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Abstract: Carbosubstitutions in spirene triflates can be effected by Pd-catalyzed couplings with stannylated

or zincated arenes. Differential carbosubstitution resulted from stepwise triflation and coupling in spiro[4,4]-
nonane-1,6-dione. Catalytic hydrogenation of the 1,6-diphenyl-1,6-diene gave the cic, cis-disubstituted

spirane. Metal hydride reduction of intermediate monoketone gave mainiy the cis-aicohol. ® 1999 Elsevier Science Ltd.

All rights reserved.

Spirane skeletons are embedded in a variety of natural products. Syntheses of this class of natural

.b-ﬂ 'ﬁ

allenes. In this context, successful chiral resolutions have been reported.?

The framework of the spiranes is rigid. Use of the stiff scaffold of spiranes for stereocontrol of
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s, however, have been investigated for their ability to induc
hydride reductions of phenyl alkyl ketones,3 and in hydroformylation of styrene.4

In our work, spiranes were to be substrates for carbylation reactions. Recent syntheses of spirane
systems include palladium promoted intramolecular Heck reactions in spiroannulations to carbo- or heterocyclic
structures,’ cascade reactions,>0 radical promoted spiroannulations,’ spiroannulation of ketals,® rearrangements
reactions,’ nickel mediated spiroannulations with acetylenes, !0 rhodium-catalyzed hydroacylations,!! copper or
samarium mediated spiroannulations, 213 acid or base catalyzed aldol condensations as well as alkylations.!4.15

We have reported on spiroannulations in the preparation of substituted spirol4,4Inonanes by carbenoid rhodium
ingartion inta C-H hande 16 Qniragannulation hag alen heen effactad hu nalladinm catalveic 17 A cariag of
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the stereoselective preparation of cyclic di-amino acids. '8

From our program on the preparation and substitution reactions in simple spiranes we herein report
studies on substitution and stereoselectivities in reactions in the spiro[4,4]Jnonane system. In the program we are
primarily interested in substitutions next to the spiro center in the o, -positions and use the readily available
1,6-dione 1 as substrate.!9 Reactions involving carbonium intermediates at the ¢t-carbon are likely to end up in
skeletal rearrangements, and Sn2 reactions are excluded for steric reasons. Addition of a metal hydride or
organometallics to an o,0’-dioxospirane gives diols which are sensitive to ring opening reactions, especially
derivative 2021 In this w
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1,3-diois. Palladium-catalyzed cross-coupling
carbylation reactions of enolate derived substrates are reported. The initial substrate in the reaction sequences
were to be the corresponding triflates (vide infra).
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Triflation of the 1,6-diketone 1 under our best conditions was effected by triflic anhydride using pyridine
in dichloromethane, initially at -78 ©C (Scheme 1). The reaction was slow. After four days at ambient
temperature the monotriflated product 2 was isolated in 62% yield and the ditriflate 3 was isolated in 5% yield.
The triflates were stable to flash chromatography. Using the same reaction conditions with the monotriflate 2 as
substrate gave only 26% of the ditriflated material 3; most of the substrate 2 (50%) was recovered. The
monotriflation allows for differential carbylations at the two carbony! carbons in the diketone 1. Thus coupling of

the monotriflated product 2 gave a monoketone which could subsequently be triflated for a further coupling
reaction (vide infra)
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(i) Tf20, pyridine, CHxCly, -78 - 20 °C, 4 d; (i) RSnBug, 6-10 mol% Pd(PhsP)4, LiCl, dioxane;
(iii) HSnBug, 5 mol% Pd(PhgP)4, LiCl, dioxane, 50 °C, 2.5 h; (iv) PhSnBus, 5 mol% Pd(dba)s, NMP, 20 °C, 4
Scheme 1
Stille couplings between the monotriflate 2 and B-styryl-, 2-thienyl and phenylethynylstannanes was
effected with tetrakis(triphenylphosphine)palladium by warmin lution in dioxane comaining lithium chloride

cts were isolated in guuu y elds.
Coupling under these conditions failed for the corresponding phenylstannane reagent. The phenyl derivative 6,

however,was formed in 64% yield using a more active, less strongly coordinated Pd-catalyst, generated from
Pd(dba), and N-methyl-2-pyrrolidinone (NMP) as the weak coordinating donor.

The ready coupling reactions offer an opportunity to convert a carbonyl group in 1 into an endocyclic
olefinic bond. Thus formation of the cycloalkene 5§ was effected in high yield by coupling the monotriflate 2 with
tributylstannane.
also been studied. The reverse

or reversing the polarization in the coupling of spiranes have
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polarization is of interest when halides or triflates are the natural substrates for coupling reactions with spiranes.
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Stannylation was used to effect metallation in the spirane, and the desired product 7 was available from a Pd-
mediated coupling reaction with the triflate 2 and and hexamethyldistannane (Scheme 2). The stannylated product
7 was isolated in 80% yield and was stable to flash chromatography. Coupling reactions between the
spirostannane 7 and iodobenzene or phenyl! triflate furnished the phenyl derivative 6. Triphenylarsine was the

ptimum ligand for Pd in this reaction which was effected in the presence of copper iodide and NMP.

d in this reaction which was effected in the pr De
o]
l/ A 0) l/‘ ™ (ii) or (i) - (‘/\'
~ = = =
TIO MezSr —
2 7 (84%) \_7
(i) (MeaSn)p, 2 moi% Pd(PhgP)4, LiCl, dioxane, 50 °C, 14 h 6 [(i)) 40%; (iii) 35%)
(ii) PhOTY, 4 mol% PdClo(PhCN)p, AsPhg, LiCl, Cu‘i, NMP, 80 °C, 14 h
(lit) Phi, 4 mol% PdClz(PhCN)g, AsPhg, Cul, NMP, 80 °C, 14 h

)
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In the studies of arylation of the ditriflate 3, stannylated 2-thiophene furnished the dithienyl derivative 8b
in low yield whereas the monocoupling had proceeded well using the thienylstannane (Scheme 1, 4h). For
diphenylation, phenylzinc bromide was used as a reactive reagent for the preparation of the diphenyl spirane 8a.

=", (i) ﬁm (iii)

T /,,’: or (") 4 ):ﬁ-' 8a :

TIO R P;

3 8a R =Ph (56%) 9 (67%)

8b R = 2-thienyl (20%)
(i) PhZnBr, 10 mol% Pd(Ph3P)4, THF, 80 °C, 14 h; (i) Bug(2-C4H3S)Sn, 10 mol% Pd(PhgP),, LiC
dioxane, 50 °C, 14 h; (iii) Hx (4 bar), Pd/C, EtOH, 5 d.

Scheme 3

Saturation of the double bonds in the 1,6-diene 8a was postulated to proceed by hydrogen addition to the
less hindered side of each spirane ring. Thus saturation of the double bond in the one ring forces the phenyl

substituent into a cis relationship with respect to the remaining doubly bonded substituted carbon. The approach

of the second double bond to the catalyst surface will be trans to the reduced function. Delivery of hydrogen from
thn ~natalerct crrfnns L | 'S SO Ry ) P T T
the catalyst surface will therefore force the second pncny1 substituent into a cis relationship, the product being the

cis,cis-diphenyl derivative 9. Unequivocal structural determination was effected by a single crystal X-ray
analysis (vide infra) which showed the product to have the relative cis-structure 9.

Triflation of the monsubstituted ketone 4b was effected using triflic anhydride and proceeded in
acceptable yield. Tt will be recalled that ditriflation of the diketone 1 was difficult to effect (vide supra).
Sequential substitution starting with the diketone 1 is demonstrated with the coupling reaction between the triflate

10 and phenylzinc bromide which proceeded very well to vield the differentially disubstituted spirane 12.

8527



IR AN I | 55
eat rsen et at. / 1 etranearon 5

S
r
>
8
=
"(!

with Pd-cataiysis. The latter was subsequently coupled with phenyi triflate in a Pd-mediated reaction with
triphenylarsine as coordinating ligand to furnish the differentially disubstituted spirane 12.
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(i) Tf20, pyridine, CHoCly, -78 - 20 °C, 24 h; (ii) (MeaSn),, 5 mol% Pd(PhgP)4, LiCl, dioxane, 50 °C, 2 h;
(ii) PhOTY, 4 mol% PdCl,(PhCN),, AsPhg, LICI, Cul, NMP, 80 °C, 14 h; (iv) PhZnBr, 10 mol% Pd(PhaP)s,

THF, 80 °C, 14 h
Scheme 4

In metal hydride reductions of the carbonyl double bond in the substrates 4b, 6 and 7, the metal hydride
was expected to approach the carbonyl carbon from the less hindered side away from the substituted double
bond. Hence the hydroxyl group formed must have a cis relationship to the substituted double bond as in the
structures 13, 14a, 15a. From the phenyl derivative 6 only the cis-alcohol 13 was isolated. From the thienyl

derivative 4b both the cis and the trans products 14a:14b were isolated in the ratio 6:1 in a total yield of 70%
ML o fnmeanne s~ (T8 18LY 1 0131 . S DR, PRpUS, B [, Py, Su, -y T PP
10€ ISOMIEr ratio (15al150) ana yieids were simmlar from ihe LH[II@[H)’lbldIlIlyl derivaiive 7. The b[dﬂn}’l 1somers

15a and 15b were separated by flash chromatography and (-methylated, and the ether products 16a and 16b
subjected to coupling reactions with phenyl triflate using triphenylarsine as ligand for palladium in the presence
of copper iodide to yield the phenyl derivatives 17a and 17b, respectively.

OH OMe OMe
/™ 15a % /N (i) %N
V>"J (ii) l\/\:/’l V>§J
A R MegSt PH
13R=Ph (63%)
(I/m (i) 14a R = 2-thienyl (60%) 16a (80%) 17a (48%)
A \ 15a R = Me3Sn (60%)
R -
HQH MeQ H MeQ |
4b R = 2-thienyl /ﬁ 15b H /\, (iii) ‘j /\!
6 R=Ph ~ \— N W \— —_— __
7 R =MesSn = (i) = ~ )=
3 R Me3SH PH
14b R = 2-thieny! (10%) 16b (84%) 17b (50%)

15b R = Me3Sn (13%)

(i) NaBH,, CeCly7H,0, MeOH, 0 °C, 20 min; (i) NaH, Mel, DMF, THF, 0 - 20 °C
(iii) PhOTS, 5 mol% PACIx(PhCN)2, AsPhs, Cul, NMP, 80 °C, 2 h

Scheme 5
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The phenyl and thiophene alcohols 13 and 14a were transformed into the crystalline p-nitrobenzoates 18
and 19 and the relative stereochemistry determined by single crystal X-ray analysis.

e~ 0] RP w\\\/)\ NOz

/ R S — .,
R = Ph [89%)

R 1
' B9%)

8 R=
13, 14a R 19 R = 2-thienyl (71%)
(i) 4-Nitrobenzoy! chloride, DMAP, CH,Cla, 20 °C, 14 h

Scheme 6

In conclusion we have described Pd-catalytic methodologies for carbosubstitution in the spiro[4,4]nonane
system. Catalytic hydrogenation of the 1,6-diphenyl-1,6-diene to the corresponding cis, cis-diphenyl derivative
was used to demonstrate a route leading to cis,cis ¢,0t”- disubstitution in the spirane.

X-Ray data:
The compounds 9, 18 and 19 crystallized in the centric space group P2/c. In the following only one of

the enantiomers is shown.

Fig. 1. ORTEP plot of cis, cis-1,6-bis(phenyl)-spiro[4,4]nonane (9). In the thermal-ellipsoidal plot
of the X-ray structure of compound 9, ellipsoids are shown at 50% probability. Only the H-atoms

at stereogenic centres are shown. The molecule has an approximate two-fold axis of symmetry.

Bond lengths and angles are normal.

Fig. 2. ORTEP piot of cis-6-phenyi-spiro[4,4inona-6-en-i-yi p-nitrobenzoate (18). The thermal-
ellipsoid plot of the X-ray structure of compound 18 shows the relative stereochemistry. Only one
of the two crystallographically independent molecules is shown. For clarity H-atoms are omitted
except that at the stereogenic centre.

Fig. 3. ORTEP plot of ¢is-6-(2-thienyl)-spiro[4,4Inona-6-en-1-yl p-nitrobenzoate (19). The thermal-

ellipsoid plot of the X-ray structure of compound 19 shows the relative stereochemistry,
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X-ray crystallographic analysis data for the compounds 9, 18 ,and 19.

X-ray data were collected on a Siemens SMART CCD diffractometer22 using graphite monochromated
MoK 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.22 Absorption
corrections were applied by the use of the SADABS program.23 The structure was determined and refined using

the SHEI XTI nrooram nackage 24 The non-hvdragen atoms were refined with anisotronic thermal narameters
ne onrl X1l program pacxkage. 1€ non-pydrogen atoms were refined with anselropic thermal parameters;
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parameters. Atomic coordinates, bond lengtns and angies, and therm: parameters have been aeposiied at e

Cambridge Crystallographic Data Centre.
Crystal data for CyHyy (9). M = 276.40, monoclinic, P2/c, a = 10.295(1), b = 12.940(1), ¢ = 11.998(1) A, B

= 103.46(5)°, V = 1554.4(1) A3, Z =4, D, = 1.181 Mg.m™3, u = 0.066 mm!, F(000) = 600, T = 150 K,
measured 18939 reflections in 26 range 4.1 - 66.3°, R;,, = 0.033. 286 parameters refined against 5878 F2, R =

0.049 for I, > 26(1,) and 0.068 for all data (residual Ap < 0.40 e. A3
Crystal data for C 7LI_7 NO4 (18). M = 363.40, monoclinic, P2/c, a = 11.668(1), b = 8.021(1), ¢ = 38.802(1)

YA3,Z=8,D, =1330 Mgm3, u

SV AVAg.IRL T, M

2) 0.092 mm-1, F(000) = 1536, T = 150 K
measured 34233 reflections in 20 range 3.6 - 56.6°, R, = 0.056. 489 parameters refined against 9004 F2, R =
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A, B =91.81(5), V=3629.4(

N NOA £ T o A _s T ___ 1N 1N~ O | 5 R . ,'l 1 A_ - I AN =

U.Us4 101 1, » £0{{,) and L. 1UZ I0r all daia (residaual Ap < U453 €. 1-\ ")

Cmratal Aora Fae £ LT NI O 1 O0 369.42 1A n1Qr1y L O g9
Lrystal gata_ 1or L] LQIVH4Q {17). M = 369. 44, monocumc, I"J.]/C, a= 139V/s(i), o = J.0506(1), ¢ =

14.432(1) A, B = 101.18(5)°, V = 1766.04(2) A3, Z=4, D, = 1.389 Mg.m*3, p = 0.209 mm'!, F(000) = 776,
T =150 K, measured 17926 reflections in 20 range 3.2 - 61.0°, R;,; = 0.020. 329 parameters refined against
5318 F2, R = 0.077 for 1, > 20(l,,) and 0.084 for all data (residual Ap < 0.44 e.A3)

The mass spectra under electron impact conditions were recorded at 70 eV (EI). Methane was used for

chemical ionication ({CY The enectra are nrecented ac m/> (9% rel int) lT—T NMR cnectra weora racrarded at
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benzophenone. Dry dichloromethane and d
from BaO.

6-Trifluorom 1,6-bistrifluoromethanesuifonyloxy-
spiro[4.4]nona-1.6-diene (3). Triflic anhydride (0.96 mL, 5.82 mmol) was added neat with a syringe to a
solution of spiro[4,4]nona-1,6-dione!® (590 mg, 3.88 mmol) and pyridine (460 mg, 5.82 mmol) in dry
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anesulfonyloxy-spirof4.4]nona-6-en-1-one

dichloromethane (60 mL) at -78 °C under argon. The reaction mixture was allowed to reach ambient temperature

and stirred at this temperature for 4 d. The solvent was evaporated and the crude product was purified by flash

1115 vidiul SULVLLL apuial 4 LK product was fIplwie s 114522

chromatography eluting with hexane:EtOAc 5:1.

6-Trifluoromethanesulfonyloxy-spiro{4.4]nona-6-en-1-one (2) was obtained as a colourless oil; yield 683 mg
{(’107.\ TIDAMC. AL Y194 N2A1 MNal~ Foe O | 4 N.N.C. 204 N22n 1 \T\A‘D (O Y. TT MYT N\
(0250, TINIVIS! ¥ £0%4.US4% 1. LAIC. 101 L joi1113U3d0 L04.USSU. " 11 INVIR (LU I3)! © 7-2.5 {(m, 10H, g,

rTA £ 0YY Yy Ty N n 1 ats

87 (1, J2.56 Hz, iH, C 19.6 (C 2), 6.10 (CH,), 33.7 (CHj), 34.1 (CH,), 36.9
(CHy), 60.2 (C), 118.3 (g, Jc 318 Hz, CF3), 118.8 (CH=), 148.1 (C=), 216.9 (CO). IR (liq.film): 2896,
2865, 1745, 1213, 1141 cm’'. MS(EI): 284 (M+, 0.2), 228 (57), 151 (100), 123 (24), 105 (29), 95 (91), 79
(26), 67 (59).
1.6-Bis(trifluoromethanesulfonyloxy)-spiro{4.4Inona-1.6-diene (3) was obtained as a colourless oil; yield 81 mg

U'I
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(5%). 'H NMR (CDCl3): § 1.8-2.5 (m, 8H, CH,), 5.80 (1, J 2.6 Hz, 2H, CH=). 13C NMR (CDCl;): § 26.3
(CHj), 33.4 (CHy), 58.2 (C), 116.9 (CH=), 118.2 (q, Jc 317 Hz, CF3), 147.9 (C=). IR (lig.film): 2949,
2867, 1425, 1213, 1142 cm™. MS(ED): 416 (M*, 0.4), 283 (25), 149 (27), 133 (18), 105 (27), 95 (19), 69
(36), 55 (100).

1.6-Bistrifluoromethanesulfonyloxy-spirol4 4Inona-1.6-diene (3) by triflation of substrate 2. Triflic anhydride

(0.44 mL, 2.64 mmol) was added neat with a syringe to a solution of 6-tr1ﬂuoromethanesulfonyloxy—
-en-1-one 2 (500 mg, 1.76 mimol) and pyud:re (208 mg, 2.64 minol) in uxy dichloromethane
(40 mL) at -78 °C under argon. The reaction mixture was aliowed to reach ambient temperature and stirred at this
temperature for 4 d. The solvent was evaporated and the crude product was purified by flash chromatography
eluting with hexane:EtOAc 5:1; yield 190 mg (26%). 50% of the substrate 2 was recovered.

6-trans-B-Styryl-spiro[4.4]nona-6-en-1-one (4a). 6-Trifluoromethanesulfonyloxy-spiro[4,4]nona-6-en-1-one 2
(365 mg, 1.29 mmol), tributyl(B-styryl)stannane (606 mg, 1.54 mmol), Pd(Ph3P), (104 mg, 0.09 mmol) and
LiCl (163 mg, 3.86 mmol) were dissolved in dry dioxane (10 mL) under argon at ambient temperature The
solution was stirred at 80 °C for 1.5 h and evaporated. A saturated solution of potassium flu

(20 mL) was added to the residue, the resultin

(t, /2.6 Hz, 1H, CH=), 6.23 (d, J 16.5 Hz, 1H, CH=), 6.67 (d, J 16.5 Hz, 1H, CH=), 7.19-7.37 (Ar, m,
5H). 1°C NMR (CDCl3): 6 20.9 (CHj,), 31.2 (CHj), 34.5 (CH,), 38.0 (CH,), 38.5 (CH,), 63.0 (C), 122.1
(CH=), 125.6 , 126.8, 127.8, 136.4 (Ar), 128.6 (CH=), 134.0 (CH=), 142.5 (C), 220.8 (CO). MS(EI): 238
(M, 56), 182 (50), 181 (43), 167 (60), 151 (100), 142 (67), 123 (96), 105 (51).

6-(2-Thienyl)-spiro[4.4]nona-6-en-1-one  (4b). 6-Trifluoromethanesulfonyloxy-spiro[4,4]nona-6-en-1-one 2
(150 mg, 0.53 mmol), tributyl(2-thienyl)stannane (246 mg, 0.66 mmol), Pd(Ph3P)4 (31 mg, 0.03 mmol) and
LiCl (72 mg, 1.69 mmol) were dissolved in dry dioxane (10 mL) under argon and stirred at 50 °C for 2 h and
evaporated. The reaction mixture was workred up as above; yield 80 mg (70%) of a colouriess oil. Found: C,
71.33; H, 6.60. Calc. for Cy3H40S: C, 71.52; H, 6.46. HRMS: M 218.0768. Calc. for C|3H408S: 218.0765.

7
TH NMR (CDCly): 8 1.9-2.6 (m, 10H, CH,), 6.20 (t, J 2.7 Hz, 1H, CH=), 6.69 (d. J 3.5 Hz, 1H, CH=), 6.91
(dd, J 5.1, 3.5 Hz, 1H, CH=), 7.12 (dd, J 5.1, 1.1 Hz, 1H, CH=). 13C NMR (CDCls): 8 20.1 (CH,), 30.7
(CHy), 34.3 (CH,), 37.3 (CHjy), 37.9 (CH,), 64.6 (C), 123.8 (CH=), 123.9 (CH=), 127.1 (CH=), 131.4
(CH=), 138.1 (C), 138.3 (C), 222.1 (CO). MS(EI): 218 (M*, 100), 163 (14), 162 (98), 161 (57), 147 (23),
134 (12), 128 (16) 115 (11).

6-Phenylethynyl-spiro[4.4Inona-6-en-1-one (4¢). 6-Trifluoromethanesulfonyloxy-spiro{4,4Jnona-6-en-1-one 2
(275 mg, 0.97 m_-_ol). (phenylethynyl)tributylstannane (454 mg, 1.16 mmol), Pd(Ph;P),; (112 mg, 0.097

mmol) and LiCl (123 mg, 2.90 mmol) were dissolved in dry dioxane (10 mL) under argon. The solution was

O

stirred at 80 °C for 1 h and evaporated. The reaction mixture was worked up as above; yield 182 mg (80%) of a

colouriess oil. Found: C, 86.00; H, 6.43. Caic. for C7H;¢0: C, 86.40; H, 6.82. 'H NMR (CDCl3): 0 1.7-2.5
(m, 10H, CH»), 6.30 (t, J 2.8 Hz, 1H, CH=), 7.26-7.42 (m, SH, Ph). 13C NMR (CDCl5): § 19.9 (CHy), 31.6
(CHy), 35.3 (CHy), 35.6 (CHy), 37.7 (CHy), 64.4 (C), 84.2 (C), 91.7 (C), 122.9 (C), 127.1 (C), 128.1
(CHx2), 131.3 (CH), 140.0 (CH), 220.6 (C=0). MS(ED): 236 (M™, 44), 209 (16), 208 (100), 180 (52), 179

(8]



(65), 178 (44), 165 (47), 139 (13).

Spiro{4.41nona-6-en-1-one . 6-Trifluoromethanesulfonyloxy-spiro{4,4]Jnona-6-en-1-one 2 (780 mg, 2.75
mmol), tributylstannane (1.5 mL, 5.49 mmol), Pd(Ph3P)4 (159 mg, 0.137 mmol) and LiCl (349 mg, 8.24
mmol) were dissolved in dry THF (40 mL) under argon. The solution was stirred at 50 °C for 2.5 h and
evaporated. A saturated solution of potassium fluoride in methanol (20 mL) was added to the residue, the
resulting mixture stirred at ambient temperature for 4 h and evaporated together with a small amount of silica gel.
The residue was added on top of a silica gel column and the product isolated by flash chromatography eluting
with hexane:EtOAc 5:1; yield 300 mg {80%) of a colourless oil. HRMS: M 136.0889. Calc. for CyH 20!
136.0888. 'H NMR (C“CI3): 8 1.7-2.6 (m, 10H, CHj), 5.44-5.49 (m, iH, CH=), 5.92-5.97 (m, 1H, CH=

. }.
13C NMR (CDCl3): & 20.6 (CH,), 32.5 (CH 1), 34.6 (CH,), 37.3 (CHy), 37.7 (CH,), 63.4 (C), 131.5 (CH=),
133.3 (CH=), 220.6 (CO). IR (lig.film): 3049, 2955, 2925, 2853, 1738 cm™'. MS(EI): 136 (M*, 31), 92 (6), 81
(7). 80 (100), 79 (42), 77 (11), 41 (5), 39 (13).

6-Phenvl-spiro[4.4]nona-6-ene-1-one (6) from the Triflate 2. 6-Trifluoromethanesulfonyloxy-spiro{4,4]nona-6-
en-1-one 2 (74 mg, 0.26 mmol) and Pd(dba); (7 mg, 0.013 mmol) were dissolved in dry NMP (2 mL).

Phenyltributyltin (0.1 ml., 0.31 mmol) was added with a syringe after 10 min. The solution was stirred at
ariliant tamaanntives fiae A b laafaern tranteond ¢l 1 RS omriamaeo I cnliztinen {1 cnaT Y Fnee AN santon Ailiatad cx-lele ~tlae,l
Al1lIVICLIL ICLI LTailulc 101 4 11 DCLUIT UCaUnont Wil 1 1vi auicDud D™ SUIUUULL {1 L) 101 OV UL, AHUCU WIL Cliyl
amatnta aemAd Filéaan d Tl o LTVt 2crime sl add sxiis! P Fds PN Jh SO A Oy U, L PN J N,
acetate ana fiitered. 'T'he filtr vMigSO4) and evaporated. The ¢ t

ate was washed with water (3x), dried (
was purified by flash chromatography eluting with hexane:EtOAc 5:1
physical data are given below.

6-Phenyl-spiro{4.4lnona-6-en-1-one (6) from the Stannane 7. A: Phenyl triflate: 6-Trimethylstannyl-
spiro[4,4]nona-6-en-1-one 7 (150 mg, 0.5 mmol), pheny! triflate (113 mg, 0.5 mmol), LiCl (64 mg, 1.5 mmol),

PdCI,(PhCN), (8 mg, 0.02 mmol), AsPh; (25 mg, 0.08 mmol) and Cul (10 mg, 0.05 mmol) were mixed in dry

NMP (4 mL) under argon and the mixture stirred at ambient temperature for 15 min. The

1391 5 di 2Ol allu tllv 1HIIAUIC LU at allliic LAl 4 Il 11N

S
at 80 °C overnight. Ethyl acetate was added, the mixture washed with water and brine, dried (MgSO

tirring was ¢

evaporated at reduced pressure. The crude product was purified by flash chromatography eluting with
hexane:EtOAc 5:1; yield 43 mg (40%) of a colourless oil. The physical data are given below.
B: Iodobenzene: 6-Trimethyistannyl-spiro[4.4]Jnona-6-en-1-one 7 (150 mg, 0.5 mmol), iodobenzene (102 mg,

0.5 mmol), PdCl,(PhCN )2 (8 mg, 0.02 mmoil), AsPh3 (25 mg, 0.08 mmol) and Cul (10 mg, 0.05 mmol) were

mixed in dry NMP (4 mL) under argon and stirred at ambient temperature for 15 min. The stirring was continued
at 80 °C overnight. Ethyl acetate was added, the mixture washed with water and brine, dried (MgSO,) and

evaporated under high vacuum. The crude product was purified by flash chromatography eluting with
hexane:EtOAc 5:1; yield 37 mg (35%) of a colourless oil. HRMS: M 212.1191. Calc. for C{5H;40: 212.1201.

IH NMR (CDCls): & 1.83-2.56 (m, 10H, CHj), 6.18 (t, J 2.3 Hz, 1H, CH=), 7.1-7.3 (m, 5H, Ph). 13C NMR

(CDCl.. 1258 7): & 199 (CH,), 30.6 (CH,). 347 IPH 37.61 (CH-, \ 27.67 (CH5). 645 (C). 127.01
(e R TR R S A \S227 )y VU X222, \.,..z,, ALY \VA*4/ SRR N
(CH), 127.0 H) (CH), 132.0 (CH), 135.8 (C), 144.7 (C), 221.9 (CO). IR (lig.fiim): 3054, 2955,

2926, 1733, 1622 cm’ MS(EI) 212 (M, 83), 157 (16), 156 (100), 155 (60), 141 (33), 128 (30), 115 (30).

6-Trimethylstannyl-spiro[4.4Inona-6-en-1-one (7). 6-Trifluoromethanesulfonyloxy-spiro[4.,4]nona-6-en-1-one
2 (331 mg, 1.17 mmol), hexamethyldistannane (382 mg, 1.17 mmol), Pd(Ph;P), (27 mg, 0.023 mmol) and

LiCl (148 mg, 3.51 mmol) were dissolved in dry dioxane (10 mL) under argon and stirred at 50 °C overnight

and evaporated. The crude product was purified by flash chromatography eluting with hexane:EtOAc 5:1; yield
294 mg (84%) of a colourless oil. Found: C, 48.62; H, 6.63. Calc. for CjpHpqOSn: C, 48.20; H, 6.74. H



NMR (CDCl3): 8 0.11 (s, 9H, CHj3), 1.64-2.50 (m, 10H, CH,), 6.09 (t, J 2.2 Hz, 1H, CH=). 13C NMR
(CDCl5): 8 -8.0 (CH3), 21.0 (CHy), 34.2 (CH,), 36.7 (CH,), 37.5 (CHj), 38.0 (CH,), 68.3 (C), 143.6 (CH),
145.7 (C), 221.2 (CO). MS(CI-CHy): 299 (M+1, 2), 289 (17), 287 (15), 285 (100), 284 (34), 283 (74), 282
(28), 281 (44).

1.6-Bis(phenyl)-spirof4 . 4Inona-1.6-diene (82a). Bul.i (1.

6 M: 1 )

6 1 ) 1
a solution of bromobenzene (302 mg, 1.93 mmol) in dry THF (5 mL) under argon at -78 °C. The solution was
stirred for 2 h at -78 °C before a solution of ZnBr 1 7as

'~ o
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reaction mixiture was stired for I h at -78 °C and warmed to ambient temperature. A solution of 1,6-

bis(trifluoromethanesuifonyloxy)-spiro{4,4jnona-1,6-diene 3 (267 mg, 0.64 mmoi) and Pd(Ph3P), (74 mg,
0.064 mmol) in dry THF (5 mL) was added to the Zn-complex and the reaction mixture was refluxed overnight.
The reaction was quenched with 5% NH,4CI, extracted with diethyl ether (2x), washed with brine, dried
(MgSQy) and evaporated. The crude product was purified by flash chromatography eluting with 2% EtOAc in
hexane; yield 98 mg (56%) of a white solid, mp. 70 °C. HRMS: M 272.1578. Calc. for Cy1Hyy: 272.1565.

NMR (CDCly): 8 2.0-2.5 (m, 8H, CH,), 6.20 (t, J 2.5Hz, 2H, CH=), 7.15-7.27 (m, 6H, Ph), 7.46-7.52 (m,

4H, Ph). 13C NMR (CDCl3): 8 30.8 (CH,), 38.0 (CH,), 64.5 (C), 126.1 (CHx2), 127.4 (CH), 127.7 (CH),
135.9 (C=), 147.2 (C=). IR (lig.film): 3055, 3032, 2940, 2843, 1597 cm™'. MS(ED): 272 (M*, 100), 181 (56)

167 (12), 155 (24), 142 (15), 128 (12), 115 (26), 91 (16).
1,6-Bis(thienyl)-spiro[4.4]nona-1.6-diene (8b).20 Bis(trifluoromethanesulfonyloxy)-spiro[4,4]nona-1,6-diene 3
(142 mg, 0.34 mmol), tri-n-butyl(2-thienyl)stannane (318 mg, 0.85 mmol), Pd(Ph3P), (40 mg, 0.034 mmol)
and LiCl (87 mg, 2.04 mmol) were mixed in dry dioxane (10 mL) under argon and stirred at 50 °C overnight and
evaporated. A saturated solution of potassium fluoride in methanol (20 mL) was added to the residue, the
resulting mixture stirred at ambient temperature for 4 h and evaporated together with a small amount of silica gel.

The residue was added on top of a silica gel column and the product isolated by flash chromatography elutin

o
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with hexane:EtOAc 20:1; yield: 19 mg (20%) of a white solid, mp. 72 °C. |H NMR (CDCly): 8 2.05-2.34 (m,

4H, CH3), 2.51-2.58 (m, 4H, CH,), 6.19 (t, J 2.7 Hz, 2H, CH=), 6.84 (dd, J 3.7, 5.1 Hz, 2H, CH=), 7.00
(d, J 3.7 Hz, 2 H, CH=), 7.07 (dd, J 1.0, 5.1 Hz, 2H, CH=). 13C NMR (CDCls): 8 30.4 (CH>), 36.3 (CH>),

65.7 (C), 123.6 (CH), 123.8 (CH), 127.3 (CH), 128.2 (CH), 139.5 (C), 142.0 (C).
cis,cis-1,6-Bis(phenyl)-spiro[4.4]nonane (9). 1,6-Bis(phenyl)-spiro[4,4]nona-1,6-diecne 8a (200 mg, 0.74
mmol) in ethanol (20 mL) was hydrogenated over 10% palladium on charcoal (50 mg, 0.05 mmol) at 4 bar in a

Parr apparatus at ambient temperature for 5 d. The catalyst was filtered off and the solvent evaporated. The crude
product was purified by flash chromatography eluting with hexane:EtOAc 30:1. Recrystallization of the product
from diethyl ether and ethanol gave a white solid, mp. 77 °C; yield 136 mg (67%). HRMS: M 276.1879. Calc

for Cy Hypy: 276.1878. 1H NMR (CDCly): 8 1.7-2.2 (m, 12H, CH,), 2.75-2.79 (m, 2H, CH), 6.64-6.69 (mn

1 11, A%)5 P an s

4H, Ph), 6.96-7.07 (m, 6H, Ph). 13C NMR (CDCl5): 8§ 22.1 (C
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60.7 (C), 124.6 (CH), 127.0 (CH), 128.0 (CH), 145.8 (C). IR (lig.film): 3026, 2943, 2921, 2874, 1454
MS(ED): 276 (MY, 100), 157 (50), 144 (51), 143 (38), 129 (34), 117 (22), 104 (24), 91 (38).

The structure has been confirmed by single crystal X-ray analysis (Fig. 1).

6-(2-Thienyl)- 1-trifluoromethanesulfonyloxy-spiro[4.41nona-1,6-diene (10). Triflic anhydride (0.45 mL, 2.75
mmol) was added neat with a syringe to a solution of 6-(2-thienyl)-spiro[4,4]nona-6-en-1-one 4b (400 mg, 1.83
mmol) and pyridine (217 mg, 2.75 mmol) in dry CH;Cl,; (40 mL) at -78 °C under argon. The reaction mixture
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was allowed to warm slowly up to ambient temperature over 24 h, The solvent was evaporated and the crude

product was purified by flash chromatography eluting with hexane:EtOAc 10:1; yield 375 mg (58%) of a pale
yellow oil. Found: C, 48.01; H, 3.97. Calc. for Cj4H;F;0,S,: C, 47.99; H, 3.74. HRMS: M 350.0260. Calc.

for C4H3F303S,5: 350.0258. 'H NMR (CDCl3): 8 2.0-2.6 (m, 8H, CH,), 5.75 (t, J 2.5 Hz, 1H, CH=), 6.13

(t,J2.6 Hz, 1H, CH=), 6.94-7.02 (m, 2H, CH= in thiophene), 7.17 (dd, J 5, 1.2 Hz, 1H, CH= in thiophene).
13C NMR (CDClL3): 8 26.9 (CHy), 30.8 (CH,), 33.7 (CH,), 37.6 (CHz)i 61.7 (C), 114.0 (CH=)9 117.9 (q,
JcF 315 Hz, CF3) 122.7 (CH=), 123.5 (CH=), 126.7 (CH=), 130.0 (CH=), 137.4 (O), 7 (C), 151.2

(C). MS(EI): 350 (M+, 100), 217 (31), 189 (33), 162 (19), 161 (25), 147 (21), 133 (20), 97 (24).

6-(2-Thienyl)- 1-trimethylstannyl-spiro[4.4]nona-1.6-diene _(11) 6-(2-Thienyl)-1-trifluoromethanesulfonyloxy-
spiro[4,4]nona-1,6-diene 10 (250 mg, 0.71 mmol), hexamethyldistannane (234 mg, 0.71 mmol), Pd(Ph3P),
(41 mg, 0.036 mmol) and LiCl (91 mg, 2.14 mmol) were dissolved in dry dioxane (10 mL) under argon and

stirred at 50 °C for 2 h and evaporated. The crude product was purified by flash chromatography cluting with
hexane:EtOAc 20:1; yield 172 mg (66%) of a colourless oil. Found: C, 52.98; H, 6.22. Calc. for C¢H,,SSn:

C, 52.65; H, 6.07. 'H NMR (CDCl3): § 1.9-2.5 (m, 8H, CHy), 5.96 (t, J 2.2 Hz, 1H, CH=), 6.05 (t, J 2.6

Hz IH CH=) 629 1(dd J36. 5§ 7 1TH (CH in thionhene) 602 /d 714 7 1TH (CH in thinonhene)l 7 00
s BXL, 13T, W07 UG, S 30U, J T14, 111, a1 UHUPLCIIC), O.006 \U, v 5.7 114, 143, Il Qi ullOpHence ), 7.z
(dd. J1.1. S Hz | CH in thionhene) 13C NMR (CDCLL)Y § .02 (CH.) 305 (CH-Y 337 (CH-) 350
VMU v oaedy o XLy 123y N2d UL MUV S N ANEVRAN (AARLAT ) U TTLL (1) VLY \WdR] )y DV \Ndig ), IV
(O Y 201 (LT Y £O 1 N 1712 FOLIY 172 Q@ 7£LIN 174 O /LI 197 N LI 1AN Y /N 1AN & LT
(Lrip), d7.1 (Lr1p), 07.1 (L), 1254 (Lnl), 125.60 (LI1), 1£0.7 (L), 12/.U (L), 14U.2 (L), 14U.0 (L),

201 (30).

1-Phenyl-6-(2-thienyl)-spirof4.4Inona-1.6-diene (12) from Triflate 10. BuLi (1.6 M; 0.4 mL, 0.64 mmol) was
added with a syringe to a solution of bromobenzene (101 mg, 0.64 mmol) in dry THF (3 ml.) under argon at -78

OC. The solution was stirred at -78 °C for 3 h before a solution of ZnBr, (145 mg, 0.64 mmol) in dry THF (2

mL) was added. The reaction mixture was stirred at -78 °C for 1 h and warmed to ambient temperature. A
cclutlen Of 6-/')_t 1ienv.atriflinromethaneciilfanviavv-enirafld Alnana.l A_Aiana 10 (180 mao D A2 mmal) and
IS4 X’ | dw LRRAN JAI 17U IMIVMUVIVIUIVHIGLIVOULLUVILIL Y AUN DPAIULT,"I’JI[UII“ A4VTUIVIG A Y \JJV lllé, U."TJ lLl.lllUl’ Qalrivl
Pd(Ph;P),4 (50 mg, 0.043 mmol) in dry THF (5 mL) was added to the Zn-complex and the reaction mixture was
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solution washed with brine, dried (MgS0Oy4) and evaporated. The crude product was purified by flash

chromatography eluting with 2% EtOAc in hexane; yield 86 mg (74%) of a white solid, mp.(decomp.) > 150 °C.
Found: C, 81.45; H, 6.55. Calc. for CjoHgS: C, 81.96; H, 6.52. HRMS: M 278.1083. Calc. for CjgH;3S:
278.1129. 1H NMR (CDCl3): 8 2.0-2.6 (m, 8H, CH,), 6.14 (t, J 2.7 Hz, 1H, CH=), 6.29 (t, J 2.6 Hz, 1H,
CH=), 6.84 (dd, J 5.0, 3.6 Hz, 1H, CH= in thiophene), 7.01 (br d, J 2.9 Hz, 1H, CH= in thiophene), 7.07 (br
d, J 5.0 Hz, 1H, CH= in thiophene), 7.15-7.25 (m, 3H, Ph), 7.48-7.53 (m, 2H, Ph). 13C NMR (CDCl,): §

30.8 (CH,), 30.9 (CH,), 37.2 (CH,), 37.5 (CH,), 64.9 (C), 123.0 (CH), 123.3 (CH), 126.0 (CH), 126.1

(CH), 126.7 (CH), 126.9 (CH), 127.5 (CH), 128.5 (CH), 135.5 (C), 1389 (C), 142.0 (©), 146.2 (C).

MS(EI): 278 (M, 100), 187 (22), 181 (25), 161 (15), 155 (9), 128 (9), 123 (11), 115 (16).
1-Phenyl-6-(2-thienyl)-spiro[4.4]nona-1.6-diene_(12) from Stannane 11. 6-(2-Thienyl)-1-trimethylstannyl-

spiro[4,4]nona-1,6-diene 11 (100 mg, 0.27 mmol), phenyl triflate (62 mg, 0.27 mmol), LiCl (35 mg, 0.82
mmol), PACl,(PhCN); (4 mg, 0.01 mmol), AsPh; (13 mg, 0.04 mmol) and Cul (5 mg, 0.027 mmol) were

mixed in dry NMP (3 mL) under argon and stirred at ambient temperature for 15 min. The stirring was continued
at 80 °C overnight. Ethyl acetate was added, the mixture washed with water and brine, dried (MgSO,) and

evaporated at reduced pressure. The crude p
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hexane; yield 32 mg (42%)

cis-6-Phenyl-spiro[4.4]nona-6-en-1-ole (1 3). Sodium borohydride (10 mg, 0.26 mmol) was added to a solution
of 6-phenyl-spiro{4,4]Jnona-6-en-1-one (55 mg, 0.26 mmol) and CeCl3-7H,0 (97 mg, 0.26 mmol) in methanol
(5 mL) at 0 °C. The cooling bath was removed and the solution was stirred for 10 min. Water was added and the
product was extracted into diethyl ether, the solution dried (MgSO4) and evaporated. The crude product was
s 01l. HRMS:

B ARl LAV L2 L8 IR Y AV /Y) J3AN

m_l_nulgd bv flash rhrnmatnmnhv ehatir \,mth hexane:FtOAc 5:1: ;yie 1d 35 mg (63%) of a colourless o
4.1361. Calc. for C15Hg0: 214. 1358‘ IH NMR (CDCLy): & 1.5-2.5 (m, 10H, CH,), 4 O -4.11 (m, 1H,
2

T26Hz 1TH (CH=Y 7724.7 48 {(m § Ph) 13C NMR (CDCLY & 229 (CHAY 207 (CHA)
NLii), . g o L URRL, 101y NodX—J, 1.ATTILO \ULL, Jil, X 1L) o ANIVIAN \(eay). W levde \NARRY Jy Mlel A\NRRT ),
22 A O v 2AN OIT Y 200 NIT N £ 0 /Y on 23 /1IN 1L 0O HTTIN 170 10 7LIN 170 N2 7MYTIN 127 A
35.4 (Lp), 34.U0 (Loy), 35.60 (Lhoy), 6£.6 (L), 8U.5 (L), 120.Y (L), 126.16 (L), 120.25 (L), 152.4
(CH), 138.8 (C), 147.6 (C). MS(EI): 214 (M*, 100), 196 (45), 156 (52), 155 (95), 144 (70), 143 (97), 141

(48) 128 (59)

Sodium borohydrnde (31 mg, 0.82 mmol) was added in portions to a solution of 6-(2-thienyl)-spiro[4,4]nona-6-
en-1-one 4b (178 mg, 0.82 mmol) and CeCl3-7H20 (304 mg, 0.82 mmol) in methanol (10 mL) at 0 °C. The

bath was removed after 5 min and the solution stirred at ambient temperature for 20 min. Water was

1H), 6.19 (t, J 2.6 Hz, 1H, CH=), 6.94-6.98 (m, 1H, thiophene), 7.14-7.17 (m, 2H, thiophene). 13C NMR
(CDCl3): 8 23.2 (CHy), 30.3 (CH,), 33.9 (CH,), 34.7 (CH3), 40.7 (CHy), 62.8 (C), 79.8 (CH), 123.7 (CH),
124.6 (CH), 126.7 (CH), 131.8 (CH), 139.7 (C), 140.0 (C). MS(EI): 220 (M, 100), 202 (28), 175 (21), 163
(26), 161 (58), 150 (58), 149 (42), 115 (20).

trans-6-(2-Thienyl)-spiro[4.4lnona-6-en-1-ole (14b): yield 18 mg (10%,
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220.0934. Calc. for C13H60S: 220.0922. 1H NMR (CDCl3): § 1.4-2.6
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123.3 (CH), 126.6 (CH), 131.4 (CH), 138.3 (C)
(32), 161 (62), 150 (55), 149 (42), 115 (22).

cis-6-Trimethylstannyl-spiro{4.4]nona-6-en-1-ole (15a) and trans-6-trimethylstannyl-spiro[4.4]nona-6-en-1-ole
(15b). Sodium borohydride (169 mg, 4.46 mmol) was added in portions to a solution of 6-trimethylstannyl-
spiro[4,4]nona-6-en-1-one 7 (1.333 g, 4.46 mmol) and CeCl3-7H,0 (1.661 g, 4.46 mmol) in methanol (40 mL)

at 0 °C. The cooling bath was removed after 5 min and the solution was stirred at ambient temperature for 30

(=4 =

min. Water was added and the product was extracted into die hyl ether. the solution dried (MeSQ.4) and
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a white solid, mp. 36 °C.
“”i 3): 6 0.12 (s, 9H, CH3),

i

1.3-2.4 (m, 10H, CHj), 3.75-3.77 (m, 1H, LH), 6.01 (t J 2.2 Hz, 1H, CH=). 13C NMR (CDCly): §-7.8
(CHj3), 21.3 (CHy), 33.3 (CH,), 34.4 (CH,), 34.7 (CH,), 36.7 (CH;), 66.3 (C), 81.2 (CH), 142.9 (CH=),
149.8 (C=). IR (lig.film): 3468 (br.), 3020, 2958, 2936, 1436 cm™'. MS(CI, CH,): 302 (M*+1, 2), 287 (100),
286 (34), 285 (75), 284 (31), 283 (47), 121 (67), 119 (23).



47.57; H,7.12. Calc. for c,2H2208n C, 47.89; H, 7.37. 'H NMR (CDCl3): 8 0.17 (s, 9H, CH3) 1.39-1.73
(m, 6H, CHy), 1.93-2.19 (m, 2H, CH,), 2.38-2.46 (m, 2H, CHy), 3.89-3.97 (m, 1H, CH), 5.99 (t, J/ 2.2 Hz,
1H, CH=). 13C NMR (CDCl3): § -8.6 (CH3), 19.4 (CH,), 29.7 (CH,), 30.7 (CH,), 34.3 (CH,), 36.1 (CH,),
65.9 (C), 79.0 (CH), 142.9 (CH=), 149.8 (C=). IR (lig.film): 3401 (br.), 3017, 2957, 2875, 1059 cm.
MS(CI, CHy): 302 (M++1, 2), 287 (68) 285 (100), 284 (39), 283 (67), 165 (36), 137 (63), 119 (33).
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8 mmol) was added to a solution of cis-6-trimethylstannyi-spiro{4,4jnona-6-en-i-ole 15a (983 mg, 3. 27
mmol) in dry THF (40 mL) and dry DMF (5 mL) under argon at O °C. The cooling bath was removed after 10

min and the solution was stirred at ambient temperature for 2 h. Mel (232 mg, 1.64 mmol) was added and the

w
C>

solution stirred at ambient temperature overnight. The solvent was evaporated and diethyl ether was added. The
solution was washed with water and brine, dried (MgS0O4) and evaporated. The crude product was purified by
flash chromatography eluting with hexane:EtOAc 20:1; yield 827 mg (80%) of a colourless oil. Found: C, 49.70;
H, 7.42. Calc. for Cy3H,408n: C, 49.57; H, 7.68. IH NMR (CDCl3): 8 0.08 (s, 9H, CH3), 1.4-1.9 (m, 8H,
CH>»), 2.3-2.45 (m, 2H, CH»), 3.17 (s, 3H, CH10), 3.22 (broad s, 1H, CH), 5.93 (t, J2.2 Hz, IH, CH=).

24 MAMELS 9 2235 22

13C NMR (CDCl3): 8 -7.7 (CH3), 21.1 (CH,), 28.1 (CHy), 33.0 (CH,), 34.5 (CH>), 36.7 (CH3), 55.3 (CH3),

66.0 (C), 90.7 (CH), 141.0 (CH=), 150.3 (C=). IR (lig.film): 3020, 2961, 2935, 2875, 1099 cm’'. MS(CI,
CHa): 301 ([M*-CH3z], 100), 300 (50), 299 (91), 298 (41), 297 (59), 269 (85), 267 (65), 265 (37)

Irans-1-Methoxy-6-trimethylstannyl-spiro{4.4]Jnona-6-ene (16b) was prepared as above from trans-6-
trimethylstannyl-spiro[4,4]nona-6-en-1-ole 15b in 84% yield; colourless oil. Found: C, 49.81; H, 7.37. Calc.

for Cy3H,408n: C, 49.57; H, 7.68. 'H NMR (CDCls): & 0.17 (s, 9H, CH3), 1.4-1.7 (m, 6H, CHy), 2.0-2.2
(m, 2H, CHp), 2.3-2.45 (m, 2H, CHy), 3.31 (s, 3H, CH30), 3.53-3.62 (m, 1H, CH), 5.92 (t, J 2.2 Hz, 1H,
CH=). 13C NMR (CDCl3): § -8.6 (CH3), 19.3 (CHa), 28.7 (CHy), 29.6 (CH»), 33.7 (CHy), 35.9 (CHy), 57.8
(CH3), 64.8 (C), 87.2 (CH), 142.0 (CH=), 150.8 (C=). MS(CI, CHy): 301 ([M*-CHs], 52), 299 (43), 297
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V.
16a (200 mg, 0.63 mmol), phenyl triflate (143 mg, 0.63 mmol), LiCl (81 mg, 1.90 mmol), PdCl,(PhCN), (10

mg, 0.03 mmol), AsPhy (31 mg, 0.1 mmol) and Cul (12 mg, 0.06 mmol) were mixed in dry NMP (4 mL) under

argon and stirred at ambient temperature for 15 min. The stirring was continued at 80 °C for 2 h. Ethyl acetate
was added and the mixture washed with water and brine, the ethyl acetate solution dried (MgSQO,) and evaporated

at reduced pressure. The crude product was purified by flash chromatography eluting with hexane:EtOAc 20:1;
yield 70 mg (48%) of a colourless oil. HRMS: M 228.1516. Calc. for C;gH,(0: 228.1514. 'H NMR (CDCl3):

d 1.5-2.5 (m, 10H, CHy), 3.23 (s, 3H, OCHa), 3.60-3.65 (m, 1H, CH), 5.97 (t, J 2.3Hz, 1H, CH=), 7.21-

7.34 (m, SH, Ph). 13C NMR (CDCl;): 8 23.0 (CH3), 30.2 (CH2), 31.5 (CHpy), 35.8 (CH2), 41.6 (CH»), 57.4
(CHj3), 61.7 (C), 88.7 (CH), 125.7 (CH), 126.9 (CH), 128.1 (CH), 130.0 (CH), 138.3 (C), 1484 (C). IR
1 P Vs s N ;oA - ~

(lig.film): 3051, 2936, 2870, 1441, 1097 cm™.
(75), 144 (34), 141 (43), 115 (36).

trans-1-Methoxy-6-phenyl-spiro[4.4]nona-6-ene (17b) was prepared as above from trans-1-methoxy-6-
trimethylstannyl-spiro[4,4]jnona-6-ene 16b in 50% yield; colourless oil. HRMS: M 228.1517. Calc. for
C1gHpO: 228.1514. 'H NMR (CDCl,): 8 1.5-2.5 (m, 10H, CH,), 3.30 (s, 3H, OCH3), 3.65-3.73 (m, 1H,
CH), 5.81 (t, J 2.3Hz, 1H, CH=), 7.21-7.34 (m, 5H, Ph). 13C NMR (CDCl3): § 19.4 (CH,), 28.6 (CH,),
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30.4 (CHj), 31.5 (CH,), 33.8 (CHy), 57.7 (CH3), 60.7 (C), 84.1 (CH), 126.3 (CH), 127.5 (CH), 128.0
(CH), 130.2 (CH), 137.5 (C), 147.2 (C). MS(ETI): 228 (M*, 45), 196 (100), 169 (32), 168 (44), 156 (34), 155

(69), 144 (35), 141 (40).

cis-6-Phenyl-spiro[4.4lnona-6-en-1-vl p-nitrobenzoate (18). cis-6-Phenyl-spiro(4.4]nona-6-en-1-ole 13 (20
mg, 0.09 mmol), DMAP (23 mg, 0.187 mmol) and 4-nitrobenzoyl chloride (35 mg, 0.187 mmol) were

dissolved in dry dichloromethane (2 mL) and stirred at ambient temperature overnight. Diethyl ether was added
and the mixture was washed with saturated aqueous NaHCO3, brine, the organic solut ion dried ( Mg?() and
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Recrystailization of the product from diethyl ether gave a white solid, mp. 81 °C; yield 30 mg {(89%). HR

363.1458. Calc. for CopH, NO,: 363.1471. TH NMR (CDCly): § 1.7-2.6 (m, 10H, CHy), 5.32 (m, 1H, CH),
5.90 (t, J 2.4 Hz, 1H, CH=), 7.11-7.23 (m, 5H, Ph), 7.37-7.41 (m, 2H, Ph), 7.97-8.01 (m, 2H, Ph). 13C
NMR (CDCl3): & 22.6 (CHp), 29.5 (CHa), 31.6 (CH»), 31.8 (CH>), 38.4 (CHy), 61.4 (C), 83.3 (CH), 122.9
(CH), 126.3 (CH), 128.0 (CH), 128.2 (CH), 130.5 (CH), 133.2 (CH), 135.6 (C), 139.7 (C), 146.3 (C),
150.0 (C), 164.1 (CO). IR (lig.film): 2960, 2927, 2853, 1719, 1527 cm™*. MS(EI): 363 (M*+, 4), 197 (20), 196
(100), 195 (25), 169 (17), 168 (14), 167 (18), 156 (16).

The structure has been confirmed by single crystal X-ray analysis (Fig. 2).

I
»

spiro{4,4jnona-6-en-1-ole 14a. The crude product was purified by flash chromatography eluting with
hexane:EtOAc 5:1. Recrystaliization of the product from diethyi ether gave a white solid, mp. 140 oC, yield 101
mg (71%). HRMS: M 369.10745. Caic. for CyqH9NO4S: 369.1035. 'H NMR (CDCly): 8 1.7-2.5 (m, 10H,

CHj), 5.33-5.37 (m, 1H, CH), 6.11 (t, J 2.6 Hz, 1H, CH=), 6.85 (dd, J 5.1, 3.6, 1H, thiophene), 6.97-7.06
(m, 2H, thiophene), 7.54-7.59 (m, 2H, Ph), 8.02-8.07 (m, 2H, Ph). 13C NMR (CDCls): & 23.6 (CHy), 30.2
(CH3), 32.7 (CHy), 36.2 (CH»), 40.3 (CH»), 61.2 (C), 82.6 (CH), 1224 (CH), 123.1 (CH), 123.6 (CH),
126.2 (CH), 129.8 (CH), 132.7 (CH), 135.0 (C), 138.4 (C), 140.6 (C), 149.1 (C), 163.2 (CO). MS(EID): 369

(M, 17, 203 (16), 202 ( , 201 (22), 175 (20), 174 (18), 173 (16), 161 (12).
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