 1. General scheme for the synthesis of 1-halo-1-iodo-alditols. Reagents and
conditions: (a) Fluorohydrins: Selectfluor™, CH3NO,/H,0 (4:1), rt, 14 h and then re-
fluxed 30 min. Chlorohydrins: N-chlorosuccinimide, THF/H,0, reflux, 8 h. Bromohy-
drins: N-bromoacetamide, THF/H,0, rt, 4 h. lodohydrins: N-iodosuccinimide, THF/H,0,
rt, 20 min; (b) PhI(OAc),, I, CHyCly, hv; (c) CrCly, THF/DMEF, rt; R=protective group;
X=F, Cl, Br, L.

2. Results and discussion

Treatment of B-O-acetyl or B-O-benzyl-1,1-haloiodo alditols
with an excess of chromium(Il) chloride as reducing agent has
allowed the formation of highly functionalized vinyl iodides, vinyl
bromides, vinyl chlorides, and vinyl fluorides as summarized in
Table 1. As far as we know, no examples of chromium-mediated
B-elimination of dihalo compounds have been previously reported.

The reaction proceeds at room temperature in THF with an ex-
cess of a preformed complex of CrCl, and DMF, since this donor
ligand enhances the reductive power of chromium(Il),'? to give
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Table 1
Reductive B-elimination of 1-halo-1-iodo alditols®

Entry Substrate Time (h) Product Yield (%, Z|E)
AcO | AcO
AcO™ Y X ACOWX
HOCO OAc HOCO
1 5 X=F 24 9 X=F 85,1:1
2 5 X=F 0.5 9 X=F 52, 3:1°
3 6 X=Cl 1 10 X=Cl 92, 3:1
4 6 X=Cl 0.3 10 X=Cl 85, 5:1P
5 7 X=Br 3 11 X=Br 96, 3:2¢
6 7 X=Br 0.5 11 X=Br 72,5:1°
7 8 X=I 0.5 12 X=I 90, 3:2
8 8 X=I 0.5 12 X=I 77,5:1°
BnO | BnO
BnO” X Bno/\{'\/“ X
HOCO OBn HOCO
9 13 X=F 24 17 X=F 99,1:1
10 14 X=Cl 24 18 X=Cl 80, 2:1
1 15 X=Br 5 19 X=Br 81, 7:3¢
12 16 X=I 15 20 X=I 81, 3:1¢
B-D-GalO | B-D-GalO
AcO Y X AcO™ Y = "X
HOCO OAc HOCO
13¢ 21 X=F 24 25 X=F 79, 3:1
14¢ 22 X=Cl 25 26 X=Cl 81, 2:1"
15¢ 23 X=Br 6 27 X=Br 92, 4:1¢
16° 24 X=I 0.5 28 X=I 93, 3:2
AcQ | Acg
AcO™ Y X AcO™ Y A1)
HOCO OAc HOCO
17 29 X=F 24 33 X=F 84,1:1
18 30 X=Cl 1 34 X=Cl 96, 1:1
19 31 X=Br 3 35 X=Br 84, 3:2°
20 32 X=I 1 36 X=I 90,1:1

other vinyl halides from each series of O-acetyl-1,1-haloiodo aldi-
tols, vinyl fluoride 17 was obtained almost quantitatively from B-O-
benzyl-1-fluoro-1-iodo alditol 13 (entry 9). This could suggest that
the reductive elimination of a f-O-benzyl group is the best option
when a fluorine atom is present.

In comparison, preformed’® Sml, was used at room temperature
as an alternative reducing agent for the elimination of the B-O-
acetyl-1,1-haloiodo alditols 6-8 to obtain vinyl halides 10-12 (en-
tries 4, 6, and 8, Table 1), with higher diastereoselectivity but in
somewhat lower yields. Although vinyl fluoride 9 (entry 2) could
also be obtained from 1,1-fluoroiodo-alditol 5, heating to 50 °C was
necessary and a notable decrease in yield was observed (entry 2,
Table 1). Sml, failed to lead to the reductive elimination of B-O-
benzylated-1,1-diiodo alditol 16, which afforded complex mixtures
of compounds, even when temperature and amounts of reagent
were reduced.

In order to test the scope and generality of our methodology the
reaction was examined with other types of gem-dihalo alditols as
substrates such as O-acetyl 1,1-dibromo- and 1,1-bromochloro
alditols 37 and 38 (Table 2).°® These were also suitable for the
cromium(Il)-promoted B-elimination and vinyl bromide 10 and
vinyl chloride 11 were formed under the usual conditions with
good yields (entries 1 and 2, Table 2).

Similar results were obtained when experiments using gem-
diiodo alditols 39, 41, and 44 were carried out. The reaction showed
tolerance to other O-protecting groups such as benzylidene acetal
of 39 and tert-butyldimethysilyl of 41 (entries 3 and 4, Table 2).
Elimination of this last alditol afforded mixtures of the expected
vinyl iodides 42 and their corresponding transesterification prod-
ucts 43. As can be observed in this case the presence of a cyclic
carbonate at the B-position had a decisive influence on the steric
course of the elimination, probably due to the conformational re-
striction introduced, and the diastereoselectivity improved

Table 2
Reductive B-elimination of 1,1-dihalo alditols®

2 Reactions were performed with CrCl,~DMF in dry THF.

b Reactions were performed with Sml, in dry THF.

€ Vinyl iodide (3-11%) was also obtained.

4 20E contaminated with 20% of 20Z.

€ Gal in this case refers to the peracetylated moiety of galactose.
f 26E contaminated with 15% of starting material 22.

(Z2)- and (E)-vinyl halides in good to excellent yields but with
moderate diastereoselectivity (Table 1).

For the preparation of vinyl fluorides a higher excess of CrCl,-
DMF complex and in general longer reaction time (24 h) were
necessary (entries 1, 9, 13, and 17, Table 1). In preliminary experi-
ments we studied different temperature conditions and no effect
was observed in the diastereoisomeric ratio. However, yields be-
came lower as the temperature increased.

The reaction is compatible with O-acetyl or O-benzyl protecting
groups present in the structure of all gem-haloiodo alditols studied,
especially with the sensitive O-formyl protecting group. The gly-
cosidic linkage of O-acetylated derivatives 25-28 also remains
unaffected too. lodides are considerably more reactive than fluo-
rides and chlorides in the reductive elimination reaction. Conse-
quently, vinyl fluorides (entries 1, 9,13, and 17) and vinyl chlorides
(entries 3, 10, 14, and 18) were exclusively obtained. However, this
does not appear to be the case for 1-bromo-1-iodo alditols (7,15, 23,
and 31), since bromine was eliminated competitively and the vinyl
bromides (entries 5, 11, 15, and 19) were contaminated by small
amounts of the corresponding vinyl iodides. In contrast with the
fact that vinyl fluorides were obtained with lower yields than the

Entry Substrate Time (h) Product Yield (%, Z|E)
AcO Br AcO
AcO” Y X ACOWX
HOCO OAc HOCO
1 37 X=Br 15 11 X=Br 82,1:1
2 38 X=Cl 15 10 X=Cl 83,3:2
Ph Ph
0”0 | o/'\o
3 1 91, 3:2
- | W"\'I
HOCO OAc HOCO
39 40
o BuMe,SiO  OR!
4 '‘BuMe,Si0  O7Y | : v
. | RO
HocO (O 0.5 42 R=0OCOH; R'=H 85, 3:7"
41 43 R=H; R'=0COH
AcO |
HOCO = AcQ
5 I o5 HOCO_~_~7w| 86,3:2°
OAc 45
44

2 All reactions were performed with CrCl,-DMF in dry THF.
b Inseparable mixtures of 42E with 43E and 42Z with 43Z.
¢ Inseparable mixture of isomers.
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significantly toward the (E)-isomer (Z/E, 3:7). Reductive elimination
of a less substituted gem-dihalo alditol 44 afforded vinyl iodide 45,
which may be an alternative chiral synthon when the introduction
of only one stereogenic center is required.

Mechanistically, details of the formation of vinyl halides from
B-O-substituted gem-dihalo alditols have yet to be elucidated.
The most important chromium-mediated reaction of gem-diha-
loalkanes, the E-olefination of carbonyl compounds developed by
Takai,!! is believed to proceed via a gem-dichromium carbenoid
(A), which nucleophilically attacks the carbonyl compounds, al-
though a gem-halo-chromium intermediate (B) may be involved
(Scheme 2). When we attempted the olefination of hydro-
cinnamaldehyde using different B-substituted gem-diiodo alditols
B-elimination products were exclusively obtained.®® It is proba-
ble that initially an oxidative addition of chromium into the C-X
bond (I>Br>>CI>F) takes place to generate the gem-halo-chro-
mium intermediate (C), followed by chromium-induced [-elim-
ination of the oxygenated function at C-2, which must be faster
than the possible second reduction toward a geminal dichro-
mium species (Scheme 2).

ol |
RI—< " } <— R'CHl; —— [R1{Cr”'}

crl
A B
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2 cr 2
Rw)\x > H H R\/'«Ax
OR RO cCr'"
X=F, Cl, Br, | C

Scheme 2. Tentative mechanism for CrCl,-promoted pB-elimination of gem-dihalo
alditols.

In general, reductive elimination of 1:1 diastereoisomeric
mixtures of gem-haloiodo alditols (3:2 for 30 and 31) afforded
(Z)- and (E)-vinyl halides with ratios different from those of the
starting material. B-Elimination of the different gem-diiodo
alditols studied took place with variable diastereoselectivity. The
observed stereochemical course can be explained by a low de-
gree of control in the transition state. It is known that stereo-
selective reactions of gem-trihalogenated compounds promoted
by CrCl, involve a gem-dihalogenated monochromium in-
termediate whose conformation is fixed by intramolecular co-
ordination of chromium(Ill) with an oxygen atom of a f-group.'?
Since gem-dihalo alditols show a high number of oxygenated
functions several chromium(Ill)-oxygen coordinations are feasi-
ble and different conformations of the gem-halo-chromium in-
termediate (C) are possible with the subsequent loss of
stereocontrol during the elimination.

3. Conclusion

In summary we have described an efficient and general new
methodology to obtain highly functionalized (Z)- and (E)-vinyl
halides by reductive elimination of f-O-acetyl- and f-O-benzyl-1,1-
dihalo alditols. The easy accessibility of these starting products
from carbohydrates combined with the simplicity and mildness of
the elimination conditions and the exceptional tolerance of the
CrCl;, reagent toward different functional groups increase the po-
tential of this method to obtain those valuable synthons. The syn-
thesis of libraries of both (Z)- and (E)-vinyl halides is of interest for
comparative studies in biochemistry as well as in physical organic
chemistry, especially for vinyl fluorides since the presence of
a fluorine atom modifies their biological activity by altering their
physicochemical properties.'®
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4. Experimental section
4.1. General

Melting points were determined with a hot-stage apparatus.
Optical rotations were measured at the sodium line at ambient
temperature in CHCl3 solutions. IR spectra were recorded in CHCl3
solutions unless otherwise stated. NMR spectra were determined at
500 MHz for 'H, 100.6 MHz for '3C, and 376.4 MHz for '°F in CDCl3
unless otherwise stated. TMS was used as internal standard for 'H
and '3C nuclei, while CCI3F was used as internal standard for 1°F
nucleus. Mass spectra were determined at 70 eV. Merck silica gel 60
PF (0.063-0.2 mm) was used for column chromatography. Circular
layers of 1 mm of Merck silica gel 60 PF,54 were used on a Chro-
matotron for centrifugally assisted chromatography. Anhydrous
CrCl, was purchased from Aldrich. Samarium powder was pur-
chased from Strem. Solvents were analytical grade or were purified
by standard procedures prior to use. All reactions involving air- or
moisture-sensitive materials were carried out under a nitrogen
atmosphere, and the glassware was oven-dried. The spray reagents
for TLC analysis were conducted with 0.5% vanillin in HySO4-EtOH
(4:1) and further heating until development of color.

4.2. General procedure for the synthesis of vinyl halides
with CrCl,

To a suspension of CrCl; (4 mmol) in dry THF (8 mL) was added,
under nitrogen, dry DMF (4 mmol) and the mixture stirred for
30 min. A solution of the 1,1-dihalo alditol (1 mmol) in THF (10 mL)
was then added and the stirring continued at room temperature,
for the time specified in the tables. The reaction mixture was
poured into water and extracted with EtOAc, the organic layer was
washed with brine, dried over NaySO4, and concentrated under
reduced pressure. The residue was purified by chromatography
(hexanes-EtOAc mixtures). For vinyl fluorides 9, 17, 25, and 33,
CrCl, (6 mmol) in dry THF (18 mL) and dry DMF (6 mmol) were
used.

4.3. General procedure for the synthesis of vinyl halides
with Sml,

A solution of freshly prepared Sml, (3 mmol) in dry THF (30 mL)
was added dropwise over 30 min, under nitrogen, to a solution of
the 1,1-dihalo alditol (1 mmol) in THF (10 mL) at room temperature,
with the exception of the fluoride derivative, which was heated to
50 °C. Stirring was continued for the time specified in Table 1, the
reaction mixture was treated with 10% aqueous HCl, and after usual
work up the residue was purified by chromatography (hexanes—
EtOAc mixtures).

4.4. Spectral and analytical data of alk-1-enyl halides

4.4.1. (Z)-3,5-Di-O-acetyl-1,2-dideoxy-1-fluoro-4-O-formyl-p-
erythro-pent-1-enitol (92Z) and (E)-3,5-di-O-acetyl-1,2-dideoxy-1-
fluoro-4-0O-formyl-p-erythro-pent-1-enitol (9E)

Yield with CrCl, 85%, ZJE dr: 1:1. Yield with Sml, 52%, Z/E dr:
3:1. Compound 9Z: oil, [a]p +15.5 (c 0.67); IR 1734cm™; H
NMR 6y 2.06 (3H, s), 2.07 (3H, s), 416 (1H, dd, J=12.1, 7.2 Hz),
424 (1H, dd, J=12.1, 4.1 Hz), 4.93 (1H, ddd, 3J=39.4 Hz, J=9.2,
49Hz), 546 (1H, ddd, J=7.2, 43, 41Hz), 593 (1H, dd, J=9.2,
43Hz), 661 (1H, dd, ¥m=82.1Hz, J=4.9 Hz), 8.10 (1H, s); 3C
NMR éc 20.6 (CHs), 20.8 (CH3), 61.6 (CHy), 64.9 (CH, 3Jrc=6.5 Hz),
70.7 (CH, Ypc=22Hz), 1053 (CH, 2Jrc=2.2Hz), 1512 (CH,
1rc=268.6 Hz), 159.8 (CH), 169.4 (C), 170.4 (C); ”F NMR 0
—119.8 (dd, %Jpy=82.6 Hz, Jpy=41.3 Hz); MS m/z (rel intensity)
203 (M*+—HOCO, 10), 189 (8), 160 (30), 131 (50), 117 (100); HRMS
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m/z calcd for CoH12FO4 203.0720, found 203.0728. Anal. Calcd for
C10H13FOg: C, 48.39; H, 5.28. Found: C, 48.37; H, 5.10. Compound
9E: oil, [a]p +21.7 (¢ 0.72); IR 1734 cm™"; 'H NMR 4y 2.06 (3H, s),
2.07 (3H,s),4.18 (1H,dd,j=12.1,6.5 Hz), 423 (1H, dd, J=12.1, 3.9 Hz),
5.36 (3H, m), 6.82 (1H, dd, %Jry=81.3 Hz, J=10.3 Hz), 8.09 (1H, s); 'H
NMR (CgDg) 0y 1.54 (3H, s), 1.61 (3H, 5), 3.94 (1H, dd, jJ=11.9, 6.2 Hz),
3.98 (1H, dd, J=11.9, 3.3 Hz), 5.21 (1H, ddd, 3J;y=16.2 Hz, J=11.0,
9.1 Hz),5.31 (2H, m), 6.31 (1H, dd, ¥}mu=81.5 Hz,j=11.0 Hz), 7.42 (1H,
s); 3C NMR éc 20.6 (CH3), 20.9 (CHs), 61.5 (CHz), 67.6 (CH,
3Jec=11.4 Hz), 70.7 (CH, ¥Jrc=3.2 Hz), 106.3 (CH, *Jrc=11.2 Hz), 154.6
(CH, Jrc=266.6 Hz), 159.7 (CH), 169.5 (C), 170.4 (C); '°F NMR 0
—119.5 (dd, %Jp=82.6 Hz, 3Jpy=13.8 Hz); MS m/z (rel intensity) 203
(M*—HOCO, 18), 189 (7), 160 (32), 130 (40), 117 (100); HRMS m/z
caled for CgH13FO4 203.0720, found 203.0705. Anal. Calcd for
C10H13FOg: C, 48.39; H, 5.28. Found: C, 48.24; H, 4.98.

4.4.2. (Z)-3,5-Di-O-acetyl-1-chloro-1,2-dideoxy-4-O-formyl-p-
erythro-pent-1-enitol (10Z) and (E)-3,5-di-O-acetyl-1-chloro-1,2-
dideoxy-4-0-formyl-p-erythro-pent-1-enitol (10E)

Yield with CrCl, 92%, ZJE dr: 3:1. Yield with Sml, 85%, Z/E dr:
5:1. Compound 10Z: oil, [a]p +4.0 (¢ 0.38); IR 1738 cm™!; 'H
NMR 6y 2.06 (3H, s), 2.08 (3H, s), 415 (1H, dd, J=12.2, 7.3 Hz),
424 (1H, dd, J=12.1, 4.0 Hz), 5.48 (1H, ddd, J=8.0, 3.9, 3.9 Hz),
5.82 (1H, dd, J=8.7, 7.4 Hz), 5.98 (1H, dd, J=8.9, 4.1 Hz), 6.35 (1H,
dd, J=7.4, 0.8 Hz), 8.09 (1H, s); >C NMR (125.7 MHz) éc 20.6
(CH3), 20.7 (CHs), 61.6 (CH,), 67.8 (CH), 70.6 (CH), 124.4 (CH),
125.1 (CH), 159.7 (CH), 169.3 (C), 170.4 (C); MS m/z (rel intensity)
229 (M*—Cl, 8), 133 (100); HRMS m/z calcd for CyoH130g
229.0712, found 229.0721. Anal. Calcd for CioH13ClOg: C, 45.38;
H, 4.95. Found: C, 45.25; H, 5.02. Compound 10E: oil, [a]p +44.1
(c 0.15); IR 1738 cm™'; "H NMR 6y 2.07 (3H, s), 2.08 (3H, s), 418
(1H, dd, J=12.2, 6.5 Hz), 4.25 (1H, dd, J=12.1, 3.9 Hz), 5.36 (1H,
ddd, J=5.2, 5.2, 4.7 Hz), 5.48 (1H, dd, J=8.3, 4.7 Hz), 5.93 (1H, dd,
J=13.4, 8.3 Hz), 6.42 (1H, dd, J=13.5, 0.8 Hz), 8.09 (1H, s); C
NMR (125.7 MHz) éc 20.6 (CH3), 20.8 (CHs), 614 (CHy), 70.3
(CH), 70.6 (CH), 125.8 (CH), 126.5 (CH), 159.6 (CH), 169.4 (C),
1704 (C); MS m/z (rel intensity) 229 (M™—Cl, 15), 81 (100);
HRMS m/z caled for CioH130¢ 229.0712, found 229.0713.
Anal. Calcd for C19Hq3ClOg: C, 45.38; H, 4.95. Found: C, 45.52; H,
5.02.

4.4.3. (Z)-3,5-Di-O-acetyl-1-bromo-1,2-dideoxy-4-0-formyl-p-
erythro-pent-1-enitol (11Z) and (E)-3,5-di-O-acetyl-1-bromo-1,2-
dideoxy-4-0-formyl-p-erythro-pent-1-enitol (11E)

Yield with CrCl, 96%, ZJE dr: 3:2. Yield with Sml, 72%, Z/E dr:
5:1. Compound 11Z: oil, [a]p —1.7 (c 0.24); IR 1735cm™!; H
NMR 6y 2.06 (3H, s), 2.07 (3H, s), 417 (1H, dd, J=12.2, 7.4 Hz),
426 (1H, dd, J=12.2, 40Hz), 5.50 (1H, ddd, J=7.6, 4.0, 4.0 Hz),
5.91 (1H, dd, J=8.6, 4.0 Hz), 6.18 (1H, dd, J=8.6, 7.7 Hz), 6.54 (1H,
d, J=7.7 Hz), 8.10 (1H, s); *C NMR 6¢ 20.6 (CH3), 20.7 (CH3), 61.6
(CH,), 70.2 (CH), 70.5 (CH), 114.0 (CH), 128.3 (CH), 159.7 (CH),
169.3 (C), 170.4 (C); MS m/z (rel intensity) 251/249 (MT—CH3CO,,
29/25), 222/220 (15/16), 183 (29), 179/177 (39/39), 162/160 (11/
13), 141 (46), 81 (100); HRMS m/z calcd for CgH$(BrO,4 250.9742,
found 250.9760. Anal. Calcd for CioH13BrOg: C, 38.86; H, 4.24.
Found: C, 38.90; H, 4.11. Compound 11E: oil, [a]p +59.2 (c 1.14);
IR 1734 cm™'; 'H NMR 6y 2.07 (3H, s), 2.08 (3H, s), 4.19 (1H,
dd, J=12.2, 6.6 Hz), 4.25 (1H, dd, J=12.2, 3.9 Hz), 5.36 (1H, ddd,
J=52, 5.2, 47Hz), 545 (1H, dd, J=8.0, 4.7 Hz), 6.21 (1H, dd,
J=13.8, 8.0 Hz), 6.56 (1H, d, J=13.8 Hz), 8.08 (1H, s); >°C NMR ¢
20.6 (CHs), 20.8 (CH3), 61.4 (CH), 704 (CH), 715 (CH), 113.3
(CH), 130.5 (CH), 159.6 (CH), 169.3 (C), 1704 (C); MS m/z (rel
intensity) 251/249 (M —CH5CO,, 5/5), 222 (15), 183 (26), 179/177
(30/32), 163/161 (13/13), 141 (43), 81 (100), HRMS m/z calcd for
CsH§{BrO4 250.9742, found 250.9780. Anal. Calcd for C1oH13BrOg:
C, 38.86; H, 4.24. Found: C, 38.89; H, 4.13.
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4.4.4. (Z)-3,5-Di-0O-acetyl-1,2-dideoxy-4-O-formyl-1-iodo-p-
erythro-pent-1-enitol (12Z) and (E)-3,5-di-O-acetyl-1,2-dideoxy-4-
O-formyl-1-iodo-p-erythro-pent-1-enitol (12E)

Yield with CrCl, 90%, Z/E dr: 3:2. Yield with Sml, 77%, Z|E dr: 5:1.
Compound 12Z: oil, [a]p —2.8 (c 1.35); IR 1736 cm™"; 'H NMR 4y
2.07 (6H, s), 418 (1H, dd, J=12.1, 73 Hz), 4.26 (1H, dd, J=121,
40Hz), 549 (1H, ddd, J=7.3, 4.2, 40Hz), 5.72 (1H, dd, J=8.5,
42 Hz), 632 (1H, dd, J=8.5, 8.0 Hz), 6.74 (1H, d, J=8.0 Hz), 8.10 (1H,
s); 13C NMR (125.7 MHz) éc 20.69 (CH3), 20.74 (CH3), 61.6 (CHa),
70.4 (CH), 74.3 (CH), 88.5 (CH), 134.4 (CH), 159.7 (CH), 169.3 (C),
170.4 (C); MS m/z (rel intensity) 356 (M™, 1), 229 (<1), 183 (100);
HRMS m|/z calcd for CipH1310g 355.9698, found 355.9695. Anal.
Calcd for C19H13l06: C, 33.73; H, 3.68. Found: C, 33.58; H, 4.07.
Compound 12E: oil, [a]p +52.5 (¢ 1.14); IR 1734 cm™"; 'H NMR 6y
2.07 (3H, s), 2.09 (3H, s), 4.19 (1H, dd, J=12.4, 6.6 Hz), 4.26 (1H, dd,
J=12.4,3.8 Hz), 5.34 (1H, ddd, J=6.6, 4.6, 3.8 Hz), 5.42 (1H, dd, J=74,
4.6 Hz), 6.53 (1H, dd, J=14.6, 7.4 Hz), 6.65 (1H, d, J=14.6 Hz), 8.08
(1H, s); 13C NMR (125.7 MHz) d¢ 20.6 (CH3), 20.8 (CH3), 61.3 (CH>),
70.2 (CH), 73.3 (CH), 83.8 (CH), 138.3 (CH), 159.6 (CH), 169.3 (C),
170.4 (C); MS m/z (rel intensity) 356 (M™, <1), 313 (<1), 311 (<1),
229 (<1),183 (100); HRMS m/z calcd for C19H1310¢ 355.9757, found
355.9768. Anal. Calcd for CigH13l06: C, 33.73; H, 3.68. Found: C,
33.61; H, 3.92.

4.4.5. (Z)-3,5-Di-O-benzyl-1,2-dideoxy-1-fluoro-4-O-formyl-p-
erythro-pent-1-enitol (17Z) and (E)-3,5-di-O-benzyl-1,2-dideoxy-1-
fluoro-4-O-formyl-p-erythro-pent-1-enitol (17E)

Yield 99%, Z/E dr: 1:1. Compound 17Z: oil, [o]p +24.5 (c 0.31); IR
1727 cm™'; TH NMR 6y 3.64 (1H, dd, J=10.7, 4.3 Hz), 3.68 (1H, dd,
J=10.7, 6.0 Hz), 4.41 (1H, d, J=11.7 Hz), 4.49 (1H, d, J=12.0 Hz), 4.55
(1H, d, J=12.0 Hz), 4.59 (1H, d, J=11.7 Hz), 4.65 (1H, dd, J=9.7,
5.7 Hz), 4.90 (1H, ddd, 3Jpy=41.2 Hz, J=9.7, 4.8 Hz), 5.30 (1H, ddd,
J_5.7, 5.7, 5.7 Hz), 6.70 (1H, dd, 'J;y=84.0 Hz, ]=4.8 Hz), 7.26-7.35
(10H, m), 8.11 (1H, s); *C NMR ¢ 68.2 (CH>), 69.5 (CH, *Jrc=5.4 Hz),
70.8 (CHy), 73.1 (CH), 73.3 (CH,), 108.0 (CH, 4Jpc=3.2 Hz), 127.67
(2xCH), 127.74 (2xCH), 127.8 (2xCH), 128.36 (2xCH), 128.39
(2xCH), 137.68 (C), 137.74 (C), 151.3 (CH, 'Jrc=264.4 Hz), 160.4 (CH);
19F NMR 6 —123.9 (dd, ¥Jry=82.6 Hz, 3Jry=41.3 Hz); MS m/z (rel
intensity) 344 (M*, <1), 253 (<1),165 (3), 91 (100); HRMS m/z calcd
for CyoH21FO4 344.1424, found 344.1413. Anal. Calcd for CyoH21FO4:
C, 69.75; H, 6.15. Found: C, 69.82; H, 6.31. Compound 17E: oil, [a]p
+18.4 (¢ 0.51); IR 1727 cm™!; 'H NMR 6y 3.63 (1H, dd, j=10.6,
43 Hz), 3.70 (1H, dd, J=10.6, 5.5 Hz), 4.02 (1H, dd, J=9.5, 5.8 Hz),
437 (1H, d, J=118 Hz), 450 (1H, d, J=12.1Hz), 452 (1H, d,
J=12.0 Hz), 4.60 (1H, d, J=11.8 Hz), 5.24 (1H, ddd, ]=5.8, 5.8, 5.8 Hz),
535 (1H, ddd, 3Jp=171Hz, J=11.3, 9.5Hz), 6.63 (1H, dd,
1Jen=82.8 Hz, J=11.3 Hz), 7.26-7.35 (10H, m), 8.09 (1H, s); >C NMR
6c 67.8 (CHy), 703 (CHy), 72.8 (CH, 3Jpc=12.9Hz), 73.1 (CH,
4kc=3.2 Hz), 73.4 (CH3), 108.5 (CH, %Jpc=8.6 Hz), 127.7 (4xCH), 127.8
(2xCH), 128.5 (4xCH), 137.5 (C), 137.6 (C), 152.8 (CH, Jrc=264.4 Hz),
160.2 (CH); 'F NMR 0 —121.8 (dd, )/sy=82.6 Hz, *Jpu=18.4 Hz); MS
m/z (rel intensity) 344 (M*, <1), 253 (<1), 165 (3), 91 (100); HRMS
m/z calcd for CygHz1FO4 344.1424, found 344.1427. Anal. Calcd for
CooH21FO4: C, 69.75; H, 6.15. Found: C, 70.04; H, 5.76.

4.4.6. (Z)-3,5-Di-O-benzyl-1-choro-1,2-dideoxy-4-0-formyl-p-
erythro-pent-1-enitol (18Z) and (E)-3,5-di-O-benzyl-1-choro-1,2-
dideoxy-4-0-formyl-p-erythro-pent-1-enitol (18E)

Yield 80%, Z|E dr: 2:1. Compound 18Z: oil, [a.]p +0.9 (c 0.22); IR
1728 cm~!; TH NMR 6y 3.65 (1H, dd, J=10.8, 4.1 Hz), 3.68 (1H, dd,
J=10.8, 6.3 Hz), 4.44 (1H, d, J=12.1 Hz), 4.49 (1H, d, J=12.1 Hz), 4.56
(1H, d, J=11.7 Hz), 458 (1H, d, J=11.7 Hz), 4.72 (1H, dd, J=9.0,
5.4 Hz), 5.34 (1H, ddd, J=5.4, 54, 5.4Hz), 583 (1H, dd, J=9.0,
7.2 Hz), 6.38 (1H, d, J=7.2 Hz), 7.27-7.35 (10H, m), 8.10 (1H, s); 3C
NMR (125.7 MHz) é¢c 68.2 (CHa), 71.0 (CHy), 72.6 (CH), 73.0 (CH),
73.3 (CHy), 123.8 (CH), 127.6-128.4 (10xCH), 128.4 (CH), 137.66 (C),
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137.73 (C), 160.3 (CH); MS m/z (rel intensity) 271/269 (M*—Bn, <1/
<1), 183/181 (1/2), 91 (100); HRMS m/z calcd for Cq3H33CIO4
271.0551, found 271.0557. Anal. Calcd for CogH21ClO4: C, 66.65; H,
5.88. Found: C, 66.55; H, 6.04. Compound 18E: oil, [a]p +29.8 (c
0.28); IR 1727 cm™'; '"H NMR 6y 3.63 (1H, dd, J=10.6, 4.3 Hz), 3.70
(1H, dd, J=10.8, 5.8 Hz), 4.1 (1H, dd, J=8.7, 5.9 Hz), 4.22 (1H, d,
J=11.7 Hz), 4.50 (1H, d, J=12.1 Hz), 4.53 (1H, d, J=12.1 Hz), 4.60 (1H,
d,J=11.7 Hz), 5.22 (1H, ddd, J=5.4, 5.4, 5.4 Hz), 5.90 (1H, dd, J=13.5,
8.6 Hz), 6.24 (1H, d, J=13.5 Hz), 7.27-7.35 (10H, m), 8.08 (1H, s); 13C
NMR (125.7 MHz) ¢ 67.7 (CHa), 70.9 (CHa), 72.9 (CH), 73.3 (CH3),
76.1 (CH), 123.4 (CH), 127.7-128.4 (10xCH), 129.8 (CH), 137.4 (C),
137.6 (C), 160.2 (CH); MS m/z (rel intensity) 271/269 (M*—C;H7,<1/
<1), 183/181 (1/2), 91 (100); HRMS m/z calcd for Cq3H34CIO4
271.0551, found 271.0548. Anal. Calcd for CygH31ClO4: C, 66.65; H,
5.88. Found: C, 66.72; H, 5.97.

4.4.7. (Z)-3,5-Di-0-benzyl-1-bromo-1,2-dideoxy-4-O-formyl-p-
erythro-pent-1-enitol (19Z) and (E)-3,5-di-O-benzyl-1-bromo-1,2-
dideoxy-4-0-formyl-p-erythro-pent-1-enitol (19E)

Yield 81%, Z/E dr: 7:3. Compound 19Z. The isolated vinyl bro-
mide was contaminated with ca. 8% of vinyl iodide 20Z that could
not be completely removed by chromatography, nevertheless
a small analytical sample was obtained. Oil, IR 1727 cm~'; 'H NMR
oy 3.66 (1H, dd, J=10.6, 4.4 Hz), 3.69 (1H, dd, J=10.5, 5.9 Hz), 4.51
(1H, d, J=11.6 Hz), 4.56 (1H, d, J=11.8 Hz), 4.63 (1H, d, J=11.8 Hz),
4.66 (1H, d, J=11.6 Hz), 4.72 (1H, dd, J=8.9, 5.5 Hz), 5.41 (1H, ddd,
J=5.5,5.0,4.4Hz),6.24 (1H, dd, ]=8.8, 7.4 Hz), 6.61 (1H, d, ]=7.3 Hz),
7.32-7.41 (10H, m), 8.17 (1H, s); 13C NMR (125.7 MHz) 6¢ 68.1 (CH3),
71.0 (CHy), 72.9 (CH), 73.3 (CH>), 75.0 (CH), 113.4 (CH), 127.6-128.4
(10xCH), 131.5 (CH), 137.6 (C), 137.7 (C), 160.3 (CH); MS m/z (rel
intensity) 325 (M"—Br, <1), 315/313 (<1/<1), 227/225 (1/1), 91
(100); HRMS m|z calcd for CogH2104 325.1440, found 325.1431. Anal.
Calcd for CygH21BrOg4: C, 59.27; H, 5.22. Found: C, 59.25; H, 5.57.
Compound 19E. The isolated vinyl bromide was contaminated with
ca. 3% of vinyl iodide 20E that could not be completely removed by
chromatography, nevertheless a small analytical sample was
obtained. Oil, IR 1727 cm™'; 'H NMR 4y 3.63 (1H, dd, J=10.6,
4.3 Hz), 3.70 (1H, dd, J=10.6, 5.5 Hz), 4.09 (1H, dd, J=8.3, 5.7 Hz),
439 (1H, d, J=11.8 Hz), 449 (1H, d, J=12.1Hz), 4.52 (1H, d,
J=12.1Hz),4.60 (1H, d, J=11.7 Hz), 5.22 (1H, ddd, J=5.2, 5.2, 5.2 Hz),
6.33(1H, dd,J=13.7, 8.3 Hz),6.36 (1H, d, J=13.7 Hz), 7.26-7.35 (10H,
m), 8.08 (1H, s); 13C NMR (125.7 MHz) 6¢ 67.7 (CH3), 71.0 (CH5), 72.6
(CH), 73.3 (CH3), 77.4 (CH), 110.9 (CH), 127.7-128.4 (10xCH), 133.9
(CH), 137.3 (C), 137.6 (C), 160.2 (CH); MS m/z (rel intensity) 325
(M*—Br, <1), 315/313 (<1/<1), 227/225 (2/2), 91 (100); HRMS m/z
calcd for CygH104 325.1440, found 325.1451. Anal. Calcd for
CyoH21BrO4: C, 59.27; H, 5.22. Found: C, 59.21; H, 5.55.

4.4.8. (Z)-3,5-Di-0-benzyl-1,2-dideoxy-4-0-formyl-1-iodo-p-
erythro-pent-1-enitol (20Z) and (E)-3,5-di-0-benzyl-1,2-dideoxy-4-
O-formyl-1-iodo-p-erythro-pent-1-enitol (20E)

Yield 81%, ZJE dr: 3:1. Compound 20Z: oil, [a]p —15.8 (¢ 2.12); IR
1727 cm™'; 'H NMR 6y 3.66 (1H, dd, J=10.4, 6.4 Hz), 3.70 (1H, dd,
J=10.6, 5.8 Hz), 4.45 (1H, d, J=11.8 Hz), 4.47 (1H, dd, J]=8.6, 5.9 Hz),
450 (1H, d, J=12.1Hz), 458 (1H, d, J=12.1 Hz), 459 (1H, d,
J=11.8 Hz), 5.35 (1H, ddd, J=5.3, 5.3, 5.3 Hz), 6.28 (1H, dd, J=8.0,
8.0 Hz), 6.69 (1H, d, J=8.0 Hz), 7.28-7.35 (10H, m), 8.10 (1H, s); °C
NMR (125.7 MHz) 6¢ 68.1 (CHa), 71.0 (CHy), 72.8 (CH), 73.3 (CHa),
79.2 (CH), 87.8 (CH), 127.6-128.4 (10xCH), 137.5 (CH), 137.6 (C),
137.7 (C), 160.3 (CH); MS m/z (rel intensity) 361 (M"—Bn, <1), 325
(<1), 273 (5), 91 (100); HRMS mjz caled for Ci3H14104 360.9937,
found 360.9946. Anal. Calcd for CogH»1104: C, 53.11; H, 4.68. Found:
C, 53.42; H, 4.87. Compound 20E. The material isolated was con-
taminated with ca. 20% of the isomer 20Z that could not be re-
moved chromatographically. Oil, IR 1728 cm™'; '"H NMR 6y 3.62
(1H, dd, J=10.6, 4.2 Hz), 3.69 (1H, dd, J=10.6, 5.6 Hz), 4.06 (1H, dd,

J=7.8, 5.7 Hz), 4.40 (1H, d, J=11.8 Hz), 4.50 (2H, s), 4.60 (1H, d,
J=11.7 Hz), 5.21 (1H, ddd, J=5.7, 5.6, 4.2 Hz), 6.43 (1H, d, J=14.6 Hz),
6.52 (1H, dd, J=14.6, 7.8 Hz), 7.27-7.35 (10H, m), 8.07 (1H, s); 1°C
NMR (125.7 MHz) ¢ 67.6 (CHy), 71.0 (CH3), 72.5 (CH), 73.3 (CHy),
72.4 (CH), 81.5 (CH), 127.5-128.4 (10xCH), 137.7 (2xC), 142.1 (CH),
160.2 (CH); MS m/z (rel intensity) 361 (MT—Bn, <1), 325 (<1), 273
(18), 91 (100). HRMS m/z calcd for Cy3H14104 360.9937, found
360.9953. Anal. Calcd for CygH21104: C, 53.11; H, 4.68. Found: C,
53.28; H, 4.88.

4.4.9. (Z)-5-0-Acetyl-1,2-dideoxy-1-fluoro-4-0O-formyl-3-0-
(2,3,4,6-tetra-O-acetyl-(3-p-galactopyranosyl)-p-erythro-pent-
1-enitol (25Z) and (E)-5-0-acetyl-1,2-dideoxy-1-fluoro-4-0-
formyl-3-0-(2,3,4,6-tetra-O-acetyl-(3-p-galactopyranosyl)-p-
erythro-pent-1-enitol (25E)

Yield 79%, ZJE dr: 3:1. Compound 25Z: crystalline solid, mp
121.5-122.2 °C (from n-hexane-EtOAc); [a]p +9.2 (¢ 0.62); IR
1749 cm™'; "H NMR 6y 1.97 (3H, s), 2.03 (3H, s), 2.06 (3H, s), 2.07
(3H, s), 2.14 (3H, s), 3.89 (1H, ddd, J=6.7, 6.7, 0.6 Hz), 4.06 (1H, dd,
J=121, 7.1 Hz), 4.08 (1H, dd, J=11.6, 4.1 Hz), 413 (1H, dd, J=11.3,
6.9 Hz), 4.35 (1H, dd, J=12.1, 3.3 Hz), 4.58 (1H, d, J=8.0 Hz), 4.78
(1H, dd, J=9.2, 5.3 Hz), 5.00 (1H, dd, J=10.5, 3.4 Hz), 5.04 (1H, ddd,
31e4=39.9 Hz, J=9.2, 4.3 Hz), 5.18 (1H, dd, J=10.5, 8.0 Hz), 5.29 (1H,
m), 537 (1H, dd, J=3.4, 0.6Hz), 6.55 (1H, dd, %=83.1Hz,
J=4.8 Hz), 8.05 (1H, s); 3C NMR éc 20.5 (CH3), 20.55 (CH3), 20.62
(CH3), 20.64 (CH3), 20.7 (CH3), 61.3 (CH3), 61.8 (CHy), 67.0 (CH), 68.7
(CH), 70.8 (CH), 71.0 (CH), 714 (CH, ¥rc=2.2Hz), 72.1 (CH,
3Jpc=6.4Hz), 102.0 (CH), 108.3 (CH, %Jgc=2.1Hz), 150.2 (CH,
1Jrc=264.4 Hz), 159.7 (CH), 169.4 (C), 170.1 (C), 170.2 (C), 170.37 (C),
170.42 (C); "F NMR 0 —123.7 (dd, %Jry=82.6 Hz, >Jju=36.7 Hz); MS
mjz (rel intensity) 491 (M*—OCHO, <1), 476 (<1), 348 (<1), 331
(19), 189 (100); HRMS m/z calcd for Ca1HagFO12 4911565, found
491.1560. Anal. Calcd for CooHy9FO14: C, 49.26; H, 5.45. Found: C,
49.40; H, 5.32. Compound 25E: oil, [a]p +5.7 (c 0.14); IR 1736 cm™;
TH NMR 6y 1.98 (3H, s), 2.05 (3H, s), 2.06 (3H, s), 2.07 (3H, s), 2.16
(3H, s), 3.88 (1H, ddd, j=6.8, 6.8, 0.5 Hz), 4.09 (1H, dd, J=11.7,
6.0 Hz), 4.09 (1H, dd, J=11.7, 6.0 Hz), 4.14 (1H, dd, J=11.4, 7.2 Hz),
424 (1H, dd, J=8.3,5.2 Hz), 4.38 (1H, dd, J=12.2, 3.1 Hz), 4.55 (1H, d,
J=7.7 Hz), 5.01 (1H, dd, J=10.5, 3.5 Hz), 5.20 (1H, dd, J=10.5, 7.9 Hz),
522 (1H, m), 5.37 (1H, dd, J=3.5, 0.5Hz), 548 (1H, ddd,
3Jr=16.8 Hz, J=11.2, 8.3 Hz), 6.75 (1H, dd, Jpy=82.0 Hz, J=11.2 Hz),
8.06 (1H, s); 13C NMR 6¢ 20.5 (2xCHj3), 20.6 (2xCHj3), 20.7 (CHs),
61.5 (CH>), 61.6 (CH,), 67.0 (CH), 68.7 (CH), 70.7 (CH), 71.0 (CH), 71.8
(CH, %Jrc=3.2 Hz), 75.6 (CH, 3Jpc=12.9 Hz), 101.3 (CH), 108.9 (CH,
2Jrc=12.9 Hz), 152.7 (CH, Jrc=264.4 Hz), 159.6 (CH), 169.4 (C), 170.1
(C), 1702 (C), 1704 (C), 1705 (C); '"F NMR & —122.4 (dd,
2Jen=82.6 Hz, ’Jpy=13.8 Hz); MS m/z (rel intensity) 491 (M*—OCHO,
<1), 476 (<1), 431 (<1), 331 (31), 189 (100); HRMS m/z calcd for
Cy1HygFO12 491.1565, found 491.1559. Anal. Calcd for CooHygFO14: C,
49.26; H, 5.45. Found: C, 49.32; H, 5.54.

4.4.10. (Z)-5-0-Acetyl-1-chloro-1,2-dideoxy-4-O-formyl-3-0-
(2,3,4,6-tetra-O-acetyl-(3-p-galactopyranosyl)-p-erythro-pent-1-
enitol (26Z) and (E)-5-0-acetyl-1-chloro-1,2-dideoxy-1-fluoro-4-0-
formyl-3-0-(2,3,4,6-tetra-O-acetyl-(3-p-galactopyranosyl)-p-
erythro-pent-1-enitol (26E)

Yield 81%, Z|E dr: 2:1. Compound 262Z: oil, [a]p —11.7 (¢ 1.03);
IR 1747 cm™'; TH NMR 6y 1.97 (3H, s), 2.03 (3H, s), 2.06 (3H, s),
2.07 (3H, s), 2.13 (3H, s), 3.89 (1H, dd, J=6.7, 6.3 Hz), 4.06 (1H,
dd, J=12.2, 7.2 Hz), 4.07 (1H, dd, J=6.5 Hz, not observed), 4.10
(1H, dd, J=11.1, 6.9 Hz), 4.34 (1H, dd, J=12.1, 3.1 Hz), 4.58 (1H, d,
J=81Hz), 483 (1H, dd, J=8.5, 49Hz), 500 (1H, dd, J=10.8,
3.6 Hz), 5.18 (1H, dd, j=10.8, 8.1 Hz), 5.33 (1H, m), 5.37 (1H, d,
J=3.1Hz), 596 (1H, dd, J=8.5, 7.2 Hz), 6.26 (1H, d, J=7.2 Hz), 8.05
(1H, s); >C NMR (125.7 MHz) éc 20.5 (CH3), 20.6 (2xCH3), 20.7
(2xCH3), 61.3 (CHy), 61.8 (CH;), 66.9 (CH), 68.7 (CH), 70.7 (CH),
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71.1 (CH), 71.2 (CH), 75.3 (CH), 102.1 (CH), 122.3 (CH), 128.0 (CH),
159.6 (CH), 169.4 (C), 170.0 (C), 170.2 (C), 170.35 (C), 170.39 (C);
MS (FAB) m/z (rel intensity) 577/575 (M"+Na, 4/10), 331 (65),
207/205 (7/20); HRMS mjz calcd for CpyH33CINaOq, 5771114,
found 577.1093. Anal. Calcd for CyyHy9ClO14: C, 47.79; H, 5.29.
Found: C, 47.52; H, 5.66. Compound 26E. The material isolated
was contaminated with ca. 15% starting material 22 that could
not be completely removed by chromatography, nevertheless
a small analytical sample was obtained. Oil, IR (CHCls)
1751 cm™'; 'H NMR 6y 1.98 (3H, s), 2.050 (3H, s), 2.055 (3H, s),
2.07 (3H, s), 2.16 (3H, s), 3.87 (1H, dd, J=6.5, 6.4 Hz), 4.03 (1H,
m), 4106 (1H, d, J=6.4 Hz), 4.109 (1H, d, J=6.7 Hz), 4.31 (1H, dd,
J=6.0, 6.0Hz), 435 (1H, dd, J=12.3, 3.2Hz), 455 (1H, d,
J=81Hz), 500 (1H, dd, J=10.6, 3.5Hz), 519 (1H, dd, J=10.7,
7.9 Hz), 5.22 (1H, m), 5.37 (1H, d, J=3.2 Hz), 5.97 (1H, dd, J=13.3,
74Hz), 6.36 (1H, dd, J=13.3, 11Hz), 8.06 (1H, s); *C NMR
(125.7 MHz) dc 20.5 (CH3), 20.6 (4xCH3), 614 (2xCH3), 67.0
(CH), 68.7 (CH), 70.7 (CH), 71.0 (CH), 71.7 (CH), 78.3 (CH), 101.5
(CH), 123.6 (CH), 128.9 (CH), 159.6 (CH), 169.3 (C), 170.0 (C),
170.2 (C), 1704 (2xC); MS (FAB) m/z (rel intensity) 555/553
(M*+H, 1/2), 331 (2), 207/205 (16/6); HRMS m/z calcd for
szH%CIOM 555.1295, found 555.1292. Anal. Calcd for
Ca2H29Cl014: C, 47.79; H, 5.29. Found: C, 47.67; H, 5.60.

4.4.11. (Z)-5-0-Acetyl-1-bromo-1,2-dideoxy-4-O-formyl-3-0O-
(2,3,4,6-tetra-0-acetyl-(-p-galactopyranosyl)-p-erythro-pent-
1-enitol (27Z) and (E)-5-0-acetyl-1-bromo-1,2-dideoxy-4-0O-
formyl-3-0-(2,3,4,6-tetra-0-acetyl-(3-p-galactopyranosyl)-p-
erythro-pent-1-enitol (27E)

Yield 92%, Z/E dr: 4:1. Compound 27Z. The isolated vinyl bro-
mide was contaminated with ca. 11% of vinyl iodide 28Z that could
not be completely removed by chromatography, nevertheless
a small analytical sample was obtained. Oil, IR 1747 cm~!'; 'H NMR
op 1.97 (3H, s), 2.03 (3H, s), 2.05 (3H, s), 2.07 (3H, s), 2.13 (3H, s),
3.89 (1H, dd, J=6.5, 6.5 Hz), 4.07 (1H, dd, J=11.9, 7.3 Hz), 4.10 (1H, d,
J=7.2Hz), 411 (1H, d, J=73 Hz), 3.84 (1H, dd, J=12.1, 3.3 Hz), 4.59
(1H, d, J=8.0 Hz), 4.56 (1H, dd, J=8.4, 5.0 Hz), 5.0 (1H, dd, J=10.5,
3.3 Hz), 5.18 (1H, dd, J=10.3, 8.0 Hz), 5.34 (1H, ddd, J=7.6, 4.2,
4.2 Hz),5.36 (1H, d, J=3.5 Hz), 6.26 (1H, dd, J=8.6, 7.4 Hz), 6.42 (1H,
d, J=7.3 Hz), 8.05 (1H, s); '3C NMR (125.7 MHz) ¢ 20.5 (CH3), 20.6
(4xCHs), 61.2 (CHy), 61.7 (CHy), 66.9 (CH), 68.7 (CH), 70.7 (CH),
71.08 (2xCH), 77.7 (CH), 102.1 (CH), 111.8 (CH), 131.1 (CH), 159.6
(CH),169.4 (C),170.0 (C), 170.1 (C),170.3 (C), 170.4 (C); MS (FAB) m/z
(rel intensity) 620/618 (M*+Na—H, 5/5), 539/537 (1/1), 331 (100),
251/249 (26/26); HRMS m/z calcd for CxH33BrNaO14 620.0540,
found 620.0547. Anal. Calcd for CyyHy9BrOq4: C, 44.23; H, 4.89.
Found: C, 44.13; H, 5.07. Compound 27E. The isolated vinyl bromide
was contaminated with ca. 8% of vinyl iodide 28E that could not be
completely removed by chromatography, nevertheless a small an-
alytical sample was obtained. Oil, IR 1749 cm™~'; 'H NMR 4y 1.98
(3H, s), 2.06 (6H, s), 2.07 (3H, s), 2.16 (3H, s), 3.87 (1H, dd, J=6.7,
6.7 Hz), 4.10 (1H, m), 4.110 (1H, d, J=6.7 Hz), 4.113 (1H, d, J=6.7 Hz),
4.28 (1H,dd,J=6.1,5.7 Hz), 4.34 (1H, dd, J=12.6, 3.1 Hz), 4.56 (1H, d,
J=8.0Hz),5.01 (1H, dd, J=10.3, 3.4 Hz), 5.20 (1H, dd, J=10.5, 7.8 Hz),
5.23 (1H, m), 5.37 (1H, d, J=3.5 Hz), 6.25 (1H, dd, J=13.4, 6.9 Hz),
6.50 (1H, s), 8.06 (1H, s); '3C NMR (125.7 MHz) éc 20.5 (CH3), 20.7
(4xCH3), 61.3 (CHy), 61.4 (CHy), 66.9 (CH), 68.7 (CH), 70.6 (CH), 71.0
(CH), 71.4 (CH), 79.6 (CH), 101.5 (CH), 111.1 (CH), 132.9 (CH), 159.6
(CH), 169.4 (C), 170.0 (C), 170.2 (C), 1704 (2xC); 620/618
(M*+Na—H, 4/4), 539/537 (1/1), 331 (100), 251/249 (17/17); HRMS
m/z calcd for szH%BrNaOM 620.0540, found 620.0547. Anal. Calcd
for CooHy9BrOq4: C, 44.29; H, 4.90. Found: C, 44.03; H, 5.23.

4.4.12. (Z)-5-0-Acetyl-1,2-dideoxy-4-O-formyl-1-iodo-3-0-
(2,3,4,6-tetra-0-acetyl-(-p-galactopyranosyl)-p-erythro-pent-1-
enitol (28Z) and (E)-5-0-acetyl-1,2-dideoxy-4-0-formyl-1-iodo-3-

0-(2,3,4,6-tetra-0-acetyl-3-p-galactopyranosyl)-p-erythro-pent-1-
enitol (28E)

Yield 93%, ZJE dr: 3:2. Compound 28Z: crystalline solid, mp
99.6-101.6 °C (from n-hexane-EtOAc); [o.]p —20.9 (c 1.85); IR (neat)
1747 cm™"; "H NMR &y 1.97 (3H, s), 2.04 (3H, s), 2.07 (3H, s), 2.08
(3H, s), 2.14 (3H, s), 3.90 (1H, dd, ]=6.9, 6.5 Hz), 4.07 (1H, dd, J=12.1,
7.2 Hz), 4106 (1H, d, J=6.9 Hz), 411 (1H, d, J=6.9 Hz), 4.34 (1H, dd,
J=12.1, 3.3 Hz), 4.58 (1H, dd, J=8.5, 5.2 Hz), 4.61 (1H, d, J=8.0 Hz),
5.01 (1H, dd, J=10.5, 3.4 Hz), 5.18 (1H, dd, J=10.5, 7.9 Hz), 5.34 (1H,
ddd, J=7.2, 5.2, 3.3 Hz), 5.37 (1H, d, J=3.4 Hz), 6.36 (1H, dd, ]=8.2,
8.1 Hz), 6.57 (1H, d, J=7.9 Hz), 8.05 (1H, s); >*C NMR (125.7 MHz) é¢
20.5 (CHs), 20.7 (4xCH3), 61.2 (CH,), 61.7 (CH,), 66.9 (CH), 68.7
(CH), 70.7 (CH), 71.1 (2xCH), 82.1 (CH), 86.4 (CH), 102.1 (CH), 137.0
(CH), 159.5 (CH), 169.4 (C), 170.1 (C), 170.2 (C), 170.3 (C), 170.4 (C);
MS (FAB) m/z (rel intensity) 667 (M™+Na, 2), 331 (23), 297 (18);
HRMS m|z calcd for C33H29INaO14 667.0500, found 677.0494. Anal.
Calcd for CyHy9lO14: C, 41.01; H, 4.54. Found: C, 41.15; H, 4.47.
Compound 28E: oil, [a]p +20 (c 0.09); IR 1749 cm~'; 'H NMR dy
1.98 (3H, s), 2.06 (3H, s), 2.07 (3H, s), 2.08 (3H, s), 2.17 (3H, 5), 3.72
(1H, dd, J=6.7, 6.0 Hz), 4.09 (1H, dd, J=12.1, 7.1 Hz), 4.11 (2H, d,
J=6.6 Hz), 4.26 (1H, dd, J=4.7, 4.7 Hz), 4.33 (1H, dd, J=12.3, 3.1 Hz),
456 (1H, d, J=7.8 Hz), 5.00 (1H, dd, J=10.5, 3.4 Hz), 5.20 (1H, dd,
J=10.3, 79 Hz), 522 (1H, ddd, J=7.9, 4.7, 3.1 Hz), 537 (1H, d,
J=3.3 Hz), 6.58 (1H, d, J=4.6 Hz), 6.59 (1H, s), 8.06 (1H, 5); '*C NMR
(125.7 MHz) 6¢ 20.5 (CH3), 20.7 (3xCHs), 20.8 (CH3), 61.3 (CH>), 61.4
(CHy), 66.9 (CH), 68.7 (CH), 70.7 (CH), 70.9 (CH), 71.3 (CH), 81.5
(CH), 81.6 (CH), 101.6 (CH), 140.8 (CH), 159.6 (CH), 169.4 (C), 170.1
(€),170.2 (C), 170.4 (2xC); MS m/z (rel intensity) 644 (M, <1), 584
(<1), 297 (100); HRMS m/z calcd for Cy3H29l014 644.0602, found
644.0577. Anal. Calcd for Co3Hy9I014: C, 41.01; H, 4.54. Found: C,
41.36; H, 4.33.

4.4.13. (Z)-3,5-Di-O-acetyl-1,2-dideoxy-1-fluoro-4-O-formyl-p-
threo-pent-1-enitol (33Z) and (E)-3,5-di-O-acetyl-1,2-dideoxy-1-
fluoro-4-0O-formyl-p-threo-pent-1-enitol (33E)

Yield 84%, Z/E dr: 1:1. Compound 33Z: oil, [¢.]p +140.7 (c0.17); IR
1744 cm™'; 'H NMR 6y 2.06 (6H, s), 4.12 (1H, dd, J=12.2, 6.4 Hz),
433 (1H, dd, J=12.2, 3.6 Hz), 4.85 (1H, ddd, 3J3=39.3 Hz, J=9.0,
49Hz), 537 (1H, ddd, j=6.4, 6.4, 3.6 Hz), 5.95 (1H, dd, J=9.0,
6.4 Hz), 6.57 (1H, dd, ¥Jpy=81.8 Hz, J=4.9 Hz), 8.1 (1H, s); 13C NMR
dc 20.6 (CH3), 20.8 (CH3), 61.9 (CH,), 64.8 (CH, 3Jsc=4.6 Hz), 70.9
(CH, ¥Jpc=1.8 Hz), 105.8 (CH, %Jpc=2.0 Hz), 151.1 (CH, Jpc=268.8 Hz),
159.8 (CH), 169.4 (C), 170.4 (C); '°F NMR ¢ —119.1 (dd, %Js=82.8 Hz,
3Je=41.1 Hz); MS m/z (rel intensity) 247 (M*—H, <1), 203 (13), 189
(7), 160 (30), 130 (34), 117 (100); HRMS m|/z calcd for C1gH12FOg
247.0618, found 247.0625. Anal. Calcd for CioH13FOg: C, 48.39; H,
5.28. Found: C, 48.10; H, 5.59. Compound 33E: oil, [a]p +17.3 (¢ 1.8);
IR 1736 cm™!; TH NMR 6y 2.05 (3H, s), 2.06 (3H, s), 4.05 (1H, dd,
J=121, 6.3 Hz), 4.37 (1H, dd, J=12.1, 3.9 Hz), 5.35 (2H, m), 5.47 (1H,
dd, J=9.3, 6.1 Hz), 6.84 (1H, dd, %Jsy=81.4 Hz, J=11.1 Hz), 8.10 (1H,
s); 13C NMR é¢ 20.6 (CH3), 20.9 (CH3), 61.7 (CH,), 67.4 (CH,
3Jec=14.6 Hz), 70.8 (CH, *Jrc=3.1 Hz), 106.4 (CH, ?Jrc=13.2 Hz), 154.6
(CH, YJpc=266.7 Hz), 159.7 (CH), 169.6 (C), 170.3 (C); °F NMR 0
—119.6 (dd, 2]FH:82.8 Hz, 3]FH:15.1 Hz); MS m/z (rel intensity) 203
(M*—HCO,, 18), 189 (8), 160 (35), 130 (50), 117 (100); HRMS m/z
calcd for CgH12FO4 203.0720, found 203.0672. Anal. Calcd for
C1oH13FOg: C, 48.39; H, 5.28. Found: C, 48.30; H, 5.56.

4.4.14. (Z)-3,5-Di-O-acetyl-1-chloro-1,2-dideoxy-4-0-formyl-p-
threo-pent-1-enitol (34Z) and (E)-3,5-di-O-acetyl-1-chloro-1,2-
dideoxy-4-0-formyl-p-threo-pent-1-enitol (34E)

Yield 96%, ZJE dr: 1:1. Compound 34Z: oil, [a.]p +36.4 (¢ 0.40); IR
1737 cm™!; 'TH NMR 6y 2.07 (3H, s), 2.08 (3H, 5), 410 (1H, dd, J=12.1,
6.7 Hz), 434 (1H, dd, J=12.1, 4.1 Hz), 5.42 (1H, ddd, J=5.8, 5.8,
3.6 Hz),5.74 (1H, dd, J=8.5, 7.6 Hz), 6.00 (1H, dd, ]=8.6, 5.9 Hz), 6.32
(1H, dd, J=7.2, 0.9 Hz), 8.10 (1H, s); 13C NMR (125.7 MHz) ¢ 20.65
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(CHs), 20.7 (CH3), 61.8 (CHy), 67.7 (CH), 70.5 (CH), 124.3 (CH), 125.5
(CH), 159.7 (CH), 169.3 (C), 170.4 (C); MS m/z (rel intensity) 229
(M*—Cl, 5), 103 (100), HRMS m/z calcd for CigHq306 229.0746,
found 229.0740. Anal. Calcd for CigH13ClOg: C, 45.38; H, 4.95.
Found: C, 45.41; H, 5.11. Compound 34E: oil, [a]p +2.2 (¢ 0.27); IR
1740 cm~'; TH NMR 6} 2.07 (3H, s), 2.09 (3H, 5), 4.05 (1H, dd, J=12.1,
6.7 Hz), 436 (1H, dd, J=12.2, 3.6 Hz), 5.33 (1H, ddd, J=6.3, 5.9,
3.5 Hz), 5.52 (1H, dd, J=7.7, 5.9 Hz), 5.87 (1H, dd, J=13.5, 7.7 Hz),
6.42 (1H, d, J=13.5 Hz), 8.10 (1H, s); *C NMR (125.7 MHz) ¢ 20.6
(CH3), 20.8 (CH3), 61.7 (CH,), 70.0 (CH), 70.4 (CH), 125.7 (CH), 126.6
(CH), 159.6 (CH), 169.4 (C), 170.3 (C); MS m/z (rel intensity) 266/264
(M*, <1/<1), 229 (8), 103 (100); HRMS m/z calcd for C1gH33Cl0Og
266.0371, found 266.0341. Anal. Calcd for C10H13ClOg: C, 45.38; H,
4.95. Found: C, 45.31; H, 5.11.

4.4.15. (Z)-3,5-Di-O-acetyl-1-bromo-1,2-dideoxy-4-O-formyl-p-
threo-pent-1-enitol (35Z) and (E)-3,5-di-O-acetyl-1-bromo-1,2-
dideoxy-4-0-formyl-p-threo-pent-1-enitol (35E)

Yield 84%, Z|E dr: 3:2. Compound 35Z. The isolated vinyl
bromide was contaminated with ca. 4% of vinyl iodide 36Z that
could not be completely removed by chromatography, never-
theless a small analytical sample was obtained. Oil, IR
1740 cm™'; TH NMR 0y 2.07 (3H, s), 2.08 (3H, s), 410 (1H, dd,
J=12.1, 6.7 Hz), 4.34 (1H, dd, J=12.1, 3.9 Hz), 5.44 (1H, m), 5.92
(1H, dd, J=8.4, 5.7 Hz), 6.10 (1H, dd, J=8.3, 7.6 Hz), 6.54 (1H, dd,
J=7.5, 0.8 Hz), 8.10 (1H, s); *C NMR dc 20.7 (CHs), 20.8 (CHs),
61.8 (CHy), 69.9 (CH), 70.4 (CH), 113.7 (CH), 128.7 (CH), 159.7
(CH), 169.3 (C), 170.4 (C); MS m/z (rel intensity) 229 (M*—Br, 1),
81 (100); HRMS mjz caled for Ci9H130¢ 229.0712, found
229.0691. Anal. Calcd for C19H13BrOg: C, 38.86; H, 4.24. Found: C,
38.81; H, 4.33. Compound 35E. The isolated vinyl bromide was
contaminated with ca. 3% of vinyl iodide 36Z that could not be
completely removed by chromatography, nevertheless a small
analytical sample was obtained. Oil, IR 1736 cm™!; 'H NMR dy
2.07 (3H, s), 2.10 (3H, s), 4.06 (1H, dd, J=12.1, 6.4 Hz), 4.36 (1H,
dd, J=12.1, 4.0 Hz), 5.33 (1H, ddd, J=6.1, 6.1, 6.1 Hz), 5.49 (1H, dd,
J=72, 61Hz), 615 (1H, dd, J=13.7, 7.6Hz), 6.56 (1H, d,
J=13.7 Hz), 8.10 (1H, s); >C NMR (125.7 MHz) d¢ 20.6 (CH3), 20.8
(CH3), 61.6 (CH,), 70.1 (CH), 71.3 (CH), 113.2 (CH), 130.6 (CH),
159.5 (CH), 169.4 (C), 1703 (C); MS mj/z (rel intensity) 229
(MT™—Br, 2), 81 (100); HRMS mjz caled for CioHq30g 229.0712,
found 229.0681. Anal. Calcd for C10H13BrOg: C, 38.86; H, 4.24.
Found: C, 39.03; H, 4.35.

4.4.16. (Z)-3,5-Di-O-acetyl-1,2-dideoxy-4-0-formyl-1-iodo-p-
threo-pent-1-enitol (36Z) and (E)-3,5-di-O-acetyl-1,2-dideoxy-
4-0-formyl-1-iodo-p-threo-pent-1-enitol (36E)

Yield 90%, Z/E dr: 1:1. Compound 36Z: crystalline solid, mp
459-475°C (from n-hexane-EtOAc); [a]p +51.6 (¢ 1.12); IR
1740 cm~!; TH NMR 6y 2.069 (3H, s), 2.072 (3H, s), 4.09 (1H, dd,
J=12.0, 6.7 Hz), 4.34 (1H, dd, J=12.0, 3.9 Hz), 5.44 (1H, ddd, J=6.7,
5.8,3.9 Hz), 5.72 (1H, dd, J=8.3, 5.8 Hz), 6.24 (1H, dd, J]=8.2, 8.2 Hz),
6.70 (1H, d, J=8.0 Hz), 8.09 (1H, s); 3C NMR (125.7 MHz) é¢ 20.67
(CH3), 20.74 (CHs), 61.7 (CHy), 70.2 (CH), 74.1 (CH), 88.1 (CH), 134.7
(CH), 159.7 (C), 169.3 (C), 1704 (C); MS m/z (rel intensity) 357
(M*+H, 3), 356 (M*, 1), 311 (15), 297 (80), 183 (100); HRMS m/z
caled for CioHq3l0g 355.9757, found 355.9794. Anal. Calcd for
C10H13I06: C, 33.73; H, 3.68. Found: C, 33.86; H, 3.66. Compound
36E: oil, [a]p —14.2 (c 0.94); IR 1739 cm™'; '"H NMR 6y 2.07 (3H, s),
210 (3H, s), 4.05 (1H, dd, J=12.1, 6.3 Hz), 4.35 (1H, dd, J=12.1,
4.0Hz), 5.33 (1H, ddd, J=6.3, 6.2, 40Hz), 5.45 (1H, dd, =64,
6.2 Hz), 6.48 (1H, dd, J=14.6, 7.0 Hz), 6.64 (1H, d, J=14.6 Hz), 8.09
(1H, s). >C NMR (125.7 MHz) éc 20.6 (CH3), 20.7 (CH3), 61.6 (CHy),
69.9 (CH), 73.0 (CH), 83.4 (CH), 138.4 (CH), 159.6 (CH), 169.3 (C),
170.3 (C); MS m/z (rel intensity) 356 (M*, 1), 310 (3), 297 (3), 229
(<1), 183 (100); HRMS m/z calcd for CqoH1310g 355.9757, found

355.9770. Anal. Calcd for C1oH1310g: C, 33.73; H, 3.68. Found: C,
33.62; H, 3.67.

4.4.17. (Z)-3,5-0-Benzylidene-1,2-dideoxy-4-O-formyl-1-iodo-p-
erythro-pent-1-enitol (40Z) and (E)-3,5-O-benzylidene-1,2-
dideoxy-4-0-formyl-1-iodo-p-erythro-pent-1-enitol (40E)

Yield 91%, ZJE dr: 3:2. Compound 40Z: crystalline solid, mp
73.9-74.6°C (from n-hexane-AcOEt); [a]p —60.5 (c 0.81); IR
1733 cm™'; TH NMR 6y 3.84 (1H, dd, J=10.5, 10.5 Hz), 4.41 (1H,
dd, J=10.8, 5.3 Hz), 4.65 (1H, dd, J=8.9, 8.8 Hz), 5.14 (1H, ddd,
J=9.9, 9.8, 5.6 Hz), 5.64 (1H, s), 6.36 (1H, dd, ]=8.0, 8.0 Hz), 6.66
(1H, d, J=8.0 Hz), 7.38 (3H, m), 7.51 (2H, m), 8.04 (1H, s); °C
NMR (125.7 MHz) 6¢c 64.8 (CH), 67.7 (CH,), 81.1 (CH), 87.8 (CH),
101.2 (CH), 1261 (2xCH), 1283 (2xCH), 129.3 (CH), 136.8 (C),
140.5 (CH), 159.4 (CH); MS m/z (rel intensity) 360 (M*, <1), 314
(4), 233 (<1), 208 (7), 107 (100); HRMS m/z calcd for Cy3H13104
359.9859, found 359.9840. Anal. Calcd for Ci3Hq3104: C, 43.36; H,
3.64. Found: C, 43.55; H, 3.48. Compound 40E: crystalline solid,
mp 100.2-100.6 °C (from n-hexane-AcOEt); [a]p +11.6 (¢ 0.51);
IR 1735cm™'; 'H NMR 6y 3.70 (1H, dd, J=10.5, 10.5 Hz), 4.28
(1H, dd, J=9.6, 2.4 Hz), 4.44 (1H, dd, J=10.8, 5.3 Hz), 493 (1H,
ddd, j=10.0, 9.6, 5.4 Hz), 5.56 (1H, s), 6.63 (1H, d, J=2.2 Hz), 6.64
(1H, s), 739 (3H, m), 749 (2H, m), 8.05 (1H, s); 3C NMR
(125.7 MHz) é¢ 65.7 (CH), 67.7 (CH>), 80.7 (CH), 81.8 (CH), 101.3
(CH), 1262 (2xCH), 1283 (2xCH), 129.4 (CH), 136.8 (C), 140.5
(CH), 159.3 (CH); MS m/z (rel intensity) 360 (M*, <1), 314 (4),
233 (<1), 208 (2), 107 (100); HRMS m/z caled for Cy3Hi3104
359.9859, found 359.9845. Anal. Calcd for C13H13104: C, 43.36; H,
3.64. Found: C, 43.42; H, 3.53.

4.4.18. 5-O-[tert-Butyl(dimethyl)silyl]-1,2-dideoxy-4-0O-formyl-1-
iodo-p-threo-pent-1-enitol (42EZ) and 5-O-[tert-butyl(dimethyl)
silyl]-1,2-dideoxy-3-0-formyl-1-iodo-p-threo-pent-1-enitol (43EZ)

Yield 85%, Z|E dr: 3:7, the four products were isolated as two
mixtures (42E, 43E and 42Z, 43Z) that could not be separated. In-
separable mixture of compounds 42E and 43E (71%, 68:32): IR 3611,
3468, 1727 cm™'; MS m/z (rel intensity) 387 (M*-+H, 5), 341 (3), 73
(100); HRMS m/z calcd for C13H23104Si 387.0489, found 387.0466.
Anal. Calcd for C1oH33104Si: C,37.31; H, 6.00. Found: C,37.34; H, 6.04.
Compound 42E: "H NMR 6y —0.07 (3H, s), —0.06 (3H, s), 0.86 (9H, s),
2.06 (1H, br s), 3.47 (1H, dd, J=11.0, 49 Hz), 3.57 (1H, dd, J=11.0,
4.8 Hz),3.99(1H, dd, J=4.6,4.6 Hz),4.76 (1H, ddd, J=4.8, 4.8, 4.8 Hz),
6.24 (1H,d,J=14.5 Hz), 6.36 (1H, dd, J=14.4, 5.2 Hz), 7.50 (1H, s); °C
NMR (125.7 MHz) ¢ —5.5 (2xCH3), 18.3 (C), 25.9 (3xCH3), 62.0
(CHy), 73.3 (CH), 74.6 (CH), 79.1 (CH), 144.3 (CH), 159.9 (CH). Com-
pound 43E: 'HNMR é; —0.07 (3H, s), —0.06 (3H, s), 0.86 (9H, s), 2.06
(1H, br s), 3.33 (2H, d, J=4.2 Hz), 3.37 (1H, ddd, J=6.3, 4.2, 4.2 Hz),
5.34 (1H, dd, J=7.0, 6.3 Hz), 6.29 (1H, d, J=14.6 Hz), 6.42 (1H, dd,
J=14.6, 7.4 Hz), 7.46 (1H, s); '*C NMR (125.7 MHz) 6c —5.5 (2xCH3),
18.3 (C), 25.9 (3xCH3), 63.2 (CHy), 72.1 (CH), 75.3 (CH), 82.5 (CH),
140.5 (CH), 159.4 (C). Inseparable mixture of compounds 42Z and
43Z (14%, 57:43): IR 3592, 3468, 1727 cm™~'; MS (FAB) m/z (rel in-
tensity) 409 (M"+Na, 1), 391 (4). Anal. Calcd for CiaHa3104Si: C,
37.31; H, 6.00. Found: C, 37.63; H, 5.71. Compound 42Z: TH NMR OH
—0.05t00.10(6H, s),0.91 (9H, s), 2.86 (1H, d, J=4.6 Hz),3.89 (1H, dd,
J=11.0,3.7 Hz),3.93 (1H, dd, J=11.0, 5.0 Hz), 4.74 (1H, ddd, J]=7.8, 4.6,
3.4 Hz),5.04(1H,ddd, J=4.9,3.7,3.4 Hz), 6.35(1H, dd, J=7.8, 7.8 Hz),
6.51 (1H, d, J=7.8 Hz), 8.14 (1H, s); '>C NMR (125.7 MHz) 6c —5.5 to
—5.4 (2xCHj3), 18.2 (C), 25.8 (3xCH3), 62.4 (CHy), 74.0 (CH), 74.4
(CH), 84.7 (CH), 139.1 (CH), 160.4 (CH). Compound 43Z: 'H NMR 4y
—0.05t00.10(6H, s),0.91 (9H, s),2.50 (1H, d, J=6.5 Hz), 3.67 (1H, dd,
J=10.2, 5.9 Hz), 3.69 (1H, dd, J=10.2, 4.8 Hz), 3.86 (1H, dddd, J=6.5,
5.9, 4.8, 4.8 Hz), 5.68 (1H, dd, J=8.3, 4.8 Hz), 6.42 (1H, dd, J=8.2,
8.1 Hz), 6.65 (1H, d, J=8.0 Hz), 8.12 (1H, s); 3C NMR (125.7 MHz) ¢
—5.5to —5.4 (2xCHj3), 18.2 (C), 25.8 (3xCH3), 63.0 (CH3), 72.2 (CH),
76.2 (CH), 86.6 (CH), 136.2 (CH), 159.9 (C).
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4.4.19. (ZE)-3-0-Acetyl-1,2-dideoxy-4-0O-formyl-1-iodo-p-glycero-
tetra-1-enitol (45ZE)

Yield 86%, Z/E dr: 3:2. Inseparable mixture of compounds 45Z
and 45E: Oil, IR 1732 cm™!; MS m/z (rel intensity) 284 (M™*, 7), 238
(1), 225 (41), 196 (58), 111 (100); HRMS m/z calcd for C7HglO4
283.9546, found 283.9565. Anal. Calcd for C;HglO4: C, 29.60; H,
3.19. Found: C, 29.77; H, 3.16. Compound 45Z: 'H NMR 6y 2.10 (3H,
s), 4.28 (1H, dd, J=11.9, 6.2 Hz), 4.38 (1H, dd, J=11.9, 3.6 Hz), 5.71
(1H, ddd,J=7.9, 6.2, 3.6 Hz), 6.33 (1H, dd, J=7.9, 79 Hz), 6.64 (1H, d,
J=8.0Hz), 8.08 (1H, s); *C NMR (50.3 MHz) d¢ 20.8 (CH3), 62.9
(CHy), 74.0 (CH), 86.5 (CH), 135.5 (CH), 160.3 (CH), 169.7 (C). Com-
pound 45E: 'H NMR 6y 2.10 (3H, s), 418 (1H, dd, J=11.8, 6.5 Hz),
4.32 (1H, dd, J=11.9, 4.0 Hz), 5.40 (1H, ddd, J=6.6, 6.6, 3.9 Hz), 6.52
(1H, dd, J=14.6, 6.7 Hz), 6.62 (1H, d, J=14.6 Hz), 8.04 (1H, s); °C
NMR (50.3 MHz) ¢ 20.8 (CH3), 63.1 (CHy), 72.6 (CH), 82.6 (CH),
139.2 (CH), 160.3 (CH), 169.7 (C).
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