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R1 R1 Cl R1 R1 Cl
CICHgSi-R2 + Si ------- > R^i-CHg^i-CHgSi-R2 + R^i-CHgSi-Cl

R3 R3 Cl R3 R3 Cl
Fonular I Fomular II Formular III

wherein R, R2t R3 may independantly be Cl or methyl.

As shown in Table 3, trisilaalkanes, Formular II, were ob­

tained in much higher yields compared with the literature 

values. The highest selectivity for trisilaalkanes was obtained 

from the reaction of a-chloromethyltrimethylsilane, 7, and 

the lowest from a-chloromethyltrichlorosilaner 18. Higher 

amount of by-products were obtained from the reaction of 

highly chlorinated silanes, while smaller amount of by-produ­

cts from highly methyllated silanes.
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The degree of electrophilic interference on the solvolytic reactions of model substrates has been studied in fluorinated 

alcohol solvent mixtures. With variation of solvent composition of l,ltl,3,3,3-hexafluoro-2-propanol(HFP) and 2-propanol 

(PrOH) mixtures, the magnitude of electrophilic solvent assistance was changed inversely with the degree of nucleophi­

lic solvent assistance. The contribution of electrophilic interference for 2-adamantyl tosylate showed higher than tert- 

butyl chloride in HFP-PrOH mixtures. Through a correlation of nucleophilic solvent assistance and electrophilic solvent 

assistance based on the method of double differences, HFP-PrOH mixture showed a big discrepancy from non-fluori- 

nated alcohol systems.

Introduction

Solvent nucleophilicity has been of considerable interest 

in the study of solvent effect1. In particular, weak nucleophi­

lic media such as carboxylic acids or fluorinated alcohols 

are well recognized to show a very different solvent effect 

comparing with the hydroxylic solvents such as water and 

alcohols in various solvent-assisted reactions.111 Carboxylic 

acids and fluorinated alcohols show a weak nucleophilic pro­

perty in the solvolytic reactions of the model substrate of 

^-butyl chloride2 and 2-adamantyl tosylate3. Fluorinated al­

cohols which are substituted fluorine instead of hydrogen 

should exhibit a very weak acidity4. Weak acidity of flu­

orinated alcohols are considerably sensitive to the nucleophi­

lic solvent-assisted reactions.

Solvent properties were investigated widely for trifluoro- 

ethanol(TFE)5 and 1,1,1,3,3,3,-hexafluoro-2-propanol(HFP)6 in 

order to determine their nucleophilicity(N) and ionizing po- 

wer(Y) in many fluorinated alcohols. TFE and HFP are 

shown different solvent effect by nucleophilic solvent assist-
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Table 1. Pseudo First-Order Constants for Solvolyses of 场卜Butyl Halides and 2-Adamantyl Tosylate in l,lA3,3,3-Hexafluoro-2- 

Propanol and 2-Propanol Mixtures at Various Temperatures

Substrates Temp. (◎
105 (sec'1)

2-PrOH (v/v%) 

Content 10 20 30 35 40 50 70

25 174 52.9 11.0 4.64 1.70 0.446 0.0306

30 322 93.3 20.2 8.67 3.04 0.829 0.0641

35 551 170 35.4 15.2 5.75 1.51 0.122

W-BuBr 25 — 199 91.5 43.1 26.7 10.8 0.907

30 — 330 160 80.2 54.8 15.9 1.67

35 — 520 269 136 93.2 29.6 2.90

E-Bul 25 — 380 124 103 64.9 11.9 3.26

30 — 563 187 159 106 25.0 7.06

35

2-PrOH(v/v%)

— 815 284 252 170 50.5 13.9

Content 5 10 15 20 25 30 50 70

48 131 75.7 50.3 23.4 12.5 5.61 1.98 0.128

2-AdOTs 50 153 91.0 61.2 29.3 15.9 7.12 2.59 0.168

52 172 114 77.9 37.3 20.1 9.15 3.27 0.226

ance(NSA)7 in the solvolyses of model substrates, ^-butyl 

chloride and 2-adamantyl chloride8.

Even though several method9,10 were applied for estimating 

of the extend of NSA there are still remained problems such 

as an anomality for correlation of solvent effect in fluorinated 

alcohol and their solvent mixtures.

In the solvolytic reactions using a model substrate, an elec­

trophilic solvent role might be contributed so much to the 

solvolytic reactions of model substrates. Especially the elec­

trophilic solvent assistance(ESA) would be observed highly 

with variation of solvent compositions HFP and 2-propanol 

(PrOH) binary mixtures. If NSA and ESA for the wide range 

of solvent composition of HFP-PrOH solvent mixtures are 

applied simultaneously to the solvolyses of 2-adamantyl tosyl­

ate and E-butyl halides, it would be satisfied to solve the 

contradiction in terms of the anomality shown in by previous 

studies8-10.

On the above consideration we have investigated to use 

the method of estimating nucleophilic assistance including 

electrophilic assistance in various content of HFP-PrOH mix­

tures. In order to determine the contribution of electrophilic 

interference using the ionizing power based on model sub­

strates for the limiting SnI mechanism tert-buty\ halides and 

2-adamantyl tosylate, the solvolytic reactions of "-butyl 

halides and 2-adamantyl tosylate are studied in HFP-PrOH 

mixtures by a conductmetrical kinetic method.

Experimental

세砒eHaL HFP was commerical (Aldrich, 99+%) product 

and was used the anhydrous HFP after stored over silica 

gel beads. 2-Adamantyl tosylate(2-AdOTs) was prepared from 

2-adamantanol and tosyl chloride in pyridine at Ot and was 

purified by crystallization from hexane, m.p. 83-84t JH-NMR 

(CDCI3): 8 1.27-2.30(m, 14 adamantyl), 8 2.4(S, 3H), S 4.60(S, 

1H), 8 Z26(d, 2H, J=8Hz), 8 7.75(d, 2H, J=8Hz). PrOH was 

commercial(Aldrich, 99+%) product packaged under nitrogen 

and was used the anhydrous PrOH after stored over molecu­

lar sieves. Zerf-Butyl chlorideyerf-BuCI), t"卜butyl bromide 

(^-BuBr) and 由-butyl iodide(^-BuI) were commercial 

samples, which were used after purified as described pre­

viously11. Solvent mixtures were prepared in volume percen- 

tages(v/v%).

Kinetic Method. The rates were followed conductrime- 

trically11 and the kob& values were obtained by the Guggen­

heim method12. The values listed in Table 1 are the averages 

of several runs with a reproducibility of >±3% in all cases.

Results and Discussion

The reactivities of /erf-butyl halides(^-BuX) and 2-AdOTs 

in HFP-PrOH binary solvent mixtures are shown as the or­

der of magnitude, Z^i-Bul > fer^-BuBr > tert- BuCl > 2- 

AdOTs, which is inversely proportional to the intensity of 

bonding as reported previously11 as in the isodielectric binary 

solvent mixtures , as shown in Table 1. This is in accord 

with a typical illustration of S^l13 that the rate determining 

step corresponds to the slow bond breaking step of C-X bond 

to form the carbocation. The rate to produce carbocation 

accelerates rapidly with changing from the good leaving 

group to the poor leaving group in Table 1.

Comparing with the rate con 아ants of each substrate in 

Table 1, the rate constants of ferf-BuX are shown to be much 

higher than the ones of 2-AdOTs. It is implicated with the 

solvolytic reaction mechanism of 2-AdOTs might not be in­

volved with Sn2 mechanism. t*BuCl has been used widely 

for a long time to find the limiting mechanism because 

the compound has been known to be involved the rate-limit­

ing formation of carbocation or ion pair without nucleophilic 

solvent assistance14. Recently, however this suggestion was 

criticized because there is an evidence14 that solvolysis of 

tert-BuC\ is involved partial formation of a covalent bond 

at the rearside. There is a possibility for a whole range of 

extents to which the nucleophile can assist heterolytic cleav­

age. There is a wide difference between f洲-BuX and 2- 

AdOTs in a view of the substrate effect to compare with
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Table 2. Activation Parameters, AH*(Kca! • mol-1), ~AS*(e.u.), for Solvolyses of tert-Butyl Halides and 2-Adamantyl Tosylate in 1,1,1, 

3,3.3- Hexafluoro-2-Propanol and 2-Propanol Mixtures

Solvent t-BuCl t-BuBr t-Bul 2-AdOTs

Mixtures------------------------------------------------------------------------------------------------

Table 3. Various Ionizing Power (丫】【尸 Scale for 1,1,1,3,3,3- 

Hexafluoro-2-Propanol and 2-Propanol Mixtures at 25t?

(v/v%) AH* -AS* AH* -AS* -AS* -AS*

5 PrOH — 一 — — — — 15.8 18.7

10 PrOH 20.4 2.70 — — — 一 20.5 4.02

15 PrOH — 一 — — — — 22.1 一 0.54

20 PrOH 20.7 4.10 13.3 14.2 16.9 25.0 23.6 -4.05

25 PrOH — — — — — 一 24.1 -4.48

30 PrOH 20.8 6.85 14.5 8.34 19.1 23.2 24.8 -5.24

35 PrOH 21.0 8.56 15.8 5.81 20.3 19.2 — —

40 PrOH 21.6 7.86 17.0 0.380 22.2 16.1 — —

50 PrOH 22.6 7.17 17.8 -10.1 25.8 16.9 25.5 -5.52

70 PrOH 24.7 5.45 20.6 -7.86 25.9 12.5 29.0 -11.8

rate constants in Table 1.

Though tert-BuCl and 2-AdOTs are model substrates in 

the SvLlimiting s이v이ysis, the rate constants of tert-BuCi 

are shown higher than those of 2-AdOTs.

This seems that it is not excluded the mechanistic change- 

over by Sv2 reaction conditions. Therefore the nucleophilic 

solvent participation in 2-AdOTs solvolysis is apparent to 

be well prevented more than t*BuX solvolyses. A penta­

coordinate intermediate or transition state in 2-AdOTs solvo­

lysis should be strongly hindered by axial hydrogen atoms 

of adamantane cage molecule. This is supported by showing 

the low reactivity of 2-AdOTs even under an influence of 

solvent such as strong Sy2 reaction conditions9 10 * *.

“Yx=log飾studied s이vent)/础80% EtOH-H2O)l "The data 

were calculated from the original rate constant,础80% 

EtOH-H2O) = 9.24X10-6 s'1 at 25t (E. Grunwald and S. Wi- 

nstein, J. Am. Chem, Soc., 70, 846 (1948). c The data were 

calculated from the original rate constant, kQ (80% EtOH-H2 

O)=3.58X10-4 s-1 at 25t (A.H. Fainberg, and S. Winstein, 

J. Am. Chem. Soc.f 78, 2770 (1956). d The data were calculated 

from the original rate constant,加(80% EtOH-H2O)=9.26 X

10-4s 1 at 25t： (J. Shorter and C. Hinselwood, J. Chem. Soc.,

2412 (1949).e The data were calculated from the origin시 rate

constant,破80% EtOH-H2O)^2.30X10~8 s'1 at 25t (D. N.

Kevill and D. C. Hawkinson, J. Org. Chem., 54, 154 (1989)

here OTs means 2-AdOTs.

character based on the criterion of the generalization!! by

Pritt and Whitings proposal18 as shown the AH* values 

of ferf-BuCl and 2-AdOTs are higher than 20 Kcal , mol-1, 

while AS* values are very low with a few exception com­

pared to tert-BuBr and the activation parameters for tert-Bul

illustrate the dubious basis of the generalization of crite­

rion by activation parameters.

The various Yx scales of solvent ionizing power based on 

the Grunwald-Winstein(GW) equation19 and Tots scales of so­

lvent ionizing power suggested by Bentley, Schadt and Sch- 

leyer20-21 are summarized in Table 3.

Here Yx scales were calculated from the origional GW Eq.,

The rate constants in Table 1 vary widely as the solvent 

composition varies. These results show a variation of 6X101- 

5X103 * in the relative rates of solvolyses of 朝-BuX and 

2-AdOTs as increasing the content of HFP.

Comparing with two sub마rate systems in binary solvent 

mixtures, the relative rates for tert-BuX and 2-AdOTs change 

from 1.0 X103 to 5.7 X103 as variation of binary solvent com­

position from 5% (v/v) or 10% (v/v) to 70% (v/v).

This phenomenon is presumably caused by a weak acidity 

of HFP. Various different physical properties reveal the pKa 

value of HFP in water: for HFPt pKa = 9.30, which is about 

7 pfS units more acidic than that op PrOH15 because pKa 

of 2-PrOH is 16.3.

The acidic property of HFP arises presumably because 

of strong electron withdrawal by the two CF3 groups16. This 

electronic effect also reduces the nucleophilicity or cation-so­

lvating power of HFP, and the reduced availability of the 

oxygen lone pair is reflected in the high first ionization en­

ergy of HFP as reported previously as 1235 eV17, This value 

is higher than the first ionization energy of TFE, 11.75 eV 

and also higher than that of EtOH, 10.46 eV.

The rate data cited Table 1 support the tendency of the 

first ionizing energy illustrates the evidence that HFP has 

less nucleophilic property than PrOH.

Activation parameters, A矿 and AS*, for the solvolyses 

of tert-BuX and 2-AdOTs in HFP-PrOH binary solvent mix­

tures are shown in Table 2.

The results in Table 2 illustrate that the s이v이ytic reaction 

mechanisms of Z^rt-BuCl and 2-AdOTs get 이oser to the SnI

5 PrOH — — —

10 PrOH 2.29 — —

15 PrOH — — —

20 PrOH 1.77 1.03 0.315

25 PrOH — — —

30 PrOH 0.994 0.459 0.0194

35 PrOH 0.726 0.258 -0.323

40 PrOH 0.373 -0.241 -0.416

50 PrOH 一 0.329 -0.523 -0.887

70 PrOH -1.50 -1.70 -1.46

94
74
73
60
27
56 

3
 
3

3

 3
 
2
 
-

1.97 

-0.236
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Hgure 1. Correlation of Yx versus Yots-

that is, the rate constant, k is for the solvolytic reaction of 

f^rf-butyl chloride in the solvent system of HFP-PrOH being 

studied, and k0 is the solvolytic rate constant of E-butyl 

chloride in 80% ethanol-water at 25W as defined the solvent 

ionizing power Yx as following (1):

10g (Wo)terf-BuCl = Yx (1)

Yqts scales were determined by the modified GW Eq. sug­

gested by Bentley et al.

log (fe/feo)2 - AdOTs = YoTs ⑵

In Eq. (2), k is the solvolytic rate constant for the solvolytic 

raction of 2-adamantyl tosylate in the solvent system of HFP- 

PrOH mixture and k0 is the solvolytic rate constant of 2-ada­

mantyl tosylate in 80% ethanol-water mixtures.

Ybt and Yi values are provided substantially lower than 

corresponding Yg values for HFP-PrOH mixtures because 

of the high reactivities of t*BuBr and tert-Bul. These ano­

malous behaviour of /ert-BuBr and 场f-BuI may be associated 

with the weakly basic nature of the leaving groups, thus 

the trends are explained by electrostatic effects due to char­

ge delocalization on anions of different sizes22. This anionic 

effect by electrostatic trends may reveal apparently on the 

slopes m which is included the conflation of GW equstion,

log (k/k(^=m Y (3)

To find a useful information from the correlation, the trends 

of m for Yx and Yqts are shown in Figure 1.

The slopes 아iow for. YCi, m = 0.890, for YBr, w = 0.557 and 

for Yi, »i = 0.446 in Figure 1. m values of YBr and Yi give 

significantly smaller than 1.00 probably because the delocali­

zation of positive charge contributes in the transition state 

by neighbouring group participation of the solvent molecules. 

The electrostatic effects due to charge delocalization are 

shown to vary steepe미y according to change from Yq to 

Yi. This trends are explicable that Yci can be reflected to 

be almost the limiting Sjvl mechanism similar to the one 

in HFP-PrOH binary mixtures.

Even if 2-AdOTs and tert-BuC\ are good model substrates, 

their solvolytic rate constants show a dependene upon varia-

Figure 2. Correlation of Yx values of solvolysis rates for 2- 

adamantyl tosylate versus t*butyl chlorides at 25fc.

tion of solvent composition as shown in Table 1. This depen­

dence on solvent composition is presumably attributed to 

a property of electrophilic solvent assistance (ESA) for HFP- 

PrOH solvent mixtures.

ESA is well known to participate as a neighbouring group 

in solvolytic reactions23. Schleyer et al.23 has indicated that 

solvolyses of 2-adamantyl substrate has brough up a problem 

from their earlier studies24 that the reaction proceeds compe­

titively between nucleophilically solvent assisted and anchi- 

merically solvent assisted processes. They defined this an- 

chimerically assisted process as an electrophilic solvent assi­

stance (ESA). Harris et al.3, who have reported that the de­

gree of ESA means a measure of the electrophilic inter­

ference. The electrophilic interference in the solvolytic reaction 

can be determined byu the method of double 击任erence 

(MODD) which has been proposed by Harris et al.3.

Figure 2 아】 ows th 간 a conflation of NS A and ESA in 

the solvolyses of two model substrates, f洲-BuCl and 2- 

AdOTs in various compositions of HFP-PrOH binary solvent 

mixtures based on MODD.

The line of HFP-PrOH mixture is not overlapped with 

the line of non-fluorinated protic solvent systems as shown 

in Figure 2. This is caused by a deviation from a typical 

tendency of nucleophilically solvent assisted substrate react­

ing with NAS solvent25.

A difference of log unit according to vertical axis between 

the upper line and lower shows 1.5 and the one according 

to horizontal axis between the two lines indicates 1.8 in Fi­

gure 2.

The contribution to NSA for tert-BuCl solvolysis has repor­

ted to be 0.4 log unit26 with variation of solvent composition. 

From the two lines ESA contribution can be calculated so 

that the remaining 1.1 log unit results from enhanced sensi­

tivity to electrophilicity on the part of 2-AdOTs.

From the results which are calculated for ESA to affect 

to 2-AdOTs substrate, the electrophilic interference can be 

compared with the difference to be showed by MODD in 

rates between the two lines. Thus, ESA must account for
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1.4 log unit.

These works show that 1.1 log unit and 1.4 log unit are 

very higher values compared to those9 of ethanol (EtOH)-tri- 

fluoroethanol(TFE) mixtures. It means that HFP-PrOH mix­

tures give a large contribution of ESA to the two model 

substrates compared to EtOH-TFE mixtures. The contribu­

tion of electrophilic interference for 2-AdOTs shows also hi­

gher than ter/-BuCl in HFP-PrOH mixtures and this effect 

reveals clearly in proportion to from high nucleophilic sol­

vent to lower nucleophilic solvent systems such as HFP.
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