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Breaking of Ketene Bonds during HCI Addition to Trimethylsilylketene
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IR spectroscopy is coupled with the matrix isolation technique to study the reaction of trimethylsilylketene
with HCI. From 50 K trimethylsilylketene reacts with hydrogen chloride, leading to the cleavage oftke Si
bond and the formation of trimethylsilyl chloride and acetyl chloride, through intermediate trimethylsilylacetyl
chloride which was identified. A reaction profile for this result is proposed based on a theoretical study
carried out at the DFT level.

1. Introduction SCHEME 1 : Reaction of Formation of SiM&Cl and

Reactions between ketenes and electrophiles, as well aSMeCOCI

ketene-hydrogen halide complexes, have attracted the attention ve,si,
of many experimental and theoretical chemistsRecent H/°:1° e 4
investigations on these complexes, generated in the gas or the B 2
solid phase, show a strong interaction between the hydrogen
atom of the halide and the terminal carbon atom of the ketene spectroscopy. Quantum calculations were undertaken to compare
moiety? In this kind of reaction, interconversion of ketenes and the experimental IR spectra with the calculated ones and thus
acyl halides via acylium ions is a well-established process. assign observed absorptions, and furthermore, to determine the
However, some results seem indicative of the formation of complex structures and the reaction path.
unobserved enol intermediates.

Among the ketene family, silylketenes, discovered 40 years 2. Experimental Section
agd' are remarkably stable when compared to other ketenes;
thus, trimethylsilylketenel) has an extraordinary resistance
toward dimerization and its low reactivity in hydration reactions
(hydration ofl is 400 times slower than the same reaction with
tBuCH=C=0") reflects the ground-state stability of this ketene.

Despite their stability, silylketenes, which can be prepared 2.1. Matrix Isolation Experiments. The gas mixtures di/Ar

through various ways, display a sign_ificant reactifityike all and HCI/Ar were prepared by standard manometric techniques.
ketenes, they can undergo nuclg_ophlllg att_ack but "?ager.‘ts mUSWe obtained relative concentratiotVICI/Ar: 1/3/500, 1/10/

be rgther strong or elgctrophmc activation (Leyws acid) is 500, 3/1/500, and 10/1/500) sprayed by co-deposition onto a
required; most applications de_al with the forma_mon_ of esters gold-plated copper surface cooled to 20 K. A Fourier transform
from alcohols. The other main type of reaction in which infrared spectrometer (Nicolet Serie 1l magma 750) was used

silyllf[gtenezrzcan dbe%SZUCEestsfullly e(glgaégeld :S dpycloadditilon to record the samples spectra cooled at 10 K by reflectance in
reactions, [2-2] and [4+2]. Natural products, including severa the range 4000550 cnt® with a resolution of 0.12 cmi.

ﬁr; Iactor?eﬁ_and n|trogfke]r1-fheterocyc:é§havehbzenl_syng;ies%ed 2.2. Computational Details.Calculations of stationary points
through this approach: for example, tetrahydrolipstafiae and reaction profiles were first performed at a semiempirical

isoquinolide$ were obtained in good yields from trimethylsi- level with the SAM1/d method available in the Ampac 7.0

IyIIEetengs. ts in th h h d tion betd packagé! The SAM1/d method was selected since chlorine and
Xperments in th€ gas phase showed a reaction bEWeen - i0q4 g orpitals are taken into account. All stationary points

and HCI Whlch mvolve_s a clea\_/age of the-8% bond aﬂd the (minima and transition states) were characterized by the
formation of trimethylsilyl chloride 4) and acetyl chloride; calculation of the normal modes of the optimized structures.

Schetzme %)' Thtﬁ p.ur'[;)'ols;a of tht? pre:entlworlk Is to rgon\l/t\;)r tlh's Reaction profiles were determined by a calculation with the
reaction, from the initial formation or molecular van der Waals - ciyaIN - algorithmi? and checked by the intrinsic reaction

complexes, through transition states and unstable intermediatescoordinate (IRC) method
to final products. Matrix isolation experiments were used to trap .
highly reactive intermediates and were monitored by FT-IR

0
" 1

o HS M ool MesSin Loy *T sivesci+ mecoc
H 5

Pure trimethylsilylketenel) was prepared according to the
original method*®¢ and trimethylsilylacetyl chloride2 was
synthesized as described in the literatufeetyl chloride and
chlorotrimethylsilane were supplied by Aldrich and used without
further purification.

Semiempirical stationary points were the starting points of
the density functional theory (DFT) calculations which were
*To whom correspondence should be addressed. perfprmed with the Gaussian 98 packagall calculations were
t Universifede Provence. carried out at the B3PW91/6-3HG(d,p) level, and all
* UniversitePaul Ceanne. stationary points were characterized by a calculation of the
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HCI Addition to Trimethylsilylketene

vibrational frequencies derived from the analytical second
derivatives of the total energy of the optimized structures.
Starting from the transition state (TS) structures, reaction profiles
were determined by IRC calculations. The energy values were
ZPE-corrected with vibrational frequencies scaled by 0.9772,
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as recommended by Scott and Raddrfihe stabilization energy

of the complexes involving and2 was corrected for basis set
superposition error (BSSE) through the “7-point” formula taking
into account monomer geometry relaxatiSnFor systems
involving more than two subsystems in the reaction profiles,
the electronic energy of the whole system was calculated by a
single point with molecule 5 A apart from each other. Only

(b)

@

DFT calculations are reported in the next section.

3. Results and Discussions

To study the complexation betwednand HCI, we have
prepared at room temperature a gas mixture of these molecules.
The infrared spectrum obtained after deposition on the cooled
cell, shows the absorption band of acetyl chloridg énd
trimethylsilyl chloride @). These results suggest tHatreacts
with HCI at room temperature in the gas phase as illustrated in
Scheme 1. To determine the reaction mechanism and trap the
van der Waals complex and the reaction intermed2atergon ]
matrixes were prepared by simultaneous spraying of separate }
mixtures of /Ar and HCI/Ar at different concentrations and
warming between 10 and 190 K. For comparison with the results }
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B

obtained from the reaction betweérand HCI, argon matrixes

@

containing only2, 4, or 5, with different HCI concentrations
were prepared and analyzed.

3.1. Infrared Absorption Spectra of 1/HCI/Ar. (A) Ex-
perimental Results.Infrared spectrum of monoméris shown

2700

2620 2580 2550

Wavenumbers (cm")

in Figure la, and the vibrational bafidrequencies with their
corresponding intensities are reported in Table 1. The most
intense band, observed at 2120.5¢nis assigned to theccoas
whereas other small bands located around this value can be
attributed to argon matrix effects.

The spectrum recorded at 10 K after co-depositiorl/éfr
(1/250) and HCI/Ar (3/250) shows new absorption bands
compared to the spectra of purand pure HCPE trapped in an
argon matrix (Figure 1b, Table 1). In the presence of HCI, the
vccoasband ofl appears at 2109.5 crh shifted toward lower
frequencies by 11 cri with respect to thevccoas band of

©)

|:0.25

®)

(2)

monomerl. In the HCI region, we observe a band at 2600.7
cmt strongly shifted to lower frequencied\{yc = 270.9
cm™1). This important shift forvyc is characteristic of a

2180 2160 2140 2120 2100 2080 2060

Wavenumbers (cm-1)

2040 2020 2000

complexation between ketene derivatives and HSlightly
shifted peaks are observed in the various spectral regions in
which 1 absorbs (Figure tec). All of these bands are indicative
of the occurrence of a complex betwetand HCI. The most
distinct features of the complex are marked with an asterix in
Figure 1. Different experiments, carried out with different
concentration ratios, support the assignment of the complex
bands (Table 1).

(B) Ab Initio Calculation Results. To model the complex
structure, DFT calculations were carried out on several starting
geometries. According to partial chargesand resonance

©)

E),IO

()

(€)]

structures of ketenést? two geometric arrangements are
possible for thel:HCI complex: theL form which involves a

hydrogen bond between HCl and the oxygen atom of the ketene,-

1300 1280 1260 1240 1220 1200

Wavenumbers (cm-1)

igure 1. Infrared spectra of, HCI and thel/HCI complex isolated

and theT form, in which the HCI molecule interacts with the  jn argon matrixes at 10 K in the 4080200 cn! region (a)V/Ar:1/
terminal carbon atom of the ketene. The optimized structures, 500, (b) 1/HCI/Ar:1/10/250 (c) HCI/Ar:10/500.

reported in Scheme 2, show that in théorm the C=0O bond

is lengthened by 0.011 A, while in tHe form the G=C bond the C=C & bond but is rather bound toIC The negative charge
is lengthened by 0.008 A (the HCI molecule is in the plane of calculated with the ChelpG meth®dn the carbon atom {&f
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TABLE 1: Experimental and Theoretical Frequencies, and Frequency Shifts for 1 and 1:HCI Complexés

calculations experiment
monomer T complex L complex monomer complex
assignment v int v int Av v int Av v v Av
Silylketenel
vH—C(CO) 3206 1 3191 1.6 15 3208 1.3 -2 3051.4 3069 —17.6
3016.5 34.9
3140 1.6 3149 0.5 -9 3143 0.9 -3
3140 1.6 3143 0.6 -3 3142 11 -2
vCH(CHg) 3139 0.01 3140 1.0 -1 3141 0.1 -2 2973.0
3136 1.2 3135 1.8 1 3136 1.0 0
3132 2.1 3133 0.8 -1 3134 1.2 -2
3129 0.01 3132 0.6 -3 3132 1.7 -3
3049 0.5 3050 0.3 -1 3050 0.2 -1
vCH(CHg) 3046 1 3049 0.7 0 3048 0.6 -2 2913.3
3045 0.85 3046 0.6 -1 3047 0.5 -2
vas(C)CO 2209 100 2203 100 6 2192 100 17 2120.5 2109.5 11
1475 0.97 1475 1 0 1474 0.8 1
1469 0.82 1467 0.9 2 1469 0.7 0
oasCH 1465 0.5 1466 0.5 -1 1465 0.4 0 1417.0
1457 0.01 1456 0.06 1 1456 0.03 1
1456 0.01 1455 0.02 1 1455 0.03 1
1451 0. 1452 002 -1 1452 30.0 -1
vsCC(O) 1319 5.3 1308 1.4 11 1319 2.6 0 1267.0 1259.8 7.2
1303 1.3 1300 8.2 3 1304 0.9 -1
0sCHg 1292 3.6 1296 2.0 —4 1294 3.0 -2 1252.8 1256.0 —-3.2
1288 4.3 1291 4.0 -3 1290 55 -2
0H—C(CO) 1059 4.7 1060 3.9 -1 1050 55 9 1046.6
885 18.6 882 4.1 3 883 15.5 2
pCHs 874 9.5 880 16.9 6 877 7.7 -3 852.0
871 9 876 10.1 -5 872 7.3 -1
vasSiG or Si(CH)s 797 1.7 798 8.7 -1 797 1.4 0 777.0
Si(CHs)s 777 3.4 778 1.8 -1 779 2.6 -2 758.0
HCI
2897 100 2534 98 453 2846 43 141 2871.0 2600.7 270.9
aAy = VYcomplex — Vmonomer
SCHEME 2: Optimized Geometries at the B3PW91/6- To try to identify the form present in our experiment, we
31++G(d,p) Level of 1 and 1:HCI Complexes. must compare the vibrational frequency shifts of the two
Interatomic Distances Are Given in Angstréms and complexes with regard to the calculated ones for the free
Angles in Degrees. Relative Energies Are BSSE-corrected  molecule. The experimental and the calculated shifts are in good
Me,si-1-312 1:172 agreement and confirm the complexation between the two
~—C=C=0 molecules but we cannot conclude about the complex structure
H™(-0.94) (-0.40)
(Table 1).
Erel= 0 kJ/mol 3.2. Annealing Experiments. (A) Experimental Results.
Cl Warm up of the matrix previously obtained, containihdiCl,
M63Si\(1%7_%_0 (-0.36) Me.si.. 1297 and 1:HCI complex, to 40 K, induces changes in the IR
/:);)5_2 BHﬁC;O)C—?_O 36) spectra: the absorption bands [HhfHCI, and1:HCI complex
H - ' start to decrease and new small absorption bands appear in
a (C=C=1.306 different areas of the spectrum.
rC=C=1.320 rC=0=1.178 Above 45 K, argon sublimes and the infrared spectrum of a
:g-_l-?=_21.b16%7 :3:3;21'021;% solid sample containing essentially and HCI is observed.
rH-CI=1.316 ' During the annealing, these two compounds react (their absorp-
Erel= - tion bands decrease) and we observe the increase of different
Erel= -9.8 kdJ/mol rel=-10.6 kd/mol

absorption bands. The most interesting spectra area, showed in

ketenel is more important £0.94) than on the oxygen atom  Figure 2, is characteristic of the stretching modeo. In this
(—0.40). It is important to note that the presence of a silicon area, during the annealing, four absorption bands at 1784, 1765,
atom on the € carbon atom modifies the charge on this atom 1739, and 1703 cnt appear. These bands were attributed to

with respect to the parent keteng@40,18 but that the terminal intermediate2. To verify this hypothesis compourithas been
oxygen charge is unchanged. This carbon atom can be consid-synthesized and trapped in argon matrix. Likewise, we have
ered as a good site of reactivity for electrophiles. isolated in argon matrie and 4 monomer molecules. Com-

We have considered the relative energies of the two com- parison between these spectra and the ones of our previous
plexes (Scheme 2, Table S1 in the Supporting Information): experiments (Figure 3) allowed the assignment of bands
the L form is more stable than thE form by less than 1 kJ  observed at 1784 and 1765 chto 2. Also, the most intense
mol~1. This difference is not significant enough to identify band of acetyl chloride monomer at 1807 ¢nis not observed
unambiguously the structure observed in the matrix. Indeed, usein our experiment.

of MP2 procedure with the 6-31+G (d,p) basis set shows a
greater stability of thé complex (4.8 kJ/mol).

The bands observed at 1703 and 1739 &rshifted to lower
frequencies with respect to the vibrational bands of the
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Figure 2. Infrared spectra of the different reaction productsviip
range. (a) MeCOCI/HC/Ar:1/40/5007s = 40 K, (b) MeCOCI/HCI/
Ar:1/40/500,Ts = 80 K, (c) YHCI/Ar:1/3/500,Ts = 70 K, (d) YHCI/
Ar:1/3/500,Ts = 80 K, (e) /HCI/Ar:1/3/500Ts = 120 K, (f): 2/Ar:
1/500,Ts = 120 K.
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Figure 3. Infrared spectra at 80 K of the different reaction products.
(a) MeCOCI/Ar:1/500, (b) MeCOCI/HCI/Ar:1/40/500, (dYHCI/Ar:
1/3/500, (d)2/HCI:1/500, (e) MeSiCl/Ar:1/500, (f) 1/Ar:1/500.

1200 800

monomer, are characteristic of a complexed carbonyl gfdup.
To identify this complex, we have performed argon matrix
experiments with acetyl chloride/HCI mixture at different
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Figure 4. Infrared spectra of the GEOCI/HCI complexes isolated
in argon matrix at 10 K in different regions. [(A) GBOCI region,
(B)] HClI region. (a) CHCOCI/Ar:1/500, (b) CHCOCI/HCI/Ar:1/13/
500, (c) CHCOCI/HCI/Ar:1/40/500, (d) HCI/Ar:1/500. the bands noted
by an asterix are attributed to the MeCOCI/HCI complex.

theoretical frequency shifts, summarized in Table 2, shows a
good agreement with both 1:1 complex structures and the 1:2
complex structurebd. Thus, in the annealing experiments
(Figure 2), the bands at 1703 and 1739 ¢érare attributed to
a 1n complex 6 > 2) and a 1:2 complex, respectively.

Then, during the annealing, 4, and5:HCI complexes are
formed. Nevertheless, Figure 2 shows that the bands at 1739
and 1703 cm? appear from 50 K (Figure 2c). Above 70 K the

concentrations. The spectra recorded at 10 K after depositionCH3;COCI:(HCI), band observed at 1703 c disappears,

of CHzCOCI/HCI/Ar (1/13/500, 1/40/500) show new absorption
bands (Figure 4, Table 2) with respect to those of pure-CH
COCI and HCI trapped in argon matrix. These bands are
attributed to complexes between gEOCI and HCI. In the/co
stretching region of acetyl chloride (Figure 4a), we observed
two bands at 1777.4 and 1743.0 chmshifted toward lower
frequencies by 33.9 and 68.3 chwith regard to the absorption
band of the monomer (1811.3 ci). In the vyc region, three
bands appear (Figure 4B) at 2724.2, 2675.3, and 2632:3,cm
shifted to lower frequencies by 145.8, 194.7, and 237.7'cm
with respect to the HCI monomer absorption band (2870.0
cm™1). For the 1/40/500 mixture, we observe in the area a
supplementary band at 1695.0 Thattributed to thevco

whereas the CKCOCI:(HCI), absorption band at 1739 cth
increases until 80 K (Figure 2d). Above this temperature, this
band decreases. The two absorption bands at 1784 and at
1765 cntl, which appear from 80 K, increase until 120 K, a
temperature above which the product starts to desorb (Figure
2c). The same annealing experiments were performed for the
different concentrations. Figure 5 shows the results obtained at
70 K in thevc—o region. We note that the 1703 cfband is
more intense for large HCI concentrations (1/10/500). This band
is not present for the 1/1/500 concentration, whereas we
observed the band at 1739 and 1784 &nfor the 3/1/500
concentration only the band at 1784 chis observed. This
comparison shows that the observatior2 & HCI concentration

stretching of acetyl chloride complexed by several HCI mol- dependent.
ecules. At this concentration, the HCI bands are saturated and From all of these experiments, we can say that during the
are not presented in Figure 4B. annealingl reacts with HCI molecules (many being present in
The structure and vibrational frequencies of 1:1 and 1:2 acetyl the medium) to yield:(HCI),, 5:(HCI),, and4. Then, we oberve
chloride/HCI complexes were calculated. As a largeo shift a regular decrease of HCI absorption until its total desorption
is observed, only two 1:15@, 5b) and two 1:2 bc, 5d) at about 90 K. Above this temperature th¢HCI),, complex
arrangements, complexed on the oxygen atom, were investigatedibsorption bands disappear and 5h@iCl), ones increase. We
(Scheme 3). The comparison between the experimental andobserve intermediat2 only between 70 and 80 K. Above this
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TABLE 2: Experimental and Theoretical Frequencies, and Frequency Shifts for Acetyl Chloride and Acetyl Chloride:HCI

Complexe$
calculations experiment
complex complex complex complex attribution
5a 5b 5c 5d complex CHaCOCIHCI
monomer v Av v Av v Av v Av  monomer pa vh Av complexes
CHsCOCI 3189 3188 -1 3192 3 3190 1 3188 -1
3158 3155 -3 3156 —2 3154 —4 3154 —4 3028
3074 3073 -1 3073 -1 3072 -2 3072 -2
1901 1858 —43 1863 —38 1825 —76 1851 -—-50 1811.3 17774 1777.4 —33.9 11
1743.0 1743.0 —68.3 1:2
1695.0 —116.3 1n
1466 1464 —2 1464 —2 1463 —3 1464 —2 1426.1
1462 1462 0 1461 -1 1461 -1 1463 1 14225

1392 1393 1 1394 2 1394 2 1395

1121 1135 14 1131 10 1145 24 1135

1041 1041 0 1040 -1 1041 0 1041
969 974 5 976 7 979 10 974

3 1360 1363.4/1361.8 1363.4/1361.8 3.4/1.8
14 1100.2 1115.8/1112.2 1115.8/1112.2 15.2/12.
0 1025.1
5 948.7 956.0/954.1956.0/954.1/ 7.3/5.4/4.3

953.0 953.0
615 638 23 634 19 654 39 638 23 598.4 625.4/619.3 625.4/619.3 27.0/20.9
HCI 2987 2789 —198 2829 —158 2857 —130 2803 —184 2870 2724.2 —145.8 11
2830 —157 2734 —253 2675.3 —194.7 1:2
2632.3 —237.7 1:2

2 AV = Veomplex — Vmonomer ° 1/13/500.¢ 1/40/500.

CH;COC] :(HCl),

CH;COCI :(HCl),

Si(CH;),COCl

1780 1740 ' 1700 ' 1660
Wavenumber (cm™)

Figure 5. Infrared spectra of product from annealing at 70 KuiCl/
Ar mixture (a) 3/1/500, (b)1/1/500, (c)1/3/500, (d)1/10/500.

SCHEME 3: Arrangements of 5:HCI and 5:(HCI),
Complexes and Their Energies in Hartree

Me\C’CI Me\CI:I,CI Me\ﬁ:/CI Me\l?,CI
11
0, 0. 0
i H HUH Oy K
cl’ Cl Cl Cl “Cl
5a 5b 5c 5d
E=-1074.045860 E=-1074.045822 E=-1534.791301 E=-1534.791343
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Figure 6. Reaction profile 1.3: CH,C(OH)CI.

experimental observation, four HCI molecules were involved
in the whole process. After the complexation between an HCI
molecule and the carbon atom @f 1, the intermediate structure

2 was obtained through the asynchronous concerted addition
of HCI to the G=C;3 double bond with an activation energy of
78.9 kJ mot? (Figure 6, Table S2 in the Supporting Informa-
tion). This first activation energy is consistent with the
experimental observation of the addition occurring from 40 K.
The formation of a complex between the oxygen ator ahd

two HCI molecules stabilized the system by 16.4 kJ Thol
(Figure 6). The2:(HCI), complex evolved by a dissociative
process (cleavage of the-SC bond) to give enol chlorid&
(CH,=C(OH)CI) and trimethylsilyl chloride! (formation of a
Si—Cl bond). In this profile, two HCI molecules are involved

temperature the amount of HC is not sufficient in the medium in TS2 but a similar activation energy was obtained (137.0 kJ
to form complexed or monomer acetyl chloride. The reaction Mol™*) with only one HCI moleculeTS2 is lower in energy
is stopped after the addition of the first HCI molecule and we thanTS1because a pseudo six-membered ring is formed (Figure

observe only intermediat2
(B) Ab Initio Calculation Results. Starting from botH. and

7). Moreover, the reaction occurs with retention of configuration
on the silicon atom which is in agreement with previous studies

T 1:HCI complexes, we investigated various reaction mecha- on the 1,3-silyl shifé? In the transiton state of this retention

nisms.
Reaction Profile Starting from the T Form Complek.

path, the Si atom is pyramidal and forms a partiatSibond
(2.55 A) and a partial SiCl bond (2.52 A) between its vacant

reaction profile involving three steps and three main complexes d orbital, and the p orbital of £and the lone pair of the CI
is proposed; the transition state strutures are given in Figure 6,atom, respectively. Enol chlorid&might also form a complex
and the optimized structures of the main minima in Figure S1 (3:HCI) with another HCI molecule. In agreement with the
in the Supporting Information. Experimental vibrational spectra partial charges and coefficients of the LUMO, the HCI molecule
showed that final products formed van der Waals complexes is bound to carbon atomzCThe last step then required a small
with at least two HCI molecules. To be in agreement with this activation energy (31.5 kJ ndl) to give the final products4
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| 304

Figure 7. Structure of the transition states of reaction profile I.
Interatomic distances are given in angeigand angles in degrees.

TS2

and5:(HCl),. The last step was again particularly favored since
a pseudo six-membered ring was formedTi83 structure
(Figure 7).

Alternative routes to this reaction path were also investigated.
First, a direct addition of the HCI molecule &HCI and the
following cleavage of the SiC bond were considered. This
approach directly gived and5, with an activation energy of
212.4 kJ mot?! (electronic energy). However, this reaction
profile was not in agreement with experimental observations
because: (i) the activation energy of the second step was too
high to explain the detection af and5 from 50 K; (ii) the
intermediate trimethylacetyl chlorid® should have been
detected before the final products.

In a second hypothesis, the activation energy of a last step
involving an intramolecular keteenolic conversion starting
from 3 was again too large (211.2 vs 31.5 kJ miplto be
consistent with experimental observations (Figure 6).

The whole reaction profile 1 was thus consistent wit
experimental data. As soon as enough energy is provided to
the system to reach the first transition state structi®l),
and since all the following stationary points are lower in energy,

E(OK) (kJ/mol)
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Figure 8. First steps of reaction profile 11I6: SiMe;CHC(OH)CI.

TS1”

Figure 9. Structure of transition stateBS1" and TS2' of reaction

h profile lll. Interatomic distances are given in angstand angles in
degrees.

structure of transition states of reaction profile 11l are given in

Figure 9 and the structure of the main minima in Figure S4 in

the total reaction sequence takes place and the final productshe Supporting Information.

are detected. When HCI| molecules desorb, due to annealing,
the reaction is stopped at thz2HCI complex and5:HCI
complexes are not formed because of the lack of HCI molecules.
Reaction Profiles Starting from the L Form Compléys
experimental IR bands might be attributed to Théorm or L
form of 1:HCI, we considered an alternative route starting from
the L form (reaction profile I, Figures S2 and S3 in the
Supporting Information). With a first addition of HCI to the
C,=0 double bond, silylenolchloridé (SiMesCHC(OH)CI) is
obtained via transition staleéS1'. The activation energy for this
first step is 157.1 kJ mol, i.e., two times higher than for
addition to the G=C3 double bond starting from th& form

4. Conclusion

In this paper, we have first established, by means of FTIR
argon matrix experiments, that the reaction betwéeand
hydrogen chloride (HCI) at room and low-temperature involves
a cleavage of the SiC bond and leads to trimethylsilyl chloride
and acetyl chloride/HCI complexes. A DFT study led us to
propose a multistep profile accounting for the reaction and
involving, as an intermediate, trimethylsilylacetyl chloride. The
occurrence of such an intermediate was confirmed by experi-
ments carried out under low concentration of HCI. This work
brings another example of the particular reactivity of silylketenes

(profile ), anq moreover the step is endothermic. Consequently, among the ketene family.
this mechanism was not considered further. Nevertheless, a

second reaction profile starting from theform of 1:HCI and
involving a second HCI molecule, to reduce the hindrance in
TSY, was investigated (reaction profile Ill, Figure 8). The
resulting transition stat&S1" is only 12 kJ mot? higher in
energy tharrS1 since a pseudo six-membered ring is formed.
The first step is slightly endothermic but the second step leading
to compound:(HCI), only requires 25.1 kJ mot and is highly
exothermic. Hence, it may be a competitive pathway. The
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Supporting Information Available: Table S1 showing
relative stability and structural parametersldfiCl complexes
calculated at the B3PW91/6-315(d,p) level (1 page). Table
S2 giving energy data, from DFT calculations at the B3PW91/
6-31++G(d,p), for all compounds of profile I, Il et lll. Figure
S1 showing the optimized structures of the main minima of
reaction profile 1. Figure S2 showing reaction profile 1l. Figure
S3 showing the optimized structure of the transition st&3é'
and the main minima of reaction profile 1l. Figure S4 showing
the optimized strutures of the main minima of reaction profile
Ill. This material is available free of charge via the Internet at
http://pubs.acs.org.
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