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Of the meta-substituted phenols investigated, only 3-chloro- and 3-methyl-phenol are
attacked primarily at the OH group. Their transfer constants are not greatly different
from that of phenol and it is probable that inductive effects are not of great importance
in this hydrogen-abstraction reaction. 4-Methyl- and 4-chloro-phenol have higher transfer
constants than the corresponding meta-substituted phenols, presumably due to weak
contributions to the transition state of polar structures in which an electron has been
donated by the phenol to the radical (12). Inductive and resonance effects from these
single substituents are small but the total effect of the four methyl groups in 2,3,4,6-
tetramethylphenol is large enough to increase its transfer constant to 1.

The ratios of transfer constants for 2,3,4,6-tetramethylphenol towards polymethyl
methacrylate (3), polystyryl (1), and polyvinyl acetate radicals are approximately
0.02:1:18 while those for the hydrocarbon toluene are 4:1:170. The difference in relative
reactivities of polystyryl and polymethyl methacrylate radicals towards phenols and
toluene is interpreted (3) in terms of contributions to the transition state of polar struc-
tures in which an electron has been donated by the radical to the phenol. Such contribu-
tions are significant in reactions between polystyryl radicals and phenols but are not
important in polymethyl methacrylate reactions because of the electron-withdrawing
character of the ester group (13). On this interpretation, polar structures with the poly-
vinyl acetate radical as donor and 2,3,4,6-tetramethylphenol as acceptor contribute to the
transition state of this hydrogen-abstraction reaction but are less important than those
involved in the corresponding reaction with polystyryl radicals.

ACKNOWLEDGMENTS

The authors are grateful to the National Research Council for a grant. The vinyl
acetate was a gift from Du Pont of Canada.

M. P. Gopbsay, G. A. HArRPELL, and K. E. RusseLL. ]. Polymer Sci. 57, 641 (1962).
R. A. Birp, G. A, HARPELL, and K. E. RusseLL. Can. J. Chem. 40, 601 (1962).

S. C. Bartox, R. A. Birp, and K. E. RusseLL. Can. J. Chem. 41, 2737 (1963).

S. R. Panit and S. K. Das.  Proc. Roy. Soc. London, Ser. A, 226, 82 (1954).

K. S. BAGDASAR'IAN and Z. A. SINITSINA. J. Polymer Sci. 52, 31 (1961).

N. FuarMay and R. B. MEsroB1aN. J. Am. Chem. Soc. 76, 3281 (1954).

M. S. MaTtHEsoN, E. E. AUER,E. B. BEviLAcQua, and E. J. HART. J. Am. Chem. Soc. 71, 2610 (1949).
C. WaLLING. Free radicals in solution. John Wiley and Sons, New York. 1957. p. 95.
. B. L. FunT and W. Pasika. Can. J. Chem. 38, 1865 (1960).

10. A. D. JENkins. Trans. Faraday Soc. 54, 1885 (1958).

11. P. W. ArLLen, F. M. MERRETT, and J. ScaNLAN. Trans. Faraday Soc. 51, 95 (1955).
12. J. A. Howarp and K. U. IncoLp. Can. J. Chem. 41, 1744 (1963).

13. C. WarLLinG. Free radicals in solution. John Wiley and Sons, New York. 1957. p. 157.

CRNP OO

RECEIVED FEBRUARY 8, 1965.
DEPARTMENT OF CHEMISTRY,
QUEEN's UNIVERSITY,
KingsToN, ONTARIO.

PREPARATION OF 4,4"-BIS(DIPHENYLAMINES) BY THE CHAPMAN REARRANGEMENT

RoOBERT BarcLav, Jr.

Very few applications of 4,4”’-bis(diphenylamines) to the synthesis of condensation
polymers have been reported. Exploratory studies in this area required the development
of a convenient laboratory preparation of the diamines, preferably from the corresponding
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diphenols. The method of choice, involving the Chapman rearrangement (1) in its key
step, is a standard synthesis of diarylamines, but has apparently not previously been
applied to diphenols.

Imido esters (Table I) are prepared from the phenol and the imidoyl chloride in the
presence of an acid-acceptor. While anhydrous conditions are commonly employed (2), it
was found atleast equally convenient tocarry out this reaction under conditions suitable for
the preparation of polyphenyl esters by interfacial polycondensation (3). Insuitablereaction
media, both N-arylimidoyl chlorides (4) and acyl halides (5) undergo solvolysis by mech-
anisms involving a rate-determining ionization step, the rates being increased by the
addition of amines; therefore, the similarity in their reactions with aqueous aryloxide ions
was not unexpected. The yields were good, but not quantitative; small amounts of
benzanilide and of unchanged diphenol were often recovered. Although the pure imido
esters are solids with fairly high melting points, it was often difficult to obtain them in a
crystalline form. It was, nevertheless, expedient to purify the imido esters, since pure
benzamides could not be isolated from the products of rearrangement of crude inter-
mediates.

Rearrangement was effected by heating the molten imido esters in a nitrogen atmosphere
at temperatures in the range 220-280° (Table II). In most cases the reaction could be
followed by observation of changes in the infrared spectra, especially in the C—O and
C—N stretching region. The imido esters exhibited strong bands in the ranges 1206-1225
and 1266-1271 cm—, while the amides absorbed at 1326-1339 and 1289-1294 cm™. As
reported by Chapman (6) and others (7), reaction is facilitated by electron-attracting
substituents in the aryl groups derived from the original phenol. With the benzimidates I
and II, for example, rearrangement was complete within 1 h at 240° and 3 h at 220°,
respectively.

/o

/Ph /ph
.._.C O —Y—
{CH,),C O SN-ph SO, @ 0 C\\N—Ph
Cl 2 2

I

I

The dibenzoyl derivatives were hydrolyzed to the free 4,4”-bis(diphenylamines)
(Table I1I) by treatment with potassium hydroxide in hot aqueous ethanol. Conversion
in this step appeared to be essentially quantitative. A sample of 4,4”-methylenebis(di-
phenylamine) prepared in this way was identical with the diamine obtained (8) by the
condensation of diphenylamine with formaldehyde.

The methods described above were extended to the preparation of the polymeric
substances I'V and V. Since the reduced viscosities of IV and V were 0.15 and 0.12, res-
pectively, it is probable that little change in molecular weight accompanied the rearrange-
ment.

EXPERIMENTAL

Melting points are uncorrected. Infrared spectra (except those of the polymers) were determined on glasses
obtained by cooling the molten substance or as Nujol mulls; a Beckman IR3 spectrophotometer was used.
Tabulated yields refer to once-recrystallized material. Microanalyses were performed by Galbraith Labora-
tories, Inc., Knoxville, Tennessee. Reduced viscosities were measured in methylene chloride at 25° (0.2 g of
polymer/100 m1 of solution).

Diphenol N-phenylbenzimidates—In a 250-ml, three-necked Morton-type flask with stirrer, dropping
funnel, and thermometer were placed 0.04 mole of the diphenol, 0.0816 mole of sodium hydroxide, 3.3 g of
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TABLE I
Diphenol N-phenylbenzimidates
R
®  ,Ph
—0-C
Y
R, N-Ph_|,
H, % N, %

R, R. R; Yield, % M.p., °C Formula Caled. Found Calcd. Found Calcd. Found
C(CHay)s H H 74 138-139* CyyH34N:0; 83.93 83.82 5.84 5.77 4.77 4.61,4.53
C(CHjy)» Cl Cl 74 170.5-174* CiH3CLN,O, 67.97 68.05 4.17 4.21 3.87 —
SO, H H 80 141.5-144% CasH 2sN20,S 74.98 74.63 4.64 4.77 4.60 —
CH, H H 60 124-127% CasH 30N 202 83.85 83.76 5.41 5.32 5.01 4.97

*Recrystallized from benzene—ethanol.
FRecrystallized from acetone—ethanol.
IRecrystallized from toluene~heptane.

SILON



CANADIAN JOURNAL OF CHEMISTRY. VOL. 43, 1963

2128

*21nd pPIuIeIqo J0U N ‘OULII—dUINI0) UIOT] PIZI[[BISAIIVI {13359 oprurl sNoulsat ‘a1ndul] ue woy paiedai |
*3U3NJ0) WO1J PIzI{[RISAINY||

*1nd jou A[JUIPlAD . PUIZUI] WIOIY pazI[eIsAIoy§

'08'80%-6"¢0g "d*u1 *3onpo1d IpnId Jo PAAL

‘0P8

Z INoqe 03 APNO N L

*[OUBY}D WO PIZI[CISAIONT

— — — — - — COPN"H™D  h90z-6'102 b9z 0L6-09% S 16 o=Ed)I—(UDN
|«,Io MEU :Nl
S6'%  10°Q 68°¢ %S 0P8 98'¢8 FOPNYEHED  |lg 861-L61 69 GL2-697 61 H H HD
£8'¥ 2892
— 09'¥% ‘LY F9F 9L,  86'FL SYOPNFH*D $012-802 126 337813 4 H H 0SS
— 18°¢ 1105 2 A B 2 9,729 16719  COPNPIOUHYD  1'4603-L0% €8 36-38C L% 12 10 2(EHD)D
VLE
‘“18°% LY 16°¢  ¥8'¢ 99°¢8  €6°¢8 TOPNCHYD *121-0L1 26 08%-093 0z H H ‘(CHD)D
punoj p3[e)  punog °‘pde)  punoj -pae) B[N0, Do % Do q LY %]
“d'IN ‘PIIX “dury, ‘ounf,
% ‘N % ‘H % ‘D
ccmaommm

“150p

(saurwejAuaydip)siq-, 3'F 10 SIAIIBALIGD [A0ZUIQL(]

1I 4'14vL

"Aluo asn [euosiad Jo4
E\Exﬂ uo ojred oes m_o mumc mb>_c3 dSN AQ Wo9'ssa1dy0./ea58.101u MMM LLIOJ}: cmnmo_c\soo ‘weyD cmo




2129

*uo1ssa1dop Fuo13S PIJIIYND 1DWOST-, §'F 21§31 (1M Ju10d FuBW 2INIXITA] *21Nd JOU A[IUIPIAD SBA PUNOUWOD S T joke
EEEE%ESﬁirgﬁgﬁaEEtSEQEEGm;

*L3'8 'S tPUTIOH “10°8 'S :*PIED "1euv||

‘[OURY19—-2U0I30. WIOIJ PIZI[[RISAINIY S

*82°43 "D *PUNOM ‘2723 '[D :"PI[ED ‘[euyd

*6001-66 'd'w patiodar (1) 3re1) "t

[OUEBYID WO} PIZI[{BISAIY 4

NOTES

QL L 6672 66°¢  €e'9 ¢S 89768 INFHD s 4801181 %9 HYdHN HD)*HD 1,53
01°9 6L %8
— — — — — — INFHSED bxzz1-121 08 H H HD
0°L 0074 TG €0°¢ PITL L6714 S0P N H¥D §622-12% g8 H H . ®0sS
8¢'¢  €P'G 6% 08'F 98'29 18'29 PENFID®HED «§ €L1-GLT L 1D ie) G e)le)
0% L
¥LL 0% L — — — — INPFHRD  14G 665786 g8 H H (EHD)D
punog po[ED punog  "po[ed) puno, ‘pa[ed B[NWIO ] Do “d'IN 9% ‘PIRIA Y| N | 3%
% ‘N % ‘H % ‘D
2 nm_
UdHN— 'y
2y

(sourwekuaydip)sie-, b'p
111 F18V.L

"Aluo asn feuossad 104
3\3\3 uo ojred ces mc apepSPAILN — dSN AQ W02'SSaIdUDIBS52.101U MMM WO uo_umo_c;oo ‘WeyD T uey



press.com by USP — Universidade de Sao Paulo on 11/14/14
For personal use only. : : C

_.Can. J. Chem. Downloaded from www.nrcresearch

2130 CANADIAN JOURNAL OF CHEMISTRY. VOL. 43, 1965

CHs Ph Ph
|
NoO—@-C—@ONcﬁ-Cl -C= N@CHZ—QN=$—CI——
by o
GHs Ph Ph o
= —CHa— N=C— 18hours
OFO IO Ot 228
| T o s m

~ P Ph

Gy 57 20
O 0Ol O
L Hs Y n

sodium chloride, 30 ml of water, and 40 ml of methylene chloride. A solution of 0.08 mole of N-phenylbenzi-
midoyl chloride (9) in 70 ml of methylene chloride was added with rapid stirring over 2-3 hours at 23-27°,
The solution was diluted with 200 ml of water, the layers were separated, and the aqueous phase was extracted
with three 100-ml portions of methylene chloride. The combined organic solution was washed with three
100-ml portions of water and dried over anhydrous magnesium sulfate. The methylene chloride was removed
by distillation, leaving the crude imido ester as a residue product.

Rearrangement.—The purified imido ester was heated by means of an oil bath in a large test tube with side
arm. Dry nitrogen gas was bubbled through the melt. When the reaction was complete, the cooled glassy
reaction product was recrystallized from a suitable solvent.

Hydrolysis.—The preparation of 4,4''-isopropylidenebis(diphenylamine) is typical. A mixture of 32.9 g
(0.0561 mole) of 4,4"-isopropylidenebis(diphenylbenzamide), 16.5 g (0.25 mole) of potassium hydroxide
pellets, 135 ml of ethanol, and 15 ml of water was heated under reflux for 22 hours. The cooled reaction mass
was diluted with 500 ml of water and extracted with a total of 500 ml of methylene chloride in three portions.
The combined extract was washed with three 150-m! portions of water and dried over magnesium sulfate.
Removal of methylene chloride by distillation left as a residue 19.84 g (94%) of crude diamine. Recrystal-
lization from 180 ml of ethanol gave 18.10 g (85%,) of 4,4'-isopropylidenebis(diphenylamine), m.p. 98-100°.

44"~ Methylenebis(diphenylamine)—This compound was prepared via the Chapman rearrangement.
However, preparation by the condensation of diphenylamine with formaldehyde (8) is more convenient.

A mixture of 2 249 g (13.29 moles) of diphenylamine, 136 g (1.68 moles) of 37%, formaldehyde solution, 9 ml
of concentrated hydrochloric acid, and 2.2 1 of ethanol was heated under reflux (80-81°) for 1 h. The solution
was cooled and divided into six portions, each of which was added to a mixture of 3 g of sodium hydroxide,
1.65 | of water, and 1.0 kg of crushed ice in a Waring Blendor. The precipitated solids were collected by
filtration, washed thoroughly with water, and dried in a vacuum oven at 40°. The unchanged diphenylamine
(1700 g) was recovered by distillation to a final pot temperature of 230° (0.2 mm), and a crude product
fraction was obtained by heating to a pot temperature of 358° (0.75 mm). The diamine was purified by re-
distillation, 294.8 g being collected, b.p. 259-286° (0.25-0.55 mm). Recrystallization from 5.75 1 of ethanol
gave 207.8 g (36.69), based on diphenylamine not recovered) of 4,4”-methylenebis(diphenylamine), m.p.
121-123°,

Imidoyl chloride II1.—Reaction of 4,4'-methylenedianiline with benzoyl chloride and pyridine in chloro-
form gave the dibenzoyl derivative, m.p. 250-251.7° (250° (10)). A mixture of 20.4 g (0.0502 mole) of the
latter and 22 ml (0.30 mole) of thionyl chloride was heated under reflux for 3.5 h by means of an oil bath
kept at 110-113°. Unchanged thionyl chloride was removed by distillation under reduced pressure (bath
temperature 125°), giving 22.1 g (99%) of the yellow imidoyl chloride IIL. After two recrystallizations from
toluene-heptane there remained 16.3'g (739) of nearly pure 111, m.p. 140-143°.

Anal. Caled. for CoyH26Cl2Ng: Cl, 16.0. Found: Cl, 15.7, 15.8.

Poly-(imido ester) IV.—The polymer was prepared from 10.27 g (0.0450 mole) of bisphenol A, 19.95 g
(0.0450 mole) of III and 3.72 g (0.091 mole) of sodium hydroxide essentially as described above for the
N-phenylbenzimidates. Addition of 1II required 3 hours, the temperature being maintained at 14-16°. The
polymer was precipitated by addition of the water-washed methylene chloride solution to 1.6 I of ethanol in a
Waring Blendor and dried overnight in a vacuum oven at 60°. The yield of polymer, reduced viscosity 0.15,
was 22.3 g (839%,).

The infrared spectrum, measured as a potassium bromide pellet, included typical imido ester bands at
1208 and 1 267 cm™1,

Polyamide V.—The polymer [V was heated in a nitrogen atmosphere for 18 h at 265-270°. The resulting
polymer, reduced viscosity 0.12, exhibited infrared absorption bands at 1294 and 1330 cm™, typical of
N,N-diarylbenzamides.
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THE IONIZATION OF SOME TYPICAL WEAK BASES IN CONCENTRATED PERCHLORIC
ACID

KeitH YATES AND HENRY WAL

In connection with a study of the acidity of 0-809, perchloric acid, we have investigated
the behavior of nine typical weak organic bases in this medium. These include representa-
tives of the amine, carbonyl, and ether type of base. All these classes have been extensively
investigated in sulfuric acid (1) but little is known of their stability, spectral changes, and
basicity constants in perchloric acid. We find that the amines and carbonyl compounds
are quite stable even at the highest acid concentrations used and atthough there is some
evidence of slow decomposition of phenol and anisole in these solutions, even these com-
pounds are quite stable within the usual time required to measure ultraviolet spectra. This
is in contrast to their behavior in sulfuric acid where rapid and irreversible sulfonation of
phenols and anisoles occurs at the acidities required to measure their pK values.

TABLE 1

Ultraviolet absorption in perchloric acid at 25 °C

Ap* Aputf
Compound (mu) ep™ (mgy) esu*t
2-Chloro-4,8-dinitroaniline 350 13 000 350 390
N,N-Dimethyl-2,4,6-trinitroaniline 385 13 600 385 110
Benzoic acid 230 10 300 258 14 100
Benzamide 225 8900 240 11 900
Benzaldehyde 250 11 400 295 19 200
Acetophenone 2350 12 000 295 20 200

*Measured in acid solutions about 2 Ho units greater than pX.
fMeasured in acid solutions about 2 Ho units less than pK.
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