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Reduction of orfho-Quinones to Dihydrodiols 
By Nitya G. Kundu, School of Pharmacy and LAC-USC Cancer Center Research Laboratory, University of 

Southern California, 1303 N. Mission Rd., Los Angeles, California 90033, U.S.A. 

1,2 - N a p h t h aq u i none, 5- bromo - 1.2- naph t haqu i none and d i benz [a,h] ant h race n e- 3,4 - q u i none in the form of 
dibromo-intermediates were reduced to a mixture of cis- and trans-diols by the action of sodium borohydride 
in ethanol. An alternative synthesis of trans-3,4-dihydroxy-3,4-dihydrodibenz[a,~~anthracene is also reported. 

POLYCYCLIC aromatic hydrocarbons, which are known to reduction of quinones to hydroquinone diacetates. 
occur in the environment as pollutants, have been shown Recently Fujita and Sano have described a method for 
to have carcinogenic activity.2 From recent extensive the reduction of quinones to hydroquinones, but no 
~ t u d i e s , ~  the non-K-region dihydrodiols, derived from satisfactory method for the reduction of non-K-region 
polycyclic aromatic hydrocarbons, have been established quinones to the corresponding dihydrodiols or their 
to be the proximate carcinogens in the carcinogenesis due derivatives have yet been described. 
to benz[a]anthracene, dimethylbenz[a]anthracene, and In this paper we describe a convenient method for the 
benzo[a]pyrene. In view of their considerable impor- reduction of non-K-region o-quinones to dihydrodiols 
tance in carcinogenic and mutagenic processes, the through a dibromo-intermediate as shown in Scheme 1. 
syntheses of several of these dihydrodiols have recently 1,2-Naphthaquinone was studied as a model compound. 
been reported.* Although the reduction of K-region t 
o-quinones with conventional reducing agents like RESULTS AND DISCUSSION 
lithium aluminium hydride gives rise to good yields Of When 1,2-naphthaquinone (1) was treated with 
K-region d ihydr~dio ls ,~ .~  the reduction Of non-K-region bromine in benzene, a dibromo-compound (2) was 
o-quinones with lithium aluminium hydride afforded only obtained. The formation of the dibromo-derivative was 
very small amounts of the corresponding dihydrodiol~.~ Seen from t.l.c.; however, attempts to isolate a pure 

dibromo-compound failed due to decomposition. Com- 
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SCHEME 1 

Booth and co-workers have claimed to have obtained a 
ca. 48% yield of 1,2-dihydroxy-1,2-dihydronaphthalene 
from lithium aluminium hydride reduction of 1,2- 
naphthaquinone. Our repeated attempts to reproduce 
the results, however, have only afforded a 1.4% yield of 
dihydrodiol. Use of other reducing agents, e.g. aluminium 
hydride or sodium borohydride in ethanol, have not 
improved the yield (see Experimental section). Cho and 
Harvey8 have described a convenient method for the 

pound (2) on-reduction with an excess of sodium boro- 
hydride in ethanol yielded a mixture of cis- and trans-1,2- 
diliydroxy-l,2-dihydronaphtlialene (3) and (4) in good 
yield, from which the trans-l,2-dihydroxy-l,2-dihydro- 
naphthalene (4) was crystallized out. From m.p. and 
spectral data this sample of dihydrodiol was identical 
with an authentic sample of trans-l,2-dihydroxy-l,2- 
dihydronaphthalene synthesized by aluminium hydride 
or lithium aluminium hydride reduction of 1,2-naphtha- 
quinone. 

Similarly, 5-bromo-l,2-naphthaquinone (5) yielded a 
tribromo-compound (6), which on reduction with excess 
of sodium borohydride in ethanol yielded a mixture of 
cis- and trans-5-bromo-l,2-dihydroxy-l,2-dihydronaph- 
thalene (7) and (8). In this case, the cis-compound could 
be crystallized from the mixture as a pure crystalline 
material. Its structure was established by analytical 
and spectral data. The n.m.r. spectrum of the com- 
pound established its cis-stereochemistry as is evident 
from the coupling constant (Jl ,z  4.6 Hz) 

The yields of the dihydrodiols obtained by this new 
method from the o-quinones are much higher than those 
usually obtained by the action of conventional hydride 
reducing agents on the o-quinones. I t  is evident that 
reduction must proceed through an intermediate (9). 
Although some evidence for the formation of inter- 
mediate (9) was obtained by t.1.c. when (2) was reduced 
with sodium borohydride (1 equiv.), attempts to isolate 
(9) were not successful. Reductive elimination probably 

(Table). 

. .  

t The 9,lO-carbons of phenanthrene constitute a K-region, proceeds through a mechanism as shown in Scheme 2’ 
whereas the 1,2,3,4-region is a non-K-region. When dibenz[a,h] anthracene-3,4-quinone (1 1) was 
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reduced with lithium aluminium hydride, usually the 
quinol was obtained. 

The quinone (1 1) was, however, easily converted to the 
dibromo-compound (12) which, due to instability, could 
not be isolated in a completely pure form. The dibromo- 
quinone (12) was reduced with an excess of sodium 
borohydride and the reduced mixture was acetylated to a 

lH N.ni.r. spectra (8 values) of dihydrodiols 

dihydrodibenz[a,lz]anthracene. The trans-stereochemis- 
try of our compound is evident from the failure of the 
compound to form an acetonide and from its n.m.r. 
spectrum (Table). The C3- and C4-hydrogens are 
coupled with J 11 Hz, which is the case with the other 
trans-vincinal-dihydroxy-dihydro-compounds, e.g. trans- 
1,2-dihydroxy-1,2-dihydronaphthalene (4) and 5-bromo- 
trans-l,Z-dihydroxy-1,2-dihydronaphthalene (8) (Table). 

Aromatic 
Compound Non-aromatic protons protons BjAJ ?r 

(4) Ha, 4.49 H', 4.84 H3, 5.94 H4, 6.41 7.01-7.59 

(8) H2, 4.47 H', 4.80 H3, 6.08 H4, 6.80 7.02-7.56 

(7) H2, 4.36 H', 4.66 H3, 6.17 H4, 6.94 7.04-7.54 

( JI. z 10.5, J2.3 2 4 J 2 . 4  2.0, J3.4 9.9 H 4  

(J1.2 11, J2.3 2-2, Jz.4 2.0, J3.4 10 Hz) 

(J1.2 4.6, J2.3 4.29 J3.4 10 Hz) 

(J1.2 103 Ji.3 2, Jz.3 2, J3.4 11 Hz) 

I 

\ / 
(16) H3, 4.39 H4, 4.80 Ha, 6.24 H1, 7.46 7.65-9.40 

(11) 

mixture of the acetates (13) and (14). The mixture was 
purified by column chromatography on neutral de- 
activated alumina. The different fractions obtained 
from column chromatography were separately sub- 
jected to ammonolysis with methanolic ammonia to yield 
the dihydrodiols (15) and (16) from which the trans-did 

OH 

X fjr 

(91, X = H  or Br 

(16) was isolated as a pure crystalline compound. On 
t.1.c. the trans-isomer of 3,4-dihydroxy-3,4-dihydro- 
dibenz[a,h]anthracene moves more slowly than the cor- 
responding cis-isomer. In  the case of cis- and trans- 
isomers of 1,2-dihydroxy-1,2-dihydronaphthalene and 
5-bromo-l,2-dihydroxy-l,2-dihydronaphthalene also, the 
trans-isomers are slower-moving than the corresponding 

( 4 )  
SCHEME 2 

cis-isomers. Boyland and Sims l2 have reported a cli- 
hydroxy-dihydro-dibenz[a,h] anthracene which they iden- 
t ified as 3,4-dihydroxy-3 ,kdihydrodibenz [a,,%] ant hra- 
cene. Karle and his co-workers l3 have also recently re- 
ported an alternative synthesis of 3,4-dihydroxy-3,4- 

J 

(It), R = AC 

(161, R =  H 

(131, R = Ac 

(151, R = H 

The bay-region hydrogen C1-H is shifted considerably 
downfield (8 7.46) as is expected of such bay-region 
1iydr0geiis.l~ Each of the C1- and C2-hydrogens is seen 
as a double doublet. The C1- and C2-hydrogens are 
coupled with J 10 Hz, each of them also being coupled to  
a small extent with the C3-hydrogen, .J 2 Hz. Both 
tvam-3,4-dihyclroxy-3,4-dihydrodibcnz[a,h] anthracene 
and the corresponding diacetate have end-absorption in 
the visible region, whereas absorption in the visible 
region due to 3,4-diacetoxydibenz[a,h]anthracene is quite 
weak. Similar end-absorptions have been observed l4 

for 1,2-dihydroxy-l,Z-dihydro- and 3,4-dihydroxy-3,4- 
dihydro-benz[a]antliracene, but not in the case of 9,8- 
dihydroxy-9,8-dihydro- and 10,l 1-dihydroxy-l0,l l-di- 
hydro-benz[a] anthracene. 

EXPERIMENTAL 

T.1.c. was carried on Eastman Chromagram Sheet, 6060 
silica gel with fluorescent indicator in the solvents indicated; 
solvent I, chloroform; solvent 11, benzene-ethanol (19 : 1) ; 
and solvent 111, benzene-ethanol (9 : 1). 1,2-Naphths- 
quinone was obtained from Aldrich Chemical Co. 5- 
Bromo- 1,Z-naphthaquinone and dibenzra, h] anthracene-3,4- 
quinone were synthesized in our 1ab0ratory.l~ 

trans- 1 , 2-Dihydroxy- 1 , 2-dihydvonaphthalene (4) .-Method 
A : reduction through a dibromo-intermediate. Bromine (1.2 
g, 7.5 mmol) in benzene (100 ml) was added dropwise during 
1 11 to a solution of 1,2-nayhthaquinone ( 1  g, 6.4 mmol) in 
benzene (80 ml) at room temperature. The mixture was 
stirred for another 1 h a t  room temperature and then solvent 
was removed. The brown gummy residue was dissolved in 
ethanol (50 ml) and then added to a solution of sodium 
borohydride (2.7 g)  in ethanol (100 ml) a t  room temperature. 
The mixture was stirred for 4 11 and a light yellow solution 
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was obtained. Excess of sodium borohydride was decom- 
posed with glacial acetic acid and ethanol was removed. 
The residue was treated with water (50 ml) and extracted 
with ether. The ether layer was washed with sodium 
hydroxide ( l ~ ) ,  water, dried, and solvent removed to yield a 
neutral fraction as a brown gum (340 mg, 2.16 mmol, 3476). 
which was crystallized from ether-light petroleum (b.p. 30- 
75 "C) t o  yield trans- 1,2-dihydroxy- 1,2-dihydronaphthalene 
as small white needles, n1.p. 105-106 "C (lit.,5 m.p. 103 "C) 
(Found: C, 74.05; H, 6.25. Calc. for C,,H,,O,: C, 74.06; 
H, 6.21%); RF 0.07 (solvent I), 0.20 (solvent 11) ; vlmx. (KBr) 
3 250 (br, OH), absence of band at 1 670 cm-l (quinone); 
A,,, 212, 218, and 263 nni (E 24390, 22602, and 7 642). 
From mixed m.p. and i.r. comparisons the above sample of 
dihydroxydihydronaphthalene was identical with a sample 
of dihydroxydihydronaphthalene synthesized by aluminium 
hydride reduction of 1,2-naphthaquinone (see below). The 
n.m.r. spectra (see the Table) are the same as reported l1 in 
the literature for trans- 1,2-dihydroxy- 1,2-dihydronaphth- 
alene. The alkaline extract on acidification and ether- 
extraction yielded a brown gum (450 mg) which was not 
characterized. 

Aluminium 
hydride reagent was made by stirring lithium aluminium 
hydride (912 mg) in tetrahydrofuran (20 ml) a t  0-5 "C. To 
the cold solution sulphuric acid (1 g) in tetrahydrofuran 
(20 ml) was added dropwise and stirred for 1 h. To the 
cooled solution 1,2-naphthaquinone (948 mg) in tetra- 
hydrofuran (20 nil) was added and the mixture stirred a t  
5 "C ior 16 h. The mixture was decomposed with sulphuric 
acid ( 1 ~ )  and extracted with ether. The ethereal extract 
was washed with sodium hydroxide solution ( 2 ~ )  and water, 
dried, and the solvent removed to yield a slightly dark white 
solid (75 mg, 7.5%) which was crystallized from ether-light 
petroleum (b.p. 30-75 "C) into cream needles, m.p. 105- 
106 "C (lit.,5 m.p. 103 "C); mass spectrum m/e 162 (M+) ,  144 
(Ad+ - H,O) ; vInaX. (KBr) 3 250 (br, OH), absence of band at 
1 670 cm-l (quinone). 

To 
an ice-cold suspensian of lithium aluminium hydride (800 mg, 
21 mmol) in ether (100 ml) the powdered 1,2-naphthaquinone 
(1 g, 6.3 mmol) was added in the solid state within 5 min. 
The mixture was stirred at 0-5 "C for 24 h, decomposed 
with ice-cold sulphuric acid ( 1 ~ )  and extracted with ether. 
The ethereal layer was washed with sodium hydroxide 
solution ( 2 ~ )  and water, dried, and the solvent removed to 
yield a neutral material (15 mg, 0.09 mmol, 1.4%). T.1.c. 
and mass spectrometry showed i t  to be identical with trans- 
1,2-dihydroxy- I ,  2-dihydronaphthalene (4). 

Method D: reduction with sodium borohydride. To a 
solution of sodium borohydride (2.7 g, 67.5 mmol) in ethanol 
(150 ml), 1,2-naphthaquinone (1 g, 6.3 mmol) dissolved in 
tetrahydrofuran (20 ml) was added a t  room temperature. 
The mixture was stirred a t  room temperature for 2 h, de- 
composed with acetic acid, and ethanol removed. The 
residus was treated with water and extracted with ether. 
The ethereal extract was washed with sodium hydroxide 
solution ( 2 ~ )  and water, dried, and the solvent removed to 
yield a neutral residue (12 mg, 0.07 mmol, 1.2%). T.1.c. 
and m.s. showed it to be identical with trans-l,2-dihydroxy- 
1,2-dihydronaphthalene (4). 

5-Bromo-cis- 1,2-dihydroxy- 1,2-dihydronaphthaZene (7) .- 
Reduction through a dibrorno-intermediate. 5-Bromo- 1,2- 
naphthaquinone (240 mg, 1.0 mmol) was treated with 
bromine (200 mg) in benzene (30 ml) under the conditions 

Method B : reduction with aluminium hydride. 

Method C: reduction with lithium aluminium hydride. 
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described for 1,2-naphthaquinone. The crude bromo-com- 
pound was reduced with sodium borohydride (400 mg) in 
ethanol (25 ml) as described before. After the usual work- 
up, a neutral white solid (160 mg, 0.66 mmol, 66%) was 
obtained. T.1.c. in chloroform showed it to be a mixture of 
two spots of RF 0.12 and 0.07, respectively. H.p.1.c. analysis 
of the mixture in 60-90yo methanol-water gradient on a 
Zorbax-ODS column (0.25 m X 4.6 mm i.d.) showed it to be 
a 2 : 1 cis/trans mixture. On crystallization from ether, 
colourless plates of the cis-isomer (7), m.p. 155-156 OC, were 
obtained (Found: C, 50.15; H, 4.0; Br, 33.45. C,,H,BrO, 
requires C, 49.79; H, 3.73; Br, 33.20%) ; RF 0.12 (solvent I), 
0.36 (solvent 11); v,,,, (9504 EtOH) 220, 224, and 265 nm 
(E 20 000, 19 848, and 8 133); m/e 241, 243 (M*) ,  223, and 
225 (M+ - H,O); v,,,. (KBr) 3 200 (br, OH), absence of 
band at 1 670 cm-l (quinone). 

5-Brouno-trans-1,2-dih~~roxy-1,2-dihydrona~htJzalene (8). 
-The 5-bromo- 1,2-naphthaquinone (474 mg, 2 mmol) was 
reduced with aluminium hydride made from lithium alum- 
inium hydride (456 mg) in sulphuric acid (588 mg) in tetra- 
hydrofuran (35 ml) as described under reduction of 1,2- 
naphthaquinone. After the usual work-up, a neutral 
material (50 mg, 0.21 mmol, 10.5%) was obtained. This 
was crystallized from ether-light petroleum (b.p. 30-75 "C) 
as light cream needles, m.p. 152-154 "C (Found: C, 50.1; 
H, 4.0. C,,H,BrO, requires C, 49.79; H, 3.73%); RF 0.07 
(solvent I) ,  0.21 (solvent 11); rn/e 243 and 241 (M' ) ,  225 and 
223 (M+ - H,O) ; n.m.r. spectrum (Table) established i t  to 
be the trans-isomer. 

3,4-Dibromodibenz[a,h]anthracene-3,4-quinone (1 2) .- 
Bromine (210 mg) in chloroform (15 ml) was added with 
stirring to a suspension of dibenz[a,h]anthracene-3,4- 
quinone (300 mg, 0.97 mmol) at room temperature. The 
mixture was stirred for 30 min and the solvent removed in 
vacuo. The residue was dissolved in bezene (100 ml) and 
filtered from some insoluble residue. The benzene solution 
was concentrated to give brown crystals (285 mg, 0.61 
mmol, 63%). On further crystallization of the material 
from cold benzene, red crystals, m.p. 170-172 "C, were 
obtained. T.1.c. showed it to be a single-spot substance of 

0.8 in chloroform-methanol (10 : 1) ; DBA-3,P-quinone 
had a RF 0.00 in the same solvent system; vrnrtx. (KBr) 1 735, 
1680 ,  1675, and 1605 cm-l. Due to decomposition no 
satisfactory analysis could be obtained. 
trans-3,4-Diacetoxy-3,4-dihydrodibenz[a,h]anthrucene ( 14). 

-Dibenz[a,h]anthracene-3,4-quinone (600 mg, 1.9 mmol) 
was treated with bromine (500 mg) in benzene (600 ml). 
The mixture was stirred a t  room temperature for 2 h, a t  the 
end of which i t  was filtered to yield 325 mg of recovered 
quinone. The filtrate was evaporated to dryness and the 
residue in tetrahydrofuran (50 ml) was added to sodium 
borohydride (600 mg) in 95% ethanol (200 ml). The reaction 
was stirred a t  room temperature for 4 h, decomposed with 
acetic acid, and the whole mixture was evaporated to dry- 
ness. The dry residue was acetylated with a mixture of 
acetic anhydride (25 ml) and pyridine (2.5 ml) (which was 
previously refluxed together and cooled) by stirring a t  room 
temperature for 15 h. Pyridine and acetic ahydride were 
removed in Z ~ G Z . ~ O  (at < 40 "C) and the residue was chromato- 
graphed on a column (24 cm x 2 cm) of neutral alumina 
(Woelm) deactivated by the addition of 10% water. The 
column was washed with 500 ml benzene-light petroleum 
(b.p. 30-75 "C) (1  : 2). Subsequent elution of the column 
with benzene afforded the 3,4-diacetoxy-3,4-dihydrodibenz- 
[a,h]anthracene (200 mg, 66%). On crystallization from 



1980 1923 
methanol, trans-3,4-diacetoxy-3,4-dihydrodibenz[a,h] - 
anthracene crystallized as small light yellow plates, n1.p. 
204 "C (lit.,13 m.p. 183-185 "C) (Found: 78.8; H, 5.15. 
Calc. for C,,H,,O,: C, 78.77; H, 5.09%). T.1.c. of the 
sample gave a single spot in both solvents I1 and 111. On 
high-pressure liquid chromatography in 1 : 1 (v/v) hexane- 
dichloromethane-propanol-2-ol-acetic acid, ( 1 000 : 20 : 0. l ) ,  
on a Zorbax (silica) column (0.25 x 2.2 mm i.d.) ,  this was 
seen as a single-peak substance at 8 ml; v,,,,. (KBr) 1 740 
and 1 240 ern-'; 6 2.09 and 2.14; nz/e 396 ( A t k ) ,  336 ( M  - 
MeC0,H); A,,,. (95% EtOH) 249, 278, 287, 298, 335, 352, 
372, and 400 n m  ( E  32 300, 79 200, 97 800, 111 000, 8 730, 
9 490, 8 400, and 5 300). 

trans-3,4-Di~yd~oxy-3,4-d~hyd~o~~~enz[a,h]a~ztJzracene ( 16). 
- trans-3,4-Diacetoxy-3,4-dihydrodibenz[a, hlanthracene 
was quantitatively converted to tvans-3,4-dihydroxy-3,4- 
dihydrodibenz[a, hlanthracene by stirring with methanol 
saturated with ammonia a t  room temperature for 5 h. It 
was crystallized from methanol as light brown needles, m.p. 
274-275 "C (decomp.) (Found: C, 84.5; H, 5.2. C2,H,,02 
requires C, 84.59; H, 5.16%); RF 0.13, 0.10 and 0.25 (in 
solvents I, 11, and 111 respectively) ; A,,, (95% EtOH) 280, 
289, 299, 338, 353, 371, 288, and 395 nm ( E  54 311, 72 752, 
62 385, 4 761, 6 679, 7 725, 5 440, and 5 294). 
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