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Noncovalent interactions in crowded olefinic
radical cations

Aim. To study the effect of electronic (a- and B-hyperconjugations) and steric (noncovalent interactions) fac-
tors on the structures of olefinic radical cations.

Results and discussion. The effect of intramolecular dispersion interactions on the structures of crowded
alkenes in the neutral and ionized forms has been studied at the density functional theory (DFT) level with and
without dispersion corrections included, as well as at the MP2 theory level with medium size basis sets. The re-
sults obtained are compared to the available experimental data. An excellent agreement has been found between
the experimental and MP2/DFT-computed geometries of sesquihomoadamantene, adamantylidene adaman-
tane, bis-2,2,5,5-tetramethylcyclopentylidene, bis-D,-homocub-4-ylidene, and bis-Cs-homocub-8-ylidene in the neutral
and ionized forms. The experimental ionization potentials are better reproduced with the DFT-methods.

Experimental part. The structure and composition of compounds were proved by the methods of 'H and
3C NMR-spectroscopy, and GC-MS-analysis. Elemental analysis was performed for the compounds obtained.

Conclusions. The twisting of the olefinic moieties in the sesquihomoadamantene and adamantylidene
adamantane radical cations is determined by the balance between the o-r-hyperconjugation and residual one-
electron -bonding and is close to that of the prototypical ethylene radical cation (29°). The twisting reaches 55°
for the bis-2,2,5,5-tetramethylcyclopentylidene radical cation due to substantial steric repulsions between methyl
groups. At the same time, the ionized states of bis-D,-homocub-4-ylidene and bis-Cs-homocub-8-ylidene retain
their planarity due to B-CC-hyperconjugation and intramolecular dispersion attractions.
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HekoBaneHTHi B3aeMogii B NpoCTOPOBO-yTPpyAHEHUX ofepiHOBUX KaTioH-paguKanax

Meta po6oTtu. [locnianTy BNnue enekTpoHHMX (a- i B-rinepkoH’toravist) Ta CTepUYHNX (HEKOBaNeHTHI B3aemogii)
daKTopiB Ha CTPYKTYpY onediHOBMX KaTiOH-paguKanis.

Pe3ynbTaTy Ta iXx 06roBopeHHs. Bnnue BHYTPILLHEOMOMNEKYNAPHUX AUCNEPCINHNX B3aeMOgiln Ha 6yaoBy
NPOCTOPOBO-YTPYAHEHUX arnkeHiB y HEWTParnbHin Ta ioHI30BaHin chopmax AOCHIOKEHO Ha PiBHI Teopii dyHKLUio-
Hany ryctuHn (T®I) ¢ ypaxyBaHHsAM Ta 6e3 ypaxyBaHHS OUCMEPCINHUX KOPEKLi, a Takox Ha piBHi Teopii MP2
3 6asucH1Mu Habopamu cepefHboro po3mipy. OTpumaHi peaynbsTaTv NOPIBHSAHO 3 HAasIBHUMUW eKCepuMeHTarb-
HUMUK JaHumu. 3HanaeHo fo06pe y3rodKeHHs MidK eKCriepuMeHTanbHUMKU Ta onTumizoBaHumu (MP2/TOI) cTpyk-
TypaMu ceckBiromoagaMaHTeHy, agaMmaHTunigeHagamanTany, bic-2,2,5,5-retpametunumknoneHTunigeny, bic-
D,-romoky6-4-inigeHy Ta 6ic-Cs-romoky6-8-iniaeHy B HelTpanbHKX Ta ioHi3oBaHWx dopmax. EkcnepmmeHTanbHi
noTeHuianu ioHisauii kpalle BiJTBOPIOOTLCA NP po3paxyHKy metogamu TOI

EkcnepumeHTansHa YactuHa. CTpyKTypy Ta ckriag, criornyk 6yno goseaeHo metogamu 'H ta *C AMP-cnekTpockonii,
a Takox N'X-MC-aHanisom. [poBeeHO enemMeHTHUI aHani3 ogep>kaHux Croryk.

BucHoBku. Ckpy4yyBaHHs onediHOBOro hparmMeHTy B CECKBIroMOaamMaHTEHOBOMY Ta afaMaHTurigeHaaaMaH-
TAHOBOMY KaTiOH-pagukanax Bu3HavyaeTbCst 6anaHCcoM MiX O-TT-FinepKOH’toraLieto i 3anmLIKOB/M TT-3B’si3yBaHHSAM
Ta Brinsbke 0O TAKOro X y KaTioH-paaukani eTunexy, wo 6ys obpaHui sk npotoTtmn (29°). CkpydyBaHHSA focsarae
55° gnsa 6ic-2,2,5,5-TeTpaMeTUNUMKIONeHTUIIAEHOBOrO KaTioH-pagukany Yyepes CyTTeBE CTEPUYHE BifLUTOBXY-
BaHHSA MiXX METUMbHMMU rpynamn. B Ton e vac ioHi3oBaHi ctann 6ic-D,-romoky6-4-inineHy Ta bic-Cg-romoky6-
8-inipeHy 36epiratoTb CBOO NnaHapHicTb 3aBasky B-CC-rinepkoH’toraLii Ta BHYTPILULHEOMOSEKYNSPHOMY Anchep-
CiNHOMY MPUTSTYBaHHIO.

Knroyoei cnoea: rinepkoH’torallis; noTeHujianm ioHisaLlii; HekoBaneHTHi B3aemogii; onediHu; kaTioH-pagukanm
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Lenb pa6otbl. Vccnenosatb BNUsIHUE 3MEKTPOHHBIX (A- U B-TUNepKoHbioraumsl) U cTepuyeckmx (HekoBa-
NEeHTHble B3aMMOZEeVCTBIS) (DaKTOPOB Ha CTPYKTYpPY OnedMHOBbLIX KaTWOH-paauKarnos.
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Pe3ynbTaTthl U Ux obecyxaeHue. BnusHme BHyTPMMONEKYNSIPHbIX AUCNEPCUOHHBIX B3aMOAENCTBUIA Ha
CTPOEHME NPOCTPaHCTBEHHO-3aTPYAHEHHbIX aNlkeHOB B HENTPAaIbHOW 1 MIOHN3MPOBAHHOM (hopMax MCCreaoBaHo
Ha ypoBHe Teopuu yHKUMoHana nrnotHoctu (TPI) ¢ yyeTom 1 6e3 yueta AUCNepCOHHbIX B3anMOAEVCTBII, a Tak-
e Ha ypoBHe Teopun MP2 ¢ 6a3ucHbIMK Habopamu cpeiHero pasmepa. NonyyeHHble pesyrnsTaThl CpaBHEHbI C UMe-
IOLLUMNCS SKCMEepUMEHTarnbHbIMU AaHHbIMW. HaliieHo xopoluee cornacoBaHue Mexay aKCrnepumeHTanbHbIMN
1 onTMmanpoBaHHbiMy (MP2/T®IT) cTpykTypamu ceckBuromoagaMaHTeHa, agaMmaHTunuaeHagamadTana, buc-
2,2,5,5-TeTpameTunumknoneHTunuaeHa, 6uc-D,-romoky6-4-unuaera n 6uc-Cg-romoky6-8-unugeHa B Henmtpans-
HbIX M MOHM3NPOBAHHBLIX hopMax. DKCNEPUMEHTANbHbIE MOTEHUMANbI MOHU3ALUK fyYlle BOCNPOU3BOAATCS Npu
pacyete metogamm TPl

OkcnepumeHTanbHas YacTtb. CTpykTypa 1 cocTaB coeuHeHun Obinu noaTeepxaeHsl metogamu 'H n 3C
AMP-cnekTpockonum, a Takke 'X-MC-aHanm3om. [poBeaeH aneMeHTHbIM aHanusa NoryyYeHHbIX COEANHEHWIA.

BeiBoabl. CkpyyrBaHue onernHoBoro pparMeHTa B CECKBUroMOaAaMaHTEHOBOM U afaMaHTUNaeHafaMaHTa-
HOBOM KaTWOH-paaukanax onpegensietcs 6anaHcom Mexay O-Tr-rMnepKoHbIoraLme U OCTaTouHbIM TT-CBA3bIBAHUEM
1 GrM3KO K TAKOBOMY B KaTUOH-pajyuKare aTuneHa, B3sITOro B kayecTse npototuna (29°). CkpyunBaHue gocturaet 55°
ans buc-2,2,5,5-TeTpaMeTUNUUKIONEHTUNMAEHOBOMO KaTMOH-paamKana n3-3a CyLLeCTBEHHOro CTepUYeCcKoro oTTarn-
KNBaHUsi MeXay MeTUMbHbIMU rpynnamu. B To xe BpeMs MOHWM3MpOBaHHbIe COCTOSIHUST buc-D,-roMmoky6-4-unugeHa
n 6uc-C4-roMokyb-8-mnmaeHa coxpaHsiioT CBOK NnaHapHoCTb bnaroaapsi B-CC-rvnepKoHboraumm n BHyTPUMOSIEKY-
NSAPHOMY AUCMEPCUOHHOMY MPUTSDKEHNIO.

Krnroyesnbie crioga: ryunepKoHblorauus; noTeHumarnsl MOHM3aLmMn; HEKOBaNEHTHbIE B3aUMOAENCTBUS;
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Single-electron oxidation of neutral molecules leads
to positively charged radical ions that are key inter-
mediates in many fundamental chemical and biologi-
cal processes [1-3]. The ionization of olefines leads
to significant geometrical distortions, and radical ca-
tions thus obtained usually are quite unstable. The simp-
lest representative is ethylene where electron remo-
val from the bonding highest occupied molecular or-
bital (HOMO) results not only in the elongation of elect-
ron-depleted C=C-bond, but is also accompanied by
the twisting of the CH,-groups. This is due to o-m-hy-
perconjugation [4], (a-hyperconjugation, two-way hy-
perconjugation) [5], which is maximized for the per-
pendicular arrangement (Fig. 1A), while the residu-
al one-electron m-bonding stabilizes the planar form.
Theory is not very successful in a balanced descrip-
tion between these two stabilization modes predict-
ing a torsion angle for C,H,* in the range of 13 to
33° depending on the approximation level employed
[6, 7]; the most trusted experimental estimate is
ca. 29° [8]. Theory shows, however, that substituted
ethylene radical cations do not necessary deplana-
rize since the stabilization may be achieved through hy-
perconjugation with the participation of the o-bonds of
the neighboring groups (B-hyperconjugation, Fig. 1B).
As a result, our computed [9] (MP2/cc-pVQZ) CCCC

twisted form planar form
a-hyperconjugation B-hyperconjugation
A B

torsion angle for the tetramethylethylene radical ca-
tion (Fig. 1C) is only 11° due to an effective parti-
cipation of the CH-bonds of the methyl groups in
[-CH-hyperconjugation. As 3-CC-hyperconjugation [10]
generally is more efficient, the tetraethylethylene ra-
dical cation is almost planar (the twisting is only 1.7°,
Fig. 1D). Such structural trends agree well with the den-
sity functional theory (DFT) computations at the B3LYP
and M06-2X levels of the theory.

The experimental verifications of the above theo-
retical findings are difficult since alkene radical cations
readily undergo deprotonation from the allylic posi-
tions. In this regard, the sterically hindered cage al-
kenes (Fig. 2), e. g. sesquihomoadamantene 1 [11]
and adamantylidene adamantane 2 [12], with allylic
CH-bonds orthogonal to the olefinic p-orbitals are
suitable models for structural studies [11].

Attempts to isolate and characterize radical
cation 2°* failed due to its short lifetime (less than
5 seconds) [13]. In contrast, radical cation 1°* charac-
terized through X-ray crystallography is quite stable
[11, 13]. The high stability of 1** primarily is due to
the steric crowding caused by the CH,-groups that
surround the C=C bond [13]. Still, the cage is flexib-
le enough to provide a torsion angle of 29° for effec-
tive a-hyperconjugation. Even more significant devia-

Fig. 1. Hyperconjugations in ethylene A and tetramethylethylene B radical cations, as well as the MP2/cc-pVQZ optimized structures
of tetramethyl- C and tetraethylethylene D radical cations (intermolecular distances in A, torsion angles (jtalics) in degrees)
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Fig. 2. Sterically congested cage olefins of sesquihomoadamantene 1, adamantylidene adamantane 2,
bis-2,2,5,5-tetramethylcyclopentylidene 3, bis-D,-homocub-4-ylidene 4, and bis-C,-homocub-8-ylidene 5

tions from planarity were observed for the extremely
sterically crowded radical cation of bis-2,2,5,5-tetra-
methylcyclopentylidene (3, Fig. 2). The ESR-spectrum
of 3**displays “almost perpendicular arrangement of
five-membered rings” [14] due to the additional steric
repulsion between the methyl groups. Although this
hypothesis is only partly confirmed by our compu-
tations (vide infra), the reasons for the occurrence
of planar vs. twisted forms of olefinic radical cations
and the role of noncovalent interactions (NCI, prima-
rily London dispersions) still remains open. Herein,
we present our study of the neutral and ionized dia-

1 539 1.549
. 1.539 1.340
1.530 1.546 1.334
1.537 1.542

mondoid olefins 1-2, highly crowded 3, as well as ho-
mocubane dimers 4 and 5, as their structures comp-
rise fundamentally different C=C-bond surroundings.

Results and discussion

For comparison, alkenes 1 and 2 in the neutral
and ionized states were studied using various DFT
levels, as well as the MP2 ab initio method (Fig. 3).
Previously, we found that DFT reproduced the expe-
rimental ionization potentials of large saturated hydro-
carbons well [15-19]. Correct descriptions of radi-
cal cations derived from 1 and 2 require taking into

1534 1569 1.405 .
1.527 1222 o109 1.401 +
135 1sss 2127 1430

2136 1397

1.542 ¢«
1.548 . )
1.541 1.490
26.2 1.493
28.7 1.491
29.7
29.0
+
1, Dopy B3LYP-D3/6-311+G(d,p) T D
MO06-2X/cc-pVTZ
MP2/cc-pVDZ
exp
1.564 1.411 .
1.553 1.406 —|+
1.561 1.985 1.428

2, Doy, 2% D,

Fig. 3. The optimized structures of neutrals 1 and 2 and their corresponding radical cations 1" and 2'* (bond lengths in A, torsion angles
(italics) in degrees)
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Table
Computed and experimental adiabatic ionization potentials (eV) of 1 and 2
# B3LYP B3LYP-D3 MO06-2X MP2 Exp.
6-311+G(d,p) 6-311+G(d,p) 6-311+G(d,p) cc-pVTZ cc-pvVDZ
7.21 7.21 7.37 7.37 7.50 7.35[28]
7.22 7.22 7.21 7.21 7.60 7.49 [29]
5 7.22 7.22 7.46 7.44 7.60 7.47 [30]

account both electron correlation and noncovalent
interactions (NCI) [13, 20] between the groups that
surround the C=C bonds. Hydrocarbon 1 provides
an opportunity to test the applicability of the recently
developed DFT implementations to olefinic radical
cations, such as 1**, since its X-ray crystal structure is
available [13]. We used a popular functional B3LYP
with empirical corrections for dispersions (B3LYP-D3
[21]) and M06-2X [22], which was parameterized to
account for the medium-range electron correlation.
Previously, we used a similar approach to estimate
the dispersion contributions in saturated diamondoid
dimers [20, 23-25] and graphane clusters [26].

Although there is torsional strain caused by the re-
pulsive [27] intramolecular HeeeH contacts of 1.85-2.00 A
across the C=C bond (2.4 A corresponds to the mini-
mum on the vdW potential [27]), this fragment re-
mains planar in neutral hydrocarbons 1 and 2. Inclu-
sion of dispersion does not alter this picture, and all
methods reproduce the experimental geometries of
the neutrals well (Fig. 3). In contrast, the results for
radical cations 1°* and 2°* are strongly method-depen-
dent. Upon ionization the twisting of the olefinic moiety
leads to an insignificant increase of the intramolecu-
lar HeeeH distances up to 2.1 A, which is still signi-
ficantly less than the optimal 2.4 A. The B3LYP method
underestimates the torsional angle even with empi-
rical dispersion corrections included. While MP2 subs-
tantially overestimates the length of the central elect-
ron-depleted C=C bond, the M06-2X reproduces the ex-
perimental interatomic distances and torsion angles
of 1** exceptionally well.

We also probed the computational reproducibility
of the experimental adiabatic potentials [28, 29] of 1
and 2 (Table). Both B3LYP and M06-2X results agree
well with the experimental values and accounting for
dispersion has almost no effect; again, the M06-2X is
slightly more accurate.

The above findings demonstrate that dispersion
corrections only insignificantly affect the geometries
of radical cations 1** and 2°*. In contrast, due to exces-
sive repulsions between the methyl groups, the ole-
finic moiety of 3 substantially deplanarizes even in
the neutral form 3a (Fig. 4). The neglect of dispersion
reduces significantly the value of the torsion angle
(3.4° at B3LYP vs. ca. 7° with B3LYP-D3(BJ) (Fig. 4).
Note that computations with molecular mechanics
on 3a gave an intermediate twisting value of 5.5° [31].

8

Unexpectedly, we found another highly twisted (ca. 40°)
C=C bond rotamer 3b, which, surprisingly, was only
6-7 kcal-mol™ less stable than 3a. Such small dif-
ferences may be associated with additional desta-
bilization of 3a due to the presence of very close
HeeeH-contacts (~1.8 A); such short contacts are not
present in more twisted form 3b. Ionization reorders
the relative stability of conformers due to the partial
elimination of the m-bonding that flattens the rota-
tion potential: “planar” 3a* becomes less stable than
twisted conformer 3b**. The computed m-bond twis-
ting in 3b*is smaller than “the almost perpendicular
arrangement cyclopentane fragments” predicted based
on the ESR data [14], but still is exceptionally high
(ca. 55° at all levels).

Since a-hyperconjugation affects mostly the struc-
tures of highly twisted forms, accounting dispersions
has only little influence on the geometry of 3b"*.
Note that for bis-2,2,4,4-tetramethylcyclobutylidene,
the cyclobutane analog of 5, where the methyl groups
are more distant, the twisting in the radical cation
is only 29-30° [32], i. e. essentially the same as in
ethylene.

The conclusion can be made that a-hyperconju-
gation determines the structures of 1°* and 2°* as the neigh-
boring C-C bonds undergo only little changes upon
ionization. The cage moieties have only little effect
on the degree of twisting of the olefinic fragments
in the corresponding radical cations 1°* and 2** (ca. 29°,
which is close to that for parent ethylene). Even in
the almost planar form 3a** the -hyperconjugation
is insufficient as the C-CH, bond lengths in the neut-
ral (1.54-1.55 A) and ionized (1.56-1.57 A) forms are
close.

The D,-trishomocubylidene dimer 4 exists in two
diastereomeric forms 4a and 4b (Fig. 5). Computa-
tions at our levels of theory reproduce satisfactori-
ly the experimental X-ray crystal structure geomet-
ries of neutral hydrocarbons [33]. Remarkably, the ole-
finic moiety of 4b is slightly twisted (3-4°). As the non-
covalent CHeeeHC contacts across the C=C bond are
close to the optimal value of 2.5 A and are positioned
in the attractive part of the vdW potential, such twis-
ting must derive from antibonding interactions in
the D,-symmetric helical HOMO-1 of 4b.

The ionization of 4a and 4b is accompanied by
only moderate geometric distortions. The C,-radical
cation 4a**, (the deviation from C,-symmetry is in-
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Fig. 4. Structures of neutral and ionized states of bis-2,2,5,5-tetramethylcyclopentylidene 3 (bond lengths in A, torsion angles (italics)

in degrees, relative AH,q in kcal-mol')

significant) is slightly twisted (13-14°). Two pairs of
[3-C-C bonds contribute substantially to the stabiliza-
tion of 4a°* as it is seen from their elongations up to
1.58-1.60 A. Reoptimization with C,-symmetry cons-
traints leads to a minimum that is twisted less (3-5°),
but structurally and energetically close to the C,-form.
Significant deviations are obtained for 4a** at DFT and
MP2, as the latter predicts an almost planar olefinic
moiety. These findings, as well as the pronounced
elongation of the neighboring (3-C-C-bonds of the cage
(up to 1.59 A) suggest that B-CC-hyperconjugation
makes a significant contribution to the structure 4a**.
The same applies to the structure of 4b**, which re-
tains the D,-symmetry of a neutral hydrocarbon and
is characterized by only minor twisting upon ioniza-
tion. Thus, hydrocarbons 4a and 4b display stabili-
zation of the planar ionized states through partici-
pation of the neighboring C-C-bonds as in the proto-
typical case of tetraethylethylene (D, Fig. 1). Disper-
sion interactions thereby play a stabilizing role since

the HeeoH interactions over the C=C bonds are at-
tractive.

The previously unknown C,-trishomocubane di-
mer 5 was obtained through a titanium(I1I)-promoted
McMurry dimerization [34, 35] of C-trishomocuba-
ne-8-one 6 [36, 37]. As the nature of the titanium salt
and of the reducing agent affects the outcome of di-
merizations to sterically hindered alkenes [33, 38],
we chose the most effective TiCl,-Zn system in THF
for coupling (Fig. 6).

All four possible diastereomers 5a-d were formed
in the approximate statistical ratio (GC) with a pre-
parative total yield of 80-90%. The mixture was
subjected to fractional crystallization from hexane
resulting in the isolation of the most symmetric C-dia-
stereomer 5a, which structure was confirmed by the X-ray
diffraction single crystal analysis (Fig. 6). The key
geometric characteristics of 5a are in agreement with
the computed data (Fig. 7). Neutral 5a is characte-
rized by close to the optimal HeeeH contacts around

9
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Fig. 5. Structures of the neutral and ionized states of bis-D,-trishomocub-4-ylidene 4 (bond lengths in A, torsion angles (italics) in degrees)

the C=C moiety, which is almost planar (the twisting
is less than 2°). As a result, the geometries of 5a com-
puted with and without dispersion corrections are
very close.

The ionization of 5a gives 5a**, which retains C-sym-
metry (Fig. 7). We conclude that dispersion is stabi-
lizing both in singlet and doublet states of 5a as the HeeeH
contacts across the central C=C bond remain constant

5¢c, C,

(ca. 2.3 A). The experimental adiabatic ionization po-
tential of 5a (7.47 eV) [30] is reproduced well with
MO06-2X, but not at B3LYP or MP2 (Table). As expec-
ted, the C=C bond length in 5a**increases relative to
the neutral one, however, only little twisting is found
at our levels of theory: 5a°*remains nearly planar due
to the effective -hyperconjugation with participation
of the C-C-bonds of adjacent cyclobutane fragments

Fig. 6. Preparation of C-trishomocub-4-ylidene 5 and the X-ray crystal structure of the C-diastereomer 5a
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Fig. 7. Structures of the neutral and ionized states of C-trishomocub-4-ylidene (5a) (bond lengths in A, torsion angles (italics) in degrees)

(the respective bond lengths increase from 1.56 A in
5ato 1.63 Ain 5a*, Fig. 7). Thus, the cyclobutane rings
participate effectively in hyperconjugaton in 5a** re-
moving the excess of the positive charge from the cent-
ral bond and allowing the effective one-electron m-bon-
ding. As a result, the distortions of the olefinic moiety
of 5a'*is even less pronounced than that in 4b"*. Such
a behavior upon ionization makes hydrocarbons 4 and
5 useful for the construction of electronic materials
where the structural stiffness of the building blocks
upon electron/hole transfer is critical. Derivatives of
4 and 5 may have some advantages over the diamon-
doid [20, 39, 40] derivatives previously successfully
used for the construction of electron emitters and
semiconductors [41-45].

Experimental part

The NMR-spectra were recorded with a Bruker
Avance Il spectrometer; chemical shifts were given
in ppm relative to TMS. GC-MS analyses were perfor-
med with a HP5890 GC with a HP5971A mass-selec-
tive detector. High resolution mass spectra were re-
corded on a Finnigan MAT 95 instrument.

C-Trishomocub-4-ylidene 5a. Heat under argon
atwo-neck dry flask (100 mL) equipped with a mag-
netic stirrer and a reflux condenser with a bubble
counter;, add 25 mL of freshly distilled dry THF through
a septum. Cool the solvent on an external ice bath,
and add 1.35 mL (12.3 mmole) of TiCl,. Remove the sep-
tum, and add Zn powder (1.62 g, 24.9 mmole) in small
portions. After adding Zn reflux the reaction mixture
for 1 h, and then cool to ambient temperature. Add
pyridine (0.5 mL) first, then the solution of ketone
(5.34 mmole) in dry THF (7 mL). Reflux the mixture
under argon for 12 h, cool to room temperature, and
quench by dropwise addition of 10% water solution
of K,CO, (60 mL) with simultaneous cooling. Add dark
blue slurry to diethyl ether (150 mL), vigorously stir
for 15 min and then filter. Wash the residue with die-
thyl ether (3 x 50 mL). Separate the layers in the filtra-

te, and extract the aqueous layer with diethyl ether
(2 x 50 mL). Wash sequentially the combined organic
layers with water (1 x 70 mL), hydrochloric acid (5%,
2 x 50 mL), water (2 x 70 mL), and brine (1 x 50 mL).
Dry the organic layer over Na,SO,, remove the solvent
in vacuo. Purify the residue (2.0 g, 93%) by column
chromatography (hexane) to obtain olefin 5a. Three
sequential crystallizations from hexane gave 0.13 g
(6%) of the pure sample.

C-trishomocub-4-ylidene 5a: colorless solid;
M. p. 230.5-231.5°C. Anal. Calcd. for C,,H,,, %: C 91.68,
H 8.32. Found, %: C91.61, H 8.39.'H NMR (200 MHz,
CDCL,): 1.06-1.18 (4H, AB, "] = 1.6 Hz, *%] = 12.4 Hz),
1.29-1.69 (4H, AB, ¥ = 12 Hz), 2.12-2.17 (2H, m),
2.27-2.36 (4H, m), 2.55-2.68 (8H, m), 2.95-3.02
(2H, m). ®*C NMR (100 MHz, CDCl,): 30.1 (CH,), 35.6
(CH,), 39.1 (CH), 39.8 (CH), 43.4 (CH), 43.6 (CH), 45.2
(CH), 46.8 (CH), 47.0 (CH), 47.3 (CH), 132.9 (C). MS,
m/z (I, %): 288 (71) [M]*, 223 (20) [M-C.H;]*, 222 (68)
[M-C.H,]*, 209 (39) [M-C.H,]*, 165 (22), 156 (63),
155 (45), 144 (12), 143 (79) [M-C,,H,;]*, 142 (31),
141 (45),129 (35),128 (55),115(53),91 (40) [C,H,]",
80 (10), 79 (100) [C,H,]*, 78 (24) [C{H,]*, 77 (62)
[CeHs]", 66 (25) [CsHe]", 65 (24) [CsHs]"

Conclusions

The twisting of the olefinic moieties in the sesqui-
homoadamantene and adamantylidene adamantane
radical cations is determined by the balance between
the o-m-hyperconjugation and residual one-electron
m-bonding and is close to that of the prototypical ethy-
lene radical cation (29°). The twisting reaches 55° for
the bis-2,2,5,5-tetramethylcyclopentylidene radical ca-
tion due to substantial steric repulsions between methyl
groups. At the same time, the ionized states of bis-D,-
homocub-4-ylidene and bis-C;-homocub-8-ylidene re-
tain their planarity due to 3-CC-hyperconjugation and
intramolecular dispersion attractions.
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