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Abstract: Aldol reactions of a-bromoacetophenone and aldehydes
in dichloromethane produced the corresponding E-o,B-unsaturated
ketones at 25 °C with one equimolar amount of tin(1V) iodide, one
equimolar amount of tetrabutylammonium iodide and one equimo-
lar amount of N,N-diisopropylethylamine, and produced the corre-
sponding B-hydroxy ketones at —80 °C with one equimolar amount
of tin(1V) iodide and two equimolar amounts of tetrabutylammoni-
um iodide. Using one equimolar amount of tin(1V) iodide and two
equimolar amounts of tetrabutylammonium iodide at —80 °C in
dichloromethane, o-bromopropiophenone reacted with aldehydes
to afford the corresponding syn-a-methyl-B3-hydroxy ketones selec-
tively.

Key words: adol reactions, diastereoselectivity, tin, enones, B-hy-
droxyketones

The crossed aldol reaction is one of the most versatile syn-
thetic tools for carbon—carbon bond formation, and many
convenient methods for generating metal enolates have
been developed.! a-Halo ketones such as a-bromoace-
tophenone undergo reductive dehalogenation with low-
valent metal reagents to yield the corresponding metal
enolatesthat are applied to crossed aldol reactions.?*°> We
have found that acombo-reagent of tin(IV) iodide and tet-
rabutylammonium iodide (TBAI) can be applied to a car-
bony! alylation with 2-propenyl chlorides and a carbonyl
propargylation and allenylation with 2-propynyl mesy-

Tablel Aldol Reaction of 1 and Benzaldehyde?

lates.'® For example, in the carbonyl allylation, tri-
iodostannate(l1) ion (SnlsY), derived by the reduction of
Snl, with 17,41 would cause nucleophilic substitutions in
2-propeny! chlorides to yield 2-propenyltriiodotins that
would function as alylic anions. We thus hoped that the
triiodostannate(l 1) ion would mediate the formation of tri-
iodotin enolates from a-bromo ketones to cause crossed
aldol reactions with aldehydes.

Ph snl, R Ph R Ph
Br/ﬁ]/ + RCHO —= W + \(\”/
o TBAI o OH O
1 2 3

Equation 1

The adol reaction of a-bromoacetophenone (1) and benz-
aldehyde with tin(1V) iodide and TBAI was investigated
under various conditions. The results are summarized in
Tablel (Equationl, R = Ph). The addition of two
equimolar amounts of TBAI to tin(1V) iodide caused the
aldol condensation of 1 and benzaldehyde in dichloro-
methane at 25 °C to produce an a,B-unsaturated ketone,
namely (E)-chalcone (2, R = Ph), selectively (entry 1).
The adol condensation proceeded poorly with one
equimolar amount of TBAI. The use of one equimolar
amount of TBAI and one equimolar amount of N,N-diiso-

Entry TBAI (mmol) i-Pr,NEt (mmol) Solvent Temp (°C) Time (h) Yield (%)°

2 3
1 2.0 - CH,Cl, 25 48 57 -
2 10 10 CH.CI, 25 48 68 -
3 10 10 THF 25 48 67 -
4 10 10 DMF 25 67 38 -
5 2.0 - CH,Cl, -80 48 - 52
6 1.0 1.0 CH.Cl, -80 48 25 51

aThe reaction of 1 (1.1 mmol) and benzaldehyde (1.0 mmol) was carried out with tin(1V) iodide (1.0 mmol) in solvent (2 mL).

b |solated yields.
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propylethylamine as a base to tin(1V) iodide enhanced
the yield of 2 (R = Ph) (entry 2). The aldol reaction with
two equimolar amounts of TBAI at —80 °C selectively
afforded B-hydroxy ketone 3 (R = Ph) (entry 5), while
the aldol reaction with one equimolar amount of TBAI
and one equimolar amount of N,N-diisopropylethylamine
at —80 °C afforded amixture of 2 (R =Ph) and 3 (R = Ph)
(entry 6). The adol reaction did not occur without either
tin(IV) iodide or TBAI. Tin(ll) iodide instead of tin(IV)
iodide under the same conditions as those of entry 1 did
not cause the aldol reaction.?#®

The reaction conditions of entry 2 or entry 5in Table 1
can be applied to various aldehydes to selectively prepare
the corresponding E-o,B-unsaturated ketones 2 or the
corresponding  B-hydroxy ketones 3, respectively
(Equation 1, Table 2). The use of tetrahydrofuran as a
solvent at —80 °C facilitated the aldol reaction with 4-
chlorobenzaldehyde to enhance the yield of 2 together
with 3 (entry 8). The combo-reagent of Snl, and TBAI did
not cause pinacol coupling of any aldehyde or 1 in the
reactionsin Tables 1 and 2.

A plausible mechanism for the aldol reaction of 1 with al-
dehydesisillustrated in Scheme 1. Tin(1V) iodide is first
reduced to triiodostannate(l1) ion A with TBAI viathere-
ductive elimination of iodine from pentai odostannate(lV)
ion. The stannate(l1) ion A causes nucleophilic substitu-

Table2 Selective Preparation of E-a,B-Unsaturated Ketones 2 and
B-Hydroxy Ketones 3

Entry R Temp (°C) Time(h) Yield (%)?
2 3
1 4-CICeH, 25 48 67 -
2 4-MeOCgH, 25 48 59 -
3 4-MeCH, 25 48 59 -
4 PhCH=CH 25 54 64 -
5 PhCHMe 25 72 43 -
6 CeHas 25 48 52 -
7 ¢-CeHyy 25 49 53 -
8P 4-CIC¢H, -80 49 19 55
9 4-MeOC¢H, -80 48 6 47
10 4-MeCgH, -80 50 3 53
11 PhCH=CH -380 51 - 63
12 PhCHMe -80 50 - 43
13 CeHas -80 60 - 44
14 ¢-CeHyy -80 66 - 31

a|solated yields.
b THF (3 mL) was used as a solvent, because 4-chlorobenzal dehyde
was hardly solublein CH,CI, at —80 °C.

I TBA* Snl3 TBAX
Snlg + TBAI X =Brorl

lTBA+ ’Snl5|
OSnXIZ
TBAI TBAIl3
I — B
I2
. +
'ProNHEt I3~
R Ph
W RCHO
1,XSn0O o}
C

+ —
l iPr,NHEt | I
+ H30*
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R

R Ph Ph
\A( W
(o) OH O
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Schemel A plausible mechanism for thealdol reaction of 1 with al-
dehydes

tionin 1to givetriiodotin enolate B, which undergoes nu-
cleophilic addition to adehydes to afford B-
triiodostannyloxy ketones C. N,N-Diisopropylethylamine
promotes 3-elimination from C to produce E-a,3-unsatur-
ated ketones 2 together with 1XSn=0 and N-ethyl-N,N-
diisopropylammonium iodide. The N-ethyl-N,N-diisopro-
pylammonium iodide captures iodine by the reductive
elimination from pentaiodostannate(lV) ion. A second
TBAI performs a part of the capture of iodine in the aldol
reaction without N,N-diisopropylethylamine. In addition,
B-triiodostannyloxy ketones C formed at —80 °C can be
treated with acetic acid to produce B-hydroxy ketones 3.

a-Bromopropiophenone (4) reacted with various ade-
hydes under the same conditions as those of entry 5 in
Table 1 to produce the corresponding syn-a-methyl-B-hy-
droxy ketones syn-5 selectively (Equation 2). The results
are summarized in Table 3. The syn diastereosel ectivity
might be explained by the formation of Z enolate E from
a o*—n*-dominated Felkin~Anh model D*® followed by
the nucleophilic addition of E to aldehydes via a chair-
formed six-membered cyclic transition state F, as shown
in Scheme 2.

Br/H(Ph + RCHO \lj\fr
TBAI

I YY

4 syn-5 anti-5

Equation 2
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Table3 Selective Preparation of syn-a-Methyl-B-hydroxy Ketones
syn-5

Entry R Temp (°C)  Time (h) 5, Yield (%)?
(syn/anti)®

1 Ph -80 47 41 (93:7)

2 4-MeCgH, -80 48 43 (96:4)

3 PhCH=CH -80 49 45 (94:6)

4 PhCH,CH, 80 50 50 (89:11)

5 CeHys -80 69 32 (92:8)

6 c-CeHyy -80 68 30 (100:0)

a|solated yields.

b The isomer ratios were determined by *H NMR analysis (JEOL
INM-LA500); see ref.14

155N~ PhH
M h
~Snl
Br Ph : —> 2 /Snx3
Snl, O Me O
0 ¥
4 Snly Z-enolate E
D (X=Brorl)
l RCHO
: H Ph
: Hz0* : H
RWPh - R\_/\H/Ph - //QJ?Sn&
6H O XsSnO O R™ o
syn-5 E

Scheme2 Diastereoselective crossed aldol reaction

Preparation of a,-Unsaturated K etones; Typical Procedure
(Table 1, Entry 2)

To asolution of tin(1V) iodide (0.63 g, 1.0 mmol) and a-bromoace-
tophenone (1; 0.22 g, 1.1 mmol) in CH,Cl, (2 mL) were successive-
ly added TBAI (0.37 g, 1.0 mmol), benzaldehyde (0.11 g, 1.0
mmol) and N,N-diisopropylethylamine (0.13 g, 1.0 mmol) at 25 °C
under a nitrogen atmosphere. After stirring the mixture for 48 h, it
was diluted with CH,Cl, (100 mL) and washed successively with aq
NH,CI solution (20 mL), ag NaHCO; solution (20 mL), H,O (20
mL) and brine (20 mL). The extract was dried over anhyd MgSO,.
After evaporation of solvent, purification by column chromatogra-
phy (silicagel, hexane-EtOAc, 7: 1) and then HPLC (Japan Analyt-
ical Industry Co. Ltd., LC-908, JAIGEL-2H, CHCI,) afforded (E)-
chalcone (2; 0.14 g, 68%; R = Ph).

Preparation of p-Hydroxy Ketones; Typical Procedure (Table
1, Entry 5)

To asolution of tin(1V) iodide (0.63 g, 1.0 mmol) and a-bromoace-
tophenone (1; 0.22 g, 1.1 mmol) in CH,Cl, (2 mL) were successive-
ly added TBAI (0.74 g, 2.0 mmol) and benzaldehyde (0.11 g, 1.0
mmol) at —80 °C under a nitrogen atmosphere. After this mixture
was stirred for 48 h at —80 °C, Et,O (5 mL) containing AcOH (0.2
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mL) was added. The mixturewasdiluted with CH,Cl, (100 mL) and
washed successively with ag NaHCO; solution (20 mL), H,O (20
mL) and brine (20 mL). The CH,Cl, extract was dried over anhyd
MgSO,. After evaporation of solvent, purification by column chro-
matography (silicagel, hexane-EtOAc, 5: 1) and then HPL C (Japan
Analytical Industry Co. Ltd., LC-908, JAIGEL-2H; CHCI,) afford-
ed B-hydroxy ketone 3 (0.12 g, 52%; R = Ph).
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