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Diaster eoselective Synthesis of Enantiomerically Pure 1,2-Disubstituted

Cyclopropanols from Allylic Sulfones
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Abstract: Enantiomerically pure 1,2-disubstituted cyclopropanols
have been obtained from alylic sulfones derived from (R)-glyceral -
dehyde, in good yield.
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There are many biologically important compounds that
have a three-member carbocyclic ring,* so the develop-
ment of an asymmetric approach to these ringsis of con-
siderableinterest. The unique reactivity of cyclopropanes?
due to the high level of strain, offers considerable utility
in organic synthesis and have been widely studied during
the last years! Among cyclopropanes 1,2-disubstituted
cyclopropanols are quite rare and its chemistry offers
great potential,® especially vinylic ones.*

The use of enantiomerically pure olefins derived from R
or S-glyceraldehyde acetonide to introduce absolute con-
figuration into cyclopropane systems has received consid-
grable attention in the last years® but surprisingly
asymmetric induction of unprotected glyceraldehyde has
been little explored.

As part of our ongoing study of the reactivity® and syn-
thetic applications’ of alylic sulfoneswe report anew and
very interesting application of these compounds. The
elimination reactions of certain allyl sulfoneswith various
protecting groups, these being the same for the primary
and the secondary hydroxy group, to give 1-hydroxyme-
thyl-4-sulfonylbutadienes, have being studied by us.® This
kind of compound presents very interesting reactivity®
(Scheme 1).
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In order to preserve and use the stereogenic center present,
to obtain cyclic compounds in enantiomeric pure formin-
stead of dienesin the above reaction, it was clearly neces-
sary to establish differences between the hydroxyl groups.
For this reason the primary alcohol was converted into a
good leaving group and the secondary hydroxyl group
protected with a very stable group. For the protection of
the secondary alcohol the tetrahydropiranyl function was
chosen, due to its stability under basic conditions.® Tosy-
lation of the primary acohol or replacement with iodide
were sel ected due to ease of synthesisand differenceinre-
activity, (hardness).
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Compound 1, previously synthesised by us?, was depro-
tected with 2 N HCl in MeOH, to obtain diol 3. Thiscom-
pound reacts selectively with tosyl chloride in pyridine to
give 4, which was transformed under the usual conditions
into iodide 5, thus increasing the difference in reactivity
aready present. Compound 4 was protected as its tetrahy-
dropyrany! derivative to give 6 and thence transformed
into iodide 7, that could be obtained directly from 5
(Scheme 2).

Once the starting materials had been obtained, they were
treated separately with LDA as base. Compound 6 gave a
large number of compounds under the reaction conditions,
perhaps tosylate (hard) is not displaced by the alylic an-
ion (soft), while 7, iodide (soft) gave in good yielda 7: 3
mixture of cyclopropanols 8 and 9 respectively®
(Scheme 3). The sameratio was obtained using one or two
equivalents of base, but better yield was obtained in the
last case. When these compounds were hydrolysed with
careful work up, extraction under neutral conditions, alde-
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hyde 10 was obtained in both cases. Thisresult can be un-
derstood by protonation of the double bond and opening
of the cyclopropane ring to give the aldehyde function
with isomerisation of the doubl e bond to the conjugate po-
sition. The stereochemistry of the double bond was as-
signed by the coupling constant of hydrogen at C2 (J =
15.8 Hz).5 The 8/9 ratio, has been explained in a similar
system by de Meijere et a, by adeprotonation in position
2 and a chelate effect with the oxygen of the cyclopropyl
group!! (Scheme 3).
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Reactivity of protected cyclopropanols has received con-
siderable attention in the literature due to thefacileand re-
giocontrolled ring opening.*? So even despite of losing the
stereogeni ¢ centers this methodology is a convenient pro-
cedure to obtain a,B-unsaturated aldehydes with a sulfone
in 3-position (Scheme 3).

In order to stop the ring expansion, due to the double
bond, this function was suppressed by hydrogenation un-
der the usual conditions to aobtain the cyclopropanes 11
and 12. These were conveniently deprotected to give in
good yield the cyclopropanols 13 and 14, which are
good cyclopropane scaffolds for synthesis (Scheme 4).
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The stereochemistry of these compounds was determined
by *H NMR studies of the coupling constants J, , = 2.8 Hz
for13and J, , = 6.4 Hz for 14, and extensive NOE studies.

In conclusion, we have devel oped a convenient method of
synthesis for enantiomerically pure 1,2-disubstituted cy-
clopropanols that present a great synthetic potential and
will be reported in due course.
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(10) Experimental Detailsfor the Transformation of 7: LDA was

generated by the addition of n-butyllithium 1.6 M (0.25 mL,
0.38 mmol) to a solution of diisopropylamine (54 uL, 0.38
mmol) in THF (1.0 mL) at -78 °C. After 5 minutes, the
mixture was allowed to warm to room temperature, and then
recooled to -78 °C. Compound 7 (80 mg, 0.18 mmol) was
then added to the reaction flask via cannula as a solution in
THF (1 mL). The reaction mixture was left to stir for one
hour at -78 °C under argon before the addition of saturated
ammonium chloride solution (1 mL). The product was
extracted into ethyl acetate three times. The organic extracts
were combined, washed with water and saturated brine, then
dried over anhydrous sodium sulfate, filtered and removed
the solvent in vacuo. The mixturewas purified by flash silica
column chromatography (hexane—ethyl acetate, 9:1)
isolating 53 mg, 94% of amixture 7:3 of cyclopropanes 8
and 9. Selected datafor compound 8: [¢]?°, = +17.2°, (c =
0.79, CHCl,), *H NMR (200 MHz, CDCl;) § 0.93 (1 H, m,
Hg-3), 1.04 (1 H, g, J= 6.4 Hz, H,-3), 1.24 (1 H, m, H-2),
1.38-1.90 (6 H, m, H-2', H-3', H-4"), 3.57 (1 H, m, H,-5),
3.71 (1 H, m, H-1), 3.86 (1 H, m, Hg-5'), 4.68 (1 H, m, H-
1'),6.22and 6.30 (1 H, d, J = 15 Hz, CH=CH-S0,Ph), 6.54
(1H, dd, J=15.0 and 10.0 Hz, CH=CH-SO,Ph), 7.56 (3 H,
m, -SO,Ph), 7.86 (2 H, m, -SO,Ph). 2*C NMR (50 MHz,
CDCl;) 8 16.0and 17.1(C-3),19.3and 19.4 (C-3'), 21.5and
22.2(C-2),25.5(C-4), 29.9 and 30.6 (C-2), 59.0 (C-1),
62.6 and 62.8 (C-5'), 99.1 (C-1"), 127.5 and 128.2 (CH=CH-
S0,Ph), 127.7 (Cyre, -SO,PH), 129.5 (C,era -SO,PH), 133.4
(Cowar ~SO,PN), 141.1 (C,, -SO,Ph), 147.9 and 148.0
(CH=CH-SO,Ph). EIMS mVz (rél. int.): 309 (M* + 1, 3),
279(5), 195(5), 167(10), 125,(10), 85(100). HRMS
C,6H200.S requires 308,1082, found, 308,1082. IR (liquid
film, cm™): 3063, 2942, 1620, 1447, 1308, 1146, 1086.
Selected data for compound 9: [a]?%, = —41.7°, (c = 0.87,
CHCl,), *H NMR (200 MHz, CDCl,) 8 0.91 (2 H, m, H-3),
1.08-1.89 (7H, m, H-2', H-3', H-4', H-2), 357 (1 H, m, H,-
5, 3.76-4.02 (2 H, m, Hg-5', H-1), 442 and 4.75 (1 H, m,
H-1'), 6.42 (1 H, m, CH -SO,Ph), 6.80 (1 H, m, CH=CH -
SO,Ph), 7.56 (3H, m, -SO,Ph), 7.88 (2 H, m, -SO,Ph), 13C
NMR (50 MHz, CDCl,) § 15.8 and 17.0 (C-3), 19.3and 19.5
(C-3'),20.5and 21.1 (C-2), 25.6 (C-4"), 30.3 and 30.6

(11)

(12)

(13)

(C-2),57.0(C-1), 62.6 and 62.8 (C-5), 99.3 (C-1') 127.7
(Cortor -SO,PH), 128.6 (CH -SO,Ph), 129.3 (C/pea -SO,PH),
133.2 (Cpyas -SO,PN), 141.4 (C, s, -SO,Ph), 146.8 and 147.4
(CH=CH -SO,Ph). EIMSmz(rel. int.): 308 (M*, 3), 224(5),
195(8), 125(15), 85(100). HRMS C;H,,0,S requires
308,1082, found 308,1092. IR (film, cm™?): 2945, 1618,
1447, 1317, 1144.

Militzer, H.-C.; Schdmenauer, S.; Otte, C.; Puls, C.; Hain, J.;
Brése, S.; deMeijere, A. Synthesis 1993, 998; and references
cited therein.

(a) For general review see: Wong, H. N. C.; Hon, M.-Y .;
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Selected data for compound 13: [¢]?°, =—17.2°, (c = 0.40,
CHCl5), 'H NMR (400 MHz, CDCl,) $ 0.37 (1 H, g, J=6.0
Hz,H,-3),0.76 (1H, ddd, J=9.2,5.6 and 2.8 Hz, H;-3), 0.95
(1H, m, H-2), 1.56-1.73 (3 H, m, CH,-CH, -SO,Ph, -OH),
3.18 (2 H, m, -CH, -SO,Ph), 3.25 (1 H, dt, J=6.0, 2.8, 2.8
Hz, H-1), 7.58 (2H, m, -SO,Ph), 7.65 (1 H, m, -SO,Ph), 7.91
(2H, m, -SO,Ph), 2C NMR (50 MHz, CDCl,) § 14.9 (C-3),
19.6 (C-2), 25.2 (CH,-CH, -SO,Ph), 52.8 (C-1), 56.0 (CH, -
SO,Ph), 128.2 (C,y, -SO,Ph), 129.5 (Cperar -SO,PH), 133.9
(Cparar ~SO,Ph), 139.5 (Cpep, -SO,PN). EIMS vz (rél. int.):
226 (M*, 5), 184(10), 143(65), 125(30), 84(85), 77(100).
HRMS C,;H,,0,S requires 226.0664, found 226.0669. IR
(liquid film, cm™): 3200-3600, 2926, 1447, 1304, 1142,
1086, 689. Selected datafor compound 14: [0] %, =-8.59 (¢
=0.46, CHCl,), 'H NMR (400 MHz, CDCl,) 5 0.21 (1 H, m,
H,-3), 0.72 (L H, m, Hy-3), 1.20 (1 H, m, H-2), 1.90 (2 H, m,
CH,-CH, -SO,Ph), 3.25 (2H, m, CH,-SO,Ph), 3.53 (1 H, dt,
J=6.4, 6.4and 3.2 Hz, H-1), 7.63 (3H, m, -SO,Ph), 7.92 (2
H, m, -SO,Ph). 3C NMR (100 MHz, CDCl,) § 13.0 (C-3),
16.5 (C-2), 20.4 (CH,-CH, -SO,Ph), 49.6 (C-1), 56.4 (CH, -
S0,Ph), 127.9 (C,prg, -SO,PH), 129.2 (C,era -SO,PH), 133.6
(Cparar ~SO,Ph), 139.7 (Cpe5, -SO,Ph). EIMS Vz (rel. int.):
226 (M*, 13), 184(12), 143(70), 125(30), 77(100). HRMS
C,,H1404S requires 226.0664, found 226.0684. IR (liquid
film, cm™): 3200-3600, 3063, 2926, 2855, 1447, 1304,
1144, 1086.
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