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Abstract—Anionic activation of Si-H, Si-O and Si-N bonds by fluoride ions under heterogencous conditions is
reported: Si~H activated by KF or CsF is a very powerful and selective reducing reagent; the carbony! group of
aldehydes, ketones or esters can be reduced without reduction of other functional groups (C=C, NO,, Br, amido).
Furthermore, selective reductions of aldehydes in the presence of ketones and ketones in the presence of
carboxylic esters are also possible. CsF in the presence of Si(OR), is found to be very efficient in promoting
Michaet additions of monoketones and arylacetonitriles on different kinds of Michael acceptors such as a, 8
unsaturated ketones, esters, nitriles and even amides. This constitutes an extension of Michael reaction since the
addition occurs even with crowded ketones. N, N bis(silyl)enamines activated by fluoride ions react with carbonyl
compounds and provide an interesting route to 2-aza-1, 3 dienes.
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The present paper highlights the various methods we
investigated to activate Si-H, Si-O and Si-N bonds. We
have developed an anionic activation in heterogeneous
conditions especially with fluoride ions.

We started into this field through a mechanistic study
of the hydrolysis and the alcoholysis of Si-Cl bonds.
This study provided both a kinetic and a stereochemical
proof of the existeace of aucleophilic activation at a Si
atom.! The results of these studies showed that
hydrolysis and alcoholysis of R;R;R,SiCl, activated by
nucleophiles such as HMPA were entropy controlled
(AS$ ~ —60calmol™' K™!, -3<AH?<3kcalmole™)
and that the rate equation was found to be:

v =k{R,R:R;SiCD) (ROH) (Nu)
Nu=HMPA » DMSO > DMF.

Furthermore, the stereochemistry observed was
retention of configuration while inversion was normally
found in the absence of the nucleophilic catalyst. These
observations were explained by the reversible formation
of a pentacoordinate intermediate followed by a rate
determining nucleophilic attack of water (or alcohol) on
the pentacoordinated silicon atom (Reaction I).
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The increase in rate between the unactivated and the
activated hydrolysis was in the range of 10°,

Illustrations of such nucleophilic enhanced reactivity
are demonstrated in the following cases. For instance, a
N atom in a suitable intramolecular position, as shown in
1, activates the Si-H bond and a rapid reaction with
alcohols occurs® (Reaction II). No such reaction occurs
with PhSiH,R under identical conditions.
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Several examples exist in the literature which demon-
strate the efficency of fluoride ion in the activation of
various Si-element bonds. The activation of the Si-O
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bond is; for instance, illustrated in the deprotection of an
alcohol” (Reaction III).
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The activation of the Si-C bond is illustrated by the
cleavage of the Si-allyl bond giving the homoallyl al-
cohol by reaction with a carbonyl compound” (Reaction
V).
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Another report demonstrates the formation of o-xyly-
I¢ne, an intermediate in formation of polycyclic com-
pounds®® (Reaction V).
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It is probable that in these cases the cleavage of the
Si-X bonds occur through anionic activation. The
coordination of fluoride ion stretches the Si-X bond
producing an increased negative charge on the leaving

group.
A
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This mechanism is supported by experiments per-
formed in the gas-phase. Organic pentavalent silyl anions
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are generated by reaction of fluoride ion with tetra-
substituted silanes’ (Reaction VI).
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We report now some applications of activated Si-H,
Si~0 and Si-N bonds in organic synthesis. The activation
of the Si functional reagent was carried out at the
surface of a variety of salts as a tool for the alcoholysis
of silanes, reductions of carbonyl compounds, Michael
condensations and formation of heterodienes.

Activation of silicon-hydrogen bonds

Synthesis of alkoxysilanes. Alcoholysis of silanes has
been widely studied and several catalysts have been
employed: metal alkoxides, amines,” metal halides'®"
and transition metals either in heterogeneous catalysis by
Cu'?, Pd or Ni" or in homogeneous catalysis by metal
complexes.'*"’

Our first attempts were activation of the Si-H bond in
order to perform the alcoholysis of the dihydro- and
trihydrosilanes, aNpSiH;, «NpPhSiH,, Ph,SiH, and
PhCH,SiH,. The reactions were carried out with
different kinds of alcohols or phenols (m-cresol, n-hep-
tanol, menthol, undecenol) at the surface of various
types of commercially available salts (potassium
tartrate, potassium phthalate, KSCN, KHCO,, KF, CsF,
CsCH;CO,) in absence of solvent. Mono or poly-al-
koxysilanes were obtained (Reaction VII). Some of the
results are shown in Table 1.

(VII) salt

RyRySiHy + ROH 2,
Ry RySiHOR, Ry RySi (OR)y, (Hp)
RqSiH3 » ROH 2

R1SiH2 (OR), Ry SIH (OR)2, R1Si(OR)3, (H)

The results show that the extent of alcoholysis of
silanes in the presence of salts is dependent upon several
factors including the nature of both reagents, the nature
of the sait, the temperature and the value of the ratio
(silane)/(alcohol). In particular, this reaction allowed the
classification of the different salts for the activation of
Si-H bonds. The reactivity sequences were found to be:

Silanes:
aNpSiH; > Ph,SiH, > PhMeSiH, > aNpPhSiH,
Salts:

CsF > KF > potassium  phthalate > KHCO, > KSCN >
potassium tartrate.

For synthetic purposes, this new method appears to be
more selective than heterogeneous catalysis. For in-
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Table 1. Alcoholysis of silanes
Silane Salt ROH Conditions Products (yield %)
time (h) temp.{°C) 4
aNpSiH(OR)Z cx!wlpSi(OR)3
uNpSiH3 KSCN Heptanol (3 eq.) 5 180 80 0
KHCO, " 1 180 0 100
_E§251H(0R) Ph,Si(0R),
KSCN Heptanol (2 eq.) 0.5 180 100 0
*h Potassium Phthalate " {3 eg9.) a.3 180 [+ 100
2518, KHCO, Menthol (3 eq.) 5 180 o 100
* » {1 eq.} 5 180 30 4]
aNpPhSiH({OR) aNpPhSi (OR) 2
a.NpPhSin CsF Menthol (! eq.) 3 25 i00 V]
CaF " (1 eq.) 1 180 0 100
PhCHSSiH(OR) PhCH3Si (OR)Z
KHCO» Heptanol (2 eq.) 0.3 180 0 90
PhCHBSiﬂz
KSCw Cresol (2 eq.) 2 180 5 95

stance, it is always possible to obtain either mono-, di- or
trialkoxysilanes exclusively from any alcohol and silane
by changing the salt or the temperature andfor
(silane)/(alcohol) ratio. Selectivity is even more
significant when ethylenic alcohols were used. The C=C
double bond was not affected (Reaction VIII). A similar
reaction catalyzed by (PPh;);RhCI leads to the formation

of thSi/O\(CHz)...l7
N’

(V) CHy=CH _ (CHy) gOH + PhySiH,

S (CHp=CH_(CH ) ¢ 01 5SiPh,

The results, in Table 1, demonstrate the convenience
of the method and the possibility of the activation of the
Si-H bonds at the surface of salts. We studied the
extension of this method to the reduction of carbonyl
compounds.

Reductions of carbonyl compounds. We now wish to
report two practical methods for the reduction of car-

The di- or trihydrogenosilanes previously used {Table
1) were efficient reducing agents, in particular
aNpSiH; which, in the presence of CsF at 50°,
converts PhCOPh to aNpSi(OCHPh,); in 100% vyield.
However, these silanes are not readily available and
monohydrogenosilanes are not useful except when al-
koxy groups are also bound to the silicon atom. Fur-
thermore, (Et0);SiH and (Et0),Si(Me)H can be easily
prepared from the industrial chlorohydrogenosilanes.

With these monohydrogenosilanes and the most
efficient salts (KF and CsF), we carried out the reduction
reactions in the following manners:

(1) The first method involved the use of (EtO),SiH and
(Et0),Si(Me)H which were found to be excellent reduc-
ing agents when activated by KF or CsF in the absence
of solvent.'®

(2) The second method involved the use of a solvent
(DMF, DMSO) in the presence of (Et0),Si(Me)H or
Me;SiO(HSiMeO),SiMe; (PMHS), an industrially avail-
able polymer.®® Selected results are shown in Table 2
(without solvent) and Table 3 (in the presence of solvent).

bonyl compounds (aldehydes, ketones, esters) as The reduction results depend upon three factors: the
generalized in Scheme 1: nature of the silanes and the carbonyl compounds, the
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Table 2. Reduction of carbonyl compounds (without solvent)
Carbonyl Compound Silane Selt Counditions
cime (h) temp. (*C) Alcohol isolated (yield X)
PhCHO (Et0) ,5iH w 6 25 PHCH, 08 (90)
PhCH=CHCHO (Et0) ,$i(Me)H CsF 2 25 PRCH=CHCR, 0l (95)
" (Et0) ;SiR KF 24 25 " "
CH, ,CHO (Et0) ;5iH KF 4 25 CgH, ;CH,08 (70)
PhCOCH, (L0}, Si(Me)H CsF 2.5 100 PhCHORCH, (70)
" (E€0) ,SiH Cs¥ 0.5 0 " (80)
PhCOPh (Et0) SiR CsP 0,08 25 PhCHOHPh (9%)
V aVad (Br0) ,SiH Cs? 0.25 0 M 90)
0
PRCO,C,Hy (E0) ;518 CsF 0.5 PHCH,0H 50}
ey geocn, (££0) ,SiH CsF 0.5 60 | PN(CH,) (CH 08 (70)
CgH, ,CHeCR(CH,) ,C0,Hent (E£0) ,SiH Cs? 72 25 nCgH,  CHeCE(CH,) ,CH,08  (80)
Table 3. Reduction of carbonyl compounds (with solvent)
Carbonyl compound |Reducing | Solvent Conditions Alcohol isolated {Yield X)
System time {h} temp. {°C)
PhCHO A DMF 0.25 20 PhCH, 0K (90)
CgHy 4CHO A DMP 1.75 10 CoR)4CH 08 (83)
PRCOCH, c DMP 2.5 30 PhCHOHGH, (80)
PhCOPh A pMF 0.5 20 PhCHOHPh (90)
M A DME s 60 M (83)
0
PRCO,C, A, B DMSO 6.5 80 PhCH, 08 (80)
/\(cﬂz)acozcn3 B DMSO 6 80 /\(cuz) CE,0H (70}

Reducing system : A = RSiMe(OEt)Z/KI’
Be PmS/KP-ZHzO

C = PMHS/KP

nature of the salts and the temperature. The observed
silane reactivity sequence was:

(EtO),SiH > (Et0),Si(Me)H.

For instance, PRCOCH; requires 2.5 hr and 100° to be
reduced with (Et0),Si(Me)H while 0.5 hr at 0° is neces-
sary with (Et0),SiH. The observed order of reactivity of
the carbonyl derivative was: aldehyde > ketone > ester.
Without solvent, aldehydes are reduced at room tem-
perature with KF while ketones require the use of CsF.
Reduction of esters was more difficult and required CsF
at high temperatures.

When a solvent was added (Table 3), the rate of the
process was accelerated and even KF can be used for
the reduction of esters. With these results and the high
observed selectivity, the selective reductions of alde-
hydes in the presence of ketones and of ketones in the
presence of esters were attempted. The results are
shown in Table 4.

It was always possible to selectively reduce aldehydes
or ketones by changing the temperature or the nature of
the salt. Compared to other methods,>~** this system is
as least as selective and essentially more convenient. The
reduction of bifunctional compounds illustrates the
practical utility of the reducing ability of Si-H/F .
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Table 4. Selective reduction of carbonyl compounds

1003

Silane Salt Conditions
Carbonyl compound or or Alcohol obtained (Yield X)
Reducing system| Solvent | time (h) (temp.(°C)
PhCHO (E£0) ;SiH KF 36 25 PhCH,0H (100)
PhCOMe PhCHOHMe 0)
" ® DMF 2.5 60 idem
[Me(cuz)scno Me (CR,) S CH,OH (100)
| PnCH,COCH, PR (Et0) ,SiH k¥ 20 25 PhCH,CHOHCH,Ph )
PhCOMe . PhCHOHMe (100)
‘{PhCOZEt (Et0) ,SiH CsF 0.016 25 {PhCHZOH ©)
" a® DMF 4 40 idem
I's
) PhCH,COMe (E£0) ., SiMeH CsF 5 25 {Phcuzcuom (100)
2
l Me (CH,) | (CO,EE Me (CH,) | /CHoOH ()
a : see Table III
b : D = PMHS/KHCO,
Table 5. Reduction of bifunctionnal compounds
. Conditions .
Carbonyl compound Silane Salt time (h) temp. (*C) 1solated compound (Yield)
PNO,C B, CHO (Et0) ;SiHl KP 2 100 PNO,C H, CH OH (80)
PhCOCHBrMe (Et0) ,SiH Cs¥ 0.5 25 PhCHOHCHBrMe (70)
PhCO(CHz)zcoznc (BtO)ZSi(Me)H CsF 2.5 25 4-Phenylbutyrolactone (85)
HKeCOCH, CONHPh (Et0) ,SiH CsF 10 25 HeCHOHCH, CONHPh (90)
CH,=CH(CH,) ,COMe (B0) ,SiHl CsF 0.25 o CH,=CH(CH,) ,CHOIMa (90)
We studied the reduction of aldehydes and ketomes (1X)
having another functional group such as a C=C double CsF

bond or a bromo, nitro, amido or ester group and selec-

ted results are shown in Table §.

It was found possible to reduce the CO group in a
selective manner. The C=C double bond and the bromo,
nitro, amido or ester groups were not affected. Ad-

ditionally, a, B-unsaturated aldehydes and ketones were
reduced selectively (1. 2 reduction) in the presence of

CsF (Reaction IX).

R3

The results are shown in Table 6.

Tabie 6. CsF-promoted reduction of a, S-ethylenic carbonyl compounds

thSin + R1R2C=CHC0R3 —_—

Conditions Yield %
Carbonyl compound time (h) temp.("C) Products (Yie )
1,2 reduction (X) 1,4 reduction (X) Total reduction
”0
PhCR=CHC 1/20 25 100 [o] /]
\H
PhCB-CB(":Cl!a 0.5 25 100 0o o
o]
PhCﬂ-CB?Ph H 0 95 5 (1]
|
[o]

([ Ry RyC=CHCHO)Si phy 122 Ry RyC=CHCHOH

R3
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These observations are interesting in view of the fact
that dihydrogenosilanes in the presence of (PPh;);RhCl
reduce a, S-unsaturated compounds to a mixture of 1, 2-
and 1, 4-products (33) and PA\CH=CHCOPh undergoes 1,
4-reduction even with (iBu),AIH which is very efficient
for 1, 2-reductions.*

Our reduction method is selective, convenient and
inexpensive (silanes are obtained from industrial
products and salts can be recovered and reused).

It is probable that the role of the salt is to activate the
Si atom by anionic coordination to give a pentacoor-
dinate Si in which the Si-H bond is weakened. The
efficiency of the salts increases when the cation-anion
interaction decreases: we observed the following reac-
tivity sequence LiF <« KF <CsF, in which CsF is the
most efficient.

R R
N\ Rl
R_ S| H + A M — \S'
R/ R/L

— = R3SIi_
Rl

Activation of silicon-oxygen bond

Michael type additions. In a previous work,” the reac-
tion of silyl enol ethers with aldehydes has been studied
in presence of CsF. Under heterogeneous conditions,
this reaction gives an a, S-unsaturated product. On the
other hand, FN(nBu),*® promotes the aldol reaction
without dehydration. The procedure is very simple: use
of solvent is unnecessary, the reaction temperatures are
in a convenient range (between 0° and 100°), and salt may
be recovered and recycled.

Furthermore under the same conditions the reaction of
silyl enol ethers with a, B-unsaturated compounds was
also investigated and an interesting Michael type reaction
was observed with a, B-unsaturated ketones and esters.

The Michael reaction is an important synthetic tool in
organic chemistry. Generally these reactions are
catalysed by bases®” such as alkali metal alkoxides and
undesirable side reactions occur often under these basic
conditions. Because of its widespread use in organic
synthesis, numerous methods have been developed to

(XI)
R
R
0

A B

ERNN

carry out Michael type reactions under mild condi-
tions.”®' We report here a new procedure allowing
direct Michael type addition of monoketones and aryl-
acetonitriles to unsaturated ketones, esters and even
amides.

+
—CHR H.0M pysiosirg  +
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The great utility of this method is to eliminate the
preparation of the silyl enol ether, Selected results are
indicated in Table 7. The reactions were carried out
without solvent and in presence of a stoichiometric
amount of CsF and Si(OR).. The 1, 4-addition product
was obtained (Reaction X).

SREnnt

(X)

R
~
R/c_o R\\l
/?i‘—,- H -
R A- ‘0\\ ]
C—R
' .
R
CHOH

When the CsF/Si(OR), system is compared to the
others published in the literature which employ other
sources of fluoride for the Michael type addition*>*
only CsF/Si(OR), is effective in promoting all the reac-
tions which were carried out** and (Table 7).

The chief advantages are the following:

(1) The method is unequivocal: only the 1, 4-addition
product is obtained

(2) The reaction is regioselective with 2-methyl cyclo-
hexanone: there is only one reaction product from the
kinetic enolate.

(3) Direct addition of monoketones to fairly hindered
acceptors such as pulegone or 3-methyl 2-butene nitrile
occurs and is an interesting extension of Michael type
reaction.

(4) Michael type addition is also possible even with a,
B-unsaturated amides which is unusual.

The main limitation of this method stems from the
possibility of self-condensation of reagents (Reaction
XI).

/——-A+A (aldolisation)

COR, —~ A+B(expected product)

\—— B +B (self Michael con-

densation)

Self condensation of one of the two starting reagents
usually predominates:

(1) When A is an aldehyde, then the chief reaction is
aldolisation (A + A).

(2) When A gives an enolate more slowly than B, the
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Table 7. Michael additions in presence of SOE),*/CsF or S{OMe)™/CsF
Electrophile Michagel donor Reoction conditions Reoction products yield (%)
tih) T¢eC)
{a) 6 25 @
(70)
0 {b) 4 25 \&ﬁY
0
| 0
0
(b} 3 80 (60
i~
PhCOMe (b) & 80 {(65)
0
Ph
o]
0 0
CO,Et
ta) 2 100 (55)
/”\\/Coegt
Ph N
~PhCH2CN {a) 1 25 COLE (85)
Me
Ph
>-:CHCN PhCOMe (b) 3 80 NC/\}/Y (55)
0
N Ph
PR PhCOMe (o) | %0 P"CO/\< (55)
CN
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Table 7. Contd
Electrophile Michael donor Reaction conditions Reaction products yield (%)
tin} T{C)
Q
i CON O (50}
A\/CON D {b) 3 65 cj/K/ ./
0O O Ph
. CON(EL), (86)
CON(EL), (b} 5 80
P
ACONEY: | pncren | (w075 65 I\CON(EUZ (79)
Ph CN

main reaction is the Michael condensation product of
B(B + B). For example this occurs when A is t-butyl
methyl ketone or diisobutylketone and B is ethyl cro-
tonate or cyclohexene-2-one (Reactions XII and XIII).

CH3
CsF !

(XID) 2CH3 CH=CHCOPEH ————r CH3CH=C _CH _(Hp COEY
PR CO,Et
; 9

(XII) CsF N
2 —_— 0
Si{OR),

To explain the results, the following mechanism is
proposed: the first step is nucleophilic activation of
Si(OR), by the fluoride to give a basic species able to
promote enolate formation. This enolate is silylated very
quickly giving the corresponding sily! enol ether. The salt
activated silyl enol ether promotes the 1, 4-adduct from
the a, B-unsaturated compound. This adduct reacts in
situ with the alcohol obtained during the formation of
the silyl enol ether (Scheme 2, step 2) to give the I,
S-difunctional compound. We have checked that the
hydrolysis is not necessary to give this 1, S-difunctional
product.

Activation of silicon-nitrogen bond

Synthetic uses of N, N-bis(silyl)enamines. Recently
easy routes to synthesize N, N-bis(silyl}enamines have
been reported.*® They appear as a new functional group
since they exhibit different reactivity compared to car-

bon enamines: N, N-dialkylenamines are nucleophilic
reagents and react with a large variety of electrophiles
with C-C bond formation.” In contrast N, N-
bis(silyl)enamines do not react with electrophiles under

usual reaction conditions.**® We have’ extended to these
compounds the activation by fluoride ions and we
observe the formation of N=C bonds(Scheme 3).*

The reactions of enamine 1 with electrophiles lead to
the C~N bond. In these reactions, with the exception of
benzophenone, the configuration of the C-C bond is
retained. Reactions of carbonyl compounds constitute a
simple route to 2-aza-1, 3 dienes*® which are synthons of
6-membered N-heterocycles.® It is worth noting the
reaction of 1 with chalcone giving the substituted pyri-
dine II probably through cyclization of an intermediate
azatriene:

\é\“/

AN
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(11) 67% "
te;- 29% m_ 23%

Scheme 3. Fluoride-ion catalyzed reaction of (E)-CH,CH=CHN(SiMe,), with clectrophiles*

“Reactions were carried out using 5% CsF in DMF (N, N-dimethyformamide) at 80° or 5% TBAF in THF at
room temperature.
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The formation of these hetero-dienes can be explained
via a nucleophilic attack of the N atom in I on the CO
group followed by a B-elimination of hexamethyl-
disiloxane, which was identified in the reaction mixture
(Reaction XIV).

~
=0
7NA

’)S#MQ; _

)rOSi M€3

>N
P \SiHe3

[—

h

N +(Me3Si),0

The synthetic possibilities are illustrated by the reac-
tions of functional bis(silyl) enamines I and IV (Reac-
tions XV and XVI).

e2
si
(XV) MeOCH:CHN\S©
i
i
i Me,
Ph CHO
.~ MeOCH=CH-N=CHPh
L2%
0.0 /2?2
(XV1) CHpCH = CHN, @
St
Me g
v
PhCHO  O_ 0

CH, CH=CH_N=CHPh

50 %

N, N-bis(silyl) enamines appear to react with carbonyl
compounds as protected primary vinylamines providing
an easy access to a variety of heterodienes.

CONCLUSION

Heterogeneous anionic activation of Si-H, Si-O and
Si-N bonds provides new possibilities in organic syn-
thesis: selective reduction, extension of Michael type
reaction to the case of fairly crowded ketones as well as
extension to new acceptors (esters and amides) and ac-
cess to unusual heterodienes. Furthermore the tech-
niques required are very simple. This work is a con-
tinuation of studies in the general area of anionic activa-

R.J. P. Corriu et al.

tion of Si center.'”® The activation is postulated to pro-
ceed through a pentacoordinated Si intermediate and
appears to open a large variety of possibilities for the use
of Si in organic synthesis.

EXPERIMENTAL
General procedures

Synthesis of alkoxysilanes. All the alcoholysis reactions were
carried out under N,. The following is given as an example:
2.76 g Ph,SiH, (0.015 mol) and 3.56g m-cresol {0.030 mol) were
added together with 3g of KSCN to the reaction flask under N,.
The temp was maintained at 180° by use of an oil bath. The
mixture was stirred until the evolution of gas stopped (7 min).
The salt was filtered off from the organic layer, and the latter was
analysed by gas chromatography. Ph,Si(OCr), (m.p. 81°) was
recrystallized from pentane and identified by its NMR and IR
spectra, and by elemental analysis. The yields were determined
by GLC and were based upon reacted silane.

Reduction of carbonyl compounds. All the reactions were
carried out under N, and after hydrolysis (NaOMe/MeOH or
HC1/Me,CO), the alcohols obtained were purified by distillation
or preparative layer chromatography and identified by 'H-NMR,
IR, mass spectrometry and by comparison with authentic sam-
ples. For instance, a mixture of ethyl dodecancate (2.18g,
10.0 mmol) and triethoxysilane (3.77 g, 23.0 mmol) was added to
CsF (1.52 g, 10.0 mmol) under N,, The reaction was followed by
IR spectroscopy. After 30 min at 60°, 12 N HCI (1 ml) in acetone
(5 ml) was added. After 30 min, the mixture was extracted with
ether (2 X 150 ml). The combined extracts were dried with MgSO,
and ether was removed using a rotatory evaporator. The residue
was distilled in vacuo to give 1-dodecanol; yield: 1.8 g (90%); b.p.
145°C/15 torr. The GLC retention time was identical with that of
an authentic sample.

Michael reaction procedure. The reaction of acetophenone
with ethyl crotonate illustrates the standard procedure: to 2.75 g
of CsF (0.0179mol) were added 214g acetophenone
0.0179 mol), 2.04g ethyl crotonate (0.0179mol) and 3.72g
tetraalkoxysilane. The well stirred mixture was heated at 60° for
3hr and then poured into 20m! 10% HClL The product was
extracted with ether and dried on MgSO, but, during the extrac-
tion, filtration on Hyflo-supercel was always necessary. The
3-methyl S-phenyl 5-oxo-ethyl pentancate was isolated by dis-
tillation (3.35 g, 80%, b.p. 145/1 mm).

Reactions with N, N-bis(silyl)enamines. The reaction with
benzaldehyde illustrates the standard procedure: to a mixture of
6g (3% 1072 mol) of (E)-CH,CH=CHN(SiMe;), and 0.22 g (5%) of
CsF in 10ml of dry degassed DMF (N, N-dimethylformamide)
was added 3.1 g (3 107* mol) of benzaidehyde. The well stirred
mixture was heated at 80° for 2 hr and then poured into 50 ml
water. After extraction with ether and drying, the 2-aza-1, 3-
diene (3.5g; 80%) was isolated by distillation (b.p. 128/20 mm).
IR (CCL): 1660, 1650cm '. NMR (CCl) &(ppm): 1.8 (3H, d,
J=7Hz), 6.1 (IH, dq), 68 (IH, 4, J=14Hz), 7.5 (5H, m}, 8.0
(1H, s).
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