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Abstract [] Octanol-water partition coefficients were determined for 12
trifluoromethylated aliphatic alcohols and their unfluorinated counter-
parts. The latter values were derived from measurements using the
benzy! alcohol-water solvent system after developing an appropriate
correlation equation. Incidentally, an empirical equation was found
which allows the partition coefficient of an unsubstituted alcohol to be
estimated given the molecular formula and boiling point. Trifluorination
strongly enhances lipophilicity only when the trifluoromethyl group is in
the a-position. The enhancement is barely measurable for the 8- and y-
(trifluoromethyl) aicohols, while the §- and e-(tritluoromethyl) com-
pounds are considerably more hydrophilic than their parent compounds.
Chemical shift comparisons suggest that the changes in relative lipophi-
licity are controlled primarily by the inductive effect of the trifluoromethyl
group on the acidity—basicity of the hydroxyl group. New synthetic
procedures for obtaining some of the alcohols are presented.

When a biochemically or pharmacologically active “par-
ent” compound is modified by substituting a trifluoromethyl
group for a methyl group, the resulting “analogue” is often
found to have similar, though not identical, activity.}2 The
physicochemical behavior of the analogue, e.g. its bindin% to
proteins or membranes, may conveniently be studied by '°F
NMR spectrometry. Information thus obtained may help to
elucidate the behavior of the parent compound, but only if
the factors governing differences between the interactions of
the parent and the analogue with solvents or ligands are well
understood. One effect often associated with the introduction
of a trifluoromethyl group is a decrease of hydrophilicity; for
example, values of the hydrophobic substituent parameter,
mr, derived from observations with substituted phenylacetic
acids, include 0.54 for the 3-methyl and 1.21 for the 3-
trifluoromethyl groups.® This is somewhat paradoxical in
light of the fact that trifluoromethylation of a hydrocarbon
moiety introduces a sizable electric dipole moment which
should interact favorably with the medium having a high
dielectric constant. The crucial question, what circumstances
determine the relative lipophilicities of the parent and ana-
logue, cannot be fully answered on the basis of existing data.

Systematic studies of the effects of trifiuoromethyl groups
on lipophilicity for families of structurally related, aliphatic
compounds have not previously been made, probably because
the required materials have not been easily available. Such a
study, which takes advantage of the fact that electrochemical
trifluoromethylation*5 makes it fairly simple to obtain an
appropriate collection of trifluorinated alcohols with up to six
carbon atoms, is reported here. Using °F NMR spectrome-
try, the octanol-water partition coefficient, P,,, of each
alcohol could readily be determined. The quantity log P, is
directly proportional to the standard free energy of transfer
of the material from water-saturated octanol to octanol-
saturated water and is an accepted measure of lipophilicity.23

For comparison, values of P, for the parent alcohols were
also needed. The work of Leo et al.® provided some, but not

0022-3549/86/1000-0987$01.00/0
© 1986, American Pharmaceutical Association

Accepted for publication

all, of these. The missing values could not be measured
directly with 'H NMR because the signals of the solutes are
obscured by those of octanol. Use of the benzyl alcohol-water
solvent system is much more attractive, since thig alcohol
shows no absorption in the region of 5 <3.5 ppm. According-
ly, the benzyl alcohol-water partition coefficients, Py, were
determined for 15 aliphatic alcohols, including the 12 whose
analogues were available. The known values of P, for 10 of
these compounds were used to find a correlation equation
which allowed the needed values of P, to be calculated.
Selected 'H NMR and °F NMR chemical shifts were
determined in a variety of media to provide additional clues
concerning the interactions of these materials with solvents.

Results and Discussion

The measured values of log Py,, (benzyl alcohol-water
partition coefficient) for the unfluorinated alcohols are given
in Table I together with values of log P, (octanol-water
partition coefficient) from Leo et al.? Only values which
represent direct measurements, rather than results derived
from correlation equations, were selected. The empirical
equation:

log P%.. = 1.210 log Py, — 0.14 1)

gave the values listed in the fourth column of Table 1. The
agreement between log P, and log P% is within 0.07 units
for most of the alcohols but is slightly worse for 3-methyl-1-
butanol, tert-amyl alcohol, and neopentyl alcohol. For isobu-
tyl alcohol, two “direct” values are cited in Leo et al.3 Neither
was used in deriving eq. 1, but the value calculated with eq. 1
is near the average of these two “direct” values.

Two considerations suggest that where there is disagree-
ment, values of log P are preferred over those of log P,
especially when systematic comparisons are to be made. Most
importantly, log PS5, values represent a complete set and
they were all obtained by the same method in the same
laboratory. In addition, they reveal a consistent tendency for
the partition coefficients within a family of isomers to in-
crease rather uniformly as the boiling points increase. This
tendency is much more evident when log P¢, values, rather
than the available values of log P, are examined. Indeed, it
appears that in the absence of any other data, log P, for a
new, monohydric, aliphatic alcohol could be estimated with
reasonable reliability from the relation:

log Poo, = 0.58 ng — 1.44 — 0.0158 AT  (2)

where nc is the number of carbon atoms and AT is the
difference in boiling points between the n-alkanol (with the
same n¢) and the alcohol in question. As shown in Table I,
eq. 2 reproduces log P; with an error of < 0.06 for all but two
of the alcohols; even for tert-amyl and neopentyl alcohol the
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Table |—Benzy! Alcohol-Water and Octanol-Water Partition Coefficients for Aliphatic Alcohols

ROH log Pozai® log Poct® log Pget® (l0g Poct)carc®
Ethanol -0.11 -0.32 -0.27 -0.28
1-Propanol 0.39 0.34 0.33 0.30
2-Propanol 0.19 — 0.09 0.06
1-Butanol 0.84 0.88 0.88 0.88
2-Butanol 0.66 0.61 0.66 0.60
2-Methyi-1-propanol 0.76 0.65, 0.83 0.78 0.74
2-Methyl-2-propanol 0.39 0.37 0.33 0.33
1-Pentanol 1.33 1.40 1.47 1.46
2-Methyl-1-butanol 1.24 — 1.36 1.31
3-Methyi-1-butanol 1.20 1.16 1.3 1.32
2-Methyl-2-butanol 0.76 0.89 0.78 0.90
2,2-Dimethyl-1-propanol 1.12 1.36 1.22 1.08
1-Hexanol 1.77 2.03 2.00 2.04
3-Hexanol 1.51 — 1.69 1.68
3-Methyl-1-pentanol 1.68 — 1.89 1.95

2Benzyl alcohol-water partition coefficient. ©® Octanol-water partition coefficient taken from Ref. 3. ©Octanol—water partition coefficient calculated
using eq. 1 from log Py.a. ?Octanol-water partition coefficient calculated according to eq. 2.

errors (0.12 and 0.14) are no larger than discrepancies often
found when values measured in different laboratories are
compared.? This kind of behavior apparently has not been
noted before, but it might have been anticipated for com-
pounds containing only a single reactive group. Here, the
contributions to P, from hydrogen-bonding or hydrophobic
effects should vary little from one isomer to another. Thus,
P, will be determined by variables that also control the
enthalpy of vaporization and, hence, the boiling point. When
there is more than one reactive group, isomerization is apt to
change their mutual interaction, and a simple correlation
such as eq. 2 is no longer expected. No correlation was found
for the trifluorinated alcohols.

Table II contains the values of log P, for the fluorinated
alcohols. The only comparable data from Leo et al.? are for
trifluoroethanol, for which the values 0.32 and 0.41 are
listed. It is satisfying that the value determined in this study
lies nearly midway between these. Table II also includes the
boiling points, the quantity A log P = (1og Pyct)analogue — (l0g
PSc)parent, and a Greek letter designating the relative posi-
tions of the trifluoromethyl and hydroxyl groups. It is imme-
diately apparent that A log P is markedly dependent on the
number of bonds between the trifluoromethyl and hydroxyl
groups, and nearly independent of whether the alcohol is
primary, secondary, or tertiary, and of whether the chain is
straight or branched. Only the three a-(trifluoromethyl)
alcohols are markedly more lipophilic than their parent
compounds, with nearly equal values of A log P. The six B-
and y(trifluoromethyl) alcohols all have nearly the same

Table Il—Boiling Points, Octanol-Water Partition Coefficients,
and Related Quantities for Trifluorinated Alcohols

o a b CF3

ROH bp, °C log P,x® A log P! Site
1. CF3CH,OH 74 0.36 063 «a
2. CF3CH,CH,OH 99-100 0.39 006 B
3. CF;CH(OH)CH, 75-76 0.70 061 «a
4. CF3(CH,),0H 125 0.90 002 vy
5. CF;CH,CH(OH)CH; 99.8-99.9 0.71 005 B
6. CF,(CHg)>,COH 81 1.04 071 «a
7. CF3(CH,)OH 147.5-148.0 1.15 -032 &
8. CF3CH,CH{CH3)CH,OH 132-133 1.39 0.03 vy
9. CF3CH(CH3)CH,CHZOH 139-140 1.37 0.06 vy
10. CF3(CHz)sOH 165.5-166.0 1.64 -0.36 ¢
11. CF3CH,CH,CH(OH)CH,CH; 140.4-1409 1.70 0.01 vy
12. CF3CH,CH(CH3)CH,CH.OH 158.7 1.61 -028 &

2 Octanol-water partition coefficient. A log P = (10g Poct)anaiogue —
(log Pct)parent:
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value of A log P (slightly positive but only slightly larger
than the experimental uncertainty). The two &-(trifluoro-
methyl) alcohols have similar and definitely negative values
of A log P, while the single e-derivative has a slightly more
negative value. The fact that 6,6,6-trifluoro-1-hexanol is
about twice as hydrophilic as its parent is in harmony with
the observation that replacing the terminal methyl group of
a long-chain soap or surfactant by a trifluoromethyl group
increases the critical concentration for micelle formation by
nearly a factor of two.87

This pattern of behavior suggests that the intrinsic effect of
an isolated trifluoromethyl group is to increase the hydrophi-
licity of a saturated hydrocarbon chain by a factor of 2 te 2.5.
When the trifluoromethyl group is near a solubilizing group
such as hydroxyl, this effect may be reversed, probably
through the joint action of two factors. First, the inductive
effect of the trifluoromethyl group is expected to increase the
acidity (or lower the basicity) of the hydroxyl group, so that
ROH - — - B hydrogen bonds with a base, B, are strength-

H

ened while RO — — — HA bonds with an acid, HA, are weak-
ened. The net result should be to make the alcohol less
hydrophilic, and the effect should be progressively attenuat-
ed as the number of intervening bonds increases. Second, it is
possible that the presence of the hydroxyl group, or other
changes in molecular structure, can modify the details of the
solvation of the trifluoromethyl groups in a way that would
cause A log P to vary. For example, it might be suggested
that y(trifluoromethy!) alcohols can be stabilized in a lipoid
environment because of their ability to adopt internally
hydrogen-bonded conformations such as:

N

CF.

i

dn,

CH,
'd /
cH;

To try to ascertain which of these effects is dominant, two
sets of NMR experiments were performed.

First, the °F chemical shift of each fluoroalcohol was
determined for dilute solutions in heptane, dry octanol,
octanol-free water (each at 1% by volume), and Me,SO-dg
containing 1% Me,Si (2.5% alcohol by volume). The shifts in
heptane, given in the first columns of Table III, show that for
the linear alcohols, CF3(CH,),OH with n >2, the peak
position is nearly independent of chain length and near the
value of 10.58 found for the “inert” solute, 1,1,1,10,10,10-



hexafluorodecane. A B-methyl side chain or a B-hydroxyl
group shifts the signal to a lower applied field, while an a-
methyl or a-hydroxyl group produces a large upfield shift.

The remaining columns of Table III show shift differences,
A8 = &(solvent) — S&(heptane), found when another liquid
replaces heptane. Although the solvent effects are large, it is
striking that there are only minor changes from one alcohol
to another. The only definite trend is that Ad tends to be
larger for the a-(trifluoromethyl) alcohols than for the others.
This suggests that the large upfield shift caused by the
hydroxyl group (see above) may be diminished by a few
percent when ROH — — — B hydrogen bonds form. Apart from
this, changes in the molecular structure leave the solvent
dependence of the fluorine shift virtually invariant, implying
that there are no large changes in the character of the
solvation of the trifiuoromethyl groups.

The second set of NMR measurements consisted of 'H
chemical shift determinations for the hydroxy! proton of each
trifluoroalcohol and its parent compound in Me;SO-dg. In
this solvent, proton exchange between alcohol and any water
that may be present is so slow that separate signals are
observed. The peak at the lowest field represents the com-
plex, ROH — - — OSMe,. Strengthening the hydrogen bend in
the complex by enhancing the acidity of the hydroxyl group
should shift the peak even farther downfield. Indeed, as
shown in Table IV, it is at § 6.01 ppm for trifluoroethanol and
8 4.30 ppm for ethanol. Data for the remaining alcohols are
also given, together with the difference, D, between analogue
and parent [8(OH)gna10gue — 8(OH)parent]. These results dra-
matically reveal changes in the acidity of the hydroxyl
protons that arise from the inductive effect of the trifluoro-

Table ih—Fluorine Chemical Shifts for Trifluorinated Alcohols
and their Solvent Dependence

Shift Differences®

ROH &(Heptane)®
Me,S0-dg H,O Octanol
CF3CH,OH -0.48 349 225 1.2
CF;CH,CH,OH 12.28 3.07 1.88 0.62
CFaCH(OH)CH;,4 -4.72 343 229 1.30
CF3(CH)s0H 10.64 2.87 1.86 0.68
CF3CH,CH(OH)CH, 13.24 322 1.91 091
CF3(CH3).,COH ~7.38 310 214 1.19
CF4(CH,),OH 10.54 2.87 190 0.67
CF3CH,CH(CH3)CH,OH 13.47 2.89 1.84 0.85
CF3CH(CH3)CH,CH,0OH 3.61 266 1.87 059
CF3(CH,)sOH 10.55 2.96 1.99 064
CF3;CH,CH,CH(OH)CH,CH, 10.61 287 1.82 0.71
CF3CH,CH(CH;)CH,CH,0H 13.77 2.84 1.78  0.77

# Shifts in ppm downfield from external trifluoroacetic acid, corrected
for bulk susceptibility. ® Aé = &(solvent) - &(heptane).

Table IV——Hydroxyl Proton Chemical Shifts for Trifluorinated
and Parent Alcohols®

ROH S(OH)analoaue S(OH)parsm Db
CF3CH,OH 6.01 4.30 1.7
CF3CH,CH,OH 4.81 4.31 0.50
CF,CH(OH)CH;3 6.00 4.30 1.70
CF3(CH_,);0H 4.60 4.28 0.32
CF3CHCH(OH)CH,3 4.83 4.26 0.57
CF3(CH,),COH 5.76 414 1.62
CF5(CH,),OH 4.42 4.27 0.15
CF3CH,CH(CH3)CH,0H 4.70 431 0.39
CF3CH(CH3)CH,CH,0H 4.57 4.25 0.32
CF3(CH,)sOH 4.34 4.28 0.06
CF3;CH,CH,CH(OH)CH,CH;, 4.56 4.16 0.40
CF3CH,CH(CH;3)CH,CH,0H 4.39 4.23 0.16

2ln Mest'delMe4Si. DD = B(OH)analoque - 6(0H)paren(-

methyl groups and that run roughly parallel with the
changes in acid strength of the related w,w,w-trifluorocarbox-
ylic acids.® The difference, D, lies near 1.65 for the three a-
(trifluoromethyl) alcohols and falls progressively to a value
that approaches zero for the e-derivative.

It may be argued that, in addition to changes in hydrogen-
bond strength, D could include a contribution reflecting a
“direct” effect of the trifluoromethyl group on the hydroxyl
proton shift, i.e., one which would occur even in an isolated
molecule. The magnitude of such an effect may be estimated
by examining the spectra of molecules which contain methyl
protons that are just as far from the trifluoromethyl group as
the hydroxyl protons, since methyl protons are not involved
in hydrogen bonding. One example is 1,1,1-trifluoro-2-pro-
panol, where the methyl shift differs from that in 2-propanol
by only 0.16, while for the hydroxyl protons, D = 1.70. Again,
for 2-butanol and 4,4,4-trifluoro-2-butanol, trifluorination
shifts the —CH(OH)CHj methy! signal by just 0.13, while D
= 0.57. One may conclude that the direct effect and hydro-
gen-bond strengthening make contributions to D which
agree in sign, with the direct effect accounting for only a
small fraction of the total.

As shown in Fig. 1, the quantities D and A log P are well
enough correlated to suggest that whenever A log P is more
positive than ~—0.4, this mainly reflects the change in the
acidity—basicity of the hydroxyl group due to trifluorination.
A single clue points to the possibility that other effects may
not be entirely negligible: instead of a smooth decrease of A
log P with increasing distance between the trifluoromethyl
and hydroxyl groups, Table II shows nearly equal values for
the B- and +-(trifluoromethyl) aleohols. That the A log P
value is “too high” for the y-derivatives is also suggested by
the fact that the corresponding data points lie farther than
any others above the dashed line in Fig. 1. There is, then, a
suggestion that the lipophilicities of the y-(trifluoromethyl)
alcohols, and perhaps to an even lesser extent the B-deriva-
tives, may be a little enhanced through the participation of
cyclic, intramolecularly hydrogen-bonded conformations, as
shown. However, the fluorine chemical shifts in heptane,
which might have been expected to give some indication of
the occurrence of such structures, do not show a discernible
trend which could support this suggestion.

It has been pointed out before that trifluoromethy! groups
which can interact with atoms having lone-pair electrons
“raise the partition coefficients by an increment greater than
simple additivity,”® but little quantitative information was
provided. It seems likely that the large positive values
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Figure 1—Plot of A log P against the shift difference, D, between parent
and analogue [8(OH)anaingue — 8(OH)parem) for the alcohols listed in
Tables Il and IV. The dashed line is provided primarily as a visual aid.
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assigned to the hydrophobic substituent parameters for the
trifluoromethyl groups in various trifluoromethyl-aromatic
compounds!?® arigse in a manner similar to that proposed
here. That is, the 7 electrons may be presumed to participate
in a favorable interaction with water which is largely
quenched upon trifluorination of the methyl side chain, and
the resulting change again overwhelms the intrinsic tenden-
cy of the trifluoromethy! group to enhance hydrophilicity.

Conclusions

Aliphatic a-(trifluoromethyl) alcohols are more lipophilic
than their parents by a factor of 4 or 5. However, 8- and
(trifluoromethyl) alcohols are only marginally more lipophil-
ic than their parents, and §- or e-(trifluoromethyl) alcohols
are less lipophilic by a factor of ~2. Other structural fea-
tures, i.e., chain branching or changing from a primary to a
secondary or tertiary alcohol, have little effect on the relative
lipophilicities. These findings imply that a trifluoromethyl
group is less lipophilic than a methyl group, unless it is able
to interact with an atom or group having lone-pair electrons
(or 7 electrons). When such a group is near, the inductive
effect of the trifluoromethyl substituent may so sharply
reduce the basicity of the lone-pair or 7 electrons that a
drastic increase in lipophilicity ensues. The influence of the
inductive effect diminishes with increasing distance, but it
does not become negligible until there are at least five carbon
atoms between the trifluoromethyl and hydroxyl groups.

Experimental Section

Materials—The unfluorinated alcohols were the best available
commercial samples, used without further purification, as were
trifluoroethanol, 1,1,1-trifluoro-2-propanol, and 1,1,1-trifluoro-2-
methyl-2-propanol. The other fluorinated alcohols were prepared in
this laboratory as described below. All boiling points are uncorrect-
ed. Analytical results obtained for compounds were within + 0.4 % of
the theoretical values. Nuclear magnetic resonance spectra were
recorded at the ambient probe temperature (~34 °C) with a Perkin-
Elmer R-32 spectrometer operated at 84.669 MHz (*°F) or 90 MHz
(*H). Fluorine chemical shifts are reported for one volume percent
solutions in heptane with trifluoroacetic acid as external reference.
They are corrected for the bulk susceptibility difference, and positive
values indicate shifts to a lower field. They are so intricately solvent-
dependent that converting them to the & scale (i.e., one based on the
use of fluorotrichloromethane as both solvent and internal reference)
by adding a single number is a questionable procedure. If an
approximate conversion is desired, it can be made by adding —76.5 to
the shifts in heptane.

3,3,3-Trifluoro-1-propanol—This compound has been prepared by
several methods.®-!! The sample used here boiled at 99-100 °C [lit.?
bp 100 °C ] and was obtained by reduction with lithium tetrahydroa-
luminate of 3,3,3-trifluoropropanoic acid (synthesized by electrolyz-
ing partially neutralized trifluoroacetic acid in acetonitrile in the
presence of malonic acid!2:13).

4,4,4-Trifluoro-1-butanol—This previously described materiali4
was obtained in excellent yields by the lithium tetrahydroaluminate
reduction of 4,4,4-trifluorobutanal;® the product boiled at 125 °C
[lit.1# bp 125 °C (755 mm)].

4,4,4-Trifluoro-2-butanol—This compound was prepared by re-
ducing 4,4,4-trifluoro-2-butanone+ with lithium tetrahydroalumin-
ate to afford the alcohol in yields of 50—60%, bp 99.8 — 99.9 °C; '°F
NMR: 5 13.24 (t, J = 10.8 Hz); '"H NMR (2.5%, Me,SO-dg:Me,Si):
6 4.83 (d, J = 6 Hz, 1), 3.91 (septet, J = 6 Hz, 1) 2.29 (quartet of
doublets, Jyr = 11.5 Hz, Jyy = 6 Hz, 2), and 1.14 ppm (d, J = 6 Hz,
3). Anal. (C,H,F;0) C,H.

5,5,5-Trifluoro-1-pentanol—4,4,4-Trifluoro-1-butanol was con-
verted to 4,4,4-trifluoro-1-bromobutane by treatment with aqueous
hydrobromic and sulfuric acids. The Grignard reagent prepared from
this bromide was treated with formaldehyde to give the desired
product (bp 147.5-148.0 °C) [1it.15 bp 146 °C), essentially as described
for the corresponding 1-chloro-derivative by Overberger and Khat-
tab.15

4,4,4-Trifluoro-2-methyl-1-butanol-—Electrolysis of partially neu-
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tralized trifluoroacetic acid in methanol in the presence of methyl
methacrylate gave, after hydrogenation of the mixture, material (bp
119-121 °C) identified by NMR as nearly pure methyl 4,4,4-tri-
fluore-2-methyl-butanoate.!3 Reduction of the ester or the corre-
sponding acid with lithium tetrahydroaluminate afforded the alco-
hol, bp 132-133 °C; !F NMR: 5 13.47 (t, J = 10.8 Hz); 'H NMR
(2.5%, Me,S0-dg:Me,Si): 6§ 4.70 (t, J = 5.5 Hz, 1), 3.28 (m, 2), 1.65-
2.5 (m, 3), and 0.95 ppm (d, J = 6.6 Hz, 3). Anal. (C;HgF;0) C,H.

4,4,4-Trifluoro-3-methyl-1-butanol—Electrolysis of trifluoroace-
tic acid that was co-dissolved with crotonic acid in acetonitrile
yielded a mixture of products containing 2,3-bis(triflucromethyl)bu-
tanoic acid as a major component.!3 Treatment of the mixture with
aqueous sodium hydroxide hydrolyzed the 2-triflucromethyl group to
produce a substituted malonic acid, as described elsewhere for the
analogous 2-(trifluoromethyl)-4,4,4-trifluorobutanocic acid.'® On dis-
tillation, the malonic acid was decarboxylated, affording the known
4,4,4-trifluoro-3-methyl butanoic acid!” which was contaminated
mainly with crotonic acid. Treatment with bromine in carbon tetra-
chloride, followed by a further distillation, gave the pure acid, which
was then reduced with lithium tetrahydroaluminate to the alcohol1®
(bp 139-140 °C) (lit.1® bp 57-59 °C (30 mm)].

6,6,6-Trifluoro-1-hexanol—6,6,6-Trifluorohexanoic acid was pre-
pared by the reaction between adipic acid and sulfur tetrafluoride.!®
Another batch was obtained by hydrogenating the mixture of unsat-
urated acids produced in a Knoevenagel condensation of 4,4,4-
trifluorobutanal® with malonic acid. The alcohol?® (bp 165.5-
166.0 °C) [lit.2! bp 51.5-53.5 °C (5 mm)] was obtained by reducing
the acid with lithium tetrahydroaluminate. !°F NMR: 6 10.55 (t,J =
10.4 Hz); '"H NMR (2.5% Me,S0-dg:Me,Si): 8 4.34 (t,J = 5.3 Hz, 1),
3.39 (br q, 2), 1.9-2.5 (br m, 2), and 1.3-1.6 ppm (br m, 6).

6,6,6-Trifluoro-3-hexanol—This compound was prepared in 72%
yield by a Grignard reaction of ethylmagnesium bromide with 4,4,4-
trifluorobutanal, using the procedure described by Drake and
Cooke.22 The fraction used in the partition experiments boiled
between 140.4 and 140.9 °C; 'F NMR: 6 10.61 (t, J = 10.8 Hz); 'H
NMR (2.5%, Me,S0-dg:Me Si): 64.56 (d, J = 5.4 Hz, 1), 3.32 (m, 1),
1.9-2.5 (m, 2), 1.2-1.7 (m, 4), and 0.86 ppm (t, J = 7 Hz, 3). Anal.
(CgH,,F;0) C,H.

5,5,5-Trifluoro-3-methyl-1-pentanol—Partially neutralized tri-
fluoroacetic acid was electrolyzed in aqueous 90% methanol in the
presence of methallyl cyanide giving, after partial workup, a mix-
ture rich in 5,5,5-trifluoro-3-methyl-pent-2-enonitrile and isomers of
this compound.!3 After catalytic hydrogenation (§% Pd/C, methanol
3 atm, 6-8 h), the mixture was distilled and a fraction boiling at
168.5-170.5 °C (mostly at 168.5 °C) was found by NMR to be nearly
pure 5,5,5-trifluoro-3-methylpentanonitrile. This was hydrolyzed by
refluxing for 4 h with aqueous sulfuric acid to produce the parent
acid (bp 200.0-200.5 °C) which was then reduced to the alcohol (bp
158.7 °C) with lithium tetrahydroaluminate. °F NMR: 6§ 13.77 (t, J
= 10.5 Hz); 'H NMR (2.5%, Me,SO-dg:Me,Si): 5§4.39 (t, J = 5.4 Hz,
1), 3.44 (q, J = 6 Hz, 2), 1.8-2.4 (m, 3H), 1.25-1.6 (m, 2), and 0.97
ppm (d, J = 6 Hz, 3). Anal. (C¢H,,F3;0) C, H.

Partition Coefficients—For each solute, two or more partitioning
mixtures were prepared by weighing the alcohol into glass-stoppered
volumetric flasks and adding known amounts of cosolvent-saturated
water and water-saturated cosolvent using volumetric pipets. The
volumes were so chosen that the amounts of solute in each of the two
phases would be similar, with the concentration in the nonaqueous
phase within the range of 7-20 mg/mL. The solutions were equili-
brated by inverting the flasks ~250 times during a period of ~1 h.
Only the nonaqueous layers were analyzed and the partition coeffi-
cients calculated with the equation:

P = Calcvaq/(M - Calchlc) 3

where C,, is the concentration in the alcoholic layer, M is the total
mass of solute, and V,, and V,,. are the volumes of the aqueous and
alcoholic layers, respectively.

For analysis of each solution, two samples of ~0.8 mL were placed
in NMR tubes with capillaries containing an appropriate material to
provide a locking signal for the NMR spectrometer, and the spectra
were recorded several times. The concentrations were found by
comparing the heights of the most prominent solute 'H or '°F NMR
peaks with those of the corresponding peaks in the spectra of three
standard solutions, each containing the particular alcohol in water-
saturated cosolvent. This procedure tends to cancel any errors due to
possible low levels of contaminants in the solutes. The four or more



values of log P obtained for each solute generally differed from their
average by =0.05 units. The main source of irreproducibility seemed
to be small fluctuations in effective sensitivity of the spectrometer.
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