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tion measurement indicates that these conditions lead 
to much more racemization than those of Nayak and 
Dev.12 

Experimental 

w-Acetyllongifolene (Ib).-To 25 ml. of acetic anhydride and 
31 ml. of boron trifluoride etherate, cooled and stirred in an ice 
bath, was added 10.2 g. of longifolene'aduring5 min. The mix- 
ture slowly darkened and became almost homogeneous after an 
additional 5 min. a t  0". It was then added slowly to a mixture 
of ice and concentrated aqueous potassium hydroxide. This 
alkaline mixture was stirred as it warmed to room temperature. 
After 45 min. ether was added, the resultant emulsion was filtered 
from inorganic material and separated, and the aqueous phase 
was extracted with additional ether portions. In this way 12.0 
g. of amber oil was obtained from the ether extract. 

A rough separation of products was accomplished by chroma- 
tography on a column of 100 g. of silica gel to give: 3.07 g. of 
isolongifolene (infrared evidence) eluted with petroleum ether 
(b.p. 30-60"), 6.17 g. of crude Ib  in the petroleum ether-ether 
(9: 1 and 8:2) fractions, and about 1.5 g. of unidentified material 
in the petroleum ether-ether (7:3 and 6:4) eluates. Careful 
rechromatography of crude Ib  on silica gel yielded 3.87 g. of 
product in fractions eluted with petroleum ether-ether (95 : 5) 
whose ultraviolet absorption maximum showed an E% in excess of 
500. 

The analytical sample was prepared from the semicarbazone 
(see below) by hydrolysis with 70% acetic acid a t  reflux for 22 hr., 
chromatography on silica gel, and evaporative distillation in a 
short-path still at 155" (20 mm.). 

Anal. Calcd. for C17H260: C, 82.87; H,  10.64. Found: 
C, 83.17; H, 10.63. 

This material was a single component on silica gel chromato- 
plates (Xr 0.63 in cyclohexane-ethyl acetate, 8:2,  spotted with 
H,SO,). Tapor phase chromatography ( 2y0 SE-30, temperature 
170", retention time 21.5-23 min.) also showed this product to be 
a single component. Other data obtained on the analytical 
sample or material of comparable purity are as follows: Xmax 
256 mp ( e  15,000) (95% ethaiiol); A:::,: 5.95 and 6.19 p (nearly 
equal intensities); the 1i.m.r. (1-arian A-60 spectrometer) 
showed three sharp singlets a t  T 9.00, 9.06, and 9.11 for the 
tertiary methyl groups (T 9.01, 9.06, and 9.10 in longifolene), 
a three-proton singlet at T 7.S2 for the acetyl methyl, and a one- 
proton singlet a t  T 4.13 for the vinylic proton, in deuteriochloro- 
form; [aln +52.2" (CHC1,); circular dichroism Aedal-328 = -0.17 
in dioxane. 

Semicarbazone of w-Acetyllongifo1ene.-To 1 .O g. of once- 
chromatographed Ib in 10 ml. of 957; ethanol was added 700 mg. 
of semicarbaxide hydrochloride dissolved in 3 ml. of water to 
which 10 ml. of 95% ethanol had been added. After gentle 
warming for 15 min. and at.orage in  an ire rhest overnight, 630 
mg. of crystals, m.p. 202-206' deca., was collected. Several re- 
crystallizations from 955; ethitnol yielded a sample: m.p. 203- 
206" der."; A,,,,, 2 i 2  nip ( e  21,300); AEfl: 2.90, 3.15, 5.89, 6.08 
(weak), and 6.32 p .  The i1.m.r. showed a three-proton singlet a t  
I 8.05 (CH,CO) and a one-proton singlet a t  T 4.47 (vinyl H),  
as well as the expected tertiary methyl groups at  T 9.0-9.1 in 
deuteriochloroform. 

Anal. Calcd. for C1&9NSO: C, 71.24; H ,  9.63; K ,  13.85. 
Found: C,  71.09; H,  9.6s; N ,  14.29. 

w-Carboxylongifolene (IC).-To 125 mg. of Ib  iii S nil. of meth- 
anol was added 2.0 ml. of 1.53 sodium hypochlorite solution. 
After an initial exothermic reaction the niixture was refluxed on a 
steam bath for 15 hr. I t  was cooled, water was added, and the 
mixture was extracted with ether. The ether extract was washed 
with aqueous sodium thiosulfate, dried, and concentrated to give 
52 mg. of neutral product as an oil. 

From the ether extract of the acidified initial aqueous phase 
25 mg. of crystalline acid product was obtained. Recrystnlliza- 
tion from ether-petroleum ether and then from 95cc ethanol gave 
pure IC,  m.p. 223-224" (subliming slowly above 210'). This 
product was proved to be the same as w-carboxylongifolene11 by 
the identity of infrared spectra in chloroform and 1i.m.r. spectra 
in deuteriochloroform. 

(13) We thank Dr. E. Klein (Dragoco, Holzminden) for the gift of longi- 

(14) All melting points were taken on a Kofler micro hot stage, 
fdene  used in this study, 

The neutral product after chromatography on silica gel ap- 
peared to be w-carbomethoxylongifolene (Id),l6 as evidenced by 
spectral data: Amax 235 mp, E% 528 (%yo ethanol); methyl ester 
protons a t  7 6.30 and a vinyl proton at  I 4.50. However, the 
optical rotation, [ a ] ~  $44.6" (CHCla), is quite different from 
that  reported,' [CY]D +104' (neat), for this compound by Dev 
and co-workers. There is, of course, the possibility of cis-trans 
mixtures. 

1solongifolene.-To 1.0 g. of longifolene in 5 ml. of sodium- 
dried ether was added 3 ml. of boron trifluoride etherate and the 
mixture was refluxed for 1 hr. on the steam bath. The resultant 
dark brown mixture was added cautiously to excess potassium 
hydroxide and ice. The mixture was stirred a t  room tempera- 
ture for 1.5 hr., a t  the end of which time the ether phase became 
straw yellow in color. Separation, further extraction, water 
wash, and evaporation of ether left 980 mg. of light yellow oil. 
This material was essentially identical with authentic isolongi- 
folene by infrared comparison, and vapor phase chromatography 
showed it to be about 90% pure isolongifolene. When this oil 
was passed through a column of 40 g. of silica gel the eluate 
contained 689 mg. of isolongifolene as a colorless oil, [a]n  - 14.9' 
( c  1.39, CHCls), in the first fraction and 143 mg., [ a ] ~  -3.9' 
( c  0.76, CHCls), in the second fraction.12 

(15) We have been unable to  find a precedent for this unusual esterifica- 
tion reaction in the  presence of sodium hypochlorite. 
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Inconsistent yields and complex procedures char- 
acterize the indirect preparat i~nl-~ of N-acetyl+ 
cysteine from L-cystine. Acetylation of two mercapto 
starting materials, L-cysteine ester4 and anilideJ6 with 
acetic anhydride gave N,S-diacetyl derivatives. By 
acylating cysteine with acyl halides, good yields of S- 
acylated cysteinessJ and unspecified yields of N- 
acylated derivatives8 were obtained. 

We have prepared N-acetyl-L-cysteine in 65430% 
yields directly from L-cysteine using 1 equiv. of acetic 
anhydride and a variety of acid acceptors in aqueous 
tetrahydrofuran. N-Propionyl and N-succinoyl deriv- 
atives were obtained in yields of 61 and 22y0, respec- 
tively, by this simple, direct method. 

Experimental9 

N-Acetyl-L-cysteine.-A suspension of 35.2 g. (0.2 mole) 
of L-cysteine hydrochloride monohydrate in 87 ml. of 91% aque- 
ous tetrahydrofuran (THF) was stirred under nitrogen a t  room 
temperature and treated with 54.4 g. (0.4 mole) of sodium ace- 
tate trihydrate. The sodium acetate addition lowered the in- 
ternal temperature to  9' and produced a curdy mass. After 

(1) N. W. Pirie, Biochen. J., 26 ,  614 (1931). 
(2) N. W. Pirie and T. S. Hele, ibid., 27, 1716 (1933). 
(3) H. A. Smith and G. Gorin, J. Org. Chem., 26, 820 (1961). 
(4) E. Cherbuliez and P1. Plattner, Helu.  Chim. Acta, 12, 317 (1929). 
(5) J. C. Sheehan and D.-D. H. Yang, J. A m .  Chem. Soc., 80, 1158 

(1958). 
(6) 4. Berger, J. Noguchi, and E. Katchalski, ibid., 78, 4483 (1956). 
(7) L. Zervas, J. Photaki, and K. Ghelis. ibid., 86, 1337 (1963). 
(8) A. L. Sheffner, U. S. Patent 3,091,569 (May 28, 1963). 
(9) .ill melting points are uncorrected. The infrared spectra of all the  

described compounds were consistent with the assigned structures. We wish 
to  thank Dr. Donald L. Timma and associates of these laboratories for the 
analytical and physical data.  The  sulfhydryl determination %-as performed 
potentiometrically with mercuric chloride using a gold indicating electrode 
[R. Cecil, Biochim. Biophys. Acta. 18, 151 (1955)l. 
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stirring for 20 min. a t  9-15', the mixture was cooled to 3-6" and 
treated, dropwise, with 20 ml. (20.8 g., 0.21 mole) of acetic anhy- 
dride,. The resulting mobile suspension was stirred for 6 hr. 
a t  room temperature, allowed to stand overnight, and finally 
heated under reflux for 4 hr. Hydrogen chloride gas (8 9.) was 
then bubbled into the cooled reaction mixture a t  5-10' to  liber- 
ate the N-acetyl-L-cysteine from its sodium salt. The thick 
suspension was made mobile by the addition of THF and filtered 
to remove sodium chloride. The product was isolated by care- 
fully concentrating the filtrate under reduced pressure a t  40-50' 
and crystallizing the residual oil from 35 ml. of warm (45-50') 
water: yield, 26.3 g. (80.6%) of white solid in two crops; m.p. 
109-110'; pK, = 3.2; [ ( Y ] ~ ~ D  $21.64' ( c  5, dilute NaOH, 
pH 7), +4.07" ( c  2.7, water); 1it.l [ 0 1 ] ~ ~ ~ ~ ~  +6.3' (c 2.7, water). 

Anal. Calcd. for CsHsNOaS: C, 36.80; H ,  5.56; N, 8.58; 
SH,20.2.  

Yields of 65-77Yc were obtained when sodium hydroxide, 
ammonium hydroxide, or tribasic sodium phosphate was used 
as the acid acceptor in place of sodium acetate. Thesubstitution 
of other reaction solvents for THF gave the following yields: 
methanol, 70%; 2-propanol, 78%; and water, 66%. Acetyla- 
tion of L-cysteine base under anhydrous conditions in methanol, 
using 1 equiv. of sodium methoxide as the acid acceptor, gave a 
677, yield. 

When the above reaction was carried out with 2 equiv. of acetic 
anhydride, N,S-diacetyl-L-cysteinelO was obtained in 34y0 yield. 
N-Succinoyl-L-cysteine.-The use of 20 g. (0.2 mole) of suc- 

cinic anhydride gave an oily product which was slurried with 
150 ml. of anhydrous ether to yield 41.6 g. of crude solid, m.p. 
131-132". Two recrystallizations from water gave 9.7 g. (22Yc) 
of whitesolid, m.p. 141-142", [ ( ~ ] * ~ n  +4.5O(c3, water). 

Anal. Calcd. for CiHllNObS: C, 38.00; H, 5.01; N, 6.33; 
SH, 14.9. 

N-Propionyl-L-cysteine .*-Propionic anhydride (26.4 g . , 0.202 
mole) was added slowly a t  0-5" to a stirred suspension (under 
nitrogen) of 35.2 g .  (0.2 mole) of L-cysteine hydrochloride mono- 
hydrate, 38.4 g. (0.4 mole) of sodium propionate, and 98 ml. of 
807c aqueous THF. The reaction mixture was treated as 
described above, except that liberation of product was achieved 
by the slow addition of concentrated hydrochloric acid (18 ml.): 
yield, 21.7 g.  (61%); m.p. 89-90'; [ C Y ] ~ ~ D  +24.3' (c 5, dilute 

Found: C,36.78; H,5.72;  N, 8.54; SH, 19.9. 

Found: C, 38.38; H ,  5.08; N ,6 .03 ;  SH, 14.6. 

NaOH, pH 7 ) .  
Anal. Calcd. for CsHIINO,S: C, 40.67; H, 6.26; N, 7.90; 

SH, 18.6. Found: C,40:77; H,6.24;  N, 7.69; SH, 18.6. 

(10) A. Neuberger, Biochem. J. ,  82, 1452 1938). 
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The cycloisomerization of allylbenzenes to hydrin- 
denes is a well-known reaction; it is catalyzed by acids. 
In  an attempt to use propenyl- instead of the isomeric 
allylbenzenes, the reaction of 1,l-diphenylpropene 
(C15H14) with sulfuric acid has been studied. It gave a 
well-crystallized product of the formula C ~ ~ H I ~ O Z S ,  
which obviously arises from the reaction CIS& + 
H2S04 + C15H1202S + 2H20. The new compound 
contains a double bond, as hydrogenation gives thc 
equally well-defined C15H1402S and the infrared spec- 
trum (KBr pellet) indicated the presence of a sulfone 
group; the peaks a t  1300, 1176, and 1152 cm.-' corre- 
spond to the known infrared spectra of sulfones.' The 

(1) F. h. Gunther, R.  C. Blinn, and J. H. Barkley, J .  Agr .  Food Chem., 1, 
104 (1959); 0. Ekner,  ColIection Czech. Chem. Commun., 18, 935 (1963); N. 
Shinriki and T. Kambara,  Chem. Pharm. Bull. (Tokyo), 11, 178 (1961); G. 

ultraviolet spectrum shows a strong bathochromic shift 
in comparison with the starting material. It resembles 
somewhat that of indene: C15H1202S, 228 mp (log e 4.54), 
254 (3.79, infl.), and 312 (3.38) (in ethanol); 1,l-di- 
phenylpropene,2 235 mp (log e 3.87) and 248 (3.94) (in 
ethanol); indene,3 249 mp (log e 3.97) 279 (2.72), 285 
(2.48)) and 290 (2.26) (in ethanol). 

These data establish for the compound C15H12S02 
one of two possible formulas (I or 11). 

I I1 

The choice between them has been based on the 
n.m.r. spectrum which consists of a very sharp signal 
at T = 8.0 p.p.m. and a broad multiplet between T = 
2.35 and 3.1 p.p.ni. The ratio of the two maxima is 2-3: 
9-10. Obviously, there is no vinyl hydrogen in the 
molecule (which would give a signal a t  about T = 4.0 
p.p.m.), and the comparison with the following examples 
indicates that the substance contains a methyl and not 
a methylene next to the sulfone group. The signal a t  

H CH3 H CH3 

HzC, ,CH2 08, ,SO2 O,S, ,SO2 
C 
/ \  

H C6H5 CH3 CH3 
r 6.264 doublet a t  doublet a t  

T 7.62, 7.665 T 7.66, 7.705 

rn M H 
C 

/ \  so2 

T = 8 p.p.m. corresponds to the methyl, that a t  T = 
2.35-3.1 p.p.m. to the aromatic hydrogen atoms. For- 
mula I of 2-methyl-3-phenyl-benzothiophene 1,l-di- 
oxide is thus correct. 

The n.m.r. spectrum of the dihydro derivative con- 
firms these conclusions. It is composed of a doublet a t  
T = 9.15 p.p.m. (3 methyl protons), a quartet a t  T = 
6.62 p.p.m. (one proton a t  C-2), a doublet a t  T = 5.91 
p.p.m. (one proton a t  C-3), and a multiplet a t  T = 2.3- 
3.4 p.p.m. (representing the nine protons of the aroma- 
tic rings). 

Compound I is equally well obtained from ethyldi- 
phenylcarbinol as from l,l-di~~henyl~~ro~~ylene, and sub- 
stitution products appear to behave analogously. Thus, 
l,l-di(p-chlorophenyl)~~ropylerle gives a product CIS- 
H&1202S which has an infrared spectrum very similar 
to that of I and is thus very probably .5-chloro-3-(p- 
chlorophenyl)-2-methylbenzothiophene 1,l-dioxide. 

This curious reaction recalls somewhat the observa- 
tion of Kharasch6 that styrene reacts with bisulfite in 
the presence of oxygen to give CeHj.CHOH*CH2.- 
Kresme, U. Uhlich, E. Ropte, and B. Schrader, Z.  Anal. Chem., 197, 283 
(1963); R. J. Gaul and \V, J. Fremuth, J .  Ore. Chem., 16, 5103 (1961); G. W. 
Michel and H. R. Snyder, ibid., 2 1 ,  2084 (1962). 

(2) C. Djerassi, M, Shamma, and T. Y .  Kan, J .  Am.  Chem. Soc., 80, 4723 
(1958); e/. J. Cymermam-Craig and R.  J .  Harrsson, Australian J .  Chem., 8, 
378 (1955), and N. Campbell and D. A. Crombie, Chem. Ind. (London), 600 
(1959). 

(3) M. Donbrow, J .  Chem. Soc., 1963 (1959). 
(4) " N M R  Spectra Catalog," Vol. 11, Varian Associates, Pa10 Alto, Calif., 

( 5 )  R. J. S. Beer, D. Harris, and D. J. Reyall, Tetrahedron Lelfers, 1531 

(6) M. S. Kharasch, R. T. E. Schenck, and F. R. Mayo, J .  Am. Chem. 
We are grateful to one of the referees for drawing our 

1963, Spectrum No. 406. 

(1964). 

Soc., 61, 3092 (1939). 
attention to this paper. 


