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Equilibrium acidities for 25 nitroalkanes, G(CHs),NOg, with n = 1, 2, or 3, are reported in two different solvents.
The acidities of nitroalkanes G(CHg)3sNO; were found to be reasonably well correlated with Taft o* cx,cH,c con-
stants in 50% (v/v) MeOH-H50 (p* = 1.2) and Me;SO (p* = 3.4). Reversals in acidity order from that predicted by
o* constants were observed, however, for PhSOs vs. CN, PhS vs. PhO, CH3CO vs. HO, and Me vs. H, and it is con-
cluded that substituent effects in the Taft relationship vary with the geometry of the system. The five points exam-
ined for nitroalkanes GCHsCH,NO; all deviated widely from the Taft line, which is interpreted to mean that
“methylene transmission coefficients” vary with the nature of G and the nature of the system because of changes
in conformations. Points for nitroalkanes GCHsNO; deviated widely from the Taft line. The general conclusion
is drawn that, although ¢*c,c (or o1) constants give an approximate measure of polar effects, their size and some-
times even their relative order change as the geometry of the system is changed.

Quantitative evaluations of substituent effects on equilib-
ria and rates in aliphatic systems in solution are fundamental
to the understanding of organic chemistry, yet progress in this
area has been slow. Twenty years ago Taft made an important
contribution by applying a Hammett-type linear free-energy
relationship based on hydrolysis rates for esters of the type
G(CH,),,CO2R [or an equilibrium acidities in water of acids
of the type G(CH,),CO.H] where n is 0, 1, or 2.1 Stated in
terms of equilibrium acidity constants the Taft relationship
is given by the equation

log (K/Kg) = ApK = o*p* 1)

where o* represents the polar (i.e., inductive) effect of G and
p* represents the sensitivity of the system to structural
changes.

The o*’s for hydrogen and alkyl points (¢*pe = 0) were
derived from G(CH,),,CO2R systems where n = 0. Most of the
o* constants for substituents containing heteroatoms (Cl, F,
0, S, etc.) were derived from data where n = 1, but in some
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instances (CCls, COsMe, and COCHg, as well as Ph and
CH=CHMe) o*’s were derived from n = 0. In three instances
(COCHj3, Ph, and CH=CHMe) these ¢*; constants were
shown to be related to o*cp,c constants by assuming a falloff
factor of 2.8, which Branch and Calvin had found useful in
correlations of aliphatic acids.?2 This falloff factor (equivalent
to a methylene transmission coefficient of 0.36) was also found
to be suitable for relating ¢*cm,g and ¢*cu,cH,¢ constants
when G is Ph or CFs.

Although the Taft equation has enjoyed considerable suc-
cess,3 two fundamental problems have arisen. The first relates
to the question of whether or not ¢*y, 6*g, and o*; constants
derived from data where H, R, or G is attached to an sp? car-
bon atom can be applied, as Taft did originally, to systems
where these substituents are attached to an sp? carbon atom.4
The second relates to the applicability of ¢* constants to
systems of differing geometry and the use of methylene
transmission coefficients to relate o* g, o*cu,6, 0 cH,cH,G, €tC.,
constants. The first of these questions was discussed in the
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Table I. Equilibrium Acidity Constants of Nitro Compounds, GCH;NO:

registry pKa pKa

G no. g*a (50% MeOH-H,0)? (MeySO)¢©
C(CHgy)3 34715-98-5 —0.30 11.66 + 0.07 18.13
CH(CHj3)2 625-74-1 —0.19 10.32 17.1 £ 0.3
(CHy)9CH; 627-05-4 —0.115 9.77 16.83
CH.CHj; 108-03-2 -0.10 9.93 17.01
CH; 79-24-3 0.0 9.58 16.72
(CHy)oPh 22818-69-5 0.08 9.79 16.36
¢-Pr 2625-33-4 0.01¢ 9.35 16.53
(CHy),0H 25182-84-7 0.20¢ 9.65 16.26
(CH)>COCHj 22020-87-7 0.21¢ 9.60 16.41
CH.Ph 6125-24-2 0.215 9.82 16.14
(CH3)2SPh 66291-17-6 0.24¢ 9.43 15.66
(CHyp)20Ph 66291-15-4 0.30¢ 9.49 15.76
CH=CH, 625-46-7 0.40¢ 6.29 11.25
CHPh, 5582-87-6 0.405 9.63 15.79
(CH2)2S0-Ph 66291-13-2 0.46¢ 9.28 15.33
(CH2)2CN 58763-41-0 0.46¢ 9.33 15.21
H 75-52-5 0.49 11.05 £ 0.04 17.20
(CH3)2NO, 6125-21-9 0.50 8.93 (10.29)¢ 14.74
CH,0H 625-48-9 0.555 10.34 16.30
Ph 622-42-4 0.60 7.87 12.20
COPh 614-21-1 1.7/ 5.59 7.7+0.2
SPh 60595-16-6 1.8¢ 7.3+0.1 11.93
CO.Et 626-35-7 2.0 6.79 9.25
Br 563-70-2 2.8¢ 8.7+02 12.5 £ 0.1
SO.Ph 21272-85-5 3.7¢ 5.69 7.2+£02

@ Reference 4. ? At 23 + 1 °C with nitroalkane concentrations of ~0.01 M; standard deviation £0.02, unless otherwise stated.
¢ Determined at 23 & 1 °C by the method described in ref 7; standard deviation £0.05, unless otherwise stated. ¢ From pK (c-PrCO.H)
= 1.49 X 1075 {G. Kortiim, W. Vogel, and K. Andrussow, Pure Appl. Chem., 1,180 (1960)] and p* = 1.72.1 ¢ Extrapolated from o*ch,c
using a falloff factor of 2.8.1 / Estimated from o,,(COPh) and o*coch, ! € Second ionization.

preceding paper in this series. It was concluded that the o*y
constant cannot be used and that, although o* constants may
represent intrinsic electron-donor properties of alkyl groups,
correlations are frequently obscured by other factors. In this
paper the question of the applicability of ¢*g, ¢*cu,c, and
o* cH,CH,G constants to the nitroalkane system, G(CHj),NOs,,
which differs appreciably in geometry from the G(CHs),CO2R
system from which these constants were derived, will be ex-
amined.

Results

The equilibrium acidity constants were determined po-
tentiometrically in 50% (v/v) methanol-water and by an in-
dicator method in anhydrous dimethyl! sulfoxide (Me,SO).
The constants in MeQOH--H,0 were corrected for both activity
coefficient and true hydrogen ion activity in the mixed
aqueous solvent,® but not for statistical corrections. Mea-
surements were made at ambient temperature, but since the
acidities of nitroalkanes vary only slightly with temperature,®
this introduces relatively little error. All nitro compounds gave
measurements stable with time during 0.5-12 h equilibration
save BrCHoNOy, PhSCH3NOg, and PhCOCHoNO,. These all
gave yellow solutions and drifting of pH within minutes of the
addition of base. The acidities in these cases were computed
from the potentiometric measurements after 1-2 min of
equilibration with base. This time was found to be sufficient
for equilibration of compounds of comparable acidity. For less
acidic compounds, the aliquots with differing partial neu-
tralizations gave widely varying calculated pK’s immediately
upon base addition; after 0.5-2 h equilibration, the values were
within 0.02 pK units. ‘

The equilibrium acidities in Me>SO were determined by the
method described previously.”8 All compounds behaved well
during measurements (£0.05 pK units for differing partial
neutralizations) save for those listed as having larger standard
deviations. For these, trends in the calculated pK’s were ob-

served; this usually indicates decomposition of the anion.
The data for equilibrium acidities in 50% (v/v) MeOH-H,0
and in MesSO are summarized in Table I.

Discussion

Taft Correlation. The pK’s of 3-substituted nitroalkanes,
GCH,;CH2CH,NOs, in 50% (v/v) MeOH-H50 are plotted
against ¢* cH,cH,a constants in Figure 1 (circles). A regression
analysis of the plot shows a reasonably good relationship, p*
= 1.18 £ 0.30 at the 95% confidence level (r = 0.956; R2 =
0.914). The smaller size of p* than that obtained for «-sub-
stituted acetic acids, GCHyCO:H (p* = 1.72), may, at first
sight, be surprising, since G is separated from the acidic proton
by the same number of atoms in each instance. Examination
of the structural formulas for the anions (1 and 2) shows,

—1/2

H 0~ G
+ i
/CHZ\ >C=N< \Cch;\\
G CH, 0" o

1 2

however, that in 1 the negative charge is delocalized to oxygen,
and is thereby removed two atoms further from G.

Judging from the original work of Taft,! and numerous
apparently successful extensions,® one might have anticipated
a better correlation. By separating G from the acidic site by
two methylene groups we have minimized steric effects. Also,
in plotting the data we have avoided using the original Taft
o*’s for the hydrogen and methyl points, since these were
derived from situations where these groups were attached to
an sp? carbon atom, rather than an sp? carbon atom.# (A value
of 0.0 was assumed for ¢*cy,cH,r When R = H, and a value of
—0.05 was assumed when R = Me.) The ¢* cy,cH,G constants
used were extrapolated from ¢*cy,¢ constants, assuming a
transmission coefficient (e) of 0.36,! but the size of ¢ chosen
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Figure 1. Taft plots of pK's in 50% (v/v) MeOH-H20 of GCH2CHyCHoNOg vs. 6% criycnc (@), GCHsCHaNO, vs. 0*cp,6 (4), and GCHoNO,
vs. o*c (W), (For o* crycnsr a value of 0 was assumed for R = H and a value of —0.05 was assumed for R = Me.)

should not affect the linearity of the plot as long as it has a
constant value. On the other hand, it is remarkable that the
data fit the line as well as they do when one considers that the
Taft equation fails to take into account the geometric rela-
tionships between G and the acidic site, which must differ for
the G(CH,), NO; system, relative to the G(CH,),CO3R sys-
tems from which the Taft constants were derived.? Inspection
of anion structures 1 and 2 shows that the relative geometric
relationships of G and the centroid of charge in the anion may
vary greatly, depending on the conformations of 1 and 2 to be
compared. Current theory indicates that these geometric re-
lationships are of prirmary importance. The variation of elec-
trostatic effects of this type with geometry appears to be best
approximated by the Kirkwood-Westheimer approach using
eq 2 and an elliptical cavity model.10

ApK = (u cos 8)/r2D (2)

According to eq 2 the change in acidity (ApK) on substi-
tution of G for a y-hydrogen atom in 1 will depend on: (a) the
dipole moment (u) of G; (b) the cosine of the angle (6) this
dipole makes with the acidic site; (¢) the inverse square of the
distance, r, between G and the acidic site; and (d) the recip-
rocal of the effective dielectric constant, D. The high degree
of significance in our Taft correlation, as revealed by the
statistical analysis of the data, shows that the geometric re-
lationships of varying substituents to the centroid of negative
charge must vary in such a way that cos 6/r2 is similar in 1 and
2 for each substituent, G. There are some reversals in the
relative effects of groups, however. For the G(CH3),CH:NO,
series we see from Table I that in MeoSO the acidifying effects
are in the order PhSO; > CN, PhS > PhO, CH3CO > HO, and
Me > H, whereas the reverse order for each of these pairs is
observed for GCH,;CO,H. These differences may be caused
by variations in the conformations of the two systems with
changes in the nature of G.

Conformational Effects. The importance of geometric
relationships in determining the effect of G on acidity in ni-
troalkanes, G(CHaz),, NOy, is brought out by comparing sub-
stituent effects in 2- and 3-substituted nitroalkanes

(GCH,CH3NO, vs. GCHyCHoCHoNOo). For the five sub-
stituents for which information is available (Ph, MeO, HO,
CO4Et, and CN) the acidities of the G(CH3)3NO, compounds
are equal to or greater than those of the G(CH3)2NO, com-
pounds despite the presence of one less methylene group in
the latter (Table II). For the compounds of about equal
acidity, i.e., those with G equal to Ph, CO3Et, or CN, this
means that the “methylene transmission coefficient” (¢) is
~1.0, rather than 0.36. For the GCH,;CHyNO, compounds
with lower acidities, i.e., when G is MeO or HO, ¢ would have
to be negative. These five points deviate markedly from the
Taft plot, of course (triangles in Figure 1; the CN and COzEt
points are off the scale of the plot). Evidently the geometric
relationship of G to the centroid of charge in the anion
GCH,CH=NO, relative to the anion GCH,;CH;CH=NO,~
is quite different from the comparable geometric relationship
in the GCH,CO9~ and GCH;CH,CO; ™ anions.!! Examination
of scalar models of the former shows that conformations are
available in which the orientation of the C—G dipole and the
distance, r, between G and the centroid of charge do not differ
greatly (3 and 4).

— H -
H 0 ! HH 0
N G é’ \\c N
G_C/C ’ \O_ \(‘/ ) \O‘
H/ \H H \H
3 4

The importance of geometry in determining the size of
substituent effects was considered by Taft in his original
analysis of polar effects. Taft showed that there was a close
correspondence between substituent effects in the acetic acids
(5) and the 4-substituted bicyclo[2.2.2]octanecarboxylic acids
(6), supporting his claim that ¢* constants have some gener-
ality. At the same time, this close correspondence points up
the danger inherent in using “methylene transmission”
coefficients. For example, the o1’s (o7 = 0.45 o*cn,c) deter-
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Table II. Comparison of pK’s of 8- and v-Substituted Nitroalkanes

registry pK

nitroalkane no. pK(H,0) (50% MeOH)“ a*
Ph(CH;)2NO, 8.78% 9.82 0.215
Ph(CH3)3;NO, 9.79 0.08
MeO(CHy)sNO, 35461-44-0 9.26¢ (10.2) 0.52
MeO(CHg)3NOg 42472-01-5 8.62¢ (9.6) 0.18
HO(CH2)sNO, 10.34 0.555
HO(CH3)3NO, 9.65 0.21
EtO;C(CH5)3NO, 3590-37-2 8.65¢ (9.6) 0.71
EtO,C(CHj3)3NO» 2832-16-8 (9.6)¢ 0.25
NC(CH;)3NO, 35461-45-1 8.31¢ (9.3) 1.3

@ Values in parentheses were calculated from pK (H30) using an equation, pK(50% MeOH) = (0.97 + 0.04)pK (H,0) + 1.19 £ 0.33,
which was derived for RCHoNO; with R = i-Pr, n-Pr, Et, Me, PhCH,, H, 0,NCH;CH,, HOCH,, and Ph (r = 0.995). ¢ S. Hiidma,
A.Pihl, and A. Talvik, Reakts. Sposobn. Org. Soedin., 3,62 (1965). ¢ A. Talvik, H. Timotheus, V. Loodmaa, V. Timotheus, T. Sarapan,
A.Laht, and V. Kggbi, Org. React. (USSR), 8,409 (1971). ¢ A. Talvik, V. Timotheus, and H. Timotheus, ibid., 4, 478 (1967). ¢ Inter-

polated by Taft equation with p* = 1.18.

mined for 5 and 6 are essentially identical (0.56 vs. 0.58),
whereas the oy calculated for 6, or its open-chain analogue (7),
using o1 for 5 and a “methylene transmission coefficient” of
0.36 is only 0.025 for 6 or 7.

CO.H O,H Il{
oo
G
5 G G G
6 7 8

The ability of groups in 6 to exert effects comparable to
groups in 5, despite the fact that in 6 G is separated from the
carboxyl group by three additional carbon atoms, is remark-
able. Apparently the bulky aliphatic moiety separating G from
CO3H in 6 markedly reduces the effective dielectric constant,
D, whereas in 5 (or 7) the presence of solvent molecules in the
molecular cavity leads to a much higher value for D. The fa-
vorable orientation of the C-G dipole in 6 is no doubt also a
contributing factor. Since these substituent effects have been
shown to be primarily field, and not bond-mediated inductive
effects, the number of bridges between the substituent and
the acidic site should not matter.10 A similar effect has been
observed in the 4-substituted quinuclidine system (8), where
substituent effects are transmitted more readily than in the
acetic acid system, despite the intervention of one additional
o bond between the substituent and the acidic site.!12

Solvent Effects. A plot of the pK’s in MesSO for nitroal-
kanes, GCHoCHyCH3NOy, vs. 0% cH,cH,e 8 linear (r = 0.96)
and shows about the same amount of scatter as was observed
in 50% (v/v) MeOH-H,0 (r = 0.96). Comparison of the plots
shows only a few minor changes in the positions of the points.
The phenyl group in Ph(CH3)3NOj; is relatively more acidi-
fying in the MesSO solvent, and this is true also for the phenyl
group in Ph(CH,),NOs. The apparent “methylene trans-
mission coefficient” is now slightly on the positive side, rather
than being negative as it is in MeOH-H,0; HO{CH,)3NO; is
still more acidic than HO(CH,)sNO; in the MeoSO solvent,
however. Hydrogen-bond effects are absent in MesSO, but H
bonding does not appear to make the PhO more acidifying
than PhS; the latter is more acidifying in both solvents.

Since the absolute acidities for most of the nitroalkanes
listed in Table I are about 6.5 pK units lower in Me SO than
in 50% (v/v) MeOH-H,0, it is clear that large solvent effects
are operative. The p* for the G(CHy)3NO; series is 3.4 in
MesSO vs. 1.2 in MeOH-H;0, corresponding to a greater than
three orders of magnitude sensitivity of the K,’s in MesSO to

substituent effects. Both this larger p* and the lower acidities
in MesSO are due largely to the absence of H bonding between
the oxygen atoms in the nitronate ion and the Me,SO solvent.
The strong H bonding of MeOH and H»0 to these negatively
charged oxygen atoms stabilizes the anion and decreases the
negative charge density on carbon in the CH=NO;~ function.
In MeySO the greater charge density on this carbon atom
greatly increases the sensitivity of the anion toward stabili-
zation by the substituents G. [A similar solvent effect is ob-
served in the GCH;NO; series, when G = Ph or CHo=CH (see
the preceding paper) and in comparing p’s in HyO and in
Me;SO for meta- and para-substituted phenols.]

Perhaps the most striking feature of the data is that, despite
large differences in the type and magnitude of the solvent
effects of Me2SO and MeOH-H;0, the relative effects with
varying substituents are remarkably similar. Note in par-
ticular that in each solvent the PhS substituent is slightly
more acidifying than the PhO substituent, although the o*
constants predict an appreciable difference in the opposite
direction. Similarity in relative substituent effects in Me,SO
and in protic solvents appears to be the general rule.13.14,15

a-Substituted Nitroalkanes. The points for « substituents
deviate widely from the line defined for G(CH,)3sNO, com-
pounds in either 50% (v/v) MeOH-H,0 (Figure 1) or in
Me,SO. This is expected since: (a) it is unlikely that Taft o*’s
derived for substituents attached to sp® carbon atoms can be
applied to these same substituents when attached to sp2 car-
bon atoms;# (b) steric effects are enhanced at the « position;
and (c) delocalization of the negative charge in the anion by
resonance is often possible. Deprotonation of nitroalkanes (or
other carbon acids) differs from that of carboxylic acids with
respect to a, b, and ¢, since the hybridization of carbon changes
during deprotonation.

G (O
AN g/
GCH,NO, == (= + H*
H/ \0_

When G is c-Pr, Me, Et, or i-Pr the nitroalkanes are ap-
preciably more acidic than when G is t-Bu or H (squares on
Figure 1). These alkyl and hydrogen effects have been dis-
cussed in a previous paper, as have the effects for G = Ph and
CH=CH,.13

The order of acidifying effects for the other substituents,
G, are, with a single exception, in the same order as for
methane carbon acids, i.e., PhCO > PhSO, > EtQ,C > PhS
> Ph (Table I). The differences in acidities in Me,SO for the
nitroalkanes, GCH,;NO,, are much smaller than for the
methane carbon acids, GCHj, as is brought out by comparing
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Table II1. Comparison of Acidifying Effects in Me2SO for
Nitroalkanes, GCH3;NO3, and Methane
Carbon Acids, GCH;

pK
pK ApK {GCHs- ApK
G (GCHg)e (GCHy) NO3)  (GCH:NO,)

H ~65° (0.0) 17.2 (0.0)
Ph ~44¢ ~21 12.2 5.0
PhS ~409 ~25 119 5.3
COEt ~31¢ ~34 9.2 8.0
PhSO, 29.0 ~36 7.2 10.0
PhCO 24.7 ~40 7.7 9.5

@ Reference 7 unless otherwise noted. ® Based on unpublished
data of D. Algrim. ¢ Reference 14. ¢ Estimate based on data in
ref 14, ¢ Based on unpublished data of H. Fried.

the ApK’s in Table 1II. The much smaller ApK’s for the
GCH,NO, acids than the GCHj acids are caused by the much
smaller concentration of charge on carbon in the GCH=NQO,~
anions (resonance saturation effect!%). Steric effects will play
a role in dictating the stabilizing effect in GCH=NO,™ anions,
and offer a possible explanation for the reversal of the PhSO,
and PhCO effects.

Summary

It is apparent from this study that the Taft relationship can
be applied in only a limited sense to systems of the type
G(CH,), X, where X is a reactive function or one that activates
the «-C-H bond, and G is a substituent. Taft o*cu,c (or o)
constants can be used only when n is kept constant; they are
not applicable in instances where G is attached to an sp2 car-
bon atom, and cannot be related quantitatively to o*¢ or
o* CH.CH,G constants by the use of “methylene transmission
coefficients”. The Taft o*y constant is not applicable and the
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small effects of alkyl groups are often strongly affected by
factors other than the inductive ¢*g effect. Finally, although
p*cHyc (or o7) constants give an approximate general measure
of polar effects, their size and sometimes even their relative
order changes as the geometry of the sytem is changed. This
last statement is strongly supported by the work of Grob and
Schlageter on the 4-substituted quinuclidine system.12

Experimental Section

Materials. The 50% methanol solvent was made by mixing equal
volumes of methanol (Fisher Certified, acetone free) and deionized
water. The 50% methanol-water lyate ion solutions were made by
diluting aqueous Anachemia Acculute 0.10 M NaOH solution with
an equal volume of methanol, followed by further dilution with pre-
pared 50% MeOH-H,0 solvent. The lyate ion concentration was
checked by titration against standard acid. The details of Me;SO
purification and measurement of acidity constants in that solvent
have been published elsewhere.” The pK,’s in 50% MeOH-H50 were
determined by the method of Bordwell, Boyle, and Yeel® save that
an activity coefficient correction of ~log ¥* = 0.045 and a true hy-
drogen ion activity correction® to the pH of —0.10 have been applied
to the reported data.

All of the nitro compounds reported here were purified by fractional
distillation to >99% purity, unless otherwise stated. Four of the ni-
troalkanes were obtained as gifts from Commercial Solvents Corp.:
nitromethane (99.99% pure by VPC) and nitroethane (99.92% by
VPC) were used as received, while 1-nitropropane and 1-nitrobutane
were distilled. Literature methods were followed for the syntheses
of 5-nitro-2-pentanone,!” 2-phenyl-1-nitroethane,!® 2-nitroethanol,1®
phenylnitromethane,2® 3-nitropropene,?! bromonitromethane,?2
benzoylnitromethane,?® and ethyl nitroacetate.2* Phenylnitromethane
was purified by column chromatography on silica gel with CCly as
eluent, followed by Kugelrohr evaporative distillation [70 °C (5 mm)].
Benzoylnitromethane was twice recrystallized from hexane. 2,2-
Diphenylnitroethane was a gift of C. J. M. Stirling.

3-Phenyl-1-nitropropane. Following the procedure of Korn-
blum,?® 3-phenyl-1-bromopropane (Aldrich) was stirred in DMF for
3 h with 1.5 equiv of sodium nitrite and 1.5 equiv of urea. The mixture
was poured into water and extracted with ether, followed by washings

Table IV. Physical Constants of Nitro Compounds, RCH;NO,

bp, °C bp, lit., °C
R (mm) n23p (mm) n20p, lit. ref NMR (CDCls), 8
CH3CH, 131-132 1.3996 130-131.5 1.3994 38
CH3CH. 50-51 (20) 1.4112 152-153 1.4024 39  0.7-2.2 (m, 7 H); 4.30 (t, 2 H)
CH,
(CH3):CH 65 (50) 1.4070 (21 °C) 71 (65) 1.4069 40 0.95(d, 6 H); 2.38 (m, 1 H); 4.17 (d, 2 H)
(CHj)3C 65 (45) 1.4132 (21 °C) 150-151 1.4099 (30 °C) 41 1.05(s,9H);4.20 (s, 2 H)
¢-Pr 80 (30) 1.4375 (21 °C) 71.5-73 (25) 1.4383 42 05(m,4H);1.4 (m,1H);4.20(d, 2 H)
Ph(CHs); 80-81 (0.3 1.5181 147-148 (11) 43 2.1-2.8 (m, 4 H);4.30 (t, 2 H);
6.9-7.5 (m, 5 H)
HO(CHy); 72-73(0.3) 1.4450 138-140 (32) 44 220 (s, 1 H); 2.23 (quintet, 2 H);
3.80 (t, 2 H); 4.52 (t, 2 H)
CH;C- 101-102 (4.5)  1.4420 117-120 (10) 1.4445 17  2.18 (s, 3 H); 2.0-2.6 (m, 4 H);
O(CHy)s 4.48 (t,2 H)
PhS(CH,)», 108-110 (0.1)  1.5695 2.21 (quintet, 2 H); 2.95 (t, 2 H); 4.47 (t, 2
H); 7.0-7.4 (m, 5 H)
PhO(CHs), 98-100 (0.3) 1.56220 171-177 (A7) 45  2.40 (quintet, 2 H); 4.01 (t, 2 H);
4.56 (t, 2 H); 6.7-7.4 (m, 5 H)
CN(CHy)e 173-74(0.1) 1.4502 160 (35) 29a 2.0-2.7 (m, 4 H);4.45 (1,2 H)
PhS- mp 45.0-45.5 2.40 (quintet, 2 H); 3.27 (t, 2 H);
02(CHs)s 4.57 (t,2 H); 7.4-8.0 (m, 5 H)
NO3(CHg), 87-88 (0.2) 1.4630 103 (1) 1.4638 28  2.65 (quintet, 2 H); 4.55 (1,4 H)
PhCH, 85-86 (0.3) 1.5243 73-74.5 (0.15) 1.5270 18 3.20(t,2 H); 4.48 (t, 2 H)
HOCH, 84-85 (3.5) 1.4428 94 (10) 20 2.55(s,1 H); 3.9-4.2 (m, 2 H);
4.35-4.60 (m, 2 H)
Ph 1.5314 1.5315 46 5.36(s,2H);7.36 (s, 5 H)
CH,=CH 53-54 (55) 1.4270 39-40 (20) 1.4260 21 5.0(d,2H);5.3-5.5(m, 2 H); 6.1 {m, 1 H)
Br 68-70 (42) 1.4820 70-72 (45) 22 B5.72(s)
PhCO mp 105-105.5 mp 105.5 23  5.95(s, 2 H); 7.5-8.0 (m, 5 H)
PhS 1.5785 5.38 (s, 2 H); 7.1-7.5 (m, 5 H)
PhSO, mp 76--77 mp 69-72 47  6.65 (s, 2 H); 7.7-8.2 (m, 5 H)
EtO,C 79-80 (5) 94 (11) 1.4243 48 1.63 (t, 3 H); 4.40 (quartet, 2 H);

5.13 (s, 2 H)
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with sodium bisulfite solution and with brine. Drying and removal
of solvent gave a 60% yield (by NMR) of crude material. Two frac-
tionations gave >99% pure material.

3-Phenoxy-1-nitropropane. As with the 3-phenyl compound,
3-phenoxy-1-bromopropane (Aldrich) was converted to crude nitro
compound in 55% yield and fractionated twice.

3-Thiophenoxy-1-nitropropane. Sodium iodide (1.2 equiv) was
refluxed in acetone for 24 h with 3-thiophenoxy-1-chloropropane.
Workup identical with that for the 3-phenyl-1-nitropropane reaction
gave a 75% yield of crude iodo sulfide. As with the 3-phenyl compound,
this was converted to the nitro sulfide in 18% crude overall yield from
the chloro sulfide. The dry sodium nitronate salt?¢ was prepared and
recrystallized from absolute ethanol containing a trace of water.
Reprotonation with hydroxylamine hydrochloride,?’ followed by
vacuum distillation, gave material >99% pure.

Anal. Caled for CoH;{NO3S: C, 54.80; H, 5.62. Found: C, 54.95; H,
5.72.

1,3-Dinitropropane and 3-Nitro-1-propanol. As in the 3-thio-
phenoxy-1-nitropropane synthesis, 1-bromo-3-chloropropane was
diiodinated with 2.2 equiv of sodium iodide. The crude diiodopropane
was treated with silver nitrite following the method of Kispersky,28
save that after removal of the silver salts, 1 equiv of methanol was
added to hydrolyze the nitrite esters. Removal of solvent after 24 h
and distillation at 1 mm gave crude yields of 28% 3-nitro-1-propanol
(from hydrolysis of the nitronitrite compound), bp 80-85 °C, and 47%
1,3-dinitropropane, bp 100-116 °C.

4-Nitrobutyronitrile. Iodination of 4-chlorobutyronitrile with
1.2 equiv of sodium iodide, as for the 3-thiophenoxy compound, fol-
lowed by reaction of the crude iodo compound with silver nitrite,2®
gave a 42% yield of crude product.

3-Phenylsulfonyl-1-nitropropane. The nitro sulfide (1.1 g, 5.8
mmol) and 20 mL (20 mmol) of 30% HyO, were stirred for 2 h in 60
mL of glacial acetic acid at 23 °C, and for 1 h on the steam bath. It was
poured into 200 mL of Ho0O and extracted with ether, and the com-
bined extracts were washed with NaHCO3 solution and with brine
solution. Drying and removal of solvent under reduced pressure,
followed by two recrystallizations from ether, gave white prisms, mp
45.0-45.5 °C, in 42% yield.

Anal. Caled for CgH 1 NQS; C, 47.15; H, 4.84. Found: C, 47.22; H,
4,78,

2-Methyl-1-nitropropane. The oxime of isobutyraldehyde
{Chemical SAMPLES Co.) was prepared by the method of Pearson
and Bruton,?? save that a 24-h reflux was employed. The oxime was
oxidized by trifluoroperacetic acid?® employing a 24-h reflux to obtain
42% crude yield.

2,2-Dimethyl-1-nitropropane. As for 2-methyl-1-nitropropane,
pivaldehyde (Chemical Samples Co.) was converted to its oxime, and
oxidized to the nitro compound in 69% yield for the oxidation step.

Cyclopropylnitromethane. Cyclopropy! cyanide (Aldrich) was
reduced to cyclopropylcarboxaldehyde with LiAIH,.3! The oxime was
prepared by the method of Roberts and Chambers32 and oxidized as
for 2-methyl-1-nitropropane, save that refluxing was continued for
only 5 h. A 6% overall crude yield was achieved.

Phenylthionitromethane. To 21 mL (0.21 mol) of benzenethiol
in 100 mL of pentane at 0 °C was added dropwise with stirring 18 mL
(0.24 mol) of sulfuryl chloride over 1 h. The red mixture was stirred
1 h more at 23 °C, then solvent and excess SO,Cl, were removed under
reduced pressure. Distillation gave 24 g (80% yield) of benzenesulfenyl
chloride as a red liquid, bp 66 °C (4 mm) {1it.33 73-75 °C (9 mm)]. This
was converted to phenyl benzenethiosulfinate by the addition of 1.25
equiv of sodium benzenesulfinate in small portions over 15 min to the
sulfenyl chloride in CCly at 0 °C, followed by 1 h at 23 °C. Filtration
and removal of solvent under reduced pressure gave a viscous oil,
which upon crystallization from hexane gave a 74% yield of white
crystals, mp 35-37 °C [lit.3¢ mp 44-46 °C]. Conversion to 4-(phenyl-
thio)morpholine®® was accomplished in 72% yield, mp 29-33 °C [lit.35
33-36 °CJ.

Following the general procedure of Mukaiyama,3¢ in 50 mL of
CH,Cl; were stirred 3.9 g (38 mmol) of ethyl nitroacetate and 6.5 g
(38 mmol) of 4-(phenylthio)morpholine for 3 h. Removal of solvent
under reduced pressure gave a tan salt, which was heated for 45 min
on the steam bath in 125 mL of 40% ethanol-water solution, 1 M in
KOH. The ethanol was removed under reduced pressure, and the
solution was neutralized to pH 7 with 30 mL of 10% HCl solution. To
this at 0 °C was added 10 g (0.14 mol) of hydroxylamine hydrochloride
in 20 mL of water over 15 min. Ether extraction afforded on workup
5 mL of yellow oil, which was 92% product and 8% diphenyl disulfide
by NMR and VPC. Column chromatography on 50 g of silica gel,
eluting with CCly, gave material >99% pure in the fourth column
volume of eluent.

Bordwell and Bartmess

Anal. Caled for CH;NO,S: C, 49.69; H, 4.17. Found: C, 49.64; H,
4.23.

All attempts at direct benzenesulfenation of nitromethane or ni-
troethane with Mukaiyama’s reagents3® were unsuccessful.

Phenylsulfonylnitromethane. Acetic acid (10 mL) containing
1.0 g (5.9 mmol) of phenylthionitriomethane and 5 mL (50 mmol) of
30% Hy0, was refluxed 1 h. Removal of solvent under reduced pres-
sure followed by crystallization from ethanol-water gave 0.3 g of
crystals (25% yield). Recrystallization from hexane gave white needles,
mp 78.0-78.5 °C.

Anal. Caled for C;H,NO4S: C, 41.79; H, 3.51. Found: C, 41.66; H,
3.49.

Truce® reports this as the product of nitration of phenyl methyl
sulfone with amyl nitrate and potassium amide in ammonia: mp
150-150.5 °C. Of his two literature references for mp 151 °C, neither
reports this compound, but rather p-tolylsulfonylnitromethane, mp
115 °C.
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Rates of deprotonation for 20 nitroalkanes, G(CHs), NOg, where n is 1, 2, or 3, catalyzed by lyate ion or by pyri-
dine were measured in 50% (v/v) MeOH-H10. The rates were correlated reasonably well by the Taft relationship,
but this is believed to be fortuitous for n = 1 or 2. A Brégnsted plot for lyate rates vs. equilibrium acidities for n =
3 gave a slope of 1.67 and for pyridine rates gave a slope of 1.89. Rates of deprotonation by lyate ion of seven secon-
dary nitroalkanes, RR'CHNOs, with R or R’ = Me, Et, Pr, i-Pr, or ¢-Pr, were measured in 50% (v/v) MeOH-H-0.
Changes in R (or R’) caused larger effects in kinetic acidities than in equilibrium acidities; these effects were fre-
quently in inverse directions. A three-step mechanism involving a singly H-bonded anion intermediate or a virtual
intermediate is postulated to account for the large ku/kp isotope effects and “anomalous™ Brgnsted coefficients
observed for the deprotonation of nitroalkanes in protic solvents. Six examples are given from kinetic and equilibri-
um acidity data where the order of polar effects is PhS > PhO, which is opposite to the order of Taft o1 constants.

Although there is a wealth of information concerning
rates of deprotonation of simple nitroalkanes with varied bases
(HO~, AcO~, pyridine, etc.),> relatively little information
concerning the effect of introducing heteroatom substituents
into the alkyl groups is available. We now present data for
rates of deprotonation of nitroalkanes, G{CHs),, NOs, where
G is a heteroatom substituent and where n = 1, 2, or 3, with
lyate ion in 50% (v/v) MeOH-H>0 and with pyridine in 50%
(v/v) MeOH-H,0. These results, together with those on the
effect of alkyl substitution into nitromethane, are then com-
pared with the equilibrium acidity datab for these compounds
in the same solvent.

Results

Rates of deprotonation by lyate ion in 50% (v/v) metha-
nol-water at 15 °C of 20 nitroalkanes of the type G(CHs),-
NO,, where n is 1, 2, or 3 and G is hydrogen, methyl, or a
functional group, were measured by observance under
pseudo-first-order conditions of the appearance of nitronate
ion absorbance at 225-240 nm. Excellent kinetics were ob-
tained in most instances with correlation coefficients of >0.999
for each run (Table I). The behavior of 3-chloro-1-nitropro-
pane was exceptional in that the infinity absorbance slowly
decreased with time, probably due to cyclization to form is-
oxazoline oxide. Lyate rates were also measured for a number
of secondary nitroalkanes, RR‘CHNOs. The data are sum-
marized in Table III.

A Taft plot (Figure 1) constructed from the lyate rates for
3-substituted-1-nitropropanes, G(CH32)3NOg, vs. 0* cH,cHsGs
with G = H, Ph, OH, SPh, COCH3, OPh, Cl, SOsPh, and CN,
gave p* = 2.09 £ 0.17 (r = 0.975; R2 = 0.950; SD = +0.39 at
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95% confidence level). Points for GCH;CHyNO, and
GCH3NO; compounds vs. o*cn,c and o*g, respectively, are
also included in Figure 1, but were not used in the least-
squares plot to determine p*.

The rates of deprotonation of the G(CHs),, NOs compounds
with pyridine base in 50% MeOH-H50 were determined by
a buffer dilution method, using triiodide ion as a scavenger
for the nitronate ion®e (Table I). The zero-order disappearance
of triiodide is the actual kinetic variable. Iodination of the
nitroalkanes does not go to completion,fb but is extensive
enough to allow successful measurement of rate constants. For
3-substituted-1-nitropropanes, GCH,CH,CH3sNO,, with G
= H, Ph, OH, OPh, SO.Ph, and CN, a Taft plot gave p* = 2.27
+ 0.26 (r = 0.957; R2 = 0.916; SD = +0.62 at 92% confidence
level). Points for 1,3-dinitropropane and 5-nitro-2-pentanone
were not included because of complications due to side reac-
tions. The distribution of the other points (Table I) along the
line was similar to that shown in Figure 1.

A Brgnsted plot (Figure 2) for lyate ion deprotonation in
50% MeOH-H-0 (at 15 °C) vs. equilibrium acidities in 50%
MeOH-H50 (at 25 °C) for GCH,CH;CH5NOs compounds,
with G = H, Ph, OH, COCHjz, OPh, SPh, SO,Ph, and CN, gave
a =167 £ 0.19 (r = 0.957). Since the temperature dependence
for pK’s for nitroalkanes is known to be small,” and should be
similar for a series such as G(CH3)3NO,, the fact that the ki-
netic and equilibrium measurements were made at tempera-
tures 10 °C apart should not affect o appreciably. The
Brgnsted a for a plot of pyridine deprotonation rates in 50%
MeOH-H,0 (at 25 °C) vs. pK’s in 50% MeOH-H0 (at 25 °C)
was 1.89 £ 0.19 (r = 0.965).

The correlations of the (calculated) rates of protonation of
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