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Convenient One-Pot Synthesis of 2-Oxazolines from Carboxylic Acids
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Simple one-pot methods for preparation of 2-oxazolines have been developed using 4-(4,6-dimethoxy-1,3,5-
triazin-2-yl)-4-methylmorpholinium chloride (DMT-MM). Treatment of a mixture of carboxylic acids and
2-haloethylammonium salts with DMT-MM in methanol followed by refluxing in the presence of KOH gives

oxazolines.
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Preparation of 2-oxazoline, a versatile intermediate in syn-
thetic chemistry, from carboxylic acids is a classical and use-
ful method." ™ Since 2-oxazolines can be readily re-con-
verted into carboxylic acids, they can be used as a protecting
group for carboxylic acids.*® Among various methods
employed to convert derivatives of carboxylic acids to the
oxazolines, intramolecular dehydrohalogenation of N-(S-
haloethyl)amides to give 2-oxazolines is well establish-
ed.!*>) Although the reaction readily takes place by treat-
ment with either base or silver ion, such reactions have not
adapted well to the preparation of 2-oxazolines, presumably
because of the cumbersome method used to prepare
N-(B-haloethyl)amides. For example, they have been pre-
pared by Ritter reaction of nitriles with halohydrins or
haloalkenes,® chlorination of N-(3-hydroxyethyl)amides with
thionyl chloride,” and coupling of 2-haloethylammonium
salts with acid chlorides'®!'" or acid anhydrides.'?

We report here a simple and general one-pot method to
prepare 2-oxazolines from carboxylic acids; the reaction in-
volves dehydrocondensation of carboxylic acids and 2-
haloethylammonium salts leading to the formation of N-(S-
haloethyl)amides, which then can be readily converted into
2-oxazolines by base treatment.

Results and Discussion

Because dehydrocondensation between carboxylic acids
and amines using 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-
methylmorpholinium chloride (DMT-MM) can proceed effi-
ciently in water or alcohols,'*!¥ polar 2-haloethylammonium
salts, which are insoluble in common less polar organic sol-
vents, are directly available by using methanol as a solvent.
First, we attempted a reaction using 3-phenylpropionic acid
1a and 2-chloroethylammonium chloride 2 (X=Cl) as model
compounds (Table 1). A methanol solution of 1a (1.0 eq),
2 (X=Cl) (1.2 eq), and N-methylmorpholine (NMM: 1.2 eq)
was treated with DMT-MM (1.2 eq) at room temperature for
lh followed by addition of KOH (4.2 eq) dissolved in
methanol. The resulting mixture was refluxed for 1.5h to
give 2-(2-phenethyl)-2-oxazoline 3a in 74% yield. 2-Bro-
moethylammonium bromide 2 (X=Br) is also available for
the reaction and gives a similar result (run 2). Reaction with
Et;N, a weaker base than KOH, resulted in decreasing the
yield of 3a despite prolongation of refluxing time to 4h.
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Since N-(B-chloroethyl)amide 4a (X=Cl) was isolated in
91% yield after finishing the first step using DMT-MM, the
reaction proceeds by the mechanism shown in Chart 1. Em-
ploying solvents in which the ammonium salt 2 is soluble is
essential. Thus, the oxazoline was obtained in a good yield in
polar solvents, DMF as well as methanol, whereas the yield
was very low in a less polar THE, in which 2 is insoluble.

As shown in Table 2, preparation of 2-oxazolines 3b—g
from various carboxylic acids was conducted using methanol,
which has advantages over DMF in terms of cost and boiling
point; methanol can be readily removed by a rotary evapora-
tor. Benzoic acid 1b, o,-unsaturated carboxylic acid 1e, and
secondary carboxylic acids 1¢ or 1f could be converted into
the corresponding oxazolines in fair to good yields. In con-
trast to the ring-closing reaction of B-hydroxyamide, which

Table 1. One-Pot Synthesis of 2-(2-Phenethyl)oxazoline Using DMT-MM
MeQ Me
N
N>/7 \>—rL4_\o
=N -/
: X cr
pp - COOH * H3'i‘/\/ MDeI\C/[>T-MM (12eq)  base(4.2eq) O/>
X N
NMM (1.2 eq) solvent, reflux Ph N
1a (1.0 eq) 2:X=Cl. Br solvent, rt, 1 h 3a
(1.2 eq)
Refluxing  Yield
Run X Solvent Base time (h) (%)
1 Cl MeOH KOH 2.0 74
2 Br MeOH KOH 1.0 73
3 Br MeOH Et;N 4.0 52
4 Br DMF KOH 1.3 81
5 Br THF KOH 1.0 15
a) Isolated yield.
g
COOH Gl A~ A~
P * HZ'N_ MeOH.m,1h " N
1a C 20 4a
< 0
Kon /\)(J)\fj /\/L\/>
MeOH, reflux Ph N Ph N
H~'OH 3a
Chart 1
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generally proceeds under acidic conditions, the present reac-
tion proceeds under basic conditions. Thus, the Boc group,
which is subject to decomposition under acidic conditions, is
compatible with our reaction conditions (Run 7).

Chiral oxazolines are utilized as chiral metal ligands, such
as C2-symmetric chiral bis(oxazolines), as well as a chiral
auxiliaries.'” We succeeded in synthesizing chiral oxazolines
6 from chiral 2-chloroethylammonium salts 5, which were
readily prepared from chiral aminoethanols (Table 3).'®
When the reaction performed from N-Cbz-L-phenylalanine
and (S)-1-chloro-2-aminopropane hydrochloride, a trace
amount of the diastereomer (<1%) resulting from racemiza-
tion at the asymmetric o-carbon was observed by NMR
analysis (Chart 2).!” A similar result was observed with
N-Boc-L-phenylalanine and (S)-1-chloro-2-aminopropane
hydrochloride (yield 77%, racemization <1%).

In summary, we present a simple one-pot method for the
synthesis of 2-oxazolines by using DMT-MM, which in-
volves dehydrocondensation of carboxylic acids and 2-
haloethylammonium salts followed by base-promoted ring
closure of the resulting f-haloethylamide. The reaction is

Table 2. Synthesis of 2-Alkyloxazolines from Carboxylic Acids by the
One-Pot Procedure

DMT-MM (1.2 eq)
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readily applicable to various kinds of carboxylic acids.

Experimental

General Procedure for Preparation of 2-Oxazoline from Carboxylic
Acid: 2-(2-Phenethyl)-2-oxazoline 3a'® DMT-MM (111 mg, 0.40 mmol)
was added at room temperature to a solution of 3-phenylpropionic acid 1a
(50.0mg, 0.33 mmol), 2-bromoethylammonium bromide 2 (X=Br) (81.9
mg, 0.40 mmol), and NMM (40.4 mg, 0.40 mmol) in methanol (3 ml). After
stirring for 1h, a methanol solution of KOH (1M, 1.40 ml, 1.40 mmol) was
added, and the resulting mixture was refluxed for 1.5 h. The reaction mixture
was poured into water and extracted with ether. The organic phase was com-
bined and washed successively with 1 M HCI, NaHCO,, and brine, and then
dried over MgSO,. The crude product was purified by alumina column chro-
matography (Neutral, super V) to give 2-(2-phenethyl)-2-oxazoline (3a)
(42.3mg) in 73% yield. Pale yellow oil; IR (neat) 2952, 1668 cm™'; 'H-
NMR (CDCly) §:2.55—2.62 (m, 2H), 2.93—3.00 (m, 2H), 3.79—3.87 (m,
2H), 4.20—4.27 (m, 2H), 7.17—7.24 (m, 3H), 7.26—7.32 (m, 2H); HR-MS
Calcd for C,;H;;NO (M") 175.0997, Found 175.0997.

2-Phenyl-2-oxazoline (3b)!”: Pale yellow oil; IR (neat) 2930, 1650 cm™';
'H-NMR (CDCl,) §:4.06 (t, J=9.5Hz, 2H), 4.43 (t, J=9.5 Hz, 2H), 7.38—
7.50 (m, 3H), 7.92—7.98 (m, 2H); HR-MS Caled for C;HNO (M¥)
147.0684, Found 147.0686.

2-(1-Phenethyl)-2-oxazoline (3¢c)*”: Pale yellow oil; IR (neat) 2977,
1663 cm™"; "TH-NMR (CDCl) &: 1.55 (d, J=7.2 Hz, 3H), 3.74 (q, J=7.2 Hz,
1H), 3.82—3.89 (m, 2H), 4.15—4.27 (m, 2H), 7.22—7.36 (m, 5H); HR-MS
Calcd for C,;H;NO (M™) 175.0997, Found 175.0997.

2-(3-Butenyl)-2-oxazoline (3d)*": Colorless oil; IR (neat) 2979,
1667 cm™'; 'TH-NMR (CDCl;) &: 2.33—2.44 (m, 4H), 3.82 (t, J=9.5Hz,
2H), 4.22 (t, J=9.5Hz, 2H), 4.97—5.12 (m, 2H), 5.78—5.92 (m, 1H); ESI-
MS m/z: 126 [(M+H)].

2-(trans-2-Phenylethenyl)-2-oxazoline (3e)*?: Pale yellow oil; IR (neat)
3024, 2928, 1653 cm™'; "TH-NMR (CDCL,) 8:3.99 (t, J=9.3 Hz, 2H), 4.35 (t,
J=9.3Hz, 2H), 6.64 (d, J=16.3Hz, 1H), 7.30—7.41 (m, 4H), 7.45—7.52
(m, 2H); HR-MS Calcd for C,;H,;;NO (M") 173.0841, Found 173.0839.

2-Cyclohexyl-2-oxazoline (3f)*: Pale yellow oil; IR (neat) 2931,
1662 cm™"; 'TH-NMR (CDCl,) &: 1.15—1.49 (m, 5H), 1.60—1.81 (m, 3H),
1.88—1.97 (m, 2H), 2.24—2.34 (m, 1H), 3.81 (t, J=9.3 Hz, 2H), 4.20 (t, J=
9.3 Hz, 2H); HR-MS Calcd for CgH sNO (M ™) 153.1154, Found 153.1158.

2-(N-Boc-1-amino-2-phenylethyl)-2-oxazoline (3g)**: Pale yellow oil; IR
(neat) 3357, 1691, 1665 cm™'; 'TH-NMR (CDCl,) §: 1.41 (s, 9H), 2.95—3.20
(m, 2H), 3.70—3.86 (m, 2H), 4.23—4.35 (m, 2H), 4.65 (brs, 1H), 5.15 (brs,
1H), 7.14 (d, J=6.8 Hz, 2H), 7.19—7.30 (m, 3H); ESI-MS m/z: 291 [(M+
H)*], 313 [(M+Na)*].

(8)-2-(2-Phenylethyl)-4-methyl-2-oxazoline: Pale yellow oil; [o]F —31.8
(¢=0.22, CHCL,); IR (neat) 2967, 1669 cm™'; "TH-NMR (CDCl,) §: 1.22 (d,
J=6.6Hz, 3H), 2.55—2.60 (m, 2H), 2.91—3.00 (m, 2H), 3.75 (t, /=7.9 Hz,
1H), 4.09—4.20 (m, 1H), 4.32 (dd, J/=8.0, 9.3 Hz, 1H), 7.17—7.32 (m, 5H);
HR-MS Caled for C;,H,;sNO (M*) 189.1154, Found 189.1146.

(8)-2-(2-Phenylethyl)-4-phenylmethyl-2-oxazoline™): Pale yellow oil; [e]3
—10.6 (¢=0.73, CHCL); IR (neat) 3026, 2927, 1668cm '; 'H-NMR
(CDCly) 6: 2.54—2.64 (m, 3H), 2.95 (t, J=7.6 Hz, 2H), 3.05 (dd, J=5.2,
13.7Hz, 1H), 3.94 (dd, J=7.1, 7.7Hz, 1H), 4.15 (dd, J=8.5, 8.5Hz, 1H),
431—4.41 (m, 1H), 7.15—7.32 (m, 10H); HR-MS Calcd for C,;;H,;,NO
(M™) 265.1467, Found 265.1479.

(8S)-2-(2-Phenylethyl)-4-iso-propyl-2-oxazoline®: Pale yellow oil; [o]Z
—54.8 (¢=0.19, CHCLy); IR (neat) 3028, 2958, 1669cm '; 'H-NMR
(CDCly) 6:0.84 (d, /=6.8 Hz, 3H), 0.92 (d, J=6.8 Hz, 3H), 1.64—1.77 (m,
1H), 2.59 (t, J=8.1Hz, 2H), 2.95 (t, J=7.8 Hz, 2H), 3.83—3.96 (m, 2H),
4.16—425 (t, J=9.2Hz, 1H), 7.15—7.32 (m, 5H); HR-MS Calcd for
C,4H,;,NO (M¥) 217.1467, Found 217.1464.

(S,8)-2-[N-(Benzyloxycarbonyl)- 1-amino-2-phenylethyl]-4-methyl-2-oxa-
zoline: Pale yellow oil; 'H-NMR (CDCL,) §: 1.18 (d, J=5.4 Hz, 3H), 2.93—
3.22 (m, 2H), 3.82 (t, J=8.1Hz, 1H), 3.99—4.17 (m, 1H), 4.36 (t, J=
8.1Hz, 1H), 4.63—4.80 (m, 1H), 5.10 (dd, /=10.8, 16.2Hz, 2H), 5.35 (d,

KOH(4.2 eq)
MeOH, reflux, 2 h

N X
R-COOH  + HaN" > NMM (1.2 eq) base (4.2 eq) R_<\0]
X" (12eq)  MeOH,rt,1h MeOH, reflux N
1 2:X=Cl, Br 3b-g
. Refluxing  Yield
Run Carboxylic acid X Product time (h) (%)
1 PhCOOH 1b  Br 3b 3.5 83
2 Cl 3b 4.0 58
3 yl\e le Br 3¢ 3.0 70
Ph” "COOH
4 ~~COOH 1d Br 3d 1.5 100?
5 Ph~~COOH le Br 3e 2.5 74
6 {)-cooH 1If Br 3f 1.5 62
7 Boc-Phe-OH 1g Br 3g 1.0 83
a) Isolated yield. b) Determined by GC.
Table 3. Synthesis of Chiral Oxazolines
1) DMT-MM (1.2 eq)
i\ MeOH 1. 1 3 0
+ e ,
Ph(CH,),COOH * crH3N/,\/C' Ph(CH)—4 1
2) KOH(4.2 eq) N R
1a 5(1.2eq) MeOH, reflux 6
Run R Refluxing time (h) Yield (%)”
1 L-CH; 2.0 81 (86")
L-PhCH, 2.0 86
3 L-(CH,),CH 2.5 95
a) Isolated yield. b) Determined by GC.
Me
Ph Ol HN™
)OJ\ L 5 (1.2eq)
Ph" Y07 "N">COOH  DMT-MM (1.2 eq)
H NMM (1.2 eq)
Z-L-Phe-OH MeOH, rt, 1 h

o Ph
X J/YN
PR 07 NN N -Me

N

y. 69%

Chart 2
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J=8.1Hz, 1H), 7.08—7.42 (m, 10H).; ESI-MS m/z: 339 [(M+H)"], 361
[(M+Na)].

References and Notes

D
2)
3)
4)
5)
6)

7)
8)
9)
10)
11)

12)
13)

14)

Gant T. G., Meyers A. 1., Tetrahedron, 50, 2297—2360 (1994).
Reuman M., Meyers A. L., Tetrahedron, 41, 837—S860 (1985).

Meyers A. 1., Mihelich E. D., Angew. Chem., 88, 321—332 (1976).
Frump J. A., Chem. Rev., 71, 483—506 (1971).

Wiley R. H., Bennett L. L. Jr., Chem. Rev., 44, 447—476 (1949).
Greene T. W., Wuts P. G. M., “Protective Groups in Organic Synthe-
sis,” 2nd ed., John Wiley & Sons, New York, 1991, pp. 265—266.
Hamada Y., Shibata M., Shioiri T., Tetrahedron Lett., 26, 6501—6504
(1985).

Lusskin R. M., Ritter J. J., J. Am. Chem. Soc., 72, 5577—5578 (1950).
Fry E. M., J. Org. Chem., 14, 887—894 (1949).

Kashima C., Arao H., Synthesis, 1989, 873—874 (1989).

Jakisch L., Béhme F., Komber H., Pompe G., Macromol. Rapid Com-
mun., 20, 256—260 (1999).

Hunt D. A., Org. Prep. Proced. Int., 39, 93—96 (2006).

Kunishima M., Kawachi C., Morita J., Terao K., Iwasaki F., Tani S.,
Tetrahedron, 55, 13159—13170 (1999).

Kunishima M., Kawachi C., Hioki K., Terao K., Tani S., Tetrahedron,

15)

16)
17)

18)
19)
20)
21)
22)
23)
24)

25)

26)

1737

57, 1551—1558 (2001).

Ghosh A. K., Mathivanan P., Cappiello J., Tetrahedron: Asymmetry, 9,
1—45 (1998).

Schaefer F. C., J Am. Chem. Soc., 77, 5928—5930 (1955).
Prolongation of refluxing time with an excess KOH caused partial
racemization (ca. 5%).

Pirrung M C., Tumey L. N., J. Comb. Chem., 2, 675—680 (2000).
Ishihara M., Togo H., Tetrahedron, 63, 1474—1480 (2006).

Cherton J.-C., Beaufour M., Menguy L., Merelli B., Spectrosc. Lett.,
35,415—437 (2002).

Terao K., Takechi Y., Kunishima M., Tani S., Ito A., Yamasaki C.,
Fukuzawa S.-1., Chem. Lett., 2002, 522—523 (2002).

Beutler A., Davies C. D., Elliott M. C., Galea N. M., Long M. S.,
Willock D. J., Wood J. L., Eur. J. Org. Chem., 2005, 3791—3800
(2005).

Ishihara M., Togo H., Tetrahedron, 63, 1474—1480 (2006).

Galeotti N., Montagne C., Poncet J., Jouin P, Tetrahedron Lett., 33,
2807—2810 (1992).

Ohshima T., Iwasaki T., Mashima K., Chem. Commun., 2006, 2711—
2713 (2006).

Kurth M. J,, Decker O. H. W., Hope H., Yanuck M. D., J Am. Chem.
Soc., 107, 443—448 (1985).



