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Summary

Rate constants have been determined for cleavages of picolyltrimethyl-
silanes (PyCH,SiMe,;) and (quinolylmethyl)trimethylsilanes (QnCH,S1Me;) by
sodium methoxide mn 100% MeOH (at 25°C) and sodium hydroxide in 2/1 v/v
MeOH/H,O (at 50°C), and used to derive o~ constants for the PyCH, and
@nCH, systems (2-PyCH,, 0 85, 3-PyCH,, 0 53, 4-PyCH,, 1 07, 2-QnCH,, 1 14,
3-QnCH,, 0 70, 4-QnCH,, 1 20) and approximate pK, values for the corre-
sponding carbon acids PyCH; and QnCH; (2-PyCHa,, 29 5; 3-PyCHa,, 33 5,
4-PyCH,, 26, 2-QnCHs, 25 5, 3-QnCH,, 31 5, 4-QnCH,, 24 5) Values of the
solvent rate 1sotope effect, the ratio of the rate constant in MeOH to that m
MeOD (2-, 8-, and 4-PyCH,S1Me,, 0.65, 0.49, and 0 54, respectively, 2-, 3-, and
4-QnCH,S1Me;, 0 56, 0 47, and 0 52, respectively) and of the product 1sotope
effect, the product ratio RH/RD on cleavage of RSiMe,; in 1/1 MeOH-MeOD
(2-, 3-, and 4-PyCH,S1Me,, 5 6, 1.1, and 2 6, respectively, 2-, 3-, and 4-QnCH,-
SiMe;, ca 5,1 1, and 3 2, respectively) have also been measured The rate
1sotope effects for 2-Py- and 2-Qn-CH,S1Me; are significantly higher than 1s
usual for cleavages of this type Except for 2-PyCH,S1Me;, the product 1sotope
effects are rather smaller than those given by XC,H,CH,S1Me; compounds of
comparable reactivities.

* Dedicated to Professor H Normant on the occasion of the 72nd birthday on June 25th 1979
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Intioduction

A recent joint paper from two of the laboratories named above described a
study of the cleavage of some picolyl- and (quinolylmethyl)-tiimethsy Isilanes
{denoted below by Py Cl;SidMe; and QnCH-Siles) by base in an aqueous meth
anolic medium contaming a 1ather large proportion of the organosilane [1]
(Since the methanol and aqueous-alkal: wetre present in 9/1 v/v ratio, the med-
um 1s referred to loosely below as ““90% " MeO1H ) This unusual medium was
employed because the changes in the UV spectrum accompanying cleavage
were not in all cases sufficiently large to permit use of the usual spectropho-
tometric measurement of rates [2,3], and so a GLC method of analysis was
adopted, and this required the presence of a substantial amount (ca 4 vol7¢) of
the organosilane and of an internal standarad (ca 1 vol%) This reduced the
accuracy of the rate measurements, and, more important, hindered compaii-
sons with previously studied cleavages of other RSilMe; compounds, but never-
theless the results were used to derive approximate values of o 01 6~ constants
for the PyCH, and @nCH, systems and of pK, vaiues for the related carbon
acids PyCH; and QnCH, [1] By employing spectrophotometels which enable
even small UV changes to be monitored with accuracy, we have been able to
measure the rates for the cleavages of these organosilanes in media previously
used for a wide range of RS1Me; compounds, viz 100% MeOH [3—5] and 2/1
v/v MeOH (described below as 67% MeOH) {2,6]1 The deuterium solvent 1so-
tope effects have also been determined for the reaction in 100% methanol

Results and discussion

The experimental results are shown in Tables 1 and 2. (Data for cleavage of
p-O,NC-H,CH,SiMe; are included in Table 1 for comparison ) Listed are the
observed second-order specific rate constants, k; (the observed pszudo-first
order constant divided by the concentration of base), the rate 1sotope effects
RIE [the ratio, ks(MeOH)/k (MeOD), of the rate constants n MeOH and
MeOD, respectively], and the solvent 1sotope effects, PIE (the product ratio
RH/RD obtained on cleavage of RSitMe; 1n 1/1 MeOH/MeOD containing
NaOMe). In systems such as these the PI/E values are thought to represent the
kinetic isotope effects for reactions of the carbanions R~ with methanol [3]

Imphlications of rate constants
The main features of the data are as follows (a) The values of log k. (100%

MeOH) determined in 100% MeOH at 25° C show an excellent correlation with
the corresponding values of log k; (67% MeOH) determined 1n 67% MeOH at
50° C (correlation coefficient, 0.999; slope, 1 20); the correlation 1s only
slightly poorer when the data for p-O,NC.H,CH,S1Me; are included (correla-
tion coefficient, 0.998; slope, 1.17). There 1s a less satisfactory correlation
between log &, (100% MeOH) and log %, (“90%’> MeOH) (correlation coeffi-
cient, 0.996; slope 1.21), but this is attributable to an abnormal value for
2-QnCH,S1Me; in the “90%” MeOH In the latter medium the reported kg val-
ue for this compound was shghtly larger than that for its 4-isomer [1], whereas
in 100% and 67% MeOH we find that the 4- is more than twice as reactive as
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riBIri 1

SPFCIFIC SFCOND ORDFR RATE CONSTANTS /¢ FOR CLE A\ AGE OF RSi\lc3 COMPOUNDS BY
NaOMe or N1OH IN 1007 Ve OH 100% \MeQOD OR 2/1 v/8 MeOH/HL2 O (67% MeOH) A\N\D VALUES OF
IHE R\TE ISOTOPE EFFECT

R \ @ 103 [NaOM] b Solvent Temperature 10° kg RII
(mm) () “c) (1 mot~! st
2-P\CHa 275 207 M OH 25 83 065
203 \MLOD 128
170 67% MceOI 50 810
3-PvCH> 278 520 \I.OH 25 116 019
520 A\ OD 235
520 67¢% \leOH 50 23 7
1-P\CH4 262 210 M OH 23 1420 0 54
210 McOD 2 610
170 67% \eOH 30 12 000
2-QnCH,> 322 200 N OH 25 1010 0 56
200 MeOD 7 200
323 170 67%% McOH 30 21 700
3-QnCH-» 327 520 MeOH 25 81 047
530 \eOD 171
326 520 67% McOH 50 167
4-QnCH, 295 200 \leOH 25 9 500 052
200 \[eOD 18 100
293 5 20 67%% \1eOH 50 45 000
P O,NCgH,CH, 100 \MeOH 25 11500° 0350°
100 \eOD 23000 €
5 20 67% \leOH 50 90 000

2 Wavelungth used to monitor progress of reaction P For comvenience the base 1s referred to as NaOMe
thraughaut although OH™ w1ill also be present in 67%% \leOH € Data from ref 3

the 2-1somer We believe that the value of ks reported for the 2-QnCH,S1Me; in
“90% "’ MeOH was m error If the point for this compound 1s omitted there 1s
an almost perfect correlation between the values of log &, (100% MeOH) and
those of log & (*“90%” MeOH) (carrelation coefficient, 1 000, slope, 1 27)
Furthermore, the new log &g values corielate even more satisfactorily than the
earher values with the values of log k for hydrogen exchange in MeOH/MeONa

TABLE 2

PRODUCT ISOTOPE EFFECTS IN CLEAVAGES OF Py CH>SiMe3z AND QnCH3 SiMe3 COMPOUNDS
RSiMez BY SODIUM METHOXIDE IN METHANOL AT 25°¢C

R MeOH/ {NaOMe} Time RH/RD PIE
AleOD @ (M) (h)
Bv NMR ¢ By MPD b Bv NVR ByMPD  Mean

2-PyCH, 1/4 0025 48 132 145 53 58 56
3-PyCH, 1/2 05 48 057 11 11
4-PyCH, 1/4 0025 24 0 70 057 28 23 26
2-QnCH, 1/4 0025 24 110 (<20)® aa <8y b ~5b
3-QnCcH, 1/1 015 48 120 100 12 10 11
4-QnCH, 1/4 0025 24 085 073 34 29 32

¢ For determnations of RH/RD ratios by NMR CD3OH/CD3; 0D mixtures were used b See Expernmental

section
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at 135°C [7] and EtOH/EtOK at 25°C [8]. for the log %, (1007 MeOIl) and
log £ (EtOH/EtOK) values the correlation coefficient 1s 0 999 Moreover, the
sequence of reactivities m corresponding stiuctuies now agrees fully with that
in the deuteration in EtOH/EtOK the previously reported log kg (4‘90%
MeOH) values indicated that 2-QnCH,S1Me; was more reactive than 4-QnCHo.-
SiMe; in the cleavage, wheleas 4-QnCH, 1s mote reactive than 2-QnCH, 1n
hydrogen-exchange [ 8]

(b) The new data can be used in conjunction with those for p-O,NCH  CH ,-
SiMMe, to derive o~ constants for the PyCH, and QnCH, systems with more
confidence than previously Based solely on the value of &k, for p-O,NC,H,CH,-
SiMe, and PhCH,SiMe; in 67% MeOH at 50°C -, the value of p 1s 5 06, a value
of 1 24 being used for the ¢~ constant for the p-NO, group ~~. Use of this p
value gives the 0~ constants for the PyCH, and QnCH, systems shown in Ta-
ble 3. (For 3-PyCH, and 3-QnCH, these constants aie presumably 1dentical
with the ¢ constants.) A similar procedure, involving use of a p value of 5 73,
gives values of the ¢ constants derived from the rates in 100% MeOH at 25°C,
and these are also shown i1n Table 3, in this case the experimental value
(0 885 X 107® 1 mol™'s™") obtained by extrapolation from data at higher tem-
peratures [3]) of k for cleavage of PhCH,Si1Me; with 2 0 M NaOMe has to
be halved to make an approximate correction for the dependence of k on the
base concentration in this medium [13]. The mean values of the ¢~ constants
Iisted in Table 3 are thought to be fairly reliable, except for the 2-QnCH,, sys-
tem they differ only shghtly from those previously derived, by making several
approximations, from the data in “90%’> MeOH [1] It should be appreciated
that these ¢~ values are ali related to the value of 1.24 used for the p-NO,
group, and 1f 1n a future correlation a different value 1s used for the latter, the
values for the PyCH, and QnCH, systems should be appropnately amended.

The previous discussion [1] of the comparison of the derived ¢~ constants
with those suggested by other workers [10] need not be significantly modified
1n the light of the new results

(c) Using the k; values for 67% MeOH, values rather more accurate than
those previously derived [1], but necessarly still rough, can be deduced for the
pK,’s of the carbon acids PyCH, and QnCH, by use of the relationship pK, = —
2.86 log k,e; +41 which apples in this medium [11], where k., 15 the rate of
cleavage of the RSiMe; compound relative to that of PhCH,S1Me; and the pK,
refers to the equilibrium 10n-pair acidity of the corresponding carbon acid RH
in CsNHCH,,NH,C¢H,, based on a pK, of 18 6 for 9-phenylfluorene [12] ===
For references to other derivations of pK, values for the PyCH,; and QnCH,
compounds see ref. 1.

Solvent isotope effects
For cleavage of a wide variety of RSiMe; compounds (R = Ar or ArCH,), the

* Actually the rate constant for the latter compound refers to cleavage i 39 wt% H>0 1n MleOH
[2] which 1s closer to 66 than 67 vol® MeOH but such a change in medium has a neghgible effect
on the rate
** For a larger range of compounds 1n this medium and using a value of 1 27 for the p-NOj, group a
slope of 4 88 was denived [2].
*** The relationship may possibly give systematically low values m the PKj region 27—32 [13]
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riBLL 3
DERIVED YV ALUES OF m~ CONSTANTS FOR PvCHA AND QnCHa SYSTENMS R AND pK, OF THE
CARBON ACIDS R¥’

R o7 (1007 Vi OH) ¢ o (677 M OH) @ Mean o~ PK,
2-PvCH> 0 87 0 81 0 85 29 5
3-PvCH> 051 053 053 335
4-Py CHa 108 107 107 26

2-QnCH- 116 112 114 255
3-QrCHa 069 070 0 70 315
1-QnCH- 123 118 120 2145

“ All vadues are related to thc value of 1 21 for the p-NOa group For 3-PvCH2 and 3-QnCHj the 0™ con-
stints are probably 1dentical with the ¢ constants

RIE values fall in the range 0 42—0 50 [3—5], and such values are consistent
witiz the proposed mechamsm in which R~ separates in the rate-determining
step, and the anion MeO™ 1s fully or almost fully attached to silicon in the tran-
sition state, with complete or almost complete liberation of the methanol in-
tially solvating the anion [2.5] RIE values significantly larger than 0 50 were
noted 1n three cases, however, viz 0 57 for cleavage of 9-fluoirenylSiMe, [5],

0 70 for 9-fluorenylS11-P1,, and 0 71 for p-O,NC¢H,CH,S1Ph, [14] The RIE
values for the least reactive PyCH,SiMe; and QnCH,S1Me, compounds, the
3-1somers, are below 0 50, while those for d-isomers, 0.54 and 0 532, may not be
significantly above this value, but the value for 2-QnCH,Si1Me,, viz 0 56, 1s
definitely high, while that for 2-PyCH,S1Me,, viz 0 65, 1s markedly so It s
probably significant that RIE values significantly above 0 50 observed up to
now are assoclated with highly reactive compounds, although high reactivity
does not usually imply high RIE values [3] Thele 1s not yet sufficient infor-
mation to justify a lengthy discussion of the implications of high RI¥ values,
but we note that the simplest explanation would be that the methoxide 10n 1s
significantly less than fully attached to the silicon atom 1n the transition state
of the rate-determining step, if this were the correct explanation it would imply
that a 5-coordinate silicon intermediate of the type [MeOSiRMe;]™ 1s not
formed before the 1ate-determining step, and thus that the mechanism must be
of the B, rather than the B type [3] It would then be plausible that this effect
mght show up only in the moe 1eactive systems, since in a concerted forma-
tion of the MeO—S1 and breaking of the Si—R bond, the degree of separation
of the anion R7, and thus the degree of attachment of the MeO ™, should be
smaller the better the leaving group ability of R (1 e the greater the stability of
the amion R™) But if high R/IE values are indeed associated with high reactiv-
it1es 1n this way, we cannot at present suggest any reason why they appear in
only some of the reactive systems, and why with the PyCH,SiMe,; and QnCH,-
SiMe; compounds the very high RIE values are associated with the 2-1somers,
which are less reactive than the corresponding 4-1somers <

* Because 1n the few cases for which data are available RIE values seem to increase on mcreasing the
s1ize of the R’ groups in RS)R.'3 compounds we suspect that higher RIE values mav 1n some cases
at least be associated with increased steric hindrance
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Wle could look to special secondary solvent 1sotope etfects for explanation of
the high RIFE values for the Py ClIi.Si1Me, and GnCI1,S10Mes; compounds Thus
hy drogen-bonding to the nitiogen atom ot these compounds must have a sub-
stantial influence on electionic effects 1n these systems. and mote eftective hy-
drogen-bonding in AMeOIlI than in MeOD could lead to greater stablization of
the separating carbanion, but even if this eftect were large enough to influence
the RIL values 1t would be ditficult to explain why 1t should be especially
marked for the 2-derivatives

Turning to the PIL values, we fust note that the value for 2-@nCH,Si1MM e, 1s
only approximate, for reasons which are explained i the Experimental section
There 15 hittle doubt, however, that the PIL for this compound 1s higher than
that for the 4-Py- and 4-Qn-CH,SiMe; compounds, and it 1s probably compa-
rable to that for 2-PyCH,SiMe4. The pattein of vaiation in PIE values with &,
values for XC¢H,,CH,SiMe,; and 9-X-fluoren-9-ylSiMe, compounds [3 5] had
led us to expect that the PIE values fo1 the 1ange of PyCH.SiMe, and QnClH ,-
SiMle; compounds, might. in view of the 1elevant %, values, span the 1ange
1—10, (cf Table 4), but this s not the case. As expected, the least reactive
compounds, 3-PyCH,S1Me,; and 3-QnCH,SiMe,, give PIE values close to unity,
while their more reactive 1somers give substantially highe: values, however, the
only really high values, 5 8 and ca. 5 are given by the 2-1somers, each of which
1s less reactive than its 4-1somer Except for 2-PyCH,SiMe, the PIE values are
markedly smaller than those for XC¢H,CH,SiMe; compounds of comparable
reactivities It 1s clear that the payallel between PIE values and r=zactivity is far
from exact, and that any relationship between PIE and k. values cannot be
carried ovel quantitatively from one type of RSiMe; compound to another

Since the RIE and PIE values for 2-Py- and 2-Qn-CH,SiMe, both seem abnor-
mally high compared with those of the other 1somers, 1t 1s conceivable that a
different mechanism, associated with the proximity of the N atom and the
Si1Me, group, operates 1n the case of the 2-derivatives The fact that the points
for the 2-PyCH, and 2-QnCH, systems fall exactly on the excellent linear plot
of leg k. for the cleavages against log &, for the cleavages against log % for
deuteriation mn EtOD/EtOK argues against this possibility

TABLE 4

VALUES OF THE SPECIFIC RATE CONSTANTS kg AND PRODUCT ISOTOPE EFFECTS, PIE, FOR
CLEAVAGE OF RSiMe3 COMPOUNDS BY SODIUM METHOXIDE IN 100% METHANOL AT 25°C

R 105 kg PIE R 10° kg PIE
A molls71) (Imol ls1)
m-NCCgH4,CH> 17 12 3-PyCHa2 12 11
m-0,NC¢H,CH, 32 13 3-QnCH-> 81 11
p-NCCgH4CH, 315 20 2-PyCHj 83 56
p-PhO,2SCgH4CH, 470 29 4-PyCH, 1420 26
P-PACOCgH4CH; 640 7 2-QnCH>y 4040 ca 5
0-07NCgH4CHy 2 340 10 4-QnCH, 9500 32

Pp-ONCgH4CH 11 500 10
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Expeirmmental

Preparation of iy cHStMe. and QnCH,Si1dle, compounds

These compounds weie prepaied as described previously [1], and purified by
distillation through a Perkin—Elme: Model 151 spinning band fractionating col-
umn The 3-QnCH,S1Me; was further purified by column chromatography (sil-
1ca gel, 10% ether/pentane) [1]

Rate measuirements

Rates were measured spectiophotometiically [2,3—6], usually with a
Hitachi—Perkin—FElmer Model 323 UV Spectiometer The wave length used 1n
each case 1s shown 1n Table 1

The 67% MeOH was prepared by mining 2 vol of MeOH with 1 vol of aque-
ous alkali at ca 22°C

PIE measurements
Product RH/RD ratios were determined in two ways The first involved the

use of the Applied Chromatography Systems Organic Analyzer MPD 850 linked
to a Pye Model 64 Gas Chromatogiaph [3—6] a 5 m X 6 mm column of 5%
Carbowax 20MI (for picolines) or 5% OV 17 (for quinolines) on Chromosoib G
at 180°C was used; the RH/RD ratios obtained fiom cleavage in 100% MeOH
containing MeONa were satisfactorily close to the theoretical values (2-PyCH ,-
SiMe,, 6 09 (caled 6 0), 3-PyCH,SiMe,, 5 98, 4-PyCH,S1Me,, 6 01, 3-QnCH,-
SiMe,, 7 91 (cale. 8 0), 4-@nCH,SiMe;, 7 96), except for 2-QnCH,SiMe; For
this compound a ratio of 8 4 was obtained, compared with the calculated 8 O,
and thus the apparent RH/RD ratio of 2 0 obtained on cleavage in 1/4 MeOH/
MeOD (corresponding to a PIE value of 8 0) 1s likely to be substantially too
high However, it seems unlhikely that the true PIE 1s quite as low as the 4 4
indicated by the NMR method, and so we have used an estimated PIE value of
5 for this compound

The second method of determining PIE values involved cleavages in CD;OH/
CD;0D muxtures and 1ntegration on the Varian XL100 spectrometer of the 'H
NMR resonance from the methyl protons of the ArCH;/ArCH,D product solu-
tions, with use of the integrated signals from the aromatic protons for calibra-
tion Several determinations were made with each compound and the mean
value 1s reported in Table 2 It will be seen from Table 2 that, except for the
special case of 2-QnCH,SiMe.. the RH/RD ratios obta.ned 1n this way agreed
within 20% with those from the first method

These analytical methods were also used to ccn“arm that no deuteriation of
the parent PyCH, and QnCH; compounds occuried in MeOD under the cleav-
age conditions used for dete -minations of P’., values
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