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Abstract: Organic compounds with bicyclic structure are study of synthesis of spiro compounds based on

important because of their stereochemical features and biological
activity. The studies of synthesis of spiro compounds bearing
bicyclo[3.3.1]nonane framework were based on
bicyclo[3.3.1]nonan-2,6-dione and  bicyclo[3.3.1]nonan-2-one.
These starting compounds were converted to corresponding a-
haloketones and treated with 2-aminoethanethiol using
microwave irradiation to give new heterocyclic compounds -
spiro[bicyclo[3.3.1]nonan-3-ono-2,2'-thiazolidine] and
spiro[bicyclo[3.3.1]nonan-3,7-diono-2,2':6,2¢-dithiazolidine]. The
efficient method for 3-bromobicyclo[3.3.1]Jnonan-2,6-dione
synthesis was offered.
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|. INTRODUCTION

Organic compounds with bicyclic structure are interesting
because of their stereochemical features and biological
activity. Such compounds can be often found both in natural
products and in synthetic drugs [1, 2]. Presence of condensed
[3, 4] or spiro [5-7] heterocyclic ring(s) is also important for
biological activity. The aim of the presented work was the

bicyclo[3.3.1]nonane framework.

Il. RESULTS AND DISCUSSION

It is known that o-haloketones can react with 2-
aminoethanethiol to give spirothiazolidine derivatives. After
oxidation by air and further rearrangements carbonyl group in
such cases moves to the position of halogen [8] (Scheme 1).
Reaction time can sometimes be shortened by using
microwave irradiation [9, 10].
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Our usual starting material bicyclo[3.3.1]nonan-2,6-dione
(1) was synthesized according to [11] and converted to
bicyclo[3.3.1]nonan-2-one (2) by known methods [12]
(Scheme 2).
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Compound 5 [13] was synthesized from compound 1 by
protection of one of the carbonyl groups. Ketones 2 and 5
were treated with bromine in acetic acid or CHCI; to give a
mixtures of a-bromoketones 3 and 4 [14] or 6 and 7 [15],
respectively. Predominantly ekzo isomers (3) were formed.
Both carbonyl groups of compounds 6 and 7 were found to be
unprotected because of evolution of hydrobromic acid.
Previously compounds 6 and 7 were synthesized by direct
bromination of diketone 1 and identified in a mixture of by-
products by MS without isolation of individual compounds
[16]. Our way of synthesis allowed getting these compounds
free from unreacted 1 and dibromo derivatives 8b. Di-a-
haloketones 8a,b [17, 18] were synthesized by chlorination or
bromination of diketone 1 with chlorine or bromine,
respectively. a-Haloketones 3, 4, 6, 7 and 8a,b were allowed
to react with 2-aminoethanethiol to form heterocyclic spiro
compounds 9 and 11 (Scheme 3).

Sharp peaks of N-H groups in IR spectra of compounds 9
and 11 in CHCl; (3290 and 3287 cm™, respectively) do not
change form and frequency of dilution. Vibration frequency of
C=0 groups (1699 and 1703 cm™, respectively) indicates the
presence of intramolecular hydrogen bond as well. Values of
chemical shift (208.0 and 203.7 ppm, Il1. respectively) of C=0
carbon in ®C NMR spectra confirm this conclusion.
Formation of isomeric compounds with opposite orientation of
heterocyclic ring was not observed. Obviously a formation of
intramolecular hydrogen bond between N-H and C=0 groups
was important for the formation of spiro ring. Unfortunately
compound 10 couldn’t be found in the reaction mixture. The
amount of resinous by-products was unexpectedly high in this
case. Possibly the conformation of compounds 6 and 7 was
more beneficial for intermolecular condensation reactions.

The ratio of a-haloketones 3 and 4 and 2-aminoethanethiol
were changed from 1:1.2 to 1:10. The highest yields of
compound 9 were achieved at 1:6. The reaction of 3 and 4 and
2-aminoethanethiol (1:6) in benzene at room temperature for
72 hours resulted in 12% vyield of compound 9, reflux for 4
hours in 15%. The irradiation of dry 3 and 4 and 2-

aminoethanethiol in microwave oven for 30 min (4 x 6 min)
gave 15% of 9 and resinous by-products. Addition of water
has enhanced the yield of 9 to 28%. The prolongation of
reaction time to 6 x 6 min enhanced the yield of compound 9
to 54%. 3,7-Dichlorbicyclo[3.3.1]nonan-2,6-dione (8a) in the
synthesis of compound 11 reacted faster and gave less by-
products thant its dibromo analogue 8b.

I11. EXPERIMENTAL

Melting points were determined in open capillaries and
were uncorrected. IR spectra were recorded in KBr on a
Perkin-Elmer spectrophotometer model FT-IR Spectrum BX
Il. *H-NMR spectra were recorded on Varian Unity Inova
(300 MHz). The purity of compounds was checked on silica
gel 60 Fys, plates (Merck). Visualisation was achieved by UV
irradiation or by treating with 4-methoxybenzaldehyde or
ninhydrine solutions. Domestic microwave oven was used for
MW irradiation (100 W)..

Spiro[bicyclo[3.3.1]Jnonan-3-ono-2,2'-thiazolidine] (9)

Isomeric 3-bromobicyclo[3.3.1]nonan-2-ones 3 and 4 0.27
g (1.24 mmol), 10 ml H,O and 0.57 g (7.4 mmol) 2-
aminoethanethiol were heated in microwave oven for 36 min
(6 periods of 6 min). 2-Aminoethanethiol was added in 6
portions. The reaction was completed when no traces of 3 and
4 in TLC were left. Obtained product was purified by flash
chromatography on silica gel (dichloromethane-methanol
200:1) to give 0.14 g (54%) 9 as yellow oil. IR (cm ™): 3290
(N-H), 1699 (C=0). 'H NMR (CDCls): 1.20-1.56 (4H, m,
CH,), 1.60-1.75 (2H, m, CH,), 1.82-1.91 (1H, m, CH), 2.10-
2.25 (3H, m, SCH,, CH), 2.30-2.39 (2H, m, NCH,), 2.45-2.55
(1H, m, CH), 2.70-2.79 (2H, m, CH,), 2.94-3.12 (3H, m, CH,,
CH), 3.70-3.78 (1H, m, NH). *C NMR (CDCls): 17.9; 29.0;
30.9; 32,2; 32.3; 37.6; 43.2; 44.7; 53.2 (C-S); 86.5 (C-S-N);

208.0 (C=0). Anal. Calcd. for Cy;H;7;NOS: C 62.52%; H
8.11%; N 6.63%; S 15.17%. Found: C 62.90 %; H 7.99%.
Scheme 3
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3-Bromobicyclo[3.3.1]nonan-2,6-dione (6 and 7)

To a stirred solution of  6,6-ethylendioxy-
bicyclo[3.3.1]nonan-2-dione 5 [13] 0.67g (3.42 mmol) in 25
ml CHCI; 0.55g (3.42 mmol) bromine in 25 ml CHCI; was
added, kept for 20 min, washed with 5% NaHCO3, dried on
anhydrous Na,SO,, evaporated and purified by flash
chromatography on silica gel (hexane and ethyl acetate 4:1) to
give 0.33 g (42 %) 6 and 7 as crystalline powder; m. p. 105 -
108 °C. IR (cm ™): 1680, 1665 (C=0). ‘H NMR (CDClIs):
1.94-2.10 (2H, m, CH,), 2.21-2.48 (4H, m, CH,), 2.63-2.84
(3H, m CH, CH,), 3.11-3.18 (1H, m, CH), 4.66-4.72 (1H, dd, J
= 16 and 6 Hz, CH). Anal. Calcd. for CgHy;BrO,: C 46.78%,
H 4.80%, Br 34.58%. Found: C 49.03%, H 5.57%, Br
32.49%.

Spiro[bicyclo[3.3.1]Jnonan-3,7-dione-2,2':6,2¢-
dithiazolidine] (11)

Isomeric  3,7-dichlorbicyclo[3.3.1]nonan-2,6-diones  8a,
0.22 g (1 mmol), 10 ml H,O and 0.77 g (11 mmol) 2-
aminoethanethiol was heated in microwave oven for 36 min
(6 periods of 6 min). 2-Aminoethanethiol was added in 6
portions. Reaction was monitored by TLC. The obtained
product was purified by flash chromatography on silica gel
(dichloromethane) to give 0.11 g (37%) 11 as yellow oil. IR
(cm ): 3287 (N-H), 1703 (C=0). 'H NMR (CDCl,): 2.45-
2.50 (2H, m, CH,), 2.65-2.76 (4H, m, CH,), 3.78-3.39 (10H,
m, CH,), 3.72 (2H, dd, J = 12 and 5 Hz, NH). *C NMR
(CDCly): 28.9, 38.2, 44.1, 42.3, 52.8, 86.2 (N-C-S), 203.7
(C=0). Anal. Calcd. for C13H;gN,0,S,: C 52.32%; H 6.08%;
N 9.39%; S 21.49%. Found: C 52.39; H 5.98%.

IV. CONCLUSIONS

1. New heterocyclic compounds - spiro[bicyclo[3.3.1]nonan-
3-ono-2,2'-thiazolidine] and spiro[bicyclo[3.3.1]nonan-3,7-
diono-2,2":6,2¢-dithiazolidine] were synthesized  using
microwave irradiation.

2. The structure of spiro[bicyclo[3.3.1]nonan-3-ono-2,2'-
tiazolidine] and  spiro[bicyclo[3.3.1]nonan-3,7-diono-
2,2"6,2°-ditiazolidine] was postulated by the presence of
intramolecular hydrogen bonds.

3. The efficient method for 3-bromobicyclo[3.3.1]nonan-2,6-
dione synthesis was offered.
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Podgurskis. Spiro savienojumu sinteze uz biciklo[3.3.1]nonana bazes

Spiro vai bicikliskas struktiras organiskie savienojumi izraisa interesi ka no stereokimijas, ta biologiskas aktivitates viedokla. Mingtie
savienojumu fragmenti, tai skaitd kondenséti vai spirosaistiti ar heterocikliskiem gredzeniem, ir biezi sastopami dabasvielu un arstniecibas
lidzeklu struktiiras. Spiro savienojumi ar biciklo[3.3.1]nonana struktiiru sintez&ti no biciklo[3.3.1]nonan-2,6-diona vai biciklo[3.3.1]nonan-2-
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ona. Minétie savienojumi tika parversti attiecigos mono- un di-o-halogenketonos, kuri, reaggjot ar 2-aminoetantiolu, veidoja jaunus
heterocikliskos savienojumus — spiro[biciklo[3.3.1]nonan-3-0n-2,2’-tiazolidinu] un spiro[biciklo[3.3.1]nonan-3,7-dion-2,2’:6,2’-ditiazolidinu].
Pétita galaproduktu sint€zes optimizacija un iznakumu palielinaSanas iesp&ja. Izstradata jauna, uz mikrovilpu starojuma balstita,
spiro[biciklo[3.3.1] nonan-3-0n-2,2’-tiazolidina] un spiro[biciklo[3.3.1]nonan-3,7-dion-2,2":6,2’-ditiazolidina)] sintézes metode. Savienojumu
struktiras ir noteiktas balstoties uz iekSmolekularo tidenraza saiSu klatbtitni. Pret€jas konfiguracijas heterocikla izom@ru veidoSanas nav
noverota. Izstradata vienkarSa 3-brombiciklo[3.3.1]nonan-2,6-diona sintézes metode, kura balstita uz vienas karbonilgrupas aizsardzibu ar
etilénglikolu. Atskiriba no agrak izmantotas neaizsargatas karbonilgrupas tie$as bromé&sanas vai hloréSanas metodes [16], izstradata metode lauj
izdalit no reakcijas maisijuma brombiciklo[3.3.1]nonan-2,6-dionu tira veida. DiemzZgl §1 savienojuma reakcija ar 2-aminoetantiolu veidojas
nevis sagaidamais spirosavienojums, bet gan tikai svekveidigi produkti.

Jlunac Jlabanayckac, Anounac Kuimnckac, Curura BumnsikoBa, I'unrapac Ypoeauc, Oara I'eapumaiite, Puuapaac Posendeprac,
Amngpeii Hoarypckuii. CuHTe3 ciMpocoeIUHEeHMIT HAa ocHOBe OULMKIIO0 [3.3.1] HoHaHA

Oprasn4eckue COCIUHEHHS CIUPO- WIH OMLIUKIMYECKOH CTPYKTYpBI H3y4aroTCs IO IPUYMHE X WHTEPECHON CTEPEOXHUMUH U MPOSBIIOLICHCS
OHMOJIOTHUECKON aKTUBHOCTH. YTIOMSAHYTHIE (parMeHThl, B TOM YHCJIEC KOHACHCHPOBAHHBIE MM CIIMPO-CBA3AHHBIC C T'eTEPOLUKINYECCKUMH
KOJIBIIAMH, YacTO BCTPEYAIOTCA B CTPYKTypax MPUPOAHBIX COCIUHEHHWH M CHHTETHYECKHX JIEKApCTBEHHBIX cpencTtB. CHHTE3 CIHpO-
COeIMHEHMH, MMEIOINX B CBOCH CTPYKType Kapkac ounmkino[3.3.1]HoHaHa, ObUT OCHOBaH Ha Moauukanyy ouimkio[3.3.1]Honan-2,6-aroHa
n Ouukio[3.3.1]HoHaH-2-0Ha. YTIOMSHYTBIC HCXOJHBIC COCJAWHECHUS TPEBPAIICHBl B COOTBETCTBYIONIME MOHO- W JIH-0-TaJOT¢HKCTOHBHI,
KOTOpBIE pEarupoBajd C 2-aMHHOJTAHTHOJIOM B pPa3HBIX YCIOBUSAX M O00pa3oBad HOBHIE TI'ETEPOLMKIMYECKHE COCIUHCHUS -
cnpo[6urukiio| 3.3.1]HoHaH-3-0H0-2,2"-THazomuauH]| U  crupo[ounmkio[3.3.1]HoHaH-3,7-11oH0-2,2":6,2 - TnTHa30MUIuH]|. Bbutn M3ydeHbI
BO3MOXKHOCTH ONITUMHU3AIMH PEAKIUH IIUKI000Pa30BaHMs W IMOBBIMICHUS BBIXOJA IIEIEBBIX CIHPONPOM3BOAHBIX. [IpeanoxkeH HOBBIH METOX
CHHTE3a criupo|[6urmkino[3.3.1]Honan-3-0H-2,2'-THa30a1IuHa | u crnimpo[6urmkio[3.3.1]nonan-3,7-1uon-2,2":6,2 - nuTnazonuauHa),
OCHOBAHHBIIl Ha UCIIOJIF30BAHUH MUKPOBOJIHOBOTO 00mydeHus. OmpeneneHne MX CTPYKTYPHI OMUPACTCS HA HANMYWU BHYTPUMOJEKYIISPHBIX
BOJOPOIHBIX cBsi3eil. OOpa3oBaHHE H30MEPOB C MPOTHUBOIOJOXHOM OpHEHTAIMell TeTepoKoiblia He 3aMedeHo. Paspabortan Oomee
3¢ GeKTUBHBIN MeTon cuHTe3a 3-OpoMOunukio[3.3.1]HoHaH-2,6-11M0Ha, OCHOBAaHHBIM Ha MPEIBAPUTEIBHOW 3allUTe OMHON KapOOHIIBHOM
TPYIIBl IMKJIM3AlMed ee ¢ JTWICHITIMKOJIEeM. B oTinnume OT paHee HCIIOIb30BaeMOr0 MHPSIMOTO OpOMHPOBAHHS WM XJIOPHPOBAHHS
HE3AIUIICHHOr0 JUKeToHa [16], TpeayoKEeHHBI METON TMO3BOJMI BBIICIUTh YUCThIH OpomoOurmkio[3.3.1]HoHaH-2,6-quon. Ho mpu
B3aHMOJICHCTBUHM 3TOTO COCAWHEHHs C 2-aMHHOITAHTHOJOM, OOpa30BaJIOCh HE OXKUAAEMOE CIIMPOCOCAMHEHHE, a JIMIIb  CMOJITHHCTBIC
MIPOIYKTHL.
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