CHIRALITY (2013)

Enantiomerically Pure Bithiophene Diphosphine Oxides as Catalysts
for Direct Double Aldol Reactions

ANDREA GENONI,! MAURIZIO BENAGLIA,* SERGIO ROSSL! anp GIUSEPPE CELENTANO?

Dipartimento di Chimica, Universita’ degli Studi di Milano, Milano, Italy
2Dipartimento di Scienze Farmaceutiche, Universita’ degli Studi di Milano, Milano, Italy

ABSTRACT

The direct aldol reaction between aryl methyl ketones with aromatic aldehydes

in the presence of tetrachlorosilane and a catalytic amount of a chiral bithiophene diphosphine
oxide was studied; the product of double aldol addition was isolated as diacetate in good
diastereoselectivity (up to 95:5) and enantioselectivities up to 91%. The reaction with
heteroaromatic aldehydes was also investigated leading to the corresponding 1,3 diols, in some

cases with excellent stereoselectivities. Chirality 00:000-000, 2013.
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INTRODUCTION

The use of tetrachlorosilane in combination with catalytic
amount of chiral Lewis bases to promote stereoselective
reactions nowadays is a well-established methodology.'™
Seminal works by Denmark and colleagues*® with chiral
phosphoroamides have shown the versatility of the catalytic
system that opened avenues to several different synthetic ap-
plications.” Soon after, Nakajima and colleagues®** and
wel>17 demonstrated that phosphine oxides could also
coordinate SiCly and generate hypervalent cationic silicon
species in situ as chiral Lewis acids able to promote
stereoselective direct aldol reactions.

Recently, it was reported'® that the binaphthyl-based phos-
phine oxide BINAPO catalyzed the double aldol reaction'®%°
of acetophenone with benzaldehyde, leading to the formation
of the corresponding products as a mixture of two diastereo-
isomers and 60% e.e for the major isomer. By looking for
the best experimental conditions it was found that a mixture
of DCM and propionitrile as reaction solvent in combination
with the use of dicyclohexylmethylamine allowed an increase
in the stereoselectivity up to 70% enantiomeric excess (e.e.)
Only with 2-furyl and 2-cyclopropyl methyl ketones was 90%
of enantioselectivity reached.

We were interested in applying our catalytic methodologies
to the transformation; in our previous studies of Lewis-based
catalyzed reactions in the presence of silicon tetrachloride the
use of biheteroaromatic diphosphine oxides, more electron-
rich than the commonly used binaphthyl diphosphine deriva-
tives, has often led to the formation of the desired products with
enantioselectivities higher than those obtained with BINAPO?!;
therefore we decided to investigate the behavior of (S)-
tetramethyl-bithiophene phosphine oxide, (S)-TetraMe-
BITIOPO, in the direct double aldol reaction between aryl
methyl ketones and aromatic aldehydes.

MATERIALS AND METHODS
General

TLC was performed on Merck silica gel 60 TLC plates F254 and visual-
ized using UV or phosphomolibdic acid. Flash chromatography was car-
ried out on silica gel (230-400 mesh). 'H NMRs were recorded at
300 MHz (Bruker Fourier 300 or AMX 300) with the indicated solvent.
13C NMRs were obtained at 75 MHz with complete proton decoupling.
Chemical shifts were determined relative to tetramethylsilane (for hydro-
gen atoms) and residual solvent peaks (for carbon atoms). HPLC for e.e.
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determination was performed on an Agilent 1100 or 1200 instrument un-
der the conditions reported below. Mass spectra (MS) were performed
at CIGA (Centro Interdipartimentale Grandi Apparecchiature), with mass
spectrometer APEX II and Xmass software (Bruker Daltonics).All reac-
tants were freshly distilled (if liquid) or crystallized (f solid) before use.

Double Aldol Reaction: Typical Procedure

To a stirred solution of (S)-tetra-Me-BITIOPO (0.016 mmol, 0.1 equiv)
in CHyCl, (2mL), DIPEA (diisopropylethylamine) (0.8 mmol, 5 equiv.)
and the ketone (0.16mmol, 1 equiv.) were added. The mixture was
cooled to —40°C, then freshly distilled tetrachlorosilane (0.64 mmol, 4
equiv.) was added dropwise with a syringe. After 15min, aldehyde
(0.352mmol, 2.2 equiv.) was added. The mixture was stirred for 20h.
After this time, the reaction was quenched by the addition of a saturated
aqueous solution of NH,Cl (2mL). The mixture was allowed to warm to
room temperature and stirred for 30min, then CH,Cl, (15mL) was
added. The two-layer mixture was separated and the aqueous layer was
extracted with CH,Cl, (15mL). The combined organic layers were dried
over Na,SOy, filtered, and concentrated under vacuum at room tempera-
ture to give the crude 1,3-diols, as confirmed by 'H-NMR.

The crude products were then treated with acetic anhydride
(1.76 mmol, 11 equiv) in 2 mL of pyridine at room temperature (RT). After
stirring for 20h, the mixture was quenched with H,O (10mL) and
extracted with CH,Cl, (2 x 15mL). The combined organic layers were
dried over Na,SQy, filtered, and concentrated under vacuum at RT. The
diastereoisomeric ratio was calculated by 'H-NMR spettroscopy. Yields
were determined after chromatographic purification on silica gel with dif-
ferent hexane/ethyl acetate mixtures as eluent (see below). The e.e. was
determined by high-performance liquid chromatography (HPLC) on a
chiral stationary phase. Attributions were performed using racemic
mixtures as references. (S)-tetra-Me-BITIOPO was quantitatively recov-
ered by further elution with 10% MeOH in CH,Cl, without any loss of
optical purity.

(3-acetoxy-2-(1'-acetoxy(phenyl)methyl)-1,3-diphenylpropan-
1-one (3). This product was purified by flash column chromatography
on silica gel with a 8:2 hexane/ethyl acetate mixture as eluent. The
purification afforded a mixture of chiral and meso adducts.

Additional Supporting Information may be found in the online version of
this article.
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Ry = 0.24(8 : 2 hexane/ethyl acetate).

Data for chiral (3a): 'H NMR (300 MHz, CDCly) &: 7.99 (d, 2H,
J=9Hz), 7.44 (d, 2H, J=6Hz), 7.357.11 (m, 11H), 6.37 (d, 1H,
J=6Hz), 6.22 (d, 1H, J=9Hz), 4.55 (dd, 1H, J=9Hz, J=6Hz), 2.03
(s, 3H), 2.01 (s, 3H). *C NMR (300 MHz, CDCly) &: 198.59, 169.47,
169.38, 138.47, 138.22, 137.64, 132.60, 128.50, 128.23, 128.08, 127.78,
127.65, 127.2, 74.90, 74.05, 55.91, 20.83, 20.65.

HRMS Mass (ESI+): m/z=calc for CysHy4O5Na™=439.46, found
439.15 [M + Nal.

Data for meso (3b): 'H NMR (300 MHz, CDCly) &: 8.10 (d, 2H,
J=9Hz), 7.68 (d, 2H, J=9Hz), 7.357.11 (m, 11H), 5.95 (d, 2H,
J=6Hz), 4.40 (t, 1H, J=6Hz), 1.78 (s, 6H).

The e.e. was determined by chiral HPLC with Daicel Chiralpak AD
column, eluent: 8:2 Hex/IPA; 0.8 mL/min flow rate, detection: 254 nm,
tg 9.44 min (chiral, minor), tg 12.51 min (chiral, major), tg 17.63 min
(meso). (Table 1)

3-acetoxy-2-(1'-acetoxy-1'-(4-chlorophenyl)methyl)-1-phenyl-3-
(4-chlorophenyl)-propan-1-one (Table 2, entry 3). This product was
purified by flash column chromatography on silica gel with a 9:1 hexane/
ethyl acetate mixture as eluent. The purification afforded a mixture of
chiral and meso adducts. Ry=0.25 (8:2 hexane/ethyl acetate).

Data for a chiral/meso mixture: *"H NMR (300 MHz, CDCly) &: 7.67
(d, 2H, J=9 Hz, meso), 7.48 (d, 2H, ] =6 Hz, chiral), 7.45-7.06 (m, 11H
chiral + 11H meso), 6.27 (d, 1H, J=9Hz, chiral), 6.14 (d, 1H, J=9Hz,
chiral), 5.92 (d, 2H, J =9 Hz, meso), 4.56 (dd, 1H, J =9 Hz, ] = 6 Hz, chiral),

4.42 (t, 1H, J=9Hz, meso), 1.93 (s, 3H, chiral), 1.80 (s, 6H, meso), 1.76
(s, 3H, chiral). *>*C NMR (300 MHz, CDCl;) &: 198.59, 169.68, 138.47,
136.95, 136.43, 134.71, 133.48, 129.41, 129.02, 128.92, 128.75, 128.22,
74.0, 74.41, 73.66, 55.95, 21.14, 21.00. HRMS Mass (ESI+): m/z=calc
for C26H22C1205N3.4r = 50707, found 507.20 [M + Na]

The e.e. was determined by chiral HPLC with a Daicel Chiralpak AD
column, eluent: 8:2 Hex/IPA; 0.8 mL/min flow rate, detection: 242 nm, tg
10.52 min (chiral, minor), tg 14.81 min (chiral, major), tg 26.10 min (mes0).

3-acetoxy-2-(1'-acetoxy-1’'-(4-nitrohenyl)methyl)-1-phenyl-3-(4-
nitrophenyl)-propan-1-one (Table 2, entry 4). This product was
purified by flash column chromatography on silica gel with a 8:2 hexane/
ethyl acetate mixture as eluent. The purification afforded a mixture of chiral
and meso adducts. Re=0.12 (8:2 hexane/ethyl acetate).

Data for a chiral/meso mixture: '"H NMR (300 MHz, CDCly) &: 8.09-
8.01 (m, 4H chiral+4H meso), 7.64-7.17 (m, 9H chiral+9H meso),
6.44 (d, 1H, J=6Hz, chiral), 6.30 (d, 1H, J=9Hz, chiral), 6.01
(d, 2H, J=6Hz, meso), 4.58 (dd, 1H, J=9Hz, J=6Hz, chiral), 4.46
(t, 1H, J=9Hz, meso), 2.06 (s, 3H, chiral), 1.97 (s, 6H, meso), 1.89
(s, 3H, chiral). *C NMR (300 MHz, CDCls) &: 195.44, 169.98, 144.84,
140.30, 139.26, 136.96, 134.27, 133.39, 129.82, 129.59, 128.73, 127.09,
123.93, 123.70, 73.02, 71.64, 55.43, 20.74. HRMS Mass (ESI+): m/z=
calc for CogHgoNoOgNa® =529.12, found 529.3 [M + Na].

The enantiomeric excess was determined by chiral HPLC with Daicel
Chiralcell OD-H column, eluent: 8:2 Hex/IPA; 0.8mL/min flow rate,

TABLE 1. Tetra-Me-BITIOPO-catalyzed condensation of acetophenone with benzaldehyde

Entry R. time (h) R. temp (°C) Yield (%) Diast. ratio” e.e major isomer” (%)
1 20 -40 65 84/16 53
2 24 -40 90 81/19 60
3 20 -40 31 79/21 31
4 20 40 35 86/14 61
5 20 -40 61 88/12 75
6 20 78 nr. — —
7 72 78 35 75/25 69

“Reactions were run with 4 mol equiv. of SiCly, 1 mol equiv of ketone,2.2 mol equiv of aldehyde and 10 mol % amount of catalyst; yields were determined after chro-

matographic purification on the diacetate derivative;

bdiastereoisomeric ratio was determined by *H-NMR and confirmed by HPLC;
e.e. was determined by HPLC on chiral column (see Supporting Information);
4(S)-BINAPO was used;

€Lit. data, Ref. 18; (S)-BINAPO was used;

{(S)-BINAPO was used with Cl;SiOTf;

%the reaction was quenched with NaHCOj sat. sol.

Bthe reaction was quenched with NH,CI sat. sol.

TABLE 2. Tetra-Me-BITIOPO-catalyzed condensation of acetophenone with differently substituted aldehydes

Entry Ar Yield (%) Diast. ratio” e.e major isomer” (%)
1 Ph 61 88/12 75
2 4-CF5Ph 63 90/10 41
3 4-CIPh 65 80/20 70
4 4-NO,Ph 51 70/30 26
5 4-OMePh 40 73/27 91
6 4-MePh 43 89/11 80
7 1-Naphth 55 89/11 41
8 2-furyl 45 92/8 71
9 2-thienyl 25 90/10 90

“Reactions were run with 4 mol equiv. of SiCly, 1 mol equiv of ketone,2.2 mol equiv of aldehyde and 10 mol % amount of catalyst for 20 h at -40°C; yields were deter-

mined after chromatographic purification on the diacetate derivative;
bdiastereoisomeric ratio was determined by 'H-NMR;
‘e.e. was determined by HPLC on chiral column (see Supporting Information).
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detection: 254 nm, tg 12.73 min (ckiral, major), tg 13.97 min (chiral, minor),
tg 15.9min (meso).

3-acetoxy-2-(1'-acetoxy-1’'-(4-methoxyphenyl)methyl)-1-phenyl-3-
(4-methoxyphenyl)-propan-1-one (Table 2, entry 5). This product
was purified by flash column chromatography on silica gel with a 8:2
hexane/ethyl acetate mixture as eluent. The purification afforded a mix-
ture of chiral and meso adducts.

Ry = 0.13(8 : 2 hexane/ethyl acetate).

Data for a chiral/meso mixture: 'H NMR (300 MHz, CDCly) 8: 7.72 (d,
2H, J=9Hz, meso), 7.59 (d, 2H, J =6 Hz, chiral), 7.53-7.28 (m, 5H chi-
ral+5H meso), 7.187.10 (m, 2H chiral + 2H meso), 6.85-6.68 (m, 4H
chiral + 4H meso) 6.26 (d, 1H, J =6 Hz, chiral), 6.16 (d, 1H, J =9 Hz, chi-
ral), 5.96 (d, 2H, J =9 Hz, meso), 4.69 (dd, 1H, J =9 Hz, 10.5Hz, chiral)
4.49 (t, 1H, J=9Hz, meso), 3.79 (s, 3H, chiral), 3.76 (s, 6H, meso), 3.71
(s, 3H, chiral), 1.92 (s, 3H, chiral), 1.73 (s, 3H, chiral), 1.66 (s, 6H,
meso). °C NMR (300 MHz, CDCl,) &: 195.84, 169.53, 159.55, 138.62,
132.63, 130.22, 129.56, 129.06, 128.76, 128.30, 128.17, 128.11, 127.87,
113.86, 113.59, 74.82, 73.86, 56.33, 55.29, 55.13, 20.89. HRMS Mass
(ESI+): m/z= calc for CygHy50;Na*=499.17, found 499.3 [M + Na].

The e.e was determined by chiral HPLC with a Daicel Chiralpak AD
column, eluent: 8:2 Hex/IPA; 0.8 mL/min flow rate, detection: 225nm,
tg 13.86min (ckiral, minor), tg 20.59min (chiral, major), tg 30.22 min
(meso).

3-acetoxy-2-(1'-acetoxy-1’-(4-methylphenyl)methyl)-1-phenyl-3-
(4-methylphenyl)-propan-1-one (Table 2, entry 6). This product
was purified by flash column chromatography on silica gel with a 9:1
hexane/ethyl acetate mixture as eluent. The purification afforded a
mixture of chiral and meso adducts.

Ry = 0.4(8 : 2 hexane/ethyl acetate).

Data for a chiral/meso mixture: 'H NMR (300 MHz, CDCLy) : 7.63 (d,
2H, J=6Hz, meso), 7.51 (d, 2H, J=9 Hz, chiral), 7.46-7.21 (m, 5H chi-
ral+5H meso), 7.11-6.92 (m, 6H, chiral+6H meso), 6.24 (d, 1H,
J=9Hz, chiral), 6.14 (d, 1H, J=9Hz, chiral), 592 (d, 2H, J=6Hz,
meso) 4.65 (dd, 1H, J=10.5Hz, J=9Hz, chiral), 4.44 (t, 1H, J=6Hz,
meso), 2.26 (s, 3H, chiral), 2.25 (s, 6H, meso), 2.18 (s, 3H, chiral),
1.90 (s, 3H, chiral), 1.69 (s, 3H, chiral), 1.26 (s, 6H, meso).

13C NMR (300 MHz, CDCls) &: 198.70, 169.48, 169.37, 138.63, 138.08,
135.15, 134.53, 132.51, 129.07, 128.88, 128.08, 127.90, 127.65, 127.31,
126.83, 74.97, 74.02, 55.65, 21.05, 20.89. HRMS Mass (ESI+): m/z=
calc for CogHpg05Na* =467.18, found 467.18 [M + Na].

The e.e. was determined by chiral HPLC with a Daicel Chiralpak AD col-
umn, eluent: 95:5 Hex/IPA; 0.8 mL/min flow rate, detection: 225nm, tg
18.62 min (chiral, minor), tg 44.06 min (chiral, major), tg 50.69 min (meso).

3-acetoxy-2-(1’-acetoxy-1’-(1-naphthyl)methyl)-1-phenyl-3-(1-naph
thyl)-propan-1-one (Table 2, entry 7). This product was purified by
flash column chromatography on silica gel with a 9:1 hexane/ethyl
acetate mixture as eluent.

Ry = 0.4(8 : 2 hexane/ethyl acetate).

Data for chiral product: 'H NMR (300 MHz, CDCl,) &: 8.50 (d, 1H,
J=6Hz), 840 (d, 1H, J=6Hz), 7.83 (d, 1H, J=9Hz), 7.74-7.68 (m,
2H), 7.67-7.45 (m, 6H), 7.40-7.20 (m, 4H), 7.18-7.12 (m, 2H), 6.99 (d,
2H, J=6Hz), 6.87 (d, 2H, J=6Hz), 5.27 (dd, 1H, J=9Hz, J=3Hz),
2.15 (s, 3H), 1.76 (s, 3H). *C NMR (300 MHz, CDCly) &: 197.53,
168.51, 138.40, 133.85, 133.10, 132.48, 130.24, 129.09, 127.90, 127.52,
126.41, 125.69, 125.25, 124.89, 122.90, 53.32, 20.90.

HRMS Mass (ESI+): m/z=calc for CysH305Na"=467.18, found
467.18 [M+Na].The e.e. was determined by chiral HPLC with a

Daicel Chiralpak AD column, eluent: 9:1 Hex/IPA; 0.8 mL/min flow
rate, detection: 225.8 nm, tg 12.71min (chiral, minor), tg 54.14 min
(chiral, major).

Data for meso product: 7.82 (d, 2H, J=6Hz), 7.66 (d, 2H, J=6Hz),
7.51-7.18 (m, 13H), 7.04 (t, 2H, J=9Hz), 6.61 (d, 2H, J=6Hz), 5.11
(br, 1H), 2.00 (s, 6H).

RESULTS AND DISCUSSION

The reaction between 1mol/eq. of acetophenone and
2.2mol/eq. of benzaldehyde was first investigated in the
presence of stoichiometric amounts of SiCl; and a catalytic
amount of enantiomerically pure (S)-Tetra-Me-BITIOPO
(0.1mol/eq.) (Scheme 1). At the end of reaction the
quenching and the work up with NH,Cl sat.sol. allowed
isolating the product as a mixture of diastereoisomers, as
clearly indicated by 'H NMR of the crude reaction mix-
ture; however, any attempt to purify the 1,3 diol led to de-
composition and low isolation yields.?? Therefore, the
crude products were reacted with acetic anhydride to af-
ford the corresponding diacetate derivatives, which were
obtained as pure compounds and properly analysed and
characterized.?®

Different experimental conditions of solvent, temperature,
and stoichiometric ratios were screened in order to optimize
the performance of the Lewis base; a few selected results
are shown in Table 1. At -40°C in DCM the reaction was
found to proceed after 20 h in 35% yield, 86/14 ratio between
the chiral isomer 3a and the achiral species 3b, with 55% e.e.
for the major isomer (it must be noted that 3b is an achiral
molecule that may exist in two diastereoisomers because
carbon in o to carbonyl group is an achirotopic stereogenic
center; however, NMR showed one set of signals only and
by HPLC analysis one peak was detected under many
attempted conditions). For sake of comparison the reaction
was performed under the same experimental conditions
with (S)-BINAPO as a chiral catalyst: the product was
obtained in comparable yields and stereoselectivities. The
use of trichlorosilyl triflate did not bring any improvement
to the process. It was also observed that the experimental
conditions of the reaction work up strongly influenced the
level of the enantioselectivity of the isolated products: it was
found that quenching with ammonium chloride gave best
results and it allowed to obtain the 1,3 diacetate 3a as major
product in good yield, 88/12 diastereoisomeric ratio and
higher enantioselectivities, up to 75% e.e. (entry 5 of Table 1).

In the attempt to improve the stereoselectivity the reaction
temperature was further lowered to -78°C; as expected,
the condensation was promoted in lower yield but without
any appreciable increase of the enantioselectivity. Therefore,
it was decided to further explore the general scope of the
methodology by performing the reaction at —40°C for
20 hours in the presence of 10% mol amount of (S)-BITIOPO.

Atfirst the acetophenone reaction with differently substituted
aromatic aldehydes was investigated (see Scheme 2): the
results are collected in Table 2.

Generally speaking, aldehydes bearing electron-withdrawing
groups reacted with acetophenone in higher yields than
benzaldehyde, while electron-rich aldehydes were less
reactive; however, the opposite trend was observed for the
enantioselectivity.

Indeed, while the diastereoselectivity seems not to be
influenced by electronic characteristics of the substrates,
enantioselectivities ranging from 80-91% were obtained

Chirality DOI 10.1002/chir
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g o (S)-BITIOPO (0.1 eq) HOS-Ph HOL-Ph
* H Ph Ph , Ph Ph
SiCls (1.5 eq), DIPEA
O OH O OH
1 2
AcO._Ph AcO._Ph A0 /Py
Ph _Ph _ Ph Ph
O OAc O OAc
3a 3b
P 2
\+—PPh,
(S) - Tetra-Me-BITIOPO
7 -PPh,
S

Scheme 1. Double aldol reaction between benzaldehyde and acetophenone.

0 1) (5)-BITIOPO (0.1eq)  acO_ Ar

0 SiCl,, DIPEA AcOL Ar
LN Ph Ar Ph Ar
Ar” H 2) Acs0 ; +
2 O OAc O OAc

Scheme 2. Double aldol reaction between acetophenone and different aromatic aldehydes.

o 1) (S)-BITIOPO (0.1 eq) ACO.
- j)L SiCl,, DIPEA (j:ogi\f @i’g/\/:
+ Y Ar S Ar
l X5 Ar” "H 2) Ac,0 R/ Y R/
O OAc O OAc

Scheme 3. Double aldol reaction between differently substituted aryl methyl ketones and different aromatic aldehydes.

TABLE 3. Tetra-Me-BITIOPO-catalyzed condensation of aryl methyl ketones with differently substituted aldehydes

Entry Ar R Yield (%) Diast. ratio” e.e major isomer (%)
1 Ph 4-OMe 45 85/15 43
2 4-CFsPh 4-OMe 71 85/15 25
3 4-OMePh 4-OMe 51 86/14 27
4 3,4-di-OMePh 4-OMe 70 95/5 15
5 2-furyl 4-OMe 71 84/16 11
6 2-thienyl 4-OMe 45 77/23 51
7 Ph 4-NO, 30 70/30 83
8 4-CF5Ph 4-NO, 35 88/12 55
9 4-OMePh 4-NO, 25 55/45 80
10 2-furyl 4-NO, 40 83/17 90
11 2-thienyl 4-NO, 35 61/39 90

“Reactions were run with 3 mol equiv. of SiCly, 1 mol equiv of ketone,2.2 mol equiv of aldehyde and 10 mol % amount of catalyst for 20 h at -40°C; yields were deter-
mined after chromatographic purification on the diacetate derivative;

bdiastereoisomeric ratio was determined by 'H-NMR;

‘e.e. was determined by HPLC on chiral column (see Supporting Information).

Chirality DOI 10.1002/chir
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for the reaction of 4-tolualdehyde, 4-anisaldehyde, and
2-thiophene caboxyaldehyde.

4-Chloro benzaldehyde afforded the 1,3-diacetate in good
yield and enantioselectivity comparable to that observed with
benzaldehyde; reaction with 4-trifluoromethyl benzaldehyde
gave the product even in 41% e.e., while the analogous
4-nitro derivative was isolated with 26% e.e. only (entries 2
and 4), probably due to the interference in the reaction mech-
anism of the nitro group, able to coordinate tetrachlorosilane.

The behavior of electronically different aryl methyl ketones
was then studied (Scheme 3); 4-methoxyphenyl methyl
ketone was reacted with two equivalents of different aromatic
aldehydes (entries 1-6 of Table 3).

The reaction generally afforded the double aldol reac-
tion products in good yields, with aldehydes functional-
ized both with electron-withdrawing or electron-donating
groups; diastereoselectivities vary from 77/23 up to 95/
5. Unfortunately, the reaction with the aryl ketone
substituted with the electron-donating group as the
methoxy group afforded the products generally with
lower enantioselectivities than those with acetophenone.
With benzaldehyde and 2-thiophencarboxyaldehyde, e.e.
up to 43% and 51%, respectively, for the major isomer
were obtained.

On the other hand, as expected, 4-nitrophenyl methyl ketone
was shown to be less reactive than acetophenone and did not af-
ford the desired product in appreciable yields with the poorly
reactive electronrich aldehydes; however, the reaction with p-
anisaldehyde led to the formation of the desired product in
80% e.e., although in low yields and diastereoselectivity. It must
be mentioned that the heteroaromatic substrates like 2-furyl
carboxyaldehyde and 2-thienyl carboxyaldehyde also reacted
and afforded the corresponding 1,3-diacetate, in modest yields
but with 90% of enantioselectivity.

CONCLUSIONS

In conclusion, the double aldol reaction of aryl methyl ke-
tones with aromatic aldehydes was studied in the presence
of catalytic amounts of diheteroromatic diphosphine oxide
as chiral Lewis base; the reaction products were isolated as
1,3-diacetate derivatives in yields depending on the electronic
characteristics of the reactive substrates: from the chemical
activity point of view the best results were obtained by
employing an electron-rich aryl methyl ketone and electron-
poor aromatic aldehydes.

However, while the diastereoisomeric ratio seems to be quite
independent from the substrate variation, ranging typically
from 70/30 to 90/10, the highest enantioselectivities were ob-
served in the reaction with aldehydes bearing electron-
donating groups and heteroaromatic aldehydes: in those cases,
ee. up to 91% was obtained, showing that (S)-TetraMe-
BITIOPO favorably compares with the BINAPO-derived ligand,
leading with different substrates to the products in higher
enantioselectivities. Further studies are needed in order to bet-
ter address the diastereoselectivity of the process and the
chemical activation of the less-reactive substrates.
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