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Abstract—Isomerization of camphene and-fenchene epoxides under homogeneous and heterogeneous
conditions in media of various acidity was studied. The intermolecular reactions of these apoppunds

with unsaturated aldehydes, allyl alcohol and methanol on askanite-bentonite clay \gpldeakcetals, and
open-chain hydroxyethers aratetals. The resultebtained are compared to those for reactions with the
initial monoterpenes.

Acid-catalyzed reactions of epoxy derivatives of We studied acid-catalyzed reaction of a mixture of
natural substances are of great importance for theptically active epoxidetl andlll , and of a mixture
chemistry of terpenes. In the present study weof epoxidesV andVI in a system HS@F-SO,FCI at
investigated intra- and intermolecular reactions of~90°C. The acid solutions were quenched with
camphene epoxidel, Il and a-fenchene epoxides CH3;OH-(C,H5),0O mixture. Fromepoxy compounds
V, VI under homogeneous and heterogeneous condit andlll a racemic 2,2-dimethyl-8ndedimethoxy-
tions. Although the epoxides under investigation weremethylbicyclo[2.2.1]heptane V(la) was obtained
prepared previously [1, 2], theacid-catalyzed intra- (Scheme 2), and epoxy compourdsandVI yielded
and intermolecular reactions are poorly understoodtacemic 7,7-dimethyl-Zndedimethoxymethylbi-
Besides we compared these reactions with analogouyclo[2.2.1]heptaneMllb ). The product¥/lla, b are
transformations of the initial bicyclic monoterpenes inracemic, thus before the iotakes up a methanol
order to establish the effect of the way of cationic molecule it undergoes rearrangements resulting in
center formation on the result of a cationoid rearrangeacemization.

ment.
Epoxidesll, 1l andV, VI obtained by treating Scheme 2.
with peracetic acid camphenk) @nda-fenchene ) ®  ©
formed in 2.3:1 and 1:1 ratio respectively R*r R' R' R R 7 R
(Scheme 1). Initiak-fenchene IV') was prepared by E R f R HSO,F-SOFCl > R
acetolysis ofa-fenchol tosylate as described [B]. R R 90°C R
The epoxides useturther in reactionsontained the —— S 7 A°H
isomers in the above indicatedhtio. IL V IHOVI ~H, CH,0H H,cO~ OCH,;
4 12 11
Scheme 1. VIIa, b
Han7HS9 I,R=CH, R = H; ll,R=CH, R = H; V,
i \NE R= H,R=CH; VI,R= H,R = CH; Vlla,
AQL o +L% R=CH, R = H; Vb, R= H,R = CH,.
—_— 5 4 7 S
| o’ I The variation of the acid medium provides a pos-

sibility to change the character of tlaeising products

9 10
; and to managéheir ratio. Theisomerization of epoxy
6 2 compounddl andlll on a solid superacid TigS0;
—_— + . . . .
or askanite-bentonite clay furnished a mixture of
5 O 2,2-dimethyl-3ende (Vllla ) and 2,2-dimethyl-3xo
\Y

Vv VI formylnorbornanes 1Xa) with aldehyde Vllla
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ACID-CATALYZED REACTIONS OF CAMPHENE 811

Scheme 3.
\ \ Voo ® © \
R' R . R' R N R R R R
o + R ’\’H R
R R -H + R
O — R —o+
0 ¥ H ©
CH,OH HH
ILV I, VI A VIIIa, b Ia,b
I, R= CH, R =H;Il,R=CH, R = H;V,R=H, R=CHy; VI, R= H,R= CHy Vllla, R =
CH;, R'= H;IXa,R= CH, R'= H;VIllb,R= H, R = CH,; IXb, R= H, R = CH,.
prevailing, whereas the isomerization of tlsame from camphene. Wehowed that at quenching by a
epoxides Il and Il mixture in the formic acid mixture CH;OH-(C,H;),0 of a solution of compound
provided mainly aldehyddXa (Scheme 3). I in acid system HSEF-SO,FCl a racemic product was

isolated, 2,2,3-trimethyl-&xomethoxynorbornane

geneous catalysts also resulted in formation Oﬁ(e)th(;rrlglnaﬂglge Cgﬁm(scc?,pet%f f)fcatlon B with a
aldehydes with considerable prevalence Gf-di-

methyl-3-endo-formylnorbornane V(b ), and in The isomerization of the other initial olefifv
formic acid epoxides/ and VI were converted into in superacid media at various temperature led to re-
isomersVIllb andIXa in 1:1 ratio. Thealdehydes arrangement of the fenchane skeleton and its opening
Vllla, b, IXa ) in contrast to compound¢glla, b are into a monocyclic allyl cation[6].

optically active; thus the ratio of rates of 1,2-hydride
shift in ion A arising at the opening of the epoxiyng

in compoundsll, I, V, VI , and the rates of the
other rearrangements leading to racemization depemi
on the nature of the medium:

Isomerization of epoxided/ and VI on hetero-

We studied intermolecular reactions of epoxides

I, 1, V, VI with oxygen-containing compounds in

e presence of heterogeneous catalysts, and we

mpared these processes with similar reactions of
camphenel(. As was showr{7], camphenel( with
unsaturated aldehydes and ketones on wideporous

Villa:1Xa Vllib:1Xb zeolite B provided either compoun#l, a product of

[3+2]-carbocyclizationwith methacrolein, or com-

'?‘is(l)(?g'gfbe;éfg'mlay’ 20C gi gi poundsXIl that could be formally regarded as pro-
Hcéoﬁ“looc 1:6 1j1 ducts of o-substitution of a hydrogen atom in the

molecule of the initial compound (Scheme 5).

The isomerization of the initial bicyclic mono-  In both cases the positively chargpeblefin carbon
terpenes was investigatearlier. It isknown [4] that of the carbonyl compound attacks the double bond of
isomerization of an optically active campheri¢ i  camphene with conservation of the carboigybup.
acid medium results in racemization. In a superacidReactions of epoxidds, Ill  with aldehydegacrolein,

[5] a stable camphene-hydrocation B was generatethethacrolein, crotonic aldehyde), and epoxides/I

Scheme 4.

A AT Ay
o2

CH,OH f

6,2~H

Az =
o
pe

i Here and hereinafter we use the following notatiopuadtons: H*" is 7antiH, H’® is synH; x is exa n is enda
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with acrolein on askanite-bentonite clay follow reveal the most stable and thermodynamically feasible
anotherroute. Thereaction products are spiroacetalsreaction products we performed on models calcula-
Xl containing a 1,3-dioxolane rin@cheme 6). The tions, semiempirical (AM1) for cations and by
structure of 3,3-dimethylbicyclo[2.2.1]heptanesR( molecular mechanics (MMX) for neutral compounds.
spiro-5-(2'-allyl-1',3'-dioxolane) Kllla), 3,3-di- According to the calculations the protonation of
methylbicyclo[2.2.1]heptane-g-spiro-5-(2'-propen-  epoxidesll andlll with no barrier provides theame
yl-1',3'-dioxolane) ~ Klllb ), 3,3-dimethylbicyclo- cation A (Scheme 7, valuesH?, AG", kcal mor?).
[2.2.1]heptane-B)-spiro-5-(2'-isopropenyl-1,3'-di- ~ Furtherreaction may take differenutes: either the
oxolane) Kilic ), 7,7-dimethylbicyclo[2.2.1]heptane- carbocation reacts with the oxygen of the aldehyde
2(9-spiro-5-(2'-allyl-1',3'-dioxolane) Kllid ) was Yielding an intermediate compound D, or tte2-
established from NMRspectra. hydride shift results in cation C. Cation C may either
) _ , o ... . eliminate a proton to formaldehydeVllla or react
Th'e side reaction, isomerization of the initial jith aldehyde to afford 1,3-dioxetan¥V; however
epoxides, affords the corresponding aldehydes. Thghe |atter compound was nabserved. Asshow the

ratio of the sum of isomerization productdlla +  cajlculations, compoun®V is less stable than spiro-
IXa to the products of the intermolecular reactionacetal XIV . Therefore,since the acetal formation is
Xllla, b, ¢ in reactions of epoxidesl, Ill with  reversible, the morestable 1,3-dioxolanesXIV

aldehydes amounted tel:1 and did not depend on should form as weactually observe.
the temperature; in reaction of epoxides VI with

iuir'ocl)eén this ratio was\lllb + 1Xb ):(Xllld ) = XIVa andXIVb in reactions of epoxideH, Il with
I aldehydes and of epoxideg, VI with acrolein was
Let us consider the probable mechanism of spiromade asfollows. The calculations by MMX proce-

acetalsXllla -d formation in more detail. In order to dure show,that compoundsXlVa and XIVb are

The choice between the alternativetructures

Scheme 5.

5+
CH,=C(CH;)CHO CH,ZGHCOR E /
Zeolit <~ Zeolite _
CH, cote colite CH,CH,CHCOR
&-CH, I
= lNH+

~C-C [

CH,CH,CHCOR
XII

OHC

X1
R = H, CH,
Scheme 6.
8 9
2 2 7 g 7
R’ R’ Re® 6 L2 L2
R! R RCHO, 09 1R ¢
1 57 10
1+ R clay U __/ 3y 5574
SR A%(_O o 0 O?f% OTJ\Q
14
I, V 111, VI 125
XIIIa—c¢ XII1d

I, R"= CH, R= H;ll,R*= CH,, R*= H;V,R'= H,R= CH; VI, R"'= H, R= CH; Xllla, R = H,
R'= H;Xlllb , R®= CH, R*= H; Xlllc, R'= H, R'= CH,
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Scheme 7.
CH,CHO, i
A% Abf A§< oA
0
AHF = \+..CH;
CH,OH HCr § o
IH A, AH! 13638 oH v
]7370 ) ~101.9 (MMX)
~H “AG# 15.5 (AM1) '
CH,CHO
- - HO
CHO ; OH \CH O‘K
67.7
CH3OH ~83.8 (MMX)

)7f OCH,

H,CO
VIla
equally stable; also the configuration of CHroup in

the heteroring does not notabbffect the stability
of compoundsXIVb and XlIVc.

Yet it is known that nucleophiles attack the
3,3-substituted 2-norbornyl cations predominantly
from the exaeside both in the liquid acids [8] and on
aluminosilicate catalyst§9], whereas the 7,7-sub-

stituted 2-norbornyl cations are subjected to attack
from the endo-side. Therefore we ascribed to the
Q . oxygen atom of the heteroring in the forming spiro-
o)""”/ -0 O_ o acetals exaorientation in compoundsXllla -c and
§ )/ endoeorientation in compoundXllld .
XIVa XIVb XIve In reaction of epoxidesll, Il with crotonic
AH;) ~101.9 ~101.4 ~101.0 aldehyde the arising spiroacetlllic at standing
Scheme 8.
+
A4 L ;
- CHCH=CHCH, CH,OCH(OH)CH=CHCH
XIIlc NC C
Tl +
-H" ||i ~C—C
- i -

O\CHCH CHCH
13 15
XVIc
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Scheme 9.
2 p2 2 p2 + 2 p2 R> R’
R> R R° R H, R R : R!
1 1
R R clay R1 H 1
OR! R! L R > aR
0O A CH,O0H tN0oH
1LV 111, VI s
R’CH,OH lR CH,OH
\
9
(‘%2()1128 ® (Q)Rzg
7 12 R1 7 12 R1
y 21 (12,13) 0 71
R 1 ’ HR
57 OCH2R3 s\ g {213
JoCHZOH R’H,CO OCHzR3
(16,152 14
XVIIa—¢ XVIlla—c
XVII XVII
(@ R = CH, RR. = H, R = CH=CH, 1 4.8
() R = CH,, " = H, RR=H 1 1.5
() R = H, R = CH,, RR. = CH=CH, 1 6
XVIlb =Vila

isomerizes into aceta{VIc with the endeposition of of trans1,2-bifunctional moleculeq11], but these
the oxygen in the heteroringScheme 8). Atroom processes also are poorlynderstood. In ourcase
temperature the isomer ratio ofllic and XVic  main products are acetalXVIIl . We calculated
attains the value of 1:1. stability of the final productsXVIIb and XVIllb in

reactions between epoxidds Ill and methanol. The

CompoundXilic , as also compoundsilla, b, d, stability of hydroxyetheiXVIlb should be compared

is optically active, butacetalXVIc is racemic. This

is an evidence oprimary formation ofacetalXllic ~ not directly with acetakVlilb , but with itsisomer,
that further isomerizes into compoundVic. The semiacetaXIX that is a precursor ocetalXVIlib .

racemization does not occur at the stage of jon A1ere also, as imeaction with aldehydes, the direction
formation,for ion A is rapidly trapped by aIdehydes.Of the process is determined by the stability of the

H 1
The racemization of acetaVic may be rationalized Product, andcompoundXIX is by ~10 kcal mof
by Scheme 8. more stable than compoundVlib .

It should be noted that reactions of epoxides with CH.OH
aldehydes were knowipl0], and Lewisacids were C; ‘Z< > £| 7,\<
used as catalyst; however the processes occurring OCH, SH H
HO O OCH

here were poorly investigated, and no spiroacetals CH,OH CH, H.CO 5
were reported as products. 3
XVIIb XIX XVIIIb

The reactions of epoxidds, 11l with allyl alcohol
and methanol and epoxidas VI with allyl alcohol 0 _100.5 (MMX) AH —109.7 (MMX)
carried out on askanite-bentonite clay provide hydro- Ay 2 ) A
xyethersXVIl and acetalXVIIl (Scheme 9); along-
side this process occurs isomerization of epoxides int
the corresponding aldehydes.

Thus whereas in reactions of epoxy compouhgs
HI, V, VI with aldehydes on clay arise spirocyclic
acetals Xllla -d, and therewith the epoxides are
The main products in reactions of epoxides withprecursors of 1,2-diols, irreactions of the same
alcohols are usualhhydroxyethers. Theopening of epoxidedl, Ill, V, VI with alcohols they provide the
the epoxyring is an important method for preparation aldehyde fragment of open-chain acetals. In the latter
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Scheme 10.

H' % OR
zf é - - RO RO% -
ROH RO\;% * * ;%/

|

R = CH,CH=CH,.

reactions the skeleton of the initial bicyclic terpeneClOH2 group appear as doublets &fB-system with
remains intact. chemical shifts characteristic for GBH substituent
(3.60 and 3.65pm)[13], and thesignal at3.65 ppm
is a broadened doublet that sharply narrows in the
double resonance spectrum at decoupling from the
proton of the hydroxy group &.00 ppmindicating
that the latter is a neighborimgroup, In the®*C NMR
spectrum the chemical shift of*€carbon atom also
All the intramolecular reactions studied occur only proves the presence of %EIH and not CHOCH,
in the presence of the heterogeneous catalyst and ageoup [14]. Inboth *H and*C NMR spectra of com-
not realized in acetic acichedium. The use ithese poundXVila the chemical shifts of &H, are similar
reactions of environmentally friendly solid catalyststg those in the spectra of compouVIlb thus

(clay, zeolites, solid superacidsxtends the op- suggesting that a hydroxymethyl group is attached to
portunities of synthetic application for the easily =3~ ;1om.

available natural compound camphene andsitener, _
a-fenchene. The presence of a hydroxymethyl group in com-

, pound XVlic was demonstrated byRIJMD spectra:
The structure of all compounds obtained waspn decoupling from both protons of the'®i, group
established frontH and**C NMR spectra; elemental ith a signal at3.45 ppm asignal from carbon atom
composition was confirmed by high-resolution massc! s |acking in theLRIMD spectrum; thesignal
spectra. Let us considesome problems in deriving should have appeared for thé ®,0C*H,CH=CH,
structure of the new compounds obtained from theyoup attaked to the Tatom. Ondecoupling from
NMR spectra. protons of the &', group giving a signal at

The excorientation of H in compoundsVila, ~ 3-81 ppm in the LRIJMDspectrum is absent the signal
Vllla, andXVllla is confirmed by the presence in from C™ atom, butappears the signal from the C
atoms H* (4\]3 ., 1-2 Hz) and the lack of\-coupling group to the latter and not to thel®€carbonatom.

X, OX

constants with F#" atoms. Thevalue of coupling The assignment of methyl group signals in the
constant of H protons with H protons equal to 4 Hz H NMR spectra of compound¥lla, Vllla, Xla ,
also testifies to theiexoposition in the above com- and XVllla was carried out by analogy with the
pounds (in case okndcorientation the value3J3 4 published data for the related structufé$§], and the
should be less than Hz). " signals in the'>*C NMR spectra were attributed from

A - 3~ 1
For compounds/llb, VIlIb andXVllic the exo the data of two-dimensional®C-"H spectra.

orientation of H protons is proved by coupling with ~ Analysis of ‘H NMR spectra of compound¢llb,

H>* protons {J, s, ~2 Hz) and by value of'J, , VIlb, IXb, Xllld, XVllc andXVllic demonstrated
4 Hz. In compoundXa the coupling of H proton that the chemical shifts of one among the methyl
with H7@ (*3,,,. 2 Hz) and lack of coupling with groups are in all cases of close values(0:92

H* and H* protons is an evidence of trendeposi-  9:97 ppm), andhose of the second methyl group are
tion of H® proton. different (0.71-1.20 ppm).Since the substituents in

the molecules are different only at the @tom, they
In compoundXVIlb the addition of a methoxy should moreaffect the CH, group, andconsequently
group to the & carbon and of an OXy group to'®  the changing chemical shifts belong to this methyl
carbon and not vice versa was proved by the followgroup. It wasconcludedfrom the above reasoning
ing data. In the!H NMR spectrum the protons of that the methyl groups 2?1“:|3 have a signal a0.92-

Yet in the reaction we previously studied between
olefin I and allyl alcohol on zeolit§ [12] the process
took anotherroute: Deep rearrangements occurred in
the skeleton of the initial terpene affording finally a
mixture of alkoxylation productéSchemel0).
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Table 1. ®*C NMR spectra of compounds synthesized ppm)

Carbon
atom Il i V, Vi Vlila Vlilb Vllla
number
1 48.28 d 48.81 d 4495 d 44.89 d 49.48 d 43.84 d 49.14 d
2 38.81 s 37.32 s 36.98 t 3841 t 37.05 © 33.09 t 39.08 ©
3 7192 s 71.32 s 66.56 s 66.85 s 50.89 d 39.93 d 63.39 d
4 45.00 d 43.65 d 4952 d 50.30 d 40.26 d 4559 d 39.95 d
5 23.69 t 23.23 t 22.78 t 24.59 t 21.64 t 22.42 t 21.99 t
6 2492 t 24.10 t 28.28 t 27.74 t 24.73 t 29.50 t 24.43 t
7 35.67 t 35.01t 47.02 s 46.88 s 37.15 t 47.26 s 37.22 t
8 47.97 t 5151 t 55.89 t 48.63 t 32.57 q 21.25 q 3252 q
9 23.60 q 27.42 q 21.43 q 21.22 q 20.99 q 20.89 q 23.01 q
10 24.06 q 21.08 q 21.64 q 21.43 q 103.52 d 106.51 d 204.21 d
11 49.85 ¢ 52.65 q
12 53.26 q 51.3Z7 q

& Here and hereinafter: the chemical shifilues marked with the same letters should probably be interchanged within the same
column.

Table 2. *C NMR spectra of compounds synthesizéd gpm)

Carbon Xllla

atom IXa Viilb IXb X (Y. H2) Xlilb Xlllc

number
1 48.16 d 44.35 d 43.71 d 49.80 d | 49.06 d(141) 49.00 d 48.94 d
2 42.42 s 28.55 t 31.16 t 4468 s | 42.74 s 42.40 s 42.68 s
3 65.27 d 53.20 d 56.43 d 83.92 s | 90.64 s 90.82 s 90.29 s
4 39.12 d 45.66 d 45.90 d 4452 d | 46.44 d(141) 45.56 d 46.40 d
5 27.97 t 23.78 t 29.70 t 23.46 t 22.58 t (131) 22.38 t 22.35 t
6 24.21 t 28.98 t 28.70 t 24.24 t 24.15 t (131) 24.14 t 23.99 t
7 37.14 t 47.81 s 46.12 s 34.23 t 35.26 t (133) 35.10 t 35.16 t
8 25.54 q 20.69 q 21.27 q 2537 q | 26.04 q (126)| 25.47 q 25.95 q
9 28.30 q 20.90 q 22.12 q 2412 q | 24.09 q (126)| 24.32 q 23.99 q
10 203.00 d 203.89 d 203.07 d 15.28 q 67.67 t (146) 67.05 t 67.74 t
11 49.60 q | 102.86 d(166) | 104.14 d | 103.11 d
12 135.20 d (158) | 142.49 s | 128.43 d
13 119.06 t(157) | 114.76 t | 131.49 d
14 16.30 q
15 17.57 q

0.97 ppm, and &H, groups at0.71-1.20 ppm. The
assignment of these groups signals in {ié NMR
spectra was performed with the use of a two-dimen
sional correlatiort®C-H procedureCOSY.

The presence in compourXllla of a 1,3-dioxo-
lanering was confirmed by thgalues of direct coupl-
ing constantsJ._,, between &° and C! carbons
obtained from the monoresonance speciisee
EXPERIMENTAL, cf. [16]).

EXPERIMENTAL

_ 'Hand3C NMR spectra were recorded on spectro-
meter Bruker AM-400 at operating frequencies
400.13 and 100.61 MHz respectively, ss@vent was
used a mixtureCDCI;-CCl,, 1:1, as internal refer-
ence served thehloroform signals &, 7.24 ppm,
8¢ 76.90 ppm). The structure ofompounds was
established with the use of NMR spectra analysis:
from the coupling constants estimated by the double

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 6 2002
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Table 3. ®*C NMR spectra of compounds synthesized @pm)
Carbon
atom XVlic Xlid XVlla XVllla XVlib XVlic XVlllc
number
1 49.11 d 45.26 d 50.15 d 49.40 d 50.00 d 44.32 d 43.95 d
2 42.98 s 47.60 t 44.75 s 36.95 s 44.32 s 40.68 t 33.32 t
3 90.78 s 87.94 s 86.12 s 51.66 d 85.57 s 86.74 s 40.59 d
4 47.97 d 51.65 d 42.56 d 40.27 d 41.60 d 49.01 d 45.73 d
5 23.39 t 22.77 t 21.99 t 21.42 t 21.77 t 22.52 t 22.42 t
6 23.93 t 27.22 t 24.07 t 24.62 t 24.01 t 27.42 t 29.57 t
7 35.00 t 48.32 s 34.75 t 36.99 t 34.49 t 47.89 s 47.36 s
8 25.32 q 21.90 q 26.00 q 32.44 q 25.82 q 22.77 q 21.38 q
9 23.97 q 22.77 q 22.87 q 20.99 q 22.72 q 22.77 q 21.01 q
10 66.84 t 75.02 t 59.92 t 101.81 d 59.14 t 63.48 t 104.19 d
11 104.62 d 103.92 d 62.24 t 63.89 t 49.23 q 62.44 t 64.89 t
12 129.62 d 136.18 d 135.32 d 135.05 d 135.08 d | 135.15 d
13 130.78 d 118.54 t 115.12 t 115.80 t 115.95 t 115.94 t
14 66.82 t 65.77 t
15 17.51 q 134.65 d 135.08 d
16 115.90 t 115.94 t

resonance'H-H spectra, from®3C NMR mono- askanite-bentonite clay the catalyst used was calcined
resonancespectra, spectrabtained with selective and just before the experiment in a microwave oven for
off-resonance proton decoupling, and from two-di-10 min at a power 450 W or for 3 h in a thermostat
mensionaf’C-H correlation spectra on direct coupl- cabinet at 118C. The askanitebentonite clay was
ing constants (COSY, the applied value 1JC_H obtained by acid activation of bentonite clafrem

135 Hz) and unidimensional®>C-H correlation Askanian deposits and corresponded to the standard
spectra on remote constanfisRIMD, experimental 113-12-86-82. The sulfate of titanium oxide
conditions optimized for remote constantk. ,, (TiO,/SC;") was calcined for 2 h at 40C, and wide-

10 Hz). Thedata of**C NMR spectra are presented porous B zeolite HB-2 (SiGQ/Al,O, 40) with pore

in Tables 3. diameter 0.75-0.80 nm, andwith oxides content

The purity of the initial compounds washecked N&O 0.04%, AbO; 5.14%, SiQ 81.57% was
and the reaction products were analyzed by GLC off@lcined before the reaction for 2 h at 3Q0 The
Biokhrom-1 chromatograph equipped with flame- zeolite was produced at Researdenter Zeosit
ionization detector and two columns: glass capillaryNQVOsibirsk). In the study wassedo-fencholFluka,
column 530080.26 mm,stationary phas¥E-60, and [sgo 10.1, 98%purity, and camphene containing
capillary quartz column 1306@.22 mm, stationary ~17% of tricyclene, ¢]5g,10.6 (CHC}, ¢ 11.7).

phase BS-30 (analog BE-30), carrier gas helium.  Epoxidation of camphene (1) with peraceticacid.
The products were separated by column chromatoa mixture of 0.8 g of olefinl (5.8 mmol), 13 ml
graphy on silica gel (Czechia, 4000u), 20%AgNG;, (6.8 mmol) of a solution of CHCOOOH in CHCl,

on SiQ,, on alumina and alkaline alumina (Il Brock- (extracted from a mixture of 200 ml of CEOOH,
mann activity). Elemental composition of compounds200 ml of 30% HO,, and 10 ml of concn. 50O, and
obtained was derived from high-resolution massitrated with sodium thiosufate), and 0.9 g of
spectra measured on Finnigan MAT 8208trument.  anhydrous NsCO, was kept for 3 h. The reaction
The optical rotation was measured on Polamat Amixture was treated with saturated solution of
polarimeter. The iorsalts were prepared in a double Na,CO;, with water till neutral washings, and dried
distiled HSQF (bp 158161°C). For dilution was with $Na2S04. The weight of crude produzig89 g.
used SGQFCI purified by passing through sulfuric Epoxides Il, Il  were separated from unreacted
acid. As a nucleophilic quenching solution was compound!l by column chromatography on 4D,
applied a methanekthyl ether mixture (5:2 by eluent hexane. We isolaté€ti18 g oftricyclene with
volume). In reactions carried out in the presence otampheneimpurity and 0.51 g of a mixture of
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epoxidesll andlll in 2.3:1 ratio, ]33, of mixture  Js, 6,13, Jg, 45, Jsy 6n3.5), 1.53d.d.d.d (H", Jg, 6
5.15 (CHC4, c 17.45). Further in theexperiments 12.5, Jg, 5,9, J 3.5, J5, 752.5), 1.65 d.m (H, J1 6q
was used the mixture containing epoxidésand Il 4), 1.93d.d.d.d.d (H®, J 10, 2.5,37¢5n2, J7511.5,
in this ratio. Mass spectra of the isomers wereyj, ,1.5), 2.24d.d.d.d (H, J5, 1.5, 1.5,J,, 1.5),
identical. FoquM 152.12034. GH,¢0. Calculated: 3.10 s (OCH). '

M 152.12011°H NMR spectrum of compountl (3, Isomerization of epoxides II, Ill in formic acid.

ppm, J, Hz): 3-75 s and 0.78 s {63 C'®Hy), 10 4 m| of HCOOH wasadded0.15 g of themixture
1.12d.d.d (H™ J7an7¢ 10, J7an1 1.5, Jran4 1.5). of epoxidesll, lll . The reaction mixture was boiled
1.20-1.33 m (K", H®), 150 m (H"), 1.55 for 1 h on an oil bath, cooled, thesaction products
1.63 m (H, H°"), 1.83 m (H), 1.86d.d.d.d.d (H5  were extracted into hexane, the extract was washed
J10,J756n2.5,J751= J7s.4= J7s5n1.5), 2.45d and with a water solution of NgO; and dried with
2.47 d (2H, J 4.5) AB system*H NMR spectrum of N&S0,. The crude product weighe®128 g.Accord-
compoundlll (8, ppm, J, Hz): 0.72 s and 0.89 s ing to GLC data the ratio of aldehyd®dlla andIiXa
(C°H,, C%H,), 1.21d.d.d (H® J,,, .10, J;.,, IN the mixture wasl:6. By chromatography on silica
1.5, Jana 1.5), 1.281.78 m (5n), 1.82d.d.d.d.d gel was |solated)._84 g (_)faldeh%deIXa with |ZEI5% of
(HS. J 10, Jreon 2.5, 37017 Jrga= Jrosn= 1.5), compoundVI!Ia impurity, [a]sg, -3.24 I(CI C, c
260 d and 283 o (OH 3 5)°AB syctem. 9.25). Found:M 152.11998. GH,O. CalculatedM

152.12011.
Isomerization of epoxides IlI, Il in HSO jF- 1
SO,FCI at -90°C. To a solution of 2.9 g1.7 ml) of H NMR spectrum of compoundXa (3, ppm,
HSOSF in 6.8 ml of SQFCI was added at90°C a  J» H2): 0.98 s (CHy), 1.13d.d.d.d (H", J5; 5, 13,
solution 0f0.36 g of themixture of epoxidedl and  Jsnen 95 Jsnex 5 Jsn7s 2.5), 1.14 s (CHy),
Il in 1.8 ml of CH,Cl,, and solution was vigorously 1.24 d.d.d.d (H®", J7an,7s 10, J7an 3n 2, J7an1 1.5,
stirred for 5 min at thesame terperature. The mix- J,_,1.5), 1.35d.d.d.d (H* J5, 513, J5, 5,12, J 5,
ture was poured into 25 ml of a mixture MeGBEL,O. 3 " 4), 1.57d.d.d.d (H*, s, 5, 13, J 12, J5, 4 5,
Yield of the crude produc0.314 g. From 0.1 g of ’ n o '
products mixture b[))/ chromatogr%phy on §i@?as Jsx.on 4). 1.69d.d.d.d (", J 13n' 9: 4, Jen 75 2.5),
1.74 brd (H, J4), 1.78 d.d (", 33, 103.5, J31 7an

isolated0.04 g of compoundVlla. Mass spectrum: o
fragment ion M-OCHy, Found: m/z 167.14305, 2):1.83d.d.d.d.d (H’ J10,2.5,2.5),1.5,35,

C,H,40. Calculated: 167.14358H NMR spectrum  1.5), 2.42 br.d (4 35), 9.54d (H°, J3.5).

of compoundVlla (3, ppm, J, Hz): 0.89 s (éH3), Reaction of epoxides IlI, Il with acrolein on
0.95 s (GH,), 1.12d.d.d (H®, J,., ;9.5 J;,,,, askanite-bentonite clay. To 0.45 g of askanite-
1.5, Jn4 1.5), 1.26 m (9, 1.31 m (2H), Dbentonite clay calcined for 10 min in a microwave
1.60d.d.d (H~, Jsy 1095, Jay 4 4, J3g5q 1), 1.56- oven at the power of 450 W and dispersed in 5 ml of

1.66 m (HS H®"), 1.71 m (HL)’ 216 m (H, J 4, CH,CIl, was added astirring in succession 0.4 g

(7 mmol) of acrolein, and a solution of 0.3 g
Jy5¢3,J1.5,],,51.5), 3.21 s and 3.26 @OCH,), (2 mmol) of the epoxidedl andlll mixture in 1 ml

4.31 d (H% J 9.5). of CH,Cl,. In 3 min the reaction mixture was filtered,

Isomerization of camphene | in HSQF-SO,FCI the clay was washed witkether, thesolvents were
at -90°C. To a solution of 1.3 0.7 mi) of HSQF distilled off to afford0.46 g of thecrude product. The
in 2.8 ml of SQFCI was added at90°C a solution ~Product was subjected to chromatography in succes-
of 0.1 g of compound in 0.8 ml of CHCl,, and Sion on SiQ and SiQ/AgNO; (gradient elution with
solution was vigorously stirred for 5 min at tisame hexane containingrom 0.5 to 2% of ethykther). We
temperature. Then it was poured into 15 ml of a mix-iSolated0.19 g of amixture of aldehyded/llla and
ture MeOH-Et,0. Yield of the crude produd.08 g. !Xa in 7:1 ratio, and 0.06 g oacetalXllla . The
By chromatography on SiOwas isolated).055 g of ~ SPecific rotation of the latter wast[ggy -3.6 (CHCE,

compoundX. Found:M 168.15142. GH,,0. Cal- € 5.06).Found:M 208.14625. G3H,,0,. Calculated:
culated: M 168.15141. M 208.14632. Theeaction was also carried out-a0

1 . and OC, and the ratio of the isomerization products
HNMR spectrum of compouna (3, ppm.J, Hz): to the adduct was theame.'H NMR spectrum of

0.86 s and 0.92 s (B3, C°Hy), 0.93d.d.d (H™" compoundXllla (8, ppm,J, Hz): 0.93 s and 0.97 s
J7an7s 10, Jran1 1.5, J7an4 1.5), 1.06 s (EHy),  (CBH,, C°Hy), 1.10 m (H, I, 513, Jsn 6n 9 Jsn 6
1.16-1.30 s (H", H®), 1.40d.d.d.d (" Js 5013, 5, Jg762), 1.14d.d.d (H™ J;, 7610, 3700 1 1.5,
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J7an.41.5), 1.27 m (199, 1.50d.d.d.d (H* Jsy 5,13,
sy 6x 12, Joy 45, Iy 6n 3.5), 1.56d.d.d.d (I—?S”, Jon 6x
12.5,3 9, 3.5, J5, 76 2.5), 1.77 d.m (W, Jy 4, 4),
1.98d.d.d.d.d lfS, J10, 2.5, 2,376 1 1.5, 376 41.5),
2.16d.d.d.d (H J5, 1.5, 1.5J,,15) 3.70d and
3.87 d (2H% J 9), 5.10 d.d.d (H' I3y 4, 6,
Jysvans 1 dnssas 1), 5.26 d.dd (HEO,
‘]13cis,1210' J13cis,13transl'51‘] 1)’ 5.40d.d.d (HL trans;
Jiayans 1217, 1.5, 1),5.78d.d.d (H? J 17, 10, 6).

Reaction of epoxides Il, Il with methacrolein on
askanite-bentonite clay. To 0.45 g of askanite-

bentonite clay calcined for 10 min in a microwave

oven at the power of 450 W was addedsttring in
succession a solution of 0.4 &.7 mmol) of meth-
acrolein in 5 ml of CHCI,, and a solution of 0.3 g
(2 mmol) of the epoxidedl andIll mixture in 1 ml
of CH,CI,. After workup the crude produdi0.4 Q)

819

culated:M 222.16197.CompoundXllic is unstable
and at storage transforms into an equilibrium mixture
with its geometrical isomeXVIb in the ratio 1:1.
'H NMR spectrum of compoun&llic (8, ppm, J,
Hz): 0.91 s and 0.96 s f8l;, C°H,), 1.07 m (H"),
1.12 d.d.d (H*™ 3,476 10, J7an 1 1.5, J7an 4 1.5),
1.25d.d.d.d (H* Jox 6n12.5,J6x 5 12, Jgy 5051 Jgx 1
4), 1.48d.d.d.d (H* Jox5n 13,3 12, J5, 4 5, Jsy 6n
3.5), 1.53d.d.d.d (H", J 12.5,35,5,9, J 3.5, Jgp, 75
2.5), 1.73 d.d (&H;, 515 6.5, Jy5.4, 1.5), 1.75
br.d (H', J 4), 1.95d.d.d.d.d (H%, J 10, 2.5,3; 5,
2, 3761 1.5, J;c 4 1.5), 2.13d.d.d.d (H, J 5, 1.5,
1.5,J,,15), 3.66 d and 3.88 d (9 J8.5), 5.06
d (HY, 311, 7), 5.43d.d.q (H? Jp5,515.5,3 7,
1.5), 5.85 d.q (K3, J 15.5, 6.5). Thésomer mixture
of Xlllc andXVlc (0.2 g) wassubjected to chromato-

was subjected to chromatography in succession ography on SiQ with gradient elution by hexane

SiO, and SIQ/AgNO; (gradient elution with hexane
containing from 0.5 t02.5% of ethyl ether). We
isolated0.14 g of amixture of aldehyded/Illa and
IXa, and 0.05 g oficetalXlllb . The specific rotation
of the latter wasd]23, +4.0° (CHCl,, ¢ 3.5). Found:
M 222.15984. G,H,,0,. Calculated:M 222.16197.
'H NMR spectrum of compounIllb (8, ppm, J,
Hz): 0.89 s and 0.99 s (&, C°H,), 1.13d.d.d
(H® J7an7s 10, J7an1 1.5, Jrans 1.5), 1.14 m
(H), 1.26d.d.d.d (H* Jgy 6n 12.5, Iy 55 12, Jgy 50
5, Jex14), 1.50 m (H* Jg, 013,312, 35, 45, Js 6n
3.5), 1.53d.d.d.d (H", J12.5,J4, 5,9, J 3.5, Jg 75
2.5), 1.70 d.d (EHg a5 1.5, Jiyq5 1.2),
1.76 d.m (H, J 4), 1.96d.d.d.d.d (HS J 10, 2.5,
Jrs.5n 2, J75.1 1.5, 3 4 1.5), 2.18d.d.d.d (H, J 5,
1.5, 1.5,J,, 1.5), 3.74 d and 3.79 d (2 J 8.5)
AB system, 4.94 d.q (K, J5.5 2, J 1.5), 5.04 s
(HY), 5.09 m (H%, 32, 1.2,3;5 1, 1).

Reaction of epoxides Il, Il with crotonic alde-
hyde on K-10clay. To 0.8 g of K-10 clay calcined
for 10 min in a microwave oven at the power of
450 W was added adtirring in succession a solution
of 0.7 g (0.01mol) of crotonic aldehyde in 8 ml of
CH,CI,, and a solution of 0.5 g (0.03B0l) of the
epoxidesll andlll mixture in 2 ml of CHCI,. After
workup the crude product (1.18 g) wasbjected to
chromatography in succession on $i@nd SiQ/
AgNO; (gradient elution with hexane containifigm
0.5 to 2.5% ofethyl ether). Weisolated0.14 g of
aldehydesvilla andlIXa in 7:1 ratio, 0.127 g of a
mixture of isomersXllic andXIVc in 1:1 ratio, and
0.08 g of individual acetal Xlllc, [o]Z3, -3.9°
(CHCIg, ¢8.7).Found:M 222.15994. ¢,H,,0,. Cal-

containing from 0,5 to 2% of ethydther,.Thus was
separated.06 g ofracemic compoun&Vic. Found:
M 222.15995. G,H,,0,. Calculated:M 222.16197.
4 spectrum of compoun&Vic (8, ppm, J, Hz):

0.91 s and 0.98 s (#, C°Hj), 1.09 m (H"),

1.11d.d.d (H®™ J;40 7610, J7an 1 1.5, J7an 4 1.5),

1.23d.d.d.d (H* Jgx 6n12.5, 35y 5x 12, Jgy 515, Jox 1

4), 1.48 m (H"), 1.51d.d.d.d (H", J 12.5,J4, 5,9,

Jonsx 3-5, Jgn.7s 2.5), 1.71 d.d (EHg, Ji5 45 6.5,

Jis121.5), 1.74 d.m (4 J 4), 1.96d.d.d.d.d (H5,

J 10, 2.5,3755,2, J76 1 1.5, J7¢ 4 1.5), 2.10d.d.d.d
(H*% 3455, 3,,1.5,31.5,1.5),3.75d and 3.80 d
(2H'°, J 9) AB system, 5.13 d (M, J;; 1, 7),

5.41d.d.q (H% J;,,5315.5,J 7, 1.5), 5.80d.q.d

(n'%, J 15.5, 6.5,J;54; 0.5).

Reaction of epoxides I, 11l with allyl alcohol on
askanite-bentoniteclay. To 1.5 g of clay in 3 ml of
CH,CIl, was added astirring 1 g of allyl alcohol
(preliminary dried by boiling with KCO; and
distilled through a Vigreux column, bp 96) and
after that0.84 g of epoxidesll, Il mixture. The
stirring was continued for 23 min, the reaction
mixture was diluted with ether and filtered. The
weight of the reaction mixture wad.46 g. By
chromatography on SiQwere separated in succession
0.29 g of acetal XVIlla, 0.066 g of hydroxyether
XVlla, and 0.437 g ofisomerization products of
epoxidesll andIll (aldehydesVilla, 1Xa ) contain-
ing compoundsXVllla, XVlla as impurities. Com-
pound XVlla . Found:M 210.1617. G3H,,0,. Cal-
culated:M 210.16197. )23, -5.8° (CHCl,, ¢ 6.9).
H NMR spectrum of compoun&Vlla (6, ppm,J,
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Hz): 1.03 s and 1.05 s {8, C°H,), 1.03d.d.d
(H™® 3700 7610, J7an 1 1.5, J7an 4 1.5), 1.14d.d.d.d
(H™", J5p, 5413, J5n 69, Jsn 6x 5+ Isn. 762), 1.24d.d.d.d
(H®, Joy 6n 12.5, gy 5 12, 3 5, Jgy 1 4), 1.40d.d.d.d
(H>, 313, 12,35, 45, Js, 6,3.5), 1.59d.d.d.d (H",
J 12.5, 9, 3.5,J5,7 2.5), 1.69 br.d (4 J 4),
1.98d.d.d.d.d (H% J 10, 2.5, 2,3;5 1 1.5, 3 4 1.5),
2.30d.d.d.d (H, J5, 1.5, 1.5J,, 1.5), 3.65 d and
3.74 d (2H° J 12) AB system, 3.79d.d.d.d (H?,
Jigar 130 Ji112 50 Jig13cis 1-50 J1g,131ans 1-5),
3.94 d.d.d.d (HY, J 13, J31, 5, Jig 136 15,
iy 13vans 1.5), 5.08 d.d.t (H Jjpq0 4, 10,
Jl3cis,13transl'51 ‘]13cis,11 1-5)’ 5.28d.d.t (H13trans;
Jisgans.12 17, 3 1.5, igpans.1a 1.5), 5.87d.d.d.d
(H'?, J 17, 10, 5, 5). CompoundVllla . Found
(fragment ion M-OCH,CH= CH,): m/z 193.15845.
C,5H,,0. Calculated: 193.15923a]25, 1.6 (CHCE,
c 47.0).™H NMR spectrum of compouniVlila (8,
ppm, J, Hz): 0.89 s (CHy), 0.95 s (CH,),
1.10d.d.d (H?, 374076 9.5, J7an.1 1.5, J7an 4 1.5),
1.23 m (H% Jo 60 12.5, Joy 5¢ 12, Joy 5n 6, Joy 1 4),
1.25-1.36 m (2H), 1.58 d.m (HS, J 9.5), 1.61 m
(H, 1.67d.d.d (H J3y 109.5, Jax 4 4, Jgx ¢ 1.2),
1.70 br.s (H), 2.29 m (H), 3.89 d.d.d.d and
4.11 d.d.d.d (2H! or 2H¥ J 13, 5, 1.5, 1.5),
3.96 d.d.d.d and4.00d.d.d.d (2H* or 2H!L, J 13,
5, 1.5, 1.5),4.56 d (H% J 9.5), 5.06d.d.t and
5.07d.d.t (H3® and H®®S J10,1.5,1.5)5.21d.d.t
and 5.23d.d.t (H3"@"Sand H*®""S 317, 1.5, 1.5),
5.84d.d.t and5.86d.d.t (H? and H®, J 17, 10, 5).

Reaction of epoxides IlI, Il with methanol on
askanite-bentoniteclay. To 1.5 g of clay in 2.5ml of
CH,Cl, was added atstirring 0.8 g of methanol

YAROVAYA et al.

C°Hy), 0.96d.d.d (H®", 3747610, 700 1 1.5, Jran 4
1.5), 1.07d.d.d.d (H", Js, 54 13, Jsn 6n 9, Jsn 6x 5
Jsn 752), 1.18d.d.d.d (H* Jgy 6012.5, 5y 5¢12,J 5,
Jsq1 4), 1.34d.d.d.d (H J 13, 12,3545, Jsx.6n
3.5), 1.53d.d.d.d (K", J 12.5, 9, 3.5,J5, 76 2.5),
1.60 d.m (H, J; 4,4), 1.86d.d.d.d.d (H% J 10, 2.5,
2, 3761 1.5, 375 4 1.5), 2.00 br.g(OH), 2.26d.d.d.d
(H% J5, 1.5, 1.5,J,, 1.5), 3.11 s (OCH), 3.60 d
and 3.65 br.d (2&, J 12) AB system.

a-Fenchene(lV). To 24.5 g ofa-fenchol in 70 ml
of dry pyridine was adde@6.5 g oftoluenesulfonyl
chloride in 70 ml of dry pyridine. The mixture was
left standing in aefrigerator for 48 hthen was dilut-
ed with 450 ml ofwater, theprecipitate was filtered
off, washed with a mixture watelnydrochloric acid
(1:1), with water, NgCQO; solution, and dried on
MgSO,. We obtained 37 g ofa-fenchol tosylate
(mp 103°C, publ. 99C [3]). A mixture of 37 g of
tosylate and24.9 g of anhydrous sodium acetate in
440 ml of dry acetic acid was heated for 48 h to
90°C. The reaction mixture was washed with J8&,
solution, the reaction products were extracted into
pentane, and the extract was dried on MgS@e
isolated 12 g of substance containing 95% of com-
poundlV (GLC). After separation from impurities by
column chromatography on SjOve obtained 7.5 g of
a-fenchene 1), [o]2a, +26.4° (CHCl,,

c 8.7).

Epoxidation of a-fenchene (IV) with peracetic
acid. A mixture of 3.04 g ofolefin IV (20 mmol),
25 ml (25 mmol) of a solution of CECOOOH in
CH,CI, (extracted from a mixture of 200 ml of
CH;COOH, 200 ml of 30% HO,, and 10 ml of
concn. HSO, and titrated with sodium thiosufate),
and 7 g of anhydrous N&O; was vigorously stirred

(preliminary dried by passing through a Ca|cinedfor 2 h. The reaction mixture was treated with

alumina) and after tha0.65 g of epoxidesll, Il
mixture. The stirring wagontinued for 23 min, the

saturated solution of N&O;, with water till neutral
washings, and dried with N8O,. We isolated

reaction mixture was diluted with ether and filtered. 3-51 9 ofepoxidesV, VI mixture at a ratio 10.75.

The weight of the reaction mixture wdés735 g. By
chromatography on SiQwere separated in successio
0.23 g of acetal XVIIlb , [a]23, +1.9° (CHCl,, ¢
11.3) that was identical to compoundlla, 0.17 g of
hydroxyether XVIIb , and 0.17 g ofisomerization
products of epoxidedl and Il (aldehydesVllia,
IXa) containing compoundsXVlllb, XVilb as
impurities. CompoundVIlb . Found:M 184.14634.
Cy4H,0,. Calculated: M 184.14632. §]23, -2.7°
(CHCl,, ¢ 15.7). H NMR spectrum of compound

XVIIb (5, ppm, J, Hz): 0.90 s and 0.98 s &,

In further experiments wassed the mixture with this

nisomersratio. optical rotation measured for the mix-

ture was §]23, +18.6°> (CHCl,, ¢ 10.1). Mass
spectra of the isomers were identicétound: M
152.12028. GyH,cO. Calculated: M 152.12011.
NMR spectra were recorded for the isomers mixture
with the ratio close to 10.75.*H NMR spectrum of
prevailing isomer § ppm, J, Hz): 0.95 s (CH,),
1.09 s (C%Hy), 1.19 d (H, 3,5, 4), 1.21 d (H",
Jon 2x 13.5), 1.36d.d.d (H", Jon 6x 12, Jgn.5n 8.5,
Jonsx 3), 1.64 d.d (H, J; 54, J; 6 4), 1.721.86 m
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(2H°, H®), 2.10 d.d.d (H* J 13.5, 4, J,, 4 3),
2.63 d and 2.80 d (28 J 5). 'H NMR spectrum of
minor isomer §, ppm,J, Hz): 0.93 s (CH 3, 1.15s
(C%,), 1.14 m (H), 1.12-1.33 m and 1.741.86 m
(2H°, 2H%, 1.43 d (H", J,, . 13.5), 1.69 d.d
(HY 30 o4, J1 6x4), 1.95 m (KX, J13.5, 4,3, ¢,3),
254 d and 2.59 d (2% J 5) AB system.

Isomerization of epoxides V, VI mixture on
askanite-bentonite clay. To 0.15 g ofclay in 1 ml
of dry CH,Cl, was added a solution d®.15 g of
epoxidesV, VI mixture in CHCl,. In 2 min the
reaction mixture was separated frarlay by passing
through a layer of AJO;. Weight of the crude reac-
tion product wa®.11 g.According to'H NMR spec-
trum, theratio of aldehyded/lllb to IXb was 7:1.
Aldehyde VllIb was isolated by column chromato-

graphy on SiQ, gradient elution with hexane contain- '

ing from 0.5 to 3% of ethybther Weobtained 0.8 g
of compoundVlllb , [oc]580 +22.0° (CHCI;, ©8.7).
Found: M 152.12028. GgH;¢0. Calculated: M

152.12011H NMR spectrum of compoundllib (3,
ppm, J, Hz): 0.96 s (CH,), 1.01 s (CH,), 1.15 m
(H®", 1.17 m (H"), 1.55 d.d (H, J; 5, 4, J16X4)
1.58-1.77 m (2H, H>, H®), 1.98d.d.d (H', J, 3,4
Jpsx4 Jp11), 2.88 m (H), 9.68 br.s (H).

Isomerization of epoxides V, VI mixture in
HSO;F_SO,FCI at -90°C. To a solution of 1.3 g
(0.7 ml) of HSQF in 2.8 ml of SQFCI was added at
-90°C a solution of 0.1 g of epoxideg, VI mixture
in 0.3 ml of CH,CI,, and solution was vigorously
stirred for 5 min at thesame terperature. Then it was
poured into 15 ml of a mixture MeOHEL,O. Yield
of the crude producd.088 g. Bychromatography on
SiO, was isolated0.05 g of compoundVllb . Mass
spectrum of the fragment ioM-OCH,. Found: M
167 14305. GH;,O. Calculated: M 167.14358.
'H NMR spectrum of compoundIlb (8, ppm, J,
Hz): 0.85 d.d (H", J,, 513, J, 35), 0.96 s (CHy),
1.01 s (CHy), 1.07d.d.d (H", Jg, 6412, Jgp 50 9-5,
Jon 5x4.5), 1.44d.d.d (H", J5n 5x 13,3 9.5, J5, 64 4),
1.47 d.d (H, 3. 54, Iy 6 4), 1.51 d.d (M, 3, 55 4,
Jy544), 1.63d.d.d.d.d (H9, J 13, Jsx 6x 12, J 4.5,
4, J5X3X2) 1.75d.d.d.d.d (8 J 12, 12, 4, 4,3, 5,
3.5), 1.89d.d.d.d (H* J 13, Jox3x11.5,J 4, 3.5),
2.36 d.d.d.d.d (H J 11.5, Jax10 9, J 5, 4, 2),
3.23 x and 3.25 X20CH,), 4.21 d (H°, J9).

Isomerization of epoxides V, VI in formic acid.

To 2 ml of HCOOH wasadded0.15 g of themixture
of epoxidesV, VI. The reaction mixture was boiled

for 1 h on an oil bath, cooled, theeaction products
were extracted into hexane, the extract was washed
with a water solution of NgO; and dried with
Na21 O,. The crude product weighed 0.8 g. According
H NMR data the ratio of aldehydeglllb and
IXb in the mixture was 1:1. We failed to isolate
aldehydelXb as an individual compound, therefore
the NMR spectra were registered from the mixture
of aIdehydesVIIIb and IXb in nearly equimolar
ratio. 'H NMR spectrum of compountXb (5, ppm,
J, Hz): 0.71 s (CH,), 0.92 s (CH,), 1.11-1.24 m
and 1.63 1.89 m (2K, 2H%, 1.61 d.d (H, J, ,, 4,
I ex4), 2.08d (H, J,5.4), 1.41 m (H") and 2. 08

2.15 m (H* H3") ABEsystem, 9.64 s (H).

Reaction of epoxides V, VI with acrolein on
askanite-bentonite clay. To 0.45 g of askanite-
bentonite clay calcined for 3 h at 1%D and dispersed
in 5 ml of CH,Cl, was added astirring in succession
0.4 g (7 mmol) of acrolein, and a solution of 0.3 g
(2 mmol) of the epoxide¥ and VI mixture in 1 ml
of CH,Cl,. In 5 min the reaction mixture was filtered,
the clay was washed witlether, thesolvents were
distilled off to afford 0.404 g of thecrude product.
According to GLC data the ratio of sum of isomeriz-
ation productsvllib andI1Xb to the acrolein adduct
Xllid was 1.6:1. The chromatography in succession
on SiO, and SiIQ/AgNO; (gradient elution with
hexane containingrom 0.5 to 2% of ethyl ether)
provided0.21 g ofaldehydes/lllb andIXb mixture,
and 0056 g ofspiroacetalXllld . For compound
Xllid  [a]2%, -13.22 (CHCl,, ¢ 6.8). Found: M
208.14605. G3H,,0,. Calculated: M 208.14632.
H NMR spectrum of compound&lild (5, ppm, J,
Hz): 0.95 s (GH,), 1.02 m (H", 1.10 m (H"),
1.20 s (CHy), 1.42 d (H", 5, 13), 1.62 m (H,
HY, 1.65-1.77 m (H* H®), 2.13d.d.d (H* J 13,
3oy 15, Iy 6x2.5), 3.76 s (2H), 5.08 d (H, 3, 1,
6) 5.21d.d.d (HBCIS ‘]13CIS 12 10 ‘]13CIS 13transl 5
J136i5,110-5), 5.35d.d.d (17" Jy34405,1217, I 1.5,
Jisyans 11 0-5), 5.74d.d.d (H?% J 17, 10, 6). This
reaction was also carried out a0 and OC, and
the ratio of isomerization products to spiroacetal
remained thesame.

Reaction of epoxides V, VI with allyl alcohol on
askanite-bentoniteclay. To 0.55 g ofclay in 2 ml of
CH,CI, was added astirring 0.35 g ofallyl alcohol
(preliminary dried by boiling with KCO; and distill-
ed through a Vigreux column, bp 96) and after that
0.25 g ofepoxidesV, VI mixture. The stirring was
continued for 5min, thereaction mixture was diluted
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with ether and filtered. Theveight of the reaction 2.
mixture was 0.29 g. By chromatography on SiO
were separated in successiod4 g ofacetalXVllic , 3.
0.018 g of hydroxyetheXVlic, and 0.1 g of pro-
ducts of epoxides isomerizatioWlllb and IXb. 4
CompoundXVllc . Found: M 210 1617. G5H,50.,.
Calculated:M 210.16197. §]23, +25.0° (CHCl, ¢ 5

2.3). 'H NMR spectrum of compoundVlic (5,
ppm,J, Hz): 0.96s (CH,), 0.99m (H"), 1.04d (H",
J2n2X13) 1.20 s (Hy), 1.29 m (H"), 1.63d.d.d
(HY, 3y 544.5,3; 64, 31 4 1.2), 1.67 m (9, 1.73 m
(HBX) 1.81 d.d (H, J,5,4.5, 3 1.2), 2.03d.d.d.d
(H?, J 13, 4.5, 6, 2.5, J, 100.5), 3.45 d.d (H,
J 12, 0.5) and 3.52 d (H, Ji0.10 12) AB system,
3.81d.d.d (2H, 311 155, 311 1361515, 11, 130ansk -5)
5.06d.d.t (H13CIS ‘]13CIS 1210 3, ‘]13CIS 13trans2 J1 5)
5.22d.d.t (H®"" 3 31ans.1217, 3 2, 1.5), 5.83d.d.t
(H'2, J 17, 10.5, 5).CompoundXVlllc . Found:
(fragment ion M-OCH,CH= CH,), m/z 193.15845.
C,5H,,0. Calculated19315923. f]23,-2.7° (CHCL,,
¢ 2.9). 'H NMR spectrum of compoun&Vliic (8,
ppm, J, Hz): 0.89 d.d (H", J,, oy 13, oy 3y 5),
0.97 s (CHy), 1.02 s (CH,), 1.08d.d.d (H", Jgp 6x
12, Jgn.5n 9, Jon.5x4-5), 1.47 d.d (4 Iy 5, 4.5, J; g
4), 1.47d.d.d (H", Js, 513,39, Jg 6, 4), 1.54 d.d
(H% 3y 3¢4, Jy 5 4), 1.63d.d.d.d.d (H¥ J 13, 4.5,
4, Joyox 12, Jgy 3 2), 1.74d.d.d.d.d (¥ J 12,
12, 4, 4,35 24 3.5), 1.89d.d.d.d (H* J 13, 4.5, 3.5,
Joy 3x11), 2.40d.d.d.d.d (H* J 11,35 109, I 5, 4,
2), 3.90-4.03 m (2HY, 2HY), 4.43 d (HO, J 9),
5.06 d.d.d.d (H3¢S H*%s 3 105, 2, 1.5, 1.5),
5.20d.d.t and5.21d.d.t (H3"@"Sand H"a"S 317,
2,1.5), 5.8.d.t (H*2, H'®, J17, 10.5, 5).
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