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Suzuki-Miyaura

1. Introduction

The Suzuki-Miyaura cross-coupling reaction is orfethe We have studied the already described long-cha&acletd to
most useful and versatile ways to achieve differseries of heterocyclic scaffoldd and 3, derived from palmitic aciéf, to
compounds (preferentially biaryls) where a new®@3gf bond  generate palladium(ll) complexe® and 4 (Scheme 1) using
is formed™® The resulting molecules derived from this different metallic sources. These species, spgcidl and 2b
transformation have different applications in magas. For were efficient in conventional examples of both T§upst and
example, in the preparation of natural productsclenside  Mizoroki-Heck reactions, in acetonitrile and tolugne
surrogates, drugs, liquid crystals and pharmacaiitimteresting  respectively’’
compound$®® A large number of reports concerning the

Suzuki-Miyaura  coupling reactions appeared showing Pd(OAG),. CHCly \MJ[IBES

improvements. For example, conducting the SuzukiaMdia N t1d N b

coupling reaction in environmentally friendly sohie such as \M/Q J=s POl GHOL n N,/”%ts
water or alcohols have particular importaAt&. In this sense, “ e \%LN\

the importance of the nature of the ligands of gadladium \ Pt
complex determine the availability to run couplinigsperform a

later recovery or reuse of them in this media. &mployment of Pd(OAG),, CHCly I\II/N>\;8

ligands with surfactant natuf®,coordinated to the palladium " r1d A

atom, is crucial to recycle the catalytic systend @ not very \mﬂc}:s —| kypdct,, cHOl, 4w

frequent in organic chemist’y. The most studied approach is " s m1d ”,/N%ts
the use of additives with micellar/surfactant cheaaéacilitating %° pach

this coupling reaction in water or aqueous systéms. ab



Scheme 1Synthesis of palladium complex2sind4.

The potential amphiphilic properties of entiti& and 4
envisage the success of reactions run in aqueods&ano, in
this work, the ability of these complexes to opeiat&Suzuki-
Miyaura cross-couplings, performed in aqueous &wist is
studied. This character would also permit to recdlie catalyst
and reuse it with total efficiency.

2. Results and Discussion

Initially, the preparation of known heterocyclicdigdsl and
3 was performed, according to the literature, stgrtinom
palmitic acid?’ Next, the preparation of the palladium(ll)
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# Reaction condition$a and6a (0.2 mmol each), base (0.4 mmol), [Pd] (0.5
mol%), solvent (2 mL), 12 h at the bath temperaindéated.

P|solated crude conversions determined by gas chmraphy.

©0.25 mol% ofdb was employed.

With the more suitable conditions, and inside gbrassure
tube, the scope of the reaction was surveyed (TapleAryl
iodides 5 reacted with arylboronic acidé affording excellent
yields of biaryls7 using a bath of 100 °C for 12 h (Table 2,
entries 1-15). Apparently, there is no importanteetf§ of the
substituents in the final yield of produc® Both electron-
donating and electron-withdrawing groups can be ugdsb,
heterocyclic components are appropriate to run thiction
(Table 2, entries 8 and 9). Aryl bromides neede@®°C bath to
promote the reaction successfully in very highdseloo (Table
2, entries 16-23). However, the reaction of aryl dHles is very

complexe2 and4 was done according to the procedure depictelow and despite increasing the temperature up @185 °C

in Scheme 1. We proposed these tentative structuréle basis
of elemental analysis, and various instrumentdinepies, since
it was not possible to isolate an appropriate chystaun X-ray
diffraction analysi$®*’ The optimization of the benchmark
Suzuki-Miyaura cross-coupling between iodoanisol and
tolylboronic acid was done using conditions reportedthe
literature with heterocyclic palladium(ll) complex&sLooking
for an environmental friendly process, EtOH was setkas
solvent and KOH as base at 78 °C. The four complaffesded
very good conversions (Table 1, entries 1-4) beialgcteddb
because the reaction crude was very clédnNMR) and traces

(bath) very small conversions were obtained. Thessulis
allowed the total chemoselective transformation in
iodochlorobenzene and 4-chlorobromobenzene (TabknRies
15 and 20). In addition, nonsteroidal anti-inflantomg drug
(Felbinac, 7s) was prepared and isolated in 90% vyield in a 2
mmol scale.

Table 2 Pd-Catalyzed allylation of 3-acetyl-2-oxindoles

4b (0.5 mol%)

of the homocoupled product were not detected. Thetimn in ArLsHa' * Ag’i(o"')? 1:1 H,O/EtOH, 100 °C, Ar1;A’2
neat water was not complete after 12 h (Table 1,yebjr 12 h, KOH (2 equiv)
However, the combination of water/ethanol in equapprbons
afforded an excellent conversion and very cleaotiea product
7a (Table 1, entry 6) in a bath at 100 °C. The empleyt of
potassium carbonate as base or assaying lower s@atabding
(0.25 mol%) gave the final coupling product in 98dab5% Ent.  Hal AP Ar2 7 Yield (%)
conversion (this reaction was not completed after H)2
respectively (Table 1, entries 7 and 8). 1 I 4-(MeO)GH, 4-MeGHs 7a 96
2 [ 4-(MeO)GH, 4-(CR)CeHs 7b 89
3 [ 4-(MeO)GH, 4-(CHO)GH, 7c 91
Table 1 Optimization of the Suzuki-Miyaura cross-coupling 4 I 4-(MeO)GH. 4-FGH,  7d 93
between iodoanisol armtolylboronic acid. 5 | 4-(MeO)GH4 2-(BnO)GHs  7e 89
| B(OH), 6 [ 4-(MeO)GH, Ph 7f 91
[Pd] (0.5 mol%) O 7 [ 3-(MeO)GHa 4-MeGH, 79 88
+ m O 8 | 2-Pyridyl 4-MeGH;  7h 91
OMe base (2 equiv) o0 9 | 2-Thienyl 4-MeGH,  7i 85
5a 6a 7a 10 | 2-Naphthyl 4-Me@H, 7] 84
11 | 4-MeGH, 4-MeGH, 7k 92
12 | Ph Ph 7l 92
13 | 4-MeGH, Ph 7m 89
14 | 4-FGH,4 Ph 7n 89
Ent. [Pd] Solvent Base T(°C) Conv. (%) 15 | 4-CIGH, Ph 7o 88
1 2a EtOH KOH 78 98 16  Bf 4-(MeO)GHa Ph 7f 77
2 2b EtOH KOH 78 83 17 Bf 4-(CN)GiH4 Ph 7p 85
3 4a EtOH KOH 78 99 18  BF 4-(CHO)GH, Ph 79 90
4 4b EtOH KOH 78 96 19  Bf 4-(NO,)CeH, Ph 7r 92
5 4b H,O KOH 100 20 20 Br 4-ClICsH, Ph 70 90
6 4b H,O/EtOH KOH 100 99 21 Br 4-(MeO)GHa 4-MeGH, 7a 89
7 4b H,O/EtOH K.COs 100 95 22 B 2-Naphthyl 4-MeGH, 7] 86
8 4p° H,O/EtOH KOH 100 55 23 Brf  4-(CH.COH)CeH, Ph 7s 92




# Reaction conditions5 (0.2 mmol), boronic acid (0.2 mmol}b (0.5
mol%), KOH (0.4 mmol), 1:1 water/EtOH (2 mL), press tube at 100 °C
(bath temperature) 12 h.

PIsolated yield after flash chromatography.

¢ Reaction performed at 120 °C (bath temperature).

4 Performed in 2 mmol scale.

With the aim of recovering the catalyst, taking ahage of
the suspension/dispersion of the catalytic speiciewater, the
ethanol was evaporated after completing the firsttbaf the

coupling of p-iodoanisole. Then, ethyl acetate was added
extracting the producta. The aqueous suspension was again

submitted to a new process giving high chemicaldgielThe
procedure was repeated up to the fifth recycled rxeat
arising very high yield o¥a (Figure 1). We stopped the study in
this point, but we are sure that it is possible un mnother 5
catalytic cycles more with the same catalyst. Théealgst
demonstrated to be very stable and did not lostcékalytic
efficiency. A new cross-coupling reaction was perfatnusing
the aqueous phase resulting from the first cyclevipusly
filtered, and an extremely low conversion (<10%) whgined.
This result indicated the heterogeneous charatthiocatalysis.
The estimated TON is very close to 200 and the TOE6i7 H-
This study was also repeated twice in the preparatiod
isolation, by precipitation in acidic media, of drids affording
this product in 89% vyield after the second catelltith.

100 -
50 4 |96 95 96 96 95
X 60 A
3
(Y] .
= 40
20 A
0 _
1 2 3 4 5
Catalytic cycle
Figure 1. Synthesis of compounda using the same recycled
catalyst.

The catalyst4b was also submitted to a domino process

involving an intramolecular Mizoroki-Heck type reiact in 8.
Here, the alkene acted as internal relay system,hwihtaibited
the B-hydride elimination of the intermediate organorieta
species, after the &xo-trig-cyclization step®*® The resulting
palladium-Csp intermediate finally underwent the expected
Suzuki-Miyaura cross-coupling witlp-tolylboronic acid. This
sequential double C&Tsp’ formation occurred in the presence
of 1 mol% of the catalyst in 81% vyield (Scheme Ryain, the
catalyst could be recovered from the aqueous ssgperand
reused in another new reaction affording the sasdtre

B(OH),
4b (1.0 mol%)

1:1 H,O/EtOH, 100 °C,
12 h, KOH (2 equiv)

6a
PdX

\ / (81%)
©ﬁ§o
N
\

Scheme 2Synthesis of produ&through a domino sequence.

The nature of palladium compléb was a brown sticky dense
oil. After finishing a catalytic cycle, the catalysis filtered of
and a similar aspect was observed. If a new catatytide is
attempted with this filtered solution the reactiod dot occur, so
this ensures the heterogeneous character of tiddysia. The
presence of nanoparticles was very difficult to obseafter
analysis of TEM. We studied the XPS results of ¢hglyst
before and after the Suzuki-Miyaura cross-coupliegcluding
that the reduction of palladium(ll) to zero-valepalladium
occurred during the chemical process (Figure 2)h@lgh the
mercury test is a rapid and accepted used methodédatifying
homogeneous molecular catalysis from nanoparticletam
catalysis, it has been published that this testgénerally
inadequate under certain conditidhghe mixture of the freshly
prepared complex in the first catalytic cycle fbe tsynthesis of
compound7a was treated with 100 equiv of mercury for 1 d at
100 °C (300 rpm, magnetic stirrer rotation rate) #re observed
conversion decreased to 58%. Besides, when the pais@Ening
conditions were applied to the reaction performethgushe
recovered catalytic complex (for example, secordecyf Figure
1) the Suzuki-Miyaura coupling occurred only in &%
conversion. At this point, the presence of palladnanoparticles
could be confirmed but operating in an heterogesemade.
According to all these facts and the literature pdemts, a
plausible mechanistic formation of these nanopesgican be
draw (Scheme 3Y#
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Figure 2. XPS of4b (a), and XPS of the catalyst filtered after the
reaction (b).
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Micellar nanoparticles

Journal of Organometallic Chemistry

3 Measured in chloroform, xIqM).

®In kJ-mot.

¢ Calculated from Griffin’s equation.
dEstablished according to HLB valu&s.

3. Conclusions

The efficiency of the palladium compled in the Suzuki-
Miyaura cross-coupling reaction, with surfactantrelster, was
demonstrated. Unfortunately, aryl chlorides were apgropriate
substrates for this catalytic complex. The requiredld
conditions and the recycling of the catalytic spsciwere
important parameters to consider. The surface ptiegecould be
extrapolated from measurements done to the hetdiocy
precursor. The robustness of this catalytic systexs evaluated
by the successful domino reaction performed. Inganson with
analogous systems operating in water or aqueouergslvthe
results are in the same ranges as depicted in Pabl&e most
important feature of this catalytic complex is thigh percentage
during the recovery and its ability to run a newgass with the
same efficiency (>5 cycles).

Table 4. Comparison between the results of this work with the
other ones published previou8ly.

Scheme 3Plausible formation of micellar nanoparticles.

The evaluation of same surface properties of piifad
complexes2 and 4 were very difficult due to their scarce
solubility in organic solvents. However, a closeoimfiation can
be obtained by the assessment of these properfietheo
heterocyclic ligandsl and 3. Critical micelle concentration
(CMC) values were determined plotting the electrical
conductivity of the solutions in chloroformversus the
concentration (M) (Table 3f. The two values are in the same
range and corresponded to classical non-ionic starfiés>>>*
The micellization free energy was calculated frone BMC
value AG%;. = 2.303-R-T-log CMCY. The similar results
obtained for both samples confirmed
micellization processes. Measurements of the hydliop
lipophilic balance (HLB) using Griffin’s equatih provided
parameters of 7.05 and 6.47 (Table 3). These vadeict that
the ligandsl and 3 can be classified as wetting/spreading agen
and water in oil emulsifying agent, respectivelyt bath of them

the spontaneous*

Ref. (rr[gi%) time T (°C) HalAr g/itlilé
5 0.1 24 h 80 Br 5
'] 0.5 30 min 100 Br, | 10
4 0.5 4h 50 Br, | nr°
& 0.1-2.0 2-22h rt-100 cl nr°
i 0.005 24 100 Br, | 10
| 0.1 2.5-45h 50 Cl, Br, | 5
449 0.1 5 mirf 100 Br nr
i 0.05 2h 85 Br nr’
& 0.5 24 h 100 cl nr°
4 0.1 12h rt Cl, Br, | nr°
3 0.5 6h 80 Cl, Br nr°

0.06 1-24h 45 Br, | 8
il 0.01 0.5-10 h 70 Cl, Br, | 8
il 1-5 5 60 Cl, Br, | 5

t & 0.2 24 80-120 Cl, Br, | 6

i 0.5 12 100 Br, | >5

are water dispersible substantesBy extrapolation of these
results towards the cataly$b, the CMC value would be higher
than the corresponding ligand due to its more iafiaracter,
and, in consequence the negative micellization éresrgy would
ensure a spontaneous micellization. In additionwauld be
expected a HLB ~ 10 value, affording a water disperand oil
in water emulsifying agent.

Table 3 Determination of surface properties of ligadidmnd3.

Ligand CMCG AGY%;P HLB® Classificatiofi
Water dispersible
1 9.0 -23.10 7.0 Wetting/spreading agent
3 78 2345 647 Water dispersible

Water in oil emulsifying agents

2All data are referred for a similar chemical yield.
®nr: no reported.

¢ Under microwaves irradiation.

9This work.

4. Experimental section
4.1 General information.

All commercially available reagents and solvents wased
without further purification, only aldehydes were caldistilled
prior to use. Analytical TLC was performed on Sother &
Schuell F1400/LS 254 silica gel plates, and thetspeere
visualized under UV light (I ¥ 254 nm). Flash chrooggaphy
was carried out on hand-packed columns of Merckasitiel 60
(0.040-0.063 mm). The structurally most importaeaks of the
IR spectra (recorded using a Nicolet 510 PFT) astedi and



wave numbers are given in emNMR spectra were obtained 2-(p-Tolyl)thiophene {i).*®

using a Bruker AC-300 or AC-400 and were recordedOét &
400 MHz for'H NMR and 75 or 100 MHz fol'C NMR, using
CDCl; as solvent and TMS as internal standard (0.00 ppieg
following abbreviations are used to describe pedtepes where
appropriate: s singlet, d doublet, t triplet, q eg m multiplet or
unresolved and br s broad signal. All coupling cantst () are
given in Hz and chemical shifts in ppMC NMR spectra were

1-(p-Toly)naphthalenej).*®
4,4'-Dimethyl-1,1"-biphenyl7k).**
1,1'-Biphenyl 71).%*
4-Methoxy-1,1"-biphenylqm).>®
4-Fluoro-1,1'-biphenylqn).*
4-Chloro-1,1'-biphenyl70).*
[1,1-Biphenyl]-4-carbonitrile 7p).*’

referenced to CDGlat 77.16 ppm. DEPT-135 experiments wereBiphenyl-4-carbaldehyde¢).*®

performed to assign CH, GHind CH. Low resolution electron

4-Nitro-1,1"-biphenyl 7r).%°

impact (El) mass spectra were obtained at 70 eV using 2-[(1,1-Biphenyl)-4-yl]acetic acid7§).”

Shimadzu QP-5000 by injection or DIP; fragment iangniz are
given with relative intensities (%) in parentheddighh resolution
mass spectra (HRMS) were measured on an instrumeg as
quadrupole time-of-flight mass spectrometer (QT@RYH also
through the electron impact mode (El) at 70 eV usiriginnigan
VG Platform or a Finnigan MAT 95 S.

4.2. General procedure for the preparation of knaempounds
7.
To a solution of the aryl iodide or bromide (0.2 oijmand the
corresponding boronic acid (0.2 mmol) in a 1:1 w&H
mixture (2 mL), complexdb (1 mg, 0.5 mol%) and KOH (11.5
mg, 0.4 mmol) were added and the resulting suspensias
stirred at 100 °C (oil bath) for 12 h. Then ethawak evaporated
(under vacuo) and the aqueous solution extractet wefhyl
acetate (3x5 mL). The combined organic phases weied d
(MgSQ,) filtered and evaporated. The resulting crude nelte
was purified by flash chromatographylfexane:ethyl acetate).
For the recycling series, once the reaction firdshethanol
was evaporated (under vacuo) and the water suspemdi@cted
with ethyl acetate (3x5 mL). The combined organidipas were
treated as above, whilst the aqueous suspension avalired
with another batch of the aryl iodide and boroni atissolved
(0.2 mmol each) in ethanol (1 mL).

4-Methoxy-4'-methyl-1,1'-biphenyrg).>®
4-Methoxy-4'-(trifluoromethyl)-1,1'-biphenyrp).>’
4'-Methoxy-[1,1"-biphenyl]-4-carbaldehyded].”®
4-Fluoro-4'-methoxy-1,1'-biphenyr ).
2-(Benzyloxy)-4'-methoxy-1,1"-biphenyf€).*°
4-Methoxy-1,1"-biphenylqf).**
3-Methoxy-4'-methyl-1,1"-biphenyrg).%
3-(p-Tolyl)pyridine (7h).%®

J. Buchspies, M. SzostaBatalysts9 (2019) 53.

1,3-Dimethyl-3-(4-methylbenzyl)indolin-2-on8)("*
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