
Pergamon 
Tetrahedron Letters, Vol. 37, No. 46, pp, S267-8271~ 1996 

Primed in Gnat Britain. All rights rex~ed 

PlI: 50040-4039(96)01896-5 0o~-~3~Ns s ls0o.  0o0 

S t e r e o c o u t r o i l e d  S y n t h e s i s  o f  s y n -  a n d  an t / -D io i  E p o x i d e  M e t a b o l i t e s  o f  T r i p h e n y l e n e  

Masato Koreeda.*t Ramesh Gopalaswamy. Jinhai Yang, and Roeland J. Tuinman 

Department of Chemistry, The University of Michigan. Ann Arbor, Michigan 48109-1055 

Abstract: The synthesis of both syn- and anti~diol epoxide metabolites of triphenylene has been 
achieved under complete stereochemical control commencing with commercially available 9- 
phenanthrol in 18% (9 steps) and 37% (8 steps) overall yields, respectively. The exceptionally high 
stereoseleclivity of the dimethyldioJtirane oxidation of trans-dihydrodiol having the quasi-diaxially 
disposed hydroxyl groups is particularly noteworthy. Copyright O 1996 Elsevier Science Ltd 

Triphenylene (!)  and benzo(elpyrene (B[e]P) (2) have been implicated as being able to influence the 

carcinogenicity of more active polycyclic aromatic hydrocarbons (PAHs) in spite of the weakly active 

carcinogenic potency of these two PAHs. I The mildly active PAHs with such effects are termed 

cocarcinogens. 2 Thus, the extremely weak carcinogen B[e]P, which is often found in the environment along 

with its more potent isomer B[aIP, has been suggested to be such a cocarcinogen. It is known that while 

B[elP inhibits the carcinogenic activity of highly potent 7.12-dimethylbenz[a]anthracene and 

dibenz[a,b]anthracene, it enhances the activity of B[a]P. Interestingly. the activity of other common PAHs 

tested did not seem to be affected by the presence of B[e]P. 3 While no such behavior of triphenylene has been 

reported, in view of its structural similarity with B[e]P, it is quite conceivable that these two PHAs may 

exhibit similar cocarcinogenicity. 

Although both syn- and anti-dioi epoxide metabolites of tripbenylene, 3 and 4, respectively, have been 

prepared, 4 the reported syntheses suffer from low stereoselectivity. In the following, we wish to delineate a 

highly stereocontrolled synthesis of both syn- and anti-diol epoxide metabolites of triphenylene through the 

use of the aryne-3,4-bis(benzyioxy)furan cycloaddition approach. 5 
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The trans-dihydrodiol and diol epoxide metabolites of both triphenylene (5 and 3/4. respectively) and 
B[e]P adopt conformations distinct from those of the corresponding metabolites of most of other bay-region- 
containing PAHs. The two hydroxyl groups of the triphenylene and B[e]P metabolites are disposed 

preferentially in a quasi-diaxiai orientation, clearly manifesting the severe interactions between the quasi- 

diequatorial hydroxyls and the bay-region aromatic hydrogen. In contrast, the two hydroxyl groups of the 

biologically significant metabolites of most of the other bay-region-containing PAHs are located in the non- 

bay-region, thereby occupying the quasi-diequatorial orientation. This unique propensity for adopting the 

diaxial-like orientation of the two hydroxyl in the trans-dihydrodioi and diol epoxide metabolites of 

triphenylene may be closely related to the lack of significant mutagenic activity of the latter. 6 The quasi- 

diaxial nature of the two hydroxyl groups of trans-dihydrodiol evidently causes problems in the synthesis of 

its epoxide derivative since the two trans quasi-axial hydroxyl groups often direct the entry of certain reagents 

from the opposite faces (see eq 1).4 Moreover, treatment of 5 with NBS/aq DMSO resulted in the formation 

H O"'2H O ~ 

5 

MCPBA syn-diol epoxide (3) + anti-diol epoxide (4) (1) 
1 : 1 

of the all axial (:l:)-313-bromo-lp.2,.4~-triol product as the major product (71%). Therefore. the syn-diol 

epoxidc (3) was accessible only from the minor 3ct-bromo-Ip.2~413-triol (29%) by base treatment. 4b 

It was envisaged that the use of the aryne-3.4-bis(benzyloxy)furan cycloaddition approach 5 developed in 

these laboratories should result in the stereocontrolled synthesis of triphenylene anti-diol epoxide (3). and 

possibly the syn-isomer (4) as well. on the basis of the retrosynthetic analysis shown in Scheme I. The 

RQ.. B nO..,r.~N 
3 / 4  '-" ' -" B n o . , L ~ , O  ÷ I 

RO'"  

7 0 

completed synthesis of 3 and 4 is summarized in Scheme 2. The aryne precursor I0 was readily accessible 

from commercially available 9-phenanthrol (9). The crucial reaction of the aryne generated in situ from 10 

and 3,4-bis(benzyloxy)furan (6) proceeded smoothly, giving rise to the cycloadduct which was immediately 

reduced to I1. The ether-ring opening of cyclic carbonate ether 12 7.s with BBr3 cleanly provided bromide 13 

with overall retention of the configuration at C-4 as expected. Treatment of bromo-alcoboi 13 under the two- 

phase aq NaOFls'YHF conditions afforded the anti-diol epoxide 4 in excellent yield as a single stereoisomer. 

The synthesis of the syn isomer was achieved in two steps from bromo-alcohoi 13. 9 Thus, reductive 

elimination of the vicinal trans-bromo alcohol carbonate unit in 13 with the use of the Cr II reagent l0 resulted 

in the formation of trans-1.2-dihydrodioi 14, 4b, II which was immediately treated with dimethyldioxirane 12 to 
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Scheme 2 

I. NBS (I.I equiv)/THF n-Bul..i (I.I cquiv) 
H 0 oC ._~ rt, 2 h T THF, -78 ~ --~ ft, 5 h 

• m 
2. p-TsCI  ( I . I  equiv)  2. H2/PtO2 (cat,) 

NEt3/CH2CI2 THF, it, 4 h 
0 °C --~ rt, 2 h 

9 T7% 10 81% 

4M aq NaOH/ : B O B H ~  BBr.t (I.0 equiv) 
I ant/'d'°l ep°xide j THF (I : 4 ) .  O : = ~ "  CHzCI2 

(4) 0 °C --~ rt ,, -20 °C, 0.5 h 
2 h 79% 

13 

Cr(CIO4)2"(H21qCH2)2 
I (2.0 equiv) 

80% [ DMF. 0 °C, 20 min 
¥ 

syn-dlol epoxide j • (5 equiv) 
(3) .o~o.¢ H O"" 

O°C. I h 
55% 

B n O . , , ~  

BnO "~  " ~  

11 

I 
I. BF3.OEt 2 (4 equiv) I 

Nal (4 equiv)/CH3CN I 
0 °C ,.-4. rt. 2h I 

2. I.l'..carbonyl- I 83% 
diimidazol¢ (I.I equiv) 
CH2CI 2, reflux, 3h l 

¥ 

12 

provide syn-diol epoxide 3 in 44% overall yield from 13 with complete stereoselectivity. The preferential 

formation of the syn,diol epoxide derivative from a trans-dihydrodiol in which two hydroxyl groups are 

disposed quasi-diaxially has been reported.13.14 This facial selectivity has been rationalized in terms of the 

anti-periplanar effect caused by the preferential axial orientation of the allylic hydroxyl group, 13 

Nevertheless, it is of considerable interest to note that the epoxidation is directed by the quasi-axially oriented 

homoallylic, benzylic "alcohol to provide exclusively the syn-diol epoxide. 

In summary, the synthesis of both syn- and anti-diol epoxide metabolites of triphenylene has been 

achieved under complete stereochemical control commencing with commercially available 9-phenanthrol in 

18% (9 steps) and 37% (8 steps) overall yields, respectively. The complete stereoselectivity of the i,2- 

dimethyldioxirane oxidation of trans-dihydrodiol having the quasi-diaxially disposed hydroxyl groups is 

particularly noteworthy. 

Acknowledgment: The authors thank the National Institutes of Health (Grant # CA 25185) for financial 
support of this work. 



8270 

References and Notes 

1" Fax and Tel #: 1-313-764-7371; E-mail address: koreoda@Chem.LSA.UMich.Edu 
1. Harvey, IL G. Polycyclic Aromatic Hydrocarbons: Chemistry and Carcinogenicity: Cambridge 

University Press: Cambridge, UK, 1991. 
2. Sivak, A. Biochem. Biophys. Acta 1979, 560, 67-89. 
3. (a) Topping, D. C.: Martin, D. H.; Nettcsheim, P. Cancer Lett. 1981, 11.315-32I. (b) DiGiovanni, J.; 

Rymcr, J.; Slaga, T. J.; Boutweli. R. K. Carcinogenesis 1982, 3, 371-375. 
4. (a) Harvey, IL G.; Lee, H. M.: Shyamasundar, N. J. Org. Chem. 1979, 44, 78-83. (b) Yagi, H.: Thakker, 

D. R.: Lchr. R. E.: Jerina. D. M. Ibid. 1979. 44. 3439-3442. 
5. (a) Koreeda, M.; Jung, K.-Y.; Hirota, M. J. Am. Chem. Soc. 1990, 112, 7413-7414. (b) Koreeda, M.; 

Gopalaswamy. R. Ibid. 1995, 117. 10595-10596. 
6. Lehr, R. L.: Kumar, S.: Levin, W.; Wood, A. W.: Chang, R. L.; Conney. A. H.: Yagi, H.: Sayer. J. M.; 

Jcrina, D. M. In Polycy. clic Hydrocarbons and Carcinogenesis: Harvey, R. G., Ed.; ACS Symposium 
Series 283; American Chemical Society: Washington. DC, 1985; pp 63-84. 

7. Unlike those unsymmetrical PAH systems, a symmetrical system such as the present one does not 
involve the regioselectivity issue for the ether-bridge opening. Therefore, the diol unit could be 
protected as the diacetate. However, the bromo-alcohoi product obtained by the BBr3 treatment of the 
diacetate derivative (i.e., the diacetate derivative instead of the cyclic carbonate in 12) was found to be 
relatively unstable, presumably due to the favorable trans-diaxial orientation between the vicinal bromo- 
acetate groups. 

8. Data for 12: mp 210-21 ! "C (ethyl acetate): ! H NMR (300 MHz. CDCI3) 5 5.54 (dd, 2H, J = 2.9, !.7 
Hz), 6.47 (dd, 2H, J= 2.9. 1.7 Hz), 7.72-7.78 (m. 4H), 8.15-8.17 (m, 2H), 8.90-8.92 (m, 2H): 13C NMR 
(90 MHz, 1:9 DMSO-d6/acetone-d6) 8 76.28 (d), 80.66 (d). 124.50 (d), 125.80 (d), 127.55 (s), 128.01 
(d). 128.17 (d), 131.18 (s). 137.88 (s). 154.54 (s): IR (KBr) 3075, 1799 (s), 1790 (s), 1361, 1151. 1088 
(s), 1076, 755, 725 cm "I. Anal. Calc for CI9HI204: C, 74.99; H. 3.98. Found: C. 74.63: H. 3.78. 

9. Data for 13: IH NMR (360 MHz, acetone-de,) 8 5.04 (br d. IH. J = 4.6 Hz. OH), 5.74 and 6.02 (ABq. 
2H, JAB = 8.2 Hz: the 5.74 and 6.02 peaks each are further split into doublets with J =  1.8 and 1.6 Hz, 
respectively), 6.03 (dd. I H, J = 4.6. 1.8 Hz), 6.44 (d, i H. J = !.6 Hz), 7.76-7.86 (m, 4H), 8.42-8.48 (m, 
2H), 8.93-8.97 (m, 2H): 13C NMR (90 MHz. acetone-d6) 8 38.13 (d), 63.86 (d), 78.40 (d), 78.96 (d), 
124.20 (d), 124.27 (d), 124.61 (d), 125.20 (d), 128.61 (d), 128.75 (s), 128.85 (d), 129.03 (d), 129.52 is), 
130.99 (s), 131.93 (s), 132.17 (s), 153.64 (s): IR (KBr) 3450 (br s), 1814 (s), 1793 (s), 1448, 1368, 1355, 
1188, 1062. 765, 723 cm -I. Anal. Calc for CIgHI304Br: C, 59.24: H, 3.40. Found: C, 59.20; H, 3.35. 

I0. Lux, H.: lllmann. G. Chem. Ber. 1958, 91. 2143-2150. Kochi. J. K.; Singleton, D. M. J. Am. Chem. 
Soc. 1968. 90. 1582-1589. 

11. I H NMR data for 5 (360 Mtlz, acetone-d6) 8 4.43 (br dd, IH. J = 5.6, 1.8 Hz), 5.42 (br s, IH), 6.48 
(ddd. IH, J -- 9.9, 5.6. 1. I Hz), 7.56 (d. ! lt. J = 9.9 Hz), 7.65-7.73 (m, 2H), 8.42-8.47 (m, 2H), 8.83-8.89 
(m, 2H). 

12. Adam, W.; C "hart, Y.-Y.: Cremcr, D.: Gauss, J.: Scheutzow, D.; Schindler, M. J. Org. Chem. 1987, 52, 
2800-2803. For a review, see: Murray. R. W. Chem. Rev. 1989.89, i 187-1201. 

13. Wameling, C.: Glatt, H. R.: Ocsch, F.: Seidel, A. In PolycycHcAromatic Compounds: Synthesis. 
Properties, Analytical, Occurrence and Biological Effects; Garrigues, P.: Lamotte, M., Eds.; Gordon and 
Breach Science Publishers: NY, 1991; pp 191-198. 

14. For the dimcthyldioxirane epoxidation of non-bay-region trans-dihydrodiols, see: Kumar, S. 
Tetrahedron Left. 1996, 37. 1527-1530. 

(Received in USA 6 August 1996; accepted 16 September 1996) 


