H. M. 3APUIIOB, B. A. HAYMOB U JI. JI. TYV30BA

KHYIO0 CTOpPOHY BpallueHus. KoHdopmanuuu Mosekyibl
TeTpaMeTuguamMuaoxaopdochura B TOUKaX OBparos
npencTasjieHsl B Tabnune 1.

Bce Tpu oBpara M pa3jiM4YHbBIMH TYyTAMH M B
KaXXOM OBpare HaiineHbl 00JIaCTH C HU3KUMM 3Haye-
HusiMH R. B T0 xe Bpems, ecin o6paTUTLCs K AaHHBIM
Tabauup! 1, cTaHOBUTCS OYEBUAHBIM, YTO KaXKablH OB-
par mpoilesa Y4epe3 HEeCKOJBKO JIOKaJbHbIX MUHHMY-
MOB, KOTOPBIM COOTBETCTBYIOT OJHWHAKOBbIE KOH-
dopmauun MosekyJibl. 3HAYEHHS MUHUMU3HPYEMOii
(YHKUMH U CYLLIECTBEHHBIX MEPEMEHHbIX B 3THUX JiOKa-
JIbHBIX MUHHUMYMax MpakTUYeCKH COBMadaloT (Hampu-
Mep, Toukn* 3;, 12, u 8;). CienoBatebHO, B 3TOH
3ajaye MOXHO ObLIO OTPaHUYUTBCS PACUETOM JIMLIb
ONHO¥M TOC/en0BaTeIbHOCTH TOYEK C HU3KUMH 3Haue-
HusiMd R, [leficTBUTeNIbHO, Y€ B 1IEPBOM OBpare
ObLIM HaiiieHbl KOHGOPMALUU CO BCEBO3MOXHOKH OpH-
eHTauueil TMMeTUJIAMHUHHBIX TPYII.

Kak oTMeuasnoch Bblllie, 0Bparu npoiuif yepe3 Hec-
KOJIbKO obJyiacTell ¢ HU3KUMH 3HauYeHUsIMH R. W3 HUX
Tpu ob6gacTu (c Toukamu 3y, 1,, 12,, 35,85 u 1555 7., 8,
9,1 20,, u 7,, 24, M HEKOTOPBIE APYIrHUE) CSAYET UCKIIIO-
YHTh U3 PACCMOTPEHMS MO TOH NMPUYUHE, YTO OJTHO U3
MeXbsnepHbix pacctosHuil C- - -C B 3TuX KoHDopMa-
LUSAX HeIOmycTHMO Majo ~2,19-2,55 A. OctanbHble
TOYKH ¢ HaUMEHbLIMMH 3HayeHusMu R (16, 24,,
25, u 21,, u 12, 19; u HekOTOpble Apyrue) NpuUHaje-
KaT ABYM MCKOMbBIM JIOKaJibHbIM MUHUMYMaM, KOTO-
PBIM OTBE4aloT ABE KOHGOPMALMK MOJEKYbl. Takum
00pa3oM, MpenBapUTEIbHbIMU MOZLEJIIMH MOJIEKYJIbI
TeTpaMeTuaaMaMuaoxiopdochura sBIsSIOTCS ABE MO-
Jienu: 1) ¢, NpuHUMaeT 3HayeHHs B OKpecTHOCTH — 60°,

* HuxHuil HHOEKC O3HAayaeT HoOMep oBpara.
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a ¢, — B okpecTHOCTH 0° U 2) ¢, IpMHUMAET 3HAYCHHUS
B OKpecTHOCTH 0°, a ¢, B OKpecTHOCTH — 40°.

BmecTe ¢ TeM MMeeTCsl HECKOMLKO TOYeK C OTHOCH-
TEJIbHO BBICOKMMH 3Ha4yeHUIMH R, CylLeCTBEHHbIE ile-
peMeHHbIe KOTOPbIX TakXe HaXOAsTCsl B 3TOH 06J1acTH
yrios BpauwieHusl. OoHAKO 3TU TOYKH SIBJISIOTCS He
YIOBJIETBOPHTEI hHbIMH, TOCKOJIbKY HM CCOTBETCTBYIOT
KOH(pOpMaNUU C HepealibHbIMU BEIHYHMHAMYE BaJieHT-
HBIX yrjioB. Hanpumep, Toyke 11; cOOTBETCTBYET KOH-
(dopmauus ¢ yraom N-P-N=86,5°. Uro xe Kacaercs
OCTaJIbHbIX paboynx MapaMeTpoB, TO MX BEJMYUHLI B
TOYKaX OBParoB W3MEHAJIMCh B CAEAYIOLUMX Npeaesax:
CI-P-N (97,0-102,6°), N-P-N (86,5-101,8°), C-N-C
(116,0-124,5°) m P-N-C (117,7-122,0°). B Toukax,
NPHHAJIEKAILHX UCKOMDIM JIOKQJIbHbIM MUHHUMYMaM,
BaJleHTHble yribl cocTaBnsioT Cl-P-N (98,4-99,°5),
N-P-N (94,8-99,1°), C-N-C (120,8-122,5°) u P-N-C
(118,7-119,4°).

B 3akjroueHue 3amMeTHM, YTO yCHelIHOe NpHMeHe-
HHME MeToja OBparoB B 3a[ayaX ra3oBOM 73/eKTPOHO-
rpauu B 3HA4YNTE/bHONH CTENeHW 3aBUCHT OT NpaBH-
JBHOrO BbIOOpa HE3aBUCHUMBIX [I€PEMEHHBIX, OMpe-
JEJIAOUINX TEOMETPUIO MOJIEKYJIbI.
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CysHsN*Br~ is an inhibitor of bacterial dihydrofolate reductases. Crystals of this compound, grown
by evaporating an aqueous solution at 6°C, are monoclinic, space group P2,/c, with a=23-780 (3),
b=5063 (1), c=14-447 (4) A, B=12066 (2)°, Z=4, Dyic=1-536, and Dyp,=1'5 g cm~3, The structure
was solved by use of X-ray diffraction data that were collected from an extremely small crystal with an
automated diffractometer. This structural analysis establishes the chemical configuration of this com-

pound.

Introduction

A methylated derivative of 2,4-diamino-6-benzylpyri-
dof2,3-d]pyrimidine, with potent antibacterial activity

(Hurlbert, Ferone, Herrmann, Hitchings, Barnett &
Bushby, 1968) was synthesized as one of a series of in-
hibitors of bacterial dihydrofolate reductases (Hurl-
bert, Ledig, Stenbuck, Valenti & Hitchings, 1968;
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Hurlbert & Valenti, 1968). The synthesis of this com-
pound was accomplished in several steps starting with
the condensation of 2,4,6-triaminopyrimidine and ethyl
a-benzylacetoacetate. It seemed probable that the con-
densation occurred in such a way that the methyl group
would be at the 5-position of the pyridopyrimidine,
but the assignment of structure could not be regarded
as unequivocal. We undertook the structural analysis
to establish the chemical configuration of the com-
pound.

Experimental

We were unable to obtain large crystals of the com-
pound, despite attempts with many solvent systems
and various crystallization techniques. The crystals
grew as small needles bound to clumps of amorphous
material. Since density measurements had to be made
of crystals contaminated with amorphous material,
only an approximate estimate of the density was pos-
sible. All X-ray diffraction data were collected from an
extremely small crystal with dimensions of 0-2, 0-04,
and 0:01 mm. The space group P2,/c was indicated
by the systematic absence of reflections 40/ with / odd
and 0k0 with k odd. Three-dimensional X-ray intensity
data were obtained with a Picker FACS-1 diffractom-
eter (nickel-filtered copper radiation, a scintillation
counter, and a 6-20 scanning technique). Cell param-
eters were determined by a least-squares refinement of
20 values for 12 low-angle reflections (Cu KB, A=
1:3922 A; 23 +2°C) that were measured with the dif-
fractometer. Most high-angle reflections were too weak
to observe; consequently, intensity measurements were
made only for the 1536 unique reflections with 26 <
100°. The scanning speed was 1°/min and a 20 sec
background measurement was performed at each ter-
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minus of the scans. Three strong reflections (400, 202,
and 020), which were monitored periodically, exhibited
no significant variation of intensity during data collec-
tion. Those reflections with scan counts below back-
ground level (i.e. net negative intensities) were assigned
intensities of 0-0. All intensities were assigned vari-
ances, o%(I), according to the statistics of the scan and
background counts plus a correctional term (0-03S)?,
S being the scan counts. A large percentage of the re-
flections measured had extremely weak intensities; for
example, 39% had I<o(l) and 55% had I<20(]).
The intensities and their variances were corrected for
Lorentz and polarization factors. Absorption correc-
tions were applied by use of the computer program
ORABS (Wehe, Busing & Levy, 1962); the transmis-
sion factors ranged from 0-79 to 0-92. The data were
then scaled by means of a Wilson (1942) plot.

We arrived at a suitable trial structure by the heavy-
atom method: the coordinates of the bromide ion were
found from a sharpened three-dimensional Patterson
map, and the other non-hydrogen atoms were located
in a Fourier map that was calculated by using phase
angles derived from the bromide ion. Coordinates and
anisotropic thermal parameters for the non-hydrogen
atoms were refined by a modified version of the full-
matrix least-squares program ORFLS (Busing, Mar-
tin & Levy, 1962). The quantity minimized was
Sw(Fi~F2/k?)?, where k is a scale factor and the
weight w is equal to 1/g%(Fo?). All 1536 reflections were
included in the refinement. Scattering factors for the
non-hydrogen atoms were from International Tables

Jfor X-ray Crystallography (1962), and anomalous dis-

persion correction factors for these atoms were from
Cromer & Liberman (1970). Scattering factors for the
hydrogen atoms were from Stewart, Davidson & Simp-

Table 1. Final non-hydrogen-atom parameters and their estimated standard deviations

All values for the bromide ion have been multiplied by 10%. For the other atoms, the x, B, and B, parameters have been multi-
plied by 104, and the y, z, B2, Bz, Bi2, and B.; parameters have been multiplied by 10%. Temperature factors are in the form
T=exp (—Buh*—Bok? — B33l? — 2B12hk — 213kl — 2B,5k1) .

X y zZ ﬂzz Bss ﬂlz ﬁll ﬁza
N() 8613 (7) 541 (3) 508 (1) 26 (4) 28 (8) 9 (1) 0(2) 33 (6) —4 (3)
C(2) 9234 (8) 467 (4) 547 (1) 39 (7) 41 (1D 7(1) 3(3) 41 (9) —6(4)
NQ) 9704 (5) 604 (3) 629 (1) 25 (4) 72 (10) 8 (1) 12 24 (5) —4(3)
N@3) 9397 (5) 277 (2) 503 (1) 23 (4) 27 (7) 2(1) -2(2) 6 (5) 2(2)
C(4) 8931 (8) 140 (3) 417 (1) 32 (6) 29 (9) 7(2) 3(2) 38 (8) 3(3)
N(4) 9123 (5) —44 (3) 381 (1) 19 (4) 36 (8) 6 (1) 1(2) 17 (5) ~3(3)
C(5) 7677 (9) 110 (3) 274 (1) 41 (6) 26 (9) 6 (2) -4 (2) 44 (9) —5(3)
C(6) 7067 (9) 211 (4) 250 (1) 33 (7) 60 (12) 7(2) -2(3) 31 (9) 5(4)
C(7) 7028 (8) 405 (4) 311 (2) 29 (6) 55 (13) 8 (2) 3(2) 28 (8) 2(3)
N(8) 7524 (7) 514 (3) 400 (1) 28 (4) 54 (8) 8 (1) 1(2) 33 (6) —-4(3)
C9) 8103 (9) 421 (3) 421 (1) 34 (7) 39 (12) 8(2) —5(2) 42 (9) -3(3)
C(10) 8233 (8) 220 (4) 370 (1) 31 (6) 56 (11) 5(1) 0(2) 31 (9) ~2(3)
c(n 7760 (6) —-78 (3) 207 (1) 22 (5) 29 (10) 9(1) 1(2) 17 (7) —4(3)
C(12) 6438 (8) 118 (3) 150 (2) 28 (6) 61 (13) 12 (2) —3(2) 32 (9) —5(4)
C(13) 6254 (8) 275 (4) 51.(1) 17 (5) 83 (13) 9(2) —6(3) 26 (10) —7(4)
C(14) 5597 (9) 318 (4) —22(2) 25 (7) 129 (17 9(2) —3(3) 14 (9) —3(4)
C(15) 5400 (9) 472 (6) —113(2) 40 (8) 138 (20) 10 (2) 1(4) 7 (10) 8 (6)
C(16) 5850 (14) 589 (5) —133(2) 77 (12) 100 (19) 6 (2) 8 (4) 29 (12) 14 (4)
c(17) 6490 (9) 538 (5) —61(2) 43 (N 82 (15) 10 (2) —4(3) 26 (10) 9 (6)
C(18) 6680 (7) 390 (3) 27 (1) 23 (5) 62 (12) 8(2) 0(2) 10 (8) 2(3)
Br- 8753 (1) 4759 (3) 1753 (1) 31 (0) 389 (7) 70 (1) —-3(3) 26 (1) —4@
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son (1965). Coordinates for all hydrogen atoms except
those of the methyl group were calculated toward the
end of the refinement. A difference Fourier map com-
puted at this stage showed regions of electron density
ranging from 0-6 to 1-2 eA~3 at all of the calculated
hydrogen positions and revealed tentative coordinates
for the hydrogen atoms of the methyl group. Hydro-
gen atoms were assigned the approximate isotropic
temperature factors of the heavy atoms to which they
are bonded, and were included in structure-factor cal-
culations but not in the least-squares refinement. Be-
cause of the limited core-storage capacity of the com-
puter it was impracticable to refine all parameters
simultaneously; consequently, parameters for the
atoms of the pyridopyrimidine were blocked together,
parameters of the bromide ion were blocked together,
and the separate blocks were refined in alternate cycles.
During the last cycle of refinement, no parameter
shifted more than one-tenth of its estimated standard
deviation.

When all reflections are considered, the final R, in-
dex [J|IF,|—IF|/2]F,l] is 0-21, the R, index [>|F2—
F|/>F? is 014, and the goodness-of-fit {{>w(FZ—
F2)}/(m—s)}'/?} is 0-95. If only the 698 reflections with
I>20(I) are considered, R,=0-077, R,=0-092, and
the goodness-of-fit=1-28. A difference Fourier map
calculated by using all reflections showed several
troughs and peaks ranging from —1-5to 1-3 eA~3; a
difference Fourier map, calculated with only those
reflections for which I>2¢ (I), showed troughs and
peaks ranging from —0-6 to 09 eA~3,

Results

Table 1 lists the heavy-atom parameters and Table 2
gives the hydrogen-atom parameters. The standard
deviations of the positional coordinates of the carbon
and nitrogen atoms are large (0-02-0-03 A) as would
be expected considering the large number of weak
reflections from the small crystal that was used for in-
tensity measurements.*

Fig. 1 shows the molecular conformation, thermal
ellipsoids, and bond lengths between heavy atoms.
Bond angles that involve non-hydrogen atoms are
listed in Table 3. As suggested by chemical data, the
methyl group is at the 5-position of the pyridopyrimi-
dine ring. Atom N(1) is protonated. The 10 atoms of
the pyridopyrimidine ring deviate from a least-squares
plane through the ring by amounts ranging up to 0-06
A; the two amino groups are 0-11 A out of the plane,
and atoms C(11) and C(12) deviate by 0-19 and 0-07 A,
respectively. The 6-membered phenyl ring is nearly

* A table of observed and calculated structure factors has
been deposited with the National Lending Library, England,
as Supplementary Publication No. SUP 30146 (9pp). Copies
may be obtained through the Executive Secretary, International
Union of Crystallography, 13 White Friars, Chester CH1 1 NZ,
England.
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Table 2. Hydrogen-atom parameters

Values of the coordinates have been multiplied by 103 All
positional coordinates (except those of the methyl-hydrogen
atoms) were calculated by assuming trigonal bonding to the
heavy atoms and heavy atom-hydrogen atom distances of
0-95 A. Coordinates for the methyl-hydrogen atoms were
obtained from a difference Fourier map. The isotropic tem-
perature factors are those of the heavy atom to which the
hydrogen is bonded.

x y z B(AY)
H(N1) 843 681 546 37
H(N2) 961 754 661 4-4
H(N2") 1017 567 662 4-4
H(N4) 959 —88 413 32
H(N4) 883 —154 320 32
H(C?) 658 476 284 46
H(C11) 818 —98 199 4-2
H(C11%) 735 —54 131 4-2
H(C117) 775 —257 224 4-2
H(C12) 608 107 164 4-7
H(C12) 650 -72 133 4-7
H(C14) 524 251 —11 7-0
H(C15) 494 485 —169 84
H(C16) 572 716 —196 85
H(C17) 684 627 —-173 7-2
H(C18) 716 352 76 5-4

planar, with no deviations in excess of 0-01 A. The
phenyl ring is nearly perpendicular to the pyridopyri-
midine ring (97°). The crystal packing and the hydro-
gen-bonding scheme are depicted in Fig. 2. All hydro-
gen atoms bonded to nitrogen atoms appear to par-
ticipate in hydrogen bonding; however, two of the
donor-acceptor contacts [N(4)-N(3) and N(4)-Br] are
unusually long.

Table 3. Bond angles involving only non-hydrogen atoms

The estimated standard deviations are about 2°,

CQ)—N(1)-C(9)  122° N@)--C(9)—C(10)  129°
N(3)—C(2)-N(2) 119 N(1)—C(9)—C(10) 119
N(3)—C(@2)-N(1) 123 C(9)—C(10)-C(5) 117
N(2)—C(2)-N(1) 118 C(9)—C(10)-C(4) 117
C(2)—N@3)-C4) 121 C(5)—C(i0)-C(4) 127
N(4)—C@)-N@3) 117 C(13)-C(2)—C(6) 114
N(4)—C(4)-C(10) 124 C(18)-C(13)-C(14) 116
N(3)—C(#)—C(10) 119 C(18)-C(13)-C(12) 125
C(6)—C(5)-C(11) 123 C(14)-C(13)-C(12) 119
C(6)—C(5)-C(10) 115 C(13)-C(14)-C(15) 121
CO11)-C(5)-C(10) 121 C(16)-C(15)-C(14) 121
C(71)—C(6)-C(5) 120 C(17)-C(16)-C(15) 117
C(1)—C(6)-C(12) 119 C(18)-C(17)-C(16) 122
C(5)—C(6)-C(12) 121 C(17)-C(18)-C(13) 123
N@)—C()-C(6) 127

C(9)—N@®)-C(7) 112

N(@8)—CO)-N() 112
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Fig. 1. Conformation of 2,4-diamino-5-methyl-6-benzylpyrido[2,3-d]pyrimidine. Non-hydrogen atoms are represented by thermal
ellipsoids that are defined by the principal axes of thermal vibration and are scaled to include 50 % probability. Hydrogen
atoms are represented by spheres of 0-1 A radius. Bond lengths between non-hydrogen atoms are shown; estimated standard
deviations are about 0-03-0-04 A. This drawing and that in Fig. 2 were prepared by using the program ORTEP (Johnson, 1965).

Fig. 2. Crystal packing and hydrogen-bonding scheme as viewed down the & axis. Covalent bonds are represented by thick lines.
Hydrogen bonds are depicted by broken lines, and donor-acceptor distances are shown.
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