
The antifolate trimetrexate:
observation of the enzyme-binding
conformation

Andrew Hempel,a* Norman Camerman,a Donald

Mastropaolob and Arthur Camermanb

aDepartment of Biochemistry, University of Toronto, Medical Sciences Building,

Toronto, Canada M5S 1A8, and bArdono Research, 8515C 35 Avenue NE, Seattle,

WA 98115, USA

Correspondence e-mail: andrew.hempel@utoronto.ca

Received 9 March 2000

Accepted 9 June 2000

The crystal structure of the title compound contains four 2,4-

diamino-5-methyl-6-[(3,4,5-trimethoxyanilino)methyl]quinaz-

oline molecules, two dimethyl sulfoxide molecules and three

water molecules in the asymmetric unit, i.e. 4C19H23N5O3�-
2C2H6OS�3H2O. All four quinazoline molecules adopt trans,-

gauche conformations. An extensive hydrogen-bond network

involving N� � �N base-pairing interactions, as well as the

dimethyl sulfoxide and water molecules, stabilizes the crystal

structure.

Comment

Trimetrexate (TMQ), a lipophilic antifolate, is a well known

dihydrofolate reductase (DHFR) inhibitor and is widely used

in cancer therapy and for the treatment of a variety of non-

malignant disorders. We elucidated the present crystal struc-

ture of TMQ as a continuation of our studies into the effects of

increased lipophilicity on the conformational properties and

stereochemical parameters in antifolates, which may indicate a

direction for the development of new agents with better

pharmacological pro®les.

The asymmetric unit of the present crystal structure, (I),

consists of four independent TMQ molecules, all adopting

Acta Cryst. (2000). C56, 1225±1227 # 2000 International Union of Crystallography � Printed in Great Britain ± all rights reserved 1225

organic compounds

Acta Crystallographica Section C

Crystal Structure
Communications

ISSN 0108-2701

Figure 1
ORTEP-3 (Farrugia, 1997) view of the pairs of molecules [(a) A/B and (b) C/D] of similar conformation, showing 50% probability displacement
elipsoids. For clarity, only H atoms taking part in hydrogen bonding are drawn as small circles of arbitrary radii.
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trans,gauche conformations [molecule A: �1 = 176.9 (3)� and

�2 = 92.0 (4)�; molecule B: 178.8 (3) and 80.9 (4)�; molecule C:

174.2 (3) and 85.5 (4)�; molecule D: 164.9 (3) and 92.8 (4)�; the

�1 and �2 torsion angles are de®ned by C1ÐC2ÐC14ÐN15

and C2ÐC14ÐN15ÐC16, respectively], two dimethyl sul-

foxide molecules and three water molecules (Fig. 1). All four

TMQ molecules show partially folded conformations, with the

planes of the trimethoxyanilino rings twisted from those of the

quinazoline rings by 84.3 (1), 86.7 (1), 89.8 (1) and 85.8 (1)�

for molecules A, B, C and D, respectively. In previously

reported crystal forms of trimetrexate (Sutton & Cody, 1987;

Hempel et al., 1988), the molecules exhibited gauche,trans

conformations. There is substantial evidence, however, that

the trans,gauche conformations observed for the ®rst time in

the present crystal structure is the one responsible for enzyme

inhibition. The crystal structure of DHFR with methotrexate

(MTX) (Bolin et al., 1982) showed MTX to have a similar

trans,gauche conformation when bound to the enzyme.

Simulated annealing calculations performed for the solution

structure of the complex of Lactobacillus casei DHFR with

MTX (Gargaro et al., 1998) showed that the stereochemistry of

the binary complex in solution is very similar to that reported

for the crystal structure. Similar calculations based on an

analysis of the multidimensional NMR spectra of the complex

of Lactobacillus casei DHFR with TMQ in solution have

produced a family of 22 conformations of TMQ, all exclusively

in the trans,gauche form, implying that this conformation of

TMQ (molecules A or B in this report) is also that which is

present in the active site of dihydrofolate reductase

(Polshakov et al., 1999).

A conformational analysis of TMQ using empirical force-

®eld and AM1 quantum mechanical methods concluded that

TMQ prefers a gauche,trans

rather than a trans,gauche

conformation, in contrast with

MTX which prefers an approx-

imate trans,gauche conformation

(Hoffman & Welsh, 1995). While

this conclusion is in agreement

with the conformations observed

in the crystal structures of

trimetrexate reported previously,

it is not true for the crystal

structure presented in this study,

where TMQ molecules adopt the

opposite trans,gauche form. A

comparison of the stereo-

chemistry of molecule A of TMQ

with that of MTX bound to

DHFR is shown in Fig. 2. The

two structures are conforma-

tionally very closely related,

indicating possible replacement

of MTX by TMQ with little

change in the stereochemistry of

the enzyme±inhibitor binding.

The four independent TMQ

molecules are hydrogen bonded

among themselves through

N� � �N base-pairing interactions

involving the N7� � �N13 and

Figure 2
Superposition of the TMQ structure (molecule A, solid lines) with that of
MTX in the complex with DHFR (hollow lines).

Figure 3
The crystal packing and hydrogen-bond geometry (dashed lines) in the title compound. Symmetry codes are
the same as those given in Table 1.



N5� � �N12 systems (Table 1 and Fig. 3). In other antifolate

structures, only partial base-pairing interactions have been

reported, i.e. N7� � �N13 for TMQ monoacetate monohydrate

and the free base (Hempel et al., 1988), N7� � �N12 for quine-

spar (Mastropaolo et al., 1986) and no base-pairing in TMQ

dimethyl sulfoxide hydrate (Sutton & Cody, 1987). Interest-

ingly, no direct N� � �O hydrogen bonds exist between TMQ

molecules in the crystal packing. The N� � �O bond occurs

exclusively between TMQ and solvent (water and dimethyl

sulfoxide) molecules. The water molecules connect TMQ

molecules through hydrogen bonds to methoxy O atoms and

the N12 and N13 atoms of the quinazoline. Curiously, the two

potential hydrogen-bond donors (N15BÐH15B and N15CÐ

H15C), being surrounded by N13 and N7 atom pairs from

different molecules, do not participate in classical hydrogen

bonding due to longer than usual D� � �A distances.

Experimental

Trimetrexate (NSC 249008-T) was obtained from the NCI Drug

Synthesis and Chemistry Branch (NCI National Service Center).

Crystals were obtained as pale yellow prisms by slow solvent

evaporation from a water±dimethyl sulfoxide mixture.

Crystal data

4C19H23N5O3�2C2H6OS�3H2O
Mr = 1688.02
Triclinic, P1
a = 16.124 (2) AÊ

b = 16.371 (2) AÊ

c = 17.766 (1) AÊ

� = 81.676 (3)�

� = 66.289 (2)�

 = 80.050 (3)�

V = 4214.4 (8) AÊ 3

Z = 2
Dx = 1.330 Mg mÿ3

Mo K� radiation
Cell parameters from all re¯ections
� = 0.142 mmÿ1

T = 100 (2) K
Prism, pale yellow
0.50 � 0.40 � 0.37 mm

Data collection

Nonius KappaCCD diffractometer
! rotation scans
16 962 measured re¯ections
16 962 independent re¯ections
6946 re¯ections with I > 2�(I)

�max = 26.42�

h = 0! 20
k = ÿ19! 20
l = ÿ20! 22

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.065
wR(F 2) = 0.168
S = 0.877
16 962 re¯ections
1174 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0735P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.001
��max = 0.36 e AÊ ÿ3

��min = ÿ0.47 e AÊ ÿ3

The H atoms bound to N atoms and those of the water molecules

were found from the difference electron-density calculations and

were re®ned independently [range of distances 0.72 (3)±0.98 (5) AÊ ].

The remaining H atoms were calculated geometrically and were

treated as riding atoms (range of distances 0.93±0.98 AÊ ).

Data collection: Nonius KappaCCD Server Software (Nonius,

1997); cell re®nement: DENZO±SMN (Otwinowski & Minor, 1997);

data reduction: DENZO±SMN; program(s) used to solve structure:

SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure:

SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3

(Farrugia, 1997); software used to prepare material for publication:

SHELXL97.

This work was supported by grant AI40392 from the

National Institutes of Health (AC).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FG1597). Services for accessing these data are
described at the back of the journal.
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Table 1
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N12AÐH12A� � �N5C 0.83 (3) 2.26 (3) 3.081 (4) 168 (3)
N12AÐH12B� � �O2 0.79 (3) 2.34 (3) 3.111 (4) 165 (3)
N12BÐH12C� � �O3 0.77 (3) 2.28 (3) 3.016 (4) 160 (3)
N12BÐH12D� � �N5D 0.90 (3) 2.10 (3) 2.979 (5) 167 (3)
N12CÐH12E� � �N5A 0.88 (3) 2.08 (3) 2.950 (5) 172 (3)
N12CÐH12F� � �O20 0.80 (3) 2.21 (3) 2.919 (4) 149 (3)
N12DÐH12G� � �N5B 0.95 (3) 2.07 (3) 3.000 (5) 167 (3)
N12DÐH12H� � �O1 0.72 (3) 2.33 (3) 3.038 (4) 165 (4)
N13AÐH13A� � �N7B 0.92 (3) 2.07 (3) 2.983 (4) 173 (3)
N13AÐH13B� � �O3 0.85 (3) 2.45 (3) 3.030 (4) 127 (3)
N13BÐH13C� � �O2 0.74 (3) 2.37 (4) 2.976 (5) 140 (3)
N13BÐH13D� � �N7A 0.89 (3) 2.07 (3) 2.955 (4) 169 (3)
N13CÐH13E� � �N7Di 0.85 (3) 2.24 (3) 3.091 (4) 173 (3)
N13CÐH13F� � �O1i 0.77 (3) 2.31 (4) 2.945 (5) 140 (3)
N13DÐH13G� � �O20ii 0.85 (3) 2.36 (3) 2.995 (4) 132 (3)
N13DÐH13H� � �N7Cii 0.88 (3) 2.15 (3) 3.028 (4) 171 (3)
N15AÐH15A� � �N12Ciii 0.91 (3) 2.22 (3) 3.115 (5) 168 (3)
N15DÐH15D� � �N12Biv 0.85 (3) 2.58 (3) 3.411 (5) 167 (3)
O1ÐH11� � �O24Bv 0.84 (5) 2.16 (4) 2.929 (4) 152 (4)
O1ÐH12� � �O24Avi 0.76 (4) 2.11 (4) 2.864 (4) 167 (5)
O2ÐH21� � �O24Dvii 0.75 (4) 2.10 (4) 2.839 (4) 170 (5)
O2ÐH22� � �O22Cviii 0.90 (5) 2.08 (5) 2.968 (4) 167 (4)
O3ÐH31� � �O10 0.98 (5) 1.85 (5) 2.803 (5) 165 (3)
O3ÐH32� � �O24Cix 0.81 (3) 2.38 (3) 3.146 (3) 156 (5)
O3ÐH32� � �O26Cix 0.81 (3) 2.52 (5) 3.130 (4) 132 (4)

Symmetry codes: (i) 1 + x, y ÿ 1, z; (ii) x ÿ 1, 1 + y, z; (iii) 1 ÿ x, ÿy, 1 ÿ z; (iv) ÿx,
1 ÿ y, 1 ÿ z; (v) 1 ÿ x, 2 ÿ y, ÿz; (vi) x, 1 + y, z ÿ 1; (vii) 1 + x, y, z ÿ 1; (viii) 2 ÿ x,
1 ÿ y, ÿz; (ix) x ÿ 1, y, 1 + z.


