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The Crystal Structures of Salts of Methylated Purines and Pyrimidines.  
II. 9-methyladenine Dihydrobromide 

BY ROBERT :F. BRYAN* AND KEN-IcHI TOMITA 

Department of Biology, Massachusetts Institute of Technology, Cambridge 39, Mass., U.S.A.  

(Received 5 September 1961) 

Crystals of 9-methyladcnine dihydrobromide are orthorhombic with 

a=17.59, b=4-88, and e=11.75 A .  

The space group is Pna2~ with four molecules in the unit cell. The molecular structure has been 
determined by means of the heavy atom method from the hOl and hk0 projections. Bond lengths 
and angles are given, e.s.d. 0.1 A and 6 °. Each cation is surrounded by a three-dimensional network 
of bromine ions and forms three short N-H • • • Br bonds involving the protonated nitrogen atoms 
N(1) and N(7) and the 6-amino group. There are no inter-purine hydrogen bonds formed. 

I n t r o d u c t i o n  

As par t  of this series of studies of salts of me thy la ted  
purines and pyrimidines we have determined the 
crystal  and molecular s t ructure of 9-methyladenine 
d ihydrobromide  using two-dimensional  X- ray  dif- 
f ract ion methods. 

CH:~ 

\ c C  .~ " ~ , c / ' ,  \ 
+ ~C--H . 2Br- 

N ~ ~ 'C - 

NH~ H 

Pre l iminary  details of this s t rueture analysis have 
been given previously (Bryan & Tomita,  1961). 

Orthorhombic prismatic,  

a = 17-59 _ 0-06, b = 4.88 _+ 0-02, c = 11.75 _ 0.04 • . 

Volume of the uni t  cell, 1008.6 Aa, Dm=2"06 g.cm.-a, 
Z = 4, De = 2.03 g.cm.-3, F(000) = 600,/~ = 98"9 cm.-1 
for Cu K s  radiat ion.  

The systematic  absences in the diffraction pa t t e rn  
indicate as possible space groups Pna21 or Pnam. 
Because there are four molecules in the uni t  cell the 
more likely space group is Pna21, since in such circum- 
stances in Pnam the molecules would be required to 
lie in mirror  planes of symmet ry  5-9 A apart ,  a situa- 
t ion which seems intr insical ly unl ikely and for which 
there is no support ing evidence to be found in the 
dis t r ibut ion of diffracted intensi ty.  

E x p e r i m e n t a l  

Crystals of the salt direct ly suited to X- ray  s tudy were 
obta ined by adding an excess of hydrobromic  acid to 
an aqueous solution of 9-methyladenine which was 
then  allowed to evaporate  to dryness at  room tem- 
perature.  The crystals so formed are colourless needles 
elongated along the b-axis. 

The uni t  cell dimensions and space group were 
determined from 30 ° precession photographs  t aken  
with Cu K s  radiat ion.  

Crys ta l  data  

9-Methyladenine dihydrobromide,  

C6HTNs. 2 HBr,  M = 311 "0. 

* Present address: Department of Biophysics, Tile Johns 
Hopkins University School of Medicine, Baltimore, Maryland, 
U. S.A. 

I n t e n s i t y  data  

Intensi t ies  were recorded photographical ly.  The hOl 
reflections were collected from a very  small crystal  
(reflecting cross section 0.1 mm. 2) by using the 
multiple-film technique with Cu K s  radiat ion.  140 
structure ampli tudes were obtained of which about  
ten were of zero magnitude.  :For h/c0, 30 ° precession 
photographs,  t aken  with Mo K s  radiat ion,  were used 
to give 107 structure amplitudes,  88 of which were of 
non-zero magnitude.  In  each case the s t ructure  
ampli tudes were placed approximate ly  on an absolute 
scale by making use of Wilson's (1942) method.  
Care was t aken  in selecting the crystals to choose them 
as near ly  equi-dimensional as possible but  it  is not  to  
be expected tha t  errors due to absorpt ion will be other  
t ha n  sizeable. No corrections for absorpt ion were 
applied, however, since no very  accurate molecular  
dimensions were sought. 
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Struc ture  d e t e r m i n a t i o n  

The re la t ive  x- a n d  z-coordinates  of the  two bromine  
ions were f i rs t  d e t e r m i n e d  from the  P a t t e r s o n  func t ion  
P(u, w) a n d  a p r e l i m i n a r y  t r ia l  s t ruc tu re  was qu ick ly  
found  f rom a Four ie r  syn thes i s  based on the  phases  
due to these  two ions. This  t r ia l  s t ruc tu re  was re f ined  
b y  successive Four ie r  syntheses .  The fou r th  such syn-  
thes is  is shown in Fig. l .  

ven t iona l  pos i t ions  were inc luded  in  the  s t ruc tu re  
factors.  The  final va lue  of R, exc lud ing  unot)served 
rcflections,  was 0.07. 

Because  of the  severe over l app ing  of a toms  in the  
hkO pro jec t ion  the  r e f inemen t  there  was carr ied on b y  
means  of difference syn theses ,  the  va lues  of the  x- 
coordinates  being held f ixed a t  the  values  resu l t ing  
from the  f inal  leas t -squares  cycle in hO1. The f inal  R 
here was 0.11. 

. . . . . . . .  • 

: ....... : ' . (  , ,  ................. ( ........ 
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Fig. 1. Electron-density projection o(x, z). Contours are at 
equal but arbitrary intervals, every fifth contour only being 
drawn at the bromine ions. 

b 

0 % 

Fig. 2. Ele('tron-density projection O(x, y). Contours as in 
Fig. I. The projection of one molecule is indicated by tim 
solid lines. 

The  y-coord ina tes  of the  a toms  were found  in a 
s imi lar  manner .  The  f inal  e l ec t ron-dens i ty  p ro jec t ion  
~)(x, y) is shown in Fig.  2. 

R e f i n e m e n t  

Six cycles of leas t -squares  r e f inemen t  were used to 
ref ine the  x- a n d  z-coordinates  of the  a toms.  This  
process was carr ied ou t  t)y means  of the  crystal lo-  
g raph ic  leas t -squares  r e f inemen t  p rog ram of Bus ing  
& L e v y  (1959) on an  I B M  709 d a t a  processing machine .  
] so t rop ic  t e m p e r a t u r e  fac tors  were employed  a n d  
con t r ibu t ions  from h y d r o g e n  a toms  in f ixed con- 

Table  1. Final atomic coordinates expressed as fractions 
of the unit cell edges 

Origin on the space group diad screw axis 

Atom x/a y/b z/c 
Br(l) 0-5733 0.2003 0.2354 
Br(2) 0.1502 0.1565 0.0987 
N(l) 0-2692 0.3577 0"3570 
N(3) 0-1678 0.1932 0.4790 
N(7) 0.0950 0.7222 0.2953 
N(9) 0"0575 0.4978 0"4388 
N(10) 0.2597 0"7400 0.2335 
C(2) 0.2410 0.2051 0"4439 
C(4) 0" 1304 0.4045 0.4272 
C(5) 0.1549 0.5772 0.3394 
C(6) 0.2283 0"5568 0.2987 
C(8) 0-0357 0.6934 0.3644 
C(ll) 0.0083 0-3437 0.5185 

The  sca t t e r ing  func t ions  which  were used were the  
same as those  descr ibed in the  case of 1-methyl-  
cytos ine  h y d r o b r o m i d e  ( B r y a n  & Tomi ta ,  1962). 

I n  Table  1 are l i s ted the  f inal  va lues  for the  a tomic  
coordinates  and  in Table  2 s t ruc tu re  factors  ca lcula ted  
from these coordinates  are compared  wi th  the  s t ruc tu re  
ampl i tudes .  

Descr ip t ion  and d i s c u s s i o n  of the  s t ruc ture  

The s t a n d a r d  dev ia t ions  in  a tomic  coordinates  a(x) 
a n d  a(z) given  b y  the  leas t  squares  p rogram are bo th  
equal  to 0.07 A. A l though  the  value  of a(y) migh t  be 

3.13.-" 
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Fig. 3. Bond h,mglhs and angles as deternfincd for the 
asymmetric unit of 9-me, thyladonine dihydrobromide. 
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Table "2.. Observed and calculated structure factors for hOl and h]~O for 9-methyladenine dihydrobromide 
Accidentally at)sent reflections are omitted for ]brevity 

h01 

2 0 

6 
8 

i0 
12 
14 
16 

Fo Pc h 0 1 F o 

5.3 7.5 2 5 82.6 
~9.~ 56.5 ~ ~5.8 
18.9 ~9.5 6 18.7 
7.6 6.2 8 17.5 

58.5 57.2 i0 26.7 
35.5 ~7.9 12 25.5 
32.0 ~4.1 i~ 22.9 
8.6 8.0 16 18.~. 

18 8.0 
2 I 16.2 

80.8 
6 @6.2 
8 55.o 

I0 ~I.i 
12 17.7 
1 t~ 11.5 
16 la .2 
18 25.O 
22 7.1 

0 2 ~5.1 
2 22 .~* 

56. 
6 96.7 
8 ~6.7 

iO 19.2 
12 21.2 
la 25.5 
16 11.7 
18 9.7 
20 I~* .t~ 
22 5 .~ 

2 3 i15.3 117.7 
4 ~.5 ~0.~ 
6 ~.0 7.8 
8 57.5 35.6 

i0 27.0 29.0 
12 a6.0 ~7.7 
i~ 11.5 10.9 
16 19.7 17.8 

19.5 
81.0 0 6 71.8 
52.6 2 28.9 
58.1 ~ ~2.2 
~U.l 6 26.6 
19.2 8 18.2 
9.~ i0 27.~ 

12.8 12 15.t~ 
24. ~ i~ 2~. 9 
7.8 16 6.9 

18 8.8 
58.6 20 7.6 
25.5 
52.2 2 7 12.8 
96.~ ~5.2 ~ 46.5 

~0.6 
22.1 8 a-~.l 
22.1 l0 19.6 
26.6 12 6.8 
9.8 16 5.9 
7 .~ 18 17.9 

12.6 
5.~ o 8 65.8 

2 17 .~ 
2~ .8 

6 8.9 
8 15.6 

i0 25.9 
12 20.8 
I~* 20.9 
16 8.9 
18 5.7 

0 ~ 21.9 19.8 2 9 28.6 ~2.~ 
2 ~5.1 ~6.1 a 22.0 27.5 

~.o 29.9 6 14.9 14.5 
6 80.0 7~.9 8 25.7 27.0 
8 u~.2 ~0.7 I0 10.9 12.8 

I0 25.~ 25.9 12 20.8 18.8 
12 16.8 19.~ i~ 5.7 5.@ 
iG 24.0 2~.2 16 7.2 7.1 
20 15.9 1~.7 18 6.9 9.5 

F c h 0 1 F o F c h k 0 F o F c 

76.2 0 I0 20.1 21.2 I 1 15. t~ 15.3 
~.7 2 17.2 16.~ 3 74.5 59.9- 
20.5 @ 16.5 19.6 ~ 187.7 186.0 
18.2 6 29.2 29.9 5 17.1 15.6- 
27.7 8 15.5 i@.3 6 8~.6 85.9 
28.0 I0 ~.i t~.6 7 7.7 15.6 
22.6 12 5.9 6.5 8 122.6 116.5- 
16.9 It~ 8.7 9.1 9 30.0 51.@- 
8.5 16 8.8 10.5 I0 70.0 59.6- 

12 12.7 10.7 
66.0 2 ii 28.5 30.~ 13 43.2 37.8 
27.8 ~ 6.7 7.~ i@ 15.1 15.7- 
@0.6 6. t~ 6.6 16 17.8 12.8 
29.9 I0 12.8 12.5 17 i~.8 15.6- 
18.9 12 15.5 it~. t~ 18 27.5 29.9 
31.0 I~ 6.9 7.5 22 20.0 19.9- 
13 2 
22.6 0 12 11.2 ii.i 0 2 135.1 i~2.8- 
7.9 2 9.1 7.9 1 65.2 60.8- 
7.~ ~ 11.2 8.5 2 17.~ 18.9- 

20.2 20.5 7.~ ~ 21.6 2~.0 
8 12.9 12. 5 ~ 15.5 2~.9 

11.2 i0 11.7 12.1 5 112.6 112.6 
~8.9 12 6.0 5.4 6 ~9.2 @5.@ 
~1.~ 7 28.8 ~5.7- 
~6.~ 2 1.5 I ~ . 5  15.6 8 24.6 22.8 
19.t~ ~ 17.2 16.9 9 76.8 75.5- 
5.8 6 10.9 9.9 1o 12.8 2o.~ 
~.2 8 10.8 9.0 ii 16.0 21.4 

15.8 i0 6.@ 7.1 12 aS.0 a6.5- 
14 28.2 24.8- 

6a.9 0 14 20.0 19.1 15 25.9 18.6- 
15.5 ~ 7.2 5.5 17 29.1 29.2 
24.2 18 i0.0 l~.O 
8.2 19 20.2 2a.O 

15.5 21 i~.0 15.~- 
27.7 
19.2 1 3 90.] 81.8- 
18.0 2 50.5 ~7.0- 
7.8 ~ 72.7 67.~ 
5.2 a -7.5 ~.i- 

5 2~.7 25.~ 
7 12.6 8.8 
9 ~a.O 51.9 

i0 27.0 26.6 
11 27.9 21.i 
!2 9 .2  8.~ 
1~ )5.7 61.0- 
15 8.0 i0.7- 
16 21.1 2].7- 
17 6.5 9.~ 

h k 0 F o F c 

0 ~- 26.1 13.5- 
2 25.3 18.7 
5 26.0 2~.8- 

~.8 25.3 
5 45.0 52.8- 
6 ~8.5 a5.7- 
7 9.0 lO.5 
8 25.7 22.1- 
9 42.5 ~2.2 

I0 27.2 16.9 
ii 12.7 9.0 
i~ 9.0 10.4- 

1 5 18.5 22.7 
2 26.6 28.5 
3 8.0 8.5- 
4 I~.6 i~.i- 
5 15.5 15.9- 
6 17.7 15.2- 
7 1 4 . 7  13.9- 
8 12.8 21.7 

12 13.~- 12.3- 
13 12.0 18.a- 

0 6 la.9 18.a 
3 16.~ 18.2 

expected to be lower than this since the y-coordinates 
were derived from a centrosymmetric projection the 
general overlap in the [010] projection probably 
means that in fact a(y) will be about the samc mag- 
nitude. These values apply to the light atoms, in the 
case of the bromine ions a(r) is nearer 0.01 ~ .  For 
a bond involving light atoms the standard deviation 
in length is thus around 0.1 A and for a bond angle 
is about 6 ° . No great significance therefore attaches 
to the dimensions found in this present analysis for 
the cation of 9-methyladenine which are shown in 
Fig. 3. Although these dimensions are in fair agreement 
with those found by Cochran (1951) in his much more 
accurate analysis of the structure of adenine hydro- 
chloride, no comparison of points of dctail is worth- 
while. 

More worthy of comment is the general arrange- 
ment of the molecules within the unit cell. Each 
cation of 9-methyladenine lies surrounded t)y ~ three- 
dimensional network of bromine ions. The distances 
N(1) .- -Br(1) I, N(7) . . .  Br(2)~, and N(10) . . .  Br(2)~ 
arc 3"13, 3-28, and 3.21 _~ respectively, and it is 
deduced that these approaches correspond to hydrogen 
1)ond formation. All are shorter, although the diminu- 
tion in length is of doubtful significance, than the 
more commonly occurring length of 3.4 /~. The dis- 
tance N(10) • • • Br(1) is 3-64 A, but is not presumed 
to reprcsent a hydrogen bond since the proton involved 

points roughly midway between Br(1) and the cor- 
responding brominc ion at 1 + y .  Other intermolecular 
approach distances are illustrated in Fig. 4. 

There are no inter-ring hydrogen bonds formed of 

Br; 
. . @ - . . .  

~ ' ~  - ............ • ... • .............. 
~:.i7 

.... • 3.85 
Br~ • .i/ . 3"820) .. 3-57(I) 

3.82 ....... 

'"4.80 

" .... 3.480) 
" ." 3.43 

/ . 

Bn  .... . . .  

3"94  ..... (~Br~' 
. .. 

. ~h4 
" / .... 3"76(11) 

~ . . .  3-13 

',3"28(I) .,,)I).<~ ..... 3-64 .... T;~ 

~, . ""3'22(I) h'01(I) 
l 4.25 ...... ".... 

• - . . . 0  t 

Br2 

Fig. 4. Projection of the structure on (010) showing the 
various intcrmolecular approach distances. 1)ostulated hy- 
drogen bonds are indicated by tile broken lines, van der 
Waals' contacts by the dotted lines. Nitrogen atoms are 
represented by half-dark circles, carbons by full circles. 
The larger full circles represent the bromine ions. I represents 
distance to Br at y +  1, II  represents distance to Br at y-- I. 
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the kind which occur in either the s tructure of adenine 
hydrochloride (Cochran, 1951), or guanine hydro- 
chloride (Broomhead, 1951). This may  be a t t r ibu ted  
to the difficulty of [)ringing together the posi t ively 
charged purine rings so as to form such inter-molecular  
hydrogen bonds, or to the fact t ha t  access to the only 
remaining acceptor ~tom N(3) is in some measure 
hindered by the presence of the 9-methyl  group. 

The observation tha t  the pro tonat ion  of the 9- 
methyladenine  molecule occurs on N(1) and N(7) 
lends support  to the structure proposed by Rich, 
Davies, Crick, and Watson for polyadenyl ic  acid 
(Rich et al., 1961). The hydrogen bond scheme pro- 
posed by these authors  involves pairs of bonds 
between the 6-amino group and N(7). I t  is observed 
tha t  at  low pH the degree of or ienta t ion in the struc- 
ture is great ly reduced and this finds a logical ex- 
p lanat ion in the observation tha t  this corresponds to 
the breakdown of the hydrogen bond system sub- 
sequent to the addi t ion of a proton to N(7). 

The adenine molecules themselves are planar.  The 
equat ion describing the molecular plane (Blow, 1960) 
is 

0.2598X + 0.6713 Y + 0 . 6 9 4 5 Z -  5.3613 = 0 .  

The average deviat ion from this plane is 0.07 A and 

the maximum deviat ion is 0.15 /~. The perpendicular  
distance between molecules of 9-methyladenine is 
3.27 A. 

Many of the calculations involved in this analysis 
were performed at  the M.I.T. Computa t ion  Centre 
with the help of their  IBM 709 da ta  processing ma- 
chinery. The work was supported by grants from the 
Nat ional  Cancer Ins t i tu te  of the U.S. Public Heal th  
Service and the American Cancer Society. One of us 
(R. F. B.) was in receipt of a U.S. Public Heal th  
Service Postdoctoral  Fellowship. 
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Addit ionsverbindungen des Schwefels .  Beitr~ige zur Chemie des Schwefels,  55. Von F. F~.H~,~, 
D. HIRSCItFELD und :K.-H. LINKE, Institut f i ir  Anorganische Chemie der Universitdt K6ln, Deutschland 

(Eingegangen am 

]m Rahmen der am hiesigen Inst i tut  durehgefiihrten 
Arbeiten fiber Schwefel und seine Verbindungen wurden 
die Untersuchungen der erstmals yon Auger (1908), 
Demassieux (1909) sowie Rheinboldt (1929, 1924) und 
Schneider (1928) beschriebenen Additionsverbindungen 
des Sehwefels mit anorganischcn bzw. organischen Jodi- 
den wieder aufgenommen. Es handelt sich dabei um 
Verbin(hmgen des allgemeinen Typus R J n . n S  s (z.B. 
A~I 3 . 3Ss, CH,I~. 3Ss, C2J4.4Ss). 

Be[ Versuchen, weitere Additionsverbindungen aufzu- 
finden - -  die A(tditionsf~ihigkeit [st auf sehr wenige 
Jodide beschr~inkt gelang es uns, die Verbindung 
P..,J4.4Ss aus ]?oJ, und Schwefel analog den obigen 
Verbindungen darzustellen. Sic kristallisiert in gut aus- 
gebildeten Prismen, Fp. 66-68 °C., und [st an der Luft 
sehr unbest/indig. (S:ber. 64,29% , gef. 64,58% ; J :ber .  

O /  31,82%, gel. 32,01 °/'/'), P:ber.  3,89/o, gef. 3,69%). 
W/ihrend in den oben angegebenen Arbeiten bereits 

gezeigt wurde, dass einerseits die Additionsf~ihigkeit fiir 
Sehwefel verloren geht, wenn Jod teilweise durch andere 
Substituenten ersetzt wird, ergaben unsere Unter- 

29. Mai  1962) 

suehungen, dass andererseits auch der Ss-Ring nicht 
durch andere, ihm sehr /~hnliche Ringsysteme ersetzt 
werden kann. So konnten be[ Verwendung yon S~NH, 
S4N 4 und S4(NH)~ unter analogen Reaktionsbedingungen 
die entsprechen(ten Additionsverbindungen nicht auf- 
gefunden werden. 

Die lR-Spekt ren  yon CHJ3.3Ss,  AsJ3.3S s und 
Ce,] 4 . 4 S s zeigten im Bereich yon 2-24# ausser den Bandcn 
der einzelnen Komponenten keine zus/itzlichen Absorp- 
tionen oder Bandenverschiebungen. Auch ramanspektro- 
skopische Untersuchungen (Erregerlinie Hgc) zeigten 
keine Ver/imterungen der Spektren der Additionsver- 
bindungen gegeniiber denen der entspreehenden Aus- 
gangsprodukte. 

Aufgrund yon Debye-Seherrer-, Drehkristall-, Gonio- 
meter- und Rctigraphenaufnahmen konnten die yon 
Hertel (1931) und West (1937) errnittelten kristallogra- 
phisehen Daten fiir das CHJ a. 3S s best/itigt werden. 
Von uns mit dem Z/ihlrohrgoniometer durehgefiihrte 
lntensitiitsmessungen und anschliessende Berechmmgen 
naeh der 'Trial and Error'-Methode ergaben for den 


