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and to the  N H  p ro ton  a t  d 6.88, while the  second me th ine  
p ro ton  a t  ~ 4.34 was coupled to  the  o ther  2 me thy l ene  
groups and the  o ther  N H  pro ton .  Conf i rmatory  evidence 
for all these  ca rbon-con ta in ing  groups was p rov ided  b y  
the  1~C N M R - s p e c t r u m  which  also es tabl ished the  pre-  
sence of 3 ca rbonyl  groups (170.71, 170.41, and 167.17 
ppm).  These d a t a  suggested s t ruc tu re  i which  was sup- 
por t ed  by  the  mass  spect ra l  f r a g m e n t a t i o n  as indica ted .  

in ter  alia 6.56 and  6.86 (each 1H, d, exchanged  wi th  
D20, 2NH). This es ter  was reduced  wi th  l i th ium boro-  
hydr ide  6 (2 tools) in d ry  T H F  for 30 min in the  cold to 
fo rm the  alcohol 1 (OH in place of OAc) which  crys ta l -  
lized f rom chloroform in plates,  m.p.  174-175 ~ [=]D = 
--51.1 ~ (C, 1.42; CHCI~), M, + 402.1945 (C2sH=~N~O a requires  
M, 402.1943); v ..... (KBr) 3400 (OH), 3292 (NH) cm -~. A 
longer reduc t ion  t ime  wi th  LiBH~ led to  some degree of 
racemizat ion .  F inal  ace ty la t ion  in cold pyr id ine  yie lded 

252 the  ace ta te  1, m.p.  185-186 ~ (from chloroform-petrol)  
224 ~ ident ical  (UV, IR,  NMR, MS, CD, [e]D, and  mmp) wi th  

PhC0@N~_CH~C04NH_CH_CH20Ac-H_ 0 A c  m/e 584 t he  na tu ra l  d ipept ide .  
105 j [ - -  -- I A d d e d  in proof :  Since th is  Note  was s u b m i t t e d  the  

Ph Ph 
- PhCON hCH 2- 

1 m/e 444 

rn/e 2,52 ~ -  PhCH2' m/e 325 m/e :55:5 -HOAc = m/e 295 

Struc ture  1 was  conf i rmed by  synthes is  f rom L-phenyl-  
a lanyl-L-phenylalanine.  The m e t h y l  ester  hydrochlor ide ,  
m.p.  197-198 ~ laID = +4 .55  (c, 0.91; MeOH), p repa red  
in the  usual  way  s, was t r ea t ed  wi th  benzoyl  chloride in 
cold pyr id ine  for 30 min.  Af ter  r emova l  of so lvent  in vacuo 
and  t r i t u r a t ion  wi th  ether,  the  residue crystal l ized f rom 
ch loroform-e ther  to give the  N-benzoy l  m e t h y l  es ter  as 
needles, m.p.  177-178 ~ [e]D --  +11 .5  ~ (C, 1.08; CHC13), 
M + 430.1894 (Ce6H26N204 requires  M, 430.1892) ; ~ (CDC13) 

same compound,  n a m e d  asperglaucide,  has  been  repor ted  
in Aspergillus glaucus. ~ 
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Summary.  An oxod ipy r rome thene  model  c o m p o u n d  for bi l i rubin is found  to  undergo  oxida t ion  to a blue t e t r apyr ro le  
and a w a t e r - p r o p e n t d y o p e n t  on a silica gel t h in  layer  c h r o m a t o g r a p h y  plate.  The  reac t ion  involves ground s t a te  oxygen  
and requires  silica gel, a l though  the  p r o p e n t d y o p e n t  is an expec ted  p ro d u c t  f rom react ion wi th  s inglet  oxygen.  

In  connect ion  wi th  a widely  employed  p h o t o t h e r a p y  
for neona ta l  jaundice  due to uncon juga ted  hyperbi l i -  
rub inemia~,3  we have  been inves t iga t ing  the  pho tooxy-  
gena t ion  of bi l i rubin IX~  (BR)*, 5 and var ious  model  
compounds  6, especially 5'-oxo-3' ,  4, 4 ' - t r ie thyl-3,  5-di- 
methy l -Y,  5 ' -d ihydro- (2-2 ' ) -d ipyr romethene  (1)L Most  
of the  pho tochemica l  inves t iga t ions  of B R  repor ted  to 
da te  have  been  in v i t ro  s tudies  in solut ion ~, s, 9, w i th  the  
except ion  of some recent  work  on B R  in mieelles ~0. Thus  
env i ronmen ta l  effects  on the  p h o t o c h e m i s t r y  have  no t  
been s tudied  extensively ,  and  there  are only  a few re- 
po r t ed  s tudies  which mimic  the  e n v i r o n m e n t  of (ag- 
gregated) B R  depos i ted  in the  skin 1~ the  p re sumed  
major  pho to -ac t ive  site. We have  s tudied  the  react ions  
of 1, which  serves  as a conven ien t  model  for one hal f  of 
BR,  in the  aggrega ted  s ta te  depos i ted  on th in  layers of 
silica gel and alumina.  

Materials and methods. O x o d i p y r r o m e t h e n e  (1) was 
p repa red  by  the  base-ca ta lyzed  condensa t ion  of k ry p t o -  
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pyrrole  a ldehyde and 3,4-diethyl-3-pyrrolin-2-oneT, la, 
and gave sat isfactory e lementa l  analyses and spectro- 
scopic propert ies  .6. The spectroscopic propert ies on all 
new substances were de termined  as follows: mass spectra 
on an A E I  MS-9 mass spectrometer ,  NMR-spec t ra  on a 
J E O L  4H-100 spectrometer ,  IR-spec t r a  on a Beckman  
IR-8  ins t rument  and UV-Visible spectra on a Cary 14 
spect rophotometer .  The silica gel used in this work was 
silica gel F (M. Woelm, Eschwege),  and the  a lumina  was 
f rom E. Merck, Darms tad t .  

Thin layer ch roma tog raphy  (TLC) plates were pre- 
pared as follows: analyt ica l  (0.125 mm) - silica gel or 
a lumina  was coated as an aqueous  s lurry using distilled, 
deionized water ,  and plates were ac t iva ted  in an oven a t  
110 ~ for 2 3 h;  p repara t ive  (1.0 mm) - 95~ e thanol  
slurries of adsorbent  were coated, and the plates were 
ac t iva ted  at  110 ~ for 2-3 h. The me thano l  and chloroform 
used in this  work  was disti l led reagent  grade Baker  
Analyzed.  E thano l  (95%) was Gold Shield. DABCO, 
hydroquinone  and 2,6-di- t -butylphenol  were obta ined 
f rom Aldrich Chemicals. The ni t rogen used was ul t ra  
high pur i ty  Matheson (99.999%). 

For  these studies, 1 was ei ther spot ted  or s t reaked as a 
CHC13 solution on a TLC plate  in the  dark  and, in some 
cases, in the absence of air. "When DABCO, hydroquinone  
or 2,6-di-t-butylphenol were admixed,  this was done to 
the  CHC13 solut ion of 1 before spot t ing.  When  spot ted  
TLC plates were photo- i r radiated,  a West inghouse  500 W 
Quar tz - Iodine  lamp, No. 500 Q/CL, 120 V, run at  80 V 
and placed in a water-cooled pyrex  jacket  was used. 
Samples  were held at  a dis tance of 5-10 cm from the  
lamp. 
Results and discussion. W h e n  yellow 1 was spot ted  on a 
silica gel F TLC plate and allowed to s tand in the dark 
and in the  air, the  spot tu rned  green*~. New compounds  
were formed as shown af ter  solvent  (CHCla:CHaOH / 
95:5) deve lopment  of the TLC pla te :  the green spot re- 
solved pr incipal ly  into yellow, unchanged 1 ~Rf 0.50~, a 
blue substance (2) [IRf 0.64J and a colorless substance (3) 
[RI 0.03~. The former  (2) proved to be a mesobil iviolin 
type  t e t rapyr ro le ;  whereas, the la t te r  (3) was shown to be 
a p ropen tdyopen t  by a combina t ion  of spectroscopic 
techniques.  
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The bril l iant,  deep-blue te t rapyrro le  (2) isolated in 18% 
yield from a prepara t ive  plate,  mp  252-3 ~ af ter  crystal-  
l izat ion f rom CHaOH, was character ized by  its mass 
spec t rum : m/e (relative intensi ty)  526.3313 [1V[+, 
CaaH~N40~] (61%), 497 (13%), 271 (32%), 258 (100%), 
243 (52%) a tome mass units (AMU); NMR-spec t rum:  
d (CDC13) 1.08 (t, J = 7 . S H z ,  6H, CH2CH3), 1.24 (t, 
J = 7 . 5 H z ,  12H, CH.2CHa), 2.07 (s, 6H, CHs), 2.28 (q, 
J =7 .SHz,  4H, CH2CHs) , 2.55 (q, J =7 .5Hz ,  8H, CH~CH3) , 
5.90 (s, 2H, =C-H), 6.64 (s, 1H, =C-H), 8.05 (bs, 3H, NH) 
p p m ;  and UV-Visible spec t rum (CHCla): ~m~, 630 nm 
(e 12,000), 370 nm (e 41,000), and in CHCI 3 wi th  30 mg/  
100 ml  p-toluenesulfonic acid:  Jlmax 670 nm (e 27,000), 
366 nm (e 46,000) and 293 nm (e 14,000). I t s  str iking 
deep-blue color in CHCI 3 solution is essential ly the same 
as t h a t  of the closely related octaethylbilatriene-abc .5. 

The dipyrrole 3 (9% isolated yield from a prepara t ive  
TLC plate) was shown to be a v e r y  sensit ive water-  
p ropen tdyopen t  (~lm~x 517 as pentdyopent )  16 and had 
,tmax 277 n m  (e 19000) in CHaOH. Because of its instabil i ty,  
i t  did not  give a clean mass spectrum, and the NMR-  
spec t rum;  6 (CDCI3) 1.10 (m, 9H, CH2CHa), 1.84 (s, 
1.70H, CHa), 1.93 (s, 1.30H, CIt3), 2.28 (m, 6H, ClinCH3) , 
4.80 (s, 1H, =CH), 5.7 (bs, 1H, OH), 7.50 (bs, 1H, NH) 
and 8.75 (bs, 1H, NH) ppm indicated tha t  3 was probably  
a mix ture  of allylic isomers (3, X = H ,  R* = R ~ = R 4 = E ,  
R 2 = M  and 3, X = H ,  R I = R 2 = R 4 = E ,  R a = M ) .  
The  wa te r -p ropen tdyopen t  (mixture) was conver ted  to 
an inseparable mix tu re  of the corresponding methanol-  
p ropen tdyopen t s  (3, X : M ,  R* : R  a : R 4 = E ,  R ~ = M  and 
3, X = M ,  R I = R 2 = R 4 = E ,  Rs=IV[) th rough the  action 
of CHaOH and a trace of p-toluenesulfonic acid. This 
mix tu re  of isomers was character ized by  its mass spec- 
t r u m :  m/e (relative intensity) 304.1787 [M+, C17H24N203] 
(7%), 289 (9%), 275 (100%), 273 (30%), 257 (18%), 
243 (21%), 229 (13%), 215 (18%), 149 (19%) and 138 
(17%) AMU;  NMR-spec t rum:  d (CDCla) 1.12 (t, J =7 .5Hz,  
9H, CHeCHa), 1.80 (s, 2H, CHa), 1.96 (s, 1H, CHa) , 2.3 
(q, J = 7 . 5 H z ,  6H, CH~CH3), 3.15 (s, 3H, OCHa), 4.68 (s, 
1H, = C - H ) ,  6.1 (bs, 1H, NH) and 8.25 (bs, 1H, NH) 
p p m ;  and UV-spec t rum:  Jl cH~~ 277, e 6100); pentdyo-  
pen t :  ;~,,,~ 517 rim. 

I t  may  be noted tha t  both  2 and 3 are formed on a 
silica gel plate  in the presence or absence of light, but  not  
wi thou t  O 2 (N= atmosphere)  and not  on an acidic or basic 
a lumina TLC plate.  Thus, a silica surface appears  to 
exhibi t  a unique effect on the reactions of l ,  and O 2 is 
clearly necessary for the format ion of 2 and 3, bu t  l ight 
is not. As near ly  as we can tell, the  format ion  of 2 is 
accelerated wi th  light,  bu t  the format ion  of 3 is insensit ive 
to it. The dark  reactions leading to 2 and 3 are complete ly  
arrested when 1 is spot ted  on the plate  as a solution with  
2,6-di-l-butylphenol, hydroquinone  or DABCO. The 
former  are good radical  t raps  or radical  react ion sup- 
pressors. Under  the 3 'p ro tec t ive '  conditions,  the for- 
mat ion  of 2 is repressed even in the  presence of l ight ;  
however  the format ion  of 3 is p reven ted  onIy wi th  hydro-  
quinone dur ing the  l ight  i rradiat ion.  Al though  the re- 
act ion 1 -+ 3 is reminiscent  of singlet  oxygen  (102) re- 
actions wi th  bilirubin4-*~ .7 and pyrroles ~, *02 clearly 

t6 D. A. LIGHTNER, G. ]3. QUISTAD and C. S. PAK, Synthesis, 335 (1976). 
14 Under the same conditions ]3R very slowly turns green (bili- 

verdin ?) and mesobilirubin turns green more rapidly. 
15 R. ]3ONNETT and M. J. DIMSDALE, J. chem. Soc. Perkin I, 7972, 

2540. 
16 I71. VON ])ORENECK and E. ]3RUNNER, Z. klin. Chem. klin. ]3iochem. 

7, 113 (1969). 
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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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T h e  C h e m i c a l  S t r u c t u r e  of  C a p r e o m y c i n  
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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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