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I s o l a t i o n  a nd  S t r u c t u r e  of P h o m i n  

P h o m i n  is a new ant ib io t ic  which we have  isolated 
f rom cul tures  of a Phoma species (strain S 298) (Fungi 
imper/ecti) 1. I t  exhibi ts  cy tos ta t i c  ac t iv i ty  in vi tro.  Multi-  
p l ica t ion of H e L a  cells in v i t ro  is p reven ted  comple te ly  
b y  concen t ra t ions  of 3-10/zg/ml .  Fu r the rmore ,  migra t ion  
of chicken leucocytes  is 80% inhibi ted  by  a concent ra-  
t ion  of p h o m i n  of 2 .5 / ,g /ml<  

Phomin ,  C,oH37NO5 a, is a neut ra l  l ipophilic subs tance  
crystal l iz ing in colourless needles, m.p.  218-220~ [~l~ 
+ 83 ~ -4- 2 ~ (methanol) .  On the  basis of the  following 
evidence we assign s t ruc ture  I to phomin .  I t s  UV-spec-  
t r u m  (ethanol) exhib i t s  in tense  absorp t ion  m a x i m a  at  
213 (4.42) and  219 (4.32) n m  (log e) wi th  inflect ions a t  
258 (2.69), 264 (2.48) and  267 (2.32) n m  (log e), which 
indicate  t he  presence of several  isolated double  bonds  
and  of an a romat ic  ring. The I R - s p e c t r n m  (nujol and 
KBr)  shows frequencies  a t  3510 (OH); 3370, 3220 and 
3140 (NH);  3090, 3060 and  3025 (--CH- and  =CH,); 
1715 and  1690 (2C=O); 958 (-CH=CH-trans); 988 (pos- 
s i b l y - H C = C H - t r a n s ) ;  1814, 1638 and 901 (R'R"C=CH,); 
1600, 1580, 1490, 760 and  690 (monosubs t i tu t ed  benzene  
ring); 1370 (-CHa); 1270-1250 (C-O, ester) c m - L  Pho-  
min  (1) forms a di-O-acetyl  der iva t ive  2 (Ca3H41NO:, 
amorphous  [+ 98 All) 4. In  the  I R - s p e c t r u m  the  N H  
band  is stil l  p resen t  a t  3410 cm -1 b u t  the  hyd ro x y l  
f requencies  have  disappeared.  W h e n  an e thanol ic  solu- 
t ion  of phom in  (I) is h y d r o g e n a t e d  in the  presence  of Pd  
as a ca ta lys t ,  h e x a h y d r o - p h o m i n  (5) (C29H4aNO~, m.p.  
193-196 ~ [+ 6 AI~) is obta ined.  I t s  U V - s p e c t r u m  exhibi ts  
6 absorp t ion  m a x i m a  in the  region of 242.5-268 n m  wi th  
the  ma in  peak  being a t  258.5 n m  (log e = 2.37). The fine 
s t ruc tu re  is charac ter i s t ic  for a benzene ring. Ace ty la t ion  
of 5 yields d i -O-ace ty l -hexahydro -phomin  (6) (C3aH47NO 7, 
amorphous  [+ 12 AI~). F u r t h e r  hydrogena t ion  of 5 can 
be achieved wi th  P t  in acetic acid leading to  dodeca-  
h y d r o - p h o m i n  (7) (C29H,~NO ~, m.p.  185-188 ~ ~+ 13 A1;); 
di-O-acetyl  der iva t ive  8 (C33HszNO . amorphous  [0 All). 
U n d e r  these  condi t ions  d o d e c a h y d r o - p h o m i n  (7) is also 
ob ta ined  f rom phomin  (1). Compounds  7 and  8 are 

t r a n s p a r e n t  in t he  UV-region.  I t  is concluded f rom these  
observa t ions  t h a t  p h o m i n  (1) conta ins  2 h y d ro x y l  groups.  
They  are secondary  since the  N M R - s p e c t r u m  5 of 7 in 
d -DMSO solut ion shows 2 double ts  a t  4.28 and 4.68 p p m  e 
which d i sappear  af ter  t r e a t m e n t  w i th  D,O. 

A N H  group is p re sen t  in p h o mi n  (1) appear ing  as 
singlet  a t  8.05 p p m  in the  NMR-spec t rum.  This p ro ton  
is readi ly  exchanged  by  deuter ium.  The N H  group par t i -  
c ipates  in a y- lac tam funct ion,  as is indica ted  by  the  
presence of the  typ ica l  amide- I  b a n d  a t  1715 cm -~ and 
the  absence of an  amide- I I  band  in the  I R - s p e c t r u m L  
The N M R - s p e c t r n m  of p h o mi n  (1) reveals  2 secondary  
me thy l  groups (doublets  a t  0.63 ppm,  J = 6 c/see, and 
at  0.82 ppm,  J = 6 c/see). By  the  UV-, IR-  and  NMR- 
spec t ra  (mul t iple t  of 5 p ro tons  a t  ca. 7.14 ppm) and the  

1 The fermentations were carried out by DR. Cu. aTOLL and Dr. E. 
I-I~.RRI, Sandoz AG, Basel, Switzerland. We are indebted to them 
for providing the culture broths 

a We should like to thank Dr. H. ST~KELIN, Sandoz AG, Basel, very 
much for these tissue culture tests. 

3 Derived from the elemental analysis and the mass spectrum. We 
wish to express our gratitude to Dr. W. gETTER, F. Hoffmann-La 
Roche & Co. AG, Basel, for the measurement and the discussion 
of the mass spectra. They were determined by an AEI Ltd. MS-9 
Mass Spectrometer equipped with a direct inlet system. 

4 The numbers in angular brackets denote the values of the specific 
optical rotations for Na-light. Abbreviations: Al = ethanol, Chf = 
chloroform. 

s The NMR-spectra were measured by a Varian Spectrometer A-60 
(60 MHz) in our Institute (K. AEGERTER) or  by a Varian Spectro- 
meter HR-100 (100 MHz) of Vafian AG, Ziirich (Dr. U. SCHEI- 
I~EGGER). Chemical shifts in b-values with Si(CH4) 4 (TMS) as in- 
ternal standard (~ - 0). Abbreviations: s = singlet, d - doublet, 
t = triplet, q = quartet. The numbers are the spin-sph~-coupling 
constants J in c/see. 

6 Cf. O. L. CHAPMAN and R. W. KING, J. Am. chem. Soc. 86, 1256 
(1964) ; J. G. TRAYNHAM and G. A. KNESEL, J. Am. chem. Soc. 87, 
4220 (1965). 

? R. MECKE JR. and R. MECKE SEN., Ber. dt. chem. Ges. 89, 343 
(1956). 
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h y d r o g e n a t i o n  expe r imen t s ,  t he  presence  of a mono-  
s u b s t i t u t e d  benzene  r ing  in p h o m i n  (1) has  been  d e m o n -  
s t r a t ed .  This  benzene  r ing  is i nco r po r a t ed  in a b e n z y l  
g roup  as ev idenced  b y  mass  spec t ra l  da ta .  B o t h  p h o m i n  
(1) (M+ a t  mass  479) and  h e x a h y d r o - p h o m i n  (M + a t  
mass  485) show the  'base  peak '  a t  m/e  91 wh ich  corre- 
sponds  to t he  f r a g m e n t  C7H7+ (benzy l ium ion, wh ich  
isomerizes  to  give t he  more  s t ab le  t r o p y l i u m  ion). I n  
d o d e c a h y d r o - p h o m i n  (7) th i s  f r a g m e n t  is absen t .  I n  1 
a n d  5 t h e  M-91 peaks  a n d  in 7 t he  M-97 p e a k  are also 
well  recognized.  I n  t he  N M R - s p e c t r a  t he  c h e m i c a l  sh i f t  
of t he  2 b e n z y l  p ro tons  a t  C-23 is as expec t ed  (e. g. in  di- 
O-ace ty l -phomin  (2) doub l e t  a t  2.80 ppm,  J = 6c/sec). 

The  f o u r t h  double  bond  of p h o m i n  is p r e s e n t  as v inyl i -  
dene  group,  as d e m o n s t r a t e d  b y  the  f o r m a t i o n  of CH20 
and  the  7-1actam I I  (19) upon  t r e a t m e n t  w i t h  Oa, a 
r eac t ion  which  is d iscussed later .  Of t he  2 r e m a i n i n g  
t r a n s - s u b s t i t u t e d  double  bonds  one  is c o n j u g a t e d  w i th  a 
c a r b o n y l  group (v[C-O]= 1690 cm -1) which  is sh i f t ed  to 
1725-1730 cm -~ in t he  h y d r o g e n a t i o n  p r o d u c t s  5 and  7. 
A c t u a l l y  p h o m i n  (1) is a n  a, f l -unsa tu ra t ed  ester.  The  
e n v i r o n m e n t  of th i s  func t iona l  g roup  was es tab l i shed  in 
t he  fol lowing m a n n e r .  T r e a t m e n t  of 1 w i t h  CrOa-pyri-  
d ine  s,9 yields d e h y d r o - p h o m i n  (3) (C=gH3~NO a, m.p.  
185-187 ~ [ +  92 All)10. I t  forms a mono-O-ace ty l  der iva-  
t ive  4 (C31H37NOn, a m o r p h o u s  [+  18 Chf]). T he  IR-  
s p e c t r u m  of 3 ( v [ C O ]  = 1618 cm -1) a n d  t he  UV-spec-  
t r u m  ( 2 ~ ,  = 227 n m ;  log e = 4.09) ind ica te  t he  presence  
of a n  ~, f l -unsa tu ra ted  ke tone  group  which  or ig ina tes  f rom 
a n  allylic h y d r o x y l  func t ion :  

O H(B) H O H(B) O 
II [ I CrOa I, I ,I 

--O--C--C- C--C-- --~ --O--C--C- C--C-- 
i i i 

(A)H OH H(A) 

The  N M R - s p e c t r u m  conf i rms th i s  i n t e r p r e t a t i o n .  In  
p h o m i n  (1) the  v inyl ic  p r o t o n  A is spl i t  in to  a double  
doub l e t  (6.77 ppm) .  P r o t o n  B appea r s  as a doub le t  a t  
5.77 p p m  (d r -- 16 c/sec). I n  d e h y d r o - p h o m i n  (3) the  pa t -  
t e r n  of the  A B - s y s t e m  of t he  trans double  b o n d  is s impli-  
fied. The  signals  of b o t h  p ro tons  A and  B are now" 
doub le t s  appea r ing  a t  7.42 and  6.43 p p m  (./ - 16 c/sec). 

F u r t h e r  ins igh t  in to  t he  s t ruc tu r e  of p h o m i n  (1) was 
ga ined  b y  the  ozonolysis  of d i -O-ace ty l -phomin  (2) and  
s u b s e q u e n t  r educ t ive  c leavage of t he  ozonides  w i t h  
N a B H  a and  reace ty la t ion .  4 p roduc t s  were o b t a i n e d :  

(1) F o r m a l d e h y d e ,  i sola ted as d i m e d o n e  der iva t ive .  
(2) 1, 7, 8 -T r i ace toxy -3 -me thy l -oc t ane  (10) (C15H2606, 

oil b.p.  120~ Tor r  [+  2 Chf]). D e a c e t y l a t i o n  w i t h  
LiA1Ha gave t he  t r io l  9. Cleavage of 9 w i t h  H I O  4 yie lded 
f o r m a l d e h y d e  and  the  h y d r o x y - a l d e h y d e  12 (CsH~202, 
oil [+  2 Chf]). Ox ida t i on  of the  l a t t e r  b y  CrO3-HaSO ~ in 
ace tone  n yie lded t he  k n o w n  R - ( §  
acid (13) (CsH1,Oa, oil [+  7.9 All) 1~ ( d i m e t h y l  es ter  14:  
C10H~sO ~, oil b.p.  239 ~ [+  6 Chf] ;  d ian i l ide :  C20H~,N302, 
m.p.  161-162 ~ [ +  15 AlJ; d i - p - b r o m o p h e n a c y l  es te r :  
C,,H2aO6Br2, m.p.  109-111 ~ [+  7 Chf]). T he  abso lu te  
conf igu ra t ion  of (+ ) -3 -me thy l -p ime l i c  acid has  been  
es t ab l i shed  b y  i ts  i n t e r connec t i on  w i t h  (+ ) -pu l egone  (p- 
menth-4(8) -en-3-one)  11 ~3. Due to the  f o r m a t i o n  of t he  
t r io l  9, pa r t i a l  s t r u c t u r e  A can  be deduced  for p h o m i n  (1) : 

H OH CH 3 H 

--C = C--CH--CH~--CH3--CH2--CH--CH 2--C=C-- . 

H (A) H 

(3) )~-Lactam I 17 (C1sH23NO4, m.p.  187 188.5 ~ [+ 88 
All) ~ ;  t r i -O-ace ty l -de r iva t ive  18 (C~,H2~NO ~, a m o r p h o u s  
[+  49 A1]). 

CH 3 OR H-...,,CH 3 

<2 ROCH3\./~/~/"-CH20 R 

9 ( R =  H) 10 ( R = i c )  O II 

HIO4 

CHa O CrO.~ O CH3 O 

HOCH2\./~/~/~H -~ R/~/~/~./~. R 

12 13 ( R = O H )  14 ( R = O C H , )  
15 (R = C6HsNH- ) 

16 (R = p.BrC6H4CO-CH3- ) 

(4) 7 - L a c t a m  I I  (19) (C17H23NOs, a m o r p h o u s  [ - - 1 5  
A1])14; t e t r a -O-ace ty l  d e r i v a t i v e  20 (CI~H3,NO 9, m.p.  
135-138 ~ [-- All).  The  7-1actam I (17) is t r a n s f o r m e d  to 
t he  7-1actam I I  (19) b y  f u r t h e r  t r e a t m e n t  w i t h  Oa, etc. 
The  l a t t e r  c o m p o u n d  consumes  1 mole  of HIO, ,  whereas  
17 is s t ab le  to  HIO~. There fore  t he  7-1actam I (17) and  

hence  also p h o m i n  (1) con t a in  a H 2 C - C - C - O H  group.  
I I 

Spin-sp in  decoupl ing  e x p e r i m e n t s  b y  double  r e sonance  
expe r imen t s  a t  100 MHz  15 w i t h  t he  t r i -O-acety l -v- lac-  
t a m  I (18) b y  i r r ad i a t i on  of t he  C-12 (4.86 ppm,  dd/12/4) ,  
C-13 (2.87 ppm,  d d d / 4 / 6 / l l ) ,  C-14 (5.73, d / l l ) ,  C-16 (3.13, 
dq/5/6.5),  C-17 (3.27, dr /5/7)  a n d  C-23 (2.88, d/7) p r o t o n s  
enab led  us to  e s t ab l i sh  t he  fol lowing sequence  B : 

21 
H H H CH 2 H H 

CH a OAc 

(B) 

Long- range  coupl ing  of t he  p ro tons  a t  C-14 a n d  C-16 is 
observed.  I t  also gives rise to  the  s l ight  sp l i t t i ng  of t he  2 
v inyl ic  p ro tons  a t  C-21 (2 t r ip le t s  a t  5.12 and  5.22 ppm,  
] = 1.5 c/sec). The  s ignal  a t  2.73 p p m  (dd/5/5) is as- 
s igned to t h e  p r o t o n  a t  C-16a a n d  t he  doub l e t  ( ]  -- 7 
c/see) a t  2.88 p p m  to the  2 p ro tons  a t  C-23. The  a t t a c h -  
m e n t  of the  n i t r ogen  a t o m  of the  amide  group  to  t he  car-  
b o n  a t o m  which  carr ies  t he  benzy l  g roup  (C-17) follows 
f rom the  mass  spec t ra l  da ta .  W h e r e a s  in p h o m i n  (1) t he  
'base  peak '  is t he  b e n z y l i u m  or t r o p y l i u m  ion (m/e 91) 
t he  'base  peak '  in t he  s econda ry  amine  23 (see below) is 
the  f r a g m e n t  M-91 (m/e 380) ( type-A 4 f r a g m e n t a t i o n  vs. 

s G. I. Poos, G. E. ARTH, R. E. BEYLER, and L. H. SARETT, J. Am. 
chem. Soc. 75, 425 (1953). 

9 Treatment of phonlin with CrOa in acetic acid or with CrO3-HzSO 4 
in acetone n gave very complex mixtures of products which could 
not be separated. 

10 Dehydro-phomin {3) was isolated occasionally also from the cul- 
ture broth. It is not clear whether this compound is a real metabo- 
lite or an artefact. 

11 Z. BOWDEN, I. M. HEILBRON, E. H. R. JONES, and B. C. L. WEE- 
nON, J. chem. Soc. 1946, 39. 

12 M. MOUSSERON and J. JULLIEN, Bull. Soc. chim. France 1947, 605. 
18 Cf. A. J. BIRCH, Rep. Prog. Chem. 47, 190 (1950). 
1~ Isolated after hydrolysis of the crude mixture of the acetylated 

ozonolysis products by K2CO 3 in methanol. 
lz We are indebted very much to Dr. U. SCI[EIDEGGER, Varian AG, 

Zfirich, for carrying out and discussing the double resonance ex- 
periments. 
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t y p e - B  f ragmentat ion~S) .  A t t a c h m e n t  of t he  r e m a i n i n g  
- ) C - O H  group  to  t he  amide,  e x t e n d e d  sequence  B, leads 
to  s t r u c t u r e  17 for  t he  7-1actam I. Th i s  f o r m u l a  al lows 32 
possible  s tereoisomers ,  of wh ich  28 can  be  ruled ou t  on  
t he  basis  of t he  N M R - d a t a  us ing  t he  KARPLUS e q u a t i o n  17. 
The  r e m a i n i n g  4 s te reoisomers  possess t he  fol lowing con-  
f igu ra t ion  if t he  f l-configurationaS is ass igned to  H - a t o m  
a t  C-16a: 13~, 14/3, 16~, 17~, 19a~; 13% 14fl, 16~, 17% 
19aft; 13fl, 14~, 16~, 17fl, 19aft; a n d  13ct, 14fl, 16fl, 17fl, 
19aft. One i somer  is de r ived  f rom trans- and  t he  o t h e r  
3 f rom cis-octahydro-isoindol. For  the  bicyclic s y s t e m  
only  one c o n f o r m a t i o n  is possible.  

28 

[ U [16 '1 HN/[ I- 7 ~ . ~ / O e  /"-  . . . I / ' ~ . ~ C H  2 
HNJ/s iv Ilaa It5 

b O 12CH20 R CH20 R 

17 (R = H) : y-Lactam I 19 (R - H): y-Lactam II  
18 ( R = A c )  20 ( R = A c )  

136-138~ No c a r b o n y l  f r equency  can  be  obse rved  in t h e  
I IR-spectrum.  The  mass  s p e c t r u m  shows the  M + p e a k  
(m/e 471) as expec ted .  On re f lux ing  di -O-acetyI-dodeca-  
h y d r o - p h o m i n  (8) w i t h  LiA1H 4 in e t h e r  a select ive reduc-  
t ion  of t he  es ter  b o n d  t akes  place, y ie ld ing  t he  t e t r a )  
h y d r o x y - l a c t a m  24 (C~gH53NO 5, a m o r p h o u s  [-- 16 A1 l-  
wh ich  gives a t e t r a -O-ace ty l  de r iva t i ve  25 (C37H61NOg, 
a m o r p h o u s  [-- 1 Chf~). 

CH 2 
I[ 

H a C ~ - / " ' ~ / 0 R  CH 3 / 0 - - (  : 0  

| !  I / \ 

I It 
~ /  "~(  21 ( R ' = R "  = H )  

O 22 ( R ' = H ;  R " = A c )  

CH 2 

H a C ' / ~ / O H  CH 8 OH 

1 

! H I /I 
k..~./y H N ~ / 0 H  23 

The  p r i m a r y  a n d  t e r t i a r y  h y d r o x y l  groups  of t he  y- 
l a c t ams  17 and  18 are n o t  p r e s en t  in  p h o m i n  (I). T h e y  
h a v e  been  gene ra t ed  in t he  course of t he  ozonolysis  of 
t he  2 trans-disubstituted olefinic double  b o n d s  of di-O- 
a c e t y l - p h o m i n  (2). Thus  pa r t i a l  s t r u c t u r e  C can  be  wr i t -  
t e n  for p h o m i n  (1) which  is to  be  connec ted  to the  pa r t i a l  
s t r u c t u r e  A deduced  earlier.  

CH 2 ir 
H 3 C ~ / ~ / O H  

II /I ) 
% /  H N ~ / o \  - 

II 
o (c) 

The  decision of choos ing  b e t w e e n  t he  2 possibi l i t ies  of 
combin ing  s t r u c t u r e  A w i t h  s t r u c t u r e  C was ach ieved  b y  
sp in-sp in  decoupl ing  e x p e r i m e n t s  as on  d i -O-ace ty l -phomin  
(2), The  p ro tons  a t  C-3 (5.78 ppm,  d/16), C-4 (6.91 ppm,  
dd/16/5) ,  C-5 (5.4 ppm,  m), c - n  (5.4 ppm,  m) C-12 
(5.85, dd/16/9)  a n d  C-13 (3.56, d d / 9 / l l )  were i r rad ia ted .  
The  e v a l u a t i o n  of these  N M R  resu l t s  leads to  s t r u c t u r e  1 
for phomin .  The  glycolic acid fo rmed  a f t e r  t he  hydro lys i s  
of t he  ozonolysis  p r o d u c t s  was  n o t  isolated.  

F u r t h e r  proof  for t he  l ac tone  a n d  l a c t a m  func t ions  
arises f rom the  r educ t i on  of p h o m i n  (1) and  dodecahydro -  
p h o m i n  (7) w i t h  LiA1H 4. On t r e a t m e n t  of 1 w i t h  1.5 
moles of LiA1H 4 in t e t r a h y d r o f u r a n  for  1.5 h t he  y- lac tone 
21 (C20Ha0NO 5, m.p.  192-194 ~ [ +  99 All)  is ob ta ined .  T h e  
molecu la r  fo rmula  is conf i rmed  b y  t he  mass  s p e c t r u m  
(M + a t  m/e  481). I n  the  I R - s p e c t r u m  the  l a c t a m  group  is 
unchanged ,  b u t  a n  a d d i t i o n a l  new c a r b o n y l  a b s o r p t i o n  
appea r s  a t  1764 c m - L  T he  f o r m a t i o n  of t he  y- lac tone 21 
can  be  exp la ined  b y  as suming  t h a t  f i r s t  t he  double  b o n d  
of t he  a, f l -unsa tu ra t ed  es ter  is h y d r o g e n a t e d  (1,2-addi-  
t ion)  a n d  t h e n  a trans-esterification t akes  place. The  
N M R - s p e c t r u m  is in  full  a g r e e m e n t  w i t h  s t r u c t u r e  21. 
C o m p o u n d  21 forms  t he  mono-O-ace ty l  de r iva t i ve  22 
(C3aH41NOs, m.p .  194-196 ~ [ +  38 Chf]). T r e a t m e n t  of 
p h o m i n  (1) w i t h  a n  excess of LiA1H 4 in t e t r a h y d r o f u r a n  
for  22 h yields t he  s econda ry  amine  23 (C29H45NO4, m.p.  

CH 3 

H 3 C ' / " ~ / O R  CH 3 OR 

I I I / I  
~. . . / J  H N ~ / O R  24 (R = H) 

0 25 (R = Ac) 

P h o m i n  rep resen t s  a nove l  t y p e  of macrol ide  an t i -  
biotic,  t he  large l ac tone  r ing  be ing  fused to a h igh ly  
s u b s t i t u t e d  oc tahydro - i so indo l  sys tem.  

The  de ta i l s  of these  inves t iga t ions  19 are to  be p u b l i s h e d  
in Helv.  ch im.  Acta.  

Zusammen/assung. Aus K u l t u r e n  eines Phoma spec. 
( S t a m m  S 298) (Fungi imper/ecti) wurde  das neue  cyto-  
s t a t i s ch  w i rk same  A n t i b i o t i c u m  P h o m i n  isoliert .  A u f  
G r u n d  se iner  chemischen  u n d  phys ika l i s chen  Eigen-  
s cha f t en  wird  i h m  die S t r u k t u r f o r m e l  1 er tei l t .  
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