
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. 



dispcrsion in watw until the filtratc \vas no longcr turbid 
whcn acidified, and dried to obtain !l.O g. (96.8%), m.p. 
87-98'. hcidificatioii of the first filtratc gave 5.7 g. of re- 
covered thiol, m.p. 75-82'. 

Two recrystallizations from heptane9 gave 7.4 g. (80%), 
m.p. 100-1 03 '. The purc 2-(2-nauhthvlmerca~to~2-uhenv1- 
ettianol ( I )  melted at102-103', fiom dilute ethanol. - 
77.29; II, 6.04. 

" 

Anal. Calcd. for ClsHl&B: C, 77.11; I T ,  5.75. Found: C, 

p-Nitrobenzoate was prcparcd as cream colorcd leaves from 
dilute ethanol, m.p. loti-108". 

Anal. Calcd. for C26H19NOIS: C, 89.90; II, 4.40. Found: 
C, 70.17; II,4.GO. 

Sljnthesis of a-(2-naphthylmrrcaplo)phen?/laretic acid. From 
2-naphlhalenelhiol and mandelic acid. A mix1 iirv of 2-naph- 
thalenethiol (8.0 g., 0.05 mole) and mandclic arid (6.1 g., 
0.04 mole) was heated in a large test tube under nitrogen a t  
an oil bath tcmperature of 190-195° for o w  hour.]o The 
warm, amber colored rcaction mixture, still liquid, was 
transferred by means of cthanol (100 ml.) to a beaker, and 
the resulting slurry warmcd with 8 g. sodium bicarbonate 
in 250 ml. water to form the sodium salt. Somc insoluble di- 
naphthyl disulfide was filtered off. Air was then bubbled 
through the aqueous filtrate a t  about 40' for 4 hr. to oxidize 
unreactcbd thiol to disulfide, finally giving 2.4 g. of the rc- 
crystallized disulfide, m.p. 137-139', reported11 m.p. 139'. 
Acidification of the aqueous mixturc with concrntrated 
hydrochloric acid produccd 7.35 g. solid which, after thrcc 
recrystallizations from dilute acetic acid (carbon black), 
gave 5.4 g. (45.970), m.p. 169-171'. The analytical sample, 
from dilute ethanol, melted a t  171-172'. 

Anal. Calcd. for ClaHl,02S: C, 73.44; H, 4.79. Found: C, 
73.52; II,4.97. 

Anilide was prepared by heating the acid ni th  anilinc at  
150-170" under nitrogen for 2 hr. and found to melt a t  
173.5-174.5", fine white necdles from dilute ethanol. 

Anal. Calcd. for C~rHlsXOS: C, 78.03; H, 5.18. Found: C, 
78.09; H, 5.52. 

p-Bromoanilide, similarly prepared, was a better deriva- 
tive since its melting point was 188-189", white ncedlcs - -  
from dilute ethanol. 

C, 64.43: H, 4.32. 
Anal. Calcd. for CI~Hl&rNOS: C, 64.28; H, 4.05. Found: 

'From ' I-&phthulenethiol and ethyl a-bromophenylacetate. 
Ethyl a-bromophenylacetate (6.1 g., 0.025 mole, n y  
1.5385) was added slowly to a stirred mixture of 2-napli- 
thalenethiol (4.0 g., 0.025 mole) in sodium hydroxide (2.0 
g., 0.05 mole) dissolved in water (50 ml.) under nitrogen. 
A precipitate began to appear after 20 min. a t  room tem- 
perature. A t  the cnd of 2 hr. the reaction mixturc was trans- 
ferred to  a boiling flask containing 10 g. sodium hydrositit: 
in water. The total volume was finally 200 ml. This was rr- 
fluxed 2 hr. to  produce a clear solution. The warm soluiion 
was treated with carbon black, being careful to keep the 
solution warm enough to prevent the crystallization of thc 
sodium salt. Acidification of the filtrate with concentra.tod 
hydrochloric acid and recrystallization of the resiilting 
solid from dilute acet.ic acid gave 6.6 g. (90.4%) fine, whitc 
needles, m.p. 16'9-172". A mixed melting point of this acid 
and that piepared by thc alternate method showed no de- 
pression. 

Reduction of a-(2-naphthylnzercapto)phenylacetic acid to 
I. Tetrahydrofuran was preferred to ether as the solvent be- 
cause thc acid was insoluble in cthcr. The a-(%naphthyl- 
mcrcapto)phenylacet,ic acid (4.4 g., 0.015 mole, m.p. 169- 
117') in tet,rahydrofuran (30 ml.) was added to lithium 
aluminum hydride (1.0 g., 0.026 mole) in tetrahydrofuran 
(25 ml.) over a 15-min. period. After an  additional 30 min. 
the mixture was treated with 10 ml. concentrat,ed hydro- 

(9) Eautman Organic Chemicals, P 2215. 
(10) B. I. Arvcnti and 34. Rol)ii-Burnuz, Ann. sci. zmiv. 

(11) K. Fries and G. Schurmann, Ber., 47, 1195 (1914). 
Jassy,  26,602 (1940). 

chloric acid in 40 ml. watcr. The orgariic layer was takcn up 
in cthcr arid washed with 4% aqiicous sodium hydroxide l o  
rcmove some acid that was not rt:durcd. Aftcr thc cther solu- 
tion was dried ovcr anhydrous potassium carbonate and 
the solvent removed, the product was recrystallized from 
heptanc' (carbon black) t,o yield 3.1 g. (i3.8ojO), m.p. 100- 
103'. il mixture melting point with pure 2-(2-naphthyl- 
mercapt~o)-2-phe1iylethanol (I)  fyom the rcact ion of stgrcno 
oxidc wit.h 2-naphthalencthiol was 101-103". 

Synthesis of 2'--(8-naphlh?jlmercapto)-l-phenylethanol. Thc 
preparation of a-(2-naphthylmercapto)acetophenone from 
phcnacyl chloride and 2-naphthalcncthiol followed thc pro- 
cedure of I,ong.12 A nearly theoretical yield was obtained, 
1n.p. 97-98', white needles from cttianol. 

Anal. Calcd. for ClsHlrOS: C, 77.66; H, 5.07. Forind: C, 
77.41 ; H, 5.41. 

The d,4~inilrophenylh?/drazone meltctl at 2W-2 I O', 
reddish orange needles from ethyl acctatc-hcnxcnc. 

Anal. Calcd. for C,,HlsN40rS: C, 62.87; H, 3.90. Found: 
C, 63.03; H, 4.21. 

Reduction of this ketone with cscess lithium aluminum 
hydridc by the convent,ional procedure providcd an oil thal  
soon solidified to a solid, m.p. 57450" in quarititative yield. 
I?ccrystallizatiori from a mixture of ht:ptarieY and benzene 
gave fine, white riecdlcs, m.p. 59-60'. 

Anal. Calcd. for ClsH,sOS: C, 77.11; €3 ,  5.75. Found: 
C, 77.16; H, 6.11. 

The pnitrobenzoate of this alcohol melted at 114-115', 
ycllow,'froni dilute ethanol. 

Anal. Calcd. for C,,IIIsSOrS: C, ci9.00; I I ,  4.46. Foiiiid: 
C, 69.80; 11,4.81. 

Acknowledgment. The authors arc grateful to the 
Research Corp. for a Frederick Gurdner Cottrell 
grant in support of this work. 

DEPARTAIEST OF CIIEMISTRY 
CO1,ORADO STATE ~ J N I V E R S I T Y  
FORT COLLIKS, COLO. 

(12) L. RI. Lorig, J. Am. Chem. SOC., 68,  21 59 (1946). 

Reaction of Phenols with Phosphorus 
' Pentachloride' 

.4. G. PISKIIS A N D  1'. G. WALDREP 

Iieceived January 6, 1969 

Although the reaction of alcohols with phos- 
phorus pentachloride is a standard method for the 
preparation of alkyl chlorides, little is known con- 
cerning the mechanism. 2 Gerrard and Phillips 
have postulated the formation of ROPC1, as an 
intermediate in this reaction. This intermediate can 
be used to explain the formation of the alkyl chlo- 
ride and phosphorus-containing by-products which 
are also obtained.3 Although such alkoxyphosphorus 
tetrachlorides have never been isolated to our 

(1) Prcsented a t  the Southwest Regional Meeting of the 
American Chemical Society, San Antonio, Tcx., Dec. 4 6 ,  
1958. 

(2) For a comprehensive review of earlier work and 
further work on the mechanism, see W. Gcrrard, J .  Chem. 
SOC., 741 (1946). 

(3) W. Gerrard and R. J. Phillips, Chem. & Id. (London), 
540 (1952). 


