
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  drird :it 0.1 min. 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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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 rc~novctl. 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). 
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recrystallized from chloroform ( 2 5  ml.) and carbon tetra- 
chloride (225 ml.); wt. 13.3 g., m.p. 136.5-1.78'. 

JIaterial with this melting point (37.4 g,)  was rccrystal- 
lized again from chloroform (50 ml.) and carbon tetrachlo- 
ride(500ml.); wt.35.2g.,m.p. 138.5-139.5", [ a ] ?  -56.5' 
( C  1, ethanol), [a]*; -63.0' (c 5, methanol). R e p ~ r t e d , ~  
m.p. 118.5-119.5", [m]D -62.7' (methanol).6 

Anal. Calcd. for C1BH260SN2: C, 63.0; H, 7.23; N, 7.73. 
Found: C, 62.8; H, 7.38; N, 7.72. 

Method B. Methyl carbobenzoxy-L-prolyl-L-leucinate (3.8 
g.) was dissolved in methanol (15 ml.). Normal sodium hy- 
droxide (10.5 ml.) was added and the resulting solution was 
stirred a t  room temperature for 2 hr. The solution w3s then 
acaidified by the slow addition of concentrated hydrochloric 
acid. Methanol was removed in  umuo. The crystalline prod- 
uct was filtered off and was washed with water; wt. 3.6 g., 
m.p. 136-138'. This material was recrystallized from chloro- 
form (7  ml.) and carbon tetrachloride (50 ml.); wt. 3.2 g., 
m.p. 138.5-139.5', [ala. -57.5' (c 1, ethanol). 

Anal. Found: C, 63.0; H, 7.31; N, 7.74. 
Ethyl carbobenzoxy-cprolyl-Icleucylglycinate. Carboben- 

zoxy-L-prolyl-L-leucine (1.45 g.) was dissolved in tetrahydro- 
furan (20 ml.). Triethylamine (0.56 ml.) was added and the 
solution was cooled to -10'. Isobutyl chloroformate (0.55 
g.) in tetrahydrofuran (10 ml.) was added. The mixture was 
stirred for 20 min. a t  -10'. Then a solution of ethyl glyci- 
nate hydrochloride (0.67 g.) and triethylamine (0.70 ml.) in 
water ( 5  ml.) was added. Stirring was continued without 
further cooling for 90 min. Water (25 ml.) was added and the 
mixture was acidified by slow addition of concentrated hy- 
drochloric acid. Tetrahydrofuran was removed in vmuo. 
The resulting solid was filtered off and washed successively 
with 30-ml. portions of N hydrochloric acid, water, 5% 
sodium bicarbonate, and water; wt. 1.6 g., m.p. 148-150". 
The product was recrystallized from ethanol (15 ml.) ; 
wt. 1.3 g., m.p. 150-152', [a]? -83.2 ( c  2.5, ethanol). 
Reported, m.p. 148-149°,18 148-149.5',le 150-151°,1d 
151-152°,1f [ a ] D  -79.8'," -81.2','O -82.6',lf (ethanol). 

Carbobazoxy-~prolyE-Lleucylglycinamide. Carbobenzoxy- 
L-prolyl-rdeucine (3.6 9.) wa8 dissolved in tetrahydrofuran 
(25 ml,). Triethylamine (1.5 ml.) was added and the solution 
was cooled to -10'. Isobutyl chloroformate (1.4 g.) in 
tetrahydrofuran (20 ml.) was added. The solution was stirred 
a t  - 10' for 20 min. Then a solution of glycinamide hydro- 
chloride (1.2 9.) and triethylamine (1.6 ml.) in water (10 ml.) 
was added. Stirring was continued without further cooling 
for 90 min. Water (25 ml.) was added and the reaction mix- 
ture was acidified by the slow addition of concentrated hy- 
drochloric acid. Tetrahydrofuran was removed in vacuo. 
The product was filtered off and was washed successively 
with 30-ml. portions of N hydrochloric acid, water, 10% 
sodium bicarbonate, and water. After drying, the product 
was washed by trituration with ethyl acetate (30 ml.); 
wt. 3.4 g., m.p. 159-161'. 

Material with this melting point (6.8 9.) was purified 
further by stirring in boiling water (125 ml.). After cooling, 
the product was filtered off; wt. 6.3 g., m.p. 161-1G3', [CY] 2 

(4) G. W. Anderson and F. M. Callahan, J .  Am.  Chem. 
Sac., 82, 3359 (1960). 

(5) The discrepancy in the observed melting point and 
that reported by Anderson and Callahan is apparently due 
to dimorphism. When first prepared in this laboratory, the 
compound melted a t  119.5-120.5'. However, since the first 
recrystallization from acetic acid and water, the higher melt- 
ingmaterial has always been obtained. F. M. Callahan kindly 
agreed to recrystallize a sample of his product using seed 
crystals of our higher melting form. He obtained the higher 
melting form. When a sample of the lower melting form fur- 
nished by F. M. Callahan was recrystallized in this laboratory 
without the use of seed crystals, the higher melting fotm was 
obtained. Attempts in both laboratories to convert the higher 
melting into the lower melting form h w n  not hocn s:wosnful. 

-73.3' (c 2, 95% ethanol). Reported, m.p. 1G3-1G3.5°,1a 
163",1" 1G2-1G3',ld 162-164", I f  [a] n - 73.3°1* (95% et,hnnol). 
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In  connection with the work on substituted 
glycines as metabolic antagonists,' an attempt was 
made to prepare ~~-2-amino-4-hydroxy-2-methyl- 
butyric acid (a-methylhomoserine) from 4-hydroxy- 
2-butanone (I) via the hydantoin (11), followed by 
hydrolysis to the amino acid (IVa). Unfortunately, 
the initial reaction of the hydroxy ketone with am- 
monium carbonate and sodium cyanide did not 
give the expected hydantoin, but led t o  an in- 
tractable oil. The reaction product also had the 
characteristic odor of methyl vinyl ketone, which 
suggests that the basicity of the reaction medium 
caused dehydration of the hydroxy ketone, fol- 
lowed by polymerization. in the prepara- 
tion of 4-hydroxy-2-butanone, has reported the 
decomposition of the ketone in the presence of 
base. 

I n  the second attempt to prepare the amino 
acid, the commercially available 4-acetoxy-2- 
butanone (I. R = CHsCO-; R1 = H) was treated 
with sodium cyanide and ammonium carbonate in 
the hope that the rate of ammonolysis of the ester 
would be slower than the rate of hydantoin forma- 
tion. However, only a trace of crystalline material 
was isolated and it had an infrared spectrum sug- 
gesting the presence of the unsaturated lactone: 

CHt--CH=C(CH3)40; A",:' 5.67 p ( C 4 )  
L- O-------r 

(1) L. H. Goodson, I .  L. Honigberg, J. J. Lehman, and 
W. H.  Burton, J .  Org. Chem., Paper I, 25,  1920(1960). 

(2)  This research was supported by Contract No. SA- 
43-ph-2394 with the Cancer Chemotherapy National Service 
Center, National Cancer Institute of the National Institutes 
of Health, Bethegda, Md. 

(3)  J. T. Hays, G. F. Hager, H. M. Engelmann, and H. M. 
Spnrlin, J. Am. Chem. SOC., 73, 5369 (1951). 


