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canno t  be involved in t he  da rk  react ions  and is p robab ly  
no t  involved in the  pho to  react ions  either,  i t  is especially 
curious t h a t  the  seemingly  logical react ion p roduc t  (3) 
of 10~ wi th  1 is a t  bes t  only  a ve ry  minor  product ,  if i t  
occurs a t  all, in the  Rose Bengal-sensi t ized pho tooxy-  
gena t ion  of 17 There  are ve ry  few ins tances  repor ted  
where  ground s ta te  oxygen  (30~) is d i rec t ly  impl ica ted  in 
w h a t  appear  to be (or are) IO 2 react ion products .  One 
such example  is the  fo rma t ion  of ergosterol  ace ta te  endo- 
peroxide  wi th  aO 2 and (p-BrC6H4) aN +Is. The react ion 
of 1 -+ 3 on silica gel m a y  be another .  

The mechan i sm of fo rma t ion  of 3 is unclear,  b u t  a 
radical  p a t h w a y  appears  to  be implicated.  Silica gel is 
known  to  catalyze oxida t ions  of ca techol  and pyro-  
gallot Is and induce esr signals in adsorbed  aromat ic  
hydroca rbons  2~ I t  is also t h o u g h t  to give O~- in adsorbed 

O221, 2,2. The mechan i sm of fo rmat ion  of 2 is also unclear.  
Te t rapyr ro le  2 is no t  ob ta ined  dur ing  the  self or dyesensi-  
t ized p h o t o o x y g e n a t i o n  of 1. F u r t h e r  work is in progress  
to  elucidate the  role of silica gel in these react ions  and to 
inves t iga te  the  chemis t ry  and p h o t o c h e m i s t r y  of ad- 
sorbed and  aggregated  bilirubin. 
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Summary. The chemical  s t ruc tu re  of capreomycin ,  an t i tubercu lous  pep t ide  ant ibiot ic ,  was revised  f rom the  results  of 
NMR-ana lys i s  in compar i son  wi th  tuberac t inomycins .  Capreomycin  IA and IB were concluded to  possess the  similar 
amino  acid sequences  in the i r  cyclic pep t ide  moie t ies  to those  of t ube rac t inomyc ins .  

The an t i tubercu lous  pept ide ,  capreomycin ,  was first  
isolated f rom Streptomyces capreolus in 1960 by  HERR 1. 
This ant ib iot ic  has a similar  s t ructura l ,  as well as bio- 
chemica l  character ,  to t h a t  of v iomycin,  which  was found 
in 1951 e, 3 and  is in prac t ica l  use as chemothe rap ic  agent .  
Subsequent ly ,  cap reomyc in  was shown to be a mix tu re  of 
4 re la ted  compounds  which  are n a m e d  capreomycin  IA, 
IB, I IA,  and I I B  ~. The only difference in composi t ion  
be tween  I and II  is a t t r i b u t e d  to  the  absence of fi-lysine 
in the  la t te r ;  B differs f rom A in exchange  of 1 amino 
acid componen t ,  serine wi th  alanine, hav ing  otherwise  
the  same compos i t ion  in the  res t  of amino acid residues.  

Inspi re  of som ew ha t  earlier isolat ion of th is  ant ibiot ic ,  
its s t ruc tura l  e lucidat ion for the  whole molecule had  no t  
proceeded unt i l  a proposal  by  BYCROFT et  al. 5. They  
deduced  the  s t ruc ture  of fl-Lys ->Dpr  -+Cpd ->Ala ->Dpr--> 

1" 
U d a ~  6 for capreomycin  IB f rom some chemical  evidence 

and an analogy to  t he  t e n t a t i v e  s t ruc tu re  of v iomyein,  
/~-Lys ->Dpr + T b d  -+ Ser -+ Ser -->Uda--] 6, which was pro-  

/ 
posed by  the  same au thors  in 19717. 

However ,  shor t ly  af ter  th is  proposal ,  the  s t ruc ture  of 
v iomycin  was revised as /5-Lys -+Dpr -+ Ser -> Ser ->Uda -+ 

Tbd--~ 6 by  our s tudies  on t ube rac t i nomyc in  16,12 which  is 

a s imilar  ant ib io t ic  group including v iomyc in  as one 
congener.  This conclusion was subsequen t ly  suppor t ed  
by  X - r a y  analysis  b y  ]~YCROFT 13. If  the  similari t ies 
be tween  capreomycin  and  tube rac t ino lnyc in  including 
v iomycin  are accounted  for in chemical,  physical ,  and 
biological features,  the  s t ruc tu re  of capreomycin  pro-  
posed former ly  migh t  involve the  wrong amino acid 
sequence.  

In  our recent  s tudies  on tube rac t inomyc ins ,  the  NMR-  
spec t ra  of na tu ra l  compounds ,  as well as the  cyclic pep-  
t ide moie ty  of t ube rac t i nomyc in  N and O, i.e., tuberac t in -  
amine  N, were successful ly analyzed 14. In  all the  spectra,  

two  Ser residues in the  posi t ions  3 and 4 showed signifi- 
can t  differences in the  chemical  shifts  and  coupling 
p a t t e rn s  a t  a-methine ,  E-methylene,  and e-amide  protons.  
The resul ts  could be summar ized  as fol lows:  a) the  
chemical  shif t  of ~-methine  p ro ton  of posi t ion 3 is re- 
ma rk ab l y  lower t h a n  t h a t  of pos i t ion 4; b) /%methylene 
pro tons  of posi t ion 3 appear  as a magnet ica l ly  equivalent  
doublet ,  while those  of posi t ion 4 are mani fes ted  as 
magnet ica l ly  non-equ iva len t  two  qua r t e t s ;  c) e -amide  
p ro ton  of posi t ion 4 is observed in a lower field t han  t h a t  
of posi t ion 3. Similar  p h e n o m e n a  were also recognized in 
spec t ra  of syn the t i c  t u b e r a c t i n a m i n e  analogs, i.e., 
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Chemical shifts from DSS for the amino acids in the positions 3 and 4 of natural and synthetic compounds 

EXPERIENTIA 32/9 

Position of Tuberactinomycins Tuberactinamine N 
amino acid 
residues A B N O NaturaI Synthetic 

[Ala 6] [Ala 4] [Ala 8 , AIa 4] 

Capreomycins 

IA IB 

cr �9 4.86 (t) 4.85 (t) 4.84 (t) 4.85 (t) 4.84 (t) 4.68 (q) 4.79 (t) 4.55 (q) 
fi-CH2~ 3.95 (d) 3.92 (d) 3.89 (d) 3.90 (d) 3.95 (d) --  3.90 (d) - -  

~z-XH b 8.67 (d) 8.75 (d) 8.55 (d) 8.57 (d) 8.70 (d) 8.78 (d) 8.72 (d) 8.67 (d) 

r162 a 4.32 (q) 4.31 (q) 4.31 (q) 4.30 (q) 4.32 (q) 4.33 (m) 4.28 (q) 4.22 (q) 
fl-CHe ~ 3.95 (q) 3.9 (q) 3.9 (q) 3.9 (q) 3.90 (q) 3.88 (q) --  - -  

4.17 (q) 4.15 (q) 4.16 (q) 4.18 (q) 4.20 (q) 4.20 (q) --  - -  
~-NI-I b 9.30 (d) 9.40 (d) '9.26 (d) 9.28 (d) 9.37 (d) 9.31 (d) 9.27 (d) 9.17 (d) 

4.79 (t) 
3.84 (d) 
8.66 (d) 

4.30 (m) 
3 . 5 7 ~  
3.89 (m) 
9.32 (d) 

4.58 (q) 

8.71 (d) 

4.33 (m) 
3.55 
3.89 (m) 
9.27 (d) 

Abbreviations: d, doublet; t, triplet; q, quartet; m, multiplet. ~Chemical shifts in D20. UChemical shifts in H20 at pH 2.5. 

(3) (4) 
CH2R ~ CHaR 4 

( 1 )  ( 2 )  I ] 
X - -  NHCHCO -- NHCHCO -- NHCHCO 

CH~NH--COCHNH--  CO- C. N H  
tl 

I H / \NHcoN   
R ~ / \ N / % N H  (5) 

(6) 

X R t R e R 6 R 4 

Capreomycin IA 
IB 

Tuberac t inomycin  A 
B (Vimnycin) 

N 
O 

- -  H OH N H  2 fl-Lys or H --  H H N H  2 
CH2CH~CH~CH--CH2CO OH OH OH OH 
J I I H OH OH OH 
NH~ R I NH 2 OH H OH OH 

H H OH OH 

or fl-Lys-NH 
or fl-Lys-NH 

[Alaaj- 
EAla4]- 

[Ala s, Ala4J - 

Tuberac t inamine  N 

H 

- -  H 
- -  H 
- -  H 
- -  H 

OH OH 
H OH 

OH H 
H H 

Chemical s t ruc tures  of capreomycins,  tuberac t inomycins ,  and tuberact inamines .  

[Alaa]-,  [Ala4]-, a n d  [Ala 6, A l a 4 J - t u b e r a c t i n a m i n e  N 
w h i c h  were  p r e p a r e d  in o u r  l a b o r a t o r y  r e c e n t l y  15. T h e  
c h e m i c a l  sh i f t s  of  t h e  c o r r e s p o n d i n g  p r o t o n s  a re  l i s t ed  in  
t h e  Tab le .  

B a s e d  on  t h e s e  f i n d i n g s  in  t u b e r a c t i n o m y c i n s  a n d  
t u b e r a c t i n a m i n e s ,  we  a t t e m p t e d  to  i n v e s t i g a t e  t h e  
s t r u c t u r e  of  c a p r e o m y c i n  b y  use  of  N M R - a n a l y s i s .  Com-  
m e r c i a l l y  a v a i l a b l e  c a p r e o m y c i n  u s e d  in  our  e x p e r i m e n t s  
was  a m i x t u r e  of  I A  a n d  I B  ( ra t io  = 3:2) 16 , w i t h o u t  
c o n t a m i n a t i o n  w i t h  t h e  c o m p o u n d s  I I .  T h e  c o m p o n e n t s  
I A  a n d  I B  were  c o n v e n i e n t l y  s e p a r a t e d  e i t h e r  b y  p r e -  
p a r a t i v e  t h i n - l a y e r  c h r o m a t o g r a p h y  w i t h  a d e v e l o p i n g  
s o l v e n t  of  p h e n o l - w a t e r - c o n c e n t r a t e d  a q u e o u s  a m m o n i a  
(30:10:1) or  A m b e r l i t e  CG-50 (Type  I ,  1 0 0 ~ 2 0 0  mesh )  
c o l u m n  c h r o m a t o g r a p h y  w i t h  g r a d i e n t  b u f f e r  o f  0.4 M 
to  0.8 M a m m o n i u m  a c e t a t e  ( p H  9.0). T h e  a m i n o  ac id  
c o m p o s i t i o n  of  b o t h  I A  a n d  I B  in  a m i n o  ac id  a n a l y s i s  
p r o v e d  to  be  t h e  s a m e  as  r e p o r t e d  b y  ea r l i e r  w o r k e r s  5. 

T h e  N M R - s p e c t r a  of  b o t h  p u r i f i e d  m a t e r i a l s  were  
m e a s u r e d  in a q u e o u s  m e d i a  w i t h  a V a r i a n  A s s o c i a t e s  

X L - 1 0 0 - 1 5  s p e c t r o m e t e r .  F o r  t h e  s t r u c t u r e  of  c ap reo -  
m y c i n  I, we  s u p p o s e d  f r o m  t h e  s imi l a r i t i e s  to  t u b e r -  
a c t i n o m y c i n s  t h a t  t h e  s e q u e n c e  of  S e r a - S e r  ~ in  t u b e r -  
a c t i n o m y c i n s  m a y  c o r r e s p o n d  to  e i t h e r  Ser  a (or Alaa) - 
D p r  ~ or  D p r 3 - S e r  4 (or A la  ~) w i t h  t h e  s a m e  a m i n o  ac id  
s e q u e n c e s  in  t h e  r e s t  of  t h e  molecu les .  As  e x p e c t e d ,  2 
a m i n o  ac id  r e s i d u e s  in  t h e  p o s i t i o n s  3 a n d  4 cou ld  be  
m a r k e d l y  d i s t i n g u i s h e d  (Table) ,  i.e. a) t h e  c h e m i c a l  sh i f t s  
of  a - m e t h i n e  p r o t o n s  of  Ser  in I A  a n d  of  A la  in I B  s h o w e d  
g o o d  a g r e e m e n t  w i t h  t h o s e  of  Ser  a r e s i due  in t u b e r -  
a c t i n o m y c i n s  a n d  Ala  3 r e s idue  in s y n t h e t i c  t u b e r a c t i n -  
a m i n e  ana logs  r e s p e c t i v e l y ;  b) a d o u b l e t  a t  d 3.84 can  be 
a s s i g n e d  to  f l - m e t h y l e n e  p r o t o n s  of  Ser  r e s i due  in IA,  
wh i l e  a m u l t i p l e t  i n d i c a t i n g  m a g n e t i c  n o n e q u i v a l e n c y  a t  
a r o u n d  d 3.73 was  a s s i gned  to  t h o s e  of  D p r  r e s i due  in  
e a c h  mo l ecu l e  of  I A  a n d  I B ;  c) t h e  l o w e s t  d o u b l e t  in  t h e  
s p e c t r a  of  e a c h  m o l e c u l e  in  a q u e o u s  s o l u t i o n  of  p H  2.5 
w a s  a s s i g n e d  to  a - a m i d e  p r o t o n  of  D p r  r e s idue ,  wh i l e  t h a t  
o f  Ser  in  I A  or  A la  in I B  a p p e a r e d  in  p r a c t i c a l l y  t h e  s a m e  
r eg i on  to  Ser  a of  t u b e r a c t i n o m y c i n s  or  Ala  6 of  s y n t h e t i c  
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t ube rac t i namine  analogs. In  addi t ion,  all the  chemical  
shif ts  and  coupling pa t t e rn s  of p ro tons  in o ther  amino 
acid residues showed sa t i s fac tory  similari t ies to those  of 
tuberac t inomycins ,  especially t ube rac t i nomyc in  O. 

F r o m  all the  results  shown above, i t  could be now 
concluded t h a t  the  s t ruc tures  of capreomycins  IA and IB  
m u s t  be revised at  least  in the  amino acid sequences  in 
the  cyclic pep t ide  moie ty ,  only  remaining  a mode  of link- 
age of fl-lysine of the  b ranched  p a r t  u n d e t e r m i n e d  w h e t h e r  
to  e -amino group of Dpr  ~ or to  fl-amino group of Dpr  I. 
In  order  to  es tabl ish  the  decisive whole s t ructure ,  a to ta l  

synthes is  of capreomycins  is now in progress  in our labor-  
a tory.  The resul ts  on the  syn the t i c  work  will be r epor ted  
elsewhere.  

15 A part was presented at the 13th Symposium on Peptide Chem- 
istry, Tokyo, 1975. Details will be reported soon elsewhere. 

16 The ratio was calculated from the integration of CH 3 protons of 
aianine on the basis of those of other protons on NMR-spectrum. 
The value was concomitant to the result of amino acid analysis 
of the sample. 

Phosphorus-Containing Heterocycles as Fungicides: Synthesis of 2,2"-Diphenylene Chlorophospho- 
nate and 2,2"-Diphenylene Chlorothiophosphonate 
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Summary. Synthes is  of 2 ,2 ' -d iphenylene ch lo rophosphona te  and 2 ,2 ' -d iphenylene  ch lo ro th iophosphona te  is descr ibed 
t h rough  the  in te rac t ion  of 2, 2 ' -d ihydroxyb ipheny l  wi th  p h o s p h o r y l  chloride and t h iophosphory l  chloride respect ively.  
These compounds  were  screened for the i r  fungicidal  ac t iv i ty .  

B ipheny l  1 is c o m m o n l y  used as fungicide for c i t rus  
fruits.  I t s  2 -hydroxy  der iva t ive  (Dowicide I) ~ is an im- 
p o r t a n t  fungicide for the  pos t  ha rve s t  t r e a t m e n t  of c i t rus  
frui ts  to reduce the  incidence of ro t  in s tored  fruit .  
Phospho ry l  and  th iophosphory l - e s t e r  l inkages are fre- 
quen t l y  encoun te red  in organic chemicals  used as pes- 
t icidesK So i t  would be in te res t ing  to  synthes ize  r ing 
sys t ems  hav ing  phosphory l / t h iophosphory l - e s t e r  moiet ies  
fused to  b iphenyl  sys tems  which are expec ted  to  increase 
the  biological ac t iv i ty  of organic compounds .  In  the  
p re sen t  communica t ion ,  we wish to r epor t  the  synthes is  
of 2 ,2 ' -d iphenylene ch lo rophosphona te  (I) and 2,2'- 
d ipheny lene  ch lo ro th iophosphona te  (II) and  the  com- 
par i son  of the i r  fungicidal  ac t iv i ty  w i th  t h a t  of Dowicide I. 

Reac t ion  of phosphory l  chloride on 2 ,2 ' -d ihydroxybi -  
pheny l  in ref luxing benzene and  in the  presence  of a 
base  p roduced  (I) in 60% yield, recrysta l l ized f rom 

MeOH acetone,  m.p.  112 ~ U V - s p e c t r u m  exhib i ted  Zm~ x 
246 n m  (e 10500). Fa r  I R - s p e c t r u m  showed s t rong 
absorp t ion  a t  475 and 525 cm -1 a t t r i b u t e d  to P-C1 linkage. 
I R - s p e c t r u m  showed usual absorp t ion  at  750, 810 
(aromatic),  1310 (P = O) and  950, 1235 (P -O-a ry l )  ~. 
Mass spec t rum showed molecular  ion peak  at  m/e 266. 
Other  f r agment s  were observed  a t  231 (M+-C1), 215 
(M+-C1-O) and  a t  199 (M+-20-C1). 

Reac t ion  of th iophosphory l  chloride on 2 ,2 ' -d ihydroxy-  
b ipheny l  in benzene  and  in the  presence  of pyr id ine  gave 
(II) in 65% yield, recrysta l l ized f rom acetone,  m.p.  105 ~ 

MeOH (S 16800). IR-  U V - s p e c t r u m  exh ib i t ed  2max 243 n m  
spec t rum  showed absorp t ion  a t  750, 815 (aromatic),  960, 
1240 (P-O-aryl) and  1230 cm -1 (P = S). Mass spec t rum 
exh ib i t ed  p rominen t ion  peaks a t  role 282 (M+), 266 (M+-0), 
247 (M+-C1), 231 (M+-O-C1) and 215 (M+-20-C1). 

~ o ~  p~o @ ~ o ~  p~S 
0 / ~ C [  @ / 0  j ~'C[ 

I II 

The fungicidal  ac t iv i ty  of the  t i t le  compounds  was 
examined  agains t  some of the  i m p o r t a n t  p l an t  pa thogenic  
fungi. The pure  cul tures  of t he  organisms were ob ta ined  
f rom the  d e p a r t m e n t  of P l a n t  Pa thology,  Pu n j ab  Agri- 
cul tural  Univers i ty ,  L u d h i an a  and grown on Czapek 's  
(Dox) agar  m e d i u m  at  25 ~ in the  presence/absence  of the  
tes t  chemicalsK The rela t ive g rowth  of t he  organisms 
was t h e n  compared  (Table)6. 

Fungi Inhibition (%) = 

Dowicide I Corn- Corn- 
(standard; pound I pound II 
1000 ppm) (1000 ppm) (1000 ppm) 

Rhizoetonia solani 100 21 19 
Fusarium oxysporum 100 17.2 22 
Alternaria sp. 100 15 17 
Colletotrichum sp. 100 10 7.5 
Phytophthora in/estans 100 5.8 4.8 

,As compared to the controls lacking fungicides. 
BiphenyI and its 2-hydroxy derivative (Dowicide I) are potent 
fungicides. When phosphoryl/thiophosphoryl-ester linkage is fused 
to biphenyl ring system in a cyclic fashion, the fungicidal activity 
is significantly reduced, which is contrary to the general fact that 
these moieties, when present in open chains, enhance their fungicidal 
properties 8. 
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