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AbWact-Acid-treatment of Chydroperoxy-2,Scyclobexadieaoaes (perexy-pquiuob) pad their ace- 
tates leads to the cermsponding quinoxy cations tbrou8l1 a preteaatioa at the peroxy group, giving rise 
to ditIereat types of products depending oa the structure of the peroxy esters. 2,4,6-Trislkyl-p- 
quinoxy cations undergo a rearrangemeat with ring opening to 8ive doxa-2-cyclepeatenone deriva- 
tives, except for pquhoxy cations with t-bntyl or beazyl groups at the 4-pesidon where 2,6-&t- 
butyl-p-beszoqainone is exchtsively obtained. pQuiaoxy cations with arematic substituents at the 
4-position uadetgo mi@ien of this substituent te the cstiouk oxy8en. In the case of paroxy-p- 
quinob (even peroxy-p-napathocluinob) with Csryl substituents the protoaation eccurs at either 0 
atom of the peroxy bond. Peroxy-pquiaob aad their acetatea with an uahiadered dienoae system are 
quite rtsble towsrds acid trestment, probsbly due to a competitive protonatien of the peroxy snd the 
dkaone CO group. fa solvent8 coataiaing aa oxygen fuactioa tbe rcactioo proceeds slowly. 

Highly regiosekctive oxygenation products of 2,6- 
di-t-btttyl-phenols display an interesting chemical 
behavior under strongly basic conditions, being e!Ii- 
ciently utilised for the syntheses of hydrotJ$nones, 
o-betuoquin0nes,’ cycl~ntadmnones, 3&y- 
droxyphenylaoetic acids, cyclopentenones~ and 
quinoxyacetic acids.’ These investigations have re- 
vealed the chemical reactivitiu of p-quinoiate an- 
ions and pquinoxy radicals derived from 2,6&-t- 
butylphenolsz pquinolate anions readily undergo 
ketonisation in an aprotic solvent such as DhfF to 
give hydroquinone derivatives, and pquinoxy radi- 
cals are involved in the base-catalysed rearrange- 
ment of peroxy-pquinol acetates giving p- 

quinoxyacetic acids. p-Quinoxy radicals are also 
found to undergo an intramolecular rearrangement 
with ring expansion.’ As a part of investigations in 
the chemistry of pquinoxy species-since the reac- 
tion of pquinoxy cations is not yet known-we 
have investigated the chemical reactivity of p- 

quinoxy cations which are expected to result from 
protonation of the peroxy bond in pemxy-p- 

quinols, their esters and ethers. Thus, the present 
paper deals with the acid-cata!ysed reaction of 4- 
hydroperoxy-2,!&cyclohexadienottes 2 and 11, their 
acetates 3 and alkyl derivatives 12. It is found that 
the reactivity of 3 is strongly dependent on the 
structure of the peroxide used. Compounds 3a-h 
are susceptible to the acid-catalysed reaction lead- 
ing to the correspoading pquinoxy cations, 
whereas 1 j are unreactive. 

REimLmJ 
When the peroxy ester 3n was treated with 

tsifiuoroacetic acid (‘IFA) in methylene chloride at 
0” for 30 min. product 4n resulting from the ring 
opening was obtained in quantitative yield. The 
structure of C is in good agreement with its spec- 
tral and analytical data. Further evidence for the 
structure of 4n was provided by its cheinical reac- 
tions. The compound displays a positive haloform 
reaction, indicating the presence of the acetyl 
group. The reduction of & with NaBH. quantita- 
tively yields a mixture of diastereomeric alcohols 7 

R’ t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu 
rP 

t-Bu t-Bu 
t-Bu t-Bu t-Bu t-Bu t-Bu t-Bu 

R3 Me 
Et Me H 

Et i-PI t-Bu CHsPb 4-MeOPb Me Me Me 
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Zj; R-H 0 I 2’ 
22; R-AC 

TabIa 1. &&SatalywxtreuYi0nof3~C&Q. 

: 0 
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f 0 
0 

0 0 
: 20 

20 

0.5 
0.5 
0.5 
0.5 
1.0 

10 
10 

4 5 6 

100 - - 
70 - 22 
53 - 47 
- - 100 
- - 100 
31 47 - 
3644- 

1730.1690 
1710.1665 
1715,16Ss 

- 
- 

1725.1695 
1723.1690 

Chulasrbcicqn!al8l&mof4Mds 
an-’ ‘H-NMR eDas)tl’ LAmoErj (I?#*) 

S 4 5 4 S 

- 7.71 
7.72 
7.72 
- 

- 271(X79) - 
- 27q3.u) - 
- 271(3.78) - 

- - - - 

1723.1690 7.78 7.79 267(3.&t) 27q3.81) 
1725,166s 7.75 7.84 266(3.82) 27q3.83) 

l For other data see Experimental. b Ok5nk proton. ’ Data of log B reported in a preliminary communiarion2 should 
berlwisedtolhoaercpo;ttdh8rc. 

and 7, which were separated by tic as colorless 
needles (mp 7&81”) and colorless prisms (mp 130- 
1320). All spectral data of these compounds are 
consistent with the rtructures. It is not determined 
which product ameaporuls to which f&uctme. 
but both products are quantitatively reoxidised to 
Ir 

‘Ihe acid-catalysed reaction of 3b and 3e also 
takes place at 0” to give the corresponding 4 and 
2,6_di-t-butyl-p-benzoquinone (6). ‘Ihe yield of 4 
d- with increase in size of the substituent 
R3, whilst the amount of 6 increases simultane- 
ously. Peroxy esters 3g and 3b were not susceptible 
to the acid-catalysis at 0” (no reaction in 72 h), but 
at 20” these esters reacted to give a mixture of the 
corresponding 4 and S (Table 1). They were sepa- 
rated by tic: !Ig and !lb were crystalline, whereas 4g 
and 4L were obtained as oily producta. A charac- 
teristic sharp absorption around 3100 cm-’ may be 
assigned to vcJl of the enone system bearing the 
ether bond. All compounds 4 and 5 show a ‘H- 
NMR signal around 6 7.7, reasonably assigned to 
the vinyl proton. Peroxy esters 3d and 3e gave only 
the benxoquinone 6. With 3e benxyl trifluoroace- 
tate was detected (by NMR) in the mixture, from 
which benxyl alcohol was isolated by means of silica 

gel chromatography. No such reaction took place 
with 3&j even at elevated temperatures (see, 
Table 2). 

The acid catalysis is much at&ted by the nature 
of the solvent used. In ethers and alcohols at 0” the 
reaction proceeded slowly (Table 2). In methanol at 
40“, 3a gave hydrolysed products 2n (96%) and 4n 
(4%). The acid-catalysed hydrolysis of the ester 
group in 3 was generally observed in methanol. 
Thus, 3f gave only 21 and 3a gave 2a (49%) and 6 
(60%). 

The acid-treatment of the hydroperoxides M 
led to results comparable to those found when 3a-d 
were similarly treated in methylene chloride, al- 
though the reaction is more complicated. To the 
contrary, the reaction of 21 with acids led to quite 
different results. When 21 wan treated with TFA at 
room temperature, a complex mixture was ob- 
tained, in which 3-t-butyl-S-(4-methoxyphenyl)-o- 
benxoquinone (8)’ was identified. The treatment of 
21 with HRF, in ether at 0” or at room temperature 
gave p-benxoquinone 6 (91%), 4-methoxyphenol 
(9) (67%), and lf (9%). similar results were ob- 
tained in the reaction of 21 with acetic anhydride 
containing sulfuric acid at room temperature. In 
methanol the hydroperoxy group was replaced by a 

Table 2. Solvent effect on the TFA-cataQaed reaction of 3.’ 

3 Solvent 
TFA/SOh?flt 

(mum0 

RCWtiOll Reaction 
tcmporature time COIlVCtiOll product (%I 

0 (h) W) a 4 6 

MeOH 
MeOH 
MeOH 

t-BuOH 

x 
DMF 

MeOH 
MeOH 

0.5 
0.5 
3 
3 
3 
0.5 
0.5 
0.5 
3 

0 
40 
0 
0 
0 

8 

ii 

0.5 
15 
0.5 
0.5 
0.5 

15 
15 

:: 

0 --_ 

100 96 4 - 
0 _-_ 

.A solution of 3 (1 mmol) in the appropriate solvent containing TFA (3 ml) was allowed to react. 



OMe group to give the quirk01 ether 10 in about WA pquinone 13, oquinone 14, and phenol 15 
80% yield. Hydrogen peroxide thus liberated was could be isolated. ‘Ibe corresponding t- 
detected by a color reaction with K&r&, (Expcri- butylperoxide 12 with TFA in CQ formed the 
mental). 

The naphthoquinol hydroperoxide 11” revealed 
o-quinol trifluoroacctate 16 and oquinone 14. The 
acetate 16 was easily de-t-butyiated and oxidised in 

the same reaction pattern as 21: in CH,Cl, with the acidic medium to 14. 

+ + 

0 
vs 

A% a 
ll\ 22e 

P 
-C-CF + A4 

3 

CH 
65 

f8 
23) 698 
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The formation of the 4-oxa-2-cyciopentenonc.s 4 
and 5 was reasonably interpreted in terms of the 
quinoxy cation intermediate 17 which resulted from 
the hetcrolysis of the peroxy bond by protonation: 

Subsequent reactions of 17 depended on the nature 
of the substituent R’. Alkyl substituents susceptible 
to /kcission resulted in the formation of 6 from 
17. Thus, 3d and k gave 6 quantitatively. With 3a 
the resulting benxyl cation led to benzyl trilluoroace- 
tate. The formation of 6 also resulted quantitatively 
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from 2d by acid catalysis or by treatment with 
acetic anhydride in the presence of pyridine. The 
formation of 4 and 5 was realised by assuming the 
migration of the ring carbon to the cationic oxygen 
to give a ring expanded cation 18 or 19 (resonance 
structures l and b) followed by hydration during 
working-up, as depicted in the Scheme. The fact 
that 4 and S were formed in nearly equal amounts 
indicated that the migration of the ring carbon did 
not depend on the nature of the alkyl substituent 
on the dienone system. For 3) and 3e quinoxy 
cation 17 either resulted in loss of R3 or ring 
carbon migration, as expected. When 3a was dissol- 
ved in acetic anhydride containing sulfuric acid, an 
intense purple color appeared. ‘Ibis was probably 
due to the formation of a carbenium~xonium sys- 
tem (18 resp. 2.9). 

The unexpected stability of 31 and 3j towards 
acid catalysis may be rationalised by assuming a 
diprotonated species 28, which could stabilise the 
peroxy bond. For 36-d the protonation at the CO 
group in the dienone system was hindered by the 

0 0 
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0 

I 
17f - 

XT 
0 %I 
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:0 :,I I I 

one %le Q 
2; 

bulky t-Bu groups on both orrho-positions resulting 
in the protonatlon only at the peroxy group, which 
accelerated the heterolysis of the peroxy bond. The 
slow reaction of 38 and 3b was also interpreted in 
terms of the protonation ability of the dienone 
system. The less reactivity in ethers and alcohols 
was attributed to a lowering of the acidity of TFA. 

The formation of 6 and 9 from 21 was interpreted 
as migration of the aromatic substituent to the 
cationic oxygen of 171 presuma bly cia the in- 
tramolecular u-complex 21 as depicted in the fol- 
lowing Scheme: 

Protonation at the other 0 atom of the peroxy rate to the quinoxy oxygen. In fact, only the phenyl 
group in 21 may also occur (22) to form the corres- ring migrated to form 13 and 15. To a smaller 
ponding phenoxy cation (23) which would give II extent, cleavage of the Hz4 group (analogous to 
after reduction. In methanol this phenoxy cation 22+ 23) also occurred to give o-naphthoquinone 
was trapped by the solvent: the quinol ether 10 14. In the case of the peroxide 12 the last men- 
could be isolated in 80% yield. tioned reaction occur& predominantly: 14 was 
‘lhe formation of 8 by treating 21 with TFA could formed in 69% yield. In water-free TFA, the reac- 
be interpreted in terms of the hydration of the tion proceeded via direct addition of TFA to the 
phenoxy cation 23 at the o&o position. The result- intermediate naphthoxy cation (analogous to 23) in 
ing oquinol was susceptible to an acid-catalysed the o-position. Such a reaction would give 16, 
fragmentation of isobutene to give 3-t-butyl-S-(4- which, indeed, could be isolated in 23% yield be- 
methoxyphenyl)-catechol, which could be further sides 14. The oquinol ester 16 was very sensitive 
oxidised by a second phenoxy cation to 8 and lf. towards acid and was easily transformed into 14 

Since the quinoxy cation 171 led to the exclusive 
migration of R’ giving the cation 21, the behavior 

upon addition of TFA in the air. 
Thus, the acid-catalysed reaction of peroxy-p- 

of hydroperoxide 11 towards acid catalysis was of quinols and their derivatives seemed to depend on 
great interest. Here, in principle, the Cphenyl ring the site of protonation, which was influenced by 
and/or the anellated t-butyl-phenyl ring could mig- steric effects of the substituents present. 
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M.pa are Dot caxrded. Ekmctttal aDaIyal=4 wele 
performedbytbeAnalyticalCentcrofKyotoUnivcndQ 
or the AnalyticaI Laboratory of the c3emkal Instituti of 
the Univenity of Tiibhlgen. IR spectr8 were recorded on 
a JASCO IRA-l or P&in-Elmer 221 sp&rophotome- 
ter. PMR e wen datcrmh~cd on a Varian T-60, 
A-aOA, or EhM60 spec@ometer with Me,Si aa an inter- 
nal standard. C&ton-13 magnetic resonance spectra were 
obtained with a Bruker HFX-90 multi-nuckus spec- 
trometer (22.63 MHz; au&rum width 6024Hz, puIac 
width 3.5 is). 

4-Ben@-2,6-di-r-butylplund (la). ‘IRe phenol la WM 
~~marcd aaxxdh~ to the method descrii by Rickcr. et 
;lL,tl from 2,6&t-butyl-p-benzoquinone hd benzyl 
magnesium chloride foIlowed by the reduction of the 
rcsuIting pquinol derivative with Zn-HCI in EtOH, col- 
orkn prisma (petroleum ether), 55% yield from 2,6-di-t- 
butyl-p-bcnzoquinone. m.p. 59-61’; lit.” 6&X”. 
‘HNh4R (CD&) 8 1.42 (8, Ml-). 3.89 (s.2I.I). 5.02 
(s, 1H. OH), 6.98 (s. 2Ii), 7.15-7.30 (m, SH). (Found: C, 
84.86; H, 9.52. CaIai for t&I&O: C, 85.08; H, 9.52.) 

2-r-B1&&6-cthv/4mcthvld1a1ol (W.13 A win of 2- 
cthyl4m&lpb&oI (0.1 xLi1). prep&i from the rcduc- 
tie; of 2-hy~~-S-met~ne with Zn-HCl 
in EtOH. nhoauhoric acid (8Oml). and P,O. (1011) in 
t-BuOH @ mlj in a se&d ‘bottk~ &as kcpi a? jv ?br a 
week. ‘Ihe mixture was poured into ice-cooled water and 
extmctcd with ether. ‘Ibe extract was wa8hed with water, 
dried @&SO.). and evaporated. The resulting residue 
was d&iU&i tO_ give lg aS colorless liquid (20-g. 100% 
yield); bp 85*/2 mm Hg. ‘HNMR (CM&) 8 1.41 (s, 9H). 
1.23 (t, 3H. J-7.5 Hz), 2.25 (s,3H), 2.53 (broad q, 2H, 
J17.5 Hz), 4.63 (s,lH,OH), 6.88-7.03 (m,lH), 7.07 
(d. 1H. J = 2 Hz). (Found: C. 81.33: IX 10.73. Calcd for 
&$I.& C, Si.iO; H, lo.&.,. ’ . 

2-t-ButyZ4,6-dyfphenol (a).‘* The phenol lb 
wa prepa& L descriti ahove && 2,4_xyle;lol. Color- 
lcsa linuid (90% vkld): b.n. 77W mmH& ‘HNMR 
(CM&j 8 is9 is, 9ii>, 5.16 (broad *,“3Ii), 2.23 
(broad I, 3H), 4.54 (s, lH, OH), 6.85-7.00 (m, lH), 7.00- 
7.15 (m, 1H). (Found: C, 81.02; H, 10.47. Calcd for 
C&I&,0: C. 80.85; H, 10.18). 

Hyw &+I. These compounda were prepared 
by the base-catalyscd oxygenation of la-d, rcsp&iveIy, 
as reported prcvioudy.’ 

Jfydroperox&s 2e, 2+i. Thcae hydroperoxidca were 
prepared according to the method involving oxidation of 
the comspoding phenols with sodium molybdatc- 
ho, in McOH descrii by Hayashi, et oL1’ All these 
hydropcroxidcs were puritkd by r&crystaIIkation from 
petroleum ether. Spectral and analytical data arc given 
bdow. 

Compound 2e: colorless needlea (94% yield); m.p. 
140-142“: IR (Nuiol) 3400. 1670. 163Ocm-‘: ‘HNMR 
(CDQ a 1.18 (s;18H), 2.68 (s, iH), 6.54 (s,uI>, 6.8- 
7.4 (m,5H), 7.79 (s, lH, GGH). (Found: C, 76.55; H, 
8.77. Cakd for &I&O,: C, 76.79; H. 8.59). 

Compound 2g: coIoricss prisms (88% yield); m.p. 88- 
900, IR (Nujol) 3280,1670,1620 cm-‘; ‘HNMR (CDCI,) 
8 1.06 (t, 3H, J=7.3 Hz), 1.24 (s,9H), 1.37 (s, 3H), 2.32 
(broad q, 2H, J= 7.3 Hz), 6.4-6.6 (m, lIi), 6.62 
(d, 1H. J = 3 Hz), 7.79 (s, lH, GOH). (Found: C, 69.86; 
H, 9.17. Cakd for &I&O,: C, 69.61; H, 8.99). 

Compound z1: colorless priw~ (92% yield); m.p. 78- 
O; IR (Nujol) 3400, 1670. 1625cm-‘* ‘HNMR 

&Cl~ 8 1.25 (a, 9H), 1.36 (s, 3H), 1.88 &oad s 3H) 
6.5-6.7 (m, 2H), 8.39 (s, lIi, GGH). (Found: C, 68.88; k 
8.78. Cakd for C,,H,,4: C, 6854, H. 8.63). 

Compound 1: mlorlc8a prisms (90% jield); m.p. 99- 
101’; IR (Nujol) 3300, 1660, 162Ocm-‘; ‘HNMR 
(CDClJ 8 1.24 (I, 9Ii), 2.38 (s. 3H). 6.15 (d, 1% J= 
10 Hz), 6.63 (d, lH, J = 3 Hz), 6.79 (d, d, lH, J = 10. J - 

3Iiz), 8.52 (s, lH, GGH). (Found: C, 67.28; H, 8.37. 
Cakd for C,,H,.O,: C. 67.32; H, 8.22). __ __ _ 

Compotmd 2j: cdorka needka; WNMEt (CDCQ6 8 
0.9-3.2 Im.8HL 6.10 Id.lILJ=2Hz). 6.21 (d. d. 1IX 
J-2, J=‘9.>tij, 6.84.(ti,lH,J=9.5iiz), lO.id (s; 1H; 
GW. 

2,6-Di-t-~14hydroparrxy_e(emcthoxyphcnyl>2,5- 
cvdohaadimonc (m. Per-e @&O+rea adduct 
of Degus6a AG) (9.4g) WM treated with absolute ether 
(2OOml) in a scparatory funnel by rapid shaking for 
10 min to extract Ha4 into the organic phase. The ether 
soln was tiltaed fFom uuaolubk m. To the fiItrate 
2,6-di-t-butyl4hyQoxy4-(4-methoxyphenyl 
hexadknone” (3.28 g, 1Ommol) and cone %SG4 
(2drope) were added. The mixture WBI then stirred at 
room temp for 18 hr and poured into NaHCQ aq. The 
ether phaac wa separated and the aqueous phaac was 
extracted with ether several times. Tbc combined organic 
phases were drkd (NW,) and evaporated in aacuo to 
dryngs. Treatment of the r&due with petrokum ether 
(6$Fzhy W fu+$ed 21 as colork8s. wadding- 

-hoon from petroleum ether): 
2.71 g, 79% yield; m.p. 108-1OP (dcc). IR (KBr) 3460, 
2930, 1658, 1635 an-l. WNhtR (CDa~ 8 1.28 
(a, 18H), 3.80 (a. 3H). 6.77 (s. 2I-i). 6.75-7.5 (m, 4H), 7.89 
(h lH, GGH). ‘“C NMR (CDCld 8 186.6 (C-l), 148.3 
(C-2.6). 138.8 (C-3.5). 81.7 (C-4). 35.0 (C-7). 29.4 
(c-8j, ‘i30.6 (c$),* ii7.2 (~12’. 65. 114.j (G3’, 53, 
159.7 (C-43. 55.3 @xx&). 

MS 344 (M+), ,327,312,311,272,271,255 m/c (Found: 

xY9; Hs 
7.79. Cakd for &,&O,: C, 73.22; H, 

. . 
2,b-Di-t-butyl4hydropaaxy-l-axo4phmyl-l,4_dy- 

dronnphrhulene, (11) was prepared according to lit.” 
paoxy ester3 3We, d. The peroxy eaten were pre- 

pared aaxxding to the described method.’ A soln 
of acctyl chloride (1.73 & 22mmol) in dry pcntane 
(15ml) was added dropwise into a stirred soIn of 2 
(20mmol) in dry pcntanc (40 ml) containing pyridine 
(1.78 ml, 22 mmol) at @ in 30 min. The mixture was 
stirred at 0” for 1 hr. then warmed at 40” for 10 min. The 
resulting ppt of pyridh~e hydrochloride was ffltcred off 
through a alite layer (7 cm) and washed with pcntane and 
ether. Tbc combined organic soIns were evaporated to 
give 3 in quantitative yield. ‘Ibc cryatallinc products were 
pm&d by rccrystaUi6ation from petroleum ether, other- 
wise the products were used for the acid-catalyscd rcac- 
tion without fxuther puritlcation. Analytical and spectraI 
data for 3 arc given below. For 3a-d tbe physical data are 
availabk in a prcvioua paper.’ 

Compound 3ez colorless pw m.p. 99-101’; IR 
(Nujol) 1785, 1675, 164Oc~11-‘; ‘HNMR (CD&) 8 1.14 
(a, 18Ii). 1.94 (s, 3H). 3.08 (s,2H), 6.51 (s, 2H). 6.8-7.3 
(m, 5H). (Found: C, 74.55; Ii, 8.44. Cakd for &HMO.: 
C, 74.56; H, 8.16). 

Comuound 3r: colorkm Iiauid; IR (Film) 1790.1675. 
1645&-‘; ‘Ii&R (CM&j 8 -1.07-(1,3tiJ-7.5Hz), 
1.25 (r9IiL 1.49 b. 3HL 1.94 (a 3IiL 2.34 (broad 
J = 7.i &),e&35+5.jj (m;lH), 7.3; (d; iH, J = j Hz). 

u. 
_- 

Compound a: cnlorkas Iiquid; IR (F&n) 1785, 1670, 
1640 cm-‘; ‘HNMR (CD&) 8 1.24 (s, 9H), 1.47 (s, 3H), 
1.90 (broads, 3Ii), 1.94 (&3H). 6.4-6.6 (m. 2IiL 
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Compound Ji: colorkss prisms; m.p. 41-42’; IR 
@Juioll 1790.1670.1640 cm-‘: ‘HNMR KDCl3 8 1.24 
(a, <w; 1.50 is, 3Hj, 1.94 (s, 3Hj, 6.11 (d, iH, J=9.5 Hz). 
6.59 (d,lH,J=3Hz), 7.73 (d,d,lH,J=9.5.J=3Hz). 
Found: C, 65.55; H, 7.70. Cakd for CIsHHIsO~: C, 65.53; 
H. 7.61). 

Com~und 4: colorless liquid; IR (Fii) 1785, 1665, 
1635cm-‘: ‘HNMR (CDCI.) 8 1.0-3.0 (m.SHL 1.93 
(s, 3H), 6.i7 (d, lH, J; 2 Hzc 6.23 (a, d, 1ic;J - ib, J = 
2 Hz). 6.78 (d, lH, J- 10 Ha). 

2,6-W-t-buiyl4t-b~rylpamy-l-ato-ephmyl-l,~~- 
hy&maphd&ne (12). 2,a_Di-t-butyl-4-phenyl-l-naph- 
th01’~ (SOOmg, 1.5 mmol) and c&&V) oxide’s 
(350 mg) were stirred under regux for 4 days in a mixture 
of t-BuOH (10 ml) and t-butyl-hydroperoxide (1Oml). 
The arium(TV) oxide was filtered off, the filtrate evapo- 
rated in oacuo. The residue was treated with ether and the 
ethereal extract washed with NaQ aq and water. After 
drying (Na$O~ the solvent was evaporated and the 
n&h& sep&&d by preparative layer‘ chromatography 
(silica aeI. Macherev and Nape1 P/W 254+366: oet- 
&*um~e&er/ether/&ctone 7 :-1 : 0.i5 to give two. c&m- 
pomlh: 

(1) 450mg (71.5%) 12; colorless crystab (from pet- 
rokum ether), m.p. 87-88”. IR (KBr) 2%0, 1656, 
1608 an-‘; ‘H_bMR (q 8 1.21 (s. 9H), 1.26 (s, 9H), 
1.28 (s.9H). 6.81 (a, lfi), 7.1-8.2 (m, 8H); MS M+. not 
observabk, 348, 332, 275 m/c (Found: C, 79.74; H, 
8.73. Calal for C&H,Os: C, 79.96; H, 8.63). 

(2) 120 mg (19%) 2,6-Di-t-bucyl-2-t-bu~~~~-l- 
oxo4phenyl-1,2dihydronaphthalene; decomposable oil. 
IR (CC&) 2950, 1690, 1660.1595 cm-‘; ‘HNMR (CC&) 
8 1.03 (s,9H), 1.24 (s, 18H). 6.20 (s, lH), 7.0-8.1 
(m, RH); MS, M+, not observable, 348.347.331.291 m/e. 

Acid freurment of peroxy estcls 3. A soln of 3 (3 mmol) 
in CH,C& (1 ml) was added dropwise in 30 s into TFA 
(3mI)at~.Themixturewasstirredat00for30min.In 
the case of 3g and 3h, the reaction was carried out at 20” 
for 10 h. The resulting mixture was then poured into 
ice-cooled water (50 ml) and extmcted with ether. The 
extract was wasbed with water, dried (Na#O,), and 
evaporated to give an oily residue. The product from 3a 
was crysUi& from petroleum ether and that from 31 
aysta8ised on standing. The oily r&due from 3b, 3c and 
3b was chromatographed on UC plates developing with 
CH&lz and that from 3e with a mixture of petroleum 
ether and CH&l, (2: 1). The products from 3g were 
similarly separated developing with a mixture of pet- 
roleum ether and U&Cl, (1: 2) three times. ‘Ihe quinone 
6 obtained was identical with an authentic sample (UC, IR, 
and NMR). Spectral and analytical data for 4 and 5 are 
given below. 

Compound ti 100% yield, colorkss prisms (petrokum 
ether); m.u. 68-70”; IR (Nujol) 3100. 1730, 16901.x11-~; 
‘I&& @DC&) 8 0.96 -(s,9H), 1.21 (s,9H), 2.06 
(s.3f.I). 2.97 (s,2H). 7.71 (s, 1H). (Found: C, 71.21, H, 
9.58. Cakd for C,&Os: C, 71.39; Ii, 9.59). 

Compound 1: 78% yield, colorkss prisms (Petroleum 
ether\: m.o. 58-W’: IR (Nuiol) 3100. 1710. 1685cm-‘: 
‘& &DC@ d 0.9j (t: 3i-l. J = i Hz), b.97 Q, 9H); 
1.22 (s, 9I-I). 2.40 (q, 2H, J=7 Hz), 2.98 (s,2H), 7.72 
(s, Hi). (Found: C, 71.93; H, 9.55. Cakd for &&O,: 
C, 72.14; H, 9.84). 

Comoound Ic: 53% vield. colorkss urisms (wtroleum 
etber);m.p. 65-66”; k (Nujol) 3115, -1715, G85 cm-‘; 
‘HNMR (CDCI,) (at 31W 8 0.96 (a. 9H). 1.02 (d. 3H. 
J = 7 Hz), ‘1.04 <;j. jH, J = i Hz). 1.21’ (s, gi$ 2.5b &pi 
U-I, J = 7 Hz), 2.99 (d, lH, J = 15 Hz). 3.04 (d, lH, J - 
15 Hz), 7.77 (s, 1H). (Pound: C, 72.78; H, 10.17. Calcd 
for ~,I&Os: C, 72.82; H, 10.07). 

Compound 48: 31% yield, colorkss liquid; b.! 
93’/2mm Hg; IR (Nujol) 3090, 1725, 1695 cm- ; 
‘HNMR (CDCQ 8 0.78 (t, 3H, J= 7 Hz). 1.24 (s, 9H). 

1.76 (q. 2H, J=7 Hz), 2.10 (r, 3H). 2.86 (I, 2H.I. 7.77 
(I, lIi).-(Found: C, 69.63; H, 9.16. Cakd fo&s&,,Os: 
C. 69.61: H. 8.99). 

~Comp&n;l8g: ;47% ykld, colo&ss prisms @etrokum 
ether); m.p. 52-54”; IR (Nujol) 3090, 1725, 169Ocm-‘; 
‘HNMR (CDCI,) 8 0.99 (s. 9H). 1.11 (t,3H, J - 7.5 Ha), 
2.10 (s,3H), 2.18 (d,q,2H,J-O.B,J=7JHz), .3.03 
(s,2H), 7.79 (t, lH, J= 0.8 Hz). (Pound: C, 69.36; Ii, 
8.52. Cakd for &I&O,: C, 69.61; H, 8.99). 

Compound 4: 36% yield, colorless liquid; b.? 
84’/1.5 mmHg; JR (Nujol) 3080, 1725, 169Ocm- ; 
‘HNMR (CD&) 8 1.23 (s, 9H), 1.32 (s.3f.l). 2.09 
(s, 3H), 2.86 (sew), 7.75 (s, 1H). (Found: C, 68.26; H, 
8.63. C&d for C&,sO,: C, 68.54; H, 8.63). 

Compound SL: 44% yield, colorkss prisms (petrokum 
ether); m.p. 10&loSD; IR (Nujol) 1725, 1685~m-~; 
‘HNMR (CDCla 8 0.99 (s,9H), 1.71 (d, 3H, J= MHz), 
2.09 (s,3H), 3.04 (s,2H), 7.84 (q, lH,J- 13Hz). 
(Found: C, 68.31; H, 8.78. Cakd for &HH1,Os: C, 68.54; 
H, 8.63). 

Reducdon of 4a tifh NaBH,. To a stirred soin of 
NaBH, (0.17 g, 4.5 mmol) in MeOH (4 ml) was added a 
soln of 4a (0.505g. Zmmol) in MeOH (Sml) at 0”. The 
mixture was stirred at room temp for 3Omin. A tk 
analysis of the mixture showed the compktion of the 
reaction with the formation of two products. llx mixture 
was then poured into an ice-cookd NH&l aq and CI- 
tracted with ether. The extract was washed with water, 
dried (Na#O~, and evaporated to kave a solid residue, 
whose ‘HNMR showed the quantitative formation of a 
mixture of alcohols 7 and T. Both products were sepa- 
rated by silica gel chromatograohy on a tk plate elnting 
with CI&Cl, aid crystaUised fr&i petroleum ether. - 

Compounds 7 (or7’): 63% yield, colorless necdk.s; 
m.p. 78-81’; IR (Nujol) 3440. 3080, 1675, MOOcm-‘; 
‘HNMR KDCI,) 8 0.96 (s. 9H-L 1.12 (d. 3H. J - 3 Hz). 
1.23 (s,9H), 2.oj (d,w,j,=2.iiHz), 2:li (4 lH,OHj; 
3.46-3.74 (m, lH), 7.98 (s, 1H). 

Compounds T (or 7): 37% yield, colorkss prisms; m.p 
130-132”; IR (Nujol) 3400, 3080. 1675. 16OOcm- ; 
‘HNMR (CDCIJ 8 0.96 (s, 9H), 1.17 (d, 3H, J = 3 Ha), 
1.21 (s, 9H). 1.58 (a, lH, OH), 2.02 (d, 2H, J- 2.8 Hz), 
3.55-3.82 (m, lH), 7.93 (s, 1H); UV (Et0I-i) A, 268 
(logs =3.8&m. (Found: C, 70_61;H, 10.30. Cakd for 
C&O,: C, 70.83; H, 10.30). 

Oxi&donofamixtureof7and7’.Toasolnofa1:1 
mixtureof7’and7’(0.1~wasaddedasolnofCrO, 
(0.1 g) in water (0.3ml) containing one drop of cone 
HsSO, at 0”. The mixture was allowed to stand at room 
temp overnight. The tic analysis of the mixture showed 
the formation of only 4a. The mixture was then diluted 
with water and extracted with ether. The extract was 
washed with water, dried (Na,SO,), and evaporated to 
give & (99 mg, 100% ykld). which was identical with an 
authentic sample. 

&nryl friffuorooec tate To a soln of benzyl alwhol 
(0.114 i, 1 n&01) and dicyclohexykarbodiim& (0.413 g, 
3 mmoll in C!H,CL (1 ml) was added TFA (1 mmol) at 0” 
and the*mixt& Gallo& to stand at $ for 1 &. The 
ppt of dicydohexylurea was filtered off through a celite 
kver and the filtrate was evaoorated to nive bentyl 
trhoroacctate as wlorlcss li+f in nearly -&ntitatiG 
viekl. IR Wii) 179Ocm-‘: HNMR (CDCL) 8 5.22 
1s. 2H), 7.j2 (s,>H). . . - 

Acid tmaawnt of ZL (a) Hydroperoxide 1 (SOOmg,* 
1.45 mmol) in absolute ether (100 ml) was stirred at room 
temp for 12 hr tir a 54% soln of HBF, in ether 
(Sdrops) had been added. The mixture was poured into 
NaHCOs aq for neutralisation. The phases were sepa- 
rated; the aqueous layer was extracted several times with 
ether. After drying of the combined organic phases 
(Na#Od, the solvent was completely evaporated in 
MCUO. The residue was chromatographed on silica gel 
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&facherey and Nagel, 60) with CH& to give 3 pro- 
ducts: (1) 11”: 4Omg(9% yield); (2) 6: 29Omg (91% 
yield); (3) 9: 120 mg (67% yield). These come were 
identilkd by NMR (comparison with authentic 8ample8). 

(b) Hydr&eroxide tl -(SO0 mg, 1.45 mmoi) was &sol- 
ved in ah MeOH (200 ml). After addition of a 54% loln 
of HBF. in ether (5 d&) the wln wan stirred at room 
temp for 4 hr. ‘Ihe mixture was neutrali& by stirring for 
lhr witb a small amount of water-free Na&Op ‘l’le 
MeOH was evaporated almoat completely &I eecw and 
the residue treated with ether. ‘Ihc insoluble material was 
filtered off and the win-after concentration-was again 
treated with MeoH. chl cooling colork-a¶ crystah precipi- 
tated. Further material was obtained by preparative Layer 
chromatrography (silica gel; Macherei &d-Nagel, Pm 
254 + 366: oetroleum ether/CHXL. 2 : 1) of the mother 
liquor: 4do’mg (81% yicld)~lO, -kk%i& by comparison 
with an authentic aampl~~~ m NMR). 

(c) Detection of HzOp K&s& (20 mg) in water (5 ml) 
was treated with cone H$Q (5 drops) and covered with a 
layer of ether (1 ml). To this reagent a few drops of a wln 
of 2f (50 mg) in aba MeOH (1 ml)/conc H$G, (1 drop) 
was added. The ether phase immediately attained a deep 
blue color (CTQ). If 21 was directly added to the reagent 
(blank test), no color owurred. 

Acid tnruanent of 11. (a) Hydroperoxide 11 (180 mg, 
0.5 mmol) wan diucolved in CH&l, (0.6 ml) and treated 
with TFA (O.lml) at l(P for 10 days. Phenol 15 was 
wpafatcd from the mixture after extraction with 
NaOH aq: 10 mg (22% yield). Its identity was proved by 
transformation into 2,4,6-tribromophenol. The organic 
layer wan evaporated to dryness and sepantbd by pre- 
parative layer chromatography (silica gel, Macherey and 
Nagel, PAJV 254, 366; petroleum ether/ether/acetone 
7: 1:0.25): 100 mg (75% yield) 13; 10 mg (8% yield) 14. 
Ihe IR spectrum of 13 and 14 were identical with those 
of authentic ~ple~.~~~ 
(b) Hydropero&e 11 (90 mg, 0.025 mmol) Watt stirred 

with TFA (5 drons) in benzene (5 ml) at 25’ for 24 hr. Bv 
column &omat&raphy (silica ‘gel, &cherey and Na@l 
60), petroleum ether/ether/acetone 7 : 1: 0.25) 50 mg 
(75% yield) of quinone 13 were isolated. 

Acid tnotmcnf of 13. Peroxide 12 (210 mg, 0.5 mmol) 
was dissolved in CC& or aba ether (2 ml) and treated with 
TFA (20 drops) at room temp for 48 hr. The mixture was 
separated by preparative layer chromatography (s&a gel, 
Macherey and Nagel, P/UV 254+366; petroleum 
ether/ether/acetone 7 : 1: 0.25) to give: 

(1) 50 mg (23% yield) of 16, which decompoeed and 
could not be obtained in crystalline form. IR (CC&) 2920, 
2850, 1792, 1695, 1665, 1597cm-*. ‘HNMR (CC&) 8 
1.10 (s.9HJ. 1.30 (s, 9H). 5.98 (s. 1H). 7.2-8.1 (m,8H). 

(2) 100 mg (69% yield) 14. 
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