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Developments are reported in the catalytic synthesbiaryls containing aartho-carbaldehyde
or 6H-dibenzopyrans in the presence of palladium/nortreenas catalyst. The reaction of o-
substituted aryl iodides and o-bromobenzyl alcohmisceeds by unsymmetrical asylyl
coupling to form a seven-membered oxapalladacyaiermediate, which mayndergo a
intramolecular redox process to form carbonyl geoap a C—O coupling to six-membered
cyclic ethers The predominant formation of dibenzopyrans asl sl of biaryl structure
containing the oxidized CHO group in one ring amel teduced CHOH in the other is describ
along with some mechanistic insights.
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1. Introduction

Organopalladium chemistry is one of the most vdesatnd
powerful techniques for the synthesis of organic poumds:. In
particular great attention has been focused onesdigh reactions
that are highly selective, have mild reaction dbods, use
commercially accessible starting materials andratdea great
variety of functional group$In the course of our studies aimed
at the development of new synthetic procedures basdéte use
of palladium/norbornene as a unique catalytic spstee have
shown that it is possible to selectively form suthgtid biaryl
structures by unsymmetrical coupling of aryl iodidend aryl
bromides followed by an irreversible inter- or imalecular
step. In order to achieve this goal it is essemdiaorrectly tune
the reactivity of the two aryl halides towards pallexl species in
the oxidation state (0) and (ll). It has been dsgeed that o-
substituted aryl iodides bearing an electron-réfeagroup and

R
R? CHO norbornene . R .
e [ PA(OAC), R@R ;
O . base, DMF I
R 105 °C, 24h
R% R®=H

aryl bromides containing an electron-withdrawing sitsnt, or
an ortho chelating group, could be a winning comibamafor the
selective construction of unsymmetrical biaryl datives®

We have recently reportéthat a biaryl structure containing
an ortho carbaldehyde or &l@libenzopyran derivative could be
conveniently obtained through the one-pot reactiban ortho-
substituted aryl iodide with a 2-bromobenzyl alcobetivative.
terminated either by an intramolecular redox prsceshich
affects both rings of the biaryl structure, or mgrclosure across
the two aromatic rings. Under the conditions previpusported
the chemoselectivity of the process was essentaligrmined by
the alcohol moiety: primary and tertiary alcohotdestively led
to o-biaryl aldehydes and dibenzopyrans, respdgtivehile
secondary alcohols gave rise to a mixture of ketomed
dibenzopyran derivatives (Scheme 1).

Br OHR5 norbornene
R6  Pd(OA0),

base, DMF
105 °C, 24h

R4 R*

R R®-- H

Scheme 1. Palladium/norbornene catalyzed synthesis of oybaarbaldehydes and dibenzopyran derivatives.
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dibenzopyran derivatives could also be obtainedigrenantly
either from primary or secondary benzyl alcohold ahat
interesting biaryl derivatives containing an aldddgroup in one
ring and a hydroxymethyl in the other could be ilgaorepared
through unsymmetrical aryl-aryl coupling of two mulées of o-
iodobenzyl alcohols. In this manuscript developraenf the
catalytic reactions are described and some medf@mispects
involved in the process are discussed.

2. Results and Discussion
2.1.Primary o-bromobenzyl alcohols

2.1.1. Synthesis of o-biaryl carbaldehydes

In our initial studies, the reaction of 1-iodo-2-
isopropylbenzenelf) with 2-bromobenzyl alcohol2§) in the
presence of palladium and norbornene as catalysg<h@sen as
model to investigate the reaction conditions foe thelective
synthesis of the o-biaryl carbaldehy®a. The results are
summarized in Table 1.

Tablel
Screening of reaction conditions for the synthesis-biaryl
carbaldehyd@®aa from 1-iodo-2-isopropylbenzeri@ and o-

bromobenzyl alcohdta®
O iPr O iPr
N o}
g Q
4aa

Br OH b
@['Pr @) Pd cat
+ —_—
|

base, DMF
1a 2a 105 °C, 24h
3aa
entry catalyst base 3aa 4aa
yield (%)° vield (%)°

1 PdCl, K,CO; 29 12
2 PdCl,(MeCN), K,CO; 39 6
3 Pd,(dba); K,cOo; 11 -
4 Pd(OAc), K,CO; 32 24
5 Pd(OAc), Cs,CO; 35 21
6 Pd(OAc), Na,CO; 15 S
7 Pd(OAc), K;PO, 25 18
8 Pd(OAc), NEt;® - -
9 Pd(OAc), KOAc 35 -
10 Pd(OAc), KOPiv 67 -
11 Pd(OAc), CsOPiv 74 -
12  Pd(OAc), CsOPiv 72 -
13  Pd(OAc), CsOPiv 41 5
14" Pd(OAc), CsOPiv 32 -
15¢  Pd(OAc), CsOPiv 57 5
16"  Pd(OAc), CsOPiv 95 -

% Reaction conditions: molar ratio dfa, 2a, Pd catalyst,
norbornene and base 20:20:1:20:50; 2.2 ¥ h@mol Pd/mL
DMF; under N, 105 °C, 24 h.

® GC and/oH NMR yield on the charged amount .
 molar ratio of the base to palladium 100:1.

‘DMA

®MeCN, refluxing

80 °C

9120 °C

Tetrahedron
In continuation of this work we have found that

" molar ratio norbornene to Pd 5:1

Pd(0) precursors such as Pg®&dCh(MeCN),, Pd(OAc) and
Pd,(dba) were initially tested in DMF using XO; as a base
(entries 1-4). Among these, Pd(OAdave the best results in
terms of yield and halide conversion, but not imm® of
selectivity; both compound8aa and 4aa were obtained in
comparable vyields (entry 4). The effect of the baseas
evaluated using Pd(OAc)n DMF. CsCO; gave results similar
to K,CO;, while NgCO; or NaHCQ afforded very low yields
and conversions (entries 4-6). Cesium pivalate (G§OKas
found to be the best base leading to the formasfoonly theo-
biaryl carbaldehyde3aa (74% yield); dibenzopyran derivative
4aa was not detected in the reaction mixture by GC aimly
(entry 11). All other bases afforded either compleraly lower
yields (entries 7—10). Different temperatures, lieactimes and
solvents were tested using Pd(OA&} catalyst and CsOPiv as a
base. DMA performed similarly to DMF while acetonitriésl to
modest conversion (entries 12 and 13). The begtdemure was
105°C; low conversion was obtained at 80°C and pelectvity
at 120°C (entries 14-15). The amount of norbornea crucial
and reducing the molar ratio to Pd from 20:1 to Bdve
carbaldehyd@aa in 95% vyield (entry 16).

Table2
Synthesis of o-biaryl carbaldehyd&sselected significant

exampled*
RZ
1
R2 Br OH Ab R? O R
3 1
R\@R . Pd(OAC),
[ RS CsOPiv, DMF CHO
R4 105 °C, 24h
1 2 R5
R4 3
iPr iPr iPr
pe ) ® O
O O CHO CHO O CHO
CHO O c|)
O O o] O
3aa 95%° 3ab 91% 3ac 62%° 3ad 91%
O/
O t RIS
! CHO ! CHO O CHO O CHO
3ba 66%" 3ca 92% 3da 91%° 3ea 92%P
nPr
secBu O ‘ _0 ‘
® oo U T
CHO o O CHO CHO
O I oo O O
3fa 93% 3gd 88%° 3ha 74% 3ia 90%
% Reaction conditions: aryl iodidel (0.36 mmol), o-

bromobenzyl alcohoR (0.36 mmol), norbornene (0.18 mmol),
Pd(OAc) (0.018 mmol), CsOPiv (0.90 mmol) in DMF (8 mL),
under N at 105° C for 24 h; isolated yields based on therged
amount of the aryl iodide.



® Molar ratio of norbornene to Pd = 5:1.
¢ Molar ratio of norbornene to Pd = 20:1.

Under our best conditions the scope of the reacti@s
evaluated by using different o-substituted arylided and o-
bromobenzyl alcohols. It was noticed, however, thaeduced
amount of norbornene (5:1 molar ratio to Pd), altio
appropriate for 1-iodo-2-isopropylbenzene, led twrmpresults
with some other substrates. Thus norbornene wasisetholar
ratio to palladium ranging from 5:1 to 20:1. Talilereports
significant examples obtained with different sulogtitts in the
starting aryl iodides and o-bromobenzyl alcoHoEhe reaction
afforded biarylaldehyde8 in good to excellent yields. Better
yields were observed especially in the presenceutybortho
groups on the starting aryl iodides and when eleetlanating
substituents were present in both of the aryl rings.

Interesting biaryl derivatives containing a £MHH group on
one aromatic ring and a CHO on the other were oldaivigen
two molecules of o-iodobenzyl alcohol were allowedréact
under the conditions reported in Table 3. In additto the
straightforward synthesis of these 3-hydroxymetfiylt']-
biphenyl-2-carbaldehydésyhich occurs with satisfactory yields
both in the presence of electron-donating and mieet
withdrawing groups (entries 2—3 and 4), the seleabixiglation

biaryl carbaldehydé was accompanied by anomalous compound

7, which still retains a norbornyl group as shown iable 3.
Decreasing the amount of norbornene did not biastieme of
the reaction toward compounéis

Table3
Reaction ob-iodobenzyl alcohols in the presence of
Pd(OAc) and norbornerie

R! R!
) R2 CHO
R
R! O
5 Pd(OAC)z OH
ch03 DMF CHO ‘
i 105 °C, 24h
OH R’
R2

5
Entry R%,R’ 6 yield (%) 7 yield (%)"
OH
CHO
1 H, H l OH‘
O CHO ‘
73% O 13%
| OH |
o) o O CHO
e OH
2 H, OMe CHO "
Ol 61% Ol 12%
| 07 OH ;o7
o) O o) O CHO
OH
3 OMe, OMe CHO ‘(
‘ o (la ‘
Ol 51% Ol 13%

OMe
"0
O CHO

MeO™ ~0O 719

OH OMe

o l CHO
OH ‘

MeO™ ~O

4 H, CO,Me

13%

of only the ortho CHOH group has some bearing on the reaction I
. . . . CHO
mechanism (see infra). In this case, however, faanadf o-

3aa

% Reaction conditions: o-iodobenzyl alcohbl (0.72 mmol),
norbornene (0.36 mmol), Pd(OAQ0.018 mmol), KCO; (0.90
mmol) in DMF (8 mL), under Nat 105° C for 24 h.

® |solated yield based on the charged amount of dhe

iodobenzyl alcohob.
° Two diastereoisomers in 1:1 molar ratio.

The Scheme reported shows the proposed reactionvgath
for the formation of o-biarylcarbaldehyde8 and 6d-
dibenzopyran derivative4 from aryl iodidesl and primary o-
bromobenzyl alcohols2 under our palladium/norbornene
catalysis conditions.

iPr

4aa Pd°L2

—Pd—

OH

N C%& ~<
&

v 2a

Scheme 2. Proposed reaction pathwayde
biarylcarbaldehyd8aa and dibenzopyra#aa (L = solvent or
coordinating substrates).

The proposed mechanism for the reaction oefodb-2-
isopropylbenzenda and o-bromobenzyl alcoh@, is relevant
to interpret the role of norbornene along with otheaction
components and to facilitate in the discussion @chanistic
insights that have been elucidated in the preserk.wo

The reaction starts with the oxidative addition d{® to aryl
iodide 1a to form arylpalladium complexi.® Norbornene
stereoselectively inserts into the C-C bond lofgenerating
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cis,exo arylnorbornylpalladium iodidé,” which in turn gives
rise to palladacycld!1®® through aryl C—H bond activation.
Oxidative addition of o-bromobenzyl alcoh2d to metallacycle
Il affords the Pd(IV) intermediatéV,"® which undergoes
reductive elimination to complew™ by selective aryl-aryl
coupling. Norbornene deinsertion frokh gives an aryl-Pd(ll)
intermediate that contains the benzylic OH grouppprapriate

position to form the oxapalladacyckél.”® Depending on the
reaction conditions, complexVl can deliver either the
carbaldehyde3aa or cyclic derivative4aa while regenerating
Pd(0) catalyst. While the cyclic compound is formeg C-O

coupling®™ the o-biaryl carbaldehyde is obtained by an

intramolecular redox process, with migration of aimgen atom
from the benzylic group to the aryl carbon of tkdgaaent ring.

A critical feature of the reaction pathway is theabgtc
character of norbornene participatiéh¢ As shown in Scheme 2,
norbornene is inserted at the beginning of theecacid expelled
towards the end. The quantity of norbornene in thection
mixture is quite crucial since at high concentmatibfavors the
insertion step (fronh to 11) while making the deinsertion difficult

(from V to VI). Each substrate may have different requirements

and the proper concentration is found experimantall

As mentioned in the introduction, it is also appiaj to
stress the need for an accurate balance of theesptat give

rise to palladium compleX|. In order to achieve a high yield of
the desired products compl&d must result from comparable

reaction rates of the Pd(ll) intermedidteith norbornene to give
the initial palladacyclelll
hydroxymethyl bromoarene to afford the palladium(Bdmplex
IV on the other. If compleX| is not formed in a timely fashion,
one of the two coupling partners, in particular ibdoarene, that
is usually the most reactive, will undergo cyclieati with
norbornene and/or with itself through palladacydleaccording
to previously described pathwa¥s:** This trend could be
counteracted either by decreasing the norborneneecration
by up to one fourth (as shown in some experimentEabie 2)
and/or by introducing electron-releasing substitsienn the
iodoarene to curtail its reactivity towards the @tide addition
of palladium0).

Another important aspect of the reaction is conmktetith the
dual reactivity of the oxapalladacydd: hydrogen transfer from
the benzylic group to the palladium-bonded arylboar of the
neighboring ring or reductive elimination by C-O bon
formation, to form carbaldehyd#aa or dibenzopyran derivative
4aa, respectively.

As previously mentioned, the first evidence for
intramolecolar redox reaction was evidenced by #ut that the
unsymmetrical aryl coupling reaction of two molezibf an o-
iodobenzyl alcohol led to the formation of

however, both of the aryl rings involved in the redwrocess

(Scheme 2, typ&/| intermediate) bear a hydroxymethyl group

and only one is oxidized, giving rise to compouh@Table 3)
containing both an aldehyde and an unreacted hydrethyl
group. Had an intermolecular

transformed by oxidation with unbiased selectivity.

Moreover, in this case we observe the formationoofigound
7 (Table 3), which still retains a norbornyl groupspite of the
fact that norbornene deinsertion is usually obskrie the
mechanism of Scheme 2 (frovhto VI) in the presence of bulky
groups adjacent to the aryl-norbornyl bond. Thihawéor is

an

the o-
biarylcarbaldehydé (Table 3), as the major product, in accord
with the proposed mechanism of Scheme 2. In thise,cas

reaction occurred, th
hydroxymethyl groups of the two rings would have been

~
e;O
.
1]

likely to be due to the coordinating ability of thgdroxymethyl
group of complexVIl (Scheme 3) to form a ring with the
norbornylpalladium species (compleX11l), thus making
deinsertion more difficult. The subsequent formatiof aryl
carbaldehyd& must therefore be attributed to the migration of a
hydrogen atom from the hydroxymethyl group to tlebornyl
carbon now bonded to palladium, via the oxapalladacyllIl,

as represented in Scheme 3.

R1
Q L R! CHO
Pd—~|
OH
—— > OH 7

R1

on the one hand, and of the Scheme 3. Oxapalladacycl¥ |1l precludes norbornene

deinsertion and allows benzylic hydrogen transiehe
palladium-bonded norbornyl group.

Although an intramolecular reaction could hypothatictake
place with the hydroxymethyl group of the other ringo
aldehyde groups at the 2-position of the biarylteys were
observed, presumably because the smaller
oxapalladacycle/I11 is preferred to the larger 9-membered one
IX. This observation lends further support to theppsed
intramolecular mechanism.

Retention of the norbornyl group is also observedthie
absence of the hydroxymethyl group. Other coordigatjroups
such as the methoxy have a similar effect (SchemneB#
allowing 2-iodoanisole and 2-bromobenzylalcoholeaat in the
presence of Pd(OAgand norbornene as catalysts withCiO; as
a base in DMF at 105 °C, compou@dcontaining the norbornyl
moiety, was isolated as the major product in 52%dyiegether
with 15% of carbaldehydgja. Lowering the ratio of norbornene
to Pd(OAc) from 20:1 to 10:1 did not increase the selectivity
with regard to the formation &a, which was recovered in only
11% vyield together with 34% of compourdd As shown in
Scheme 5, compoun@ originates from the less favored 9-
membered oxapalladacycle ribgd|, that appears to be the only

intermediate allowing an easy termination pathway the

sequential process.
7 o O
PAOA: . A

Pd(OAC),
K,COs, DMF CHO CHO
105 °C, 24h O

3ja 15% 9

52%

OH

Br 2a

Scheme 4. Anomalous behavior caused by the methoxy
group.

7-membered



“PdL, -Pd(O)L,
O

X1 Xl

Scheme 5. OxapalladacycleX| andXll inhibit norbornene
expulsion.

Also noteworthy is that o-bromobenzaldehydes expefcted
intermolecular hydrogen transfer, as well as thebssible
reaction products with substrates present in salutiave never
been detected. It is well known, however, that intéecdar
hydrogen transfer reactions can readily terminatpaliadium
catalyzed reaction sequertce.

2.1.2. Deuterium labelling experiment

To probe the intramolecular hydrogen transfer frone
benzylic group of oxapalladacycle of typé (Scheme 2) to the
ortho aromatic carbon of the adjacent ring unequally, a
control reaction was carried out using (2-bromopRhemgthan-
d,-ol as a coupling partner
methylbenzeneld (Scheme 6). As revealed b{H NMR
experiments, the resulting ortho biaryl carbaldeh$0 (85%
yield) contained one deuterium atom on the aldehgdoup and
another in the ortho position of the adjacent &angd with almost
complete incorporation of deuterium within the ligitof

experimental errof®
i
0
D

O\©f D Pd(OAG),
+ D _
I CsOPiv, DMF CDO
1d 105 °C, 24 h O
\ 10
UL
/
PA-L - pgoL,
I —— O
D

&

X
Scheme 6. Reaction of 1-iodo-4-methoxy-2-methylbenzene
and (2-bromophenyl)methat-ol.

2.1.3. o-Bromobenzyl alcohol 2a: synthesis of
dibenzopyran derivatives

We then attempted to bias the selectivity of thectien
towards
investigated the reaction conditions while consityensing 1-
iodo-2-isopropylbenzend4) and 2-bromobenzyl alcohdtd) as
model substrates. The results are summarized ite Bab

Table 4

Screening of reaction conditions for the synthesis
dibenzopyrartaa from 1-iodo-2-isopropylbenzeria and o-
bromobenzyl alcohcikaa

Br OH
iPr Pd(OAc)zlllgand
@[, ’ @2 “base, DVF =:CH0 =i/‘
1a 23 105 °C, 24h
3aa 4aa
entry base ligand 3aa 4aa
yield (%)° vyield (%)°

1 K,CO; TPP 27 29

2 Cs,CO; TPP 31 29

3 KsPO, TPP 25 22

4 KOAc  TPP 29 17

5 KOPiv  TPP 60 -

6 CsOPiv TPP 64 -

7 K,CO; TFP 12 64

8 KOPiv  TFP 38 -

9 CsOPiv TFP 35 5

10 K,COs mTCPP 10 56

11 CsOPiv. mTCPP 38 -

12 K,CO; pTCPP 12 54

13 KOPiv  pTCPP 38 -

14 CsOPiv pTCPP 35 5

with  1-iodo-4-methoxy-2=

the formation of dibenzopyran derivativesd an

% Reaction conditions: molar ratio dfa, 2a, Pd(OAc),
norbornene, ligand and base 20:20:1:20:2:50; 220% mmol
Pd/mL DMF; under B 105 °C, 24 h.

® GC and/orH NMR yield on the charged amount of the aryl
iodide 1a.

The effect of ligands, bases and other parametene we
investigated using Pd(OAghorbornene as the catalytic system
in DMF at 105 °C for 24 h (Table 4). The additionagbhosphine
ligand such as TPP (triphenylphosphine) in the qes of
different bases such as®0;, CsCO;, K;PO, and KOAC led to
the formation of the o-biaryl carbaldehyd®a and cyclic
compound4aa in comparable amounts (entries 1-4). Switching to
TFP (trifurylphosphine) as the ligand in combinatisith K,COs
as a base proved beneficial with regard to the foomaof
dibenzopyran derivativdaa which was obtained in 64% yield
along with 12% of compoun8aa (entry 7). A similar trend was
observed with mTCPP and pTCPP (meta- and para-chloro
triphenylphosphines) with slightly lower yields (éag 10 and
12). The use of KOPiv or CsOPiv as a base offsepttive
effect of TFP, mTCPP and pTCPP with regards to dibpyran
formation (entries 8-9, 11 and 13-14). The bestamoatio of
norbornene to Pd(OAgyvas found to be 20:1.

With our optimized conditions in hand we next stddibe
scope of the reaction using ortho-substituted @ylides as
cross-coupling partners of o-bromobenzyl alcoP®l(Table 5).
In agreement with previously reported dHtaglso 1-iodo-2-
(trifluoromethyl) benzene containing an electronkhdiawing
CF; group led to the corresponding dibenzopyran déviean
satisfactory yield.
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Table5 Table 6
Synthesis of dibenzopyraddrom ortho-substituted aryl Screening of reaction conditions for the synthesis
iodides1 and o-bromobenzyl alcohab® dibenzopyrari3aa from 1-iodo-2-isopropylbenzeria and 1-

(2—bromophenyl)ethand]laa

. Br OH
R OAc)2/TFP . Br OH
| * K,CO3, DMF cHo © ©i"°r Pd( OAc _Pd(OA)fligand
+
105 °C, 24h | " base, DMF
1 2a
105 °C, 24h
11a

1a

Entry R' 3y|eld (%)’ 4y|eld (%)’ 12aa 13aa
iPr iPr Entry base ligand 12aa 13aa
o yield (%)°  yield (%)°
1 CHO 1 K,COs - 41 44
O 2 Cs,CO; - 31 24
12% 4aa 64% 3 CsOPiv - 35 31
4 KOPiv - 33 29
O O 0 5 KOAc - 35 20
2 CHO 6 K,CO;  TPP 43 48
O O 7 CsOPiv TPP 37 31
3ba 10% 4ba 61% 8 K,CO; TFP 7 82
‘ ‘ 9 CsOPiv TFP 35 39
O O 10 K,CO; mTCPP 14 62
: o 11 K,CO; pTCPP 13 67
3 (CH=CH) CHO 129 K,CO3 - 37 34
O O 13 K,CO;  TFP 15 77
3ha 8% 4ha 77% 14¢ K,CO; TFP 9 51
CFs CFs 15" K,CO; TFP 6 69
O o 16°  K,CO; TFP 9 77
4 CkK CHO ® Reaction conditions: molar ratio dfa, 11a, Pd(OAc),
O O norbornene, ligand and base 20:20:1:10:2:50; 220% mmol

Pd/mL; DMF as solvent, underNLO5 °C, 24 h.
3ka 6% 4ka 58%

@ Reaction conditions: aryl iodidel (0.36 mmol), o- ® GC and/or'H NMR yield on the charged amount of the aryl
bromobenzyl alcohofa (0.36 mmol), norbornene (0.36 mmol), iodidela.
Pd(OAc) (0.018 mmol), TFP (0.036 mmol) and,®O; (0.90

- “ molar ratio of the base to palladium 40:1.
mmol) in DMF (8 mL), under Nat 105° C for 24 h.

d
DMA
® |solated yield on the charged amount of the anjide1.

®MeCN
2.2.Secondary benzyl alcohols

80 °C
2.2.1. Synthesis of dibenzopyran derivatives

9120°C

As previously observed the reaction of ortho-subtsd aryl
iodides with secondary o-bromobenzyl alcohols cdroiet in the
absence of any stabilizing ligands led to the fdiomaof a Table7
mixture of ketones and dibenzopyran derivatiésle have
found that TFP as well as mTCPP and pTCPP had divgosi
effect on the C-O reductive elimination pathway of

Synthesis of dibenzopyraid8 from ortho-substituted aryl
iodides1 and secondary o-bromobenzyl alcohi?

oxapalladacycle of typ¥l (Scheme 2) leading predominantly to R R? R R3 R? R
the formation of dibenzopyran derivatives. Optimimatof the R2 Br OH Lb O O
reaction conditions was carried out using 1-iodo-2-R R’ ré PAOALTFP.

isopropylbenzenela and 1-(2-bromophenyl)ethanolla as + KGO~ DME . .
model substrates (Table 6). Satisfactory to gaegllts were : 105 °C. 24h O R O R
obtained except when highly electron rich aryl iediduch as 1- 1 "

iodo-4-methoxy-2-methyl and 1-iodo-3,4-dimethoxyr2thyl- 12 13
benzene were used (Table 7, entries 4 and 5). Entry R RZ R e 12 13

yield (%)b yield (%)b
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of 1-iodo-2-isopropylbenzene  14) and 2-(2-
bromophenyl)propan-2-ol1daa), in the presence of Pd(OAc)
and norbornene as catalystsC; as a base, at 105 °C for 24 h,
afforded cyclic compounti5aaa in 83% yield (Table 8, entry 1).
In our initial studies, this reaction was chosenaamodel to
optimize the reaction conditions. The results ammrsarized in
Table 8.

Table8

Screening of reaction conditions for the synthesis
dibenzopyrari5aaa from 1-iodo-2-isopropylbenzeria and
2-(2-bromophenyl)propan-2-a4aa®

£7

Br OH O iPr
©ii Pr Pd(OAc),lligand 0
| ¥ base, DMF
105 °C, 24h O
1a 1422 15aaa
Entry base ligand 15aaa
yield (%)°

1 K,CO; - 83

2 CsOPiv - 77

3 KOPiv - 78

4 K,CO; TPP 80

5 K,CO;  TFP 83

6 K,COs3  pTCPP 80

7° K,CO; - 67

8° K,CO; - 65

9¢ K,CO; - 82

100 K,CO; - 74

118 K,CO; - 75

OF T
1 Me, H, H Me O O
12ba 8% 13ba 79%
O, O
2 Me, Me, H Me
12ia 9% 13la 75%
l iPr O iPr
(0} (0]
3 iPr,H, H Me l O
12aa 7% 13aa 82%
| |
’ T
® o
4 Me, H, OMe Me D :5\
12da 16% 13da 68%
e
or T
5 Me, OMe, OMe Me \=:CL \=\:?\
12ea 21% 13ea 61%
6 (CH=CH),, H Me 0 Q
12ha 4% 13ha 88%
| ,
"y, O
7 (CH=CH),, OMe  Me o 0
12ia 17% 13ia 73%
I (0] I (0]
8 Me, H, H Ph O Ph O Ph
12bb 9% 13bb 69%

a

Reaction conditions: aryl iodidel (0.36 mmol), o-
bromobenzyl alcoholl (0.36 mmol), norbornene (0.36 mmol),
Pd(OAc) (0.018 mmol), TFP (0.036 mmol) and,®0O; (0.90
mmol) in DMF (8 mL), under Nat 105° C for 24 h.

® |solated yield on the charged amount of the anyide1.

2.3.Tertiary benzyl alcohols: Synthesis of dibenzopytdn

Not surprisingly, given the lack of benzylic hydroge the
synthesis of dibenzopyran derivatives starting fraartiary o-
bromobenzyl alcohols and ortho-substituted arylided was
very efficient in terms of both yield and selediyviThe reaction

% Reaction conditions: molar ratio dfa, 14aa, Pd(OAc),
norbornene, ligand and base 20:20:1:20:2:50; 220% mmol
Pd/mL DMF; under B 105 °C, 24 h.

® GC and/or'H NMR vyield based on the charged amount of
la.

°DMA
4 MeCN
°80 °C
"120°C

9 molar ratio of norbornene to palladium 10:1

K,CO; was found to be the base of choice in terms of
dibenzopyran vyield and selectivity (entries 1-3hogphine
ligands, which proved to be crucial for the synthesif
dibenzopyran rings resulting from primary or seamydbenzyl
alcohols, as well as solvent, temperature, amoumidiornene
and base did not significantly affect the yieldddenzopyraril5
(entries 4-11). As expected due to the absence okytie
hydrogens, only the geminal groups have a dran&fect on
ring closure’’ Dibenzopyran heterocycle$5 containing the
electron-withdrawing trifluoromethyl group were alscepared
(entries 7-8, Table 9) with good yields starting nfrathe
corresponding bromide. Less desirable results wérgerged
with the corresponding aryl iodide likely becauseétefincreased
reactivity as compared to aryl bromides. The yieldse further
increased by using CsOPiv as a base (entries 7+&.tend
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observed for the substituent effect is similartattreported in

Table 1.
Table9

Synthesis of dibenzopyrai$ from ortho-substituted aryl

iodides1 and tertiary o-bromobenzyl alcoht#®

R2 R1
, Br OH_, Lb |\\
R\ R'I R _
| AN . R4 Pd(OAC), o)
2N K,CO3, DMF
105 °C, 24h
1 14
15
15
Entry R' R? R® 4
nry yield (%)°
L
1 Me 3-Me Me Me O
15laa 86%
L
2 Me 3-Me Et Et O
15Ibb 98%
L
3 Me 4-Me Et Et O
15cbb 98%
L
4 Me H Me Ph O -
15bac 86%
O iPr
_ o)
5 iPr H Me Ph O Ph
15aac 93%
6 (CH=CH), Me Ph Q
O Ph
15hac 88%
e
0
7 CF3 H Me Me O

15kaa 59,72¢,88%%

Tetrahedron

: CF3
(6]
8 CF; H Et Et O

15kbb 71,80°,99%%

% Reaction conditions: aryl iodidel (0.36 mmol), o-
bromobenzyl alcohol4 (0.36 mmol), norbornene (0.36 mmol),
Pd(OAc) (0.018 mmol), KCO; (0.90 mmol) in DMF (8 mL),
under N at 105° C for 24 h;

® |solated yields based on the charged amoutt of

¢ 1-bromo-2-(trifluoromethyl)benzene in place of abo-2-
(trifluoromethyl)benzene

¢ CsOPiv as base; 1-bromo-2-(trifluoromethyl)benzene
place of 1-iodo-2-(trifluoromethyl)benzene

In all cases no reaction was observed in the absefhce
norbornene. All the steps involved in the formatiafi-biaryl
carbaldehydes and dibenzopyran derivatives workedlyniand
led to the desired final products in satisfactarygbod yields. In
spite of its complexity the overall reaction can dsried out
under simple and mild conditions, starting from gienbuilding
blocks thus offering a valuable synthetic tool.particular the
dibenzopyrans presented here are not easily abtedsi other
routes including those recently reportéd.

3. Conclusions

In conclusion, we have developed a methodology Ffar t
synthesis of selectively substituted o-biaryl cidbhydes and
probed that the reaction mechanism proceeds throagh
intramolecular redox process by robust deuteriurbellang
experiments and substantial chemical evidence.pfégominant
formation of dibenzopyran derivatives starting eithfrom
primary or secondary o-bromobenzyl alcohols as ngartof
ortho-substituted aryl iodides has been obtainkithgaadvantage
of the positive effect exerted by TFP. Ligands weoé required
when tertiary o-bromobenzyl alcohols were used siring
closure is strongly favored by the geminal groupaf

4, Experimental section
4.1.General

Most starting materials were commercially availadobel were
used without further purification. 1-lodo-2-
isopropyliodobenzene, 1-iodo-4-methoxy-2-methyllesrez were
prepared by iodination of the corresponding diazonisalt
according to the literaturd. 1-lodo-3,4-dimethoxy-2-
methylbenzené&® 1-iodo-4-methoxynaphthalefie,  (2-
bromophenyl)phenylmethan®l,  3-(2-bromophenyl)pentan-3-
o,  2-bromobenzenemethai-ol,**  1-(2-bromophenyl)-1-
phenylethanof! (2-iodo-5-methoxyphenyl)methan®dl, (6-iodo-
2,3-dimethoxyphenyl)methandl, were prepared according to
procedures adapted from the literature. (5-Carbbomgt2-
iodophenyl)methanol was prepared starting from mnethy
amino-3-methylbenzoate by diazotization, followed by
bromination of the benzylic group and final hydsig?®

All palladium-catalyzed reactions were carried outdem
nitrogen using standard Schlenk techniques. DMF wiasl @nd
stored over 4 A molecular sieves under nitrogen. Gas
chromatographic analyses were performed with an Agilen
Technologies 7820A GC System using a 30 m SE-30laapil



column. Flash column chromatography was carriecbauvlerck
Kieselgel 60 and TLC on Merck 68 plates.

Mass spectra (El) were obtained with a Hewlett Packard From

instrument working at 70 eV ionization energy. NMR e
were recorded in CDgl on a Bruker AVANCE 400
spectrometer, unless otherwise indicated. Chemihdtssare
reported in parts per million using the solvent iagernal
reference (7.26 and 77.00 ppm, respectively far and °C
NMR). The reported assignments are based on deogupli
COSY, NOESY, HMQC and HMBC correlation experiments.
Interchangeable assignments are marked by an skstdRR
spectra were recorded on a Nicolet FT-IR 5700
spectrophotometer (Thermo Electron Corporation). Itiktg
points were determined with an Electrothermal apparahd are
uncorrected. Elemental analyses were performed wiado
Erba EA 1108-Elemental Analyzer.

4.2.General procedure

4.2.1. General procedure for the reaction of o-
iodobenzyl alcohols in the presence of norbornene,
Pd(OAc) and K,CO; in DMF

A DMF solution (8 mL) of theo-iodobenzyl alcohol (0.72
mmol) and norbornene (34 mg, 0.36 mmol) was addeterun
nitrogen to a Schlenck-type flask containing Pd(QA@) mg,
0.018 mmol) and KCO; (124 mg, 0.90 mmol). The reaction
mixture was stirred at 105 °C for 24h. After coolit@y room
temperature the organic layer was diluted with EtOAT rfiL),
washed twice with water (20 mL) and dried over,3@, The
solvent was removed under reduced pressure andesiudting
residue was purified by flash chromatography oraitiel using
mixtures of hexane-EtOAc as eluent.

4.2.2. General procedure for the reaction of o-
substituted aryl iodides with primary, secondary or
tertiary 2-bromobenzyl alcohols in the presence of
norbornene, Pd(OAg) a ligand and a base in DMF

A DMF solution (8 mL) of theo-substituted aryl iodide (0.36
mmol), the o-bromobenzyl alcohol (0.36 mmol) andbmonene
(34 mg, 0.36 mmol) was added under nitrogen toldeBck-type
flask, containing Pd(OAg)(4 mg, 0.018 mmol), the phosphine
(0.036 mmol), when required, and,®0O; (124 mg, 0.90 mmol)
or CsOPiv (211 mg, 0.90). The reaction mixture wasest at
105 °C for 24h. After cooling to room temperatuine organic
layer was diluted with EtOAc (20 mL), washed twice with evat
(20 mL) and dried over N&O,. The solvent was removed under
reduced pressure and the resulting residue wasequlubfy flash
chromatography on silica gel using mixtures of mex&tOAc as
eluent.

4.2.2.1. 3'-i-Propyl-[1,1']-biphenyl-2-carbaldehyde
(3aa, Table 5, entry 19

From 1-iodo-2-isopropylbenzene (89 mg, 0.36 mmd@R;
bromophenyl)methanol (67 mg, 0.36 mmol) usingC®,; (124
mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol), pro@aa was
obtained in 12% yield (10 mg). Eluent: hexane.

4.2.2.2. 4-i-Propyl-6H-dibenzo[b,d]pyrandéa,
Table 5, entry 1%

From 1-iodo-2-isopropylbenzene (89 mg, 0.36 mmd@R;
bromophenyl)methanol (67 mg, 0.36 mmol) usingC®,; (124
mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol), prodaa was
obtained in 64% yield (56 mg). Eluent: hexane.

9
4.2.2.3. 3’-Methyl-[1,1']-biphenyl-2-carbaldehyde
(3ba, Table 5, entry 2)

2-iodotoluene (79 mg, 0.36 mmol),
bromophenyl)methanol (67 mg, 0.36 mmol) usingC®,; (124
mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol), pro8ba was
obtained in 10% yield (7 mg). Eluent: hexane.

4.2.2.4. 4-Methyl-6H-dibenzo[b,d]pyramifa, Table
5, entry 2§’

(2-

From 2-iodotoluene (79 mg, 0.36 mmol),
bromophenyl)methanol (67 mg, 0.36 mmol) usingC®; (124
mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol), prodba was
obtained in 61% yield (43 mg). Eluent: hexane.

4.2.2.5. 2-(Naphthalen-2’-yl)benzaldehyd&hg,
Table 5, entry 3)

(2-

From 2-iodonaphthalene (91 mg, 0.36 mmol), (2-
bromophenyl)methanol (67 mg, 0.36 mmol) usingC®; (124
mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol), pro@ha was
obtained in 8% vyield (7 mg). Eluent: hexane.
4.2.2.6. 6H-Benzo[d]naphtho[1,2-b]pyramiia,

Table 5, entry 3)
From 2-iodonaphthalene (91 mg, 0.36 mmol), (2-

bromophenyl)methanol (67 mg, 0.36 mmol) usingC®; (124
mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol), prodha was
obtained in 77% yield (64 mg). Eluent: hexane.

4.2.2.7. 3’-(Trifluoromethyl)-[1,1']-biphenyl-2-
carbaldehyde 3ka, Table 5, entry 4)

From 1-iodo-2-(trifluoromethyl)benzene (98 mg, 3®.
mmol), (2-bromophenyl)methanol (67 mg, 0.36 mmosjing
K,CO; (124 mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol),
product3ka was obtained in 6% yield (5 mg). Eluent: hexane.

4.2.2.8. 4-(Trifluoromethyl)-6H-dibenzo[b,d]pyran
(4ka, Table 5, entry 4)

From 1-iodo-2-(trifluoromethyl)benzene (98 mg, Or@éol),
(2-bromophenyl)methanol (67 mg, 0.36 mmol) usinG®; (124
mg, 0.9 mmol) and TFP (8.3 mg, 0.036 mmol), prodiket was
obtained in 58% yield (52 mg). Eluent: hexane.

4.2.2.9. 1-(3'-Methyl-[1,1'-biphenyl]-2-yl)ethanone
(12ba, Table 7, entry 1%

From 2-iodotoluene (79 mg, 0.36 mmol), 1-(2-
bromophenyl)ethanol (72 mg, 0.36 mmol) usingCR; (124 mg,
0.90 mmol) and TFP (8.3 mg, 0.036 mmol), prodliiia was
obtained in 8% vyield (6 mg). Eluent: hexane.

4.2.2.10. 4,6-Dimethyl-6H-dibenzo[b,d]pyran
(13ba, Table 7, entry 1%

From 2-iodotoluene (79 mg, 0.36 mmol), 1-(2-
bromophenyl)ethanol (72 mg, 0.36 mmol) usingCR; (124 mg,
0.90 mmol) and TFP (8.3 mg, 0.036 mmol), prodlBita was
obtained in 79% yield (60 mg). Eluent: hexane.

4.2.2.11. 1-(3'-Methoxy-5'-methyl-[1,1'-biphenyl]-
2-yl)ethanone {2da, Table 7, entry 4)

From 1-iodo-4-methoxy-2-methylbenzene (89 mg, 0.36
mmol), 1-(2-bromophenyl)ethanol (72 mg, 0.36 mmo$ing
K,CO; (124 mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol),
productl2da was obtained in 16% vyield (14 mg). Eluent: hexane.



10 Tetrahedron
4.2.2.12. 2-Methoxy-4,6-dimethyl-6H- (124 mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmaipdpct
dibenzo[b,d]pyran {3da, Table 7, entry 4) 13bb was obtained in 69% yield (70 mg). Eluent: hexar@/gt

95:5.
From 1l-iodo-4-methoxy-2-methylbenzene (89 mg, 0.36

mmol), 1-(2-bromophenyl)ethanol (72 mg, 0.36 mmo§ing 4.2.2.21. 4-i-Propyl-6,6-dimethyl-6H-
K,CO; (124 mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol)dibenzo[b,d]pyran {5aaa, Table 8}

. ) o i )
productl3da was obtained in 68% vyield (59 mg). Eluent: hexane. From 1-iodo-2-isopropylbenzene (89 mg, 0.36 mma#(2-

4.2.2.13. 1-(3',4'-Dimethoxy-5'-methyl-[1,1'- bromophenyl)propan-2-ol (77 mg, 0.36 mmol) using®; (124
biphenyl]-2-yl)ethanone i2ea, Table 7, entry 5) mg, 0.9 mmol), product5aaa was obtained in 83% vyield (75

mg). Eluent: hexane.
From 1-iodo-3,4-dimethoxy-2-methylbenzene (99 mg60 9

mmol), 1-(2-bromophenyl)ethanol (72 mg, 0.36 mmo§ing  4.3.Characterization data

K,CO; (124 mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol), , oL

product 12ea was obtained in 21% vyield (20 mg). Eluent Rléé?’_'l' 3-Hydroxymethyl-[1,1]-biphenyl-2-carbaldele/d@,
hexane/EtOAc 97:3 R°=H, Table 3, entry 1)

; ; From (2-iodophenyl)methanol (168 mg, 0.72 mmol)ngsi
4.2.2.14. 2,3-D th -4,6-d thyl-6H- . :
dibenzo[b d]pyrI;nne13c()a)a(1yTable”7neen)t/ry 5) norbornene (34 mg, 0.36 mmol), prodéolvas obtained in 73%

' ' ’ yield (55 mg). Eluent: hexane/EtOAc 9:1. Mp. (hexaé)°C.

'H NMR: 8 9.94 (1H, s, CHO), 8.01 (1H, dd, J = 7.8, 1.4 Hz,
H3), 7.63 (1H, td, J = 7.5, 1.4 Hz, H5), 7.53-7.40 (#H,H4,
'H5’, H4', H6), 7.38 (1H, br s, H2’), 7.31-7.24 (1H, m, H&t.75

From 1-iodo-3,4-dimethoxy-2-methylbenzene (99 mg60
mmol), 1-(2-bromophenyl)ethanol (72 mg, 0.36 mmo$ing
K,CO; (124 mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol)

E;‘:(‘;‘:\Ztléf(‘;ic"g?g"bta'”ed in 61% yield (58 mg). Eluent , ' cLoH), 2.88 (1H, br s, OH)°C NMR: & 192.5 (CHO),
: 145.8 (C1), 141.2 (C3), 137.9 (C1’), 133.6 (C58315 (C2),

4.2.2.15. 1-[2-(Naphthalen-2-yl)phenyl]ethanone 130.7 (C6), 129.3 (C6"), 128.5 (C5"), 128.4 (C21R7.8 (C4),
(12ha, Table 7, entry 6) 127.6 (C3), 126.6 (C4'), 64.8 (GAH); MS (EI, 70 eV): M 212
, (52), m/z 194 (21), 181 (100), 166 (40), 165 (IB3 (47), 152

From 1-iodonaphthalene (91 mg, 0.36 mmol), 1-(2-(72) 77 (37), 76 (27). IR (neat, &) v 1693. Anal. Calcd for

bromophenyl)ethanol (72 mg, 0.36 mmol) usingR; as a base C.H1,05: C, 79.22: H, 5.70 Found: C, 79.14: H, 5.72.
(124 mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmaipdpct

12ha was obtained in 4% yield (4 mg). Eluent: hexane. 4.3.2. 2’-Hydroxymethyl-2-(2"-exo-norbornyl)-[1,17-
biphenyl-3-carbaldehyd&’(R', R = H, Table 3, entry 1)
4.2.2.16. 6-Methyl-6H-benzo[d]naphtho[1,2-

blpyran (13ha, Table 7, entry From (2-iodophenyl)methanol (168 mg, 0.72 mmol)ngsi
) norbornene (34 mg, 0.36 mmol), prodidcivas obtained in 13%
From 1-iodonaphthalene (91 mg, 0.36 mmol), 1-(2-yield (13 mg). Eluent: hexane/EtOAc 9:1. Colorless Ai 1:1

bromophenyl)ethanol (72 mg, 0.36 mmol) using€R; (124 mg,  mixture of two sterecisomers.
0.90 mmol) and TFP (8.3 mg, 0.036 mmol), prodigia was

obtained in 88% yield (88 mg). Eluent: hexane. 'H NMR: & 10.75, 10.72 (1H, 2s, CHO), 7.86 (1H, 2dd, J =
7.4, 1.9 Hz), 7.56 (1H, d further split), 7.42 (1HJtz= 7.5Hz),

4.2.2.17. 1-[2-(4-Methoxynaphthalen-2- 7.35-7.33 (1H, m), 7.29-7.21 (2H, m), 7.18-7.10, (4, 4.40,

yl)phenyllethanone 12ia, Table 7, entry 7) 4.39 (2H, 2s, CHDH), 3.14, 3.04 (1H, 2 pst,J8.5 Hz), 2.39—

2.34, 2.28-2.21 (1H, 2m), 2.21-2.16 (1H, m), 1.7140H8, m);
*C NMR: 5 194.0,193.7, 146.8, 146.6, 141.2, 141.1, 140.8,
mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol). prodda 1406, 138.4, 138.1, 136.4, 136.3, 135.8, 135.1.313129.9,
was obtained in 17% yield (17 mg). Eluent; hexar@/At 97:3. 129.3, 129.2, 128.0, 127.9, 127.3, 127.2, 127.7.Q2125.6,
125.5, 63.1, 63.0, 45.7, 45.6, 43.5, 42.5, 42.3],428.1, 37.5,
4.2.2.18. 12-Methoxy-6-methyl-6H- 37.1, 36.9, 32.7, 31.9, 28.2, 27.8. MS (El, 70 gW)* - 18) 288
Benzo[d]naphtho[1,2-b]pyrani3ia, Table 7, entry  (3), m/z 219 (34), 211 (100), 179 (53), 178 (5%5%60), 67
7) (36). IR (neat, ci): v 1691. Anal. Calcd for GH,,0,: C, 82.32;

From 1-iodo-4-methoxyonaphthalene (102 mg, 0.36 e H, 7.24 Found: C, 82.22; H, 7.14.
(2-bromophenyl)ethanol (72 mg, 0.36 mmol) using-&; (124 4.3.3.  3-Hydroxymethyl-4,5-dimethoxy-[1,1]-biphefA
mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmol), prodiBia  carbaldehyde, R = H, R'= OMe, Table 3, entry 2)
was obtained in 73% yield (74 mg). Eluent: hexar@At 97:3.

From 1-iodo-4-methoxyonaphthalene (102 mg, 0.36 e
(2-bromophenyl)ethanol (72 mg, 0.36 mmol) using-&; (124

From (2-iodo-5-methoxyphenyl)methanol (191 mg, 0.72

4.2.2.19. 3'-Methyl-[1,1'-biphenyl]-2- mmol) using norbornene (34 mg, 0.36 mmol), prodéiovas
yl)(phenyl)methanonel@bb, Table 7, entry §) obtained in 61% yield (59 mg). Eluent: hexane/EtOAR. 8
Colorless oil.

From 2-iodotoluene (79 mg, 0.36 mmol), (2-
bromophenyl)phenylmethanol (95 mg, 0.36 mmol) udrgGOo; '"H NMR: 59.89 (1H, s, CHO), 7.44 (1H, brs), 7.31 (1H, d, J =
(124 mg, 0.90 mmol) and TFP (8.3 mg, 0.036 mmaipdpct 8.1 Hz), 7.14 (1H, d, J = 8.1 Hz), 6.95 (1H, s), B, s), 6.75
12bb was obtained in 9% vyield (9 mg). Eluent: hexane/EtOAc(1H, s), 4.68 (2H, s, C}DH), 3.86 (3H, s), 3.80 (3H,s), 2.61 (1H,
95:5. br s, OH);13C NMR: 6 192.0, 145.6, 141.0, 137.3, 133.4, 133.3,

. 130.3, 128.0, 127.8, 127.5, 126.6, 113.6, 110.8,68b.5, 54.3;

41'%5252?' ;‘l"\"fthy't'G'%I)‘e"y"eH'd'benzo[b’dlPyra” MS (EI, 70 eV): M 272 (44), m/z 254 (15), 241 (100), 221 (20),
( » able 7, entry 165 (90), 153 (41), 107 (65),76 (47). IR (neat, Fm

From 2-iodotoluene (79 mg, 0.36 mmol), (2- V1691 Anal. Caled for GeH:O4: C, 70.57; H, 5.92 Found: C,

bromophenyl)phenylmethanol (95 mg, 0.36 mmol) udhaGO; 70.64; H, 5.82.
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4.3.4. 2'-Hydroxymethyl-4’,5-dimethoxy-2-(2"-exo- ~ 'H NMR: 8 9.97 (1H, s, CHO), 8.04 (1H, d, J = 1.2 Hz),
norbornyl)-[1,17-biphenyl-3-carbaldehyde 7( R* = H, R= 8.01 (1H,d,J=1.2 Hz), 7.91 (1H, dd, J=8.1, 1.], HZ2 (1H,
OMe, Table 3, entry 2) s), 7.61 (1H, d, J = 8.1 Hz), 7. 54 (1H, s), 4.76 (RHCHOH),

Fom (2ot merophenymetanol (151 e, 0723850 328 51,9, 20 (4 o O W
mmo)) using nofbornene (34 mg, 0.36 mmob, produolas 1301, 128.0, 127.8, 1274, 127.0, 126.7, 64.80,581.8; MS
?:ol?)lnsss :)r:I A 1(')1 )r/rl1eixtur(e of tr:]N(‘z)).stergginsc.)meer)éane . (El, 70 eV): M 328 (35), m/z 310 (19), 295 (100), 267 (29), 165
S : (82), 153 (52), 107 (61),76 (60). IR (neat, Ym
'"H NMR: 8 10.67, 10.65 (1H, 2s, CHO), 7.35 (1H, br d, J =v 1721, 1693. Anal. Calcd for GgH:Os: C, 65.85; H, 4.91
2.5 Hz), 7.10 (1H, s), 7.03-7.00 (1H, m), 6.84-6.7, (&), 4.33  Found: C, 65.80; H, 4.82.
(2H, s), 3.84 (3H, s), 3.77 (3H, s), 3.00, 2.91 (1HbsE JD%S;
Hz), 2.31-2.13 (2H, m), 1.81 (1H, s, OH) 1.55-0.9 (8H, . _ _
NMR: 5 194.2, 193.9, 147.7, 147.6, 140.2, 140.0, 14048,7, g%zbﬁgnﬁgél’é éb'gzﬁgﬂ')?"carba'dehyde 7( R= H R=
137.2, 137.0, 136.0, 135.8, 135.6, 135.5, 130.B.912129.3, ' '
129.1, 128.1, 127.9, 127.1, 127.0, 113.6, 113.4,.011110.9, From (5-carbomethoxy-2-iodophenyl)metha(@®10 mg, 0.72
63.2, 63.1, 55.5, 55.2, 54.5, 54.3, 45.6, 45.55,482.4, 42.3, mmol) using norbornene (34 mg, 0.36 mmol), prodlavas
42.1, 38.0, 37.5, 37.0, 36.9, 32.9, 31.9, 28.27.2¥MIS (El, 70 obtained in 13% vyield (15 mg). Eluent: hexane/EtOA8. 7
eV): (M" - 18) 348 (9), m/z 297 (13), 289 (100), 267 (66J9  Colorless oil. A 1:1 mixture of two stereoisomers.

E:l:I)c,dle)? gﬁ)' é?%(i‘g’sgmlg)'léRFéﬂiztj 2”;’51223'HA”7&‘:)‘1 H NMR: & 10.76, 10.74 (1H, 2s, CHO), 8.05 (1H, s), 7.92
§20 B TEEE T T T PRI R TR (1H, d further split, J = 8.1 Hz), 7.82 (1H, s), 7(184, s), 7.45

4.3.5. 5’-Hydroxymethyl-3,4,3",4’-tetramethoxy-1,1pbenyl-  (1H, d, J = 8.1 Hz), 4.42 (2H, s), 3.93 (3H, s), 3.84,(s), 3.08,
2-carbaldehydef{ R, R= OMe, Table 3, entry 3) 3.00 (1H, 2 pst, ﬂ]183.3 Hz), 2.30-2.11 (2H, m), 1.80 (1H, s, OH)
. . 1.60-0.80 (8H, m)**C NMR: 3 194.0,193.8, 166.0, 165.8, 165.7,
mn':éf;muéf;'éoi%‘fsg’;gémgtrggﬁy%hge”g")srgetrzam”ocl’;' ﬁﬁa’fﬂi 165.5, 147.7, 147.6, 140.2, 140.0, 140.8, 140.7,213137.0,
obtained in 51% yield (60 mg)' Elont: hexane/Etoae. g 136:0: 1358, 135.6, 1355, 130.1, 129.9, 129.8,112128.1,
Colorless o : : © 127.9,127.1, 127.0, 125.5, 125.4, 125.1, 125.01,688.1, 52.5,
: 52.2, 51.5, 51.3, 45.4, 45.2, 43.5, 42.2, 42.08/438.5, 37.9,
'H NMR: 5 9.81 (1H, s, CHO), 7.44 (1H, brs),7.31 (1H, d, J =37.0, 36.8, 32.8, 31.9, 28.0, 27.8. MS (El, 70 &W)} - 18) 404
7.8 Hz), 7.07 (1H, d, J =7.8 Hz), 6.87 (1H, s), 4.661,(2, (19), m/z 363 (41), 289 (100), 267 (45), 178 (1B5 (36), 67
CH,0H), 3.95 (3H, s), 3.87 (3H,5), 3.78 (3H, 5), 3.80 (3253  (9). IR (neat, cril): v 1721, 1693. Anal. Calcd for GsH.Og: C,
(1H, br s, OH);®C NMR: & 192.2, 145.5, 141.0, 137.3, 133.3, 71.07; H, 6.20 Found: C, 71.00; H, 6.23.
133.3, 130.0, 128.2, 127.5, 113.4, 113.1, 1111%).9, 64.6, " ,
55.5, 5.3, 54.7, 54.3. MS (I, 70 eV):'1832 (24), miz 314 ﬁ;g’h%'nf,l_'vzl?_tg:rxbyalzd e(ﬁydeexé(’, g%%beorar;yg) 1.1
(35), 301 (100), 165 (88), 153 (51). IR (neat, ¢nv 1693. Anal.
Calcd for GgH,Os: C, 65.05; H, 6.07 Found: C, 65.00; H, 6.02.

4.3.8. 2’-Hydroxymethyl-4’,5-dicarbomethoxy-2-(2"-exo-

From 2-iodoanisole (84 mg, 0.36 mmol) and (2-
bromophenyl)methanol (67 mg, 0.36 mmol) using norboe

4.3.6.2'-Hydroxymethyl-4,5,3",4’-tetramethoxy-2-(2"eex (34 mg, 0.36 mmol), produ@ was obtained in 52% yield (57
norbornyl)-1,1"-biphenyl-3-carbaldehyd@, (R, R= OMe, Table mg). Eluent: hexane/EtOAc 9:1. Colorless oil. A 1:Xtmie of
3, entry 3) two diastereoisomers.

From (6-iodo-2,3-dimethoxyphenyl)methanol, (212 rg;2 'H NMR: & 9.79, 9.76 (1H, 2s further split), 8.03 (1H, d

mmol) using norbornene (34 mg, 0.36 mmol), prodiiocvas  further split, J = 7.8, 1.5 Hz), 7.62 (1H, t, J = A8, 7.50 (1H, t,
obtained in 13% vyield (19 mg). Eluent: hexane/EtOA2.8 J = 7.8 Hz), 7.29 (1H, t, J = 8.0 Hz), 7.22-7.16 (1H, 6195
Colorless oil. A 1:1 mixture of two stereoisomers. (AH, d, J = 8.2 Hz), 6.76 (1H, td, J = 7.4, 1.2 HzB63(3H, s),

'H NMR: & 10.62, 10.60 (1H, 2s, CHO), 7.40 (1H, brs), 7.26%'32’_1255 ((11:" fq)pSt’lmélséfllqi)'(ﬁﬁgng)lHl' ?;?i'ozél(‘;rél'g'gbé{_s)’
(1H, d, J = 7.9 HZ), 7.09 (1H, d, J = 7.9 Hz), 4.28,(8), 3.84 - oo 7. g L M) L2000 AT O

.13, .

(3H. 5). 3.78 (3H, 5, 3.72 (3H. ). 3.66 (3H. <), 3195 (1H, 2 0.62 (2H, m);"*C NMR: & 192.5, 192.3, 158.5, 158.4, 147.0,

146.8, 139.6, 139.5, 133.9, 133.4, 133.2, 133.2.913131.0,
pst, J08.4 Hz), 2.30-2.12 (2H, m), 1.83 (1H, s, OH) 1.55-0.8

®is _ 130.8, 127.7, 127.6, 126.7, 126.6, 126.0, 125.8.212122.8,

(8H, m); ®C NMR: & 192.2, 190.0, 145.7, 145.5, 141.1, 141.0,

111.5, 111.4, 54.8, 44.5, 44.4, 42.9, 42.0, 3879,337.8, 37.7,
137.3, 137.2, 133.3, 133.2, 133.1,133.0, 131.2,.013028.2, ]

37.0, 36.9, 32.9, 32.4, 22.8, 27.7.MS (EI, 70 eVJ: 306 (89),
120.0, 127.5. 127.3, 113.4, 113.3, 113.1,113.0,.311111.1, .

m/z 225 (100), 165 (38), 115 (17). IR (neat, gnv 1693. Anal.
111.0 110.9, 64.6, 64.5, 55.7, 55.6, 55.5, 55.37,584.6, 54.4, ~_ ‘(. GuHnOy C, 82.32: H. 7.24 Found: C, 82.34: H, 7.16
54.3, 45.6, 45.5, 43.5, 42.4, 42.3, 42.1, 38.05,337.0, 36.9, 17222 2y BE=& T T P BT L B

32.9, 31.9, 28.2, 27.7. MS (El, 70 eV): (M18) 408 (15), m/z 4.3.10. 3’-Methoxy-[1,1’]-biphenyl-2-carbaldehyde

357 (19), 349 (100), 267 (35), 178 (38), 165 (45),(22). IR  (3ja, Scheme 4)

(neat, crit): v 1691. Anal. Calcd for GsHyOp: C, 70.40; H, 7.09 From 2-iodoanisole (84 mg, 0.36 mmol) and (2-

Found: C, 70.43; H, 7.06. bromophenyl)methanol (67 mg, 0.36 mmol) using norboe
43.7. 5-Hydroxymethyl-4,3dicarbomethoxy-1,1"-bipkk (34 mg, 0.36 mmol), produ@ja was obtained in 15% vyield (11

2-carbaldehyded, R= H, R= CO,Me, Table 3, entry 4) mg). Eluent: hexane/EtOAc 9:1. Colorless ail.

1 . H —
From (5-carbomethoxy-2-iodophenyl)metha(@10 mg, 0.72 H H7,\(lsl\élRi|-? %3.(.)]2—%'-'6, Sl)’28|_'|05 (7“5_'5 d7 fAlfJ?r’th;[l Sp“tb Jl_H 8
mmol) using norbornene (34 mg, 0.36 mmol), prodéicvas 2), 7.66 (1M, td, J = 7.6, 1.2 Hz), 7.55-7.43 (2H, T)0 (1H,

l) using norborl _ 8S_{ 3'=7.6 Hz), 7.05-6.96 (3H, m), 3.88 (3H, ¥C NMR: 5
Ocml:;eegs n 71% yield (83 mg). Eluent: hexane/BtOAB. 7 1o ) 1160 "138.1, 137.7, 133.7, 133.5, 130.9.713128.6,

128.2, 127.3, 116.7, 105.4, 55.2; IR (neat ' 1693; MS (EI,
70 eV): M 212 (29), m/z 196 (100), 183 (28), 152 (60).Anal.
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Calcd for GH,,0,: C, 79.22; H, 15.08. Found: C, 79.26; H,
15.00.

4.3.11. 5’-Methoxy-3'-methyl-2'-d-[1,1']-
biphenyl-2-carbaldehyde-formyl-dlLQ, Scheme
6)

From 1l-iodo-4-methoxy-3-methylbenzene (89 mag,
mmol) and 2-bromobenzenemethan-d2-ol (68 mg, 0.2&oln
using norbornene (34 mg, 0.36 mmol), prodi@twas obtained

in 85% yield (69 mg). Eluent: hexane/EtOAc 97:3. Niexane):
66 °C.

'H NMR: & 8.04 (1H, dd further split, J = 7.8, 1.6 Hz, H3),
7.64 (1H, td, J = 7.6, 1.6 Hz, H5), 7.54 (1H, td furtbglit, J =
7.6, 1.2 Hz, H4), 7.48 (1H, dd, J = 7.8, 1.2 Hz, H631§1H, d
further split, J = 2.4 Hz, H4'), 6.75 (1H, furthedisp) = 2.4 Hz,
H2"), 3.86 (3H, s), 2.42 (3H, s)’C NMR:5192.3 (1:1:1 t,Jp =
26.6 Hz, CDO), 159.5 (C3’), 146.0 (C1), 139.5 (C3*}8B
(C1), 133.7 (C2), 133.5 (C5), 130.5 (C6), 127Q4f, 127.3
(C3), 123.6 (1:1:1 t, o} = 25.6 Hz, C6), 114.5 (C4), 112.8
(C2"), 55.3, 21.5; MS (El, 70 eV): M228 (93), m/z 200 (100),
169 (47), 154 (42). IR (neat, & v 1690. Anal. Calcd for
C1sH1.D,0,: C, 78.92; H, 7.06 Found: C, 78.99; H, 7.02.

4.3.12. 3,4,6-Trimethyl-6H-dibenzo[b,d]pyran
(13la, R', R°= Me, R’=H, R*= Me, Table 7,
entry 2).

From 1-iodo-2,3-dimethylbenzene (84 mg, 0.36 mmaol)l 1-
(2-bromophenyl)ethanol (72 mg, 0.36 mmol) usingboonene
(34 mg, 0.36 mmol), produdBla was obtained in 75% yield (60
mg). Eluent: hexane. Mp. (hexane): 62 °C.

'H NMR: 5 7.74 (1H, dJ = 7.6 Hz), 7.55 (1H, d] = 7.6 Hz),
7.40 (1H, t,J = 7.6 Hz), 7.33 (1H, t) = 7.2 Hz), 7.22 (1H, d
further split,J = 7.2 Hz ), 6.92 (1H, dl = 8.0 Hz), 5.32 (1H, g]
= 6.2 Hz), 2.37 (3H, s), 2.28 (3H, s), 1.68 (3HJ &,6.2 Hz);"*C
NMR: & 151.4, 138.3, 135.6, 130.2, 128.0, 127.2, 12528.9,
123.0, 122.1, 120.1, 120.0, 73.59, 20.20 (2C),@IMS (El, 70
eV): M" 224 (17),m/z 209 (100), 178 (9), 165 (31), 152 (18).
Anal. Calcd for GgH,0: C, 85.68; H, 7.19 Found: C, 85.64; H,
7.12.

4.3.13. 1-(3',4'-dimethyl-[1,1'-biphenyl]-2-
yl)ethanone {2la, R', R°= Me, R’*=H, R'= Me,
Table 7, entry 2).

From 1-iodo-2,3-dimethylbenzene (84 mg, 0.36 mraol) 1-
(2-bromophenyl)ethanol (72 mg, 0.36 mmol) usingboonene
(34 mg, 0.36 mmol), produdla was obtained in 9% yield (7
mg). Eluent: hexane. Colorless oil.

'H NMR: & 7.55 (1H, ddJ = 8.0, 1.8 Hz) 7.51 (1H, d§ =
7.21, 1.6 Hz) 7.44-7.38 (2H, m), 7.21 (1H,Xd 7.6 Hz), 7.15
(1H, brs), 7.09 (1H, dd] = 7.6, 1.6 Hz ), 2.34 (3H, s), 2.33 (3H,
s), 2.04 (3H, s'C NMR: & 205.3, 140.9, 140.7, 138.3, 137.0,
136.4 , 130.6, 130.2, 130.0, 129.9, 127.8, 1272K.3, 30.4,
19.8, 19.5. MS (El, 70 eV): M224 (100),m/z 178 (29), 165
(13), 152 (10). IR (neat, chr v 1687. Anal. Calcd for GgH,cO:

C, 85.68; H, 7.19 Found: C, 85.58; H, 7.24.

4.3.14. 4-1sopropyl-6-methyl-6H-dibenzo[b,d]pyran
(13aa, R'= iPr, R?,R’>=H, R’= Me, Table 7, entry
3).

From 1--iodo-2-isopropylbenzene (89 mg, 0.36 mraoijl 1-
(2-bromophenyl)ethanol (72 mg, 0.36 mmol) usingboonene
(34 mg, 0.36 mmol), produ@Baa was obtained in 82% vyield (70
mg). Eluent: hexane. Colorless oil.

Tetrahedron

'H NMR: § 7.74 (1H, dJ) = 7.6 Hz), 7.63 (1H, ddl = 8.0, 1.6
Hz), 7.38 (1H, tdJ = 7.6, 1.6 Hz), 7.32 (1H, td = 7.21, 1.6
Hz), 7.25-7.18 (2H, m), 7.05 (1H, t, J = 7.6 ), 5.86,(quart, J =
6.4 Hz), 3.41 (1H, quint, J = 7.2 Hz), 1.66 (3H, d, 6.4 Hz),
1.31 (3H, d, J = 6.4 Hz), 1.30 (3H, d, J = 6.4 H®)NMR (100
MHz): & 150.7, 137.6, 136.0, 130.0, 128.0, 127.5, 12623,8]

0.36122.5, 122.4, 121.5, 120.7, 73.4, 27.1, 22.7, 2208), MS (ElI,

70 eV): M 238 (7),m/z223 (100), 178 (19), 165 (26), 152 (11).
Anal. Calcd for GHyO: C, 85.67; H, 7.61 Found: C, 85.44; H,
7.52.

4.3.15. 1-(3'-isopro[i')yl-[1,1'-bipheny|]-2-
yl)ethanone {2aa, R'= iPr, R? R*=H, R'= Me,
Table 7, entry 3).

From 1-iodo-2-isopropylbenzene (89 mg, 0.36 mmalj a-
(2-bromophenyl)ethanol (72 mg, 0.36 mmol) usingboonene
(34 mg, 0.36 mmol), produdRaa was obtained in 7% yield (6
mg). Eluent: hexane. Colorless oil.

'H NMR: § 7.60-7.55 (1H, m), 7.55-7.50 (LH, m), 7.47—7.41
(2H, m), 7.37 (1H, dJ = 8.0 Hz), 7.31-7.26 (1H, m), 7.22-7.20
(2H, m), 2.97 (1H, m, J = 6.8 Hz), 1.99 (3H, s) 1.3A,(d,J =
6.8 HZ);13C NMR: 6 205.2, 149.4, 141.1, 140.9, 140.6, 130.7,
130.1, 128.7, 127.8, 127.3, 127.2, 126.2, 126.11,30.4, 24.0
(2C). MS (El, 70 eV): M 238 (100)m/z223 (65), 178 (34), 165
(67), 152 (54). IR (neat, chr v 1688. Anal. Calcd for G;H;4O:

C, 85.67; H, 7.61 Found: C, 85.34; H, 7.57.

4.3.16. 3,4,6,6-Tetramethyl-6H-dibenzo[b,d]pyran
(15laa, Table 9, entry 1).

From 1-iodo-2,3-dimethylbenzene (84 mg, 0.36 mraol) 2-
(2-bromophenyl)propan-2-ol (77 mg, 0.36 mmol) using
norbornene (34 mg, 0.36 mmol), prodd&taa was obtained in
86% vyield (73 mg). Eluent: hexane. Colorless oil.

'"H NMR: 8 7.73 (1H, d, J = 7.8 Hz), 7.51 (1H, d, J = 7.9 Hz),
7.36 (1H, "t” further split, J = 7.6 Hz), 7.32-7.28H, m), 6.88
(1H, d, J = 8.0 Hz), 2.34 (3H, s), 2.24 (3H, s), 1887 (6H,
23);130 NMR: § 150.6, 139.2, 138.1, 129.4, 127.5, 127.3, 125.6,
123.0, 122.6,122.1, 119.9, 119.7, 77.3, 27.5 (2G4, 11.5; MS
(El, 70 eV): M 238 (11),m/z223 (100), 178 (14), 165 (19), 152
(12). Anal. Calcd for gH,¢O: C, 85.67; H, 7.61 Found: C,
85.69; H, 7.58.

4.3.17. 6,6-Diethyl-3,4-dimethyl-6H-
dibenzo[b,d]pyran {5lbb, Table 9, entry 2).

From 1-iodo-2,3-dimethylbenzene (84 mg, 0.36 mraol) 3-
(2-bromophenyl)pentan-3-ol (88 mg, 0.36 mmol) using
norbornene (34 mg, 0.36 mmol), prodd&tbb was obtained in
86% vyield (73 mg). Eluent: hexane. Colorless oil.

"M NMR: 8 7.77 (1H, dJ = 7.6 Hz), 7.51 (1H, d] = 8.0 Hz),
7.35 (1H, tdJ= 7.6, 1.2 Hz), 7.29 (1H, td,= 7.6, 1.2 Hz), 7.16
(1H, d further splitd = 7.2 Hz), 6.85 (1H, dJ = 8.0 Hz), 2.34
(3H, s), 2.26 (3H, s), 2.05-1.92 (4H, m), 0.95 (6H) & 7.6
Hz);*C NMR: § 150.7, 138.1, 136.2, 130.2, 127.3, 126.8, 125.2,
124.6,122.2,122.0, 119.5, 119.2, 82.5, 30.5 (2a), 11.5, 8.3
(2C); MS (El, 70 eV): M 266 (7),m/z 237 (100), 222 (9), 178
(14), 165 (10). Anal. Calcd for ;6H,,0: C, 85.67; H, 8.32.
Found: C, 85.64; H, 8.35.

4.3.18. 6,6-Diethyl-2,4-dimethyl-6H-
dibenzo[b,d]pyran {5cbb, Table 9, entry 3).

From 1-iodo-2,4-dimethylbenzene (84 mg, 0.36 mmaol)l 3-
(2-bromophenyl)pentan-3-ol (88 mg, 0.36 mmol) using
norbornene (34 mg, 0.36 mmol), prodd&tbb was obtained in
98% vyield (93 mg). Eluent: hexane. M.p.(hexane)°@1



'H NMR (300 MHz):8 7.77 (1H, dJ = 7.6 Hz), 7.40 (1H, br
s), 7.34 (1H, tdJ = 7.6, 1.2 Hz), 7.29 (1H, td = 7.6, 1.2 Hz),
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'"H NMR: & 7.89 (1H, d, J = 7.6 Hz), 7.80-7.75 (1H, m),
7.51 (1H, d further split, J = 8.0 Hz), 7.34, 7.3H (partly

7.15 (1H, ddJ = 7.6, 1.6 Hz), 6.95 (1H, br s), 2.36 (3H, s), 2.280verlapped, td, J = 7.5, 1.6 Hz, td, J = 7.6, 1.6, H430-7.13

(3H, s), 2.02-1.90 (4H, m), 0.93 (6HJt= 7.6 Hz);"*C NMR: &
148.8, 136.7, 131.4, 130.0, 129.3, 127.2, 127.®.5,2124.7,
122.2, 120.9, 120.6, 82.2, 30.5 (2C), 20.9, 15.3, (8C); MS
(El, 70 eV): M 266 (5),m/z 237 (100), 222 (7), 178 (10), 165
(6). Anal. Calcd for @H,,0: C, 85.67; H, 8.32. Found: C, 85.74;
H, 8.28.

4.3.19. 4,6-Dimethyl-6-phenyl- -6H-
dibenzo[b,d]pyran {5bac, Table 9, entry 4)

From 2-iodotoluene (84 mag,
bromophenyl)-1-phenylethanol (99 mg, 0.36 mmol) ngsi
norbornene (34 mg, 0.36 mmol), proddébac was obtained in
86% vyield (88 mg). Eluent: hexane. Colorless oil.

'H NMR: § 7.79 (1H, d further split, J = 8.2 Hz), 7.55 (1H, d

further split, J = 7.6 Hz), 7.45 (1H, td, J = 7.5 Hz), 7.39 (1H,
td, J = 7.2, 1.2 Hz), 7.36-7.30 (3H, m), 7.28-7.18,(8), 7.10
(1H, d further split, J = 7.2 Hz), 6.90 (1H, t, J B Hz), 2.42
(3H, s), 2.11 (3H, s)P®C NMR: & 151.1, 145.2, 137.2, 130.7,
130.0, 128.1, 127.9 (2C), 127.34, 127.33, 126.%.2132C),
125.4, 122.8, 122.4, 121.1, 120.6, 81.0, 28.6,;183 (El, 70
eV): 286 (36) (M), m/z 271 (100), 209 (32), 165 (10). Anal.
Calcd for GyH,40: C, 88.08; H, 6.34. Found: C, 88.01; H, 6.39.

4.3.20. 6-Methyl-6-phenyl-4-isopropyl-6H-
dibenzo[b,d]pyran {5aac, Table 9, entry 5)

From 1-iodo-2-isopropylbenzene (89 mg, 0.36 mmalj a-
(2-bromophenyl)-1-phenylethanol (99 mg, 0.36 mma§ing
norbornene (34 mg, 0.36 mmol), prodd&aac was obtained in
93% vyield (104 mg). Eluent: hexane. Colorless oil.

0.36 mmol) and 1-(2-

(1H, m), 7.04 (1H, t, J = 7.8 Hz), 1.57 (6H, S& NMR: § 150.4,
135.7, 128.0, 128.1, 127.4, 126.2 (quddy = 5.0 Hz), 126.1,
125.0, 123.9 (quartler = 270.9 Hz), 122.8, 122.2, 120.1, 119.4
(quart,Jc r = 30.5 Hz), 84.0, 27.5 (2C); MS (El, 70 eV)" 78
(7), m/z249 (100), 232 (10), 221 (23), 165 (14). Anal. @dior
Cy¢H13F50: C, 69.06; H, 4.71. Found: C, 69.12; H, 4.53.

4.3.23. 6,6-Diethyl-4-trifluoromethyl-6H-
dibenzo[b,d]pyran {5kbb, Table 9, entry 8)

From 1-iodo-2-(trifluoromethyl)benzene (98 mg, 0:13énol)
and 3-(2-bromophenyl)pentan-3-ol (88 mg, 0.36 mma)ng
norbornene (34 mg, 0.36 mmol), prodaékbb was obtained in
80% vyield (87 mg). Eluent: hexane. Colorless oil.

'H NMR: § 7.88 (1H, d, J = 7.6 Hz), 7.81-7.73 (1H, m), 7.51
(1H, d further split, J = 8.0 Hz), 7.38, 7.36 (2H padverlapped,
td, J=7.6, 1.6 Hz, td, J = 7.7, 1.6 Hz), 7.20-{1#3, m), 7.03
(AH, t, J = 7.9 Hz), 2.01 (4H, quart, J = 7.6 Hz), Q&H, t, J =
7.6 Hz);®C NMR: & 151.4, 136.0, 128.2, 128.1, 127.6, 126.5
(quart, &= 5.0 Hz), 126.2, 125.0, 123.7 (quatts 3 270.9 Hz),
122.9, 122.2, 120.0, 119.1 (quartrJF 30.5 Hz), 84.2, 30.9
(2C), 7.9 (2C); MS (EI, 70 eV): M306 (3),m/z277 (100), 262
(12), 249 (10), 165 (9). Anal. Calcd forH;/F0: C, 70.58; H,
5.59. Found: C, 70.60; H, 5.53.
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7.05. Found: C, 87.81; H, 7.00.

4.3.21. 6-Methyl-6-phenyl-6H-benzo[d]naphtho[1,2-

blpyran (15hac, Table 9, entry 6)

From 1-iodonaphthlene (91 mg, 0.36 mmol) and 1-(2-

bromophenyl)-1-phenylethanol (99 mg, 0.36 mmol) ngsi
norbornene (34 mg, 0.36 mmol), proddéhac was obtained in
88% vyield (101 mg). Eluent: hexane. Colorless oil.

'H NMR: § 8.59 (1H, d, J = 7.6 Hz), 7.87-7.78 (3H, m), 7.63

(1H, td, J = 8.0, 1.2 Hz), 7.59-7.41 (7H, m), 7.27+73H, m),

2.26 (3H, s);"®C NMR: & 148.3, 145.0, 136.6, 134.3, 129.8,

128.2, 128.2, 127.9, 127.8, 127.6, 127.3, 126.4.9.72C),
125.7, 125.4, 122.4, 122.2, 121.2, 120.6, 81.75;281S (El, 70
eV): 322 (48) (M+), m/z 307 (100), 245 (42), 215)1202 (11).

Anal. Calcd for GH;0: C, 89.41; H, 5.63. Found: C, 89.56; H,

5.53.

4.3.22. 6,6-Dimethyl-4-trifluoromethyl-6H-
dibenzo[b,d]pyran {5kaa, Table 9, entry 7)

From 1-iodo-2-(trifluoromethyl)benzene (98 mg, 0:136nol)
and 2-(2-bromophenyl)propan-2-ol (77 mg, 0.36 mmam)ng
norbornene (34 mg, 0.36 mmol), prodd&kaa was obtained in
88% vyield (87 mg). Eluent: hexane. Colorless oil.
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from CIRCC and D.X. from the Beijing Institute of Tewlogy,
Beijing, PR China.
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3'-Hydroxymethyl-1,1'-biphenyl-2-carbaldehyde, ]}, R’ = H, Table 3)
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2'-Hydroxymethyl-2-(2"-exo-norbornyl)-1,1'-biphemya-carbaldehyde?( R*,R? = H, Table 3)
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3'-Hydroxymethyl-4,5'-dimethoxy-1,1’-biphenyl-2-daaldehyde , R* = H, R= OMe, Table 3)
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2'-Hydroxymethyl-4’ 5-dimethoxy-2-(2"-exo-norbornyl,1'-biphenyl-3-carbaldehyde&’(R* = H,

R? = OMe, Table 3)
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5'-Hydroxymethyl-3,4,3’ 4"-tetramethoxy-1,1'-biphgh2-carbaldehyde 6 R', R? = OMe, Table
3)
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2’-Hydroxymethyl-4,5,3’,4’-tetramethoxy-2-(2"-exoerbornyl)-1,1’-biphenyl-3-carbaldehyde 7, (
R!, R* = OMe, Table 3)
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5'-Hydroxymethyl-4,3'-dicarbomethoxy-1,1'-biphengicarbaldehyde§ R* = H, RR = COMe,
Table 3)
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2'-Hydroxymethyl-4’ 5-dicarbomethoxy-2-(2"-exo-narmyl)-1,1'-biphenyl-3-carbaldehyd&,(R*
= H, R = COMe, Table 3)
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3-Methoxy-2-(2"-exo-norbornyl)-1,1’-biphenyl-2’-caaldehyde §, Scheme 4)
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3’-Methoxy-[1,1']-biphenyl-2-carbaldehyd@j@, Scheme 4)
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5’-Methoxy-3’-methyl-2'd-[1,1']-biphenyl-2-carbaldehyde-formy<(10, Scheme 6)
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3,4,6-Trimethyl-6H- dibenzo[b,d]pyraddla, R', RZ = Me, R = H, R = Me, Table 7)
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1-(3',4’-dimethyl-[1,1"-biphenyl]-2-yl)ethanond?la, R', RZ = Me, R = H, R = Me, Table 7)
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iPr, R, R =H, R = Me, Table 7)

4-1sopropyl-6-methyl-6H-dibenzo[b,d]pyrafidaa, R
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iPr, R, R =H, R = Me, Table 7)

1-(3-isopropyl-[1,1'-biphenyl]-2-yl)ethanon&2aa, R*
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3,4,6,6-Tetramethyl-6H-dibenzolb,d]pyratblaa, Table 9)
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6,6-Diethyl-3,4-dimethyl-6H-dibenzo[b,d]pyra®5{bb, Table 9)
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6,6-Diethyl-2,4-dimethyl-6H-dibenzo[b,d]pyrah5cbb, Table 9)
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6-Methyl-6-phenyl-4-methyl-6H-dibenzo[b,d]pyraibpac, Table 9)
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6-Methyl-6-phenyl-4-isopropyl-6H-dibenzo[b,d]pyrétbaac, Table 9)
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6-Methyl-6-phenyl-6H-benzo[d]naphtho[1,2-b]pyrdiblijac, Table 9)
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6,6-Dimethyl-4-trifluoromethyl-6H-dibenzo[b,d]pyrd@bkaa, Table 9)
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6,6-Diethyl-4-trifluoromethyl-6H-dibenzo[b,d]pyrdd5kbb, Table 9)
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