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Abstract (Z }-Arylazo tertbutyl sulfides 1a-i react, in DMSO and at room temperature, with
potassium acetone enolate to give good yields of 1-aryl-2-propanones via spontaneous SRN1
dark reactions.a-Phenylation of pinacolone and acetophenone enolates by 1a likewise
occurs in excellent yields. In agreement with the involvement of an electron-transfer catalyzed
chain process, the reaction of the 4-bromo derivative 1n with pinacolone enolate givés mainly the
bis-substitution product 13. With azosulfides 1j-m the arylation pathway competes with a base-
induced thiol elimination eventually leading, depending on the structure of the azosulfide, to
indazoles 8 or 11 and/or to 2-oxopropanal arylhydrazones 9, 10 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 B-diketones or -ketoesters! (followed, respectively, by deacylation
or dealkoxycarbonylation®5 of the resulting a-arylated products) and direct arylation of ketones with triphenylbismuth
carbonate® or diaryliodonium salts,” a good deal of procedures are based on the acylation of benzylic organometallic
compounds.B 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 8 10 or an «,B8-epoxy bridge.!!

As far as direct arylation of ketone enolates is concerned, reported procedures are based on their reactions
with unactivated halogenoarenes via transition-metal catalyzed substitutions!2 or through electron-transfer induced
SRN1 processes.!3-23 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 aryiation of ketone enolates thus appears to be the SRN1 approach as evidenced, inter afia, by the large number of
papers in the field of the homo- and heterocyclic aromatic series,

In this line and on the basis of our previous studies,!® 2429 it was envisaged that, also as an alternative to the
use of halogenoarenes, arylazo sulfides, easily available from the corresponding arylamines, might be in turn convenient
SRN1-arylating agents for ketone enolates. The easy participation of such compounds in Sgn1 processes (steps 1-4)
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has been well evidenced, in fact, by the effective arylations of both sulfur24 25. 28 and carbon centered

nucleophiles.1& 26-29
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We now report on the results of an investigation in which (Z)-arylazo tert butyl sulfides 1a-n were employed in

reactions with the enolates of acetone (2), pinacolone (3) or acetophenone (4).

Results and Discussion

The reactions of (Z)-arylazo tert butyl sulfides 1a-i with 10 molar equivs. of potassium acetone enolate,

prepared in situ from equimolar amounts of the ketone and BulOK, gave riss, 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 1a 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 1j-m were reacted with acetone enclate. Actually, as

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

structure of the substrate, either indazoles 8, 11 or 2-oxopropanal arylhydrazones 9, 10 or 12 were obtained.
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Table. Reactions of diazosulfides 1a-1i with potassium ketone snolates 2, 3 or 4 in DMSO#

React. time ArCH,COR

Substr. | Enolate {min)? yisld (%)¢
1a r 2 100 5a: 75
1a 3 120 6a: 80
1a 4 90 7a: 95
ib 2 60 5b: 75
1c 2 30 5¢c: 76
1d 2 90 5d: 8t
1e 2 90 5e: 86
1f 2 90 5f: 79
19 2 90 59: 69
1h 2 4049 5h: 44
1i 2 45 5i: 78

2 Experiments were carried out under argon in the laboratory light and at room temperature; [azosuifide] = 0.065 M;
potassium ketone enolates (10 mol. equiv. with respect to substrate) were generated in sity from equimolar amounts of
ketone and Bu!OK.? The end of the reaction was approximately 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. 9 Benzophenone (36%) was also isolated.

Scheme 2
o)
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a
RZ HZ RZ H2
1j R1=Me;R2=R3=H 5j:10% 8 : 70%
1k R2=Me;R1=R3=H s5k:tr. D 9 : 83%
11 R2=Bul;R1=R3 =H 51:42% 10 : 44%
1m R1=R2=R3=Me 5m:30% 11 : 50% 12 : 15%

4 See footnotes a-c of the Table; reaction time : 1] (90 min.), 1k (40 min.), 11 (30 min), 1m (120 min.) fDetected
by TH NMR in mixed chromatographic fractions.

327



328 C. DELL'ERBA et al.

With pinacolone enolate.the 4-bromo-substituted azosulfide 1n chiefly underwent (Scheme 3) substitution of
both the tert -butylthioazo group and bromine to product 13 besides mono-substitution to 6n; trace amounts of the
debromination product 6a were also detected in the reaction mixture.

Rationalization of the apparently discrepant reactivity of azosulfides 1a-n with ketone enolates can be
achieved when considering, in the studied reactlons, the conceivable involvement of two processes: an elactron-
transfer catalyzed and a base-induced pathway which will be hereinafter discussed separately.

Scheme 3
Bu's—N (o] o} o)
N\
N
But But But
3
—
a Bu!
Br Br
(o}
[1n 13 : 49% 6n : 10% 6a:tr b

agee footnotes a-c of the Table; reaction time: 90 min. £ Detected by TH 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,'8. 24-29 we believe that the process herein represents a likely candidate for
the occurence of the SgN1 mechanism (steps 1-4; 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 favourabie reduction potentials of arylazo tert-butyl
sulfides.30 As a matter of fact, unlike other nucleophiles commonly employed in SRN1 processes, dark reactions with
ketone enolates are observed not only with electron-poor azahetaryl halides (such as pyridazine and pyrazine3! or
quinoxaline and quinazoline'? derivatives) but even with the less easily reducible iodobenzens.15. 18, 20, 32

In agreement with the intervention of an SRN1 process in the studied reactions, besides the detection, in all
our experiments, of ArH and ArSBut as typical by-products,’2 29 are also the results obtained with the 4-bromo-
substituted azosulfide 1n (Scheme 3).33 The occurence of bis-substitution in substrates with two leaving groups is, in
fact, commonly regarded as a conclusive test for the SRN1 process33 and has been repeatedly observed in the
reactions of dihalogenoarenes with ketone enolates 8. 34, 36, 37 ag well as in those of halogeno-substituted azosulfides
with both S- 24b, 25, 2B and C-nucleophiles.26P. 28 with reference to the SRN1 propagation cycle represented by steps
2, 3 and 4 with Ar = 4-BrCgH4 and Nu = CHchBut. on the grounds of the acquired knowledge on such processes, the
observed behaviour of azosulfide 1n can thus be well explained: the radical anion intermediate 4—BrCsN4CH2COBut -
formed in step 3 can either (step 4) transfer its odd electron (to give 6n) or lose bromide lon originating the radical
ButcocH 2CgH4 °. The latter, in turn, can competitively undergo either coupling with the enolate (to give the bis-
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substitution product 13 via a new SRN1 cycle) or reduction to the corresponding anion which by successive
protonation eventually furnishes 6a.

As a final observation on the alectron-transfer catalyzed reactions of arylazo tsrt-butyl sulfides, the results of
the reaction between ta and acetophenone enolate have to be stressed as the almost quantitative yield of
deoxybenzoin 7a obtained under mild conditions and with no need of photostimulation further evidences the good
electron-accepting properties of 1a which make it a very convenient substrate for Sgn1 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 Spy1 processes as evidenced by: (i) the lack of reactivity of bromobenzene23. 38
and 2-bromopyridine;3 (ii) the intense and long irradiation required by the very slow reactions with iodobenzene6. 23
and 2-chloroquinoline;39 (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 pyrimidine,*? pyrazine,3! purine2!
and indole?2 halogenoderivatives.

Base-induced Pathway

As previously mentioned the behaviour of azosulfides 1j-m with the enolate of acetone somehow
differentiates from that of the other substrates examined. To explain the competitive formation of products 8-12 it is
significative to point out that the 3-Me- {(1d), the 4-But (1e) and even the 3-MeO- (1f) and 4-MeO-substituted (1g)
substrates exclusively give a-arylation products through electron-transfer catalyzed reactions. The reduction potentials
of 1d-g presumably are not substantially less negative than those of 1j-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 1j-m, one needs to realize that all these substrates, at variance of 1d-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 1], leads to alkylidene diazocyclohexadiene intermediates in a way which recalls the base-induced elimination from
the intermediates of diazo group transfer reactions.41: 42
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The formation of 14, 15 and 16 from 1}, 1k and 11 respectively as well as that of 17 and 18 from 1m, ina
base-induced pathway competitive with the electron-transfer catalyzed Srn1 arylation, gives a rationale to the isolation
of the products reported in Scheme 2. As a matter of fact, 2-methylene diazoderivatives 14 or 17 are expected 43a. 44
to undergo fast intramolecular azo coupling to indazoles 8 or 11, while the 4-alkylidene analogues 15, 16 and 18, by
coupling with the excess acetone enolate, would eventually give 2-oxopropanal arythydrazones 9, 10 or 12. Such a
kind of coupling of diazoderivatives with nucleophiles is not unprecedented.43P

In support to the above hypothesis, an independent experiment showed the formation of indazole 8 in yield
similar to that reported in Scheme 2 by treatment of 1j with one molar equivalent of BUlOK 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 1k to 1}, 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 11. Finally, it is noticeable that a relatively high yield of a-
arylation Is obtained with 1m, aithough the presence of three ionizable methyl groups should statistically favour the
base-induced pathway. it is likely that in 1m 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 Sgn1 reactions of (Z)-arylazo tert -butyl sulfides represent a promising
strategy for the direct arylation of ketone enolates. The spontaneous initiation of the chain process and the exceilent
yield of deoxybenzoin in the reaction of 1a 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 arylation reactions arise from the employment of alky!-
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 FT80 or Gemini 200 spectrometer. Tetramethylsilane was used as internal standard and
chemical shifts are reported as b values (p.p.m.). IR spectra (neat or nujol mull) were recorded on a Perkin-Elmer 881
Infrared Spectrophotometer.
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Materials.

Petroleum ether and light petroleum refer to the fractions with b.p. 40-60 °C and 80-100 °C, respectively.
Dimethylsulfoxide (Fluka) was used as received after storage over molecular sieves (4 A). Potassium tert -butoxide
(Aldrich, 87%) was employed without further purification. Arylamines, used for the synthesis of azosulfides 1, were all
commercially avallable but for 4-isobutylaniline which was sinthesized through a reported procedure.45 Acetone,
pinacolone and acetophenone were commercial products used as received after storage over molecular sieves (4 A).

(Z)-Arylazo tert-Butyl Sulfides 1a-n.

These substrates were synthesized,*5 isolated and purified2® as reported. Physical and spectroscopic data
relevant to compounds 1c, 1g, 1h, 1i and 1n have been reported in a previous paper.2? Physical data of 1a and 1m
matched literature values47

(2}-1-Naphthylazo tert-butyl sulfide 1b: yellow oil; (Found: C, 68.7; H, 6.5; N, 11.4. C14H1gN2S requires: C,
68.8; H, 6.6; N, 11.5%); 'H NMR (CDCl3, 80 MHz2) 5 1.57 (9H, s), 7.05 (1H, d, J 7.2 Hz), 7.47 (3H, m) and 7.80 (3H, m).

(Z)-(3-Methylphenyl)azo tert-butyl sulfide 1d: yellow oll; (Found: C, 63.2; H, 7.8; N, 13.5. C11H1gN2S
requires: C, 63.4; H, 7.7; N, 13.4%); TH NMR (CDCl3, 200 MHz) & 1.60 (9H, s), 2.40 (3H, s), 6.89 (2H, m), 7.14 (1H, m)
and 7.34 (1H, m).

(Z}-(4-tert-butylphenyl)azo tert-butyl sulfide 1e: m.p. 61.2-62.0 °C (petroleum ether); (Found: C, 67.4; H, 8.9;
N, 11.0. C14H22N2S requires: C, 67.1; H, 8.9; N, 11.2%); 'H NMR (CDClg3, 200 MHz) & 1.35 (9H, s), 1.60 (QH, s), 7.11
and 7.49 (2H each, AABB' system, J 8.7 Hz).

(Z)-(3-Methoxyphenyi)azo tert-butyl sulfide 1f: yeliow oil; (Found: C, 59.5; H, 7.4; N, 12.3, C11H1gN208S
requires: C, 58.9; H, 7.2; N, 12.5%); TH NMR (CDCl3, 200 MHz2) 5 1.60 (9H, s), 3.82 (3H, s), 6.86 (2H, m), 6.86 (1H, m)
and 7.37 (1H, m).

{Z)-(2-Methylphenyl)azo tert-buty! sulfide 1]: orange oll; (Found: C, 63.0; H, 7.6; N, 13.3. C11H1gN2S
requires: C, 63.4; H, 7.7; N, 13.4%); TH NMR (CDCls, 200 MHz) 5 1.60 (9H, s), 2.13 (3H,s), 6.79 (1H, m) and 7.26 (3H,
s).

(2)-(4-Methyiphenyl)azo tert-butyl sulfide 1k: yellow oil; (Found: C, 63.5; H, 7.8; N, 13.6. C{{H1gN2S
requires: C, 63.4; H, 7.7 N, 13.4%); TH NMR (CDCl3, 80 MHz) & 1.59 (9H, s), 2.38 (3H, s), 7.03 and 7.28 (2H each,
AA’BB’ system, J 8.5 Hz).

(Z)-(4-Isobutylphenyl)azo tert-butyl sulfide 11: orange oil; (Found: C, 67.0; H, 8.9; N, 11.3. Cy4H22N2S
requires: C, 67.1; H, 8.9; N, 11.2%); TH NMR (CDCl3, 80 MHz)  0.92 (6H, d, J 6.6 Hz), 1.60 (9H, s), 1.89 (1H, m), 2.50
(2H,d, J 7.3 H2), 7.07 and 7.24 (2H each, AABB' system, J 8.4 Hz).

Reactions of Azosulfides with Potassium Ketone Enolates.

The experiments were performed, under argon and at room temperature, by addition of a DMSO solution of
azosuifide (2 mmol in 12 mi) to a magnetically stirred solution of potassium enolates 2, 3 or 4, prepared in situ by
dropping the corresponding ketone (20 mmol) into a cold solution of BUOK (20 mmol) in 18 ml of DMSO. After addition
of the substrate, the reactions were kept under magnetic stirring for the time reported (see Table and Schem:cs 2 and 3),
the end of reaction being judged following by TLC the disappearance of the substrate. Usual work-up invoived pouring
of the reaction mixture into ice/3% HCI followed by extraction with ether and washing of the combined extracts
{Na2S04), the solvent and the excess ketone being distilled off in a rotary evaporator under reduced pressure. Column
chromatography on silica gel of the residue (eluants: light petroleum and gradients with CH2Cl2 or AcOEt) allowed
separation of the products reported.

a-Arylated Ketones.

Most products were identified on the basis of their TH NMR spectrum and, when liquid, characterized through
the corresponding 2,4-dinitrophenylhydrazone (2,4-DNPH).

1-Phenyl-2-propanone Sa gave 'H NMR in agreement with that reported;48 2,4-DNPH: m.p. 151.2-152.0 °C
(Iit..49 m.p. 151 °C).

1-(1-Naphthyt)-2-propanone Sb: 'H NMR (CDCl3, 80 MHz) 5 2.07 (3H,s), 4.06 (2H, s), 7.43 (4H, m) and 7.80
(3H, m); 2,4-DNPH: m.p. 173.2-174.5 °C (EtOH-AcOEY) (iit. .50 m.p. 174-176 °C).

1-(2-Naphthyl)-2-propanone 5c¢: TH NMR (CDCla, 80 MHz) 5 2.14 (3H, s), 3.81 (2H, s), 7.36 (3H, m) and 7.73
(4H, m); 2,4-DNPH: m.p. 170-171 °C (EtOH-AcOEt) (iit. 51 m.p. 172.5-173 °C).

1-(3-Methyiphenyl)-2-propanone 5d: 'H NMR (CDCl3, 200 MHz) 5 2.13 (3H, s), 2.33 (3H, s), 3.64 (2H, s), 7.03
(3H, m) and 7.22 (1H, m); 2,4-DNPH : m.p. 84.9-86 °C (EtOH); (Found: C, 58.2; H, 4.9; N, 17.2. C1gH1N404 requires:
C,58.5; H, 4.9; N, 17.1%); TH NMR (CDCl3, 200 MHz) & 1.99 (3H, s), 2.35 (3H, s), 3.69 (2H, s), 7.16 (4H, m), 8.03 (1H, d,
J 9.6 Hz), 8.34 (1H, dd, J 2.6 and 9.6 Hz), 9.14 (1H, d, J 2.6 H2) and 11.07 (1H, br s).

1-(4-tert-Butylphenyl)-2-propanone Se: TH NMR (CDCl3, 200 MHz) 5 1.31 (9H, s), 2.14 (3H, s), 3.65 (2H, s),
7.13 and 7.35 (2H each, AA'BB’ system, J 8.3 Hz). 24-DNPH : m.p. 153.0-153.5 °C (EtOH); (Found: C, 61.8; H, 6.0; N,
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15.3. C1gH22N404 requires: C, 61.6; H, 6.0; N, 15.1%); TH NMR (CDCla, 200 MHz) & 1.32 (9H, s), 2.00 (3H, s), 3.69
(2H, s), 7.18 and 7.36 (2H each, AA'BB’ system, J 8.2 Hz), 8.03 (1H, d, J 9.6 Hz), 8.33 (1H, dd, J 2.6 and 9.6 Hz), 9.14
(1H, d, J 2.6 Hz) and 11.06 (1H, br s).

1-{3-Methoxyphenyl)-2-propanone 5f: 1H NMR (CDCla, 200 MHz) 5 2.14 (3H, s), 3.65 (2H, s), 3.79 (3H, s),
6.79 (3H, m) and 7.24 (1H, m); 24-DNPH : m.p. 109.3-110.1 °C (EtOH); (Found: C, 55.6; H, 4.7; N, 16.5. C1gH1gN4O5
requires: C, 55.8; H, 4.7; N, 16.3%); 'H NMR (CDCl3, 200 MHz) 5 2.00 (3H, s), 3.70 (2H, s), 3.81 (3H, s), 6.83 (3H, m),
7.27 (1H, m), 8.02 (1H, d, J 9.6 Hz), 8.33 (1H, dd, J 2.6 and 9.6 Hz), 9.14 (1H, d, J 2.6 Hz) and 11.06 (1H, br s).

1-(4-Methoxyphenyl}-2-propanone 5g: TH NMR (CDCl, 80 MHz) b 2.09 (3H, s), 3.59 (2H, s), 3.74 (3H, s),
6.82 and 7.09 (2H each, AA'BB’ system, J 8.7 Hz); 2,4-DNPH: m.p. 102.0-103.4 °C (it.52 m.p. 104-105 °C).

1-{3-Benzoylphenyl)-2-propanone Sh showed IR and 'H NMR spsctra in agresment with those reported.2

1-(4-Benzoylphenyl)-2-propanone Si: TH NMR (CDCls, 80 MHz) 5 2.21 (3H, s), 3.80 (2H, 8), 7.31 (2H, AA’ of
AA'BB' system, J 8.1 Hz), 7.54 (3H, m) and 7.79 (4H, m); 2,4-DNPH . m.p. 138.0-140.0 °C (EtOH); (Found: C, 62.5; H,
4.2; N, 13.0. CopH1gN4Os requires: C, 63.1; H, 4.3; N, 13.4%); *H NMR (CDCls, 80 MHz) 5 2.04 (3H, s), 3.82 (2H, s),
7.44) (5H, m), 7.80 (4H, m), 7.98 (1H, d, J 9.6 Hz), 8.34 (1H, dd, J 2.5 and 9.6 Hz), 9.13 (1H, d, J 2.5 Hz) and 11.09 (1H,
br s).

1-(2-Methylphenyl)-2-propanone 5j: TH NMR (CDCls, 200 MHz) 5 2.13 (3H, s), 2.24 (3H, s), 3.70 (2H, s) and
7.17 (4H, m); 2,4-DNPH: m.p. 140.5-141.3 °C (EtOH) (iit..53 m.p. 145 °C).

1-(4-Isobutylphenyl)-2-propancne Skt TH NMR (CDClia, 80 MHz) 5 0.89 (6H, d, J/ 6.5 Hz), 1.84 {1H, m), 2.13
(3H, s), 2.45 (2H, d, J 7.1 Hz), 3.65 (2H, s) and 7.10 (4H, br 8); 2,4-DNPH : m.p.142.0-143.0 °C (EtOHY); (Found: C,
61.7; H, 6.0; N, 15.4. C4gH22N404 requires: C, 61.6; H, 6.0; N, 15.1%); TH NMR {CDCla, 80 MHz) 50.89 (6H, d, J 6.4
Hz), 1.99 (4H in all, overlapped s and m), 2.46 (2H, d, J 7.1 Hz), 3.69 (2H, s), 7.13 (4H, br s), 7.99 (1H, d, J 9.5 Hz2), 8.32
(1H, dd, J 2.5 and 9.5 Hz), 9.14 (1H, d, J 2.5 Hz) and 11.05 (1H, br s).

1-{2,4,6-Trimethylphenyl)-2-propanone 5m: TH NMR (CDCl3, 200 MHz2) 5 2.13 (3H, s), 2.20 (6H, s), 2.26 (3H,
s), 3.72 (2H, s) and 6.87 (2H, s); 2,4-DNPH : m.p. 161.0-162.3 (EtOH), (Found: C, 60.2; H, 5.6; N, 15.5. C1gH2gN404
requires: C, 60.7; H, 5.7; N, 15.7%); TH NMR (CDCl3, 200 MHz) 5 1.99 (3H, s), 2.29 (9H, s), 3.78 (2H, s), 6.90 (2H, s),
7.78 (1H, d, J 9.6 H2), 8.27 (1H, dd, J 2.6 and 8.6 Hz), 9.12 {1H, d, J 2.6 Hz) and 11.06 (1H, br s).

3,3-Dimethyl-1-phenyl-2-butanone 6a showed IR and TH NMR spectra in agreement with those reported.38

1-(4-Bromophenyl)-3,3-dimethyl-2-butanone 6n: m.p. 58,6-59.1 °C (petroleum ether); (Found: C, §6.4; H,
5.8. C12H15BrO requlires: C, 56.5; H, 5.9%); 1H NMR (CDCla, 200 MHz) 5 1.20 (9H, s), 3.75 (2H, s), 7.04 and 7.43 (2H
each, AA'BB' system, J 8.3 Hz).

Deoxybenzoin 7a: m.p. 52.5-54.0 °C {(MeOH) (lit.,54 m.p. 55-56) showed 'H NMR spectrum in agreement with
that reported.’¢

1,4-Bis(3,3-dimethyl-2-oxobutyl}benzene 13: m.p. 105.0-105.8 °C (EtOH) {lit.,.34 m.p. 101-101.5 °C) showed
TH NMR spectrum in agreement with that reported.34

Indazoles

Indazole 8 was Identified by comparison ('H NMR and mixed m.p.) with a commercial authentic sample.
5,7-Dimethylindazole 11: m.p. 132.6-133.6 °C (light petroleum) (it.,55 m.p. 133-134 °C); 'H NMR (CDClg, 200
MHz) 5 2.43 (3H, s), 2.53 (3H, s), 7.02 (1H, s), 7.37 (1H, s), 8.00 (1H, s) and 10.16 (1H, br s).

2-Oxopropanal Arylhydrazones

2.Oxopropanal (4-methylphenyl)hydrazone 9: m.p. 114.3-115.3 °C (EtOH-H20) (iit.,.56 m.p. 114-115 °C); 'H
NMR (CDCl3, 200 MHz) 5 2.32 (3H, s), 2.44 (3H, s), 7.07 (2H, AA’ of AA'BB’, J 8.7 Hz), 7.14 (3H, m) and 8.38 (1H, br s).

2-Oxopropanal (4-isobutylphenyl)hydrazone 10: m.p. 89.5-90.5 °C (EtOH-H20); (Found: C, 71.5; H, 8.2; N,
12.8. C13H18N20 requires: C, 71.5; H, 8.3; N, 12.8%); TH NMR {CDClg, 200 MHz) 50.90 (6H, d, J 6.6 Hz), 1.83 (1H,m),
2.44 [5H in all, overlapped s and d {J 7.2 Hz)], 7.10 (4H, s), 7.15 (1H, m) and 8.40 (1H, br s).

2-Oxopropanal (2,4,6-trimethylphenyllhydrazone 12: m.p. 157.6-158.5 °C (EtOH-H20); (Found: C, 70.3; H,
7.7: N, 13.6. C12H1gN20 requires: C, 70.5; H, 7.9; N, 13.7%); TH NMR (CDCls, 200 MH2) 5 2.19 (6H, s), 2.28 (3H, s),
2.34 (3H, ), 6.70 (1H, br s), 6.91 (2H, s) and 7.66 (1H, br s).
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