
been screened for pharmacological activity. One 
of those examined, 2-rnercaptornethyl-5,6-dihydro- 
imidazo [ijlquinoline (VI) wax active toward dex- 
tran edema; however, the remaining seven corn- 
pounds displayed no pharmacological activity. 

EXPEHIMENTAL 

All melting points and boiling points are uncorrected. 
Commercial intermediates were used without further puri- 
fication. Yields correspond to the amount of pure product 
obtained. 

StartzrLg materials. The 8-aminoquinoline (m.p. 63-64') 
was produced by an iron and acetic acid reduction of the 
%nitro compound22 or in 67% yield from oxinez3 employing 
a reaction ratio of 1:2: 10 of oxiqe, ammonium sulfite, and 
ammonia m'hen the amount of sodium in the sodium- 
alvohol reduction of 8-aminoquinoline4 was increased to 
14-15 g.-atoms per mole of &aminoquinoline, the yield rose 

of pure 8-amino-1,2,3,4-tetrahydroquinoline, b.p. 
135" at  2 mm. Isonicotinyl chloride was obtained from the 
arid with thionyl chloride in 88% yield, b.p. 95-96" a t  25 
mm, by an adaptation of Koo's method.21 

Directions for thc methods used in the preparation of the 
dihydroimidazo [ij ]quinolincu and related compounds are 
tn be found as footnotes to the appropriate table. 

8-Nztro-l~cety1-l,b,,9,4-tetrahydrop~inoline. A solution of 
1-acetyltetrahydroquinoline (6.7 g. 0.0382 mole) in 10 ml. 
of acetic anhydride was c,oolcd and h a t e d  cautiously with 
a solution of 3.8 g. (0 04 mole) of 7070 nitric acid in 10 ml. 
of acctic anhydride. After 0.5 hr. in an ice bath, the red 
mixture was allowed to stand a t  room temperatwe over- 
night (12 hr.). The solution was poured onto ice. The oil 
which separated was extracted with ether and the ethereal 
2olution was washed with dilute sodium bicarbonate solution 
and dried over magnesium sulfate. Evaporation of the 
solvent yielded 7.3 g. (895') of the product as a red oil, 
which, on acid hydrolysis afforded the known 8-nitro-1,2,3,4- 
tetrahydroquinoline, m.p.: 82 -84" (lit.,26 m.p. 82-83'). 

8-iimin0-1,b~~hydroyuznolzne (LII). A slurry of 6.5 g. 
(0.174 mole) of lithium aluminum, hydride in 150 ml. of 
absolute diethyl ether was heated to boiling with stirring. 
T o  the slurry was added 5.0 g. (0.0347 molc) of 8-amino- 

( 2 2 )  It. P. Dikshoorn, Ree. Trav. Chirn., 48, 147 (1929). 
(23) N. W. Woroshtzow and J. M. Kogan, Uer., 65,  142 

(24) J. KOO, J .  AVZ. C h m ~ .  SOC., 75, 720 (195L3). 
(1932). 

quivoline (Rastman) dissolved in 50 ml. of absolute diethyl 
ether. The mixture was rofluxed for 24 hr. during which 
time the initially blood-red slurry became lighter and a 
yellow solid remained. The slurry was cooled to 0" and water 
wag added cautiously with stirring under a nitrogen at- 
mosphere until hydrolym was complete. The mixture was 
filtered, the filtrate dried over magnesium sulfate, and the 
solvent evaporated and the residue distilled. The green- 
yellow oil boiled a t  157-160' (6 mm.). 

Anal. Calcd. for: C9NioNl: C, 7:3.94; H, 6.91; N, 19.17. 

A picrate formed as golden-brown needles which melted 
a t  204-205' and showed no depression in melting point when 
admixed with authentic fbaminoquinoline picrate. In an- 
other experiment, an orange picrate formed which melted 
a t  192-194' and showed a depression of 20' when admixed 
with 8-aminoquinoline picrate. When the orange picrate 
was pecrystallized from 95% ethanol, however, golden- 
brown needles resuItel which melted a t  200-206O and proved 
to be 8-aminoquinoline picrate by a mixture melting point. 

Condensation of certain acids wzlh 8-antino-1 ,bdihydro- 
qumolane. A .  Formzc acid. A solution of 1.1 g. (0.0075 mole) 
of &amino-1,2-dihydroquinoline in 25 ml. of 85% formic 
acid, was refluxed overnight (13-1 7 hr.). The orange soh- 
tiora wa6 coolcd and made alkaline with dilute ammonium 
hydroxide, whereupon a silvery solid sqarated which was 
filtered, washed with water, and recrystallized from metha- 
nol to yield colorless needles which melted a t  148.0-148.5'. 
A mixture melting point with authentic 8-formamidoquino- 
line (XLII) showed RO depression, and an analysis and ultra- 
violet spectrum confirmed the 8-formemidoquinoline struc- 
ture. 

Anal. Calcd. for CLOH&~O: C, 69.77; H, 4.65; K, 16.27. 
Fourid: C, 69.90; B, 4.96; K, 16.78. 

B.  Acetic acid. Reaction with acetic acid afforded only 
€&acetamidotetrahydroquinoline, m.p. 100-101 O (lit,,*i m.p. 
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102-103°). 
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Preparation of 5,6-Dihydro-l',3-thiaaines and 2-Thiazolines 
from Mercaptoalcohols and Nitriles' 
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Treatment of certain mercaptoalcoholfi with nitriles in cold concentrated sulfuric acid results in a one-step nuclerrr syn- 
thesis of dihydro-1,3-thiazines and 2-thiazolines. This ring closurc has been found to be applicable to a wide variety of 
nitrilcs. 

Earlier methods of synthesis of dihydro-1,3- reviewed by Elderfield2 and Kuhn and Drawert3 
thiazines and 2-thiazolines have been extensively _ _ - ~  

( 2 )  R. C. Elderfield and E. E. Harris, Heterocyclic Com- 
(1) Presented before the 15th Annual Southwest Regional pounds, Vol. G ,  It. C. ElderficM, etl., *J. Wiley arid Sons, 

meeting of the American Chemical Society, Baton Rouge, Ino., New York, 1957, p. 604. 
I&., Ileaember 3-5, 1959. (3)  It. Kuhn and F. Ihawert, A m . ,  590, 55 (1954). 



1148 MEYERS VOL. 25 

respectively. More recently there have appeared 
several reports on new methods of obtaining these 
heterocyclics from the treatment of diacylated 
aminoalcohols with phosphorus pentasulfide4 and 
the reaction of nitriles with methallyl mercaptan 
in sulfuric acid.6 The latter method is part of a new 

x: = -OH, -SH, :c 6 cGn- I, 2 I 

and general synthetic route to N-heterocycles of 
the type, I. Heterocyclic bases which have been pre- 
pared by this method and reported to date include 
5,6-dihydro-l,3-oxazines,~ 1 -pyrrolines, 5,G-dih y .  
dropyridines, and 2-thia~olines.~ This type of ring 
closure is presently considered as an extension of 
the Ritter N-alkylamide7 synthesis which is brought 
about by the sulfuric acid-catalyzed reaction of 
nitriles and tertiary alcohols or olefins. 

2-Thiaxolines. Addition of 2-methyl-2-hydroxy- 
propanethiol (11) to a cold solution of acetonitrile 
in concentrated sulfuric acid leads to the formation 
of 2,4,4-trimethyl-2-thiazoline (111) in about 50% 
yield. Comparison of the physical properties of this 
product with that prepared from (a) methallyl 
mercaptan and acetonitrile and (b) N-(2-chloro- 
tert-buty1)acetamide and phosphorus pentasulfidea 
revealed the product to be the same via all three 
routes. 

CH3 

I 
OH n 

cp I 
CHz==C-CHz-SH 

t N E C - C H 3  

CH3 - C - CH2-SH 
2 3 %  CH3 C H 3 L A G 3  5 0 %  

t N Z C - C H 3  

(b) PzSs 

CH3 1 =  
I 
I 

CH3-C-CH2-CL 

HN-C-CH3 a 
The use of the mercaptoalcohol, rather than the 

unsaturated mercaptan, in the preparation of the 
2-thiazolines possesses two distinct advantages. 
First, the yield of the 2-thiazoline was considerably 
higher (Table I) when the mercaptoalcohol was 
employed. This is attributed to the fact that the 
alcohol does not polymerize as readily as the 
methallyl mercaptan in concentrated sulfuric acid. 

(4) V. G. Bach and M. Zahn, J .  Prakt. Chena., 8 ,  65 

(5) A. I. Meyers and J. J. Ritter, J. Org. Chenz., 23, 1915 

(6) E. J. Tillmans and J. J. Ritter, J .  Org. Chem., 22, 

( 7 )  J. J. Ritter and 1'. P. Minieri, J .  Am. Chem. Sac., 70, 

(8) S. H. Babock and R. Adams, J .  Am.  Chem. Soc., 59, 

(1959). 

(1958). 

539 (1957). 

4045,4045 (1945). 

2260 ( I  937). 

This contrast in behavior has been previously ob- 
served6 in the preparation of other N-heterocycles 
by this method. The second advantage in using 
the mercaptoalcohol lies in the fact that only an 
equimolar ratio of nitrile to mercaptoalcohol is 
required whereas a twofold excess of the methallyl 
mercaptan was necessary to yield the 2-thiazoline 
in approximately half the amount. The excess 
methallyl mercaptan was originally employed in an 
attempt to overcome the extensive polymerization 
that it had undergone in the acid medium. 

Ta4BLE I 
7 - s  

c/'o Yield of 
2-Thiaaoline from: 

2-Meth~l-2- 
3iethallyl hydro\ y- 

Nitrile R RIercaptana propanethiol 

Acetonitrile Methyl 23 50 

Benzonitrile Phenyl 24 51 
Acrylonitrile Vinyl 22 47 

p-Amino- p-Aminophenyl . . . . 5 c5 

benzo- 
nitrile 

a See ref. 5. 

The mercaptoalcohol, previously unreported, 
was prepared in 40% yield by the action of glycol 
dimercaptoacetate (IV) with niethylmagnesium 
bromide in tetrahydrofuran. This reaction pro- 
ceeded poorly in diethyl ether, due to the insolu- 
bility of the magnesium salt of the mercaptoester. 

73 0 
II 2 HSCH2C-CHJ 

E OH 
I ( HSCH2C-OCH212 + 6 CH3MgBr A 

5,6-Dz'/qjdro-l ,S-thiazines. When 3-niethyl-3-hy- 
droxy-n-butanethiol was added to a previously 
cooled solution of a nitrile in concentrated sul- 
furic acid, there was obtained a 2-substituted- 
4,4-dimethyl-5,6-dihydro-l,3-thiazine (VI) in 41- 
53% yield. A considerable quantity of polymeric 
material accompanied the formation of the prod- 
uct. Eight 5,6-dihydro-1,3-thiazines vr-ere prepared 
in this manner and their physical constants appear 
in Table 11. This dihydro-l,3-thiazine synthesis 
further illustrates the scope of this nuclear nitro- 
gen heterocyclic synthesis from nitriles. The forma- 
tion of the thiazine ring is currently considered to 
occur in a manner completely analogous to the 2- 
thiazoline synthesis. As previously pointed 
the primary adduct, V, which is similar to that 
which forms in Ritter ,V-alkylamide Synthesis, 
is capable of ring closure if an electron-rich group 
is suitably situated elsewhere in the molecule. 
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TABLE I1 
2-SUBSTITUTED 4 , 4 - D I ~ T H Y L 5 , 6 - D I H Y D R O - 1 , 3 - T H I A Z I N E S  

No. R B.P.", mm. 

63-64/ 11 
53-54/1.5 
62-63/1.3 

119-121/1.3 
136-137/1.3 
130-131/1.5 

60-62/1.3 

95-96b 

n3,,P 

1.5109 
1.5051 
1.4943 
1.5273 
1.5810 
1.5750 
1.5656 

. . .  

Yield, 
% Formula 

42 CsHiiNS 
41 CTHiaNS 
46 CsHisNS 
51 CsHi3NS 
48 CizHiaNS 
50 CuHnNS 
45 CiaHi7NS 
53 C12HieN2S 

C 
Calcd. Foiirid 

55.81 55.91 
58.71 58.39 
61.14 61.07 
81.93 62.01 
70.22 70.31 
71.23 71.03 
71.24 70.89 
65.46 65.46 

. . - H 
Calcd. Fourid 

~ 
Picratea 
M.P.,' 

8 . 5 4  8 .48  
9 .01  8 . 9 3  
9.55 9.42 
8 . 3 8  8 .29  
7 . 3 3  7.30 
7 .76  7 .66  
7.70 7.44 
7 27 7.19 

198-201 

145-146 
144-146 
141-142 
173-1 74 

133-1 34 

176-177 

166-1 67 

a Recrystallized from ethanol. hleltiiig poiiit, recrystallizcd twice from 50% aqueous ethanol. 

/ I r  
L 

?a 

Thus far, the hydroxyl, thiol, and alkene groups 
have served as nucleophilic centers which have 
participated in ring closure with the nilrilium ion 
(R-N=C-R). The question of the existence of 

the nitrilium species in this reaction is still a t  hand. 
The possibility also exists that the ring closure 
may occur by the nucleophilic attack of the thiol 
group on the nitrilium sulfate (R-N=C(OSOr 
H)R) with subsequent displacement of the bisul- 
fate ion. These possibilities are currently under con- 
sideration and an attempt to establish the mech- 
anism of this step in the ring closure is in progress. 
One fact that lends support to the over-all pro- 
posed mechanism of this reaction is that on the 
basis of the dihydro-1,3-oxazine synthesis,6 all 
the subsequent heterocyclic systems prepared t)y 
this method were predicted before actually being 
performed. 

The structure of the 5,6-dihydro-l,3-thiazines 
were proven by an alternative method of synthesis. 
By heating 2-ethyl-4,4-dimethyl-5,6-dihydro-l,3- 
oxazine (VII) with phosphorus pentasulfide for 
two hours a t  150°, 2-ethyl-4,4-dimethyl-5,C,-di- 
hydro-l,3-thiazine (VIII) was obtained. The oxa- 

+ 

zine was prepared by treating 4-chloro-2-methyl-2. 
buteneg with propionitrile according to the method 
of Ritter and Lusskin.lo The oxazine, rather than 
the expected N-(3-chloro-l-methyl-butyl-2) pro- 
pionamide (IX) was isolated directly.'l 

These workers found that in some cases the N -  
(chloroalky1)smides rearranged directly without 
treatment with base. Comparison of the physical 
properties of the thiazine prepared from propioni- 
trile and the mercaptoalcohol with those of the 
thiazine prepared directly12 from the oxazine showed 
both products to be identical. 

c y 3  
HCL 

cp 
C H z - C - C H - C H p  - -18 C H 3 - C - C H - C H z C L  -$$i&-- 

CH3- C - CHzCHzCL 
I 

HNCW2CH3 
II 
O K  

R E A R R M O E S  1 
Ck, 

\si 

X m XI 

The infrared spectra of the 2-alkyl-5,(i-dihydro- 
1,3-thiazines revealed a strong band in the 6.11- 
6 . 1 5 ~  region which is attributed to the cyclic un- 
conjugated C=N link on the basis of a previous 

(9) (a) W. J. Jones and H. W. T. Chorley, J. Chem. SOC., 

(10) J. J. Ritter and It. hl. Lusskin, J. Am. Chem. Soc.,  

(1 1 ) See footnote in reference 5. 
(12)  S. G:ibriel and T. l'osner, Bu. ,  27, 3519 (1894). 

1946,832; (b)  A. J. Ultee, Rec. trav. chim., 68, 125 (1949). 

72,5577 (1950). 
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investigation. The spectra of the 2-aryl derivatives 
and the 2-viiiyl derivatives showed strong bands in 
6.20-6.30~ region. A comparison of the C=N 
absorption of these dihydr0-1~3-thiaeines with the 
C=S absorption of dihydro-l,3-oxazines will be 
reported in a subsequent communication. 

The synthesis of 3-hydroxy-3-methyl-n-butane- 
thiol (X) in 63% yield was accomplished by treat- 
ing n-butyl 3-mercaptopropionate with an excess 
of methylmagnesium bromide in tetrahydrofuran, 
As mentioned earlier, the use of tetrahydrofuran 
was necessary due to the insolubility of the mag- 
nesium salt of the mercaptoester in diethyl ether. 

0 CH3 II THF I 
I 

H S C H ~ C H ~ C - O C ~ H Q  + 3 CH3htgBr - HSCH2CH2C-CH3 

OH 

x 

l6 

Glycol dimercaptoacetate (b.p. 129-130" at 5 mm., n y  = 
1.5150) and P-mercaptopropionic acid (m.p. 18-1 9") were 
kindly supplied by Evans Chemetics, Yew York City, N. Y.  

I-Hydrozy-2methylpropunethzol (11). Into a suspension of 
91.0 g. (3.72 g.-atoms) of magnesium in 600 ml. of freshly 
distilled tetrahydrofuranle was passed uia a sulfuric acid 
drying trap, sufficient methyl bromide to react completely 
with all the magnesium. The methyl bromide was intro- 
duced just above the surface of the suspension at a rate which 
produced a mild reflux. The completion of the methylmag- 
nesium bromide took approximately 9 hr. Sixty-five grams 
(0.31 mole) of glycol dimercaptoacetate in 100 ml. of tetra- 
hydrofuran was added to the refluxing Grignard solution in 
a dropwise manlier and soon thereafter the external heating 
was discontinued due to the exothermic reaction which 
followed. The addition of the ester took 3.5 hr. and u-hen 
addition was complete, the mixture %-as refluxed for an addi- 
tional 3 hr., after which the condenser on the reaction flask 
was replaced by a simple distilling head and the solvent 
removed at  reduced pressure. The dark slurry residue was 
then tieated m-ith 1.5 1. of saturated ammonium chloride 
solution and allon-ed to stand overnight at room tempera- 
ture. The resulting two-layer system was separated into 
an organic and an aqueous phase. The latter was extracted 
several times with ether and the organic phase and the 
ethereal extracts were combined and dried over magnesium 
sulfate. Distillation of the residue, after the ether had been 
removed at  atmospheric pressure, yielded 26.3 g. (40%) of a 
colorless liquid, b.p. 61-63" (15 mm,), ny = 1.4710, 

Anal. Calcd. for CAHlOOS: C, 45.28; H, 9.43; S, 30.19. 
Found: C, 45.14;H, 9.36;S, 29.98. 
2-(p-Amznophenyl)-Q,.4-dimethyl-2-thiazoline. This proce- 

dure can be considered as typical of all the 2-thiazolines pre- 
pared by this method. The physical constants of the other 
2-thiazolines were reported in a previous paper.6 

(13) A. I. Meyers, J. Org. Chem., 24, 1233 (1959). 
(14) All melting points and boiling points are uncorrected. 
(15) Microanalyses were performed by Alfred Bernhardt, 

Max-Planclr-Institut fur Kohlenforschung, Mulheim (Ruhr), 
Germany. 

(16) The tetrahydrofuran (Matheson Coleman and Bell) 
was purified by allowing it t o  stand over sodium wire for 
2 days and then, after filtering into a flask containing 100 g. 
of lithium aluminum hydride, distilled through a 24-inch 
rolumn containing glass helices as parking material, h p. 
65.5-66.0" ~ 

To a solution of 3.5 g. (0.03 mole) of p-aminobenzo- 
nitrile in 25 ml. of concd. sulfuric acid, previously cooled 
to  3", was added with stirring 2.1 g. (0.02 mole) of 2-hy- 
droxy-2-methylpropanethiol over a period of 30 min. The 
reaction mixture, which was golden yellow, was stirred at 
3-5" for an additional hour after which it >vas poured on 300 
g. of chipped ice. The cold aqueous acid solution was then 
extracted with chloroform until the chloroform la) er was 
colorless. After passing the aqueous solution through filter 
paper (fluted) to remove the excess chloroform, it wae care- 
fully neutralized with 30% sodium hydroxide. The hetero- 
cyclic base appeared as a crude brovn solid ahich was col- 
lected in a Buchner funnel and then washed several times 
with hot mater to remove any unchanged nitrile. Recrys- 
tallization from aqueous ethanol yielded 2.3 g. (55%) of 
a very light yellow crystalline materia1, m.p. 162-164". 
The picrate derivative melted a t  91-93". 

Anal. Calcd. for CjIHl4N2S: C, 64.07; H, 6.79; N, 13.59. 
Found: C, 63.88; H, 6.90; N, 13.41. 

Structure proof of 2-thiazolines. The sequence of reartions 
which led to the confirmation of the structure of the 2- 
thiazolines has already been described in a previous publica- 
tion.6 

n-Butyl 9-mereaptopropionate. P-Nercaptopropionic acid 
(102 g., 0.96 mole), n-butyl alcohol (216 g., 3.0 moles), 400 
ml. of benzene, and 3 ml. of concd. sulfuric acid were heated 
in a flask equipped with a motor stirrer and an azeotrope 
trap. After 8 hr., 25.5 ml. of water had been removed and 
the resulting solution !vas washed xi th  100 ml. of water, 
100 ml. of 570 sodium bicarbonate solution, and again with 
100 ml. of water. After drying over magnesium sulfate, the 
benzene and excess butanol were removed initially at at- 
mospheric pressure and finally a t  reduced pressure. The 
residue was distilled in vacuo through a 12-inch glass-helices 
packed column and 146 g. (93.57,) of a colorless oil was ob- 
tained; b.p. 102.5-103.0" (11 mm.), ny = 1.4539. 

Anal. Calcd. for C7HIaO2S: C, 51.85: H, 8.64. Found: C, 
52.10; H, 8.56. 

S-Hvdro~u-S-methul-n-bictunethiol (X). This comuound Y Y  

was prepared utilizing the same procedure as described for 
2-hydroxy-2-methylpropanethiol. Upon distillation, this 
reaction yielded 62.5 g. (63y0) of a colorless oil, b.p. 52.0- 
53.5' (1.5mm.), n y  = 1.4750. 

Anal. Calcd. for CbHIeOS: C, 50.00; H, 10.00; S, 26.66. 
Found: C, 49.94; H, 9.93; S, 26.33. 

2-Substituted 4,~-dimethyl-6,6-dzhydro-l ,S-thiazines. A gen- 
eral procedure is described for the preparation of the dihy- 
dro-1,3-thiazines and the physical constants for these com- 
pounds are listed in Table 11. 

To a cold solution of 0.025 mole of nitrile in 25 ml. of 
concd. sulfuric acid, was added dropwise, with efficient 
stirring, 0.020 mole of 3-hydroxy-3-methyl-n-butanethiol. 
The temperature of the reaction during the addition was 
kept below 10" by means of external cooling. The addition 
of the mercaptan derivative usually required 20-30 min., 
after which stirring continued a t  0-5' for an hour. The re- 
sulting pale yellow solution was then poured on 300-400 g. 
of chipped ice and set aside for several hours in a refrigerator. 
The aqueous acid solution was then freed of the always pres- 
ent gummy polymers by extraction with chloroform. The 
excess chloroform remaining in the aqueous layer was re- 
moved by filtration through fluted filter paper. Subsequent 
cautious neutralization of the acidic solution with 30% SO- 

dium hydroxide resulted in the appearance of the dihydro- 
1,a-thiazine. If the product was an oil, it  was taken up in 
ether, dried over anhydrous potassium carbonate and dis- 
tilled. If the product was a solid, it was collected in a 
Buchner funnel and then recrystallized from aqueous 
ethanol. 

The picrate derivatives were formed by dissolving 0.2 g. 
of the heterocyclic base in ethanol and adding to it an equal 
volume of saturated ethanolir picric acid. The derivative 
usually formed immediately, otherwise heating the reactants 
to boiling and storage in a refrigerator overnight caused 
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precipitation to occur. The picrates were recrystallized once 
from ethanol, dried in air, and the melting points deter- 
mined. 

Structure proof of the 5,6dihydro-i,d-thiazines. (a) 4- 
Chl~o-~-melhyl-Z-butene.  The method of Ulteesb was em- 
ployed to prepare this compound; b.p. 50-52' (107 mm.); 
n32 = 1.4431 (reportedSb: b.p. 51.5-52' (100 mm.) n': = 
1.4450). 

(b) 2-Ethyl-4,4-dirnethyld,Bdihydro-i,S-ozazine (VII). To 
a previously cooled solution of 2.75 g. (0.05 mole) of pro- 
pionitrile in 20 ml. of concd. sulfriric acid wm added slowly 
with efficient stirring 5.21 g. (0.05 mole) of 4-chloro-2-methyl- 
2-butene. The temperature of the mixture was kept below 10" 
during the addition. Whcn the addition was completed, 
the deep yellow solution was allowed to warm up to room 
temperature and stirred for 3 hr. after which it was poured 
onto 200 g. of chipped ice. The aqueous solution was par- 
tially neutralized to pH 5.5 (Beckman Zeromatic pH 
meter) and no N-alkylamide (VIII) appeared. The solution 
was then further ncutralieed to pH 8.7 and exkracted four 
times with 50-ml. portions of ether. After drying the ethereal 
extracts with anhydrous potassium carbonate overnight, 
the ether was removed on a steam bath and the rcsiduc dis- 
tilled. There was obtained 4.23 g. (59%) of a colorless liquid 
possessing a strong ammoniacal odor; b.p. 52-53' (4 mm.); 
ny = 1.4740. 

Anal. Calcd. for CsHlsNO: C, 68.11; H, 10.62; N, 9.93. 
Found: C, 67.99; H, 10.55; N, 9.91. 

(c) 2-Ethyl-4,4dimthyl-5,6-dihydro-i ,,%thiazine (VIII ). 
An intimate mixture of 4.0 g. of 2-ethyl-4,4-dimethyl-5,6- 
dihydro-1,3-oxazine (VI)  and 10.0 g. of phosphorus penta- 
sulfide was heated at 125' for 2 hr. in an oil bath (Hood!). 
When the very dark mixture cooled to room temperature, 
50 ml. of 10% sodium hydroxide was added and the 811s- 
pension agitated until no further odor of hydrogen sulfide 
could be detected. The oil, which had appeared a t  this point, 
was separated from the aqueous layer and after several 
ether extractions of the aqueous layer, the oil and the ex- 
tracts were combined and dried over anhydrous potassium 
carbonate. Distillation of the residual oil, after removal of 
the ether, yielded 3.2 g. (71%) of a colorless compound 
whose physical properties were identical to those of com- 
pound 3 (Table 11). 
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Nine new oxazoles have been prepared and methods have been devised for introducing reactive side chains into 4,s 
diphenyloxazole and 2,4-diphenyloxazole. 

I n  recent years considerable interest has de- 
veloped in oxazoles and oxazole quaternary salts. 
Hayes, et ~ 1 . ~ 3 ~  synthesized a considerable number of 
2,5-diaryloxazoles after it was discovered that 2- 
phenyl-5-(4-biphenylyl)oxazole was an effective 
scintillation solute. In  1956 Ott, Hayes, and Kerr6 
reported the synthesis of series of oxazole qua- 
ternary ammonium salts after it had been shown 
that certain compounds of this type possessed an 

(1) This communication is based on work done under the 
auspices of the LQS Alamos Scientific Laboratory and the 
Atomic Energy Commission. 

( 2 )  The authors are grateful to the Department of 
Chemistry, New Mexico Highlands University, Weiler and 
Strauss of Oxford, England, and to Dr. S. Yamada of the 
Tokyo Research Laboratory of Tanabe Seiyaku Co., LM., 
Tokyo, Japan, for carbon, hydrogen, and nitrogen analyses. 

(3) Presented before the Division of Medicinal Chem- 
istry of the Ameriran Chemical Society, April, 1960, Cleve- 
land, Ohio. 

(4) F. N. Hayes, L. C. King, and D. E. Peterson, J. A m .  
Chem. Soc., 74,1106 (1952). 

(5)  F. IC'. Hayes, B. S. Rogers, and 1). G. Ott, J .  Am.  
Cheni. SOC., 77, 1850 (1955). 

(6) I). G. Ott, F. G. Hayes, arid V. N. Kerr, J. A m .  
Chem. Soc., 78, 1941 (1956). 

extraordinary ability to. lower the body tempera- 
ture of animals.' 

In this study several oxazoles and derivatives 
have been prepared in the hope that compounds 
with interesting physiological properties would be 
found. 

The general approach to the synthesis of these 
oxazoles was suggested by the work of Davidson, 
Weiss, and Jellings and by Dornow and E ichh~ lz .~  
An aryl ketone (I) was converted to the a-bromo- 
ketone (11) which was allowed to react with the 
sodium salt of an acid to produce the ester (111). 
Ring closure to form the oxazole (IV) was then 
effected on the ester by refluxing with ammonium 
acetate in a solution of acetic acid. 

In  Table I is presented a series of esters of type 
111 which were prepared by this method in which 
(I) was propiophenone. Table I1 lists a series of 
oxazoles (type IV) which were prepared from the 

(7) C. C. Lushbaugh, F. N. Hayes, W. H. Langham, D. 
G. Scott, and 1'. C. Sanders, J. Phurm. Exptl. Therap., 116, 
366 (1956). 

(8) I). Davidson, M. Weiss, and M. Jelling, J. Org. Chem., 
2,328 (1937). 
(0) A. Dorriow arid H. Eichholz, Rer., 86, 384 (1953). 


