
CMRKIATION OF THE RATES OF SOLVOLYSIS OF THE 

~-(~-AMMANTOXYSI)-~. 1. B-TRI~~INIUH 

(2.ADAIWNTYL [2]BETYlATE) ION 

DEWHIS N. KEVILL AND RICHARD U. BAHNKE 

Depertment of Cherletry, Northern Illlnola Unlverrlty 

DeKalb. Illlnols. 60115 USA 

(Rrcrtwd in (:SA 5 ~pdl988) 

Abstract - Despite the remote posltlve charge within the lsavlng group. 

the speclflc rates of solvolysls et 25.0-C of the 2-(2-edemencoxysul- 

fonyl)-E. E!. i-triwthylethenamlnlum lon (2AdOS02CH2CH2NHef.l) In 28 

pure end mixed hydroxyllc solvents have been found to correlate. In e 

llneer free energy reletlonshlp plot, very vell with tire values (slope of 

1.032. correletlon coefflclent of 0.991). In 501 ethanol. the spaclflc 

rates of solvolyels are vlrcwlly ldentlcel for 1 end 2-•damencyl 2.2.2. 

trlfluoroethamsulfonate; for aubscltutlon in the oothyl of the en. 

thanesulfonete leevlng group, one Hnef group hes the seee influence es 

three fluorine etoas. 

Since Its lntroductlonl ln 190. the Crumald-Vlnsteln equation (1) hes been 

log(W)-ox (1) 

vldely wed for the correlation of the specific retes of solvolysls of SNl reactions 

and. l l80, the megnltude of 0 bee been used es e wchenletIc criterion for unlmolec- 

uler (0 - 1) or blmoleculer (I < < 1) reaction. For systems. such es simple second. 

cry l lkyl darlvetlves. considered borderllm on the basis of other crlterle. 

lnte=dlete veluee for m are usually observed.2 In equation 1. k represents the 

specific rete of ~olvolysis of a subntrete in the solvent under conslderatlon. k. 

represents the apeclfic rete of solvolysls of thet subscrete In 801 ethenol. and q 

represents the seneltIvlty of the l peclflc rece of solvolysls LO changes In solvenr 

lonlrlng power X. 
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TO corrmhte th. specific r.t.s of SN2 solvoly..s, Crum.ld. Ohstein. l nd 

Jonss3 proposed . NO-corm 11rm.r fro. .n.rgy rel.c1onshlp (sqn. 2). uhers ths 

log&&) -lK+aX (2) 

sdd1tion.l t.rm r.pr.s.nt. the s.ns1tlvlty 1 of rh. .pec1flc rst. of solvoly.l. to 

ch.ng.s in solwnt nucl.ophll1clty 1. Sc.1.s of solvsnt nucl.ophll1clty basad upon 

tha .olvolysis of rthyl p-colu.n.sulforut.4 or the crlathyloxon1um 1on5.6 .r. 

.vsll.bl.. 

Th. origin.1 X sc.1. w.s based upon tha solvolys1s of u-butyl chloride. 

Villa this sc.1. h.. given .xc.ll.nt sarvlcs ov.r th. l.st forty ye.rs. char. .r. 

strong lndlc.tions th.t . nucleophlllc corponsnc (1 value of .bouc 0.3) 1s 

involvsd.g-11 It h.. bean sugg..tsd th.t l-sd.mm~cyl~~ or 2-.drunty113e10 

dariv.tlves. where b.cks1d. stt.ck 1s blocked or sworely hindersd. corutltuts 

excsll.nr substrstes for the devslopmnt of X sc.1.s. It has bean 

proposad0***15-21 th.t different mionlc le.vlng groups (X-) each rsqulre an 

indlvidwl Xx .c.ls. for US. in the corral.tlon of the sp.ciflc rst.. of solvolysls 

of . Rx substr.te. For relstlvely poor ls.v1ng groups. Xx v.1u.s .r. more 

convenlantly obt.1n.d using the I-.d.m.ntyl der1v.tlv.s (X - C18, Erg, 118, 

oy2(N02)32o, co2cF321, .nd CO~CJF~~~) and. for b.tt.r l.sv1ng groups. Xx v.1u.s 

.r. convanlsntly obts1n.d using cha shout lo5 tiw. .lover rs.cclng22*23 2-.dmmtyl 

Qr1vstlv.o (X - o~~G.15~16, 0ff1ge20, ~~~~~~~~~~ .nd 0S02C6F524). uhll. lnrga 

dsvlstions do 1nda.d exist (for sxmple, for .olvoly.e. 1n 95’1 .cecon.,l’ chs &rs 

v.lue 1s -2.95 .nd tha &lo3 v.lus 1s -0.23), there .r. mv.r.1 lesvlng groups for 

which. for most mixed-solvent systems. the Xx v.1u.s correlscs qu1cs wall vlth tha 

or1gln.l .dmmtyl-b.r.d sc.1. (&.) vlch . slop. not f.r removed from unity. 

Among th. C.US.S of the devI.tlons sr. differencas in el.ctrosc.clc .nd/or 

.l.ccrophll1c solv.tion, in lipophllic affects. .nd in the .olv.tlon of m-y1 and 

.lkyl groups. 2o 

In contrut to sc.1.s bssed upon l- .nd/or 2-.d.m.ntyl dar1v.tlv.s with 1n1- 

tl.lly neutr.1 l..v1ng groups (l..vlng ss .n l ion). studies of the l-sd.msntyldl- 

wthylsulfon1rm 1on6 .nd th. 1-.duuncylpyrld1n1w 1011~~ (In vh1ch .n inlt1.lly 

positivsly ch.rgsd le.vlng group 1.sv.s .s . neucr.1 molecule) .hov sxcrewly modost 

r.t. vsrl.tloru with chmga ln .olvant compo.1tion. For the l-.Qluntyld1mthyl.u1- 

fonirm ion. . r.t. vsri.tlon of l.ss thsn seven v.s observed scross l rang* of sol- 

vents for which s r.t. v.rist1on of sbouc lo6 Y.S observed for .dmmtyl der1v.tlv.s 

with inici.lly neutral ls.vlng group.. These flndlngs .re conslatent w1ch the qwl- 

1t.tfv. th.ory of solwnt sffacts. put forwrd by Hugh.s snd Ingold. for rmctlons 
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producing chargam (large sffwtr) and dleparaing charge* (null l ffecta) In going 

fra the ground 8-m to rho truultlon mtata. 

In the prosent study we have consfdmsd 6 l lt, 2-(2-~dmmtoxy*ulfony1)-~.ff.1- 

trlnthyl*thuumlnir trifluorowthanaaulforute (Z-adauntyl [Z]batylat* triflmto). 

Although this l lt contain+ 4 cation (1) of the R-x* typo, during solvoly~is chergs 

11 developed in the mme amnor as for the adamntyl darivatlvos containing inl- 

tfally muttal lwvlng groups; the lswfng group is the svittsrion (~s3XCH2- 

~2SO3, 2). Ona vould prsdlcc. on the basis of the qualitetlve Hughhaa-Ingold 

theory of l olvent l ffects.26 large variationa ln the specific rstws of solvolyrls 

upon varying the solvent coqwaitIon. It ~111 be of interest to see to rhat extant 

a ‘remote’ positive cherge influences the logwlttulc correlation of the l psclfic 

ratea of l olvolysls against the be male. l real* based upon an lnitlally neutral 

rulforuts leaving group. 

(1) 

A l erloe of [2]botylatw. with l lapla l lkyl groups have bean prepwad in the 

prwsncs of non- or vsakly-nucleophilic countotlone end they have been found to be 

good water-soluble l lkylatlng l ganta.27*28 The more recent l yntheclc procedure2a 

ten be utilized for the preperetion of 1 as lto trifluorowch~n~sulfonat* salt. 

Ssvoral related ruylates [alkyl 0-(triruthyl-nio)b~~a~~ulfo~t~ ions] have 

also besn prepared29 and thalr hydrolyss* briefly studlad.30 

RESULTS 

l’ho spcclflc ratas of l olvoly*ix of the cation 1, to produce the rvitterlon 2. 

protoneted solvent, end ether or l lcohol (or e mixture of the two), heve been 

datemlned at 25.O.C in the following l qwous-or&anic mfxturw: 90-40X ethanol (sfx 

coqositlonr), 100-90X ethanol (two compoelclone). 90-40X l cecone (six 

coapoeltlons), 100-70X 2.2.2.crlfluoroechenol (TFE) (five composftlone), 90-70X 

1.1.1,3,3.3-heufluoro-2-propenol (HFIP) (three corpoeltione). The l verege v~lue.8. 

wing ~11 of the intogratad fIrat-order rate cwfflclants from duplicate runs. l re 

reported within Table 1, together with &M[ZJ~ value (calculated wcording to 

l quatlon 3) and wJ ~~~~~~~~~~~~~~~~~~~ 

~W#4I%o)2AdDS02CH2CH2Nf~$ - X2Ad[2jB (3) 
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TABLe 1. First-0rQr r*t* co.fficl.nt. for thr l olvolys18 of th* 2-(2- 
l antoxy*ulfonyl)-8. 1. a-trfwchyl*ch*uinium t~n**~ in pur* l nd 
qworu orgmic *olv*nts l C 25.O.C and &Ad[2]sc .nd ksd wlwa. 

Solvent* 106h,s-l &Ad[ 211 XOTS 

90x 16tOH 

80X ecoif 

70X FXOH 

60X KCOH 

50x HtOH 

GO1 etoH 

100x t&OH 
90X MOn 

90x Ac*t0ne 

30X Acetons 

70X Acetone 

60X Acetone 

50X Acetone 

40X Acetone 

100x tm 

97x fin 

90X TFE 

80X TFE 

70x TPB 

90X HFIP 

80X HFIP 

70x HFfP 

0.631 + 

3.66 f 

13.1 f 

35.9 + 

95.3 f 

262 + 

0.136 + 

1.01 + 

0.0687 f 

0.728 f 

3.19 + 

11.8 + 

38.9 f 

120 t 

196 + 

197 2 

198 4. 

207 f 

227 2 

4557 z 

1746 1: 

1103 I 

0.008 

0.03 

0.1 

0.5 

2.9 

0.005 

0.02 

0.0015 

0.001 

0.04 

0.2 

1.G 

6 

3 

I 

4 

6 

5 

3 

3 

-0.763 -0.58 

0.000 0.00 

+0.536 *0.47 

+o. 992 *0.92 

+1.616 el.29 

+1.8S5 +2 .OBf 

-1.630 -0.92 

-0.559 -0.17f 

-1.730 -L.708 (-1.99$ 

-0.701 -o.m (-o.9t.P 

-0,060 -0.011 (-0.33)’ 

+o. 506 M.66 

tl.026 tl. 26f 

+1.516 +1.85f 

+l.729 +1.80 

l 1.731 +1.83 

+1.733 tl.871 

+1.752 +1.95i 

+l.793 +2.00 

+3.095 +2.9(r1 

+2.679 +2.5?i,J 

+2.4?9 +2.411.J 

%onc*ntrstlon of u. 0.004 I. belch l aoc1.t.d stmdard dwfatiolu. 
cLog(&&,) at 2S.O.C. whore k. r.f.r8 to th. first-order rate co.fflciant in 80X 
.th.nol. dva1u.r from r.f.r.nc. 4. unl*s* oth*nri** 1ndic.t.d. l P*rc*nt*g* of 
organic solvent by volum for l qu.ous-.thmol.-mthmol, l d-.c.tons and psrc.nt.g. 
of org*nic l olv*nt by volght for Iqu~ouli-2.2.2.trlfluoroeth~nol (WI?) and Aqueous- 
1.1,1,3,3,3-hsxafluoro-2.proplnot (HFIP). fVelue. frw reference 15b. 
BC.lculatsd froa ms - 0.868 lo&(k/kp)l.hd()Ts + 0.027 (*qwtion fro. tefsr*nce 
32). hlog(k/ko)l_Ad~s (refarancas 15b snd 17). fInterpolstad value. 
fVa1u.s from rsfersnc. 16. 

The specific ratea of l olvolysis hw. also b..n Qtsrminrd for four TFE-.th.nol 

corpo8itionr, and the wweg. v*lu*s *r* reported (to6echsr 4th X2hd[2]B VdU*sf in 

Table 2; &j~, v.lu.8 at. not rvaIlab1. for chio mixed ao1v.m rystea. 

It em resdily b. men. fro. the d.ta of Table 1. chat th. first-or&r rat. 

c~ffief*nt* v*ry *no- ly with th* solvent corporitfon. Thl8 behavior 18 in 

marked controgt to ths v*ry l ull r*te v*ri*tions obesrcrod for the l-&anmntyldl- 

mthylwlfonium and I-.da8mtylpyr~dlnfuw25 low. A l.rgs vwlrtion is to be 
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TMLE 2. First-order rate coefflclontx for the solvolysir of tha 2-(2- 
l ~toxyoulfonyl).1II,I,I-trimthyl~~nulnir iofleb in ethanol-2.2.2- 
trifluoroetlunol mixturea at 25.O’C and Xud121gc values. 

solvmtd xo6k,,-1 X2Ad[l]B 

801 Trn - 201 gtoii 28.0 f 0.2 4.896 

60X T?% - 401 KtOii 4.65 f 0.03 +0.106 

&OX TFE - 60X EtOH 0.731 + 0.021 -0.700 

20X TFII - SO: 8tOH 0.135 f 0.002 -1.433 

‘-%.a Table 1. don volume-vo’lume bssls. 

expected an th. bmlr of the Hughes-Xngold thsory26 for x rmction proceeding with 

charge development in the slow stop (equation 0). Indesd. fnapwtfon of Table 1 

2hdOS02ai2cH2Nnef .*-..-> 2Ad+ e03SCH2CH2M(af (41 

shows chat, for any glvan solvent composition. ths X2Ad[2]g ValW rSSSsblSS ClOSSl,' 

thS &* vStu*. Tho tvo sets of X values presented in fable 1 xre plottad in the 

figure. 

Ffyra. Plot of ~oswko)2AdOS02cH2CH2HI.f (X2~(2jg) xgainxt ws; closed 

clrclm: xqusoux ethanol; open circles: aqueous TFE; closed trimglss: l qusous 

acetonr ; open trlmgles: aqueous HFIP; closed square&: aqueous methanol. 

In the figure, tis values for 90 l d 80% ScetonS are bmcd directly upon l- 

&awn~yf p-tolumssulfolut~ xolvoly~1x.~~*~~ Allrrd and CaeaQ~xll~~ have 

suggested. however. that. for u.6 in conjunction vith &, valuer based on 2. 

l laxnty1 p-tolu.anesulfonxt* solvolysls, h* values of this typa are batter 

obtained wing l quxtfon 5. When x11 28 solvent@ of Table 1 are considered, 
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x(yr. - 0.868 log,(w&)l_A~s + 0.027 (5) 

a alopo fm valua) of 1.032 is obtainad whan ks mluas for 90, 80, and 70X acetone 

bssad on l quaclon 5 ma usad, end the a value is 0.987 vben these valuas era bssad 

dlractly on thm 1-•daaantyl tosylata specific solvolysls rates (Tsbla 3). 

Indivlduel l olvant rixturas slso glva a vrluas fafrly ~108s to unity. rsnging from 

0.90 for rqwous acmtona to 1.26 for l quaous HFXP. For aqueous TPe. the points mere 

closely bunchad togathar and a maanfngful slopa could not ba obcrlned. It must br 

concluded that tha kinetic solvolytic behavior of l ulfonste esters with s ramto 

poaitiva charge rfslcs closely that of tha more fullfsr unchsrged sulfonsta esters. 

The ralstive’ly high 8olubility of batylstes2* or uuylatss30 in highly squaous wdia 

prasants i vsy of conven%antly obtsinlng X scslas for sulfanate esters over the full 

range of aqueous-organic solvent composition. rlthout the solubllity 

problsu15*17*20 which often plague studlas of neutral sulfonsta esters. The very 

weakly nuclaophilfc trlflnts hss bean found to ba l convanlant counterion. 33 

TABLZ 3. Corral~tlon of &.Ad[2]B valuas with &T$ valu8s.a 

System (n)b Slope (p value) Intsrcspt XC 

90-10x Emi (6) 0.999 -0.020 0.988 

100-90x new (2) 1.161. -0.362 

90-40X Acetone (6)d 0.899 -0.097 0.998 

90-40X Acetons (6). 0.821 +0.023 0.996 

90-70X HFIP (3) I.258 -0.552 1.000 

~11 (2wd 1.032 -0.126 0.991 

All (28). 0.987 -0.047 0.987 

aData from Tsblo 1. qktrbar of data polnta. Qorrelstion coefficient. 
&in& ws valum for 90 l d 80X acatone calculatad as ln footnote 1 of Table 1. 
“tJsln& &~s v~luas for 90 and 80X acetona calculated as ln footnote h of Table 1. 

wining tha present rasults with tit& from the lltwscura. it 1s possible to 

corpsra the rolvolysaa of thraa 2-•tintyl sulfonate QltQra of the type 

2AdOSO2Cli2X. uhera X is HIS, CFJ~~, or CH2NHef (tha present study); spaciffc rates 

of solvolysts in 50X athanoi at 25.0-C are 0.096 x 10-5a.L for X - H 

(axtrqolrtad15a fror dats at higher tamperaturss). 8.17 x 10-5s-1 for X - CF336. 

and 9.53 x 10.58-1 for X - CH2NNsf (Table 1). In term of substltucion within tha 

vthyl group of P-~dauntyl l thsnasulfonata. one trimathylemlno group has l l#rst 

exactly thr sue influemw ss throa fluorgne stow. In terus of substitution within 

the methyl group of 2.sdaiuntyl mthamsulfonsta. both a CF3 end s CHqN?lef group 

produca vary close to s ona hundred fold increase in the rat* of solvolysis. For 
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the prommably 912 bydrolyals of butyl [2]botylate at 3S.O’C, the spcific fata wu 

16 tlms that utlvtcd from Aata3) for butyl wthanr~ulfonat~ hyAroly.ls.28 That 

the betylet~)wsyl~to rata ratio 11 higher for a solvolysls of the 2-a-tyl 

emtam than for l l olpolyalm of thm butyl eatera lr CO be l xpacted from thr 

prevlowly obmrvoA23 larger la~vlng group offact* for tha l thwwlyals of l series 

of sulfonrte esters vhon the SNl rather than the S&2 mechanism operates. 

Supporting tha proposal that the l olvolys~s of 2.•dammtyl l lfonate enters 

vith a maoto posltlw charge parallel closely the solvolytlc behavior of uncharged 

l ulforuto l otors. lt h~a been shorn 36 that the product partitioning during 

solvolgmia la a 2.2,2-trifluoroat.hano~-ethanol mixture la vlrtunlly ldontical for 

the 2-•duuntyl usylats lon36 and 2-•dsnantyl p-tolueru~ulforute.37 

e%P~XNRmAL 

m. The purlflc4tlons of ac*tonaeJ1 l thmol,31 methanol.31 1.1,1,3,3,3- 

hexafluoro-2-propmol.3* and 2,2,2-trifluoroethu139 vare as prsvlously doscribed. 

2-•Asuntao1 (Aldrich). 2-chloroethanssulfonyl chloride (Aldrich) and rthyl 

tr~fluoromthmesulfonate (Aldrich) ware used as supplied. 

-. Folloring l prsvloualy repotrod Saneral procaAure.28 

I-Admsntmol (3.05 (I. 0.020 sol) as dissolved in 150 ml of ice-cold CH2C12 and 2- 

chloroethmerulfonyl chlorlQ (6.52 R) l d Ice-cold Et3N (7.08 g) weme l lA*d. After 

30 rln, tha mixture YU vashed ulth cold 10X l quaow Na2CO3 (3 x 100 ML) l A H20 

(100 rL). X?m CH2Cl2 layer vu Ariad (mhyd. &SO&) and the solvent l vaperatad. 

The cruAo proAuct (3.98 g, 82X) was used without furthw purfftcatfon; lH NHR 

(CDC13) 4~6.56, 6R6.39, (~6.06 (each 1 Ii): &S - 16.6 Hz and JAC - 9.6 HZ. 6.7* (a. 

9foso2CH-Cli2). 2.2-1.2 (I, 11 H). 

e. 2-Aduurtyl sthwwsulfonat~ (0.727 R; 3.0 wl) 

vas dissolved tn 25 l l of ice-cold CH2Cl2 and ?ts2NH (1 ML) VW adAed. After 10 oln, 

tha solvent and l xciwa No2NH wara relovad by evaporation. The r*aultlnR 2-•Wnty1 

2-(diwehylulno)*th~~ulfoMts was Irsdtately Al8solvsd fn CH2Cl2 (25 rL) and 

methyl trifluororatharusulfonat~ (0.37 mL, 1.1 squlv) was aAdod. After 15 nln. the 

l olvont YU evaporated anA th raaldua trlturatad with athar. Filtration gave a 

solid product (0.95 R; 70X): g, 122-130’ (Aec). Several batcha were prepared and 

wed Alrwtly in the klnscic runs. R~cryot~llitatfon of a portion fr- l catonitrlls 

6‘~. .n off-@air. l olid: rp 125-130’ (dec); lH MR (CDjCN) 64.96 (a. 1 H). 3.72 (s. 

4 ii). 3.11 (8. 9 H), 2.3-1.6 (8, 11 H); XRv, (K&r) inclu&~ strong peak8 at 1255. 

1168, 1032, 916 cr-l. Anal. Calcd for C16H2@06F3S2: C, 42.56; H. 6.25; N, 3.10. 

FOUd: C, 42.51; H, 6.38; N, 3.21. 
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Kfruclc. The kinetic nms were carried out by ruooin6. l c suitable tlr 

intorvalr. 5 al portions from 30 RL of solution. l xc4pt for the rum in XPIP- 

containin aolvmts, uhan 1 IL portlow wow rmovmd from 10 rl of l olutlon. Tha 

portlonrr mra qumchsd by rdditfon to 25 rL of •C~COIY, cooled to solid C+-astom 

slush tampmature and containing Leaold (rssorclnol blue) indicator. The acfd 

prwlowly produced vu tltratad against l stan&rdirod solution of *odium mthoxltda 

in wthmml. First-order rate coefficients were calculated fra the lntqratad form 

of the rate quatlon and all values froa dupllcata runs -re l vbragod to &iv* tha 

valuer roportod in table* 1 and 2. For runs with half liver of longer than 16 h, 

tha tin to ten helf live (Infinity titer) *es r&ue*d by addition of a portion to 

5 mu of vetar and alloving to rtand overnl~t at 50’ prior to addition of the 25 mL 

of acetone l nd tltratfon in the usual manner. 
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