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Synthetic methodologies of achiral
diarylmethanols, diaryl and triarylmethanes
(TRAMs) and medicinal properties of diaryl and
triarylmethanes-an overview

Sankalan Mondal and Gautam Panda*

The last decade has witnessed a high demand of various synthetic approaches towards bioactive achiral
diarylmethanols, diaryl and triarylmethanes and the molecules derived thereof. Their biological and
therapeutical relevancy in diverse areas such as antimicrobials, infectious, cardiovascular and nervous system
disorders, genital tract diseases, estrogen related disorders and bone remodeling is quite well known. These
small molecules have also been the starting materials for the development of a variety of pharmaceutically
important compounds. Compounds belonging to this family have not only played a leading role in the
development of small molecules as therapeutically useful compounds but also have become one of the
mainstays for the development of organic synthesis. However, a comprehensive review which covers their
synthesis as well as their biological activity is still lacking. (Two reviews cover the synthesis of chiral
diarylmethanols through asymmetric aryl transfer, and three reviews cover the photochemical properties of
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triarylmethanes, bioconjugation, application of trityl ions and the use of triarylmethanes as dyes.) This review
describes the synthesis as well as the biological activities of this group of molecules that came up in the last

fifteen years (1995-2013). The current review will cover the various approaches followed for the synthesis of

achiral diarylmethanols and the strategies followed for the synthesis of achiral diaryl as well as triarylmethanes.

Finally, we will also cover the bioactivities of molecules containing the diaryl and triaryl methane core.

1. Introduction

The desired bioactivity, in principle, may be rationalized with a
particular conformational structure of a small molecule and
towards this perspective, the design of new chemical entities and
synthetic routes for their assembly have typically focused on the
quick assembly of diverse compounds with the correct confor-
mations. Also for quickly accessing these pharmaceutically rele-
vant molecules, small building blocks which can be readily
obtained with very short synthetic endeavour are desired. In this
regard, many small organic molecules containing diaryl and tri-
aryl methyl cores have come up which has caused a high demand
of various synthetic approaches towards diarylmethanols, dia-
rylmethanes, triarylmethanes various trisubstituted methanes
and the molecules derived thereof. Moreover, these molecules
have not only been the cornerstone for the development of small
molecules as therapeutic agents but also have been the pioneer
for the development of asymmetric synthesis. For example the
diaryl methanol core has formed an important structural subunit
in many ligands (like TADDOL, CBS catalyst etc.) used in asym-
metric synthesis of diverse array of compounds.

Though there are excellent reviews on the asymmetric
synthesis of the diarylmethanols,* to the best of our knowledge
there are no reviews that cover the synthesis of achiral diary-
Imethanols, which are also synthetically important fragment
and has led to the development of synthetic organic and
organometallic chemistry.

2. Diarylmethanols

The diaryl hydroxy methyl group has become an integral part in
the development of the asymmetric synthesis of many

Ar. Ar

Me, © OH
X jx Ar= phenyl
Me' ", ~OH Ar=p naphthyl

e}
Ar Ar

TADDOL (1) CBS Catalyst (2)

L 0
4 SA®

Dinaphthyl methanol (3) Diphenanthryl methanol (4)

Fig. 1 Some important molecules containing diarylmethanol motif
used in the asymmetric synthesis.
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compounds. Though itself not stereogenic, this structural unit
has become the backbone of many chiral auxiliaries, ligands, as
well as catalysts with the two flanking aryl groups playing a
pivotal role in maintaining or enhancing the stereoselectivity.
TADDOL (1) and CBS catalyst (2) exemplify the versatility and
the importance of this “magic” group in the asymmetric
synthesis (Fig. 1).” Achiral diarylmethanols (3) and (4) are also
used for the kinetic resolution of racemic a-aryl propanoic
acids, a-aryl butanoic acids and B-substituted a-aryl propanoic
acids which form an integral part of many pharmaceutically
relevant molecules.®> Moreover Lewis acid or protic acid treat-
ment of diarylmethanols, o-aryloxy diarylmethanols or chro-
man-aryl methanols followed by nucleophilic substitution
yields various trisubstituted methanes, xanthenes or xanthenes
like analogues which are important structural motifs/building
blocks in organic chemistry as well as in pharmaceutical
sciences.*

The most traditional way to achieve the synthesis of diaryl-
methanols is the treatment of the appropriate organo lithium,
magnesium or zinc reagents with aromatic aldehydes. Prepa-
ration of such reagents requires usage of highly reactive metals
like magnesium and lithium, leading to various competing side
reactions, unstable in air or moisture making it difficult for the
easy handling of these reagents. Moreover due to the high
reactivity of these organometallic reagents, these reagents are
incompatible with many functional groups. So, for the efficient
synthesis of diarylmethanols as well as various related mole-
cules, various synthetic protocols were developed which have
caused a renaissance in the field of synthetic organic chemistry.
Though these types of molecules are very much important from
the synthetic as well as the pharmaceutical perspective, to the
best of our knowledge there are no reviews which cover the
synthesis of this benign group. We will cover the synthetic
strategies followed for the preparation of achiral/racemic
diarylmethanols in the last two decades (from 1995-2013).

3. Metal catalyzed synthesis of achiral
or racemic diarylmethanols

3.1 Magnesium iodine/bromine exchange reaction to
prepare functionalized Grignard reagents

Towards the preparation of highly functionalized organo-
magnesium reagents, P. Knochel and coworkers first reported
the use of the concept of magnesium iodine exchange at low
temperature to produce Grignard reagents which contain
functional groups like ester, cyano and amide functional groups
which are in general incompatible with Grignard reagents and
used them in chemoselective arylation of the aldehydes
(Scheme 1).° Later, they could further extend this magnesium
iodine exchange for the preparation of Grignard reagents in

This journal is © The Royal Society of Chemistry 2014
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89-95% yield

Scheme 1

solid supports and for the preparation of polyfunctional
organometallic reagents like those containing nitro or hydroxyl
groups.®® Interestingly, for the preparation of ortho nitro
Grignard reagent from 2,5-diiodo nitrobenzene (5) the iodine
atom ortho to the nitro group was replaced leading to the che-
moselective preparation of the corresponding Grignard reagent
and this when quenched with benzaldehyde (6) yielded the
diarylmethanol (7) in 89% yield (Scheme 2).

K. Oshima and coworkers were able to overcome the limi-
tations of Knochel's protocol by using organomagnesium Ate
complex for the magnesium halogen exchange reaction.’ This
protocol was suitable for not only electron poor aryl halides but
also for electron rich aryl halides and they noted that quenching
the Grignard reagents with benzaldehyde furnishes an excellent
yield of diarylmethanols (Scheme 3).

3.2 Electrochemical coupling of aryl halides with aromatic
aldehydes

Nozaki-Hiyama-Kishi reaction. M. Durandetti and co-
workers reported a simple electrochemical method for the

NO, NO,
I PhMmgCI MgCl
- .
| -40°C |
5 5 Min
NO, OH
: OR®
_—
I
89 % yield
o 7
H
6=
Scheme 2
OH
X RaMgL Xy MoRet 6 A
| P Pz l//
o THF = GF
90-94 % yield
Scheme 3
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preparation of the diarylmethanols by using catalytic amount of
chromium released by the anodic oxidation avoiding the use of
toxic, air and moisture sensitive chromium(u) salts (Scheme
4).'*"* When electron rich aryl halides were used, along with the
expected diaryl methanol, a small amount of the corresponding
ketone and benzyl alcohol was formed via the Meerwein
Ponndorf Verley reduction of the unreacted aldehydes with the
produced diaryl alkoxide.

3.3 Nickel catalyzed arylation of aldehydes

C. H. Cheng et al. first reported the nickel catalyzed arylation of
aromatic aldehydes using aryl halides as aryl source.** Thus
using 4-bromo anisole (8) as aryl halide, compound (6) as
aldehyde, Ni(dppe),Br, as Nickel source, Zinc powder and THF,
compound (9) was obtained in high yield (91%) (Scheme 5).

The authors noted that temperature of the reaction was
crucial for maintaining yield and selectivity. At 66 °C (refluxing
THF), using (8) and (6) as starting materials, they obtained only
52% of the diaryl methanol (9) along with good amount of the
pinacol product (10) while at higher temperature (110 °C) the
authors could get 67% of diaryl methanol (9) along with the
ketone (11) (Scheme 6). The optimum temperature was found to
be 75 °C.

E. Shirakawa et al. in 2005 delineated that alkynes can act as
co-catalyst in nickel catalyzed arylation of aldehydes with
organoboronates as the aryl source (Scheme 7).** The alkynes
acted as the additives. Thus using Ni(cod),/4-octyne as catalyst,
4-trifluoromethyl benzaldehyde (12) as the aldehyde and 2-p-
toluyl-1,3,2-dioxaboronate (13) as the aryl source, they could
prepare p-tolyl ((4-trifluoromethyl)phenyl) methanol (14) in 93%
yield.

M. Bao et al. reported nickel catalyzed arylation of aromatic
aldehydes using aryl boronic acids as the aryl source in IPA or
toluene-IPA mixture in the ratio of 5:1 in presence of

7% Cr(Il)
3% N|(II)
3% blpy AN
DMF, /\’
iron anode
A=H, CF3, CO,Me 50-80%yield
FG= CF3, COZMS, OMe
X=Br, Cl
Scheme 4

OH
MeO (ii) Ni(dppe),Bro/Zn MeO
THF,75°C
8 9
91 % yield
Scheme 5
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Scheme 8

potassium phosphate as the base to obtain the diarylmethanols
in very high yields (Scheme 8).**

K. Itami et al. reported the use of 1,3-bis(2,6-diisopropyl-
phenyl)imidazol-2-ylidene (IPr) (15) ligated Ni(cod), catalyst for
the addition of organoboronate esters to aldehydes and ketones
(Scheme 9).** Interestingly, the addition of organoboronate
esters to ketones required caesium fluoride as an additive but
for the aldehydes no such additives were required. This aryla-
tion procedure is highly chemoselective with the aldehyde
group being arylated in preference to the aryl chlorides, ketones
or nitriles. Interestingly, the authors noticed that when 1-(6-
methoxynaphthalen-2-yl) ethanone (16) was used, change of the
bulky ligand (15) to PCy; results in the arylation of the methoxy
group in preference to the carbonyl group furnishing
compound (18) while when (15) was used, the carbonyl group
was orthogonally arylated to compound (17) (Scheme 10).
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Scheme 10

Q. S. Hu and co-workers reported 4-chloro benzaldehyde, 4-
chloro acetophenones and 4-chloro benzophenones ligated
Ni(cod), to be excellent catalytic system for the arylation of
aldehydes using aryl boroxines as the arylating agent to obtain
the diarylmethanols in excellent yields (Scheme 11).*® 4-chloro
acetophenones or 4-chloro benzophenones acted as ligands to
the nickel catalyst.

3.4 Rhodium catalyzed arylation of aromatic aldehydes

C. J. Li and coworkers reported Grignard type phenylation of
aldehydes in water under air using a catalytic amount of
Rh(COD),BF, and phenyltrimethyl tin or phenyltributyl tin as
arylating agent (Scheme 12)."” Using this procedure, various
aromatic aldehydes could be arylated to give the respective
diarylmethanols in good yields. They noted that presence of
sodium fluoride as an additive increased the yield of the

H._O
OH
5% Ni(cod)
A __OL__A 2
| N Ser e 10% additive X7 A
J+ 1] —
R Osg©0  THRKPO, 1t 57
Ar 81-96% yield

additive = 4-Chlorobenzophenone

Scheme 11
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Rh(cod),BF,
Ri H,0,110 °C, 12h OH
Ph—Sn-R; + RCHO

3 : Ph R

R4 air, atmosphere
R = aromatic 56-92% yield
R4 = Methyl, n-butyl

Scheme 12

product. The current protocol was compatible with several
reactive functional groups that were incompatible with
Grignard reagents. Interestingly, aryl halides were inert under
the present conditions, thereby giving rise to chemoselective
arylation of aldehydes.

D. A. Sweigart and coworkers reported the use of redox non-
innocent hydroquinone as a ligand in rhodium complexes for
the arylation of aromatic aldehydes (Scheme 13)."® However the
parent hydroquinone complex was incapable in the catalysis
but treatment with potassium tertiary butoxide yielded a
quinonoid complex that acted as a heterobimetallic catalyst.
Further the fact that the anionic quinonoid ligand acts as a
ligand for the boronic acid as well as a Lewis acid receptor site
highlights that it plays a bifunctional role (Fig. 2).

C. G. Frost et al. reported rhodium catalyzed arylation of
aromatic aldehydes and ketones using a water soluble
sulfonated biaryl phosphine ligand (19) (Scheme 14).* The
water soluble ligand allows for the catalyst recycling.

3.5 Palladium catalyzed arylation of aromatic aldehydes

T. Ohta et al. reported palladium catalyzed arylation of alde-
hydes using arylboronic acid as the arylating agent and tri-
phenyl phosphine ligated palladium(0) complex as the

HO OH
o} OH
A)LH + Ar-B(OH), h(COD)BF4 A "
! KOtBu, THF, ' i
2-99% yield
Scheme 13
KOtBU, THF
HO@OH _— Ho~<<_|:_>:o
Rh(COD)BF, Rh(COD)
KOBU.THF =
- o0 o
Rh(COD)K
) —o. ) o~®:{ 0
2= Ko ho-8. M=
" Ar. fﬂ‘\fo © A "
1
Ar

Fig. 2 Preparation of rhodium quinoid complexes and its dual role in
arylation of aldehydes.
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R R{ N,, H,0, 80 °C, 24h ks
1.5 equiv R{

upto 97% vyield

Scheme 14

Pd(OAG), (5 mol%)
(rac) toIBINAP (5 mol%)
0 Ar,B(OH), (2.0 mol equiv) OH
N PN
Ar H  NaOtBu (2 mol equiv) Ar Ary
DME/H,0=5:1
100 °C, 24h

upto 99% yield

Scheme 15

catalyst.”® They observed addition of chloroform was necessary
for the reaction. Later K. Kondo and T. Aoyama improved the
protocol by using sodium tertiary butoxide as the base and
DME-H,O0 (5 : 1) as the solvent and (+)-tol-BINAP as the ligand
(Scheme 15).>

Q. S. Hu and co-workers in 2007 first reported the use of
anionic 4 electron donor based palladacycles (20a-d) (Fig. 3) for
the arylation of aromatic aldehydes using aryl boronic acids as
the arylating agents.”»*® Thus using the ferrocenyl based palla-
dacycle (20d), they could prepare the respective diarylmethanols
in excellent yields (up to 99%) at room temperature (Scheme
16). Later on they reported a more diverse method by changing
the ligand to aromatic phosphites and phosphinites.

H. Wu et al. in 2007 reported a general efficient protocol for
the palladium catalyzed arylation of aldehydes which was
compatible with a wide range of functional groups. They used

LX<

=N
Pd—0Ac
Pd—0Ac R~0-Tolyl
O-Tolyl
20a 20b
PPh,
PdOAC
P(tBu),
|
P, <
O OAc
20c 20d

Fig. 3 Palladacycles used in Scheme 16.
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B(OH), OH
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P >~ |
b2 7 =X Toluene, K3PO,, rt A /\/R

1 R 80-09%yield
Scheme 16

palladium chloride as the palladium source and trinaphthyl
phosphine as the ligand (Scheme 17).>* Using this protocol, a
wide range of diarylmethanols with sterically demanding
groups could be synthesized in high yields. As arylating agents,
aryl boronic acids with electron withdrawing substituents as
well as heteroaryl boronic acids could be used.

Y. Wu and co-workers developed a protocol for arylation of
aldehydes under environmentally benign conditions using
cyclopalladated ferrocenyl imine complex (21) in neat water and
a weak acid sodium dihydrogen phosphate as an additive
(Scheme 18).>* They could prepare both diarylmethanols con-
taining electron rich as well as electron poor substituents as
well as diarylmethanols containing sterically demanding
groups. They noted that with electron rich aldehydes, quanti-
tative yield of the diarylmethanols could be obtained if the
additive was changed to potassium fluoride.

M. Kuriyama et al. & R. Shirai et al. in 2008 reported novel N-
heterocyclic carbene (22b) ligated palladium catalyzed arylation
of aldehydes using arylboronic acids and aryl trifluoro borates
as the aryl source (Scheme 19). Thus using [Pd(allyl)Cl], as the
palladium source, they could prepare the respective diaryl-
methanols in excellent yields (Scheme 19).2

In 2010 they delineated only water was enough for the
successful achievement of the reaction and no further additives

or reagents were necessary.>”**

o  PdCh oM
ii) P(1-Nap)
RO, + A e

R R,
39-98 % yield

R H 1HF K,CO,

Scheme 17

Palladium Catalyst
1)

o NaH,PO,.2H,0 OH
)J\ + R4B(OH),
R H SDS, H,0, 100 °C R™ Ry
12h

=

Fe
N\ N/®/
/

AT
/N\ \/

Scheme 18
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o F 22a (0.25mol%), OH
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BUr b
R Cs,CO0;3, Toluene/H,0 1

51-99 % yield
R=aryl, heteroaryl, alkyl
Ry=aryl, heteroaryl, alkenyl

soas k/ Pd:E:ZPd§

iPr N
N/
22b= o
al PhS
iPr

Scheme 19

J. Wu et al first reported the palladium catalyzed
decarboxylative addition of aryl carboxylic acids with the aryl
aldehydes thus avoiding the use of stoichiometric organome-
tallic reagents (Scheme 20).2° However, silver triflate was used as
an additive.

3.6 Platinum catalyzed arylation of aromatic aldehydes

Q. S. Hu et al. reported the use of readily available, air and
moisture stable ortho platinated triaryl phosphite (23) for the
addition of aryl boronic acids to aromatic aldehydes. They could
obtain a large variety of diaryl methanol with various activating
and deactivating functional groups in high yields by using low
catalyst loading (as low as 0.01%) (Scheme 21).>°

PdCl,
(10mol%) Ho
AgOTF

(20 mol%)

COOH CHO

> || |

¥z — DMSO:DMF=1:20 = X

R1/ Rz/ 80°C R1/ R,
41-87% yield

Scheme 20

platinum complex
23 OH
+ RCHO ———m»
Toluene, K;pO, R Ar
60-80 OC, 12-48h 71-98 % yield

ArB(OH),

OAF1
\p//OAr1
/

Pt
\
Cl

Arq= 2.4-di tertiarybutyl phenyl

Scheme 21
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+ Ar,—B(OH Ar Ar,
Ar H 2~ BOH NaOAc, toluene, air ! 2
upto 96% yield
Scheme 22

3.7 Copper catalyzed arylation of aromatic aldehydes

J. Ding et al. in 2009 reported the use of copper catalyzed ary-
lation of aldehydes. They used copper(u) acetate as the copper
source and aryl boronic acid as the aryl source (Scheme 22).**
When monodented phosphine ligands and sterically
demanding ligands were used, the yields of the diarylmethanols
were low to moderate; while when bidentate ligands were used,
the yields were high. Among the bases and solvents screened,
sodium acetate and toluene were found to be the best. When
boronic acids with electron withdrawing groups were used, the
yields were low with many side products while electro neutral
and electron donating groups gave the diarylmethanols in high
yield. The authors proposed that electron withdrawing groups
decrease the nucleophilicity of the boronic acids while electron
donating groups increase the nucleophilicity of the boronic
acids. Putting electron withdrawing groups on the aldehyde
moiety gave the expected diarylmethanols but electron releasing
and even electroneutral groups did not yield the diaryl-
methanols probably due to the diminished electrophilicity of
the aldehydes. Particularly interesting was the fact that with
phthalaldehyde, isophthalaldehyde or terephthalaldehyde, only
single arylated product could be obtained. The reaction
depends on the electronic nature of the aldehyde and that the
electrophilicity of the product hydroxy methyl benzaldehydes
being less than the starting aldehydes the product does not
react further with the boronic acid.

Q. S. Hu et al. in 2011, reported bipyridine ligated copper(i)
chloride catalyzed addition of aryl boroxines to aldehydes to
obtain the diarylmethanols with various electron deficient as
well as electron rich substituents in very good yields (up to 92%)
(Scheme 23).*

3.8 Iron catalyzed arylation of aromatic aldehydes

J. H. Li et al. was the first to report the use of environmentally
friendly iron catalyzed arylation of aromatic aldehydes (Scheme
24).** They reported the use of 2-(di-tert-butylphosphino)
biphenyl (24) ligated FeCl; catalyzed addition of aryl boronic
acid to aromatic aldehydes. However this protocol is limited for
electron withdrawing aldehydes as electro neutral and electron
donating aldehydes being less electrophilic failed to give any
product. For electron rich and electro neutral boronic acids, the

i) 10 mol% CuCl,

i) 20 mol% Bipyridine OH
(ArBO)s + RCHO
iy NaOAc, Toluene or o-xylene R Ar

iv) 110 or 135 9C, 6-8h )
62-92 % yield

Scheme 23
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K,CO3, THF, 90 °C R

24= l PtBu,

Scheme 24
B(OH), o oH
‘ > | X H . i) Toluene, rt, 2h I AN | AN
+ + MeGa 55—
= / i) 3-12h — Py
R1/ Rz/ R|/ R,
upto
98% yield
Scheme 25

product was obtained in good yield. However electron poor
boronic acids, being poor nucleophiles, gave only low yield of
the product.

3.9 Arylation of aldehydes using ArB(OH),-GaMe; as the aryl
source

C. Zhu and coworkers used a mixture of trimethyl gallium aryl
boronic acid as the arylating agent in the room temperature
arylation of aromatic aldehydes to obtain the respective diary-
Imethanols in high yields (up to 98%) (Scheme 25).3*

4. Diarylmethanes-overview

Diarylmethanes based/derived architectures have played a
pivotal role in the development of supramolecular chemistry.
This molecular entity has been the part and parcel of much
supramolecular architecture like calixarenes, pillararenes and
many synthetic receptors. Not only this, these macromolecular
architectures have also played a pivotal role in the under-
standing of various molecular self assemblies and in the
understanding of  various molecular recognition
processes.>*3¢37¢

From the pharmaceutical perspective the importance of the
diarylalkanes are well documented,®””¥ with various diaryl
methane based molecules like podophyllotoxin,*”* peperomin
B,*”" tolterodine®” and lasofoxifene®? finding use in different
types of diseases. The last two decades have witnessed an
exponential growth in the synthesis of this benign group.
However to the best of our knowledge, there has been no review
covering the synthesis of this group. This review will cover the
synthetic approaches and the biomedical applications of this
rewarding group that have come up in the last 20 years.

RSC Adv., 2014, 4, 28317-28358 | 28323


https://doi.org/10.1039/c4ra01341g

Published on 30 Waxabajjii 2014. Downloaded on 16/08/2024 6:40:02 AM.

RSC Advances

5. Synthetic approaches towards
diarylmethanes

This molecular scaffold has mostly been accessed through
Friedel-Crafts alkylation of the corresponding benzyl alcohols
with another arene, metal catalyzed cross coupling of aryl
halides with benzyl nucleophiles, metal catalyzed cross
coupling of benzyl halides with aryl nucleophiles and C-C bond
formation between tosyl hydrazones and aryl boronic acids.

6. Friedel-Crafts reaction for the
synthesis of diarylmethanes

P. E. Georghiou et al. in 1995 reported the synthesis of all the
isomers of calix[4] naphthalenes derived from 1-naphthols
using TFA or TiCl, in the cyclization of the hydroxymethyl
naphthols.*® S. Fukuzawa in 1997 reported trifluoromethane
sulfonic acid catalyzed reductive Friedel-Crafts alkylation of
benzaldehyde acetals for the preparation of diarylmethanes
(Scheme 26).* When low boiling arenes were used, the arene
served as the solvent as well as the reagent while for high
boiling arenes 1,2-dichloroethane or nitromethane was used as
a solvent. However, interestingly, common Friedel-Crafts

TFSA
74 7
+ Rn{j —_— |
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38-100 % yield

Scheme 26
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solvent like carbon disulfide, dichloromethane or chloroform
proved unsuitable for this reaction. Though both electron rich
as well as electron poor aldehyde acetals responded to this
reaction, the reaction rate was faster with the electron rich
aldehyde acetals with the ratio of ortho : meta : para ratio being
same as that observed for general Lewis acid catalyzed Friedel-
Crafts alkylation reaction. The authors observed that except for
anisole, the reaction was very clean with electron rich arenes
yielding a high percentage of diarylmethanes. Anisole under
similar conditions yielded a complex mixture of polybenzylated
product. Later on, the authors reported Sc(OTf); as a mild,
moisture tolerant, recyclable Lewis acid catalyst for the Friedel-
Crafts alkylation of benzyl alcohols in nitromethane as the
solvent.”” Though the reaction yield was quantitative in nitro-
methane, the reaction was low yielding in refluxing carbon
disulfide or 1,2-dichloroethane.

When the authors applied this reductive Friedel-Crafts
alkylation on aldehydes interestingly, they found that the
reaction was successful when 1,3-propane diol was used but
yielded complex reaction mixture when 2,4-dimethyl pentane-
2,4-diol was used and the reaction was unsuccessful without the
propane diol.** The authors proposed the mechanism of the
reaction (Scheme 27). At first the diol reacts with the aldehyde to
form the acetal. The Lewis acid then coordinates with the acetal
thereby increasing the electrophilicity of the acetal carbon. A
Friedel-Crafts alkylation reaction with the arene leads to the
formation of the compound (25a). The Lewis acid then again
coordinates the acetal oxygen and a 1,3-hydride shift or a 1,5-
hydride shift (the marked hydrogens) generated the diaryl-
methane. A deuterium labelling study with deuteriated propane
diol yielded deuterium labelled diaryl methane proving the
hydrogen atom was obtained from the diol.

o/H\/\03c(OTf)3
*E)

-Sc(OTh);

0 ™>"0H
Ar)\|i>
25¢

®
Ar/l\

(TFO);S¢

Ph
\
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Scheme 27

28324 | RSC Adv., 2014, 4, 28317-28358

This journal is © The Royal Society of Chemistry 2014


https://doi.org/10.1039/c4ra01341g

Published on 30 Waxabajjii 2014. Downloaded on 16/08/2024 6:40:02 AM.

Review

InClI O
AN 3 .4Hy
| row O/\©

H,0 46-99 % yield

©/\OH @ InCl5 .4H,0 | XN | AN
+ —_—

D% / P
R/ & Ry R/ Ry

39-92 % yield

Scheme 28

Ri Bronsted Acid Ri
or
N R, ~ Ar
‘/ _ + ArH rewsacd > |/ _
R R
R; =-OAg, -Cl, -OH upto 99% vield
Br. Bronsted Acid Br
OAc or Ar
Ar-H + P —
MeO OMOM Lewis acid MeO OMOM
0°c, 24h
Scheme 29

R. Hua et al. in 2006 reported indium(ui) chloride catalyzed
electrophilic substitution of trioxanes with arenes for the
preparation of diarylmethanes.”” The authors found that the
reaction was high yielding only with electron rich arenes while
electronically poor ones gave low yield. Later in 2007, the
authors reported indium trichloride acetyl acetone to be an
efficient Lewis catalyst for the Friedel-Crafts arylation of benzyl
alcohols for the efficient preparation of diarylmethanes
(Scheme 28).*

B. Myrboh et al. reported AICl; catalyzed Friedel-Crafts
alkylation of benzalazines with polynuclear hydrocarbons to
form diarylmethanes in aprotic solvents.** The corresponding
azines were accessed from the respective carbonyl compounds
through condensation with aqueous solution of hydrazines.

L. Ghosez et al. in 2011 reported Brgnsted acid catalyzed
arylation of benzyl acetates and anisyl acetates with arenes for
the preparation of diarylmethanes (Scheme 29).* Trifluoro-
methane sulfonic acid and triflimide respectively were used as
the Bronsted acid catalyst. Except for the triflimide, the reac-
tions were carried out without the use of solvent. The use of
either phosphoric acid or triflouro acetic acid did not lead any
reaction. The authors observed that this protocol was highly
successful for electron rich arenes. However with anisyl acetates
and para xylene, the reaction led to the decomposition of the
starting materials.

In 2011, L. N. He et al. improved this protocol by reporting an
environmentally benign synthesis of diarylmethanes.*® They
used ferric ion based ionic liquids for the Friedel-Crafts alkyl-
ation of benzyl alcohols and acetates with electron rich arenes
and heteroarenes (Scheme 29).

W. Phakodee et al. in 2013 reported acid catalyzed genera-
tion of o-quinone methides followed by nucleophilic substitu-
tion with electron rich aromatic systems for the synthesis of
diarylmethanes (Scheme 29).*

This journal is © The Royal Society of Chemistry 2014

View Article Online

RSC Advances
(i) TSNHNH,, dioxane
R
J\ 80°C, 1.5h X
R R
to (i) RgB(OH), RigRe
K,CO3, 110 °C
TsNHNH, )I\EHTS Rs-B(OH),
a ° Ne
NNHTs N/N(I H@
S
— A
Ry R2 Ry R, Ri 56a
®
N, R{ Ry
©_OH 26¢
R R, 1 OH
26b"" l
o OH
K Ar Ar—B~oH
P P
Ry Ar R B(OH), R R,
R, R> 1
b
NNHTs R,
1 equiv. K,CO3
| N R, Dioxane, N,, 110 °C | N Ar
_Dioxane, Na, 119 °C
A2 RAF
Ri (Ar)2B(OH) i
Scheme 30

7. Metal free C-C bond formation

J. Barluenga in 2009 reported metal free C-C bond formation for
the preparation of diarylmethanes from tosyl hydrazones
(Scheme 30).*®* The authors used aryl boronic acids as the aryl
source. They found that the reaction can be carried out in one
pot starting directly from the carbonyl compound without
further isolation of the hydrazones. The authors proposed
heating the tosyl hydrazone salts in presence of a base generates
the diazo intermediate (26a) (Scheme 30a). This intermediate
reacts with aryl boronic acids to form the benzyl boronic acid.
The formation of benzyl boronic acid can be explained either
through the intermediate formation of a boronate (26b) or
through the formation of a carbene (through the loss of
nitrogen molecule) (26¢). Further reaction of the carbene with
the boronic acid forms the benzyl boronic acid. Further proto-
deboronation of the benzyl boronic acid led to the formation of

AN OH TPPD X Ar
|/ s ——= |
%
R R/
R=H, Cl, NO,
Scheme 31
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the product. In 2012, Gang Zou improved this metal free
reductive cross coupling of N-tosyl hydrazones by using diaryl
borinic acid or its anhydride as the aryl source (Scheme 30b).
M. M. Khodaei et al. reported triphenyl phosphine ditriflate
mediated Friedel-Crafts alkylation of benzyl alcohols with are-
nes for the facile preparation of diarylmethanes (Scheme 31).*

8. Synthesis of diarylmethanes
through metal catalyzed cross-
coupling reactions

8.1 Copper catalyzed cross coupling of benzyl halides with
Grignard reagents

Y. Y. Ku et al. in 1996 reported copper catalyzed cross coupling
of aryl Grignard reagents with benzyl halides for the preparation
of diarylmethanes (Scheme 32).° This protocol was high
yielding and was highly suitable not only for laboratory scale
preparation of diarylmethanes but also for the multi kilogram
industrial scale.

L. S. Liebeskind et al. in 1997 and in 1999 reported metal
catalyzed cross coupling reactions of heterobenzylic sulfonium
salts with organostannanes, organoboronic acids as well as
organozinc reagents (Scheme 33).*“** For the cross coupling
with organostannanes and organoboronic acids, palladium was
used while for organozinc halides, nickel was used. For
improving the efficiency of the organostannanes Ph,P(O)
O Bu,N" was used as Bu;Sn scavenger. The use of highly
nucleophilic phosphine ligands in order to stabilize the metal
catalyst and the electrophilic sulfonium salts leads to the
competing side reactions which were overcomed by using
essentially non-nucleophilic triaryl phosphites as ligands.

8.2 Suzuki-Miyaura coupling

P. E. Georghiou et al. in 1999 reported the Suzuki-Miyaura
coupling of benzyl halides with aryl and naphthyl boronic acids
to form the respective diarylmethanes (Scheme 34).>* The

(W)
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reactions were high yielding and were rather inert towards
change in the electronic properties of the benzyl bromides. The
authors noticed that the change of the coupling partner from
benzyl bromide to the benzyl iodide caused a minor increase in
the reaction yield. Moreover for compounds having two bro-
momethyl groups, higher catalyst loading had to be done and
also the reactions took longer time to reach completion. Further
using this methodology the authors could achieve a convergent
synthesis of mixed endo and exo-functionalised calix[4]
naphthalenes.

L. A. Sarandeses et al. in 2001 reported palladium catalyzed
cross coupling of Triorgano indium reagents with aryl halides
and pseudo halides (triflates), vinyl triflates, benzyl bromides
and acid chlorides.* The authors noticed this transformation to
be highly chemoselective and atom efficient transferring all the
attached organic groups effectively. The reaction of triphenyl
indium with benzyl halide under palladium catalysis yielded
diphenyl methane almost quantitatively.

C. Najera et al. in 2002 reported the use of oxime derived
palladacycles (27) for the Suzuki-Miyaura cross coupling of the
aryl and benzylic halides with aryl boronic acids (Scheme 35).°
Tetrabutyl ammonium bromide was used as an additive.
Acetone and water in the ratio of 3 : 2 were used as the solvent.
However the authors found that in refluxing water, significant
amount of alcohol was formed. Thus treatment of 3-Methoxy
benzyl chloride (28) with phenyl boronic acid (29) under the
optimized condition yielded the corresponding diarylmethane
(30) in 75% yield (Scheme 35).

A. Duchéne et al. in 2003 reported tetrakis(triphenyl phos-
phine) palladium(0) (31) catalyzed chemoselective Suzuki cross
coupling between ortho and para bromo benzyl bromides with
aryl boronic acids for the synthesis of unsymmetrical diaryl-
methanes (Scheme 36).>® For the arylation of the aryl bromide,
2.1 equivalents of aryl boronic acid had to be used.

B(OH) KOH TBAB, 1t, O O
acetone water (3 2)

OMe
28 30

75% yield
\
N
Pd

/

2
(a) Ry=-CHg, Ry=H
(b) Ry=-CHa, Ry=-OH
(€) Ry= p-OHCgH,, Ry=-OH

Scheme 35
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A. L. Monteiro et al. in 2004 reported an efficient protocol for
the recycling of the palladium catalyst for the Suzuki-Miyaura
coupling of the aryl and the benzyl halides in polyethylene
oxide/MeOH as the solvent system.*” The authors reported
extraction of the reaction mixture with heptane led to the
separation of the nonpolar diarylmethanes in the heptane layer
and the polar solvent containing the palladium catalyst could
be reused for the next coupling reaction.

B. P. Bandgar et al. reported in 2004 the ligand free Suzuki-
Miyaura coupling of benzylic halides with aryl boronic acids to
form the diarylmethanes in high yields with palladium chloride
as the catalyst and acetone : water (3 : 1) as the solvent system
(Scheme 37).%® Thus using benzyl iodides and aryl boronic acids
the diarylmethanes were obtained within 0.8 h in high yields.
However the authors observed that the benzyl chlorides were
inert to this coupling methodology. When this cross coupling
procedure was extended to the o- and p-xylene dibromides, the
authors found that this cross coupling reaction was smooth but
took longer time to reach completion. Interestingly, the authors
observed for benzyl bromides with fluoro or chloro substitu-
ents, the cross coupling chemoselectively occurred with the
benzyl bromides but for the bromo or iodo substituted benzyl
bromides, the cross coupling occurred with aryl halides.

A. L. Monteiro et al., in 2004 reported triphenyl phosphine
ligated Pd(OAc), catalyzed Suzuki-Miyaura coupling of benzylic
halides with aryl boronic acid to produce diarylmethanes in
high yields under mild reaction conditions and with low catalyst

X
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+
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Scheme 37
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loadings (Scheme 38).”® The authors found that the benzyl
chlorides could also be used for the cross coupling reactions
and the reactivity pattern was aryl iodide > benzyl bromide >
benzyl chloride > aryl bromide.

R. Kuwano et al. in 2005 reported Suzuki-Miyaura coupling
of benzylic carbonates with aryl boronic acids for the prepara-
tion of diarylmethanes in high yields (Scheme 39).*° (22a) and
1,5-bis-diphenyl phosphino pentane (32) were used as palla-
dium source and ligand respectively. The authors observed that
the yield of the product and the rate of the reaction were highly
depended on the nature as well as the bite angle of the phos-
phine ligands. They found that monodented ligands exhibited
poor catalytic activity. The authors also found that the bidentate
ligands with small bite angles were ineffective for this cross
coupling reaction.

The authors described the reaction pathway (Scheme 40) by
stating that at first the benzylic C-O bond is cleaved by the
metal catalyst to form the intermediate (32b) and decarboxyl-
ation of the cleaved carbonate group generates the intermediate
(32¢). Transmetallation of this intermediate with the aryl
boronic acids generates (32d). Reductive elimination of the
alkyl benzyl palladium (32d) regenerates the active catalyst
while delivering the product diaryl methane.

When the authors tried to extend this protocol for the
Suzuki-Miyaura coupling with the acetates the reaction failed.
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Later on, the authors hypothesized that the alkoxide ligand
formed from the oxidative addition of the carbonates to the
palladium complex helped in the transmetallation step with the
aryl boronic acids. But for the (acetato) benzyl palladium
generated from the oxidative addition of the benzyl acetates
with the palladium complex were ineffective for the trans-
metallation with aryl boronic acids thereby failing to give any
cross coupled product. When the authors carried out the cross
coupling reaction of the benzylic acetates with the aryl boronic
acids using methanol or isopropyl alcohol as the solvent, the
reaction did not proceed. In methanol the solvolysis of the
acetates took place while isopropyl alcohol caused the decom-
position of the catalyst. However the authors found that in
tertiary amyl alcohol the cross coupling reaction was successful
yielding high percentage of diarylmethanes.® The cross coupled
product was scarcely observed in aprotic solvents. The authors
observed benzyl acetates having electron rich as well as poor
substrate could be well tolerated in this coupling reaction.

M. McLaughlin et al in 2005 reported Suzuki-Miyaura
coupling of benzylic phosphates for the preparation of diaryl-
methanes (Scheme 41)°> with palladium acetate as palladium
source and triphenyl phosphine as ligand. Interestingly, the
author found that the ratio of the palladium catalyst to the
ligand was important as with higher metal to ligand ratio higher
yield of the product was obtained. Interestingly, the author
found that the secondary aryl alkyl phosphate did not give the
expected diaryl methane with the aryl boronic acid but yielded
styrene as the sole product through B-hydride elimination of the
palladium alkyl aryl complex.

S. P. Nolan et al. in 2005 reported N-heterocyclic carbenes
(15) and (33) ligated palladium(u) acetate complexes in Suzuki-
Miyaura coupling of the alkyl chlorides with B-hydrogens for the
respective  synthesis of diarylmethanes, biaryls etc.
(Scheme 42).%
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Y. Ma et al. in 2005 reported bulky phenanthryl N-heterocy-
clic carbene (34) ligated Palladium complexes for the Suzuki-
Miyaura coupling of the vinyl, aryl and benzylic chlorides with
organoboron compounds (Scheme 43).%* Later on 2013, J. M. Lu
et al. reported NHC ligated palladium(u)-1-methyl imidazole
complex for the Suzuki-Miyaura cross coupling of aryl boronic
acids with benzyl chlorides in neat water for the preparation of
diarylmethanes.*

Z. Hell et al. in 2005 reported Pd/Mg La mixed oxide as an
efficient catalyst for the Suzuki-Miyaura coupling of the aryl
halides, triflates and for benzylic bromides.®® The authors
observed that though longer reaction time was required for the
cross coupling reaction, the yields of the diphenylmethanes
were high.

L. J. S. Fairlamb et al. in 2006 reported binuclear anionic
palladacyclopentadienyl catalysts (35) in the Stille coupling of
benzyl halides with vinyl and aryl stannanes (Scheme 44).°” The
authors observed that the halides and pseudo halides remark-
ably affected the palladium catalysts. Moreover the authors also
observed a Baldwin type cooperative effect with CsF and Cul in

SnBujs
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O/\ Cul (10 mol%), | X ‘
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40°C
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DMF but not in toluene. The authors proposed that copper
iodide probably activates the organostannanes towards the
transmetallation.

G. A. Molander et al. reported Suzuki coupling of benzyl
halides with potassium aryltrifluoroborates for the preparation
of diarylmethanes (Scheme 45).°® The pre-catalyst used was
PdCl,(dppf)-CH,Cl,. This cross coupling procedure was high
yielding and was compatible with various functional groups.
The authors found that increasing the catalyst loading from the
optimal amount increased the percentage of the homocoupled
product instead of the cross coupled product. Also the authors
found that in the ethereal solvents the percentage of the
homocoupled product was minimum and use of higher boiling
cyclopentyl methyl ether instead of tetrahydrofuran caused an
increase in the reaction rate. However interestingly, for the
cross coupling with potassium (4-carboxyphenyl) tri-
fluoroborate only cyclopentyl methyl ether had to be used as in
tetrahydrofuran the reaction only yielded the homocoupled
product.

R. J. K. Taylor et al. in 2005 reported the preparation of
PdBr(N-Succ)(PPh;), (36) and utilized the complex for the Stille
coupling with vinyl and aryl stannanes.®®”® In 2007, they
reported trans-36 as an effective precatalyst for the Suzuki-
Miyaura coupling of the benzylic halides with aryl as well as
heteroaryl boronic acids (Scheme 46).

A. Sarkar and coworkers in 2008 reported benzaldimines (37)
as efficient ligands for the Suzuki-Miyaura Coupling of aryl and
heteroaryl halides with boronic acids (Scheme 47).”* The
authors could extend this methodology for the efficient cross
coupling of the benzyl halides with aryl boronic acids to obtain
the diarylmethanes in high yield and short reaction time.

Later on in 2013 M. T. Tudge et al. reported palladium
catalyzed cross coupling of nitrogen bearing heterocyclic
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chloromethyl compounds with aryl and heteroaryl boronic
acids for the preparation of nitrogen containing
diarylmethanes.”

R. S. Martin et al. first reported pincer complexes of palla-
dium (38) for the Suzuki-Miyaura coupling of benzylic halides
with aryl boronic acids for the preparation of diarylmethanes
(Scheme 48).”* The authors observed that this reaction meth-
odology was inert towards the electronic effects in the boronic
acid as well as the benzyl halides but were vulnerable to the
steric effects in the boronic acid.

8.3 stille coupling

A. L. Monteiro et al. reported Stille coupling of benzylic halides
with aryl tributyl tin for the preparation of diarylmethanes
(Scheme 49)™ with palladium acetate as the palladium source,
diphenylphosphinyl ferrocene (dppf) as the ligand and potas-
sium fluoride as a base in dioxane as solvent. However, when
the reaction was carried out in the absence of a base, triphenyl
phosphine was found to be a better ligand.

8.4 Kumada coupling

A. Sarkar and coworkers in 2010 developed a novel air stable
bidentate ligand (40) having an indole moiety and N-P donor

cl
MgBr
Ni(CH3CN),Cl (2 mol%)
| AN | AN 40 (2mol%) = I l AN
+
2 ~  THF,RT ; X
R1/ Rz/ R1/ X Ry
81-97% yield
40= N
N
\
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Scheme 50
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atom for the Nickel catalyzed Kumada coupling of aryl and
benzyl chlorides with aryl magnesium halides (Scheme 50).7
The Kumada coupling reactions of the benzyl chlorides with the
aryl magnesium halides were highly reactive yielding the cor-
responding diarylmethanes in high yields (upto 97% yield).

8.5 Hiyama coupling

A. Sarkar and coworkers in 2010 reported palladium nano-
particles as catalyst for the Hiyama coupling of benzylic halides
with aryl trialkoxy silanes (Scheme 51).7° Interestingly the
authors found that on decreasing the concentration of the
palladium nanoparticles from 4 mol% to 2 mol% decreased the
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rate of the reaction as well as the product yield. The authors
further demonstrated the importance of this methodology by
synthesizing the natural product 2,4-bis(4-hydroxy benzyl)
phenol in only 3 steps starting from the readily available anisole
(Scheme 52).

L. M. Lee et al. in 2005 reported nickel(n) nanoporous carbon
catalyzed Kumada cross coupling for the preparation of diaryl-
methanes (Scheme 53).”” When electron donating groups were
used in the aromatic ring the cross coupling reaction was
very clean while homocoupling as well as cross coupling
products were obtained when electron withdrawing groups were
used.

P. Knoechel et al. in 2006 reported copper(1) catalyzed cross
coupling of benzylic phosphates and aryl Grignard reagents for
the preparation of diarylmethanes (Scheme 54).”® The authors
observed that tetra butyl ammonium iodide had to be added as
an additive and for the stabilization of the aryl copper reagent
triethyl phosphite had to be used. The authors observed that
this protocol was highly general and heteroaryl magnesium
intermediate could be coupled with heterocyclic phosphates.
The authors further demonstrated the utility of their protocol by
synthesizing the antibiotic agent Trimethoprim in four steps in
overall yield of 52% (Scheme 55).

C. Gosmini et al. first reported cobalt catalyzed reductive
cross coupling between the benzyl halides and the aryl halides
to form the diarylmethanes in high yields (Scheme 56).” The
authors found that the homocoupled product was formed in
low amount. In order to eliminate the formation of homo-
coupled product, the authors carried out the reaction under
Barbier reaction condition. However instead of reducing the
homocoupled products, it led to formation of more side prod-
ucts. The authors proposed this was due to the fact that both the
halides competitively formed the aryl zinc reagents leading to
the homocoupled product. The authors were able to overcome
this problem by adding the more reactive benzyl halides in
excess.
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8.6 Negishi coupling

R. B. Bedford et al. reported iron catalyzed Negishi coupling of
benzyl halides and phosphates with aryl zinc reagents
(Scheme 57)* with 1,3-diphenylphosphino propane (41) and
1,2-diphenylphosphino benzene (42) as ligands. Without the
ligands, the authors observed this cross coupling reaction was
unsatisfactory yielding various side products along with a small
amount of the cross coupled product. The authors observed
diaryl zinc was better than aryl zinc halide and further addition
of a non-transferable dummy ligand like trimethylsilyl methyl
group or N,N-dimethylbenzyl amine increases the practicality of
the reaction when costlier aryl zinc reagents have to be trans-
ferred. Interestingly the authors found that the aryl zinc
reagents formed from the corresponding Grignard reagents
were far more active than that formed from the aryl lithium
reagents. The authors proposed that the magnesium halide
formed as by product during the formation of the aryl zinc
reagents from the corresponding Grignard reagents helped in
the formation of the corresponding aryl zincates through
Schlenk equilibrium. The Zincate complexes were more
nucleophilic and increased the transmetallation reaction.
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The authors proposed the iron diphenylphosphino benzene
complex gets arylated with the aryl zincate complex to form the
neutral species (42A) (Scheme 58) which losses a halide ion to
form a five coordinate species (42B). The species (42B)
undergoes by either a bimolecular pathway or by the second
arylation followed by a reductive elimination. The authors also
observed that the zinc atom helps in the stabilization of the
intermediate (42B) through the intermediate bimetallic inter-
mediates (42C) and (42D).

B. H. Lipshutz et al. in 2010 reported in situ organozinc
formation followed by palladium catalyzed cross coupling
between benzylic halides and aryl halides on water for the
preparation of diarylmethanes (Scheme 59)* with PdCl,
(Amphos), as the palladium catalyst and TMEDA as an additive.
The authors found that only 25 mol% of TMEDA was sufficient
for the reaction and the use of excess TMEDA caused uncon-
trollable rate of zinc insertion followed by protonation of the
organozinc intermediate. Interestingly the authors found that
the use of the surfactant for micellar catalysis neither increased
the reaction rate nor the yield of the cross coupled product.
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P. A. Smith et al. in 2011 reported Pd(DPEPhos)Cl, catalyzed
Negishi cross coupling of aryl and benzyl halides with 2,4,6-
trimethoxy phenyl zinc chloride for the synthesis of function-
alized biaryls and diarylmethanes containing phloroglucinol
motif.** The authors observed both electron donating as well as
electron withdrawing groups was tolerated in this cross
coupling methodology.

8.7 Cross coupling using benzyl metals and aryl halides

P. Knoechel et al. in 1997 reported palladium catalyzed cross
coupling of benzyl metals with organic halides for the prepa-
ration of diarylmethanes (Scheme 60).** Sequential palladium
catalyzed cross coupling of benzyl zinc halides with aryl halides
followed by cross coupling of the triflates (previously incorpo-
rated in the benzyl zinc halides) with aryl halides led to the
formation of polyfunctional aromatic compounds.

P. A. Worthington et al. in 2000 reported cross coupling
reactions of benzylic zinc halides with 2-(6-bromo-2-pyridyl)
pyrimidines for the preparation of agrochemicals (fungicides)
based on the pyridyl pyrimidines core® with 31 as the catalyst.

A. G. Martinez et al. in 2000 reported Stille cross coupling
between a hypervalent tin reagent (tetrabutylammonium
difluorotribenzylstannate) (46) with aryl triflates for the prepa-
ration of unsymmetrical diarylmethanes (Scheme 61).** Small
amount (less than 10%) of the homocoupling products (biaryls
and diaryl ethanes) was formed. The authors observed the
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completion of the reaction varied (within 1 min to 2 h)
depending on the nature of the substrates.

R. D. Rieke et al. in 2000 reported the facile preparation of
benzyl manganese from benzyl halides, phosphates and sulfo-
nates and utilized it in various cross coupling reactions (Scheme
62).%° Thus (31) catalyzed cross coupling with aryl iodides yiel-
ded diarylmethanes.

C. Mioskowski et al. in 2000 reported the solid phase
synthesis of the diarylmethanes (Scheme 63).%” Alkyl thiol resins
were first alkylated with 4-cyano benzyl bromide. Further
alkylation of the resin with triethyl oxonium tetrafluoroborate
through palladium catalyzed cross coupling with aryl boronic
acids released the ethylated alkyl resin as well as the diaryl
methane. The authors observed the homocoupled biaryls as
side products. The authors also observed that both electrons
donating as well as the electron withdrawing group was toler-
ated in the thiol resin. Interestingly, the authors observed that
acetal, ester, amide and nitrile groups in the benzyl bromide
which were assumed to be a threat to the activation step were
well tolerated in the alkylation step as well as the cross coupling
step. To illustrate the versatility of this protocol, the 4-bromo
benzyl bromide was attached to the alkyl thiol resin followed by
a Heck coupling, activation of the resin and then a palladium
catalyzed cross coupling with aryl boronic acids to yield the
diaryl methyl cinnamates.

K. Itami et al. in 2002 reported diversity oriented synthesis of
diarylmethanes through sequential cross coupling reactions of
a mixed gem-dimetalmethanes using 2-PyMe,SiCH,-SnBu; as
the cross coupling agent (Scheme 64).%® The authors envisioned
that a palladium catalyzed cross coupling with aryl iodide would
give a benzyl metallic species which on further palladium
catalyzed cross coupling with another aryl iodide (Hiyama
coupling) would generate the unsymmetrical diarylmethanes.
However, interestingly the authors noticed that the Hiyama
coupling was unsuccessful without the use of additives. With
additives like potassium fluoride, TBAF and TASF, proto-
desilylation was the only product and the reaction was unsuc-
cessful with silver(i) sulphide, silver fluoride, silver tetrafluoro
borate, cupric oxide, cuprous oxide and auric oxide. However
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the reaction was smooth when silver oxide or silver acetate was
used as an additive with silver oxide being higher yielding. The
authors deciphered that strong silver oxygen bond was a
requisite factor for the reaction. When the pyridyl group was
changed to phenyl group or methoxy group, the reaction did not
proceed and also with the protonated pyridyl group, the reac-
tion failed. Thus the authors proposed that the pyridyl group
coordinates the silver atom through a proximity effect while the
Lewis base activation through oxygen and silicon helps the
Hiyama coupling to proceed.

A. Flaherty et al. reported in 2005 palladium catalyzed
Suzuki-Miyaura of B-benzyl-9-borabicyclo [3.3.1] nonane with
aryl halides and aryl triflates for the synthesis of diarylmethanes
(Scheme 65).%° Probably due to proper dissolving of the base,
water was found to be an accelerating solvent and the coupling
was complete within one hour. For most of the electron defi-
cient aryl halides, (31) was found to be an efficient catalyst.
However 4-chlorobenzonitrile failed to respond to this cross
coupling reaction. A further investigation revealed that S-phos
ligated palladium acetate was a better catalyst than Pd(PPhj),.

Later on in 2012, T. Shibata et al. reported the Suzuki-
Miyaura cross coupling of diborylmethanes with aryl halides for
the preparation of symmetrical as well as unsymmetrical
diarylmethanes in one pot (Scheme 66).” Interestingly the
authors found that the reaction course could be controlled by
adjusting the temperature as well as the amount of the added
base. The synthesis of the unsymmetrical diarylmethanes
demanded the use of 2 equivalent diboryl methanes in the first
cross coupling sequence and excess base in the second step of
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