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Palladium Mediated Substitutions and Rearrangements in Spiro{4,4]nonanes.

Doina Sirbu, Mette Lene Falck-Pedersen, Christian Remming and Kjell Undheim.*

Department of Chemistry, University of Oslo, N-0315 Oslo, Norway.
Received 5 February 1999; revised 17 March 1999; accepted 31 March 1999

Abstract:. The two-step NaBH4/CeCl5 1,2-reduction of spiro[4,4]nonane-2,7-diene- 1,6-dione gave a trans-
alcohol as a first product which reacted further to the corresponding cis,trans-diol. Pd(1l)-catalysis was used
to effect an allylic rearrangement from the 1,6-diacetate to the corresponding 2,7-diacetate. Both diacetates
were substrates for Pd(0)-catalyzed allylic alkylations. The relative stereochemistry was retained.

© 1999 Elsevier Science Ltd. All rights reserved.

Introduction
Spirocyclic structural units are present in a number of natural products, and several approaches have
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bee n total syntheses of natural products.! Spirane
0 . .

pharmacophoric groups in bioactive molecules, or as appropriately substituted ligands for organometallic
complexes.

There are several methods available for the construction of spirane systems. More recent methods
include palladium induced spiroannelations,? nickel catalyzed spiroannelations,3 radical promoted
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atalyzed hydroacylations.® We have

ry 1 )

spiroannelation by carbenoid rhodium insertion into C-H bonds.” Both Pd-catalysis,8 and Ru(Il)-catalyzed
ring closing metathesis,? can be used to effect spiroannelation onto dihydropyrazines.

In contrast to synthetic procedures, relatively little information is available on carbosubstitutions and
transformations in spiranes. Simple symmetrical systems such as the spiro[4,4]nonane system have been
studied in connection with Cz-symmetry and chiroptical properties; preparations involving chemical or

enzymatic resolution of oxo or hydroxy derivatives have provided single enantiomers of the corresponding
1,6-diene. 10.11 Preparations of the spiro[4,4]nona-1,3-diene, the 1,3,7-triene and the tetracne have also been

described.!? Benzo-fused analogues such as spirobis(indenes) have been prepared enatiomerically pure.!3

Results and discussion

We have initiated work with emphasis on transition metal catalyzed transformations in cyclospiranes,
and heretn we report results from studies with spiro[4,4lnona-2,7-diene-1,6-dione (2) as substrate {Scheme 1)

0040-4020/99/$ - see tront matter © 1999 Elsevier Science Ltd. All rights reserved.
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substitution reactions the diketone 2 was to be reduced to a diallylic aicohol. Three sets of enantiomeric pairs
of diols can be formed in the reduction of the diketone 2, viz. the cis,trans-diols 4a, the cis,cis- and the
trans,trans-diols 4b and 4¢ (Scheme 1). Sodium borohydride and cerium trichloride in methanol was used to

effect selective 1,2-reduction. By keeping the temperature below 20 °C the reduction could be controlled to
almost exclusive formation of the cis,trans isomer 4a which was isolated in 85% yleld At higher
the other two isomers 4b and 4c. Previous work with aluminum
hydride as reducing agent had led to isolation of 4a in 30% yield.12 In the past, reductive studies have mainly
been run on the saturated spiro[4,4]nonane-1,6-dione system which furnished exclusively the

cis,cis[4,4]nonane-1,6-diol isomer when lithium tert-bu[yldiisopropy]aluminum hydride was the reducing

y 7 2 :
\ cocCi or (i) 750, A

V4 ¢ 5% 3
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1 2 3 4a cisftrans
(5) 2 mol equiv CEC‘S 7 HQO/N"BHM IlV‘IeOH, <20°C | %, /\‘n ﬂ ’;{'\\”
K [}
(ii) 1 mol equiv. CeCly7 HO/NaBH,; MeOH, <20°C ~ 7\
HO" H” &H
4b cis/cis 4c transAfrans
Scheme 1

The structural assignment of the diol as the cis,trans product 4a was based on NMR data. The isomers
4b and 4c¢ have Cp-symmetry and hence the NMR signals from both rings coincide. In the cis,trans isomer 4a,
however, the hydrogens as well as the carbons in the two rings are all magnetically nonequivalent. Hence
there is a set of signals from each ring unless there is some partial overlapping of the signals.

The reduction of the two carbonyl groups is a two-step process. Using one equivalent of the reducin

- W o main Broadiet wac 4 vdr
agent below 20 °C, the main product was a monohydr
;

[

etone which was formed together with the diol 4a

s

(Scheme 1). The monohydroxy ketone 3 was difficult to separate from unreacted diketone 2 on
chromatography, but this mixture was readily separated from the diol 4a. Treatment of the mixture with acetic
anhydride gave a monoacetate which was separated from the diketone 2 by chromatography (Scheme 2).
NMR techniques failed to identify the stereochemistry of the oily acetate. Acylation of the mixture was
therefore repeated using p-nitrobenzoyl chloride. The crystalline benzoate was isolated by chromatography. A
single crystal X-ray analysis showed the product to have the trans structure 7 (Fig. 1).



The monoacetate & was subsequently hydrolyzed back to the hydroxyk
reductive conditions as above to furnish the cis,frans-diol 4a. The monoacetate & was also chemoselectively
reduced by the cerium trichloride-sodium borohydride reagent to a monoacetoxy hydroxy spirane which was
converted into a crystalline p-nitrobenzoate. A single crystal X-ray analysis showed the product to have the
cis,trans structure 9 (Fig. 2).

Formation of the frans structure S requires that the addition of the hydride to the carbonyl carbon is

from the more shielded face. This may be rationalized as to proceed by initial complexation of the reducing

Since reduction of the hydroxy ketone § also yielded the cis, trans-diol, it is suggested that the OH-group is

1

blocked as a metal compiex and hence the hydride is transferred from the iess shieided face.
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(1) ACL0, UMAF, LinaUip, U 70, 3 0 (iijp-NOolers COTI, DMARP, CHaCls, 20 °C, 2h;
(iii) 1 mol equiv. CeCly7 HO/NaBH, MeOH, <20°C, 0.5 h, (iv) as (i), but 1 h

Pd-mediated m-allyl transformations have been carried out with the diacetate 10 derived from the diol
4a. A 1,3-acetate shift was effected by the PdCIo(PhCN); reagent in THF. The rearrangement with acetate

transfer proceeded from the more shielded o-position next to the spirocenter to the less shielded B-position to

) NSRS 2

stereochemistry, the produci being the cis,irans isomer 11.

Pd(0)-catalysis was used to effect carbosubstitution reactions in the diacetate 11 with the soft
nucleophiles sodium malonate or the metallated derivative of di(phenylsulfonyl)methane. The catalyst was
generated in situ from Pdy(dba)3-CHCI3 and 1,2-bis(diphenylphosphino)ethane (dppe). The coupling reaction
with the 2,7-diacetate 11 proceeded to the extent of 60% with sodiomalonate in THF solution. NMR spectra
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were consistent with retention of relative stereochemistry, viz. with the cis,trans product 12a. The
regioisomeric 1,6-diacetate 10 was also dicoupled under the same conditions to furnish product 12a. The
reaction is initiated by metal coordination to the double bond before the acetate becomes a leaving group. The
regiochemistry is in accordance with the normal addition of a nucleophile to the less substituted or less
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product 12b was 65% from the 2,7-diacetate 11.

In COP.CI‘JS}OE‘ we have deduced the stereochemical course in the 1 2-reduction of spirold 4Inona-2 7-

1 141 eQcnemic rse 1n the l,Z-reguction of spiroj4,4jnona-.z,
Ainnma 1 L Ai~ca (MN nend ochnwrr that allalin nnntaran AF aithae rvacinnhamictsr ara cithotentac fAar DA _mmadiatad
Qicne-1,0-0isiic (&), diia SNHOWN indl auyiic aceiaies o1 Cilner regiocneimisiry are suosiraies i0f r G-michiaiea

carbylations in spiranes.
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X-Ray data.
X-ray crystallographic analysis data for the compounds 7 and 9.

The compounds 7 and 9 crystallized in centric space groups and are thus racemates. In Figs. 1 and 2

(vide infra) only one of the enantiomers is shown,

The X-ray data were collected on a Siemens SMART CCD diffractometer!5 using graphite
monochromated MoKa radiation (A = 0.71073 A). Data collection method: ®-scan, range 0.6°, crystal to
detector distance 5 cm. Data reduction and cell determination were carried out with the SAINT and XPREP

programs.13 Absorption corrections were applied by the use of the SADABS program.!6 The structure was

determined and refined using the SHELXTL program package.!” The non-hydrogen atoms were refined with
anisotropic thermal parameters; hydrogen positions were determined from difference Fourier plots and refined

with isotropic thermal parameters. Atomic coordinates, bond lengths and angles, and thermal parameters have

been deposited at the Cambridge Crystallographic Data Centre.
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105.08(2), B = 92.84(2), Y= 109.01(2)°, V=684.6(1) A°, Z=2, D, = 1.452 M
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against 7312 F2, R = 0.043 for I, > 26(1,) and 0.055 for all data (residual Ap < 0.55 ¢ A-3).
Crystal data for C 3H;7NOg (9): M = 343.33, monoclinic, P21/c,a = 13.152(1), b = 9.250(1), ¢ = 14.077(1)

A, B =106.47(1)°, V = 1642.2(1) A3, Z=4, Dy = 1.389 Mg m*3, i = 0.105 mm-!, F(000) = 720, T = 150 K,

measured 21321 reflections in 20 range 3.2 - 66.3°, Ry = 0.033. 294 parameters refined agains L R=
0.060 for I, > 25(I,) and 0.087 for all data (residual Ap < 0.34 ¢ A-3).
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Fig 1. ORTEP plot of trans-6-oxospiro[4,4]nona-2,7-dien-1-yl p-nitrobenzoate (7). In
the thermal-ellipsoid plot of the X-ray structure of compound 7, ellipsoids are shown a
50% probability. The conformation of the C5-C6 is ac the torsion angle C1-C5-C6-02

being -103.1(1)°
Fig. 2. ORTEP plot of cis trans-s

Fig. 2. ORTEP plot of cis, trans-sp
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In the thermal-ellipsoid plot of the X-ray structure of the cis-trans compound 9, ellipsoids

P L Py e WS B

are shown at 50% probability. The conformations of the C1-C5 and C5-C6 bonds are ac and sc,
respectively. The torsion angle O1-C1-C5-C6 is 96.0(2)° and the torsion angle C1-C5-C6-02
is -37.6(2)°.

MR spectra were recorded in CDCl3 at 500, 300 or 200 MHz with Bruker DRX 500, DPX 300 or

S o
'—EZ

e 13C spectra were recorded in CDCl3 at 125, 75 or 50 MHz. Chemical shifts are reported in
esidual (‘H(“ (7.24 ppm) and CD (77.00 ppm)
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impact conditions (EI) were recorded at 70 eV ionizing potential; methane was used for chemical ionization

(CI). The spectra are presented as m/z (% rel. int.).
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Solvents were degassed by bubbling argon through them dichloromethane and NMP were
dictillad fram (CalH  nndar aroan Drv THFE wac distilled from saodinum and benzonhenone under areon
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cis/trans-Spiro[4.41nona-2.7-diene-1.6-diol (4a). Sodium borohydride (384 mg, 10.15 mmol) was added in
portions to a solution of spiro[4,4]nona-2,7-diene-1,6-dione!2 2 (750 mg, 5.07 mmol) and CeCl3-7H,0 (3.774

g, 10.13 mmol) in methanol (60 mL) at 20 °C. The solution was cooled to keep the temperature inside the
flask at 20 °C when NaBH, was added. The solution was stirr
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mbient temperature. Water was
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added and the methanol was evaporated. The solution was extracted with EtOAc (3x), dried (MgSO4) and
evaporated. The crude product was purified by flash chromatography using EtOAc; yield 578 mg (75%) of a
white solid, m.p. 125 °C. Found: C, 70.75; H, 8.02. Calc. for CgH{203: C, 71.03; H, 7.95. IH NMR (200

MHz, CD;0D): § 2.0-3.0 (m, 4H, CH,), 3.99 (s, 1H, CH), 4.83 (s, 1H, CH), 5.7-6.1 (m, 4H, CH=). 13C NMR
(50 MHz, CD;0D): 8 39.9 (CH;), 46.5 (CH;), 57.4 (C), 77.9 (CH), 84.5 (CH), 132.9 (CH=), 134.2 (CH=),

134.4 (CH=), 136.4 (CH=). MS(EI): m/z 152 (M™, 1), 134 (94), 116 (34), 105 (55), 91 (64), 82 (47), 79 (55),
78 (42), 77 (65), 28 (100).

cis/trans-Spirof4.4]nona-2.7-diene-1.6-diol (4a) can be also made by treating trans-6-hydroxyspiro[4,4Inona-
2,7-dien-1-one (5) with one equivalent of sodium borohydride. Thus a solution of trans-6-hydroxy-

N ~ryY s~

spiro[4,4]nona-2,7-dien-i-one 5 (50 mg, 0.33 mmol) and CeCl3-7H,0 (262 mg, 0.7 mmol) in methanol (3 ml)
was treated with sodium borohydride (15 mg, 0.39 mmol) at 0 °C. The mixture was stirred for 20 min at this
temperature when TLC monitoring showed the reaction to be complete. The solvent was evaporated at
reduced pressure, and the product was purified by flash chromatography using EtOAc; yield 35 mg (70%) of
the title compound 4a.

trans-6-Hydroxyspiro[4.4]nona-2.7-dien-1-one (5). Sodium borohydride (152 mg, 4 mmol) was added
gradually to a solution of spiro[4,4]nona-2,7-diene-1,6-dione 2 (592 mg, 4 mmol) and CeCl3-7H,0 (1.49 g, 4
mmol) in methanol (40 ) with cooling in order to keep the temperature inside the flask below 20 °C. The
mixture was stirred at ambient temperature for 2 h before water was added and the methanol was evaporated.
The reaction gave a mixture of spiro[4,4]nona-2,7-diene-1,6-dione (2), trans-6-hydroxyspiro[4,4]nona-2,7-
dien-1-one (5) and cis/trans-spiro[4,4]nona-2,7-diene-1,6-diol (4a). The diol 4a was separated from the other

two \mrn c‘nmnmmdc o flash r‘hmmatnomnhv ehmna initiallv with hexane:EtQAc 1:2. then with EtOQAc:

Luit 81T _ B R b - bt o il AIAAQRELY WAl UCVAQLU.ARV AL 1.4, 11 RIRNALAR,

yield 150 mg. The starting material and product 5 could not be separated and were isolated as a mixture. The
ratio of the compounds 2:5 was 2:3 by /H NMR estimation; yield 376 mg. '"H NMR (200 MHz): § 2.27-2.29
(m, 2H, CH,), 2.57-2.69 (m, 1H, one H in CHj), 2.77 (d, J 7.12 Hz, 1H, OH), 3.35-3.46 (m, 1H, one H in
CHj), 4.73-4.79 (m, 1H, CH), 5.66-5.72 (m, 1H, CH=), 5.85-5.90 (m, 1H, CH=), 6.05-6.12 (m, 1H, CH=),

7.70-7.75 (m, 1H, CH=). 13C NMR (50 MHz): § 38.3 (CH,), 42.9 (CH,), 57.8 (C), 80.7 (CH), 131.8 (CH=),



trans-6-Acetoxyspiroi4.4jnona-2.7-dien-1-one (6). Acetic anhydride (163 mg, 1.6 mmol) in dry
dichloromethane (5 mL) was added dropwise to a solution from the mixture of spiro[4,4jnona-2,7-diene-1,6-
dione 2 and rrans-6-hydroxyspiro[4,4]nona-2,7-dien-1-one § (243 mg; ratio 2:3) and DMAP (215 mg, 1.76
mmol) in dry dichloromethane (5 mL) under argon at 0 °C. The solution was stirred at 0 °C for 2 h, washed

with aq. CuSQy4 (3x), aq. NaHCO3 (2x) and brine, dried (MgSQOy) and evaporated. The crude product was
purified by flash chromatography using hexane:EtOAc 3:1; yield 147 mg of a colourless oil. Found: C, 69.07;

- . e DRACQ. O NTIOL Mol e 0 . 10N o 1
H, 6.66. Calc. for C; H,,05: C, 68.73; H, 6.29. HRMS: M 192.0796. Calc. for C,H,,05: 192.0786. '"H NMR

(200 MHz): 6 2.33-2.36 (m, 2H, CH,), 2.66-2.77 (m, 1H, one H in CH,), 3.10-3.15 (m, 1H, one H in CH,),
5.67-5.77 (m, 2H, CH= and CHO), 5.99-6.04 (m, 1H, CH=), 6.12-6.18 (m, 1H, CH=), 7.62-7.68 (m, 1H,
CH=). 13C NMR (50 MHz): §21.3 (CH3), 39.4 (CH,), 44.4 (CH,), 55.6 (C), 82.2 (CH), 128.7 (CH=), 131.8

(CH=), 133.4 (CH=), 161.9 (CH=), 169.4 (CO), 210.1 (CO). MS (EI): m/z 192 (M*, 4), 150 (58), 149 (51),
133 (33), 132 (78), 121 (36), 104 (62), 43 (100)

frans-6-Oxospiro[4.4]nona-2.7-dien-1-yl p-nitrobenzoate (7): p-Nitrobenzoyl chloride (280 mg, 15 mmol)

was added to the mixture of the compounds 2 and 5 obtained as above (240 mg) and DMAP (200 mg, 1.65
mmol) in dry dichloromethane (15 mL) at ambient temperature. TLC monitoring showed the reaction to be
complete after 3 h. The reaction mixture was extracted with water, dried (MgSQy), the solvent distilled off

and the residual material subjected to flash chromatogr. hy using hexane:EtOAc 3:1; yield 200 mg. The
product was a yellow crystalline material, m.p. 148 °C (from CHCl3). HRMS: M 299.0797. Calc. for

C16H13NOs: 299.0793. TH NMR (300 MHz): § 2.4-2.6 (m, 2H, CH»), 2.8 (m, 1H, CHa), 3.15 (m, 1H, CH»),

5.85, 6.1-6.2 (m, 1H, CH=), 5.98 (1., 1H, CHOH), 6.12 (m, |H, CH=)

CH=), 8.13 and 8.27 (ABA'B", J 9.5 Hz, 4H, CcHy). 13

oate (9): CeCl3-7H20 (418 mg) was added to a
solution of frans-6-acetoxyspiro[4,4]nona-2,7-dien-1-one 6 (80 mg, 0.416 mmol) in MeOH (5 mL), the

solution cooled to 0 °C and sodium borohydride (15.83 mg, 0.416 mmol) added slowly at this temperatu
The mixture was stirred at ambient temperature for 0.5 h, the solvent distilled off and the product subiected to

flash chromat hv using hexane:EtOAc 2:1. The product thu

Py Siiz MVAGUV AN LAV &2 LUV pIUGUL

material. Part of the product mixture (50 mg) was dissolved in dichloromethane (5 mL), DMAP (63.44 mg,
0.52 mmol) added and the mixture was stirred for 10 min before p-nitrobenzoyl chloride (96.2 mg, 0.52
mmol) was added. The reaction mixture was stirred for 1 h at ambient temperature when TLC monitoring
showed the reaction to be complete. The solvent was distilled off, the residual material dissolved in diethyl
ether, the solution shaken with NaHCO3, with brine, dried (MgSQy4) and the product purified by flash
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163, 165 (CO).
The structure has been verified by a single crystal X-ray analysis (Fig. 2).

cisftrans-Spirof4.41Inona-2.7-diene-1.6-diacetate (10). Acetic anhydride (1.074 g, 10.53 mmol) in dry

dichloromethane (15 mL) was added dropwise to a solution of cis/trans-spiro[4,4]nona-2,7-diene-1,6-diol

1) in dry dichloromethane (15

(667 mg, 4.39 mmol) and DMAP (1.34 g, 10.97 mmol 1lorometha mL) under argon at 0 °C.
The solution was stirred for 2 h at 0 °C, washed with aq. CuSOy4 (3x), aq. NaHCO3 (2x) and brine, dried

(MgS0O,) and evaporated. The crude product was purified by flash chromatography using hexane EtOAc 2:1
yield 964 mg (93%) of a colourless oil. Found: C, 65.66; H, 7.06. Calc. for Cy3H|¢04: C, 66.08; H, 6.83. 'H
NMR (200 MHz): & 1.97 (s, 3H, CHj3), 2.01 (s, 3H, CH3), 2.1-2.9 (m, 4H, CH,), 5.2-6.1 (m, 6H, CH and

CH=). 13C NMR (50 MHz): § 21.3 (CH,), 38.9 (CH,), 45.4 (CH,), 54.5 (C), 79.1 (CH), 84.3 (CH), 128.4
CH=), 129.7 (CH=), 134.8 (CH=), 137.2 (CH=), 170.0 (CO)

cis/trans-Spiro[4.4]nona-1.6-diene-2.7-diacetate (11). cis/trans-Spiro[4,4]nona-2,7-diene-1,6-diacetate 10
(410 mg, 1.74 mmol) and PdCl,(PhCN), (100 mg, 0.26 mmol) were dissolved in dry THF (40 mL) under

argon and the solution stirred at ambient temperature for 20 h. The solution was evaporated and the crude
residual material subjected to flash chromatography using hexane:EtOAc 3:1; yield 349 mg (85%) of a

228 °C. Found: C. 65.97: H. 6.80. Cal
et o . ALY

r'ed 8
U, oy Uo7 7, X1y U.OJ, Lo L0

(CH=), 143.2 (CH=), 143.7 (CH=), 170.8 (CO). MS(EI): m/z 236 (M*, 1), 176 (14), 134 (100), 116 (56), 105
(24), 43 (62).

s3

A AV s N diene-2.7-bismalonate (12a).
4.4 - I -qaiéne- L Y il <

(i). From 2,7-diacetate 11: Pdy(dba)s (108.6 mg, 0.105 mmol) was added to dppe (83.58 mg, 0.21 mmol) in
THF (1 mL). The mixture was stirred under argon at ambient temperature for 10 min and then added to a
solution of spiro[4,4]nona-2,7-diene-2,7-diacetate 11 (0.5 mL, 2.118 mmol) in THF (5 mL). The mixture was
stirred for 10 min before a solution of sodium malonate was added. The malonate solution was prepared from
diethyl malonate (1.01 mL, 6.4 mmol) and sodium hydride (55% in oil; 335.12 mg, 7.68 mmol) in THF (5
mL). The resultant

0 thyl ether w
ether phase collected, the water phase extracted with diethyl ether, the combined ether solutions
dried (MgSQ0y4) and evaporated. Excess diethyl malonate was removed from the residual material by
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50 °C/1 mmHg) and the residual material subjected to flash chromatography using
(60%) of a colourless oil, b.p. 290 °C. Found: C, 63.59; H, 7.47; Calc. for

“H3), 1.70-2.19 (quartet of muitiplets,
3 (m, 4H, vinyl). 13C
NMR (75 MHz): & 14 (s, CH3), 42 (d, CHy), 44.6 (d, CH, spiro), 57.3 (d, CH-CO), 61 (s, Cqya), 61.3 (s,

CH,), 130, 138 (doublets, CH, vinyl), 168.3 (s, CO). MS(EI): m/z 436 (M", 4), 276 (63), 235 (54), 203 (76),
161 (80), 131 (100), 116 (52).

(i1). From 1.6-diacetate 10: The reaction was run under the same conditions as above; yield 70% (GC).

cis/trans-2.7-Bis{di(phenylsulfonyl)methyl]spiro[4.4]nona-1

(1) From diacetate 11. Pd,(dba);-CHCl; (29 mg, 0.028 mmol) and dppe (22 mg, 0.055 mmol) were dissolved
in dry THF (2 mL) under argon at ambient temperature and the mixture stirred for 10 min before a solution of
cis/trans-spiro{4,4]nona-1,6-diene-2,7-diacetate (130 mg, 0.55 mmol) in ury THF (5 mL) was added. The
resuitant solution was stirred for 10 min at ambient temperature and added siowly by means of a syringe to a
stirred suspension of di(phenylsulfonyl)methane (408 mg, 1.37 mmol) and NaH (55% in oil; 56 mg, 1.27
mmol) in dry THF (10 mL). The mixture was stirred at ambient temperature for 1 h and at 50 °C for 1 h.
Diethyl ether was added and the solution was washed with water and brine, dried (MgSQ,) and evaporated.
The crude product was purified by flash chromatography using hexane:EtOAc 1:1; yield 214 mg (55%) of a

white solid, mp. > 230 °C. Found: C, 59.11; H, 4.79. Calc. for C35H3,04S,: C, 59.30; H, 4.55. 'H NMR (200
MHz): § 1.99-2.53 (m, 4H, CH,), 3.77-3.88 (m, 2H, CH-CH,), 4.72-4.75 (m, 2H, CH), 5.38-5.63 (m, 4H,

CH=), 7.49-7.95 (m, 20H, Ph). 13C NMR (50 MHz,): 641.8 (C H,), 42.3 (CH,), 43.9 (CH;), 44.2 (CH,), 61.4

(C), 85.2 (CH), 85.3 (CH), 126.8, 127.3, 128.6, 128.7, 128.9, 129.4, 133.8, 133.9, 134.2, 137.8, 138.2, 139.0,
139.2, 139.8 (Ar). MS(EL): m/z 568 (14), 143 (41), 142 (41), 141 (53), 128 (100), 125 (39), 78 (81), 77 (36).

(ii). From 1.6-diacetate 10: The reaction was run under the same conditions as above, using DME as solvent;

viald £&
yicid vo /0 klbUldlCU}
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