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(E)-o-Sulfonamidocrotylboronates as Reagents for the Stereoselective
Homoaldol Synthesis!!
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The o-sulfonamidocrotylboronates 9 and 10 have been gen-
erated by nucleophilic substitution at the a-chlorocrotyl-
boronates 1b, in yields of up to 70%. The a-sulfonamidocro-
tylboronates 9 and 10 react with aldehydes at room temp.

and 4 kbar pressure to give the anti-homoallylic alcohols 13
and 14 with high simple diastereoselectivity. These latter
may be directly converted into the lactol ethers 15 in a one-
pot procedure.

Introduction

The allylmetallation of aldehydes with a-heterosubsti-
tuted allylmetal species 1 leads to homoallylic alcohols, with
high selectivity towards the anti stereoisomer 2. These
homoallylic alcohols are of general synthetic interest, be-
cause they may easily be converted into the corresponding
lactols 3. Reagents 1 are therefore considered to be homoal-
dol equivalents.>!
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Among the reagents 1, the titanated allylcarbamates 1
developed by Hoppel® are most prominent.>~°! In particu-
lar, the enantioselective generation of homoallylic alcohols
has become established™°~ 12l with the enantiomerically
pure reagent la. Reagents of this type perform very well
when reacting with chiral aldehydes in matched situ-
ations.['3] In mismatched situations, the asymmetric induc-
tion from the reagent 1 may not always be high enough to
exert sufficient reagent control of stereoselectivity.l'¥l Out
of a general interest in reagent control of stercoselectivity
in allylboration reactions, we studied the allylboration reac-
tions of the (FE)-a-chlorocrotylboronates 1b. These react
smoothly with aldehydes to give the homoallylic alcohols
2b, with high simple diastereoselectivity.[!>] The latter com-
pounds may likewise be refunctionalized to lactols and re-
lated compounds.!'®l Moreover, chiral a-chlorocrotylboron-
ates 1b react with aldehydes to give the homoallylic alcohols
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2b with > 95% ee.l'”! In reactions with chiral aldehydes,
however, the limits of this reagent have also come to light
in mismatched situations.!'”-!8] We realized that the level of
asymmetric induction depends on the energy difference be-
tween the two competing transition states 4 and 5: i.e., on
the tendency of the substitutent X to adopt an axial posi-
tion in the six-membered cyclic reaction transition state 4.
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This preference for transition state 4 over 5 is influenced
by the polarity of the C—X bond.[*’1 This prompted us to
study the o-methoxycrotylboronates 1le¢, which indeed
turned out to be superior reagents,”?” especially when re-
agent control of diastereoselectivity on reaction with chiral
aldehydes (mismatched cases) were concerned.l'® The im-
provement in going from the a-chlorocrotylboronate 1b to
the a-methoxycrotylboronate 1¢ encouraged us to evaluate
the potential of a-sulfonamidocrotylboronates 1d in stereo-
selective allylmetallation reactions.

Results and Discussion

Synthesis of the Starting Crotylboronates

D. S. Matteson®!! worked out a route to a-amidoallyl-
boronates, involving substitution on a-chloroallylboronates
by lithium hexamethyldisilazide, followed by acylation of
the resulting silylaminoallylboronate. When applied to the
a-chlorocrotylboronate 1b, this transformation furnished
the a-acetamidocrotylboronate 8 in 45% overall yield. Com-
pound 8 showed an "B NMR signal at § = 13, already
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noted by Matteson?!! as characteristic for intramolecular
coordination of the boron atom.
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We initially considered the analogous reaction of the sily-
laminoboronate 7 with sulfonyl chlorides as a route to the
reagents 1d, but found that the desired compounds 9 or 10
can be accessed directly in good yield by treatment of 1b
with the lithium salts of N-methyltoluenesulfonamide (71%)
or N-methylmethanesulfonamide (57%).

Likewise, (S)-9 could be obtained starting from the y-
silyloxyvinylboronate 11,72 via (R)-1b, in a one-pot proced-
ure (65%).
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Reaction with Aldehydes

The reactivities of 8—10 in the crotylboration of alde-
hydes were found to be low. In order to achieve reasonable
conversion over 3 d at room temperature, it was necessary
to apply high pressure (4 kbar). Thus, on treatment of 8
with benzaldehyde under 4 kbar pressure, the homoallylic
alcohol 12 was obtained in 82% yield, with a (Z)-configured
double bond. The relative configuration at the two ste-
reogenic centers was not ascertained in this case, but as-
sumed to be anti on the basis of the precedent set in the
crotylboration reactions of 1b and 1¢.['3-2%
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The results obtained on crotylboration of aldehydes with
the a-sulfonamidocrotylboronates 9 and 10 are summarized
in Table 1.
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Table 1. Treatment of a-sulfonamidocrotylboronates 9 and 10 with
aldehydes to give y-sulfonamido homoallylic alcohols 13 and 14,
and y-lactol ethers 15

Crotyl- Aldehyde Products 13,14 15
boronate R= Yield, % Yield, % trans/cis
9 Me a 69 65 97:3
9 Et b 62 69 97:3
9 iPr c 75 70 98:2
(S)-9 nBu d - 87 98:2
9 Ph e 64 70 99 :1
10 Me a - 48 96:4
10 Et b - 81 97:3
10 iPr c - 76 96:4
10 Ph e - 56 99:1

In all cases, the homoallylic alcohols 13 or 14 were ob-
tained as the (Z) isomers (3Jyp of the olefinic protons
7.5—7.7 Hz). Since the (E)/(Z) selectivity is linked to the
capability of the reagents 1 to effect asymmetric induction
on reaction with aldehydes (cf. the transition states 4 and
5), it turns out that the a-sulfonamidocrotylboronates 9 and
10 are more powerful in this respect than the a-chlorocro-
tylboronates 1b. The former apparently measure up to the
a-methoxycrotylboronates 1c¢ in this respect. For this
reason, enantiomerically pure a-sulfonamidocrotylboron-
ates 9 and 10 might be interesting candidates for reaction
with chiral aldehydes in mismatched situations. Further-
more, the simple diastereoselectivity in the reaction of 9 and
10 with aldehydes was evaluated by GC analysis after con-
version of the enamides 13 and 14 into the lactol ethers 15
by treatment with a polymer-supported sulfonic acid (Le-
watit S100) in aqueous methanol. It became apparent that
simple diastereoselectivities, (e.g., syn/anti) were in the
range of only 96—99%. This detracts from the use of the
reagents 9 and 10 in situations in which extreme stereo-
selectivity is required.

OMe
RCHO Q
B RM
\/\F MeOH R
N-so.r Me' SOZR' 15
9 R'=Tol 13 R'=Tol a: R=Me
10 R'=Me 14 R'=Me b: Et
c: iPr
d: nBu
e: Ph

The reaction of 9 or 10 with aldehydes and the conver-
sion of the enamides 13 or 14 to the lactol ethers 15 were
frequently carried out without isolation of the enamides.
Most of the reactions were carried out under 4 kbar of pres-
sure at room temperature. Treatment of 9 with benzal-
dehyde for 3 d at reflux in hexane, however, likewise resulted
in a 72% yield of 15e. This represents the easier way to carry
out these crotylboration reactions if elevated temperatures
are not a concern.
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It remained to verify that the addition of the a-sulfonam-
ido-substituted crotylboronates to aldehydes resulted in the
homoallylic alcohols 13 and 14, with the anti configuration
at the two newly formed stereocenters. To this end we oxid-
ized®] the lactol ether ent-15d to the known (—)-quercus-
lactone A (16).2*2%1 For other syntheses of enantiomerically
enriched quercus lactone see ref.[2°~4¢l This confirmed the
anti configuration of 13d, a result which should hold for all

compounds 13 and 14 obtained.
O
O
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In this case, we started out from (S)-9, which was gener-
ated from 11 of = 98% ee. The (—)-quercus-lactone 16 ob-
tained had the absolute configuration depicted, in line with
our expectations for the stereochemical course of the trans-
formation from the vinylboronate 11 to 1b (retention),’? to
9 (inversion), and the crotylboration reaction.*”] We noted,
however, that the quercus-lactone obtained had an optical
purity of only 85%. While we do not know where the partial
racemization occurred, we surmise that the substitution
step 1b — 9 is critical. In this step, chloride ions are re-
leased; these may racemize unchanged 1b through an Sy2
process. In fact, partial racemization has been noted on
conversion of 1b into 1c by substitution with lithium me-
thoxide (ca. 8%).12%

Experimental Section

General Remarks: All temperatures quoted are uncorrected. — 'H
NMR, 3C NMR: Bruker AC-300, AM-400. — Boiling range of
petroleum ether: 40—60 °C. — Flash chromatography: Silica gel SI
60, E. Merck AG, Darmstadt, 40—63 um. — Analytical gas chro-
matography: Siemens Sichromat 3 with a 30 m X 0.3 mm quartz
capillary column with DB5, 0.9 bar He.

1. 2-{(E)-1-|Bis(trimethylsilyl)amino]-2-butenyl}-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (7): n-Butyllithium in n-hexane (1.43 M,
5.60 mL, 8.0 mmol) was added dropwise at —78 °C over 10 min to
a solution of 1,1,1,3,3,3-hexamethyldisilazane (1.68 mL, 8.0 mmol)
in THF (40 mL). After stirring for 1 h, a solution of (E)-a-chloro-
crotylboronate 1b!' (2.00 g, ca. 8 mmol) in THF (10 mL) was ad-
ded dropwise over 10 min. After 1 h at —78 °C, the mixture was
allowed to come to room temperature. The solvents were removed
in vacuum and the residue was taken up in petroleum ether
(40 mL). The mixture was filtered and the filtrate was concentrated.
The residue was subjected to bulb-to-bulb distillation to give 7
(1.41 g, 52%) as a colorless liquid of b.p. 100—105 °C/0.1 Torr. —
'"H NMR (300 MHz, CDCl;): § = 0.07 (s, 18 H), 1.23 (s, 6 H),
1.24 (s, 6 H), 1.63—1.67 (m, 3 H), 3.24 (br. d, J = 2.1 Hz, 1 H),
5.49 (dqd, J = 15.2, 7.5 and 2.1 Hz, 1 H), 5.60 (ddq, J = 15.2, 3.7
and 1.5Hz, 1 H). — 3C NMR (75 MHz, CDCls): § = 2.5, 17.8,
24.7, 25.2, ca. 47 (br.), 83.5, 122.4, 133.9. — ''B NMR (96 MHz,
CDCl3): 8 = 20.4. — C,cH3,BNO,Si, requires M* = 341.23776,
found 341.23599.

2. 2-|(E)-1-Acetamido-2-butenyl]-4,4,5,5-tetramethyl-1,3,2-diox-
aborolane (8): n-Butyllithium in hexane (1.45 M, 6.90mL,
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10.0 mmol) was added dropwise at —78 °C to a solution of hexa-
methyldisilazane (1.61 g, 10.0 mmol) in THF (50 mL). After stir-
ring for 1 h, a solution of (E)-a-chlorocrotylboronate 1b!!31 (2.50 g,
ca. 10 mmol) in THF (5 mL) was added dropwise at —78 °C. After
stirring for 1 h, the mixture was allowed to come to room temper-
ature and was recooled to —78 °C. Acetic anhydride (2.84 mL,
30.0 mmol), and then acetic acid (0.57 mL, 10 mmol), were added.
The mixture was allowed to come to room temperature and the
solvents were removed in vacuum. The residue was partitioned be-
tween diethyl ether (50 mL) and water (20 mL). The phases were
separated and the aqueous phase was extracted with ether (3 X
20 mL). The combined organic phases were washed with brine
(10 mL), dried (MgSO,), and concentrated. Flash chromatography
of the residue with ether/methanol (20:1) furnished 8 (1.03 g, 45%)
as a colorless, viscous oil. — 'H NMR (300 MHz, CDCls): § =
1.10 (s, 6 H), 1.11 (s, 6 H), 1.64 (d, J = 4.5 Hz, 3 H), 2.05 (s, 3 H),
3.0 (br. d, J = 5.6 Hz, 1 H), 5.32—5.46 (m, 2 H), 9.76 (br. s, 1 H).
— BC NMR (75 MHz, CDCly): § = 16.9, 17.6, 24.6, 25.0, ca. 50
(br.), 80.3, 124.6, 129.9, 175.4. — "B NMR (96 MHz, CDCl,): § =
13.4. — C;H,,BNO;3 (239.1): caled. C 60.28, H 9.27, N 5.86; found
C 60.39, H 9.47, N 5.92.

3. 4,4,5,5-Tetramethyl-2-{( E)-1-|methyl(tolylsulfonyl)amino]-2-
butenyl}-1,3,2-dioxaborolane (9): n-Butyllithium in n-hexane (1.43
M, 7.70 mL, 11.0 mmol) was added dropwise at —78 °C to a solu-
tion of N-methyl-p-toluenesulfonamide (2.04 g, 11.0 mmol) in THF
(40 mL). After stirring for 1 h at —78 °C, a solution of (E)-a-chloro-
crotylboronate 1b'*! (ca. 11 mmol) in THF (10 mL) was added
dropwise. After another 1 h at —78 °C, the mixture was allowed to
come to room temperature. Semisaturated, aqueous NH,4CI solu-
tion (30 mL) and diethyl ether (30 mL) were added. The phases
were separated and the aqueous phase was extracted with ether (3
X 30 mL). The combined organic phases were washed with brine
(20 mL), dried (MgSQ,), and concentrated. Flash chromatography
of the residue with petroleum ether/ethyl acetate (4:1) furnished 9
(2.85 g, 71%) as a viscous oil. — '"H NMR (300 MHz, CDCls): § =
1.22 (s, 6 H), 1.24 (s, 6 H), 1.63 (d, J = 6.2 Hz, 3 H), 2.40 (s, 3 H),
2.63 (s, 3 H), 3.41 (d, J = 8.3 Hz, | H), 5.37 (ddq, J = 15.3, 8.2,
and 1.4 Hz, 1 H), 5.54 (dqd, J = 15.3, 6.4, and 0.65 Hz, 1 H), 7.27
(d, J = 82Hz, 2 H), 7.73 (d, J = 8.2 Hz, 2 H). — '3C NMR
(75 MHz, CDCl;): & = 17.8, 21.5, 24.6, 24.7, 33.8, 83.9, 126.6,
127.3,128.0, 129.2, 129.3, 142.9. — "B NMR (96 MHz, THF): § =
30.8. — C;gH2sBNO,S (365.3): caled. C 59.18, H 7.73, N 3.83;
found C 59.13, H 7.63, N 3.90.

Compound (S)-9: SOCI, (distilled from linseed oil and quinoline
0.25 mL, 3.5 mmol) and Co(NO;)3(H,0)s (ca. 5Smg) were added
to a solution of (S)-4,4,5,5-tetramethyl-2-[(E)-3-trimethylsilyloxy-1-
butenyl]-1,3,2-dioxaborolane (11)? (0.81 g, 3.0 mmol) in petro-
leum ether (30 mL). The mixture was stirred at room temperature
and the reaction was monitored by 'H NMR. After 8 h, the solv-
ents were removed in vacuum. The residue was taken up in petro-
leum ether (50 mL) and concentrated again, giving the crude (R)-
1b. Its enantiomeric purity was determined (by treatment of an
aliquot with benzaldehyde, treatment of the resulting homoallylic
alcohol with isopropyl isocyanate and GC analysis of the resulting
carbamate using a chiral column)!'>! to be > 98%. The crude 1b
obtained was converted into 9 (0.71 g, 65%) as described above.

4. 4,4,5,5-Tetramethyl-2-[(E)-1-{methyl(methylsulfonyl)amino]-2-
butenyl}-1,3,2-dioxaborolane (10): n-Butyllithium in hexane (1.47 m,
13.6 mL, 20.0 mmol) was added dropwise at —78 °C to a solution
of N-methylmethanesulfonamide (2.18 g, 20.0 mmol) in THF
(80 mL). After stirring for 1h, a solution of (E)-a-chlorocrotyl-
boronate 1b!!31 (ca. 20 mmol) in THF (20 mL) was added. After
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stirring for 1 h at —78 °C, the mixture was allowed to come to room
temperature. Semisaturated, aqueous NH4Cl solution (50 mL) was
added and the mixture was extracted with ether (4 X 40 mL). The
combined organic phases were washed with brine (30 mL), dried
(MgS0O,), and concentrated. Rapid flash chromatography with pet-
roleum ether/ethyl acetate (3:1) furnished 10 (3.32 g, 57%) as a yel-
lowish, viscous oil. — '"H NMR (300 MHz, CDCls): § = 1.25 (s,
12 H), 1.71 (dt, J = 6.4 and 1.0 Hz, 3 H), 2.81 (s, 3 H), 2.86 (s, 3
H), 3.58 (d, J = 7.9 Hz, 1 H), 5.49 (ddq, J = 15.3, 6.7, and 1.4 Hz,
1 H), 5.66 (dqd, J = 15.3, 6.4, and 0.7 Hz, 1 H). — 3C NMR
(75 MHz, CDCly): & = 17.9, 24.7, 24.8, 33.8, 38.0, 84.1, 126.4,
129.2. — "B NMR (96 MHz, CDCls): § = 30.8. — C;,H,4BNO,S
(290.2): caled. C 49.84, H 8.36, N 4.84, found C 49.89, H 8.08,
N 4.76.

5. (1R*,2R*,3Z)-4-Acetamido-2-methyl-1-phenyl-3-buten-1-ol (12):
A solution of 8 (0.19 g, 0.83 mmol) and benzaldehyde (96 mg,
0.91 mmol) in diethyl ether (2 mL) was pressurized to 4 kbar for 3
d. Triethanolamine (127 mg, 0.85 mmol) was added and the mix-
ture was stirred for 3 h at room temperature. The mixture was fil-
tered and the filtrate was concentrated. A '"H NMR spectrum of
the residue showed the presence of a single diastereomer. Flash
chromatography of the residue with ethyl acetate furnished 12
(149 mg, 82%) as a colorless solid of m.p. 133 °C. — 'H NMR
(300 MHz, [Dglacetone): 6 = 0.83 (d, J = 6.8 Hz, 3 H), 1.89 (s, 3
H), 2.75-2.86 (m, 1 H), 4.29 (d, J = 3.9 Hz, | H), 445 (dd, J =
6.6 and 3.9 Hz, 1 H), 4.58 (t, J = 9.4 Hz, 1 H), 6.61-6.68 (m, 1
H), 7.21 (tt, J = 7.0 and 3.3 Hz, 1 H), 7.27—7.37 (m, 4 H), 8.53
(br. s, 1 H). — 3C NMR (75 MHz, [DgJacetone): & = 18.0, 22.8,
39.4, 78.7, 113.5, 122.9. 127.6, 127.8, 128.6, 145.2, 167.8. —
Cy3H7NO, (219.3): caled. C 71.21, H 7.81, N 6.39; found C 71.24,
H 8.01, N 6.24.

6. (25%,3R*,47)-3-Methyl-5-|methyl(tolylsulfonyl)amino]-4-penten-
2-0l (13a): A solution of 9 (0.73 g, 2.0 mmol) and acetaldehyde
(0.13 g, 3.0 mmol) in petroleum ether (5 mL) was pressurized to 4
kbar for 3 d. '"H NMR analysis of the crude product verified that
the geometry of the double bond was (Z). The crude product was
taken up in diethyl ether (10 mL), and triethanolamine (0.30 g,
2.0 mmol) was added. After 3 h at room temperature, saturated,
aqueous NH4Cl solution (5 mL) was added. The phases were separ-
ated and the aqueous phase was extracted with ether (3 X 15 mL).
The combined organic extracts were washed with brine (10 mL),
dried (MgSO,), and concentrated. Flash chromatography of the
residue with petroleum ether/ethyl acetate (4:1) furnished 13a
(0.39 g, 69%) as a colorless oil. — '"H NMR (300 MHz, CDCls):
=097 (d,J = 6.8Hz 3 H), 1.20 (d, J = 6.2 Hz, 3 H), 2.30 (d,
J =59Hz, 1H), 2.42 (s, 3 H), 2.78 (s, 3 H), 2.88—3.01 (m, 1 H),
3.46—3.59 (m, 1 H), 5.35(d, J = 7.8 Hz, 1 H), 5.42 (dd, J = 10.2
and 7.8 Hz, 1 H), 7.30 (d, / = 8.3 Hz, 2 H), 7.63 (d, / = 8.3 Hz,
2 H). — *C NMR (75 MHz, CDCly): § = 17.1, 21.2, 24.7, 38.0,
39.2,71.4,127.2,127.7, 129.6, 133.2, 136.1, 143.7. — For elemental
analysis, a sample of the alcohol was converted into the acetate:
Ci6H23NO,S (325.4): caled. C 59.05, H 7.12, N 4.30; found C
59.01, H 7.08, N 4.26.

7. (35*,4R*,5Z)-4-Methyl-6-[methyl(tolylsulfonyl)amino]-5-hexen-3-
ol (13b): Compound 9 (0.36 g, 1.0 mmol), propanal (70 mg,
1.2 mmol), and triethanolamine (149 mg, 1.0 mmol) were allowed
to react as described under 6. to give 13b (185 mg, 62%) as a color-
less oil. — '"H NMR (400 MHz, CDCl5): § = 0.97 (t, J = 7.4 Hz,
3 H), 0.99 (d, J = 6.8 Hz, 3 H), 1.32—1.44 (m, 1 H), 1.56—1.66
(m, 1 H), 2.18 (d, J = 6.2 Hz, 1 H), 2.42 (s, 3 H), 2.78 (s, 3 H),
2.99-3.08 (m, 1 H), 3.27-3.33 (m, 1 H), 532 (d, J = 7.6 Hz, 1
H), 5.45 (dd, J = 10.5 and 7.6 Hz, 1 H), 7.31 (d, J = 8.0 Hz, 2 H),
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7.62—7.65 (m, 2 H). — 3C NMR (100 MHz, CDCls): § = 9.7,
17.4, 21.5, 27.8, 37.1, 38.2, 76.8, 127.0, 127.8, 129.6, 136.7, 143.8,
one signal obscured. The material was not characterized further.

8. (35*4R*,57)-2,4-Dimethyl-6-[methyl(p-tolylsulfonyl)amino]-5-
hexen-3-o0l (13c): Compound 9 (365 mg, 1.0 mmol), 2-methylpro-
panal (86 mg, 1.2 mmol), and triethanolamine (149 mg, 1.0 mmol)
were allowed to react as described under 6. to give 13¢ (233 mg,
75%) as a colorless oil. — 'H NMR (300 MHz, CDCl;): § = 0.90
(d,J=6.8Hz,3H),096(d,J=55Hz 3H),098(d,J = 6.8 Hz,
3 H), 1.70—1.80 (m, 1 H), 2.34—2.41 (m, 1 H), 2.41 (s, 3 H), 2.76
(s, 3 H), 3.09—-3.23 (m, 2 H), 5.23 (d, J = 7.7 Hz, 1 H), 5.47 (dd,
J =102 and 7.7 Hz, 1 H), 7.30 (d, J = 8.1 Hz, 2 H), 7.63 (d, J =
8.1 Hz, 2 H). — 3C NMR (75 MHz, CDCl,): § = 15.2, 17.6, 20.2,
21.5, 30.2, 35.0, 38.2, 80.1, 126.7, 127.9, 129.6, 137.5, 143.8, one
signal obscured. The material was not characterized further.

9. (1R*,2R*,3Z)-2-Methyl-4-[methyl(p-tolylsulfonyl)amino]-1-phe-
nyl-3-buten-1-0l (13e¢): Compound 9 (365 mg, 1.0 mmol), benzal-
dehyde (127 mg, 1.2mmol), and triethanolamine (149 mg,
1.0 mmol) were allowed to react as described under 6. Flash chro-
matography with petroleum ether/ethyl acetate (3:1) furnished 13e
(0.220 g, 64%) as a colorless oil. — "H NMR (300 MHz, CDCls):
8 =0.85(d, J = 6.7Hz 3 H), 2.42 (s, 3 H), 2.67 (s, 3 H), 3.23 (br.
d, J = 58Hz 1 H), 3.28—3.41 (m, 1 H), 4.35 (dd, J = 8.4 and
58Hz, 1 H), 533 (d, / = 7.7Hz, 1 H), 5.55 (dd, J = 10.6 and
7.7 Hz, 1 H), 7.22—7.38 (m, 7 H), 7.64—7.67 (m, 2 H). — 1*C NMR
(75 MHz, CDCl;): 8 = 17.5, 21.5, 38.0, 39.7, 78.8, 126.8, 127.5,
127.8, 128.2, 129.7, 133.2, 136.7, 143.3, 143.9, one signal obscured.
— C19H»3NO3S (345.5): caled. C 66.06, H 6.71, N 4.05; found C
66.32, H 6.36, N 4.01.

10. (4R*,55%)-2-Methoxy-4,5-dimethyloxolane (15a): A solution of
9 (730 mg, 2.0 mmol) and acetaldehyde (132 mg, 3.0 mmol) in pet-
roleum ether (5 mL) was pressurized to 4 kbar for 3 d. The mixture
was concentrated, and methanol (10 mL) and water (10 mL) were
added. Ion exchange resin (Lewatit S 100, 1.0 g) was added and the
mixture was maintained under reflux for 1 d. The mixture was fil-
tered and the solution was saturated with NaCl. The solution was
extracted with ether (4 X 30 mL). The combined extracts were
washed with brine (10 mL), dried (MgSO,), and concentrated. Dis-
tillation of the residue at 60 °C/100 Torr furnished 15a (1.69 g,
65%) as a 55:45 anomer mixture. The diastereomer ratio was deter-
mined as 97:3 by gas chromatography. — The material showed 'H
and '3C NMR spectroscopic data identical to those reported earl-
ier.?l — Likewise, compound 10 (290 mg, 1.0 mmol) and acetalde-
hyde (66 mg, 1.5 mmol) were allowed to react as described above
to furnish 15a (62 mg, 48%) with a diastereoselectivity of 95.8:4.2.

11. (4R*,55%)-5-Ethyl-2-methoxy-4-methyloxolane (15b): Com-
pound 9 (365 mg, 1.0 mmol), propanal (70 mg, 1.2 mmol), and Le-
watit S 100 (1.00 g) were allowed to react as described under 10. to
give 15b (100 mg, 69%) as a 1:1 anomer mixture of b.p. 60 °C/
100 Torr. GC analysis showed the diastereoselectivity to be
97.1:2.9. — '"H NMR (300 MHz, CDCI;): anomer 1: § = 3.34 (s, 3
H), 4.95 (dd, J = 5.7 and 2.9 Hz, 1 H); anomer 2: 6 = 3.30 (s, 3
H), 4.89 (d, J = 49Hz 1 H). — 3C NMR (75 MHz, CDCl;):
anomer 1: 6 = 10.4, 17.4, 28.5, 36.2,41.9, 54.1, 88.3, 104.4; anomer
2: 8 =104, 17.4, 26.5, 37.7, 41.4, 54.7, 85.4, 104.6. — CgH ;60>
(144.2): caled. C 66.63, H 11.18; found C 66.47, H 11.16.

12. (4R*,55%)-2-Methoxy-4-methyl-5-(1-methylethyl)oxolane (15c):
Compound 9 (365mg, 1.0 mmol), 2-methylpropanal (87 mg,
1.2 mmol), and Lewatit S 100 (1.00 g) were allowed to react as de-
scribed under 10. to give 15¢ (2:1 anomer mixture, 110 mg, 70%)
of b.p. 80 °C/100 Torr. The diastereoselectivity was determined as
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98.2:1.8. — 'H NMR (300 MHz, CDCl;): anomer 1: & = 0.93 (d,
J = 69Hz 3 H), 097 (d, J = 6.7Hz, 3 H), 1.03 (d, J = 6.5Hz,
3 H), 1.59 (ddd, J = 12.5, 10.9 and 4.9 Hz, 1 H), 1.64—1.82 (m, 1
H), 2.06 (dd, J = 12.5 and 7.0 Hz, 1 H), 2.12-2.29 (m, 1 H),
3.25-3.28 (m, 1 H), 3.30 (s, 3 H), 4.87 (d, J = 4.9 Hz, 1 H); anomer
2:8 =092, J = 6.7Hz 3 H), 093 (d, / = 6.9 Hz, 3 H), 1.07
(d, J = 6.8 Hz, 3 H), 1.49 (ddd, J = 13.2, 5.5 and 2.0 Hz, 1 H),
1.64—1.82 (m, 1 H), 1.86—1.99 (m, 1 H), 2.12—2.29 (m, 1 H), 3.31
(s, 3 H), 3.38 (dd, J = 7.3 and 5.4 Hz, | H), 4.94 (dd, J = 5.4 and
2.0 Hz, 1 H). — BC NMR (75 MHz, CDCl): anomer 1: § = 18.5,
18.6, 19.5, 33.1, 34.3, 42.4, 54.2, 92.3, 104.2; anomer 2: 18.0, 18.9,
19.6, 31.3, 34.3, 41.4, 54.4, 89.4, 104.6. — CoH,50, (158.2): calcd.
C 68.31, H 11.47; found C 68.24, H 11.40.

13. (4R,55)-2-Methoxy-4-methyl-5-butyloxolane (ent-15d): Com-
pound (5)-9 (548 mg, 1.5 mmol), n-pentanal (172 mg, 2.0 mmol),
and Lewatit S100 (0.750 g) were allowed to react as described under
10. to give 15d (1:1 anomer mixture, 241 mg, 87%) of b.p. 80 °C/
100 Torr. The diastereomer ratio was determined as 98.2:1.8. — 'H
NMR (300 MHz, CDCls): anomer 1: & = 0.89 (t, J = 6.7 Hz, 3
H), 1.01 (d, J = 6.7 Hz, 3 H), 1.30—1.63 (m, 7 H), 1.66—1.78 (m,
1 H), 2.33 (ddd, J = 13.3, 9.3, and 5.7 Hz, 1 H), 3.33 (s, 3 H),
3.45-3.53 (m, 1 H), 4.95 (dd, J = 5.7 and 2.9 Hz, 1 H); anomer
2: 6 =090 (t, J = 6.7Hz, 3 H), 1.01 (d, J = 6.2Hz, 3 H),
1.26—1.64 (m, 7 H), 2.00—2.12 (m, 2 H), 3.30 (s, 3 H), 3.50 (td,
J =17.6and 42Hz, 1 H), 489 (d, J = 49 Hz, 1 H). — 3C NMR
(75 MHz, CDCls): anomer 1: 8 = 14.0, 17.2, 22.8, 28.6, 33.5, 38.3,
41.4, 54.8, 84.1, 104.6; anomer 2: 5 = 14.0, 17.3, 22.9, 28.6, 35.7,
36.8,41.9, 54.2, 87.1, 104.4. — C;,H»00, (172.3): caled.C 69.72, H
11.70; found C 69.70, H 11.89.

14. (4R*,5R*)-2-Methoxy-4-methyl-5-phenyloxolane (15e): Com-
pound 9 (365 mg, 1.0 mmol), benzaldehyde (106 mg, 1.0 mmol),
and Lewatit S100 (1.00 g) were allowed to react as described under
10. Flash chromatography of the crude product with petroleum
ether/ether (20:1) furnished 15e (55:45 anomer mixture, 135 mg,
70%) as a colorless oil. The diastereoselectivity was determined as
99.1:0.9. — Likewise, treatment of 9 with benzaldehyde in hexane
for 3 d under reflux furnished 72% of 15e, with a diastereoselectiv-
ity of 99.0:1.0. — The '"H NMR and '*C NMR spectroscopic data
were identical to those reported earlier.*"!

15. (4R,5S5)-5-Butyl-4,5-dihydro-4-methylfuran-2(3H)-one (16): m-
Chloroperbenzoic acid (previously dried in solution with 4-A mo-
lecular sieves, 276 mg, 1.60 mmol) was dissolved in dichlorome-
thane (3mL). This solution was added to a solution of 15d
(149 mg, 0.80 mmol) in dichloromethane (4 mL) at 0 °C. BF5-OEt,
(0.20 mL, 1.6 mmol) was added dropwise and stirring was con-
tinued for 5 h at 0 °C. Saturated, aqueous NaHCOj solution (5 mL)
was added, the phases were separated, and the aqueous phase was
extracted with dichloromethane (3 X 10 mL). The combined or-
ganic phases were dried (MgSO,) and concentrated. Flash chroma-
tography of the residue with petroleum ether/ether (3:1) furnished
16 (98 mg, 73%) as a colorless oil. — [0]l = —66.9 (¢ = 1.20,
methanol); cf. ref.?4: [a]ls = +79 (¢ = 1.04, methanol). — The 'H
NMR and '*C NMR data corresponded to those given in ref.*’!

Acknowledgments

We thank the DFG (SFB 260) and the European Union (Network
ERB-CHRXCT94-0620) for support of this study.

1 R. W. Hoffmann, J. Kriiger, D. Briickner, New. J. Chem., in
press.

Eur. J. Org. Chem. 2001, 323—328

21 D. Hoppe, Angew. Chem. 1984, 96, 930—946; Angew. Chem.
Int. Ed. Engl 1984, 23, 932.

B D. Hoppe; O. Zschage, in: Organic Synthesis via Organometal-
lics (Eds.. K. H. Do6tz; R. W. Hoffmann), Vieweg,
Braunschweig, 1991, pp. 267—283.

4 Q. Zschage, D. Hoppe, Tetrahedron 1992, 48, 5657—5666.

31 D. Hoppe, T. Krdmer, J.-R. Schwark, O. Zschage, Pure Appl.
Chem. 1990, 62, 1999—2006.

[l D. Hoppe, T. Hense, Angew. Chem. 1997, 109, 2376—3410; An-
gew. Chem. Int. Ed. Engl. 1997, 36, 2282—2316.

7l L. Le Menez, V. Fargeas, J. Poisson, J. Ardisson, J.-Y. Lallem-
and, A. Pancrazi, Tetrahedron Lett. 1994, 35, 7767—7770.

81 P. Le Menez, N. Firmo, V. Fargeas, J. Ardisson, A. Pancrazi,
Synlett 1994, 995—997.

®l D. Hoppe, G. Tarara, M. Wilckens, P. G. Jones, D. Schmidt, J.
J. Stezowski, Angew. Chem. 1987, 99, 1079—1081; Angew.
Chem. Int. Ed. Engl. 1987, 26, 1034—1036.

101 H. Paulsen, D. Hoppe, Tetrahedron 1992, 48, 5667—5670.

11 Q. Zschage, J.-R. Schwark, T. Kriamer, D. Hoppe, Tetrahedron
1992, 48, 8377—8388.

[121 B. Peschke, J. LiiBmann, M. Dyrbusch, D. Hoppe, Chem. Ber:
1992, 125, 1421—1430.

3R, W. Hoffmann, W. Ladner,
1631—1642.

141 D. Hoppe, T. Krimer, C. F. Erdbriigger, E. Egert, Tetrahedron
Lett. 1989, 30, 1233—1236.

ISIR. W. Hoffmann, S. Dresely, J. W. Lanz, Chem. Ber. 1988,
121, 1501—1507.

161 R, W. Hoffmann, V. Giesen, M. Fuest, Liebigs Ann. Chem.
1993, 629—639.

171 R. W. Hoffmann, S. Dresely, B. Hildebrandt, Chem. Ber. 1988,
121, 2225-2230.

O8I M. W. Andersen, B. Hildebrandt, G. Dahmann, R. W.
Hoffmann, Chem. Ber. 1991, 124, 2127-2139.

9T R. W. Hoffmann, J. J. Wolff, Chem. Ber. 1991, 124, 563—569.

(201 R.W. Hoffmann, S. Dresely, Chem. Ber. 1989, 122, 903—909.

2D, J. Matteson, T. J. Michnick, R. D. Willett, C. D. Patterson,
Organometallics 1989, 8, 726—729.

[221 R. W. Hoffmann, S. Dresely, Synthesis 1988, 103—106.

231 P. A. Grieco, T. Oguri, Y. Yokoyama, Tetrahedron Lett. 1978,
419-420.

1241 N. Masuda, K. Nishimura, Chem. Lett. 1981, 1333—1336.

21 C.  Giinther, A. Mosandl, Liebigs Ann. Chem. 1986,
2112-=2122.

1261 H. Nishikori, K. Ito, T. Katsuki, Tetrahedron: Asymmetry 1998,
9, 1165—1170.

271'S. Tsuboi, J.-I. Sakamoto, H. Yamashita, T. Sakai, M. Utaka,
J Org. Chem. 1998, 63, 1102—1108.

281 C. Harcken, R. Brueckner, Angew. Chem. 1997, 109,
2866—2868; Angew. Chem. Int. Ed. 1997, 36, 2750—2752.

1291 T. Chevtchouk, J. Ollivier, J. Salaun, Tetrahedron: Asymmetry
1997, 8, 1011—-1014.

BOI K. Ito, M. Yoshitake, T. Katsuki, Tetrahedron 1996, 52,
3905—-3920.

BUK. Ito, M. Yoshitake,
1027—-1028.

[321 H. Takahata, Y. Uchida, T. Momose, J. Org. Chem. 1995, 60,
5628—5633.

331'Y-C. Pai, J-M. Fang, S.-H. Wu, J Org Chem. 1994, 59,
6018—6025.

B4 H. Takahata, Y. Momose, T. Uchida, Tetrahedron Lett. 1994,
35, 4123—4124.

331 D. F. Taber, J. B. Houze, J. Org. Chem. 1994, 59, 4004—4006.

BT, Ebata, K. Matsumoto, H. Yoshikoshi, K. Koseki, H. Ka-
wakami, K. Okano, H. Matsuhita, Heterocycles 1993, 36,
1017—1026.

1371 B. Sarmah, N. C. Barua, Tetrahedron 1993, 49, 2253—2260.

1381 O. Miyata, T. Shinada, K. Kawakami, K. Taji, I. Ninomiya, T.
Naito, T. Date, K. Okamura, Chem. Pharm. Bull. 1992, 40,
2579—-2581.

1391 Q. Zschage, D. Hoppe, Tetrahedron 1992, 48, 5657—5666.

[0l G, V. M. Sharma, S. R. Vepachedu, S. Chandrasekhar, Synth.
Commun. 1990, 20, 3403—3410.

“11T. Ebata, K. Matsumoto, H. Yoshikoshi, K. Koseki, H. Ka-
wakami, H. Matsushita, Heterocycles 1990, 31, 1585—1588.

Chem. Ber. 1983, 116,

T. Katsuki, Chem. Lett. 1995,

327



FULL PAPER

A. Schlapbach, R. W. Hoffmann

421 D. Hoppe, O. Zschage, Angew. Chem. 1989, 101, 67—69; An-
gew. Chem. Int. Ed. Engl. 1989, 28, 69—71.

M3 R. M. Ortuno, M. Merce, J. Font, Tetrahedron 1987, 43,
4497—-4506.

441 J. Salaun, B. Karkour, Tetrahedron Lett. 1988, 29, 1537—1540.

328

431 R. Bloch, L. Gilbert, J. Org. Chem. 1987, 52, 4603—4605.
[461 . P. Marino, R. Fernandez de la Pradilla, Tetrahedron Lett.
1985, 26, 5381—5384.
471 R. W. Hoffmann, Pure Appl. Chem. 1988, 60, 123—130.
Received July 11, 2000
[000348]

Eur. J. Org. Chem. 2001, 323328



