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Abstract: A simple one-pot procedure has been devel oped for the
synthesis of 4-substituted-1-aryl-1-butanones through copper-free
Sonogashira reaction of aryl bromides with terminal alkynes in
DMF under inert atmosphere, followed by the treatment with acid
in the presence of oxygen. A variety of aryl bromides was reacted
with 3-butyn-1-ol according to this procedure to give the expected
compoundsin good yield. The mechanism of the reaction and appli-
cations of the methodology are discussed.

Key words:. 1-aryl-1-butanones, aryl bromide, 3-butyn-1-ol, pala-
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1-Aryl-1-butanones of the structure ArCOCH,CH,CH,Z
[I, where Ar and Z are (hetero) aryl and hydroxy, halo etc.
respectively] are extremely useful intermediates’ needed
for various synthetic strategies, especially for the prepara-
tion of agrochemicals and drugs. This is exemplified by
their use in the preparation of biologically active com-
pounds such as 2-(w-aroylakyl)-4-biaryloxobutyric acids
as matrix metalloprotease inhibitors® for tumor cell inva-
sion and angiogenesis or 2-(3-aryloxy/aroylpropyl)ami-
no-1,3-thiazoles* as anti-inflammatory agents or naphtho-
thiazole-substituted piperidine derivatives® as inhibitors
of stomach acid secretion. They are also useful precursors
for the preparation of quinoline-4-carboxamide deriva-
tives (3, Schemel) as NK2 and NK3 receptor
antagonists® for the treatment of asthma.

In view of the importance of 1-aryl-1-butanones, a num-
ber of methods have been developed for their synthesis’
Hincluding the use of transition metal complexes.'?
Amongst the various methods reported for the preparation
of 1 (I, Ar = C¢Hs, Z = OH), the most straightforward in-
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volves the reaction of nucleophilic aryl lithium with elec-
trophilic lactone carbonyl moiety of vy-butyrolactone
followed by treatment with ammonium chloride.’® Al-
though the method has been utilized successfully for the
preparation of compounds having biological importance,®
the protocol suffersfrom several limitations, the most im-
portant being the difficultiesin the preparation of organo-
lithium reagents when applied to more complex systems
(especially in the presence of an acidic functional group).

Asapart of our current research program directed toward
the synthesis of compounds for biological testing in dif-
ferent therapeutic areas,* we required a simple procedure
for the synthesis of a variety of 1-aryl-1-butanones 1.
Since the existing routes to obtain 1 were either inappro-
priate (due to the non-availability of the required starting
material) or unattractive due to the complicated synthetic
procedure we therefore became interested to develop an
aternative method for the synthesis of 1. Our synthetic
strategy, which relied on umpolung® of the usual reactiv-
ity pattern associated with the earlier method 72913 js
shown in Scheme 2.

Of thevariety of transition-metal mediated reactions, Son-
ogashira coupling reaction of aryl halides with terminal
acetylenes provides a powerful tool for C-C bond forma-
tion.X® This palladium—copper-catalyzed reaction is typi-
cally carried out in the presence of catalytic amounts of a
palladium(l1) complex as well as copper(l) iodide in an
amine as solvent. Although extensive applications of
Sonogashira coupling of aryl iodides (as the order of ha-
lide reactivity is| > Br >> Cl) with terminal akynes have
been reported in the literature since 1975, effective use of
aryl bromides'’ has only recently been explored.'® Thus
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Scheme1l Synthesisof quinoline-4-carboxamides as NK2 and NK 3 receptor antagonists.
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Scheme2 Synthetic strategy for the preparation of 1.
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Krause et a. reported an improved procedure for the
coupling of aryl bromides, which are less expensive and
easy to prepare compared to aryl iodides, with terminal
alkynes using THF as solvent.'®Use of an efficient cata-
lysti.e. Pd(PhCN),CI./P(t-Bu); for Sonogashira reactions
of aryl bromides has been reported by Buchwald and et al.
very recently.'® Although substantial improvement in re-
action conditions has been observed in these cases, all
these procedures require the use of variable amounts (24
mol%) of copper(l)iodide for efficient coupling. It iswell
known that dimerization of terminal alkynes to the corre-
sponding diyne is often a side reaction under the Sono-
gashira coupling conditions'®® and this oxidative
homocoupling (Glaser coupling) predominates® in the
presence of oxygen or other reagents. Cul in the presence
of excess amine base seemed to have a significant rolein
such oxidative homocoupling of termina acetylenes.
Since the separation of diynes from the desired product is
often cumbersome, copper-free Sonogashira reactions®
have significant advantages over the original method.
Very recently Ryu et al. reported a copper-free Sono-
gashira coupling of aryl iodides with terminal alkynesin
anionic liquid.??2To the best of our knowledge, however,
only few descriptions of copper-free Sonogashira coup-
ling employing aryl bromides are available in the litera-
turet’al’ed1m- and none of them describe the use of
electron rich or unactivated'® aryl bromides. Use of di-
methylformamide (DMF) as a co-solvent for efficient
Sonogashira reaction (especialy where the aryl halide is
insoluble in other solvent) is not very common. In this
connection we have observed that DMF could be utilized
as an effective solvent for the synthesis of compounds of
potential biological interest via Sonogashira-hydration
strategy. We thought this process could be ameansto pro-
mote the equivalent of a Friedel—Crafts acylation
reaction’®“of deactivated aryl derivatives, which is a de-
manding transformation and is not readily achieved even
in the presence of most effective Lewis acid catalysts.
Herein, we disclose regioselective one-pot synthesis of |
via copper-free Sonogashira coupling of aryl bromides
with aterminal alkynein DMF followed by in situ hydra-
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tion of the resultant alkyne in the presence of palladium
catalyst and atmospheric oxygen in agueous acid.

When aryl halide (11, X = Br, 1) was treated with 2 equiv-
alents of 3-butyn-1-ol (I111) in DMF in the presence of
PdCI,(PPh;), (0.03 equiv) and triethylamine (8 equiv)
under nitrogen atmosphere at 80 °C for 8 hours, 4-aryl-3-
butyn-1-ol (1V, Method A, Scheme 3) was obtained in
good yield. However, we have observed that 1-aryl-1-
butanones (I, Ar = substituted aryl group, Z=OH or
OCHO) were formed as the major product when the same
reaction was performed using aryl bromides followed by
the treatment with 20% hydrochloric acid in the presence
of aerial oxygen for 8 hours at 25-30 °C in the same pot
(Method B, Scheme 3). Our results are summarized in
Tablel.

By use of thistandem coupling-hydration protocol awide
variety of butanones have been prepared (Table 1). Thus
3-butyn-1-ol was reacted with an array of commercially
available aryl bromides bearing a variety of substituents
(Table 1, Entries 1, 4, 6, 7, 9, 10) e.g. either electron do-
nating (Me, SMe) or withdrawing groups (COCH,, NO,,
CHO) and all these substituents were well tolerated in this
single pot reaction. Hydroxyketone | was isolated as the
major product in most of the cases along with the internal
alkyne 1V in afew cases (Entries 1, 7, 9). However, the
nature of the product (I or 1'V) formed in this coupling-hy-
dration protocol was affected by the duration of the treat-
ment with acid (Entry 1, Step 2, Table1) and | was
isolated as the major product when the hydration (Step 2)
was carried out for 8 hours. Further increase in time in
Step 2 led to the generation of product that seemed to re-
sulted from O-formylation of the hydroxy ketone | (Entry
5,8, 11, Table 1). It is pertinent to note that no oxidative
homocoupled product of terminal alkyneswas detected in
all these cases. Another important point to note about the
present coupling-hydration protocol is the regiospecific
formation of ketone (Entry 6 vs 7, Table1). Since the
alkynylation occurs only at the bromine bearing carbon of
the aromatic ring therefore, whilst the electronic effects
(resonance and inductive) may influence the rates of
the reactions, as a consequence of Pd-mediated reaction

(X=8Br1) (X =Br)
Pd or 1 Py | o
Pd-Cu catalysis . Pd-catalyst
A= - o, Az
jOH or \/\ 2. HCl, 0, Ar
Pd/C -PPhs-Cul OH
v (Method A) (Method B) | (Z=0H, OCHO)

Scheme 3 Palladium-catalyzed coupling of 3-butynol with aryl halides.
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Tablel Synthesisof 1-Aryl-1-butanones (1)?
1. PdCly(PPhg),

EtsN, DMF, 80 °C 0o Ar
N N
e Ny, A N,
0 " 2. 20 %HCI, 25-30 °C | v
(Method B)
Entry  ArX Products® Time (h) % Yield®
() I Y Stepl  Step2 | v
1 o) 0 0 o) 8 8 59 16
>—©78r >—©ﬁ
OH
lla OH IVa
la
2 Ia n.d.c IVa 8 8 - 89d
3 Ia n.d IVa 8 1 - 84
4 CHg e} n.d 8 8 44 21
O,N
7N g, ? \©\/l\/\/OH
ON CHg
b b
5 b o n.d. 8 16 47 -
CHs
Ibb
6 HsC o n.d. 8 8 56 -
Br
Ilc Ic
7 o 8 8 46 13
ch@Br H3C%
OH OH
Id HaC vd
Id
8 Id o n.d. 8 16 43 -
HsC
Idd
9 OHC e} OHC 8 8 37 19
OHC
O OH
Ile IVe
le
10 o n.d. 8 8 61 -
mcs@m oH
HsCS
If
11 If o n.d. 8 16 55 -
HsCS
| ff

aReactionswere carried out by using 11 (1.0 equiv), 111 (2.0 equiv), PdCl,(PPhs), (0.03 equiv), Et;N (8 equiv) in DMF. ® Identified by 'H NMR,
IR, Mass.

¢Isolated yields.

94 Reaction was performed using Pd/C:PPh;:Cul, 1:4:2, 2.5 equivalents of 3-butyn-1-ol in DME:H,O (see Ref.1™).

€n.d. = not detected.
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directing the key transformation, the composition of ke-
tone remains unaffected by the nature and the position of
substituent in the starting bromide. This is in sharp con-
trast to the result using Friedel—Crafts acylation reaction
where reactivity and orientation of electrophilic substitu-
tion reaction is influenced by the nature of the group
present in the starting aromatics.

The copper-free Sonogashira coupling was carried out in
DMF using triethylamine as a base. The advantage in the
useof DMF assolvent isitsability to solubilize awide va-
riety of aryl bromides and palladium catalysts as well as
its miscibility with agueous HCI and therefore facilitates
the coupling-hydration reaction well. However, the use of
other solvents such as THF and dioxane was al so investi-
gated and was found to be less effective in terms of yield.

The coupling reaction (Step 1) was usually carried out at
80 °C whereas hydration of the resultant alkyne (Step 2)
proceeded well at 25-30 °C. The effect of temperature,
time, catalyst and the nature of aryl halide used on product
distribution are summarized in Table 2. Lowering of reac-
tion temperature in Step 1 completely suppressed the
product formation (Entry 1, Table 2) confirming the need
of higher temperature for the conversion of Pd(Il) to
Pd(0). Although the increase in timein Step 2 altered the
product distribution drastically (Entry 2 vs 3, Table 2) the
conversion rate however, remained unaffected even after
further increase in time (Entry 2-4, Table 2). Quantitative
conversion was achieved using aryl iodidein place of aryl
bromide but in this case, alkyne wasisolated as the major
product under identical reaction conditions (Entry 5,
Table 2). Appearance of a palladium mirror on the wall of
the reaction flask in this case may offer an explanation for
such observation.?%

The coupling-hydration method proceeded well in the
presence of PdCI,(PPhs), as catalyst leading to the forma-

Table2 Effect of Reaction Conditions on Product Distribution®

tion of the ketone | as major product in most of the cases.
Use of other catalysts such as Pd(PPh;), was a so investi-
gated and was found to be less effective (Entry 5, Table 2)
implicating the better efficacy of Pd(0) complex generat-
ed in situ in the present case. Interestingly, bromobenzene
in the presence of Pd(PPh;),-NaOMe catalyst system,
when treated with terminal akyne, afforded biphenyl in
low yield instead of desired alkyne.?® No rearranged
product was detected when the catalyst system
PdCl,(PPh;),-Et;N (Method B) was replaced by 10% Pd/
C-PPh,-Cul-K,CO; (Method A)9 and normal coupled
product was isolated in good yield (entry 2, Table 1) even
after treatment with 20% HCI solution for 8 hours in the
presence of air. However, to gain further evidence on the
nature of the hydration reaction, theisol ated alkyne?** was
treated separately with 20% HCI at 25-30 °C but no sig-
nificant change was observed even after stirring for 3 days
in open air and 80% of the reactant alkyne was recovered.
Hydration of a triple bond is a well-known reaction,?
which is catalyzed by Hg salts, its Nafion modification, or
strong acid such as H,SO,, trifluoromethanesulfonic acid
or trifluoromethanesulfonimide?? in the presence of wa-
ter. However, hydration in the presence of HCI a room
temperature is not known in the literature whereas palla-
dium-catalyzed hydration of alkyne is a known process.?®
Thusliterature reports aswell as our observationsindicate
that the palladium complex present in the reaction mixture
has a significant role in the hydration of the resultant
alkyne when exposed to acid and air simultaneously.

The Sonogashira coupling-hydration reaction was found
to be highly regioselectivein view of product formation as
only 1-aryl-1-butanones (1) and no other regioisomers
were detected under the reaction conditions employed. All
the products isolated were well characterized by their *H
NMR, Mass and IR spectra (carbonyl stretching frequen-
ciesin the region of 1690-1670 cm™).

(e}
/©/X 1. 1ll, Pd catalyst /Q)WOH o ocro y OH
_—
HsCOC H +/©)K/\/ +
a 2.HCl 3COC la  H,cOC laa  y.coc va

Entry X Catalyst Condition [T (°C); t (h)] Conv.” (%) Product Distribution® (%)

Step 1 Step 2 la laa IVa
1 Br Pd(PPh,),Cl, 35-40; 8 - 0 - - -
2 Br Pd(PPh,),Cl, 80; 8 20-30; 8 >80 59 n.d.d 16
3 Br Pd(PPh,),Cl, 80; 8 20-30; 16 >85 19 51 n.d.
4 Br Pd(PPh,),Cl, 80; 8 20-30; 24 >80 12 55 n.d.
5 | Pd(PPh,),Cl, 80; 8 20-30; 8 100 10 n.d. 70
6 Br Pd(PPh,), 80; 8 20-30; 8 >50 - - 39

aReactions were carried out by using 11 (1.0 equiv), I11 (2.0 equiv), PdCI,(PPh), (0.03 equiv), Et;N (8 equiv) in DMF.
b Conversion was determined on the basis of the isolated yield of product and recovered starting material.
¢ Product distributions were calculated based on the isolated yield of each product.

9 n.d. = not detected.
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The mechanism of the reaction could be envisaged as
shown in Scheme 4. The akyne IV generated via usua
palladium(0) [generated from palladium(ll)complex]-
catalyzed?’®? coupling of aryl bromide 11 with 3-butyn-1-
ol 111 subsequently participatesin Pd(I1) mediated hydra-
tion reaction. Generation of Pd(I1) from Pd(0) is catalyzed
by molecular oxygen?’>in the presence of Et,NHX. Par-
ticipation of the terminal hydroxy! group of the resultant
alkyne during the hydration process seemed to have the
key role in the formation of a particular regioisomer.?®
The Pd(l1)-alcoholate V22 thus formed may lead to the
formation of ketone| (when quenched with excess water)
or formylated product V1 (when allowed to stir for longer
period in DMF-HCI)?° depending on the reaction condi-
tions employed. Further study on this mechanistic se-
guenceisin progress.

We have demonstrated that a variety of 1-aryl-1-bu-
tanones (1), having a substituent (especially hydroxy) at
the 4-position, can be synthesized via palladium-cata-
lyzed alkynylation of aryl bromides followed by subse-
guent hydration of internal alkynes generated in situ. This
is worthwhile in comparison to other one-pot reactions
(e.g. SnCl,—EtOH—H,0 or Fe-NH,CI-CH,COOH as re-
ductive hydrating agent) where hydration of acetylene
moiety was found to be inconsistent.?>! Notably, regiose-
lectivity of the triple bond hydration in the present case
was not affected by the nature of the aryl group attached
to it.?® Thus the present Sonogashira-hydration technique
represents ageneral and versatile method for the synthesis
of | and offers a significant tactical advantage over tradi-
tional Lewis acid-catalyzed acylation reactions. The
methodology has been utilized for the synthesis® of com-
pounds of potential biological interest.®3%*P Compound
1d was converted to VI, which is known to be useful for
the treatment of atherosclerosis via raising the level of
HDL cholesterol,*according to the known procedure

(Scheme 5).%% Compound 1a was converted to the corre-
sponding bromide, which is useful precursor for the syn-
thesis of potential antipsychotic agents, using the reported
method.*?

To conclude, the present communication dealswith acon-
venient one-pot procedure for the regiosel ective synthesis
of 1-aryl-1-butanones. To the best of our knowledge this
isthefirst examplefor the synthesis of 1-aryl-1-butanones
employing such a methodology. The method involves the
use of readily available aryl bromides in the absence of
copper salts, thereby preventing the formation of diynes
as side product. Due to the mild reaction conditions and
functional group tolerability the present protocol is cer-
tainly superior to the existing methods, particularly inthat
it allows the regiospecific functionalization of the activat-
ed and deactivated aromatics to afford substituted bu-
tanones having a wide range of aryl residues. More
importantly the present protocol is safer than other meth-
ods, which involve use of pyrophoric organolithium re-
agent or environmentally harmful AICl;, or toxic Hg salts.
The methodology has been utilized for the preparation of
compounds of biological interest and its further applica-
tion in organic synthesisis presently under investigation.
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Scheme5 Reagents and conditions: a) C¢HsNCO, Et;N, CgHg, 80 °C, 4 h; b) NH,NHC(SNH,, MeOH, 1 N HCI, 25 °C, 24 h.
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