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Phenanthrene 9,lO-oxide reacts with diethyl hydrogen phosphate to give 9-phenanthrot The reaction was 
first order in both epoxide and phosphate concentrations, with a pseudo-first-order rate constant k, = 6.2 X lo-' 
mol-' L s-l. Similarly, chrysene 5,6-oxide on reaction with phosphate opened regiospecifically to give 6-chrysenol. 
Several anilinium phosphate salts were prepared and reacted with phenanthrene 9,lO-oxide. The extent of reaction 
was markedly influenced by the pK, of the anilinium salt. The biological implications of this study in understanding 
the relative noncarcinogenicity of K-region arene oxides are discussed. 

Polycyclic aromatic hydrocarbons (PAH) are considered 
as the most prevalent environmental carcinogens.' They 
are universal products of the combustion of organic matter. 
Burning of wood or refuse and, indeed, cigarette smoking 
can all contribute to the concentration of PAH in the 
environment. PAH are also present in fossil fuels such as 
petroleum or coal. There is no question that many of these 
PAH are carcinogenic. As early as 1930, dibenz[a,h]- 
anthracene was found to induce tumors in mouse skin2 
In 1933, the carcinogen benzo[a]pyrene (BP) was isolated 
from coal tar e ~ t r a c t . ~  Since that time many PAH have 
been identified as carcinogens according to in vivo testings. 

Because PAH as such do not bind covalently to DNA, 
RNA, proteins, and other biomolecules, it is generally 
accepted that they must be metabolically activated in vivo 
to a chemically reactive form which then combines cova- 
lently with the macromolecular target. Several theories 
have been put forward to established correlations between 
the structure of PAH, metabolism, covalent binding, and 
carcinogenicity. Among these, the "K-region" theory of 
Pullman and Pullman has received wide attention? This 
theory suggests that  it is the "K region" of a PAH which 
is transformed during metabolic activation and is re- 
sponsible for the carcinogenic activity for the hydrocarbon. 
With this theory, it is possible to provide a reasonable 
ranking of carcinogenic activity of a number of PAH. It 
is also in apparent agreement with some structure-activity 
relationships observed for substituted chrysenes (1) and 
benz[a]anthracenes (2) where substitution by fluoro or 
methyl groups on the K region has a dramatic effect on 
the biological activity of the hydrocarbon5v6 (see Chart I). 

(1) For general reviews see: (a) R. Freudenthal and P. W. Jones 
"Carcinogenesis-a Comprehensive Survey", Raven Press, New York, 
1976, Vol. 1-3. (b) H. V. Gelboin and P. 0. P. Ts'o, Eds., "Polycyclic 
Hydrocarbons and Cancer", Academic Press, New York, 1978. 

(2) E. L. Kennaway, Biochem. J., 24,497 (1930). 
(3) J. W. Cook, C. L. Hewett, and I. Heiger, J. Chem. SOC., 395 (1933). 
(4) A. Pullman and B. Pullman, Adv. Cancer Res., 3, 117 (1955). 
(5) M. S. Newman Carcinog.-Compr. Suru. 1, 203 (1976). 
(6) S. S. Hecht, M. Loy, and D. Hoffman, ref 5, p 325. 
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Recently, the "bay region" theory of carcinogenesis by 
PAH has been proposed mainly through the effort of 
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Jerina.'+ He suggests that the critical feature responsible 
for carcinogenic activity is an epoxide on a saturated, an- 
gular benzo ring which forms part of a bay region in the 
PAH. For example, benzo[a]pyrene (3) is found to be 
metabolized in vivo to 7P,8a-dihydroxy-9a,lOa-epoxy- 
7,8,9,10-tetrahydrobenzo[a]pyrene (BP diol epoxide, 4).'O 
There is also strong evidence to indicate that it is the 
covalent binding of cellular DNA with BP metabolites 
which is the primary event leading to carcinogenesis." 
The theory has also been used to account for the carci- 
nogenic activity of the diol epoxide of benz[a]- 
anthracene.I2J3 The bulk of chemical evidence suggests 
that  the nature of the covalent binding is likely to be the 
reaction of the epoxides with the amino group of the DNA 
bases (N-alkylation). An alternative possibility, involving 
phosphate alkylation in the reaction of PAH epoxides with 
DNA has also been proposed.14 The bay-region epoxides 
act as electrophiles in trapping the various nucleophiles 
of the target biomolecules, and, indeed, theoretical calcu- 
l a t i o n ~ ~  suggest that  the bay-region epoxides are particu- 
larly effective. 

While the bay-region theory appears to have superceded 
the K-region theory, there is a dilemma which requires 
explanation. The K-region theory correctly predicts the 
reactivity of the K region in PAH and that K-region ep- 
oxides are formed as metabolites of PAH, indeed, some- 
times as the major metabolites. These K-region epoxides 
behave also as effective electrophiles in reacting with a 
number of nucleophiles such as mer~apt ides , '~  amines,I6 
and hydroxides.16 In fact, Nakanishi and co-workers have 
found that 7,12-dimethylbenzanthracene 5,6-oxide and 
guanosine react to give N-alkylation and O-alkylation 
 product^.'^ These reactions indicate that K-region ep- 
oxides may well react with biomolecules in a manner very 
similar to that of the bay-region types. Yet, in contrast 
to  the bay-region epoxides, K-region epoxides appear to 
be weak carcinogens, and no in vivo adduct of K-region 
epoxide with DNA has thus far been observed. This is 
generally attributed to various detoxification mechanisms, 
including hydration of the K-region epoxides to the cor- 
responding diols and isomerization to the corresponding 
phenols. While these detoxification mechanisms may in- 
deed occur, bay-region epoxides may be susceptible to 
these events as well, perhaps to a smaller extent.l0 One 
must postulate, therefore, either that  K-region epoxides 
are selectively detoxified to the extent they do not reach 
the target biomolecules a t  all or that  if they do reach the 
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(7) D. M. Jerina et al. in "Polycyclic Hydrocarbons and Cancer", Vol. 
1, H. V. Gelboin and P. 0. P. Ts'o, Eds., Academic Press, New York, 1978, 
p 173. 

(8) R. E. Lehr, H. Yagi, D. R. Thakker, W. Levin, A. W. Wood, A. H. 
Conney, and D. M. Jerina, Carcinog.-Compr. Suru., 3, 231-41 (1978). 

(9) D. M. Jerina and R. Lehr, Microsomes Drug Oxid., Proc. Int. 

(10) D. R. Thakker, H. Yagi,A. Y. H. Lu, W. Levin,A. H. Conney, and 
Symp.,  3rd, 709-20 (1977). 

D. M. Jerina, Proc. Natl. Acad. Sci. U.S.A., 73,  3381 (1976). 
(11) P. Brookes and P. D. Lawley, Nature (London), 781 (1964). 
(12) W. Levin, D. R. Thakker, A. W. Wood, R. L. Chang, R. E. Lehr, 

D. M. Jerina, and A. H. Conney, Cancer Res., 38, 1705 (1978). 
(13) D. M. Jerina, R. Lehr, M. Schaefer-Ridder, H. Yagi, J. M. Karle, 

D. R. Thakker, A. W. Wood, A. Y. H. Lu, D. Ryan, Cold Spring Harbor 
Conf. Cell Proliferation, 4, 639-58 (1977). 

(14) H. B. Gamper, A. S. C. Tung, K. Staub, J. C. Bartholemew, and 
M. Calvin, Science, 197, 674 (1977). 

(15) F. A. Beland and R. G. Harvey, J .  Am. Chem. Soc., 98, 4963 
(1976). 

(16) P. Y. Bruice, T.  C. Bruice, H. Yagi, and D. M. Jerina, J. Am. 
Chem. Soc., 98, 2973 (1976). 
(17) H. Kasai, K. Nakanishi, K. Frenkel, and D. Grunberger, J. Am. 

Chem. Soc., 99,8500 (1977); K. Nakanishi, H. Komura, Iwao Miura, H. 
Kasai, K. Frenkel, and D. Grunberger, J. Chem. soc., Chem. Commun., 
82 (1980); Proc. Natl. Acad. Sci. U.S.A., 73,  2311 (1976). 

Figure 1. UV spectrum for the increase in absorption of 9- 
phenanthrol at 252 nm with time taken at 50-s intervals. 

target biomolecules, they do not cause the necessary 
damage. 

Recently, we have examined the reaction of cyclohexene 
oxides with dialkyl and diary1 hydrogen phosphates as a 
model to understanding the reaction of PAH epoxides with 
nucleic acids.18 From these results, we have concluded 
that  phosphodiesters can be converted efficiently to 
phosphotriesters by cyclohexene oxides according to eq 1. 

bR 

3 R  
Furthermore, it is clear from the regiochemistry of the 
reaction that a neighboring hydroxy group or aromatic ring 
can direct the attack of the phosphate on the epoxide. We 
have now extended our study to the reaction of phospho- 
diesters with K-region epoxides of some PAH, and the 
results indicate that they show a different reactivity pat- 
tern from the cyclohexene oxides. 

Results and Discussion 
Phenanthrene 9,lO-oxide (5) and chrysene 5,6-oxide (6) 

were prepared from the parent hydrocarbons by using the 
phase-transfer catalytic conditions recently reported by 
Hamilton with slight m0di f i~a t ion . l~  9-Methyl- 
phenanthrene was prepared from 9-bromophenanthrene 
by metalation followed by methylation.20 Epoxidation 
using the PTC conditions gave a mixture of 9-methyl- 
phenanthrene 9,lO-oxide (7) and possibly 9-chloro- 
methylphenanthrene 9,lO-oxide (8) in a ratio of 3:l. 

The reaction of phenanthrene 9,lO-oxide with phosphate 
gave exclusively 9-phenanthrol which was identified by 
UV, NMR, and HPLC comparison with authentic sample. 
CI mass spectroscopy gave correct (M + 1)+ values. Under 
identical conditions phenanthrene 9,lO-oxide and aniline 
gave only starting material (NMR), even with extended 
reaction times. 

The kinetics of the reaction of phenanthrene 9,lO-oxide 
with diethyl phosphate in dichloromethane was studied 
spectrophotometrically. The ultraviolet spectrum of 9- 

(18) (a) T. H. Chan and P. DiRaddo, Tetrahedron Lett.,  1947 (1979). 

(19) S. Krishnm, D. G. Kuhn, and G. Hamilton, J .  Am. Chem. SGC., 

(20) P. W. Rabideau and R. G. Harvey, J .  Org. Chem., 35, 25 (1970). 

(b) Resulta submitted for publication. 

99, 8121, (1977). 
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phenanthrol is sufficiently different from that of the 
starting material. Indeed, Figure 1 shows the change in 
UV absorption as the reaction proceeds, with very good 
isosbestic points. With diethyl phosphate present in ex- 
cess, the rate of the reaction can be followed under pseu- 
do-first-order conditions by monitoring the increase in 
phenol absorption at  252 nm. This establishes a first-order 
dependence on epoxide concentration. By varying the 
concentration of diethyl phosphate, a first-order depen- 
dence of rate on diethyl phosphate concentration was also 
established. 

At  least two mechanisms which are consistent with the 
kinetics can be considered for the formation of 9- 
phenanthrol. In mechanism A, the protonated epoxide 
reacts with the phosphate anion to give the phosphotriester 
adduct 9 in accordance with our results from eq 1. The 
adduct 9 suffers a fast elimination to give 11 (Scheme I). 
The elimination has to  be a fast step in order to account 
for the presence of isosbestic points in the UV study. 

In mechanism B, the adduct is not formed at  all. The 
protonated species undergoes ring opening to 10 followed 
by either NIH shift21 or proton elimination to give the 
product 9-phenanthrol. 

Two lines of evidence suggest that  the phosphotriester 
adduct is not formed as the intermediate in the reaction. 
First, we have prepared compound 9 by an independent 
method as follows. 9,lO-Dihydro-trans-phenanthrene- 
9,10-dio122 was reacted with equimolar amounts of diethyl 
chlorophosphate and pyridine in CHzClp to give after 
workup a solid product. Its NMR is consistent with 
structure 9. In addition, its mass spectrum (CI) showed 
a strong peak at  m / e  331 [(M + 1)+ - HzO]. The com- 
pound was found to be stable under the reaction conditions 
in which phenanthrene 9,lO-oxide was transformed to 
9-phenanthrol. Second, we have reacted 9-methyl- 
phenanthrene 9,lO-oxide with diethyl hydrogen phosphate. 
If a phosphotriester were the intermediate, we would ex- 
pect in this case a mixture of a t  least two compounds, 12 
and 13 (Scheme 111, and only compound 12 can eliminate 

(21) (a) D. M. Jerina, J. W. Daly, and B. Witkop, J. Am. Chem. SOC., 
90, 6523 (1968); (b) P. Y. Bruice, T. C. Bruice, P. M. Dansette, H. G .  
Salander, H. Yagi, and D. M. Jerina, ibid., 98, 2965 (1976). 

(22) J. Booth, E. Boyland and E. E. Turner, J .  Chem. SOC., 1188 
(1950). 

Hb 
1 4  

to 10-methyl-9-phenanthrol. However, the reaction 
product showed only 10-methyl-9-phenanthrol (14) with 
no indication of formation of any phosphotriester. 

Similarly, chrysene 5,6-oxide (6) on reaction with di- 
benzyl phosphate gave a phenolic compound. It was 
acetylated to the acetyl derivative and methylated to the 
methyl ether. In both cases the NMR showed a single peak 
at  the chemical shift corresponding to the 6-isomer. The 
regiospecificity of the reaction in giving a single isomer can 
be explained by the mechanism proposed and is in 
agreement with molecular orbital calculations. The pre- 
ferred carbocation (see I) formed upon opening of the 

I 

epoxide ring will be that giving the smaller Dewar re- 
activity number ( N T ) . ~ ~  The carbocation a t  C-6 has NT 
= 1.90 and that a t  C-5 has NT = 1.67 (see 11). Hence the 
favored zwitterionic form is in agreement with our ex- 
perimental result. 

X C H ,  

II 
C 
11 

Our study demonstrates clearly that cyclohexene oxides 
and K-region arene oxides react quite differently with 
phosphodiesters. With cyclohexene oxides (and presum- 
ably bay-region epoxides) alkylation occurs, leading to 
phosphotriesters, whereas K-region arene oxides are con- 
verted to the corresponding phenols. Herein may lie one 
of the contributing detoxification mechanisms; that is, even 

(23) M. J. S. Dewar, ‘The Molecular Orbital Theory of Organic 
Chemistry”, McGraw-Hill, New York, 1969, p 295. 
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Table I 
salt of dibenzyl % 

( i )  p-chloroaniline 4.10 0 
( i i )  m-chloroaniline 3.46 0 
( i i i )  in-nitroaniline 2.46 100 
(iv) free acid 0.7025 100 

phosphate PK, reaction 

if K-region arene oxides reach the target DNA (or RNA) 
molecules, they may be rendered harmless by the phos- 
phate groups inevitably present. 

We of course recognize that the phosphate groups of 
nucleic acids do not exist in the acid form but in the salt 
form with inorganic counterions or with ammonium ions 
from the nitrogen of adjacent bases or amino acids in the 
form of histones. We expect that the reaction of phosphate 
with epoxides depends on, among other things, the pK, 
of the counter ammonium ion. Thus, we prepared the 
phosphate salts of several aniline bases and measured the 
extent of reaction by NMR. The results are shown in 
Table I. 

These results indicate that the rearrangement of K-re- 
gion arene oxides to phenol can occur with m-nitroanali- 
nium dibenzyl phosphate. It is interesting to note that 
whereas m-chloroanilinium dibenzyl phosphate is inca- 
pable of converting phenanthrene 9,lO-oxide to  9- 
phenanthrol under these conditions, it can nevertheless 
convert 1,2,3,4-tetrahydronaphthalene 1,2-oxide to 2- 
hydroxy- 1,2,3,4-tetrahydronaphth-l-y1 dibenzyl phosphate 
(15). 

Conclusion 
Our results show that K-region arene oxides rearrange 

to phenols in the presence of phosphodiesters. In contrast 
to  cyclohexene oxides, they show no tendency to  form 
phosphotriesters, despite their obvious reactivity as elec- 
trophiles in trapping other nucleophiles such as amines or 
thiols. We suggest that this rearrangement process may 
be one of the contributing factors to the detoxification of 
K-region arene oxides even if K-region arene oxides were 
stable enough in vivo to  reach the target DNA (or RNA) 
molecules. 

Experimental Section 
NMR spectra were recorded on a Varian T-60 or XL-200 

spectrometer in CDCl,; chemical shifts are reported relative to 
Me4Si. Mass spectra were obtained on a Hewlett-Packard 598OA 
or a LKB 9ooo mass spectrometer at 70 eV with a direct insertion 
probe (chemical ionization, isobutane). Infrared spectra were 
recorded on a Perkin-Elmer 257 grating spectrophotometer 
calibrated with the 1602-cm-' band of polystyrene. Melting points 
were determined on a Gallenkamp apparatus and are uncorrected. 
HPLC was performed on an Altex Model 300 liquid chromato- 
graph with a 1 X 10 cm column of lo-" silica. 

Kinetic Measurements. Kinetic studies were performed in 
freshly distilled dichloromethane (from P205), which was eluted 
through a column of Na2C03 to remove traces of acid, and stored 
over 3-A molecular sieves. Phenanthrene 9,lO-oxide was re- 
crystallized from methylene chloride-pentane as a white solid, 
mp 99-101 "C. Diethyl phosphate was prepared from the chloro 
compound by adding aqueous NaOH to pH 13, neutralizing to 
pH 7, passing the mixture through a Dowex H+ exchange resin, 
and extracting with ethyl acetate. The rate of phenol formation 
was monitored by the increase in absorption at 252 nm, observed 
with a Unicam SP 800 spectrophotometer with a thermostated 
cell block maintained at 26.0 O C .  The instrument was set to scan 
automatically from X 325 to 248 nm at 50-a intervals. The con- 
centration of phosphate, [PI, used was -3 X mmol and that 
of arene oxide, [E], was -100-fold less. 

The reaction showed isosbestic points at 273 and 294 nm. It 
exhibits pseudo-first-order kinetic behavior with linear plots of 

2 

I f 
I / 

i" 

10s P 

Figure 2. Plot of the logarithm of the observed rate constant 
for the reaction of diethyl phosphate with phenanthrene 9,lO-oxide 
vs. the logarithm of the phosphate concentration. 

Table 11. Change in the Observed Rate Constant with 
Phosphate Concentrationa,c 

[phos- 10-3kgb,,b [phos- 10-3hgbd,b 
phate], M S phate], M S- 

1.86 1.14 3.73 2.42 
2.79 1.68 4.67 3.04 

a Epoxide concentration was constant at 2.92 x 
Obtained as the slope of log ( A _  - A )  vs. time over at 

M. 

least 2 half-lives. Procedure: to 0.3 mL of epoxide 
stock solution and dichloromethane in a cuvette was 
added phosphate solution. The total volume was 2.8 mL. 
The cuvette was shaken by inversion and the increase in 
absorption measured. 

log ( A ,  - A )  vs. time. A plot of log k vs. log [PI gave a slope of 
1.05 with a p (correlation coefficient) of 0.998. The pseudo first 
order rate constant K ,  = Kobsd/[P] = 6.2 x lo-' mol-' L s-'. 

All runs were repeated in duplicate. First-order rates could 
be observed for at least 2 half-lives. The values of the pseudo- 
first-order rate constant were calculated by the method of least 
squares. Sample data are given in Figure 2 and Table 11. 

Phenanthrene 9J0-Oxide (5). To 0.15 g of phenanthrene 
(0.84 mmol) in 18 mL of dichloromethane and 42 mL of freshly 
prepared sodium hypochlorite (pH 8.6) was added 0.071 g (0.25 
equiv) of tetrabutylammonium hydrogen sulfate. The reaction 
flask was maintained in a room-temperature water bath. This 
was sitrred vigorously for 15 min. The reaction was quenched 
with 25 mL of CH2C12 and washed with a large quantity of ice-cold 
water. The organic layer was dried (K2C03) and the solvent 
evaporated at ambient temperature to give 0.13 g (80%) of a bright 
yellow solid. Recrystallization from methylene chloridepentane 
furnished a white solid: mp 99-101 "C (lit.21 mp 104-105 "C); 
NMR (CDClJ 6 4.5 ( 2 , 2  H, oxiranyl H); UV (95% EtOH) A,, 
279 nm (log t 4.04). 

Chrysene 5,6-0xide (6). To 0.18 g of chrysene in 50 mL of 
CH2C12 and 30 mL of freshly prepared sodium hypochlorite was 
added 0.057 g (0.20 equiv) of tetrabutylammonium hydrogen 
sulfate. The mixture was stirred for 14 h. A conventional workup 
gave chrysene 5,6-oxide as a light yellow solid 0.15 g (78%); mp 
>250 OC; NMR (CDC13) 6 4.6 (d, 1 H, 2-oxiranyl, J = 4 Hz), 5.3 
(d, 1 H, 1-oxiranyl, J = 4 Hz). 

9-Phenanthrsl. To 98 mg of phenanthrene 9,lO-oxide (0.50 
mmol) in 2 mL of CH2C12 at 0 "C was added dropwise an equi- 
molar amount diethyl phosphate (78 mg) in 3 mL of CH2C12. After 
being stirred 5 min, the mixture was quenched with 10 mL of 
CHzC12 and washed with 10% NaHC03 (2 X 15 mL). Drying 
(K2COB) and evaporating of the solvent at ambient temperature 
gave 81 mg of orange solid: 83% yield; NMR (CDClJ 6 4.4 (s, 
1 H, br); IR (CHC13) 3540 cm-l (OH); UV (95% EtOH) A, 252 
nm. It is identical with an authentic sample (Aldrich) by HPLC 
(EtOAc-petroleum ether, 5:95 (v/v); flow rate 2 mL/min). Its 
mass spectrum (CI, isobutane) showed (M + 1)' at m / e  195. 

6-Chrysenol. To a solution of chrysene 5,6-oxide in 2 mL of 
CH2C12 (0.17 g, 0.70 m o l )  at 0 "C was added dibenzyl phosphate 
(0.19 g) in 3 mL of CH2C12. Stirring 5 min and workup gave 0.12 
g of orange solid (76%) which is very slightly soluble in CHC13. 
The reaction was repeated with 50 mg of p-toluene sulfonic acid. 
In both cases 'H NMR showed loss of the oxiranyl signal which 
is replaced by a broad absorption at 6 4.7-5.3. The identity of 



J. Org. Chem. 1982,47, 1431-1435 1431 

6-chrysenol was established by acetylation and methylation. 
6-Acetoxychrysene. A solution of pyridine (0.16 mL) and 

acetic anhydride (16 mL), both previously distilled, was refluxed 
for 15 min and cooled to room temperature. This was added to 
30 mg of 6-chrysenol and stirred for 14 h at room temperature. 
The solution was concentrated, and the green solid obtained was 
d h l v e d  in minimum of benzene and eluted through Florisil with 
25-50% benzene-hexane. A tan yellow solid was obtained: 12 
mg (34%); mp 111-113 "C (hexane); NMR (CDC13) 6 2.50 (s, 3 
H, CH,COz) (lit.24 6 2.50). The chemical shift is identical with 
that of the acetoxychrysene derived from the TsOH-catalyzed 
rearrangement of chrysene 5,6-oxide to chrysenol. Its mass 
spectrum (EI) showed m/e 286 (M+) and 244 (M - CHz=C=O). 
The crude acetoxy compound before Florisil purification showed 
only one acetoxy peak at 6 2.50 in ita 'H NMR. 

6-Methoxychrysene. To 30 mg of chrysenol(O.12 mmol) in 
5 mL of dimethylformamide were added 1 mL of dimethyl sulfate 
and 1 g of barium oxide. The suspension was stirred for 19 h at 
room temperature. Concentrated NH40H (5 mL) was added and 
stirring continued for 30 min. The mixture was taken up in 15 
mL of ethyl ether, washed with water (4 X 15 mL), 5% HCl (2 
X 15 mL), and HzO (1 X 15 mL), and dried (MgSO,). Evaporation 
of solvent gave 20 mg of orange solid. Chromatography (Florisil) 
on elution with benzene gave yellow solid: 14 mg (43%); mp 
115-119 "C ( lku  mp 121-122 "C); NMR (CDC13) 6 4.15 (s,3 H, 
OCH,) (lit.24 6 4.10). Ita structure was confirmed by CI mass 
spectroscopy (isobutane): (M + 1)+ at mle 259. 

9-Methylphenanthrene 9,lO-Oxide (7). To 80 mg of 9- 
methylphenanthrene (0.42 mmol) in 10 mL of CHC13 and 80 mL 
of hypochlorite (pH 8.6) equilibrated with a room-temperature 
water bath was added at once 0.15 g of tetrabutylammonium 
hydrogen sulfate (0.44 mmol) with vigorous stirring. After 0.3 
min the reaction was quenched with 30 mL of CHC13. The 
aqueous phase was decanted off, and the organic layer was washed 
with an excess of ice cold water. Drying (KzCO3) and removal 
of solvent at  ambient temperature gave 70 mg of brownish solid 
(81 %). This was used at once because of ita instability. Ita NMR 
(CDC13) [6 1.93 (8,  3 H, CH3), 4.23 (s, 1 H, oxiranyl H) 4.50 (s, 

(24) R. G. Harvey, S. H., Goh, and C. Cortez, J. Am. Chem. SOC., 97, 

(25) F. Krasovec and J. Jan, Croat. Chem. Acta, 35, 183 (1963). 
3468 (1975). 

2 H, CH2C1)] showed the product to be a mixture of 7 and 9- 
(chloromethy1)phenanthrene 9,lO-oxide (8) in a ratio of 3:l. This 
is also in agreement with the mass spectrum (CI, isobutane), mle 
243, 245 (3:1), 209. 
10-Methyl-9-phenanthrol. 9-Methylphenanthrene 9,lO-oxide 

(70 mg) in 2 mL of CHzClz was added dropwise at 0 OC to 1.0 equiv 
of diethyl phosphate in 3 mL of CHzCl,. After stirring for 5 min, 
the reaction was quenched with 5 mL of CH2Cl2 and washed with 
10% NaHC03 (1 X 10 mL) and H20 (2 X 10 mL). Drying and 
removal of solvent at ambient temperature gave 50 mg of light 
brown solid (72%). Recrystallization (CH30H-HzO) gave a white 
solid: mp 119-122 "C (lit.26 mp 125 "C); NMR (CDCl,) 6 2.67 
(s,3 H, CH3), 3.80 (s, 1 H, OH); UV A,, (95% EtOH) 255 nm. 
No adduct with an ethoxy group was observed at all in the 'H 
NMR. The same results were obtained from acid hydrolysis of 
the epoxide. 

Reactions of Phenanthrene 9,lO-Oxide with Amine Salts 
of Dibenzyl Phosphate. An equimolar amount of a freshly 
prepared sample of phenanthrene 9,lO-oxide and 2,3-diphenyl- 
butane (as an internal standard) were mixed, and the NMR 
(CDC13) was recorded. To a solution of the aniline derivative (1.4 
equiv) and dibenzyl phosphate (1.1 equiv) in 1.0 mL of CDC1, 
was added a solution of the former two reagents in 1.0 mL of 
CDC13 The flask was stirred vigorously at room temperature for 
5 min, an aliquot removed, and the NMR taken. We measured 
any change in the ratio of the 2-oxiranyl protons (6 4.5) with 
respect to the methine protons of 2,3-diphenylbutane (6 2.8). No 
reaction (i and ii, Table I) means no change was measured. 
Complete reaction (iii and iv) means the oxiranyl protons were 
absent in the NMR. 

Registry No. 5, 585-08-0; 6, 15131-84-7; 7, 80641-44-7; 8, 80641- 
45-8; 11,484-17-3; p-chloroanilinium dibenzyl phosphate, 80641-46-9; 
m-chloroanilinium dibenzyl phosphate, 80641-47-0; m-nitroanilinium 
dibenzyl phosphate, 80641-48-1; dibenzyl phosphate, 1623-08-1; di- 
ethyl phosphate, 598-02-7; phenanthrene, 85-01-8; chrysene, 218-01-9; 
6-chrysenol, 37515-51-8; 6-acetoxychrysene, 7499-59-4; B-methoxy- 
chrysene, 51361-87-6; 9-methylphenanthrene, 883-20-5; 10-methyl- 
9-phenanthrol, 16430-50-5. 
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The reaction of 5-(acylmethyl)-2,5-di-tert-butyl-4-oxa-2-cyclopentenones, easily available from acid treatment 
of 2,6-di-tert-butyl-p-peroxyquinol acetates with t-BuOK in t-BuOH at 70 "C, gave 3-alkyl-2,5-di-tert-butyl- 
2,4-~yclopentadienones in good yield, providing a new convenient synthetic route to 3-alkyl-2,5-di-tert-butyl- 
cyclopentadienones from 4-alkyl-2,6-di-tert-butylphenols via oxygenation by which the phenols are selectively 
converted to the above p-peroxyquinols. Treatment of the 4-oxa-2-cyclopentenones with the same base in t-BuOH 
containing petroleum ether at 0 OC, on the other hand, led to the quantitative formation of 1,6-di-tert-butyl- 
8-oxabicyclo[3.2.1]octane-3,7-diones resulting from an intramolecular Michael addition of a carbanion generated 
on the acyl group of the acylmethyl group in the starting 4-oxa-2-cyclopentenones. Heating of these bicyclic 
products with t-BuOK in t-BuOH at 70 "C gave the cyclopentadienones quantitatively. A plausible mechanism 
involving equilibria among carbanions generated on the acylmethyl group is discussed. 

Cyclopentadienones have received much attention be- 
cause of their potential intermediacy in organic synthesk2 
For example, many aromatic compounds including hetero 

aromatics have been synthesized by the Diels-Alder re- 
action with various cyclopentadienones as dienophiles as 
well as diene systems.2 tert-Butylated cyclopentadienones 
have also been synthesized by rather complicated meth- 

(1) Peroxv Esters. 6: Nishinana, A.: Nakamura, K.: Matauura. T. o d ~ . ~ - ~  Recentlv, we have reDorted a one-steu method t o  - .  Tetrahedron Lett. 1981,22, 3261.- 
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