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Diazotization * of 6-acetamido-7-amino-3,8-qui-
noxalinedione gave another ting closure compound, 'H-
tnazo[4,3-glquinoxaline-4.9-dione  (14) (Scheme 3). 6-
Acetamido-7-amino-3.8-quinoxaline dione was svnthesized
from 6.7-diamino-3.8-quinoxalinedione.” Diaminoquinone
was formed by amination of dichloroquinone with ammeonia
readily " However, 1reacted with ammonia to vield 6,7-
dichlore-3 . 8-quinoxalinel which was a reducted compound.

The compound 1 showed the difterent reactivity trom 2.3-
dichloro-1.d-nuphthoquinone  and  6,7-dichloro-3,8-qui-
nolinedione in some reactions. It was probably caused by
clectronie eifeets. A comparison of electron densities in qui-
nolinedione and quinoxalinediene was showed in Figure 1
and Figure 2. The B ring m qumoxalinedione has more po-
sitive charge than quinolinedione even though there was
one mirogen difference between them. The electron dis-
tribution in heteroey cles appeared to alfeet the reactivity.

The intercalation of compounds with human DNA was
the mnsertion of a planar part of a molecule between two
stacked base pairs.” The molecule must have 3-4 planar
rings and the intercalation complex was parallel to the axis
of the helix for an ideal interealation” We synthesivzed an-
gular and planar heterocvclic compounds that had 3-4 rings
and drew ntercalation compleses of synthetic compounds
by molecular modeling. As expected. the intercalation com-
plex of planar heteroeyelic compound (9) between GC/GC
base pairs was parallel (o the axis of the hehix (Figure 3).
llowever, DNA intercalation complex of angular het-
crocyehic compound (6) between GC/GC base pairs did not
show the optimum intercalation (Figure 4). Seo, the planar
heteroevelic compound was expected to have antitumor ac-
tvity,
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The stability of bridgehead olelins contaming § and 10 membered rings has been investigated by the MMX
molecular mechanics calculation together with the GMMX conformational searching program. A number of '
hyperstable' bridgehead olefing, which have negative olefin strain values, have been found from the calculated
values of strain energy and olefin strain for the series of in- and owmt- bicvelo[n.3.3]alk-1-ene and in- and oui-
hicvclon.4.4]alk-T-cne (n=1 1o 8). For the bridgehead olefins with out’ topology, hyperstable oleting were
found m the systems having cvelononene or larger rings. For the bridgehead olefins with 'in' topology. hyp-
erstable olefins were found in the svstems having cvelodecene or larger rings.

Introduction

Double bonds at the bridgehead positions have been re-
garded as unstable and svnthetically less accessible, This
1dea has been known as Bredt's rule, which states that the ¢l-
imination to give a doule bond m a bridged bicvelic svstemn

always leads away [tom the bridgehead position.' Sinee the
pieneering study by Bredt extensive research etforts have
been made toward the synthests, structural study, reactivity,
and mechanistic study of stramned bridgehead olefins. A
number of review arlicles arc now available ™ Most
research efforts on the bridgehad olefins, however, have
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been direeted toward strained smaller evelic systems. The
chemistry of larger ring bridgehead olefins has not been
known much and awaits active rescarch. Thus, the con-
tinuous interest of the author in the bridgehead oletins’ has
led to eaplore the large bndgehead olelns.

1t is expected that the unavoidable strain invelved in the
smaller ing bridgehead olefin could be relieved as the ring
size becomes larger. To one extreme, when a bridgehead
olefin has mfinitely large rings, the bndgehead double bond
could be considered as a normal acvelic double bond. In
case thal nng sizes are neither small nor very large. the si-
tuation is somewhat complicated. In certain ranges ot ring
size, bridgehead double bonds become verv stable, even
more stable than normal acyelic double bonds. This new
class of olefing were named ‘hyvperstable olefing' as Maier
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and Schlever.” According to their definition, hvperstable ole-
fins contain less strain than the parent hvdrocarbons and
have negative olefin strain values. Such oletins should be
unreactive. Their reduced reactivity, however, 1s not caused
by well known tactors such as the steric hindrance or the p-
bond energy. Even with this prediction. only imited numb-
¢r ol hyperstable oletins have been reported™ and the ¢hem-

(CH,)n-2 (CHpn-2 (CH,)n-2 (CH)n-2
H U HU i;; 2
Chart 1.

Table 1. MMX Calculated Encrgies (keal mol) and Derived Values for Bievelio[n.3.3] Bridgehead Oleting and Corresponding Saturated

Hydrocarbons. Sli=strain energy. O8-olefin strain.

Molecule MMX linergy AH. AH, SE 0S
Bicvelo|3.3.1 non-1{%)-ene {oul) 70.10 49.76 -800.25 66.1 54.1
Bicycelo[3.3. 1 nonane (out.out) 18.28 —30.49 12.0
Bicycelo[3.3.2]dec-1{9)-ene (out) 3292 2617 -51.41 482 252
Bicvelo]3.3.2)decane {oul,out) 29.94 -25.24 230
Bicvele[3.3.3]undee-1-cne (out) 4306 9.89 -34.24 377 8.1
Bicvelo]3.3.3Jundec-1-ene (in) 8246 49.28 -48.61 771 224
Bicvelo]3.3.3Jundecane {oul,out) 37.24 -2435 29.6
Bicyclo]3.3.3)undecane  (in.oul) 62.28 62.28 54.7
Bicvelo]4.3.3]dodec-1-ene (out) 41.74 215 =21.65 357 -4.6
Bicvele[d.3.3]dodee-1-cne (m) 60.84 21.26 -33.16 548 7.0
Bicvelo]4.3.3]dodecane {oul,out) 4851 -19.530 40.3
Bicvelo]4.3.3)dodecane (in.oul) 56.10 —11.90 478
Bicvelo[4.3.3]dodecane  (m.in) 94 (W 26.09 858
Bicvele[3.3.3)tridee-1-cne (out) 38.31 —7.69 -10.22 36 —16.40
Bicyclo[5.3.3]tridce-1-ene (in} 46.27 .27 -22.20 39.6 —4.0)
Bicvelo]3.3.3)tridecane {oul,out) 36.52 —17.91 476
Bicyelo[3.3.3)tridecane  (m,out) 3249 -21.93 43.6
Bicvelo|3.3.3|iridecane (in.in) 78.65 4.23 69.7
Bievelo| 6.3 3)tetradec-1-ene (out) 37.11 -15.31 —12.40 298 -13.7
Bicycele[6.3.3]tetradee-1-ene (in) 3691 -15.51 —16.76 296 -9.4
Bicvelo]6.3.3tetradecane {oul,out) 5312 -27.71 43.3
Bicvelo[6.3.3]tctradecanc (in.out) 48.56 —-32.27 39.0
Bicvelo[6.3.3]tetradecanc (m.in) 63.68 -17.15 hEN|
Bicvelo[7.3.3]pentadce-1-cne (out) 36.08 -22.95 —14.00 28.1 —12.2
Bievelo| 7.3 3 |pentadec- 1-ene (in) 32.00 —26.%3 -14.21 24.0 -12.0
Bicvelo[7.3.3Tpentadecanc  (out.out) 50.50 —36.75 40.3
Bicvelo[7.3.3]pentadecanc (in.out) 46.21 -41.04 36.0
Bicvelo]7.3.3|pentadecane (in,in) 51.33 —35.90 41.1
Bicvelo|8.3.3]hexadec-1-ene (out) 33.27 -31.9% —15.12 24.6 =111
Bicvelo|8.3.3|hexadec-1-ene (in) 3058 -34.66 -14.88 219 -11.3
Bicyelof[8.3 3Thexadecane (out,out) 36.56 -47.10 35.7
Bicyelof8.3.3Thexadecane (in.out) 44,12 -49 .54 332
Bicvelo]8.3 3| hexadecane (1n,in} 4361 —48.05 4.7
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Table 2. MMX Calculated Energies (keal mol) and Derived Values for Bievelio|n.d.4] Brndgehead Olefins and Corresponding Saturated

Hydrocarbons. Sli—strain energy, OS-olelin strain.

Molecule MMX Enecrgy AH, AH, Sk (OX)
Bieyel 0[44 [Jundec-1{11}-ene (out) 3333 22.15 —56.56 50.0 304
Bicyelo[dd 1Jundec-1{11)-ene (in) 7356 40.38 -64.39 68.2 38.2
Bieyel 7[44 lJundecane {outout) 27.19 -34.41 19.6

Bicyclo[d.d. 1undecane (in.out) 37.58 -24.01 30.0

Bicyelo|4 41Jundecane {in,in) 62.33 0.73 54.7
Bicyclo|d.4.2Jdodec-1(11)-ene {out) 48.87 Y28 -3322 42.8 7.0
Bicvelofd 4. 2]dodec-1(11)-ene (in) 6797 28.38 —44.79 62.0 18.7
Bicyelo[d.d.2]dodecane (vut.out) 44,07 -2354 358

Bicvelo|d d.2]dodecane (in,out) 51.39 —-16.41 433

Bievelo[d d.2)dodecane (in,m) 8320 17.19 76.9
Bievelo[d 4 3)tndee-1( 11 }-ene {out) 45.61 —0.39 -15.73 389 -10.5
Bicvelo[4.4.3)tridec-1(11)-ene (in) 32.73 6.72 -26.20 46.0 0
Bievelo[d 4 3)tndecane (out.out) 38.30 -16.12 494

Bicvelo|d 4.3]tridecane {in.out) 54.94 -1948 46.0
Bievelo[d 4 3)tndecane (in.in) 83.05 8.63 741
Bievelo[d d d)tetradee-1-ene {out) 49.14 —3.27 -9.80) 418 -17.4
Bicvelo|d 4. 4]tetradec-1-ene (in) 43.23 -9.17 —-15.17 359 -11.40
Bievelo[d d d]tetradecane (out,oul) 68.79 —12.04 59.2
Bicvelo|d 4 4]tetradecane (in.out) 56.49 —24.34 46.9
Bicvelo|d 4 4]tetradecane (in.in) 72,45 —8.38 62.9
Bicvelo| 3.4 4]pentadec-1-ene (out) 48.80 -10.03 —12.31 4.8 -134
Bicvelo[5 d.d]pentadee-1-cne - (i) 39.83 —18.98 —13.30 39 -13.40
Bicvelo|3.4.4]pentadecane  {out,out) 64,90 —22.34 34.7
Bicvelo[5.d.dpentadecane (in,out) 3313 —32.12 44.9
Bicvelo|3.4.4]pentadecane  (inin) 64.12 —23.13 539

Bicvelo[6.d d]hexadec-1-ene (out) 44.27 20897 -12.33 356 -139
Bicvelo|6.4 4 hexadec-1-ene (in) 3858 -26.69 -11.30 299 -144
Ricvelo[6.d d]hexadecane {vut.out) 60.36 —33.30 49,3
Bicvelo|6.4.4]hexadecane (im,out) 35.67 -37.99 448
Bicvelo|6.4.4]hexadecane {inm) 54.17 -39.49 433
Bicvelo| 7.4 4] heptadec-1-ene (out) 42.01 —2Y.65 -14.51 27 -11.7
Bicvelo[ 7. d.d]heptadee-1-ene (in) 35.22 -36.44 -10.59 259 -15.6
Bicvelo| 7.4.4]heptadecane  {out,out) 5592 —-44.16 44.4
Ricvelo[7.d.dlheptadecane (inout) 33.03 —-47.03 113
Bicvelo|7.4.4)heptadecane  (inm) 49.41 -50.67 378
Bicyelo[8.d.dJoctadee-1-ene (oul) 39.80 -38.28 -17.42 20.8 -8.8
Bicvelo|8.4.4octadec-1-ene (n) 38.32 -39.75 —18.18 283 -8.0
Bicvelo|8.4.4Joctadecane (out,out) 30.79 -53.70 38.6
Bicyelo[8.4.dJoctadecane (inout) 4856 -57.93 36.3
Bicyclo|8.4.4Joctadecane (inm) 46.48 —-60.01 4.3

ical consequence of the hvperstability 1s hardly known.
Computational resulis on the hyperstable oleting by molee-
nlar mechanics calculations have been published.* The
results, however, are not systematie and deals with limited
number of bridgehead olefins.

One of the best way ol computing struciures and cnergics,
and other useful properties of melecules, especially for or-
ganic molecules, 1s molecular mechanics calculations (also

known as force tield caleulations).” Molecular mechanics
caleulations have shown rcehable output results comparing
with X-rav erystallographic data or experimental  ther-
modynaniie data. Widely used methods o molecular
mechanics are MM2"” and MM3" by Allinger. Many cur-
rently used molecular modeling programs are based on the
MM2 (or MM3) parameters. Although the conformational
study with molecular mechanies 1s satisfactory, there is an
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mmportant problem 1" we find o real minimum cnergy con-
formation (the global minima problem).” Itial and error
mcthod with applving known conlonmations could be a solu-
tion for smaller molecules that have limited number of sig-
nificant conformations. However, we should mect with sig-
nificant ditficulty working with large ring svstems because
ol ven large number of possible conformations. The sto-
chastic method (or Monte Carlo method) 1s one wayv of solv-
ing the global minima problem.™ This method has been ap-
phed suceesstully to examine the conformations of bicvelic
ring  systems ™

Major purpose of this paper 1s Iinding a relationship
between the stability of bridgehead olefins and the ring size.
Medium to large mngs that contain bridgehead double bond
are the primary concern because small ring bridgehead ole-
fms are unstable and well studied. The size of one nng is
fixed to cvelooctane (or cvelodecane) in order to remove
any ambiguily. The other ring containing bridgehead double
bond is fused to 1.5 peositions of cvclooctane (or 1.6 po-
sitions of cyclodecane) and the size of this ring is varied
progressively. Thus bridgehead olelins having bievelo[n.3.3]
and bicvelo[n.d.4] skeletons are scleeted for the nolecular
mechanics caleulations (chart 1). ‘In' and ‘out’ isomers™ are
treated separately. 'In’ 1somer, which has a bridgehead pro-
ton placed mside the bicyelic svstem. is verv important for
larger bicyelic nng svstems. For some cases, the 'In' 1somer
1s more stable than the corresponding 'out’ 1somer provided
the bicvelic ring svstem has enough space inside.” Relative
stabality of 'in' and 'out' isomers will also be discussed in
this paper. The MMX force field"” was used for the energy
values. A conlimational scarching program™ was also u-
tilized for finding the global minima of larger bicvcelic svs-
lems.

Methods

MMX steric energies, heats of formation (AH ), and strain
energies (ST) were oblained [fom the mimimum energy con-

formations by PCMODTEL (v. 3.0)."” MMX force licld
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parameters of hvdrocarbons are the same as MM2. Thus, en-
ergy values can be directly compared with other literature
values derived by MM2 or MM3 foree ield. Heats ol hy-
drogenation (AH ) were obtained by the difterence in the
heat of formation between an olefin and its saturated hy-
drocarbon of 'out' somer. The olelin stram (O8) was cal-
culated by subtracting the strain energy of the saturated hy-
drocarbon of 'out’ isomer from that of an oletin according
to the literature.’

The conformational scarch lor Nnding global minima and
some important conformations were pertormed by GMMX
program (v 1.0)."" Statistical scarch on hoth bonds and
coordmates routine was used for the search. The output con-
formations were ransferred (o PCMODEL and tinal en-
ergies were calculated. Interconversion of 'in' isomers to/
Irom ‘oul’ isomers was observed In sonie large ring systems
during the confirmational search. For those svstems, the
minimum energy contormations were searched by fixing the
geometry ot bridgehead carbons.

The shape and cartesian coordinates ol the resulting con-
formations are not displaved completely in this paper be-
cause they are 100 voluminous.

Results and Discussion

Results of molecular mechanies caleulations on the
bicvelo[n.3.3] bridgehead olefins and bicyelofn.d.4] bndge-
head olefins and the corresponding saturated hydrocarbons
(=1 (o 8) arc summanze m Table | and 2. The MMX ¢n-
ergy (also called the sterie energy) 1s the difterence in en-
crgy between the real molecule and the hypothetical molee-
ule where all the structural values are exactly at their ideal
values. The sterie energy s the sum ol several potential en-
ergv terms such as bond stretching, angle bending (together
with stretching-bending cross term), nonbonded interaction,
and torsional energy terms.™ Some results could be com-
pared with published values.™ The energy values were in
good agreement with cach other exeept for in- and owr-
bicyelof4.d 3rdee- 1 1-ene. Tt was Tound that the strue-

Table 3. Proposed 1lvpersiable 13ridgehead Olefing with OS values less than -10 keal mol by Molecular Mechanices Calculations and the

Number of Minima within 3 keal:mol by (he Conlormational Search.

No. of miimma No. of probe structures

Molecule It stiii within 3 keal mol mimnuzed
otit- bicyelo[d 4. 4]tetradee-1-cne -17.4 7 4000
ont- bievelo|3.3.3|tiridec-1-ene =16.0 4 8000
in- bicvelo[7.4 4 heptadee-1-enc -15.6 I 11000
in-bievelo|6.4 4 Jhexadec-1-ene -149 18 4000
out- bicvelo[3 .4 4)pentadee-1-ene -13.9 21 4000
our- bicvelo|6.4 4 Jhexadec-1-ene —-13.9 6 4000
out- bicvelo[6.3 3]tetradee-1-ene -13.7 4 4000
in-bievelo|3 4.4 pentadec-1-ene —13.0 9 8000
out- bicyelo[7.3.3pentadee-1-cne -12.2 8 20000
in-hievelo|7.3.3|pentadec-1-ene —-12.0 10 20000
out- bicyelo[7. 4. d]heptadee-1-ene -11.7 12 20000
in-bievelo|8 3.3 Jhexadee-1-ene —11.3 16 20000
out- bicyelo[8.3.3)hexadee-1-ene -11.1 13 20000
in-bicvelo|4 .4 d)letradec-1-ene =110 4 4000
out- bicyelo[4.4 3)tndee-1(11)-ene -10.3 1 1000
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turcs appeared in that paper” were those of local energy
minima by comparmg with the GMMX output structure {ile.

The conformational search 1s primarily focused on lind-
ing global minima. The delault stop seting of GMMX pro-
gram 1s satislactory lor that purpose. The number of probe
structures manipulated for the delault stop sctiing ranged
several hundreds to several thousands depending on the sive
or the conlormational (Texibility ol cach molecule. Repro-
ducible global minmma structures were found when checked
with extended number (2 o0 10 times) of probe structures,
More number of probe structures than that ot the default
stop were neeessary for lnding higher encrgy local minima.
Table 3 shows the result of conformational search. where
the number of nuinima within 3 keal/mol and the number of
probe structures considered are displaved. The number of
probe structures 1 Table 3 are based on the extended runs.
The conformations of global minima usually are not easily
identifiable because of the lack of symmetry and uniformity.
The evelooctane ring in many bicyelo[n.3.3] svstems has a
boat-chair conformation. which is the most stable form of
evelooctane, like the structure in Figure 1b. The cv-
clodecane ting i bievelo|n.4.4| svstems does not have un-
iform conformations. Some examples of the global minima
scarched are displayved in Figure 1.

In the saturated bicvelic hvdrocarbons three different to-
pological 1somers could exist, which are “out.oul’, ‘inout’,
and ‘in,in’ isomers. Only one tvpe of these isomers, “out,out’
somer, Is found among small bicvelic svstems. This s
(uite natural because there is not enough cavity inside for
the bridgehead hydrogens o exist in small bievelie systems.
As the ring sizes become larger, however, the bridgehead
carbons move apart and the 'in' isomer may cxist. [n-
terestinglv the 'in' isomers are sometimes more stable than

Figure 1. Examples of global minima found by GMMX. (a) our-
bievelo[d.d d)tetradee- [-ene. (b) enrt- bievelo[3.3.3]tridee- [-ene. (¢)
in- biexclo| 7.4.4[heptadee-1-ene. (d) - bicyvelo]6.4.d | hexadee- 1-
one. Hydrogens except at the bridechead position are omitted for
clarity.

Jang-Seoh Kim

the ‘out’ 1somers in some bievelic syvstems containing medi-
um and large rings.™ A major reason for this is that the
distance between rings are Tarther apart in the 'in' isomers
and the transannular strain, which 1s very important i medi-
um and large vings, could be reduced. The result of the
strain energy (819 1 Table | and 2 shows this clearly. IFor
bicyelo[n 3.3 alkanes, ‘outoul' isemers are the most stable
among the smaller svstems (n=1 o 4). On the contrary, in,
ott- bievlo] 3.3 3 Juidecane (81:=43.6 keal/meol) 15 4.0 keal/
mol more stable than the corresponding “out.out’ isomer
(SE=47.0 keal/mol). Simular results are found for bicyvlo|6.3.
tetradecane and bicvelo[7.3.3 |pentadecane  systems.
Bicvelon.d d]alkanes show more discernible trend. 'Out.out’
1somers are the most stable Tor bievelo[4.4.1 Jundecane and
bicvelo|4.4.2|dodecane.  'Inout’ 1somers are the most stable
for bicvelo[4.4.3|tndecane, bievelold 4. 4]tetradecane, and
bicvelo[3 4 4|pentadecane. ‘Tnin’  1somers are  the most
stable  for  bicvelo|6.4.dhexadecane,  bievelo]7.4.41hep-
ladecane, and bievelo|8 4 dJoctadecane. Progressive changes
of the most stable 1somers rom ‘out.out’ (0 'inoul’ and
again 1o 'Inin’ are clearly seen as the ring sizes become
larger.

[t is worth mention that the interconversion of an 'in’
isomer to/from the ‘out’ 1somer could be observed for some
large ring svstems, not by the inversion ol bridgehead car-
bon but by the dvnamic process as shown in Figure 2. Al-
though the existence of such process m real molecules 1s
open to the lurther research. that would be possible at least
for some systems. Such interconversion. known as honieo-
morphic isomerism,” was reported for a sutliciently large bi-
cvelie ring system hike bieyelo| 6.5 1 |tetradecane.”

The relative stability between 'in' and "out’ wsomers of
bridgehead oletins could be found by comparing with their
strain energies (Figure 3 and 4). As eapected. 'out’ 1somers
are more stable for smaller bridgehead olefins, Dillerences
in the strain energy between ‘in' and ‘out’ isomers become
progressivelv smaller as ring sizes become larger and ¢ven-
tually ‘in' isomers are more stable. Among bicvelo|n.3.3]
bridgchead olelins, 'In' 1somers are more stable Tor bicvelo
[6.3.3tetradee- [-ene and larger systems (Figure 3). Anong
bicvelofn.d.4] bridgechead olelins, 'in' isomers are more
stable for bicvelo|d 4. d|tetradee-1-ene and larger svstems

H
_—
-
H
in, out out, in
H
—_—
- g—————
H
out, out in, in

Figure 2. Possible mode of homeomorphic isomerism.
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Figure 3. Strain encrgy (S in keal mol) vs. chain size (n) for
in' and 'out' bicyclo[n.3.3] bridgehead olefins.
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Figure 4. Strain cuergy (SE. in keal mol) vs. chain size (n) for'
in" and ‘oul’ bicvelo|n.d.4| bridgehead oletins.

(Figure 4).

In order to evaluate the stram myvolved m the olelins. a
new concept other than the stram energy is necessarv. I3e-
cause the strain energy itselt i a composite of the strain as-
soctaled with the double bond and the residual stram as-
soctated with the carbon skeleton, we cannot compare the
stability of bridgehead double bonds with the strain energy.”
The ‘olefin strain'. which i1s defined as the difference
between the strain energy of an olelin and that of its parent
hydrocarbon, has been used as an index ol olelin stabil-
ity Teis generally true that the olefin strain (OS) values
ol less than 17 keal/mol are the approximate 1solable liniit
for smaller bridgehead oletins.” Bridgehead olefins con-
taining small rings have high O8 values and unstable. As
ring sizes become larger, O8 values decrease and become
negative at certain points. Thus the hyperstable olefin em-
crges.

It 1s now possible to visvalize the relationship between
the stability and the ring size ol bridgehead olefins by the
ON values (Figure 5 and 6). Verv high stramn involved n a
small bridgchead olelin decreases rapidly with mereasing
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Figure 5. Olefin strain (OS, in keal/mol) vs. chain size (n) for '
in' and 'out' bicyclo[n.3.3] bridgehead olefins.
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Figure 6. Olctin strain (OS. in keal mol) v, ¢hain size (n) for '
in' and 'out’ bicvelo|n.d.4] bridgehead oletins.

the ring size at first. After passing the apparent minimum ol
the oleflin strain, the energy increases slowly. 1t 1s expected
that the ON value becomes close 1o zero as the chain size
goes o very large. The ‘In' 1somer needs larger ning size
for the nunimum than the corresponding 'out” isomer. The
rcason would be that the inside bridgehead hydrogen needs
more space between the twe bridgehead carbons, The min-
imum energy bridgehead olefins at cach series are as fol-
lows (numbers n parentheses are oletin strain values
keal/mol): owi- bievelo]5.3.3]indec-1-ene (-16.0). in- bievelo
|7.3.3|pentadec-1-cne (-12.0), onr- bicvelold. 4 d]tetradec-1-
ene (-16.4), and in- bicvelo| 7. 4.4 [hepladee-1-ene (-13.0).

1t was proposed that the stability of a bridgehead oletin 1s
closely related o the ning size of the frans- oveloalkene
moicty.” Although thal proposal is qualitatively significant
and applicable niainly (o snall bridgehead olelins, it pro-
vides a simple wav ol comparing the stability with dilterent
bridgehead olefins. Minimum energy bridgehead olelins
with ‘out’ topology fous- bicvelo|3.3.3 [trndec- 1 -ene and onr-
bicyclo|4 4. d]tetradee- I -ene) both contam cvelodecene rings.
Those with ' topology contam evelododecene ring (in-
hievelo[7.3.3 pentadec-[-ene) and cyvelotridecene ring (in-
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Table 4. Molecular Mechanies Energy Components of Oletins and the Corresponding Saturated Hvdrocarbons.

Jang-Seab Kim

i ) Tatal MMX Energy components
Molecule Oletin Strain MMX } 3 1
: o o . . Stretch- . van der  Dipole-
strain - cnergy Strete .
energy Stretching Bending bend Torston Waals dipolc
out- bicvelo|d 4 dtetradec-1-ene -17.4 41.8 49.14 1.86 16.59 .95 15.03 14.24 047
ont.out- bicyelo[d.d d]tetradceanc 592 (8. 79 3.60 2442 1.73 17.29 20.76 0
AE -1.74 -19.65 -1.74 —8.82 -0.78 -2.26 -6.52 047
omt- bicvelo[3.3 3]tridec-1-ene -16.0 3.6 38.31 1.64 11.80 0.82 10.75 12.84 047
out.out- bicvelo| 5.3 3 iridecane 47.6 56.52 2.27 20,78 1.26 14.68 17.52 0
AE -16.0 —18.20 —(1.62 -8.98 —0.44 -3.93 -4.68 047
evelohexene -0.2 24 457 0.21 0.36 0.05 0.16 3.30 0.48
exelohexane 26 6.56 (.33 0.36 0.09 2.16 362 0
AE 0.2 -1.99 -0.12 0 —0.04 =2.00 —0.32 (.48
cvelooctene =37 104 13.88 0.48 283 0.25 451 5.34 0.47
exelooetane 14.1 19.42 0.57 544 0.37 6.45 6.58 0
AE -37 =55 —-0.09 -2.61 -0.12 -1.v4 -1.24 0.47

bicyclo| 7.4 4 heptadec-1-ene).

The range of nng size for hyperstable bridgehead olelins
could be easily identitied by Figure 5 and 6. ont- Bicvelo|4.
3.3]dodec- 1-ene. in- bicyelo[3.3.3]iridee-1-ene. one- bicyelo[4.
4 3)tridec-1(1 1)-ene,  in- bicyclo[4.4.4)tetradec-1-ene, and
larger bridgehead olefins at each series have negative olefin
strain values. Therefore. ‘out’ bridgehead olefins containing
evelononene or larger nngs would be hyperstable because
out- bicvelo[4.3.3]dodec- 1-ene  and owr- bicvelo|4.4.3 Jtridec-
1(11)-ene both have cyclononene rings. Similarlv, 'in'
bridgehead olelins contaming cvelodecene or larger rings
would be hyperstable because in- bievelo[3.3.3]tridee- I -ene
and in- bicyelo|4.4.4]tetradec-1-ene both have evelodecene
rngs.

The cause of hvperstability for the above mentioned
bridgehead olefing could be explained by comparing with
the energy components of them and related cvelie hy-
drocarbons in Table 4. Selected for the comparison are the
(wo most hyperstable bridgehead olelins together with cy-
clooctene and practically stamnless cyvclohexene, Bending,
van der Waals. and torsional components are the major con-
tributor of molecular mechanics energy for om- bicvelo[4.4.4|
tetradec- 1 -ene and our- bicvelo[5.3.3]trdee-1-ene. The ditt-
erence of energy (AE) between an olefin and the cor-
responding parent hvdrocarbons show the source of hyp-
erstability. The higgest energy change 18 in the hending
component (AE values lor both bicvelie systems are aboul
— 9 keal/imol). The van der Waals component (AE values off
- 6.5 and — 4.7 kcal/mel respectivelv) and the torsional
component (AE values of = 2.3 and - 3.9 kcal/mol respec-
tivelv) also share important contributions, Major reasen for
the relief of energy trom the parent bicvelic alkane to the
bridgehead olefin is the change of hvbridization at the
bridgehead position. Flattening of the bridgehead position
by introducing a bridgehead double bond causes signilicant
changes in structure and energy. First, the large-angle strain
mvolved in the medium rings of a hicvehie skeleton could
be relieved. This effect 13 alse found m monocvelic medium
rings: the mimmum energy conformation of cvelooctane has

an average C-C-C angle of 116.1" and that of cvclooctene
has an average sp’ C-C-C angle of 114.2", In the same way
as monoeyelic medium rings, a bridgehead olefin contatmng
medium rings  experience relief of large-angle strain.
Morcover, a bridgehead double bond could atfeet all 3 rings
in the bridgehead olefin simultaneously, thus the eftect is al-
most tripled. Sceond, the lat sp™ surface of a double hond
is less sterically congested than sp’ centers in medium rings,
The transannular strain between hvdrogens at the facing car-
bons Iy a major strain in medium rings. An sp* carbon has
one less hydrogen than an sp’ carbon and the hydrogen at
sp® carhon places away Irom the ring junction to hecome
ditficult to make transannular interactions. Although the tor-
sional energy values of our- bicvelo[d.4 d]tetradee- [-ene - and
out- bicvclo] 3.3.3tridec- 1-ene are rather high. the torsional
component would be a mimor contributor for the hyp-
erstability because the dittferenees of torsional energy (AE)
do not vary markedly whether an oletin is hyperstable or
not.

Among the bridgehead olefins searched. hyperstable ole-
s m signiticance having O8 values less than — 10 keal/
mol are listed in Table 3. Most of bridgehead olefins in
Table 3 have not been synthesized vel. Those syslems
would be good synthetic targets to investigate the chemistry
of hvperstable bridgehead oletins. Only two of them, in-
bicyclof3 4 4]pentadec-1-ene” and isz- bieyclof4.4 4]tetradee-1-
ene’, have been svnthesized. Although the chemistuy of hyp-
erstable bridgehead olelins have not known very well so far,
the results from those compounds svnthesized show several
interesting teatures. The unusually sluggish reactivity ot in-
bicvelo|d.4.d]tetradec-1-ene in the catalvtic hydrogenation
would be due o the hyperstable nature of the compound
(OS=-11.0 keal/mol). In addition. there was no evident reac-
tion when onr- bicyelo[ 4.4 d]letradec-T-ene was (reated with
dry HCI in variety of solvents. only recovered starting ma-
terial was obtained.” The addition of HCI was observed
with in- bicvelo|6.3.3]tetradec-1-ene, which 1s less hyp-
cerstable (05=-9.4 keal/mal) than in- bicvelo[4.4 4] tetradee-1-
ene. But the resulting bridgehead chloride spontaneously re-
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turned to the starting bridgehead olelin with a loss of HCL'
Interestingly, all three bridgehead olefins svnthesized pro-
duced stable carbocations that contain three-center two-elec-
tron C-H-C bonds.™

Llvperstability would be quite a common feature for large
bndgehead olelins. Taxol which has bicyclo[3.3. 1Jundee-
1(10)-ene system was proposed to be slightly hvperstable
v MM2 caleulations™ Bissecododecahedraene was also re-
ported to be hy perstable. ™ Tven ¢y cloalkenes of medium to
large rings are hvperstable although the extent of hyp-
erstability 1s not significant (OS values of eveloheptene to
cvclotetradecene are usually higher than — 3 keal/mol with
the minimum value of — 7 3keal/mol in cvelodecene). ™

Concluding Remark

Although small bridgchead olefins have been studied ex-
tensivelv, the nature and the chemistrv of large bridgehead
olefins are still hardly known. The hyperstability would be
quitc a common charactenstic for large bridgehead olelins
as expeeted in this paper. Many bridgehead olelins having
different ring sizes from those appeared in this paper are ex-
peeted o show similar stability pattem as shown i Figure 5
and 6. The chemical nature of the hyperstability needs (urth-
er explorations. Those bridgehead olefins shown in Table 3
would be good targets for synthetic chemists and mechanis-
tic chemists.
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