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Oxazoline Synthesis from Hydroxyamides by Resin Capture and
Ring-Forming Release

Michael C. Pirrung* and L. Nathan Tumey

Department of Chemistry, ke Science Research Center, Box 90317, DukedJsity,
Durham, North Carolina 27708-0317

Receied June 14, 2000

Polymer-bound tosyl chloride was used to capture hydroxyamides (prepared from amino alcohols and acid
chlorides) from the reaction mixtures in which they were formed. The resulting support-bound amide/
sulfonates undergo ring-forming cleavage from the polymer on treatment with weak base, forming oxazolines
and oxazines in generally good yield and high purity. Low temperature is required in the polymer-loading
step to slow the cleavage process and achieve high efficiency in the execution of the method.

Oxazolines, along with their oxidized oxazole relatives, support, eliminating purification in the first step. The
are present in a wide variety of biologically active natural oxazoline ring could be formed and this product released
products, including siderophores and postsynthetically modi- into solution if the support also encompasses a good leaving
fied, nonribosomal polypeptidé€.They also contribute to  group. This strategy exploits a valuable concept when using
the flavors of a variety of foods.They have played an  support-bound intermediates in a synthetic sequence: si-
important part in the development of synthetic mettaasl multaneous cyclization/cleavad€'?When the final step of
are commonly present in ligands for asymmetric catafysis. a designed reaction sequence forms a ring bond as it also
Hydrophilic polymers can also be made by ring-opening releases molecules from the support, only those molecules
polymerization of oxazolines. Oxazolines can be prepared that have successfully completed each step in the sequence
from hydroxyamides by activation of the hydroxyl group are removed. Any intermediate failure products are retained
through conversion to a good leaving group (eq 1). The R on the support or removed in earlier wash steps and cannot
group can be alkyl, acyl, or H. Several reagents have beencontaminate the product. High product purity is therefore
used to promote this reaction, including RBBHEAD,® generally observed, even when the efficiency of intermediate
SOC),” DAST 2 and the Burgess reagenthe latter cur- steps is less than quantitative. Polymer-bound tosyl chigride
rently appears to be the reagent of choice for this transforma-is frequently used as a scavenger resin for amines, and
tion. occasionally for alcohols. We envisioned a reaction sequence

in which this resin captures an alcohol (eq 2), forming the

DEAD/PPhs < & o resin-bound tosylate. Ring-forming release to form the
socl oxazoline should be possible using a volatile, non-nucleo-
2
HO NH———>» NH—» o N (1) philic basel*
© DAST o=( b
- - R

or / \ ,p ._TS‘O
Burgess HO 1. R'Qc\x O\\C N]\
-

BQ N

_ Polymer—bqund reaggnts an(_j scavengers have become HN"SNR o) ‘—TsCI
increasingly important in solution-phase high-throughput !
organic synthesis. Their most common use is in scavenging R
the excess of one or more reagents after a synthetict'step. cyclize/cleave //:\>_<Ol
A less common, though more useful, utilization of polymers R = \N R
is “catch-and-release” purification, which involves the
capture of a desired product by a resin followed by a wash Because of our interest in oxazoline hydroxamate anti-
step that removes excess reagents and starting material. Thbacterial agent®, an initial focus was oxazolines prepared
product is then cleaved from the resin, leaving it free of from serine derivatives. With these substrafes)imination
impurities. can be a major reaction competing with cyclization. In 1956,

The goal of this work was to apply a polymer-bound Wilson reported the effects of leaving group, substrate, and
reagent to high-throughput oxazoline synthesis. The diversity solvent on the reaction of hydroxyamides with dehydrating
inputs are hydroxyamines and acylating agents, and theagents'® He found two factors that affect the partitioning
method provides the targets without any need for intermedi- between cyclization and elimination. The acidity of the
ate or final purification. Our rationale was that an initial a-proton is important, as elimination was the main process
N-acylation product could be captured onto a polymer observed when R was an ester, while cyclization was the
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Table 1 Table 2
reaction conditions oxazolin@).dehydroalanine3) o) o) o}
DCM/EGN (10:1) 115 /_)om /_)\OMe »_)-OMe
MeOH/EgN (10:1) no product
THF/E&N (10:1) 31 ON ON ON
THF/KOAC 40:1
THF/pyridine (1:1) 40:1
THF/pyridine (10:1) ) 3 5 6

main process observed when R was an amide. Solvent is
also important, with polar solvents such as methanol and
THF promoting cyclization, while less polar solvents such
as dichloromethane promote elimination.

Results

A model acylated serine was used to initially address the
issue of controlling cyclization versus elimination without
concern for the acylation step. Compoungas treated with
the tosyl chloride resin in pyridine at room temperature to
form 2, which was subjected to a variety of reaction
conditions with product analysis by1 NMR. Results are
summarized in Table 1. They generally agree with the

OMe NO,
66%/98% purity  65%/89% purity  36%/87% purity

o__N O N O.__N
HO =z
7 L 9
N
OMe
47%/97% purity 87%/97% purity  66%/99% purity

o]

HQ 1
1
B (0]
OiN ° ( "
10 I 1"
CBZ\N

observations of Wilson. The use of a weak base with THF H ¢
as solvent practically abolishes the elimination product for 55%185% purity 22%/98% purity
this particular starting material. Pyridine is preferable to

KOAC because excess base can be removgd by evapor.ationat the benzylic position). The conversion of the Z-Ala-Ser-
While the product ratio we were able to obtain was gratifying, e dipeptide to oxazolin&0is significant, as the conver-

the yield was quite low, sometimes less than 10%. This gjg, of serine and threonine dipeptides to oxazolines has been
problem was traced to the loading of the resin. Becausensortant in the synthesis of several marine natural prod-
loading and cyclization are both base promoted, a significant 1519t was established by chiral HPLC that no racemization
fraction of2 was being lost from the resin during the loading 5 gphserved in the conversion of theserine amide t&.2°

step. At room temperature, both reactions occur at roughly The method can also be applied ehydroxyamides to

the same rate, meaning that the alcohol is tosylated andproduce oxazines, as shown ByAs expected for a ring-

quickly cyclized, cleaving it from the resin. Although this ¢ ing release method, generally high purities are observed
means that the polymer-bound tosyl chloride could be usedsy; ihe reaction products.

as a solid-phase reagent, the advantages of resin captureé tq examples in Table 2 do not exploit the resin capture

chemistry would .be lost. . purification method that was the ultimate goal of this work.
It proved possible to separate the loading step from the The pjan was to N-acylate amino alcohols with activated

cyclization step kinetically. Below OC, tosylation is still — g.iq gerivatives in solution and subsequently load the crude

fast, while cleavage takes place much more slowly. Using y,q,ct onto the tosy! chloride resin. Base-promoted cleavage
low-temperature loading, we were able to achieve up to 70% g, 5,1d release only the target from the resin (eq 3). The
capture of alcohol (0.09 M) by tosyl chloride resi#. This

was assayed by depletion of the alcohol from the resin filtrate ®)

(NMR, internal standard). Cleavagedfising the optimized HO OMe @ o
conditions from the first s_tuqy (pyridipe/THF, room Fem— 0. NH .—‘Ts~C| O“C—Nj\rOMG
perature) gives the oxazolirgin 66% yield and very high — H

purity (98% by HPLC). No purification is needed other than
filtration and evaporation of solvent.

The scope of the reaction was determined using these OMe MeO
loading and cleavage conditioHsThe oxazolines produced 1 2
from their cognate hydroxyamides are collected in Table 2 o} o)
and show that significant chemical diversity can be tolerated OMe OMe
in the method. It is notable that seripaenitrobenzamide can SN o. NH
be converted t& in good yield because this substrate should base or @)

be very prone to elimination, due to the enhanced acidity of

the a-proton as compared th as well as reduced electron

density at the carbonyl oxygen. Steric hindrance at the site

of displacement/ring closure inhibits the reaction, as shown OMZ OMi

by low efficiency in the production 06 and the selective

generation ofL1 (without a trace of oxazoline from closure examples in Figure 1 demonstrate this reaction with four
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OMe CF3
OMe _ Ph
13 S o)
Br
Cl 6] cim "0 cl "0 cl” "0 cl "0 cl” O Cl” "0
12 {n {2} {3} {4} {51 {6} n
64% 52% 32% 52% 67% 37% 61%

HO NHy; {1} 98% 93% 92% 94% 96% 84% 96%

48% 45% 45% 75% 60% 65% 50%

{2} 94% 96% 100% 98% 95% 97% 90%

47% 53% 47% 65% 50% §3% 46%

[\
HO  NH; (g 97% 99% 97% 98% 97% 89% 89%

60% 52% 38% 40% 64% 41% 60%

OH NHz 95% 98% 91% 91% 97% 86% 88%

yield

purity

Figure 1. A library of 28 N,O-heterocycles was prepared in an average yield of 52% and average crude HPLC purity of 94%.

amino alcoholsl2{1—-4} and seven acid chlorides3{ 1— column (4.6x 250 mm)?® NMR analysis was performed
7}. Very reliable results are obtained using diverse amino using a Varian INOVA 300 MHz instrument. GCMS analysis
alcohols containing alkyl and electron-withdrawing groups. was performed on an HP 5988A using chemical ionization
A variety of aromatic, heteroaromatic, and alkyl acid (NH3).

chlorides are tolerated as well. The average overall yield in  Methyl N-(4-Methoxybenzoyl)serinate (1)p-Anisic acid
the preparation of these 28 compounds is 52%. The averagg24 mmol, 3.65 g)i.-serine methyl ester hydrochloride (24

purity (determined by HPLC) of the products is 94%. mmol, 3.73 g), EDC (26.4 mmol, 5.06 g), amttmethyl
_ ) morpholine (24 mmol, 2.64 mL) were stirred for 2 days in
Discussion CH.Cl,. The solution was washed with saturated sodium

The reaction sequence developed in this work should be bicarbonate, 5% citric acid, and brine. The solution was dried
a useful tool in the solid-phase or solution-phase synthesisover MgSQ, filtered, and evaporated to give 4.35 g of white
of oxazoline-containing products. The resin capture purifica- solid (71%)."H NMR (CDCl) ¢ 7.81 (2H, d,J = 9 Hz),
tion aspect of this reaction makes it particularly useful in 6.97 (1H, bs]) = 7.5 Hz), 6.94 (2H, dJ = 9 Hz), 4.87 (1H,
multistep solution-phase parallel syntheses. Since Reitz haglt, J = 6.9, 3.6 Hz), 4.06 (2H, d] = 3.6 Hz), 3.86 (3H, s),
shown that polymer-bound tosylates are stable to a wide 3.84 (3H, s). GCMS (M+ H): 254.
variety of reaction conditions including Suzuki couplings,  Resin 2.Alcohol 1 (0.323 mmol, 87 mg) was dissolved
reductive aminations, and acylatiotst may be possible  in 3.5 mL of freshly distilled pyridine. The solution was
to use a resin-bound tosylate in a multistep solid-phase slowly added to a peptide synthesis vessel containing 0.4 g
synthesis ending with an acylation and ring-forming cleavage (0.97 mmol) of (polystyrene)tosyl chloride resin. After
reaction to form an oxazoline. Analogous ring-forming allowing the resin to swell for 3 min, the vessel was sealed
cleavage reactions can be envisioned to make other three-and placed in a freezer(L5 °C) for 48 h. The resin was
five-, and six-membered heterocycles such as aziridines,washed twice with ChCl;:MeOH (1:1), three times with
epoxides, tetrahydrothiophenes, and tetrahydrofurans.DMSO, and four times with CkCl,:MeOH (1:1).
Some of these reactions are being further investigated in our Methyl 2-(4-Methoxyphenyl)-4,5-dihydro-oxazole-4-
labs. carboxylate (3). Resin2 was shaken at room temperature
Experimental Section for 24 h in THF:pyridine (10:1). The resin was filtered and
washed twice with CkCl;:MeOH (1:1). The filtrate was
General. (Polystyrene)tosyl chloride resin was obtained evaporated to give 50 mg (66%) of a yellow sofid. NMR
from Argonaut Technology, lot numbers 00864 and 00531. (CDCl) 6 7.92 (2H, d,J = 9 Hz), 6.90 (2H, d,J = 9 Hz),
THF for the cleavage reaction was inhibited with 50 ppm 4.92 (1H, ddJ = 7.8, 10.5 Hz), 4.66 (1H, dd] = 8.1, 8.7
BHT.?22 HPLC analysis was performed with a Hewlett- Hz), 4.56 (1H, dd,J = 8.7, 10.5 Hz), 3.84 (3H, s), 3.81
Packard series 1100 HPLC using an Econosphere C18 5U(3H, s). GCMS (M+ H): 236.
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Methyl N-(4-Methoxybenzoyl)dehydroalaninate (4).
This compound is isolated when rediis shaken with 10:1
EtsN:CH,Cl,. IH NMR (CDCls) 6 8.46 (1H, bs), 7.80 (2H,
d,J =9 Hz), 6.95 (2H, dJ =9 Hz), 6.76 (1H, dJ = 1.2
Hz), 5.95 (1H, d,J = 1.2 Hz), 3.88 (3H, s), 3.86 (3H, s).
GCMS (M + H): 236.

Methyl N-(4-Nitrobenzoyl)serinate.This compound was
made analogously to compourdd Yield: 71%.'H NMR
(CDCl) 6 8.31 (2H, d,J = 8.7 Hz), 8.01 (2H, dJ = 8.4
Hz), 7.13 (1H, bdJ = 5.7 Hz), 4.89 (1H, dtJ = 7.2, 3.6
Hz), 4.20-4.04 (2H, m), 3.86 (3H, s), 2.19 (1H, ht,= 6
Hz). GCMS (M+ H): 2609.

Methyl 2-(4-Nitrophenyl)-4,5-dihydro-oxazole-4-car-
boxylate (5). This compound was made analogously to
compound3. Yield: 65%.*H NMR (CDCls) 6 8.26 (2H, d,
J =9 Hz), 8.17 (2H, dJ = 9 Hz), 5.01 (1H, dd,] = 8.4,
10.8 Hz), 4.77 (1H, dd) = 8.1, 8.7 Hz), 4.66 (1H, dd] =
8.7, 10.5 Hz), 3.84 (3H, s). GCMS (Mt H): 269.

Methyl 2-Phenyl-4,5-dihydro-5-methyl-oxazole-4-car-
boxylate (6). This compound was made analogously to
compound3, giving 26 mg (36%) of a dark oiltH NMR
(CDCls) 6 8.01—7.97 (2H, m), 7.56-7.41 (3H, m), 5.08
5.01 (1H, m), 5.00 (1H, dJ = 10.2 Hz), 3.78 (3H, s), 1.41
(3H, t,J = 7.5 Hz). GCMS (M+ H): 220.

2-(2-Hydroxyphenyl)-4,5-dihydro-oxazole (7)This com-
pound was made analogously to compouddvith the
exception of the cleavage, which was performed in THF:
EtOH:EgN (8:1:1), giving 74 mg (47%) of a white solid.
IH NMR (CDClg) ¢ 12.17 (1H, bs), 7.65 (1H, dd,= 1.5,
7.8 Hz), 7.36 (1H, dt) = 1.5, 7.5 Hz), 7.00 (1H, d] = 8.1
Hz), 6.87 (1H, tJ= 7.2 Hz), 4.43 (2H, tJ = 9.3 Hz), 4.10
(2H, t,J = 9.3 Hz). GCMS (M+ H): 164.

2-(4-Pyridyl)-4,5-dihydro-oxazole (8).This compound
was made analogously to compouBdvith the exception
of the cleavage, which was performed in THF:EtOHNEt
(8:1:1), giving 42 mg (87%) of a white solidH NMR
(CDCl) 6 8.70 (2H, d,J = 4.5 Hz), 7.77 (2H, dJ = 4.5
Hz), 4.47 (2H, t,J = 9.6 Hz), 4.09 (2H, tJ = 9.9 Hz).
GCMS (M + H): 149.

N-(4-Methoxybenzoyl)-3-amino-1-propanol.This com-
pound was made analogously to compodndield: 35%.
IH NMR (CDCls) 6 7.73 (2H, d,J = 8.7 Hz), 6.90 (2H, d,
J = 8.7 Hz), 6.75 (1H, bs), 3.84 (3H, s), 3.70 (2HJt=
5.1 Hz), 3.61 (2H, gJ = 6 Hz), 3.45 (1H, bs), 1.811.74
(2H, m). GCMS (M+ H): 210.

2-(4-Methoxyphenyl)-5,6-dihydro-4-[1,3]-oxazine (9).
N-(4-Methoxybenzoyl)-3-amino-1-propanol (0.323 mmol)
was dissolved in 4 mL of 1:1 pyridine/GBI,. The solution

Pirrung and Tumey

10.5 Hz), 4.66 (1H, dd) = 8.1, 8.7 Hz), 4.56 (1H, dd] =
8.7, 10.5 Hz), 3.84 (3H, s), 3.81(3H, s). GCMS (@MH):
192.

Methyl 2-(N-(Benzyloxycarbonyl)-1-aminoethyl)-4,5-
dihydro-oxazole-4-carboxylate (10).This compound was
made analogously to compoud giving 54 mg (55%) of
an oil. 'H NMR (CDCl) 6 7.38-7.26 (5H, m), 5.48 (1H,
bd,J =9 Hz), 5.12 (1H, dJ = 12.3 Hz), 5.09 (1H, dJ =
12.3 Hz), 4.75 (1H, t) = 8.4 Hz), 4.58-4.44 (3H, m), 3.78
(3H, s), 1.44 (3H, dJ = 6.9 Hz). GCMS (M+ H): 307.

2-Dichloromethyl-4-[(4-methanesulfonyl-phenyl)-metha-
nol]-4,5-dihydro-oxazole (11).This compound was made
analogously to compoun@ with the exception of the
cleavage, which was performed in THF:EtOH{(8:1:1),
giving 24 mg (22%) of an oil*H NMR (CDCl) 6 7.92 (2H,
d,J=8.4 Hz), 7.61 (2H, dJ = 8.4 Hz), 6.21 (1H, s), 4.82
(1H, d,J =5.7 Hz), 4.6+4.54 (1H, m), 4.40 (1H, dt, 20.1,
8.7 Hz), 3.03 (3H, s). GCMS (M- H): 338.

General Procedures for the Synthesis of Compounds
in Table 2. 141,1-7}. Amino alcohol12{1} (HCI salt,
0.323 mmol) and EN (0.84 mmol, 118:L) were stirred in
5 mL of CHCl,. Acid chloride13{1—-7} (0.36 mmol) was
added, and the solution was stirred for 3 h. The solvent was
removed. The crude mixture was loaded and cleaved from
the resin in the same manner as compouni give the
desired oxazoline products.

14{2,1—7}. Amino alcohol12{ 2} (0.323 mmol) and EN
(0.42 mmol, 59uL) were stirred in 5 mL of CKCl,. Acid
chloride13{1—7} (0.36 mmol) was added, and the solution
was stirred for 3 h. The solvent was removed. The crude
mixture was loaded and cleaved from the resin in the same
manner as compoun@ to give the desired oxazoline
products.

14{3,1-7}. Amino alcohol12{ 3} (0.323 mmol) and BN
(0.42 mmol, 59uL) were stirred in 5 mL of CHCl,. Acid
chloride13{1—7} (0.36 mmol) was added, and the solution
was stirred for 3 h. The solvent was removed. The crude
product was loaded onto the resin in 3.5 mL of 25%NEt
in CH.,Cl, at —15 °C for 1.5 h. After washing the resin as
previously described, the product was cleaved from the resin
by shaking for 24 h at room temperature in 10%NEtn
THF. The resin was filtered and washed twice with £H
Cl;:MeOH (1:1). The filtrate was evaporated to give the
desired oxazoline products.

144,1—7}. Amino alcohol12{4} (0.323 mmol) and EN
(0.42 mmol, 59uL) were stirred in 5 mL of CECl,. Acid
chloride13{1—7} (0.36 mmol) was added, and the solution
was stirred for 3 h. The solvent was removed. The crude

was slowly added to a peptide vessel containing 0.4 g (0.97 mixture was loaded and cleaved from the resin in the same
mmol) of polystyrene-bound tosyl chloride. The vessel was manner as compoun@ to give the desired 1,3-oxazine

then sealed and shakenr fb h atroom temperature. The
resin was filtered and washed twice with gH,:MeOH (1:
1), three times with DMSO, and four times with QEl,:
MeOH (1:1). The resin was treated with 10 mL of THF:

products.

Spectral Data for 14 1—4,1—7}. Methyl 2-(4-Methoxy-
phenyl)-4,5-dihydro-oxazole-4-carboxylate (1f1,1}). *H
NMR (CDCl) ¢ 7.92 (2H, d,J = 9 Hz), 6.90 (2H, dJ =

EtOH:EgN (8:1:1) and shaken at room temperature for 24 9 Hz), 4.92 (1HJ = 7.8, dd, 10.5 Hz), 4.66 (1H, dd,=

h. The resin was filtered and washed twice with £CH:
MeOH (1:1). The filtrate was evaporated to give 42 mg
(68%) of9 as a clear oil'H NMR (CDCly) 6 7.92 (2H, d,
J =9 Hz), 6.90 (2H, dJ = 9 Hz), 4.92 (1H, dd,J = 7.8,

8.1, 8.7 Hz), 4.56 (1H, dd] = 8.7, 10.5 Hz), 3.84 (3H, s),
3.81(3H, s). GCMS (Mt H): 236.

Methyl 2-(3-Methoxy-phenyl)-4,5-dihydro-oxazole-4-
carboxylate (141,2}). '"H NMR (CDCl3) ¢ 7.57-7.50 (2H,
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m), 7.29 (1H, ddJ = 8.1, 15.9 Hz), 7.04 (1H, ddl = 2.7,
8.1 Hz), 4.95 (1H, ddJ = 7.8, 10.5 Hz), 4.69 (1H, t) =
8.7 Hz), 4.59 (1H, ddJ = 8.7, 10.5 Hz), 3.84 (3H, s), 3.82
(3H, s). GCMS (M+ H): 236.

Methyl 2-(2-Bromo-phenyl)-4,5-dihydro-oxazole-4-car-
boxylate (14 1,3}). *H NMR (CDCls) 6 7.74 (1H, ddJ =
6.9, 2.4 Hz), 7.64 (1H, dd = 6.9, 1.5 Hz), 7.372.76 (2H,
m), 5.00 (1H, ddJ = 8.1, 10.5 Hz), 4.73 (1H, t) = 8.7
Hz), 4.63 (1H, ddJ = 8.7, 10.8 Hz), 3.83 (3H, s). GCMS
(M + H): 284.

Methyl 2-(4-Trifluoromethyl-phenyl)-4,5-dihydro-ox-
azole-4-carboxylate (141,4}). '"H NMR (CDCl) 6 8.27
(1H, s), 8.17 (1H, dJ = 7.8 Hz), 7.76 (1H, dJ = 7.2 Hz),
7.55 (1H, t,J = 7.2 Hz), 4.99 (1H, ddJ = 7.8, 10.5 Hz),
4.75 (1H, t,J = 8.4 Hz), 4.64 (1H, ddJ = 8.4, 10.2 Hz),
3.84 (3H, s). GCMS (M+ H): 274.

Methyl 2-Naphthalen-1-yl-4,5-dihydro-oxazole-4-car-
boxylate (14 1,5}). 'H NMR (CDCls) 6 8.50 (1H, s), 8.05
(1H, dd,J = 1.8, 8.7 Hz), 7.927.85 (3H, m), 7.577.50
(2H, m), 5.02 (1H, ddJ = 8.1, 10.5 Hz), 4.76 (1H, dd, =
8.1, 8.7 Hz), 4.66 (1H, dd] = 8.7, 10.5 Hz), 3.84 (3H, s).
GCMS (M + H): 256.

Methyl 2-Furan-2-yl-4,5-dihydro-oxazole-4-carboxylate
(14{1,6}). *H NMR (CDCls) 6 7.55 (1H, dd,J = 0.6, 1.8
Hz), 7.03 (1H, ddJ = 0.6, 3.3 Hz), 6.49 (1H, dd] = 1.8,
3.6 Hz), 4.94 (1H, dd) = 7.8, 10.5 Hz), 4.67 (1H, ddl =
7.8, 8.7 Hz), 4.56 (1H, dd] = 8.7, 10.5 Hz), 3.80 (3H, s).
GCMS (M + H): 196.

Methyl 2-Phenethyl-4,5-dihydro-oxazole-4-carboxylate
(141,7}). *H NMR (CDCly) 6 7.31-7.17 (5H, m), 4.73 (1H,
dd,J = 7.8, 10.8 Hz), 4.50 (1H, § = 8.7 Hz), 4.39 (1H,
dd,J = 8.7, 10.5 Hz), 3.78 (3H, s), 2.98 (2H,1,= 6.9
Hz), 2.64 (2H, tJ = 6.9 Hz). GCMS (M+ H): 234.

2-(4-Methoxy-phenyl)-4,5-dihydro-oxazole (1{2,1}). *H
NMR (CDCl) 6 7.88 (2H, d,J = 6.9 Hz), 6.91 (2H, dJ =
6.9 Hz), 4.41 (2H, tJ) = 9.3 Hz), 4.03 (2H, tJ = 9.3 Hz),
3.84 (3H, s). GCMS (M+ H): 178.

2-(3-Methoxy-phenyl)-4,5-dihydro-oxazole (1{2,2}). *H
NMR (CDCl;) 6 7.54-7.48 (2H, m), 7.30 (1H, dd] = 8.4,
15.9 Hz), 7.02 (1H, ddJ) = 2.4, 8.1 Hz), 4.44 (2H, t) =
9.3 Hz), 4.06 (2H, tJ = 9.3 Hz), 3.84 (3H, s). GCMS (M
+ H): 178.

2-(2-Bromo-phenyl)-4,5-dihydro-oxazole (142,3}). H
NMR (CDCl) 6 7.71 (1H, ddJ = 1.5, 7.5 Hz), 7.65 (1H,
dd,J = 1.5, 7.5 Hz), 7.377.25 (2H, m), 4.45 (2H, t) =
9.6 Hz), 4.12 (2H, tJ = 9.6 Hz). GCMS (M+ H): 226.

2-(4-Trifluoromethyl-phenyl)-4,5-dihydro-oxazole (14-
{2,4}). '"H NMR (CDCl) 6 8.22 (1H, s), 8.12 (1H, d] =
7.8 Hz), 7.72 (1H, dJ = 7.8 Hz), 7.54 (1H, t) = 7.8 Hz),
4.47 (2H, t,J = 9.6 Hz), 4.09 (2H, tJ = 9.6 Hz). GCMS
(M + H): 216.

2-Naphthalen-1-yl-4,5-dihydro-oxazole (1#2,5}). H
NMR (CDCl) 6 8.44 (1H, s), 8.04 (1H, dd] = 1.8, 8.7
Hz), 7.92-7.85 (3H, m), 7.577.49 (2H, m), 4.50 (2H, tJ
= 9.6 Hz), 4.13 (2H, tJ = 9.3 Hz). GCMS (M+ H): 198.

2-Furan-2-yl-4,5-dihydro-oxazole (142,6}). *H NMR
(CDCls) 6 7.54 (1H, ddJ = 1.2, 1.8 Hz), 6.95 (1H, d] =
3 Hz), 6.48 (1H, ddJ = 1.8, 3.3 Hz), 4.41 (2H, tJ = 9.3
Hz), 4.06 (2H, tJ = 9.3 Hz). GCMS (M+ H): 138.
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2-Phenethyl-4,5-dihydro-oxazole (142,7}). 'H NMR
(CDCls) 6 7.31-7.19 (5H, m), 4.23 (2H, tJ = 9.6 Hz),
3.83 (2H, tJ=9.3 Hz), 2.96 (2H, tJ = 8.1 Hz), 2.59 (2H,
t, J = 8.1 Hz). GCMS (M+ H): 176.
4-Benzyl-2-(4-methoxy-phenyl)-4,5-dihydro-oxazole (14-
{3,1}). 'H NMR (CDCl3) 6 7.90 (2H, d,J = 9 Hz), 7.33-
7.20 (5H, m), 6.91 (2H, dJ = 9 Hz), 4.61-4.49 (1H, m),
4.32 (1H, t,J = 8.7 Hz), 4.12 (1H, dd) = 7.2, 8.4 Hz),
3.85(3H, s), 3.25 (1H, ddl = 4.8, 13.8 Hz), 2.72 (1H, dd,
J =29, 13.5 Hz). GCMS (M+ H): 268.
4-Benzyl-2-(3-methoxy-phenyl)-4,5-dihydro-oxazole (14-
{3,2}). 'H NMR (CDCl3) 6 7.53 (1H, dt,J = 8.1, 1.5 Hz),
7.48 (1H, dd,J = 1.5, 2.4 Hz), 7.357.20 (6H, m), 7.03
(1H, ddd,J = 1.2, 2.4, 8.1 Hz), 4.644.53 (1H, m), 4.35
(1H, dd,J = 8.4, 9.3 Hz), 4.14 (1H, dd] = 7.5, 8.4 Hz),
3.85 (3H, s), 3.26 (3H, s), 3.26 (1H, ddi= 5.1, 13.8 Hz),
2.73 (1H, dd,J = 9. 13.5 Hz). GCMS (M+ H): 268.
4-Benzyl-2-(2-bromo-phenyl)-4,5-dihydro-oxazole (14-
{3,3}). *H NMR (CDCls) 6 7.67-7.62 (2H, m), 7.377.23
(7H, m), 4.69-4.60 (1H, m), 4.38 (1H, dd] = 8.4, 9 Hz),
4.18 (1H, ddJ= 7.5, 8.4 Hz), 3.25 (1H, dd] = 5.1, 13.8
Hz), 2.81 (1H, ddJ) = 8.4, 13.8 Hz). GCMS (Mt H): 316.
4-Benzyl-2-(4-trifluoromethyl-phenyl)-4,5-dihydro-ox-
azole (143,4}). *H NMR (CDCly) 6 8.23 (1H, s), 8.13 (1H,
d,J= 7.8 Hz), 7.73 (1H, dJ) = 7.8 Hz), 7.54 (1H, tJ =
7.8 Hz), 7.35-7.20 (5H, m), 4.674.57 (1H, m), 4.39 (1H,
dd,J = 8.7, 9.3 Hz), 4.18 (1H, dd] = 7.8, 8.7 Hz), 3.25
(1H,dd,J=5.1, 13.8 Hz), 2.76 (1H, dd,= 8.7, 13.8 Hz).
GCMS (M + H): 306.
4-Benzyl-2-naphthalen-1-yl-4,5-dihydro-oxazole (14-
{3,5}). tH NMR (CDCl;) ¢ 8.45 (1H, s), 8.06 (1H, dd} =
1.5, 8.4 Hz), 7.937.85 (3H, m), 7.58 (2H, m), 7.357.24
(5H, m), 4.7+4.61 (1H, m), 4.43 (1H, tJ = 8.4 Hz), 4.22
(1H, dd,J = 7.5, 8.4 Hz), 3.31 (1H, dd] = 5.1, 13.8 Hz),
2.80 (1H, dd,J = 8.7, 13.8 Hz). GCMS (Mt H): 288.
4-Benzyl-2-furan-2-yl-4,5-dihydro-oxazole (143,6}). *H
NMR (CDCl) 6 7.55 (1H, ddJ = 0.9, 1.8 Hz), 7.3+7.23
(5H, m), 6.97 (1H, dJ = 3.3 Hz), 6.56-6.48 (1H, m), 4.65
4.55 (1H, m), 4.33 (1H, t) = 8.4 Hz), 4.12 (1H,t) = 8.4
Hz), 3.28 (1H, ddJ = 4.8, 13.8 Hz), 2.73 (1H, dd] = 9,
13.8 Hz). GCMS (M+ H): 228.
4-Benzyl-2-phenethyl-4,5-dihydro-oxazole (¥48,7}). *H
NMR (CDCls) 6 7.38-7.17 (10H, m), 4.424.32 (1H, m),
4.17 (1H, t,J = 8.4 Hz), 3.95 (1H, ddJ = 6.9, 8.4 Hz),
3.07 (1H, ddJ = 5.1, 13.5 Hz), 2.96 (2H, J = 7.5 Hz),
2.65-2.55 (3H, m). GCMS (M+ H): 266.
2-(4-Methoxy-phenyl)-5,6-dinydro-4H-[1,3]Joxazine (14-
{4,1}). '"H NMR (CDCl3) 6 7.85 (2H, d,J = 9.3 Hz), 6.87
(2H, d,J =9.3 Hz), 4.35 (2H, tJ = 5.4 Hz), 3.82 (3H, s),
3.59 (2H, t,J = 5.7 Hz), 1.98 (2H, quintet) = 5.7 Hz).
GCMS (M + H): 192.
2-(3-Methoxy-phenyl)-5,6-dinydro-4H-[1,3]Joxazine (14-
{4,2}). '"H NMR (CDCl3) 6 7.49-7.44 (2H, m), 7.26 (1H,
t, J = 7.8 Hz), 6.96 (1H, dddJ = 0.9, 2.7, 8.1 Hz), 4.36
(2H, t,J = 5.4 Hz), 3.83 (3H, s), 3.61 (2H, §,= 5.7 Hz),
1.98 (2H, quintet] = 5.7 Hz). GCMS (M+ H): 192.
2-(2-Bromo-phenyl)-5,6-dihydro-4H-[1,3]oxazine (14-
{4,3}). *H NMR (CDCl) 6 7.56 (1H, ddJ = 1.2, 8.1 Hz),
7.47 (1H, ddJ = 2.1, 7.5 Hz), 7.30 (1H, dy = 1.5, 7.5
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Hz), 7.21 (1H, dddJ) = 1.8, 7.2, 8.1 Hz), 4.37 (2H, t| =
5.7 Hz), 3.61 (2H, tJ = 6 Hz), 2.03 (2H, quintet) = 5.7
Hz). GCMS (M+ H): 240.
2-(4-Trifluoromethyl-phenyl)-5,6-dihydro-4H-[1,3]ox-
azine (144,4}). '*H NMR (CDCl3) 6 8.17 (1H, s), 8.08 (1H,
d,J=7.8Hz), 7.65 (1H, d) =9 Hz), 7.47 (1H,tJ=8.1
Hz), 4.39 (2H, tJ = 5.4 Hz), 3.63 (2H, tJ = 5.7 Hz), 2.00
(2H, quintet,J = 5.7 Hz). GCMS (M+ H): 230.
2-Naphthalen-1-yI-5,6-dihydro-4-[1,3]oxazine (14-
{4,5}). IH NMR (CDCls) 6 8.40 (1H, s), 8.02 (1H, dd} =
1.8. 8.7 Hz), 7.837.81 (3H, m), 7.5%£7.48 (2H, m), 4.43
(2H,t,J=5.7 Hz), 3.68 (2H, tJ = 6 Hz), 2.03 (2H, quintet,
J=5.7 Hz). GCMS (M+ H): 212.
2-Furan-2-yl-5,6-dihydro-4H-[1,3]oxazine (144,6}). 'H
NMR (CDCls) 6 7.45 (1H, ddJ = 0.9, 1.8 Hz), 6.80 (1H,
d,J= 3.6 Hz), 6.42 (1H, ddJ = 1.8, 3.6 Hz), 4.32 (2H, t,
J=5.4 Hz), 3.59 (2H, tJ = 5.7 Hz), 1.99 (2H, quintet]
= 5.7 Hz). GCMS (M+ H): 152.
2-Phenethyl-5,6-dihydro-4-[1,3]oxazine (144,7}). *H
NMR (CDCl) ¢ 7.33-7.18 (5H, m), 4.14 (2H, tJ = 5.7
Hz), 3.35 (2H, tJ = 5.7 Hz), 2.89 (2H, t) = 8.4 Hz), 2.44
(2H, t,J = 8.4 Hz), 1.85 (2H, quintet] = 5.7 Hz). GCMS
(M + H): 190.
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