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of metals (P& Ni,2 Pb# Cu? and BF);” however, the high cost
and air sensitivity of most transition-metal catalysts and ligands
plus the additional steps required in order to eliminate residual
metals represent major drawbacks for their general application
on kilogram-scale chemistry, especially for the preparation of
final drug substances. Additionally, only a few isolated examples
have been reported for the diractarylation of acetonémo7ei
Although very well studied, the copper-catalyzed addition of
an aryl diazonium chloride to an activated unsaturated compound
(Meerwein arylatiord has shown limited use for the preparation
of a-aryl carbonyls. Thus, Raucléreported the synthesis of
indoles by reacting 2-nitrobenzene diazonium chlorides with
vinyl acetate to give a mixture ofi-aryl aldehyde and the
correspondingi-chloro acetate. Tanakaeported the synthesis

(2) (a) Palucki, M.; Buchwald, S. l1. Am. Chem. So&997, 119, 11108.
(b) Hamann, B. C.; Hartwig, J. B. Am. Chem. S04997 119, 12382. (c)
Kawatsura, M.; Hartwig, J. l. Am. Chem. S0d999 121, 1473. (d) Fox,
J. M.; Huang, X.; Chieffi, A.; Buchwald, S. LJ. Am. Chem. SoQ00Q
122 1360 and references therein. (e) Moradi, W. A.; Buchwald, S. L.
J. Am. Chem. So001, 123 7996. (f) Goossen, L. Zhem. Commun.
2001 669. (g) Lee, S.; Beare, N. A.; Hartwig, J...Am. Chem So2001,
123 8410. (h) Terao, Y.; Fukuoka, Y.; Satoh, T.; Miura, M.; Nomura, M.
Tetrahedron Lett.2002 43, 101. (i) Jergensen, M.; Lee, S.; Liu, X;
Wolkowsky, J. P.; Hartwig, J. K. Am. Chem. So@002 124, 12557. (j)

We report herein a simple, scalable, transition-metal-free | joyd-Jones, G. CAngew. Chem. Int. E@002, 41, 953. (k) Viciu, M. S.;

approach to the synthesis afaryl methyl ketones from
diazonium tetrafluoroborate salts under mild conditions. This

Germaneau, R. F.; Nolan, S. ©rg. Lett.2002 4, 4053. (I) Schnyder, A.;
Indolese, A. F.; Studer, M.; Blaser, H.-W4ngew. Chem., Int. EQ2002
41, 3668. (m) Ehrentraut, A.; Zapf, A.; Beller, Mdv. Synth. Catal2002

methodology uses easily accessible and nontoxic startings44, 209. (n) Liu, P.; Lanza, T. J.; Pewell, J. P.; Jones, C. P.; Hagmann,
material and was applied to the multi-kilogram-scale prepa- W- K.; Lin, L. S. Tetrahedron Lett2003 44, 8869. (0) Culkin, D. A.;

ration of 1-(3-bromo-4-methylphenyl)propan-2-one.

The synthesis ofo-aryl ketones remains a challenging
problem in organic synthesis. While a number of effective

Hartwig, J. F.Acc. Chem. Res2003 36, 234. (p) Chae, J.; Yun, J.;
Buchwald, S.Org. Lett.2004 6, 4809. (q) Churruca, F.; SanMartin, R.;
Tellitu, I.; Dominguez, ETetrahedron Lett2006 47, 3233. (r) Limbeck,
M.; Wamhoff, H.; Roelle, T.; Griebenow, Nletrahedron Lett2006 47,
2945,

(3) Spielvogel, D. J.; Buchwald, S. LJ. Am. Chem. SoQ002 124

reagents have been developed for the direct arylation of ketones, 4 morgan, J.; Pinhey, J. T.; Rowe, B. A Chem. Soc., Perkin Trans.
they usually need to be prepared from toxic and expensive 11997 1005.

starting materiald.In the past decade, several groups have

(5) (a) Rathke, M. W.; Vogiazoglou, 0. Org. Chem1987, 52, 3697.
b) Okuro, K.; Furuune, M.; Miura, M.; Nomura, M. Org. Chem1993

reported more appealing catalytic methodologies using a variety g 7606
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Chem.1996 68, 819 and references therein. (q) Morgan, J.; Pinhey, J. T.;
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nickel bromide: (r) Hegedus, L. S.; Stiverson, R. K.Am. Chem. Soc.
1974 96, 3250. Grignard reagents witl-bromoketones: (s) Newman,
M. S.; Farbman, MJ. Am. Chem. S0d.944 66, 1550. Organocadmium
reagents: (t) Jones, P. R.; Young, J.JROrg. Chem1968 33, 1675.

1856 J. Org. Chem2007, 72, 1856-1858

(6) Koech, P. K.; Krische, M. 0. Am. Chem. So@004 126, 5350.

(7) For radical alternatives: (a) Borosky, G. L.; Pierini, A. B.; Rossi,
R. A.J. Org. Chem1992 57, 247. (b) Guizzardi, B.; Mella, M.; Fagnoni,
M.; Albini, A. Tetrahedron200Q 56, 9383. (c) Guizzardi, B.; Mella, M.;
Fagnoni, M.; Freccero, M.; Albini, AJ. Org. Chem2001, 66, 6353. (d)
Mella, M.; Coppo, P.; Guizzardi, B.; Fagnoni, M.; Freccero, M.; Albini,
A. J. Org. Chem?2001, 66, 6344. KAr reactions : (e) Scamehorn, R. G.;
Bunnett, J. FJ. Org. Chem1977, 42, 1457. (f) Scamehorn, R. G.; Bunnett,
J. F.J. Org. Chem1979 44, 2604. (g) Bard, R. R.; Bunnett, J. F.; Creary,
X.; Tremelling, M. J.J. Am. Chem. S0d.98Q 102, 2852. (h) Kuwajima,
I.; Urabe, H.J. Am. Chem. S0d.982 104 6831. (i) Dell’Erba, C.; Novi,
M.; Petrillo, G.; Tavani, CTetrahedron1992 48, 235. (j) Dell’Erba, C.;
Novi, M.; Petrillo, G.; Tavani, CTetrahedron Lett1993 49, 235. (k)
Fraboni, A.; Fagnoni, M.; Albini, AJ. Org. Chem.2003 68, 4886. (I)
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3292.
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TABLE 1. Effect of Catalysts and Promoters on the Arylatior?

OAc ]
O,N /]\MS UV N °
\©\ + - Promoter m
N2BF4 CH3CN, r.t. Me
1 2a
entry promoter assay yi€l{o)
1 none 0
2 CuCk (0.15 equiv) 19
3 Cu(OTf) (0.15 equiv) 29
4 CuO (0.15 equiv) 16
5 CuwO (0.15 equiv) 14
6 CusAQ (0.15 equiv) 25
7 FeSQ—7H,0 (0.15 equiv) 23
8 Pd(OAc)(0.15 equiv) 19
9 KOz (1.1 equiv) 27
10 KO,CCFR; (1.1 equiv) 48
11 CsOAc (1.1 equiv) 46
12 NaOAc Buffer (pH 4.5) (1.1 equiv) 44
13 NaOAc Buffer (pH 3.0) (1.1 equiv) 34
14 NaOAc (1.1 equiv) 53
15 KOACc (1.1 equiv) 53

aTo a stirred solution of the diazonium salt and isopropenyl acetate in

CH3CN at rt was added the promoter and the reaction quenched after 2 h.

b Determined by HPLC analysis vs authentic standard.

of a-aryl aryl ketones from arene diazonium salts and silyl enol
ethers of aryl ketones in pyridine. It is worth noting that these
last methods using diazonium salts do not report the transition-
metal-free synthesis af-aryl alkyl ketones. A recent synthetic

challenge has prompted us to develop a new, inexpensive, and

scalable methodology for the arylation of an acetone derivative.
We felt that an attractive approach to the synthesis.-afryl
methyl ketones would be available through a modification of
the Meerwein arylation. Furthermore, anilines are generally cost-
effective starting materials from which aryl diazonium tetrafluo-
roborate salts are simple to prep&rEhis paper highlights our
findings on a catalytic and transition-metal free approach for
the synthesis ofi-aryl methyl ketones under mild conditions
using diazonium tetrafluoroborate salts and isoproprenyl acetate
a readily available and nontoxic starting material.

Our investigations of the reaction started with the studies of
the effect of several Cu, Fe, and Pd catalysts on the arylation
of isopropenyl acetate with 4-nitrobenzenediazonium tetrafluo-
roborate {) in acetonitrile at rt to give 4-nitrophenylacetone
(2a) (Table 1, entries 28). Although the reaction does proceed
in each case, the yields were relatively low {120%), and

several side reactions were observed. We next turned our

attention to transition-metal-free promoters (Table 1, entries
9—15). We were delighted to find that nucleophilic promoters
were efficient mediators of the arylation, obviating the need

for transition metals. Thus, acetate and trifluoroacetate salts were

observed to be efficient promoters for the arylation reaction
(Table 1, entries 1815). A marginal pH dependence was
observed for this reactidhas demonstrated when the reactions
were carried out in buffered acetate solutions (Table 1, entries
12 and 13). From this screen, NaOAc and KOAc emerged as
the most efficient promoters of the reaction affording 2-nitro-
phenylacetone in 53% yield (Table 1, entries 14 and'15).

In order to demonstrate this chemistry on a wider range of

substrates such as synthetically useful indole precursors, 2-ni-

(9) Doyle, M. P.; Bryker, W. JJ. Org. Chem1979 44, 1572.
(10) Rondestvedt, C. S., Jr.; Vogl, @.Am. Chem. Sod955 77, 2313.
(11) No residual metals were detected in KOAc when tested by ICPMS.
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TABLE 2. Effect of Solvents and Rate of Addition on the

Arylation
OAc
)\ (5 equiv) o
+ — Me
N2BFs  KoAc (1 equiv) Me
NO, 3 Solvent, r.t. NO, 2b
entry solvent assay yield%)
1 CH:CN 23
2 acetone 10
3 acetone/kD (2:1f 56
4 acetone/kDO (2:1F 65

aDetermined by HPLC analysis vs authentic standakiDAc was added
in one portion.t KOAc solution in HO was added dropwise over 2 h.

TABLE 3. Effect of the Stoichiometry of Isopropenyl Acetate on

the Arylation
o
Me

OAc

)\ (x equiv)
- Me
N2BF4 KOAc (1 equiv, dropwise)

NO, 3 Acetone : H,O (2: 1), r.t. NO, 2b
entry equiv assay yietd%)
1 1 30
2 5 65
3 10 75
4 20 93
5 50 79

aDetermined by HPLC analysis vs authentic standard.

trobenzene diazonium tetrafluorobora@ewas also investigated

as a substrate in this reaction (Table 2). However, using the
two best solvents from a previous solvent screen (acetonitrile
and aceton€e'f? disappointing assay yields were observed (Table
2, entries 1 and 2). Since KOAc is only sparingly soluble in
both acetone and acetonitrile we introduced water as a cosolvent
in order to homogenize the reaction mixture and found that an
acetone/water mixture of 2:1 increased our assay yield signifi-
cantly (Table 2, entry 3 vs 2). We found that a slow addition of
an aqueous solution of KOAc ov@ h afforded an improved
assay yield of the desired keto2é (Table 2, entry 4 vs 3).
Furthermore, the slow addition allowed for a safe control of

the reaction rate and nitrogen gas evolution as well as a

significant decrease in the amount of byproducts generated.
Finally, examination of the isopropenyl acetate stoichiometry
revealed that an increase in the number of equivalents from 1

to 20 resulted in a dramatic increase in the assay yield (Table

3, entries +4).13 A further increase to 50 equiv resulted in a
decrease in assay Yyield, presumably due to solubility issues
(Table 3, entry 5).

We next applied these conditions to a variety of diazonium

tetrafluoroborate sals(Table 4). The reaction is tolerant of
several functional groups. A series of 2-arylnitrodiazonium
species can be arylated to provide 2-nitrophenylacetones,

precursors for indole synthesis (Table 4, entrie$)L A series
of a-aryl methyl ketones containing other functional groups such

as cyano, ester, Cl, and ¢Ean also be synthesized (Table 4,
entries 6-12).

(12) Other solvents tested on the arylation of isopropenyl acetate with

2-nitro-4-(trifluoromethoxy)aniline include: THF, DCE, toluene, chlo-
robenzene, benzonitrilet-BuOH, t-BUuCN, CRCH,OH. Yields varied
between 6-35.%.

(13) Isopropenyl acetate is available at $40/kg from several suppliers.
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TABLE 4. Synthesis of Variousa-Aryl Methyl Ketones kilogram amounts in the preparation of 1-(3-bromo-4-meth-
OAc ylphenyl)propan-2-one.
R! R? 20equiv)  R! R? : .
\@[ L }\Mé eaun) m Experimental Section
NBF Acet;%AcH“Oe&“?V%) o Me 2-Nitrophenylacetoné® (2b). To a stirred solution of isopropenyl
CEERe acetate (4.4 mL, 40 mmol) in acetone (13 mL) and water (7 mL)

entry R R2 yield® (%) product was added 0.1 mL of a solution of KOAc (200 mg, 2 mmol) in
water (1 mL) followed by 2-nitrobenzenediazonium tetrafluorobo-
% g “82 gg gb rate (474 mg, 2 mmol). Then, the rest of the aqueous KOAc solution
3 CII:?b N02 60 23 was added dropwise ov@ h and stirred overnight. The reaction
73 . . .
4 OCFR NO, 34 2e mixture was diluted with MTBE and water, and the_ layers were
5 OCHs NO, 13 2f separated. The aqueous layer was back-extracted with MTBE. The
6 NO, H 58 2a combined organic extracts were washed with aqueous saturated
7 Cl H 70 29 NaHCQ; and brine and dried over MgSOThe solvent was
8 CR H 71 2h removed under reduced pressure and the crude mixture purified
9 H CN 72 2i by column chromatography on silica gel with hexane/EtOAc (3:1)
10 H CoMe 58 2j to provide 244 mg (76%) o2b: H NMR (400 MHz, CDC}) &
E gfb ﬁ' gg g:‘ 8.14 (L H, dJ = 8.0 Hz), 7.61 (1 H, tJ = 7.0 Hz), 7.48 (1 H, t,

J=73Hz), 730 (1 H, dJ = 7.6 Hz), 4.14 (2 H, s), 2.34
a|solated yield after column chromatography. (3 H,s).

1-(3-Bromo-4-methylphenyl)propan-2-one (5)A visually clean
160 L cylindrical reactor equipped with a mechanical stirrer, a

Finally, we required multi-kilogram quantities of 1-(3-bromo- dropping funnel, and a Ninlet and outlet was charged with
4-methylphenyl)propan-2-oné)(as part of an ongoing drug is_opropenyl acetate (57.4 L, 526 mol), 3-bromo-4-methylbqn_zene-
discovery program in our laboratories. This newly developed diazonium tetrafluoroborate sa#)((7.5 kg, 26.3 mol), acetonitrile
methodology is a viable process for multi-kilogram quantities (375 L), and water (3.75 L). The light yellow slurry was cooled to
synthesis of-aryl methyl ketones. Thus, large quantities of an internal temperature of 01 °C, and a solution of KOAc (2.85

) . X . kg, 29.0 mol, 110 mol %) in water (3.75 L) was added over 3 h.

the starting materials and solvents required are common easil

. . - . YCaution: Gas eolution, properventing required!!The internal
accessible chemicals and the 3-bromo-4-methyldiazonium tet-temperature rose to 8.8 °C. The batch was allowed stir 30 min

rafluoroborate salt4) is a bench stable solid at #:'> The and N evolution ceased. Water (37.5 L) was added, and the layers
transition-metal free synthesis of 4.8 kgeofaryl methyl ketone  were cut. The upper organic layer was washed with brine (18.75
5 was completed in a safe and inexpensive manner using theL) and then concentrated under vacuum. HPLC analysis: 4.8 kg,

developed methodology (eq 1). 80% assay yield. An analytical sample was obtained by distillation
under vacuum (clear oil, bp 11, 0.4 mmHg): *H NMR (500
OAc MHz, CDCk) 6 7.39 (1H, s), 7.20 (1H, d] = 8 Hz), 7.05 (1H, d,
Me A @oequn) we o J=8Hz), 3.65 (2H, s), 2.38 (3H, s), 2.11 (3H, &C NMR (125
I:L h. — 2 Me m M MHz, CDCL) 6 205.7, 136.5, 133.3, 133.0, 130.9, 128.2, 124.9,
Br N,BF,  KOAc(1.1equiv) — p; Me 49.7, 29.3, 22.4; HRMS ESh{/2 [M + H]* calcd for GoHi-8%-
4 CHaCN : H,0 (2:1) 5 BrO 227.0065, found 227.0066.

(o]
75K 0:8%0 4.8Kg 1-(3-Bromo-4-methylphenyl)propan-2-one (5) on a Prepara-
tive Scale.3-Bromo-4-methylbenzenediazonium tetrafluoroborate
. . . salt @) (75 g, 263 mmol) was suspended in acetonitrile (375 mL)
In conclusion we have described a new transition-metal free ang water (37.5 mL). The slurry was cooled te-® °C, and
approach to the synthesis af-aryl methyl ketones from  isopropenyl acetate (574 mL, 5.26 mol) was added. A solution of
diazonium tetrafluoroborate salts and isopropeny! acetate underKOAc (28.4 g, 289.3 mmol) in water (37.5 mL) was added over 2
mild conditions. This methodology is simple, scalable, envi- h.Caution: Gas eolution, properventing required!The solution
ronmentally friendly and was demonstrated safely on multi- was allowed stir for 30 min, and A\evolution ceased, water was
added, and the layers were separated. The organic layer was washed

(14) Diazonium ions are known to exhibit unstable characteristics that With brine, dried with MgS@ and concentrated under reduced
can cause some salts to be explosive. The reactivity of each individual pressure to afforded ketorieas a red oil (78-80% HPLC assay
diazonium compound should be investigated to determine their explosive yield).
potential before running large scale experiments. . . . .

(15) The dried diazonium salt intermediate has an exotherm of 35.8 callg ~ Supporting Information Available: Experimental procedures
initiating at 100°C and a smaller exotherm of 3.5cal/g initiating at 25 and spectroscopic data for compounds. This material is available
as measured by DSC. Therefore, it is considered a stable intermediate at rtfree of charge via the Internet at http://pubs.acs.org.

(16) Strazzolini, P.; Giumanini, A. G.; Runcio, A.; Scuccato,MOrg.

Chem.1998 63, 952. JO062483G
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