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Abstract: Erlotinib HCl (Tarceva®) and Gefitinib (Iressa®) are well known anticancer drugs,
which are used in the treatment of several chemoresistant cancer. Their total structural
assignments of Erlotinib, Erlotinib HCl and Gefitinib have been achieved by using 2D-NMR
experiments, including DEPT, COSY, ROESY, HSQC and HMBC. ROESY experiment gives
the best important data for their structural elucidation.
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Introduction

Erlotinib HC1 (1, Tarceva@)l and Gefitinib (2, Ilressa®)2 4-aminophenylquinazoline oral
anticancer drugs inhibits the activity of the epidermal growth factor receptor (EGFR) as
tyrosine kinase inhibitors. Both of them have been (Figure 1) launched forthe treatment of
chemoresistant non-small cell lung(NSCLC)’. In addition, Erlotinib has been reported to be
effective in the treatment of glioma, head and neck cancers, as well*. Gefitinib is the first
EGFRtargeting agent registered as an anticancer drug in Japan and Australia.FDA approved
Gefitinib and Erlotinib in 2003 and 2005, respectively. These kinase inhibitors have been
widely evaluated in cancer clinical trials.

2D NMR data of Erlotinib and Gefitinib have not been previously published, as far as
we know. In this work, we performed a detailed 2D NMR study using COSY, DEPT, 'H-">C
correlated HSQC and HMBC and ROESY methods, leading to a full 'H and "C signals
assignments for Erlotinib and Gefitinib. The coupling constants J were reported in Hertz and
the differences in the peak splittings in different situations were discussed.
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Flgure 1. Structures of (1) Erlotinib and (2) Gef1t1n1b

Experimental

Uncorrected melting points were measured on an Biichi B-540 capillary melting point
apparatus. All NMR experiments were carried out by using VARIAN (AGILENT)
MERCURY 400 MHz (Varian, Palo Alto, CA) at a proton resonance frequency of 400.1779
and 100.6243 MHz for carbon, equipped with a 5-mm broadband observed probe head. The
NMR spectrum optimization was conducted by using Agilent VnmrJ version 3.2 revision A
software and all parameters were set in it. The samples (15 mg) were dissolved in 0.75 mL of
DMSO-ds, CDCl; CD;COCD;andCD;OD. The '"H NMR experiments were traditionally
carried out with TMS as an internal standart and its chemical shift set at =0 ppm, at r.t,
unless stated otherwise. Pulse program for 'H spectra was relax. delay 1 sec; pulse 45.0
degrees; 8 or 16 repetitions; acquisition time 2.559 secs; width 6402.0 Hz. Pulse program for
C spectra was relax. delay 1 sec; pulse 45.0 degrees; 2000 repetitions; acquisition time
1.304 secs; width 21141.6 Hz. The DEPT pulse program for carbon was relax. delay 1 secs;
pulse 90.0 degrees; acquisition time 1.304 secs; width 21141.6 Hz; 64 repetitions. The HMBC
pulse program for proton-carbon was relax. delay 1 secs; acquisition time 0.15 secs; width
6402.0 Hz; 2D width 21633.3 Hz; 8 repetitions; 2x256 increments. The HSQC pulse program
for proton-carbon was relax. delay 1 secs; acquisition time 0.15 secs; width 6402.0 Hz; 2D
width 17105.0 Hz; 8 repetitions; 2x256 increments. The NOESY pulse program for proton
was relax. delay 1 secs; acquisition time 0.15 secs; width 4046.9 Hz; 2D width 4046.9 Hz; 8
repetitions; 2x200 increments. The ROESY pulse program for proton was relax. delay 1 secs;
acquisition time 0.15 secs; width 4677.3 Hz; 2D width 4677.3 Hz; 8 repetitions; 2x200
increments. The COSY pulse program for proton was relax. delay 1 secs; acquisition time
0.15 secs; width 4046.9 Hz; 2D width 4046.9 Hz; 4 repetitions; 128 increments.LC-MS
coupled with positive (ESI+) Electro Spray method was used to determine molecular weight
of the samples. The HPLC of LC/MS was carried out on a column XTerra® MS C-18
(4.6x250 mm, 5 pm) with H,O : CH3CN : MeOH : 0.1% HCOOH in CH;CN (45 :35:10: 10)
with 0.5 mL/min flow rate as mobile phase. The eluate was monitored by a photo-diode array
detector at 254 nm. The analytical condition of mass was as follows : capillary voltage : 3.11
kV, cone voltage : 29 V, source temperature : 100 °C : desolvation temperature : 300 °C.
Elemental analyses were performed by Leco CHNS-932.

N-(3-Ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine, Erlotinib (1)HCI
White colored powder, mp 232-235 °C, ESI-MS (m/z) : 394.5[M+H, 100%]+; Anal.Cald. for
CxHy3N;04 HCI: C, 61.46; H, 5.63; N, 9.77 %; Found C, 61.33; H,5.56 ; N, 9.85."H NMR
(CD;0OD) & ppm (J, Hz) at 34 °C : 3.46(s,3H,H-6"), 3.47(s,3H,H-5), 3.57(s,1H, H-9”),
3.87(m,4H,H,3”,4”), 4.39(m,4H,H-2",17), 7.27(s,1H,H-8), 7.41-7.43(dt,1H,J,=6.4 Hzand
J,=2.4 HzH-4"), 7.451,1HJ,=7.6 Hz,H-5’), 7.71(dt,1H,J,=7.2Hz and J,=2Hz,H-6),
7.86(br.t, 1H,H-2"), 8.02(s,1H,H-5), 8.7(s,1H,H-2), NH(unobservable).
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N-(3-Ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine, Erlotinib (1)

10 mL of 5% K,CO; solution was added to the mixture of 0.25 g Erlotinib HCl in 15 mL of
33% MeOH-HOH and well stirred for 30 mins, the mixture was acidified with acetic acid,
precipitate was filtered and washed with water and crystallized from MeOH, white colored
crystals, mp 159-161 °C, ESI-MS (m/z) : 394.5[M+H, 100%]+, Anal.Cald. for C,H,3N;0, : C,
67.16; H, 5.89; N,10.68 %, Found C, 66.96 ; H,5.57 ; N, 10.66. "H-NMR (CD;COCD;) § ppm
(J, Hz): 3.41(s,3H,H-6), 3.42(s,3H,H-5"), 3.66(s,1H,H-9”), 3.78-3.81(m,2H,H,4”), 3.82-
3.85(m,2H,H,3”), 4.27-4.29(m,2H,H-2"), 4.33-4.35(m,2H,H-1"), 7.21(dt,1H, J,=7.6 Hz and
J,=12 HzH-4"), 7.25(s,1HH-8), 7.37(t,1H, J,=7.6 HzH-5’), 7.76(s,1H,H-5), 7.90-
7.93(m,1H,H-6"),  8.11-8.13(m,1H,H-2"), 8.55(s,1H,H-2), 8.89(br.s,1H,H-7"). 'H NMR
(CDCl) 6 ppm (J, Hz): 3.08(s,1H,H-97), 3.42(s,3H,H-6"), 3.44(s,3H,H-5"), 3.78-3.8(m,4H,H-
3747, 4.19-4.24(m,4H,H-1",2), 7.17(s,1H,H-8), 7.21(s,1H,H-5), 7.25 (dt,1H,J,=8 Hzand
J,.,=1.2Hz,H-4"), 7.33(t,1H,J,=7.6 Hz,H-5"), 7.47(br.s,1H,H-7"), 7.74(dm,1H, J,=7.6 Hz,H-6"),
7.85(t,1H, J,,=1.6Hz,H-2"), 8.65(s,1H,H-2). COSY, ROESY, HSQC, HMBC, DEPT, °C NMR
(CDCly) : 156.23(C-4), 154.6(C-7), 153.59(CH-2), 148.87(C-6), 147.58(C-8a), 138.81(C-1"),
128.99(CH-5), 127.74(CH-4’), 125.0(CH-2"),122.83(C-3*), 122.25(CH-6’), 109.12(C-4a),
108.8(CH-8), 102.54(CH-5), 83.34(C-87”), 77.44(CH-9”), 70.98(CH,-3”), 70.41(CH,-4"),
69.24(CH»-17), 68.29(CH,-2"), 59.3(CH;-57), 59.22(CH3-6”).

N-(3-Chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholin-4-yl-propoxy )quinazolin-4-
amine, Gefitinib (2)

White colored crystal, mp 195-197 °C, ESI-MS (m/z): 224(100%), 447[M+H, 33%],
449[M+H+2, 10%]; Anal.Cald. for C,,H,,CIFN,O5: C, 59.13 ; H, 5.41; N, 12.54 %; Found
C,59.03; H,547 ; N, 12.76.

Results and Discussion

It seems to be there is a mess about the previously published NMR data of Erlotinib and its
HCI salt®"’. There are several reasons for this confusion. For example, Erlotinib HCI should
be the mixture of erlotinib base and its HCI salt, which we met to this situtation, with one of
the commercially avaliable Erlotinib HCI sample and some of the chemical shift values
changed substantially. Silver stabilize deuterated CDCl; causes to yellow coloured
precipitate, probably the reason of the reaction between the Ag and acetylene group, that is
why, it cannot be used. Highly different melting points and colors are reported in 1it"".
Actually pure Erlotinib sample must be white. Yellow coloured samples should have some
impurities. As a matter of course, highly different 'H and '*C NMR spectra (in DMSO-dy)
of Erlotinib HCI have been reported in literature®'®. Our 'H NMR results are totally in
agreement with literature®''. Others should have some printing mistake, or e.g. there is a
conflict between the NMR spectrum of the base and HCI salt of Erlotinib in literature'>. On
the other hand,"H NMR spectrum of Erlotinib base in CDCl; were also reported in lit'®"?,
while our 'H NMR result is totally consistent with literature'>'®, in contrast is not equal
within literature'”'®. One more other confusion is here: Zhang et al.," reported NMR values
of Erlotinib base in CDCl; instead of Erlotinib HC1.We have tested that, it was impossible
to run the "H NMR of Erlotinib HCI in CDCls, since it has naturally no solubility. Our *C
NMR result of Erlotinib HCI is in accordance with literature™'>. The C NMR data in
literature'® was completely transferred from literature'® only with changing the name of
deuterated solvent. Moreover, our *C NMR result is also highly different than literature'®
for Erlotinib.
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Because of the bis 2-methoxyethoxy substitution at position 6 and 7 of Erlotinib HCI,
the NMR interpretation is almost impossible without 2D NMR data. At first, we investigated
the effect of temperature on the chemical shift ("H NMR) values of Erlotinib HCI (15 mg of
sample, in 0.75 mL of DMSO-dg) and noticed a chemical shift reversal towards low field for
the proton at C-8, on gradually increasing the temperature (24-50 °C), the remaining
aromatic protons have not been effected seriously by temperature changes (Figure 2). H-8
splitting patterns were not enough clear at 24°, 41° and 50°C, due to that overlapping of the
other aromatic peaks.
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Figure 2. Effect of temperature on the chemical shift of the H-8 proton of Erlotinib HCI in
DMSO-d;. A)24 °C B) 34 °C C) 41 °C D) 50 °C

In contrast, it appeared as a sharp singlet at & 7.42 ppm without overlapping at 34 °C.
In addition at this temperature, none of the protons seems to be overlapped, that is why, all
of the further NMR experiments were run at 34 °C. As it could be easily estimated that, the
proton of N-H (at position 7”’) observed as singlet and resonated at § 11.6 ppm. First, we
have attempted to run NOESY spectrum, in order to see whether there should be possible
correlation between this anilino NH proton with H-5 proton, which is one of the best close
proton in space without neighbouring. Unfortunately, it was not possible to see this expected
correlation contour by the NOESY spectrum. On the other hand, it was reported that™
ROESY experiment has been used for the structure elucidation of inclusion complex of
Erlotinib with sulfobutyl ether-f-cyclodextrin, hencewe have also run the ROESY spectra.
Actually, in the ROESY spectrum of Erlotinib HCI (Figure 3), the NH proton signal at 311.6
ppm gives NOE with the peak at § 8.50 ppm. Therefore the peak at 88.50 ppm is due to H-5
(Table 1). Furthermore, this aromatic proton H-5 show NOE with the proton at 64.41 ppm.
Therefore, the signal at 84.41 ppm is due to C-1” methylene protons. Similarly, the other
methylene protons at C-2” can show NOE with H-8. The methylene protons at 34.32 ppm
show NOE with the proton at 67.42 ppm. Therefore, the signal at §7.42 ppm is due to H-8.
These last two assignments were seen in both of the NOESY and ROESY spectra of
Erlotinib HCI. In order to support these findings, same experiments have been done for
Gefitinib which is no bis substitution on the benzene moiety, hence interpretation of
Gefitinib is easier than Erlotinib. Our 'H and “C NMR chemical shift and coupling
constants data in DMSO-d,of Gefitinib are in good agreement with lit*'. Same observations
have been obtained in the ROESY spectrum of Gefitinib (Figure 4), the contour at & 9.54
and 6 7.80 ppm indicated, the NOE of H-7”: H-5 and the contour at 6 7.80 and 64.18
indicated, the NOE of H-5 : H-17, respectively. Also it was possible to see the NOE
correlation between the H-8 and H-2” as in Erlotinib. The complete assignments of Gefitinib
were also made using 1D and 2D NMR including COSY, ROESY, DEPT, HSQC and
HMBC NMR in DMSO-ds and there was no unexpected situtation of the interpretation of
Gefitinib (Table 2). In addition, virtual 3D conformational data of Erlotinib and Gefitinib
also support these findings. (Figure 5) shows the molecular conformation of these
compounds and depicts the numbering scheme with NOE effected hydrogen atoms. All of
the obtained data from the ROESY spectra are in accordance with the 3D virtual
conformation of Erlotinib and Gefitinib structures as it seen in Figrue 4.



Table 1. 'H,"*C, COSY, ROESY, DEPT, HSQC and HMBC data of Erlotinib HCI and Erlotinib base

Erlotimib HCI Erlotinib Base
No 'H §,°C 8, HSQC DEPT COSY ROESY HMBC No B s, 'H 8, HSQC DEPT COSY ROESY HMBC
H-2,5, H-2,5,7"
4 15806 0 H-8(weak) 156.10 0 H-8(weak)
7 15561 0 H-5,8 7  153.65 0 H-5,8
6 14934 0 H-5,8 2 15275 8.49 (s,1H) 1 -
2 14849 8.83 (s,1H) 1 .- 6  148.12 0 H-5,8
, . H,5,8
I’ 13725 0 H-5 8a  146.97 0 Ho2(weak)
8a 135.36 0 H-2,58 1' 139.82 0 H-5°
, 7.39(dt,1H,J=8, . o . 7.39 o
4 129.18 =1.2) 1 H-5 H-2'6' 5 128.85 (L11LJ=8) 1 H-4'6 -
\ _ . . 7.205 . \
5 12897  7.48(t,1H,J=8) 1 H-4'.6 .- 4 12632 (1HJ=72) 1 H-5 H-2
\ _ o . 8.00 -
2" 12755  7.9(t,1H,J=1.2) 1 H-46'" 2' 12474 (L1H.J=16) 1 H-4'6',7
, 7.81 ) g \ 7.89(dd,1H, ) .
6 12525 (dm. 1FLJ=8) 1 H-5 H-2'4'" 6 12254 1280 21.2) 1 H-5 H-2'4',7
3" 12191 0 H-9",5' 3 121.74 0 H-5'9"
4a  107.32 0 H-8 4a  108.92 0 H-8
5 10529 8.50(s,1H) 1 H-7",1" --- 8 108.17  7.198(s,1H) 1 H-2" ---
8 100.55 7.44(s,1H) 1 H-2" --- 5 103.14 7.83 (s,1H) 1 H-7",1" ---
8" 82.86 0 H-2'4' 8"  83.53 0 H-2'4'
9"  81.14 4.25(s,1H) 1 .- 9" 80.47 4.18(s,1H) 1 -
3" 69.86 3.79(m,2H) 2 H-1" H-5" 3" 7014 3.77(t2H,J=4.8) 2 H-1" H-5"
" " ” " 3.73((t.2H.J= " .
4" 69.70 3.77(m,2H) 2 H-2 H-6 4 70.06 48) 2 H-2 H-6
1" 69.09  4.41(t2H,J=4.8) 2 H-3" H-5 .- 1" 68.38 4.27(m,2H) 2 H-3" H-5 ---
2" 6870  4.32(t2H,J=4.4) 2 H-4" H-8 .- 2" 68.03 4.25(m,2H) 2 H-4" H-8 ---
5" 5834 3.365(s,3H) 3 H-3" 5" 5840 3.36(s,3H) 3 H-3"
6" 5828 3.362(s,3H) 3 H-4" 6" 5834 3.34(s,3H) 3 H-4"
7" 11.6(s,1H) H-5 7" 9.45(s,1H)) H-5

Sequence is made according to the chemical shift values of carbon atoms. 8 ppm in DMSO-dg, J in Hz "Number in DEPT is the number of attached protons

14!

861-681 “(7)9 ‘L10T “'Sul], 10§ wayD)



Chem Sci Trans., 2017, 6(2), 189-198

195

i

” 2"

' .uL_.fL

| 2 ]
| (ppm)
5 Al
7-
: . .guggdi;;.
—_E B—_ g:f_;m
! ]
J = — “—
5 —_— i --wdlr__; \O
9*_ g‘/}l ):
* £ TN
- H H,
| o] 3
10
] o §
= | HIH
[ 11 His
| ] (o]
w_—d ] ~
= '
‘ 12

.
CH
;@V//
N

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

F2, ppm
Figure 3. ROESY spectrum of Erlotinib HCI in DMSO-d;

Table 2. 'H,"*C, COSY, ROESY, DEPT, HSQC and HMBC data of Gefitinib

No B s, H 5, HSQC DEPT COSY ROESY HMBC
4 155.97 0 H-2,5,H-8(weak)
7 154.48 0 H-5,8,2”’
4’ 153.1 (J=240) 0 H-2’,5°,6
2 152.56 8.50 (s,1H) 1 ---

6 148.32 0 H-5,8,1”
8a 146.94 0 H-2,5,8
1’ 136.79 (J=2) 0 H-2'.5'
2' 123.45 8.12(dd,1H,J=7.2,J=2.4) 1 H-6’
6’ 122.28 (J=7) 7.81(m,1H) 1 H-5 H-2’
3’ 118.72 (J=18.6) 0 H-2'.5'
5 11645 (J=21) 7.44(t,1H,J=8.8) 1 H-6 -

4a 108.75 0 H-8
8 107.26 7.198(s,1H) 1 H-2" -

5 102.48 7.80(s,1H) 1 H-1",7" ---
17 67.11 4.18(t,2H,J=6.4) 2 H-3" H-5 H-37,4”

6” 66.15 3.59(t,4H,J=4.4) 2 H-5” ---
27 55.83 3.94(s,3H) 3 H-8 ---
47 54.93 2.48(t,2H,J=6.4) 2 H-3" H-17,3”
5” 53.41 2.39(br.s,4H) 2 H-6” H-4”
3” 25.84 2.00(m,2H,J=6.4) 2 H-1"4" H-17,4”
7" 9.54(s,1H) H-S

Sequence is made according to the chemical shift values of carbon atoms.o ppm in DMSO-ds, J in Hz

“Number in DEPT is thenumber of attachedprotons
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Figure 5. 3D Conformation of Erlotinib [1] andGefitinib [2] and NOE effect
samong the H-1” : H-5 : H-7” and H-2” : H-8 protons

Neighbour protons of the side substituents of Erlotinib HCl and Gefitinib have been
determined by their COSY spectra in DMSO-ds. The best COSY spectrum was obtained in
CD;COCD; for Erlotinib, since the aliphatic protons were well seperated from each other,
however acetone is not avaliable solvent for Erlotinib HCI. The total assignments were made
by a combination of one and two-dimensional NMR techniques. While the methine carbons
were assigned from the HSQC spectra, the rest of other carbons were assigned from the
HMBC spectra. Under normal HSQC conditions (One-Bond J1xh=146) it was not possible
to see the expected contour at &y = 4.25 and dc = 81.14 for the acetylenic proton on C- 9”
position of the Erlotinib. When the related value was increased to 250 Hz, on the
spectrometer, it is appeared well.
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As expected some differences were observed between the NMR spectra of the Erlotinib
base and Erlotinib HCI. In the NMR spectrum of Erlotinib HCI, 2-H, 5-H and 8-H protons
were shifted a little bit downfield area in DMSO-ds. No significant changes were observed
in the chemical shift values of the aromatic protons of anilino moiety between the Erlotinib
base and HCl salt.

Conclusion

Total structural assignments of Erlotinib, Erlotinib HCI and Gefitinib have been achieved
by using 2D-NMR experiments, including DEPT, COSY, ROESY, HSQC and HMBC.
ROESY experiment gives the best important data for their structural elucidation.
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