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The architecturally complex, highly oxygenated taxane
diterpenes, isolated from various yew (Taxus) species have
continued to attract intense synthetic investigation.? In
particular, taxol (1) has been the subject of extraordinary
interest due to its promising antitumor activities.®* It
exhibits a unique mode of action on microtubule assembly.*
Synthetic challenges are associated with not only an ef-
ficient construction of the tricyclic carbon skeleton, but
the stereocontrolled introduction of the requisite functional
groups.5¢
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We envisioned that a quick entry into the taxane di-
terpenoid framework (2) would be available by employing
a [4 + 3] diene-oxyallyl cycloaddition reaction.”® As
shown in Scheme I, a priori, there are two modes of such
an approach which address the formation of the eight-
membered central B ring through direct cycloaddition,
followed by oxidative cleavage of the resulting either one-
(route A) or two-carbon (route B) bridge.’® The bridge
present in the cycloadduct would be useful in not only
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providing suitable functionality for further elaboration, but
also rigidifying the otherwise flexible conformation of the
medium ring. Herein we report successful implementation
of the strategy (A) to a AB ring construction of taxanes.

According to the elegant procedure of Schmid,!! 3-
chloro-2-pyrrolidinocyclohexene!? underwent the desired
[4 + 3] cycloaddition with spiro[2.4]hepta-4,6-diene (4)13
in the presence of AgBF, to afford cycloadduct 9 (Scheme
IT). Subsequent basic hydrolysis provided ketone 10 in
42% overall yield. The stereochemical assignment was
based on the known preference of oxylallyl cations to react
in the endo mode.”! On the other hand, no cycloadduct
was obtained by employing the well-known oxyallyl cy-
cloaddition methodology of Hoffmann or Noyori.’

The A-ring enlargement of adduct 10 by one C atom
followed by unlatching the one-carbon bridge was required
to generate the bicyclo[5.3.1]Jundecane moiety, the AB ring
system of the taxanes. LAH reduction of ketone 10 gave
exclusively the endo alcohol 11 (92% yield), which was
then converted into TIPS-protected ether 12 (90% yield).
Treatment of 12 with dichlorocarbene, generated from
ethyl trichloroacetate and NaOMe, furnished allylic
chloride 13 in quantitative yield (based on 80-95% con-
version).!* Chloride 13 was reacted with lithium di-
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methylcuprate to give 95% of the Sy2’ product 14, the
stereochemical assignment of which rests on the difference
NOE measurement. Desilylation (n-Bu,NF, THF) of 14
afforded alcohol 15 (75~80%), along with a small amount
(10-12%) of the regioisomeric olefin 16. The latter olefin
could be prepared in 65% yield (in addition to 20% of 15)
by prolonged treatment (48 h) and is presumably derived
from the internally promoted isomerization due to the
proximity of the endo hydroxyl group. Alcohols 15 and
16 were then converted (PDC, CH,CL,) into ketones 17 and
18, respectively, in 92% yield.

A Baeyer-Villiger oxidation of ketone 17 was originally
envisaged to unravel the bicyclic framework to engender
the AB ring skeleton of taxanes with suitable functionality
for further elaboration. Not surprisingly, however, ketone
17 (as well as 10) was recalcitrant toward Baeyer-Villiger
oxidation.!5'7 Treatment of 17 with hydroxylamine gave
a 3:2 mixture of two oximes 19, which underwent a facile
Beckmann rearrangement by the action of p-TsCl (in
pyridine) to furnish the two regioisomeric lactams 20a,b
in a 3:2 mixture (72% overall).!®#  Alkylation with
Me;OBF, then gave the corresponding imidates 21a,b in
quantitative yield (Scheme III). Finally, oxidation with
mCPBA or mCPBA-TFA?™" produced, albeit in low (18%)
yield, nitro esters 22a,b, containing the AB ring skeleton
of the taxanes with properly situated functionality.20:21
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The structure and stereochemistry of 22a, mp 113-115 °C,
was unambiguously established by single-crystal X-ray
analysis.

Further synthetic studies on the [4 + 3] cycloaddition
with functionalized 3-chloro-2-pyrrolidinocyclohexenes, as
well as a convergent azaallyl/oxyallyl cycloaddition ap-
proach to A + C — ABC ring construction of taxanes
employing an optically active Wieland-Mischer ketone
derivative, are currently in progress.

Experimental Section

anti-Spirojcyclopropane-1,11’-tricyclo[4.3.1.125]undec-
3’-en}-10’-one (10). To a suspension of AgBF, (7.3 g, 37.4 mmol)
in CH,Cl, (150 mL) under nitrogen and in the dark was added
at —78 °C spiro{2.4]hepta-4,6-diene (4) (6.4 mL, 63 mmol). To
the resulting mixture was added dropwise (0.5 mL/min) at ~78
°C crude 3-chloro-2-pyrrolidinocyclohexene (prepared from 30
mmol of 2-chlorocyclohexanone). The reaction mixture was al-
lowed to warm to rt over 3—4 h. The precipitate was then removed
by filtration through Celite. The filtrate was concentrated and
diluted with water (150 mL). The aqueous layer was washed with
benzene (2 X 50 mL). To the aqueous solution which contains
immonium salt 9 were added NaOH (4.0 g) and MeOH (50 mL).
The resulting mixture was then heated at reflux for 8 h. After
a bulk of MeOH was removed under vacuum, the aqueous layer
was extracted with ether (3 X 50 mL). The combined extracts
were washed with 1 N HCI and brine, dried (MgSO,), and con-
centrated to give crude 10 as a pale yellow solid. Purification by
flash column chromatography on silica gel using 4:1 hexane-EtOAc
as eluent gave 2.43 g (42%) of 10 as a white solid: mp 134-136
°C; IR (CHCly) 1720 cm™; 'H NMR (CDCl,, 360 MHz) 6 0.28 (m,
2 H), 1.40 (m, 2 H), 1.54 (m, 1 H), 2.08 (m, 3 H), 2.15 (m, 2 H),
2.27 (m, 2 H), 2.45 (m, 2 H), 6.29 (m, 2 H); 1*C NMR (90 MHz)
6 8.9, 15.5, 18.4, 27.6, 31.1, 50.0, 51.9, 139.2, 219.5; HRMS (M*)
188.1201 caled for C,3H;g0, found 188.1204. Anal. Caled for
CisH160: C, 82.93; H, 8.57. Found: C, 82.94; H, 8.58.

anti-Spiro{cyclopropane-1,11’-tricyclo[4.3.1.1**Jundec-
3’-en}-endo-10’-0l (11). To a solution of 10 (840 mg, 4.47 mmol)
in anhydrous ether (40 mL) was added at 0 °C LAH (420 mg, 11.0
mmol). The reaction mixture was stirred for an additional 30 min
at 0 °C and quenched with aqueous saturated (NH,),SO, (0.8 mL).
The resulting mixture was stirred at rt for 1 h. The precipitate
was removed by filtration through Celite and washed thoroughly
with ether. The combined filtrate was then dried (MgSO,) and
concentrated to give 800 mg (94%) of 11 as a white solid: mp
167-170 °C; IR (CHCl,) 3600 cm™; 'H NMR (CDCl;, 360 MHz)
6 1.14 (m, 2 H), 1.16 (m, 2 H), 1.59 (m, 1 H), 1.71 (m, 2 H), 1.95
(m, 2 H), 2.00 (m, 3 H), 2.12 (m, 2 H), 2.72 (br s, 1 H), 3.64 (br
s, 1 H), 6.57 (m, 2 H); 3C NMR (90 MHz) 5 12.4, 15.6, 16.3, 27.5,
32.8, 39.3, 75.9, 141.6; HRMS (M*) 190.1358 caled for C;3H,50,
found 190.1361.

endo -10’-[(Triisopropylsilyl)oxy]-anti-spiroi{cyclo-
propane-1,11'-tricyclo[4.3.1.125]Jundec-3’-ene} (12). To a so-
lution of 11 (800 mg, 4.21 mmol) in CH,Cl, (15 mL) were added
sequentially at 0 °C 2,6-lutidine (1.0 mL, 8.4 mmol) and TIPSOTf
(1.4 mL, 5.2 mmol). The reaction mixture was stirred at rt for
2 h, quenched with water, and extracted with ether (3 X 50 mL).
The combined extracts were dried (MgSO,) and concentrated.
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The residue was purified by flash column chromatography on silica
gel using hexane as eluent to give 1.31 g (30%) of 12 as a colorless
oil: IR (CHCl,) 1620, 1470, 1105 cm™; 'H NMR (CDCl,, 360 MHz)
4 0.16 (m, 2 H), 0.97-1.20 (m, 23 H), 1.54 (m, 1 H), 1.70 (m, 2 H),
1.84 (m, 2 H), 1.91 (m, 2 H), 1.98 (m, 2 H), 2.10 (m, 1 H), 3.81
(br &, 1 H), 6.18 (m, 2 H); 1¥*C NMR (90 MHz) 4 12.0 (3 C), 12.6,
15.5, 16.5, 17.8, 18.1 (6 C), 27.4, 39.2, 50.6, 75.2, 138.0; HRMS (M*)
346.2692 caled for Cy3Ha308i, found 346.2666.
4’,ex0-5'-Dichloro-endo-11’-[(triisopropylsilyl)oxy]-anti-
spirojcyclopropane-1,12'-tricyclof5.3.1.12¢]dodec-3"-ene} (13).
To a solution of 12 (2.63 g, 7.6 mmol) in hexane (300 mL) was
added at 0 °C freshly prepared solid NaOMe (8.2 g, 0.152 mol).
To the resulting mixture was added dropwise (over 8 h, 3 mL/h)
at 0 °C ethyl trichloroacetate (25 g, 0.129 mol). The reaction
mixture was allowed to warm to rt and stirred for an additional
8 h. The mixture was diluted with water and extracted with ether.
The combined extracts were dried (MgSQO,) and concentrated.
The residue was purified by column chromatography on silica gel,
which was pretreated with 10% triethylamine in hexane, using
hexane as eluent to give 3.0 g (93%) of 13 as a pale yellow oil:
IR (CHCl,) 1470, 1095 cm™; *H NMR (CDCl,;, 360 MHz) 5 0.29
(m, 1 H), 0.76 (m, 2 H), 1.09 (m, 22 H), 1.28 (m, 1 H), 1.58 (m,
1 H), 1.74 (m, 2 H), 1.84-2.06 (m, 4 H), 2.18 (m, 2 H), 3.80 (br
s, 1 H), 472 (s, 1 H), 6.19 (d, J = 6.5 Hz, 1 H); *C NMR (90 MHz)
612.0,121(3C), 16.1,17.1,17.2, 18.1 (6 C), 30.6, 31.1, 38.3, 42.1,
45.2, 51.8, 66.5, 74.3, 183.2, 135.5; HRMS (M* - C,H,) 385.1521,
387.1491, and 389.1462 calcd for Co0H3, C1,081i, found 385.1522,
387.1514, and 389.1498.
4’-Chloro-exo-5'-methyl-endo-11’-[(triisopropylsilyl)-
oxy]-anti-spiro{cyclopropane-1,12-tricyclo{5.3.1.128]dodec-
3’-ene} (14). To a suspension of Cul (503 mg, 2.64 mmol) in
anhydrous ether (10 mL) was added dropwise 3.5 mL of MeLi
(1.5 M solution in ether, 5.25 mmol). The resulting mixture was
stirred for an additional 20 min at 0 °C. A solution of 13 (570
mg, 1.3 mmol) in ether (5 mL) was then added at 0 °C. The
reaction mixture was stirred for an additional 20 min at 0 °C,
diluted with aqueous saturated NH,Cl, and extracted with ether.
The combined extracts were washed with concentrated NH,OH,
dried (MgSO,), and concentrated. The crude product was purified
by flash column chromatography on silica gel using hexane as
eluent to give 506 mg (96%) of 14 as a colorless oil: IR (CHCly)
1620, 1470, 1090 cm™; 'H NMR (CDCl;, 360 MHz) § 0.25 (m, 1
H), 0.68 (m, 3 H), 1.07 (m, 21 H), 1.23 (m, 1 H), 1.26 (d, J = 7.3
Hz, 3 H), 1.43 (m, 2 H), 1.71 (m, 2 H), 1.88-2.20 (m, 5 H), 2.68
(dq, J = 0.7 and 7.3 Hz, 1 H), 3.83 (brs, 1 H), 5.92 (dd, J = L.5
and 6.5 Hz, 1 H); 13C NMR (90 MHz) 6 12.2 (3 C), 12,5, 16.1, 17.2,
18.1 (6 C), 18.2, 21.2, 31.0, 31.9, 39.0, 43.0, 44.8, 45.7, 49.9, 74.7,
129.7,139.1; HRMS (M* - C,;H;) 365.2067 and 367.2038 caled for
C,,H,,Cl08;i, found 365.2054 and 367.2031.
4’-Chloro-exo-5’-methyl-anti-spiro{cyclopropane-1,12’-
tricyclo[5.3.1.12*)dodec-3"-en}-endo-11"-0l (15). To a solution
of silyl ether 14 (550 mg, 1.35 mmol) in anhydrous THF (20 mL)
were added sequentially at 0 °C powdered 4-A molecular sieves
(500 mg) and 2.2 mL of n-Bu,NF (1.0 M solution in THF, 2.2
mmol). The resulting mixture was stirred for an additional 2 h
at 0 °C. Sieves were removed by filtration and washed with ether
(100 mL). The filtrate was washed with water, 1 N HC], saturated
NaHCO,, and brine, dried (MgSO,), and concentrated. The crude
product was purified by column chromatography on silica gel using
4:1 hexane-EtOAc as eluent to give 273 mg (80%) of 15 (R, 0.40;
mp 93-94 °C) and 34 mg (10%) of 16 (R, 0.42; mp 69-72 °d): IR
(CHCly) 3600, 1615 cm™!; 'H NMR (CDCl,, 360 MHz) & 0.24 (m,
2 H), 0.72 (m, 2 H), 1.32 (d, J = 7.0 Hz, 3 H), 1.49 (m, 1 H), 1.57
(m, 2 H), 1.74 (m, 2 H), 1.97-2.20 (m, 5 H), 2.59 (br s, 1 H), 2.68
(dq,J = 1.6 and 7.0 Hz, 1 H), 3.78 (br s, 1 H), 6.18 (dd, J = 1.6
and 6.5 Hz, 1 H); 3C NMR (90 MHz) 4 12.4, 16.0, 17.1, 18.0, 18.2,
21.0, 31.0, 31.8, 38.4, 42.4, 45.8, 49.6, 75.1, 132.1, 140.6; HRMS
(M*) 252,1281 and 254.1251 caled for C,sH,,ClO, found 252.1266
and 254.1228.
4'-Chloro-3’-methyl-anti-spiro{cyclopropane-1,12’-tricy-
clo[5.3.1.12¢]dodec-3"-en}-endo-11’-0l (16). To a solution of silyl
ether 14 (1.5 g, 3.68 mmol) in anhydrous THF (30 mL) were added
sequentially at 0 °C powdered 4-A molecular sieves (2.0 g) and
12.9 mL of n-Bu,NF (1.0 M solution in THF, 12.9 mmol). The
resulting mixture was stirred for 36 h at 60 °C. Sieves were
removed by filtration and washed with ether (100 mL). The
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filtrate was washed with water, 1 N HC], saturated NaHCO,, and
brine, dried (MgSO,), and concentrated. The crude product was
purified by column chromatography on silica gel using 4:1 hex-
ane-EtOAc as eluent to give 185 mg (20%) of 15 (R, 0.40) and
603 mg (65%) of 16 (R, 0.42): mp 6972 °C; IR (CHClp) 3580 cm™;
H NMR (CDCl,, 360 MHz) 4 0.19 (m, 1 H), 0.38 (m, 1 H), 0.79
(m, 2 H), 1.36 (m, 2 H), 1.43 (m, 1 H), 1.72 (m, 2 H), 1.86 (t, J
= 7.2 Hz, 3 H), 1.92-2.20 (m, 5 H), 2.45 (br s, 1 H), 2.77 (m, 2
H), 3.70 (br s, 1 H); 3*C NMR (90 MHz) 5 12.3, 17.9, 18.6, 19.8,
20.4, 31.5, 32.2, 37.2, 41.7, 41.9, 42.3, 50.7, 75.3, 128.7, 138.8.

4’-Chloro-exo-5'-methyl-anti-spiroi{cyclopropane-1,12’-
tricyclo[5.3.1.128)dodec-3"-en}-endo-11’-one (17). To a solution
of 15 (220 mg, 0.88 mmol) in CH,Cl, (20 mL) were added se-
quentially at 0 °C PDC (2.0 g, 5.3 mmol) and 4-A molecular sieves
(2.0 g). The reaction mixture was allowed to warm to rt over 2
h and diluted with ether (40 mL). The precipitate was removed
by filtration through Celite, and the filtrate was then concentrated.
The residue was purified by flash column chromatography on silica
gel using 6:1 hexane-EtOAc as eluent to give 201 mg (92%) of
17 a8 a white solid: mp 77-78 °C; IR (CHCl,) 1730 em™!; 'H NMR
(CDCl;, 360 MHz) 6 0.43 (m, 1 H), 0.79 (m, 1 H), 0.99 (m, 2 H),
1.31 (d, J = 7.4 Hz, 3 H), 1.45 (m, 1 H), 1.55 (m, 1 H), 1.79 (m,
1 H), 2.18-2.28 (m, 6 H), 2.35 (m, 1 H), 2.43 (m, 1 H), 5.93 (m,
1 H); 13C NMR (90 MHz) 4 9.5, 15.6, 16.8, 18.3, 20.6, 31.3, 33.1,
45.7,48.9, 50.4, 63.0, 54.4, 129.5, 137.5, 219.4; HRMS (M*) 250.1124
and 252.1095 caled for C;gH,4C10, found 250.1122 and 252.1101.

4’-Chloro-exo-5-methyl-anti-spiro{cyclopropane-1,12’-
tricyclo[5.3.1.126]dodec-3’-en}-endo-11’-one Oxime (19). To
a solution of 17 (187 mg, 0.74 mmol) in a 1:1 mixture of MeOH-
pyridine (20 ml) was added at once hydroxylamine hydrochloride
(400 mg, 5.7 mmol). After being heated at 80 °C for 10 h, the
reaction mixture was cooled to rt, treated with water (20 mL),
and extracted twice with CH,Cl, (2 X 20 mL). The combined
organic extracts were washed with brine, dried (MgSQ,), and
concentrated to give 196 mg of oxime 19 as a pale yellow solid
(~3:2 mixture of regioisomers). The crude product was used
without further purification for next step. For an analytical
sample, a 3:2 mixture of regioisomeric oximes was purified by
column chromatography: mp 123-126 °C; IR (CHCl) 3610, 1615
em™; 'H NMR (CDCl,, 360 MHz) 6 0.28 (m, 2 H), 0.65 (m, 2 H),
0.86 (m, 4 H), 1.26 (d, J = 7.3 Hz, 3 H, 19b), 1.28 (d, J = 7.3 Hz,
3 H, 19a), 1.31 (m, 1 H, 19b), 1.35 (m, 1 H, 19a), 1.43 (m, 4 H),
1.60 (m, 1 H, 19a), 1.68 (m, 1 H, 19b), 2.01 (m, 8 H), 2.12 (m, 4
H), 2.42 (m, 2 H), 3.46 (br s, 1 H, 19a), 3.55 (br s, 1 H, 19b), 5.85
(d,J = 6.2 Hz, 1 H, 19b), 5.93 (d, J = 6.2 Hz, 1 H, 19a); 13C NMR
(90 MHz) 5 (for 19a) 9.9, 15.4, 17.4, 19.2, 20.4, 28.2, 31.0, 33.6,
44,0, 45.5, 48.2, 51.6, 128.4, 137.9, 163.4; (for 19b) 10.2, 15.6, 17.6,
18.6, 20.6, 29.6, 30.0, 36.7, 40.9, 45.2, 47.9, 51.5, 128.9, 138.1, 164.0;
HRMS (M™) 265.1233 and 267.1204 caled for C,sHyCINO, found
265.1229 and 267.1204.

Lactams 20a,b. To a solution of crude 19 (196 mg) in pyridine
(20 mL) was added p-toluenesulfonyl chioride (500 mg, 2.6 mmol).
The reaction mixture was stirred at rt for 8 h and heated at 80
°C for 4 h. After the solvent was removed under vacuum, the
concentrate was filtered through silica gel to remove excess p-
toluenesulfonyl chloride by using 9:1 CH,Cl,~MeOH as eluent.
After evaporation of solvents, the residue was treated with water
(15 mL) and CH,Cl, (20 mL). The organic layer was separated,
dried (MgSO,), and concentrated to afford 165 mg (87% overall
from 17) of pure 20a,b as a white solid (~3:2 ratio of regioisomers):
mp 155-165 °C; IR (CHCl;) 3440, 1670 cm™; 'H NMR (CDCl,,
360 MHz) 4 0.11 (m, 2 H), 0.45 (m, 2 H), 0.78-0.99 (m, 4 H), 1.09
(m, 1 H, 20b), 1.15 (m, 1 H, 20a), 1.32 (d, J = 7.2 Hz, 3 H, 20b),
1.36 (d, J = 7.2 Hz, 3 H, 20a), 1.47-2.02 (m, 14 H), 2.36 (q, J =
7.2 Hz, 1 H, 20a), 2.49 (q, J = 7.2 Hz, 1 H, 20b), 2.96 (m, 2 H),
3.50 (m, 2 H), 5.77 (d, J = 6.2 Hz, 1 H, 20b), 5.97 (d, J = 6.2 Hz,
1 H, 20a), 6.10 (br 5, 1 H, 20b), 6.41 (br s, 1 H, 20a); 3*C NMR
(90 MHz) 6 (for 20a) 8.2, 14.8, 17.0, 20.7, 21.0, 21.7, 26.4, 43.0,
43.5, 49.3, 50.7, 53.4, 126.8, 138.8, 177.3; (for 20b) 8.3, 15.2,17.4,
21.2, 21.6, 22.4, 24.9, 42.1, 47.1, 48.2, 50.8, 51.6, 126.9, 139.5, 177.2;
HRMS (M*) 265.1233 and 267.1204 calcd for C,;Hx,CINO, found
265.1222 and 267.1230.

Imidates 21a,b. To a solution of 20a,b (150 mg, 0.5 mmol)
in CH,Cl, (20 mL) was added trimethyloxonium tetrafluoroborate
(500 mg, 3.4 mmol). The reaction mixture was stirred overnight
at rt, washed with aqueous K,CO; solution, and dried (MgSO,).
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After the solvent was removed under vacuum, the crude product
was purified by flash column chromatography on silica gel to give
131 mg (82%; 72% overall from 17) of 21a,b as a pale yellow oil
(~3:2 ratio of regioisomers): IR (CHCl;) 1680 cm™; 'H NMR
(CDCl,, 360 MHz) 4 0.09 (m, 2 H), 0.39 (m, 2 H), 0.85 (m, 4 H),
1.00 (m, 1 H, 21b), 1.11 (m, 1 H, 21a), 1.28 (d,J = 7.3 Hz, 3 H,
21b), 1.30 (d, J = 7.3 Hz, 3 H, 21a), 1.40 (m, 4 H), 1.60-1.85 (m,
8 H), 1.95 (m, 4 H), 2.52 (m, 1 H, 21b), 2.87 (m, 1 H, 21a), 3.58
(s, 3 H, 21a), 3.65 (s, 3 H, 21b), 4.09 (m, 2 H), 5.80 (m, 1 H, 21h),
5.86 (m, 1 H, 21a); 1°C NMR (90 MHz) § (for 21a) 8.6, 14.9, 17.0,
20.7, 21.0, 22.3, 25.6, 42.6, 43.9, 46.3, 51.2, 52.9, 56.8, 126.9, 139.9,
167.0; (for 21b) 8.5, 15.1, 18.0, 21.9, 22.1, 22.3, 23.9, 42.8, 47.0, 47.1,
48.7, 52.9, 55.4, 128.3, 136.8, 167.8; HRMS (M*) 279.1390 and
281.1360 caled for C;¢HyCINO, found 279.1392 and 281.1357.

(1’'S*2'R*,6'S*7S*8R,YR*10'S*)-6'-Carbomethoxy-
9-chloro-8',9-epoxy-10/-methyl-2’-nitrospiro{cyclopropane-
1,1V-bicyclo[5.3.1]Jundecane} (22a) and Regioisomer 22b. To
a solution of 21a,b (110 mg, 0.4 mmol) in CH,Cl, (20 mL) were
added sequentially at 0 °C 55% mCPBA (800 mg, 2.6 mmol) and
trifluoroacetic acid (103 mg, 0.9 mmol). After being stirred at
rt for 18 h, the reaction mixture was quenched with aqueous
saturated Na,CO, solution. The organic layer was washed with
aqueous saturated K,SOj; solution and dried (MgSO,). Removal
of the solvent afforded 200 mg of the concentrate. Purification
of the residue by column chromatography on silica gel using 4:1
hexane-EtOAc as eluent gave 25 mg (18%) of 22a,b as a white
solid (~3:2 ratio of regioisomers). For single-crystal X-ray
analysis, a 3:2 mixture of 22a,b was separated by preparative TLC,
and the major product 22a was then recrystallized from EtOAc:
mp 113-115 °C; IR (CHCl;) 1750, 1560, 1445, 1360, 1250, 1200,
1160, 1020 cm™; 'H NMR (CDCl,, 360 MHz) 4 0.45 (m, 2 H), 0.62
(m, 1 H), 0.95 (m, 1 H), 1.15 (s, 1 H), 1.32 (d, J = 7.2 Hz, 3 H),
1.45 (m, 1 H), 1.69 (m, 1 H), 1.76 (s, 1 H), 1.97-2.20 (m, 2 H),
2.29-2.43 (m, 2 H), 2.50 (d, J = 10.8 Hz, 1 H), 2.80 (q, J = 7.2
Hz, 1 H), 3.68 (s, 3 H), 3.76 (s, 1 H), 4.41 (d, J = 9.8 Hz, 1 H);
13C NMR (90 MHz) é 6.6, 16.8, 18.9, 23.7, 28.8, 29.0, 29.3, 37.1,
424, 47.8, 51.0, 52.3, 64.4, 79.9, 93.6, 176.4.
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The Wittig olefination reaction remains among the most

popular methods for preparing double-bond compounds
from carbonyl or lactol precursors.? In many instances,
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the active phosphorus reagent can be generated in situ by
deprotonation of the phosphonium salt with a strong base.
During recent investigations in which unsaturated alcohols
2 were being prepared from é-valerolactol (1), we observed
the unusual formation of unsaturated adducts 3 in reac-
tions for which n-butyllithium had been used as the base
(Scheme I).

Upon further examination, the butyl side chain of ad-
ducts 8 was found to be derived not from the starting
lactol, but from butyllithium, with one of the new olefin
centers of 3 arising from DMF. As illustrated in Figure
1, this olefination reaction can be viewed as a three-way
coupling between a phosphonium salt, an organolithium
reagent, and DMF. Mechanistically, the reaction pre-

‘sumably follows the stepwise pathway shown in Scheme

II. Nucleophilic addition? of the organolithium reagent
to DMF in step 1 generates an aldehyde* plus 1 equiv of
dimethylamide anion. Subsequently, deprotonation of the
phosphonium salt by dimethylamide anion gives the
phosphorus ylide (step 2) which reacts with the aldehyde
to give the olefin product (step 3). It is interesting to note
that the organolithium reagent must undergo addition to
DMF (step 1) more rapidly than it can deprotonate the
phosphonium salt.

To study this one-pot olefin coupling procedure more
fully, we surveyed several phosphorus reagents in reactions
with n-butyllithium or phenyllithium in DMF. From the
results listed in Table I, phosphonium salts which lead to
stabilized ylides (entries 1-4) give the best yields. Entries
5 and 6 suggest that phosphonate esters can also be used
in these reactions. On the other hand, reactions involving
phosphonium salts of unstabilized ylides (entries 7-10) give

(2) Maryanoff, B. E.; Reitz, A. B. Chem. Rev. 1989, 89, 863.

(3) Organolithium reagents typically undergo formylation reactions
with DMF in the absence of strong proton donors. See: Chamberlin, A.
R.; Stemke, J. E,; Bond, F. T. J. Org. Chem. 1978, 43, 147. Traas, P.C,;
Boelens, H. Takken, H. J. Tetrahedron Lett. 1976, 2287.

(4) Variable amounts of the aldehyde are obtained in some of the
reactions after aqueous workup. The aldehyde can be obtained cleanly
if the reaction is carried out in the absence of the phosphonium salt and
quenched with water.
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