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Reactions of Cookson’s diketone with potassium
halides in the polyphosphoric acid medium

Aim. To study the rearrangement of Cookson’s diketone by the action of potassium halides under conditions
of polyphosphoric acid catalysis.

Results and discussion. Chemical behaviour of Cookson’s diketone (Cs-trishomocubane-8,11-dione) in the reac-
tions with potassium halides (KCI, KBr, Kl) in the polyphosphoric acid (PPA) medium have been studied. When treated
with the KI/PPA mixture Cookson’s diketone undergoes reduction leading to tetracyclo[6.3.0.0.4".0%°lundecane-2,7-
dione. The use of KBr instead of Kl leads to formal addition of HBr to the cyclobutane ring of Cg-trishomocubane-
8,11-dione and gives 3-bromotetracyclo[6.3.0.0*'.0°°lundecane-2,7-dione. The general scheme of the cycle opening
mechanism has been proposed. In the case of using the KCI/PPA mixture the reaction does not occur.

Experimental part. The structure and composition of compounds were proved by the methods of 'H and *C
NMR-spectroscopy, and also X-ray diffraction analysis. Elemental analysis was performed for the compounds obtained.

Conclusions. It has been shown that hydrohalic acids generated in situ under the reaction conditions do
not induce the rearrangement of Cookson’s diketone to the D, -trishomocubane system. The cyclobutane ring
opening and reduction take place instead.

Key words: Cookson’s diketone; polyphosphoric acid; ring opening; Cg-trishomocubane; reduction

O. B. Nanpan', €. K0. XXuragno', I. A. lleeaHgoBcbkuit', O. I. Cupgopenko’, O. B. LLUnLKiH?,

C. B. Wnwkina?, l0. B. PaccykaHa'?

THTYY «Kuiscbkuli nonimexHiyHuti iHcmumym imeHi leopsi Cikopcbko2oy, YkpaiHa

2 HTK «IHcmumym moHokpucmanie» HAH YkpaiHu, Ykpaita

3 Iicmumym opaaHiqyHoi ximii HAH YkpaiHu, YkpaiHa

Peakuii amkeToHy KykcoHa 3 ranoreHigamm kanito B cepeaoBuiii nonicgoccopHoi kucnotm

MeTa. Jocnigutun neperpynyBaHHa aAnkeToHy KykcoHa nig Aieto ranoreHigis kanito B ymoBax karanisy no-
NidoCcdOPHOI KNCITOTOHO.

PesynkraTty Ta ix o6roBopeHHs. BruByeHo ximiyHy noBeaiHky ankeToHy KykcoHa (Cg-Tpycromoky6aH-8,11-
nioHy) B peakuii 3 ranoreHigamu kanito (KCI, KBr, Kl) B cepegouLli nonigpocdopHoi knucnotu (PPA). Mpu 06-
pobui noamaom kanito B cepefoBuLLi nonidpocdopHOi KUCNoTh AnkeToH KykcoHa BCTynae B peakuito BigHOBMNEH-
HS1, sika NPUBOAUTL 0 YTBOPEHHS TeTpaumkno[6.3.0.0.4.05°lynaekaH-2,7-aioHy. Bukopuctanis KBr 3amicTb Ki
npvBOAMTL A0 hopMmanbHoro npueaHaHHs HBr o umknobyTtaHoBsoro kinbus Cg-TpucromokybaH-8,11-gioHy, B pe-
3ynbTarti Yoro yTBoproeTbes 3-6pomTeTpaumknol6.3.0.0%.05°lynaekaH-2,7-aioH. 3anponoHOBaHO 3arasibHy CXxemy
MeXaHi3my po3KpuTTS Lmkny. Y Bunaaky BukopuctanHsa cuctemn KCI/PPA peakuis He BiobyBaeTbes.

EkcnepumeHTansHa YactuHa. CTpyKTypy Ta ckriag criornyk 6yno aoseaeHo metogamm 'H ta *C AMP-cnekTpockonii,
a TaKoX PEHTTeHOCTPYKTYPHUM aHani3om. [MpoBeAeHO eneMeHTHUI aHarni3 OfepXKaHnx Crnonyk.

BucHoBku. [okasaHo, Lo ranoreHOBOAHEBI KUCINOTH, WO YTBOPIOKTLCA in Situ Npu 3MilLyBaHHI ranoreHigis
Kanito Ta nonidocdopHOi KMCNOTK, 3aMiCTb NneperpynyBaHHsi AMkeToHy KykcoHa B noxigHi D,-TpucromokybaHy
CNPUYUNHAIOTb BiJHOBMEHHS KapKacy 3 PO3KPUTTSAM LMKNOGyTaHOBOro dparMeHTa.

Knroyosi crnioea: ayiketoH KykcoHa; nonidpocdopHa kmcnota; poskputTs Lumkry; Ce-TprUcroMoky6aH; BidHOBNEHHS
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T HTYY «Kuesckuli nonumexHuyeckuli uHcmumym umeHu Meopsi Cukopckoeoy, YkpauHa

2 HTK «MMHcmumym moHokpucmarnnnos» HAH YkpauHsbi, YkpauHa

3 UIHcmumym opeaHudyeckol xumuu HAH YkpauHbl, YkpauHa

Peakuuun guketoHa KykcoHa ¢ ranoreHmpgamum kanusi B cpeae nonmdoccopHoOn KNCIOThbI

Llenb. Viccneposatb neperpynnmMpoBKy AMKETOHOB KykCoHa nog AenCTB1EM ranoreHnaoB Kanms B YCNoBUAX Ka-
Tanmsa nonmdocqOopHON KNCITOTON.

PesynbsraThl  nx ob6eyxaeHume. V3yvyeHo xummnyeckoe nosegeHve amketoHa KykcoHa (Cs-TpucroMokybaH-
8,11-amnoHa) B peakumm ¢ ranoreHngamu kanus (KCl, KBr, KI) B cpeae nonudocdopHor kucnotsl (PPA). Mpu 06-
paboTke NoamMaoM Kanus B cpefie nonmdocdOopHOM KUCNOTbl AUKETOH KyKcoHa BCTynaeT B peakLuio BOCCTaHOB-
NeHusi, KoTopasi NPUBOAUT k obpasoBaHuto TeTpaumkno[6.3.0.0.4".05°lyHaekaH-2,7-anoHa. VicnonssoBaHune KBr
BmecTo Kl npuBoguT K hbopmansHomy npucoeguHenuto HBr no umknobytaHosomy konbly Cg-TpMCroMokybaH-
8,11-omoHa, B pesynbrate 4ero obpasyetcs 3-6pomrtetpaumkno [6.3.0.0*".05°lyHaekaH-2,7-gunoH. MNpegnoxeHa
obLLasa cxema MexaHu3Ma packpbITUs Lmknia. B cnyyae nenonb3oBanus cucteMbl KCI/PPA peakums He npoucxoauT.
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OkcnepumMeHTanbHas Yactb. CTpyKTypa 1 COCTaB coeauHeHun Obinu noaTeepxaeHsl metogamu 'H n C
AMP-cnekTpockonun, a Takke PeHTreHOCTPYKTYPHbIM aHanv3om. MNpoBedeH 3reMeHTHbIV aHanmsa nonyYeH-

HbIX COEANHEHWN.

BbiBoabl. NMokasaHo, YTO ranoreHoBOAOPOAHbIE KACNOThI, 0bpasyrowwmecs in Situ NpyM cMeLunMBaHuM rano-
reHMaoB Kanus n nonudocdOpHOM KUCMOTbI, BMECTO NeperpynnmpoBkM aAnkeToHa KykcoHa B Mpou3BOAHbIE
D,-tpucromokybaHa npuBoAzZT K BOCCTAHOBMEHMIO KapKkaca C packpbiTeM LuknobyTaHOBOro cparmeHTa.

Knrovesnie cnoea: anketoH KykcoHa; nonmdocdopHas knucnota; packpbitne umkna; Ce-TpucromokybaH;

BOCCTaHoOBIeHne

The rearrangement of C;-trishomocubane (penta-
cyclo[5.4.0.0%6.03%°.0>"Jundecane) derivatives (1, Fig. 1)
under acidic conditions is the most general approach
for the synthesis of D,-trishomocubanes (2, Fig. 1).
However, the majority of the methods reported in
the literature involve the rearrangement of the sub-
stituted 8-hydroxy- or 8,11-dihydroxy-C,-trishomo-
cubanes (3, 4, Fig. 1) [1]. The rearrangement of the cor-
responding ketones is still insufficiently studied [1]
although both cage ketones and products of their
rearrangements are potentially useful for medicinal
chemistry. So far, the only satisfactory reagent for
the rearrangement of ketones is chlorosulfonic acid
[2-4], which has rather low tolerance of functional
groups and is not too easy to handle. Moreover; in case
of substituted Cookson'’s diketones such rearrange-
ment often proceeds non-selectively and affords hard-
ly separable mixtures of polysubstituted D,-trisho-
mocubanes [5].

[tis believed that the rearrangement of Cookson’s
diketone (5, Fig. 1) with chlorosulfonic acid involves
a formal addition of HCI to the carbonyl group, fur-
ther protonation and subsequent elimination of water.
The cation thus formed is attacked by a nucleophile
to give the D,-trishomocubane system [2]. This means
that any other strong Brgnsted acid may induce the rear-
rangement. Aiming to find a convenient reagent for
the rearrangement we tested the reactions of C,-tris-
homocubane-8,11-dione (Cookson’s diketone 5) [6]
with a series of acidic reagents.

CsTrishomocubane-8,11-dione 5 was synthesized
starting from commerecially available quinone 6 and
cyclopentadiene in two simple steps (Diels-Alder reac-
tion and [2+2]-photocyclization) in the overall yield
of 78% [6] (Scheme 1).

First, we tried to perform the rearrangement of
5 using the procedures, which previously were suc-
cessfully employed for the rearrangement of diol 4
[7, 8]. Thus, diketone 5 was stirred for 16 h in hydro-

halic acids (HCI, HBr, HI) at elevated temperatures
(=100°C). However, in all cases the reaction did not
occur, and the started material was recovered.

At the same time, it is known that the KI/PPA sys-
tem, where hydrogen iodide was generated in situ,
was also used for the rearrangement of C-trishomo-
cubane-8,11-diol 4. It was found that applying this
literature procedure (6 h, 100-110°C) [8] to diketo-
ne 5 gave a single product isolated with the yield of
60%. Its physicochemical constants were in agreement
with the literature data for tetracyclo[6.3.0.0.*!1.0>"Junde-
cane-2,7-dione 8 [9]. Obviously, in this case reduc-
tion took place instead of the expected rearrange-
ment to the D,-trishomocubane system (Scheme 2).
However, we were pleased to find that Cookson'’s dike-
tone was reactive towards KX/PPA mixtures (Scheme 2).

Considering that HI was much more active redu-
cing agent than HBr we assumed that the use of KBr
instead of KI would allow us to avoid reduction. Howe-
ver, tetracyclo[6.3.0.0.41.0>°]Jundecane-2,7-dione 8 was
formed in this case too, albeit in smaller amount (30%
in the crude mixture as judged by GC/MS). The main
product (70% in the crude mixture) was 3-bromo-
tetracyclo[6.3.0.0*!1.05Jundecane-2,7-dione 9. Since
tetracyclic bromodiketone 9 had quite similar NMR-
spectra compared to the possible product with the D,-tri-
shomocubane skeleton and the same molar mass, its
structure was confirmed by the X-Ray single crystal
structure analysis (Fig. 2). It should be noted that bromo-
diketone 9 was previously prepared from 5 in 3-step
synthesis in the overall yield of 22% [10]. In unclear
reasons, diketone 5 did not interact with KCl in the poly-
phosphoric acid medium even after continuous reflux
(Scheme 3).

Considering the above facts and the suggested me-
chanisms previously reported for similar reactions
[11-13] we proposed the scheme for the mechanism
of the ring opening reaction. Initially, protonation of
the carbonyl group takes place. The intermediate A

AR R

1 2 3

4 5

Fig. 1. Cgtrishomocubane 1, D,-trishomocubane 2, 8-hydroxy- 3 and 8,11-dihydroxy-Cg-trishomocubanes 4, Cookson’s diketone 5
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Scheme 1. The synthesis of Cs-trishomocubane-8,11-dione 5

obtained undergoes keto-enol tautomerism to form
cation B. Under KBr/PPA conditions the cation can
be either attacked by a bromide ion to form bromide
9, or undergo reduction with HBr, while under KI/PPA
conditions only reduction with HI occurs. Such me-
chanism would explain emergence of all the products
which previously seemed to be atypical (Scheme 4).

Experimental part

'H and *C NMR-spectra were recorded using Bruker
Avance NMR spectrometers operating at 400 and
500 MHz (101 and 126 MHz for '3C experiments).
Chemical shifts were reported relative to the inter-
nal standard TMS (*H). Melting points were uncor-
rected. Solvents were dried before use according to
standard methods. Elemental analysis was performed
in the analytical laboratory of the Institute of Organic
Chemistry at the NAS of Ukraine.

The reaction of C-trishomocubane-8,11-dione
with KI/PPA. We applied the procedure reported pre-
viously [8]. To 85% H,PO, (7.80 g) in a round-bottom
flask (100 mL) add P,0. (5.90 g, 20.8 mmol). After
the initial exothermic reaction had subsided add KI
(11.2 g, 67.5 mmol) and Cs-trishomocubane-8,11-di-
one 5 (2.00 g, 11.5 mmol). Fit the flask with a re-
flux condenser and a drying tube and stir for 6 h at

Ki

PPA
o © o ©
5 8

Scheme 2. The reaction of Cs-trishomocubane-8,11-dione 5
with Kl in polyphosphoric acid

L
A (R
L) 5 o Tl

5 8 9

Scheme 3. The reaction of Cs-trishomocubane-8,11-dione 5
with KBr in polyphosphoric acid
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105-110°C. Transfer the cooled dark viscous mass
to a separate funnel using dichloromethane and water.
After extracting with dichloromethane wash the or-
ganic phase with 10% aqueous Na,S,0, (2 x 10 mL)
and water (2 x 10 mL), dry over Na,SO,, pass through
a pad of Al,0,, and evaporate under reduced pressure
to obtain 1.23 g (7.00 mmol, 61%) of compound 8.
Physicochemical constants of compound 8 were in
agreement with the literature data; M. p. = 253-256°C
(lit. 255-257°C [9]).

The reaction of C-trishomocubane-8,11-dione
with KBr/PPA. To 85% H,PO, (7.80 g) in a round-
bottom flask (100 mL) add P,0; (5.90 g, 20.8 mmol).
After the initial exothermic reaction had subsided, add
KBr (8.03 g, 67.5 mmol) and C¢-trishomocubane-
8,11-dione 5 (2.00 g, 11.5 mmol). Fit the flask with
a reflux condenser and a drying tube and stir for 6 h
at 105-110°C. Transfer the cooled, dark, viscous mass
to a separatory funnel using dichloromethane and water.
After extracting with dichloromethane, wash the or-
ganic phase with 10% aqueous Na,S,0; (2 x 10 mL)
and water (2 x 10 mL), dry over Na,SO,, and evapo-
rate under reduced pressure. Subject the residue to
silica gel column chromatography (hexane/ethyl ace-
tate 5:1) to give 0.536 g (3.04 mmol, 26%) of com-
pound 8 and 1.85 g (7.25 mmol, 63%) of compound 9.

Fig. 2. The structure of 3-bromotetracyclo[6.3.0.0*".0%°Jundecane-
2,7-dione 9 according to X-ray diffraction data. Thermal ellipsoids
are shown at 50% probability level
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Scheme 4. The scheme of the mechanism proposed for the reaction of Cookson’s diketone 5 with potassium halides

in the polyphosphoric acid medium

Physicochemical constants of compound 9 were in
agreement with the literature data; M. p.=120-121°C
(lit. 122-123°C) [14].

The X-ray crystal structure experimental details.
The colorless crystals of 9 (C,;H,,0,Br) are monoclinic.
At293Ka=11.4462(6),b=7.5417(4),c=11.7850(5) A
B =104.62(5)°, V=984.40(8) A3, M, = 255.11, Z = 4,
space group P2,/n, d,,. = 1.721 g/cm?, u(MoK) =
4.144 mm™, F(000) = 512. Intensities of 9086 reflec-
tions (2867 independent, R,, = 0.030) were measured
on a “Xcalibur-3” diffractometer (graphite mono-
chromated MoK radiation, CCD detector, w-scaning,
20, = 60°). The structure was solved by the direct
method using a SHELXTL package [15]. The absorp-
tion correction was done using the multi-scan method
(T, =0.575, T, = 0.682). Positions of hydrogen atoms
were located in electron density difference maps and
refined using isotropic approximation. Full-matrix
least-squares refinement against F? in anisotropic ap-
proximation for non-hydrogen atoms using 2835 re-
flections was converged to wR, = 0.146 (R, = 0.053 for
2047 reflections with F > 40(F), S = 1.086). The final
atomic coordinates and crystallographic data for mo-
lecule 9 were deposited to with the Cambridge Crys-
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Conclusions

The reactions of Cookson’s diketone with potas-
sium halides in the polyphosphoric acid medium have
been studied. It has been found that hydrohalic acids
generated in situ under the reaction conditions do not
induce the rearrangement of Cookson’s diketone to
the D;-trishomocubane system. Therefore, the use of
the KI/PPA mixture for the reaction leads to reduction
of the starting diketone giving tetracyclo[6.3.0.0.411.05°]-
undecane-2,7-dione. The use of the KBr/PPA mixture
leads to formal addition of HBr to the cyclobutane
ring and gives 3-bromotetracyclo[6.3.0.0*!1.0>*Junde-
cane-2,7-dione. Though the target process is accom-
panied with the partial reduction and the admixture,
tetracyclo[6.3.0.0.#11.0>°]Jundecane-2,7-dione is also
formed. Hydrogen chloride generated from KCl and
PPA does not react with Cookson’s diketone.
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