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Abetract (Z)_Arylazo tertbutyl sulfides la-i react, in DMSO and at room temperature, with 

potassium acetone enolate to give good yields of l-aryi-2-propanones via spontaneous SPN~ 

dark reactions.a-Phenylation of pinacoione and acetophenone enoiates by 1 a likewise 

occurs in excellent yields. In agreement with the involvement of an electron-transfer catalyzed 

chain process, the reaction of the 4-brorno derivative 1 n wlth pinacolone enolate gives mainly the 

bis-substitution product 13. With azosulfides lj-m the arylation pathway competes wlth a base- 

induced thiol elimination eventually leading, depending on the structure of the azosulflde, to 

indaxoles 9 or 11 and/or to Boxopropanal arylhydrazones9,lO or 12. 

a-Arylated ketones are important target molecules and, in particular, key intermediates in the synthesis of a 

variety of biologically interesting compounds. Consistently, a wide range of approaches has been developed for their 

synthesis. Besides methods involving arylation of S-diketones or S-ketoestersl (followed, respectively, by deacylation 

or dealkoxycarbonylation*-5 of the resulting a-arylated products) and direct arylation of ketones with triphenylbismuth 

carbonate6 or diaryliodonium salts7 a good deal of procedures are based on the acylation of benzyllc organometallic 

compounds.6 Alternative strategies Include the reaction of arylboranes or arylcopper reagents with ketones, or their 

equivalents, possessing a leaving group such as halogen in a-position Q* lo or an a&epoxy bridge.” 

As far as direct arylation of ketone enolates Is concerned, repotted procedures are based on their reactions 

with unactivated halogenoarenes via transition-metal catalyzed substitutions12 or through electron-transfer induced 

SPNI processes.1323 Some drawbacks to the former method come from the requirement of special reagents, of drastic 

reaction conditions or of multistep operations. Presently, even if with some limitations, the most promising method for 

the arylation of ketone enolates thus appears to be the SRN~ approach as evidenced, infer alia, by the large number of 

papers in the field of the home. and heterocyclic aromatic series. 

In this line and on the basis of our previous studies, la* 2429 it was envisaged that, also as an alternative to the 

use of halogenoarenes, arylazo sulfides, easily available from ths corresponding arylamines, might be in turn convenient 

SRNl-arylating agents for ketone enolates. The easy participation of such compounds in S9~1 processes (steps l-4) 
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has been Well evidenced, in fact, by the effective arylations of both sulfur*4p 25, ** and carbon centered 

nucleophiles.la* 262p 

Ar-N-N-SR+e- -+ Ar-N- NSR - ’ 

l:R-But 1 -. 

1 -. ) Ar ‘+N2+RS - 

Ar ‘+Nu _ - Ar-Nu - ’ 

Ar-Nu‘ ‘+ 1 - Ar-Nu+l - ’ 

(1) 

(2) 

(3) 

(4) 

We now report on the results of an investigation in which (Z)_arylazo fert butyl sulfides 1 a-n were employed in 

reactions with the enolates of acetone (21, pinacolone (3) or acetophenone (4). 

Results and Discussion 

The reactions of (Z)_arylazo fed butyl sulfides la-i with 10 molar equivs. of potassium acetone enolate, 

prepared in situ from equimolar amounts of the ketone and B&K, gave rise, in DMSO and at room temperature 

(Scheme 1 and Table), to a fast disappearance of the substrate and to formation of 1-aryl-2-propanones 5a-i in good 

yields. Similarly high yields of the corresponding arylated ketones were obtained from the reactions of 1 a with either 

pinacolone 3 or acetophenone enolate 4. Under the same conditions, conversely, arylated ketones were obtained in 

yields ranging between trace amounts and 42% when substrates 1 j-m were reacted with acetone enolate. Actually, as 

sketched in Scheme 2, in the main products the nitrogen present in the azosulfide was retained and, depending on the 

structure of the substrate, either indazoles 8.11 or 2-oxopropanal arylhydrazones 9, 10 or 12 were obtained. 

Scheme 1 

0- 
N=N 

Ar’ ‘SBu’ 
+ 

R 

1 2: R = Me 

3: R = But 

4: R = Ph 

0 
DMSO 

r.t. Ar R 
+ N2+ButS- 

5: R = Me 

6: R _ But 

7: R - Ph 

Ar = Ar - Ar - Ar - 

a : CsH5 e : 4-ButC6H4 i : 4-PhCOC6H4 m : 2,4,6Me3CgH2 

b : I-naphthyl f : 3MeOC6H4 j : 2-MeC6H4 n : 4-BrC6H4 

c : Pnaphthyl g : 4-MeOC6H4 k : 4-MeC6H4 

d : 3-MeC6H4 h : 3-PhCOCgH4 I : 4-BuiC6H4 
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Table. Reactions of diazoeulfides la-11 with potassium ketone enolatee 2.3 or 4 in DMSO~ 

s Experiments were carried out under argon in the laboratory light and at room temperature; jazosulfidej = 0.055 M; 

potassium ketone enolates (10 mol. equiv. with respect to substrate) were generated in sifu from equimolar amounts of 

ketone and ButOK.b The end of the reaction was approxlmately determined following the disappearance of the 

azosulfide by TLC.= Yields refer to products isolated by column chromatography: ArSBut and ArH by-products were 

detected in all cases but not quantified, unless otherwise stated. d Benzophenone (35%) was also isolated. 

Scheme 2 

li R 1 - Me; R2 = R3 = H Sj: 10% a : 70% 

ik R~-M~:R~-R~=H 5k:tr.b 

II R2=Bui;R1=R3=H 51:42% 

lm Rl=R2=R3-Me 5m:30% 11 :rW/o 

9 : 03% 

IO:441 

12 : 150/o 

8 See footnotes a-c of the Table: reaction time : lj (90 min.). lk (40 min.), II (30 mini. lm (120 min.) detected 

by 1H NMR in mixed chromatographlc fractions. 



328 C. DELL’ERBA et al. 

With plnacolone enolate the 4-bromc-substituted azosulfide In chiefly underwent (Scheme 3) substitution of 

both the terf -butylthioazo group and bromine to product 13 besides mono-substitution to Bn; trace amounts of the 

debromination product 6a were also detected in the reaction mixture. 

Rationalization of the apparently discrepant reactivity of azosulfides la-n with ketone enolates can be 

achieved when considering, in the studied reactions, the conceivable involvement of two processes: an electron- 

transfer catalyzed and a base-induced pathway which will be hereinafter discussed separately. 

Scheme 3 

B&Q-N 

\N 

Br 

3 
* 

a 

0 0 

in 13 : 49% 6n : 100/o 6a:trb 

%ee footnotes a-cof the Table; reaction time: 90 min. b Detected by 1H NMR in mixed chromatographic fractions. 

Electron-transfer Catalyzed Pathway 

As far as the a-arylation of ketones is concerned, on the grounds of the acquired knowledge on the behaviour 

of azosulfides with nucleophiles in DMSO,‘a~ 24-29 we believe that the process herein represents a likely candidate for 

the occurence of the SBNl mechanism (steps l-4; Nu - ketone enolate) triggered (step 1) by a spontaneous electron 

transfer from the enolate to the substrate. Such spontaneous initiation of the chain reaction is not surprising in view of 

the marked electron-donor properties of ketone enolates and of the favourable reduction potentials of arylazo tert-butyi 

sulfides.30 As a matter of fact, unlike other nucleophiles commonly employed in SBNl processes, dark reactions with 

ketone enolates are observed not only with electron-poor azahetaryl halides (such as pyridazine and pyrazine31 or 

quinoxaline and qulna.zolinelrderivatives) but even with the less easily reducible iodoberuene.15s lQo 20. 32 

In agreement with the intervention of an SBNl process in the studied reactions, besides the detection, in all 

our experiments, of ArH and ArSBut as typical by-products.lao 29 are also the results obtained with the Cbromo- 

substituted azosulfide 1 n (Scheme 3).= The occurence of bis-substitution in substrates with two leaving groups is, in 

fact, commonly regarded as a conclusive test for the SBNl process 35 and has been repeatedly observed in the 

reactions of dihalogenoarenes with ketone enolatesls, 34. 36, 37 as well as in those of halogeno-substituted azosuifides 

with both S- 24c, 25, 28 and C-nucleophiles ?6bs 28 With reference to the SBNl propagation cycle represented by steps 

2,3 and 4 with Ar - 4-BrCgH4 and Nu - CH2COBut, on the grounds of the acquired knowledge on such processes, the 

observed behaviour of azosulflde In can thus be well explained: the radical anion intermediate 4-BrC6N4CH2COBut - ’ 

formed in step 3 can either (step 4) transfer its odd electron (to give 6n) or lose bromide ion originating the radical 

ButCOCH2C6H4 l . The latter, in turn, can competitively undergo either coupling with the enolate (to give the bis- 



Arylazo rerr-buy1 sulfides 329 

substitution product 13 via a new SRN~ cycle) or reduction to the corresponding anion which by successive 

protonation eventually furnishes Ba. 

As a final observation on the electron-transfer catalyzed reactions of arylazo fe+butyi sulfides, the results of 

the reaction between la and acetophenone enolate have to be stressed as the almost quantitatlve yield of 

deoxybenzoin 7a obtained under mild conditions and with no need of photostimulation further evidences the good 

electron-accepting properties of la which make it a very convenient substrate for SRN~ processes. It is well known, in 

fact, that in the reactions with enolates of aralkyl ketones the presence of an easily reducible substrate is required for an 

effective initiation and propagation of S~hl processes as evidenced by: (i) the lack of reactivity of bromobenzen&* 3r3 

and 2-bromopyridine$s (ii) the intense and long Irradiation required by the very slow reactions with iodobenzeneis* n 

and 2-chloroquinollne;3s (iii) the favourable electronic effect of the acetyl group In the reactions of 2- and 4- 

bromoacetophenone;23 (iv) the successful reactions with good electron-accepting pyrimidlne,40 pyrazineP1 purir& 

and indole halogenoderivatives. 

Base-induced Pathway 

As previously mentioned the behaviour of azosulfides lj-m with the enolate of acetone somehow 

differentiates from that of the other substrates examined. To explain the competitive formation of products S-12 it is 

significative to point out that the +Me- (Id). the 4-B& (le) and even the 3MeO- (If) and CMeO-substituted (lg) 

substrates exclusively give a-aryiation products through electron-transfer catalyzed reactions. The reduction potentials 

of Id-g presumably are not substantially less negative than those of 11-m and therefore the latter azosulfides should 

participate in electron-transfer induced reactions as effectively as the former compounds. To interpret the results 

obtained with azosulfides 1 j-m, one needs to realize that all these substrates, at variance of Id-g. have as common 

feature the presence of benzylic hydrogens whose intrinsic acidity is enhanced by an electron-accepting azothiogroup 

in 2- or 4-position. It is therefore envisageable that the enolate ion, besides as electron donor, can act as base towards 

these substrates inducing a tert-butanethiol elimination from the azosulfide which, as shown in Scheme 4 for the case 

of lj, leads to alkylidene diazocyclohexadiene intermediates in a way which recalls the base-induced elimination from 

the intermediates of diazo group transfer reactions.41m 42 

Scheme 4 
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CH2 ON2 Me&H-CHoNz +=$2 CH2=(=$2 

2 CH3 

15 16 17 16 

The formation of 14.15 and 16 from 1 j, 1 k and II respectively as well as that of 17 and 16 from lm, in a 

base-induced pathway competitive with the electron-transfer catalyzed SPhl arylation, gives a rationale to the isolation 

of the products reported in Scheme 2. As a matter of fact, P-methylene diazoderivatives 14 or 17 are expected 43a, a 

to undergo fast intramolecular azo coupling to indazoles 6 or 11, while the 4-alkylidene analogues 15, 16 and 16. by 

coupling with the excess acetone enolate, would eventually give P-oxopropanal arylhydrazones g, 10 or 12. Such a 

kind of coupling of diazoderivatives with nucleophiles is not unprecedented.mb 

In support to the above hypothesis, an independent experiment showed the formation of indazole 6 in yield 

similar to that reported in Scheme 2 by treatment of lj with one molar equivalent of ButOK in DMSO at room 

temperature. 

At the light of the proposed mechanisms, moreover, the different product distribution observed (Scheme 2) 

can be rationalized on the grounds of a different balance between the two competing pathways. Thus, the fact that, in 

going from 1 k to 1 I. the yield of arylhydrazone decreases in favour of the arylation product can be explained by the 

lower acidity of the benzylic protons in the isobutyl group of II. Finally, it is noticeable that a relatively high yield of a- 

arylation is obtained with 1 m, although the presence of three ionizable methyl groups should statistically favour the 

base-induced pathway. It is likely that in 1 m some steric inhibition to conjugation of the azothiogroup with the aromatic 

ring decreases the methyl hydrogen acidity while increases the nucleofugacity of the distorted azothio group in the 

competing electron-transfer catalyzed process. 

Concluding Remarks 

On a synthetic point of view, the S6~1 reactions of (Z j-arylazo tert -butyl sulfides represent a promising 

strategy for the direct arylation of ketone enolates. The spontaneous initiation of the chain process and the excellent 

yield of deoxybenzoin in the reaction of la with acetophenone enolate suggest that the method herein may be 

particularly exploitable for a-arylations of aralkyl ketones and, consistently, researches are in progress in order to 

evaluate its applicability in synthesis. Limitations to the present atylation reactions arise from the employment of alkyl- 

substituted azosulfides with acidic benzylic hydrogens. On the other hand, the formation of compounds such as the 

reported indazoles and arylhydrazones indicates the possible development of the reactivity of azosulfides along 

interesting lines. 

Experimental 

Melting points were determined on a Buchi 535 apparatus and are uncorrected. The ‘H NMR spectra were 
recorded with either a Varian FT6Cl or Gemini 260 spectrometer. Tetramethylsilane was used as internal standard and 
chemical shifts are reported as b values (p.p.m.1. IR spectra (neat or nujol mull) were recorded on a Perkin-Elmer 661 
Infrared Spectrophotometer. 
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15.3. CtgH22+404 requires: C, 61.6; H, 6.0: N, 15.l%J; IH NMR KXXls, 200 MHz) 5 1.32 (9H, s). 2.00 (3H. s), 3.69 
(2H, a), 7.16 and 7.36 (2H each, AA’BB’system, J 6.2 Hz), 6.03 (lH, d, J 9.6 Hz), 6.33 (lH, dd, J 2.6 and 9.6 Hz), 9.14 
(lH,d,J 2.6Hr)and ll.O6(lH,brs). 

1-(SM~hoxyphenyl)-2-propanons 5t: ‘H NMR (CDCb, 200 MHz) 6 2.14 @H, 8). 3.65 (2l-i. s), 3.79 (3H. s). 
6.79 (3H, m) and 7.24 (lH, m); 2,bDNPH: m.p. 109.3-110.1 OC (EtCHI; (Found: C, 55.6 H, 4.7; N, 16.6. Ct6Ht6N406 
requires: C, 55.8; H, 4.7: N, 16.3%); ‘H NMR (CDCb, 290 MHz) 6 2.00 (3H, s), 3.70 (2H, s), 3.61 (3H, s), 6.63 (3H, m), 
7.27 (lH, m), 6.02 (lH, d, J 9.6 Hz), 6.33 (lH, dd, J 2.6 and 9.6 Hz). 9.14 (lH, d. J 2.6 Hz) and 11.06 (lH, br s). 

1-WMethoxyphsnyB-bpropanone 50: ‘H NMR (CDCb, 66 MHz) b 2.09 f3H, s), 3.59 (2H, s), 3.74 (3H, s), 
6.62 and 7.09 (2H each, AA’BB’system, J 6.7 Hz); 2,CDNPH: m.p. 102.&103.4 “C (lit.,52 m.p. 104-105 “C). 

I-(3Beruoylphsnyl)-propanone 6h showed IR and 1 H NMR spectra In agreement with those reported.2 
I-(4-Beruoyiphenyl)_2-propanone 51: IH NMR (CDCb, 60 MHz) b 2.21 (3H, s), 3.60 (2H, s), 7.31 (2H, AA’ of 

AA’BB’ system, J 6.1 Hz), 7.54 (3H, m) and 7.79 (4H, m); 2,CDNPH: m.p. 139.0-140.0 “C (EtOH); (Found: C, 62.5; H. 
4.2: N, 13.0. C&HtsN405 requires: C, 63.1; H, 4.3; N, 13.4%); ‘H NMR (CDCls, 60 MHz) 6 2.04 (3H, 8). 3.62 (2H, s), 
;r;) (5H, m), 7.60 (4H, m), 7.96 (lH, d, J 9.6 Hz), 6.34 (1H. dd, J 2.5 and 9.6 Hz), 9.13 (lH, d, J 2.5 Hz) and 11.09 (1H. 

1-(2-Methyiphenyll-2-propanone 5j: ‘H NMR (CDCb, 200 MHz) b 2.13 (3H, s), 2.24 (3H, s), 3.70 (2H, s) and 
7.17 (4H, m); 2,CDNPH: m.p. 140.5-141.3 “C (EtCHI (lit.,s3 m.p. 145 ‘C). 

l-f4_lsobutro~~ne 51: IH NMR (CDCl3.60 MHz) 5 0.69 (6H, d, J 6.5 Hz), 1.64 (lH, m), 2.13 
(3H, s), 2.45 (2H. d, J 7.1 Hz), 3.65 (2H, s) and 7.10 (4H, br s); 2,4-DNPH : m.p.l42.0-143.0 “C (ROH); (Found: C, 
61.7; H, 6.0; N, 15.4. Cl~H22NgO.t requires: C, 61.6; H, 6.0; N, 15.10/o); ‘H NMR (CDCl6.66 MHz) 50.89 (6H, d, J 6.4 
Hz), 1.99 (4H in all, overlapped sand m), 2.46 (2H, d, J 7.1 Hz). 3.69 (2H, s), 7.13 (4H, br s), 7.99 (lH, d, J 9.5 Hz), 6.32 
(lH, dd, J 2.6 and 9.5 Hz), 9.14 (lH, d, J 2.5 Hz) and 11.05 (lH, br s). 

1-(2,4,6-TrimethylphenylI-2-propanone 5m: IH NMR (CDCl3.200 MHz) 6 2.13 (3H, s), 2.20 (6H, s), 2.26 (3H, 
s), 3.72 (2H, s) and 6.67 (2H, s); 2,4-DNPH : m.p. 161.0-162.3 (EtCH), (Found: C, 60.2; H, 5.6; N, 15.5. CtsH&&04 
requires: C, 60.7; H, 5.7; N, 15.78); IH NMR (CDCl3, 200 MHz) 6 1.99 (3H, s), 2.29 (9H, s), 3.76 (2H. s). 6.90 (2H. s), 
7.76(lH, d, J 9.6Hr),6.27(lH,dd, J 2.6and9.6Hr),9.12(lH,d, J 2.6Hr)and ll.O6(lH, brs). 

3,3-Dlmethyl-1-phenyl-2-butanone 6a showed IR and 1 H NMR spectra In agreement with those reported.= 
l-&Bromopheny/)-3,3-d/methyl-2-butanone 6n: m.p. 56659.1 “C (petroleum ether); (Found: C, 66.4; H, 

5.6. C12HtSBrO requires: C. 56.5; H, 5.9%); IH NMR (CDCl3.209 MHz) 5 1.20 (9H, s), 3.75 (2H, s), 7.04 and 7.43 (2H 
each, AA’BB’ system, J 6.3 Hz). 

Deoxybenzoln 7a: m.p. 52.564.0 “C (MeOH) (llt.,54 
that repotted.lO 

m.p. 5556) showed 1 H NMR spectrum in agreement with 

1,4-Bis(3,3dimethyl-2-oxobutyl)benzene 13: m.p. 105.0-105.6 “C (EtOH) (lit.,34 m.p. 101-101.5 “C) showed 
1 H NMR spectrum in agreement with that reported.= 

lndazole 8 was klentified by comparison (1 H NMR and mixed m.p.1 with a commercial authentic sample. 
5,FDimethylindazole 11: m.p. 132.6-1~6 “C (light petroleum) (lit.,55 m.p. 133-W “Cl; ‘H NMR (CDCb, 200 

MHz) 6 2.43 (3H, s), 2.53 (3H, s), 7.02 (lH, s), 7.37 (lH, s), 6.00 (1H. s) and 10.16 (lH, br s). 

P-Oxopropanal Arylhydrazones 

2-Oxopropanal (4-methylphenyl)hydrazone 9: m.p. 114.3-l 15.3 “C (EtCH-H20) 6it.,5B m.p. 114-l 15 ‘C); ‘H 
NMR (CDCl3,200 MHz) 5 2.32 (3H, s), 2.44 (3H, s), 7.07 (2H, AA’ of AA’BB’, J 6.7 Hz), 7.14 (3H. m) and 6.36 flH, br s). 

2-Oxopropanal i4-isobutylphenyl)hydrazone 10: m.p. 69590.5 ‘C (EtOH-H20); (Found: C, 71.5: H. 6.2; N, 
12.6. QjHf5N20 requires: c, 71.5; H, 6.3; N, 12.6°~); IH NMR (CDCg, 200 MHz) 60.90 (6H, d, J 6.6 Hz), 1.63 (lH,m), 
2.44 [5H in ail, overlapped sand d (J 7.2 Hz)], 7.10 (4H, s), 7.15 (lH, m) and 6.40 (lH, br s). 

2-Oxopropanal(2.4.6trimethylphsnyllhydrazone 12 m.p. 157.6-156.5 “C (EtOH-H20): (Found: C, 70.3; H, 
7.7; N, 13.6. Ct2H16N$J requires: C, 70.5; H, 7.9; N, 13.7O/o); ‘H NMR (CDCb, 200 MHz) 6 2.19 (6H, s), 2.26 (3H, s), 
2.34 (3H, s), 6.70 (lH, br s), 6.91 (2H, s) and 7.66 (1 H, br s). 
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