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Abstract—2,3-Epoxygeraniol undergoes dissimilar rearrangements in cowitittliquid superacids at low
temperature or osolid superacids abom temperature due to different location of the arising cationic center
depending on the superaccharacter. 2,3-Epoxynerol, 6,7-epoxycitronellol, and 6,7-geragdtate on
ZrO,SQ; afford the corresponding ketones via epopigig opening followed byl,2-hydride shift. With
6,7-geranyl acetate 7-oxanobornane formed as a npmoduct. Themode of generation of the cationic
center (either the olefin protonation or tepoxyring opening) affects theearrangement direction at similar
conditions.

We showed formerly that the solvolysis of esters In the present study we investigated the behaviors
in acidic media and protonation of olefins with the of epoxides prepared from widely occurriragyclic
same skeleton and the same location of the generatedonoterpenoids (geraniolnerol, citronellol, and
cationic center gavese to different carbocationd].  geranyl acetate) in a number of acidizedia, under
In terpene chemistry the comparison of behavior othe action of liquid and soliduperacids, in order to
olefins and epoxides prepared therefrom in the samestablish the role of the initial structure of compounds
acidic medium is more important. Theepoxide and the character of the medium on the main direction
cleavage effected by acids is interesting both for thef the cationoidrearrangement.
physical organic chemistry since in this solvolysis
reaction the“leaving groug remains in the molecule
and for terpene chemistry because the epoxid%
opening may initiate biomimetic processes.

2,3-Epoxygeraniol I) was shown previously to
ield in the system HSEF-SO, at -70°C epimer
ydroxyoxides I{ , main reaction product) and com-
poundlll [2] (Scheme 1).

Scheme 1. In extension of the study on the behavior of
epoxides fromacyclic terpenoids in acidic media we

o) +] OH decided tocarry out the reaction aépoxidel at lower
og _H* OH temperature than in [2] irorder to reveal whether
|

compoundsll and Ill were the primary reaction
| products. It turned outhat the “quenching of the
acid solution of epoxidel in HSO;F-SOFCI

I A oH (SOFCI-HSO;F, 4:1 by volume,-100°C) with a
OH mixture CH,OH-(C,Hg),O provided as the main
~H e OH OH reaction product 7%, here and hereinafter content
+ determined by GLC) 2,2,6-trimethyl-6-(2-hydroxy-1-

| methoxyethyl)tetrahydropyrar\(). If the acid solu-
tion was warmed beforéquenching to -80°C the

OH reaction products mixture contained 2-hydroxy-
methyl-3,7,7-trimethyl-1-oxacyclohept-3-ene  V)(

— O + 2-hydroxymethyl-7,7-dimethyl-3-methylen-1-oxa-
cycloheptane \(1), and $-4,4,8x-trimethyl-3-oxa-
H bicyclo[3.3.0]octan-g-ol (ll1') (V+ Il ~30%, VI
I ~36%, GLC). Compoundslll, V, and VI were
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Scheme 2.
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isolated as individual substances by columnby methanol yielding compountV. At heating the
chromatography. The formation ¢fiese compounds acidic solution to-80°C the G-O bonds in ion B
is rationalized by Scheme 2. suffer rupture along the b and c paths, and the
“quenching in this case affords compounds+ VI
The uncommon character of the process unde&ﬂd I . O%r data show that compoFL)md isolated
consideration consists in the following. It was shownformerly in [2] under our conditions is a secondary
formerly by theexample of6,7- and2,3-epoxides of ,rqq,ct. Therewith the principalifierence between
humulene [3] that the cationic center in the Un-gchemes 1 and 2 lies in the place of cationic center
saturated epoxides originated from the opening of thgeneration. In the formecase initially occurs the
epoxyring. To understand the results of thga sjtudy N cleavage of the epoxying followed by cyclization
question it should be presumed that the cationic centgjjth the participation of the doubleond; in the latter
appeared at Z:atonl due to a proton addition 10°C process first the double bond underggestonation,
atom, andthen (C)* added to the epoxide oxygen and then proceeds the attack on the epoxigggen.

to afford ion B of trialkyloxoniumtype. A similar . e
stable ion C was generated frambisabolol 11 ) in We compared the behavior of epoxidein the

h HSO-SO.ECI at- _ presence of a liquid (HS-SOFCI) and solid
the system HSEF-SO,FCl at-80°C [4] (Scheme 3) (2rO,/SO) superacids. In the lattetase the main

The “quenching of the acidic solution of ion B reaction product §8%, GLC) is 1-hydroxy-3.7-di-
salt at-100°C occurs with the cleavage of the-O  methyloct-en-2-one\{lll ) (Scheme 4).
bond along thea path with a fairly unexpected
formation of a secondary carbocation that is captured

Scheme 3. _ OH CH,OH
: 710,/SO;, %): 2
—_— +
OH 20°C

A

Scheme 4.

HSO,F-SO,FCI

__Oo" U
_H {& CH,OH
2
+ 5 3
B -H < 10
VII VIII
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REARRANGEMENTS OF EPOXIDES OF SOME ACYCLIC TERPENOIDS 795

We indicated previously unlike behavior @&, 7- Scheme 5.
and 2,3-epoxides ofa-humulene in the system
HSO;F-SO,FCI and on solid catalysts although the HSO,F-SO,FCI, OCH
cationic center was generated at the same pl@ht -100°C [
This difference was ascribed to the conformational W’ dCHCHZOH

control favored in the firstase by low temperature. CH,OH
In the second case by the fixation of the substance# —

on the surface of the solid catalyst. With epoxide .
the conformational control apparently determines the Zr0,/S0, Oﬁ[CHZOH

different places of the cation center generation and

therefore the dissimilar routes of the subsequent 20°C
rearrangement. Moreover, thgame ion A in the Scheme 6.
liquid acid suffers deeper rearrangement than on the
solid superacid(cf. Schemes 1 and 4). .
P ( : ) HSO.F-SO,FCI iSHZZOH Z10,/80,
By the example of diastereomers of 6,7-epoxy vy +vi > = 0 VIII
citronellol (Xa, b) obtained from citronellol XXIII )
treated with monoperphthalic acid in the aqueous XI
NaHCO; we showed that for conformationally
nonrigid acyclic compounds with a singfErecursor Scheme 7.

of a carbocationic center the behavior in both systems
HSO,F-SOFCI  and ZrQ/SC; was similar

(Scheme 5): in both cases aro$ehydroxy-3,7- di- CH,OR 7 CH,OR
methyloctan-6-oneX) (yield 87 and 72% respective- i//[ 7 HSO,F-SO.FCI é[

ly, GLC).

The substituents configuration in the 2,3-epoxy XII, XIII R=H, n-(C))" .
ring notably affects the reaction course in the R=Ac, n-(C)
liquid superacid. For instance, 2,3-epoxynerl ) AO

in the system HSEF-SO,FCI (-100°C) gives rise to

a complex mixture of compound&rom this mixture H

were isolated oxide® and VI (Scheme 6). Yet on 0 /:;O

Zr0,/SC;” formed mainly keton&/Ill (63%, GLC). S
XIV

Thus the isomeric epoxidek and XI react on the 0
solid superacid in the samway.

After we had studied the behavior of th&3-

epor?icée tOf _2,6-dj[¢netl ir;hvarious acid metdia :‘Neth Here we report on the study of rearrangements of
wished o investigate the rearrangements o %,7-epoxygeranyl acetatXV1) on solid superacids.

6,7-de_|?_OX|d¢ OB th? samel t(r:]om?fou?dfl:r?derl S'm'lfarCompoundXVI on ZrQ,/SCGZ~ at room temperature
conditions Inorder toreéveal the etfect of the place o gaverise to a mixture oketoneXVIl and 2-acetoxy-

the epoxyring on the rearrangement mode. However ] tri 2
it turned out that the 6,7-epoxide afforded complexggt:hf | %?_’g)t?gnceﬁgrﬂg é))x abornane XViil) 7]

mixtures both on liquid and solid superacids. Yet it

was formerly demonstrated that geran¥il and its The main pathway of the reaction consists in
acetateXIll in HSO;F-SO,FCI at -90 and-120°C ~ 1,2-hydride shift to the carbocation centef @at has
respectively underwent initially the similar re- been formed by opening of the epoxyg, and it is
arrangements: protonation occurred &C’ double  similar to the rearrangement pathway of epoxitié
bond in 6 position, then proceeded carbocyclization in HSO;F-SO,FCI at -120°C where a stable
by n—(C)* type. The furthemeaction pathways are 1,7-dication XIX has been detecteff]. The other
different, and they result in formation via inter- reaction route resulting in a bicyclic ethetVIl
mediate dehydration of a monocyclic allyl cati¥fV ~ occurs through a series of carbo- and heterocycliza-
[5] and of bicyclic carboxynium ionXV through tions unlike those observed with dien€/Il . Note
heterocyclization [6] from alcohoXIl and acetate that in this case the carbocyclization occurs with
Xl respectively (Scheme 7).

XV
R = H (XIl), Ac (XIIl).
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Scheme 8.
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participation of the oxygen atom attached t§ i@
contrast to the rearrangement aftetate Xl in

that in compoundV the coupling constant between
the protons of the group @H; (J 0.5 Hz) and R

HSO;F-SO,FCI where the oxygen of the carbonyl may evidence the axial orientation of the methyl

group takes part in the cyclization.
The original epoxides and XI were prepared by

treating with monoperphthalic acid in aqueous NaO

of alcoholXll and nerolXX respectively. The oxida-
tion of alcoholXIl gaverise alongsideepoxidel also

group. Thebonding of the OCH group to the C
atom and of the hydroxy group to the®@tom and
Hhot vice versa was proved with the use ldRIMD
spectrum: at decoupling from the signal of the OCH
group at3.17 ppm in the LRIMDBspectrum alongside

to a side product 3-hydroxy-2,2,6-trimethyl-oxiranyl- the signals of the atoms‘Cand C appears also the

tetrhydropyran XXla, b, two diastereomers;1:0.8
by the data offH NMR). The oxidation presumably
proceeds according to Scheme 9.

Scheme 9.
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The reaction of diastereome¥la, b with acetyl
chloride results in theleavage of the epoxying to
furnish diasteromers of 3-acetoxy-6-(1-acetoxy-
chloroethyl)-2,2,6-trimethyltetrahydropyranXXlla,
b, ~1:0.8 by the data ofH NMR).

The structure of all the newly prepared compoun
was established frortH and 1*C NMR spectra. Note

signal of & atom at79.61 ppm; if the OCH group
were attached to €the latter signal would not be
observed. Théack of the long-range W-coupling con-
stant between the protons®and H may be due to
the endeposition of the latter.

The data ontH and 13C NMR spectra of epoxide
XI were published in [8] without complete assign-
ment of the signals. Thehemical shifts in the spectra
we registered are close to those reportefBin

EXPERIMENTAL

'H and 3C NMR spectra were recorded on the
spectrometer Bruker AM-400 at400.13 and
100.61 MHzrespectively from solutions i€DCl; or
in the mixtureCDCI;-CCl, (~1:1). The chloroform
signal served as internal referende 4.24 ppm,d.
76.90 ppm). The structure oftcompounds was
determined from the NMRlata basing on the analysis

,.0f coupling constants in the double resonarige'H
spectra and or’C NMR spectra. Thassignment of
signals in the latter was carried out with the use of
spectra recorded with selective and off-resonance

dsgrradiation, and ofdifferential spectra modulated with
long-range  spin-spin  coupling*C-'H (LRIMD,
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*C NMR spectra of compound¥ -VI, VIII, IXa, b -XI, XVIII, XXla, b, 8., ppm

797

Carbon V2 Ve vI? Vi @ IXa® IXb?
atom no.
1 - - - 66.86 t 60.51 t 60.51 t
2 75.01 s 72.88 d 75.77 d 213.35 s 39.33 t 39.58 t
3 40.36 t 135.28 s 151.17 s 41.91 d 29.01 d 29.21 d
4 18.82 t 128.18 d 32.58 t 32.78 t 33.46 t 33.46 t
5 40.65 t 23.54 t 24.11 t 25.39 t 25.96 t 26.18 t
6 79.61 s 39.41 t 39.44 t 123.13 d 64.47 d 64.51 d
7 7457 d 75.55 s 76.18 s 132.51 s 58.30 s 58.18 s
8 62.58 t 26.13 q 24.33 q 17.49 q 18.46 q 18.41 q
9 28.33 ¢ 27.84 q 30.06 q 25.47 q 24.66 q 24.66 q
10 27.12 q 63.63 t 66.03 t 16.22 q 19.40 q 19.24 q
11 16.14 q 19.88 q 109.20 t
12 48.73 q
Carbon x° X1° XV ° XXla® (e Hz) XXIb? (e H2)
atom no.
1 60.65 t 61.01 t 85.62 s - -
2 39.52 t 64.09 d 54.17 d 70.39 s 71.22 s
3 29.03 d 61.18 s 44.80 s 86.49 d (136) 85.17 d (136)
4 30.19 t 33.14 t 85.80 d 25.97 t (128) 26.29 t (128)
5 37.74 t 24.20 t 25.83 t 32.44 t (131) 32.17 t (131)
6 214.79 s 123.51 d 38.37 t 81.00 s 81.86 s
7 40.78 d 132.13 s - 56.78 d (174) 56.14 d (174)
8 18.24 q 17.65 q 18.18 q 43.48 t (175) 44.33 t (175)
9 18.24 q 25.71 q 23.10 q 23.94 q (126) 24.17 q (126)
10 19.53 q 22.20 q 25.78 q 27.01 q (126) 26.77 q (126)
11 63.25 t 23.90 q (126) 22.18 q (126)
12 170.48 s
13 20.91 q

2 In CDCl;. ® In CDCl,-CCl, (1:1).

experimental conditions optimized for long-rangethe chromatograph Biokhrom-1 equipped with a set
coupling constants). ,; 10 Hz). With diastereomers of columns: (a) a glass capillary column 53000
gistered monoresonanceQ.26 mm, stationary phase&E-60; (b) quartzcapil-
C NMR spectra are presented in the|ary column 13006 0.22 mm,stationary phas8E-54.

mixture XXla, b was re

spectrum. The
table.

The purity of the initial compounds washecked

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol.

Flame-ionization detector, carrier

gas helium,

columns at 80180°C. The elemental composition of
and the reaction products were analyzed by GLC onhe compounds obtained was determined from the
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high resolution mass spectra measured on FinnigafC*'H,), 1.48-1.57 m (1H, 1H°), 1.68-1.78 (1H,
MAT 8200 instrument. The GC-MSanalysis of the 1H%, 2.20 br.s(OH), 2.48 d.d (H, Jg g 5,357,3),
reaction products was performed on Hewlett Packar®.64 d.d (H', J 5, Jg 7 4), 293 d.d '(H, J 4, 3),
618100A instrument. 3.68 s (H). 'H NMR spectrum of compoun&XIb
(6, ppm, J, Hz): 1.04 s (CH,), 1.12 s (CH,),

Solutions of ion salts were prepared in tWIC81.14 S (éle), 1.42 d.t (H, Jew 12,3, 7), 1.66

distilled HSOF (bp 158161°C). For dilution was 1.83 m (2H, H%), 2.33 br.s(OH), 2.51 d.d (H,

used SOFCI purified by passing through sulfuric ,
. : , : Jsg 5,J373), 267 dd H, J5, Jg 7 4), 2.99 d.d
acid. The preparation of the imalts solution and the (H‘}, 34.3) 374 t (|_§’ %4 7).

“guenching procedure were described ®]. The
nucleophilic agent used for‘quenching was a A solution of 0.025 g of the mixture ofliastereo-
mixture methanelethyl ether (5:2 by volume). The mers XXla, b (~1:0.8) in 1 ml of CHCOCI was
preparation of the sulfated zirconium oxide wasboiled for 1 h and left at 2@ overnight. Theexcess
described in [3]; the catalyst waslcined just before acetyl chloride was distilledoff, the residue was
the reaction for 2 h at 50C. The solvent was passed dissolved in ethykther, thesolution was washed with
through a columnpacked with calcinedalumina. 10% water solution of NaHC and dried on

Compounds were separated by column chromatoMgSGO,. On removing the solvent we obtain8d24 g
graphy on SiQ (Czechia, 40100 ). of acetatesXlla, b (~1:0.8).'H NMR spectrum of
acetate XXlla) (5, ppm, J, Hz): 1.16 s (CH,),

10,

isolated as individual compounds from a mixture ofl-39 S and 1.41 s (€5, C'°Hy), 1.52-1,67 m and

. 1.77- 1.98 m (2H, 2H°), 1.93 s and 2.10 s (€H,,
alcohols XII and XXIIl  (~2:1) by chromatography CI5%4) 352 dd (8 I 12 J.-95) 379 o:I%d
on a column packed with SiO+ AgNO; (20%), g a): 3. d (B, Jgg 12, J579.5), 3. '
eluent hexane ethyl ether containing ethyl etfrem (H", J12, Jg 7 2.5), 4.01 dl-d (H 3349, 334 6),
0 to 50%.Geraniol and citronellol were identified by 5.08 d.d (H, J 9.5, 2.5). '"H NMR spectrum of
comparison of their NMR spectra with the publishnedcompoundXXllb (3, ppm, J, Hz): 1.18 s (C'Hy),
spectra [10]. 1.38 s and 1.49 s (i, C'°H,), 1.521.67 m and

2,3-Epoxygeraniol(l). (a) In keeping with proce- 1-1757‘1-98 m (2H, 2H°), 2.04 s and 2.09 s (€H;,
dure [11] to a mixture 0D.616 g ofalcoholXIl and C'Ha), 3.53 d.d (H, Jgq 12, Jg; 10), 3.86 d.d
112 ml of 0.25 Mwater solution of NaOH was added (H3 J; , 9, J; » 6.5), 3.87 d.d (¥, J 12, J; ; 2.2),
go_d"E'l g]f %125 MWf}tef SQHtJtion of m?_no%e][Ph?i"Ctazo d.d (H, J 10, 2.2). ®C NMR spectrum of
cl - 1€ reaction mixture was stirred 1or o n atjgomers mixturexXlla, b (5., ppm): 82.14 s and
25°C, after workup0.415 g of crude product was . , .
obtained that waspsubjectegd to chromgtography on %l'4l s (€, here and hereinafter the first signal cor-
column packed with SiQ gradient elution with a _responds to isomexXlla, and then follows that of
hexaneethyl ether mixture containing-000% of isomerXXllb), 85.18 d and 86.31 d (§, 26.09 t
ether. Epoxide | was obtained ir0.35 g amount. Its and 25.55 t (), 36.46 t and 36.14 t (§, 83.60 s
NMR spectra were in agreement with the dat42jf and 83.54 s (€), 75.69 d and 76.74 d (¢, 43.42 t

4
(b) To a mixture of 0.6 g of alcohokll and 2and 43.58 1 (©, 22.07 g and 169.77 s {€and C

100 ml of 0.25 Mwater solution of NaOH was added 8; 'Eg;?‘e{séég?g’ 12?';5}52?719(9'?7)&’”;;0'1252 561§C
0.25 M water solution of monoperphthalic acid ’ ’ e
(34 ml) [4]. The reaction mixture was stirred for 22.42, 22.32, 22.26, 21.58, 21.28, 20.76 all g ¢CH
16 h and maintained for 80 h at @D. After workup 9roups of bothisomers).

0.46 g of products mixture was obtained that was Isomerization of 2,3-epoxygeraniol (I). (&) A
subjected to chromatography on a column packedolution 0f0.102 ofepoxidel in 0.36 ml of SQFCI
with SiO,, gradient elution with a hexarethyl ether was added to a solution df.20 g of HSQF in 2.4 ml
mixture containing 650% of ether. Weisolated of SOFCI (-100°C), the reaction mixture was
0.24 g ofepoxidel and 0.12 g of amixture of com- treated with a mixture of methanol (10 ml) and ethyl
poundsXXla, b (~1:0.8). Mass spectrumm/z (I,,,  ether (4ml), the resulting mixture was neutralized
%): 143 M* - OCHCH,, 27), 85 (46), 84 (100), with 17% water solution of NAO,, the reaction
70 (39), 59 (91), 43 (82), 41 (36). Found, 9" products were extracted into ethgther, and the
143.10740. gH,0,. Calculated, %M" 143.10720. extract was dried on MgSP After distilling off the
'H NMR spectrum of compoundXXla (8, ppm, solvent and percolation with ethyl ether through a
J, Hz): 1.03 s (CHy), 1.11 s (C%,), 1.17 s column packed with A0, (IV grade of activity) the

Geraniol IlI') and citronellol ¥XIII ) were

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 6 2001



REARRANGEMENTS OF EPOXIDES OF SOME ACYCLIC TERPENOIDS

799

residue (0.79 g) wasubjected to chromatography on epoxidel in 2 ml of CH,Cl,, and the mixture was

a column packed with Si© gradient elution with a
hexaneethyl ether mixture containing -80% of

ether. Weisolated0.03 g of methyl etherlV. Mass
spectrum,m/z (.o, %): 202 M*, 1), 140 (93), 125
(35), 85 (100), 72 (38), 43 (31), 41 (29%H NMR

spectrum § ppm, J, Hz): 1.11 s (CH,), 1.15 d
(CMHg, J115, 0.5), 1.17 s (€H,), 1.31-1.42 m

(H*, H>®), 1.51 m (H9), 1.54 m (H9, 1.63d.d.d

(H®, 3,36 14.5, J3042 8, 3046 1.5), 1.90d.d.d

(H*®, Jse 5011, Jse 40 5.5, Jse 40 1), 2.60 br.s(OH),

3.17 s (OCH), 3.38 d.d (H, Jg ¢ 11,35, 7), 3.52
d.d (H,37,3,46),3.72d.d (H, J11, 6).

(b) A solution 0f0.153 g ofepoxidel in 0.4 ml of
SO,FCI was added at100°C to a solution of 1.8 g of
HSO,F in 3.8 ml of SQFCI, the mixture was
warmed to-80°C. After “quenching with a mixture

stirred for 1 h at 28C. After the usual workup we
obtained0.137 g ofcrude product that was percolated
with ethyl ether through a columpacked with AbO,
(of IV grade activity). As a resul0.077 g of the
reaction products mixture was separated and sub-
jected to column chromatography on SiQgradient
elution with a hexaneethyl ether mixture containing
0-50% of ether). Wasolated0.025 g ofketoneVIIl .
Mass spectrumm/z(I,o;, %): 170 M*, 10), 88 (27),
82 (97), 69 (100), 67 (28), 55 (23), 451). Found:
M* 170.13030. GyH,¢0,. CalculatedM 170.13067.
'H NMR spectrum §, ppm, J, Hz): 1.08 d (C%H,,
Jios7), 1.39d.d.dd (M, 3, 4 13.5,1,58, I, 5 7,
Ji37), 1.54 br.s (Hy), 1.64 d.t (CH;, Jy4 1.5,
Jo5 1), 1.70d.d.d.d (H, J13.5,1, 5 8.5, 3,57,
Jps 7), 1.92 m (2H), 2.50d.d.q (H, 37, 7, 7),

CH5OH-(C,Hs),0, neutralization with 17% water 3.16 br.s(OH), 4.20 d and 4.25 d (2H J 19), AB
solution of NgCO, and usual workup the residue was system, 4.99.q.q (H, Js57,J551.5,J1.5).

passed through a column with &5 (of IV grade
activity) (eluent ethylether). Weobtained0.085 g of

Rearrangements of diastereomeric epoxides
IXa, b. To a mixture of 0.108 g ofcitronellol

product mixture that was subjected to chromato-(xx|||) and 19 ml of 0.25 Mwater solution of

graphy on column packed with Sj@&nd then on that
with SiO, + AgNO; (20%). As aresult compounds

NaHCGO; was added at @ 13 ml of 0.15 Mwater
solution of monoperphthalic acid, and the mixture

”I, V , andVI were |SO|ated as |nd|V|dua| Substances.was Stirred for 2 h at thSame temerature_ The

Mass spectra of compound¢ and VI: M™ 170
(0.92%) andM™ 170(0.08%). In thenass spectra of
isomersV and VI was observed an ion 13M{ -
CH,OH). 'H NMR spectrum of compound (5, ppm,
J, Hz): 1.24 s, 1.26 s (&5, C°H,), 1.57 m (CH,,
J1.5-2.5), 1.60d.d.d (H, Jg & 14, J556.5,Js 5 2),
1.89d.d.d.q (Hf, 14, J5 5 125,355 1.5, Jg cpy.
1), 1.94d.d.d.d.d (B, J5 5 16, J5, 8, J 6.5, 1.5,
Js, 1), 2.26 br.d.d (H? I, 1 10, Jip 40 2.5),
2.41 d.d.d.q.d.d (R, J 16, 12.5,J5 , 2.5, J5 1,
2.5, 356 2, J5, 1.5), 3.50d.d.d (H, 3944 11,
Ji0.2 9, di9122.5), 3.71d.d.d (H?, J 11, 10,35,
3.5), 4.33br.d.d (H, J9, 3.5), 5.50d.d.d.q H, J 8,
2.5,J,,2.5,3, 14 1.5). '"H NMR spectrum of com-
pound VI (8, ppm, J, Hz): 1.20 s, 1.21 s (¥,
C°H,), 1.42-1.52 m (H, H%), 1.67 m (), 1.77 m
(H*), 2.14 br.s(OH), 2.15d.d.d (H, J, » 13, J,5
5,5 5), 2.31d.d.d.d.d (H, 313, 3, 510, Iy 5
5, Jp 11 1.5, 34, 1), 3.44br.d.d (H® Jyp4 11,
Jio, 5) and 3.47br.d.d (H?, J 11, 3,4, 8), AB
system, 4.22.d.d.d (H, 38, 5,J,,,1.5, 3, 4 1),
4.71d.d (H', 31.5,3;; 4, 1), 4.85m (H',J11-1.5).

(c) To a dispersion 0D.135 g of ZrGQ/SC; in
10 ml of CH,CI, was added a solution @.152 g of

workup furnished0.101 g of thereaction products
mixture that was subjected to column chromatography
on SiO, (gradient elution with hexarethyl ether
mixture containing 830% of ether). Weseparated
0.061 g of the mixture oépoxidesiXa, b. *H NMR
spectrum of compountXa (5, ppm,J, Hz): 0.91 d
(C™Hy), Jio5 6.5), 1.24 s, 1.28 s (&5, CH,),
1.32-1.62 m (2H, 2H* 2H°), 1.64 m (H), 2.18
br.s(OH), 2.68 d.d (8, Js 57, Js 5 6), 3.65 d.t (H,
J; 1 10, J; , 6.5) and 3.70d.d.d (H, J 10, Jio

7, Jp > 6), AB system. Thechemical shifts of the
signals fromIXb isomer in the'H NMR spectrum of
theIXa, b mixture are very close to that of the other
isomer. In the>C NMR spectra of the isomers
IXa, b some signals of the carbon atoms have slightly
different chemical shifts (seable). To a dispersion
of 0.1 g of ZrQ/SC; in 5 ml of CH,Cl, was added

a solution 0f0.051 g ofepoxidedXa andIXb in 1 ml

of CH,Cl,, and the mixture was stirred for 1 h at
20°C. After the usual workup we obtained a crude
product that was percolated with ethyl ether through
a column packed with AD; (of IV grade activity).
As a result 0.035 g of theeaction products mixture
was separated (containing/2% of ketoneX, GLC)
and subjected to column chromatography on ,SiO
(gradient elution with a hexanethyl ether mixture
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containing 650% of ether). Wasolated0.017 g of A solution 0f 0.136 g ofepoxideXI in 0.4 ml of
ketone X. Found: M* 172.14653. GH,,0,. Cal- SOFCI was added to a solution 4f56 g of HSQF
culated:M 172.14632.'H NMR spectrum §, ppm, in 2.4 ml of SQFCI (-100°C), “quenching with

J, Hz): 0.88 d (C%,, J;p5 6.5), 1.06 d (CH;,  a mixture of CHOH (20 ml) and (GHg),O (8 ml).
C9H3, J7),1.32d.t.d (I—f‘, \];1 4 14,3,:7,3,36.5), The mixture was neutralized with 17% water solution
1.39 m (H), 1.52 m (K, H®), 1.65d.t.d (H*, J14, ©of NaCG; the reaction products were extracted into
Jyps 7,4 34.5), 1.67 br.{OH), 2.44 m (2H), 2.57  €thyl ether, and thextract was dried on MgSQOThe
q.9 (H, 367, 3,4 7), 3.63 d.t (H, 3, 1053, , residue after evaporation of the solvé@t119 g) was

i passed through a column with & (of IV activity
6.5) and 3.70 d.t (H, J 10.5,J;: 2 6.5), AB system. grade), eluent ethylether. Theobtained0.053 g of

Rearrangements of 2,3-epoxynerol(Xl). To a the products mixture was subjected to chromato-
solution of 1.7 g of citral in 32 ml of anhydrous ethyl graphy on a column packed with SiQ(gradient
ether was added dropwise &@a mixture 0f0.34 g elution with a mixturehexaneethyl ether containing
of LiAIH , and 6 ml of ethylether. The stirring was from O to 100% ofether) to isolate compounds and
carried out at 8C for 30 min and then the reaction VI as individual substance$H{ and**C NMR).

mixture was heated to 2@ within 30 min. Excess Rearrangements of 6,7-epoxygeranyl acetate.
water was added and 2 ml 8icOH, and theproducts  1¢ 3 dispersion of 0.4 g of ZrgsOZin 18 ml of
were extracted with ethykether. Theextract was CH,Cl, was added a solution of 0.2 g of epoxi¥¥l
washed with 2% water solution diaHCG;, then in 2 mi of CH,CI,, and the mixture was stirred for
with water, and dried on N&O,. On removing the 0.5 h at 20C. After the usual workup the substance
solvent we obtained 1.7 g of a mixture of alcoholswas passed through a colunpacked with ALO; (of
XIIandXX (~3:2, GLC). Themixture was subjected |V grade activity), eluent ethylether, to afford
to column chromatography on SjG AgNO; (20%) 0.195 g of products mixture containing-31% of
(gradient elution with a hexanethyl ether mixture ketone XVII, ~11% of etherXVIIl (GLC). The
containing 650% of ether) to afford the alcoh®X |atter mixture was subjected to chromatography on a
as an individual substanceH NMR spectrum). To a column packed with SiQ (gradient elution with a
mixture 0f0.32 g ofalcoholXX and 56 ml of 0.25 M mixture hexaneethyl ether containing from 0 to 30%
water solution of NaOH was added 20 ml@225 M of ether). As a result wésolated0.05 g of ketone
water solution of monoperphthallc acid, and thex- XVIl and 0.2 g of a mixture of Compounwn and
ture was stirred for 5 h at 2G. The workup yielded xvj|| (~0.4:1, 'H NMR). The compounds were
0.316 g ofsubstance that was subjected to columngentified with the use ofH and ¥3C NMR spectra
chromatography on SiO(gradient elution with a 15 7). Below are given for compoun¥VIll more
mixture hexangethyl ether containing from 0 to 30% complete data on'H NMR spectrum and refined
of ether). Weisolated0.047 g ofalcohol XX and  assignments of methyl groups signals in #ié NMR
0.221 g ofepoxideXI. "H NMR spectrum epoxide spectrumH NMR spectrum §, ppm,J, Hz): 1.01 s
XI (3, ppm,J, Hz): 1.29' s (CHy), 1.44d.d.d (H, (C%H,), 1.05 s (G%Hy), 1.32 s (CH.), 1.42d.d.d
\]4’4' 14' J4’5' 14' J4’5,' 9’ J4’57)’ 1.58 br.d (éH?” J8'6 (Heexo‘], J6exo,6end012'51J6exo,5ex012' J6exo,5endo4-5)’
1.%), 1.60d.d.d (H', J 14,459,145 6), 1.65d.t 154t (|-Fend0 Jrendo,12 7-5), 1.54d.d.d (|-Pend0 J
(C°H3z Jo6 15,35 1), 2.02br.d.d.d.d (R, J5 5 15, 125 Jo 40 sena®: Jeendo sex), 1.68d.d.d.d (Ho,
J9, 7, ‘]5,6 7) and 2.09d.d.d.d (|‘?, J 15, 9, 6"]5',6 ‘]5exo,5end3‘2'51‘] 12, 5"]5ex0,45)’ 1.90d.d.d (l_Fendo
7) - systemAB, 5.04d.d.q.q (. 37,7, 1.5, 1.5). 31575 9 4.5)1.99s (CH.), 3.73 d (H, 35), 3.94
A solution of 0.05 g of epoxide XI in 1 ml of d.d (H, J;; 4, 11,3 7.5) and 4.08 d.d (M, J 11,
CH,Cl, was added to a dispersion of 0.1 g of in 5 m|7.5) - AV system.
of CH,Cl,, and the mixture was stirred for 2 h at
20°C. After the workup and passing of the residue REFERENCES
through a column with AIO; (of IV activity grade),
eluent ethylether, weobtained0.03 g of amixture 1 parkhashV.A. and Polovinka, M.P., Usp. Khim.,
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