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S t r u c t u r e  of T h e r m o z y m o c i d i n  

For  t h e r m o z y m o c i d i n ,  a new a n t i f u n g a l  an t ib io t i c  f rom 
a t h e r m o p h i l i c  m o u l d  ~, C2~H39NO6, m.p.  170-172 ~ 
(methanol ) ,  [ ~ 4  q_ 4 o (c = 1% d imethy l su l fox ide ) ,  
s t r u c t u r e  I ( 2 - amino -2 -hyd roxyme thy l -3 ,  4 -d ihydroxy-14-  
oxoeic9s-6-enoie acid) was  es tabl i shed.  

The  I IR-bands in nu jo l  a t  3375, 3240, 3150, 1710, 1665, 
1605, 1572, 1533, 1412 and  965 cm -1 and  t he  v io le t  colour  
w i t h  n i n h y d r i n  i n d i c a t e d  t h a t  i t  was  a n  a m i n o  acid. 

Hydroch lo r i c  acid in  m e t h a n o l  t r a n s f o r m e d  I in to  t he  
a m i n o l a c t o n e  h y d r o c h l o r i d e  I I ,  C2~H~sNO~C1, m.p.  158-  
164 ~ (e thy l  e ther) ,  w h i c h  showed  a rose colour  w i t h  
n i h y d r i n  a n d  h a d  I R - b a n d s  in nu jo l  a t  2855 (strong, 
-NH+) ,  2500 (weak, -NH+) ,  a n d  1785 cm -1 (very s t rong,  
lac tone)  co r re spond ing  to t he  a b s o r p t i o n  pa t t e r r t  descr ibed  
b y  WEYGAND a n d  MAu ~ for some e -amino-y- lac tones .  
Since t he  cha rac t e r i s t i c  f r a g m e n t a t i o n  of such  c o m p o u n d s  ~ 
was also n o t e d  in t h e  MS of I I  (base p e a k  m/e 102) 
t h e r m o z y m o c i d i n  h a d  an  e - a m i n o - y - h y d r o x y  s y s t e m  in 
i ts  molecule  (Formulae) .  

ClaHtTNOs, m.p.  122-124 ~ and  VI I ,  C14H260 ~. U n s t a b l e  
V I I  was cha rac t e r i zed  as t he  co r re spond ing  acid V I I I ,  
C14H~603, m.p.  62-64 ~ o b t a i n e d  t h r o u g h  ox ida t ion  w i t h  
a lka l ine  s i lver  oxide. Syn thes i s  of V I I I  was accompl i shed  
b y  r eac t ion  of t he  c a d m i u m  Gr igna rd  r eagen t  of 1-bromo- 
h e x a n e  and  co-carbe thoxysuberoyl  chlor ide  4. 

The  I R - s p e c t r u m  of VI  in CHC1 a showed  b a n d s  a t  1795, 
1760 and  1695 cm -~ a n d  t he  N M R - s p e c t r u m  signals  (~) 
a t  9.78 (1H, t, J = 1 H z , - C H O ) ,  7.04 (]H,  s , - N H A c ) ,  
4 .88-5.16 (2H,  m, - C H O A c  and  - C H O - ) ,  4.43 (2H, s, 
-CH~OAc),  2 .88-3.14 (2H,  m, OHC-CH2-CH (O-)-) ,  2.02 
(3H,  s, CH3COO- ), 2.09 (6H,  s, CH~COO-).  Doub le  
r e sonance  e x p e r i m e n t s  on c o m p o u n d  VI  showed  t h a t  t he  
a ldehyd ic  p r o t o n  was  a d j a c e n t  to  a m e t h y l e n i c  g roup  
whose  p ro tons  were also coupled  w i t h  one of t he  hydro -  
gens r e s o n a t i n g  a t  4 .88-5.16 d. Comple te  e luc ida t ion  of t he  
s t r u c t u r e  of t he  po ly func t iona l i zed  p a r t  of t h e  molecule  
of t h e r m o z y m o c i d i n  was o b t a i n e d  b y  t he  obse rva t ion ,  in 
t he  N M R - s p e c t r u m  of V, of an  A B X Y  s y s t e m  of the  t y p e  : 
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Hydrogenation of I with palladium on charcoal in 
methanol at room temperature and ambient pressure 
yielded a dihydroderivative III, C~IH~INOr m.p. 166-168 ~ 
(disappearance of the 965 cm -I band), whereas acetylation 
of I with excess acetic anhydride in the presence of 
methanol gave the N-acetyl-y-lactone IV, C23HagNO6, 
m.p. 101-102 ~ (ethanol-water), IR-bands (nujol) at 3510, 
3300, 1760, 1710, 1650, 1565, and 965 cm-1; NMiR-signals 
(d) at 6.57 (IH, b.s.,-NHAc), 5.3-5.7 (2H, m,-CH=CH-), 
4.5-4.7 (2H,  m , - C H O H - a n d  - C H O - ) ,  3.86 (2H,  s, 
-CH2OH) ,  2.1. (3H,  s, C H 3 C O N H -  ). 

A c e t y l a t i o n  of I V  or I w i t h  acet ic  a n h y d r i d e  a n d  
p y r i d i n e  p roduced  t he  oi ly t r i ace ty l -y - l ac tone  V, 
C27H~3NOs, I R - b a n d s  (nujol) a t  1785, 1755, 1712, 1690, 
1530 a n d  965 cm -1, NMR-s igna l s  (d) a t  6.49 (1H, s, 
- N H A c ) ,  5.75 (1H, d, J = 4.5 H z , - C H O A c - ) ,  5.3-5.7 (2H,  
m , - C H = C H - ) ,  4.72 (1H, 6 l i n e s , - C H 2 - C H  ( O - ) - C H O A c - ) ,  
4.5 (2H,  s, -CH2OAc),  2.01, 2.03 a n d  2.07 (3H,  s, 
CH3COO-). 

This reaction and the comparison between the NMR- 
spectra of IV and I showed that the remaining two 
oxygen atoms of I consisted of a primary and a secondary 
alcohol. 

Osmium tetroxide oxidation of V in pyridine yielded a 
diol which, on sodium periodate treatment followed by 
chromatography on silica-gel, gave the two aldehydes VI, 
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Where : R= CHa(CH~)~CO(CH~) 6- and RI=-CHOH-CHOH-C-COO- 

NHs+ 
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Here  Hy  appeared  as a double t  at  5.75 (J = 4.5 Hz) and  
tKx as 6 lines a t  4.72 der ived by  the  superposi t ion  of 2 
t r ip le ts  centered  at  281 and 285.5 Hz, respect ively,  
belonging to  the  X pa r t  of an A B X  sys t em where  Jxx  = 
JBx = 6.5 Hz. Double  resonance  exper imen t s  conf i rmed 
this  in t e rp re t a t ion  since i r radia t ion  at  2.48 d t r ans fo rmed  
H x  and Hy into 2 double ts  wi th  JxY = JYx = 4.5 Hz;  
i r radia t ion  at  4.72 d reduced  Hy  to  a singlet  a t  5.75 d and 
i r radia t ion  at  5.75 d t r ans fo rmed  H x  into  a t r ip le t  a t  
4.72 ~ wi th  JAx + J~x = 13 Hz. 

Chromic ox ida t ion  of d ihyd ro the rmozymoc in  I I I  in 
acetic acid followed by  m e t h y l a t i o n  wi th  d iazomethane  in 
e thy l  e ther  of t h e  react ion mixture ,  allowed the  isolat ion 
of the  ke toes ter  XI ,  rul ing out  the  a l t e rna t ive  formula t ion  
X for compound  V. 

The re la t ive conf igurat ion of the  a symmet r i c  carbon 
a toms  of t he rm ozymoc id in  could no t  be resolved by  
N M R - m e t h o d s  as i t  has  been d e m o n s t r a t e d  5 t h a t  stereo- 
isomeric y-lactones do no t  show any  s ignif icant  different ia-  
t ion in the  coupling of the i r  protons .  The s t rong absorp t ion  
a t  965 cm -1 in the  I R - s p e c t r u m  of I, II ,  IV and  V suggested 
a t r ans  conf igura t ion  of the  double  bond.  

Riassunto. La t e rmoz imoc id ina  6 un ant ib iot ico  ant i -  
fungino p ro d o t t o  da una  m u f f s  termofi la .  Le sue cara t -  
te r is t iche  IR ,  N M R  e MS, insieme a quelle dei suoi der iva t i  
e dei suoi p rodo t t i  di ossidazione, indicano la s t r u t t u r a  I. 
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The  Addi t ion  of Ethyl  A z o d i c a r b o x y l a t e  to P y r r o l e s  

Although  the  react ions  of azodicarboxyl ic  esters  have  
been s tudied  ex tens ive ly  1-n l i t t le  is known  of the i r  ad- 
di t ion to pyrroles  12 since only poor ly  charac ter i sed  prod-  
ucts  were ob ta ined  in th is  s tudy.  In  principle,  the  re- 
act ion of these  esters  wi th  a pyrrole  could proceed in th ree  
d i i te rent  ways :  the  azoester  migh t  a t t ack  the  pyrrole  
ni t rogen,  a r ing carbon a tom or a side chain carbon atom. 
Tile p resen t  communica t ion  allows one to  dis t inguish 
be tween  these  possible modes  of a t tack.  

I t  has  been  found t h a t  the  free e- and fi-positions in 
subs t i tu t ed  pyrroles  react  wi th  e thy l  azodicarboxyla te  to 
give the  cor responding  d i ca rboe thoxyhydraz ino  pyrrole.  
The convers ion of these  p roduc t s  into the  cor responding  
benzene sulfonyl  pyrrole  hydrazines ,  in which the  benzene  
suKonyl hydraz ine  residue represen t  a blocking group of a 
free posi t ion which will no t  deac t iva te  the  ring, has  no t  
been realized. 

The Table  lists the  var ious  pyrroles  used and  the  ad- 
ducts  fo rmed  ~a. In  no case was a ca ta lys t  necessary.  
2 ,4 -Dimethy l  (1) and 2 ,4-d imethyl -3-e thy lpyr ro les  (2) 
react  exo the rmal ly  at  room t e m p e r a t u r e  in e ther /n -pen-  
t ane  wi th  e thy l  azodicarboxyla te  a t  the  ~-position to give 
1:1 adducts .  3-Methyl-4-e thylpyrrole  (3) reacts  a t  b o t h  
~-posit ions to form a 2 : 1 adduct .  2, 5 -Dimethylpyrro le  (4) 
reacts  in one fl pos i t ion to  give a 1 : 1 adduct .  The above 
adduc t s  are uns table  and decompose  on s t and ing  at  room 
t empera tu re .  In  con t ras t  the  adduc t s  f rom the  carbe- 

t hoxypyr ro l e  (5), and  the  ace ty lpyr ro le  (6) are s table  a t  
room t empera tu re .  

The s t ruc tures  assigned to  tile adduc t s  are in all cases 
cons i s ten t  wi th  the i r  NMR-  and IR-spec t ra .  Thus  for 
example,  t he  N M R - s p e c t r u m  of (1) (Figure) in CDC13 
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