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A Convenient Reduction Method of 8-Phenyl a,B8-Unsaturated
Carbonyl Compounds with MesSiCl-Nal-ROH Reagent
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Treatment of B-phenyl a,B-unsaturated ketones, cinnamic acid and its ester with Me3SiCl-NaI-ROH reagent
in hexane at room temperature gave the corresponding saturated carbonyl compounds in good yields. A
similar reaction of 2,4-hexadienoic acid afforded 4-hexanolide.

A Me3SiCl-Nal reagent has been applied to a variety
of organic syntheses as a MesSil equivalent,? where
beside the application to cleavage of ether, ester and
amide,? it can be used effectively in the deoxygenation
of sulfoxide,® alcohol,? epoxide,® and vicinal diol® as
well as in the dehalogenation of a-halo ketone.”? The
reagent is also effective for the conversion of a,f8-
unsaturated carbonyl compounds to B-iodo carbonyl
compounds. Thus, the reaction of conjugated enones
with MesSil gives B-iodo ketones,® and a similar
treatment of 2-alkenoic acids affords trimethylsilyl 3-
iodoalkanoates.? Recently, Larson et al.1® have
reported that acrylaldehyde and methyl vinyl ketone
were transformed into ethylene acetals of 3-iodopro-
panal and 4-iodo-2-butanone, respectively, by the
action of MesSiCl-Nal-ethylene glycol reagent in
CH3CN. However, reduction of carbon-carbon (C-C)
double bond of a,B-unsaturated carbonyl compounds
with the reagent has not been reported.

In relation to our continuing investigations!!-1? to
extend the applicability of the MesSiCl-Nal reagent in
organic synthesis, we have found that B-phenyl a,8-
unsaturated ketones, ester, and acid (la—f) can be
reduced to the corresponding saturated carbonyl
compounds (4a—f) in good yields by using an excess
of MesSiCl-Nal-ROH reagent in hexane at room
temperature (Scheme 1 and Table 1). It is interesting
that water or poly alcoholic compounds such as 2,3-
butanediol, (R,R)-diethyl tartrate, and cellulose are
used for ROH as hydrogen sources.
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Although such transformation can be done by using
several known methods, for example, alkali metals in
liquid ammonia,!® amalgamated zinc in hydrochloric
acid,’® MesSiH in CF3CO:zH,® combination of
LiAlH; and Cul,'® 2-phenylbenzothiazoline,?
Hantzsch ester-silica gel,® and so on, the present
method offers the significant advantages that the
reagent is inexpensive and the reaction can be done
conveniently under mild conditions. Furthermore,
products obtained after washing with aqueous
NagS203 have sufficient purity, as checked by using
1H NMR.

The present reaction was usually carried out by
adding MesSiCl (6—10 mmol) with stirring to a
mixture of substrate 1 (1 mmol), Nal (6—10 mmol),
H20 (6—10 mmol), and hexane (2 ml) as shown in
Table 1. Since the amount of water added was
equimolar with those of MesSiCl and Nal, it would
completely be consumed to produce HI. The reaction
was retarded by using a large excess of water. When
10 mmol of water and 6 mmol of Me3SiCl-Nal were
used in the reduction of 1 mmol of 1a, 4a was obtained
still in an 80% yield. However, an increase in the
amount of water to 30 ramol (five equivalents of
MesSiCl-Nal) decreased the yield of 4a to 23%
accompanied by unidentified impurities. A further
increase in the amount of water to 60 mmol resulted
merely in recovery of la.

Scheme 1 shows a possible mechanism for the
reduction which involves two pathways. In path A,
the reaction is initiated by 1,4-addition of MesSil
generated in situ to 1 to produce B-iodo enol silyl ether
intermediate 2, whose allylic and benzylic iodo
substituent would be extremely labile and attacked by
an iodide anion existing in excess to generate iodine
molecule in parallel with hydrogenation. The
compound having the same functionality as that of 2
has been isolated by Miller® in the reaction of a,8-
unsaturated ketone with MesSil under anhydrous
conditions, and identified by using 'H NMR. In the
present reaction, however, the intermediate 2 seems to
make relatively small contribution because, as
described above, the reaction in the presence of 1.67
equivalent of water to Me3SiCl-Nal gave 4a in 80%
yield in spite of the fact that Me3SiCl and MesSil are
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readily hydrolysed by water.?® In path B, HI
generated in situ adds to the C-C double bond of 1 to
give B-iodo ketone intermediate 3 as reported in the
literatures.®19 Subsequent reduction of 3 with HI
leads to 4 in a manner similar to path A. Path B is
supported on the basis of two facts: a) addition of 1a to
a stirred mixture of MesSiCl, Nal, Hz0, and hexane
also gave 4a in an 80% yield, and b) the reaction of 1a
with dry HI, generated by adding 55% aqueous HI to
phosphorus pentoxide, also afforded 4a in a 57% yield
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using olefins whose C-C double bond is conjugated
with phenyl group and carbonyl moiety. When 2,3-
butanediol was employed instead of water for the
reduction of la, cyclic acetal 5 was obtained pre-
dominantly. The work-up procedure becomes more
convenient by using cellulose (absorbent cotton),
which is easily removable from the reaction mixture.
It is worthy to note here that asymmetric induction

1 i 0 0
(Scheme 2?. (?omparlson of t!le yield between the two I I/ hexane L
methods indicates the obvious advantage of the Ph “room temp. PR
present method using Me3SiCl-Nal-H20. la 4a
Table 1 shows several examples of the reactions by Scheme 2.
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a) 1 mmol of substrate was generally used. b) A: H,O; B: 2,3-butanediol; C: cellulose (absorbent cotton); D:

(R,R)-diethyl tartrate.
tive TLC.

¢) Products obtained are known compounds excepting 5. d) Isolated yield by prepara-
e) 10 mmol of substrate was used. f) After purification by distillation. g) Against 1 mmol of la or

1c, 1.8 g of cellulose (absorbent cotton) was used. h) [«]® —1.2° (¢ 3.06, C;H,) [maximun rotation, [a]p —75.5°
(¢ 1, CgHg) for R-(—)-4b: F. Leyendercker, F. Jesser, and B. Ruhland, Tetrahedron Lett., 22, 3601 (1981)]. i)

[a]% —1.8° (c 4.1, C.H,).
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was observed, though very slight, in the reduction of
1b by using (R,R)-diethyl tartrate or cellulose.
Reaction of lc with MesSiCl-Nal-HzO reagent
afforded 4c and oxidation product 6, which may be
formed via addition of generated iodine to lc and
subsequent hydrolysis. The methyl group at C-3
would retard 1,4-addition of iodide anion by the
electron donating effect.29

Unfortunately, the present reduction method is not
applicable to B-alkyl e, B-unsaturated ketone and acid.
For example, the reactions with mesityl oxide and
crotonic acid gave merely 4-iodo-4-methyl-2-pentan-
one (7) (70% yield) and 3-iodobutanoic acid (8) (94%
yield), respectively, as expected8?:19 (Scheme 3).

The reactions listed in Table 1 were generally done
in a small scale by using 1 mmol of substrates. The
crude products obtained were therefore purified by
preparative TLC. The preparative scale of 10 mmol
order was exemplified by employing typical enone la.
In this case, vacuum distillation of the crude product
gave 4a with 98% purity (GLPC and 'HNMR
analysis) in a 95% yield.

The MesSiCl-NaI-Hz0 reagent was also found to
be effective for the transformation of 2,4-hexadienoic
acid (9) to 4-hexanolide (12) (54% yield), although it
required refluxing. The formation of 12 suggests the
occurrence of the reduction of 9 to a mixture of
regioisomers of hexenoic acids and/or their trimethyl-
silyl esters (10a—c), addition of HI to 10b, c to give
4-iodohexanoic acid and/or its trimethylsilyl ester
(11), and lactonization to 12 in a successive way
(Scheme 4). We confirmed that the treatment of 3-
hexenoic acid with the reagent at room temperature
also gave 12 in a 66% yield.

Me;SiCl-Nal-H,0 \

&1

hexane, room temp. { N
0

7
CoH I COpMH
8
Scheme 3.
Me3SiCl - /\/.\/C()zR 10a
A C0H N0 | ( _~_COR 10b
hexane .
9 reflux A~ ~_LCOR 10c
10be ——= /\|/\/C02R /b
R=SiMe3 or H

Me3SiCl-Nal-H,0
A~-CO0H hexane, room temp. 12

Scheme 4.
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Experimental

General. IR spectra were taken on a JASCO Model A-
102 spectrometer. 'H NMR spectra (60 MHz) were measured
with a JEOL Model JNM-60 SI spectrometer using Me4Si as
an internal standard. Optical rotation was recorded with a
JASCO Model DIP-4 apparatus. GLPC analysis was done
with a Hitachi Model 163 gas chromatograph. The
preparative TLC was carried out on silica gel (Kieselgel 60
PFass, Merck A. G. Darmstadt). Elemental analysis was
performed by Eiichiro Amano of our laboratory. Starting
materials 1b,20 1¢,2? and 1d?® were prepared according to
the methods reported and la, le, and 1f are commercially
available.

General Procedure for the Reaction of la—f with
Me3SiCl-Nal-H20 Reagent. To a mixture of Nal (1.5g,
10 mmol), olefin 1 (1 mmol), water (0.18 ml, 10 mmol) and
hexane (2ml), was added MesSiCl (1.28 ml, 10 mmol)
dropwise with stirring. Then, stirring was continued at
room temperature for the time indicated in Table 1. During
the course of the reaction, the mixture was colored dark
purple gradually due to liberated iodine. After addition of
water (3 ml), the ether extract was washed with aqueous
Na2S203 and brine, dried over MgSOs, and concentrated.
Purification of the residue by preparative TLC (hexane-
ether 3:1) gave product, whose IR and H NMR spectral
data were identical with those reported (compounds 4a,29
4b,25 4¢,29 44,20 6,27 7,29 and 829) or with those of authentic
samples commercially available (4e and 4f).

Reactions by using 2,3-butanediol, (R,R)-diethyl tartrate,
or cellulose for ROH were done in a similar way to that
described above and the quantities of ROH used are
indicated in Table 1.

Reaction of la with MesSiCl-Nal-2,3-Butanediol.
Crude products were fractionated by preparative TLC (hex-
ane-ether, 3:1) to give 4a (R¢ 0.45, 29% yield) and 5 (R
0.67, 51% yield). 5: IR (neat) 1583, 1604 cm~1; 'H NMR
(CCly) 6=1.18 (6H, d, J=6 Hz), 1.30 (3H, s), 1.84 (2H, m),
2.66 (2H, m), 3.53 (2H, m), 7.08 (5H, s). Anal. (C14H2002)C,
H.

Effects of the Amount of Water on the Yield of 4a. The
reaction of la (146 mg, 1 mmol) with MesSiCl (0.77 ml,
6 mmol), Nal (900 mg, 6 mmol) and water (0.18 ml,
10 mmol) in hexane (4 ml) was carried out in a manner
similar to that described above. The crude product was
distilled [bp 105—110°C (5 mmHg) (1 mmHg=133.322 Pa)]
to give 4a (119 mg, 80% yield).

A similar reaction with an increased amount of water
(540 mg, 30 mmol) gave a 88:12 (by 'H NMR) mixture
(38 mg) of 4a (23% vyield) and la (3% recovered) after
distillation [bp 110 °C (5 mmHg)]. A considerable amount
of tarry material remained as a still residue.

The reaction with a large excess of water (1.1 g, 60 mmol)
was done in a similar way and the recovery of the most of 1a
with a small amount of unidentified material was confirmed
by using 'H NMR.

Reduction of 1a by Addition to a Mixture of Me;SiCl-Nal-
H20. A mixture of MesSiCl (0.77 ml, 6 mmol), Nal
(900 mg, 6 mmol), water (0.108 ml, 6 mmol) and hexane
(4 ml) was stirred for 1 h at room temperature and then la
(146 mg, 1 mmol) was added. The mixture was stirred for
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additional 24 h at room temperature and treated in a usual
way to give 4a (120 mg, 80% yield) after distillation.

Reduction of la in a Preparative Scale. A similar
reaction using la (1.46 g, 10 mmol) and MesSiCl-Nal-H20
each with 60 mmol gave 4a (1.40g, 95% vyield) after
distillation [bp 100—110°C (5 mmHg)]. GLPC analysis
(SE-30, 1.0 mX5 mm o.d., N2 27 m! min~1, oven temperature
100 °C) of the product showed a peak at the retention time of
4.5 min with an relative intensity of 98%.

Reduction of la with Dry HI. To a mixture of la
(292 mg, 2 mmol) and hexane (5 ml) was introduced dry HI,
which was generated by dropping 55% aqueous HI solution
(5 ml, 37 mmol) to phosphorus pentoxide (13 g, 92 mmol).3?
The mixture was stirred for 24 h at room temperature and
then poured into aqueous NaHCOs. The organic layer was
extracted with ethyl acetate and treated in a usual way to
give 4a (167mg, 57% yield) after distillation. A tarry
material was remained as a still residue.

4-Hexanolide (12) from 2,4-Hexadienoic Acid (9). To a
mixture of acid 9 (224 mg, 2 mmol), Nal (3.0 g, 20 mmol),
water (0.36 ml, 20 mmol) and hexane (4ml), was added
MesSiCl (2.56 ml, 20 mmol) at room temperature. After
being stirred under reflux for 18 h, the mixture was washed
with aqueous NaHCOs; and treated in a usual way.
Kugelrohr distillation [bp 120—130 °C (18 mmHg)] of the
residual oil gave 12 (123 mg, 54% yield), whose IR and
1H NMR spectra were identical with those reported.3Y The
aqueous NaHCOs3 layer was acidified and the ether extract
was treated in a similar way to give 189 mg of a mixture of
acidic materials, whose separation and structual identifica-
tion were unsuccessful.

Lactone 12 from 3-Hexenoic Acid. A mixture of 3-
hexenoic acid®? (228 mg, 2mmol), MesSiCl (2.56 ml,
20 mmol), Nal (3.0g, 20 mmol), water (360 mmol), and
hexane (4ml) was allowed to react for 44h at room
temperature and treated in a usual way to give 12 (152 mg,
66% yield) after distillation. Attempts to purify the acidic
material (87 mg) by preparative TLC was failed.
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