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ABSTRACT

1-(B-Hydroxyalkyl)benzoxazoles and 1-(B-hydroxyalkyl)benzothia-
zoles were prepared via reductive addition reactions of
2-chloromethylbenzoxazole and 2-chloromethylbenzothiazole with
carbonyl compounds under mild conditions mediated by Sml.

Key Words: 2-Chloromethylbenzoxazole; 2-Chloromethylbenzo-
thiazole; Carbonyl compounds; 1-(B-Hydroxyalkyl)benzoxazole; 1-
(B-Hydroxyalkyl)benzothiazole; Samarium diiodide.

The metal mediated carbon-carbon bond formation between
alkyl halides and carbonyl compounds, the Barbier-type reaction, is a
fundamental reaction in organic chemistry.!! Such a reaction has
played the key role in synthesizing numerous important biological and
abiological compounds. Samarium diiodide, the Kagan’s reagent, has
found the widespread application to promote the inter- and intra-
molecular Barbier-type reactions.”) A large variety of organic halides
such as, primary and secondary alkyl halides, allylic and benzylic halides,
I-iodoalkynes, a-heterosubstituted alkyl halides can be used as substrates
in this transformation.” In contrast, the a-heterocyclic substituted alkyl
halides have remained unexplored. To the best of our knowledge, no
literature reported the synthesis of 1-(B-hydroxyalkyl)benzoxazole and
1-(B-hydroxyalkyl)benzothiazole by using Sml, as a reagent. Herein,
we wish to describe a novel Barbier-type reaction of 2-chloromethylben-
zoxazole and 2-chloromethylbenzothiazole!® with carbonyl compounds
mediated by SmI, (Sch. 1).

When substrates 1 and carbonyl compounds 2 were added to a
solution of 2.2 equiv. of Sml, in THF at room temperature under a
nitrogen atmosphere, the deep blue color of Sml, changed to a yellow
color immediately. TLC showed that the reductive coupling reaction was
complete within a few minutes and afforded 1-(B-hydroxyalkyl)benzox-
azole and 1-(B-hydroxyalkyl)benzothiazole smoothly in good to excellent
yields upon subsequent protonation.

N N R,
Sml, /
%cmcn + R{CORpy ——— >CHZC\
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Scheme 1.
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Barbier-Type Reaction 3553

Benzoxazole and benzothiazole derivatives constitute an important
class of heterocyclic compounds for their antibacterial and antifungal
activities.” Several methods have already been reported for the
preparation of 1-(B-hydroxyalkyl)benzoxazole and 1-(B-hydroxyalkyl)-
benzothiazole. The aldol-type method for the preparation of 1-(B-hydro-
xyalkyl)benzoxazole and 1-(B-hydroxyalkyl)benzothiazole requires the
use of n-BuLi at the temperature —70°C ~—100°C?! or the unavailable
9-BBN triflate.l) In addition, these derivatives can also be obtained
from reductive coupling of 2-(bromodifluoromethyl)benzoxazole and
aldehydes with the aid of retrakis(dimethylamino)ethylene.l”! Although
the existing methodology can afford the desired products, they often
involve in the expensive reagents, low temperature conditions, and
unsatisfactory yields.

To investigate the ability of Sml, to promote these Barbier-type
reactions, different experiments were performed. Table 1 summarizes
our results. All the reactions were completed at room temperature within
Smin. The reactions proceeded in good to excellent yields for the aliphatic
aldehydes and ketones. However, when acetophenone or benzaldehyde

Table 1. Barbier-type reaction of 2-chloromethylbenzoxazole and 2-chloro-
methylbenzothiazole with carbonyl compounds promoted by Sml,.

Entry X, Y Ri, R> Product Yield (%)™°
1 H, O CH3, CH; 3a 92, 85°, 70¢
2 H, O CH3, CH3CH, 3b 87
3 H, O CH3, CH3(CH2)3 3c 95
4 H, O H, (CH;),CH 3d 82
5 H, O H, (CH3),CHCH, 3e 85
6 H, O Cyclopenxanone 3f 97
7 H, O Cyclopentanone 3g 81
8 H, O CeHs, CqHs 3h 77
9 Cl, O CH3;, CH; 3i 87
10 Cl, O H, (CH;),CH 3j 76
11 Cl, O Cyclohexanone 3k 95
12 H, S CH3;, CH; 31 90
13 H, S H, (CH;),CH 3m 87
14 H, S Cyclohexanone 3n 96
15 H, S Cyclopentanone 30 83

3All compounds were fully characterized by '"HNMR, MS, EA, and IR.
®Yields refer to % of isolated products based on substrate 1.

°0.5mL HMPA was added.

92 mmol MeOH was added.
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used as substrates, which are more easily reduced to pinacol by samarium
diiodide than aliphatic aldehydes and ketones, they only gave complex
mixtures. As for the benzophenone, 77% yield of the product is obtained.
When 0.5 mL HMPA or 2 mmol MeOH were added to the reaction system,
the yields of the products were relatively lower.

Although the mechanism of the above reaction has not been studied,
the requirement of at least 2M equiv. of samarium diiodide would
suggest for the initial formation of a radical species and its further
reduction to an organosamarium species by the second equivalent of
samarium diiodide.

In conclusion, the method outlined for the synthesis of 1-(B-hydro-
xyalkyl)benzoxazoles and 1-(B-hydroxyalkyl)benzothiazoles represents a
convenient approach with some advantages to known procedures: good
to excellent yields, mild and neutral conditions, easy work-up of the
reaction and recovery of the products. Thus, this procedure may provide
a practical method to synthesize the above compounds.

EXPERIMENTAL

Tetrahydrofuran was distilled from sodium-benzophenone
immediately prior to use. All reactions were conducted under a nitrogen
atomsphere. Melting points are uncorrected. '"HNMR spectra were
recorded on a Bruker 400 MHz instrument as CDCIl; solutions using
TMS as internal standard. Infrared spectra were recorded using KBr
disks or thin films with a Bruker Vector-22 infrared spectrometer.
Elemental analyses were performed on a EA-1110 instrument. Metallic
samarium and all solvents were purchased from commercial sources, and
used without further purification.

General procedure for the synthesis of 1-(B-hydroxyalkyl)benzoxazole
and 1-(p-hydroxyalkyl)benzothiazole. A solution of 2-chloromethylben-
zoxazole and 2-chloromethylbenzothiazole (1 mmol) with aldehydes or
ketones (1.2mmol) in dry THF (3mL) was added to the solution of
Sml, (2.2 mmol) in THF (20mL) at room temperature under a nitrogen
atmosphere. The deep blue color of the solution immediately changed to
yellow. After being stirred for 5min (Table 1, the reaction was monitored
by TLC), the reaction mixture was quenched with 0.1 M hydrochloric
acid (5mL) and extracted with ether (3 x15mL). The organic phase
was successively washed with brine (15mL), water (15mL), and dried
over anhydrous Na,SO,. The solvent was removed under reduced
pressure to give the crude products, which were purified by preparative
TLC using ethyl acetate and cyclohexane (1:5) as eluant.
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Compound 3a. M.p.: 74-75°C. vpa 3316, 3054, 2973, 2932, 1614,
1570, 1462, 1247, 1227, 767, 748 cm™". 8y (CHCls): 7.68-7.73 (1H, m),
7.56-7.62 (1H, m), 7.32-7.52 (2H, m), 3.68 (1H, brs), 3.13 (2H, s), 1.40
(6H, s). m/z (%): 192 (M™ 41, 4.90), 176 (6.70), 134 (21.49), 133 (1.00),
104 (12.52), 59 (68.57). Anal. calcd. C;;H13NO»: C, 69.09; H, 6.85; N,
7.32. Found: C, 69.12; H, 6.71; N, 7.23%.

Compound 3b. Viscous oil. v, 3379, 2973, 2937, 1613, 1567, 1456,
909, 733cm™'. 8y (CDCly): 7.66-7.71 (1H, m), 7.47-7.49 (IH, m),
7.28-7.30 (2H, m), 3.68 (1H, brs), 3.02-3.12 (2H, q), 1.62-1.64 (2H,
m), 1.29 (3H, s), 0.96-1.03 (3H, t). m/z (%): 206 (M*+1, 100), 188
(14.59), 133 (100), 73 (48.96), 43 (57.26). Anal. calcd. C,H;5sNO,: C,
70.22; H, 7.37; N, 6.82. Found: C, 70.13; H, 7.36; N, 6.89%.

Compound 3c. Viscous oil. vy 3342, 2935, 2912, 1614, 1567, 1456,
1381, 902cm™". 8 (CDCl5): 7.70-7.50 (2H, m), 7.31-7.33 (2H, m), 3.62
(IH, brs), 3.03-3.13 (2H, q), 1.30-1.62 (9H, m), 0.89-0.93 (3H, t). m/z
(%): 234 (M 41, 4.26), 216 (4.21), 176 (10.07), 133 (100), 101 (18.00), 43
(39.98). Anal. caled. C;4;H9NO,: C, 72.07; H, 8.21; N, 6.00. Found: C,
72.15; H, 8.33; N, 5.87%.

Compound 3d. M.p.: 52-54°C. v 3365, 2964, 2865, 1614, 1569,
1456, 745cm~'. 8y (CDCly): 7.43-7.63 (2H, m), 7.25-7.27 (2H, m),
3.99-4.05 (1H, m), 3.78 (1H, brs), 2.95-3.08 (2H, m), 1.80-1.83 (1H,
m), 0.99-1.02 (6H, d). m/z (%): 206 (MT 41, 100), 188 (13.80),
162 (8.08), 133 (29.71), 119 (0.79), 105 (7.95), 43 (25.49). Anal. calcd.
CoH{5NO,: C, 70.22; H, 7.37; N, 6.82. Found: C, 70.09; H, 7.33;
N, 6.75%.

Compound 3e. Viscous oil. vy, 3386, 2958, 2870, 1614, 1579, 1244,
734cm™'. 8 (CDCly): 7.45-7.65 (2H, m), 7.27-7.29 (2H, m), 4.25-4.32
(1H, m), 3.81 (1H, brs), 2.96-3.09 (2H, m), 1.85-1.91 (1H, m), 1.57-1.61
(1H, m), 1.32-1.39 (1H, m), 0.95-0.97 (6H, d). m/z (%): 220 (Mt + 1,
1.22), 201 (3.35), 186 (1.24), 162 (10.77), 133 (100), 77 (7.06), 43 (22.19).
Anal. caled. C3H;7,NO,: C, 71.21; H, 7.81; N, 6.39. Found: C, 71.34; H,
7.75; N, 6.42%.

Compound 3f. M.p.: 80-81°C. v, 3333, 2937, 2860, 1610, 1567,
1218, 1142, 870cm™". 8y (CHCly): 7.51-7.70 (2H, m), 7.27-7.35 (2H,
m), 3.44 (1H, brs), 3.11 (2H, s), 1.52-1.73 (10H, m). m/z (%): 232
(M* 41, 3.55), 214 (2.85), 188 (1.90), 133 (100), 77 (9.70), 41 (24.93).
Anal. caled. C;4H7NO»: C, 72.70; H, 7.41; N, 6.06. Found: C, 72.59; H,
7.37; N, 6.12%.

Compound 3g. M.p.: 70-72°C. vpa 3372, 2952, 2867, 1610, 1568,
1457, 1241, 748 cm ™. 8y (CHCl5): 7.52-7.70 (2H, m), 7.32-7.35 (2H, m),
3.67 (1H, brs), 3.21 (2H, s), 1.67-1.90 (8H, m). m/z (%): 218 (M T +1,
62.61), 200 (32.15), 188 (1.72), 175 (6.21), 133 (100), 104 (19.13), 41



Downloaded by [University of California, San Diego] at 01:34 08 June 2015

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016
™

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

3556 Xu and Zhang

(48.13). Anal. caled. C;3H;sNO»: C, 71.87; H, 6.96; N, 6.45. Found: C,
71.95; H, 6.97; N, 6.32%.

Compound 3h. M.p.: 164-165°C. vy 3420, 3027, 1608, 1564, 1454,
697 cm™". 8y (CHCI3): 7.53-7.62 (6H, m), 7.21-7.33 (8H, m), 5.78 (1H,
brs), 3.89 (2H, s). m/z (%): 316 (M™T + 1, 1.04), 315 (M ™, 4.10), 238 (0.92),
183 (38.85), 133 (91.40), 105 (100), 77 (74.94). Anal. caled. C>;H;7;NO»:
C, 79.98; H, 5.43; N, 4.44. Found: C, 79.86; H, 5.51; N, 4.45%.

Compound 3i. M.p.: 103-104°C. v, 3363, 2989, 2971, 2934, 1600,
1451, 752cm™ . 8y (CHCIL): 7.68 (1H, s), 7.30-7.45 (2H, m), 3.53 (1H,
brs), 3.11 (2H, s), 1.39 (6H, s). m/z (%): 226 (MT+1, 17.04), 228
(M™ 43, 5.54), 208 (11.00), 167 (57.33), 132 (2.71), 59 (100), 43 (55.86).
Anal. caled. C;{H,CINO,: C, 58.54; H, 5.36; N, 6.21. Found: C, 58.57;
H, 5.31; N, 6.32%.

Compound 3j. M.p.: 99-101°C. v 3299, 2961, 2876, 1615, 1559,
1464, 1447, 821cm™'. 8y (CDCly): 7.66 (1H, s), 7.28-7.44 (2H, m),
3.99-4.03 (1H, m), 3.21 (1H, brs), 2.98-3.13 (2H, m), 1.83-1.88 (1H,
m), 1.02-1.06 (6H, m). m/z (%): 240 M+ 1, 7.69), 242 (Mt + 3, 2.55),
222 (2.28), 196 (27.57), 167 (100), 132 (4.23). Anal. caled. C;,H 4CINO,:
C, 60.13; H, 5.89; N, 5.84. Found: C, 60.11; H, 597; N, 5.76%.

Compound 3k. M.p.: 107-109°C. v, 3328, 2932, 2858, 1616, 1565,
1257, 802cm ™. 8y (CHCLy): 7.67 (1H, s), 7.28-7.44 (2H, m), 3.26 (1H,
brs), 3.08 (2H, s), 1.50-1.73 (10H, m). m/z (%): 266 (M +1, 100), 268
(M™T 43, 32.19), 248 (16.44), 222 (0.61), 167 (8.86), 41 (14.13). Anal.
caled. C;4HcCINO,: C, 63.28; H, 6.07; N, 5.27. Found: C, 63.22; H,
6.11; N, 5.39%.

Compound 3l. M.p.: 55-57°C. vy 3278, 2966, 2927, 1619, 1557,
1502, 762cm™". & (CHCIy): 7.82-7.99 (2H, m), 7.31-7.48 (2H, m),
4.12 (IH, brs), 3.23 (2H, s), 1.34 (6H, s). m/z (%): 208 (M +1, 100),
190 (19.40), 149 (29.04), 108 (9.03), 43 (28.89). Anal. calcd. C;;H3NOS:
C, 63.73; H, 6.32; N, 6.76. Found: C, 63.82; H, 6.41; N, 6.87%.

Compound 3m. Viscous oil. vy, 3367, 2975, 2898, 1611, 1557,
732cm™'. 8 (CDCly): 7.83-7.96 (2H, m), 7.28-7.47 (2H, m), 3.97-4.02
(1H, m), 3.85 (1H, brs), 3.16-3.26 (2H, m), 1.88-1.93 (1H, m), 1.02-1.06
(6H, m). m/z (%): 222 (MT 41, 0.82), 206 (0.58), 178 (26.58), 149 (100),
108 (10.43), 43 (15.92). Anal. calcd. C;,HsNOS: C, 65.12; H, 6.83; N,
6.33. Found: C, 65.23; H, 6.92; N, 6.34%.

Compound 3n. M.p.: 103-104°C. vy, 3384, 3053, 2985, 2950, 1570,
1456, 1436, 1254, 757cm™"'. 8y (CHCl;): 7.99-8.01 (1H, d), 7.86-7.87
(1H, d), 7.28-7.48 (2H, m), 3.86 (1H, brs), 3.25 (2H, s), 1.51-1.68
(10H, m). m/z (%): 248 (M1 41, 4.90), 230 (1.57), 204 (2.05), 149
(100), 108 (8.66), 81 (22.53). Anal. caled. C4H;NOS: C, 67.98; H,
6.93; N, 5.66. Found: C, 67.87; H, 7.05; N, 5.61%.



Downloaded by [University of California, San Diego] at 01:34 08 June 2015

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016
™

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

Barbier-Type Reaction 3557

Compound 30. M.p.: 58-60°C. vyae: 3372, 2945, 2853, 1615, 1447,
1227, 738 cm™". 8y (CHCls): 7.84-7.99 (2H, m), 7.35-7.49 (2H, m), 4.12
(1H, brs), 3.34 (2H, s), 1.65-1.88 (8H, m). m/z (%): 233 (M*, 3.52), 216
(0.62), 204 (2.04), 149 (100), 108 (9.30). Anal. caled. C;;H,sNOS: C,
66.92; H, 6.48; N, 6.00. Found: C, 66.93; H, 6.48; N, 6.12%.
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