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B-Stannyl allylic alcohols 2 were prepared regioselectively by photooxygenation (Schenck reaction)
of the vinylstannanes 1 and subsequent reduction of the resulting allylic hydroperoxides by sodium
borohydride. This novel methodology makes the hitherto unknown oxyfunctionalized cyclic
vinylstannanes conveniently accessible, which constitute valuable building blocks in organic synthesis.
For example, palladium-catalyzed coupling of these vinylstannanes 2 with allylic and vinylic halides
produced the §-substituted allylic alcohols 3 in good yields. Tin-lithium exchange directly on the
oxyfunctionalized vinylstannanes 2 afforded the corresponding lithio dianions, which on reaction
with aldehydes led to the allylic diols 4. Furthermore, iododestannylation of the 8-stannyl allylic

alcohols 2 gave the respective vinyl iodides 5.

Introduction

Thesinglet oxygen ene reaction (the Schenck reaction!)
has been shown to be a powerful method for the allylic
oxyfunctionalization of alkenes. Unfortunately, the low
regioselectivity, especially for alkyl-substituted olefins,
which leads to difficult-to-separate isomeric hydroper-
oxides, encumbers severely the preparative utility of this
method. This problem canin part be avoided by attaching
steering groups to the olefinic double bond, as it has been
demonstrated for a variety of electron-withdrawing groups.2
Such acceptor-substituted alkenes generally give high gem
selectivity in the photooxygenation reaction, but at the
price of substantial loss of reactivity in view of the
electrophilic nature of singlet oxygen.

Alternatively, the electron-rich vinylsilanes exhibit high
gem selectivity,® with the advantage that they react
smoothly with singlet oxygen. This approach wasrecently
extended to the photooxygenation of vinylstannanes,*
which affords regio- and stereoselectively 8-stannyl allylic
hydroperoxides (Scheme 1). Although smaller amounts
of a,6-enones and trialkyltin hydroxide are also produced
from decomposition of the labile, nongeminal, regioiso-
meric a-stannyl allylic hydroperoxides, these side products
are easily removed.

Since allylic hydroperoxides are readily reduced to the
corresponding alcohols, the reduction of the vinylstannane
hydroperoxides should constitute a versatile synthesis for
B-stannyl allylic alcohols. The latter have previously been
prepared by hydrostannation’ of or the addition of stannyl
cuprates® to alkynes and applied for the synthesis of chiral
allenes.’2 However, this approach is limited to acyclic
derivatives, due to the lack of the cyclic acetylenic
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precursors with ring systems smaller than eight members.
Additionally, terminal alkynes often give rise to regio-
isomeric products,5bc which are difficult to separate.

Herein we report that the regioselective photooxygen-
ation of vinylstannanes, followed by reduction of the
resulting 8-stannyl allylic hydroperoxides, constitutes a
new, general, and convenient sequence for the preparation
of cyclic and terminal §-stannyl allylic alcohols, which
complements existing methods. Additionally, the syn-
thetic utility of these building blocks is demonstrated in
the preparation of 8-functionalized allylic alcohols by tin-
lithium exchange” and the well-known palladium coupling
reaction.® The latter has not been efficiently achieved as
yet for 8-hydroxy-substituted vinylstannanes.?

Results

The required vinylstannanes 1 were prepared, as previ-
ously reported,in one or two steps from cheap and readily
available starting materials. Derivatives la,b were ob-
tained from commercial 2-bromo-2-butene and the cor-
responding Grignard reagent. The Shapiro reaction,1®
which yields regioselectively the least substituted double
bond in 1d, was the source of vinylstannanes le,d.
Stannylation of 1-lithiocyclohexene!! derived from 1-chlo-
rocyclohexene afforded derivative le.

The photooxygenation of the vinylstannanes 1 was
conducted in an immersion lamp apparatus,?! with Rose
Bengal (RB) in methanol (1a) or ethanol (1b~e) at -20 °C,
which afforded the corresponding §-stannyl allylic hy-
droperoxides (Scheme 1). Also smaller amounts of «,3-
enones, derived from the decomposition of the regioiso-
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Table 1. 8-Stannyl Allylic Alcohols 2 Prepared by
Photooxygenation (Schenck reaction) of Vinylstannanes 1

vinylstannane R! R2 R?® RY  time®(h) yield (%)
lab H H H Me 8.5 45
1be H H H n-Bu 8 54
lc H CH; n-Bu 1.5 73
1d Me CH; n-Bu 1.5 54
e H (CHp)2 n-Bu 27 50

@ Photooxygenation at 20 °C with Rose Bengal (RB) as sensitizer
in MeOH for 1a and in EtOH for 1b—e conversion >95%. ® (Z)-1a:
(E)-1a = 82:18. ¢ (Z)-1b:(E)-1b = 75:25.

meric ene product, were obtained. The crude reaction
mixture was directly reduced at 0 °C with an excess of
sodium borohydride to yield, after agueous workup and
flash chromatography, the desired 8-stannyl allylic alcohols
2 in moderate to good yields (45-73%, Scheme 1, Table
1). Less advantageous is triphenylphosphine reduction,
since the product 2 cannot be efficiently removed by flash
chromatography from the excess triphenylphosphine.
The further functionalization of the stannyl allylic
alcohols 2a,b by palladium-catalyzed coupling® with allylic
and vinylic halides (Scheme 1) afforded the respective
2-alkyl allylic alcohols 3 in moderate to excellent yields
(41-90%, Table 2). For example, reaction of 2a with allyl
bromide (Table 2, entry 1) or 2b with ethyl a-bro-
momethacrylatel? (Table 2, entry 3) proceeded smoothly
with 2% of PAClo(CH3CN); or Pd(dba); as catalyst to yield
the coupling products 3a,c. The coupling of 2b with
1-bromo-3-methyl-2-butene!? (Table 2, entry 2) required
longer reaction times, for which Pd(dba); in THF proved
to be the best conditions to produce 3b in excellent yield.
In contrast, the reaction between 2b and (E)-1-iodohex-
enel4 (Table 2, entry 4) needed to be carried out in the
aprotic solvent DMF with Pd(PPhs)s (83%). as catalyst,
which afforded the 1,3-diene 3d in only 41% vyield.
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Tin-lithium exchange was performed on the §-stannyl
allylic alcohol 2b and the cyclic derivative 2e (Scheme 1).
The corresponding lithio dianions were obtained by
treating substrates 2b,e with 2 equiv of n-butyllithium in
ether at —78 to 0 °C. These intermediates were allowed
to react with isobutyraldehyde at —78 °C to yield dias-
tereoisomeric mixtures of allylic diols, which were isolated
in71% (dr = 61:39) for 4b and 76 % (dr = 55:45) for 4e.

Finally, iododestannylation of the vinylstannanes 2b,e
(Scheme 1) withiodine afforded cleanly the corresponding
hydroxyvinyl iodides 5b,e, which were isolated by flash
chromatography in 85 and 90% yields.

Discussion

The regioselective photoxygenation (Schenck reaction)
of vinylstannanes 1 and subsequent reduction of the
resulting hydroperoxides generates the corresponding
B-stannyl allylic alcohols 2 in good yields. Most significant
are the cyclic systems 2¢-e , which cannot be prepared by
conventional hydrostannation techniques®® but have now
become accessible by this convenient one-pot process. A
practical advantage is the fact that the isolation of the
potentially hazardous hydroperoxides is avoided.

The palladium-catalyzed coupling between 2a,b and
unsubstituted (Table 2, entry 1) or 2-substituted allylic
halides (T'able 2, entry 3) proceeded swiftly. The coupling
reaction between 2b and the 3,3-disubstituted allylic
bromide (Table 2, entry 2) was more sluggish, presumably
the result of slow formation of the =-allyl palladium
intermediate due to increased steric hindrance. Never-
theless, the reaction proceeded in excellent overall yield.
The fact that the é-hydroxy ester 3¢ was obtained in high
yield without cyclization to the corresponding 6-lactone is
significant for synthetic purposes. Furthermore, in all
cases studied, no complications through competitive
reaction at the allyl system in the vinyltin derivative 2
were observed. As expected, the allylic hydroxy func-
tionality is a very poor leaving group in the palladium-
catalyzed process.
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Table 2. Palladium-Catalyzed Coupling of 8-Stannyl Allylic Alcohols 2

entry alcohol R electrophile R5X catalyst® time (h) product yield® (%)
1 2a Me Br A 1.5 HO 89
]
38
2 2b B B 77 HO 90
e R8N
3b
3 2b n-Bu 0 B 3 HO (o} 79
Br’jﬁLOEt OEt
3¢
4 2b n-Bu 1~ -CaHy C 5 41

HO
/H'/\/ca"'o
3d

¢ A = PdCly(CH3CN), in DMF, 70 °C; B = Pd(dba); in THF, 55 °C; C = Pd(PPh;j); in DMF, 70 °C. ¢ Yield of isolated material by flash

chromatography.
Scheme 2

:=:/\r\)\

OH
/K“/\/k
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OH
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The overall synthetic sequence of transforming vinyl-
stannanes 1 to the allylic alcohols 3 and 4 (Scheme 1)
nicely demonstrates the synthetic value of the present
methodology. For example, due to regioselectivity prob-
lems, the allylic alcohol 3b cannot be prepared directly by
the Schenck reaction on 2,5-dimethyl-2,5-heptadiene and
subsequent reduction of theresulting allylic hydroperoxide
(Scheme 2). The singlet oxygen ene reaction of both
trisubstituted double bonds will take place and as many
as five regioisomeric allylic hydroperoxides may result.

For the allylic alcohol 3d , the appropriate dienic
precursor would be 3-methyl-2,4-nonadiene (Scheme 2),
for which [4 + 2] cycloaddition would definitely win over
ene reaction at the required 3-methylallylic site. Besides
this mode selectivity problem, three regioisomeric allyl
hydroperoxides must be counted as products of the
Schenck reaction. Therefore, the readily available vinyl-
stannane 1b, for which the stannyl functionality acts as
a gem-directing group in the photooxygenation step and
cleanly provides the corresponding 8-hydroxy-substituted
vinylstannane 2b after reduction, constitutes an attractive
starting material to circumvent the regio- and mode-
selectivity problems of the tempting direct reaction of
singlet oxygen. The modest price to pay, however, is the
introduction of the remaining alkyl chain through the
subsequent palladium-catalyzed C-C coupling reaction
(Scheme 1).

Also tin—iodine exchange of the stannyl allylic alcohols
2b,e is of synthetic value, since the desirable iodo allylic
alcohols 5b,e are obtained in high yields (Scheme 1). Such
useful synthetic building blocks have previously been
prepared mainly from propargyl alcohols by hydrometa-
lation!® and subsequent iodination or by reaction of
trimethylsilyl iodide® with these precursors, followed by
hydrolysis of the resulting silyl ether. Alternatively,

iodides 5 can also be obtained by formal addition of HOI
to allenes,!” which is of low preparative scope, however.
As demonstrated for derivative 5e , our new methodology
makes available the previously unknown cyclicderivatives.

In summary, the sequence described herein (Scheme 1)
allows the regioselective synthesis of oxyfunctionalized
vinylstannanes from the readily available tin-substituted
olefins. The present approach is applicable also to cyclic
systems, a method which is complementary to the existing
procedures. The resulting 8-stannyl allylic alcohols 2 are
versatile synthetic building blocks for the preparation of
highly substituted and functionalized 2-alkyl allylic al-
cohols, as demonstrated by palladium-catalyzed C-C
coupling reactions, tin-lithium exchange followed by the
addition of carbonyl-containig electrophiles, and by metal-
halogen exchange to hydroxy vinyl iodides 5. In view of
the broad synthetic scope of functionalized vinylstannanes,
we expect that this novel and convenient methodology
will prove useful in organic synthesis.

Experimental Section

General Methods. All melting points and boiling points are
uncorrected. Solvents were purified according to standard
literature procedures. TLC was performed on Polygram Sil G
UV (40 X 80 mm), Macherey & Nagel. Silicagel (32-64 um) from
Woelm was used for flash chromatography. Elemental analyses
were obtained in-house. IR spectra were recorded on a Perkin
Elmer Model 1420 instrument. !H NMR spectra were obtained
in CDCl; solution at 250 MHz on a Bruker AC 250 or at 200 MHz
on a Bruker AC 200 instrument with CDCl; (6 7.26) as internal
standard. 13C NMR spectra were recorded on a Bruker AC 250
or a Bruker AC 200 instrument at 69.3 or 50.3 MHz with CDCl;
(6 77.0) as internal standard. The separate J (11"SnH) and J
(12SnH) values of the alkenylstannanes were reported when the
satellite peaks were clearly distinct; otherwise the indicated Jysy
values represent approximate mean values of J (1'"SnH) and J
(119SnH).

The vinylstannanes la—e were made as previously reported.*
Pd(CH;3CN), '8 Pd(PPhy)y,!? and Pd(dba)s;?® were prepared
according to literature procedures.

(15) (a) Marshall, J. A.; DuBay, W. J. J. Org. Chem. 19983, 58, 3435—
3443, (b) Tolstikov, G. A.; Miftakhov, M. S.; Danilova, N. A.; Vel'der, Y.
L.Synthesis 1986,496-499. (¢) Corey, E. J.; Kirst, H. A.; Katzenellenbogen,
J.A.J. Am. Chem. Soc. 1970, 92, 6314-6319. (d) Cowell, A.; Stille, J. K.
Tetrahedron Lett. 1979, 133-136.

(16) Gras, J. L.; Kong Win Chang, Y. Y.; Bertrand, M. Tetrahedron
Lett. 1982, 23, 3571-3572.

(17) (a) Coulomb, F.; Roumestant, M.-L.; Gore, J. Bull. Chim. Soc. Fr.
1973, 12, 3352-3359. (b) Georgoulis, C.; Smadja, W.; Valery,J. M. Synthesis
1981, 572-574.

(18) Parker, K. A.; O'Fee, R. P. J. Org. Chem. 1983, 48, 1547-1550.



2698 <. Org. Chem., Vol. 59, No. 10, 1994

General Procedure for the Preparation of §-Stannyl
Allylic Alecohols 2. A solution of 8.08-14.5 mmol of the
corresponding vinylstannane 1 and 50 mg of Rose Bengal in 125
mL of methanol (for 1a) or ethanol (for 1b—e) was photooxy-
genated at ~20 °C in an immersion lamp apparatus?! (equipped
with a Osram Vialox NAV-TS 250-W sodium lamp) by passing
a slow stream of dry oxygen gas through the solution until
complete conversion of the starting material (TLC monitoring).
The crude photooxygenate was transferred to a 250-mL, round-
bottomed flask and was treated at 0 °C with an excess (40-80
mmol) of sodium borohydride and stirred for 2 h at 0 °C and for
10 h at 25 °C. Water (100 mL) was added and the solution was
extracted with ether (3 X 50 mL). The combined organic layers
were washed with water (50 mL) and brine (50 mL) and dried
(MgS0,), and the solvent was removed (20 °C at 20 Torr). From
the resulting crude oil, the 8-stannyl allylic alcohols 2 were
obtained by flash chromatography on silica gel (50 g), besides
smaller amounts of tri-n-butyltin hydride, which eluted consid-
erably faster in the chromatography.

3-(Trimethylstannyl)-3-buten-2-0l (2a). Photooxygenation
0f 2.00 g (9.14 mmol) of vinylstannane 1a in methanol for 8h and
subsequent NaBH, reduction yielded 969 mg (45 %) of a colorless
liquid after silica gel flash chromatography [6:1 petroleum ether
(30-50°C)/ether as eluent]: 'H NMR (200 MHz) 60.17 (3, Jusa=
52.5/54.9 Hz, 9H), 1.24 (d, J = 6.4 Hz, 3H), 1.77 (d, J = 2.5 Hz,
1H), 4.44 (m, Jus,= 49 Hz, 1H), 5.19 (dd, J = 2.1, 1.2 Hz, Jyg,=
69.5 Hz, 1H), 5.75 (dd, J = 2.0, 1.4 Hz, J ug,= 145 Hz, 1H); 13C
NMR (50 MHz) é 8.6 (q), 24.2 (q), 74.9 (q), 122.6 (t), 160.7 (s);
IR (neat) v 3700-3100, 3040, 920 cm-'. Anal. Caled for C;H,e-
OSn (234.9): C, 35.79; H, 6.87. Found: C, 35.44; H, 6.58.

3-(Tri-n-butylstannyl)-3-buten-2-0l (2b). Photooxygen-
ation of 5.00 g (14.5 mmol) of vinylstannane 1b in ethanol for 8
h and subsequent NaBH, reduction yielded 3.34 g (564%) of a
colorless oil after flash chromatography on silica gel [10:1 to 3:1
petroleum ether (30-50°C)/ether as eluent]: 'H NMR (200 MHz)
§0.80-1.10 (m, 15H), 1.24 (d, J = 6.4 Hz, 3H), 1.25-1.65 (m, 13H),
4.42 (m, 1H), 5.16 (dd, J = 2.1, 1.3 Hz, Jyus,= 52.6 Hz, 1H), 5.79
(dd, J = 2.1, 1.4 Hz, Jyg,= 132 Hz, 1H); 13C NMR (63 MHz) §
10.1(t),13.7(q), 24.1(q), 27.4 (t), 29.1 (t), 74.8 (d), 122.8 (t), 160.4
(s); IR (neat) » 3700-3140, 3085, 933 cm-1. Anal. Caled for CigHgys-
OSn (361.2): C, 53.21; H, 9.49. Found: C, 53.48; H, 9.79.
2-(Tri-n-butylstannyl)-2-cyclopenten-1-0l (2¢). Fromthe
photooxygenation of 3.01 g (8.45 mmol) of vinylstannane le in
ethanol for 1.5 h and subsequent NaBH, reduction was obtained
2.30 g (73%) of a colorless oil after flash chromatography on
silica gel [8:1 petroleum ether (30-50 °C)/ether as eluent]: 'H
NMR (200 MHz) § 0.78-1.02 (m, 15H), 1.18 (d, J = 8.3 Hz, 1H),
1.22-1.72 (m, 13H), 2.15-2.65 (m, 3H), 4.86 (m, 1H), 6.05 (m, Jusn
= 28 Hz, 1H); 13C NMR (50 MHz) 4 9.5 (t), 13.7 (q), 27.3 (t), 29.2
(t), 33.3 (t), 33.9 (t), 83.4 (d), 144.3 (d), 147.5 (s); IR (neat) »
3580-3200, 3030, 1570 cm-. Anal. Caled for C,7H3,08n (373.1):
C, 54.72; H, 9.18. Found: C, 54.96; H, 9.10.
2-(Tri-pn-butylstannyl)-3-methyl-2-cyclopenten-1-
ol (2d). From the photooxygenation of 3.05 g (8.21 mmol) of
vinylstannane 1d in ethanol for 1.5 h and subsequent NaBH,
reduction was obtained 1.70 g (54 %) of a colorless oil after flash
chromatography on silica gel [8:1 petroleum ether (30-50 °C)/
ether as eluent]: 'H NMR (200 MHz) § 0.79-1.02 (m, 15H), 1.11
(d, J = 6.9 Hz, 1H), 1.22-1.74 (m, 13H), 1.81 (d, J = 1.2 Hz, 3H),
2.16-2.61 (m, 3H), 4.79 (m, 1H); 13C NMR (50 MHz) § 9.7 (t), 13.7
(q), 18.8 (q), 27.4 (t), 29.8 (t), 35.0 (t), 37.5 (t), 84.0 (d), 140.0 (s),
153.8 (s); IR (neat) » 3580-3200, 1620 cm-l. Anal. Calcd for
C1sH3s08n (387.2): C, 55.84; H, 9.37. Found: C, 55.69; H, 9.85.
2-(Tri-n-butylstannyl)-2-cyclohexen-1-0l (2e). Photooxy-
genation of 3.00 g (8.08 mmol) of vinylstannane le in ethanol for
27 h and subsequent NaBH, reduction yielded 1.55 g (50%) of
a colorless oil after flash chromatography on silica gel [10:1
petroleum ether (30-50 °C)/ether as eluent): 'H NMR (250 MHz)
8 0.75~1.05 (m, 15H), 1.20-1.70 (m, 15H), 1.70-2.10 (m, 4H), 4.16
(m, 1H), 5.87 (m, Jus, = 65.3 Hz, 1H); 13C NMR (63 MHz) 6 9.7
(t), 13.7 (@), 19.8 (1), 27.1 (1), 27.4 (1), 29.2 (1), 33.1 (t), 70.9 (d),

Adam and Klug

138.7 (d), 145.7 (s); IR (neat) » 3600—-3140, 1603 cm-!. Anal. Calcd
for C,1sH308n (387.2): C, 55.84; H, 9.37. Found: C, 55.69; H,
9.85.

3-Methylene-5-hexen-2-0l (3a).22 To a solution of 130 mg
(1.07 mmol) of allyl bromide and 5.0 mg (19.0 umol, 2%) of
PdCl,(CH3CN);!8 in 5 mL of dry dimethylformamide was added
235 mg (1.00 mmol) of stannyl alcohol 2a and stirred at 70 °C
for1.5h. Water (20 mL) was added and the mixture was extracted
withether (5 X 10mL). The combined organiclayers were washed
with brine (10 mL) and the solvent was removed by distillation
atatmospheric pressure. Flash chromatography of the remaining
residue on silica gel [3:1 petroleum ether (30-50 °C)/ether as
eluent] and removal of the solvent at 0 °C and 20 Torr afforded
100 mg (89%) of a colorless liquid: *H NMR (250 MHz) § 1.29
(d, J = 6.5 Hz, 3H), 1.75 (s, LH), 2.82 (m, 2H), 4.27 (br q, J =
6.5 Hz, 1H), 4.83 (m, 1H), 5.04-5.12 (m, 3H), 5.75-5.91 (m, 1H);
13C NMR (50 MHz) § 22.0 (g), 36.3 (t), 70.7 (d), 109.8 (1), 116.4
(1), 136.2 (d), 151.4 (s); IR (neat) » 3700~3100, 3080, 1638, 911,
901 cm.

6-Methyl-3-methylene-5-hepten-2-ol (8b).2® A solution of
149 mg (1.00 mmol) of 1-bromo-3-methyl-2-butene!® and 12.0 mg
(20.0 umol, 2%) Pd(dba),?® was prepared in 3 mL of dry THF
under an argon gas atmosphere, whereby the color of the mixture
turned from violet to yellow. Then was added a solution of 361
mg (1.00 mmol) of stannyl alcohol 2b in 2 mL of THF and stirred
at 55 °C for 77 h. The solvent was evaporated (0 °C at 20 Torr)
to about 1 mL and the residue purified by flash chromatography
on 50 g of silica gel [6:1 petroleum ether (30-50 °C)/ether as
eluent] to yield 126 mg (90 %) of a colorless liquid: 'H NMR (200
MH?z) 6 1.30 (d, J = 6.5 Hz, 3H), 1.62 (m, 4H), 1.73 (m, 3H), 2.77
(m, 2H), 4.28 (m, 1H), 4.80 (m, 1H), 5.02 (m, 1H), 5.19 (m, 1H);
13C NMR (50 MHz) 6 17.6 (q), 22.1 (q), 25.7 (q), 80.7 (t), 70.8 (d),
108.7 (1), 121.6 (d), 133.3 (s), 152.4 (s); IR (neat) v 3700-3100,
3080, 910 cm™L.

Ethyl-5-Hydroxy-2,4-dimethylenehexanoate (3¢). Analo-
gous to the above procedure at 55 °C for 3 h, from 193 mg (1.00
mmol) of ethyl a-bromomethacrylate,!? 12.0 mg (20.0 umol, 2%)
of Pd(dba);?® and 361 mg (1.00 mmol) of 2b was obtained after
flash chromatography on 50 g of silica gel [3:1 petroleum ether
(30-50 °C)/ether as eluent] 145 mg (79%) of a colorless liquid:
H NMR (200 MHz) 6 1.28 (t, J = 7.0 Hz, 3H), 1.30 (d, J = 7.2
Hz, 3H), 2.31 (d, J = 3.7 Hz, 1H, OH), 3.20 (AB-system, Jp =
15.9 Hz, 2H), 4.18 (q, J = 7.1 Hz, 2H), 4.29 (m, 1H), 4.78 (d, J
= 1.2 Hz, 1H), 5.09 (m, 1H), 5.62 (q, J = 1.3 Hz, 1H), 6.24 (d, J
= 1.5 Hz, 1H); 3C NMR (50 MHz) § 14.1 (q), 21.8 (q), 33.6 (1),
60.9 (1), 70.8 (d), 110.7 (t), 126.7 (1), 138.8 (s), 150.4 (s), 167.1 (s);
IR (neat) » 3750-3160, 3015, 1736, 1650, 915 cm™!, Anal. Caled
for C1oH 1505 (184.2): C,65.19; H,8.75. Found: C, 64.95;H,9.07.

(E)-3-Methylene-4-nonen-2-ol (3d). To a solution of 210
mg (1.00 mmol) of (E)-1-iodohexene!* and 35.0 mg (3.03 umol,
3%) of Pd(PPh;)4!? in 5 mL of dry DMF was added 361 mg (1.00
mg) of stannyl alcohol 2b under an argon gas atmosphere, and
the resulting mixture was heated at 70 °C while stirring for 5 h.
After cooling to room temperature, 5 mL of water were added
and the reaction mixture was extracted with ether (56 X 10 mL).
The combined organic layers were dried (MgSO,) and the solvent
evaporated (0 °C at 20 Torr). Flash chromatography of the
resulting residue on 50 g of silica gel [3:1 petroleum ether (30-50
°C)/ether as eluent] yielded 64.0 mg (41%) of a colorless liquid:
'H NMR (250 MHz) 6 0.89 (m, 3H), 1.20~1.45 (m, 7TH), 1.67 (d,,
J =3.4Hz, 1H, OH), 2.10 (q, J = 6.5 Hz, 2H), 4.56 (m, 1H), 4.98
(s, 1H), 5.12 (s, 1H), 5.80 (dt, J = 16.0, 6.8 Hz, 1H), 6.02 (d, J =
16.4 Hz, 1H); 13C NMR (63 MHz) 6 13.9 (@), 22.2 (t), 22.8 (q), 31.4
(t), 32.8 (t), 67.7 (d), 110.6 (t), 129.1 (d), 131.4 (d), 150.3 (s); IR
(neat) » 3600-3100, 3070, 1710, 1628, 1590, 890 cm-1. Anal. Caled
for C;oH130 (154.3): C, 77.87; H, 11.76. Found: C, 78.07; H,
11.83.

5-Methyl-3-methylenehexane-2,4-diol (4b). To a solution
of 722 mg (2.00 mmo}) of stannyl alcohol 2b in 20 mL of dry ether
was added 3.2 mL of a 1.55 M solution of n-BuLi (in hexane) at
-78 °C. This solution was stirred at this temperature for 30

(19) Coulson, D. R. Inorg. Synth. 1972, 13, 121-124.

(20) Takahashi, Y.; Ito, T.; Sakai, S.; Ishii, Y. Chem. Commun. 1970,
1065-1066.

(21) Denny, R. W.; Nickon, A. Org. React. 1973, 20, 133-336.

(22) Yanagisawa, A.; Nomura, N.; Habaue, S.; Yamamoto, H. Tetra-
hedron Lett. 1989, 30, 6409-6412.

(23) Pattenden, G.; Storer, R. J. Chem. Soc., Perkin Trans. 1 1974,
1603-16086.
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min and further 5 h at 0 °C until transmetalation was complete
(TLC monitoring). The reaction mixture was cooled to 78 °C
and 720 mg (0.91 mL, 10.0 mmol) of isobutyraldehyde was added.
Stirring was continued for 10 min and the solution was allowed
to warm up to room temperature. Water (1 mL) was added and
the organic layer washed with brine (20 mL), dried (MgSOQ,), and
evaporated (20 °C at 20 Torr). Flash chromatography on 50 g
of silica gel [1:2 petroleum ether (30-50 °C)/ether as eluent]
afforded, besides tetrabutyltin (R; = 0.9), 125 mg (43%) of a
colorless liquid (R; = 0.26, isomer A) and 81.0 mg (28%) of a
colorless liquid (R; = 0.19, isomer B).

Isomer A:'H NMR (200 MHz) 6 0.81 (d, J = 6.8 Hz, 3H), 1.01
d, J = 6.5 Hz, 3H), 1.34 (d, J = 6.4 Hz, 3H), 1.87 (m, 1H), 2.85
(br s, 2H, OH), 3.80 (d, J = 8.2 Hz, 1H), 4.42 (br q, J = 6.4 Hz,
1H), 5.04 (s, 1H), 5.17 (m, 1H); 13C NMR (50 MHz) 6 18.5 (q),
19.5 (q), 21.6 (q), 31.9 (d), 67.6 (d), 81.3 (d), 112.2 (t), 151.9 (s);
IR (neat) v 3600-3050, 3060, 1628, 910 cm-!. Anal. Calcd for
CgH160, (144.3): C, 66.63; H, 11.18. Found: C, 66.86; H, 11.51.

Isomer B: 'H NMR (200 MHz) 6 0.91 (d, J = 6.8 Hz, 3H), 0.96
@, J = 6.6 Hz, 3H), 1.38 (d, J = 6.5 Hz, 3H), 1.93 (m, 1H), 2.08
(brs, 2H, OH), 391 (d, J = 7.1 Hz, 1H), 4.37 (br q, J = 6.4 Hz,
1H), 5.08 (s, 1H), 5.20 (m, 1H); 13C NMR (50 MHz) 6 17.6 (q),
19.9 (q), 23.0 (q), 31.9 (d), 69.0 (d), 79.2 (d), 111.2 (t), 153.6 (s);
IR (neat) » 3600-3050, 3070, 1628, 910 cm~!. Anal. Calcd for
CgH 50, (144.3): C, 66.63; H, 11.18. Found: C, 66.92; H, 11.59.

2-(1-Hydroxy-2-methylpropyl)-2-cyclohexen-1-0l (4e).
Analogous to the above procedure, 425 mg (1.10 mmol) of stannyl
alcohol 2e was treated with 2.0 mL of a 1.30 M solution of n-BuLi
(in hexane) in 10 mL of ether for 30 min at ~78 °C and 30 min
at0°C. Afteraddition of 300 mg (4.16 mmol) of isobutyraldehyde,
aqueous workup, and flash chromatography on 50 g of silica gel
[1:1 petroleum ether (30-50 °C)/ methyl tert-butyl ether as
eluent], there were obtained 347 mg (91 %) of tetrabutyltin, 79.0
mg (42%) of a colorless liquid (R; = 0.35, isomer A), and 64.0 mg
(34%) of colorless needles, mp 97.5-98.5 °C (R; = 0.18, isomer
B).

Isomer A:'H NMR (200 MHz) 6 0.71 (d, J = 6.8 Hz, 3H), 1.03
(d, J = 6.5 Hz, 3H), 1.40-2.10 (m, 7H), 3.10-3.55 (br s, 2H, OH),
3.58 (d, J = 9.5 Hz, 1H), 4.33 (t,J = 4.2 Hz, 1H), 5.69 (t,J = 3.8
Hz, 1H); 13C NMR (50 MHz) 6 17.9 (t), 19.4 (q), 19.5 (@), 25.2 (t),
31.5 (t), 31.9 (d), 64.9 (d), 84.6 (d), 129.5 (d), 138.3 (s); IR (CCly)
v 3650—3100, 1663 cm-!. Anal. Calcd for ClonOz (1703) C,
70.55; H, 10.66. Found: C, 70.14; H, 10.56.
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Isomer B: 'H NMR (200 MHz) 60.90 (d, J = 6.8 Hz, 3H), 0.91
d, J = 6.7 Hz, 3H), 1.45-1.82 (m, 4H), 1.90 (hept, J = 6.7 Hz,
1H), 1.97-2.22 (m, 2H), 2.39 (d, J = 4.3 Hz, 1H, OH), 2.52 (4, J
= 5.8 Hz, 1H, OH), 3.88 (m, 1H), 4.13 (m, 1H), 5.80 (t,J = 3.5
Hz, 1H); 13C NMR (50 MHz) 6 17.1 (t), 17.4 (@), 19.8 (@), 25.1 (t),
31.8 (t), 32.1 (d), 66.3 (d), 78.4 (d), 126.1 (d), 140.5 (s); IR (CCLy)
v 3650-3150, 3625, 3640 cmt. Anal. Caled for CioH 1502 (170.3):
C, 70.55; H, 10.66. Found: C, 70.03; H, 11.21.

3-Todo-3-buten-2-o0l (5b).1®¢ To a solution of 772 mg (2.14
mmol) of alcohol 2b , dissolved in 50 mL of CH;Cl; at -78 °C,
was added dropwise a solution of 571 mg (2.25 mmol) of iodine
under an argon gas atmosphere. Within 3 h, the reaction mixture
was allowed to warm up to —50 °C. At this temperature 1 mL
of concd aqueous NaSO; solution was added and the mixture
allowed to warm up to room temperature. The solvent was
evaporated at 0 °C/20 Torr and the residue directly purified by
flash chromatography on 50 g of silica gel [1:1 petroleum ether
(30-50 °C)/ether as eluent] to yield 360 mg (85 % ) of a pale yellow
liquid: 'H NMR (200 MHz) 6 1.30 (d, J = 6.3 Hz, 3H), 2.07 (d,
J =5.3 Hz, 1H), 3.92 (m, 1H), 5.81 (dd, J = 1.8, 1.1 Hz, 1H), 6.36
(dd, J = 1.8, 0.3 Hz, 1H); 13C NMR (560 MHz) § 23.1 (q), 74.2 (d),
199.5 (s), 124.4 (t); IR (neat) » 3650~3050, 1608, 905 cm™!.

2-Jodo-2-cyclohexen-1-0l (5e). According to the above
procedure, from 810 mg (2.09 mmol) of stannyl alcohol 2e and
556 mg (2.19 mmol) of iodine wase obtained after flash chro-
matography on 50 g of silica gel [2:1 petroleum ether (30-50
°C)/ether as eluent] and recrystallization from this solvent 421
mg (90%) of colorless cubes: mp 44-45 °C; 'H NMR (200 MHz)
4 1.560-2.15 (m, 6H), 2.18 (d, J = 5.0 Hz, 1H), 4.18 (m, 1H), 6.49
(t, J = 8.9 Hz, 1H); 13C NMR (50 MHz) 5 17.6 (t), 29.3 (t), 31.9
(t), 72.0 (d), 103.6 (s), 141.0 (d); IR (CCly) » 3700-3100, 3580,
3030, 1620 cm™!. Anal. Caled for CeHoIO (224.0): C, 32.17; H,
4.05. Found: C, 31.96; H, 4.02.
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