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:~HytO CTOpOBy BpameH14a. KoHqbOpMaI114H MO.rleI<y.rIbI 
TeTpaMeT14.rI)lrlaMI, I~OXJIOpqbocqbI,ITa B TOqKax oBparoB 
npe~cTaBaeHbl B T a 6 a m t e  1. 

Bce TpH oBpara  tuJm pa3J~HqHblM~ nyT~Mrt 14 B 
~a~ tOM oBpare Ha~eHb~ o6~aCTH C HH3K14MI, I 3Haqe- 
Hrt~M14 R. B TO ~ e  BpeM~, ecJm o6paT14TbCa ~ ~aHHblM 
Ta6~I, It~bI 1, CTaHOBI, ITC~I oqeBI4~HblM, qTO Ka~tbI~  OB- 
p a r  npolJJe~ qepe3 HecKoJIbKO J/oKaJ/bHb~X MHHHMy- 
MOB, XOTOpU~M COOTBeTCTByrOT Oa.Ha~OBbIe nOH- 
qbopMatt14rt MOJIeKyJ~bI. 3Ha~eHna MnHI4Mn3HpyeMo~t 
qbynlo/14H I4 cymecTBemtb~X nepeMeHHbIX B 3TI~X sIo~a- 
JIbHBIX MI4HHMyMax npa~TnqecKn coBna~laroT (Hanpn- 
Mep, TOqXn* 3~, 122 rt 83). CYte~IosaTe.qbHO, ~ 3TO~ 
3a~aqe MO~I-IO 6bI.J-IO oI-paHl4ql4TbC~l pacqeTOM J1HI_HB 
O~HOH noc.rle~oBaTe.ribHOCTn ToHeK C HHBKI, tMH 3Haqe- 
nn~Mn R. ~ e ~ c T a n T e a b n o ,  y~Ke B nepBoM o a p a r e  
6blY114 Hafi~enbi ~oHqbopMaunn co BCeBOBMO~HO~ opn- 
enTatI14e~ ~14MeTI, IJIaMHHHbIX rpynn .  

Ka~ OTMeqaJIOCb BbILLie, ospar14 npom~14 qepe3 Hec- 
KOYlbKO o6.rlacTefi c HH3KHMH 3HaHeHH~IMH R. I43 HI, IX 
Tp14 O6:IaCTH (C TO,haM14 31, 12, 122, 33, 83 ti 153; 7~, 8x, 
9~ r~ 201, 14 72, 242 n He~OTOpbIe ztpyrne) caeayex  14c~aro- 
qHTb H3 paCCMOTpeH14a nO TO~ nprlqriHe, qTO O~HO 143 
Me~,aztepHb~X paccToarm~ C . . .  C s 3T14X roaqbopMa- 
U14ax HeaonycT14MO Ma:IO ,-, 2,19--2,55 A. OcTam, m, le 
TOqKH C HaI4MeHbm14M14 3HaqeH14~tMH R (161, 241, 
25~ n 212, 14 12x, 193 n HeKOTOpbxe apyr14e) np141-Iaa~e- 
7KaT )lSyM HCKOMbIM J1oKaYlbHblM M14H14MyMaM, KOTO- 
pbIM oxBe~aIOX ~Be ~onqbopMarm14 MOYte~y~IbI. Ta~14M 
o6pa3oM, npejlBap14TeJIbHblMI4 Mo]xeYI~IMI,I MOJIeKyJIbI 
TeTpaMeTnJUlnaM14~lOXYIopqbocdpnTa aBYlaIOTCa ~Be MO- 
a e a n :  1) ~0, npnn14MaeT 3Ha~eHns B oKpeCTHOCTn -- 60 °, 

* HIl~HI4~ rlH~leI<c o3HaqaeT HOMep oBpara. 

a q~2 - B oKpeCTHOCTrI 0 ° I4 2) qh np14H14MaeT 3HaqeHHa 
B oKpeCTHOCT14 0 °, a ~02 B oKpeCTHOCTn - -40 °. 

BMeCTe C TeM 14MeeTcfl HeCKOJIbKO TOqeK C OTHOCI4- 
TeJIbHO BblCOKI4MH 3HaqeH14flM14 R, cyI-LteCTBeHHble ne- 
peMenHble KOTOpblX TaK~e Haxo~t~TCSt B 3TOH o6nacTn 
yraoB BpameHi4g. O~naKo 3TH XOqK14 ~tB.rlfltOTC~l He 
yI1OBJIeTBOpHTeJIbH hiM14, nocKonbKy HM COoXBeTCTBy~OT 
I(OHqbOpMatlHH C HepeaJ~bHb~MH BeJ~HqHHaM~ BaJ~eHT- 
HbIX yrJmB. HanpHMep, To~Ke 113 COOTBeXCTByeT ~OH- 
CI~opMauHa C yrnoM N - P - N  =86 ,5  °. qTO ~ e  racaeTc~ 
OCTaJIbHbIX pa6o~Hx napaMeTpoB, TO 14X BeJlI, IqHHbI B 
ToqKax oBpaFoB 143MeH/t.rlttCb B cJieaytomHx npejleJlax: 
C 1 - P - N  (97,0-102,6°),  N - P - N  (86,5-101,8°),  C - N - C  
(116,0-124,5 °) 14 P - N - C  (117,7-122,0°).  B ToYKax, 
nprlHa)l.ne:~aturtx HCKOMbIM 2IOKaJIBHBIM MI4HHMyMaM, 
BaJleHTHble yrabl  COCTaB.q~IIOT C I - P - N  (98,4-99,°5),  
N - P - N  (94,8-99,1°),  C - N - C  (120,8-122,5 °) H P - N - C  
(118,7-119,4°). 

B 3aK.rlrOqeHne 3aMeT~M, qTO ycne tunoe  npHMeHe- 
H14e MeToaa oBparoB B 3aaaqax ra3oBo~ 9neKrpoHo- 
rpaqbn14 B 3HaqIdTe~bHO~ cTeneHrt 3aB14CnT o r  npaBrt- 
m, Horo Bb~6opa He3aBI4CriMb~X nepeMennb~x, onpe-  
21eJI~ltOl_l_t14x reoMeTp141o MOYleKyJlbl. 
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CxsHI6N +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 =  5.063 (1), c=  14.447 (4)/~, f l= 120.66 (2) °, Z = 4 ,  Dca~c= 1-536, and Dobs= 1"5 g c m  -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 (Hur lber t ,  Ferone ,  H e r r m a n n ,  Hi tch ings ,  Barne t t  & 
Bushby,  1968) was synthes ized  as one  of  a series of  in- 

A m e t h y l a t e d  der ivat ive of  2 ,4-d iamino-6-benzylpyr i -  h ib i tors  o f  bacter ia l  d ihydro fo la t e  reductases  (Hur l -  
do[2 ,3-d]pyr imidine ,  wi th  po ten t  an t ibac te r ia l  act ivi ty bert,  Ledig,  S tenbuck ,  Valent i  & Hi tch ings ,  1968; 
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Hurlbert  & Valenti, 1968). The synthesis of  this com- 
pound  was accomplished in several steps starting with 
the condensat ion of 2,4,6-tr iaminopyrimidine and ethyl 
c~-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. 

Exper imenta l  

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 ram. The space group P2t/c was indicated 
by the systematic absence of reflections hOl with l 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 0-20 scanning technique). Cell param- 
eters were determined by a least-squares refinement of  
20 values for 12 low-angle reflections (Cu Kfl, 2 =  
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 20<  
100 °. The scanning speed was l° /min and a 20 sec 
background measurement  was performed at each ter- 

minus of the scans. Three strong reflections (400, 202, 
and 020), which were moni tored 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, a2(1), according to the statistics of the scan and 
background counts plus a correctional term (0.03S) 2, 
S being the scan counts. A large percentage of the re- 
flections measured had extremely weak intensities; for 
example, 39% had l<o.(1) and 55 % had I <  2o-(1). 
The intensities and their variances were corrected for 
Lorentz and polarization factors. Absorpt ion 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- 
a tom 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 quanti ty minimized was 

, 2 2 2 2 ~ ( F o - F c / k  ) ,  where k is a scale factor and the 
weight w is equal to 1/o-2(Fo2). All 1536 reflections were 
included in the refinement. Scattering factors for the 
non-hydrogen atoms were from b~ternational Tables 
.for 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 4. For the other atoms, the x, BI1, and ,813 parameters have been multi- 
plied by 104, and the y, z, ,822, ,833, ,812, and ,8,3 parameters have been multiplied by 10 3. Temperature factors are in the form 

T= exp ( - ,81 lh' - -  f 1 2 2 k  2 - ,83312 - 2,812hk - 2fl~3hl- 2,823k1). 

N(I) 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 (11) 7 (1) 3 (3) 41 (9) - 6  (4) 
N(2) 9704 (5) 604 (3) 629 (1) 25 (4) 72 (10) 8 (1) 1 (2) 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 (i) 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) 
C(9) 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(I 1) 7760 (6) -78  (3) 207 (1) 22 (5) 29 (10) 9 (!) 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) - i 13 (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 (7) 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  (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 -a 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 R1 in- 
dex [~[IFoI-IFcI[/YIFol] is 0-21, the R2 index [Y.IF 2 -  

2 2 Fcl/~Fo] is 0.14, and the goodness-of-fit {[~w(Fo 2 -  
F2)2/(m-s)] ~/2} is 0.95. If only the 698 reflections with 
I>2a(I) are considered, R1=0.077, R2=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 .5  to 1-3 eA-3; a 
difference Fourier map, calculated with only those 
reflections for which I>2a (I), showed troughs and 
peaks ranging from -0 .6  to 0.9 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 

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 a toms and heavy a tom-hydrogen  a tom distances of 
0"95 A. Coordinates  for the methyl-hydrogen a toms were 
obtained from a difference Fourier  map.  The isotropic tem- 
perature factors are those of the heavy a tom to which the 
hydrogen is bonded.  

e 

x y z B (A z) 

H(NI)  843 681 546 3"7 
H(N2) 961 754 661 4"4 
H(N2')  1017 567 662 4.4 
H(N4) 959 - 88 413 3.2 
H(N4')  883 - 154 320 3.2 
H(C7) 658 476 284 4.6 
H(CI 1) 818 - 9 8  199 4.2 
H ( C I I ' )  735 - 5 4  131 4.2 
H(CI 1") 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 8"4 
H(C16) 572 716 - 196 8"5 
H(C17) 684 627 - 7 3  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 ° . 
C(2)--N(1)-C(9)  122 ° N(8)--C(9)--C(10) 129 ° 
N(3)--C(2)-N(2)  119 N(I) - -C(9)- -C(10)  119 
N(3)--C(2)-N(1)  123 C(9)- -C( l  0)-C(5) 117 
N(2)--C(2)-N(1)  118 C(9)--C(10)-C(4) l l7 
C(2)--N(3)-C(4)  121 C(5)- -C( i  0)-C(4) 127 
N(4)--C(4)-N(3)  117 C(13)-C(2)--C(6) 114 
N(4)--C(4)-C(10) 124 C(I 8)-C(13)-C(14) 116 
N(3)--C(4)-C(10) 119 C(18)-C(13)-C(l  2) 125 
C(6)--C(5)-C(11)  123 C(14)-C(l  3)-C(12) 119 
C(6)--C(5)-C(10)  115 C(13)-C(14)-C(15) 121 
C(11)-C(5)-C(I  0) 121 C(16)-C(15)-C(14) 121 
C(7)--C(6)-C(5) 120 C(17)-C(16)-C(l  5) 117 
C(7)--C(6)-C(12)  119 C(l 8)-C(17)-C(16) 122 
C(5)--C(6)-C(12)  121 C(l 7)-C(l 8)-C(13) 123 
N(8)--C(7)-C(6)  127 
C(9)--N(8)-C(7)  112 
N(8) - -C(9) -N(I )  112 

* A table of  observed and calculated structure factors has 
been deposited with the National  Lending Library, England,  
as Supplementary  Publication No. SUP 30146 (9pp). Cop!es 
may be obtained through the Executive Secretary, Internat ional  
Union of Crystallography, 13 White Friars, Chester CH 1 1 NZ, 
England. 

We thank Burroughs-Wellcome Company for fur- 
nishing the compound, and Miss Catherine Sims for 
assistance with the preparation of this manuscript. 
This investigation was initiated at the request of and 
supported by Burroughs-Wellcome Company. 
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N(8) (~ H(NI) 
H ( C ' ) ~ , . 3 4  /~N(I)  (~ H(N2) 

e(,)(~ - -  ~ C ( 2 ) ~ ( 2 )  
. , 0 . , o .  . . . .  r ° 

- - % . , .  @,,-  

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 b 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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