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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 
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(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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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). 
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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). 



drolysis. T3erliiiguet6 has described a synthesis of 
soriiie from ethyl ac~tamidocyaiioacetute by rcduc- 
tion of thc e sk r  with sodium horohydride i i i  aqurl- 
ous alcohol at, room tempcrat iirc. T k  was i io t  ablc 
uiidt.r thosc coiiditions to obtaiii complete rcduv- 
tion of the cstrr, which caused his serinc to he c o i l -  

taniinated with glycine. lteductioii with lithium 
Imrohydridc in hot tetrahydrofuran overcam(' this 
difficulty completely, and glyciuc. \vas licit f o u i i c l  

i i i  tht: protfuc%. When the lithium borohydride r ~ -  
cluc~t io11 \vas carried out a t  room temperuturP, rediic- 
t io11 \vas iiot complete. 

Lt hyl acctamidocyanoacetatc was alkylated wit 11 
methyl iodide, n-propyl bromide, and benzyl chlo- 
ride 1)y tht. preeedure of A l h ~ r t s o i ~ , ~  a i d  the thrcc 
acdct amidocyano esters converted to the ~ o r r ~ -  
spoiidiiig a-methylserine ('-amiiio-:3-hydroxy-~- 
i w t  hylpropionic acid), a-n-propylserine (2-amino-:2- 
hydroxy-a-propplpropionic acid) and a-tx>iizyl- 
scriiw (2-niniiio-2-benzy1-3-hydrox3.propioni(~ acid) . 
a-11rthylsorine has been synthesized previously, 
hut hy a different method.5 The nmiiio wids :ill 
.showed the expected behavior on paper chroma- 
t ogrnphy, migrating faster thaii serine and slower 
than  thc corresponding simple amino acids \vit h- 
out  the h)-drosymcthyl group. 

of intwest to study the poriodate c:lea\~~gt: 
of this type of amino acid. a-n-Propylserinc> \vas 
t'oiiii(1 t o  I)(> rwtlily osidized by sodium periodate, 
cx)iw;umiiig 1.8 molcs of pcriodatc per mole of amiiio 
:wid. 'U1i.q \ w s  (*lose to the expected result, siiiw 

wrii i(~ :uitl t hrcwiiiic ('oiisuiiic two moles of pt.rio- 
cl:itc. pcsr inolc of amino a d .  Thus,  the a-suhstit- 
r i o i i t  (lid i i o t  iiitc.rfrre seriously with the pcrio- 
t h t c  oxid:iticiii. 

fluxing for 8 iir. with 6.\' ti),drorhloric* a(.ld. .tlie il? droehloric, 
acid ;vas removed 1 ) ~ .  repented :itlilition of \voter :lnd c~v:i- 
pnration, and t,he remaining siiiirio :114tl deealtrd 011 1 ) ( I I \ -PS-~ 

anion exchange resin 1':LI)t:r c,hr~)riiatogr:iI)tr). in pli~wol- 
water ;ind in systeiiis a i d  13 cltw:ribetl I~elow revenlrd 
serine, contamiiiated w Ith s~ i i~ l l l  :~iiioiints of othrr ~iiiihydriii- 
positive eiilJstancw. Iclentiij- of the  heline \vas supportetl I)!. 
periodate oxidation. ( lvc ine  \ \: is iiot prexrit in the prodiicat. 
When the  lithiiini boroh~tlriile rcvlrirtioii \vas rxrrietl out in 
t,etrahydrofiir:in sf room ttbuipFrzLture for 2 hr.,  the reduction 
\vas incomplete, : ~ n d  glj.c.int~ \\.ss prcwaiit i n  t l i c s  protliwt. 

a-MeUz!/Zserine. 13y tlie :iIiov(\ procedure, ethj.1 inet,hyl 
Lcetamidocyanoacetatr~ (3.6 g.)  1v:is recluc.etl iv i th  lithium 
horohydride (0.42 g.) ,  and the product was hydrolyzed and 
desalted. The  amino arid was recrystallized from water- 
ethanol to  give 2.0 g. (84%) of ~r i ie thyls r r ine ,  prisms, n1.p. 
253" dec. (lit.s 1n.p. 243'). 

Anal. Calcd. for C,FIsNO:: C, 40.33; 13, i.62; S, 11.76. 
Found: C, 40.39; 11, i .52; S, 12.03. 

a-n-Propylserine. Ethyl n-propj.1 ac.etninidoc:yanoace- 
tatev (2.1 g.)  was reduced, hydrolyzed, and ~iiirifiod I)!, t h r  
above procedure. Tlie u-n-pri)p>.lseriiie as rocrystallized 
from water-eth:inol (glatelcts) ant1 \( c~ighc~el 0.9 8 .  (UrU), 
m.p. 290" dec. 

Found: C. 49.20: H. 8.91; K, 0.61. 
Anal. Calcd. for C6H1JOI: C:, 48.06, If, 8.00; N, 9.52. 

~Benzylserine: Ethyl &et :1111 itlo-2-eyano-3-11 hcnyl-pro- 
pionate (5.2 9.) \vas reduced, h ~ d r o l ~ - z r d ,  and purified Iiy the 
above procedure. The  a-llenzylserint. was recrystallized from 
water-ethanol (needles) and iveighccl 2.5 g. (67(;o), n1.p. 283' 
der. 

Anal. Calcd. for Cl0HI3SO1: C'. 61.52; J i ,  i i . i l ;  S,  7.18 
Found: C, 61.29: H, 6.68; K, 7.30. 

Paper chrotnatoyruphy qf untirio rtci'rls. The a-siihstitutrtl 
serines ohtained from the :tll<yl nret:iinicloc.!-anciacetntes \\ere 
further characterized by paper chroniatography in two sys- 
tems: (A)  n,-propyl alcohol-water ( 2 :  I I)y volume) and (BI 
sec-butyl alcohol-8872 formic :ic.itl-\\ :Iter l00:L'O: 13.3 liy 
volume). 

R ,  of rlniino Acids 
~ ~ ~.~~~ ~- .. 

a-Substituent 
on Serine System A System B 

None 0 31 0 24 
hIethyl 0 42 0 38 
n-Propj,l 0 70 0 GO 
Benzyl 0 68 0 64 


