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ABSTRACT

The structures and stereodynamic behavior et80)-chelate methyldifluorosilanes in solutions were
studied by multinucleard, *C, *°F, ?°Si) and 2D (COSY, HETCORH, °C) NMR spectroscopy.
The range of studied complexes included amides ROE)CH,SiMeR, [R = Ph, R"'=H1a); R =R’

= Me (1b); R = Me, R' = CHMePh1)], lactams LCHSiMeF, (L = 2-oxoazepan-1-yl2@), 2,2-
dimethyl-4-oxo-H-benzo[1,3]oxazin-3-yl 4b) or 4-methyl-2-oxoquinolin-1-yl Ac)] and the six-
membered imide IACH, [2,6-dioxopiperidin-1-yl 8)]. The pentacoordination of silicon atoms in all
studied compounds was confirmed by NMR study irutsmhs and single-crystal X-ray studies of
complexeslc, 2a, 2c and3. The temperature dependency observed¥6mMMR signals in solution
was explained by the ligand exchange in the coatitin environment of silicon atoms (permutational
isomerization) and used for determining the acivatparameters of this process b DNMR.
Quantum-chemical calculations for various isomeramplexeslc, 2a 2c and 3 suggested the

"turnstile rotation” as the most likely mechanison the observed stereodynamic processes.

Key words: pentacoordinated difluorosilanes, synthesis, X-dynamic NMR, permutational

isomerization, quantum-chemical calculations.

Introduction

Compounds of hypercoordinate silicon continue ttraet attention due to their unusual
structural features, increased reactivity, biolagactivity and stereochemical nonrigidity in saat™
8 Neutral fluorides of pentacoordinate sili€dhare generally more stable and less susceptible to

hydrolysis, so they are commonly used as model comgls in various applications. However, certain



types of these compounds, in particular monochetéifeiorosilanes, have not been studied
thoroughly.

In the present paper we discuss the synthesiststas and stereodynamic behaviour in solution
of pentacoordinate mono-{GSi)-chelate (methyldifluorosilyl)methyl derivatives amides, lactams
and imides. The reported compounds were studieaunuclear tH, °C, *°F, #°Si) and 2D (COSY,
HETCOR *H,"®C) NMR spectroscopy, quantum-chemical calculati@msl single-crystal X-ray
crystallography.

Results and discussion

Synthesis of pentacoordinate complexes of difluordanes

Pentacoordinate mono-{&Si)-chelate (methyldifluorosilyl)methyl derivative®f amides
RC(O)N(R)CHSIiMeF, (1a—Q were synthesized according $zheme 1 The difluoroderivatives of
lactams LCHSIMeR, (2a—9 and imide IMiCH,SiMeR (3) (Chart 1) were synthesized by similar
procedures. In all cases, the intermediate pentdowie methyldichlorosilane& were synthesized
either by the reactions df-trimethylsilyl amides, lactams or imides with CIg$#Me)Ch (a)***? or
by the reactions of respective NH-compounds witinigture of (MgSi),NH and CICHSIi(Me)CkL
(b)13’14.
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2a 2b 2c 3
Method @) was used for silaneka, 2b'®, 2c and 3 while all other silanes were prepared by

method D). The hydrolysis of intermediate produgtsvas followed byn situreaction of the resulting
oligosiloxanes with BEEt,0O, producing target difluoridels-3in low to moderate yields (6—68%).

The structures and composition of target compownas confirmed by elemental analysis, IR
and NMR spectroscopy, and single-crystal X-rayrddfion study of complexeke, 2a, 2c and3. The
X-ray structures of difluoridesb®® and2b* were published earlier.

Single crystal X-ray studies

A single crystal X-ray study of compountls, 2a,2c and3 confirm that they are difluorosilanes

with a five-membered (& Si)-chelate ring (Figures 1-4).

o1a @i{

F2A Ccla

Figure 2. Molecular structure a2ain ADP ellipsoids at 50% probability.



Figure 4. Molecular structure ad in ADP ellipsoids at 50% probability.

Only a few crystal structures of similar difluorglaave been published to date. Owing to the
presence of an equatorial fluorine atom, the Sil-e®ardination bond in such compounds was
expected to be somewhat shorter than that in girdilalates with the M&iF moiety. However, the
Si1-0O1 distances in (OSi)-chelate difluorides vary in a wide range from21Z A in
methyl(benzoyloxymethyl)difluorosilan® to 1.971 A in N-methylN-(methyldifluorosilylmethyl)
acetamide® Thus, the geometry of the MeFOSIF coordinatiortreeis very sensitive to the nature of



the five membered chelate ring and its substitudrts strength of the electron withdrawing effetct o

the O1 atom depends on substituents at the N1 8mqub€itions. Compoundk, 2a, 2¢, and3 contain

several types of aromatic and alkyl moieties bonttedhe N1 and C3 atoms and so the Si1-O1

distances in these difluorosilanes varies in tigeaof 1.95-2.16 A (Table 1).

Table 1.Selected bond length (A) and angles (°) in comgséx, 2a, 2¢c and3.

1c 2a 2c 3
Sil—F1 1.6607(12)] 1.6566(13) 1.6571(11) 1.6380(12)
Sil—F2 1.6094(11)] 1.6149(11) 1.6056 (140) 1.5972(12)
Sil—01 2.0072(13)] 2.0004(14) 1.9507 (11) 2.1599(16)
Sil—C1 1.841(2) 1.852(2) 1.8918 (1b) 1.831(2)
Sil—C2 1.8844(19) 1.891(2) 1.8428 (16) 1.8769(19)
01—C3 1.269(2) 1.271(3) 1.2764 (16) 1.2367 (19)
F1-Sil-O1| 172.41(6) | 173.65(8)| 171.48(5 171.97(5)

The presence of a piperidine-2,6-dione ring3ineduces the ability of the O1 atom to donate

electrons, which causes the elongation of the Sllb@nd to 2.1599(16) A. In contrast, the aromatic

4-methylquinoline fragment i2c increases the electron-donating ability of the &dm and, as a

consequence, leads to a considerable shortenitigedil-O1 bond. It should be noted that the Sil—

01 distance icis even shorter than M-methylN-(methyldifluorosilylmethyl)acetamid®.

The lengths of apical Sil-F1 and equatorial SilbBads differ by 0.04—-0.05 A. The longest
Si1-F1 bond, 1.6607(12) A, was found o while the Sil-F1 distances Bt and 2a were only
slightly shorter. The electron-withdrawing effedttbe piperidine-2,6-dione ring i caused a more
noticeable shortening of the Sil—F1 bond, down&880(12) A.

Variable-temperature NMR *°F studies

At ambient temperature, tHéF signals in NMR spectra of difluorosilanésand 2 appear as

singlets at —120 to —130 ppm due to a fast (on NiIMfe scale) positional exchange of the equatorial

(Fe) and apical (F fluorine atoms. At temperatures below —40 °Cgsteixchange slows down

significantly, producing two separaté, and'°F. signals of equal intensity at approximately —166 a

—145 ppm, respectively (Fig. 5). The DNMR spectraamplex3 are complicated by continuous re-

coordination of the silicon atom between the twiboayl groups.
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Figure 5. DNMR *°F spectra of difluoriddc (Jeol INM-EX400, CBCl, + CDCE).

The additional splitting of°F. and *°F. signals observed in low-temperature NMR spectra of
difluorides1c and2ais caused by the presence of chiral carbon ceméreir chelate ligands. Below
—75 °C, the NMR spectra of these compounds in egjaimmixtures of CDGland CDQCI, show two

pairs of doublets with integral ratios of 1 :2J]F£_Fe ~ 23 Hz), which correspond to two diastereomers.

In the case ofc, these signals appeardét’F) = —99.18, —99.91, —143.48 and —143.75 ppm &ig.

The activation parameters of the permutational egmation in difluoridesl and 2 were

calculated® from DNMR *°F data (Table 2).

Table 2. Activation parameters of the permutational isoraion of difluorides RC(O)N(R")Ci$iMeF,

(la—<) and LCHSIMeR; (2a—) in CDCk + CDCls.

90 -100 110 120 130 140 PPM

AG’ s, AH?, AS,
Compound T, K
kcal morl™ kcal mor* | cal mortK™
la 9.6+ 0.2 11.3£0.2 7+2 245
1b 9.7+ 0.3 11.1+ 0.1 6+3 234
1c 9.6+ 0.2 10.8+£ 0.2 4+3 239
2a 9.7£0.2 11.2+ 0.2 7+2 241
2b 9.9+£0.2 13.3£0.2 14+ 3 244
2c 9.7+ 0.2 10.9+ 0.2 5+2 240




The positional exchange of fluorine atoms in diffldes1 and?2 is characterized by a relatively
low activation barrier (9.6-9.9 kcal myl and a positive entropy of activation (4—14 calth&™,
Table 2). These parameters differ significantlynrche AG*,s and AS' values observed for
monofluorides LCHSIMe(R)F (R = Me, Ph) (ca. 24 kcalmbl and —20 cal motK™,
respectively)>®® which suggests that stereodynamic processes dmetltomplexes proceed via
different mechanisms. Within the studied concernatange (0.02—-0.30 M), the activation parameters
for difluorides remain virtually unchanged, whightypical for intramolecular processes.

Earlier we found that the permutational isomermatin (O—Si)-chelate monofluorides of
pentacoordinate silicon involved an "open” interratgiproduced via reversible cleavage of the &
coordination bond!® According to X-ray data, the -OSi distance in the difluoride
MeC(O)N(CHMePh)CHSiMeF, (1¢) is 2.007 A, which is significantly shorter thahat in the
structurally similar monofluoride MeC(O)N(CHMePh)&$iMeF (2.149 A)** The cleavage of this
bond inlc would have an activation barrier of over 24 kcalth which contradicts the experimental
data (Table 2). Therefore, the positional exchasfguoride ligands in difluoride4 and2 is unlikely
to involve the cleavage of the-&5i coordination.

Quantum chemical calculations of permutational isorarization in difluorides

The available X-ray and DNMR data are insufficiémt elucidating the exact pathway of the
permutational isomerization in complexésand 2. Additional information can be obtained from
guantum-chemical calculations that allow the charaation of all possible stationary points
(supporting materials, Table 1s) on the potentiedrgy surface (PES) and then the determination of
the lowest energy pathways between these points.

The stationary points on the PESIaf 2a, 2c and3 include the structures with intramolecular
O—Si bonds ¢), acyclic forms without such bonda) (and the structures where methyl groups are in
an apical positionnieg. Our calculations suggest that the molecular gdaes of the complexes with
intramolecular &»Si bonds in CDGl are very similar to those in crystal. The acydbens of all
studied complexes are less stable, as the elomgatithe G-Si bond increases the total energy by
4-11 kcal mol, both in the gas phase and in Cp&lution (Fig. 6).
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Figure 6. Relaxed energy scan using the>Si coordination bond as the coordinate Xor(a), 2a (b),
2c(c), and3 (d).

1c

The acyclic form ofL.c could be detected neither in the gas phase nawlution. In contrast, the
acyclic forms of other complexes could exist in Gpkut not in isolated molecules. In all cases, the
structures with the ©Si coordination and the equatorial methyl groupentiie most stable while the
acyclic forms were up to 11 kcal mbless favorable (Fig. 7).
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Figure 7. The energies (kcal md) of stationary points and transition states foandhe PES of

moleculeslc, 2a, 2c and3 in the gas phase (left) and in CRGblution (right). All values are relative

to the

most stable cyclic isomer.



In CDCl, the acyclic forms oRa and2c are even less stable than the structures withabpic
methyl groups. According to our calculations, tberfation ofmeastructures is not possible without
the cleavage of the-©Si coordination bond. The most obvious way to poadameastructure would
involve the formation of an acyclic form with susent rotation around the Si1-C2 bond.

The search for transition states (TS) producedstres that were intermediate between square
pyramid and trigonal bipyramid. The only exceptwas isolated molecul@ where the TS was on the
pathway between G2Sil and O2>Sil coordination and had a rather low potentialribarof
3.8 kcal mot*. However, the use of the PCM model led to a différstructure that resembled the TS
of other compounds. In both isolated molecules @B€I; solutions, the imaginary frequencies of all
TS were between 30 and 70¢mThe potential barriers determined by the IRC rdde the
interconversion between TS and the structures WithSi coordination were in the range 11.9-
15.8 kcal mol*, which is close to the barriers for structuralimigar trifluorides (10.2—10.8 kcal mol
1Y and the experimentahG"s values for complexed and 2 (9.6-9.9 kcal mof, Table 2).
Therefore, the permutational isomerization in cawrpkl and 2 probably proceeds in a fashion
similarly to a turnstile rotatidA® and involves the positional exchange of fluoritienas with the

retention of the ©>Si coordination (Scheme 2).
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Conclusions

New mono-(G-Si)-chelate methyldifluorosilyl derivatives of aresl (), lactams 2) and imide
(3) were synthesized and studied by NMR, IR and X-ragthods. All complexes contain a
pentacoordinate silicon atom with one apical and ayuatorial fluorine atoms {Fand F,
respectively). According to X-ray data, the Si-efistances in compoundg, 2a, 2c and3 are 0.04—
0.05 A longer than the Si<HBistances.

The temperature dependency observed for NRRsignals of complexeland?2 in solutions is

a result of a permutational isomerization in theordmation environment of silicon. Quantum



chemicalcalculations suggest that the most likely mechanirthis isomerization is the positional
exchange of fFand k atoms with the retention of the—&5i coordination, which is similar to the

turnstile rotation mechanism.

Experimental section

IR spectra of compounds in solution and in thedsslate were recorded on a Bruker Tensor-27
spectrometer using KBr cells and an APR elemerspeetively.'H, **C and**F NMR spectra in
CDCl; were recorded on a Bruker Avance 1l 36H,(300 MHz;*°C, 75.6 MHz:*°F, 282.2 MHz) and
Jeol INM-EX400 {H, 400 MHz;*C, 100.6 MHz;*°F, 376.3 MHz) instruments using standard pulse
sequences.

The H, *°C, #Si chemical shifts were measured using.Meas external reference. Negative
values are to high field.

The temperature calibration of the NMR spectronseteras performed by measuring the
differences in chemical shifts between non-equmalprotons in methanol (-90...+30 °C) and
ethyleneglycol (+30...+85 °CY.

The activation parameters of the permutational extwation were calculated using DNMR-SIM
softwaré® and a modified Eyring equatibh In each case, at least twelve temperature poiere
obtained to achieve a correlation coefficient &7F—-0.999.

Single crystals suitable for X-ray diffraction aysik were obtained from the following solvents
or mixtures: octane—benzene, 512)( octane—benzene, 2:24); benzenedc); hexane ). The details

of crystallographic data and experimental condgiare given in Table 3.



Table 3 Crystallographic data for compountls 2a, 2¢, and3.

1c 2a 2c 3
Brutto formula GoH17FNOSI GsH15FNOSi GioH13FNOSI | GH11FNO,SI
Formula weight 257.35 207.30 253.32 207.26
T, K 120 120 200 173
Diffractometer Bruker APEX 1| Bruker APEX Il Syntex P2 Brukleorogmart
Space group R2:2; Pca2 P-1 P2/c
Z 4 4 2 4
a, A 10.3448(4) 8.9150(6) 5.2373(17) 12.704(9)
b, A 10.9723(5) 18.4947(12) 8.867(3) 7.435(4)
c, A 11.3822(5) 12.1393(8) 12.867(4) 9.793(6)
a, ° 90 90 80.33(3) 90.00
B, ° 90 90 86.07(3) 92.68(5)
7, ° 90 90 82.73(3) 90.00
v, A3 1291.95(10) 2001.5(2) 583.6(3) 923.9(10)
doalo g CT° 1.323 1.376 1.442 1.490
u, cmt 1.90 2.26 2.09 2.53
F(000) 544 880 264 432
20max ° 63.48 60.66 50 54
Reflections collected 18645 22206 3093 2135
Independent reflections 4381 6170 2798 2014
'[?‘iegge(ln)‘]je”t reflections 4020 6380 2321 1828
Parameters 157 237 156 119
R, [I > 25(1)] 0.0336 0.0318 0.0361 0.0335
WR; 0.0882 0.0801 0.1126 0.0988
GOF 1.029 1.028 1.064 1.064
Sﬁ?\i?;:l/iii)tmn Aensity 03320273 | 0.279/-0.202  0.437/-0288  0.447/-0.2

89

The structures were solved by the direct methodguXiS softwaré and refined using a full-

matrix least-squares technique agaifsin the anisotropic-isotropic approximation usingE3XL

software?’ The hydrogen atoms were placed in geometricallgutzted positions and refined using a
rigid body model Uisf(H) = 1.2J(CH, CH), Uisl(H) = 1.BJ(CHg)]. Preparation of graphic
materials was performed using OLEX2 softwar€&rystallographic data for the structural analysis
1c, 23, 2c and3 have been deposited with the Cambridge Crystajayc Data Centre (CCDC Nos.



1834453 - 1834456).

Quantum-chemical calculations at, 2a, 2c and 3 were carried out using Gaussian 03W
software?®

Hybrid PBEO functional and 6-311G(d,p) basis setyewused for structure optimization,
hessian calculations, relaxed potential energy ss@aml transition state search. To account for the
effect of nonspecific solvation, the PCM model vaagplied (using the value of the dielectric constant
for chloroform). All calculations were carried owith tight optimization criteria (Opt=tight) and
precise grid for computation of two-electron intdgr (Int(Grid=Ultrafine)). Molecular plots was
drawn with ChemCraft software.

Optical rotations of compounds were measured icmMOcuvettes using a Perkin Elmer 341
instrument.

The starting materials (hexamethyldisilazane, diadi{chloromethyl)(methyl)silane, boron
trifluoride—diethyl ether complex and 4-methylquine2-one) and solvents were obtained fréwros
and Sigma-Aldrich The synthesis of (©Si)-chelate 1-(methyldifluorosilyimethyl)hexahydregin-
2-one pa)"*and the X-ray structures of difluoridéb'® and2b™ were published earlier.

6.1. N-Trimethylsilyl (TMS) derivatives
N-TMS-amides andN-TMS-glutarimide were prepared by the reactionsregpective NH-
compounds with chlorotrimethylsilane in the preseattriethylamine or hexamethyldisilazafte.

6.1.1. N-TMS-benzamide
Yield 67%, m. p. 103-106 °C (benzeri&).

6.1.2. 4-Methyl-N-TMS-quinolin-2-one

Yield 91%, b. p. 152-153 °C (10 mm Hg). Found, %6160, H 7.40, N 5.89. ;gH;;NOSiI.
Calculated, %: C 67.49, H 7.41, N 6.05. IR spectf@HCk, v, cni?): 1670 s, 1615 s, 1510 m (C=0).
NMR H spectrum (acetonesds, ppm): 0.1 s (9H, Si(Mg), 2.08 s (3H, Ch), 6.42 m (H, CH=), 7.0—
8.1 m (4H, Ar).

6.1.3. N-TMS-glutarimide

Yield 72%, b. p. 80-82 °C (0.5 mm Hg)DZO 1.4728. Found, %: C 51.70; H 8.10; Si 15.00.
CgH1s0,NSi. Calculated, %: C 51.85; H 8.15; Si 15.15. frReatrum (CHG, v, cm™): 1670 s, 1720 s
(C=0). NMR'H (CCL, J, ppm): 0.28 s (Me), 1.85 m (CGE) 2.42 s (NCH). NMR 2°Si (CCl, 4,
ppm): 13.8.



6.2. (O->Si)-chelate N-methyldifluorosilylmethyl amides
6.2.1. N-(methyldifluorosilylmethyl)benzamidea)(

A mixture of N-TMS-benzamide (5.0 g, 20 mmol) and dichloro(chioethyl)(methyl)silane
(4.24 g, 26 mmol) was heated at 120-140 °C untilchlorotrimethylsilane was distilled off. The
remaining mixture was dissolved in 25 mL of chlemf and stirred with a solution of NaHGO
(4.37 g, 52 mmol) in 50 mL of water for 1 h. Theganic layer was separated, the volatiles were
removed in vacuum, and the residue was heatedBfith EtO (2.46 g, 17 mmol) at 100-120 °C for
30 min. The residue was recrystallized from a mixtaf o-xylene and octane (3:1) to afford 3.8 g
(68%) of difluoridela with m. p. 98-99 °C. Found, %: C 50.18; H 5.16;18i96. GH1;F,NOS.I.
Calculated, %: C 50.21; H 5.15; Si 13.05. IR speut(neat solidy, cni®): 1580 s, 1603 s (NCO).
NMR 'H (CDCk, 6, ppm,): 0.51 br.t (3H, MeSPJur 5.1 Hz), 2.73 m (2H, NCs$i), 7.2 br.s (1H,
NH), 7.5-7.9 m (5H, €Hs). NMR **C (CDCE, d, ppm): 0.42 br.t (MeStJcr 21.8 Hz), 28.54 t (NCH
2Jor 30.2 Hz), 127.54 s (89, 128.61 s (49, 129.03 s (&), 133.51 s (€9, 170.45 s (C=0).
NMR *°F (CDCE, d, ppm): —125.40. NMR®Si (CDCk, J, ppm): —43.54 t'(sir 256.9 Hz).

6.2.2. N-(methyldifluorosilylmethyl)-N-methylacetden(lb)

A solution of N-methylacetamide (14.6 g, 0.20 mol), hexamethyklisine (12.8 g, 80 mmol)
and dichloro(chloromethyl)(methyl)silane (32.6 g2@mol) in 100 mL of benzene was refluxed for
1 h, then cooled down and stirred with a solutibriNaHCGQO; (50 g, 0.59 mol) in 200 mL of water
overnight. The organic layer was separated, dnesl anhydrous MgS{£and evaporated in vacuum to
dryness. The residue was heated withy BELO (19.8 g, 0.14 mol) at 100-120 °C for 30 min, then
distilled in vacuum to afford 9.6 g (29%) of diflude 1b with b. p. 135-137 °C (4 mm Hg). Found,
%: C 35.96; H 6.60; N 8.26.58,;F,NOSi. Calculated, %: C 35.90; H 6.63; N 8.37. IRcpum
(CHCls, v, cm™): 1510 s, 1600 s (NCO). NMBH (CDCh, J, ppm): 0.33 t (3H, MeSfJue 5.1 Hz),
2.17 s (3H, CMe), 3.11 s (3H, NMe), 2.50 br.s (MGH,). NMR **C (CDCk, 6, ppm): 0.34 br.t
(MeSi, 2Jcr Hz), 17.19 s (CMe), 37.36 s (NMe), 37.97 t (NCHcr 29.2 Hz), 173.27 s (C=0). NMR
19 (CDCE, 6, ppm): —=124.12. NMR®Si (CDC}, 6, pm): —54.71 t'0sir 258.1 Hz).

6.2.3. N-(methyldifluorosilylmethyl)-N-(1-phenyhdacetamide 1c)

A solution of N-(1-phenylethyl)acetamide (16.3 g, 0.10 mok]{?° —124° € 0.019, CHCL,)},
hexamethyldisilazane (6.4 g, 40 mmol) and dichldntiromethyl)(methyl)silane (16.3 g, 0.10 mol) in
50 mL of benzene was refluxed for 1 h, then coaedn and stirred with a solution of NaHgO
(25 g, 0.29 mol) in 150 mL of water for 1 h. Thganmic layer was separated, evaporated in vacuum to
dryness and heated with BFEO (9.9 g, 70 mmol) at 100-120 °C for 15 min. Theidee was



cooled down and triturated with 50 mL of diethyhet The powder formed was recrystallized from
150 mL of benzene to afford 12.4 g (48%) of difiderlc with m. p. 128-130 °C (octane—benzene,
5:2), [o]o?® —26.3° € 0.021, CHCL,). Found, %: C 55.87; H 6.65..41//NOSi. Calculated, %: C
56.00; H 6.66. IR spectrum (GEl, v, cm™): 1578 s, 1510 m (NCO). NM&H (CDCl, J, ppm): 0.34

t (3H, SiMe,*Jyr 5.3 Hz), 1.69 d (3H, *C—CH>Juy 6.7 Hz), 2.33 s (3H, CI€0), 2.14, 2.46 dd (2H,
NCH,, 2Jun 17.2 Hz), 5.09 q (1H, *C—CHJun 6.7 Hz), 7.2—7.4 m (5H, éBls). NMR *3C (CDCE, 4,
ppm): 0.57 t (SiMe2Jcr 23.3 Hz), 17.68 s_(Ci€H), 17.79 s (CHC(0)), 28.66 t (NCH, 2Jcr
30.5 Hz), 56.13 s (CH), 126.37 s"&), 128.44 s (€', 129.18 s (&™), 138.17 s (€9, 172.81 s
(C=0). NMR **F (room temperature, CD§I5, ppm): —=123.41 br.s. NME’Si (CDC}, J, ppm): —
55.47 t {Jsic 258 Hz).

6.2.4. N-(methyldifluorosilylmethyl)-4-methylquime2-one @c)

Dichloro(chloromethyl)(methyl)silane (4.9 g, 30 minavas added dropwise to an ice-cold
solution of 4-methyN-TMS-quinolin-2-one (7.0 g, 30 mmol) in 20 mL of CH. The reaction
mixture was stirred overnight, then diluted with 8@ of CHCk and stirred with a solution of
NaHCG; (6.0 g, 70 mmol) in 100 mL of water for 24 h. Tdrganic layer was separated, evaporated in
vacuum to dryness and heated withsBELO (4.26 g, 30 mmol) at 100-120 °C for 30 min. The
residue was recrystallised from 100 mL of benzeneafftord 3.0 g (39%) of difluorid@c with m. p.
187-189 °C (benzene). Found, %: C 56.37, H 5.04,.89. G.H13FNOSI. Calculated, %: C 56.99, H
5.17, N 5.53. IR spectrum (CHELV, cmi™): 1637 s, 1577 m (NCO). NMBH (CDCl, 6, ppm): 0.46 t
(3H, MeSi,*Jyr 5.35 Hz), 2.66 s (3H, Me), 3.24 s (2H, N§&H), 6.86 s (1H, B, 7.92d (1H, K 34
7.9 Hz), 7.79 t (1H, H 33y 7.9 Hz), 7.51 t (1H, B33y 7.9 Hz), 7.68 d (1H, B33y 7.9 Hz). NMR
13C (CDCE, 6, ppm): 0.80 t (MeSfJcr 23.9 Hz), 19.58 s (Me), 32.01 t (NGHIcr 33.2 Hz), 114.34 s
(C¥, 115.42 s (&), 122.29 s (6, 124.45 s (&), 125.77 s (©), 132.26 s (6), 137.87 s (©), 151.96 s
(C"9), 162.52 s (C=0). NMR°F (room temperature, CDE, ppm): —121.65 br.s. NMESi (CDCE,

5, ppm): —58.96 t'0sir 254.3 Hz).

6.3. N-(methyldifluorosilylmethyl)glutarimid8&)(

A mixture of N-TMS-glutarimide (7.4 g, 40 mmol) ardichloro(chloromethyl)(methyl)silane
(6.25 g, 40 mmol) was heated at 120-140 °C untilchlorotrimethylsilane was distilled off. The
residue was cooled down and stirred with a mixairé0 mL of chloroform and a solution of NaHgO
(8.0 g, 0.10 mol) in 60 mL of water for 1 h. Theanic layer was separated, evaporated in vacuum to
dryness and heated with BFEO (3.7 g, 26 mmol) at 100-120 °C for 30 min. Theidee was
recrystallised from 50 mL of hexane to afford 0.8&6@o) of difluoride3 with m. p. 73—75 °C (hexane).



Found, %: C 40.51, H 5.26, N 6.74;HG:F.NO,Si. Calculated, %: C 40.56, H 5.35, N 6.75. IR
spectrum (CHGI v, cm™): 1730 m, 1660 s, 1520 w (NCO). NM®RI (CDCl, 6, ppm): 0.45 t (3H,
MeSi, *Jur 5.1 Hz), 2.75 br.m (4H, ¥P), 2.03 m (2H, H), 2.83 br.s (2H, NCbSi). NMR **C (CDC},

5, ppm): 0.82 t (MeSPJcr 21.6 Hz), 31.19 s (©), 16.65 s (¢), 27.52 t (NCH, %Ik 26.8 Hz), 173.82

s (C=0). NMR'F (CDCE, J, ppm): —130.45. NMR®Si (CDCE, d, ppm): —30.22 t'0sir 253.4 Hz).
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Supporting materials

Table 1s.Principal bond length and angles in isomers ofmonmdslc, 2a, 2b and3 calculated by
PBEO0/6-311G(d,p) method/basis combinations

Si1-F1 Si1-F2 Si1-01 Si1-C1 F1-Si1-O1
lcc 1.652/1.671) 1.622/1.63¢  2.146/2.049  1.858/1.860 2.117/7172.69
lca n.a. n.a. n.a. n.a. n.a.
lcmea 1.625/1.634) 1.621/1.634 2.192/2.114 1.876/1.881 8.97/7179.90
2a-C 1.653/1.672] 1.621/1.63% 2.138/2.044  1.858/1.861 2.1117172.80
2aa 1.619/1.623 1.616/1.620 3.538/3.652  1.840/1.839 7.50¥129.47
2amea 1.622/1.635 1.622/1.63% 2.179/2.096  1.878/1.8839.217/7179.97
2c-c 1.656/1.674| 1.622/1.63% 2.089/2.012 1.858/1.860 1.447172.26
2c-a n.a./1.622 n.a./1.615 n.a./3.598 n.a./1.838 4.9.0D
2c-mea 1.623/1.636] 1.623/1.636 2.116/2.047  1.880/1.884 8.687179.64
3-c 1.637/1.653 1.615/1.627| 2.340/2.20f 1.851/1.853 171.93/472.
3-a n.a./1.615 n.a./1.617 n.a./3.093 n.a./1.842 A6V
3-mea n.a./1.619 n.a./1.620 n.a./2.439 n.a./1.859 ma.21l

a —acyclic isomer
¢ — cyclic isomer (most stable)
mea— isomer with a methyl group in apical position

n.a. — not available
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Figure 2. Molecular structure a?a in ADP ellipsoids at 50% probability.

Figure 3. Molecular structure a2c in ADP ellipsoids at 50% probability.
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Figure 4. Molecular structure ad in ADP ellipsoids at 50% probability.
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Figure 7. The energies (kcal md) of stationary points and transition states foandhe PES of
moleculeslc, 2a, 2c and3 in the gas phase (left) and in CRGblution (right). All values are

relative to the most stable cyclic isomer.
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