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Regiloselectivity in N—acetylation of nitro—p—phenylenediamne(NPDA, 2—nitro—1,4
—diaminobenzene), a widely used hair dye component, by rat liver cytosolic N—acetyl—
transferases was studied in relation to its substituent effects on enzymatic N~acetylation
of mono-substituted anilines. NPDA was acetylated specifically at the N*—position to
afford the N*—monoacetate, a major urinary metabolite in therat, when incubated with
rat liver cytosol fortified with acetyl—coenzyme A. N'—Acetylation of NPDA did not
take place even when the N*—monoacetate was used as a substrate, suggesting a strong
steric hindrance effect of the ortho nitro group on the enzymatic N'—acetylation. The
steric hindrance effect of the nitro group on the cytosolic N—acetylation of the ortho
amino group was revealed by a comparative study carried out by using aniline, three re—
spective regioisomers of nitroanilines and phenylenediamine(PD)s as model substrates.
The comparative study also indicated the enzymatic N—acetylation of the mono—substi—
tuted anilines to be strongly influenced by the electronic effect of the substituents.

Regioselective N—acetylation in the hepatic cytosol was also investigated with N'—
and N'—monoacetates of 1,2,4—triaminobenzene(TAB). The monoacetates yielded the
N', N*—diacetate, another major urinary metabolite of the hair dye component, in the
rat, without concomitant formation of the N?, N‘—diacetate or the N', N?, N*—triac—
etate. The triacetate was formed only from the N', N?2—diacetate in the enzymatic reac—
tions. A comparative study, carried out by using N—mono—acetates of three regioiso—
metric PDs, indicated that the N—acetyl group had a potent steric hindrance effect on the
primary amino group at the ortho position.

Thus, the present in vitro study strongly suggested that the two major urinary
metabolites, NPDA N'-acetate and TAB N' ,N*—diacetate, of the hair dye component
could be formed, at least in the rat liver, by the enzymatic N—acetylation of the corre—
sponding amines.
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Table 1. Chromatographic and Spectral Data of N
Triaminobenzene N—Acetates

itro—p—phenylenediamine, Its N—Acetates, and 1,2,4—

HeLce
Retention times (min) TLC® Hass spectral data
Compound —_————  Rf value UV s ne () w/z (relativo intensity, 3)
1 z 3

Nitro-p-phenylenediamine 18.2 0.85 243 (18600) 153 (M*, 100), 107 (73), 80 (47), 53 (39)

N'-acetate 16.2 0.74 248 (19100) 195 (M*, 20), 153 (100), 107 (78), 80 (27), 53 (29)

N*-acetate 25.8 0.46 253 (22700) 195 (M*, 47), 153 (100), 107 (88), 80 (33), 53 (42)

N',N*-diacetate 29.2 0.66 253 (23500) 237 (W', 24), 195 (58), 153 (100), 107 (43), 53 (15)
Acetanilide® 32.8
1,2,4-Triaainobenzene* 9.8 0.56 232 (21600), 261 (18100) 291 (W*, 49), 235 (34), 176 (66), 122 (66), 57 (100)

N'-acetate* 15.2 0.51 232.5 (20900), 260 (17300) 277 (W', 67), 221 (36), 179 (56), 165 (44), 122 (100)

N?-acetate! 16.4 0.52 231 (25400), 262 (21800) 277 (W', 58), 221 (40), 179 (38), 165 (57), 122 (100)

N?-acetate* 19.6 0.52 232 (21600), 261 (18100) 277 (W’ 69), 221 (51), 179 (19), 165 (100),122 (96)
p-Phenylenedianine

N,N"-diacetate® 22.8
1,2,4-Triamninobenzene

N',N?-diacetate 12.0 0.23 223 (18800), 255 (10900), 207 (M, 39), 147 (51), 123 (46), 122 (100), 95 (45)

300 (2300)
N',N‘-diacetate =2 0.33 225.5 (29600), 255 (12000), 207 (M*, 66), 147 (57), 123 (82), 122 (100), 95 (52)
302 (5100)

N?,N*-diacetate 14.0 0.27 213 (15900), 260 (12000) 207 (M*, 72), 147 (76), 123 (88), 122 (100), 95 (52)

N',N?,N*-triacetate 39.6 0.37 230 (19300), 260 (16000) 249 (H*, 61), 165 (62), 147 (63), 123 (64), 122 (100)
N*-Acetylsulfanilanide® 26.0

coluen Shim-pack CLC-SIL; flow rate, 2.0 ml/min. 3: Mobile phase, me
Mobile phase, chloroform-methanol-25%ammonia water (60:10:1, v/v).
Internal standard for HPLC. Plates: Slica gel 60 Fzsa (E. Merck).

‘ N,N"-Dipropionate drivative.

®

1. Hobile phase, acetonitrile-vater (15:85, v/v); column Shim-pack CLC-0DS; flow rate, 0.6 al/ain. 2. Mobile phase, chlorofora-ethanol (95:5, v/v);

thanol-vater (10:90, v/v); coluan Shim-pack CLC-00S; flow rate, 0.6 sl/amin.

Table2. Chromatographic and Spectral Data of Nitroanilines, Aniline and Their N—Acetates
HpLC®
Retention
Compound times (min) Et:Znol Mass spectral data
ﬁ o am(€) mn/z (relative intensity, %)
o-Nitroaniline 15.8
o-Nitroaniline N-acetate 11.2 233 (17000) 180 (M*, 15), 138 (100), 92 (40), 65 (41), 63 (20), 52 (21)
m-Nitroaniline 11.6
m-Nitroaniline N-acetate 146.2 241 (22900) 180 (M*, 22), 138 (100), 92 (52), 65 (37), 64 (14), 63 (16)
p-Nitroaniline 9.6
p-Nitroaniline N-acetate 15.2 315 (14400), 180 (M*, 25), 138 (100), 108 (56), 92 (29), 65 (42), 63 (24)
224 (10860)
2,4-Dinitroaniline® 19.8
Aniline 12.0
Acetanilide 14.6 241 (16000) 135 (M*, 25), 93 (100), 66 (23), 65 (20)
m-Nitroaniline ﬁ-acetateb 22.0

8 ]: Mobile phase, methanol-water (l1:1, v/v), 2: mobile phas
the text.
b Internal standard for high pressure liquid chromatography.
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Table3. Chromatographic and Spectral Data of Phenylenediamines and Their N—Acetates
HPLC®
Retention times
Compound (min) EthaEZl Mass spectral data
: - -y am(e) n/z (relative intensity, 2)
o-Phenylenediamine 5.6
N-monoacetate 11.6 292 (2870) 150 (M*, 46), 133 (26), 108 (100), 107 (39), 80 (56), 53 (25)
208 (24100)
N,N'~diacetate 22.8 214 (20700) 192 (M*, 20), 133 (35), 132 (36), 108 (100), 107 (31), 80 (32)
_g_—Phenylenediamine‘[.ﬁ'—diacetateb 31.6
m-Phenylenediamine 8.0
N-monoacetate 12.4 296 (2580) 150 (M*, 54), 108 (100), 81 (22), 80 (29), 53 (14)
223 (26900)
N, N'-diacetate 26.4 234 (29300) 192 (M*, 22), 150 (34), 108 (100), 81 (12), 80 (21)
p-Phenylenediamine ﬂJﬂf—diacetateb 20.4
p-Phenylenediamine 6.4
N-monoacetate 8.8 260 (15000) 150 (4, 47), 108 (100), 107 (38), 80 (33), 53 (23)
N.N'-diacetate 20.4 265 (23000) 192 (u*, 32), 150 (22), 108 (100), 107 (31), 80 (23), 53 (16)
m-Phenylenediamine E,Eﬁ—diacetateb 26.4

8 |: Mobile phase, methanol-water-acetic acid (15:85:0.1, v/v), 2: mobile phase, methanol-10 mM phosphate buffer, pll 7.5 (2:8,

v/v), and other conditions as described in the text.

b Internal standard for high pressure liquid chromatagraphy.

3. % R

3.1 NPDABKUZEODN*—-acetate DN-7
& F I LRI

7 FN-CoATFET, 7 v FFRIBEHKES
T NPDA % % 2~X— kL, HPLCHW
MZEYEEZRML IR, BB F )L /n-72%
J—=)LTHE L, HPLCICL - CTHEMZHRE
L7ce 78% b 75 L EIC3EEOMIC RIS
258 E— bkt hic, TOE—7 i3k
(100°C, 55D L-AlBAHESE LT 2 F -
CoAARFLE M3 I nNsn- e ZORH
A ERIEE 7 o< b 75 LOREERE, BAR
RZRZ PILEBELIVTZZARY MLEEET L
B LR, NPDA N'-acetate TH 5B Z &N
BSOS NTS 572, LML, NPDA N'-acetate
BLUNPDA N', N'—diacetate (3t H T 73
M- 7-(Table 4),

NPDA N'-acetate *B& & L7284 H NP-
DA N!', N'—diaceate R HE I N H > 72
(Table4),

3.2 TABN-mono—-&&LUN. N’ —
diacetate DN -7 £ FILLRIE

DT I ) BEON-TEFIL{LIZ, TABON!
—acetate XU N?—acetate = NPDA &[E#HD
EHTA v FaxX—= P LIBAICOEI 12, D
£0, TAB N'-acetate 5 & U TAB N?—ac—
etate  HE & Lo USRICA S ZEYE % im0
L7, BEBETF)L/n—7% ) — LHIHIRICI,
sa= bS5 L bicEhZTh—oREMTH S
TAB N', N'—-diacetate ({RFEF/E, 21.27) B &
*TAB N?, N'—diacetate (fR#FE5/], 14.0%3)
DE—7NE»H S5 (Table 1), &% DAY
*HPLCOH/7a< b75 74—, ¥ARNE
LU= 227 bLoBRIFICEDERLE
(Table 18L& U4), LA L, TZThofidik
IZIZTABN', N?, N'—triacetate \ICtB43 % 7
O b7 S LEDE=7 3D M- T
(Table 4)o

D7 I ) BDON-TEFIIL{LE, TABN!
—acetate ZHIBDEHT A v F 2= LB
BT I 572, TAB N'—acetate 2 EH & L7



Tabled4. N-—Acetylation of Nitro—p—phenylenediamine, 1,2,4—Triaminobenzene N—Mono—and N, N'-Di—

acetates by Rat Liver Cytosol

a
Substrate

Possible metabolite

Metabolite formed

(nmol/mg protein/30 min)

Nitro-p-phenylenediamine Nitro-p-phenylenediamine ﬁ}—monoacetate 0
Eﬁ—monoacetate 28.7

ﬂl,la—diacetate 0

Nitro-p-phenylenediamine Eﬁ—monoacetate Nitro-p-phenylenediamine E}.ﬂ“—diacetate 0

1,2,4-Triaminobenzene ll—monoacetate 1,2,4-Triaminobenzene ﬂl.!?—diacetate 0
ﬁl.ﬂﬁ—diacetate 9.4

ﬂ},ﬂz,ﬂé-triacetate 0

!Z—monoacetate 1,2,4-Triaminobenzene ﬁl,ﬂz—diacetate 0

ﬂ?,ﬁé—diacetate 11:1

ﬂ},ﬂz,ﬁé—triacetate 0

Ha—monoacetate 1,2,4-Triaminobenzene ﬁ}.§é~diacetate 17.3

ﬂ?,!ﬁ—diacetate 0

ﬁl ,ﬂz.ﬂz‘—triacetate 0

1,2,4-Triaminobenzene ﬂl,ﬂz—diucetate 1,2,4-Triaminobenzene ﬂl,ﬁz,ﬁa—triacetate 27.9

ﬂ},ﬂﬁ—diacetate ﬁl,ﬂz,ﬁé—triacetate 0

ﬁ?.ﬁﬁ—diacetate ﬂl.ﬂz.ﬁA—triacetate 0

3 Each substrate (1 mM) was incubated at 37°C for 30 min with rat liver cytosol (4.3 mg protein/ml) in the presence

of acetyl-CoA (1 mM) in 0.1 mM Tris-HCl buffer, pH 7.5, containing propylene glycol (5%, v/v).

Propylene glycol

which had no effect on the enzymatic reactions was used for dissolution of the substrates,
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Tableb. N-—Acetylation of Aniline and Nitroanilines by Rat Liver Cytosol

N-Acetate formed

Substrate?

(nmol/mg protein/

Relative acetylation

30 min)
Aniline 38.6 1.00
o-Nitroaniline 0.0 0.00
m-Nitroaniline 19.5 Q51
p-Nitroaniline 4.8 0.12

8 Tncubations were carried out under the same conditions as described

in Table 4.

N-7tFILLRIZ anilineD1/2TH 72 p—
nitroaniline (X319 2 BRI N-T7 £ F LRI
m—nitroaniline D £ LMD 1/4T&» Y, o—ni-
troaniline®7 I / HIZ2L N-7 & FILLE=
18 -7,

3.4 PDEHELUEZEDN-monoacetate /D
N-7EF ILUERIS
Aniline DXV EFUBIZT I/ EHB3W0WET
FLUT I REBALIEADT I JEON-T
EF I RIZTEEIC O DWW TR L7,
o— m—, BLUp-PDRESTITEFNEFND

N-monoacetate i\, 7t FIL-CoAFEET,

FFeliBEtEE sy 2 A, A& ERORBETT »
Fa2X—=bhL7, PDEDN-7FIKSET
% % PD N—monoacetate 85 LU PDN, N’

—diacetate 38D i2, PD N-monoacetate 8
OR#YPD N, N’ —diacetate RO R % il
iR @ nitroaniline N-acetate & [E#D 75 i% T
fT>7:(Table 3)c Aniline DX ¥V EBADT
I/ BOBAR, BEYIN-TEFILLEREani-
lineM1.7-1.9fZ NN X & /- (Table 6)s 0—PD
DMRHIN-T /) 72 F LRI, hoEEMHE

ETHEr2m-BLUp-PDOZILLD LE
Motz LML, PDN, N’ —diacetate D4
B 2W\WTd, m—-BL U p-PDOKEBEFRTI N-
72 F IALRDHI%TH B DIt L To—PDD
IBEIZIIN,N’ —diacetate (32 < £ L1EA -
725

Aniline DXV EVBIZTEFILT I ) BAEE
A L7358, o—PD N-monoacetate DEEFRH
N-7 2 FIIL{LE (T aniline (Tt L T&F L < &
DL —A. m—PD N-monoacetate D N—
7 F LR aniline iTHE L TEMTHED L
72, p—PD N—monoacetate D N—7 & F L1t
RIEML 72,

3.5 NPDADON-7HEFILERISICET B/
SHEII D

NPDA N' —acetate * BEEGE L TCT7EFIL-
CoAHEET, 7 v NFHBHESTTT v+
N—hL7BE RIGHES» S5 EEGOMICNP-
DA, NPDA N'-acetate 58X IUFNPDA N,
N'—diacetate MBI n7zs LL, LK
JGHEHIZ0.AIM/RT A4 7 (T & FILLEEED
ZEH) ZEML 284S, NPDABLUZDN!



Table6. N —Acetylation of Aniline, Phenylenediamines and Their N—Monoacetates by Rat Liver Cytosol
N-Acetates formed
(nmol/mg protein/30 min)
Substrate? Total acetylationb
N-Monoacetate N,N'-Diacetate

Aniline 39.4 39.4 (1.00)
o-Phenylenediamine 74.1 0.0 74.1 (1.88)
m-Phenylenediamine 64.1 10.4 74.5 (1.89)
p-Phenylenediamine 56.9 10.9 67.8 (1.72)
o-Phenylenediamine N-monoacetate 2.3 2.3 (0.06)
m-Phenylenediamine N-monoacetate 32 4l 32.1 (0.81)
p-Phenylenediamine N-monoacetate 44.0 44,0 (1.12)

o o

N,N'-di-acetates.

Incubations were carried out under the same conditions as described in Table 4.

Numerals in parentheses represent relative acetylation based on the summed values of N-mono- and

Table7. Effectof Paraoxon on N—Acetylation of Nitro—p—phenylenediamine and Its N' —Acetate by Rat
Liver Cytosol*®
Hetabolites formed (nmol/mg protein/30 min)
Substrate Nitro-p-phenylenedianine Nitro-p-phenylenedianine Nitro-p-phenylenedianine Nitro-p-phenylencdiamine

R*-acctate N'-acelate N',N*-diacetate
Nitro-p-rhenylencdianine N'-acetate
Complete 50.7 14.6 6.0
+ Paraoxon (0.1 u) 4.3 3.0 11.8
Nitro-p-phenylenedianine
Complete 28.7 1] 0
+ Paraozon (0.1 u¥) 26.5 0 0

* Incubations were carried out in the absence and in the presence of paraoxon under Lhe same.conditions as described in Table 4.
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Fig.1. Regioselective N—Acetylations of NPDA and TAB N*—acetate by Rat Liver Cytosol Fortified with
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