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ABSTRrlCT 

4,5-Dirnethyl-2,7-dioxo-l,2,7,8-tetr?h~ldro-l,8-diazaanthracene, a compound previously ob- 
tained from phosphorus - hydrogen rod~de reduction of deoxynybomycin, has been synthe- 
sized in eight steps from nz-sylene, in 5% overall yield. 

The water-insoluble antibiotic nyboinycin (1, 2) was recently assigned (3) structure 
I (l-forin~~l-4-hydroxyi11ethyl-5,8-dirnethy1-2,7-dioxo-l,2,7,8-tetrahydro-l,8-diazaanthra- 
cene). In the assignment of structure I ,  a ltey degradation product was compound I11 
(4,5-diniethyl-2,7-dioxo-1,2,7,8-tetrahydro-l,8-diazaanthracene), one of three products 
isolated froin reduction of deoxynyboinycin (11) with phospl~orus - hydrogen iodide a t  
240" in a sealed tube. 

Compound I11 was of particular significance in the structural studies on nyboinycin, 
since it alone of the three reduction products (111, IV, and V) retained the basic ring 
systein and fundamental chromopl~oric unit of nybonlycin. Con~pound I11 was con- 
verted by treatment with diinethyl sulfate in base to its N,Nf-dirnethyl derivative (VI), 
which proved of prime iinportance in deduction of the ring system of nyboinycin froin 
nuclear magnetic resonance (n.rn.r.) considerations. The present work reports the prep- 
aration of the two degradation compounds I11 and VI, both as confirination of their 
structures and as an approach to the developn~ent of routes to more coinplex con~pounds 
containing the nyboniycin ring s y ~ t e m . ~  

In the present preparation m-xylene was treated with concentrated nitric and sulfuric 
acids a t  room teinperature to give 4,6-dinitro-l,3-dimethylbenzene (VIII) (5) in 30y0 
yield, together with the 2,4-dinitro isomer IX in 7y0 yield. Their previously assigned 
structures are confirmed by the n.m.r. coupling constants of the two isomers. In the 
spectrum of VIII ,  whose two aryl protons are para to one another, the singlets ( J  < 1 
c.p.s.) expected (6) are found a t  T 1.32 and T 2.54 (Table I), while the ortho aryl protons 
of IX, a t  T 1.76 and T 2.36, have the expected (6) large coupling constant ( J  = 9 c.p.s.). 

Oxidation of VIII to 4,6-dinitro-1,s-benzenedicarboxylic acid (X) was effected by 
chromiuni trioxide in concentrated sulfuric acid a t  approximately 15" (7). In addition to 
the dicarboxylic acid X ,  the rnonocarboxylic acid X I  was always isolated. Chemical shift 

'For paper I i?t this series, see ref. 3. 
ZThe r~7zsubstitzcled riug syste?n ( V I I )  of co?izPot~?tds I ,  11, 111,  a?td V I  had bee?t prepared pre~iorlsly (4) ,  

brrt zr?~fortlrnately before tlre widespread reportiltg of spectral data. 

VII 
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I I I 

CHO CH3 CHO CH3 
I / I 1  

/' 
P-H I ,  

24Oo,1-5 h 

TABLE I 

Chemical shift values (7) for the protons of co~~lpounds having structure :I" 

H, 

Compound Ha 1 C I - I s  =c- Solvent 
B 

VIII ( S  = CI-la, Y = NO2) 7 2.54 7 1.32 7 7.30 CDCla 
S (X = COOH, Y = NO$ 1.80 1.34 - 1320 
S I V  (X = COCHJ, Y = NOz) 2.46 1.10 7.40 CHzClp 

2.22 0.96 7.20 CFaCOOH 
XVI ( S  = COCH3, Y = NHz) 1.00 2.80 7.10 CFaCOOH 
XVII (S = COCH3, Y = NHCOCHJ) 1.10 1.10 7.04,7.50 CF3COOH 
111 1.80 1.16 7.08 2.76 CFnCOOH 
V I 1.76 1.10 7.04,5.70 2.60 CFaCOOH 

*XI1 peaks are singlets. 
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values for the dicarboxylic acid are reported in Table I ; the monocarboxylic acid slzo\\-ed 
only singlets, a t  T 1.30 (I-I-5), T 2.12 (I-I-2), and T 7.20 (aryl methyl). 

Two routes were developed for coilversion of the diacid X to 1,3-diacetyl-4,6-dinitro- 
benzene (XIV) via the linolvn (7) diacid chloride XII .  Conversion of XI1 to XIV by 
treatment of tlze former conzpound with diazomethane and subsequent reduction of the 
bis-diazolietone XI11 with hydriodic acid gave XIV in yields as high as 5975. The yield 
of XIV by the alternative route, treatinent of XI1 with diethyl illagnesioillaloi~ate, 
follo\vecl by concurrent hydrolysis and decarboxylation of the dimalonic ester XV, \\us 
approximately the same (53YG). While the route via XV is solnewhat longer and less 
convenient, it is preferred in view of the potential hazards of explosion and poisoning in 
wor1;ing with large quantities of diazomethane and diazolietones. 

The diacetyldinitrobenzene (XIV) was reduced by copper in sulfuric acid in 807; yield 
to 1,3-diacetyl-4,6-diai11ii1obenzene (XVI)3 and identified by melting point (7) and n.1zz.r. 
spectruin (Table I).  Acet~rlation of XVI gave 94% of 1,3-diacetyl-4,6-diacetainidobei~zeile 
(XVII), characterized by its amide stretching absorption, elemental analyses, and n.1n.r. 
spectrutn (Table I). 

I'otassium t-butoxide catalyzed ring closure of XVII gave coinpound I11 in 69% yield. 
The overall yield of compound I11 froin 4,G-dinitro-1,3-diinethylbenzei1e (VIII) mas thus 
15(& by the diazonlethane route and 14YG by the magnesion~alonate route (5% and 475, 
respcctively, based on m - ~ y l e n e ) . ~  I jke  nybomycin and related compounds, synthetic 
compo~und I11 did not inelt below 350". The infrared, ultraviolet, and n.1n.r. (Table I) 
spectra of synthetic coillpound I11 matched those reported for the degradation product 
(8). As further proof of identity, synthetic coinpound I11 was coilverted by inethylation 
to synthetic compound VI. For VI, too, n.m.r., ultraviolet, and infrared spectra (Fig. 1) 
were identical with those of the inethylation product obtained in three steps from 
nybonlycin (I I I1 + I11 + VI). 

With completion of this synthesis, the heterocyclic slieleton of nybomycin is assured. 
Future efforts mill be directed to\\lard synthesis of derivatives of this ring system. 

EXPERITvIENTAL 

Melting points were determined on a Kofler micro hot stage and are uncorrected. Nuclear magnetic 
resonance spectra and ~nicroanalyses were obtained a t  the University of Illinois by D. I-I. Johnson, J. Xemeth, 
and their associates. Infrared spectra were obtained with a Perkin-Elmer double-beam recording spcctro- 
photometer, model 337, on chloroform solutions or Nujol mulls except as noted in the text. N~lclear magnetic 
resonance spectra were obtained with a Varian high-resolution n.m.r. spectrometer, model A-60, in the 
solvents noted in the text. Ultraviolet spectra were obtained with a Beckman recording ultraviolet spectro- 
photometer, 111odel DB, on ethanolic solutions. 

/i,6-Di~zitro-1,3-di.iizel11ylbeizze~ze ( V I I I )  
The procedure followed was that of Morgan (9). The crude product obtained from 200 1111 of 70% nitric 

acid, 250 ml of 96% sulfuric acid, and 123 1111 (ca. 106 g) of vz-xylene weighed 150 g (76%). This was recrystal- 
lized repeatedly froin 95y0 ethai~ol (5) until a constant melting product (59.5 g, 30%) was obtained. In 
five additional runs on a double scale the yields were 30-319;. 4,6-Dinitro-1,3-di1met11>~Ibe11ze11e (VIII) ,  
m.p. SS-92" (lit. 89-93") (5), was shown to be free of impurities by thin-layer chronlatography over silica 
gel employing carboll tetrachloride solvent. The  structure assigned \\,as in accord with the compound's 
n.m.r. spectrun~ (Table I). 

In  addition to the desired 4,G-dinitro compound (VIII) ,  2,4-dinitro-l,3-din1ethylbenzene ( I S )  could be 
isolated fro111 the crude nitration product above by repeated recrystallization from chloroform (10). In  

3Ryggl i  arzd Reiclzzueirr (7) prepared X V I  fronz X I I  oia X I I I ,  4,6-di?~itro-I,.S-bischloracetyIbe~zze?~e, a n d  
4 ,F-dia ino-1,5-bisrI1I01'oacet~~lbe?rze1r e The i r  yield of S TTI f r o m  X I I  loc~s appro.virnc~tely 445;, cow parable 
l o  the pieselzt yields,  btrt their rozcle i~znolved isolatio~r of the i?~termedi(ite bis-diazoketorre ( X I I I )  urzd o?ze step 
nrore t k a u  eitlrer of llre present rozites. 

IFor c o ~ r i p ~ ~ i i s o ~ ~ . ,  tlze ouernll yield of C O ? I Z ~ O Z L ? Z ~  V I I  fronz 4 ,6-di~ri tr0-1,S-dir l1et l~.yI ire~~~e?~e zvas approsi7llately 
10% ( 4 ) .  
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HS03,  

I I~SOI ,  25' cH3acH3 - OrN NO? NO2 
VIII I X 

/ 

IlOOC m COOM 

O?N NO? 
X 

(C2H5OOC),CMCO Ex COCIl(COOC?Ha)? COCHl 
Dilute H?SOd, - 

reflux 
0 2 3  S O ?  OrN KO? 

/' 
XV XIV 

another run, from 135 g of mixed dinitroxylenes, the yield of crude 2,4-dinitro isomer ( IS ) ,  shown to contain 
a small amount of the 4,6-dinitro isomer (VIII)  by thin-Iayer chromatography, was 1.8 g (7%); the crude 
conlpound melted a t  73-83' (lit. 82-83") (10). I ts  n.1n.r. spectrum (in deuterochlorofor~n) contained a 
singlet a t  T 7.54 (six protons, aryl methyl groups) and doublets ( J  = 9 c.p.s.) a t  T 1.76 (one proton, 1-14) 
and T 2.36 (one proton, H-6). 

4,6-Dinitro-1,s-beneenedicarboxylic Acid ( X )  
This compound was prepared exactly according to the oxidation procedure of Ruggli and Reichwein (i). 

From 20 g of 4,G-dinitro-1,3-dimethylbenzene (VIII) ,  the yield of 4,G-dinitro-1,3-benzenedicarboxflic acid 
was 15.9 g (6lY0), 111.p. 230-235' deco~np. (lit. 234' decomp.) (7). Nuclear magnetic resonance data  for the 
compound are presented in Table I. In 29 additional runs the yields varied from 29 to 51%. 

The \)later-insoluble side product noted previously (7) was identified as  a mixture of 4,6-dinitro-3-methyl- 
benzoic acid (XI) and recovered starting material (VIII) .  A portion (1.2 g) of thelllaterial accumulated from 
several runs was separated into bicarbonate-soluble and -insoluble f rac t io~~s.  The base-soluble X I  weighed 
0.9 g and, after recrystallization from water, had m.p. 173-175' (lit. 171-171.5') (11). I ts  infrared spectrum 
(Kujol) had a carbonyl band a t  1720  cm-I; its n.m.r. spectrum (trifluoroacetic acid) contained only singlets, 
of area ratio 1:1:3 a t  T 1.30 (H-5), T 2.12 (H-2), and T 7.20 (aryl methyl). 
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FIG. 1. Infrared spectra of 1,4,5,8-tetra111ethyl-2,7-dioxo-1,2,7,8-tetrahydro-l,8-diazaa11thracene (VI), 
determined as  potassium bromide pellets. Upper curve: sample obtained by methylation of 4,5-dimethyl-2,7- 
dioso-1,2,7,S-tetrahydro-l,S-diazi~a11thrace1e (1 11) isolated from phosphorus - hydrogen iodide treatnlent 
ol  deoxynybotn).cin. Lower curve: sample obtained by methylation of synthetic compound 111. 

The bicarborlate-insol~lble fraction weighed 95 Ing and was identified as  VIII,  m.p. 86--85". 
Enhanced yields in the oxidatiol~ c o ~ ~ l d  be obtained by re-oxidizing the water-insoluble fraction. Fro111 

each 20-g batch of material about 13 g of diacid was obtained. This \\lould raise the yield of X by about 
13% per run. 

Q,6-Dinilro-I,3-benze1zedicarbo~7~~1 Clzloride ( X I I )  
The diacid chloride X I I ,  n1.p. 104-106" (lit. 106-108') (7), was prepared ill 827; yield by the exact 

procedure of Ruggli and Reichwein. 

Prepara l io~~ of 4,6-Dinitro-1,3-diacetylbe?2aene 
/I. Dietltyl ilCalonnle Procedzire 
The procedure followed was essentially that employed for the preparation of o-nitroacetophenone (12). From 

27.1 g of magnesium turnings, 150.5 g of diethyl malollate, and 150 g of 4,6-dinitro-l,3-benzenedicarbonyl 
chloride (S I I ) ,  the total yield of 4,6-dinitro-1,3-diacetylbenzene (SIV)  was 71.2 g (53%). X single recrystal- 
lization from 95% ethanol gave the analytical sample, m.p. 137-138". 

Anal. Calcd. for CloI-18N,06: C, 47.62; H, 3.17; N, 11.11. F O L I I I ~ :  C, 47.31; H, 3.15; N, 11.12. 
The infrared spectrum (chloroform) of the product contained a carbonyl band a t  1712  cnl-l. I t s  n.1n.r. 

spectral data are found ill Table I. 
In a second run the yield was 52y0. 
B. Diazonletha7ze Procedzire 
The procedure was essentially that  of \Volfrom and Brown (11). A solution of 2.39 g (8.13 mmoles) of 

4,6-dinitro-1,3-benzenedicarbonyl chloride (XII)  in benzene was added dropwise to  a stirred solution of 
36.45 nimoles of diazomethane in ether (prepared from N-nitrosomethylurea and analyzed by decomposition 
with benzoic acid and titration with 0.2 N sodium hydroxide) (13). The yellow bis-diazoketone (XIII)  
precipitated and was filtered. I t  was the11 suspended in chloroform and stirred while 5 n ~ l  of 47% hydriodic 
acid was added; nitrogen was evolved and the mixture became deep purple. The chloroform solution was 
washed successively with water, sodium thiosulfate solution, sodium bicarbonate solution, and water; then 
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dried over illagnesium sulfate; and finally evaporated to  give 1.22 g (59y0) of 4,G-dinitro-1,3-diacetylbenzene 
(S IV) ,  m.p. 137-138" after two rccrystallizations from 95Y0 ethanol. The infrared spectrum and thin-layer 
chromatographic behavior (silica gel, chloroforin solvent) of this sample were identical with those of the 
sainple prepared by method A above. In fo~ i r  additional runs e~uploying the diazomethane procedure, the 
yields of diacetyl compound (XIV) \\.ere 38-40y0. 

4,6-Dia~ni~to-1,3-diecety1be~tze~te (X V I )  
Fro111 948 mg of 4,G-dinitro-1,3-diacctylbenzene (XIV), the  procedure of Ruggli and Reichwein gave 

639 mg (SOYo) of 4,6-diamino-1,3-diacetylbenzene (XVI),  m.p. 234-235" decomp. (lit. 235" decomp.) (7). 
An infrared spectrum (Nujol) of the product showed the expected two N-1-1 stretching bands, a t  3 500 
and 3 320 cm-I. Its n.nl.r. values are found in Table I. 

In a run on a 10-fold scale the yield was also 80%. 

4,6-Diacetan1ido-l,S-diacetylbetzzet1e ( X V I I )  
The preparation followed a standard procedure (14). From 1.10 g of 4,6-diamino-1,3-cliacetylbet~j!ene 

(XVI) was obtained 1.51 g (94%) of 4,6-diacetamido-1,3-diacetylbenzene (XVII). Two recrystallizations 
from dimethylfor~nalnide gave the analytical sample, which did not melt below 350". 

Anal. Calcd. for Cl.jI-Ilc,N?Oa: C, 60.86; 13, 5.84; N ,  10.14. Found: C, 60.78; M, 6.01; S, 10.43. 
The infrared spectrum (Nujol) of the product contained amide bands a t  3 250 cn-I (N-1-1 stretch) and 

1685  cnl-I (C=O stretch). I ts  i1.m.r. spectral data  are found in Table I. 

4,5-Dintetl~yZ-2,7-dioro-l,2,7,8-telraltydro-I,8-diaeaanthrace~te ( I I I )  
The procedure was adapted from that  of Camps (15). .4 mixture of potassium t-butoxide solution (pre- 

pared from 167 mg of potassium and 25 ml of dry t-butyl alcohol) and 500 mg of 4,6-diacetamido-1,3- 
diacetylbenzene (XVII) was heated under nitrogen for 1 h a t  reflux. Solid matter was filtered; weight, 
244 mg. This was heated on the steam bath with 25 ml of 10% sodium hydroxide solution and then filtered 
hot. The filtrate was acidified with hydrochloric acid, and the resulting precipitate was filtered, washed with 
water, and dried; weight, 120 mg. Evaporation of the original t-butyl alcohol solution yielded further solid 
material, which was worked up with sodium hydroxide and acid as before to  give a n  additional 179 mg of 
product. The total yield of colnpound 111 was thus 299 mg (69'30); it did not melt below 330". Its infrared 
(Nujol), ultraviolet, and n.m.r. (trifluoroacetic acid solution, see Table I )  spectral data were the same as  
those of the product obtained from phosphorus - hydrogen iodide treatment of deoxynybomycin (8). 

1,~,5,8-T~trametl~~~Z-d,7-dioro-l,2,7,8-tetral~ydro-l,8-diazaa~~thrace~~e ( V I )  
The dipyridone 111 (95 mg) dissolved in 25 ml of refluxing 10% sodium hydroxide solution. jlfter addition 

of 2 ml of dimethyl sulfate a precipitate appeared; addition was continued until the solution was acidic to 
litmus. The precipitate was filtered, washed with water and acetone, and dried to give 82 mg (59%) of 
product (VI). 

Anal. Calcd. for C I ~ H I ~ N Z O ~ :  C, 71.62; H, 6.01; N, 10.44. Found: C, 71.67; I-I, 6.13; N, 10.24. 
The compound did not melt below 350°, but its infrared (Nujol or potassium bromide, see Fig. I), ultra- 

violet, and n.m.r. (trifluoroacetic acid, see Table I )  spectra were all identical with those of the material 
obtained (8) from methylation of the phosphorus - hydrogen iodide product of deoxynybomycin. 
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