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AbaKt-A new total synthcsia of diatamyciu A (1) b dczmbd. The route fohwcd palsc!3 thmugll all 
lndamedLte acid (2a) wilicb can !aerve as a convellknt Stahl4 matclial for the syntbcsis of diatlnlycin fmalop. 

There are few antiviral drugs in use today.’ It seems, 
therefore. of some importance to follow tbe known leads 
in this field with the aim of establishing structure-activity 
relatiouships which may help develop new drugs. Dis- 
tamycia A (1) is a known2 antiviral antiitic with strong 
adivity (mostly measured in oan0) against DNA and 
OW viNaes.’ It has been used topically in cases of 
ln7rpes infe&ns. Althou& a cons&able amount of 
biologial and biochemical work on this and related 
antibiotics has bten reported,’ only limited information 
has been published on the structlnal requirements for 
antiviral activity: Thi!3 is in particular true for 
modi&&onsintheaIkylamidinesidechain.Thereason 
for q lack of such synthetic work is due. in part, to the 
faqt.that the only published synthesis of distamycin’ 
doM~notaUowforthefacikprepaWionofanalogsand 
eachalkylamidinesidechainhomologhastobepre- 
pared by a sqmrate total synthesis. In order to overcome 
this di&ulty we have developed a new synthesis in 
whkhasingkintennediate(theacid2a)canserveas 
&arting mate&l for numerous side chain homology. In 
the present paper we present the details of this synthesis. 
L3ter we shall report on the synthesis ami antiviral 
evabmtion of distamycin analogs. 

Thesyntheticrout;efoIlowedbyusisoutliucdinthe 
Scheme. The starting mat&l used was the commer- 
cially avaikbk N-methyL2-cari~xy-pyrrok (3) which 
was itrated and ester&d. Separation by cohu~ 
chro~y gave the known methyl esters of N- 
methyl4nitnq~k carboxylic acid (4)&’ and its S- 
nitroisomer.TheesteX(4)wasredWdtotheamine(s) 
which without isolation or pmi6cation was condensed 
with N-meth~nitropyrrok-zcarboxyl chloide (6)’ to 
give the auk-es& (7). The redo&on-condensation 
ppU%SSWMtkllrepeated,~tOtheilltamediate 

mr (zb), which on mild hydrolysis kd to the 
impo+nt acid @a). The 0verSn yield from the monocy- 
clicmtro&a(4)tothethn?c-cyclicnitroacid(&)was 
33%. 

Compoamk 2a and zb melt above 2700 and are in- 
solable in most organic solvents except dimethyl 
formamik 0 oc dimethyIsulfoxide (DMSO). Their 
massspectrashowaprominm~typkalpeakatm/c275 
whkhisprobablydnetotheiona. 

Condeusationoftheacylchbrideof2awith~smiao 
pfopimilrik (8) was not slkccc?Jsful; however direct 
rcactionoftheacid(2a)with6int&prwenceofbotb . . . 

- @CC) Ilad b-YhYd=Y- 
i!Z.ig2~&8i,*cn’amieblitehMdZb 
exhibitatbetypkalmassionpeakatm/c27S.Tbenit& 

(9) was wnvti into the kImvn llbamkh 
compound (lo>’ by the standard reaction with hydro- 
chloric acid followed by ammonia On reduction the 
amino-amid& compound (11) wan obtakl, which due 
tOitSSCU!3itivity8IKlillSt&iliQWSSdifCCtlyCOlldCd 

With formic acid in the presence of DCC to give dis- 
tamycin A (1). !Synthetic distamycin was directly 
compared with natoral distamycin by IR, UV, NMR and 
mass spectrometry. The two sampks had identical spec- 
tra. 

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

-AL 

UnkBa otbmvise ateted. tbc folbwiog apply. Uv OEallrc- 
mcotawLTemalkforaolMinEIOx.fRapcdraweretabafor 
sob in CHQ; for irmohbk compopndbin KBr pellets. ‘H 
NMRdatawaedctemkdhCDCborCCLwidtMe.Siu 
iutmml mndard. In some cass DMS&JJ was-used M &vent 
with 3’@imethybityrutr?o sodium propioMte u cxta- 
odaIaBdud.Tlcwuperiormcd000.3mmrilicrgdp~, 
WI@ wat &doped wi~!~ Elulkb wnt (2%Ndkrhyl- 
My& in 6N HC9 or by ixdiah at 254~1. 
column cluoaWo4nphy was performed on silica g&d (Me& 
lh&ed60,~230muh).bfnarpectnwaeobbinsdbydirect 
iuktat7OeV;iomralcac~t&t&niqwafiWddaapth 
(F.D.) wu II&. 

N-Akhyl~~yw&-~~~lic a& methyl a& 
(4).compoood3(5o)~diudvsdin~(3oml).Tbcroln 
wu coolal ta -W. cold HN4 (70%; 4ml) in AC& (19ml) 
wudowiyaddaJ.Tbeaolnwaaairred(aill8t-253for 
3Omi&tknpolualhtoiccudthemixtufewulllkdfor 
30miu.ncmixtlnlwMextnctcdwithCHCl~&ied804 
evqmntaLAcoMsolaofH+SOI(Sml)inMeOH(5Da@waa 
ukbdtotherc~.Tbe~wuboikdPnda~for 
12hf.waWw8sddcd8odt!lemixhucwasextracdwilh 
CHClt.Tbeorguiiclayawudrkddclvrponted.Tbemislw 
w8schromrtoprpbedonrlnminr(rctivityII).Elntionwitb 
patrokm etbw:etk (955) gave N-methyl-wyrrole-% 
arboxylic acii methyl aate (wOm& 10.6% yidd), m.p. 11c 
(EL m.p. 112’); 6(CDCl,) 3.84 (-COOCH,), 4.27 (N-CH,), 6.84 
flH,6J=IJHz).7.07(1H.6J=lJHt). 

Ikrticrclotioawithpchdeometha:&(8:2)p~4(2,8g. 
42%). ma. 122’ Ilit‘ 12Ln. 8lCDCM 3.W-COOCHJ. 4.0 (N- 
C&j; 73i (1 H. il. I - l.iiizj, 7.55(1 H, b. I - 1.5 iii); A* 
237,2%nm (6 16400.690); v(CHClJ) 171ocd: m/r 184 of+ 
100%). 153 (76%). 107 (3096) (Found: C. 45.8; A. 4.13; N, 14.7. 
C,Ii&O, mqnira: C. 45.6; H, 49; N. 15.2%). 

N-M~llp~~_-~h~-4-~q*-2-ElubmJ- 
ruJd0) -ChOXykildlR4thYlUtW 
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ion a, m/e 275 

(2): a. R-H 
b, R=CH, 

NH.$iCl 

CONH(CH2), I?’ CON”KH2)2i=NH 

(9): R’-CN; R=NCb 
(10): R’ = C(NH)NHdiCI: # =N02 
(I 0: R’ = C(NH)iWt.HCI; # = NHn 

(7). compooad 4 (lg) m dhk!d in dimetllyl fomwmide 
(12ml) pnd wu reduced OK? Pd on chucoal (3Oomg) at at- 
lrmlphh pmwllle. _watc? (45 ml) .wu u&d 8Dd the NtrlVrt 
wu 6ltarcd off. NaHCO, (Mm& w iutmduccd intO rbe 
5ltrakfoUowedbyrw4nof6pqmred’fromN-methyl4 
llitropyrrolahllrboxylic acid (1 n) with tbhyl chbri& (3 ml) in 
bcw5w(5ml).Tllcmixturewuathdownigbtand6lwed.Tbs 
cryWhcproductobmkdwuwubedwithNaHCO,.watcxmd 
r&OH. componDrl7 (1.3 6; 7556) hd m.p. 26T; qDbfSod&) 3.7 
(COOCH3. 3.8.3.9 (2 N-CHI),6.83.7.4,7.5,8.12 (4 arom. H’S, 
each w&J- 15Hz). 9.24 (&ii HI; AZ 288nm kU%O); 
v0LBrl1690.1660 cm-‘: nrlc 3% w, 50%). 27s (5%). ls3 (lOl%), 
1% (5%) (i&d: c. 50.78; H, 4.n; N; 17.9i~c&~&&i& 
C. 11098; H, 4.8& N. l&M%). 

distamycin A (1) 

illtaed off and wiukd with NaHCO,aq, wata aad MeOFf. 
c0mpmbd2b(T30mg;52%)thnrol3tsidhsdam.p. >2707 
&-Da). 3.72 ICOOCH3. 3.85. 3.86. 3.96 0N-CH3. 6.89. 
7.05. 7.X 7.46.7.Sjj8.12 (aii, each 0nc.d. J--U), 995, 10.27 
(2H, & s&b);-A~298nm (c 38400); _r) 1@0,1650cm-‘; 
m/c 428 148%). 397 G?4%1.2’75 I10096) (I~II& C. 5211: H. 4.73; 

a aP. > mr; a@mo+Jd 3.lE $?2g ?Jg&!l _$.!#gl !.l?. 
7.30.751.8J7 (6 arom. A), 9.48.9.65 (2H. ami&); A.., W7nm 
(c, 357M); v(lCBr) 1700, 1660cm-J: m/e 414 (M+. 12%), 370 
(75%). 340 @I%), 27s (100%) (PopDd: C, 5198; H. 458; N, 20.78. 
C,,H&O, requira: C. 5217; H. 434; N. 20.2996). 

N-~~-4-)~;y~~-:-~-~h~-l-~~- 
2-Lprbax?onJdo - - - ahxyamhl-pym?k-2- 
carhyMh-f3-ptvpiktlfk(~.Acisf&eoo*~ 
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di88olved in dimethylf- (1Jml). /il-Amipoproplo * 
(178 mg) was added, followed by +lit@ of bcnrhydrox~ 
(4Ixlml) and dicyclo-bexyk&odnm& Qslm& in dimethYl- 
form8aa(2ml).Theaolnwa!3stirredforlhat(rlmdtbca 
OVmIiEbt at mom tcmtenmrc. liked and water wu alOwlY 
ad&d.-ll.8 yellow pptrormcd was altered off and cryaakl 
from &OH to rive 9 (3u) IIM: 68%). DLD. iZ%%@ as 282-n 
o@MSo&) 2% (2 k, @r-3.70 (z H, tr). 3.87, .330, 4.0 ij 
N-C&). 7.0. 7.11, 7.25, 7.2b, 7.62, 8.11 (6 H. arom). 8.38, 9.67, 
10.4 Q H. amide): AZ 295nm (2 27xlO); aBr) mo. 
1640~-~; de 466 (M+. 39s), 413 (296), 344 Cr096i 275~(10046j 
Ipound: C. 53.18: H. 5.18: N. 23.08: CkHnN.0.. 1/2H,O 
&quirex C; 53.18; ii,i.lU; N; 23.k). -. - - - - 

N-~h~-4-pl-m~~-4-(N-mrU~-l-nifropyrrdc- 
2-ca~~)-pyndc-2-c~~l-py~-2- 
ccvbaxpmido - @ - ptvpionamidin. hydlvchloridc (10). This 
compound was prqarcd aa de&bed by Pence et aL’ The 
fonowing physical data were l?sord& m.p. 204-T; a(Darsob) 
2.7 (2 H, tr), 3.60,3X1.398 (3 N-CH& 6.94,7.10,736,759,7.78 
(6H, an@. 8.83 (mult, amidk H’s). 9.81, 10.02, 10.19 (II, 
aIn&); A= 240.295 nm (c EMlO. 3sOw); s-(KBr) 16&l cm-‘; 
m/e 466 (M+-NB, 38%), 413 (1%). 370 (10%). 344 (30%). 291 
(30%). 275 (10096), 24n (4296). 

Mamy& A (1). Tbc amkline hydmcbhnide 10 (0.9s) was 
dkolved iu dimctbylform&k and was reduced at atllloapberic 
pmsau_ewi$Pdon+ucoaJ~0.3&ar.catalya~Tbemixmreans 

mtermedrote ammc (11) presumably obtained wan 
not parilkd. due to inability. Formic acid (119me) was added 
nod then dicyclobexyl abcdiE& @CC) (356 mg) ia dimetbyl 
formamkk(1Sml)wa&uallyxklcdunderN~totbewlnof 
11,~rt~.The~lnwr9fint~atthistempfor1hraod 
tbcn the atirrips was continoed at room temp. ovanigbt. The 
miXtUrC~lUtC&thefiltnteW~CvE$KX&d.TbeClUdG 
distamycin was purikd by cbromatogmphy on a silica gel 
column (%gr). TIE elucnt used WM CHC1,:EtOH:watc.r 
(100:50:4). On uyat&u&a from EtOH-EtoAc diatamycin-A 
hydrocblorkk (135mg; 111%) was obtained, m.p. 189-193O (lit’ 

186-q; &Dw 2.7 (2 H, tr). 3.35 (2 H, tr), 3.82, 3.9, (3 N- 
CHJ. 6.97.7.06.7.22 (6 arom ID. 8.15 (formvl H: akdmtic amide _. 
H); 8.89 (I& ikiu‘l’s). Sk; lO.O9‘(uok a&i&s); A= 
Uo. 303 nm (G 25200,304OO); r(KBr) 16%cm-‘; m/r 4tU (M+- 
NH,; 50%). 435 (7%). 410 (38%). 368 (14%). 273 @-JO%).; m/c 
(IkId deraption) 464,409. A direct comparison (cIKomatogrflpbic 
bchnvior. m.p., spcural data) with Mtmal diaamycin &owed 
complete identity. 
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