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6. J. H. Looker, J. Org. Chem., 17,510 (1952). 

7. A. Auk, "Techniques and Experiments for Organic Chemistry, 3rd Edition" (Allyn and Bacon, 
Boston: 1973) p. 236-237. 

8. An Aldrich "coffee pot" Kugelrohr, cat. 210,046-3, was used. The receiving bulb was cooled in 
an ice bath. 

9. The product at this point exhibited satisfactory IH NMR and GC-MS spectra, and had a mp. 100- 
102". 

******** 
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One important way to elucidate the mechanisms of metabolic activation of polyaromatic 
hydrocarbons is to study the DNA adducts formed thereof.' Synthetic DNA adducts are also molecular 
biomarkers for measuring human exposures to chemical carcinogem2 It is well documented that the 
bay-region diol epoxides of BAP** are the principal active forms of this carcinogen' and the key step 
in its tumor initiation is thought to be the covalent binding of these epoxides to DNA.4 Although the 
corresponding K-region epoxides were shown not to be responsible for the binding to DNA found in 
cellular systems,' evidence indicated that 9-hydroxy-BAP-4,5-oxide might also be an active metabolite 
of BAP which could bind to nucleic acids in vivo.6-8 In order to assess the human health risk posed by 
BAP, it is necessary and timely to synthesize the DNA adduct of 9-hydroxy-BAP-4,5-oxide as a 
biomarker. The key intermediate is 9-hydroxy BAP (6) which was synthesized by Harvey," Yagi' and 
Sims'O from 9,1O-dihydrobenzo(a)pyren-7(8H)-one. However, these syntheses require either several 
steps under harsh conditions9~'" or the use of expensive and hazardous osmium tetroxide.6 

We now report here a facile synthetic route to 9-hydroxy-BAP from a relatively more 
economical starting material, 7-hydroxy-7,8,9,lO-tetrahydro-BAP (1) which was converted to 7-p- 
chlorobenzoyloxy-7,8,9,1O-tetrahydro-BAP (2) quantitatively by treatment with p-chlorobenzoyl 
chloride, pyridine and catalytic amount of DMAP in chloroform at room temperature. 7-p-Chloroben- 
zoyloxy-7,8-dihydro-BAP (3) can be obtained selectively when 2 is treated with DDQ in hot benzene. 
The process can be easily monitored by TLC on silica gel. 
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@. 0 / i )  DDQ, benzene 

i i )  AgOBz, 12 

52% 

BzO,,,, @ 
P 

1 2 4 

5 6 

It should be pointed out that, in our hands, both 7,8,9,10-tetrahydro-BAP and the 7-acetoxy 
derivative of 2 lack this selectivity. Treatment of either compounds with DDQ leads to the formation 
of BAP without control. The arene 3 thus obtained can be employed in the Prevost reaction without 
isolation to give 4 in a "one pot" procedure. After debenzoylationl' and dehydration12.13 in the usual 
manner, 9-hydroxy-BAP (6) can be obtained with a total yield of 31% (from l).The structure of 6 was 
confirmed by the comparison of its UVNIS and proton NMR spectra with those of an authentic 
sample prepared through other meth0ds.6.~~ The experimental result obtained here is consistent with 
those predicted by molecular orbital theoretical calculation." 

EXPERIMENTAL SECTION 

Melting points were measured on an Electrothermal melting point apparatus and are not corrected. 
UVNIS spectra were obtained on a Beckman DU-65 spectrophotometer; IH-NMR spectra were taken 
with a Varian Gemini-300 instruments. Silver benzoate and 7,8,9,10-tetrahydro-7-hydroxy BAP (1) 
were purchased from Aldrich Chem. Co. The former was recrystallized from water before use. 

7-@-Chlorobenzoyloxy)-7,8,9,lO-tetrahydro-BAP (2) was prepared from 1 and p-chlorobenzoyl 
chloride in chloroform in quantitative yield, mp 154-156"; 
Anal. Calcd. for C,,H,,ClO,: C, 78.92; H, 4.67. Found: C, 78.57; H, 4.67 
'H NMR(CDC1,): 6 2.12-2.24 (m, 2 HJ, 3.30-3.44 (m, 2 HJ, 3.61-3.72 (dt, 2 H,,), 6.66-6.72 (t, 1 
H7), 7.3-8.3 (m, 12 Hay,). 
7-@-Chlorobenzoyloxy)-9,lO-dibenzoyloxy-7,8,9,lO-~tr~ydrobenzo-[a]pyrene (4),- DDQ (0.1 2 
g, 0.53 mmol) was added to a hot solution of 2 (0.22g, 0.54 mmol) in benzene (20 mL) under N,, and 
the mixture was stirred at 70". The progress of the reaction was monitored by TLC. After consump 
tion of the starting material (ca 40 min), the hot solution was filtered quickly through a column of 
silica gel and Celite, and washed thoroughly with benzene. The filtrate was concentrated to ca 20 mL. 
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under reduced pressure without heating. In another flask, a mixture of silver benzoate (0.28g, 1.2 
mmol) and iodine (0.14 g, 0.55 mmol) in benzene (20 mL) was heated to reflux for 30 min. To this 
yellow suspension was added the above benzene solution of 3 and the reaction mixture was heated to 
reflux for lhr. After being cooled, the reaction mixture was filtered through a layer of celite. The 
filtrate was concentrated, chromatographed on silica gel and eluted with a mixture of hexane and ethyl 
acetate (10: 1, v/v) to give 0.1 8g (52% based on 2) of 4 as a light yellow solid, mp 201-203"; 
Anal. Calcd. for C,,H,,ClO,: C, 79.53; H, 4.40. Found: C, 79.34; H, 4.52 
'H NMR (CDCI,): 6 0.8-0.9 (m, 1 HsJ, 1.2-1.3 (m, 1 H,,), 6.0 (d, 1 HI,, J = 2.4 Hz), 6.9-7.0 (m, 1 
HJ, 7.2-8.4 (m, 25 H, Hw,+H,). 
7,8,9-Trihydroxy-7,8,9,lO-tetrahydrobenzo[a]pyrene (9.- To a stirred solution of 4 (0.18 g, 0.28 
mmol) in THF (5 mL) and methanol (95 mL) was added sodium methoxide (86 mg, 1.6 mmol) and 
the resultant solution was heated to reflux for 0.5 hr, and then cooled to room temperature; 15 mL of 
cold water was added to the reaction solution which was stirred at rt for 1 hr and extracted with 
EtOAc (3 x 15 mL). The EtOAc extracts was washed with water (2 x 10 mL). Removal of EtOAc 
under reduced pressure followed by chromatography on FlorisilR afforded 0.06 g (72%) of 5 as a 
white solid, mp 215-216" (dec); 
Anal. Calcd. for C,,,H,,O,: C, 78.92; H, 5.31. Found: C, 78.61; H, 5.49 
'H NMR (CD,OD): 6 2.2-2.3 (m, 1 H,>, 2.55-2.65 (m, 1 H,,), 4.35-4.45 (m, 1 HJ, 5.23 (t, 1 H,, J = 
4.7 Hz), 5.58 (d, 1 HI,, J = 3.8 Hz), 8.0-8.3 (m, 9H, 8 Hw, +OH), 8.61(s, lH, OH), 8.64 (s, lH, OH). 
9-Hydroxybenzo[a]pyrene (6).- A solution of 5 (54 mg, 0.18 mmol) and PTSH,O (34 mg, 0.18 
mmol) in dry benzene (20 mL) was heated to reflux under an atmosphere of argon for 1 hr, and it was 
then allowed to cool to rt, washed with water (2 x 10 mL), dilute sodium bicarbonate solution (1 x 10 
mL) and water (10 mL). Evaporation of the benzene solution followed by chromatography on silica 
gel afforded 0.04 g (84%) of 6 as a crystalline solid, mp 194-196", lit." mp 196"; UVNIS spectra 
were identical with those reported.'0.'6 'H NMR (THF-d,): 6 7.44 (d, 1 H,, J = 8Hz), 7.80-8.26 (m, 7 
H), 8.39 (s, 1 H,,), 8.51 (s, 1 H6), 9.01 (d, 1 HI,, J=9Hz), 9.11 (br, 1 H, OH). 
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** The abbreviations used are: BAP, Benzo[a]pyrene; DDQ, 2,3-Dichloro-5,6-dicyano-1,4-benzo- 
quinone; DMAP, 4-Dimethylaminopyridine; EtOAc, Ethyl acetate; PTSH,O, p-Toluenesulfonic 
acid hydrate. 

t Current address: Department of Medicinal Chemistry, College of Pharmacy, the University of 
Michigan, Ann Arbor, MI 48109-1055, USA. 

1. A. Dipple, R. C. Moschel and C. A. Bigger, "Polycyclic Aromatic Hydrocarbons: Chemical 
Carcinogens", ed. C.E.Searles, pp 41-1 63, Washington D.C., American Chemical Society (1 984). 

2 a) R. W. Giese, in: Biomonitoring and Carcinogen Risk Assessment, R. C. Gamer, P. B. Farmer, 
G. T.Stee1, A. S .  Wright, eds., pp 247-253, Oxford University Press, New York, NY (1991); b) 

133 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



OPPI BRIEFS Volume 29, No. 1,1997 

US Dept. of Health and Human Service, Environ. Health Perspect., 99,3 (1993). 

3. R. G. Harvey,Acc. Chem. Res., 14,218 (1981). 

4. S. C. Cheng, B. D. Hilton, J. M. Roman and A. Dipple, Chem. Res. Toxicol., 2,334 (1989). 

5. A. Dipple, in “DNA Adduct: Identification and Biological Signifcance”, pp 107-129, eds. K. 
Hemminki, A. Dipple, D. E. G. Shuker, F. F. Kadlubar, D. Segerback and H. Bartsch, LARC 
Scientific Publication No.125, Lyon, Int. Agency for Research on Cancer, LARC (1994). 

6. R. G. Harvey and C. Cortez, Carcinogenesis, 4,941 (1983). 

7. W. Bochnitschek, A. Seidel, H. Kung and F. Oesch,Angew. Chem. Int. Ed. Engl, 24,699 (1985). 

8. M. Degawa, S. J. Stem, M. V. Martin, F. P. Guengerich, P. P. Fu, K. F. Ilett, R. K. Kaderlik and F. 
F. Kadlubar, Cancer Research, 54,4915 (1994). 

9. H. Yagi, G. M. Holder, P. M. Pansette, 0. Hernandez, H. J. Yeh, R. A. LeMahieu and D. M. 
Jerina, J. Org. Chem., 41,977 (1 976). 

10. P. Sims, J. Chem. SOC. C, 32 (1%8). 

1 1. Y.4. Wu, J.-S. Lai and P. P. Fu, J.  Org. Chem., 58,7283 (1993). 

12. P. P. Fu and R. G.  Harvey, J. Org. Chem., 48,1534 (1983). 

13. S .  K. Yang, P. P. Roller and H. V. Gelboin, Biochemistry, 16,3680 ( 1  977). 

14. Compound 6 was converted to 9-acetoxy-BAP in 92% yield by stirring with Ac,O and pyridine at 
rt for 12 hrs. 9-Acetoxy-BAP has been previously used as a precursor for the preparation of 9- 
hydroxy-BAP.(‘ 

15. P. P. Fu and R. G. Harvey, Tetrahedron, 34,857 (1978). 

16. R. I. Freudenthal and P. Jones (Eds), “Carcinogenesis: A Comprehensive Survey”, p 410, Raven 
Press, 1976. 

134 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


