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A comprehensive series of triphenylmethane dyes has
been prepared from 4-diethylamino-4'-
dimethylaminobenzophenone and the various electronic
absorption spectra have been determined. The
wavelength shifts observed are generally intermediate
between those shown by analogous derivatives of
Malachite Green and Brilliant Green, in accordance with
the electronic symmetry of these structurally
unsymmetrical dyes. A useful general route to
unsymmetrically substituted diaryl ketones has been
developed which involves the formation, and subsequent
oxidation, of the corresponding hydrol by the reaction
between an aryl-lithium derivative and a substituted
benzaldehyde.

INTRODUCTION

The steric and electronic effects of substituents in the
phenyl ring of Malachite Green (C.l. Basic Green 4) [1-6]
and Brilliant Green {C.I. Basic Green 1)[7] have been
examined previously. Although the present dyes were
synthesised primarily to examine their pharmacological
properties [8], it is of interest to compare the spectral prop-
erties of these dyes {I; R'=Me, R2=Et) with those of the
corresponding symmetrical dyes, Malachite Green (I:
R'=R?=Me) and Brilliant Green (I; R'=R?=Et).

EXPERIMENTAL

The key intermediate required for the synthesis of the un-
symmetrical dye bases (I} is 4-diethylamino-4'-dimethyi-
aminobenzophenone. The development of a suitable route
to this unsymmetrical ketone proved to be difficult. Of the
numerous possibilities, the most efficient method appeared
to be a Friedel-Crafts reaction between 4-dimethylamino-
benzoyl chloride and NV, N-diethylaniline [9], but only a very
low yield was obtained. Attempts to prepare the ketone by
lithiation of 4-bromo-N,N-dimethylaniline [10] followed by

reaction with 4-diethylaminobenzonitrile [11], or by the
equivalent sequence starting with 4-bromo-N, N-diethyi-
aniline, again gave a low yield of product. Interaction of 4-
dimethylaminophenyl-lithium and 4-diethylaminobenzoic
acid {12] gave a complex mixture of products. However, the
reaction between 4-diethylaminophenyl-lithium and 4-
dimethylaminobenzaldehyde gave a good yield (82%) of 4-
diethylamino-4'-dimethylaminodiphenylmethanol. Chlor-
anil oxidation of the hydrol afforded the desired ketone in
reasonable yield (68%), albeit as a gum; prolonged tritura-
tion in light petroleum (b.p. 60-80°C) produced a solid,

m.p. 89—-91°C.
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The dye bases (ll} were obtained by interaction of the
appropriate  aryl-lithium compound with 4-diethyl-
amino-4'-dimethylaminobenzophenone. The required
organolithium derivatives were prepared from the corres-
ponding bromo compounds by reaction with butyl-lithium:;
atypical procedure is described below. This general proce-
dure permitted selective transmetaliation in the case of
dibromo-, bromochloro- and bromofluoro-benzenes.
Analytically pure and essentially colourless dye bases were
isolated from the reaction products by trituration or wash-
ing with light petroleum (b.p. 60—80°C). Physical and analyt-
ical data are given in Table 1. In certain casss the dye bases
failed to crystallise and were therefore converted into the
corresponding dye perchlorates by treatment with acetic
acid followed by reaction with sodium perchlorate. The
perchlorates were purified by fractional precipitation from
an acetone solution by the addition of ether. Details are
given in Table 2.

Absorption spectra were measured with a Unicam SP800
recording spectrophotometer for solutions of the dye bases
in 98% acetic acid under which condition the bases were
quantitatively converted into the corresponding dyes; A,
and €., values were checked with a Unicam SP8150
spectrophotometer. Spectral data are given in Table 3,

4-Diethylamino-4'-dimethylaminobenzophenone

Butyl-lithium (7.2 ml; 1.4 mol/| solution in hexane) in dry
ether {40 ml) was added slowly (via syringe) over 10 min at
room temperature under an atmosphrere of nitrogen to a
stirred selution of 4-bromo-N,N-diethylaniline (2.28 g} in
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TABLE 1

Physical and Analytical Data for Some Dye Bases (Il;
R'=Me, R2=Et)

Found (%) (required)

Reaction
time Yield M.p.
R {min) (%} {(°C} c H N Other
H 25 87 89 801 80 74
(80.2 80 7.5
2-Me 15 79 104 802 84 75
(80.4 83 7.2)
3-Me 20 47 92 80.1 83 7.3
4-Me 40 89 148 802 84 70
2,5-Me, 20 88 136 807 83 7.0
(806 85 7.0)
2-Et 15 28 77 80.7 87 66
4-Et 15 90 113 80.8 86 638
4-CMe, 10 23 130 808 87 6.7
(81.0 88 6.5)
4-CH, 5 90 138 827 7.7 6.2
(827 7.6 8.2)
2-OMe 10 82 83 7765 82 71
(773 7.9 7.0
3-OMe 20 18 103 771 82 7.2
4-OMe 15 82 112 773 76 8.7
4-0Et 20 50 104 777 82 7.0
(776 82 6.7)
4-SMe 10 61 145 743 75 686 7.7
{743 76 6.7 7.6}
2-CF, 10 72 118 704 66 64 128
(706 66 64 12.9)
3-CF, 15 67 113 707 67 66 131
4-CF, 20 88 152 706 6.7 64 12.8
3-Cl 10 79 103 734 7.0 68 9.0
{735 71 69 8.7)
4-Cl 15 63 150 731 7.3 68 9.0
4-Br 20 78 171 66.1 64 62 175
{66.2 6.4 6.2 17.7)

ether {20 ml}. After 15 min the mixture was heated under
reflux for 1 h. A solution of 4-dimethylaminobenzaldehyde
(0.89 g} in ether (40 ml) was then added dropwise over
20 min to the refluxing ethereal solution of 4-diethylamino-
phenyl-lithium. After 1 h the clear reaction mixture was
cooled and poured into water {100 mi). Removal of solvent
from the dried (MgSO0,) yellow organic layer produced
4-disthylamino-4'-dimethylaminodiphenylmethanol (82%)
as a slightly impure (t.|.c.) blue gum {found: C 76.7, H 8.6,
N 9.5%; C,,H,.N,O requires C 76.5, H 8.7, N 9.4%). The hyd-
rol {1.2 g) and chloranil (3.0 g) were heated under reflux in

TABLE 2

ethanol (40 mi) for 3 h. After standing overnight the mixture
was filtered and the solvent was removed to give a dark
green oil which was purified by chromatography on neutral
aluminawithtoluene as eluant. The resulting yellow-brown
gum was again chromatographed in dichloro-
methane-toluene {1:5) to give the ketone (68%) as a yellow
gum {found: C77.7, H83, N9.2%; CH,N,O requires
C 77.1, H 8.1, N 9.4%,). After prolonged (12 h) trituration in
light petroleum {b.p. 60—80°C) the gum afforded a cream
powder, m.p. 89-91°C; v, 1597 cm (C=0); Anu
{MeCQ,H) 373 nm; 8, (60 MHz; CDCl,) 1.20 (6 H, t, J 7 Hz,
CH,CH,), 3.07 (6 H, 5, NMe,), 3.47 (4 H, q, J 7 Hz, CH,CH,),
8.70(4H,d,J10Hz, 3-,3'-,5-and 5"-H) and 7.80 (4 H, d, J 10
Hz, 2-, 2’, 6- and 6'-H).

TABLE 3

Spectral Data for Some Triphenylmethane Dyes (I; R' =Me,
R?=Et) in 98% Acetic Acid

x-Band y-Band
A rnax €rmax A max €max
R atal (nm) (<107}  {nm) (%107

H 0.00 626 10.4 427.5 1.7
2-Me 627 11.8 419 1.2
3-Me —0.06 626 10.4 430 1.7
4-Me -0.14 622 10.4 437.5 2.2
2,3-Me, 626 11.2 420 1.1
2,5-Me, 626.5 1.2 423 1.1
2,3,5,6-Me, 627 12.9 406 0.7
2-Et 627.5 11.6 418.5 1.0
4-Et -0.15 622 10.4 438.5 2.1
4-CHMe, -0.15 622.5 10.5 4395 2.2
4-CMe, -0.15 623 104 440 2.0
4-C.H, 0.02 628 10.6 453 2.8
2-OMe 628.5 10.8 440 1.4
3-OMe 0.10 627 10.4 434 1.6
4-OMe -0.28 613 10.2 464 2.8
3-OFEt 0.10 627.5 104 433 1.7
4-0OFEt -0.24 612.5 10.6 468 2.8
4-SMe 0.06 623 10.2 485.5 2.9
2-CF, 638 12.6 411 1.1
3-CF, 0.46 637.5 10.9 422.5 1.6
4-CF, 0.53 639 105 423 1.5
3-F 0.34 634.5 10.7 424 1.5
4-F 0.15 627.5 104 430 1.7
3-Ci 0.37 635 10.8 4255 15
4-Cl 0.24 630 10.5 431 1.8
4-Br 0.26 632 105 433 2.0

{a) From Q Exner, ‘Correlation Analysis in Chemistry — Recent Advances’,
Ed. N B Chapman and J Shorter {New York: Plenum Press, 1978) 438

Physical and Analytical Data for Some Dye Perchlorates {I; R’ =Me, R2=Et}

Reaction Found (%) (required)
time Yield M.p.
R {min) {%) {°C} C H Cl N Other

2,3-Me, 10 52 235 66.4 6.8 7.4 5.8
(66.8 6.8 7.4 5.8)

2,3,5,6-Me, 15 12 224 67.5 7.4 7.0 5.6
(67.9 7.2 6.9 5.5)

4-CHMe, 20 55 197 67.6 7.2 6.9 5.6
(67.4 7.0 7.1 5.2)

3-0OEt 10 21 199 64.5 6.7 7.0 5.7
(64.7 6.6 7.1 5.6}

3-F 15 17 196 63.4 58 7.9 5.9 4.1
(63.2 59 7.5 59 4.0

4-F 15 41 198 63.2 5.8 7.8 5.6 43
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4-Disthylamino-4'-dimethylaminotriphenylmethanol

A solution of 4-diethylamino-4'-dimethylaminobenzo-
phenone (0.27 g) in hot ether (20 m!) was added dropwise
to a refluxing ethereal solution of phenyl-lithium, obtained
from bromobenzene (0.39g) and butyl-lithium by the
above standard procedure. After 25 min under reflux the
ethereal solution was poured into water. Removal of sol-
vent from the dried organic layer gave a biue-green gum
which solidified on trituration with light petroleum (b.p.
60-80°C) to give the dye base (87%) as a pale green crystal-
iine powder, m.p. 89°C{DTA) {found: C 80.1, H 8.0, N 7.4%;
CosH3oN,O requires C 80.2, H 8.0, N 7.5%]).

4-Diethylamino-4’-dimethyIamino-Z”,3”-dimethyltri-
phenylmethyl perchlorate

The blue gum obtained from 4-diethylamino-4'-dimethyl-
aminobenzophenone (0.28 g) and 2,3-dimethylphenyl-
lithium, prepared from 2,3-dimethylbromobenzene (0.50 g)
and butyl-tithium, was treated with one equivalent of acetic
acid, diluted with water and filtered into aqueous sodium
perchiorate (3 equiv.) The precipitate was washed with
water, dried and dissolved in acetone. Sufficient ether was
added to the filtered acetone solution to bring about partial
reprecipitation. Three such treatments gave the per-
chlorate (62%) as bronze flakes, m.p. 235°C {decomp.)
{found: C 66.4, H 6.8, Cl 7.4, N 5.8%: C.,H,,CIN,O, requires
C66.8, HB.8, CI 7.4, N 5.8%}).

RESULTS AND DISCUSSION

Replacement of the dimethylamino groups in Malachite
Green {); R' =R?=Me) by diethylamino to produce Brilliant
Green (I; R’ =R? = Et) leads to a bathochramic movement of
the x-band in accordance with perturbational molecular
orbital theory [13] and in line with the greater electron-
donating capacity of diethylamino compared with
dimethylamino groups [7]. The hybrid species (I; R’ =Me,
R#=Et) absorbs maximally at an intermediate wavelength
{626 nm) compared with the two symmetrical dyes {621 and
629.5 nm respectively), thereby suggesting that this struc-
turally unsymmetrical dye is effectively electronically
symmetrical. The y-bands of the three parent dyes are
closely comparable. The long-wavelength absorption band
of the unsymmetrical dye (lil; R' =Me, R? = Et) in 98% acetic
acid (A, =612 nm, € = 128500) is similarly positioned be-
tween those of Michler's Hydrol Biue (Ill; R'=R2=Me,
Anax=607.5 nm, €=147500)|9] and the corresponding
analogue (lll; R"=R*=Et, A, =613 nm, e=176000} [14].
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As in the case of Malachite Green[1] and Brilliant
Green | 7], the spectral shifts of the first band brought about
by substituents at the 3- or 4-positions of the hybrid species
(I R"=Me, R2=Et} (Table 3) are linearly related to the
appropriate Hammett o-constants since these changes
arise from transmission of the varying electronic effects to
the central inactive carbon atom [15]. In the case of strongly
conjugating para substituents, such as phenyl and alkoxy
groups, the y-band shows a significant bathochromic shift
and increase in intensity (Table 3). A particularly large red
shift (58 nm) is observed for the 4-methylthio group, which
reflects the capacity of the sulphur atom to accept a positive

charge and emphasises the increased electronic symmetry
in the y-axis associated with a significant contribution from
the relevant resonance canonical form (IV).
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The crowding effects of ortho substituents in the phenyl
ring of Malachite Green and reiated dyes generally resultin
a partial deconjugation along the y-axis. The usual spec-
troscopic consequence of such substitution is a hypso-
chromic shift and a decrease in intensity of the y-band in
accordance with rotation about the essential single bond
joining the phenyl group to the central carbon atom {161, At
the same time, the x-band normally responds to crowding
by undergoing a bathochromic shift, relative to the corres-
ponding para-substituted derivative, together with an
increase in intensity, which is dependent on the size of the
substituent | 1. The increase in intensity is unusual, but can
be accounted for in terms of a gradual conversion of the
Malachite Green dye system towards a more intensely
absorbing a-substituted Mighler's Hydrol Biue type due to
progressive deconjugation of the substituted phenyl
group [17f. Such changes are displayed in the present
series by the methyl, ethyl, methoxy and trifluoromethy!
derivatives (Table 3). Of special interest is the highly
crowded, doubly buttressed 2,3,5,6-tetramethyl dye, where
the y-band suffers a large hypsochromic shift {-21.5 nm)
together with a pronounced decrease in intensity; these
effects are, of course, indicative of a marked rotation of the
substituted phenyl group about the central bond leading to
a significant disruption of conjugation along the y-axis of
the molecule | 17]. In absolute terms, the 2-methoxy deriva-
tive shows a bathochromic shift of the y-band and a
decrease in €, (Table 3). However, compared with the
corresponding para isomer, the shift is hypsochromic (- 24
nm) and this change reflects a decrease in conjugative
capacity of the group due to rotation of the substituted
phenyi ring. The methoxy droup itself can rotate about the
ring—oxygen bond and thereby reduce its steric
requirements [6!. This situation is apparent in the relativeiy
low intensity of the x-band compared with that of the
2-methyl derivative.
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