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Introduction
The Cahn-Ingold-Prelog (CIP) priority rules rank atoms around a stereogenic unit to A set of fourteen structures was collected to identify differences between software
assign a stereo-descriptor that is invariant to atom order and layout, for example R (right) or implementations. The structures were selected to cover all the sequence rules and their
S (left) for tetrahedral atoms. applications to special cases.
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A directed acyclic graph (digraph) is constructed for each stereogenic unit and the out O H OH A\/\ 3
edges from the root node compared and ranked according to eight sequence rulesl'l. Each 0O \\\\Z | E /)
rule is applied exhaustively and tested on the entire digraph before applying the next rulel2l. W NS SZ > ) -3
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Eight sequence rules (in essence) | ' 0l v

Rule 1
a. Higher atomic number precedes lower
b. An atom node duplicated closer to the root ranks higher than one duplicated further
Rule 2 Higher atomic mass number precedes lower
Rule 3 Z precedes E and this precedes nonstereogenic (nst) double bonds
Rule 4

a. Chiral stereogenic units precede pseudoasymmetric stereogenic units and these
precede nonstereogenic units (R =S >r =s > nst)

b. When two ligands have different descriptor pairs, the one with the first chosen like
descriptor pairs has priority over the one with a corresponding unlike descriptor
pairs

C. rprecedes s

Rule 5 An atom or group with descriptor R has priority over its enantiomorph S
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The application of Rule 1a to the digraph for 2-butanol ranks the out edges connected to IX
the root as giving the label S (4 > 2 > 5 are anticlockwise looking towards 6).
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Atoms connected by double and triple bonds as well as ring closures result in _
duplicated nodes in the digraph. In the structure below atoms 5 and 6 appear twice and S 2 R RO R REIR R RN PR R R
atom 1 (the root) appears three times. 1) JMol 14.20.3 R R RRRRRRRTIrRR TR
ANVa ACD/ChemSketch 14.05beta RRRRRRRRRTIT RRT R
| Balloon 1.6.5beta R R RRRRRIRR T RR r R
6 5 O
O \-2 H\ H f ° /H KnowltAll ChemWindow 2018 R R RRRRRRR T r RR r R
4/ 3 \2\\\\“ ! |7_| HH‘A/; BOI—T/E f E\:Oe_"l’ ChemDraw 16.0 R R R R S RRRR T r RR r R
\ H BIOVIA Draw 2017 R R R - R RRARR-?*" RR -7 R
| - . ' . . MarvinSketch 17.17 R - - - SR -R -1 RR r -
Due to this duplication, complex ring systems can generate exponentially large digraphs Indiao 1.3.0B 16 ) R = P R PR s R
that are not computationally tractable. Further complexity in digraphs is caused by the use ndlg!o 2,086ty i — - r —
of fractional atomic numbers in mancude ring-systems and assignment of auxiliary RDKit 2017.03.03 S R SRS RRSRRRR - -
descriptors for applying Rules 3-5. DataWarrior 4.6.0 R R R - S R R S RRRR - -
NAAENN G WNCEUEA R R S - S4 R R S R RIS R - -
Stereochemistry in Databases GEEOPEEFR R R R RR - - - - - 8§ R - -
The number of defined stereogenic units per molecule varies between databases. LexiChem (OEChem) 20170613 gy ) N S R S R S
ChemDoodle 7.0.2 R R - - S - - s - r S R - -
eMolecules (June 2017) v Lo CDK 2.0 - R RR - S§ - - - - - S R - -
14 million records g .1 JUMBO 6 R _ S _ _ _ _ _ _ _ S S _ _
PUbChem SUbStance g .2 1. Pseud mmetric r/s labels not displayed but must b
234 million records gJD.S | c:Iiﬂla?t:Zydue(tao Iafl:nsvieri gei\;e’en ?or I)I(Sgr?c)lli(lll B Constitutional Geometrical + SpeCiaI
8 .4 : F:r?n;isn;ie eemc))r ZZCL:SS ifferent Kekulé forms are normalise (RUIe 1a’ 1b’ 2) TOpO raphical (ManCUde’
glr‘n'iﬂignheecmscompound (AUg 2017) IN f'j . 5 2: IRi?w CA?:IT\t/stsintce Fc(jeg 201:3,K Ni((DIIre];,oIver is old versliond (Rule 3943,4b,4c,5) Aux Descriptors)
q"_’ . 6 5. Other descriptor is assigned differently
ChEMBL 23 2 . .
chever W Fix CIP Collaboration
508
Ssl?hEEa'n}rfﬂrds I“ =W+ Since submitting this work for presentation the developers: Centres, JMol, ACD/

ChemSketch, and Balloon have begun a collaboration. We are in the process of
0 5 1020 80 g 40 A S0 o5 80 s /0 s 80 8 90 95 100 submitting for publication an extended in-depth validation set and proposing sequence rule
refinements and additions where they are required.

% of Dataset

The majority of stereogenic units are constitutionally asymmetric and can be ranked using

Rule 1a. However, in some datasets the number of stereogenic units requiring Rule 4b Conclusion

and 5 can be significant.
The CIP sequence rules provide a standard way for chemists to effectively describe the
configurations of most stereogenic units. However, beyond simple cases the complexity of

ChEBI ChEMBL  eMolecules  PubChem = PubChem the rules necessitates software is used as an aid to naming configurations. The results
Compound!  Substance demonstrate even then, software implementations do not all agree on the configuration.
Rule 1a 281K 99.6% 1.8M 98.6% 2.4M 97.0% 53.5M 100.0% 93.1M 98.7%

Through the results presented here and the on-going effort of the Fix CIP collaboration,

Rule1b 4 1 s 22 software should aim to converge upon consistent stereochemistry naming. An Open CIP
Rule 2 14 3,565 6,789 software tool could provide “blessed” stereochemistry configuration names and provide a
Rule3 29 3 441 36 45 standard algorithm implementation for other vendors to integrate or adapt.
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