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and thc more acidic 2-chloroethanol, 4-nitro-N- 
sulfinylariiline rcacted with all of the alcohols 
studied. These rcsults suggested that the rate of 
reaction of N-sulfinylaniline with alcohols is ap- 
parently increased by the substitution of an elec- 
tron withdrawing group on the aromatic nucleus, 
In  view of a recent report3 indicating that 4- 
methoxy-N-sulfinylarliline does not react with ethyl 
alcohol, we wish to report the results of our con- 
tinuing study which show that a variety of N- 
sulfinylanilines react rapidly and completely with 
incthyl alcohol. 

The ultraviolet spectra of both aromatic and 
aliphatic N-sulfinylamines have been determined 
in anhydrous methyl alcohol to determine the 
reactivity of these compounds with this solvent. 
The spectra of aromatic N-sulfinylamines indicated 
rapid and complete reaction. The N-sulfinylani- 
lines studied were: 2- and 3-nitro-; 4-bromo-; 
4-iodo-; 4-mcthyl-; 2,4dimethyl-; 2,Gdimethyl-; 
and 4-sec-amyl-. This study shows that even highly 
hindered N-sulfinylanilines containing electron 
donating groups (e.g., 2,6-dimethyl-N-sulfinylani- 
linc) can undergo rapid reaction. The rapid rate of 
reaction of all of the above compounds precluded a 
study of the effect of substituents on the rate of 
rcac tion. 

The aliphatic N-sulfinyl amines showed 1i:tle 
or no reaction with methyl alcohol. The aliphatic 
N-sulfinylamines studied were : n-heptyl-; tert- 
butyl-; cyclohexyl-; 2-chloroethyl-; and 3-chloro- 
propyl-. 

To account for this difference in reactivity of the 
aromatic and aliphatic N-sulfinylamines it is pro- 
posed that an increase in the base strength of the 
N-sulfinylamino group of the aliphatic N-sulfinyl- 
amines causes a decrease in the reaction rate. 
N-Sulfinyl-krt-butylamine showed no reaction with 
mcthyl alcohol. This can be attributed to both the 
increased basicity of the amine and to steric hin- 
drance of the bulky tert-butyl group. 

EXPERIMENTAL 

The ultraviolet spectra were determined using either a 
Beckman DU spectrophotometer or a Beckman DK re- 
cording spectrophotometer. Solutions of the N-sulfinyl- 
amines containing about 5 x lo-* g./l. were measured in 
1- or 2-cm. cells. 

When each of the N-sulfinylanilines discussed above wna 
dissolved in anhydrous methyl alcohol the spectrum ob- 
tained was essentially identical with that of the parent ani- 
line dissolved in methyl alcohol. 

SPECTRA OF RNSO 

I n  CHaOH I n  cyclohexane 
R log e log E 

krt-Butyl 233 3.10 233 3.03 
n-Heptyl 232-234 3.24 235 3 . f 1 7 ~  
Cyclohexyl 237-238 2.99 235 3.83" 
CICH&!&- 230 3.27 233 3.55 
Cl(CH2)a- 231 3.49 231 3 .82  

In ether solution. 

The spectra of the aliphatic N-sulfinylamiiics discusscd 
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are givcn below. 
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The observation that 4-(4-dimcthylaminostyryl)- 
quinoline (1)2-4 and its methiodideb caused re- 
gression of Lymphoma 8 tumors in rats led to a 
study of the fate of these compourids in the ani- 
mals. It was discovered that the deep purple 
quaternary salt was converted into a nearly color- 
less compound in the small intestine.6 An aqueous 
solution of the latter compound produced a spot 
on filter paper which became deeply colored again 
after exposure to air and heat, especially in the 
presence of a trace of base. It was suggested that 
the original dye was reduced to a lcuco form, or 
that amino acids in the contents of the small 
intestine might be reacting with it. Glycine did not 
decolorize a solution of the hydrochloride of I, 
but cysteine and mercaptoacetic acid each did. 
Glutathione, cysteineamine, and p-thiocresol also 
decolorized acid solutions of I. 

Gilman, Towle, and Ingham' werc able to reduce 
the ethylene double bond in 4-styrylquinoline and 
in 2-styrylquinoline, but not in 2-(4-dimethylamino- 
styry1)-&methylquinoline, by a boiling solution of 
p-thiocresol in xylene. When their method was 
applied to I, a white crystalline reduction product 
melting a t  approximately l l O o  was obtained. The 
same compound was obtained by reduction with 
hydrogen and Raney nickel a t  room temperature 
and 45 p.s.i., or by reduction with a boiling solution 
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Milliyan, Dr. Harold Lyons, and Dr. G r a n d  ICykcr for 
helpful suggestions. A portion of this report was prcsentd 
a t  the Southemtcrn Regional Meeting in Richmond, Va., 
Nov. 5-7, 1959. 

(2)  H. Gilman.and G. Karmas, J. Am. Chem. Soc., 67, 
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of potassium benzylate in benzyl alcohol.* The 
analysis indicated that two hydrogen atoms had 
been added to the parent compound, and the ultra- 
violet absorption lacked the strong peak at 410 
mp attributed to the ethylene double bond. This 
compound did not revert to I on exposure to air 
and was not readily soluble in water. 

Reaction of I with cysteine in 6% (by volume) 
acetic acid produced a compound which was soluble 
in ammonium hydroxide or in acetic acid, but which 
gradually deposited crystals of the original free 
base. The ammonium hydroxide solution produced 
a colorless spot which became red on standing in 
air. 

It was possible to follow the decolorization resc- 
tion in a colorimeter, and to learn that it was 
more rapid in 10% (by volume) acetic acid than in 
glacial acetic acid, but did not seem to take place 
a t  all in neutral methanol, although hydrogen 
sulfide did produce a reversible decrease in the 
color of a neutral aqueous solution of 4-(4dimethyl- 
aminostyry1)quinoline methochloride. 

In  glacial acetic acid a t  29O, with initial concen- 
tration of styrylquinoline 0.005 mg./ml. and cys- 
teine 6 mg./ml., the reactions seemed to be pseudo- 
first order, but to approach equilibrium when 
1/2 to 3/4 of the original dye had been converted 
to a colorless form. The half reaction times found 
graphically by extrapolation ranged from fifty 
hours to one and a half hours in the order I > 2- 
(4 - dimethylaminostyry1)quinoline > 1-(4 - di- 
methylaminostyry1)isoquinoline > 1-(4 - morpho- 
1inostyryl)isoquinoline. Experiments carried out 
in 10% acetic acid indicated, as was expected, 
that increasing the concentration of cysteine pro- 
duced a roughly proportional increase in reaction 
rate, and also an increase in the proportion of the 
decolorized dye. In one series of experiments the 
effect of differences in p H  was studied by addition 
of different quantities of sodium acetate to  reac- 
tion mixtures containing the same concentrations 
of acetic acid and of cysteineamine hydrochloride 
and measuring the rate of decolorization of I. 
At p H  4.1 the reaction was three times as rapid 
as at p H  3.2 and fifteen times as rapid as a t  p H  2.2. 
(The lower pH levels reduced the concentration of 
styrylquinoline mono-cations by forming di-cat- 
ions and also decreased the concentration of RS- 
anions.) These observations suggested that the 
key reaction was the addition of an RS- ion to the 
ethylene double bond in an aminostyrylquinoline 
cation. It appeared that a bulky substituent, even a 
methyl group, at the 5- or 3- position on the quino- 
line ring should interfere,with the addition. 4- 
(4-Dimethylaminostyryl)-5,G-benzoquinoline did re- 
act with cysteine much more slowly than I did, 
and SO did 4-(4dimethylaminostyryl)-3-methyl- 
quinoline (11). It was interesting to note that thc 

( 8 )  Moshe Avramoff and Yair Sprinzak, J .  Am.  Chem. 
Soc., 78,  4090 (1956). 

reverse reaction, the decomposition of the adclition 
compound, was retarded to a similar extent. 

The significance of these observations in rela- 
tion to the problem of the biological action of the 
styrylquinolines is not certain, but it is interesting 
that Myleran, used clinically in treatment, of 
leukemia, also reacts with the S H  group in cys- 
teine, as Roberts and Warwickg have announced 
recently. It is possible that surface phenomena 
may increase the stability of the addition com- 
pounds a t  protein surfaces, so that aminostyryl- 
quinolines might interfere with some sulfhydryl 
enzyme. There is also a possibility that they may 
function as enzyme-like catalysts, catalyzing an 
unnatural reaction in the cell. 

EXPERIMENTAL 

4-[&(4-Dimeth,ylaminophen~l) efhyl] quinoline. A mixture of 
4.00 g. of I and 6.00 g. of pthiocresol was heated 16 hr. a t  
1W205', under nitrogen. The mixture waa dissolved in 100 
ml. benzene, washed repeatedly with aqueous sodium hy- 
droxide, then with water, and dried over sodium sulfate. 
(Acidification of the sodium hydroxide washings precipitated 
2.5 g. of recovered pthiocresol.) The hydrochloride of thc 
reduction product waa precipitated by passing hydrogen 
chloride gae into the benzene solution and was dried by a 
stream of nitrogen, wt. 3.4 g. The free base was liberated by 
addition of alcoholic ammonium hydroxide and was re- 
crystallized from isohexane and from diluted ethanol, white 
crystals, m.p. 105.3-108.0°, yield 300J0. 

Anal. Calcd. for CIOH%Nf: C, 82.57; HI 7.29. Found: C, 
82.48, 82.35; H, 7.34, 7.28.1° 

The same compound was obtained by reduction of I with 
hydrogen. A solution of 12.0 g. of I in 150 ml. of 95% ethanol, 
with 11.5 g. of Raney nickel catalyst took up the theoretical 
amount of hydrogen at 45 p.s.i..and 25-30' within 2.5 hr. 
The catalyst waa removed by filtration and the product was 
precipitated by addition of water. The yellow solid was dis- 
solved in benzene and passed through an alumina column. 
Evaporation of the proper fraction of solution and crystalliza- 
tion from octane, followed by treatment with carbon in iso- 
propyl ether, produced white crystals, m.p. 110.5-111.6°, 
yield 14%. 

A solution of 11.2 g. of p.otaasium hydroxide in 110 ml. of 
benzyl alcohol waa distilled until 10 ml. of benzyl alcohol 
had been collected, then 0.1 mole of I waa added to the solu- 
tion and refluxed 3 hr. The product was separated from the 
potassium compounds by adding 100 ml. of water and 600 
ml. of isopropyl ether, then shaking the water layer with a 
second portion of the ether. The residue obtained by e v a p  
oration of the ether and vacuum distillation of the benzyl 
alcohol was dissolved in isopropyl ether, treated with carbon, 
and recrystallized repeatedly from isopropyl ether to form 
white crystals, m.p. 110.5-111.6°, yield 24%. 

Anal. C, 82.36, 82.42; H, 7.30, 7.19.lO 
Reaction of 4-(~dimethy~minostytyl)-6methylquinolinc 

with cysteine. To 0.504 g. of I1 in 10 ml. of glacial acetic arid 
was added 3.08 g. of Ircysteine in enough boiled water to 
bring the final volume to 100 ml. and 8.0 ml. more of acetic 
acid wm added. The resulting solution waa kept in the dark 
in a closed flask for a period of 6 months. During this time 
the color faded to a light pink. A small amount of white 
precipitate was recovered by filtering the solution, 100 mg., 
m.p. 225-227". The filtrate was brought to pH 8 by addition 
of sodium hydroxide, then to p1-I 7 by cautious addition of 

(9) J. J. Roberts and G .  P. Warwick, Nature, 183, 1509 

(IO) Analyses by Calbraith Microanalytical Laboratory. 
(1959). 



nretic mid. A p i i n i n i ~ ~  prrripitatc nppearrd 1vhic.h \vas rom- 
plrtcly solulilc in sodium hydroxide, intlirnting nl~senrr of 
tlir st:irting coiiipoiiiid nnt l  of its tlili~.drtr tlrriwiivr. Thc 
rodiLiin Ii>.dro\idc solution JKLS liroiipht, I1nt.k to  pII 7 ky 
:icetic acid nrtd thc pale pink prccipit,nte \vas \vashcd with a 
little w:Ltcr : t i id  dried :it 0.1 niin. a t  roo111 tcmprritture. The 
drird solid tlrromposcd gmdiially at d m i i t  1GO-170", giving 
off n ~ : L S  nnd leaving n dark ret1 litluitl. A nichtnol solution 
of the compound produced :t r i c w l y  culorlcss spot on filtcr 
p:ipcr. After exposure to air for sevrrnl ~c.ct~ks tlic spot ex- 
hiliited a salmon color similar to that protliiccd 1)y n solution 
of n known sample of 11. 

.Innl. Calcd. for C23H,7K3S0,. l'/?H?O: C, ti:3..5O; H, 
G , W ;  S, 7.38. Found: C, 63.44; 11, 0.70; 5 ,  7.25, 7.32.1° 

Reaction ratcs werc comp:irctl l )y  iise of a Bausch and 
Lonib Spert ronic 20 colorirnctcr. h mensiired volunic of 
g1:ici:xl acctic acid containinR a known concrntration of the 
styrylquinoline was mixcd wit,h a measured volume of boiled 
or distilled water or of g1:ici:il acctic acid containing a known 
wcipht of cysteine or cysteineamine hydrochloride and 
dilutrd t t i  n predrtcrmined final volume in a volumetric 
fhsk. After mixing, the clvar s:mple wis kcpt a t  approxi- 
m:itely 'LO" in a. c:iI)inct hetwcen rcudinps. The air was swept 
out of the fl:tsks :md ti i lm lvith Initnne gas to prevent oxida- 
tion of cystcine to cystine tiy oxygen, but sometimes a white 
deposit belitwxl to bc cystine did form in the test tubes. 
Also, the original cystcine contained a trace of cystine and i t  
wns usunlly necessary to filtcr or centrifuge the water or 
:icetic acid solution liefore mixing i t  with the styrylquinoline 
soliltion. Optiral densities were read a t  480, 510, and 540 
mp. The wave length corresponding to the greatekt ahsorp- 
tion was not the same for all the compounds, but the rate of 
change of absorption with time differed little from one 
wave lengt,h to another. The logarithms of the optical densi- 
ties were plotted against time. The quantity of cystcine used 
was so much larger than the quantity of the styrylquinoline 
that a psuedo first order reaction curve was obtaincd and the 
straight line drawn through the points near the brginning of 
the curve plotted on semilogarithmic paper was used to 
rstimate by extrapolation the 50% reaction time. In  fact, 
howcver, the curves eventually turned to pnrallcl the time 
mi$, indicating that an equilihriiim was approachcd. 
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Tripeptide Sequence of Oxytocin 

WILLIAM D. CASH 

Receiued November 9, 1960 

A variety of prcparativr methods have bccn 
utilized in the synthesis of ethyl cnrbobcnzoxy-~- 
prolyl-L-leucylglycinatc nnd carbobenzoxy-L- 
prolyl-L-leucS.lglyciriamidc, intcrmcdiatcs in the 
synthesis of oxytocin.' However, in all of  thew 

(1) (a) C. Ressler and V. du  \'ipiicaud, J .  iZm. Chem. 
SOC., 76, 3107 (1954); (b) V. du Vigiieautl, C. Resslcr, 
J. M. Swan, C. W. Roherts, and 1'. G. K:~tsoyaiinis, J .  Am. 
Chenz. Soc., 76, 3115 (1954); (c) R .  A. J31iissonnns, St. Gut& 
mann, P.-A. Jaquenoud, and J.-1'. \Vallcr, Helv. C h n .  
Acta, 38, 1401 (1955); (d) M. Znornl :md J. Ritdinger, 
Colleclion Czechoslov. Chem. Commun., 20, 1183 (1955); 
(e) M. Goodman and K. C. Steuben, J .  .4t?z. Chem. Sor., 
81, 3980 (1959); ( f )  M. Bodanszky and V. tlu Vignraud, 
J ,  Am, Chem, Sac., 81, 5688 (1050). 

methods the us0 of p i ~ ) t t ~ t c d  1,-Ioucinc is required 
and a t  some stage in the synthesis tho protccting 
group has to  be rclnovctl. rl'li(> prcwiit rc1)ort 
describes a more direct synthwis in ivhich the 
blocking of the nniiiio group of ~,-lcw~~inc is not) 
necessnry. 

Carbob~~nxoxy-~-prolyl-~-lc~i~c~iirc iws p ~ q ~ n r c d  
by the mixed mhydride mct hod2 from cnrhobcmzosy- 
L-proline and t-leucine. The rccryst:illiztd protliict 
agreed wcll in melting point and opticxl rotatioil 
with the product ol)tninctl 011 hydrolysis of mcthyl 
carbohenzoxy - I, - prolyl - L - lcuriimte prctp:ircd hy 
the nitrophenyl ester  neth hod.^^ The protected 
dipeptide was coupled by the mixed anhydride 
method with ethyl glycinate hydrochloride to 
yield ethyl carbobenzoxy - L - prolyl - L - leucyl 
glycinate or with glycinamide hydrochloride to 
yield carbobenzoxy - L - prolyl - L - leucylglycinnm- 
ide. Melting points and optical rot'ations of the 
protected tripeptides wcre in close ngrcement with 
literature values. 

EXPRRIRIEXTAL 

All melting points w r r  dctermincd in capillary tulics 2nd 
are corrected. 

Melh?/l carbobenzoLy-L-prol?/I-L-2ellcinclic.. 3lrthy1 L-leuci- 
nate hydrochloride3( 10.0 9.) u n s  dissolved in water (100 ml.). 
Potassium bicarbonate (8.5 g.) was added and the resulting 
mixture was extracted four times with 30-ml. portions of 
ethyl acetam. The eonibincd ethyl acctnte extracts wrre 
dried over anhydrous magnesium sulfate arid filtered. p- 
Nitrophenyl cnrbol~enzoxy-r,-prolinntelf (18.5 g.) was added 
to thr  filtrate. The resulting soliltion was concentrated in 
vucuo to about 30 ml. and w a s  left standing a t  room tempera- 
ture for 3 days. Ethyl acetate (100 ml.) was added and the 
resulting solution was cstractcd with 30 ml. portions of N 
ammonium hydroxidc until colorless extracts wcre ol)tained. 
The ethyl acetate solution \Y:LS n ~ ~ s h e d  twire with wat,er, 
was dricd over anhydrous mngncsium sulfate, and was fil- 
tered. The filtrate was roncentrated in vacuo and hexane was 
added to the residue. The cry&dlinc product ~ n s  filtered 
off; wt. 14.0 g., m.p. 75.5-78". This matcrial was recrystal- 
lized from ethyl acetate (Ti0 nil.) .znd hexane (150 ml.); wt. 
10.7 g., m.p. 76.5-78", [a]*: -69.0" ( c  I ,  ethanol). 

Anal. Cnlcd. for C2aH2&N2: C, 133.8; H, 7.50; N, 7.44. 
Found: C, 64.0; H, 7.62; N,  7.44. 

Cur2)obenzozl/-Lprol?/~-i,-1P7tcine. Method A. Car1)ol)cnzoxy- 
L-proline (12.5 g.) \vas dissolved in tetrahydrofuran (70 
ml.). Tricthylaniine (7.5 ml.)  vas :Idtlrd and thrn the solu- 
tion was cooled to -10'. 1sol)lityl rh1oroform:itc (G.8 g.) in 
tc~tr:ihy~Irtrfur:tii (30 nil.) {vns : ~ ~ l t l r d .  Thc sollltion W:LS stirrctl 
nt - 10' for 20 niin. 'l%,ii :I scrltiticin of r,-l(~iirinc~ (7.9 g.) and 
trirthy1:imine (12.6 ml.) i i i  11 :itvr (6,5 nil .)  \\.as :itltlcd. Stirring 
\vas continued witlioiit fiirth(sr rooling f(rr 00 n i i i i .  'llic rcw- 
tion mixture \v:ts :tci(lifiod 11" the slow ntl( l i l iol l  of C ( I I I ( Y ~ -  

t,r:Ltrd hytlrochloric: :ic.icl. 'I'c~tr:ihytlrofiir:tii \v:w rtmtovctl in 
i 'uciio and the rwiiltina solid tv:ts f i l t tm,t l  o f .  I t  n : t s  tlirsolvctl 
in g1:iri:il :icetic wid (20 ml.) :inti W:LS : t ~ l t l ~ ~ t l  to \ \ : t t t , r  ( 200  

tllint~ solid \v:is fi1lcw.d ( i f f ;  \vt. 17.0 g. 11 \ \ ; is  

( 3 )  J. R .  Vnugliari, J r .  and J. A. Eichlcr, J .  . I  t t ( .  Chcttt. 
Sor . ,  75, 5556 (1953). 

(3 )  Tliis conipoiiiitl \v:ts pr(:p:ircd by t h c b  nitsthod rcportrcl 
for thv yrc,parntion (if n i r thyl  L-vnlinatr h).drochlorid(. 
( R .  :\. Boissomias, St. Guttinaiin, P.-A. .J:iclii(moud, and 
J.-P. \?hllcr, H e l v .  Chiji,. ~ l r l o ,  39, 1-12] (1956)). It melted 
a t  140.5-150.5", reported m.p. 148' ( G .  Takahashi and 
T.  Yagiiiiirn:i, Pror'. T? t ip .  Acad. ( T o k y o ) ,  6, 75 (1930). 


