CHAPTER 11

HISTORICAL

Clark and co-workers firstly reported anticonvulsant activity of several benzamides

in 1984. Some of them produced against maximal electroshock (MES)

induced seizure (Clark et ter, the historical aspects of 4-

aminobenzamide series and 1 i , 0-N-( O-methylbenzyl)benzamide
or LY188544 (22), and 7 fin¢ iide or LY201116 (23), are
reviewed. These com ro ,; of analogues, N-(p-aminobenzoyl)-
1,2,3,4-tetrahydroisoqui “ -(p-aminobenzoyl)-1,2,3,4-

tetrahydroquinoline, respe \« ompounds in this research.
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Structure-Activiy Relationsh s ,..,' i
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1. The effects ofisubst ylakyl £roups at the amide nitrogen

(see Figure

I L

f light activity against
subcutaneous n@aﬂﬂiﬁm se zﬁ H’l ctivity agamst maximal
electros 35) exhibited
anti- MEqm Qﬁ:ﬂmogounds 6-41 areglectlve against MES at 100

mg/Kg. These compounds (35-41) are effective against scMet at less than toxic doses. The

toxic effects of the N-n-alkylbenzamides (35-40) appeared to increase with the chain
length. This trend continued through the highest homologue, n-hexyl amide. The N-

cyclohexylbenzamide (41) is more potent against MES and scMET than the n-hexyl amide
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(40) or the other n-alkyl amides. Compound 41 also exhibited much less toxicity than even
the n-propyl amide (37). The activity profile of the N,N-di-n-propyl amide 42 is similar to
that for 41.

The initial anticonvulsant evaluation was extended to the compounds containing an

aromatic ring (43-49 and 22) on I // g;de. These results indicated that one

additional aromatic ring pro -benzyl amide (44) showed anti-

| —— * X .
any of the N=alkyl amides. However, the addition

Ast] g\ the anticonvulsant effects.
aximum anti-M

tivity, with compound 22

MES activity with greater

EAgT.
appearing to be the mos - : ’ drop \ v.h was observed when the N-

O-methylbenzyl group o .gﬁ"_, the isomeric. [7 phenylethyl group (45) or

the N-benzyl-N-methyl deri . {Clarl
re
2. The effects of substltu_t’l_%ﬁ__dd A ps on the N-phenyl ring

i -
Compound 43 p;essed activity against MES- and stMet-induced convulsions in

the 50 mg/kg doﬂrﬁeﬁ:a:ﬁlrgrﬂ fﬂﬂh’]ﬂﬁactiviw against MES-

induced convuls1qs a min after administration with most compounds

¢ - v/
maintaini : aa _ﬁW Wo’l‘] WE] ’a'l‘hajﬁtion. Several
compouﬁ sEolweI ac iﬂy against scMet-induced convulsions at 30 min; however, the

activity essentially disappeared at 4 hrs. Each of the monomethylated anilides 50-52

exhibited convulsant activity similar to 43.
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Figure 11. The chemical structures of 4-amino-N-substituted benzamides.
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Figure 12. The chemical structures of substituted 4-aminobenzanilde.
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Compounds 53-57 represented all the possible dimethylated anilides, and these
compounds continued to show good anti-MES activity with compound 23 being the most
effective. The profile of anticonvulsant activity for 23 was characterized by marked ability
to modify the maximal electroshock pattern and inability to elevate the metrazole seizure
threshold. The compounds 58-60 all possessed an ortho-isopropyl group and represented

diverse activity and toxicity profi ! ng results did not allow for any clearcut

3. The effects of cthylene group between the amidecarbonyl

and the aromati ' oyl moiety (see Figure 13).

benzamides (61) significantl cased anti lsant activity. The decreased activity

was likely the result of different electronic 2 7 ormation factor (Clark et al., 1986).
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Figure 13. The chemical structure of 4-amino-N-substitutedbenzamide (61) and 4-amino-

N-substitutedphenylacetamide (62).
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4. The effects of the amino substitution pattern of the aminobenzoyl moiety

(see Figure 14).

The location of amino group in the aminobenzoyl moiety is important for activity,
with the 4-aminobenzanilides (63) showing the highest potency and the 2-

aminobenzanilides (65) the lea

aminobenzanilides corresponds to the e ifLiion pattern of 4-amino (63) > 3-amino
(64) > 2-amino (65). Nevertheless: the imethylaniline derivative (23) was still the

most potent anti-MES ageniif
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5. The effects of substitution on the aminobenzoyl moiety of 4-amino-

N-(2,6-dimethylphenyl)benzamide (see Figure 15).

In order to sterically preclude or diminish the rate of metabolic N-acetylation,

analogues of ametolide (23), possessing either one (66) or two (67) methyl groups ortho to

the 4-amino substituent, were synthe: 1zed # mpounds antagonized MES-induced
seizures after administration tormice. € %a still rapidly metabolized by N-
acetylation. However, compound 67 T‘Jﬂ high and long-lived plasma

concentrations of parent dr o'N~ace be detected. While 23 and 66
showed no pharmacologig 1 evant e al-induced sleeping time in
mice, 67 is a potent, dosesleps ' o time. Oral administration of
375 mg/kg led to a 61% ingreage i . S time relative to the control values. Thus, 67

represents one of the most 1t potentiz Ors "o hexobarbital-induced sleeping time

Y ¢ H e/
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CH;j H;C

Figure 15. The chemical structures of 4-aminobenzamides with/without substituent(s) on

the aminobenzoyl moiety.
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6. The effects of the second amino group on the anilide phenyl ring

(see Figure 16).

The introduction of a second amino group on the substituted phenyl ring decreased

68

Molecular Modeling ap
? L

Anticonvulsants

| iy
The most active &’) upds o 23 0) .of _4-aminobenzamides (See
Figurel7), each @euﬂlim ﬁ:mrmﬂt’jnﬁﬁh has approximately
the same angles beﬂtween the three laneg lanes n i ‘Fi ﬁﬂ: summary, a
model fo%\ew;S]a ﬁﬂ) ammzjﬁm n?I iconvulsants can

be constructed with four major factors: (a.) the N-phenyl ring which is nearly

perpendicular to the central amide region, thus facilitating the formation of strong
intermolecular hydrogen bonds to the central amide region, (b.) an ortho-methyl

substituent oriented toward the NH group of the central amide plane, (c.) a hydrogen bond
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acceptor in central region on the side of the central plane opposite to the o-methyl group,
and (d.) an approximately coplanar orientation of the aminophenyl ring to the central
amide plane. Whether the substituent methyl groups play any role other than orientation
the phenyl ring with respect to the amide region is uncertain; however, given the
preferential orientation of a single ortho-methyl group, compound 50, it was hypothesized

that recognized in a hydrophobic pe cket at the binding site. In the active conformation of

2,6-dimethyl compound was assumed that it placés.on ;yethyl group above and one below
the molecular plane formed by i al amide and aminophenyl ring (Duke and
Codding, 1992). ‘

H,N

23 F3C

ﬂ‘IJEI’J‘VIEWIiWEI’m‘i
Figure {5 ﬁ:ﬁcﬁmﬁuﬁl of u% ﬁsﬁ(ﬁ ﬂ p]p ﬁﬁﬂu 4-amino-N-
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pentylenetetrazol, picrotoxin, icueuline, ,7 i ies of tests, LY 188544 had good

activity in the MES test and some 2 t e three threshold tests. The ED,, values of

mg/kg, respectively.

oral administration to mice

and rats, LY188 ﬁeiﬁmﬂ ﬁ&fw ]ﬁ Jmh;:t but did not provide

complete protect; e “thre pentylenetetrazol test. en the individual
: : ¢ : il

stereoiso rwﬁgé‘:ﬁnﬁmﬂ ﬁﬁi ﬁ 1WE)J Wiravgljated after oral

administration, "LY'18854 § 2.2 times more potent than LY 188546 against MES-

induced seizures (ED50 10.9 and 23.7 mg/kg, respectively). However, when evaluated after

and less similar to that om)henytoin and carbamazepine. Afte

intravenous administration, the potency difference was only 1.1 (ED50 7.5 and 8.2 mg/kg,
respectively). LY 188546 was the least toxic in terms of neurological impairment. All

compounds had good protective indexes (ratio between doses for neurological impairment
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and doses for anticonvulsant efficacy in the MES test; TD,/EDy,)). LY188545 and
LY'188546 potentiated hexobarbital sleeping time after acute administration but not after
chronic (4 days) administration. Tolerance did not develop to the effects of LY 188546 on

MES or neurologic impairment after 4 days administration.

,7; E an anticonvulsant with a promising

These results suggested th

pharmacological profile. U ntoward toxicological finding of

w enantiomers were precluded

these compounds, the de

(Leander et al, 1988). /

Pharmacological Effects

o

Jl _;g,-‘ ‘_-J' sk
0.51 mg/kg, respectively. For com L and intravenous ED,, values for the

anticonvulsant phenyto,lhwhmh is selectlve for 1 , eléctroshock test were 9.1 and

ad a protective index of

13.5 (Leander et al., 19&8 After intraperitoneal to mice, thﬂapeutic indexes (LD, / anti-

MES ED)) for ameltolide, ft oi and 12, respectively
(Robertson et alFT te 4ﬂﬁﬂﬁﬂﬁjeﬁi no evidence of the
development of tolerance to the antﬁcﬂ i hexobarbital-
induced ﬂ 3&’-1 va ﬁj\%ﬁ ﬁ ithe ECE! or chronic

admm1strat10n of ameltolide for 4 days. In combination studies with the anticonvulsants,

phenytoin and carbamazepine, which are selective for the maximal electroshock test,
ameltolide produced dose-additive effects, suggesting its anticonvulsant action through the

same mechanism of action as these prototype anticonvulsants. In addition, ameltolide was
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unable to inhibit seizure induced by subcutaneous administration of pentylenetetrazole,
bicuculine, picrotoxin, or strychnine to mice. This marked MES-selective profile

resembles that of phenytoin.

The anticonvulsant and toxic properties of ameltolide were compared with

olide compared favorably with
prototype anticonvulsants, a éte appeared to be 2 g0od safety margin. The studies

. \ in human and supported the

e : (fc . e 1CO isan
development of the compou epfic treatment. \

Correlation Between Experimental Animal dels and Clinical Utility of Active

Anticonvulsants

From the hypothesis ‘- with activities against

general tonic-clonic ‘s¢iz es ; -‘9‘ whereas the s.c.Ptz test

identified compounds mt are efficacious against generamed absence and myoclonic
seizures (White 977)& of i fg in the t, ameltolide can be
predicted to beEqJ:eiJc : eﬁ:il\ﬂm(f tmtj’fjsﬁ tonic-clonic seizures
and complex partial seizure Lo W-yf-?ﬂbmbﬁ’aﬂde would have
broadeﬂiﬁﬁnﬁﬁlﬁlﬁmaﬂ ‘ |
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Mechanism of Action of 4-Amino-N-(@-methylbenzyl)benzamide

As same as phenobarbital, 4-amino-N-((Q-methylbenzyl)benzamide had good
activity in the MES test and some activity in the three threshold tests (s.c.Ptz, s.c.Bic,
s.c.Pic). Possibly, the mechanism of action of this compound is similar to that of
phenobarbital, its anticonvulsap& vas

enhancement of GABA-medi inhibitory ' ion (Leander et al., 1988; White,
T — b,
1997).

blockade of sodium channels and

Mechanism of Action

carbamazepine produced their selec t onvulsants in the maximal electroshock test

] ,.-f"..p\' _.':" "

by the same mechanisn of action. Pe

effect, as measured by th

|
dependent block of sodi -.

ing, possibly by a use-

conductance channels, as has been characterized previously for

e ﬂaﬁﬁﬁ‘ [} k) "’fﬁ"ﬁ

Metabolism; Disposition.and Pharmacekinetics-of Amel

The metabolism, disposition, and pharmacokinetics of ameltolide have been
studied in rats by Potts et al. (1989). "“C-labelled ameltolide was well adsorbed (~94%)
from the gastrointestinal tract following oral administration. Of the dose administered,

64.5% was excreted in the urine and 29% in the bile; with the majority being excreted
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during the first 24 hrs. Peak plasma levels of ameltolide were observed at 0.75 hr. Its
biotransfomation in rats was investigated by quantitating and isolating metabolites from
urine and plasma. The major route of metabolism was N-acetylation to form 4-acetamido-
N-(2,6-dimethylphenyl)benzamide (ADMP), and subsequent hydroxylation to form 4-
(acetamido)-N-(2-hydroxymethyl-6- methylphenyl)benzamlde (HADMP). (See Figure 19)
y ation and hydroxylation of one of the

w’;&e potency of ameltolide as an

—

anticonvulsant (Robertson ; We step that ameltolide was

inactivated by metabolism ie"its#N-acetyl a: alogue ADMP), this metabolic pathway

Pharmacological studies demonstra

methyl substituent led to a

appeared to be reversible " the phs cof nd in.a v ariety of species (Parli et al.,

1987). Two hours after oul ddsidg/with “C-labelled ameltolide, ADMP and HADMP

comprised 92% of the total radio ity in h plasma. The major urinary metabolite,
J‘J e ¥,

accounting for 63% of the radic gﬁ i_r) urine, was HADMP. The elimination of

ameltolide from the systemig ci - ation' ing intravenous administration was

ﬂﬂﬂ’)ﬂﬂﬂ‘ﬁﬂﬂ?ﬂﬁ
ammnm UANINYAY
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0
Il
H,N —@ﬁc—g “C-labelled Ameltolide

Ameltolide

derivatives (See Figire 20)

ARIAINIU UM TN Y

In 1994, N-(p-aminobenzoyl)-4,8- -dimethyl-1,2,3,4-tetrahydroquinoline was firstly
designed and synthesized by Sathit Niratisai. Metabolic hydroxylation of one of the
methyl substituent on the phenyl ring led to decline the potency of ameltolide, therefore,
replacing one of the ortho-methyl groups (primary carbon) on the ortho-phenyl ring by a

branched alkyl group (tertiary carbon) should increase the steric hindrance at this position
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and protect this vulnerable group from the attacking metabolizing enzyme (A to B).
Linking the o-position of the phenyl ring with nitrogen of the amide bond by alkyl chain
can yield a rigid analogue (B to C). This rigid compound will prevent the rotation around
the nitrogen-phenyl single bond and fix compound to.be in an active conformation. In

addition, the alkyl chain added to the parent molecule may increase the lipophilicity; thus,

it is expected that the designed mo ’”}/ better ability to penetrate into brain
(Niratisai, 1994). :
_ﬂ
To extend the M '

tetrahydroisoquinoline pha / aminobenz ), 4-tetrahydroisoquinoline and

group along variable positi ; 4 hydrois quinoline nucleus especially at the

3 -methylisoquinoline (CU-
17-06), was investigated Q anticonvulsa t. From phamacological study, CU-17-
06 was less potent than ameltolide (ED. = 77. 6111'1 nd ] , respectively). In
term of safety, Cﬂluﬂg mﬂhni aé

the dose up to 1 OOO mg/Kg where as @meltolide defifonstrated 5b]e ﬁﬁf 63 mg/Kg,

e ®ANNIUHRIATTE

lethality observed in
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Dj: Unsubstituted
Dy:Rj=CH3,R;=R3=R4=H
D3:R;=CH3, R =R3=R4=H
D4R4 CI‘I3,R|=R2=R3=H
Ds R] R4=CH3,R2=R3=H
De:Ry =Rq4 =CH3, Ry =R3=H
L :R1=CI'I3,R3=F,R2=R4=H
- Dg:Ry=OCH3,R;=R;=R3=H

General Methods for the Prg it - ‘ i nd the Target Derivatives of

For the synthesis of et molecule g irce main steps. First, the

preparation of 1,2,3,4 't" ‘ ition of p-nitrobenzoyl

of 1,2,3,4-tetrahyd rmsooumol@ compound. Finally, N-(p-
nitrobenzoyl)-1,2 teh‘aﬁd& d to obtain the target
compounds, N- (p mgﬂﬂi eral methods for the
syntheses of these ’_tipes of orfaimc com, ﬁ ﬁ jiﬁbvf lﬂTJ

ga g

group on the basic mtr
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Syntheses of 1,2,3.4-tetrahydroisoquinoline compounds (Claret, 1975; Nose and Kudo,

1983; Carey and Sunberg, 1990; Smith, 2002)

There are several methods for preparing 1,2,3 4-tetrahydroisoquinolines. In the

most widely used methods, the final ring-closure completes the heterocyclic ring by

intramolecular electrophilic attack ai arm ition of an aromatic intermediate. The
‘reagent’ is a positive carbon ater suitably | side-chain ortho to the position of

m— _
ring closure. Thus in the B °r-Napi 1, Pictet-=Gams, and Pictet-Spengler syntheses
outlined below, the intermediafe - ¢ Tepre :1"'% ‘() and ring closure is at bond (a).
In the Pomeranz-Fritsch yr ' . | /et \\a ¢ represented by (IT) and ring
closure at bond (b) (See Fiufe 21). ' \

Figure 21. The representation of intermediates in the synthe is oftetrahydroisoquinoline.

Ve &Y

Some types of remtion such as BischIer-Napieralskmeictet-Gams and Pomeranz-

Fritsch  synthes ﬁ m ’]ﬂ ?qm‘noline or 34-
d1hydr01soqu1nola gﬂ@ gl ese compoun s were reduced to give 1,234-
tetrahydr

’31 W’Tﬁﬁﬂim UNNINYINY

a) The Bischler-Napieralski synthesis

It results in the formation of 3,4-dihydroisoquinolines by ring closure of N-(2-

phenylethyl)amides. The amides are usually formed by the acylation or aroylation of 2-
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phenylethylamines. The ring-closure stage is an acid-catalysed, intramolecular,
electrophilic, ~aromatic  substitution.  Successful reagents include phosphorus
pentoxide(P,0, or P,0,,), phosphorus pentachloride (PCly), and phosphorus oxychloride
(POCI,) in boiling toluene, xylene or decalin (See Figure 22).

3,4-dihydroisoquinoline  produce

Figure 22. Synthesis of 3,4-di isoqiic ne by Bischle -Napieralski reaction

b) The Pictet-Gams synthesi

it il

-
3

The N-acyl '. hydra yl- or 2-methoxy-(2-

I
: J o
for the cyclization to produce the fully aromatic isoquinoline

¢
directly. (See Fi 113&? ﬂiﬂ i rrﬁ reduced by sodium
borohydride (Naﬂ; = e us| c[:Eori e (NiCl,) reduction to give product, 1,2,3.4-
o L £ v/
L MBS irT e 1 aGH
q

phenylethyl)amine are u
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H  OH
P,0s, POCL
R, ——F > R;
HN (6] toluene N
Y reflux
R2 R2

Figure 23. The synthesis of 1soqu1nohne

|P!ctet -Gams reaction
* ABHp NiCE=""

86-7 %

Figure24. The reductio i 1€ compound by using sodium borohydride and

oline

A sllitable int k) '.\ 113 u_!l-l‘ll-II-.Vll-nl---v;n:: ------ :4-‘ by the condensatlcn ofa

) l
5 he ring closure can then be

uJ
induced by an acid as in the Blshcler-Naplralskl synthes1s In this case the ring closure is

e °faMﬂ“‘Hﬁ’@"°ﬂ’ B‘WW‘E‘I‘] Ty o Figure25.
LN &Nﬂim um'mma d

, —>
NH2 /N reflux NH
CHz

2-phenylethylamine w1 n

Figure25. The synthesis of 1,2,3 ,4-tetrahydroisoquinoline by Pictet-Spengler reaction
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d) The Pomeranz-Fritsch synthesis

The condensation of benzaldehyde or a substituted benzaldehyde with the acetal of
aminoacetaldehyde gives a schiff base (aldimine) with the skeleton structure (I1) which
can be cyclized with acids to an isoquinoline. The acetal group is necessary to protect the

bifunctional aminoaldehyde from self condensation; it is sensitive to

HO ‘IJ/ INEINA HO N
clH Ji—
Ay,

°C, 40 h, (b) NH,OH; yield 64%

Figure26. The synthesis of is@g inoline by F ritsch reaction through aldimine
intermediate. J“-‘f'

-
e

\J

The poor yields ok ‘ ain ] as opposed to aldimines, in

¥

the first stage of this s e31s makes it unsultable for the preparation of 1-substituted

ol bﬁ"ﬁﬁ YV YT Yo mie o

substituted be ine and the hermacetal of glyoxal The latter can be obtamed from the

RN IAMA N
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EtO\<,OEt N
NH, 1 . _N
N
CH3O CH30/©\( CH3O
CH, CH,

i, O=CHCH(OE?),, piperidine, tol ern

e, reflux; ii, (a) H,SO, (76%),

e) Syntheses of iSoquifolin "‘

e rangement
The oxime of cinnamal -o ﬁ' '*r \\

- T s mitted to the conditions for
the Beckmann rearrangeme ph a‘: Oy K nto ade gives isoquinoline, presumably
by ring-closure of the N-styrylfoimamide

aITHAC

would normally result from the
Beckmann rearrangement (See

H . -.vrl:' R,
Ckz‘ﬁﬁmw WAy

AR aﬁﬁmﬁﬁ'ﬁﬂﬁﬂﬁ d

Figure 28 The synthesis of isoquinoline via the Beckmmann rearrangement
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Reduction of 3.4-Dihydroisoquinoline to 1,2.3.4-tetrahydroisoquinoline (Potapov,

1967; Carey and Sunberg, 1990; Smith, 2002)

3,4-Dihydroisoquinoline compounds which contain imine (C=N) group were

reduced by some type of reductions to form amine compounds.

The reduction of s was conducted by catalytic

hydrogenation over palladitt e, 4-100 atm. Reduction did

not go to completion, a littl€ o

b) Reduction by h

Hydride reducing agents ~¥¥_ : ‘ borohydride (NaBH,) and sodium
cyanoborohydride -_;* [,CN) were usex 0 nds to form amine.

The solution of ifmne compound in methanol with sﬂum borohydride was stirred

at 0°C to give pWWﬁﬁ Elﬂ)j w EJ‘ ,] ﬂ i

Figure 29. The reduction of 3,4-dihydroisoquinoline by using sodium borohydride.
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Under acidic condition, protonation of nitrogen gives an iminium salt that is then

reduced with cyanoborohydride to an amine (See Figure30).

cyanoborohydride.

Syntheses of amides by N on of amine ‘ , ds (Morrison and Boyd, 1987;
Bruice, 1988; Wade, 1999) :

{

—C#NR, + HCI

SRR TN
QWIBTN 38 s 1R TR

Il '
R_g:_ORn + RzNH —_— R_C" NRZ * ROH

ester ammne amide

Figure 31. The formation of amides compounds by N-acylation of amine
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In the laboratory, amides are commonly synthesized by the reaction of an acid
chloride (or anhydride) with an amine. The most common industrial synthesis involves
heating an acid with an amine to drive off water and promote condensation. Esters react

with amines and ammonia also give amides. (See Figure 31)

a) syntheses of amides fro

The treatment of acyl ‘ % "avery general reaction for the

preparation of amides. Ac

lating agents and react very
rapidly with amines. The i n acyl ck oric onia or with a primary or

secondary amine or aryl , 0 amide, H I. The H" generated in the

¢) Syntheses of ﬂide from acid anhydride.

o Qv i
An acid@buﬁg!] r’eacnﬂ mnznwoﬂox:\] Q a‘;nide. Acid anhydrides
'
undergo W eaio ﬁ 1 m Tﬁ a-llﬁ meﬂw?rﬂ‘ﬂﬂ acid chlorides
yield a mole u:(-)lL lim des yield a molecule of carboxylic acid. Two equivalent

of an amine, or one equivalent of an amine plus one equivalent of a tertiary amine such as

pyridine or tertiary amine, must be employed in the reaction of an amine with an
anhydride so that sufficient amine is present to react with the acid produced in the

reaction.
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d) Syntheses of amides from esters.

The reaction of an ester with an amine is a slow reaction. However, unlike the
reaction of an ester with water or an alcohol, the rate of the reaction of an ester with an

amine cannot be increased by H' or by HO or RO. Aminolysis of an ester can be driven

”y)off the alcohol as it is formed.
7Z,

ine. (Marc ; Morrison and Boyd, 1987)

to completion by using excess a

‘be reduced to an amine in

under hydrogen gas. ‘Palla drogenation catalyst for both

aromatic and aliphatic ot be used when the molecule

also contains sorﬁ‘:ﬁ ﬁéﬁa?fﬁ:ﬂ %’Wﬁ gTﬂhﬁx-carbon double bond.
PRI INgaL

Adding hydrochloric acid to a mixture of the nitro compound and a metal, usually

ito compounds. This method can

granulated tin most often carries out chemical reduction in the laboratory. In the acidic
solution, The amine is obtained as its salt; the free amine is liberated by addition of base,

and is steam-distillated from the reaction mixture. The crude amine is generally



49

contaminated with some unreduced nitro compound, from which it can be separated by
taking advantage of the basic properties of the amine; the amine is soluble in aqueous

mineral acid, while the nitro compound is not.

AUEINENINGINS
RN TUAMINGAY
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