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Abstract

Project Code : TRG4680008
Project Title : New Syntheses of Central Binaphthalene Building Block, Core of the

Anti-HIV Michellamine Alkaloids, Using Organoiithiation Reactions

Investigator : Mr. Nopporn Thasana ,
Institute : Chutabhorn Research Institute
E-mail Address : nopporn@ecri.or.th
Project Period : 1 July 2003 - 30 June 2005

- The syntheses of diospyre! were reported. Diospyrol isolated from Diospyros
mollis Griff., a shrub growing in South-East Asian countries, was used as an
anthelmintic. It has a dimeric naphthalene skeleton with a C-2/C-2' linkage as the core
of michellamine, the dimeric naphthylisoquinctine alkaloid. Michellamines B has shown
in vitro activity against human immunodeficiency virus (HIV) strains in lymphocyies in
culture. In this chemistry, the chemistry of organofithiation reaction was applied to the 3
synthetic rouies of diospyrol. It was not only used as crucial steps for the synthesis of
all of the key intermediates but also in the last steps for the ring closure of diospyrol
synthesis. All the steps were efficient routes and prepared from available materials.

The first, using organdlithiation and transmetallation the key intermediate, 1,6-
dibenzamidehexa-2 4-diene, was achieved from 2 molecules of 2-alkoxy-4-
methylbenzamide and a molecule of dibromo-2,4-hexadiene. The ring closure to form
diospyrol was also studied using organolithiation cyclization and various bases.

The second, the key intermediate of this route was successfully prepared using
organocfithiation and transmetallation at C-4 and C-4' positions of biarylcarboxamide.
The LI/M species was then trapped with B-methalyichioride. The formation of diospyrol
by ring closure was successiully studied using various lithium bases.

in the last step, organolithiation was applied fo the synthesis of naphthol which
was further used to prepared both halonaphthalene and naphthalene boronic acid as
key intermediates. Diospyrol was achieved through the key intermediates by both the
convenient classical Suzuki cross-coupling reaction and the modified Suzuki cross-
coupling reaction.

Keywords : Diospyrol, Binaphthatene, Organolithiation Reaction



Executive Summary

Route A (8+6+8): Synthasis of diospyrof via bisallylation and doublecyclization

In the first route, we accomplished the preparation of key intermediate 2 using directed
orthe metalation (DoM} and transmetalation followed by double afiylation. Various base and
mathodolegies for cyclization to binaphthalene have been used but the cycization product was not
observed. Now compound 2 is still under investigation for the cycilization.

1) HNR;R;, DCC, 1) 1hul}, TMEDA
_DwF. 100% NRyRz THF, -78°C
2) Rx or Me,scx1 2) Iransmetalation
3} B g,
8

aR=Me Ry = Rg EL 55%
b R = Pr. R; = H, Ra = CMeoPh, 35%
<R = Me, R, = H, Ry = CMePh, 19%

2 o OR
aR = Me. Ry = Ry = EL 15-52%
b R = £Pr, Ry = H, Ry = CMe;Ph, 0%

Route B {4+7+7+4): Synthesis of diospyrol via DoM/Fries rearrangement, transmetalation,

blallylation and doublecyclization

In this route, we have successfully developed a direct approach for the conversion of
biphenol fo binaphtho) and applied to the synthesis of diospyrol. The application of directed ortho
matalation {DoM), Fries rearrangement and transmetalation followed by allylation and cyclization is
reported for the conversion of biphenal to binaphthol as a means for the synthesis of diospyrol. The

mathodalogy should be applicable to the synthesis of related oxygen heterocycles.



o OR 1) HBuLL, TMEDA,
tEuL, TMEDA, NEl, _ THF,-78°C

wr,7ec D2 2) transmetalation
B0% QR 0 3 C!/\(

WRSH ] CICONEI; NoH. 08 =H R, NeH,
19 R = CONEt - DMF 75% 1Ta R = Me, 34% DMF

170 R = FPr, $00%

STCR = CHy, 99%

NEL; DA or Mel

Etal
THF, -78°C
1
o R =Me, 90% a R*= Me, 67-75%
bR = {1, 48-53% b R = AP, 19-52%
¢ R =-CHy, 47% ¢ R' = -CHy-, comphex

Route C (11+11): Synthesis of diospyrof via modified Suzuki cross-coupling reaction

In the last route, we havae successfully synthesized tetramethoxydiospyrol using classical
and modified Suzuki-Miyaura  cross-coupling  reaction of naphthalene  derivatives.
Tetramsthexydiospyrol was synthesized from the two key intermediates, halonaphthalene and
naphthaleneboronic acid derivatives. The naphthel was synthesized via the cyclization of ortho-
allylbenzamide intermediate. Mareover, telramethoxydiospyro! could be conveniently obtained by a
one-pot modified i sity Suzuki coupling. The iodonaphthaleng was found to meact more efficiently

than bromonaphthatene in the cross-coupling reaction.

COMe OMe O OMe OH
1) +8ull, THF LDA, THF
NEI, 78C, TMEDA NEl -78°C, 60% OO
2 e, N g
3) ally) bromide
6a 78% 23 24
1) Xg, t-BulHy,
1} A-Bull, THF, -78 9C, 2} B{OMe)y lolvens
2) Mal, Nat,
3) PA{PPHy);, KpCOq, Tol:EWOH:HZO, raflux DMF
from Sa, 21%, from 8b, 16%
Otde OMe OMe Obde
PG{PPH;). K2CO3. V) a-Bull, THF,
_ TOLEOHHO, reflux B{OHE  7aoc X
from Ga, 40% O‘ 2} 8(OMa), Oe
from &b, 70% 3) 2N HCI
4, 72% from 5a 5
aX = Br.37%
25, PdClydppt bX =1 53%
-B, :l: KzCOy, dioxane, 80 °C

from 5a, 47%, from 5k 55%
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New Syntheses of Central Binaphthalene Building Bfock,
Core of the Anti-HIV Michellamine Alkaloids,

Using Organolithiation Reactions

Introduction
Diospyrol (R = R’ = H} was isolated from Diospyros moliis Griff., a shrub growing in South-
East Asian countries. i has a dimeric naphthalene skeleton with a C-2/C-2’ linkage between both:-the

1-naphthol ring system‘l

DigspyreltetraGlu R = R* = Glu
Diospyrel = R'a H

Figure 1 Diospyrol derivatives

In Thailand, extracts of the fresh berries of this plant, 2-2.5 cm in diameter in summer, have
fong been used as an anthelmintic and the black berries are used as a black dye.2 Diospyro! was
obtained by extraction with erther,m acatone or ethanoi followed by precipitation with aguecus acstic
acid. The phenol, especially diospyrof, was assumed to be the main constituent for anthelmintic

action and dying.

Figure 2 Diospyrol mollis

Michellamines are a growing class of nove! naphthylisoguinoline alkaloids.3 They were
isolated from the tropical Cameroonian liana Ancisfrociadus korupensis (Ancistrocladaceae) which is
a rich source of structurally, biosynthetically, and pharmacclogically intriguing mono and dimeric
naphthylisoguinoline alkaloids.” Michellamines are unprecedented dimeric naphthylisogquinoline
alkalolds with a C-5/C-8' linkage betwsen the naphthalena and the isoguinoiine ring system.
Michellamines B, along with its isomers, michellaming A and C, has shown in vitro activity against

human immuncdeficiancy virug (HIV) strains in fymphocytes in culture. It has been reported to
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profeci human lymphoblastoid CEM-SS cells against 11 strains of HIV-1 with EC;, values of 1 io 13
HM and low toxicity to the cells. Michellamine B, the most studied compound of this group, aiso
showed interesling aclivity to protect MT-2 cells from both AZT-resistart and pyridone-resistant
strains of HIV-L“ Their structures are composed of two important units, 1,3-

dimethyltetrahydroisoguinoline and the core binaphtho! whose structure resembled diospyrol.

michellamine michallaming C

micheliamine D michallamine E michaliamine F
Figure 3 Micheltamine aikaloids

Moreover, monomeric naphthylisoguinoline alkaloids, korupensamine A-D, with a C-5/C-8
linkags between the naphthalens and the isoquincline ring system, isofated from the same plant, A.
korupensis, was essentially Inactive against Hl\,‘.4 In confrast, they have shown significant
antimalarial aclivity against Plasmodium falciparum and P. berghei whereas the micheflamines

exhibited very weak antimalarial activity.”

korupensamine A korupensarmine B kerupensaminag C korupensamine A

Figure 4 Korupensamine alkaloids
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As well as the ancistrobertsonine atkaloids, isofated from Ancistrocladus robertsoniorum, a
tropical liana indigenous o Kenya, belonging to the small monogeneric family of Ancistrocladaceze,
showed moderate antimalaria ac:ivi!ies.5 Diencophyliines alkaloids, the chemical constituents of the
small tropicat plant famities Dioncophyllaceae and Ancistrocladaceae, showed a broad spectrum of
biological activities. As an exampile, dioncophyliine B, isolated from tha West African Hana, endemic
to the tvory Coast, Sierra Lacne, and Liberla, Triphyvophviium pefiatum {Hutch. et Dalz.},6 showed

high antimalarial and fungicidal activities.”

Qke
anclstrobertsomine A anclstrobertsomine B ancistrobertsomine C ancistrobartsaomine D
OH OMe

Me O
dioncophyline A dioncophyling 8 dioncophyline C dioncophyline D
Figure § Ancistroberisonine and dicncophylline atkaiocids

Not only have monomeric paphthylisoquinoline alkaloids been shown to have significant
antimatarial activity but some unusual dimeric naphthylisoquinoline atkaloid, jozimine A.s was found to
exhibit weak antimalarial activity as well as the unnatural ‘dimer’ of the ancistrocladine alkaloid,
jozimine B, a constitutionally unsymmetric bis;—na\pmhﬁs.c»quinolina‘a Whereas jozimine C, prepared by
oxidative dimerization of dioncophylline C, showed a good poriion of anti-HIV activity, its antimalarial

activity was towar than that its natural monomeric haI{.3

Jozlmine A {PY-]ozimine B

Figure 6 Jozimine alkaloids
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Since the detection of micheflamines, & broad series of natural and unnatural dimeric
naphthylisoquinolines have been synthesized, aiming at the discovery of hopefully more active and
simuitanecusly less toxic structural analogs.g‘13 The synthesis of this Interesting structural feature
chalienged many synthetic groups to establish the pharmacophoric elaments necessary for anti-HIV
aclivity and to provide a source of antimalarial drug more accessible than nafural sourcas.

Most biaryl compounds were synthesized by organometallic chemistry using catalytic cross
coupling reactic)n.“ A general aim of transition metal-catalysed organic synthesis is carbon-carbon
(C-C) bond formation. In this respect, the Palladium-catalysis cross coupling is one of the most

efficient methods for the construction of C-C bond.

M 1

2 = Ra—
R | R i FNR

L e or NP | ==

X
P

X =Hal M = MgX Kharasch
X=Hal OTf M =SnR, Stille
X =Hal M = ZnX Niglshl
¥ = Hal M = B{OR), Suzukl

Scheme 1 C-C Bond formation by organometatlic chemistry using Pd or Ni catalysis cross-coupling

The most commonly used catalytic methods in naphthylisoguinoline alkaloid synthesis are
Suzeki-Miyaura coupling {orgar‘;ot:vora-!‘aes),10 Negishi coupling (organozines).m and Stille coupling
{organa:}stamafwes}.m"11 Thae Suzuki-Miyzura cross coupling reaction is the most popular in recaent
fimes to produce biaryl .::c:umpcumc!s.‘5 In some cases, moreover, the organocopper.wg'ﬁ
organosil\.fer,"m"2 and organoieaad12 reactions have bean used in the oxidative coupling reaction.
These reactions enable the preparation of both symmetrical and wnsymmetrical biaryls in & ¢ross-
coupling reaction and invariably proceed using either palladium or nickel catalysts. Bringmann ef. al.
daveloped the lactone methodology to synthesize the regic and stereoselective of axially chiral
naphthylsoquinoline alkaloids and other micheflamine-‘half derivatives."”

The dimeric naphthylisequinofines were typically synthasized in two fashions. Tha first is the
synthesis of binaphthalene core (buiiding biock) and consequently coupling with two equivalents of

isoquinoline species using organometalic cross-coupling reaction {Scheme 2}. s

OR
michellamines
Scheme 2 Synthesis of michellamines by organometailic cross-coupling of binaphthalena core with

OR

isoquingline
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The second is the synthesis of monomeric half, naphthylisoquinofine alkaloids, and using
0deo. 12

organomaetallic reaction to form oxidative dimerization (Scheme 3).'

. OR : mlchellamines
Scheme 3 Synthesis of michellamines by oxidative dimerization of naphthylisoquinolines
From both methodologies, the binaphalene derivatives and monomeric naphthylisoguinoline
alkaloids are also biaryl compounds which synthesized by the arganometaiiic coupling reaction either

two molecules of naphthalene units or a naphthalens unit and an isoquinoline.
OR'

Scheme 4 Two synthetic pathways of binaphthalene and naphihylisoquinocline from naphthalene

Cver the years, the synthesis of diospyrol dervalives has challenged many
synthetic groups,” The interest in this molecule has been intensified by the isolation of the
binaphthylisoquinoiine alkaloids reported to exhibit many aclivites. We aisc are Interested o

synthesize dimeric core of diospyrol derivative using organclithiation adduct as key intermediates.
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Results and Discussion

Retrosynthefic analysis

At first we undertook the syntheses of centrat core of michellamine alkaloids from double
allylationfcyclization of both intermediates 2 {route A) and 3 {route B). In route A, bisallyl core could
be generated via dianion formation and ring closure fo form binaphthol. On the other hand biallyl

intermediate 3 couid also be formed via dianion and cyclized o binaphthalene derivatives 1.

OR O

oC= COLf 1 QLI
A B
Wi o ElyN
o] ¢ NEL,
EtN ar  OF o} OR'

Scheme 5 Retrosynthetic plans of binaphthalene derivatives 1

During this work we extend to route C, breaking the C, symmeiric bond gave rise fo two
naphthalene units. Using the organolithiation reaction, we planned to synthesize both
naphthaleneboronic acid 4 and halonaphthalens 5 and then Suzuki cross-coupling reaction to form
binaphthalene derivatives 1.

Route A (8+6+8): Synthesis of diospyrol via bisaflyfation and doublecyclization

Bisailylation

N N NN H DoM/Transmetalation
Br

Amidalion
OH fee NRz

7 8
Scheme 6 Retrosynthetic plan of diospysol derivative 1 via bisallylation and doublecyckzation

The first stage of the synthesis of diospyrol 1 on this route required the preparation of 2-
alkoxyl-4-methylbenzamide 6 which was used as precursor of key intermediate 2. Compound & couid
be synthesized from d4-methylsalicylic acid 7 by amidation and methylation (R = Me) or
isopropoxylation (R = i-Pr). Blallylation of compound 6 with 1,6-dibromohexa-2 4-diene 8 using

DoMftransmetalation could yield to key intermediate 2 as shown in Scheme 6.
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Synthesls of N N-dialkyl-2-alkoxyi-4-methylbenzamide 6

OH 0O H OO
/@*on HNR, Ry, DCC NRiR; 2] RX of b} Me,SO, /éjmlnz
OMF. 100 °C NaH, OMF

T 92 R, = Ry = Et, 66% 68 R = Me, Ry = Rz = Et 80%°
96 Ry = H, Rp = ChiayPh, 57% Bb R = iP%, Ry = H, Ry = CMeyPh, $1%°
B¢ R =Mg, R, = K, Ry = Che,Ph, 52%%, 23%°

Scheme 7 Synthesis of N, N-dialkyl-2-alkoxyl-4-methyibenzamide 6

N, N-dialkyl-2-alkoxyl-4-methylbenzamide derivatives 6 were prepared from 4-mathylsalicyiic
acid 7 by amidation with amine {HNRR,} in the presence of dicyclohexyl carbodiimide (DCC) in
DMF to give N, N-diatkyt-2-hydroxy-4-methylbenzamide 9 (57-66%) which was protected with alkyl
halide or dimethyl sulfaie in the presence of NaH in DMF to afford N N-dialkyl-Z-alkoxyi-4-

methylbenzamide derivatives Ba-¢ in good to moderate yieid (B0-52%) as shown in Scheme 7.

Synm;s:'s of &, C-dimethyilbenzylamine 12"

MaN3, TFA Zn, ACOH
oy — 2 Ny NH,
9% 93%

10 14 12
Scheme 8 Synthesis of C{,Cl-dimathylbenzylamine 12
Tertiary atcohol 10 was converted to azide 11 using NaN, and TFA in high yield {89%). The

azide 11 was simply reduced with aclive zinc metal in acetic acid to afford a satisfactory vield (83%)

of the OL,Cl-dimethylbenzylamine 12 (Scheme 8)."
Synthesis of (E,E)-1,6-dibromohexa-2,4-diene 8

OH Br
P8
f\l/l\/ S S (““vv
H ether
0 559 Br
13 8

Scheme 9 Synthasis of (E,E}-1,6-dibromohexa-2,4-diene 8

A solution of hexa-1,6-diene-3,4-diol 13 in anhydrous ether was added dropwise to
phosphorous tribromide to give (£,E}-1,6-dibromohexa-2,4-diene 8 in moderate yield (55%) as shown
in Scheme 9."

Synthesis of key intermediate 2

16 OR O
R 1) -BuLi, TMEDA, O NRiRz
NR4yR;  THF,-78°C
2) transmetalation RN
p 3) BrAMBr
8 O OR OR O O OR
NR;R;
OH

14 15
Scheme 10 Synthesis of key intermediate 2
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The synthesis of key intermadiate 2 was studied by using directed ortho metalation (DoM} of
benzamide & to deprotonation/transmetalation and coupling with 1,6-dibromchexa-2,4-diene 8 (ratio
amide 8:dibromo 8 2:1} as shown in Scheme 10 and Table 1. Compound 6a was ortho lithiated
using £BublifTMEDA in THF at -78 °C, transmetatated with CuCNILICH"  and trapped  with
dibromohexadiene 8 to give the desired intermediate 2 in moderated yield (42%) (entry 1).
increasing of dibromohexadions B8 {ratic amide 6:dibromo 8 1.3:1) gave lower yield of key
intermediate 2 and monoalllyfation adduct 14 was alsc obtained (entry 2).

In contrast, tha ortho lithialion, fransmetalation and bisallaylation of secondary bulkyarr;ide
6b failed to receive fargat compound with identical precedure (entry 3). An attempt to use the
complex metalating reagent, CuElr.l's.;’le:zs,21 failed; the ortho oxidation adduct 15 and dimeric coupling
compound 16 were obtained together with recover starting amide 6b (eniry 4). The Nigishi cross-
coupling” was also examined. The compound Ba was ortho lithiated using £BULUTMEDA in THE at
-78 OC, transmetalated with ZnCiz22 and coupled with dibromohexadione 8 using Pd{PPh,), as
catalytic cross-coupling reaction.

Table 1 The synthesis of intermediate 2 using DoM/bisaliytation

Entry starting Amide : metal additive Bisalfyl Manoallyl Onxidation Dimeric
dibromo adduct 2 adduct 14 adduct 15 coupling
(%) (%) (%) 16 (%}
ik 6a 211 CUCN Licl 42 g trace .
2 6a 1.3:4 CUCN el 15 19 race -
3 6b 2:1 CuCN Lict : - 12 .
& 6h 21 CuBr. - . - 10 10
Ma,S
5" 6a 21 ZnCl, - 52 . - -

Starting recover; * 0%, ® 17%, © 22%, ‘ 43%, ° using Pd{PPh;}), as catalyse
Synthesis of diospyrol derivative 1

Wa have investigated various bases and conditions for the base-induced double cyclization
of compounds 2.23 When compounds 2 were treated with 2 equiv of LDA in THF,FM a complex
mixture of products was obtained. Increasing LDA to 2.5 and 3 equiv also failed to obtain diospyrol
1.

a)LDA, THF,
8¢

of
b) MeLi(PhLI), THF,
-78°C 4
¢} NaOMa, HMPA
B0 °C

Scheme 11 Synthesis of diospyrol derivative 1
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The cyclization of key intermediate 2 gave complex mixture on treatment with MeLi™" or
Phi. Other attempt to cyclise with NaOMe in the presence of HMPA at 60 ‘C™° to give diospyroi 1
also failed.
Route B (4+7+7+4); Synthesis of diospyrol via DoM/Fries rearrangement, transmefalation,
biallylation and doublecyclization

R =H 7
13 R = CONEY,

Scheme 12 Retrosynthetic plan of diospyrol derivative 1 via DoM/Fries reamangement,

transmetalation, biallylaticn and doublecyctization

In this route we planned to use the appication of directed ortho metalation (DOM),Z" Fries
rearnangen’tent.25 trau'lsrnfataIatit:m-bialIylation‘z'5 and doublecycllzationnn as the Snieckus's
c:htamistry23 for the synthesis of diospyrol derivative 1. Compound 17 could be prepared by starting
from commercially available 2,2-difwdroxybiphenyl 18 which protected with N, N-diethylchloroformata
to yield biphenyldicarbamate 19, Compound 18 could be lithiated to form double anionic ortho-Fries
rearrangement and protected with various alkylating reagents fto give N N-diethyl-2,2"-dialkoxyl-1,1"-
biphenyi-3,3"-dicarboxamides 17. They could also be ortho lithiated, transmetalated and trapped with
B-methalyl chloride as one-pot reaction o give the required intermediates 3 as shown in Scheme

12. In the last step, the cyclization of key Intermediate 3 will be studied using organolithiation

reaction.
Syntheslis of N,N-d!efhy!-z,z'-dla!koxy-1,1’~bfphenyf-3 I-dicarboxamide 17

‘/’ cicoNgr, SN ‘/’ (-Bult, TMEDA,
NaH, DMF THF. 750(;
. NEty

19

1Ta R = Ma, 94% {Mel)
17b R = {Pr, 10D% (i-PrBr}
17¢ 7' = -CHy, 98% (CHzBr2)

Scheme 13 Synthesis of N,N-diethyl-2,2'-dialkoxy-1,1"-bipheny!-3,3-dicarboxamide 17
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N,N-Diethyl-2,2'-dialkoxyl-1,1-biphenyl-3,3'-dicarboxamide derivatives 17a-¢c were prepared
in excellent yield (94-100%) by directed orthc metalation {DoM) and Fries rearrangement of 2,2'-
dicarbamate-1,1'-biphenyt 19 using +-Bull and TMEDA in THF at .78 °C to give N N-diathyi-2,2'-
dihydroxy-1,1-biphenyl-3,3'-dicarboxamide 20 in good yield {80%) which was protected with various
alkylating reagents, Mel for 17a (R* = Mae), iPrBr for 17b (R’ = i-Pr}, CH,Br, for 17¢ (R' = -CH,-}, in
presence of NaH in DMF as shown in Scheme 13, 2,2'-Dihydroxy-1,1"-biphenyl 18 was protected to
2,2"-dicarbamate-1,1"-biphenyl 19 in good vield (75%) with N N-diethylchloroformate in the presence
of NaH in DMF. :
Synthesis of key intermediate, N,N-diethyi-2,2'-dialkoxy-4,4'-dimethalyi-1,1'-bipheny!-3,3'-

dicarboxamide 3"

1) 1-Buli, TMEDA, o] OR'
o
Ny, _THE.787C NElg
2Z)CuBrMe,Sor BN
CuCh/LECH OrR &

] CI/\"/

1Ta-¢

38 R = Me, 41% {CuBir.Me,5)
3a R = Ma, 90% (CuCN/UCI)
3B R = i-Pr, 53% (Cubr.MeyS)
b R = i-Pr, 46% (CUCNLLIC)
3R’ = -GHy-, 47% (CuChLICH

Scheme 14

MN.N-Diethyl-2,2"-dimethoxy-1,1"-biphenyl-3,3 -dicarboxamide 17a was deprotonated using
Buti, TMEDA in THF at -78 oC, transmetalated with CuBr.Me,S and trapped with B-methalyl
chloride to give NN-diethyl-2,2-dialkoxy-4,4'-dimathalyl-1,1"-biphanyl-3,3'dicarboxamide 3a in
moderate yield (41%). By using CucN/Licl replaced CuBr.Mezs,z' a higher yield was obtained in
90%. Compounds 3b and 3¢ were obtained in meoderate yield by using either CuCNLIcr® or
CuBr.Me,,S.21 The 'B and 130 NMR spectra of key intermediates 3a-c¢ are shown In Table 2.

Next is the organolithiation cyclization of N,N-diethyl-2,2'-dialkoxyl-4,4’-diallyl-1,1-bipheny}-
3,3"-dicarboxamides 3a-c to afford cur target, diespyrol derivatives 1.
Synthesis of diospyrol derivatives 1

In the last step, the cyclization of key intermediate 3a-c was studied using LDA and Meti as

shown in Scheme 15 and Table 3.

Scheme 15 Synthesis of diospyrol derivatives 1
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Table 2 The "H and "C NMR spectra of key Iintermediates 3a-c

TRG46800608 / 11

position
1 120.6 - NO - 124.2 -
2 153.7 - 152.2 . 150.2 -
3 1321 - NO - 130.7 -
4 137.0 - 137.1 - 136.9 -
5 125.0 6956d7.9 124.8 7.02bd 7.6 1256 7.4.2d83
& 131.0 724078 130.8 749 bs 1279 7524 8.1
7 167.9 - 188.2 - 167.1 .
T 120.0 - NO - 1232 -
z 153.7 i 151.1 - 152.1 -
3 131.7 - NG - 129.7 <
g 137.2 - 137.5 - 136.9 -
5 1247 897 d7.9 1238 7.02bd 7.6 125.0 706083
6 131.3 712079 131.8 715d7.8 1283 7.67 d B4
7 168.0 . 168.2 - 167.1 -
1 40.7 327 bs 40.9 33208 4086 3.29, 3.34 ABq 15.5
z 142.5 - 144.0 . 143.4 -
3 112.9 4.65d 0.8 1125 468 bs 11322 4745
4.80 bs 483 bs 4.88 s
4 224 1856 22.4 1.70s 224 172s
1" 40.7 3.25 bs 40.9 3.28 bs 40.5 331s
o~ 143.5 - 144.0 - 143.4 .
3 113.0 468408 112.7 4.71 bs 113.1 4728
4.80 bs 4.83 bs 486 s
4" 224 167 s 22.4 1708 224 1.7ts
4xNCH, 385 386 | 3.4535tm | 385387 | 343356m 38.3, 345373 m
42.9. 434 3.04340m | 429,431 313329 m 42.8 305320 m
4xCH, 126,127 117174 127, 12.8 1261 7.0 128,127 1.22, 1.251 7.1
134,137 1.04 £ 7.4 138, 13.7 14317.0 136 1.00, 1.07 t 7.3
2x0OCH; 1.1, 3.30 s, - - - -
61.5 a5Ds
220/ Pr - 74.6,75.5 398p5.8 - -
225 10§ ¢5.2
OCH,0 - - - - 100.4 5583
96.8 5.37, 5.656 ¢ 6.2
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We have investigated various bases and conditions for the base-induced double cyclization
of compounds 35 When compounds Ja was treated with 5 equiv and 10 aquiv of LDA in THF,
complex mixture of products were obtained (antriss 1 and 2}). Treatment of compound 3b with 5
equiv of LDA gave the required product 1b in 21% yisld together with the halfcyclised product 21b
in 33% vyield (antry 4). Increasing LDA to 10 equiv gave lower yields of both compounds 1b and 21b
{ontry 5). it was gratifylng to find that compound 3a could be induced {o cyclise to the corresponding
binaphthol by using MeLi.™™ The required binaphthol 1a {R’ = Me) was isolated in good yield (75%)
when 6 equiv Meli (entry 10) was used and lower yield (67%) was obtained when 4 equiv Meti was
employed {entry 9). The Meli induced cyclization was aiso applied successfully o compoundd 3b,
the required product 1b was obtsined in 52% when 6 equiv of MeLi was used (entry 11).

. Compound 3¢ gave a complex mixture on treatment with LDA and MeLi {entries 6, 7 and
12}. An atiempt to activate the carboxamide group of compound 3a with TLO in the presence of
pyriciines29 to induce cyclization alse failed (entry 3). The two-step double cyclization and methylation
of the intermediate 3a to tetramethoxydiospyrol 1 was also examined in a one-pot process and
provided a good vield {(75%) of the product. The reaction was carried out using 6 equiv MslLi for
double cyclization and the crude product was used in the next step without purification by
methylation with Mal in presence of NaH in DMF. The NMR spectra of the tetramethoxydiospyrol 1
so obtained was identica) with the compound obtained by another route.” The tetramethoxydiospyrol
1 could be demeathylated to diospyrol by previously published prc:cen:!una.m’c
Route C (11+11); Synthesis of diospyroi via modified Suzuki cross-coupling reaction
Retrosynthetic analysis suggested that breaking the C, symmetric bond gave rise to two
naphthalene units as shown in Scheme 5. In our approach, we planned {o utilize the Suzuki-Mivaura

cross—ooupllng“ of naphthalene derivatives i.a. halonaphthalene 5 and naphthalensboronic acid 4, for

)

the synthesis of compound 1 (Scheme 18).

Scheme 16 Retrosynthetic plan of diospyrol derivative 1 via modified Suzuki cross-coupling reaction
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Table 3 Double ring-closure of key intermediates 3a-¢

yield of 1 yiald of
Entry 34 conditions

(%) 21 (%)

b1 Me 5 equiv DA complex
2 Me 10 equiv LDA complex

THO, py, 0°C
3 Me thenz 6 e:ulv LDA NA' :
4 -Pr 5 equiv LOA 21 az
5 Pr 10 equiv LDA 18 29
B -Ch,- 5 equiv LDA complex
7 -Chg- 10 equiv LDA complax
8 Me 2 equiv Meli Na®
9 Me 4 gquiv MeLl 67 -
0 Me 6 equiv MeLi 75 -
11 -Pr 6§ equiv Meli 52 -
12 CH,- 6 equiv MsLI complex

asiaﬂing recover 50% IE;tarting racover 77%

The naphthot precursor 24 was required for the synthesis of the first kay intermediate,
haionaphthalene 5. Many synthetic methedologies have been devised for synthasis of the naphthol
derivatives.” We adopted the procedure developed by Snieckus et al. using organoiithiation for the
synihesis of naphthol 24. The naphthol 24 could be synthesised from the cyclization of
allylbenzamide 23 which coutd prepared from 2-methoxy-4-methylbanzyl amide 6a. The compound
6a was previously prepared from 4-methylsalicylic acid 7 as showa in Scheme 7.

Synthesis of 1-hydroxy-8-methoxy-6-methyinaphthalene 24

OMe OMe OMe OH
1. t-Buli, THF I.DA, THF
NEte 75, TMEDA_ Ntz _ 78c.60% O‘
2. MgBr, = or Meti, THF
6a 3. ally) bromide 23 -TB°C, 27% 24

78%
Scheme 17 Synthesis of 1-hydroxy-8-methoxy-8-methylnaphthalene 24

The naphthol 24 was synthesized in 80% yield by cyclization of the ortho allylbenzamide 23
in the presence of excess LDA.® The use of methyllithium {MeLi)" as a base ied also to the cyclised
adduct 24 but In lower viald {27%). The precursor allylbenzamide 23 was synthesized in one-pot by

selective ortho metalation of benzamide 6a° with £Buli followed by transmetalation with MgBr, and
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the resulting organomagnesium intermediate was frapped with allylbromide to give the product in
78% vield (Scheme 17).%"
Synthesis of 1,8-dimethoxy-2-halo-6-methyinaphthalene 5

OMe OH OMe OhMe
1. Xz. FBUNHQ, X
O‘ toluene ‘O
2. Mel, NaR,
DF
24 Sa X = Br, 37% (2 steps)

5b X =1, 53% (2 steps)
Scheme 18 Synthesis of 1,8-dimethoxy-2-halo-6-methylnaphthalene 5
The first key intermediate, halonaphthalene §, was synthesized using selective ortho
haiogenation32 of naphthol precursor 24 followed by methylation. The selective ortho halogenation of
naphthol 24 with bromine or iodine in the presence of t-butylamine and further methylation gave
bromonaphthalene Sa (37%, 2 steps)} and iodonaphthalene 5b (53%, 2 steps), respectively.

Synthesis of 1,8-dimethoxy-6-methyinaphthalene-2-boronic acid 4

OMea OMe Cie OMs
| 1. nBuli, THF, -78 °C

8(0OH),
O‘ 2. 8(OMe); “
3. 2N HCI
&b 72% 4
Schemse 19 Synthesis of 1,8-dimethoxy-8-methylnaphthalene-2-boronic acid 4

The other key Intermadiate, naphthaleneboronic acid 4, was prepared in 72% yield from
iodonaphthalene Sb under metal-halogen exchange condition . followed by quenching with B{ChMe),
and hydrolysis with 2N HCL
Synthesis of tetramethoxydiospyrol 1

Using the Classical Suzuki-Miyaura cross-coupling

Cie OMe 4
X PA(PPhg)s, KzCO,
Oc Toluene:EtOH:H,O
roflux
5a X =8r from 5a 40%, §b 70% 1
5bX=1

Scheme 20 Synthesis of tetramethoxydiospyrol 1 using the Classical Suzuki-Miyaura cross-coupling
With both key intermediates in hand, the Suzuki-Miyaura cross-coupling was studied.”™
The classical Suzuki-Miyaura cross-coupling was carried out by refluxing naphthaleneboronic acid 4
with both bromonaphthalene 5a and lodonaphiialene Sb with 3 moi% Pd(PPh,), and IG,CO, in a
mixed solvent system (Toluene:EtOH:H,O = 3:3:2, 8 mi} at 115120 °C for 19 h to obfain
teframethoxydiospyrol 1 (R = R’ = Me) in 40 and 70% vyield, respectively. The tetramethoxydiospyrot
1 could be converted to tha natural diospyrol 1 (R = R' = H) by known method. tee
Using the modified in-situ Suzuki cross-coupling

The modified one-pot, in sitir Suzuki eross-coupling were developed by Keayu and Brase s

groups. Both protocols prepared 0.5 equiv of arylboronic compourd fn sity from 1.0 equiv of
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halcarene followed by Suzuki-Mivaura cross-coupling in the same flask. The first orotocol {Method
A)M prepared arylboronic ester by metal-haiogen exchange with n-Buli followed by quenching with
B{OMe), whereas in the second protocol (Method B)35 the arylboronic ester was prepared by
reacting haloarene direcily with bis{pinacolate}diborana 25 under palladium catalyst. We have utilized
both protocols for the In situ cross-coupling of both bromonaphthalene 5a and iodanaphthalene 5b

as shown in scheme 21.
1. n-Buli, THF,-78 °C
2, B{OMG)3 1

A/ 3.P6(PPhy)y, K,.CO
. 303, ey
CMe OMe Tolyene:EtOR:H,0,

X reflux
“ from 5a 219, 5b 16%

4l
5aX=Br —6. 1 25, PdCi,dppf 1
8\ ° /

5bX=1

KsCQy, dioxane, 80 °C
from 5a 47%, 5b 55%

Scheme 21 Synthesis of tatramethoxydiospyrot 1 using the modified in-sifu Suzuki cross-coupling

By using method A, the product 1 was obtained in 21 and 16% yield when bromo compound
and lodo compound were used respectively and the product 1 was obtained in 47 and 55% yieid
when method B was employed.
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Experimental
Route A (B+6+8): Synthesis of diospyrol via bisallylation and doublecyclization

Synthesis of (X, Q-dimethyibenzyfamine 12"

MaMy, TFA Zn, AcOH
oH 2 7, Ny —— NH;
99% 83%
10 41 12

{(TRG-DiosRA-2&3)

A mixture of 2-methyl-2-phenylpropancl 10 {(6.98 g, 50 mmol) and sodium azide {6.63 g,
mmol} in CHCI, {100 mL) was cooled to -5 °C. A solution of TFA {20 mL} in CHC}, (100 mL) was
added at such a rate that the temperalure does not exceed O °C. After addition, the cooling bath was
removed. The mixture was stirred for 6 h, and left overnight at ambient temperature. An excess of
concentrated ammonia was added fo the mixiure. The organic layer was separated, washed with
water, (anhyd Na,S0,), and concentrated to give colorless oil (8.0 g, 89%) as azide adduct 11 which
was reduced to amine in next step.

A mixture of 2-azide-2-phenylpropane 11 (4.02 g, 25 mmol) and activated zinc matai (2 g) in
THF (50 mL} was added dropwise AcOH (10 mL) and stirred unill no more foaming occurred. After

24 h, the zinc metal was filtered and the rasidue was removed in a rotary evaporator {o give syrup
(2.79 g, 83%) as O, C-dimethylbenzylamine 12.

O, Ol-dimethylbenzylamine 12"

CoHioN (135)

Viscous of

IR {Neat): 3354, 2965, 1602, 1495, 1445 cm’'

MS (E1): 136 (M'+1, 32), 121 (10), 120 {100), 119 (42), 91 (68)

"H NMR (CDCly; 200 MHz): ppm 1.49 (s, 6H, 2XCH,), 2.14 (bs, 2H, NH,), 7.21 (¢, J = 8.0 Hz, 1H,
ArH-4), 7.33 (o, J = 7.4, 1.6 Hz, 2H, ArH-3,5), 7.49 (d, J = 8.0 Hz. 2H, ArH-2,6)

¢ NMR (CDCly; 50 MHz): ppm 32.5 {q, 2xCHy), 52.4 (s, C-CL), 124.5 (d, CH-2,6), 126.1 (d, CH-4),
128.1 (d, CH-3,5), 149.9 (s, C-1)

Synthesis of (E,E}-1,6-dibromohexa-2,4-dlene 8°

OH Br
P8
W 3 M
elher
QH 55% Br
13 B

{TRG-Dios-28)

A solution of hexa-1,5-diene-3,4-diol 13 (9.964 g, 8.7 mmol) in anhydrous ether (50 mL) was
added dropwise to phospheroustribromide (20.26 g, excess) in an ice bath cooled round-bottom flask
equipped with a dropping funnel and magnetic stirer. After the addition was complete, the mixture
was allowed to warm to room temperature and was then set aside to ovemnight. It was then pourad

slowly with stirring into ice-water and the resuliing mixture neutralized by careful addition of saturated
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aqueous sodium carbonate. The product was extracted with ether (3x) and the combine extract was
washed with saturated brine, dried (anhyd Na,SQ,), and evaporated under reduce prassure to yield
the crude crystaliine, 1,8-dibromohexa-2,4-diene 8 {11.5148 g, 55%).

1,8-dibromo-2 4-hexadiene 8

CgHgBr, (240)

White solid (EtOAc:hexane); mp 87-88 °C (it"” 8586 °C)

IR (KBe): 1435, 1188, 1044, 990, 879, 802, 581 cm '

"H NMR (COCI,; 200 MHz): ppm 4.02 (d, J = 8.2 Hz, 4H, 2xCH,-1,6), 5.94 (m, 2H, =CH-2,5), 6.28’
(m, 2H, =CH-3,4)

P NMR (CDCl,; 50 MHz): ppm 32.4 (t, 2xCH,-1,6), 130.6 (d, 2=CH), 133.0 (d, 2=CH)

Synthesis of 2-hydroxy-4-methylbenzamide 9

_ H Q oH O
okt HNR4Rg, DCC NR Ry
DivF, 100 °C
7 9a Ry = Ry = EY, 86%

9b R; = H, Ry = CMeyPh, 57%
{TRG-Dios-23)

A mixture of 4-methylsalicylic acid 7 (15.23 g, 100 mmeal}, N N-diethylamine (15 mL, 150
mmol} and dicyclohexyicarbodiimide (22.6 g, 110 mmol) in DMF {190 mL)} was heated at 100 °C for
48 h. The mixture was allowed to room temperature and DCC was precipitated. After fitration to
remove DCC, the crude residue was distillated to remove excess DMF. The brown solid oil was
purified by column chrematography using EtOAc and hexane as eluent gave colorless solid 9a
{13671 g, 66%).

N, N-dlethyl-2-hydroxy-4-methylbenzamide 9a

C,HNO, (207)

White solid (E¥CAchexane); mp 107-109 ‘c

IR (KBr): 3166, 2087, 1609, 1435, 1417, 1297, 1233, 807 cm”

MS (EI): 208 (M +1, 100}, 207 (M’, 23), 206 (71}, 135 {73)

'H NMR (COCly; 200 MHz): ppm 1.28 {t, J = 7.4 Hz, BH, 2xCH,), 2.32 (s, 3H, CH,), 3.52 {4, J= 7.4
Hz, 41, 2xNCH;), 6.65 (d, /= 7.2 Hz, 1H, ArH-5), 6.82 (s, 1H, ArH-3), 7.16 {d, /= 7.2 Hz, 1H, H-§}
®C NMR (CDCly; 50 MHz): ppm 13.0 (q, 2xCHy), 21.6 {q, CHy), 41.5 (t, 2xCH,), 116.9 (s, C-1),
$17.4 (d, CH-3}, 119.2 {d, CH-5), 126.8 {d, CH-6), 141.7 (s, C-4), 156.6 (s, C-2), 170.9 (s, CON}
HRFABMS {pos) Caled for C,,H,;NO, 208.1338; Found 208.1340

(TRG-Dios-12)

A mixture of 4-methylsalicylic acid 7 {0.306 g, 2 mmel), O, -dimethylbenzylamine (0.270 g,
2 mmol} and dicyclohexyicarbodiimide (0.412 g, 2 mmol} in DMF (2 mL) was heated at 100 °C for 48
h. The mixture was quenched with water and exiracted with CH,Cl, (4x}. The combine erganic tayer
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was washed with water, aquecus Na,CO,, dried {anhyd Na,50,) and evaporated to give brown solid
(0.4346 g). Purification on column chromatography on silica gel using E{OAc and hexane as eluent
gave colorless sofid 9b {0.304 g, 57%).

N-OL, CL-dimethylbenzyl-2-hydroxy-4-methylbenzamide 9b

C,7HgNO, (269)

Colorless crystals {EtOAchexane); mp 158-160 ‘c

(R (KBr): 3257, 3058, 1625, 1525, 1312, 1257 cm’’

MS (E1) 269 (M, 7), 204 {15), 176 {11), 152 (28), 151 {100), 135 (27), 134 (82), 119 {21), 106 (23),
105 (27), 91 (71)

"H NMR (CDGCly; 200 MHz). ppm 1.82 (s, 6H, 2xCH,), 2.33 (s, 3H, CH,), 6.53 (bs, 1H, NH), 6.67 (d,
J= 8.0 Hz, 18, ArH-5), 6.78 (s, 1H, ArH-3), 7.27-7.46 (m, 6H, ArH), 12.2 (s, iH, OH)

BC NMR (CDCly; 50 MHz): ppm 21.4 (q, CH,), 29.2 (q, 2xCHy), 56.3 (s, C-Qt), 112.3 (s, C-1), 1187
(@, CH-3), 119.7 {d, CH-5), 124.5 (d, CH-2.6"), 125.3 (d, CH-6), 126.8 (3, CH-4"), 128.5 (d, CH-3",5'),
145.0 (s, C-4), 146.4 {5, C-1"), 161.3 (5, C-2), 169.3 (s, CON)

HREABMS (pos) Caled for C,;HgNO, 270.1498; Found 270.1499

Synthesis of 2-alkoxy-4-methylbenzamide 6
OH O OR O

NR;R; a)RXorb) M5S0y NR;Rs

NaH, DMF

9a,b 6a R = Me, R; = Ry = Et 80%°
6h R = ~Pr, Ry = H, Ry = CMeyPh, 61%®
Bc R =Me, Ry = H, Ry = CMeyPh, 52%°, 33%2
8d R =Me, Ry = Me, Ra = CMesPh, 5%°

(TRG-Dios-25)

fodomethane (4.0 mL, excass) was added to a suspension of N N-diethyl-2-hydroxy-4-
meathylbenzamide %a {4.14 g, 20 mmol} and NaH {0.8 g) in DMF (30 mL) under As atmosphere. The
resulfing rixture was healed to refiux and stired overnight. The reaction was quanched with waler
and extracted with CH,Cl, (3x}. The combine organic layer was washed with water, brine, dried
{anhyd Na,50,) and evaporated o give brown oil. Purification on preparative chromatography using
EfCAc and hexane as eluent gave N, N-diethyl-2-methoxy-4-methylbenzamide 6a (3.5408 g, 80%).
N,N-diethyl-2-methoxy-4-methylbenzamide 6a
CyHNG, (221)
White solid (EtOAc:hexane); mp 49-51 °C
IR (KBr): 2962, 2935, 16286, 1481, 1432, 1280, 1087, 1037 cm'1
MS (E): 222 (M +1, 43), 221 (M+, 28), 220 {100), 190 (10), 149 {88), 91 (40)
"H NMR {CDCly; 200 MHz): ppm 0.97 {1, J = 6.6 Hz, 3H, CHy), 1.12 (1, J = 6.6 Hz, 3H, CH,), 2.30 (s,
3K, CH,), 3.10 {q, J = 7.4 Hz, 2H, NCH,}, 3.50 (g, J = 6.6 Hz, 2H, NCH,}, 6.66 {5, 1H, ArH-3), 6.71
(d, J = 7.4 Hz, 1R, Ark-5), 7.01 (d, J/ = 8.0 Hz, 1H, H-6)
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“C NMR {CDCI;; 50 MHz}: ppm 12.7 {q, CH,), 13.8 {q, CH;), 21.5 (q, CH,), 38.6 (1, CH,), 42.8 (1,
CH,), 55.2 {q, OCH;), 111.6 (d, CH-3), 121.1 (d, CH-5), 123.8 (s, C-1), 127.0 {d, CH-6), 139.9 (s, C-
4), 154.9 (s, C-2), 168.9 (s, CON)
HRFABMS (pos) Calcd for CyyH o NO, 222 1494; Found 222.1491
(TRG-Dios-15)

2-Bromopropane (0.3 mlL) was added dropwise to a suspension of N-CL, Ol-dimethylbanzyl-
2-hydroxy-4-methytbenzamide 9b (0.271 g, 1 mmol} and NaH (0.04 g) in DMF {1 mlL) under Ar
atmosphere at 0 °C. The mixture was aflowed to room temperature and stirred for overnight. fha
reaction was quenched with water and extracted with CH,Cl, (3x). The combine organic layer was
washed water, brine, dried {anhyd Na,50,) and evaporated to give a pale yeliow oil. Purificatior on
preparative chromatography using EtOAc and hexane as eiuent gave colorless oii 6b (0.1896 g,
61%). -
N-OL, O-dimethylbenzyl-2-isopropoxy-4-methylbenzamide 6b
CooHppNO, (311}
Yeliow oil
IR {Neat} 3382, 2874, 1661, 1610, 1532, 1493, 1448, 1385, 1295, 1253, 1108 cm’
MS (EI): 312 {M'+1, 47), 311 (M', 68}, 296 (71), 268 {26), 218 (27), 178 (55), 177 (100}, 161 (51),
135 (88), 134 (95}
"H NMR (CDCI,; 200 MHz): ppm 1.39 (d, J = 5.8 Hz, 6H, 2xCH,), 1.82 (s, 6H, 2xCH,), 2.37 (s, 3H,
CH,) 4.76 (h, J = 5.8 Hz, 1H, OCH), 6.78 (s, 1H, ArH-3), 6.84 {d, J = 8.0 Hz, 1H, ArH-5), 7.22 (aL, J
=72 14 Kz, 18, ArH-4"), 7.34 (t, J= 7.2 Hz, 2H, AsH-3'.5"}, 7.47 (d, J = B.2 Hz, 2H, ArH-2',6"), 8.05
(¢, J = 8.0 Hz, 1H, ArH-8), 8.66 (bs, 1H, NH)
“c NMR (CDCl,; 50 MHz): ppm 21.6 (g, CH,), 22.1 (g, 2xCH,), 29.3 (q, 2xCH;), 55.6 {s, C-QL), 716
{d. OCH}), 114.3 (d, CH-3), 120.4 (s, C-1), 121.8 (d, CH-5), 124.8 (d, CH-2"6"), 126.3 (d, CH-4"),
128.2 (4, CH-3',5"), 132.9 (d, CH-8), 143.0 {5, C-4), 147.3 (s, C-1"), 155.5 (s, C-2), 164.3 (s, CON)
HRFABMS (pos) Caled for CagHpgNO, 312.1964; Found 312.1965
{TRG-Dios-20)

lodomethane {2.0 mL, excess) was added to a suspension of N-CL,X-dimethyibenzyl-2.
hydrexy-4-methylbenzamide 8b (1.006 g, 4 mmol) and NaH (0.48 g) in DMF (5 mL} under Ar
atmosphere. The resulting mixture was heated to reflux and stirred for overnight. The reaction was
quenched with water and extracted with CH,Cl, {3x). The combine organic layer was washed with
water, brine, dried (anhyd Na,S0,) and evaporaied to give a brown oll. Purification on preparative
chromatography using EtOAc and hexane as eluent gave monomethylation 6c (0.378% g, 33%)
together with dimethylation adduct 6d {0.0574 g, 5%).
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{TRG-Dios-22)

Dimethyisuifate (1.0 ml, excess) was added {0 a suspension of N-CL,Cl-dimethylbenzyl-2-
hydroxy-4-methylbenzamide 9b {0.27C g, 1 mmol} and NaH {(0.086 g} in DMF {2 ml) under Ar
atmosphere. Tha resulting mixture was heated to reflux and stirred for 36 h. The reaction was
quenched with water and exiracted with CH,Cl, {3x). The combine organic layer was washed with
water, brine, dried (anhyd Na,SQ,) and evaporated to give a brown oil. Purification on preparative
chromatoegraphy using EtCAc and hexane as eluent gave only monomethylation adduct 6c (0.1482 g,
52%). I
N-CL,0-dimethylbenzyl-2-methoxy-4-methylbenzamide ¢
CeHai NG, (283)

Viscous oil

iR (Nedt): 3391, 2973, 1680, 1611, 1536, 1495, 1483, 1287, 1254, 1171, 1032 om’

MS (E1). 284 (M*+1, 21), 283 (M, 26), 268 (8), 192 (10}, {191 (10}, 150 (17}, 149 (100)

"H NMR (CDCl,; 200 MHz): ppm 1.83 (s, 6H, 2xCHj,), 2.39 {s, 3H, CHy), 3.94 (s, 3H, OCH,), 6.79 {s.
1H, Art-3), 6.87 (d, /= 8.0 Hz, 1H, AsH-5), 7.23 {dt, J= 7.2, 1.4 Hz, 1H, ArH-4"), 734 {t, /=74 Hz,
2H, ArH-3'.5"), 7.48 (dd, J = 7.2, 1.2 Hz, 2H, ArH-2',6'}, 8.06 (d, J = 8.0 Hz, 1H, ArH-6), 8.40 (bs, 1H,
NH}

BC NMR {CDCl,; 50 MHZ): ppm 21.4 {q, CH,), 29.2 {q, 2xCH,}, 55.5 (s, C-Q!), 55.6 (g, OCH,), 111.8
(d, CH-3), 119.3 (s, C-1), 121.9 {@, CH-5), 124.5 (4, CH-2',6), 126.2 {d, CH-4"}, 128.1 (d, CH-3'5"),
131.8 (d, CH-8), 143.1 (5, C-1'}, 147.3 (s, -4}, 1570 (s, C-2), 183.8 (s, CON)

HRFABMS (pos) Caled for CygH,,NO, 284.1650; Found 284.1651

4,N-dimethy-N-CL, (-dimethylbenzyl-2-methoxybenzamide 6d

C1oH5eNO, (287)

Viscous ol

IR (Neat): 3410, 2977, 1639, 1578, 1465, 1373, 1258, 1127, 1050 om’'

MS (EI): 208 (M’ +1, 6), 297 (M", 1), 284 (26), 283 {13), 180 (§00), 162 (16), 149 (90), 136 (16), 91
(37)

"H NMR {CDC),; 200 MHz): ppm 1.79 (s, 6H, 2xCH;), 2.34 (s, 3H, CH;), 2.86 {8, 3H, NCH,), 3.86 (s,
3H, OCH,}, .88 {s, 1H, ArH-3), 6.76 {d, J = 7.2 Hz, 1H, ArH-5}, 7.11 (d, J = 7.4 Bz, 1H, ArH-6},
713 {dt, J=7.2,1.4 Hz, 1R, ArH-4"), 7.32 {§, J = 7.4 Hz, 2H, ArH-3'5"), 7.43 {d, J = 7.4 Hz, 2H,
ArH-2'6)

“c NMR (CDCl,; 50 MHz): ppm 21.8 {q, CHy), 28.2 {q, 2xCH,), 34.4 (g, NCH,), 55.6 (g, OCH,),
61.6 (s, C-O), 111.7 (s, C-1), 111.8 {d, CH-3), 121.4 (d, CH-5), 124.6 {(d, CH-2',6"), 125.9 (d, CH-4"),
127.8 (d, CH-B), 1268.1 (¢, CH-3'5"), 140.1 {s, C-1'), 148.5 (s, C-4), 155.2 (s, C-2), 169.8 (s, CON)
HRFABMS {pos) Calcd for C,gH,,NO, 288.1807; Found 298.1809
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Synthesis of key Intermediate 2

1) t-BuLi, TMEDA,
NRRa  THF,-78°C

2) transmetalation
3) By Br

® B R O O OR OR O O OR
NR,R, /CELL NR4Rz
o -
14 15 :

Using CuCN.Licl
(TRG-Dios-30) R = Me, R, =R, = Et

TJo a solution of 1.7 M +-Bulli (6.8 mlL, 10.0 mmol} and TMEDA (1.5 mL, 10.0 mmol) in dry
THF (40 ml) was siowly added, at -78 °C, a solution of N, N-diethyi-2-methoxy-4-methylbenzamide
Ga (1.8.(_595 g, 8.86 mmot) in THF (40 mL}. The mixture was stirred for 45 min to generate ortho-
lithiated anion. The reaction was transmetalated (LifCu) with the solution of CuCN (0.8956 g, 100
mmol} and LiCl (0.4238 g, 10.0 mmol) in THF {20 mL). After 45 min of stiring, a seolufion of 1,6-
dibromo-2 4-hexadiene (1.860 g, 6.9 mmo!) in THF {10 mL} was slowly added at -78 °C. Tha
reaciion was allowed to warm to room temperature slowly and stived for 3 h. The reaction was
quenched with saturated NH,Cl and extracted with CH,Cl,. The organic layer was washed water,
brine, dried {anhyd Na,S0,) and evaporated to give an oily residue which was purified by PLC using
EtOAc and hexane as eluent to yield the doubleallylation adduct 2a {0.3016 g, 15%). monoallylation
adduct 14a (0.4986 g, 19%) together with the recovered starting compound 6a (0.3366 g, 17%} and
trace of oxidalion adduct 15a.
Using ZnCl,”
(TRG-Dies-117) R =Me, R, = R, = Et

A solution of 1.7 M -Buli {3.8 mL, 6.25 mmol) in pentana was added to the solution of
TMEDA (1.5 mL, 10.0 mmal) in dry THF (10 mi) in a dried 50 mL flask which was charged with N,
balloon at -78 °C. After 45 min, the solution of N N-diethyl-2-methoxy-4-methytbenzamide 6a (1.1045
g, 5 mmol) in THF (5 mL} was added dropwise to generate ortho-lithiated species. The yellow-brown
solution was stirred at-78 °C for 45 min and further transmetatated (LifZn} with the sofution of ZnCl,
{0.8549 g, 6.25 mmel) in THF (10 mL). After 30 min of stirring, the LiZn species was allowed to
warm to r.t. and stired for 30 min. A mixture of 1,6-dibromo-2 4-hexadiene 8 (0.4803 g, 2 mmal),
Pd(PPh;); {0.0577 g, 0.05 mmol) and ¥,C0O, (0.8638 g, 6.25 mmol) was added. The mixture was
heated to reflux under N, atmosphere ovemigit. The reaction was quenched with saturated NH,CI
and extracted with CH,Cl,. The organic layer was washed water, brine, dried {anhyd Na,S0,) and
evaporated to give an oily residue which was purifled by PLC using EtOAc and hexane as eluent to

yield the doubleallylation adduct 2a (0.5932 g, 57%) as viscous oil.



Nopporn Thasana TRG4680008 / 22

1,8-di<{N,N-dlethyl-2-dimethoxy-4-dimethylbenxamide}hexa-2,4-diene 2a

CazHeaN,0, (520)

Viscous oil

IR (CHCL,): 2973, 2935, 1610, 1460, 1429, 1286, 1089, 754 cm’

MS (E1): 521 (M +1, 13), 520 (M+, 6), 489 (14), 443 (25}, 260 (100), 222 (55), 220 (54)

"H NMR {CDCi,y; 200 MHz): ppm 0.93 {t, J = 6.6 Hz, 6H, 2xCH,}, 1.15 {t, J = 6.6 Hz, 6H, 2xCH,),
2.24 (s, 6H, 2xCHy), 3.00 (m, 46, 2xNCH,), 3.19 (d, J = 6.6 Hz, 4H, 2xArCH,), 3.28 {m, 2H, NCH,),
3.63 (s, 6H, 2xOCH,), 3.83 {m, 2K, NCH,}, 5.60 (m, 2H, 2=CH), 5.97 (bd, J = 13.2 He, 2H, 2=CH),
6.48 (s, 2H, AcH-4,4"), 6.65 (s, 2H, ArH-6,6')

C NMR (COCl,; 100 MHz): ppm 12.6 (q, 2xCHa), 13.5 (q, 2xCH,), 21.5 (q. 2xCHy), 35.7 {1, 2xCHy),
38.3 {t, 2xNCH,), 42.8 (t, 2xNCH,), 55.3 {q, 2xOCH,}, 109.3 (d, 2xCH-4,4"}, 122.2 (d, 2xCH-6,6),
123.3 (g, 2xC-2,2"}, 136.5 (d, 2x=CH), 131.4 (d, 2x=CH), 137.8 (s, 2xC), 138.2 (s, 2xC), 155.2 (s,
2xC), 168.1 (s, 2xCON}

HRFABMS mictoTOF (pos) Calcd for CyyHeN,0, 521.3376; Found 521.3374

N, N-diethyl-2-(hexa-1,3,5-trieny[)-8-methoxy-4-methylbenzamide 14a

CigHasNO, (299}

Semi-solid

iR (KBr). 2969, 2935, 1704, 1609, 1461, 1310, 1287, 1090 Cm"

MS (E1): 301 (M +2, 8), 276 {14), 261 (8), 246 {22), 221 (15}, 220 (85), 205 {21), 204 (24}, 190 {20),
177 (21), 175 (22), 158 (16), 148 {100)

'H NMR {CDCl,; 200 MHz): ppm 0.99 {t, J = 7.0 Hz, 3H, CHy), 1.24 {t, J = 7.0 Hz, 3H, CH,), 2.37 (s,
3H, CH,), 3.08 {q, J = 7.0 Hz, 2H, NCH,), 3.50 {m, 1H, NCH}, 3.75 {m, 1H, NCH)}, 3.77 (s, 3H,
OCH,), 5.14 {bs, 1H, =CH}, 5.24 (bs, 1H, =CH), 6.3G-6.50 {m, 4H, 4x=CH), 6.60 (s, 1H, ArH-3), 6.80
(m, 1R, =CH), 7.03 (s, 1H, ArH-5}

®C NMR (CDCL,; 100 MHz): ppm 12.8 {q, CH), 13.7 {q, CH), 21.8 (q, CH;), 38.7 {t, CH,), 42.6 {1,
CH,), 55.5 {q, OCHy), 110.7 (d, CH-3}, 117.7 {t, =CH,}, 117.8 {d, CH-5), 128.4 {d, =CH), 130.8 (d,
=CH), 133.4 (d, =CH), 134.2 {d, =CH}, 134.8* {s, C-4}, 136.9 (d, =CH), 139.1* (s, C-6), 155.5 {s,
C-2), 188.0 (s, CON) * signal maybe interchangeble

N, N-diethyl-2-hydroxy -6-methoxy-4-methylbenzamide 152

CyaHgNO; (237)

White solid (EtOAC : hexane); mp 171-173 °C

iR (KBry: 3104, 2976, 1592, 1519, 1443, 1414, 1360, 1284, 1229, 1099, 8§17, 777 om’

MS (Ei): 238 (M +1, 11), 237 (M, 31), 220 (48), 206 (31), 165 (100), 164 {29), 121 {19)

"H NMR (CDCly; 206 MHz): ppm 1.36 (bt, J = 7.0 Hz, BH, 2xCH,), 2.20 (s, 3H, CH,), 3.38 (bq, J =
7.0 Hz, 4H, 2xNCH,), 3.75 {s, 3H, OCH,), 6.18 (s, 1H, ArH-3), 6.28 (s, 1H, ArH-5), 8.27 {bs, 1H, OH)
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C NMR (CDCly; 50 MHz): ppm 13.3 (g, 2xCH,), 21.7 (q, CHy), 41.1 {t, NCH,), 55.5 (g, OCH,),
103.2 {s, CH-5), 109.7 {s, C-1), 110.6 (d, CH-3), 141.1 {s, C-4), 156.0* (s, C-2), 156.1* (s, C-6),
168.1 {s, CON) " signal maybe interchangeble
HRFABMS {pos) Caicd for C,gH,oNO, 238.14430; Found 238.14416
Using CuBr.I\ﬂe,S21
(TRG-Dios-16) R = “Pr, R, =H, R, = CMe,Ph

A solution of N-C, Cl-dimethylbenzyi-2-lsopropoxy-4-methyibenzamide 6b (0.120 g, 0.38
mmol} in THF {3 mL) was added to a solution of 1.7 M f-Buli (0.47 mL, 0.8 mmol) and TMEDA (0’.12
mk, 0.8 mmol) in THF {7 mL}) under Ar atmosphers at -78 °C. The mixture was stirred for 30 min at -
78 °C to generate ortho-ithiated anion. The suspension of CuBr.Me,S (0.16 g, 0.8 mmol} in THF (1
mt) was added to transmelalate (Li/Cu). The reaction was stirred for 30 min and allowed to 0 °C for
10 min-and then cooled down to -78 °C again. The solution of 1,6-dibromo-2,4-hexadiene 8 (0.048 g,
0.19 mmol} in THF (f mL} was added. The reaction was allowed to warm to room temperature slowly
and stirred overnight. The reaction was quenched with sat NH,Cl and extracted with CH,Cl,. Tha
organic layer was washed water, brine, dried (anhyd Na,80,) and evaporated to give an oily residue
which was purified by PLC using EtOAc and hexane as eluent to yield the oxidation adduct 15b
(0.0121 g, 10%). dimeric compound 16b {0.0713 g, 10%) together with recovered starting compound
Bb (0.0516 g, 43%).
Using CucN.Licr”
(TRG-Dios-18) R = “Pr, R, =H, R, = CMe,Ph

To a solution of 1.7 M (-Bulki {0.3 mL, 0.5 mmol} and TMEDA (0.08 mL, 0.5 mmol} in dry
THF (5 mL} was slowly added, at -78 °C, a solution of N-OL, O-dimethylbenzyl-2-isopropoxy-4-
methylbenzamide 6b (0.1406 g, 0.45 mmwol) in THF {2 mL}. The mixture was stirred for 30 min to
generate ortho-lithiated anion. The reaction was transmetaiated (Li/Cu) with the sohition of CuCN
(0.045 g, 0.5 mmol) and LIiCl (0.022 g, 0.5 mmol) in THF {2 mL}). After 45 min of stirring, a solution of
1,6-dibromo-2,4-hexadiene 8 (0.052 g, 0.22 mmol} ia THF (1 mL} was slowly added at -78 °C. The
roaction was ailowed to warm to room temperature slowly and stirred overnight. The reaction was
quenched with sat NH,Cl and extracted with CH,Ci,. The organic layer was washed water, brine,
dried {anhyd Na,S0,) and evaporated to give an oily residue which was purified by PLC using EtOAc
and hexane as eluent to yield the oxidation adduct 15b {0.0183 g, 12%) logether with the recovered
starting compound 6b {0.0312 g, 22%).
N-CL,O-dimethytbenzyl-2-hydroxy-6-lsopropoxy-4-methylbenzamide 15b
CaxHyNOC, (327)
Yellow oil
IR {Meat): 3366, 2928, 2853, 1639, 1542, 1448, 1372, 1311, 1223, 1108, 699 em’
MS (E5): 328 (M'+1, 73), 327 (M, 95), 233 (22), 209 (90), 192 (32), 191 (33), 190 (38), 168 (29),
167 (44), 151 (20), 150 {100)
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"H NMR (CDCly; 200 MHz): ppm 1.30 {d, J = 5.8 Hz, BH, 2xCH,), 1.75 (s, 6H, 2xCH,), 2.25 (s, 3H,
CH,), 4.75 (h, J = 5.8 Hz, tH, OCH), 6.17 {5, tH, ArH-3}, 6.37 (s, 1H, ArH-5), 7.20-7.40 (m, SH,
PhH), 9.0G {bs, 1H, OH)

"C NMR (COCl;; 56 MHz): ppm 21.0 {q, CH,), 21.5 (q, 2xCH,}, 29.5 (g, 2xCHy), 56.0 (s, C-Q), 72.2
{d, OCH), 104.4 {d, CH-3}, 112.0 (&, CH-5), 120.0 (s, C-1), 125.0 {d, CH-2',6"), 126.8 (d, CH-4"),
128.2 (d, CH-3.5), 143.0 (s, C-4), 148.8 (s, C-1'), 156.5 (s, C-6), 164.5 {5, C-2), 169.7 (s, CON})
HRFABMS (pos) Caled for C4H,oNO; 328.1913; Found 328.1914
bis-N-0L,Q-dimethylbenzyl-3,3"-diisopropoxy-5,5’-dimethylbiphenyl-2,2’-dicarboxamide 16b
CioHasN,Oy (620)

White sofid (EtOAc:hexane); mp >230 °C {dac)

IR {KBr): 3261, 2974, 2933, 1648, 1603, 1542, 1448, 1383, 1272, 1113, 698 em’’

MS (E 621 (M +1, 4), 458 (34), 458 {100), 422 (22), 340 (77), 298 (25)

'H NMR (CDCY,: 200 MHz): ppm 1.25 (m, 24H, 8xCH,), 2.28 (s, 6H, 2xCHy), 4.58 (h, J = 5.8 Hz, 2H,
2xQCH), 6.80 (s, 2H, ArH-4,4°), 6.69 (s, 2H, ArH-4,4'), 7.05-7.2C (m, 10H, 2xArH)

“c NMR {CDCly; 56 MHz): ppm 21.8 (q, CHy), 22.2 {q, 2xCH,), 22.3 {q, 2xCH,}, 28.5 (g, 2xCHj),
29.7 {q, 2xCH,), 56.2 (s, 2xC-QL), 71.1 {d, 2xOCH), 114.0 (d, CH-4,4"), 122.6 (d, CH-6,6"), 123.0 (d,
CH-2,2%, 125.0 (d, CH-2",2",8".8™), 126.0 (d, CH-4"4"), 127.9 {d, CH-3",3" ,5",5™), 138.1 (s, C-1,19,
140.1 (s, G-5,57), 146.9 {s, C-1",1"}, 154.5 (s, C-3,3"), 164.3 {5, 2xCON)

HRFABMS {pos) Catcd for CyyHygN,O, 621.3697; Found 621.3684

Route B (4+7+7+4). Synthesis of diospyrol via DoM/Fries rearrangement, transmetalation,
biallylation and doublecyclization

Synthesis of 2,2'-N,N-diethylcarbamoyl-1,1’-bipheny! 19

OH
CICONEL,
MaH, GMF
‘ OH :
75%

8

{nt-5e1)

A mixture of 2,2'-dihydroxybiphanyl 18 (18.6942 g, 0.10 mol) and 80% in oil sodium hydride
(10.0587 g) in DMF {80 mL)} was added diethylcarbamoyi chloride (28.9146 g, 0.20 mol} at 0 °C. The
reaction was stired at room temperature and then heated to 100 °C for 21 b until the starting
material was complelely consumed. The reaction was quenched with NH,C! and extracted with
CH,Cl,. The combired organic layer was washed with water, brine, dried {anhyd Na,S0,), and
evaporated to give a viscous oil. The residue was distillated to remove excess DMF and then purified
by flash column chromatography using EtOAc:hexane as eluent to give a pale yellow oil 19 {28.6794

g, 75%).
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2,2'-N,N-dlethylcarbamoyl-1,1'-biphenyl 19

CaalyeN,0, (384)

Pale-yellow oll

IR (Neat): 2976, 1719, 1475, 1418, 1274, 1202, 1155 om

MS (E1): 384 (M", 23), 312 (20), 311 (95), 208 (21), 208 (100), 196 (19}, 195 (61), 182 (18), 181
(17), 100 (34)

*H NMR (CDCly; 200 MHz): ppm 0.87 (bt, J = 7.0 Hz, 6H, 2xCHy), 0.99 (bt, J = 7.0 Hz, 6H, 2xCHy),
3.15 {m, 8H, 4xCH,), 7.28 (m, 8H, ArH) ’
"G NMR (CDCL,; 50 MHz): ppm 13.0 {q, 2ZxCH,), 13.5 (q, 2xCHy), 41.4 {t, 2xCHy), 41.8 {t, 2xCHy},
122.5 (d, CH-3,3), 124.8 (d, CH-5,5, 128.4 (d, CH-6,6'}, 130.9 {d, CH-4,4"), 149.0 (s, C-2,2"), 156.6
{s, 2xCCONR,}, C-1,1' not observed

HREABMS (pos) Calcd for CoHysN,O, 385.2127; Found 385.2124

Synthesls of 2,2-dihydraxybiphenyi-3,3'-dicarboxylic acid bis-diethylamide 20

o oM
-BuLi, TMEDA, ‘ -
EtN 2
i,
YNEI? THF, 78 °C, LY

80%
19 0 20

(nt-5e2)"*%

To a solution of 1.7 M -BuLi {30 mL, 50 mmol} and TMEDA (7.5 mbL, 50 mmol} in dry THF
{100 mi) was slowly added a solution of 2,2-N N-diethylcarbamoyl-1,1'-biphenyl 19 {7.68 g, 20
mmol) in THF {50 mL} at -78 °C under N, atmosphers. The stirred reaction mixture was zllowed to
attain room temperature overnight and treated with a saturated NH,CI solution. The organic soivent
was removed in vacuum and the remaining solution was extracted with CH,Cl,. The combine organic
layer was washed with water, brine, dried {anhyd Na,SQ,), and evaporated to give a viscous oil.
After purification by flash column chromatography using EtOAc:hexane as eluent, the white solid 20
was obtained (6.1396 g, B0%).
2,2'-dihydroxybiphenyl-3,3’-dicarboxylic acid bis-dlethylamide 20
CaHapN O, (384}
White solid (EtOAc:hexane); mp 140-141 °’c
IR (KBr): 3428, 2881, 1800, 1572, 1488, 145G, 1408, 1353, 1311, 1259, 1141 em
MS (El): 385 (M'+‘i. 20), 384 {M’, 72), 383 {51}, 313 (78), 312 (46), 311 (82), 310 {45), 295 (21),
285 (72), 283 (38), 240 (27), 239 (100)
'H NMR {CDCly; 200 MHz): ppm 1.27 (t, J = 7.0 Hz, 12H, 4xCH;y), 3.53 (g, J = 7.0 Hz, 8H, 4xCH,),
699 (t, J=7.2,78Hz 2H, H-559, 7.31 (dd, J = 1.8, 7.8 Hz, 2H, H4 4"}, 738 (dd, = 2.0, 7.7 Hz,
2H, H-6,6")
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"C NMR (CDCl;; 5¢ MHz): ppm 13.4 (g, 4xCH,), 41.2 {t, 4xCH,}, 119.3 (d, CH-5,5'}, 120.8 (s, C-
1,1, 127.1 {d, CH-4,4"), 127.2 (s, C-3,3"), 133.7 {¢,CH-6,6}), 148.0 (s, C-2,2°), 171.0 (s, 2xCONR,)
HRFABMS (pos) Caled for CpuH,gN,O, 385.2427; Found 385.2128

Synthesis of 2,2'-dimethoxybiphenyl-3,3'-dicarboxylic acld bis-diethylamide 17a

0 OH ‘
Mel, NaH,
CON NEt, — '
2 DMF, 94% — 2
OH O

20

{nt-5e3}

To & stirred suspension of 60% in oil sodium hydride {0.305 gj in DMF (4 mL) was added a
solution of 2.2-dthydroxybiphenyl-3,3'~dicarboxylic acid bis-disthylamide 20 (0.70 g, 1.8 mmal} in
DMF {2 mL) at rcom temperature. The reaction mixture was stirred for 1 h and methyl icdide (0.5
mL, 8 ;nmol} was then added and stirred for overnight. Water was slowly added and exiracted with
CH,Cl,. The comhine organic layer was washed with water, brine, dried {anhyd Na,S0,), and
evaporaied to give a viscous oil. After purification by flash column chromatography using
EtCAchexane as eluant, tha white solid, 2.2'-dimethoxybiphenyl-3,3'-dicarboxylic acid bis-
diethyiamide 17a {0.6973 g, 94%) was obtained.
2,2'-dimethoxybiphenyl-3,3-dicarboxylic acid bls-diethylamide 17a
CoeHylN, 0, (412)

White solid (EtCAchexans); mp 90-92 °c

IR (KBr). 34472970, 1630, 1481, 1457, 1431, 1383, 1291, 1245 o’

MS (El): 412 (M, 36}, 411 (26), 381 (39}, 340 (100), 338 (19}, 308 (34}

FABMS (pos): 413 (M'+1, 87), 340 (100)

"H NMR (COCI; 200 MHz): ppm 1.09 (m, BH, 2xCH,), 1.27 (t, J = 7.0 Hz, 8K, 2xCH,), 3.28-3.76 {m,
8H, 4xCH,}, 3.46 (s, 3H, OCH;), 3.81 (5, 3H, OCH,), 7.19-7.33 (m, 6H, ArH)

BC NMR (CDCly; 50 MHz): ppm 12.7 {q, 2xCH,), 13.8 {q, 2xCH,), 39.0 (&, 2xCH;), 43.0 §#, 2xCH,),
61.4 (g, 2xOCH;,), 123.8 (d, CH-5,5), 127.1* (d, CH-4), 127.2* (d, CH-4'), 153.4 (5, C-2,2"), 168.7 (s.
2xCONR,), C-1,1" and C-3,3' not observed

HRFABMS (pos) Calcd for CygHy,N,Q, 413.2440; Found 413.2445

Sythesis of 2,2'-dimethoxy-4,4'-bis{2-mathylallyl) biphenyl-3,3'-dicarboxyliic acid bis-
diethylamide Ja

o] OMe 1) t-Bukl, TMEDA,
o
NEy, _THF.78°C
ELN 2 CUCNALICI
OMe O 3) cl /\n/

17a 80%
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{TRG-Dios-96)

A 1.7 M solution of LBuli in pentane (1.7 mL, 2.75 mmol) was added dropwise to solution
of TMEDA (0.4 mL, 2.75 mmol} in THF {10 mi) at -78 °C under N, atmosphere. The resulting pale
yellow solution was stirred for 1 h at this temperalure. The solution of 2,2'-dimethoxybiphenyl-3,3'-
dicarboxylic acid bis-diethylamide 17a (0.4772 g, 1.4 munol) in THF {§ mL) was added dropwise over
1-2 min to gensrate ortho-lithiation. Anion formation was allowed to proceed for 1 h at this
temperature before transmetalate (LifCu) by solufion of CuCN (0.248 g, 2.75 mmol) and LiCl (0.1168
g, 2.75 mmol) in THE (5 mL). :

After 1.5 h, B-methallychloride {0.4 mi, 4.4 mmol} was added. The reaction was stirred at -
78 °C for 2-3 h and then aflowed to warm fo room temperature for overnight. The reaction was
quenched with NH,CI and extracted with CH,Cl,. The combine organic layer was washed with water,
brine, dried (anhyd Na,SQ,), and evaporated to give viscous oil. The residus was purified by flash
column chromatography using EtOAc:hexane as sluent fo give pale yellow oil 3a (0.4780 g, 90%).
2,2'-dimethoxy-4 4'-bls(2-methylallyl)biphenyl-3,3'-dicarboxyllc acid bis-diethylamide 3a
CaaHe N0, (520)

Pale-yellow solid {E{0Ac:hexane}, mp 155-157 °c

IR (CHCIg): 2682, 1619, 1460, 1382, 1289, 1217 cm"

MS (E1): 520 (M, 52), 489 (7), 449 (25), 448 (87), 447 839), 420 (18), 375 (100}, 374 (28)

FABMS (pos): 521 (M +1, 6), 448 (25), 147 (53), 73 {100}

"H NMR {CDCly; 400 MHz): ppm 0.90 {8, J = 7.1 Hz, 3H, CH,),1.04 {t, J = 7.1 Hz, 3K, CHy), 1.17 (t,
4 =714 Hz, 6H, 2xCH,), 1.65 {s, 3H, CH,-47), 1.67 (s, 3H, CH;-4™), 3.04-3.1C (m, 4H, 2xNCH,}, 3.25
{0s, 2H, ArCH,-17), 3.27 (bs, 2H, ArCH,-1™), 3.30 {s, 3H, OCH,}, 3.45-3.51 (m, 4H, 2xNCH,), 3.50 (s,
3H, OCH,), 4.65 {bs, tH, =CH-3"), 4.68 (bs, tH, =CH-3™), 4.87 (bs, 2H, =CH-3",3"), 6.98 (d, J= 7.9
Hz, 1H, ArH-5), 6.87 (d, J=7.9 Hz, tH, ArH-5"), 712 (d, J=7.9 Hz, 1H, ArH-6"), 724 (d, J=7.9
Hz, 1H, ArH-8}

1ﬁC NMR {CDCly; 100 MHz): ppm 12.7 (q, 2xCH,), 13.4 (q, CHy), t3.7 {q. CH;)}, 22.4 {q, 2xCH,, C-
4".4™), 38.5 (1, CHy), 38.6 {{, CH,}, 40.7 {t, 2xCH,-17,1™), 42.9 {t, CH,), 43.1 {t, CH,), 61.1 (g, OCH,),
61.5 (g, OCH,), 112.9 {1, =CH,-3"), 113.0 {t, =CH,-3"), 124.7 (d, =CH-5), 125.¢ (d, =CH-5), 129.0 (s,
C-1'), 129.6 (s, C-1), 131.0 {d, =CH-6), 131.3 (d, =CH-&"), 131.7 {s, C-3"}, 132.1 (s, C-3), 137.0 (s, C-
4), 137.2 (s, C-4'), 143.5 (s, 2x =C-2",2™), 153.7 {s, 2xC-2,2"), 167.9 {5, CONR,-7), 168.0 (5, CONR,-
)

HRFABMS {pos) Calcd for CyHN,O,4 521.3378; Found 521.3374
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Synthesis of 1,1 -dimethoxy-6,6'-dimethyl-2,2"-binaphthalenyl-8,8"-diol 1a
A} Using ¢-BuOK as base

8) 1-BUOK, THF,
20%C torL

HElz

or
b) t-BuQK. THF,

CMe O
reflux

Ja 1a, 0% 223, 19-24%

{nt-5e10) :

I 2 round bottom flask, -BuQOK (0.4494 mmot} was dried at 90-100 °C for 3n and charged
with Ar after vaccum. Fresh dried THF {(§ mL}) was introduced to #~BuOK in ong portion at 0 °C. The
mixiure was vigerously stirred for 30 min. The resulting milky suspension was cooled down to -20 ‘c
with an ice-MeOH bath. 3,3-N,N-Disthylcarboxamide-2,2'-dihydroxy-1,1'-bipheny! 3a (0.2035 g, 04
mmot) in dry THF {2 mL) was added dropwise to the suspension. The resulting yellow suspension
was stired at this temperature for 30 min and then allowed to wamm to RT for ovemight to give
orange suspension.

The reaction was quanched with 2N HCI| and extracted with CH,Cl,. The combine organic
layer was washed with water, brina, dried (anhyd Na,S0,}, and evaporated to give a viscous oil.
After purification by flash column chromatography using EtOActhexana as eluent, the isomerisation
compound, 2,2-dimethoxy-4,4'-bis(2-mathylpropenyl)biphenyl-3,3-dicarboxylic acid bis-disthylamide
22a {0.0369 g, 19%) was obtained.

{nt-5e12}

On the other hand, if the resulting yellow suspension was heated to reflux for overnight, the
isomerisation compound, 2,2'-dimethoxy-4 4°-bis(2-methyipropenyl)biphenyl-3,3'-dicarboxylic acid bis-
diethylamide 22a {0.0286 g, 24%) was obtained (using starting compound 3a 0.1206 g, 0.2 mmeol).
B) Using KOH as base

KOH, OMSO,
NEt,

safhao

(nt-5e57)

A mixiure of 22-dimethoxy-4,4"-bis(Z-methylally)biphenyl-3,3-dicasboxylic acid  bis-
diethylamide 3a (0.1209 g, 0.2 mmol) and KOH (0.1406 g) in DMSC (4 mL) was heated to reflux for
14 h. The reaction was quenched with 2N HCI and extracted with CH,Cl,. The combina organic fayer
was washed with water, brine, dried (anhyd Na,S0,), and evaporated to give a viscous oil. After
purification by flash column chromatography using E!OAchexane as eluent, the isomerisation
compound, 2,2'-dimethoxy-4.4'-bis{2-methylpropenylibiphanyl-3,3'-dicarboxylic acid bis-disthylamide
22a {0.0738 g, 62%) was oblained.



