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ABSTRACT

Treatment of acyclicR-hydroxy and R-tosylamino sulfinyl dienes with amines affords enantiopure 1,4-diol or 1,4-hydroxysulfonamide derivatives
in good yields and diastereoselectivities. This one-pot procedure entails a conjugate addition that triggers a diastereoselective
sulfoxide�sulfenate [2,3]-sigmatropic rearrangement.

Thediastereoselective preparationof acyclic 1,4-diols and
1,4-aminoalcohols constitutes an important field in syn-
thetic organic methodology1 and natural product
synthesis.2 In contrast to 1,2-, 1,3-, or 1,5-derivatives, there
are few general methods to prepare these targets. On the
other hand, unsaturated systems have attracted consider-
able attention due to their presence in natural products or
their precursors3 and the potential in being converted into
interesting saturated derivatives. The main strategies
developed to achieve stereocontrol in the synthesis of

acyclic unsaturated 1,4-diols entail the addition of orga-
nometallic reagents,4 or terminal alkynes,5 to carbonyl
derivatives. Alternatively, the stereoselective reduction of
functionalized ketones has also been described, however
with some substrate limitations.6 Other recent methods
have relied on 1,4-hydroxycarbonyl compounds,7 epoxides,8

or 1,3-dienes.9

Comparatively, the diastereoselective preparation of
substituted 2-ene-1,4-aminoalcohol derivatives has been
scarcely documented. Some of the approaches reported
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involvePd-catalyzedallylic substitution,10 enantioselective
alkylation of 4-aminoaldehydes,11 or reductive cleavage of
functionalized cycloadducts.12

In recent years, readily available dienyl alcohols and
amines 2 and 3 (Scheme 1) have been successfully applied
to the stereoselective synthesis of a wide variety of hetero-
cycles and densely functionalized products.13 Within this
context, and in connection with our interest in the [2,3]-
sigmatropic rearrangement of allylic sulfoxides,14 we envi-
sioned that a conjugate addition of a suitable
nucleophile13d would produce a vinyl sulfoxide A15 that
could undergo base-induced isomerization to allylic sulf-
oxide B with a thermodynamically favored E-alkene

geometry. The diastereoselective formation of B, influ-
enced by the contiguous chiral centers as well as the
stereochemical outcome of the ensuing [2,3]-sigmatropic
rearrangement would lead, after sulfenate cleavage, to
valuable acyclic 1,4-diol or 1,4-aminoalcohol derivatives
4 and 5. The [2,3]-sigmatropic rearrangement of allylic
sulfoxides has been widely exploited for the preparation of
optically pure allylic alcohols;16 however, relatively few
examples exist of the diastereocontrolled acyclic variant.17

We began our investigation by submitting alcohols 2a
and 3a,18 epimers at C-1, to treatment with piperidine in
ethanol. Unfortunately, equimolecular mixtures of the
desired 1,4-diols were obtained for both diastereomers
(Table 1, entries 1 and 2). In contrast, the use of toluene
led to a clear improvement of diastereoselectivity for
diastereoisomer 2a that led to 4a in excellent dr (Table 1,
entries 3 and 4). The use of DMF did not improve the
diastereoselectivities found with toluene (Table 1, entries 5
and 6).
Having established the viability of the process, we envi-

sioned that protection of the hydroxyl group could improve

Scheme 1. Proposed Reaction Pathway

Table 1. Solvent Screening for Synthesis of 1,4-Diols

entry SM P solvent

major

product

anti/syn dr

(yield %)a,b,c

1 2a H EtOH 4a 60:40 (89)

2 3a H EtOH ent-4a 55:45 (90)

3 2a H toluene 4a 90:10 (97)

4 3a H toluene ent-5a 35:65 (78)

5 2a H DMF 4a 80:20 (72)

6 3a H DMF ent-5a 40:60 (90)

7 6a SiBu3 EtOH 8a 60:40 (88)

8 7a SiBu3 EtOH ent-8a 90:10 (92)

9 6a SiBu3 toluene 8a 60:40 (93)

10 7a SiBu3 toluene ent-8a 85:15 (92)

11 6a SiBu3 DMF 8a 82:18 (91)

12 7a SiBu3 DMF ent-8a 78:22 (92)

aRatio determined by 1H NMR analysis. bCombined yield. cAbso-
lute configuration at C-4 was determined by derivatization with (S)-
MPA.
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the diastereocontrol and lead to differentially protected 1,4-
diols. Thus, silyl ethers 6a and 7a were submitted to the
reaction conditions. In ethanol, while 6a yielded a 60:40
mixture of 1,4-diols 8a and 9a, diastereoisomer 7a, with anS
configuration at C-1, afforded ent-8a with highly improved
diastereoselectivity (90:10, Table 1, entries 7 and 8). The use
of toluene did not significantly alter the results found in
ethanol (Table 1, entries 9 and 10). Finally, 6a (C-1R) led to
a significant improvement in selectivity inDMFand 7a (C-1
S) gave a slightly less selective mixture (Table 1, entries 11
and 12). In conclusion, each epimer atC-1 (2a and 7a) holds
a favorable array of stereocenters under the appropriate
reaction conditions to afford anti 1,4-diol derivatives with
high yields and selectivities.

The scope of the process was then examined by varying
the nature of R1, R2, and the nucleophile on the stereo-
reinforcing diastereoisomer of the alcohol (2) in toluene.
Thus, ethyl derivative 2c led mainly to diol 4c with slight
erosion of the dr (Table 2, entry 2). The viability of
generating a tertiary alcohol was examined by employing
4-substituted alcohol 2d which led to the desired product
4d in good yield and excellent diastereoselectivity (Table 2,
entry 3). Finally, using benzylamine as the nucleophile did
not significantly affect the reaction, affording 4a0 in good
yield and stereoselectivity (Table 2, entry 4).
Similarly, the behavior of stereoreinforcing silylated

isomer 7 in EtOH was examined, with better results for
7b and with slightly diminished selectivity for 7c (Table 2,
entries 6 and 7). Introduction of a new substituent at C-4
afforded tertiary alcohol ent-8d again in good yield and
excellent diastereoselectivity (Table 2, entry 8). Finally, the

use of benzylamine produced ent-8a0 with 90:10 dr
(Table 2, entry 9).

To extend the scopeof themethod to the synthesis of 1,4-
hydroxysulfonamides we briefly examined the behavior of
sulfonamides 2eand 3e inEtOHand toluene.While the use
of EtOH led to low diastereocontrol for both isomers
(Table 3, entries 1 and 2), a significant enhancement of
selectivity was found in toluene (Table 3, entries 3 and 4).19

Our proposal to account for the stereochemical outcome
of the process is shown in Scheme 2.20 In toluene, an
intramolecular hydrogen bond between the sulfoxide and
the OH group would determine the major chairlike six-
membered conformation for the allylic sulfoxides gener-
ated from 2, resulting in epimer (1R,2S)-I, that has no
serious 1,3-diaxial interactions, being more favored than
(1R,2R)-I (not shown). Subsequent sigmatropic rearrange-
ment would lead predominantly to anti 1,4-diols 4. The
decreased selectivity found for 1,4-aminoalcohols is con-
sistent with the lower ability of theNH to form a hydrogen
bond with the sulfinyl oxygen. Alternatively, in ethanol,
gauche interactions would be responsible for the relative
stability of allylic sulfoxides (1S,2R)-II vs (1S,2S)-II (not
shown) generated from silyl ethers 7. In reactive conformer
(1S,2R)-II, allylic strain is also minimized by situating H2

and R1 (H or Me) in a 1,3-syn relative disposition and by
positioning the substituents at C1 to reduce the steric
interaction with the sulfur p-tolyl group21 to give anti
ent-8 with high diastereoselectivity.

Table 2. Scope of the Method for Synthesis of 1,4-Diols

entry SM R1 R2 NuH

anti/syn dr

(yield %)a,b,c

1 2a H Ph piperidine 90:10 (97)

2 2c H Et piperidine 85:15 (95)

3 2d Me Ph piperidine 90:10 (72)

4 2a H Ph BnNH2 85:15 (90)

5 7a H Ph piperidine 90:10 (92)

6 7b H 1-Napht piperidine 95:5 (90)

7 7c H Et piperidine 75:25 (91)

8 7d Me Ph piperidine 90:10 (81)

9 7a H Ph BnNH2 90:10 (85)

aRatio determined by 1H NMR analysis. bCombined yield. cAbso-
lute configurationatC-4wasdeterminedbyderivatizationwith (S)-MPA.

Table 3. Diastereoselective Preparation of 1,4-Aminoalcohols

entry SM solvent

major

product

anti/syn dr

(yield %)a,b,c

1 2e EtOH 4e 64:36 (85)

2 3e EtOH ent-4e 60:40 (88)

3 2e toluene 4e 83:17 (70)

4 3e toluene ent-4e 70:30 (79)

aRatio determined by 1H NMR analysis. bCombined yield. cAbso-
lute configuration atC-4wasdeterminedbyderivatizationwith (S)-MPA.

(19) We are currently examining different nucleophiles to extend the
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To explore upcoming synthetic applications we have
examined the reactivity toward epoxidation and dihydrox-
ylation of diastereomerically pure carbamate 10 (Scheme
3), obtained from silyl ether ent-8a0 (90:10) under standard
conditions. Treatment of 10 with m-CPBA afforded ep-
oxide 11 with high diastereoselectivity (92:8) and excellent
yield.22 Deprotection with TFA and subsequent treatment
with base provided 1,3-oxazin-2-one 12, regio- and stereo-
selectively through a nucleophilic carbamate oxygen at-
tack on the epoxide.23 Alternatively, dihydroxylation of 10
with a nonreinforcing array of stereocenters gave triol 13
with excellent yield and very high dr (94:6). The remark-
able selectivity of this dihydroxylation of an acyclic
substrate is noteworthy.24 A reasonable explanation
for this result, based on steric effects, could be found
in a zigzag arrangement of the carbon chain, where the
bulky silyl group would be in the plane of the chain. Then,
OsO4 would approach from the opposite face of the
hydroxyl group at C-4, in an anti fashion. To secure the

configuration of the new centers, we synthesized cyclic 1,3-
dioxolane 14, and after inspection of the NMR data, the
coupling constant J1,2 (8.9 Hz) revealed a trans configura-
tion at C1�C2.25

In summary, we have outlined a novel method for the
diastereoselective synthesis of enantiopure unsymmetrical
1,4-diols and 1,4-hydroxysulfonamides from sulfinyl buta-
dienes. This protocol involves a one-pot cascade of events
consisting of an intermolecular conjugate addition, [2,3]-
sigmatropic rearrangement of the in situ generated allylic
sulfoxide, and sulfenate cleavage. We have illustrated the
highly stereoselective dihydroxylation and epoxidation of
our diol derivatives, as well as a regio- and stereoselective
epoxide opening via intramolecular nucleophilic carbamate
attack, leading to valuable enantiopure polyols. We are
currently addressing the application of this process to the
synthesis of natural products.
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Scheme 2. Stereochemical Outcome

Scheme 3. Stereoselective Epoxidation and Dihydroxylation
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