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Oxazolines. XI. Synthesis of Functionalized Aromatic and Aliphatic Acids.
A Useful Protecting Group for Carboxylic Acids against Grignard and
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The use of an oxazoline to mask a carboxyl group is described. Since the oxazoline moiety is inert to Grignard
reagents and lithium aluminum hydride, this technique serves as a novel means to elaborate or functionalize car-
boxylic acid derivatives. The carboxyl function may be masked either as its acid or ester derivative under general-
ly mild conditions. A series of substituted benzoic acids, using the Grignard reagent of the o-, m-, or p-bromo de-
rivatives was prepared while the carboxyl group was protected as the oxazoline. Furthermore, a series of keto-con-
taining carboxylic acids was treated with Grignard or hydride reagents, producing hydroxy acids.

The synthetic utility of simple 2-oxazolines toward
homologated acetic acids® and y-butyrolactones* has been
described in previous articles. Application of this heterocy-
clic system to the synthesis of functionalized aromatic and
aliphatic acids is now reported. The technique is based on
masking of the carboxylic group as its oxazoline derivative,
which is inert to either the Grignard or lithium aluminum
hydride reagent. Thus, bromo-substituted benzoic acids
may be transformed into the corresponding bromopheny-
loxazoline 1 in high yield and then converted to its Gri-
gnard reagent 2, with the carboxyl group safely masked as
the oxazoline.? Addition of a wide variety of electrophiles
(E) results in the substituted phenyloxazoline 3 which,

CO,H OH.S0C, S(
a H_,NX/ \N
v.soc,
Br
' 1

Br
(ortho, meta, para)

o 7

6 4 (A=0H,OEy) 3

upon acidic hydrolysis or ethanolysis, releases the carboxyl
group and provides the substituted benzoic acid or ester 4
(Table I). Alternatively, the isomeric oxazoline 6 may be
readily prepared by treating the bromobenzoic acid with
1,1-dimethylaziridine, which furnishes the N-acylaziridine
5. Rearrangement of the latter under very mild acidic con-

ditions produces the requisite bromophenyloxazine 6. Sim-
ilar treatment of 6 with magnesium to form the Grignard
followed by addition of an electrophile leads to the substi-
tuted benzoic acids or esters 4. Since the bromobenzoic
acids are very stable systems, the 4,4-dimethyloxazolines 1
were found to be more conveniently prepared and utilized.
However, masking of more sensitive carboxylic acids (as
described below) was performed using the dimethylaziri-
dine method. As seen from Table I, yields and a variety of
substitutions are quite satisfactory. In the case of N-
methylpiperidone, reaction with 2 was poor (31%) under
the usual conditions (15 hr, 25°, THF). This was rectified
by introduction of 2.0 equiv of anhydrous magnesium bro-
mide to the oxazoline Grignard prior to addition of the pi-
peridone. The yield in this case rose to 82%, presumably by
complexing the lone pair on the piperidone nitrogen, thus
allowing the Grignard reaction to proceed normally. Of fur-
ther interest is the accessibility of specifically deuterated
benzoic acids via this technique. Simple quenching of the
oxazoline Grignard in deuterium oxide leads, after hydroly-
sis, to benzoic acids of high deuterium content (>98%).
This method should compare favorably with the recently
reported technique® requiring sodium borodeuteride-palla-
dium chloride reduction of bromobenzoic acids.

The purity of the magnesium employed was found to be
rather critical. When “reagent” grade magnesium was used
to prepare the Grignard reagent, the reactions were found
to be slow and the yields were erratic. By using triply sub-
limed magnesium, the yields were consistently good and re-
producible. Hydrolysis of the elaborated phenyloxazolines
3 was accomplished in a manner designed to produce the
ethyl esters 4 (A = OEt) or the free acids 4 (A = H). By re-
fluxing an ethanol solution of 3 containing 1.5 N sulfuric
acid, the ethyl esters were smoothly formed, undoubtedly
via transesterification of the initially formed open-chain
amino esters. Presumably, other esters could be directly
formed by utilizing the appropriate alcohol as a solvent.?
The hydrolysis of 3 to the free carboxylic acids could be
readily accomplished in either of two ways (Table I, meth-
od B or C). The choice of method usually was determined
by the nature of the aryl substituent. Since it was difficult
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Table I

Substituted Benzoic Acids and Esters via Oxazoline Grignard Reagent (2)
Registry Hydrolysis® Registry
2@ Electrophile no, % 3 method Acid or ester (4)°¢ no. %

&
go
m

p-MgBr Styrene oxide 96-09-3 93 A CO,Et 30058-62-9 81
B Ph\/\©_cozﬁ 7329-77-3 94
o}

p-MgBr  Benzonitrile 100-47-0 90 B ph)‘\©—cozn 611-95-0 90
p-MgBr Cycloheptanone. 502-42-1 86 A OzE‘f 30058-58-3 92
p-MgBr  Allyl bromide 106-95-6  88¢ A ~AD)—com 19819-94-4 77
p-MgBr  Ethyl chloroformate 541-41-3 90 B H@c—@—coz}{ 100-21-0 85
p-MgBr  N-Methylpiperidone 1445-73-4 824 A MGO—@—COQEt 51849-82-2 27
p-MgBr D)0 97 C D—@——COZH 4551-62-6 87

O
0-MgBr  Cycloheptanone 92 A % 30058-63-0 85
o-MgBr  D,0 97 C @—coiu 51898-94-3 88

D
. Ph(p-MeO)

0-MgBr p-Methoxybenzaldehyde 1238-11-5 90 A @;(\)/ 21615-74-7 87

0
m-MgBr  D;O 7789-20-0 95 c 4551-61-5 90

U\©
o
At
as

e Triply sublimed magnesium (Dow) used for preparing Grignard reagents. ® Method A, heated to reflux in 1.5 IV ethanolic
sulfuric acid; method B, heated to reflux in 3 N hydrochloric acid (15-20 min), followed by heating in 20% methanolic so-
dium hydroxide; method C, heated for 1 hr in 3 N hydrochloric acid. See Experimental Section for complete details. ¢ Com-
parable yields were obtained in selected cases starting from 6. ¢ One equivalent of magnesium bromide used.

to predict which would be the most efficient, a small pilot 0
experiment was performed using both techniques.

The oxazoline system was also found to be an excellent
masking group for carboxylic acids if Grignard reagents are
to be added to a functional group already present. For ex-
ample, levulinic acid (7) was transformed into the oxazoline
8 (via rearrangement of the N-acylaziridine) and treated
with the phenyl Grignard reagent. The carbinol 9 was pro- a. PhMgBr @ ‘

CO.H

1
Ph

Q

————i.

duced smoothly and hydrolysis then gave y-methyl-v- i
phenylbutyrolactone (10). In this instance, the carboxyl < ' C—A
N |

O 0O
a. HNY_ , DCC 12 13
M )I\/\COZH ___L__,

€ b, H,0* (A=0H, OEt)

7 group of levulinic acid was masked using the acylaziridine
0 Ph  oH method, since direct formation of the oxazoline using 2-
/U\/\(O s PhMgBr ></\<O w methyl-2-aminopropanol gave only tarry products. How-
Me \j _b._HzO—> Me \—7< — ever, the direct oxazoline formation was successfully em-
N N ployed for 3-carboxytetralone (11). The resulting oxazoline
9 12 could be readily converted into the carbinol using phen-
0.0 ylmagnesium bromide. Hydrolysis gave the unsaturated
><_7 acid 13 or its corresponding ester. Still a further example of
Me this technique was demonstrated by transformation of 4-
10 hydroxycyclohexanecarboxylic acid (14) to 1-phenyl-4-car-

8
Ph
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boethoxycyclohexene (18). Direct transformation of 14 to
the oxazoline 15 using 2-methyl-2-aminopropanol followed
by chromic acid oxidation to the keto oxazoline 16 proceed-
ed smoothly without detrimental effect to the masking
group. Grignard reaction gave the carbinol 17 which, upon
ethanolysis, led to the ester 18. It therefore appears that

O = w0~ O -

=<:>4’1v ><:>—@v ~
Ph—@—COZEt

18

this carboxyl protecting group possesses significant syn-
thetic value for elaborating both aliphatic and aromatic
carboxylic acids.

A limitation to this method appears when Grignard re-
agents of bromoalkyloxazolines are to be employed. Car-
boxylic acids containing a halogen substituent (19, 20)
could not be transformed into the haloalkyloxazolines (23,
24) owing to their instability under reaction conditions. Al-
though the N-acylaziridines (21, 22) were readily prepared,

19
0
0O
o4~ oL
N N
X 2

Br(CH,),CO,H —
20, n=3-5

0
|
Br(CH),—C,  — BrCH).—&
N
%
22
rearrangement to 23 and 24 was accompanied by elimina-
tion and polymerization reactions and the oxazolines
proved to be highly sensitive materials that could not be
manipulated further. This is in contrast to the haloalkyl-
dihydro-1,3-oxazines,” which did respond well to Grignard
formation and subsequent addition reactions.
The use of the oxazoline moiety as a protecting group for
carboxylic acids against lithium aluminum hydride was
also evaluated. This was based upon earlier observations®

that ester-containing oxazolines 25 could be reduced to the
carbinols 26. However, the synthetic potential of this trans-

o _CO.E: o
"~ IO

N"Nph NT>pp
25 R=Ph, CL,CH

formation does not appear to have been further explored.
Several examples depicting the protecting group ability of
oxazolines were examined and the results are given below.
Thus, levulinic acid was transformed into lactone 27, ester
oxazoline 28 from the half-ester of adipic acid was trans-
formed into hydroxy ester 29, and phthalide 31 was pre-
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0 OH
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0 -
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31
OH

pared from oxazoline 30. All of the above proceeded with-

out event and the carboxyl group was deblocked in the
Masking of the carboxyl group initially required the
preparation of the N-acylaziridine 32. This was performed
pee
R—C—OH
e
0
- (
I
R—C—CI —C—N77 — R——<\>j<
I — | N
0 0 33
re—ore Mt/ %
|
0
methylaziridine. In order to demonstrate that carboxyl
masking could be carried out on polyfunctional com-
transformed into 2-(m-hydroxyphenyl)oxazoline (38) via
the sequence depicted. Two significant points are evident

manner already described.
using the acid, acid chloride, or ester. The latter was ac-
1-{;\‘3"
complished using the magnesium halide salt of 2,2-di-
pounds, ethyl m-hydroxybenzoate (34) was successfully
CO.Et CO,Et
©/ ©/ A

()THP
Nﬁ/ OK (X
CO =N —
n* N H* N
e —
OTHP OTHP OH
36 37 38

from this sequence. First, oxazolines may be introduced
into a molecule containing a hydroxyl group, since the
tetrahydropyranyl masking group is stable to the acylaziri-
dine—oxazoline rearrangement (36 to 37). Second, the te-
trahydropyranyl ether may be cleaved under conditions
which do not effect the oxazoline (37 to 38).

In general, rearrangement of acylaziridines 32 was found
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to proceed smoothly in ether or dichloromethane (depend-
ing upon solubility) with 0.2-0.5 mol % of sulfuric acid, tol-
uenesulfonic acid, pyridinium tosylate, triethylammonium
tosylate, or potassium bisulfate for 12-15 hr at room tem-
perature. This is considerably milder than the previous
conditions reported for acylaziridine—oxazoline rearrange-
ments.?

It is obvious that the rearrangement occurs under essen-
tially neutral conditions, since the acid catalyst is neutral-
ized by the basic oxazoline after only a few per cent of the
reaction has taken place. In fact, the protonated oxazoline
is probably the source of the required proton necessary for
rearrangement. This was substantiated by successfully
employing a small quantity of the oxazoline sulfate or tos-
vlate as the catalyst.

It is of interest that the rearrangement was not general
acid catalyzed, since hydrogen chloride, pyridinium chlo-
ride, or triethylamine hydrochloride failed to bring about
reaction. Thus, the acid counterion was critical to the rear-
rangement, perhaps by virtue of its solvation properties. It
was also found that the N-acylaziridine 32 need not be iso-
lated en route to the oxazoline 33. For example, p-bromo-
benzoyl chloride was treated with 2,2-dimethylaziridine in
ether containing 1.0 equiv of triethylamine. After forma-
tion of the N-acylaziridine 5, the triethylamine hydrochlo-
ride was removed by filtration and a drop of concentrated
sulfuric acid was added. Continued stirring of the ethereal
solution gave the bromophenyloxazoline in 85% yield.

Experimental Section!0

2,2-Dimethylaziridine. A modification of the reported proce-
dure was used!! which did not involve destruction of the reaction
vessel and gave product that was found to be stable for 10 months
at ambient temperature. The reported preparation claims that the
aziridine polymerizes within 10 hr at room temperature.

To a mixture of 100 g (1.12 mol) of 2-amino-2-methylpropanol
and 200 ml of water was added a cold (0-5°) mixture of 110 g of
concentrated sulfuric acid and 200 ml of water. The mixture was
heated so that water distilled off and until the temperature of the
pot residue reached 115°. The water was then completely removed
under aspirator pressure (10-15 mm) while heating continued and
this resulted in the solidification of the pot residue. After cooling, a
solution of 100 g (2.5 mol) of sodium hydroxide in 200 ml of water
was slowly added and then allowed to stand overnight to allow trit-
uration of the solid mass. Distillation of the alkaline slurry was
performed at atmospheric pressure until the distillation tempera-
ture reached 101°. The distillate was repeatedly saturated with po-
tassium hydroxide pellets until two layers appeared. The aziridine
(top layer) was removed, dried in potassium hydroxide, and dis-
tilled from potassium hydroxide to give 35 g (44%), bp 72°.

2-(4-Bromophenyl)-4,4-dimethyl-2-oxazoline 1 (p-Br). 4-
Bromobenzoic acid (50 g, 0.25 mol) was added to 90.0 g (0.75 mol)
of thionyl chloride and the mixture was stirred at 25° for 24 hr.
The excess thionyl chloride was distilled and the remaining dark
oil was distilled (123°, 20 mm) to yield 48.8 g (90%) of the acid
chloride. The 48.8 g (0.22 mol) of acid chloride was dissolved in 100
ml of methylene chloride and added in a dropwise manner to a
magnetically stirred solution of 39.2 g (0.44 mol) of 2-amino-2-
methyl-1-propanol in 100 ml of methylene chloride at 0°. The
mixture was stirred at 25° for 2 hr. The white precipitate was fil-
tered and washed with water and the solid remaining combined
with that obtained by concentrating, cooling, and filtering the
methylene chloride solution to give a total yield of 62.0 g (100%) of
N-(2,2-dimethyl-3-hydroxypropyl)-p-bromobenzamide.

To cyclize the amide, thionyl chloride (35.8 g, 0.30 mol) was
added dropwise with stirring to 25.0 g (0.092 mol) of the benzam-
ide. When the vigorous reaction had subsided, the yellow solution
was poured into 150 ml of dry ether and 26.8 g (100%) of white
crystals separated out with swirling and were filtered. The hydro-
chloride salt was neutralized with cold 20% sodium hydroxide and
extracted with ether. The ether was dried (K2CO3) and evaporated
to yield a pale yellow oil which solidified on cooling, giving 18.0 g
(77%) of oxazoline. A portion was recrystallized from hexane to
give white spires: mp 37-38°; ir (film) 1650 cm~% nmr (CDCls) 6
7.60 (d, 2), 7.70 (d, 2), 4.01 (s, 2), 1.32 (s, 6).
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Anal. Caled for C;;H1oNOBr: C, 51.98; H, 4.77; N, 5.51. Found:
C, 52.01; H, 4.68; N, 5.47.

2-(2-Bromophenyl)-4,4-dimethyl-2-oxazoline 1 (0-Br) was
prepared in the same manner using o-bromaebenzoic acid: mp 33—
35.5°; 90%; bp 63° (0.2 mm); colorless oil (hydrochloride mp 108-
110°); ir (film) 1650 cm~%; nmr (CDCl3) 6 7.66 (m, 2), 7.27 (m, 2),
4.05 (s, 2), 1.37 (s, 6).

Anal. Caled for C;;H;sNOBr: C, 51.98; H, 4.77; N, 5.51. Found:
C,51.87; H, 4.74; N, 5.59.

2-(3-Bromophenyl)-4,4-dimethyl-2-oxazoline 1 (m-Br) was
prepared in the same manner using m-bromobenzoic acid: 84%; bp
105-108° (0.05 mm); ir (film) 1653 cm~!; nmr (CCly) 6 8.2-7.1 (m,
4), 4.05 (s, 2), 1.33 (s, 6).

Anal. Found: C, 51.88; H, 4.68; N, 5.63.

2-(4-Bromophenyl)-5,5-dimethyl-2-oxazoline 6 (p-Br). To a
solution of 7.1 g (10 mmol) of 2,2-dimethylaziridine and 12.1 g (12
mmol) of dry triethylamine in 100 ml of benzene, cooled to 10° was
added dropwise 21.9 g (10 mmol) of p-bromobenzoyl chloride in
100 ml of benzene. The reaction mixture was stirred at room tem-
perature (15 hr) and the salts were removed by filtration. Evapora-
tion of the solvent gave 23.0 g (91%) of the N-acylaziridine which
was sufficiently pure for subsequent use. Pure material (mp 35—
37°) was obtained by chromatography on Woelm Grade I neutral
alumina: ir (film) 1660 em™1; nmr (neat, 38-40°) 6 7.30-7.80 (m, 4),
2.10 (s, 2), 1.00 (s, 6).

A solution of the above in dichloromethane (16.0 g in 350 ml)
was treated with 0.1 ml of concentrated sulfuric acid and stirred at
room temperature for 15 hr. After addition of 1.0 g of sodium bi-
carbonate, the solution was filtered and concentrated to give an oil
which was distilled, bp 103° (0.8 mm), and crystallized on cooling:
mp 59-61°; yield 11.0 g (70%); ir (KBr) 1630 ¢cm~!; nmr (CDClg) 6
7.40-7.90 (m, 4), 3.80 (s, 2), 1.50 (s, 6).

Anal. Caled for C;;H1oNOBr: C, 51.98; H, 4.77; N, 5.51. Found:
C, 52.16; H, 4.92; N, 5.62.

Formation of Grignard Reagent from 2-(Bromophenyl)-
4,4-dimethyl-2-oxazoline 2 (o-, m-, or p-Br). A solution of 5.0 g
(20 mmol) of the bromophenyloxazolines 1 in 60 ml of dry tetrahy-
drofuran was added dropwise to 0.61 g (25 mg-atoms) of triply sub-
limed magnesium. The reaction became immediately exothermic
and the rate of addition was adjusted to maintain gentle reflux. (A
crystal of iodine may be introduced to initiate reaction.) After stir-
ring for 2 hr to ensure complete reaction, the Grignard reagent was
used for the following reactions.

General Procedure for Products in Table 1. All reactions
were carried out under a nitrogen atmosphere.

Reaction of 2 (p-Br) with Styrene Oxide. 1-Phenyl-2-(4-
carboethoxyphenyl)ethanol. To the Grignard reagent, formed
above, was added 1.25 equiv of styrene oxide diluted with 10 vol-
umes of tetrahydrofuran and the solution was heated to reflux for
4 hr. Aqueous quenching of the 7 solution resulted in a two-phase
system. The organic layer was removed and the aqueous layer was
extracted several times with ether, combined with the organic
layer, dried (K2COs3), and concentrated to give crystalline material.
Recrystallization from ether—petroleum ether gave 7.5 g (90%): mp
105-107°; m/e 295; ir (Nujol) 1640, 3300 cm™~1; nmr (CCly) § 7.70
(d, 2), 7.05 (m, 7), 4.70 (t, 1), 4.00 (s, 2), 2.85 (d, 2}, 1.22 (s, 6). The
oxazoline carbinol (295 mg) was heated to reflux in 40 m] of etha-
nol containing 3.6 ml of concentrated sulfuric acid for 8 hr and the
ethanol was removed (~60-70%) by evaporation. The residue 7 was
poured into saturated salt solution and the mixture was extracted
with ether. The ethereal solution was washed with 10% bicarbon-
ate solution, dried (K2CO3), and concentrated. Purification was ac-
complished by elution through alumina using chloroform-ethanol
(10:1). Recrystallization from ether-hexane also gave crystalline
material; mp 53-55°; 81%; ir (Nujol) 1710, 3460 cm~1; nmr (CDCly)
5 8.00 (d, 2), 7.30 (m, 7), 4.91 (t, 1), 4.35 (g, 2), 3.00 (m, 3), 1.35 (t,
3); m/e 270.

4-Carboxystyrene. The oxazoline carbinol (2.0 g) was heated in
3 N hydrochloric acid for 20 min and the solid amino ester hydro-
chloride was removed and added to 50 ml of 20% methanolic sodi-
um hydroxide (using 50% aqueous sodium hydroxide). The solu-
tion was heated to reflux for 30 min and concentrated to 20-25 ml,
cooled in an ice bath, and acidified with 9 N hydrochloric acid. The
product was collected and recrystallized from chloroform: mp
260-262° (90%); m/e 224; Amax (EtOH) 820 nm.!2

Reaction of 1 (p-Br) with Benzonitrile. 4-Benzoylbenzoic
acid. The Grignard reagent 2 (p-MgBr, 39 mmol) in 60 ml of te-
trahydrofuran at reflux was treated with 4.12 g (40 mmol) of ben-
zonitrile and heating was continued for 8 hr. After cooling, the
mixture was quenched with 150 m} of 10% ammonia and extracted



Ozxazolines. XI

with 150 ml of ether and then 150 ml of chloroform. Drying
{K2CO3) and concentration gave 11.3 g of a viscous red oil which
was passed through alumina (ether—chloroform, 1:1): ir (film) 1650
cm™~! (broad); nmr (CDCl;) 6 7.05-8.00 (m, 9), 4.10 (d, 2), 1.40 (s,
6). The p-benzoylphenyloxazoline (3.4 g) was hydrolyzed in 3 N
hydrochloric acid followed by sodium hydroxide as above, to give
2.7 g (92%) of carboxylic acid, mp 196-198°, m/e 226,13

Reaction of 1 (p-Br) with Cycloheptanone. Ethyl 4-Cyclo-
heptenylbenzoate. A solution of cycloheptanone (2.36 g, 21
mmol) in 20 ml of tetrahydrofuran was added to the Grignard re-
agent 2 (p-MgBr, 19.5 mmol) in 30 ml of tetrahydrofuran at room
temperature. After stirring at room temperature for 8 hr, and heat-
ing to reflux for 2 hr, the solution was quenched with 20 ml of 20%
ammonia. Work-up in the usual manner and passage through alu-
mina (petroleum ether) gave the carbinol (86%), mp 106-108° (pe-
troleum ether), m/e 289. Cleavage of the oxazoline carbinol (141
mg) in 10 ml of ethanol containing 0.75 m} of concentrated sulfuric
acid was accomplished by heating for 16 hr. The ester was isolated
as described earlier. Chromatography of the crude ester (alumina
using ether) gave pure material: ir (film) 1710 em~!; nmr (CDCls) &
8.16 (d, 2), 7.52 (d, 2), 6.33 (t, 1).

Anal. Caled for C;gH2009: C, 78.65; H, 8.25. Found: C, 78.68; H,
8.29.

Reaction of 1 (p-Br) with Allyl Bromide. Ethyl 4-Allylben-
zoate. A solution of p-bromophenyloxazoline (11.20 g, 44 mmol) in
50 ml of tetrahydrofuran was treated with 4.15 g of ethylene di-
bromide. This solution was added to 2.34 g of magnesium in 40 ml
of tetrahydrofuran. After addition was complete, another 4.15 g of
ethylene dibromide was added and the reaction mixture was
stirred at room temperature for 2 hr. Allyl bromide (21.4 g) was in-
troduced neat and the mixture was heated at reflux overnight.
Work-up in the general manner gave 8.4 g (88%) of a viscous yellow
oil which was solvolyzed in acidic ethanol to the ester: 4.0 g (77%);
bp 80-85° (0.075 mm); ir (film) 1720 em~!; nmr (CDCly) 8 8.22 (4,
2), 7.39 (d, 2), 6.50-5.78 (m, 1), 5.40-4.85 (m, 2), 4.49 (q, 2), 3.46 (d,
2), 1.37 (t, 3).

Anal. Caled for C;5Hy409: C, 75.76; H, 7.42. Found: C, 75.60; H,
7.38.

Reaction of 1 (p-Br) with Ethyl Chloroformate. Tereph-
thalic Acid. The Grignard reagent 2 (p-MgBr) prepared in the
General Procedure was treated all at once with 6.6 g (60 mmol) of
ethyl chloroformate at 0°. The reaction mixture was then heated
to reflux for 12 hr and quenched with 10% ammonia. Work-up gave
7.6 g of a viscous oil which was purified by alumina chromatogra-
phy (neutral) using ether-petroleum ether (1:1): oil; ir (film) 1740,
1650 cm~1; nmr (CDCl3) 6 7.97 (d, 2), 7.34 (d, 2), 4.20 (q, 2), 4.10 (s,
2), 1.40 (s, 6), 1.25 (t, 3). Hydrolysis was performed on 3.8 g using
20 ml of 3 N hydrochloric acid. The gummy material was removed,
placed in 20 ml of methanolic sodium hydroxide, and refluxed for 3
hr. Evaporation of the solvent and acidification with 3 N hydro-
chloric acid gave 2.8 g (85%) of colorless crystals: mp 300° (sub-
limes); ir (Nujol) 1685 cm~1; nmr (De80y4) § 8.28 (s, 4).

Reaction of 1 (p-Br) with N-Methyl-4-piperidone. 4-(Car-
boethoxyphenyl)-1.methyl-1,2,5,6-tetrahydropyridine. A so-
lution of 5.00 g (20 mmol) of 1 (p-Br) and 7.52 g (40 mmol) of eth-
ylene dibromide in 40 ml of tetrahydrofuran was added dropwise
to 1.44 g (60 mg-atoms) of magnesium in 60 ml of tetrahydrofuran.
The reaction was moderated with an ice bath. To the resulting Gri-
gnard reagent-magnesium bromide was added 2.50 g (22 mmol) of
N-methyl-4-piperidone in 20 ml of tetrahydrofuran and the mix-
ture was heated to reflux for 16 hr. The reaction mixture was
quenched with 10% ammonia solution (150 ml) and 100 ml of
ether. The layers were separated and the aqueous layer was ex-
tracted with ether, combined, dried (MgSOy), and concentrated to
yield 5.80 g of an oil. The oil was repeatedly washed with cold pe-
troleum ether and dried to give 4.7 g (82%) of oxazoline adduct: ir
(film) 1650, 3350 cm~%; nmr (CDCls) 6 7.88 (d, 2), 7.35 (4, 2), 4.12
(s, 2), 2.00-3.00 (m, 8), 2.16 (s, 3), 1.40 (s, 6). This product was
heated for 16 hr in 50 ml of ethanol containing 4 ml of concentrat-
ed sulfuric acid and after usual work-up gave 3.3 g of viscous dark
oil. Purification was performed by passage through alumina (neu-
tral) using ether and then chloroform. The product was an unsta-
ble oil (27%): ir (film) 1710 cm~%; nmr (CDCl3) 6 8.00 (d, 2), 7.32 (d,
2), 5.00 (t, 1), 4.25 (q, 2), 2.18 (br s, 3), 1.0-2.5 (m, 6), 1.35 (t, 3);
m/e 231.

Reaction of 1 (0-Br) with Cycloheptanone. Benzospirolac-
tone. The Grignard reagent 1 (0-Br) as prepared in the General
Procedure was treated with 2.35 g (21 mmol) of cycloheptanone
and the reaction mixture was stirred for 16 hr at room temperature
and heated to reflux for 1 hr. After cooling, the mixture was
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quenched with 100 ml of 20% aqueous ammonia. Work-up gave
5.40 (98%) of a pale yellow solid which was recrystallized from pe-
troleum ether to give 5.23 g (95%) of colorless crystals: mp 95-97°;
ir (Nujol) 1670, 3100 em~% nmr (CDCls) 8 7.20-7.90 (m, 4), 3.50 (s,
2), 3.20 (s, 1, OH), 1.55-2.20 (m, 12), 1.40 (s, 6); m/e 275. Cleavage
to the lactone was accomplished using 2.0 g of the oxazoline in 50
ml of ethanol containing 4.0 ml of concentrated sulfuric acid and
heating to reflux for 16 hr. Evaporation of the solvent followed by
addition of 200 ml of ether gave a solution which was washed twice
with- 100-ml portions of saturated salt solution. Drying (MgSOy)
and concentration of the ethereal solution gave 1.5.g (95%) of the
spiro lactone as a viscous oil which solidified in storage. Recrystal-
lization from ether—-petroleum ether gave pure material: mp 85-87;
ir (Nujol) 1755 cm~1; nmr (CCly) § 7.30-7.89 (m, 4), 1.60-2.20 (m,
12); m/e 216.

Anal. Caled for C14H1502: C, 77.75; H, 7.46. Found: C, 77.40; H,
7.70.

Reaction of 1 (0-Br) with p-Methoxybenzaldehyde. Gri-
gnard reagent 2 (0-MgBr) was treated with an equimolar amount
(21 mmol) of p-methoxybenzaldehyde as described in the previous
experiment. Work-up gave 8.0 g (95%) of the oxazoline as an oil: ir
(film) 1645, 3250 cm™~1; nmr (CCly) ¢ 6.60-8.00 (m, 8), 3.95 (s, 2),
3.86 (s, 1, OH), 3.65 (s, 3), 1.40 (s, 6). Conversion to the lactone (2.0
g) was accomplished by heating (16 hr) in ethanolic sulfuric acid as
previously described: yield 1.6 g (98% ); mp 110-112° (petroleum
ether); ir (Nujol) 1750 cm~1; nmr (CCly) 6 6.70-8.10 (m, 8), 6.40 (s,
1), 8.29 (s, 3); m/e 240.

Anal. Caled for Ci5Hy003: C, 74.99; H, 5.03. Found: C, 74.99; H,
5.16.

Reaction of 1 (0-, m-, p-Br) with Deuterium Oxide. o-, m-,
and p-Deuteriobenzoic Acid. The Grignard reagents 2 from o-,
m-, and p-bromophenyloxazoline were each treated with deuteri-
um oxide and worked up using aqueous ammonia (10%) as above.
The corresponding deuteriophenyloxazolines were each hydro-
lyzed in 3 N hydrochloric acid (reflux, 1 hr), cooled, extracted with
ether, concentrated, and recrystallized.

o-Deuteriobenzoic acid: 88% yield; mp 121°; nmr (CCly) § 13.0
(s, 1), 8.15 (m, 1), 7.55 (m, 3); % D >98% (mass spectrum and nmr).

m-Deuteriobenzoic acid: 90% yield; mp 121°; nmr (CCly) 6 12.9
(s, 1), 82 (m, 2), 7.5 (m, 2); % D >98% (mass spectrum and
nmr).

p-Deuteriobenzoic acid: 87% yield; mp 121°; nmr (CCly) 6 11.6
(s,1),8.2(d, 2),7.5(d, 2); % D >98% (mass spectrum and nmr).

y-Methyl-y-phenylbutyrolactone (10). To a solution of 11.6 ¢
(0.10 mol) of distilled levulinic acid (7) in 100 ml of dichlorometh-
ane cooled to 5° was added portionwise 20.0 g (97 mmol) of dicy-
clohexylcarbodiimide (DCC). A white slurry was formed before all
of the DCC was added (10 min).To this was added 8.0 g (11 mmol)
of 2,2-dimethylaziridine (exothermic). The mixture was stirred at
room temperature for 16 hr and filtered and evaporation of vola-
tiles gave 18.0 g of crude N-acylaziridine. The latter was triturated
with 150 m! of hexane and filtered and the filtrate was evaporated
to dryness to give 16.0 g (95%) of 1-(y-ketopentoyl)-2,2-dimethyl-
aziridine. :

The analytical sample was prepared by molecular distillation: ir
(film) 1720, 1680 cm™!; nmr (CDCls) 6 2.40-2.90 (m, 4), 2.20 (s, 5),
1.30 (s, 6).

Anal. Caled for CoHy5NOg: C, 63.86; H, 8.95; N, 8.28. Found: C,
63.58; H, 8.79; N, 8.13.

To a solution of 10.0 g of the above N-acylaziridine in 100 ml of
ether was added 2 drops of concentrated sulfuric acid and stirring
was performed at room temperature for 16 hr. The reddish reac-
tion mixture was washed with 5% sodium bicarbonate (K;COs).
Filtration and evaporation of solvent gave 8.0 g (80%) of 2-(y-keto-
butyl)-5,5-dimethyl-A2-oxazoline (8) as an oil: ir (film) 1720, 1665
cm~L nmr (CDClg) 6 3.50 (t, 2), 2.40-2.90 (m, 4), 2.20 (s, 3), 1.40 (s,
6).
To 0.73 g (0.03 g-atom) of magnesium in 10 ml of ether was
added dropwise 4.7 g (30 mmol) of bromobenzene in 50 mi of ether.
After completion of the exotherm, the reaction mixture was stirred
at room temperature for an additional 30 min. To the resulting
phenylmagnesium bromide was added dropwise 5.0 g (30 mmol) of
8 in 20 ml of ether. The resulting slurry was stirred at room tem-
perature for 30 min and then poured into ice~water. The ethereal
extracts were dried (K2CO3), filtered, and evaporated to give 4.0 g
(55%) of 2-(y-hydroxy-v-phenylbutyl)-5,5-dimethyl-A2-oxazoline
(9), mp 84-88°. The analytical sample was prepared by two recrys-
tallizations from hexane: mp 92-93°; ir (KBr) 8225, 1655 cm™%;
nmr (CDCl3) § 7.20-7.60 (m, 5), 4.70-5.20 (br s, 2, OH), 3,50 (s, 2),
2.20 (s, 4), 1.60 (s, 3), 1.40 (s, 8).
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Anal. Caled for. C1sHg1NOg: C, 72.98; H, 8.57; N, 5.66. Found: C,
73.07; H, 8.41; N, 5.73.

To 0.342 g of 9 was added 15 ml of 3 N HCL After 30 min at re-
flux, the reaction mixture was cooled and extracted with ether and
the ethereal extracts were dried (MgSQ,). Evaporation of solvent
gave 0.211 g (87%) of y-methyl-y-phenylbutyrolactone (10):14 ir
(film) 1770~1780 cm~1; nmr (CDClg) § 7.35 (m, 5), 2.45 (m,.4), 1.70
(s, 3).

3-Carboxy-1-phenyl-3,4-dihydronaphthalene (13, A = OH).
3-Carboxy-1-tetralone (11, 20.0 g, 10.6 mmol) was mixed with 2-
amino-2-methyl-1-propanol (9.40 g, 10.6 mmol), and the mixture
was heated (Nujol bath) with stirring at 190-200° until 2 equiv of
water had been distilled into hexane. The dark residue was dis-
tilled (170°, 0.10 mm) to yield 14.6 g (57%) of a viscous oil 12,
which solidified upon standing (mp 95-96°): ir (Nujol) 1655, 1680
em™5 nmr (CCly) § 7.95 (d, 1), 7.30 (g, 8), 3.90 (s, 2), 2.70-3.20 (m,
5), 1.20 (d, 6). A phenylmagnesium bromide-magnesium bromide
mixture in 100 ml of tetrahydrofuran was prepared from bromo-
benzene (6.29 g, 40 mmol), ethylene bromide (4.22 g, 20 mmol),
and magnesium turnings (1.45 g). To the stirred solution of Gri-
gnard reagent was added 4.70 g (19.3 mmol) of 12 in 40 ml of te-
trahydrofuran over a 30-min period. The mixture was stirred for
12 hr, refluxed for 1 hr, and then cooled in an ice bath and decom-
posed with 50 ml of cold, dilute ammonia solution. The organic
layer was decanted and the aqueous layer was extracted with
ether. The combined extracts were dried (MgSO,) and evaporated
to yield a viscous oil [3-(4,4-dimethyl-A2-oxazolino)-1-hydroxy-1-
phenyltetralin] which solidified upon standing. The material was
recrystallized from ether—petroleum ether to yield 6.00 g (96%) of
white crystals: mp 148-149°, ir (Nujol) 3200, 1655, 715, 770 cm™1;
nmr (CDCl3) 6 7.26 (d, 9), 3.90 (s, 2), 2.45-3.20 (m, 5), 1.24 (s, 3),
0.90 (s, 3).

The oxazoline carbinol from above (1.00 g, 3.1. mmol) was dis-
solved in 40 ml of 3 N hydrochloric acid and refluxed for 15 min.
The solution was cooled and the resulting solid precipitate was dis-
solved in chloroform, dried (MgSOQ4), and evaporated to yield 0.70
g (91%) of a viscous oil 13 which solidified upon standing. The
solid was recrystallized from ether: mp 158-161°; ir (Nujol) 1690
em~L; nmr (CDCl3) 6 7.00-7.50 (m, 9), 6.16 (d, 1), 2.90-3.67 (m,
3).

Anal. Caled for C17H1402: C, 81.58; H, 5.64. Found: C, 81.39; H,
5.59.

Ethyl 1-Phenyl-3,4-dihydronaphthalene-1-carboxylate (13,
A = OEt). 3-(4,4-Dimethyl-A%-oxazolino)-1-hydroxy-1-phenylte-
tralin (1.00 g, 8.1 mmol) obtained in the previous experiment was
dissolved in 50 ml of ethanolic sulfuric acid (prepared from 95%
ethanol and 3.9 ml of acid) and refluxed for 12 hr. The solution
was cooled and poured into 200 ml of ether. The ether solution was
washed with 50 ml of saturated sodium carbonate solution, dried
(MgS80y), and evaporated to yield 13 (A = OEt) as an oil. The oil
eluted from a Woelm Grade I neutral alumina column with chloro-
form to yield 0.72 g (8) of a viscous oil: ir (film) 1730 em™~!; nmr
(CDClg) 6 6.90-7.50 (m, 9), 6.12 (d, 1), 4.11 (q, 2), 2.89-3.50 (m, 3),
1.20 (t, 3).

Anal. Caled for C19H1g09: C, 81.99; H, 6.52. Found: C, 81.85; H,
6.73. i ‘

4-Carboethoxy-1-phenylcyclohexene (18). A mixture of 4-
hydroxycyclohexanecarboxylic acid (14 5.0 g, 36 mmol) and 2-
amino-2-methyl-1-propanol (3.12 g, 35 mmol) was heated with
stirring in an oil-bath and the volatiles distilling between 112 and
275° were collected into a receiver containing 50 ml of ether. The
water was separated from the ethereal solution in the distillate,
and after drying (K2CO3) and concentration gave 4.4 g (64%) of a
pale yellow oil. The latter was dissolved in cold 3 N hydrochloric
acid and extracted with ether, and evaporation preduced 0.3 g of
the lactone derived from the starting acid. The aqueous solution
was neutralized with cold 4 sodium hydroxide and extracted twice
with ether. After drying (KyCOQjs) and concentration, there re-
mained 4.3 g (63%) of oxazoline 15; ir (film) 1660, 3320 cm™L; nmr
(CDC13) 6 3.90 (s, 2), 3.45 (m, 2), 1.4-2.3 (m, 9) , 1.2 (s, 6). The
product 15 was oxidized to 16 without further purification as fol-
lows. A mixture containing 2.2 g (10.5 mmol) of 15 and 5.0 g of
chromic anhydride in 50 ml of pyridine was stirred at room tem-
perature for 18 hr, poured into 100 ml of water, and extracted with
ether. The extracts were dried (MgSOjy) and concentrated to give
1.5 g (72%) of 16: ir (film) 1660, 1710 cm~1; nmr (CCly) 6 3.90 (s, 2),
1.90-2.90 (m, 9), 1.20 (s, 6).

Reaction of 16 with phenylmagnesium bromide was performed
in exactly the same manner as described for 13, Yield of 17 was
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77%: mp 146-148°; the product showed a single spot on tlc (ether),
R¢0.40; ir (Nujol) 1650, 770, 710 cm™L; nmr (CDCls) 6§ 7.25-7.70 (m,
5),4.00 (s, 2), 2.14-2.50 (m, 2), 1.80-2.14 (m, 8); m/e 285.

A solution of 17 (612 mg) in 50 ml of ethanol containing 7.5 g of
concentrated sulfuric acid was heated to reflux for 16 hr. The mix-

~ ture was cooled and poured into 200 ml of ether. The ethereal solu-

tion was shaken with saturated salt solution and dried (MgSOy,).
Concentration left 0.43 g (78%) of 18 as an oil. Purification was ac-
complished by passage through neutral alumina (ether): m/e 230;
ir (film) 1730 cm~% nmr (CDClg) 6 7.33 (m, 5); 6.12 (br s, 1), 4.15
(q, 2), 2.05-2.85 (m, 7), 1.22 (t, 3).

Anal. Caled for C15H1304: C, 78.23; H, 7.88. Found: C, 78.09; H,
7.99.

Ethyl 6-Hydroxyhexanoate (29). To 16.0 g (10 mmol) of adipic
acid monoethyl ester in 100 m] of dichloromethane cooled to 5°
was added 20.0 g (97 mmol) of DCC followed by 8.0 g (11 mmol) of
2,2-dimethylaziridine. The resulting slurry was stirred at 5° for 15
min and then at ambient temperature for 16 hr. Filtration of urea
and evaporation of volatiles gave 23 g of residue. This residue was
triturated with 300 ml of hexane and filtered and the filtrate was
evaporated to dryness to give 18.0 g (84%) of ester acylaziridine.
The analytical sample was prepared by molecular distillation at
50° (0.3 mm): ir (film) 1740, 1685 cm~1; nmr (CDClg) 6 8.75 (s, 3),
2.30-2.60 (m, 4), 2.20 (s, 2), 1.60-1.90 (m, 4), 1.40 (s, 6).

Anal. Caled for C11H19NOg: C, 61.93; H, 9.00; N, 6.57. Found: C,
61.68; H, 9.07; N, 6.31.

Ester oxazoline 28 was prepared in 80% yield by stirring 10.7 g of
the acylaziridine at ambient temperature (16 hr) in 75 ml of ether
containing 2 drops of concentrated sulfuric acid. The analytical
sample was prepared by molecular distillation at 50° (0.3 mm): ir
(film) 1740, 1665 cm~1; nmr (CDCls) 6 3.75 (s, 3), 3.60 (¢, 2), 2.30—
2.60 (m, 4), 1.60-1.90 (m, 4), 1.35 (s, 6).

Anal. Caled for C;3H;oNOs: C, 61.93; H, 9.00; N, 6.57. Found: C,
62.22; H,9.26; N, 6.47.

The hydroxypentyloxazoline was prepared in 75% yield by slow
addition (25°) of 10.7 g (50 mmol) of 28 to 2.1 g of lithium alumi-
num hydride in 100 ml of ether. The mixture was stirred at room
temperature for 2 hr and hydrolyzed with ice~water and the ether-
eal extracts were dried (MgSOy). Filtration and evaporation in
vacuo gave hydroxypentyloxazoline, which was purified by distilla-
tion: bp 60° (0.3 mm); ir (film) 3300-3400, 1660 cm™%; nmr § 4.40—
4.80 (br s,.2), 3.50-3.80 (m, 4), 2.10-2.40 (m, 2), 1.42-1.80 (m, 6),
1.40 (s, 6). )

Anal. Caled for CyoH19NOg: C, 64.81; H, 10.36; N, 7.56. Found:
C, 65.06; H, 10.64; N, 7.28.

Hydrolysis of the above oxazoline (7.0 g, 38 mmol) was per-
formed by refluxing in 210 ml of 8% ethanolic sulfuric acid for 16
hr. After evaporation to 40 ml of residue, 200 ml of ether was
added and neutralized with 10% sodium bicarbonate solution. The
ethereal extracts were washed twice with water and the organic
layer was dried (MgSO,). Filtration and evaporation gave 4.0 g
(82%) of ethyl 6-hydroxyhexanoate (29).15 .

Distillation at 60° (0.3 mm) gave pure samples (vpc), ir (film)
3300-3400, 1735 cm™L,

Phthalide 31. A mixture of 10.1 g (10 mmol) of triethylamine,
7.1 g (10 mmol) of 2,2-dimethylaziridine, and 19.8 g (10 mmol) of
2-carboethoxybenzoyl chloride!® in 200 ml of benzene was stirred
for 1.0 hr at 5°. After work-up, there was obtained 21.0 g (90%) of
the ester aroylaziridine, mp 52-54°. The analytical sample was
prepared by recrystallization from petroleum ether: mp 53-54°; ir
(KBr) 1730, 1660 cm~1; nmr (CDClg) 6 7.35-7.85 (m, 4), 3.90 (s, 3),
2.30 (s, 2), 1.35 (s, 6).

Anal. Caled for C14H17NO3: C, 66.94; H, 6.48; N, 6.00. Found: C,
66.66; H, 6.54; N, 5.90,

Rearrangement to 30 was performed from 4.0 g of the aziridine
in 75 ml of dichloromethane (in ether no rearrangement takes
place) and 2 drops of concentrated sulfuric acid after stirring at
ambient temperature for 16 hr. There was obtained, after distilla-
tion, 2.88 g (72%) of ester oxazoline 30: bp 128° (1.3 mm); ir (film)
1730, 1650 cm~!; nmr (CDCls) 6 7.40-7.80 (m, 4), 3.90 (s, 3), 3.80 (s,
2), 1.40 (s, 6). :

To 1.0 g of lithium aluminum hydride in 50 m! of ether was
added 2.88 g (12 mmol) of ester oxazoline 30. After stirring for 4 hr
at room temperature and hydrolysis with ice-water, 2.38 g (95%) of
crude hydroxymethyloxazoline was obtained, ir (film) 3300, 1640
em™1, This was used in the next step without further purification.

Hydrolysis to phthalide 31 was effected by refluxing 2.05 g of
the hydroxymethyloxazoline in 150 ml of 3 N hydrochloric acid for
16 hr. Extraction with chloroform and evaporation gave 0.65 g
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(50%) of phthalide: mp 71-72° (after recrystallization from water)
(lit.'7 mp 73°); ir (KBr) 1750 cm™!; nmr (CDCl3) 6 7.20-8.00 (m, 4),
5.40 (s, 2).

v-Methylbutyrolactene (27). The keto oxazoline 8 (0.85 g, 5.0
mmol) in 10 m!l of ether was added to lithium aluminum hydride
(95 mg, 2.5 mmol) in 30 ml of ether (foaming results) and the mix-
ture was stirred at room temperature for 1.5 hr. Ice-water was
added dropwise and the mixture was filtered and evaporated to
give 0.63 g of the oxazoline carbinol (80%), ir (film) 3350, 1660
em~!, Hydrolysis to the lactone was performed using 30 ml of 5%
ethanolic sulfuric acid and heating to reflux for 15 hr. The ethanol
was removed by fractional distillation and the residue was taken
up in ether, washed with saturated brine, and dried (MgSOy) to
give 0.51 g of lactone 27. This material was identical with that pre-
pared using propylene oxide and the lithio oxazoline.4

Formation of Oxazolines 33 (R = Ph) without Isolation of
Intermediate Acylaziridine 32. To 5.1 g (50 mmol) of triethyl-
amine and 3.6 g (50 mmol) of 2,2-dimethylaziridine in 300 ml of
anhydrous ether at 0° was added 7.0 g of benzoyl chloride. The re-
sulting white slurry was stirred for 30 min and the triethylamine
hydrochloride was removed by filtration. The filtrate was cooled to
0°, 0.2 m! of concentrated sulfuric acid was added, and the solution
was stirred overnight at room temperature. The ethereal solution
was extracted with cold (0-10°) 10% hydrochloric acid and the
aqueous layer was neutralized with bicarbonate. The aqueous solu-
tion was extracted with ether, dried, and concentrated to give 7.3 g
(85%) of 2-phenyl-5,5-dimethyl-2-oxazoline (33, R = Ph): mp 36-
37°; ir (film) 1645 cm~!; nmr (CDCl3) 6 7.90-8.10 (m, 2), 7.30-7.60
(m, 3), 3.80 (s, 2), 1.45 (s, 6).

Anal. Caled for C;{H3NO: C, 75.38; H, 7.49; N, 8.00. Found: C,
75.48; H, 7.48; N, 8.04.

Conversion of Ethyl m-Hydroxybenzoate (34) to Oxazoline
38. A mixture of 34 (8.3 g, 50 mmol) and dihydropyran (5.0 g, 60
mmol) was stirred for 15 min at room temperature and the excess
dihydropyran was removed in vacuo. The residue was distilled
(from three or four sodium hydroxide pellets) to give 11.3 g (90%)
of 35, bp 133° (0.8 mm), ir (film) 1720 cm~1,

Anal. Caled for C4H1304: C, 67.17; H, 7.26. Found: C, 66.89; H,
7.25.

A solution of 35 (4.7 g, 19 mmol) in 20 ml of ether was treated
with the magnesium bromide salt of 2,2-dimethylaziridine (pre-
pared from 25 mmol of ethylmagnesium bromide and 25 mmol of
2,2-dimethylaziridine in 70 ml of ether) and stirred at room tem-
perature for 5 hr. The mixture was quenched in cold water, and the
ethereal layer was dried and concentrated to give the crude acylaz-
iridine 36, This was dissolved in 100 ml of dichloromethane con-
taining 0.6 g of triethylammonium tosylate and the solution was
stirred overnight. After addition of 1.0 g of sodium carbonate, the
solvent was removed and the residue was taken up in ether,
washed with water, dried, and concentrated to give 4.0 g of 36. If
the ethereal solution was shaken with cold 1 hydrochloric acid, and
the aqueous solution neutralized, there was obtained 2.0 g of 38:
mp 132-133° (hexane-benzene); ir (KBr) 3200-3400, 1650 cm™!;
nmr (CDCly) 6 7.10-7.60 (m, 5}, 3.95 (s, 2), 1.50 (s, 6).

Anal. Calcd for C;1Hi3NOy: C, 69.08; H, 6.86; N, 7.33. Found: C,
69.36; H, 6.77; N, 7.42.

Acknowledgment. This work was supported by the Na-
tional Institutes of Health, the National Science Founda-

J. Org. Chem., Vol. 39, No. 18, 1974 2793

tion, and the donors of the Petroleum Research Fund, ad-
ministered by the American Chemical Society.

Registry No.—1 (p-Br), 32664-14-5; 1 (0-Br), 32664-13-4; 1 (0-
Br) HC], 51849-83-3; 1 (m-Br), 51849-84-4; 6 (p-Br), 51849-85-5; 7,
123-76-2; 8, 38285-58-4; 9, 51849-86-6; 10, 21303-80-0; 11, 6566-40-
1; 12, 29947-04-4; 13 (A = OH), 17560-23-5; 13 (A = OEt), 51849-
87-7; 14, 17419-81-7; 15, 51849-88-8; 16, 51849-89-9; 17, 51849-90-
2; 18, 29947-07-7; 28, 38285-59-5; 29, 5299-60-5; 30, 51849-91.3; 31,
87-41-2; 33 (R = Ph), 33561-48-7; 34, 7781-98-8; 35, 51849-92-4; 36,
51849-93-5; 38, 51849-94-6; 2,2-dimethylaziridine, 2658-24-4; 2-
amino-2-methylpropanol, 124-68-5; 4-bromobenzoic acid, 586-76-
5; N-(2,2-dimethyl-3-hydroxypropyl)-p-bromobenzamide, 52306-
15-7; o-bromobenzoic acid, 88-65-3; m-bromobenzoic acid, 585-76-
2; p-bromobenzoy! chloride, 586-75-4; N-(p-bromobenzoyl)-2,2-di-
methylaziridine, 32158-85-3; 2-[y-hydroxy-v-(p-bromophe-
nyl)butyl]-5,5-dimethyl-A-oxazoline, 51849-96-8; 2-(p-benzoyl-
phenyl)-4,4-dimethyl-A2-oxazoline, 51849-97-9; oxazoline carbinol
(mp 106-108°), 51849-98-0; oxazoline adduct (ir 1650, 3350 cm™!),
51849-99-1; oxazoline carbinol (mp 95-97°), 51850-00-1; oxazoline
adduct (ir 1645, 3250 cm™1), 51933-46-1; 1-(y-ketopentoyl)-2,2-di-
methylaziridine, 38278-95-4; 3-(4,4-dimethyl-A2-oxazolino)-1-hy-
droxy-1-phenyltetralin, 29947-05-5; adipic acid monomethyl ester,
627-91-8; 1-(5-carbomethoxypentoyl)-2,2-dimethylaziridine,
38285-55-1; 2-(5-hydroxypentyl)-5,5-dimethyl-A2-oxazoline,
51850-02-3; 2-carboethoxybenzoyl chloride, 22103-82-8; 1-(2-car-
boethoxybenzoyl)-2,2-dimethylaziridine, 51850-03-4; benzoyl chlo-
ride, 98-88-4.

References and Notes

(1) Postdoctoral Feliow, Louisiana State University in New Orleans, 1969~
1970.

(2) Postdoctoral Fellow, Wayne State University, 1971-1972.

(3) A. I. Meyers, D. L. Temple, R. L. Nolen, and E. D. Mihelich, J. Org.
Chem., 39, 2778 (1974).

(4) A. |. Meyers, E. D. Mihelich, and R. L. Nolen, J. Org. Chem., 39, 2783
(1974).

(5) Preliminary results were reported: A. i. Meyers and D. L. Temple, J.
Amer. Chem. Soc., 92, 6646 (1970); D. Haidukewych and A. |. Meyers,
Tetrahedron Lett., 3031(1972).

{6) T.R. Bosin, M. G. Raymond, and A. R. Buckpitt, Tetrahedron Lett., 4699
(1973).

(7) A. L. Meyers, A. Nabeya, H. W. Adickes, |. R. Politzer, G. R. Malone, A.
C. Kovelesky, R. L. Nolen, and R. C. Portnoy, J. Org. Chem., 38, 36
(1973).

(8) C. L. Stevens, B. T. Gillis, and T. H. Haskeill, J. Amer. Chem. Soc., 81,
1435 (1959); Farbinfabriken Bayer A. G., British Patent 823,318 (1959);
Chem. Abstr., 54, 5575 (1960).

(9) P. E. Fanta and A. S. Deutsch, J. Org. Chem., 23, 72 (1958); H. W.
Heine, M. E. Fetter, and E. M. Nicholson, J. Amer. Chem. Soc., 81, 2202
(1959).

(10) Melting points and boiling points are uncorrected. Spectra were taken
on a Perkin-Elmer 257 infrared spectrometer and a Varian T-60 nmr
spectrometer. Microanalyses were performed by Midwest Microlabs, In-
dianapolis, Ind. Magnesium used for Grignard reagent was triply sub-
limed (Dow) and received in the form of ingots which were shaved on a
lathe.

(11) K. N. Campbell, A. H. Sommers, and B. K. Campbell, "‘Organic Synthes-
es,’ Collect. Vol. lll, Wiley, New York, N. Y., 1955, p 148.

(12) J. K. Koch and G. S. Hammond, J. Amer. Chem. Soc., 75, 3452 (1953).

(13) E. B. Bengtsson, Acta Chem. Scand., 9, 177 {1955).

(14 T. Arnold and J. S. Buckley, J. Amer. Chem. Soc., 71, 1782 (1949).

(15 Robinson and L. H. Smith, J. Chem. Soc., 371 (1937).

(16 L. Eliel and A. W. Burgstabler, J. Amer. Chem. Soc., 71, 2251 (1949).

(17 H. Gardner and C. A. Naylor, "“Organic Syntheses,”" Collect. Vol. I,

) R.
) R.
) E.
) J.

Wiley, New York, N. Y., 1943, p 526.



