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3 The triarvimethene leuconitriles are of considerable interest in
the field of eye protectior, and information on their fundamental
3 characterictics ie not available. These data from spectroscopic studies

of these compounds vrovide a basis for measurement of their basic photo-
] chemical properties.
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The work was carried out in the Flame amd Thermal Protection Section

1 of the Chemicsl Modification of Textiles Branch of the Textile Resecarch and
' Engineering Division under Materials for Flashblindness Protection, Pro-
ject 1T062105A349, Task 05.
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I.  INTRODUCTION

The use of photochromic compounds in optical (eye protective) devices has
been under consideration for some time. (1,2,3,4) Construction of such a
device, utilizing sclutions of spiropyrans in filter cells surrounded by flash-
tubes, has demonstrated the feasibility of this approach. The development of
an optical device with satisfactory fundamental, bulk, and weight characteris-
tics would require a significant improvement in speed of response, optical
density, &< non-fatiguing (recycling) properties.

As a class, tbe triphenylmethanes exhibit a higher extincti?n co—efficient
and permit greater control of return rate than the apiropyrans. ) The color-
less leucocyanides of the triarylmethanes are converted by intense light to the
highly-absorbing colored form. To furnish information essential to the develop-
ment of a useable eye protective system, the characteristics of a series of
systematically substituted triarylmethanes were measured.

Although some melting points and electronic spectra have been published for
several of the leuconitriles of interest, a complete study of the properties
of a series of these compounds was needed to permit elucidation of the mechan-
isms of color change and fatigue, and thereby provide a basis for improving
the photo:hromic response and reducing side reactions.

II. OBJECTIVE

The objective of the present phase of the work with triarylmethanes was
to synthesize and characterize completely (using uv, ir, nmr and mass spectral
techniques) the leucocyanides of six triarylmethane dyes and one releted model
compound, triphenylacetonitrile.

IITI. DISCUSSION

Of the six di- and triamino substitcted triarylmethane dyes needed for syn—

thesis of the series of leucocyanides (lg thrcugh‘ZB), all but one were available,
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For poebner's Violet (4,4'- diaminotriphenylmethyl cation), it was
necessary to devise a satisfactory synthetic path. (The procedure
described in the literature gave extremely poor yields; it is probable
that nona of the pure product was actually isolated). Neither the leuco-
nitriles of Doebner's Violet (ll) nor of Turquoise Blue (3b) had pre-
viously been reported.

The general procedure followed for the synthesis of all the leuco-
nitriles is given here in detail (4¢) along with a tabulation of the
specific conditions found best for each dye (Table I).

The compiete characterization of the six leuconitriles was carried
out. The resulting data, obtained by ir, nmr, uv, and mass spectral tech-
niques, are given in Tables II and III. For those melting points and uv
spectral characteristics which have been previously published references
to the original data are given.

IV. EXPERIMENTAL SECTION

A. Materials and Instrumentation

All melting points were measured on a Thomas-Hoovei melting point
apparatus and sre uncorrected. Ir spactra were determined in potassium
bromide on a Perkin-Elmer Model 521 spectrometer. Nmr spectra were recorded
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on either a Varian A-60 or RA-100 spectrometer with an iaternal tetramethyl-
silane standard. All the ultraviolet spectrs were measured on a Cary 17

; spectrometer in spectral grade solvents as indicated. A Perkin-Elmer

Model 270 or a Consolidated Mode). 21-110 mass spectrometer was used. Ele-
mental micro-analyses were performed by Midwest Microlab, Ltd.

The following reagent grade dyes were used in the preparation of
the leuconitriles: Crystal Violet, Pararossniline Base (J. T. Baker Chemi-
cal Co.), Malachite Green (Matheson Co.), Turquoise Blue G (Verona Dye-
stuffs), and Brilliant Blue or Rhoduline Blue (GAF Corp.).

B. Preparation of Doebner's Violet Leuconitrile .

1. L, b - Diaminotriphenylmcthlne(h)

The procedure of Baeyer and Villiger (8) vas followed.
In a 1-1 three necked flask equipped with a condenser, mechanical stirrer,
and glass stopper, were placed 7€ ml (80 g, 0.76 mol) of benzaldehyde, 80 g
(0.62 mol) of aniline hydrochloride, and 313 ml (320 g, 3.4% wol) of aniline.
: : The solution was heated with stirring until it began to reflux (1 hr.). At
3 this point the solution was allowed to cool. It was then made basic by the
sdditicn of SO mi of a 60% sodium hydroxide solution. The resulting wess
vas extracted three times with 200 ml portions of hot acetone. The acetone
solution was evaporated t0 « smaller volume (gg. 150 ml) and 1:0 ml of ben-
zene wags added. This solution was heated, decolorized with charcoal, fil-
tered and dried over magnesium sulfate, Upon further reduction in volume,
a solution was obtained which produced crystals when cooled.

o

o oy

A solution in benzene (120 ml/g) of the solid product

: wvas reduced to one half its originaé volume, ylelding b (154.7 g,

3 0.56L =ol, TW$): mp 107-09° (1i{t. © mp 105-06°) after four recrystalli-

i zations from beazene: 4ir 3440, 3360(N-H), 3060, 3020 (unsat. C-H), 2920.
: 2860, (aliphatic C-H). 1280 (C-N), 820 (p-aromatic), 750 and 700 cm-l
(monoaromatic), nur (cocL;), 87.16 (s,5), 6.88 (m,8), 5.32 (s,1,CH) and
3.41 ppm (s,2,NHp).

The diacetate of U,4' - diaminotriphenylmethane (5) vas
prepared in essentially 100% yleld by treatment of 4 (150 g, 0.577 mol)
with 150 ml é162 g, 159 mol) of acetic anhydride in 50 ml of glacial
acetic acid (EXOTHFRMIC). After one-half hour, the solvent was removed
in a rotary evaporator. The product crystallized “‘rom methanol to give
the desired product: mp 236-37° (Lit. © mp 233-35°): ir 3200, 3190, 3120
3050 (b{o&d), 2920,2860, 1665, 1600, 1550, 1320, 810, Th0, 720, and
700 cm~l.
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2. Attampted Oxidative Synt £ Doebnyr's Viole
a. atl nggnege

The reaction was carried out in a 300-ml Erlenmeyer
fiark with magnetic stirring, To a mixture of 5 g (0,014 mol) of 5 in 60 ml
acotic acid, 9 ml sulfuric actid and 17 ml of water, O, 610 g (0.007 mol) of
manganese dioxtdo (in another rum,twice thls smount of dioxide was used) were
addad with stirring and cooling in a water bath, The mixture wac stirred
vigorously for 36 hr and then tiested with 25 g (9.5 mol) of potassium hy-
droxide in 25 ml of water, The matarial fsoleted after vashing vas un-
changed starting material (~.4.9 g; mp 236-372),

b, Oxid it

To a solution of 3 in acid ooluttqp, as Adove,
0,865 g (0.0055 mol) of potassium permanganate in 20 ml of witer wexe added
at such a rate that the solutisn temperature was kept'at cg. 10°. The golution
vas stirred for 15 additional minutec, 3 ml of ethanol added and finally 20 g

.(0.5 mnl) of sodium hydroxide. The precipitate which formed was filtered

and washed. It was idemtified as starting material (4.3 g; correct ir end
).

This reaction was also attempted with three times the
calculated amount of permanganate, In this run, the reaction mixture was slowly
heated to veflux temperatura. Again, oriy startirg material could ba re-
covered. .

c. Oxidation with N-Bromsugciniaide ’,le’g(g)

(1) Agtempted Oxidation of Piacetyl-4,&'-diaminotel-
phenylmethane (35)

Compound § (5.0 g, 0.014 mol), 1.8 g (0.0101 mol) .
of KBS and 40 ml of ca-ton tetrachloride were mixed in a 100 ml round
bottom flask equipped with reflux condenser. 7The mixture was refluxed in an
oil bath for 32 hr., The starting material was recovered unchnnz.d.

(2) Attempted Oxidation of Diacety] g.g -di ggngg;
mmgm_m

Compound /;,\ua treated in the manner described
above for compound 3. The solvint was removed by evaporation, leaving a reddish
tar, Infrared anslysis showed the tar to contain a mixture of the reactants;
none of the desired product cocld be identified.

RN et e o s . L



(3) strvempre: uidation of 4,h' - plaminortriihenylmethane
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Inme It 7y round bottor flask the diep-sunimotri-
pheny)methane (3.0 g, 0,OlL mol) mna K:i (.8 g, 0.06L01 mol) 4n chlcroform (50 ml)
were refluxed for 6 hr under a 10C~wstt xencn mercury source, The emall amount of
precipitate which formed and remained after wacshing (3X) with carbon tetrachloride

bt

‘

i

£

;

E vas composed (tlc on silice) mainly of NBS, probaLly some DV (smell purple spot), i
' a trace of 4, and unidentified resinous materinls. i
; i
(4) Attempted Oxidation of L 4' - Diaminotriphenylmethane

A

‘ Catalyzed by Irradiation and Benzoyl Peroxide

The triphenylmethane k was trv..¢ed in chloroform solu-
tions as above with G.3 g (0.00123 mol, 10 mol %) benzoyl peroxide and NBS at reflux
under irrsdiation for 28 hr. An additional 10 mol % of benzoyl peroxide was added
E aand reflux continued for two more ur. The solvent wes removed by evaporation and
3 the solid remaining analyzed by tlec. Only trace emounts of the desired product could
be detected.

3. b,4'-Diamirotriphenylmethane

In a 100~-m) reaction kettle equipped with an air condenser,
5.0g (0.018 mol) of 4,k'-diaminotriphenylmethanol (&), 4.50 g (0.0L8k mol) of
chloranil and 40 ml of chlorobenczene were heated with magnetic stirring at ca. 67 .
After five hours the solution was allowed to cool and the insoluble products were
separated by suction filtration. This crude vroduct (5.52 g) was finely ground with
e mortar and pestle, then extracted continuousry with benzene in a Soxhlet extractor
(k8 hr) until essentiaily cne sput was found with the tlc on silica gel (developed
with 10% methanol in methylene chloride). This product was chromatographed on a
silicic acid colum {100 mesh). Elution with chloroform yielded tetrachlorohydro-
quinone {0.342 g, mp 233-35°C); with ether and 5% methanol in methylexze chloride,
untractable oils (succeasively yeliow and green); and with increasingly polar 10-
20% methanol in methylene chlcride, Doebner's Violet, (3.45 g, 65.5%). The last
material was & green powder which did not melt at temperatures below 350°C; however,
it appeared taébe a zingle gzmpouid from the tlc onﬁsilica gel: ir (KBr 3400, 3290
(N-H 120, 1630, 1610, 1580, 1Lk, 1270, 1 1160, 895, and 620 em™; nmr (DMSC-
e 2 Croed 2, 5 030056 T, B st ) 08 08 om (oroea's, 5, "N ).
Upca deuterium exchange the peaks at 8.40 and 3.49 ppm attribuvable to the ammonium
ari amino groups, respectively disapreared leaving the aromatic multiplet essential-

ly unchanged.

To obtain very pure dye the material was chromatographed in the i
above manner twice. This insured the high purity (by tlc) of the dye which was '
necessary for the suc 3 of the conversion to leuconitrile. |
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4. The ".euconitrile cf Doebner's Violet (11)

A solution of 5.82 g (2,00 mmol) of Doebner's Violet (%) in 150 ml of

methanol was heated on e steam bath and treeted with 2.0 g (4,08 mmel) of

sodium cyenide to produce e green colored misrturs. The mixture was suction

filtered, the filtrete eveporeted to dryness on & rotary eveporetor, end the

residue extracted repeatedly (5X with 60 ml portions) with hot bensene.

The benzens wes decoloriszed with charcoal end reduced in volume to 100 ml

to give crystals. These, upon recrystellization from benzene end ethanol

conteining a trace of sodium cysnide, gave 1a (4.35 g, 1.45 mmol, 72,5%)3

mp 225-26°; ir, 3480, 3390 (N-H), 3060, 2240 (C = N), 1630, 1610, 1530, 1447,

1435, 1300, 1185, 830, 766, 705 ca § nmr (nuso-ds)g'7,2 (m,S5, aromatic), ,

6,65 (quartet, 8, aromatic), 5.22 end 4189 ppm (2, NH,); mass spectrum (70 eV)
(relative intensity) 299 (7:.9, M), 223 (30.5), 322 (100), 207 (29.8,

195 (12.0), 199 (19.3), 182 (3.2), 150 (120), 28 (68.5).

€. Geners]l Rrocedure for Leuconitrile Preparstion

The dye (™5g) was dissolved in a minimum amcunt of dimethylsulfexide
(shown in Table I) et cs, 85°. To this highly co Ured solution sodium
cyeuide (HOOD!) was edded in small portions until the color of the dye
wes discharged. Charcoal wes stirred i‘nto the hot solution. The mixture
vas filtered, the filtrete was heated to ge. 90°, and water was carefully
added (See Table I) until the sclution began to fog., The material forced
out of sciution wus resolubilized by heering up to ga, 115°, The solution
ves ellowed to alowly cool to. 0° in order to produce crystals. The crystals
wete purified by repeeted crystelliszation from soclvents containing e trace
of sodium cyanide, Teble I gives the spacific conditions and quantities
used in the preparetion of the verious leuconitriles Skg. Ez;b. and ;2:9).

V. SUMMARY

While many triarylmethanegs have been prepared, the yields of these
preparations have often been poor., The present work describes a general
procedure for producing these compouncs with excellent yields even from
reletively impurs sterting materic .., Tbhe utility of tha technique i3
demonstrated by the synthosis of saverel leuconitriles.

The comprehensive characterisation of these compcunds by spectral

techniques g'ves largely new date vwhich supports the proposed structures,
end ptovides e hasis for e study of the chemistry of this cless of compounds.
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ATROIX

MASS SPECTRAL DATA FOR TRIARYLMETHYL LEUCONITRILES
AND RELATED SUBSTAMCES, (RELATIVE ABUNDANCES AS A
PERCENTAGE OF THR BASE PRAK)

e N

A, Aniline. B, Phenylacatonitrile, C, N ,N=Dimethylaniline. D, Triphenylace-
towitrile. E, Doebner*s Violet Leuconitrile, F, Pararosaniline Leuconitrile.
G, 'ialachite Green Leucomitrile, Hy Crystal Viclet Leuconitrile. I, Rhoduline
Blue Lauconitrile, Jy Turquoise Blue Leuconitrile,
M/e A B C 1) E r G H 1 J
] 23 0.45 0.8 0,12 . 0.47
26 2,22 5,69 1.42 i.8 6.8 1.2 1,36 1.7 1.04
7 3.01 9.9 4,43 8.0 7.6 12,7 2,3 5.28 6.0 1.92
p 28 6.99 62,42 3.33  13.8 68,5 100,0 38.5 4,33 9.2 1.79
2 0.40 3.07 0.80 7.21 0.86 2,28
» 0.67 1.40 0.61 1.22 1.30
a 0.3% 5.08 0,52 16,98 5.8 0.51 2.18
32 12.66 21.4 7.7 0.88
36 0.50 0.88
kY, 4,10 5.87 1.20
k. 7.44 9.86 2,95
39 17.32 22,60 21.1 6.2 5.74
40 6.04 4,82 1.25
41 5.9 3.37 2.09
42 1.66 1.45 10,19 13.4 17.0 8.7 9.79
43 .69 3.07 1.97
44 1,84 3.73 29,4 23.8
44,5 1.06 0,88
45 2,80 0.90
45.5 1.97 1.40
46 1.49
45,5 7,02
47 0.51
49 0.81 2,80 0.62 asth
4,10 16,21 7.33 .
;f 4,48 22,43 16,25 4.1 4.9 6.11 4.15
52 5.7 4,56  5.10 3.78
53 1.77 1.50 1.21
54 4,74
55 10.9 4.2
58.5 3.24
1 19




M/e

i 60
‘ 61
62
2 63
64

. A Y - i
b d
(- ]

95.5
101
102
103
104
105
106
108
13
114
113
116
117
118

1.81
2,67
4,77
2,87
18.40
33.68
4.62

1.10
0. 60
1.25
1,25
1.82

2,19
3.94

0.23
0.97
11.13
100.00
6.99
0.21

2.76
9.37
i.11

2,19
3.9
23.16
40.47
22.78
10.42
0.96

N E
3l

10.C

6.5

14.6 3.8

7.6

6.5

3.1 7.4
2,5
6.9
2,2

14,3

8.0

8.0

30.3

3.4

3.83
3.00

2,18

3,04
12,0
10.2

4.30

2,30

2,97
4.92
2,33
1.76

0.39
0.41
0.57

1.82
1.19

1.86
2,26
2,22
2,78
2,11
5.36

I J

3.4

3 9.24
7.17
4.15
3.35
3.89
8.73

4.8

5.8 1.47
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Me A B (¢ D R 1 4 G B I J
ﬂ: : 2,13 2.5 6.1 9,31 14,6
. 6.69
g: 100,00 2,2 6.125 7.5 13,3
32t 69.47 1.6 2,78 4,98
s 8$.77 3.1 0,63
123. 1.26
12 0.23 1,02
ig: 1,10
126 2.5 1.76 4,31
+ 1.8 1,35
128 1.3 1,22
j2 1,07
A 30 6.3 1,29 3.45
: 131. 5.19 16.3
1 1,76 7.3 7.48
132. 3,68
%: 2 0.84 2.67
P 133 3::3
. 133.5 0,30
S - 134 :
£ : 6.36
E 1;;.5 1,21
: : 135.5 3::
; ;, 136 1.13
; 137 0.42 14,2
i 138 S.4 0.78 9.2 10,5
: 133 4,76 3.3 61.4
. ! .5 2.69 22,7
¥ 140 6.8
) A 3,06
] % 10.5 0.8‘
:_ : 141 4,3 1.11
5 i 141.5 3.46
: 142 6.5 3.13
b 142.5 8.8 3.09
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i
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)
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g [
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165 2,52
166 100.0
167 38.0
168

170

170.5

171
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177

17715

178 6.0
179

180

3.3
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0.36

1,39
1,05

100.00 100.00
20,9

2,82
0.41
0.28
0.23
0.35
c.32
0.24

2,05
34,1
9.64
9.8 11,0
4,7 3.90
9.8 2,25
7.25
2,67
5,88
8.3
2,5
3.3
2,94
2,46
100,00
30.6
100.00 4,95
27.3 2,02
2.,M2
1,56
1.81
5.00




F G H ) § J
2,46
0.36 4,68
0.29 2,66
0.41
0.30 1.7
9.8
2.9
7.2
3 2,2
302 1.37
3 305 8
306 1}:5
308 1.81
309 0.32 '
; 311 3.0 1.7 0,62 2.2
1 312 0.58 2.4
3 313 2,1 0.39
4 314 6.1 0.71
315 3.1
316 3.9
317
318
¥ 319 3.5
324 0.47
325 0.27 2,02
b 326 0.27
) 327 0.36
i 328 0.60
; 329 3.5 0.2%
4 330 1.6  0.23
1 338
3 339 0.73
f 340 0.35
3 341 1.10
i 342 0.85
1 343 0.55
346 0.23
347 2.3
348 1.4 1.74
349 2.5
1.3
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0.28

0.41
L] 4,46
3 1.69
k] 2.62
7 0.85
0.43
0.33

oM Ww
[ ]
&8 8

0.38

0.38
0.70
0.67
0.14

0.48
2.32
28.3
8.79
1.90
0.25

27

1.5

2.9 1,72
0.9
0.8
1.7

1.35
4.0
2.4
2.4

Z.67

1,92

2.1 1,56
3.2
1.7
1.3

3.84

3.45

2,5 14,5

53.4 4,27

16.7 5.39

21.9 1,92
7.9
1.2

1,35

1.48

3.38

3.68

40,2

9.54

1.77
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