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There is substantial isomerization (

)
Hé]\ie +
NO,

kiso = 0.32 x 1073 s71) of 3-NO,C¢H4*3CH(Me)OS(*80),Tos during solvolysis (  ksey = 1.04 x 1073 s~1) in 50/50

H&e
NO;

trifluoroethanol/water, even though the estimated lifetime of the putative 1-(3-nitrophenyl)ethyl carbocation intermediate of solvolysis (ca.

10~ s71) is too short to allow rearrangement that exchanges the positions of
isomerization proceeds by a mechanism that avoids formation of the carbocation

160 and 180 at the sulfonate leaving group. This suggests that
—anion pair intermediate.

We are interested in characterizing the “borderline” region

Hammett ring-substituent constants allows an estimakg of

for solvolysis reactions, where the existence of the putative ~ 10'* s™* (05-n0, = 0.71) for addition of TFE/HO (TFE

carbocation reaction intermediate is uncertaiihe solvolysis

of ring-substituted 1-phenylethyl derivatives in 50/50 water/
trifluoroethanol proceeds by a stepwis@ B Ay reaction
mechanisriwhen the ring substituent is electron-donating.

The rate constants for addition of this largely aqueous solvent

= trifluoroethanol) to the 1-(4-nitrophenyl)ethyl carbocation
(Scheme 15.This rate constant is near the bond-vibration
limit for a “barrierless” reaction, so that it is not certain that
this species forms as an intermediate of solvolysis.

Isomerization, which exchanges the position of oxygen

to the carbocation intermediates of these solvolysis reactionsisotopes at a substituted benzoate or sulfonate leaving group,

increase from 508 “to 5 x 10° s™* 3as the ring substituent
is changed from 4-NMge(o™ = —1.67) to 4-Me ¢ =
—0.32)5%2 The good linear correlation between légand

during solvolysis may provide aignaturefor a reaction
through a carbocatieranion pair intermediat&The addition
of solvent to the putative 1-(3-nitrophenyl)ethyl carbocation
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intermediate of solvolysis of 1-(3-nitrophenyl)ethyl deriva-
tives is apparently too fast to allow for “reorganization” of
an ion-pair reaction intermediatk & 10 s71, Scheme 17,
which is a step in the isomerization reaction of-&d-labeled
sulfonate substrate. Stepwise isomerizatiort®af-labeled
substratg*C]-1-OS(*%0),Tos (Scheme 1) may not occur
competitively with the stepwise solvolysis reaction, if
substrate ionization occurs at a preassociation “complex”
where solvent is positioned to react directly, without the
requirement for rotation into a reactive posititn.

1-(3-Nitrophenyl)ethyl tosylatelabeled with'3C at the
benzylic carbon an&0 at the nonbridging sulfonate oxygens
was prepared by the following series of reactions: (a) the
Grignard reaction of gHsMgBr with 3CO, (95% enrich-
ment)?1%3(b) addition of MeLi to give GHs'3COMe°® (c)
nitration to give 3-NGQCeH;*COMe, (d) reduction with
NaBH,; to give 3-NQCeH,*CH(OH)Me, (e) synthesis of
4-MeGsH,S(80),Cl by oxidation ofp-thiocresole with Gl
in H,'80,1112 (f) esterification of 3-NQCsH4*CH(OH)Me
with 4-MeGH4S(80),Cl to give['3C]-1-OS(80),Tos® The
proton-decoupled**C NMR spectrum of [*3C]-1-OS-
(*®%0),Tos showed a single major peak (Figure S1 in
Supporting Information)?

(S)-1-OH was prepared by reduction of 3-nitroacetophe-
none with ()-B-chlorodiisopinocampheyl-borane{}{-DIP-
chloride]*® The 'H NMR spectrum determined for the
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Figure 1. Time course for the formation of isomerization reaction
product during solvolysis of*3C]-1-OS(80),Tos in 50/50 (v/v)
TFE/HO at 25°C. The solid line shows the nonlinear least-squares
fit of the data to eq 1 derived for Scheme 2 uskag, = 1.04 x

103 slandks, = 0.32x 1073 s L The upper and lower dashed
lines show the fits obtained using valueskgf that are 10% higher
and 10% lower, respectively, than the value from least-squares
analysis.

product of this reaction in the presence of a chiral shift
reagent showed that the optical purity of the chiral alcohol
was essentially 10096:17 This alcohol was converted (8)-
1-OSQ;Tos by esterification with tosyl chloride.

A value of ksgy = 1.04 x 108 s71 (ty, = 11 min) for
solvolysis 0of1-OS(O)Tosin 50/50 (v/v) TFE/HO (80 mol
% water) at 25°C (I = 0.50, NaClQ) was determined by
monitoring the reaction by UV spectroscoffyThe isomer-
ization of[*3C]-1-OS(80),Tosto [*3C]-1-180S(*0,%0)Tos
under the same reaction conditions was monitored3gy
NMR spectroscopy. Figures S&4 in Supporting Informa-
tion show carbon-13 spectra in the region of the benzylic
carbon of[*3C]-1-OS(*80),Tos for the remaining substrate
determined after reaction times of 10, 15, and 20 HiFhese
spectra show that the disappearance of the peak at 78.92 ppm
for the benzylic carbon of the reactant is accompanied by
the appearance of a peak at 78.88 for the isomerization
reaction producf**C]-1-80S(*¢0,*%0O)Tos.

Figure 1 shows the fractional conversion[#iC]-1-OS-
(*80),Tosto [*3C]-1-180S(*0,%0) Tos [Ais/Ar] at different

(13) 3-NQ:CsH4CH(OH)Me (5.9 mmol) was dissolved in 2.5 mL of
1,4-dioxane. 4-MegH,S(80),Cl (1.0 molar equiv) was added at°C,
followed by dropwise addition of 5 N NaOH (1.9 mL). The mixture was
stirred for 4 h at ®C and then poured into water at’G. The crystalline
tosylate was collected and recrystallized from ether/hexane: yield 42%,
mp 82—85°C; 'H NMR (400 MHz, CDC}) 6 8.08 (1H, d,J = 8 Hz, Ar),

7.93 (1H, dd,JHcc(:H = 2 Hz, Jqcctic = 2 Hz, AI’), 7.63 (2H, AB,, J=28
Hz, GeHa), 7.57 (1H, m, Ar), 7.44 (1H, t) = 8 Hz, Ar), 7.20 (2H, ABo,
J=28 HZ, CGHA), 5.63 (1H, quHCCH =7 Hz,yc = 150 Hz, CH(Me)),

chromatography, and recrystallized from benzene/hexane: yield 27%, mp 2.36 (3H, s, ArCH), 1.62 (3H, dd,Juctic = 4 Hz, Juccn = 7 Hz, CH-

66.0—67.5°C.
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Scheme 2
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reaction times, whereAi, is the area of thé’C NMR peak

for the benzylic carbon df*C]-1-180S(*%0,%0)Tos andAr

is the total area of the peak fpr*C]-1-OS(*e0),Tos att =

0. This was calculated & = (As + Aiso)/exp(—ksont), where

As and A, are the peak areas for the benzylic carbons of
[*3C]-1-0S(t80),Tos and[**C]-1-180S(80,%0)Tos, respec-
tively, andksoy = 1.04 x 103 s,

oxygens, in the weakly nucleophilic solvent trifluoroethanol
at 30°C.2° The existence of the simple secondary 2-butyl
carbocation in nucleophilic solvents has been questioned in
earlier work?* However, the lack of quantitative data for
the lifetime of this carbocation in the weakly nucleophilic
solvent trifluoroethanol complicates the interpretation of the
results from this earlier study of the isomerization'#D-
labeled 4-bromobenzensulfondte.

The enantiomeric composition df-OH formed from
solvolysis of (S)-1-OS@Tosin 50/50 (v/v) TFE/HO at 25
°C (I = 0.50, NaClQ) was determined byH NMR using
the chiral shift reagent (S)-(+)-2,2,2-trifluoro-1-(9-anthryl)-
ethanol'62? The ratio of the yields ofR)-1-OH and (S)-1-
OH was determined from the ratio of the peak areas of the
benzylic protons for theR)- and (S)-enantiomers (Figure
S9). Identical product ratiosR)-1-OH]/[(S)-1-OH] = 83/
17 were determined for the reactions after 10 and 20
halftimes. This shows that the solvolysis &){1-OSQTos
proceeds largely with inversion of configuration at carbon.

The solid line in Figure 1 shows the nonlinear least-squaresThe rate constant ratio &eon/kree = 2.4 determined from

fit of the experimental data to eq 1 derived for Scheme 2

S R

using ksoy = 1.04 x 102 s ! determined by monitoring
solvolysis by UV spectroscopy ang, = 0.32x 103s?,

which is treated as a variable parameter. The upper and lower
dashed lines in Figure 1 show that the experimental data is

accommodated by values ki, that lie within+10% of the

the ratio of the yields ofl-OMe and 1-OTFE from the
reaction of1-OSQ,Tos in 45/5/50 (v/v/v) TFE/MeOH/HO
shows that there is little stabilization of the product-
determining step by nucleophilic participation of metha-
n0|.23,24

There are two possible explanations for our observation
of competing solvolysis and isomerization reactions#E[-
1-OS(80),Tos:
(1) These reactions proceed through a common carbo-
cation—anion pair intermediate, whose lifetime in 50/50
TFE/HO is long enough to allow for reorganization of

rate constant determined by least-squares analysis. The valug,o sylfonate oxygens with an estimated rate constant of

of kiso/ksoy = 0.31 determined for solvolysis ¢t3C]-1-OS-
(*80),Tos in TFE/H,O is larger thankisy/ksow = 0.092

k- ~ 10! s* (Scheme 1J.This would require that the rate
constant for the addition of solvent to the putative 1-(3-

determined for the reactions of 2-butyl 4-bromobenzensul- niirophenyl)ethyl carbocation intermediate be 100-fold smaller

fonate, labeled with®0 in the nonbridging sulfonate

(14) Proton-decouplet®’C NMR spectra were recorded at 100.4 MHz.
Spectra (ca 1500 transients) at 3G used to determine the relative

concentrations of the tosylate ester with oxygen-18 bridging and nonbridging

than the estimate df; ~ 10* s from earlier work® The
systematic changes from stepwise to concerted mechanisms
observed for bimolecular nucleophilic substitution reactions
of azide anion, acetate anion, and methanol at ring-substituted

were centered at 78.9 ppm and acquired with a 250 Hz sweep width, 8000 1-phenylethyl chlorides, as the ring substituent is changed

data points (0.031 Hz/pt), a 4pulse angle, and an 8 s relaxation delay
time. Chemical shifts are reported relativel8@&DCl; at 6 = 77 ppm.

(15) Brown, H. C.; Chandrasekharan, J.; Ramachandran, B. Xm.
Chem. Soc1988,110, 1539—1546.

(16) Tsuji, Y.; Mori, T.; Toteva, M. M.; Richard, J. R. Phys. Org.
Chem.2003,16, 484—490.

17) (S)-(+)-2,2,2-Trifluoro-1-(9-anthryl)ethanol (10—30 mg in 0.6 mL

from 4-Me to 4-NQ, are consistent with the notion that these
changes cause a steady increase in carbocation reactiv-
ity.2®

(20) Dietze, P. E.; Wojciechowski, M. Am. Chem. So0d 990, 112,

of CsHeg) was used as a chemical shift reagent to resolve the benzylic protons 5240—5244.

of enantiomers ol-OH (Figures S5 and S6). The procedure farNMR

(21) (a) Dietze, P. E.; Jencks, W.R.Am. Chem. S0&987,109, 2057 —

analysis was as described in ref 16, with decoupling of the benzylic protons 2062. (b) Dietze, P. E.; Jencks, W. Am. Chem. S04986,108, 4549—

of 1-OH from the methyl protons using an inverse gated coupling procedure.
The 'H NMR spectrum for(S)-1-OH determined in the presence of the

4555.
(22)(S)-1-OSQTos (30 mg) was dissolved in 1 mL of acetonitrile, and

shift reagent showed a single peak at 4.08 ppm (Figure S7). A second peakthis solution was diluted to 200 mL with 50/50 (v/v) TFE®I (I = 0.5,

at 4.04 ppm was observed for a mixture of racehi©H and(S)-1-OH
(Figure S8).
(18) The solvolysis of 1-(3-nitrophenyl)ethyl tosylate was monitored by
following the increase in absorbance at 282 nm.
(19)[13C]-1-0OS(80),Tos (30 mg) was dissolved in 1 mL of acetonitrile,
and this solution was diluted to 200 mL with 50/50 (v/v) TFEH(I =
0.5, NaClQ) to give a final substrate concentration of 0.4 mM. The reaction
was incubated at 28C for between 10 and 20 min.. The substrate and

products were then extracted into 500 mL of diethyl ether and this extract

was washed with water and dried over MgS®he ether was removed by

NaClOy) to give a final substrate concentration of 0.4 mM. After 2 h (ca.
10 half-lives) and 4 h (ca. 20 half-lives, in a second experiment) the products
were extracted into 500 mL of ether, washed with water, dried over MgSO
and the ether was removed by evaporation. HPLC analysis showed that
this reaction gives an 80% yield dFOH and a 20% vyield ofl-OTFE.
1-OH was purified by HPLC and then dissolved in 0.6 mL of0g, and
the chiral shift reagent (S)-(+)-2,2,2-trifluoro-1-(9-anthryl)ethanol (20—30
mg) was added folH NMR analysis at 400 MHz.

(23) The rate constant ratio was determined from the yields of the
methanol and trifluoroethanol adductsit® SO, Tos, as described in earlier

evaporation, 300 mL of toluene was added to the residue and the toluenework.24

was removed by evaporation. The final residue was dissolved in 0.6 mL of

CDCl; and analyzed by3C NMR .14

Org. Lett., Vol. 6, No. 20, 2004

(24) Richard, J. P.; Jencks, W. £.Am. Chem. S0d.984,106, 1373—
1383.
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(2) The reaction proceeds by a pathway that avoids stabilization of the reaction transition state associated with
formation of a carbocationanion pair intermediateky coupling of the two processes for the concerted reaéfion.
Scheme 1). In this case there is no energy well for the 1-(3-  There are related reactions for which there is no intermedi-
nitrophenyl)ethyl carbocation-tosylate anion pair, and this ate with a vibrational lifetimeandno coupling of individual
species lies instead on a flat plateau. The product yields ofsteps in what seem to be multistep reaction processes. These
the solvolysis of **C]-1-OS(**0),Tos would then be con-  jnclude stereomutation afis andtrans disubstituted cyclo-
trol_led by the direction of movement across this plateau, propane€®® thermal deazatization of 2,3-diazabicyclo[2.2.1]-
which may reflect _ hept-2-ené! and thermal interconversion of bicyclo[3.2.0]-

(a) The dynamics of movement across this flat energy pept.2-ene and bicyclo[2.2.1]hept-2-€8élhese reactions

i 26 & " i 1t . . . . .
maximum:®where the “rate” of exchange in the position of  ,rqceed through unstable diradical-like species that lie at
bridging and nonbridging oxygens that leads to formation jateaus on energy landscapes in which substrate bonds
of isomerization reaction products is about one-third that for undergo rotation to a second diradical-like species that

movement to form solvolysis products. collapses to products. We suggest that the framework

h(b)l The cqrr}gosiftion of th.ii rgactivedcomplex v;hergh(i) developed to model such nonpolar reactions might usefully
the larger yield of1-OH with inverted compared wit be applied to polar reactions that lie at the “borderline”

retained configuration at carbon would reflect shielding by between stepwise and concerted reaction mechanisms
the leaving group to frontside addition of solvent, and (ii) '
the larger yield of the methanoL{OMe) compared with Acknowledgment. We acknowledge the National Insti-

the trifluoroethanol 1-OCH,CF3) adduct would reflect weak .
local charge-dipole interactions between nucleophilic and tug:i of Heath grant GM 39754 for generous support of this

electrophilic species that orient the nonreactive electron-rich work.
CF; group and the reactive OH group of the trifluoroethanol

and methanol nucleophiles, respectively, toward the develop- SUPPorting Information Available: **C NMR spectra
ing cationic centef? of [*3C]-1-OS(80),Tos and of the products of solvolysis of

The pathway described here for isomerization'8€]- [**C]-1-0S(**0),Tos in 50/50 TFE/HOH determined at 10,
1-0OS(0),Tos that avoids formation of a carbocation 15 and 20 miniH NMR spectral data for (a) racemicOH
reaction intermediate has been named “uncoupled con-IN the absence and presence of shift reagent(§pL-OH
certed”?” where (i) “concerted” refers to the absence of a I the presence of shift reagent, (c) a mixture of racemic
reaction intermediate in contrast with stepwise reactions 1-OH and(S)-1-OH in the presence of shift reagent, (d)
where an intermediate is formed, and (i) “uncoupled” 1-OH from solvolysis of(S)-1-OS{®0).Tos in 50/50 (v/v)
indicates that bond cleavage, ionic reorganization, and bond TFE/H.O at 25°C (I = 0.50, NaClQ) in the presence of
resynthesis occur as essentially independent processes. Ouhift reagent. This material is available free of charge via
data do not exclude the possibility that there is coupling of the Internet at http://pubs.acs.org.
bond cleavage and bond formation during a concerted o, 9484409
isomerization reaction df-OS(®0),Tos. This coupling will
be weak or negligible, provided there is not a large
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