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Abstract: Themechanwmof the acidic ring opening -tione of 2-aryloxi- 
ranes h*ich are simple model8 of arene oxides, ia still under &-aion. lM 
dlfferent ehanimn9 have been suggested to rational&e the product 
dlstriblltionn of the acid hydrolysis of the two types of conforrmtionally 
restricted P-aryloxiranee (2 and 3, and5and6): ituouldappeartibe 
difficult to reconrlle the two rationales. In order to gain insight into the 
reacticms of benzo-epaxtdea of type 6 and 6, the 6-methoxy (6o and 6o) and the 
'I-brtm) derivatives (5a and 6a) were synthesiaed and their acid hydrolpsie 
(I:.1 dioxane/water) and triohlo -tolyaia In benzene were attied and 
wmpared wilh those of the uneutmtituted colapwnde (5band6b). Cc&xary to 
expectations tased on the results obtained with the epoxidee of type 2 and 3, 
i.he ~ntrodwt~on of the substitwnt on the -tic moiety, in perticular 
the strong eLectrondonating 6-methoxy, does nottifythe cwplete & 
duwte reoseLectirity okserved in the acid hydrolysis of the ursutatituted 
epoxide 6b. In the caea of the epoxides 5, on the contrary, the pemtage of 
8JrJ addwt increases noticeably with the ability of the -tic moiety to 
stabilise the benzylic carbocatlonic centre. As for the trichlo macetolyais 
reactians, significant amounts ofmaddwts are observed for both the 
epoxides 5 and 6 ; theDate- lectivity inc reasesforboththeepoxides6 
and 6 with the ability of the aryl to stabilise a benzylic carbccationic 
centre. A HeluEtt-type linear correlation was fo4 bet- the 
diaste reowlectivity and the o+ con&ante for the acid hydrolysis of 5a-c and 
for the trirhloroacetolyeis reactions of 5a-c and 6a-c. 'Ihe results obtained 
are difficuJ1 to exI,lain on the hasls of either of the mechanisms hypotbesised 
for 2-aryloxiranes, al least a~ they were originally proposed. 

Pol>cycLic aromatic hydrocarbons (PAHa) are considered to be an important class 

of environmental mutagenic and carcinogenic compounds.1 The carcinogenic activity 

of PAHs has been considered to be elicited through their metabolic transformation 

Into reactive areno oxides,"3 which hecomr covalently bonded to cellular 

hiomolecules such as DNA through the oxirane function.l*' A knowledge of the ring 

opening mechanisms of such arene oxides should be fundamental in understanding the 

more complex biological reactions. The study of the nucleophllic reactions of 2- 

-arpl-substituted oxiranes, which can be considered a8 models of arene oxides, in 

the rondensed phane has been regarded of significance in understanding the 

biological behavlour of these last compounds.0 

It is well known that the steric course of the ring opening of both aliphatic 

and cycloaliphatic 1,2-epoxidee generally occurs with complete or near complete 

Inversion of confrguration.e-8 However, when aryl or other unsaturated systems 

are directly linked to the oxirane ring, the stereochemistry of the acidic ring 

opening can range from complete retention to complete inversion of configuration 
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depending on the structure of the epoxide and the reaction conditrons.*-1' 

Although much work ha5 been carried out, in recent years, on the acid-catalyaed 

reactions of 2-aryl-substituted oxirane derivatives, the paper5 on this topic are 

not at all unanimoue.m* 15 The mechanism of the ring opening processes 18 St111 

under discussion.'*ro 

Studies of the acidic ring opening reactrons (hydrolysis, alcoholysis, and 

trichloroacetolysis) of a series of 2-aryloxlranes of type 

corresponding conformationally rigid derivatives 2 and 3 suggest 

0 

B 
1 2 3 

scheme summarlsed in Scheme 1: this presentation, which ratlona 1 

distribution in the ring opening process, uses simpllfled genera 1 

should be valid for any aryl-substituted epoxide. The mechanism, 

two different carbocationlc species, can be related to the w 

mechanlem,r* a close ana 1 ague of the Wlnstein ion-pair scheme of nucleophilrc 

substitution.la-1s Accord i ng to this rationale the protonated oxlrane 16 affords 

1 and of the 

the mechanistic 

188s the product 

formulas whrch 

0 whrch implies 

.on-dipole pairM 

an Intimate ion-dipole pair 17 which on attack of the nucleophile gives the & 

adduct. On the other hand, Internal rearrangement of the rntlmate ion-dipole pair 

17 leads to a nucleophile-separated ion-dipole pair 18 (a more carbocationlc 

structure) which collapses to yield the s adduct. Any factor increasing the 

stability of the beneylic carbocationic centre should favour the more 

carbocation-like intermediate 1181, thus favouring the formatron of the e 

adduct. Actually the u& diastereoselectivrty, that is the syn/anti product 

ratio, was found, through a Hammett-type treatment, to be directly linked to the 
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ability of the aromatic system to stabilise the benzylic oarbocationio oentre both 

for the mobile epoxides ll* and for both the rigid derivative8 2 and 3.10 The 

preferential reactivity of mobile epoxides 1 through a conformation oorresponding 

to 3 and the higher syn diastereoselectivity of the epoxide 3 oonpared to 2 were 

explained throush the proposed mechanism, on the hypothesis that the "axial 

cleavage" Of the oxirane rrng is energetically favoured over the "equatorial" 

one.10 On the other hand the diastereoselectivity observed in the acid-catalysed 

hydrolysis (1:9 dioxane/water) of the conformationally rigid 

epoxides 6b and 5b (100% trans diol from 6b, and a 15:25 mixture 

!! 

fused benso-ring 

of cis_ and trana 

4b, R=OH 

diols from 5b) was explained by assuming the preferential paeudoaxial attack of 

the nucleophile (HzO) on the corresponding fully developed benzylic oarbenium ion 

19b and 20b respectively (see Scheme 2). 9 As an extension of this ratronale it wa8 

-W -anti- 

suggested' that the product distribution observed for mobile tetrahydro- (4a) and 

diol epoxides of type 4b waa determined by the conformation of the carben 1ium ion 

which is initially formed from the predominant ground state conformation of the 
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epoxide, which can undergo a pseudoaxial attack by the nucleophile.* However, in 

the case of the mobile epoxldes, if the carbenlum ion is stable enough to undergo 

conformational equilibrium prror to capture by the solvent, the axial attack of 

the nucleophile on the alternative carbenlum 10" can be decisive.9 According to 

the extension of this mechanism 9 to mobile epoxldes of type 4, factors Increasing 

the stability of the benzyllc carbenium ion (e.g. electron-donating group on the 

arpl) favour Its conformatlonal equilibrium and consequently the formatlon of 

products arising from the nlternatlve carbenium ion.q 

It appears to us Ivery likely that the mechanism by which Z-aryloxiranes react 

under ac,dlc* condltiuns should be the same III all cases, Independently of the 

structure of t.he epoxide.10 Consequently, the rationallsatlon of the product 

distributions III the reactIons of the epoxldes of t>pe 1 and 4 and I" general of 

2-nryloxiranes should follow either the same mechanlstlc scheme or schemes which 

are closely inter-connected. However, the two mechanisms suggested91 10 are 

complf=tely dlffcrent III nature and cannot be easily rsconclled.*0 When the 

mechanism implying R fully developed benzyllc carbenium Ion was suggested,9 in 

order to rationalise the stereochemlcal outcome of the reactIons in the l-arylcy- 

cloheuene oxide system (I), it was shown to be completely inadequate.10 However, 

attempts to rationallee the steric course of the reactlons of the rlgld benzo- 

epoxldea Lib and 6b of type 4, through a mechanism analogous to the one proposed b> 

US for the I-arylcyrloheuene oslde system, were unsuccessful.IO TL appears that 

significant differences betrceen the two systems must be present and further 

clarlficatLon is required. 

To get a better InsIght into the reactions of the benzo-eposldes of type 4, it 

liRS thought kolth Lhlle to verify how far lhe product dislrlbutlon of the rigid 

derivatives 5b and 6b 1s influenced b> dtfferent aryl substituents. Therefore the 

Il-bromo- 5a and 6a, and the 6-methoxy-derlvatlves 5c and 6c vere syntheslsed and 

their arid hydrolysis (1:l dlosane/water) and trlrhloroacetolysls In anh.vdrous 

ben7ene were studied. Trlc.hlor~la~.rtolysis in benzene and hydrolysis under acldlr 

conditions are distinct reavtlnns; however, It may be polntrd out that the mecha- 

njsms of the ring opening of os~ranes under acidic ratalysls, even if in different 

condilions, should be somerchat related. Therefore Information from the comparison 

of the trdo different iyprn of reartlons could be reasonably useful for a complete 

understanding of the nc*itIic (hydrolysis and tr~chloroacetolysls) ring opening 

mechanism of these ayatcms. 

Results 

The epoxides 5a,c and 6a,c xere prepared from the corresponding olefins 12a,c17 

following as closely aa posslblr the procedures used for the corresponding 
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derlvatrves (5b and 6b) ha\-ing no substituents on the aromatic ring.n* 10 Treatment 

Of 12a and 12~ with N-bromoacetamlde in aqueous THF* affords the trans diaxial 

bromohhdrins 13a and 13~ respectively, which on treatment wrth a base give the 

oorre~pcnd1ng rpoxides 5a and 5c (see Scheme 3). Direct epoxidation of 12a with m_- 

-chlc,ropr, o:.yhrnzr,,c acid III anhydrous THF , in accordance VI th the method 

prev 1 ous I J uxccl for 6b,9 gave the epoxlde Ea. On the contrary, 

treatment of olrl‘lr. 12c under the same conditions yielded a complex mixture mostly 

,**>n% I al ing r>f prf,duc*t S, ~‘rr’y 1 ~lc+tly hydrouy c-chlcrobenzoates, derivlnu from the 

ring open1 ng c,t’ 6t* ~rth m_-chlcrohenzolr acid, together wrth only a \*ery small 

.\mtrunt nf t h<* d-r. i I I4 rpct\ i Iin EC. Pure epnuide 6c was obtained by drrect epoxlda- 

t 1 ,I,, of 12~ al Oaf’ in a trio-phabr system (Eta0 and saturated aqueous NaHCOl solu- 

t ion) u4ln$ an ether s~lut.ron of perovpbenzoic acid. The trans diaxial dials 8a 

and 8~: welt* the onl) products obtalnad In the acid hydrolysis of epoxides 6a and 

6c respect ile1.v. The corresponding cis dlols 7a and 7c (see Scheme 3) were ob- 

tanned by cz-drhydro\glat.ion Kith 0900 of the oleflns 12a and 12c, respectively. 

The rls 9a and tranr IOa, and 9 9c and trans 10~ dials were obtained as mixtures 

from the acrd hydrolyses of the corresponding epoxides 5a and 5c in 1:l dio- 

.:nno/r;n ter : thr dials 9c and 1Oc were directly separated from this mixture and 
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purif led by preparatl\*e TLC, r;hereas from the mixture of 9a and 10a only pure dlol 

10a gas obtalned by fractional crystallization. As for the dtol 9a, It was sepa- 

rated fas a diacetate) by preparative TLC, only when the ,itartlng mixture nf dials 

9a and 10a was transformed lnt,o a rnl\ture of the correwpondlng d1acrtatc.s (Dia-98 

and Dia-lOa), because of the very low soluhillty of these i-bromo Ct~ofs In most of 

tfle ublral xol\ents. SaJwnll’Icatlnn of Dia-9a afforded purr dl<,l 9a. 

In OId6:P lo prrf’orn, the arId-hydrllly-sir of’ all the epo.\~d~q (5a-c .nnd 6a-n) 

undt,r 1 he. same c*wndl t IO,,S and I II homogpnerlus so 1 ut 1 ens , the rchtict I ens I\‘CI‘P Parr 1 rd 

11rr1 In 1: 1 d,o\rina/c.lt r*r, th:lt IS under condltlons diff’errnt I‘rom thosv i I :” 

d i oxc,nr*/w3t pr I or I g I nn I 1 > used t’01 the unsuhst ttutrd rpo~ldra fib and 6b.9 ‘The same 

t,>lil’r,I?_t 1( P~IIId 11 1011.5 I.Cr-2 u9rd I II thr annluquuw st.trdy elf rfv\ I~CB ~1‘ t\J>’ l-3.*0 

Thl* rl.fat,\r Jlt’rt’t?rlt~(%t~s of a and cl* ild~fllr*t.s clbta~ned ,n the n~.ld-~~atafysrd 

h>lt101\4,.~ 11, 1’1 rJr~,~~lnejr.alt~r dnd in the tr~chlr~t.l,acrt~)l-e~s in at,h.vdraus hen- 

:‘+‘,,‘* l>f Pf,l,’ 1 rlrc 5a-c* arti SR-I* .ire shol;n in Tahlc 1. hhll+ thr f~.vdr<)f~h~h re.lr.tInn 
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of the ring opening of epoxidee 6a-a and Ba-a under 

at 25.C. 

Bpoxide Solvent Aoid 
Ekeaotion eyn anti 

time adduct% adduotX 

5a Dioxsne-&O (1:l) 

5b Dioxane-lb0 (1:l) 

5c DIO--lb0 (1:l) 

5a 

5b 

5c 

6a Dloxan~+~O (1:l) 

6b Dioxane-IhO (1:l) 

6c Dlo-KxO (1:l) 

6a 

Bb 

6c 

2 rin 31.P 69.0s 

2mi.n 51.4= 48.6a 

2mi.n 61.1,~ l lE.Y*p 

24 h 

2min 

2min 

2mi.n 

2mi.n 

2 min 

24 h 

2mi.n 

2 min 

a 

01 

o= 

10011 

1001 

lC@ 

92.3'10 

84.7'*0 

61.3'90 

’ Dial 9a; b Dial 16a ; C Diol 9b ; * Diol lob ; . Diol 9o ; f Dial 100 ; I Diol la ; * Diol 8a; 
1 Diol 7b ; 1 Dial 6b ; l Diol 70 ; . Dial 6c ; 0 After saponification of the crude -ticn 
mixture ; p Ketone llcwaa alao preeent (5%) ; 0 Ketone llc- the Latin reacticm product (65%). 

Discussion 

Before discusarng the results of the effects of the aryl substituents on the 

diastereoselectivity of the reactions of epoxides 5a-c and 6a-o, we would like to 

make a few comments on the mechanism originally suggested, in order to rationalise 

the dLastereoselectivlty of the acid-hydrolysis of epoxides 5b and 6b in 1:9 

diosane/uatrr.' As pointed out above, this rationalisationm implies the interre- 

djate formation of the carbenium ions 19b and 20b, followed by a stereoselective 

pseudoaxial attack of the nucleophilic solvent. This mechanism, however, does not 

give any explanation for the different stereoselectivity of the reactions of the 

two epoxides 6b and 5b (100% anti adduct from 6b and a 75:25 mixture of ~JJI and 

anti adduct from 5bj.s While the complete pseudoaxial attack by the solvent on the 

carbenium ion 19b (derived from epoxide 6b) must have occurred, only 75% of the 

same type of attack on the diastereoisomeric related ion 20b, derived from 5b, is 

envisaged; but the only difference between the carbenium ions 19b and 20b appears 

to be in the position of the vicinal OH, axial in 19b and equatorial in 20b.Coming 

back to the studies on the effects of the substituent on the aryl, it may be noted 
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that the behavrour of the epoxides !ia-o and Ba-c 1s somewhat intriguing. The 

substituent effect on the diastereoselectivitp of the hydrolysis and 

trichloroacetolysis of the epoxides 5a-c and 6a-c Js not unJvoca1, and it is not 

easy to give a complete explanation for Jt on the basJs of either of the two 

mechanisms proposed for 2-aryloxlranes. 91 Jo Contrary to expectations based on the 

results obtained with the eposldes of type 2 and 3,*0 the JntroductJon of the 

substituents, in particular the strong electron-donatJng 6-methoxy group, on the 

aromatic moiety of epoxides 6, does not modify the complete & dJastereoselecti- 

vity observed in the acid hydrolyses of the unsubstituted epoxide 6b. In the case 

of the hydrolysJs of the epoxidrs 58-c, on the contrary, the percentage of 9z.?! 

adduct. Increases noticeably with the abJlJty of the aromatic moiety to stabilise 

the benzylic carbocationir oentre, that Js to say on passing from the 7-bromo 

derJvatJve, through the unsubstituted one, to the 6-OMe derJvatJve. As for the 

triahloroacetolysis reactions, significant amounts of s adducts are observed for 

both the epoxJdes 5a-c and 6a-c: however, in this case, the a stereoselectivJty 

increases, for both the epoxldes 5a-c and 6a-c, with the abJ1Jt.v of the aryl group 

to stabilrse a benzyllc positJve charge. In the case of the reactions of the p- 

mrthoxy derivative 5c, different amounts of the ketone llc were revealed (5X in 

the hydrolysis, and 65X in Ihe trJrhloroaretoiysJs) IGIC). 

As for the hydrolpsls reactions of 5a-c and the trJchloroacetolysis of the 

epoxides 5a-c and 6a-c, a Hammett-type 1Jnear correlation was found between the 

diaStereoSSleCtivJty and the a* constants,*0 in accordance k.Jth eqlration 

I,JO,JS,lJ The e.,, - eaatt values obtalned are summarlsed Jn Table 3 together 

with their correlation coefficients (~1 and standard devJatJona (9). 4n analogous 

correlatJon was Found for the acJd hydrolysis of both the mobile epoxides of type 

116 and the rigid epoxides of type 2 and 3.10 

The complete a& stereoselectivlty of the hpdrolysJs of the eponides Ba-c. 

independently of the presence of any type of substltuent on the aromatic ring, 

tends to favour the mechanism9 JmplyJng the fully developed carbonlum Jon 19 

preferentially attacked in a pseJJdoaxia1 Fashion.0 On the contrary, the data from 

epoxldes 5a-c show a hJghly variable z dJastereoselectJvJty rangJng from 31% to 

81X depending on the substituent (see Table 1). KeepJng in mind that epoxrdes 5, 

and consequently the corresponding completely developed carbonium Jons 20 derived 

from them, are conformationally locked, Jt is dlffrcult to explain the results 

observed by such a mechanism.9 .\ccording to thJs mechanism, the a 

diastcreose1ectivJt.y should be practJcally JnvarJable with the substltuent. In 

order to reconcile the data obtained wJth the mechanism originally suggested,9 one 

could suggest that Jn the case of the epoxides of type 5 there is competJtJon . 

between a completely developed bennylic carbenium ion 20 pseudoasJallp attacked to 

give the 9Y!z adduct, and an JncipJent benzylic carbenium Jon 21, sJmJlar to the 
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Table 2. *A NMR Parameters for diaaetatee (Dia7a.a - Dial0a.c) of diola 

(7-10a.c) from epoxidee Sa,c and 6a.c.a 

-8 

Compound 

Die’la 6.03 5.42 3.7 0.5 

Dia-7a 6.05 5.41 4.0 0.5 

Din-&l 5.82 5.04 2.7 1.8 

Dia-8c 5.84 5.05 2.7 1.8 

Dia-Se 6.13 5.00 3.8 10.8 

Ma-Sa 6.17 5.00 3.7 11.1 

Dia-1Oa 6.12 5.13 8.3 10.9 

Dia-1Ck 6.14 5.12 8.0 10.8 

'6pectxaweremeasured in CD% at 80 Mr. Chemicelshiftareinp~m, andcoupling-tants 
are in Hz 

Table 3. e .rB -a.(, Values obtained for the acid-catalyeed hydrolpeie of 

epoxidea 5a-c and trichloroacetolpsia of epoxides 5a-c and 6a-c 

acaording to equation 1. 

(1) 

Correlation Standard 
Epoxide Reagents 8 Bc.ti .I. - coefficient (r) deviation(a) 

5 H~SOI-Dioxane/HaO -0.62 0.999 0.016 

5 TCA-Benzene -0.75 0.996 0.031 

6 TCA-Benzene -0.73 0.999 0.016 

one (17) suggeated in our mechanism, which on attack of the nucleophile from the 

back aide, because of the strong shielding at the front side.10 gives the anti 

adduct with inversion of configuration. According to this modified mechanism, an 

increase in the stability of the bensylic carbenium ion would favour the more 

carbocation-like structure 20, thus favouring the m adduct. However, it would 
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appear to us somewhat unreasonable to assume that epoxldes 6a-c yield fully- 

-developed carbenium Ions and that epoxldes 5a-c do not. AlternatIveLy the results 

obtained in the acid hydrolysis of epoxides of type 6 could be equally explalned 

by a mechanism like the one described In Scheme 2,10 even if no explanation can be 

given on the basis of this mechanism, for the complete lack of e adducts from 

epoxides 6. Anyway, in both the two alternative rationalisatlons a Hammett-type 

correlation of the u dlastereoselectivlty of the acidic hydrolysis of epoyides 5 

could be expected, as artually found. 

As for the trichluroaaetolysis reactions, the presence of noticeable amounts of 

z+YQ adduct from the epoxides 5a-c and 6a-c, which in both the two systems are 

directly linked to the ability of the aromatic system to stabillse the bcnzylic 

carbocatlon (see Table 11, is not evplalned by the mechanism lmplylng the 

pseudoaxially attacked carhocation ,9 even In our modified version. According to 

this scheme (Schema 21, in the case of epoxides of type 6, the w adduct should 

he expected to decrease as the ability of the aryl to stabillse the benzyllr 

carbenlum Len increases, contrary to the results observed (see Table 1). On the 

contrary, the mechanism depicted In Scheme 1 10 could rationalise these results. 

In conclusion, it appears to us that the significant differences in beha\iour 

between the epovides of type 2 and 3, and 5 and 6 pointed out above, still remain. 

It is difficult to give a complete esplanation for the results obtained on the 

basis of either OF the mechanisms hypothesised for 2-aryloxlranes,)l10 even In a 

modified version. Much further work must therefore be done in order to arrive at a 

full understanding 0 f the acidic ring opening of this class of biologically 

important c.ompounds. 

Experimental 

Melting points were determined on a Kofler apparatus and are uncorrected. IR spectra for the 
caqXr1son of CampouMis were taken on paraffin 011 mulls on a Ferkln-Elmer Model 137 inf-rd. *H 
m spectra were determined In ca 10% CD& solution with a Varian PI 360 spectraneter using Med.% 
as the Lnternal standani. In the case of compounds 5a,c, 6a,c, Dia-7a.c - DialDa,c the 1H N?IR 
spectm were also measured with a Varian m 20 spect-ter. GIL analyses of mixtures of dlols 9 
and l&%-c, and 7 and 6a-c obtained In the acid hydrolysis azxl trichloroacetol.vsls of thr 
corresponding epoxides 5a-cand 6a-c. were performed only after transfonr&ion of the cnxie 
diolv miuture into the corresponding mixture of their trimethylsllyl derl\atlves. In all c-es c;Lc 
analyses were run on a Carlo Krta Fractovap 4200 apparatus with a flame lonizatlon detector and a 
glass colurrm (2 m s 2.5 nm) packed wth 10% dlethylene glycol swcinate on 80-100 mesh silanized 
Ch-sorb W in the follcwng wndltions: dials 7-l&, calm 205or, evaporator and detector 
240°C; dlols 7-lob, colunn 18oOC, evaporator and detector 21oOC; dlols 7-IDc, column 205oC, 
evaporator and detector 24oOC; the nitrogen flew in all cases, was 40 ml/min. Semipreparative TLC 
was performed on 0.5arm silica gel plates (Merck Karl containing a fluorescent indicator. 
F'etroleuu ether refers to the fraction with bp 40-7oOC. In a typical run, diacetates (Dia-7a.c - 
Dia-lDa,c) were prepwad as follovs: the diol (0.15 g) in anhydrous pyridine (1.5 ml) was treated 
at OOC with AcrO (2.5 ml) then left 24 h at - temperature. Ice-hater was added and after 2 h 
the reaction mixture was extracted with ether. Evaporation of the tied (10% aqueous HCl, 
saturated aqueous NsR@&, and mter) ether extract.8 afforded the corresponding diacetate &ich wa8 
recrystallised fran petroleun ether bp 60-8oOC. Only Dia-6c was recovered as a viscous 011 which 
did not crystallise. Kpoxides 5b and 6b and dlols 7-11X were prepared as previously descrlbed.9 
All the c~anpounzls described in this paper gave satisfactory elemental analyses. 
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(4a8.9a.108)-7,lO-Dib-9-hydroxy-t--l,2.3.4.4a.9.10.lOa-cctahydrckensnthrens (13a) 
A solution of olefin 12a (0.52 g, 2.0 ~1) in 75% 'llW-&O wu treated with NRA (0.303 g, 2.2 

rrmOl), then left overnight at - temperature. Ice+k.erwrseddedandthereactionmixturewas 
extracted with ether. Rvaporatianof the- (water) ether extracts affordedasclid residue 
(0.70 gl which use recrystallised fmm bexane tc give plre 13a (0.45 g) as a solid, mp 112-1lSC; 
IR 3300 cm-' (OH); 'H NM2 6 7.58-7.13 (m,3H,aromatic prctcns), 4.83 (d,lH, J=2.2 Hz, Ha), 4.23 
(m,lH,Hio). 

~4~.9a.10a)-7-B--9,10-emw-t~-1.2.3.4,~,9~10,1~-~~-~ (5a) 
A solution of bramhydrin 13a (0.30 g, 0.83 ~1) in anhydrous bensene (1Om.l) usstreatedwith 

potasaiuo ~-b&oxide (0.090 g, 0.83 ml). After 1 h stirring at roam temperature, another portion 
(0.090 81 of the - base was added, followed by another lh stirring. Ibe organio solutionwas 
wahed (Vat?%-), and evapcrated tc give a solid residue (0.21 g) ccnsisting of 5a which was 
recryetallised from h-e al. -1WC to give plre 5s (0.17 g) as a solid, mp 106.5-107OC: iH M5? 6 
7.63 ld,lH, J=Z.l Hz, I&), 7.47-7.02 (m,W,& and &), 3.68 (d,lH, JD,IO= 4.1 Hz,&), 3.27 (&,lH, 
Jo,10=4.1 Hr., J10,10.=1.2 Hz, k). 

!qa0,9a.100)-9.10-Em~-6-methaw-tnuls-1.2.3,4.4a.9.10.1Qa-oc~-t (50) 
B-hydrin 13@'(0.34 g, 1.09 nmcl) in anh&cus bensene (20 ml) was treatedwith potasai~~- 

brkoside (0.147 g x 2) as indicated in the analogous preparation of 5a. Rvaporation of the organic 
solution afforded sn oily residue (0.23 g) which slawly solidifies. Recrystallisation fran pentans 
at -2WC afforded pwe 5c (0.15 g) as a solid, mp 7576oC; 'H MSZ 8 7.30 (d,lH, J=9.0 Hz, k), 
6.85-6.61 (m,2H,Hs and &), 3.79 (s,3H,a), 3.71 (d,lH, Jl,io= 4.2 Hz, HDI, 3.25 (dd,lH, 
Jo,10=4.2 Hz, J10,10~=1.3 Hz, Hlo) 

~4aR.913.1013~-7-Bromo-9,10-eaucy-t--1,2.3,4,4a.9.10,10 (6a) 
A sclution of olefin 12a (0.25 g) in a&drous lMF (10 ml) was treated with MXM (1.0 g) at 

room temperature and left 4 h at the same temperature. Ether was a&led and the organic solution 
was washed (10% aqueous NaoH solution, and water), then evaporated tc give a solid residue (0.23 
g) ccnsisting of rnde 6a which - recrystallised fran petrcleun ether at -1oOC tc give plre 8a 
as a solid, mp 74-75OC; iH t+MI 5 7.52-7.03 (m,3H .-tic protons), 3.80 (d,lH, Je,10=4.3 Hz, H), 
3.45 (d,lH, Je,,o=4.3 Hz, Hlo). 

~4aB.913.1~)-9,10-~sv-6~thoxJ--t--1.2.3,4.4a,9.10,1~~~~t (6c) 
A two phase wystom made fran a solution of olefin 120 (0.64 g, 3 -1) in RtaO (40 ml) and 

saturated aqwcus NaIKQ solution (40 ml1 was treated at WC,utmder vigo- stirring,with a 0.32 M 
percxybensoic IF&k) sclution in Et20 (9.3 ml) (edditicn time 15 min). The same mtofthe IRA 
solution ,J~R added at 1 h intervals, with the temperature rigorcusly kept at WC, while the 
prcceeding reaction WBL) follcw?d by TLC. Uhenonlyfewtracesof the starting olefin were 
revealed, the reaction mixture wa8 quenched with 10% aqueous Naa%oI solution. After 10 min 
stirring at - tnnperntuw the ether kas separated, war&d (water, 5% aqueous N&Xl scluticn, and 
waLrr) then maporated to give a semisolid residue (0.60 g) mostly consisting of 8c which was 
taken up in pentane. After concentration of the pentane solution, pure 6a was obtained at -2WC as 
crystals, mp 70-71oC; iH hMI 8 7.30 (d,lH, J=7.8 Hz, K), 6.80-6.78 (m,2H, Hs and &), 3.95 (d,lH, 
J~,10=4.4 Hz, He), 3.80 (s,JH,CCIb), 3.44 (d,lH, Je,io=4.4 Hz, Hlo). 

when the direct epcxidation of olefin 12c was performed with WPRA in the ssme conditions as 
described above for the corresponding reaction of olefin 12a, only carbonylic products, mly 
deriving fran the ring oypning of the initially formed oxirane 8c, vere obtained. 

Readion Ilf encxide 6a h 8 1:l acueous 0.2N &~/dicxane SollltioIi 
-\ solution of encxide 6a (0.050 n) in a 1:l aouecus 0.2 N &sol/dicxane (50 ml) uas stirred at 

25oC for 2 min. then quenched with-solid NaHcch;and saturated aquecus NaE& andextnwted with 
ether. Rvmpration of the wnshed (uster) ether extracts yielded a sclid residue consisting of diol 
8a ax the only product (CLC) which was recrystallised from petrcleun ether bp 60-8WC and a few 
dr11lz6 of benzene to give pure (4a5.9o.105)-7-braw-trans-l.2.3,4.4a.9.10.10a-cc~thren- 
9,lO-diol (8a1 (0.035 g) as a solid, mp 173-174 OC, IR 3300 arrl (OH). Diacetate (Dia-W, solid, 
mp 171-172 OC, IR 1735 cm-l(C=C); 'H IWZ, see Table 2. 

(4eD19~,10R)-7-Rromo-t--1,2,3,4.4a.9.10.10a-oc~~t-9,10-di01 (7a) 
A solution of olefin 12a (0.16 P. 0.60 rsnol) in anhydrous nYridine(5ml)wsstrmteduithQ8oc 

(0.152 g, 0.60 -1) then left 64.h at rocm &per-a&e. 'lk reaction mixture uas treated with 
solid Nar!%Ch (0.50 g), hater (5 ml) and pyridine (2 ml), stirred 1 hat room teU&%AtuA~ ad 

then extxacted with tYbC11. Rvaporaticn of the wshed (cold 10% aqueous Hcl, water, saturated 
aquFfou8 NaHcoI, and uater) organic solution afforded a solid residue consisting of 7a which was 
recrystallised fmm petroleuo ether bp 60-8WC and a few drolm of benzene to give pure la (0.11 g) 
as a solid, mp 177-178oC; IR 3330 ~1 (a). Diacetate(Dia-'la), solid, mp 137-138oC; IR 1735 clpi 
(0); 'H MUZ, see Table 2. 

Reaction of enoxide 5a & 8 1:1 acueoue. 0.2 N_ &afdioxane solution 
A sclu~cn of epoxide 5a (0.35 g) in a 1:l aqueous0.2NH1fKk/dicxane (100 ml) was etirred for 

1 h at. rcan temperature. l%e usual work-up, as described above for the analogous reaction of 
epoxide 6a, afforded a solid residus (0.35 g) consisting of the two diols q& a and tran$ 1Oa in 
the ratio as reported in Table 1. In one exper-t a portion (0.050 9) of this cnxie reaction 
pmduct was subjected tc semiprepan, tive TIC (a 35:55:10 mixture of hexane, ethyl ecetate, and 
methanol was usedas the eluant: elution was repeated twice). Rxtractionof the-t intense hand 
afforded a solid residue still consisting of 9a and 1Oa which on xecrystallisation frms petrdem 
ether and a few drcps of bensene afforded pure (4a5.95.10a)-7-bromo-trans-1.2.3.4.4a.9.10.1~- 
cctahydronhenanthren-S.lO-diol (lOa) as a solid, mp 176-177oC; II2 3325 -1 (CH).Diacetate (Dia- 
-lQa), sclid, mp 168-169oC, IR 1730 cm-1 (CJO); iH M92, see Table 2. 
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In another experlmsnt, in order to recover the p& drol 9a in the pure state, the crude 
reaction mixture (0.30 g) Pecan the acid-catalysed hydrolysis of 6a in 1:l 0.2 N ItSOI/dioxana, 
consrsting of the two diols cis Ba and a 1Da (see Table l), l~aa transformed into a mrxturs of 
the corresponding d.racetates-@+a-9a and Dia-lOa) by the usual method. The c&e reaction product 
(0.37 g) +ms subjected to preparative TLC on l-am silica gel plats (a 8:2 mixture of petroleus 
ether atxl ether was used as the eluant; elution was repeated twice). FXtract1on of the two most 
intense bards (the slower moving band contained Dia-1Da) afforded Dia-1Oa (0.13 g) and Dia-9a 
(0.070 g) as a solid, mp 145-146oC; IR 1730 cm-1 (C=O); IH W, see Table 2. 

Dia-9a (0.050 g) was saponified in ‘lWF (4 ml) with 1 M KC?l in Etch (1.4 ml) as below described 
for the analogous reaction on trichloroaoetates, to give a erode soled p&t consisting of s 
dial 9a which was recrystallised Prom benzene to give pure j4a6,9a,lOg)-‘l-bromo- t-- 
1,2.3,~,4a.9,10,10a-octah~dro~henenthren-9,10~io1 (9a)(O.O20 8) as a solid, mp 196-197OC; IR 3350 
cm-’ (al). 

Reaction of enoxide 6c &i a_ &J aou- 0.2 N b6Q/dioxane solution 
A solutron of epoxide 6c (0.20 g) in a 1:l aqueous 0.2 N ttSOI/dioxane (50 ml1 hms strrred at 

- temperature for 2 mm then worked up as usual to yield a crude product, as a very dense oil, 
consisting of the only m dlol 8o (GIL). 8c did not rrystallise and so It was purified by 
preparatLve TLC (a 5:5:0-l mixture of petroleun ether, ether and methanol was used as the eluant; 
elution was repeated three times) to give pure ~4aJ3.9a,lO6)-6-methoxy-t--l.2.3,4.4a,9.10,lOa- 
octah.vdrot&enanthren-9.lO-diol (8c) IO.12 g) as a glass; IR 3400 cm-1 (OH). Diacetate (Dia-8c), as ~- 
a glass, IR 1730 cm-1 (C=O), iH NW, see Table 2. 

Reaction of olefin 12c IO.16 g, 0.74 nmtol) in anhydrous pyridine (2 ml) with OSOI (0.208 g, 
0.82 -1) for 12 h at roan temperature, following the procedure previously described for the 
comspond1np reaction of olefin 12a, afforded a crude Bemisolid residue (0.16 g), whnzh on 
recrystallisation Prcm petrolelan ether afforded put-e 7c (0.060 g) as a solid , mp 60-61OC: IR 3400 
curl (OH) Diacetate (Dia-‘lc), solid, mp 130-132oC; IR 1735 cm-1 (C=O); 1H NPII, see Table 2. 

React ion of epoxrde 6c with trichlorcacetLc acid Ln anhydrous benzene 
A solution of epoxide 6c (0.20 g, 0.87 -1) In snh.\dmrrs benzene (20 ml) was treated at 25oC 

with a 1 M CCl00ooH solution I” anhydmlls benzene (0.95 ml ), and the resulting reaction mixture 
was left 2 nnn at the same temperature. The organic solution usa washed (saturated aqueous NaHW 
solut eon) dried and ebaporsted to give an oily residue (0.33 g), consisting of a mixture of the 
monotri chlo roaretatas of dials 7c snd 8c which was dissolved in THF (16 ml), treated w1t.h 1 M KOH 
I” FtOH (5 ml), then left 5 h at room temperature. Dilution with water, extraction with ether and 
el-aporst ion of the ether ext.rscts afforded a solid residue IO.18 al consisting of the t.wo diols 
cib 7c and trans 8c, 
5:s.O 1 mixture 

UI the ratlc shown in Table 1, which tias subjected to semipreparative TLC (a 
. . of prtrolem ether, ether, and methanol was used as the eluant; elutron was 

repeated sevm-al t imes) . Esiraction of the tr.o maln tmnds (the slaver moving band contained 801 
afforded 7c (0.030 g.) and 8c (0.060 gj. 

Reaction of enoxnie 5c n 9 1:1 aq a- ueous 0.2 N &s/dioxane solution 
Fol lowing the procedure as described above, -tion of epoxids 6c (0.20 8) in a 1:l aqueous 

HnS&/dioxsne solution (50 ml) for 2 min at 25oC afforded a m-de solid reaction product 10.19 g) 
consint.ing of mixture of diols cx 9c and m 1Oc In the ratio shokn in Table 1, khlch w3s 

hubjerted to semipreparative TLC (a 5:5:0.1 mixture of petrol- ether, ether, admrthanol was 
tbxd as t.h~ eluant; alutlon was repeated four times). Fxtrartion of the two main bands (the slower 
moving band contained 1Dc) gave the followrng: (4~.9a,l0a)-6-methox--tr-l.2,3.1.4a.9,10.10a- 
octah~dmohenanthren-9.lO-diol (9c) (0.090 g) ss a solid, mp 178-179oC: IR 3450 cm-1 (cm). 
D1aPetat.e (JXA-SC)) solid, mp 123-125OC; IR 1720 cm-1 (C=O); IH N?%Z, see table 2. (4a9,96,10c)-6- 
metho~-t--1,2.3.4,~a,9,10,10a-octahydro~-thren-9,10~~ol_ (l(k) (0.030 g), as a solid, mp 
102-103°C; IR 3300 cm-’ (OH). Diac&ate (Dla-lOc), solld, mp 127-12WC, IR 1720 cm-’ (C=O); ‘H 
NMR, see Table 2. 

Reaction of eposide 6c lea trichlomace -- _- .tin acid ln anhydrous benzene 
A solutron of epoxide 5c (0.15 g, 0.65 nmoll in snhydrous benzene (15 ml) was treated with 1 M 

CC13moH in anhqdrous benzene (0.71 ml). After 2 min at rocm temperature the benzene solution 
was washed (saturated aqueous NaHCOa) drld ad e9porated to give an oily residue 10.20 g) which 
was divided into two portions and sepvately treated as follows: 

a) a 0.10 g portion was saponifted in ‘lHF I5 ml) with 1 M KOH rn FtOH (1.5 ml) as usual to gave a 
semisolid residue (O.ORO g) which uas subjected to semipreparative TlC (a 5:5:0.1 mixture of 
petroleum ether, ether, and methanol was used as the eluant; elution was repeated several times). 
Rutractlon of the two nicely separated xlower moving banda afforded w 9c (0.010 g) and m 
dial 1Do (0.010 g). 

b) a second 0.10 g portion was directly subjected to semipreparative TlC (a R:2 mixture of 
petroleum ether and ether was used 112 the eluant; elution was repeated twice). Extraction of the 
nwst inten.* bind (Rr=O.35) afforded pure 6-aethoxy-trans-l.2,3.1.4a,1Oa-heuahudro_10(9H)- 
phenanthrenone (11~) (0.023 g) as a liquid; IR 1700 cm-’ (C=Ol; ‘H W 6 7.1-6.66 im,3H,arcetatir 
protons), 3.83 (s,JH,OCHs), 3.50 (s,2H,CWHz) 

Reactions of enoxides 58-o & 6a-c JIJ dioxane-water m the presence of acid -- 
A solution of the epoxide (0.020 g) in a thermostated (25oCl 1:l aqueous 0.2 N R$Q/dioxane 

(20 ml) was stirred at 25OC for the time shown in Table 1, quenched with solid NaliCG and 
saturated aqueous m, and extracted with ether. Kvaporation of the uashed (water) and dried 
ether extracts yielded mixtures consisting of diols 9a-c and 1Da-c fran epoxides 5ae and diols 
8a-o from epoxides 6a+o which were analysed by GLC (as trunethplsilyl derivatives). The diols (7- 
1Oa-c) were caapletely stable under the reaction condrtions used. 
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A solution of the epoxide (0.15 ml) in mhydrmm bensene (3ml)wre treatedat25aCwitha 1 
M solution of OClrOZUl in the ssme solvent (0.166 ml) and them left at the sams temperature for 
the timeshowninTable1. lbereMtionmixturewaathenmmhed(sa~tedaqU?cUs NsMa&,snd 
water), dried and evaporated togivesnoilyreeidus cmsiating of-trichlormce tatea which 
were hydrolysedbydiseolving the crude productinIHF (2.5 ml) sod mbeeqm&tm3atmntwith1@l 
Em in Etm (lml). After 6 h atromtemperature the resctionmixturemsdilutedwith~terand 
extracted with ether. Evaporationof themshed (water)amldriedetberextrects yieldedacnxle 
reaction prcduct -isting ofamixtureof the corres~~srkl~ diols *ich mre 
==.U=dby= lbediols 7-lb-c-ccmpletelystablemder the reaction conditions used. 
Experiments were carried out in order to verify if the diols 7-1Oa-c sre stable & the 
ssponification conditions and if the method of saponification used does not alter the 
stereoselectivity of the reactions &r investigation. In the case of the trichlomece tolysis of 
epoxide !ic, the percentage of the ketone 110 relative to diols 9c arxl 100, were determined by 
reducing the crude product from 6cwithLiADk and ming (QC) the peaks ofdiols relative to 
the only two otherpesks present, which could easily be attrilxitsd to the reduced ketone by their 
comparison withansnalyticalseimple of lloreduwduzxler the ssse experimental conditions. The 
values given in Table lare the averege ofatleastthreemessuremen tstakenon atleast two 
different runs for each point. 

-1edsrmmt. This work wa8 supportedinpartbyagiant fmm Ccnsiglio Nasionale delle 
Ricer&e (a) 8txlMinisterodellaPubblica Istrusiaie (Rma). 
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Equaticm 1 can be obtained'* by term-by-tern eubtraction of the Heumettequaticn relative to 
the fornmticm of the gz& edduct (A) fm the one relative to the D ackht (S), underthe 
very likely aeeunption that the two prallel reactions follow the same kinetic equation and 
therefore therateratios~~canbeeqd..edt.nthe come&ration ratios S/A. This type 
of correlation affoxds the difference Q,,.-Q..t, . 


