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PKEFACE 

Search ing  Coord ina t ion  Compounds i n  CAS ONLiNE is aimed a t  a  d u a l  
aud ience  - both chemical  i n f o r m a t i o n  s p e c i a l i s t s  who do not have e x t e n s i v e  
e x p e r i e n c e  wi th  i n o r g a n i c  s u b s t a n c e s  and i n o r g a n i c  chemis t s  who wish t o  u s e  
o n l i n e  sea rch ing .  For t h i s  r e a s o n  background i n f o r m a t i o n  has been i n c l u d e d  
on both c o o r d i n a t i o n  chemis t ry  and g e n e r a l  s e a r c h  p rocedures  f o r  CAS 
ONLINE. 

Approximately 10% of a l l  compounds i n  t h e  R e g i s t r y  F i l e  c o n t a i n  
t r a n s i t i o n  m e t a l s ,  which cor responds  t o  over  800,000 subs tances .  
Coord ina t ion  compounds p l a y  such  major r o l e s  i n  many s u b j e c t  areas, 
i n c l u d i n g  b iochemis t ry ,  c a t a l y s i s ,  n u c l e a r  medic ine ,  o r g a n i c  s y n t h e s i s ,  and 
energy convers ion ,  t h a t  many c h e ~ n i s t s  a r e  i n t e r e s t e d  i n  o b t a i n i n g  
i n f o r m a t i o n  on t h e s e  subs tances .  S u b s t r u c t u r e  s e a r c h i n g  o f f e r s  a  powerful  
t o o l  f o r  r e t r i e v i n g  i n f o r m a t i o n  on c o o r d i n a t i o n  compounds. 

T h i s  book i s  d i v i d e d  i n t o  two p a r t s .  The f i r s t  p a r t  c o n t a i n s  c h a p t e r s  
d e s c r i b i n g  g e n e r a l  p o l i c i e s  used by Chemical A b s t r a c t s  S e r v i c e  i n  
s t r u c t u r i n g  and naming compounds when they a r e  r e g i s t e r e d  and some g e n e r a l  
t echn iques  f o r  s e a r c h i n g  f o r  c o o r d i n a t i o n  compounds on l ine .  The second 
p a r t  i s  a  s e r i e s  of n i n e  c a s e  s t u d i e s  i l l u s t r a t i n g  s e a r c h  s t r a t e g i e s  f o r  
s p e c i f i c  t y p e s  of c o o r d i n a t i o n  colnpounds and o r g a n o m e t a l l i c  compounds. 

Chap te r s  2 ,  3 ,  6 ,  and 7 and t h e  f i r s t  f o u r  c a s e  s t u d i e s  should be 
u s e f u l  t o  s e a r c h e r s  who a r e  u n f a m i l i a r  w i t h  t h e  a r e a  of c o o r d i n a t i o n  
compounds. Chap te r s  5 and 6 g i v e  d e t a i l s  of c r e a t i n g  s t r u c t u r e s  of 
c o o r d i n a t i o n  compounds. The c a s e  s t u d i e s  a r e  i n t e n d e d  t o  g i v e  c o o r d i n a t i o n  
chemists  i n s i g h t s  i n t o  t h e  v a r i e t y  of s t r u c t u r a l  f e a t u r e s  t h a t  can be 
i n c o r p o r a t e d  i n t o  s u b s t r u c t u r e  s e a r c h e s  and t a i l o r e d  t o  t h e i r  r e s e a r c h  
i n t e r e s t s .  The c a s e  s t u d i e s  and examples have purposely  been l e f t  as 
g e n e r a l  as p o s s i b l e  s o  t h e y  can be  adap ted  t o  a  number of more s p e c i f i c  
q u e r i e s .  

There a r e  a  number of s e a r c h  a i d s  which have been developed by 
Chemical A b s t r a c t s  S e r v i c e  t o  p rov ide  a s s i s t a n c e  i n  conduc t ing  s u b s t r u c t u r e  
s e a r c h e s  i n  t h e  R e g i s t r y  F i l e  wi th  as much p r e c i s i o n  as p o s s i b l e .  You w i l l  
probably  f i n d  i t  u s e f u l  t o  review t h e  f o l l o w i n g  p u b l i c a t i o n s .  The m a t e r i a l  
i n  t h i s  book le t  draws h e a v i l y  on t h e  t o p i c s  of adding s c r e e n s ,  s p e c i f y i n g  
bonds, and s t r u c t u r i n g  conven t ions  covered i n  t h e  b o o k l e t s  
S t r u c t u r i n g  Conventions f o r  F u n c t i o n a l  Groups, Adding 
Screens  i n  S t r u c t u r e  Search ing ,  and e c i f y i n g  Bonds i n  S t r u c t u r e s .  These 
b o o k l e t s  a r e  a v a i l a b l e  from Chemical A b s t r a c t s  Serv ice .  



1 
Introduction to Searching 

CH-APTER 1: INTRODUCTION TO SEARCHING IN CAS ONLINE 

CAS ONLINE offers several ways to find information on coordination 
compounds. In the Registry File, searching via substructure or by name 
and/or molecular formula will provide answers that consist of Registry 
Numbers with their associated names and structural information. In the CA 
Pile, subject searching using Registry Numbers, words used in titles of 
documents, and/or keywords and index terms as search terms will provide 
answers that consist of CA abstract numbers with their associated 
bibliographic information, abstracts, keywords, and index terms. The major 
emphasis in this bookl.et is on specialized techniques for substructure 
searching for coordination compounds in the Registry File. 

In this chapter we will give a brief overview of substructure 
searching and the basic commands needed to interact with the Registry File. 
More detail on the basic commands needed to create structures can be found 
in Chapters 4 and 5, with Chapter 4 describing the use of the structure 
building commands and Chapter 5 discussing the commands used to assign 
specific features to atoms. Still more information can be found in Case 
Study 9 which deals with searching for coordination compounds by formula or 
name in the dictionary portion of the Registry File. All chapters of this 
booklet are necessarily only brief introductions to the commands of CAS 
ONLINE. More detail is provided in Registry File workshops and full 
documentation is found in Volumes I-IV of Using CAS ONLINE: The Registry File. 

What is Substructure Searching? 

Substructure searching uses a structure diagram as the search term. 
Any structural fragment or functional group of interest may be used as a 
substructure. The answers you retrieve from a substructure search will 
contain your substructure somewhere in the structure of the retrieved 
answer. Unlimited substitution is permitted unless you restrict further 
substitution. 
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I n t r o d u c t i o n  t o  Search ing  

SUBSTKUCTUKE ANSWER 

0 :c c i o  
\ / 

One of t h e  p r i n c i p a l  advan tages  of s u b s t r u c t u r e  s e a r c h i n g  i s  t h e  
a b i l i t y  t o  f o c u s  e i t h e r  on v e r y  g e n e r i c  s t r u c t u r a l  f e a t u r e s ,  such  a s  a l l  
n i t r o g e n  donor l i g a n d s ;  o r ,  on t h e  o t h e r  hand, on ve ry  s p e c i f i c  
combina t ions  of f e a t u r e s ,  l i k e  p i  bonding through t r i p l e  bonds of l i g a n d s  
i n  m e t a l  c l u s t e r s .  Such d e g r e e s  of g e n e r a l i t y  o r  s p e c i f i c i t y  a r e  u s u a l l y  
no t  p o s s i b l e  i n  b i b l i o g r a p h i c  o r  d i c t i o n a r y  s e a r c h i n g .  It i s  a l s o  p o s s i b l e  
i n  s u b s t r u c t u r e  s e a r c h i n g  t o  exc lude  unwanted f e a t u r e s  from s p e c i f i c  
p o r t i o n s  of t h e  molecule.  

Through s u b s t r u c t u r e  s e a r c h i n g  you a r e  a b l e  t o  avo id  nomencla ture  
c o m p l e x i t i e s  and changes and t o  bypass i n d e x i n g  p o l i c i e s .  

The Bas ic  Commands 

The STRUCTURE command i s  used t o  c r e a t e  your s u b s t r u c t u r e .  Within  t h e  
STKUCTUKE command you use  t h e  commands GRAPH ( G R A )  t o  c r e a t e  t h e  s k e l e t o n  
of t h e  n o l e c u l e  ( r i n g s  and c h a i n s ) ,  NODE (NOD) t o  a s s i g n  a n  element o t h e r  
t h a n  ca rbon  t o  a  node, and BOND (BON) t o  s p e c i f y  t h e  bond va lue  ( s i n g l e .  
d o u b l e ,  normal ized,  e t c . )  a n d / o r  t h e  bond t y p e  ( r i n g  o r  cha in ) .  



Introduction to Searching 

The SEARCH command is used to initiate the process of searching the 
substructure you have created against the more than 8 million substances in 
the Registry File. You may do substructure searches in which unlimited 
substitution is allowed or EXACT or FAMILY searches in which no further 
substitution is permitted. 

The search itself is carried out in two stages. The first stage is a 
screen search based on the numerical codes (screen numbers) automatically 
generated from your query structure(s) plus any screen numbers you have 
manually added to enhance the search strategy. This initial search screens 
out, or eliminates, the structures that do not meet the requirements of 
your question. The second stage of the search is an atom-by-atom bond-by- 
bond comparison of the candidate structures that were not screened out by 
the screen search with the structure(s) you defined. The user is usually 
unaffected by the fact that the search is done in two stages. Tn Chapter 6 
there is a more detailed discussion of screens. 

The HELP command, or a ?,  can be used to get online help in the use of 
commands. Type HELP at an arrow ( => ) to see all. the commands available. 
Or type HELP GRAPH or HELP NODE or HELP BOND at a colon ( : ) in the 
STRUCTURE command to get instructions on the use of the structure building 
commands. 

Summary 

This chapter has given a very brief overview of substructure searching 
in the CAS ONLINE Registry File. Some of the basic co~omands have been 
defined. The next chapter will discuss coordination compounds and the 
terms used by chemists to describe them. 



5 

Coord ina t ion  Compounds 

CHAPTER 2: INTROOUCTZON TO COORDINATION COMPOUNDS 

T h i s  c h a p t e r  w i l l  p rov ide  a  v e r y  g e n e r a l  overview of t h e  f i e l d  of 
c o o r d i n a t i o n  compounds and t h e  terminology chemis t s  use  t o  d e s c r i b e  them. 

Coord ina t ion  compounds have been recognized by chemis t s  a s  a  s p e c i a l  
t y p e  of compound s i n c e  l a t e  i n  t h e  e i g h t e e n t h  cen tu ry .  Throughout t h e  
n i n e t e e n t h  c e n t u r y ,  a  wide v a r i e t y  of "complex i n o r g a n i c  compounds" were 
p repared  by r e a c t i n g  m e t a l  s a l t s  w i t h  n e u t r a l  o r g a n i c  o r  i n o r g a n i c  
~ o o l e c u l e s ,  such  a s  e t h y l e n e  o r  ammonia, o r  w i t h  h a l i d e  I o n s  and o t h e r  
s i m p l e  a n i o n s ,  such as cyan ide  and n i t r i t e .  The fo rmat ion  of new s t a b l e  
complex compounds from molecules  and s a l t s ,  each  of which i s  c a p a b l e  of 
independent  e x i s t e n c e ,  r e q u i r e d  a  d r a m a t i c  new t h e o r y  t o  e x p l a i n  how such  
complexes were a b l e  t o f o r m .  I n  1892 A l f r e d  Werner, t h e  g r e a t  Swiss  
c h e m i s t ,  proposed t h e  C o o r d i n a t i o n  Theory. H e  s p e n t  t h e  rest of h i s  c a r e e r  
expanding and r e f i n i n g  i t ,  c u l m i n a t i n g  i n  h i s  r e c e i v i n g  t h e  Nobel P r i z e  i n  
1913. 

Werner's C o o r d i n a t i o n  Theory i s  one of t h e  g r e a t  landmarks of 
chemis t ry  and h a s  proved ex t remely  f r u i t f u l  i n  f o s t e r i n g  a  myriad of 
developments t h a t  have t a k e n  c o o r d i n a t i o n  chemis t ry  i n t o  such  d i v e r s e  a r e a s  
a s  t h e  use  of o r g a n o m e t a l l i c  compounds i n  s y n t h e s i s  and c a t a l y s i s ,  new 
i n s i g h t s  i n t o  t h e  r o l e  of me ta l  i o n s  i n  b iochemica l  r e a c t i o n s ,  and 
i n v e s t i g a t i o n s  i n t o  metal-metal  bonding and t h e  f o r m a t i o n  of c l u s t e r s .  
where a  number of me ta l  c e n t e r s  come t o g e t h e r  i n  one compound. Today, 
c o o r d i n a t i o n  compounds p l a y  key r o l e s  i n  medic ine ,  a g r i c u l t u r e ,  m a t e r i a l s  
s c i e n c e ,  e l e c t r o c h e m i s t r y ,  c a t a l y s i s ,  and i n d u s t r i a l  o r g a n i c  s y n t h e s i s .  

D e f i n i t i o n s  and Terminology 

The f o l l o w i n g  s e c t i o n  p rov ides  a  b a s i c  gu ide  t o  t h e  s p e c i a l i z e d  
terminology chemis t s  u s e  t o  d e s c r i b e  c o o r d i n a t i o n  compounds. 

A c o o r d i n a t i o n  compound is  a  molecule  o r  i o n  i n  which a  c e n t r a l  atom 
( u s u a l l y  a  m e t a l )  i s  bonded t o  a  group of molecules  a n d / o r  i o n s  v i a  
c o o r d i n a t e  bonds. Such bonding o c c u r s  u n t i l  t h e  meta l  h a s  s a t i s f i e d  i t s  
c o o r d i n a t i o n  number, which is u s u a l l y  l a r g e r  t h a n  i t s  o x i d a t i o n  s t a t e .  I n  
some c a s e s  t h e  c o o r d i n a t i o n  number may be s m a l l e r  t h a n  t h e  o x i d a t i o n  s t a t e ,  
p a r t i c u l a r l y  i f  t h e  c e n t r a l  atom is a  nonmetal. 



C o o r d i n a t i o n  Compounds 

C o o r d i n a t i o n  compounds may be uncharged o r  charged,  e i t h e r  p o s i t i v e  o r  
nega t ive .  Charged c o o r d i n a t i o n  compounds a r e  o f t e n  r e f e r r e d  t o  a s  complex 
i o n s .  Both charged and uncharged c o o r d i n a t i o n  compounds may a l s o  be - 
r e f  e r r e d  t o  a s  metal complexes. 

The t e rms  c o o r d i n a t i o n  compounds, complex i o n s ,  and metal  complexes 
a r e  f r e q u e n t l y  used in te rchangeab ly .  

The i o n s  o r  molecules  bonded t o  t h e  c e n t r a l  atom a r e  c a l l e d  l i g a n d s .  
o r  e l e c t r o n  p a i r  donors ,  o r  Lewis bases .  The atoms d i r e c t l y  a t t a c h e d  t o  -- 
t h e  c e n t r a l  metal make up t h e  c o o r d i n a t i o n  s p h e r e  of t h e  metal .  The number 
of atoms i n  t h e  c o o r d i n a t i o n  s p h e r e  i s  t h e  c o o r d i n a t i o n  number of t h e  metal 
atom. A c o o r d i n a t e  c o v a l e n t  bond r e s u l t s  when a  l i g a n d  dona tes  two 
e l e c t r o n s  t o  a n  atom (meta l ,  i n  o u r  c a s e )  which a c c e p t s  t h e  e l e c t r o n  p a i r .  

Ligand C h a r a c t e r i s t i c s  

Both o r g a n i c  and i n o r g a n i c  molecules  and i o n s  c a n  f u n c t i o n  as l i g a n d s  
i n  c o o r d i n a t i o n  compounds. A l l  l i g a n d s  a t t a c h e d  t o  t h e  c e n t r a l  metal  may 
be i d e n t i c a l ;  o r ,  a  g i v e n  complex may have s e v e r a l  d i f f e r e n t  l i g a n d s .  

Ligands may be c l a s s i f i e d  a c c o r d i n g  t o  t h e  s t r u c t u r e  of t h e  complex 
formed. Ligands  t h a t  form o n l y  one bond w i t h  t h e  meta l  a r e  c a l l e d  
monodentate o r  u n i d e n t a t e ,  a s  i l l u s t r a t e d  below by t h e  l l g a n d s  w a t e r ,  
ammonia, p y r i d i n e ,  c h l o r i d e ,  and cyanide 

/ 
M-N-H ' H 

M-CN 



Coordination Compounds 

Ligands with more than one electron oair donor site are called - 
mulcidentate, or polydentate; specifically, bidentate, tridentate, 
tetradentate, etc., according to the number of attachments they make with 
the metal. If the multidentate ligand itself is a large ring, it is termed - - 
macrocyclic, and its complexes are macrocycles. 

bidentate tetradentate macrocycle 

When a multidentate ligand becomes coordinated, chelate rings are 
formed as the ligand backbone wraps around to attach to the second and 
successive sites in the coordination sphere. Chelate ring formation is 
most likely when coordination to the metal results in either five or six 
membered rings, but examples are known with three, four, and seven membered 
or even larger rings. 

Some monodentate ligands have two or more different donor sites, so 
they may coordinate in more than one way. Such ligands are called 
arnbidentate ligands, illustrated below by the thiocyanate ion which can 
form complexes by donating the electron pairs from either the nitrogen atom 
or the sulfur atom. 

M-NCS M-SCN 

thiocyanato-S 



Coord ina t ion  Compounds 

Orvanometa l l i c  compounds a r e  a s p e c i a l  c a t e g o r y  of c o o r d i n a t i o n  
compounds i n  which one o r  more ca rbon  atoms of a n  o r g a n i c  molecule  a r e  
d i r e c t l y  a t t a c h e d  t o  t h e  c e n t r a l  meta l  atom. However, i f  t h e  on ly  carbon 
donors  p r e s e n t  are t h e  i n o r g a n i c  donors  carbon monoxide (CO), ca rbonyl  
s u l f i d e  (CS), o r  cyan ide  i o n  (CN(1-)), t h e  complex is no t  termed 
organometa l l i c .  

There  is a c a t e g o r y  of l i g a n d s  c o n t a i n i n g  e i t h e r  double  o r  t r i p l e  
bonds which c o o r d i n a t e  through t h e  p i  bond. These a r e  c a l l e d  p i  donor 
l i g a n d s .  Common examples i n c l u d e  e t h y l e n e  and c y c l o p e n t a d i e n y l  ion.  
B i s c y c l o p e n t a d i e n y l  m e t a l  complexes a r e  c a l l e d  meta l locenes .  Complexes of 
p i  bonding l i g a n d s  a r e  d e s c r i b e d  a s  having h a p t o  bonding and have t h e  
symbol .eta.  ( 7 ) a s  p a r t  of t h e i r  names. - 

Metal  C h a r a c t e r i s t i c s  

Every c e n t r a l  m e t a l  atom i n  a  c o o r d i n a t i o n  compound has  a charge,  a l s o  
known a s  t h e  o x i d a t i o n  E. The charge  may be z e r o ,  p o s i t i v e ,  o r  
o c c a s i o n a l l y  even nega t ive .  The sum of t h e  meta l  and l i g a n d  c h a r g e s  
de te rmines  whether  t h e  c o o r d i n a t i o n  compound w i l l  be e l e c t r i c a l l y  n e u t r a l ,  
a  p o s i t i v e  i o n ,  o r  a  n e g a t i v e  ion .  



Coordination Compounds 

Each central metal atom in a complex also has a coordination number, 
which indicates the number of donor atoms present. The size of the 
coordination number is a function of the particular mecal involved, its 
oxidation state, and the particular ligands present. Chemical.l.y, the 
coordination number may range from two to twelve; coordination numbers four 
and six are especially common, although many examples are known of the 
other values. The coordination number in the previous structure is six. 

There are one or more geometries or stereochemistries corresponding to 
each coordination number. With coordination number four, for example, the 
complex may be either square planar or tetrahedral. With coordination 
number six, the complex usually exhibits octahedral geometry. 

Certain coordination compounds have more than one central metal atom 
in their structure. They are called polynuclear complexes. Some 
polynuclear complexes possess direct metal-metal bonds; these are also 
called clusters. Clusters as large as 22 netal atoms are known. 



LO 

Coord ina t ion  Compounds 

Po lynuc lea r  c o o r d i n a t i o n  co~npounds may a l s o  have b r idg ing  l i g a n d s ,  
which s imul taneous ly  a r e  coord ina ted  t o  two o r  t h r e e  meta l  c e n t e r s .  The 
p resence  of b r idg ing  l i g a n d s  i s  i n d i c a t e d  by .mu.( w ) before  t h e  name of 
t h e  l i g a n d  which i s  a t t a c h e d  t o  more than  one metal atom. 

M-SCN-M 

di-  p -ch lo to  
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Summary 

T h i s  c h a p t e r  has g i v e n  a  b r i e f  overview of t h e  n a t u r e  of c o o r d i n a t i o n  
compounds. The terms co~nmonly used by chemists  t o  d e s c r i b e  t h e s e  compounds 
have been def ined .  Chapter 3 w i l l  d i s c u s s  t h e  s t r u c t u r i n g  convent ions  
used f o r  c o o r d i n a t i o n  compounds i n  t h e  R e g i s t r y  F i l e .  



S t r u c t u r i n g  and R e g i s t r a t i o n  P o l i c i e s  
1,igands 

CHKPTEK 3:  STKUCTUKING AND REGISTRATION POLICIES FOR COORDINATION COMPOUNOS 

When a  new s u b s t a n c e  e n t e r s  t h e  CAS R e g i s t r y  System, i t  i s  a s s i g n e d  a  
unique R e g i s t r y  Number and i ts  s t r u c t u r a l  i n f o r m a t i o n ,  e.g., i t s  s t r u c t u r a l  
diagram, i n d e x  name, synonyms, a r e  e n t e r e d  i n t o  t h e  R e g i s t r y  F i l e .  T h i s  
c h a p t e r  summarizes t h e  CAS p o l i c i e s  used i n  s t r u c t u r i n g  and r e g i s t e r i n g  
c o o r d i n a t i o n  cornpounds . 

P o l i c i e s  f o r  S t r u c t u r i n g  Coord ina t ion  Compounds 

When you c r e a t e  s t r u c t u r e s  f o r  s e a r c h i n g  i n  t h e  CAS ONLINE R e g i s t r y  
F i l e ,  you w i l l  f i n d  i t  h e l p f u l  t o  c o n s i d e r  t h e s e  s t r u c t u r i n g  conven t ions  
t h a t  a r e  fo l lowed when CAS r e g i s t e r s  c o o r d i n a t i o n  compounds. 

Ligands 

Ligand S t r u c t u r e s .  Ligands a r e  s t r u c t u r e d ,  g e n e r a l l y ,  i n  e x a c t l y  t h e  
same manner a s  they  would be i f  they  were not  bonded t o  t h e  meta l .  Ha jo r  
e x c e p t i o n s  t o  t h i s  g e n e r a l i z a t i o n  a r e  t h o s e  oxyanions and t h e i r  t h i o  
a n a l o g s  which r e q u i r e  normal ized bonds when t h e y  a r e  not  bonded t o  a  metal.. 
When such l i g a n d s  c o o r d i n a t e ,  any normalized bonds on a n  atom coord ina ted  
t o  t h e  metal become e x a c t .  Bonds between uncoordinated atoms may remain 
normalized o r  may become e x a c t ,  depending on t h e  p a r t i c u l a r  oxyanions.  Tn 
s p e c i a l  c a s e s ,  when c e r t a i n  l i g a n d s  b r i d g e  two o r  more meta l  atoms, t h e  
bond v a l u e s  w i t h i n  t h e  l i g a n d  may a l s o  change. 

Appendix I shows how a  number of l i g a n d s  a r e  s t r u c t u r e d  i n  t h e  
R e g i s t r y  System. 



Structuring and Registration Policies 
Ligands 

Metal-Ligand Bonds. Metal-ligand bonds, in general, are single exact 
bonds. Exceptions are the monatomic ions O(2-) and S(2-), which require 
double bonds, and N(3-) and P(3-), which require triple bonds, provided 
that each monatomic ion is attached to only one metal atom. 

Pi-Donors. Pi-donors, such as cyclopentadiene, benzene, ethylene, or 
ally1 groups, are structured with direct bonds from each atom involved in 
the pi-bonding to the metal. This convention creates one or more three- 
[membered rings. King systems with normalized bonds prior to coordination 
remain normalized in the coordination compound. 

Hydrogens. Hydrogens are removed from uncoordinated acid groups 
substituted on ligands and are included as a separate component, dot- 
disconnected from the ligand. 



S t r u c t u r i n g  and R e g i s t r a t i o n  P o l i c i e s  
Ligands 

Hydride Ions.  The hydr ide  i o n ,  H(1-), may f u n c t i o n  a s  a l i g a n d  and i t  
may be a t t a c h e d  t o  one,  two, o r  t h r e e  d i f f e r e n t  metals .  I n  t h e  R e g i s t r y  
System, a hydrogen atom bonded t o  a meta l  may be d e s t g n a t e d  as a c o n n e c t i o n  
t a h l e  hydrogen, i .e . ,  a n  a c t u a l  atom i n  t h e  connect ion t a b l e  f o r  t h e  
s u b s t a n c e ,  o r  a s  a nonconnection t a b l e  hydrogen, i .e . ,  an a t t r i b u t e  
a s s i g n e d  t o  t h e  node. A hydrogen is a connec t ion  t a b l e  atom i f :  i t  i s  a 
s i n g l e  atom fragment ,  i t  has two o r  more bonds. i t  has an abnormal v a l e n c e ,  
o r  i t  has a charge.  Whenever t h e  number of bonds t o  t h e  meta l  i s  g r e a t e r  
t h a n  t h e  o x i d a t i o n  s t a t e  o f  t h e  m e t a l ,  t h e  hydrogen on t h e  meta l  is a 
connec t ion  t a b l e  hydrogen. However, i f  t h e  number of bonds t o  t h e  meta l  is 
t h e  same as t h e  o x i d a t i o n  s t a t e ,  t h e  hydrogen connected t o  t h e  meta l  is not 
a connec t ion  t a b l e  hydrogen. 

CONNECTION TABLE H 

NONCONNECTION TABLE H 



S t r u c t u r i n g  and R e g i s t r a t i o n  P o l i c i e s  
Charges 

Charges 

Counter Ions .  I o n i c  c o o r d i n a t i o n  compounds may have coun te r  i o n s  
p r e s e n t  a s  s e p a r a t e  components. 

Ligands w i t h  Negat ive  Charges. Cases where a l l  of t h e  l i g a n d s  are 
n e g a t i v e l y  charged and where t h e  number oE bonds t o  t h e  metal e x a c t l y  
e q u a l s  t h e  charge  on t h e  m e t a l  a r e  not Coded a s  c o o r d i n a t i o n  compounds i n  
t h e  R e g i s t r y  System. They do no t  have t h e  c o o r d i n a t i o n  compound c l a s s  
i d e n t i f i e r  code. An example of such a  compound i s  u r a n y l  c h l o r i d e .  Note 
t h a t  no c h a r g e s  a r e  p laced  on t h e  meta l  o r  on t h e  c h l o r i n e s .  This would 
not be coded a s  a  c o o r d i n a t i o n  compound i n  t h e  R e g i s t r y  F i l e .  - 



S t r u c t u r i n g  and R e g i s t r a t i o n  P o l i c i e s  
Charges 

The C e n t r a l  Metal  Atom. The cen t ra l .  me ta l  atom i s  a s s i g n e d  a  charge ,  
excep t  i n  c a s e s  d e s c r i b e d  i n  t h e  p rev ious  example. The va lue  of t h i s  
charge  i s  u s u a l l y  t h e  same a s  t h e  o x i d a t i o n  s t a t e  o f  t h e  m e t a l ,  i .e . ,  t h e  
a l g e b r a i c  sum of t h e  m e t a l  charge  and t h e  l igands '  cha rges  must e q u a l  t h e  
n e t  cha rge  on t h e  complex ion.  Some c o o r d i n a t i o n  compounds c o n t a i n  more 
than  one meta l  atom. Tn a s s i g n i n g  charges  t o  t h e s e ,  a s e r i e s  of a r b i t r a r y  
s t e p s  i s  followed. Metals w i t h  c y c l o p e n t a d i e n y l  l i g a n d s  r e c e i v e  a  charge  
of 1- f o r  each Cp r i n g  p i  bonded t o  i t .  Tf p o s s i b l e ,  t h e  remaining charge  
is d i s t r i b u t e d  e q u a l l y  t o  t h e  o t h e r  m e t a l s  s o  they each  have t h e  same 
charge .  If it i s  no t  p o s s i b l e  t o  g i v e  a l l  me ta l s  t h e  same charge ,  an  
a t t e m p t  i s  made t o  a s s i g n  t h e  charge  s o  t h a t  each m e t a l  c a n  conform t o  t h e  
18 e l e c t r o n  r u l e .  F i n a l l y ,  i f  none of t h e s e  s t e p s  i s  p o s s i b l e ,  t h e  charge  
i s  p laced  on t h e  metal w i t h  t h e  g r e a t e s t  a tomic  number, and t h e  o t h e r  me ta l  
atoms r e c e i v e  z e r o  charge .  Th i s  l a s t  s t e p  has  been t h e  index ing  p o l i c y  
s i n c e  1982. P r i o r  t o  1982, t h e  p o l i c y  f o r  t h i s  s t e p  was t o  r e g i s t e r  t h e  
s u b s t a n c e  by name and formula only.  No s t r u c t u r e  was given.  



Structuring and Kegistration Policies 
Assumptions 

Structuring Assumptions 

Metal-Metal Bonds. All metal-metal bonds are registered as single 
exact bonds, regardless of whether a multiple metal-metal bond is reported 
in the document. 

Carboxylates. Carboxylates and their thio analogs are structured as 
coordinated if the mode of coordination is known or can reasonably be 
assumed. 

They are structured as two coinponent metal salts if the bonding i s  not 
reported in the document and cannot be assumed. 



Structuring and Kegistration Policies 
Assumptions 

Incomplete Structures. The structuring conventions discussed thus far 
assume that the bonding is completely known for each coordination compound, 
including the exact structure oE the ligand, the points of attachment to 
the metal, and which ions are counter ions. If the complete structure is 
not known, certain assumptions about the bonding are made to permit the 
registration of the compound. 

1. If a five or six membered chelate ring is possible, the ligand is 
assumed to be bidentate, up to the maximum coordination number of 
the central metal. 

2. A chemically reasonable coordination number is assumed for the 
metal in its particular oxidation state. 

3. Oxy ions, such as nitrate, perchlorate, and sulfate, are 
structured as counter ions, not ligands, unless the author 
specifically cites their coordination to the metal. 

If coordinated, they are assumed to be monodentate unless 
evidence is presented for their bidentate attachment. 



S t r u c t u r i n g  and K e g t s t r a t i o n  P o l i c i e s  
R e g i s t r y  Number Assiglunent 

P o l i c i e s  f o r  Assigning R e g i s t r y  Numbers 

Af te r  you perform a  s t r u c t u r e  s e a r c h ,  i t  may seem t h a t  a g r e a t  many 
answers were r e t r i e v e d ,  even when a  s p e c i f i c  s t r u c t u r e  had been c r e a t e d .  
Every un ique  chemical  s u b s t a n c e  r e c e i v e s  an i n d i v i d u a l  Reg is t ry  Number i n  
t h e  CAS R e g i s t r y  F i l e ,  i .e.,  each  s t e r e o i s o m e r ,  each co~npound w i t h  a  
d i f f e r e n t  o x i d a t i o n  s t a t e  f o r  t h e  metal  ( d i f f e r e n t  c h a r g e ) ,  each 
i s o t o p i c a l l y  l a b e l e d  complex, and each  s a l t  oE a l l  t h e  preceding c a s e s  a r e  
a l l  unique chemical  s u b s t a n c e s ,  and each  r e c e i v e s  i t s  own R e g i s t r y  Number. 

1.f we examine t h e  answers r e t r i e v e d  dur ing  a s u b s t r u c t u r e  s e a r c h  f o r  
t h e  f u l l y  d e f i n e d  c o o r d i n a t i o n  compound 

w e  can s e e  examples of t h e s e  v a r i a t i o n s  i n  complexes which have i d e n t i c a l  
s t r u c t u r e s  b u t  d i f f e r e n t  R e g i s t r y  Numbers. The f o l l o w i n g  answers 
i l l u s t r a t e  t h e  v a r i o u s  compounds t h a t  r e q u i r e  unique R e g i s t r y  Numbers. We 
have n o t  shown t h e  complete record a s s o c i a t e d  w i t h  t h e s e  answers,  only  t h e  
R e g i s t r y  Number (KN), Index Name ( IN) ,  and,  i n  some c a s e s ,  synonyms (SY). 
We have u n d e r l i n e d  t h e  term g e n e r a t i n g  a  unique R e g i s t r y  Number. 



Structuring and Registration Policies 
Registry Number Assignment 

Counter Ions 

Ionic coordination compounds may have oppositely charged counter ions 
present. Every one of these salts is registered individually. 

RN 14040-33-6 
IN Cobalt(l+), dichlorobis(l,2-ethanediamine-N,N')-, chloride 

RN 14877-02-2 
TN Cobalt( l+) , dichlorobis( 1 ,2-ethanediarnine-N,N')-, nitrate 

Geometric Isomers 

The different stereochemistries are distinguished by different 
stereochemical descriptors. Every one of these isomers receives a 
different Registry Number. 

RN 14875-15-1 
IN Cobalt(l+), dichlorobis(l,2-ethanediamine-N,N')-, (OC-6-22)- 
SY Cobalt(l+), dichlorobis(ethy1enediamine)-, ion, cis- 

KN 14403-91-9 
IN Cobalt(l+), dichlorobis(l,2-ethanediamine-N,NV)-, (OC-6-12)- 
SY Cobalt(l+), dichlorobis(ethy1enediamine)-, ion, trans- 

When the author does not indicate which isomer was used, CAS assigns a separate 
Registry Number for the complex with unspecified geometry. 

RN 15275-04-4 
IN Cobalt(l+), dichlorobis(l,2-ethanediamine-N.N')- 
SY Cobalt(l+), dichlorobis(ethy1enediamine)-, ion 



Structuring and Registration Policies 
Registry Number Assignment 

Optical Isomers 

Isomers can be both chiral and optically active. Each absolute 
configuration is assigned a unique Registry Number. The document must 
indicate which of these isomers is under consideration by quoting either 
the absolute configuration or the optical rotation in order for these 
Kegistry Numbers to be assigned. 

KN 18660-62-3 
TN Cobalt(l+), dichlorobis(l,2-ethanediamine-N,N')-, (OC-6-22-.LAMtiD~.)- 
SY Cobalt(l+), dichlorobis(ethylenediamine)-, ion, cis-(+)- 
SY Cobalt(l+), dichlorobis(ethy1enediamine)-, ion, D-cis- 
SY Cobalt(l+), dichlorobis(ethy1enediamine)-, ion, stereoisomer 

Different Oxidation States 

Each oxidation stace for the metal receives a different Registry Number. 

RN 21199-58-6 
1.N Cobalt, dichlorobis(l,2-ethanediamine-N,N')-, (OC-6-22)- 
SY Cobalt, dichlorobis(ethy1enediamine)-, cis- 

~ - . - . .  

IN Cobalt(l+), dichlorobis(1,Z-ethanediamine-N,N')-, (0C-6-22)- 
SY Cobalt(l+), dichlorobis(ethy1enediamine)-. ion, cis- 

Isotopes 

Isotopically labeled derivatives receive their own Registry Numbers. 



Structuring and Registration Policies 
Registry Number Assignment 

Ionized Ligands 

An ionized ligand, such as deprotonated ethylenediamine, generates a unique 
Registry Number. 

RN 15318-86-2 
IN Cobalt, dichloro(l,2-ethanediaminato-N,N')(1,2-ethanediamine-N,N~)-(9CI) 

Co~nponent Regist ration 

The free ion of a charged coordination compound, without any counter 
ion, receives a separate registration as a component. The Registry Number 
assigned to the free ion is quoted whenever that ion is part of a 
multicomponent system. For example. RN 14875-15-1, shown below. would also 
appear as part of the display of RN 14877-02-2, shown on page 19. 

RN 14875-15-1 
XN Cobalr(l+), dichlorobis(l.2-ethanediamine-N,N')-, (0C-6-22)- 
SY cis-Dichlorobis(ethylenediamine)cobalt(l+) - ion 

Often, the component ion will not have any bibliographic references 
associated with it. The references may be associated with the 
multicomponent substance only. 

Polymers 

Polymers of a coordination compound are separately registered. At 
this time no polymers of dichlorobis(ethylenediamine)cobal.t have been 
registered; but, the closely related substance shown below does form a 
homopolymer. 

RN 75931-38-3 
IN Cobalt(2+), chlorobis(l,2-ethanediamine-~,~')(4-ethenylpyridine)-, 

(OC-6-33)-, dichloride, homopolymer 



Structuring and Regis trat ion  P o l i c i e s  
Registry Number Assignment 

Summary 

I n  t h i s  chapter we have d i scussed  some general g u i d e l i n e s  f o r  structuring 
coordinat ion compounds. We have a l s o  l i s t e d  the p o l i c i e s  used f o r  
generat ing Registry Numbers f o r  t h e s e  compounds. Chapter 4 will d i s c u s s  
s t r u c t u r e  bui lding commands used t o  create  t y p i c a l  inorganic complexes. 



Bui ld ing  S t r u c t u r e s  
GKAPH,  NODE, and BOND 

CHAP'IER 4: UUTLDTNG STKUCTURES - THE HASICS 

This  c h a p t e r  i n t r o d u c e s  t h e  s t r u c t u r e  b u i l d i n g  colnmands and s u g g e s t s  
t e c h n i q u e s  which a r e  useEul  For c r e a t i n g  s t r u c t u r e s  of t y p i c a l  i n o r g a n i c  
complexes. I n  many r e s p e c t s ,  c r e a t i n g  s t r u c t u r e s  f o r  c o o r d i n a t i o n  
compounds is e a s i e r  than  c r e a t i n g  o r g a n i c  s t r u c t u r e s  because t h e  number of 
atoms i n  i n o r g a n i c  complexes i s  u s u a l l y  smal l .  

This  c h a p t e r  p r o v i d e s  a n  i n t r o d u c t i o n  t o  t h e  b a s i c  s t r u c t u r e  b u i l d i n g  
commands, GRAPH, NODE, and BOND. F u l l  d e t a i l s  of s t r u c t u r e  b u i l d i n g  a r e  
a v a i l a b l e  i n  Using CAS ONLINE: The R e g i s t r y  F i l e ,  Volume I I A .  

The GRAPH Command 

The GKAPH command is used t o  c r e a t e  t h e  s k e l e t o n  of t h e  s t r u c t u r e .  It 
i s  used t o  c r e a t e  a n  atom, a  c h a i n  of atoms, a  r i n g .  o r  a bond where 
no th ing  e x i s t e d  before .  You may beg in  b u i l d i n g  a s t r u c t u r e  a t  any p o i n t .  
Most s e a r c h e r s  f i n d  i t  e a s i e s t  t o  s t a r t  wi th  a r i n g  i f  one i s  p r e s e n t  i n  
t h e  s t r u c t u r e .  Af te r  c r e a t i n g  t h e  major r i n g  o r  c h a i n  i n  your s t r u c t u r e ,  
you can add cha ins  t o  any node i n  t h e  b a s i c  s t r u c t u r e ,  o r  you can add f u s e d  
o r  s p i r o  r i n g  systems. The system numbers t h e  nodes i n  t h e  s t r u c t u r e  i n  
t h e  o r d e r  i n  which you c r e a t e  o r  add them. These node numbers have no 
r e l a t i o n  t o  nomenclature.  

The NOIIE Command 

A l l  atoms o r  nodes i n  a  s t r u c t u r e  a r e  carbons  u n t i l  you s p e c i f y  
o therwise .  The NODE command i s  used t o  a s s i g n  any element t o  e i t h e r  a 
s i n g l e  p o s i t i o n  o r  t o  m u l t i p l e  p o s i t i o n s  i n  t h e  s t r u c t u r e .  I n  a d d i t i o n  t o  
t h e  s t a n d a r d  element symbols,  o t h e r  symbols can be used t o  d e f i n e  a  node. 



Bui ld ing  S t r u c t u r e s  
G R A P H ,  NODE, and BOND 

The v a r i a b l e  node symbols a r e :  

V a r i a b l e  Node 

M 

X 

Meaning 

Any metal* 

Any'halogen (F, C 1 ,  Br, T, At) 

Any e lement ,  i n c l u d i n g  
connec t ion  t a b l e  hydrogens** 

Any element except  carbon o r  
non-connection t a b l e  hydrogen** 

User d e f i n e d  m u l t i p l e  atoms o r  
groups  of atoms. These a r e  d e f i n e d  
u s i n g  t h e  VARIABLE and REPEATING 
commands. 

* Metal is d e f i n e d  a s  a l l  e lements  excep t  A r ,  A s ,  A t ,  B ,  Br, C,  C 1 ,  F ,  H, 
He, 1, K r ,  N ,  Ne, 0 ,  P. Rn, S,  Se ,  S i ,  Te,  X e  

** The most p e r t i n e n t  example of a  connec t ion  t a b l e  hydrogen i s  a  hydr ide  i o n  
1.igand c o o r d i n a t e d  t o  a t r a n s i t i o n  metal .  Some hydrogens a t t a c h e d  t o  
n o n t r a n s i t i o n  meta l s  a r e  no t  connec t ion  t a b l e  hydrogens. See Chapter  3 
For a  more complete  d i s c u s s i o n .  

The BOND Command 

A s  you c r e a t e  a s t r u c t u r e ,  a l l  bonds a r e  u n s p e c i f i e d ,  i.e., they can  
have any v a l u e ,  u n t i l  you d e f i n e  them o therwise .  The BOND command i s  used 
t o  a s s i g n  t h e  bond v a l u e  ( s i n g l e ,  doub le ,  t r i p l e ,  e t c . ) ,  t h e  bond type  
( r i n g  o r  c h a i n ) ,  o r  both  t h e  bond v a l u e  and t h e  bond type.  



B u i l d i n g  S t r u c t u r e s  
GRAPH, NODE, and  BOND 

T a b l e  o f  Bond V a l u e s  

Fo r  i l l u s t r a t i v e  p u r p o s e s  o n l y ,  t h e  d i s p l a y  symbols  a r e  shown c o n n e c t i n g  
c a r b o n  (C) a toms .  E l e m e n t s  o t h e r  t h a n  c a r b o n  c o u l d  have  b e e n  c h o s e n .  

Symbol 

SE 
DE 
T  
N 
S  
D 
U 

Wi th  t h e  BOND command, bond v a l u e s  c a n  be d e f i n e d  as e i t h e r  
U n s p e c i f i e d  ( a n y  bond v a l u e  a l l o w e d ) ,  v a r i a b l e  ( S i n g l e  o r  Double wh ich  
encompasse s  e i t h e r  E x a c t  o r  N o r m a l i z e d ) ,  o r  s p e c i f i c  ( S i n g l e  E x a c t ,  Doub l e  
E x a c t ,  T r i p l e  o r  Norma l i zed ) .  Most m e t a l - l i g a n d  bonds  c a n  be d e f i n e d  as 
S i n g l e  E x a c t .  The bond v a l u e s  f o r  a  number o f  l i g a n d s  a r e  l i s t e d  i n  
Appendix  I. I f  you a r e  n o t  c e r t a i n  o f  a  bond v a l u e ,  o r  i f  you w i s h  t o  
a l l o w  f o r  v a r i a t i o n ,  l e a v e  t h e  bonds i n  t h e  s t r u c t u r e  U n s p e c i f i e d .  
However,  i n  o r d e r  t o  h e l p  i n s u r e  t h a t  y o u r  s e a r c h  w i l l  r u n  t o  c o m p l e t i o n ,  
i t  i s  w i s e  t o  f u l l y  s p e c i f y  t h e  bond v a l u e s  f o r  as many bonds  a s  p o s s i b l e .  

The UOND command c a n  a l s o  be u s e d  t o  d e f i n e  t h e  bond t y p e .  The bond 
t y p e  may be King ,  C h a i n ,  o r  v a r i a b l e ,  i .e.,  Ring  o r  Cha in .  When you c r e a t e  
a  s t r u c t u r e ,  t h e  s y s t e m  a s sumes  a  d e f a u l t  bond t y p e .  Bonds i n  r i n g s  a r e  
King bonds ,  and  bonds n o t  i n  r i n g s  a r e  C h a i n  bonds.  You h a v e  t h e  o p t i o n  o t  
o v e r r i d i n g  t h e  C h a i n  bond d e f a u l t  by s p e c i f y i n g  e i t h e r  a  King bond o r  a 
King  o r  C h a i n  v a r i a b l e  bond. You c a n  r e a s s i g n  t h e  bond t y p e  o n l y  f o r  t h o s e  
bonds i n  a c h a i n .  

D e f i n i t i o n  

S i n g l e  E x a c t  
Doub le  E x a c t  
T r i p l e  
Norma l i zed  
S i n g l e  E x a c t  o r  Norma l i zed  
Doub le  E x a c t  o r  Norma l i zed  
U n s p e c i f i e d  

T e x t  
D i s p l a y  

C - C  
C = C  
C C  
C + C  
C .  C 
C : C  
C ? C  

G r a p h i c s  
D i s p l a y  

C-C 
C=C 
C S C  
C---C 
C=C 
C = C  
C M C  



Building Structures 
Six Coordinate Structures 

For maximum retrieval of coordination compounds, specify the variable 
bond type of Ring or Chain. 

The following Table summarizes the bond types in the Registry File. 

Table of Bond Types 

Symbol Definition 

Chain 
King 
Ring or Chain 

Examples Using the GKAPH, NODE, and BOND Commands 

Creating a 6-Coordinate Structure 

The following steps are used to create the structure shown below. 
(The structures are illustrated as they appear on an ASCII (text) terminal. 
All commands are given at the colon (:) prompt within the STRUCTURE 
command. We have underlined what you would be typing.) 



Bui ld ing  S t r u c t u r e s  
S i x  Coord ina te  S t r u c t u r e s  

:GRA 2 C 1 ,  2 C1, 2 C1, 2 C1, DIS 

:NOD 2 RH. 1 3 4 5 6 7 N ,  DIS 

:BON ALL SE, DIS 

1. Graph a c h a i n  of 3 atoms. 
~ 1 1  atoms a r e  carbon.  
A l l  bonds a r e  u n s p e c t f i e d .  
Each node i s  a s s i g n e d  a 
number. 

2. Graph f o u r  c h a i n s  of  1 atom 
each t o  node 2. 
Atoms a r e  numbered i n  t h e  
o r d e r  you c r e a t e  them. 

3. S p e c i f y  Rhodium at  node 2 
and Ni t rogen  a t  nodes 
1 ,3 ,4 ,5 ,6 ,7 .  
S p e c i f i e d  e lements  d i s p l a y  
i n  t h e  s t r u c t u r e .  

4. S p e c i f y  a l l  bonds as 
S i n g l e  Exact .  



~ u i l d i n g  S t r u c t u r e s  
C h e l a t e  Rings 

C r e a t i n g  C h e l a t e  Rings  ( S p i r o  Ring Fusion)  

Use t h e  Eollowing s t e p s  t o  bui1.d t h e  s t r u c t u r e .  

:GRA K5, DIS 1. Graph a r i n g  of 5 atoms. 



Bui ld ing  S t r u c t u r e s  
Chel.ate Rings 

:GRA 4 R5, DIS 

2 
C 

1 ? ?  3 
C? ? C 
? ? 
? ? 7  
C?????????C????C 

5 ? 4  ? 
? ? 

6  C? ?C 
? ? 8 
? ? 

?C? 
9 

:NOD 4  RH, 3 5 6  7 N ,  DIS 

2 
C 

1 ? ?  3 
C? ? N 
? ? 
? ? 7 
N????????Rh????N 

5 ? 4  ? 
? ? 

6  N? ? C 
? ? 8 
? ? 

?C? 
9 

2. Graph a  second r i n g  of 
5 atoms a t  node 4. 
Atom 4 i s  counted as one 
of t h e  f i v e  atoms i n  t h i s  
r i n g .  

3. Spec i fy  Rhodium a t  node 4  
and Ni t rogen at  nodes 3 , 5 , 6 , 7 .  



Building Structures  
Fused Rings a s  Ligands 

:BON ALL SE, DIS 4 .  Specify  a l l  bonds a s  
S i n g l e  Exact. 

Creating Fused Rings a s  Ligands 

The fo l lowing  s t e p s  a r e  used t o  build the s tructure .  



:GRA 5 C l ,  NOD 10 N ,  11 0 ,  DIS 

:BON ALL N ,  5-11 KCSE, DIS 

Bui ld ing  S t r u c t u r e s  
Fused Rings a s  Ligands  

1. C r e a t e  two f u s e d  
six-membered r i n g s .  

2. Add a c h a i n  of 1 atom 
a t  node 5. 
Def ine  node 10 as Ni t rogen  
and node 11 a s  Oxygen. 

3. Spec i fy  a l l  bonds a s  
Normalized. 
Kespecify t h e  bond 
between nodes 5 and 11 
t o  Ring o r  Chain S i n g l e  
Exact t o  a l l o w  t h i s  bond 
t o  o c c u r  e i t h e r  a s  p a r t  
of a c h e l a t e  r i n g  o r  a s  a 
monodentate l i g a n d .  



B u i l d i n g  S t r u c t u r e s  
C l u s t e r s  

C r e a t i n g  C l u s t e r s  

Use t h e  fo l lowing  s t e p s  t o  b u i l d  t h i s  f o u r  atom c l u s t e r .  

:GRA R4, GRA 1 3 ,  GRA 2 4 ,  DIS 1. C r e a t e  a r i n g  of 4 atoms 
C r e a t e  a bond between 

1 2 atoms I and 3 and between 
C????????C atoms 2 and 4. 
? ? ? ? 
? ? ?  ? 
? ? ? ?  
? ? ? ? 
C????????C 

4 3 

:NOD ALL M ,  BON ALL SE, DIS 2. Def ine  a l l  nodes a s  
any Metal  atom. 
S p e c i f y  a l l  bonds as 
S i n g l e  Exact. 

When t h e  s t r u c t u r e  diagram (image) i s  confus ing  o r  ga rb led  o r  when 
some oE t h e  atoms a n d / o r  bonds o v e r l a p ,  you c a n  look  a t  t h e  S t r u c t u r e  
Connection Tab le  (SCT) t o  a s c e r t a i n  t h e  nodes and bonds. The SCT l i s t s  
e a c h  node i n  t h e  s t r u c t u r e  and t h e  bond type  and bond v a l u e  between t h a t  
node and a l l  o t h e r  nodes t o  which i t  is bonded. Disp lay ing  t h e  S t r u c t u r e  
Connect ion Tab le  i s  o f t e n  t h e  b e s t  way t o  be c e r t a i n  what nodes and bonds 
e x i s t  i n  t h e  s t r u c t u r e .  The f o l l o w i n g  two exany les  i l l u s t r a t e  us ing  the  
SCT t o  v e r i f y  t h e  bonding i n  t h e  query s t r u c t u r e .  



Building Structures 
Cyclopentadienyl Ligands 

Creating Cyclopentadienyl Ligands 

Use the following s t eps  t o  create the structure.  

:GRA R 5 ,  C 1 ,  6 1 ,  6 2 ,  6 3 ,  6 4 ,  6 5 ,  DIS  

1 .  Create a ring of 5 atoms. 
Create a separate chain of 
of 1 atom. 
Create a bond from atom 
6 to  each of the ring 
atoms. 



B u i l d i n g  S t r u c t u r e s  
~ a c r o c y c l i c  Ligands  

:NOD 6 M ,  DIS SCT 

:DIS SCT 

2 .  Def ine  node 6 a s  any 
meta l  atom. 

3.  Disp lay  S t r u c t u r e  Connection 
Tab le  t o  v e r i f y  bonding. 

******CONNECTIONS****** 
NO11 SYM NOD/BON NOD/BON NoD/BON 

1 C 6 KU 2 RU 5 RU 
2 C 6 RU 3 RU 1 RU 
3 C 6 KU 4 KU 2 RU 
4 C 6 KU 5 RU 3 KU 
5 C 6 RU 1 RU 4 KU 
6 M 5 KU 4 RU 3 KU 

2 RU 1 KU 

C r e a t i n g  Macrocycl ic  Ligands  

Rings c o n t a i n i n g  more t h a n  e i g h t  atoms, such as t h e  one shown below, 
a r e  c r e a t e d  from c h a i n s .  

FC\ 
N\ C N ~ \  / C 

I M I 
CLN' 

\ / 
C - C  



Building Structures 
Macrocyclic Ligands 

1. Graph a chain of 12 atoms. 
Connect the terminal nodes, 
1 and 12. 

2. Define nodes 1,4,7,10 as 
Nitrogen. 
Structure display does not 
show the bond between 1 and 12. 

:DIS SCT 

NOD SYM 
1 N 
2 C 
3 C 
4 N 
5 C 
6 C 
7 N 
8 C 
9 C 

10 N 
11 C 
12 C 

3. Display the Structure 
Connection Table to verify 
that all bonds are Ring bonds 
and that a bond exists 
between atoms I and 12. 



Building Structures 
Macrocyclic Ligands 

:GRA C1, 13 1, 13 4, 13 7, 13  1 0  4. Create a separate chain of 
one atom (node 1 3 ) .  
Create a bond between 13 and 
each of the Nitrogen nodes, 
1,4,7,10. 

:NOD 13 M, DIS SCT 5. Specify node 13 as any 
Metal atom. 
Display Structure Connection 
Table to verify that 13 is 
M and that it is bonded to 
1,4,7,and 10. 

NUD SYM 
1 N 
2 C 
3 C 
4 N 
5 C 
6 C 
7 N 
8 C 
9 C 

LO N 
I 1  C 
12 C 
13 M 



B u i l d i n g  S t r u c t u r e s  
R e g i s t r y  Numbers a s  Models 

The KECALL Command - Using Models t o  Bui ld  S t r u c t u r e s  

The RECALL command i s  used t o  cal l  up a copy of a  s t r u c t u r e  t o  u s e  a s  
t h e  s t a r t i n g  p o i n t  f o r  a  new s t r u c t u r e .  T h i s  may be t h e  L-number of a  
s t r u c t u r e  you b u i l t  e a r l i e r  i n  t h e  s e s s i o n ,  t h e  R e g i s t r y  Number of a  
s t r u c t u r e  you want t o  u s e  a s  a  model, o r  t h e  code name of a  s t r u c t u r e  from 
t h e  Fragment F i l e .  A f t e r  d i s p l a y i n g  t h e  r e c a l l e d  s t r u c t u r e ,  you can  u s e  
any oE t h e  s t r u c t u r e  b u i l d i n g  commands t o  modify i t  t o  meet your  s e a r c h  
requirelnents.  A l i s t  of s t r u c t u r e s  i n  t h e  Fragment F i l e  u s e f u l  f o r  
c o o r d i n a t i o n  compounds is con ta ined  i n  Appendix 3. 

R e c a l l  a  R e g i s t r y  Number 

:REC 17611-65-3, DIS 

- - - -+4 
16 S  - Pt-  - - -1 - - 5 - - 

-S- - - 
11 - s- - 

-1 - - 
s- 7 '  

-1 - - 



Building Structures 
Fragment F i l e  Models 

Kecal l  and Modify a Structure from the Fragment F i l e  

:REC PORPHN, DIS 1 .  Recal l  and d isp lay  the  
fragment . 



B u i l d i n g  S t r u c t u r e s  
Fragment F i l e  Models 

:DEL 25 26, GRA C1, DIS 2. Delete t h e  H nodes .  
Create  a cha tn  o f  one atom 
for  t h e  meta l  node. 

2 3 8 
C C C 
? ? I ?  ? 6 ? ?  

? ? C? ? C? ? 11 
5 C? ? ? C 

? ? ? ? 
? ? ? ? 

7 C?????N 9 N????C? 12 
? 4 ? 



Building Structures 
Fragment File Models 

:GRG 25 4, 25 9, 25 21, 25,16 3. Create bonds between node 
25 and nodes 4,9,16,21. 

:NOD 25 CO, DIS 4. Specify node 25 as Cobalt. 



Bui ld ing  S t r u c t u r e s  
V a r i a b i l i t y  i n  S t r u c t u r e s  

V a r i a b i l i t y  i n  S t r u c t u r e s  

When you c r e a t e  s t r u c t u r e s  f o r  r e t r i e v i n g  c o o r d i n a t i o n  compounds, you 
can  d e f i n e  t h e  nodes e i t h e r  g e n e r i c a l l y  o r  v e r y  s p e c i f i c a l l y .  You can  
d e f i n e  nodes a s  being s p e c i f i c  e l ements ,  e.g., a node is  a  Ni t rogen  atom. 
You can  use  g e n e r i c  node symbols t o  i n t r o d u c e  v a r i a b i l i t y ,  e.g., a  node i s  
a  Metal  atom. Even more v a r i a b l i l i t y  can  be b u i l t  i n t o  t h e  s t r u c t u r e  u s i n g  
t h e  v a r i a b l e  symbols G1-G20, ( c o l l e c t i v e l y  r e f e r r e d  t o  as Gk). These 
r e p r e s e n t  from 2-20 o p t i o n a l  d e f i n i t i o n s  of your  c h o i c e  a t  a  node. A Gk 
symbol may be used more t h a n  once i n  t h e  s t r u c t u r e .  To s p e c i f y  m u l t i p l e  
atoms o r  groups  of atoms a t  a  node, f i r s t  use  t h e  NODE command t o  a s s i g n  a  
G-group, e.g., GI,  t o  t h e  a p p r o p r i a t e  nodes i n  your  s t r u c t u r e .  Then, use  
t h e  VARIABLE o r  REPEATING commands t o  d e f i n e  t h e  Gk group.  The VARIABLE 
command (VAR) i s  used t o  

The VARIABLE command (VAR) i s  used t o  d e f i n e  t h e  atoms o r  groups  of 
atoms t h a t  a r e  t o  be used i n  a  Gk group. Th i s  command a l l o w s  you t o  
s p e c i f y  t h a t  up t o  20 d i E f e r e n t  v a l u e s  be p r e s e n t  i n  a  Gk group. These 
v a l u e s  can be e lements ,  s h o r t c u t  symbols,  t h e  system-defined v a r i a b l e  
atoms, o r  nodes i n  s e p a r a t e  mult iple-atom fragments  b u i l t  a l o n g  w i t h  your 
s t r u c t u r e .  

If t h e  v a r i a b i l i t y  a t  a  node can  be expressed  i n  terms of a  r e p e a t i n g  
g roup ,  t h e  REPEATing command (REP) c a n  be used t o  d e f i n e  t h e  r e p e a t i n g  
fragment and s p e c i f y  t h e  number of times i t  can r e p e a t .  

Allowing f o r  V a r i a b l e  Donor Atoms and f o r  V a r i a b l e  C h e l a t e  Backbone 

:GRA R 4 ,  NOD 1 M,  2  4 G 1 ,  3 G2, DIS I .  Graph a r i n g  of 4. 
Def ine  nodes 2 , 4  a s  GI. 

1 2  Def ine  node 3 a s  G2. 
M??????Gl 
? ? 
? ? 
Gl?????G2 
3 4 



Building Structures 
Variablity in Structures 

:VAR Gl=N/S, REP G2=(1-3) A 2. Define G1 as Nitrogen 
or Sulfur. 
DeEine G2 as Any atom 
repeating 1 to 3 times. 

VAR Gl=N/S 
REP G2=(1-3) A 

Defining a Central Metal 

The central metal may be specifed as an individual metal, e.g., NOD 1 
KH. It can be defined as multiple metals, e.g., NOD 1 G1, VAR Gl=CR/MO/W. 
Or, with the broadest of definitions, the central metal can be defined as 
any metal, e.g., NOD 1 M. 

Defining Ligand Atoms 

Ligand atoms can be specified as being one element, e.g., NOD 2 N. 
They can be defined as having multiple values, e.g., NOD 2 G1,VAR Gl=N/P/S. 
They can be allowed to be any atom, e.g., NOD 2 A. Or, they can be 
specifed as being any atom but one, NOD 2 -S. 

Summary 

In this chapter we have illustrated the techniques used to create 
basic structures for coordination compounds. The next chapter will 
consider other ways of specifying nodes and bonds and adding attributes in 
order to retrieve more specific answers. 



A t t r i b u t e s  
D e f i n i t i o n s  

CHAPTEK 5: ADDING ATTRIBUTES TO STKUCTUKES 

Once you have c r e a t e d  a b a s i c  s t r u c t u r e ,  you can t a i l o r  i t  t o  b e t t e r  
meet your s e a r c h  requ i rements  by adding a t t r i b u t e s  t o  s e l e c t e d  nodes. 
A t t r i b u t e  commands a r e  used t o  i n d i c a t e  s p e c i a l  o r  unusual s t r u c t u r a l  
f e a t u r e s  t h a t  a r e  no t  v i s i b l e  i n  t h e  s k e l e t o n  of t h e  s t r u c t u r e .  The proper  
s e l e c t i o n  of a t t r i b u t e s  w i l l  i n s u r e  complete r e t r i e v a l  of a l l  t h e  d e s i r e d  
answers and/or  w i l l  narrow t h e  answer set t o  i n c l u d e  e x a c t l y  t h e  type  of 
complexes you want. 

A t t r i b u t e s  p a r t i c u l a r l y  u s e f u l  f o r  c o o r d i n a t i o n  compounds a r e  t h o s e  
which i n d i c a t e  t h e  p resence  of a  c e r t a i n  number of hydrogen atoms on a  node 
(HCOUNT), t h e  number of s u b s t i t u e n t s  d e s i r e d  on a  node (CONNECT), whether a  
node may be p a r t  of a  r i n g  o r  a c h a i n  (NSPEC), and whether a l l  r i n g s  must 
be i s o l a t e d  o r  i f  they  may be a l lowed t o  have ocher  r i n g s  Eused t o  them 
(RSPEC). Two of t h e s e ,  CONNECT and NSPEC, can a l s o  be combined wi th  t h e  
BOND command t o  s p e c i f y  bond t y p e s  t h a t  f u r t h e r  reEine  s e a r c h  s t r a t e g y .  

COMMAND 

CONNECT (CON) 

HCOUNT (HCO) 

NSPEC (NSP) 

RSPEC (RSP) 

DEFINITION 

Spec i fy  t h e  number and type  of connec t ions  t o  a  node. 
May be Exact  (E), Minimum (M), o r  Maximum (X). 
May be Ring (R),  Chain (C),  o r  Ring o r  Chain (RC). 

S p e c i f y  t h e  number of hydrogens a t t a c h e d  t o  a  node. 
May be Exact (E) o r  Minimum (M). 

S p e c i f y  whether  a  node i s  i n  a  r i n g ,  c h a i n ,  o r  e i t h e r .  
May be Ring (R),  o r  Chain (C) ,  o r  Ring o r  Chain (RC). 

S p e c i f y  t h a t  a  s i n g l e  r i n g ,  a  r i n g  sys tem,  o r  a11 r i n g s  
i n  query must be i s o l a t e d .  

- 



HCOUNT and KSPEC 
Uses 

The HCOUNT (Hydrogen Count)  Command 

The HCOUNT command i s  used t o  s p e c i f y  t h e  number of hydrogens,  
i n c l u d i n g  h y d r i d e s ,  a t t a c h e d  t o  a  node. E i t h e r  t h e  Exact  number of 
hydrogens ( 0  t o  99) o r  t h e  Minimum number (1 t o  99) may be s p e c i f i e d .  

To u s e  t h e  HCOUNT command t h e  format  is:  

HCO n  .. . Em o r  HCO n  ... Mm 
where n  ... r e p r e s e n t s  t h e  node number(s) where t h e  hydrogen count i s  t o  be 
a s s i g n e d ,  Em i s  t h e  Exact  number of hydrogens p r e s e n t  a t  t h a t  node, and Mm 
i s  t h e  Minimum number of hydrogens a l lowed.  Hydrogen coun t s  may n o t  be 
used on nodes d e f i n e d  a s  Gk groups .  I f  no hydrogen count  i s  s p e c i f i e d ,  
s u b s t a n c e s  w i t h  a l l  p o s s i b l e  numbers of hydrogens,  i n c l u d i n g  none, w i l l  b e  
r e t r i e v e d .  

D e t a i l e d  examples u s i n g  hydrogen coun t s  t o  r e t r i e v e  meta l  hydr ides  a r e  
g i v e n  i n  Case Study 6 beginning on page 133.  

The KSPEC (Ring S p e c i f i c a t i o n )  Command 

The RSPEC command a l l o w s  you t o  s p e c i f y  t h a t  you w i l l  a c c e p t  o n l y  
s u b s t a n c e s  i n  which t h e  r i n g s  t h a t  you have i n c l u d e d  i n  your s u b s t r u c t u r e  
a r e  i s o l a t e d ,  i.e., no o t h e r  r i n g  f u s i o n  i s  allowed. I f  you do no t  s p e c i f y  
t h a t  t h e  r i n g s  a r e  i s o l a t e d ,  i t  i s  assumed t h a t  you w i l l  a l l o w  them t o  be 
e i t h e r  i s o l a t e d  o r  embedded. 

I n  c o o r d i n a t i o n  compounds, t h e  e x i s t e n c e  of two o r  more c h e l a t e  r i n g s  
a t  a  m e t a l  c e n t e r  c o n s t i t u t e s  r i n g  f u s i o n ,  w i t h  t h e  meta l  atom as a s p i r o  
node: 

You would n o t  o r d i n a r i l y  use  t h e  r i n g  s p e c i f i c a t i o n  a t t r i b u t e  when 
s e a r c h i n g  f o r  c o o r d i n a t i o n  compounds, u n l e s s  you a r e  c e r t a i n  t h a t  you wish 
t o  p r o h i b i t  any f u r t h e r  c h e l a t i o n  on t h e  metal .  



CONNECT 
Definition 

The CONNECT Command 

When you search a substructure, the answers you retrieve include all 
of the atoms you have included in the query. Unlimited additional 
connections may be present anywhere in the structure. The CONNECT command 
is used to restrict substitution at one or more nodes in the query 
structure. 

The CONNECT command specifies the number of noa-hydrogen connections 
(it ignores any hydride ligands) to a node and the type of bonds to those 
connections. With CONNECT you can assign the Minimum, Exact, or maximum 
number of connection table atoms at any node in the structure. You can 
also specify whether the atoms are connected by Ring bonds only. Chain 
bonds only, or the default option of either Ring or Chain bonds. The 
number of connections specified by the CONNECT command includes the 
connections already shown in the structure, as well. as any additional ones 
required by the CONNECT command. 

To use the CONNECT command, the format is: 

CON n... Em bt 

where n... represents the node number(s) where the connections are to take 
place, Em is the Exact number oE attachments (0  to 16) allowed, and bt is 
the bond type (R, C, or RC) Eor these connections. If you do not specify a 
bond type, either Ring or Chain (RC) is assumed. Alternatively, you can 
specify the Minimum number or the maximum number of attachments (0 to 16). 

User Input 

En 

Mn R 

Xn C 

Definition 

Exactly n Ring or Chain attachments 

Minimum of n Ring attachments 

Maximum of n Chain attachments 



CONNECT 
R e t r i e v i n g  S p e c i f i c  Coord ina t ion  Numbers 

Using CONNECT t o  R e t r i e v e  S p e c i f i c  Coord ina t ion  Numbers 

One o r  two c o o r d i n a t i o n  numbers dominate t h e  chemist ry  of each  
t r a n s i t i o n  metal. CONNECT g i v e s  you a way of f i n d i n g  t h e  less common 
c o o r d i n a t i o n  numbers wi thou t  g e t t i n g  many i r r e l e v a n t  answers. It can h e l p  
make a  s e a r c h  more e f f i c i e n t  by reduc ing  t h e  number of subs tances  t h a t  f i n d  
t h e i r  way i n t o  answer sets because t h e  system was unable t o  match them wi th  
t h e  query  i n  t h e  time allowed f o r  i t e r a t i n g  an i n d i v i d u a l  s t r u c t u r e .  

I t  should be noted t h a t  CONNECT o p e r a t e s  at  t h e  i t e r a t i o n  s t e p ,  no t  a t  
t h e  s c r e e n  l e v e l .  Using t h e  CONNECT a t t r i b u t e  has no e f f e c t  on t h e  number 
of i t e r a t i o n s  t h e  s e a r c h  system w i l l  have t o  perform. When you use  CONNECT 
t o  s e a r c h  Eor unusual  c o o r d i n a t i o n  numbers on a  meta l ,  e.g. c o b a l t ,  t h a t  
has  a  l a r g e  numbers of  s i x  c o o r d i n a t e  complexes, t h e  s u b s t r u c t u r e  you 
c r e a t e  must be  q u i t e  s p e c i f i c  i n  o r d e r  t o  g e t  your s e a r c h  t o  run t o  
complet ion because a  p o t e n t i a l l y  l a r g e  number of t h e  s ix -coord ina te  
s t r u c t u r e s  may have t o  be i t e r a t e d .  CONNECT E5 (Exac t ly  5 )  o r  E7  (Exac t ly  
7 )  w i l l  exc lude  s i x  c o o r d i n a t e  complexes as answers s i n c e  they have a  
CONNECT of E6 (Exac t ly  6 ) .  But, a l l  of t h e  s i x  c o o r d i n a t e  complexes w i l l  
be passed through t h e  s c r e e n  s t e p  and w i l l  be e l imina ted  when they  do not 
match a t  t h e  i t e r a t i o n  s t e p .  

Cobal t  is more l i k e l y  t o  have more t h a n  s i x  l i g a n d s .  I n  seek ing  
examples of h igher  c o o r d i n a t i o n  numbers f o r  c o b a l t ,  a  s e a r c h  was run u s i n g  
t h e  s t r u c t u r e  below which i n c l u d e s  a CONNECT v a l u e  of a  Minimum of 7 r i n g  
o r  c h a i n  a t t achments  t o  t h e  c o b a l t .  The s i x  a t t achments  a l r e a d y  p resen t  i n  
t h e  query s t r u c t u r e  a r e  counted i n  t h e  minimum of seven. There fore ,  t h e r e  
must be s i x  n i t r o g e n  donors ,  but  t h e  a d d i t i o n a l  l i g a n d s  may i n c l u d e  any 
element a s  t h e  donor atom. 

:CON 2 M7, BON ALL RCSE 



CONNECT 
Cyc loyen tad ieny l  Ligands 

Over 50 examples of c o b a l t  having c o o r d i n a t i o n  number seven o r  g r e a t e r  
were i d e n t i f i e d  by t h i s  sea rch .  

Using CONNECT t o  R e t r i e v e  Meta l locenes  

Organometal l ics  wi th  t h r e e  c y c l o p e n t a d i e n y l  r i n g s  on one metal  
c a n  be r e t r i e v e d  w i t h  a n  e a s i l y  c r e a t e d  s t r u c t u r e  i n  which each five-membered 
r i n g  i s  bonded on ly  once t o  t h e  metal .  A CONNECT of 
a  Minimum of 15 Ring bonds i s  ass igned  t o  t h e  m e t a l ,  s i n c e  each f u l l y  coord ina ted  
c y c l o p e n t a d i e n y l  r i n g s  s u p p l i e s  f i v e  r i n g  a t t achments  t o  t h e  metal .  The 
bond t y p e  f o r  a l l  bonds i n  t h e  s t r u c t u r e  must be s p e c i f i e d  a s  Ring. 

:BON ALL R,  CON 16 M15 R 



CONNECT 
I s o l a t e d  Rings 

Using CONNECT i n  Ligand S t r u c t u r e s  

The CONNECT command can  b e  used  t o  I s o l a t e  l i g a n d  r i n g  system. For 
example,  i f  you w i s h  t o  s e a r c h  f o r  complexes of b i p y r i d i n e  w i t h o u t  
r e t r i e v i n g  p h e n a n t h r o l i n e  complexes a t  t h e  same t i m e ,  you c a n  b lock  f u r t h e r  
s u b s t i t u t i o n  of t h e  b i p y r i d i n e  w i t h  a CONNECT a t t r i b u t e .  B i p y r i d i n e  has  
e x a c t l y  two r i n g  bonds a t  zhe  i n d i c a t e d  ca rbon  a toms,  

CONNECT E2 R 

w h i l e  p h e n a n t h r o l i n e  has  t h r e e  r i n g  bonds a t  t h a t  p o s i t i o n .  

CONNECT E3 R  



CONNECT 
Metal  Hydr ides  

RSPEC should  no t  be used f o r  t h i s  example because i t  could  block 
f u r t h e r  c h e l a t i o n  on t h e  meta l .  RSPEC would cause  t h e  l o s s  of answers such  
as 

Meta l  Hydr ides  

Whenever you use  CONNECT on a  meta l  node, you may g e t  some i r r e l e v a n t  
answers c o n t a i n i n g  hydr ides .  S i n c e  CONNECT does  no t  count  hydrogens,  t h e  
a t t r i b u t e  i s  ignored  whenever a  complex c o n t a i n s  a  connec t ion  t a b l e  
hydrogen on t h e  same node where t h e  CONNECT A t t r i b u t e  was ass igned .  Some 
of t h e  hydr ide  answers may welL have t h e  d e s i g n a t e d  c o o r d i n a t i o n  number, 
but  o t h e r s  w i l l  not .  

I f  you a r e  s e a r c h i n g  f o r  meta l  h y d r i d e s ,  do not u s e  a CONNECT on t h e  
metal node. You may l o o s e  v a l i d  answers ,  e s p e c i a l l y  t h o s e  c o n t a i n i n g  
n o n t r a n s i t i o n  meta l s .  



NSPEC and Bond Types 
D e f i n i t i o n s  

The NSPEC (Node S p e c i f i c a t i o n )  Command 

The NSPEC command a l l o w s  you t o  s p e c i f y  whether a  p a r t i c u l a r  atom i n  
your s t r u c t u r e  i s  i n  a r i n g ,  i n  a c h a i n ,  o r  i n  e i t h e r .  Atoms t h a t  a r e  i n  a  
r i n g  a r e  r i n g  atoms and t h e i r  node s p e c i f i c a t i o n  cannot be changed. On t h e  
o t h e r  hand, atoms t h a t  a r e  i n  a c h a i n  a r e  c h a i n  atoms but can be redef ined  
a s  e i t h e r  r i n g  atoms o r  a s  r i n g  o r  c h a i n  atoms by us ing  t h e  NSPEC command. 

To use  t h e  NSPEC command, t h e  format is: 

NSP n... v a l u e  

where n... r e p r e s e n t s  t h e  node numbercs) of t h e  nodes t o  be redef ined ,  and 
v a l u e  i s  R (Ring) .  C (Chain) ,  o r  RC (Ring o r  Chain). 

E f f e c t  of Bond Type on Node S p e c i f i c a t i o n  

The bond type  i n  t h e  query s t r u c t u r e  de te rmines  t h e  node s p e c i f i c a t i o n  
Eor each  node on e i t h e r  s i d e  of t h e  bond. When a  bond i s  ass igned  a s  Ring, 
t h e  nodes on e i t h e r  s i d e  of t h e  bond a r e  a u t o m a t i c a l l y  d e f i n e d  a s  Ring 
nodes. When t h e  bond t y p e  Chain i s  a s s i g n e d ,  t h e  nodes on e i t h e r  s i d e  of 
t h e  bond a r e  a u t o m a t i c a l l y  d e f i n e d  a s  Chain nodes. I n  t h e  most g e n e r a l  
c a s e ,  and t h e  one t h a t  a l lows  f o r  maximum r e t r i e v a l ,  t h e  bond type  i s  
d e f i n e d  a s  Ring o r  Chain. T h i s  s t r a t e g y  not o n l y  a l l o v s  e i t h e r  t y p e  of 
bond, bu t  a l s o  a l l o w s  t h e  atoms on e i t h e r  s i d e  of t h e  bond t o  be e i t h e r  
r i n g  o r  c h a i n  nodes. 



NSPEC and Bond Types 
Case 1 - System Defaults 

Table of Node Specification Defaults 

Bond type 

C 

R 

KC 

Node specification default for 
nodes on either side of bond 

Chain----Chain 

Ring---- Ring 

Chain----Chain 
or 

Chain----Ring 
or 

Ring---- Chain 
or 

Ring----- Ring 
- 



NSPEC and Bond Types 
Case 1 - System Defaults 

Effect of Bond Type and Node Specification on Coordination Compound 
Retrieval 

Specification of bond types and of node specifications is critically 
important when searching for coordination compounds. To illustrate the 
effects of different node and bond specifications, we will search for 
rhodium complexes containing six nitrogen donor atoms. 

Case 1 (:BON ALL SE). This is the "what you see is what you get" 
default. The bonds and nodes shown above will automatically be assigned 
exactly as you have created them, i.e., all the nodes are chain nodes and 
all of the bonds are chain bonds. The bonds are specified with the bond 
value of Single Exact. This selection will retrieve complexes with only 
monodentate ligands which are not part of a cyclic system. Examples of 
complexes retrieved with this strategy include: 

Note that it is possible to have two or more diEferent types of ligand 
molecules coordinated to the same metal atom using this kind of bond and 
node specification. 



NSPEC and Bond Types 
Case 2 - Ring or Chain Nonds 

Case 2 (:BON ALL RCSE). This is the most general case and will 
retrieve the mosc answers because it allows all bonds in the structure 
shown on the previous page to be either Ring or Chain bonds and all nodes 
to be either in a Ring or in a Chain. St includes all examples of rhodium 
complexes containing six nitrogen donors, including all those retrieved in 
the first example. Examples of complexes retrieved with this strategy 
include: 



NSPEC and Bond Types 
Case 3 - Bonds Chain,  Nodes Ring o r  Chain 

Case 3 (:BON ALL SE, NSP 1 3 4 5 6 7 KC). I n  t h i s  example, u s i n g  t h e  
s t r u c t u r e  

Ring o r  Chain Nodes 

N 

/ t \  
\ l N 6  Rh N A l l  bonds a r e  Chain - 

King o r  Chain Node 

a l l  t h e  t h e  bonds a r e  c h a i n  bonds by d e f a u l t .  We have a l s o  s p e c i f i e d  t h a t  
a l l  o f  t h e  Ni t rogen  atoms may be e i t h e r  i n  a Ring o r  i n  a Chain. A s  i n  
Case 1, o n l y  complexes w i t h  monodentate l i g a n d s  w i l l  be p a r t  of t h e  answer 
s e t .  I n  a d d i t i o n  t o  t h e  complexes found i n  Case 1, t h i s  s e a r c h  w i l l  a l s o  
r e t r i e v e  complexes i n  which t h e  n i t r o g e n  donor is p a r t  of a r i n g .  Examples 
of complexes r e t r i e v e d  w i t h  t h i s  s t r a t e g y  i n c l u d e :  

. . 
N ! C  C I N  

\ I /  

I f  you want t o  e x c l u d e  l i g a n d s  c h e l a t i n g  through t h e  N atom, t h e s e  a r e  
t h e  a p p r o p r i a t e  bond and node t y p e s  t o  s p e c i f y .  



NSPEC and Bond Types 
Case 4 - A l l  Bonds a r e  i n  Kings 

Case 4 (:BON ALL KSE). I n  t h i s  c a s e ,  we have s p e c i f i e d  a l l  of t h e  
bonds i n  t h e  s t r u c c u r e  shown on page 52 a s  being Ring bonds. A l l  nodes a r e  
now a u t o m a t i c a l l y  Ring nodes. No node s p e c i f i c a t i o n  is needed. Only 
complexes i n  which a l l  l i g a n d s  a r e  p a r t  of c h e l a t e  r i n g s  w i l l  be r e t r i e v e d .  
Examples of complexes r e t r i e v e d  w i t h  t h i s  s t r a t e g y  i n c l u d e :  

Note t h e  r i n g  bonds may be formed by t h r e e  b i d e n t a t e  l i g a n d s ,  two 
t r i d e n t a t e  l i g a n d s ,  one t e t r a d e n t a t e  and one b i d e n t a t e  l i g a n d s ,  o r  one 
hexaden ta te  l i g a n d .  Also n o t e  t h a t  t h e  c h e l a t i n g  l i g a n d s  may have e i t h e r  
s a t u r a t e d  o r  a r o m a t i c  ca rbon  r i n g s  f o r  backbones,  o r  s a t u r a t e d  ca rbon  
c h a i n s ,  o r  t h e r e  may be a d d i t i o n a l  heteroatoms i n  t h e  backbone. 



NSPEC and Bond Types 
Case 5 - One C h e l a t e  Ring 

You can  d e s i g n a t e  s p e c i f i c  combinat ions  of r i n g  and c h a i n  bonds and 
node s p e c i f i c a t i o n s  t o  r e q u i r e  t h a t  r e t r i e v a l s  be j u s t  t h e  type  of 
complexes you a r e  i n t e r e s t e d  i n .  The nex t  t h r e e  c a s e s  show what i s  
r e t r i e v e d  by o v e r r i d i n g  t h e  d e f a u l t s  a t  s e l e c t e d  bonds and nodes. 

Case 5 (:BON ALL SE, 1-2 2-3 R ,  NSP 4 5 6 7 RC). For t h i s  c a s e ,  w e  
have used t h e  f o l l o w i n g  s t r u c t u r e .  

7 N N 6 

Chain bonds -\-I-/ 
N 

' \ I  Ring \ t f "  Ring 

Ring o r  Chain Node 

F i r s t ,  t h e  sys tem d e f a u l t  of Chain i s  t a k e n  f o r  a l l  of t h e  bonds i n  
t h e  s t r u c t u r e .  Then, two of t h e  bonds a r e  r e s p e c i f i e d  a s  being i n  a Ring.. 
T h i s  means t h a t  nodes 1 ,  2 ,  and 3 a r e  Ring nodes a u t o m a t i c a l l y .  We a l s o  
o v e r r i d e  t h e  sys tem d e f a u l t  of Chain node f o r  atoms 4 ,  5 ,  6 ,  and 7 by 
s p e c i f y i n g  t h a t  they  may occur  e i t h e r  i n  a Ring o r  i n  a Chain. Remember, 
NSPEC d o e s  n o t  e f f e c t  bond types .  T h e r e f o r e ,  t h e  bonds 2 t o  4 ,  2 t o  5, 2 
t o  6 ,  and 2 t o  7 a r e  s t i l l  Chain bonds. T h i s  s t r a t e g y  w i l l  r e t r i e v e  
rhodium-nitrogen complexes w i t h  e x a c t l y  one c h e l a t e  r i n g .  To d a t e ,  t h e r e  
a r e  no examples of t h i s  t y p e  of complex i n  t h e  R e g i s t r y  F i l e .  



NSPEC and Bond Types 
Case 6 - One T r i d e n t a t e  Ligand 

Case 6 (:BUN ALL SE, 1-2 2-3 2-4 R, NSP 5 6 7 KC). I n  t h i s  c a s e ,  f o r  
t h e  s t r u c t u r e  

Chain bond - I 

Ring 

N 
King o r  Chain node- 7 N 9 N 6 - King o r  Chain node 

Chain bond-\ /-Chain bond 

N- 
I,! f;hT,; 

Ring o r  Chain Node 

King 

t h r e e  of t h e  bonds a r e  s p e c i f i e d  t o  b e  i n  a Ring, i . e . ,  1 t o  2 ,  2 t o  3 ,  and 
2 t o  4 .  T h i s  a u t o m a t i c a l l y  r e q u i r e s  t h a t  nodes 1, 2 ,  3,  and 4 a r e  nodes i n  
Kings, A d d i t i o n a l l y ,  nodes 5,  6 ,  and 7 a r e  s p e c i f i e d  a s  be ing  e i t h e r  i n  a 
King o r  i n  a Chain. S ince  t h e  sys tem d e f a u l t  was t aken  f o r  t h e  remaining 
bonds, bonds 2 t o  5 ,  2 t o  6 and 2 t o  7 a r e  Chain bonds. Th i s  s t r a t e g y  w i l l  
r e t r i e v e  complexes w i t h  e x a c t l y  one t r i d e n t a t e  l i g a n d .  An example of t h e  
type  of complex r e t r i e v e d  i s  

King 



NSPEC and Bond Types 
Case 7 - B i d e n t a t e  o r  T e t r a d e n t a t e  Ligands 

Case 7 (:BON ALL SE, 1-2 2-3 2-4 2-5 R, NSP 6 7 RC). I n  Chis  c a s e ,  
u s i n g  t h e  s t r u c t u r e  

Ring 

Ring o r  Chain node- 7 N 
\ 

6 - Ring o r  Chain node 

Chain bond- \ I / Chain bond 

t h e  s y s t e m  d e f a u l t  of bond t y p e  Chain  is t a k e n  f o r  t h e  bonds between 2 and 
6 and 2 and 7.  A l l  of t h e  o t h e r  bonds a r e  r e s p e c i f i e d  as being Ring bonds. 
T h i s  a u t o m a t i c a l l y  makes t h e  nodes 1, 2 ,  3 ,  4 ,  and 5  Ring nodes. Nodes b 
and 7 a r e  s p e c i f i e d  as Ring o r  Chain nodes u s i n g  t h e  NSPEC command. 
Remember t h a t  t h i s  does  no t  change t h e  bond type.  T h i s  w i l l  r e t r i e v e  Rh-N 
complexes w i t h  e i t h e r  two b i d e n t a c e  l i g a n d s  o r  one t e t r a d e n t a t e  l i g a n d ,  
which may be e i t h e r  open c h a i n  o r  macrocycl ic .  

Me 
I 

0- OH 
MeNH Me 

Me 

MeNH 
NHI 

I 
Me E t  Me 



Attributes 
Summary 

In Cases 5, 6, and 7, the bonds that were not specified as Ring bonds 
are chain bonds by default. Specifying them as ring or chain (RC) will 
retrieve not only answers which have a minimum of the requested chelating 
ligands, but will also get the answers that were included in Case 4 where 
all bonds were ring, i.e., you have lost the specificity of the search. 

Summary 

In this chapter, various attribute commands were described in terms of 
their usefulness in retrieving coordination compounds. These attributes 
are usually used in conjunction with specific bond types to specify the 
complexes desired. CONNECT and NSPEC are especially useful for refining 
coordination searches. 

In the next chapter we will discuss the use of screens in coordination 
search strategy. 



S c r e e n s  
The Search  P r o c e s s  

CHAPTER 6: ADDING SCKEENS TO REFINE YOUR SEARCH 

The p r e v i o u s  c h a p t e r s  have c o n s i d e r e d  how t o  c r e a t e  a c c u r a t e  and 
p r e c i s e  s u b s t r u c t u r e s  t o  use  a s  s e a r c h  q u e r i e s  t o  r e t r i e v e  c o o r d i n a t i o n  
compounds. T h i s  c h a p t e r  d e a l s  w i t h  making t h e  o n l i n e  s e a r c h  of  t h e  
s u b s t r u c t u r e  you c r e a t e d  more e f f i c i e n t  by adding s c r e e n s ,  f ragment  codes .  
t o  t h e  s e a r c h  l o g i c .  Learning t o  use  s c r e e n s  i s  one of t h e  f i n e r  p o i n t s  of  
s u b s t r u c t u r e  s e a r c h i n g ;  b u t ,  u s i n g  them is o f t e n  c r u c i a l  t o  g e t t i n g  your  
c o o r d i n a t i o n  compound s e a r c h  t o  r u n  t o  completion.  T h i s  c h a p t e r  w i l l  
s u g g e s t  which a d d i t i o n a l  s c r e e n s  a r e  most u s e f u l  t o  add and how t o  select 
them. For more i n f o r m a t i o n  on s c r e e n s ,  s e e  t h e  s e a r c h  a i d ,  
Using CAS ONLINE: Adding Screens  i n  S t r u c t u r e  Searching.  

A f t e r  you have c r e a t e d  your  s u b s t r u c t u r e  and i n i t i a t e d  t h e  s e a r c h ,  t h e  
s t r u c t u r e  i s  a u t o m a t i c a l l y  d e s c r i b e d  i n  terms of numeric codes ,  c a l l e d  
s c r e e n  numbers, f o r  t h e  v a r i o u s  s t r u c t u r a l  f e a t u r e s  you have s p e c i f i e d .  
The computer s e a r c h  p r o c e s s  o p e r a t e s  i n  two s t a g e s ,  f i r s t  t h e  s c r e e n  s t e p  
and then  t h e  i t e r a t i o n  p rocess .  The s c r e e n  numbers a r e  used t o  " s c r e e n  
ou t" ,  o r  e l - imina te  from f u r t h e r  c o n s i d e r a t i o n ,  aL1 s u b s t a n c e s  i n  t h e  
R e g i s t r y  F i l e  which do n o t  p o s s e s s  s c r e e n  numbers f o r  t h e  s t r u c t u r a l  
f e a t u r e s  you have b u i l t  i n t o  your  query  s t r u c t u r e .  The i t e r a t i o n  p r o c e s s ,  
a n  atom-by-atom bond-by-bond comparison of t h e  d a t a b a s e  compounds t o  your  
query  s t r u c t u r e ,  i s  performed on t h e  c a n d i d a t e  s u b s t a n c e s  which p o s s e s s  t h e  
a p p r o p r i a t e  s c r e e n s .  Those t h a t  match a l l  of t h e  r e q u i r e d  f e a t u r e s  of your  
s u b s t r u c t u r e  a r e  t h e  answers you r e t r i e v e .  

T h i s  e n t i r e  s e a r c h  p r o c e s s  happens a u t o m a t i c a l l y  a f t e r  you e n t e r  t h e  
SEARCH command. For many s e a r c h e s  you do n o t  have t o  be concerned w i t h  
which s c r e e n s  a r e  g e n e r a t e d  by t h e  system. I n  t h e  i n t e r e s t  of e f f i c i e n t  
u s e  of  computer r e s o u r c e s ,  t h e  s e a r c h  machine is programmed t o  r u n  t h e  
s c r e e n  s e a r c h  on t h e  b a s i s  of choosing on ly  t h e  s t a t i s t i c a l l y  most unusua l  
s c r e e n s  and t o  t h e  l i m i t  t h e  number of i t e r a t i o n s  performed and t h e  time 
s p e n t  on them. 



Screens  
The Search  P r o c e s s  

For many query s t r u c t u r e s  a  s u f f i c i e n t  number of d i s t i n c t i v e  s c r e e n s  
a r e  a u t o m a t i c a l l y  g e n e r a t e d  t o  e n a b l e  t h e  s e a r c h  t o  r u n  t o  completion.  
With c o o r d i n a t i o n  compound s t r u c t u r e s ,  however, t h e  number and v a r i e t y  of 
s c r e e n s  a v a i l a b l e  i s  more l i m i t e d  because  many of t h e  s c r e e n s  a v a i l a b l e  
p e r t a i n  o n l y  t o  o r g a n i c  l i g a n d s  and bond sequences  and number of 
c o n n e c t i o n s  t h a t  a r e  independen t  of t h e  e lement  p r e s e n t .  R e l a t i v e l y  few 
s c r e e n  d e s c r i b e  m e t a l  c e n t e r s .  

I n  s e a r c h i n g  f o r  c o o r d i n a t i o n  compounds you may f i n d  t h a t  a  sample 
s e a r c h  i n d i c a t e s  t h a t  t h e  f u l l - f i l e  s e a r c h  w i l l  n o t  complete o r  i s  
u n c e r t a i n  because  t h e  sys tem l i m i t  f o r  i t e r a t i o n s  w i l l  be exceeded,  o r  
t h a t  t o o  many answers which do no t  meet t h e  i n t e n t  of t h e  s e a r c h  a r e  being 
r e t r i e v e d .  You can  o f t e n  overcome t h e s e  d i f f i c u l t i e s  by adding a d d i t i o n a l  
s c r e e n s  t o  t h e  query .  

Before  adding s c r e e n s ,  you s h o u l d  b u i l d  your s t r u c t u r e  a s  s p e c i f i c a l l y  
a s  p o s s i b l e ,  w i t h i n  t h e  requ i rements  of your  q u e s t i o n .  Exact  bond v a l u e s  
and bond t y p e s  shou ld  be s p e c i f i e d  f o r  a s  many bonds a s  p o s s i b l e .  The only 
way you c a n  reduce t h e  number of i t e r a t i o n s  is by c r e a t i n g  a  more s p e c i f i c  
s u b s t r u c t u r e  o r  by adding s c r e e n s .  A t t r i b u t e s  such  a s  hydrogen c o u n t ,  
connec t ,  cha rge ,  o r  v a l e n c e  o p e r a t e  o n l y  a t  t h e  i t e r a t i o n  l e v e l ,  a f t e r  t h e  
s u b s t a n c e s  have passed s c r e e n i n g .  C r e a t i n g  a d d i t i o n a l  s u b s t r u c t u r e s  t o  be 
NOTed o u t  does  not  r educe  t h e  number of i t e r a t i o n s  e i t h e r .  These l a t t e r  
t e c h n i q u e s  h e l p  o n l y  t o  make t h e  answers more s p e c i f i c .  

F u l l  f i l e  p r o j e c t i o n s  on c o o r d i n a t i o n  compound q u e r i e s  a r e  l i k e l y  t o  
be less a c c u r a t e  t h a n  t h o s e  made f o r  many o t h e r  k i n d s  of s e a r c h e s  because  
c o o r d i n a t i o n  compounds make up o n l y  a  small p e r c e n t a g e  of t h e  f i l e .  When 
they do o c c u r ,  a whole group of s i m i l a r  compounds may have a d j a c e n t  
R e g i s t r y  Numbers s i n c e  t h e y  a r e  r e p o r t e d  i n  one paper.  You may f i n d  i t  
u s e f u l  t o  p e r f o m  more t h a n  one sample s e a r c h  i f  t h e  p r o j e c t i o n  i n d i c a t e s  
t h e  s e a r c h  w i l l  be j u s t  over  o r  j u s t  under  t h e  sys tem l i m i t s .  Th i s  is 
e s p e c i a l l y  t r u e  a s  you are t r y i n g  t o  d e c i d e  i f  t h e  a d d i t i o n  of one o r  more 
s c r e e n s  w i l l  be  h e l p f u l  i n  g e t t i n g  your  s e a r c h  t o  complete. When you add 
m u l t i p l e  s c r e e n s  u s i n g  one o r  more SCREEN commands, b e a r  i n  mind t h a t  i f  
you have used more t h a n  one s u b s t r u c t u r e  i n  t h e  query ,  t h e  e n t i r e  s c r e e n  
e x p r e s s i o n  must a p p l y  t o  & s t r u c t u r e s  i n  t h e  query.  



Screens  
S t r u c t u r e s  Needing Screens  

S e v e r a l  f a c t o r s  commonly occur  which r e q u i r e  you t o  add s c r e e n s  t o  
your c o o r d i n a t i o n  compound sea rch .  

Some l i g a n d s ,  even when complete ly  d e s c r i b e d  by e x a c t  bonds and 
hydrogen counts ,  a r e  s m a l l  molecules  c o n t a i n i n g  common atom 
sequences .  

When s e a r c h i n g  f o r  a  c l a s s  of l i g a n d s ,  i t  i s  p o s s i b l e  t o  s p e c i f y  
on ly  t h e  atoms i n  t h e  immediate v i c i n i t y  of t h e  metal .  Th i s  i s  
a  ve ry  g e n e r i c  s e a r c h ,  p a r t i c u l a r l y  i f  you have no t  s p e c i f i e d  a 
s p e c i f i c  m e t a l  atom. 

I f  bonds a r e  l e f t  u n s p e c i f i e d  because t h e  l i g a n d  may a t t a c h  
i t s e l f  t o  t h e  meta l  i n  a v a r i e t y  of ways, o r  you a r e  u n c e r t a i n  
of t h e  ways t h e  bonds ought t o  be s p e c i f i e d ,  o r  you s u s p e c t  t h a t  
a l i g a n d  could  have m u l t i p l e  s t r u c t u r e  r e p r e s e n t a t i o n s ,  on ly  
v e r y  g e n e r i c  s c r e e n s  w i l l  be genera ted  f o r  t h e  p o r t i o n  of your 
s t r u c t u r e  which c o n t a i n s  t h e  u n s p e c i f i e d  bonds. 

0 Your s u b s t r u c t u r e  has  a  f e a t u r e  which,  whi le  common i n  o r g a n i c  
molecu les ,  i s  very d i s t i n c t i v e  when p a r t  of a  c o o r d i n a t i o n  
compound. S i n c e  t h e  s e a r c h  machine g e n e r a l l y  u s e s  only  t h e  
r a r e s t  of t h e  s c r e e n s  i t  g e n e r a t e s ,  i.e., t h o s e  of l e s s  than  10X 
f requency,  i t  may not i n c l u d e  t h e  s c r e e n s  f o r  t h e  f e a t u r e  of 
i n t e r e s t .  I f  you wish t o  emphasize t h e  p resence  of a  f e a t u r e  
which i s  d e s c r i b e d  by a  s c r e e n  which occurs  more f r e q u e n t l y  t h a n  
l o%,  add t h a t  s c r e e n  manually. 

To i l l u s t r a t e ,  Augmented Atom (AA) s c r e e n s  deno t ing  e i t h e r  t h r e e  
r i n g  bonds o r  t h r e e  c h a i n  bonds t o  a cen t ra l .  atom occur  ve ry  
f r e q u e n t l y  i n  o r g a n i c  compounds, s o  they  a r e  u s u a l l y  ignored  by 
t h e  s e a r c h  machine. Yet ,  r e q u i r i n g  t h r e e  r i n g  r i n g  bonds o r  
t h r e e  o r  more c h a i n  bonds i n  a  c o o r d i n a t i o n  compound 
s u b s t r u c t u r e  c a n  add a  ve ry  p r e c i s e  p i e c e  of i n f o r m a t i o n  t o  a  
c o o r d i n a t i o n  compound sea rch .  Fur thermore,  i f  t h e s e  f e a t u r e s  
occur  a t  t h e  same metal c e n t e r ,  a  very  d i s t i n c t i v e  combinat ion 
of h igh  f requency s c r e e n s  i s  p r e s e n t .  Adding t h o s e  s c r e e n  
numbers t o  your query may make t h e  s e a r c h  much more e f f i c i e n t .  

I f  t h e  g e n e r i c  metal  M node i s  used,  t h e  p resence  of a  M node i s  
not d e t e c t e d  u n t i l  t h e  i t e r a t i o n  s t e p .  The only  s c r e e n  
a v a i l a b l e  t o  d e s c r i b e  t h e  presence of a  metal i s  r o u t i n e l y  
ignored.  Manually adding s c r e e n s  f o r  t h e  m e t a l s  you r e q u i r e  
improves t h e  e f f i c i e n c y  of t h e  sea rch .  



Screens  
Metal  Sc reens  f o r  M Node Symbol 

Screens  That  Are O f t e n  Usefu l  

Adding Metal Screens  when S t r u c t u r e  Conta ins  t h e  G e n e r i c  M Node Symbol 

G e n e r i c  Element Count (EC) s c r e e n s  f o r  m e t a l s  are a v a i l a b l e .  They a r e  
based on l o c a t i o n  of t h e  m e t a l  i n  t h e  p e r i o d i c  t a b l e ,  both  by h o r i z o n t a l  
row and by v e r t i c a l  group. A f u l l  l i s t i n g  of t h e s e  s c r e e n s  i s  provided i n  
Appendix 3 .  A s  many of t h e s e  a s  a r e  r e q u i r e d  t o  d e f i n e  t h e  i n t e n t  of your  
s e a r c h  may be combined i n t o  a s c r e e n  s e t  and t h e n  added t o  t h e  s e a r c h  
l o g i c .  

The most impor tan t  of t h e s e  s c r e e n s  t o  a c o o r d i n a t i o n  compound s e a r c h  
a r e :  

1964 T r a n s i t i o n  S e r i e s  1 

1921 T r a n s i t i o n  S e r i e s  2 

1931 T r a n s i t i o n  S e r i e s  3 

1957 Lan than ide  S e r i e s  

1919 A c t i n i d e  S e r i e s  

1918 Metals ( i n c l u d e s  a l l  e l ements  excep t  Ar A s  A t  B B r  C C 1  F H 
He I K r  N Ne 0 P Rn S Se S i  Te Xe) 

S e v e r a l  of t h e  m e t a l s  which have ve ry  e x t e n s i v e  c o o r d i n a t i o n  
c h e m i s t r i e s  have t h e i r  own Element Count s c r e e n s :  

1975 I r o n  

1963 Coba l t  

2002 Nickel  

2020 P la t inum 



Screens 
Screens for Ring or Chain Bonds 

When you use the generic M node, it is recommended that you routinely 
add one or more EC screens to the search logic. This is not be necessary 
if your substructure contains a node for a specific metal or if you have 
defined a variable Gk group containing several metals. Under these 
circumstances, the appropriate EC screens will be generated automatically. 

Which EC screens to add to a query depends on how extensive you want 
the search to be. Screen 1918, the screen number for all metals, is the 
most comprehensive and includes non-transition as well as transition 
metals. Using it will get you the most retrievals, but in some searches 
you may find a lot of those answers are nothing more than sodium or other 
alkali or alkaline earth salts that are not really coordination compounds. 
For transition metal complexes, the combination of Screens 1964 or 1921 or 
1931 is often very effective. You must note however that Zn, Cd, and Hg 
are not included in this screen set. If you want those metals, too, but 
not any others, include Screen 1956 for periodic group Ib. For most of the 
searches illustrated in this booklet, the three screens for the Transition 
Series have been selected, but you should add whichever screens best 
describe the metals you want to retrieve. 

Adding Screens That Specify Minimum Numbers of Ring or Chain Bonds 

Generic Augmented Atom (AA) Screens are descriptions of an atom, its 
immediate attachments, and the type of bonds to those attachments. These 
AA Screens are listed in Appendix 3. They describe any atom (A) in the 
compound. This means that they are not restricted to a description of the 
metal coordination site but serve well to describe these sites. 

In the table of screens, the A represents Any atom, a star (*) 
indicates a ring bond and a dash (-) indicates a chain bond. The central 
atom is cited first, followed by the ring attachments (*) and then the 
chain attachments (-). 

AA screens are generated automatically, but many of them occur too 
frequently to be used by the search machine. None of the AA screens are 
automatically generated for the metal center when you use a generic M atom 
in your structure. It can be helpful to add AA screens to your query 
because they are effective in reducing the number of iterations. 
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Two v e r y  u s e f u l  s c r e e n s  of t h i s  t y p e  a r e  Screens  945 and 947. Screen  
9 4 5 ,  A*A*A*A*A, d e s c r i b e s  a n  atom ( A )  w i t h  f o u r  o r  more r i n g  bonds (*) t o  
any o t h e r  atom ( A ) ,  a s  shown below. 

SCR 945 

Screen  9 4 7 ,  A*A*A*A-A, d e s c r i b e s  a n  atom ( A )  w i t h  a minimum of t h r e e  r i n g  
(*) bonds and one c h a i n  (-) bond t o  any atom ( A ) ,  a s  shown below. 

SCR 947 

S i n c e  a n  AA s c r e e n  o n l y  d e s c r i b e s  t h e  minimum number of bonds 
r e q u i r e d ,  two o r  more may be combined w i t h  AND l o g i c  i n  t h e  same s c r e e n  s e t  
t o  more comple te ly  d e s c r i b e  a p a r t i c u l a r  bonding arrangement.  For example, 
i n  t h e  f i g u r e  below. Screen  940 d e s c r i b e s  t h r e e  r i n g  bonds and S c r e e n  944 
d e s c r i b e s  t h r e e  c h a i n  bonds. Each o c c u r s  a l o n e  w i t h  h i g h  f requency ,  bu t  
t o g e t h e r  t h e y  a r e  q u i t e  d i s t i n c t i v e .  

SCR 940 and 944 



Screens  
Screens  f o r  Ring o r  Chain Bonds 

The combinat ion of augmented atom d e f i n i t i o n s  may over lap .  I n  t h e  
f i g u r e  below, Screen  945 c o v e r s  t h e  f o u r  r i n g  bonds and Screen  947 
s p e c i f i e s  a t  least t h r e e  r i n g  and one c h a i n  bond. 

SCR 945 and 947 

A c a s e  i l l u s t r a t i n g  t h e  b e n e f i t s  of add ing  AA s c r e e n s  i s  a s e a r c h  f o r  
c o b a l t  complexes of s i x  o r  more n i t r o g e n  l i g a n d s .  Th i s  is similar t o  t h e  
s e a r c h  f o r  a l l  rhodium-nitrogen complexes d i s c u s s e d  i n  Chapter  4. The main 
d i f f e r e n c e  is t h a t  t h e  i t e r a t i o n  l i m i t  is reached when s e a r c h i n g  f o r  
s t r u c t u r e s  such  a s  S t r u c t u r e s  A o r  B ,  because  c o b a l t  complexes a r e  much 
more common t h a n  rhodium complexes. 

S t r u c t u r e  A 

BON ALL SE 

I f  Sc reen  944,  r e q u i r i n g  t h e  p resence  of t h r e e  o r  more c h a i n  bonds t o  
a c e n t r a l  atom, i s  added t o  t h e  s e a r c h  f o r  S t r u c u t r e  A ,  t h e  p r o j e c t e d  
i t e r a t i o n s  d rop  from 25,000 t o  15,000 and t h e  o n l i n e  s e a r c h  completes.  
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Combining Screen 941, r e q u i r i n g  t h e  p resence  of a t  least one r i n g  bond and 
two c h a i n  bonds t o  a  c e n t r a l  atom, w l t h  S t r u c t u r e  B reduces  t h e  p r o j e c t e d  
25.000 i t e r a t i o n s  f o r  a  s e a r c h  of S t r u c t u r e  B a l o n e  t o  8,000-10.000. Such 
improvement a l lows  t h e  o n l i n e  s e a r c h  t o  run  t o  completion.  

BON 1-2 2-3 RSE 

S t r u c t u r e  B 

There were no problems s e a r c h i n g  S t r u c t u r e  C. Screen 945, r e q u i r i n g  
f o u r  r i n g  bonds t o  a c e n t r a l  atom, was a u t o m a t i c a l l y  genera ted  and used by 
t h e  sys tem because i t  occurs  w i t h  a  low frequency. 

BON 1-2 2-3 2-4 2-5 RSE 

S t r u c t u r e  C 
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Hydrogen Augmented Atom Screens  f o r  Ligands 

Hydrogen Augmented Atom (HA) s c r e e n s  a r e  s p e c i a l  t y p e s  of augmented 
atom s c r e e n s  d e s c r i b i n g  a c e n t r a l  atom and i t s  a t t achments ,  i n c l u d i n g  t h e  
e x a c t  number of hydrogen atoms. Bond t y p e s  and e x a c t  bond v a l u e s  must be  
s p e c i f i e d .  The c e n t r a l  atom i n  a n  HA s c r e e n  cannot  have any a t t a c h m e n t s  
o t h e r  t h a n  t h o s e  shown i n  t h e  p a r t i c u l a r  HA d e f i n i t i o n .  T h e r e f o r e ,  HA 
s c r e e n s  can  be v e r y  u s e f u l  i n  d e s c r i b i n g  a w e l l  d e f i n e d  l i g a n d  backbone; 
b u t ,  they  cannot  be used t o  d e s c r i b e  a c o o r d i n a t e d  donor atom. 

HA s c r e e n s  a r e  no t  a u t o m a t i c a l l y  g e n e r a t e d ,  s o  add ing  them manual ly  
c a n  h e l p  a s e a r c h  r u n  t o  completion.  A s e l e c t e d  l i s t  of HA s c r e e n s  most 
u s e f u l  t o  l i g a n d s  i s  g iven  i n  Appendix 3. 

To i l l u s t r a t e  t h e  power of t h e  EC and HA s c r e e n s ,  we can  f o l l o w  t h e  
development of a s e a r c h  s t r a t e g y  f o r  a l l  t r a n s i t i o n  m e t a l  complexes of 
1,3-propanediamine, which i n c l u d e s  examples of t h e  l i g a n d  a s  a monodentate,  
b r i d g i n g ,  and c h e l a t i n g  group. To accomplish  t h i s ,  w e  c r e a t e  t h e  s t r u c t u r e  
u s i n g  S i n g l e  Exact  Ring o r  Chain bonds. We soon d i s c o v e r  t h a t  t h i s  i s  t o o  
g e n e r a l ,  even i f  we add s c r e e n s  f o r  t h e  t h r e e  t r a n s i t i o n  s e r i e s ,  i.e., 
Screens  1964 o r  1921 o r  1931. 

M----NH2----CHz----cH2----CH2----NH2 BON ALL RCSE 
1 2 3 4 5 6 

S t r u c t u r e  D 

Uuery: STR D 
I t e r a t i o n s  

900,000 

m: STR D and SCR (1964 o r  1921 o r  1931) 40,000 

To lower t h e  number of p r o j e c t e d  i t e r a t i o n s  w e  shou ld  comple te ly  
d e f i n e  t h e  bond types .  We c r e a t e  two s t r u c t u r e s ,  one w i t h  Ring S i n g l e  
Exact  bonds f o r  t h e  c h e l a t e s  and t h e  o t h e r  w i t h  Chain S i n g l e  Exact  bonds 
f o r  t h e  monodentates.  The l a t t e r  r e q u i r e s  a node s p e c i f i c a t i o n  of Ring o r  Chain 
a t  t h e  metal node. With t h e  same s e t  of t r a n s i t i o n  metal s c r e e n s ,  we f i n d  
a n  improvement, bu t  no t  enough t o  al.low t h e  s e a r c h  t o  complete  o n l i n e .  
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M----NH2----CH2----CH2----CH2----NH2 t)ON ALL USE 
1 2 3 4 5 6 

Structure E 

M----NH2----CH2----CH2----CH2----NHZ BON ALL CSE 
1 2 3 4 5 6 NSP 1 RC 

Structure F 

Iterations 
m: STR E or STR F and SCR (1964 or 1921 or 1931) 25,000 

We will use HA screens to describe the hydrogens attached to carbon 
atoms in the 1,3-propanediamine. Describing the carbon at node 4 is a pair 
of screens for a CH2 group bonded to two carbons, one for the ring bonds in 
Structure E and the other for the chain bonds in Structure F: 

query: STK E or STK F and SCR (1964 or 1921 or 1931) Iterations 
and SCR (989 or 1006) 20,000 

Screens 989 or 1006 may not be quite specific enough, but there is 
also a second pair which describe two occurances of a CH2 group bonded to a 
nitrogen and to a carbon (nodes 3 and 5). 

m: STR E or STK F and SCR (1964 or 1921 or 1931) Iterations 
and SCR (1211 or 1236) 16,000 

With the projected iterations well below the system limit, a full file 
search was run and over 1300 answers retrieved for transition metal 
complexes of 1,3-propanediamine. If complexes of Zn, Cd, and Hg or other 
post transition metals are desired, a different set of EC screens could be 
used. 
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Type of Ring Screens  

Type of Ring (TR) s c r e e n s  e n a b l e  you t o  s p e c i f y  t h e  s i z e  of a  r i n g  a s  
w e l l  as t h e  p o i n t s  a t  which i t  i s  fused  t o  o t h e r  r i n g s .  TR s c r e e n s  a r e  
never  a u t o m a t i c a l l y  g e n e r a t e d  u n l e s s  t h e  r i n g s  i n  a  s u b s t r u c t u r e  have been 
i s o l a t e d  by a  r i n g  s p e c i f i c a t i o n  a t t r i b u t e .  Adding TR s c r e e n s  manual ly  i s  
r i s k y ,  because  i t  can  c a u s e  l a c k  of  r e c a l l  u n l e s s  & p o s s i b l e  TR s c r e e n s  
a r e  used. T h i s  danger  i s  e s p e c i a l l y  h igh f o r  b r idged  and cage s t r u c t u r e s .  
U n f o r t u n a t e l y ,  t h e s e  a r e  j u s t  t h e  s o r t s  of compounds where TR s c r e e n s  have 
t h e  most p o t e n t i a l  v a l u e  i n  c o o r d i n a t i o n  compound sea rch ing .  I f  t h e  u s e r  
can  a c c e p t  r e t r i e v a l  of most of t h e  r e l e v a n t  answers ,  whi le  p o s s i b l y  
miss ing  a  few answers ,  t h e  r i s k  i s  deemed t o l e r a b l e .  I n  t h i s  b o o k l e t  we do 
n o t  add TR s c r e e n s  t o  a  s e a r c h  u n l e s s  t h e r e  i s  r e a l l y  no a l t e r n a t i v e  b u t  t o  
abandon t h e  s e a r c h  q u e s t i o n .  

TK s c r e e n s  a r e  v e r y  s p e c i f i c  and imply t h a t  c e r t a i n  p o s i t i o n s ,  c a l l e d  
T ,  a r e  t h e  o n l y  p l a c e s  where f u s i o n  i s  r e q u i r e d .  When u s i n g  TR Screens  t o  
d e s c r i b e  a  r i n g  sys tem i n  your  s u b s t r u c t u r e s ,  you must i n c l u d e  t h e  s c r e e n s  
f o r  a l l  of t h e  new f u s e d  r i n g s  t h a t  could  be formed upon s u b s t i t u t i o n  of 
your  s u b s t r u c t u r e .  

A TR s c r e e n  c o n s i s t s  of a  series of D's and T's: 

0 D r e p r e s e n t s  any atom which i s  p a r t  o f  on ly  one r i n g ,  i .e.,  
no f u s i o n  o c c u r s  a t  t h i s  p o i n t  

o T  r e p r e s e n t s  any atom which i s  p a r t  of two o r  more r i n g s ,  i.e., 
f u s i o n  has  occur red  a t  t h i s  p o i n t  

Each atom i n  t h e  r i n g  i s  r e p r e s e n t e d  i n  sequence by e i t h e r  D o r  T. TR 
s c r e e n s  app ly  t o  t h e  smallest number of smallest r i n g s .  

s TTT - Three-membered r i n g  fused  a t  a l l  t h r e e  atoms 
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e DDDT - Four-membered ring with one point of fusion 

The following examples illustrate how to choose appropriate TR screens. 

Pi-Bonding Ligands, Organometallics. Pi-donor ligands are structured 
in the Registry Syste~o by attaching the atoms at each end of the double . . 
bond to the metal. ~hree-membered-rings are created as a result of this. 

Cyclopentadienyl complexes are a very common example. In the 
cyclopentadienyl ligand the carbon without the double bond is negatively 
charged and is also part of the pi donor system. If you don't include 
substituents on the cp ring in your substructure, you can specify Single 
Exact and Double Exact bonds and the search will probably run without 
adding any TR Screens. 

If, however, you wish to include a substituent in your substructure, 
the bonds in the cp ring must be left unspecified. 1.n this case, TR 
Screens may be one of the only ways to get a complete search. A series of 
5 three-membered rings fused at each corner are formed. They would be 
described by the TTT screen, TR 1851. Note that a five-membered ring is no 
longer used to describe the coordinated cyclopentadienyl group, because TR 
screens apply to the smallest number of smallest rings. 
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I f  you c a l l  your  Search  A s s i s t a n c e  Desk, you can  g e t  a d v i c e  abou t  how 
t o  proceed i f  you wish t o  add TK s c r e e n s .  

Sc reens  Not t o  Use 

AA 1391 o r  AA 1392 o r  AA 1558. Do no t  u s e  f o r  a n  M atom bonded t o  a 
s e r i e s  of l i g a n d  atoms. These s c r e e n s ,  whi le  s t i l l  l i s t e d  i n  t h e  Screen  
D i c t i o n a r y ,  a r e  no t  g e n e r a t e d  a u t o m a t i c a l l y  and shou ld  never  be added 
manually.  You may l o o s e  answers t h a t  have c y c l o p e n t a d i e n y l  groups  i n  
a d d i t i o n  t o  t h e  l i g a n d s  you have s p e c i f i e d  i n  your  s u b s t r u c t u r e .  

GM (Graph Modi f i e r )  2049. T h i s  i s  t h e  c l a s s  i d e n t i f i e r  s c r e e n  f o r  
c o o r d i n a t i o n  compounds. Th i s  s c r e e n  may n o t  be p r e s e n t  f o r  c e r t a i n  
uncharged compounds and i s  a l s o  used f o r  a  number of i o n s  l i k e  PF6(1-). 
which a r e  common c o u n t e r  i o n s .  

NOT Logic. Be aware t h a t  add ing  s c r e e n s  i n  NOT l o g i c  cou ld  c a u s e  a  
l o s s  of r e t r i e v a l s  by r e j e c t i n g  good answers t h a t  have t h e  NOTed f e a t u r e  
p r e s e n t  e l sewhere  i n  t h e  s t r u c t u r e .  Th i s  could  happen when t h e  NOTed 
f e a t u r e  is p a r t  of a second component, such a s  a second complex i o n  s e r v i n g  
a s  a c o u n t e r  i o n ,  o r  when t h e  NOTed f e a t u r e  i s  i n  a n o t h e r  p a r t  of t h e  
molecule  remote from t h e  s u b s t r u c t u r e ,  such  as a  second m e t a l  c e n t e r  i n  a  
b i n u c l e a r  complex. It  i s  b e t t e r  t o  ADD s c r e e n s  t h a t  d e s c r i b e  t h e  d e s i r e d  
f e a t u r e s  r a t h e r  t h a n  NOTing o u t  u d e s i r e d  f e a t u r e s .  

Too Many Screens .  Do no t  add more s c r e e n s  t h a n  you need t o  g e t  t h e  
s e a r c h  t o  complete ,  because  you could  miss r e t r i e v a l s  w i t h  s t r u c t u r e s  you 
hadn't cons ide red .  Add t h e  s c r e e n s  one by one,  t e s t i n g  t h e i r  e f f e c t  by 
SAMPLE s e a r c h e s .  
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BATCH Search ing  

You shou ld  be aware t h a t  i t  i s  p o s s i b l e  t o  r e q u e s t  t h a t  s t r u c t u r e  
q u e r i e s  be run f o r  you o f f l i n e .  These s e a r c h e s  are run each n i g h t  and have 
h i g h e r  i t e r a t i o n  l i m i t s  and answer set l i m i t s  than o n l i n e  s e a r c h e s .  
O n l i n e ,  a s e a r c h  i s  l i m i t e d  t o  20,000 o r  fewer i t e r a t i o n s  and 5,000 o r  
fewer  answers.  The BATCH limits a r e  50,000 o r  fewer  i t e r a t i o n s  and 10,000 
o r  fewer  answers. Refe r  t o  STN T e c h n i c a l  Note 86/03 f o r  c o ~ o p l e t e  d e t a i l s  
on t h i s  f e a t u r e .  

Div id ing  a S e a r c h  t h a t  W i l L  Not Complete i n  One Search 

I f  t h e s e  s t r a t e g i e s  a r e  no t  s u f f i c i e n t ,  sometimes i t  becomes necessa ry  
t o  d i v i d e  a s e a r c h  i n t o  s e v e r a l  s e a r c h e s .  I f  you need t o  do t h i s ,  c a l l  t h e  
Search  A s s i s t a n c e  Desk f o r  h e l p  i n  b r e a k i n g  t h e  s e a r c h  i n t o  p a r t s  and 
o b t a i n i n g  a c r e d i t  f o r  t h e  e x t r a  s e a r c h e s .  

Depending on t h e  n a t u r e  of t h e  s e a r c h ,  t h e  d i v i s i o n  can  be made u s i n g  
s c r e e n s  f o r  one t r a n s i t i o n  row a t  a t i m e ,  p resence  o r  absence of a fused  
( c h e l a t e d )  m e t a l  atom, r i n g  coun t ,  atom coun t ,  o r  R e g i s t r y  Number range.  
The S e a r c h  A s s i s t a n c e  Desk w i l l  b e  a b l e  t o  d e v i s e  t h e  c o r r e c t  s e a r c h  
s t r a t e g y .  

Summary 

T h i s  c h a p t e r  has  d i s c u s s e d  v a r i o u s  s c r e e n  numbers t h a t  can  be added t o  
a s e a r c h  p r o f i l e  t o  make t h e  s t r u c t u r e  s e a r c h  r u n  more e f f i c i e n t l y .  Many 
s c r e e n  numbers are a u t o m a t i c a l l y  g e n e r a t e d  by t h e  system from t h e  
s t r u c t u r e .  However, t h e  s c r e e n s  t h a t  d e s c r i b e  many f e a t u r e s  common t o  
c o o r d i n a t i o n  compounds o c c u r  w i t h  h igh f requency  i n  t h e  d a t a b a s e  and a r e  
no t  used by t h e  sys tem.  They a r e ,  i n  f a c t ,  unique when combined w i t h  t h e  
c o o r d i n a t i o n  s t r u c t u r e  s o  t h e  s e a r c h  procedes  more e f f i c i e n t l y  i f  you 
manual ly  add them t o  t h e  p r o f i l e .  

I n  t h e  nex t  c h a p t e r  w e  w i l l  summarize some of t h e  genera l .  t e c h n i q u e s  
used when s e a r c h i n g  f o r  c o o r d i n a t i o n  compounds. 
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Summary of Genera l  Sea rch  Techniques  

CHAPTER 7:  SUMMAKY OF GENERAL SEARCH TECHNIQUES 

T h i s  c h a p t e r  summarizes t h e  g e n e r a l  g u i d e l i n e s  t o  keep i n  mind when 
s e a r c h i n g  f o r  c o o r d i n a t i o n  compounds i n  t h e  R e g i s t r y  F i l e .  It i s  a 
s y n o p s i s  of p o i n t s  t h a t  were d i s c u s s e d  i n  more d e t a i l  i n  Chap te r s  3 t h r o u g h  
6 and t h a t  w i l l  be i l l u s t r a t e d  f u r t h e r  i n  t h e  case s t u d i e s  t h a t  make up t h e  
r e s t  of t h i s  bookle t .  

Using Ring O r  Chain Bond Types 

Allow f o r  meta l - l igand bonds t o  be e i t h e r  Ring o r  Chain u n l e s s  you 
know t h a t  you want t o  r e t r i e v e  on ly  complexes w i t h  monodentate l i g a n d s  o r  
on ly  complexes w i t h  c h e l a t e  r i n g s .  I f  t h e  f u l l  f i l e  s e a r c h  p r o j e c t i o n  i s  
incomple te  when you do t h i s ,  b u i l d  two s t r u c t u r e s ,  one w i t h  r i n g  bonds and 
t h e  o t h e r  w i t h  c h a i n  bonds. Then s e a r c h  S t r u c t u r e  1 OR S t r u c t u r e  2 .  

Using S i n g l e  Exact Bond Values 

S p e c i f y  t h e  bonds between t h e  metal and s p e c i f i c  l i g a n d s  as S i n g l e  
Exact  ( e x c e p t  f o r  monodentate 0x0, s u l f i d o ,  n i t r i d o ,  o r  phosphido).  I f  you 
a r e  s e a r c h i n g  f o r  g e n e r i c  donor atoms, l e a v e  t h e  meta l - l igand bond v a l u e s  
as Unspec i f i ed .  

Using Ring o r  Chain Node S p e c i f i c a t i o n  

Use node s p e c i f i c a t i o n s  of Ring o r  Chain on both  t h e  m e t a l  and donor  
atom nodes when you use  a  c h a i n  bond between t h e  meta l  and a n  u n s u b s t i t u t e d  
donor  atom i n  a  s u b s t r u c t u r e  d e s c r i b i n g  on ly  a  p o r t i o n  of t h e  c o o r d i n a t i o n  
sphere .  These node s p e c i f i c a t i o n s  w i l l  a l l o w  r e t r i e v a l  of c y c l i c  l i g a n d s  
and of m e t a l s  w i t h  c h e l a t e  r i n g s  e l sewhere  i n  t h e  s t r u c t u r e .  
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Summary of  Genera l  Sea rch  Techniques  

Ring I s o l a t i o n  

Do no t  i s o l a t e  t h e  r i n g s  i n  a  s u b s t r u c t u r e  u n l e s s  you a r e  s u r e  you 
want t o  p r o h i b i t  any f u r t h e r  c h e l a t i o n  on t h e  meta l .  A me ta l  w i t h  two o r  
more c h e l a t e  r i n g s  i s  a n  example of s p i r o  r i n g  f u s i o n ,  no t  i s o l a t e d  r i n g s .  

Using Gk Nodes 

Allow c h e l a t e  r i n g  backbones t o  va ry  both  i n  s i z e  and i n  type  o f  
he te roa tom u n l e s s  you a r e  s e a r c h i n g  f o r  a  s p e c i f i c  t y p e  of c h e l a t e  r i n g .  
Use r e p e a t i n g  and v a r i a b l e  Gk groups  t o  do t h i s .  

Tautomers 

When t h e  l i g a n d  is  a  t au tomer ,  any atoms t h a t  become c o o r d i n a t e d  no 
l o n g e r  have Normalized bonds. The bonds between remaining atoms must be 
reexamined t o  s e e  whether they  remain Normalized o r  become Exact .  

Using A (Any Atom) Nodes 

When you have b u i l t  a  small s u b s t r u c t u r e  t h a t  on ly  d e f i n e s  one o r  two 
l i g a n d s  i n  t h e  c o o r d i n a t i o n  s p h e r e ,  add A groups  t o  t h e  meta l  t o  i n c r e a s e  
i t s  c o o r d i n a t i o n  number t o  t h e  minimum you w i l l  a c c e p t  i n  answers. 
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Summary of General Search Techniques 

Using the CONNECT Attribute 

Use a CONNECT Attribute on the metal atom whenever you can specify the 
exact, minimum, or maximum coordination number you desire in your answers. 
Do this in addition to adding A groups to the metal. Do not use CONNECT if 
you want your answers to include pi bonded ligands. 

Determining the Coordination Number 

In determining the desired coordination number, remember that each 
atom in a pi bonding ligand that is attached to the metal (mostly 
organometallics) increases the coordination number by one, e.g., a 
cyclopentadienyl group requires five attachments to the metal. The 
apparent coordination numbers may well be higher than the coordination 
numbers based on the number of electron pairs donated. 

Using Hydrogen Counts for Hydrides 

Use hydrogen counts to search for metal complexes with hydride 
ligands. 

Attributes and the Gk Node 

If you plan to use attributes like connect and hydrogen count on a 
metal center, you cannot use a Gk group to specify more than one metal. 
Build separate structures instead. 

Using Charges 

Do not specify charges on any of the nodes in a coordination compound 
substructure. 
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Summary of Genera l  Sea rch  Techniques  

Using Screens  

Add s c r e e n s  f o r  t h e  a p p r o p r i a t e  p e r i o d i c  rows and/or  groups  when you 
have used t h e  g e n e r i c  M group f o r  t h e  m e t a l  node. 

I n t e r p r e t i n g  SAMPLE Searches  

Sample s e a r c h e s  f o r  c o o r d i n a t i o n  compounds are o f t e n  less r e l i a b l e  
t h a n  f o r  o r g a n i c  compounds. When a f u l l  f i l e  s e a r c h  p r o j e c t i o n  is 
u n c e r t a i n  o r  incomple te  ( b u t  c l o s e  t o  t h e  l i m i t s ) ,  it i s  o f t e n  worthwhile 
t o  do s e v e r a l  more sample s e a r c h e s  t o  a t t e m p t  t o  determine a more a c c u r a t e  
I, averaged" p r o j e c t i o n  b e f o r e  r e v i s i n g  your  s t r a t e g y .  

Summary 

Search ing  f o r  c o o r d i n a t i o n  compounds r e q u i r e s  s p e c i a l  s e a r c h  
t echn iques .  T h i s  c h a p t e r  has  summarized some of t h e  b a s i c s  you should  u s e  
when s e a r c h i n g  f o r  t h i s  class of compounds. The remainder of t h i s  book le t  
w i l l  be Case S t u d i e s  t o  s u p p l y  more e x p l i c i t  d e t a i l s  on p a r t i c u l a r  a s p e c t s  
of s e a r c h i n g  i n  t h i s  f i e l d .  



T a i l o r i n g  t h e  Coord ina t ion  Sphere  
Oc tahedra l  Complexes 

CASE STUDY I :  TAILORING THE COORDINATION SPHERE 

This  c a s e  s t u d y  u s e s  examples t h a t  i l l u s t r a t e  some ways of u s i n g  
s t r u c t u r e s  and s c r e e n s  t o  r e t r i e v e  t h e  k i n d s  of c o o r d i n a t i o n  s p h e r e s  you 
seek.  S t r a t e g i e s  f o r  exc lud ing  unwanted f e a t u r e s  frolo t h e  c o o r d i n a t i o n  
s p h e r e  a r e  e q u a l l y  a s  impor tan t  t o  a  s u c c e s s f u l  s e a r c h  a s  s p e c i f y i n g  t h e  
f e a t u r e s  you r e q u i r e .  Examples u s i n g  h a l i d e  l i g a n d s  have been s e l e c t e d  t o  
i l l u s t r a t e  t h e s e  p o i n t s ,  b u t  t h e  g e n e r a l  p r i n c i p l e s  can be a p p l i e d  t o  o t h e r  
l i g a n d s  a s  w e l l .  

A l l  O c t a h e d r a l  Dich lo ro  Complexes of Cobal t  

The e s s e n t i a l  f e a t u r e  d e s i r e d  i n  t h i s  s e a r c h  is t h e  p resence  of  
e x a c t l y  two c h l o r i d e  l i g a n d s  i n  a  s i x  c o o r d i n a t e  c o b a l t  complex. More t h a n  
two c h l o r i d e s  a r e  no t  d e s i r e d ,  n o r  a r e  any o t h e r  h a l i d e  l i g a n d s .  I n  t h e  
o t h e r  f o u r  p o s i t i o n s ,  any l i g a n d  o t h e r  t h a n  h a l i d e  may be p r e s e n t .  To 
exc lude  a p a r t i c u l a r  e lement  from a node, a s s i g n  a minus (-) element symbol 
t o  t h e  node where t h e  e lement  may not be p r e s e n t .  The g e n e r i c  h a l i d e  
symbol X i s  used i n  t h i s  example t o  exc lude  a l l  h a l i d e s  from t h e  o t h e r  f o u r  
c o o r d i n a t i o n  p o s i t i o n s  on t h e  c o b a l t .  

EON ALL RCSE 

-X = any e lement  e x c e p t  
halogen o r  hydrogen 

It was dec ided  no t  t o  i n c l u d e  a  CONNECT a c t r i b u t e  of E x a c t l y  6 on t h e  
c o b a l t  s i n c e  a l l  s i x  l i g a n d s  r e q u i r e d  f o r  a n  o c t a h e d r a l  complex a r e  p a r t  of 
t h e  s t r u c t u r e  and c o b a l t  r a r e l y  shows c o o r d i n a t i o n  numbers g r e a t e r  than  
s i x .  No s c r e e n s  were necessa ry  t o  a l l o w  t h e  s e a r c h  t o  run. 



Tailoring the Coordination Sphere 
Octahedral Complexes 

Examples of the types of answers retrieved by a search on this 
substructure are shown below. 

Had a CONNECT of Exactly 6 been used for the cobalt, answers like the 
one below would have been lost. Although these organometallic derivatives 
are considered six coordinate from a chemical point of view, the CAS 
Registry System sees seven or more connections at the metal (each cp ligand 
contributes five connections). 

A strategy similar to this example works for most metals and can even 
be generalized to include all dihalo complexes by using the generic X group 
in place of the Cl's. A CONNECT attribute of Exactly 6 on the metal node 
might be appropriate if the metal in question is known to have many 
examples of coordination numbers greater than six. 



T a i l o r i n g  t h e  Coord ina t ion  Sphere  
Complexes w i t h  Low Coord ina t ion  Numbers 

Dichloro  Cobal t  Complexes of Lower Coord ina t ion  Number 

Cobal t  a l s o  e x h i b i t s  bo th  c o o r d i n a t i o n  number f o u r  and c o o r d i n a t i o n  
number f i v e .  E i t h e r  of t h e s e  can  be s e a r c h e d  f o r  i n d i v i d u a l l y .  A f t e r  
c r e a t i n g  t h e  r e q u i r e d  s t r u c t u r e ,  add t h e  CONNECT a t t r i b u t e  of E x a c t l y  4 o r  
E x a c t l y  5 t o  t h e  c o b a l t  node. T h i s  w i l l  exc lude  from t h e  answer set any 
complexes w i t h  c o o r d i n a t i o n  numbers g r e a t e r  t h a n  t h e  a s s i g n e d  CONNECT 
value.  It i s  impor tan t  t o  add t h e  CONNECT a t t r i b u t e  i n  t h i s  c a s e ,  because  
w e  know from t h e  example above t h a t  t h e r e  a r e  many examples of c o b a l t  w i t h  
a  c o o r d i n a t i o n  number of s i x  o r  more. T h i s  s t r a t e g y  would no t  r e t r i e v e  
c y c l o p e n t a d i e n y l  complexes, bu t  wi thou t  t h e  Exact  CONNECT a t t r i b u t e  t h e r e  
i s  no way t o  l i m i t  answers t o  t h e  lower  c o o r d i n a t i o n  numbers of c o b a l t .  

CON Ei CON E5 

STRUCTURE A STRUCTURE B 

If you want answers w i t h  both c o o r d i n a t i o n  numbers f o u r  and f i v e  i n  
t h e  same answer set ,  you can  s e a r c h  f o r  them t o g e t h e r  w i t h  t h e  query:  STR A 
o r  STK B. 

Examples of answers a r e  shown below. 



T a i l o r i n g  t h e  Coord ina t ion  Sphere  
Requi r ing  Two D i f f e r e n t  Ha l ide  Ligands 

Two D i f f e r e n t  Ha l ide  Ligands 

I f  w e  wish t o  r e q u i r e  two d i f f e r e n t  h a l i d e  i o n s  i n  a  s t r u c t u r e ,  

we can do t h i s  by u s i n g  Gk groups.  

There  i s  a  v a r i e t y  of ways t o  b u i l d  t h e  s t r u c t u r e  query. The most 
e f f i c i e n t  s e a r c h  r e s u l t s  when we u s e  j u s t  one s t r u c t u r e  w i t h  t h r e e  VARIABLE 
Gk groups.  G l  i s  d e f i n e d  as any of t h r e e  mul t ia tom fragments c o n t a i n i n g  a  
c o b a l t  atom w i t h  two d i f f e r e n t  h a l i d e s .  G2 a l l o w s  f o r  F ,  B r ,  o r  I i n  t h e  
p resence  of C1. G3 a l l o w s  f o r  e i t h e r  F o r  I i n  t h e  presence of Br, and t h e  
t h i r d  fragment covers  t h e  f i n a l  p o s s i b i l i t y  of I and F t o g e t h e r .  We 
a s s i g n e d  a CONNECT of E x a c t l y  6 t o  each of t h e  c o b a l t  atoms used i n  t h e  G I  
d e E i n i t i o n s .  The query s t r u c t u r e  i s  shown below. 

VAR G1=7/10/13 
VAR GZ=F/Br/I 
VAR G3=F/I 



Tailoring the Coordination Sphere 
Requiring Two Different Halide Ligands 

A search of this structure produces answers such as 

Because we assigned a CONNECT value of E6 to the cobalt atoms, this 
strategy fatls to retrieve such answers as 

because the connectivity is greater than the coordination number. 

Running the same search without a CONNECT attribute on the cobalt 
retrieves "answers" that did not match the query because the iteration 
process for them was incomplete. The answer set is more complete at the 
expense of being considerably less precise. 

Thus, it can be seen that one of the benefits of using a CONNECT 
attribute can be fewer "answers" that have not completed the iteration 
step. But, when you use the CONNECT attribute for coordination compounds, 
you trade off a possible loss of a few organometallic answers with 
connectivities higher than the formal coordination number for an answer set 
with a higher degree of precision. Sometimes you will willingly make this 
tradeoff in order to get a more manageable answer set. For example, the 
CONNECT attributes made it possible to get highly precise answer sets for 
four- and five-coordinate complexes without retrieving a very large number 
of answers with higher coordination number. 



T a i l o r i n g  t h e  Coord ina t ion  Sphere  
Bridging Hal i d e s  

Bridging Hal ides  

If t h e  c o b a l t - c h l o r i d e  bonds i n  t h e  s t r u c t u r e  a r e  s p e c i f i e d  as Ring 

t h e  answer s e t  w i l l  have on ly  t h o s e  s u b s t a n c e s  w i t h  a minimum of two 
b r i d g i n g  c h l o r i d e s .  A l t e r n a t i v e l y ,  you cou ld  exc lude  t h e  c h l o r o  br idged 
s p e c i e s  from t h e  answer s e t  by t a k i n g  t h e  Chain d e f a u l t  f o r  t h e  bonds 1-2 
and 2-3. 

I n  t h e  nex t  example w e  w i l l  broaden t h e  s t r u c t u r e  p a r t  of t h e  query t o  
encompass complexes where t h e  c h l o r i d e s  b r i d g e  two metals .  With t h i s  more 
g e n e r a l  approach,  w e  can e x p l o r e  t h e  e f f e c t  of bo th  s t r u c t u r e s  and s c r e e n s  
on t h e  number of  i t e r a t i o n s  p r o j e c t e d  f o r  t h e  F u l l  f i l e  sea rch .  

The e s s e n t i a l  p a r t  of t h e  query s t r u c t u r e  i s  a four-membered r i n g  
c o n t a i n i n g  t h e  m e t a l s  ( M )  and t h e  b r i d g i n g  c h l o r i d e s .  S t r u c t u r e  C,  shown 
below, meets t h i s  requirement .  



Tailoring t h e  Coord ina t ion  Sphere  
Bridging H a l i d e s  

S i n c e  t h e  s t r u c t u r e  c o n t a i n s  t h e  g e n e r i c  M nodes, w e  w i l l  add a  s c r e e n  
f o r  t h e  meta l s  t h a t  a r e  d e s i r e d ,  e.g., Sc reens  1921 o r  1931 o r  1964 d e f i n e  
t h e  t h r e e  t r a n s i t i o n  s e r i e s .  I f  a l l  m e t a l s  a r e  d e s i r e d ,  Screen  1918 should 
be used. We choose t o  add t h e  s c r e e n s  f o r  t h e  t h r e e  t r a n s i t i o n  series. 

Query I t e r a t i o n s  P r o j e c t e d  

STK C over  300,000 

STR C and SCR (1921 o r  1931 o r  1964) over  60,000 

From t h e  h igh  number of p r o j e c t e d  i t e r a t i o n s ,  i t  i s  obvious t h a t  t h e  
query needs ref inement .  A s  a  g e n e r a l  r u l e ,  u s e  s p e c i f i c  s t r u c t u r e s  i n  
which t h e  c o o r d i n a t i o n  s p h e r e  i s  a s  complete ly  d e f i n e d  a s  p o s s i b l e  w i t h i n  
t h e  scope of t h e  query. S t r u c t u r e  D assumes t h a t  both  m e t a l s  w i l l  be a t  
l e a s t  f o u r  c o o r d i n a t e  

BON A-M RCSE 

S t r u c t u r e  D 

A s e a r c h  of S t r u c t u r e  D ,  i n  which c o o r d i n a t i o n  number f o u r  o r  g r e a t e r  
i s  s p e c i f i e d ,  i l l u s t r a t e s  t h e  improvement p o s s i b l e  when you add two g e n e r i c  
A groups t o  each metal  t o  i n c r e a s e  t h e  c o o r d i n a t i o n  number. 

ouery 

STK D 

I t e r a t i o n s  P r o j e c t e d  

over  80,000 

STR D and SCR (1921 o r  1931 o r  1964) over  32,000 



T a i l o r i n g  t h e  C o o r d i n a t i o n  Sphere  
Bridging Hal ides  

Even though t h e  s e a r c h  s t a t i s t i c s  a r e  improved by t h e  more s p e c v l c  
S t r u c t u r e  B ,  t h e r e  are s t i l l  too  many I t e r a t i o n s  f o r  a s i n g l e  o n l i n e  
sea rch .  We a l s o  l e a r n  t h a t  t h e  p r o j e c t e d  number of answers f o r  t h i s  s e a r c h  
i s  g r e a t e r  t h a n  t h e  number of answers a l lowed f o r  s i n g l e  o n l i n e  sea rch .  
The s e a r c h  cou1.d be run o f f l i n e  w i t h  BATCH o r  i t  could be run o n l i n e  by 
s p l i t t i n g  t h e  s e a r c h  i n t o  m u l t i p l e  sea rches .  It is convenient  t o  do t h i s  
on t h e  b a s i s  i n d i v i d u a l  t r a n s i t i o n  rows, s o  each of t h e  t r a o s i t i o n  meta l  
s c r e e n s  i s  used s e p a r a t e l y .  

I t e r a t i o n s  Answers 

Que_ry: STR D and SCR 1964 12887 1524 

query: STK D and SCK 1921 11554 3528 

w: STR D and SCR 1931 

A f t e r  combining t h e  anewer sets, t h e  r e s u l t s  of t h e  s e a r c h  f o r  t h e  
d i h a l o  b r idged  complexes p rov ide  answers such a s  



T a i l o r i n g  t h e  Coord ina t ion  Sphere  
Bridging H a l i d e s  

The s e a r c h  s ta tement  r e q u i r e s  o n l y  t h e  p resence  of a t  l e a s t  two c h l o r o  
br idges .  We n o t e  t h a t  t h e  answers i n c l u d e  some examples of both tri- and 
t e t r a -  br idged subs tances .  

Although t h e r e  a r e  r e l a t i v e l y  few of t h e s e ,  you may wish t o  exc lude  them. 
You can l i m i t  t h e  s e a r c h  t o  s u b s t a n c e s  w i t h  o n l y  two h a l o  b r i d g e s  by 
b u i l d i n g  a second s u b s t r u c t u r e  wi th  t h r e e  b r i d g e s  and add ing  i t  t o  t h e  
s e a r c h  query wi th  NOT l o g i c ,  a s  shown i n  t h e  f o l l o w i n g  query:  

C I 

NOT 

C I 



T a i l o r i n g  t h e  Coord ina t ion  Sphere  
Ha l ide  and Halo Complexes of Rhenium 

Simple Ha l ides  and Halo Complexes of Rhenium 

A l l  rhenium h a l i d e s  and h a l o  complexes are sought.  The rhenium should 
not have any o t h e r  nonmetal atoms bonded t o  i t .  

Rhenium has  a very  r i c h  h a l i d e  chemist ry .  It e x h i b i t s  a  v a r i e t y  of 
o x i d a t i o n  s t a t e s  and undergoes dimer and trimer format ion  both wi th  and 
w i t h o u t  h a l i d e  b r idges .  Thus, it is necessa ry  t o  c o n s t r u c t  a  very  g e n e r a l  
s t r u c t u r e  t o  r e q u i r e  t h e  p resence  of a t  l e a s t  one h a l i d e  on t h e  Re. 

Re????X BON 1-2 RC 
1 2 

S t r u c t u r e  E 

To meet t h e  o b j e c t i v e s  oE t h i s  s e a r c h ,  i t  i s  necessa ry  t o  exc lude  
e lements  o t h e r  t h a n  halogen from t h e  c o o r d i n a t i o n  s p h e r e  of t h e  rhenium. 
S i n c e  t h e r e  i s  no g e n e r i c  symbol t o  accomplish t h i s  i n  t h e  manner t h a t  -X 
exc ludes  a l l  ha logens ,  a  more complicated s t r a t e g y  is necessary .  

To e l i m i n a t e  any o t h e r  e lements  bonded t o  t h e  rhenium, a  second 
s t r u c t u r e  i s  c r e a t e d  bonding rhenium t o  o t h e r  common l i g a n d s .  

VAR G~=N/O/S/P /A~/C/H 

S t r u c t u r e  F 

S t r u c t u r e  F i s  t h e n  used w i t h  NOT l o g i c .  

Uuery: STK E no t  STK F 



Tailoring the Coordination Sphere 
Halide and Halo Complexes of Rhenium 

Answers include: ReI, ReC13, and 

Of the answers retrieved, a few are extraneous substances in which 
rhenium is bonded to elements other than halogen, such as selenium or other 
metals. These answers are examples of donor atoms we didn't think to 
exclude when we created the Variable G1 group in Structure F. Remember you 
can specify up to 20 different elements in a Gk group. 



Tailoring the Coordination Sphere 
Halide and Halo Complexes of Rhenium 

This strategy al.so allows us to retrieve two component answers such 
as 

COMPONENT 1 COMPONENT 2 

in which the counter ion has a different metal bonded to both nitrogen and 
oxygen ligands. 

However, to get as precise an answer set as we did, we sacrificed 
answers in which a second rhenium complex is the counter ion. The second 
rhenium is indeed bonded to carbon, one of the donor atoms we excluded by 
NOT logic. 

c i o  
I 

c i o  

COMPONENT 1 COMPONENT 2 



Tailoring the Coordination Sphere 
Halide and Halo Complexes of Rhenium 

Summary 

Using halides as examples, Case Study 1 has illustrated some techniques 
used to specify the nature of the coordination sphere. 

In Case Study 2, organometallics will be discussed. 



0rganometaLl.i~~ 
Bond Values 

CASE STUDY 2: ORGANOMETALLICS 

Organometallic compounds have carbon atoms covalently bonded to a 
metal atom by either sigma or pi bonds. However, compounds with carbon 
monoxide, cyanate ion, or carbide ion as the sole carbon donor ligands are 
not considered to be organometallics. 

The structuring conventions used by the Registry System for pi bonded 
systems differ considerably from those used by chemists for these 
compounds. In the Registry System, each carbon atom in the pi system is 
connected to the metal atom. This results in structures based on the 
connectivity of the metal atom rather than on typical coordination numbers 
derived from the electronic structure of the metal. 

The bonds in cyclic pi donors containing an even number of carbon 
atolns joined by alternating double and single bonds are Normalized bonds. 
Cyclic pi donors with odd numbers of carbon atoms have Double Exact and 
Single Exact bonds. Linear pi bonded systems have alternating Double Exact 
and Single Exact bonds. In alL cases, the bonds from the carbons to the 
metal are Single Exact bonds. 

Exact Normalized 
Bonds Bonds 

Normalized Exact 
Bonds Bonds 

All of these structures contain a series of three-membered Eused 
rings. You may wish to combine TR screen 1851 for DTT or TTT rings with 
the structure queries for organometallics because it will markedly reduce 
the number of iterations required. Remember, however, that when you use TR 
screens, you risk loosing some relevant answers. 



O r g a n o ~ o e t a l l i c s  
Metal locenes  

1letal.locenes (Cyclopentadienyl  Complexes) 

Meta l locenes ,  i.e., c y c l o p e n t a d i e n y l  complexes, a r e  exceedingly  
common, e s p e c i a l l y  complexes w i t h  i r o n .  I t  is  not possibLe t o  s e a r c h  f o r  
c y c l o p e n t a d i e n y l  d e r i v a t i v e s  of i r o n  wi thout  d i v i d i n g  t h e  s e a r c h  i n t o  a  
number of s m a l l e r  s e a r c h e s  because  of t h e  l a r g e  number of compounds 
r e p o r t e d .  It i s  c e r t a i n l y  not f e a s i b l e  t o  t r y  t o  s e a r c h  f o r  
c y c l o p e n t a d i e n y l  d e r i v a t i v e s  of a l l  me ta l s  u s i n g  a g e n e r i c  M node. A 
s u b s t r u c t u r e  has t o  be e x p l i c i t .  However, i f  you s p e c i f y  S i n g l e  Exact and 
Double Exact bonds and s p e c i f i c  m e t a l s ,  o t h e r  than  i r o n ,  t h e  s e a r c h  w l l l  
complete.  

A sample s e a r c h  f o r  d e r i v a t i v e s  of cyclopentadienylmolybdenum 

S t r u c t u r e  A 

p r o j e c t s  more than  5,000 answers. This  s e a r c h  would have t o  be run a s  a  
BATCH s e a r c h  o r  s p l i t  i n t o  m u l t i p l e  o n l i n e  sea rches .  S ince  t h e r e  a r e  f i v e  
r i n g s  p r e s e n t  w i t h  every  c y c l o p e n t a d i e n y l  group, a Ring Count s c r e e n  f o r  
t e n  o r  more r i n g s ,  RC 1846, was chosen t o  d i v i d e  t h e  s e a r c h  i n t o  two 
groups.  



Organometallics 
Metallocenes 

One query w i l l  r e t r i eve  substances with two or more cp groups. 

Query: STK A and SCK 1846 

The second query w i l l  r e t r i e v e  substances with only one. 

Query: STK A not SCR 1846 

Examples of substances re tr ieved  based on these  queries  are shown below. 

v,,, 
CIO 



Organometa l l i c s  
S u b s t i t u t e d  Cyc lopen tad ieny l  Ligands 

S u b s t i t u t e d  Cyclopentadienyl  Ligands 

I f  you a r e  a l l o w i n g  Eor s u b s t i t u t i o n  on t h e  c y c l o p e n t a d i e n y l  l i g a n d ,  
you shou ld  l e a v e  t h e  bonds Unspec i f i ed  i n  t h e  p i  sys tem of t h e  query. The 
l o c a t i o n  of  t h e  s i n g l e  and double  r i n g  bonds may v a r y  i f  more than  one 
s u b s t i t u e n t  is p r e s e n t .  A s e a r c h  f o r  methy lcyc lopen tad ieny ls  

r e v e a l e d  t h r e e  d i f f e r e n t  t y p e s  of s t r u c t u r e s .  Examples of each a r e  
i l l u s t r a t e d  below. 

However, a  sample s e a r c h  of t h e  query w i t h  Unspecif ied  bonds shows 
t h a t  t h e  f u l l  f i l e  s e a r c h  w i l l  not  complete,  even w i t h  t h e  a d d i t i o n  of EC 
s c r e e n s  1921, 1931, and 1964 f o r  t h e  t r a n s i t i o n  metals and HA s c r e e n  963 
f o r  a  methyl group bonded t o  a carbon. Another approach i s  t o  use  Exact 
bonds i n  m u l t i p l e  s t r u c t u r e s  p l a c i n g  t h e  s u b s t i t u e n t  i n t o  each  of t h e  
p o s s i b l e  l o c a t i o n s  w i t h  r e s p e c t  t o  t h e  e x a c t  bonds and t h e n  OR t h e  
s t r u c t u r e s  t o g e t h e r .  With e i t h e r  s t r a t e g y ,  t h e  s e a r c h  w i l l  have t o  be 
d i v i d e d  i n t o  two p o r t i o n s  because i t e r a t i o n  l i m i t s  are exceeded even w i t h  
t h e  TR s c r e e n  1851 inc luded .  



Organometa l l i c s  
Noncyclic Polyenes  

I n  c a s e s  where t h e  p i  donor l i g a n d  i s  uncharged and has  normalized 
bonds, a s  i n  t h e  example below, a l l  p o s i t i o n s  oE s u b s t i t u t i o n  a r e  
e q u i v a l e n t .  

T h e r e f o r e ,  t h e r e  i s  no need t o  use Unspecif ied  r i n g  bonds. 

Noncyclic Polyenes  

When s e a r c h i n g  f o r  open c h a i n  polyene p i  d o n o r s ,  a s t r a t e g y  i s  needed 
t h a t  w i l l  e l i m i n a t e  answers i n  which a d d i t i o n a l  bond fo rmat ion  g e n e r a t e s  
t h e  c losed  c y c l i c  l igand .  There a r e  s e v e r a l  ways t o  prevent  t h e s e  answers ,  
depending on t h e  s e a r c h  requirements .  A CONNECT a t t r i b u t e  of Exac t ly  2 
King bonds a t  t h e  two t e r m i n a l  carbons i s  t h e  most g e n e r a l  way t o  i n s u r e  
t h e  presence oE t h e  open d iene .  T h i s  a l lows  f o r  both a n  exac t  number of  
carbons  i n  t h e  p i  sys tem and t h e  p o s s i b i l i t y  of uncoordinated s u b s t i t u e n t s  
anywhere i n  t h e  l igand .  I f  you wish t o  prevent  s u b s t i t u t i o n  of any t y p e  on 
t h e  t e rmina l  carbons ,  use a CONNECT a t t r i b u t e  of Exac t ly  2 King o r  Chain a t  
those  nodes. A Hydrogen Count of Exac t ly  2 would a l s o  block any 
s u b s t i t u t i o n  on t h e  end carbons .  

Search ing  f o r  t h i s  type  of subs tance  w i l l  o f t e n  run i n t o  i t e r a t i o n  
l i m i t s  s i n c e  t h e s e  a t t r i b u t e s  do no t  b r i n g  down t h e  number of compounds t o  
be i t e r a t e d .  They only  reduce t h e  number of answers. Th i s  problem of t o o  
many i t e r a t i o n s  w i l l  be e s p e c i a l l y  t r u e  when t h e  l i g a n d  is one O F  t h e  
s m a l l e r  p i  sys tems,  such as a l l e n e  and bu tad iene .  I n  o r d e r  t o  g e t  s e a r c h e s  
f o r  t h e s e  s u b s t a n c e s  t o  run ,  you w i l l  o f t e n  have t o  d i v i d e d  t h e  s e a r c h  i n t o  
two sea rches  based on r i n g  counts.  



Organometa l l i c s  
E thy lene  Ligand 

Ethy lene  

Upon c o o r d i n a t i o n  t o  a m e t a l ,  e t h y l e n e  forms a three-membered r i n g  
which i s  no t  p a r t  of any l a r g e r  f u s e d  r i n g  system. It is necessary  t o  
p r e v e n t  any f u r t h e r  s u b s t i t u t i o n  on t h e  carbon atoms. This  i s  done by 
adding a CONNECT A t t r i b u t e  of E x a c t l y  2 Ring bonds. 

CON 1 2 E2 R 

S t r u c t u r e  B 

Because t h i s  is such a s m a l l  f ragment ,  over  400,000 i t e r a t i o n s  a r e  
p r o j e c t e d .  Th is  neans  t h i s  s e a r c h  i s  i m p r a c t i c a l  wi thou t  adding sc reens .  
You can e f f e c t i v e l y  s c r e e n  o u t  l a r g e r  p i  donors by us ing  t h e  TK s c r e e n  
1848, f o r  a DDD r i n g  system, t o g e t h e r  wi th  TR s c r e e n  1850, f o r  a DDT r i n g  
sys tem,  which a l l o w s  f o r  c h e l a t e  fo rmat ion  on t h e  metal .  Th i s  lowers t h e  
i t e r a t i o n s  t o  10,000, and,  i n  s p i t e  of t h e  p o t e n t i a l  l o s s  of a few answers,  
a l l o w s  u s  t o  perform t h e  sea rch .  

Query: STK B and SCR (1848 o r  1850) 

An examinat ion of some of t h e  answers i n d i c a t e s  t h a t  l a r g e r  p i  donor 
Ligands a r e  o f t e n  p r e s e n t  t o g e t h e r  w i t h  t h e  e thylene.  An example is shown 
be1.0~. 



Organornetall ics 
Pen tad iene  Ligand 

Pen tad iene  

Any open c h a i n  p i  donor l a r g e r  t h a n  e t h y l e n e  w i l l  p robably  p r e s e n t  
d i f f i c u l t i e s  w i t h  r e s p e c t  t o  t h e  p r o j e c t e d  number of i t e r a t i o n s ,  s i n c e  
t h e r e  i s  no way t o  exclude t h e  c y c l i z e d  d e r i v a t i v e s  of t h e  l i g a n d  from t h e  
i n i t i a l  s c r e e n  s t e p .  Even reasonab ly  s p e c i f i c  s u b s t r u c t u r e s  have 
incomplete  f u l l  f i l e  p r o j e c t i o n s .  The on ly  way around t h i s  problem i s  t o  
d i v i d e  t h e  s e a r c h ,  b a s i n g  t h e  s p l i t  on r i n g  count.  

We have chosen pen tad ienes  t o  i l l u s t r a t e  how t h e  s e a r c h  can  be 
d tv ided .  The s t r u c t u r e  f o r  p e n t a d i e n e  i s  shown i n  S t r u c t u r e  C. 

S t r u c t u r e  C 

The RC s c r e e n  1.846, f o r  a r i n g  count of t e n  o r  more, was combined w i t h  
t h i s  s t r u c t u r e  t o  d e f i n e  t h e  two s e a r c h e s  needed t o  a 1 l . o ~  t h e  f u l l  f i l e  
s e a r c h  t o  run t o  completion.  

Query 1: STK C and SCR 1846 

Query 2: STK C no t  SCK 1846 

Examples of  answers t o  t h e s e  s e a r c h e s  a r e  shown below. 



OrganometalLics 
P a r t i a l l y  Coordinated P i  System 

P a r t i a l  Coord ina t ion  of t h e  P i  System 

There  a r e  a  number oE o r g a n o m e t a l l i c  compounds where on ly  some of  t h e  
ca rbon  atoms i n  t h e  r i n g  a r e  bonded t o  t h e  metal .  This  p r e s e n t s  t h e  
f a m i l i a r  problem of exc lud ing  t h e  f u l l y  coord ina ted  l i g a n d  s t r u c t u r e  from 
ELooding e i t h e r  t h e  i t e r a t i o n  s t e p  o r  t h e  answer set. We w i l l  u se  t h e  

-cyc lopen tad ieny l  l i g a n d  t o  i l l u s t r a t e  s t r a t e g i e s  t o  g e t  t o  t h e  
d e s i r e d  answer s e t .  Th i s  l i g a n d  r e q u i r e s  t h a t  one carbon i n  t h e  f l v e -  
membered r i n g  remain una t t ached  t o  t h e  metal atom. Assigning a  CONNECT 
A t t r i b u t e  of E x a c t l y  2 King t o  t h a t  ca rbon  w i l l  i n s u r e  t h a t  t h e  answers 
w i l l  n o t  have a bond between carbon and meta l  a t  t h a t  po in t .  S t r u c t u r e  D 
r e p r e s e n t s  t h e  s t r u c t u r e  query. 

S t r u c t u r e  D 

A sample s e a r c h  p r o j e c t s  t h a t  t h e  i t e r a t i o n s  a r e  f a r  above system 
l i m i t s .  Without TK s c r e e n s ,  t h i s  s e a r c h  is no t  p r a c t i c a l .  A unique p a i r  
of TK s c r e e n s  f o r  bo th  a  four-membered r i n g  and three-membered r i n g s  
d e s c r i b e s  t h e  t h e  r i n g s  found i n  S t r u c t u r e  D. There no longer  i s  a  set of 
5 three-menbered r i n g s ,  but r a t h e r  3  three-membered TTT r i n g s  and I four -  
)membered UTTT r i n g .  The p resence  of both  types  of r i n g s  i n  t h e  same 
s u b s t r u c t u r e  i s  a  r a r e  occur rence .  The s t r a t e g y  i s  t o  combine t h e s e  two 
s c r e e n  w i t h  t h e  s t r u c t u r e .  

w: STK D and SCK (1851 and 1853) 

T h i s  query w i l l  r u n  w e l l  w i t h i n  sys tem l i m i t s .  



Organometa l l i c s  
P a r t i a l l y  Coordinated P i  System 

Kemember t h a t  t h e r e  may be some l o s s  of  r e c a l l  due t o  t h e  a d d i t i o n  
of t h e  TK s c r e e n s .  Examples of answers r e t r i e v e d  a r e  shown below. 

Summary 

T h i s  c a s e  s t u d y  has i l l u s t r a t e d  v a r i o u s  s t r a t e g i e s  used when s e a r c h i n g  
f o r  o rganometa l l i c s .  Case Study 3 w i l l  d i s c u s s  complexes c o n t a i n i n g  
c a r b o x y l i c  a c i d s  i n  t h e  l i g a n d s .  
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Carboxyl ic  Acids 

CASE STUDY 3: CAKBOXYLIC ACIDS 

When s e a r c h i n g  f o r  complexes of l i g a n d s  t h a t  have s e v e r a l  ways of 
c o o r d i n a t i n g  t o  a  meta l ,  i t  i s  n e c e s s a r y  t o  d e c i d e  how g e n e r a l  you want t h e  
s e a r c h  t o  be. Do you only  want examples of one t y p e  of bonding o r  do you 
want a l l  s u b s t a n c e s  t h a t  c o n t a i n  t h a t  l i g a n d  and any m e t a l ?  If i t  i s  
necessa ry  t o  r e t r i e v e  a l l  s u b s t a n c e s  where t h e  l i g a n d  and a  m e t a l  o c c u r ,  
you need t o  b u i l d  a  ve ry  g e n e r a l  s t r u c t u r e  and you may g e t  a  g r e a t  many 
answers.  

I n  t h i s  c a s e  s t u d y ,  t h e  emphasis i s  on t h e  complete ly  d e f i n e d  l i g a n d .  
p i c o l i n a t e  i o n ,  o r  2 -pyr id inecarboxyla te ,  i ts c u r r e n t  Index Name. 

and i ts  i n t e r a c t i o n s  wi th  meta l  i o n s .  The g e n e r a l  p r i n c i p l e s  can ,  however, 
be a p p l i e d  t o  o t h e r  c a r b o x y l a t e s .  

When a  metal  coordinates t o  p i c o l i n a t e ,  t h e  most t y p i c a l  complex has a 
five-membered c h e l a t e  r i n g .  



Carboxyl ic  Acids 
Comprehensive Search  

Other  p o s s i b i l i t i e s  could  i n c l u d e  monodentate c o o r d i n a t i o n  e i t h e r  
through t h e  p y r i d i n e  n i t r o g e n  o r  through t h e  c a r b o x y l a t e  oxygen. You might 
a l s o  need t o  cons ider  whether o t h e r  f u n c t i o n a l  groups s u b s t i t u t e d  on t h e  
a r o m a t i c  r i n g  i n f l u e n c e  t h e  mode of coord ina t ion .  F i n a l l y ,  compounds t h a t  
have t h e  a n i o n i c  form of  t h e  p i c o l i n a t e  w i t h  t h e  meta l  a s  t h e  coun te r  i o n  
r e q u i r e  y e t  a n o t h e r  approach.  

Comprehensive Search ing  

When you want complete r e t r i e v a l  of a l l  s u b s t a n c e s  wi th  t h e  
c a c b o x y l a t e  and t h e  meta l ,  you a r e  s e a r c h i n g  w i t h  a  ve ry  broad s t r a t e g y  and 
may r e t r i e v e  a  g r e a t  number of answers. The g e n e r a l  procedure f o r  t h i s  
most complete  recal l  i s  g iven  i n  t h e  f o l l o w i n g  s t e p s .  

Bui ld  one s t r u c t u r e  c o n t a i n i n g  o n l y  t h e  metal node. P lace  a  
Node S p e c i f i c a t i o n  o f  King o r  Chain on t h e  metal. 

Bui ld  a  s e p a r a t e  s t r u c t u r e  f o r  t h e  ca rboxyla te .  Use Unspecif ied  
Ring o r  Chain bonds f o r  t h e  bonds i n  t h e  l i g a n d  which might become 
p a r t  of a  c h e l a t e  r i n g .  

Add s c r e e n s  t o  d e f i n e  t h e  metal .  

Search  a query c o n s i s t i n g  t h e  two s t r u c t u r e s  and t h e  s c r e e n  
s e t  combined w i t h  AND l o g i c .  

The s t r a t e g y  of u s i n g  two s e p a r a t e  s t r u c t u r e s  g i v e s  t h e  most g e n e r a l  
s e a r c h  t h a t  can be run. It can r e t r i e v e  a l l  subs tances  which have 
p i c o l i n a t e  a s s o c i a t e d  i n  any way with  a  metal .  I t  w i l l  r e t r i e v e  a l l  of  t h e  
answers w i t h  t h e  l i g a n d  bonded t o  t h e  metal i n  any way, a s  well a s  t h o s e  
where t h e  m e t a l  i s  not bonded t o  t h e  p i c o l i n a t e ,  such a s  t h e  subs tances  
t h a t  a r e  s t r u c t u r e d  w i t h  t h e  meta l  a s  a  sal t .  



Carboxylic Acids 
Comprehensive Search 

Begin by building the structure of the picolinate, Structure A. The 
bonds in the carboxylate group must be Ring or Chain Unspecified, including 
the bond between the carboxylate carbon and the ring. 

Structure A 

A second structure for the metal, Structure B, is built. A Node 
Specification of King or Chain must be used on the metal. 

n NSP 1 RC 
1 



Carboxyl ic  Acids 
Comprehensive Search  

To complete t h e  s e a r c h  s t r a t e g y ,  a p p r o p r i a t e  s c r e e n s  f o r  t h e  metal  
shou ld  be inc luded .  Those f o r  t h e  t r a n s i t i o n  metal  groups  were added. 

Ouery: STR A and STR B and SCK (1921 o r  1931 o r  1964) 

T h i s  i s  a n  ex t remely  g e n e r a l  s t r a t e g y  and w i l l  r e t r i e v e  a g r e a t  many 
answers ,  i n c l u d i n g  a l l  two component s a l t s .  Examples a r e  shown below. 



Carboxyl ic  Acids 
Ligand - Metal Complexes 

A l l  Substances  w i t h  t h e  Ligand Bonded t o  t h e  Metal  

When you want t o  r e t r i e v e  a comprehensive survey of l i g a n d  
i n t e r a c t i o n s  w i t h  t h e  answers c o n t a i n i n g  a l l  subs tances  where a p i c o l i n a t e  
o r  s u b s t i t u t e d  p i c o l i n a t e  is bonded i n  any way t o  a meta l ,  combine a 
s e p a r a t e  metal  node w i t h  t h e  p i c o l i n a t e  s u b s t r u c t u r e  i n  one query 
s t r u c t u r e .  To a c h i e v e  complete r e t r i e v a l ,  i t  is necessa ry  t o  a l l o w  f o r  a l l  
p o s s i b l e  modes of coord ina t ion .  To t h i s  end,  t h e  bonds i n  t h e  c a r b o x y l a t e  
group must be Ring o r  Chain Unspec i f i ed ,  i n c l u d i n g  t h e  bond between t h e  
c a r b o x y l a t e  carbon and t h e  r i n g .  I n  a d d i t i o n ,  t h e  s e p a r a t e  metal node must 
r e c e i v e  a Node S p e c i f i c a t i o n  of Ring o r  Chain. S t r u c t u r e  C i l l u s t r a t e s  
t h i s  type of query s t r u c t u r e .  

BON 7-8 7-9 7-1 RC, NSP 10 RC 

S t r u c t u r e  C 

Add whatever s c r e e n s  a r e  needed t o  d e f i n e  t h e  metal .  We w i l l  u s e  
t h o s e  f o r  t h e  t r a n s i t i o n  m e t a l s ,  EC 1964, 1921, and 1931. 

Ouery: STR C and SCK (1921 o r  1931 o r  1964) 

Examples of t h e  wide v a r i e t y  of c h e l a t e d  and monodentate s t r u c t u r e s  
a r e  shown on t h e  next  page. There w i l l  be no answers wi th  t h e  m e t a l  as a 
s e p a r a t e  component. 



Carboxyl ic  Acids 
Ligand - Metal Complexes 

The g e n e r a l  procedure  f o r  r e t r i e v i n g  s t r u c t u r e s  t h a t  have a l i g a n d  
bonded i n  any way t o  a t r a n s i t i o n  meta l  i s  g iven  i n  t h e  fo l lowing  s t e p s .  

8 Make s e p a r a t e  s t r u c t u r a l  f ragments  f o r  t h e  l i g a n d  and f o r  t h e  
m e t a l  i n  one s t r u c t u r e  query. 

8 Puc a Node S p e c i f i c a t i o n  of Ring or Chain on t h e  metal .  

Assign Ring o r  Chain bond t y p e s  t o  any c h a i n  bonds 
i n  t h e  l i g a n d  which could  p o t e n t i a l l y  become p a r t  of a 
c h e l a t e  r i n g .  

Add s c r e e n s  t o  d e f i n e  t h e  metal .  

Search a query  c o n s i s t i n g  t h e  s t r u c t u r e  and t h e  s c r e e n  
s e t  combined w i t h  AND l o g i c .  



Carboxyl ic  Acids 
Metal  S a l t s  

Carboxylate  Complexes as S a l t s  - No Bond t o  Metal  

Carboxylate  a n i o n s  c a n  be s t r u c t u r e d  as c o u n t e r  i o n s  i n  m e t a l  s a l t s ,  
e s p e c i a l l y  i f  t h e  metal - l igand i n t e r a c t i o n  is no t  c l e a r l y  d e f i n e d  i n  t h e  
o r i g i n a l  document. Such s a l t s  could  war ran t  c o n s i d e r a t i o n  as m e t a l  
complexes, even though t h i s  t y p e  of s t r u c t u r e  conveys no s t r u c t u r a l  
i n f o r m a t i o n  about  t h e  bonding t o  t h e  metal .  These s a l t s  a r e  two component 
sys tems w i t h  t h e  c a r b o x y l a t e  a s  t h e  f r e e  a c i d  i n  one component and t h e  
m e t a l  a s  a  s i n g l e  atom fragment  i n  t h e  second component. 

The g e n e r a l  procedure  f o r  r e t r i e v i n g  s t r u c t u r e s  t h a t  have t h e  l i g a n d  
i n  one component and t h e  metal i n  a n o t h e r  is g i v e n  i n  t h e  f o l l o w i n g  s t e p s .  

Bui ld  one s t r u c t u r e  c o n t a i n i n g  on ly  t h e  metal node. 

Bui ld  a  s e p a r a t e  s t r u c t u r e  f o r  t h e  c a r b o x y l a t e .  Use Normalized 
bonds i n  t h e  c a r b o x y i c  a c i d  p o r t i o n  of t h e  s t r u c t u r e .  

Add s c r e e n s  t o  d e f i n e  t h e  metal .  

Add a  s c r e e n  t o  r e q u i r e  t h e  p resence  of two o r  more components. 

Search a  query c o n s i s t i n g  t h e  two s t r u c t u r e s  and t h e  s c r e e n  
sets combined w i t h  AND l o g i c .  

S t r u c t u r e  D 

S t r u c t u r e  E 



Carboxylic Acids 
Metal Salts 

To search for salts as multicomponent systems, the metal node and the 
carboxylate structure must be in separate substructures. Build two 
structures, one for the metal, Structure D and a second one for the 
picolinate, Structdre E. Then, search on a query containing the two 
structures combined with AND logic. 

Appropriate screens for the metal should be included. Those for the 
transition metal groups were added. Also a screen for two or more 
components should be used to eliminate those structures where the metal is 
bonded to the ligand. 

Ouery: STK D and STR E and SCR (1921 or 1931 or 1964) and SCK 2127 

This strategy will retrieve answers such as those shown below. 



Carboxylic Acids 
Nitrogen, Oxygen Chelates 

Specific Structures - N,O Chelates 

You can create structures with specific modes of coordination. Even 
if you want to retrieve complex picolinates with a specific structure, it 
is important not to make the substructure too restrictive. 

Picolinate ion most commonly forms a five membered chelate ring, 
bonded through the nitrogen of the pyridine ring and the single bonded 
oxygen of the carboxylate. 

It is important to note that, when a carboxylate group is attached to 
a metal, the bonds become Exact. These bonds are Normalized bonds in the 
uncoordinated ligand. 

C 
1 + +  3 
C+ + C 
+ + 
+ + 
0 C 4 0 10 

6 + + - 7 =  
5+ N+ - c= BON 4-7 7-8 SE, 7-10 DE 

- - 

Structure F 

m: STK F and SCR (1921 or 1931 or 1964) 



Carboxylic Acids 
Nirogen, Oxygen Chelates 

The search of this query give answers limited to transition metal 
complexes, because oE the screen set chosen to describe the metal. 
Substances with this chelated structure comprise about three-quarters of 
all picolinate complexes discussed in this case study. Examples are shown 
below. 



Carboxyl ic  Acids 
Uncoordinated Carboxyla tes  

S t r u c t u r e s  w i t h  a n  Uncoordinated Carboxylate  Group 

The p i c o l i n a t e  a l s o  could  be coord ina ted  through j u s t  one of t h e  donor 
atoms, e i t h e r  as a  monodentate l i g a n d  o r  as a  c h e l a t e  through a n o t h e r  
u n s p e c i f i e d  f u n c t i o n a l  group. We can r e t r i e v e  t h e s e  s t r u c t u r e s  by b lock ing  
c o o r d i n a t i o n  a t  e i t h e r  t h e  c a r b o x y l a t e  group o r  a t  t h e  n i t r o g e n  i n  t h e  
p y r i d i n e  r i n g .  For example, Normalized bonds i n  t h e  c a r b o x y l a t e  group 
block any c o o r d i n a t i o n  t o  m e t a l s  through t h e  oxygen. 

S t r u c t u r e  G 

BON 5-10 RCSE, 7-8 7-9 N 

Ouery: STK G and SCR (1921 o r  1931 o r  1964) 



Carboxylic Acids 
Uncoordinated Carboxylates 

Answers to this query all have a free carboxyl groups. Some have a 
monodentate pyridine ligand. In a number of others, the pyridine nitrogen 
forms a chelate ring with other functional groups which are parc of a 
substituted ligand. Several of these chelated structures were also 
retrieved in the previous search, since some substances have both a 
coordinated and a free carboxylate group on the pyridine ring. 



Carboxyl ic  Acids  
Uncoordinated P y r i d i n e  Croup 

S t r u c t u r e s  w i t h  an Uncoordinated P y r i d i n e  Group 

To block meta l  c o o r d i n a t i o n  a t  t h e  p y r i d i n e  n i t r o g e n ,  u s e  a  CONNECT 
a t t r i b u t e  of Exact ly  2  a t  t h e  n i t r o g e n  node. Th is  w i l l  b lock  no t  o n l y  
c o o r d i n a t i o n  t o  a  metal ,  bu t  a l s o  any o t h e r  s u b s t i t u t i o n ,  such  a s  amine 
oxides .  

When a  c a r b o x y l a t e  c o o r d i n a t e s  t o  a  meta l ,  i t  nay do  s o  a s  a  
monodentate l i g a n d  through t h e  s i n g l e  bonded oxygen o r  it may form a  
c h e l a t e  r i n g  e i t h e r  w i t h  t h e  o t h e r  oxygen o r  w i t h  some o t h e r  s u b s t i t u e n t  on 
t h e  l igand .  For t h i s  reason,  t h e  bond between t h e  oxygen and t h e  meta l  and 
t h o s e  between t h e  carbon and t h e  oxygens i n  t h e  c a r b o x y l a t e  group shou ld  be 
s p e c i f i e d  a s  Ring o r  Chain. The bond between t h e  p y r i d i n e  r i n g  and che 
c a r b o x y l a t e  group w i l l  become p a r t  of a  r i n g  i f  a n o t h e r  f u n c t i o n a l  group 
p a r t i c i p a t e s  i n  c h e l a t i o n .  There fore ,  t h a t  bond a l s o  should be s p e c i f i e d  
as Ring o r  Chain. 

S t r u c t u r e  H 

(luery: STR H and SCK (1921 o r  1931 o r  1964) 

CON 5 E2, EON 7-8 KCDE,  
4-7 7-9 9-10 KCSE 

This  answer s e t  c o n t a i n s  boch monodentate and c h e l a t i n g  oxygens. 



Carboxyl ic  Acids  
Uncoordinated P y r i d i n e  Group 

This  query would a l s o  r e t r i e v e  answers where t h e  ca rboxyla te  c h e l a t e s  
through both  oxygens. 

R-C 

To d a t e  t h e r e  a r e  no examples i n  t h e  R e g i s t r y  F i l e  of p i c o l i n a t e s  
which e x h i b i t  t h i s  t y p e  of c h e l a t i o n .  For p i c o l i n a t e s ,  five-membered 
c h e l a t e  r i n g s  c o n t a i n i n g  t h e  p y r i d i n e  n i t r o g e n  and one ca rboxyla te  oxygen 
predominate. 

Summary 

When s e a r c h i n g  f o r  s u b s t a n c e s  c o n t a i n i n g  c a r b o x y l a t e s ,  many s t r a t e g i e s  
c a n  be used. Th is  s t u d y  has  shown v a r i o u s  q u e r i e s  used t o  r e t r i e v e  t h e  
t y p e  of answers your s e a r c h  r e q u i r e s .  I n  t h e  next  c a s e  s tudy ,  we w i l l  
d i s c u s s  some s p e c i a l  s t r a t e g i e s  needed when u n s p e c i f i e d  d e r i v a t i v e s  a r e  
invo lved .  The p i c o l i n a t e  example w i l l  be used. 



Unspecified Derivatives 
Derivatives without Registry Numbers 

CASE STUDY 4: UNSPECIFIED DERIVATIVES 

In Case Study 3, we described a very general strategy to retrieve all 
structures that contained both a picolinate (2-pyridinecarboxylate) and a 
transition metal. There are yet other strategies that must be used in 
conjunction with those described in Case Study 3 in order to retrieve 
substances and references which pertain to complex formation by 
picolinates. 

Substances without Registry Numbers 

When a document mentions a metal complex whose exact nature is not 
specified, it is not possible to assign a molecular formula to the complex. 
This may occur in the cases of solution studies, an incompletely 
characterized reaction product of a picolinate and another complex, or part 
of a generalized series of related picoline complexes. For such studies, 
the complex reported will - not be assigned Registry Numbers. Instead, the 
substance is indexed as an unspecified derivative of the ligand and of the 
metal or starting complex. You can retrieve such unspecified derivatives 
by first doing a substructure search on just the ligand structure, in this 
case picolinic acid, Structure A. Then, cross these answers over into the 
CA File. 

Structure A 



Unspecified Derivatives 
Derivatives without Registry Numbers 

A substructure search on Structure A places the answers in answer set L3. 
This is the answer set used as the search term in the CA File. 

=> FIL CA . 

=> S L3/D (L) COMPLEX? . 

Exainples of answers are shown below. We have underlined the term 
causing the record to be retrieved. Note that the Registry Numbers for 
unspecified derivatives have a D appended. 

IT 69-72-7D, copper-mixed ligand complexes 98-98-6D, copper-mixed 
ligand complexes 7440-50-81), mixed-ligand complexes with picolinic 
and salicylic acids 

IT 59-67-6DP, iron(II1) complexes 89-00-9P 98-98-6DP, iron complexes 
499-83-2P 7439-89-6DP, pyridinecarboxylic acid complexes 

This strategy will retrieve references in the loth and subsequent 
Collective Indexes for complexes indexed as unspecified derivatives of 
picolinic acids. 



Unspec i f i ed  D e r i v a t i v e s  
D e r i v a t i v e s  wi thou t  R e g i s t r y  Numbers 

Indexing f o r  t h e  8 t h  and 9 t h  C o l l e c t i v e  Indexes  d i d  no t  i n c l u d e  l i g a n d  
Kegis t ry  Numbers as p a r t  of u n s p e c i f i e d  d e r i v a t i v e  e n t r i e s .  I n s t e a d  of t h e  
R e g i s t r y  Number, t h e  complete CA Index Name f o r  t h e  l i g a n d  was used when 
u n s p e c i f i e d  d e r i v a t i v e  e n t r i e s  were made. The name inc luded  t h e  word 
"complex." To r e t r i e v e  t h e  u n s p e c i f i e d  complexes t h a t  were indexed i n  t h e  
8CI and 9C1, you could  e n t e r  t h e  8CI and 9CI names f o r  a l l  t h e  answers i n  
L3 (L3 = s u b s t r u c t u r e  s e a r c h  f o r  a l l  p i c o l i n i c  a c i d  d e r i v a t i v e s )  a s  s e a r c h  
terms i n  t h e  CA F i l e .  Then, t h e s e  names would be l i n k e d  t o  t h e  word 
COMPLEX?. O r ,  s h o r t  of t h i s  massive e f f o r t ,  you can s e a r c h  f o r  complexes 
of l i g a n d s  which a r e  named a s  a  p i c o l t n i c  a c i d  ( t h e  8CI Index Name f o r  
t h o s e  l i g a n d s  which a r e  no t  p a r t  of fused r i n g  systems)  o r  a  2- 
p y r i d i n e c a r b o x y l i c  a c i d  ( t h e  9CI Index Name). Complete recall cannot  be 
guaranteed by t h i s  method, b u t  a t  l e a s t  some new r e f e r e n c e s  can be 
r e t r i e v e d  t h i s  way. 

=> PIL CA 

=> S PICOLINIC (W) ACID (L) COMPLEX? RANGE=(8CI) 

=> S PYKIDINE (W) CARBOXYLIC (L)  COMPLEX? RANGE=(9CI) 

Examples of answer t o  t h e s e  two s e a r c h e s  a r e   show;^ below. We have 
under l ined  t h e  terms c a u s i n g  t h e  r e t r i e v a l .  

IT P i c o l i n i c  a c i d ,  i r o n  complexes 

TI  I r o n  complexes w i t h  p y r i d i n e c a r b o x y l i c  a c i d s  



Unspecified Derivatives 
Manually Registered Substances 

Unspecified derivatives that do not have their own Registry Numbers 
should not be confused with the ligand heading index entries for completely 
structured and registered complexes. Entries at the ligand heading in the 
Chemical Substance Index are alternate names for the same complexes which 
you retrieve through a substructure search for metal complexes. These 
alternate names can be searched in the Basic Index or Complete Name index 
of the Registry File. For example, a completely defined tungsten complex 
with picolinate with the Registry Number 61880-51-1 has a synonym of 2- 
pyridinecarboxylic acid. 5-methyl-, tungsten complex. The alternate name 
at the ligand appears to be an unspecified derivative but is, in fact, a 
synonym for a fully defined complex. 

References in the CA File for unspecified derivatives are in addition 
to those obtained via a substructure searchfor metal complexes. This 
crossover strategy to retrieve unspecified derivatives is very important 
when complete recall is needed. Tt is also an important technique for 
retrieving references to kinetic or thermodynamic properties, as complexes 
studied by these techniques frequently are indexed only as unspecified 
derivatives. 

Manually Registered Compounds 

Another type of substance that cannot be retrieved by substructure 
searching is one for which the formula is known, but not the structure. 
Substances oE this sort receive Registry Numbers, but they receive the 
designation Manual Registration because they have no structure connection 
table as part oE the record in the Registry File. Manually registered 
substances can be searched in the dictionary portion of the Registry File 
by using name fragments in combination with the Class Identifier MAN and 
W O  to require the presence of a metal. Again, it is possible to retrieve 
substances with name searching that you cannot get any other way, but 
complete retrieval is not possible. 

Using the picolinic acid as an example, the strategy is: 

=> S (Z(W)PYRIDINE(W)CARBOXY? OK PICOLINIC)(L)COMPLEX AND MANIC1 AND M>O 



Unspecified Derivatives 
Manually Registered Substances 

The following Is an example of an answer that would be retrieved. 

KN 60495-65-0 
IN Iron, dihydroxytetrakis(2-pyridinecarboxy1ato)di- (9CI) 
SY 2-Pyridinecarboxylic acid, iron complex (9CI) 
ME C24 H18 Fe2 N4 010 
CI CCS, MAN 

*** STKUCTURE DIAGKAM IS NOT AVAILABLE *** 

Summary 

In this case study we have discussed a variety of different search 
strategies needed to complement substructure searc.hing in order to retrieve 
the maxi~num number of references to coordination c-o~npounds. Some 
substances are just not well enough characterized to have a structure in 
the Registry File. These principles can be applied to a variety of topics 
in coordination chemistry. 

In Case Study 5 we will discuss chelates and macrocycles. 



C h e l a t e s  and Macrocycles 
T r i d e n t a t e  C h e l a t e s  

CASE STUDY 5: CHELATES AND MACROCYCLES 

C h e l a t e  r i n g  f o r m a t i o n  g i v e s  r i s e  t o  a  number of i n t e r e s t i n g  f e a t u r e s  
oE c o o r d i n a t i o n  chemis t ry .  Ra the r  t h a n  f o c u s i n g  on t h e  p a r t i c u l a r  l i g a n d  
donor atoms a t t a c h e d  t o  t h e  m e t a l ,  you may wish t o  s e a r c h  f o r  c h e l a t e  r i n g s  
of v a r i o u s  s i z e s ,  o r  t o  a l l o w  Eor c h e l a t e  r i n g s  w i t h  he te roa toms  i n  t h e  
backbone, o r  t o  r e t r i e v e  m u l t i d e n t a t e  l i g a n d s  w i t h  a p a r t i c u l a r  
c o n f i g u r a t i o n .  

A s  we observed i n  Chap te r  4 ,  s p e c i f y i n g  r i n g  bonds between t h e  
meta l  and donor  atoms r e t r i e v e s  c h e l a t e  r i n g s .  T h i s  i s  usefuL t o  a l l o w  f o r  
c h e l a t e s  of any r i n g  s i z e  and any composi t ion,  b u t  i t  i s  no t  v e r y  s e l e c t i v e  
when s e a r c h i n g  f o r  s p e c i f i c  p o l y d e n t a t e  o r  macrocyc l i c  r i n g s .  

The s t r u c t u r e  b u i l d i n g  t o o l s  of VARiable and REPeating Gk groups  
a r e  e s p e c i a l l y  powerful  f o r  s e a r c h i n g  f o r  s p e c i f i c  t y p e s  of c h e l a t e  r i n g s .  

T r i d e n t a t e  C h e l a t e s  

Chromium complexes of any t r i d e n t a t e  n i t r o g e n  l i g a n d  are d e s i r e d .  The 
s i z e  of c h e l a t e  r i n g  may range  from f o u r  t o  seven  atoms and noncarbon atoms 
may be p r e s e n t  i n  t h e  l i g a n d  backbone. 



C h e l a t e s  and Macrocycles 
T r i d e n t a t e  C h e l a t e s  

S t r u c t u r e  A, shown below, i s  used t o  d e s c r i b e  t h e  c h e l a t e  r i n g .  
REPeating G1 Groups are used t o  a l l o w  f o r  t h e  v a r i a b l e  s i z e  of t h e  
backbone. The A (Any atom) i s  used i n  t h e  REPEAT d e f i n i t i o n  t o  a l l o w  f o r  
any e lement  t o  be  p a r t  of t h e  r i n g .  The bonds a r e  l e f t  u n s p e c i f i e d  because  
a wide v a r i e t y  of t r i d e n t a t e  l i g a n d s  is expected.  

S t r u c t u r e  A 

The o b j e c t i v e  of t h i s  s t u d y  i s  t o  r e t r i e v e  t r i d e n t a t e  l i g a n d s ,  but  no t  
t e t r a d e n t a t e  l i g a n d s .  T h i s  can  be accomplished by c r e a t i n g  a  second 
s t r u c t u r e ,  S t r u c t u r e  B ,  w i t h  t h r e e  n i t r o g e n s  and a n  a d d i t i o n a l  donor  group 
and add ing  t h i s  s t r u c t u r e  t o  t h e  query  u s i n g  t h e  NOT o p e r a t o r .  

S t r u c t u r e  B 

Ouery: STR A no t  STR B 



C h e l a t e s  and Macrocycles 
T r i d e n t a t e  C h e l a t e s  

Included i n  t h e  answer s e t  a r e  s u b s t a n c e s  w i t h  e i t h e r  one o r  two open 
t r i d e n t a t e  l i g a n d s  and some w i t h  macrocyc l ic  t r i d e n t a c e s .  Examples a r e  
shown below. 

Whenever you use NOT l o g i c  t o  r e s t r i c t  an answer se t ,  you l o o s e  any 
answers t h a t  have t h e  d e s i r e d  f e a t u r e  i n  combinat ion w i t h  t h e  u n d e s i r e d  
f e a t u r e .  Any complex t h a t  has both  a t r i d e n t a t e  l i g a n d  and a l a r g e r  
p o l y d e n t a t e  w i l l  not  be r e t r i e v e d  by t h i s  s t r a t e g y .  We have a g a i n  t r a d e d  
l o s s  of a Eew p o s s i b l e  answers f o r  t h e  a b i l i t y  t o  exc lude  many unwanted 
ones.  



C h e l a t e s  and Macrocycles 
T r i d e n t a t e  C h e l a t e s  

It may have been tempt ing t o  u s e  a  CONNECT a t t r i b u t e  t o  p reven t  
c l o s i n g  t h e  macrocycle by s p e c i f y i n g  E x a c t l y  2  Ring bonds on t h e  t e rmina l  
n i t r o g e n s ,  b u t  t h e  answers d i s p l a y e d  show t h a t  some l i g a n d s  have t h e  
n i t r o g e n  embedded i n  a n  a r o m a t i c  sys tem,  g i v i n g  i t  t h r e e  r i n g  bonds. 

I f  you s p e c i f y  a  m e t a l  w i t h  a n  e x t e n s i v e  n i t r o g e n  chemis t ry ,  such  a s  
n i c k e l  o r  c o b a l t ,  c o o r d i n a t e d  t o  t h e  metal, t h e  s e a r c h  may need t o  be 
d i v i d e d  w i t h  s c r e e n s .  For n i c k e l ,  you can  s e a r c h  f o r  a l l  s i x  c o o r d i n a t e  
complexes i n  one  answer s e t  by add ing  a  s c r e e n  f o r  a  Degree of C o n n e c t i v i t y  
of  s i x  o r  g r e a t e r ,  DC 2126. 

w: STR A n o t  STR 0 and SCR 2126 

Four and f i v e  c o o r d i n a t e  complexes can  be o b t a i n e d  from a  second 
s e a r c h  i n  which you use  s c r e e n s  f o r  Degree of  C o n n e c t i v i t y  f o u r ,  DC 2120, 
no t  s i x .  

Ouery: STK A no t  STK 0 and SCR 2120 n o t  SCR 2126 

For c o b a l t ,  t h e  s e a r c h  f o r  s i x  c o o r d i n a t e  complexes has t o  be 
d i v i d e d  a g a i n  u s i n g  a Ring Count s c r e e n  f o r  f o u r  o r  more r i n g s .  Remember 
t o  c a l l  t h e  Search  A s s i s t a n c e  Desk when a  s e a r c h  must be d i v i d e d .  



C h e l a t e s  and Macrocycles 
T e t r a d e n t a t e  Macrocycles 

T e t r a d e n t a t e  Macrocycles w i t h  Both S u l f u r  and Ni t rogen Donors 

I n  t h i s  example, a macrocycle  such  a s  

i s  d e s i r e d .  U p e a t i n g  G 1  groups  w i l l  be used f o r  t h e  backbone of t h e  
macrocycle t o  a l l o w  t h e  s i z e s  of i n d i v i d u a l  r i n g s  t o  va ry  from f o u r  t o  
seven members. The s t r u c t u r e ,  S t r u c t u r e  C,  i s  a  c l o s e d  c i r c l e ,  s o  
macrocycles w i l l  be t h e  on ly  answers p o s s i b l e .  Both n i t r o g e n  and s u l f u r  
donor atoms a r e  r e q u i r e d ;  but  a c c e p t a b l e  combinat ions  a r e  one n i t r o g e n  and 
t h r e e  s u l f u r s ,  two n i t r o g e n s  and two s u l f u r s ,  o r  t h r e e  n i t r o g e n s  and one 
s u l f u r .  To meet t h e s e  c r i t e r i a ,  node 1  i s  r e q u i r e d  t o  be n i t r o g e n ,  node 3 
i s  r e q u i r e d  t o  be s u l f u r ,  and nodes 5 and 7 a r e  d e f i n e d  a s  VARiable G2 
groups  which may be e i t h e r  n i t r o g e n  o r  s u l f u r .  

KEP G1=(1-4) A 
VAR G2=N/S 



C h e l a t e s  and Macrocycles 
T e t r a d e n t a t e  macrocycles  

A number of s c r e e n  s e t s  must be manually added because t h i s  i s  a v e r y  
g e n e r i c  query.  A s  customary,  t h e  s t a n d a r d  s c r e e n s  f o r  transition m e t a l s ,  
1921 OR 1931 OR 1964,  a r e  used. AA Screen  945 f o r  f o u r  r i n g  bonds on che 
g e n e r i c  M node s h o u l d  be added,  a s  w e l l  a s  t h e  RC S c r e e n  1841 f o r  f o u r  o r  
more r i n g s .  The s e a r c h  i s  t h e n  d i v i d e d  i n t o  two p o r t i o n s  based on a Ring 
Count of e i g h t  o r  more, RC 1845. 

Query 1: STK C and SCR (1964 o r  1921 o r  1931) and SCR (945 and 1841) 
and SCR 1845 

Query 2: STK C and SCR (1964 o r  1921 o r  1931) and SCK (945 and 1841) 
no t  SCR 1845 

Looking a t  t h e  s e l e c t e d  answers  below, we s e e  t h a t  r e t r i e v a l s  
encompass both  f i v e -  and six-membered r i n g s ,  bo th  n i t r o g e n  and s u l f u r  a s  
well as ca rbon  i n  t h e  backbone, and b i n u c l e a r  complexes. Coord ina t ion  
numbers of f o u r ,  f i v e ,  and s i x  a r e  r e p r e s e n t e d .  



C h e l a t e s  and Macrocycles 
Varying Numbers of  Donor S i t e s  

Macrocycl ic  Complexes With Varying Numbers of Donor S i t e s  

Ra the r  t h a n  s e a r c h i n g  f o r  t e t r a d e n t a t e  macrocycles  a s  i n  t h e  p r e v i o u s  
example, we now wish t o  s e a r c h  f o r  a  s e r i e s  of macrocycles  w i t h  n o t h i n g  b u t  
s u l f u r  donors ,  where t h e  number of s u l f u r  atoms can vary .  A t  l e a s t  t h r e e  
s u l f u r  atoms need t o  be p r e s e n t ,  and w e  wish t o  r e q u i r e  t h a t  t h e  backbone 
have e i t h e r  f i v e  o r  six-membered r i n g s  which i n c l u d e  two o r  t h r e e  ca rbon  
atoms. One way t o  do t h i s  would be t o  b u i l d  a s e r i e s  of macrocycles  w i t h  
i n c r e a s i n g  numbers of s u l f u r  atoms. 

A s t r a t e g y  was d e v i s e d  f o r  t h i s  problem which a v o i d s  having t o  c r e a t e  
d i f f e r e n t  s t r u c t u r e s  t o  accommodate t h e  va ry ing  number of s u l f u r  atoms. 



C h e l a t e s  and Macrocycles 
Varying Numbers of Donor S i t e s  

One s t r u c t u r e ,  S t r u c t u r e  D ,  i s  b u i l t  i n  which one r i n g  is  l e f t  open i n  
o r d e r  t h a t  t h e  l a r g e r  macrocycles  c a n  be g e n e r a t e d  by s u b s t i t u t i o n  of more 
r i n g s  w i t h  s u l f u r  a t  ca rbon  9 and s u l f u r  7. A CONNECT A t t r i b u t e  on s u l f u r  
7 r e q u i r e s  a n  a d d i t i o n a l  r i n g  bond t o  be p r e s e n t .  We hope t h a t ,  when t h e s e  
o t h e r  r i n g s  form, a  s u l f u r  macrocycle w i l l  be formed, bu t  o t h e r  groups  
cou ld  be i n t r o d u c e d  as well. We s u s p e c t ,  however, t h a t  most macrocycles  
w i t h  at  l e a s t  t h r e e  s u l f u r  atoms w i l l  no t  have t o o  many o t h e r  k i n d s  of 
donors .  

2 3 4 
G~----s-----G~ BON ALL RSE - - - CON 7 M3 K 
- - - REP G1=(2-3) C 
- - - REP G2=(1-2) C 

1 s-----y----- s 
- 6 7 - 



C h e l a t e s  and Macrocycles  
Varying Numbers of  Donor S i t e s  

The customary t r a n s i t i o n  meta l  s c r e e n s  a r e  added t o  t h e  query.  T r i - ,  
t e t r a - ,  penta- ,  and hexadenta te  macrocycles  a r e  a l l  r e t r i e v e d ,  i n c l u d i n g  



C h e l a t e s  and  Macrocyc le s  
Vary ing  Numbers o f  Donor S i t e s  

The open  s i tes  on t h e  q u e r y  s t r u c t u r e  d i d  a l l o w  f o r  s u b s t i t u t i o n  o f  
any  t y p e  o f  r i n g ,  s o  answer s  l i k e  t h o s e  below do  n o t  f i t  t h e  i n t e n t  o f  t h e  
que ry .  

Summary 

T h i s  c a s e  s t u d y  i l l u s t r a t e d  ways o f  u s i n g  r e p e a t i n g  Gk g r o u p s  t o  a l l o w  
f o r  r e t r i e v a l  o f  c h e l a t e s  and  mac rocyc l e s .  

Case  S t u d y  6 w i l l  d i s c u s s  h y d r i d e s .  
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CASE STUDY 6: HYDRIDES 

The hydr ide  i o n ,  H(1-), f u n c t i o n s  a s  e i t h e r  a  monodentate o r  a  
b r i d g i n g  l i g a n d  i n  many c o o r d i n a t i o n  compounds. Metal hydr ides  occur  
f r e q u e n t l y  i n  both  o r g a n o m e t a l l i c  and c l u s t e r  compounds. The b e s t  way t o  
s e a r c h  f o r  m e t a l  hydr ides  i s  t o  s p e c i f y  a  Hydrogen Count on t h e  m e t a l  node. 
The f o l l o w i n g  s t r u c t u r e s  have t h e  Hydrogen Counts on t h e  metal  nodes 
i n d i c a t e d  below each  s t r u c t u r e .  

HCO E l  

Hydrogen bonded t o  a  meta l  c e n t e r  can be e i t h e r  a  connec t ion  t a b l e  
hydrogen o r  a  nonconnection t a b l e  hydrogen. Any hydrogen which has  more 
t h a n  one bond, i.e., b r i d g i n g  h y d r i d e s ,  o r  any hydrogen which is a t t a c h e d  
t o  a  meta l  c e n t e r  t h a t  has  a number of bonds g r e a t e r  t h a n  i t s  o x i d a t i o n  
s t a t e  is a  connec t ion  t a b l e  hydrogen. P ro tons  and hydr ide  i o n s ,  l.e., 
hydrogens b e a r i n g  c h a r g e s ,  a r e  a l s o  connec t ion  t a b l e  hydrogens. A l l  of t h e  
hydrogens i l l u s t r a t e d  i n  t h e  s t r u c t u r e s  above a r e  connec t ion  t a b l e  
hydrogens. 
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Any hydrogen connected t o  a meta l  c e n t e r  which has a number of bonds 
e x a c t l y  e q u a l  t o  i t s  o x i d a t i o n  s t a t e  i s  a nonconnection t a b l e  hydrogen. An 
example of a nonconnection t a b l e  hydrogen i s  t h e  one on t h e  f o u r  c o o r d i n a t e  
Sn(4+) atom I n  t h e  s t r u c t u r e  shown below. 

A l l  hydrogens connected t o  m e t a l s ,  whether connec t ion  o r  nonconnection 
t a b l e ,  may be r e t r i e v e d  by u s e  oE t h e  Hydrogen Count (HCO) a t t r i b u t e .  
Hydrogen Counts may be a s s i g n e d  as e i t h e r  Hinimum o r  Exact v a l u e s .  Al l  
Exact  Hydrogen Counts a r e  conver ted  by t h e  system t o  Minimum v a l u e s  when 
s u b s t a n c e s  t h a t  have one o r  more connec t ion  t a b l e  hydrogens a r e  i t e r a t e d .  

Should you wish t o  d e s i g n a t e  a n  Exact o r  a Maximum Hydrogen Count f o r  
a n  i n p u t  s t r u c t u r e ,  you can  do s o  by b u i l d i n g  a second s t r u c t u r e  c o n s i s t i n g  
of a s i n g l e  metal atom node which you add t o  t h e  query i n  NOT l o g i c .  
Assign a Minimum Hydrogen Count t o  t h e  meta l  atom one increment l a r g e r  t h a n  
t h e  HCO i n  t h e  f i r s t  s t r u c t u r e .  You must a l s o  a s s i g n  a Node S p e c i f i c a t i o n  
o f  Ring o r  Chain t o  t h e  meta l  atom. 

To s e a r c h  f o r  a l l  m e t a l  co~oplexes  w i t h  a t  l e a s t  t h r e e  hydr ide  and 
t h r e e  phosphine l i g a n d s ,  t h e  p r e f e r r e d  s t r a t e g y  i s  t o  c r e a t e  t h e  s t r u c t u r e  
below, S t r u c t u r e  A ,  and add a Hydrogen Count of a Minimum of t h r e e  t o  t h e  
meta l  node. 

BON ALL RC 
HCO 2 M3 
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Screens for whatever metals you require are added. In this case, the 
search was split using Screen 1964 for the first row transition metals, and 
Screens 1921 or 1931 For the second and third row transition metals. 

u y  1 STK A and SCK 1964 

Query 2: STK A and SCR (1921 or 1931) 

Among the answers retrieved are compounds with three to six 
hydrides, both monodentate and bridging, exhibiting coordination numbers 
six through nine. 



Hydrides 

S t r u c t u r e s  can al.so be i n p u t  w i t h  a  hydrogen d i r e c t l y  bonded t o  t h e  
metal .  I n  t h i s  c a s e ,  t h e  s e a r c h  system w i l l  t r e a t  t h o s e  hydrogens a s  i f  a  
Minimum Hydrogen Count a t t r i b u t e  had been ass igned .  No d i f f e r e n t i a t i o n  i s  
made between connec t ion  and nonconnection t a b l e  hydrogen nodes. 

Tf you b u i l d  a s t r u c t u r e ,  S t r u c t u r e  B ,  which has metal-hydrogen bonds, 
you shou ld  p u t  a Node S p e c i f i c a t i o n  of Ring o r  Chain on t h e  m e t a l  node. I n  
t h e  c a s e  of h y d r i d e s ,  s p e c i f y i n g  a  M--H bond a s  Ring o r  Chain does  no t  
f o r c e  t h e  node s p e c i f i c a t i o n  t o  f o l l o w  because  t h e  sys tem c o n v e r t s  t h e  
h y d r i d e  t o  a  Hydrogen Count and does  not s e e  any M--H bond t h e r e .  Th i s  
r e s u l t s  i n  t h e  metal node r e v e r t i n g  back t o  being a  cha in  node. To a l low 
f o r  t h e  p o s s i b i l i t y  of i t  being i n  a  r i n g ,  t h e  Node S p e c i E i c a t i o n  of Ring 
o r  Chain i s  requ i red .  

BON ALL RC 
NSP 2 KC 

S t r u c t u r e  B 

To t h e  system. S t r u c t u r e  A and S t r u c t u r e  B a r e  i d e n t i c a l  s t r u c t u r e  
q u e r i e s  and g i v e  t h e  same s e a r c h  r e s u l t s .  

If you wish t o  r e t r i e v e  on ly  s u b s t a n c e s  wi th  b r i d g i n g  hydr ides ,  you 
shou ld  c r e a t e  a  node f o r  t h e  hydrogen atom. Add a  Node S p e c i f i c a t i o n  of 
Ring o r  Chain t o  any m e t a l  atom which has bonds on ly  t o  hydrogen. 
S t r u c t u r e  C i l l u s t r a t e s  t h i s  t y p e  of s t r u c t u r e .  

P 5 - 
- BUN ALL RCSE 

M ----- H ----- ----- p NSP 1 RC 
1 2 -3 4 - 

P 6 
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Examples of answers  r e t r i e v e d  by a  s e a r c h  f o r  S t r u c t u r e  C a r e  shown 
below. 

There i s  r e a l l y  no good way t o  l i m i t  r e t r i e v a l s  t o  a  s p e c i f i c  
c o o r d i n a t i o n  number f o r  m e t a l s  c o o r d i n a t e d  t o  hydr ide  l i g a n d s .  The CONNECT 
a t t r i b u t e  i s  no t  e f f e c t i v e  on m e t a l  nodes which have Hydrogen Counts o r  H 
nodes ,  a s  t h e  sys tem i g n o r e s  t h e  CONNECT A t t r i b u t e  when i t  i t e r a t e s  an  
answer t h a t  has a  connec t ion  t a b l e  hydrogen. Thus,  many of t h e  answers you 
g e t  may no t  have t h e  number of hydrogens you a r e  expec t ing .  

Degree of C o n n e c t i v i t y  Screens  i n c l u d e  connec t ion  t a b l e  hydrogens i n  
t h e  c o n n e c t i v i t y  c o u n t ,  but  u s i n g  a  DC Screen  w i l l  c ause  you t o  l o o s e  
answers f o r  Sn, Ge, B i ,  and Sb, o r  o t h e r  me ta l s  w i t h  nonconnect ion t a b l e  
hydrogens.  

It i s  a l s o  no t  a d v i s a b l e  t o  use  a  V a r i a b l e  Gk group which i n c l u d e s  a  H 
a s  a  s u b s t i t u e n t  on any node t o  which you i n t e n d  t o  a s s i g n  CONNECT o r  a n  
HCOUNT. I f  you do use  a  V a r i a b l e  Gk group,  t h e  answer s e t  you g e t  may 
c o n t a i n  complexes t h a t  do n o t  have t h e  d e s i r e d  number of hydrogens. 

A l l  hydrogens i n  t h e  formula  of a  complex a r e  no t  n e c e s s a r i l y  
c o o r d i n a t e d  t o  t h e  meta l .  Sometimes t h e  hydrogen may be a  p r o t o n  
f u n c t i o n i n g  a s  a  c o u n t e r  i o n ,  H1+. A p r o t o n  i s  t r e a t e d  l i k e  any o t h e r  
c o u n t e r  i o n  and i s  s t r u c t u r e d  a s  a  s e p a r a t e  component, a s  i l l u s t r a t e d  i n  
t h e  s u b s t a n c e s  below. 

H 

OC- 
I 

Fe-CO . H+ and c l - - ~ , n - ~ l  . I++ 
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There  i s  a  Graph Plodif ier  s c r e e n ,  2033, f o r  hydrogen a s  a  s i n g l e  atom 
fragment  which can be used a s  p a r t  of t h e  query i f  you want t o  r e t r i e v e  H+ 
s a l t s .  

Summary 

T h i s  c a s e  s t u d y  has  d i s c u s s e d  ways of s e a r c h i n g  f o r  hydr ides .  The 
n e x t  c a s e  s t u d y  d i s c u s s e s  meta l  c l u s t e r s .  



Metal  C l u s t e r s  
Gold-Phosphine C l u s t e r s  

CASE STUDY 7 :  METAL CLUSTERS 

Metal  c l u s t e r s  and metal-metal bonding a r e  a r e a s  of e v e r - i n c r e a s i n g  
i n t e r e s t  t o  i n o r g a n i c  chemis t s .  They a r e  t o p i c s  where s u b s t r u c t u r e  
s e a r c h i n g  can be p a r t i c u l a r l y  powerful .  You can  s e a r c h  f o r  l a r g e  o r  smal l  
c l u s t e r s ,  c l u s t e r s  w i t h  o r  wi thou t  b r i d g e s ,  o r  c l u s t e r s  w i t h  a  p a r t i c u l a r  
geometry . 

T h i s  c a s e  s t u d y  w i l l  i l l u s t r a t e  g e n e r a l  t e c h n i q u e s  f o r  b u i l d i n g  
s t r u c t u r e s  and s e l e c t i n g  a p p r o p r i a t e  s c r e e n s  f o r  s e a r c h i n g  c l u s t e r s .  A s  
you w i l l  s e e  from t h e  answers d i s p l a y e d ,  m e t a l  c l u s t e r s  e x h i b i t  
c o n s i d e r a b l e  v a r i e t y  i n  t h e i r  s t r u c t u r e s .  

Rings of t h r e e  meta l  atoms predominate i n  meta l  c l u s t e r  c h e m i s t r y ,  but  
they a r e  by no means u n i v e r s a l .  

/M\ 
M-M 

There  a r e  a l s o  many d imers ,  a  number of c l u s t e r s  w i t h  t h e  m e t a l s  i n  a 
l i n e a r  ar rangement ,  and some w i t h  r i n g s  of f o u r  o r  more meta l  atoms. When 
b r i d g i n g  groups  a r e  p r e s e n t ,  they  u s u a l l y  form t h r e e -  ( o c c a s i o n a l l y  four-)  
loembered r i n g s  and commonly i n c l u d e  a  metal-metal  bond. 

Sea rch  examples d i s c u s s e d  i n  t h i s  c a s e  s t u d y  wi l l .  be gold-phosphine 
c l u s t e r s  and i r o n  carbony 1s. 

Gold C l u s t e r s  w i t h  Phosphine Ligands 

The o b j e c t i v e  of t h i s  example i s  t o  i l l u s t r a t e  t h a t  ve ry  s i m p l e  
s t r u c t u r e s  w i l l  s u f f i c e  t o  r e t r i e v e  meta l  c l u s t e r s .  A v e r y  g e n e r a l  way t o  
s e a r c h  f o r  c l u s t e r s  i s  t o  c r e a t e  a  s t r u c t u r e  w i t h  a  metal-metal  bond which 
has  t h e  d e s i r e d  l i g a n d  node a t t a c h e d  t o  t h e  metal .  For example, t h i s  
s e a r c h  r e q u i r e s  c l u s t e r s  w i t h  gold-gold bonds and a t  l e a s t  one phosphine  
l l g a n d  c o o r d i n a t e d  t o  a  go ld  atom. Al.1 bonds should  be s p e c i f i e d  as Ring 



Metal C l u s t e r s  
Gold-Phosphine C l u s t e r s  

o r  Cha in  as we want  t o  a l l o w  t h e  p o s s i b i l i t y  f o r  b o t h  open c h a i n  and c y c l i c  
c l u s t e r s .  The p h o s p h i n e  l i g a n d  c o u l d  b r i d g e  two metals and be p a r t  of  a 
r i n g ,  o r  i t  c o u l d  b e  i n  t e r m i n a l  p o s i t i o n s  w i t h  c h a i n  bonding.  S t r u c t u r e  A 
i s  used .  

BON ALL RC 

S t r u c t u r e  A 

The s e a r c h  o b j e c t i v e  was t h e n  r e f i n e d  t o  restr ict  t h e  s e a r c h  t o  
c l u s t e r s  w i t h  f i v e  o r  more g o l d  a toms  and f i v e  o r  more phosphorus  atoms.  
T h e r e  a r e  two ways t o  d o  t h i s .  The f i r s t  way makes u s e  of t h e  s u b s t r u c t u r e  
answer  s e t ,  L 2 ,  and r e f i n e  i t  w i t h  f o r m u l a  s e a r c h i n g  i n  t h e  d i c t i o n a r y  
p o r t i o n  of  t h e  R e g i s t r y  F i l e  by r e q u i r i n g  t h a t  more t h a n  f o u r  g o l d  a toms  
and more t h a n  f o u r  phosphorus  a toms  be p r e s e n t .  

=> L2 and AU>4 and P > 4  

Some of  t h e  answers  a r e  shown below. 



Metal Clusters 
Gold-Phosphine Clusters 

A second search strategy for clusters oE this size is to create a 
structure, Structure B, which contains a minimum of five gold atoms. This 
can be done by using a REPeating G1 of between five and twenty gold atoms. 
(A maximum of twenty units may be included in a REPeating Group.) Bonds to 
the phosphines should be Ring or Chain. The system automatically assigns 
Ring or Chain bonds within the REPeating Group since the bonds leading to 
the KEPeating Group are Ring or Chain. 

P?????Gl?????P REP G1=(5-20) Au 
1 2 3 

Structure B 

For gold-phosphine clusters, Structures A and B give identical answer sets. 
However, this is not universally true, as the element count for metals in 
the dictionary part of the file wi1.l count all metals in the structure, 
whether they are part of the cluster or not. 

The metal clusters which are structured in the Registry File are those 
for which the bonding is well elucidated. If the cluster has a definite 
formula, but the actual cluster geometry or location of substituents is not 
completely defined, the substance will have a Manual Registration and 
cannot be retrieved by a substructure search. A check of the dictionary 
portton of the Registry File using both the molecular formula portion and 
the class identifier code for manually registered substances will usually 
give additional substances. The search strategy for checking the 
dictionary portion of the file for this study is shown below. 

=> S AU>4 and P>4 and MAN/CI 

An example of the type of answers this search retrieves is shown below. 

IN Gold, triiodoheptakis[tris(4-methylphenyl)phosphine]undeca-, 
(31Au-Au) (9CI) 

SY Phosphine, tris(4-methylpheny1)-, gold complex (9CI) 
MF C147 H147 Aull 23 P7 
CI CCS. MAN 
*** STKUCTUKE DIAGRAM IS NOT AVAILABLE *** 



Metal  C l u s t e r s  
I r o n  Carbonyl C l u s t e r s  w i t h  Terminal  Carbonyls  

I r o n  Carbonyl  C l u s t e r s  

A very  l a r g e  number of i r o n  c l u s t e r s  a r e  known. They range frolo 
s i m p l e  d imers  t o  l a r g e  m u l t i a t o m c l u s t e r s  w i t h  a v a r i e t y  o f  o t h e r  m e t a l s  
and o t h e r  l i g a n d s .  

You can  i n c l u d e  on ly  one Fe node i n  a  s t r u c t u r e  and make t h e  o t h e r s  M. 
T h i s  w i l l  i n c l u d e  more mixed m e t a l  c l u s t e r s .  O r ,  you can r e s t r i c t ,  bu t  no t  
e x c l u d e  e n t i r e l y ,  t h e  number of mixed meta l  complexes by making a l l  nodes 
Fe. C l u s t e r s  which a r e  l a r g e r  t h a n  t h o s e  r e q u i r e d  by t h e  s u b s t r u c t u r e  c a n  
s t i l l  have o t h e r  m e t a l s  p r e s e n t .  

Termina l  Carbonyl Groups 

The most g e n e r i c  s t r u c t u r e  f o r  a n  i r o n  c l u s t e r  w i t h  a  t e r m i n a l  
ca rbony l  i s  shown below. 

T h i s  i s  f a r  t o o  g e n e r a l  t o  s e a r c h ,  however; and,  most l i k e l y  a  chemis t  
would have o t h e r  s u b s t i t u e n t s  i n  mind whish would make t h e  s t r u c t u r e  more 
s p e c i f i c .  We w i l l  c o n s i d e r  a n o t h e r  t e r m i n a l  ca rbony l  and w i l l  p l a c e  i t  on 
t h e  second m e t a l  atom. The c l u s t e r  could  be e i t h e r  open c h a i n  o r  c y c l i c .  
To a l l o w  f o r  t h i s ,  i t  i s  b e s t  t o  b u i l d  two s t r u c t u r e s ,  S t r u c t u r e  C and 
S t r u c t u r e  D ,  and u s e  e x a c t  bonding i n  each.  (Th i s  r e q u i r e s  fewer 
i t e r a t i o n s  t h a n  u s i n g  a  Ring o r  Chain bond.) Then, s e a r c h  t h e  two 
s t r u c t u r e s  u s i n g  OR 1.ogic. 



Metal C l u s t e r s  
I r o n  Carbonyl  C l u s t e r s  w i t h  T e r m i n a l  Ca rbony l s  

S t r u c t u r e  C  

BON 1-2 5-6 T ,  
2-3 3-4 4-5 SE 

BON 3-4 RSE, 1-2 
5-6 T, 2-3 4-5 SE 

S t r u c t u r e  D 

w: STR C OR STR D 

A s e l e c t i o n  of answers  t h a t  would be r e t r i e v e d  by t h i s  q u e r y  are shown 
below. 

~:~\ipi:~ 
C io  

1 
C I0 

C i O  o i c  CIO oicq/,c;o 
\ ox,je-,Fe. - C i O  oIc-Coa2c+ /'e 

o;cq 0 o i c  /\ 
OIC C E O  o i c  

OIC c i o  

C ! O  

F 3 C \  &:io 
i fie oicy/eLs\ ' 3 3  

o i c  
o i c  



Metal  C l u s t e r s  
I r o n  C a r b o ~ y l  C l u s t e r s  w i t h  Termina l  Carbonyls  

Using s t r u c t u r e s  such  a s  t h o s e  t h a t  f o l l o w  w i l l  g i v e  more s p e c i f i c  
answer sets. To g e t  c l u s L e r s  w i t h  a l l ,  o r  mostly a l l ,  Fe atoms, c r e a t e  a  
s t r u c t u r e  w i t h  a n  Fe REPeating group,  S t r u c t u r e  E. The bonds w i t h i n  t h e  
REPeating G1 w i l l  be t h e  same a s  t h o s e  s p e c i f i e d  l e a d i n g  t o  t h e  G group. 
Assign bonds 2-3 and 3-4 a s  Ring o r  Chain S i n g l e  Exact t o  a l l o w  t h e  c l u s t e r  
t o  a l s o  have Ring bonds. 

O#<lllC----GL----C#ilf///O HON 1-2 5-6 T ,  
2-3 3-4 KCSE. 

1 2 3 4 5 REP G1=(1-12) Fe 

S t r u c t u r e  E 

T h i s  w i l l  r es t r ic t  t h e  answer s e t  somewhat t o  compounds such  a s  those  shown 
below. 

O I C  

0 i c  'cio 

/ ' F e \ H .  
o.:c, 7 \, ,c:o 

01C- 

O I C  /y . @/e7:0 HA~~/H .  

/I\ 
o i c  c : o  c i o  
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I r o n  Carbonyl C l u s t e r s  w i t h  Terminal Carbonyls  

You can u se  a  r i n g  s t r u c t u r e ,  S t r u c t u r e  F, a s  ano the r  p o s s i b l e  query. 

S t r u c t u r e  F 

Th i s  query r e t r i e v e s  answers such a s  t hose  shown below. 



Metal Clusters  
Iron Carbonyl Clusters  with Terminal Carbonyls 

You could use a r ing s tructure  with only Fe atoms i n  the r ing ,  
Structure G .  

Structure G 

This i s  a more r e s t r i c t i v e  query and re t r i eves  answers such as  the ones 
shown below. 
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I r o n  Carbonyl C l u s t e r s  w i t h  Br idging Carbonyls  

Br idg ing  Carbonyls  

I f  you wish t o  r e q u i r e  t h e  p resence  of b r i d g i n g  c a r b o n y l s ,  t h e  
f o l l o w i n g  s t r u c t u r e s  o f f e r  s e v e r a l  o p t i o n s .  You a l s o  have t h e  o p t i o n  of 
r e q u i r i n g  both  b r i d g i n g  and t e r m i n a l  ca rbony l  groups  i n  t h e  same s t r u c t u r e .  
Note t h a t  t h e  bonding i n  t h e  CO g roup  changes from T r i p l e  t o  Double Exact  
when i t  becomes a  b r i d g i n g  group.  

T h i s  s t r u c t u r e ,  S t r u c t u r e  H ,  i s  t h e  most g e n e r a l .  It r e q u i r e s  on ly  
one i r o n  w i t h  one c a r b o n y l  b r idge .  A metal-metal  bond i s  no t  r e q u i r e d ,  
a l t h o u g h  i t  i s  allowed. 

0 4  
- - 
- - 

F~---c---M BON 1-2 2-3 RCSE, 2-4 DE 

1  2 3  

S t r u c t u r e  H 

A s e a r c h  f o r  t h i s  s t r u c t u r e  w i l l  have too  many i t e r a t i o n s  f o r  a s i n g l e  
o n l i n e  sea rch .  Many answers w i l l  have a  number of three-membered r i n g s ,  s o  
t h e  s e a r c h  can  be d i v i d e d  on t h e  b a s i s  of r i n g  count .  Sc reen  1842 f o r  a  
r i n g  count of f i v e  o r  more is s a t i s f a c t o r y .  

Query 1: STK H and SCK 1842 

Query 2: STK H n o t  SCR 1842 

The fo l lowing  examples i l l u s t r a t e  answers which can  be r e t r i e v e d  on ly  
by t h i s  v e r y  g e n e r a l  s t r a t e g y .  

.I ,os - c i o  I 

\ -,,A - " -  I \ c : o  
~ L " ~ i y c : o  



Meta l  C l u s t e r s  
I r o n  Carbonyl C l u s t e r s  w i t h  Br idg ing  Carbonyls  

You c a n  r e q u i r e  between t h r e e  and e i g h t  i r o n s  i n  a n  answer w i t h  t h e  
S t r u c t u r e  I which uses  a n  Fe REPeating Group. A l l  bonds i n v o l v i n g  Fe p r  G 1  
shou ld  be  s p e c i f i e d  Ring o r  Chain. A s e a r c h  of t h i s  s t r u c t u r e  runs  t o  
comple t ion  unaided.  

0 5 
- - 
- - BON 1-2 2-3 3-4 RCSE, 2-5 DE 

Fe--C--GI--Fe REP G1=(1-6) Fe 
1 2 3  4  

S t r u c t u r e  I 

Answers c o n t a i n i n g  s e v e r a l  i r o n  atoms a r e  shown below. 

OIC 
0:c oic C I O  

C I O  ,C I0 
1 1 1  0 I I  

O'C , 
R 3 



Metal  C l u s t e r s  
I r o n  Carbonyl C l u s t e r s  w i t h  Br idg ing  Carbonyls  

If you wish t o  r e s t r i c t  answers  t o  s u b s t a n c e s  w i t h  s e v e r a l  CO b r i d g e s  
between i r o n  atoms, you c a n  u s e  a n  Fe-CO REPeating group,  S t r u c t u r e  J. 

Fe--GI--Fe F~--c==o BON 1-2 2-3 4-5 RCSE, 5-6 DE 
1 2 3  Cd4 Cd5 6 REP G1=(1-6) 5-1 4-3 

S t r u c t u r e  J 

Examples of answers  a r e  shown below. 

1 \ 
O I C  C I O  

' I '  O i C  C E O  C E O  Rz.C:O 



Metal  C l u s t e r s  
I r o n  Carbonyl C l u s t e r s  of S p e c i f i c  S i z e  

C l u s t e r s  of S p e c i f i c  S i z e  

To l i m i t  r e t r i e v a l s  t o  c l u s t e r s  w i t h  a  s p e c i f i c  number of m e t a l  atoms, 
you can combine a n  answer s e t  from a  s u b s t r u c t u r e  s e a r c h  w i t h  a n  element 
count  f o r  El. T h i s  t echn ique  w i l l  g i v e  you the metal count  over  t h e  e n t i r e  
c l u s t e r ,  n o t  j u s t  w i t h i n  t h e  r i n g  system. 

For example, you can r e s t r i c t  t h e  answer s e t ,  L 3 ,  c r e a t e d  from a  
s e a r c h  of t h e  query shown on page 143, t o  answers t h a t  have more than  t h r e e  
m e t a l  atoms i n  t h e  f o l l o w i n g  way. 

=> S  L3 AND M)3 

T h i s  r e t r i e v e s  answers  such as t h e  ones  shown below. 

c i o  

c i o  

O t C  

O I C  
o i d  

\ o i c  

o i c  

\ 
/ /&:;c i o  
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Metal Clusters 
Iron Carbonyl Clusters of Specific Size 

Alternatively, you can require exactly three iron atoms in the 
following way. 

=> S L3 AND 3/Fe 

This retrieves answers such as the ones shown below. 

o i c  CIO 

o:c\\/,c;.,e 

O!C, ,J\ , 2 

o;c,Fe~FeTc;" 

o i c  1 cIo 



Mecal C l u s t e r s  
I r o n  Carbonyl C l u s t e r s  of S p e c i f i c  S i z e  

You can  l i m i t  answers  t o  c l u s t e r s  of a  s p e c i f i c  s i z e ,  e s p e c i a l l y  when 
you a r e  l o o k i n g  Eor s m a l l e r  c l u s t e r s ,  by b u i l d i n g  two s t r u c t u r e s .  One 
s t r u c t u r e  should  be t h e  p r e c i s e  c l u s t e r  you s e e k ,  and t h e  second should  be 
one m e t a l  atom l a r g e r  t h a n  you wish t o  r e t r i e v e .  The l a r g e r  s t r u c t u r e  i s  
exc-luded Ero~u t h e  answers by add ing  i t  t o  t h e  query  u s i n g  t h e  NOT o p e r a t o r .  

I f  you wish t o  r e t r i e v e  c l u s t e r s  w i t h  e x a c t l y  t h r e e  i r o n  atoms, and 
no o t h e r  m e t a l s  i n  t h e  c l u s t e r ,  b u i l d  t h e  t h r e e  i r o n  s t r u c t u r e ,  S t r u c t u r e  
K. 

S t r u c t u r e  K 

Then, b u i l d  a  second s t r u c t u r e ,  S t r u c t u r e  L ,  w i t h  a  very  g e n e r i c  f o u r  
m e t a l  c l u s t e r .  Th i s  s t r u c t u r e  w i l l  be used w i t h  NOT l o g i c  i n  t h e  query.  

S t r u c t u r e  L 

Query: STR K n o t  STR L 

Answers such  a s  t h e  one below a r e  r e t r i e v e d .  



Metal  C l u s t e r s  
I r o n  Carbonyl Cl .us ters  of S p e c i f i c  S i z e  

To l i m i t  answers t o  l a r g e r  c l u s t e r s ,  a s s i g n  a  l a r g e  number of 
KEPeating Groups i n  a  s t r u c t u r e ,  S t r u c t u r e  M. 

OIII/\C-G~-C//UIHO SON 1-2 4-5 T,  2-3 3-4 RCSE 
1 2 3  4 5 R E P  G l  = (5-6) Fe 

S t r u c t u r e  M 

T h i s  w i l l  r e t r i e v e  c l u s t e r s  w i t h  5 o r  6 o r  more Fe atoms. 

Summary 

T h i s  c a s e  s t u d y  has  d i s c u s s e d  s t r a t e g i e s  from s e a r c h i n g  f o r  metal  
c l u s t e r s .  Case Study 8 w i l l  d i s c u s s  s t e r e o c h e m i s t r y .  
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CASE STUDY 8: STEREOCHEMISTRY 

The stereochemistry of coordination compounds is a topic which greatly 
interests inorganic chemists. The CAS Registry System, however, is limited 
to two dimensions, so stereochemistry is not directly searchable with 
structures. In other words, stereochemistry is not in the structure 
connection table. 

When a document describes stereoche~nistry for a mononuclear compound, 
this fact is noted during registration by a Registry System stereochemical 
descriptor phrase. For coordination compounds, this notation was begun in 
1972 for coordination numbers four, five, and six, and extended to 
coordination numbers seven, eight, and nine in 1977. The descriptors are 
being added to records of substances registered prior to 1972 or 1977 if 
they are cited again in the literature. For substances registered since 
the 9CI, the stereochemical text descriptor has also been included as part 
of the Index Name of the substance. During the 8CI, the Index Name 
includes the searchable terms, i.e., cis, trans, fac, mer, + , -, delta, 
lambda, D, or L, if such stereochenical information is reported for the 
compound. For a few substances that enter the Registry File as part of the 
pre-1965 registration project, stereochemical information present in the 
original document cannot be included in the Registry record because of 
limitations inherent in the indexes used for this pre-1965 registration. 

The following examples show the various forms of stereoche~nical 
information available. We have underlined this information in the various 
online display fields. 

EXAMPLE 1 

IN Cobalt(l+), dichlorobis(l,2-ethanediamine-N,N')-, (OC-6-12)- (9CI) 
SY Cobalt(l+), dichlorobis(ethy1enediamine)-, ion, trans- (8CI) 
ST 7:OC-6-12 
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EXAMPLE 2 

IN Cobalt(3+), tris(1,Z-propanediamine-N,N')-, 
[OC-6-21-.DELTA.-(R),(K),(K)I- (9CT.) 

SY 1,2-Propanediamine, cobalt complex, - (R)- (9CI) 
SY - trans-Tris(E-propylenediamine)cobalt(3+) 
SY Cobalt(3+), tris(l,2-propanediamine)-, ion, L-trans-(-)-(-)-(-)- (8CI) 
ST 7:OC-6-21-DELTA.(R),(R),(R) 

EXAMPLE 3 

IN Cobalt, [ .mu.-(dimethylphosphino)] [.mu.-[ (dimethy1phosphino)methyl-C:P] 1 
tetrakis(trimethy1phosphine)di-, (Co-Co), stereoisomer (9CI) 

ST * - 

The stereochemical notation system is composed of four parts: 

1. the site symmetry term 

2. the configuration number 

3. the chirality label for the metal center 

4. the ligand stereochemical label 

OC-6-21-DEI,TA.(R) , (R) , (R) 
*--- - 

If no chiral center is reported for the substance, only the first two 
parts denoting the geometry will be used. 

The site symmetry term indicates the idealized geometry of the central 
atom by a letter code derived from the name of the coordination polygon. 
This is followed by the coordination number. These terms are summarized in 
the table on the next page. 
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SYMMETKY SITE TERMS 

Four-Coordinate Polyhedra 

Tetrahedron 
Square Plane 

Five-Coordinate Polyhedra 

Trigonal Bipyramid 
Square Pyramid 

Six-Coordinate Polyhedra 

Octahedron 
Trigonal Prism 

Seven-Coordinate Polyhedra 

Pentagonal Bipyrainid 
Octahedron Face Monocapped 
Trigonal Prism Square Face Monocapped 

Eight-Coordinate Polyhedra 

Cube 
Square Antiprism 
Dodecahedron 
Hexagonal Bipyramid 
Octahedron Trans-Bicapped 
Trigonal Prism Triangular Face Bicapped 
Trigonal Prism Square Face Bicapped 

Nine-Coordinate Polyhedra 

Trigonal Prism Square Face Tricapped 
Heptagonal Bipyramid 



Stereochemistry 

The second part, the configuration number, is one or more numbers used 
to identify atoms on symmetry elements of a structure. In this way, 
geometric isomers are distinguished. Configuration numbers are derived 
from priority numbers assigned to the donor atoms according to the Cahn - 
Ingold - Prelog sequence rules. The donor atoms are numbered in order of 
decreasing atomic number; the numbers derived this way are the priority 
numbers. 

For octahedral complexes, atom number 1, the one with the greatest 
atomic number, is placed on the major axis. The first digit of the 
configuration number is the priority number of the atom trans to atom 1. 
The second digit of the configuration number is the priority number of the 
atom trans to the lowest numbered atom in the plane perpendicular to the 
major axis. 

A full description of the assignment of configuration numbers, 
including rules for other geometries and for complexes with unsymmetrical 
or multidentate ligands, is given in the references at the end of this case 
study. 

The presence of a stereochemical text descriptor can be required 
during a substructure search through the use of Graph Modifier screens: 

SCK 2065 - type 7: coordination compound stereochemical descriptor 
SCR 2058 - type *: stereochemistry present, but cannot be expressed 

by CAS text descriptor conventions. This includes poly- 
nuclear complexes and complexes with pi bonding ligands. 



Stereochemistry 
Geometry 

The text descriptor phrase of the Kegistry record is not searchable, 
but the fragments of any descriptor included in the Index Name are searchable in 
the dictionary portion of the file. 

The assignment of stereochemical descriptors is compli- 
cated. They are not assigned for all types of coordination 
compounds. Furthermore, they are posted as part of the Index 
Name only for compounds which have 9CI names. For these 
reasons, the techniques in this case study are offered as a 
generalization which may be helpful in dividing an answer set 
into groups for further perusal. They may not give complete 
retrieval in some searches. 

The following examples illustrate how some stereochemical information 
may be gleaned from the Registry File. 

Geometry 

The object of this search is to determine which nickel complexes with 
two or more phosphine ligands are tetrahedral, and which are square planar. 
This search question presupposes a four-coordinate complex, which is not 
indicated by the structure, Structure A. A CONNECT Attribute of Exactly 4 
is assigned to the nickel node. 

P???????Ni??????P 8ON ALL RC, CON 2 E4 
1 2 3 

Structure A 

A screen for Degree of Connectivity of four or more, DC 2120, is added 
to to the query. Screens 2065 or 2058 for the presence of a stereochemical 
descriptor are also added. 

Iluery: STK A and SCR 2120 and SCR (2065 or 2058) 



Stereochemistry 
Geometry 

A search of this query retrieves substances that have stereochemistry 
described. These answers are stored in the answer set L4. 

The tetrahedral descriptor, T-4, and the square planar descriptor, 
SP-4, are searched in the nomenclature portion of the file and used to sort 
the answers in answer set L4 into three sets. 

=> S L4 AND T(W)4 

1\11 of the answers in this answer set, L5, are definitely tetrahedral. 
An example is shown below. 

INDEX NAME = Nickel, tetrakis(diethylphenylph0sphine)-, (T-4)- (9CIJ 
SYNONYM = Tetrakis(diethylphenylphosphine)nickel 
SYNONYM = Phosphine, diethylphenyl-, nickel complex (9CII 
MOLECULAR FORMULA = C ~ O H S O N ~ P ~  
SUBSTANCE CLASS = CCS 
TEXT DESCRIPTOR = 7:T-4 



Stereochemistry 
Geometry 

=> S L4 AND SP(W)4 

All of the answers in this answer set, L6, are definitely square 
planar. An example is shown below. 

INDEX NAME = Nickel, bromobis(diethylphenylphosphine)-1-naphthaen-, (SP-4-3)- (9CI) 
SYNONYM = Phosphine, diethylphenyl-, nickel complex (9CI) 
MOLECULAR FORMULA = C30H37BrNiPz 
SUBSTANCE CLASS = CCS 
TEXT DESCRIPTOR = 7:SP-4-3 

Next we will sort out the answers that are not T-4 or SP-4. 

=> S L4 NOT L5 NOT L6 



S t e r e o c h e m i s t r y  
Ligand S te reochemis t ry  

T h i s  answer s e t  does  c o n t a i n  some T-4 and SP-4 subs tances  because t h e  
s t e r e o c h e m i c a l  d e s c r i p t o r  i s  not p a r t  of t h e  8CI Name, a s  well a s  t h e  o t h e r  
s t e r e o i s o m e r s  we were s o r t i n g .  An example of an 8CI subs tance  of t h i s  
n a t u r e  i s  shown below. 

INDEX NAME = Nickel, di-1-propynylbis(triethylphosphine)-. trans- (BCII 
MOLECULAR FORMULA = c1aH3~NiPz 
SUBSTANCE CLASS = CCS 
TEXT DESCRIPTOR = 7:SP-4-1 

MeC iC - Ni * 2  - C i CMe 

1 Ligand Scereochemistry 

The purpose of t h i s  s t u d y  i s  t o  f i n d  s u b s t a n c e s  w i t h  two b i d e n t a t e  
Ligands which c o n t a i n  o p t i c a l l y  a c t i v e  phosphines a n d l o r  a r s i n e s .  

I n  t h i s  c a s e ,  t h e  emphasis i s  on t h e  l igand  s te reochemis t ry .  The t e x t  
d e s c r i p t o r  s c r e e n s  cannot s i n g l e  ou t  subs tances  f o r  which t h e  
s t e r e o c h e m i c a l  n o t a t i o n  i n c l u d e s  l i g a n d  c h i r a l i t y ,  a s  opposed t o  those  
where t h e r e  i s  merely meta l  atom geometry desc r ibed .  Screens  2065 and 2058 
w i l l  no t  be very u s e f u l  i n  t h i s  problem. 



Stereochemistry 
Ligand Stereochemistry 

For the P or As to be optically active, it must have four diEFerent 
attachments, of which one may be a hydrogen. We will use a CONNECT 
Attribute of a Minimum of 3 on the phosphorus or arsenic to require at 
least one additional substituent. The structure, Structure B, is created 

- to allow both five or six membered carbon containing chelate rings. 

6 GZ?????Gl 5 AS 
? ? @8 
? ? CON 8 9 M3 
? ? 1 2 P VAR G1=8/9 

7 Gl?????M??????GI @9 REPG2=(2-3) C 
? ? 
? ? 
? ? 
Gl?????G2 

STRUCTURE B 

There is no way in structure building to require that substituents be 
different, so we will NOT out a structures which have two of the most 
common substituents using Structure C. 

Me-As-Me 
@8 

VAR Gl=5/6/7/8/9/10 
REP G2=(2-3) C 

Et-As-Et 
@9 



S t e r e o c h e m i s t r y  
Ligand S te reochemis t ry  

I n  a d d i t i o n  t o  Screens  1921, 1931, o r  1964 f o r  t h e  t r a n s i t i o n  meta l s ,  
M Screen 945 f o r  f o u r  r i n g  bonds t o  a  c e n t r a l  atom was added. (Screen 945 
w i l l  n o t  be used a u t o m a t i c a l l y  when t h e  g e n e r i c  M node i s  ass igned.)  

Quqry: STR B no t  STR C and SCR (1921 o r  1931 o r  1964) and SCR 945 

Answers t o  t h e  s u b s t r u c t u r e  s e a r c h  of t h i s  query a r e  i n  L12. They 
were combined w i t h  a  s e a r c h  i n  t h e  d i c t i o n a r y  p o r t i o n  of t h e  f i l e  t o  s e l e c t  
t h e  complexes where t h e  l i g a n d s  had been des igna ted  a s  c h i r a l  o r  where a  
s t e r e o i s o m e r  was i n d i c a t e d .  R o r  S  i n d i c a t e s  an o p t i c a l l y  a c t i v e  atom 
where t h e  a b s o l u t e  c o n f i g u r a t i o n  is known; R* o r  S* i n d i c a t e s  t h e  r e l a t i v e  
c o n f i g u r a t i o n  of a  c h i r a l  atom. 

Th is  s t r a t e g y  was des igned t o  r e t r i e v e  on ly  subs tances  which have a  
c h i r a l  c e n t e r  a t  phosphorus o r  a r s e n i c .  Substances  wi th  both  a  c h i r a l  P o r  
A s  and a  dimethyl- ,  d i e t h y l - ,  o r  d iphenyl-  s u b s t i t u t e d  P o r  A s  w i l l  no t  be 
i n  t h e  answer s e t .  An example of t h e  t y p e  of answer r e t r i e v e d  i s  shown 
below. 

INDEX NAME = Nickel(Z+), bis[methyl[2-lmethylphenylarsinolphenyl]phenylphosphine-As.P]-. 

[SP-4-4-[R-(R..R-)],[S-(R..R*)]]- (9CI) 
SYNONYM = Phosphine, methyl[Z-(methylphenylarsino)phenyl]phenyl-, nickel complex, [R-lR.,R*)]- (9CI) 
SYNONYM = Phosphine, methyl[2-(methylphenylarsino)phenyl]phenyl-. nickel complex, [S-(R-,R*)]- l9CI) 
MOLECULAR FORMULA = C ~ O H ~ O A S Z N ~ P ~  
SUBSTANCE CLASS = CCS. COM 
TEXT DESCRIPTOR = 7:SP-4-4.(1:R2:R.,R*),f1:S2:R*,R.l 



Stereochemistry 
Cis or Trans Isolners 

Cis or Trans Isomers 

Of the compounds retrieved in the following search for 
dihalobisbipyridine or bisphenanthroline complexes, which are cis and which 
are trans? 

This type of question is both the most difficult to answer of the 
three posed, and also gives the least precise results. Structure D, shown 
below, was combined with the screens for the transition metals and 
searched. The results of this search are in answer set Ll6. 

Structure D 

w: STR D and SCR (1921 or 1931 or 1964) 
The structures in the answer set are quite well defined, so we can 

predict the stereochemical descriptors for most of the answers in which the 
ligand is unsubstituted or symmetrically substituted. 



S t e r e o c h e m i s t r y  
C i s  o r  Trans  Isomers 

I l l u s t r a t e d  below a r e  t h e  d i f f e r e n t  isomers p o s s i b l e ,  t o g e t h e r  wi th  
t h e i r  s t e r e o c h e m i c a l  d e s c r i p t o r s .  A l l  t h e  h a l i d e  i o n s  a r e  h e a v i e r  than t h e  
n i t r o g e n  donors ,  s o  t h e  h a l i d e s  r e c e i v e  t h e  h i g h e s t  p r i o r i t y .  

TRANS CIS 

The f o l l o w i n g  s e a r c h  a l l o w s  us t o  t h e  t r a n s  isomers o u t  of t h e  answer 
set L l 6 .  The t r a n s  i somers  are i n  answer s e t  L17. 

=> S L16 and (12 or 23 o r  TRANS) 

Next w e  s o r t  o u t  t h e  c i s  isomers.  These isomers  a r e  i n  answer s e t  
L18. 

=> S L16 and (22 o r  33 o r  CIS) 

F i n a l l y ,  w e  c r e a t e  a n  answer s e t  t h a t  c o n t a i n s  t h e  isomers  which are 
u n c e r t a i n .  

=> S L16 not  L17 n o t  L18 



Stereochemistry 
Cis or Trans Isomers 

The last answer set will have to be examined by hand, but it will be a 
lot easier than sorting all answers in L16. These remaining answers 
comprise three categories of substances. 

I. Stereochemical descriptor not included in the index name. 

INDEX NAME = Cobalt(l+). bis(2.2'-bipyridine)dibromo-, bromide (8CIJ 
MOLECULAR FORMULA = c20H~~Br~CoN4.Br 
SUBSTANCE CLASS = CCS 
TEXT DESCRIPTOR 7:OC-6-22 

' B r ~ ,  

. Br '  



Stereochemistry 
Cis or Trans Isomers 

2. Unsymmetrically substituted bipyridines or phenanthrolines. These will 
have configuration numbers other than 12, 22. 23, or 33. 

INDEX NAME = Copper, dichlor0(2.2':6'.2":6",2'"-quaterpyridine-N.N'.N",N"'l-, IOC-6-131- (9CI) 
SYNONYM = 2,2':6',2":6",2"'-Ruaterpyridine. copper complex ISCI) 
MOLECULAR FORMULA = C ~ O H I ~ C I ~ C U N ~  
SUBSTANCE CLASS = CCS 
TEXT DESCRIPTOR = 7:OC-6-13 

INDEX NAME = Iridium(l+l. l2,2'-bipyridine-N,N'~dichloro(l,lO-phenanthroline-N,N-, chloride. 
(OC-6-32)- (9CI) 

DELETED REGISTRY NUMBERIS) = 56428-52-0 
MOLECULAR FORMULA = C2zH16CI21rN4.CI 
SUBSTANCE CLASS = CCS 
TEXT DESCRIPTOR = 7:OC-6-32 



Stereochemistry 
Cis or Trans Isomers 

3. Those where no stereochemistry is described. This is the majority. 

INDEX NAME 8 Ruthenium, dichlorobis(l.10-phenanthroline-N1,Nlol- (9CII 
SYNONYM = Oichlorobis(1.10-phenanthro1ine)ruthenium 
MOLECULAR FORMULA = C ~ ~ H I ~ C I ~ N ~ R U  
SUBSTANCE CLASS = CCS 

Summary 

This case study has discussed various ways of searching for specific 
stereoisomers. Case Study 9 will discuss name and formula searching. 
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Name and Formula Searching 

CASE STUDY 9: NAME AND FORMULA SEARCHING 

In the previous case studies we have emphasized how to use 
substructure searching to obtain Registry Numbers of coordination 
compounds. In several of the case studies, name and/or formula searching 
has been used to make answer sets more specific. If your search question 
pertains to a well defined structure, you can often obtain similar 
information less expensively by searching by chemical formula or by name in 
the dictionary portion of the Registry File. The types of information you 
can search in the dictionary portion of the Registry File are summarized in 
the next page. 

In this case study we present an overview of the Basic Index and the 
specialized indexes of most interest to inorganic chemists. Full 
documentation for dictionarv term searchina is found in - 
Using CAS ONLINE: The Registry File, Volume 111. Search examples from 
previous case studies which lend themselves to dictionary searching have 
been selected for illustrations, so you may compare the results of name or 
formula searches with those obtained from substructure searches on the same 
topic. 



Name and Formula Searching 
Searchable Fields 

SEARCHABLE FIELDS IN THE REGISTRY FILE 

Basic Index (contains name fragments CHLORO AND .MU. 

Complete Molecular Formula in Hill C6H24CoN6.3ClIMF 

olecular formula, i.e., number of 
dots" + 1 (exact value, range of 
alues minimum or maximum values) 

alues, minimum or maximum values) 

Substance Class Identifier (12 are 

ICN Complete Name (CA Index Names as well 
as synonyms, e.g., trade names and 
commonly used names) 

FERROCENE/CN 
FERRTC CHLORIDE/CN 



Name and Formula Searching 
Proximity Operators 

Proximity Operators 

In addition to the logical operators, AND, NOT, and OK, which merely 
specify that the search terms are in the record, there are three proximity 
operators which specify more precise relationships between search terms. 

ame fragments must be adjacent => s TETRA(W)AMMINE 

ut in either order 

same name (CA Index Name or PLATINATE) 

Any one of the above search statements would have retrieved the 
following substance. 

RN 23678-60-6 
IN Platinum(2+), tetraammine-, bromotrichloroplatinate(2-) (8C'L) 
SY Platinate(2-), bromotrichloro-, tetraammineplatinum(2+) (8CI) 
MF Br C13 Pt . H12 N4 Pt 



Name and Formula Search ing  
T r u n c a t i o n  Symbols 

Trunca t ion  Symbols 

S p e c i a l  c h a r a c t e r s  a r e  a v a i l a b l e  t o  a l low f o r  a l t e r n a t i v e  endings  f o r  
a s e a r c h  term and f o r  v a r i a t i o n  of a c h a r a c t e r  w i t h i n  a term. These 
s p e c i a l  c h a r a c t e r s  may be used e i t h e r  w i t h  words o r  w i t h  chemical  formulas .  
They a r e  l i s t e d  i n  t h e  f o l l o w i n g  t a b l e .  

Symbol 

? 

i/ 

! 

D e f i n i t i o n  

r e p r e s e n t s  any number of 
c h a r a c t e r s ,  i n c l u d i n g  none 

may be used o n l y  a t  t h e  
end of a term 

r e p r e s e n t s  z e r o  o r  one 
c h a r a c t e r  

more than  one i/ may be 
used t o  s p e c i f y  n o r  
fewer c h a r a c t e r s  

may be used on ly  a t  t h e  
end of a t e r m  

r e p r e s e n t s  e x a c t l y  one 
c h a r a c t e r  

more t h a n  one ! may be 
used t o  s p e c i f y  e x a c t l y  
n c h a r a c t e r s  

may be used a t  t h e  end 
of a term o r  w i t h i n  a term 

Example 

=> S CHLOK? 

=> S PHOSPHINa 

=> s COBALT//## 

=> S SULF!TE 

=> S SULF!N!! 

Retr ieved 

c h l o r o  
c h l o r i n e  
c h l o r i d e  
c h l o r i d e s  
e t c .  

phosphine 
phosphino 

c o b a l t  
c o b a l t a t e  
e t c .  

- 
s u l f a t e  
s u l f i t e  

s u l f o n y l  
s u l f  o n i c  
s u l f  i n i c  
e t c .  



Name and Formula Searching 
Formulasin the Basic Index 

Searching Formulas in the Basic Index 

The formulas in the Basic Index include the molecular formulas of all 
single component substances, e.g., ClOHlOFe for ferrocene, and the 
molecular formulas for the individual components of multicomponent 
substances (such as salts with counter ions), e.g., C4Hl6C12CoN4 and C104 
for dichlorobis(ethylenediamine)cobalt perchlorate. 

Tn Chapter 3, a FAMTLY substructure search was done to locate isomers, 
salts, and labeled substances containing the Co en2 C12 ( 2 + )  ion. To find 
Registry Numbers for this substance, both as a single component and as one 
of the components of a salt or other multi-component substance, you can 
search for the molecular formula in the Basic Index. 

A comparison of the answers froin the FAMILY search and the answers 
from the molecular formula search showed that the answer sets are not 
identical. The formula search also retrieved salts of two other complexes 
with the same formula. 

KN 92276-05-6 
IN Cobalt, dichlorobis(l.1-dimethylhydrazine)- (7CI) 
MF C4 Hl6 C12 Co N4 

RN 52571-38-7 
IN Cobalt (l+) , 

[N-(2-aminoethy1)-l,2-ethanediamine-N,N' ,N" ] amminedichloro-, 
(OC-6-14)-, perchlorate (9'21) 

MF C4 Hl6 C12 Co N4 . C1 04 
Retrieved by the substructure search, but not by the formula search, 

was a deprotonated complex which has a different molecular formula. 

RN 15318-86-2 
IN Cobalt, dichloro(1,2-ethanediaminato-N,N')(1,2-ethanediamine-N,N')-(9CI) 
MF C4 H15 C12 Co N4 



Name and Formula Searching 
Formulas in the Molecular Formula Index 

Formula Searching in the Molecular Formula Index ( /W)  

Complete molecular formulas may searched in the /MF field. When you 
search on a molecular formula in the /MF field, you are restricting your 
results to just those substances in which the specified molecular formula 
is the complete molecular formula. No components except the one(s) you 
specified as part of the complete formula are allowed. 

To retrieve a specific salt of an ionic coordination compound, such 
as [Co en31 C13, enter the entire formula with periods separating each of 
the component formulas. The carbon-containing components are listed first, 
according to decreasing number of carbon atoms. The components without 
carbon are listed after the carbon-containing components in alphabetical 
order by the first element in the Hill formula. 

Since molecular formulas are not unique, not all of the answers are 
for tris(ethy1enediamine)cobalt chloride. An example of a false retrieval 
is shown below. 

KN 15613-81-7 
IN Cobalt(3+), 

diammine[N,N'-bis(2-aminoethyl)-l,Z-ethanediarnine-N,N',N",N"']-, 
trichloride (9CI) 

SY 1,2-Ethanediamine, N,N'-bis(2-aminoethy1)-, cobalt complex (9CI) 
SY Diammine(triethy1enetetramine)cobalt trichloride (7CI) 
MF C6 HZ4 Co N6 . 3C1 



Name and Formula Searching 
Formulas in the Molecular Formula Index 

In Case Study I, a search for all rhenium halides and halocomplexes 
was performed. If you needed only a more limited set of substances with 
more than one rhenium atom and were interested in seeing each ion only once 
(without any counter ions), you could perform the search in the Molecular 
Formula field. Character masking ( ! )  is used to allow for variation in the 
coefficients. CL!KE! allows for the retrieval of CL2RE2 to CL9RE9 and 
CLl!RE! allows for the retrieval of CLlORE2 to CL19KE9. 

Examples of answers are shown below. 

RN 67815-32-1 
SY  hena ate( 2-) , octaiododi-, (Re-Re) , 
MF 18 Re2 

While it is tedious to type so many formulas, for a search of well 
defined substances this method is less expensive than a substructure 
search. 

You can also use the technique of internal masking in the Basic Index 
to retrieve the salts of the dimers and trimers. You can also broaden this 
technique to retrieve all one-component rhenium chlorides with only a 
single rhenium atom by using the search term Cl!RE. 



Name and Formula Search ing  
Element Counts 

Search ing  Element Counts 

Element Count i s  a coun t  of t h e  t o t a l  number of atoms of each element 
i n  t h e  molecular  formula.  For multi-component s u b s t a n c e s ,  element c o u n t s  
are c a l c u l a t e d  f o r  each  of t h e  i n d i v i d u a l  components. T o t a l  element coun ts  
a r e  not c a l c u l a t e d  f o r  t h e  e n t i r e  multi-component subs tance .  The f o l l o w i n g  
examples i l l u s t r a t e  t h e  i n d i v i d u a l  element coun ts  t h a t  a r e  genera ted  from 
s u b s t a n c e  molecular  formulas :  

Complete Formula Element Counts Generated 

C4H16CoC12N4 4/C, 1 6 / ~ ,  1/Co, Z / C l ,  4/N 

CZH8Br2CoCl2N2. component 1: 2/C, 8/H, 2/Br, 
C14Co l /Co,  2 /Cl ,  2/N 

component 2: l /Co, 4 / C 1  

Note t h a t  when t h e  molecu la r  formula  c o n t a i n s  a s i n g l e  occurrence of an  
e lement ,  a n  element count of 1 is g e n e r a t e d  f o r  t h a t  element.  

I n  a d d i t i o n  t o  g e n e r a t i n g  t h e  e lement  coun ts  f o r  each element i n  a - 
molecu la r  formula ,  t h e  f o l l o w i n g  s p e c i a l  element coun ts  a r e  genera ted :  

For a molecular  formula w i t h  no carbon,  t h e  element count 
O / C  ( z e r o  carbon atoms) i s  genera ted .  

For  a molecular  formula  w i t h  no hydrogen, t h e  element count 
O/H ( z e r o  hydrogen atoms) i s  genera ted .  

For a molecular  formula  w i t h  no oxygen, t h e  element count 
010 ( z e r o  oxygen atoms) i s  genera ted .  

For a molecular  formula  w i t h  no n i t r o g e n ,  t h e  element count 
O / N  ( z e r o  n i t r o g e n  atoms) i s  genera ted .  

For  a molecular  formula  c o n t a i n i n g  halogens  (F ,  C 1 ,  B r ,  I, A t ) ,  
t h e  number of halogens  i s  summed and a n  element count of  n/X is 
g e n e r a t e d ,  where n i s  t h e  t o t a l  number of halogen atoms i n  t h e  formula.  

For a inolecular  formula  c o n t a i n i n g  one o r  more meta l  atoms, t h e  
t o t a l  number of meta l  atoms i s  summed and an element count of n/M i s  
g e n e r a t e d ,  where ii i s  the- t o t a l  number of metal atoms i n  t h e  formula.  

For a molecu la r  formula  c o n t a i n i n g  D (deuter ium) o r  T ( t r i t i u m ) ,  
a t o t a l  H count t h a t  i n c l u d e s  t h e s e  e lements  i s  genera ted  i n  a d d i t i o n  
t o  t h e  i n d i v i d u a l  e lement  coun ts  f o r  each of t h e  i s o t o p e s .  



Name and Formula Search ing  
Elemenc Counts 

For t h e  molecular  formulas  l i s t e d  on t h e  prev ious  page, t h e  fo l l owing  
a d d i t i o n a l  element counts  a r e  genera ted .  

Complete Formula A d d i t i o n a l  Element Counts Generated 

C4HlbCoClZN4 1 / M ,  2/X, 010 

C2H8Br2CoClZN2. component 1: I/M, 4 / X ,  010 
C14CO 

component 2: l / M ,  4/X, O/H 
010,  O/N, O / C  

I n  a d d i t i o n  t o  s p e c i f y i n g  t h e  e x a c t  number of  atoms of a  g iven  e lement  
i n  a molecular  formula,  elemenr coun t  can  be used t o :  

b s p e c i f y  a n  element  count range ,  

s p e c i f y  a minimum element  c o u n t ,  

a s p e c i f y  t h e  p r e sence  of a n  e lement ,  o r  

s p e c i f y  a maximum element  count .  

The fo l l owing  t a b l e  summarizes t h e  s e a r c h  terms used f o r  each  of  t h e  c a s e s  
l i s t e d  above. 

* The combinat ions >- ( g r e a t e r  t han  o r  e q u a l  t o )  and <= ( l e s s  t han  o r  e q u a l  
t o )  may a l s o  be used. 

Element Count 

E x a c t l y  n atoms 

m-n atoms al lowed 

G r e a t e r  t han  n atoms a l lowed * 
The element  must be p r e s e n t  

The element  must be a b s e n t  

Fewer t han  n atoms a l lowed * 

Sea rch  Example 

3 /Fe  ( formulas  w i t h  e x a c t l y  3 i r o n  atoms) 

3-7 /F  ( formulas  wi th  3-7 f l u o r i n e  atoms) 

S > 4 ( formulas  wich more than  4 s u l f u r  acorns) 

bln > 0 (manganese must be p r e sen t  i n  t h e  fo rmu la )  

0  < 1 (oxygen must no t  be p r e sen t .  Only v a l i d  
f o r  0 ,  N ,  C ,  and H) 

P < 3 ( formulas  w i t h  l e s s  than 3 phosphorus atoms) 
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Element Counts 

In Case Study 7, a search for gold-phosphine clusters was performed 
and then refined to include only those clusters with five or more gold 
atoms and five or more phosphorus atoms. This search could also be run 
entirely in the dictionary portion of the Registry File. 

=> S AU>4 AND P>4 

The substructure search for P????Au????Au limited to five or more Au 
and over four P retrieved fewer substances. The higher number of 
substances retrieved by formula searching includes those that are Manual 
Registrations and have no structure. An example of this type of answer is 
shown below. 

RN 90857-52-6 
IN Gold(3+), octakis [tris(4-metho~~~hen~l)~hos~hine-Pnona-, (20Au-Au), 

trinitrate (9CI) 
SY Phosphine, tris(4-methoxypheny1)-, gold complex (9CI) 
MF C168 H168 Au9 024 P8 . 3 N 03 

RN 82800-52-0 
ME C168 H168 Au9 024 P8 
CI CCS, COM, MAN 

*** STRUCTURE DIAGRAM IS NOT AVAILABLE *** 

RN 14797-55-8 
ME N 03 
CI COM 
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Searching with Compound Class Identifier Codes (/cI) 

Compound Class Identifier Codes are codes assigned by CAS to describe 
broad classes of substances. They are searched in the Class Identifier 
(/CI) field. The following table lists the 12 Compound Class Identifier 
Codes and their definitions: 

Compound Class Identifier Codes are generally used in combination with 
other Registry File search terms, e.g., names, molecular formulas, 
structure search results, etc. Those codes most likely to be of use in 
inorganic searching are MAN/CI and AYSICZ. CCS/CI is not recommended for 
searching for the same reason that use of a screen for this same 
designation was not recommended: not all compounds which inorganic chemists 
consider as coordination compounds receive the identifier. 

Class Code 

AY s 
CCS 
CTS 
GRS 
IDS 
MAN 
MNS 
MXS 
PMS 
RIS 
Kl' S 
TSCA 

- 

If you wish to locate coordination compounds which have both iron and 
cobalt in the same fragment, you would not wish to see the substances which 
are alloys. Alloys can be excluded by the use of AYSICI, the class 
identifier code for alloys. 

=> S FE>O AND CO>O NOT AYSICI 

Definition 

A ~ ~ O Y  
Coordination Compound 
Registered Concept 
Generic Registration 
Incompletely Defined Substance 
Manually Registered Substance 
Mineral 
Mixture 
Polymer 
Radical Ion 
Ring Parent 
Toxic Substance Control Act Inventory 
(Initial Inventory and Cumulative 
Supplement 11) 

Example i 

AYSICI 
CCS/CI 
c~slcr 
GKS/CI 
IDSICI 
MANIC1 
MNS/CI 
MxS/CI 
PMS/CI 
KIS/CI 
RPSICI 
TSCA/CI 
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Name Searching in the Basic Index 

In the Basic Index you can search with name fragments. This allows 
you to search for as much or as little of the name as you wish. 

In order to give you the capability for searching for parts of 
chemical names, a11 10 million names in the Registry File have been 
fragmented. All of these fragments are searchable in the Basic Index of 
the Registry File. The principles of name segmentation are: 

b the name is first broken into segments at spaces and punctuation 

these segments are broken into smaller fragments by a computer 
program that identifies chemically significant fragments 

These fragments are the searchable name fragments in the Basic Index of the 
Registry File. For example, the name 

is broken into the following searchable fragments: 

cobalt propane 
3+ di 
tris amine 
1 
2 

Note that partially recombined fragments such as diamine and 1,2 are not 
searchable name fragments. Only the smallest chemically significant 
fragments are searchable in the Basic Index. When deciding which name 
Eragments to include in your search strategy, you should use the EXPAND 
command to verify your selections. 

In Case Study 8, we searched for dihalophenanthroline or bipyridine 
complexes. To use name searching for these compounds, we must decide on 
which search terms to use. Expanding "phenanthroline", we find many 
postings for this word, so it is a valid name segment. 
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=> E PHENANTHROLINE 5 

+ many p o s t i n g s  

Expanding "b ipyr id ine" ,  however, shows no p o s t i n g s ,  s o  t h i s  word i s  f u r t h e r  
segmented i n t o  s m a l l e r  f ragments .  

=> E BIYYRIDINE 5 

E 1 1 BIPYRDIDINE~BI 
E2 1 B I P Y R D I N I U M / B I  
E3 0  BIPYRIDINEIBI + 0  p o s t i n g s  
E4 2  BIPYRXMI/BI 
E5 37 BIPYRIMIDINIBI 

and "Pyr idine"  a r e  t h e  segment terms as w e  can v e r i f y  w i t h  EXPAND. 

~ ~ 

E2 1  B H X I B I  
E3 315373 B I I B I  C------ many p o s t i n g s  

=> E PYRIDINE 5  

E 1  7 PYRIDINATEIBI 
E2 186 PYRIDINATOIBI 
E3 166040 PYRIDINEIBI + many p o s t i n g s  
E4 1  PYRIDINEAOETONITRILE/BI 
E5 3  PYRIL)INECARBOHYDRAZONAMIDE/BI 
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Name Eragments may be combined in a search statement by the (L) 
operator, assuring that the terms will appear in the same CA name or 
synonym. Terms that you know were segmented from a larger segment, may be 
searched with the (W) operator, e.g., bi(w)pyridine. The name fragments of 
the ligand can be combined with a 1/M term to insure the presence of a 
metal atom in the complex. 

=> S DI(W)(CHLORO OR BROMO OR IODO OR FLOURO)(L)BIS(L)BI(W)PYKIDINE AND 1/M 

There are many more answers than for the substructure search in the 
previous case study, and we didn't even search for any complexes with two 
different halides. The answer secs froin name searching contain all metals, 
not just the transition metals required in the substructure search. We 
also retrieve many complexes of ligands with dihalo substitution. 

RN 92543-37-8 
IN Kuthenium(2+), 

(4,7-dichloro-l,lO-phenanthroline-N1,N1O)bis(l,lO-phenanthroline-Nl,N 
1 0 ,  (OC-6-22)- (9CI) 

SY l,l0-Phenanthroline, 4,7-dichloro-, ruthenium complex (9CI) 
MF C36 HZ2 C12 N6 Ru 
CT CCS, COP1 

It is possible to use the (W) operator to keep the terms in the proper 
order. Ligands are named alphabetically in coordination compounds. 

=> S DI(W)(CHLORO OR BROMO OR IODO OR FLUORO)(W)BIS(ZW)PHENANTHROLINE 
AND 1/M 

=> S BIS(2W)BI(W)PYRIDINB(2W)DI(W)(CHLORO OR FLUORO OR BROllO OK IODO) 
AND 1/M 
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Th i s  s t r a t e g y ,  however, i s  t o o  r e s t r i c t i v e ;  and,  w e  a r e  l o o s i n g  answers 
l i k e :  

Tn a d d i t i o n  t o  t h e  drawbacks i l l u s t r a t e d  i n  t h e  examples above,  name 
s e a r c h i n g  i s  unable  t o  r e t r i e v e  any complexes which have r i n g  f u s i o n  on t h e  
phenan th ro l ine  o r  b i p y r i d i n e  r i n g s ,  as t h e s e  l i g a n d s  have d i E f e r e n t  i n d e x  
names. 

Summary 

Search ing  by name o r  formula  i s  r a r e l y  as p r e c i s e  a s  s u b s t r u c t u r e  
s e a r c h i n g .  It can be used e f f e c t i v e l y ,  however, t o  make a s u b s t r u c t u r e  
s e a r c h  more p r e c i s e .  D i c t i o n a r y  terms may be sea rched  d i r e c t l y  w i t h  
s t r u c t u r e s .  You must f i r s t  perform t h e  s u b s t r u c t u r e  s e a r c h  and t h e n  you 
can  combine t h e  r e s u l t s  of t h e  s u b s t r u c t u r e  s e a r c h  w i t h  t h e  d i c t i o n a r y  
terms.  
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Appendix 1 :  S t r u c t u r e s  of  Ligands 

( A l l  Uonds a r e  Exact Unles s  Otherwise Noted) 

CAS ONLINE S t r u c t u r e  

Name and Chemist's Monodentate Chelated o r  
S t r u c t u r e  Br idg ing  

Ace ty lace tone  
( a c a c )  

0 0 

I I I I H 
C-3C,~\C/CH3 

CH3C-CH-C-CH3 

0 
I I  II 

or i 
0 

I \ /O 
M 

CH3C-CH=C- CH, 

A l . l y l  - s e e  propenyl  

- 
Azide N3 M-N=N=N 

- 
Benzene 

9 
--- -. 
;\ 1%- 

;-M-: 
"./ \,' ..-- 

M C---C normalized 

Carbon D i s u l f i d e  

/ 
C 

M-S=c=S 
S-M M,lI 

C S 2  M(I! I s=c 
c=s \ / 

M 

S 
/ 

S 
M,ll 

C=S-M 
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Appendix 1: Structures of Ligands 

CAS ONLINE Structure 

Name and Chemist's Monodentate Chelated or 
Structure Bridging 

Carbon Monoxide 

Carboxylate 

coo- 

Cyanide 
(cyan01 

C N-  M-C=N 

Cyanate 
(cyanato-N) 

NCO- M-N=C=O 

Cyclopentadienyl I (CP) 

Dithiocarbamate 



Appendix I :  S t r u c t u r e s  of  L i g a n d s  

I CAS ONLINE S t r u c t u r e  

Name and Chemist 's 
S t r u c t u r e  

Monodentate C h e l a t e d  o r  
B r i d g i n g  

AM 
R-C 

's' 

E t h y l e n e  
( e t h e n e )  

C2H4 

N i t r o g e n  
( d i n i t r o g e n )  

N i t r a t e  

I customary only if oufhor rtram8ea 

N i t r i t e  
( n i t r o  = n i t r i t o - N )  

M-N //O 
\o 

N i t  r i t e  
( n i t r i c o - 0 )  

ONO- M-0-N=O 
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Appendix 1:  S t r u c t u r e s  o f  Ligands 

CAS ONLINE Struc ture  

Name and Chemist's Monodentare Chelated o r  
S t r u c t u r e  b r i d g i n g  

N t t r o s y l  

NO 
M 

N 0' 
M-N=O >N=O 

M 
r a r e  

Oxide 
( 0 x 0 ,  OXY) o - ~  M=O M-0- M. 

P e r c h l o r a t e  
0 0 
II 

M-0-CI=O 
I I 

C 10; M-0-CI-0-M 
I I 
0 1 

Phosphate 0 0 
j N : N / 0 \ -0 

PO, M-O- P---O M-0-P-0-M M, ,P:'N 
j N '-0 0 N 

b 0 

Propeny 1 
( a l l y l )  

lC\ M-C 
M-C 

C 3 H 6  \c' \62' k 
Unsubrllluted Subsll luted 

C-C Unspeclf led 
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Appendix I: Structures of Ligands 

CAS ONLTNE Structure 

Name and Chemist-s Monodentate Chelaced or 
Structure Bridging 

Sulfate 

0 

- 2 : N 
' N  

s 04 
ii /O\ //O 

M - 0 - S - - - 0  M-O-S-O-MM,O,S~o 
I N  11 
b 0 

Sulfide 
(sulEide, thio, thioxy) M M 

M=S 
I 
S 

\ 
s - ~  

M-S 
I 
M M 

/ 

Thiocyanate 
(thiocyanato-N) 

M-N=C=S M-NEC -S - M 
NCS - 

Thiocyanate 
(chiocyanato-S = isothiocyauato) 

SCN-  M - S - C G N  M-S- C S N - M  

A 



Code - 
COORD5 
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Appendix 2 :  Fragment File 

STRUCTURE 
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Appendix 2: Fragment File 

Code - 
C06LG3 

PHENAN 

STRUCTURE 



Code - 

PHORBN 

PORPHY 

PHORPHN 
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A p p e n d i x  2:  F r a g m e n t  F i l e  

STRUCTURE 

. ..%. 

3.h *~"h .P* .y  
*, b~+""'"- $ $* 

1 
? 

.v"liu" ti-. 

*$ < > 'l. 
, i ~ * \ * ~  
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Appendix 3: S c r e e n s  
Element  Count  S c r e e n s  

Element  Count  S c r e e n  f o r  M e t a l s  

D e s c r i p t i o n  E l e m e n t s  

M e t a l s  

Group Ia  
Group I I a  
Group I I I a  
Group IVa 
Group V a  
Group VIa 
Group V I I a  
Group V I I I  
Group I b  
Group I l b  
Group I I I b  
Group IVb 
Group Vb 

Group VILb 
Group 0  
T r a n s i t i o n  S e r i e s  

a l l  e x c e p t  A r  As A t  B Br C 
C 1  F H He I K r  N Ne 0 P Rn 
S  S e  S i  Te  Xe 
Cs F r  K L i  Na Rb 
Ba Be Ca Mg Ra S r  
La S c  Y 
Hf T i  Zr  
Nb Ta V 
C r  Mo W 
Mn Re T c  
Co F e  Ir  N i  0 s  Pd P t  Ra Ru 
Ag Au Cu 
Cd Hg Zn 
A 1  B Ga I n  T 1  
Ge Pb  S i  Sn  
A s  B i  P Sb 
0 S 
Po S e  Te  
A t  B r  C 1  F I 
A r  H e  K r  Ne Rn Xe 

I Co C r  Cu Fe  Mn N i  T i  V 
A s  Ga Ge K r  Kb S e  Y Zn 
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Augmented Atom and Hydrogen Augmented Atom Screens 

Selected Augmented Atom Screens 

Screen Count 
Number 

Screen Count 
Number 

Fragment 
Definition 

Selected Hydrogen Augmented Atoms 

Fragment 
Definition 

Freq. 
X 

Freq. 
X 
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Type of King and King Count Screens 

Selected Type of Ring Screens 

Screen Count Fragment Freq. 
Number Definition % 

Screen 
Number 

1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 

Fragment 
Definition 

1 
2 
3 
4 
5 
6 
7 
8 

10 
15 

DDD 
DDD 
DDT 
DTT 
TTT 
DDDD 
DDDT 
DDTT 
DDTT 
DTDT 
DTTT 
TTTT 

King Count Screens 

Freq. 
% 

81.21 
62.14 
39.69 
23.04 
11.71 

6.53 
3.66 
2.65 
1.31 
0.19 
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Degree of  C o n n e c t i v i t y  Screens  

Degree of  C o n n e c t i v i t y  

Screen  
Number 

Count 

3 

Fragment 
D e f i n i t i o n  

5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
6 

Freq. 
% 



Screen 
Number 

Fragment 
Definition 

Appendix 3: Screens 
Atom Count Screens 

Atom Count 

Freq. 
% 
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Graph Modifier Screens 

Graph Modifier Screens 

abnormal mass -- all isotopic specifications 
deuterium Isotope 

4 5 
tritium and higher H isotopes (e.g., H, H, etc.) 
isotope at unknown location (ZUL) 

abnormal valence 

Multi-component substance screens. 

2 or more components 
3 or more components 
4 or more components 

single atom fragment (SAF) 

Chemical substance class identifier screens. Note that 
these screens are not mutually exclusive -- a substance 

may belong to as many classes as are appropriate. 

alloy 

coordination compound 

incompletely defined (ID) substance 
ID - unknown structure (ID molform) 
ID - unknown point of attachment 
ID - ester 
ID - hydrogen (bond) 

manual registration 

mineral 

mixture (substance named as "mixt. with" in - CA) 
polymer (general category) 
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Graph ModiEier Screens 

Text descriptor screens indicate the type of stereochemical 
data provided by a substance's text descriptor. (Note that 
familiarity with CAS stereochemistry practices is required 

to use these screens effectively.) 

type * -- stereochemistry cannot be expressed by the CAS 4.82% 
text descriptor conventions 

type 1 -- absolute configuration (using R/S to describe a 2.42% 
single or reference center stereogenic atom) 

type 2 -- relative configuration (using cisltrans, E/Z, 7.23% 
K*/S*, etc., to describe multiple stereogenic 

atoms) 

type 3 -- optical rotation (present only if absolute 1.70% 
configuration is not specified) 

type 4 -- stereoparent descriptor (based on 140+ common 3.73X 
names of classes of natural products) 

type 5 -- amino acid and carbohydrate descriptors 4.55% 

type 6 -- trivial name descriptor (based on 550+ common 0.20% 
names of natural products having complex 

stereochemistry) 

type 7 -- coordination compound descriptor (describes 3.331 
basic geometry and nuclear and ligand stereo- 

chemistry) 

type 8 -- non-steric descriptor (used with incompletely- 4.22% 
described substances, polymers, minerals, alloys 

and radical ions) 
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