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Abstract

The first synthesis of an enantiomerically and diastereomerically pure 3-thiazoline via modified Asinger
reaction using a galactose derived chiral auxiliary is described. The absolute configuration of this hetero-
cyclic imine has been elucidated via X-ray analysis. In addition, the 3-thiazoline has been successfully
derivatized under Ugi conditions. © 2000 Elsevier Science Ltd. All rights reserved.
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The Asinger reaction! has been known as a simple but powerful multicomponent reaction for
the synthesis of 3-thiazolines for more than three decades. A variety of these sulphur-containing
heterocyclic imines with different substitution patterns have been synthesized by the modified
Asinger reaction.? Using an a-chloro-substituted aldehyde or ketone, aqueous ammonia, sodium
hydrogensulfide and a second aldehyde or ketone, 3-thiazolines 1 were easily accessible in a one-
pot procedure as outlined in Scheme 1. The imine bond of heterocycles 1 was subject to addition
reactions with many different nucleophiles.? However, no enantiomerically pure, but only race-
mic, 3-thiazolines have been applied in the past since no practical approach? to stereochemically
pure 3-thiazolines has previously been reported.
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Scheme 1. Modified Asinger reaction
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Chiral 3-thiazolines of type 1 are attractive candidates for the enantioselective formation of
compounds of pharmaceutical interest like amino acid derivatives,>>4 amino phosphonic acid
derivatives®® and B-lactams®® by derivatization of the C=N function.

Herein, we report for the first time an access to enantiomerically pure 3-thiazolines of type 1
using chiral carbonyl compounds, obtained from the ‘chiral pool’, as stereochemical auxiliaries in
the modified Asinger reaction.

In the course of our investigation we applied several different enantiomerically pure aldehydes
and ketones to the synthesis of 3-thiazolines. While achiral ketones such as cyclohexanone or
cyclopentanone lead to the corresponding 3-thiazolines in good yields within the Asinger reac-
tion,> chiral ketones (such as camphor, carvone) do not participate in the reaction but cause self
condensation of the a-chloro aldehyde as a main reaction. Fortunately, chiral aldehydes lead to
the desired 3-thiazolines 1 in high yields in most cases.

The 3-thiazolines depicted in Scheme 2 were obtained from the Asinger reaction as illustrated
in Scheme 1 using R-citronellal in the case of 1a and a tartaric acid derivative® in the case of 1b.
Compound 1¢ was synthesized using a protected R-glyceraldehyde.” The 3-thiazolines 1b and 1c
were prepared at —10°C and the aqueous ammonia was added slowly to avoid racemization of the
chiral auxiliary in the alkaline reaction mixture. All heterocycles la—¢ were formed as diaster-
eomeric mixtures. Unfortunately, separation of the diastereomers via column chromatography
was not possible.
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Scheme 2. First approach to enantiomeric pure 3-thiazolines

Compound 1c¢ showed a promising diastereoselectivity of the Asinger reaction with carbohy-
drate templates but poor stability under ambient conditions. Furthermore, even under mild basic
conditions 3-thiazoline 1c was in danger of racemization. In order to generate a 3-thiazoline with
one single configuration, we decided to use a more bulky carbohydrate template 2% as chiral
auxiliary as outlined in Scheme 3. Application of the easy accessible galactose derivative 2 led to
the enantiomerically pure 3-thiazoline 3 in good yield and in a highly diastereoselective way. The
heterocyclic compound 3 exhibited good stability to ambient conditions and can be stored with-
out special measurements for months. Reporting capacity for epimerization of the chiral auxiliary
is provided by the presence of more than one stereogenic center in the aldehyde 2. Although the
Asinger reaction was carried out at 0°C and no care was taken about the basicity of the reaction
mixture, epimerization was not observed. The carbohydrate system might be more resistant
towards alkaline conditions due to the rigid tricyclic pyranoside system. The absolute R-config-
uration at C-2 was determined by X-ray analysis (Scheme 3).

Finally, we present the derivatization of the cyclic imine 3 under Ugi conditions” as outlined in
Scheme 4. The major diastereomer of the bisamide 4 exhibits trans-configuration as identified
from NMR spectra and can easily be separated by recrystallization from CH,Cl,. Formation of
the adduct 4 might serve as an example for the conversion of the heterocyclic imine 3 to an
enantiomerically pure a-amino acid derivative.
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Scheme 3. Synthesis of 3-thiazoline 3'° via Asinger reaction and crystal structure of 3-thiazoline 3.!! The dr-value was
determined from the crude product by 'H NMR spectroscopy
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Scheme 4. Formation of 4! via Ugi reaction. Reagents and Conditions: (/) 4-methoxy-2-nitro-phenyl isocyanide, formic
acid, dry methanol, 72 h. The dr-value was determined from the crude product by "H NMR spectroscopy

In conclusion, we have presented a practical approach to enantiomerically pure 3-thiazolines
using a galactose-derived carbohydrate as a chiral auxiliary. Absolute configuration of 3 has been
elucidated by X-ray analysis. In addition, the cyclic imine 3 has been successfully derivatized
under Ugi conditions.
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Data for 3: mp 164°C; [oz]f)O =-31.9 (¢ 1 in CHCl3); '"H NMR (500 MHz, CDCl5) § (ppm)=1.28, 1.31, 1.43, 1.44,
1.51,1.52[6's, 18 H, C(CH3),], 3.57 (dd, 3Jyu = 9.4 Hz, 3Jy.pe = 1.7 Hz, 1 H, 5-H), 4.30 (dd, 3J1apa = 5.0 Hz, 3JHame
=2.8 Hz, 1 H, 2’-H), 4.32 (dd, 3Jyapa = 7.7 Hz, *Jyane = 1.7 Hz, 1 H, 4-H), 4.59 (dd, 3Jyapa = 7.7 Hz, 3Jyape = 2.8
Hz, 1 H, 3-H), 5.59 (d, 3Jyu=5.0 Hz, 1 H, 1’-H), 5.78 (dd, 3Jyy=9.4 Hz, *Jyg=2.2 Hz, 1 H, 2-H), 7.11 (d,
“Jan=2.2 Hz, 1 H, 4-H); 3C NMR (125 MHz, CDCl;) § (ppm)=25.1, 25.4, 26.4, 26.4, 29.3, 30.4, 64.6, 70.7, 71.5,
72.4, 74.0, 82.6, 97.1, 109.0, 110.1, 170.0; MS (CI, iButan) 344 (base peak) [MH*]; anal. caled for C;sH,5sNOsS
(343.5): C, 55.96; H, 7.34; N, 4.08; S, 9.34. Found: C, 55.91; H, 7.30; N, 4.00; S, 9.26. '"H NMR peak assignments
have been verified by HH-COSY-NMR experiments. Refer to Scheme 3 for numbering of atoms.

Single crystals of 3 were crystallized from MTBE, mounted in inert oil and transferred to the cold gas stream of
the diffractometer. Crystal data: C;sH,sNOsS, M =343.43, monoclinic, a=8.7448(7), b=9.4567(8), c=11.7942(9)
A, U=919.38(13) A3, T= 193(2) K, space group P21, Z=2, absorption coefficient=0.199 mm™!, 7126 reflections
measured, 3534 unique (R;, = 0.0543) which were used in all calculations. The final wR(F?) was 0.0341 (all data).
Crystallographic data (excluding structure factors) for 3 have been deposited with the Cambridge Crystallographic
Data Centre, Cambridge, UK, as supplementary publication number CCDC 146345. Copies of the data can be
obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44 1223
336033 or e-mail: deposit@ccdc.cam.ac.uk).

Data for (2S,4R,5'S)-4 (trans-4): mp 197°C; [a]y =-159.2 (¢ 1 in CHCl3); 'H NMR (500 MHz, CDCly): §
(ppm)=1.33, 1.35, 1.49, 1.72 [4 s, 18 H, C(CHj3),], 3.85 (s, 3 H, O-CH3), 4.03 (dd, *Jyy=9.4 Hz, 3Jype=1.7
Hz, 1 H, 5-H), 4.36 (dd, 3Jyapa = 5.0 Hz, 3Jyane =2.7 Hz, 1 H, 2-H), 4.49 (dd, 3Jgapa=7.7 Hz, 3Jyap.= 1.7 Hz, 1
H, 4-H), 4.65 (s, 1 H, 4-H), 4.66 (dd, 3Jyana = 7.7 Hz, 3. =2.7 Hz, 1 H, 3-H), 5.50 (d, 3Jyg=9.4 Hz, 1 H, 2-
H), 5.60 (d, 3Jyy=5.0 Hz, 1 H, 1’-H), 7.22 (dd, *Jyy=9.3 Hz, >Jyy=3.3 Hz, 1 H, aryl 6-H), 7.68 (d, >Jyy =3.3
Hz, 1 H, aryl 3-H), 8.70 (s, I H, CHO), 8.71 (d, 3Jyy=9.3 Hz, 1 H, aryl 5-H), 10.25 (s, 1 H, aryl-NH); 13C NMR
(125 MHz, CDCl3): § (ppm)=24.4, 24.7, 24.7, 25.9, 26.0, 34.7, 50.9, 55.9, 62.2, 70.1, 71.0, 71.8, 71.9, 74.1, 96.6,
108.6, 108.7, 109.8, 123.0, 123.5, 127.9, 136.9, 155.1, 163.9, 167.6; MS (CI, iButan) 568 (26%) [MH™], 400 (base
peak) [MH*—aryl-NH,]; anal. calcd for C,5sH33N3040S (567.6): C, 52.90; H, 5.86; N, 7.40; S, 5.65. Found: C, 52.86;
H, 5.80; N, 7.32; S, 5.58. '"H NMR peak assignments have been verified by HH-COSY-NMR experiments. Refer
to Scheme 3 for numbering of atoms.



