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over sodium sulfate. Removal of the solvent gave 0.165 g of dark oil 
which was chromatographed on deactivated silica gel (6% HzO), 
using chloroform in hexane as eluting solvent (chloroform was in- 
creased from 5 to 20%), to yield 0.036 g (27%) of colorless solid: mp 
69.5-70 "C (mp of racemic3 is 82-83 "C); [ a ] D  -71" (c 6, chloro- 
form); NMR (ccl4) 6 5.00 (m, 1, Wl/z = 9.5 Hz, H-l), 3.37 (td, 1, 
J2,3a - 13, JZ,I - J2,3e - 3.5 Hz, H-2). The ir and NMR spectra are 
identical with those of racemic 6.3 In the absence of hydroquinone 
the yield of 6 was less than 15%. The above conditions, in the ab- 
sence of hydroquinone, yielded about 90% of cis-2-phenylnitrocy- 
clohexane from 2-phenylcyclohexanone oxime. 

(1 S,2R)-( +)- trans-2-( o-Bromophenyl)nitrocyclohexane 
(7). Isomerization of 6 by refluxing in methanol with a catalytic 
amount of sodium bicarbonate yielded 7: mp 81-81.5 OC (mp of ra- 
cemic3 is 82-83 OC); [ a ] D  +48O (c 5, chloroform); NMR (cc14) 6 
4.80 (dt, 1, J1,z - J I , ~ ~  - 11.2, J I , ~ ~  - 4.2 Hz, H-l), 3.70 (dt, 1, JZ,I - J2 ,3a  - 11.2, J z , ~ ~  - 4 Hz, H-2). The ir and NMR spectra are 
identical with those of racemic 7.3 

( 5 ) .  
This compound was obtained by the reduction of 6 with iron in 
acetic acid as described for the racemic c o m p o ~ n d , ~  [ a ] D  -76' (c 
3, methanol) (69% optical purity compared to resolved amine3). 
The ir and NMR spectra are identical with those of racemic 5.3 

(1S,2R)-(+)- trans-2-(o-Bromophenyl)cyclohexylamine (1).  
This compound was obtained by the reduction of 7 with iron in 
acetic acid as described for the racemic compound,3 [ a ] D  +37" (c 
2, methanol) (66% optical purity compared to resolved amine3). 
The ir and NMR spectra are identical with those of racemic l.3 

The optical purity of 1 and 5 obtained by Scheme I, compared to 
1 and 5 obtained by resolution via the menthoxyacetamides,3 indi- 
cates that the oxime 4 and the nitro compounds 6 and 7 also have 
optical purities of about 67% and that the (+) oxime, [ a ] D  +39O, is 
essentially optically pure. 

( 1 R,2R) - (-) - cis-2- (o-bromo phenyl)^ yclohexylamine 
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One of the simplest and least expensive preparative pro- 
cedures for 2-oxazolines involves the reaction of an amino 
alcohol with a carboxylic acid2v3 as exemplified in eq 1 with 
acetic acid and 2-amino-2-methyl-1-propanol (1). The reac- 

Me 

A A M ; e  + MeCOzH - 2 ~ ~ 0  - 
HO NHB 

1 I 
Me 

tion is assumed to proceed through successive steps involv- 
ing the salt 2 and the amide 3. 

,Me 

rtMe 
HO +NHa 

MeC02- Hd NHCOMe 
2 3 

We describe a process similar to that shown in eq 1 
which uses a lactone instead of the carboxylic acid. The 
product is a functionalized 2-oxazoline derivative. Thus, 
y-butyrolactone (4a), 6-valerolactone (4b), and e-caprolac- 
tone (4c), and the methylated derivatives of y-butyrolac- 
tone 4d and 4e react with 1 to give the respective 2-substi- 
tuted 4,4-dimethyl-2-oxazoline derivatives, 5a-e. t-Capro- 
lactone reacted quantitatively, as determined by GC analy- 
sis, and gave a 60% yield of analytically pure product. 
Yields from the other lactones ranged from 11 to 65%.4 

MP 

I I 
RCH(CH,),CHOH 

5% n = 1; R = R'= H 
b, n=2; R = R' = H 
c, n = 3 ; R =  R =  H 
d, n = 1; R = Me;R'= H 
e , n - l ; R = H ; R ' - M e  

4a, n = 1; R =  R'- H 
b, n = 2; R = R' = H 
c, n = 3; R = R' = H 
d , n = 1 ; R =  Me;R'=H 
e, n= 1; R = H; R' =Me 

Steric factors in the lactone slowed the conversion rates 
measureably. The a -  or y-methyl-substituted lactones 4d 
and 4e reacted about half as fast as y-butyrolactone. More 
severe steric factors made reaction progress very slow. 
Thus, 2,2-diphenylbutyrolactone was recovered unchanged 
after 8 days at  reflux with the amino alcohol in xylene. 

The reaction was extended to preparation of the ketoox- 
azoline 5f and the mercaptooxazoline 5g by the utilization 
of a-angelicalactone (4f) and of y-thiobutyrolactone (4g). 
The yields and the spectral and physical properties of all of 
the oxazolines are shown in Tables I and 11. 
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The recent work of Meyers and Mihelich5 suggests the 
possible use of this procedure in the conversion of lactones 
to their alkylated forms and possibly in the preparation of 
asymmetric derivatives. For this purpose other amino alco- 
hols may be of interests6 

Experimental Section 
Elemental analyses were by Galbraith Laboratories, Knoxville, 

Tenn. Melting points and boiling points are uncorrected. Ir spectra 
were recorded on a Bqckman IR-10 spectrometer and NMR were 
recorded as 10-20% solutions in CDC13 a t  90 MHz with a tetra- 
methylsilane internal reference on a Bruker HFX-90 instrument. 

All starting compounds and solvents were obtained from Aldrich 
Chemical Co. and were used without further purification. 

The procedure below is typical. All reactions were monitored by 
infrared or by GC to determine the extent of reaction based on 
consumed lactone. Reactions were typically run for 48 h or until 
the volume of the aqueous layer in the Dean-Stark trap reached a 
maximum. 

I t  was determined that the amino alcohol 1 was slowly distilling 
(bp 165 "C) as the reaction proceeded. This obviously could affect 
the percent conversion values (see Table I) when a 1:l ratio of the 
amino alcoho1:lactone is used. Actually, the effect was nkgligible 
with 4c and 4f owing to the high reactivity of the lactones. With 
the other lactones, even a t  an amino alcoho1:lactone ratio of 2:1, 
the reactivities of the lactones were such that amino alcohol distil- 
lation affected percent conversion (Table I) as determined by the 
amount of lactone remaining (GC and quantitative ir measure- 
ments). This can be dealt with in two ways. In the case of y-butyr- 
olactone, with toluene as the solvent a successful reaction was 
achieved but a t  the expense of reaction time. On the other hand, 
the use of xylene allows a faster reaction (1-4 days for the range of 
lactones evaluated) and leads to no real losses since the amino al- 
cohol, lactone, and xylene can be recycled by fractionation. Hence 
we prefer the latter method although one'might want to explore 
the options for optimum conditions for an amino alcohol-lactone 
pair. We have not optimized conditions for any compounds re- 
ported here. A typical run for a 2:l amino alcoho1:lactone ratio is 
given below. 
2-(3-Hydroxypropyl)-4,4-dimethyl-2-oxazoline (5a). To a 

500-ml single-necked flask fitted with a magnetic stirrer, Dean- 
Stark trap, and condenser were added y-butyrolactone (24.'1 g, 
0.29 mol), 2-amino-2-methyl-1-propanol (50.0 g, 0.56 mol), and xy- 
lene (100 ml). The mixture was stirred and refluxed gentky, just al- 
lowing the xylene-water azeotrope to distill. The volume of the 
aqueous layer in the Dean-Stark trap with time was 5.5 ml at 5.75 
h, 7.3 ml a t  7.75 h, 12.3 ml at 15 h, 16.2 ml a t  2b h, and 21 ml a t  45 
h. The reaction was stopped a t  45 h. Analysis by GC indicated 80% 
conversion of the lactone. The xylene was removed on a rbtary 
evaporator and the residue was distilled to yield 2-(3-hydroxypro- 
py1)-4,4-dimethyl-2-oxazoline, bp 74-78 "C (0.5 mm), which still 
contained some lactone (GC). Distillation on an adiabatic spinning 
band column with a reflux ratio of l O / l  yielded 2-(3-hydroxypro- 
pyl)-4,4-dimethyl-2-oxazoline (65% yield based on conversion of 
lactone): bp 77-78 OC (0.5 mm); purity (GLC) 99.6%; ir (NaC1 
plates) 3310 (0-H), 2960, 2875, 1667 (C=N), 1460, 1363, 1164, 

1065, 1038, 945, 819, and 775 cm-'. Other analytical data are 
shown in Tables I and 11. 
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The trifluoromethylthio and trifluoromethylsulfonyl groups 
are important nuclear substituents in the preparation of po- 
tential new dyes,2 medicinal  agent^,^ and novel heterocyclic 
systems.4 At present, there are two standard procedures for 
the introduction of a trifluoromethylthio group into an aro- 
matic nucleus. The first method requires a photoinitiated 
chlorination of an aryl methyl sulfide side chain, followed by 
reaction with antimony trifluoride5 (eq 1). 

hv S bF, 
ArSCH3 f C1, - ArSCCl, - ArSCF, (1) 

The secopd method uses trifluoromethanesulfenyl chloride 
in either one of two ways. In one procedure6 (eq Z), reaction 
of an aryl Grignard reagent with trifluoromethanesulfenyl 
chloride gives the desired aryl trifluoromethyl sulfide, while 
in the other procedure7 (eq 3), reaction of activated aromatic 
derivatives, such as anilines, with trihuoromethanesulfenyl 
chloride leads to para-substituted aryl trifluoromethyl sul- 
fides. When higher temperatures and Lewis acid catalysts are 
used, less activated aryl derivatives undergo reaction, but 
mixtures of aryl trifluoromethyl sulfide isomers are obtained. 

ArMgX f CF3SCl ----f ArSCF, f (ArH f ArC1) (2) 

CeH5N(CHJ2 + CF3SCl - 
CF,S+N(CH,h - f C6H5N(CH3),-HC1 (3) 


