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Abstract

[n]Diamondoids are hydrocarbons whose carbon skelstarportion of the diamond lattice, and
containsn adamantane cells (or units) sharing chair-shamegdons of carbon atoms. When
centers of these adamantane units are connectkaely the resulting construction is called the
dualist of the diamondoid, and it also is similarat portion of the diamond lattice. While these
hydrocarbons can be distinguished by the Balabdte$er nomenclature system, substituted
derivatives are to be described by the IUPAC vorey®a nomenclature that attributes a unique
number (locant) to each carbon atom within a mdéecin this paper, von Baeyer names and
corresponding atom numberings were obtained bygdhgputer program POLCYC for members
of two classes of diamondoidsn]¢atamantanes whose dualists are tight helices, and
[n]perimantanes whose dualists aktrans-perhydroacenes; general numbering schemes were
derived for these compound classes. The structamessome regularities in their structural
properties are discussed.

Keywords: Diamond hydrocarbons; nfdiamondoids; regular helical catamantanes;
perimantanes; IUPAC nomenclature

Introduction

Diamondoid hydrocarbons (diamondoids, for shortyehaarbon skeletons that are portions of
the diamond lattice and consist of adamantane ¢etlsinits) sharing chair-shaped hexagonal
rings}? The numben of such adamantane cells is reflected in the naffie]diamondoids (e.g.

triamantane for the unique diamondoid isomer with= 3). There is an analogy between
diamondoids and polycyclic benzenoid hydrocarbdmsnfenoids, for short) whose carbon
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skeleton is a portion of graphene. Two adjacenzéeoid rings share a CC bond. According to
this analogy, the structures of diamondoid and eeo hydrocarbons are characterized by their
dualists, consisting of vertices in the centerghaf constituent units and of edges connecting
vertices corresponding to adjacent ufitswhereas the dualist of the graphene lattice is a
triangular lattice (and vice-versa), the diamorttida is self-dual, i. e. the dualist of the diardon
lattice is itself a diamond lattice. As a side reknghe 2D square lattice and the 3D cubic net are
also self-dual.

Diamondoids with n adamantane units are classified as]cdtamantanes and
[n]perimantanes according to whether their dualises acyclic or have six-membered rings,
respectively. fijCatamantanes are regular if they have moleculamdtas Gn.sHan12 and
irregular if their numbers of C or H atoms are daralDualists of catamantanes are staggered
rotamers of alkanes. Accordingly, starting withrdetantane, constitutional isomerism is
possible; additionally, sterecisomerism is alsosfae because thgaucherotamer of butane is
chiral. After Schleyer's AlGtcatalyzed synthesis of adamantane, based on ftte that
diamondoids are the most stable among all polycyislbmers, diamantane, triamantane and
[121]tetramantane were synthesized by cationic raegements of isomeric polycyclic
hydrocarbons:®

The discovery of efficient procedures for isolatifigmondoids from petroleufmopened up
a source of raw materials for anchoring functiogadups on precise locations, based on the
higher reactivity of tertiary (CH) groups than afcendary (CH) groups. Biologically active
derivatives of diamondoids offer hopes for drugigie®ased on the hydrophobicity and antiviral
properties of diamondoid derivatives such as ad#ytemnine.

For various diamondoid structures, Balaban ande§enf proposed a naming and coding
system based on the four directions around &gpridized carbon atom and encoded by digits
1, 2, 3, and 4 according to a simple procedures Bystem is generally accepted at present.
However, for specifying the structures of substitltliamondoids, the more general von Baeyer
nomenclature system adopted by IUPAC provides amgéand unambiguous solutidAC. and
G. Rucker devised the computer program POLCYC faming polycyclic compounds and
numbering carbon atoms therein according to theAMomenclature Rule¥. This program
was instrumental to the present paper.

In a previous paper, the present authors showed that there exists arglescheme for
applying IUPAC Nomenclature Rules for long bladeelior flat rod-like) regular catamantanes
with zigzag dualists consisting of two repeatingitdi 121212... Repeating patterns for dualists
consisting of three repeating digits 123123123..respond to irregular catamantanes involving
close approach of diamondoid ggroups, so that such series do not appear to aeyohterest.

By contrast, when four different digits are invalven the dualists’ repeating pattern
123412341234..., the result is a seriestight helical” regular catamantanesit is of interest
because each member of the series is chiral (gomtp C;), and because, as in the series of
zigzag catamantanes, there is a regularity thatw@ianalyzed and presented in this paper. Also,
like the blade-like zigzag catamantanes, natumadlgdrring chiral diamondoids (such as
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[123]tetramantane and helical regular catamantameg) offer attractive starting materials for
functionalization in order to design chiral medadindrugs. A second class of interesting
diamondoids for which von Baeyer IUPAC nomenclatamed carbon atom numbering is
described in the present paper is characterizettawyng dualists corresponding #l-trans
perhydroacenes.

Structure, atom numbering, and nomenclature for tight helical regular catamantanes
The molecular formula of these helical diamondd@@seHan+12 is partitioned®**for quaternary,
tertiary and secondary carbon atoms as followss(CH)zn+4(CH2)nea. All quaternary carbon
atoms form a single non-branched path whichrhas2 vertices and is identical to the dualist of
the tight p—2] diamondoid helix. Less tight helical diamondoare possible. Figure 1 presents
dualists of a tight and a less tight diamondoidxhel

We consider that the smallest tight helical dianmaddis [1234]pentamantane, whose
dualist exhausts all four tetrahedral directiorishas five adamantane cells and is chiral. By
abdicating from the postulate of “lowest number” the 4-digit notation, one might code
enantiomers as [123]- versus [l24]tetramantane, [A284]- vs. [1243]pentamantane. The
smallest chiral diamondoid ([123]tetramantane) wiaslated from petroleum as both
enantiomeric forms by an elaborate procedfigased on the upper right view of Figure 1, one
should expect properties of the tight diamondoilitke to show a modulo-4 variation versus the
numbern of adamantane units, as the two ends of the duedis occur in four different
reciprocal situations, since the projection of thealist brings the four tetrahedral directions
along the sides of a square.

NS Ry

N aaValina Ve

Figure 1. Upper row: two views for the dualist of tight toall [123412341234]tridecamantane.
Lower row: two views for the dualist of a less tigiielical polymantane with 38 adamantane
units. In the upper right view, the helix axis cents centers of the square projections of the
dualist.

The tight helical diamondoids will be shown in @amrojections. As an example, Figure 2
displays a projection of the tridecamantane hélixther schemes with right angles as in Figures
3, 4, and 5 will allow us to see four paths aldmg winding staircase representation as in the left
part of Fig.1. The two terminal adamantane unitstwa easily distinguished, as only they have a
tertiary CH group connected to three secondary @blups.
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Figure 2. The hydrogen-depleted tight helical [12341234&2Rlecamantane. Carbon atoms
are color-coded: red for quaternary, black foraeyt and blue for secondary carbon atoms.

As an example of a diamondoid helix, Figure 3 pnes¢123412341234]tridecamantane
(formula GgHes, or according to partition CH)s3o(CH,)17), with the numbering of carbon
atoms corresponding to its IUPAC name, heptacose{@fc27.1.13%°0"%207%2 0>
03,54.05,22-06,19. 06,53-07,50-09,18.¢0.1§¢0,49011.4§015,44-016,41-019.40.020,37-023.36.024.33-026,311035.56-036,531
0°°°20%4° 0*3*octapentacontane.

We will use a planar projection of the tightestgibke helical arrangements of diamondoids.
This projection (Fig. 3a) mimics the alignment sinaw Figure 2 for the tridecamantane helix as
an example, such that one of the two adamantanex@isl having a tertiary carbon atom (CH
group No. 29 in Fig. 3) connected to three secondarbon atoms appears in the lower left side.
The quaternary carbon atom that is a second neigiflibat CH group will always be number 1
in the IUPAC numbering, as displayed in Figure Be Other adamantane-end-unit will appear
on the right side of the projection in four diffategeometries, as will be shown in Figure 5.
Returning to Figures 2 and 3, one sees that (&mert the two adamantane-end-units) there are
four long quasi-horizontal zigzag paths along th@mring with vertices symbolizing repeating
—C-CH-CH-CH- sequences. We will use the following namesttiese paths: the twaouter
pathsin Figure 3a, which have numbers 2 to 10 and 3®t{and the twiner pathsrunning in
the opposite direction, that have numbers 48 tarib16 to 24. In the 3D model of the molecule,
there are no such things as ‘outer’ or ‘inner’ gathut rather the four paths (Fig. 3a) form the
four ridges of a long rod-like molecule that hascgaare cross section when viewed along the
helix axis (Fig. 3b). In the right-handed helicabatiomer shown here the first path (atoms 2 -
10) is the south-east quadrant in Figure 3b, atbéns 24 form the south-west quadrant, atoms
34 - 42 the north-west quadrant, and atoms 48th&®orth-east quadrant, each of the four paths
forming a right-handed helix in itself.

The main ring is indicated in Figure 3a by thigkel$, and the two bridgehead atoms have
numbers 1 and 29. These two atoms divide equadlyrthin ring of 56 atoms, and there is the 1-
atom main bridge between atoms 1 and 29, as welhed-atom secondary bridge between
atoms 13 and 45. In Table 1 one can see the nungpefired-colored quaternary carbon atoms
(obtained by the computer program POLCYC up t017). They form a continuous sequence.
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39

40

42

Figure 3. (a) Von Baeyer IUPAC numbering of carbon atomgl28412341234]tridecamantane

(left part). The main ring is shown with thick ImeThe color coding is as in Figure 2. (b) Cross-
sectional view of the same molecule along the heetis. Atoms of the foremost adamantane unit
were removed for clarity (right part).

Table 1. For tight helical diamondoids with adamantane units, the partition of quaternary,
tertiary, and secondary carbon atoms (totaling6dcarbon atoms), and in columns A to O the
numbering of adjacent quaternary carbon atoms (edlced in Figures 2 to 5)

n|Formua|/C CH CH,]/A B C D EVFGMH I J KLMNDO
5 CoeHa2 3 14 9 1 2 7

6 CsoHz6 4 16 10| 1 2 1124

7 CaqHao 5 18 11| 1 2 1124 29

8 CagHaa 6 20 12| 1 2 1528 33 6

9 CyoHus 7 22 131 2 1528 37 6 11

10| CyeHs2 8 24 14| 1 2 1932 41 6 15 36

11| CsoHse 9 26 151 1 2 1932 45 6 15 36 41

12| CsHso |10 28 16 | 1 2 2336 49 6 19 40 45 10

13| GCsgHes |11 30 17 | 1 2 2336 53 6 19 40 49 10 15

14| CgsHes |12 32 18 | 1 2 2740 57 6 23 44 53 10 19 48

15| GCgH72 |13 34 19 | 1 2 2740 61 6 23 44 57 10 19 48 53

16| C,H |14 36 20| 1 2 3144 65 6 27 48 61 10 23 52 57 14
17| CyHgo |15 38 21 | 1 2 3144 69 6 27 48 65 10 23 52 61 14 19
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In Table 1, columns B, F, J, N, with constant valuepresent “concave bend corner atoms”
on the outer lower path of the main ring followittge initial carbon (number 1). For odd
values, the main ring is evenly divided by the dratmain bridge between bridgehead atoms
numbered 1 andri23. For evem, the main ring is unevenly divided by the l-atomimbridge
between bridgeheads 1 and+8. Columns D, H, L represent “concave bend coatems” on
the outer upper path with numbers increasing stepWwy 4,0,4,0,... for increasimg Columns
C, G, K, O in the table correspond to carbon atdha are situated next to carbons from
columns D, H, L along the upper inner path with bens increasing stepwise by 4,0,4,0,... for
increasingn. Columns E, I, M in the table correspond to carlatoms that are connected to
carbons from columns D, H, L along the lower inpath with numbers increasing stepwise by
4. One can observe that some columns become rdpstatiéferent heights: C, G, K, O; also D,
H, L; also E, I, M. On each row, values in colunzrendz+4 (wherez denotes a letter from B to
O, i. e. except for = 1) differ by alternatively adding or subtractifigfor example witm = 17,
values for entries in columns C, G, and K are 31,dhd 23 (-4 series); in columns D, H, L
values arel4, 48, and 52 (+ 4 series); in columns E, |, Muealare 69, 65, and 61 (— 4 series).

The left part of planar projections for all sucHited diamondoids, containing the carbon
atom numbered 1, is the same and is illustrateligare 4. The right part, however, presents
modulo-4 differences, in agreement with Table 3 @rshown in the four parts of Figure 5.

Thefloor functionLn/2 1 denotes the largest integer not greater tiianor in other words
the “largest integer part” of/2. In Figures 4 and 5 we use the notation/2 1 = x. The general
algorithm for IUPAC numbering and nomenclaturetdd tight helical diamondoids is explained
by Figure 4 (for the initial part of the helicaltamantanes, containing the carbon atom numbered
1, covering all four cases of the modulo-4 rulex) kigure 5 (which covers separately these four
cases).

4x+10 4x+14

4X+6

Figure 4. The left part of planar projections for all heli¢gn]diamondoids, containing the carbon
atom numbered 1, with the general numbering of@adtoms as a function of the humbeof
adamantane units using the floor function.
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6x+4

2x-6 6x+4 2x-2 6x+8

2x-6 2x-2
6x+2 6x+6

2x-8 2x-4

Figure 5. The right part of planar projections for all leali [njdiamondoids with the general
numbering of carbon atoms as a function of the rermbof adamantane units using the floor
function;n values from top to bottom are: 2 (mod 4), 3(modd4)mod 4) and 1(mod 4).
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Stereochemical aspects in helical catamantanes

For substituted derivatives of helical catamantamesnbering of carbon atoms allows us to
differentiate hydrogens attached to tertiary carbtsms, but not those attached to secondary
carbon atoms. In a GHyroup located on a ridge of the molecule, the liymdrogen atoms can be
distinguished as ‘pointing to the center’ and ‘gimg to the end’ of the molecule; see Figure 6.
As one can see in Figure 6, two invariants of tleendndoid helix are its axis and the helicity
(positive for right-handed thread, and negativeléfirhanded thread which turns anticlockwise
as it moves away from the observer).

Figure 6. Helical [123412341234]tridecamantane with all iy@llogens (blue) in side-view and
front-view. Here the secondary carbon atoms ardluat but olive.

Structure, atom numbering, and nomenclature for permantanes having as dualists
“geometry-preserving" graphs corresponding toall-trans-perhydroacenes

An interesting class of perimantanes has dualisé are the “geometry-preserving” graphs
corresponding to hydrogen-depletatf-trans-perhydroacenes. The smallest such perimantane
has a chair-shaped hexagon as dualist; it wasifigehin, and isolated from petroleum and is
known as cyclohexamantane (see Fig. 7, tdfs code using the Balaban-Schleyer system is
[123123]perimantane; it contaims= 6 adamantane cells. In 2003 a “von Baeyer’-likena
dodecacyclo[12.12.0°01.0*1°.0°18 0°11 0”20 0° %2 0192 0'# 1 0'2#L 0?4 hexacosane and the
corresponding numbering scheme were published @dde be the approved IUPAC numbering
for cyclohexamantan€.This name, however, though correctly describingstinecture, was not
correct in the sense of IUPAC rule VB-6-4, whiclates “The superscript locants of the
secondary bridges shall be as small as possible wtesidered as a set in ascending numerical
order, a decision being made at the first pointiffierence™® In 2009 a different numbering
scheme for cyclohexamantane was uSemrresponding to the correct von Baeyer IUPAC name
as given here: dodecacyclo[12.1230.07%30>?°0>8 010 0%%° 01915022 01?2 0! Yhexa-
cosane. Obviously, two different numbering scheofes parent compound would result in two
names for a monosubstituted derivative, confusirdiffering in locant numbers. This again
emphasizes the desirability for IUPAC names and dhieesponding numbering schemes for
polycycles to be constructed by a computer program.

Page 353 ®ARKAT-USA, Inc.



The second member of this class has as dualigiréip corresponding toans-decalin, see
Figure 7, second structure. Its IUPAC name is nepadyclo[20.16.01F.0>%.0*?°0*%,0*2°
0°26.0"24 0738 01023 0237 o13:22 o435 1520 91633 (18.31 419.28 (P12 ctatriacontane. The Balaban-
Schleyer code, which is [123(1)2312323]perimantatistinguishes it from the perimantane
having as dualist the graph ois-decalin. The latter diamondoid has code [123(1)22B}
perimantane, and the IUPAC (von Baeyer) name naayelo[18.18.0.8°6073°0>%
0*#1.0°2%0"%,07%,0'9%" 011 %2,013% 0'3%4 017,010 %° 01738 01*4 07> *".0*® H octatriacontane.

In Table 2 we present data for the first perimaesanithall-trans-perhydroacene graphs as
dualists. Their IUPAC names were generated by @ C program up tdk = 5; for higherk
values the required computer time would be unreasgrhigh.

Table 2. The smallest perimantanes wél-trans-perhydroacene graphs as dualists

Perhydroacenic Abbreviation
dualist a-t-H-k
GeH3o C2(CH)18(CHy)s 12 +12 cyclohexane a-t-H-mono
10 CagHao Cs(CH)24(CHy)s 20 + 16 decalin a-t-H-di
14 GsoHso C10(CH)30(CH2)10 24 + 24 perhydroanthracene  a-t-H-tri

k Formula Partition Main ring
1
2
3
18 4  GsHeo C14(CH)z6(CHy)12 32 +28 perhydrotetracene  a-t-H-tetra
5
6
7

22 CrsH7o C18(CH)42(CHy)14 36 + 36 perhydropentacene a-t-H-penta
26 CseHso C22(CH)48(CHy)16 44 + 40 perhydrohexacene a-t-H-hexa
30 CogHoo C26(CH)s54(CHy)1s 48 + 48 perhydroheptacene a-t-H-hepta

In the following we useéhe numbek of six-membered rings in the dualist as paranmfeter
perimantanes having dualists isomorphic valiktrans-perhydroacenes. Below we give, for k =
3,4,5, the name of the dualist, in parenthesedlsnd notation for the dualist, and finally the
corresponding perimantane’s IUPAC name.

trans,transPerhydroanthracena-t-H-tri, k = 3):
hexacosacyclo[24.24.0:807%.0**.0>*.0*%".0>%0"%.0**°,0°%. 0" 48 0'%%° 0447 0'>28 o' 04°,

0172608431924 (20,41 02239 (23,36 32534 (27,32 (128:49 (A5 9 hantacontane, see the middle structure in
Figure 7,

trans,trans,transPerhydrotetracena{t-H-tetra,k = 4):
tritriacontacyclo[32.28.070°.07°°.0*8,0°32 0* %3 0°30 0>°0,0°47. 0" 4, 0742 01 40 01261 o338 o260

016,37.018,59. 019,36.020,57.021,34. 022,55. 023,32. 024,53. 025,30. 026,51.028,49. 029,46.031,44. 033,42. 035,40. 036,61.057,6ﬁ

dohexacontane, see the fourth structure in Fig. 7;
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trans,trans,trans,trangerhydropentacena-{-H-pentak = 5):
tetracontacyclo[36 36 0160 02,63 03,8 §,36 04,61 05,34 05,58 06,55 07,52 09,50 011,48 012,73 013,46 014,71
015,44 017,70 018,43 020,69 021,42 022,67 023.40 024,65 025.38 026,63 027.36 028,61 029.34 030.59 032.57 033,54 035.52

0379003948 (073 (146 (f2.71 085,74 0f7- "Jtetraheptacontane, see Figure 7, last structure.

A polycyclic compound is said to be Hamiltonianaif its non-H atoms can be arranged
along the given bonds on a single ring (which ientttalled a Hamiltonian cycléj. The
structural element of a tertiary (or quaternaryat@m surrounded by three secondary C atoms is
sufficient for non-Hamiltonicity, i.e. in such alsiructure one secondary C atom necessarily is
left out of the main ring. This substructure, cepending to a primary vertex of the dualist, is
found at both ends of a zigzag catamantaraad of a tight helical catamantane (Figures 2)to 6
These compounds therefore have at least two caabmms out of the main ring, which is
reflected in their IUPAC names. In contrast, thempantanes considered here lack such terminal
adamantane cells, and not surprisingly have all tBeatoms on the main ring (a Hamiltonian
cycle), as reflected in their IUPAC names by zebthe third and all following positions within
the square brackets.

The zero-atom main bridge for odd numbkrsf 6-membered rings in the dualist divides
equally the main ring,a.a0.0'Y.0...]. For even numbers it divides unequally the main ring,
[a.b0.0".0...], witha —b = 4. Figure 7 presents the first five membérs (L, 2, 3, 4, and 5) of
this class offijperimantanes.

Figure 7. From top to bottom: perimantanes having as disalil-trans perhydroacenes witk
=1,2,3,4,and 5.

In Figure 7 the color codes for secondary, tertiaryd quaternary carbon atoms are as in
Figure 2. In the first two cases the dualists aspldyed in gray with vertices indicated by letter
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C. In the remaining cases the dualist is not shanch the projection shows the six long quasi-
horizontal paths closer to being almost straigh& two mostlyblack paths are sequences of
tertiary carbons, each ending by two secondaryoresithey enclose thed/blackpaths, which,

in turn, enclose theed/bluepaths. Figures 9a,b will show the geometry of titdamondoids.

With n indicating the number of adamantane cells, onaiogt
e the number of six-membered rings of the dualigt+s(n-2)/4;
e the molecular formula is G«14H10k+20 partitioned into G o(CH)sk+12(CHz2) 2k+4;
o for oddk, the equal halves of the main ring hae 6k+6; for everk, the unequal portions of
the main ring hava = 6k+8 andb = 6k+4.

It may be seen in Figure 7 that in all these pemtan@es there are six quasi-straight
horizontal paths from one extremity to the othegamized in three pairs with atom numberings
in opposite directions (as will be seen in Fig.ighoring the lateral extremities, théack pair of
paths has only tertiary carbon atoms; thd/blackpair has alternating tertiary and quaternary
carbon atoms, and tmed/bluepair has alternating secondary and quaternaryoaatoms.

Again we will use a planar projection mimicking tlnends that are visible in Figure 7, such
that the above six paths appear on horizontal egiesght lines. The quaternary carbon atom
closest to, and at the right side of the middlethaf upper red/black path, in this particular
projection, will have number 1; the numbering coués from left to right till it reaches the last
guaternary carbon atom on this path, then it goekodhe adjacent tertiary carbon atom on the
upper black path, following along the peripheryhwihe lower black path till its end, from
whence it follows the lower red/black and the lowed/blue paths. With a loop involving four
carbon atoms, the numbering continues on the umgkblue and then red/black paths, reaching
finally carbon atom numbered 1, thus completingHiaeniltonian circuit. Thus, in other words,
the numbering of carbon atoms along the Hamiltomiacuit, which constitutes the main ring,
starts from the bridgehead quaternary atom numbgreflithe red/black path with tertiary and
guaternary carbon atoms, runs along the black p&iliswed by the red/black path containing
the central quaternary atom numberéa&for oddk or &k+10 for everk (which is the second
bridgehead), and continues along the red/blue pAthsther observation is that the carbon atom
numbering of the extremities in termslojumps by 4 along odd numbers when moving from a
path to the next one K37k, 11k for the left-hand extremity,kband % for the right-hand
extremity), whereas in the inner part of the sithpathe numbering jumps by 2 along even
numbers (&, 6k, 8k, 1k, 1X); see Figure 8. All differences in numbering betswedd and even
k arise only from the equal/unequal division of thain ring by the main bridge, for odd/evien
values, respectively.
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Figure 8. General scheme for numbering carbon atoms in petames that have dualists
corresponding tall-trans perhydroacenes with odd>1 (upper part) and evde®2 (lower part).
All broken-line crossings are randomly assignedhout geometrical significance.

Stereochemical aspects in perimantanes that have dgalists all-trans perhydroacenes

All these molecules exhibit mirror symmetry (pogroup C,p, except for th&k = 1 case, which
has point groufs4) and thus are achiral, but most substitutions leydrogen atom will destroy
that symmetry and thus create chirality. Here, @sstor zigzag catamantanes where there is the
symmetry plane of the blade-like coplanar dudfishe median plane of the dualist allows one to
distinguish the diastereomers of substituted comgsiby the orientation of the substituent(s)
relative to that plane, equatorial or axial. Anrepde is provided in Figure 9a for the cése 2,
showing all hydrogen atoms in equatorial or axétionship to the median plane of tihens

decalin dualist.

Page 357 ®ARKAT-USA, Inc.



Figure 9. (a) Left part: side-view of the perimantane wkth 2 showing all hydrogen atoms and
thetrans-decalin-like dualist that provides a median rafieeeplane; the two hydrogens
connected to each secondary carbon atom are digthregl by having two different orientations
with respect to this plane, equatorial and axtgl.Right part: view along quaternary atoms of the
perimantane withk = 4 indicating that the red/blue paths are thetrdiz$ant from the center.

Concluding remarks

For two classes of diamondoids that may have istexg applications after regioselective
functionalization we have determined their gen@@henclature and carbon atom numbering
according to the von Baeyer (IUPAC) rules: (i) tipelical regular catamantanes, and (ii)
perimantanes having as dualistié-trans perhydroacenes. In the former case, chiralitynis a
important asset, and in the latter case the flatrggry provides interesting spatial relationships
between possible substituents. Another potentelisacting aspect is in using such systems as
building blocks for supramolecular assemblies,rgiteper substitution with functional groups.
How does it come that in the helical catamantajes &s in the zigzag catamantan@she
IUPAC numbering commences close to the end of tbkeeule, whereas in the perimantanes
numbering starts close to the molecule’s centerthdéncase of zigzag and helical catamantanes,
the structure element GHCH(CH,)—CH,, occurring at both ends of these molecules, ptsven
them from being Hamiltonian, i. e. from having anvBaeyer name of the forna.p.0.0"...].
Since by the IUPAC rule VB-5 the main bridge mustds long as possible, one of the,CH
groups in such a substructure must be the mairgdyicesulting in a von Baeyer name of the
form [a.b.1.2%.0...]. The atom forming the one-atom main bridgeeécessarily an immediate
neighbor of both main bridgehead atoms, one of lwlig definition is atom number one. In
other words, the atom number one is necessarilgnarediate neighbor of one of the gbtoms
in the above substructure, which is located aetigtof the molecule, therefore atom number one
itself is located near the end of the moleculghincase of the perimantanes with perhydroacene
dualists, we have no substructure preventing Hamidtty. Now IUPAC rule VB-6-1 states that
the main bridge (a zero-atom bridge) should divitk all-atom main ring as symmetrically as
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possible. The main bridgeheads must be close togiacide with the center of the molecule in
order to have a symmetrical division of the mairgriThus, as was to be expected, the properties
of the von Baeyer names of these compounds arel loasthe interaction between the structures
(given by Nature) and the man-made rules.

The helical (and the zigzag) catamantanes are wdphgtheoretically (gt-) planar
compounds, i.e. their structural formulas can bitew on a planar surface without any crossing
lines, given unlimited flexibility of line lengthand angles. In contrast, the perimantanes with
trans-perhydroacene dualists are all gt-nonplanar, beorgeomorphs of the Kuratowski graph
Kss as was pointed out for tHe= 1 member (cyclohexamantane) by Kd&khere are few
compounds known with this property, among them vdey natural products, for
thermodynamic and kinetic reasdiidn the case of cyclohexamantane and its highelogsa
there is at least no energetic obstacle to formatiothat the structures are almost free of strain
see Figure 9. According to molecular mechanicsutations, the steric energy per C atom in
these compounds is not significantly different fraimat in gt-planar helical or zigzag
catamantanes, see Figure 3 and reference 11. Angfheonplanar diamondoid is the
superadamantane-5 (‘adamantane of adamantafiegtich is a homeomorph of Kuratowski's
graph k. Therefore diamond is the only compound knowngdhat is gt-nonplanar due to both
Kz 3 and Ks type substructures, and at the same time the Kglyype gt-nonplanar natural
product of which we are aware.

Nature provides a rich source of synthetically cessible diamondoids that have four or
more adamantane units. Several diamondoid hydronartobtained from petroleum have
already been used as starting materials for mae@dmponents of nanosystems: chapter 4 of
the book cited earlier provides many examples ohsises.

It is known that hydrogens of diamondoids attachedtertiary carbon atoms can be
substituted more readily than hydrogens attachedetmndary carbon atoms. Regioselective
functionalization at tertiary carbons situated aecpse distancesnay offer pathways to
biologically active products by interaction withopeins, inhibiting or activating such bio-
catalysts. Unlike rod-like benzenoid nanotubes twhace polydisperse mixtures of related but
not identical molecules, diamondoids are pure camgs, with molecular shapes that are easily
controllable. Functionalized diamondoids obtaingddygioselective reactions offer a wide range
of possible shapes in three dimensith$:*? In order to specify the location and
stereochemistry of substituents, the von Baeyer emmhature enhanced by stereochemical
descriptors as advocated here is the best avaggbtem.
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