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Abst rac t  - An o l i gospo r i c  act inomycete s t r a i n ,  No. €864-861, produced 

two new a n t i b i o t i c s ,  Bu-2313 A (C27H35NOg) and Bu-2313 B (CZ6Hj3N09). Both 

Bu-2313 A and B exhibited a broad an t im ic rob i a l  spectrum aga in s t  gram- 

p o s i t ~ v e  and gram-negative anaerobic  b a c t e r i a ,  and a l s o  m h i b i t e d  t h e  growth 

of  some ae rob i c  b a c t e r i a  such as s t r e p t o c o c c i .  The s t r u c t u r e s  of  Bu-2313 A 

and B have been e luc ida t ed .  They belong t o  t he  f a m ~ l y  of a n t i b i o t i c s  

c l a s s l f i e d  as d i enoy l t e t r amic  ac ids .  Semi-synthesis  o f  Bu-2313 A and B was 

performed by C-acylat lon of t e t r amic  ac i d s  with t he  d i eno i c  m o r a y  obta ined  

by pe r i oda t e  ox ida t i on  of Bu-2313. In a s i m i l a r  manner Bu-2313 ana logs  were 

prepared by us ing  a v a r i e t y  o f  t e t r amic  ac id s  and c y c l i c  1.3-dlketones.  

Anaerobic b a c t e r i a  are involved i n  a wide v a r l e t y  of  human i n f e c t m n s ,  p a r t i c u l a r l y  mtraabdominal  

and p e l v i c  i n f e c t i o n s  a s soc i a t ed  with abscess  f a rma t ion . l  With t h e  i n c r e a s m g  awareness of t h e  

r o l e  of  anaerob ic  ~ n f e c t m n s  i n  c l i n i c a l  medicine, e f f e c t i v e  and nontoxic agents active against 

anaerobic organisms are needed. Benzy lpen i c i l l i n  1s considered t o  be t h e  drug of choice  f o r  many 

anaerobic  i n f ec t i ons2  except for t hose  caused by B a c t e ~ i d e s  fmgitis, t h e  s i n g l e  most common 

anaerobic  spec i e s  found i n  c l i n i c a l  s p e c ~ m e n s . ~  A s  compared with o the r  anaerobes,  members o f  t h l s  

spec i e s  are r e l a t z v e l y  r e s i s t a n t  t o  many a n t i b i o t i c s .  

In our a n t i b i o t ~ c  screening  program us ing  B. f m g i l i s  as one o f  t h e  assay t e s t  organisms, an 

o l i gospo r i c  act inomycete s t r a i n  was found t o  produce a new antibiotic complex des ignated  as Bu- 

~ 3 1 3 . ~  I t  was exrracred from the  fe rmenta t ion  b m t h  and separa ted  i n t o  two components A and B .  

Both components showed a n t ~ b i o t i c  a c t i n t y  aga in s t  a v a r i e t y  of anaerobic  b a c t e r i a  as wel l  as some 

ae rob i c  micro-organisms. The s t r u c t u r e s  of  Bu-2313 A and B have been derermined,' m d i c a t i n g  t h a t  

6 
t h e y  belong t o  t h e  d i enoy l t e t r amic  ac ld  group o f  a n t i b m t i c s  which i nc ludes  s t r e p t o l y d i g i n  and 

t irandamycin. '  The p r e sen t  paper de sc r i be s  t he  s t r u c t u r e  de terminat ion  of Bu-2313 A and B, and 

t he  semi-synthetic p repa ra t i on  of  Bu-2313 A and B as * e l l  as analogs of t hose  compounds. 



I S t r u c t u r e  de terminat ion  

Bu-2313 A(11 - and B ( 3  were i s o l a t e d  from t h e  fe rmenta t ion  b ro th  of an o l i g o s p o r i c  act inomycete 

4  s t r a m  NO.  E864-861 by Solvent  e x t r a c t i o n  and column chromatography on Diaion HP-10 (porous 

polymer r e s in ] .  Both a n t i b i o t i c s  are a c i d l c  substances obtained as pa l e  yellow c r y s t a l s ,  g iv ing  

a p o s i t i v e  r e a c t i o n  with f e r r i c  ch lo r i de .  Their physico.chemical e roper ties are summarized in 

Table 1 .  The molecular  f o m u l a e  of CZ7Hj5NO9 m d  C H NO were ass igned  fo r  l a n d  2, respec t ive ly ,  26 33 9  

based on t h e i r  micro-analyses and mass spec t r a .  

The UV spectrum o f  L i n  a c l d i c  s o l u t i o n  exh ib i t ed  absorp t ion  maxima a t  242, 258, 375 nm (E::, 170, 

645, 555). and t h a t  of 2 a t  237, 353, 370 nrn (EE, 170,  668, 580) .  In a l k a l i n e  s o l u t i o n  maxima 

occurred a t  262, 286, 337 nm (E:%,, 375, 393, 430) i n  1 and a t  235, 286, 331 nm (E$& 345, 411, 467) 

In  2. These UV absorptions with pH-dependent s h i f t s  observed f o r  1 and 2 are s i m i l a r  t o  those  

8  
repor ted  f o r  t l randamycin and s t r ep to lyd lg in ,g  sugges t ing  t h a t  Bu-2313 A and B are a,B;y,6- 

dienoyl te t ramic  ac id  antibiotics. 
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Table 1 The physico-chemlcal  properties o f  Bu-2313 A and 8 

Bu-2313 A ( U  Bu-2313 B(Z) 

M.p. (OC) 116 - 118 160 - 162 

[a] a6 i n  MeOH -58' -69.ge 

Pka' i n  aq. EtOH 5.2 4 . 9  

T i t r a t i o n  Equiva len t  519 509 

Mass, M+ (rnle) 517 503 

The NMR spectrum of - 1 showed t h r e e  XH-%, two ?C-%, one N - 0 1 3 ,  one N - a  and one C O O ~ s i g n a l c ,  

while 1 enh rb i t ed  t h r e e  > C H - R ,  ttw$C-%, one N-CH2 and one CCQCHj ( t he  l a t t e r  two s i g n a l s  
- - 

appeared as a 5H s i n g l e t  combined), bu t  no N-M3 s i g n a l .  The NMR spectrum of 1 showed an amide NH 

a t  6 6 .98  whxh d isappeared  by D 0 add i t i on .  This  NH slgnal was not  p r e sen t  i n  t he  spectrum o f  1. 2 

S i m i l a r i t y  o f  t he  NMR spectrum o f  1 t o  t h a t  of  except  f o r  t h e  N-M3 s i g n a l ,  coupled wlth 

molecular  ions  i n  t h e i r  mass s p e c t r a  (m/e 517 f o r  1 and m/e 503 f o r  2) .  i nd i ca t ed  t h a t  L i s  an - - 

N-methyl d e r i v a t i v e  of 2. The presence o f  a methyl ester group was confirmed by hyd ro ly s i s  o f  1 
with N-NaOH-MeOH - ( 1 : l )  a t  room temperature t o  a f f o r d  t h e  ac id  3 (mp 223-224 'C, C25H31NOg, M' m/e 

489) whose NUR spectrum showed no 0-methyl s i g n a l  a t  around 6 3.76.  

The mass s p e c t r a  o f  1, L a n d  gave t h e i r  molecular  i ons  as wel l  as two i n t e n s e  peaks due t o  

fragmentation corresponding t o  t h a t  i n  t i randamycin,  w h l d  r epo r t ed ly  t o  occurred  between C-6 and 

C-7 of t he  d ienoyl  moiety. The mass spectrum of  L showed t h e  molecular  =on peak a t  m/e 503 along 

with as i n t e n s e  peak a t  m/e 283 and a base i on  peak a t  m/e 221. The m/e 221 peak was t he  same as 

t h a t  observed with t irandamycin and was ass igned  t o  t h e  d ienayl  t e t r a m i c  a c i d  moiety. The spectrum 

of showed t h e  molecular  i on  peak a t  m/e 517 and a base peak m/e 235, each  being 14 mass u n i t s  



higher than those of L, while an intense peak at mle 283 was the same as that observed with 2. - 

In the mass spectrum of 3, the base peak at mle 221 was the same as that of L, while the molecular - 

ion at mle 489 and an intense peak at mle 269 were 14 mass units lower than those of 2. - 

1 Table 2 Assignment of H-NMR spectra of Bu-2313 A and B, 4 and 8 

CCOH 

Chemical shlft 6 in ppm (multiplicity and J in Hz) 
Bu-2313 A i l )  Bu-2313 B(Z) 4 & 

0,87(d,7) 

1.03(d,71 

l.3l(d,6) 

1.42(s) 

1.79 (br. s) 

2.07(rn) 

2.56 & 2.95 
(ABq,l7.5) 

2.76(m) 

2.92(d,7.5) 

3.36(dd,ll&2) 

3.76 ( s )  

3.76 ( 5 )  

4.01(d,5) 

4.49(dq,7.5&6) 

5.96(br.d,10) 

6.96(d,15.6) 

6.98(br) 

7.41(d,15.6) 

0.87(d,7) 

1.03(d,7) 

1.32(d,6) 

1.42(s) 

1.81(s) 

2.07(m) 

2.6 & 2.9 
(ABq,l6) 

2.76 (m) 

2.92(d,7.5) 

In support of the presence of the a,B;y,6-dienoyl chromophore the NMR of &(Table 2) showed two 

sharp doublets at low field (5.15.6 Hz) at 6 6.96 (2-H) and 6 7.41 (3-HI owing to vicinal trans 

protons on the a,B-unsaturated carbonyl with no protan in the y-pos~tion. The y-methyl (4-CH3) 

signal was found at 6 1.87 and the oleflnlc 6-proton(5-H) appeared at 65.96 as a doublet (J=10 Hz) 

broadened by coupling with the y-methyl protons. The above-mentioned signals were also observed in 

the spectrum of - 1. A two-proton methlene singlet(5'-M2) was observed in the NMR of both Land 2. 
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Bu-2313 B (3 

H3C 
C00CH3 COOH 

\ \ 
COOH OH 

CH3 CH3 CH3 
H 

AcO 

This methylene sipal and the amlde proton mentioned above were assiped to those of the tetramic 

acid moiety in comparison with the NMR spectrum of tirandamycin. 7 

Periodate oxidation of 2 afforded the dienoic acid 4 (mp 130-132 OC, C22H3008) whlch retained 

three >a-% (6 0.87, 1.03 and 1.31). t w o 3 C - 3  (6 1.42 and 1.79), one COO% (6 3.76) and three 

olefinic protons at 6 5.72 and 7.25 (AB quartet, 5.15.5 Hi) and at 5.89 (broad doublet, J=10 Hi). 

The UV absorption resulting f m m  a y,6-disubstltuted tran~,trans-o,B;y,6-d~enoic acid occurred at 

7 
257 nm (E 26,000), which is consistent with those of tirandamycin acid and streptolic acid. 

10 

The carboxylic acid ( g  was hydrolyzed with dil.Na0H-MeOH to give the dibasic acid 5_ (mp 239-240 'C 



Table 3 Spin decoupling experiment on 4_ 

Proton (6 i n  ppm) Multiplicity S p l i t t i n g  
I r r a d i a t e d  Observed change decaupled,  H i  

C H 0 .3/4H20), whose IR and NMR s p e c t r a  showed a lack of carbonyl a t  1740 cm-I and 0-methyl 
21 28 8 

s ~ g n a l  a t  6 3.76 owing t o  t he  COOCH3 group. 

The NMR spin-decoupling s t udy  on 4 (Table 3) showed t h a t  4 had t he  p a r t i a l  s t r u c t u r e s ,  A and B .  

When a m u l t i p l e t  a t  around 6 2.76 (6-H) was i r r a d i a t e d ,  two double ts  a t  6 1.03 (6-CH3) and a t  6 

5.89 (5-H) changed t o  two s i n g l e t s  and, i n  add i t i on ,  a double double t  a t  6 3.36 (7-61) co l lapsed  t o  

a double t  with J=11.0 Hz. The 7-H s i g n a l  a l s o  changed t o  a double t  with J=2.0 Hz by i r r a d i a t i o n  

a t  6 2.07 (8-H). The same i r r a d i a t i o n  a f f ec t ed  two double ts  a t  6 0.87 (8-CH3] and 6 4.01 (9-H) t o  

become s i t g l e t s .  The deshie lded  chemical s h i f t s  of 7-H and 9-H suggested t h a t  t h e  7- and 9- 

carbons should be l inked  t o  oxygen atoms. 

The second s t r u c t u r a l  u n i t  B was deduced a l s o  from the  r e s u l t s  o f  spin-decoupling experiment 

(Table 3 ) .  The i r r a d x a t l o n  of methyl double t  a t  6 1.31 (15-CH3) changed a low f i e l d  methine s i p a l  

(15-H, 6 4.49) from a double-quartet  t o  a c l e a r  double t .  Furthermore, each o f  two double ts  a t  6 

1.31 (15-CH ) and 6 2.92 (14-H) co l lapsed  t o  singlets by t he  i r r a d i a t i o n  a t  6 4.49 (15-H), 
3 

i n d i c a t i n g  t h a t  C-13 had no pro ton .  The C-15, which bea r s  a proton appearing a t  lower f i e l d  (6 

4.49),  should be l inked  wlth an oxygen atom o t h e r  than t h a t  of an epoxide on which a methine proton 
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usua l l y  appears a t  around 3 ppm. Chemical s h i f t  o f  14-H (6 2.92) impl ies  t h a t  C-14 l i n k s  wlth an 

2 
s p  carbon o r  forms an oxi rane  r i n g  with C-13. 

A f u r t h e r  three-carbon u n i t  C ad j acen t  t o  C-9 in t h e  s t r u c t u r e  of %was deduced from t h e  NMR d a t a  

o f  t h e  NaBH reduct ion  product  5 (mp 217-218 'C, C22H3208.1/4H20) and i t s  a c e t y l  d e r i v a t i v e  ? (mp 4 

147-148 'C, C24H3409). The double t  a t  6 4.01 owing t o  9-H changed t o  a m u l t i p l e t  i n  5 (6 3.90) 

and 7 (6 4 .00) .  A new one-proton m u l t i p l e t  appeared i n  t he  spectrum o f  c a t  around 6 5 .25  i n  t h e  

0 - ace t a t e  ( I ) .  In  addi t lo" ,  two doub l e t s  a t  6 2.56 and 6 2.95 with a l a rge  J value  (17.5 Hz) owing 

t o  t he  i s o l a t e d ,  gerninal methylene pro tons  (11-CH2) o f  4, col lapsed  t o  m u l t i p l e t s  and s h i f t e d  t o  

around 6 1.8 i n  5 and 6 2.2 i n  1. Assembling o f  t h e  s t r u c t u r a l  u n i t s  A, B and C t oge the r  with a 

t e r t x a r y  carbon-l inked methyl and a methoxycarbonyl g ive s  t h e  compound % t h e  two pos s ib l e  

StlVCtUTeS, D and E. 

13c-~MF! s p e c t r a  of Bu-2313 B, t i randamycin and t h e  d i eno i c  a c id  (4) were recorded on a Varian FT- 

80 spec t rometer  a t  20 hl-li i n  CDC13. T h e  chemical s h i f t s  o f  t he se  compounds were t e n t a t i v e l y  

assigned as shown i n  Table 4 by cornpanson o f  each spectrum s i d e  by s i d e  and m cons ide r a t i on  of 

t h e  m u l t i p l i c ~ t i e s  of s i g n a l s  obta ined  by s i n g l e  frequency of f  resonance decoupling s p e c t r a .  

Compari~on of t h e  spectra of Bu-2313 B and t irandamycin shows t h a t  t h e  s i g n a l s  assigned t o  t he  

d i e n o y l t e t r a m ~ c  ac id  moiety are in good agreement w l th in  * 0.2  ppm dev i a t i on .  This  gave another  

proof t h a t  t h e  s t r u c t u r e  of Bu-2313 B i s  the  same as t h a t  of t i randamycm i n  t h e  d i enoy l t e t r amic  

a c i d  molety and d i f f e r e n t  i n  t he  t r i c y c l i c  moiety. On t h e  o t h e r  hand, chemical s h i f t s  of  Bu-2313 

8 were co inc iden t  with those  o f  4_ with in  0.1 ppm dev i a t i on  in t h e  carbons ass igned  t o  t h e  t r i -  

c y c l i c  r i n g  system with s l i g h t l y  d i f f e r e n t  va lue s  f o r  t hose  o f  t he  dlenoy1,moiety.  This shows t ha t  

? i s  d i f f e r s  from Bu-2313 on ly  i n  lacking  t he  t e t r amic  ac id  moiety.  I t  r e t a i n s  t h e  r i n g  system o f  

Bu-2313 i n t a c t  with t h e  same s te reochemis t ry ,  t h e  carbons in t h e  d ienoyl  p a r t  being inf luenced  t o  

some ex t en t  through t he  conjugate  system by t h e  C-1 p o s i t i o n .  

The s i p a l  which was a sc r i bed  t o  t he  k e t a l  carbon a t  t he  13-pos i t ion  resonated  a t  6 96.9 i n  

t i r a n d m y c i n ,  whereas t h e  s i g n a l  occurred a t  6 107 i n  Bu-2313 B and 4, about 10 ppm lower t h a t  of 

t i randamycin.  In  t h e  s t r u c t u r e  D i n  which t h e  k e t a l  carbon (C-13) has t h e  same type o f  



Table 4 13c-NM~ assignment of 8"-2313 B@), t i randamycin and r e l a t e d  compound (4) 

Carbon 

I : 
Bu-2313 8 ( a c  

176.7(s )*  

116.8(d) 

149.4(d) 

135 .O(s) 

143.3(d) 

34.8(d) 

1 2 . 3 ( ~ ) * *  

11.6(q)** 

79.0(d) 

35.5(d) 

79.0 (d)  

208.5(5) 

5 2 . l ( t )  

81.7(5) 

107.0(s)  

63.0 (d) 

72.8 (d) 

16.7(q) '* 

21.5(q)*** 

52.3(q) 

l6Y.3(s)  

zo.o(q)*" 

174 .9(s )  * 
100.3 (s) 

192.8(5) 

51 .8 ( t )  

Chemical s h i f t  6 i n  ppm from TMS ( m u l t i p l i c i t y )  

4= - -- 

a:  Dif ference  o f  chemical s h i f t s  between 2 and t irandamycln 

b :  Difference of chemical s h i f t s  between 2 and 4 .  - - 

c :  As t e r i sk s  i n d l c a t e  in te rchangeable  assignments i n  t h e  c o l u m  where t h e y  appear, 
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s u b s t i t u t i o n  as t h a t  of  t i randamycin,  t he  s i g n a l  should appear a t  around 6 97 .  This could r u l e  

out  t h e  p o s s i b i l i t y  o f  s t r u c t u r s  D f o r  4. 
An X-ray c r y s t a l l o g r a p h i c  s tudy  was undertaken i n  o r d e r  t o  confirm t h e  fused  oxolane r i n g  s t r u c t u r e  

E f o r  4. m e  p-bramophenacyl e s t e r  of  4 (8, mp 187-188 "C, C H BrO ) was prepared and c r y s t a l l i -  
30 35 9 

zed from e t h y l  ace ta te -methanol  t o  a f fo rd  c o l o r l e s s  monoclinic c r y s t a l s .  The s t r u c t u r e  of 8 was 

determined by K. s a s a k i l l  (Nagoya Univ.) u s i n g  a Hilger-Watts  f o u r - c i r c l e  d i f f r a c tome te r ,  and rhe 

abso lu t e  conf igura t ion  shown below was ass igned  t o  8. 

1 The s t r u c t u r a l  i n t e g r i t y  o f  compounds 4_ and - 8 has  been evidenced by t h e  agreement of H- and 13c- 

NMR s p e c t r a  with t hose  o f  t h e  corresponding p a r t  o f  Bu-2313 (Table 2 and 4 ) .  Hence, t h e  s t r u c t u r e  

E f o r  %was confirmed, which i n  t u r n  e s t a b l i s h e d  t he  g ro s s  s t r u c t u r e s  o f  Bu-2313 A (1) and 8 (3. 

The s t r u c t u r e s  o f  Bu-2313 A and B i n  which t h e  d i eno l c  ac id  (3 is s u b s t i t u t e d  wi th  t e t r a m i c  a c i d s  

have been f u r t h e r  s u b s t a n t i a t e d  by t he  semi-s)nthesislZ o f  Bu-2313 A and B by C-acyla tmn of 

t e t r amic  a c i d s  with 4 as descr ibed  i n  t h e  fa l lowing chapter .  

After  t he  p r e sen t  work had been completed w e  found t h a t  a new member o f  t h i s  fami ly  of a n t i b i o t i c s  

named nocamycin was r epo r t ed  i n  a Russian j ou rna l .  13'14 The r epo r t ed  molecular  formula nocamycin 

(C26H33N09) 15 coincident wi th  t h a t  of Bu-2313 B and, i n  add i t i on ,  t he  pysico-chemical p r o p e r t i e s  

and s p e c t r a l  d a t a  of  nocamycin are very  c l o s e  t o  t hose  o f  Bu-2313 8 .  A r e cen t  p ~ b l i c a t i o n ' ~  gave 

nocamycin a tricyclic k e t a l  s t r u c t u r e  inc luding  a s p i r o  oxl rane  r i n g  shown below. 



I I  Synthes is  o f  8"-2313 A and 8, and t h e i r  analogs 

In t he  course o f  t h e  s t r u c t u r e  e l u c i d a t i o n  o f  Bu-2313 descr ibed  above, t h e  pe r i oda t e  ox ida t i on  of 

Bu-2313 A and B y ie lded  t h e  d i eno i c  a c i d  moiety, r e t a i n i n g  t he  t r i c y c l i c  po r t i on  i n t a c t .  The 

a v a i l a b i l i t y  of t h i s  key carboxyl ic  a c id  as well  as t he  cu r r en t  i n t e r e s t  i n  a cy l t e t r amic  ac id  

a n t i b i o t i c s  prompted us t o  syn the s i ze  Bu-2313 analogs having impmved p r o p e r t i e s  by acy l a t i on  of 

t e t r amic  ac id s  o r  t h e n  equ iva l en t s .  Recently t h e r e  have been s e v e r a l  publlcat ions16-21 dea l i ng  

with t h e  syn the s i s  o f  a cy l t e t r amic  a c i d s .  The syn the s i s  o f  3-d ienoyl te t ramic  ac id  was f i r s t  

repor ted  by Lee e t  a l . , l g  but  at tempted syn the s i s  of t i r a n d a m ~ c i n  was unsuccessfu l  by t h e i r  method. 

Jones e t  descr ibed  t h e  s y n t h e s i s  of a cy l t e t r amic  ac id s  i nc lud ing  a simple dienoyl derivatives 

with no app l i c a t i on  of semi-synthes is  o f  s t r e p t o l y d i g i n  and t irandamycin.  Here we desc r i be  t h e  

f i r s t  syn the s i s  of 3-d ienoyl te t ramic  a c i d s  possess ing  a n a t u r a l l y  occurr ing  complex r i n g  system 

and with a n t i b a c t e r i a l  a c t i v i t y  s i m i l a r  t o  t h e  n a t u r a l  products 

Chem~s t ry  - Tetramic ac id  (Ila) and t he  s u b s t i t u t e d  t e t r amic  ac id s  (G-lli) were prepared 

accordmg to  t he  procedure o f  Lowe e t  a 1 . 2 2  Amino ac id  e s t e r s  were acy l a t ed  with monoethyl 

malonate by use of DCC giv ing  t h e  amides (5-g), which were cyc l i z ed  wi th  sodium alkoxide t o  g ive  

t h e  3-alkanycarbonyltetramic a c i d s  (E-E) aas shown i n  Table 5 .  Bhat e t  a1." r epo r t ed  t h a t  t h e  

5-e thyl ldene  d e r i v a t ~ v e  (e) was obta ined  by c y c l i z a t i o n  o f  e t h y l  N-(ethoxycarbonylacety1)-a- 

aminocmtonate which was prepared from e t h y l  a-ammocrotonate and ethoxycarbonylacetyl  ch lo r i de .  

In ou r  syn the s i s  t h i s  compound was more convenient ly  prepared  from the  threonine  derivative (x) 
with sodium e thoxide  by simultaneous c y c l i z a t i o n  and dehydra t ion .  The 5-benzylidene d e r i v a t i v e  

(10j)  was prepared from & b y  condensation with benzaldehyde i n  t h e  presence of hydrogen - 

c h l a r ~ d e . ~ ~  Removal o f  t h e  e s t e r  func t ion  from the  alkoxycarbonyl derivative ( E - x ]  was 

c a r r i e d  out  by hea t i ng  i n  a c e t o n i t r i l e  t o  g lue  t h e  t e t r amic  ac id s  (e-llj) and t h e  r e s u l t s  are 

given i n  Table 5 

b H CH3 f CH3S(CH2)2* H 

c CH3** H g CH3CM)C(CH2); H * L 

d CH3CH= H h CH3(M2)5X H ** DL 

d '  CHCH* H i C6H5* H 

3AH j C H CH= 6 5 
H 
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The following c y c l l c  1,3-dicarbonyl compounds were employed as s u b s t r a t e s  f o r  a cy l a t i on :  1,3-cyclo- 

pentanedione (el; t e t r o n i c  acid (lZJ)25 which occurs as a c o n s t i t u e n t  o f  some fungal metabo- 

l i t e ~ ~ ~ ' ~ ~ ;  dimedone (e) ; 2 ,4 -d ike top ipe r i d ine  (g) , t h e  5,6-dehydro d e r i v a t i v e  of which 

30 occurs i n  m ~ c i r n y c i n , ~ ~  efrotomyclnZ9 and aurodox (X-5108) ; 4-hydmxy-5-methyl-2-pyrone (12e),  - the 

5,6-dihydro d e r i v a t i v e  of which i s  a c o n s t i t u t e n t  o f  an an t i f unga l  methabol i te ,  a l t e r n a r i c  acid.31 

These compounds are commercially a v a i l a b l e  except  f o r  2 , 4 -d ike top ipe r i dme  ( lZd) ,  - which was 

prepared from 8-a lan ine  e s t e r  via a malonamide and a c y c l i c  e s t e r  i n  a manner s i m i l a r  t o  t he  

prepara t ion  of t e t r amic  ac id s .  

5  
The d i eno i c  a c id  (4) prepared by pe r i oda t e  oxida t ion  o f  Bu-2315 A (g and Bu-2313 B (Z) was 

t ransformed I n t o  t he  ac id  ch lo r i de  (4a) by t he  ac t i on  of t h iony l  ch lo r i de ,  which was converted - 

i n t o  t he  a n i l i d e  (4b) ln 38 % y i e l d  ( c o l o r l e s s  needles)  t o  confirm formation of t he  a c i d  ch lo r i de .  

Mp 117-119 'C. 278 nm ((E 27,600). h a l .  C28H35N07.1/4H20. 

B o r o n t r i f l u o r ~ d e  e the r a t e , 17  t r i e t hy l amine ,18  and t ha l l i um s a l t l g  have been used in acy l a t l on  of  

t e t r a m i c  ac id s .  In o u r  a t tempts  t o  a c y l a t e  tetrarnic ac id  ( l l a )  with t he  ac id  ch lo r i de  (s), t h e  - 

use b o r o n t r i f l u o r i d e  e t h e r a t e  was found t o  be unsu i t ab l e  because of  ex t ens lue  degradat ion  o f  4 2  

dur ing  t h e  r e a c t i o n .  Acylat ion with 4a us ing  t r i e t h y l a m n e  d id  no t  g ive  t h e  d e s i r e d  product .  - 

Reaction o f  t h e  acid ch lo r i de  (s) with dimedone, as a simple model f o r  c y c l i c  0 - d ~ k o t o n e s ,  in t h e  

presence o f  t r i e t hy l amine  d id  not  g ive  any de s i r ed  C-acyl d e r i v a t i v e ,  bu t  gave t h e  0-acyla ted  

d e r i v a t i v e  (s) I n  87 % y i e l d .  Mp 150-151 "C. Anal. C H 0  .1/41120. The PMR spectrum showed 
30 40 9 

an o l e f i n i c  proton s i gna l  a t  S 5.87 as a broad s i n g l e t  a long  with t h e  s i g n a l s  due t o  t h e  dienoyl 

and dimedone mo ie t i e s .  The UV maximum oE compound &which occurred a t  276.5 nrn (c 34,100) d i d  

not  show the  r epo r t ed  p~-dependlng-shift5889919 c h a r a c t e r i s t i c  o f  t h e  2-acyl-1.3-dicarbonyl 

~ y 5 t e m s .  Acylat ion o f  1,3-cyclopentanedione i n  t h e  presence o f  t r i e t hy l amine  a f fo rded  a l s o  t h e  
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0 -acy l a t ed  d e r i v a t ~ v e s  

0-acyla ted  product  i n  51 % y i e ld ,  mp 187-189 'C. UV: ikkGH 288 8 m  (E 31,000).  Anal. C27H3409 

.1/2H20. 

The in tended  C-acylat ion was s u c c e s s f u l l y  achieved by u s ing  a s t r a n g e r  ba se  i n s t e a d  of t r i e t h y l -  

m i n e .  In gene ra l ,  t h e  employment o f  o rd ina ry  s t r ong  bases  such as p o t a s s i m  t -butoxide ,  sodium 

hydride and h t h i u m  hydride i n  DMF was found t o  be  e f f e c t i v e  i n  C-acyla t ion  of t h e  t e t r amlc  ac ld  

d e r l v a t l v e s .  Thus, a c y l a t i o n  o f  t e t r amic  a c i d  = w i t h  - 4% was c a r r i e d  o u t  i n  a d r y  DMF s o l u t i o n  

i n  t h e  presence  of potassium t -butoxide  (Method A) t o  g ive  Bu-2313 0 i n  11 % y i e l d ,  which was 

identical i n  a l l  r e s p e c t s  with t h e  n a t u r a l  a n t i b i o t i c .  Likewtse, Bu-2313 A was prepared semi- 

s )mthe t i c a l l y  by a c y l a t i a n  of  N-methyltetramic ac id  (Ilb) with % i n  DMF i n  t h e  presence of sodium 

hydride (Method 0 ) .  

MDst of t h e  C-acylated products  m the  p r e sen t  s t udy  ( e l 4 1  1% and 15b) were prepared by 
-? - - 

Method 0 .  Lithium hydride was effective i n  acy l a t i on  o f  dimedone (3 and 2 .4-d ike topiper id ine  

(12d) - with + i n  dry  DMF (Method C) .  Acylat ion of 4-hydroxy-6-methyl-2-pyrone (3 was accompl- 

i shed  by hea t i ng  a mlxture of  t he  carboxyl ic  a c id  4 and phosphorus pentoxide i n  benzene (Method Dl 

t o  g ive  t he  desired product  = i n  5 % y i e l d ,  whereas Method 8 gave on ly  a t r a c e  of *. Tables 6 

and 7 show t h e  r e s u l t s  of  C-acylat ion o f  t he  t e t r amic  a c i d s  (=-llj) and t h e  c y c l i c  1,3-dicarbo- 

n y l s  (e-3, r e s p e c t i v e l y .  

As i nd i ca t ed  i n  t a b l e s  6 and 7 ,  t h e  C-acylated products ,  +-4j and E - 1 2 ,  were cha rac t e r i z ed  

by a bathochromic s h l f t  of t h e  maximum i n  t h e  UV spectrum a t  t he  s h o r t e s t  wavelength (near 240 nm) 

and hypsochromic s h i f t  o f  t he  maximum a t  t he  l onges t  wavelength(near 350nm) on change from a c i d l c  



Table 6  Bu-2313 A ,  Bu-2313 B and 3-Acyl -5-subs t i tu ted  t e t r a m i c  a c i d s  

R1 J& Method Yield(%) 

14a H H A 11 130.133~ - 
(Syn the t i c  Bu-23136) 

14b H - ="3 B 6  103-10sg 
(Syn the t i c  Bu-2313A) 

'H-NMR s i g n a l s  of 
t e t r amic  ac id  moiety 

6 i n  ppm 

3.69 ( 5 ,  5'-CH2) 

3 .01  ( s ,  N-CH3) 
3 .68  ( 5 ,  5 ' - M z )  

1 .79  (m, =M-CH,) 
5.25(q,J=6.5HFCF-CH3) 
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0 0 0  0 0 0  0 0 0  0 0 0  
0 0 0  0 0 0  0 0 0  0 0 0  " " Y "  Y -. 9 
n r . g  - 5 -  r-r. - r o o  
-4.-  - 4 4  I - 4  4 N - r  --- --- --- --- 
o m 0  - 0 -  0 - W  n * *  

m m n  a m *  - r m n  
N N W  N N *  N N *  N N *  



Table 7 2-C-Acylated c y c l i c  1 .3-d~carbonyl  derivatives 

l i b  - 16 93-97e'g 

l i d  - 0 13 103 -106~  

0 
H 

a: 0.001 N HC1 i n  99 % e thano l .  b: 0.001 N NaOH i n  99 % ethanol 

'H-NMR s i g n a l s  o f  1 , s -  
dicarbonyl moiety 

6 i n  ppm 

2.6 (m, C O - w - C O )  

c: DMSO was used i n  addxtion t o  DMF 

d: Molecular weight was confirmed by mass spectrometry;  Mi 502. e: MI + 1 505. f :  M' 530 

g :  Microanalyses were coincident  with t h e  ca l cu l a t ed  value wi th in  ? 0.4 % dev ia t i on .  
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t o  basic s ~ l u t i o n . ~ ' ~ ' ~ ~  Magnitude of the  s h i f t s  va r i e s  with the  6-tricarbonyl moieties involved 

The bathochromic s h i f t  of 18-23 m and the  hypsochromic s h i f t  of 20-23 m were observed i n  the  3- 

acyltetramic acids  except 146 and x, both of which had an addi t ional  methylidene group conjuga- 

ted  t o  the  0- t r iketone chromaphore. The s t ruc tu res  of the  C-acylated de r iva t ives  were a l so  

supported by t h e i r  PMR spectra  showing protons of the dienoyl p a r t  s imi la r  t o  t h e  o r ig ina l  

a n t i b i ~ t i c s , ~  together with d i s tmguishab le  peaks owing t o  t h e  0-tricarbonyl moieties involved. 

Antibacterial Act ivi ty  

Table 8 shows the  i n  vitro a c t i v i t y  of synthet ic  Bu-2313 A and B, and t h e i r  analogs against two 

anaerobes (B. f m g i l i s  A20926 and P. a m  A21933) and an aerobe (S. Pyogenes A9604). The data  

presented are representa t ive  of those obtained fmm a col lect ion of 12 anaerobic and 32 aerobic 

t e s t  organxsms used i n  our  primary screen f o r  evaluation of t h i s  s e r i e s  of compounds. A l l  of t h e  

compounds prepared i n  the present study showed an a n t i b a c t e r i a l  spectrum s imi la r  to  t h a t  of the  

parent a n t i b i o t i c s  Bu-2313. The synthet ic  Bu-2313 A and B are as act ive  as the  corresponding 

na tu ra l  a n t i b m t i c s .  In the  3-acyltetramic acids (14a-14j). an increase i n  the  chain length of -- 

t h e  5 ' - subs t i tu t en t  led t o  a diminut~on i n  a c t i v i t y ,  e spec ia l ly  against S. pyogenes. The 5 ' -  

methyl der ivat ive  (E) is the  most act ive  among the  semi-synthetic analogs against the  3 s t r a i n s  

c i t ed  i n  Table 13 and more ac t ive  than Bu-2313 A against B. f m g i l i s  and S. pyogenes, although it  

is a ha l f  as act ive  as Bu-2313 B. The 5'-ethyl de r iva t ive  (14e) - showed a c t i v i t y  comparable t o  

Bu-2313 A. 

A s imilar  an t ibac te r i a l  spectrum was shown by 2-acyl-l,3-dicarbonyl de r iva t ives  (G-E) 

possessing r ing  systems d i f f e r e n t  from the  na tu ra l ly  occurring te t ramic ac id .  me 1.3-cyclo- 

pentanedione de r iva t ive  (15a). - the  mst act ive  member o f  t h i s  s e r i e s ,  showed b e t t e r  antibactero~ddes 

a c t i v i t y  than Bu-2313 A with the  same l eve l  o f  a c t i v i t y  against P. acne and S. pyogenes. 



Table 8 In u i t m  a c t l v i t y  o f  s y n t h e t i c  Bu-2313 and analogs 

MIC (mcglml) 
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