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Abstract. The coupling reaction of ocrganotin reagents with vinyl epoxides,
catalyzed by paltadium, takes place at ambient temparatures, regiosslectively,
giving predominately the 1,4-addition product. Both aryl- and vinyistannanes
underge coupling in high yields, while acetylenic, allylic and benzylic tin reagents
elther give low yields or fail to couple. Although the doubie bond geometry in the
vinylstannane partner is maintained in the coupled product, the double bond
geometry from the vinyl epoxide Is an E/Z mixture. In coupling reactions with cyclic
1,3-disne monoepoxides, the reaction is stereospecific with the organic group from
the tin partner coupling trans to the akcohol function.

Introduction
Vinyl epoxides undergo mild, rapid oxidative addition to a variety of palladium{0) complexes,
generating a cationic n3-palladium species. This reaction has been utilized in the palladium catalyzed
alkylation of vinyl epexides by soft nucleophiles derived from carbon acids. The coupling reaction is both
regioseleciive, generating the 1,4-addition product and stereospecific, with alkylation occurring at the n3-allyt
face opposite to that bonded to palladium.1 The oxidative addition that yields the cationic n3-palladium
species also produces an alkoxide derived from the epexide oxygen, thereby providing a base that abstracts
a proton frem the carbon acid, generating the carbon nucleophile. The mild, neutral reacticn conditions are
ideally suited for the synthesis of a variety of organic products.2
Organotin reagenis have been utilized in palladium catalyzed coupling reactions with a variety of
organic electrophiles.3 Organocstannanes become involved in the catalytic cycle through a transmatallation
reaction with tha transiem organopaliadium halide in which this palladium(ll) species presumably acts as an
electrophile in breaking the tin-carbon bond.4 Thus it appeared that the coupling reaction of vinyl apoxide
alectrophiles with organostannanes would take place by a transmetallation reaction involving the catianic n3-
palladium complex (Eq. 1). This reaction also should proceed under mild, neutral reaction conditions but
should have the advantage that a wide variety of arganostannanes would be available for tha coupling.
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Resuits and Discussion
Reaction Conditlons. The coupling reaction takes piace at ambient temperatures in a polar solvent,
giving good yields of coupled product, particularly when a catalyst containing weak donor ligands is utilized.
The introduction ot the palladium(0) complex via bis(acetonitrile)dichloropalladium{ll} gives the highest yields
of prociuct (Table 1),
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Table 1. Effect of Catalysts on Coupling Yleidsa

?)k/ * M”S"“—\ il HO\)\.H'\/

23°C
[Catatyat _Solvent Timeth) _Yiold(%)
Pd(dba)z DMF 1 53
Pd(dba)y, dppf DMF 1 56
Pd(dba)z, dppp DMF 1 49
Pd(dba)z, (-PrO)aP DMF 15 0
Pd(PPha)4 THF 1 34
PdClz(dppp) THF 36 20
PAClz(dppl) DMF 1 34
Pd{CHaCN}2Cl2 DMF 1 77

a Reaclions were carried out with 3 mole % catalyst.

Although the palladium catalyzed coupling reaction of organestannanes with other electrophiles is
relatively insensitive to small amounts of waler, the presence of water (10 equivalents based on the vinyl
apoxide) gave higher yields of coupled product than when the reaction was run under anhydrous conditions
(Table 2). Furthermore, in the presence of water, the reaction is more selective, both with raspect 1o the 1,4-
:1,2-addition and the E:Z ratios. Other additives, including Lewis acids and bases, protic acids or protic
solvents were less effactive than water in improving the yields. A similar effect has been noted in the coupling
of organomercury reagents with vinyl epoxides.2j

Table 2. Effect of Additives on the Coupling Reaction

) CHaCN)zPACk
|)l\, + MegSnph (CHECNRPCl HO\)\’,.\PH . HO\/\\,
Ph
1,4-

DMF, 23°C
1,2-

.- 70 27 1.1
Hz0 {2) 79 65 2
(10) 85 64 2.2
HOAc (1.1) 22 1 1.1
InCl2 (2) ral 50 3
EtgN (2) &2 85 1.7
BuyNF (2) 38 50 2
BusSnOAc (2) 39 100 1.5
TMSOT; (1.1) 61 10 2
BF30Et (1.1) 23 & 2

However, in the coupling reaction of B-naphthyitrimethylstannane with isoprene monoepoxide, water
had an advarse effect, the 62% yield obtained in the presence of water being increased to 75% in its absence.
Generally, the prefarred addition order is catalyst and vinyl epoxide followed by organostannane. Addina the
vinyl epoxids to a mixture of catalyst and lin reagent gave lower yields aver the same reaction time,
presumably bocause the catalyst was reduced by tha tin reagent and in the absence of the vinyl epoxide
substrate partially precipitated out of sglution as palladium black. This was evident from the immediate
blackening of the reaction solution as contrasted to the maintenanca of a pale yeliow homogeneous solution
when tha tin reagent was added last.

Provided the reaction temperatura was kept low, coupling with the organotin reagent was rapid enough
such that the compating palladium-catalyzed isomerization of the vinyl epoxides to unsaturated carbonyl
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Table 3. Pailadium-Catalyzed Coupling of Vinyl Ep with Or
Entry Epoxide ASNRAY, 1.4-Product {1,4:1,2) ET?  Yield (%)
3] A
HO
o)
M
1 P(/ Ph Me K(\,Ph 98:2 22 g8
85
2 N Me Ha
Bu H/\/\ >100:1 2 77
80
HO
3 Pho o Mo H,Wm. ara 2228 &3
v B5
HO
. \r.\ Me ‘\f\/\r »>100:1 1618 72
But
: /O/ Mo " >190:1  1.8-2 79
tay
HO
B By Me kfwﬂu >100:1 2 83
HQ
5 m/ Me kr\m »1Q0:1 1.4-2 75
HO
8 s £h Ma L ~Ph BB:12 18 )
HO
) . Ma w 87:13 10 77
10 P~ Me HO
'\M"" a8:12 13 65
MesSt Ho
11 83"~ Bu wm,s 82:18 7 100
) HO
12 <L Ph Me 8g:12 " 7!
Ph i ph)\/\,Ph S
HO
2 M e =100:1 9 80
Ha
eh
14 N Ma Ph)\MPh 93:2 10 55
O
. b
15 ph/\/EH By Ph/\j\«ou 9:31 E 83
E (1.2-praduct)
Ph
16 o e Py ,\)vo,., 1:08 g 54
(1.2-pracuct)
e oH
97 \f)\/ ,( Bu \/L‘/\/k »100:1 19 75

2 |solated yleids of pure
© The Ey v of the vi

double band was preserved.
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compounds was not observed.5 Running the reaction at 35°C led 1o some isomerization. In a competitive
coupling reaction of isoprene manoepoxide with equal molar quantities of phenyltrimethylstannane and
diethyl malonate, only a singla allylic sicohol, 4-phenyi-2-methylbut-2-en-1-ol, was isolated, digthylmalonate
being recovered unchanged (Eq. 2).

PhSnMa
0 A 1) {GHyGCN)zPdCIz
I)l\, + HO\/I\,.‘\ Ph (Eq. 2)

CHACOED H%F 20

Reaction Characteristics. Vinyl and phenyl 1in reagents coupled readily with a variety of vinyl
epoxides to give good yields of allylic alcohols {Table 3). Cther organostannanes either failed to couple (allyl,
benzyi, alkyl} or reacted by other pathways ({alkynyl and iributyltin hydride). Epoxides of acyclic alkenes
coupled regioselectively. The regioselectivity appears to be controlied by the substitution pattern on the
epoxide. Thus, 2-substituted-2-vinyloxiranes (entries 1-7) showed greater 1,4-selectivity than the vinyloxirane
unsubstituted in the 2-position {entries 8-11). Substitution at the terminal pesition of tha vinyl group reversed
the regicselectivity, generating the 1,2-product (entries 15, 16). Epoxides of cyclic alkenes did not show this
high regioselectivity (vide supra). The coupiing reaction of vinyl epoxide 1 with phenyitributyttin gave only a
25% yield of a mixture of regicisomers; epoxide 2 failed 1o undergo coupling.

o}
slpes
1 2
The geometry of the migrating double bond was an E/Z mixture, particulatly in the coupling reactions of
2-methyl-2-vinyloxirane, tha E isomer predominating (E/Z = 1-3, Tabla 3, entries 1-7). High E/Z ratios were
obtained, however, in coupling reactions with 2-vinyloxirane (entries 8-11}. The geometry of the double bond
in the tin reagent was maintained, as has been observed in other coupling reactions with vinylstannanes.3
The coupling reactions of sevaral epoxides darived from cyclic 1,3-dienes defined the stereochemistry
of this reaction (Tabie 4). In coupling reactions of cyclopentadiene, 1,3-cyclohexadiene and 1,3-
cyclooctadiane moncepoxides with phanyl and vinyl tin reagents, both 1,4- and 1,2-regioisomers were
realized, but in both regicisomers, only the trans-substituted cycloalkencl was obtained. For example, the
trans isomers in the cyclohexenals (entry 3) were assigned from the proton NMR spectra in which Hj in the
1,2-isomer couples with Hy (J = 10.5 Hz), He (J = 7.7 Hz) and Mg (J = 3.1 Hz), giving a ddd pattern, while Hy
was observed as a dm pattern, coupling with Hy {J = 10.5 Hz). The #rans isomer of the 1,4-addition product
was not obvigus from the proton NMR spectrum alone. This isomer was hydrogenated to yield trans-4-
phenylceyclohaxanol, which exhibited the same physical and spectroscopic properties as an authentic sample.
This stereochamistry is consistant with an oxidative addition of the vinyl epoxide to palladium to yield
an n3-complex (3) with the oxygen from the epoxide on the ring face opposite from palladium. The
transmatallation reaction with the tin reagent prebably results in the generation of a c-complexe such as (4}

which undergoes reductive elimination with retention of configuration? at the ring carbon to yield the two
regiocisomers.

{CHg)n, PSNRY'
—— 1,2-isomer
L-—-I':‘d—ﬁ
L
élc"'?’:of RSNAg a
|
[’PG\Q {CHa)p OSNRS'
L ﬁ > ———=  1,4-isomer
3

L—F;‘d -—R
L
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Table 4. of Vinpl trmn Cyclic 1.3-Diense wih

Entry Epaxide RINR’y Produsia (1,44,% Yielé (%

H oM OH
' 4 H.‘:H
IO A o
PR
H

17 1

a

* fhclted yiskis of pucied producss.

This coupiing yields the trans-substituted homoallylic or allylic alcohols, which is opposite 10 that
stareochemistry obtained from the coupling of 3 with a soft nucleophile derived from a carbon acid.2 in the
{atter case, a soft nucleophile farms the carbon-carbon bond by approaching from the ring face oppasite
palladium, displacing palladium(0) in the process.

The by-products of these reactions cf the monoepoxides of cyclic dienes were the palladium-catalyzed
rearrangemsant products,5 and in the case of cyclooctadiene monoepoxide, accounts for the much lower yield
of coupled product.

Synthetic Utllity. This coupling reaction is regiospecific in coupling reactions with apoxides derived
from acyclic 1,3-dienes, giving an allylic alcohcl and generating a new carbon-carbon bond. The allylic
alcohol can be further elaborated, for example, by a Sharpless cxidation.8 The synthesis of a variety of
natural products can be easily achieved in a few steps.

The coupling product, (E)-2-methyi-6-methylene-3,7-octadiene-2-ol (Tabie 3, entry 17), a pine bark
baetle (ips confusus) sex pheromone, has been utilized as a bioassay for monitoring and capture
procedures.9 No 1,2-addition product was isolated from this reaction, the E-isomer was present in >95%.

As expected, the coupling reaction tolerates other reactive functionalities on the tin reagent. The
arylstannane (6) containing both an acetoxy group and a mathyl ketane function can be prepared by the
palladium catalyzed raaction of hexamethylditin with 4-acetoxy-3-iodoacetophenone (6, Scheme 1). Coupling
with 2-methyl-2-vinyloxirane followed by acylation (in order to effect purification) gave 7 in 69% yield.
Hydrolysis ot the acetates gave an E/Z mixiure of 8; the two isomers are identical to E and Z isomers
isolaled10 from Arternisia campestris.

The coupling reactions of cyclopentadisns monoepoxide have patential for the synthasis of a varisty of
cyclopentancids, particularly those derived from the frans ally! alcohol (1.4-regioisomer). To explore this
coupling reaction further, a vinyltin reagent containing a protected chiral alcohol and an ester was selected
{Scheme II).

Acetylenic ketorne 9 was reduced to the S-alcohol {10) utilizing enantiomerically pure pinanyl
borane.11 Removal ot the acetylenic protecting group, protection of the alcohoi and hydrostannation of the
acetylene gave vinylin reagent 11. Coupling 11 with cyclopemadiene monospoxide gave the trans
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Schemes |
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[
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regioisomeric (1,4:1,2 = 1.35:1) products (12, 13}, in 51% yield, which could be readily separated by column
chromatography. The two diastereomers of 12 couid nol be readily distinguished by NMF. so any
diasterecselactivity realized In the coupling reaction is in question. Oxidation of 12 could be carriad out 1o
yield ketone 14, a precursor to hydroxypeniencic acid 15, isolated recently from a species of aquatic piants
Lemma trisulca. 12

Experimental Sectlon
tH NMR spectra were run on either an IBM WP 276 {270 MHz} or Bruker AC300P {300 MHz)
spectrameter in CDGlg using tetramethylsilane as an internal standard. 13C NMRA spectra wera recorded on
an 1BM WP 270 (68 MHz) or Bruker AC300F (74 MHz} spectrometer using CDGig as both solvent and internai
standard. Infrared specira ware obtained on a Beckman 4250 spectrometer. Elemental anaiyses were
performed by Atiantic Microlab, Atlanta, Georgia.
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Tetrahydrofuran {THF) was distilled from sodiumvbanzophenone. Dimethylformamide (OMF) was
distilled from calcium hydride and stored over 4A molecular sieves. Dimethyl sulfoxide (DMSO) was distilled
from calcium hydride.

Bulb-to-bulb distillations were performed with a Bichi Kigelrohr apparatus. Thin-layer
chromatography was performed on aluminum sheets precoated with silica gel 60F-254 (0.2 mm) (Merck).
Column chromatographic separations/purifications were run with Woelm 230-400 mesh silica gel using fiash
column techniques.

Catalysts. Palladium catalysts were prepared according to the published procedures: Pd(PPha)4,13
Pdidba)z, 14 Pdz(dba)aCHCl3,14 PdCla(dppp}, 15 PdCia(dppf),16 PA(CHaCN)2Cla.17

Organostannanes. The following organostannanss used in this study were prepared according 10
published procedures: Phenyitrimethylstannana,18 phenyltributylstannane,19 trimethylvinylstannana,20
tributylvinyistannane,2¢ E-B-styrylirimethylstannane,21 E-3-styryltributylstannane,21
isobutenyltrimethylstannane,22 E-1-haxenyltrimethylstannane,22 (E)-1-(trimathyisilyl}-2-
{tributyistannyl)ethylene, 23 g-naphylirimethyistannane, 24 and 2-tributyistannyi-1,3-butadiene.25 (E)-1,2-
bis{tributylstannyl)ethylene {gift from Searle) and hexamathylditin {Aldrich) were used as recsived.

(s-tert-Butyicyclohexenyljtrimethyistannane. To a solution of Me3SnLl (prepared from 3.31 ¢
(16.6 mmol) of Me3SnCi and 1.12 g (160 mmol) of Li métal in 50 ml of THF) at 0°C, was added dropwise 4.06
g {15.4 mmol) of d-tert-butyl-1-iodocyclohexene in 20 ml of THF over a 1.0 h interval. The gray solution was
allowed 1o wanm to 23°C and stirred at that temperature for 16.0 h. The gray suspension was pourad into 5 ml
of satrated NH4CI/25 mi H20. The bilayer mixture was extracted with Et2O (3 x 50 ml). The combined
ethereal extracts were washad with 2 x 50 ml Hz0, 2 x 50 m! brine and dried over NazS04. Solvent removal
by atmospheric pressure distillation gave a colorless liquid. Distikation at reduced pressure gave a colorless,
clear oil (3.00 g; 65%): b.p. 81-83°C at 1.0 mmHg. 1H NMR (270 MHz) 5 5.83 (m, 1 H}, 2.30-1.72 (m, 5 H),
1.30-1.10 (m, 2 H), 0.82 {s, @ H), 0.05 {g, 9 H). 13C NMR {68 MHz) & 140.2, 137.2, 44.4, 32.8, 29.4, 27.1, 251,
-10.5. Anal. Caled for C13Hz¢5n: C, 51.88; H, 8.65. Found: C, 51.90; H, 8.73.

4-Acetoxy-3-(trimethylstannyl)acetophenona (5). A solution containing 608 mg (2.00 mmol) of
4-acetoxy-3-iodoacetophenone,2é 768 mg (2.20 mmol) of hexamethylditin and 56 mg (0.045 mmol; 2.5 mot
%) af Pd(PPhg)4 in 8 ml of toluena was heated to refiux, under air, for 4.0 h. After coaling 1o 25°C, the biack
suspension was poured Into 50 mi of HpO. Extraction with 3 x 50 mi Etz0, washing with 2 x 25 mi bring,
drying over MgSO4 and concaniration at reduced pressure gave a colorless oil. Chromatography (flash
column, haxanes:EtOAc 4:1) gave 5 as a coloriess oil (Rg = 0.38). Distillation (bulb-to-bulb) atforded a
colorless cil, which solidified upon standing (548 mg; 81%): m.p. 58-81°C; b_p. (bulb-to-bulb) 118-121°C at
0.15 mmHg. 1H NMR (270 MHz).§ 8.07 (m, 1 H), 7.94 (m, 1 H), 7.21 {m, 1 H), 2.60 (s, 3 H), 2.31 (s, 3 H), 0.35
(s, 9 H). 13C NMR (68 MHz) § 196.7, 168.4, 159.3, 136.7, 134.4, 130.1, 122.1, 121.0, 26.2, 20.9, -9.27. IR
{neat) 3180, 2980, 2910, 1765, 1680, 1580 cm-1. Anal. Calcd for C13H4303S8n: C, 45.88; H, 5.29. Found: C,
45.83; H, 5.32.

Epoxides. The following epoxides used in this study were prepared according ta knewn procedures:
2-methyi-2-vinyloxirane,27 3,4-spoxycyclohex-1-ens,28 3,4-epoxycyclopant-1-ane,28 3,4-epoxycyclooct-1-
ene,28 {E)-2-{2'-phenylvinyl)oxirane,29 trans-2-phenyl-3-vinyloxirane.30 Vinyloxirane was obtained from
Aldrich and used as recaived.

2,2-Dimethyi-3-vinyloxirane. A suspension containing 3.59 g (5.00 ml, 43.7 mmal) of 4-methyl-
1,3-pentadiene (Wiley Organics Inc.) and 200 g (1.89 mol) of solid NazCO3 in 350 mi of CHxCiz at 0°C was
treated with 8.31 g (48 mmol) of 3-chloroperoxybenzeic acid (85%) over 1.0 h. The mixture was stirred at 0°C
for 3.0 h and at 23°C for 1.5 h. The mixture was filtared and the filter cake washad with 2 x 50 ml CHxClp. The
filrate was washed with 100 ml of saturated aqueous KzCOg3, 2 x 100 mi H20, brine and dried over KaCOs.
Solvent was removed by atmospheric pressure distillation (bath temperature < 50°C). The resulting cpague
liquid was distifled to afford the product as a coloriess liguid (1.65 g, 38%); b.p. 91-83°C at 650 mmHg. 1H
NMR {270 MHz) & 5.70 {m, 1 H), 5.42 (m, 2 H), 3.20 (d, J = 7.2 Hz, 1 H), 1.36 (s, 3 H), 1.28 (s, 3 H). IR (neat)
3095, 2980, 2960, 1635, 1455, 1380, 1240, 1110, 980, 915, 865, 795, 728 cm-1. Anal. Caled for CgH190: C,
73.46; H, 10.2. Found: C, 72.9; H, 9.96.

Catalyst Optimization Studies (Table 1). Coupling reactions listed in Table 1 were run
accarding 10 the general procedure as follows: A stirred solution of the selected catalyst in 4 mi of the
indicated solvent, at 0°C, was treated with 2.50 mmol of 2-methyl-2-vinyloxirane followed by 2.75 mual of
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trimethylvinylstannane. The pale yellow solution was stirred at 23°C for the specitied amount of time. The
solution was then filtered {Gelite) and the filter cake washed with 3 x 15 ml CHzCla. Tha filtrate was washed
with 2 x 25 mi H20, brine and dried over MgS04. Concentration at reducsed pressure and chromatographic
separation afforded 2-methylhexa-2,5-dien-1-ol as a mixture of E and Z1somers. The E/Z isomeric ratio was
determined by 1H NMR integration of the vinyl (3 5.45 E and 5.34 Z), methylen® (§ 4.12 2 and 4.01 E) and
methyl (1.82 Z and 1.67 E) resonances.

Effects of Additives (Table 2). Caupling reactions listed in Table 2 were run according 1o the
general procedure as follows: A stirred solution of PA{CH3CN)2Cl2 {20.5 mg; 0.08 mmol; 4 mole %) in 4 mi of
DMF, cooled to 0°C, was trealad with the specified quantity (2.20-20.0 mmol) of the selected additive. To this
was added 2-methyi-2-vinyloxirane (167 mg; 2.00 mmol) followed by phenyltrimethylstannane (530 mg; 2.20
mmol). The mixture was stirred at 23°C for 12 h. Dilutien with 50 ml CHaCly, fiftration (Celite}, washing with 2
x 25 ml Ha20), brine, drying over MgSQ4 and concentration at reduced pressurae afforded a yellow oil.
Chromatographic saparation afforded 2-methyl-4-phanylbut-Z-en-1-o0l as a E/Z mixiure of isomers and 2-
methyl-2-phenylbul-3-en-1-al. Tha 1,2-1,4 addition ratio was determined by 1H NMR integration comparison
of the viny! region for 2-methyl-4-phenylbui-2-en-1-of (1,4 product} (5 5.64, 5.52); and 2-methyl-2-phenylbut-3-
en-1-o} {1,2 product) (5 €.05, 5.22, 5.11). The E/Z ratio for 2-methyl-4-phanylbut-2-en-1-ol was determined by
1H NMR integration of the vinyl (5 5.64 E and 5.52 Z}), methylene (3 4.25 Z and 4.06 E) and methyl {(§ 1.86 Z
and 1.79 E) resonances.

Palladium-Catalyzed Coupling Reaction: General Procedure and Workup (Table 3).
(E)- and (Z)-2-Methyl-4-phenylbut-2-en-1-0l (Table 3, Entry 1). (a) Phenyitimsthylstannane: To
a stirred solution of 20.5 mg (0.08 mmol; 4 mole %) of PA{CH3CN}2Clz in 4 mi of DMF, cooled to 0°C, was
added 360 pi (20.0 mmol) of water tollowed by 167 mg (2.00 mmol) of 2-methyl-2-vinyloxirane. Phenyl
trimethyistannane (530 mg; 2.20 mmol) was added and stirring was continued for 12 h. The resuiting
suspansion was diluted with 50 ml of CHzClz and filtered through a small pad of Celite. The filtrate was
washed with 2 x 25 ml HzO, brine, dried over MgSO4 and concentraied using a rotary evaporator.
Chromatography (flash column, haxanes/EtOAc 4:1, silica gel} gave the desired alcahol as a pale yeliow oil
(275 mg; 85%): b.p. (bulb-to-bulb) 77-79°C {0.t mmHg); 1H NMR (270 MHz) § 7.31-7.16 (m, 5 H), 5.64 (1 sext,
J=7414Hz,1H E),552(@m,J=7.4Hz, 1 H,2),4.25 (5,2 H,Z),4.06 (s, 2 H, E), 3.44-339 (m, 2H, E + Z),
1.86 (q, J = 0.9 Hz, 3 H, Z), 1.79 (s, 3 H, E), 1.43 (br, 1 H, exchanges with D20, E + 2). 13C NMR {68 MHz)
140.99 (E + Z), 135.72 (E), 135.38 (Z), 128.39 (E + Z), 128.26 (E + Z), 126.59 (Z), 124.58 (E + Z), 68.45 (E),
61.39 (), 33.89 (E), 33.76 (2), 21.09 (Z), 13.62 (E). IR (neat) 3400-3240, 3040, 2920, 1605, 1495, 1455,
1025, 990, 735, 680 cm-1. Anal. Calcd for Cy1H140: C, 81.44; H, 8.70. Found: C, 81.28; H, 8.68.

(b} Phsnyttri-n-butylstannane: The coupling was performed as above using 807 mg {2.20 mmol) of the
stannane. After stirring for 12 h at 23°C, the mixture was treated with a 1.4 M pyridinium hydrofluaride solution
in THF/pyridine {1.60 ml; 2.20 mmol). Aflar 30 min, the thick suspension was diluted with 50 ml CH2Cl; and
filtered through a small pad of Celite. Tha fitrate was washed with 25 mi ot 5% HCI (aq), 2 x 25 ml Ha0, brine,
dried over MgSQ4 and concentrated by rotary evaporation. The crude oil was purified as above 1o give the
expecied alcohol (278 mg; 85%).

The following compounds were prepared according to the ganeral procedure:

(E}- and (Z)-2-Methylhexa-2,5-dlen-1-0i (entry 2): colofiess oil; b.p. (bulb-to-buib) 50-52°C (0.5
mmHg); 1H NMR {270 MHz) & 5.80 {dct, J = 16.9, 10.4, 6.5Hz, 1 H, E + 2}, 5.45 (t sext, J = 7.2, 1.0 Hz, 1 H, E),
534 (brt, J=76Hz, Z),5.03 (dm,J=17.1Hz, 1H,E +2Z), 498 (dm, J=10.2Hz, 1 H,E+Z), 4.12(s, 2 H, Z),
401 (s,2H,E), 280 (brt,J=62Hz, 2H, E+2Z),1.82(t, J =1.1 Hz,3H, Z),1.74 (br, 1 H, E + Z; exchanges
with D20), 1.67 (s, 3 H, E). 13C NMR (68 MHz) § 137.16 (), 136.62 (E), 136.09 (Z), 135.84 (E), 125.12 (Z),
123.06 (E), 114.54 (E + Z), 68.59 {E), 61.46 (Z), 31.84 (E), 31.73 (Z), 21.03 (2), 13.42 (E). IR(neat} 3400-
3260, 3090, 2980, 2860, 1640, 1430, 1005, 985, 900 cm-1. Anal. Calcd for C7H120: C, 75.0; H, 10.7. Found:
C,74.3; H, 10.3.

(E,E) and (Z,E)-2-Msthyl-6-phenylhexa-2,5-dien-1-0l (entry 3}: colorless oil: 1H NMR (270
MHz) 8 7.31-7.16 {m, 5 H); 6.38 (dt, J = 15.2, .6 Hz, 1 H, E), 6.21 (dt, J = 15.3, 7.5 Hz, 1 H, E), 6.51 (brt,J=
75Hz,1H,E), 538 (br1,d=7.6Hz,2),418(3,2H,2Z), 404 (3,24, E),295(brm,2H, E+Z), 1.86 (s, 3 H,
Z),1.72 (s, 3 H, E), 1.50 (br, 1 H, E + 2, exchanges with Dz0). IR 3470-3280, 3040, 3010, 2920, 1675, 1605,
1490, 1445, 990, 960, 830, 730, 680 cm-1. ‘Anal. Caled for CiaH4g0: C, 82.97; H, 8.51. Found: C, 82.25; H,
8.58.
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(E)- and (Z)-2,6-Dimethyi-2,5-hepladien-1-0l (entry 4): coloress oil: b.p. (bulb-to-buib} 60-
62°C {0.1 mmHg) (131 105°C/15 mmHg]; 1H NMR (270 MHz} §5.36(tm, J=7.2Hz, 1H, E), 527 (brt,J = 7.0
Hz, 1H,Z), 508 (m, 1 H), 4.12(s, 2H, Z), 402 (5,2 H, E), 260 (br,2H, E + Z), 1.80 (s, 3H, Z), 1.70 (3, 6 M),
1.65 (g, 3 H, E}, 1.30 (br, 1 H, E + Z, exchanges with D20). 13C NMR (68 MHz) & 127.12; 125.04, 122.73,
122.34, 68.87(E), 61.53(Z), 26.73, 25.67, 21.28(Z), 17.70, 13.65(E). IR (neat) 3450-3180, 2970, 2910, 1670,
1450, 1370, 990, 840, 815 cm-1. Spectral data matched that previously reported.32 Our data and that in
referance 32 is in disagreement with that raported in reference 31 with raspect to the assignment of E and 2
isomaers,

(E)- and (Z)-4-(4-tert-Butylcyclohax-1-enyi)-2-methylbut-2-an-1-01 (entry 5} colorless oil:
b.p. {bulb-to-bulb) 85-87°C (0.1 mmHg); 1H NMR (270 MHZ) 3 542 (m, 2 H,E +Z),4.15(s,2H, Z), 403 (5, 2
H, E), 268 (d,J=7.4Hz, 2H, E +2Z), 2.10-1.90 (m, 3H), 1.83 (s, 3H, Z), 1.70 (s, 3 H, E), 1.40-1.10 (m, 5 H),
0.86 (g, 9 H). 13C NMR (68 MHz) 5 136.4(E), 135.7(Z), 126.2, 124.2, 121.6, 69.0(E), 61.7(Z), 44.4, 35.6, 32.2,
30.2, 27.3, 26.9, 24.4, 21.2(Z), 13.6(E). IR (neat) 3490-3160, 2960, 2910, 2830, 1665, 1480, 1005, 985, 850,
790 cm-1. Anal. Calcd for CisHzg0: C, 81.08; H, 11.71. Found: C, 80.99; H, 11.80.

(E)- and (Z)-2-Methyldeca-2,5-dien-1-0l (entry 6): colorless oil: b.p. {bulb-to-bulb) 64-66°C (0.1
mmHg); 1H NMR (270 MHz) § 5.40-527 {m, 3 H, E+Z), 413 (5, 2H,Z), 402 (s, 2H,E), 272 (brm,2H,E +
Z), 2.00 (m, 2 H), 1.81 {8, 3H, Z), 1.70 (s, 3H, E), 1.40-1.10 {m, 5 H), 0.85 {t, J = 7.0 Hz, 3 H). 123C NMR (68
MiHz) § 135.3(E), 135.1(2), 131.0, 128.4, 124.4, 68.8(E), 61.6(2), 32.1, 31.7, 30.8, 26.9, 25.9, 22.1, 21.1(2),
13.7, 13.5(E}). IR (neat) 3490-3190, 2060, 2020, 2860, 1670, 1460, 1370, 1000, 960, 835 cm-1. Anal. Caicd
for C11HzoQ: C, 78.57; H, 11.90. Faund: C, 78.00; H, 12.20. Mass Spec. Caled 168.28. Found: 168 (M+).

{E)- and (Z)-2-Methyl-4-(3-napthyl)-but-2-en-1-0l (enitry 7): Partial hydrolysis of B-
naphyHlrimethyistannane was observed when the coupling was run in the presence of water rasuiting in a
lower yield (61'/.) of alcohel; coupling was run without water to give a 75% yield of the desired alcohol:
colorless oil: b.p. (bulb-to-bulb) 93-85-C (0.1 mmHg); 1H NMR (270 MHz) & 7.80-7.30 (m, 7 H}, 5.70 {tm, J =
7.2Hz,1H,E), 558 (brt, J=73Hz,1H,2),429(s,2H,Z),4.08 (s, 2H.E), 3.56 (borm, 2H,E + Z), 1.88 (g, J
=1.1Hz, 1H, 2}, 1.82 (s, 3 H, E), 1.35 (br. 1 H, E + Z, exchanges with D20). 13C NMR (68 MHz) 5 138.45,
135.98, 133.60, 132.05, 128.0, 127.57, 127.40, 127.20, 127.11, 126.19, 126.91, 125.17, 124.33, 68.64(E),
61.60(Z), 34.04 (E), 33.93(Z), 21.29Z), 13.79(E). IR (neat) 3410-3250, 3080, 3000, 2850, 1600, 1480, 1440,
970, 910, 735, 710 cm-1. Anal. Caled for C15H150: C, 84.90; H, 7.54. Found: C, 84.81; H, 7.57.

(E)-4-Phenylbut-2-en-1-o0l (entry 8): coloriess oil: b.p. (bulb-to-bulb) 87-89°C (0.1 mmHg); 1H
NMR (270 MHz) & 7.40-7.15(m, 5 H), 5.86 (dt, J = 15.2, 6.5Hz, 1 H), 5.70 (dt, J = 15.3, 5.6 Hz, 1 H), 4.12 (d, J
=562 Hz, 2 H, E), 3.82 (d, J = 7.12 Hz, 2 H), 1.45 (br, 1 H, exchanges with D20). 13C NMR (68 MHz) §
139.86; 130.¢4, 130.308, 128.36, 128.25, 127.85, 126.59, 125.91, 62.93, 38.42. IR {neat) 3500-3200, 3015,
2910, 1670, 1600, 1490, 1450, 980, 965, 735, 690 cm-1. The 1H NMR and IR matched those reported.33

(Z) isomer; 1TH NMR (270 MHz) 8 4.31 (d, J = 4.6 Hz, 2 H).

(E)-2,5-Hexadien-1-ol (entry 9): colorless cil: b.p. (bulb-to-bulb) 53-56°C (0.5 mmHg); 1H NMR
(270 MHz) 3 5.80-5.63 {m, 3 H), 5.20-5.00 (m, 2 H), 4.12 {(d, J = 7.6 Hz, 2 H, E), 2.81 {m, 2 H), 1.62 {br, 1 H,
exchanges with D;0). 13C NMR (68 MHz) 5 136.28, 130.24, 130.09, 115.29, 63.2, 36.10. IR (neat) 3480-
3210, 3010, 2920, 1650, 1490, 990, 980, 905, 735 cm-1. The tH and IR matched those reported.34

(Z) isomer; 1H NMR (270 MHz) § 4.20 (d, J = 7.5 Hz, Z H).

{E,E)-6-Phanylhexa-2,5-dien-1-al (entry 10): yellow oil: b.p. {bulb-to-bulb) 87-89°C (0.5 mmHg);
1H NMR (270 MHz) § 7.38-7.14 (m, 5H), 6.40 (0. J = 15.6 Hz, 1 H), 6.20 {at, J = 155, 7.2 Hz, 1 H), 5.76 (m, 2
H). 4.11 {d, J = 7.0 Hz, 2 H, E), 2.95 (m, 2 H), 1.60 {br, 1 H, exchanges with D20). 13C NMR (88 MHz) §
137.74, 132.21, 131.11, 130.54, 130.33. 128.48, 128.14, 127.06, 126.27, 126.10, 63.44, 35.38. IR (neat)
3410-3250, 3018, 2840, 1600, 1485, 1450, 980, 960, 725 cm-1. The TH NMR and IR spectra matched those
‘eported.3s

(Z) isomer; TH NMR (270 Mhz) 8 4.24 (d, J = 7.0 Hz, 2 H).

(E,E)-6-Trimethylsilylhexa-2,5-dien-1-0l (entry 11): colorless oil: b.p. (buib-to-bulb) 66-68°C
(0.3 mmHg); 1H NMR (270 MHz) 5 6.02 (dt, J = 18.5, 6.0 Hz, 1 H), 5.72-5.62 (overiapping, m, 2 H), 5.68 (dt, J =
18.6, 1.6 Hz, 1 H), 4.13 (brd, J = 4.6 Hz, 2 H), 2.86 (t quint, J = 5.0, 1.1 Hz, 2 H), 1.40 {br s, 1 H), 0.05 (s, 9 H).
13C NMF (68 MHz) & 144.0, 131.23, 130.31, 130.06, 63.26, 39.05, -1.32. IR {neat) 3500-3300, 2950, 1610,
1240, 850, 825 cm-1.

{Z,E) isomar; 1TH NMR (270 MHz) § 4.20 (brd, J = 6.9 Hz, 2 H).
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(E)-2-Ethenyl-4-trimethylsilylbut-3-en-1-0] (entry 11; 1,2 addition product): 1H NMR (270 MHz)
35.93 {dd, J = 18.8, 6.2 Hz, 1 H), 5.82-5.68 {m, 1 H}, 5.80 (d, J = 18.4 Hz, 1 H), 5.20-5.17 {(m, 1 H), 5.16-5.11
(m, 1 H), 3.58-3.55 (m, 2 H), 2.98 {br quint, J = 6.7 Hz, 1 H), 1.50 (brs, 1 H), 0.07 (5, 9 H}. IR (neat) 3440-3280,
3080, 2950, 1835, 1610, 1240, 1030, 980, 905, 860, 815 cm-1. Anal. Caled for CgH1g08i: C, 63.53; H, 10.58.
Found: C, 63.40; H, 10.62.

(E)-1,4-Diphenylbut-2-en-1-cl (entry 12): coloriess oil; waxy solid obtained upon standing; b.p.
(bulb-to-bulb) 121.123°G {0.05 mmHg}; m.p. 38-40°C uncormrecied; 1H NMR (270 MHz) § 7.42-7.28 (m, 10 H),
592 (dt,J = 15.7.6.7 Hz. 1 H), 5.75 (dd1, J = 15.2, 8.5, 1.4 Hz, 1 H), 5.20 (dd, J= 6.3, 2.4 Hz, 1 H), 3.40 (d, J =
6.5 Hz, 2 H), 1.82 (d, J = 3.4 Hz, 1 H, exchanges with D20). 13C NMR (68 MHz) § 143.34, 140.0, 133.90,
130.74, 128.53, 127.47, 126.22, 126.10, 74.79, 38.54. IR (neat) 3430-3250. 3030, 3015, 2850, 1668, 1600,
1490, 1440, 960, 730 cm-1. Anal. Caled for C1gH160: G, 85.71; H, 7.14. Found: C, 85.69: H, 7.24.

(E)-1-Phenyi-2,5-hexadlen-1-0l (eniry 13): colorless oil; b.p. {bulb-to-bulb) 82-84°C (0.07
mmHg}; 1H NMR (270 MHz) & 7.31-7.25 (m, 5 H), 5.77 (m, 3 H), 5.18 (d, J = 5.6 Hz, 1 H), 5.03 {m. 2 H), 2.81
{m, 2 H), 1.92 (br s, 1 H, exchanges with Dz0). 13C NMR (68 MHz) 5 143.37, 136.22, 133.64, 129.75, 128.41,
127.45, 126.19, 115.53, 74.89, 36.12. IR (neat) 3410-3200, 3025, 3000, 1648, 1620, 1575, 980, 970, 890,
730. Anal. Caled for C12H140: C, 82.76; H, 8.05. Found: C, 82.81; H, 8.15.

(E,E)-1,6-Diphenyl-2,5-hexadien-1-o0l (entry 14): yeliow oil; b.p. (bulb-to-bulb) 141-144°C (0.07
mmHg); 1H NMR (270 MHz) 5 7.45-7.15 (m, 10 H), 6.40 (d, J = 15.8 Hz, 1 H), 6.20 (a1, J = 15.9, 2.1 Hz, 1 H),
5.81 (m. 2 H), 5.21 (d, J = 5.8 Hz, 1 H), 2.97 {m, 2 H), 1.91 (br 5, 1 H, exchanges with Dz0). 13C NMR (68
MHz) 3 143.4, 137.72, 133.87, 131.23, 120.84, 128.48, 128.01, 127.54, 126.25, 126.13, 74.96, 35.37. IR
{noat) 3430-3220, 3020, 3000, 2835, 1620, 980 cm-1. Anal. Calcd for C1gH1g0: G, 86.40; H, 7.20. Found: C,
85.8; M, 7.35.

(E)-4-Phenyl-2-othenylbut-3-en-1-ol (entry 15): yellow oil; 1H NMRA (270 MHz) § 7.40-7.23 (m, §
H), 6.50 (d, J = 16.1 Hz, 1 H), 8.16 (dd, J = 16.0, 7.7 Hz, 1 H), 5.81 (ddd, J = 17.7,10.0, 7.4 Hz, 1 H), 5.25 (dd, J
=177, 1.4 Hz, 1 H), 5.19 (dd, J = 10.0, 1.4 Hz, 1 H), 3.65 (d, J = 6.8 Hz, 2 H), 3.14 (m, 1 H), 1.65 (br, 1 H,
exchanges with D20). IR (neat) 3430-3220, 3040, 3010, 2860, 1632, 1590, 1480, 1440, 1030, 980, 955, 910,
735, 680 cm-1. The 1H NMR and IR spectra matched those reported.35

(E)-2,4-Diphenylbut-3-en-1-0l (entry 16): orange oil; 1H NMR (270 MHz) & 7.41-7.16 {m, 10 H),
B.53(d, J=159Hz, 1H),6.36 (dd. J = 15.8, 7.6 H2, 1 H), 3.90 (d, J = 7.4 Hz, 2 H), 3.69 (m, 1 H), 1.55 (br, 1 H,
exchanges with D20). 13C NMR (68 MHz) & 141.11, 137.28, 132.10, 130.02, 128.74, 128.48, 128.03, 127.38,
126.88, 126.30, 66.39, 51.76. IR {neat) 3500-3240, 3060, 3020, 2920, 1600, 1490, 1450, 1045, 960, 900,
732, 690 cm-1. Anal. Caled for : CygH10: C, 85.71: H, 7.14. Found: C, 85.39: H, 7.09.

(E)-2-Mathyl-é-methylens-3,7-octadiene-2-0l (entry 17): A solution of Pd(CH3CN)aClz (21.0
mg; 8.08 mmol; 4 mole %), 360 ul H20, and 1,1-dimathyl-2-vinyloxirans (196 mg; 2.00 mmol) in 4 mi of DMF,
cooled to 0°C, was treated with 2-tributylstannyi-1,3-butadiene {720 mg, 2.10 mmol). The orange solution
was stired at 23°C for 3 h. Addition of 1.6 ml of 1.4 N HF-pyridine with stirring for 30 min gave a whita thick
suspension. Dilution with 50 ml of CH2Cl2 and filtration (Cslite} atforded a pale yellow filtrate which was
washed with 30 ml of 5% HCI (ag), 30 ml Hz0, brine and dried over MgSO4. Concentration gave a coloriess
oil. Chromatography (flash column, silica gel, haxanes:EtOAc, 4:1, gave pure product as a colorless oil {227
mg; 75%). The resulling synthetic terpene was identical in all respects to the natural product.9

1H NMR (270 MHz) § 6.40 (dd, J = 17.6, 10.8 Hz, 1 H), 5.69 (m, 3H), 5.24 (d, J = 17.6 Hz, 1 H}), 5.05 (m,
2 H). 2.94 (m, 2 H), 1.61 (br, 1 H), 1.32 (s, 8 H). 13C NMR (68 MHz) § 144.97, 139.02, 138.57, 124.31, 116.24,
113.52, 70.45, 34.24, 29.72. IR (neat) 3450-3240, 3050, 2980, 1675, 1635, 1505, 980, 570, 905, 890 om-1.

trans-4-Phenyicyclopent-2-en-i-ol (A) and trans-2-phenylcyclopent-3-en-1-¢i (B) {Table
4, entry 1): yellow oil; (A) (Rr = 0.17); b.p. (bulb-to-bulb) 123-126°C {0.1 mmHg); 1H NMR {270 MHz) 5 7.31-
7.10 (m, 5 H), 6.00 (m, 2 H), 5.10-5.00 (m, 1 H), 4.18-4.08 (m, 1 H), 2.40-2.02 {m, 2 H), 1.65 (br, 1 H,
exchanges with 020). (B) (Rr = 0.26); b.p. (bulb-to-bulb) 93-95°C (0.1 mmHg); 1H NMR (270 MHz) 5 7.36-
7.15(m, 5 H), 5.90 (m, 1 H), 5.78 (M, t H), 4.28 (dt, J = 6.5, 2.5 Hz, 1 H). 3.76 (M, 1 ), 3.85-3.75 {m, 1 H),
2.41-2.31 (m, 1 H), 1.89 (br, 1 H, exchanges with D20). The spectra of both A and B maliched thosa
reported.36

trans-4-Vinylcyclopent-2-en-1-ol {C) and trans-2-vinylcyclopent-3-en-1-0f (D) (Table 4,
entry 2): yallow oil; (C) (RF = 0.21): 1H NMR (270 MHz) & 5.90 (m, 1 H), 5.75-5.60 {(m, 1 H), 5.10-4.85 (m, 4
H), 3.55 (m, 1 H), 2.10-1.80 (m, 2 H), 1.73 (br, 1 H, exchanges with D20). (D} (R = 0.28): 93-96°C (0.1
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mmHg): 1H NMA (270 MHz) 5 5.83-5.60 (m, 3 H), 5.15-4.95 (m, 2 H), 4.22-4.14 (m, 1 H), 3.23-3.15 (m, 1 H),
2.75-2.65 (m, 1 H), 2.32-2.20 (m, 1 H), 1.80 (br, 1 H, exchanges with Dz0). The spectra of both C and D
matched those reporied.36

trans-4-Phenyicyclohex-2-en-1-0l (E) and trans-2-phenylcyciohex-3-en-1-ol (F} (Table 4,
entry 3): (E) (Rp = 0.19} white prisms m.p. 54-55°C: b.p. (buib-to-bulb) 123-126°C (0.1 mmHg); tH NMR (270
MHz} § 7.32-7.13 (m, 5 H), 5.93-5.79 (m, 2 H), 4.37-4.32 (m, 1 H), 3.44-3.40 (m, 1 H), 2.16-2.07 (m, 2 H), 1.86
{s, 1 H, exchanges with D20), 1.65-1.25 (m, 2 H). 13C NMRA (68 MHz) & 145.27, 132.54, 131.67, 128.37,
127.46, 126.19, 66.34, 41.96, 31.78, 30.22. The spectra of E matched those reporied.37

Comparison of the hydrogenated alcohol with an authantic sample of trans-4-phenylcyclohexan-1-ol
prepared from 4-phenylcyciohexanone3s gave identical resuits: 1H NMR (CDCl3) 6 7.32-7.13 (m, 5 H), 3.68
(. J= 10.5, 4.4 Hz, 1 H), 2.49 (ft, J = 11.7, 3.4 Hz, 1 H}, 2.12-2.05 (m, 2 H), 1.98-1.80 (m, 2 H), 1.64 (br &, 1 H),
1.60-1.35 (m, 4 H). m.p. 117-118°C (it.39 118-119°C). For a detailed NMR study of stustitutad carbocyclic
systems, see reference 36.

{F} (Rr = 0.28): yeliow ail b.p. (buib-to-buib) 100-102°C (0.2 mmHg); 1H NMR {270 MHz) § 7.35-7.21
{m, 5 H), 5.82 {m, 1 H), 5.55 (m, 1 H), 3.69 (ddd, J = 10.3, 7.7, 3.1 Hz, 1 H), 3.28 (m, 1 H), 2.29-2.21 {m, 2 H),
2.02-1.94 {m, 1 H), 1.81 {br, 1 H, exchanges with D20), 1.77-1.63 {m, 1 H). 13C NMR (68 MHz) § 143.05,
128.62, 128.44, 127.58, 126.83, 73.58, 51.57, 29.46, 24 46. Anal. Caled for C12H140: C, 82.72, H, 8.10.
Found: C, 82.65; H, 8.13.

trans-4-Phenylcycloocten-2-en-1-0l (Table 4, entry 4); colorless oil: b.p. (bulb-to-bulb) 85-98°C
{0.15 mmHg); m.p. 36-38°C (solidification on standing); tH NMR {270 MHz) § 7.34-7.13 (m, 5 H), 5.66-5.49 (m,
2 H), 5.06-4.97 {m, 1 H), 3.78 (&, J = 12.4, 4.1 Hz, 1 H), 2.062-1.50 {m, 9 H). 13C NMR (68 MHz) 5 146.,1,
133.29, 132.22, 128.42, 127.33, 126.02, 69.14, 45.77, 36.87, 35.55, 26.71, 22.57. IR (neat) 3410-3260, 3010,
2865, 1595, 1440, 1035, 822, 740, 685 cm-1. Anal. Caled for C14H1g0: C, 83.186; H, 8.91. Found: C, 82.95;
H, 8.99.

{E) and (Z)-3-(4-Hydroxy-3-methyl-2-butenyl)-4-hydroxy acetophenone (8): A soclution
centaining PA(CHaCN)2Cl2 (21.0 mg; 0.08 mmoi; 4 mole %), 360 pl H2O and 2-methyl-2-vinyloxirane (168
mg, 2.00 mmol) in 4 mi of DMF, cooted to 0°C, was treated with 4-acatoxy-3-(trimethylstannyi)-acetophenone
6 (749 mg, 2.20 mmol). The ysilow solution was stirred at 23°C for 6 h. Dilution with 75 ml CHzClz followed
by filttration {Caelite) gave a yetlow filtrate which was washed with 2 x 25 mi Hp0, brine and dried over MgSO4.
Concantration at reduced pressure gave a yellow oil. The crude oil was converted to the diacetyi derivative 7
by stirring with pyridine (237 mg, 3.00 mmol), acetic anhydride (245 mg, 2.40 mmol) and a catalytic amount of
4-dirmathyi-aminopyridine (12.2 mg; 0.10 mmol; 5 mole %) in 50 ml of Et2O at 23°C for 12 h. After the addition
of methanol (1.0 mi} to consume excess acetic anhydride, the mixture was added te 50 ml Et20, washed with
25 ml of 5% HCI (aq), 2 x 25 ml H2Q, brine and dried over MgSO4. Concentration at reduced pressure gava a
yeHlow oil readlily identified as an E/Z mixture (2.22:1) of 3-(4-acetoxy-3-methyl-2-butenyl)-4-
acatoxyacetophenone (7) (397 mg, 69%).10

TH NMR {270 MHz) 5 7.98 (m, 2 H), 7.83 (m, 2 H), 7.16 {m, 2 H), 5.55 (i sext, J = 7.24, 1.4 Hz, 1 H, E),
5§47 (brt, J=86.9hz, 1 H,2Z),4.68(3,2H, 2), 450 (5, 2H,E), 3.38(m, 4 H,E+2Z),258 (5,6 H, E + Z), 2.33
(bs,6H.E+2),210 (bs,6 H.E +Z), 1.82(5,3H,Z),1.77 (s, 3H, E).

Hydrolysis of 7 using KOH-MeQOH (10%, 4 ml)10 gave 8 as a coloriess ol (111 mg, 55%). The E/Z ratio
was determinad by 1H NMR integration to be ca. 2.22:1 E/Z. Both the E and Z isomers were identical in all
raspects 1o the natural products. 10

Suberoyl chloride monomethyl ester: A solution of suberic acid monomethyl ester (9.41 g, 50.0
mmoi) in 60 mi of dry benzene, cooled to 5°C, was treated with oxalyl chloride (7.61 g, 60.0 mmol} and a
catalytic amount of DMF; vigerous evolution of CO2 was observed immediately. Tha mixture was stirred at
5°C for 15 min, at 23°C for 2 h and at 60°C for 1 h. Filtration of the mixture through a short plug of Celite
followed by solvent removal at reduced pressure gave a coloress oil. Distillation (bulb-to-bulb) gave the acid
chloride as a calorless oil (9.90 g, 96%). b.p. (buib-to-bulb) 83-86°C (0.1 mmHg); 1H NMR (270 MHz) & 3.67
(s, 3H), 288 {t J= 7.3 Hz, 2 H), 2.31 {t, J = 7.4 Hz, 2 H), 1.74-1.58 (m, 4 H), 1.40-1.32 {m, 4 H). IR (neat) 2960,
2860, 1808, 1748, 1440, 1250, 1165, 950, 860, 730, 670 cm-1.

Preparation of 9: To a solution of suberayl chioride monomethyl ether (10.8 g, 52.4 mmoel} and
bis(trimethyisilyl)acatylene (8.91 g, 52.4 mmol) in 80 mg of CHzCl2, cooled 1o 0°C, was added AICl3 (7.68 g,
57.6 mmol) over a 0.5 h interval.40 The mixture was stirring at 0°C for 3 h, and at 23°C for 4 h. The rasulting
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red slurry was filtered through a pad of Celite. The filtrate was shaken with 100 ml of coid 10% HCI {ag). The
agqueous layer was extracted with 2 x 150 mi of Etz0. Tha fittrate and combined ethereal layer was washed
with 2 x 100 ml HzO, brine and dried over MgSO4. Concentration ail reduced pressure gave a red oil.
Chromatography (flash column, silica gel. hexanes/EtOAc 10:3) gave 9 4s a colorless oil (8.42 g, 60%). b.p.
(bulb-to-bulb) 108-111°C (0.1 mmHg); 1H NMR (270 MH2) §3.67 (s, 3H), 2.56 {t, J=7.3Hz, 2M), 231 {, J =
7.5 Hz, 2 H), 1.69-1.60 (m, 4 H), 1.37-1.31 (m, 4 H), 0.13 (5, 9 H). IR (neat) 2948, 2118, 1744, 1675, 1435,
1245, 1065, 835, 750 cm-1. Anal. Calcd for C14Hz403Si: C, 62.68; H, 8.95. Found: C, 62.65; H, 9.01.

Preparation of 10: A thick, coloress oil ol neat B-3-pinnanyl-9-borobicyclo[3.3.1lnonanel! was
prepared from (-)-o-pinene (3.23 g, 23.7 mmol) (98% ee) and 3-BBN (2.57 g, 42 ml. 21.0 mmol). To the oil
was added, at 0°C, 9 (4.02 g, 15.0 mmol). The mixture was allowed to warm to 23°C and stirred at that
temperature for 48 h. The clear oil was diluted with 40 mi of Et0, cooled to 0°C, and treated with
triethanclamine (4.47 g, 30 mmol} with stirring for 30 min. The suspension was filterad and the white
precipitale washed with 2 x 15 mi Etz0. The filtrate was washed with H20, brine and dried over MgSO4.
Concentration at reduced pressure gave 10 as a clear oil (4.02 g, 99%). The aicohol may be
chromatographed (flash column, silica gel, hexanes/EtOAc 4:1) if desired (R = 0.29) 4.34 (m, 1 H), 3.67 (s, 3
H), 2.42 (m, 2 H}, 2.31 {, J = 6.8 Hz, 2 H}, 1.93-1.28 (m, 9 H), 0.17-0.15 (8 H). IR (neat) 3460-3880, 2870,
2170, 1748, 970, 835, 750 cm-1.

Preparation of 11: A sclution containing 9 (3.00 g, 11.1 mmol) and KF+2H20 (2.07 g, 22.0 mmol) in
30 ml of DMF was stirred at 23°C for 10 h. The yellow solution was poured into 75 mi of Hz0/75 ml of Ets0,
The aqueous phase was extracted with Et0 (2 x 50 mi). The combined onganic phase was washed with 75
ml Hz0, brine and dried over MgSQ4. A ysllow oil was obtained after concentration at reduced pressure.
Chromatography (flagh column, silica gel, hexanes/EtCAc 4:1) atforded the product as a ¢olorless cil (Rf =
0.16 (2.04 g, 93%). 1H NMR (270 MHz) § 4.36 (m, 1 H), 3.67 (3,3 H), 246 (d, J=2.1Hz, 1 H),231 {d, J= 7.5
Hz, 2 H}, 1.85(d, J = 5.6 Hz, 1 H), 1.76-1.32 (m, 10 H). IR (neat) 3580-3350, 3210, 2870, 1748, 1415, 1300,
1020 cm-1. Anal. Calec for C11H130Q3: C, 66.66; H, 9.09. Found: C, 66.32; H, 8.99.

A mixtura of the preduct (1.70 g, 8.58 mmaot), tert-butyldimethylchlorasilana (1.55 g, 10.3 mmol) and
imidazole {1.46 g, 21.4 mmoi) in 7 ml of DMF was stirred at 25°C for 20 h. The vellow sclution was poured
into 50 ml of H20 and extracted with 3 x 50 ml Etz0. The ethersal phase was washed with HzQ, brine, and
dried over MgS0O4. Concentration at reduced pressure gave a yeliow oil. Chromatography (flash column,
siica gel, hexanes/EtOAc 5:1) gave the product as a coloress oil {Rp = 0.45) {(2.19 g, 82%). The oil may be
distitled if desired; b.p. (buib-to-bulb) 88-90°C (0.1 mmHg). 1H NMR (270 MHZz) § 4.31 (cit, J = 6.4, 1.3 Hz, 1
H), 3.65 (5, 3 H), 2.35 (d, J = 1.3 Hz, 1 H), 2.29 (t, J = 7.4 Hz, 2 H), 1.66-1.29 (m, 10 H), 0.90-0.86 (s, 9 H}, 0.12-
0.10 (s, 6 H). IR (neat) 3258, 2880, 1745, 1468, 1260, 825, 770 cm-1.

The hydrostannation of this acetylene (1.90 g, 6.09 mmol), was carried out with tributyltin hydride {1.95,
6.69 mmol) and AIBN {10 mg, 10 mole %) heated to 100°C over a 15 min interval. The colorless mixture was
maintained at 100°C for 3 h. Chromatography (flash column, silica get, hexanes/EtQAc 95:5) afforded the
stannane 11 as a coloress oil (R = 0.63) (3.12 g, 89%). No regivisomer was datected by 1H NMR analysis.
The E/Z ratio of 11 was determined to be at least 2 85:5 EZ. 1H NMR (270 MHz) § 6.00 {d, J = 19.1 Hz, 1 H},
5.87 (dd, J = 19.0, 5.4 Hz. 1 H), 4.00 {m, 1 H), 3.65 (s, 3 H), 2.29 {t, J = 7.7 Hz, 2 H), 1.63-1.22 (m, 28 H), 0.94-
0.82 (m, 18 H), 0.256-0.22 (m, 6 H). IR {neat) 2960, 2940, 1750, 1460, 1260, 1070, 980, 880, 770 ¢cm-1. Anal.
Calcd for CagHggQ3Sn: C, 60.55; H, 10.44, Found: €, 59.11; H, 9.92.

Synthesis of 12 and 13: To a solution of P(CH3CN)2Ciz (55 mg, 0.21 mmol, 4 mole %), 720 pl
Hz0, and cyclopentadiene monoepoxide (310 mg, 3.76 mmol) in 10 ml of DMF, cooled to -10°C, was added
11 (2.75 g, 4.56 mmol). The orange soluticn was stirred a1 -10°C for 30 min and at 23°C for 16 h. The black
mixture was treated with 3.6 mi (50 mmol F-)otal14 N HF'pyridine soiution with stirring for 30 min. Dilution
with 75 ml CHzCiz and filtration {Celite) gave a clear yellow filtirate which was washed with 50 ml of 5% HCI
{aq), H20, brine and dried over MgSO4. Conceniration at reduced pressura gave a yellow oil.
Chromatography {flash column, silica gel, hexanes/EtOAc 4:1) afforded both the 1.4 and 1,2 addition products
in a ratio of 1.35:1.00 respectively. Slannane 11 was also racovered (1.27 g, 46%) yield: 1,2 product, 312
mg; 1.4 product, 420 mg. Total combined yield 49% (75% based on recovered 11).

1,4 Product {12, mixture of diastereomars): 1H NMR (270 MHz} 5 5.84 (m, 2 H), 5.44-5.23 (m, 2
H), 4.89-4.86 (m, % H), 4.01-3.95 (m, 1 H), 3.65 (5. 3 H), 3.51-3.44 (m, 1 H), 2.28 (t J = 7.4 Hz, 2 H), 1.96-1.24
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{m, 13 H), 0.85 (s, 9 H), -0.015 (m, 6 H). 13C NMR (68 MHz) & 174.11, 138.51, 138.42, 133.62, 133.44,
132,63, 77.17, 73.48, 51.23, 46.66, 41.26, 41.20, 38.36, 34.10, 29.20, 29.14, 25.94, 25.11, 24.94, 18.25, -4.11,
-4.65. IR (neat) 3440-3250, 3025, 2870, 1740, 1245, 965, 820, 760 cm-1. Anal. Caled for GagHepO4Si: C,
€6.6; H, 10.1. Found: C, 66.54; H, 10.18.

1,2 Product (13, mixture of diastereomers); 1H NMR (270 MHz) § 5.73 (m, 1 H}), 5.60 (m, 1 H),
5.43 (m, 2 H), 4.13 (m, 1 H), 4.01 (M, 1 H), 3.65(s, 3H), 3.15(m, 1 H), 2.71-2.62 (m, 1 H), 228 (1, J=7.34 Hz, 2
H), 1.71-1.25 (m, 12 H), 0.86 {m, 9 H), 0.02 (m, 6 H). IR (neat) 3470-3260, 2860, 1745, 1255, 995, 968, 835,
765 cm-1,

Oxldation of 12 to 14: A suspension of 12 (264 mg, 0.66 mmal) and AgzC03 (1.46 g, 5.4 mmol) in
40 m! of benzene was haated to reflux with rapid stirring for 26 h. The gray suspension was filtered through
Cslita and the filler cake washed with 2 x 50 mi CHaClz. Concentration of the filtrate at reduced pressure
gave a yellow gil. Chromatography (flash column, silica gel, hexanes/EtOAc 4:1) afforded pure 14 (Rf = 0.27)
(171 mg, B6% yield, 100% based on recavered 12). 1H NMR (270 MHz, mixiure of diastereomers) § 7.54-
7.50 (m, 1 H), 6.20-6.17 (m, 1 H), 5.59-5.30 (m, 2 H), 4.08-4.01 {m, 1 H), 3.66 (s, 3 H), 3.60-3.53 {m, 1 H), 2.62
(m, 1 H), 2.30 (t, J = 7.2 Hz, 2 H), 2.10 (m, 1 H), 1.75-1.16 (m, 10 H), 0.88 (s, 9 H), 0.00 (s, 6 H). 13C NMR (68
MHz) § 209.32, 174.08, 166.16, 135.62, 135.64, 133.90, 129.19, 72.92, 51.30, 43.57, 41.31, 38.17, 34.06,
29.19, 29.09, 25.88, 24.95, 24.88, 18.21, -4.21, -4.71. IR (neat) 2960, 2940, 2860, 1743, 1722, 1530,
1255, 960, 828, 768 cm-1. Anal. Caled for CooHag04Si: G, 67.00; H, 9.64. Found: C, 66.80; H, 2.71.
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