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(0.075 niole j of freshly prepired dry y ~ l l o ~ v  iiirrc~iiric oxide 
a t  room temperature. 25.5 g. (0.10 mole) of iodine \vas 
added in one portion, and thc mixture stirred for 7 hr., then 
let stand overnight. The insolubl(,s \vert: renioved hy filtra- 
tion through Celito,l* :tnd the fi1tr:tte coiicc2iitr;itc~d to  dry- 
ness in vu( 110. Ilccryst:2ilixatioii froin 200 nil. of 75(,6 cthanol 
gave 9.8 g. of 3,5-dichl~:ro-l-io~~o:tiiiliii~~ ( .XSxIV) .  
I t  wits coiiverted dirertly to thr .V-:icetyl disrivative ( S S S V )  
by rcJfluxing with excess acetic ttiihydride i n  b~~nzent: solu- 
tion. The criid(a SSS\' \vas purified by rwr) 
from ethanol, ni.p. 22:3-221°, ).ic.ld, 1 3 . ( i  g. (41 5; I):tscd o i l  
starting :~,5-dichloroariiliii(.). 

21.49, I, 38.40, 1, 4.25. Foiind: C, 29.03, H, 2.04, C1, 
21.91, 21.67, I, 38.63, S, 4.17. 

Preparatioti of S S S I V  and S S S V  ff.otri 2,6-dichloro-/t- 
nit~ouniline. 1,3-Di 
\vas obtained in 50 
11)- the method of I< 

The rediiction of SSSVI to S S S I V  was ciirritd out 1 ) ~  
the niethod of West.13 15.0 g. (0.05 molc) of 1,3-clichloro-2- 
iodo-5-nitrobenzene (SSSVI) \vas dissolvrd in 250 nil. of 
methanol containing 2 mi. of coned. hydrochloric acid. Thc 
solut.ion was stirred a t  reflux as 10 g. (0.17 g.-atom) of iron 

:lnd. Calcd. for CaIItiClJXO: C, 29.12, H, 1.83, C1, 

( 2 2 )  G. K6rner and Contardi, dtti uccarl. Li7~cei, 221, 

( 2 3 )  13. IVest, J .  Cheni. Soc., 127. 491 (1925). 
823;  ('hem. Abstr., 8, 73 (1914). 

po\v( lor  \v:is :ttldcd in siiiall pottioris. Aft,cLr :rdtlit,ioii \v:is 
coniplrtt~, the inixture \vas stirred at reflux for another 2 fir. 
:I 1 .S-g. sanil)le of solid sodium hydroxide was addrd to  
iieiitrxlizc th r  acid. Thcl hot  siisperisioii was filt(Jrcd and thc 
wsidiie w;islied with 100 1111. of hot inc:th:inol. Tho conibirird 
filtrcitc: :inti wish w:tS colie?litrnte(i in v u ~ ~ ~ o  to :t tlnrk semi- 
solid rrsitiiic.. ..ittempts to isolatc pirc, S S S I V  were iin- 

s11ccc~ssl'111, so the residuc was rrfluxed with 15 inl. of acetic 
:tiihydridiL i t i  150 nil. of Iiciim~nr. T h r  reactioii niixtiire \\-as 
r o o l ~ l ,  thca prwipitnto c:ollected and rtwrystallized from 507/0 
c~thanol to give 3.2 g. (105") of authentic 3',5'-dichIoro-4'- 
iodo:~cc,t:tnilido SSSV, 111.1). 223-224". A mixed melting 
point determination on the :3'-5'-dichloro-4'-iodoacetanilide 
samples prq):wd by the above two reaction sequences 
shoived no tlq>ression. 
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Syntheses of two amino acids, P-cy~tiio-i.-al~tiiiiie and y-cYaiio-ol-r.-ai~iiiiol)iit),ric: acitl, are presented. 'Tliese ooinporinds 
correspond to L-asparagine and r,-glut,amine in which the p- and y-carbox:tmides :ire replnced by nitrile groiips. Carlm- 
benzoxy-L-aspar:tgiiie itrid carbobenzoxy-r,-glii~~niine which served as starting materials \yere smoothl\- dehydrated to 
carbobenzosy-~-ryario-~,-nl;tniiie (11) and c:irl~ol~e~izoxy-y-cyano~a-i,-:tniiiiol~iit~ric w id  with .V,AV'-dicj.eloh 
imide in a new route which had been suggested by a side re:tction previouslj. en(-oiintered i n  the s\wthesis of aslmragirie 
peptides. Selective removal of the (:iirl)obenzoxy gronp withoiit redtiction of thr nitrile group was effected with sodium 
in anhydrous aniinonia to  1-ield /i?-cyaiio-r,-alaniiie and r-cynrio-Lu-L-aininohiit?ric acid. III coiitrast, treatment of I1 with 
sodium in ammonia containing methanol yielded the reduction product 01, r-diaminobiityric acid, anu with excess sodium 
in ammonia an unidentified less basic substance was obtained in addition. Characterist'ic color reactions with ninhydrin are 
presented for these amino acids along with other 

Duriiig t lie syiithwis of ;i i i  3spar"giiie-coiitaining 
r y l i c  peiitapeptidc striicat.urally re1:ittd to the riiig 
moiet>y of oxytoriii an unusual side reaction was ob- 
served.' 0 1 1  c~ouir~ercurreiit (list rihntion of the ryc~lic 
pentapeptide product a i i  :~ddition:il peiitnpept ide 
\ u s  found. Exaniinatioii of tliis showed that, in 
place of the :ispar:tgine moiety :i rwiclue of a , y -  
tliamiiiobut'yriu acid r n i s  pi'eseiit. It tippeared t'hat 
the asparagine nioiety had been partially converted 
by tht: roupling ngrnt,2 tctrnctliyl pyrophosphite 
iiito a reducible forin, so that aftcr a further syn- 
t hetir step involving sodium in liquid ammonia 
cu,r-di:iniiiiol)utyri~ acid I Y ~ S  forrncd after hydroly- 

sis i i i  p1:ic.e of aspartic :wit1 a i i t l  :minioiiiii. 'h re- 
nc t ivit ies of t he nl t e r d  asparagiiic moiety , iiannrl y , 
its hydrolysis to aspartic acid aiitl it,s reduc:ik)ility, 
at Imst in  part, t o  ii hisic* groiipiiig a i d  thc (I(.- 
hydratiiig nature of  the cwupliiig reagcnt that h:id 
I)ecw employed suggcsttd that the asparagiiie-P- 
carboxainidc had been dehydrated to a cyano group 
although other explanations were possible. 

In  order to gain further knowledge on t,his inter- 
esting side iwction of peptide syiithesis it u w  tlc- 
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sired to determine, using a carboxamide-containing 
compound more amenable to analysis than a poly- 
peptide, whether application of a peptide coupling 
agent can, indeed, convert a carboxamide to a nitrile. 
It was also desired to synthesize the amino acid 
nitrile corresponding to asparagine, vit. , /3-cyano 
alanine, and test its properties, especially its re- 
ducibility with sodium in ammonia to a, ydiamino- 
butyric acid. 

We have therefore now treated carbobenzoxy- 
L-asparagine (I) in pyridine solution with the cou- 
pling agent N,N'-dicyclohe~ylcarbodiimide.~ Evi- 
dence of reaction was supplied by precipitation of 
N,N'-dicyclohexylurea. The product which was 
isolated in 78Oj, yield after recrystallization agreed 
closely in properties with the carbobenzoxy-p- 
cyano-L-alanine (II)4a obtained from I with p-  
toluenesulfonyl chloride as dehydrating agent, indi- 
cating that N ,  N '-dicyclohexylcarbodiimide is, in- 
deed, capable of converting carbobenzoxy asparagine 
to the corresponding nitrile. 

Removal of the carbobenzoxy group from I1 was 
accomplished by the sodium in liquid ammonia pro- 
c e d ~ r e . ~  By observing anhydrous conditions the 
protecting group was selectively removed with- 
out appreciable reduction of the nitrile group, and 
crystalline P-cyano-L-alanine (111) was obtained 
in a yield of 50-60 %. On the other hand, the use of 
sodium in ammonia containing methanol4b led, as 
established by paper electrophoresis, to the reduc- 
tion product a,  y-diaminobutyric acid. Excess 
sodium in ammonia yielded a, y-diaminobutyric 
acid and in addition a less basic substance which 
was not identified. These reactions are illustrated 
in the accompanying diagram. 

The reaction sequence mas also carried out start- 
ing with carbobenzoxy-L-glutamine. Since carbo- 
benzoxy-y-cyano-n-L-aminobutyric acid separated 
as an oil, it  was extracted into ethyl acetate and was 
dried and treated directly with sodium in ammonia. 
The yield of y-cyano-a-L-aminobutyric acid6 was 
somewhat lower than 111, and this may have been 
due to difficulty in obtaining anhydrous conditions. 
y-Cyano-a-L-aminobutyric acid, like P-cyano-L- 
alanine, was rather soluble in mater, and the water- 
ethanol mixtures usually employed for amino acid 
isolations were found not very satisfactory. Both 
mmpounds were isolated instead from aqueous 
dioxane from whivh they crystallized well Arith 
>harp decomposition points. Potentiometric titra- 
tion of /3-c'yano-r,-alaiiiiie showed an unu~ually low 

( 3 )  .J. C. Shwhan and 0. P. HPSS, J .  Am. C'hena. Soc., 
77, 1067 (1955). 

(4)  (a) AI. Zaoral :inti J. Rudingw, Co2leclior~ Czechoslov. 
Cheni. ( ' ommum. ,  24, 1993 (1959); (b )  :IS in :L synthesis of 
ornithine from tolricric~srilfon~l- y-cyano-ol-:iminol-)iit~ric acid, 
lor. cil. 

( 5 )  R. H. Sifferd and 1'. du F'ignoniid, J .  Rid. Chena., 
108, 753  (1935). 

( 6 )  Pwliininary c,xprriinent,s w r t ,  carried out hy Mr. 
1':1111 :\. Il (Yktol1c. .  

apparent dissociation constant for both the car- 
boxylic acid group and the ammonium group, the 
cyano substituent having effected an increase in the 
the acidity of the -COOH group and a decrease in 
the basicity of the -NH2 group, as was seen by 
comparing the plia values with those of asparagine. 
The infrared spectra (potassium bromide disk) of 
both amino acids showed characteristic nitrile 
absorption in the 4.5 p region. 

Reaction of the amino acid nitriles with ninhy- 
drin was of some interest. With ninhydrin in acetone 
on paper or in n-butyl alcohol solution a t  100" for 
fifteen minutes, 0-cyano-L-alanine, like p-aminopro- 
pionitrile,? produced a green color,* while y-cyano- 
a-L-aminobutyric acid gave a blue-purple color. 
Further heating in solution changed the green color 
obtained with p-cyano-L-alanine to a gray-lavender. 
The color obtained with P-aminopropionitrile re- 
mained qualitatively unchanged. Cnder the more 
hydrolytic and reducing conditions of the ninhydrin 
reaction as used in the automatic analysis of amino 
acidsg only the more usual purple color was obtained 
with all three nitriles. The absorption spectra of the 
ninhydrin reaction products of y-cyano-a-L-amino- 
butyric acid, 0-cyano-L-alanine, P-aminopropioni- 
trile, and leucine under the latter conditions are 
shown in Fig. 1 and suggest that the strong maxi- 
mum at 320 mp might be of aid in characterizing 
the configuration in which an amino group is in 
position beta to a cyano group. The green ninhydrin 
color with absorption maximum a t  655 mp under 
the butyl alcohol conditions described earlier may 
be of similar use, although additional examples 
under both conditions are desirable. A report on the 
biological properties of 0-cyano-L-alanine and y- 
cyano-a-L-aminobutyric acid will be presented 
separately. 

The mildness and ease of the dehydration reac- 
tion and the reasonable yield and purity of I1 from 
I would suggest that the carbodiimide procedure 
might have general useful application for the syn- 
thesis of nitriles. In  particular, the low degree of 
reactivity with the aliphatic hydroxyl group 
usually encountered with the use of N,N'-dicyclo- 
hexylcarbodiimide would appear to offer advan- 
tages over existing methods for converting carbox- 
amides to nitriles which employ acyl or srylsulfonyl 
(~hloridesiO~4a or phosphorus oxychloride. IIon- 

( 7 )  J. T. (hrh i i t t  and F. RI. Stroiig, Albslracts 188ih 
. I T e p l i n g  A m .  Chew. Soc., Minil., Sept. 1955, p. 2ti A. 

(8) A green ninhydrin color on paper previously obttinerl 
wi th  asparagine in another laboratory (C. Itessler, J .  Am. 
Cheni. Soc., 82, 1641 (1960)) has not been obtained here; 
it niay have been due to thp presence of trace impurities 
hiit reniains iiiicsp1:tiiicd. 

( 0 )  J ) .  H. Spacl;niaii, I\*. 11. Stein, :mtl S. Moore, Anal. 
Chum., 30, 1 IC10 (1958). 

(10) J. Xitchell, Jr., m d  C. E. Ashby, J .  dna. Chem. 
Soc., 67, 161 (1945); Q. E. Thompson, J .  d m .  C'hcm.. Soc., 
73, 5841 (1951); F. A. Hochstein et a!., J .  Am. Cheiti. Soc., 
75 ,  5455 (1953); C. R. Stephens, E. J. Bianco, and F. J .  
l'ilgrini, .I.  .1 n i .  Chwni,. Soc., 77, 1701 (1!)55), 
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I. CBe = carbobenzoxy 

ever, the usefulness of the reaction for the prepara- 
tion of nitriles other than amino acid nitriles re- 
mains to be determined. 

With regard to the usefulness of N,X'-dicyclo- 
hexylcarhodiimide as a coupling reagent in the 
synthesis of asparagine and glutamine peptides in 
view of the facile dehydration t'o nitriles demoii- 
strated with this reagent, it may be pointed out 
that  the conditions described below were chosen to 
favor the formation of nitrile. \%th a competing 
reactive amino group available for coupling to form 
a peptide, wit11 a limited amount of reagent and 
base and with other solvents, the formation of as- 
paragine and glutamine containing peptides might 
well be favored with this reagent, and has, indeed, 
been acconiplished; production of nitriles as co- 
products may however be anticipated. In  select'ing a 
suitable coupling procedure for preparing aspara- 
gine and glutamine peptides it may be useful to 
assess the extent of the side reaction by reducing 
the crude Coupling product with Sa-CH,0H-SH3 
on a micro scale and chromatographically deter- 
mining the amount of formed a,r-diaminobutyric 
acid or ornithine. 

The situation idiic.h originally led to  the identi- 
fication of CY, y-diaminobutyric acid after peptide 
synthesis and hydrolysis1 has not been investigated 
directly. However, the reactions described liere Tvith 
carbobenzoxy asparagine, namely, dehydration by 
a coupling agent' to form a nit'rile and partial reduc- 
tion of the lat'ter with excess sodium in ammonia 
to CY, y-diaminobutyric acid are consistent with and 
could provide an explanation for the previous ob- 
servat'ions. 

EXPEIZIXESTAL~~ 

Cni bobeiizosij-L-asparngine ( I )  and  carboOelizor?~-~-glt,tn- 
??Line. Thescl compounds were preparrd iisiiig 2.\ sodiiini 
1iJ.droxide instead of the niore commonly used magn(4um 
osidr or sodium hirarbonntr. Approximately 2 molw of the 
Imsr niid 1.2 molrs of  carhobrnzoxy chloridc Tverr added in 
portions within 90 min. with vigoroiis stirring to  a 1676 aql ip-  
oils solution of the amino acid amide. The pH was maintained 

(11) R. Delaby, G. Tsatsas, and 9. Lusinchi, C. T . ,  242, 
2044 (19.56). 

(12) Rleltirig points wrrc  detc1,niinc.d i n  wpillarics and 
:ire rorrrct,ed. They deprndrtl on the rntc of heating. Samplps 
were heated rapidly t,o 10" brlow- the mplting point and thrn 
n t  a rnte of P o  pc'r minuto. 

I1 111 

throughout a t  approximately 8, arid the temperature !vas 
kept below 25". ]+-hen base was no longer rc~atlily consunicd, 
its addition was discontinried, antl Pt,irring VYM c:mtiniied for 
another hour. The reaction mixtures \\'ere worked up in the 
iisnal way by extraction with (3tht:r fol1o:ved hy acidification 
to pH I antl tiltration. r,-.lsparaginc. h\dratr, 30 g., yielded 
51 g .  of crude product,, m.p.  162-1133'. After one recrystal- 
lization from niethanol, 43 g. (81 yo) of carbobenzoxy-1,- 
uspai,agine was obtained, m.p. 164--165', ( a ) y  --G.5' (c 
1 ~ 1.V sodium bicarlwnatc); reportvd 1n.p. l( ijo.l3s L-Gluta- 
ininr, 20 g., yielded 25.8 g. of criicle product, m.p. 135- 
137". .ifter on(' rrrr\.stallizatioii from water, 23.3 g. (I33(?5) 
of carl~otieiizo.uy-~-glutaniine \vas obtained, m.p. 137-138'; 
  CY)^ -8.9" ( c  1, 1-Y sodium bicarbonate), (a )y  -6.8" (c 2 ,  
a h o l u t  1 ethatiol); reported 1n.p. 13i0,(*33' 135" (13b); 
rc,ported rot:ition (a;?," $5.8" ( c  2, cthanol).(l3b) Both 
coinpoiintld dried and were used without further puri- 
fication for the following rcmtions. 

C~i/.boberizozy-P-c~/aiio-L-alanine (11). A solution of 15 g. of 
cnrbobeiizosy-L-asparagine in 75 cc. of redistilletl pyriJine 
\vas inaintained at, 1G-20" and to this a solution of 12.2 g. of 
;\',N'-dic!.c.lohcx3.Icnrbodiirnid(, in 38 cc. of pyridine was 
added in portions n-ith magnetic stirring over 30 min. Aftvr 
not longer than 3 hr. at this temperature the precipitated 
dicyclohexylurea was removed by filtration and the filtrate 
was concentrated to  a sinall volume in vacuo a t  a pressure of 
1 mni. The mixture was again filtered, and tho filtrate w:ts 
concrntrnt,ed tq a thick sirup. Dilution with watcr caused t'lc 
srparation of some solid which was filtered off after 1 hr. in 
the cold. The filtriittb WRS then acidified with 6.V hydrochloric 
acid n i th  the sep,clration of white crystals, wt. 12 g. (86Yo); 
1n.p. 1.70-1:1to. The prodiict was recrystnllized from dry 
ethvlrne diclilorid-, \vt .  10.9 g. (78$%Ij rn.p. 131-132'; 
[CY] :: -45.2' (c  0.96, diniethylformamide). For comparison 
the compound was also prepared its described 1)y dchydra- 
tioii with p-toluencsulfonyl chloride.(4aJ This product melted 
a little higher a t  133-134"; [CY];' -44.2' (c 0.03, dimethyi- 
forinaniide): reported m.p. 133-134°.(4*j 

.4nal. Calcd. for C I ? H I ? S ? 0 4 :  C, 58.1; H, 4.87; N, 11.3. 
Found: C, 57.8: H, 5.22: N, 11.1. 

p-C?pno-L-alnnine (111). Sodium in small pieres was added 
t o  700 cc. of liquid ammonia. in a 1-1. round bottom flask 
fittcd for inagnc'tie stirring :ind protceted with a drying tulip 
of Asritrite. \\'hen it l i l u v  color nppearetl throughout, t,hr 
liquid addition of I1 \vas started. I I (7.J g . j  and sodium (1.0 
g. ) wrre introduced :dtc~rnatc~ly i r i  port>ions, sodium being 
added in amount each time. iint.il a blue color was attained. 
\\'hen addition n-as coinplctr, 3 i  g. of D o w e ~  .50 (4yo) in th(, 
form of its dried ammoiiiiini snlf was carefully introduced. 
Thr  ammonia was then allowed to evaporate with stirring. 
The solids were freed of residual ammonia on the water 
pump. The resin was thrn stirred w l l  with water and filtered, 
and the procedure was repeated until the filtrate no longer 
gave a green color reaction on paper with 0.1570 ninhydrin 

(18 )  (a )  11. Rt~rgmarin an(l 1,. Zerv:ts, Chem. Her.,  65, 
7 193 (19:32j; (b )  11. A .  Boissonn:is, St. (:uttniann, P.-.i\. 
Jaqiiflnoiid, :ind ,J.-l'. \l7xIlvr, H a i i .  f ' h i t ) ! .  . I d n ,  38, 1491 
( 1  !x). 
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e -0 i7-c!ano-I,-alaniiie, 0.071 pin/c,c. X 2; 0-0 0-aminopropionitril~, 0.25 
pin/w.; A-A r-cyano-ol-L-aminobiit?.ric acid, 0.052 pinjcc.;m.-m leucine, 0.0YS 
pm/cc .  

111 :icetone. Thc coinbiiictl e.str:tcts were evaporated at room 
teinprrature under rediiccd pressure to npproxiniately 10 
cc. The solutioii u x s  adju3tc.d to  pII 5 with 61V hydrochloric 
acid. Crystallization of the product as needles usually 
started at this point and was facilitated by finturating the 
inixturc with purified dioxane and maintaining the pH. 
It w:ts advantageous to scpnratc the solid bl- the use of 
ccxntrifugal filtration Tvitli :L sintcreti glass funnel which 
clcniilg sep;u:itctl the 1not1ir.r I i q ~ i ( i r  n-hich iisually had con- 
sidvr:it)lo color froin the rrit1ic.r soliible coIorL3ss prodiict; 
\ v t .  1.77 g. (515;), m.p. 2OS.5 -L'OI)o dm. Ftoiri the iiiotlicr 
liqiior nn :tdditional crop of 241 ~ n g .  \viis obtained, n1.p. 206" 
(t.ot:tl 58%). 

I;or :inalj.sis tlie iiiatcrial was rccryst:illizcd ~ v e r a l  tiniw 
f r m  \v;tter-dioxaiic :tt 40", 1n.p. '218-218.;" dcc., [a] 2 
-2.9' ( c  1.4, 1s uxl i c  x i d ) .  

Alnd. Calcd. for C,€-lJ&: C, 42.1; H, 5.30; S,  24.6. 
I'ound: C, 42.4: TI, 5.57; N, 24.8. 

Papc,r c'lcctrophorrsis of both the analytical and the un- 
recrystallized in:Lterial in barbital buffer, pH 8.5, p 0.05, us- 
ing 0 volts/cni. for 3 hr. showed after developing the strip 
lvith ninhydrin i i i  acetone a single green spot which was 
locat,ed 5.5 cm. from tho origin toward the anodr. 

Furlher reactions of I1 with sodiitna in ammonia. A solution 
of 5 mg. of I1 in 1 cc. of liquid ammonia containing 100 pl. 
of methanol WRR treated with sodium. A portion of t,he residue 
was subjected to  elwtrophoresis on paper in barbital buffer 
for 2.5 hr. Sinhydriri positivci m:iterial was located only a t  
5.5 cm. toward the cathode, I\ hich corresponded to  the posi- 
tion of anthelitic a,r-diaininobutSric acid. Another saniple 
of 11 was dissolved i l l  1 cc. of liquid ammonia and treated 
with sodiuni. A bluc color \\':is roarhed and niaintuincd fur 5 
I n i n .  iiixlysis of i l l ( ,  ~ i i ~ i ~ l i i c t ,  i i i ir ig c~lc~ctr~~~iiiort~sis iiitliwted 

a srnall srnioiint of p-cj~anoalariine, some ol,r-diaininoliiit~iric 
acid, and additional ninhydrin positive material which was 
located 1.5 cin. toward the cathode. 

y-C~iano-ol-~-aininob~it~iric acid. .4 solution of 10 g. of car- 
bobenzoxy-&glutamine in 45 cc. of pyridine was treated with 
ii solution of 7.65 g. of dicyclohexylcarbodiimide in 22.5 cc. 
of pyridine, and the reaction was carried out  and treated as 
dwcribcd for the preparation of 11. On acidification a thick 
oil !vas obtained which was extracted into ethyl acetatc. 
The extract was dried well over magnesium sulfate and thcn 
\vas filtered, divided in half, and concentrated under reduced 
pressure. The residues were further dried by azeotropinq 
with anhydrous bpnzene. To each rmidiie was added approxi- 
niately 500 cc. of liquid ammonia. Sodium (1.4 g.) was added 
i n  portions until a blue color throughout the solution was 
reached, followed by 35 g. of the dried ammonium salt of 
Ilowex-50. The ammonia was evaporated and thP residiws 
were combined and were treated as described for the isola- 
tion of B-cyano--Lalanine. r-Cyano-0-L-aminobutyric acid 
crystallized as needles from an  aqueous solution a t  p l i  5 
after the cautious addition of dioxane; wt. 1.2 g., (over-all 
2Cyo); m.p. 215-216' dec. Several recrystallizations from 
acliieous dioxane at SO" raised the 1n.D. to 227.5-229' dec., 
[&ly +4.50 (c 1.3, water). 

Anal. Calcd. for CbH*X20z: C. 46.9: H, 6.29: N, 2\.!J 
, I  I .  

Found: C, 46.9; H, 6.39; %,-2i.7. ' 
Electrophoretic examination as described for p-cyano-L- 

alanine showed after 3 hr. a single purple spot with ninhydrin 
which was located 2 cm. from the origin toward the anode. 
The  crude material showed in addition a smaller aniount of 
iiriidentified material located 1.5 cm. toward the cathode. 

Determination of pK. 0-Cyano-talanine in 0.05.44 solution 
\v:te titrated against 0.GI.V liydrvcliloric :wid and 0.GY.Y 
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sodium hydroxide a t  20". For comparison L-asparagine was 
also titrated. Separate solutions were used for the acid and 
alkaline curves. Titrations mere carried out using the Radi- 
ometer TTTla automatic titrator with a glass electrode (G 
20L4) and a calomel reference electrode Corrections for the 
3 ml. of water used as solvent w r e  similarly determined. 
The apparent pKa values derived from thew data  for p- 
cyano-lralanine are pKa1 1.7; pKa2 7.4; for L-asparagine, 
pKa1 2.1; pKa2 9.0; reportedI4 for lrnsparagine p I h ,  2.02; 
pKa2 8.80 ( O . O 2 M ,  25"). 

(a) N i n h y d r t n  i n  n-butyl alcohol. 
ilbsorption spectra were obtained with the Beckman DU 
spectrophotometer. Twenty to  forty microliters of an  aque- 
011s solution of p-aminopropionitrile (0.75 pm), p-cyano- 
L-alanine (0.43 pm), y cyano-a-L-aminobutyric acid (0.31 
pm), or leucine (0.2 pm) was added t o  5 cc of a 0 2% solu- 
tion of ninhydrin in n-butyl alcohol (reagent grade) in test 
tubes. The latter were covered and immersed in a boiling 
water bath. After 15 min. the solution corresponding to p- 
arninopropionitrile was clear green (A,,, 315, A,,, 655). It 
\+as qualitatively unchanged after further heating for 15 
min. I n  contrast, the ninhydrin color (green with blue cast) 

Reaction wzth nanhydran. 

(14) -4. C. Chibnall and R. K.  Cannon, Biochem. J . ,  24, 

(15)  Obtained from the California Foundation for 
945 (1930). 

Biochemical Research. 

(A,,,, 305, A,,, 410, A,,, 655) obtained with p-cyano-i,-alaninc 
changed on furthcr heating to  a lavender-gray (A,,,,, 308, 
A,,,, 415 and high general absorption a t  570-590 mp) and 
lost thc 655 mp maximum in the green. The reaction spectrum 
obtained with 7-cyano-a-L-aminobutyric acid after 15 min. 
resembled that' of leucine (A,,, 315, Amax 415, A,,, 585). 

( b )  N i n h y d r i n  in cellosolve-aqueous bufer .  Twenty to 
eighty microliters of an aqueous solution of amino compound 
was added to a mixture containing 4 cc. of sodium citrate 
buffer, ;9H 3.25.19' and 2 cc. of ninhydrin reagent in cellosolve 
and sodium acetate buffer.(g) The solutions were heated in a 
bath a t  100" for 15 min. P-Aminopropionitrile and p-cyano-L- 
alanine produced purple colors (A,,, 320, A,,, 401, A,,, 580). 
The purple solutions obtained with lericine and r-cyano-m- 
L-aminohutyric acid showed bands Lvith maxims only a t  
410 mp and 580 mp. The absorption spectra are shown in 
Fig. 1 .  
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Synthesis of a-Hydroxymethylamino Acids by Means of a Selective Reduction 
with Lithium Borohydride 
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A general synthesis of cu-hydrosyiiicthylaniillo acids is described. A suitably alkylated ethyl acetamidocyarioacetate i> 
treated with lithium borohydride to reduce selcctively the ester. After acid hydrolysis, good yields of the desired substituted 
serines are obtained. 

Many selective reductions of fuiictional groups in 
organic molecules have become possible since thr  
introduction of the nietal hydride reduciiig agents. 
Lithium borohydride was wported by Kystrom, 
Chaikin, and Brown' to be ai1 effective ageiit for 
mducing aldehydes, ketones, and esters to  alcohols. 
It. has been found2 to reduce tertiary amides, hut 
iiot. primary and secondary ainides, and has Iweii 
used3 for the reductioii of thc ester of p-toluerw 
sulfonyl peptide esters without, affect'iiig thc pept idc 
hoiids. It has beeii reported4 not to rduve  iiitriles 
when used for thc hydrogeiiolysis of thc halogeii of 
halonitriles. These observations inad(: it, seem 
likely that lithium borohydride could bc uacd for 
the selective reduction of an ester in a niolecule 
containing also nitrile and acylamirio groups. Wheii 
applied to ethyl acetamidocyanoacet'ates, this 
should lead to a grnrral synthesis of n-snlwtituted 

(1) It. F. Nystroin, S. by. Chaikin, and H. C. Hronri? 

( 2 )  M. Davis, J .  Chem. Sac., 3981 (1056). 
(3) J. L. Bailey, Biochenz. J. ,  60, 170 (1955). 
(4) L. Friedman, Abstracts of Papers of Aiuericaii 

Chrniical Society 122nd lfeeting, September 1952, p.  4GlI.  

J .  Am. Chem. SOC., 71, 3245 (1949). 

0 CN 0 C S  
I /  I II I 

I 
CHzOH 

CHECNH-C-lt + CH,CNH--C--R + + 
I 

COnCnHi 
C( )*I1 
I 

11,s -k-R 

CHpO1-I 

R = - - H ,  . -(:ki.,, (.:HZCH?C:H,, --C:H~CRH: 

swiiies, prcividing a g ~ i i c m l  mcthcid for syiit hc.sisiiig 
:imino acids having mi a-hydroxyinet hyl siihstit,ii- 
cwt. a-Hydroxymethylamino acids havc 1ierc:t o- 
fore born prepared by partial oxidatioii of 2-amiiio- 
'-alkyl-l,~-propaiiediol~.~ The method desrribed 
herein would appear to have ii wider applicability, 
because of t'he ease of obtaining the required startiiig 
materials. 

The validity of this assumption was establishctl 
by a synthesis of serine itself from ethyl :tcetamido- 
qaiioacetate by reduction with lithium lmdiydritlr 
in refluxing tetrahydrofurail, followed hy acid hy- 

(5) J. H. Billman and E. E. Parker, J .  i l ? i ~ .  C h o / , .  So(.., 

_____ 

67, 1069 (1045). 


