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Summary

Kinetic studies of coupling reactions of Grignard reagents with organosi- -
lane derivatives (Si—F, Si—OMe) in ether, tetrahydrofuran and dimethoxyethane
show that the rate increases in the order Et;O < THF < DME. The retention
of configuration at silicon in these reactions cannot be explained by the
S#—Si mechanism involving electrophilic ass1stance at silicon.

* In a preliminary communication [1] we discussed the rate differences in -
nucleophilic substitution reactions of functionally substituted silicon compounds
(F, Cl, OMe, H). The results showed that for reactions occurring with configura-
tional retention the rates were of the same order with only a slight dependence
on the nature of the leaving group Si—X. We explained this by the slow forma-
tion of a pentacoordinated silicon compound, followed by rapid cleavage of the
Si—X bond. We prefer this mechanism to that of Syi—Si:[2] in which the reac- -
tion driving force is electro;philic assistance to the Si—X bond cleavage. ..~ -

A number of our. stereochemlcal resul‘m [3] confum our view. that electro-
philic assistance for the Si—X bond breaking is not an unportant factor in the -
substitution reaction ‘mechanism for carbon nucleophiles. Th1s is mustrated bv -
a few examples as follows ﬁ:om the reactlons studled [3] e
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_'Qi Rasl*CH3 INV.

THF
> R3Si*CH; RET.

,'(THF. tetrahydrofuran DME 1,2-dimethoxyethane).

These results show a change towards retention stereochemistry with in-
creasing solvent basicity. In the Sy i—Si mechanism a more basic solvent,

-giving greater solvation, should lower the ability of the magnesium atom to
give .electrophilic assistance. Thus such a solvent should not favour re- -

tention of configuration at siliccn. The Sy i—Si mechanism, involving electro-

_philic assistance as the driving force, does not satlsfactonly explain substitution
by carbon nucleoph]les

v We emphasise the restriction to carbon nucleophiles (RMgX, RLi). In fact
for reactions of LiAlH, with a menthoxygermane [4] and reduction of silicon
denvatlves by (i-Bu),AlH [5], one observes a tendency towards configurational
inversion w1th increasing solvating power of the solvent. The results show the-

- complexity of a general mechanism for nucleophilic substitution.at silicon: ac-
cording to the nature of the attacking atom (C or H) in the nucleophilic reac-
tant, an increase in the solvating power of the solvent can favour either reten-
tlon or inversion of configuration. -

- In order: to verify ‘our hypothesis we have studied the rate asa functlon
of the solvent in’ Gngnard coupling reactions with Si—X (X = F, OMe). We chose
reactions which- occur with retention of conflguratron at silicon, in view of our
postulate that the reaction rate should increase with an increasing solvating
ability of the solvent. In contrast, with electrophilic assistance as the driving
force (Sn z—Sl), we should observe a decrease or just a slight increase in rate

_w1th increasing solvent basicity. We therefore studied the rates of reaction of
the silicon’ derivatives (I) and (II) with a number of Grignard reagents. The reac-
tions occur Wlth predommant retention of configuration in the solvents dlethyl
ether,; tetrahydrofuran and- dlmethoxyethane (Etzo THF DME) The expen-
mental results-are givén in Table 1. -+

The Gngnard reagent was used in large (20-fold) excess in order to keep
1ts concentratlon effectlvely constant during the reaction. Our study of com- -

’petltlve reac 'ons [1] showed that in the case of conflguratlonal retentlon the :

CH;3MgBr + (Ia) —
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TABLE 1

aTEREOCHEMISTR_Y AND- RATES OF REACTION OF ORGANOSILANE DERIVATIVES W’ITH
GRIGNARD REAGENTS IN VARIOUS SOLVENTS - S
/

1-Np —Si—X

, , Ph
(da), X=F o - - ) (IIa), X=F
(ib), X = OMe _— , (iIb), X.= OMe
Reactant Organometallic?  Stereochemistry? Absolute Roppp EpME kEpDME
(o.oe mol/l) (0.4 molyl) - | rate’ . tz. ° A *Et,0
as) n-PrMgBr . Et,0 RET. 6 X107 S 15 24 . 1800
THF RET.D 4.5X10”
, . , DME RET.D 1.1
(1a) n-BuMgBr Et0 RET. 6 X107% ~1300
. DME RET.Y =~ 0.8
Ia) -BuMgRBr Et,0 RET.>  2.8X107 39 14 500
: THF RET.D 1.1X10™
DME RET.l 0.5
b) n-PrMgBr Et20  RET. 47X 10‘2 10 120 1200
THF RET.? 4.9X10™ -
DME RET.? 0.6
b n-BuMgBr Et,0 RET. 2.7x10% 13 108 1400
THF RET.P 3.5X10~
: -DME RET.D 0.38
av) i-BuMgBr Et,0 RET.?  1.7x 1o‘§ 3 40 120
THF , RET.D 5.3X10~
_ . DME RET.b 2 X1i0~
) n-PrMgBr . Et30 1 x107% 8 20 170
THF RET. 8.3X10" )
DME RET. 1.7X10”
ara) n-PrMgBr Et;0  INV.  1.7X107° 36 2.8 100
THF RET.
DME RET. 1.7X1072
(I1a) n-BuMgBr Et;0 INV. =5 X107> _ 200-300
DME RET. =~ 1 _x10"2
la) BenzMgCl Et0  INV.  54x10™% 215 >50 >10%
THF INV. 0.11

DME INV. 25

a pr, propyl Bu, butyl; Benz, benzyl. b Stereochemxstzy deduced from known stereochemxstnes.
€ an results given in min~! (molell)"" using log 10.

substitution reactlon is first order in the silicon denvatlve

For all the Grignard reagents used, whether there is retentmn or mversmn
or a transition from one to the other, a rate increase is observed on passing from
Et,0 to THF to DME. In the case of derivatives (Ia) and (Ib), which react with
retention, the speed increases as a function of the solvating power of the solvent.
The reaction of compound (Ifa) with n-C;H,MgBr shows a ‘'stereochemistry . = -
change between Et,O (INV).and- THF (RET); however, the rate of substltutlon
also decreases in the order: DME > THF > Et,0. The same order is found for .
the reaction with conﬁguratlonal inversion of (IIa) with PhCHzMgCI in the
three solvents used



P ,the solvent basmlty leads to a hlgher rate mcrease for the e
l»-change between THF and:Et, O for Si—F; for SiOMe the larger increase is’ from
“DME to THF: It must- be concluded that the leavmg group polansablhty mﬂu- :
’ ences the reaction rate. " :

: -Im conclusmn the. large rate increase for nucleophlhc substltutmn at sﬂlcon
_ w1th the i ‘increasing solvating power of ‘the medium confirms our previous re- -
“sults [ 1]. Thus electrophilic assistance is not the substitution reaction driving
force for:carbon nucleophiles. The mechanism involves a slow nucleophmc at-

: tack leadmg to formatlon of a pentacoordmated sﬂxcon mtermedlate

_ Expenmental o

The reactlons were carned out ina t.hree-necked ﬂask fitted w1th stirrer,
, condenser and septum cap, under a positive pressure of nitrogen (dried by pas-
sage though a Gngnard solution). The temperature was kept at 25° in a thermo-
stat bath . v .

GLC apparatus
7 GIRDEL 75 FHl equipped with a capl.llary column (20 m X 0.5 mm) pack-
ed with OV 17 sxhcones Column temperature 190-230°, nitrogen ﬂow rate

~4ml/mm

GLC measurements ’ '
The sampling techmque was by peak helght measurement using an internal
standard for the reference height. This reference height was the same for any
one kmetlc run, as determined by interpolation of the values from two different
mjectlons for each measurement. The method has the advantage of only consi-
dering the concentration to be a linear function of the peak height between the
.two measured values. For each reaction two standard points were used to plot
-relationship lCl f(h) where C is the product concentration and k its peak

he1ght. B

Solvents ' '
’ THF and DME were dlstllled from L1A1H4 under mh:ogen and stored for

short penods, in the dark, under nitrogen. -

Reactants
Denvatrves of 1-naphthy1 2-sﬂa-2-tetrahydro‘1 2,3 4-naphtha1ene were

prepared as previously descnbed [6] , as were denvat1ves of 1-naphthy1pheny1—
Avmylsﬂane [71. - - ,
ST Gngnard reagents were prepared under mtrogen by the normal method

Typzcal reactzon SRR o :

il (Ta)F n-propylmag‘neszum bromzde/EtzO (25° ) [n-Propylmagnesmm bro- :
_m.lde] -0:4 mole-1" 1 {8i~-F1-0.02 ‘mole-I"! ; total volume 50 ml. 2 X 10" mole
n—propylmagnesmm bromide;i.e.;-10.5 ml I 9 M +. 19 5 ml Etzo 1 X 10‘ 3. mole:(
:292 mg(292.20 mg) + 20 ml Et,0. . - G R
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‘TABLE 2. GLC DATA -

Time - hg kg A} . IR Fol . [Fo] kmin'

(min) " (em) em) . . (@m) -~ x 103 . [FY OB10[FT. ' (mole/n”"

2°° 136 1555 134 184

. 1.4 - 126 o : _

30 . 1325 142 128 176  1.045 0.01912 6.8 X 107
11.05 . 118 : : o

90 -12.85 124 ° © 116 - 16.1 1143 0.05805. 6.6 X 10%
10.8 -10.35 ' ~ : . :

180 13.25 11.2 10.0 14.0 1.314 0.11860 6.7 X 107
11.55 9.6

360 13.4 8.35 7.45  10.75 1.712 0.23350 6.5 X 1074,
11.3 7.05 , "

E; 12.65 15.8 14.9 20.3 Average . = 6.6 X 107
10.65 13.0 ' ,

E2 13.3 7.5 6.7 9.3 Standard height
11.35 6.3 ' 12 em*

Sampling: 1 ml in {20 ml 0.2 N HCl + 3 ml Et,0O] + 1 ml Ph;SiAll (2 g/i;
standard); one extraction with 2 ml Et,0O. The ether phase was dried over
Na,SO, and injected into the GLC (Oven 230°; Inj. 280°). Standard points: E,
29.63 mg/5 mi; E, 14.86 mg/5ml. E, and E,: same treatment as the samples.
See Table 2 for data.
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