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The Oxidative Dephosphorylation of Phosphoryl  
Esters Derived from L-Ascorbic Acid 

We wish to repor t  the  synthes is  and  oxida t ive  de- 
phos  phory la t ion  of the  2- and 3 -phenylphosphory l  
esters  EI :R t=P(O) (OH)(OPh) ,  R 2 HI and  [ I : R  1 H, 
R2=P(O)(OH)(OPh)~ of 5 ,6- isopropyl idene L-ascorbic 
acid. 

Me 
/ 0 ~  / O - - I - - M e  

R10 / \ O R  2 (I) 

Prev ious  work  ~ on the  phosphory la t ion  of isopropyli-  
dene L-ascorbic acid t I :R1- -R2-  HI2 using phosphorus  
oxychlor ide  gave, in low yield, a p h o s p h a t e  ester  of 
u n k n o w n  s t ructure .  In  our hands,  t r e a t m e n t  of 
[ I : R  1 = R 2 = H~ wi th  d icyclohexyl  carbodi imide  and 
m o n o p h e n y l  phosphor ic  acid in anhydrous  pyr id ine  gave 
a mix tu re  of products ,  e lectrophoresis  of which,  a t  p H  5.5, 
indica ted  the  presence of two phosphorus -con ta in ing  
compounds :  each was enolic (ferric chlor ide/ ferr icyanide 
spray) 3. 

C h r o m a t o g r a p h y  on D E A L  cellulose, using grad ien t  
e lut ion wi th  t r i e t h y l a m m o n i u m  aceta te  at  p H  5.5, gave 
two compounds ,  A and  B, the  former  being isolated as 
its ba r ium salt  (in 50% yield), and the l a t t e r  as its cyclo- 
h e x y l a m m o n i u m  salt  (in 25% yield). T r e a t m e n t  of each 
wi th  d iazomethane ,  followed by  compar ison  of (a) p ro ton  
N M R  spec t ra  and (b) the  p roduc t s  of ozonolysis wi th  
those  f rom EI:R 1 - R  ~- Me, and [ I : R  I = H , R  2 - M e ] 4 ,  
ind ica ted  t h a t  A was the  2-isomer EI : R 1 P(O) (OPh) (OH), 
R 2 = HI and B was the  cor responding  3-isomer of 5,6- 
i sopropyl idene L-ascorbic acid. 

Since ene-diols bear  a vinylogous re la t ionship  to cate-  
chols and hydroquinones ,  compar ison  wi th  the  behav iour  
of ortho- and para-hydroxyphenyl p h o s p h a t e  esters  5,s 
leads one to expec t  t h a t  phospha t e  esters  of ene-diols 
should undergo oxidat ive  dephosphory la t ion .  T r e a t m e n t  

of b o t h  A and B wi th  aqueous iodine or b romine  led to  a 
rapid  l ibera t ion of m o n o p h e n y l  phosphor ic  acid. W i t h  a 
tenfo ld  excess of b romine  in e thanol ,  b o t h  A and B ac ted  
as sources for phosphory l  t ransfer ,  p h en y l  e thy l  phos-  
pha t e  being produced.  

The recent  r epor t  ~ of analogous behav iour  using the  
cor responding  su lphate  es ter  [ I : R  1 = H, R 2 = SO3H ] is 
ent i re ly  in accord wi th  our observat ionsS.  

Zusammen/assung. Die 2- und  3 -Pheny lphosphory le s t e r  
yon  5 ,6- Isopropyl iden  L-ascorbins/iure wurden  syn the t i -  
siert.  Nach  Oxydierung  in Wasse r  oder  fitthanol fiber- 
t r agen  diese E s t e r  ihre P h o s p h o r y l g r u p p e  auf d i s  L6- 
sungsmit te l .  
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Synthesis  of Phyllokinin,  a Natural Bradykinin 
Analogue 

We repor t  the  synthes is  of a pept ide  of the  formula  H-  
A r g - P r o - P r o - G l y - P h e -  Se r -P ro -Phe -Arg - I l e -Tyr (O  SOaH )- 
OI-I according to  the  Scheme. The p r o d u c t  was found to 
be ident ica l  wi th  phyl lokin in  1,2. Condensa t ion  of O- 
acetyl-ser ine  wi th  p-nitrophenyl-ter-butylcarbonate in 
D M F  wi th  one equiva len t  of T E A  afforded N-CTB-O- 
acetyl-ser ine (50% yield;  DCEA sal t :  m.p.  154-155~ 
[~)0 + 13 ~ c 1, DMF. Anal. Calcd. for C22H40N~O6: 
C 61.6; H 9.4; N 6.5; Found  C 61.6; H 9.4; N 6.0) tha t ,  
by  t r e a t m e n t  wi th  p -n i t ropheno l  and DCCI in AcOEt ,  

af forded p -n i t ropheny l  N-CTB-O-ace ty l - se r ina te  (75% 
yield;  m.p.  90~ [~]~ -- 51 ~ c 1, DMF.  Anal. Calcd. for 
C16H20N2Os: C 52.2; H 5.5; N 7.6; F o u n d  C 52.3; H 5.6; 

1 A. ANASTASI, V. ERSPAMER, and J. M. CEI, Symposium on Hypo- 
tensive Peptides, Florence, Italy, October 1965. 

2 All the amino acids have the L-configuration. The following ab- 
breviations are used throughout this paper: CBO = carbobenzyl- 
oxy; CTB carbo-ter-butyloxy; TEA - triethylamine; g a - elec- 
trophoretic mobility of a sample pre-treated with HC1/AcOH; 
DMF - dimethylfornmlnide; THF = tetrahydrofurane; DCEA 
- dieyclohexylamine; DCCI = dicyelohexylcarbodiimide; NHS 
= N-b ydroxy-suceininfide. 
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N 7.6) which was condensed wi th  proline in D M F  with  
one equ iva len t  of T E A  to give N-CTB-O-acetyl -seryl -  
proline (I) (DCEA salt, 75% yield;  m.p. 172-173~ 
[~]~0 _ 35 ~ ' c 2, DMF. Anal .  Calcd. for C~TH47NaOT: 
C 61.7; H 9.0; N 8.0. Found  C 61.6; H 9.1; N 8.0). The  
pro tec ted  hydraz ide  I I  (m.p. 114-115~ ~]~0 _ 5 o, c 2, 
DMF. Anal .  Calcd. for C22H27N2Os: C 63.9; H 6.6; N 
10.2. Found  C 64.0; H 6.7; N 10.2), obta ined (67% yield) 
by condensat ion of N-CTB-phenyla lan ine  and N-CBO- 
hydraz ine  in T H F  and in presence of DCCI,  was t rea ted  
wi th  HC1/AcOH 1.3N to give phenyla lanyl -CBO-hydra-  
zide hydrochlor ide  (III) (90% yield;  m.p. 140~ [~]~0 
+ 40 ~ , c 2 ,  AcOH95% ; E L , =  0 .76Leu.  Anal .  Calcd. for 
Ci:H20N303CI: C 58.4; H 5.8; N 12.0. Found  C 58.2; 
H 5.8 ; N 12.0) which was t r ea ted  in T H F  wi th  the D C E A  
salt  of N-CTB-O-acetyl -seryl -prol ine  (I). Af ter  f i l t ra t ion 
of D C E A  �9 HC1, DCCI was added and N-CTB-O-ace ty l -  
seryl -prolyl -phenyla lanyl-CBO-hydrazide  (IV) was la ter  
isolated (66% yield;  m.p. 175~ [~]~)0 _ 52 o, c 2, DMF.  
Anal .  Calcd. for C32H41NsO9: C 60.1; H 6.5; N 11.0. 
Found  C 60.0; H 6.5; N 11.0) and nex t  t rea ted  wi th  
HC1/AcOH 1.3N to give O-acetyl-seryl-prolyl-phenyl-  
a lanyl -CBO-hydraz ide  hydrochlor ide  (V) (97% yield;  

m.p. 145~ [~0] -- 42 ~ ' c 1, A c O H  95%;  El. 9 = 0.57 Leu. 
Anal .  Calcd. for C27H34NsOTCl: C 56.3; H 6.0; N 12.2. 
Found  C 56.6; H 6.1; N 12.0) t ha t  was t rea ted  in D M F  
wi th  phenyla lanine  N-hydroxysucc in imidy l  ester and one 
equ iva len t  of T E A  to give N-CTB-phenyla lany l -O-ace ty l -  
sery l -propyl -phenyla lanyl -CBO-hydraz ide  (VI) (83% 

yield;  m.p. 112-115~ [e]~ -- 52~ c 1, D M F ;  E~. 9 = 0.44 
Leu. Anal .  Calcd. for C41HsoN6010 �9 i /2H,O:  C 61.9; H 
6.5; O 21.1. Found  C 62.2; H 6.5; O 21.2) tha t ,  by  hydro-  
genat ion  (Pd/C), afforded N-CTB-phenyla lanyl -O-ace ty l -  
seryl -prolyl -phenyla lanyl-hydrazide  (VII) (72% yield;  
m.p. 138-141~ [~]~)0 _ 44 o, c 1, D M F ;  El.  9 = 0.41 Leu;  

1E~. 9 = 0.92 Leu. Anal .  Calcd. for C3aH44N6Os: C 60.7; 
H 6.8; O 19.6. Found  C 60.5; H 7.0; O 19.7). 

N-CTB-isoleucine was condensed, v ia  the  mixed  an- 
hydr ide  (ethyl chloroformate) ,  wi th  tyrosine benzyles ter  
to give N-CTB-isoleucyl- tyrosine benzyles ter  (VIII)  (74% 
yield;  m.p. 139-141~ [~]~ -- 14 ~ , c 0.5, DMF.  Anal .  
Calcd. for C2~H86N=O6: C 66.9; H 7.5; N 5.8. Found  C 67.0; 
H 7.4; N 5.6) t h a t  was t rea ted  wi th  HC1/AcOH 1.3N to 
give isoleucyl- tyrosine benzyles ter  hydrochlor ide  (El. o = 
0.66 Leu), which, wi thou t  purification,  was condensed in 
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T H F  wi th  Na-CTB-N ~~ o)-bis-CBO-arginine 3, via  the  mixed  
anhydr ide  wi th  t r ime thy lace t i c  acid 3. The resul t ing N~- 
CTB-N ~ o)-bis-CBO-arginyl-isoleucyl-tyrosine benzyles te r  
(IX) (85% yield;  m.p.  164-166~ EeJ~ ~ - 7  ~ c 0.6, DMF.  
Anal.  Calcd. for C49H60N6On �9 ~/~H20: C 64.1; H 6.7; 
N 9.2. F o u n d  C 64.3; H 6.8; N 8.8) was t r ea ted  wi th  
HC1/AcOH 1.3N to give N~,~o-bis-CBO-arginyl-isoleucyl 
- tyros ine  benzy les te r  hydrochlor ide  (X) 4 (yield 95%;  
EL9 = 0.66 Leu) which  was condensed  in D M F  wi th  CTB- 
phenyla lanyl -O-ace ty l - se ry l -pro ly l -phenyla lanylaz ide ,  ob- 
t a ined  by  t r e a t m e n t  a t  low t e m p e r a t u r e  of the  hydraz ide  
V I I  wi th  HC1/isoamyl n i t r i te  5. The resul t ing N-CTB- 
pheny la lany l  - O - acetyl  - seryl  - prolyl  -phenyla lanyl  - N o~, ~- 
bis- CBO- a rg iny l - i so leucy l -  tyros ine  benzy les te r  (XI) 6 
(40% yield;  m.p.  160-163~ [~]~)0 _ 25 o, c 1, DMF. Anal .  
Calcd. for C=TH92N10Olv: C 64.7; H 6.5; N 9.8. F o u n d  
C 64.2; H 6.5; N 9.9) was t r ea ted  wi th  HC1/AcOH 1.3N 
to give the  hydrochlor ide  X I I  4 (100% yield, El, 9 -- 0.60 
Leu). 

CBO-prolyl-prolyl-glycine (Xl I I )  7 (m.p. 103-108 ~ ex 
AcOEt /pe t .  ether ,  [~j~)0 _ 80 o, c 1, DMF. Anal.  Calcd. for 
C20H2~NaO~ �9 ~/2H20: C 58.2; H 6.4; N 10.2. F o u n d  C 
58.2; H 6.4; N 10.1) was t r ea t ed  wi th  H B r / A c O H  to give 
the  h y d r o b r o m i d e  X l V  which  was condensed,  w i t h o u t  
fu r the r  purif icat ion,  wi th  p -n i t ropheny l  N~-CBO-N~,,~- 
bis-CBO-argininate s, in D M F  wi th  2 equiva lents  of TEA,  
to  give N~-CBO-N ~ ~-bis-CBO-arginyl-prolyl-prolyl-gly- 
cine 9 (XV) (60% yield;  amorphous ;  ~ ) 0 _  50 ~ ' c 1, 
DMF. Anal .  Calcd. for C,2H4uNvOll �9 ~/=H20: C 60.3; 
H 6.0; N 11.7; O 22.0. Found  C 60.6; H 6.1; N 11.4; 
O 22.1) t h a t  was condensed  in DMF, wi th  DCCI, wi th  
pheny la l any l  -O - ace ty l -  seryl -  proly l -  pheny la l any l -  No,, ,~, - 
bis-CBO-arginyl-isoleucyl-tyrosine benzyles te r  hydrochlo-  
ride (XII)  to give N~-CBO-N~o,~-bis-CBO-arginyl-prolyl- 
p ro ly l -g lycy l -pheny la l any l -O-ace ty l - se ry l -p ro ly l -pheny l -  
a lany l -N o~,~ benzyl-  
es ter  (XV[) ~~ (41% yield;  m.p.  125~ [~1~ ~ 35 ~ , c 1, 
DMF. Anal.  Calcd. for CI~4HlalN~7025: C 64.0; H 6.2; 
N 11.1. Found  C 63.6; H 6.2; N 11.0). 

The p ro tec ted  hendecapep t ide  XVI  was t r ea t ed  over- 
n ight  in pyr id ine  wi th  10 equivalents  of SOa-pyridine 
complex;  di lut ion wi th  water  and ex t rac t ion  wi th  di- 
ch lo romethane  afforded the  O-tyrosyl  su lpha te  X V I I  
(90% yield;  m.p.  130 135~ [~1~ 18 ~ , c 1, DMF. Anal .  
Calcd. for C**~HlatN~vO~sS; C 61.7; H 6.0; IN* 10.7; S 1.4. 
Found  C 61.8; H 6.3; N 10.4; S 1.9) which was hydro-  

gena ted  in MeOH 80% (Pd/C) a t  5 a rm pressure :  the  
solut ion was nex t  t r e a t ed  wi th  N a O H  N/10 unt i l  a per-  
m a n e n t  alkaline reac t ion  was achieved.  The so lvent  was  
evapora ted  and the  residue purif ied by  coun te r - cu r r en t  
d i s t r ibu t ion  in a B u O H / E t O H / A c O H / H 2 0  (5: 1 :1 :8)  
sys tem to give X V I I I  (50% yield;  m.p.  240 ~ dec. ;  
[ ~  - - 6 3  ~ , c 0.9, AcOH 95%;  E~. 9 = 0.39 Arg;  
0.82 Glu; ]~ .9  = 0.58 Arg; 1.23 Glu. Anal.  Calcd. for 
C65HoaN17017S �9 2CH3COOH: C 53.9; t t  6.6; N 15.5. 
F o u n d  C 53.8; H 6.5; N 15.6) which  was found  homo-  
geneous and  showed amino acid composi t ion,  behav iou r  
towards  t r ips in  and  ch imot r ips in  n and the  same bio- 
logical proper t ies  ~2 as na tura l  phyl lokinin,  t hus  conf i rm-  
ing the  formula  deduced  f rom degrada t ive  expe r imen t s  la. 

Riassunto. Viene r ipo r t a t a  la s intesi  della arginil-proli l-  
proli l -gl ici l-  feni la lani l - ser i l -pro l i l -  feni la lani l -arg in i l - i so-  
leucil- t irosina-O-solfato,  un pol ipept ide  ident ico per  pro-  
pr ie tg  ehimiche,  fisiche e biologiche alla phyl lochin ina ,  
analogo na tura le  della bradichinina .  
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B i o c h e m i c a l ,  Genet i ca l  S tudies  on H o s t - P a r a s i t e  
Re la t ionsh ip:  Var ia t ion  in Fusar ic  Acid  P r o d u c -  

t ion w i t h  Different  Carbon S o u r c e s  1 

Fusar ium vasin/ectum Ark., the  causal  agent  of co t ton  
wilt  has  been shown to utilize macromolecules  as the  sole 
carbon source wi th  the  help  of adap t ive  hydro ly t i c  en- 
zymes,  the  p roduc t ion  of which increases in the  presence 
of the  respect ive  subs t ra tes  or hos t  t issue ex t rac t s  2. 
Hence  i t  was of in te res t  to s t u d y  how the  various ca rbon  
sources affect  the  p roduc t ion  of the  wilt  tox in  fusaric 
acid by this  pa thogen ;  our results  are p resen ted  in the  
p resen t  communica t ion .  

A pa thogenic  isolate of Fusar ium vasin/ectum Ark. was 
grown in Richards  med ium wi th  various a m e n d m e n t s  as 
descr ibed elsewhere 2. Krebs  cycle i n t e rmed ia t e s  were 

amended  as follows: 0 .30M citric acid, 0 .42M succinic 
acid and 0 .42M fumaric  acid were dissolved in R ichards  
med ium wi thou t  glucose, to supply  2% carbon  equ iva len t  
as con ta ined  in 5% glucose p resen t  in Richards  m e d i u m  
and ad jus t ing  the  p H  to 5.5 ~c 0.2. 15-day-old cul ture  
f i l t ra tes  were ad jus ted  to p H  4.0, and ex t r ac t ed  thr ice  
wi th  equal  vo lumes  of e thy l  ace ta te  a. The solvent  was 

1 This research has been financed in part by a grant made by the 
United States Department of Agriculture under No. P.L. 480. The 
authors wish to thank Prof. Dr. H. KERN of Switzerland for a 
generous gift of fusaric acid. 

2 A. SAMPATII NARAYANAN and E. R. g.  SHANMUGASUNDARAM, 
Phytopath. Z., in press. 

a E. GXUMANN, Phytopathology d7, 342 (1957). 


