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Abstract

In this study, the tromethamine salt of an active pharmaceutical ingredient containing both a carboxylic acid and
ethyl ester functionality was subjected to forced degradation conditions. Based on HPLC-MS analysis, it was found
that tromethamine formed both amide and ester type condensation products with the API, with amide formation
predominating over ester formation. Addition of tromethamine at the carboxylic acid group of the APl was favored
over addition at the ethyl ester group. Tromethamine condensation products were observed only under the harshest
stress conditions (80 degrees and 75% relative humidity), in which the salt physically changed from a crystalline
form to a deliquesced state. Under stress conditions in which the crystalline structure of the salt remained intact,
good stability was observed. Thus, the interaction between tromethamine and APl occurred only in cases where the

crystallinity of the salt was compromised.

Keywords: Preformulation, stability, tris base, tris(hydroxymethyl)aminomethane, 2-Amino-2-hydroxymethyl-
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Introduction

The conversion of an active pharmaceutical ingredi-
ent (API) from its free acid or free base form into a salt
form during drug development is a common strategy for
improving the properties of the API. An organic amine
base which has found use as a cationic salt forming agent
in pharmaceutical development is tromethamine'?. Its
status as a class II counterion® means that it is generally
accepted as being non-toxic and innocuous, which is a
very important aspect of any drug component intended
for human use. Ketorolac tromethamine’ is a well known
example of a tromethamine salt which has found use in
marketed pharmaceutical products.

Studies have shown that in some cases tromethamine
salts show improved physical properties to sodium salt
forms of APIs which contain a carboxylic acid moiety®®.
However, the possibility of a chemical reaction occur-
ring between tromethamine and its API salt partner has
received little attention. We are aware of only one such

report®, in which the tromethamine salt of an experimen-
tal API was subjected to a variety of stress conditions.
It was reported that, at relatively extreme conditions of
80°C, HPLC-MS showed evidence of a degradation prod-
uct which appeared to be produced by a condensation
reaction between tromethamine and the API, presumably
forming an amide or ester with the loss of one water mol-
ecule. The possibility of either amide or ester formation is
due to the presence of a primary amino group and three
hydroxy groups within the structure of tromethamine.
Recently, we conducted preformulation studies of a
Neutral Endopeptidase Inhibitor (NEP) pro-drug, which
contains both a carboxylic acid group and an ethyl ester
group in its molecular structure, and which has recently
been utilized in a combination drug product under clini-
cal study”'°. The physical properties of several salt forms
ofthe AP], includinga tromethamine salt, were compared.
With regard to hygroscopicity, the tromethamine salt
showed a significant improvement relative to the sodium
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salt, in accord with studies of other APIs*S. However,
under stress conditions of 80°C with 75% relative humid-
ity (RH), HPLC indicated the appearance of several deg-
radation products in samples of the tromethamine salt
which were absent from other salt forms. Suspecting a
tromethamine interaction with the API was responsible
for these additional HPLC peaks, we attempted to verify
the identity of these degradation products and determine
which were the most predominant. The following report
is a brief account of this finding, which may be of interest
to other research and development chemists in the phar-
maceutical industry involved in salt screening studies of
new APIs.

Experimental

Apparatus

Differential scanning calorimetry (DSC) analysis was
conducted using a DSC Q1000 instrument (TA instru-
ments, New Castle, DE), using a heating rate of 10°C/
min to obtain melting point (mp) onset temperatures.
Dynamic vapor sorption (DVS) analysis was conducted
using a SGA 100 symmetric vapor sorption analyzer (VTI
scientific instruments, Hialeah, FL). After equilibration
in a dry atmosphere, sample mass was monitiored over
time as RH level was increased in stepwise fashion, and
the sample allowed to equilibrate for 2h at each humid-
ity level before proceeding to the next step. X-ray pow-
der diffraction (XRPD) analysis was conducted using a
Bruker D8 Discover X-ray diffractometer (Bruker AXS,
Madison, WI) for 2 theta range of 3 to 40 degrees (CuK ,
40KV, 40mA).

Structural confirmation of the degradation products
wasobtained usingan HPLC-MSinstrumentation consist-
ing of Agilent 1100 HPLC system (Agilent Technologies,
Santa Clara, CA), equipped with a Micromass Quattro
Micro API detector (Waters, Milford, MA) and a Symmetry
C18 column of dimensions 3 x 150 mm, 3.5 pm (Waters)
maintained at 40 degrees. Flow rate was 0.5mL/min.
Mobile phase contained 0.1% formic acid with a gradient
0f10-90% acetonitrile (MeCN) over 14 min. Simultaneous
MS and UV detection was obtained by routing the HPLC
column outlet through the UV and MS detectors in serial
fashion.

The forced degradation study was conducted by stor-
ing samples in an 80°C oven. To simulate dry storage

conditions, samples in sealed containers were stored
into the oven. To test the effect of elevated temperature
and humidity (80°C/75% RH conditions), open sample
containers were placed into a 75% RH humidity chamber
(containing saturated NaCl) which was located inside the
same oven.

Preparation of salts

All chemicals were reagent grade (>98% purity) or bet-
ter. The API was supplied by Novartis (Chemical and
Analytical Development, East Hanover, NJ) in the form
of the sodium salt, which was crystalline by XRPD and
polarizing light microscopy. The tromethamine salt was
prepared by first converting the sodium salt to free acid
in situ (by partitioning between aqueous HCI and ethyl
acetate), then adding 1 equivalent of tromethamine and
crystallizing the tromethamine salt from the ethyl acetate
solution as a white solid, crystalline by XRPD and polar-
izing light microscopy. The calcium salt was prepared by
dissolving sodium salt in water and adding 0.5 equiva-
lent of CaCl, to precipitate the hemicalcium salt''. After
filtration and drying, the calcium salt was amorphous by
XRPD.

All three salts (sodium, calcium, and tromethamine)
showed satisfactory elemental analysis (Robertson
Microlit Laboratories, Madison, NJ). In addition to the
three salts, crystalline free acid form of the API was also
prepared, by partitioning the API sodium salt between
aqueous HCI and ethyl acetate and removing solvent
from the dried ethyl acetate solution using a rotory evap-
orator. The resulting oil was then dissolved in toluene
and evaporated several times at 50°C to remove traces
of water, followed by drying under vacuum. The material
initially formed a foam which gradually collapsed into a
colorless oil. Over several days under vacuum it eventu-
ally solidified into a white solid, crystalline by XRPD and
polarizing light microscopy.

Results and discussion

Physical properties of the APl salts

During preformulation studies of the API, it was found
that the free acid form exhibited undesirable physical
properties. Previous reports indicated it was isolated as a
foam, assumed to be amorphous with no reported melt-
ing point’. Although a crystalline solid was eventually

Table 1. Mp onsets determined by DSC, weight gain due to water adsorption during DVS analysis at 25°C, and % degradation (HPLC) and
changes in physical form based on XRPD pattern after specified stress conditions of 1 week. DVS analysis and stability testing was not
conducted for the free acid form. Mp value in parenthesis is literature value’.

Stability %
% Water uptake (DVS) degradation (HPLC) crystallinity (XRPD)
API Form mp onset, DSC (°C) 45% RH 75% RH 85% RH 80°C 80°C/75% RH
free acid 68 - - - - -
Tromethamine salt 120 0.1 0.3 1.4 0.1 crystalline 26.0 deliquesced
Sodium salt 165 (159-160) 0.3 25.8 36.8 0.1 crystalline 3.2 deliquesced
Hemicalcium salt >200* 1.9 6.9 13.3 0.2 amorphous 0.4 weak XRPD pattern

*Decomposed upon melting.
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obtained in our own laboratory after alaborious isolation
procedure, the method of isolation was not amenable to
scale up, and the melting point (<70°C) was considered
too low to allow development into an oral dosage form.
For this reason, a salt screen was conducted. In addition
to a sodium salt” and a hemicalcium salt?, a crystalline
tromethamine salt of the API was also identified.

Several physical properties of the various forms are
shown in Table 1. The calcium salt was thermally stable
to above 200°C but was amorphous. The melting point
of the tromethamine salt was substantially higher rela-
tive to free acid. The hygroscopicity of the salts was also
evaluated. This revealed a very large difference between
the tromethamine and other salts. With regard to hygro-
scopicity, the tromethamine salt showed very low water
uptake at RH values as high as 85% compared to the other
two salts, making the tromethamine salt the best candi-
date from a hygroscopicity perspective. This trend toward

5323LC4G101775-1
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significantly lower hygroscopicity of the tromethamine
salt relative to the sodium salt appears to be a common
phenomenon, having been observed by others for several
other carboxylic acid type APIs>®.

Under dry conditions for one week at 80°C, all three
salts remained physically stable, showing no change
in crystalline form by XRPD analysis. However, under
the more harsh condition of 80°C/75% RH, the sodium
and tromethamine salts were observed to change in
physical form from a crystalline solid to a paste-like
non-crystalline material. The calcium salt, on the other
hand, remained as a free flowing powder and exhibited
a weak XRPD pattern, suggesting partial conversion to
a hydrate form. With regard to chemical stability, the
relative amounts of degradation were closely related
to the physical stability. All three salts under dry con-
ditions showed good stability, but the tromethamine
and sodium salts which had deliquesced under 75% RH
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Figure 1. HPLC analysis of tromethamine salt sample after 80°C/75% RH conditions. Top chromatographic trace shows UV 254 nm results.
Other traces show single ion chromatograms (ES+ ionization) from the same sample injection, at m/z 515, 487, and 590, with the extracted
m/z value shown at the upper right of each chromatogram. Large peak at 11.3min is the API.
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conditions showed substantial degradation by HPLC
(Table 1).

Identification of API-tromethamine condensation
products

Based on further analysis by HPLC-MS (Figure 1), sev-
eral degradation products were identified in the samples
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Figure 2. Proposed structures for degradation products which
occur in all three salts, for HPLC peaks X, Y, and Z in fig 1, and
the corresponding exact mass (EM) values (R group =biphenyl).
For simplicity, configuration of the chiral centers is not shown.
Observed m/z values were 384 and 348 (MH*, [MH-EtOH]*) for
peakX, 531, 307, and 266 ([2M+H]*, [MH+MeCN]*, MH*) for peak
Y, 406 and 384 (MNa*, MH*) for peak Z.

subjected to the most harsh stress condition (80°C/75%
RH). Three degradation products (HPLC peaks X-Z) were
present in samples of all three salts. Structures of these
degradation products was supported by HPLC-MS data
and could be rationalized by obvious degradation path-
ways (Figure 2), such as hydrolysis to a known di-acid
structure (peak X, 2.6 area % by UV 254nm) which is
the active metabolite of the API"!°, as well as two intra-
molecular cyclization reactions (peaks Y and Z, 3.0 and
6.5%, respectively). However, several additional peaks
appeared in the sample of tromethamine salt which
were not present in other salts (peaks A-F, Figure 1). The
observed m/z values of these additional peaks suggested
addition of tromethamine and loss of water for peaks A
and B, while peaks C-F were the net result of addition
of tromethamine and loss of ethanol. The most reason-
able explanation is the occurrence of condensation
reactions leading to the expected structures as shown in
Figure 3. Addition of tromethamine to the acid group of
the API and loss of water results in amide I or ester II.
Tromethamine displacing ethanol from the ester group
of the API leads to amide III or ester IV. Also, structures
I and II after hydrolysis of the ethyl ester group lead to
amide V and ester VI, which are constitutional isomers
of Il and IV.

As an aid to correctly assigning the structures I-VI
with HPLC peaks A-F, single ion chromatograms were
extracted asshownin Figure 1. Peaks Eand F, showingm/z
515, correspond to structures I and II, while peaks A-D
(m/z 487) correspond to structures III-VI. Also included
is a single ion chromatogram extracted at m/z 590, which
is the expected MH* value for two tromethamine mol-
ecules adding to a single API molecule with loss of both
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Figure 3. Possible API-tromethamine condensation products.
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water and ethanol. Four 2:1 tromethamine/API struc-
tures appear to be present at trace level, and two of these
peaks are partly coeluting with peaks A and B. However,
we emphasize that the amounts of the 2:1 species are
very low, as illustrated by the low intensity of the peaks
extracted at m/z 590 compared to the other m/z values,
which have all been adjusted to the same intensity scale
in Figure 1.

Since the UV absorbance at the detection wavelength
(254nm) is caused by the same chromophore (biphenyl
group) which is present in the API and all the degrada-
tion product structures it follows that the UV 254nm
chromatogram gives an accurate representation of the
relative amounts of each species on a molar basis. Peak
F is assigned to structure I. This assignment is based on
three observations. First, it is assumed that the amino
nitrogen is more reactive than hydroxyl oxygens of the
tromethamine towards condensation with the carboxylic
acid group of the API'?. Although one could argue that
salt formation creates a barrier to the reaction between
a protonated amino group with a carboxylate anion'",
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it is known that, under sufficiently high temperature and
when in a melted state, amines and carboxylic acids will
react and form the corresponding amides in good yield".
This reaction gives high yields of amide product even for
acid substrates which contain a hydroxyl group't. Thus,
we expect formation of structure I is favored over struc-
ture II and thus peak F (9.2% peak area) is assigned to
structure I, and peak E (0.7%) to structure II. A second
aspect of the data supporting the assignment of structure
I to peak F are differences in the mass spectra obtained
from peaks E and F (Figure 4). The mass spectrum of peak
E, in addition to showing the MNa* adduct (m/z 537),
also shows an intense fragment (m/z 497) correspond-
ing to loss of water, in contrast to the spectrum of peak
F which shows no such fragment. It is reasonable that
structure II, because it contains a strongly basic amino
group, will preferentially form a stable alkylammonium
cation in the gas phase within the MS detector, and its
mass spectrum will exhibit a dominant molecular ion
peak with minimal fragmentation. Structure I, on the
other hand, does not contain this strongly basic amino

590 612

Figure 4. Mass spectra obtained for peaks A-F. Peaks A and B, in addition to major A or Bcomponent MH* (m/z 487), also show m/z values
of 612, 590, and 572 due to presence of coeluting 2:1 tromethamine-API structures (corresponding to MNa*, MH*, and [MH-H,0]").
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nitrogen and thus behaves differently. It is known that,
under conditions which favor dehydration, a 1:1 mixture
of tromethamine with a carboxylic acid will undergo two
successive dehydrations, the first dehydration leading to
an amide analogous to structure I, and the second dehy-
dration leading to an oxazoline' . The general form of
such a reaction is shown in Figure 5, which can presum-
ably occur for the protonated amide I in the gas phase of
the MS detector but not for ester II. Thus, the tendency
for the mass spectrum of peak F to exhibit this very stable
[MH-H,O]* fragment suggests structure L. Finally, a third
observation which suggests that peak F corresponds to
structure Iis the greater HPLC retention of peak F relative
to peak E. The differences in molecular structure between
I and IT are the presence of an amide group in I versus an
ester group in II, and the presence of a hydroxyl group in
I versus an amino group in II. We expect that the posi-
tive charge of the protonated amino group of structure II
under the acidic HPLC mobile phase conditions will be
the dominant factor influencing retention of I relative to
I1, and cause I to elute after II based on known trends in
reversed phase HPLC retention of model compounds in
acidic mobile phases®.

With regard to structural assignment of peaks A-D, the
HPLC-MS evidence suggests peaks C and D are amides
IIT and V, while peaks A and B are esters IV and VI. This
is based on the same arguments made previously with
regard to relative amounts, relative HPLC retention, and
mass spectral features. Peaks C (1.1%) and D (2.2%) are
substantially larger than peaks A (0.2%) and B (0.4%),
peaks C and D elute substantially later than peaks A and
B, and the mass spectra of peaks C and D show a strong
[MH-H,O]* fragment (m/z 469) which is absent in spectra
of peaks A and B. However, which amide structure (III or
V) corresponds to which amide peak (C or D), or which
ester structure (IV or VI) corresponds to which ester peak
(A or B) cannot be assigned for certain without applica-
tion of more sophisticated structural elucidation tools
than the ones used in this study.

Important aspects of API-tromethamine interactions

It is important to note that under dry stress conditions
of 80°C, the tromethamine salt was stable, in sharp con-
trast to the sample stored 1 week under 80°C/75% RH
conditions which showed 26% impurities by HPLC-UV.
The fact that interactions occur between the API and
tromethamine under conditions of 80°C/75% RH, but not

0 o)
R—{ OH, R—<
.
N PN N
H oH H

OH
MH*

OH

under dry conditions, is counterintuitive when consider-
ing that the loss of water is an important aspect of the
proposed condensation reactions, and removal of water
(or ethanol) should in principle drive the reaction in favor
of the condensation products. Accordingly, one would
expect that the tromethamine salt samples stored under
75% RH conditions would produce less condensation
products than the samples stored under dry condition
by impeding the removal of water. The observed opposite
behavior suggests that rigorous removal of water is less
important than the requirement that the tromethamine
salt is in a physically melted state. This is supported by
studies on the general reaction of amines and carboxy-
lic acids performed by simple heating of the two com-
pounds without solvent'. These investigators observed
that good yields of amides could be obtained by heating
amine and carboxylic acid mixtures at 180°C, provided
that the compounds had melting points below the reac-
tion temperature. For compounds which did not melt,
the reaction yield was drastically reduced, despite the
high temperature employed. This finding can be inter-
preted as the crystallinity of the reaction components
acting as a prohibitive factor against reactivity. In the
case of the tromethamine salt, it appears that the pres-
ence of humidity is essential for causing the salt to melt
or deliquesce into a non-crystalline liquid-like state at
80°C, which is a substantially lower temperature than the
normal melting point under dry conditions (Table 1). This
loss of crystallinity presumably allows the condensation
reactions to proceed to a significant degree, despite the
presence of some water in the system. Thus, the physical
loss of crystallinity appears to be a key factor in the con-
version of tromethamine salt into the observed degrada-
tion products. Such a relationship between crystallinity
and solid state chemical stability is not uncommon, and
an account of this phenomenon has been described in a
recent report of early drug development activities for a
dual neurokinin receptor antagonist drug?®..

With regard to the relative amounts of tromethamine
addition products in the current study, there is a very
clear trend towards tromethamine amide formation ver-
sus ester formation. Thus, the observed trends are I > II,
and IILV > IV,VI. However, another important reactivity
aspectis which site within the API structure, the carboxylic
acid group or the ethyl ester group, is more prone to addi-
tion of tromethamine. The relative amounts of structure I
and structure III reflect the relative reactivity of carboxylic

0
R
-H,0 <\ .
N
OH
OH

[MH-H,0T*

Figure 5. Proposed mechanism for the formation of observed [MH—HZO]+ fragment in HPLC-MS peaks A, C, and D, due to facile oxazoline

formation in tromethamine amide structures I, III, and V.
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acid versus ethyl ester groups of the API. These data show
a greater tendency for tromethamine to react with the acid
group of the API relative to the ethyl ester group. This is
based on the observed amount of structure I (peak F) rel-
ative to structure III (peak C or D). Regardless of whether
peak C or D corresponds to structure III, the amount of
amide I formed by addition at the acid group is at least
four times higher than amide III formed by addition at
the ethyl ester group. Based on known relative reactivity
of esters versus acids toward substitution®, the observed
trend of I > III is counterintuitive, but is in agreement with
a study on the thermally induced reaction of amines with
carboxylic acids in solvent-free conditions, where it was
reported that esters were substantially less reactive than
acids®. Thus, the greater reactivity of the carboxylic acid
group relative to the ester group may be related to the
salt forming action between the API and tromethamine,
which keeps the amino group and carboxylic acid group
in close proximity to each other. However, we recognize
that the carboxylic acid and ethyl ester groups of the API
are subjected to different intramolecular steric, inductive,
and conformational influences. While both the acid and
ethyl ester groups can be considered butanoic acid ana-
logues, the number and chemical nature of substituents
attached to the butanoic acid chain are different between
the carboxylic acid and ethyl ester groups. Consequently,
it is difficult to generalize these findings of relative acid
versus ethyl ester reactivity towards other APIs which may
also contain both an acid and ester group.

Conclusion

This study shows that amide or ester condensation
products can be formed from tromethamine salts of
carboxylic acid containing APIs under certain forced
degradation conditions. It was found that the amino
group of tromethamine was significantly more reactive
than the hydroxyl groups, resulting in higher levels of
tromethamine amide products versus the corresponding
tromethamine ester products. Also, it was observed that
tromethamine added at both the carboxylic acid group
and ethyl ester group of the API, with the carboxylic acid
group being favored. However, as observed in a previous
study for a different API®, it appears that the general reac-
tion between the API and tromethamine is unfavorable
and unlikely to occur in samples of crystalline solids
which retain their crystalline integrity under the stress
conditions. Nevertheless, in our opinionitis prudenttobe
aware of this potential reaction when new tromethamine
salts of APIs are being developed, and a suitable forced
degradation exercise using conditions similar to the ones
employed in this study will help ensure that any signifi-
cant condensation product is well separated from other
peaks of interest during HPLC method development. This
may become important in the event that trace amounts
of the impurity begins to appear during stability studies
of longer duration than the relatively short studies used
during preformulation development.

© 2012 Informa Healthcare USA, Inc.

Drug-tromethamine chemical interactions 363

Also, although the major focus of this report was
chemical interactions between tromethamine and the
AP], it is noteworthy that the tromethamine salt showed
substantially lower hygroscopicity relative to the sodium
salt, a trend which has been reported for several other
APIs*® and may be of significant practical value.
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