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L-Selectride reductions

a-Silylated ketones 5 or 10 of high enantiomeric purity (ee >
90%) are easily available by silylation or silylation/alkylation
of ketones 1 or 6, resp., according to the SAMP/RAMP hydra-
zone method. Reduction of 5 or 10 with L-selectride®, followed
by oxidative cleavage of the C—Si bond, leads to vic-diols

11~ 13 with high diastereoselectivity (de > 90%) and without
racemization. The stereoselectivity of the reduction depends
on the structure of the a-silyl ketones 5 or 10, the reducing
reagents, and the solvents used.

Asymmetric synthesis of vic-diols has recently received
considerable attention, because vic-diols are common struc-
tural features of many natural products ", useful chiral build-
ing blocks in the synthesis of biologically active com-
pounds?, and valuable intermediates in a variety of synthetic
transformations?.

These approaches have been carried out by enantioselec-
tive ring opening by epoxide hydrase®, ring opening by dia-
stereoselective epoxidation of chiral allylic alcohols?, “chiral
pool” syntheses from natural products® including diaster-
eoselective 1,2-additions of organometallics to a-alkoxy al-
dehydes®), stereospecific coupling of chiral boronic esters
with chiral lithio esters followed by hydrolysis”, homolo-
gation of alkylboronates followed by hydrolysis®, and asym-
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metric osmylation of olefins with chiral amines as ligands”.
On the other hand, stereoselective reductions to form wvic-
diols have also been described based on diastereoselective
reduction of a-hydroxy ketones!?, but little attention has
been paid to enantioselective syntheses of vic-diols by en-
antio- and diastereoselective reductions, although in the
realm of aliphatic ketones efficient techniques' are now at
hand to selectively introduce stereocenters on acyclic car-
bon chains'?, Therefore, the development of still more ver-
satile and effective diastereo- and enantioselective syntheses
of vic-diols is of considerable interest.

In continuation of our efforts to further explore the utility
of the SAMP/RAMP hydrazone method'?, we now report
on a convenient synthesis of vic-diols with high regio-, dia-
stereo- and enantioselectivity.
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Enantioselective Synthesis of a-Silyl Ketones 5 and 10

a-Silyl Ketones S and 10 were synthesized from symmet-
rical dialkyl ketones 1 or unsymmetrical methyl alkyl ke-
tones 6 according to Schemes 3 and 4.

Symmetrical dialkyl ketones 1, after conversion into their
corresponding SAMP hydrazones (S)-2, are metalated with
lithium diisopropylamide and then a-C-silylated with iso-
propoxydimethylsilyl chloride. The a-silylated SAMP hydra-
zones 3 (de = 90%) thus obtained are cleaved oxidatively
and free of racemization with ozone affording, after chro-
matographic separation of (S)-4 (recycling of the chiral aux-
iliary), the a-silyl ketones (R)-5 of high enantiomeric purity
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(ee = 90%) in good chemical yields of 53—79% (Scheme
3, Table 1).

Scheme 3. Enantiosclective synthesis of o-silyl ketones 5
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On the other hand, methy! alkyl ketones 6 are converted
enantioselectively into the unsymmetrical a-silyl ketones (S)-
10 by metallation/u-silylation of the SAMP hydrazones (S)-
7 and subsequent alkylation of a-silyl SAMP hydrazones
(S)-8 with alkyl iodides according to our SAMP/RAMP
hydrazone method (ee = 90%, chemical yields: 47 —72%,
Scheme 4, Table 2).

Scheme 4. Enantioselcctive synthesis of o-silyl ketones 10
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The absolute configuration at the a-position of the ke-
tones 5 is opposite to that of ketones 10. The signs of the
optical rotations of ketones 5 and 10 reasonably coincide
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Table 1. o-Silyl ketones 5 synthesized from symmetrical dialkyl
ketones 1 by enantioselective silylation via SAMP hydrazones 2

[a] 12)2 ee
R! R? Yield¥[%] (c, CsHyg) [%] Config,
Sa CH, CH, 79 +132.3 (1.9) 290 R)
5pb) CH, C,H, 65 -132.2 (5.0) 298 (O]
5c C,Hy n-C;H, 69 + 35.8 (2.3) (R)
5d n-C;H, n-CHy 53 + 59.7(1.3) (R)

 Yields of 5 based on SAMP hydrazones 2. — ¥ RAMP was used
instead of SAMP as the chiral auxiliary.

Table 2. «-Silyl ketones 10 synthesized from methyl alkyl ketones
6 by silylation/alkylation via SAMP hydrazones 7

R? R Yield®) - fa] 7 € Config.
% ©CHy (%]
102 CH, cH, 8 -175709 298 (S
10b  CH, CH; 47 1471825 295 (S)
0c  CH, CH, 72 -132061) 29  (S)
1d CH, nCH, 6l - 735 2.6) ®)
10e  nCH, CH, 6 -1333 (18) 298  (5)

% Yields of 10 based on SAMP hydrazones 7.

with those of literature data'®, The above results support
the previously postulated mechanism for electrophilic sub-
stitutions via SAMP/RAMP hydrazones!® and thus the ab-
solute configuration at the a-position of ketones 5 is (R),
and that of ketones 10 is (S). The stereoselectivities in the
preparation of a-silyl ketones 5 and 10 may be explained
by the transition states shown in Scheme 5.

Scheme 5
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The optical antipodes to the a-silyl ketones 5 and 10 are
obtained in the same way by simply replacing SAMP by the
enantiomeric RAMP. The diastereomeric excess of a-sily-
lated SAMP hydrazones 3 or 9 can be deduced from the
enantiomeric excess of a-silyl ketones 5 or 10, respectively,
as subsequent ozonolysis. is free of reacemization’®. The
enantiomeric excess of 5 or 10 is determined by !H-NMR
shift experiments with Eu(hfc); or may be deduced from the
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enantiomeric excess of the vic-diols 1113, as subsequent
transformations are free of racemization. The racemic com-
pounds rac-5 are prepared via the N,N-dimethylhydrazones
for comparison.

Asymmetric Reduction of a-Silyl Ketones 5 or 10

The results of the reduction of a model compound, (2R)-
(+)-2-(isopropoxydimethylsilyl)-3-pentanone (5a), with var-
ious types of metal hydride complexes are summarized in
Table 3. -Silyl ketone 5a is easily converted into vic-diol
11a by reduction followed by oxidative cleavage of the
C—Si bond according to Tamao’s method'¥, which pro-
ceeds with retention of configuration. The enantiomeric ex-
cess in a-silyl ketones 5 or 10 and vic-diols 11 —13 is in good
agreement (see Table 1, 2 and 4). The diastereomeric excess
and syn-/anti-configuration of the vic-diols 1113 is deter-
mined by *C- and 'H-NMR spectroscopy and by compar-
ison with authentic samples prepared from (E/Z)-alkenes by
the cis-hydroxylation method of Brutscher et al.'”.

Table 3. Hydride reduction of Sa

Conc. Temp. Reaction Config. de

Entry  Reducing Solvent Sa °C) time [h] main [%] Yield
agent mol/1 product (%]
1 L-Selectride®) Et,0 009 -78 3 anti 75 69
2 THF 0.09 -78 3 syn 50 28
3 THF 0.10 0 4 anti 50 48
4 n-pentane  0.09 -78 3 anti 60 69
5 toluene 009 -78 3 anti 80 78
6 toluene 004 -90 4 anti 65 56
7 toluene 032 -78 6 anti 95 10
8 toluene 020 -78 7 anti 94 63
9 9-BBN THF 0.09 0 2 syn 70 56
10  LAH THF 009 -78 109  syn 6 56
1 CH,.CL, 009 -78 109 anti 29 69
12 DIBAL Et,0 009 -78 109  syn 70 42
13 L-Selectride®  toluene 009 -78 3 - - 0
+SnCl,
14 Et,0 009 -78 3 syn 98 19
15 E,,0 006 -78 6 syn 98 19
16 L-Selectride®  Et,0 009 -78 3 anti 25 19
+TiCl,
17 L-Selectride® Et,0 009 -78 3 syn 72 69
+BF;Et,O

® Chemical yield of vic-diol 11a based on o-silyl ketone Sa. —
¥ Lithium tri-sec-butylhydridoborate. — © After the reaction at
—78°C for 10 h, the reaction mixture was kept at room temp. for
24 h.

Acceptable stereoselectivities (de = 80%) are attained
with L-selectride® (lithium tri-sec-butylhydridoborate) in
toluene at —78°C (entries 5, 7, and 8). Stereoselectivities
increase with increasing concentration of substrate 5a, but
it takes a long time for the reduction as carried out by Brown
et al.!? (entries 5, 6, 7, and 8). The yield of vic-diol 11a
depends on the reaction time (entries 7 and 8). Different
stereoselectivities are observed depending on temperature
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(compare entries 2 with 3), solvent (compare entries 10 with
11), reducing agent (entries 1 —12), and addition of salts or
catalysts (entries 13—17). Not all reasons for the observed
stereoselectivity changes are understood in detail presently.
The reduction of a-silyl ketone 5a (concentration 0.2 M) with
L-selectride® in toluene at —78°C for 7 h gave the anti-
isomer 11a with high diastercoselectivity (de = 94%) and
in 63% yield (entry 8). The corresponding syn-isomer 12¢
is obtained by addition of SnCl, to the reaction mixture
using diethyl ether instead of toluene as a solvent (entries
14 and 15).

Encouraged by these results (entries 8 and 14), we applied
those reaction conditions to a series of representative a-silyl
ketones 5 and 10. The tesults are summarized in Table 4.

Scheme 6
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a: L-Selectride®, toluene, -78°C
b: L-Selectride®, diethyl ether, SnCl,, -78°C
c: KF, KHCO,, 30% H,0, aqueous solution / MeOH-THF
Method 1a: R'= CH, or R®= CHg, CoHs
Method lla: R'# CHy, R? % CHy, CoHs
Method Ilb: R' = CHy or R? = CHy, C,Hs
Method llla: R® = CH, or R? = CH,, CHs

When the reduction of 5a was carried out on a large scale,
the chemical yield of 11a in Table 4 (entry 1) was lower than
that of entry 8 in Table 3, but this is a small matter. The
reductions of 5a, 10b, 10¢, 10d, and 10e with L-selectride®
in toluene at —78°C for 7 h gave anti-isomers (entries 1, 2,
5, 8, and 9), but those of 5¢ and 5d under the same condi-
tions gave syn-isomers (entries 6 and 7). When the reduction
of Sa was carried out in the presence of SnCl, in diethyl
ether as a solvent, 12¢, the syn-isomer of 11a, is obtained
(entry 3). The enantiomer (11d or 13e) of 11a (entry 1) is
obtained in the same way by simply replacing SAMP by the
enantiomeric RAMP (entry 4) or using method Illa (en-
try 5).

The absolute configurations of the vic-diols 11 —13 were
also defined experimentally. From the reduction of (S)-10a
according to method Ia, the meso compound (anti-isomer)
13j was isolated along with a small amount of (25,35)-(+)-
butane-2,3-diol (syn-isomer) (14j), whose optical rotation
was in agreement with that of an authentic sample (see ex-
perimental section).
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Table 4. Regio-, diastereo-, and enantioselective synthesis of vic-diols 11 —13

Starting material® [o] 12)2 ee®) de Config.
Entry Compound R R (Method) Yield™(%] (¢, CHCLy) (%) (%)
1 11a R!=CH, R*=C,H, 5a (Ia) 56 -14.0 (0.6) 2 90AB 298 (2R,38)
2 13b R2=CH;  R*=C,H, 10b (Illa) 52 -142(2.1) 2958 298 (2R,35)
3 12¢ RI=CH,  R*=C)H; 5a (IIb) 14 +4.5(1.0) 29048 298 (2R.3R)
4 11d RI=CH;  R-=CH, 5b% (la) 58 +13.9 0.7) 29848 298 (28,3R)
5 13e R=CJH R%=CH, 10c (II1a) 52 +13.2(1.7) 29048 298 (28,3R)
6 12f RI=CH;  R%=n-GH, 5S¢ (Ia) 47 +19.2 (0.6) 29548 (3RAR)
7 12g Rl=n-C;H, RZ=n-C/H, 5d (Ila) 48 +26.0 (0.5) 29589 (4R.SR)
8 13h R%=C,H; R*=n-CH,, 10d (Ta) 24 -5.0(0.3) 298C9)  (3RA4S)
9 13i R%=n-C(H;; R*=CH, 10e (I1Ia) 53 +6.0 (0.5) 2984 >98 (28,3R)
10 12k0 RI=CH;  R=C,Hs - - +22.7(2.5,H,0) - (3R4R)

9 o-Silyl ketones 5 or 10. — ® Chemical yields of pure vic-diols 11 —13 based on a-silyl ketones § or 10. — @ Enantiomeric excesses are
determincd by '"H-NMR shift expcriments® of a-silyl ketones [Eu(hfc)s] and/or GLC analysis® of the bis-Mosher esters of vic-diols on a
25 m XE-60-(S)-Val-S-a-PEA capillary column. — 9 RAMP was used instead of SAMP as the chiral auxiliary. — © These values were
obtained alfter separation of the minor djastereomer by two column chromatographies. The first isolated products showed de > 75%",

de > 70%?©, and de > 70%°, respectively. — P Literature data®.

Scheme 7
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The absolute configurations of 12f and 12g were deter-
mined by a comparison of the optical rotation of these com-
pounds with that of 12k reported by Cope et al.*? (entries
6, 7, and 10 in Table 4).

To explain the observed stereochemistry of the vic-diols
11 —13, we propose the transition state models A —C.

Scheme 8. Transion states A—C
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The anti selectivity obtained with methods Ia and Illa
may be due to considerable steric repulsion between R? and
the very large isopropoxydimethylsilyl group leading to a
conformation depicted in transition state A. However, when
longer carbon chains are present, repulsion between R' and
R? is increased, and the addition of hydride may be ex-
plained using the Felkin-Anh model'® (transition state B).
The Lewis acid-mediated reduction can also be explained

according to the Felkin-Anh model’® (transition state C). A
six-membered chelate including Sn directs attack by hydride
towards the side opposite to the silyl group.

It is well known that the reduction of a-substituted ke-
tones with L-selectride® affords syn-alcohols, whilst reduc-
tion with Zn(BH,), gives rise to anti products by the chelate
rule’?. The improvement of the anti selectivity by the mod-
ification of the substrate is an attractive alternative'®, which,
when combined with the SAMP/RAMP hydrazone method
should allow to enantioselectively synthesize a wide variety
of vic-diols with relative and absolute configuration of
choice.

S. N. thanks the Alexander-von-Humboldt-Stiftung for a fellow-
ship. This work was supported by the Fonds der Chemischen In-
dustrie. We thank Degussa AG, Wacker Chemie, BASF AG, Bayer
AG, and Hoechst AG for generously providing us with chemicals.

Experimental

NMR: Solvent CDCl,, tetramethylsilane as internal standard,
Varian EM 390 or VXR D 300 spectrometers. — IR: Beckman
Acculab 4 or Perkin-Elmer FT IR 1750. — GC: Siemens Sichromat
2 or Sichromat 3 instrument connected with a Shimadzu Chro-
matopack C-R3A [detector: FID; carrier gas: Ny 25-m XE-60-(S)-
Val-S-a-PEA capillary column]. — Optical rotations: Perkin-Elmer
polarimeter P 241.

Isopropoxydimethylsilyl chloride was prepared from dichloro-
dimethylsilane and absol. isopropyl alcohol by the method of Jak-
oubkova et al.'®; L-selectride® (1 M solution in THF), 9-BBN®
(0.5 M solution in THF), and DIBAL (1 M solution in CH,Cl,) were
obtained from Aldrich.

Merck silica gel (mesh 70 — 230 or 230 —400) was used for column
chromatography. Solvents were purified by standard methods.

General Procedure for the Preparation of the SAMP/RAMP Hy-
drazones 2: 3-Pentanone (1a) (R' = CH,, R? = C,Hs) (54 g, 62.5
mmol) was added dropwise at 0°C to (S)-1-amino-2-(methoxyme-
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thyl)pyrrolidine (SAMP) (6.5 g, 50 mmol) and stirred at 60°C for
ca. 12 h. The mixture was poured into dichloromethane/water (4:1,
150 ml). The organic layer was separated, dried with Na,SO,, and
concentrated in vacuo. Distillation of the residue under reduced
pressure gave the SAMP hydrazone 2a (R' = CH;, R? = C,H,).

Table 5. Preparation of the SAMP hydrazones (S)-2 and (S)-7

Fom Yield B.p. AT (near

ketones R R g [°CfTorr]  (ref.13)
(S-22a la  CH, C,H, 94 61/0.05  +222(+223)
-2  1b CH, n-GH, 96 94005  +195(+204)
)2 le  nCH, n-CHy 75 108007  +175(+175)
(S)-7a  6a - CH, 89 758 +305(+306)
S)-T  6b - C,H, 98 85/5 +281(+289)
1% S 7 - n-CH,, 90 110007  +217

Preparation of (R)-a-Silyl Ketone SAMP Hydrazones 3: A so-
lution of n-butyllithium in n-hexane (6.5 ml of 1.6 N n-butyllithium
solution) was added dropwise with a syringe to a solution of diiso-
propylamine (1.5 ml, 10.7 mmol) in absol. diethyl ether (30 ml) un-
der argon at 0°C and stirred for 15 min to generate a solution of
lithium diisopropylamide (10.5 mmol). A solution of 3-pentanone
SAMP hydrazone (2a) (R' = CH;, R? = C,H;) (2.0 g, 10 mmol) in
absol. diethyl ether (30 ml) was added dropwise to a stirred solution
of the lithium diisopropylamide (10.5 mmol) at 0°C. After 4 h the
mixture was cooled to —78°C and treated at once with isoprop-
oxydimethylsilyl chloride (1.53 g, 10 mmol). After further stirring
for 1 h, the mixture was allowed to warm up to room temp. within
10 h and was then poured into 50 ml of water and extracted three
times with 50 ml of diethyl ether. The combined extracts were dried
with MgSO, and concentrated by evaporation. Subsequent bulb-
to-bulb distillation afforded (2R)-2-(isopropoxydimethylsilyl)-3-
pentanone SAMP hydrazone (3a) (R' = CH;, R? = GHs), 255 g
(81%), colorless oil, b.p. 230°C (bath)/0.12 Torr, []F = +98.3
(¢ = 3.44, benzene). — ‘H NMR (300 MHz, CDCL;): § = 0.11 (s,
3H, SiCH3), 0.13 (s, 3H, SiCHs3), 090 (d, J = 6.7 Hz, 3H, CHj,),
1.09 (t, J = 7.4 Hz, 3H, CH3), 1.16 (d, / = 6.1 Hz, 3H, OCHCH),
120 (d, J = 6.1 Hz, 3H, OCHCHj;), 1.58—2.45 (m, 6H, 2 x ring
CH,; and CH,CH3), 2.89—3.44 (m, 6H, CH,OCH;, NH, NCH,, and
CH), 3.32 (s, 3H, OCH,), 401 (q of q, / = 6.1/6.1 Hz, 1H, OCH-
Me,). — ®C NMR (75 MHz, CDCly): § = —2.1 (SiMe), —2.0
(SiMe), 11.9 (C-5), 12.3 (C-1), 22.0 (C-4'), 25.8 (OCHMe,), 27.0 (C-
4), 27.5 (C-3), 28.8 (C-2), 54.7 (C-5"), 59.0 (OCHs), 65.1 (OCH), 66.2
(C-2'), 76.3 (CH,OCH3), 172.8 (C-3). — IR (neat): ¥ = 2970 cm ™',
2940 and 2880 (—CH,—, CH;), 1645 and 1615 (C=N), 1460
(—CH,—, CHj3), 1380 (d, iPr), 1130 (OCH,).

Ci6H3,N,0,8i (314.6) Caled. C 61.10 H 10.89 N 8.90
Found C 61.24 H 11.00 N 9.10

(3R }-( + )-3-Isopropoxydimethylsilyl )-4-heptanone SAMP Hy-
drazone (3b) (R! = C,Hs, R? = n-C;H,): Yield 85%, colorless oil,
b.p. 160°C (bath)/0.07 Torr, [a]¥ = +83.3 (¢ = 2.15, benzene). —
'H NMR (300 MHz, CDCl): 8 = 0.13 (s, 3H, SiCHz), 0.15 (s, 3H,
SiCH.), 090 (t, J = 7.4 Hz, 3H, CHs), 095 (t, / = 7.4, 3H, CH.),
116 (d, J = 6.1 Hz, 6H, OCHMe,), 1.35—2.50 (m, 10H, 2 x ring
CH,, 3 x CHy), 296—3.61 (m, 5H, CH,OCH3;, NCH,, NCH), 3.33
(s, 3H, OCHs), 4.06 (q of g, / = 6.1/6.1 Hz, 1H, OCHMe,), 5.03 (t,
J = 74 Hz, 1H, CH-Si). - *C NMR (75 MHz, CDCl;): § =
—0.8 (SiMe), 14.3 (C-7), 15.0 (C-1), 209 (C-6), 21.2 (C-2), 220 (C-
4%, 25.8 (CHMey), 28.5 (C-3'), 32.4 (C-5), 54.2 (C-5%), 59.1 (OCH,),
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64.5 (C-2'), 65.1 (OCH), 76.3 (CH,OCHy), 76.4 (C-3), 171.4 (C-4), —

IR (neat): ¥ = 2970 cm~", 2940 and 2880 (—CH,—, CHj), 1645

and 1615 (C=N), 1460 (— CH,—, CH,), 1380 (d, iPr), 1130 (OCH,).
CisH3iN,O,8i (342.1) Caled. C 63.11 H 11.18 N 8.18
Found C 63.24 H 11.18 N 8.17

(4R )-( + )-4-(Isopropoxydimethylsilyl )-5-nonanone SAMP Hy-
drazone (3¢) (R' = n-C;H,, R? = n-C,Hy): Yield 70%, colorless oil,
b.p. 180°C (bath)/0.07 Torr, [«]# = +90.1 (¢ = 1.34, benzene). —
"H NMR (300 MHz, CDCly): 8 = 0.13 (s, 3H, SiCH,), 0.15 (s, 3H,
SiCH;), 091 (t, J = 6.9 Hz, 6H, CH,), 1.16 (d, J = 6.1 Hz, 6H,
CHMe,), 1.27—2.43 (m, 14H, 2 x ring CH,, 5 x CH,), 2.99—-3.61
(m, 5H, CH,OMe, NCH, NCH,), 3.32 (s, 3H, OCH,), 4.06 (q of q,
J = 6.1/6.1 Hz, 1H, OCHMe,), 5.03 (t, J = 7.6 Hz, 1H, CHSIi). —
3C NMR (75 MHz, CDCly): 8 = —1.5 (SiMe), 14.0 (C-9), 14.1 (C-
1), 22.0 (C-4'), 23.0 (C-8), 23.5 (C-2), 25.8 (CHMe,), 28.5 (C-3'), 29.7
(C-7), 30.2 (C-3), 34.3 (C-6), 36.0 (C-4), 54.2 (C-5"), 59.1 (OCH,), 64.4
(OCH), 65.5 (C-2"), 76.3 (CH,OCH,), 172.0 (C-5). — IR (ncat). ¥ =
2960 cm~', 2930 and 2870 (—CH,—, CH;), 1640 and 1615 (C=N),
1460 (—CH,—, CHj;), 1380 (d, iPr), 1130 (OCH,).

CyxHN,O,S1 (370.7)  Caled. C 64.81 H 11.42 N 7.65
Found C 64.77 H 11.80 N 7.52

Preparation of (S)-a-Silyl Ketone SAMP Hydrazones 9. A solu-
tion of n-butyllithium in n-hexane (6.5 ml of 1.6 N n-butyllithijum
solution) was added dropwise with a syringe to a solution of diiso-
propylamine (1.5 ml, 10.7 mmol) in absol. THF (30 ml) under argon
at 0°C. The mixture was stirred for 15 min to generate a solution
of lithium diisopropylamide (10.5 mmol). A solution of SAMP hy-
drazone 7b (R* = C,H;) (1.8 g, 10 mmol) in absol. THF (30 mi)
was added dropwise to a stirred solution of the lithium diisopro-
pylamide (10.5 mmol) at 0°C. After 4 h, the mixture was cooled to
—78°C and treated at once with isopropoxydimethylsilyl chloride
(1.53 g, 10 mmol). After further stirring for 1 h, thc mixture was
allowed to warm up to room temp. within 10 h and was then evap-
orated in vacuo. Petroleum ether (150 ml) was added to the residue.
The extract was evaporated in vacuo, and the residue was used in
the following alkylation without further purification. — To the
solution of the above prepared a-silyl SAMP hydrazone 8b (R? =
C,H;) (ca. 10 mmol) in absol. diethyl ether (60 ml), a solution of n-
butyllithium in n-hexane (6.5 ml of 1.6 N n-butyllithium solution)
was added dropwise with a syringe under argon at 0°C. After 4 h
the mixture was cooled to —78°C and treated at once with diiso-
propylamine (1.5 ml, 10.7 mmol). After 15 min methyl iodide (1.4 g,
10 mmol) was added to the mixture. After further stirring for 1 h,
the mixture was allowed to reach room temp. within 10 h and was
then poured into 50 ml of water and extracted three times with
50 ml of diethyl ether. The combined extracts were dried with
MgSO, and concentrated by evaporation. The residue 9b (R? =
C;H;) was used in the following ozonolysis without further purifi-
cation.

Ozonolysis of «-Silyl Ketone Hydrazones 3 and 9: A typical ex-
ample of the procedure is described. Hydrazone 3a (R' = CHs,
R? = C,Hy) (3.2 g, 10 mmol) was taken up in 50 ml of dichloro-
methane, and the solution was cooled to —78°C. Ozonc was then
passed through the solution until complete oxidative cleavage of
the hydrazone (TLC monitoring). After removal of excess ozone by
passing argon through the solution and evaporation to dryness, the
product was separated from the nitrosamine by silica-gel column
chromatography (eluant: diethyl ether/petroleum ether 1:20. TLC
monitoring: diethyl ether/petroleum cther 1:4, nitrosaminc 4: R; =
0.3, a-silyl ketones: R; = 0.8).

(2R)-( + )-2-(Isopropoxydimethylsilyl )-3-pentanone (5a). Yield
79%, pale yellow oil, [«]¥ = +132.3 (c = 1.85, benzene), ee =
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90% (from 'H-NMR shift experiment). — 'H-NMR (300 MHg,
CDCL): § = 0.12 (s, 3H, SiMe), 0.18 (s, 3H, SiMe), 1.03 (t, J =
7.2 Hz,3H,CH;),1.13and 1.17 2 d,J = 6.0 Hz, each 3 H, CHMe,),
114 (d, J = 7.1 Hz, 3H, CH,), 2.38 (m, 1H, CHCO), 2.55 (q, J =
7.2 Hz, 2H, COCH,), 402 (q of q, J = 6.0/6.0 Hz, 1H, CHMe,).
— C NMR (75 MHz, CDCl,): 8 = —3.3 (SiMe), —2.7 (SiMe), 7.9
(C-5), 10.5 (C-1), 25.7 (CHMey), 36.7 (C-4), 41.7 (C-2), 65.6 (CHMe,),
213.0 (C-3). — IR (neat): ¥ = 2960 cm~", 2930 and 2870 (—CH,—,
CH3), 1730 (CO), 1460 (— CH,—, CHy), 1375 (d, iPr).
CioHz05Si (2024) Caled. C 59.35 H 10.96
Found C 58.76 H 11.39

(28 )-( — )-2-(Isopropoxydimethylsilyl )-3-pentanone (Sb). RAMP
was used instead of SAMP as the chiral auxiliary. Yield 65% (from
RAMP hydrazone). [a]# = —132.2(c = 5.02, benzene). ee = 98%
(from '"H-NMR shift experiment).

10c: Yield 72% (from SAMP hydrazone). [a]¥ = —132.0(c =
3.13, benzene), ee = 90% (from 'H-NMR shift experiment).

(3R)-( + )-3-(Isopropoxydimethylisilyl )-4-heptanone (5c). Yield
69% (from SAMP hydrazone), pale yellow oil, [a]f = +35.8(c =
2.29, benzene). — 'H NMR (300 MHz, CDCl,): 8 = 0.13 (s, 3H,
SiMe), 0.16 (s, 3H, SiMe), 0.92 (t, J = 74 Hz, 3H, CH,), 092 (t,
J = 7.4 Hz, 3H, CH,), 1.16 and 1.17 (2 d, each J = 6.1 Hz, each
3H, CHMe,), 1.53—1.72 (m, 4H, CH;CH,), 2.46—2.57 (m, 2H,
COCH,), 411 (q of q, 7 = 6.1/6.1 Hz, 1H, CHMe,), 412 (t, J =
6.0 Hz, 1H, COCH). — *C NMR (75 MHz, CDCl;): § = —2.1
(SiMe), 9.4 (C-7), 13.8 (C-1), 25.7 (CHMe,), 27.7 (C-2 and -6), 39.5
(C-5), 65.1 (CHMe,), 79.3 (C-3), 213.2 (C-4). — 1R (neat): V =
2960 cm~!, 2930 and 2870 (—CH,—, CH,), 1730 (CO), 1460
(—CH,—, CH,), 1375 (d, iPr).

Ci;H;0,S8i (230.4) Caled. C 62.55 H 11.37
Found C 62.72 H 11.07

(4R )-( + )-4-(Isopropoxydimethylsilyl )-5-nonanone (5d): Yield
53% (from SAMP hydrazone), pale yellow oil, [a]¥ = +59.7(c =
1.34, benzene). — 'H NMR (300 MHz, CDCl3): § = 0.13 (s, 3H,
SiMe), 0.16 (s, 3H, SiMe), 0.90 (t, J = 7.4 Hz, 6H, CH,), 1.16 (d,
J = 6.1 Hz, 6H, CHMe,), 1.31 (m, 4H, CH,CH,), 1.50—1.63 (m,
4H, C,;H;CH>), 2.39 (t, / = 7.4 Hz, 2H, COCH,), 400 (q of q, J =
6.1/6.1 Hz, 1H, CHMe,), 4.07—4.19 (m, 1 H, COCH). — "*C NMR
(75 MHz, CDCly): 8 = —2.8 (SiMe), —2.1 (SiMe), 139 (C-1 and
-9), 22.4 (C-2 and -8), 26.0 (OCHMe,), 28.6 (C-7), 36.8 (C-3), 42.6
(C-6), 49.3 (C-4), 65.6 (OCHMey), 212.0 (C-5). — IR (neat): v =
2960 cm ™!, 2930 and 2870 (—CH,—, CH,), 1720 (CO), 1460
(—~CH,;—, CH), 1380 (d, iPr).

Found C 6530 H 11.56

(3S)-( — )-3-(Isopropoxydimethylsilyl)-2-butanone (10a). Yield
48% (from SAMP hydrazone), colorless oil, [a]F = —175.7 (¢ =
0.85, benzene), ee = 98% (from 'H-NMR shift experiment). — 'H
NMR (300 MHz, CDCl;): 8 = 0.14 (s, 3H, SiMe), 0.20 (s, 3H, SiMe),
114 (d, J = 7.1 Hz, 3H, CH;), 1.15 and 1.18 (each d, each J =
6.1 Hz, each 3H, CHMe,), 2.16 (s, 3H, COCH}), 2.52(q, J = 7.1 Hz,
1H, COCH), 403 (q of q, J = 6.1/6.1 Hz, 1H, CHMe,). — 3C
NMR (75 MHz, CDCl;}: 8 = —3.3 (SiMe), —2.3 (SiMe), 10.4 (C-
4), 25.7 (CHMe,), 31.1 (C-1), 43.1 (C-3), 65.7 (OCHMe,), 212.0 (C-
2). — IR (neat): ¥ = 2970 cm~', 2930 and 2880 (—CH,—, CH,),
1690 (CO), 1460 (—CH,—, CH,), 1380 (d, iPr).

CyH;,0,Si (188.3) Caled. C 57.39 H 10.70
Found C 56.20 H 10.68

(3S)-( — )-3-(Isopropoxydimethylsilyl )-2-pentanone (10b): Yield
47% (from SAMP hydrazone), pale yellow oil, [a]¥ = —147.8
(c = 2.54, benzene), ee = 95% (from the GLC analysis of the bis-
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Mosher ester of vic-diol 13b). — 'H NMR (300 MHz, CDCL,): § =
0.13 (s, 3H, SiMe), 0.18 (s, 3h, SiMe), 0.89 (t,J = 7.2 Hz, 3H, CH,),
1.14 and 1.16 (2 d, each J = 6.1 Hz, each 3H, CHMe,), 1.39—1.51
(m, 1H, CH;CH,) and 1.85—2.00 (m, 1H, CH;CH,), 2.14 (s, 3H,
CH3), 2.44 (dd, J = 2.9/11.3 Hz, 1H, CHCO),4.01 (q of q, J = 6.1/
6.1 Hz, 1H, CHMe,). — *C NMR (75 MHz, CDCl;): 8§ = —28
(SiMe), —2.1 (SiMe), 15.1 (C-5), 19.7 (C-4), 25.7 (CHMe,), 32.3 (C-
1), 52.6 (C-3), 65.6 (OCHMe,), 210.2 (C-2). — IR (neat): V =
2970 cm~!, 2930, 2870 (— CH, —, CH3), 1690 (CO), 1460 (— CH,—,
CH,), 1380 (d, iPr).

(4S)-( — )-4-(Isopropoxydimethylsilyl)-3-decanone (10d); Yield
61% (from SAMP hydrazone), pale yellow oil, [a]# = —73.5(c =
2.55, benzene). — 'H NMR (300 MHz, CDCLy): § = 0.11 (s, 3H,
SiMe), 0.17 (s, 3H, SiMe), 0.86 (t, / = 7.0 Hz, 3H, CH3), 1.02 (t,
J =174Hz 3H,CH,), 1.12—-117 (2 d, each J = 6.1 Hz, each 3H,
CHMe,), 1.20—1.99 (m, 10H, CH,), 2.26 —2.58 (m, 3H, COCH and
COCH,), 3.99(q of q,J = 6.1/6.1 Hz, 1H, OCHMe,). — *C NMR
(75 MHz, CDCl;): 8 = —2.8 (SiMe), —2.1 (SiMe), 7.9 (C-1), 14.1
(C-10), 22.7(C-9), 25.7 (OCHMe,), 26.4 (C-8), 29.1 (C-7), 30.6 (C-6),
31.7 (C-5), 38.0 (C-2), 49.2 (C-4), 65.6 (OCHMe,), 212.7 (C-3). — IR
(neat): ¥ = 2960 cm~', 2920 and 2850 (— CH, -, CHj;), 1715 (CO),
1460 (—CH,—, CH,), 1380 (d, iPr).

CisH;3,0,81 (272.5) Caled. C 66.11 H 11.84
Found C 66.21 H 11.76

(28 )-( — )-2-(Isopropoxydimethylsilyl )-3-nonanone (10e): Yield
66% (from SAMP hydrazone), pale yellow oil, [a]® = —133.3
(¢ = 1.77, benzene), ee 2 98% (from 'H-NMR shift experiment).
— 'H NMR (300 MHz, CDCly): § = 0.12 (s, 3H, SiMe), 0.18 (s,
3H, SiMe), 0.88 (t, J = 6.7 Hz, 3H, CH;), 1.13 (d, / = 6.7 Hz, 3H,
CH;), 1.14 and 1.17 (2 d, each J = 6.1 Hz, each 3H, CHMe,),
1.23—-1.34 (m, 6H, CH,), 1.48—1.61 (m, 2H, COCH,CH,),
2.31—-2.57 (m, 3H, COCH and COCH,), 402 (q of q, / = 6.1 Hz
and 6.1 Hz, 1H, CHMe,). — C NMR (75 MHz, CDCly): § =
—3.2 (SiMe), —2.3 (SiMe), 10.5 (C-1), 14.1 (C-9), 22.5 (C-8), 25.7 (C-
7), 25.8 (CHMe,), 29.0 (C-6), 31.7 (C-5), 42.0 (C-2), 43.8 (C-4), 65.6
(OCHMe,), 2120 (C-3). — IR (neat) v = 2960 cm™", 2930 and
2870 (—CH,—, CH,), 1715 (CO), 1460 (—CH,—, CHs), 1380 (d,
iPr).

Preparation of vic-Diols 11, 12, 13

Reduction of a-Silyl Ketones 5 or 10: A typical example of the
procedure is described. A solution of 5a (R! = CH,, R? = C,H,)
(2.0 g, 9.9 mmol) in absol. toluene (50 ml) was placed in a flame-
dried 250 ml round-bottom flask and cooled to —78°C. A solution
of L-selectride® in THF (11.9 ml of 1 M lithium tri-sec-butylhydri-
doborate solution) was added with a syringe through the septum.
The mixture was magnetically stirred under argon at —78°C for
7 h. After the mixture was quenched with 3 ml of MeOH, saturated
NaCl solution (30 ml) was added, and the organic layer was sep-
arated from the aqueous suspension. The aqueous layer was ex-
tracted three times with diethyl ether (60 ml x 3). The combined
organic layers were dried with MgSO, and concentrated by evap-
oration. The residue was used in the following oxidative cleavage
reaction of the C—Si bond without purification.

When we carried out the reduction using L-selectride® in the
presence of an equivalent amount of SnCl,, we used diethyl ether
instead of toluene as solvent.

Oxidative Cleavage of the C—Si Bond: The residue obtained by
the reduction of «-silyl ketone 5a (R' = CH;, R? = C,H,) (2.0 g,
9.9 mmol) was added to a mixture of MeOH (25 ml), THF (25 ml),
KHCO; (3.0 g, 29.7 mmol; 3 eq), KF (1.7 g, 29.7 mmol; 3 eq), and
30% H;O, aqueous solution (8.9 mi, c.a. 89 mmol; 9 eq). The mix-
ture was stirred at room temp. for 12 h.For the purpose of decom-
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position of the remaining H,0,, well-ground Na,S,0; - 5 H,O (ca.
7.5 g; 12 eq) was added to the reaction mixture at 0°C, then the
mixture was stirred at room temp. for 30 min. The mixture was
diluted with CH,Cl, (c.a. 50 ml) and filtered with celite. The filtrate
was concentrated in vacuo and the residue diluted again with
CH,Cl, (150 ml). The dried solution (Na,SO,) was evaporated in
vacuo. The residue was subjected to column chromatography on
silica gel with petroleum ether/diethyl ether (gradient) as eluant.

(2R,35)-(— )-2,3-Pentanediol (11a). Yield 56%, colorless oil,
[0]f = —14.0 (c = 0.61, CHCly), de = 98% (from 'H, ’C NMR,
and GLC analysis of the bis-Mosher derivative). ee = 90% (from
GLC analysis of the bis-Mosher derivative and 'H-NMR shift ex-
periment of §a). Column chromatography (petroleum ether/diethyl
ether 2:1—0:1), TLC (R; = 0.35, diethyl ether). — 'H NMR (300
MHz, CDCly): § = 098 (t, J = 7.6 Hz, 3H, CH;), 113 (d, J = 6.7
Hz, 3H, CHj), 1.38— 1.49 (m, 2H, CH,), 3.15 (s, 2 H, OH), 3.49 — 3.56
{m, 1H, CH(CH)OH), 3.79 [d of q, J = 3.0/6.7 Hz, 1H,
CH(CH;)OH]. — 3C NMR (75 MHz, CDCly): 8 = 10.5 (C-5), 16.4
(C-1), 248 (C-4), 703 (C-2), 765 (C-3). — IR (neat;: v =
3600—3150 cm ™' (br, OH), 2970, 2930 and 2880 (—CH,—, CH,),
1460 and 1380 (—CH,~—, CH3), 1080 (OH).

CsH,,0, (104.2) Caled. C 57.66 H 11.62
Found C 57.12 H 11.86

13b: Yield 52%, colotless oil, [a]# = —14.2 (¢ = 2.13, CHCL),
de = 98% (from 'H, *C NMR and GLC analysis of bis-Mosher
derivative). ee = 95% (from GLC analysis of bis-Mosher deriva-
tive).

(2R,3R)-( + )-2,3-Pentanediol (12¢). Yield 14%, colorless oil,
[e]# = +4.5 (¢ = 1.00, CHCL;), de = 98% (from 'H, *C NMR
shift experiment of 5a and GLC analysis of the bis-Mosher deriv-
ative). Column chromatography (petroleum ether/diethyl ether
2:1-0:1), TLC (R; = 0.38, diethyl ether). — 'H NMR (300 MHz,
CDCly): & = 099 (t, J = 7.6 Hz, 3H, CH;), 1.18 (d, J = 6.4 Hz,
3H, CH3), 1.33—1.47 (m, 1H, CH,), 1.51—1.64 (m, 1H, CH,), 2.91
(s, 2H, OH), 3.22—-3.29 [m, 1 H, CH(C,H5)JOH], 3.60 [d of q, J =
6.4/6.4 Hz, 1 H, CH(CH;3)OH]. — ®C NMR (75 MHz, CDCL,): § =
9.9 (C-5), 19.5 (C-1), 26.2 (C-4), 70.6 (C-2), 77.6 (C-3). — IR (neat):
¥ = 3550—3150 cm~' (br, OH), 2970, 2930 and 2870 (—CH,—,
CHj;), 1460 and 1380 (—CH,—, CHj,), 1070 (OH).

CsHi;O, (104.2) Caled. C 57.66 H 11.62
Found C 57.17 H 11.80

(28.3R)-( + )-2,3-Pentanediol (11d). Yield 58%, colorless oil,
[a]¥ = +139 (¢ = 0.7, CHCL), de 2 98% (from 'H, 13C NMR
and GLC analysis of the bis-Mosher derivative), ee > 98% (from
'H-NMR shift experiment and GLC analysis of the bis-Mosher

derivative).

CsHy,0, (104.2) Caled. C 57.66 H 11.62

Found C 57.46 H 11.83

13e: Yield 52%, colorless oil, [a]# = +13.2 (¢ = 1.65, CHCI,),
de = 98% (from 'H, C NMR and GLC analysis of the bis-Mosher
derivative), ee = 90 (from 'H-NMR shift experiment of 10¢ and
GLC analysis of the bis-Mosher derivative).

(3R4R)-(+ )-3,4-Heptanediol (121). Yield 47%, colorless oil,
[} = +19.2 (¢ = 0.59, CHCl,), de = 95%, but the first isolated
product showed de = 75% (from 'H, C NMR spectra). Column
chromatography (petroleum ether/diethyl ether 3:1—1:1), TLC
(Ry = 0.49, petroleum ether/diethyl ether 1:2). — 'H NMR (300
MHz, CDCl;): 8 = 094 (t, J = 6.7 Hz, 3H, CH,), 098 (t, J =
7.4 Hz, 3H, CHj), 1.35—1.65 (m, 6H, CH,), 2.69 (s, 2H, OH),
3.29—-3.35 (m, 1H, CHOH), 3.38 —3.46 [m, 1 H, CH(C,H;)OH]; cf.
(erythro-). 3.47—3.55 (m, 1H, CHOH), 3.58—3.65 {m, 1H, CH-
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(C;H;)OH]. — 3C NMR (75 MHz, CDCL). § = 10.0 (C-1), 14.1
(C-7), 18.9 (C-6), 26.4 (C-2), 35.8 (C-5), 73.9 (C-4), 75.9 (C-3); cf. (ery-
thro-): 10.5 (C-1), 14.1 (C-7), 19.2 (C-6), 24.2 (C-2), 33.3 (C-5), 74.2
(C-2),76.3(C-3). — IR (neat): ¥ = 3550—3200 cm ™! (br, OH), 2960,
2930 and 2870 (—CH,—, CH;), 1460 and 1380 (—CH,—, CH,),

1070 (OH).
(OH) C/H;s0, (132.2) Caled. C 63.59 H 12.20

Found C 63.80 H 12.01

(4R, 5R)-( + )-4,5-Nonanediol (12g). Yield 48%, colorless oil,
[a]# = +26.2(c = 0.52, CHCly), de = 95%, but the first isolated
product showed de = 70% (from 'H, C NMR spectra). Column
chromatography (petroleum ether/diethyl ether 3:1—1:1), TLC
(R; = 0.42, petrolecum ether/diethyl ether 1:2). — 'H NMR (300
MHz, CDCL): 6 = 091 (t, J = 7.2 Hz, 3H, CH3), 094 (t, J =
7.1 Hz, 3H, CH,), 1.28 —1.56 (m, 10H, CH.,), 2.74 (s, 2H, OH), 3.40
(m, 2H, CHOH); cf. (erythro-): 3.59 (m, 2H, CHOH). — '3C NMR
(75 MHz, CDCl3): § = 14.1 (C-9), 18.9 (C-2), 22.8 (C-8), 279 (C-7),
33.3 (C-6), 35.8 (C-3), 74.3 (C-5), 74.6 (C-4); cf. (erythro-). 14.1 (C-9),
14.1 (C-1), 19.3 (C-2), 22.8 (C-8), 28.3 (C-7), 30.9 (C-6), 33.3 (C-3),
74.5 (C-5), 74.8 (C-4). — IR (neat): ¥ = 3550—3200 cm~! (br. OH),
2960, 2930 and 2870 (—CH,—, CH,), 1460 and 1380 (—CH,—,
CH,), 1070 (OH).

CsH0, (160.3) Caled. C 67.45 H 12.58

Found C 67.02 H 12.85

(3R4S)-( — )-3,4-Decanediol (13h): Yield 24%, m.p. 85°C, col-
orless powder, [a]# = —4.8 (c = 0.30, CHCL,), de = 98%, but
the first isolated product showed de = 70% (from *C-NMR spec-
trum). Column chromatography (petroleum ether/diethyl ether
3:1—1:1), TLC (R; = 0.70, diethyl ether). — 'H NMR (300 MHz,
CDCLy): 8 = 0.89 (t, J = 6.7 Hz, 3H, CH;), 1.00 (t, J = 7.4 Hz,
3H, CH;), 1.23—1.59 (m, 12H, CH,), 1.84 (s, 2H, OH), 3.52 (m, 1H,
CHOH), 3.60 [m, 1H, CH(C;H;JOH]. — *C NMR (75 MHz,
CDCL): 8 = 104 (C-1), 14.1 (C-10), 22.6 (C-9), 24.2 (C-2), 26.0 (C-
8), 29.4 (C-7), 31.3 (C-6), 31.8 (C-5), 74.5 (C-4), 762 (C-3). — IR
(CHCly): ¥ = 3400—3150 cm ' (br, OH), 2960, 2920 and 2850
(—=CH;—, CHjy), 1460 and 1380 (—CH,~, CH,), 1070 (OH).

Found C 6847 H 12.49

(28,3R)-(+ )-2,3-Nonanediol (13i). Yield 53%, m.p. 53°C, col-
orless powder, [a]¥# = +6.0 (c = 0.52, CHCL), de = 98% (from
BC-NMR spectrum), ee = 98% (from 'H-NMR shift experiment
of a-silyl ketone 10e). Column chromatography (petroleum ether/
diethyl ether 2:1—1:1), TLC (R; = 0.20, petroleum ether/diethyl
ether 1:2). — 'H NMR (300 MHz, CDCL): 5 = 0.89(t, J = 6.7 Hz,
3H,CH;), 1.15(d, J = 64 Hz, 3H, CHj), 1.26—1.49 (m, 10H, CH,),
2.00(s,2H, OH), 3.62 (m, 1 H, CHOH), 3.79 [d of q, / = 3.2/6.4 Hz,
1H, CH(CH;OH]. — “C NMR (75 MHz, CDCL): § = 14.1 (C-
9), 16.7 (C-1), 22.6 (C-8), 26.0 (C-7), 29.4 (C-6), 31.8 (C-5), 31.9 (C-
4),70.5 (C-2), 70.5 (C-3). — IR (CHCL): ¥ = 3500—3150 cm~! (br,
OH), 2960, 2920 and 2850 (—CH,—, CH,), 1460 and 1380
(~CH,—, CH3), 1070 (OH).

CoH0, (160.3)  Caled. C 6745 H 12.58
Found C 67.02 H 12.81

(28,3R )-Butane-2,3-diol (13j): Yield 49% (from SAMP hydra-
zone), colorless oil, de = 98% (from 'H, '*C NMR spectra), ee =
98% (*H-NMR shift experiment of a-silyl ketone 10a). Column
chromatography (petroleum ether/diethyl ether 2:1—0:1), TLC
(Ry = 0.27, diethyl ether). — 'H NMR (300 MHz, CDCl,): § =
115 (d, J = 6.4 Hz, 6H, CHy), 1.93 (s, 2H, OH), 3.80 (m, 2H,
CHOH). — "*C NMR (75 MHz, CDCL): = 17.0 (C-1 and -4),
709 (C-2 and -3). — IR (neat): ¥ = 3550—3200 cm~! (br, OH),
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2980, 2930 and 2870 (— CH,—, CH,), 1460 and 1380 (—CH,~,
CH,), 1080 (OH).

C:HyO; (90.1) Caled. C 53.31 H 11.19
Found C 53.35 H 11.08

(28,38 )-( + )-Butane-2,3-diol (14j) (byproduct): Mixture of 13j
and 14j (9:4), colorless oil, [«]§ = +6.0 (¢ = 1.00, CHCl;). The-
oretical optical rotation for 14j: [o]¥ = 6/[4/4 + 9] = 19.5
[authentic sample fo 14): [a]¥ = +20.0 (¢ = 0.64, CHCL)]. — 'H
NMR (300 MHz, CDCly): 8 = 1.17 (d, J = 6.0 Hz, 6H, CH;), 2.99
(s, 2H, OH), 3.51 (m, 2H, CHOH). — *C NMR (75 MHz, CDCL):
§ = 19.3 (C-1 and -4), 75.2 (C-2 and -3).
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