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Description of Steric Relationships Across Single Bonds 
By W. KLYNE I and V. PRELOG z 

The growth of interest and knowledge regarding the 
steric relationships between atoms and groups con- 
nected by  single bonds makes some agreed system of 
nomenclature desirable. At present different terms are 
used by  different schools eg. syn, anti, eis, trans, skew, 
gauche, opposed, staggered, etc. ; all of these have other 
meanings in other circumstances. 

Relative position o~ two atoms or groups across a single 
bond. Let us consider the general system of four linked 
atoms A - X - Y - B  (I), in which t h e  middle bond XY 
is single, although the other two bonds AX and YB 
may be single or double. (For the sake of convenience, 
they will be shown as single in most of this discussion. ) 
If this system is projected on to a plane at right angles 
to XY, it may be represented as IA 3. The essential 
parameter, which defines the relative position of A and 
B across the bond X - Y ,  is the angle z i.e. the angle 
AXYB, the torsion angle between A and B across the 
bond XY. 

To distinguish between enantiomeric types the angle 
T is considered as positive when it is measured clockwise 
from the / ron t  substituent A to the rear substituent B, 
(I) and negative when it is measured anticlockwise (II) 4. 

Partial conJormations. The partial conformation of 
two bonded atoms (X, Y) with all their substituents 
across the bond (X-Y) may be defined in terms of the 
torsion angle between the two most fire[erred substituents 
(one on each atom). 

The most preferred substituents are chosen by  means 
of the Sequence Rules of CAHN, INGOLD, and PRELOGS;  

the following additional rules are necessary for special 
c a s e s .  

(i) If all substituents on one of the two bonded atoms 
are identical, the smallest of the possible torsion angles 
is chosen to define the conformation. 

(ii) If  on a tetrahedral atom (X or Y) there are two 
like substituents aa and one unique substituent b, the 
position of the unique substituent b determines the con- 
formafional designation, without re/erence to the sequence 
r~le. 

These conventions suffice to deal with all combina- 
tions of tetrahedral, trigonal, or digonal atoms (X, Y), 
whereas most of the terms previously used - e. g., skew, 
gauche, opposed, staggered - apply only to one type 
of structure (e. g., two tetrahedral atoms). 

Approximate description o/con/ormations. I t  is often 
necessary to discuss the relative positions or conforma- 
tions of groups across a bond X-Y,  when the exact 
angles are not known. A combination of three almost 
self-explanatory simple terms may be used to describe 
the angle v approximately. The terms fierifilanar and 
clinal are introduced to indicate 'approximately planar' 
and 'incYmed', cf. (III). The terms syn and anti are used 
to indicate z < 90 ° and z > 90 ° (cf. IV). If the dividing 
lines shown in formulae I I I  and IV are combined (as 
in V) the circle is divided into sextants 6. (Abbrevia- 
tions are shown in the Table). The use of plus and minus 
signs, where required to differentiate between enantio- 
meric conformations, has been discussed above (cf. VI); 
the combination of this distinction with the two previ- 
ous ones gives the terms shown in formula VII and in 
the Table. 

0 ° -4- 30 ° 4- s y n - p e r i p l a n a r  (4- sp) 

+ 60 ° :~ 30 ° + syn-c l ina l  ( +  sc) 
+ 1 2 0  ° + 30 ° + an t i - c l i na l  ( +  ac) 

1800 :t: 30 ° -4- a n t i - p e r i p l a n a r  ( ±  ap) 
- 1 2 0  ° -4- 30 ° - an t i - c l i na l  ( -  ac) 
- 60 ° ~: 30 ° - syn-c l ina l  ( -  sc) 

Examples. Since torsion angles play an important  
role in discussions of stabilities, reaction mechanisms, 
optical rotatory dispersion, and other stereochemical 
problems, the proposed description of positions and 
conformations can often be used to define the geometry 
without the necessity for expensive diagrams (which 
are often not on the same page as the text). The follow- 
ing examples are taken from the recent literature. I t  
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should be noted that  the conf igurat ions  of asymmetric 
atoms are not  included in the description of the confor- 
mation. 

A simple illustration of the use of these conventions 
is given by  formulae VII I  and IX and the designations 
under them. These two formulae represent, according 
t o  ABD ELHAFEZ a n d  CRAM 7, the preferred conforma- 
tions across the C-l, C-2 bond of the diastereoisomers 
of 1, 2-diphenylpropan-1- ol. 

A second example which shows (a) the treatment of 
identical groups and (b) the treatment of isotopically 
labelled groups according to the Sequence Rule ~ is 
taken from the work of COLLINS and BONNER s on the 
1, 2, 2-triphenylpropan-l-ols. In the unlabelled com- 
pound (X), the two phenyl groups on C-2 are identical, 
and the conformational designation is therefore based 
on the relative positions of H(C-2) and OH(C-l) : (+ sc). 
In the x4C-labelled compound (XI), however, the phenyl 
groups are not identical; the labelled group Ph* takes 
precedence over the unlabelled; and the conformational 
designation is based on the relative positions of Ph* 
(C-2) and OH(C-I) : ( -  sc). 

The third example introduces a trigonal atom. 
DJERASSI et al. 9 have inferred from rotatory dispersion 
measurements that  the favoured conformation of the 
acetyl side chain in 17~-ha]o-17fl-acetyt steroids (17~- 
halo-20-oxo-pregnanes; XII)  is tha t  shown in formula 
x I V  (C-17, C-20: - ac) and not X I I I  (C-17, C-20: + sc). 

The proposed description of partial conformations' is 
particularly convenient for defining and memorizing 
the geometry of helices and rings, which are often diffi- 
cult to remember, e.g. the helix of fibrous sulphur is 
built from + 76 ° or from - 7 6  ° partial conformations 
(PAuLINGI°), and the helix of isotactic polypropylene 
can be described as (+60 °, 180°), or (--60 °, 180°), 
(NATTA 11; cf. XV). 

F, ABD ELHAFEZ and D. J. CRAM, J. Amer. chem. Soc. 7t, 5846 
(1952). 

C. J, COLLIt~S and W. A. BONNER, J. Amer. chem. Soc. 77, 96 
(1955). 

9 C. DJERASSI, I. FORNAGUERA, and O. MANCERA, J. Amer. chem. 
Soc. 81, 2385 (1959). 

i0 L. PAULING, Proc. nat. Aead. Sci., Wash. 35, 495 (1949). 
x~ G. NATTA, Expel Suppl. 7, ~8 (1957). 
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The partial conformations of cyclohexane are as 
follows: chair form (+60 °, -60°)8, twist or skewed 
form ~a (XVI) (+ 30 °, + 30 °, - 60 °, + 30 °, + 30 °, - 60 °) 
and the boat form (+60 °, - 6 0  °, 0 ° ) 2 .  

One of the two conformations of cyclononylamine 
hydrobromide, as determined by X-l:ays (BRYAN and 
DUNITZ 13) can be described as follows, starting with 
the torsion angle for the C-1, C-2 bond; --73 °, --65 °, 
+ 67 °, + 48 °, -- 94 °, + 86 °, -- 104 °, + 43 °, + 84 °. The 
stable conformation of cyclodecane (as found in 1,6- 
trans-diaminocyclodecane dihydrochloride; HUBER- 
BASER and DUNITZ 14) can be easily memorized a s -  sc, 
-- sc, + ap, - sc, -- sc, + sc, + sc, - ap, + sc, + se. The 
enantiomeric conformations of cyclododecane (DUNITZ 
and SHEARER 15) a r e  (--sc, --sc, +ap)a, and (+sc, +sc ,  
- -  ap)4. 

I t  may be noted that  torsion angles of partial confor- 
mations related by a pure rotation or screw axis have 

the same sign, whereas those related by a centre of 
symmetry or a mirror plane have opposite signs. 

Zusammen[assung 

tSs werden  K o n v e n t i o n e n  vorgeschlagen,  welche er- 
lauben,  die Lage  yon  zwei A t o m e n  oder  G r u p p e n  A B an 
zwei  rnit  e in facher  B i n d u n g  v e r b u n d e n e n  A t o m e n  X Y 
d u r c h  die A n g a b e  des Tors ionswinkels  v e indeu t ig  zu be-  
ze ichnen.  D u r c h  K o m b i n a t i o n  dieser  K o n v e n t i o n e n  m i t  
den  f r i iher  vorgesch lagenen  Rangordnungs rege ln~  w u r d e n  
e indeut ige  Beze ichnungen  fiir par t ie l le  K o n f o r m a t i o n e n  
(Konstella~ionen) abgele i te t .  

12 p. HAZEBrtOEK and L. J. OOSTERHOFF, Disc. Faraday Soc. 10, 
87 (1951). - R. E. REEVES, Ann. Roy. Biochem. ~7, 17 (1958). - 
K. E. ttOWLETT,'J, chem. Soc. 1957, 4353. - N. L. ALLINGER, J. Amer. 
chem. Soe. 81, 5727 (1959). - R. D. S2oLow, J. Amer. chem. Soc. 81, 
5S06 (1959). 

x3 R. BRYAN and J. D. DutclTz, Helv. chim. Acta 43, 3 (1960). 
14 E. HUBER-BUs~R and J. D. DumTz, Helv. chim. Acta 43, 760 

(1960). 
15 j .  D. DUNITZ and H.M.M.SHEARER, Helv.chim.Aeta43,18(1960). 

Chemische Konstitution und mutagene Wirkung. 
Klassifizierungsversuch chemischer Mutagene 

Von G. ROHRBORN* 

~Wissenschaftsgebiete, die sich in sehr rascher und 
intensiver Entwicklung befinden, lassen sich schwer 
zusammenfassen; Das gilt besonders ftir die experi- 
mentelle Mutationsforschung...,t. Diese Worte priigte 
TIMOFI~EFF-REssOVSKY 1 bereits 1937, also mehrere 
Jahre bevor die ersten klar wirksamen chemischen 
Mutagene gefunden wurden 2, 3,4. Seither sind yon vie- 
len Forschern an den verschiedensten Objekten zahI- 
reiche Verbindungen mit signifikanter mutagener 
Wirkung erprobt und beschrieben worden. Es ist des- 
halb im Rahmen der vorliegenden Arbeit unm6glich, 
alle mutagenen Chemikalien abzuhandeln. Ausgehend 
von einem Vorschlag LEDERBERGS 5, die chemischen 
Mutagene in drei Gruppen, n~.mlich die alkylierenden 
Agenzien, die Peroxyde und eine gemischte Gruppe zu 
unterteilen, soll vielmehr versucht werden, die chemi- 
schen Mutagene unter dem Gesichtspunkt gemeinsa- 
mer Beziehungen in Konstitution und Wirkungsweise 
zu ordnen und die wichtigsten Vertreter j eder Gruppe 
zu er6rtern. Zu diesem Zweck wurden aus der soge- 
nannten gemischten Gruppe mehrere neue Gruppen 
gebildet und als gleichberechtigt neben die alkylieren- 
den Agenzien and Peroxyde gesteltt. Soweit dies aus 
klassifikatorischen Griinden n6tig erschien, warden 
innerhalb der einzelnen Gruppen Untergruppen eng 
verwandter Verbindungen gebildet. 

A. Alkylierende Agenzien 

Biologisch wirksame alkylierende Agenzien sind 
hochreaktive Verbindungen, die auf andere Molekiile 
oder Atome einen Alkylrest fibertragen k6nnen. In 
diese, bei weitem umfangreichste und biochemisch 
bestuntersuchte Gruppe geh6ren die st~rksten chemi- 
schen Mutagene. Ihre Mutagenit~t wurde an Metazoen, 
h6heren Pflanzen und Mikroorganismen tibereinstim- 
mend nachgewiesen. Eine Sonderstellung innerhalb 
dieser Gruppe nehmen die sogenannten Radiomimetika 
ein; sie sollen deshalb zuerst behandelt werden. 

Der Begriff radiomimetisch hat seit seiner Prligung 
durch DosTm ~ mancherlei Wandlungen durchgemacht 
und wird heute oft unterschiedlich gebraucht. Wir wol- 
len nach KOLLER 7 nur solche Stoffe als Radiomimetika 
bezeichnen, die mit ionisierenden Strahlen folgende El- 

* Insti tut  ffir Genetik der Frcien Universit~it Berlin, Berlin- 
Dahlem. 
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