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LITHIATION OF AZ.THIAZOLINES: THE C2-ANION APPROACH TO
2-SUBSTITUTED DERIVATIVES AND THEIR REACTIVITY

Giancarlo Fantin, Marco Fogagnolo, Alessandro Medici”, and Paola Pedrini
Dipartimento di Chimica, Universita di Ferrara, 44100 Ferrara, ltaly

Abstract - Lithiation of 2-unsubstituted AZ-thiazolines and guenching with various
electrophiles to 2-funcitonalized derivatives is reported. in particular quenching of
thiazolines (1a and 1h) with trimethylsilyl chleride affords the corresponding 2-
trimathyIsinI-Az-!hiazolines (7a and 7b). The reactivity of these masked CZ-anions
toward electrophiles is described. Similar approach is developped for chiral 4-[(tert-
butyldimethylsilyloxy}methyi]-2-thiazoline (12). The synthesis of the chiral 2-formyl
derivative, generated in situ from the C2.anion and N-formylmorpholine, and its

reactivity toward phosphonium salt are alse discussed.

In previous paper we described the synthetic utility of lithiation of 2H -thiazoles! and 2H -oxazoles? that by reaction
of the CZ2-anion with trimethyisilyl and trimethyltin ‘chloride afforded the trimethylsilyl and {trimethylstannyl
derivatives. These metaliated compounds, that can be viayved as masked Cpz-anion, have shown their versatility to
obtain new carbon-carbon bond at C2-position.3 Similar approach has been extended to 2-oxazolines that gave after
lithiation and quenching with the same electrophiles, the expected stanny! derivative but failed in obtaining of the silyl
compeund.? We have also reported the synthesis of 2-trimethylsilyl- and 2-trimethylstannyl-2-thiazolines and their
reactivity toward various elec1rophiles.5 Herein we describe a full account of the synthesis of metallated thiazolines,

also with chiral substituents, and of their potential in obtaining 2-substituted derivatives.

Results and Discussion

Lithiation of thiazolines (1a and 1b) with n-BuLi in ether produces an equilibrium mixture of the C2-anion (2) and the
open-chain B-isocyano thiolate (3) {Scheme 1). A similar behaviour has been previously reported for A2-oxazolines
and oxazoles under the identical experimental conditions,2:4 and the species in equilibrium can be trapped by
appropriate electrophiles.  2-{Trimethylstannyl)-2-thiazoline (4a} and 2-(hydroxyisobutyl}-2-thiazoline (7a) were
obtained by quenching the equilibrium mixture with 1 equivalent of trimethyltin chloride or 2 equivalents of
isobutyraldehyde respectively. On the other hand, the open-chain B-isocyancthiclates (3} were trapped with 1
equivalent of trimethylsilyl chloride as silyl thio ethers (5). Distillation of 5 in cil bath at 120 °C gave satisfactory
yields of the 2-trimethylsilylthiazolines (6a) and {6b)} respectively (Scheme 1). The same procedurs, Lg. the
thermal conversion of the silyl isocyanide into the silylazole, has been succesfully applied in the preparation of 2-

trimethylsilyloxazoles but it was unieasible with A2.oxazolines. 4 Although this isomsrization should be disfavoured
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in both cases due to the relative O-Si ys. C-Si bond strengths, the cyclization to 2-(trimethylsilyljoxazoles appears

to be assisted by the aromaticily.3 In our case, however, the absence of the aromaticity in the resulting product is
balanced by the easier insertion of the iscnitrile into the S-Si bond.3:4
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The possibility of obtaining through the C2.anion various 2-substituted thiazolines by reaction with different
electrophiles, led us to apply this methodology to chiral a2-thiazolines. Lithiation of D-4-carbomethoxy-5,5-
dimethyl-2-thiazoline (1¢} gave the C#.anion (8) which by guenching with D20O afforded the deuterated thiazofine
(9¢) in practically quantitative yield. Moreover, 4-carboethoxy-2-thiazoline {1d) with catalytic amount of
tetramethylguanidine in ethancl gave by treating with methyl vinyl ketone the 4-alkyl derivative (10d) (Scheme 2),
The highest acidity of the C4-proton Is imputable to the presence of the carboxylate group, s, in order to oblain the

CZ-anion, the esteric function has been transformed into the hydroxymethyl group by reduction with sodium
tmrohydride.6
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Reduction of the racemic 4-carboethoxy- and 4-carbomethoxy-2-thiazolines (1d and 1e) with sodium borohydride in
ethancl/water (1/1) at 0° C gave the 4-hydroxymethyl derivative (11} (Scheme 3). The hydroxyl group was
subsequently protected as tsrt-butyldimethylsilyl derivative (12} by reaction with 1 equivalent of tert-
butyldimethylsilyl chloride since the common methods’ to obfain the methoxy derivative were unsuccessful probably

because of the instability of tha O-anion.
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Lithiation of the chiral thiazoline {12) with n-BuLi in ether produced the expected equilibrium mixtura of the C2-anion
and the open-chain B-isocyanothiolate, that can be trapped by the appropriate electrophiles. The C2.anicn, gquenched
with D20, afferded the 2-dsuterated thiazeline (13} in quantitative yield while the open-chain B-isocyano- thiolate,
treated with 1.1 equivalent of propylene oxide, gave the thio ether (14} in 48% yield {(Scheme 4}. Surprisingly no 2-
trimethylsilyl and 2-trimethylstannyl derivatives were obtained by treating the equilibrium mixture with

trimethylsilyl and trimethyltin chloride, respectively.
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On the basis of this resulls, we explored the possibility to obtain various 2-substituted thiazolines using 2-
trimethylstannyl- and 2-trimethylsilyl derivatives (4a) and (6) respectively, and the CZ2-anion of {(12) through the
reactions with electraphiles,

The reactivity of 2-(irimethylsilyl)-2-thiazolines (6) has been examined with two different electrophiles, Le.
aldehydes and acyl chloride, which both gave the 2-thiazoline derivatives by substitution of the SiMez group (Scheme
5). The reaction with isobutyraldehyde produced the silyl ethers (15) which treated with tetra-n-butylammonium
fluoride to give the corresponding alcchols (7). In crder to obtain an asymmetric control we explered the reaction
with chiral aldehydes. The reaction of 6a with the protected D-galacto-hexodialdopyranose in benzene afforded the
carresponding alcohol (18} (50% yield, ds = 95%) and the reaction of 6b with the protected D-xylo-
pentodialdofuranose gave the alcohol (18) (30% vyield, ds = 85%). The stareochemistry at the newly
hydroxymethylene center can be assigned on the basis of the resulis obtained for 2-trimethylsilylthiazole® where the
stereochemical outcome is in agreement with the non chelale Felkin-Anh modei for asymmetric induction.? ©On the
other hand, the reaction with iscbutyryl chloride gave rise to different adducts depending on the substituents of the
thiazeline ring: in particular the silylthiazoline (8a) afforded the 2-acyl derivative (17) in 50% yield while 6b
produced the addition product {16) in 30% yield. A similar behaviour has been detected with 2-trimethylsilylthiazole
and ethyl chloroformate. !

The reactivity of 2-(trimethylstannyl)-2-thiazoline (4a) has been investigated in respect to palladium-catalyzed
cross-coupling reaction, methodology recently employed for the arylation of heterocycles. The reaction with 2-
bromothiophene and 3-bromoquincline in the presence of catalytic amounts of Pd[P{Pha)]l4 resulted in a progressive

dacamposition of the stannyl derivative without production of the corresponding cross-coupling adduct.
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The synthetic utility of the thiazoline (12} was explored by quenching the CZ2-anion with aldehydes, also in order 1o
obtaining diastereomeric control. The reaction with isobutyraldehyde (1.5 equivalents} gave only one diasterecisomer
of 2-(hydroxyisobutyl)-2-thiazoline (20b) but in low yield (10%), while benzaldehyde produced the alcohols {20a
and 20a') in satisfactory yield (45%) but with a 3:1 diastereomeric ratio'0 (Scheme 6). Owing to the importance of
functionalizing the C2-position, the equilibrium mixture was also treated with N-formylmorpholine (1.5 equivalents)
in order to obtain the 2-formyl derivative. This compound was generated in sitv but cannot be isolated from the
reaction mixture because of its rapid decomposition during the work-up. its presence, at 0 °C in disthyl ether
solution, is indirectly confirmed by treating the crude reaction mixture with sodium borohydride in methanol to obtain

the 2-hydroxymethyl derivative (21} in 50% yield.
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The synthetic potential of the 2-formyl derivativa has been further investigated in respact to the Wittig reaction. The
addition of the appropriate phosphenium salt to the solution of 2-formyl derivative at 0 °C produced in satisfactory
yield the E-alkkenes 22 (22a, 88%; 22b, 58%; 22¢, 16%). It is worth mentioning that no further base was addad to
the reaction mixture to generate the phosphonium ylide. On this basis, the diasterecselective addition to carbon-

carbon double bond is under investigation,
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EXPERIMENTAL
TH-Nmr spectra wera obtained on 80 MHz WP8Q Bruker, on a 200 MHz AC-200 Bruker and on 300 MHz Gemini 300
Varian spectrometers. Chemical shifts were given in parts per miflion from Me48i as internal standard. Ir spectra

were recorded on a Perkin Eimer Model 297 grating spectrophotometer. Elemental analyses were petformed on a
1106 Micreanalyzer {Carlo Erba).
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2-Thiazoline (1a) was prepared acceording lo the literature procsdure“: bp 139-140°C (Ii!_”, bp 139-140°C); TH-
nmr (80 MHz, CDCl3) 8 3.20 (dt J = 1.0 and 9.0 Hz, 2H), 4.22 (ddt, | = 1.0, 2.4 and 9.0 Hz, 2H), 7.84 (1, J = 2.4
Hz, 1 H).

4,4-Dimethyl-2-thiazoline (1b} was prepared in 30% yield by treaiment of 4,4.dimethyl-2-oxazoline with P2S5
according to the literature12: bp 145-148 °C (iit,13 61 °C/45 Torr); TH-nmr (80 MHz, CDClg) & 1.37 (s, & H),
3.02 (s, 2 H), 7.67 (s, 1 H). D-4-Carbomethoxy-5,5-dimethyl-2-thiazeline (1¢) was prepared in 40% yield by
degradaticn of Penicillin G methyl ester.14

The racemic 4-carboethoxy- and 4-carbomethoxy-A2-thiazofine (1d and 19)15 were obtained, according to the
Mevyers' prcucesciure,16 from L-cysteina hydrochlorida,” ethyl or methyl chloroformate and triethylamine in
dichloromethane (yield 86% and 88% respectively). 1,2,3,4-di-O-|sopropylidene-a-D-galacto-hexodialdo-1,5-
pyranose18 and 1,2-0O-isopropylidene-3-O-benzyl-a-D -xylo -pentodia!dofuranose19 are prepared as described. All

lithiation reactions wera carried out under No and with freshly distilled and dried soivents.

Lithtatlon and quenching of 2-thlazolines {la and 1b). General procedure. A sclution of n-Buli (38
mmol) in n-hexane was added dropwise to a cooled (-78 °C) and stirred solution of the selected thiazaline (32 mmal)
in ether (40 ml), After 1 h stirring at -78 °C, the reaction mixlure was quenched with the appropriste electrophile.
Quenching of 1a with trimethyltin chloride {8.4 g, 32 mmel} in ether (20 ml} gave, after filiration over Celite and
distillation, 3.5 g [44%)} of 2-trimethylstanny)-2-thiazoline {4a): bp 108-110 °C (18 mmHg); ir (film) 1570, 1250,
1190 om™1; TH-nmr (80 MHz, CDCls) 5 0.37 (s, 9 H), 3.02 {t, J = 9.0 Hz, 2 H), 435 {t, J = 9.0 Hz, 2 H). Anal.
Calcd for CgH13N55n: C, 28.83; H, 5.24; N, 5.60. Found: C, 28.95; H, 5.28; N, 5.67.

Quenching of 1a with isobutyraldehyde (4.8 g, 64 mmol) and workup with aqueous solution of NaCl and anhydrous
Nap804 gave after chromatography (silica gel, n-hexane-ether 1;1) 1.37 g {(27%) of 2-(hydroxyisobutyl)-2-
thiazoline (7a): oil; ir (film) 3260 (broad), 1620 cm™1; TH.nme (80 MHz, CDCI3) 6 0.87 (d, J = 12.4 Hz, 3 H), 1.05
(d, 4 = 12.4 Hz, 3 H), 1.75-2.20 (m, 1 H), 3.37 (1, J = 8.6 Hz, 2 H), 4.05-4.40 {m, 3 H); ms m/z 159 (M*). Anal.
Calcd for C7H13NOS; C, 52.79; H, 8.23; N, 8.86. Found: C, 52.89; H, 8.25; N, 8.73.

Quenching of thiazeolines 1a and 1b with trimethylsilyl chloride (3.5 g, 32 mmol) in ether (30 ml) gave, after
filtration over Celite and removing of the sclvent, the essentially pure B-isocyanotrimethylsilyl thio ethers 5a and
5b {90% by nmr) respectively. Compound (5a) showed the following: ir (film) 2120, 1670, 1250 em1: TH-nmr {80
MHz, CDCI3) & 0.35 (s, 9 H), 2.75 (br t, J=7.0Hz 2H), 350 (1, J = 7.0 Hz, 2 H). Compound {(5b): ir (film) 2115,
1675, 1250 cm1; TH-nmr (B0 MHz, CDCl3) & 0.35 (s, 9 H), 1.50 {m, 6 H), 2.70 {m, 2 H), Distillation of the crude
5 in a Fisher apparatus {oil bath 120 °C, 18 mmHg) gave the 2-trimethylsilyl derivatives (6a) and {6b) in 42% and
53% yield respectively.

2-(Trimethylsilyl)-2-thiazoline (6a): bp 88-87 °C (18 mmHg); ir (film) 1570,1250 em1; TH-nmr (80 MHz, CDClg)
§ 027 (s, 9 H), 280 (1 J = 9.0Hz, 2 H), 439 (1, J = 9.0 Hz, 2 H). Anal. Caled for CgH13NSSi: C, 49.07; H, 7.65;
N, 8.17. Found: C, 48.17; H, 7.61; N, 8.24,

4,4-Dimethyi-2-trimethylsilyl-2-thiazcline {6b): bp 95-87 °C (18 mmHg); ir (film} 1570, 1250 cm"; TH-nmr {80
MHz, CDCI3) & 0.33 (s 9 H), 1.42 (s, 6 H), 2.94 (s, 2 H). Anal. Calcd for CgH17NSSi: C, 51.06; H, 8.11; N, 7.44,
Found: C, 51.15; H, 9. 05; N, 7.47.
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Lithlatlon and quenching of thiazollne (1c} with D20. Lithiation was carried out as above for 1a and 1b
starting from the thiazcline (10 mmol} and a-BuLi (11 mmol) in ether (20 ml). Quenching of !heﬂhiazo!ina 1c with
D20 {10 mmol) afforded, after workup with agueous solution of NaCl, anhydrous NapS04 and removing of the sclvent
under reduced pressure, the 4-deuterated derivative 9¢ in practically quantitative yield: oil;1H-nmr (200 MHz,
CDCl3) & 1.37 (s, 3 H), 1.74 (s, 3 H), 3.82 (s, 3 H), 8.14 (s, 1 H).

4-Carboethoxy-4-{3-oxobutyl)-2-thiazoline (10d). A solution of the thiazoline (1d)} (0.5 g, 3.1 mmol),
methy| vinyl ketone (0.21 g, 3.1 mmol) and tetramethylguanidine (35 mg, 0.31 mmol} in ethanol (3¢ mi) was stirred
at room tempsrature for 3 days. After addition of a saturated solution of NaCl (30 ml), extraction with ether and
chromatography (silica gel, petroloum ether-sthyl acetate 8:2) gave 0.57g (81%) of the 4-alkyl derivative {10d):
oit; it (film) 1720, 1560 cm™}; YH-nmr {300 MHz, CDCI3} & 1.23 (1, J = 6.9 Hz, 3 H), 1.95-2.22 (m, 2 H), 2.08
(s, 3 H), 2.43-2.64 (m, 2 H), 3.08 (d, L = 11.7 Hz, 1 H), 3.60 {d, . = 11.7 Hz, 1 H), 418 (g, . = 6.9 Hz, 2 H), 7.90
{s, 1 H). Apal Caled for CmHj};NOsS: C, 52.38; H, 6.59; N, 6.11. Found: C, 52.50; H, 6.50; N, 6.25.

4-Hydroxymathyl-2-thlazoline (11). To a stirred solution of the thiazoline (1d) or (1e) (0.05 mol} in
mathanol {100 ml) was added portiowise NaBH4 (3.7 g, 0.1 mol) in 2 h at 0 °C. After 12 h at room temperaturs,
acetone (10 ml) was added to the reaction mixiure and the scolvent was removed under reduced pressure,
Chromatography (silica gel, dichloromethane-methancl 96:4) gave the 4-hydroxymethyl derivative (11) in 75% yleld
from 1e and in 67% from 1d: bp 5153 “C {0.02 mmHg); ir {film) 1640, 1580 emV: YH.nmr (80 MHz, CDCl3) &
312 (dd, 1 H,J = 11.0 and 9.4 Hz), 3.32 (dd, 1 H, J = 11.0 and 9.0 Hz), 3.71 (dd, 1 H, [ = 11.6 and 5.4 Hz), 3.95
(dd, 1 H, . = 11.6 and 4.8 Hz), 4.45-4.85 (m, 1 H}, 8.00 (d, 1 H, . = 2.6 Hz). Anal. Calcd for C4H7NOS: C, 41.34; H,
s.'oz; N, 11.95. Found: C, 41.41; H, 6.10; N, 11.88.

4-[(tert-Butyldimethyisliylexy)methyl]-2-thiazellne (12). A solution of the thiazeline 11 (8.4 g, 0.054
mol), tert -butyldimethylsilyl chloride (9 g, 0.06 mol) and imidazole {4.08 g, 0.06 mol) in dicholoromethane (50 ml)
was stirred at rcom temperature for 30 min. After filtration over Celite, the soivent was removed in vacuo and the
residue was distiled at reduced pressure 1o give 9.23 g (74%) of the tert -butyldimethylsilyl derivativa (12): bp
81-82° G (0.1 mmHg); ir (film) 1580, 1260 em!; TH-nmr (300 MHz, CDCl3) & 0.06 (s, 3 H), 0.07 (s, 3 H), 0.89
(s, S‘! H), 3.24-3.27 (m, 2 H), 3.60 (dd, 1 H, ) = 10.2 and 7.5 Hz), 3.89 (dd, 1 H, J = 10.2 and 4.2 Hz), 4.60-4.865
(m, 1 H), 7.90 (d, 1 H, L = 2.1 Hz); 13C-nmr (756 MHz, CDCl3), 3 5.5 (q), 18.2 (s), 25.8 {g), 33.2 {1), 64.0 (1), 78.8
(d), 158.0 {d}). Anal. Calcd for CygH29NOSSI: C, 51.90; H, 9.15; N, 6.05. Found: C, 52.02; H, 9.07; N, B.11.

Lithlation and quenching of thiazoline 12. A solution of n -BuLi (11 mmoel) in n -hexane was added dropwise to
a cooled (-78 °C) and stired solution of the thiazoline 12 (10 mmol) in ether (40 ml). After 1 h stirring at -78 °C,
tha reaction mixture was quenched with the appropriste electrophite. Quenching of the thiazoling 12 with DoO (0.2 ml,
10 mmol) afforded, after workup with aqueous solution of NaCl, anhydrous NasS04 and removing of the sclvent under
reduced pressure, the 2-deuterated derivative (13) in practically quantitative yield: oil; T H-nmr (300 MHz, CDCl3y)
§ 0.08 (s, 3 H), 0.07 (s, 3 H}, 0.89 (s, 9 H), 3.24-3.27 (m, 2 H), 3.60 (dd, 1 H, J = 10.2 and 7.5 Hz), 3.89 (dd, 1
H, J = 10.2 and 4.2 Hz), 4.60-4.65 (m, 1 H).
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Quenching of the thiazoline {12) with propylene oxide (0.84 g, 11 mmol) gave, after usual workup and
chromatography (silica gel, petroleum ether-ethyl acetate 7:3), the thio ether {14) (1.38 g, 48%): oil; ir {film)
2150, 1470, 12680 cm!; TH-nmr (80 MHz, CDCla) & 0.0% (s, 6 H), 0.81 (s, 9 H), 1.27 (d, 3 H, J =62 Hz),
237-2.97 (m, 5 H), 3.52-4.22 (m, 4 H).

Reaction of 2-(trimethylsllyl}-2-thiazolines (6a and 6b) with Isobutyryl chloride. A solution of the
proper thiazoline (1.2 mmol) and isobutyryl chloride (0.26 ml, 2.5 mmol) in benzene (30 ml} was stirred at room
temperature for 24 h. The reaction mixture was washed with a saturated solution of NaHCOg, dried over anhydrous
Naz504 and the selvent was removsd in vacuo. Chromatography of the residue (silica ge), petrcleum ether-ethy
acetate 7:3) gave 0.094 g (50%) of the 2-acyl derivative 17 and (from 6b) 0.108 g (30%) of the substitution
product 16.

2-Acyl derivative 17 showed the follewing: oil; ir {film) 1700, 1590 cmY; TH-nmr {80 MHz, CDCl3) & 1.16(d,J
= 6.8 Hz, 6 H), 331 {t, J = 9.0 Hz, 2 H), 3.37-3.72 (m, 1 H), 452 {1, J = 8.0 Hz, 2 H); ms m/z 157 (M*+). Anal
Caled for C7H11NOS: C, 53.47; H, 7.05; N, 8.9t. Found: C, 53.55; H, 7.11, N, 8.80

The condensation product 16: mp 70-72 °C (from ether-n-hexane); ir (CHCI3) 2860, 2920, 1645 cm™1; TH-nmr
(80 MHz, CDCl3) & 1.05(d, J=7.0Hz, 3 H), 1.15(d, J = 7.0 Hz, 3 H), 1.33 (5, 3 H), 1.40 (s, 3 H), 1.55 (s, 3 H),
1.75 (s, 3 H), 2.30-3.55 (m, 5 H}, 5.60 (s, 1 H); ms m/z 300 (M*). Anal. Caled for C14H24N20S5: C, 55.96; H,
8.05; N, 9.32. Found: C, 55.84; H, 8.11; N, 9.25.

Reactlon of 2-(trimethylsliyl)-2-thlazolines {(6a and 6b) with Isebutyraldehyde. General
procedure. A mixture of the proper thiazoline (2.5 mmol) and isobutyraidehyds (0.44 mi, 5 mmol} was stirred at
room temperature for 24 h to give the crude silyloxy derivatives 15. The compound (15a) was chromatographed on a
short column (silica gel, petroleum ether- ethyl acetate 8:2) and fully characterized: oil; ir {film} 1820 cm‘1; TH.-
nmr (80 MHz, CDCl3) & 0.12 {s, 9 H), 0.87 (d, J = 7.0 Hz, 3 H), 0.95 (d, J = 7.0 Hz, 3 H), 1.75-2.07 {m, 1 H),
3.07-3.31 (m, 2 H), 4.12-4.37 (m, 3 H); ms m/z 231 {M*).

The silyloxy derivatives were diluted with THF {30 ml) and then a 1 M solution of tetra-n-butylammonium flucride
(2.5 mmol) was added and stirring continued for 2-4 h. The solvent was removed in vacuo, the residue was diluted
with ether, washed with a saturated solution of NaHCO3 and dried over anhydrous NapSO4. After removing of the
solvent, the residue was chromatographed (silica gel, petroleum ether-ethyl acetate 1:1) te give the corresponding
alcohols 7a (0.14 g, 35%) and 7b (0.23 g, 50%) respectively.

The afcohol (7b) showed the following: mp 77-78 °C (from ethyl acetate-petroleum ethar}); ir {CHCI3) 1655 em1:
TH-nmr (80 MHz, CDCI3) & 0.95(d, J = 11.0 Hz, 3 H), 1.02 (d, o = 11.0 Hz, 3 H), 1.37 (s, 3 H), 1.42 (s, 3 H),
1.75-2.07 (m, 1 H), 3.17 (s, 2 H), 3.32 (br s, 1 H), 4.22 (d, J = 4.0 Hz, 1 H). Anal. Caled for CgH{7NOS: C, 57.70;
H, 9.15; N, 7.48. Found: C, 57.81; H, 9.10; N, 7.42.

Reaction of 2-(trimethylsilyl}-2-thlazolines (6a) with 1,2,3,4-di-O-isopropylidene-a-D-
galacto-hexodialdo-1,5-pyranose. A solution of the thiazoline (0.35 g, 2.1 mmol) and the chiral aldehyde (0.55
g, 2.1 mmol) in dry benzene [50 ml) was stired at room temperature for 48 h. The solvent was removed in vacuo

and the residue was diluted with THF (30 ml) and then a 1 M solution of tetra-n -butylammonium fluoride (2.1 ml, 2.1
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mmol) was addad and stirring continued for 2-4 h. The solvent was removed in vacuo, the rasidue was dissolved in
ether, washed with a saturated solution of NaHCO3 and dried over anhydrous NagSO4. After removing of the sclvent,
the residue was chromatographed (silica gel, petroleum ether-ethyl acetate 1:1) to give 0.34 g (50%) of the alcchol
(19) (ds = 95% by nmr spectrum): syrup oil; TH-nmr (80 MHz, CDCl3) & 1.32 (s, 3 H), 1.37 (s, 3 H), 1.49 (s, 3
H), 1.52 (s, 3 H), 3.35 (1, ] = 84 Hz, 2 H), 3.77-4.73 (m, 8 H), 553 (d, .| = 5.0 Hz, 1 H); ms m/z 345 (M*). Anal.
Calcd for C15H25N0QgS: C, 52.16; H, 6.71; N; 4.05. Found: C, 52.25; H, 8.66; N, 4.00.

Reactlon of 4,4-dimethyl-2-{trimethylsilyl}-2-thlazolines {6b) wIith 1,2-O-isopropylidene-3-0.
benzyl-a-D-xylo-pentodlaldofuranose. A solution of the thiazoline (0.37 g, 2 mmol) and the chiral aldehyde
(0.55 g, 2 mmol) in dry benzene (50 mi) was slirred at room temperature for 5 days. Workup as above for 6a and
chromatography gave 0.23 g (30%) of the alcohol (18} (ds = 85% by nmr specirum): syrup oil; YH-nmr (80 MHz,
CDCl3} & 1.30 (s, 6 H), 1.32 (5, 3 H), 1.35 (s, 3 H), 3.07 (s, 2 H), 3.93-4.90 (m, 7 H), 6.00 (d, J = 4.0 Hz, 1 H),
7.32 (s, 5 H); ms m/z 393 (M*). Anal. Caled for CopH27NO5S: C, 61.04; H, 6.92; N, 3.56. Found: C, 60.95; H,
8.98; N, 3.51.

Lithiatlon of 4-[{tert-butyldimethylsilyloxy)methyl]-2-thiazeline (12) and reaction with
aldehydes. General procedure. A solution of n-Buli (1.2 mmal) in n-hexanea was added dropwise to a cooled (-78
°C) and stirred solution of the thiazoline 12 (0.23 g, 1 mmol) in ether (30 ml). After 1 h stirring at -78 °C, the
reaction mixture was quenched with the selected aldehyde (1.2 mmol). Workup with NaCl| as above for 1a and
chromatography (silica gel, petroleum ether-ether 7:3) gave with benzaldehyde 0.15 g (45%) of the alcohols 20a and
20a' in 3:1 diastergomeric ratic and with isobutyraldehyde 0.03 g {10%) of the diastereomeric pure alcohol 20b.
Compound 20a (the major diasterecisomer) ; YH-nmr (300 MHz, CDCl3) & 0.06 (s, 3 H), 0.07 (s, 3 H), 0.88 (5, 0
H}, 1.75 (br s, 1 H}, 3.33-3.40 (m, 2 H), 3.63 (dd, 1 H, [ = 7.3 and 10.8 Hz}, 3.85 {dd, 1 H, \l = 4.3 and 10.8 Hz),
4.63-4.67 (m, 1 H), 537 (s, 1 H), 7.27-7.44 (m, 5 H); compound 20a" (the minor diasterecisomer): TH-nmr (300
MHz, CDCl3} & 0.07 (s, 3 H), 0.08 {s, 3 H), 0.BS (s, 8 H), 1.29 (br 5, 1 H), 3.35 {d, 2 H, J = 8.1 Hz), 3.69 {dd, 1
H J = 7.1 and 9.7 Hz), 3.89 (dd, 1 H, . = 4.1 and 9.7 Hz), 4.60-4.64 (m, 1 H), 5. 38 (s, 1 H), 7.26-7.44 {m, 5 H).
Anal. Caled for C17H27NC2SSi: G, 60.49; H, 8.06; N, 4.15. Found: C, 60.38; H, 8.00; N, 4.00.

Compound 20b: oil; TH-nmr (80 MHz, CDClg) & 0.07 {s, 3 H), 0.08 (s, 3 H), 08t (m, 12 H), 1.05(d, 3 H, J=97
Hz), 1.96 {m, 1 H), 3.38-3.42 (m, 2 H), 3.65 (dd, 1 H, J = 7.5 and 11.2 Hz}, 3.92 (dd, 1 H, J = 4.5 and 11.2 Hz),
4.25 (d, 1 H, 4 = 3.7 Hz), 4.57-4.63 (m, 1 H). Anal. Catcd for C14H2gNO2588i: C, 55.40; H, 9.63; N, 4.61. Found: C,
55.51; H, 9.55; N, 4.45.

Formylation of thiazoline 12 and reductlon to 2-hydroxymethyl derivative 21. A solution of n-Buli
(2.3 mmol) in n-hexane was added dropwise to a cooled {-78 °C) and stirred solution of the thiazoline 12 (0.5 g, 2.1
mmol) in ether (30 mil). After 1 h stirring at -78 °C, the reaction mixture was quenched with N-formylmorpholine
(0.37 g, 3.2 mmol) in the same solvent {10 ml). Attempt to separate the 2-formyl derivative with usual workup
produced a rapid decomposition of the compound. So to the reaction mixture was added methanol {10 ml) and sodium
borohydride (0.08 g, 2.1 mmol). After 30 min, acetone (2 ml) was added to the reaction mixture and the sclvent was

removed under reduced pressure. The residus was chromatographed (silica gel, petroleum ether-ether 7:3) to give
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0.27 g (50%) of the 2-hydroxymethyl-2-thiazoline 21: oil; TH.amr (300 MHz, CDCls/D20) & 0.07 (s, 3 H), 0.08
{s, 3 H}, 0.89 (5, 8 H), 3.45 (dd, 2 H, J = 6.0 and 8.8 Hz), 3.65 (dd, 1 H, L = 7.5 and 10.2 Hz), 3.87 (dd, 1 H, . =
45 and 10.2 Hz), 4.38 (d, 2 H, J = 1.9 Hz), 4.56-4.68 (m, 1 H); 13C-nmr (75 MHz, CDCl3) s -5.6 (q), 18.2 {s),
25.9 (q), 39.6 (1), 49.4 (d), 62.4 (1), 62.8 (1), 173.5 (s). Anal. Caled for C11H23N0285i: C, 50.53; H, 8.87: N,
5.36. Found: C, 50.62; H, 8.79; N, 5.40,

RAeaction aof 2-farmylthiazollne with phosphanlum salt. General procedure. Formylation was carried
out as above and the 2-formyl derivative was treated with the appropriate phospheonium salt {1 equiv.} at ¢ °C. After
stirring overnight at room temperature, a saturated solution of NaCl was added. The organic layer was separaled and
dried over anhydrous NagSO4. The solvent was removed in vacuo and chromatography of the residue (silica gel,
petroleum ether-ethyl acetate 8:2} gave the E-alkenes 22a (68%), 22b (58%) and 22¢ (16%).

The E-alkens 22a showed the following: oil; ir (film) 1635, 1585 em™1; H-nmr (300 MHz, CDCls) & 0.08 (s, 3 H),
0.09 (s, 3 H), 0.90 (s, 9 H), 3.37-3.42 (m, 2 H), 3.67 (dd, 1 H, L = 7.8 and 10.0 Hz), 3.95 (dd, 1 H, J = 4.3 and
10.0 Hz), 4.72-4.76 (m, 1 H), 7.24 (d, 1 H, L = 16.1 Hz), 7.31 (d, 1 H, . = 16.1 Hz), 7.35 (d, 1 H, = 3.2 Hz), 7.87
(d, 1 H, J = 3.2 Hz);. 13C-nmr (75 MHz, CDCI3) 8 -5.8 (q), 17.91 (3), 25.54 (q), 34.73 (1), 63.70 (1), 79.17 (d),
120.51 (d), 127.81 (d), 133.05 (d), 144.72 (d), 165.12 (s), 167.51 (s); ms m/z M* absent, 283, 176, 147, 88.
Anal, Caled for C15H24N20S2Si: C, 52.90; H, 7.10; N, 8.22, Found: C, 52.81; H, 7.16; N, 8.17.

The E-alkene 22#: oil; ir (film} 1730, 1650, 1585 e 1; VH-nmr (80 MHz, CDClg) & 0.07 (s, 6 H), 0.88 (s, ¢ H),
132 (, 3H, ) =72Hz), 338 (d, 2H, =86 Hz), 367 {dd, 1 H, J = 7.6 and 10.6 Hz), 3.92 (dd, 1 H, 1 = 4.4 and
10.6 Hz), 425 (g, 2 H, J= 7.2 Hz), 455482 (m, 1 H), 635 (d, 1 H, .l = 162 Hz}, 7.37 [d, 1 H, J = 16.2 H2);
13¢.nmr (75 MHz, GDGCla) s -5.51 (q), 14.09 {q), 18.19 (s}, 25.84 (q), 34.91 (1), 61,29 (1), 63.88 (1, 78.61 (d},
130.51 (d), 137.78 (d), 166.09 (s), 167.32 (s5); ms m/z M* absent, 272, 147. Anal. Calcd for C1§H27NO385i C,
54.82; H, 8.26; N, 4.25. Found: C, 54.77; H, 8.20; N, 4.29.

The E-alkens 22c: oil; ir {film) 1635, 1590 el VH-nmr {80 MHz, CDCl3) & 0.85 (s, 3 H), 0.75 (s, 3 H}, 0.90 (s,
9 H), 331 (dd, 2 H, J = 8.0 and 11.0 Hz), 3.57-3.77 {m, 1 H}, 3.95 {(dd, 1 H, J = 4.0 and 10.0 Hz), 4.61-4.82 {m, 1
H), 692 (d, 1 H, J = 13 Hz), 712 (d, 1 H, . = 13 Hz), 7.22-7.55 (m, 5 H); ms m/z M* absent, 278, 100. Anal
Caled for C1gH27NOSSI: C, 64.81; H, B.15; N, 4.20. Found: 64.70; H, 8.23; N, 4.15.
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