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clizations to medium-size rings [Y. Prelog, J.
Chern. Soc. 1950, 420], second order asymmetric
transformations [K. Weinges, B. Stemmle, Recent
Developments in the Chemistry of Natural Carbon
Compounds 1976, 7,89].

[9] Preparation of monomeric (R)-3-hydroxybu-
tanoic- and pentanoic acid derivatives: N. Van-
lautem, J. Gilain (Sovay & Cie.), Eur. Pat. App!.
EP 43,620 (CA: 1982, 96, 163397 f); D. Seebach,
M. Zuger, Helv. Chim. Acta 1982, 65, 495; D.
Seebach, M. F. Ziiger, Tetrahedron Lett. 1984,25,
2747; D. Seebach, A.K. Beck, R. Breitschuh, K.
Job, Procedure for Org. Synth., in preparation.

[10] D. Seebach, Angew. Chem. 1988, ]00, ]685; ibid.
Int. Ed. 1988,27, ]624.

[1]] A list of definitions and methods in polymer chem-
istry, useful for novices like us (D.S., A.K.B.,
U.B., D.M.), is found in Nachr. Chern. Tech. Lab.
1989, 37, M2-M50.

[12] We thank MBL Division, Billingham, Great
Britain, for PHB and BIOPOU".

[13] a) The NMR spectra of samples from PHB degra-
dations as obtained herein are very similar to those
ofPHB itself (CDCI3). The only additional signals
can be assigned to crotonate end groups. Cf [18]
and Y. Doi, M. Kunioka, Y. Nakamura, K. Soga,
Macromolecules (1986, 19, 1274; b) B. Sundqvist,
R. D. Macfarlane, Mass. Spectrom. Ref 1985, 4,
421; G. Lindeberg, A. Engstrom, A.G. Craig, H.
Bennich, Pept., Proc. Eur. Pept. Symp. 20th 1988,
121; M. Przybylski, D. Suckau, A. Schafer, K.
Schneider, P.F. Nielsen, C. Gauss, M. Svoboda,
Second Int. Symp. Mass. Spectrom. in Health and
Life Sciences, San Francisco, 1989, p. 119; P.
Roepstorff, Acc. Chern. Res. 1989,22.42]; c) For
the determination of polymer distribution by laser
desorption FTMS see R. S. Brown, D. A. Weil,
C. L. Wilkins, Macromolecules 1986, 19, ]255. The
spectra measured with polyethylene glycol and

Large scale (PHB/22% PHV)
The transformations were carried out according to

the general procedure described above for PHB.

Received: February 9, 1990

[I] Parts of the Ph. D. thesis of U. Briindli (Diss.
ETH, 1988, N r. 8680) and of the Masters thesis of
D. Muller, 1988.

[2] M. Lemoigne, C.R. Hebd. Seances Acad. Sci.
1923, 176, 1761.

[3] P. A. Holmes, L. F. Wright, S. H. Collins (Imperial
Chemical Industries PLC), Eur. Pat. App!. EP 52,
459 (CA: 1982,97, 143 146 r).

[4] Reviews: a) E.A. Dawes, P.J. Senior, Adv. Mi-
crob. Physiol. 1973, 10, 135; b) D. Seebach, S.
Roggo, J. Zimmermann, in 'Stereochemistry of
Organic and Bioorganic Transformations', Eds.
W. Bartmann and K. B. Sharpless, VCH Verlags-
gesellschaftmbH, Weinheim, 1988, p. 85; c) R. M.
Lafferty, B. Korsatko, W. Korsatko, in 'Biotech-
nology', Eds. H.-J. Rehm and G. Reed, VCH Ver-
lagsgesellschaftmbH, Weinheim, 1988, Vo!. 6b, p.
135; d) E.A. Dawes, 'Microbial Energetics',
Blackie, Glasgow-London, 1986.

[5] P. Schubert, A. Steinbuchel, H. G. Schlegel,
Nachrichten der Akademie der Wissenschaften in
G6l1ingen, 1I. Mathematisch-Physikalische Klasse
1988,69.

[6] R. Pool, Science 1989, 245, 1187.
[7] T. Tanio, T. Fukui, Y. Shirakura, T. Saito, K.

Tomita, T. Kaiho, S. Masamune, Eur. J. Biochem.
1982,124,71.

[8] Heating PHB in 1,2-dichloroethane with less than
equimolar amounts of MeOH in the presence of
TsOH also leads to mixtures of oligomers with
methyl-ester end groups (cf partial depolymeriza-
tions by BF3·OEt2fMeOH: S. Coulombe, P.
Schau wecker, R. H. Marchessault, B. Hautte-
coeur, Macromolecules 1978, 11, 279). The aver-
age molecular weight of these oligomers can be
determined by NMR analysis (ratio of C-CH3 vs.
0-CH3 intensity). Depending upon the ratio
PHBfMeOH oligomers of different chain lengths
are obtained. Thus, after 48 h of reaction time with
1.0, 0.5, 0.2, 0.1 equiv. MeOH, samples were iso-
lated which had average chain lengths of 1.4, 2.1,
5.0,10.0, resp. A sample withdrawn from the reac-
tion mixture set up using 0.5 equiv. MeOH after 4
h exhibited the following plasma desorption mass
spectrum.
It is interesting to note that the mass peak intensi-
ties alternate. Such alternations of properties with
chain lengths are quite common: m.p. of hydro-
carbons (see textbooks of organic chemistry), cy-
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imine have a pattern similar to our PDMS spectra.
In this case, however, no discrepancies were ob-
served between the MS molecular-weight distribu-
tion and the values obtained by the colligative
methods (cf discussion in section C).

[]4] There is no indication in the NMR spectra of the
recovered samples that the polyester chain was
clea ved by nucleophilic attack of lithium amide on
the ester carbonyl group (no RCO-N(CHMe2)2
signals, when LDA was used!).

[IS] T. Laube, J. D. Dunitz, D. Seebach, He/v. Chim.
Acta 1985,68, 1373.

[16] It is known that polyamides can be chemically
modified by treatment with NaH in DMSO
through soluble polysodium derivatives: M.
Takayanagi, T. Katayose, J. Polym. Sci. Polym.
Chern. Ed. 1981, 19, 1133; D.R. Moore, L.J.
Mathias, J. Appl. PolY1I1. Sci. 1986,32, 6299; M.
Takayanagi, S. Ueta, W.-Y. Lei, K. Koga, PoIYIIl.
J. 1987, 19, 467.

[17] R. Alper, D.G. Lundgen, R.H. Marchessault,
W. A. Cote, Biopolymers 1963, ], 545; K. Oka-
mura, R. H. Marchessault, in 'Conformation of
Biopolymers', Ed. G.N. Ramachandran, Aca-
demic Press, London, 1967, p. 709; J. Cornibert,
R. H. Marchessault, J. Mol. BioI. 1972, 71, 735;
M. Yokouchi, Y. Chatani, H. Tadokoro, K.
Teranishi, H. Tani, Polymer 1973, 14, 267.

[18] D. Seebach, U. Briindli, P. Schnurrenberger, M.
Przybylski, Helv. Chim. Acta 1988,71, ]55.

[19] H.-M. Miiller, projected dissertation ETH Ziirich,
hitherto unpublished results.

[20] D. Seebach, U. Briindli, H.-M. Muller, M.
Dobler, M. Egli, M. Przybylski, K. Schneider,
Helv. Chim. Acta 1989, 72, 1704.

[21] Y. Shirakura, T. Fukui, T. Saito, Y. Okamoto,
T. Narikawa, K. Koide, K. Tomita, T. Takemasa,
S. Masamune, Biochim. Biophys. Acta 1986, 880,
46.

[22] S.C. Watson, J.F. Eastham, J. Organomet. Chern.
1967,9, 165.

[23] W. G. Kofron, L.M. Baclawski, J. Org. Chem.
1976,41, 1879.

[24] The distribution/precipitation of PHB between
aq. or aq.ja1coholic and CH2Cl2 or CHCI3 solns. is
a commonly used procedure for purification, see
e.g. a recent paper on synthetic PHB obtained by
stereoselective polymerisation of rac-p-butyrolac-
tone with Lewis acids in the presence of (R )-3,3-
dimethylbutane-I,2-diol: A. Le Borgne, N.
Spassky, Polymer 1989,30,2312.

[25] A Pt 100 thermometer with digital recorder for
measurement of the temp. was used.

[26] For descriptions of this technique see: D. Seebach,
T. Weller, G. Protschuk, A.K. Beck, M.S. Hoek-
stra, Helv. Chim. Acta 1981, 64, 716; D. Seebach,
A. Hidber, Chimia 1983, 37, 449.
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In spite of some dispute over the need
for a systematic nomenclature as such, in-
ternational organisations like IUPAC, ma-
jor chemical journals and documentation
services like Beilstein and Chemical Ab-
stracts Service adhere to the rule that sub-
stances should be given structure-related
systematic names [1] [2]. However, the
chemists' skills in naming their products
seem not to keep pace with their skills in
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clizations to medium-size rings [Y. Prelog, J.
Chern. Soc. 1950, 420], second order asymmetric
transformations [K. Weinges, B. Stemmle, Recent
Developments in the Chemistry of Natural Carbon
Compounds 1976, 7,89].

[9] Preparation of monomeric (R)-3-hydroxybu-
tanoic- and pentanoic acid derivatives: N. Van-
lautem, J. Gilain (Sovay & Cie.), Eur. Pat. App!.
EP 43,620 (CA: 1982, 96, 163397 f); D. Seebach,
M. Zuger, Helv. Chim. Acta 1982, 65, 495; D.
Seebach, M. F. Ziiger, Tetrahedron Lett. 1984,25,
2747; D. Seebach, A.K. Beck, R. Breitschuh, K.
Job, Procedure for Org. Synth., in preparation.

[10] D. Seebach, Angew. Chem. 1988, ]00, ]685; ibid.
Int. Ed. 1988,27, ]624.

[1]] A list of definitions and methods in polymer chem-
istry, useful for novices like us (D.S., A.K.B.,
U.B., D.M.), is found in Nachr. Chern. Tech. Lab.
1989, 37, M2-M50.

[12] We thank MBL Division, Billingham, Great
Britain, for PHB and BIOPOU".

[13] a) The NMR spectra of samples from PHB degra-
dations as obtained herein are very similar to those
ofPHB itself (CDCI3). The only additional signals
can be assigned to crotonate end groups. Cf [18]
and Y. Doi, M. Kunioka, Y. Nakamura, K. Soga,
Macromolecules (1986, 19, 1274; b) B. Sundqvist,
R. D. Macfarlane, Mass. Spectrom. Ref 1985, 4,
421; G. Lindeberg, A. Engstrom, A.G. Craig, H.
Bennich, Pept., Proc. Eur. Pept. Symp. 20th 1988,
121; M. Przybylski, D. Suckau, A. Schafer, K.
Schneider, P.F. Nielsen, C. Gauss, M. Svoboda,
Second Int. Symp. Mass. Spectrom. in Health and
Life Sciences, San Francisco, 1989, p. 119; P.
Roepstorff, Acc. Chern. Res. 1989,22.42]; c) For
the determination of polymer distribution by laser
desorption FTMS see R. S. Brown, D. A. Weil,
C. L. Wilkins, Macromolecules 1986, 19, ]255. The
spectra measured with polyethylene glycol and

Large scale (PHB/22% PHV)
The transformations were carried out according to

the general procedure described above for PHB.

Received: February 9, 1990

[I] Parts of the Ph. D. thesis of U. Briindli (Diss.
ETH, 1988, N r. 8680) and of the Masters thesis of
D. Muller, 1988.

[2] M. Lemoigne, C.R. Hebd. Seances Acad. Sci.
1923, 176, 1761.

[3] P. A. Holmes, L. F. Wright, S. H. Collins (Imperial
Chemical Industries PLC), Eur. Pat. App!. EP 52,
459 (CA: 1982,97, 143 146 r).

[4] Reviews: a) E.A. Dawes, P.J. Senior, Adv. Mi-
crob. Physiol. 1973, 10, 135; b) D. Seebach, S.
Roggo, J. Zimmermann, in 'Stereochemistry of
Organic and Bioorganic Transformations', Eds.
W. Bartmann and K. B. Sharpless, VCH Verlags-
gesellschaftmbH, Weinheim, 1988, p. 85; c) R. M.
Lafferty, B. Korsatko, W. Korsatko, in 'Biotech-
nology', Eds. H.-J. Rehm and G. Reed, VCH Ver-
lagsgesellschaftmbH, Weinheim, 1988, Vo!. 6b, p.
135; d) E.A. Dawes, 'Microbial Energetics',
Blackie, Glasgow-London, 1986.

[5] P. Schubert, A. Steinbuchel, H. G. Schlegel,
Nachrichten der Akademie der Wissenschaften in
G6l1ingen, 1I. Mathematisch-Physikalische Klasse
1988,69.

[6] R. Pool, Science 1989, 245, 1187.
[7] T. Tanio, T. Fukui, Y. Shirakura, T. Saito, K.

Tomita, T. Kaiho, S. Masamune, Eur. J. Biochem.
1982,124,71.

[8] Heating PHB in 1,2-dichloroethane with less than
equimolar amounts of MeOH in the presence of
TsOH also leads to mixtures of oligomers with
methyl-ester end groups (cf partial depolymeriza-
tions by BF3·OEt2fMeOH: S. Coulombe, P.
Schau wecker, R. H. Marchessault, B. Hautte-
coeur, Macromolecules 1978, 11, 279). The aver-
age molecular weight of these oligomers can be
determined by NMR analysis (ratio of C-CH3 vs.
0-CH3 intensity). Depending upon the ratio
PHBfMeOH oligomers of different chain lengths
are obtained. Thus, after 48 h of reaction time with
1.0, 0.5, 0.2, 0.1 equiv. MeOH, samples were iso-
lated which had average chain lengths of 1.4, 2.1,
5.0,10.0, resp. A sample withdrawn from the reac-
tion mixture set up using 0.5 equiv. MeOH after 4
h exhibited the following plasma desorption mass
spectrum.
It is interesting to note that the mass peak intensi-
ties alternate. Such alternations of properties with
chain lengths are quite common: m.p. of hydro-
carbons (see textbooks of organic chemistry), cy-

'"u
; 10
~ 4000

~

~
&<
~ 2000

o

20

mI.

imine have a pattern similar to our PDMS spectra.
In this case, however, no discrepancies were ob-
served between the MS molecular-weight distribu-
tion and the values obtained by the colligative
methods (cf discussion in section C).

[]4] There is no indication in the NMR spectra of the
recovered samples that the polyester chain was
clea ved by nucleophilic attack of lithium amide on
the ester carbonyl group (no RCO-N(CHMe2)2
signals, when LDA was used!).

[IS] T. Laube, J. D. Dunitz, D. Seebach, He/v. Chim.
Acta 1985,68, 1373.

[16] It is known that polyamides can be chemically
modified by treatment with NaH in DMSO
through soluble polysodium derivatives: M.
Takayanagi, T. Katayose, J. Polym. Sci. Polym.
Chern. Ed. 1981, 19, 1133; D.R. Moore, L.J.
Mathias, J. Appl. PolY1I1. Sci. 1986,32, 6299; M.
Takayanagi, S. Ueta, W.-Y. Lei, K. Koga, PoIYIIl.
J. 1987, 19, 467.

[17] R. Alper, D.G. Lundgen, R.H. Marchessault,
W. A. Cote, Biopolymers 1963, ], 545; K. Oka-
mura, R. H. Marchessault, in 'Conformation of
Biopolymers', Ed. G.N. Ramachandran, Aca-
demic Press, London, 1967, p. 709; J. Cornibert,
R. H. Marchessault, J. Mol. BioI. 1972, 71, 735;
M. Yokouchi, Y. Chatani, H. Tadokoro, K.
Teranishi, H. Tani, Polymer 1973, 14, 267.

[18] D. Seebach, U. Briindli, P. Schnurrenberger, M.
Przybylski, Helv. Chim. Acta 1988,71, ]55.

[19] H.-M. Miiller, projected dissertation ETH Ziirich,
hitherto unpublished results.

[20] D. Seebach, U. Briindli, H.-M. Muller, M.
Dobler, M. Egli, M. Przybylski, K. Schneider,
Helv. Chim. Acta 1989, 72, 1704.

[21] Y. Shirakura, T. Fukui, T. Saito, Y. Okamoto,
T. Narikawa, K. Koide, K. Tomita, T. Takemasa,
S. Masamune, Biochim. Biophys. Acta 1986, 880,
46.

[22] S.C. Watson, J.F. Eastham, J. Organomet. Chern.
1967,9, 165.

[23] W. G. Kofron, L.M. Baclawski, J. Org. Chem.
1976,41, 1879.

[24] The distribution/precipitation of PHB between
aq. or aq.ja1coholic and CH2Cl2 or CHCI3 solns. is
a commonly used procedure for purification, see
e.g. a recent paper on synthetic PHB obtained by
stereoselective polymerisation of rac-p-butyrolac-
tone with Lewis acids in the presence of (R )-3,3-
dimethylbutane-I,2-diol: A. Le Borgne, N.
Spassky, Polymer 1989,30,2312.

[25] A Pt 100 thermometer with digital recorder for
measurement of the temp. was used.

[26] For descriptions of this technique see: D. Seebach,
T. Weller, G. Protschuk, A.K. Beck, M.S. Hoek-
stra, Helv. Chim. Acta 1981, 64, 716; D. Seebach,
A. Hidber, Chimia 1983, 37, 449.

Nomenclature of Organic
Polycycles out of the Computer
How to Escape the Jungle of the
Secondary Bridges

Gerta Rucker and Christoph Rucker*

Abstract. A computer program is described which generates IUPAC names (von Baeyer
names) and the corresponding numbering schemes for polycyclic hydrocarbons of any
size and complexity. The program thoroughly uses constitutional symmetry which may
be present. Parts of IUPAC rule A-32 had to be formulated more precisely than codified
hitherto. The names and the elapsed CPU times are given for some polycycles.

Chimia 44 (1990) 116-120
© Schweizerischer Chemiker- Verband; ISSN 0009-4293

In spite of some dispute over the need
for a systematic nomenclature as such, in-
ternational organisations like IUPAC, ma-
jor chemical journals and documentation
services like Beilstein and Chemical Ab-
stracts Service adhere to the rule that sub-
stances should be given structure-related
systematic names [1] [2]. However, the
chemists' skills in naming their products
seem not to keep pace with their skills in

• Correspondence: Dr. Ch. Riicker
lnstitut fUr Organische Chemie und Biochemie
Universitiit Freiburg
Albertstr. 21, D-7800 Freiburg



FORSCHUNG 117
CHIMIA 44 (1990) Nr.5 (Mail

Table 1. IUPAC Names of Compounds 1-15 and the CPU Times Elapsed in Generating These Names and the
Corresponding Numbering Schemes

1 Heptacyclo[7.5.1.02,14.05,12.05,15.08,1O.011,13]pentadecane; 0.176 s.

2 Decacyclo[12.5.1.02.7.02.iJ .04,11.05,10.07,18 .08,13.08.16.015,19]icosane; 0.569 s.

3 Nonacyclo[I 1.7.1.16,18.01.16.02,1I.03,8.04.19.08.17.01O.15]docosane; 0.802 s.

4 Nonadecacyclo[25.22. I. 15,23.19,19.131,46.135.42.02.26.04,24.06,22.08.20.010,18.012.16.0 iJ.39.015.38.028,49.030.47.032,45._
034,43.036,41]tetrapentacontane; 27.3 min.

5 NonadecacYclo~41.11.1.17,19.110,52116,28.l25.37.1 34,46.03,53.05,9.0B.12.0 14,IB.017,21.023,27.026,30.032,36.035,39._
041,45.044,4B.050,5 ]hexacontane; 63.0 min.

6 U ndecaeyclo[9.9 .0.02,9 .03, 7.04,2°.05,18.06,16.08,15.010.14.012,19.0 I3,17]ieosane; 0.237 s.

7 Tetracyclo[29.29.0.01l,41.021,51]hexacontane; 0.345 s.
8 Heptadecaeylo[ I 6.14.0.02,5 .03,2B.04,9 .06,17.07, 14.08,13.010,27.011,26.012,23.015,22.0 16,19.020,31.021,24.025.30.029.32]_

dotriaeontane; 2.885 s,
9 Henieosa~c1o~I 7, ] 6.0,01,10,02,7,02,32.03,20 .03,29.04,2705,3°.06,3 I.08,33.09,34.011.14.012,35.013,18.015,19.0 16,22.017,23,_

020,24,021,2 .025, 8]pentatriaeontane; 18.50 s.
10 Trieosaeyclor20.] 8.0.01,25.02,6.02,21.03,13 .04,11.05,9.07,20.0B,IB,OIO,I7.012,16.014,21.015,19.022,32.023,3°.024,28.026,39._

027,37.029,36.01I,35.033,40.034,3B]tetracontane; 34.71 s. ,

11 Hentriacontaeyclo[29 .29 .0.02,60 .03,5.04,25.06,B.07,19.09, II .01O,5B.012, 14.013.52.015,17.016,46018,20.021,23.022,43._
024,26.027,29.028,4°.030,32.033,35.034,55.036,38.037,49 .039,41.042,44.045,47.04B,50.051,53.054,56.057,5~hexaeonta ne;
9.91 min.

12 Hentriacontacyclo[29 .29 .0.02, 14.03,12.04,59,05,10 .06,58.07,55 .OB,53.09,21.011,2°.013,18 ,015,30,016,2B.017,25.019,24._
022,52.023,5°.026,49.027,47.029,45.032,44 .033,60.034,57.035,43.036,56.037,41.03B,54.039,51.040,4B.042,46]hexaeontane;
181.8 min.

13 Heptacyclo[18.12.10.422,31.05,32.016,21.025,45.028,44]hexatetracontane; 24.63 s,

14 Hexacyclo[5.4.0.02,1O.03,9.04,6.0B,II]undecane; 0.057 s.

15 Pentacyclo[3.3.0.02,4.03,7.06,8]octane; 0.080 s.

Table 2. Compatibility Table for n = 14 (e.g. diamantane). a) Hamilton cases, b) non-Hamilton cases.

a) b) Main bridge size

4 3 2

I [ 6.6.0] Main
ring I[ 6.5.]]

2[7.5.0] size 2[ 7.4.1]
[3 3[ 8.3.1]

3 [ 8.4.0] 4[ 9.2.11
5[10.1.1]

4 [ 9.3.0]
12 6[5.5.2] 10[5.5.1]

5 [10.2.0] 7[6.4.2] 11[6.4.1]
8[7.3.2] 12[7.3.1]

6[11.1.0] 9[8.2.2] 13[8.2.1]
14[9,1.1]

11 15[5.4.3] 17[5.4.2] 20[5.4.1]
16[6.3.3] 18[6.3.2] 21[6.3.11

19[7.2.21 22[7.2.1]
23[8.1.1]

10 24[4.4.4] 25[4.4.3] 27[4.4.2] 30[4.4.1]
26[5.3.31 28[5.3.21 31[5.3.11

29[6.2.2] 32[6.2.1]
33[7.1.1]

9 34[4.3.3] 35[4.3.2] 37[4.3.1]
36[5.2.2] 38[5.2.11

39[6.1.1]

8 40[3.3.3] 4][3.3.2] 43[3.3.1]
42[4.2.2] 44[4.2.1]

45[5.1.1]

7 46[3.2.2] 47[3.2.11
48[4.1.1]

6 49[2.2,2] 50[2.2.1]
51 [3. I. Ij

5 52[2.1.1]

4 53[1.1.1]

synthesising more and more complex un-
usual polycyclic organic structures [3]. The
primary problem is not the lack of nomen-
clature rules but the chemists' lacking abil-
ity or willingness to apply the long-estab-
lished IUPAC rules [4] to compounds of
ever-increasing size and complexity. As a
result incorrect IUPAC names for poly-
cyclic compounds are found throughout
the literature up to the present time [5]. A
graphic method [6] and computer pro-
grams [7] put forward several years ago
could not change this situation due to their
severely limited scope. By developing a
computer program capable of naming and
numbering polycyclic compounds of any size
and complexity, we hoped i) to demon-
strate that a rather complex part of organic
nomenclature is open to generation by ma-
chine, ii) to provide the practising chemist
with a tool to relieve him from a time-con-
suming, error-prone, and, thus, unpopular
task. In the course of the work, it became
obvious that a powerful program for sym-
metry perception was likewise in demand
and that the nomenclature rule A-32 itself
had to be further developed. We here re-
port on the program POLCYC (poly-
cyclics) which (conveniently, but not neces-
sarily in combination with the symmetry-
perception program TOPSYM [8] (topo-
logical symmetry» meets the stated aims,
and on our tentative extensions to IUPAC
rule A-32 included therein. To give the
reader an impression of the program's ca-
pability, in Fig. 1 compounds 1-12 are
shown whose names were generated by
POLCYC (see Table I).

Both programs are written in FOR-
TRAN 77 and require the constitutional
formula of the compound under investiga-
tion as the only input information (the n
C-atoms being numbered arbitrarily). The
symmetry perception program TOPSYM,
using a purely mathematical approach,
partitions both the atoms and the pairwise
relationships between atoms into equiva-
lence classes. The lowest-numbered repre-
sentative of each equivalence class of
bridgehead pairs is listed to be treated by
POLCYC.

The nomenclature program POLCYC
closely mimics a chemist's trial-and-error
approach in that it tries to line up atom by
atom on a string, in a cycle or a bicycle
under certain restrictions. It consists of
several principal features. First, there is a
section generating for a given n a so-called
compatibility table, i.e. an ordered (ranked)
list of all possible fundamental bicycle
sizes, separated in two sections for Hamil-
ton cases (all n C-atoms on one closed cir-
cuit) and non-Hamilton cases. Such a table
is shown in Table 2. Each entry consists of
a sequential number and a pair of square
brackets containing three numbers which
characterise the bicycle size [l.s.m] (for
larger branch of main ring. smaller
branch. main bridge). In the construction
procedure, the IUPAC rules A-32.31a-c
are incorporated, so it is ascertained that
any entry (addressed by its sequential num-

ber) is better in the sense of rule A-32 than
all entries having higher sequential num-
bers.

Second, a procedure is included (the
path algorithm) which generates for a given

structure, a given bridgehead pair (i,j) and
a given entry [l.s.m] all possible bicycles of
size [l.s,m], in that it tries to construct a
pathway from iover a sequence of m atoms
to j, back over a sequence of s atoms to i,
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In the case of more than one best bicycle
being identified IUPAC rule A-32.31d
('smallest locants') has to be used, which is,
however, insufficient as was noticed earlier
[6a]. For instance, it is possible that differ-
ent choices of a bicycle out of a set of
equally good ones (same[l.s.m]) lead to dif-
ferent patterns of secondary bridge
lengths. For this case, hitherto overlooked,
we tentatively introduced the following
rule, which we deem justified by analogy:
'The first secondary bridge shall be as large
as possible. If no decision is arrived at by
this rule, the second secondary bridge shall
be as large as possible, and so on'. For
illustration consider hydrocarbon 13 [10]
(Fig. 3), where four possible choices of the
fundamental bicycle ([18.12.10] in all
cases) lead to patterns of lengths 4.0.0.0.0,
2.2.0.0.0 (two possibilities), or 2.1.1.0.0 for
the secondary bridges. By the above rule
the first possibility is chosen as the best.

In other cases where there is no differ-
ence in secondary bridge lengths but in sec-
ondary bridge location, we apply rule A-
32.3/d in the form suggested and used by
Chemical Abstracts Service (which will be
included in the next edition of the official
rules [11]): that name is chosen which has
the lowest locants regardless of the order of
citation. For illustration see hydrocarbon
14 (homobasketane) in Fig. 4, where name
14b is chosen.

Unfortunately, in many cases applica-
tion even of this rule does not result in
unambiguous discrimination. In Fig. 5, the
pentacyclic hydrocarbon cuneane (15) is
shown with two possible fundamental bi-
cycles which cannot be differentiated by
the rules mentioned hitherto: both repre-
sent a [3.3.0] system, and both comprise the
same set of locants 2,3,4,6,7,8. In such
cases we propose to adopt the following

4

8

12

26

<2

51X:TX
~~31 X -X 1l

11

3

L?5O1

8 17

11 13

Once the fundamental bicyclic system
has been identified and systematically
numbered, the secondary bridges are
found by a modified path algorithm. Since
secondary bridges often are not indepen-
dent of one another (see Fig. 2), in order to
fulfill the requirements of rules A-32.23
and A-32.3ld, we had to introduce a proce-
dure to establish a hierarchy of secondary
bridges based on the criteria length, com-
plexity, and systematic numbering of the
points of anchoring at the fundamental bi-
cycle. Details of the secondary bridge find-
ing procedure cannot be given here.

Surprisingly even the unambiguous se-
lection of the fundamental bicycle required
a few additions to the codified rules, and
these will now be discussed in some detail.

6

2

10

!Jf&
W

17 14

31

37

5

1

9

~

25

J, ,
9

Fig. I. Some polycycles named and numbered by POLCYC [9]. The bridgeheads are
marked by dots.

and again from i over I atoms to j, so that
no atom (except i and j) appears in the
sequence more than once. The symmetry
recognition ensures that any pathway
which will turn out to be equivalent by
symmetry to one already traced is cut offin
its initial step. The path algorithm is
guided by the compatibility table to look
for a bicycle corresponding to the first en-
try first, and only after failing to find such
a bicycle the second entry is tried, and so
on. Therefore, as soon as a bicycle is
found, it surely corresponds to the best
[l.s.m] for the given (i. j). For later bridge-
head pairs the compatibility table is
worked through not further than to the
sequential number successful for an earlier
bridgehead pair.

aJ

~

27

13

Fig.2. Some situations with several secondary brid-
ges: a) independent of one another, b) mutually depen-
dent

Fig. 3. A hydrocarbon for which there is a choice between several
fundamental bicycles (all of the same [l.s.m]) differing in the secon-
dary bridges lengths pattern
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Fig. 5. In cuneane (15) a choice between fundamental bicycles not differing in the set of
locants is made by the 'first cited differing position procedure'

interpretation of rule A-32.3Jd: 'That
name is chosen which has the smaller 10-
cant in the first cited differing position'.
This rule, though nowhere explicitly codi-
fied, is tacitly used by many chemists; by
its application cuneane becomes pentacy-
clo[3.3.0.02.4.03.7.06.8]octane rather than
pentacyclo[ 3.3.0.02•8.03.7.04.6 ]octane. The
set of rules mentioned here and included in
POLCYC seems to be complete in the
sense that for any polycycle a name and a
systematic numbering scheme can be un-
ambiguously constructed.

The program POLCYC has exactly the
same scope as IUPAC rule A-32, in that it
is meant to name and number saturated
carbopolycyclic parent systems; therefore,
substituents (including so-called separable
ring systems [5b]) should be removed.
Since the program depends on at least
three independent pathways between at
least two bridgehead atoms, in accordance
with IUPAC rule A-32, it cannot be ex-
pected to name monocyclic or free spiro
compounds. Other (non-free) spiro com-
pounds pose no problem. The logic of the
program does not pose any restrictions as to
the number (n) and connectivity of the C-
atoms, to the number of cycles (c), to the
number of atoms located on secondary
bridges or to the topology of the polycycle.

Restrictions of two kinds do, however,
exist. First, the built-in dictionary [12] lim-
its the number of C-atoms and of cycles to
2-999. Further expansion, if desired,
should be possible by some minor adjust-
ments.

A second type of restrictions is caused
by the hardware used: The number n dealt
with is limited primarily by the computer's
storage capacity, while its speed of opera-
tion sets a practical limit to the combina-
tion of a molecule's size and complexity.
The authors ran the program in the inter-
active or the batch mode on a IBM 3090
machine using a 3 M virtual storage capac-
ity, in this case the limit for n was found
beyond 128. Since the required storage in-
creases with the third power of n, use of a
16 M storage capacity expands the range
up to beyond 235.

The CPU time used for POLCYC treat-
ment of a particular compound depends
exponentially on both its size and complex-
ity. Other factors like symmetry and the
initial numbering are also of some impor-
tance. Fig. 6 shows the dependence of CPU
time on the molecule's size, n, for the more
than 280 compounds of moderate to high
complexity (0.6 ~ cln ~ 0.1) named by
POLCYC hitherto (c = number of cycles
in the sense of rule A-32.12). Less complex
compounds require considerably less time,
compare e.g. the tetracyclic hexacontane 7
to the polycyclic hexacontanes 5, 11, 12 in
Table I. This dependence of time on com-
plexity clearly reflects the rapidly growing
number of possible pathways to be
searched as c increases. It is seen from
Fig. 6 that the names and systematic num-
bering schemes of all compounds of the
size normally occurring to a chemist (up to

7

14c
11 8

10
2

14b
11 10

8
6

1 3

'@ '0i6 5 4 876

7 3 5

15a 15b
15a [3.3.0.02,4.03,7.06,8] 15b [3.3.0.02•8.03,7.04,6]

8 9

14a

11

14a [5.4.0.02,4.05,1°,06,9.08,11): 2,4,5,6,8,9,10,11

14b [5.4.0.02,1°.03,9.04,6.08,11]: 2,3,4,6,8,9,10,11

140 [5.4.0.02,1°.03,5.06,9.08,11]: 2,3,5,6,8,9,10,11

Fig. 4. In homobasketane (14) a choice between fundamental bicycles differing in the set of
locants is made by the 'CAS procedure' [11]
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Fig. 6. Plot oflog(CPU time [sec]) vs. nfor compounds of complexity cln between 0.1 and
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ca. 40 C-atoms) are generated within a few
seconds at most.

A copy of the program POLCYC is
available upon request from the authors
[13].
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Drucklose Direktfluorierung:
Eine einfache Methode zur
praparativen Synthese von neuen
Fluorierungsreagenzien

Kurt Auer'), Ernst Hungerbiihler')* und Robert W. Lang2)

Abstract. Large-scale synthesis of the new saccharin-derived N-fluorosultam 1 is de-
scribed, starting from readily available saccharin 2. A newly designed fluorination appa-
ratus, which allows the preparation of 100-g quantities of 1 at atmospheric pressure, is
discussed in detail.

[8] oder N -Fluoropyridinium-trif1ate [9]
bekannt und teilweise sogar schon kiiuflich
erhiiltlich [4] [7]. Aile diese erwiihnten
Fluorierungsreagenzien verm6gen prinzi-
pie II Fluor auf Metallenolate [9] und me-
tallierte aromatische oder aliphatische
Substrate zu iibertragen [9-11]. Bis heute
gibt es allerdings noch kein universell ein-
setzbares 'F+'-Reagenz, das die ganze
Breite der Palette m6glicher Substrate zu
fluorieren verm6chte.

Wir berichten hier iiber die Synthese ei-
nes sehr effizienten und stabilen 'F+'-Rea-
genzes 1 [8b], das sich besonders bei Um-
setzungen mit Enolaten als Reagenz der
Wahl bewiihrt hat [12] [13].

2. Synthese von N-FluorosuItam 1

Saccharin (2) kann, wie im Schema J
gezeigt, einfach im kg-MaJ3stab, via die 3-
Chloro- Verbindung 3 in das schon lange
bekann te 2,3-Dihydro- 3,3-dimeth yIbenzo-
thiazol-l,l-dioxid (4) nach einem modifi-
zierten Literaturverfahren [14] iiberfiihrt
werden. In einer in Fig. J und 2 skizzierten,
allgemein fUr drucklose Fluorierungen im
LabormaJ3stab verwendeten [8a] Anlage

1. Einleitung

Unter neuen Pharma- und Agro-Wirk-
stoffen findet man vermehrt solche, die an
strategisch wichtigen Positionen ein oder
mehrere F-Atome enthalten [I]. Somit ge-
winnen Reaktionen, mit welchen Fluor in
ein multifunktionelles Molekiil selektiv
und in guten Ausbeuten eingefiihrt werden
kann, immer mehr an Bedeutung [2].
Durch Direktfluorierung mit elementarem

F2 gelingt es bis heute nur in seltenen Fii!-
len, Fluor selektiv in ein Substrat einzufiih-
ren [3]. Alternative Fluorierungsmittel
werden gesucht, wobei anfiinglich nur ge-
fiihrlich zu handhabende Reagenzien wie
Perchloryl-fluorid, OF2, CF]COOF, etc.
als 'F+'-Quellen bekannt waren. Reute
sind neue stabile 'F +,-Reagenzien wie
XeF2 [4], N-Fluoro-2(IH)-pyridinon [5],
N -Fluoroquinuclidinium-fluorid [6], N-
Fluorosulfonamide [7], N -Fluorosultame
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