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Absftact. Potassium enolates of alkyl aryl ketones react selectively in DMSO with phenylazo la 

and 4-methylphenylazo tert-butyl sulfide lb undergoing respectively eflective a-phenylation via 

Sml and a-(4-methylphenyl)hydrazonylation via elimination-addition. 

Within the framework of an ongoing exploitation of azosulfldes 1 as convement reagents in SRN~ 

arylatlons at carbon,14 we have recently reported that, at variance with previous observations on the behaviour 

of 1 towards cyanide,1 aryloxidesz or 2+pentanedlonate, 3 the a-arylation of the ketone enolates of acetone or 

pmacolone IS not hmlted by the need for electronwlthdrawmg substltuents m Ar.4 Furthermore, the results 

obtamed with the latter enolates reveal that, when suitable alkyl substituents are present m ortho or para position 

with respect to -N=N-SBut, different processes (leadmg to products which mamtam the two nitrogens of 1) 

effectively compete with, If not completely overcome, the Sml arylation reaction.4 The examples reported m 

Scheme 1 show a spectacular dependence of the mam reachon outcome on the poslhon of a methyl group m the 

aromatlc nng of 1. Thus, intramolecular cychzatlon to lI&mdazoles, a-arylatlon and a-arylhydrazonylatlon 

appear to be appeahng routes open to the synthetic apphcatlons of azosulfldes 1. 
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As a first development the observed almost quanutahve phenylation of acetophenone 4 has led us to better 

mvestigate the applicabihty of our system in particular to alkyl aryl ketones. As a matter of fact, m the panorama 

of the avatlable routes to a-arylketones,s the Sml direct arylation by haloarenes, although fatrly well sutted as 

far as dialkyl ketones are concerned, when apphed to alkyl aryl ketones IS reportedly of more hmited use,6 due 

to the need for aryf halides charactensed by favourable reduchon potent& or for harsh experimental condmons. 

Accordingly the work herein also atmed at a better definttton of the potenhaliues of azosulftdes vs. haloarenes as 

reagents in SRNl processes. A further point of interest was, on the other hand, to ascertam whether the 

competrttve formation of a-hydrazonylated products would also hold for such parttcular case. 

Results and Discussion 

Results of the reacttons of the phenyl- la and of the 4-methylphenyl-azosulftde lb wtth the enolates 2a-h 

of alkyl aryl ketones are summartzed m Scheme 2 and Tables 1 and 2. It IS immediately apparent that, as 

observed for the enolate of acetone,4 ap-methyl group governs the mam reacuon pathway, tts presence leaving 

to the a-arylauon at best a secondary role. Once thts drcothomtc behaviour 1s acknowledged,our hopes for an 

effective a-phenylation of aralkyl ketones have surely met with success. Actually, with aryl methyl ketones 

yields remam more than satisfactory throughout, an exception being represented by the 3-threnylderivauve 

(expt. 6), where the reaction IS accompanied by substantial amounts of tarry matenaf possibly denvmg from 

decomposttton of the throphene moiety. The comparison of expenments 7 and 8 with 1 measures the negative 

mfluence of branchmg at the a-carbon of the enolate: on going from the enolate 2a (acetophenone) to either 2g 

(proptophenone) or 2h (butyrophenone) the decrease m yield of 3 1s stgmfrcant, though achievement of 
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Table 1. Reactions between Phenylazo fert-Butyl Sulfide la and Enolates 2a-h. a 

Expt. Reacuon Product Yield (%) c a Bxpt. Reactton Product Yteld (%) c 

ume (mm) b ume (mm) 6 

1 60 3a 95d 6 80 3f 48 

2 120 3b 58(713 7 60 3g 60 

3 60 3c 76 8 10 

4 100 3d 77 8 90 3h 52 

5 60 3e 66 9 16 

a) Condrhons argon, r t , 10 mol equw of enolate wrth respect to azosuhide. [amsulfide] = 0 065 M The enolate was generated m 

sttu from eqmmolar amounts of the relevant ketone and ButOK pnor to the addmon of la b) The reported hme refers m all cases 

but one (expt 2) to complehon of the reachon, as~udged by the TLC dtmppeamn ce of the azosultide c) Yields of tsolated products 

d) From ref 4 e) Yreld based on the reacted la 

Table 2. Reacttons between 4Methylphenylazo rerfButy1 Sulfide lb and Enolates 2a-h. a 

Expt. 

9 

10 

11 

12 60 

13 60 

Reaction 

ume (mm) b 

60 

60 

60 

Product Yield (%) c Expt. 

4a 90 

4b 95 

4c 57 

5C 29 

4d 92 

4e nd 

5e 18d 

14 

15 

Reaction 

ume (mm) b 

60 

75 

16 60 

4f 89 

4g 47 

5g 36 

4h 52 

5h 24 

- J 

a) Comhhons argon, r t (5 mol eqtuv of enolate with respect to azosullide. [amsulfide] = 0 065 M The enolate was generated tn 

SIIU from eqmmolar amounts of the relevant ketone and ButOK pnor to the addihon of lb b) The reported hme refers m all cases to 

completton of the reactton. as Judged by the TLC dtsappearance of the azostdfrde c) Ytelds of Isolated products. unless otherwse 

specdied d) 1H NMR ytelds on the crude product mixture 

Product Yield (a) c 

acceptable a-phenylatton IS not precluded. According to the mvolvement, m the studied reacttons, of an Sml 

process (whose propagatton cycle 1s exemphfted by steps l-4 of Scheme 3 for 2g and 2h) such reductton m the 

yteld of the desired a-arylated product can be Justifted by the mterventton of a side reaction of p-hydrogen 

abstractton from the a-branched enolates (step 3’) by the same phenyl radtcal mtermedtate of the concurrent 

Sml process.7-13 Thrs event leads to relattvely stable radmal anions (6 - l or 7 - l ) and trtggers an altemattve 

propagatton cycle (steps 1,2,3’ and 4’) completed by an electron transfer to la (step 4’) wtth formatton of a$- 

unsaturated ketones (6 or 7). Thts sequence finds definite support in the tsolatton of 2-methyl-lJ-dtphenyl- 8 

(10%) and 2-ethyl-3-methyl- l,idiphenyl- 1,Ipentanedtone 9 (16%) respectively in experiments 7 and 8, 

readily rattonahzable (Scheme 3) via a Mtchael addition of the corresponding enolate precursors to 6 and 7. 
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Scheme 3 
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Altogether the results herein allow two constderattons of general character relevant to the employment of 

azosulftdes 1 as convement synthons of aryl cations. First of all, the successful a-phenylatron of alkyl aryl 

ketones once more restates the advantages (mrld condmons with no need for photoshmulatron) that, thanks to 

their parttcularly favourable reductron potentrals, azosulfides may offer wrth respect to alternattve possible 

reagents m S~fql aryfations.~.e Secondly, for a comparison with the use of the parent arenedmzonium salts to 

the same target, the recent report14 on the a-arylatton of ketones of Scheme 4 should be mentroned, where an 
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operatively less appealing Isolation of the relevant trimethylsilyl en01 ethers is necessary. It 1s worth stressing, 

moreover, that the latter method, at variance with that employmg azosulfides as arylating agents,4 does not 

appear14 to be effective with endates of dialkyl ketones. 

Scheme 4 

ArN,+ BF,- + 

. . Ar 0 

pyndlne 

As far as the behavlour of the p-tolylazosulflde lb is concerned, Its hydrazonylatmg capablhty (Table 2) 

has been already Justlfied4 on the grounds of a base-catalyzed tert-butanethlol ehmmation followed by 

nucleopluhc attack of the enolate (Scheme 5). In agreement with such mechamsm and as for the analogous 

reactions with acetone enolate (Scheme 1),4 the essential role played by the positron of the methyl group paru to 

the electronwithdrawing azothlo function IS well evidenced by the not-tabulated result of the reaction of 

3-methylphenylazo fert-butyl sulfide with the enolate 2a where the Sml arylatlon to 3-methylbenzyl phenyl 

ketone 10 IS virtually quantltatlve (%a). Of course, the latter process, Induced by the behavlour of the enolates 

as electron donors (i.e. cham mltlators through the formatIon of the azosulfide radical amon) instead of as bases, 

IS also operative m the reactlons on lb, leading to vanable amounts of a-p-tolylatlon of the ketone enolates. 

Consistently, the results collected m Table 2 show that the yields of 4 are more than satisfactory but for some 

cases (expt. 11, 15 and 16) where the a-atylatlon process proves to be particularly competltlve. It must be 

remarked that, although the overall stolcheiometry of the hydrazonylatlon should require two eqmvalents of 

enolate, the employment of excess base (5 mol. equlv. with respect to lb) generally leads to somewhat better 

yields. On the other hand, the unreacted ketone can be most often easily recovered by fractlonal dlshllatlon of 

the crude residue (see Expenmental) and m Just one case (expt. 9) the use of two equivalents of base brought 

about a semphficahon of the procedure allowmg to collect 4a (85%) by filtration after acl&c quenchmg. Finally, 

m the one case tested (enolate 2g) the base to azosulfide molar ratlo did not slgnlflcantly affect the relative yields 

of 4 and 5 [49% and 28% (by 1H NMR) respectively, with two equivalents of 2g, as compared to expt. 151. 

Scheme 5 Nu - = - CH(R)COAr 

5 +&J&&j 
N=NSBu’ 

N2 
N=N-C(R)COAr NH-N=C(R)COAr 

(-) 

Besides to the effectiveness of azosulfldes m the a-arylatlon of ketone enolates, the a-arylhydrazonylatlon 

of the same nucleophlles (which can be selectively obtamed m the presence of pura-benzyhc hydrogens m 1) IS, 

m turn, a non tnvlaf result Tfus 1s because the cfassKaf azo-couphng with drenedmzomum salts 1s sometimes 

comphcated, m particular with methyl ketones, 15 by the dlfflculty of lsolatmg the resultmg hydrazonoketones, 
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2-Thienyl (4-methylphcnyl)methyi ketone Se: mp 84.0-86.0 “C; (Found: C, 71.4; H, 4.8. Ct3Ht2OS 
reqmres: C, 72.2; H, 5.5%); tH NMR (CDCl3) 6 2.31 (3H, s), 4.14 (2H, s), 7.11 [3H m all, AA’ of AA’BB’ 
(J 8.1 Hz) and dd (J 3.8 and 4.9 Hz) partially overlapped], 7.20 (2H, BB’ of AA’BB’, J 8.1 Hz), 7.61 (lH, 
dd, J 1.1 and 4.9 Hz), and 7.75 (lH, dd, J 1.1 and 3.8 Hz). 

Phenyl 1-(4methylphenyl)ethyl ketone 5g: mp 42.7-43.0 “C (petroleum ether) (lit.,fl mp 4344 “C). 
Phenyl 1-(4methylphenyl)propyl ketone 5h: mp 46.0-47.8 “C (petroleum ether) (ht.,% mp 54-55 “C); 1H 

NMR (CDCl3) 6 0.90 (3H, t, J 7.4 Hz), 1.86 (lH, dm, J 13.7 Hz) 2.19 (lH, dm, J 13.7 Hz), 2.28 (3H, s), 
4.41 (lH, t, J 7.2 Hz), 7.09 and 7.19 (2H each, AA’BB’, J 8.2 Hz), 7.43 (3H, m), and 7.96 (2H, m). 

3-Methylbenzyl phenyl ketone 10: bp 165 “C/l mmHg (lit.,29 bp 140-147 “C/l.7 mmHg); 1H NMR 
(CDC13) 6 2.32 (3H, s), 4.23 (2H, s), 7.07 (3H, m), 7.20 (lH, m), 7.48 (3H, m), and 8.01 (2H, m). 

Side products 
2-Methyl-l,IdiphenyI-1.9pentanedtone 8: oil, tH NMR (CDC13) 6 1.26 (3H, d, J7.0 Hz), 1.95 (lH, 

m), 2.30 (lH, m), 3.00 (2H, m), 3.67 (lH, m), 7.44 (6H, m) and 7.97 (4H, m); such spectrum is in full 
agreement with that reported.~ 

2-Ethyl-3-methyl-l,5-diphenyl-l,5-pentanedione 9: 011; (Found: C, 81.7; H, 7.6. C2&l22@ reqmres: C, 
81.6; H, 7.55%); two dmstereomenc mixtures (A and B) were separated by chromatography on silica gel 
column. A: tH NMR (CDCl3) 6 0.83 (3H, t, J7.3 Hz), 0.94 (3H, d, 36.6 Hz), 1.60 (lH, m), 1.92 (lH, m), 
2.74 (2H, m), 3.18 (lH, dd, J 5.1 and 15.8 Hz), 3.52 (lH, m), 7.50 (6H, m) and 8.01 (4H, m); B: tH NMR 
(CDC13) 6 0.89 (3H, t, J 7.3 Hz), 1.06 (3H, d, J6.6 Hz), 1.61 (IH, m), 1 93 (lH, m), 2.67 (2H, m), 3.10 
(lH, dd, 53.5 and 15.9 Hz), 3.51 (lH, m), 7.47 (6H, m), 7.83 (2H, m) and 7.94 (2H, m). 

a-Arylhydraronylation products. 
Phenyl [(4-methylphenyl)hydrazono]methyl ketone 4a: mp 115.8- 117.8 “C (EtOH-H20) (ht.31 mp 122- 

123 “C); tH NMR (CDC13) 6 2.34 (3H, s), 7.21 (4H, AA’BB’, J 8.5 Hz), 7.51 (3H, m), 7.70 (lH, s), 7.99 
(2H, m), and 14.55 (lH, br s). 

2-Methoxyphenyl [(4-methylphenyl)hydrazono]methyl ketone 4b: mp 89.8-90.9 “C (hght petroleum); 
(Found: C, 71.6; H, 5.8; N, 10.4 CteHt6N202 requires: C, 71 6; H, 6.0; N, 10.5%); tH NMR (CDCl3) 6 
2.32 (3H, s), 3.93 (3H, s), 7.03 (2H, m), 7.14 and 7.23 (2H each, AA’BB’, J 87 Hz), 7.48 (lH, m), 7.69 
and 7.72 (2H in all, m and s overlapped), and 14 40 (lH, br s). 

3-Methoxyphenyl[(4-methylphenyl)hydrazono]methyl ketone 4c. mp 77.8-78 9 “C (EtOH); (Found: C, 
71.9; H, 6.1; N, 10.3. Ct&t&J202 requires C, 71.6; H, 6.0; N, 10.5%); tH NMR (CDCl3) 6 2.33 (3H, s), 
3.88 (3H, s), 7.11 and 7 16 [3H m all, BB’ of AA’BB’ (J 8.7 Hz) and m partially overlapped], 7.24 (2H, AA’ 
of AA’BB’, 587 Hz), 7.39 (lH, app t, J7.8 Hz), 751 (lH, m), 7.57 (lH, m), 767 (lH, s), and 14.53 (lH, 
br s) 

4-Methoxyphenyl[(4-methylphen~yl)hydrazono]methyl ketone 4d: mp 122.6- 124.6 “C (EtOH); (Found: 
C, 71.5, H, 6.2; N, 10.3. Ct&ta202 requires: C, 71.6; H, 6.0; N, 10.5%); tH NMR (CD(&) 6 2.33 (3H, 
s), 3.89 (3H, s), 6.98 and 7.99 (2H each, AA’BB’, J9.0 Hz), 7.19 (4H, m), 7 67 (lH, s), and 14.48 (lH, br 

s). 
2-Thienyl[(4-methylphenyl)hydrazono]methyl ketone 4e: mp 115.8- 117.6 “C (hght petroleum); (Found: 

C, 63.7; H, 4.9; N, 11.3. Ct3Ht2N20S requires: C, 63.9; H, 4 9; N, 11.5%); tH NMR (CDCl3) 8 2.32 (3H, 
s), 7.17 (5H, m), 7.54 (lH, s), 7.76 (lH, dd, J 1.1 and4.9 Hz), 7.79 (lH, dd, J 1.1 and 3 8Hz), and 14.22 
(lH, br s). 

3-Thtenyl[(4mcthylphenyl)hydrazono]methyl ketone 4f: mp 138.3-139.1 “C (EtOH); (Found: C, 63.7; 
H, 4.8; N, 11.2. Ct3Ht2N20S requires. C, 63.9; H, 4.9; N, 11.5%); tH NMR (CDC13) 6 2.33 (3H, s), 7.18 
(4H, AA’BB’, J 8.7 Hz), 7.37 (lH, dd, J 2 9 and 5 1 Hz), 7 53 (IH, s), 7 61 (IH, dd, J 1.3 and 5.1 Hz), 
8 12 (lH, dd, J 1.3 and 2.9 Hz), and 14.36 (lH, br s). 

Phenyl I-[(Cmethylphenyl)hydrazono]ethyl ketone 4g: mp 155.3-156.7 “C (EtOH) (ht.,t~ mp 154155 
“C). 

Phenyl I -[(4-methylphenyl)hydrazorw]propyl ketone 4h: mp 132.8-134.1 “C (MeOH) (ht.26 141-142 
“C); (Found: C, 74.1; H, 6.5; N, 9.5 Ct7Ht&O requires C, 76.7, H, 6.8; N, 10 5%), 1H NMR (CDCl3) 6 
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1.19 (3H, t, J 7.7 Hz), 2.29 (3H. s), 2.73 (2H, q, J 7.7 Hz), 6.98 and 7.09 (2H each, AA’BB’, J 8.4 Hz), 
7.48 (3H, s), 7.94 (2H, m), and 8.05 (1H. br s). 
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