
gave on evap~ration, and tritltratio~~ with E:t20, the desired 
product. 

Compound 15 was isolated by dilr~tion of the reac~tion niixture 
with HtO (60 ml) a l~d  acidification with HOAe (3 nil). The mix- 
lure was extracted with CIICla, waqhed several times with H20, 
dried (XlgSO,), atid evaplrated to ca. 25 rill. Cureft11 additiot~ of 
petrole~lrn ether caused crystallizatio~l. 

Quinone 16 was isolated dirertly from the reac*tiotl 111isture 
after i t  was chilled to 0'. 

8-Amino-7-chloro-5.6-quinolinediones (17-27).-The trppro- 
priate amine (30-40 mmcil) in a few millimeters of Eb011 was added 
rapidly t'o a st,irred solt~tiol~ of 8 g (13 mmol) of 7,X-dichlorcr-5,6 
quinolinediol~es i n  400 n ~ l  of EtOH at 0'. The 1vartio11 niixtl~re, 
which immediately tttrned deep red, was stirred for :3O min. 
The red quinonw 17-25 were isolated dirert.ly by evnpolatillg t.he 
soivent in aacuo to a voltlme of 2.5-20 ml, c*ooling the residl~al 
suspensio~t to 0°, and filtering. 

Comjnul~d 26 was ohtail~ctl 11y ev~rj~)rtrtitlg 111e solv'l~t wid 
dissolving the res~tlting solicl in  henilelie. Petrolet~ln et h ~ r  was 
c:arefully added 11) the 1wi11t of c*lo~~tliness and the mixture c-hilltril 
to O0 and filtered. 

Q~tinone 27 was  r re pared 11si11g the r~ro(~(~dt~r(! descri1)ecl 11y 
Zinc-ke u11d Wiederholdg for t l ~ c  ntlilido derivative. 

&hino-5,5,7-lrichlor0-6(5H)-quinolones (29-%).--A sol~~tion 
of 5,5,7,8-tetrr1c+hloro-6(.5H)-cl11it~t~Io11e~~ (2.: g, !) mmol) i l l  .iO 
nil of EtOH1%as rooled to -:jOO with cxrllstattt stirriltp;. The 
trmi~~e (27 mniol) it1 a few ~nillinletcrs of EL011 was added rapidly. 
The prodt~ct, he gar^ to heparllte frorn t,l~e yellow-l~rown reac:t,iolt 
mix t.tlre within .5 milt a ~ ~ d  after 1.5 mill t.he ~ r ~ i x t ~ t l . ~  WIN filtctre~l 
to give t.he plr~d~lcb a.5 ts yell~>w solitl. 

(18) .\ few cornpu~tn~la \\err ~~rrlurretl using a less 1101ar r~actiot~ tn r . , l i ~~n~ .  
see foolnote P of 1.8111~ I. 

Preparation and the Results of Antitumor Screening of Some 
Substituted Amino-, Aziclo-, Halogeno- ancl Hyclroxy-p-benzoquinonesl 

Synthesis of sorlie alnino-, ailido-, hydrosyl-, a~ td  halo-s~tt~stit~~ted p-t)ettaocl~li~lol~es 111.e reported. The tiniit~o- 
I)enxt~cll~irlones were prepared by catalytic rcdr~ctit~n of the c-orreq)o~~dil~g   aide conip~lt~tds; the latter i l l  t u r n  
were ubtni~ied by the treatment of h:ilol)et~ilucl~lillones with SaN:l. Alkyl;~tnit~oq~li~lot~es \\.ere prepared either 
1~y the replaecn~etlt of methosycll~illo~les with ;~pl~ropriiite ~~tliillesorl~y reHt~sillg dinlkyl- or diaryll~et~aoq~ti~~t~~~es 
with arnilles. Some alkyl analogs of %,.i-dihyd1~0sy-:~,6-diphe11yl-p-~~et1zoi111e (polypori(: acid) were  repti tired 
11s free-radical alkylntion of 2,:-dihydrosy-p-bellxoq~ti~~or~e with acy1 ~leroside. Preliminary screel~itlg r e s ~ ~ l l ~  
of these cornpout~ds indic~ated that %,.idinxido-:i,6-dimet hosy-p-het~xocl~ti~~trt~e, 2,.idichlon)-:%,&dil)he11yl-p- 
I~ellzoqr~inone, and P,.i-bis(p-ethylphe11yl)-:3,6-dihydrosy-p-t)e11rc1q11i1lo11 possessed moderate ac:tivity againri~ 
Walker curc~il~osaraomn 2.56. The last conipc~~tnd also prbsqesses some ac+tivity against leukemia 1,-1210. .\larked 
weight loss i l l  the su~viving aninlals was observed. 

The a~ltlbacteriul :ictivity of m:iny quinorle deriva- 
tives has lorig beer1 r ecog~~ ized .~ -~  This property h:is 

been attributed m:iinly to protein bilidi1lrr;.4-\;2 

llumber of ber~zocjuirio~ies, mpht hoquilrolles, :illt bra- 
qui l~ones,  and c~ui~~oxuzincs possess activity tiguilist 

protozon, Gram-positive and Gram-negative bacteria, 
tind Aigcobarter.iww tube ,~ulos i s .~  Compou~~ds of this 
type are nlso used as arititumor n g e l ~ t s . ~  A cornmoll 

o-~.minnc~ui~ionoid unit was noted10 among some tumor- 
ilihibitoq. antibiotics such as streptol!igrill, actir~o- 
m:.cin C, mitomycills, and porfiron~yci~~. C e r t u i ~ i  2,;- 
bis(:tlkylami11o)-3,(i-dimethoxy-p-be1izouiioes :ire in- 
hibitory to sarcoma 180.11 I'olyporic acid (?,.?-(ti- 

hydroxy-3,ti-di~~lie1iyl-p-bc11zotui1oie) was reported to 
be active against leukemi:~ L-1210.L2 Some cluiuo~~es 
:ire potent inhibitors of t1ehydrogerl:ise activity of 
t nmor cells. I 3  

I t  is cor~cciv:iblc tha t ,  ill addition to thc protein 
billding char:icteristics, v:irious substituted quillo~lcs 

with different oxidatio~i-rcductio~i potentials m:iy pl:iy 

an importaut role in the phosphoryl:~tio~i,  H tnu~sfcr, 
and electroll t r : i~~sfcr  in biologbrl mettibolisni. Sclcc- 
tive iahibitiorl of the tumor cells may be :ichicvc>d by 
modificiitiou of substituellts oll the iluino~lc ring xys- 
tern. The present commul~ic:itio~i i~lvolves the s y ~ i t l i ( ~  

sis of some :imi~~o-, :izido-, I~gdroxyl-, and hnlo-sub- 
stituted v - b e ~ i z o o u i ~ ~ o ~ ~ e s  :u~d the nrelin~in:ir\. s t r t l r t~lrc-  

activity study i l l  :tnimal tu~nor systems. 
(1) (8) 'rl~ie inveatiwation Ira8 R I I I I I ~ O I ~ P ~  11). the Cancer (Ilte~nutl~era~~y 

National Service Center. Sational Cancer Institute, of tile Nuriunal 111- Chemistry.-i\lt bough :t serics of 2,A-di:iyl-:3,(i-di- 

stitutea of Ilealtl~. Pul~lic 1iealtl1 Service; Contract NU. 1'11-.t:i-05-94; h?;droxy-~be~~zo(~~i~io~lw (I, II = : lr~1) ~ ' ~ I t i t ~ d  t o  . . 
(h) presented in part Irefore the Divi~ion of filedieinat C'llcmi*tr~. 157tll p;J]yPoiii acid (1, 11 = CsH:,) \\.;is ssllt,~lexizc(~ :illd 
National Aleetinu of tllc :\rnerican Cl~ernical Society. Jlinneapulix. Alinn., 
~pril  IVBU (X~ICI)I 17). evalu:ited by C:ii~i," the corresporldi~rp; d i a n ~ i ~ i o  :11ralogs 

(2) (a) 15. .!. Cooper. Bior,hesr. .I . .  7, 180 (1911): (h) 15. .\. Coul~t~r. .I. 11 ~ : L V C  llot yet bcell studicbtl. 111 view of thc im])ort:~llro 
Soc. Ckem. Inrl., 48, .5H (1U27). 

(3) 8. Ilayarl~i, Kumemnlo I'h<rrm. Bull.. 1, U:l (1115.1). 
of the : i m i ~ ~ o c l u i ~ ~ o ~ l e s  i l l  o~~cologic:il roni- 

(4) I%. A. Coouer and R.  fl. Ilainea. Biorhem. .I.. 33. 317 1llU8). ~)oul ids  11 \yere synt hosixrd ill this labortitory. 
(5) A!. 1tacil)oraki. ,lrrruiyer rllr~$. l l ' ixn. Kr~rkrru, 55:s (1!10tl): CI~VIII, 

Zctrlr.. 78, 1N6 (1907). 
(0) 15. Fiacller. Brr., O, VZR (1810). 
(7) R. Ceril, Adt-rrtr. I'rnlr.i~~ Chenr.. 0, 287 (1H5!)). 
(8) S. Hnyaal~i, '1'. ' ~ I I ~ I O U P .  S. Ujiuka. and l i .  Yano, KIIIIIVIIIIII~II I'k~rr~tr. 

BIIJI., I, nz (1~5s). 
10) 1'. V. 1'. R U I I U I I I ~  V. Vrnkatrrnurl~~. "Hy~nponilt~n on tlre Syntlarni~ of 

llrtrr~n~yc~lio ('otn~~o~~nds of I'l~y~iol~~~i~*ul Intcrc~at." Ily~lrrul~u~l. Intliu, 
1!IU4, 11 194; t.'kvn~. Al~nlr., 68, 70551 (1908). 

(10) I<. V. Iteo, l i .  Ijie~nunl~, unrl It.  13. \Votalwanl, J .  ;larrr. ( 'hvsr.  Sot.., 
86, 2532 ( lllll:j), 

11 1 )  11. S. l ' v r t ~ ~  unrl , I .  l{o~rru, .I. Oru. Cl~ent., 81, 1187 ( I U t l t l ) .  

Si~lcc the prin1:u.y arni~lo gronp is s ~ ~ s c e ~ ) t , i b l o  to hot11 
osid:ltioo :illd hytlrolysis, rc!ltitivcly ftt\v :imi~iocluinol~os 

were rcl)ortc~d i l l  tlhc! lit(!r:itt~ro. 13y :1(1:i~)t:ttio11 of :I, 

(12) -1. 1:. 13cirtc1n u11(1 13. I*. (?&in, .Ynt l t rv~~  184, l.%ZIl (lll5!b). 
(18) S, 11ayanl1i, 11. llttki, Y. L I t ~ k i ~  11. .111ki, I<. '!hnnkn, ,I,  F ~ t j i t ~ i t ~ t o ,  

l i .  I ~ I I ~ ~ I I ~ U I \ ~ I I  und hl. 1l11ri. ('krr~~. I'h~~vm. /lull. (Tokyo), 11, Ill8 (11lU:l). 
(1,l) (u)  11. F. ( ' I I~I I ,  .I. ('lretrt. .So,,., t1:lIl (l1ltl l);  (11) 1). I?. ('ain, 110i,l., 3.511 

(IOU:{); (is) 11. 1:. (*ui11, ~loitl., 5472 (l1 l l l l ) ;  (11) 11% 1,'. ( ' t t i~ t ,  il,td., (', 1041 
(IOUII). 



met hod used for the prept~rat,ion of 7-amino-6-methoxy- 
5,8-qui11olinedione,~~ tthe amino-pbenzoquinones (11, 
R' = H) were successfully prepared by catalytic reduc- 
ion, follo~ved by aerial oxidation, of the corresponding 
azide intermediates (III), the latter in turn being ob- 
tained by the treatment, of halobe~~zoqui~~ones (IV) with 
KaNs in aqueous acetone. Amitlo-p-benzoqui~~o~~es 
prepared by this method were found to be identical with 
those prepared by displacement of methoxy-pbenzo- 
quino~res (IV, X = OC&) with NHo.'"lkylamino- 
qui11o11es were prepared either by the replacement of 
methoxyquinones with appropriate aminesl1 or by 
refluxing %,Ti-dialkyl- or 2,Tidiaryl-pbenzoquinones with 

a n ~ i ~ ~ e s . ' ~  Alkylamino chains of various length (C6,C.r 
to Clr,CI5) \\'ere prepared so that the absorption pattern 
of the resulti~~g compounds may be changed due to 
their differe~~t hydro-lipo distribution. For comparison 
of biological activity, some nlkyl analogs of polyporic 
acid (I, R = alkyl) were prepared by free-radical 
tilkylation of 2,3-dihydroxy-p-be~~zoquinone with acyl 
peroxide ill AcOH.lB The products were four~d to be 
identiail with that prepared by the base-catalyzed 
condens:~tion of esters of oxalic and fatty acids.'@ 
The correspo~~di~~g aryl analogs (I, R = aryl) were 
obttiined through diazotization of 2$dichloro-pbenzo- 
quinone follo~vtd by hydrolysisM8 (see Table I). 

1r spectra of t hese aminobenzoquino~les reveuled that 
there is a tnnton~erizutio~r between the amino (11) and 
the imino form (V) and that the imino form pre- 
dominated. This is sho~vn by the fact that for con>- 
po1111ds such 11s tetrachloro-, tetramethoxy-, or 2,s- 
diphenyl-p-benzoclui~~o~~e, :I strong C=O nbsorption 
b:~ntlN \\.:is observed bctt\-een l(i20 and lfi.50 em-'. 

0 1 1  the ot hcr 1l:111d, with the  mino no deriv:ltivcs such :i. 
~,R(li:1mil~o-:~,(i-(1i~~hc11yl- or 2,.5-bis(hexyl:tmino)-:2,(i- 

(1.5) 'I', I< .  1.iu11, \\'. 11. Ny111hr~ an11 (', C'. CIICIIK, ;liiociiq. C~ICIII., '7% IN) 
11!lli7). 

( 1 U )  11. NccR u n ~ l  0. ISuyur. Hpr., 00, I1:ii  (1U5i). 
( l i )  (u)  I<. 11, Ilulrun u n ~ l  1.:. S t e ~ l ~ ~ ~ u n .  .I. Cl~enr. Snr., 1112 (111:iI): (1,) 

XI.  .\nuno un11 ti. Y u ~ n a a ~ ~ l i .  .I. I ' l~~rrm. Sor. Jiip.. 60 105 (111.10). 
(18) (u)  I.. I:. I'i~-nrr nnil 15. JI. (: l~u~nI~erl is .  ,I. . ln~rr.  Cbrur. Sor.. '70, i l  

(1l1.IIo: (11) I.. 1'. I'ier~.r u n ~ l  A. 15. Oxfur~ l ,  il~irl.. el ,  2000 (llbi2). 
(If))  1;. I ? i ~ - l ~ t ~ * r ,  M. J ~ ~ t m r  an11 It. IAe~~1~in ,  AIIII .+ 896, 1 (1UI:i). 
(20) I<. Nukunirlri, "Infrurt-il Al~ror l~ t i~ ln  Hl~c~c~tronr~ol~y," N I L I I ~ I J I ~ I I  C ~ I .  

I,t11., 'I'i~k>o, lUO2, I )  clli, 

dipheayl-p-berzoclui~~o~~e, only a truce of thin char- 
acteristic bard w l s  noted together with the prenenec of 
a strong and sharp pcak at 3'240 cm-I (OH). In the 
cave of 2 , b d i p h e 1 1 y l - 3 , C ~ d i p i p e r i d i n y l - p - b e ~  
(VI) where tautomerization is not posvible, the8 tro~rg 
1020 cm-I C=O band was again obxcrvd in the in- 
frared spectrum. A rexonance equilibrium between the 
amino- ;rnd imirwrpqui~~ones in solutio~~ has alrody 
bee11 

Jloore and c o w o r k e ~ ~ ~  reported that treatment of 
polyporic acid with Ac2O in the presence of DAIS0 
yielded :3,Bdiphenyl-2H,5H-furo[3,2-b]fura119,A-dione 
(pulvinic acid dilactone, VIIa). The latter was idcnti- 
cal with that obtai~red by the oxidation of polyporic 
acid with I'b(0Ac) 1.28 Under the same rwcti011 condi- 
tions, 2,Bdihydroxy-pbenroquinone (I, R = H) , 
however, did not yield the correqponding bis-Am*@ 
butenoide VIIb, but a sulfur-containing, yellow crystal- 
line product. The product was found to have limited 
solubility in organic solvents and was soluble in H2O. 
Its ir spectrum showed neither hydroxyl functions nor 
urisaturated 7-lactone but rather a conjugated C = O  
absorptio~~. The tlmr spectrum revealed only one 
s i~~gle  peak at 2.81 ppm and the uv spectrum indicated 
the reteation of a quinoid structure. The elemental 
analysis gave a11 empirical formula as CsH60&3 and the 
mass spectr:ll n~~alysis gave its molecular weight us 260 
(hence the correct molecular formula is CloHnOaS2) with 
:i mitjor fragmentation a t  62. The compou~~d d o  
composed at high temperature with the liberation of an 
il~te~ise odor of .\Ie2S (18r/e B2). Based on these data 
the structure of this product is proposed as p-benzo- 

\'IIn, I{ = CJlfi Y I I I  
I), I{ = 13 

c~ui11o11e-2~5-di111cthylsulfo11i11m 3,fi-dioxide2' (VIII). 
I;ormatio~~ of sulfur ylidcs of this type 11:~s rcce~~tly bee11 
reportcd.2" 

Biological Activity.-All con~po~cnds listed ill T:iblc I 
\\ere scrw~~ed by t he CCSSCnccordi~~g tot heirprotocols. 
Scree~lirig results of  substituted p-b~11~(~~l l i11~111~~ httvi11g 
T/C vulucs for lct~liemia I,-12lO of morc tht111 1.25 : I I I ~ /  

or T IC  v:\lucs for Witlker abrci~~os:trcom: 256 of less 
t11:u1 0..50 :ire listed ill Tablc 11. I11 spite of the f i t t  
th:~t ~)olyl)oric :tcid \\.:is reported to h:lve s ig~~ i f i c :~~~ t  
: L I I ~  rcl)roducible i~ihibitory :ictivity :tg:lit~st Ieukcnli:~ 
L-1210,L?-'4a this conll)o~u~d f:iilcd to show simihtr 
activity :tg:iil~st le~~licmi~t 1,-1210 i l l  the CCNSC tcst 
~ y s t c m . ~  This discrcy:u~cy \\.:IS :1ttrib11t~1 to the 
diffcrc~~cc i l l  t l~v  type of nlousc nscd in thclse cxl~rri- 

12'11 H. I ) i i l ~n r .  .I. It11nf1 111111 11. 1'11111, I '~ , t r t ik~ . r l r r~n  Irr8fl.. :{:I55 iI11l11). 
i??) iu1 11. I\'. X ~ I I I I ~ I ~  ILIIII 11. It .  SIII~IIC*~,  . \ I ~ ~ l r n ~ - l  I I ~  1111, 1.55111 ~ n t i ~ ~ ~ ~ u l .  

.\lnl-rirun ( ' I I I ~ I I I ~ I - I I ~  S1~io1.v ~ l ( t ~ b l i n p ,  Sat1 ~~rt t f l r ini*~i ,  ( ' t~l if . ,  .April l$ll\8, 
So. 1'IIYS 1li:i: (111 11. \\'. XI~n~ras, null I t .  .I. \ \ ' i k I ~ o I ~ n ,  ' / 'rfr~rI~r~/rn~t 1.1~0. 
ROll l  1111118). 

(23) 11, I.. I:rt~nk, I t .  ('111rk 111111 -1. N. ('okabr, . I .  21i~~~,r. f'lwin. S~IP., TS, 
lROl illI5O). 

i ?  1 )  'I'III- ('111 iiiii~fll . I  l ~ ~ l r ~ i c * l n  IIIIIIIV tor I \lie ~ I I I I I ~ I I B I I ~ ~ ~  i~ R I I ~ ~ I I ~ ~ I I I I I ,  (;i,I\.tli- 
I I ~ I ~ ~ I I ~ ~ . - ~ I . ~ I I ~ I I L I I ~ I I I ~ I I I I I I I ~ - ~ . . ~ - ~ I I ~ I I I ~ ) - I I ~ U I ~ ~ I I I ~ ~ I I I ~ ~ - .  II~II~CI~IIY~III*. I~is-I inn~+r 
*all). 

(25) It. I ~ I I I I I I I I I ~ , ~  I I I I I I  1 1 ,  I < I I I + ~ I I I I ~ ~ ,  ('III,III. 1)1,r., OD, Y2i ilIlI111~. 
(20) 'I'I-81 r t * n ~ ~ I t ~  !uSrt- I I ~ I O V ~ I I I ~ I I  11s a s ~ ~ n l r n t - t  w r i ~ t ~ n a ~ r N  t ~ f  lq('SSl ', 
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AInrcli 1970 SUBSTITUTEI) ANTITUMOR QUIU A OSES 

Y;,:l~l, Uv unectrr----.- 
R I  Rr hlp, OC % E ~ O H  I nllr log r 

('1 p-CrHsCdlc 267-269 30 24 1 4.35 
273 3.61 
370 3.61 

('I p-C!H:t(CfIa)sCrHc 16!)-170 25 242 4.38 
29% 3 .4!) 
370 :3,6,i 

CI p-BrCsH4 302-:304k 26 2.50 4.47 
276 4.22 
874 3.6!) 

BI. ClIa 173-173' X6 28% 4 .  30 
BI. CaFI; 227-2291 ,m 54 28% 4.10 
0- (CIIS)~S + >390 dea 40 27% 4.36 

29 1 4.36 
P. I:. Sl~ildneck and I<. Adnms, J. ilvter. Chea. Soc., 53,2373 (1931 ). Reference 14h. Referellre 14b, mp31I0 dec, Itefere~~ce 

19, nlp 1.X'. Referelire 16, mp 256'. 'Exploded at 11.5'. 0 A. Oliverio and G. Werhcr, . tnn. Chi111. (Itome), 42,145 (lSA2), rnp 
104-10.; h C. L. Jackson and C;. Oenslager, Am. Chem. J., 18, 1 (1896), mp 142'. 1). I<. Kenll~es, J .  ..l~jter. ('hem. Soc., .%, 2478 
(1934), tnp 208-20S0. i Reference l4b. Reference 1414 mp 304'. 1 A cluinhydro~~e. 111) '72'4'. 

- - - - - - - - - Screenilla e.*,l I tY  - - 
7- L-1210 ---- - , .. .. . - -. -. . .. -. . - . .- \\'.\I-PRO------ 

DOSP. 1)o.-e. 
KI Rt mg/kg Survival \Vt dii T/C rnr/kg Survival Wt dil T/C 

013 ~-C?H.CBII~ 400 I /4 -4.4 1.15 !I0 10 '14 24 0.38 
200 4 /4 -4.3 1 . 03 4.i .i:6 1 0. -59 
1.50 3/4 -5.8 1.47 
100 8/S -3.g 1 .:<7 
63 4/4 -1.7 0 .  $16 

('I CHaO X( 1 0/6 20 10 I 2  - 9 0.4.; 
40 4/6 -2.5 1.01 
20 6/8 -2.3 i .O(i 

1ne11ts (DBA us. CaH/DBA l i y d r i d ~ ) . ~  I t  is of ir~tcrcst 
to mtc that an un:ilog of polyporic acid, 2,5-dichloro- 
3,(i-diphenyl-pbe1izoquinonc (IV, R = CeH5; X = CI), 
tlisp1:iyed inhibitory activity :~g:lilist Walker 250 iri 
r:tt.s3 "lid a homolog of polyporic acid, 2,s-bis(p-ethyl- 
~~hc11yl)-:3,(i-dihydrnxy-p-bci1zoq11i101e (I, R = p- 
('";-C(~HI), exhibited :tntic:tiicer activity agalnst h i -  
licmia L-11'10 (the test system has bee11 an early txeated 
iiltr:ll)crito~~cal L-1210 system with iiitraperitonall 
clrriy :idmi~iistrt~t,ioii) :tnrl W:illzcr 25A.2R Iiihibitory 
:tctivity of 2,.~-dinzido-~3,(i-dimethoxy-p-be1izo~~11i~io1ic 

(?i) 1 ) r .  IleLty I. .\l>bott of C('NBC. Private communication. 

(111, R = CHIO) ag:iii~st \Y:illzcr 2'.i(i \\.us also ob- 
~ e r v e d . ~ V h c  :rzitlo :11itl 1i:ilogrn:tted deriv:ttivex :ire in 
geileral rather tosic [ t l ~ c  1eth:tI doses for P,5-diuzido- 
p-be~izoquinolie (111, R = H) n~id 2,A-difluon)-3,6- 
dimethoxy-p-benzoqnirlo~~c (I\', S = 1'; It = CHSO) 
:ire ca. 10 mg/lzg]. Soil. of the :irniuoquiiioncs (11) 
disp1:iyed sig~~ific:il~t :ti~titolnor activity :~gtiilisf leu- 
m i :  -12'10. Thc ~)~tlvillic ucitl dil:icbtonc (VIIw) w:is 
foulid to be ~vithout :i~itilrultanir :ictivity. p-Bc.neo- 
cluilior1c-2,.i-ctimrt h ~ ~ l ~ i i l f o ~ ~ i u m  :3,ti-(Iiosidr (VIII) did 
iiot exhibit :ict ivity :ig:tiri.st \\'.-\-?>ti. Scverc body 
weight loss ~v:is ilotetl ~ v i t ~ l ~  I~:IIIJ .  of t 1iv :iforrinr~~t iotlcd 
compou~itls t11:it t1isl)l:ryrtl :tc'ti\.ity :tg:tinst \VA-L'.i(i tis 
~vrll as Irulznni:~ 1,-12'10. 



Experimental Sectiona 
2,5-Diuido-p-xyloquinone (111. R = CH,).-To a ~tirred solu- 

tion of 12 g (0.041 mol) of 2,5dibmmrrpxyloqi1i1io1ie* in 300 ml 
of MeCO was slowly added, with cooling, an aqueous w111tion 
of activated NaNP [3.0 g (0.09 mol) in 150 ml of HtO]. A htuw~t 
solution was initially formed. Upon continuous stirring at room 
temperature art orange solid gradually precipitated. After 20 hr 
the solid wau collected hy filtratio~~, washed (H10, 2 times with 
50 ml), then vacuum dried to give 8.1 g (90% yield) of product, 
mp 130-132'. 

Other azidoquino~tev were prepared by es~entially the same 
procedure, reaction time, 4-20 hr (see Table I). 
2.5-Diamino-3,6-dimethoxy-p-benzopufnone (11, R = CHaO, 

R' = H).-A fines~lspension of 0.7 g of 2,5diazo-3,6-dimethc,xy-p- 
benzoqr~inotie and 40 mg of PtOz ia 250 ml of MeOH was hydro- 
genated at mom temperature under 4.2 kg/cm2 of Hz for '30 
miri. The resulting mixture was filtered and the insoluble solid 
was extracted with 600 mi of boiling AIeOIi. The extract atid 
the colorless filtrate (which tur~ted purple on contact with air) 
were combined and conc~rltrated in vucrto to ca. 10 ml. ITpvn 
cooling, 0.5 g ('307;, yield) of 2,5diami11o3,6dimethoxy-p- 
he~tzoquinot~e was ob~ained as dark purple crystals, mp 258-260'. 
The nv and ir nhao~ption spectra of thih product were found to 
be ici;nticaI with those prepared Sy the tseatnxetrt of tetra- 
methoxy-p-be~lroc~~ti~to~te with NHs.'~ 

Preparation of other diaminoqlti~tolies was ca~ried out by 
essentially the same pn)redure (see Tahle I). 

General Preprration of 2.5-Bis(alkylamino)-p-xyloquinones 
(11, R = CHI).-A sol~ttio~i of 2.72 g (0.02 mol) of p-xylocl~~i~lotte 
and 0.04 mol of the appn~priate amine in 120 ml of EtOH was 
refluxed on a steam bath for 5 milt. 0 1 1  cooli~lg, the resttlting 
purple crystals were collec-ted by filtration and washed twice with 
20 ml of EtOII and twice with '10 ml of petroleum ether. The 
crude product ceo~~ld be purified by recrystallizatio~~ from EtOH 
(see Tat-le I). 
2,3-Bis(alkylamino);3,6-dimethoxy-p-be1tzoqr1inc,nes (11, I< = 

OCHs) were prepared by essentially the same procedure except 
that tetramethoxy-p-be11zoq11i1t111e was used in place of p- 
xyloqltitio~ie. 
2,5-Bis(p-ethylphenyI)-3,6-dichloro-p-benzoquinone (IV, X = 

CI, R = ~-CIH~-C~H,).-T~ a sol~ttion of 28.5 g (0.16 mol) 
of 2,5dichloro-p-benzoq11i1torte in 800 ml of MeOH and 280 ml 
of EtsO wan slowly and simrlltaneo~~vly added a diazotized mix- 
ture of p-ethylaniline [prepared by the addition of 28 g (0.41 
mol) of SeXOz in 100 ml of HI0 to 14 g (0.36 mol) of p-ethyl- 
aniline in a sollttion of 100 ml of H20 and 108 ml of co~lrentrated 
HCI at 0'1 and an aqueous so111tion of 72 g of SaOAc in 120 ml 
of HzO. The additiou took ca. -40 min. The reaction mixture 
was stirred at  nlom temperature for '20 hr after whicah the solve~tt 
was evaporated ltrtder reduced pressure. The resulti~tg residue 
was p)ured, with stirring, illto .i00 ml of H20. The hn~wn solid 
wa.. collected hy filtration attd extracted with 1 1. of warm 
(.in-60°\ EtOIJ. The orange solid, 20.3 g, mp 260', was re- 
crystallized from BI~OII to give 18.3 g (305; yield) of pure prod- 
111.t~ mp 267-269'. 

(28) .\I1 melting points (corrected) \\,ere taken on a Tl~olnar-lloover 
meltinp point apparatus. The IIV al)sorption speotra were determined wit11 
a Deckman 1)K-2 spectropl~otometer. \\'here analyses are indicated only 
by symbols of the elementa, analytical  result^ ol~tained for those elements 
were within f 0.4% of tile theoretical values. 

(29) 1.. 1. Smith and J. Nicllole, J .  Amer. Chcm. Soc.. 66, 1i:iU (IUIS). 
(30) Activated NaN: can I J ~  prepared 11). a modified procedllre of P. A. S. 

Smit11 IOrg. Rcocl., 1, 382 (19134)): ;n 200 ml of (I I tN)r ,  58 p of commer- 
cial NUNS w a s  dissolved. The result in^ eoln \\,as filtered from inoolul)le 
material. and to the filtrate wasadded slotvly, with cooling. 400 ml of hIe~C0. 
The res~~ltlng precipitate sar  collected l)y filtration, \vanl~ed ttvice \ v i t l ~  
IT30 ml of MeKO, and dried it8 rvtruo, yield 88 g. 

Analogous compoltnds were prepared by eswntially the snrtw 
procedure (we Tatlle I). 
2,5-Bis(p-ethylphenyI)-3,6-dihydroxy-y-benmquinone (I, R = 

p-CzHsCaH,).-To a slape~lsion of 5 g of 2,5-bis(p-etllylp~1iyl)- 
3,Cdichlorc~p-benzoq1tinc,11e ill 50 ml of MeOIi w~lc added 100 
ml of 10% SnOH. The mixture ww stirred a~ td  refll~xed for 10 
min. The purple solutio~t was filtered from any insol~tl~le solid, 
and the filtrate was diluted with 50 ml of NyOl and. with ~*ooling, 
was acidified to pH 1 with IICI. The resulti~~g t)row~t nolid wan 
collected by filtrtrtion and dried to give 4.7 g of crude prtduct, 
mp 255458'. Iiecrystallizatio~t from toluene gave 3.5 p; (78% 
yield) of pure prodnct, mp 262-204'. 

Other compounds in t,his series were prepared hy esse~ltially 
the same procedure (see Table I). The 2,.5-bis(p-h~~~nophenyl) 
analog was recrystallized from pyridine. 

2,5-Dihexyl-3.6-dihydroxy-p-benzoquinone (I, R = (CH2)o- 
CHI).-A mixture of 65 g (0.5 mol) of heptanoic acid aud 119 g 
of SOCI, in 200 ml of CHCla wax refluxed for 1 hr. The solvent 
was removed ~tnder reduced pressure and the residual syrup was 
diluted wit11 300 ml of petrole~tm ether. The mixture was 
filtered attd the filtrate evaporated to give 73 g of residue. This 
was dissolved in 300 ml of pentane and added dropwise to a 
mixture of 78 g of Na202, 500 g of crushed ice, and ,500 ml of wjld 
H90. The temperature was maitttai~ted between 0at1d 5'. After 
the addition was c:omplete, the mixture was stirred for an addi- 
tio~lnl 20 min. The aqueous layer was extrarted trice with 600 
ml of pentnrie. The combitled pentane solrttions were washed 
with a small amorlrlt of cold HzO and dried (NaeSOr). The solvent 
was then evaporated at nlom temperature in vacuo to give 54 g 
of the acyl peroxide. 

To a warm ( ! )OO) s~tspe~lsion of 10 g of ?,.i-dihydrosy-p- 
henzoquitiotte i t )  3.50 1n1 of AcOII was slowly (1.5 mill) added 
the nforement ioned hepta~loyl peroxide with stirring. The 
temperature of the. reat'tion mixtc~re was kept tit. 90' for :30 mill 
with colltinrted stirring and then was allowed to stir overnight 
a t  room temperntrlre. The orange ctystals which separated 
were collected by filtrntio~l to give .i g of crude produc.t, mp 
l.i0-1.5.i'. Recrystnllizat ion from EtOW-H?O gave 2.3 g (1 
yield) of pure product as fine, orange-red ~leedles, nip l.i.5-1-56'. 
p-Benzoquinone-2,5-dirnethylsulfonium 3.6-Dioxide (VIII).-.4 

mixtltre of 2.8 g (0.02 mol) of " Mihydroxy-p-be~tzoq~ti~t~o~te in 
50 ml of 1)MSO and 25 ml of Ar20 was heated on n water bath 
(60') for 3 min. The reactio~~ mixture was then dlowed to cool 
ovenlight. The resulting solid was collected hy filtmtiot~ and 
washed sltrressively with .5 n ~ l  of AczO, twire with 20 nil of Calls, 
and twice with 20 ml of pet,roleum ether to give 2.2 g (42"; yield) 
of yellow solid, mp >3H0 (darkened at 330'). liecrystnlliza- 
tion frvm 60 ml of AcOH gave 5.5% recovery of yellow needles, 
mp >360° (darkened at 330'). The prvduct was very soluble it1 
H20, soluble in h81t AcOH, slightly sol~rhle in EtOFl, 'l-ethosy- 
ethanol, a1111 SIIOH, and insoluble in pyridine und CaIl6. Its 
nmr spectr~~ni in CFaCOzH showed o~ily n si~tgle peak at 2.81 
ppm (TAIS). The ir showed neither Of1 nor ~lnstrt~lrt~tal 7- 
lactotle nbsorptiolt (as in the cSrlse of compou~ltl \'I1 I. The In 
st ill retttined the cluino~te ti1)sorpt ion spevt rltllb [A:::" 27s nip 
(log 6 4.:36), 2!)I 111p (log c 4.36); A ~ ~ " "  :iOO lttr (log r 4.:30)]. 
The produrt lil)ertrted XIezS (nale 02) rind 11 trttt-e of l);\lSO o ~ t  
heating (verified by masx spectrum deterniinatio~~). Its 11101ec.lt- 
lar weight was ?a (muss spec!trurn). 

.4nal. (C~OHUO,S~) C ,  46.14; 11, 4.63; S, ?1.(5:3. Fou~ld: C, 
4.5.!)4; HI 4.02; S, 24.83. 
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