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Sunlf?l~lr) : Aryloxide ions (Ar’O-) behave as C-nucleophiles towards diazosulfides 

(Arli=NSR: R = Ph. But) leading to unsymmetrical hydroxybiaryls (ArAr’OH) via 

C-C coupling. The reaction is parti<.ularly suited for the synrhesis of terms 

which contain electron-withdrawing groups on the At- moiety. The SRNl mechanism 

is proposed on the grounds of experimental evidences. 

Ke have recently been concerned with ncw,synthctic approaches from arenediazonium 

salts through their preliminary conversion int.o the covalent diazosulfides ArN=NSAr’ (I) 

either generated in situ’.3 or isolated.3’4 The treatment of I with a number of 

nucleophiles under argon in DMSO triggers rlec t.ron-transfer processes which involve an 

SRKl propagation cycle, event.ual ly leading t.o the substitution products 2: 

DMSO 
ArN=NSAr’ + Nu- v ArG + N2 + Ar’S- 

I 2 

The advantages of such react ions have been cnlightcd. Both sulfur (Ar’S-)’ 3 and 

carbon (CN-)394 nucleophiles have been positively tested: in the latter case. the 

employment of S-phenyl diazosulfides (I. Ar’ = Fh) prevents the formation of diazo- 

cyanides ArN=SCN. the classical azo-coupling process of diazonium salts5 being thus 

replaced by a Synthetically Gseful C-C coupling leading to aromatic nitrilcxs (Scheme 1). 

,Hore recently we reported a preliminary account on the application of a similar 

strategy wit.h nucleophiles such as aryloxide ions. 6 whose well-know coup1 ing with 

diazonium salts invariably affords azo compounds VW K-C bond formation (Scheme 2). 

Conversely, the treatment of DMSO solutions of S-phenyl diazosulfides (1. Ar’ = Ph) xiLh 

1977 
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ArN2+ 

I 

Phs- 

ArN=NSPh 

Scheme I 

CN- 
. ArN=NCN 

CN- 
t ArCN + N2 + PhS- 

the same nucleophiles involves an effective arylation via C-C bond formation, eventually 

leading to hydroxybiaryls (Scheme 2) .6 

Scheme 2 

PhO- 
ArN2+ w 

1 

PhS- 

PhO- 
ArN=NSPh - 

OH 

N=NAr 

OH 

Ar + N2 + PhS- 

orrho + pnrn isomers 

Herein, besides more extensive data relevant to the reaction between potassium 

aryloxides and S-phenyl diazosulfides. the application of the reaction to the analogous 

S-ten-butyl diazosulfides is reported, which enables to better define scope and 

limitations as well as to reach mechanistic conclusions. 

Results and Discussion 

Results are collected in Tables 1 and 2. where experiments are identified so as to 

attribute like numbers or letters to like Ar moieties or nuclecphiles respectively. The 

use of potassium salts of aryloxides rather than the initially employed6 

tetrabutylammonium salts, besides easier isolation and handling has been essentially 

suggested by the practical advantage provided by the possibility of generating the 

nucleophile in situ from equimolar amounts of phenol and potassium [err-butoxide without 

appreciably affecting reaction times or yields. Accordingly, most experiments in the 

Tables conform to such methodology. 

Synrherrc nspecrs 

From the available literature on the reactivity of diazosulfides. it is herein 

relevant to recall that, in acetone, a number of S-phenyl derivatives (1, Ar’ = Ph) have 
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Table I. Reactions between arylazo phenyl sulfides (ArN=NSPh) and potassium 

aryloxides (Ar’O-K+) in DMS0.O 

Entry 

la 

lb 

lb’ 

lcf 

Id 

le 

2b 

4b 

5b 

6b 

Ar 

4-CNC6H4 

n 

0 

n 

3-CNC6H4 

4-N02C6H4 

3-N02C6H4 

Z-N02C6H4 

Ar’ 

C6H5 

4-MeC6H4 

**e 

2,6-But2C6H3g 

Z-naphthylg 

4-N02C6H4 

4-MeC6H4 

t 

60 min 

90 min 

3 h 

4 h 

3 h 

24 hi 

45 min 

30 min 

50 min 

50 min 

ortho-arylation 

49xc 

64% 

40% 

7O%k 

51% 

65% 

70% 

70% 

52% 

I para-arylation 

231E 

lO%d 

3X4 

56% 

lO%d 

lord 

12Xd 

a[ArS=KSPh] 0.07-0.09M: if not otherwise stated Ar’O-K+ (10 molar 

equivalents with respect to sub5trat.e) xas generated in sftu from equimolar 

amounts of Ar’OH and ButO-K+. b -Yields refer to products isolat.ed by column 

chromatography, unless differently specified. ArSPh by-products were always 

isolated, generally within 15-25% yield. cDeLcrmined by HPLC. d4-Aryl-4- 

methyl-2,5_cyclohexadienone (3). eTwo molar equivalents with respect t.o 

substrate. fData from ref. 6. gThe isolated potassium salt was employed. 

‘l-(4-Cyanophenyl)-2-naphthol. ’ ‘Under irradiation by a sunlamp. 

been shown7 to quantitaLively couple with fi-naphthol in the presence of H20. MeOH, or 

MeCOOH. to afford a-arylazo derivatives. The outcome was att.ribut.ed to t.hc formation of 

free diazonium cations, catalyzed by acids or anyway favoured by the polarity of the 

medium: accordingly, any reactivity was completely suppressed in neat acetone.’ 

It is therefore noticeable that in the system herein the main reaction pathway is 

always represented by arylation at the ring-carbons of the nucleophile which are 

conjugated with the ionized hydroxylic funct.ion. According to our expect.at.ions 

azo-coupling derivatives are not observed but in trace amounts, occasionally formed most 

likely because of adventitious water in the medium: as a matter of fact, the addition of 

a 10% volume of xater t.o the reaction mixture of run lc of Table 1 drastically reduces 

the rate to furnish, after 18 h. only a 24% yield of para-arylated product. together with 

a 40% yield of the azo-coupling derivative 4-[(4-cyanophenyl)axo]-2.6-di-tert- 

butylphenol. 
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Table 2. Photostimulated reactions between arvlazo terc-butyl sulfides 

(ArN=NSBut) and potassium aryloxides (Ar'O-K+) in DMSO.ti 

Entry 

la 

lb 

lb' 

lc 

Id 

le 

If 

1B 

lh 

2b 

7b 

8b 

9b 

9h 

lob 

llb 

12b 

13b 

Ar Ar' t. ortho-arylation pare-arylation 

4-CNC6H4 42%c 

63% 

0 

'gH5 

4-MeC6H4 

f 
.*- 

2,6-But2C6H3! 

2-naphthyl 

4-N02C6H4 

4-CF3C6H4 

4-BrC6H4 

4-MeOC6H4 

4-W6H4 

40 min 

45 min 

40 min 

5 11 

35 min 

80 h 

45 min 

60 min 

2h 

69% 

2O%C 

g 

B%C 

64% 

6518 

35%b 

66% 

" 56% 

76% 

3-CNC6H4 

4-PhCOC6H4 

3-PhCOC6H4 

'gH5 

2h 61% lO%C 

54% 

II 

f 
II- 

4-MeOC6H4 

4-MeC6H4 

2.5 h 

3.5 b 

75 min 

90 min 

24 h 

3h 

75 min 

2h 

53% 

23% 

49% 

4-MeOC6H4 

4-BrC6H4 

3-pyridyl 

2-naphthyl 

21% 

33% 

58% 

28% 

~[A~N=NSBU~] 0.07~; if not otherwise stated Ar'O-K+ (10 molar equivalents 

with respect to substrate) was generated in situ from cquimolar amounts of 

Ar'OH and ButO-K+. bYields refer to products isolated by column 

chromatography, unless differently specified. ArSBut by-products vere always 

isolated, generally within lo-25"1 yield. CDetermined by HPLC. dDetected 

(TLC) but not quantified. e4-Aryl-4-methyl-2.5-cyclohexadienone (3). IThc 

isolated potassium salt was employed. El-(4-Cyanophenyl)-2-naphthol. 

hPartially isomerized' substrate (27%) also recovered. 
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Furthermore, a remarkable rcgioselectivity with respect to the aryloxide anion leaves 

no place whatsoever to the arylation of either IIIP!~L carbons or of the oxygen of t.he 

ionized hydroxylic group (to evenrually form diary1 et-hers). More in detail, as to the 

competition between on/~- and partr-arylation, an essentially statist.ical factor seems to 

play when both positions are originally unsubstituted (Table 1, entry la). Thus. the 

somewhat higher orrho to pnrn ratio (46:14) reported in the previous communication6 can 

possibly be ascribed to a differential counter-ion effect played by the 

t.etrabutylammonium with respect to the potassium cat.ion. Surprisingly enough, the 

competition between t-he two ring positions is not completely eluded when engaging the 

parm position by means of methyl substitution. and cyclohexadienone derivatives 3. 

although in low yields, are isolated wit-h potassium p-chresolate (Table I. 

0 

Q I I 
, . 

Me At- 

3 

entries lb, b’ , Zh, 4b, 5h, and Table 2. entries 1h.b’ and 2b). 

Yields of arylat.ion products reported in Table 1 and relevant to reactions carried 

out on S-phenyl diazosulfides (1. Ar’ = Ph) are always sat.isfactory; however, only terms 

containing strongly electron-withdrawing groups have been tested, as otherwise the 

decreasing substrate stability would have affected the significance of the Outcome, 

independently of t.he intrinsic limitations of the reaction itself. In this respect S-ICN- 

hutyl diazosulfides (ArN=NSBut) are of much help, as they are generally more stable than 

the corresponding S-phenyl derivatives. Thus, although, at variance with the latter, 

their reactions require photostimulation, S-tert-butyl diazosulfides allow a better 

definition of the substrate applicability range to our reaction, and data in Table 2 also 

pertain to this aspect: it actually results that the absence of electron-withdrawing 

groups on the aromatic ring effectively hampers the arylation process (see entries 9h, 

lob, llb. and 13b) although yields rise again to more satisfactory figures when the basic 

strength of the aryloxide is increased (cf. entries 9b and 9h). The importance of t.he 

presence of an electron-poor aromatic ring in the substrate in positively affecting the 

yield of arylation products is further confirmed by the outcome relevant to the 

3-pyridylazo sulfide (entry 12h). 

On the other hand, sat.isfactorily enough. our system proves fairly versatile as far 

as the aryloxide is concerned (Table 2. entries la-h), although in the case of para- 

nitrophenoxide prolonged times still leave appreciable amounts of unreacted, partially 

isomerized. * substrat.e (entry le). It is noteworthy. at this regard. that the reaction of 

the same aryloxide with t.he corresponding (4-cyanophenyl)azo phenyl sulfide (Table 1. 
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entry le) only occurs under photostimulation, at variance with all other runs on S-phenyl 

diazosulfides. 

Mechanistic aspects 

On the grounds of the acquired knowledge on the behaviour of diazosulfides with 

either sulfur- or carbon-nucleophiles in DMS0.1m4 the arylations herein represent likely 

candidates for the occurrence of the SRNl mechanism,” IX. an electron-transfer chain 

process involving aryl radicals and radical anions whose incidence in synthesis has been 

boosted in the last few years. In particular, a number of recent reports show that 

aryloxide ions do act as carbon nucleophiles, within SRHl propagation cycles, towards 

aryl radicals generated from aromatic haloderivatives either photochemically13’14 or 

electrochemically. l5 It is noteworthy that, very much like the results herein, 1) no 

0-arylation to form diary1 ethers has been detected, well in line with the recognized 

unreactivity of oxygen nucleophiles in aromatic SRNl processes, l2 and ii) the yields of 

arylation products have been found particularly satisfactory in the presence of electron- 

withdrawing substituents on the haloarene. 16 

Besides the outlined synthetic advantages, the use of rerr-butyl diazosulfides as 

substrates reveals to be particularly useful with respect to the possibility of applying 

electrochemical recognition tests for the SRKl mechanism18 because, at variance with the 

S-phenyl derivatives, they do not react at appreciable rates by simply mixing with the 

nucleophile in the daylight at room temperature. Thus, a cyclovoltanunetric analysis on 

rer/-butyl (4-cyanophenyl)azo sulfide qualitatively evidences the onset of an 

electrocatalytic process by addition of increasing amounts of p-chresolate through the 

sharp decrease of the irreversible reduction wave of the substrate. On a more 

quantitative basis, an electrolysis of the same substrate at a controlled potential 

corresponding to its first reduction wave and in the presence of 22 equivalents of 

p-chresolate leads to a 59% yield of orrho-arylated product (together with traces of the 

relevant cyclohexadienone derivative J), in good agreement with the analogous 

photostimulated reaction (entry lb of Table 2); a very low current consumption (0.16 

Flmol) definitely indicates the occurrence of an efficient chain process. 

Thus, as exemplified on the representative p-chresolate. the propagation steps 

depicted in Scheme 3 can be confidently proposed for the chain reaction herein, which is 

most likely triggered by an initial electron transfer from the aryloxide to substrate. 

The key chain-carrying step is the coupling of the aryl radical (deriving from the 

fragmentation of the substrate radical anion, possibly through a discrete diazenyl 

radical) with the effective nucleophilic site of the reactant. 1.e. a conjugatively 

activated ring-carbon orfho or pnra with respect to the ionized hydroxy group. An electron 

transfer to substrate (step c or c’) from the so-formed radical anion (which could be 

envisaged as a ketyl) completes the propagation cycle, followed by rearomatization (when 

possible) of the resulting cyclohexadienone via deprotonation in the basic medium (step 

d).” The feasibility of step c’ has been experimentally tested on the isolated 
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4-(4-cyanophenyl)-4-methyl-2,5-cyclohexadienone (3, Ar = 4-CNC6H4): an Epc value of 

-2.04V (vs. Ag/AgNO3 O.OlM in DMSO) seems to guarantee a fast electron transfer to t-he 

corresponding S-tert-butyl (Epc = -1.45V) or S-phenyl (Epc = -1.23V4b) diazosulfides, and 

confidently suggests an analogous favourable situation as far as step c is concerned. 

Both statistical and sterical factors most likely contribute to the meagre yields of 

cyclohexadienones 3 throughout. 

Besides the electrochemical tests, support to the SRY1 mechanism is provided by the 

detection, in all our experiments, of sulfides ArSR (R = Ph. But) as by-products. Their 

rationalization is rather straightforward when recalling that RS- ions, herein generated 

by the fragmentation step a of Scheme 3. are efficient. nucleophiles in SRNl processes, 

and can therefore successfully compete with the ‘external’ nucleophile for the aryl 

radical: the coupling eventually leads. through an alternative propagation cycle, 4b to 

the sulfide. As expected, the competitivity of the sulfur nucleophile becomes less 

effective when increasing the aryloxide to substrate molar ratio (cf. entries lb’ and lb 

of Table 1. where the amount of aryloxide was increased from 2 to 10 mol. equiv.. which 

also yield 41% and 22% of sulfide respectively) and accordingly all the preparative runs 

herein have been carried out with a tenfold excess of nuclrophile. 

It is notewort.hy that. although the occurrence of his-substitution, commonly regarded 

as a conclusive test for the SRNl process.” has been already observed in reactions 

involving diazosulfides with both S-1b8283 and C-nucleophiles.3’4b we were herein unable to 

detect appreciable amounts of products deriving from the concomitant replacement of both 

-N=J-SBut and an additional S RN1 leaving group such as a bromine atom on either the aryl 

moiety of the diazosulfide (entry llb) or on the aryloxide (entry lg): the occurrence of 

bis-substitution is obviously dependent on the nature of the radical anion of the primary 

substitution product and on the consequent competitivity of the FragmenLation of the C-Br 

bond (eventually leading to his-substitut.ion) with respect 1.0 the elect.ron transfer to 

subst.rate (step c of Scheme 3). the latter process being evidently more favoured herein. 

It should finally be mentioned chat overall reduction products (ArH) have been often 

detect.cd and in some instances isolated in variable amounts, most likely originating from 

well-recognized 12 SRNl terminaLion processes on nryl radicals such as H-atom abstract ion 

from the medium or reduction LO aryl anions fol lowed by protonat ion. 

M.p.s were taken on a Biichi 535 melting point apparatus and are uncorrected. ‘H NYR 

spectra (CDC13 or CD3COCD3) were recorded on a Varian FT 80 (or a Varian CEYINI 200 when 

specified) instrument (Me4Si as internal standard). IR spectra (neat or nujol mull) were 

recorded on a Perkin-Elmer 8Rl Infrared Sl’ectrol’}lotometer. HPLC was performed by mcdns of 

a Hewlett.-Packard HP 1090 instrument on cl Suprlcosi 1 LC-10-DB (25 cm s 4.6 mm ID) 

reverse-phase column; gradienL elut ion with H20/McOH mixtures ~(1s employed. 
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tiew compounds (italicized) gave satisfactory elemental analyses, with a few specified 

exceptions for which analytical samples could not be obtained: however, spectral data 

were always in full agreement with the proposed structures. 

For their characterization substrates or products are listed, within different 

classes, according to their molecular formula. 

Materials. - Petroleum ether and benzine refer to the fractions with b.p. 30-5OOC and 

8O-1OO’C respectively. Dimethyl sulfoxide (Fluka AC) was used as received after sLorage 

over molecular sieves (4A). Potassium cert-butoxide (Aldrich. 972) was used without 

further purification. Phenols were all commercial samples used as received wit.h the 

exception of p-chresol, which was distilled before use. Potassium phcnoxides for runs 

1c.d of Table 1 and lb’,c and 9b of Table 2 were prepared from equimolar amounts of 

pot.assium tert-butoxide and of Lhe appropriate phenol in MeOH by reduced-pressure 

evaporation of the solvent followed bv rc;)eated xashing of t.he salt with cyclohexane and 

finally with anhydrous Et20. 

Substrates. - Both S-phenyl [as (E)-isomers9’70] and S-rert-butyl [as (Z)-isomers 8-11 ] 

diazosulfides were prepared in higher than AOS: yield from commercial-grade arylamines 

according to a reported procedure. 7 Crude products were obtained by either filtraLion and 

careful1 washing with cold MeOH or by extra< tion into Er20. For their charact.erization 

diazosulfides were purified by flash-chromatography (silica gel; hexane or hexane- 

dichloromet.hane mixtures as eluant) and/or crystal I ization from an appropriate solvent in 

the cold; crude or at most chromatographed samples were used throughout for the arylation 

reactions, given their satisfact.ory degree of purity. 

S-Phenvl diazosulfides (ArN=NSPh). 

(E)-(Z-Nitrophenyl)azo phenyl sulfide (C12H9X302S): m.p. 57-58°C (toluenelpetroleum 

ether) : ” ‘H NMR (CDC13): 6 7.3-7.9 (m). 

(E)-(3-Nitrophenyl)azo phcnyl sulfide (C12H9N302S): m.p. 48.0-49.3”~ (pet.roleum ether) 

(lit..:7 48-C). 

(E)-(4-Nitrophcnyl)azo phcnyl sulfide (C,2HYti302S): m.p. 95.2-96.8OC (benzinc) (lit.:‘* 

Y6-97-C). 

(E)-(3-Cyanophcnyl)azo phenyl sulfide (C,3Hg,Y3S): m.p. 70-71*C; ‘H NMR (CD3COCD3): 6 

7.5-8.0 (m): IR: 2223 cm-l (CN). 

(E)-(4-Cyanophenyl)azo phenyl sulfitfe (C,,H,~Vv,S) : m.p. 110.7-111 .O”C; ‘H N?lR 

(CD3COCD3): 6 7.3-7.8 (m). 

S-tert-Butvl diazosulfides (ArN=NSButL 

(Z)-cert-Rutyl 3-pyridylazo sulfjde (CgH,3h’3S!: m.p. 22-23OC; ‘H N?iR (CDC13. 200 MHz): 

6 1.62 (9H. s), 7.41-7.43 (2H. m), 8.40-8.41 (It{, m), 8.58-8.62 (IH. m). 

(Z)-(4-Bromophenyl)aro tert-bulyl sulfide (C10//13HrN2S): red oil; ‘H NMR (CDC13): 6 

1.59 (9H. s). 6.97 and 7.57 (2H each, AA’RB’. J 8.7 Hz): analyt.ical sample not avai table. 

(Z)-tert-Butyl phenylazo sulfide (C 1o11,4K2S): m.p. 48-49-C (>lcOH) (lit.:’ 48*C). 
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(Z)-tert-Butyl (3-cyanophenyl)azo sulfide (CIIH13N3S): yellow oil; ‘H NMR (CDCl3): 6 

1.61 (9H, s). 7.17-7.41 (2H. m). 7.56-7.64 (2H. m); IR 2223 cm-’ (CN). 

(Z)-tert-Butyl (4-cyanophenyl)azo sulfide (C11H13N3S): m.p. 69.1-70.1°C (petroleum 

ether) ; 1H NMR (CDC13. 200 MHz): 6 1.61 (9H. s). 7.13 and 7.77 (2H each, AA’BB’, J 8.7 

Hz), in agreement with a reported spectrum;” IR: 2228 cm-’ (CN). 

(Z)-tert-Butyl (4-rnethoxyphenyl)azo sulfide (ClIH16N20S): yellow oil; ‘H NMR (CDC13): 6 

1.59 (9H. s), 3.82 (3H. s). 6.95 and 7.25 (2H each, AA’BB’. J 9.2 Hz): analytical sample 

not available. 

(Z)-tert-Butyl 2-naphthylazo sulfide (C14H16N2S): m.p. 54.6-55.2’C (petroleum ether); 

‘H NMR (CDC13): 6 1.60 (9H, s), 7.26 (lH, dd. J 1.9 and 8.7 Hz). 7.41-7.55 (3H. m). 7.73- 

7.97 (3H, m). 

(Z)-(3-Benzoylphenyl)azo tert-butyl sulfide (C17HlSN20S): m.p. 74.1-74.5OC (Petroleum 

ether) ; 1H NMR (CDC13): 6 1.60 (9H, s), 7.3-7.9 (9H. m). 

(Z)-(4-Benzoylphenyl)azo tert-butyl sulfide (C17H18N20S): m.p. 91.0-91.9-c 

(toluene/petroleum ether); ‘H NMR (CDC13): 6 1.62 (9H. s). 7.14 and 7.93 (2H each, 

AA'BB' , J 8.5 Hz). 7.5-7.8 (5H, m); IR: 1662 cm-’ (CO). 

Reactions of diazosulfides with aryloxides. - The experiments were carried out under 

argon, the apparatus being deaerated using five freeze-pump-thaw cycles. Reactions were 

started by dropping a DMSO solution of substrate into a double volume of a magnetically 

stirred solution of the nucleophile (prepared in situ from equimolar amounts of the 

appropriate phenol and potassium tert-butoxide, unless the isolated potassium aryloxide 

was used). The initial substrate concentration was 0.07-0.09M in the case of S-phenyl 

diazosulfides, 0.07M in the case of S-tert-butyl diazosulfides. Irradiation was performed 

with a 300W Osram sunlamp placed ca. 15 cm from t.he reaction vessel (Pyrex flask) and an 
D 

appropriately positioned fan served to maintain the reaction temperature around 25 C. The 

end of reaction was judged by ceasing of gas evolution and/or TLC analysis. Usual workup 

involved dilution with 3-51: HCl (5-6 vol.) and 4-fold extract-ion with Et20, followed by 

washing of the combined extracts with brine. In the case of the reaction on the S-tert- 

butyl 3-pyridyl sulfide, after dilution with brine the pH of the aqueous layer was 

adjusted to neutrality. The organic layer was dried (Na2S04) and the solvent removed 

under reduced pressure at room temperature. Column chromatography on silica gel (hexanc. 

hexane-dichloromethane. or hexane-ethyl acetate mixtures as eluant) yielded pure 

products. For runs analyzed by HPLC the residue from solvent evaporation was dissolved in 

Hvdroxvbiarvls. Liquid terms were further confirmed by reaction with l-naphth- 

ylisocyanate or 4-nitrobenzoyl chloride and characterization of the resulting urethane or 

4-nitrobenzoate respectively. 

4-Methyl-2-(3-pyridyl)phenol (C12HIINO): m.p. 122.5-123.5’C (toluenelpetroleum ether); 

1H NMR (CDC13, 200 MHz): 6 2.32 (3H. s), 6.9-7.1 (3H, m), 7.3-7.4 (lH, m). 7.9-8.0 (11~. 

m) I 8.5 (lH, m), 8.81 (1H. br. s);‘~ IR: 3000 cm-l (OH). 





I-(4-Cyanophenyl)-2-naphCho1 (C17H11N0): m.p. 189.4-190.1~C (toluenelpetroleum ether): 

'H NMR (CDC13, 200 MHz): 6 5.01 (lH, br. s), 7.2-7.4 (4H. m). 7.56 (2H, BB' of AA'BB', J 

8.5 Hz), 7.8-7.9 (4H, m overlapped with AA' of AA'BB'. J 8.5 Hz); IR: 2241 cm-l (CS) * 
3379 cm-' (OH). 

4-Methyl-Z-(2-naphthyl)phenol (Cf7H140): b.p. 17O'C/O.2mm Hg; 'H NMR (CDC13): 6 2.34 

(3H, s), 5.13 (lH, s), 7.0-7.2 (3H, m). 7.5-7.6 (3H, m). 7.8-8.0 (4H. m). 

2-(3-Benzoylphenyl)-4-methylphenol (Cz0H1602): glassy oil; 1H NMR (CDC13): 6 2.27 (3H, 

s). 5.98 (lH, br. s). 6.8-7.1 (3H. m), 7.5-8.0 (9H, m). The ester from the reaction with 

4-nitrobenzoyl chloride had m.p. 107.1-107.8'C (benzine); 'H NMR (CDC13): 6 2.42 (3H. s). 

7.2-8.0 (12H. m). 8.18 (4H, app. s): IR (CHC13): 1658, 1741 cm-l (CO). 

2-(4-Benzoylphenyl)-4-methylphenol (C20H1602): m.p. 144.5-145.9-C (benzine); 1H NMR 

(CDC13): 6 2.30 (3H, s). 6.8-7.1 (3H, m). 7.4-7.9 (9H. m);23 IR: 1640 cm-' (CO), 3405 

cm -' (OH). 

4-(4-Cyanophenylj-2,6-di-tert-butylphenol (C27Hz5.V0): m.p. 155.8-156.8'C (benzine): 'H 

NMR (CD3COCD3): 6 1.50 (18H. s). 6.33 (1H. s), 7.51 (2H. s). 7.80 (4H. s); IR: 2225 cm-1 

(CN), 3628 cm-l (OH). 

Cvclohexadienones 3. 

4-Methyl-4-(3-nitrophenyl)-2,Scyclohexadfenone (C,3H77M03): m.p. 95.6-96.7"C 

(benzine); 1H NMR (CDC13): 6 1.77 (311. s). 6.35 and 6.90 (2H each, AA'BB'. J 10.0 Hz). 

7.5-7.6 (2H, m), 8.1-8.2 (2H, m); IR: 1663 cm-l (CO). 

4-Methyl-4-(4-niirophenyl)-2,5-cyclohexadienone (C131i,,X03) : m.p. 110.3-111.6°C 

(benzine); 'H KMR (CDC13): 6 1.75 (3H. s). 6.34 and 6.89 (2H each, AA'BB', .I 10.2 Hz), 

7.49 and 8.21 (2H each, AA'RB', .I 8.9 Hz); IR: 1664 cm-' (CO). 

4-~3-Cyanophenyl)-4-meth_yl-2.5-cycfohexa~lie~~onc (Cf4H,,.VO) : m.p. 136-140°C (benzinc) : 
'H NMR (CD3COCD3): 6 1.77 (3H, s), 6.25 and 7.11 (211 each, U'BB','J 8.8 Hz). 7.7-7.8 

(4H. m): IR: 1664 cm-l (CO). 2230 cm-l (CN): nnall-Lical sample not availdble. 

4-(4-Cyanophenyl)-4-methy7-2, 5-cy(:lolresallierlollc (C,4H,l10) : m.p. 185-187*C (tolu- 

enelpetroleum ether): 'H KMR (CD3COCD3): 6 1.70 (3H. 5). 6.24 and 7.09 (211 each, AA'RR', 

J 10.2 Hz), 7.61 and 7.80 (211 each. AA'BB'. .I 8.8 Hz); IR: 1660 cm-' (CO). 2229 cm-' 

(CN). 

Miscellaneous. 

4-[(4-Cyanophenyl)azo]-2,6-di-tert-butylpherlol 

'H NMR (CDC13. 

(C2,1125N,30): m.p. 160.5-161.7'C 

(benzine); 200 !-lHz): 6 1.51 (18H. s). 7.78 and 7.94 (2H each, AA'BB'. J 

8.8 Hz). 7.?7 (2H. s); IR: 2220 cm-1 (CY). 7265 cm-1 (OH). 

Awl r)hrnvl sulfides. 2-,4b 3-.Ib 4-Yit rophcnyllb Rand 4-cyanopheny14b phrnyl sulfide wer? 

confirmed by comparison (undepressed mixed m.p. ) wilh aurhcntic. samples. 7-Cyanophcnyl 

phenyl sulfide was oxidized (H202/AcOH) and confir-mrd as sul font' ‘lb by comparison 

(undeprcsscd mixed m.p.) with an authentic. sample. 
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Awl tert-butvl sulfides. 3-Pyridy1,26 4-bromophenyl, ” phenyl , ** 4-methoxyphenyl, *’ and 

Z-naphthy13’ tert-butyl sulfides were identified by comparison (lH NMR and, for the last 

compound, mixed m. p.) with authentic samples from our laboratories. 

tert-Butyl 3-cyanophenyl sulfide (CI,H,3A YS) was oxidized (H202/AcOH) and characterized 

as sulfone: m.p. 123.7-125.O”C (benzine): ‘H Xi?lR (CD3COCD3): 6 1.33 (9H. s). 7.9-8.2 (4H. 

m) : IR: 1377 cm-’ (S02), 2232 cm-l (C?1). 

tert-Butyl 4-cyanophenyl sulfide (CIIH13NS) : m.p. 56.3-56.9OC (petroleum ether); ‘H NMR 

(CDC13) : 6 1.32 (9H. s). 7.61 (4H. app. s). 

4-Benzoylphenyl tert-butyl sulfide (Cl ,lf,80S) : m.p. 87.7-88.6‘C (ELOH);31 ‘H NMR 

(CDC13) : 6 1.35 (9H. s), 7.50-7.60 (3H. m). 7.64 and 7.77 (2H each, AA’BB’. .I 8.6 Hz). 

7.80-7.90 (2H, m). 

Electrochemical determinations were conduct.ed with an Amel Model 551 potentiostat 

equipped with the following Amel units: a ?lodcl 563 multipurpose unit, a Model 566 

function generator, and a Model 863 x-y recorder. Experiments were carried out in 

DMSOIO. ly Bu4NBF4 ; working electrode: Pt-bead for CV, Pt-flag for CPE and 

chronocoulometry; reference electrode: Ag/AgN03 O.OlM in DMSO; sweep rate 100 mV/s. 
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