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Summary - -  A series of partricln A amides were synthesized using the achve ester method by reaction with several amines on the 
carboxy group and then w~th some actds on the mycosamme group of partricin A. Most of the derivatives are more potent antitungals 
than the known reference standards, including amphotericin B, and a few are also less toxic and less hemolytic Amides subsmuted 
with basic groups may give hydrosoluble salts, useful for injectable formulations, and two derivatives were selected for further 
development, namely, partricin A 2-d~methylaminoethyl amide tl0, SPA-S-710) and N-dimethylaminoacetyl-partncm A 2-dimethyl- 
ammoethyl amide (22, SPA-S-752). 

partricin A amide / polyene antibiotic / antifungal activity/structure-activity relationship 

Introduction 

Several years ago we isolated a polyene antibiotic 
referred to as partricin [1] from the fermentation 
broths of S t r ep tomyces  aureofi~ciens NRRL 3878, 
This antibiotic was endowed with high antifungal 
activity (particularly against Camt ida  a lb icans)  and 
antiprotozoal activity, but it was thought to be too 
toxic for clinical use. 

In an effort to improve its biological properties, 
some derivatives of partricin were prepared, including 
partricin methyl ester (USAN mepartricin). This 
proved to be the first successful semisynthetic 
polyene, being more effective and less toxic than the 
parent compound [2, 3]. 

Additional studies demonstrated that partricin and 
its derivatives were constituted of two components A 
and B: partncin A (fig 1 ) and partricin B without the 
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Fig 1. Structural formula of partrmcm A IR = OH, Rj = HI 
and its amide derivatives/R and R~, see table I) 

N-methyl substituent on the aromatic amino group. 
The complete structural formula of the two com- 
pounds was elucidated and their biological activities 
were found to be very similar [4, 5]. 

Fermentation of a new mutant strain of S aureo-  
f a t t e n s  has led to partricin A that is almost tree from 
the B component.  We decided to prepare a new series 
of amide derivatives, using this single compound as a 
starting material, m order to improve their chemical 
and biological characterization. 

Chemistry 

The new amide derivatives are substituted with amino 
groups on the carboxy group of partricin A and may 
be substituted with acyl groups on the mycosamine 
amino group, thus giving diamide derivatives (fig 1). 
Both the amino and the acyl substituents may carry 
basic groups, in agreement with structure-activity 
relationship data reported for a few derivatives of  
amphotericin B and other polyenes [6-8]. Basic 
substituents may also be useful for preparation of 
hydrosoluble salts, which are useful for injectable 
formulations. 

The synthesis of the new compounds has been 
carried out by the active ester method, u~ing diphenyl 
phosphorazidate as the activating agent of  the carboxy 
groups and dimethylacetamide as the solvent [9]. The 
course of  the reaction was followed by means of  thin- 
layer chromatography on silica gel, while the products 
were purified by silica-gel column chromatography. 
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Purity was checked by HPLC analysis and structure 
was confirmed by elementary analysis, UV and IR 
spectroscopy and mass spectrometry, as needed. The 
compounds are yellow substances, which are almost 
insoluble in water and most organic solvents and 
soluble in dimethylsulfoxlde and dimethylacetamide. 
When substituted with basic groups, they give salts 
with many organic and inorganic acids, which are 
soluble in water. 

Biology 

The antifungal activity was screened by determining 
the inhibitory concentrations against three strains of 
C albicans and one strain each of Saccharomvces 
cerevisiae, Mucor sp, AspeIRilhts niger and 
Trichophyton mentagrophytes and the antiprotozoal 
activity against one strain of Trichomonas vaginalis. 
Potent antimicrobial activity is defined as a strong 
affinity towards the microbial cellular target, ie, 
towards membrane ergosterol [ 10]. 

The toxicity of the products was checked first by 
measuring their hemolytic activity on rat erythrocytes 
in order to select derivatives with the lowest affinity to 
the red blood cell membrane cholesterol. Affinities 
that are similar for the microbial and animal cellular 
targets, ergosterol and cholesterol, respectively, are 
thought to be responsible for the poor selective toxi- 
city of polyene macrolides [10]. The toxicity of the 
compounds was also checked by measuring the 
approximate LDsc, in mice following intraperitoneal 
(or intravenous) administratxon. 

For comparative purposes, all the tests were carried 
out against the starting polyene partricin A, the potent 
antifungal derivative mepartricin A and amphotericin 
B, which remains the most effective polyene antibio- 
tic available for the treatment of deep-seated mycotic 
infections in humans [11 ]. 

Results and discussion 

The structure of the synthesized derivatives is 
reported in table 1, including secondary and tertiary 
amides (1-9), some of which were substituted with 
basic radicals (10-21), and diamides obtained by 
further substitution on the mycosamine aminogroup 
with basic acyl groups (22-35). The synthetic 
methods used are also indicated along with some 
characterizing data, such as the R~ value in TLC and 
RT in HPLC. 

Antifungal and antiprotozoal data of all the 
compounds are reported in table II. The starting 
polyene partricin A 36, mepartricin A 37 and ampho- 
tericin B 38 were used as reference compounds. The 

activity against C albicans was checked against three 
strains, m liquid and solid media after 24 and 48 h 
incubation times, and is expressed as a minimum inhi- 
bitory concentration (MIC, ng/mk). Almost all the 
derivatives were far more effective than amphotericin B 
38 (MIC 240-480 ng/mL), most were more effective 
than partricin A 36 (MIC, 30-60 ng/mL). A few (1, 
10, 11) were more effective IMIC 3.75-15 ng/mL) 
than mepartricin A itself 37 (MIC, 7.5-30 ng/mL) 
while others were equipotent (2, 12-17) to just a little 
less potent (3, 20-22, 26;-31). The strong antifungal 
activity was evidenced for all the C albicans strains, 
in both the liquid and solid media; the activity was 
also maintained at 24 and 48 h control times, demons- 
trating the good stability of the compounds in the 
culture media. 

The activity against S cerevisicw has been tested 
against one strain and one incubation time in liquid 
medium and is expressed as 50% inhibitory concen- 
tration (IC50, ng/mL). A fair activity is shown by all 
the derivatives in the series and their potency is 
much higher than that of amphotericin B 38 (MIC, 
35.5 ng/mL). With just a few exceptions (5, 34, 35), 
the activity is similar to that of partricin A 36 (MIC, 
2.1 ng/mL) and mepartricin A (MIC, 1.0 ng/mL): the 
most effective compounds are 1, 10-15, 17, 20 and 
21, which showed MIC values lower than 1.0 ng/mL. 

For filamentous fungi, MIC (Bg/mL) evaluation 
against a Mucor sp strain showed that most of the 
compounds are much more effective than the starting 
partricin A 36 (MIC, 1.2 gg/mL) and had same 
or twice the potency of mepartricin A 37 (MIC, 
0.6 Bg/mL). A few of the compounds had the same 
(19) (MIC, 0.15/ag/mL) or half (2, 3, 6-9, 11, 14, 15) 
(MIC, 0.3 gg/mL) the effectiveness of amphotericin B 
38, which was the most potent compound against this 
single microorganism. For the whole series, the 
activity was not appreciably modified at the second 
control time (48 h). 

Most derivatives were extremely potent against 
A niger, with much lower MIC values than the refer- 
ence compounds, which were, in the order of increas- 
ing activity, partricin A 36, amphotericin B 38 and 
mepartricin B 37. With the exception of a few 
compounds with no (34, 35) or little activity, many 
derivatives (2-4, 6, 12-15, 17, 20, 21), showed MIC 
values of 0.075 gg/mL, while the others were in 
the range 0.15-0.3 Bg/mL. Partricin A had an MIC of 
2.4 gg/mL and amphotericin B 1.2 Bg/mL; only 
mepartricin has a similar activity (0.15 gg/mL). 

T mentagrophytes was also very sensitive to most 
of the derivatives, many of which (10-13, 16, 17, 20, 
22, 24, 25, 29) were more effective than mepartricin 
(M1C values of 0.3 btg/mL and 0.6 Bg/mL); other deri- 
vatives (1, 14, 15, 21, 23, 26-28, 30-33) were at least 
equipotent (MIC, 0.6 pg/mL) with mepartricin. The 
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Table I. Derivattves of partricm A (structural formula, see fig 1), hemolyhc activity and acute toxicity in mice. 

Compound R R / Synthesis TLC HPLC 
e.tample R t Method RT (rain) Method 

1 NHCH~ H 0.45 A 32 I A 

THC MHC LDso 
(lag/mL), rat RBC, (mg/kg) 

4 tt at 36.5 °C ip (iv) mice 

2 0.07 1.9 

2 NHC~H5 H 0.53 A 36.6 A 2 0.2 3.3 

3 NH-n-C~H7 H 0.58 A 41.2 A 2 0.2 3.8 

4 NH-n-C4H,, H 0.64 A 45.5 A 18 0.2 10 

5 NH-n-CsHIj H 0 69 A 49.2 A >18 0.7 35 

6 NHCH~CH=CH_, H 

7 H 

s @ H 

9 N O H x...../ 

10 NHICH2L~N(CH~), H 

"3 

2 

-) 

2 

0.58 A 46.2 

0.53 A 36.0 

0.58 A 48.5 

0.54 A 30.0 

0.54 A 30.4 

A 2 0.07 3.8 

B 6 0 7 6.4 

B 6 0.7 9.7 

B 6 0.7 4.7 

A 18 0.7 10 

11 NHICH2 hN(CH3)_~ H 2 0.51 A 30.6 A 6 0.2 5.1 

12 NH(UH2) 2 N ~  H 

13 NH(CH212 N ~  H 

/""x 
14 NHICH2) 2 N o H M..../ 

2 0.61 A 26.0 

"3 0.66 A 29.0 

B 18 0.7 13 

B 18 0.7 13 

2 0.61 A 25 1 B >18 0.7 10 

/-"X 
15 NHICH213 NM_/O n 

16  "~H c n  2 - ~  H 
I 

C2H 5 

17 Nl~Cn2~2 ~ H 
I 

CH 3 

18 NHICH2) 2 - L,,//N" ~ H 

2 0.55 A 26.2 B 18 0.7 7.7 

0.56 

0.42 

A 

A 

25.0 

22.9 

B 

B 

6 0.7 7.7 

6 0.7 5.8 

2 0.55 A 29.6 B > 18 6 70 

19 N(CH3~ (CH2~2-~  H 2 0.64 A 38.3 B 6 0.7 5.8 

20 N NCH 3 H o 0.48 A 20 6 B 18 0.7 12 X...../ 
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Table I. Contimwd. 

Compound R R/ Synthesis TLC HPLC THC MHC LD~ 
evample R/ Method RT (min) Method (~lg/mL), rat RBC, (mg/kg) 

4 h at,¢6.5 °C ip (iv) mice 

/--" H 9 0.30 A 20.1 B 6 0.7 5.1 21 N N~Cn,~zOn 

22 NH(CH_~I_~NtCH~), (CH~)_~NCH~CO 3 0.25 B 25.2 B >18 18 158 (69.3) ,~ 

23 NH(CH2)zN(CH0~ ~N~cn2 .2co  3 0.26 B 28.7 C 18 6 44 
/---N 

24 NH(CHz),N(CH~ cn3N,_.../r~ cn2co 3 0.12 B 10.8 C 18 2 77 

25 NHICH~)~N(CH~)2 HO{CH2)2NM.../NCH2CO 3 0.09 B 21.8 C 18 0.7 60 

26 N/--"N- on3 (CH0:NCH,CO 3 0.40 B 19.7 C 2 0.2 3.6 
M..../ 

CN 27 N N-CH 3 (CH-~I~( O 0 . 2  - - 3 0.34 B 20.3 C 6 3.6 
/""N 

28 N N cn 3 Cn~N,,_._/N Cn~CO _ 0.2 3.8 " - 3 0.18 B 8.7 B "~ 
/ " ' N  

2 9  ~ N-CH 3 HO(CH, t ,N  NCH,CO 3 0.13 B ~1.5 B 0.7 0.2 2.7 
/"-'X 

30 N N-ICH~):,OH qCH3)-,NCH ~( O- 3 0 .27  B "~ 1.3 B 0.7 0.2 3.0 

CN 31 r~ "~-icn,~,on fcn,~,co 3 0.26 B 26 ~ B ~ 0.2 2.4 
/ " ' N  

32 N~N-ICH,)2OH . . . . . . .  CH3N ._/N c n , c o  3 0.11 B "~ 1 "~ B "~ 0.2 2.9 

33 N~N-~CH,),OH . . . . . .  HO~CH,~,N _/NCn,('O 3 0.07 B 20.5 C 0.7 0.2 1.~ 

34 N H t C H 2 ) 2  ~ (CH3~2Nt'H2CO 3 0.39 B 32.4 B >18 18 >300 
A 

35 NH(CH31, .~./'~ <""NN ICH,)-~('O 3 0.34 B 26.6 B > 18 6 >300 

36  Partricin A 
OH H 0.16 A 10.4 B (I.2 0.07 0.6 

37 Mepartricin A 
OCH~ H 18 0.7 15 (3.90) b 

38 Amphotencm B 2 0.7 50 (4.77)~ 

aAdministered iv as the hydrosoluble diaspartate salt. hAdministered iv as sodium laurylsulfate complex, cAdminlstered iv as 
sodium deoxycholate complex, see reference [3] (LD~ 5 mg/kg iv mice) and reference [14] ~LD~ 4 mg/kg iv mice; LDs0 
88 mg/kg lp mice). 

o the r  c o m p o u n d s ,  wi th  a few excep t ions ,  were  a l i t t le 
less  e f fec t ive ,  as were  the add i t iona l  r e fe rence  sub-  
s tances ,  a m p h o t e r i c i n  B (MIC,  1.2 Jag/mL) and par t r i -  
c in  A ( M I C ,  2.4 lag/mL).  

The  ac t iv i ty  aga ins t  T vaginalis, the on ly  p r o t o z o a l  
s t ra in  tes ted,  was  very  h igh  wi th  M I C  va lues  l o w e r  
than (MIC 0.3 ~tg/mL) (1 -3 ,  61 or equal  to (MIC 0.6 ~tg/ 
m L )  (4, 10, 11, 14, 15, 2 6 - 3 3 )  that  o f  mepar t r i c in .  

H o w e v e r ,  all  were  less e f fec t ive  than the s ta r t ing  
c o m p o u n d  par t r ic in  A (MIC,  0.075 g g / m L ) .  A m p h o -  
te r ic in  B was  m o d e r a t e l y  e f fec t ive  aga ins t  T vaginalis, 
with  an M I C  of  38 ~tg/mL. 

The  h e m o l y t i c  ac t iv i ty  is e x p r e s s e d  as total  h e m o -  
ly t ic  concen t r a t i on  ( T H C )  or  m i n i m u m  h e m o l y t i c  
c onc e n t r a t i on  ( M H C ) ,  ie, the l o w e s t  c o n c e n t r a t i o n  
g iv ing  total  h e m o l y s i s  or  the l owes t  concen t r a t i on  stil l  
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Compound MIC (nghnL) IC5o (nghnL) MIC (12g/mL) 

C albicans C albicans C c~Iblcans C albicans S cerevtsiae Mucor sp A roger T mentagrophytes T vagmalis 
73 (liqmd) 73 (sohd) 200 (sohd) 205 (sohd) 167 (liqmd) 263 (sohd) 374 (sohd) 176 (hqutd) 415 

( senu-sohd) 
2 4 h  4 8 h  24h  4811 24h  4 8 h  2 4 h  4 8 h  7 h 24h  48t7 4days  5days  4 8 h  

1 3.75 7.5 

2 7.5 7.5 

3 7.5 15 

4 7.5 15 

5 30 30 

6 7.5 15 

7 15 30 

8 30 30 

9 15 30 

10 3.75 7.5 

11 7.5 7.5 

12 3.75 7.5 

13 7.5 15 

14 3.75 15 

15 3.75 15 

16 3.75 7.5 

17 3.75 3.75 

18 7.5 30 

19 7.5 3O 

20 3.75 7.5 

21 3.75 7.5 

22 7.5 15 

23 7.5 15 

24 7.5 30 

25 7.5 30 

26 7.5 7.5 

27 7.5 7.5 

28 7.5 15 

29 7.5 15 

30 7.5 7.5 

31 7.5 15 

32 15 30 

33 7.5 15 

34 15 30 

35 60 120 

36 30 60 

37 7.5 15 

38 24O 24O 

15 15 15 15 15 30 0.9 0.6 0.6 0.15 0.6 0.3 

30 30 30 30 30 30 1.2 0.3 0.3 0.075 1.2 0.3 

15 15 30 60 30 60 1.2 0.3 0.3 0.075 2.4 0.3 

30 60 60 120 60 60 1.3 0.6 0.6 0.075 >9.6 0.6 

120 240 120 24(I 120 240 3.5 4.8 4.8 0.3 >9.6 4.8 

15 30 30 30 15 30 1.0 0.3 0.6 0.075 1.2 0.3 

30 60 60 60 30 120 1.9 0.3 0.3 0.3 1.2 1.2 

30 60 60 60 30 60 2.0 0.3 0 3 0.3 1.2 1.2 

30 60 30 60 15 60 2.0 0.3 0.3 0.15 1.2 1.2 

15 15 15 15 7.5 30 0.5 0.6 0.6 0.3 0.3 0.6 

7.5 15 15 15 7.5 15 0.6 0.3 0.3 0.15 0 3 0.6 

30 30 30 60 30 30 0.9 0.6 {).6 0.075 0.3 1.2 

30 30 30 60 30 30 0.8 0.6 0.6 0.075 0.3 2.4 

30 30 30 30 15 30 0.8 0.3 0.3 0.075 0.6 0.6 

30 30 30 30 15 30 0.9 0.3 0.3 0.075 0.6 0.6 

15 60 30 60 15 30 1.1 0.6 0.6 0.15 0.3 1.2 

15 30 30 60 15 | 5 0.6 0.6 0.6 0.075 0.3 1.2 

30 60 60 1211 30 60 2.2 9.6 >9.6 O. 15 >4.8 >9.6 

30 120 60 120 30 60 2.0 0.15 0.15 0.15 1.2 1.2 

15 60 30 60 30 60 0.7 0.6 1.2 0.075 0.3 1.2 

15 60 30 60 15 30 0.6 0.6 1.2 0.075 0.6 1.2 

15 60 3{) 60 30 60 1.1 1.2 2.4 0.3 0.3 2 4 

15 60 3{) 120 30 120 1.7 4.8 4.8 0 3 0.6 2.4 

30 61) 60 120 30 60 1.5 0.6 1.2 0.15 0.3 2.4 

30 120 60 60 30 60 1.6 1.2 1.2 O. 15 0.3 2.4 

15 30 60 60 15 60 1.0 1.2 1.2 0.3 0.6 0.6 

15 60 6(1 120 30 60 1.2 2.4 4.8 0.6 0.6 0.6 

15 60 30 60 30 30 1.4 0.6 0.6 0.6 0.6 0.6 

30 30 60 60 30 30 1.4 0.6 0.6 O. 15 0.3 0.6 

15 30 60 60 15 60 1.1 0.6 0.6 0.3 0.6 0.6 

15 15 30 60 30 30 1 [ 1.2 2.4 0.15 0.6 0.6 

30 60 60 60 30 60 1.9 0.6 0.6 0.3 0.6 0.6 

30 60 60 120 30 60 2.1 0.6 0.6 0.3 0.6 0.6 

>9.6 >9.6 >9.6 >9.6 >9.6 

>9.6 >9.6 >9.6 >9.6 >9.6 

1.2 2.4 2.4 2.4 0.075 

0.6 0.6 O. 15 0.6 0.6 

0.15 0.15 1.2 1.2 38.4 

120 480 240 480 120 480 3.9 

480 >960 >960 >960 >960 >960 7.0 

60 120 60 120 60 120 2.1 

15 30 30 30 15 30 1.0 

480 960 480 960 480 960 35.5 
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s h o w i n g  a de t ec t ab l e  h e m o l y t i c  act ivi ty.  A no t i c e a b l e  
ac t iv i ty  was  d e t e c t e d  for  all m e m b e r s  o f  the ser ies  
( table  I). A l t h o u g h  they  all were  less  h e m o l y t i c  than  
par t r i c in  A ( T H e  = 0.2 ~tg/mL; M H C  = 0.07 g g / m L ) ,  
mos t  were  s imi la r  to a m p h o t e r i c i n  B (THC = 2 g g / m L :  
MHC = 0.7 btg/mL) and mepartr icin A (THC = 18 gg /mL:  
M H C  = 0.7 lag/mL).  O n l y  a few were  bet ter :  by  omi t -  
t ing a few m i c r o b i o l o g i c a l l y  ine f fec t ive  c o m p o u n d s  
(34,  35) ,  and  c o m p o u n d s  wi th  l i t t le  e f fec t  on f i l amen-  
tous  fungi  (18), on ly  2 2 - 2 4  were  de f in i t e ly  less  h e m o -  
ly t ic  than a m p h o t e r i c i n  B, wi th  T H C  o f  18 g g / m L  or  
h ighe r  and  M H C  o f  2 - 1 8  g g / m L  ( h e m o l y t i c  c o n c e n -  
t ra t ions  abou t  nine  t imes  and three to 25 t imes  h ighe r  
r e spec t ive ly ) .  

The  a b o v e  resul t s  have  been  c o n f i r m e d  in an in 
v ivo  acu te  t ox i c i t y  test in mice .  Wi th  the e x c l u s i o n  o f  
the less  e f fec t ive  c o m p o u n d s  (34, 35, 5 and 18), the  
bes t  to le ra ted  p r o d u c t s  are 2 2 - 2 4 ,  wt th  LDs0 va lues  
l ip ,  m ice )  s imi l a r  to (23,  24) or  h ighe r  than  (22) that 
o f  a m p h o t e r i c i n  B 38 (LDs0 = 158 and  50 m g / k g  for  
22 and  38 r e spec t i ve ly ) .  

To a v o i d  b i o a v a i l a b i l i t y  p r o b l e m s ,  ie, l ack  o f  
ab s o rp t i on  due  to p r ec ip i t a t i on  o f  the p roduc t s  in the 
p e r i t o n e u m ,  the  tes t  was  r e p e a t e d  a d m i n i s t e r i n g  the 
aqueous  so lu t ions  in t ravenous ly .  W h e n  22 was  dis-  
s o l v e d  as the d i a spa r t a t e  salt ,  it was abou t  14 t imes  
less  tox ic  than a m p h o t e r i c i n  B 38 ( F u n g i z o n e )  (LDs0 = 
69.3 and  4.77 m g / k g ,  r e spec t ive ly ,  e x p r e s s e d  as 
w e i g h t  o f  ac t ive  ingred ien t s ) .  

Conclusions 

To c o n c l u d e  with  a genera l  survey,  s e c o n d a r y  and 
te r t i a ry  a m i d e s  o f  pa r t r i c in  A (1 -9 ) ,  pa r t i cu l a r ly  w h e n  
subs t i tu ted  wi th  a l o w e r  a lky l  g roup  (1 -3 ) ,  are in v i t ro  
m o r e  e f fec t ive  an t i funga l s  than  a m p h o t e r i c i n  B. 
H o w e v e r ,  they  are  no less  tox ic  and are di f f icul t  to 
d i s s o l v e  for  i n j ec t ab le  fo rmula t ions ,  a p r o b l e m  c o m -  
m o n  to o the r  p o l y e n e  an t ib io t ics .  

The  bas ic  a m i d e s  1 0 - 2 1  are even  more  po ten t  anti-  
funga l s  and  10 and 11 are  the mos t  e f fec t ive .  
F u r t h e r m o r e ,  they  m a y  g ive  sal ts  that  are wa te r  
so lub le ,  bu t  the i r  t ox ic i ty  r e m a i n s  s imi la r  to that  o f  
a m p h o t e r l c i n  B. 

Bas ic  d i a m i d e s  2 2 - 3 5  are s o m e w h a t  less  po ten t  
than the o ther  de r iva t i ve s ,  bu t  they  ma in t a in  a h ighe r  
an t i funga l  ac t iv i ty  than a m p h o t e r i c i n  B and can  l ead  
to h y d r o s o l u b l e  salts.  M o r e o v e r ,  a f ew c o m p o u n d s ,  
pa r t i cu l a r ly  22, are de f in i t e ly  less h e m o l y t i c  and  less  
toxic  in c o m p a r i s o n  to a m p h o t e r i c i n  B. 

D u e  to h igh  po tency ,  w h i c h  m a y  r educe  the thera-  
peu t ic  dose ,  and  to to le rab i l i ty  data ,  we have  des ig -  
na ted  pa r t r l c ln  A 2 - d i m e t h y l a m i n o e t h y l  a m i d e  (10 
code  S P A - S - 7 1 0 )  and  N - d i m e t h y l a m i n o a c e t y l  par t r i -  
c in  A 2 - d i m e t h y l a m i n o e t h y l  a m i d e  (22 code  S P A - S -  

752) for  fur ther  d e v e l o p m e n t .  C o m p o u n d  22 can  be  
m a d e  h y d r o s o l u b l e  in the  f o r m  o f  d i a spa r t a t e  o r  d ia-  
scorba te  salts  ( S P A - S - 7 5 3  and  S P A - S - 8 4 3 ,  r e spec t i -  
ve ly) .  

Experimental protocols 

Partricm A was obtained from our own fermentation laboratory 
by growing a new mutant strain of S aure@tciens NRRL 3878. 

Anah'ttcal methods 

Thin layer chromatography (TLC) was carried out on slhca-gel 
60 F254 plates (Merck), eluting with 1,2-C2H4CL/C2HsOH/ 
40% aqueous (CH0_,NH 64:30:9 (Method A) or with CHzC1,/ 
CHaOH/conc NH4OH/H20 85:15:1:1 (Method B); UV detec- 
tion at )v = 254 nm. 

High pressure liquid chromatography (HPLC) was camed out 
by means of a Perkin Elmer series 3 instrument with gradient 
programming (Method A) or a Merck-Hitachi Model L 6200 
chromatograph equipped with t w o  gradient pumps (Methods B 
and C). Both instruments adopted a UV detector at 378 nm, 
cell 8 bt x 1 cm, with integrator and a Hibar Llchrocart 125 mm 
column (diameter 4 mm, packed with Superspher RP-18 4 ~t) 
operating at room temperature, with a mobile phase made of a 
1mxture of acetonitrile and 5 mM EDTA aqueous solution at a 
constant flow rate of 1 mL/mm. 

Method A adopted lsocrauc 35% acetonltrlle for 15 mln, 
gradient curve 2 65% for 45 mm, linear gradient to 80% for 
10 min followed by decrease to the starting conditions (35% 
acetomtrlle) for 10 mm and reequilibration of the column for 
10 min 

Method B used a linear gradmnt from 35 to 40% acetonltrile 
for 35 mm, lsocratic 40% acetonitrile for 20 ram, a decrease to 
35% within 1 min and reeqmhbratlon of the column for 10 min. 
Method C used lsocratic 35% acetonimle (10 mm), a hnear 
gradient to 45% 115 mm), isocratic 45% acetomtrile (10 mm) 
and then a decrease to the starting concentration of 35% m 
I mln and reequillbranon for 10 min. 

UV/vlslble, IR and mass spectra were obtained with standard 
spectrometers, where appropriate. Elemental analysis (C, H, N) 
was performed with all derivatives and results were within 
_+0.4% of theoretical values. 

Synthesis 

E~ample 1. Partrtcin A methyl atmde 1 
To a solution of 6.6 g of partricin A in 55 mL dimethylacet- 
amide, 0.89 g of methylamine dissolved in 10 mL dimethyl- 
acetamide was added at room temperature under stirring 
followed by 2.9 g triethylamlne and 7.9 g diphenylphosphor- 
azidate. The mixture was then stirred at room temperature for 
4 h: the reaction progress was checked by thin layer chromato- 
graphy. At the end of the reaction, the reaction mixture was 
treated with 500 mL of an ether/ethanol 9:1 mixture and the 
precipitate obtained was filtered off, washed with ether 
and dried at 40 °C under vacuum, yielding 5.8 g of product. 
The crude substance was then purified by means of 
column chromatography on silica gel, elutmg with methylene 
chloride/methanol/diethylamine/water 86:10'4:1. After TLC 
assay, the suitable eluate fractions were evaporated to dryness 
under reduced pressure to give the required partrlcin A methyl 
amide (2 1 g) as a yellow-coloured crystalline solid. TLC, 
R, 0.45 (MethodA): HPLC, RT 32.1 mm (MethodA). 



Example 2 Partr icm A 2-dimethvhmunoethvl  amtde 10 
To a solunon of 40 g of partrlcin A in 260 mL dimethylacet-  
amide, 6.1 g of 2-dimethylaminoethylamine  was added under  
stirring, fol lowed by the dropwise addition of 19 1 g diphenyl 
phosphorazidate,  The exotherm~c reaction was moderated by 
cooling to 15 °C and stirring at the same temperature for 2 h 
At the end of the reaction, a further 6.1 g 2-d~methylamino- 
ethylamine and 19.1 g diphenylphosphorazldate  were added, 
under  coohng  at 15 °C After stirring for 2 h, the reaction 
mixture was treated with 2.5 L of water and the resulting 
precipitate was collected by filtration, thoroughly washed with 
200 mL ethanol and 800 mL water, and dried at 50 ~C under  
vacuum, yielding 42 g of crude product. 

Small amounts  of unreacted par tnctn  A. if pre~ent at the 
TLC assay, were ehmina ted  by dissolwng the product m 1 L of 
a methylene chloride/methanol  4:1 mixture, treating the 
solution with 40 g of  Duolite LES resin under  slow stirring 
overmght,  and filtering off the resin. 

The solution obtained was then subjected to a column 
chromatography on silica gel 60, 70-230 mesh ~400 g). eluting 
first with methylene chlor ide/methanol /water  72:24.4 and 
then with methylene chlor ide/methanol / t r ie thylamlne/water  
72 .244 :4 .  After  TLC assay of the various fractions, 18 g of 
the expected partricm A 2-dimethylamlnoethylam~de was 
obtained by concentrat ion under  reduced pressure as a 
yellow crystalline solid. TLC, Rj 0.54 (Method A); HPLC, RT 
30.4 min (Method A). 

E.',ample 3. N-Dtrnethylaminoacetyl  partr lcm A 2-dmtethvl- 
ammoethv l  amide 22 
Partricin A 2-dimethylaminoethyl  amide I I 2.0 g) was dissolved 
m 110 mL dimethylacetamide.  To this solution, 5.1 g dtmethyl-  
aminoacet ic  acid, 5.0 g t r ie thylamme and 13.8 g dlphenyl  phos- 
phorazidate were successively added under  stirring and at room 
temperature.  The solution was kept for 6 h under stirring at 
room temperature, the progress of reaction being checked by 
TLC on silica-gel 60, F 254 plates (Merck). The reaction 
mixture was then treated with I L of ether/ethanol mixture 9:1 
The precipitate was filtered off, washed with ether and dried 
under  vacuum at 40 °C. The resulting raw product  labour 12 g) 
was purified preferably by medmm-pressure  chromatography 
(MPLC) using silica gel in a weight  ratio of 12:1 to the raw 
product and a methylene chlor ide/methanol /cone ammonium 
hydroxide/water  85:15: 1:1 mixture as eluting system. 

The MPLC fractions, pure to TLC, were pooled and evapo- 
rated to dryness under  vacuum. The pure product (7.6 g) was 
obtained in the form of a deep yellow crystalhne powder  TLC, 
RI 0.25 (Method B): HPLC, RT 25.2 mm (Method B). 

Biological  evaluation 

Antt /ungaI  agents aml  inicroorgarztsms 
All derivatives were kept in sealed vials at - 25  c'C and for 
microbiological  testing were dissolved in dimethylsulfoxlde at 
2000 ~g/mL (DMSO, Merck) and serially diluted under stirring 
to the required concentrat ions.  Mother  solutions in DMSO 
were preserved at - 25  °C in the dark for not more than 5 days. 

The microbiological  activity was assayed against three 
strains of C alhwans  (LRM 73, LRM 200 and ATCC 14053 
(which we called LRM 205)), one strata of S ceret'tstae (ATCC 
9763 (called LRM 167)), three fi lamentous fungi (Mucor  sp 
LRM 263, A roger ATCC 16404 (called LRM 374), T ment~t- 
grophytes ATCC 9129 (called LRM 176)) and one protozoa (T 
vaginalis ERM 415). 

971  

MIC against  C alhlca~l~ Ul liquid medium 
The culture medium I Flu]d Sabouraud Medium, DIFCOI was 
inoculated wLth about 104 cel ls/mE of C all~i~ ans Ibroth culture 
of [6 h at 35 °C). In sterile 16 x 160 mm glass test tubes, 
()_5 mL from 1:2 serial dilutions of the products were treated 
with 4.5 mE inoculated culture medium. The cultures were 
incubated at 35 °C for 24 and 48 h. The readings were made 
with the naked eye and the microorganism growth was evalua- 
ted according to the degree of culture turbidity and in compari-  
son with the turbidity of the control test tube containing no 
anttfungal agent. The MIC is represented by the lowest concen- 
tration not giving any microbial growth, 

MIC ag~tmst C albi~ arts m sohd  medutm 
In sterile, plastic, 100 mm diameter  Petri plates, 1.5 inL 
portions of 1.2 serial dilutions of the products were treated with 
13.5 mL of Fluid Sabouraud Medium IDIFCO) supplemented 
with DIFCO Bacto agar ( I .5%).  From yeast broth cultures of 
16 h at 35 °C with 20% transmittance,  suitable dilutions were 
performed to obtain a suspension containing 105 cells/mL. The 
result ing suspension (10 ~tL) was then seeded on the medium 
surface ( inoculum of about 103 cells). The plates were incu- 
bated at 35 "C for 24-48  h wrapped in parchment  paper to 
decrease the evaporation of water from the culture medium. 
The readings were made with the naked eye and the microorga- 
nism growth in the sown zone was eWlluated against growth on 
the conwol plate containing no antifungal agent. 

ICs,~ against  S cerevisiae in l iquid m e d m m  
The tests were carried out in PYG mediuln (Oxold peptone R 
Difco yeast extract, Merck glucose) adjusted to pH 7 with 40% 
NaOH. One millilitre from 1:2 serial dilutions in culture 
medium of the products in sterile 18 x 180 into glass test tubes 
was treated wLth 9 mL of the same medium inoculated with an 
S ceret'tstae suspension (agar culture of 16 h at 35 °CI, in tripli- 
cate for each dose level. The inoculum was of 4 x 105 cells/mL. 
The cultures were incubated in a water bath at 36 5 ~C for 
about 7 h, and growth was stopped using 0.5 mL of 15% 
formalin. The turbidity of the cultures was measured with a 
spectrophotometer  at 580 nm. By conver tmg optical den~itie~ 
to percentage growth as compared to the control and plotting 
these percentages against the dose logarithms, it was possible 
to plot a line compris ing 50% of the growth: the inhibitory 
concentrat ion at this value was described as 1C5~,. 

MIC against  Mucor  sp and A niger m solid , t ed ium 
In sterile, plastic, 55 mm diameter  Petrl plates, 0.5 mL portions 
from 1:2 serial dilutions of the products were treated with 
4.5 mL of culture medium (Sabouraud Dextrose Agar, 
DIFCO)_ The mycete spore suspensions in saline solution, 
stored at 4 °C, were diluted so as to contain 5 x 105 spores/mE 
in the case of  Mucor  and 2.5 x l05 spores/mE m the case of  
Aspergillus,  10 ~tL of the suspension was then seeded Alter  
al lowing the drop to dry for 10 rain under  a laminar  flow, the 
plates were incubated at 30 ~'C in a humid envi ronment  to hnn t  
evaporat ion of water from the culture medium The readings 
were performed with the naked eye, after 24 and 48 h in the 
case of Mucor  and after 4 days in the case of Ast~ergillus, 
growth was evaluated by comparison with the control plate 
containing no antifungal agent. 

MIC against T mentagrophytes  tit l iqmd medmnl 
The culture medium (Fluid Sabouraud Medium, DIFCO) was 
inoculated with approximately 3 x 104 cells/mL, starting from a 
coni&um suspension in a suitably dduted saline solution, 
stored at 4 °C. In sterile 16 × 160 mm glass test tubes 0 5 mL 



9 7 2  

from 1.2 serial dilutions of the various products were added 
with 4.5 mL of culture medlunn inoculated with 3 x 10 a coni- 
diaJ mL. The cultures were incubated at 30 °C for 5 days; the 
reading~ were performed with the naked eye; the micro- 
organism growth was evaluated against the clmtrol test tube 
containing no antifungal agent. 

M1C against T i,aginali,s in semi ~'ohd medium 
Serial dilutions (1:2) of the products (0.8 mLI were mixed with 
CPLM Biolife medium (7.2 mL) preserved at 50 C .  in sterile 
18 x 180 mm glass test tubes After cooling each tube was 
seeded with 0.1 mL of a 48 60 h culture of T t'[lglllgllls, ill the 
central portion of the liquid column. The cultures were incu- 
bated at 35 °C, gently shaken after 24 h, incubated for additio- 
nal 24 h and then read The protozoan growth was evaluated 
from the culture turbidity compared to the turbidity of the 
control tube containing no antifungal agent 

THC and M H C  again.s t rat red blood ~ ella 
Blood was collected by cannulat ing the abdolnlnal  aorta from 
fasting male rats under EtzO anesthesia. The blood was col- 
lected in an equal volume of Alsever  anticoagulant  liquid 
1composition (raM): glucose 114, sodium citrate 31, NaCI 72. 
citric acid 2.8, all fl-om Merck), sterilized by filtration through 
a 0.22 bt Millipore Stenfil-D unit fitted with a Durapore 
membrane  

The red blood cells (RBC) suspension stored at 4 "C for 
not more than 1 week, was diluted 1.2 with a 2 g/L solution of  
FV bovine serum albumin (BSA, Sigma A-7030) in a pH 7 
Ringer-like solution (composit ion ~mM) NaCI 154. KCI 2. 
CaCI,-2H~O 1. all from Merck). The resulting suspension was 
centrifuged at 2500 rpm for 6 min, and subsequently the sedi- 
ment was gently resuspended in the same BSA Ringer  
Washing was repeated three times, each time resuspendmg the 
cells in an equal volume of  solution Finally, the suspensions 
were centrifuged for 15 rain at 2500 rpm in graduated test 
tubes. The quantity of  sediment was measured and the cells 
were then suspended at 2.8% in the same diluent. 

The products were dissolved in DMSO IMerckJ at 1000- 
4000 }ag/mL and suitably diluted 1:2 by quick addition of 
distilled water (the test tube being immediately shaken to avoid 
precipitation of the polyene) and then of the above medium 

Each glass test tube (16 x 100 ram) containing 0.1 rnL of the 
polyene dilutions and 2.9 mL of  BSA Ringer was added to 
1 lnL of 2.8% RBC suspension so as to obtain a final RBC 
concentrat ion of  0.7%_ The tubes were sealed with parafilm 
and incubated in a water bath tit 37 C for 4 h in the dark, each 
tube being gently shaken e\,ery 20-30  inin in order to avoid 
excess sedimentat ion of the RBC, and soon after were briefly 
centrifuged (2500 rpm for less than 1 mm) 

The hemolysis  degree was evaluated by comparison of the 
solutions by the naked eye and under artificial light with the 
colour of  hemoglobin  solutions at different concentrat ions,  
obtained by lysis with distilled water and 10% ammonia  of  
serially diluted RBC suspensions.  

A c u t e  t o x i c i t y  in  m i c e  b y  m t r ~ q ~ e r i t o n e a l  a d n t i n l s t r a t i o n  

Male CDI mice (Charles River), about 4 weeks old and 
weighing 14 18 g when received, were housed at controlled 
condmons  of 21 _+ l °C, 60 _+ 5% relative humidity, artificial 
l ighting with a circadian cycle of 12 h of light and were fed a 
standard dmt (Piccioni Laboratories) for a week, before starting 
the tests. 

Groups of mice were treated by mtraperitoneal route with 
different amounts  of  each test polyene dissolved in 0.2 mL 
dimethylsulfoxide,  diluted with at least l0  mL water, and admi- 
nistered at the constant  volume of 10 mL/kg. 

In a few cases the products were administered intravenously 
in aqueous solution. 22 was dissolved as the diaspartate salt 
and the reference compounds  mepartr icm A 37 as sodium 
laurylsulfate complex [12] and amphoter ic ln  B 38 as sodium 
deoxycholate  complex (Fungizone)  

The animals were then controlled for 15 days, by recording 
any mortality and behavioural  change.  

The toxicity of  the products was calculated by the Probit  
method [13], as approximate dose lethal to 50% of the animals 
(LDs~> mg/kg body weight). 
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