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evaporated to an oily residue (0.46 g.) which WBR distilled 
a t  100' and 30 mm. to  give a white, crystalline solid (0.19 
g., 17% yield), m.p. 54-57'. The infrared spectrum had a 
carbonyl band a t  5.86 microns. This material stained the 
skin dark green. 

Anal. Calcd. for CGH~N~O~: C, 47.38; H, 2.65; N, 18.43. 
Pound: C ,  47.31; H, 2.78; N, 18.36. 

The oxime was white, m.p. 190-191'; the 2,4dinitro- 
phenylhydrazone was chrome yellow, m.p. 250-252" with 
sintering a t  228-232'; the thiosemicarbazide was yellow, 
m.p. 177-179'. 

2-Nitropyridine-5-carboxylic acid. 2-Nitro-5-methylpyri- 
dine, m.p. 93-95', (average yield 66%) was prepared from 
2-amino-5-methyl pyridine,'G and oxidized by permanga- 
nate" to  2-nitropyridine-5-carboxylic acid, m.p. 178-180°, 
yield 4 1 4 9 %  (average 66%) based on unrecovered starting 
material. 

&fethy! 2-nilrop?jridiried-carboxylate. 2-xitropyridine-5- 
carboxylic acid (8.3 g., 0.0494 mole) was dissolved in re- 
fluxing absolute ether (1000 ml.), cooled to 25', and treated 
with cfiazomethane in ether. Evaporation left a residue of 
w1iit.e cryst,alline methyl 2-nitropyridine-5-carboxylate (8.3 
g., 92% yield) m.p. 130-131', strong carbonyl band a t  
5.85 p. 

A d .  Calcd. for C~HONZOC: C, 46.16; €1, 3.32; N, 15.38. 
Found: C, 46.27; H, 3.45; N, 15.15. 

Ethyl I-hlldroxypyridine-~-carbozylat~. Concerit'rated sul- 
furic acid (25 ml.) was added with cooling to  a solution of 
2-nitropyridine-5-carboxylic acid (20.0 g., 0.119 mole) in 
absolute ethanol (50 mi.). The solution was heated on a 
steam bath for 3 hr., cooled, poured on ice (about 300 g.), 
made basic with ammonium hydroxide (70 ml.), and chilled. 
The solid which precipitated was collected by filtrat.ion, 
combined wit,h the residue from chloroform extraction of 
the filtrate, and recrystallized from ethyl acetate to give 
white crystalline ethyl 2-hydroxypyridine-5-car,o?cylate 
(14.4 g., 72%) m.p. 148-151' (lit,.I8 m.p. 149--350"), st,rong 
hydroxyl band a t  2.90 p and carbonyl band a t  5.89 p. 

Anal. Calcd. for CSHSNOS: C, 57.48; 11, 5.48; K, 8.38. 
Found: C, 57.58; H, 5.54; N, 8.48. 

2 - W y d r o x y p ~ ~ r i d i n e S a ~ l ~ o x ~ ~ l ~  acid. 't-Nitropyridine-5- 
carboxylic acid (0.75 g.) was refluxed 1 hr. in a solution of 
6N sulfuric acid (10 nil.) and  ethanol (5 ml.); crystallilict 
2-hydroxypyridine-5-carboxylic wid, m.p. 300" dec. (lit.1E 
m.p. 301-302' dec.), precipit,at,ed on cooling. 

fifeth?jl 2--chloropyridined--carbor?/late. 2-%t,ropyridine-5- 
carboxylic acid (26.5 g., 0.158 mole) \vas dissolved iii  ab- 
solute methanol (265 ml.), arid a slow stream of hydrogcn 
chloride wtts introduced with stirriiig and chilling tiiiririg 
90 min. and then kept, a t  0" for 12 hr. The 8oliit)ion bccainc 
golden yellow after 1 hr., indicating the formation of nitric 
oxide. The rcact,ion mixture was evaporated under rcthicd 
pressure, ncut,ralizcd with sodium carbonat e a,t 0" :tnd tho  
white precipitatc which formod was collected hy filtratioii 
and combined with the residue from the chloroform extract 
of the filtrate. The product was recrystilllized from benzene- 
petroleum et.her to give a white crystalline chlorine con- 
taining compound shown to be methyl 2-ohlol.o1)yridirie-5- 
carboxylate (17.5 g., 659; yield) m.p. 88--87" m.p. 
86-89'). The infrared spectrum iridicated the absence of 
nit.ro or hydroxyl functions. 

d-Ch.lorop?iridine-~-carboxijlic acid. 11 mixture of 2-nit1-P 
pyridine-5-carboxylic acid (0.75 g.) and aonccnt rated hydro- 
chloric acid (5 ml.) was boiled for 5 min.; nitric oxide was 
cvolved. ICvaporation t,o dryness gave white crystalline 
2-chloropyridine-5-carboxylic acid (0.70 g.) m.p. 195-200' 

(16) R. H. Wiley and J. L. Hartmanxi, J. Am. Chem. Soc., 

(17) E. V. Brown, J .  Am. Chem. Sac., 76, 3167 (1954). 
(18) \V. H. Mills and S. T. Widdows, J .  Chem.. Soc., 93, 

(19) A. Rcissert, Ber., 28, 121 (1895). 

73,494(1951). 

1381 (1908). 

( l i t . 2 0  m.p. 199" dec.). Esterification according to  the pre- 
vious experiment gave the methyl ester, m.p. 86-87'; a 
mixture melting point with sample preparcd in the previous 
experiment was undcpressed. 

Methyl 2-metlwxypyridined-carboxylate. hIethyl 2-nitro- 
pvridine-5-carboxylate (0.14 g.) and methanol (0.10 ml.) 
were dissolved in benzcne (10 ml.). Sodium hydride (0.14 g.) 
was added, and the mixture was refluxcd 4 hr. A solid was 
collected by filtration which gave brown fumes on acidifica- 
tion, and a positive "brown ring test" with ferrous sulfate and 
conccntrated sulfuric acid, indicating the presence of nitrite 
ion. The filtrate residue n'as sublimed to long white needles 
of methyl 2-methoxypyridine-5carboxylate (0.09 g.) m.p. 
48-49' (lit.alm.p. 42'). 

Anal. Calcd. for CsHloOsN: OCH, 37.1. Found: 36.5. 
Under the same conditions, but without the addition of 

methanol, sodium hydride was recovered by filtration and 
methyl 2-nitropyridine-5-carboxylate by evaporation of the 
filtrate. With sodium methylate in methanol thc same 
product was obtained on sublimation but the yield was 
lower. 

2-Aminopyridined-carboxylic acid. Methyl 2-nitropyri- 
(line-5-carboxylate (0.60 g.) was added to a sodium amidc 
siispension prepared by the addition of sodium (0.08 g.)  to 
liquid ammonia (50 ml.). The mixtiire immediately became 
deep purple, then slowly faded to brown. Evaporation of 
the ammonia left an  amorphous gray water-soluble powder, 
which evolved nitric oxide upon acidification with 3N hydro- 
chloric acid. From the acid solution, a small amount (10 
mg.) of crystalline 2-aminopyridine-5-carboxylic acid was 
obtained, m.p. 290-310' dec. (lit.22 312' dec.). 

Attempted condensations with ethyl acetate using sodium 
hydride, sodium amide or sodium triphenylmethyl in inert 
solvents were unsuccessful. 

Acknowledgment. We wish to thank P:Lrkc, Davis 
and Co. for a fellowship which supported this rc- 
search. 

STANFORD U~IVERSITY 
STANFORD, CALIF. 

(20) 11. von l'echmann and Mr. Welsh, Bdr., 17, 23!)2 

(21) H. Meyer, Monatsh., 26, 1320 (100.5); 28, BO (1907). 
(22) W. Markwald, Bcr., 26, 2188 (1893). 

( 1884). 

The Synthesis of 5-Azaindold 
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Since 7-azaindole and 7-azatryptophan3 have 
exhibited interesting biological activity in a number 
of sy~terns ,~  a synthesis of 5-azaindole and deriva- 
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tives seemed desirable. 5-Azaindole itself was first 
prepared by Moller and Suss by a photochemical 
ring contraction of 3-diazo-l16-naphthyridin4- 
(3H)-one and decarboxylation of the resulting 5- 
azaindole-3-carboxylic acid. Earlier unsuccessful 
attempts to preparc the heterocycle included appli- 
cation of the Madelung cyclization of 4-formamido- 
3-picoline,6 as well as a Bischler-Napieralski-type 
reaction of 2-(2-f0rmamidoethyl)-pyrroIe.~ Since 
7-azaindole could be prepared in greatly im- 
proved yield by use of sodium anilide3 in the Made- 
lung reaction, rather than sodium ethoxide,* it 
was thought that a reinvestigation of the cycli- 
zation using the former reagent might be fruitful. 
A further inducement to  this study stemmed 
from the fact that Clemo and Swan6 attempted the 
synthcsis employing an impure, noncrystalline 
preparation of 4-formamido-3-picoline. Prelimi- 
nary studies on the formylation of 4-aminopyridine 
produced the hitherto unreported 4-formamido- 
pyridine and made possible the selection of reaction 
conditions which led to 4-formamido-3-picoline 
in good yield and in crystalline form. Cyclization 
of the latter by the procedure employed for 7- 
azaindole3t9 afforded 5-azaindole in 21% yield. 
The product was identical with the compound pre- 
pared by Moller and Sus.’O 

hydrogenation ill acidic medium over Adams’ 
catalyst did not take place.12 A considerably lower 
absorption value for the longer wave-length ultra- 
violet absorption maximum compared to the 7- 
azaindole3 and 4-methyl-5-azaindole7 maxima wae 
:dso noted. The identity of tho products prcparctl 
by the two different syntheses, however, together 
with the :mdytical data, molecular weight dc- 
terminatioiis and characteristic color leactiolis 
(vide infra) allow no other expression for thc 
product. 

Another possible approach to  the synthcsis of 
the hzaindole  ring system involves the creation 
of an intermediate “pyridyne” species, so substi- 
tuted that an adjacent nucleophilic center might 
add intramolecularly. This method of synthesis of 
heterocyclic compounds was first elucidated by 
Hrutfiord and Bunnett.l3*l4 Experiments were 
first carried out with 4-acetamido-3-bromopyridine, 
a derivative which is relatively easily available. 
It may be noted, however, that attempts to prepare 
the compound by bromination of 4-acetamidopyri- 
dine were unsuccessful, starting material being 
recovered. The substance was obtained via 3- 
bromopyridine-N-oxide by nitration, reduction arid 
acetylation. Treatment of the product with a wide 
variety of basic reagents did not result in the de- 

NHCHO bCH” Nat443H: ,  

I 
N H 

Several attempts were made to convert 5-azain- 
dole to  5-azatryptophan. The substance, however, 
differs appreciably in its reactivities from 7-azain- 
dole and the reaction sequence employcd with the 
latter was unsuccessful. Thus attempted conversion 
to  “5-azagramine” by several modifications of the 
Mannich reaction led to materials which could not 
be crystallized or purified. Further, no well char- 
acterized compounds could be isolated on treatment 
of the crude Mannich reaction product with acet- 
amidomalonic ester, nor was i t  possible to isolate 
any crystalline substance from the direct treatment 
of 5-azaindole with diethyl piperidinomethylform- 
amidomalonate. l1 

5-Azaindole differs in other respects from its 7- 
aza analog. Thus, attempted atmospheric-pressure 
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sired cyclization to 5-azaindole. In  all cases start- 
ing material was recovered or dehalogenation or 
hydrolysis was observed. It was thought that salt 
formation involving the active hydrogen of the 
amide group might be interfering with the cycli- 
zation, and accordingly attempts were made to  
prepare the acetyl derivative of 4-benzylamino-3- 
bromopyridine. It was found that 4-benzylamino- 
pyridine can be prepared in good yield by treatment 
of 4-aminopyridine with benzaldehyde and subsc- 
quent reduction with formic acid. 

No well characterized products were obtained on 
bromination of the amine, however. The desired 
combination of halogen and benzylamino groups 
was finally attained by treatment of 4-amino-3- 
bromopyridine with benzyl alcohol and potassium 
hydroxide. l6 The resulting 4-benzylamino-3-bromo- 
pyridine, which was isolated as the picrate was not 
investigated further because of the termination 
of the project. 
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4-l"ormamidopyridine.  A formylat,ing mixt lire, prcparctl 
l)y heating 2.5 ml. of 98% formic acid and 6.3 ml. of acetic 
anhydride at 50" for 2 hr., was cooled to  ice-bath tem- 
perature and a solution of 1.88 g. of 4-aminopyridine in 40 ml. 
of dry tetrahydrofuran was added slowly with cooling. Thr  
mixtiire mas allowed to  stand at room t>emperature for 2 
days, another anhydride solut,ion preparcd by heating 1.7 
ml. of formic acid and 4.2 ml. of acetic anhydride was added 
and the reaction was allowed to  stand one more day. It was 
thcn evaporated to  dryness in vucuo and the residue was 
washed nit>h ethcr and recrystallized from acetone. The 
1.98 g. (80%) of white sand melt,ed a t  160-162'. Thc analy- 
tical sample, preparcd by two more rccrystallizations from 
acetone, mclted at 162-163". 

Anal. Calcd. for CGHBNzO: N, 22.92. Found: N, 22.94. 
4-Formamido-6picol ine.  The 4-amino-3-picoline was pre- 

pared on a large scalc by a modification of the two-stcp re- 
duction of 4-nitro-3-picoline-N-oxidc.18 It was found that 
thc intermcdiate 4-nitro-3-picoline could he hydrogenated 

ale in goo/, yield at 1-3 atmospheres presaure, 
provided that the shaker bottlc was cooled continuously 
during the early, exothermic stage of the hydrogenation 
hy  a stream of running water. In  the abscncc of such cooling 
some undesired side reaction took place and almost none of 
thc desired product was obtained. A solution of 32.2 g. of 
the amine in 200 ml. of dry tetrahydrofuran was added 
slowly to  a formylating mixture prepared, as in the 4 
formamidopyridine preparation, from 38 ml. of formic acid 
and 95 ml. of acetic anhydride. After standing and treat- 
ment with a second portion of anhydride solution, prepare 
from one half the above quantities of reagents, the reaction 
mixture was worked up as  in the previous casc. The residue 
from the evaporation was triturated with 200 ml. of dry 
ether and the resulting 33 g. of white solid was purified by 
chromat>ogaphy on 300 g. of alumina.19 Elution with about 
1000 ml. of 2: 1 benzene-acetone afforded, aftcr rccrystalli- 
zation from hcnzcnc, 22.9 g. of whit,e rwrdlcs, m.p. 141'. 
About 10 g. of crude material, obtained from the mother 
liquors, from the earlier ether washings and from later 
chromatogram fractions was chromatographed again on 125 
g. of alumina. By this procedure an additional 5.13 g. of 
white needles, m.p. 140-141", was obtained. Thus, the total 
yicld was 69%. The analytical sample, m.p. 142-143', was 
prcparcd by sublimation at, 140' (0.2 mm.). 

A n a l .  Calcd. for C ~ H ~ N Z O :  C, 61.75; H, 5.92; N, 20.58. 
Found: C, 61.75; H, 5.71; N, 20.53. 

The picrate formcd yellow needles from ethanol, m.p. 
199-200' (reported6 m.p. 199-200'). 

BrAzaindole .  The cyclization of thc amide was effected by 
t,he procedure used for 7-azaindole.svg In  the single largc 
scale reaction carricd out ,  42.4 g. of amide was cyclked 
using appropriate qiiantities of sodium hydride and anilineJ9 
the only variation in procedure being the use of 44.5 g. of 
dry sod ium formate, instcad of the potassium sa l t . , I t  ha8 
been found that the sodium salt is more satisfactory for 7- 
azaindolc preparations, as well. The usual reaction workup 
afforded, in t,he final dislillat~ion, 14.1 g. of red oil, h.p. 163- 
166' (0.5 mm.). After the oil had partially crystallized thc 
solid was separated by filtration and rccrystallized from 
ether-pctrolcum et.her. The 2.48 g. of white solid melted at 
305-107". Chilling of the oil yielded more solid, which aft,cr 
two recrystallizatioIis weighcd 1.32 g. and melted at 110- 
11 1". Thc combined oil8 and materials from thc mother 

(16) Melting points are corrcctcd, boiling points 1111- 
rorrectcd. 
(17) Analyses hy Wciler and Straiiss, Oxford, ISngland, 

except for some nitrogen analyses which werc carrird out by 
a semimicro Kjeldahl technique in this laboratory. 

(18) W. Hrrz and I,. Tsai, J. Am. Chem. Soc., 76, 4184 
(1  954) 

(19) Fisher adsorption alumina was used. 

liquors a w e  purified by chromatography on 150 g. of 
aliimina.lg lClut,ion with about 800 ml. of 4: 1 ether-acctonc 
iifforded, after recrystallization, 2.96 g. of additional prod- 
uct. Rechromatography of the crudc fractions through 
another 100-g. alumina column produced a final fraction 
of 1.03 g. of 5-azaindole. The total yield was 7.70 g. or 2170. 
The analytical sample was preparrti by rccqstallizat,ions 
from benzene-cyclohexane, from chloroform-hexane and from 
water and by sublimation a t  105' (0.3 mm.). The white 
solid mclted at 111.5-112.5' and the melting point was undc- 
pressed on admixture with a sample preparcd by Mollcr and 
Sus. 5-Azaindole gives a negative Ehrlich test, but a dark 
hlue-green color on treatment with sodium riitroprussido 
and alkali, as  docs 7-azaindole.3 The ultraviolet spectrum 
shows a minimum at 238 mp (log E 3.13) and a maximun at 
265 mp (log e 3.62). The corresponding values det,ormincd 
from the sample provided by Miillcr and Sus werc X,,i, 
237 mp (3.16) and Amax 265 mp(3.63). The equivalent weight 
of the substance was dctermined by perchloric acid titration 
of an acetic acid solution using crystal violet indicator, while 
the molecular weight was approximated by a crude semi- 
micro Rast procedure.*O 

Anal. Calcd. for C7HSN2: C, 71.19; I-I, 5.09; N, 23.73; 
mol. wt. 118. Found: C, 71.41; H, 5.16; N, 23.86; neut. 
equiv., 118; mol. wt., 141. 

4-Amino-Pbronaopyridine. This known material was pre- 
pared from 3-bromopyridine by nitration of the K-oxidc and 
reduction. A number of improvements werc made in the 
steps. Rath21 reported the preparation of 8-hromopyridinc 
in 56% yield by diazotization of X-aminopyridine in sulfuric 
acid-hydrobromic acid and treatment with copper powder. 
Since, in our hands, this method gave a yield of only 28%, 
the reaction was run in a mixture of 3 volumcs of 48% hydro- 
bromic acid and 1 volume of water. By this modification the 
yield was increased to 41-53%. Den HertogZ2 prcpared 4- 
amino-3-bromopyridinc in approximatcly 2370 yield from 
the 3-bromo compound. This ovcr-all yield was approxi- 
mately doubled by: (1) Use of peracetic acid, rather than 
perphthalic acid in thc oxidation, and isolation of 3-hi-OmO- 
pyridine-K-oxidc as the hydrochloride. (2) Nitration of the 
hydrochloride salt. (3) Prolonged cxtraction of the iron- 
acetic acid reduction product into ether in a continuous 
cxtraction apparatus. 

4-Benzylantino-3-bromopyridine picrate. A mixturc of 0.43 
g. of 4-amino-3-bromopyridine, 0.30 g. of hcnzyl alcohol, 
0.30 g. of potassium hydroxide, and 5 ml. of xylene was re- 
fluxed 7 hr., cooled, and added to  30 ml. of ether. Insoluble 
material mas separated by filtration and the organic layer 
was evaporated in VUCUO. Since thc residual oil afforded no 
crystalliric matcrial on chromatography, a picrate was 
formed in ethanol. The 0.61 g. of ycllow ncedles mcltcd at 
160-165'. Aftcr recrvstallizat,ions from ahsolute ethanol 
the compound had In.,. 163-165'. 

Anal. Calcd. for C,.€IlaN5O7I3r: X, 14.23. Found: 9, 14.30. ." .. 
4-Acetarnido-3-bromopyridine. A mixture of 3.1 g. of thr 

amine and 30 ml. of acctic anhydridc was rcfluxcd 6 hr. and 
evaporated in vucuo. Tho rcsitluc was dissolved in 150 ml. 
of ether and extracted with t,hrre 150 ml. portions of cold 
370 aqueous sodium h y d r o x i d ~ . ~ ~  Thc sodium hydroxide 
solution was saturated with carbon dioxidc and thc resulting 
precipitate was washed with cold water and dried. Thc 
2.88 g. (75%) of Pace tamido-3 -h romop~r i~~ i r~~~  had m.p. 
96-100". Recrystallization from ether-pctroleum ether 
afforded white riocdlos, m.p. 86-87'. Thorough drying of 

(20) R. I,. Shrincr, 11. C. Fuson, and 1). Y. Curtin, "Tlw 
Systcmatic Idcntification of Organic Compounds," Johll 
W'ilcy and Sons, Inc., Nrw York, 3. Y., 1!)56, p. 55. 

(21) C. Ititth, i tnn. ,  486, 100 (1931). 
(22) H. J. Den Hcrtog and J. Overhoff, Roc. trav. chim. ,  

69,468 (1950). 
(23) The solubility of amides of 2- and 4-aminopyridine 

in strong aqueous base is general when the amide nitrogen is 
unsubstituted. 



t,hcsc crystals at TO" rauscd a charige to  prisms, m.p. 102.5- 
103.5". The analytical sample, prcparcd by further re- 
crystallizations from the same solvent pair, had m.p. 86- 
87", which changed to 101-102.5" after storage of the product 
for one month a t  room temperature. 

Anal. Calcd. for C7H7N20Br: N, 13.03. Found: N, 12.96. 
No cyclization products were obtained from rcactions in 

which the substance was treated with potassium amide in 
liquid ammonia, with sodium ethoxide in ethanol a t  150- 
160°, with sodium hydride in refluxing xylene or with 
sodium amide in refluxing cumene. 

4-Benzylaminopyridine. A mixture of 3 g. of Paminopyri- 
dine, 4.5 g. of benzaldehyde and 10 ml. of cumene was re- 
fluxed for 2 hr., during which period water was removed 
periodically by co-distillation with cumene. The mixture 
was cooled, then after addition of 8 ml. of 98% formic acid 
it was refluxed again for 17 hr. Fifty ml. of water was added 
to the two-phase system after cooling and the aqueous 
layer was separated, washed with three 25-ml. portions of 
ether, thcn made alkalinc with saturated aqueous sodium 
carbonate. The precipitated white solid weighed 4.19 g. 
and melted a t  107.5-109.5". Recrystallizations from ether- 
petroleum ether affordcd 3.99 g. (69%) of white prisms, 
m.p. 110.5-11lo. The picrate was formed in methanol and 
rccrystallized from the same solvent, m.p. 138.5-139.5°.24 

Absorption spectra. Thc ultraviolet spectra of the 5- 
azaindolc samples were determined from lO-4M solutions 
in 95% ethanol. Measurements were carried out with either 
a Beclcman model DU spectrophot,omet,er or a Beckman 
model DK-1 instrument. 
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that the reaction of styrene oxide with potassium 
benzyl mercaptide in dioxane give the correspond- 
ing secondary alcohol. This direction of ring open- 
ing was considered normal by these investigators. 

Since styrene oxide had been found to react with 
sodium 2-naphthoxide in water predominantly by 
nuclear attack, forming 2-(2-hydroxy-I -naphthyl)- 
2-phenylethanol, and since the analogous com- 
pound that would result from a comparable reac- 
tion between styrene oxide and 2-naphthilenethiol 
was now sought, the latter compounds were sub- 
jected to appropriatc reaction conditions. This was 
undertaken in spite of the known lack of nuclro- 
philic reactivity of the ring in such th iophen~ls .~  
The substance that was isolated, in 80% yield, was 
shown to have structure I. The rraction in aqueous 

CJl,--CIT--CHzOl I 
I 
SCIOH~ 

T 
1 

medium with excess sodium hydroxide present was 
relatively rapid a t  0-5'. Little, if any, of the sec- 
ondary alcohol could have been formed. Both of 
the possible isomeric alcohols were synthesized by 
reliable methods for structure proof as reported in 
the experimental portion. 

The direction of ring opening of styrene oxide in 
aqueous alkali is thus the same with 2-naphthol and 
2-naphthalenethiol. For these two compounds dif- 
ferences in the rate of reaction and structure of 
products seem to result, in part, from the nature of 
the nucleophilic species.5'6 It is our conjecture that 
solvent effects are partially responsible for the dif- 
ference in the direction of ring opening of styrene 
oxide observed by us and the aforementioned in- 
vestigators.' In an experiment not reported here the 
reaction of styrene oxide with the sodium salt of 2- 
naphthalenethiol in dioxane evidently formed 
the secondary alcohol predominantly. 

(24) T. Kahto and hl.  Ohta, J .  Pharm. SOC. Japan, 71, 
217 (1951) report m.p. 108-109.5° for the aminc and m.p. 
140-142' for the picrato. 

Reaction of Styrene Oxide 
with 2-Naphthalenethiol 

neceived December S1. 1858 

Styrene oxide has been shown by Gilman and 
Fullhart2 to react with potassium methyl mercap- 
tide and form the secondary alcohol, CJ1,CHOH- 
CH2SCH3. More recently l i o n d ~ s t v e d t ~  reported 

(1) Talccxn in part from thc h1.S. thesis of Hcrbert S. 
Wilgus 111, I>cc~cmt)er 1955. 

(2) H. Gilman and L. Fullhart, J .  Am. Chem. SOC., 71, 
1478 (1949). 

(3) C. S. Rondestvedt, Jr., J .  Org. Chem., 21, 911 (1956). 

EXPERIMENTALR 

lieaction of styrene oxide with 2-nnphthnlenelhiol in aqueous 
sodium hydroxide. A mixture of 2-nrtphthalenethiol ( 11.0 g., 
0.069 mole, Eastman product recrystallized to m.p. 80-82') 
in sodium hydroxide (5.0 g., 0.125 mole) and water (75 ml.) 
was stirred undcr nitrogen with warming t>o aid dissolution 
of the thiol. This was then cooled in an icc b:tth to bclow 5" 
prior to the addition of styrene oxidc (4.0 g., 0.033 mole, 
b.p. 45' (2 mm.), n'," 1.5345) in portions in 5 miri. A reaction 
occurred almost immediately as evidenced by the appear- 
ance of a fine precipitate. After 2 hr. the mixturo was 
allowcd to warm to room temperature, filtercd, ndshc:d by 

(4) C. 0. GWS and L. H. Julcs, J .  Ant. Chem. Sop., 72, 
3878 (1950). 

( 5 )  Eg., I). S. Turbell, and A. 13. I-kre, J .  A m .  Chenr. 
SOC., 75, 1668 ( 1953) and refcrenccs mentioned there. 

(0) 0. It. Qualc and E. E. Royals, J .  rim. Chem. Soc., 64, 
220 (1042); J. F. Bunnett and 0. 1'. I>avis, .I. Am. Chem. 
Soc., 76,301 1 (1954). 

(7) C. 0. Guss and H. R. Williams, J .  Org. Chem., 16, 
1809 (1951). 

(8) Temperature measurements are uncorrected. 


