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The crystal structure of nintedanib esylate hemihydrate was refined using synchrotron X-ray powder
diffraction data and optimized using density functional theory techniques. Nintedanib esylate hemi-
hydrate crystallizes in space group P-1 (#2) with a = 11.5137(1), b = 16.3208(4), c = 19.1780(5) Å,
α = 69.0259(12), β = 84.4955(8), γ = 89.8319(6)°, V = 3347.57(3) Å3, and Z = 4 at 295 K.
Hydrogen bonds are prominent in the crystal structure. The water molecule forms two medium-
strength O–H⋯O hydrogen bonds to one of the esylate anions. The protonated nitrogen atom in
each cation forms a N–H⋯O hydrogen bond to an esylate anion. The ring N–H groups form strong
intramolecular N–H⋯O hydrogen bonds to carbonyl groups. The ring N–H groups form intramolec-
ular N–H⋯O hydrogen bonds to esylate anions. Many C–H⋅⋅⋅O hydrogen bonds (and one C–H⋯N
hydrogen bond), with aromatic C–H, methylene groups and methyl groups as donors, are present. The
hydrogen bonding patterns of the two cations differ considerably. The powder pattern has been sub-
mitted to ICDD for inclusion in the Powder Diffraction File™ (PDF®)
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Nintedanib (free base CAS Registry Number
656247-17-5) is a drug for the treatment of idiopathic pulmo-
nary fibrosis (IPF) as well as non-small cell lung cancer
(NSCLC). In NSCLC, Nintedanib (brand name Vargatef)
inhibits three types of growth factor receptors that are involved
in angiogenesis for tumor growth as an inhibitor of tyrosine
kinases (Yan et al., 2023). In IPF, Nintedanib (brand name
Ofev) has antifibrotic properties involving growth factors in
the lungs that act against connective tissue formation by inhib-
iting fibroblast proliferation, which acts similarly to its tumor
inhibition properties (Wollin et al., 2015; Marijic et al., 2021).
Nintedanib is FDA-approved for Ofev, as an IPF treatment,
that has been proven to reduce significant cell proliferation
in the lungs against IPF and has been recognized to work
well against NSCLC and systemic sclerosis by delaying long-
term proliferation. Hepatotoxicity due to increased liver
enzymes in metabolism is the main drawback of this type of
therapy but has otherwise had promising results for IPF and
NSCLC (Gole and Bankole, 2023).

Primarily administered in a salt form as nintedanib esylate
(Figure 1 inset, CAS Registry Number 656247-18-6), the

systematic name is methyl (3Z)-3-(((4-(N-methyl-2-(4-
methylpiperazin-1-yl)acetamido)phenyl)amino) (phenyl)meth-
ylidene)-2-oxo-2,3-dihydro-1H-indole-6-carboxylate ethanesul-
fonate. This work was carried out as part of a project to
determine the crystal structures of large-volume commercial
pharmaceuticals and include high-quality powder diffraction
data for them in the Powder Diffraction File (Gates-Rector
and Blanton, 2019).

The synchrotron pattern (Figure 1) of a commercial
reagent (purchased from TargetMol, lot #131360) was mea-
sured at 11-BM at APS (Antao et al., 2008; Lee et al., 2008;
Wang et al., 2008) using a wavelength of 0.459744 Å). The
pattern was indexed using N-TREOR (Altomare et al.,
2013) on a primitive triclinic unit cell. Triclinic lattice param-
eters for nintedanib esylate hemihydrate, CAS Registry
Number 959762-24-4 (space group P-1, which had a similar
unit cell) and a powder pattern were reported by Roth et al.
(2006; Boehringer Ingelheim Pharma GmbH), but no atom
coordinates were included. A connectivity search in the
Cambridge Structural Database (Groom et al., 2016) yielded
the Refcode YASMIS for nintedanib esylate hemihydrate
(Ma et al., 2022). Although purchased as anhydrous, the sam-
ple seems to be the hemihydrate. The sample contains an
unknown crystalline impurity. Thirteen peaks from this
phase could be indexed on a primitive monoclinic unit cell
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having a = 14.2907, b = 4.6233, c = 23.6130 Å, β = 91.779°,
and V = 1559.37 Å3; this impurity phase was included in the
refinement as a Le Bail phase. The structure of the nintedanib
esylate hemihydrate phase was refined using GSAS-II (Toby
and Von Dreele, 2013) using an ordered model (removing a
minor orientation of one of the esylate anions) and optimized
using VASP (Kresse and Furthmüller, 1996). A single-point
density functional calculation (fixed experimental cell) and
population analysis were carried out using CRYSTAL23
(Erba et al., 2022).

The crystal structure contains corrugated layers parallel to
the bc-plane. Our lattice parameters (Table I) fall between
those of the other two determinations; perhaps, the water con-
tent varies among samples. Hydrogen bonds (Table II) are
prominent in the crystal structure. The water molecule O13
forms two medium-strength O–H⋯O hydrogen bonds to
one of the esylate anions. The protonated nitrogen atom in
each cation forms an N–H⋯O hydrogen bond to an esylate
anion. The ring N–H groups N31 and N102 form strong intra-
molecular N–H⋯O hydrogen bonds to carbonyl groups. The
ring N–H groups N24 and N104 form intramolecular N–

H⋯O hydrogen bonds to esylate anions. Many C–H⋯O
hydrogen bonds (and one C–H⋯N hydrogen bond), with aro-
matic C–H, methylene groups, and methyl groups as donors
are present. The hydrogen bonding patterns of the two cations
differ considerably. A Mogul geometry analysis indicates that
torsion angles involving rotation about the C43–N31 bond are
unusual; these fall in a valley in a very broad distribution, so,
perhaps, the intramolecular hydrogen bond has resulted in an
unusual conformation. The C119–C115 torsion angles are
also flagged as unusual.

I. DEPOSITED DATA

The powder pattern of nintedanib esylate hemihydrate
from this synchrotron data set has been submitted to ICDD
for inclusion in the Powder Diffraction File. The
Crystallographic Information Framework (CIF) files contain-
ing the results of the Rietveld refinement (including the raw
data) and the DFT geometry optimization were deposited
with the ICDD. The data can be requested at pdj@icdd.com.
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Figure 1. Nintedanib esylate hemihydrate synchrotron X-ray diffraction pattern. Inset nintedanib esylate hemihydrate molecule. Image generated using JADE
Pro (MDI, 2024) and Mercury (Macrae et al., 2020).

TABLE I. Reduced lattice parameters of nintedanib esylate hemihydrate.
Space group P-1

Source US 7,119,093 YASMIS This Work

Temperature, K ambient? 293 295
a, Å 11.503 11.4908(8) 11.5137(1)
b, Å 16.332 16.2382(12) 16.3208(4)
c, Å 19.199 19.1538(14) 19.1780(5)
α,° 69.17 69.142(4) 69.0259(12)
β,° 84.73 84.616(3) 84.4955(8)
γ,° 89.87 89.777(4) 89.8319(6)
V, Å3 3354.4 3323.28 3347.57(3)
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TABLE II. Hydrogen bonds (CRYSTAL23) in nintedanib esylate hemihydrate

H-Bond D–H, Å H⋅⋅⋅A, Å D⋅⋅⋅A, Å D–H⋅⋅⋅A, ̊ Overlap, e E, kcal/mol

O13–H14⋯O17 0.993 1.771 2.755 170.6 0.048 12.0
O13–H15⋯O18 0.995 1.752 2.740 171.5 0.059 13.3
N29–H30⋯O13 1.076 1.652 2.716 169.2 0.099 7.3
N100–H101⋯O4 1.064 1.647 2.686 164.1 0.082 6.6
N31–H32⋯O23 1.046 1.766a 2.671 112.2 0.079 6.5
N102–H103⋯O99 1.047 1.731a 2.654 144.5 0.083 6.6
N24–H25⋯O3 1.030 1.840 2.808 155.1 0.064 5.8
N104–H105⋯O17 1.024 1.988 2.923 150.5 0.045 4.9
C54–H55⋯O26 1.090 2.479 3.276 128.9 0.012
C67–H68⋯O23 1.091 2.565 3.366 129.5 0.011
C146–H147⋯O26 1.089 2.586 3.332 124.9 0.012
C158–H159⋯O2 1.092 2.246 3.290 159.3 0.032
C160–H161⋯O98 1.091 2.604 3.600 151.4 0.013
C50–H51⋯O3 1.100 2.653 3.743 170.8 0.017
C111–H112⋯O98 1.099 2.578a 3.270 120.1 0.010
C62–H63⋯O16 1.095 2.233 3.163 141.4 0.018
C86–H87⋯O98 1.099 2.334 3.359 154.5 0.021
C133–H139⋯O33 1.095 2.279 2.961 118.4 0.016
C131–H132⋯O16 1.100 2.486 3.472 148.6 0.016
C131–H133⋯O2 1.098 2.444 3.369 141.0 0.017
C138–H140⋯O16 1.096 2.585 3.542 145.4 0.012
C82–H84⋯O18 1.097 2.480 3.531 159.7 0.018
C82–H85⋯O98 1.095 2.579 3.523 143.8 0.012
C150–H151⋯O16 1.097 2.517 3.476 145.3 0.014
C150-–H152⋯O23 1.098 2.389 3.431 157.7 0.024
C150–H153⋯O2 1.094 2.455 3.404 144.2 0.011
C150–H153⋯O3 1.094 2.366 3.345 148.0 0.017
C93–H95⋯O33 1.094 2.284 2.766 104.3 0.022
C19–H171⋯N97 1.101 2.857 3.423 146.8 0.015
C22–H173⋯O124 1.097 2.586 3.827 132.4 0.010

aIntramolecular.
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