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T h e r e f o r e ,  t h e  h y d r o g e n  p e a k s  in  a d i f f e rence  F o u r i e r  
l e a v i n g  out h y d r o g e n  a t o m s  s h o u l d  be  o n l y  a b o u t  60% 
as h i g h  in  a n o n c e n t r i e  p r o j e c t i o n  as  in  a cen t r i e  p ro jec -  

t i on .  
The second function to be proposed is a Patterson 

s y n t h e s i s  u s i n g  as  coef f ic ien t s :  

(iFP~RI -[FPI) ~ + (IFpH~I --IFPI) 2 - (IFpHII --IFpH2I) s. IY 

The Rossmann function gives the self-vectors of the 
heavy atoms of derivative one and the self-vectors of 
t h e  h e a v y  a t o m s  of d e r i v a t i v e  t w o  as p o s i t i v e  p e a k s  
a n d  t h e  c ross -vec to r s  b e t w e e n  one  a n d  t w o  as n e g a t i v e  
p e a k s .  I n  p r a c t i c e  t h e r e  m a y  be  m a n y  si tes  in  each  
d e r i v a t i v e ,  in  w h i c h  case t h e  n e g a t i v e  p e a k s  m a y  be  
o b s c u r e d  b y  t h e  p o s i t i v e  p e a k s .  I n  F u n c t i o n  I I  t h e  self- 
v e c t o r s  h a v e  b e e n  r e m o v e d  f r o m  t h e  l ~ o s s m a n n  f u n c t i o n  
a n d  t h e  c ross -vec to r s  r e m a i n  as p o s i t i v e  p e a k s .  Th i s  
f u n c t i o n  does  n o t  i n v o l v e  a n y  a d d i t i o n a l  c o m p l i c a t i o n s  
in sca l ing  o v e r  t h e  o r ig ina l  l ~ o s s m a n n  f u n c t i o n ,  a l t h o u g h  
t h e  b a c k g r o u n d  wil l  be  h ighe r .  

F u n c t i o n  I I  m a y  be  s impl i f i ed  to  g ive :  

(IFPHII --IFPI)(IFpH~I --IFPI) • n ' *  

I t  is easy  to  s h o w  t h a t  F u n c t i o n  I I "  is a c ros s - co r r e l a t i on  
b e t w e e n  d e r i v a t i v e  one  a n d  d e r i v a t i v e  two ,  j u s t  us t h e  
P a t t e r s o n  is a se l f -cor re la t ion .  

I t  s h o u l d  be  p o i n t e d  o u t  t h a t  t h e  a lgebra ic  s ign  of  t h e  
coef f ic ien ts  of  F u n c t i o n s  I a n d  I I  can ,  a n d  f r e q u e n t l y  
will ,  be  n e g a t i v e .  T h i s  s ign  m u s t  be  i n c l u d e d  in t h e  
syn thes i s .  T h e  uses  of t h e s e  t w o  f u n c t i o n s  a n d  t h e  r e su l t s  
of  a s t u d y  of  t h e  h e a v y  a t o m  c h e m i s t r y  of  t r i e l in ie  
l y s o z y m e  wi l l  be  s u b m i t t e d  for  p u b l i c a t i o n  in  t h e  n e a r  
f u t u r e .  
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T h e  s t r u c t u r e  of 6 - a m i d o - 3 - p y r i d a z o n e  was  d e t e r m i n e d  
s o m e  y e a r s  ago  (Cueka  & Smal l ,  1954; I in  t h e  fol lowing) ,  
b u t  t h e  r e f i n e m e n t  w a s  le f t  i n c o m p l e t e  b e c a u s e  of  t h e  
l a c k  of c o m p u t i n g  faci l i t ies .  T h e  p r e s e n t  a r t ic le  r e p o r t s  
t h e  r e su l t s  of a r e f i n e m e n t  of t h e  s t r u c t u r e  ca r r i ed  o u t  
on  an  I B M  7090 c o m p u t e r  u s ing  t h e  l eas t  squa re s  p r o g r a m  
w r i t t e n  b y  Mar t i n ,  B u s i n g  & L e v y  (1962). 

T h e  u n i t  cell a n d  i n t e n s i t y  d a t a  were  t h e  s a m e  as  
u s e d  in I .  W e i g h t s  w e r e  a s s igned  to  t h e  s t r u c t u r e  f ac to r s  
a c c o r d i n g  to  t h e  s c h e m e  

IlVol _< 41Fmml ~/w = IFoll4lFmml 
iFol ~ 4lFmm[ Vw=4lFmr.lllFol 

From b e i n g  t h e  s m a l l e s t  o b s e r v e d  F ;  zero  w e i g h t s  w e r e  
a s s igned  to  u n o b s e r v e d  re f l ec t ions  a n d  to  t h e  v e r y  s t r o n g  
201 re f lec t ion .  T r i a l  p a r a m e t e r s  w e r e  t a k e n  f r o m  t h e  
p r e v i o u s  w o r k  (I), i n c l u d i n g  e s t i m a t e s  for  t h e  h y d r o g e n  
a t o m  p o s i t i o n a l  p a r a m e t e r s .  S c a t t e r i n g  f ac to r s  for  ca rbon ,  
n i t r o g e n  a n d  o x y g e n  w e r e  t a k e n  f r o m  B e r g h u i s  et al. 

T a b l e  1. Atomic coordinates 

A t o m  x/a (;(x/a) y/b (;(y/b) z/c or(z/c) 
C 1 0.2943 0.0009 0.4218 0.0005 0.5398 0.0010 
C. 0.2031 0.0011 0.4712 0.0006 0,3618 0'0011 
C a 0.1351 0.0010 0.4154 0-0005 0.1952 0.0011 
C a 0" 1479 0.0009 0.3073 0.0005 0.2008 0.0010 
C 5 0.0647 0.0008 0.2443 0.0005 0.0196 0.0009 
Iq 1 0.2311 0-0007 0-2578 0-0004 0.3579 0.0007 
N~. 0.3021 0.0007 0.3165 0.0004 0-5212 0.0008 
N a 0.0733 0-0007 0.1435 0-0004 0.0346 0.0009 
O 1 0.3611 0.0007 0.4643 0.0003 0.7047 0.0007 
09. 0-9904 0-0006 0.2900 0-0004 0.8645 0.0007 
H i 0.196 0.012 0.543 0.008 0.356 0.015 
lq~. 0.068 0-012 0.436 0.008 0.096 0.016 
H a 0.364 0.013 0.289 0.008 0.613 0.016 
~I 4 0-385 0.013 0-616 0.007 0.842 0.016 
H 5 0.513 0.012 0.401 0.007 0.907 0.015 

October 1962) 

T a b l e  2. Bond lengths 

C1-C ~ 1.4270_+ 0-0095 A C~-H 1 
C1-O 1 
C1-N~ 
Cs-C a 
Ca-C 4 
• C4-C 5 
C4-N 1 
Cs-N a 
Cs-O 2 
N1-N~. 

0-932_+0.105 A 
1.2435 _+ 0.0077 C3-H 2 0.822 _+ 0.093 
1.3694 __ 0.0084 N~-]:I a 0.803 +_ 0-099 
1.3397 _+ 0.0097 Ol-I-I 4 2.138 _+ 6.096 
1.4037 _+ 0.0091 O1-I-I s 1-901 _+ 0.093 
1.5015___ 0.0084 Na-I-I 4' 0.882 +- 0-096 
1.3049-+ 0.0078 Ns-H s' 1-024-+ 0-094 
1.3100+0.0084 
1-2374_+ 0.0071 
1.3539 _+ 0.0068 

T a b l e  3. Bond angles 

/_ O1-C1-C 2 127.8-+ 1-3 ° / Cs-C4-N 1 122.7_ 1.2 ° 
O1-C1-N 2 119.3_+ 1.0 Cs-C4-Cs 119.7+_ 1.1 
C2-C1-N~ 114.0_+ 1-0 C5-C4-N 1 117.6-+ 1-0 
C1-C2-I-I1 120.4-+ 13.5 C4-C5-N3 118.1 -+ 1.0 
C1-C2-C s 120-4___ 1.2 C4-Cs-O 2 118.5_+ 1-0 
I=I1-C~-C a 119-1-+ 13.7 O2-Cs-Ns 123.4+ 1-2 
C2-Ca-H~ 127-4+_ 15.6 N1-N2-C 1 126.8+ 1.2 
Cg-Ca-C 4 119.6+ 1-2 Nx-N2-H a 118.9-+14"1 
I-I2-Ca-C 4 112.0+12.1 C1-N2-H a 113.7+13-1 
Ca-NI-INu 116-2_+ 1"0 

T a b l e  4. Deviations of atoms from molecular plane 

Deviat ion Es t ima ted  
Atom from plane error 

C 1 0-0035 A 0-0082 A 
C s 0-0022 0.01 l0 
C 3 0.0269 0.0104 
C 4 0.0001 0.0095 
C 5 -- 0.0347 0-0067 
1W 1 0.0138 0.0062 
iN 2 0-0218 0-0072 
Ns* -- 0.1112 0-0058 
01 -- 0-0347 0.0088 
02* -- 0.0021 0.0061 

* Not  included in de terminat ion  of molecular  plane. 
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Table 5. Thermal parameters and their standard deviations 

Atom U n 
C 1 0.0485 

0.0037 
C 2 0"0863 

0.0049 
C a 0"0817 

0-0049 
C 4 0.0516 

0.0038 
C 5 0.0452 

0.0037 
N 1 0.0524 

0.0032 
N 2 0-0553 

0.0034 
N~ 0.0582 

0.0034 
O 1 0.0911 

0.0036 
O 2 0.0707 

0"0034 

~ u~a u12 u~a u~3 
0"0396 0"0490 0.0027 --0"0132 0"0048 0"234 A 
0-0034 0"0034 0-0031 0.0029 0.0027 
0.0406 0"0511 0-0090 --0-0192 0"0053 0"293 
0-0035 0-0037 0"0036 0-0035 0"0033 
0"0489 0"0433 0"0109 --0"0333 0"0003 0.295 
0"0041 0"0032 0"0037 0"0033 0"0030 
0-0365 0-0474 0"0028 --0"0041 0"0041 0.229 
0-0035 0"0033 0"0028 0"0028 0.0027 
0.0494 0"0309 --0"0042 --0"0116 --0"0010 0-216 
0"0037 0.0026 0"0032 0-0026 0-0027 
0"0393 0"0324 --0"0010 --0.0119 --0-0012 0.229 
0.0026 0"0023 0"0026 0"0024 0-0022 
0"0421 0"0409 0"0050 --0-0140 0"0027 0.240 
0-0031 0"0027 0"0026 0"0024 0'0023 
0"0443 0"0450 0'0003 --0"0173 --0"0041 0.250 
0-0032 0-0029 0"0026 0"0025 0.0025 
0.0484 0"0443 --0"0044 --0"0280 --0.0041 0.301 
0"0028 0-0025 0.0026 0"0024 0.0022 
0-0533 0"0417 --0"0077 --0"0222 0-0031 0"269 
0*0028 0"0024 0"0024 0"0024 0"0020 

(1955), and  MeWeeny 's  (1951) scat ter ing factors were 
used for hydrogen.  The ref inement  was based on F ,  i.e. 
the  funct ion minimized was Z w ( F o - s F c )  ~', where  s is 
a scale factor.  

The atomic coordinates af ter  5 cycles of re f inement  
are given in Table 1. Bond lengths and  angles are given 
in Tables 2 and 3. The least squares plane through the 
atoms CI, C9, Ca, C4, C5, N~, N~ and 01 is given by 

0.8577 _+ 0.0004x + 0.0657 + 0.0010y 
--0.5100 + 0.0008z =0.6011 + 0.0043 

where  the  coefficients of x, y and  z are the  direct ion 
cosines of the  perpendicular  to the  molecular  plane,  
and  x, y and  z are in A units.  The distances of the  a toms 
from this plane are given in Table  4. The the rmal  
paramete rs  U~j relat ive to the  crystal  axes are given in 
Table 5; the  final co lumn of this table lists the  root  
mean  square ampl i tudes  of the  the rmal  mot ion  in the  
direct ion perpendicular  to the  molecular  plane. I n  all 
tables the  +_ limits are equal to one s t andard  deviat ion 
as es t imated  by least squares methods .  

The final value of R was 0.131 including unobserved  
reflections, and  0.106 omi t t ing  reflections wi th  zero 
weight .  The correlat ion mat r ix  shows negligible inter- 
actions, except  for the  in teract ion be tween the  scale 
and thermal  parameters ,  where  the  coefficients reach a 
value of 0.31 in some eases. 

The evidence wi th  regard  to the  hydrogen  a tom 
positions was improved  somewhat  by  running  a refine- 
m e n t  in which the  the rmal  and  posit ional pa ramete rs  
were allowed to va ry  and  in which a fu r ther  set of 
variables a~ was included where  the  a~ were factors 
mul t ip ly ing  the  hydrogen  scat ter ing factors. After  three  
cycles of re f inement  s ta l i ing  with  all a~ = 1 the  values 
of the  a~'s were all somewhat  greater  t han  one, bu t  no t  
significantly so. There  are, therefore, regions of posit ive 
electron densi ty  a t  the  hydrogen  a tom positions. 

The hydrogen  bond lengths are 2.911, 2.847 and 2.8 68/~ 
t H t for the  bonds involving the  O1-Na, O1-Na,  and  O2-N~ 

pairs of atoms.  
The molecular  ring is p lanar  to wi th in  the  error  of 

measu remen t  bu t  the  a toms C5, O 1 and  N a devia te  
slightly bu t  significantly from the  molecular  plane. 
This becomes more  obvious when  the  least squares plane 
is found going th rough  the  ring a toms only, when  the  
deviat ions of the  01 and  C5 a toms are found to exceed 
0.05 h.  

The thermal  parameters  indicate t h a t  there  is some- 
w h a t  greater  ampl i tude  of mot ion  perpendicular  to the  
molecular  plane than  in the  plane (the ampl i tude  in the  
molecular  plane can be approximate ly  found from the  
Ue~ values since the  molecule is near ly  parallel  to the  
b axis), as would be expected from the  easy cleavage 
parallel to the molecular plane. 

D i s c u s s i o n  

The bond lengths and  the  hydrogen  a tom positions 
clearly indicate  t ha t  the  s t ruc ture  has the keto  form, I .  

o 

I I 
H4 H3 

(I) 
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