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36 !The work described in this pper me sponsored by the U, S o  A t d c  
Ea3e~gy C o ~ s s i m .  

investigate the use of e thy l  thio1trf%iuoroacebte a s  an ace tykt ing  agent 

f o r  amino acids and peptides fn aqueous ~solutfon, The intense eleetro- 

s t a b i l i t y  of the ea ter  is in sharp contraat t o  the highly reactive %rifluoro- 

ace t i c  anhydride which has been w3d t o  prepme several N-trifPuoroace%y1- 
1 

a d n o  acfda and simple peptide derivatives.  These aeyl-anba acfda are 

bond undergoes hydrolysis a t  a pH greater than PO dis$inguishsa this pro= 

teot ive group from others med in peptide chemistry, 

2 
?3Ayl thiol%riflz~~roace-i;ate aeetylates %he amino acid a n i ~ n  i n  aqueous 



solution i n  good yield, giving crystalline products which are easily puri- 

f i ed .  The applicabi l i ty  t o  peptide synthesis was demonstrated by the pepara- 

t ion  of N-tr~luoroacetylgly@yl-D,Lphenylalanine, Synthesis of the dipeptide 

was effected 50% aqueous tetrahydrofuran a t  roam temperature by treatment 

of D , Lphenylalanyl anion with N-trifluoroacetyl-gaycine thiophenyl es  tier. 

The application of phenyl t h i o l  es ters  of acyl-amino acids t o  peptide chemis- 
3 

t r y  has been described by T .  Wieland and cc-workers. 

The optical in tegr i ty  was ~erFfied by studying the properties of N- 

tsUluoroacety1-Lphenylalahe . Hydrolytic cleavage of the trifluoroacyl- 

nitrogen bond yielded the opt ical ly active amino acid of unchanged rotation. 

Conversion of the acyl-amino acid t o  the ani l ide , followed by mild hydrolysis 

led t o  the isplat ion of Lphenylalany1anilide . - 

These obsemt ions  indicate t h a t  thioh es ters  of N - t r i f l u o r o a c e t y ~ o  

acids may f ind application i n  the eontroEled f omation of the peptide bond 

i n  aqueous media . 

(3) T .  Wieland and c~--workers, Am. m, 99 (1951) and subsequent papers. 
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The rather unusual aeetylating properties of free th io l  acids were 
I 

f i r s t  described by P a w l m k i ,  and recently the th io l  analogs of N-acyl 

amino aci& were reported t o  be active aeetylating agents for amines and 
2 

amino acid derivatives under miEd conditions. 

Various esters of thiol, acids have attained a chemical significance 

in recent years because 02 the elueidatim of %he structure of Coenzyme A.  
3 

It was found by F. L i p n r a ,  and others, that the coenzyme, whfeh is an 

important par t i  cipant in metabolic reactions, i s  an N-aeyl derivative of 

Acetyl Coenzyme %which i~ the appropriate environment, rapidly transfers 

i ts  acyl group t o  other substrates. 

(1) B. Pawlewski, Ber ,, 2, 661 (1898); 657 (1901); 2, 110 (1902) a 

See a lso  H .  L. Wheeler, J. Am. Chem. Soe., a, 44L, (1901). 

(2) 14. W. Cronyn and J .  Jiu, J. Am. Chem. Soc., z, 4726 (1952); J. C .  
Sheehan and D. A .  Johnson, ibid o ,  z, 4726 (1952). 

(3 ) Chemistry and Functions of Coenzyme A, SymposPm, Fed. Proc . , J&, 
673 (19531, particularly, F, Lipmalara, G o  D o  Novelli and F, m e n .  



It seemed reasonable, theref ore , to  f nvestf @%e tfae C,rans-caaety%athg 

popart ies of ethyl thioltrifluoroa ceta t e  5 The hzense electrophilic 

property of the trffluoroaeyl group is cormbbed w i t h  the unusml anfno- 

philfeity of the sdfm atom i n  th is  ehfoP ester; and acetyl transfer from 

the ethyl mereaptide r a d f d  t o  an amino dt rogen atom would be analogous 

t o  the amm onolysis-aminol.ysis reaction of esters.  The ester  is of very 
f s 

low water solubility; it is stable i n  water and dilxbe aeids, bnt/slowly 

hydrolyzed by hot df lute aqueous alkali  . The transa eetylatf ng properties 

of the t h i o l  es ter  were demonstrated by the isolation of' N-tsifluoroacetyl- 

amino acids from aqueous solutions af the a d n o  acid anions i n  wRf& satura- 

tion of the aqueous phase w i t h  respect t o  the %hi08 eater was mafntained. 

We have found that  the M-trifluoroacety1 derim-bfves of raeem3.e and 

optically active a d n o  acids can be prepared i n  good yields by this method. 

The compounds are stable, easi ly crystallfzable products and, in general, 

are precipitated by acidification of the aqueous reaction mixture. Ahoy 

the extreme vo la t i l i ty  af ethyl mereaptan obviates any tedious pmflfcatian 

scheme. However, the so l a t i l f t y  of the mearoaptan does require %he use of 

a well-ventilated hood. T h i s  acetyhati on Ps effected urader very nild con- 

ditions fn aqueous solut fon~ and hydrolgtbie cleavage of the protective 

group a lso  can be effected under condftfons mfld enough so that  %he f ragi le  

peptide linkage f s not ruptured, i ,e . , ammonkal solutii on or dilute aqueous 

alkali ,  pH U-12. Theref ore, the appUcability t o  peptide chemistry be- 

comes manifest. 



The preparation and some properties of Ea-tr~P1~ormcety1 amino acids 

have been reported by F. Weygand and ce-workers Acetyhtion W s  effected 

on treatment af the amino acid with the highly reactive trifluoroaeetic an- 

hydride. These experimentera found that  a racemi@ prsduet was obhbed  f r m  

an optically active a d n o  acid in the presence of excess anhydride. Also 

mixed anhydrides were formed when the amino acids were treated with a molar 

excess a f  trifPuoroacetie anhydride, These umsy~ametrical anhydrides, though 

not isolated, were effective i n  the aeet,yEatf on of arcmatic amines and amino 

acid esters .  The symmetrical anhydride of the acyl amino acid could be 

isolated by treat ing the reaction mixture,  containing the mixed anhydride, 

with t r i e thy l  amine . 
We wish t o  report the preparation af a number of N-trifSuoroacety1 

amino acids which have not been characterized t h w  fa r ,  describe the 

peparat ian of a simple dipeptide, and present evidence f o r  the optical 

integri ty of these canpounds during ehedeal  manipulations . Some proper- 

t i e s  of these new acyl amino acids are 'cabdated (Table I), Preliminary 

evidence that  the trifluoroa.&tyl @ o p  in the compounds called N t t r i -  

f lumoacetyl-D , L l y s b e  and p-trifluormcetyl-0, kornithine is on the 

terminal a d n o  nitrogen, and not the a-Esmirao SOUP, was obtained f rm  a 

study of the visible absorptf on s p e t r a  of aqueous aolutf ons of the acyl 

amino acids i n  the presence of cupsic ion,  able 11) . The spectrum i n  

acidic media of EJ-trifluoroaeetyS-D, Lomithine possess an absorption band 

of wave length and molar extinction characteristic of the eupric &elates 

( 5 )  F . bygand and E. S cendes, Angew, Chem . , &, 2% (1952); F'. We~gand 
and E , lei sing, Ber . , a, 24% (1954 



Table I, Section A 

Some Properties of N-Trifluoroacet~lamino Acids 

R--2rifhor oa catyl Solvent for  
DarEv8tirseI- .& Yield Re cry s t  . m.p., OC. 

Formula 

;-hinobenz oic acid (a 1 

L(+) Arginine dihydrate 

I, LAspartic acid 

;lycine (b 1 

D, Lwsine ( ~ € 1  

D , Leth ion ine  

D,LTryosine ethyl es ter  99 

L(- 1 Tryptophan hydrate 48 -4 

I3 , GValine 64.6 

methanol 163 .8-165.2 
ether (1:l) 

benzene EU-116 ,5 C4H4F3N03 

water 226231 (dec . ) C$IuF3N2O3 
ethanol (2=3) 

bemene 94 2-96 . 5 
pet. ether (2:l) 

C7%0F3N03S 

benzene 79 .&82 -5 c8R32F3N03 

water 228-232 (dec . ) CF11F3N03 
ethanol ( 1 ~ 1 )  

benzene 125 .&-126.8 C11H10F3N03 
hexane (1:l) 

benzene 119.4-120.6 C11H1$'3N03 
hexcine (1:l) 

ethyhcetate 172.6-174 
pet.  ether 

C~HLF3N004 

water sinter  95 C#llF3N203 o H ~ O  
melt 162-1611 

benzene 117.6-120.6 C$1$3N03 
pet. ether (4 :3 ) 



Table I, Section B 

Carbon Hydrogen Nitrogen 
N - T r i f  luor ca ce t y l  

Derivative of Calcd. Found Calcd. Found Calcd. Found 

4-Aminobemoic acid (8 1 

L(+ ) Arginine dihydrate 

D,LAspartic acid 

Glycine (b 

D,L-&sine (Ne) 

D, L'Jh-yosine ethyl e s t e r  51.15 

L(- ) Tryptophan hydrate 49.06 

(a ) Reported fo r  N-Trif luoroa cetyl-4-8minobenz oic acid, m .p . 285O, (Ref. 5) . 
(b) Reported f o r  N-Trif luoroacetyl glycine, m .p . 120-El0, (Ref . 5 ) . 
(c) Reported f o r  N-Trifluorcacetyl-D, L!Eyrosine ethyl  es ter ,  rn .p . 175-176(', (Ref. 8) . 



Table I1 

Visible Absorption Spectra of the Cuapie Chelates of Several Bmino Acids 
R 

a-D , L-Aminobutyrf c acid 3.20 745 23.6 
4 .46 672 37.2 
7.72 620 51 .O 
9 4 2  615 60.4 

E-Aminoca proic acid 4.70 ) 790 - 
5 096 >790 - 

D , LOrnithine hydrochloride 3.02 
3.72 
4 -88 
q .22 

Trifluoroa cetyl glycine 2 ,45 > 790 - 
5 965 > 790 - 

11.5 (hydrolysis) 635 - 

* B i t i a l  concentratians: amino acid, 0802 8; cupric f a ,  0.005 g. 

p€l measurements made w i t h  the Beckman glass electrode; 6 sodium 
hydraxide used i n  tl$rations. 



6 
of a-amino acids . Additional evidence nas obbf  ned through semi-qmntita- 

t ive  studies on %he hydrolytic ra tes  of several N-trifluoroaeetyl amino acid 

der2vatfves i n  50% aqueous ethanol, (Table 111) , 

The applicabKlLty of t h i o l  e s t e r  derivatives of the trfffluoroacyl- 

amino acids t o  peptide chemistry was indicated by the synthesis of N-tri- 

f 1uoroacetylglyeyl-D , Lphenylalanine via the thiolpbenyl es ter  method develop  
7 

ed by Th. Wieland in  Germany and R .  Sehwyzer in Switzerland. The acetyla- 

tion of the dipeptide anion could a l so  be effected by the use of ethyl t h i o l  

t r i f luoroacetate  . The reaction scheme is outlined below, 

4 0 0 
II I1 H 

CF C-N-CH -C-N-CH-CH C H 
3- 2 1 2 6 5  

I1 
H2NCH,-C-N-CHCH2C6H5 

I 
COO @ 

(6) H. Borsook and K. V .  Thinam, J. Biol. Chem., a, 671 (1932); I. M. 
Klotz, I. L, Falles  and J, M. Urquhart, J .  Phys. and Colloid Chem., a, 
18 (19501 a 



Table 111 

* 
Hydrolytic &perherits i n  5@ Aqueous Ethanol a t  pH 12 ,&I2 .: 

Trif luoroa ce tylglycine 

I Trif luor oa ce tyl-D , L-ws h e  

* A typical run was made as  follows: A solution of 42.2 mg. 
(2 -47 moles ) N-trifluoroa cetylglycine i n  10 .O ml . 50% 
aqueous ethanol was t i t r a ted  t o  $3 12.0 by the addaon af 
1.00 3 sodium hydr coride f r am a buret . pH measurements were 
made against a Beckman Type @E?' glass electrode, and the pH 
of the solution was maintained a t  12.0 3, 0.1 by the addition 
of alkali .  The percent hydrolysis was determined from a plo% 
of base consumed versus time. 



The retention of optical asmmetqy ms dsmwtrated by several 

hydrolytic experiments on derivatives of L-phenybhoine and the isolation 

of L-phenylanili.de (8 )  whose properties agreed w i t h  those reported ea r l i e r .  
8 

Hence we have experimentally verified the optical s t ab i l i ty  of' a 

trifluoroacetyl amino acid and, further,  have demonstrated the applicabili ty 

of the trifluoroacyl protecting group i n  peptide chemistry. 
f 

Ek~erimentaA 

N-Trifluoroacet~l Der iv~ t ives .  

Essentially the same procedure was used i n  the  preparation of the 

derivatives whose uromrt ies  are described in Table I. Modif+icatfons in 

(8 1 J. C .  Sheehn, D. W. Chapman, and R .  W. Roth, J. Am. Chem. Soc., z, 
3822 (1952) 
B l t i n g  p o b t s  are uncorrected; aicroannLyses were performed by the 
Mierochemical Iabora-bory, University of California . 



.;he procedure are indicated below for  the par t i  cular a d o  acids. 

- The amino acid was dissolved i n  1.00 equiva- 

lents of 1 sodium hydsaxide in a flask possessing a ground glass joint and 

stopper f i t t e d  w i t h  a stopcock open t o  t h e  aC8mosphere. Ethyl mercaptan, the 

by-product of the acetylatfom, was allowed t o  escape from the system; the 

reactions were run in  a well-ventilated h o d  . Ethyl thf ol t r i f luo~aa  oetate 

was added (0 2 0  ml ,/mmole amino acid, f .e . , l h :l molar zatio),  and the 

heterogeneous react i  on mixture was shaken mechanically for  & hours . Upon 

acidification with I d ,  concentrated hydrochloric wid ,  the &%ure was 

cooled i n  an icewater  bath and the precipitated produo% was collected by 

f i l t r a t i on  . 
N-Trif luoroacetvl Glveine . - A solution of 378.2 mg . (5.04 mole 

g9ycine i n  5 m l  . d i s t i n e d  water was t i t r a ted  t o  pH 10 with 3,02 m l  . 3.00 H 

sodium hydraide . Upon the addition rxf L,50 mB . (1 .$2 g . , 11.5 mole)  

ethylthioltrif lnoroacetate4 the heterogeneous solution was placed an a 

mechanical shaker f o r  18 hours. The solution was aeidffied with 2 ml, P 

hydrochloric acid and extracted with three 10 ml. portions ethyl ether. The 

etheral extract was taken t o  dryness under reduced pressure. The crystalline 

residue, a f t e r  drying t o  constant weight in a vacuum dessi cator, weighed 

476 -6 mg. (54.8$), m.p. ll0.5-~26 $5'. A sample was recrpstaLUsed several 
0 

times from benzene, m .p . lU+-Ub .5 . Reported m .p . ~ 6 '  C .5 A sample was 

dried a t  50' f o r  analysis. 

Anal- Calcd. fo r  CAH4F3N03: C, 28.08; H, 2.36; N, 8.19; neut. eq., 171. 

Found: C, 28.59; H, 2,31; N, 8.23; neut . eq ., 174; pK, 3 ,O5. 



The neutral equivalents were determined by dissolving samples of the 

respective amino acids i n  d i s t i l l e d  water or 5@ aqueous ethanol and t i t m t i n g  

with 1.00 sodium h y d r d d e .  The t f t r a t fon  curves were cmstructed by 

plotting moles of base combined versus the apparent pH as determined by the 

glass electrode. The apparent pK values were obtained direct ly f rm these 

plots .  

In a second experiment the acetylwtion of gaycine was carried out i n  

a sodium borate buffer solutf on (a satunited aqueous solution of sodium 

tetraborate, pH 9.2) . To a solution of '750 $7 ng . (10.0 mole )  glycine i n  

10.0 m l .  1 .OO N sodium hydrarride was added 40.0 ml. of borate buffer sol* 

t i a n  and 2 .OO ml , (2.47 g , , 15.6 m o l e )  ethyl  thioltrifluorcacetate . The 

heterogeneous solution was placed on a mechnical shaker; a t  specified time 

intervals 10.0 ml. aliquots were withdrawn, acidified with 1 hydrochloric 

acid, and extracted with three 15  ml. portions ether .  After drying over 

anhydrous magnesium sulfate  the etheral  extracts were evaporated i n  tared 

f lasks  and the  weight of c r y s t a l h e  residue determined a f t e r  drying t o  

constant weight i n  mcuo. 



Recovery cd" ~ ~ ~ u o r o a c e t y l g ~ c i n e  as a Function of Time 

Time Wt . residue Corrected Wei ght $ Psoduet 

85.8 6 6 2  mg. 19.3% (based on 342.8 mg, 
theoreti cal l  

136.7 oO 34 .1 VI 

8" (a1 176.3 156.6 91.3 (based on 171 .4 mg . 
the oretical) 

(b 1 197 .5 177.8 103 n 

* 10.0 m l .  burfer solutf on added immediately before withdrawal of aliquot. 
8 (b) etheral extractions cantained unreac%ed thf 01 ester .  

D, k-&sine monohydrochloride i n  10.0 mP . 1 3 sodim hydraxfde was added 2.0 ml . 
ethyl thioltrifluoroacetate. 'Ile heterogeneous mlxtme was shaken for  six 

hours . A precipitate s1d .y  separated and f inal ly  f i l l e d  the s o M i  on0 The 

reaction mixture was cooled in ice-water and %he solid was collected by f i l t r a -  
0 

t ion. Yfeld, 1.81 g .  (75$), mop. 224-250 with dacmposition. The crude 

material was dissolved in 10 d. hot water and the so%u%&m was diluted with 

15 ml. hot ethanol. W t e ,  rectangular oqystaPs separated on cooling. Yield, 

1.25 g. (69% recovery), m.p., 226-231°, dso. A second recrystalUsation 
0 

yieldedan-xdytical sample which was dried a t  100 v a e u ~ .  



N-Trif luoroace t ~ l - D .  L k o s i n e  Ethvl Es-tier . - To a suspension of 

2.09 g .  (10.0 mmole) D,L-tyrosine e thyl  e s t e r  i n  10 m l .  e t h j l  acetate was 

added 2.0 m l .  ethylthioltrifluoroacetate. The heterogeneous system was shaken 

and the so l id  gradually weat in to  solution. After 2.4 hours, a crystalline 

so l id  had separated. The reaction mixture was taken t o  dryness under re- 
0 

duced pressure. The residue weighed 3.02 g (99$), m .p . 166-172 . The crude 

material was recrystall ized from 20 ml. ethyl  acetate  by the addition of 60 m l .  

0 
petroleum ether  (b.p. 30-60 ). Yield, 2.08 g. (6% recovery), m.p. 170-172'. 

A sample was recrystaJlized twice f ram ethylacetate-petrolem ether f o r  analysis . 
O 9 m .p. 1 7 2 . ~ 1 7 4 ~ .  Reported, m.p. 175-176 . 

Anal. Galcd. f o r  C H F NO C, 51 .l5; H, 4.62; N, 4 -59. Found: C,  51.38; 1 3 U 3  4' 
H, 4-85; N, 4.48. 

N-Trifluoroacetrvl-D.L-Norleucine. - The acetylation was effected in  

the usual manner. However, crystal l izat ion of the organic phase could nst be 

induced on acidif icat ion of the reaction mixture . The crude product was ex- 

t racted w i t h  three 10 ml . portions ethyl  acetate . The cabined extracts were 

dried over M&04. The solution was f i l t e r e d  and concentrated under reduced 

pressure . The o i ly  residue was dissolved i n  4.0 ml . hot benzene, slow cooling 

and vigorous scratching eventuallg led t o  the separa.tim af a crystall ine 

so l id .  Yield, 1.20 g . (53%) , m .p 77.5-82'. After two recrystall isations 
0 

f rm benzene the melting point uas 79 .0-82.5 . A sample was dried a t  4.0' fo r  

analysis.  

Found: C, 4.2 -59; H, 5.31; N, 5.86; neut. eq., 222; pK, 4.36 (5% aqueous 

ethanol) . 

(9 A .  Taurog, S.  Abraham, and I. L. h i k o f f ,  J. Am. Chem. Soc., z, 3473 
(1953 - 



Pentide Smthesis  . 
N - ~ i f l u o r c e t y % g ~ z ~ ~ l - D ,  LphenyPalanine was prepared by two d i  s t inat  

methods : 1 )  a d b e c t  s p t h e s i  8 ~ i a  the thiophenyl ester  of $he acetylated 

glycine, and 2) acetylatiou of a sample of a commercial preparation of the 

dipeptide . 
N-'I 'rif  ~ o a c e t v l g l v ~  - Ester. a 50 50. pear-shaped 

f lask  f i t t e d  with a reflux condenser and a calcium chloride tube was placed 

a suspension of' 4.28 g . (0.025 mole) R-trif%uormcet,yl glycine . The mixture 

was heated under ref 1 . u ~  fo r  2.5 hours with 3.0 ml. (4.96 g . , 0,0,&.1 mole) 

purified thionyl chloride. The reaction mixture was cancentrated under re- 

duced pressure (dry nitrogen atmosphere). The so1uti on of the acid chloride 

was taken up in 10 m l .  dry benzene and concentrated a second t h e .  A solu- 

t ion af 3.50 m l .  (3.7'7 g., 0.034 mole) thiophenol in 10 d. dry benzene was 

added. The reaction midare was heated under reflux for 4 hours and allowed 

t o  stand a t  rocan temperature overnight. Solvent and excess thiopheraol were 

removed under reduced pressure. The solid residue was diasokgsd is 15 m l ,  

benzene, t reated with gorite,  f i l t e r ed  and diluted w i t h  15 d. hexane. The 
0 

yellow crystalline product weighed 5 4.2. g. (82.4$), mop, "777 . Two re=- 

crystallizations from bemene-hexane yielded cobr lees  crystal& . m .p * 80.2- 

81.5'. A sample was dried a t  60' in vacuB fo r  analysis . 
Anal Uilcd. fo r  C$gF3N02S: C, 45.69; H, 3.06; N, 5 J2. Found: G ,  45.62; 

H, 3-45; N ,  5.190 

- To a solution of 166.5 mg. 

(1  -01 mole)  D, bghenylalanine in 4.0 mf , d i s t i  l led  water containing one equi- 

valent s&um hydrmide was added a solution 02 264 -8 rag. (5.01 mole) N - t r i -  

f luorcacetyl glycfne thiophenyl es te r  in 4 .O m6, tetrahydrofuran. Two phases 



were present and %he & t w e  was shaker, meehanfealliy for 48 horns a t  ram 

temperature. The pH of the system was measured a t  i n t s m l s  by use of the 

electrode. The i n i t i a l  pH was 9.45; a f t e r  2e, hours the pH had fa l l en  to 

7.65, and 43nained essent ia l ly  constant during the seemd 24 how period. 

The solution was evaporated t o  dryness & y a c u ~ .  The resid.ue - i s  taker, up 

i n  3.0 ml . 1 H HC1 by warming and the solution placed i n  the refr igerator  

overnight. The crys ta l l ine  product was eoXLected by fil tmtioa. Recovered, 

96 mg. (30761, mop. 151.5-154.5°. The solid was soluble in ethanol but 

sparingly soluble in water. Rec~ystalEzat ion.  from P,5 mP. water yielded 

0 0 44. .2 mg. (46% recovery), m.p. 152.5-155 . The material  was dried a t  80 

i n  vacuo f o r  analysis . - 
Anal. C a l c d . f o r C  H , F N O  C,4?.06;H,4.E2;Ng 8.80. Fo-md: C,l+.8.80; - 13 13 3 2 4: 
H, 4.26; N ,  8.85. 

Ace tv la  t ion  of' @LYcP~-D . L-PhenvLalanine . - To a solution of 222.1 mg . 
(1.00 m o l e )  glycyl-D , L-phenyhlrmiae (&nn Assayed Biochentcals , C .P . grade) 

i n  1.00 al. 1 sodium hydra fde  was added 0 2 5  m l .  e thyl  thfol'trS1uosc- 

ace ta te .  The suspension was slzaken mecbanicaX@ a t  rom tempemture f o r  5 

hours.  he solution was ac id i f ied  with 0.50 d. 6 H HCI9 cooled i n  ice- 

water, and the sol id was coUected by f i l t r a t f  on, Yfold, 3 E  2 mg. (%$), 
0 

m.p. 152-255 . A mixed melting point w l + t  the F d u ~ ' t  isolated f rm th_e 

d i rec t  synthesis showed no depression. 

pared according L o  the general, procedure. The crude rna"briaE was r e m y s t a U a e d  

f ram 50 m l  . hotbenzene. by diluting with 49 mP . hexane . product erprkd- 

Lized as colorless needles. Yield, 2,02 g .  (78.2% of -k;heory), mop. 119.4- 



20.6'. A second recrys ta l l i sa t ion  from benzene-hexane yielded material f o r  

analysis,  m .p. 119-120.6°, opt ical  rotation: i n  95% ethanol p] E4 + U .8O 

(0.0208 g. i n  5.00 ml. 95% ethanol); i n  g l ac ia l  ace t ic  acid [g g5 + 36 .LO 

0 
(0.0187 g o  i n  5.00 m l  , glaef a 1  aoe%ic acid)  . A sample was dried a t  80 f o r  

analysis.  

11, 4 .O9; N, 5 -22. 

Hydrolmis of N-Trf f luoroacet~l-LPhenvSaPadne . - A solution of 

262 -4 mg . ( 1  -00 mmole) PJ-trifluorcacetyl-Lphenylalanine i n  5 m l  . 95% 

ethanol was t i t r a t e d  with standard 1 sodium hydrcnride. Ekcess a lka l i  

(5.00 ml.  t o t a l )  was added and the s o l u t i  on was allowed t o  stand a t  roam 

temperature f o r  24 hours. The solution was back t i t r a t e d  with standard 1 

hydrochloric acid and evaporated t o  dryness. The residue was taken up in 

3 m l  . water and the insoluble material  collected by f i l t r a t i o n  . The residue 

was crystal l ized from 2 ml. water. Yield, 73.0 rug. (&%). The optical 

ro ta t ion  was determined in d i s t i l l e d  water. C ~ $ 2  - 32.6O (0.0302 g. i n  5.00 

m l ,  water). A sample of kphenylalanine used a s  s t a r t ing  material had a 

21 o6 - 34.2'. spec i f ic  rotat ion [gD 
N - T r i f f  - To a suspensi on of 

261 mg: (1.00 mmole) N-trifluoroaoetyl-Lphenylalanine In 5 ml. dry benzene 

added 0.20 m l  . (0.32 g . , 2.7 m o l e  purified thionyP chloride. The mixture 

was heated under ref l u x  fo r  2.5 hours in a system protected from atmospheric 

mof s tu re  by a czlcium chloride tube . The solvent and excess thionyl 

chloride were removed under reduced pressure (dry nitrogen atmosphere). 

The crude product was washed with 5 m l  , dry benzene and again taken t o  dry- 

ness. The residue was dissolved i n  15 ml. dry benzene; %he hot solution 



was f i l t e r e d ,  and, upon cooling, was diluted with 10 m l .  petroleum ether ,  
0 

(b.p. 30-60 .) The solution was stored i n  a refr igerator  overnight. The 

crystal l ine so l id  was collected on a sintered g b s s  f i l t e r  and washed w i t h  

several portions of petrolsum ether .  The f ine,  coPorless, silky needles 
0 

were stored i n  a mcuum dessicator . Yield, 172 mg , (60 J$), m .p ., 105-10'7 . 
Two recrystal l izat ions from benzene-petroleum e ther  (2:l) gave crystals .  

0 
mop. 109,5-1ll.5 . A sample was dried a t  50' f o r  analysis.  

Anal. Calcd. f o r  C11H9C1F3N02: C ,  47.24.; H, 32-45 N, 5.01. Found: C, - 
28 02 + 15 -5' (0.0081 g . i n  5.00 m l  . glacial  47.07; H, 3.48; N, 5.12. La], 

acet ic  ac id ) .  

Hydro1 vsis of N-Trifluoroa eet~l-LPhenvlalanv1 Chlori de . - To a 

so lu t i  on cf the acid chloride, prepared from 130.8 rag, N-trffluurcacetryl- 

Lphenylalanine, i n  5 m l ,  acetone was added 0.20 m l .  water. The solution 

was allatred t o  stand a t  roan temperature fo r  6 hrs  . , and then evaporated 

t o  dryness under reduced pressure. The residue was recrystall ized from 

10 m l .  benzene diluted with hexane. The needle shaped crystals which 

separated were collected by f i l t r a t i o n .  Yield, 96.3 mg . (73 .%), m .p. 115.6- 

ll7.6O. + 15 -5' (0.0247 g . i n  5.00 ml . 95$ ethanol) . 
N-Trif luoroacetvl- fkF%emhlan.~1anilide . - The acid chloride of 

N-trflluormcetyl-Lphenylahnbe was pepared f ronz 264.6 mg . (0.946 rnmole ) 

of the a c e t y b t e d  amfne acid i n  the usual manner. The crude acid &loride 

was taken up i n  5 m l .  dry benzene and t o  the cold solution was slowly added 

a solution of 0.21 m l  . (0 2 0  g . , 2.4 m o l e )  an i l ine  i n  5 ml . dry benzene. 

A heavy white precipitate separated, The reactf on mixture was heated under 

reflux f o r  one hour and the  solvent was removed under reduced pressure. 

The sol id ~ e s i d u e  was extracted with three 4 m l  . portions of water, and the 

crude product was crystall ized f ran 10 m i  of 70% aqueous ethanol. The 



white, f ine ,  siUgr needles were f i l t e r e d  from the cold ethanolic solution, 

washed with two 5 m l .  por:ions water, and dried i n  vacuo. Yield, 275.6 mg. 

(80 .@), m.p., 195.5-198.5'. A sample was recrystallized f r m  708 aqueous 

ethanol and dried a t  loo0 -CUB f o r  analysis. 

- Anal. Calcd . f o r  Cl7H1f3 N 0 : C, 60.71; H, 4.50; N ,  8.33. Found: C, 

60.89; H, 4 -47; N, 8 .lo.  4 * + 54 -3' (0 .Dl96 g . i n  5.00 m l .  95% 

ethanol) . 
1 - To a solution of 91.1 mg. 

(0.271 m o l e )  N-.trifluoroacetyl- L-phenylahnylanilide i q  5.0 m l  . 95% ethanol 

was added 1.0 ml. 1 sodium hydrcceide. The basic solution was allowed t o  

stand f o r  48 hours a t  room temperature and then acidified with 1 & hydro- 

chloric ac id ,  The acidic solution was evaporated t o  dryness and the sol id 

residue was extracted w i t h  2 ml . di lu te  aqueous ammonia. The crude product 

was crystallized from 4 ml. 50% aqueous ethanol. Yield, 37.0 mg. (56 .%I; 
0 0 

m .p . 72.6-74.2 ; *5 + 22.1 (0 .OD2 g . i n  1.00 m l  . ebs . ethanol). 
o 26 

Reported f o r  Lphenylalanylanilide: m .p., 72-74. ; a 0 8 
-t 19 . 


