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do not know the origin of 2, we speculate that it arises from 4 
via intramolecular nucleophilic attack of the imino nitrogen on 
a bound CO. The quantitative conversion of 2 to 1 was established 
by a thermolysis experiment (100 OC, toluene, 30 min). Further 
studies of the reactivities of 1 and 2 are in progress. 
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Figure 1. ORTEP view of 1 showing the atom numbering scheme for 
molecule I. Important parameters: P(1)-N = 1.687 (7). P(1)-Fe(1) = 
2.146 (3), P(1)-Fe(2) = 2.147 (3), N-Fe(1) = 2.001 (7), N-Fe(2) = 
2.011 (6), Fe(1)-Fe(2) = 2.615 (2) A; C(l1)-P(1)-N = 130.4 (4)', 
C(7)-N-P(1) = 139.7 (6)'. 

(7) For a compilation of P-N single-bond lengths, see, e.g.: Clardy, J. C.; 
Kolpa, R. L.; Verkade, J. G. Phosphorus Relat. Group VElem. 1976,4, 133. 
Phosphorus-nitrogen double-bond lengths fall in the range 1 SO-1.58 A. See: 
Reference 2. Pohl, S. Angew. Chem., Int. Ed. Engl. 1976, 15, 687. Pohl, S .  
Chem. Ber. 1979, 112, 3159. 

Figure 2. ORTEP view of 2 showing the atom numbering scheme. Im- 
portant parameters: P(1)-N(1) = 1.729 ( lo) ,  P(1)-Fe(1) = 2.183 (3), 
P(1)-Fe(2) = 2.224 (3), Fe(1)-Fe(2) = 2.718 (2), N(l)-C(4) = 1.410 
(15), C(4)-Fe(l) = 2.070 (13) A; Fe(l)-P(l)-Fe(2) = 75.05 (9)'. 

diphosphene complex, ( ~ - B u ~ P ~ ) F ~ ~ ( C O ) ~  (3),5 1 was anticipated 
to feature a phosphorus-nitrogen double bond. However, the P-N 
bond length for 1 (1.687 (7) A) corresponds to a bond order of - 1 .O. In this respect, 1 resembles analogous R2N2 and S2 com- 
plexes.6 The reason for the retention of the double bond in 3 is 
therefore not clear. 

Compound 2 possesses a novel bicyclic structure (Figure 2). 
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The long P-N bond in 2 (1.718 (2) A) is consistent with the slight 
pyramidality a t  N ( l )  (sum of angles = 355.2').' Although we 

( 5 )  Vahrenkamp, H.; Wolters, D. Angew. Chem., Int. Ed. Engl. 1983, 22, 

(6) Teo, B. K.; Hall, M. B.; Fenske, R. F.; Dahl, L. F. Inorg. Chem. 1975, 
154. 

14, 3103 and references therein. 
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The multistep pathway of metabolic activation of benzene to 
a species ultimately responsible for the toxic effects ascribed to 
benzene is not fully understood.' Metabolism of benzene proceeds 
by enzyme-catalyzed oxidation to arene oxide 1 which can undergo 

HO HO 0"" 

Br OH OH 
5 6 7 

spontaneous isomerization to phenol, enzyme-catalyzed addition 

(1) (a) Snyder, R.; Longacre, S.  L.; Witmer, C. M.; Docsis, J. J. In 
'Advances in Experimental Medicine and Biology. Biological Reactive 
Intermediates-11 Chemical Mechanisms and Biological Effects"; Snyder, R., 
Park, D. V., Kocsis, J. J., Jollow, D. J., Gibson, C. G., Witmer, C. M., Eds; 
Plenum Press: New York, 1982; Vol. 136A, pp 245-256. (b) Snyder, R. Lee, 
E. W.; Kocsis, J. J.; Witmer, C. M. LifeSci. 1977, 21, 1709-1722. (c) Snyder, 
R.; Andrews, L. S.; Lee, E. W.; Witmer, C. M.; Reilly, M.; Kocsis, J .  J. In 
"Biological Reactive Intermediates. Formation, Toxicity, and Inactivation"; 
Jollow, D. J., Kocsis, J. J., Snyder, R., Vainio, H., Eds.; Plenum Press: New 
York, 1977; pp 286-301. (d) Snyder, R.; Kocsis, J. J. CRC Crit. Rev. Toxicol. 
1975, 3, 265-288. 
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of glutathione, or enzyme-catalyzed hydration to dihydrcdiol2.* 
Further metabolism of phenol gives p-benzoquinone and benzo- 
semiquinone, which have been investigated as active metabolites 
that bind to biological  macromolecule^.^ It appears that enzy- 
matic oxidation of the oxepin valence tautomer of 1 gives mu- 
conaldehyde which has been studied as a toxic metabolite of 
b e n ~ e n e . ~ . ~  

The role of diol epoxide metabolites as the ultimate carcinogens 
in the metabolic activation of the carcinogenic polycyclic aromatic 
hydrocarbons is under detailed investigation. Of the possible diol 
epoxides derived from polycyclic aromatic hydrocarbons, high 
mutagenicity and cytotoxicity correlate with structures predicted 
to be highly reactive according to the "bay region" theory of Jerina 
and co-workers.6 Dihydrodiol 2, by analogy with dihydrodiols 
derived from polycyclic aromatic hydrocarbons, is a potential 
substrate for further enzyme-catalyzed oxidation to diol epoxide 
3 or 4. Either could be an activated metabolite responsible for 
the deleterious effects of benzene. A preparation of 3, an inhibitor 
of a-glucosidase from yeast, has been reported, but no physical 
data were The conformation and hydrolytic stability 
of 3 and 4 have been of interest to theoretical  chemist^.^ In view 
of the importance of 3 and 4 as potential activated metabolites 
of benzene, we describe below (1) a simple synthesis of 3 and 4 
from 2, (2) the reaction of 3 and 4 with water, and (3) the 
mutagenicity testing of 3 and 4. Epoxidation of 2'O (m-chloro- 
peroxybenzoic acid, Na2HP0,, CH2CI,) followed by chroma- 
tography (silica gel, ethyl acetate) of the crude reaction mixture 
without aqueous workup provided 4 (61% yield) as a white, hy- 
groscopic solid (mp 53.5-55 "C) that becomes an oil on exposure 
to the atmosphere." Reaction of 2 with N-bromosuccinimide 
in aqueous tetrahydrofuran (THF) gave bromide 5 (66% yield).I2 
Dehydrobromination of 5 (NaOMe, THF) followed by chroma- 
tography (silica gel, 24:l chloroform-ethanol) gave 3 (62% yield) 
as a hygroscopic 0 i 1 . l ~  Establishment of the stereochemistry of 
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512 allows unambiguous assignment of the stereochemistry of 3 
and, consequently, 4. The hydroxyl protons appear as sharp 
doublets in the 'H N M R  spectrum of 3 ( J  = 7.5, 11.2 Hz) and 
4 ( J  = 5.3, 6.4 Hz) in CDC1,. The larger coupling constant 
observed for one hydroxyl proton in 3 supports the prediction of 
intramolecular hydrogen bonding between the syn-hydroxyl group 
and epoxide oxygen atom of 3 (H-C-0-H dihedral angle 180") 
but not 4. 

Solvolysis of 3 and 4 in water a t  room temperature required 
several days for complete reaction. Diol epoxide 3 gave 6 (con- 
duritol B)I4-l6 in 90% yield and a minor amount (10%) of un- 
identified material. Diol epoxide 4 gave 7 (conduritol in 
90-95% yield and 5 1 0 %  of unidentified material. 

Bacterial mutagenesis was measured in the Salmonella typh- 
imurium forward mutation assay of Skopek et aI.'* Benzene was 
not mutagenic at concentrations up to 1000 Kg/mL either in the 
presence or absence of an exogenous metabolising system (PMS).I9 
Dihydrodiol 2 required exogenous metabolism (PMS) for muta- 
genic activity. Diol epoxide 4 was equally mutagenic in the 
presence and absence of PMS while diol epoxide 3 was inactive 
with and without PMS. In the forward mutation assay used, 4 
was a weak mutagen compared to (&)-7P,8a-dihydroxy- 
9a, l  Oa-epoxy-7,8,9,1O-tetrahydrobenzo[a] pyrene (8) which has 

~ ~ ~~ ~ 

(2) (a) Jerina, D.; Daly, J.; Witkop, B.; Zaltzman-Nirenberg, P.; Uden- 
freind, S. Arch. Eiochem. Biophys. 1968, 128, 176-183. (b) Jerina, D. M.; 
Daly, J. W. Science (Washington, D.C) 1974, 185, 573-582. (c) Oesch, F. 
Xenobiorica 1972, 3, 305-340. (d) Oesch, F.; Bentley, P.; Platt, K. L.; Golan, 
D. M. Arch. Eiochem. Eiophys. 1980, 199, 538-544. (e) Tunek, A.; Platt, 
K. L.; Bentley, P.; Oesch, F. Mol. Pharmacol. 1978, 14, 920-929. (0 Go- 
nasun, L. M.; Witmer, C.; Kocsis, J. J.; Snyder, R. Toxicol. Appl. Pharmacol. 
1973, 26, 398-406. (9) Sato, T.; Fukuyama, T.; Suzuki, T.; Yoshikawa, H. 
J .  Biochem. 1963, 53, 23-27. 

(3) (a) Tunek, A,; Oesch, F. In ref la, pp 319-329. (b) Irons, R. D.; 
Greenlee, W. F.; Wierda, D.; Bus, J. S. In ref la,  pp 229-243. 

(4) Goldstein, B. D.; Witz, G.; David, J.; Amoruso, M. A.; Rossman, T.; 
Wolder, B. In ref. la ,  pp 331-339. 

(5) Peracid oxidation of 1 affords muconaldehyde: Davies, S. G.; Whit- 
ham, G. H. J .  Chem. Soc., Perkin Trans. I 1977, 1346-1347. 

(6) (a) Jerina, D. M.; Sayer, J. M.; Thakker, D. R.; Yagi, H.; Levin, W.; 
Wood, A. W.; Conney, A. H. "Carcinogenesis: Fundamental Mechanisms 
and Environmental Effects"; Pullman, B., Ts'O, P. 0. P., Gelboin, H., Eds.; 
Reidel: Dordrecht, Holland, 1980; pp 1-12. (b) Jerina, D. M.; Lehr, R. E.; 
Yagi, H.; Hernandez, 0.; Dansette, P. M.; Wislocki, P. G.; Wood, A. W.; 
Chang, R. L.; Levin, W.; Conney, A. H. "In Vitro Metabolic Activation in 
Mutagenesis Testing"; de Serres, J. F., Fouts, J. R., Bend, J. R. Philpot, R. 
M., Eds.; Elsevier/North-Holland: Amsterdam, 1976; pp 159-177. (c) 
Jerina, D. M.; Daly, J. W. "Drug Metabolism-from Microbe to Man"; Parke, 
D. V., Smith, R. L., Eds.; Taylor and Francis Ltd: London, 1977; pp 13-32. 

(7) (a) Legler, G.; Lotz, W. Hoppe-Seyler's Z .  Physiol. Chem. 1973, 354, 
243-254. (b) Legler, G. Mol. Cell. Eiochem. 1973, 2, 31-38. 

(8) The diacetates of 3 and 4 have been prepared from epoxidation of the 
diacetate of 2: Nakajima, M.; Hasegawa, A,; Kurihara, N. Chem. Ber. 1962, 
95, 2708-27 13 and references cited therein. 

(9) (a) Ferrell, J. E., Jr.; Loew, G. H. J .  Am. Chem. Soc. 1979, 101, 
1385-1388. (b) Adams, S. M.; Kaminsky, L. S. Mol. Pharmacol. 1982,22, 
459-464. (c) Loew, G. H.; Pudzianowski, A. T.; Czerwinski, A.; Ferrell, J .  
E., Jr. In?. J .  Quantum Chem., Quantum Biol. Symp. 7 ,  1980, 223-244. (d) 
Politzer, P.; Kaiker, K. C.; Estes, V. M. Int .  J .  Quantum Chem. Quantum 
Eiol. Symp. 6 1979, 47-53. (e) Politzer, P.; Trefonas P., I11 "Carcinogenesis: 
Fundamental Mechanisms and Environmental Effects"; Pullman, B., Ts'O, 
P. 0. P., Gelboin, H., Eds.; Reidel: Dordrecht, Holland, 1980; pp 67-79. 

(10) Platt, K. L.; Oesch, F. Synthesis 1977, 7, 449-450. 
(11) 4: 'H NMR (CDCl,, 270 MHz) 6 5.98-5.89 (m, 2 H, olefinic H), 

4.22 (br t, J ,  = 5.6 Hz, 1 H, carbinol H),  3.83 (t, Jap = 6.8 Hz, 1 H, 
carbinol H), s.58 (d, J = 5.4 Hz, 1 H, epoxy H), 3.47-3.$4 (m, 1 H, epoxy 
H), 3.23 (d, J = 6.4 Hz, 1 H, OH), 3.07 (d, J = 5.3 Hz, 1 H, OH); 'T NMR 

(12) The stereochemistry of 5 was established by X-ray crystal structure 
determination. 

(CDCl,, 67.9 MHz) 6 136.9, 123.0, 73.9, 70.8, 54.7, 50.0. 
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been shown also to be a potent mutagen in the Ames reversion 
assay (strains TA1538, TA98, and TAlOO of S. typhimurium).20 
The pattern of mutagenicity observed for benzene, 2, and 4, is 
consistent with the possibility of 4 being a mutagenic benzene 
metabolite formed via 2. Because bacterial metabolism may 
generate additional products from 4, it remains possible the ul- 
timate mutagen is a further metabolite of 4. 
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