Russian Journal of Organic Chemistryol. 38, No. 4, 2002, pp. 49806. Translated from Zhurnal Organicheskoi KhimNol. 38, No. 4, 2002,

pp. 523531.
Original Russian Text Copyrighto 2002 by Khomenko, Tatarova, Korchagina, Barkhash.

Rearrangements of Epoxides of Linalool and Nerolidyl
Acetate in Acid Media

T.M.Khomenko, L.E.Tatarova, D.V.Korchagina, and V.A. Barkhash

Vorozhtsov Novosibirsk Institute of Organic Chemistry, SibeBarision, Russian Academy &ciences, Novosibirsk,
630090 Russia

Received June 6, 2001

Abstract—The behavior of epoxides of linalool arais-nerolidyl acetate was comparatively investigated in
acids of various strength with the goal of establishing the effect ofsthecture of the initialcompound

and the mediumcharacter on the main direction eftionoid rearrangementLinalool epoxides undergo
cyclization of solid acid catalysts affording oxygen-containing heterocyclic compounds whereas the nerolidyl
acetate epoxides yield the ketones originatirmm the opening of the epoxying followed by 1,2-hydride

shift. 10,11-Epoxy derivative afis-nerolidyl acetate affords 7-oxanorbornane as a mproduct.

We investigated formerly the behavior of geraniol andcyclization reaction of hydroxyketoneV [2]
nerol epoxides in liquid and on solid superacids. By(Scheme 2).
an example of 2,3-epoxygeraniol we observed the

changing place of the cationic center formation Scheme 2.

depending on the nature of the superacid; tiaist o

resulted in alteration of the main direction of 20°C o

cationoid rearrangemerjtl]. Here we report on re- -~

actions with acids ofL,2- () and 6,7-epoxylinalool OH||

(I). Epoxidesla, b (a mixture of diastereomers in o)

~1:0.2 ratio by'H NMR data) onp-zeolite at 20C A

isomerized into a mixture of 2nde (Ill ) and 2exo The opening of the epoxsing should occur at the

(V) hydrox%/-l-isoprop'yl-4-.methyl-7-oxanorbornanesCz_o bond of the intermediate compouMl for this
(56 and 28% respectively; here and hereinafter thﬁng commonly opens from the side of the carbon

content from GLC analysis of the reactionixture).  5i0m whose positive charge would be mdedocaliz-
The alcoholdll andlV are presumably formed along o4 after the rupture of €O bond[3]. Likewise the

the following scheme (Scheme 1). process proceeds on zeolite. The cleavage of the

The heterocyclization of compoundi, b is C'-O bond would provide very unstablprimary
apparently similar to the previously described heterocarbocation.

Scheme 1.
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Scheme 3.
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Epoxideslla, b (a mixture of diastereomers in  We previously pointed out by an example of
~2.4:1 ratio by 'H NMR data) reacted with the epoxygeraniol rearrangements the importance of the
system HSQF-SO,FCI at -100°C; after quenching reaction type leading to generation of the cationic
with a mixture MeOHELO 2B-vinyl-5a-hydroxyiso- — center (protonation of the olefin or opening of the
propyl-2-methyltetrahydrofuranV(l ) and B-vinyl-  epoxyring effected by theprotic acid) for the direc-
58-hydroxyisopropyl-2-methyltetrahydrofuranvIl )  tion of the rearrangemerit]. It turned out that the
contained in the reaction mixture in 25 and 15%behavior of linalool XI) on the solid superacid sig-
respectively were obtainediVhen the isomerization nNificantly differs from the rearrangements of its

of epoxideslla,b was performed in the presence of 8Poxides.Thus, alcohol XI on ZrOZ/S_Ofl at room

Zr0,/SO; the resulting oxides mixture is more €MPerature afforded-terpineol Kl ) in agreement
complicated. It contained compourdil (46% by with the data on isomerization of compoukd in the

GLC), VIl (26%), 6-vinyl-30-hydroxy-2,2,G-tri-  2dueous citric acids].

methyltetrahydropyraniX) (19%), and6-vinyl-33- Note that dehydrolinaloolXlll ) under the same
hydroxy-2,2,@&-trimethyltetrahydropyran X) (9%) conditions furnishes a heterocyclizationroduct,

(Scheme 3).
A specific feature of reactions occurring with com- Scheme 4.
poundslla, b on solid superacids is the opening of Hi\’
the epoxyring along a and b pathways providing > /1 C}H H%H
tertiary (A) and secondary (B) carbocations with 2 — | I S B
prevalence of the second pathway7 (3); therewith OH
in the heterocyclization is used the hydroxy group of X1
the initial alcohol lla, b. l_H+

Thus the key moment in the rearrangement of
1,2- and 6,7-epoxyderivatives of linalool on solid
catalysts (in contrast to isomerization of 2,3-epoxy-
geraniol [1]) is the heterocyclization stage at the
expense of the oxygen atom of the hydrogyoup.
Therefore various oxygen-containing heterocycles
were obtained, among them new alcohidlsIV . XII
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Scheme 5.
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2,2,83-trimethyl-6-ethynyltetrahydropyran ~ X{V). We earlier demonstrated [6] that cis-nerolidol

Thus is revealed the difference in behavior in the(XXl) quite differently undergoes isomerization both
presence of solid superacid of compoungs and in the system HSEF-SO,FCI at -110°C and in
XIII' that differ in the structure by the multiplicity of formic acid (Scheme 7).

the 1,2 bond. At theattempt to prepare 6,7-epoxide
from dehydrolinalool by treating it with m-chloro-
perbenzoic acid a rearrangement occurs affordin

3a-hydroxy-2,2,@-trimethyl-6-ethynyltetrahydro- . . .
: . in a water solution of NaHCQO 1,2-Epoxylinalool
pyran XV) (Scheme 5). Apparently the intermediate gla, b, a mixture of diastereomers il : 0.2 ratio by

ly arising epoxide is unstable in acedium. H NMR data) was obtained by reaction of alcobal
The isomerization 010,11epoxy derivative otis-  with t-BuOOH + VO(@cag, [7] (Scheme 8).
nerolidyl acetate XVI) analogous in structure to
epoxides lla, b gives quite unlike results: on
TiO,/SO, a mixture of 3-acetoxy-3,7.11-trimethyl-
dodeca-1,6-dien-10-oneXYIl ) and 2-(3-acetoxy-3-
methylpent-4-en-1-yl)-1, 3,3-trimethyl-7-oxa-nor-  The structure of all newlc}/ prepared substances was
bornanes XVIII ) forms in ~3:1 ratio (GLC). Thus  established fromH and °C NMR spectra. Note
after opening of the epoxying occur two processes: some specific features in determining the structure of
1,2-hydride shift and heterocyclization; in the lattera number of compounds obtained. In thd NMR
process unlike the case of epoxidés, b takes part spectrum of compoundl the existence of remoté/
the oxygen of the epoxidéJnder thesame conditions coupling constant between proton§kl-zhnd H (“\]Bk’2
the 6,7-epoxide ofcis-nerolidyl acetate XIX on 2 Hz) evidences the exo-position of thater. In the
TiOZ/SOi" affords only the product of 1,2-hydride H spectrum of comgound/ only two coupling con-
shift, 3-acetoxy-3,7,11-trimethyldodeca-1,10-dien-6-stants for proton are observed: the coupling
one XX) (Scheme 6). with protons KK and H" (J 7 and 2 Hz respectively),

Initial epoxideslla, b (a mixture of diastereomers
in ~2.4: 1 ratio by'H NMR data) were prepareftiom
nalool (XI) by reaction with monoperphthalic acid

EpoxidesXVI and XIX were obtained by oxidiz-
ing cis-nerolidyl acetate XXIlI ) with m-chloroper-
benzoic acid (Scheme 9).

Scheme 6.
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Scheme 7.
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therefore we attributeéndoposition to H proton. It  results in appearance in thdRJMD spectrumalong-
is known [8] that in the spectra of norbornane andside triplets at26.48 and 38.96 ppnibelonging to
related structures the values of vicinal couplicmn-  carbon atoms €and € and a singlet a77.13 ppm
stants are as a rule greater fais,diexelocated corresponding to € atom also of gquartets é#9.74
protons ( 8.810 Hz) than forcis,diendelocated ones and 19.27 ppnthat may be assigned gemdimethyl
(J 6-9 Hz). The comparison of coupling constants groups CH, and C%H,. From the'*C™H correlation
betweencis-located protons Biand H in compound spectrum on direct constagts it was found that the
Il (I, 10 Hz) andIV (3, , 7 Hz) indicates the Signal at19.27 ppm in the'*C NMR spectrum cor-
exoposition of H proton in the formecompound and  responded to the methyl groygeak atl.40 ppm in the
its endeposition in the latter. H NMR spectrum; likewise the signal @9.74 ppm
_ 3 in the former spectrum corresponded to that at
The comparison of °C NMR spectra of com- 1 19 ppm in the latter. In thdouble resonanctH-H
pounds IX and X with the corresponding spectra spectrum the decoupling from protor? it 3.32 ppm
published in [9] shows that the hydroxy and vinyl caysednarrowing of somewhat broadened signal of
groups are in trans-configuration in compoudand  methyl group at1.40 ppm evidencing the remote
in cis-configuration in compoundX. We give the coupiing between the axially locatqutoton H and
NMR spectral data for these compounds since there ;e methyl group @°H,. The axial position of B
no assignment of the signals in the publistspectra.  proton follows also from thevalues of vicinal coupl-

The assignment of methyl group peaks in fie  INg constants with two protons *H(Jz, 4, 11.5 and
and3C NMR spectra of compoun®V and establish- J3age 4-5 Hz). Thedownfield shift of proton signals
ment of configuration for all substituents was done ad" “H NMR spectrum from two methyl groups by

follows. Thedecoupling from proton Blat 3.32 ppm ~0.2-0.3 ppm as compared with the peak of thed
ping P PP methyl group may be ascribed to the influence of the

Scheme 9. triple bond CZ—C . As seenfrom Dreiding models,
the anisotropic effect for the ]éHg group may arise
only if the ethynyl group take the axial position in the
pyran ring. It may be concludedfrom the above
reasoning that in compoundV the methyl group
C!H, and ethynyl group are in axial positions
whereas the methyl groups’@, and C*H, and also
the OH group take the equatorfabsitions, and there-
fore the groups €H and OH are cis with respect to
0 OAc OAc each other.

[O] | Y / Y Analogously to compoundXV was performed
the assignment of signals and determined the configur-

ation of substituents in compourkilV : we took into

XVl XIX account the similarity of chemical shifts of methyl
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Table 1.'*C NMR spectra of compounds, b, lla, b, Ill, IV, IX, X, XIV, XV

KHOMENKO et al.

, CDCl, CCl,(1:1), 3, ppm

Carbon la Ib lla IIb 11l
no.
1 42.90 d 4391 t 111.94 t 111.81 t 89.83 s
2 57.46 d 57.64 d 144.73 d 144.75 d 77.54 d
3 69.00 s 68.76 s 72.47 s 72.47 s 42.06 t
4 41.24 t 38.67 t 38.60 t 38.53 t 84.54 s
5 22.16 t 2191 t 23.44 t 23.45 t 33.33 t
6 124.24 d 124.39 d 64.28 d 64.18 d 29.28 t
7 131.42 s 131.42 s 58.81 s 58.44 s -
8 17.61 ¢ 17.61 ¢ 18.65 ¢ 18.62 ¢ 33.15 d
9 25.66 q 26.09 q 24.75 q 24.77 q 18.00 ¢
10 22.76 q 22.76 q 28.11 q 27.88 q 17.65 ¢
11 19.20 ¢
Carbon v IX X XV XV, l.JC,H, Hz
no.
1 88.40 s - - - -
2 76.72 d 75.07 s 75.89 s 73.42 s 77.13 s
3 45.37 t 70.96 d 74.84 d 36.48 t 74.82 d, 140
4 85.46 s 24.34 t 25.90 t 17.56 t 26.48 t, 129
5 3256 t 27.70 t 32.67 t 38.30 t 38.96 t, 130
6 3285 t 73.27 s 73.27 s 67.04 s 66.69 s
7 - 147.16 d 146.61 d 89.08 s 88.45 s
8 3256 d 110.17 t 110.44 t 7131 d 72.03 d, 248
9 18.16 ¢ 27.33 q 29.64 q 33.11 ¢ 29.74 q, 129
10 18.16 ¢ 26.37 q 20.77 q 25.25 q 19.27 q, 126
11 16.37 ¢ 30.90 ¢ 31.83 q 32.66 q 32.13 q, 129
Table 2. *C NMR spectra of compoundsVl, XVII, XVllla,b, XIX, XX, XXII , CDCL, 3., ppm
Carbon XVI XVII XVllla XVlllb XIX XX XXII
no.
1 113.04 t 113.00 t 87.92 s 87.92 s 113.44 t 11351 t | 11291 t
2 141.64 d 141.63 d 56.98 d 56.94 d 141.18 d 141.03 d | 141.67 d
3 82.65 s 82.63 s 41.66 s 41.66 s 82.42 s 82.21 s 82.68 s
4 39.77 t 39.66 t 86.07 d 86.07 d 36.53 t 3351t 39.92 t
5 22.00 t 21.94 t 26.59 t 26.59 t 23.02 t 3541 t 21.97 t
6 125.03 d 125.22 d 28.57 t 28.57 t 64.46 d 213.64 s | 124.38 d
7 134.44 s 134.18 s - - 60.88 s 4581 d | 135.35 s
8 28.30 t 25.79 t 20.78 t 20.78 t 32.73 t 32.88 t 31.74 t
9 27.25 t 38.53 t 39.61 t 39.63 t 23.98 t 2558 t 26.39 t
10 63.91 d 214.14 s 82.84 s 82.84 s 123.60 d 123.65 d | 124.15 d
11 58.17 s 40.73 d 141.52 d 141.58 d 131.90 s 132.13 s | 131.36 s
12 18.57 ¢ 18.08 ¢ 113.21 t 113.17 t 17.51 ¢ 17.57 ¢ 17.44 ¢
13 24.77 q 18.08 ¢ 21.31 q 21.31 q 25.57 q 25.58 q 25.54 q
14 23.17 q 23.02 q 32.40 q 32.40 q 22.14 q 16.33 ¢ 23.20 q
15 23.50 q 23.53 q 19.71 ¢ 19.71 ¢ 23.55 ¢ 23.63 q 23.39 q
16 169.79 s 169.79 s 23.36 q 23.36 q 169.79 s 169.71 s | 169.72 s
17 22.00 q 21.94 q 169.74 s 169.74 s 22.03 q 22.03 q 21.97 q
18 22.04 q 22.04 q
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groups resonances in thel NMR spectrum and the Preparation methods for sulfated zirconium and
narrowing of the methyl group signal &t43 ppm in titanium oxides are described in [12] and [13] re-
the double resonanckH™*H spectrum at decoupling spectively. The solvent was purified by passing
from proton H?2 giving signal at1.30 ppm. through a colummpacked with calcinedlumina.

13C NMR spectra of compoundgll andVIIl are Rearrangements of diastereomers of 1,2-epoxy-
consistent with published dafa0]. According to'H  linalool (la, b). Initial alcohol XI was purified by
and °C NMR spectra acetatVIIl is a mixture of successive chromatograpliyst on ALO; (Il activity
compoundsXVllla, b andXVllic, d in ~4:1 ratio. grade,gradient elution with hexane containirigom
These compounds presumably &e andendoeiso- 0 to 50% of ethylether),then on SiQ (100-160u,
mers at carbon € and each of them is mixture of the same eluent);afis, +15.45 (c 2.20, CHC)).
two diastereomers. To a solution 0f0.82 g of alcohol XI in 7 ml of
benzene was added.02 g of VQacac). At room
temperature whilestirring was added 1 ml of
t-BUOOH (70%), then the mixture was boiled at
stirring for 14 h. The reaction mixture was treated
with water solution of NaHCQ washed withwater,
EXPERIMENTAL and dried with NgSO,. On evaporating the solvent
1 13 _ 0.65 g of residue was obtained containing 31% of
H and “C NMR spectra were registered on compoundX!, and 37% of compounds, b (GLC).
spectrometer Bruker AM-400 at operating frequenuesq;hromatography of the residue on SiQ00-160u,
400.13 and 100.61 pprespectively from solutions ejyent hexane containinffom 10 to 50% of ethyl
of compounds inCDCl; or CDCL-CCl,, 1:1. As  ether) afforded0.23 g of initial alcohol XI and
internal reference served the signals of chlorofoém (g 163 g ofepoxidesla, b in ~1:0.2 ratio according
7.24, 8¢ 76.90 ppm). The structure afompounds 5 4 NMR data. L, +6.09 (c 2.30, CHCY).
was established from NMR spectra basing on thespectrym!H NMR of compoundia, 8, ppm ¢, Hz):

coupling constants analysis with the use of double; 11 5 (A%.) 1.55 m (2H). 1.57 br.d (CH.. J
resonance spectrdH-'H, and from the*C NMR 1:5) 1.(63 dg)t (él_|3 Jge 1’5'\]95 1') (1.8?5 s

spectra. Theassignment of signa_ls in thEC NMR OH), 2.05 m (2H), 2.59 d.d (Hcis, J1cic 1rans 5.5,
spectra was carried out by selective and off-resonanc rans :

i 1cis,2cis 4) and 2.67 d.d ('lf ' J 5-51 Jltrans 20'53)
decoupllng_frorrproftons. Insome cases waserform- SyStemAB, 2.85 d.d (HSS J 4, 3), 5.04t.q.q (IHB
ed registering of differential spectra modulated WlthJ6’57’ J1.5, 1.5). Fominor isomerlb some signals

remote coupling **C-'H (LRJMD, experimental 7 1 > )
conditions optimized for remote coupling constantsboth in "H and ~C NMR spectra coincide with the

Jcn 10 Hz). ForcompounddX, X1V, XV were addi- gorresponding signals of _thg r_nain isomer, in the
tionally recorded two-dimensional heteronuclear cor-:]'| [;H\I/IIR ;pecf[ruml were mdwﬁua}ll{ fbsefé‘gg only
relation spectrd®C-1H (COSY, with the use of direct € 0 owmng&gna s6, ppm ¢, Hz): 1.10 s ( HCS')S’
coupling constant'J, 135 Hz). The *C NMR 147 m (2H), 1.76 br.s (OH), 2.63 d.d (R™

i chis,ltrans 5.5, JlCiS,ZCiS 4)’ .2-76 d.d (Htrans, J 5.5,

spectra are presented in Tables 1 and 2. T 88 dd (45 14, 3), 5.03t.0.q (.
The purity of the initial compounds washecked 3. . 7, J. 5 1.5, J; 4 1.5).

and the reaction products were analyzed by GLC on ™ 1 ’ , _
Biokhrom-1 chromatograph equipped with flameioniz- A solution 0f0.075 g ofepoxideda, b in 10 ml of
ation detector and two columns: (a) glass capillaryCH;Cl,and 0.145 g of-zeolite (preliminary calcined
column 530006 0.26 mm, stationary phas&E-60; for 2 h at 500C) was stirred for 1 h at 2C. After
(b) capillary quartz column 130000.22 mm, sta- Workup we obtained.07 g ofproducts mixture that
tionary phase SE-54, carrier gas heliumoven Wwas applied to a column packed with J@; of IV
temperature 8a180°C. Elemental composition of the activity grade (eluent ethyéther). The residue after
newly synthesized compounds was estimdtedh the  evaporation of the solverf0.035 g, 56% ofll , 28%
high resolution mass spectra obtained on Finnigaef IV by GLC data) was subjected to column
MAT 8200 instrument. The GC/MSanalysis was chromatography on SiO(40-100u), eluent hexane
carried out on Hewlett Packard 61810@Astrument. containing from 0 to 50% of ethydther. Weisolated
The optical rotation was measured on spectrometed.008 g ofalcohol Il and 0.004 g ofalcohol IV.
Polomat A in CHCl,. Alcohol Il , [a]%3, +6.48 (c 1.06, CHC}). Found

CompoundsXI, Xl , and XXII were identified
by comparing their NMR spectra with the published
data [11].
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M* 170.13050. GH,40,. CalculatedM 170.13067.
'H NMR spectrum,s, ppm @, Hz): 0.891 d and
0.893 d (CHj,, CHg, J7), 1.24 d.d (H", Iy, 3,13,
Jan 2k 4), 1.34d.d.d.d (¥ g 6n12, Joi 5k 12, g 5n
5.5, Jo2q 2), 1.35 s (CHy), 1.59 d.d.d.d (H
Jsisn 12,3 12, Jgy 61 5.5, Jgi 5 3), 1.63 m (H7),
1.81 br.s(OH), 1.91septet (H, J 7), 2.00d.d.d.d
(H3* 313, Jg 10,3 3, 1), 2.27d.d.d (H", J 12,
Jon 5n 8, J 5.5), 3.86d.d.d (H¥ J 10, 4, 2). Alcohol
IV, [a]%, -2.47 (c 0.46, CHC}). Found M*
170.13067. G,H,;0,. Calculated M 170.13067.
'H NMR spectrum,5, ppm @, Hz): 0.93 d, 0.95 d
(C%H,, C™H;, J7), 1.32d.d.d (H¥ Jg 3013, Ja 5
3, Ja 0 2), 1.38 s (G'H,), 1.36-1.59 m (21, 2H°),
2.02 d.d (H", J 13, J;,,,7), 2.03septet (H, J7),
3.66 d.d (H" J 7, 2).

Rearrangements of diastereomers of 6,7-epoxy-
linalool (lla, b). To a mixture of1.04 g ofalcohol
Xl and 195 ml of 0.25 Mwater solution of NaHCQ
was added 66 ml 00.15 M water solution of mono-

perphthalic acid. The mixture was stirred for 2 h at

0°C. After common workup.56 g ofproducts mix-
ture was obtained69% of epoxideslla, b by GLC
data). The mixture wasubjected to column chromato-
graphy on SiQ (Czechia, 40100u), eluent hexane
containing from 0 to 50% of ethydther. Weisolated
0.22 g of epoxideslla, b (2.4:1, H NMR data).
H NMR spectrum of epoxidéla, 8, ppm @, Hz):
1.20 s (C%H,), 1.22 s, 1.23 s (BH,, CH,), 1.41-
1.72 m (2H, 2H°), 2.16 br.s(OH), 2.63 m (H),
4.98 d.d (HC|31 chis,20i510'51chis,ltransl-s)a 5.15d.d
(H"®" 3 ans.26is 17.5, 3 1.5), 5.79 d.d (A
J 17.5, 10.5).1H NMR spectrum of epoxidéib, 8,
ppm @, Hz): 1.20 s (C%H,), 1.22 s, 1.23 s (BH,,
C%H,), 1.41-1.72 m (2H, 2H’), 1.94 br.s(OH),
2.63 m (I-P), 4.97 d.d (HCIS, chis,20i510'51chis,ltrans
1.5), 5.14 d.d (H™ Jyyans 2cis 17.5, J 1.5),
5.82 d.d (H, J 17.5, 10.5).

To a suspension 00.32 g of ZrQ/SOi" (pre-
liminary calcined for 2 h at 50@) in 10 ml of
CH,CI, was added a solution d.18 g of epoxides
lla, b in 2 ml of CH,Cl,. The stirring at 6C
continued for 0.5 h. After workup of the reaction
mixture and passing of the residue through a colum
packed with AbO; (of IV activity grade,elution with
hexaneethyl ether, 1:1) weobtained 0.148 f of
mixture containing by GLC data: compouridll ,
46%; compoundVIIl , 26%; compoundIX, 19%,
and compoundX, 9%. The mixture was subjected
to column chromatography on S§@40-100u), eluent

KHOMENKO et al.

hexane containinfrom 0 to 30% of ethylether. We
isolated0.022 g ofoxide VII, 0.003 g ofoxide VIII ,
0.025 g ofoxide X, 0.009 g ofoxide X, and 0.026 g
of a mixture of compoundsVIl and VIII .

CompoundVIl, [a]23, -1.55 (c 1.93, CHCH).
'H NMR spectrum3, ppm ¢, Hz): 1.07 s and 1.18
s (C'Hg, C®Hj,), 1.28 s (G™Hy), 1.68 m (H), 1.72
-1.85 m (2H), 1.85 m (H), 1.89 br.s (OH), 3.71 t
(H J54 7), 493 dd (H Jjggs ocis 10.5,
JlOcis,lOtransl-S)’ 5.13 .d'd (|;|Otrans; JlOtrans,Qcisl7'51
J 1.5), 5.80 d.d (S J 17.5, 10.5).

CompoundVIIl , [a]2§, +2.63° (c 1.33, CHCY).
'H NMR spectrum,8, ppm @, Hz): 1.09 s, 1.20 s
(C'H,, CBHJ), 1.29 s (C'H,), 1.76 m (H), 1.80-
1.89 m (2H), 1.90 m (H), 3.80 t (H, J5 4 7),
4.97 d.d (HOCIS, JlOcis,Qcislll JlOcis,lOtransl-S)’ 5.15
d.d (H"" 3 oians.ecis 17-5,J 1.5), 5.93 d.d (H,
J 17.5, 11).

Compound IX, [a]33, -8.60° (c 2.21, CHCH).
'H NMR spectrum,8, ppm @, Hz): 1.13 s, 1.17 s
(C°Hj, C'y), 1.15 s (C'H3), 1.63 m (H), 1.67-
1.73 m (2H), 1.81 br.s(OH), 1.88 m (H), 3.30 m
(H3), 4.88 dt-d (F?ms, ‘]8cis,7cis 11' ‘]8cis,8trans 1-2),
?Hggs djdléki’ f;”li) Jatrans, 7cis 18, J 1.2), 5.85 d.d

Compound X, [a]%3, -3.70° (c 1.08, CHCH).
'H NMR spectrum3, ppm @, Hz): 1.11 s (CH,),
1.12 s (C%,), 1.18 s(CH3), 1.53 m (H), 1.59-
1.69 m (2H), 2.08 m (H), 3.35 m (H), 4.93 d.d
(H8trans, ‘]8trans,7cis 18, ‘]8trans,8qis 1)’ 4.94 dd (ﬁCIS,
Jagis 7¢is11,J 1), 5.92d.d. (H'®S, J 18, 11).

A solution of 0.077 g ofepoxideslla, b in 0.3 ml
of SO,FCI was added at100°C to a solution of
0.87 g of HSQF in 1.7 ml of SQFCI. The reaction
mixture was treated with a mixture of 10 ml of
methanol and 4 ml of ethyéther, neutralized with
17% water solution of NACO;, the reaction products
were extracted with ethydther, theextract was dried
on MgSQ, and the solvent was evaporated. The
residue was passed through a columpacked with
AlL,O; (of IV activity grade,eluent ethylether). We
obtained0.055 g ofproducts mixture containing 27%

Wi compoundVll and 16% of compouniflll accord-

ing to GC/MS data.

Linalool (XI) rearrangements. To a suspension
of 0.3 g of ZrQ/SOi_ (preliminary calcined for 2 h
at 500C) in 5 ml of CH,CI, was added a solution of
0.15 g oflinalool (XI) in 1 ml of CH,Cl,, and the
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mixture was stirred for 1 h at 2C. After a workup
and chromatography on a column packed with @y
(of IV activity grade,eluent ethyl ether) we obtained
0.108 g ofproducts mixture containing 55% of com-
pound XII (GLC). The latter was subjected to
chromatography on SiO(40-100u), eluent hexane
containing from 0 to 50% of ethydther. Weisolated
0.017 g of compoundXIl, [a]%3, -2.38 (c 1.68,
CHCI).

Dehydrolinalool (XIIl) rearrangements. To a
suspension 0f0.34 g of ZrQ/SOﬁ" (preliminary
calcined for 2 h at 50@C) in 10 ml of CH,CI, was
added a solution 00.17 g ofdehydrolinalool XIII )
in 2 ml of CH,Cl,, and the mixture was stirred for
0.5 h at 20C. After a workup and chromatography
on a column packed with AD; (of IV activity grade,
eluent ethyl ether) we obtaine@l155 g of products
mixture containing 57% of compoun¥lV (GLC).
The latter was subjected to chromatography on,SiO
(40-10Qu), eluent hexane containingom 0 to 50%
of ethyl ether. Weisolated0.032 g ofoxide XIV .

'H NMR spectrum,3, ppm @, Hz): 1.15 s (CH.,),
1.30 d.d.d.q (H? J33c 13, Jga4a 13, 3046 3.5,
J3a.101), 1.35d.d.d (I—?a, Jsa 56 13, Jsq 42 13,
3.5), 1.42 s (€'H,), 1.43 br.s (€°H,), 1.52
(H3® J13, 3.5,J3¢,4¢3.5, Jz 5¢1.5), 1.59d.
(H* J 13, 3.5, 3.5, 3.5)4¢ 5¢3.5), 1.81d.
(H*¢, J 13, 3.5, 1.5,J5, 4,3.5), 1.98d.d.d.d.d (H?,
J 13, 13, 13, 3.5, 3.5)2.28 s (H).

To 0.092 g ofdehydrolinalool Xl ), 4 ml of
CH,CIl,, and 2 ml of saturated water solution of
NaHCO; at °C was added0.14 g of 80%
m-CIC¢H,CO;H [14], and the mixture was stirred at
0°C for 1 h. After workup we obtaine®.078 g of
compoundsXIll and XV in ~1:1 ratio (GLC). By
column chromatography on silica gel D0,
eluent hexane containinffom 0 to 30% of ethyl
ether) was isolate@.13 g ofinitial alcohol XIIl and
0.014 g of tetrahydropyrarderivative XV. Com-
pound XV. Found M* 168.11486. GyH,0,. Cal-
culated:M 168.115021H NMR spectrump, ppm ¢,
Hz): 1.19 s (CHy), 1.40 br.s (@°Hy), 1.41 s
(CMHy), 1.58d.d.d (H? Jsa 56 13, Jsasa 13, Jsa4e
3.5), 1.72 d.m (M, Jse 4213, dse 30 4.5, Jae 52 3.5,
Jse.563.5), 1.93d.d.d.d (H?, J 13, 13,J,,4,11.5,
Jiase3.5), 1.97 m (H9, 2.28 s (H), 3.32d.d (H?,

J 11.5, 4.5).

Rearrangements of cis-nerolidyl acetate (XXII)
epoxides. Original acetateXXl was prepared from
cis-nerolidol (XXI) by procedure from15] in 97%
yield. *H NMR spectrum,s, ppm @, Hz): 1.51 s

J5a,4e
d.d.d.d
d.d.d.d
d.d.d.d
( a
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(C'®H,), 1.58 br.s (¢°H,), 1.65 m and 1.66 br.s
(C¥®*H,, CH), 1.73 m and 1.79 m (2H, 1.90-
2.06 m (28, 2H8, 2H%, 1.97 s (C'H,), 5.06 t.m
(H% Js5 7), 5.08 tm (H% J,4 7), 5.08 d.d
(H1C|S1 JlCiS,ZCisll' chis,ltransl-z)’ 5.11 d.d (|;|trans,
Jitrans. 2¢is1 7-5,9 1.2), 5.93 d.d (4 J17.5,11).

To 2 g of acetatexXXIl , 15 ml of CH,CI,, and
40 ml of 7% water solution of NaHCQat room
temperature whilestirring wasadded2.15 g of 80%
m-CICgH,CO;H. The stirring wascontinued for 1.5 h,
and the reaction mixture was poured into a water
ether mixture.After a common workup we obtained
1.92 g of amixture containing the original acetate,
10,11-epoxideXVI, 6,7-epoxideXIX, and a mixture
of diepoxides in a ratio 1:3.2:2.1:1.65LC). By
column chromatography on silica gel D0,
eluent pentane containinfom 1 to 5% of ethyl
ether) was affordedl.03 g (49%) of amixture of
epoxidesXVI and XIX in 2.2:1 ratio(GLC), 0.4 g
(17.6%) ofdiepoxidesmixture, and 0.24 g (12%) of
original acetateXXll ). The repeated chromatography
of the monoepoxides mixture on Si@nder the same
conditions we isolated compoundé/l and XIX in
the individual state.’H NMR spectrum of epoxide
XVI, 8, ppm @, Hz): 1.24 s, 1.28 s (BH,, C3H)),
1.51 s (C°H,), 1.53-1.65 m (2H), 1.66 d.t (C*H,,
Jug 1.5, Jiu5 1.5), 1.73 m and 1.84 m (ZH
1.96 m (2H), 1.97 s (C'H,), 2.05-2.19 m (2H),
2.67 t (H Jyp96.5), 5.09 d.d (K s 211,
I 1vanel), 511 br.t (f, Jgs 7), 5.12 d.d (HT*"S
Jirans, 20is 17:5, 3 1), 5.93 d.d (H, J 17.5, 11).
H NMR spectrum of epoxid&IX, §, ppm (, Hz):
1.27 s (C*H,), 1.44d.d.d (H, Jog 135, %59,
J&%v 7), 1.51 m (2H), 1.54 s (C°Hy), 1.60 br.s
(C'?H,), 1.67 br.s (¢°H,), 1.89 m and 1.97 m
(2H%, 1.98 s (C'H,), 2.08 mm(2H), 2.66 t (H,
Jo.5 6.5), 5.00t.9.q (H Jioe 7, 1015 1.5, Jig 13
1-5), 5.11 dd (HCIS, JlCiS,ZCiS 11, chis,ltrans 1)1
5.14 d.d ("™ J};ans.26is17.5, 1), 5.91 d.d (H,
J 17.5, 11).

A mixture of 0.038 g ofepoxideXIX, 0.07 g of
TiOZ/SOf[, and 5 ml of CHCI, was stirred for
15 min at 20C. After common workup we obtained
0.019 g of a mixturecontaining ketonexXX and
original compoundXIX in 8:1 ratio (GLC). By
column chromatography on silica gel MO,
eluent pentane containinfom 3 to 4% of ethyl
ether) was isolate®.012 g ofketoneXX. 'H NMR
spectrum,8, ppm @, Hz): 1.04 d (CHg, Jiu7 7),
1.32d.m (H, Jg ¢ 13.5), 1.56 br.s (€H;), 1.66 br.s
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(C*H,), 1.67 d.m (H, J 13.5), 1.92 m (28,
1.96 m and 2.11 m (28, 1.99 s (C'H,), 2.33-
2.48 m (2H), 2.50d.d.q (H, 3,57, ;¢ 7,3 7),
5.04t.q.q (H, 310 07, J10,121.5, J10.13 1.5), 5.11 d.d
(H ' JlCiS,ZCiS 11' chis,ltrans 1)1 5.12 br.d (H )
Jitrans.2¢is 17.5), 5.89 d.d (A J 17.5, 11).

To a suspension of 0.1 g of TUBCO; (pre- 1.

liminary calcined for 3 h at 40@C) in 3.5 ml of
CH,CI, was added.06 g ofepoxidesXVI andXIX
mixture (2.6:1, GLC), andstirring was carried on
for 15 min at 20C. The catalyst was filteredff, the
solvent was distilledoff, an 0.056 g of rawproduct

was obtained. The product was passed through a™

column packed with Si© (40-100u, eluent pentane
containing from 10% of ethyl ether) to affo@04 g
of a mixture containing acetate®/Ill , ketoneXViIl ,
and ketoneXX in 1:3.1:1.8 ratio(GLC). The mix-

ture was subjected to repeated chromatography ong

SiO, (40-100u, eluent pentane containifgom 5 to

7% of ethyl ether) to yield individual compounds g
XVII and XX and a mixture of acetateXVIII .

'H NMR spectrum of keton&VII , &, ppm (J, Hz):
1.06 d (G?H,, C™®H,, J7), 1.49 s (C°H,), 1.62 d.t
(CYHg, Jia6 1.5, s 1.2), 1.72 m and 1.82 m

(2HY, 1.93's (2H), 1.96 s (C™H,), 2.21 m (2H), 7.

2.45 s (2H), 2.57 septet (R, J 7), 5.07 d.d (H°S

‘]lCiS,ZCi 11' chis,ltransl)1 5.08 br.t (FT, ‘]6,5 7), 5.11 8.

d.d (H'"" J)yans 26is 17.5, 3 1), 5.92 d.d (H, J

17.5,11). 'H NMR spectrum of acetate&Villa, b, -

8, ppm @, Hz): 0.844 s and 0.841 s &), 1.033 s
(C*H,), 1.348 s and 1.345 s {fH,), 1.512 s
(C'°Hy), 1.985 s (C%Hy), 3.75 d (H, J, 5, 5),
5.107 d.d and 5.103 d.d (A Jjogs 11cis 11,
Jiocis 12tans 1), 5.123 d.d and 5.125 d.d tH™"™
Jiowans 11cis17-5,J 1), 5.926 d.d and 5.929 d.d tH
J 17.5, 11), 1.071.20 m and 1.42.05 s (other
protons). *H NMR spectrum of acetatesVllic, d ,
8, ppm @, Hz): 0.869 s, 0.876 s, 1.014 s (&,
C™H,), 1.282 s (¢°H,), 1.503 s (C®H,), 1.975 s
(C®H,), 3.68 d (H, J,5 5), 5.092 d.d (K5
JlZcis,llcis 11' ‘]12cis,12trans 1)1 5.117 dd (|j|2trans;
Jiowans 11cis17-5,J 1), 5.930 d.d and 5.934 d.d tH
J 17.5, 11). In the ®*C NMR spectrum of isomers

XVlllc, d we failed to separate and attribute all 15,

signals,5., ppm: 18.75 q, 21.37 t, 21.48 q, 23.17 q,
23.29, 25.61 t, 26.00 q, 38.81 t, 39.75, 55.94 §)(C
83.00 s (G9, 85.98 d (¢), 86.59 s (C), 112.98 t

2. Gavrilyuk, O.A.,

10.

11.

12.

13.

14.

KHOMENKO et al.

and 113.10 t (&), 141.61 d and 141.64 d (8.
13C NMR spectra of isomerXVllla, b are given in
Table 2.
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