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gave on evaporation, and trituration with KM), the de>ired 
producl. 

Compound 15 was isolated by dilution of the reaction mixture 
with H2() (60 ml) and acidification with HOAc (3 nil). The mix­
ture was extracted with CHCLi, washed several limes with H.O, 
dried (.YlgS(V), and evaporated lo ra. 2o ml. Careful addition of 
petroleum ether caused crystallization, 

Quinone 16 was isolated directly from the reaction mixture 
after it was chilled to 1)°. 

8-Amino-7-chloro-5,6-quinolinediones (17 27 ).—The appro­
priate amine (30-40 mmiil) in a tew millimeters of EtOH was added 
rapidly to a stirred solution of 3 g (13 mmol) of 7,S-dichloro-o.t>-
quinnlinedione9 in 400 ml of EtOH at 0°. The reaction mixture, 
which immediately turned deep red. was stirred for 30 min. 
The red quinoiies 17-25 were isolated directly by evaporating iIn­
solvent in vnrno to a volume of 2.V o() ml, cooling the residual 
suspension lo {)'. and filtering. 

The antibacterial activity of many quinone deriva­
tives has long been recognized.23 This property has 
been at t r ibuted mainly to protein b ind ing . 4 ^ A 
number of benzoquinones, naphthoquinones, anthra-
quinones, and quinoxazines possess activity against 
protozoa, Gram-positive and Gram-negative bacteria, 
and Mycobacteriam tuberculosis* Compounds of this 
type are also used as anti tumor agents." A common 
o-aminoquinonoid unit was noted1" among some tumor-
inhibitory antibiotics such as streptonigrin, actino-
mycin C, mitomycins, and porfiromycin. Certain 2,">-
bis(alkylamino)-3,()-dimethoxy-p-benzoquinones are in­
hibitory to sarcoma 180. u Polyporic acid (2,.">-di-

i l ) ia) This inves t igat ion was suppor t ed \>y I he Cancer ( diemot )ierap> 
Na t iona l Service ( ' en t e r . N a t i o n a l Cance r I n s t i t u t e , of the N a t i o n a l In­
s t i tu tes of H e a l t h . Public Heal th Service; C o n t r a c t No. PH-43-65-94: 
Ui) p resen ted in p a r t before t he Division of Medicinal C h e m i s t r y . 157lh 
N a t i o n a l Mee t ing of ttie Amer ican Chemical Society. Minneapol i s . -Minn.. 
April 1969 ( M E D I IT). 

12) (a) E. A. Cooper , Biurhem. ./.. 7, 18U (1913): <b) K. A. ( looper . ,/, 
Sot: Chem. I nil., 46, .59 (1927). 

(It) S. Hayash i , Kumamoto 1'lmrm. Bull., 1, y:i (1954). 
(1) E. A. Cooper and R. H. Haines . Biorhem. ./.. 22, 317 (1928). 
(5) M . Racihorski . Ameiuer Al;„/I. \Yu«. Krahau. .5.53 (190(1): Chrm. 

Zei.tr.. 78, 1,595 (1907). 
l«! K. Fischer. Be,i:, 43 , 52.5 (1910:. 
(7) R, Cecil. Aili-Uf. Prute.it, Chrm.. 9, 287 (1959;. 
(8) S. Hayash i , T, Tanoue , S. Ujioka, and K. Vano. Kumumoto J'h'irm. 

Bull.. 2, (12 (195.5). 
(9) T. V. P. R a o and V. Venkateswar lu , " S y m p o s i u m on the Syn thes i s ot 

Heterocycl ic C o m p o u n d s of Physiological I n t e r e s t , " Hyderabad , India , 
1964, p 1:14; Chem. Ah.<tr., 68, 765.51 (1968). 

(101 K. V. Rao, K. Niemann, and R. H. Woodward . ./. Amu: Chrm. .Sec 
88, 25(12 (196(1). 

! 11) II. S. Verier ami .1. Rollers, ./. Org. Chen:.. 31 , 987 ( 1966). 

Compound 26 was obtained by evaporating the xilvenl and 
dissolving the resulting solid in benzene. Petroleum ether \\a-
carefully added lo the point of cloudiness and 1 he uiixt ore dulled 
to 0° and filtered, 

Quinone 27 wa-- prepared using the procedure de-cribed by 
Zincke and W'iederhold9 for the anilido derivative. 

8-Amino-5,5.7-trichIoro-6:5.H i-quinolones 129-35 >. A -oluiion 
of .").."),7,S-letrachloro-6(")//l-(iuinoloue|!1 '2.."> g. '.I mmoli in oil 
ml of E tOH^ was cooled to — :>()° will) constant -tirring. The 
amine 1 27 mmol 1 in a few millimeteis of EtOH was added rapidly. 
The producl began lo separate from the yellow brown reaciiou 
mix lure within d min and after lo min the mixture iv.is filtered 
lo give the product a,-, a yellow solid. 

i lS i A few compound- I ' .OI . p repared usitm a less polar r e a r o m i medium 
footnote r of Tab le [ 

hydroxy-:-!,O-diphenyl-p-benzoquinonej was repoiled lo 
be active against leukemia L-1210.12 Some quinoues 
tire potent inhibitors of dehydrogenase activity of 
tumor cells. l s 

It is conceivable that , in addition to the protein 
binding characteristics, various substituted quinones 
with different oxidation-reduction potentials may play 
an important role in the phosphorylation, H transfer, 
and electron transfer in biological metabolism. Selec­
tive inhibition of the tumor cells may be achieved by 
modification of substituents on the quinone ring sys­
tem. The present communication involves the synthe­
sis of some amino-, azido-, hydroxyl-, and halo-sub­
stituted p-benzoquinones and the preliminary structure 
activity study in animal tumor systems. 

Chemistry. -Although a series of 2,.)-diaryl-c!.t>-di-
hydroxy-p-benzoquinones (I, R = aryl) related to 
polyporic acid t l , R = Ci;H,-,) was synthesized and 
evaluated by Cain,14 the corresponding diamino analogs 
II have not yet been studied. In view of the importance 
of the aminoquinones in oncological studies,1 0 1 1 com­
pounds I I were synthesized in this laboratory. 

Since the primary amino group is susceptible to both 
oxidation and hydrolysis, relatively few aminoquinones 
were reported in the literature. By adaptat ion of a 

(12.1 J. F. H u r t o n a n d H, F. C a m , Xnlure. 184, 1326 (1959). 
(13) S. Hayashi , H. I ' ek i . Y. I 'eki . H. Aoki, K. T o n a k a , J. F u j t m o i o 

K. K a t s u k a w a and M. -Mori. Chem. I'hnrm. Bull. ( T o k y o ) , 11, 948 (1963). 
(14) (a) B . F. Cain . ./. Chem. Sue., 93B (1961); ib) 15. F . Cain . >'W.. 356 

1963): !c< B . I". Cain, Mil.. 5472 !1964i; (d) B. F. Cain, ibi<!.. C. 1(111 
1966). 

Preparation and the Results of Ant i tumor Screening of Some 
Substi tuted Amino-, Azido-, Halogeno- and Hydroxy-p-benzoquinones1 

K W A X G - Y V E N Z E E - C H E N G AND C. C. C H E M ; 

Midivesl Hc.icarrh Inslthilt, Knnntis Cilt/, Missouri ti/Ald 

lii'ci-iretl SfpU•iiiht-r in, I.'IH/I 

Synthesis of some amino-, azido-, hydroxyl-, and halo-substil uted /j-beiizuqumone^ art1 reported. The amino-
benzoquinones were prepared by catah'iic reduction of the corresponding azide compounds; the latter in turn 
were obtained by the treatment of halobeuzoquinones with XaXi, Alkylaminocpiinones were prepared either 
by the replacement of melhoxyquinones with appropriate amines or by refluxing dialkyl- or diarylbenzoquinones 
with amines. Some alkyl analogs of 2,.Vdihydroxy-o,0-diphenyl-p-benzoquinone 1 polyporic acid 1 were prepared 
by free-radical alkylation of 2,o-dihydroxy-/;-benzoquinone with acyl peroxide. Preliminary screening results 
of these compounds indicated that 2,.">-diazido-f>,6-dimethoxy-/j-benzoquii]one, 2,o-dichloro-:i,6-diphenyl-/>-
benzoquinone, and 2,.Vbis(ju-ethylphenyl)-3,6-dihydro.\y-p-benzc>qtiinoiie possessed moderate activity against 
Walker carcinosarcoma 2/36. The last compound also possesses some activity against leukemia L-1210. .Marked 
weight loss in the surviving animals was observed. 

Zei.tr
Prute.it
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method used for the preparation of 7-amino-6-methoxy-
5,8-quinolinedione,15 the amino-p-benzoquinones (II, 
R' = H) were successfully prepared by catalytic reduc-
ion, followed by aerial oxidation, of the corresponding 
azide intermediates (III), the latter in turn being ob­
tained by the treatment of halobenzoquinones (IV) with 
XaX3 in aqueous acetone. Amino-p-benzoquinones 
prepared by this method were found to be identical with 
those prepared by displacement of methoxy-p-benzo-
quinones (IV, X = OCH3) with XH3.

16 Alkylamino-
quinones were prepared either by the replacement of 
methoxyquinones with appropriate amines11 or by 
refluxing 2,5-dialkyl- or 2,5-diaryl-p-benzoquinones with 

NHR' 

R'NH 

amines.17 Alkylamino chains of various length (C6,C7 
to Ci4,C16) were prepared so that the absorption pattern 
of the resulting compounds may be changed due to 
their different hydro-lipo distribution. For comparison 
of biological activity, some alkyl analogs of polyporic 
acid (I, R = alkyl) were prepared by free-radical 
alkylation of 2,5-dihydroxy-p-benzoquinone with acyl 
peroxide in AcOH.18 The products were found to be 
identical with that prepared by the base-catalyzed 
condensation of esters of oxalic and fatty acids.19 

The corresponding aryl analogs (I, R = aryl) were 
obtained through diazotization of 2,5-dichloro-p-benzo-
quinone followed by hydrolysis1411 (see Table I). 

Ir spectra of these aminobenzoquinones revealed that 
there is a tautomerization between the amino (II) and 
the imino form (V) and that the imino form pre­
dominated. This is shown by the fact that for com­
pounds such as tetrachloro-, tetramethoxy-, or 2,5-
diphenyl-p-benzoquinone, a strong C = 0 absorption 
band20 was observed between 1620 and 1650 cm - 1 . 

On the other hand, with the amino derivatives such as 
2,5-diamino-3,6-diphenyl- or 2,o-bis(hexylamino)-3,6-

(15) T. K. Liao, \V. H. Nyberg and C. C. Cheng, Angeu: Chem., 79, 100 
(1967). 

(16) R. Neeff and O. Bayer, Ber., 90, 1137 (1957). 
(17) (a) K. H. Hasan and E. Stedman, / . Chem. Soc, 2112 (1931); (b) 

M. Asano and K. Yamaguti, J. Pharm. Soc. Jap.. 60 105 (1940). 
(18) (a) L. F. Fieser and E. M. Chamberlin, J. Amer. Chem. Soc. 70, 71 

(1948); (b) L. F. Fieser and A. E. Oxford, ibid.. 64, 2060 (1942). 
(19) F. Fichter, M. Jetzer and R. Leepin, Ann.. 395, 1 (1913). 
(20) K. Nakanishi, "Infrared Absorption Spectroscopy," Nankodo Co. 

Ltd., Tokyo, 1962, p 43. 

diphenyl-p-benzoquinone, only a trace of this char­
acteristic band was noted together with the presence of 
a strong and sharp peak at 3240 cm - 1 (OH). In the 
case of 2,5-diphenyl-3,6-dipiperidinyl-p-benzoquinone 
(VI) where tautomerization is not possible, thes trong 
1620 cm - 1 C = 0 band was again observed in the in­
frared spectrum. A resonance equilibrium between the 
amino- and imino-p-quinones in solution has already 
been noted.11,21 

Moore and coworkers22 reported that treatment of 
polyporic acid with Ac20 in the presence of DMSO 
yielded 3,6-diphenyl-2ff,5i/-furo [3,2-6]furan-2,5-dione 
(pulvinic acid dilactone, Vila). The latter was identi­
cal with that obtained by the oxidation of polyporic 
acid with Pb(OAc)4.

23 Under the same reaction condi­
tions, 2,5-dihydroxy-p-benzoquinone (I, R = H), 
however, did not yield the corresponding bis-Aa,s 

butenoide Vllb, but a sulfur-containing, yellow crystal­
line product. The product was found to have limited 
solubility in organic solvents and was soluble in H20. 
Its ir spectrum showed neither hydroxyl functions nor 
unsaturated 7-lactone but rather a conjugated C = 0 
absorption. The nmr spectrum revealed only one 
single peak at 2.81 ppm and the uv spectrum indicated 
the retention of a quinoid structure. The elemental 
analysis gave an empirical formula as C5H602S and the 
mass spectral analysis gave its molecular weight as 260 
(hence the correct molecular formula is C10H12O4S2) with 
a major fragmentation at 62. The compound de­
composed at high temperature with the liberation of an 
intense odor of Me2S (m/e 62). Based on these data 
the structure of this product is proposed as p-benzo-

C H , 

CHY 

)^Y^s; 

Vila, R = C6H5 
b, R = H 

0 
VIII 

• CH, 

-CH, 

quinone-2,5-dimethylsulfonium 3,6-dioxide24 (VIII). 
Formation of sulfur ylides of this type has recently been 
reported.25 

Biological Activity.—All compounds listed in Table I 
were screened by the CCXTSC according totheirprotocols. 
Screening results of substituted p-benzoquinones having 
T/C values for leukemia L-1210 of more than 1.25 and/ 
or T/C values for Walker carcinosarcoma 256 of less 
than 0.50 are listed in Table II. In spite of the fact 
that polyporic acid was reported to have significant 
and reproducible inhibitory activity against leukemia 
L-1210,1214a this compound failed to show similar 
activity against leukemia L-1210 in the CCX"SC test 
system.26 This discrepancy was attributed to the 
difference in the type of mouse used in these experi-

(21) S. Dahne, J. Ranft and H. Paul, Tetrahedron Lett.. 3355 (1964). 
(22) (a) H. W. Moore and H. R. Shelden, Abstract of the 155th National. 

American Chemical Society Meeting, San Francisco, Calif.. April 1968, 
No. PHVS 173; (b) H. W. Moore, and R. J. Wikholm, Tetrahedron Lett. 
5049 (1968). 

(23) R. L. Frank, G. R. Clark and J. N. Coker. J. Amer. Chem. Soc. 72, 
1824 (1950). 

(24) The Chemical Abstracts name for this compound is sulfonium, (3,6-di-
hydroxy-p-benzo(iuinone-2,5-ylene)-bisdimethy]-, di hydroxide, bis-(inner 
salt). 

(25) R. Gompper and H. Euchner, Chem. Ber.. 99, 527 (1966). 
(26) Test results were provided by contract screeners of CCNSC. 
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4.13 
4 12 
3.70 
4 40 
3 96 
3.!if. 
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CI 

CI 

Br 
Br 
o-

R2 

p-C2H5C6H4 

p-CH3(CH2)sC«H4 

p-BrC6H4 

CH3 

C6H5 

(CH^S"1 

TABLK I (Continued) 

Mp, °C 

267-269 

169-170 

302-304' 

173-175' 
227-229"-" 
>330 dec 

Yield, 

30 

25 

86 
54 
40 

P. R. Shildneck and R. Adams, J. Amer. Chem. Soc, 53,2373 (1931). b Reference 14b. 

.• Uv spectra 
: , 0 H , mM log « 

241 4.35 
275 3.61 
370 3.61 
242 4.38 
298 3.49 
370 3.65 
250 4.47 
276 4 
374 3 
288 4 
288 4 
278 4 
291 4 

• Reference 14b, mp311° dec. 

22 
69 
30 
10 
36 
36 

' Reference 
19, nip 154°. " Reference 16, mp 256°. ' Exploded at 115°. » A. Oliverio and G. Werber, Ann. Chim. (Rome), 42,145 (1952), mp 
104-105. * C. L. Jackson and G. Oenslager, Am. Chem. J., 18, 1 (1896), mp 142°. •' D. E. Kealnes, J. Amer. Chem. Soc., 56, 2478 
(1934), mp 208-209°. ' Reference 14b. * Reference 14b, mp 304°. ' A quinhydrone. '" Mp 224°. 

Pa R: 

OK p-C,H5C6H4 

N, CH 3 0 

CI CH„0 

Ci CSH; 

TABLE II 

ANTITUMOR SCREENING RESULTS OP SEVERAL JO-BEXZOQUINONE DERIVATIVES 

0 

R ^ 1 ^R, 

Dose, 
mg/kg 

400 
200 
150 
100 
65 

80 
40 
20 

80 
40 
20 

400 
200 

Survival 

1/4 
4/4 
3/4 
8/8 
4/4 

0/6 
3/6 
6/6 

0/6 
4/6 
6/6 

1/6 
6/6 

T 1 O l A 
— L i - l Z l U — 

Wt dif 

- 4 . 4 
- 4 . 3 
- 5 . 8 
- 3 . 8 
- 1 . 7 

- 6 . 2 
- 2 . 3 

- 2 . 5 
- 2 . 3 

- 2 . 9 
- 0 . 3 

.screening 

T/C 

1.15 
1.03 
1.47 
1.37 
0.96 

0.98 

1.01 
1.06 

0.75 
0.88 

results 

Dose, 
mg/kg 

90 
45 

60 
30 
15 

7.5 

20 

800 
720 
340 
200 
170 
100 

85 

\Y\I-°56 

Survival 

10 14 
5. 6 

0/6 
9,12 

12 12 
12 12 

10 12 

0 6 
4 6 

25 25 
5 6 
6 6 
4 6 
6 6 

Wt dif 

24 
1 

- 1 3 
— 5 
- 2 

- 9 

— 22 
- 1 4 
- 1 5 
- 1 3 

- 3 
- 1 2 

1 

T/C 

0.38 
0.59 

0.37 
0.64 
1.01 

0.45 

0.31 
0.51 
0.28 
0.60 
0.64 
1.20 

ments (DBA vs. C3H/DBA hydride).27 It is of interest 
to note that an analog of polyporic acid, 2,5-dichloro-
3,6-diphenyl-p-benzoquinone (IV, R = C6H5; X = CI), 
displayed inhibitory activity against Walker 256 in 
rats'26 and a honvolog of polyporic acid, 2,5-bis(p-ethyl-
phenyl)-3,6-dihydroxy-p-benzoquinone (I, R = p-
C2H5-CSH4). exhibited anticancer activity against leu­
kemia L-1210 (the test system has been an early treated 
intraperitoneal L-1210 system with intraperitoneal 
drug administration) and Walker 256.26 Inhibitory 
activity of 2,5-diazido-3,6-dimethoxy-p-benzoquinone 

(27) D-. Betty J. Abbott of CCNSC. Private communication. 

(Ill , R = CH30) against Walker 256 was also ob­
served.26 The azido and halogenated derivatives are in 
general rather toxic [the lethal doses for 2,5-diazido-
p-benzoquinone (III, R = H) and 2,5-difluoro-3,6-
dimethoxy-p-benzoquinone (IV, X = F; R = CH30) 
are ca. 10 mg/kg]. Xone of the aminoquinones (II) 
displayed significant antitumor activity against leu­
kemia L-1210. The pulvinic acid dilactone (Vila) was 
found to be without antileukemic activity. p-Benzo-
quinone-2,5-dimethylsulfonium 3,6-dioxide (VIII) did 
not exhibit activity against WA-256. Severe body 
weight loss was noted with many of the aforementioned 
compounds that displayed activity against WA-256 as 
well as leukemia L-1210. 
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Experimental Section28 

2,5-Diazido-p-xyIoquinone (III, R = C H 3 j . T o a s t i r red solu­
tion of 12 g (0.041 mol) of 2 ,5-dibromo-/ ) -xyloquinone 2 9 in 300 ml 
of M e 2 C O was slowly added , w i th cooling, an aqueous so lu t ion 
of a c t i v a t e d N a N Y 0 [5.9 g (0.09 mol ) in 150 ml of H2OJ. A b rown 
solu t ion was ini t ial ly formed. Kpon con t inuous s t i r r ing at room 
t e m p e r a t u r e an o r a n g e solid g radua l ly p rec ip i t a t ed . After 20 hr 
the solid was collected by filtration, washed ( H 2 0 , 2 t imes with 
50 ml) , t h e n v a c u u m dr ied to give 8.1 g (90 ' , vield i of p roduc t , 
m p 130-132° . 

O t h e r az idoqu inones were p r epa red by essent ia l ly the same 
p rocedure , reac t ion t ime , 4 - 2 0 hr (see T a b l e I) . 

2 ,5-Diamino-3 ,6-dimethoxy-p-benzoquinone t i l , R = C H 3 0 , 
R' = H) . - -A line suspens ion of 0.7 g of 2 ,5-diazo-3 ,6-dimetho. \y-p-
b e n z o q u i n o n e and 40 mg of P t 0 2 in 250 ml of M e O H was h y d r o ­
gen a ted at r o o m t e m p e r a t u r e u n d e r 4.2 kg cm'2 of H2 for 90 
min. T h e resu l t ing m i x t u r e was filtered and the insoluble solid 
was ex t r ac t ed wi th 600 ml of boi l ing M e O H . T h e ext rac t and 
the colorless f i l t ra te (which tu rned pu rp le on contact wi th a i r ) 
were combined and c o n c e n t r a t e d in vacuo to ca. 10 ml . I ' pon 
cooling, 0.5 g (90 ' , - y i e ld ) of 2 ,o -d iami i io -3 ,6-d imethoxy-p-
b e n z o q u i n o n e was o b t a i n e d as d a r k pu rp le crys ta ls , m p 2 5 8 - 2 6 0 ° . 
T h e uv and ir abso rp t ion spec t r a of th is product were found to 
be ident ical wi th those p r e p a r e d by the t r e a t m e n t of t e t r a -
m e t h o x y - p - b e n z o q u i n o n e w i th XH a ." ' ' 

P r e p a r a t i o n of o t h e r d i a m i n o q u i n o n e s was carried out by 
essent ia l ly t h e s a m e p rocedure (see T a b l e I ) . 

General Preparation of 2,5-Bis(alkylamino)- ,u-xyloquinones 
(II, R = CHs) . —A solu t ion of 2.72 g (0.02 mol ) of p -xy loqu inone 
and 0.04 mol of the a p p r o p r i a t e a m i n e in 120 ml of K t O H was 
refluxed on a s t e a m b a t h for 5 min. (In cooling, the resu l t ing 
purp le crys ta ls were collected by filtration and washed twice with 
20 ml of K t O H and twice with 20 ml of p e t r o l e u m e the r . T h e 
crude produc t could be purified by recrys ta l l iza t ion from KtOH 
(see T a b l e 1). 

2 ,5 -Bis (a lky lamino )-3,6-dimetho.\y-jU-beiizoquinones ( I I , H = 
(XThj) were p r e p a r e d by essent ia l ly t h e s a m e p rocedure except 
tha t t e t r a m e t h o x y - p - b e n z o q t i i n o n e was used in place of p-
xy loqu inone . 

2,5-Bis(p-ethylphenyl )-3,6-dichloro-p-benzoquinone (IV, X = 
CI, R = p-C 2 H 5 -C 6 H 4 ) . -To a solut ion of 28.5 g (0.16 mol) 
of 2 ,5 -d ich loro-p-benzoquinone in S00 ml of M e O H a n d 280 ml 
of K t 2 0 was slowly and s imu l t aneous ly a d d e d a d iazot ized mix­
ture of p -e thy lan i l i ne [p repared bv t h e add i t ion of 28 g (0.41 
mol) of X a X ( ) 2 in 100 ml of H2() t'o 44 g (0.36 mol) of p - e thy l -
ani l ine in a solut ion of 100 ml of II2() and 108 ml of c o n c e n t r a t e d 
HOI at 0°] and an a q u e o u s solut ion of 72 g of X a O A c in 120 ml 
of H>0. T h e add i t i on took ca. 40 min . T h e reac t ion mix tu re 
was s t i r red at room t e m p e r a t u r e for 20 hr after which t h e solvent 
was e v a p o r a t e d u n d e r reduced pressure . T h e resul t ing res idue 
was poured , wi th s t i r r ing , in to 500 ml of H 2 0 . T h e b r o w n solid 
was collected bv fi l trat ion and ex t r ac t ed wi th 1 1. of w a r m 
(50 -60° ) K t O H . T h e o r a n g e solid, 20.3 g, m p 260° , was re-
crystal l ized from B u O H to give 18.5 g ( 3 0 r , v ie ld) of p u r e p rod ­
uct, m p 2 6 7 - 2 6 9 ° . 

',28) All melting points (corrected; were taken on a Thomas-Hoover 
melting point apparatus. The uv absorption spectra were determined with 
a Beckman DK-2 spectrophotometer. Where analyses are indicated on!\ 
by symbols of the elements, analytical results obtained for those elements 
were within =r-0.4% of the theoretical values. 

(29) L. I. Smith and J. Nichols, ./. .4mer. Chem. Soc. 65, 1739 U!M;S,i. 
(30) Activated XaNa can he prepared by a modified procedure of P. A, S. 

Smith [Org. Read.. 3, 382 (1964)): in 200 ml of (HsXh, 58 g of commer­
cial XaNa was dissolved. The resulting soln was filtered from insoluble 
material, and to the filtrate was added slowly, with cooling. 400 ml of Me>CO. 
The resulting precipitate was collected by filtration, washed twice with 
l.r)0 ml of Me*CO. and dried in vacuo, yield 38 g. 

Analogous c o m p o u n d s were p r e p a r e d by essential ly (he - a m c 
p r o c e d u r e (see T a b l e I ) . 

2,5-Bis(/D-ethyIphenyl)-3,6-dihydroxy-p-benzoquinone . 1 , R 
p-C2H.-,C'isHj). T o a suspens ion of 5 g of 2 .5-b is ! / ; -e thylphei i \ l -
3,6-dichloro-jU-benzoquinone in 50 ml of M e O H was a d d e d 100 
ml of 1 0 ' , N a O H . T h e m i x t u r e was s t i r red and rclluxed for ill 
min. T h e purp le <nlulion was filtered from any insoluble -olid. 
and the fil trate was d i lu ted wi th 50 ml of II2(), and , whit cooling. 
was acidified to pH 1 with HC'l. T h e resul t ing brown -olid was 
collected by filtration and dr ied to give 4.7 a of c rude p roduc t . 
m p 255- 2i)S'J. Recrys ta l l i za t ion from to luene gave 3.5 u 7V , 
.vield ) of pure p roduc t , m p 262 264° . 

O t h e r c o m p o u n d s in this series were p r epa red by essei t l ia lb 
the s a m e p rocedure (see T a b l e 1). T h e 2 , 5 - b i s i p - b r o m o p h e n y l ) 
ana log was recrystal l ized from pyr id ine . 

2,5-Dihexyl-3,6-dihydroxy-/j-benzoquinone I, R -- i ( ' H 2 -
C H j . A m i x t u r e of 65 g (0.5 mol ) of h e p t a n o i c acid and I 19 g 
of SOCl , in 200 ml of CTICls was refluxed for 1 hr. T h e solvent 
was removed under reduced pressure and the residual s y r u p was 
d i lu ted wi th 300 ml of p e t r o l e u m e the r . T h e mix tu re was 
filtered and the fill r a le e v a p o r a t e d to give 73 g of res idue. This 
was dissolved in 300 ml of p e n t a n e and a d d e d dropwise to a 
mix tu re of 78 g of Xa2()2 . 500 g of c rushed ice. and 500 ml of cold 
I1 20. T h e temper:! t tire was m a i n t a i n e d be tween 0 antl 5°. After 
the add i t ion was comple te , the mix tu re was s t i r red for an add i ­
t ional 20 min. T h e a q u e o u s layer was ex t r ac t ed twice with 600 
ml of p e n t a n e . T h e combined p e n t a n e solut ions wcic washed 
with a small amoun t of cold H2() and dr ied (Xa-.SOj . T h e solvent 
was then e v a p o r a t e d at room t e m p e r a t u r e in menu to give 54 g 
of the acyl peroxide. 

T o a w a r m ( 9 0 ° . suspens ion of 1(1 g of 2 ,5-dihydroxy- / ) -
benzoqu inone in 350 ml of AcOH was slowly 15 min i added 
the a forement ioned hep t anoy l peroxide wi th s t i r r ing. T h e 
t e m p e r a t u r e of the react ion mix tu re was kept at 90° for 30 min 
with con t inued s t i r r ing and then was allowed to st ir overnight 
tit room t e m p e r a t u r e . T h e o range c rys ta l s which separa ted 
were collected by fi l tration to give 5 g of c rude p roduc t , nip 
150 155°. l i ec rys ta l l i za t ion from K t O H H 2 0 gave 2.3 g i l l ' , 
y ie ld) of p u r e product as fine, o r a n g e - r e d needles, m p 155 156". 

/ j -Benzoquinone-2,5-dimethylsulfonium 3,6-Dioxide (VIII i. A 
mix tu re of 2.8 g (0.02 mol) of 2 ,5-dihydroxy- le-benzoqi i inoi io in 
50 ml of D.AISO and 25 ml of Ac2() was hea ted on a water ba th 
(60°) for 3 min. T h e react ion m i x t u r e was then allowed lo cool 
ove rn igh t . T h e resul t ing solid was collected by filtration and 
washed successively with 5 ml of A c 2 0 , twice wi th 20 ml of C,II„, 
and twice with 20 ml of p e t r o l e u m e t h e r lo give 2.2 g ( 4 2 ' , yield i 
of yel low solid, mp > 3 6 0 ° (da rkened at 3 3 0 ° , . Rerrystal l i / .a-
tion from 60 ml of AcOH g a v e 55' ' , ' recovery of yellow needles, 
m p > 3 6 0 ° (da rkened at 330° I. T h e product was very soluble in 
H 2 0 , soluble in hot AcOH, s l ight ly soluble in K t O H , 2 - e i h o \ v -
e thano l , and B u O H , and insoluble in py r id ine and (',-,11,,. Its 
nmr s p e c t r u m in ( ' F s P 0 2 H showed only a single peak at 2 .s l 
p p m (T.MS.). T h e ir showed ne i the r O H nor u n s a t u r a t e d - -
l ac tone absorp t ion (as in t h e case of compound VII r T h e uv 
siill re ta ined the qu inone abso rp t ion s p e c t r u m IX,',','.,',''' 27* ni/i 
(log t 4 .36), 291 iiiM dog t 4 . 36 i : X.'i,'"" 300 mM (log t 4 .30 ; ; . 
T h e product l ibera ted M f . S (JII <• 6 2 ; and a t race of D.MSO on 
h e a t i n g (verified by mass s p e c t r u m d e t e r m i n a t i o n . I ts molecu­
lar weight was 260 i mass s p e c t r u m ) . 

Anal. iCoHi-A^S,,} ( ' , 46 .14 ; H. 4 .65 ; 8 , 2 4 . 6 3 . f o u n d : ( ' . 
45 .94 : H, 4 .62: S, 24,S3. 
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