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Functionalization of diamantane dimers

Aim. To develop preparative methods for functionalization of diamantane dimers.

Results and discussion. The reaction of 1,1'-bisdiamantane with bromine and the subsequent hydrolysis
gives 6-hydroxy-1,1-bisdiamantane with a yield of 56%. The reactions of 4,4"-bisdiamantane with nitric acid or liquid
bromine followed by hydrolysis leads to a mixture of hydroxy derivatives and 1,1'-dihydroxy-4,4"-bisdiamantane
after isomerization in sulfuric acid (with a yield of 73%). Thus, the reactivity of bisdiamantanes with electrophiles
is determined by the higher stability of the carbocations in the medial positions of the cages as shown by DFT
computations. Whereas medial bridgehead substitutions dominate in reactions of 4,4"-bisdiamantane with elec-
trophiles, the arylation with benzene in the presence of tert-butyl bromide and aluminum chloride gives bis-apical
derivative — 9,9’-diphenyl-4,4’-bisdiamantane.

Experimental part. The structure of 6-hydroxy-1,1'-bisdiamantane was confirmed by X-ray diffraction
analysis. The substitution pattern in 1,1'-dihydroxy-4,4'-bisdamantane was confirmed by 2D-NMR spectra. The
arylation of 4,4'-bisdiamantane with benzene proceeds as bis-apical substitution to give highly symmetric 9,9’-di-
phenyl-4,4’-bisdiamantane in 47%.

Conclusions. It has been shown that the medial bridgehead substitution dominates in the reactions of bisdia-
mantanes with strong electrophiles, and only the arylation of 4,4'-bisdiamantane proceeds as a bis-apical substitution.
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THTYY «Kuiscbkuli nonimexHiyHut iHcmumym imeHi leopsi Cikopcbko20y, YkpaiHa

2[icceHcbkull yHisepcumem imeHi KOcmyca Jlibixa, Himey4yuHa

dyHKUioHanisauia gumepiB giamaHTaHy

Meta. Po3pobuTn npenapatmBHi MeToan dyHKUioHani3auii gumepis giamaHTaHy.

Pe3ynikrati Ta ix o6roBopeHHsA. Peakuis 1,1’-6icaiamaHtany 3 6GpoMom i noganbLUmi rigponia AatoTb 6-rigpokeu-
1,1-6icgiamaHTaH 3 BuxogoM 56%. Peakuia 4,4’-6icaiamaHTaHy 3 a30THO KUCIOTOK abo pigkum 6poMoM 3 HacTyn-
HUM TigpOni3oM MpPUBOAUTL A0 CyMili rigpokcunoxigHnx Ta go 1,1-gurigpokcun-4,4’-6icgiamaHTaHy nicns iso-
mMepwu3aLii B cipyaHin kucnoTi (Buxig — 73%). Takum YiHOM, peakLjinHa 3gaTHiCTb GicaiamaHTaHiB 3 enekTpodinamm
BM3Ha4YaeTbCs BinbLUuoto cTabinbHICTIO KapOoKaTIiOHIB y MedianbHNX NOMOXEHHAX Kapkacis, Wo Oyno aoBeaeHo
DFT-po3paxyHkamu. Toai Sk megianbHe 3amilleHHa OMiIHYe B peakuisx 4,4’-6icoamaHTtaHy 3 enektpodinamu,
apunioBaHHsi 6eH3eHOM y NPUCYTHOCTI Mpem-0yTunbpominy Ta antoMiHito xropuay Aae bic-anikanbHe noxigHe
9,9’-ancbenin-4,4’-6icaiamaHTaH.

ExkcnepumeHTanbHa yactuHa. CTpykTypy 6-rigpokeu-1,1’-6icaiamaHtaHy 6yno AoBeAeHO AaHVMU peHTre-
HOCTPYKTYPHOro aHanidy. Hanpsamok 3amiwieHHs B 1,1’-aurigpokcun-4,4’-6icaiamaHTtani 6yno niaTeepa)eHo cnek-
Tpamu 2D-AMP. ApunitoBaHHs 4,4’-6icaiamaHTaHy 6eH3eHoM BinbyBaeTbCs sk bic-anikanbHe 3aMilleHHS 3 yTBO-
peHHsMm 9,9'-andeHin-4,4’-6icaiamaHTtaHy 3 Buxoaom 47%.

BucHoBku. [NokasaHo, Lo MefianbHe 3aMilleHHs A0OMIHYE B peakLisix GicaiamaHTaHiB i3 CUITbHUMU eNeKTPOo-
dinamu, i nuwe apunioBaHHs 4,4’-6icgiamaHTtaHy nepebirae Ak 6ic-anikanbHe 3aMileHHS.

Knro4oei cnoea: ovmepu fiamaHTaHy; ranoreHyBaHHS; HiITPOKCUIOBaHHS; (PeHinoBaHHS

M. A. F'yHyeHko', J1. B. YepHbiw', E. KO. TuxoHuyk', [. Bakep?, . P. LUparHep?,
A. A. ®DoKuH"?

" HTYY «Kuesckuli nonumexHudeckul uHcmumym umeHu Mzopst Cukopckoeo», YkpauHa
2[ucceHckuli yHusepcumem umeHu FOcmyca Jlubuxa, NepmaHus

PyHKUMOHaNM3auma AMMepoB AuamMmaHTaHa

Lenb. PaspaboTtate npenapatuBHblie METOAbI (DYHKLMOHANM3aumMm AMMepoB AnamMmaHTaHa.

Pesynbrartbl  Ux obcyxaeHue. Peakums 1,1-6uconamaHtaHa ¢ 6poMoM v nocreayownii rMaponma garoT
6-rugpokcu-1,1’-bucanamarHtan ¢ BbixogoM 56%. Peakums 4,4’-6ucomamaHTaHa C a30THOW KUCMOTOW W
XMOKMM GPOMOM C MOCNeAyoLWMM TMAPONM30OM NPUBOAUT K CMECU ’MOPOKCUNPOM3BOAHbIX U 1,1’ -anrngpokeu-
4,4’-buconamaHTaHa nocrne n3oMmepusaumm B cepHon kucnote (Bbixod — 73%). Takum ob6pa3oM, peakumoHHas
CcnocobHOCTb Brc-AnamaHTaHoB C anekTpodunamm odycnoeneHa 6onbluer cTabunbHOCTLIO KapbKaTMOHOB B
MeamanbHbIX NOMOXEHUSAX, YTO 6bino noaTeepxaeHo DFT-pacyetamu. Torga kak MmeavansHoe 3aMeLleHne ao-
MWHUPYET B peakuusix 4,4’ -buconamaHTaHa ¢ anekTpodunamm, apunmpoBaHme 6eH30MoM B NpUcyTCTBUM mpem-
OyTunbpomunaa 1 xnopuaa antoMuHUs gaet buc-anukansHoe npounssoaHoe 9,9-andeHnn-4,4’-6ucamamMmaHTaH.

SkcnepuMeHTanbHas YacTb. CTpykTypa 6-rugpokcu-1,1’-6ucanamaHtana 6bina noaTBepXAeHa AaHHbIMA
PEHTIEeHOCTPYKTYPHOIO aHanm3sa. HanpaeneHue 3amellenns B 1,1 -aurnapoken-4,4’-ucanamartare 6birno noaTBep-
neHo cnektpamu 2D-AMP. Apunupoanue 4,4’-6uconamaHtaHa 6eH30510M NpoTekaeT Kak buc-anvkanbHoe 3a-
MelleHne ¢ obpa3oBaHNEM BbICOKOCUMMETPUYHOro 9,9’-andennn-4,4’-6vcanamaHTtaHa ¢ Bbixogom 47 %.

BbiBoabl. MNoka3daHo, YTo MeamnanbHoe 3aMeLLeHne JOMUHMPYET B peakumsax bucanamaHTaHoB C CUITbHBIMM
anekTpocunamu, n TonbKo apunupoBaHue 4,4’-6ncanamaHtaHa NpoTeKaeT Kak buc-anukanbHoe 3aMeLleHne.

Knroyeenle crioea: oyMepbl AMaMaHTaHa; rafioreHMpoBaHue; HUTPOKCUIMPOBaHNUE; (heHUMPOBaHMe
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The combination of strength, rigidity [1, 2], electron
emission, and unique optical properties make diamond
materials particularly attractive for nanotechnology [3].
The applications of nanodiamond materials obtained
through chemical vapor deposition (CVD, films thicker
than 3 nm) [4] and detonation (particles larger than
2 nm) [5] techniques are hampered by the inhomo-
geneity of the materials formed [6]. Physically and
chemically homogeneous diamondoids, which are
hydrocarbons that resemble parts of the diamond
lattice, are seen as alternatives to industrial nano-
diamond [7] as their higher representatives are able
to mimic some key electronic properties of diamond
[8]. While the lower diamondoids (adamantane, dia-
mantane, and triamantane) are common in natural
oil and were extracted in kilogram to ton quantities [9],
the isolation of higher diamondoids starting from tetra-
mantane is cumbersome since they exist as mixtures
of isomers [9, 10]. Alternatively, large diamondoid
particles may be constructed by coupling of lower
diamondoids [11], and thus obtained dimers, such
as 1,1'-bisdiamantane 1 [12], 4,4'-bisdiamantane 2 [13],
and 1,1'-bisadamantane 3 [14], not only reach the di-
mensions of higher diamondoids, but also resemble
the parts of the diamond lattice themselves (Fig. 1).

Most of the practical applications of diamondoids
require functionalization, e. g, the incorporation of
surface attachment points [15] allowing to construct
diamond-like self-assembled monolayers (SAMs) [16,
17, 18]. The aim of this work is to derivatize 1 and 2
in order to provide an opportunity for practical ap-
plications of this class of readily available hydrocar-
bons.

In contrast to highly symmetric parent 3, whose
mono- and bis-derivatives are readily available [14,
19, 20], selective functionalization of C,-symmet-
ric 1 and D,,-symmetric 2 is challenging as seven
(A-F) and three (A-C) nonequivalent tertiary CH-po-
sitions are present in their structures (Fig. 2). Note
that the apical derivatives (C and D) are more at-
tractive since they are characterized by higher sur-
face affinities and form more ordered SAMs [18].
Additionally, while the central C-C bond in 2 is close
to “normal” one, which is typical for alkanes, this
bond in 1 is elongated up to 1.647 A due to severe steric
hindrance caused by the 1-diamantyl fragments [21].

While this very long bong is strengthened by at-
tractive London dispersion interactions [22], it still
may complicate functionalization of 1, especially under
single-electron transfer (SET) oxidative conditions.
The radical cation 1+ contains an electron-depleted
long (2.414 A, Fig. 2) central C-C bond [11] that re-
sults in a low dissociation energy (24.5 kcal-mol?,
MO06-2X/cc-pVDZ [23]) of ionized 1. Indeed, for the SET
oxidation of 1 with photoexcited 1,2,4,5-tetracyano-
benzene (TCB) in acetonitrile we found 1-acetamido-
diamantane as the only diamondoid reaction product.
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Fig. 1. Diamondoid dimers 1,1’-bisdiamantane 1,
4,4’-bisdiamantane 2, 1,1’-bisadamantane 3 resemble
the parts of the diamond lattice

This is in sharp contrast to the oxidation of pristine
diamantane that gives exclusively the C-H bond sub-
stitution product under photooxidation with TCB [24].

The reactions of cage hydrocarbons with elec-
trophiles (E = Br,, HNO,, NO,NO,) proceed as H-coup-
led electron transfer with strong CeeeHeeeE bonding [25]
in the transition structures for hydrogen abstraction.
As aresult, the substitution selectivity correlates rea-
sonably well with the relative stability of the corres-
ponding tertiary carbocations [26]. The computed re-
lative stabilities of the carbocations derived from 1
at M06-2X/cc-pVDZ level of theory show that the non-
classic cations 1A and 1B are most stable, but their
formation may be hampered by steric hindrance for
the attack of electrophile on the endo-hydrogens (Fig. 2).
As the medial cations 1E-G are close in energy and
about 3-4 kcal-mol! more stable than the apical ca-
tions 1Cand 1D, the predominant formation of the me-
dial derivatives is expected upon the reaction of 1 with
electrophiles. Accordingly, in the reaction of 1 with
elementary bromine in CS, at room temperature we
obtained a complex mixture of mono- and disubsti-
tuted derivatives, and the subsequent hydrolysis fol-
lowed by chromatographic separation on silica gel gave
the medial alcohol 6-hydroxy-1,1"-bisdiamantane 4 with
a yield of 56%. The structure of 4 was confirmed
by single crystal X-ray diffraction (Fig. 2) as well as
NMR data.

Note that despite the very long (and seemingly
reactive) central C-C bond in 1, no monomeric 1-dia-
mantyl derivatives were detected in the reaction mix-
ture. This is in contrast to transformations of strai-
ned dehydrodiamondoids with electrophiles where
C-C addition products dominate [27]. Alcohol 4 is a
useful building block for further functional modifi-
cations of diamantane dimers. For instance, amine 7
was prepared through acetamide 6 obtained from 4
by a modified [28] Ritter reaction (Fig. 3).

To functionalize 2 we performed bromination,
as well as nitroxylation [29], and obtained a complex
mixture of hydroxy derivatives after hydrolysis (Scheme 1).
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medial

Fig. 2. Different tertiary C—H positions in 1,1’-bisdiamantane 1 and 4,4’-bisdiamantane 2, the structure of 1,1’-bisdiamantane radical cation 1+
and relative enthalpies (AH**¢, M06-2X/cc-pVDZ, kcal-mol-, italic) of tertiary carbocations derived from 1 (1A-G)

The mixture was isomerized in sulfuric acid, which,
in the case of hydroxyl diamantanes, usually results
in predominant formation of apical derivatives [30].
However, we observed the formation of bis-medial
1,1'-dihydroxy-4,4’-bisdiamantane 8 as the main pro-
duct with the yield of ca. 60% (Scheme 1).

The averaged C,,-symmetry of 8 was confirmed
by the *C NMR spectrum, involving ten signals, as well
as by the DEPT 3C NMR spectrum, where four me-
thyne and four methylene resonances were observed.
The position of hydroxy groups was confirmed based
on the analysis of the cross-peaks of the CH,-groups
in the COSY 'H NMR spectrum of 8. The same diol was
obtained after the isomerization of a mixture of al-
cohols derived from the bromination/hydrolysis of 2.

Since the most attractive bis-apical derivatives were
not obtained under conditions of thermodynamically-
controlled isomerization of hydroxyl derivatives of 2,
we performed the Friedel-Crafts arylation of 2 with
benzene in the presence of the Lewis acid (Scheme 2).
This resulted in 9,9'-diphenyl-4,4'-bisdiamantane 9,
whose structure was confirmed by the combination
of spectral methods.

Thus, apical substitution is possible under
thermodynamically controlled direct functionaliza-
18

tion of 2, and thus obtained hydrocarbon 9 with ave-
raged D,,-symmetry may be seen as a building block
for further incorporation of substituents into the axial
positions of diamondoid dimers. Various methods
previously developed for phenylated diamondoids,
namely the oxidation of phenyl to the carboxyl group
with RuCl;/HI0, [31] or the iodination of 4,9-di-
phenyldiamantane [32] with CF;COOI be useful.

Experimental part

All solvents and reagents used were of analyti-
cal grade and obtained from commercial suppliers.
'H and "3C NMR spectra were obtained in CDCl, on Bru-
ker Avance 111400 and 600 MHz spectrometers (TMS was
used as an internal standard). Mass spectra were re-
corded on a HP 5890 Series Il with HP5971A and
ESI-MS Bruker Micro-TOF spectrometers.

Bromination/hydrolysis of 1,1'-bisdiamantane 1.
To the solution of 0.995 g (2.66 mmol) of 1,1'-bis-
diamantane in 30 mL of CS,, dropwise 30 mL of bro-
mine was added while stirring at 0°C, and the mix-
ture obtained was stirred additionally for 3 h at 0°C.
The reaction mixture was diluted with CHCl,, the excess
of bromine was quenched with Na,SO,, the organic
layer was washed with water and brine. The aqueous
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Fig. 3. Functionalization of 1,1’-bisdiamantane 1 and the molecular structure obtained by single crystal X-ray diffraction of monohydroxy

derivative 4

layer was extracted with 3x15 mL of CHCl,, the com-
bined organic layers were dried over anhydrous Na,SO,
and evaporated. The resulting mixture of bromides
(1.218 g) was dissolved in 75 mL of DME 3 mL of wa-
ter was added, and the mixture was refluxed for
17 h, cooled, diluted with 50 mL of water and filtered.
Column chromatography of precipitate on silica gel
(hexane-diethyl ether (10:1)) gave 0.191 g (19%)
of 1,0.58 g (56%) of 6-hydroxy-1,1'-bisdiamantane 4
as a colorless solid and 0.135 g (10%) of the mixture
of diols.

6-Hydroxy-1,1"-bisdiamantane 4. M. p. 322-323°C.
Anal. Calcd. for C,4H,40, %: C 86.10, H 9.81. Found, %:
C86.40,H9.65.'"H NMR (600 MHz, CDCL,), §, ppm: 2.55
(1H, s), 2.33-2.45 (2H, m), 2.30 (1H, s), 2.17-2.27
(2H, m), 2.05-2.15 (4H, m), 1.85-1.95 (4H, m), 1.80
(1H, s), 1.55-1.77 (14H, m), 1.35-1.53 (7H, m),
1.25-1.33 (2H, m). 3C NMR (150 MHz, CDCL,), §, ppm:
70.4 (COH), 47.2 (CH,), 46.6 (CH), 46.3 (CH), 44.4
(CH), 43.9 (C), 42.1 (C), 42.10 (CH), 41.6 (CH), 41.6
(CH), 41.5 (CH), 39.5 (CH,), 39.1 (CH), 38.9 (CH,), 38.5
(CH,), 38.4 (CH), 38.3 (CH,), 38.2 (CH,), 36.1 (CH,),

Br,
B Iés Qg : >
Br Br

2
1) HNO,
CH,Cl, | A DME
2)H,0, A H,0, &
OH
H,S0,
—_—
§
OH ¢

Scheme 1. Functionalization of 4,4’-bisdiamantane 2

HO
8 (60%", 73%")
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benzene

tBuBr
AICI,

Scheme 2. The synthesis of 9,9’-diphenyl-4,4’-bisdiamantane 9

35.5 (CH,), 349 (CH,), 34.3 (CH,), 32.2 (CH,), 31.9
(CH,), 30.0 (CH), 28.3 (CH), 27.1 (CH), 26.2 (CH).
MS-TOF+Na* (m/z): calcd. for C,;H,,ONa 413.2820;
found 413.2821.
6-Chloroacetamido-1,1'-bisdiamantane 6. A mix-
ture of 50 mg (0.13 mmol) of 6-hydroxy-1,1'-bisdia-
mantane 4, 0.8 mL of acetic acid, 0.3 mL of chloroace-
tonitrile and 0.2 mL of H,SO, (96%) was stirred at room
temperature for 20 h, diluted with 5 mL of water and
extracted with 3x2 mL CHCI,. The organic layers were
combined, dried over anhydrous Na,SO, and evapo-
rated. Column chromatography of the residue on si-
lica gel (CH,Cl,-diethyl ether (3:1)) gave 55 mg (92%)
of 6-chloroacetamido-1,1'-bisdiamantane 6 as a white
solid.
M. p. 219-220°C (hexane)."H NMR (600 MHz, CDCL,),
S, ppm: 6.4 (1H, s), 4.0 (2H, s), 2.5 (1H, bs), 2.25-2.45
(4H, m), 2.20 (1H, bs), 2.05-2.15 (5H, m), 1.85-2.05
(8H, m), 2.60-2.85 (11H, m), 2.40-2.60 (7H, m).
13C NMR (150 MHz, CDCL,), §, ppm: 164.2 (C=0), 56.5 (C),
444 (C), 43.8 (C), 43.1 (CH,), 42.8 (CH), 42.3 (CH),
42.2 (CH), 42.1 (CH,), 41.4 (CH), 41.3 (CH), 40.8 (CH),
39.1 (CH,), 39.0 (CH), 384 (CH,), 38.3 (CH,), 38.2 (CH,),
38.1 (CH), 35.9 (CH,), 34.8 (CH,), 34.7 (CH,), 33.7 (CH,),
32.3(CH,),32.0 (CH,), 27.9 (CH), 27.8 (CH), 26.5 (CH),
25.8 (CH). HR-MS (EI), m/z: calcd. for C;,H,,CINO
465.280 [M]*; found 465.276.
6-Amino-1,1'-bisdiamantane 7. A mixture of 50 mg
(0.11 mmol) of 6-chloroacetamido-1,1'-bisdiamantane 6,
40 mg of thiourea and 1.2 mL of ethyl alcohol was
refluxed for 20 h. The cooled reaction mixture was
evaporated, the residue was dissolved in diethyl ether,
and acidified with gaseous HCl. Amine hydrochloride
was filtered, dissolved in distilled water, alkalified
with ag. NaOH, and extracted with ethyl acetate (3x2 mL).
The combined organic layers were dried over Na,SO,
and concentrated in vacuo to yield 37 mg (89%) of
6-amino-1,1'-bisdiamantane 7 as a colorless solid.
M. p.291-292°C (hexane).'H NMR (600 MHz, CDCL,),
S, ppm: 2.45 (1H, s), 2.30-2.35 (2H, m), 2.25 (1H, s),
2.05-2.15 (4H, m), 2.00 (2H, s), 1.80-1.87 (4H, m),
1.75 (1H, s), 1.55-1.70 (16H, m), 1.53 (1H, s), 1.35-1.50
(7H, m).*CNMR (150 MHz, CDCL,), §, ppm: 45.9 (CNH,),
44.3 (C), 43.7 (C), 43.0 (CH), 41.4 (CH), 41.3 (CH),
41.3 (CH), 41.0 (CH), 39.2 (CH,), 39.0 (CH), 38.5 (CH,),
384 (CH,), 38.2 (CH,), 38.1 (CH), 38.1 (CH,), 35.8 (CH,),
35.3(CH,), 34.7 (CH,), 34.1 (CH,), 32.0 (CH,), 31.8 (CH,),
284 (CH),27.9 (CH), 26.7 (CH), 25.8 (CH). HR-MS (EI), m/z:
20

~CH5-0

9 (47%)

calcd. for C,;H,,N 390.3080 [M+H]*; found 390.3160.

Photooxidation of 1,1'-bisdiamantane 1. A mixture
of 250 mg (0.67 mmol) of 1, 1,2,4,5-tetracyanoben-
zene (75 mg, 0.42 mmol) in 330 mL of acetonitrile
was irradiated with a medium-pressure Hg-lamp in
a quartz vessel for 8 h. The GC-MS analysis of the reac-
tion mixture revealed the presence of 98% of the un-
changed starting compound 1 and 2% of 1-acetamido-
diamanantane identified based on the retention time
and mass-spectrum using a standard sample inde-
pendently prepared [33].

1,1'-Dihydroxy-4,4'-bisdiamantane 8. Method A.
To the solution of 0.3 g (0.8 mmol) of 4,4'-bisdia-
mantane 2 in 0.16 mL of dichloromethane, dropwise
0.6 mL of HNO, (100%) was added at 0°C. The reac-
tion mixture was stirred for 3 hat 0°C and for 15 h at
room temperature, diluted with distilled water and
refluxed for 15 min. After cooling to room tempera-
ture the reaction mixture was extracted with 3x5 mL
of CHCl,. The combined extracts were dried over an-
hydrous Na,SO, and evaporated to give 0.196 g of
the mixture of alcohols.

Method B. To 0.2 g (0.53 mmol) of 4,4'-bisdiaman-
tane 2, dropwise 2.1 mL of bromine was added at 0°C
and stirred at room temperature for 3 h. The reaction
mixture was diluted with 50 mL of CHCl,, the excess
of bromine was quenched with Na,SO,, the organic
layer was washed with water and brine. The aqueous
layer was extracted with 3x15 mL of CHCI,, the or-
ganic layers were combined, dried over anhydrous
Na,SO, and evaporated. The residue was refluxed for
7 hin a mixture of 5 mL DMF and 2 mL of water, coo-
led, diluted with 50 mL of water. Filtration and drying
gave 0.16 g of the mixture of alcohols.

0.17 g of the mixture of alcohols obtained via
Methods A or B was gradually added while stirring
to 36 mL of the concentrated H,SO, cooled to -4°C.
The reaction mixture was stirred for 20 min at room
temperature and poured on ice, extracted with 3x5 mL
of CCl,, the combined organic extracts were washed
with brine and dried over Na,SO,. The residue after
evaporation was purified by column chromatography
(Si0,, hexane-ethyl acetate (4:1)) to give 0.145 g
(73%) of 1,1'-dihydroxy-4,4'-bisdiamantane 8 as a white
crystalline solid.

M. p. 240-241°C.*H NMR (600 MHz, CDCL,), §, ppm:
2.75-2.10 (4H, m), 2.00-1.93 (4H, m), 1.75-1.57 (8H, m),
1.52-1.43 (13H,m), 1.42-1.33 (9H, m). *C NMR (150 MHz,
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CDCL), §, ppm: 71.2 (C), 44.4 (CH,), 42.2 (CH), 39.8 (CH),
39.1 (C), 37.2 (CH,), 36.2 (CH), 35.5 (CH,), 31.7 (CH,),
24.9 (CH). MS (EI), m/z (1, %): 186 [M-C,H,,0,]* (100),
203 [M-C,,H,,0]* (10), 406 [M]* (1).
9,9'-Diphenyl-4,4'-bisdiamantane 9. A mixture
of 0.2 g (0.53 mmol) of 4,4'-bisdiamantane 2, 0.01 g
(0.075 mmol) of anhydrous AlCl,, 1.2 mL of benzene
and 0.15 mL of tert-butyl bromide was refluxed for
24 h while stirring. The reaction mixture was cooled,
filtered, the precipitate was washed with ether and
0.1 M HCl, dried in air at room temperature to a con-
stant weight to give 0.13 g (47 %) of 9,9'-diphenyl-
4,4'-bisdiamantane 9 as a white crystalline solid.

M. p.309-310°C. 'H NMR (600 MHz, CDCL,), §, ppm:
7.30-7.00 (10H, m), 1.92-1.58 (36H, m). *C NMR
(150 MHz, CDCL,), §, ppm: 128.6 (C), 128.5 (CH),
1259 (CH), 125.5 (CH), 43.9 (CH,), 38.4 (CH),
37.8 (CH), 36.2 (CH,), 34.0 (C), 30.7 (C). MS (ED),
m/z (I, %): 91 [M-C,;H,5]" (75), 263 [M-C, H,;]* (100),
264 [M-C,,H,,]* (85),526 [M]* (1). HR-MS (EI), m/z:
calcd. for C,,H,, 526.360 [M]"*; found 526.361.

Conclusions

We studied the functionalization of 1,1'- and 4,4'-
bisdiamantanes, whose bromination and nitroxyla-
tion reactions followed by hydrolysis gave medially
substituted derivatives. The reactions with electro-
philes led exclusively to the C-H functionalization
products and conserve the dimeric structure despite
the presence of unusually long central C-C bond in
1,1'-bisdiamantane. The bis-apical functionalization
of 2 was achieved through the Friedel-Crafts aryla-
tion to give 9,9'-diphenyl-4,4'-bisdiamantane in
moderate yield. The latter molecule can not only be
considered as a building block for the construction of
bis-apical diamondoid derivatives, but also for the pre-
paration of extended diamantane-based molecular ma-
chines as it was previously demonstrated for 4,9-di-
phenyldiamantane [32].
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