Russian Journal of Organic Chemistrypl. 37, No. 10, 2001, ppl430-1434.Translated from Zhurnal Organicheskoi Khimifol. 37, No. 10, 2001,

pp. 1506-1503.
Original Russian Text Copyright 2001 by Khomenko, Korchagina, Gatilov, Barkhash.

Rearrangements of Neoclovene Epoxides in Acidic Media
T.M.Khomenko, D.V.Korchagina, Yu.V.Gatilov, and V.A. Barkhash

Vorozhtsov Novosibirsk Institute of Organic Chemistry, Siberimision,
Russian Academy oBciences, Novosibirsk630090 Russia

Received December 13, 2000

Abstract—Rearrangements of neoclovene epoxides in the presence of a solid superagidr@nd in
formic acid were investigated. In the lattease a ketone was obtained with a previously unkncarbon
skeleton. The most probable pathway of its formation was derfr@d calculations by molecular mechanics
and quantum-chemical methods.

We showed formerly that protonation of a mixture tetramethyltricyclo[5.2.2 6%-undecen-3-one (Il )
of epimeric neoclovene epoxidela( b) by a system (24%). After boiling of epoxideda, b in formic acid
HSO,F-SO,FCI  formed ions 1I-IV that on was isolated a mixture of ketone/I() (53%) and
“quenching with a mixture ethanelethyl ether (1S4S7S99-5,5,7,9-tetramethyltricyclo[5.4.0%C)-
afforded epimeric alcohol¥ andVI in 25 and 14% undecen-8-onelX) (33%) (Scheme 2).

yield respectively alongside keton®/I() (24%) [1] The structure of ketoneVIl was previously

(Scheme 1). derived from'H and**C NMR spectra and also from
In extension of investigation on epoxidks b re-  the form of dispersion of optical rotation cunj#].
arrangements in various acidic media we studied theifhe structure of epimeNIll also was established

behavior in the presence of a solid superacidrom *H and'*C NMR spectraKetonesVIl andVIII
ZrO,/SO;” at 20°C and at boiling in formic acid. were previously obtained by the otherocedures, and
In the former case we obtained aixture of epi- their structures were established from tbleemical
meric ketonesVIl (55%, here and hereinafter the data and dispersion of optical rotation cury2g The
content from GLC data), and §1256S579-2,6,8,8- NMR spectra of keton¥/Ill we recorded for the first

Scheme 1.
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—time. The structure oketonelX was derived from The drawback of this route is a largascent (the
two-dimensional ~ correlation  spectrum®3C-3C  difference AH? between the least and the most stable
(2D-INADEQUATE). ions along the total route calculated in kcal ribl

, , . here and further in all theSchemes) equal to
We did not find any compounds with the structuré g 1 kcal mor?, Addition to the permissible shifts of

of ketonelX in the Cambridge Structural Database; 2 c.0 bond shift provides the shortest 7-stage
[3]. We performed asearch for probable pathways of route (Scheme 3, patth). However this rearrange-
intramolecular rearrangement of the original catdn ments path has the same disadvantage: “dseent
into the final cationXl with the use of ICAR software equals to34.8 kcal mol!. Besides in the path appears
[4]. Since ketoné/Il on boiling in formic acid do not jon XII that is more stable than the final experimental
yield compoundX, and thus catiofl is stable under jon XI. Therefore we added to the permissible
these conditions, we do not consider as the initial iorshifts 1, n-shifts of the GO bond. As a result we
the ion epimeric to catiorX. As previously [5] we found the shortest 5-stage route containint, 2xshift
regarded as permissible only 1.2-shifts of@Cand of OH group(Scheme 4)This rearrangement version
C-H bonds; thus we obtained the shortésstage is significantly morefeasible since here th&ascent
route of rearrangemen{Scheme 3, path). amounts to14.1 kcal mor,
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Scheme 4.
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Note that experimentally obtained ketoheé is the EXPERIMENTAL
most stable among the neutral compounds appearing
in Scheme 4. H and ¥C NMR spectra were registered on

: ) : pectrometer Bruker AM-400 at operating frequencies
The c'alculatlon of gas phase formatlon _heats 01200.13 MHz H) and 100.61 MHz ¥C) from solu-
carbocations were carried out by semiempirical AM1

procedure[6], those of the neutral compounds weret'?n‘;lm (f:CL‘_CDCIC*' (~1:1 _by VOIulme})' The signal
preformed by MMX routine. Theheight of barriers g 0760(;%orm was used as internal referender (24,
to rearrangements save thatnB-shift of OH group ¢ " ppm).

were estimated taking into account the orbital factor The structure of keton&X was derived fromtwo-
along procedurd7]. The barrier of the 1,3-shift of dimensional correlation spectral*c-3C  (2D-
OH group was evaluated by AMprocedure. INADEQUATE, the recording conditions were
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optimized for'Jc_¢ 35 Hz) and*®C-'H (COSY, the 13), 1.61 m (2K}, 1.96 d.d (H¥, J 12, Jg 104 3.5),
valuelJ. ,, used was 134Hz). B-Configuration was 2.08 m (H9), 2.14d.d.d.d (H, Jie.4a13.5,J4e 525,
assigned to the methyl group attached foc&rbonin 35, . 15 J,., 1.5), 2.31 br.q (& J 7.5),

ketone VIl proceeding from thedata of [1, 2]. 5 gg§ d.d (H2 313.5,J,, c.13, I, 5.5). °C NMR

The checking ofpurity of the initial reagents and spectrum &, ppm): 52.76 s (§), 49.82 d (C),
the analysis of reaction products was carried out b16.91 s (C), 33.64 t (C), 30.11 t (C), 48.25 s

GLC on chromatograph Biokhrom -1 equipped with (C%), 56.16 d (C), 37.50 s (&), 46.41t (©), 35.79 t
flame-ionization detector, oven temperature 130 (c!% 2252 t (G'), 13.91 q (C?), 21.82 q (C°),
180°C, carrier gas helium, and tHellowing columns: 31 g9 q and 31.66 q &, C9).

(a) glass capillary column 53000.26 mm,stationary

phase XE-60; b) quartz capillary column 130&0 Isomerization of epoxides la, b in formic acid.
0.3 mm, stationary phageE-54.Elemental composi- A solution of 0.5 g of epoxideda, b in 20 ml of
tion of compounds obtained was derived from highHCOOH wasboiled for 2 h. After workup the residue
resolution mass spectra measured with Finnigang 41 g) waspassed through a columpacked with
MAT 8200 instrument. GC-MSanalysis of reaction flumina of IV grade activity, eluent ethyéther. We
products was carried out on Hewlett Packard 618100 Obtained0.37 g of amixture of ketonesvIl and IX

device. Thespecific rotations were measured with e :
spectrometer Polamat A from solutions@HCl,. IR~ containing by GLC data 53 and 37% respectively.

spectrum was registered on Bruker Vector 22 instruThe mixture was subjected to column chromato-
ment. The procedure for preparation shilfated graphy on SiQ (100-160u, Czechia), eluenteexane
zirconium oxide was described if8]. The catalyst and 2% solution of ethyl ether in hexane. We isolated
was calcined just before the experiment for 2 h a.09 g ofketonelX , [o]235+210.5 (c 2.26, CHCY),
500°C. The solvent CHCl, was passed through a and 0.136 g oketoneVIl (characterized byH NMR
colur_nn with calcined alumina. The compounds spectrum). Mass spectrum kétone [X), m/z(l, %):
obtaér)ed v(\éere r?_eparated by column chromatograph 20 (100)M*, 137 (33), 136 (50), 125 (54), 123 (34)
on Si zechia). ' ' ' ’ :
o% ( ) 108 (63), 96 (32), 91 (30), 41 (38). Found
The initial neoclovene was prepared by procedurg20.18245. GH,,0. Calculated:M 220.18270. IR
[9], [.(X,]580—62.49 (C 93,CHCI3), epOX|dega, b were Spectrum (qu c 2%’ d 01’ le): 1718 (C:O)
obtained by procedurg]. H NMR spectrum of ketondX (6, ppm, J, Hz):
Isomerization of epoxides la, b on ZrGQ/SO;".  0.77 s and 0.85 s (EH,, C*H,), 0.83 s (C*Hy),

To a dispersion of 0.4 g of ng_BOf‘ in 10 ml of 0,94 s (C°H,), 1.15 d (H, Joo 14), 1.23d.d.d
CH,CIl, was added 0.2 g of epoxidés, b in 2 ml of (H, 3,049 13.5, Jyp 1y 10, Jyp 44 1.5), 1.32 d.d

CH,CI,, and the mixture was stirred for 0.5 h at (H*, 3,34, 3,5 4), 1.36br.d.d (I—i“, g 17 14, 310 12

20°C. After workup of the reaction mixture it was 1
passed through a colunpacked with alumina ofy ~ 10), 1.45m (H), 1.47 m (H), 1.63 m (H), 1.73

grade activity, eluent ethykther. As a result we M (H), 1.93 d (H', J 14), 1.962.08 m (H', H*),
obtained0.194 g of a mixture oketonesVIl (55%) 2.18d.d.d (H, J 13.5,J,, 1, 10, Jyy 11 10). 1°C
andVIll (24%) according to GLC data. This mixture NMR spectrum &., ppm): 45.95 d (¢), 28.34 t
was twice subjected to column chromatography onc?), 24.82 t (G), 55.38 d (C), 34.22 s (C), 49.76
Si_O% (4%10% Ctihzeichit?]), 9(;adien8 ftéluzt(i)%;‘)ww a t (CY, 45.83 ¢ (C), 225.63 s (&), 48.25 s (€),
mixture hexanee ether (from 0 t020%). We 0 1

separated.03 g oﬂ{etoneVIl, [a]24, -84.7 (C 2.9, 381';‘:’1 53(62)2’ 5274'85é£ ((2:15);3?2'5;5(4 and 29.61 g
CHCly), H and *C spectra correspond to the (€, €7), 22,579 (C), 25.579 (C7).
published data[1]; and 0.042 g ofketone VIII ,
[a]25,-45.8 (c 2.4, CHCIy). Found:M 220.18238.
CeH,40. Calculated: M 220.18270. 'H NMR
spectrum § ppm, J, Hz): 0.84 d (H", Jg, o 12),
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