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Modification of the clozapine structure by parallel synthesis

Jing Su,* Haiqun Tang,® Brian A. McKittrick,* Duane A. Burnett, Hongtao Zhang,®

April Smith-Torhan,® Ahmad Fawzi® and Jean Lachowicz

b

2Department of Chemical Research, Schering-Plough Research Institute K15 2545, 2015 Galloping Hill Road,
Kenilworth, NJ 07033, USA

bDeparlment of Biological Research, Schering-Plough Research Institute K15 3600, 2015 Galloping Hill Road,
Kenilworth, NJ 07033, USA

Received 16 May 2006; revised 8 June 2006; accepted 9 June 2006
Available online 27 June 2006

Abstract—A structure—activity study based on the core structure of clozapine 1b was accomplished by utilizing high-throughput
synthesis. Several focused libraries were designed and synthesized to quickly develop SAR. The results indicate that by varying dif-
ferent regions of clozapine, both D;-selective and D,-selective compounds can be obtained.

© 2006 Elsevier Ltd. All rights reserved.

Dopamine receptors can be broadly classified into two
subtypes: the Dj-like subtype (D; and Ds) that upon
activation stimulates the production of cAMP and the
D,-like subtype (D,—Dy) that inhibits cAMP production
upon activation. Many D, antagonists are used to treat
schizophrenia,' while D, agonists such as daverium are
used to treat Parkinson’s disease.> D;/Ds antagonists
such as ecopipam have been studied for drug and alco-
hol abuse,®> and D; agonists such as fenoldopam are
used to treat hypertension.* Clozapine 1b has been used
to treat schizophrenia since 1982.>¢ Unlike typical anti-
psychotics such as chloropromazine and haloperidol,
which are effective only against positive symptoms of
schizophrenia, clozapine is effective against both posi-
tive and negative symptoms. Furthermore, clozapine
does not induce severe extrapyramidal side effects
(EPS) at clinically effective doses.”-® The unique profile
of clozapine, however, may not be attributed solely to
its blockade of the D, receptor, as it also binds other
dopaminergic serotonergic, adrenergic, histaminergic
and muscarinic receptors.’ This non-selective profile is
believed to elicit the superior overall efficacy of cloza-
pine.’ Although some SAR investigations of clozapine
have been reported in the literature, to our knowledge,
a broader exploration of the clozapine SAR is not avail-
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able.”2° Herein, we wish to report our results of modi-
fications of the N-5 nitrogen region, the distal piperazine
nitrogen region, and the tricyclic skeleton of clozapine
using high-throughput parallel synthesis?>' (Scheme 1).

Our initial derivatization of the core clozapine N-5
nitrogen included sulfonylation, acylation, reductive
alkylation, and urea formation. As expected, this hin-
dered nitrogen was less reactive and only a few reactions
provided the desired products. Some representative re-
sults are shown in Table 1. Significant among these re-
sults, the sulfonamides 2b and 2¢ retained D;
affinity.?? Introducing an alkylated nitrogen atom exo-
cyclic to the core tricyclic ring provided the hydrazine
2e which also retained the D; activity. Interestingly,
hydrazide 3a further improved the affinity for D;
(K; = 13 nM) and the compound possessed high selectiv-
ity against D, receptor (D»/D; = 87). Compound 3a was
an ideal lead for SAR exploration using parallel synthe-
sis. Both solution-phase and solid-phase synthesis could
be used to prepare analogous targets. Thus, compound
4b?32* was coupled with Argopore-CHO resin followed
by acylation with acid chlorides.?! The final product
could be cleaved from the resin using 100% TFA
(Scheme 2).2° In addition, a solution-phase parallel syn-
thesis was also developed to further expand the SAR.%¢

Selected results from our first 60-membered library by
solid-phase synthesis are listed in Table 2. Overall,
substitution on the phenyl ring improved the D, affinity,
regardless of the electronic/steric nature of the
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Table 1.
R
N
AL
N=
)
2a-e, 3a
Compound R D, K; D, K; D,/D;
(nM) (nM)
1b H 132 208 1.6
2a 0-TolCO 1232 4927 4.0
2b p-TolSO, 65 338 5.2
2¢ 0-TolSO, 71 63 0.9
2d 3,5-CIL,PhNHCO 175 3896 22
2e 2-MeOPhCH,NH 60 202 3.4
3a 2-MeOPhCONH 13 1126 87

substituents and their position on the phenyl ring. Poly-
substitution also improved the D, affinity (compounds
3j-m). In general, compounds with 2-substitution dis-
played lower K; values than 3- or 4-substituted ones
(compounds 3i vs 3d and 3f).2” This trend was in agree-
ment with our previous observation that 2-substitution,
especially 2,6-disubstitution, afforded both strong bind-
ing to the Dy receptor and high D,/D; selectivity (com-
pounds 3o0-p).2” Interestingly, 3,4,5-trimethoxyphenyl
amide (compound 3m) also provided significant D,/D;

Table 2.
Compound Ar D, K; D, K; D,/D,
(nM) (nM)
3b Ph 157 1150 7.3
3¢ 4-CNPh 68 >2000 >29
3d 4-MeOPh 47 >3000 >63
3e 3-CNPh 62 3648 59
3f 3-CF;Ph 148 1362 9.2
3g 2-BrPh 16 792 50
3h 2-CIPh 4.1 181 44
3i 2-MeOPh 13 1126 87
3§ 2,3-F,Ph 16 533 33
3k 3,4-OCH,OPh 56 828 15
31 2-CF3, 4-FPh 49 1616 33
3m 3,4,5-(MeO);Ph 31 5561 180
3n 2,3.4,5-F,Ph 32 1280 40
30 2,6-Me,Ph 3.0 287 96
3p 2,6-(MeO),Ph 1.6 340 210
3q 3-Pyridyl 85 12710 150
3r 4-Pyridyl 86 28425 330

selectivity. Furthermore, introduction of the pyridyl
group also significantly improved D,/D; selectivity
(compounds 3q-r).

Since little was known about the SAR on the distal
piperazine nitrogen in this particular series, we synthe-
sized compound 6a and used reductive alkylation to
introduce various alkyl groups on this nitrogen in a
high-throughput fashion. At the time of our investiga-
tion, synthesis of such analogs in a clozapine or cloza-
pine-like series using this synthetic strategy had not
been reported.?® Subsequently, Capuano et al. reported
synthesis of N-arylmethyl clozapine analogs using this
strategy.!® In our experiment, the reaction was conduct-
ed in solution phase with 75 aldehydes and ketones, fol-
lowed by resin cleanup as shown in Scheme 3.2° Selected
binding data are shown in Table 3. The data strongly
suggested that small and unhindered alkyl groups
were preferred on this distal nitrogen. The N-methyl
analog 3h was the best compound from this series.?’
Larger alkyl groups decreased D, affinity, leading to
lower D,/D; selectivity. Our efforts to modify the
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Table 3.
Compound R D, K; D, K; D2/D1
(nM) (nM)
3h Me 4.0 181 44
6b Et 54 709 13
6c n-Pr 26 409 16
6d i-Pr 191 998 5.2
6e CH,Pr-i 81 >3000 >37
of CH,Bu-¢ 447 >3000 >6.7
6g CH,CHEt, 505 >3000 >5.9
6h CHjcyclohexyl 294 >3000 >10
6i 2-FBn 503 >2000 >4.0

piperazine conformation by introducing a methyl group
alpha to the distal piperazine nitrogen provided similar
SAR trends.3® Other efforts to explore this region
included replacing the piperazine ring with homopiper-
azine or N,N,N’-trimethylethylenediamine and these
modifications resulted in at least 100-fold loss of D,
and D, activity.3!

For direct comparison of the hydrazine and clozapine
series, the reductive alkylation chemistry was applied
to N-desmethyl clozapine 1a and 43 compounds were
synthesized. A previous study by Capuano et al. focused
on reductive alkylation of 1a with a few substituted ben-
zaldehydes and it was concluded that introduction of an
N-arylmethyl group into the clozapine structure did not
have a significant effect on D, binding.!” Our results, in
Table 4, were in sharp contrast to Capuano’s. We found
that bigger alkyl groups led to diminished D, affinity for
compounds lc—i as we had previously found for hydra-
zide 6b-i. However, it was quite interesting to see that
the D, affinity of lc-i was dramatically improved to
the extent that they became D,-selective antagonists.
The best compound 1i had a D, K of 3 nM with greater
than 1000-fold selectivity over D;, whereas the corre-
sponding N-acylhydrazino analog 6p had D, K; of
>3000 nM. Although D,-selective antagonists such as

2. resin cleanup

amisulpride have been reported as effective antipsychot-
ic drugs,?? to our knowledge, this is the first report of a
highly selective D, antagonist with a clozapine-like
structure. This finding is of particular relevance to anti-
psychotic drug research.

Our exploration of the tricyclic skeleton SAR started
with relocating the 8-Cl group to the 2-position based
on literature reports that such a manipulation to
clozapine improved D; and D, affinity by 10-fold.!%!!
The synthesis of the building block 12 is depicted in
Scheme 4.3 Using the solution-phase chemistry de-
scribed above, modification of the top part of the mol-
ecule produced 51 compounds. Some representative
examples from this library are shown in Table 5. The
anticipated improvement of D; affinity did not occur in
this amide series, whereas improvement of D, affinity
was observed in some cases, resulting in lower D,/D;
selectivity (compounds 13j vs 3p). In general, the SAR
of this series was consistent with that of compound 3 in
Table 2. The best compounds were still those bearing
2-substituted and 2,6-disubstitutedbenzoyl amides (com-
pounds 13i-j). Interestingly, 3.4,5-trimethoxyphenyl
amide 13g still held a D, selectivity greater than 100-fold
(Scheme 5).

In order to further evaluate the combination effect of
introducing an additional chlorine atom and a hydra-
zide on dopamine receptor affinity, we used the
above chemistry to synthesize the dichloroclozapine
building block 16 and a 54-membered library synthe-
sis of compounds 17 was accomplished (Table 6).
Similar to their analogs in Table 5, the 2-substituted
and 2,6-disubstituted phenyl amides provided the best
D, affinity (compounds 17h-j), with D,/D; selectivity
generally being low except for 17h. A comparison of
the results in Tables 2 and 6 demonstrated that the
chlorine atom at the 2-position on the tricyclic
skeleton significantly improves the D, activity but
not the D; activity.
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Table 4.
cl
b N O
o4 r
c N= Cl N= Y
N = Q —
1c-i X 6j-p X
X Compound D; K; (nM) D, K; (nM) Compound D; K; (nM) D, K; (nM)
2,4-F, 1c 835 177 6j 886 >3000
2,3-(OCH,0) 1d 637 80 6k 571 >2000
2.4-(Dime), le 482 65 61 1097 >3000
3,4-(0OC,H40) 1f 583 29 6m 238 >2000
4-t-Bu-Cyclohexyl 1g 1734 11 6n 2273 >3000
2,3-(OCF,0) 1h 3106 8 60 4749 >3000
3-CF;0 1i 3799 34 6p 2568 >3000
H COOH
Clr X e O
0,
NO amyl alcohol, 150 “C
2 HOOC cl 100 % NO, cl
7 8 9
NapS,0,  o-xylene @[ T|CI4 @[
53 % 80%
N
R
NH2
1. isoamyl nitrite RCOCI @[
2. Zn,OHOAc TEN
40% 80-95%
N N
12 13
Scheme 4.
Table 5. In summary, we have utilized a parallel synthesis strate-
Compound R D, K, D,K  DyD, gy to develop SAR of three different regions of clozapine
(nM) (nM) 1b. Modification of the aryl group on the top region of
13a 4-CNPh o 1969 a1 the molecule rpsulted in high gfﬁnlty .Dl antagonists
13b 3.CNPh 99 1186 12 such as 3h, which was also selective against D,. Modifi-
13¢ 3-OMePh 86 1379 16 cation of the tricyclic skeleton provided D; antagonists
13d 2-CF3,5-FPh 2 01 19 such as 13j and 17h with similar affinity but lower D,
13e 2,3,4,5-F,Ph 156 759 4.9 selectivity. While installation of bigger alkyl groups on
13f 3,4-OCH,0Ph 83 1261 15 the distal piperazine nitrogen resulted in loss of D,
13g 3,4,5-(MeO);Ph 20 3230 160 and D, activity in hydrazide series 6e—6p, highly D,-se-
13h 2-MePh 43 1571 33 lective compounds such as 1i were discovered when the
13i 2-IPh 7.0 231 33 same chemistry was applied to N-desmethyl clozapine
13j 2,6-(MeO),Ph 6.0 197 33

1a.
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Table 6.
COmpOUnd R Dl K; D2 K; Dz/D]

(nM) (nM)
17a 4-CNPh 51 194 3.8
17b 3-CNPh 47 175 3.7
17¢ 3-OMePh 44 139 3.2
17d 2-CF3, 5-FPh 24 69 2.9
17e 2,3,4,5-F,Ph 98 270 2.8
17f 3,4-OCH,OPh 130 286 2.2
17g 3,4,5-(MeO);Ph 16 267 17
17h 2-MePh 2.0 175 88
17i 2-1Ph 12 36 3.0
17j 2,6-(MeO),Ph 11 97 8.8
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