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Abstract: An efficient and highly regio- and stereoselctive Pd-cat-
alyzed B-arylation method for the formation of B-aryl allylic alco-
hols, employing aryl iodides, 1-bromo-2-iodobenzenes, and 2-
bromobezaldehydes as coupling partners, is presented. The B-aryl
allylic alcohols formed in this Pd-catalyzed transformation is unex-
pected under conventional Jeffery conditions without the assistance
of silver salt. It is proposed that the reaction is substrate controlled,
and the selective formation of the product depends on the size or na-
ture of the substituent at the ortho position on the aromatic ring of
the allylic alcohol part.
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Transition-metal catalysis is a powerful tool that permits
C-C bond-forming reactions quite efficiently. In this con-
text, palladium is one of the most used metals suitable for
oxidations, reductions, and many efficient cross-coupling
reactions. Among these the Heck-type reaction is one of
the most useful reactions mediated by palladium.!? In this
context, Heck® and Chalk* independently but simulta-
neously reported Pd-catalyzed transformations of allylic
alcohols with aryl halides coupling partners which result-
ed in the formation of B-aryl carbonyls. Subsequently,
Jeffery’® developed a method based on the catalyst-direct-
ed Heck-type reaction that either leads to the formation of
B-aryl (or alkenyl) carbonyls or to the selective formation
of B-aryl (or alkenyl) allylic alcohols. Formation of the
latter was controlled by the use of silver salts (either AgO-
Ac or Ag,CO,) as additive to the catalytic system, which
was crucial for the controlled formation of B-aryl (or al-
kenyl) allylic alcohols, by preventing further double-bond
isomerization. Subsequently, many useful applications of
the Pd-catalyzed coupling of allylic alcohols, homoallylic
and homologous ene-alcohols even with aryl halides, to
yield aryl carbonyls and also aryl allylic alcohols, have
been reported in the literature.!? Interestingly, Jeffery
conditions were also amenable to 1-bromo-2-iodoben-
zenes as coupling partners, the resulting 2-bromoaryl al-
dehydes were further successfully extended for the
synthesis of various benzo-fused carbocyclic®*® and het-

SYNLETT 2012, 23, 375-380

Advanced online publication: 26.01.2012

DOI: 10.1055/5-0031-1290203; Art ID: D51411ST
© Georg Thieme Verlag Stuttgart - New York

erocyclic systems,” benzomorphans,’

cyclic systems.”

and heterospiro-

Herein we report a concise, practical, and highly regio-
and stereoselective method for the synthesis of B-aryl al-
lylic alcohols based on a hitherto unexplored, substrate-
controlled intermolecular Pd-mediated B-arylation cou-
pling using conventional Jeffery conditions. Under these
conditions normal B-aryl carbonyls are formed, without
the assistance of silver salt restricted double-bond isomer-
ization, leading predominantly to the corresponding B-
aryl allylic alcohols.

In the course of our investigations on Pd catalysis for the
synthesis of dihydrochalcones, we envisioned the Pd-cat-
alyzed Jeffery conditions would be ideally suited for the
formation of desired dihydrochalcone C using allylic al-
cohol A and aryl halide B as coupling partners.

Much to our surprise, under Jeffery conditions the only
product isolated was the f-aryl allylic alcohol D
(Scheme 1), even though a Heck-type bond isomerization
on substrates without ortho substituents on the aromatic
ring of the allylic alcohol, by which B-aryl carbonyls were
yielded, has been reported.!* We presumed that the sub-
stituent present at the ortho position of the aromatic ring
is crucial to make the entire aryl moiety bulky enough to
restrict the rotation around the C—C bond of the PACH—
CH(OH)Ar intermediate, thus suppressing the enol for-
mation, which ultimately would lead to the B-aryl allylic
alcohol. To understand well the scope and limitations of
the method and to explore further whether it is specific to
our substrate, we attempted to optimize the reaction con-
ditions. Thus, the desired allylic alcohols 1 were easily
prepared in excellent yields, from ortho-substituted benz-
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aldehydes (see Supporting Information) using vinylmag-
nesium bromide.

To further understand the factors that control the forma-
tion of the B-aryl allylic alcohol and to delineate the scope
of the observed transformation we sought to optimize the
reaction conditions for the coupling of various substrates.

With the allylic alcohol 1a in hand, we studied the key Pd-
mediated coupling with aryl iodide 2b under conventional
Jeffery conditions [Pd(OAc),, Bn(Et);NCI, NaHCO;,
DMF, 50 °C, 24 h], furnishing the B-aryl allylic alcohol
3ab in a good yield of 67% (Table 1, entry 1), while the
reaction with TBAI in place of Bn(Et);NCI furnished the
product with an inferior yield of 33% (Table 1, entry 2).
Switching the base to K,CO; in the presence of TBAI fur-
nished the product 3ab in a moderate yield of 51%
(Table 1, entry 3). Changing the solvent to toluene and
bases to either NaHCO; or K,CO; furnished the product
3ab in poor to moderate yields (Table 1, entries 4-6).
Change of solvent to acetonitrile and use of quaternary
ammonium salts such as TBAI or TBAB gave lower
yields (Table 1, entries 7 and 8). The reaction with
Cs,CO5/TBAI and K,CO,;/Bn(Et);NCl furnished the
product 3ab with improved yields of 51% and 67%, re-
spectively (Table 1, entries 11 and 12). The combination
of Cs,CO; and Bn(Et);NCI in acetonitrile further im-

proved the yield (70%) of the product 3ab (Table 1, entry
9). Finally, just changing the solvent from DMF to aceto-
nitrile (and keeping all other parameters constant) was
found to be the best set of optimized conditions and fur-
nished the product 3ab with a yield of 80% (Table 1, entry
10). Interestingly, when these optimized conditions were
used in the microwave-assisted reaction (closed vessel,
250 W, 50 °C, 90 min), the olefin 1a was smoothly trans-
formed to the same product 3ab in comparable yields.

After optimizing the reaction conditions, the generality of
the reaction was established by the Pd-catalyzed reaction
of allylic alcohols 1a—c with aryl iodides 2a—d to give the
B-aryl allylic alcohols 3aa—cc, using both conventional
and microwave conditions, and the results are summa-
rized in Scheme 2. It was observed that the reaction was
quite successful with various aryl iodide coupling partners
2a-d and allylic alcohols 1a—¢, possessing simple to elec-
tron-rich, substituted aromatic rings on either side. Slight
reduction in yield was observed in cases (3ac, 3ad, and
3cc) where the methoxy group is either at the ortho or at
the para position on the ring which was originated from
aryl iodides 2¢ and 2d. This can be attributed to the fact
that the more positive mesomeric effect of methoxy
group(s), substituted ortho and/or para to the allylic dou-
ble bond, may make the products more sensitive.

Table 1 Optimization of Reaction Conditions in the Synthesis of B-Aryl Allylic Alcohol 3ab

I\©/OM6

2b
Z Pd(OAc),, salt

OH OH

! = ! OMe
Br

base, solvent

1aBr 50 °C, 24 h sab
Entry? Base (2 equiv) Salt (1 equiv) Solvent Yield of 3ab (%)°
1 NaHCO; Bn(Et);NC1 DMF 67
2 NaHCO; TBAI DMF 33
3 K,CO; TBAI DMF 51
4 NaHCO; TBAI toluene 33
5 K,CO; TBABr toluene 50
6 NaHCO, Bn(Et);NCl toluene 55
7 NaHCO; TBAI MeCN 39
8 NaHCO; TBABr MeCN 30
9 Cs,CO; Bn(Et);NCl MeCN 70
10 NaHCO; Bn(Et);NC1 MeCN 80
11 Cs,CO; TBAI MeCN 51
12 K,CO; Bn(Et);NCl1 MeCN 67

* All reactions were carried out with Pd(OAc), (5 mol%), NaHCO; (2 equiv), and Bn(Et);NCI (1 equiv) under nitrogen atmosphere.
® Isolated yields of chromatographically pure products; for compounds 3 the first letter refers to the allylic alcohol part (1a) whereas the second

letter indicates the aromatic ring coming from the aryl iodide 2b.

Synlett 2012, 23, 375-380

© Thieme Stuttgart - New York

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



LETTER

Synthesis of Functionalized Allylic Alcohols 377

R4
| RS
RG
2a-d
Pd(OAc), 4
Bn(Et)sNCI OH R
NaHCO3;, MeCN R3 = RS
50°C, 24 h O O
—»
MW, 250 w  R? Br R®
closed vessel 4
50 °C, 90 min R
1a—c 3aa-cc
OH OH
(m CoTg
P4
Br Br
3aa 3ab
A (82%) A (80%)
MW (86%) MW (81%)
OH OMe
m AW
Br & OMe
3ac 3ad
A (72%) A (60%)
MW (68%) MW (56%)
OH OH
MeO ! = ! MeO ! = ! OMe
MeO Br MeO Br
3ba 3bb
A (85%) A (73%)
MW (79%) MW (68%)
OH
MeO MeO b \©/OM9
MeO Br MeO Br
OMe OMe
3ca 3cbh
A (84%) A (77%)
MW (77%) MW (82%)
OH
MeO. S \©:0Me
MeO Br OMe
OMe
3cc
A (61%)
MW (65%)

Scheme 2 Pd-catalyzed reaction of 1la—c with aryl iodides 2a-d to
give 3aa—cc. Isolated yields of pure chromatographically products;
for compounds 3 the first letter refers to the allylic alcohol moiety 1,
whereas the second letter indicates the aromatic ring coming from the
aryl iodide 2

After accomplishing the synthesis of B-aryl allylic alco-
hols 3aa—cc, we turned our attention to determine the
scope and limitation of the method. Hence, Pd catalysis
with 1-bromo-2-iodobenzenes 2e.f on allylic alcohols 1a—
¢ was also investigated.

In general, the results were quite consistent as to those ob-
served in the case of the coupling between aryl iodides
2a—d and allylic alcohols 1a—c and furnished the products
3ae—cf possessing simple to electron-rich aromatic func-

© Thieme Stuttgart - New York

tionality on either side of the allyic alcohol in good yields.
The only exception was in the case of the coupling partner
2-bromo-1-iodo-4-methoxybenzene (2f) where the corre-
sponding products (3af, 3bf, and 3cf) were obtained in
poor to moderate yields (Scheme 3). This was expected
due to a similar positive mesomeric effect of the methoxy
group para to the allylic double bond, as described above
for 3ac, 3ad, and 3cc. Furthermore, to study the generality
of this method, the reaction of la—c¢ with electron-defi-
cient 2-bromobenzaldehyde 2g as coupling partner was

X
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Scheme 3 Pd-catalyzed reaction of la—c with bromoiodobenzenes
2e-f, and 2-bromobenzaldehyde 2g to furnish 3ae—cg. Isolated yields
of chromatographically pure products; for compounds 3 the first letter
refers to the allylic alcohol moiety 1, whereas the second letter indi-
cates the aromatic ring coming from the aryl halide 2
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also carried out. Gratifyingly, under the optimized reac-
tion conditions the corresponding products 3ag—cg were
obtained in good yields (Scheme 3). The unusual
chemoselectivity in these cases can be attributed the elec-
tron-withdrawing nature of the aldehyde moiety of 2-bro-
mobenzaldehyde 2g which makes the aromatic ring more
reactive towards the Pd catalyst for the formation of the
aryl-palladium intermediate.

Finally, we studied substrates with ortho-methyl and
ortho-methoxy groups in place of bromine atom on the ar-
omatic ring of the allylic alcohol 1. Even in these cases the
alcohol products 3da—ef were obtained as the major prod-
ucts along with the ketones 4da—ff (Scheme 4). As ex-
pected, based on the substituent effect observed above,
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products 3df, 3ec, and 3ef were afforded in poor to mod-
erate yields. The high selectivity for the formation of al-
lylic alcohols 3 in the case of an ortho-bromo substituent
over methoxy and methyl substituents can be rationalized
based on bond length and polarization effects. Presum-
ably, because of the C(sp?)-Br bond length (1.85 10\) that
is longer than the C(sp?)-C(sp?) (1.50 A) and C(sp*>)-O
(1.35 z&) bond lengths, bromine resides further away from
the aromatic ring and closer to Pd species at C-2. As a re-
sult it might exert more steric hindrance and hence restrict
the rotation about the C1-C2 bond (Scheme 5). An alter-
native explanation would be that due to its high electron
polarizability and ligation ability, the bromine atom can
complex with the Pd species at the C-2 carbon which as
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Scheme 4 Pd-catalyzed reaction of 1d,e with aryl iodides 2a—c, bromoiodobenzenes 2e,f, and 2-bromobenzaldehyde 2g to generate 3da—ef
and 4da—ef. Isolated yields of chromatographically pure products; for compounds 3 the first letter refers to the allylic alcohol moiety 1, whereas
the second letter indicates the aromatic ring coming from the aryl halide 2.
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Scheme 5 Plausible mechanistic path for the formation of B-aryl al-
lylic alcohol D. For simplicity, ligands are omitted.

well could restrict the rotation and therefore afford the al-
lylic alcohol 3 as a major product.

A possible mechanistic path can be reasoned as shown in
Scheme 5. It appears that the addition of the initially
formed aryl palladium species E to the double bond of the
allylic alcohol A gives both the syn (F) and anti interme-
diates (G) with respect to the hydroxy group. Even though
syn-B-hydride-PdX elimination in the case of intermedi-
ate G seems possible, this process might be restricted due
to the bulky nature of the benzylic alcohol part. In addi-
tion C-1-C-2 bond rotation could be restricted in the right
half of both intermediates F and G, respectively. Now, the
possible rotation of 120° around C-2_C-3 bond of the left
hand part of the intermediates F and G, towards the direc-
tion of minimal eclipsed interaction, leads to the forma-
tion of intermediates H and I, respectively. Finally, syn-f3-
hydride-PdX elimination from both H and I yields the
same allylic alcohol as product D (Scheme 1) and com-
pletes the catalytic cycle.

In summary, we have developed a highly regio- and stereo-
selective Pd-catalyzed p-arylation on allylic alcohols
using aryl iodides, 1-bromo-2-iodobenzenes, and 2-bro-
mobenzaldehydes as coupling partners. The observation
was unexpected under conventional Jeffery conditions
without using silver salts as additives. The method is effi-
cient and functioned smoothly on a variety of electron-
rich and electron-deficient aromatic systems and lead to
the products with dense functionality on aromatic rings.

© Thieme Stuttgart - New York

Furthermore, this method may be useful for the synthesis
of different flavonoid derivatives.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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