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TABLE I1 
HYDROXYSTYRYL COMPOUNDS 

NO 

Analyses 
Yield, S N 

Compound M.p., "C. @, lo Calc'd Found Calc'd Found 

S I  2-( p-Hydroxystyry1)benzothia- 212-213a 84 5 12 65 12.68 

S I  I 2-( 2 ', 3 '-Dih ydroxyst yry1)benzo- dec. 52 11 89 11 65 

XITI 2-(3',4'-Dihydroxystyryl)benzo- dec. 62 11 89 11 69 

XIV 2-(p-Hy-droxystyrv1)-6-hydroxy- dec. 58 5 35 5 15 

zole 

thiaiole 185-1 90b 

thiazole 220-230b 

quinoline 270-275' 

a Recrystallized from ethanol. Purified by dissolving in hot glacial acetic acid and adding to an excess of water. Puri- 
fird by dissolving in  sodium hydrovidc and prrcipitating nith dilute acetic acid. 

heretofore unreported styryl derivatives of nitro- 
gen-containing heterocycles have been prepared. 
A specific example of the preparation of 2-(p-hy- 
droxystyryl) benzothiazole is given and illustrates 
the general method of synthesis employed for the 
reported compounds. 

Although it has been indicated3 that acetic an- 
hydride may tie inferior as a condensing agent, our 
results, in general, substantiate the contradictory 
findings of other ~ o r k e r s . ~  

EXPERIMCNT.LL~ 

Thr  procedures described below are typical for the prepa- 
ration ot the n.ethoxyPtyry1 compounds (Table I)  and the 

a-(p-.I~etho~//styri/l)heneothzazole. A mixture of 14.9 g. 
(0.1 mole) of 2-mcthylbenzothiazole, 13.6 g. (0.1 mole) of p-  
anisaldehyde, and 10.2 g. (0.1 mole) of acetic anhydride was 
refluxed for 24 hours undcr a nitrogcn atmosphere. On cool- 
ing, the miuture formed n crystallinc mass; this was tritu- 
rated ui th  .\Of& ethanol, filtered, arid washed with 80% 
ethanol. The product ~va* recrystallized from ethanol to 
give a solid melting at  112-144". The yield was 15.0 g. 
(58%). 
2,3-Di-(p-nietlioxystyryl)quinoxaline (VI, Table I)  was 

prepared in ilC,( yield as compared to the 10% yield ob- 
tained by Bennett and Killis.7 I n  the latter preparation, 
perhaps an eucesaive amount of acetic anhydride (which 
lowers the refliiu temperature of the reaction mixture) was 
used and the mixtiire was not heated long enough. 

Z-(p-Hydrosiistljr~I)benzothaazole. In  200 ml. of a 1 : 1 
mistnre of 47(,c hydriodic acid and glacial acetic acid was 

(3) Tipson, J .  Ani. Chem. SOC., 67, S O i  (1945). 
(4) Gilman and Karmas, J .  Am. Chem. SOC., 67, 342 

( 5 )  Chiang and Hartung, J .  Org. Chem., 10, 21 (1945). 
(6) All melting points are uncorrected. 
( i )  Brnnctt :ind K i l l i - ,  J .  Chem. Soc , 1960 (1928). 

1 compounds (Table 11). 

(1945). 

dissolved 7.5 g. of 2-(p-methoxystyryl)benzothiazole; the 
resulting solution was refluxed for 24 hours. On cooling, thc 
mixture was diluted with water and made basic with am- 
monium hydroxide. Crystals separated (m.p. 211-212') 
which were filtered off and washed with water. This product 
was dissolved in 5 7 ,  sodium hydroxide, treated with Xorit 
A, and filtered. Acidification of the filtrate with acetic acid 
caused precipitation. Following filtration and recrystalliza- 
tion from ethanol, 6.0 g. (84.5%) of 2-(p-hydroxystyryl)- 
henzothiazole, m.p. 212-213', was obtained. 
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The synthesis of simple alicylic  epoxide^,^ sugar 
epoxides4 and epoxides in the cyclitol series5 by ring 
closure of glycol monotosylates is well known. 
However, the only application of this reaction to  
simple aliphatic epoxides seems to be the synthesis 
of I-glycidol from I-glycerol-1-tosylatea obtained 
from a sugar derivative via 2,3-isopropylidene-1- 
glycerol. We have now found that, the reaction se- 
quence C-C + C-C -+ C---C is a 

TsCl Base 

\ /  
0 
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convenient one for the synthesis of trans-2-epoxy- 
butane, 1,1-diphenylethylene oxide, and optically 
active styrene oxide. Since the intermediate mono- 
tosylate is not isolated, this is essentially a one-step 
synthesis. 

trans-2-Epoxybutane was obtained from the abun- 
dant meso-butanediol-2,3 in 28% yield. Hereto- 
fore its synthesis has involved a two-step prepara- 
tion, either starting with the expensive and incon- 
veniently handled trans-2-butene, or starting with 
mixed 2-butene and involving an exacting frac- 
tional distillation to  separate the diastereoisomers.' 
1,1-Diphenylethylene oxide was formed in 65% 
yield from 1,1-diphenylethanediol which is readily 
available by reduction of benzilic acid* or its ethyl 
ester.g il previous synthesis of this epoxideL0 entails 
a three-step process involving 1,l-diphenylethylene 
as an intermediate. 

Optically active styrene oxide, not until now re- 
ported in the literature," was obtained in 46% yield 
from active styrene glycol, prepared, in turn, by 
lithium aluminum hydride reduction of active man- 
delic acid. The optical purity of the epoxide was as- 
certained by lithium aluminum hydride reduction 
to  phenyl methyl carbinol. From the signs and 
magnitudes of the rotations reported in the Es- 
perimental, together with data in the literature on 
the maximum rotation of mandelic acid12 and of 
phenyl methyl carbinolI3 and on the configurational 
correlation of mandelic acid with phenyl methyl 
carbinolI4 it can be calculated that the reaction se- 
quence via the monotosylate involves at least 85% 
retention of configuration and a t  most 15% race- 
mization (or 92.5% retention and 7.5% inversion). 
It was not ascertained whether racemization of the 
epoxide (or one of the reaction intermediates) oc- 
curs in the reaction medium, or whether the loss of 
optical activity is due to  formation of a small pro- 
portion of the secondary tosylate PhCH(OTs)CH2- 
OH followed by ring closure with Walden inversion. 
It is possible that part or all of the observed race- 

(7) C. E. Wilson and H. J. Lucas, J .  Am. Chem. Soc., 
58, 2396 (1936); cf. H. 0. House, J .  Am. Chem. Soc.. 77, . .  . .  
5083 (1955). 

Chem. SIX., 78. 1193 (1956). 
(8) E. L. E M ,  C. Herrniann, and J. T. Traxler, J .  Am. 

(9) H. Adkins, B. Wojcik, and L. LI7. Covert, J .  Am. 
Chem. SOC., 5 5 ,  1669 (1933) 

(10) S. J. Cristol, J. R. Douglas, and J. S. RIeek, J .  Am. 
Chem. Sac., 73, 816 (1951). 

(11) Dr. Andrew J. Streitwieser, University of California, 
Berkeley has informed us that he has synthsized thi, e ma- 
terial by an entirely different method. After this paper was 
submitted, yet another preparation of active styrene oxide 
by a reaction sequence involving an asymmetric synthesis 
was reported by F. N. Hayes, Abstracts, IgQth Meeting, 
American Chemical Sociely, Dallas, Texas, p. 23" (April 

(12) A. McKenzie, J .  Chem. Soc., 75, 753 (1899) A slight 
uncertainty is introduced because RlcKenzie's measurements 
were at  20' while ours are a t  25'. 

(13) R. L. Burwell, Jr., A. D. Shields, and H. Hart, J .  
Am. Phmz. Soc , 76, 908 (19.54). 

(14) K. LIidow, J .  Am. Chem. Soc., 73, 3954 (1951). 

8-13, 1956). 

mization is only apparent, ie., actually due to  
chemical impurities in the phenyl methyl carbinol 
whose rotation was measured. Mass spectrometry 
indicated the presence of small amounts of p- 
phenethyl alcohol and pyridine in this carbinol. 

We plan to study extensions of the above method 
to other epoxides as well as possible improvements 
in experimental conditions. 

EXPERIMENTAL 

transd,S-Epoxllbutane. meso-Butanediol (Eastman, 22.5 
g., ' /4 mole) and 47.7 g. ( * / 4  mole) of p-toluenesulfonyl 
chloride in 150 ml. of pyridine were allowed to stand 20 
hours a t  3" and two hours at room temperature.'6 A solution 
of 42.1 g. of potassium hydroxide in 150 ml. of ethylene 
glycol was added and the crude oxide was distilled out of 
this mixture. Redistillation gave 5.1 g. (28%) of trans-2- 
epoxybutane, b.p. 52-55', n': 1.3752 (lit.'O b.p. 56.5" 
nz; 1.3739); infrared spectrum as p~blished.~r 

Optically active styrene oxide. hIandelic acid1* of [a]'; 
-129.3' (in water, ca. 827, optical purity1*) was reduced to 
phenylethanediol, [a]'; -47.1' (ether) by means of lithium 
aluminum hydride. The diol (12.60 g., diluted with 8.13 g. 
of dl-material) and 28.6 g. of p-toluenesulfonyl chloride in 
100 ml. of pyridine were allowed to stand at  3" for 18 hours. l5 
After one hour a t  room temperature, potassium hydroxide 
(25.26 g.) in 150 ml. of methanol was added, followed by 200 
nil. of water. Extraction with ether followed by mashing with 
cold 10% sulfuric acid, 5y0 aqueous sodium hydroxide and 
water, drying over potassium carbonate, and concentration 
gave 8.30 g. (46%) of styrene oxide, b.p. 62-63"/4.5 mm., 
n*g 1.5354 (lit. b.p. 91'/25 mm., n*$ 1.5350) [a]*: +16.51° 
(nest), identified by infrared spectrum.17 Reduction of the 
oxide (diluted 4: 1 with dl-material) with lithium aluminum 
hydridelg gave phenyl methyl carbinol, [a]': -3.70' (neat), 
optical purity 8.5y013 indicating over-all retention of con- 
f ig~rat ion '~ in the reaction sequence with ca. 850/;, preserva- 
tion of optical purity. The mass spectrum of the carbinol 
shoived residuals a t  m/e 79 and 91 probably due to the 
presence of a few percent of pyridine and 8-phencthyl alcohol 
respectively. 

l,l-L)iphen?/Zeth?/lene oxide. A solution 10.71 g. (0.05 mole) 
of Ill-dipheiiylethanediol8 and 9.53 g. (0.05 mole) of p- 
toluenesulfonyl chloride in 100 nil. of dry pyridine prepared 
a t  -5" was allowed to stand for 19 hours a t  3". A solution 
of 8.4 g. (0.15 mole) of potassium hydroxide in 50 ml. of 
nicthanol then was added followed by 100 ml. of water, and 
extraction of the oxide was effected by means of ether. The 
ether extract w:is washed, successively, with 10% aqueous 
sulfuric acid, 5% aqueous potassium hydroxide, and water, 
dried over potassium carbonate, and concentrated. The 
residue was taken up in boiling petroleum ether (b.p. 30- 
G O " ) ,  which was filtered to remove unchanged glycol and 
chilled to yield 5.43 g. (35.3% or 65.770 taking into ac- 
count recovered glycol) of I, 1-diphenylethylene oxide, 
m.p. 49-54'. One recrystallization raised the melting point 
to 53-56' (lit.10 55-56'), undcprcssed by admixture of an 
authentic samplc.'O 
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