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Abstract—A new total synthesis of distamycin A (1) is described. The route followed passes through an
intermediate acid (2a) which can serve as a convenient starting material for the synthesis of distamycin analogs.

There are few antiviral drugs in use today.' It seems,
therefore, of some importance to follow the known leads
in this field with the aim of establishing structure-activity
relanonslnps which may help develop new drugs. Dis-
tamycm A (1) is a known? antiviral antibiotic with strong
activity (mostly measured in vitro) against DNA and
oncorna viruses.’ It has been used topically in cases of
herpes infections. Although a considerable amount of
biological and biochemical work on this and related
antibiotics has been reported,’ only limited information
has been pnbhshed on the structural requirements for
antiviral activity.* This is in particular true for
modifications in the alkyl amidine side chain. The reason
for the lack of such synthetic work is due, in part, to the
fact.that the only published synthesis of distamycin’
does not allow for the facile preparation of analogs and
each alkyl amidine side chain homolog has to be pre-
pared by a separate total synthesis. In order to overcome
this difficulty we have developed a new synthesis in
which a single intermediate (the acid 2a) can serve as
starting material for numerous side chain homologs. In
the present paper we present the details of this synthesis.
Later we shall report on the synthesis and antiviral
evaluation of distamycin analogs.

Thesyntbeticrout’efollowedbyusisoutlinedinthe
Scheme. The starting material used was the commer-
cially available N-methyl-2-carboxy-pyrrole (3) which
was nitrated and esterified. Separation by column
chromatography gave the known methyl esters of N-
methyl-4-nitro-pyrrole carboxylic acid (4)*” and its S-
nitro isomer. The ester (4) was reduced to the amine (5)
which without isolation or purification was condensed
with N-methyl-4-nitropyrrole-2-carboxyl chloride () to
give the amide-ester (7). The reduction-condensation
process was then repeated, leading to the intermediate
nitro-ester (2b), which on mild hydrolysis led to the
important acid (2a). The overall yield from the monocy-
clic nitro-ester (4) to the three-cyclic nitro acid (2a) was
33%.

Compounds 2a and 2b melt above 270° and are in-
soluble in most organic solvents except dimethyl
formamide (DMF) or dimethylsulfoxide (DMSO). Their
mass spectra show a prominent, typical peak at m/e 275
which is probably due to the ion a.

Condensation of the acyl chioride of 2a with 8-amino
propionitrile (8) was not successful; however direct
reaction of the acid (2a) with 8 in the presence of both
dicyclohexyl carbodiimide (DCC) and benzyhydroxy-
triazole gave the desired nitrile (9)° which like 2a and 2b
exhibits the typical mass ion peak at m/e 275. The nitrile

(9) was converted into the known nitroamidino
compound (10)° by the standard reaction with hydro-
chloric acid followed by ammonia. On reduction the
amino-amidino compound (11) was obtained, which due
to its sensitivity and instability was directly condensed®
with formic acid in the presence of DCC to give dis-
tamycin A (1). Synthetic distamycin was directly
compared with natural distamycin by IR, UV, NMR and
mass spectrometry. The two samples had identical spec-
tra.

Except for the last step, in which the yield was 15%
only, all steps from the acid 2a to distamycin A were
good and emphasize the overall practical nature of the
above total synthesis.

EXPERIMENTAL

Unless otherwise stated, the following apply. UV measure-
ments were made for soins in EtOH. IR spectra were taken for
solns in CHCly; for insoluble compounds—in KBr pellets. 'H
NMR data were determined in CDChy or CCl; with MeSi as
internal standard. In some cases DMSO(d,) was used as solvent
with 3'(trimethylsilyl)-tetradeutero sodium propionate as exter-
nal standard. Tic was performed on 0.3 mm silica gel plates,
which were developed with Ehbrlich reagent (2% N-dimethyl-
aminobenzaldehyde in 6 N HCI) or by irradiation at 254 om.
Column chromatography was performed on silica gel (Merck,
Kiescigel 60, 70-230 mesh). Mass spectra were obtained by direct
inlet at T0eV; in several cases the technique of field desorption
(F.D.) was used. _

N-Methyl-4-nitropyrrole-2-carboxylic acid  methyl  ester
(4). Compound 3 (5g) was dissolved in Ac,O (30 ml). The soln
was cooled to —25°. Cold HNO, (70%; 4ml) in Ac,O (19ml)
was slowly added. The soln was stirred (still at —25%) for
30 min, then poured into ice and the mixture was stirred for
30min. The mixture was extracted with CHCl;, dried and
evaporated. A cold soln of H,SO, (Sml) in MeOH (50 ml) was
added to the residue. The mixture was boiled under reflux for
12hr. Water was added and the mixture was extracted with
CHCls. The organic layer was dried and evaporated. The residue
was chromatographed on alumina (sactivity [I). Elution with
petroleum ecther:ether (95:5) gave N-methyl-S-nitropyrrole-2-
carboxylic acid methyl ester (800 mg, 10.6% yield), m.p. 114°
(ti* m.p. 112); 8(CDCl,) 3.84 (-<COOCH;), 427 (N-CH,), 6.84
(1H,d,J=45H2),7.07 (1H,d, J=45H2).

Further elution with petroleum ether: ether (8:2) gave 4 (288,
42%), m.p. 122° (lit® 120", 8(CDCly) 3.84-COOCH,), 4.0 (N-
CHy), 7.34 (1H, 4, I =1.5Hz), 7.55 (1 H, 4, I = 1.5 Hz); ADO"
237, 296 am (e, 18400, 6900); »(CHCl3) l7locm" mje 184 (M‘
100%), 153 (76%), 107 (30%) (Found: C, 45.8; H, 4.13; N, 14.7.
C;H¢N,O, requires: C, 45.6; H, 49; N, 15.2%). .

NMakyl4(dehyl4nhmpymk2caboxy
amido) - pyrmole - 2 - carboxylic acid mehyl ester
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(7). Compound 4 (1g) was dissolved in dimethyl formamide
(12ml) and was reduced over Pd on charcoal (300 mg) at at-
mospheric pressure. Water (45 ml) .was added and the catalyst
was filtered off. NaHCO; (550mg) was introduced into the
filtrate, followed by a soln of 6 prepared’ from N-methyl<4-
nitropyrrole-2-carboxylic acid (1 g) with thionyl chloride (3 ml) in
benzene (5 ml). The mixture was stirred overnight and filtered. The
crystaitine product obtained was washed with NaHCO,, water and
MecOH. Compound 7 (1.3 g; 75%) had m.p. 262°; $(DMSO-dy) 3.7
(COOCH,), 3.8, 3.9 (2N-CH,), 6.83, 7.4, 7.5, 8.12 (4arom. H'S,
each with J = 1.5 Hz), 9.24 (amide H); ADMF 288 nm (e, 24500);
»(KBr) 1690, 1660 cm™~*; m/e 306 (M*, 509%), 275 (5%), 153 (1009%),
136 (5%) (Found: C, 50.78; H, 4.77; N, 17.91. C3H ;sN O, requires:
C, 50.98; H, 4.88; N, 18.24%).

N - Methyl - 4 - [N - methyl - 4 - (N - methy! - 4 - nitropyrrole -
2 - carboxyamido) - pyrrole - 2 - carboxamido) - pyrrole - 2 -
carboxylic acid methyl ester (2b). The methyl ester 7 (15) was
dissolved in dimethy! formamide (20 ml) and was reduced with
Pd on charcoal (300 mg) at atmospheric pressure. Water (80 ml)
was added and the catalyst was filtered off. NaHCO, (300 mg)
was introduced into the filtrate, followed by & soln of € (0.6g) in
benzene (5 ml). The mixture was stirred overnight. The ppt was

distamycin A (1)

filtered off and washed with NaHCOgaq, water and MeOH.
Compound 2b (730 mg; 52%) thus obtained had a m.p. >270°%;
8(DMSO-d¢), 3.72 (COOCH,), 3.85, 3.86, 3.96 (3N-CH,), 6.89,
7.0, 7.26, 7.46, 7.57, 8.12 (6H, eaci one d, J = 1.5), 995, 10.27
(2H, s, amide); A DeTF 298 nm (e, 38400); »(KBr) 1690, 1650 cm™*;
mje 428 (48%), 397 (24%), 275 (100%) (Found: C, 52.11; H, 4.73;
N, 18.7. C sHN¢Os requires: C, 53.27; H, 4.67; N, 19.62%).

Hydrolysis of the methyl ester 2b to the acid 2a. The above
described 2% (1g) was suspended in EtOH (40ml). A soln of
NaOH (800 mg) in water (40 ml) was added and the mixture was
boiled under reflux until a clear soln was obtained. The soin was
cooled, filtered and the filtrate was acidified with 6N HCL A
yellow ppt was formed, which was filtered off and washed with
water and MeOH. Compoundh@ﬁmg.%%)thmobumedhd
a m.p. > 270°; 8(DMSO-ds) 3.82, 3.92 (3 N-CH,), 6.82, 7.01, 7.19,
7.30, 7.51, 8,97 (6 arom. H), 9.48, 965(2!],nmde) A_. Mnm
(e, 35700); »(KBr) 1700, 1660cm™; mie 414 (M*, 12%), 370
(75%), 340 (20%), 275 (100%) (Found: C, 51.98; H, 4.58; N, 20.78.
CuHuN& lequireo: C, 52.17; H, 4.34; N, 20.29%).

N - Methyl - 4 - [N - methyl - 4 - (N - methyl - 4 - nitropyrrole -

2 - carboxyamido) - pyrrole - 2 - carboxyamido) - pyrrole - 2 -
carboxyamido - B - proplonitrile (9). Acid 2a (700mg) was
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dissolved in dimethylformamide (15ml). B-Aminopropionitrile
(178 mg) was added, followed by addition of benzhydroxytriazole
(460 mg) and dicyclo-hexylcarbodiimide (350 mg) in dimethyl-
formamide (2ml). The soln was stired for 1h at 0° and then
overnight at room temperature, filtered and water was slowly
added. mydhwpptfomedwuﬁltuedoﬂmdaymhud
from MeOH to give 9 (350 mg; 68%), m.p. 257-260° (lit.* 282-5%);
o(DMSO-dg) 2.78 (2 H, tr), 3.70 (2 H, tr), 3.87, 390, 40 (3
N-CH,), 7.0, 7.11, 7.25, 7.26, 7.62, 8.11 (6 H, arom), 8.38, 9.67,
104 (3 H, amide); A"“" 295nm (e, 27500); »(KBr) 2220,
1640 cm™"; mle 466 (M*, 39%), 413 (2%), 344 (10%) 275 (100%)
(Found: C, 53.18; H, S$.18; N, 23.08; C,HpN:Os. 12H;0
requires: C, 53.18; H, 5.18; N, 23.08%).

N - Methyl - 4 - [N - methyl - 4 - (N - methyl - 4 - nitropyrrole -
2 - carboxyamido) - pyrrole - 2 - carboxyamido) - pyrrole - 2 -
carboxyamido - B - propionamidin, hydrochloride (16). This
compound was prepared as described by Penco et al’ The
following physical data were recorded, m.p. 204-7°; (DMSO-dg)
2.7 (2H, 1r), 3.60, 3.80, 3.98 (3 N-CH), 6.94, 7.10, 7.36, 7.59, 7.78
(6H, arom), 8.83 (mult, amidine H's), 9.81, 10.02, 10.19 (H,
amides); A 208 240, 295 nm (e 29300, 35000); »(KBr) 1640 cm™;
mje 466 (M*-NH;, 38%), 413 (15%), 370 (10%), 344 (30%), 291
(50%), 275 (100%), 248 (42%).

Distamycin A (1). The amidine hydrochloride 10 (0.9g) was
dissolved in dimethylformamide and was reduced at atmospheric
pressure with Pd on charcoal (0.3 g) as catalyst. The mixture was
filtered. The intermediate amine (11) presumably obtained was
not purified, due to instability. Formic acid (119 mg) was added
and then dicyclohexyl carbodiimide (DCC) (356 mg) in dimethyl
formamide (15 ml) was gradually added under N, to the soln of
11, kept at 0°. The soln was first stirred at this temp for 1 hr and
then the stirring was continued at room temp. overnight. The
mixture was filtered, the filtrate was evaporated. The crude
distamycin was purified by chromatography on a silica gel
column (90gr). The ecluent used was CHCl,: EtOH: water
(100:50:4). On crystallization from EtOH-EtOAc distamycin-A
hydrochloride (135 mg; 15%) was obtained, m.p. 189-193° (lit.

139

186-9%); 8(DMSO-d¢) 2.7 (2 H, tn), 3.35 2H, tr), 3.82, 3.9, 3N~
CH,), 697, 7.06, 7.22 (6 arom H), 8.15 (formyl H; aliphatic amide
H); 8.89 (mult amidin H's), 9.86, 10.09 (arom. amide H's); A 508
240, 305 nm (e, 25200, 30400); ®(KBr) 1650 cm™"; mfe 464 (M*-
NH,; 50%), 435 (7%), 410 (38%), 368 (14%), 273 (100%).; mle
(ficld desorption) 464, 409. A direct comparison (chromatographic
behavior, m.p., spectral data) with natural distamycin showed
complete identity.
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