Tetrahedron Vol 40, No. 19, pp 3815 10 3822, 1984
Prnted in the US A

0040-4020/84 $3.00+.00
Pergamon Pres Lad.

ASYMMETRIC SYNTHESIS OF B-HYDROXYACETAMIDES MEDIATED

BY ENANTIOMERICALLY PURE SULPHINYL DERIVATIVES

RITA ANNUNZIATA, MAURO CINQUINI, FRANCO COZZI1,

FERNANDO MONTANARI and ANGELO RESTELLI

Centro C,N, R, and Istituto di Chimica [ndustriale dell’ Universita',
Via C. Golgi 19, 20133 Milano, laly

(Received in UK 13 July 1984)

Abstract, The aldol-type condensation of enantiomertically pure
a-sulphinylacetamides is described. The stereochemical outcome
of the reaction mainly depends on the nature of the base used to
generate the enolate, Experimental cvidences allow the identifi-

cation of preferred reaction paths,

Aldol-type condensation arc widely exploited
as the key-step for the stereoselectve con-
struction of a number of stereocenters along
an acyclic carbon backbone., While control of
the relative stereochemistry of this process
is well in hand, efficient reagents to secure
high level of enantioselection are still the
target of an impressive amount of recent
research, 1-4

Good to excellent degrees of chiral discrimi-
nation have been achieved in aldol-type
reactions by the use of optically active
functionalized sulphoxides, such as a-sul-
phtnyl-cstcrs,s -hydrazones,6 and -oxa-
zoltncs.7 A preliminary account8 reported
the synthesis of enantiomerically pure
p-tolyl sulphinyl-N, N-dimethylacetamide (1)
and {ts use as chiral acctamide enolate equi-
valent, In this synthon, the sulphinyl moiety
repre sents the source of chirality, while
providing the necessary substitution requi-
rement, Indeed, both F.van:;1 and Mcyers9
have shown that only a-substituted enol
acetate equivalents proved to be excellent

aldehydes enantioface differentiating agents,

Stereospecific synthesis of a-sulphinylaceta-

mides (1)-(3).

A straightforward approach to this class of
compounds is represented by the reaction of
a-metallated N,N-disubstituted amides'© -
-(8) with diastereoisomerically pure, now
commercially available, (-)-(S)-menthyl
toluene -p- sulphinate (9), to afford compounds
(1)-(4) in 55-83% yield. Sulphinyl derivatives
(1)-(4) are stable compounds that can be pre-
pared on a multigram scale and stored for at
least 6 months in the refrigerator,

To compounds(1)-(3), obtained in optically
active form, the (+)-(R) absolute configura-
tion could be assigned on the basis of a
number of data for similar Andersen type

6,1

syntheses, ! The enantiomeric purity of
sulphoxides (1)-(3) was checked by ' NMR
spectroscopy in the presence of the chiral
shift reagent tris [3-(heptafluoropropylhydro-
xymethylene)-(+)-camphorato] Europium(llD,
EuChfc),, and found to be > 95%. It must be
pointed out that, surprisingly, condensation
of (8) with (-)-(S)-(9) resulted in practically

racemic sulphinylamide (4), as further
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demonstrated by lH NMR spectroscopy in the
presence of Eu(’h!c)s. Reaction of a-metalla-
ted N,N-diphenylacetamide (8) is sluggish and
much slower than that of N,N-dialkylderiva-
tives (5)-(7). This could result in a compe-
dtive attack of produced lithium menthoxide
on (-)-(S)-(9) leading to racemization, A pre-
cedent of this observation was found tn the
synthesis of f3-ket<>sulphoxldes.12 It is worth

mentioning that a different approach to opti-

recently rcpor'ued,13 via carbodiimide media-
ted condensation of a secondary amine with
optically active (p-tolyl sulphinyD) acetic
acid,

Aldol condensation of sulphinylacetamides,

As already reported, aldehydes react
smoothly with the enolates derived from
(+)-(R)-(1) at -78°C in THF, Several factors
affect the stercochemical outcome of the pro-

cess, the most important being the nature of

cally active a-sulphinylamides has been very the base,
o o
lol o 1) Base "
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Indeed, condensation of lithium enolate deri-
ved from (+)-(R)-(1) followed by reductive
desulphurization of the crude adducts (10)-
-(13), afforded (+)-B-hydroxyamides (14)-(17)
in low to medium enantiomeric exccss (e.e.)
(Table 1),

On the other hand, the corresponding magne-
sium cnolates gave (-)-B-hydroxyamides (14)-
-(17) with strikingly higher ¢.e. (Table 2),
In both cases several experimental conditions
were screencd tn order to achieve top levels
of enantioselections, As far as lithium cno-
lates are concerned, they can be gencrated
etther by n-BulLi or by lithium diisopropyl-
amide (LDA), without substantial variations
of both chemical and optical yields (entrics

5, 9). The optimum substrate: base molar

ratio 1s 1:1.1 (entries 3,5,6,8). Addition of
hexamethylphosphoramide (HMPA) reversed
and lowered at the mean time the degree of
enantioselection (entries 3,7). Finally longer
condensation times did not improve chemical
ylelds, leaving the e.c, practically unchan-
ged (entries 3,5).

As mentioned above, we investigate also the
condensation of the magnesium enolates of
(+)-(R)-(1) on the hypothesis that the strongly
chelating magnesium counter-ion should pro-
vide a more rigid and stereodiscriminating
transition state. Indeed, excellent stereose-
lections were observed in the best conditions,
which involve the use of O,55 molar equiva-
lents t-BuMgBr, with a condensation time of
60 min, (entries 0- 13, Table 2). Shorter

Table 1. Enantioselective synthesis® of B-hydroxyacetamides (14)-(17) from lithium

enolate of (+)-(R)-(1) and RCHO,

Entry R Base Yieldb [a]fc c,e .d
(€3] €3]
1 Me BuLt®f 65 +30.3 47
2 Bu- BuL1®*f 77 +14.3 45
3 Pri— Bul_lc’f 77 +21.6 34
4 But BuL1®f 20 + 6.6 8
5 prt Buli®’® 78 +19.4 31
6 pri BuLi™f 40 +10.6 17
7 pr- BuLi®*fr! 78 - 11.9 19
8 Pl BuLi®} 74 +17.1 27
9 pr- LDAS’# 70 +21.6 34

c 1, CHCl3.,

1.1 mol. equiv, of base,
Condensation time 3 min,
Condensation time 60 min,
2.0 mol, equiv. of base.

-~ | -nN an o

j 0,55 mol, equiv, of base,

a
For gencral condensation procedure see Experimental,
Overall yield of (14)-(17) from (+)-(R)-(1).

As determined by lll NMR spectroscopy with the aid of EuChfc), .,

In the presence of 3,0 mol, equiv, of HMPA,
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reaction times resulted in slightly lower e e,
(entrtes 12,14), Higher base: substrate molar
ratio did not improve substantially chemical
yields, while producing a small decrease of
enantiosclections (entries 14,16). A dramatic
drop of both synthetic and optical ylelds was
observed with a 1: 0,1 substrate:base molar
ratio or by working in the presence of HMPA,
which is likely to prevent a strong chelation
of magnesium by the sulphinyl oxygen (entries
12,17,18). A further comment is needed on
the influence of the R residue of aldehyde,
Indipendently on the nature of the counter-

-ion of the enolate, less sterically demanding

aldehydes undergo more efficient enantioface
differentiation, In the case of lithium enolates
e.e, range from 8 to 47% on passing from

R = Butto R = Me (Table 1), A similar trend
holds also for magnesium enolates although at
different and much satisfactory levels of
enantioselections (e.e. 90-99%, Table 2),
Unfortunately, several attemptsto condense
(+)-(R)-(1) with a variety of ketones
(PhCOCH,, ButCOCH,, PriCOCH,) vere
disappointing, The only exception is repre-
sented by trifluoromethyl acetophenone,
which affords the corresponding B-hydroxy

amide (19) in 55% yicld and in 67% e.e.

Table 2, Enantioselective synthcslsa of B-hydroxyacetamides (14)-(17) from
magnesium enolate of (+)-(R)-(1) and RCHO.

c
Entry R Base Yield® [a]%)3 e.c.
%) ®
10 Me ButMgBr®*f 68 -65.0 399
1 Bu- BurMgnre’! 71 -31.3 98
12 Pt Butmgnr® ! 66 -59.7 95
13 But Butmgnr®! 56 -70.9 %0
14 Pr- Bu'Mgnr®’8 62 -53.5 85
15 Bub BulMmgBr8" 73 -28.4 89
16 Prt BulMgr8? 63 -43.3 1)
17 pri Butmgnr ! 31 -12.6 20
18 Pr- ButMgnr® ) 31 -32.9 52
; For general condensation procedure sece Experimental.
Overall yield of (14)-(17) from (+)-(R)-(1),
:c 1, CHCL,.
As determi}nod by "H NMR spectroscopy with the aid of I-Zu(hfc)3.
? 0.55 mol, cquiv, of base,
Condensation time 60 min,
g Condensation time 3 min,

1.1 mol, equiv, of base,
. 0.1 mol, equiv, of base,

—

In the presence of 3.0 mol, equiv, of HMPA,



Asymmetnic synthesis of 8-hydroxyacetamides 3819

Stereochemical outcomes,

The absolute configuration of N,N-dimethyl-
-3-hydroxy-4-methylpentanamide (16) was
unambiguously established as (-)-(S) by
chemical correlation with the corresponding
(-)-(5) acid (18).1’7 The latter was converted
into the methylester (diazomethane in diethyl
cther) which was then transformed into
(-)-(5)-(16) (excess dimethyl amine in
methanoD. By a likely extension the (R),(R),
and (S) absolute configuration can be tenta-
tively assigned to (-)-(14), (-)-(15), and
(-)-(17), respectively.

In principle four diastereoisomeric transition
states A-D are possible for the condensation
of the enolate of a-sulphinylacetamides with
aldehydes, assuming the commonly accepted

Z geometry for amide enolatcs.1 Such enolate
configuration should receive further support
by chelation between the metal and the sulphi-
nyl oxygen.

Transition states A and D (M = MgBr) both
lead to B-hydroxyamides with the experimen-

tally obserwved absolute configuration,

p-Tol \*'g

However, careful inspection of space filling
CPK molecular models indicate that D can be
disregarded because of heavy steric inter-
actdons between the p-tolyl group and the
aldehyde R residue, Other experimental
evidences in favour of transition state A are:
i, the observed decrease in stereoselection
met with when R residue becomes more
sterically requiring (Table 2); and: ii,
similar trend found in condensation carried
out on sulphinylamides (2)-(4) wich display
different ligands at nitrogen, Indeed, in
ancillary experiments good degrees of chiral
discrimination (66% ¢.e.) were mantained in
the condensation of sulphoxide (2) with iso-
butyraldehyde, while (3) and (4) proved to be
definitely less selective, A transition state

5

similar to A was proposed by Solladie' ~ for
the aldol type condensation of a-sulphinyl-
esters,

In the case of lithium enolates of (+)-(R)-(1)
transition state B and C (M = Li) must be
taken into account as the ones leading to

8-hydroxyamides (+)-(14)-(+)-(17), Since

R,S,R
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also in this case the larger is the aldehyde R
residue the lower are the e.e,, transition
state C (M = 1t) should be favoured. To sub-
stantiate this working hypothesis we isolated
by flash chromatography the diastereoisome-
ric adduct (12) obtained from magnesium and
lithium enolate of (+)-(R)-(1).

When the reaction was carried out with
t-BuMgBr as base (0.55 mol. equiv.) only
two out of four diastereoisomeric adducts
(12a), [(1]?)3 - +288.1° (c 1, CHC13) and (12b),
[(x]%)3 - +54,0° (c 0.2, CHCI3) were isolated
in ~35:1 ratio: (12a) and (12b) feature the
same (R) absolute configuration at sulphur
and, as shown by 200 MH:z 1H NMR spectro-
scopy, the same _sml’l‘ relatve configuration
at Ca and CB.
The absolute configuration at CB of the predo-
minant isomer (12a) can be inferred as (R)
from that (S),of desulphurized (-)-(16). Thus
the (RRR) and (RSS) stereochemistry can be
assigned to (12a) and (12b) respectively,
Therefore (12a) s produced via transition
state A, and (12b) via transition state C,
When the reaction was carried out with n-Bult
as base (1.1 mol, equiv,) three out of four
possible diastereoisomeric adducts (12a),
[a]?[f - +284.0° (c 1, CHCLy), (12b), [a]f)3 -
+ 55.0° (e 1, CHCL), and (12) * were
obtained in 2,7:4.6:1 rato.

The nice agreement between the optical rota-
tion and the melting point values (see Experi-
mental), together with superposable 200 MHz
lll NMR spectra showed that the two major
products deriving from the lithium enolate

are identical to the two isolated from magne-
sium enolate, On the base of IH NMR spectro-

scopy anti relative configuration at C(x and

‘(12c) was obtained together with (12b) as a
6:1 mixture of the two diasteregisomeric
adducts, This mixture had [a]§&’ = +142.3°
(c 0.3, CHC13), The (12¢):(12b) isomer
ratio was determined by 1H NMR spectro-
scopy.

CB could be assigned to (12¢). Since the
experimentally found e.e. for (+)-(R)-(16) is
31%, this can be obtained only if (12b) and
(12c) display the same (S) configuraton at
CB. Therefore the (RRS) absolute configura-
tion can be assigned to (12¢), which should
be generated through transition state B,

In conclusion, for magnesium enolate of
(+)-(R)=(1) the major rcaction path involves
aldehyde approach with the hydrogen facing
the sulphur lone pair (transition state A),
and the minor path features aldehyde attack
with the hydrogen facing the p-tolyl group
(transition state C), The latter is the favou-
red attack in the case of lithium cnolate and
ts accompanied by minor amount of product
deriving from transition state A and B,
Therefore both enantiomers of §-hydroxyace-
tamides in good or excellent enantiomeric

purities arc obtained from a single chiral

precursor,

EXPERIMENTAL

11(,13C NMR spectra were recorded on a

Varian XL 200 instrument, using tetrame-
thylstlane as internal standard and CDCl; as
solvent, Infrared spectra were recorded with
a Perkin Elmer 457 spectrometer, Optical
rotations were measured on a Perkin Elmer
241 spectrometer, Elemental analyses were
performed with a Perkin Elmer 240 instru-
ment, Silica gel was used for analytical and -
column chromatography, Organic extracts
were dried over sodium sulphate and filtered
before removal of the solvent under reduced
pressure, Anhydrous solvents were distilled
under a nitrogen atmosphere before use: THF
and diethylether from lithium aluminum hydri-
de, HMPA and diisopropylamine from CaHZ,
methanol from magnesium turnings, All react-
ions employing anhydrous solvent were run
under argon. Aldehydes and ketones were
commercial products and were distilled before
use, as it was N,N-dimethylacetamide,
Acetamides (6)-(8) were prepared from the
corresponding amines and acetyl chloride;
they had physical and spectral data in agree-
ment with those reported in literature,
Compound (6) had b.p. 80°C at 10 mmHg
(Lit.14 b. p. 196°C); compound (7) had b.pe
110°C at 20 mmHg (Lit,13 b, p, 108C at
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15 mmHg): compound (8) had m,p. 101°C
(L1t.16 m,p. 100°C). (-)-(S)-p-Toluene men-
thyl sulphinate (9), now_commercially availa-
ble from Fluka, had [a]f - -202.5° (c 1,
acetone),5

Synthesis of sulphinylacetamides (1)-(4).

To a stirred solution of ditsopropylamine

(2.9 ml, 20 mmol) in THF (50 ml) at O°C, a
1.35 normal solution of n-Bul.i in hexane

(15 ml) is added. The mixture is stirred at
O°C for 15 min,, then cooled at -78°C and

the proper acetamide (20 mmol) in THF (20
ml) is added dropwise. The reaction mixture
is warmed up at -40°C, cooled again at -78°C
and a soluton of (-)-(5)-(9) (2,94 g, 10 mmoD)
in THF (20 ml) is added and stirring is con-
tinued at -78°C for 15 min (in the case of
compound (4) the reaction is much slower and
overnight strring at O*C is required), The
reaction is quenched with saturated ammonium
chloride solution (30 ml) and the organic
phase separated, The aqueous phase is
extracted twice with dichloromethane (100
ml), and the combined organic phases dried
and evaporated in vacuo, The resulting oil is
washed with pentane and then with ditsopro-
pylether, which makes compounds (1), (2),
and (4) solids, while (3) remains a thick oil,
Compound (1), 83% yield, had m.p, 64-66°C;
(alfy = +192.2°(c 1, CHC13), Found: C%
58.57; H% 6.69; N% 6,24, C11H|5NOLS
requires: C% S8,63; H% 6.71; N¥% 6.21.

LH NMR: & 7.51-7,20 (AA'BB* system, 4H,
aromatic protons); 3,92-3,60 (AB system,
2H, CHy); 2.82, 2.80 (23, 6H, N(CH3),);
2.28 (s, 3H, CHq-AD).

Compound (2), 75% yield, had m.p. 103-105°C
(a]lp’ = +173.3* (c 1, CHCl,), Found: C%
62.20; HY% 6.85; N% 5.52. T13H,,NO,S
requires: C% 62,12; H% 6.81; N% 5.57.

14 NMR: 6 7.64-7.33 (AA'BB' system, 4H,
aromatic protons); 4,00-3.64 (AB system,
2H, CHy); 3.58-3.05 (m, 4H, CHa-N-CH,);
2.40 (s, 3H, CH3Ar); 2.00-1.64 (m, 4H,
CH,p-CH,N), -

Com oun% 3, 77.5% yield, had ny’ = 1.5378;
(a)g/ = +90.5° (c 1, CHCly). Found: C%
63.94; H¥% 8.20; N% 5.03. C15“23N0 S
requires: C% 64,02; H% 8.24; N% 4.98.

1H NMR: 6 7.40-7.10 (AA'BB* system, 4H
aromatic protons); 3.85-3.40 (AB system,
2H, Cllz); 3.30 (m, 24, Cli(CHs)z); 2,20
(s, 3H, CH3-Ar); 1.30-0.60 (m, 12H,
(CH3)2CH).

Compound (4), 55% yield, had m,p, 165-166°C,
Found: C% 72,09; H% 5.47; N% 4.0O3.
CzllllgNOZS requires: C% 72.17; H% 5.48;
N% 4.01,

lH NMR: 5 7,60-7.35(AA'BB® system, 4H,
CgH/SO); 7.40-7,00 (m, 10H, N(CgH )2);
4.08.3.72 (AB system, 2H, CHy); 2./3(3,
3H, CH3-Am), :

Synthesis of (14)-(17) via lithium enolates.
The procedure for (+)-(16) is typical: to a
stirred solution of (+)-(R)-(1) (225.3 mg, 1
mmol) in THF (50 ml) at -78°C, a 1.35 normal

solution of n-Buli in hexane is added (see
Table 1 for substrate: base molar ratios).
After 30 min at -78°C isobutyraldehyde (0,28
ml, 3 mmol) is added at once, After the requi-
red condensation dme (see Table 1) the reac-
tion is quenched by addition of saturated am-
monium chloride solution (S ml) and the orga-
nic phase separated, The aqueous layer is
extracted twice with dichloromethane (25 ml),
the combined organic phases dried and eva-
porated in vacuo, The crude residue is taken
into dry methanol (15 ml) and anhydrous so-
dium dihydrogen phosphate (1,2 @) is added,
To the resulting slurry, cooled at -15°C, 8%
sodium amalgam (1,5 g) is added in one por-
tion, The mixture ts stirred at -15°C for 1h,
then filtered and added of saturated ammo-
nium chloride solution (5 mD, The organic
solvent is evaporated in vacuo and the resul-
ting aqueous phase extracted twice with
dichloromethane (20 ml), The organic phase
is dried and concentrated to give a crude otl
which is purificd by flash chromatography
(diethylether as eluent) to give (+)-(16),
Compounds (14)-(17) are thick oils that beco-
me solids when stored in the refrigerator at
-20°C. B-Hydroxyacetamide (14) had 1H NMR
spectral data in agreement with those repor-
ted for its racemic analogue.

Compound (15): C% 62.45; H% 11.10; N% 8.03.
CgH gNO, requires: C% 62,39; H% 11,05;
N% 8.08.° 'H NMR: 6 4,22 (bs, 1H, OH);
4.04 (X part of an ABX system, 1H, CH-0);
2,95, 2,91 (2s, 6H, N(CH3),); 2.44-2.14
(AB part of an ABX system, 2H, CH,CO);
1.90-1,66 (m, 1H, Cli(CH3)2); 1,56-1,00
(AB part of an ABMX system, 2H, CH-CH,-
-CH); 0.89 (d, 6H, (CH3),CH).

Compound (16): C% 60.40; H% 10.75; N% 8.81
CgHy7NO, requires: C% 60.34; H% 10.76; N%
8.79. IH NMR; 6 4.00 (bs, 1H, OH); 3.50
(X part of an ABX system, 1H, CH-0); 2.72,
2,68 (2s, 6H, N(CH 3)2); 2.24-1.90 (AB
part of an ABX system, 2H, CH,CO); 1.50-
-1.31 (m, 1H, CH(CH3),);0.65 (t, 6},
(Cl_l3)2CH).

Compound (17): C% 62,38; H% 11.00; N%8.12
CgH gNO2 requires: C% 62.39; H% 11.05;

N 8.08. M NMR: 6 4.16(bs, 1H, OH);
3.64 (X part of an ABX system, 1H, CH-0);
2.97, 2.93 (2s, 6H, N(CH3)p); 2.33-2.08
(AB part of an ABX system, 2H, CH2CO);
0.88 (s, 9H, (CH3)30).

Synthesis of (14)-(17) via magnesium enolates.,
The procedure for (-)-(16) is typical: to a
stirred solution of (+)-(R)-(1) (225,3 mg, 1
mmol) in THF (50 ml) kept at -78°C, a O.51
normal solution of t-BuMgBr in diethylcther
is added (see Table 2 for base: substrate mo-
lar ratios). The enolate precipitates to give
a white suspension, After 30 min stirring at
-78°C fsobutyraldehyde (0,28 ml, 3 mmol) is
added at once, After the required condensa-
tion time (see Table 2) the reaction is worked
up as described above for the condensation of
lithium enolates to give (14)-(17),
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Synthests of (19) from (+)-(R)=(1),

To the magnesium enolate of (+)-(R)-(1), pre-
pared as described above (O.55 mol, equiv.
of base), trifluoromethylacetophenone (0,41
ml, 3 mmol) is added at once. After 15 h at
-78°C the reaction i3 worked up in the usual
way, Compound (19) is isolated by flash chro-
matography (petroleum cther:diethylether 7:3
mixture as elycnt) in 55% yield, 1t has m.p.
39-40°C, [alp = +47.9° (c 1, CHCLy), Found:
C% 55.04; H% 5.36; N% 5.40.C ,H " F1NO,
requires: C% 55.16; H% 5.40; )}25.56.

1H NMR: 6 7.58 (bs, 1H, OH); 7.44-7.14
(m, SH, aromatc protons); 3.14-3.02 (AB
system, 2H, CH,CO); 3.05, 2.88 (23, 6H,
N(CH:})Z)'

Enantiomeric excess determination,

The enantiomeric purities of compound (1)-(4),
(14)-(17), and (19) were checked by lH NMR
spectroscopy with the aid of the chiral shift
reagent Eu(hfc); in condition pre-established
with their racemic counterparts, A S:1 sample
: shift reagent molar ratio generally gave
satistactory peaks separations, A good agree-
ment between the optical rotation values and
the e.e, evaluated by lH NMR was observed
for (14)-(17).

Separation of the diastereomeric components
of adduct (12).

The crude product of the condensation of iso-
butyraldehyde with the lithium enolate of
(+)-(R)-(1) is flash chromatographed with a
93:7 diethyl ether: isopropanol mixture as
eluent. Starting from 1 mmol of(+) (1), 78 mg
of (12a), m.p. 91-93°C, 133 mg of (12b),
m.p. 106-109°C, 29 mg of (12¢) were obtai-
ned (see text), The assignment of anti or syn
relative stereochemistry at C; and Cg rests
on the values of the coupling constants

H-C -Cﬁ-H. For the syn isomers, (12a) and
(12bg, J'= 3.7 Hz; for the anti isomer, (12¢),
] = 7.6 Hz. In a similar way, starting from
the magnesium enolate of (+)-(R)-(1) and iso-
butyraldehyde, 208 mg of (12a), m,p. 92-94°C,
and 6 mg of (12b), m.p. 107-110°C were
obtained (see texV,
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