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Abatrect: By using the title dioxirane (la). naphthalenc @), phenanthrene (3). and snthracene (4) have been 
converted into ~nbl-naphthalene-1,2;3,Cdloxidc (2’). phcnanthrenc-9.10~oxide (3’). end anthraquinone (4’). 
respccWely, in high yield and under mtld amditle~. However, the tramformatkm of py-mnc (5) - an htgJ~er homologue 
of the polycyclic aromatic hydrocarbon series - ioto the comqmnding arene oxide was found to pmcced much less 
effectively. 

IT is well established tbet polycyclic arometic hydmakns (PAH) require metabolic activation, i.e. oxidation, by mixed function 

oxygeneses to express their mutagenic poter&iel.2*3 Several careful studies have &own that relatively unstable arene oxides em the 

primary met&c&es of PAH activation.2 ll~us, extensive synthetic methods have been developed for the prepeWion of these important 

intermediates;3-16 in many ceees, mukistep syntheses are requkd.4 III the direct conversion of PAH into erene oxides,t2-16 methods 

adopting classic oxidation reegents (e.g., pemxy acids, hypocblorite) 13.14 beve often led to only limited success, since many of the 

oxides ere quite sensitive to acid, weter, or m&opbiles.24 

Recently, e new class of powerful oxidants has been introduced, t8,19 which sbo ws great versatility in dealing with problems 

arising in the synthesis of sensitive epoxidea. 17-22 nis is the family 0f dioxiranes 1, the smrdlest ring peroxide species containing 

cerbon.18*19 
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Smce their introduction es versetile epoxidatioa reegea8,2O both in silu llnd isolated23-26 di0xi~1~ have now gmwl to amstitute a 

new entry into selective oxidation of organic compounds. 18* I9 me oxidation of PAH by ia situ dimethyldioxirene (1 b) has been 

reported by Murray et al.; I7 yielda in arene oxidcs from 8 to 60% wwe rep~rW, during 1.5 to 8 h reection time.15 Napbtbelene could 

be converted by lb into its 1,2;3&dioxide, albeit in 5% yield only. “I*‘* data, ~garwat et al.16 showed that, starting tith isolated 

lb end arene oxides, arene dioxides can be obtained in e single step,although yields can be low in come instence. For example, 

pyrene-4,5;9,10_dioxide was obtained from the 4,Soxide in 7% yield only. t6 In 1988, we lmve repated on the isolation aad 

&areckization of me&yl(triflwmmetbyll)dioxirane (18).% Si m noticed that this dioxirane pmentsareactivitybyfarinexcessto 

tbet of lb (while maintaining high selectivity),t~~ it wes desirable to explaa its potential in tbe 0xidatiOa~ of rrpmentatve arenes. 

First, we could veriry that, at varience with thkt mcorded for lb, t7~1sbdioximae 1aismectivetowmdbaaxene,altboughtbisisa 

rether slow &on requiring hours retber than minuteu Siiilar to certein auymic pmcessa,deepeeatedoxidetionpr&ctsm 

fom@~amoqwllicb ci~ci5-andbyy~~cdialddly& Z8*29 coukl be identified (Teble I). The eldel&d might have arisen 

fromabQlzeneoxidc/axcpinmirturrini~formed,by~yoffurtheroxidrtknudrinOopenink2(1 

lkn,dataconca&gtbereactivityof 1atowardramePAHsubstWa ofcMcewmcoUected.Typicalresoltsresultsareprrottd 

in Table I. 
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Table I. Reactions of Isolated Methyl(trifluoromethyl)dloximne (la) with Representative Arenes in CH$&/‘fFF. 

Solvent 
T B.e&n Conver- Yii 

slon (%)b (W 

TFWFll3d 0.20. 0. 6. h 12.’ 0=CHCH=CH-CWCHCH=O’ 3Kg 

(2) CH2Cl& 2.2 - 20. 30. min 92. 

n 2.1 - 22. 40. mln 97. 

0 a 3 (2’) 
.’ 0 

CH2Cld 1.1 - 20. 8. mln >96. 0 (3’) 

m(d) CH2Cl& 4.5 0. 30. min 298. 

0 

(5) CH2Cld 1.1 -20. 5. min 12. 0 (5’) 

1, 2.2 - 20. 5. min 30. 

90.8 

9a.g.i 

96.g 

8O.B 

10.k 

*.i,k 

a Ratio of dioxirane to substrate initial cxnwnlrations. bAs detennimd by & monitoring (SE 30 OT OV 101, 30 m x 

0.25 ,,,,I i.d. rrnlllary eolwnn.) of ~bstrate coluumed. %wd m atoicheirmtetic sub&ate camted. d Compxitlon of 

solvent mixture: bexuellm/F113 (MA). =Eiwd ml * I:1 stoicheiometry of benzene to dioxirme. Gs * 1:1.5 mixture 

of Z,Z- at,d E,E muconle dialdehyde. by tH nmr snalysis (cf., ref. 28). gImlated yield. %xed solvent. ratio 3~1. 

‘~&action ,,,,, in the prrwnce of suspended NszHPO4. ss B solid buff- (see text). /Mixed mlmt, ratio 811. ‘As estimated 

by tH nntr a,talysi,, based on httegr,~doa of the singlet resonance at 6 4.85 (- 20 ‘C) [lit. 8 4.83 (ref. 33)l due to the 
oximyl protons. 

Inspection of data in Table I suggests that the title dioxirane csn serve in the oxyfunctionaliiation of the lower homologues of the 

PAH series. The following pmcedum is representative. A cold (- 20 “C) aliquot (5 mL, 2.75 mmol) of a dried dioximne la solution26 

IO.55 M in l,l,l-triflucwo-2-pmpanone (TF@l was rapidly added to a stirred solution of naphtl$ene (2) (0.17 g, 1.33 mmol) in 

CFzClCCl2F (Freon 113) kept at -20 ‘C; the mixture also contained dry NaZHW4 in suspension (to act as a solid buffer), and 

CF2ClCCl3 (Frr~n 112) as Bn internal standard. CIC or gdmS monitoring revealed that the substrate had been consumed during 40 &, 

while hplc monitorlng30 allowed US to estimate that the yield ln naphthalene 1,2;3,4-dioxide (2v)t2s is practically quantitative 

Crab10 I). For product isolation, the suspended Na2m4 salt was faltered off and the volatile solvent mixhm removed lmder slit 

vacmn (400 mm Hg), leaving 0.21 g (1.31 mmol, yield 2 98 %) of the dioxide 2’31 (mp 98.5-100 “c; 1it.t2s 99-100 “C).32 

Concerning the snti configuration of 2’, most tellii is the 523 value ]a of 1.88 Hz determined upon analysis of the AA’BB’ system 

0f 0xirmyl prolons.t2s.31 
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Apperently, employing the title dioxirane in the synthesis of the dioxide 2’ end of phenanthrene-9,lOoxide (3’) offers certein 

advantages over existing direct oxidation methods. 12-t’ The oxidation of enthmcene (4) to enthmquinone (4’) also works mtisfectorly, 

although excess dioxirsne is necemary to achieve complete conversion of the substrate (Table I). In this reection, iH rum monitoting 

indicates that 9-hydroxy~ and9,10-dihydroxy-anthramKffonwd~intamodiateoxidationproducts.Bywayof~~, 

the reaction of pyrene (5) with la, in moderate excess over stoicheiometric, only partial substrate conversion occurs, end the yield of 

pyrene-4,5-oxide (5*)*4bJ3 is decidedly low. The iH nmr spectm of the reaction solution at -20 ‘C revealed that besides 5’ other 

oxidation products em formed, one of these wus tentativeiy identified es pyrene-4,5;9,1O-dioxi&,tt~t6besed on the singlet resonence at 

6 4.64 relative to the oxiranyl proto~ts.~*~~ 

It is not inunediately clear why dioxirane la, which is extremely efficient in the oxyfunctionaiiietion of nephthelene and of 

phenanthrene, should become progressively less effective on going to anthmcene, to pyrene. With respect to this, one clue comes from 

the observation that, in the reaction of the dioxirane with pyrene at -20 “C, g1c36 and iH MU analyses reveal formation of methyl 

trifluoroacetate CF$XOCH3. This ester wes also found to arise in the “decomposition” of la in the absence of substrate, although 

this occurs much more slowly (e.g., 6% dioxirene loss during 48 h, at -20 “C).26 The rearrangement of dioxiranes into esters is 

thought to occur vie bis(oxy) methylene biiicals (1’). i8a,1g If this is the CBse, recaliiig that the redox potential for the Ar / Art 

couple drops from 2.08 to 1.60 V on passing from nephthaiene to pyrene, one might be tempted to eccomodate our fmdings es outiii 

in Scheme I. 
Scheme I 

s 
- ,c=o +Aro 

R 

6 1’ 

In short, whenever the arene (Ar in Scheme I) possesses an accessible oxidation potential, leakege from straightforward O-transfer 

may occur, leading to radical couple 6. The latter might serve to generate bisfoxy) radical l’, which in turn would quickly collapse into 

the ester. 

In line with this hypothesis is the observation that, when pyrene (5) is made to react with la, the reaction solution is not ESR 

silent. For instance, a solution of 0.05 M 5 and 0.06 M la in TFP at -30 “C turns green upon mixing, yielding a poorly reeolved ESR 

spectrum. This has features essentially identical with the ESR spectrum of Ipyrcncl~ (obtained upon reaction of pyrene with 

CF3S03H), end it is in good egreement with the resonance pattern simulated using literature hyperfiie splitting constants for this 

species (i.e., nB - 5.38, 1.18, and 2.12 G).37 Under the conditions described, the ESR absorption is observed to decay with time, 

fading away during 30-45 min. As to the radical pair 6 in Scheme I, it is likely that the dioximne radical ion 1 x would quickiy evolve 

to yield its bisfoxy) metbylene form -O-CMe(CF&0’ ; the latter should posses significant nucleophilic character. Then, the 

conti8umtion mixii mode13g would predict that ihe interection of this mdical ion with en extensively delocalii Ar? system , rather 

then bond formetion, results in a singlttlectmn back shitt, yieldii the bisfoxy) redical 1’ (Scheme I). 

We have pointed out eisewhere that the process sketched in Scheme I has several interesting facets to pursue,*ss~ig rising a number 

of mechanistic incognita For one, the verious patterns available to bisfoxy) methylate mdicel ions need to be emutab&. Be the 

mechanistic details as it may, results hereii suggest that the efficiency of dioxitnnes in generating arene oxides hpm PAH becomw 

somewhat impaired when dealii with the higher homologues of the series. Ibis observation should be useful in assessing the role of 

dioxiranes as genemtom of mutagenic species in polluted urban atmospheres.17 
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