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Treatment of (trimethylsilyl)methyl allylic sulfones tethered to a furan with trimethylaluminum
results in the formation of products derived from the intramolecular 4 + 3 cycloaddition of the
corresponding allylic cations. 2,5-Disubstitution on the furan precludes the formation of cycloadducts
and results in two different classes of products which apparently result from ipso or ortho attack
of the allylic cation on the furan ring followed by trapping of the resulting oxonium ions by

trimethylaluminum.

The intramolecular 4 + 3 cycloaddition reaction rep-
resents a potentially powerful way to construct fused seven-
membered and larger rings.1:2 Inspite of the great promise
of this reaction, it has not received anywhere near the
attention of the intramolecular Diels—Alder reaction.? As
part of a program aimed at developing new methodology,
gaining new mechanistic insight, and achieving various
total syntheses associated with this reaction, we have been
systematically investigating the process.t Some of our
latest results are reported herein.

One of our early methodological achievements in this
area involved the use of alkoxyallylic sulfones. Asshown
in eq 1, these easily prepared and stable compounds
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underwent intramolecular 4 + 3 cycloaddition with great
facility to give cycloadducts (e.g., 2) in high yield.
Nevertheless, occasional problems involving enol ether
hydrolysis and other concerns led us to consider other
terminators for this process. The (trimethylsilyl)methyl
group was an obvious first choice.?
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Cycloaddition substrates for this study were prepared
by conjugate addition of a (trimethylsilyl)methyl cuprate
to the appropriate allenic sulfone followed by a separate
alkylation step as shown in Scheme 1.6 Direct alkylation
of the cuprate adduct was not very successful. Interest-
ingly, in all cases studied to date, a second alkylation has
not been possible.”

Sulfone 5 was chosen for optimization studies. We were
especially interested in finding an appropriate Lewis acid/
solvent combination which would allow the cycloaddition
to proceed under the mildest conditions possible. Table
Isummarizes some of the results. Strong Lewis acids were
found to be not very effective, perhaps due to competitive
decomposition of starting material and/or cycloadduct.
Organoaluminums were anticipated to provide better
results.® Indeed, upon treatment with trimethylaluminum
in CH,Cly, the reaction proceeded in over 70% yield. The
changes in relative stereochemistry observed with different
Lewis acids may correspond to mechanistic differences in
the cycloaddition process, but this has not been firmly
established. Optimal conditions for cycloaddition were
determined to be treatment of 5 in CHyCl; with 1-2 equiv
of trimethylaluminum at —78 °C followed by slow warming
and stirring at room temperature for several hours. These
conditions were applied to other allylic sulfones, and the
results are shown in Table I

Not surprisingly, the formation of 5,7 fused ring systems
was more efficient than that of 6,7 fused ring systems
(Table I1, entries 1-4). Nevertheless, even in these latter
cases, though yields are only fair, diastereocontrol is
impressive and presumably kinetic in origin.? Relative
stereochemistry in cycloadducts 6-12 was established by
shift reagent studies®and corroborated by an X-ray crystal
structure determination of 12b.

Entries 5 and 6 of Table II demonstrate an interesting
limitation associated with this methodology. 2,5-Disub-
stitution on the furan diene apparently precludes 4 + 3
cycloaddition but leads to two different classes of products
which are of mechanistic interest and may be of synthetic
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Table I. Optimization Studies for the Conversion of 5 to 6
T™S
M Me
PTOISO, A -Me H :/Ie H Me
L - it A
O,
6b
5 l / 6a
Lewis  time concn yields/
entry® acid? t) T (°C) ™) (%) (6a:6b)¢
1 TiCl, 0.3 -78 0.08 14 d
2 ZnCl, 1 -78 005 4147 1:3.9
3 BFsEt:0 46 -78t0-22 0.05 18 (19) 1:3.8
4 SnCl, 45 -78t0-22 0.056 0 h
6 AlClg 0.8 -78 0.1 37 (49) 1.3:1
6 AlCIEt, 0.8 -78 0.05 40 (40) 1:2.3
7 AICIEt, 45 -78to+22 0.05 47 1.2:1
8 AlCIMe, 175 -78to+22 0.01 62 (69) L1L:1
9 AlMeg 164 -78to+22 0.01 71(77) 1.7:1
10 AlMe; 164 -78to+22 0.005 63(73) 1.4:1

11t AlMeg 173 -~78to+22 0.01 0
12¢  AlMes 9 -78to+22 0.01 0

@ Unless otherwise stated, solvent was CHzCl,. ® Solvent was ether.
¢ Solvent was EtNOQ,. 4 1.1-1.3 equiv used. ¢ Yields in parentheses
based on recovered starting material. / Yields based on isolated,
chromatographically pure materials. # Ratios determined by capillary
GC analysis of crude reaction mixtures. » Not determined.

Table II. Intramolecular 4 + 3 Cycloadditions of
(Trimethylsilyl)methyl Allylic Sulfones

TMS
H R
pTO'SOz N Ry Ry R,
r, = (CHn R, T (CHan @ R,
CH.
( 2)n o a b
cyclo- yield® ratio
entry substrate R, R; n adduct (%) (ab)d
1 5 Me H 1 6 1y 171
2 7 -(CHp)s- H 1 8 71 1.7:1
3 9 Me H 2 10 39 (46)® 1:93
4 11 -(CHg)s- H 2 12 50* 1:13
5 13 Me Me 1 14 0
6 15 Me TMS 1 16 0

4 Yields in parentheses are based on recovered starting materials.
b Yield of major isomer only. ¢ A side product was isolated. See text.
@ Ratios were determined by capillary GC analysis of crude reaction
mixtures.

import. Sulfone 13 gave, under our standard reaction
conditions, a 27% yield of spiroether 18. That 18 was not
a4 + 3 cycloadduct was readily apparent upon inspection
of its 500-MHz 'H NMR spectrum. Apparently, cycliza-
tion occurred in a stepwise fashion to give oxonium ion 17
(Scheme II). Ring closure to 4 + 3 cycloadduct 14 was
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impeded due to the presence of the methyl group on the
furan ring. Delivery of a methyl group from trimethy-
laluminum resulted in the formation of 18. No attempts
have been made to optimize this reaction. The stereo-
chemical assignment of 18 was based on a difference NOE
experiment. Irradiation of H, in 18 gave a 5.9% enhance-
ment of the resonance assigned to Hy,.

With sulfone 15 an even more pronounced steric effect
was observed. Notonlywasno4 + 3 cycloadduct produced,
but cyclization occurred “ortho” to the tether-bearing
carbon of the furan ring to produce oxonium ion 19. This
species was then trapped by trimethylaluminum to give
20in74 % yield (SchemeIII). A 10.6-Hz coupling constant
between H, and Hy, in 20 suggested a trans relationship.
The assignment of ring fusion stereochemistry is based on
the presumed preference of attack on the convex face of
19 by trimethylaluminum.

The above results suggest that the mechanism of the 4
+ 3 cycloaddition reaction may, in general, be a stepwise
process. Further, they raise questions as to the nature of
the reactive intermediate involved in the cycloaddition
process, especially as a function of Lewis acid. Answers
to these questions are currently being persued.

Insummary, we have shown that (trimethylsilyl)methyl
allylic sulfones are stable, useful precursors for intramo-
lecular 4 + 3 cycloaddition reactions. A limitation with
respect to furan substitution shed light on the mechanistic
course of the cycloaddition process and may be of
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independent synthetic utility. Further studies are in
progress and will be reported in due course.!!

Experimental Section

General. THF and ether were freshly distilled from sodium
benzophenone ketyl. Reactions were performed in oven- (120
°C) or flame-dried glassware under an inert atmosphere of
nitrogen. Flash chromatography was performed on 230-400-
mesh silica gel. Visualization of compounds of silica gel plates
was accomplished with UV light, iodine, and phosphomolybdic
acid. NMR spectra were obtained as CDCl; solutions with TMS
or dichloromethane (5.32 ppm) as the internal standard. IR
spectra were obtained in CCl, solution. Low-resolution mass
spectra were obtained on a capillary GC with a mass selective
detector. Melting points are uncorrected. Elemental analyses
were performed by MHW Laboratories, Phoenix, AZ.

Preparation of Cyclization Substrates. General
Procedure: 2-[6-Methyl-4-[(4-methylphenyl)sulfonyl]-5-
[(trimethylsilyl)methyl]-5-heptenyl]furan (5). A solution
of 4 (5.37 mmol, 1.66 g) in dry THF (54 mL) was cooled to -78
°C. n-BuLi (5.64 mmol, 5.1 mL of 2.26 M solution) was added
followed after 15 min by 2-(3-iodopropyl)furan (5.9 mmo}, 1.13
mL). The reaction mixture was allowed to slowly warm to 22 °C.
Upon completion (TLC) the reaction was quenched with water
and extracted with ether. The organic phase was washed with
water and brine. The organic phase was dried (MgSO,), and the
golvent was removed under reduced pressure. Flash chromato-
graphic purification of the crude product (solvent system: hexane/
ethyl acetate (10/1) gave 5 in 100% yield. An analytical sample
was obtained by taking a center fraction of a flash chromato-
graphic purification (solvent system: hexane/ethyl acetate (10/
1)). Glassware used in this purification was washed with base
(NH,OH): H NMR (500 MHz) 6 7.70 (d, J = 8.1 Hz, 2H), 7.30
d, J = 7.9 Hz, 2H), 7.28 (d, J = 1.9 Hz, 1H), 6.27 (dd, J = 2.6,
1.9 Hz, 1H), 5.97 (d, J = 2.6 Hz, 1H), 4.10 (dd, J = 4.4, 8.7 Hz,
1H), 2.65 (d, septet, J = 13.0, 7.5 Hz, 2H), 2.45 (s, 3H), 2.22-2.15
(m, 1H), 1.87-1.79 (m, 1H), 1.79 (dd, J = 15.1, 142.7 Hz, 2H),
1.73-1.67 (m, 2H), 1.47 (s, 3H), 1.28 (s, 3H), 0.08 (s, 9H); 13C
NMR (125.8 MHz,) § 155.0,144.0,140.9,135.9,133.2,129.1,128.6,
122.7, 110.0, 105.1, 68.0, 27.6, 26.3, 21.5, 20.4, 18.0, 0.2; IR 1146
8, 1120 m, 1087 m cmt. Anal. Caled for CosH3,SO5Si: C, 65.98;
H, 8.19. Found: C, 66.32; H, 8.34.

2-[5-Cyclohexylidene-4-[(4-methylphenyl)sulfonyl}-5-[ (tri-
methylsilyl)methyl]pentyl]furan (7). Purification of the
crude product by MPLC (solventsystem: 0%—100% ethyl acetate
gradient in hexane) gave 7 in 94% yield. An analytical sample
was obtained by taking a center fraction of an MPLC purifica-
tion: mp 78-79 °C; H NMR (500 MHz) § 7.71 (d, J = 8.2 Hz,
2H), 7.31 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 1.1 Hz, 1H), 6.27 (dd,
J =29,1.0Hz, 1H),5.96 (d, J = 2.7 Hz, 1H), 4.20 (dd, J = 4.2,
8.9 Hz, 1H), 2.65 (d, septet, J = 12.3, 7.6 Hz, 2.45 (s, 3H), 2.23-
2.16 (m, 1H), 1.95-1.90 (m, 2H), 1.83 (d septet, J = 9.5, 4.7 He,
1H), 1.81 (dd, J = 1 4.9, 158.6 Hz, 2H), 1.76-1.61 (m, 4H), 1.55-
1.39 (m, 2H), 1.6-1.29 (m, 1H), 1.28-1.22 (m, 2H), 0.94-0.89 (m,
1H), 0.07 (s, 9H); 3C NMR (125 MHz) 4 155.1, 144.0, 140.9, 136.0,
129.2, 128.8, 119.6, 110.04, 105.1, 67.2, 32.2, 30.5, 27.5, 27.3, 26.9,
26.3,25.2,21.5,17.4,0.3; IR 1314 m, 1302 m, 1249 m, 1145 ¢, 1087
m, 854 m, 841 m cm-!. Anal. Caled for C3sH33048Si: C, 68.90;
H, 8.36. Found: C, 67.93; H, 8.33.

2-[7-Methyl-5-[(4-methylphenyl)sulfonyl]-6-[ (trimethyl-
silyl)methyl]-6-octenyl]furan (9). Flash chromatographic
purification of the crude product (solvent system: hexane/ethyl
acetate (10/1)) gave 9 in 63% yield. An analytical sample was
obtained by taking a center fraction of 8 MPLC purification
(solvent system: 0%~100% ethyl acetate gradient in hexane):
1H NMR (500 MHz) 6 7.70 (d, J = 8.1 Hz, 2H), 7.30-7.29 (m, 3H),
6.28 (dd, J = 1.9, 2.8 Hz, 1H), 5.97 (d, J = 2.5 Hz, 1H), 4.07 (dd,
J = 3.8,9.3 Hz, 1H), 2.62 (t, J = 7.4 Hz, 2H), 2.45 (8, 3H), 2.20-
2.14 (m, 1H), 1.84-1.77 (i, 1H), 1.78 (dd, J 15.0, 149.7 Hz, 2H),
1.72-1.63 (m, 2H), 1.46 (s, 3H), 1.44-1.28 (m, 2H), 1.26 (s, 3H),

(11) All new compounds exhibited acceptable *H and 3C NMR and
fiR spectral data as well as satisfactory combustion analysis or exact mass
ata.
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0.07 (s, 9H); 13C NMR (125.8 MHz,) 6 155.7, 144.0, 140.8, 135.9,
133.3,129.1, 128.6, 122.7, 110.0, 104.9, 68.2, 27.7, 21.7, 27.2, 25.3,
22,7, 21.6, 20.4, 18.0,0.2; IR 13158, 1302 5, 1288 m, 1261 m, 1249
8, 1145 8, 1087 m, 1008 m, 856 s, 842 s cm™l. Anal. Caled for
CoH3eS05Si: C, 66.63; H, 8.39. Found: C, 66.48; H, 8.15.

2-[6-Cyclohexylidene-8-[(4-methylphenyl)sulfonyl]-7-[(tri-
methylsilyl)methyl}heptyl]lfuran (11). Flash chromatograph-
ic purification of the crude product (solvent system: hexane/
ethyl acetate (10/1)) gave 11in 67% yield. Ananalytical sample
was obtained by recrystallization from ether: mp 49-50 °C; 'H
NMR (500 MHz) 4 7.72 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.6 Hz,
2H), 7.30 (s, 1H), 6.29-6.28 (m), 5.97 (d, J = 2.7 Hz, 1H), 4.18
dd, J = 3.7, 9.4 Hz, 1H), 2.62 (t, J = 7.4 Hz, 2H), 2.45 (s, 3H),
2.2-2.15 (m, 1H), 1.96-1.91 (m, 2H), 1.82 (dd, J = 15.0, 168.0 Hz,
2H), 1.81 (d, septet, J = 9.3, 4.8 Hz, 1H), 1.67-1.64 (m, 1H),
1.49-1.39 (m, 3H), 1. 36-1.31 (m, 2H), 1.29-1.23 (m, 2H), 0.91-
0.88 (m, 1H), 0.08 (s, 9H); 13C NMR (125.8 MHz) § 156.6, 143.9,
140.8, 140.7, 136.0, 129.2, 128.7, 119.5, 110.0, 104.8, 67.3, 32.2,
30.4,27.7,217.63, 3.19, 27.1, 26.9, 26.3, 25.1, 21.5,17.3, 0.3; IR 1314
m, 1248 m, 1145 s, 1087 m cm-. Anal. Calcd for CoyHO,SSi:
C, 68.61, H, 8.54. Found: C, 68.64; H, 8.58.

2-[7-Methyl-4-[ (4-methylphenyl)sulfonyl]-5-[ (trimethyl-
silyl)methyl]-5-heptenyl]-56-methylfuran (13). Flash chro-
matographic purification of the crude product (solvent system:
hexane/ether (10/1)) gave 13 in 95% yield. An analytical sample
was obtained by taking a center fraction of a MPLC purification
(solvent system: 0%-100% ethyl acetate gradient in hexane).
Glassware used in this purifiation was washed with base (NH,-
OH): 'H NMR (500 MHz) é 7.69 (d, J = 8.1 Hz, 2H), 7.29 (d, J
= 7.3 Hz, 2H), 5.82 (s, 2H), 4.09 (dd, J = 4.4, 8.9 Hz, 1H), 2.569
(d septet, J = 7.5, 14.1 Hz, 2H), 2.45 (s, 3H), 2.34 (s, 3H), 2.17
(d septet, J = 9.7, 4.9 Hz, 1H), 1.83 (d septet, J = 9.7, 4.8 Hz,
1H), 1.77 (dd, J = 15.1, 142.9 Hz, 2H), 1.70-1.68 (m, 2H), 1.47
(s, 3H), 1.28 (s, 3H), 0.08 (s, 9H); *C N MR (1256.8 MHz) 6 153.2,
150.3, 144.0, 136.0, 133.2, 129.1, 128.6, 122.7, 105.8, 105.8, 68.1,
27.7, 26.5, 25.3, 22.7, 21.6, 20.4, 18.1, 13.4, 0.22; IR 1598 m, 1456
m, 1419 m, 1314 s, 1302 s, 1288 5, 1261 5, 1249 8, 11458, 1119 &,
1087 8, 1020 8 cm!. Anal. Caled for C5H30s8Si: C, 66.63; H,
8.39. Found: C, 66.67; H, 8.46.

2-[7-Methyl-4-[ (4-methylphenyl)sulfonyl]-5-[ (trimethy]-
silyl)methyl]-2-heptenyl]-5-(trimethylsilyl)furan (15). Flash
chromatographic purification of the crude product (solvent
system: hexane/ether (10/1) gave 15in69% yield. An analytical
sample was obtained by taking a center fraction of a MPLC
purification (solvent system: 0%-100% ethyl acetate gradient
in hexane): 'H NMR (500 MHz) é 7.70 (d, J = 8.2 Hz, 2H), 7.30
d, J = 7.6 Hz, 2H), 6.51 (d, J = 3.0 Hz, 1H), 5.95 (d, J = 2.9 Hz,
1H),4.11 (dd, J = 4.2,9.1 Hz, 1H), 2.75-2.62 (m, 2H), 2.45 (s, 3H),
2.32-2.16 (m, 1H), 1.78 (dd, J = 146.2, 15.0 Hz, 2H), 1.47 (s, 3H),
1.28 (s, 3H), 0.25 (s, 9H), 0.08 (s, 9H); 13C NMR (125.8 MHz) é
159.4, 158.5, 144.0, 135.9, 133.2, 129.1, 128.6, 122.7, 120.3, 105.2,
68.1, 27.9, 26.3, 25.4, 22.7, 21.6, 20.48, 18.0, 0.2, -1.6; IR 1315 s,
1302 m, 1250 8, 1145 8, 1087 m cm-1. Anal. Caled for CogH20s-
SSiy: C, 63.64; H, 8.63. Found: C, 63.90; H, 8.48,

Cyclization Products. General Procedure. Treatment
of 5 with AlMe;. Formation of 6a. A flask containing CH;Cl,
(47 mL) was charged with trimethylaluminum (0.517 mmol, 0.258
mL of a 2 M solution of toluene). The flask was placed in a dry
ice/acetone bath and allowed to cool for 20 min. A solution of
5 (0.470 mmol, 0.197 g) in 1.5 mL of dichloromethane was added.
The reaction mixture was allowed to stir at =78 °C for 20 min,
and then the bath was removed. Upon completion (16.5 h) the
reaction was quenched with water. The reaction mixture was
filtered through Celite and then extracted with ether. The organic
phase was washed with water and brine. The organic phase was
dried MgS0,), and the solvent was removed under reduced
pressure. The ratio of 6a and 6b was 1.74:1 as determined by
capillary GC analysis of the crude reaction mixture. The crude
products were purified by flash chromatography (solvent sys-
tem: 0%-20% ether gradient in hexane) to give 6a and 6b in
77% yield. An analytical sample was obtained by taking a center
fraction of a MPLC purification (solvent system: 0%-5% ether
gradient in hexane). Data for 6a: 'H NMR (500 MHz) § 6.21
(dd, J = 1.8, 5.9 Hz, 1H), 6.11 (4, J = 6.0 Hz, 1H), 5.00 (s, 1H),
4.87 (s, 1 H), 4.20 (s, 1H), 2.26 (dd, J = 8.0, 11.0 Hz, 1H), 2.04-
1.84 (m, 5H), 1.75-1.65 (m, 1H), 1.35 (s, 3H), 1.01 (s, 3H); 13C
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NMR (125.8 MHz) 5 154.1, 135.8, 132.7, 113.3, 93.6, 87.7, 49.9,
39.4, 32.4, 32.3, 31.4, 24.5, 22.6; IR 16563 w, 1635 w, 1631 w, 1462
m, 1241 m, 1080 s, 1049 m, 1036 m cm-t; MS (70 eV) m/z 1 90
M+, 13), 175 (50), 147 (79), 94 (48), 91 (67), 81 (98), 79 (49), 77
(50), 67 (60), 563 (74), 41 (100), 39 (89). Anal. Calcd for C;3H130:
C, 82.06; H, 9.53. Found: C, 81.87; H, 9.58. Data for 6b: 'H
NMR (500 MHz) § 6.31 (dd, J = 1.3, 5.9 Hz, 1H), 599 (d, J =
5.9 Hz, 1H), 4.79 (s, 1H), 4.60 (s, 1H), 4.24 (d, J = 1.4 Hz, 1H),
2.67-2.63 (m, 1H), 2.07-1.89 (m, 3H), 1.86-1.77 (m, 2H), 1.30 (s,
3H), 1.27-1.22 (m, 1H), 0.98 (s, 3H); 3C NMR (125.8 MHz) §
154,93, 133.90, 133.78, 107.01, 92.36, 88.95, 47.96, 38.40, 30.11,
26.83, 23.69, 23.23, 20.08; IR 16428, 1471 m, 1378 m, 1315m, 1300
m, 1099 m, 1075 s, 1066 &, 1015 m, 996 s, 971 s, 892 s cm-'; MS
(70 eV) m/z 190 (M*, 17), 175 (70), 147 (100), 119 (63), 94 (47),
91 (62), 81 (88), 67 (57), 53 (65), 41 (76), 39 (69). Anal. Calcd
for C13H150: C, 82.06; H, 9.53. Found; C, 82.42; H, 9.73.

Treatment of 7 with AlMe;. Formation of 8. Two equiv
of AlMe; was used. The reaction was conducted on 0.198 g (0.432
mmol) of 7. Reactiontime: 7h. Theratio of 8a and 8bwas 1.7:1
as determined by capillary GC analysis of the crude reaction
mixture. The crude products were purified by MPLC purification
(solvent system: 0%-100% ether gradient in pentane) to give
8a and 8b in 71% yield. An analytical sample was obtained by
taking a center fraction of a MPLC purification (solvent system:
0%-100% ether gradient in hexane). Data for 8a: mp 6667
°C;'H NMR (500 MHz) 4 6.20 (dd, J = 1.7, 6.0 Hz, 1H), 6.08 (d,
J = 6.0 Hz, 1H), 5.04 (s, 1H), 4.94 (5, 1H), 4.86 (s, 1H), 2.31-2.23
(m, 2H), 2.04-1.81 (m, 5H), 1.72-1.52 (m, 6H), 1.49-1.40 (m, 1H),
1.34~1.23 (m, 3H); *C NMR (125.8 MHz) 6 154.9, 135.8, 132.3,
113.7, 93.2, 80.8, 50.5, 42.7, 38.8, 33.2, 33.0, 32.4, 26.1, 22.6, 22.0,
21.9; IR 1653 w, 1626 m, 1467 m, 1453 s, 1436 m, 1341 m, 1326
m, 1189 m, 1083 s, 1057 m, 1047 s, 1035 s, 1009 m, 980 m, 959 m,
931 m, 959 m, 931 s, 908 m, 890 s cm-!; MS (70 eV) m/2 231 M
+ 1, 11), 230 (M+, 73), 187 (84), 186 (59), 173 (51), 147 (58), 131
(66), 119 (53), 94 (59), 91 (97), 81 (100), 79 (66), 77 (56), 67 (50),
66 (51), 53 (46), 41 (69). Anal. Calcd for C,gHy20: C, 83.43; H,
9.63. Found: C, 83.27; H, 9.76. Data for 8b: mp 61.5-62.5 °C;
1H NMR (500 MHz), 6 6.26 (dd, J = 1.5, 5.9 Hz, 1H), 5.95 (d, J
= 5.9 Hz, 1H), 4.83 (s, 1H), 4.81 (s, 1H), 4.60 (s, 1H), 2.65-2.61
(m, 1H), 2.17-2.15 (m, 1H), 1.96-1.89 (m, 3H), 1.83-1.73 (m, 2H),
1.67-1.60 (m, 4H),1.31~1.57 (m,4H), 1.27-1.19 (m, 2H); 13C NME
(125.8 MHz) ¢ 155.1, 134.0, 133.2, 107.3, 92.4, 83.9, 47.9, 41.4,
34.5, 31.8, 30.0, 26.5, 23.9, 22.2, 21.8, 20.0; IR 1639 m, 1454 m,
1119 m, 1077 m, 998 m, 973 m, 908 m, 890 m cm-1; MS (70 V)
m/e 230 (M*, 45), 187 (87), 186 (74), 173 (45), 147 (52), 145 (44),
131 (51), 119 (51), 117 (62), 94 (562), 91 (85), 81 (100), 79 (64), 77
(47),67 (44),41 (66). Anal. Calcd for CigHz00: C, 83.43; H, 9.63.
Found: C, 83.40; H, 9.76.

Treatment of 9 with AlMe,, Formation of 10. Oneand a
half equiv of AlMe; was used. The reaction was conducted on
0.314 g (0.793 mmol) of 9. Reaction time: 22.25 h. The ratio of
10a and 10b was 1:93 as determined by capillary GC analysis of
the crude reaction mixture. The crude pructs were purified by
flash chromatography (solvent system: pentane/ether (10/1) to
give 10b in 46% yield. An analytical sample was obtained by
taking a center fraction of a MPLC purification (solvent system:
pentane/ether, 0%-5% gradient of ether in pentane). Data for
10b: 'H NMR (600 MHz) 6 6.27 (d, J = 5.6 Hz, 1H, br), 6.15 (d,
J = 6.1 Hz, 1H), 4.82 (s, 1H), 4.73 (s, 1H), 4.18 (s, 1H), 2.47-2.35
(m, 1H), 1.94~1.85 (m, 4H), 1.74~1.68 (m, 1H), 1.47-1.33 (m, 2H),
130 (s, 3H), 0.98 (s, 3H), 1.00-0.92 (m, 1H); 1°C NMR (125.8
MHz)  155.3, 132.3, 132.6, 106.8, 87.5, 87.5, 44.8, 40.7, 34.1, 27.1,
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27.0, 25.6, 24.2, 23.9; IR 1663 w, 1635 w, 1450 m, 1065 s, 973 m,
896 m cm-1; MS (70 eV) m/e 204 (M*, 36), 189 (100), 161 (89),
91 (67), 81 (53), 53 (54), 41 (61). Anal. Caled for C,(H,0: C,
82.30; H, 9.87. Found: C, 82.43; H, 9.76.

Treatment of 11 with AIMe,. Formation of 12. Two equiv
of AlMe; was used. Reaction time: 8 h. The ratio of 12a and
12b was 1:13.4 as determined by capillary GC analysis of the
crude reaction mixture. The crude products were purified by
flash chromatography (solvent system: hexane/ether, gradient)
togive 12b in 50% yield. An analytical sample was obtained by
recrystallization in hexane. Data on 12b: mp 96.5-97.5 °C; 'H
NMR (500 MHz) 5 6.25 (d, J = 5.4 Hz, 1H), 6.13 (d, J = 6.1 Hz,
1H), 4.87 (d, J = 1.4 Hz, 1H), 4.80 (s, 1H), 4.74 (d, J = 1.5 Hz,
1H), 2.38-2.35 (m, 1H), 2.28-2.26 (m, 1H), 2.01-1.23 (m, 14H),
0.91-0.99 (m, 1H); 13C NMR (125.8 MHz) 4 155.6, 132.7, 132.7,
119.0,106.9, 87.7, 82.0, 44.6, 43.5, 34.8, 34.0, 32.2, 27.2, 26.6, 25.6,
24.3, 22.1, 21.7; IR 1451 m, 1073 w, 890 m cm-!; MS (70 eV) m/
2245 M + 1, 14), 244 (M* 71), 201 (100), 162 (50), 91 (65), 81
(83),79 (47), 41 (55). Anal. Caled for C;7HxO: C,83.55;H,9.91.
Found: C, 83.67; H, 10.06.

Treatment of 13 with AlMe;. Formation of 18. Two equiv
of AlMe; was used. Thereaction was conducted on0.212g (0.491
mmol) of 13. Reaction time: 6.5 h. The crude products were
purified by flash chromatography (solventsystem: pentane/ether,
0%-100% gradient) to give 18 in 27.5% yield. An analytical
sample was obtained by taking a center fraction of an MPLC
purification (solvent: pentane): 'H NMR (500 MHz) $ 5.67 (d,
J = 5.8 Hz, 1H), 5.52 (d, J = 5.8 Hz, 1H), 2.85 (dd, J = 7.6 Hz,
1H), 1.95-1.87 (m, 3H), 1.78-1.54 (m, 56H), 1.64 (s, 3H), 1.60 (s,
3H), 1.27 (s, 3H), 1.25 (s, 3H), 0.02 (s, 9H); 1*C NMR (125.8 MHz)
§133.8, 131.2, 129.6, 123.1, 101.4, 87.3, 50.9, 41.0, 30.1, 28.4, 23.2,
22.4,22.2,21.4,0.2;IR 1247 s, 1164 m, 1000 w, 910 m, 839 s cm!;
MS (70 eV) m/e 293 (M + 1, 1), 292 (M*, 2), 136 (100), 73 (51).
Anal. Caled for CigHg08i: C,73.92; H, 11.04. Found: C, 73.88;
H, 10.89.

Treatment of 15 with AlMe,. Formation of 20. Two equiv
of AlMe; was used. The reaction was conducted on 0.286 g (0.583
mmol) of 15. Reaction time: 5 h. The crude products were
purified by flash chromatography (solvent system: 0%-100%
ether, gradient with pentane) to give 20 in 74% yield. An
analytical sample was obtained by taking a center fraction of an
MPLC purification (solvent system: 0%-100% ether, gradient
with pentane): 'H NMR (500 MHz) 6 5.20 (d, J = 2.6 Hz, 1H),
2.28 (ddd, J = 3.9, 12.5, 10.7 Hz, 1H), 2.14-2.09 (m, 1H), 2.04 (dd,
J=2.5,10.5 Hz, 1H), 1.68 (s, 3H), 1.61 (s, 3H), 1.59-1.42 (m, 5H),
1.37-1.34 (m, 1H), 1.15-1.12 (m, 1H), 1.16 (s, 3H), 0.14 (s, 9H),
0.06 (s, 9H); 13C NMR (125.8 MHz) 5 16 0.0, 132.3, 122.1, 119.1,
85.5, 50.4, 45.9, 33.6, 27.8, 27.4, 22.5, 21.4, 20.7, 18.9, 0.3-2.44; IR
1258 m, 1249 s, 1102 m, 1093 m, 888 m cm-1, Anal. Caled for
CxH3508ix: C, 68.52; H, 10.93. Found: C, 68.40; H, 10.72.

Acknowledgment. This work wassupported by agrant
from the National Science Foundation (CHE-8912180 and
CHE-9220679) and (in part) the Monsanto Agricultural
Co. to whom we are grateful. We thank the National
Science Foundation for partial support of the NMR. (PCM-
8115599) and MS (PCM-88117116) facilities at the Uni-
versity of Missouri—Columbia and for partial funding for
the purchase of a 500-MHz spectrometer (CHE-89-08304)
and an X-ray diffractometer (CHE-90-11804). Thanks to
Dr. Charles L. Barnes for acquisition of X-ray data.



