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Reported reactions between nitrile group and cysteine amino acid

Docking studies
ADMET studies
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1- Reported reactions between nitrile group and cysteine amino acid

a- Fig. 1 was reported by Montanari et al [1] showing two possible mechanisms for the
inhibition reaction. In the first proposed mechanism, the protonation of N1 occurs
concertedly with the nucleophilic attack of the thiolate anion. The second proposed
mechanism is the nucleophilic addition and proton transfer in a stepwise mechanism, where
the thiolate group of Cys25 attacks the carbon atom of the nitrile group first to form a

covalent bond.
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Fig. 1: Possible reaction mechanisms of nitrile derivatives with cysteine amino acid.

b- Fig. 2 was reported by Liang et al [2] showing the condensation reaction between
cysteine and 2-cyanobenzothiazole that occurs in vitro and in living cells under the

control of pH.
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Fig. 2: the condensation reaction between cysteine and 2-cyanobenzothiazole pH = 7.4.
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c- Fig. 3 was reported by Zheng et al [3] showing the mechanism of condensation reaction
between L-cysteine and the cyano group of 2-cyano-6-aminobenzothiazole to yield
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Fig. 3: Proposed reaction mechanism between 2-cyano-6-aminobenzothiazole and L-cysteine.

2. Insilico studies
A) Docking studies
e The binding mode of compound 16b against EGFRWT

The binding mode of compound 16 was similar to that of the reference ligand, erlotinib. It gave affinity
value of -9.55 kcal/mol. The pyrimidine-5-carbonitrile moiety was embedded in the adenine pocket of the
EGFRWYT forming a hydrophobic interaction with Leu694. The sulfamethazine moiety occupied the
hydrophobic pocket | forming a hydrophobic bond with Met742, Leu834, Leu837, and Cys751. Also, it formed
two hydrogen bonds with Thr830 and Thr766 with a distance of 2.10 and 1.92 A°, respectively. Moreover,
the phenyl group at position-4 occupied the hydrophobic region I1. (Fig 1).
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Fig. 1: Compound 16b docked into the active site of EGFRWT formed two hydrogen bonds (green) with
Thr830 and Thr766 residues. The pi interactions are represented in orange lines.

e The binding mode of compound 16b against EGFRT79M

The binding mode of compound 16b was similar to that of the reference ligand, TAK-285. It gave affinity
value of -6.74 kcal/mol. The pyrimidine-5-carbonitrile moiety was embedded in the adenine pocket. The sulfur
atom of thiobutyl moiety formed a hydrogen bond with Thr854. The sulfamethazine moiety occupied the
hydrophobic pocket | forming a hydrophobic bond with Lys728, Leu718, and Leu844. Moreover, the phenyl
group at position-4 occupied the hydrophobic region Il. (Fig. 2).
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Fig. 2: Binding of compound 16b with EGFRT"M, the hydrogen bonds are represented in green dashed

lines and the pi interactions are represented in orange dashed lines.



e The binding mode of compound 10a against EGFRWT

The binding mode of compound 10a exhibited binding affinity value of -6.93 kcal/mol. The pyrimidine-
5-carbonitrile moiety was embedded in the adenine pocket of the EGFRWT forming one hydrogen bonding
interaction with Lys721. In addition, it formed two hydrophobic interactions with\Val702 and Leu820. The
phenyl moiety occupied the hydrophobic pocket | forming a hydrophobic bond with Lys721. Moreover, the
phenyl group at position-4 occupied the hydrophobic region Il forming three hydrophobic interactions with
Ala719, Leu694, and Leu820 (Fig 1).
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Fig. 3: Compound 10a docked into the active site of EGFRWT. The hydrogen bonds were represented in

green dashed lines and the pi interactions are represented in orange dashed lines.



B) ADMET Descriptors (These data were retrieved from Discovery Studio 4.0 Help)

Table 1. Predicted ADMET for the designed compounds and reference drugs

Comp. BBB Solubility ALog pos PSAID CYI?ZI.DG PI.DB.
level level prediction | prediction

10¢ 0.736 -6.692 5.864 58.267 -2.615 4.656
104 <0.3 -7.346 6.844 58.267 -0.954 5.360
10s <03 -7.336 6.844 58.267 -0.893 7.828
11a 0.219 -5.752 4.766 69.528 -3.030 2.909
11b <0.3 -6.416 5.746 69.528 -1.428 3.614
12b <0.3 -6.968 6.474 58.267 -1.826 1.263
13a 0.481 -5.891 5.038 58.267 -3.460 0.959
13p <0.3 -6.566 6.018 58.267 -2.033 0.902
15b <0.3 -6.695 6.097 75.568 -2.086 6.087
16a <0.3 -6.525 5.173 128.201 -14.154 -6.464
17a 0.537 -5.954 5.22 58.267 -1.009 2.812
17b <0.3 -6.605 6.199 58.267 0.662 3.327
Erlotinib 0.054 -5.11 4.309 71.052 -2.881 0.620
Gefitinib | -0.371 -4.485 2.642 65.326 -0.801 -0.126




a- Key to human intestinal absorption (ADMET Absorption Level)

Level Value Description

0 ADMET _Absorption_T2_ 2D < 6.1261 (inside 95%) Good absorption

1 6.1261 <ADMET _Absorption T2 2D <9.6026 (inside 99%)  Moderate

absorption
2 9.6026 < ADMET _Absorption_T2 2D (outside 99%) Low absorption
3 ADMET PSA 2D > 150.0 or ADMET_AlogP98 < -2.0 or | Very low absorption
ADMET _AlogP98 > 7.0
= Note. ADMET_Absorption_T2_2D is the Mahalanobis distance for the compound in the
ADMET_PSA 2D, ADMET_AlogP98 plane. It is referenced from the center of the region
of chemical space defined by well absorbed compounds

b- Key to aqueous solubility levels (ADMET Solubility Level)

Level | Value Drug-likeness

0 log(Sw) <-8.0 Extremely low

1 -8.0 <log(Sw) <-6.0 No, very low, but possible

2 -6.0 <log(Sw) < -4.0 Yes, low

3 -4.0 <log(Sw) < -2.0 Yes, good

4 -2.0 < log(Sw) 0.0="" Yes, optimal

5 0.0 < log(Sw) No, too soluble

6 -1000 Warning: molecules with one or more unknown

AlogP98 types



c- Key to BBB penetration levels (ADMET BBB)

Level | Value Description

0 Very High Brain-Blood ratio greater than 5:1

1 High Brain-Blood ratio between 1:1 and 5:1

2 Medium Brain-Blood ratio between 0.3:1 and 1:1

3 Low Brain-Blood ratio less than 0.3:1

4 Undefined Outside 99% confidence ellipse

5 AlogP98 Warning: molecules with one or more unknown AlogP98 types

d- ADMET - Cytochrome P450 2D6 (CYP2D6)

ADMET CYP2D6 Prediction | The classification whether a compound is an CYP2D6
inhibitor using the cutoff Bayesian score of 0.161 (obtained
by minimizing the total number of false positives and false

negatives)

e- ADMET - Plasma Protein Binding

ADMET PPB | The classification whether a compound is highly bounded (>= 90% bound)
Prediction to plasma proteins using the cutoff Bayesian score of -2.209 (obtained by

minimizing the total number of false positives and false negatives)



1H NMR of compound 10a
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1H NMR of compound 10a
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1H NMR of compound 10a
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13C NMR of compound 10a
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13C NMR of compound 10a
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APT of compound 10a
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APT of compound 10a
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1H NMR of compound 10,
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13C NMR of compound 10,

~9000

~8000

~7000

~6000

~5000

~4000

~3000

~2000
-1000

--1000

T6S'EST”
79912~
8£0°0€

9IS TE~"

)

SI8'v8—

SE0°9TT
Nnm._‘ﬁ/
oﬁ.anﬁ
62£°8C1
mom.wﬁw
929°8Z1
vvsosT/.
Nmn.mm@“
106°SET
8€9° /€T
98£09T~

0T6°£9T~
LPOELT~

NH

9 80 70 60 50 40 30 20 10

110
f1 (ppm)

210 190 170 150 130

230



13C NMR of compound 10,

n ({1 - -] ~N i

5 4 S & 2
3 - o - o 9000

(-] Mmm ™~ i

| Vo | |
-8000

NH
N L
nggb 7000
N \
| 6000
/\/\ /
S N
-5000
4000
-3000
-2000
-1000
' -0

~~-1000

100 95 90 85 80 75 70 65 60



13C NMR of compound 10,

N =) © o N Tone onN n
< - @ Mmom TNON ON M
© a M ©anN nNewnm =a S
] ~ o N 191 owwe®w 1N ©
N () © MM m MANNN NN -
- - - i g i b B Jh - B -
[ | | NN NN |
NH
N
F
NN
/\/\8)\,\]

~9000

~8000

~7000

~6000

~5000

~4000

~3000

~2000

-1000

146 142 138 134 130 126 122 118
f1 (ppm)

178 174 170 166 162 158 154 150

--1000



APT of compound 10,
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APT of compound 10,
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APT of compound 10,
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1H NMR of compound 10,
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13C NMR of compound 10,
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13C NMR of compound 10,
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APT of compound 10
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1H NMR of compound 104
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1H NMR of compound 104
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1H NMR of compound 104
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13C NMR of compound 104
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1H NMR of compound 14,
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13C NMR of compound 15,
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1H NMR of compound 15;
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1H NMR of compound 15;
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1H NMR of compound 15;
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1H NMR of compound 15;
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~4E+08

~4E+08

~3E+08

-2E+08

-2E+08

-2E+08

~1E+08

~5E+07

LT
m_D_HW.
1671

L

()

£52'¢

£ee'c
SQ0°E
810¢€

Ce0e

8pL9—

5L

£895'L

85,
S

8652
2092
6192
95/
044t
68
1987
o064
086

T

8T0T—

AMostafa NP-5

J

FE0'E

F18's

=e0'c

7
f1 (ppm)

13 12 1 10

14
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1H NMR of compound 16,
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13C NMR of compound 16,
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13C NMR of compound 16,
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13C NMR of compound 17,
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1H NMR of compound 17,
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1H NMR of compound 17,
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13C NMR of compound 17,
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1H NMR of compound 18,
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13C NMR of compound 18,
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