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Abstract

The teaction of tetramethyl-1 3-cyclobutancdione (1) with R,SiLi {R = Me,Si or Ett and EryGeLi resuhs in the opening of lhe
cyelibulsnedione Ting to give the cormesponding B-ketvacylsilane lithium enolates 2a—2¢, which afier aqueous work-up gave the first
Jnown -] il 3a and 3b and B y 3¢ The fiest X-ray structure of a B-ketoacylsilane, that of lithium enolate 2a,
is repurted and discussed. The UV—visible spectra of the lithium cnolates 2 exhibils bwo new Lrapsitions: one absorption is **red” shified
und the vther i ~*blue” shiftcd (cach by abour 41—50 nm) relative v the absarptions of the cotresponding f-ketoacylsilanes. Ab initia
malecular arbital calculations show that the **red-shiffed”” teansitions resull from the presence of a low-iying Rydberg-type antibonding
©-Li orbital, while the **Blue-shifted"* wansition results from a weakening (dus o Li™ complezation) of the desiabilizing hyperconjugs-
tive interactions between the oxygen kene pair {ng) and the u,_g orbital. which Jeads to a lowering of the enesgy of the fillcd
[ngmire_s;) atbital (relative lo il energy in the acylsilnes), and thus 0 a bigher (ng—o¢_y} = #¢. o cxcitation encegy than in the

cortesponting acylsilanas.

Keywords: Silicons UV specica: Hyperconjugation; Crystal Steuctue: Li

jum enolate; MO calculations

L. Intreduction

Acylsilanes constilete a very interesting class of
organosilicon compounds [1,2]. as they are useful syn-
thons in grganic synthesis [1-3] and show unique spec-
troscopic properties [1-4]. Acylsilanes are usually col-
ored [3], in contrast with the analogous alkyl ketones,
suggesting that they might exhibit interesting photo-
chemistry, as was indeed found [4-6]. One of the most
siriking reactions of acylsilanes is the photochemical
L 3-rearrangement of the silyl group from silicon 1o

oxygen, leading to silenes which contain a Si=C double .

bond [5] The first *‘indefinitely” stable silene was
synthesized through this photochemical conversion {6].

* Dedicated to Professor Hitleki Sakurai, a pioneer in the ficld of
Organosificon chemistry, on the peeasion of his retirement from
Tehoku University.
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The unusux] spectroscopic propertics of acylsilanes
have been studied intensively ever since they were first
prepared [3], and several theoretical models were pro-
posed 1o account for the fact that acytsilanes absorb at a
much Jonger wavelength than do the analogous aliyl
ketones [7-14]. The current generally accepled explana-
tion fur the unusual spectra of acylsilanes is based o
the concept of strong mixing between the lone-pair
clectrons on the carbonyl oxygen atom and the C-Si
and [11-14]. The geometry of the excited stare [13]
and the dative type of bonding berween the silyl and the
carbonyl groups [14] were also suggesied to be impor-
tant factors,

In this paper wc report the synthesis and the Uv—
visible spectra of the first P-ketoacylsilanes and B-keto-
acylgermanes and their.lithium. enolates. The UV —visi-
ble spectra of these novel compounds, and particularly
these of their lithium enolates, shed new light on the
intramolecular orbital intcractions in acylsilanes.
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2. Results and discussion
2.1, Synthesis

We found recently [15a] that {Me,Si),SiLi- 3THF
(THF == tetrahydrofuran) reacts with ketones to produce
the corresponding transient silencs:

R R, SiMe,

C=5

K, SiMe,.
(1

While exploring the scope of the reaction we treaed
(Me,Si),SiLi - 3THF with tetramethyl-1,3-cyclobu-
tanedione (1). In contrast with thit of other ketones,
reaction of 1 with 1 molar equivalent of (Me,Si},SiLi
3THF did not lead to the comesponding silene. but to
the cleavage of the cyclobutancdione ring to give a 47%
yield of the lithium enolate 2a (Scheme 1). The use of 2
rwvofold excess of (Me,5i},5iLi- 3THF did not change
the course of the reaction (or the yield) und only
mono-addition .occurred. Aqueous work-up gave the
first known $-ketoacylsilane 3a. Reaction of 2a with
Me,SiCl gave the silyl enol cther 4a (Scheme 1).

In order to explore the generality of this ring-opening
reaction for synthesizing other B-ketoacylsilanes or B-
ketoacylgermanes (also previously unknown), we also
treated 1 with triethylsilyllithium and triethylgermyl-
lithium {Scheme 1) As in the reaction of 1 with
{Me,81),8iLi - 3THF in thesc cases the major producis
were agnin the sxpecied ring-opened products. le. Zb
and 2e respectively, producing after aquecus work-up
the corresponding B-ketoacylsllane 3b and f-keto-
acylgermanc 3¢ (Scheme 1), In thesc cases, ketones of

y
N
00 + e $iSiL THE —

R,

type 7 were also observed among the products and
when 2 molar equivalents of the lithium' reagents were
used, the yield of 7 increased at the expense of products
3. The formation of 7 can be described formally as

. 1esulting from the attack of R1.i at the tertiary carbon ol

1 {not at the carbonyl group as in Scheme 1), followse
by decatbonylation, as shown in Scheme 2. The mecha
nism of the interesting reaction leading to the formatior
of 7 was not elucidated further.

Anaiogbus ring cleavage reactions were reported fo
ihe reactions of 1 with a varicty af nucleophiles [16]
but the reactions with alky lithium or Grignard reagent;
were not studicd previously. We have now found tha
with methy} lithium in hexane 1 again undergoes the
analogous ring cleavage to give 24, leading after aque
aus work-up to the 1,3-diketone 3d (Scheme 1)

The lithium silaacylenolate. 2a was isolated from it:
hexane solution s orange prismatic crystals suitabie fo
X-ray analysis.

2.2, Crystal structure of 2a

Crystallographic data for 2a are siown in Table 1
with bond lengths in Table 2 and bond angles in Tabls
3. A reuTo drawing of the structure of 2a (giving th
atom numbering) is shown in Fig. 1.

The ¢rvstal 2a is a tetramer, with four lithium atom:
and four oxygen atoms vecupying pairwise the comer
of a cube, with Li—O distances of about 1.9-2.1 A, &
shown in Fig. 2{a). A closer view of the cubane frame
work of the tetramer, which also shows the numberin;
of the core atoms. is displayed in Fig. 2(b). Cavities i
the crystal packing of the Za tetramners are filled by two
crystallographically independent hexane molecules.

u
9}
. ¢ e
-T80C, Fexars I "
| ] i
1 2a, ReiMe;Sil,Si; 2b, RELSI 3a, R=iMe,SiySh, 3¢, ReEtGe
2c RElGe;  2d.RMe 3, R=ErSi; U, R=Me
! + MBIl
'
e S0
R
42, Re(Me;SiSi
Scheme 1. Reactions of 2.2.4.4, ¥l-1,3 (L3 with varions TCAZLRLR.
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7BOC hexane L

RLi= Et,$iLi
Rl = Et,Gali

b, R=EL; G

Scheme 2. 4 possible reaction mechanism for the furmation of 7 in (e reactan of

of lietylgermy bthive,
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Table 1
Atom coordinstes and temperatune factors in the stucwre of 2
Alom x ¥ H U
Gl ex107* (%107 (w10 AN
Sl 0K(11Y 408TO01TF 4045} 3A(1)0
Sid2)  ISOTR01) 32ILARY  -RAE 46017
Si3) 297450120 A0eeMIZ)  DIAHE)  441)*
Sita) O S4403) 10136 DY
Lit1) A7) 25406} G853) 364y
olld 14792 H6(3) 031 U2
o —6H2} fipkd L] 965013 22
[a9)] 130204} 3696(4) &40 AAD*
[aed] THI4) 406204} FEHI) 30031+
T3} 230x3) AHEE) 123002) 33
iy TES) 477515} 633 424t
sy 1K) 3625(3) BBMZ}  27(3)°
() - T4 Ase2(2h NA 3P
Cf7 e 31535} 220 3730
s 238(5) 38600) -43(2)  an®
o9 TEDS6 3033t8) -7 M5
QU0 3234(6) 34UBIR) — 3333 6RISY "

(AR EY ] 24686) 235(3) 63(s)*
cii2) 29570 4R54(8) 119403y pacs)®
3 27056) 3353(%) 1246030 54)?

o4y IR2A(6) 3957} T4 G681

(5] 3083(8) Sa50(%) =T 108077
TR 16d6(6) S1860h =3 66033 "
ST 28K SROMS) 422 elR"
CI8) ™ 5000 2500 M3AE 14UT)
QUNE 5437 285009 1325(8)  225ty)
Qzoy" 590344} KL CLO] 135208)  18X7)
Q21)5 6283021 3IWN12) 040660 107B)
(22 8414030) S440033) 1251{15)  £14)
f23}° 4972049)  SBE3ST) 83237 188035
24)% 4461(26) W7 10916)

(2517 46R7(39)
261 5343(15)
QY a529(25)

A6022) 12930
R25(14)  mm(14Y
=315 51T

)1 q7ps{an) 07326} 185(33)
9 SEMNA) SB42(34) L2417 105019}
CO0Y AORA29) sS44Iy 1152015} B(15)

CI3) Y 55a%35) 49930394 108222} 149{24)
CIST 47680300 7LTNEN 27 143
A 4746000 634735 GIB(IB) 125019}
GBI 4R0M3} 5691401 166(21)  160(24)
Q35 5260063} 3973(63) 11S8036) W37
QEEYY 4ROT(28) 581G SOO2LY 119620}

* Equivalent isotropic U defied as one ihitd of e lrace of the
onthoganalized L4, /) 1ensar

The first sofvent erolecule

The site accupation 0.5

The second salvent molecule: all the aocupation factars are 0.25.
The indexes (a} aad (W) indicate the symmetry wansformations - x,
U5~y rand —025+ 5, 035 - 2. 025 2,

o]

83, R=E,Si Ta, R=Et,Si
Bb, R=EL,Ge To, R=Ef,Ga
vl-1,3-¢; dionc (1] with rri yllithiuim

Using a simple electrostatic model Amstutz et al, f17]
caleulated an energy gain of about 300 keal mol ™" upon
formation of a Li enolate tetramer from four isolated
monomers. Since the geometry of the (Li0), cabanc
framework of 2a (Fig. 2(b) and Tables 2 und 3} is very
similar to that congidered by Amstatz er al. [17] or that
of other lithinm enolates [18,19], a similar stabilization
would be expected ta result from the tetramerization of
2a. Thus, like most other Li cnolates {19], 2a probably
4lso exists as a (ctramer in non-polar selvents.

In known acylsilanes the Si- C{0) bond Length is in
the range 1.90-1.94A [1,20]. When the electrons of the
C=0 bond are delocalized {e.g. when N or O sub-
stituents are bonded to the C=0 group) the Si—C(O}
bond is, as expected, shorter {1.905-1.925 A [20]) than
in simple alkyl acylsilanes (1.929-1.940 A [21]). All
these Si-C bond lengths are significantly tonger than
the typical Si-Clsp) bund length of 187 A [22]. The
Si-C{0) bond length in the enolate 28 of 1976 A is
significantly longer than that in acylsilanes, and this
additional elongation can be attributed to the coordina-
tion of the carbonyl govp to Li~. Coordination to Li~
increases the positive charge on the carbonyl carbon
atom and consequently increases the electrostatic repul-
sion between it and the positively charged silicon (sce
below) [23], thus elongaling the 5i—C{0) bond distance.

Table 2 )
Sclected bond length {A) in (he terramer of 2a

Si(13-Si(2} T(D-O(1) 2131}
Si{1)-Si(2} Lil1 012} 203(1)
SH1)-5il4) Li{1)-0{2a) 1.9%1)
Si{L-011) Li(1)-01(28) 191011
Si(2)-019) Li(13-C(5) 2611
5i(2)-C110) O(1-C{1) 1.231)

$i(2)-C{11) {25} 13508}
i(3H-C{12) C{13-002) 15101}

Si(3)-0(13) o203} 15739
Si(3-0014) O2)-Ci4) 1.5201)
Sifa)}-C(15) 02)-C45) 153010
Sil4)-C(16) QE-06) 1371}
SHH-COIT BT Lasl}y
Q(E)-CI(8) L1331}
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The C=0 bond length in 2a, of 1231} A, is in the
usual range for acylsilanes {1.21].

2.3 IPV—visible spectra

One of the most intriguing propenies of acylsilanes
is their color. The spectra of the new acylsilanes 3a, 3b
and 3c are similar w those of other known acylsilanes
[1-4], showing absorption around 37} nm. The addi-
tional P-carbunyl group in these neylsilanes has little
effect on the transition energy. However, the lithium
cnolates 2a—Z2¢ exhibit two new interesting abserplion
maxig; one near 335 nm and the other at 410 nm. The
UV_visible absorption spectra of the novel acylsilanes
3a-3c and the corresponding lithiom enolates Za-2¢
are shown [n Fig. 3. and relevant data are given in Table

What is the origin of the new absorption bands at
335 nm and 410 am in the spectra of the lithium
enalates? To answer this we need first to discuss briclly
the spectra of acylsilanes.

As mentioned above, acylsilanes nbsorb at about 370
nm whereas the cormrespording ng, — W o Sransition in
simple ketones is ar about 280 mm [1—4]. Barly explana-
tions of this large fall in the excitation ensrgy when
sily} groups are attached to the carbonyl carban focused
on the idea that the excited state of acylsilumes is
stabilized by participation of d orbitals on silicon and n
inductive destabilization of the oxygen lone pairs by the
electropositive silicon [7-10] However, mare recent

Table 3
Selecsed bond angles () in Uhe tetramer of 2a

Sos-semn  wrel) Lill-o(D-Cll) 1256
SD-SI1-SiCD 111101} LKD) 98605
SI-SE1-Si4)  1W00.M1  LED-O{2-Lill) 85508
Si(2}-Si1-(1)  I0LHZ)  O5-0(2-Lilla) 1252451
SiI-S-C01) B L-002-LKle) 85003
SAN-SI(-C1) 1.2 CH-02)-Lille) 13855
5it1)-Si2)-008)  LILOI)  Lillal-O(-Lile)  B6LS)
SH1-SHZI-CO0) LSS SD-C{L-o1) 113.005)
SD-SHB-CO1L 1IN2ALY  SHD-C(1-C0) 127.9(6)
Si()-StN-Cl17) 111408 GU-Cl1-CO2 117.808)
SI(L-Si31-C013)  10938)  C{L-Qr2)-Cish 104.76)
Si1)-SiF-C04) 0944 CID-C2-Cla 113H6)
Sil1-Sila-C(LS)  104.5(6)  CIR-C(I-C4) 105.96)
Sifl)-5ia)-Cl16} L1229  CL)-O2)-0i8) 106.746)
Si{1)-SHa-CU17y  115.4(3)  Q3)-CE2-Cls) 111606}
HM-L(1-02)  92e)  CH-C2-Cls) 1125060
Q-Li-0(22) 14666 OMD-C5-C(2) 17.08)
SU-LIT)-00Y) L4 OI)-Ci5)-Clel 118.646)
OfT-L1)-002w)  94A05)  D(2-C(53-CiR) 124106}
O2-131)-0(20) Y385} ClE-Cle-Cin 12137}
Of20)-LELI-OH2B) 92.9(3)  C15)-Cla)-CtR) 124.107

Q7R 6-C8) 114.5(7)

Bond angles OiMe)-Si-C{Me) arc 106.1-109.5". The indexes {al,
(b} and {c) indicate the symmatry transformations = x, (15— y. =
—025+ ¥, 0.25- & 025~ 7 and D25 - p. 025+ z, 0.23—z e
spectively.

Fig. 1. Lo drawiag of the siructure of 3a showing atons aumber-
ing, Coordination to nelghuring Li atwrs is shown by hroken lines,
Hydrogen aoms are omilied [or clarity.

photoelectron specirmscopy studies and CNDO /2 ealey-
lations [11] have shown that the wain reasen for the
obscrved shifts is a strong mixing between the in-plane
lone-pair orbital on oxygen (ng?}and the C—Si o bond,
which pusbes the filled antibonding combination of
these orbitals (i.e. ng—0_g;) t0 a bigher cnergy (hyper-
conjugative destabilization). reducing the gap with the
empty ¢ _g orbital [11]. These conclusions were rein-
forced by ab initio calculations (12a]. Experimental
evidence in favor of hyperconjugative ny=v¢_g; desia-
bilization was obiained from the vertical ionization
energies of acylsilanes [12b] and [rom the electrochemi-
cul oxidation potentials of P-silyl ethers [12a]. Evidence
For stabitization of the lowest vacant orbitals of acylsi-
lanes retative o these of alkylketones was obiained
from half-wave reduction polendals of various acylsi-
lanes [12a]. Mare recent molecular orbital analysis sug:
gested that other comwibuting factors are the similarity
of the vertical and the adiubatic excitation energics of
acylsilanes [13] and the dative bonding between the
R,5i and the C=0 groups [14].

2.4. Molecular orbital calcniations

In order to interpret the changes in the electronic
structure which result frem courdination of a lithjusn
cation to acylsilanes we performed molecular orbital
abeinitio ¢lculations on the model compounds § and %.
Standard ab-initic methods [24] implemented in e
Gaussian 90 series of programs were used 251

The geometrics of the ketones § were fully upt'mwd
by using analytical gradient techniques [25] amli [l"
palarized 6-31G " basis set [26] Anempis o optinize
fully the siructures of the corresponding lithium €8%
lates 9 were unsuccessful. Consequently, the fullng:lﬂS
constraints were introduced in th geometry OpUmEY

o
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tions of %a and 9h; {i) the O—Li* bond length was kept
constant at 2.11 A, the O-Li* distancs determined in
the crystal siructure of (if} the C=0-Li* bond
angle was fixed at 120° (iii) the LIOCR dihedral angle
was kept at 180°,

Li*,_
X i
I}
H, 7R H,C
82, R=CH, 9a, R = CH,
§b,R=SiH,  9b. R =S5iH,

Fig. 2. ruTa drawings of (41 the 2a 1erramer (hydrogen atoms are

omitteq for clarity} and (b} lhe cubane framework of the 4 tctramer .

showing atom numbering. The {a). (b} 2nd (c) symmety transfoesa:
Uons ate indicaied in the footnowe of Table 3. Hydrogen atoms are
Smined for clarity, (@, 33 &, O: O, C @, Li)

E- ] ko W 4 &0 M0 Arm

3, U¥-—visible spectra of 2-4,

The optimized geometries of 8 and the partally
optimized geomerries of % are shown in Fig. 4.

2.4.1, Optimized geometries of the model compounds

The optimized C=0 bond lengths in 8s and 8b
(1.192 A and 1,197 A respectively) are similar to those
in other ketones and acylsilanes, reflecting the fact that
a-silicon substituents do. not significantly change the
carbony) hond length [1]. The C-Si distance of 1.937 A
in Bb is in the usual range for simple acylsilanes
[1,21.22]

Complexation of the lithium catien to acctone of 10
acylsilane 8b leads to a small Jenglhening (0.022 A in
both cases) of the C=0 bond (1o 1.214 A and 1.239 A
respectively). The latter value of 1219 A is in good
egreement with the experimental value observed for 2a
{1.226 A) Complexation of Li* to Bb also leads fo a
0.021 A lengthening of the C-Si bond, to 1.958 A in
9h, which falls somewhat short of the value of 1578 A

ahserved for Za. This lengthening can be imerpreted as
resulting from the increase in the positive charge oo the
carbamyl carben atom .due to i complexation {the
caleulated positive charge on the carbonyl carbon afom
is +0.252 in .8b and +0.277 in 9b), which in wm
increzses the repulsion between the carbonyl group and

Table 4
1IV—visible absorption bands of 2—4
Compound A le) Ay (s}

{nm} {nm)

2a, R = (Me 5051 334 (207) 416(99)
b, R = Ef;3i 328 (90) DR (56)
2¢, R = Ei,Gc 7213 406 (51}
24, R = Me — 364 (225)
Ju, R = (Me, S50 374(54) —
I K = E1ySi 362076)
3¢, R =FE1,Ge 372{46)
M, R=Ms {15
4a, R = (Me,Si), 50 366{49)
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121, 7&(‘” 11928
\___31-11& H

l i lloseﬂ.

8a 8b

® “
L G

\i.élﬂ»& Vnoi
iy FEPY 1219A|’71157w

FC\ISC()?AC)\OUA/H 1:0}&, gsg/H

l ha l - 10864 I 1"140 H

H H * !1.467A

H H PI'4

9a 1]
Fig. 4. Optimized geometries {6-31G ") of the model compounds 8a. b, 9a and 9b.

E.ev !

a = N =
S

=

o HaC Sl Myl
2a %a £ L1-3

Fig 5. Hightst occupied and lawest usoccupied orbitals (631G ) in acetore {8al. the Li"-acclane complex a), silucetons. (B 2

Li*-silasostone comptex (9b)
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the electropositive silyl group (the charge on 5i in #b is
+0.392), leading to elongation of the C—8i bond. Inter-
estingly. complexation of Li* 1o acetone leads 1o the
opposite phenomena, the C ~C: bond being shortencd by
0.014 A,

2.4.2. The electronic structure of the mode! compounds

The calculated energies of the highest occupicd and
Jowest unoccupied orbitals of silaacetone (8b), acetone
(8a) and the corresponding lithium enolates and the
encrgies of the comesponding electronic wansitions are
displaved in Fig. 5. The following conclusions may be
drawn from the calculations.

(i) Substitution of a.methyl group in acetone by a
silyl group leads to a substantial reduction of 2.1 eV in
the 0, = T _ g excitation energy (Fig. 5). This is duc
both () to stabilization by 1.3 eV of the wz, o orbital
in 8b rciative to 8a and (b) to a destabilization by 0.8
&V of the n, atbial in 8b due to antibonding mixing
with the 6 _g; orbital, relative to Ba. This picrure is
consistent with previous experimental and theorctical
analyses of this quostion [11-14,27]. For example,
destabilization of the ng orbital in acylsilunes by 1.1 ¢V
and 0.85 eV relative to these in alky! ketoncs were
found by photoelectron spectroscopy [11] and by verti-
cal jonization energy measursments [12b] respectively
In addition, a polarographic study of acylsilanes re-
vealed an approximately 0.25 eV swabilization of the
@l ombital relative tu those for alkyl-substitwed ke-
tones [12b]. These experimental resuhs, indicating 2
reduction in the ng —» ;. excilation energy by al-
most 1 eV, are fully comsistent with the differences
between the measured UV wansition ensrgics for
'Bu{=0)CH, {4.5 £V; Ay, = 277 nm) and those for
Me,SiC{=0)CH; {34 eV} A,,, = 372 nm). Compari-
son with the calenlated values for 8b and 8a reveals that
the calculations significantly overestimate the reduction
in the ng — w¢.o excilation energy which results from
the substitution of 4 methy] group by a silyl group. As
the caleulated destabilization of the filled n,, orbital by
08 ¢¥ in the mode] acylsilane agrees wel! with the
above-mentioned experimental data [11.12], this must
result mostly from an overestimation in the calculated
stabilization of the ! _, orbitals as a result of substitu-
tion, which is not unexpucted for virual orbitals [28]

(1i) The resulls of the calculaions of the cffect of
Li* coordination to the carbonyl group on the UV —visi-
ble spectrum of acetone (%a) and of silaacctone (9b) arc
also presented in Fig. 5. Coordination of acetone to Li*
Teads to 2 strong but almost identical lowering in the
toergies of the n, orbital (by 5.4 eV} and the mioq
otbital {by 5.1 eV), and the ng — mi_p transition
neTgy remaing almost unchanged. The mosl inleresting
feature of the orbital diagram of 9a is the appearance of
Rydberg-type vacant orbital {ng_y;-), not present
#one, which has mainly 25 (Li7) character and

which is lower in energy than the 117, orbital (Fig, 5.
The calculated excitation energy for the new ng —
M.y~ transition in 9a is 12,6 eV, smaller by 3.1 eV
than the vale of 15.7 eV calculated for the ng — ey
transition in acetons. On the basis of thesc calculations
we suggest that the long-wavelength tansition t 364
nm observed in the spectrum of the alkyl-cnolate 2d is
due 10 an ng = Tp_;- (ransition,

(iii} Compexation of Li* to silaacetone has a similar
effct to that discussed for acetone (Fig. S). All the
frontier orbitals move 10 a lower energy as a result of
Li~ complexation and a new Rydberg-type vacant
i1, orbital appears m 9b at —3.8 ¢V (Fig. 5). The
calculared excitation energy for the new ng—rc_g —*
Miyw transilion in 9b is 11.5 eV, smaller by 2.1 ¢V
than the value of 13.6 eV calculuted for the ng-v¢_g;
~+ar_,, wansition in silaacetone. Moreover, in this
case the ny—0_g = m_y;~ transition Tequires 1.1 eV
less energy than does the lowest electronic transition in
9a (12.6 €V) owing 1o the higher energy of the ng—o¢_s5;
orbiial in 9b relatve to the ng orbital in 9a. This
prediction of a 1.1 eV {abour 100 nm} bathochromic
shifi in the spectrum of 9b relative to 9a is in qualitative
agreerent with the measured bathochromic {*red””)
shifts of about 40 nm chserved in the absorption max-
ima of the silyl enolates Za—2¢ relative to those for the
corresponding non-compiexed acylsilanes 3a-3c. Quan-
titatively the calculations overestimate the bathochromic
shift indicating that they probably overestimate the hy-
perconjugative destabilization of the ng—0c_g; orbital.
1t is hy that the Jongest: length absarption
in 2a is red shifted by 8 nm with respeci 10 2h, probably
owing 10 the increase in the number of the additional
f-sily} substituents i 2a.

{iv) The overall ¢ffect of replacing a methy) grocp by
an §iH; group and complexation o a lithinm cation
{9h) is to induce a substantial decrease of 1.6 eV in the
Ng—Oc g = Tp-p lransition energy relative o the ng
—r i o transition in Ba. However, this effect is smalles
than the 21 eV difference between these wransitions in
8a and 8b. Consequently, the no—0p_g — T .o Tansk
tion in 9b requites 0.5 ¢V more energy than in the
neutral acylsilane Bb (Fig. 5). This results from the fact
thar complexation by Li* reduces the destabitizing hy-
percanjugation interaction benween the ng orbital and
G¢_s, Ofbital more than it effects the argog orbital
energy, Thus the calculations predict that the ng—c_g;
— 7., transition in $b should be shifted by about 50
nm (0.5 eV). This prediction is in very good agreement
with the observed hypsachromic shift of about 40 nm in
the UV -visible spectra of the acylsilane enolates 2a—2c
relative to these of the cotresponding B-ketoacylsilanes
3a-3c.

In conclusion, the melecular orbital calculations are
in goud apreement with the cxperimentally measured
electronic spectra and provide A consistent picture.




understanding the UV-visible spectra of the novel
lithium enolates of acylsilimes that we have prepared.
We are currently studying the promising photochemistry
af the novel B-ketoacylsilanes and their lithium eno-
lates.

3. Experimental details
3.4 General comments

NMR spectta wert recorded at room temperature in
CDCl, or CgDy solutions using 2 Bruker EM-200 or
Bruker-400 imstrument. Mass spectroscopy (MS) dara
were obrained with a Finnigan MAT TSQ 45 triple-stage
quadrupole mass specirometer. UV-visible spectra were
recorded for hexane solotion on a Hewlett—Packard
B451A diode atray UV-visible spectrophotometer at
T00M temperature using a standard or evacuated 10 mm
cell.

3.2, Lithium silaacyienclate (2a)

All operations were carried ot under vacuum using
Schicnk techniques. A solution of ketone I (1.40 g, 0.01
mol) in 20 ml of hexane was added 1o 3 solution of 5.2
8 (0.015 mol) [26] of (Me, $ik,SiLi - STHF [30] in 30 ml
of hexane cooled to ~78°C. The red-orange mixture
was stirred at —78°C for 5 h. Orange crystals of 2a (2.8
B (47%)) were Isolated from the mixture at —20°C. 'H
NMR (C,;D,): 5 0.27 (27H, s, (Me,Si),80); 1.23 (6H,
5, ~C(CH,).) 175 (3H, 5, (CH,),C=C), 1.9 (3H, s,
{CH,),C=C) ppm. C NMR (C,D;): & 185 { Mé,5D,
13.73 (=CCH.}, 3137 (C(O-C(CH,),—C(OY), 60.30
(CLOI-C~C(O)), 91.69 (Me.C=), 157.91 (=C-OLi),
260.86 {Si-C =) ppm. 5 NMR (C,D,): & —74.75
({Me,8ik51), —11.08 (Me,Si). UV-visible spectrum
(hexane, & values in parcntheses): 334 (207), 416 (99)
nm.

3.3. X-ray diffraction study of 2

Crystal dara: orange crystals of 2a are riragonal; at
- 120°C a = 20.083(8), ¢=34715(17) A V=
14600020) A%, Z =16 (Cy;H,,0,LiS0,, 1.5CH,,),
dio =0.994 g em ™ and space group /4, /a.

Lnteasities of 4915 unique ceflections were measured
with a Siemens P3/PC diffractometer (Mo Ka radia-
tion; graphite monochromator; §~29 scan; 24,,, = 457,
The structure was solved by direct methods and refined
by the block-diagenal lcast-squares technique in an
anisotropic approximation for non-hydrogen atoms. Hy-
drogen atoms of Me groups were located in the differ-
ence Fourier maps and refined isotropically. In these
maps, se¢veral additional clecron density peaks come-
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sponding to solvating malecules were found. The
malecule lying on the C, symmetry axis is unambigy-
ously identified as hexane. It has a small translationa]
disorder (by one C-C unit) along tbe chain, and there.
fore the terminal C(21} atom is refined with an occupa-
tion factor of 0.5, The second solvaling molecule has a
greater disorder and an adequate mode! for its positions
could not be found. All atoms of the solvating molecules
were refined isotopically. The final values of descrep-
ancy factors are R = (072 and Rg=10066 for 2313

reflections with 1> 2507). All the calculations were

pedformed wsing the SeeLxTL programs {31]. Awomic
coordinates and thermal parameters are given in Table
1, and selected bond lengths and angles in Tables 2 ang
3. Tables of hydrogen atom coordinates and thermal
parameters, and complete lists of bond length and an-
gles will be deposited at the Cambridge Crystalio.
graphic Data Centre.

3.4 I-Tristerimethylsitl] silpt-2, 2, 4-irimethytheprane.
1,3-dione (3a)

‘Water was added to a hexane solution of 2a and the
organic fraction was separated, washed with 10 m| of
water, dricd, then the solvent was evaporated to give the
crude 3a, which was further purified by column chre-
matography on silica gel with a 10:1 hexane—ether
oiXrare as eluent.

‘HNMR(C,D, Xk § 0.30 (27H. 5, { Me,Si
(6H, o, (CH,).CH, fy, =4 Hzk 128 (6H s
—CICH,). ) 273 (1H, spt, (CH,).CH, Jy, =4 He)
ppm. PC NMR (CyD,): 3 131 (MeSik 19.42
((CH,),CH); 2042 (C(O)-CICH,),—CO)) 3619
{CH,)LCH), 6761 (ClO}-C-CIOM; 21272 (C-
C=0}; 224.81 (Si-C=0) ppm. “*$i NMR (C,D,) &
— 7174 {(Me,8i), Si}; —11.84 {Me,5) ppm. MS (CL
relative intensiey): m/e 388 (M7, 10), 373 (M~ — Me.
80), 345 (M~ —"Pr,83). MS (electron impact (EDY: m/e
3731919 (M " — Me) (€, H,,,0, i, requires 373.1924),
UV-visible spectrum (hexane, & values in parenthescs):
262 (418), 374 (64) nm.

3.5, I-Tris(irimethyisilyOsilyl-2,2.4-trimethyl-3-trimeth-
yistloxy-3-pentene-1-one (da)

Trimethylchlorosilane was added to an hexane solu-
tion of 2a and work-up as with 3a was carried out
yielding the silyl enol ether 4a, which could be purified
by column cheomatography (as with 3a).

'H NMR (C,D): & 015 {9H, s, OSiMe,} 0.3
(27H, s, (Me,Si),Si% 117 (6H. s, C(CH,) K 1.35.
(38, 5, (CHy,C=); 1.57 (3H, 5, (CH,},C=) ppm. ' ¢
NMR (C,D, ) & 0.65 (OSiMe,), 148 (Me,3i), 1377
(=CCH,), 2273 COWCICH,}-Cl0)), 808!
{0}-C-C(0), 11216 (Me,C=), 143.8% (=€
OSide,), 239,80 ($i—C =0) ppm. ¥51 NMR [C,D;k
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—76.50 {(Me.5i), 5}, —11.88 (Me,5:), 1572
{O5iMe,) ppm. MS (CL, relative intensity): /e 461
M + 1%, 18), 445 (M~ —Me, 75), 389 {M*-
0SiMe,, 100). MS (EL} m /e 4431739 (C o H . 0, Si;
requires 443.1775). UV—visible spectrum (hexane, £
value in parentheses): 366 (49) nm.

3.6. Lithium acylsilaenoiures 2h and 2c

Ketone 1 (2.1 g. 0.015 mol) in 20 m) of hexane was
added ander vacuum to w $olution of 0.016 mol of
Et,MLi {M =81 ar Ge) [32] in 30 ml of hexane enoled
1 —78°C. The yellow reaciion mixtures were stirred
for 5 h at —78°C. The UV-visible spectrum of the
hexane solwtions of the enolates 2b and 2¢ revealed the
following transitions {hexane, .= values in parenthescs):
328 (30), 408 (56) nm for Zb and 347 {213), 406 (51}
nm for 2¢. After agquents work-up the crude oily prod-
ucts 3h and 3e were obtained.

3.7, 1-Triethylsityl-2,2.4-trimethylpentane-1,3-dione
(33}

(2.4 g (63%)) was purificd by column chromatogre-
phy on silica gel with o 10: 1 hexane—ether mixlute as
cluent.

'HNMR {CPCLL): & 0.67, 0.71, 0.74 (9K, 1, CH,, of
E1,S4); (.87, 0.89, 094, 097, 1.01 (18H, m, CH,
Er151+((,h') (‘H) 1.26 {6H, s. QICH.),); 2.83 (IH
spl, (CH,),CH, *J;,, = 4 Hz) ppm. *C NMR(CDCI X
& 3.56, 6.13, 6.64 (41, Si), 19.73 ({CH,),CH), 23, 15
{CI0)-CICH, )L —CI0Y), 36,16 UCH,L,CH), 6615
{C(0)-C-ClOW, 216.01 (C-C =0), 244.46 {Si-C=Q)
ppm. MS {CL, relaive intensity): mfe 257 (M +11%,
3), 241 (M* — Me, 75), 228 (M ' —'Pr, 83). MS {(El}
mie 2261919 (M° — CO) (C,H08i requires
228.1920), UV—visible spectrum (hexane, £ values in
parentheses): 302 (198), 362 (76) nm,

38 1-Triathyl
3c)

yi-2,2,4-trimethyip 1,3-dione

(1.7 g (45%)) was purificd by column chromatogra-
phy on silica gel with a 10: | hexane—ether mixture as
eluem.

3¢ 'H NMR (CDCl,): 6 0.95-1.05 (21H, br m,
E1,8i +{CH,),CHY; 1.26 (6H, 5, CICH,),); 281 (1H,
3pi, (CH\) JCH) ppm. “C NMR (CDCI,): 6 5.50,
755 (Et,8), 19.21 {(CH,),CH), I1. 97 (C(O)-
C(CH,),-C(OY), 35.75 (ICH,),CH), 66.47 (C(0)-C—
C(0)), 213.68 {C-C =0). 240.64 (Si-C =0} ppm. M§
(El, relative intensity}: m ‘e 301 (M - 1]7. 3}, 287
(M¥— Me, 700, 274 (M™ = B, 160), 259 {M*—'Pr,
85}, UV—visible spectrum (hexane, £ values in paren-
theses): 298 (260}, 372 (46} nm.

39, 2.4.4-Trimethyl-d-tricthylsilvlbutane-3-one (7a)

This was isolated as a minor product afier columa
chromatography of the crude reaction mixture obtained
from the reaction of 1 with E(,5ili and was character-
ized by its 'H NMR and MS.

'H NMR (CDCL,): 8 0.69, 0.73, 0.77 (SH, t, CH, of
Et;8i); 0,96, 1.00, 1.03, 1.06 (18K, m, CH; of Et,5 +
(CH,),CH); 130 (6H, s. C(CH.),): 306 (11, spt,
(CH,),CH) ppm. MS (CI, relative imensityk: m /e 229
(M +1]17, 15}, 200 (M" — Ez, 85}, 185 (M* = "Pr, 60).

3.10. 24,4-Trimethyl-4-iriethylgermyipuiane-3-cne (76}

This was isolated as a minor product after column
chromatography of crude 3¢ and was characterized by
its 'H NMR and MS.

*H NMR {CDCL): 8 0.97-1.10 (21H. br m. Et1,Si
+ (CHO,CHY 130 (8H, s, CICH,), ) 3.06 (1H, spt,
(CH,), CH] MS (EL telmive intensity): m /e 273 ([M
—1)*, 750, 259 (M* — Me, 75), "46(\4 —EI 100}, 218
{(M*— 2Et, 60).

311 Lithium acetylenolare 2d

5 ml of a 3% solution of MeLi (0.012 mol) in ether
were added a1 —78°C under.vacuum © a solution of
1.40 g (0.01 mol) of 1.in 30 ml of hexane, and the
yellow reaction mixture was stirred for 5 h o give the
enolate 2d. A UVc—visibie spectrum of the resulting
solution revealed transition {£ value in parenthosest at
364 (225) nm. After agueous work-up and chromate-
graphic purification of the crude product 3.3,5-trimeth-
ylhex:mc-Z.A—dione 3d (1.2g, (77%)) was obtained.

'H NMR (CDCL ) & 099, 1.03 (6H, 4, (CH,),CH),
122 (3H, 5, CH=C=0Q); 131 (6H, 5, ClCH;H 2.85
(1H, spl. (CH,},CH. Jy, =4 HZ) p *C NMR
(CDCL,): & 2048, 21.84 ((CH, J__CH) ’9 71 (0
C(CI{;);—C’(O)}. 3670 (CH in 'Pr), 57.80 (CH,—
C=0) 95.31 (C(0)-C-C(OY, 194591 (CH.~C
21352 ('Pr-C=0) ppm. MS (El, relative intensity)::
m /e 156 1M *.730), 141 {M* — Me, 65), 113 (M~ Py,
15). UV—visible spectrum {hexane, & valug in paren-
thesesk 276 (230) nm,
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