
1828 NOTES VOL. 25 

L-Tyrosyl- L-phenylalanin e 

F. H. C. STEWART 

Received February 44, 1960 

The dipeptides derived from L-tyrosine and L- 
phenylalanine have been mentioned in the litera- 
ture from time to time, mainly in connection with 
enzymatic hydrolysis studies.'S2 In  particular, 
L-tyrosyl-L-phenylalanine and various derivatives 
are referred to, but in only a few cases have any 
of these compounds been obtained pure and 
characterized. The synthesis of the pure dipeptide 
and several of its derivatives by conventional 
methods is described here. 

EXPERIMENTAL 

N,O-Bzscarbobenzoxy-Ltyroszne. There are considerable 
differences in the reported properties of this derivative. 

Treatment of L-tyrosine in the normal way with excess 
carbobenzoxy chloride and alkali gave a noncrystalline white 
powder, m.p. 85-86'; [CY]? + 3.7' ( c  10, acetic acid). 
Pannemann, Marx, and ilrens3 give m.p. 115-121" (indefi- 
nite);   CY]^^ +4.5' ( c  10, acetic acid), while Katchalski 
and Sela' report colorless needles, m.p. 117';   CY]^^ -5" 
(e 10, acei,ic acid). 
N,O-Bzscarbobenzoxy-L-tyrosyl-bphenylalanine. An ice 

cold solution of 3.0 g. of N,O-biscarbobenzoxy->tyrosine 
and 0.7 g. of triethylamine in 14 ml. of tetrahydrofuran was 
treated dropwise with 0.9 g. of isobutyl chlorocarbonate. 
After stirring for 5 min. a solution of 1.1 g. of L-phenyl- 
alanine in 6.4 ml of N NaOH was added in one lot. The mix- 
ture was stirred for 30 min., and acidified. The oil which 
separated soon solidified and was recrystallized from ethyl 
acetate-hexane, yield 3.1 g. (78%) m.p. 179-181'. Recrys; 
tallization from ethanol raised the m.p. to 182-184'. [CY]; 

+6.1' ( c  1, acetic acid). 
Anal. Calcd. for CS4H32O8N2: C, 68.4; H, 5.4; N, 4.7. 

Found: C, 68.6; H, 5.6; N, 4.7. 
N-Carbobenzoxy-L-tyrosyl-Lphenylalanine. A dried ethereal 

solution of the azide obtained in the usual ways from 6.2 g. 
of N-carbobenzoxy-btyrosyl hydrazide was mixed with an 
ether solution of ethyl L-phenylalanate obtained from 4.3 
g. of the hydrochloride. The mixed solution was kept over- 
night a t  0" and the precipitated crude ethyl N-carbobenz- 
oxy-btyrosyl-L-phenylalanate filtered and washed with 
ether. The yield of amorphous solid was 5.0 g. (55%). 

Treatment of 2.0 g. of this ester with 9.2 ml. of N sodium 
hydroxide and 5 ml. of dioxane, followed by acidification, 
gave N-cttrbobenzoxy-L-tyrosyl-L-phenylalanine, which was 
recrystallized from aqueous ethanol. Yield, 1.7 g. (90y0), 
m.p. 175-176"; [CY]', '" $2.1" ( c  1, N sodium hydroxide). 
Anal. Calcd. for CCBH2606N2: C, 67.5; H, 5.6; PI', 6.0. 

Found: C', 67.6. H, 5.8; X, 6.0. 
The compound was also obtained in low yield (l1Y0; 

m.p. 174 5-175.5') by a mixed anhydride coupling of N -  
carbobenzoxy-L-tyrosine m ith L-phenylalanine using iso- 
butyl chlorocarbonate. 
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L-Tyrosyl-Lphenylalanine. A solution of 3.4 g. of N,O- 
biscarbobeneoxy-ctyrosyl-L-phenylalanine in 30 ml. of 
4M hydrogen bromide in glacial acetic acid was warmed to 
70' for 10 min., cooled and diluted with ether. The oily pre- 
cipitate was dissolved in water and the solution neutralized 
to litmus with aqueous potassium carbonate. On addition 
of ethanol the dipeptide separated slowly as colorless needles 
of the monohydrate, yield 0.8 g. (42y0), m.p. 308-310' 
dec.; [a]?' +17.7" ( c  0.5, 2147 hydrochloric acid). The water 
of hydration was very firmly bound. 
Anal. Calcd. for C1,H2205N2: C, 62.3; H, 6.4; K, 8.1. 

Found:C, 62.4;H, 6.5;N, 8.3. 
The dipeptide was also obtained by treating N-carbo- 

benzoxy-btyrosyl-L-phenylalanine with hydrogen bromide 
in acetic acid a t  room temperature. Recrystallized from 
water, m.p. 310-312' dec.;   CY]^ '' $17.3" (c 0.267, 2A' 
hydrochloric acid). 
N-Formyl-L-tyrosyl-L-phenylalanine. The ethyl esterB was 

obtained in very poor yield by the N,N'-dicyclohexylcarbo- 
diimide7 coupling of N-formyl-Ltyrosine and ethyl bphenyl- 
alanate. It was repeatedly recrystallized from aqueous 
ethanol, m.p. 174-175"; [ a ] y O  +2.4" (c I, ethanol). Treat- 
ment of 50 mg. of the ester with 0.4 ml. of X sodium hy- 
droxide, followed by acidification gave 40.6 mg. (8870) of 
the product, which formed colorless needles from aqueous 
ethanol, m.p. 247-248' dec. 

Anal. Calcd. for C19H200~N2: K, 7.9. Found: N, '7.8. 
This derivative was also obtained by m-arming 100 mg. 

of L-tyrosyl-L-phenylalanine with 0.6 ml. of a 2 :  1 mixture 
of 90% formic acid and acetic anhydride. It was recrystal- 
lized from aqueous ethanol, m.p. 246-247" (alone and 
mixed with above product), yield 35 mg. (3OY0). 
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The unusual reactivity of the ketolic system, 
3a-acetoxy-17a-hydroxy-l7~-methyl- D - homo - 5p- 
androstane-11,17a-dione (I), has been referred to 
recent1y.l The reaction of this substance with 
methanesulfonyl chloride in pyridine a t  0" affords, 
in addition to  the normal mesylate ( I I ) , Ia  an iso- 
meric substance, m.p. 142-144' (25-30y0), exhibit- 
ing strong hydroxyl absorption in the infrared. 
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