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Abstract: A new series of conformationally restricted retinoids (3-aryl-3-methyl-2,3-dihydro-
benzofurans) have been prepared through a palladium-catalyzed tandem cyclisation-hydride capture. The
use of enantiopure BINAP-Pd catalyst allowed asymmetric synthesis of bioactive molecules.

Retinocids (Scheme 1), such as natural all-rrans or 9-cis-retinoic acid and synthetic analogues (CD2657,
Targretinz), exert profound effects on cell differentiation and pro!i.eratien.3 These biological properties are
indicative of a high potential for the treatment of hyperproliferative disorders such as psoriasis or cancer. Many of
their biological effects are mediated by activation of nuclear receptors. Two types of retinoic acid receptors, RAR
(o, B and *,'),‘t and RXR (g, B and '\,f),s are known, both located in the cell nucleus. In the presence of ligand,
these receptors form dimers which bind to DNA through distinct response elements and/or which affect the
activity of the transcription factor AP1 (Jun/Fos)
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The inwramoiecuiar Heck-type reaction’ is a useful method for the formation of five membered rings through
a 5-exo-trig proccss.8 If the pailadium-catalyzed cyclisation is forced to take place at a tethered 2,2-disubstituted
aikene, the normai p-hydride eiimination cannot occur. Instead, the resuiting aikyipailadium intermediate, which
has no B-hydrogen atoms, can react with hydride donors'® or organometallic r:ompouuds11 if present. Various
substituents (R,, R,, K, in i) were introduced in the left aryi part of the moiecule in order to mimic the f5-
cyclogeranylidene moiety of retinoic acid.

RESULTS AND DISCUSSION

The 3-hydroxy-4-iodo-benzoic a 1(1

(Nal, NaOCl, NaOH, MeOH, 80% vie 1d respegr_ivcly meta- and para- hvdmxvhen_ ¢ acids. Methyl
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benzoates 3 (Scheme 2) were then obtamed by esterification (MeOH, H,SO,). Syntheses of the different
bromoacetophenones 2 were accomplished by bromination of the corresponding acetophenones (Br,, Et.O,
dioxane, 70-90% VICld) . The phenol derivatives 3 were coupled with bromoketones 2 using potassium
carbonate in methylethylketone to afford ketone 4 in 70-80% vield. The carbon-carbon double bond in
compounds 5 was introduced using the Wittig reaction. A slow addition of the base (MeONa/MeOH) was

essential in order to avoid enolisation and to improve the yield.

a: K,CO4, MEK; b: CH,PPh,Br, CH,ONa/CH,OH, THF
Scheme 2

- i - . . . - . . o - Is . ... .
We first attempted to cyclize compound 5a (Scheme 3) using the standard Heck procedure ~: mtial reaction

was run in acetonitrile at 80°C with palladium acetate (10 mol%), triphenylphosphine (20 mol%) and
tributylamine (1.1 mol equiv). After seven days, the reaction led to the formation of a mixture of benzofuran 1a
(27%) and chromene 6a (14%).
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para) of the carbomethoxy group on the aromatic ring have almost no influence on the reaction. - However, when
a methyl group was introduced ortho to the incipient benzofurane moiety (R, in 1d and 1i), yields get lower. This
result may be ascribed to the fact that, in the case of 1d and 1i, steric repulsion between the ortho-methyl
substituent R, and the palladium ligands exists even in the conformation 7, favorable for the key suprafacial
intramolecular insertion step, as depicted in scheme 4.

1 i
K PN
P —= [ A  wmera,
n/\fu L
Fh\’/
Scheme 4

Table 1: Tandem Cyclisation-Hydride Capture of Iodides 5

.0

Pd(OAc) (10 mol%) \( >/_\\

R1I:(u\/ojij HC OpH (1.1 moi equiv) R | S Y
JCOMe ="co,Me
P . - 2
R, Ry |

BuzN (2.2 mol equiv) R, R3
CH,CN, 4h,, 60°C

5 1
Substrate R, R, R, CO,Me position  Product Yield%
vs oxygen
Sa M\ CH,0 H meta 1a 27
£~ 6a 14

5b CH3O ﬂﬂ\ il mela 1b 91
Sc H meta 1c 68
-
5d AN CH, meta 1d 55
V4
Se @L H meta le 85
/o~
~7T

5¢ M\ CH,0 H para 1f 56

S5g

Si

><
N2
5h X H para 1h 70
L
VAN

a) 10 mol% of Pd(OAc),, 20 mol% of PPh, and 1.1 mol eq of Bu;N in CH,CN, 7 days at 80°C.
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We also prepared compound 5j (scheme 5) which contains the 3-cyclogeranylidene part of retinoic acid. -
ionone was brominated at its C1-Me"® with 5,5-dibromo-2,2-dimethyl-4,6-dioxo-1,3-dioxane. % The next steps
were the same as described for previous aromatic compounds. Surprisingly, even in the presence of formic acid,
cyclisation of §j provided not only the 5-exo-trig product 1j but aiso the 6-endo-trig product 01 Unfortunately,
both molecules were very unstable and decomposed rapidly.

Pd(OAGc), (10 mol%) o
\/ it HCO,H (1.1 mol equiv) O « N

PO Y U NZN NOROA o0
AP come era «CN M (T T heome I CoM

5 1j 39% 6] 21%

Scheme 5

Because carboxylic acids resulting from hydrolysis of methyl esters 1c¢ and 1h bind respectively to RXRs
and RARs, catalytic asymmetric syntheses were undertaken. We first studied the stereoselective Eyclisation-
hydride capture of the chiral substrate S5e, which can be obtained by an enantioselective route.” The two
diastereoisomers le obtained by cyclisation could be differentiated by NMR. This aliowed an easy study of
different parameters influencing diastereoselectivity.

Path A bd Path B
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The chiraiity present in the eft part of the substrate Se has some influence on the stereoseiectivity of the
paliadium-~cataiyzed process conducted without chiral ligand (entry 1). However, as expected, this effect was

™~ raT

. 23
lower compared to the effect of chirai diphosphine ligands such as BINAP (entries 2 and 3). The mechanism,
(Scheme 6) proposed when iodide is the leaving group, involves a square planar neutral complex with a weak Pd-

— X s TR . B__

phosphine bond {(or Pd-soivent when phosphines are not preseni) and a strong Pd-I bond. Therefore, the
coordination-insertion process of the ‘ieﬁﬁ takes place via dissociaiion of one of the neuiral ligands {(path A). If
the ligand is a chiral diphosphine, chiral information (.d.n uc lost. Addmon of poieniiaily coordinaiing iodide
counter-ion, such as silver salts or silver-exchanged zeolite”* induces the formation of a cationic complex where
malladiim eammaine Anmedinotad o thha laonomde fmatlh DY This Amcnialae ane ~lera Lol Aae .....A,.g..:.,

paiiadiuiil 1eilalid LOULULNdICU 1O WIS 1P allud (Pdul D). 110> COUIPICA Cdil Z1VC 11gl1 ylcuic HUULUUII Wllcll
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obtain the product 1e in high diastereoisomeric excess.

Table 2. Effects of Chiral Ligand, Base and Catalyst Preparation
on Pd-Catalyzed Asymmetric Cyclisation of Se.

entry catalyst hydride source base ligand iodide Yields d.e. [Ot],_,20
(10mol%) (2,2 mol equiv) (2,2molequiv) (20 mol%) counter-ion % % (CHCL)

1 Pd(OAc), HCO,H Bu,N PPh, - 85 18 -
(1,1 mol equiv)
2 Pd(OAc), HCO,Na CaCo, (S)-BINAP Ag-zeolites” 35 80  +20
3 Pd(OAc), HCO,Na CaCO,'  (R)}-BINAP Agzeolites’ 33 72  -20
4 Pd(OAc), HCO,Na Bu,N (R)-BINAP Ag-zeolitesa 40 32 -
5  pre-reduction HCO,Na CaCo, (R)-BINAP Ag-zeolites’ 50 44 -
of Pd(OAc),
6 PdCl, HCO,Na CaCoO, Ag-zeolites’ 46 50 -

[(R)-BINAPT

7 Pdy(dba),. HCO,Na CaCO,  (R)-BINAP Agzeolitss’ 0 - -
CHCI,

. L‘\f P < 2 Y o YT | S

~1 ot o py cti—ala e aaia awascs AY AT e
Aldrich 36,660-9 corresponding to ca. 6 mol equiv of Ag. b) diasierevisomeric excess. ¢ Ald
aCQ,, no reaction occurs.

O &

The effect of the base was then examined. The replacement of calcium carbonate by Bu;N dramatically
reduced the diastereoisomeric excess (entry 4). This probably resulted from the possibie interaction between the
alkylpalladium species and the nitrogen atom of the tributylamine rendering the transfer of the chiral information
of the phosphine more difficult.

Next, we examined various conditions for catalyst preparation. Pre-reduction of the Pd(OAc), with
cyclohexene in the presence of 20 mol% BINAP improved the yieid but reduced the diastereoisomeric excess
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(entry 5). The PACL[(R)-BINAP] complex gave comparable result (entry 6). In this last case, the low d.e. is
probably due to lower BINAP/Pd ratio (only one instead of two) for PdCL[(R)-BINAP] complex, and thus a
possible participation of solvent-coordinated Pd(0) species. The use of Pd,(dba),.CHCI, complex was ineffective
under this conditions (entry 7).

Thus, the best resuits were obtained when the Pd-BINAP catalyst was formed in situ from 0.1 equiv of

Pd(OAc), and 0.2 equiv of BINAP, in the presence of 2.2 mol equiv of CaCO, and silver zeolites, excess BINAP

being employed to assure complete complexation of Pd (entry 2). Application of these conditions to the achiral

substrates Sc and 5h led to the desired stereoselective cyclisations (Table 3). Isolated yields were slightly lower

than for cyclisation without asymmetric induction (Tabie 2) but remained satisfactory. We determined the
13~ arvn 2 e

enantiomeric excess for g)roaucts ic and ih by deuterium and “C NMR of the OCD, ester, in a polypeptide
lyotropic liquid crystal.

A 11 2

All the esters were sapomnea to th

(]
L .l .k n _ _f PSR |
both their RXRs and RARSs affinities and

~ ™ PP Y

co rrcspo nding acids. The res ulng Cdrooxy1 c acids were iesied
L :

Table 3. Asymmetric Palladium-Catalysed Cyclisation-Hydride Capturea.

Substrate Product Ligand e.e. [0],2 (CHCL) Yield
Sc¢ (+)-1c (R)-BINAP 81% +29 42%
(-)-1c ()-BINAP 80% -28 35%

5h (-)-1h (R)-BINAP 69% -145 56%
(+)-1h (S)-BINAP 59% +116 40%

a) All reactions were carried out in the presence of 10 mol% of Pd(OAc), , 20 mol% of BINAP, 2.2 mol eq of CaCO;, Ag-zeolites
corresponding to ca. 6 mol eq of Ag in CH,CN, ca. 8h at 60°C. b) enantiomeric excess.

In conclusion, we have obtained a new 3-aryl-3-methyl-2,3-dihydro-benzofuran series of retinoids using a
tandem cyclisation-hydride capture process. This methodology may serve to introduce various substituents
instead of the methyl group using organometallic compounds. Furthermore the stereoselectivity of the cyclisation
can be controlled. This new series of conformationally restricted retinoids bearing an asymmetric carbon have
demonstrated good biological properties and help to a better understanding of ligand-receptor interactions.
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EXPERIMENTAL SECTION

The abbreviations which were used are as follows: MEK, Methylethylketone; BINAP, 2,2°-
Bis(diphenylphosphino)-1,1’-binaphthyl; Pd,(dba),.CHCI,, tris(dibenzylideneacetone)dipalladium(0)-chloroform
adduct; TTN, tetrahydro-tetramethyl-naphthalenyl moiety.

Unless otherw1se noted, materials were obtained from commercial suppliers and used without further

; were carried out under nitrogen. Reactions were monitored by thin-layer chromatography
1

tions
al,zed with UV. Flash column chromatography was

using Merck silica gel 60F,,, plates (0.25 mm thickness) vist 1 column ct
performed using Merck silica gel (230-400mesh). NMR spectra were recorded at 250 MHz (‘H) and 62.5 MHz
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(*C) on a Brucker spectrometer using TMS as an internal standard. Infrared spectra were recorded either on a
1420 Perkin-Elmer or on a 1600 FTIR Perkin-Elmer spectrometer. Electron-spray mass spectra (ESMS) were
recorded on a Hewlett Packard MSD Serie HP 1100 spectrometer using API mode, and electron-impact mass

cnactra (FINQY were talran An 2 Hawlatt Daslrard SO00A inctrmimant nigcin o TYT mnada MONCT AN AU Rdaleima
SpVLULG (ALY ) A% LEARLVIL ULl 6 LIVWINGL 1 GVARMIW J U700y HLIDULULLIVEIL u)ulE L1 HIVUL &V Ly, LU © Y ). VICIUILE

pomts were determined on a Biichi apparatus and are uncorrected. Elemental analyses were obtained from CNRS
Vernaison, France and are within +/- 0.4% of calculated values.

Procedure for preparation of 4: A solution of iodophenol 3 (1 equiv), bromoacetophenone 2 (1 equiv) and
potassium carbonate (1 equiv) in MEK was stirred under reflux for 4 h, diluted with ether at room temperature
and fiitered through a celite pad. The fiiirate was washed with water, dried (MgSO,) and concentrated. The
ynudu\.t 4 was yuurjbd oy silica g \,hxuuml.ugxapu_y \lxeptaﬁGI’CLLZ\.lz)

3-[2-(3-Adamant-1-yl-4-methoxy -phenyl)-2-oxo-ethoxy]-4-iodo-benzoic acid methyl ester 4a. White powder;
Yield 2.52 g (66%); mp 156 °C; H NMR (CDCl,) & 1.77 (6H, s), 2.10 (9H. s), 3.88 (3H, s), 3.92 (3H, s),
5.37 (2H, s), 6.92 (1H Ar, d, J =9.2 Hz), 7.37- 741 (2H Ar, m), 7.87-7.92 (3H Ar, m).

3-[2-(4-Adamant-1 -yl-3-methoxy-phenyl)-2-oxo-ethoxy[-4-iodo-benzoic acid methyl ester 4b. White powder;
Yield 900 mg (68%); mpl136 °C; H NMR (CDCl,) & 1.78 (6H, s), 2.11 (9H, s), 3.89 (3H, s), 3.90 (3H, s),
5.42 (2H, 8), 7.32-7.42 (3H Ar, m), 743 (1H Ar, d, J = 1.5 Hz), 7.48 (1H Ar, dd, J = 8.0, 1.5Hz), 7.82 (1H

Ar A T N LI
N, U, v — 0.V 114).

4-lodo-3-12-0x0-2-(-5,5,8 8- tetramethyl- 3,6,7.8- rprrnh\lﬂrn-nnnhﬂ'mlpn 2- -vl)- g[kgxy]-benzgic acid mg.fhy.l ester

4c. White powder; Yield 1. 69}1(81%) mp 124 °C. 'H NMR (CDCI ) & 1.31 (6H, s),1.32 (6H, s). 1.71 (4H,
s), 3.88 (3H, s), 5.42 (2H, s), 7.35-7.41 (2H Ar, m), 7.43 (1H Ar, d J=8.25Hz), 7.74 (1H Ar, dd, J = 8.25,
2.5 Hz), 7.90 (1H Ar, d, J = 7.5 Hz), 7.98 (1H Ar, d, J = 2.5 Hz).

4 Iodo 3 [2- oxo-2 ( 3 5 5 8 8 pentamethyl -5, 6 7 8 tetrah)dro naphthalen 2yl)-ethoxy]-benzoic acid methyl ester
CDCl,) 6 1.29 (6H, 5),1.31 (6H, s), 1.70 (4H, s),
n

2 LY 2 9Q (ALY < 2N /AT 710
2.49 \Jll, a;, 3.00 \Jll, a}, J.3V \au, ::), o177

(1H Ar, s), 7.87 (1H Ar, d, J = 8.0 Hz).
4-lIodo-3-[2-0x0-2-(6,9-methano-5a.9.9a-trimethyl-5a.6,7.8, 9.9a hexahydro-bibenzofuran-2-yl)-ethoxy]-

benzoic acid methyl ester 4e. Colorless oil; Yield 3.2 g (82%); 'H NMR (CDClL,) 6 0.85-1.67 (16H, m), 2.27
(1H, d, J = 3.75 Hz), 3.88 (3H, s), 5.36 (2H, s), 6.79 (1H Ar, d, J = 8.5 Hz), 7.38-7.40 (2H Ar, m), 7.71 (1H
Ar, d, J = 1.75 Hz), 7.86-7.90 (2H Ar, m).

3- Iodo 4-[2- (3 adamant-1-yl)-4- methoxv -phenyl)-1-oxo- ethoxy]-benzoic acid methyl ester 4f. Yellow powder,;

n1\ _-‘ 1f\"l or~. ll’ ATA AT {f‘“ﬁ‘ NSRt 7ETIY Y A ND /OYIY N 1D 00 /2T A\ 12
10/ N C 0 1.7/101, ), 2.U7 (I1, §), 2.60 (011, §), J.

7 (1 3

J (1 2

VIR (LU
17), 6.92 (1H Ar, d, J = 9.

Py ¥3

i1 Aw o) 727 (11T A 1 T — QN LI\ "'YL’!
Wiy AL, 3), /.07 (i1 Al 4, v =0V 114, /.

’I.‘:

w,
=838

4-[2 2. (8,8-Dimethyl-5,6,7,8-tetrahydro-naphthalen- 2-yl) 2-0x0-ethoxy]-3-iodo-benzoic acid methyl ester 4g.
Brown powder; Yield 18.7 g (64%); mp 120 °C. 'H NMR (CDCl,) 6 1.31 (6H, s), 1.66-1.71 (2H, m), 1.79-
1.89 (2H, m), 2.82 (2H, t, J = 6.1 Hz), 3.88 (3H, s), 5.39 (2H, s), 6.71 (1H Ar, d, J = 8.8 Hz), 7.16 (IH Ar,
d,J =8.0 Hz), 7.69 (IH Ar, dd, J = 1.7, 8.0 Hz), 7.93 (IH Ar, dd, J = 8.8, 2.0 Hz), 7.99 (IH Ar, d, J= 1.7
Hz), 8.47 (iH Ar, d, / = 2.0 Hz).
3-lodo-4-[2-0x0-2-(5,5,8,8-tetramethyl-5,6,7,8- tetrahydro -naphthalen-2-yl)-ethoxy |-benzoic acid methyl ester
4h, White powder; Yield 13, 66 0(76%\ mp 125 °C; H NMR (CDCl, \8 1.30 (6H, s),1.32 (6H, s), 1.71 (4H,
s), 3.88 (3H s), 5.40 (2H, s), 670(IHAr d, /=87 Hz), 743 (IHAr d, J=8.5Hz), 7.74 (1H Ar, dd, J =
2.0, 8.5 Hz), 7.93 (1H Ar, dd, J = 8.7, 2.3 Hz), 7.98 (1H Ar, d, J = 2 Hz), 848 (1H Ar, d, J = 2.3 Hz).
3-lodo-4-[2-0x0-2-(3,5,5,8,8-pentamethyl-5,6,7,8- tetrah)dro naphthalen-2-yl)-ethoxy]-benzoic  acid  methyl
ester 4i. White powder Yield 8.1 g (28%); mp 86 °C; 'H NMR (CDCI3) 8 1.29 (6H, 5),1.31 (6H, s), 1.78 (4H,

;AT /-l s 2 A1 /ATY 7 T - o-' IT_N TNN /11T T LT 1T A o)
S),A‘H (3H, S), O/ 00n S), J.21 (4, b), 6.67 \lrl /-\1 u,J-—o n4j, /.us (1ri Ar, a), 7.0/

T7QA (1LY A A4 QH2 Q45 (IHAr d. J =18 Hz)
1.7 (111 M, U, ’ CO RILJy O (LLL I3y Wy U 134,

-_Q
3-Todo-4-12-0x0-4-(2,6,6-trimethyl-cvc Inhg -1-enyl)-but-3-enyloxy]-benzoic acid methyl ester 4j. White
powder; Yield 5.26g( 9%); mp 84 °C; 'H NMR (CDCL,) & 1 10 (6H, s), 1.45-1.49 (2H, m), 1.57-1.66 (2H,
m), 1.81 (3H, s), 2.08-2.19 (2H, m), 3.88 (3H, s), 4.78 (2H, s), 6.70-6.76 (2H, m), 7.66 (1H, d, J = 16.0
Hz), 7.98 (1H Ar, dd, J = 8.6, 2.0 Hz), 8.48 (1H Ar, d, J = 2.0 Hz).

(11 Aaif, 5y,

"N
—

\-
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Procedure for preparation of 5: A solution of sodium methanolate in methanol (30%) was added dropwise
over 8h to a solution of ketone 4 in THF. The solution was stirred at room temperature for 12h, diluted with
diethyl ether, washed with water, dried (MgSO,) and concentrated under reduced pressure. The product was

nirifiad hv cilira aal phramatnoranhy (thantano el * Wl
punncG Oy suila g8 &l uuuu.usluyu_y \u\.«l}uun«, L2 e SASs oY

3-12-(3 Adamant 1-yl-4-methoxy-phenyl)-allyloxy]-4-iodo-benzoic acid methyl ester Sa. White powder; Yield

2 aniavs

1.16 g (46%); HNMR(CDCI,)5177 (6H, s), 206 (3H, s), 2.10 (6H, s), 3.85 (3H, s), 3.91 (3H s), 4.98
(2H, s), 5.54 (2H, s), 6.86 (1H Ar, d, J = 8.3 Hz), 7.28-7.40 (4H Ar, m), 7.51 (IH Ar, d, J = 1.7 Hz), 7.86
(IHArdJ 81HZ)

53 5 mg {60 %); mp 109-111 °C; H NMK (CDC1,) 6 1.77 (011 s), 2.09 (3H, S), 2.10 ( H, s), 3.86 (‘H S),
201 /AH ) AQR /I oY S A /70 o) ’7nn"7n4 /NLT A 771 1TT A . T — 77& LI\ 7 172Q /1LY A .
Sl L \JELy O fy T.IU (&l o], UL (Lddy, 3f, /L UUTIUT LR ru lu}, fall (lll 11[ u, S = LD I1L), /.00 \1T1 NI

dd, J = 1.75, 8.25 Hz), 7.50 (1H Ar, d, J = 1.75 Hz), 7.87 (1H Ar, d, J = 8.0 Hz).

4-lIodo-3-[ 2-(-5,5,8,8-tetramethyl -5,6, 7.8-tetrahydro-naphthalen-2-yl)-allyloxy]-benzoic acid methyl ester Sc.
White powder; Yield 4.86 g (73%); mp 53 °C; H NMR (CDCl,) 8 1.29 (6H, s),1.30 (6H, s), 1.69 (4H, s), 3.91
(3H, s), 4.98 (2H, ), 5.58 (2H, s), 7.20-7.41 (4 H Ar, m), 7.50 (1H Ar, d, J = 1.15Hz), 7.87 (1H Ar, d, J =
8.0 Hz).

4-lodo-3-[2-(3,5,5,8,8-pentamethyl-5,6,7,8- tetrahya'ro naphthalen-2yl)-allyloxy]-benzoic acid methyl ester 5d.

Whita mewdar Viald AN mg (2AGN v Q7_04 O/ 'TT RINAD (1Y & 1 A7 (£LT oy 1 90 /€11 o\ 1 £0 /ALY
vy 1€ POWGET, 1IC1G o4V Mg (0970, P 65-00 "L 11 INIVIN {LLJCI3) U 1.2/ (UL, §), 1.27 {0 H, s), 1.68 (4H, s),
2.32 (3H, s), 3.80 (3H, s), 4.76 (2H, 5), 5.22 (1H, ¢), 5.77 (14, 5), 7.13 (1 H Ar, d, J = 6,75 Hz), 7.36-7.43

(2H Ar, m), 7.87 (1H Ar, d, J = 8.0 Hz).
4-lodo-3-{2-(6,9-methano-5a,9,9a-trimethyl-54,6,7,8,9,9a-hexahydro-bibenzofuran-2-yl)-allyloxy ]-benzoic acid
methyl ester Se.

2._/11.2 15 "
3¢ [14 10 9\ O _~__C0OzMe
1 ‘ L M ~
O 7 =
® o g !

Colorless oil; Yield 2.22 g (74%); H NMR (CDCl,) § 0.87-1.66 (16H, m), 2.23 (1H, d, J = 3.75 Hz), 3.91
(3H, s), 4.97 (2H, s), 5.51 (2H s), 7.72 (1H Ar, d, / = 8.3 Hz), 7.12 (1H Ar, s), 7.38 (1H Ar, d, J = 8.1 Hz),
7.26 (IH Ar, d, J= 1.6 Hz), 7.51 (IH Ar, d, /= 1.6 Hz), 7.86 (IH Ar, d, J = 8.1 Hz).

3-lodo-4-[2-(3-adamant-1- \,l) 4-methoxy-phenyl)-allyloxy]-benzoic acid methyl ester Sf. Yellow powder; Yield
33 o (46%): mp 130 °C; 'H NMR (CDCI O 8 177 (6H, ), 2.06-2.10 (9H, m), 3.85 (3H, s), 3.89 (3H, )

Jad B A\TU U, iap L1 INLIVEIN (v Aol 7 \VLii, SUUTL LY\ sk, 5L JeU \JELy Oy <07 Uiy 54,

4.99 (2H, s), 5.48 (1H, s); 5.54 (IH, s), 6,84 6.89 (2H Ar; m), 7.27-7.31 (2H Ar, m), 7.99 (1H Ar, dd, J =
8.6, 2.0 Hz), 8.46 (1H Ar, d, J = 2.0 Hz).

4-[2-( 8,8-Dimethyl~5,6,l7, 8-tetrahydro-naphthalen-2-yl)-allyloxy]-3-iodo-benzoic acid methyl ester Sg. Colorless
oil; Yield 11 g (59%); H NMR (CDCl,) ¢ 1.30 (6H, s), 1.65-1.69 (2H, m), 1.77-1.86 (2H, m), 2.77 (2H, t, J
= 6.1 Hz), 3.89 (3H, 5), 499 (2H, 5), 5.55 (IH, 5), 5.57 (1H, 5), 6.87 (I Ar, d, J = 8.6 Hz), 7.05 (IH Ar,

nn A ¥ O £ ~ o1
Y Ar, dd, /= 8.6, 2.1

~ A YT N 1T O YT\ M AN S1TT A 1

d,J=79Hz), 7.17 (iH Ar, dd, /= 7.9, 1.8 Hz), 7.40 (1H Ar, d, / = 1.8 Hz),

14 QAT /1TH A+ A T -2 1 LI
Lu.}, o4/ (i AL G, v = 2.1 11Z).

3-Iodo-4-[2-(5,5.8,8-tetramethyl-5,6,7,8- tetrahydro naphthalen-2-yl)-allyloxy]-benzoic acid methyl ester Sh.
White powder; Yield 4.71 g (79%); mp 126 °C; '"H NMR (CDCl,) 8 1.29 (6H, 5),1.30 (6H, s), 1.69 (4H, s),
3.89 (3H, s), 4.99 (2H, s), 5.55 (1H, s), 5.59 (1H, s), 6.87 (lH Ar, d, J= 8.7 Hz), 7.21-7.33 (2H Ar, m),
7.38 (1H Ar, d, J = 1.8 Hz), 8.00 (IH Ar, dd, J = 8.7, 2.0 Hz), 8.48 (1H Ar, d, J = 2.0 Hz).

3-Iodo-4-[2-(3,5,5,8,8-pentameth¥l'-5,6, 7,8-tetrahydro-naphthalen-2-yl)-allyloxy]-benzoic acid methyi ester 5i.
Colorless oil; Yield 3.2 g (40%); H NMR (CDClL,) 8 1.26 (6H, s), 1.29 (6H, s), 1.67 (4H, s), 2.29 (3H, s),

2 00 /ALY ATLE /AT N £22 /117 A I_lKLTn\ S77 F1LT A T.—1A'LT—'\ A£7T70 (1TH Ar A4 T =87 Hz\
2.07 \oil1, b},"? I1J \&11, b),JLJ (151, 4, — L0 NAL), J.0 T 111, U, LU K14y Ued 7 (111 £33y Uy U — .7 LLdij,

7.00 (1H Ar, s), 7.13 (1H Ar, s), 798 (1H Ar, dd, J=87,21Hz), 847 (1H Ar, d, J=2.1 Hz).

3-lodo-4-[2- methvlene 4-(2,6,6- trzmethvl cvclohex 1-enyl)- but 3-enyloxy]-benzoic acid methyl ester 5j. White
powder; Yield 180 mg (43%); mp 105 °C; "H NMR (CDCL,) & 1.02 (6H, s), 1.44-1.48 (2H, m), 1.59-1.70 (2H,
m), 1.70 (3H, s), 1.98-2.03 (2H, m), 3.89 (3H, s), 4.86 (2H, s), 5.25 (1H, s), 5.44 (1H, s), 6.08 (1H Ar, d, J
=17.0 Hz), 6.21 (1H, d, J = 17.0 Hz), 6.86 (1H Ar, d, J = 8.5 Hz), 8.00 (1H Ar, dd, J = 8.5, 2.0 Hz), 8.47
(1H Ar, d, J = 2.0 Hz).

-
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A
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Procedure for Cyclisation of 5a: A solution of tributylamine (2.2 mol%) in acetonitrile (0.06 M) and the

1odide was stirred at 8G°C for i week. The solvent was removed under reduced pressure and the residue taken up

in diethyl ether. The organic layer was washed with water, dried (MgSO,) and concentrated. The product was
rr\nnf'ad bv cilica cn-‘l chromatoaranhv (hentans CH (1)

Neiiialle Uy Siaavik SAMALNGLU gL Gy (v paliiny Sed 2y fe

3-(3- Adamant 1- vl—4 methoxv-ohenvl )-4H-1-chromene-7-carboxylic acid methyl ester 6a. White powder; Yield
122 mg (14%); mp 135 °C; H NMR (CDCl,) 8 1.75 (6H, s), 2.06 (9H, s), 3.80 (2H, s), 3.93 (3H s), 6.79
(1H Ar, d, J = 8.25 Hz), 7.03 (1H Ar, dd, J = 8.25, 2.05 Hz), 71314 (1H Ar, d, J = 2.05 Hz), 7.44-7.49 (2H
Ar, m), 791 (1H Ar, dd, J = 8.20, 1.18 Hz) 8.15 (IH Ar, s); C NMR (CDCl,) & 29.06 (CH Ad), 29.36

(LHZ), 36.93 (C Ad), 37.08 (CH, Ad), 40.55 (CH, Ad), 52.13 (COOCH,), 55.04 (OCH,), 111.74 (CH),

>

12 ST 110 £0 77N 1N O FN 177 7 /My 1L Ny 1 Ea YN 4o TNE ok & oY 1AM AN TN a1
113.08 (CH), 115.58 (C), 120.82 (), 123.75 (CH), 126.22 (O), 126.52 (CH), 127.02 (CH), 130.21 (O,
138 60 (C), 145.01 (CH), 155.01(C-0 Ar), 157.50 (C-O Ar), 167.25 (COO). IR frm N 1908 19461922 .M
vvvvvv UL \NR L), LUV RANTNS D3 Jy AT VOANTA S ), LU WY (AW N (ML e LeVUOTLILTUT LS00 Ty
1435- 1502 C=C, 1729 C=0, 2906 CH; EIMS m/z 430 (M"). Anal. Calcd for C,;H,,0,: C, 78.11; H, 7.02

Found: C, 78.03; H, 7.20.

3-(3-Adamant-1-yl-4-methoxy-phenyl)-3-methyl-2,3-dihydro-benzofuran-6-carboxylic acid methyl ester 1a.
White powder; Yield 236 mg (27%); mp 91-92 °C; H NMR (CDCl,) 8 1.73 (9H, s), 2.03 (9H, s), 3.80 (3H, s),
3.90 (3H, s), 4.48 (1H, d, J = 8.68 Hz), 4.61 (1H, d, J = 8.68 Hz), 6.78 (1H Ar, d, J = 8.52 Hz), 7.03-7.14
(3H Ar, m), 7.52 (1H Ar, d, J = 1.14 Hz), 7.63 (IH Ar, dd, J = 7.79, 1.36 Hz); C NMR (CDCl3)  26.57

(CH-~ 2024 (CH AA 37 IS (CHA A 3727 (C AAY ANAKS (A A AQ QK /(™ 8§27 2D ff‘ﬁﬂf‘u VS8 921

\L13 )y L0085 (efn 538, J7 L0 \Naad) ), J1.007 (O, TULOD (waid [y, 97,00 (L) J&AJ4L (VUL ), JJed

(OCH,), 86.83 (CH,0), 111.02 (CH Ar), 111.53 (CH Ar), 123.12 (CH Ar), 124.06 (CH Ar), 12479 (CH Ar),
124. 95 (CH Ar), 130.69 (c Ar) 137.08 (C Ar), 138.69 (C Ar), 141.81 (C Ar), 157.72 (C-O Ar), 159.92 (C-O
Ar), 167.22 (COO); IR (cm ) 1237 =C-0. 1430 C=C. 1728 C=0. 2906 C-H; EIMS m/z: 432 (M"); Anal. Calcd

for C,sH,,0,: C, 77.75; H, 7.46. Found: C, 77.36; H, 7.42.

_at TN

rruu:aure JUF Ly(.u)auun UJ 3 lU a bUlUllUIl Ul UlDUlyld”lll'l€ \L L [[lUl"YO} iIl aLt:lU[ulnu: (U UO lVl}, was
added formic acid (1.1 mol%). The solution was stirred at room temperature for 10 min and Pd(OAc), (10 mol
%) and the iodide were added. The mixture was stirred at 60°C until the starting material was consumed (4h). The
solvent was removed under reduced pressure and the residue taken up in diethyl ether. The organic layer was
washed with water, dried (MgSO,) and concentrated. The product was purified by silica gel chromatography
(heptane, CH,Cl,).

3-(4-Adamant-1-yl-3-methoxy-phenyl)-3-methyl-2, 3- dzhydm benzofurun-6-carboxylic acid methyl ester 1b.
White powder; Yieid 362 mg (91%); mp i08-i11 °C; H NMR (CDCl,) 6 1.67 (9i, s), 1.98 (9H, s), 3.065 (3H,

2 2Q2 /LT o A AY 11T A I—Q"lCUq\ AT ML A T Q752N A& (1T Ar A T - 178 HY A TR
5), 2.0 (I, 5j, a1 (111, G, v AT KAL), .07 (1ML, U, v = 0.7/J 112, 0.0 (11t A, U, v = 1./0 114}, V.7 J

11
Ar dd, J=8725 175Hz), 702 (1H Ar d, 7 =775 Hz), 7.07 (1H Ar,d, J =775 Hz), 744 (1H Ar, s)

U

~_

1H
\r, dd, J = 8.25, Hz), Hz), (1H Ar, s), 7.55
(1H Ar, d, J = 8.0 Hz); zC NMR (CDCl,) & 26.04 (CH3) 29.10 (CH Ad) 36.76 (C Ad), 37.15 (CHp Ad),
40.62 (CH,Ad), 49.79 (C), 52.15 (COOCH,), 54.98 (OCH,), 86.49 (CH,0), 110.17 (CH Ar), 110.92 (CH
Ar), 118.24 (CH Ar), 122.93 (CH Ar), 123.96 (CH Ar), 126.50 (CH Ar), 130.72 (C Arl), 137.20 (C An),
141.20 (C Ar), 144.07 (C Ar), 158.88 (C-O Ar), 159.82 (C-O Ar), 166.97 (COO); IR (cm ) 1235 C-O, 1428
C=C, 1730 C=0, 2908 C-H; EIMS m/z: 432 (M"); Anal. Caicd for C,H,,0,: C, 77.75; H, 7.46. Found: C,
77.47; H, 7.28.
3. M.arlnl 3-15,5,8,8-tetr nmofhvl 56,78 fprrnlnflrn nnnhtlmlpn 2. \7]) 2 3- rhhwlrn hpn"nfurnn 6- r‘ﬂrhnr\,h{' acid
methvleeter lc White nowder Yleld 330 mg (68%) mp 121 °C; 'H NMR (CDCh) 5 1.20 (3H, s), 1.22 (3H,
s), 1.25 (6H, s), 1.66 (4H, s), 1.73 (3H, s), 3.91 (3H, s), 4.48 (1H, d, J = 8.75 Hz), 4.62 (lH, d, /= 8.75
Hz), 7.00 (1H, dd, J = 2.0, 825 Hz), 7.09 (1H Ar, d, J = 8.0 Hz), 7.18-7.24 (2 H Ar, m), 7.52 (1H Ar, s),
7.63 (1H Ar, d, J = 8.0 Hz); C NMR (CDCl,) 8 26.16 (CH,), 31.77 (CH; TTN), 31.87 (CH; TTN), 33.96 (C
TTN), 34.37 (C TTN), 35.01 (CH, TTN), 35.10 (CH, TTN), 49.79 (C), 52.05 (OCH,), 86.48 (CH,0), 110.32
{)3 (nu A 19420 (OLT A 1K AN (O Ay 122N KA 1T

£OYY AN O MTT AN 11717 £77 7T AL 192
wn Al), 144 o4 (LIl ALY, 1£0.0/7 (11 ALY, 1407 Il AL, 1244.0U (11 ATj, 1£0.0V (vxx Ally, 13U.00 \1\.,

Ar), 141.35 (C Ar), 142.15 (C Ar), 143.32 (C Ar), 144.88 (C Ar), 159.80 (C-O Ar), 166.97 (COQ); IR (cm ):
1204 C-0, 1457-1490 C=C, 1717 C=0, 2962 C-H; ESMS m/z 379 (M+H)". Anal. Calcd for C,;H,,0,: C,
79.33; H, 7.99. Found: C, 79.10; H, 8.02.
3-Methyl-3-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-2,3-dihydro- -benzofuran-6-carboxylic
acid methyl ester 1d. White powder; Yield 180 mg (55%); mp174.6 °C; 'H NMR (CDCl3) 8 1.21 (3H, s), 1.26
(9H, s), 1.67 (4H, %), 1.76 (3H, s) 1.97 (3H, s), 449 (1H, d, J = 9.0 Hz), 4.78 (1H, d, J=9.0 Hz), 7.03-

AQ F1ET A o\ T £1 (1LT 4. J=1775 Hz): C NMR (CDCIY 8§ 21 .62
7.05 \41‘1 1-\r lll), 7. 40 UI‘I tu 5}, 7.48 \11’1 AT, §), /.01 (i1 ru, G, v = 7.73 MZj; C INVUN \(viovdg) U 21000
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(C‘Hy) 29.52 (CHJ), 32.03 (CH; TTN), 32.13 (CH, TTN), 32.26 (CH, TTN), 32.38 (CH, TTN), 34.14 (C

TTN), 34.48 (CTTN), 35.54 (l.,ﬂz TTN), 33.61 (LH TIN), 50.35 (C), 52.51 (Uu-ls) 85.05 (LHZU) 11095

(CH Ar), 122.94 (CH Ar), 124.27 (CH Ar), 125.60 (CH Ar), 130.87 (C Ar), 131.13 (CH Ar), 133.71 (C Arn),
13910 (C Ar), 14200 (C Ar), 14228 (C Ar), 144 06 (C Ar), 160.03 (C-O An), 167.44 (COO); TR {om \ 170K

CAN Y T kel A\ a2y FRET RV iaa gy ™RSS g AAN \WEAR f A vt

C-0, 1456 C=C, 1716 C=0, 2963 C-H; ESMS m/z 393 (M+H)+ Anal Calc. for C,;H,,0,: C: 79.56, H, 8.22.
Found: C: 79.19 , H: 8.05.

3-Methyl-3-(6,9-methano-3,5a,9,9a-tetramethyl-5a,6,7,8,9, 9a-hexahydro-dibenzofuran-2-yl)-2, 3-dihydro-
benzofuran-6-carboxylic acid methyl ester le.

2 1/ 15 L"m/\\/cone
3< 14\ 102 L
) i l 8 A\
16’(3 Ny
Colorless oil; Yield 465 mg (85%); HNMR (CDCl,) 6 0.76-1.63 (16H, m), 1.71 (3H, s), 2.21 (IH, d, /= 4.3
Hz), 3.91 (3H, 5), 4.48 (1H, d, J = 8.5 Ha), 4.58 & 4.56 (IH, d, J = 8.5 Hz), 6.65 (iH Ar, d, J = 8.3 Hgz,
6.84 & 6.87 (1H Ar, d, / = 2 Hz), 6.99-7.05 (2H Ar, m), 7.51 {1H Ar, s), 7.62 (2H Ar, d, /=78 Hz); C

NMR (CDCl,) &: 17.87 & 17.98 (CH, 17), 19.47 (CH, 15) 21.92 (CH, 16), 23.54 (CH, 3), 26.49 (CH,),
34.08 & 34.12 (CH, 2), 42.12 & 42.15 (CH, 14), 49.23 (CH 4), 49.57 & 49.65 (C), 50.87 (C 1), 52. 11
(OCH3), 55.73 & 55.76 (C 10), 86.82 & 86. 86 (OCH,), 97.93 (C 13), 108.53 & 108.61 (CH Ar), 110.84 (CH
Ar), 121.41& 121.65 (CH Ar), 122.92 (CH Ar), 123.69 & 123.73 (CH Ar), 126.38 & 126.43 (CH Ar), 130.52
(C Ar), 134.05 (C Ar), 136.63 & 136.71 (C Ar), 141.86 & 141.93 (C Ar), 157.57 (C-O Ar), 159.66 & 159.70
(C-0O Ar), 166.98 (COO)
3-{3-Adamarni-1- yt 4- memuxy phéﬁ_‘yt’)-.))-ﬁieirlyt'-z,;)’-dm_y r‘{)-r')e'iizofufuii-.)-L'ar(}()xvuc acid m’eir'lyl ester 1
White hr\\nrlpr Yield 1 A< g 56%) mp f4 °C’ IH NMR , S
385(3]—1 s), 453(1H d, I 8.8 Hz), 4.66 (1H, d, 1_88Hz) 678(1HAr d, I—RSHﬂ 689(IH Ar

J =28.5 Hz), 7.01 (1H Ar, dd, J3 8.5, 2.5Hz), 7.15 (1H Ar,d, J = 2.5 Hz), 7.72 (1H Ar, d, J = 1.5 Hz), 793
(IH Ar, dd, J =8.5, 1.5 Hz); "C NMR (CDCl,) § 26.63 (CH,), 29.09 (CH Ad), 37.10 (CH, Ad), 37.20 (C
Ad), 40.50 (CH, Ad), 49.16 (C), 52.81 (COOCH,), 55.05 (OCH,), 87.33 (CH,0), 109.64 (CH Ar), 111.44
(CH Ar), 123.19 (C Ar), 124.61 (CH Ar), 124.65 (CH Ar), 126.18 (CH Ar), 131.21 (CH Ar), 136.63 (C Ar),
137.19 (C Ar), 138.49 (C Ar), 157.53 (C-O Ar), 163.67 {C-O Ar), 166.99 (COO); EIMS m/z 432 (M"); Anal.

Caled for C,4H,,0,: C, 77.75; H, 7.46. Found: C, 77.55; H, 7.45.

3-(8 8-Dimethyl-5,6,7 8-tetrahydro- nnnhﬂmlﬂn 2- y/) -3-methyl-2,3-dihvdro-benzofuran-5-carboxylic acid methyl
ester 1g. Yellow oil; Yield 4. 2 g (52%) 'H NMR (CDCl,) 5 1.22 (3H s), 1.25 (3H, s), 1.62 to 1.66 (2H, m),
1.75 (3H, s), 1.77-1.83 (2H, m), 2.73 (2H, t, J = 6.3 Hz), 3.84 (3H, s), 4.54 (1H, d, J = 8.8 Hz), 4.66 (1H,
d,J=8.8 Hz), 6.89 (1H Ar, d, J = 85HZ), 69700(2HAr m), 7.25 (1H Ar, d, J= 1.8 Hz), 7.72 (1H Ar,

d,J=18Hz), 7.93 (1H Ar, dd, ] = 8.4, 1.9 Hz); “C NMR (CDCI,) 4 19.61 (CH,), 26.41 (CH,;), 30.26 (CH,

)

4 0 S SIYY TR T -~ A NN I allsasah Y o Y0 %o ¥4 YTV R TY fl Ny V an Y Vokar B IV o L ANSNTT N o™ 1N
TTN), 3i.84 & 31.87 (CH,; TTN), 34.00 (C TTN), 39.25 (CH, TTN), 49.33 (C), 57.76 (OCH,), 387.19
O O TNOAY (O A 129290 (0 Ae 192KT1 (O ArY 1A 2D (O A 1I7A 12 (CH A 127020 (CH A
\\4112\}}, AV WV \\.nl.l ru) LoJ.ov \\_4 LIMJy Ladod L \\_/11 L3 Jy L& Tidde \11 l)l}, 1éaVeld (WLl LM )y LdosoaNT \NL D F3E ]y
131.23 (CH Ar), 13470 (C Ar), 136.44 (C Ar), 14292 ((‘ Ar), 145, .88 (C Ar), 163.68 (C-O Ar), 166.89

(COO).; ESMS m/z 351 (M+H)"; Anal. Caled for C,,H,,0: C, 78.83; H, 7.48. Found: C, 78.72; H, 7.52.
3-Methyl-3-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-2, 3-dihydro-benzofuran-5-carboxylic  acid
methyl ester 1h. White powder; Yield 1.94 g (60%); mp 83 °C; 'H NMR (CDCl,) 8 1.20-1.24 (12H, m), 1.65
(4H, s), 1.73 (3H, s), 3.83 (3H, s), 4.51 (1H, d, J =8.7 Hz), 4.66 (1H, d, J = 8.7 Hz), 6.87 (IH Ar, d, J =

8.3Hz), 6.96 (iH Ar, aa J=8.3,2.0Hz),7.19-7.24 (2H Ar, m), 7.73 (iH Ar, d, /= 1.8 Hz), 7.92 (iH Ar,

dd, J = 8.3, 2.0 Hz); 'C NMR (CDCL,) 6 26.63 (CH,), 31.99 (CH, TTN), 32.08 (CH, TTN), 32.11 (CH,
TTN), 34.18 (C TTN), 34.59 (C TTN), 35.21 (CH, TTN), 35.32 (CH, TTN), 49.45 (C), 52.04 (OCH,), 87.37

A\~ 4 xivy A\~ 4 a4 Seid \Relly 22 B S RSN N [RFEAN e

(CH‘O), 109.82 (CH Ar), 123.31 (C Ar), 123.98 (CH Ar)v 124.36 (CH Ar), 126.46 (CH Ar), 126 85 (CH Ar),
131.41 (CH Ar), 136.62 (C Ar), 142.56 (C Ar), 143.49 (C Ar), 145.04 (C Ar), 163.91 (C-O Ar), 167.19
(COO0); ESMS m/z 379 (M+H)"; Anal. Calcd for C,(H,,0,: C, 79.33; H, 7.99. Found: C, 79.03; H, 8.05.

3- Methyl 3-(3,5,3.8, 8-penramethyl—5 6,7,8-tetrahydro-naphthalen-2-yl)-2,3- dihydro-benzofuran-5-carboxylic

acid meihyl esier 1i. Colorless oil; Yield | g (42%); '"H NMR (CDCl,) & 1.24-1.28 (12H, m), 1.67 (4H, s5), 1.76
(3H, s), 1.92 (3H, 5), 3.85 (3H, s), 452 (1H,d, J=9.1 Hz), 481 (IH, d, J=9.1 Hz), 6.85 (IH Ar, d, [ =
84HZ)701(1HAr 5),732(1HA]‘ s), 7.65 (1H Ar, d, J = 1.8 Hz), 7.92 (1H Ar, dd.l 8.4, 1.8 H), C
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NMR (CDC13)_5_?1 15 (CH,), 29.52 (CH,), 31.61 (CH, TTN), 31.71 (CH, TTN), 31.88 (CH, TTN), 31.95

(CH, TTIN), 33.72 (C TTN), 34.07 (C TTN), 35.14 (CH, TTN), 35.22 (CH, TTN), 49.28 (C), 51.82 (OCH,),

85.32 (CH,0), 109.30 (CH Ar), 122.78 (C Ar), 125.14 (CH Ar), 124.36 (CH Ar), 125.96 (CH Ar), 130.77
(CH Ar), 1’41,|’) (CH Ar), 131,56 (C Ar), 133,53 (C Ar), 138.60 (C Ar), 14186 (C Ar), 14364 (C Ar)

Sraa TRy 2l 20N (e FTRR, a2 DAV LV T1.00U ATOWNTT \(~ pad ),

163 67 (C O Ar), 167 29 (CO0); ESMS m/z 393 (M+H) Anal Calcd for C%HnOJ C.79. 56, H, 8.22. Found:
C, 79.31; H, 8.13.
Methyl-3-methyl-3-[2-(2,6,6- tnmetlfylcyclohex 1-enyl)-vinyl]-2,3-dihydrobenzofuran-5-carboxylate 1j.

Colorless oil; Yield 43 mg (39%);. H NMR (CDCl,) 8 0.95 (3H, s), 0.96 (3H, s), 1.40-1.53 (5H, m), 1.57-
1.62 (5H, m), 1.92-198 (2H, m), ?RR(?T—T s), 437 (1H. d J=86Hz),448 (I1H, 4, J= 86 Hz), 557 (IH

D R&35, 120, Q.00 2T, Laddy sy o — CLU AL TU {141y 2y e/ Akiejy wlenr i \(4AE

Ar,d, J= 161Hz),590(1H (;1, —161HZ) 682(1HArdJ 84HZ),778(1HAI‘d]-—17HZ)789
(1H Ar, dd, J = 8.4, 1.7 Hz); 'C NMR (CDCly) d 19.30 (CH,), 21.40 (CH,), 25.28 (CH,), 28.74 (CH,),
28.78 (CH,), 32.64 (CH,), 34.03 (C), 39.34 (CH,), 47.74 (C), 51.88 (OCH3) 84.60 (CH_O), 109.61 (CH),
123.13 (C), 125.66 (CH), 127.35 (CH), 128.58 (C), 131.26 (CH), 135.35 (C), 136.94 (C), 137.68 (CH),
163.61 (C-O Ar), 167.25 (COOQ); Anal. unstable product (dec),

Methyl- 3 -[2-(2, 6 6- trzmethvlcvclohex-l enyl)-vinyl]-4H-chromene-6-carboxylate 6j. Colorless oil; Yield 23 mg
(21%); H NMR (CDCL,) 3 1.00 (6H, s), 1.42-1.46 (2H, m), 1.56-1.66 (5H, m), 1.94-1.98 (2H, m), 3.5l
(2H, d, J = 6.6 Hz), 3.93 (3H, s), 5.56 (1H, m), 6.08 (1H, d, J = ISQ Hz), 7.46-7.50 (2H, dt, J = 6.6, 15.6

Hz), 8.01 (1H, Ar, dd, J =8.7, 1.7 Hz), 8.33 (1H Ar, d, J = 1.7Hz); "C NMR (CDCL,) 6 19.62 (CH,), 21.78
(CH,), 27.69 (CH,), 29.06 (CH,), 32.99 (CH,), 34,34 (C), 39.74 (CH,), 52.36 (OCH,), 111.61 (CH), 120.52

—3233 ~—133 ~ea3 ~233 SLL D20 AW E 4+ 22,0 Al A&V L

©), 122 83 (CH) 125 01 (C) 126 35 (CH) 128 57 (C) 128 87 (C) 130 29 (CH) 130 48 (CH) 137.54 (C),
143.03 (CH), 158.45 (C-O Ar), 168.00 (COO); Anal. unstable product (dec).

Procedure for Asymmetric Cyclisation of 5: To a solution of calcium carbonate (2.2 mol%) in acetonitrile
(0.06 M), was added sodium formate (1.1 mol%). The solution was stirred at room temperature for 10 min and
Pd(OAc)2 (10 mol%), sxlver—exchanged zeolite (Aldnch 36,660-9) (3.2g for each mmol of iodide), BINAP (20
mol%) and the iodide were added. The mixture was stirred at 60°C until the starting material was consumed (ca.
8h), then diluted with diethyl ether at room temperature and filtered through a Celite pad. The fiitrate was washed
with water, dried (MgSO,) and concentrated. The product was purified by silica gel chromatography (heptane,
CH.CL).

(-)-3-Methyl-3-(6,9-methano-3,5a,9,9a-tetramethyl-5a,6,7,8,9,9a-hexahydro-dibenzofuran-2-yl)-2, 3- dlhydro-
benzofuran-6-carboxylic acid methyl ester (-)-1e. Colorless oil; Yield 33%; [a],°(CHCL,) -20°; d.e. 72%; 'H

NMR (CDCI,) & 0.82-1.66 (16H, m), 1.71 (3H, s), 2.20 (1H, d, J = 4.3 Hz), 3.91 (3H, s), 448 (lH ,J=

8.5 Hz), 4.58 (1H, d, / = 8.5 Hz), 6.65 (IH Ar, d, J— 83 Hz), 6.87 (1H Ar, d, J = 2.0 Hz), 6.9 —7.05 (ZH
Ar, m), 7.51 (iH Ar, s), 7.62 (ZH Ar, d, J = 7.8 Hz); “C NMR (CDCl,) 6 17.88 (CH, 17), 19.48 (CH, 15),
21.92 (CH, 16}, 23.53 (CH, 3), 26.49 (CH,), 34.08 (CH, 2), 42.12 (CH, 14), 49.23 (CH 4), 49.66 (C), 50.87
(C 1), 52.11 (OCH,), 55.72 (C 10), 86.82 (OCH,), 97.93 (C 13), 108.53 (CH Ar), 110.84 (CH Ar), 121.66
(CH Ar), 122.92 (CH Ar), 123.69 (CH Ar), 126.38 (CH Ar), 130.52 (C Ar), 134.05 (C Ar), 136.63 (C Ar),

141.93 (C Ar), 157.55 (C-O Ar), 159.70 (C-O Ar), 166.99 (COO).
(+)-3-Methyl-3-(6,9-methano-3,5a,9,9a-tetramethyl-5a,6,7,8,9,9a-hexahydro-dibenzofuran-2-yl)-2, 3- dlhvdro-
benzofuran-6-carboxylic acid methyl ester (+)-1e. Colorless oil; Yield 35%; [a],?(CHCL,) +20°; d.e. 80%; 'H
NMR (CDC13)8076 1.63 (16H, m), 1.71 (3H, s), 2.21 (1H, d, /= 4.3 Hz), 391 (3H, s), 448 (1H, d, J =

ACL T 3 7T _ Q& I\ £ £K 11T A~ A I_")nLIq\ AOO’?(\(/’)T—I
0J11L),~9Ju Lir, u,J—-o.Juz.),UUJ\ 1 Vi A, O, v = Lov adj, O

114
1 M,
Ar,m), 7.51 (IH Ar, d, /= 1.0 Hz), 7.62 2H Ar, dd, I = 1.0, 7.8 Hz); 'C NMR (CDCL,) § 17.98 (CH, 17\

19.49 (CHJ 15), 21.91 (CH, 16), 23.55 (CH, 3), 26.45 (CH,), 34.12 (CH, 2) 42.15 (CH 14), 49.18 (CH 4),
49.56 (C), 50.87 (C 1), 52.13 (OCH,), 55.76 (C 10), 86. 86 (OCH,), 97. 96 (C 13), 108.61 (CH Ar), 110.82
(CH Ar), 121.41 (CH Ar), 122.95 (CH Ar), 123.73 (CH Ar), 126.43 (CH Ar), 130.50 (C Ar), 134.02 (C Ar),
136.71 (C Ar), 141.87 (C Ar), 157.57 (C-O Ar), 159.64 (C-O Ar), 167.00 (COQ).

o = o o

(-)-3- Methyl 3-(5,5,8,8- tetramemyl -5,6,7,8- tetranyclro napmnalen 2-yi)-2,3-dihydro-benzofuran-6-carboxylic

IR ey 2K Tewl 200 LIT )Y _9Q0. o a QNOZ
uuu memyt ESier \ }-.I.L W ulu: pUWUCl Llclu 75 1115 \-r.J 707, IW]p Livdy) —£40 , L.k DU IO,

(+)-3-Methyl-3-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-2,3-dihydro-benzofuran-6-carboxylic
acid methyl ester (+)-1c. White powder; Yield 75 mg (42%): [a],*(CHCI,) +29°; e.e. 81%.
(-)-3-Methyl-3-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-2, 3-dihydro-benzofuran-5-carboxylic
acid methyl ester (-)-1h. White powder; Yield 105 mg (56%); [a],(CHCL,) -145°%; e.e. 69%.
(+)-3-Methyl-3-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-2,3-dihydro-benzofuran-3-carboxylic
acid methyl ester (+)-1h. White powder; Yield 75 mg (40%); [a],(CHCI,) +116°; e.e. 59%.
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