
P H I L I P  A.  V A U G H A N  

Table 2. Comparison of true and computed 
phase angles 

True phase Computed phase 
(hk) angle (o) angle (o) 

11 -- 16.2 -- 16-2 
35 24.5 24.5 
45 7-7 29-6 
56 41.5 46.1 
2~ 20.6 16.9 
23 41.3 72.3 
12 3.6 19.5 

sat isfactory results in m a n y  circumstances. I t  is 
a lways necessary to determine the signs of the ~H1, H~ 
by making use of the redundancy  of equations. An 
error made  at  this step could introduce serious errors 
in the individual phase angles. In  more complex 
structures,  with correspondingly larger values of a, 
this danger  becomes greater.  On the  other hand,  one 
would expect tha t  the  use of a larger group of related 
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s t ructure  factors  would improve mat te r s  because of 
the increased redundancy.  
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The crystal and molecular structure of 2:5-diamino-4-mercapto-6-methyl-pyrimidine has been 
determined from projections about the a and c axes of the crystal. The space group is P21/n, and 
the unit cell dimensions are a ---- 17.036, b ---- 10.045, c = 4.339 A, fl ---- 90 ° 56'. The hkO projection 
has been solved by locating the heavy atom in a modified Patterson synthesis, and refined by 
calculation of successive difference syntheses. The z coordinates have been determined from the 
modified Okl Patterson, using steepest-descents methods for the refinement of the atomic coor- 
dinates. 

1. Introduction 

Following the invest igat ion of the  4:5-  and 4:6-  
diamino-pyrimidines (Clews & Cochran, 1949; Whi te  
& Clews, 1956), a s tudy  was made  of the s t ructure  of 
2 :5-diamino-4-mercapto-6-methyl-pyr imidine  to ob- 
ta in  information on the  type  of hydrogen bonding 
in the  amino groups in this class of diamino pyrimidine,  
and on the positions of the  other  hydrogen a toms in 
the  molecule. The results indicated the  existence of 
a mixed s t ructure  among these atoms. 

The calculated s t ructure  gave a marked ly  non- 
p lanar  pyrimidine ring, but  this is shown to have  
resulted from the inabil i ty of the  method of s t ructure  
de terminat ion  to cope adequate ly  with the  aniso- 
t r opy  and a s y m m e t r y  of the  thermal  motions in the 
molecule. 

2. Exper imenta l  

The crystals  of 2:5-diamino-4-mercapto-6-methyl-  

pyrimidine were kindly provided by  Dr  F. L. Rose of 
I .C.I.  Limited,  Manchester,  England,  who obtained 
sat isfactory crystals, in the form of fine needles, by  
recrystal l ization f rom cellosolves. 

These crystals were shown by  Weissenberg photo- 
graphs to be monoclinic, space group P21/n. Using the 
0-method of Weisz, Cochran & Cole (1948), the  100 
and 010 spacings were measured with Cu K a  radia- 
tion, and  the 015 spacing with Cu K a  r The fl angle 
was obtained from the distance between two sets of 
001 reflexions on Weissenberg photographs  of a crystal  
twinned about  the  h00 plane. F rom these measure- 
ments  the  latt ice paramete rs  were calculated to be 

a - -  17.036+0.006, b -- 10.045±0.004, 
c = 4 -339±0 .002 /~ ,  

fl = 90 ° 5 6 ' ± 6 ' .  

(~(Cu K a ,  mean  value) = 1.5418/~, 
;t(Cu K ~ )  = 1.5405 J~.) 
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(a) (b) 
Fig. 1. (a) The complete hkO vector synthesis. Chain line: zero 

contour; broken lines: negative contours; contour interval: 
200 units on an arbitrary scale. (b) The same synthesis 
including only high-order terms. Chain line: zero contour; 
negative contours omitted; contour interval: 50 units on 
same scale as (a). 

The related S-S vectors at (2x, 2y), (2x, 0), (0, 2y) are 
indicated by dots. 

3. The  x and y coord inates  of the  S, N and G a t o m s  

The hkO d a t a  were collected using a c rys ta l  ap- 
p r o x i m a t e l y  1 mm.  in length  and  0.08 mm.  in dia- 
me te r  of cross-section. The intensi t ies  were corrected 
for Lorentz  and  polarz ia t ion  factors ,  bu t  no al lowance 
was  m a d e  for  absorp t ion  as the  small  size and  regular  
shape  of the  crys ta l  m a d e  this  negligible. 

The P a t t e r s o n  like funct ion  

1 ,~  ~yjFhk I~cos2~  h u +  c o s 2 x  k v - - -  
A _~  -co 4 

was calculated,  bu t  the  S-S  vectors  were no t  obvious 
when  the  complete  d a t a  were used (Fig. 1 (a)). How-  

ever, by  repea t ing  the  synthes is  using only those re- 
f lexions with sin 0 > 0.5, and  t he r eby  m a k i n g  use of 
the  p ropor t iona l ly  higher reflect ing power  of the  S 
a tom a t  large Bragg  angles (Fig. 1 (b)), a sa t i s f ac to ry  
e s t ima te  of the  S coordinates  was ob ta ined  and  the  
solut ion of the  complete  func t ion  in t e rms  of S -S  and  
S - l i g h t - a t o m  vectors  became  possible. A Four ie r  projec- 
t ion was calculated using signs based on this  e s t ima te  of 
the  su lphur  posit ion, and  resolut ion was ob ta ined  imme-  
diately,  giving a molecule with the  an t ic ipa ted  or ienta-  
tion. S t ruc tu re  fac tors  were calculated using the  
sca t t e r ing  fac to r  curves of McWeeny  (1951) for the  
C and  N a toms,  and  t h a t  of Viervoll  & 0 g r i m  (1949) 
for the  S a tom.  The t e m p e r a t u r e  fac tor  was deter-  
mined  by p lo t t ing  ZIo / .~ ,F~ aga ins t  sin 2 0/22 over  ranges  
of 0.1 in sin 2 0. Making  al lowances for this,  the  scaling 
fac tor  was then  ob ta ined  f rom the  equa l i ty  .~Io=_rF~.  
The first  s t ruc tu re  had  an R-fac tor*  of 0.285. B y  a 
series of difference syntheses  the  S, N and  C a tom 
coordinates  were ad jus ted  till the  R- fac to r  was  0.103, 
when re f inement  by this  m e t h o d  was complete .  A 
Four ie r  synthesis ,  using the  final signs of the  s t ruc tu re  
fac tors  (Fig. 2(a)),  is well resolved,  wi th  the  heights  
of the  C and  N peaks  s ignif icant ly  different .  

4. T h e  x a n d  y coord inates  of the  H a t o m s  

In  the  difference synthes is  ca lcula ted using the  s t ruc-  
tu re  fac tors  f rom the  final set of S, N and  C coor- 
d ina tes  (Fig. 2(b)), the  posit ions of all the  hyd rogen  
a toms  in the  s t ruc tu re  are no t  un ique ly  de te rmined ,  
as there  are three  peaks  of s ignif icant  he ight  in the  
ne ighbourhood  of the  N 9 a tom,  and  two nea r  the  S s 
a tom.  (For the  n u m b e r i n g  of the  posit ions in the  
molecule see Fig. 5.) 

* In all R-factor calculations all the terms to the Cu K a  
limit were included, with the unobserved reflexions set equal 
to half their maximum possible value. 

.. ~ . . ,  : .., 

:: 

~..",. 
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0 ~ t)/2 ; 
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.... o : .  b/2 . ; 
(b)  

Fig. 2. (a) The hkO Fourier synthesis. Chain line: zero contour; contour interval: 1 e./~ -e. Five of the contours around the sulphur 
atom are omitted. (b) The hkO d~fference synthesis. Broken lines: negative contours; zero contour omitted; contour interval: 
0.2 e.A -~. The molecule is drawn in from the corresponding peaks in the Fourier synthesis. Alternative positions for the hy- 
drogen atoms are given by bonds shown as chain lines. 
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The peaks near the N 7 position are well resolved, 
though they are not sufficiently clear for the accurate 
determination of the projected bond lengths. They 
occur in positions which indicate that  N-H • • • N and 
N - H . . .  S bonding is possible. 

The difference synthesis in the region of the methyl 
group is not well resolved. However, by assuming 
that  the value of the difference synthesis in this region 
represents a projection of the electron density of the 
hydrogen atoms, and by rotating a tetrahedral model 
till the projected electron density of the model corre- 
sponded with the difference synthesis, a satisfactory 
structure was obtained. 

The solution of the remainder of the difference syn- 
thesis was possible only after the third coordinates 
had been determined approximately, at which stage 
model structures and stacking considerations could be 
used in the analysis. The significant features could be 
explained only by assuming the existence of alterna- 
tive positions for the hydrogen atoms, neither of which 
involves an imino structure. 

In the first alternative the amino hydrogens are at 
(0.32, 0.34) and (0.25, 0.28). From considerations of 
the van der Waals radii of the atoms involved it is 
then expected that  the hydrogen attached to the 
sulphur would be in the (0.17, 0-06) position. 

The second structure has the amino hydrogens at 
(0-32, 0.34) and (0.29, 0.42) with the hydrogen of the 
mercapto group at (0.18, 0.12). The heights of the 
peaks in the difference synthesis indicate the occur- 
rence of the alternative forms in about equal numbers. 

When allowance had been made in the calculated 
structure factors on the basis of this mixed structure, 
using the scattering factors by McWeeny for the 
hydrogen atoms, the R-factor was reduced to 0.080. 

5. Other  f ea tures  in the  hkO dif ference  synthesis.  

The atomic positions have been adjusted to occur at 
regions of zero slope in the difference synthesis. No 
significant features remain in the synthesis except 
those already ascribed to the hydrogen atom contri- 
bution, and one at the sulphur position, 0.6 e.A -2 in 
height, which presumably indicates that  the sulphur 
atom has a smaller vibration than that  assumed in the 
temperature-factor expression. This is an acceptable 
supposition since the sulphur atom is of greater mass 
than the carbon and nitrogen atoms. 

6. D e t e r m i n a t i o n  of the  z p a r a m e t e r s  

~Stacking considerations indicated that  some resolution 
would be possible in the Okl plane. Data were collected 
using a specimen whose depth was approximately 
0.08 mm., and cross-section 0.65 ×0.30 mm. Lorentz 
and polarization corrections, but no absorption cor- 
rection, were applied to the observed intensities. 

Syntheses similar to those applied to the solution 
of the hkO projection were calculated (Fig. 3(a) and 
3(b)), and that including only the high-angle terms 
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Fig. 3. (a) The  comple te  Okl vec tor  synthesis .  Chain line: zero 
con tour ;  b r o k e n  lines: nega t ive  con tours ;  con tou r  in te rva l :  
100 units on an arbitrary scale. (b) The same synthesis in- 
cluding only high-angle terms. Chain line: zero contour; 
negative contours omitted; contour interval: 20 units on 
same scale as (a). 

The related S-S vectors are indicated by dots. 

had three peaks along the ordinate y = 0.200 which 
could correspond to the S-S vector. Having estimated 
the differences in the z coordinates of each of the light 
atoms and the sulphur from their length in projection 
and the known bond lengths in the pyrimidine ring 
(Clews & Cochran, 1949), structure factors were 
evaluated for each possible structure. Error syntheses 
were calculated for each set and enabled two of the 
possibilities to be eliminated. The third structure, 
using an isotropic temperature factor, had an R-factor 
of 0.44, which was reduced to 0.27 by making adjust- 
ments indicated in the error synthesis. A temperature 
factor expression of the form 

F o = F c exp - { ( B  1 (kv)2/~ 2 +Be(lo))~/~ 2} 

was employed for each 0kl reflexion. The value of B 1 
was assumed to be equal to the B value in the hkO 
projection, and B~ was then calculated by plotting 

In [ ~ I o / ~ { F ~  exp -2Bt(kv)2/~2}] 

against (lw)2/~. 2, the summation being made over 
terms of constant 1. The use of this anisotropic tem- 
perature factor reduced the R-factor to 0.22. 

The refinement of the coordinates was then effected 
by the use of the steepest-descents formulae of 
Qurashi (1949), in the course of which it was noticed 
that  the values of the z coordinates, especially of 
similar atoms close together in the projection, were 
strongly interdependent. The refinement was con- 
tinued till no further shifts were indicated, the R-factor 
at this stage being 0.120. 

I t  was thought that  the z coordinates determined by 
this method could still be improved, as earlier work, 
including the three-dimensional analysis of Clews & 
Cochran (1949), had shown the pyrimidine ring to be 
planar, within the limits of experimental error, 
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Fig. 4. (a) The 0/cl sharpened Fourier synthesis. Chain line: zero contour; broken lines: contours below 10 and above zero; contour 
interval: 2 e.A -2. In this synthesis the terms have been sharpened so that the temperature factor is removed. It  shows con- 
siderably more resolution than the normal Fourier, without radicM alteration to any of the peak positions. (b) The 0kl dif- 
ference synthesis, showing concurrence with expected hydrogen atom positions. Chain line: zero contour; broken lines: nega- 
tive contours; contour interval: 0.2 e.A -2. The bonds in one molecule are drawn in from the Fourier. Bonds to Mternative 
positions for the hydrogen atoms are shox~rn as broken lines. 

Table  1. Atomic coordinates 

x/a y/b z/c ~ (A) 
N 1 0.4255 0.107 --0.313 --0.19 
C~ 0.379 0 .011  --0.383 0.00 
N a 0.301 0.009 --0-286 0.21 
C, 4 0-266 0.105 --0.144 0.12 
C~ 0.3165 0.207 -- 0.040 0-02 
C G 0.396 0.203 --0.105 --0.04 
N 7 0.404 --0-090 --0.554 --0.0l 
S s 0.1690 0.0985 -- 0.0475 0.3 l 
N 9 0.2825 0.309 0.163 0.12 
C10 0-453 0.313 --0.009 --0.19 

~5 is the displacement from the calculated mean plane of the 
molecule: 0.113x (A)--0.551y (A)4-0.827z (A)+0.704 - 0. 

Table  2. Hydrogen coordinates 

hkO projection Okl projection 
^ 

r r 

x]a y/b y/b z/c 
g n 0.46 --0.09 --0.11 --0.65 
H12 0.39 --0.15 --0-15 --0.48 
tt~a 0.17 0.06 0.06 0-22 
HI~ 0.18 0-12 0.15 0.16 
Hla 0.32 0-34 0.33 0-40 
H~5 0.25 0.28 0.29 0.40 
H~ 0-29 0.42 0.42 0-18 
1=[16 0.50 0.30 0.27 --0.10 
H17 0-44 0.36 0.31 0.21 
His 0.46 0-37 0.37 --0.15 

Table  3. Temperature-factor coefficients 
h/c0 projection 

Average temperature factor for all atoms: 3.0~ A e 
Okl projectiom 

B1 Be 
S 2.9a A ~ 5.7~ A e 

N and C 3"09 5"91 
H 4"2~ 4"26 

whereas  the  presen t  s t ructure ,  as shown in Table  l ,  
devia tes  s ignif icant ly  f rom p lanar i ty ,  and  some of the  

ca lcula ted  bond  lengths ,  invo lv ing  t he  use of t he  co- 
ord ina tes  of t he  a toms  where  considerable  over l ap  
occurs, differ f rom genera l ly  accep ted  values.  

The  difference synthes is  a t  th is  s tage  (Fig. 4(b)) 
clearly ind ica t ed  t h a t  t he  discrepancies  were  due  t o  
va r ia t ion  of t he  t e m p e r a t u r e  fac tor  in var ious  pa r t s  
of the  molecule.  I t  was expec ted  t h a t  t he  d i rec t ion  of 
m a x i m u m  v ib ra t ion  of t he  a toms  would  be perpen-  
dicular  to the  p lane  of the  py r imid ine  ring. As t h e  
molecule  is t i l t ed  out  of t he  hkO plane  by  abou t  30 °, 
th is  would  imply  t h a t  t he  t empe ra tu r e - f ac to r  ellipse 
would  be a symmet r i c  to  the  s y m m e t r y  e l emen t s  of 
t he  cell. The  resul t  of this  would  be t h a t  an a t o m  a t  
x, y, z, would,  for any  ref lect ion Okl, have  a d i f fe ren t  
sca t te r ing  factor  f rom two of the  a toms  r e l a t ed  to i t  
by  s y m m e t r y .  I t  was t h o u g h t  unl ikely ,  however ,  t h a t  
this  would  have  any  effect  on t he  z coordina tes  in t h e  
cell. To verify this  an a l lowance was m a d e  for t h e  
effect  by  the  m e t h o d  of Ro l l e t t  (1955). A l t h o u g h  it  
p roved  possible to a l ter  t he  coordina tes  s o m e w h a t  by  
vary ing  t he  two t empera tu re - f ac to r  pa r ame te r s  i t  was  
possible to  effect no i m p r o v e m e n t  on t h e  s t ruc tu re  
by this  means,  t h a t  wi th  t he  m i n i m u m  R va lue  being 
the  same as t h a t  p rev ious ly  de t e rmined .  The  dif ference 
synthes is  on the  s t ruc ture  factors  inc lud ing  th is  
a l lowance had  a p p r o x i m a t e l y  the  same s ignif icant  
fea tures  as t h a t  ca lcula ted  wi th  a symmet r i ca l  t em-  

pe ra tu re  factor. The lack of improvement in the R- 
factor  ind ica ted  t h a t  this  t y p e  of t h e r m a l  m o t i o n  was 
no t  responsible  for t he  discrepancies  in the  s t ruc ture .  

7. Ver i f icat ion  of the pos tu la ted  h y d r o g e n - a t o m  
coordinates ,  and ana lys i s  of  the  Okl dif ference  

s y n t h e s i s  of the c o m p l e t e  s t ruc ture  

Al though  the  l i gh t - a tom coordina tes  were still s l ight ly  
in error at  this  stage, t he  resul t ing  discrepancies  in t he  
s t ruc ture  factors  would  va ry  cons iderably  w i th  t h e  
indices of the  reflexion. As the  values of t he  s t ruc tu re  
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factors with low 1 index are not  much affected by small 
errors in the  z coordinates, the s tandard  deviat ion in 
these would be only sl ightly greater t han  t h a t  in the 
corresponding hkO structure  factors. Owing to the  
small c spacing, and the rapid drop in its scat tering 
factor  with increasing Bragg angle, the hydrogen- 
a tom contr ibut ion to the s t ructure  factors is confined 
almost  ent irely to the terms with low l value, so t ha t  
in a difference synthesis these terms should form 
significant peaks at  the hydrogen positions. The re- 
maining terms due to errors in l ight-atom coordinates 
have  a much smaller t empera ture  factor, so it is un- 
l ikely t ha t  they  would obscure the effect of the hy- 
drogen atoms. Peaks do, in fact, occur at  approxi- 
mate ly  the  expected positions. Slight shifts appear  to 
result  from overlap with other features in the synthesis, 
and a small ro ta t iona l  shift of the  methy l  group from 
the  or ienta t ion previously assumed is necessary. The 
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inclusion in the s t ructure factors of the hydrogen-a tom 
contr ibut ion,  using an average isotropic tempera ture  
factor  for these atoms, reduces the  R-factor to 0.106. 
As expected, this allowance has l i t t le effect on the 
terms with high 1 index, and therefore on the  z coor- 
dinates of the  light atoms. 

As has been observed earlier, the sulphur a tom,  
being heavier  t han  the ni t rogen and carbon atoms, has 
a smaller ampl i tude of thermal  vibrat ion.  Decreasing 
B by 0.15 / ~  el iminated the peak at  the sulphur 
posit ion in the h/c0 difference synthesis,  so tha t ,  as an 
approximate  allowance for the heavier  mass of the 
sulphur atom, the  same correction was applied to each 
B value in the Okl structure  factors. This reduced the 
R-factor to 0.104, and the  s tandard  deviat ion of t he  
electron densi ty to 0.38 e.A-% 

In  a difference synthesis the  atoms Ce, N~, and N~ 
(shown on the left-hand side of the molecule in Fig. 5) 

I 

i , . , .  zz-* 0"10 - &/ 

, : ~  ~' ,~-  ° ~,~_ : 
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Fig. 5. Diagram showing the nomenclature used in describing the structure, bond lengths and interatomic distances. Bonds are 

shown as unbroken straight lines, except that those to hydrogen atoms in alternative positions are shown as light broken lines. 
Hydrogen-bonded vectors are shown as heavy broken lines and unbonded interatomie distances as chain lines. 

The diagram is a projection of the bond lengths on to the hk0 plane, and is drawn to scale. The bond lengths calculated 
from the observed structure are shown above the bond, with the standard deviation calculated as indicated in the text. The 
values in parenthesis are the calculated bond lengths if the atoms in the ring are assumed to have the z coordinate of the 
calculated mean plane. 
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are at  heights of about - 0 . 3  e.A -2. Those on the right- 
hand side (C 5, C6, N0 and C10) are at approximately 
zero, while the atoms along a central line in the mole- 
cule (N1, Ca and Ss) are at 1.0, 0.0, and 0.5 e./~ -2, 
though the C a height is expected to have been re- 
duced somewhat because of the proximity of the S s 
and N 1 peaks. That  the peak heights occur in this order 
is quite significant. For example, if the errors in the 
synthesis were randomly distributed the probability 
of the peak heights a.t the C2, N3 and N7 positions being 
simultaneously < 0.3 e./~ -~ is approximately 0.020. 
The most probable explanation of the difference syn- 
thesis is that  the molecule oscillates about an axis 
approximately through the centre of gravity of the 
molecule and the sulphur atom, so tha t  the left-hand 
side of the molecule would vibrate more than the right- 
hand side, with the vibration of the central atoms less 
than that  of either side. This would account satis- 
factorily for all the discrepancies in the structure. To 
allow for this would involve, in the determination of 
the z coordinates, the use of one positional and two 
vibrational parameters per atom, totalling thirty 
parameters in all. However there are only 46 non-zero 
reflexions available for the solution of the equations 
involving these parameters, so that the structure is not 
sufficiently over-determined for the results of a more 
accurate refinement to be significant. It would be 
necessary, therefore, if greater accuracy were to be 
attained, to use more data than are available in this 
projection, preferably a full three-dimensional calcula- 
tion; it is hoped to undertake this work at a later stage 
to solve fully several further problems in the chemistry 
of this pyrimidine derivative which have been sug- 
gested by the present structure determination. 

8. A c c u r a c y  

In the hkO projection the formulae of Cruickshank 
(1949) for the standard deviation of the electron 
density and atomic coordinates are applicable. Putt ing 
5 F  = F o - F c  in the expression a(@) = (15F~)½/A, the 
standard deviation of the electron density is estimated 
to be 0.20 e./~ -2, which justifies the earlier assumption 
that  the hydrogen atoms would show significant peaks 
in the difference synthesis. 

The standard deviation of the atomic coordinates 
is given by 

2~ (Ih~SFZ)~ 
a(x)  - A a  [(~2@/~x I 

For the S, N and C atoms (~2@/(~x~ was obtained 
from the Fourier projection by graphical methods, 
assuming an electron-density distribution of the form 

e (r) = e (0) e x p  - (pr ~) . 

In the case of the hydrogen atoms 52@/(5x ~ was 
estimated from the well resolved Hla peak in the dif- 
ference synthesis. This clearly underestimates the 
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error for those atoms in the hybrid system, and for 
the part ly resolved peaks in the methyl group. 

The standard deviations obtained by this method 
for the hkO projection, were 

S N C H 

a(x) (A) 0.002 0.008 0.010 0.29 
a(y) (A) 0.002 0.008 0.010 0.29 

For the Okl projection Cruickshank's formula gives 
0.38 e.J( -~ for the standard deviation of the electron 
density. This includes errors due to temperature-factor 
parameters and series termination, and random errors. 
Owing to the high degree of overlap in this projection, 
Cruickshank's formula for the standard deviation of 
the z coordinate is inapplicable; furthermore it was 
not found possible to calculate the accuracy of the 
z-coordinate determination directly from the data. 

An approximate average value of a(z) is given by 
the r.m.s, deviation of atoms in the pyrimidine ring 
from the calculated mean plane of the molecule. This 
estimate is ±0.13 A -e. This necessarily overestimates 
the average standard deviation for it includes the error 
of the mean plane in addition to errors in individual 
coordinates, and the calculation gives higher weight 
to the atoms most subject to high overlap and tem- 
perature-factor errors. The displacements of sub- 
sti tuent atoms from the mean plane have been 
omitted in the calculation, as earlier work has shown 
that  the bonds to substituent atoms are frequently 
tilted out of the plane of the pyrimidine ring. The 
errors in the calculated bond lengths (Fig. 5) will 
therefore also be overestimated, particularly for bonds 
involving substituent atoms. 

9. D i s c u s s i o n  

In simple pyrimidines the 2-, 4-, and 6-positions are 
highly electron deficient, with the 5-position less so, 
but still not as fully saturated as an aromatic nucleus. 
The presence of electron-releasing substituents in the 
ring tends to reduce this deficiency. In a review of the 
available chemical data, Brown (1953) showed that  
there was some evidence that  this would result in the 
presence of tautomeric forms if the electron-releasing 
substituent were on the 2-, 4-, or 6-position. In the 
present molecule tautomerism could conceivably exist 
between the forms (I)-(IV) in addition to the normal 
form (V). 

NH N 
H N ~ c ~ c / C H s  N H 2 ~ c J ' - . . c / C H a  

I !, I li 
HN- C,~C C ~ N H 2  H N ~ / c  C ~ N  H2 

I! li 
S S 

( i )  ( i i )  
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NH 
NH~C~c/CH3 

I '1 
N~C~NH2 

I SH 

N 
N H ~ c ~ c / C H 3  

H N " ~  C~NH~. 

I 
SH 

(iii) (Iv) 

N 
N H 2 ~ c ~ " - . c / C H 3  

N ~ j C ~ N H 2  

I 
SH 

(v) 

The structure determination shows clearly tha t  if 
any of the tautomeric forms do exist in the crystalline 
state they do so in proportions which cannot be 
detected crystallographically. I t  is apparent, though, 
tha t  there is some interaction between the substituent 
groups and the ring at the 2- and 4-positions, for the 
N7-C2 bond length (1.33 A) and the Ss-C4 bond length 
(1.71 A) are shorter than the corresponding normal 
single-bond lengths, 1.47 and 1.81 /~ respectively 
(Pauling, 1948). As expected, the amino group on the 
5-position does not show this interaction, the N9-C5 
bond length (1.47 ~) agreeing closely with the normal 
single-bond length. 

There is strong evidence that  in the case of the N 7 
atom the electron releasing is effected, at least in part, 
by hydrogen bonding. I t  has already been shown that  
the hydrogen atoms are directed favourably for bond- 
ing to the neighbouring Ss and N 1 atoms. Although 
it is rather surprising that  such bonding would connect 
to SH, itself an electron-releasing group, confirmation 
of the bonding to the sulphur is readily obtained 
from the interatomic distance between these two 
atoms. The distance of closest approach in van der 
Waals contact was obtained by modifying the value 
obtained by Wright (1956) for the distance of closest 
approach of an oxygen to a sulphur atom in gluta- 
thione (3.47 A), to take account of the difference in 
van der Waals radius of the amino group in this 
orientation and of the oxygen atom, giving a net value 
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of 4.10 A. That  actually occurring in the crystal is 
3.40 A, indicating the existence of strong hydrogen 
bonding between these two atoms. Similar calcula- 
tions have been made for the N1-N7 distance, con- 
firming the bonding between these two atoms. 

The Ng-N3 and Ng-Ss vectors form an approxi- 
mately tetrahedral system similar to tha t  around the 
N7 atom. The lengths of these vectors (2.96 and 3.45 J( 
respectively) are not, however, significantly shorter 
than the normal N-N  and N-S van der Waals contacts 
(3.00 and 3.35 A (Pauling, 1948)) unless a hydrogen 
atom is interposed. This does not appear to be the 
case, for the hydrogens tend to occupy positions deter- 
mined by stacking considerations rather than hy- 
drogen-bonded sites. 

In general the structure based on chemical evidence 
has been well substantiated, except tha t  it appears, 
at least in the crystalline state, tha t  the electron- 
releasing groups tend preferentially to form hydrogen 
bonds rather than tautomeric states. This is perhaps 
due to the high energy barriers in a crystalline struc- 
ture, which prevent tautomeric transitions. 
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