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The results of systematic intermolecular competition between monosubstituted benzenes with strong activating sub-
stituents for a triphenylmethyl carbonium ion imply the sequence —N(CHj), > —NHCH; > —NH. > —OH in directive

power.

This work continues the investigation of aromatic
electrophilic substitution through ftritylation re-
actions.’~% The reagent used for the intermolec-
ular competition of the monosubstituted benzenes
was triphenylmethyl perchlorate, a true “carbon-
ium salt.” Reaction conditions were similar to
those recently reported,*-5 and the comparative
results may be observed in Table I.

product. The formation of triphenylmethane was
favored by an increase in temperature and the
reasons for its formation require a more detailed
study.

The results of several publications covering sub-
stituent effects in aromatic systems are comparable
although the experimental methods are very dif-
ferent. According to theoretical viewpoints, the

TaBLE I
COMPETITION WITH TRIPHENYLMETHYL PERCHLORATE

Separation by Chromatography

Yield (%)
Position taken by (CeHs)sC%—

4(N(CHas): 4(NHCHs
Compounds Temp. = 1) = 1) 4(NH: = 1) 4(0H = 1) (CsHs)3CH

N,N'-Dimethylaniline and 90-100° 32.8 27.4 22.5
N-methylaniline 140~145° 29.5 27 .4 24.2
Reflux 2.8 77.5
N,N’-Dimethylaniline and 90-100° 54.5 20.8
aniline 140-145° 54.5 24.2
Reflux 79.2
N-Methylaniline and - 90-100° 62.8 16.7
aniline 140-145° 62.2 23.3
Reflux 85.0
N,N’-Dimethylaniline and 90-100° 50.5 e 22.5
phenol 140-145° 34.0 1.2 37.5
Reflux 1.1 89.2
N-Methylaniline and 90-100° 70.3 15.0
phenol 140-145° 45.6 35.0
Reflux 87.5

Aniline and phenol 90-100° 88.0°

140-145° 81.0°
Reflux 83.0° . e

¢ Products were identified by mixed melting point. ? Data taken from M. L. Cortés and G. Chuchani, J. Org. Chem.,

27, 125 (1962).

These systematic results are of qualitative signi-
ficance only, and apparently indicate that the
sequence in directive influence among these strong
groups is as follows:

—XN(CH,)» > —NHCH; > —NH, > —0H

With the exception of one case, all competition
reactions also gave triphenylmethane as a by-

(1) This work was presented in part at the XI Annual Convention
of the Venezuelan Association for the Advancement of Science,
Caracas, April 1961,

(2) To whom inquiries should be addressed.

(3) C. A. MacKenzie and G. Chuchani, J. Org. Chem., 20, 336
(1955).

(4) (a) G. Chuchani, J. Chem. Soc., 1753 (1959);
Soc., 325 (1960); (¢) J. Chem. Soc., 575 (1961).

(5) M, L. Cortés and G. Chuchani, J. Org. Chem., 27, 125 (1962).

(b) J. Chem.

replacement of the hydrogen atoms of amines by
alkyl groups increases their basic strength, if
steric factors are not significant.® This view ex-
tends to the aromatic amines as well, since the alkyl
groups cause a relative increase in the induction of
electrons towards the ring. The basic strength
of aniline derivatives has been studied by a number
of authors.”~12 The reinforcement in the basicity

(6) M. 8. Newman, ‘‘Steric Effects in Organie Chemistry,” John
Wiley and Sons, New York, 1956, p. 456.

(7) A. V. Willi, Helv. Chim. Acta, 40, 2032 (1937).

(8) R. P. Bell and J. W. Bayles, J. Chem. Soc., 1518 (1952).

(9) G. Baddeley, J. Chadwick, and H., T. Taylor, J. Chem. Soc.,
2405 (1954).

(10) G. Vexlearschi and P, Rumpi, Compt. rend., 329, 1152 (1949},

(11) ““Handbook of Chemistry and Physics,” Chemical Rubber
Publishing Co., Clevgland, Ohio, 1958, p. 1742,
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due to alkyl groups will hold, as in this case, pro-
vided the predominant factor resides in electronic
effects and not in sterie effects.

Dipole moment values'®*—% were reviewed for the
different monosubstituted benzenes under study,
and the semiquantitative measurements do not
reveal a correlation with the orientation problem,
or at least do not seem to be conclusive in this
respect.

The NMR data of the —NH,, —NHCH;, and
-~N(CHj3;); substituents!® show that these have
large negative (downfield) shifts for all ring protons,
which is a good indication of their directive power.
Yet, their relative differences in electron densities
in the activated aromatic nucleus are not determi-
nant enough as to establish a definite sequence.
However, the cited NMR evidence substantiates
the generalization N>O in orientational control.

The rate constants and o-values deduced from a
study of nucleophilic displacement in the benzene
series!” suggest a different order of activation for
the substituents. However, subsequent work in-
cludes values of certain relative rate constants?!s
and Hammett o-values based on ionization of
substituted benzoic acids'® (—N(CHj;). —0.83;
—NHCH; —0.84; —NH; —0.66; —OH —0.37)
and these agree partly with the order of activation
obtained in this work.

The electronic distribution in the benzene deriva-
tives,?® deduced from the reactivity parameters
reflects the sequence —N(CHj), > —NH, > —OH.
The parameters represent a set of values obtained
from the relative net charge releasing effect and
from Hammett o-values.

Several spectroscopic studies?'=?® correlate the
relative change in electron distribution in the
benzene molecules dependent on the substituent
present, and at least do show that —NH, > —OH
in electron releasing power.

The literature gives a number of references?t—3

(12) M. M. Fickling, A. Fischer, B. R. Mann, J. Packer, and
J. Vaughan, J. Am. Chem. Soc., 81, 4226 (1959).

(13) I. Fischer, Aeta Chem. Scand., 4, 1197 (1950).

(14) A, V. Few and J. W. Smith, J. Chem. Soc., 753 (1949).

(15) J, W, Smith, J. Chem. Soc., 81 (1961),

(16) P. L. Corio and B. P. Dailey, J. Am. Chem. Soc., T8, 3043
(1956).

(17) E. Berliner and L. C. Monack, J. 4m. Chem. Soc., T4, 1574
(1952).

(18) P. W, Robertson, P. B. D. De La Mare, and B. E. Swedlund,
J. Chem. Soc., 782 (1933).

(19) D. H. MecDaniel and H. C. Brown, J. Org. Chem., 23, 420
(1958).

(20) R. W. Taft, Jr., J. Phys. Chem., 64, 1805 (1960).

(21) J. E. Bloor and D. B. Copley, Chem. & Ind. (London), 526
(1960).
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Bavin, J. Phys. Chem., 64, 1941 (1960).

(23) T. L. Brown, J. Phys. Chem., 64, 1798 (1960).
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J. Am. Chem. Soc., 54, 2398 (1932).
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which indicate that molecular association takes
place for systems of an aniline and phenol, while
there are a few others?? 3 38 indicating that no such
combinations occur. There may be a certain degree
of molecular association or hydrogen bonding, but
not strong enough to affect the activating power of
each group. The authors are inclined to believe
that no actual proton transfer is involved, since it
would result in the formation of phenolate and
anilinium ions, of which the latter deactivate the
ring, and would allow the former to control the
orientation in the aromatic nucleus. Such a phe-
nomenon implies a sequence different from the one
given above. The feasibility of a solvent effect due
to the phenolic proton was questioned in a previous
publication.® In a number of experimental re-
actions described below, two anilines were com-
peted for the trityl reagent; the absence of the
phenolic proton in these cases eliminated the possi-
bility of its participation in the dissociation of the
trityl reagent. Moreover, it leads us to support
the view? that the polarity of the media may favor
the dissociation of the “carbonium salt.”

Experimental?®

Triphenylmethyl Perchlorate.—The compound was pre-
pared as deseribed by Dauben, Honnen, and Harmon.®

I. Competition of N,N-Dimethylaniline and V-Methyl-
aniline, Method A.—N,VN’-Dimethylaniline (0.05 mole),
N-methylaniline (0.05 mole), and triphenylmethyl perchlo-
rate (0.005 mole) were heated at 90-100°. In this case as
well ag all the following ones, the reaction time was 4 hr.
and during this time the reaction was protected from light
The reaction mixture was diluted with water and conced.
hydrochlorie acid added until no further precipitate formed.
The solid was filtered off and washed until the filtrate gave
no acid reaction. The crude product was dried, dissolved in
a small amount of chloroform, and the compounds separated
by column chromatography. The columns were packed with
actd alumina (50 g. Woelm, grade 1) and eluted with a mix-
ture of benzene—chloroform (2:1 by volume). In most cases
this mixture eluted all the tritylated reaction products as
well as the triphenyvlmethane, while further elution with
chloroform and finally acetone removed small amounts of
unidentified oily material. Tritylated products were erys-
tallized from petroleum ether and the triphenylmethane
washed with methanol. This procedure was followed
throughout the experiments, and each compound obtained
was checked by mixed melting point with the corresponding
authentic sample. .

(29) P. Laurent, Ann. Chem., 10, 387 (1938).

(30) V. V. Udovenko, 4kad. Nauk 8.S.S.R., 2, 89 (1944); cited in
Chem. Abstr,, 40, 3334 (1948).

(31) V. V. Udovenko and A. P. Toropov, J. Gen. Chem. U.8.8.R.,
10, 11 (1940).

(32) N. G. Yaroslavskii, J. Phys. Chem. (U.8.8.R.), 22, 265 (1948).

(33) N. A, Pushin, P. Matavulj, and I. I. Rikovski, Bull. soc. chim.
Belgrade, 18, 38 (1948).

(34) B. Zajaczkowska, Acta Polon. Pharm., 18, 219 (1957).

(35) B. Zajaczkowska, Acta Polon. Pharm., 17, 1981 (1960).

(36) A. Halleux, Bull, soc. chim. Belges, 68, 381 (1959).

(37) B. Puri. R. Chand Sahney, M. Singh, and 8. Singh, J. Indian
Chem. Soc., 24, 409 (1947).

(38) L. G. Melkonyan and B. B. Kudryavtsev,
Ul'traakustiks k Issledovan. Veshchestva, 2, 35 (1953).

(39) Melting points were taken on a Fisher-Johns block and are
uncorrected.

(40) J. Dauben, Jr.,, L. R. Honnen, and K. M. Harmon, J. Org.
Chem., 28, 1442 (1960).
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The mixture of benzene—chloroform eluted: triphenyl-
methane, m.p. 92-93°, unchanged on admixture with an
authentic sample?; p-trityl-N,N-dimethylaniline, m.p. 210-
211°, not depressed with an authentic sample? and p-trityl-
N-methylaniline, m.p. 211-212°, unchanged with the pure
compound.® Yields were: p-trityl-N,N’-dimethylaniline,
32.8%,; p-trityl-N-methylaniline, 27.4%,; and triphenyl-
methane, 22.5%,.

Method B.—With the same procedure as in A, but when
heated at 140-145° the yields were: p-trityl-N,N'-di-
methylaniline, 29.5%,; p-trityl-N-methylaniline, 27.49%;
and triphenylmethane, 24.29,.

Method C.—As in A, but when refluxed under nitrogen,
the yields were: p-trityl-N,N’-dimethylaniline, 2.8%, and
triphenylmethane, 77.59.

II. Competition of N,N’-Dimethylaniline and Aniline.
Method A.—N,N’-Dimethylaniline (0.05 mole), aniline
(0.05 mole), and triphenylmethyl perchlorate (0.005 mole)
were heated at 90-100°. The reaction mixture was treated
in the same way as in (IA) and the crude product passed
through a column of alumina with the benzene-chloroform
mixture as indicated. The separation gave: p-trityl-N,N'-
dimethylaniline, 54.5%; and triphenylmethane, 20.8%.

Method B.—As in A, but when heated at 140-145°, the
yields were: p-trityl-N,N’-dimethylaniline, 54.5%; and
triphenylmethane, 24.29,.

Method C.—As in A, but refluxed under nitrogen. The
first fraction eluted all the triphenylmethane reported and
there were no other products, except a small amount of oily
material removed by the acetone. The yield was: tri-
phenylmethane, 79.2%.

III. Competition of N-Methylaniline and Aniline.
Method A.—N-Methylaniline (0.05 mole), aniline (0.05
mole), and triphenylmethyl perchlorate (0.005 mole) were
heated at 90-100°. Following the general procedure de-
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scribed in (IA) the products separated and identified were:
p-trityl-N-methylaniline, 62.8%; and triphenylmethane,
16.7%.

Method B.—As in A, but at 140-145°.
p-trityl-N¥-methylaniline, 62.2%,
23.39%,

Method C.—As in A, but refluxed under nitrogen.
vield was: triphenylmethane, 85.0%.

IV. Competition of N,N'-Dimethylaniline and Phenol.
Method A.—N,N'-dimethylaniline (0.05 mole), phenol (0.05
mole), and triphenylmethyl perchlorate (0.005 mole) were
heated at 90-100°. Following the procedure already de-
scribed (IA), the resulting products were identified as indi~
cated and the yields were: p-trityl-N,N’-dimethylaniline,
50.5%; and triphenylmethane, 22.5%,.

Method B.—As in A, but at 140-145°, The chloroform
fraction eluted in this case some p-trityl phenol, identified
by mixed melting point with an authentic sample of p-trityl-

The yields were:
and triphenylmethane,

The

phenol.® The yields were: p-trityl-N,N’-dimethylaniline,
34.0%; p-tritylphenol, 1.29,; and triphenylmethane,
37.5%.

Method C.—As in A, but refluxed under nitrogen. Yields
were: p-trityl-N,N'-dimethylaniline, 1.19%, and triphenyl-
methane, 89.29,.

V. Competition of N-Methylaniline and Phenol.
Method A.—N-Methylaniline (0.05 mole), phenol (0.05
mole), and triphenylmethy! perchlorate (0.005) were heated
at 90-100°. The chromatographie procedure described in
(TA) gave: p-trityl-N-methylaniline, 70.3%; and triphenyl-
methane, 15.09%,.

Method B.—As in A, but at 140-145°. The yields were:
p-trityl-N-methylaniline, 45.6%; and triphenylmethane,
35.0%.

Method C.—As in A, but refluxed under nitrogen. The
yield was: triphenylmethane, 87.5%.

Reactions of 2H,3H-Thieno[3,2-b]pyrrol-3-one.

IV.i2

Benzylation
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The heterocyclic ketone 2H,3H-thieno[3,2-b Jpyrrol-3-one (1) reacts with benzyl chloride in the presence of sodium hydride
to give the tribenzyl derivative Vd, in which nitrogen and carbon, but not oxygen, have been alkylated. Similar treatment
of either the N-benzyl derivative (VIII) or the C-benzyl derivative (VII), prepared by other means, yields the same tri-
benzyl ketone Vd. Hydrogen peroxide in acetic acid attacks the sulfur atom of the tribenzyl ketone Vd, producing the di-
oxide. Preparations of the dioxides by similar oxidation of the parent ketone (I) and its benzylidene derivative (VI) also

are described.

Past investigations in this laboratory have been
concerned with the synthesis of substitution
products of 2H,3H-thieno(3,2-b]pyrrol-3-one (I)*5
such as carbethoxy,® acetyl,” formyl-,"® and aryli-

(1) For the preceding paper, see R, J. Tuite and H. R. Snyder,
J. Am. Chem. Soc., 82, 4364 (1960).

(2) This investigation was supported by a grant [C3969-Bio] from
the National Cancer Institute, Pubiic Health Service.

(3) Postdoctoral Research Associate.

(4) D. 8. Matteson and H. R. Snyder, J. Am. Chem. Soc., 79, 3610
(1957).

(5) D. 8. Matteson and H. R. Snyder, J. Org. Chem., 223, 1500
(1957).

(8) W, Carpenter and H. R, Snyder, J. Am. Chem. Soc., 82, 2592
(1960).

(7 R. J. Tuite, A D. Josey, and H. R. Snyder, ibid., 82, 4360
(1960).

(8) J. Witt, thesis, Doctor of Philosophy, University of Illinois,
1961.

dene! derivatives. In continuation of this program
we have now studied the benzylation of this unique
ketone.
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It is known that the comparable system present
in 3-thianaphthenone (III), under appropriate
conditions, yields derivatives of both the keto and



