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SUMMARY 

The synthesis of Asaley labelled with '"C in the mustard (Asaley-must-"C) or 

the leucine (Asaley-leu-'"C) moiety is described. 

amino-Na-acetyl-DL-phenylalanyl-L-leucinate was reacted with ethylene oxide- 

(U)-l"C to give the bis(hydroxyethy1)amino analogue, which was converted to 

Asaley by treatment with thionyl chloride. Asaley labelled in the leucine 

moiety was prepared by condensation of N-acetylsarcolysin with ethyl leucinate- 

(U)-"C in the presence of dicyclohexylcarbodiimide. 

products was established by spectroscopic, chemical, and chromatographic 

techniques. 

Key words : Asaley, Sarcolysin, D,L-phenylalanine mustard, anti tumor. 

In the former, ethyl p- - 

The identity of the 

INTRODUCTION 

Asal ey (ethyl p-[bi s EE-chl oroethyl lami no]-Na-acetyl -DL-phenylal any1 -L- - 
leucinate; NSC-167,780), an alkylating agent first synthesized in the Soviet 

Union, is a dipeptide derivative o f  N-acetylsarcolysin. Because of reported 
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super io r  ant i tumor a c t i v i t y  t o  sa rco l ys in  (D,L-phenylalanine mustard; NSC- 

14210) i n  a number o f  experimental (1,2,3) and human (3 )  malignancies, Asaley 

i s  undergoing c l i n i c a l  eva lua t i on  i n  the  Uni ted States(4) .  As an a i d  t o  b i o -  

chemical pharmacologic s tud ies  i n  experimental animals and i n  man, we requ i red  

Asaley l a b e l l e d  w i t h  1 4 C  i n  t h e  n i t r o g e n  mustard (i .e. , b i s I 2 - c h l o r o e t h y l l  

amino) moiety and i n  the  l euc ine  moiety. 

described. 

The syntheses o f  these compounds a r e  

MATERIALS AND METHODS 

Ethylene oxide-(U)-14C (19.1 mCi/nmole) , contained i n  a "breakseal" ampule 

f i t t e d  w i t h  a 14/20 male j o i n t ,  was purchased from Schwartz/Mann, Orangeburg, 

New York. 

New England Nuclear, Boston, Massachusetts. 

(NSC-167,780) were generously prov ided by t h e  Drug Development Branch, Drug 

Research and Development, D i v i s i o n  o f  Cancer Treatment, Nat ional  Cancer 

I n s t i t u t e .  Column chromatography was c a r r i e d  o u t  on Woelm n e u t r a l  aluminum 

oxide, a c t i v i t y  grade I (Alupharm Chemicals, New Orleans). Preparat ive and 

t h i n  l a y e r  chromatography were performed on g lass p l a t e s  coated w i t h  s i l i c a  

gel 60 (F-254) (E.  Merck, Darmstadt, Germany); t h e  chromatograms were viewed 

under s h o r t  wavelength (254 nm) u l t r a v i o l e t  l i g h t .  

a c t i v i t y ,  t he  p l a t e s  were sprayed w i t h  a 1% s o l u t i o n  o f  4 - (p -n i t robenzy l ) -  

p y r i d i n e  (NBP) i n  acetone, then heated a t  100' f o r  5 minutes, and sprayed w i t h  

a 2% s o l u t i o n  o f  sodium hydrox ide i n  ethanol; a l k y l a t i n g  compounds appeared 

as b l u e  spots aga ins t  a wh i te  background. Aromatic amines were detected by 

spraying the chromatograms w i t h  a 1% s o l u t i o n  o f  p-dimethylaminobenzaldehyde 

(DMAB) i n  ethanol-12N hyd roch lo r i c  a c i d  (95:5); y e l l o w  spots aga ins t  a w h i t e  

background were produced. R a d i o a c t i v i t y  was determined w i t h  a Packard Model 

3375 T r i c a r b  1 i q u i d  s c i n t i l l a t i o n  spectrometer us ing  "PCS" (Amersham/Searle) 

L - l e ~ c i n e - ( U ) - ~ " C  (312 mCi/mnole), i n  0.01 N HC1, was obta ined from 

Sarco lys in  (NSC-14210) and Asaley 

To d e t e c t  a l k y l a t i n g  

- 

- 
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Associates T-60A spectrophotometer us ing te t ramethy l s i l ane  as an i n t e r n a l  

standard. 

spectrophotometer. Op t i ca l  r o t a t i o n s  were measured i n  1-dm tubes w i t h  a 

Schmidt-Haensch po la r ime te r .  

Johns m e l t i n g  p o i n t  apparatus and a re  uncorrected. Elemental analyses were 

performed by G a l b r a i t h  Laborator ies,  Knoxv i l l e ,  Tennessee; r e s u l t s  were w i t h i n  

+0.4% o f  t h e o r e t i c a l  values. 

Mass spect ra were obta ined on a Finnigan Model 3000 quadrapole mass 

M e l t i n g  p o i n t s  were determined on a F ischer-  

RESULTS AND DISCUSSION 

Asaley l a b e l l e d  w i t h  14C i n  the n i t r o g e n  mustard group was synthesized as 

i n d i c a t e d  i n  Scheme 1. 

(3J was prepared by d icyc lohexy lcarbodi  imide-induced condensation o f  N-acety l -  

p-n i t rophenyla lan ine (L) and e t h y l  L - l euc ina te  hydrochlor ide (<) , i n  py r id ine .  

Reduction o f  3 w i t h  hydrogen over 10% palladium-on-charcoal a f fo rded  the  f r e e  

amine, 4. Reaction o f  

a t  room temperature, y i e l d e d  the  bis(hydroxyethy1)amino analogue, 5. To ensure 

maximum u t i l i z a t i o n  o f  t he  r a d i o l a b e l ,  the ethy lene oxide-(U)-"C was i n i t i a l l y  

reacted w i t h  a l a r g e  (>30-fofd) molar  excess o f  t he  amine. Unlabel led ethy lene 

ox ide was then added t o  d r i v e  the  r e a c t i o n  t o  completion. 

proceeds through the  in termediacy o f  a monohydroxyethylamino adduct, the 

m a j o r i t y  o f  the r a d i o l a b e l  i n  5 i s  assumed t o  be present  i n  one, r a t h e r  than 

both, o f  t he  hydroxyethyl groups. 

based on the s p e c i f i c  a c t i v i t y  o f  the product, was 86%. 

t o  Asaley (5)  was accomplished by t reatment  w i t h  t h i o n y l  c h l o r i d e  i n  anhydrous 

chloroform. Although a s i g n i f i c a n t  amount o f  decomposition product  was formed 

du r ing  t h e  reac t i on ,  Asaley was r e a d i l y  i s o l a t e d  by chromatography o f  t h e  

crude r e a c t i o n  m ix tu re  on t h i c k  l aye rs  o f  s i l i c a .  A t r a c e  amount o f  the mono- 

ch lo roe thy l  analogue, together  w i t h  some unreacted s t a r t i n g  ma te r ia l ,  was a l s o  

recovered. 

E thy l  p-ni tro-N"-acetyl-DL-phenylalanyl -L- leuc inate - 

- 

'L 

$ w i t h  ethy lene oxide-(U)-14C i n  g l a c i a l  a c e t i c  ac id ,  
'L 

'L 

Since t h e  r e a c t i o n  

'L 

The u t i l i z a t i o n  o f  e thy lene oxide-"'C, 

Conversion o f  2 
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‘SCHEME 1 

SYNTHESIS OF ASALEY -Must-l4C 

“ZCZH5 ,CH3 
I 

02N 0 CH2, CH . C02H + H2N. CH .CH2 .CH ’ HCI 
I 
NHCOCH3 

2 - 
DCC I Pyridine 1 1 - 

“ZCZH5 CH3 
02N 0 CH2. CH . CO . NH .CH.  I CH2 . C i i  / 

3 ‘ CH-J 
I 
NH ’ COCH3 - 

H2 I Pd 

C02C2H5 I F3 
H2N 0 CH2 ’ CH ‘ CO ’ NH ’ CH . CH2 ’ CH 

CH3 
\ 

4 
I 
NH ’ COCH3 - 

* .  

/ CH3 
HO . CH2. CH2 “ZCZH5 

I 
\ N 0 CH2. CH . CO , NH .CH .CH2 ‘  CH 

CH3 
I \ 
NH . COCH3 5 

/ 
HO ’ CH2 ‘ CH2 

I 

I l 5  /“H3 
- CH2 ’ CH . CO ’ NH ‘CH ’CH2 ‘  CH 

CH3 
I \ 
NH . COCH3 5 

I 

* .  

C02C2H5 I /cH3 
CI ’ CH2. CH2 ‘ N a CH2 . C H .  CO. NH , CH , CH2. CH 

CH3 

I \ 
NH ’ COCH3 6, 

/ 
CI ’ CH2 ’ CH2 
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Asaley labelled uniformly with 14C in the leucine moiety was synthesized 

as outlined in Scheme 2. 

SCHEME 2 

SYNTHESIS OF ASALEY - Leu-14C 

CI ' CH2. CHZ C02C2H5 
.I /CH3 

t H2N ' CH 'CH2 .CH 

\ *  
\ N  0 CHz.CH.CO2H 

CH3 
CI . CH2. CH2 / I 

NH ' COCH3 
7 - 

DCC I CHC13 I 
CI . CH2 ' CH2 C02C2H1j CH3 

+I I * /  
\ N  CH2 .CH . C O .  NH . CH . CH2'  CH 

/ I \ *  
CH3 

CI . CHz.  CH2 
NH ' COCH3 

Ethyl L-leucinate-(U)-14C (8) was prepared from L-le~cine-(U)-'~C via 

the intermediacy of the corresponding amino acid ester hydrochloride. 

o f  8 with N-acetylsarcolysin ( J )  in the presence o f  dicyclohexylcarbodiimide 

afforded Asaley-leu-14C (z) in 60% yield. 

Reaction 

2, 

Unlabelled Asaley, prepared by the same synthetic sequence as c or 2, was 
identical , by spectral (NMR, MS, OR) , chemical , physicochernical , and 
chromatographic comparison, to an authentic sample o f  the drug. 

The position of the label in $ and 2 was confirmed by chemical hydrolysis 
with 6 & HC1; quantitative radiochemical yields of L-sarcolysin-14C and L- 
1eucine-l4C, respectively, were recovered (Table 1). 
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TABLE 1 

D. Farqzihar, X. Lu and T.L.  Loo 

Chromatography of A~aley-must-~~C, Asaley-leu-"+C, and hydrolysis products on 

Whatman No 1 paper [Eluent: n-butanol - 95% ethanol - propionic acid - water 
(1 0: 5 2 :  5)] 

Reaction with % Recovery 

NBP Ninhydrin o f  radioactivity 
R f Compound or product 

Asal ey-must- 4C 0.95 t - 100 

Asaley-leu-14C 0.95 + - 100 

Asal ey-must- '+C hydrolysate 0.81 + t 100 

Asaley-1 eu-14C hydrolysate 0.81 t t 0 

0.67 - t 0 

0.67 - + 99 

Sarcolysin 0.81 + + N/A 

L-Leucine 0.67 - t N/A 

N/A = Not Applicable 

EXPERIMENTAL 

Ethyl p-nitro-Nu-acetyl-DL-phenylalanyl-L-leucinate (3). 

Dicyclohexylcarbodiimide (12.3 g, 59.6 mole) was added to a solution of 
5 N-acetyl-p-nitro-DL-phenylalanine (1 , 14.0 g, 59.5 mole) and ethyl L-leucinate 

hydrochloride (2, 11.7 g, 59.5 mole) in dry pyridine (1000 mL), and the 

mixture was stirred at room temperature for six days. The precipitate of N,N- 

dicyclohexylurea was filtered o f f ,  and the pyridine was evaporated in vacuo. 

Chloroform (300 mL) was added to the residual oil, and the solution was 

% - 
6 

% 
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filtered to remove additional N,N-dicyclohexylurea. 

successively with 3 x 100 mL portions of saturated sodium bicarbonate solution, 

1 x 100 mL portion of water, and was dried over anhydrous sodium sulfate. 

The chloroform was evaporated in vacuo, and the residue was recrystallized 

from benzene-heptane to give 3 as white platelets. 

mp 156-158'; M+(m/e)=393; NMR (CDC13)68.12 (d, ZH, C3- and C5-H), 

7.38 (d, 2H, C2- and C6-H), 5.00 (my lH, gNHCOCH3), 4.42 (my lH, HNHCO2C2H5), 

4.18, 4.15 (Zxq, 2H, O3CH3), 3.17 (d, 2H, Ar%), 1.95 (s ,  3H, COCH3), 1.0- 

1.8 ( m y  2H, CH,CH(CH3)2), 1.27, 1.24 (Zxt, 3H, OCH2E3), 0.7-1.1 ( m y  7H, 

CH(CH3),$. Anal: Calcd for Cl9HZ7N3O6: C, 58.00; H, 6.92; N, 10.68. 

Found: 

Ethyl p-amino-N"-acetyl-DL-phenylalanyl-L-leucinate (4) 

The filtrate was washed 

Yield-14.4 g (61%); 
?r 

C, 58.12; H, 7.04; N, 10.80. 

'L 

A solution of 2 (8.7 g, 22.1 mole) in absolute ethanol (300 mL) was 

hydrogenated at 40 psi over 10% palladium-on-charcoal (500 mg) for 90 minutes 

at room temperature. 

earth (Celite), and the filtrate was concentrated in vacuo. 

residue solidified on trituration with benzene-heptane (1 :l). 

tion of the crude product from ethyl acetate afforded 

Yield: 6.1 g (76%); mp 160-162'; M+(m/e)=363; NMR (CDC13)B 7.02 (d, 2H, C2- and 

C6-H), 6.60 (d, 2H, C3- and C5-H), 4.67 ( m y  lH, gNHCOCH3), 4.40 (my lH, 

- CHNHC02C2H5), 4.17 (4, 2H, OCH,CH3), 3.62 (broad band, ZH, NH2), 3.30 (d, 2H, 

ArCH,), 1.93 ( s ,  3H, COCH3), 1.0-1.7 (my 2H, CH,CH(CH3)2), 1.23 (t, 3H, 

OCH2g3), 0.65-1.0 (m, 7H, CH(CH3)2). Anal: Calcd for Cl9HZ9N3O4: C, 62.79; 

H, 8.04; N, 11.56. Found: C, 62.83; H, 8.32; N, 11.56. 

Ethyl p-[bis(2-hydroxyethyl-'~C)amino]-Na-acetyl -0L-phenylalanyl-L- 

leucinate (5) 

The mixture was filtered through a pad o f  diatomacious 

The gumy 

Recrystalliza- 

as white needles- 

?r 

A "break-seal" tube containing ethylene oxide (1 mCi; 19.1 mCi/rnnole) was 

partially imnersed in a dry-ice/acetone bath at -78' for 30 minutes. The 

seal was then broken, and the tube was quickly fitted on top of a 25 ml 
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single-neck (14/20) f l ask  containing a solution of 1 (0.68 g. 1.87 m o l e )  i n  

glacial ace t ic  acid (5.0 ml). 

smeared w i t h  high vacuum grease, and the assembly was clamped together. The 

solution was s t i r r ed  f o r  42 hours a t  room temperature. 

imersed i n  an i ce - sa l t  ba th  a t  -10' f o r  30 minutes, and l iquid ethylene oxide 

(1.0 m l )  was added. 

mixture was s t i r r ed  f o r  a further 24 hours a t  room temperature. 

t o  -lo', the' f lask  was opened, and the contents was allowed to  warm to  room 

temperature. The mixture was evaporated i n  vacuo, and the residual viscous 

o i l  was taken up i n  chloroform (10 mL). 

with 2 x 5 mL portions of saturated sodium bicarbonate solution, 1 x 5 mL 

portion of water, and was dried over anhydrous sodium su l f a t e .  

was evaporated, and the residue was dissolved i n  chloroform (5 mL) and 

transferred t o  a column of aluminum oxide (100 g) made up i n  t h e  same solvent. 

The mixture was eluted w i t h  chloroform-methanol (98:Z); f rac t ions  of 5 mL 

each were collected. 

aliquots of a l te rna te  fractions to  t l c  on s i l i c a  i n  chloroform-methanol (9 : l ) .  

The minor, pale-yellow forerunner band (Rf=0.44, DMAB pos i t ive) ,  tentatively 

identified from i t s  mass spectrum [M+(m/e)=407] as the monohydroxyethylamino 

analogue of 6, was not further investigated. The colorless second band 

(Rf = 0.31, DMAB negative) yielded a viscous o i l  t ha t  so l id i f ied  on 

t r i t u ra t ion  with ether;  i t  was recrystall ized from methanol/ether t o  give 6 

as white needles -Yield: 0.57 g (68%); spec. ac t .  = 0.4 mCi/mnole. The 

u t i l i za t ion  of ethylene oxide-'"C, based on the spec i f ic  ac t iv i ty  of 5, 

was 86%. Chemical and spectral analyses were conducted on a sample of the 

unlabelled compound prepared by the same synthetic route - m.p = 122-123' 

(ethanol-ether);  Mt(m/e) = 451; NMR (CDC13)6 6.93 (d ,  2H, C2- and C6-H),  

6.57 (d ,  2H, C3- and C5-H) ,  4.0-5.0 (my 4H, &iNHC02C2H5, &NHCOCH3, and 

( c C H 2 C H 2 ) 2 ) ,  4.13 (4, 2H, O C H , C H 3 ) ,  2.92 ( d ,  2H, ArCH,), 1.92 ( s ,  3H, COCH3), 

To ensure a t l g h t  f i t ,  the jo in t s  were l igh t ly  

The flask was then 

The apparatus was quickly resealed, and the reaction 

After cooling 

The solution was washed successively 

The solvent 

The r a t e  of elution was monitored by subjecting 10 pL 

Ir 

Ir 

Ir 
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1.0-1.8 ( m y  2H, C H , C H ( C H 3 ) 2 ) ,  0.5-1.0 ( m y  7H, CH(CH3)2). Anal: 

C23H37N306: C ,  61.17; H ,  8.26; N ,  9.31. Found: C ,  61.22; H ,  8.47; N ,  9.32. 

Ethyl p-[bi s (  2-chloroethyl - l  'C)amino]-Na-acetyl -DL-phenylal any1 -L- 

leucinate (A~aley-must -~~C,  7 ) .  

Thionyl chloride (0.7 m L )  was added rapidly to  a s t i r r ed  solution of $ 
(0.50 g,  1.11 moles )  i n  anhydrous chloroform (25 m L ) .  The mixture iwed ia t e ly  

turned cloudy, and a colorless mobile o i l  separated. 

i n  a water bath a t  45', and the reaction mixture was s t i r r ed  vigorously f o r  

90 minutes under a dry nitrogen atmosphere. The dark brown solution was evapo- 

rated under reduced pressure a t  < 40'. 

(25 m L ) ,  and the solution was re-evaporated. Trituration of the residue w i t h  

anhydrous ether yielded a l i g h t  brown amorphous solid (494 mg). 

portion of the product on s i l i c a ,  u s i n g  chloroform-methanol (9:1),  revealed 

three components: 

Asaley by chromatographic comparison w i t h  an authentic sample, ( 2 )  a minor, 

NBP-positive band a t  Rf = 0.39, identified from its mass spectrum CM+(m/e)=469, 

4711 as the monohydroxyethyl analogue o f  Asaley, and (3) a minor, NBP-negative 

band a t  Rf = 0.29, ident i f ied  as unreacted 6. The crude product was dissolved 

i n  chloroform (10 m L ) ,  and the solution was applied to  f i v e  thick-layer plates 

of s i l i c a .  The chromatograms were developed w i t h  chloroform-methanol ( 9 : l ) .  

Bands corresponding to  Asaley were scraped-off, combined, crushed to  a uniform 

powder i n  a mortar and pes t le ,  and transferred to  a glass column (30 x 2.2 cm) 

w i t h  the aid of several washings of chloroform. 

chloroform-methanol (8:2). Evaporation of the solvent yielded a pale yellow 

viscous residue t h a t  so l id i f ied  on drying under vacuum. 

washed w i t h  e ther ,  dried,  and stored under nitrogen over phosphorus pentoxide 

a t  -20'. Yield: 292 mg (54%); spec. act .  = 0.46 mCi/wole. Tlc of a portion 

of the product on s i l i c a  i n  chloroform-methanol (9 : l )  showed a s ing le ,  NBP- 

positive spot a t  Rf = 0.58. To determine the radiochemical homogeneity of the 

Calcd f o r  

% 

The flask was imnersed 

The gunny o i l  was taken up i n  chloroform 

Tlc of a 

(1) a major, NBP-positive band a t  Rf = 0.58, ident i f ied  as 

2, 

Asaley was eluted w i t h  

The product was 

167 
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product, 1 cm bands o f  t h e  chromatogram were scraped d i r e c t l y  i n t o  l i q u i d  

s c i n t i l l a t i o n  count ing v i a l s ;  water (1 mL) was added, fo l lowed,  a f t e r  15 minutes, 

by count ing f l u i d  (15 mL). The " c o c k t a i l s "  were shaken v igo rous l y  f o r  1 minute 

and were then counted. Over 99.9% o f  t h e  r a d i o a c t i v i t y  was loca ted  i n  t h e  

reg ion  o f  t h e  chromatogram corresponding t o  Asaley. 

Unlabel led Asaley was s i m i l a r l y  prepared from un labe l l ed  2. A sample f o r  

analyses was r e c r y s t a l l i z e d  from ethanol /e ther :  

110' [ L i t  106-110'1; [a] D = -5' [c = 2.0, ethanol];  Mt(m/e) 487, 489, 491; 

NMR (CDC13)6 7.10 (d, 2H, C2- and C6-H), 6.65 (d, ZH, C3- and C5-H), 4.3-5.0 

(my 2H, ArCH2), 1.95 (s, 3H, COCH3), 1.3-1.8 (my 2H, CH,CH(CH3)2), 1.28, 1.26 

p a l e  y e l l o w  needles, mp 105- 
2 5  3 

(Zxt, 3H, OCH2CH,), 0.7-1.1 (my  7H, CH(CH3)2). Ana 

C ,  56.55; H, 7.22; N, 8.60. Found: C, 56.69; H, 7 

E thy l  leucinate-(U)-"C hydrochlor ide (8) 

A s o l u t i o n  o f  L - l e ~ c i n e - ( U ) - ' ~ C  hydrochlor ide (1  mC 
U 

: Calcd f o r  C23H35N304C12 

46; N, 8.74. 

, 312 mCi/mnole), i n  

0.01 

t o  dryness i n  vacuo. The res idue was d i sso l ved  i n  anhydrous ethanol (75 mL) 

and the  s o l u t i o n  was again evaporated. L - l euc ine  (0.36 g; 2.75 mmoles) was 

added, fo l l owed  by anhydrous ethanol (75 mL), and t h e  suspension was saturated,  

w h i l e  s t i r r i n g ,  w i t h  d r y  hydrogen c h l o r i d e .  The c l e a r  s o l u t i o n  obta ined was 

r e f l u x e d  f o r  1 hour w h i l e  p ro tec ted  from atmosphere mois ture.  The s o l u t i o n  was 

l e f t  a t  room temperature f o r  another hour and was then evaporated t o  dryness 

-- i n  vacuo. The res idue was d i sso l ved  i n  ethanol ( 5  mL); e t h e r  (75 mL) was 

added, and the  s o l u t i o n  was s to red  ove rn igh t  a t  0-5'. The p r e c i p i t a t e  

was f i l t e r e d ,  washed w i t h  ether ,  and d r i e d  i n  vacuo over sodium hydroxide 

p e l l e t s .  

g l i s t e n i n g  wh i te  p l a t e s  - Y ie ld :  

E t h y l  1 euci nare-IU)-"C (9) 

Ether  (10 mL) was added t o  a so1,ution of 

and the  m i x t u r e  was cooled t o  0' on an ice-bath.  A 25% aqueous s o l u t i o n  

HC1 (10 mL), contained i n  a 250 m l  round-bottomed f l a s k ,  was evaporated 

The product  was r e c r y s t a l l i z e d  from ethanol -ether  t o  g i v e  8 as 

0.47 g (88%), spec. a c t .  = 0.36 mCi/mnole. 

'L 

(0.44 g,  2.25 m o l e s )  i n  water (10 mL) 
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(0 .5 mL) o f  sodium hydroxide was added, dropwise, w i t h  r a p i d  s t i r r i n g .  

e the r  l a y e r  was separated, and the aqueous l a y e r  was washed w i t h  3 x 10 mL 

p o r t i o n s  o f  e the r .  

sodium s u l f a t e ,  f i l t e r e d ,  and evaporated a t  25' under reduced pressure 

(30 To r r ) ;  9 was obtained as a c o l o r l e s s  mobi le  o i l  - Y ie ld :  

E thy l  p- [b is  (2 -ch lo roe thy l  )amino]-N"-acetyl -DL-phenylalanyl -L- leuc inate-(  U)- 

' " C  (Asaley-leu-"C, 9) 

A m i x t u r e  o f  2 (0.30 g, 1.89 mmole), N -ace ty l sa rco l ys in  (0.66 g, 1.90 mnole), 

and dicyclohexylcarbodiimide (0.4 g, 1.94 m o l e )  i n  dry ch loroform (10 mL) 

was s t i r r e d  f o r  48 hours a t  room temperature. 

urea was f i l t e r e d  o f f ,  and the  s o l u t i o n  was evaporated i n  vacuo. 

viscous res idue was p u r i f i e d  on f i v e  p repara t i ve  l a y e r  p la tes ,  as descr ibed 

f o r  - Y ie ld :  0.55 g (60%), spec. ac t .  = 0.36 mCi/mnole. The radiochemical 

p u r i t y  o f  t he  compound, determined as described f o r  2, was 99.9%. 

The 

The e the rea l  e x t r a c t s  were combined, d r i e d  over anhydrous 

0.32 g (89%). 
% 

b 

The p r e c i p i t a t e  o f  d i cyc lohexy l -  

The y e l l o w  

The un labe l l ed  compound was s i m i l a r l y  prepared: pa le  y e l l o w  needles 
2 5  3 from ethanol-ether, mp 103-110' [ L i t  t06-110°]; [a] D = -5' ( c  = 2.0, 

ethanol);  Mt(m/e) = 487, 489, 491; NMR (CDC13), i d e n t i c a l  t o  un labe l l ed  I .  
Hydro lys is  o f  Asaley-must-'"C and Asaley-leu-' 4C 

A s o l u t i o n  o f  

r e f l u x  f o r  24 hours. 

paper. Unlabel led s a r c o l y s i n  and leuc ine  were used as standards. The 

chromatograms were developed i n  n-butanol - 95% ethanol - p rop ion i c  a c i d  - 
water (10:5:2:5; v / v ) .  

reagent, and amino ac ids were l oca ted  wi th ninhydrin. To determine t h e  

p o s i t i o n  o f  r a d i o a c t i v i t y ,  t he  chromatograms were c u t  i n t o  1 cm s t r i p s .  

s t r i p  was placed I n  a count ing v i a l ;  water (1  mL) was added, fo l lowed,  a f t e r  

1 hour, by l i q u i d  s c i n t i l l a t i o n  f l u i d  (15 mL). 

1 minute and then counted. 

o r  2 (1 mg) i n  6 J hydroch lo r i c  a c i d  ( 2  mL) was heated under 

A l i q u o t s  o f  the hydro lysates were spot ted on Whatman No 1 

A l k y l a t i n g  substances were detected w i t h  t h e  NBP 

Each 

The c o c k t a i l s  were shaken f o r  
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