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Abstract

Two different methods for preparing the thiazole analogoéthe biologically active compound R2S 3R)-2-
acetyl-4(5)-(1,2,3,4- tetrahydroxybutyl)imidazdlare reported. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

(1R,2S,3R)-2-Acetyl-4(5)-(1,2,3,4-tetrahydroxybutylimidazole (THIL), a constituent of Caramel
Colour Ill, has been found to depress blood lymphocyte counts in both mice aridTraisproduces
lymphopenia, apparently without toxic effects, in rats and mice and is able to affect the immune compe-
tence in the rat in quite small quantities (e.g. 1-50 ppm in drinking WAl has also been reported to
prevent spontaneous and cyclophosphamide-induced diabetes in non-obese diabétionmcestigate
the structure—activity relationships of this structurally simple but biologically intriguing molecule we
have developed a general and flexible synthesis of THI and its analtguesjuding the 5-thiazole
analogue2.” We now report the asymmetric synthesis of the 4-thiazole anal8gfeTHI, using two
different synthetic strategies. The first strategy involved a double Sharpless asymmetric dihydroxylation
(AD) of a 1,3-butadiene to introduce the tetrahydroxybutyl side chaB if an alternative synthesis of
3 the tetrahydroxybutyl side chain was introduced via the condensation of a 4-lithiothiazole derivative
and 2,30-isopropylidene-D-erythrono-1,4-lactone.
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2. Results and discussion

2.1. Synthesis & via double Sharpless asymmetric dihydroxylation (AD)

Ethyl 2-bromothiazole-4-carboxyla#fPwas reduced with DIBAL to its carboxaldehyde derivative
5in 72% vyield using standard conditions (Scheme 1). The Wittig reaction betvesrd allyl tri-
phenylphosphonium bromide, under phase transfer catdlgsise exclusively thez)-diene6, however
the yield of 6 was poor (25%). Catalytic asymmetric dihydroxylation (AD) @fat 0°C for 18 h
using commercially available AD mir,*>19%11additional chiral ligand [(DHQ)}PHAL (4 mol%)] and
methanesulfonamide (2 equiv.)tiert-BuOH/H,O gave the diol’ in 89% crude yield.
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Scheme 1.

The enantiomeric excess dfvas determined to be 32% frobl NMR analysis of its Mosher diester
8 which was obtained as a 66:34 mixture of diastereoisomers. jtetdreochemistry assigned Tavas
based upon Sharpless’s mnemonic (compare with Schedte!8piol 7 was converted to its acetonide
derivative9, using 2,2-dimethoxypropane in the presence of-BEO , in 44% overall yield fron® after
purification by column chromatography. Lithium—bromine exchange bet@eea n-butyllithium gave
the corresponding 2-lithiothiazole derivative that was acetylated MAthethoxyN-methylacetamide®
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to give the 2-acetylthiazol&@0 in 87% yield. Irradiation of a solution 0 in chloroform with UV light
(140 W mercury lamp) under nitrogen for 2.5 h gave an equilibrium mixture (1:1) ofEheuid €)
alkenesll1andi10that could be separated by PTLC (Scheme 1). Recovideduld be further recycled
by photolysis to produce moteL

Catalytic asymmetric dihydroxylation (AD) dfl at 0°C for 5 days using commercially available AD
mix-B,*>910additional chiral ligand [(DHQD)-PHAL (4 mol%)] and methanesulfonamide (2 equiv.) in
tert-BuOH/H,O gave a mixture of theyndiols 12 and14 in a ratio of 65:35, respectively (Scheme 2).
These diastereoisomeric diols were readily separated by column chromatography on silica gel. The
enantiomeric excess of the individual diol® and14, was determined to be 93% and 84%, respectively,
from *H NMR analysis of their respective Mosher diestégsand15.
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The AD reaction of both$-11 and R)-11 therefore proceeds with very high-facial diastereo-
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selectivity and thus allows for the preparationl®and 14, respectively, in high enantiomeric purities.

We have found that the AD reaction of chirabinsdisubstituted alkenes related fid were also

highly diastereoselective, in both the matched (d.r.=99:1) and mismatched cases (d.P.=9Be5).
stereochemistry assigned 1@ and 14 was based on our previous w6tk and Sharpless’s mnemonic
(Scheme 3§21 The AD reaction of §-11 (Scheme 3) would be expected to be the matched case while
that of (R)-11 would be the mismatched case. These predictions are consistent with the magnitude of
the enantiomeric purities of their respective AD produt?sand14. Finally, deprotection ol2 and14

was achieved by acid hydrolysis with agueous hydrochloric acid/acetone at rt for 2 h to give the desired
compound3 and its diastereoisomet6, respectively. ThéH NMR spectrum of3 [§ (D20) 5.00 (d,

J=2.4 Hz, H1)] was similar to that of THI1 [§ (D20) 4.91 (s, H1)], while the 'H NMR of 16 was

very different p (D20) 4.89 (d, J=5.7 Hz, H)]. The latter spectrum more closely matched that of the
('R, 2'S3'S) analogue of THIL [ (D,0) 5.04 (d, J=4.8 Hz, H}].6

erivatives Derivatives

/ / / NE

HO OH HO OH
. Dihydroqumlne . D:hydroqulmne
o-attack MISMATCHED o attack MATCHED
Scheme 3.

2.2. Synthesis & from 2,3O-isopropylidene-D-erythrono-1,4-lactone

Treatment of 2,4-dibromothiazdfewith n-BuLi in THF at —78°C followed by acetylation of the re-
sulting 2-lithiothiazole compound witN-acetylmorpholin€ gave 2-acetyl-4-bromothiazolk? in 61%
yield (Scheme 4). The keto group &7 was protected as its dimethoxykef#® and its 4-lithiothiazole
derivative was treated with 2 3-isopropylidene-D-erythrono-1,4-lactod® at —78°C to give the lactol
20 in 58% yield along with a small amounk {0%) of the C-2 epimerized ketor®d. Treatment o0
with sodium borohydride/methanol atL0°C gave a 67:33 mixture of the diastereoisomeric di@land
23, respectively, which could readily separated by PTLC. The stereochemistry assigd2arid 23
was determined byH NMR analysis whereby comparisons were made with their 5-thiazole analogues
of known stereochemistty while that of23 was unequivocally determined from a single-crystal X-ray
structural analysi&’ The stereochemistry of the major di2R is that expected from the Felkin—Anh
transition state modeA'® or they-chelated transition state structusé® in which hydride attack would
be expected to occur from the convex face of the bicyclo[5.3.0]decane ring sysinmigontrast, the
reduction of the lactc20 with L-selectride in THF at-78°C proceeded with reverse diastereoselectivity
and gave a 16:84 mixture of the diastereoisomeric di@land?23, respectively. Acid hydrolysis of the
individual diastereoisomerd2 and 23 gave3 and 24, respectively. Compound had identical spectral
properties to those obtained f8iprepared according to Scheme 2 above.
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In summary, we have developed two independent methods for the synthesis of the 4-thiazole analogue
3 of the biologically active molecule THL either using a double AD reaction of a 1,3-butadiénar
from 2,3-O-isopropylidene-D-erythrono-1,4-lactone.
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3. Experimental

General procedures were as described previdusli. NMR were determined in CDGI solution,
unless otherwise indicated, at 300 MHE(NMR) or 77.5 MHz £3C NMR).

3.1. Ethyl 2-bromothiazole-4-carboxylade

The title compound was prepared in two steps using the following modifications to the literature
procedures. A mixture of solid thiourea (7.95 g, 0.104 mol) and ethyl bromopyruvate (20.40 g, 0.104
mol) was cautiously heated with stirring at 100°C for 1 h. After cooling, the dark solid that formed was
washed with acetone and filtered to give a dark yellow solid which was further purified by crystallisation
from ethanol to give ethyl 2-aminothiazole-4-carboxylate hydrobromide salt as a colourless solid (22.92
g, 87%), m.p: 184-185°C (I#2 m.p: 179-180°C)H NMR (D»0) & 7.56 (s, 1H, H5), 4.23 (g, 2H,
J=6.9 Hz, CH), 1.20 (t, 3H, J=6.9 Hz, Ck). 13C NMR (D,0O) & 178.93 (@), 167.34 (C2), 139.94
(C4), 126.40 (G), 72.28 (By), 22.14 (GH3). MS (ES +ve)m/z173.00 (M+1, 100%), 127.00 (100%). A
solution of dry CuBs (10.72 g, 48 mmol) antert-butyl nitrite (6.20 g, 60 mmol) in dry acetonitrile (160
mL) was cooled to 0°@° Then solid ethyl 2-aminothiazole-4-carboxylate (10.12 g, 40 mmol) was added
portion-wise to the solution with stirring over 20 min. The reaction mixture was allowed to warm to rt
over 2 h, then was poured into a 20% solution of HCI (450 mL) and the aqueous solution was extracted
with ether (800 mL). The combined ether extracts were washed with a 10% solution of HCI and dried
over MgSQ. The solvent was removed to give a dark orange oil which solidified upon standing at rt. The
crude product was purified by column chromatography (15% ethyl acetate/hexane) 4oegigewhite
crystalline solid (6.59 g, 88%), m.p: 65-65.5°C #ftm.p: 68.5-69.2°C) and ethyl 2,5-dibromothiazole-
4-carboxylate as a pale yellow oil (1.83 ¢).XH NMR § 8.11 (s, 1H, H5), 4.41 (q, 2H, J=6.9 Hz, GH
1.38 (t, 3H, J=6.9 Hz, CkJ. 13C NMR § 159.98 (), 147.21 (C2), 136.63 (C4), 130.69 (C5), 61.53
(CHy), 14.17 ((H3). MS (ES +ve)m/z236.9 (M+1, 90%), 235.9 (M, 100%).

Ethyl 2,5-dibromothiazole-4-carboxylatéd NMR & 4.40 (q, 2H, J=7.2 Hz, C}J, 1.39 (t, 3H, J=7.2
Hz, CHs). 13C NMR § 159.55 (@), 143.73 (C2), 135.62 (C4), 118.76 (C5), 61.97 (FH4.13 (¢Ha).

3.2. 2-Bromothiazole-4-carboxaldehyfie

To a solution o (3.00 g, 12.7 mmol) in dry THF/C}Cl» (1:1, 200 mL) at-78°C was added dropwise
a solution of DIBAL (3 equiv., 38 mmol, 25.4 mL of 1 M solution) to maintain the temperature’@tC.
The reaction was left to stir at78°C for 5 h then was quenched with dry methanol (20 mL) at the same
temperature. The reaction mixture was poured into an ice-cold solution of 1 M HCI (100 mL) and the
agueous layer was extracted with ethyl acetatel(® mL). The combined extracts were washed with
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a sat. solution of NaCl and dried over Mga( he solvent was removed to give a white solid material
which was purified by column chromatography (25% ethyl acetate/hexane) t® gisea white solid
(1.751 g, 72%), m.p: 122-123°C, plus a trace of its over-reduced alcohol derivadinMR & 9.94 (s,
1H, CHO), 8.12 (s, 1H, H5)13C NMR & 183.19 (GH0), 154.33 (C2), 137.68 (C4), 130.29 (C5). MS
(ES +ve)m/z 193.4 (M+1, 90%), 191.50 (M1, 100%).

3.3. (£)-2-Bromo-4-(1,3-butadienyl)thiazok

A mixture of the aldehyd& (1.134 g, 5.91 mmol), allyltriphenylphosphonium bromide (2.3 g, 6.07
mmol), triethylbenzylammonium chloride (0.023 g) in dry benzene (50 mL) was set to stir at 0°C.
Potassiuntert-butoxide (0.93 g, 8.3 mmol) was added in small portions to the reaction mixture. After
stirring for 30 min at rt, the mixture was diluted with petroleum spirit (50 mL) and filtered through a small
column of silica gel and the column was washed with 10% ethyl acetate/hexane (100 mL). The solvent
was removed to give a yellow oil which was purified by column chromatography to give a colourless
oil (0.33 g, 25%). The product was relatively unstable and was directly used for the next reéktion.
NMR 6 7.6 (m, 1H, thia—CH-CH), 7.07 (s, 1H, H5), 6.53-6.4 (m, 1H, thia—€&H), 6.26-6.20 (m,
1H, CH=CHaHb), 5.40 (dd, 1H, J=2.1, 16.8 Hz, CHia), 5.32 (dd, 1H, J=1.8, 10.3 Hz, CHaHb

3.4. (1z,39)-2-Bromo-4-(3,4-dihydroxy-1-butenyl)thiazdle

A mixture of AD mix-«1C (2.12 g), (DHQ)-PHAL (0.005 g), MeSGNH, (0.28 g) was added to a
cold solution of the dien8 (0.33 g, 1.53 mmaol) irert-butanol/HO (1:1, 15 mL). The reaction mixture
was left to stir at 0°C for 20 h. Solid N&O; (1.28 g) was then added to the mixture at 0°C and allowed
to warm up to rt over 1 h. The mixture was diluted with® (25 mL) and extracted with Gi€l, (3x20
mL). The combined organic extracts were washed with a sat. solution of NaCl and dried over;MgSO
The solvent was removed to give a dark yellow oil (0.34 g, 899) NMR & 7.09 (s, 1H, H5), 6.39
(ddd, 1H, J=0.6, 1.5, 11.1 Hz, thia—GICH), 5.82 (dd, 1H, J=6.3, 11.7 Hz, thia—&&H), 4.84 (m, 1H,
HCOH), 3.76 (dd, 1H, J=3.6, 11.1 Hz, CHBh), 3.66 (dd, 1H, J=7.5, 11.1 Hz, CHaHB3C NMR §
152.40 (C2), 151.07 (C4), 132.84 (C5), 123.39 (thin=aCH), 119.73 (thia—CH-CH), 68.54 (HGOH),
66.02 ((Hy). MS (ES +ve)m/z 251.5 (M+1, 55%). HRMS calcd for {HgBr NO,S 249.95377; found
249.95374.

3.5. Mosher diesteB

A mixture of the diol7 (0.048 g, 0.192 mmol) R)-(—) MTPA-CI (0.150 g, 0.563 mmol), and a crystal
of N,N-dimethylaminopyridine was dissolved in GEl, (4 mL). Pyridine (7 drops) was added to the
solution and it was left to stir at rt overnight. The reaction mixture was diluted withGIH20 mL) and
was washed with a cold solution of 5% HCI then a cold solution of Nakl@0d dried over MgSQ
The diastereoisomeric ratio (66:34) was determinedyNMR on the crude reaction mixture. The
solvent was removed to give a dark yellow oil which was purified by thin layer chromatography (30%
ethyl acetate/hexane) to give a yellow oil (55 mg, 44%, d.r.=66:34). Major diastereoistnEMR &
7.54-7.31 (m, 10H, 2CgHs), 7.20 (s, 1H, H5), 6.93-6.86 (m, 1H, thia—C}&H), 6.42 (dd, 1H, J=1.5,
12.0 Hz, thia—CH-CH), 5.41 (dd, 1H, J=7.5, 11.7 Hz,G0D), 4.86 (dd, 1H, J=2.7, 12.0 Hz, CHh), 4.43
(dd, 1H, J=6.9, 12.0 Hz, CHabhit8.43 (bs, 3H, OCH), 3.40 (d, 3H, J=0.9 Hz, OCHl. MS (ES +ve)m/z
682 (M(BY)+1, 80%), 682.1 (M(BT)+1, 50%). Minor diastereocisomeiid NMR § 7.54-7.31 (m, 10H,
CeHs), 7.19 (s, 1H, H5), 7.02—6.96 (m, 1H, thia—Cl&H), 6.43 (dd, 1H, J=1.2, 12.0 Hz, thia—CiEH),
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5.61 (dd, 1H, J=7.8, 11.7 Hz,GD), 4.81 (dd, 1H, J=2.7, 12.0 Hz, CHR), 4.45 (dd, 1H, J=6.0, 12.0
Hz, CHaHb, 3.52 (d, 3H, J=0.9 Hz, OCH), 3.49 (d, 3H, J: 0.9 Hz, OC}).

3.6. (1Z,39)-2-Bromo-4-[3,4- O-(2-propylidene)-3,4'-dihydroxy-but-1-enyl]thiazol®

2,2-Dimethoxypropane (1.11 mL) was added to a solution of di{0.611 g, 22.45 mmol) in dry
acetone (10 mL) then BFEt,O (18 uL) was added dropwise and the mixture was left to stir at rt under
N> atmosphere for 4 h. The acetone was removed under reduced pressure and the residue was dissolved in
CHCl, (60 mL). The resulting solution was washed with a half sat. solution of Nag1@®at. solution
of NaCl and dried over MgS£ The solvent was removed to give a dark oil which was purified by column
chromatography (20% ethyl acetate/hexane) to gias a pale yellow oil (0.576 g, 819%9H NMR § 7.11
(s, 1H, H5), 6.39 (dd, 1H, J=1.5, 12.0 Hz, thia—€8H), 5.84 (dd, 1H, J=7.5, 11.7 Hz, thia—&€H),
5.55 (dddd, 1H, J=1.5, 7.8, 7.8, 7.8 HZCB®), 4.47 (dd, 1H, J=6.3, 8.1 Hz, CHh), 3.65 (dd, 1H, J=6.9,
8.1 Hz, CHaHB, 1.47 (s, 3H, CH), 1.43 (s, 3H, CH). 13C NMR § 152.27 (C2), 135.39 (C4), 133.00
(C5), 122.42 (thia—6=CH), 121.02 (thia—CH-CH), 109.15 (GQCHs),), 73.19 (H®), 69.62 (G1,),
26.62 ((H3), 25.65 (GH3). MS (ES +ve)m/z 292.38 (M(BFY)+1, 60%), 291.50 (M(B¥))+1, 50%).

3.7. (12,39)-2-Acetyl-4-[3,4-O-(2-propylidene)-3,4-dihydroxy-1-but-1-enyl]thiazdle

n-Butyl lithium (2.25 mmol) was added to a solution of protected &i¢0.438 g, 1.5 mmol) in dry
ether (20 mL) at—78°C and the resulting solution was left to stir at this temperature for 90 min. A
solution of freshly distilledN-methoxyN-methylacetamide (0.5 g, 4.85 mmol) in dry ether (5 mL) was
then added dropwise and the reaction mixture was left to sti7&°C for 2 h then warmed to rt over
2 h. The reaction mixture was diluted with ether (20 mL) and the resulting solution was washed with a
sat. solution of NaHC@and dried over MgS@ The solvent was removed to give a yellow oil which
was purified by column chromatography (20% ethyl acetate/hexane) to give the title compound as a pale
yellow oil (0.33 g, 87%)1H NMR § 7.49 (s, 1H, H5), 6.51 (dd, 1H, J=1.5, 11.7 Hz, thia-GEH),
5.92 (dd, 1H, J=7.5, 11.7 Hz, thia—G{CH), 5.67 (dddd, 1H, J=1.5, 6.6, 7.2, 7.8 Hz, HCO), 4.40 (dd,
1H, J=6.3, 8.1 Hz, CH4db), 3.70 (dd, 1H, J=7.2, 7.8 Hz, CHaHI2.72 (s, 3H, COCH), 1.48 (s, 3H,
CHz), 1.43 (s, 3H, CH). 3C NMR § 191.34 (@), 166.45 (C2), 154.28 (C4), 133.54 (C5), 124.87
(thia—CH=CH), 122.88 (thia—CH-CH), 109.42 (GCHj3),), 73.53 (HAD), 69.71 (¢>), 26.69 (COE3),
25.95 (H3), 25.71 (QH3). MS (ES +ve)m/z 254.03 (M+1, 100%).

3.8. (IE,39)-2-Acetyl-4-[3,40-(2 -propylidene)-3,4-dihydroxybut-1-enyl]thiazdlé

Thecis-alkenel0 (0.33 g, 1.303 mmol) was dissolved in CHEL00 mL) and the resulting solution
was first purged with Bifor 10 min and then irradiated with a 140 W mercury lamp undgfdd 3 h. The
solvent was removed to give a dark yellow oil which was a 1:1 mixturgé0odind11. These geometric
isomers could be separated by thin layer chromatography (20% ethyl acetate/hexane) to Gieadhe
Z isomersl0and1l 'H NMR § 7.41 (s, 1H, H5), 6.74 (d, 1H, J=15.6 Hz, thia—€8H), 6.63 (dd, 1H,
J=6.3, 15.6 Hz, thia—CHCH), 4.71 (ddd, 1H, J=6.6, 7.05, 7.5 HzQ®), 4.20 (dd, 1H. J=6.3, 8.1 Hz,
CHaHb), 3.73 (dd, 1H, J=7.8, 7.8 Hz, CHaHI2.72 (s, 3H, COCH), 1.49 (s, 3H, CH), 1.43 (s, 3H,
CHs). 13C NMR & 191.77 (M), 166.93 (C2), 155.01 (C4), 139.22 (C5), 124.80 (this=CH), 122.26
(thia—CH=CH), 76.34 (H®), 69.46 (¢,), 26.64 (COE3), 25.95 (CH3), 25.85 (CH3).
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3.9. (IR,2S,3R)- and (IR,2S,3S)-2-Acetyl-4-[3,40-(2' -propylidene)-3,4-dihydroxybutylJthiazold 2
and14

A mixture of AD mix-B (0.78 g), (DHQD}-PHAL (0.017 g) MeS@NH> (0.103 g) and 5 mol% of

K20s(Q;-2H,0 was added to a cold solution tfansprotected diolll (0.136 g, 0.53 mmol) irert-
butanol/HO (1:1, 8 mL) at 0°C. The resulting mixture was left to stir at 0°C for 5 days thesEi0a
(0.93 g) was added at 0°C and the mixture was allowed to warm up to rt over 1 h. The reaction mixture
was diluted with water (20 mL) and extracted with &b (4x30 mL). The combined organic extracts
were washed with a sat. solution of NaCl and dried over MgSIhe solvent was removed to give
a yellow oil (0.123 g, 87%, d.r.=65:35) which was purified by thin layer chromatography (75% ethyl
acetate/hexane) to affof® (32% yield) andl4 (32% yield).12: *H NMR § 7.70 (d, 1H, J=0.9 Hz, H5),
5.05 (ddd, 1H, J=0.6, 2.4, 7.5 Hz, H14.18-4.11 (m, 2H, 20H), 4.05 (ddd, 1H, J=2.4, 2.7, 3.0 Hz,
H2'), 3.99 (ddd, 1H, J=2.4, 6.6, 6.45 Hz, H33.35 (d, 1H, J=7.8 Hz, CHHb), 3.26 (d, 1H, J=6.0 Hz,
CHaHb, 2.68 (s, 3H, COCH), 1.45 (s, 3H, CH), 1.35 (s, 3H, CH). 13C NMR § 191.20 (@), 1167.10
(C2), 159.18 (C4), 123.12 (C5), 109.58((FHs)2), 75.34 (C1), 73.98 (C2), 69.14 (C3), 66.80 (CH>),
26.73 (COQ®i3), 25.92 (H3), 25.17 (GH3). [x]p2° —14.0 (c 0.5, CHCIy). Anal. calcd for GoH17NOsS:
C, 50.16; H, 5.96; N, 4.87; S, 11.16; found C, 50.23; H, 5.99; N, 4.79; S, 114#H NMR § 7.70
(d, 1H, J=0.9 Hz, H5), 5.00 (ddd, 1H, J=0.9, 3.3, 3.0 Hz,)}14.36 (ddd, 1H, J=3.6, 6.9, 6.6 Hz, A2
4.12-3.98 (m, 3H, H3and 2<OH), 3.46 (d, 1H, J=3.9 Hz, CHtb), 2.77 (d, 1H, J=7.8 Hz, CHabib
2.68 (s, 3H, COCH), 1.48 (s, 3H, CH), 1,40 (s, 3H, CH). 13C NMR § 191.40 (@), 166.84 (C2),
158.32 (C4), 123.04 (C5), 109.89 (@Xs),), 77.06 (C1), 72.31 (C2), 72.21 (C3), 65.95 (¢H,), 26.28
(COCH3), 25.92 (GH3), 25.29 (GH3). [a]p?t —22.7 (c 0.75, CHCl,). MS (ES +ve)m/z 288.4 (M+1,
45%), 287.6 (M, 60%). HRMS calcd for;gH1gNO,S 288.09054; found 288.09057.

3.10. Mosher diester$3 and 16

These diesters were prepared from the dib%sand 14, respectively, as described above for the
synthesis oB. Compoundl3 was a 96.5:3.5 mixture of diastereoisomers, whilewas a 92:8 mixture
of diastereoisomerd.3;: 'H NMR (major diastereoisomel) 7.56—7.26 (m, 10H, 2C¢Hs), 7.16 (d, 1H,
J=0.9 Hz, H5), 6.56 (dd, 1H, J=0.6, 1.8 Hz, hi15.63 (dd, 1H, J=1.8, 8.4 Hz, Mg 4.08 (ddd, 1H, J=5.0,
5.7, 8.4 Hz, H3), 3.86 (dd, 1H, J=5.7, 8.7 Hz, Citth), 3.75 (dd, 1H, J=5.7, 8.7 Hz, CHaMI8.53 (d,
3H, J=0.9 Hz, OCH), 3.33 (d, 3H, J=0.9 Hz, OCG4)l, 2.50 (s, 3H, COCH), 1.50 (s, 3H, CH), 1.33 (s,
3H, CHg). MS (ES +ve)m/z 720.2 (M+1, 35%)16: 1H NMR (major diastereoisomed) 7.51-7.29 (m,
10H, 2xCgHs), 7.03 (s, 1H, H5), 6.27 (d, 1H, J=2.4 Hz, H15.67 (dd, 1H, J: 2.7, 7.5 Hz, HR 4.13
(ddd, 1H, J=6.3, 7.2, 13.5 Hz, H34.05 (dd, 1H, J=7.7, 7.7 Hz, CiH#), 3.92 (dd, 1H, J=5.7, 9.0 Hz,
CHaHb, 3.49 (s, 3H, OCHl)), 3.37 (s, 3H, OCH), 2.64 (s, 3H, COCHh), 1.38 (s, 3H, CH), 1.29 (s,
3H, CHg). Minor diastereoisomerd 6.97 (s, 1H, H5), 6.33 (d, J=7.2 Hz, H1MS (ES +ve)m/z 720.0
(M+1, 100%).

3.11. (R,2S,3R)-2-Acetyl-4-(1,2,3,4-tetrahydroxybutyl)thiazdle

Compoundl12 (57 mg, 0.198 mmol) was dissolved in acetonglH1:1, 4 mL) and conc. HCI (1.71
mL) was added to the solution. The reaction mixture was left to stir at rt for 3 h. The acetone was removed
under reduced pressure at 25°C and water was removed on a freeze-dryer to give a yellow solid (33 mg,
67%) that was judged to be >95% pure %y NMR. *H NMR (D,O/DCI) § 7.80 (s, 1H, H5), 5.00 (d,
1H, J=2.4 Hz, H1), 3.74 (dd, 1H, J=2.4, 7.8 Hz, M2 3.66—3.52 (m, 2H, H3and CHalb), 3.45 (dd, 1H,
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J=5.4, 11.1 Hz, CHaHb2.49 (s, 3H, CH). 13C NMR (D,0/DCl) § 193.03 (), 165.20 (C2), 157.88
(C4), 123.94 (C5), 72.50 (C)l, 70.40 (C2), 69.95 (C3), 62.11 (GH,), 25.28 (GHz). MS (ES +ve)m/z
248.3 (M+1, 100%), 247.5 (M, 80%). HRMS calcd fosHsNOsS 248.05925; found 248.05927.

3.12. (R,2S,39)-2-Acetyl-4-(1,2,3,4-tetrahydroxybutyl)thiazdlé

Compoundl4 (10 mg, 0.035 mmol) was dissolved in acetong?H1:1, 1 mL) and conc. HCI (0.3
mL). The resulting solution was left to stir at rt for 2 h. The acetone was removed under pressure and
water was removed on a freeze-dryer to yield a yellow oil (9 mg, 91%) that was judged to be >95% pure
by H NMR. H NMR (D,0) § 7.76 (s, 1H, H5), 4.89 (d, 1H, J=5.7 Hz, H13.83 (dd, 1H, J=3.6, 5.7
Hz, H2), 3.45 (m, 3H, H3and CH), 2.53 (s, 3H, CH). 13C NMR (D,0) § 193.75 (@), 166.00 (C2),
157.88 (C4), 123.94 (C5), 72.50 (Q170.40 (C2), 68.43 (C3), 62.15 (CHy), 25.29 (GH3). MS (ES
+ve) m/z 248.0 (M+1, 10%), 247.4 (M, 15%). MS (ESve) m/z: 282.2 (M+ Ct, 15%). [x]p%® —16.0
(c 0.5, BO).

3.13. 2-Acetyl-4-bromothiazolk?

Solid 2,4-dibromothiazole (4.93 g, 20.32 mmol) was dissolved in anhydrous ether (50 mL) and the
resulting solution was allowed to stir undep Btmosphere at 78°C. To the solution was addeeBulLi
(1.1 equiv., 22.35 mmol, 14 mL of 1.6 M solution) and the stirring continued for 30 min. To the reaction
was then added dropwise 4-acetylmorpholine (1.3 equiv., 26.42 mmol, 3 mL). After stirring for 90 min,
the reaction mixture was diluted with ether and the resulting organic layer was washed with a saturated
solution of NaHCQ, dried over MgSQ@. The solvent was removed to give a dark yellow solid which
was purified by column chromatography to give a white crystalline solid (2.78 g, 66#4MR § 7.57
(s, 1H, H5), 2.70 (s, 3H, C#}; 13C NMR & 190.36 (CO), 166.91 (C2), 126.92 (C4), 124.96 (C5), 25.80
(CHz); MS (ES +ve)m/z207.8 (MBFL+1, 20%), 205.8 (MBI+1, 15%), 205.1 (MBf+1, 100%); mp
90-91°C. Anal. calcd for EH4BrNOS: C, 29.14; H, 1.96; N, 6.79; S, 15.56. Found: C, 29.25; H, 1.89;
N, 6.94; S, 15.29.

3.14. 2-(2,2-Dimethoxyethyl)-4-bromothiazdi@

To the solution of 2-acetyl-4-bromothiazolé (0.85 g, 4.12 mmol) in dry MeOH (15 ml) was added
trimethyl orthoformate (41 mmol, 4.84 ml) apetoluene sulfonic acid (0.7 g). After heating under reflux
for 24 h and cooling to rt, the reaction mixture was diluted with a saturated solution of NakBDO
ml). The aqueous layer was extracted with ether and the combined organic extracts were washed with a
solution of 1 M NaOH, a saturated solution of NaCl and dried over MgS®e solvent was removed
under reduced pressure to give a brown solid which was purified by column chromatography (10% ethyl
acetate/hexane) to give a pale yellow solid (0.94 g, 90%4)NMR § 7.22 (s, 1H, H5), 3.24 (s, 6H,
2x0OCHg), 1.71 (s, 3H, CH); 13C NMR & 172.60 (C2), 124.68 (C4), 118.13 (C5), 100.28QCHs)>),
49.21 (2<OCHg), 23.75 (CH); MS (ES +ve)m/z253.9 (MBEL+1, 50%), 251.9 (MBf®+1, 40%), 221.8
(MBr81-0OCHjz, 100%), 219.9 (MB*—~OCHjz, 100%); mp 49-50°C. Anal. calcd for,810BrNO,S: C,
33.35; H, 4.00; N, 5.56; S, 12.72. Found: C, 33.27; H, 3.93; N, 5.13; S, 12.62.
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3.15. 2,30-Isopropylidene-1-[2-(2,2-dimethoxyethyl)-4-thiazolg}D-furanose20

To a solution of 2-(2,2-dimethoxyethyl)-4-bromothiazole (2.73 g, 10.82 mmol) in anhydrous ether (40
ml) at—78°C was added dropwiseBuLi (11.90 mmol, 7.5 mL of 1.6 M solution). The resulting mixture
was left to stir at-78°C for 30 min then a solution of 2@-isopropylidene-D-erythrono-1,4-lactod®
(1.8 g, 11.36 mmol) in anhydrous ether (50 mL) was added. After stirring for 1.5 h, the reaction mixture
was diluted with ether and the aqueous layer was extracted with ethyl acetate. The combined organic
extracts were dried over MgSCand the solvent was removed to give a dark yellow oil which was
purified by column chromatography (75% ethyl acetategxane) to give a mixture of diastereomeric
compounds in the ratio of 80:20 (2.06 g, 58%) and plus a small trace of the open-chain ketone.

Major isomer:*H NMR § 7.55 (s, 1H, H5), 5.02 (dd, 1H, J=4.2, 6.0 Hz,’H2.69 (d, 1H, J=5.4 Hz,
H3'), 4.53 (s, 1H, OH), 4.19 (dd, 1H, J=3.9, 10.2 Hz, &Hb), 4.05 (d, 1H, J=10.2 Hz, CH&}| 3.24
(s, 3H, OCH), 3.24 (s, 3H, OCH), 1,73 (s, 3H, CH), 1.50 (s, 3H CHCCHg), 1.32 (CHCCHg); 13C
NMR § 170.49 (C2), 153.17 (C4), 118.76 (C5), 112.50/0C103.41 (CHCCHs), 100.76 (TOCHs)s),

85.58 (C2), 80.63 (C3), 71.12 (C4), 49.32 (OCH), 49.29 (OCH), 26.24 (CH), 24.87 (GH3CCHs),
24.01 (CHCCH3); MS (ES +ve)m/z332.0 (M+1, 100%), 300.0 (MOCHg, 100%). HRMS calcd for
C14H2oNO6S 332.116752; found 332.116785. Minor isomét NMR § 7.54 (s, 1H, H5), 4.97 (dd,
1H, J=3.9, 6.3 Hz, H2, 4.92 (d, 1H, J=6.0 Hz, H} 4.50 (s, 1H, OH), 4.12 (dd, 1H, J=7.5, 14.4 Hz,
CHaHb), 3.96 (dd, J=3.9, 10.8 Hz, CHBH 3.22 (s, 6H, OCHjs), 1.71 (s, 3H, CH), 1.62 (s, 3H,
CH3CCHg), 1.42 (s, 3H, CHCCHg); 13C NMR § 171.99 (C2), 115.80 (C4), 117.09 (C5), 113.33'(C1
101.80 (CHCCHj3), 100.71 (GOCHgs),), 82.01 (C2). 80.58 (C3), 69.77 (C4), 49.31 (OCH), 49.27
(OCHg), 26.16 (CH), 24.87 (GH3CCHg), 23.96 (CHCCH3).

3.16. (R,2S5,3R) and (1S,2S,3R)-2-(2,2-Dimethoxyethyl)-4-[2,8-(2' -propylidene)-1,4-dihydroxy-
butyl]thiazole22 and 23

To a stirred solution of 4-lactd®0 (0.557 g, 1.68 mmol) in dry MeOH (20 mL) at10°C was added
portionwise solid NaBHl (10 equiv., 16.80 mmol, 0.67 g). After stirring for 2 h, methanol was removed
under reduced pressure, the residue was taken up@ (B0 mL) and the aqueous layer was extracted
with ethyl acetate (330 mL). The combined organic extracts were dried over Mg&tal the solvent was
removed under reduced pressure to give a colourless oil which was purified by column chromatography
(80% ethyl acetate/hexane) to give a mixture of sy@ and anti-diols in the ratio of 2:1. The two
alcohols was isolated by preparative TLC (75% ethyl acetdtexane) to givesyrrdiol (0.251 g, 45%)
andanti-diol (0.126 g, 22%) as an oil and a colourless crystalline solid respectively.

3.17. Reduction d20with L-selectride

To the stirred solution of the lact@0 (0.168 g, 0.41 mmol) in dry THF (5 mL) at78°C was added a
solution of L-selectride (5 equiv., 2.03 mmol, 2.03 mL of 1 M solution in THF). After stirring @8°C
for 2.5 days, the reaction mixture was quenched with a solution of 10% NaOH (4 mL) and 30942
mL). The reaction was stirred at rt for another 2 h and was then diluted with a saturated solution of NaCl
(2 mL) and extracted with ethyl acetate. The combined organic extracts were dried over, ligé e
solvent was removed to give a thick oil which was purified on a preparative TLC plate to giamtihe
andsyndiols, in the ratio of 84:16 (95 mg, 57%), plus unreacted la2@(35 mg).

synDiol 22 TH NMR § 7.39 (d, 1H, J=0.9 Hz, H5), 5.05 (d, 1H, J=5.4 Hz,'H#.48 (t, 1H, J=5.7
Hz, H2), 4.34-4.28 (m, 1H, H3, 3.91 (dd, 1H, J=5.7, 11.7 Hz, Gitib), 3.79 (dd, 1H, J=3.9, 11.7 Hz,
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CHatb), 3.24 (s, 3H, OCH), 3.22 (s, 3H, OCH), 1.70 (s, 3H, CH), 1.52 (s, 3H, CHCCHg), 1.38
(s, 3H, CHCCHg); 13C NMR § 172.41 (C2), 156.24 (C4), 116.51 (C5), 108.33 ¢CBHz), 100.76
(C(OCH)2), 79.23 (C1), 77.54 (C2), 68.48 (C3), 60.60 (C4), 49.40 (OCH}), 49.36 (OCH), 27.30
(CHg), 25.07 (CHCCH), 24.30 (CHCCHs); MS (ES +ve) m/z 334.0 (M+1, 70%), 301.9 (MDCH,
100%); [x]p%® —45.0 (c 0.8, CHCIl,). HRMS calcd for G4H24NOgS 334.13240; found 334.132425.
anti-Diol 23 'H NMR § 7.29 (d, J=0.6 Hz, H5), 4.98 (dd, 1H, J=5.1, 8.1 Hz/}12.47 (dd, 1H, J=5.7,
8.1 Hz, H2), 4.37 (ddd, 1H, J=5.4, 6.9, 6.0 Hz, B34.25 (d, 1H, J=5.1 Hz, OK3.91 (ddd, 1H, J=5.4,
6.9, 12.0 Hz, CHHDb), 3.77 (ddd, 1H, J=4.8, 7.5, 12.0 Hz, CH§H3.52 (dd, 1H, J=6.0, 12.0 Hz, QH
3.23 (s, 6H, XOCHg), 1.70 (s, 3H, CH), 1.46 (s, 3H, CHCCHg), 1.35 (s, 3H, CHCCHg); 13C NMR

§ 171.87 (C2), 155.94 (C4), 116.61 (C5), 108.35 CAH3), 100.77 (FOCHs),), 78.83 (C1), 77.43
(C2), 68.30 (C3), 60.62 (C4), 49.32 (2<OCHg), 27.70 (CH), 25.20 (GH3CCHg), 24.14 (CHCCHa);
MS (ES +ve)m/z33.9 (M+1, 100%), 301.8 (MOCHs, 100%); mp 78-79°C;¢]p?® —28.89 (c 0.9,
CH2Cly). Anal. calcd for G4H23NOgS: C, 50.44; H, 6.95; N, 4.20; S, 9.62. Found: C, 50.59; H, 7.06; N,
3.93; S, 9.60%.

3.18. (IR,2S,3R)-2-Acetyl-4-(1,2,3,4-tetrahydroxybutyl)thiazde

To the stirred solution o$ynidiol 22 (0.67 mg, 0.2 mmol) in ethanol (2 mL) was added a solution of
10% HCI (1 mL). The reaction was left to stir at rt for 2 h. Ethanol was removed under reduced pressure
and the aqueous layer was washed with ether. Water was removed under high vacuum to give a pale
yellow hydroscopic solid (40 mg, 70%) that was judged to be >95% pure ¥dMMR analysis, ]p23
—29.83 (c 1.75, HO). The spectral data for this compound were identical to those obtained above for the
synthesis of8 from 12

3.19. (15,2S,3R)-2-Acetyl-4-(1,2,3,4-tetrahydroxybutyl)thiaz@é

To the stirred solution o&nti-diol 23 (69 mg, 0.21 mmol) in ethanol (2 mL) was added a solution of
10% HCI (1 mL). The reaction was left to stir at rt for 2 h. Ethanol was removed under reduced pressure
and the aqueous layer was washed with ether. Water was removed under high vacuum to give a dark
yellow solid (53 mg, 90%) that was judged to be >95% pure flsiiNMR analysisH NMR § (D,0)

7.66 (s, 1H, H5), 4.89 (d, 1H, J=5.1 Hz, B13.76 (t, 1H, J=6.0 Hz, H2, 3.52 (dd, 1H, J=6.0, 13.5 Hz,
H3'), 3.39 (m, 2H, CH), 2.44 (s, 3H, CH); 3C NMR (D20) § 193.78 (CO), 165.56 (C2), 156.88 (C4),
124.73 (C5), 73.17 (C), 71.36 (C2), 69.48 (C3), 61.89 (C4), 25.29 (CH): MS (ES +ve)m/z247.8
(M+1, 35%); [x]p2® +23.64 (c 1.65, HO).
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