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The hfeermein reaction,' appropriately modified, yielded a-bromo-o-, m-, and p-chlorohydrocinnamir acids from ncq.lic 
acid and chlorobenzenediazonium bromides, and a-bromo- and chlorohydrocinnamamides from acrylamidc and benzenedi- 
azonium bromide and benzenediazonium chloritle, respectively. The broino acids were ammonolyzed t o  the corresponding 
chlorophenylalanines. It is suggcsted tha t  in some cases this synthesis of 8-arylalanines would possess certain advantages 
over the  methods ciistomarily employed. 

a-Alanines with P-aromatic substituents (I) 
RCH&H(KH2)COOH 

I. R = an aromatic group 

are usually made by variations of reactions involv- 
ing halomethyl aromatic compounds and the sodio 
derivatives of malonic ester or of substituted malo- 
nic ester,2 or by Erlenmeyer azlactone and related 
~yn theses .~  Each method presents complications 
in certain cases. Ammonolysis of a-halo acids has 
been used for the preparation of a-amino acids in 
many instances,2 but the appropriate a-halo acids 
necessary for syntheses of I are seldom readily 
available. The Meerwein reaction seems to offer 
an attractive route to the synthesis of I via the cor- 
responding a-halo acids or derivatives thereof , and 
the reaction has been used for this purpose in 
several  instance^.^ The yjelds of amino acids, how- 
ever, have been relatively p 0 0 r ~ a ~ ~  or not reported.4b 
Certain of the results obtained by Kochi5 in his 
investigations of the kinetics and mechanism of the 
Meenvein reaction stimulated an interest in this 
laboratory in further studies of the reaction as a 
route to preparation of a-amino acids (I). It has 
been found that, under reaction conditions which 
reflect a number of Kochi's observations on the 
hieerwejn reaction,6 o-, m-, and p-chlorobcnzene- 
diazonium bromides react with acrylic acid, with 
cauprous bromide as catalyst, to give a-bromo-o-, 
vi-, and p-chlorohydrociiiiianiic acids in good yields. 
In  those cabes wherc parallel experinients were 
conducted, reaction media with low water-contents 

( ] ) ( a )  H. AIrerwein, E. Buchner and K .  van Emster, 
.J. prakt. chem.,  152, 237 (1939). (b)  The  Meerrvein reaction 
h:is heen reviewed recently [C. Y. Rondestvedt, Jr., Org. 
li'rrrctmns, 11, 189 (1960)l. 

( 2 )  For n review of several of thcse reactions see R. J. 
I3lock, Chem. Revs., 38, 501 (1946). 

( 3 )  For a review of azlactone chemistry and a list of 
amino acids prepared from azlactones through 1944, see 
H. E. Carter, Org. Reactions, 3, 198 (1946). 

(4) (a )  R. Gaudry, Lava1 med., 9, 412 (1944); Can. J .  
Research, 23B, 88 (1945). (b) E. PIIuller, Angew. Chem., 61, 
179 (1949). (c )  R. Filler and H. Kovar, Chem. di: Ind. 
( L o n d o n ) ,  468 (1960). 

(5)  J. K. Kochi, J .  Am. Chem. Soc., 77, 5090 (1955); 
78, 1228 (1056); 79, 2942 (1957). 

led to cleaner recoveries and much higher yields of 
AIeerivcin products than did those media which 
included the relatively high water-contents usually 
employed in hleerwein (and Sandmeyer) reactions. 
The a-hromo acids m r e  ammonolyzed to the cor- 
responding chloropheiiylalaaines. It was also found 
that, under similar reaction conditiocs, acrylamide 
can serve ns the uns~i turate ,~ as exemplified by 
syntheses of a-bromo- and a-chlorohydrocinna- 
mamides in reasonable yields by reactions of ben- 
zenediazonium bromide and of benzencdiazonium 
chloride with acrylamide, with cuprous bromide 
and cuprous chloride serving as respective catalysts. 
Preliminary studies have indicated that henzenc- 
diazonium bromidrs with either a strongly mctn- 
directing group (nitro) or a strongly ortho, para- 
dirpcting group (methosy) present on the ring 
can be used successfully in place of the chloro- 
benzenediazoniuni i,romiclcs in  the piqxuation of 
a-bromohydrocinnamic acids. These re:ic*iioiis :IIY 

being studied in detail aiid thc results will  be llic 
subject of a later article. 

(6) Kochi's ol)scrv:rtions w.hic11 Jvwe of p.irtic.ul:tr i i i t  c,rc,st 
in connection Lvvitti tlic prcscnt invcstigatioli car1 I ) ( -  s11n- 
marizecl as . follows: Cqqicr(1) rxthvr than (~)p11(ar( 1 I 
apprnrs to be the catalyst; :icetone rcc1uc.w CoppcriTI) t o  
copprr( I ) ;  dissolved os]-gen should be removed froin tlic 
reaction media; the  ratio of lleerwein t o  Sandmrytzr prod- 
uct increases with increasing olefin concent,ration; buffcring, 
traditionally used in Meerwein reactions, is not neccssnry 
for obtaining a good yield of hIeerwein product. 

( 7 )  It has been rcportcdlb t,hat acrylamide gave 0% 
hlerrwein product under othcr reaction conditions. 

(8) Melting points mere determined on a Fisher-Johns 
apparatus and are corrected. 
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acid,g 50 nil. (0.7 mole), was added t o  the mixture and the 
solution K:I> swclit \\.it11 nitrogen for 15 min., the tempera- 
ture being krpt  iit 10-15°, 'rho sollition was cooled to  s", 
100 ing. 14 w p u ' , i s  l)roniirlr ndcied :ind stirred at) 20-2Fi" 
af tw : i n  i i1 i t i : t l  r i x  t ( J  30". Tt n.ns necrssary to rmploy a n  

11;: t l : , t l i  on11 to  rcgiil:ite the ratc of stirring in 
t n i l  tlie toiiiixwt,iirr. Sitrogcsn was evolved 

:illnost inimi~!li:itc~ly 3ftcr tlio addition of the criprous bro- 
mi&, niicl t , i i c .  thcorntirnl o inoun t  was obtainrcl within five 
tniniitcs. 'i ' l ic t l s r  I; soliitio;i t v m  atlded to ii00 ml. of water, 
arid a rc.tl oil \ ~ : t i i r h  s c p ~ r : ~ t i d  soon hegm to crystallize. 
After 3-1 !ir. tlic solirl \V:M f t l t c rd ,  a.:rslietl thrrc times n i t h  
50-rnl. porticJris of \ v : t ~ i ~ r ,  :iir-c!ric*tl, :Ltii1 frcrd in h rge  part of 
:I dark oily c9titniniti:iiit tiy pnwing bct \vwn filtrr papers. 
Thcs criidrs protlri<,t / !),8 p.) IT:IS cryst,ailizctl from Iicnzene 
af t r r  pnrti:il d w i l r i r i x i t  ioi i %,\ i r l i  cnrlmii  in hcnzc~ttc~ solution 
to  give S X 6. (f;;' ; 1 d ~~-1~roiiio-o-cltloroli~~ilrorintiat~iic 
acid, m.p. 1IC,..i-l 1 ;.:lo, ~\ sa1111)l~ was crystnllizcd twice 

. i i . c s  Fluin l~r~iiz~~nr-petrolr~uin ether (b.p. 

~ I I 8 r 3 ~ l 3 r C ~ l :  C, 41.0; H, 3.1; total silver 
halide from n 10.9S-ing. x i n i p I ( ~ ,  13.80 mg. Foiirid: C, 41.2; 
11, :3.2; to ta l  silvisr !i;tIiilv, 1 :;.% mg. Xciit. eqiiiv. Calcd.: 
263.5.  FOUR^: '2Gii. 

.\ samp!c: of the acid (1.2.) g,, 0.005 m o l r )  was rrfluxcd 
with mc%hanolii~ pnt:isxiurn hydroiitir for  20 rnin., tlic alcohol 
\vas removrll, : I I I  tax( of r;N hydrochloric acid TTRS added, 
and thi: so!i(l n.l i i i . l i  5~cil~itntctl \TRS filtered, waslied with 

~ t ; > ! l i x i d  froin r thxnol  to give 0.85 g. (9311,) 
of o-clilorn~~i!iii:iiiii~~ ,ii,iil, n1.p 210.5--21 1.5", miscd mrlting 
point wit 1 1  o-i,liloro~ i i i i inir i ic  :icitl prrpared via :t Pcxrltin 
reaction, '2lO,,j-2l I .5'. 

Method C. o-CYiloi~n:inilinr, 6.4 g. (0.05 mole), was trrated 
with 15 nil. O F  -18: i hydruliromic acid and then with 25 
ml. of nxtisr : i t i d  2: n i l .  of acetone. The stirred mixture 
was cOolld tci S o  :mil diazotized benrath the surface with 
10.0 nil. of 5.031 .ioctirirn nitrite, the rapidly stirred solution 
being kept 111,Ici\v 13" during the diazotizntion. Acrylic 
acid, 50 ml. (0 .7  niolc). w:is added and the solution was 
swept with ri i trofirn for 15 min., thc temperature heing 
kept 3 t  10-15'. 'l'hr soliltion was coolrtl ti) 5",  100 mg. 
of rriproiis l r i , o i i i i f l r  n id t i c~ l  :ind stirred a t  20-25' af t r r  an 
initial riw t o  zit'. S i t r n g r n  W:H rvolved shortly after the 
additioti of t l i c s  ivii!Jroiis liroinidc, I~ut  thr! rate of formation 
was milch slo\v i , i ,  t 1i:Lri ill the case of 3Iethod A. The theo- 
rctical :moiltit i , f  iii!rogvn was obt:iined in about 30 min. 
The solution \viis : t i l ! I r ( l  t o  600 ml. of water s n d  a red oil 
separatrd. . \ f t  (xr -1s Iir. t l i r  oil hnd partially cryst:dlized. 
The mistiirc \\.:is lilt( red, the solid WRS washed three times 
with 5O-nil. pcwttions of  n.:it,r>r, air-dried, and pressrd between 
filtr'r p:ip(3r? to  i ' i l i i ioiri ' :I L:irk oily contaminant. The crude 
jiroiluct (KO r.) \\-OS i>r\,st: i l l ized from hcnzeiic xftrr p:trtial 
dwolorizntion \ \ i t  1 1  wrlmr i  i n  hrmzene solution t o  give 4.8 
g. (3(j(,$) of ~ ~ - i ~ r ~ ~ i i ! o - ~ ~ - i ~ I l l n r o h y ~ I r n r i t i n x m i e  acid, m.p. 
I 16-lli.5°j i i i i \ w l  tii(t1Liiig point, n i t h  t h o  acid obtaincd by 

n - ~ r o n i o - ~ ~ r - c i i I n i n i i ~ r l i . ; ~ c i r i ~ i ~ ~ n i c  acid. The syntlicsis of 
this ncid x ~ a s  r:irr.ic'cl o i i t  in t h e  same mnnner as thnt  of t,h9 
o-isomrr :is dcsi*rillc~l r.hove ( YTetliod A ) ,  iising m-chloro- 
anilinr ns the, :ii~iitic, mid with a11 reactants in t,he same 
proportions :is dcw.riIwil for thc synthrsis of the ortho- 
isoriicr. 1 hi: rcwi ! ts  i \ r r i '  siinilar to  thnsc drscrihed above 
save t h a t  t h r  r i d  oil riwlting from t h r  addition of the 
rcxrtion mistiirr to ti00 nil .  of water did not crj.st:illizi. on 
stancling. Aft.c,r niiiiicroiis trials, cryst.:tlline cu-brnmo-)n- 
clilorohydrociiin:iitiie :iciti was obtaiiird from t h r  oil by 
thc. following o;)i>r:it ions: l 'hc supernatant was dccatitcd, 
the oil was t:da*n u l )  i r i  '200 1111. of benzene, washed thrre 

(9) Acrylic arid (Eas!ni:m 3588) was used as recvived 
from the m:tnufai:tiirors in all of the  experiments reported 
since no noticcable diffrrcmces werr observed when, in srvernl 
trials, acrylic arid freshly di,qtillcd from thc stn1)ilizr.r ( p -  
nictliosgph~~riul] ~ V ' I S  itscd iiistcid. 

, 111.1J. 1 l ~ . ~ - 1 1 8 . 5 n .  

.\Iethod A, llf;. .i-.l  I7.5'. 

r .  

-. ~___ 

times with 100-ml. portions of water, and extracted with a 
slight excess of 1111 sodium bicarbonate. The aqueous bi- 
carbonate layer was extracted two times with 50-ml. por- 
tions of chloroform, stirred with carbon, filtered, and acidi- 
fied with hydrobromic acid. An oil which separated was 
extracted with 200 ml. of benzene, the benzene solution was 
ivashed three times with 50-ml. portions of water, and dricd 
(Ihierite). The filtered solution was concentrated in VQCILO 

to  give 0.8 g. of a pale yellow oil (this oil may be used for 
t h e  preparation of m-chlorophenylalanine with little decrease 
in yield as compared wit,h the use of the crystalline bromo 
:wid.) Thc oil crystallized on standing a t  0" for some tiine. 
.Ifter 100 hr. the solid mas pressed between filter papers to  
eliminate a small amount of light yc:llow oil and dissolved 
in henzrnr. Prtrolcum ether was addcd until the  solution 
( a t  2 i " )  was slightly cloudy, stored a t  0' for 24 hr. and 
tl(scanted from a small amount of a pale yellow oil. The 
srrlvcnts were removcd in uaci~o to  give a colorless oil xh i rh  
c-rystallized after i t  was layered with petroleum ether, 
seeded with a s m d l  crystal of the original solid and stirred, 
stored a t  0" until a number of small crystal sites had 
dcveloped, and then kept a t  25-30'. The solid obtained 
was pressed free of a little colorless oil and this last crystal- 
lization process was repeated, giving 7.5 g. ( 5 i c x )  of a- 
bromo-m-chlorohydrocinnamic acid, m.p. 4G.5-47.5'. A 
sample was crystallized twice from benzene and once from 
prtrolenm rther for analysis, n1.p. 46.5-47.5'. 

Anal. Calcd. for C3H80&rCI: C, 41.0; €1, 3.1; total silver 
hnlide from a 9.41 mg. sample, 11.82 mg. Found: C, 4U.7; 
H, 3.3; total silver halide, 11.88 mg. Neut. equiv. Calcd.: 
303.5. Found: 261. 
.4 santplo of the acid (1.32 g., 0.005 mole) vas converttld 

to  m-chlorocinnamic acid in 8170 yield by the same method 
as tha t  usod t o  make the o-isomer, m.p. 161-lG2', mixed 
melting point with m-chlnrocinnamic acid prepared via 
a Perltin reaction, 161-162'. 

a-Bromo-p-chlorohydrocinnamic an'd.10 The synthesis of 
this acid ma? accomplished by a reaction similar in all 
respects t o  Method A described for the  ortho-isomer, using 
p-chloroaniline as the amine. The  crude product, after 
partial decolorization with carbon in benzene, was crystallized 
from benzene to  give 9.5 g. (72%) of a-bromo-p-chlorohydro- 
cinnamic acid, m.p. 102-103.5'. A sample was crystallized 
from ethanol and then from benzene for analysis, m.p. 
10'2.5-103.5'; lit.'" m.p. 90'. 

Anal. Calcd. for C9H802BrC1: C, 41.0; H, 3.1; total silver 
halide from a 9.78 mg. sample, 12.29 mg. Found: C, 41.2; 
H, 3.1; total silver halide, 12.30 mg. Neut. Equiv. Calcd.: 
263.5. Found: 264. 

Synthesis of a-bromo-p-chlorohydrocinnamic acid by 
l le thod R gave 3.6 g. (27'%) after one crystallization from 
henzene. 
Ai sample of the acid (1.32 g., 0.005 mole) was converted 

tn p-chlorocinnamic acid in 91% yield by the same method 
a s  tha t  used t o  make the o-isomer, m.p. 244.5-245.5", 
mixed melting point with p-chlorocinnamic acid prepared 
via a Perkin reaction, 244.5-245.5'. 
n-Rromohudrocinnnmamide.11 Aniline. 4.7 g. (0.05 mole), 

was treated with 15 ml. of 48% hydrobromic acid, and 
then with 50 ml. of acetone. The mixture was stirred and 
cooled t o  0-lo, and diazotized beneath the surface with 
10.0 ml. of cold 5.OM sodium nitrite, the temperature 
hring kept below 15" during this operation. The solution was 
cooled to  0-lo, acrylamide, 14.2 g. (0.2 mole) added, 
the mixture swept with nitrogen for 15 niin., 300 mg. of 
ciiprous hromidr added, and stirred a t  20-25" after a n  
initial rise to  20", the temperature being controlled by 
employment of a n  ice-salt bath. The theoretical amount 
of nitrogen was evolved within thirty minutes. A small 

(10) J. v.  Brann and J. K'elles, Ber., 66B, 1464 (1933). 
( l l ) (a )  K. Freudenberg, H. Fikentscher, and M. Harder, 

.Inn., 441, 157 (19%); ( b )  W. I3:ikc.r x n d  .4. Lnpworth, J .  
C'hem. Soc., 125, 2333 (1921). 



amount of unc1issolvc.d in:itrrial was rcmovetl and the reac- 
tion mixture was :dded to  800 nil. of wittcxr, wlirreupon a 
mass of crystals plus a rrd oil scp:iratcd. The misture \vas 
stirred and filtrred, the solid washed thrre times with 50-nil. 
portions of watrr ,  :ind air-drid.  The crude product ( 5 . 2  g . )  
was tiecoloriztd \vith cwbon iii boiling aqueous methanol and 
crystallized frorii th r  s a m e  soivrnt to yirld 4.3 g. ( 3 7 a )  of 
a-I~ro~notrytirocit i~i: i~ri~~tii i~l~~, n1.p. 12(~.5-128.5°. A samplt. 
was crystallizcd twic-e from h(snzent* for :i~idysis, 1n.p. I ?!I-- 
130"; lit. ri1.p.s: 127", l i s  128.5°.11h 

.trial. Calcd. for CYHl&NBr: C, 47.4; H, 4.4; N,  6.1. 
Found: C, 47.1; H, 4.5; 9, 5.8. 

.?, sample of t h c s  miide \\-as rc4iixctl \ v i t h  methariolic 
potassium hydroxitic: until airiinoiiia cc~isrtl to  be evolvcd, 
inethnnol was removetl, anti the mixture \vas aridifird \vith 
hydrochloric acid to  give cainnamic :wid, as shown by the 
mrlting point arid a mixed mrlting point with authentic 
cinn:mic acid (132-1:n" in each case). 

a - ( ' h l o r o h y d i o c i n n ~ 1 ~ 2 u ~ i ~ ~ , ~ u  Aniline, 1.7 g. (0.05 mole), 
xas treated with 12 nil. of corictl. hydrochloric acid and 
then n i th  100 nil. of acetom,. 'I'hv mixtiire \v:ts cooled to  
0-1" and diazotizotl beneath t h c  surface' with 10.0 nil. of 
5.0M sodiiim nitritr,  the trinpmitiirv hc4iig Iwpt brlow 15" 
during thc tiiazotiz:ition. Acrylainid(~, [ 14.2 g., 0 . 2  mole), 
was adtltd, thv miztrirr \v:is coolcd to  S o ,  :uid swept with 
nitrogcii for 15 inin. Ciiproiis chioritit,, 300 nig., x i i s  :tdtlrd 
: i t i d  ttic mi r t i i r c~  IVMS stirrod i i i i t t  liexpt :it 20-25" tiy I I Y C  of 
an ice-s:ilt I):ith. 'l'hc' ttit~orc+ic:il :iiiioiint of iiitrcigori was 
evolvrd withiii 15 niin. A siii:ill i~ii ioii i i t  of iuitlissolvrd 
inatrrial was rc~iiiovctl, 400 nil. of water  is a(Idcd, ant1 the 
niisturc was a l lowd to  staiid for 7 2  hr., during which tiine 
a largc, part of t h e  :icc~tone txvaporatrd. A solid Lvhich formed 
was filtrred and th r  filtrate. was c,stractcd n i th  three 50-111~. 
portions of chloroform. Removal of the  chloroform left a 
red oil which on tre:ttnient with 50 ml. of n-:Lter solidified in 
large part. Tliv matwial \vas filtcrtd, rornbiiietl with thc 
origin:tl solid, iinil t h r  total solitls ;iir-tlricd t,o givr 6.8 g. of :t 
colorcd prodiict. This m:itc~ri:il was  tlrcolorizrrl with cnrlion 
iii :iquroiis methanol : t i i d  tlrt~ii vr tllizod from the s:ini(: 
solvent to give 5.1 g. ( .X5cj>) of cr-c:hloroti\~drocinnaiii~iini~~e, 
m.p. 87.5--89". .A snmplc was cr~~st:illizrti twice: from water 
and then th rw  thies from bcnzcne for an:ilysis, m.p. 90- 

.Innl. C d c d .  for CsFIlo09C~1: C, 58.9; 11, 5.5; K, 7.6. 
Found: C, 59.1; H, 5.8; N, 7.8. 

a-Chlorohydrocinnninainide was Imynrcd by an iiide- 
pendent methoci4n and, after three crystallizations from 
bmzene, its niulting point and mixed ineltirig point with the 
amide described above were found to  he 90-91 '. 

o-ChlorophaiLl/la/anine.~~ a-Bromo-o-chloroh~droci~i~~an~ic 
acid (3.2 g., 0.012 mole) was dissolved in 100 ml. of an  
ammonium cwrbonatr-aniiuoiiiuni hydroxide mixturei3 and 
kept a t  25-30' for 96 hr .  The solution was concentrated 
to  dryness in vucuo, the solid washed twice with cold 50-ml. 
portions of methanol, and crystallized tvice from aqueous 
methanol to  give 1.4 g. (58%) of o-chlorophenylalanine, 
m.p. 234-236" (dec.; softening and yellowing a t  
lit. m.p.s.: 260-2G1",L2 241-242" dec.," 226-228."16 A sample 

N O ;  iit.48 lil.l). 95-90". 

of authentic o-chlori~phe~nylal~~ii~ic: showed the saiiic i i i i ~ l t  i i i ~  

tiehavior. 
.id. Calcd. for CyHloO&Cl: N, 7.0 .  1"i)untl: ?;, i . 2 .  
The amino acid gave positive ninhydrin and 1 )diin-l\~t~st  

reactions. 
.i sample of the amino acid was benzoylatecl. The ii ic . l t r : i ;L 

point of this benzoyl derivative, the mc.lting point, ( i f  1 - 
benzoyl-o-chlorophenglalariine preparcd froin : ~ u t h i ~ i i l i e :  

o-chlorophen~lalaninr, and a mixed nielting 1 1 1 ) i i i t  , J [  1 I l i a  

two had the same valiie i i i  each rase (lS(i..;--l87 3 ' 1 ;  l i t . ' ,  

n1.p. 2006". 
m-Ch/orophenylulunine.)8 'The aniiiio :icitl \I tis ~ ~ r t ~ p x r ~ ~ i l  

hy dissolving r~-hromo-~r~- t~h~or t i~ iy~roc i i i i i : i i i i i~~  ~ i r i ~ l ,  5.U g 
(0.019 mole), in 100 i d .  of aiiiiiioiiiiini c . : i i t i c , r i ; i t e - :~ i i i -  

monium hydroxide ~ n i x t u r e , ' ~  rillon.ing t h c  iiii:,t tirt, t(1 st : in( I  
2tt 25--30" for 9G hr., iind then working i i i ~  the. ~i ) I~ i t i on  i t 1  

the same manner as tha t  des r r ibd  tor t h t x  ( d h i i -  is om(^; 

two crystallizations from aqueous met1i:iiiol g i  ~ $ 2  2 0 g. 
(53c/;.) of 7~~-ctilorophenylalaninc, 1u.p. 2 i ti- 216' :tlw.: 
softening and yellowing a t  209'))a; lit .  n1,p.s.: 2:{4' i l cc . , ' "  
239-241 O (dec.).I5 -4 sample of authentic ni-i~tiloro~ih~~~iyI:iI:t- 
nine showed the same melting behavior. 

Anal. Calcd. for CYH1002?iC1: Y, 7 0. E'ou~id: S ,  7 , 3  
The amino acid gave positivo ninhydrin arid I):ikin-\\.c.stm 

reactions. 
A sample of the amino acid was bc~naoylatctl. The nieltiiig 

point of this benzoyl derivative, t h e  inrltiiig point of 
.'\T-benzoyl-~n-chloroph~~nylalanine prrpnred froni aut hcntic- 
m-chlorophenylalanine, and :t misrd ineltirig point of tlir: 
two had thc sailin value in each case (178- 179'); l i t . l n  :ir.p. 
li4O. 

p-~hior~phenylalanine.~~ The amino acid I\ as ~irrp:iretl 
from cr-bromo-p-chlorohydroci~inaii~ir acid. .5.0 g. (0.01!! 
mole), and an ammonium carboIiiLte-ammoni~inl hytlroside 
m i x t ~ r r , ' ~  100 ml., :md purified by the siimc proccdiirr as 
t,hat used for thc ortho-isomer ; yield of p-c.hloropheriyln1n- 

. (60%), m.p. 288-240" (dcc.; softe,ning;tnd ycllow- 
$')I4; lit. m.p.s.: 21:<-%44" idc r . ) , i g  (tloc.),*" 

358-259" itiec.),'j 236-241' Ifi 4. S ; ~ I I I ~ J ~ C  of tiuthoiitic p- 
chlorophriiylalaniiie showed the same rnelting h h i v i o r .  

+Anal. Cttlcd. for CyHl,O,NCl: T, 7.0. F o ~ i n d :  N, 7 . : < .  
The amino acid gave positive ninhj.tlrin anti I ):akin-n'est 

reactions. 
h sample of the ninino acid was bcmzoylatcd. The ine:ltirig 

point of this benzoyl derivative, the melting point of 1Y- 
benzoyl-p-chlorophenylalanine prepared from :iuthentic 
p-chlorophen~lalani~ie, and a niised melting point of the 
two had the same valiie in each case (175.5-176.5"); lit.Iy 
ni.p., 171-172°. 

Acknowledgment. The author wishes to express 
his sincere thanks to Research Corporation for 
financial support of this work and to Tlr. Carl 
Xiemaim of the California Institiite of  'I'echnology 
for a generous gift of samples of chlorophenylala- 
nines. 

Los ANGELES 41, CALIF. 

(12) H. H. Henzr, W. B. Whitney, and M. A .  Eppright, 
J .  Am. Chem. Soc., 62, 565 (1940). 

(13) N. D. Cheronis and K. H. Gpitzmudler, J .  Org. 
Chem., 6, 340 (1941 ). 

(14) Melting points of the  amino acids were determined 
by introducing the  samples on the  stage a t  200" and con- 
trolling the  hcxating rate at 5"/min. 

(15) J. C. Xevenzel, W. E. Shelherg and C. Xiemann, 
J .  ,477~. Chem. Soc., 71, 3024 (1949). 

(16) J. H. Burckhalter and V. C. Stephens, J .  .lm. ('hem. 
SOC., 73, 56 (1951). 

(17) H. Blaschko and J. Stiven. Biochem. J . ,  46, 88 . .  
( i i5o j .  

(1910). 

Swan, J .  Chem. Soc., 1047 (1950). 

(18) L. Flatow, 2. phys io l .  Chem.,  64, 367 (1910). 
(19) E. Friedmann and C. Maasr, Riochem. Z., 27, !J7 

(20) A. H. Cook, G. Harris, J. R. .4. Pollock, n r i i l  J. 51. 


