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Abstract Wide-pored B-zeolite or natural clay askanite-bentonite, when used as catalysts to perform
reactions of terpene olefin derivatives with aldehydes, provide unusual transformations yielding new
nnlvheternc‘vrlu‘ rnmnmmdc @ 10QR Fleevi ier Science [‘{d. ‘A‘” righ{s reserved

Introduction

This paper deals with a new group of reactions between olefins and aldehydes, where the carbonyl group
serves as a structural unit providing heteroatoms for the heterocycle. Curiously cnough, olefins and aldehydes
rarely use their functional groups in their interactions, although these are highly reactive compounds, which
parlicipate in many reactions.’ The only exception is the Prins reaction, in which a carbonyl compound (most
often formaldehyde) adds to an olefin, yielding 1,3-glycols, allyl alcohols, or 1,3-dioxanes (when two
tormaldehyde molecules pamc1pate in the reactlon) The “c.yclo an reactlon (mtramolecular cycllzatlon ot
acts as an activator; it is not Iuv'ul'v'c“:d ‘iu """

Diels-Alder reaction.

”Pteroopnpnnc alimina-cilica catalvete nften chanoe the activatinn harriere af trancfarmatinne With
11w i &w;xvvuu Alvaiiiiiiie Sriivia wul.uljnl-n A7LLn i Ullmlsh LIV QWL Y QLLIVIL ULl IWiY Ul WAIDAVILILIIALIVELD YY 1Lil
polyfunctional molecules having flexible conformation such as terpenes and their derivatives these catalysts
guide the reaction along unknown routes. One of such routes is the reaction of olefins with aldehydes

producing polyheterocyclic compounds.

Results and Discussion

We have already noted the Prins reaction of olefins with formaldehyde. The condensation of a natural
olefin such as camphene 1 with formaldehyde in the presence of traditional acid catalysts yields typical
products: 8-hydroxymethylcamphene 2 and 1,3-dioxane 3.2% The camphene skeleton does not change during

these transformations.
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However, wide-pore f-zeolite used as a catalyst in the same reaction provides unusual products of skeletal
rearrangements, such as 10,10-dimethyl-4-oxatricyclo[5.2.1.0°]decane 4 and 2,6-dimecthyl-3-oxatricyclo-
[5.2.1 .02'6]decane S (scheme 1). At the first stage, a protonated aldehyde molecule attacks the olefin double
bond in compound 1. Then the reaction follows one of two routes. The first route is a Wagner-Meerwein
rearrangement proceeding with stabilization of the positive charge by bonding with the oxygen atom and
yielding ether 4. The second route is a 1,2-shift of the exo-methyl group allowing cation stabilization and
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When the 3-zeolite catalyst is used in the reaction of myrcene 6 with dienophilic molecules such as a.,p-
unsaturated carbonyl compounds, the reaction conditions are milder and more selective, and the reaction gives
higher product yields.* However, the products are typical for the Diels-Alder reaction.

When used as a catalyst in the reaction of triene 6 with crotonaldehyde, askanite-bentonite cla
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unexpectedly provides 2,2,6-trimethyl-4-(prop-1-enyl)-3-oxabicyclo[3.3.1]non-6-enc 8 (scheme 2). In the
course of formation of ether 8, three m-bonds transform into three c-bonds, producing two new rings

Therefore, the reaction conforms to the definition of a homo-Diels-Alder reaction. However, this
lrdnbformdllon 1s unusual, because, first, triene 6 enters the reaction with two non- conjugated, but not its

double bond.

Scheme 2 I\i/ O Hsyn (9 Han
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In these cases, reaction presumably proceeds through intermediates 9 and 10, respectively. In fact,
racemic dipentene 11 reacts with aldehyde 7 to give the same bicyclic ether 8 as in the case of myrcene 6.
However, this reaction is not diene synthesis, since diene 11 has no conjugated double bonds, nor the Diels-
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Alder homoreaction, since only two double bonds disappear in the latter. Thus the reaction is of particular
interest. We have studied the mechanism of bicyclic ether formation using the interaction of diene 11 with
aldehydes. If dipentene 11 reacts with aldehydce 7 according to the homolytic mechanism, it can be assumed
that the cleavage of the double bond at C-8 is followed by hydride shifts yielding intermediate 12; the

Loatoralidio monhanicm reanires no hudeide chifra
netCro1ylic mecnanism requires no nyariae sniits
N N /)Z\\P %Z\\%
N N
4 W\J MV

12 13 14 15

To check both mechanisms, we introduced a model compound, 1,2,4-trimethyl-4-isopropenylcyclohex-1-cne
13 into the reaction with aldehyde 7. Since compound 13 has a methyl group in position 4, 1,2-hydride shifts
cannot occu Dlene 13 1nt<.racts with aldehyde 7 over askanite-bentonite clay, yielding ether 14, whereas in

i Ol mation of isomeric ether 15 with an unaltered
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When the reaction proceeds by route C, the protonated diene provides an electrophilic attack, while the
aldehyde is nucleophilic. In the case of route D, the electrophilic protonated aldehyde reacts with the
nucleophilic diene. However, we observe no interaction of 1-methylcyclohexene with aldehyde 7 modcling
the first step of route D. This provides evidence in favor of route C.
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The proposed mechanism seems to be general in character, since diene 11 interacts with acrolein,
butanal, pentafluorobenzaldehyde, a-methylacrolein, benzaldehyde, p-hydroxybenzaldehyde to give bicyclic
ethers 16-21, respectively.

The fact that optically active ether 21 ([o]*%sg0= +171.4 CHClg) is formed in the reaction of (R)-(+)-
limonene 11a ([o]*sgo= +123°) with p-hydr oxybenzaldehyde 22 supports the heterolytic mechanism. Scheme
5 shows that the product cannot be optically active if it is formed according to the homolytic mechanism.
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When dienes 11a and 13 interact with salicylaldehyde 23, which is an isomer of aldehyde 22, over the
askanite-bentonite clay at room temperature, the reaction does not stop at the stage of bicyclic ether, since the
cation centre in intermediates 24 and 25 attacks the hydroxy group to give compounds with a xanthene
skeleton linked to a tetrahydropyran ring such as 2,2,8-trimethyi-3,7-dioxa-5,6-benzotricyclo[6.2.2.0**%]do-
decane 26 and 1,2,2,8,12-pentamethyl-3,7-dioxa-5,6-benzotricyclo-[6.2.2.0*'*]dodecanc 27, respectively
{scheme 6).
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Expanding our studies, we have introduced the menthane and carane derivatives of monoterpene
containing an alcohol group into the reaction with aldehyde 23. When trans-4-hydroxymethyl-2-carene
em

(valterol) 28 interacts with aldchyde 23 over the askanite-bentonite clay at room t

mperature, the formi ng
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product has a xanthene skeleton linked to the tetrahydrofuran ring as in 12-methyl-10-isopropyl-2.6-dioxa-3,4-



benzotricyclo[6.3.1 .Os’njdodec-IO-ene 29, but not to the tetrahydropyran ring as in 26 and 27 (scheme 7). The
following mechanism is most likely. Protonated aldehyde 23 attacks the double bond of hydroxyolefin 28,
producing the a-cyclopropylcarbinyl ion, which is then transformed to compound 29 via heterocyclization.
Formation of products 30 and 31a in the reaction of hydroxyolefin 28 with benzaldehyde 32 also agrees
with the suggested mechanism (scheme 8). In this case, the attack of the doubie bond of hydroxyolefin 28
protonated aldehyde 32, yielding 6-hydroxymethyl-1-(a-hydroxybenzy!l)-p-mentha-2,4(8)-diene 30, is of
prime importance.

Scheme 7 . HO HQ - m
T X
O

. HO
ne? N\ cHoH CH
J b S HOOY e
A
7
—

I 10
|
15 20 7N

The products of intramolecular cyclization of intermediate 28a, 4-isopropyl-1B-methyl-9a-phenyl-8-
oxabicyclo[4.3.0]nona-2,4-diene  31a and 4-isopropyl-1B-methyl-9B-phenyl-8-oxabicyclo[4.3.0]nona-2,4-
diene 31b, are formed in less amounts.
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We also consider a scheme starting with the protonation of the cyclopropanc ring of hydroxyolefin 28 as
an alternative mechanism for the formation of 29. In this case we take into account that 6-
hydroxymethylisolimonene 33 interacts with aldehyde 23 to yield compound 29, since it is impossible for a
protonated aldehyde to attack hydroxyolefin 33 at the first carbon atom without its preliminary isomerization
(scheme 9).

Scheme 9
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As 6-hydroxymethyllimonene 34, which is an isomer of 33, interacts with aldehyde 23 on the clay, a
completely different product forms (scheme 10).

Scheme 10
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While  4-mcthyl-1-isopropyl-7-oxabicyclo[3.2.1]oct-3-ene 35 anticipated as a product of an
intramolecular reaction of compound 34, 8,10-dimethyl-4-(2-hydroxyphenyl)-3-oxatricyclo[5.3.1.0°'*Jundec-
8-ene 36 seems to be a very unusual product. We failed to find any example in the literature confirming that
the bicyclo[2.2.2]octane skeleton forms from compounds possessing the p-menthadiene skeleton. Therefore,
we suggest scheme for the formation of 36 involving only teriiary carbocauons leaamg to closmg of the

1las | S 5o 1o Mg B PR IUR, | TS PR, . U X PEVERS Ry Aslela ot A Lol h
bicyclo[2.2.2]octane and tetrahydropyran rings. Note that, although 34 has the skeleton of p-mentha-1.8-diene,
it reacts with aldehyde 23 in an absolutely different manner from diene 11a.
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The reaction of trans-4-(1—hydroxyethyl)-2-carene 37 with aldehyde 23 produces 7,12-dimethyl-10-
isopropyl-2,6-dioxa-3,4-benzotricyclo[6.3.1.0” “[dodec-10-ene 38, which is a homologue of 29, and also 4.6-
dimethyl-1-isopropyl-7-oxabicyclo[3.2.1]oct-3-ene 39 ° (scheme 11).
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When an additional methyl group is introduced into the hydroxyethyl fragment of compound 37, the
reactivity of #rans-4-(1-methyl-1-hydroxyethyl)-2-carene 40 with aldehyde 23 changes dramaticaily. In
addition to 7,7,12-trimetl .‘f!=10==sopr0pyl=2,6=d10xa=3,4=bcnz0tricyclo[6.3.} .0%>"*}dodec-10-ene 41, most likely
formed similarly to 29, the reaction mixture contains 7,7,11-trimethyl-10-isopropyl-2,6-dioxa-3,4-benzotri-

CyClO[G..).l.OD 21d0dec 10-ene 42; the ratio of 41: 42 is 1.5:1 __(_‘Qrdlng to GLC. The different arrangement of
methyl groups in product 42 requires a different mechanism of interaction, as shown in scheme 12.

Tertiary cation 43 is relatively stable, which ensures all transformations. With 28 and 37 the protonation
of the alcohol group followed by dehydration would yield unstable primary and secondary cations,

respectively. In this case, realization of scheme 12 is hardly probable.

Scheme 12 21\/23
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When a hydroxyolefin possessing a pinane skeleton such as trans-verbenol 44 reacts with aldehyde 23,
we observe compounds with a xanthene skeleton linked to a tetrahydropyran ring such as 2,2,8-trimethyl-3,7-
dioxa-5,6-benzotricyclo[6.2.2.0%2]dodec-9-ene 45 as in the case of dienes 11a and 13 (scheme 13). In this
case the cation originating from hydroxyolefin 44 acts as an electrophilic species, but first undergoes skeleton
rearrangements.
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precursor of an electrophilic species (scheme 14).
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Therefore, the reaction route leading to different heterocyclic systems depends not only on the presence
or absence of hydroxy groups in the substrates (hydroxyolefins 28 and 44 vs dienes 11a and 13) but also on

the substrate structure.

The unusual reaction of hydroxyolefin 28 with aromatic aldehyde 23, yielding a rather complex
compound 29 (a potential analogue of anti-AIDS preparations®) from relatively simple reagents under mild
conditions, prompted us to study the interactions of hydroxyolefin 28 with aliphatic aldehydes.

When 28 reacts with butyraldehyde 47 over the askanite-bentonite clay, it affords the following
compounds: 1-methyl-4-isopropylidene-9-propyl-8-oxabicyclo[4.3.0]non-2-ene 48, 1-methyl-4-isopropyl-9-
propyl-8-oxabicyclo[4.3.0]nona-2,4-dienes 49 and 50, and compound 51. According to NMR and mass-
spectrometry, the latter corresponds to the addition of two moiecules of aidehyde 47. A possible mechanism
of formation of 48-50 is the following. Protonated aldehyde 47 attacks the double bond of hydroxyolefin 28

s o ralatioaly ot cvealanranuvlearhingl inn €3 Tha evnlanranane Hins onaning nradieas hamnallol
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the latter two ions followed by the loss of a proton and water, bicyclic ethers 48-50 form (scheme 15).
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Compound 51 may have one of three structures S1a-¢. Scheme 16 shows a possible mechanism of their
formation. The protonated aldehyde attacks the hydroxyolefin on the cyclopropane ring producing carbocation
55, which turns to p-menthadiol 56 after proton elimination. The second aldehyde molecule attacks compound
56 at the sccondary but not at the tertiary carbon atom in the endocyclic double bond, as in the previous case.
imramolecular cyclization then may occur by one of three different routes, which yield cyclic ethers 51a-c

shown elsewhere ® that the spectrum of compound Sla with a tr1meth_yleneox1de ring should exh1b1t a band

1028 cm™' reflecting the symmetric stretching vibrations of the ring. Another stretching frequency, 813 cm'l
characterizes the tetrahydropyran ring and agrees well with the frequency obtained in our work. Moreover, the
intensity of the band increases when the ring of the cyclic ethers becomes larger.® An intense band at 833 ¢cm™
therefore is evidence in favor of structure 51b, namely 7-methyl-3-isopropylidene-5,9-dipropyl-6,10-
dioxatricyclo[5.4.0.0%*Jundecane. This conclusion is supported by the spin-spin coupling constant 'J¢y
obtained from the NMR spectrum of compound 51. For carbon atoms in the a-position with respect to oxygen
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When hydroxyolefin 28 reacts with crotonaldehyde 7, which possesses the same skeleton as aldehyde 47

\
/—-w

but an additional double bond, a set of proaucrs is obtained. Among the products are bicyclic compounds such
as 1-methyl-4-isopropylidene-9- (1 propenyl)-8-oxabicyclo[4.3.0]non-2-enes 57, 58 and 1-methyi- 4-1sopropy1-
9-(1-propenyl)-8-oxabicyclo[4.3.0]nona-2,4-diencs 59 and 60 as well as tricyclic compound 61, namely,
methyl-3-isopropylidene-5,9-di( 1~propeny1) 6,10-dioxatricyclo[5.4.0.0**Jundecane (scheme 17).
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If liquid catalysts such as CF3CO,H or BF;-Et;0 are used instead of clay as catalysts in the reaction of
hydroxyolefin 28 with aldehyde 7, we observe only substituted tetrahydrofurans. There are no products
resulting from the additon of two aldehyde molecules to compound 28. Hydroxyolefin 28 does not react with
aldehyde 7 when the reaction occurs over f-zeolite.

When 28 interacts with the isomer of 7, a-methylacrolein 62, the reaction follows a different route
(scheme 18).
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The methy! substituent in the a-position of aldehyde 62 and thus of intermediate 63 favors the interaction of
the cation centre with the terminal doubie bond but not the opening of the cyciopropane ring as with
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In going from aldehyde 62 to its homologue acrolein 69, a different reaction occurs. We have isolated a
tetracyclic compound, 4.4,12-trimethyl-10-vinyl-5-hydroxy-9,13-dioxatetracyclo[9.2.1 .07'12.05"4]tetradecane
75, in addition to two diastereoisomers |-methyl-4-isopropylidene-9-vinyl-8-oxabicyclo[4.3.0}non-2-enes 70
and 71, 1-methyl-4-isopropyl-9-vinyl-8-oxabicyclo[4.3.0]nona-2,4-dienes 72 and 73, and the product of
addition of two aldehyde molecules 7-methyl-3-isopropylidene-5,9-divinyl-6, i0-dioxatricycio[5.4.0. U““]

undecane 74 (scheme 19)

H and ’3C NMR spectra were used to elucidate the structure of all compeunds obtained. The spatial
arrangement of phenyl and methyl groups in compounds 31a, s determined as follows. The 0.4 ppm shift
of the signal of the methyl group at C-1 upfield for 31b rel e to 31a qhowq the screening effect of the
phenyl group. Therefore, the methyl and phenyl groups at the nelghbormg C-1 and C-9 atoms in 31b are cis-

located. With a frans-arrangement (according to the Dreiding models), the benzene ring screens the hydrogen
atom at C-2 and H-3 to a lesser extent, since H-2 and H-3 in the spectrum of isomer 31a are diamagnetically
shifted by 0.61 and 0.21 ppm, respectively, compared to those in isomer 31b.

Cis-fusion of six- and five-membered rings is known to provide less strain than trans-fusion.'® Earlier
we have supported this conclusion for 31a,b.!' Therefore, we believe that 48-50, 57-60, 70-73 have cis-fusion
between the six- and five-membered rings.

The equatorial posmon of H-6 in 48, 49, 57, 59, 70, 72 follows from the values of the long-range spin-
S . ¢

spin coupling constants *Jg 2, which are 1.2-1.5 Hz. The values agree well with the literature data '*, showing
that the couplings for the 1,3-diequatorial protons 4}676 in the six-membered ring are equal to 1-2 Hz, unlike
], and 41“, which are less than 1 Hz. In compounds 50, 58, 60, 71, 73 there is no interaction between H-6
and H-2. Thus, H-6 occupies an axial position. The axial position of H-6 in 58 and 71 is confirmed by 3J6&5a,
which equals 8 Hz. In comnounds 48, 57, 70 the vicinal constant JSa’ﬁ is 4.5 Hz and 3J556 is 3-3.5 Hz; these

values are typical for JM and *J,, <> respectively. Therefore, H-6 is equatorial in these compounds. The value
of the W-coupling Je.» confirms the cis-fusion of rings in these compounds. With frans-fusion, H-6 cannot
occupy the equatorial position according to the Dreiding model and we would have failed to record the W-
coupling.

It is difficalt to determine the configuration of substitutents at C-9 in 48, 57, 70 and 58, 71 as well as in
49, 59, 72 and 50, 60,73. Nevertheless, comparing the chemical shifts of the carbon atoms C-1, C-2 and C-9
in the *C NMR spectra of 49 and 50, 59 and 60, 72 and 73 with those of compounds 31a and 31b, we assume
that substituents at C-1 and C-9 are in the trans-position in 49, 59 and 72, and in the cis-position in 50, 60 and
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A similar comparison of the chemical shifts of C-2 and C-9 for 57 and 58 and for 76 and 71 (for C-1,
the difference between chemical shifts is less than | ppm) suggests the {frans-position of substituents in 57 and
70 an

d the cis-position in $8 and 71. In compounds 49, 57, 59, 70 and 72, in which H-6 is equatorial, the
substituent at C-9 is in the trans-position with respect to the 1-CHj; group, while in compounds 50, 58, 60, 71
and 73 with an axial H-6, the substituent at C-9 is in the cis-position with respect to 1-CHj group. Analysis of
the Dreiding model shows that in the latter case there is steric hindrance to the trans-position of the
substituents at C-1 and C-9.

In compounds 51, 61, and 74, H-5 is in the exo-position, as follows from the values of vicinal constants
3J5.4, which are 3.5-4 Hz. For endo-H-5, this value should be less than 1 Hz.'> The equatorial position of H-1
in the same compounds follows from the constants for the H-2a, H-2e and two protons at C-11 (see
Experimental). This conclusion is confirmed by the fact that, according to the Dreiding model, H-1 cannot be
axial.
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the cis-position with respect to the methyl group at C-11, H-7, and the OH group at C-4 in 67 or H-4 in 68

In75,H-1isin the ero-posr.tmu. since “Ji 14 is equal to 3 Hz, and is in the c¢is-position relative to the OH



Conclusions

Alumina-silica catalysts used in the reactions of terpene olefins and their derivatives with aromatic and
aliphatic aldehydes direct these processes along previously unknown routes. Thus, complex heteropolycyclic
compounds with earlier unknown skeletons form under mild reaction conditions from relatively simple
reagents. The reactions do not proceed without catalysts or in the presence of acetic acid. For these reactions,
it is hardly possible to apply the widely known assumptions and regulations typical for homogeneous
eactions such as homology, isomerism and vinylogy distribution, etc. Indeed, similar homologues such as

U ln and iiy hl, v‘ul GguCS SucCnl as Iormaidaen € an acro Ciu, ail iSO 1ICIS Sucin as O~
methylacrolein and c-otonaldeby e Lpdergo different transformations

catalyst surface; it is dlﬁcalt to predlel a priori the reactivities of complex polyfunctional compounds like
terpenoids under the reaction conditions. The currently available experimental data allow only several
empirical conclusions about the reactivity of terpenoids. However, further accumulation of data will certainly
make it possible to summarize and classify the data obtained and thus to predict the reactivities of various
substrates.

dsorption of even relatively simple organic substrates on the

Experimental

lvv 1 13~ a7

"H and “"C NMR spectira were recorded using a Bruker AM-400 spectrometer in CDCis. Chioroform
was used as internal standard (8y 7.24, 8¢ 76.90 ppm). '"H NMR spectra were analyzed with double resonance

1 ; i 13 ; A wwith calamtive mmd o baon s c o e S g s
H-'H. Signals in “C NMR spectra were assigned with selective and off-resonance proton imradiation using
. . . 13 1 :
erential spectra modulated with long-range spin-spin interaction "C-'H (LRJ ‘D). LRIMD experiment
. 1 .

Raman spectra were recorded using a Coderg PH-1 spectrometer w1th hehum -neon laser in CCl4
All chemicals and solvents were obtained from commercial sources and were used after purification by
column chromatografy (8iO;) or distillation. Reagents and products were analyzed with GLC with a flame-
ionization detector, column temperature 60-250 °C, and helium the carrier gas. Chromatograph model 3700
was equipped with a glass capillary column 17000x25 mm, phase VS-30. Products were separated over SiO,
(40-100 p), gave one peak in GLC and correct NMR spectra.

Elemental composition was determined by high resolution mass spectrometry using Finnigan 8200,
Specific rotation was determined with Polamat A spectrometer in CHCI;.

Askanite-bentonite clay was obtained by acidic activation of bentonite clays from the Askansk deposit.
The cataly%t was Cdluned for 3 h at 120 °C just before use. B-Zeolite was obtained as described 14 , S105/A1,03

zeolite and 2 ml 0 anhydrous toluene were heated for 12 h t 100 °C. Then after purlﬁcatlon ona column
with ALbO;3, 0.868 g (yield 71%) of a mixture containing compounds 4 and S were obtained, their ratio being
1.3:1 (GLC). Chromatography on the SiO; column (eluent containing from 1 to 10% of diethyl ether in
pentane) produced 0.196 g (16%) of 4 and 0.143 g (12%) of 5. Compound 4: '"H NMR, 5: 0.82 s, 1.01 s
(C''Hs, C"?Hy). 1.13 m (H*", H*"1.55 dd (H*", Jeensex 13, Joensen 7.5), 1.66 dd (2H%, 7 7, 7), 1.70 — 1.82 m
(H¥ H**, H'), 1.98 dddd (H**, J 13, Jsexsen 3.5, Joex7 3, Joexgex 3), 3.65 dd (H*", J 7.5, 3 5) 3.90 dt and 4.03
dt (217, 1 8, 7). Compound 5: 'H NMR 8:1.04 s (C''Hs), 1.12 s (C'?113),1.28 dddd (1%, J99 12.5, Jocx 8ex
12.5, J9cxl 4, J90x8cn 4), 1.33 ddd (H Gan J]o]o 10, JlOanl_JIOtm?"'l 5), 1.41 dddd (Hu" Jgg 12.5, 12.5, jgexj 4,
Jgexgen 4), 1. 51 ddd (H5 155 13,7 ,485 J54 8.5),2.04 ddd (H*, 7 13, J5.4 7, Js-.e 4.5), 1.62 dddd (H8°“ J125,
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j clay. A. With crotonaldehyde. 0.074

gof dxene 11 and 0.06 g of crotonaldeh de in 1.5 ml f H2C12 were added to 0.65 g of clay suspended in 1.5
ml of CH,Cl, and mixed for 2 hours at 20 °C. Cromatography on the SiO; column (eluent contained from 0 to
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4% of diethyl ether in pentane) p;oducc.d 0.31 g (33%) of ether 8. Compound 8: m/e for C;3H,,0: calc.
206.1671, obs. 206.1670. "H NMR, &: 1.18 s, 1.27 s (C10H; , CllHy), 1.42 ddd (H, J, 8ex 6, J1,0syn=J1 9an
3), 1.58 ddd (H%wvn, J9syn,9an 12, 3. Jogyn s 3), 1.61 ddd (C!5H;, J15,14 6.5, J1513 1. 5 Jisa D), 1.64 m
(C12H3), 1.89 m (H5), 2.01 dddd (H8ex, Jgex, en 18, 6, Jgex 5 3, Jgex 7 l), 2.12 dddd (H”an 112, 3, Jgan 5 3,

ST Y

Toan,8en 1) 2.28 br.d (H8em, J 18), 4.17 br.d (H*, J4 15 7), 5.37 ddq (H!3, Jy3 14 15.5, 1 7, 1.5), 5.45 m (H),

5.59dqd (H'4,715.5,6.5, J144 1).

B. With acrolein. 0.52 g of diene 11 and 0.53 g of acrolein dissolved in 15 ml of CH,Cl; were added to
6.87 g of clay suspended in 15 ml of CH,Cl,, and boiled for 4 h. Then 0.64 g of the product was subjected to
chromatography on SiO; (eluent contained 0.5% diethyl ether in pentane) to evolve 0.040 g of ether 16.
Compound 16: m/e for Cj3HyO: calc. 192.1514, obs. 192.1522. 'HNMR, 3: 1.23 s, 1.30 s (Cm”_} C''H3),

1.47 ddd (H!, J; 8ex 0.5, 03 ,9syn 3, Jy 9an 3), 1.64 ddd (H%syn, Jgsyn 9an 12.5, Jgsynl 3, Jgs 3), 1.66 m
(C12Hjy), 1.98 ddd (H5,73,J)5 9an 35 J54 2), 2.04 dddq (H8ex, J8ex 8en 18,7 6.5, Jgex,7 3, Jgex 12 2 5) 2.17 dddd
(H%n, J 12.5, 3, 3, Joan,8en 1), 2.32 dm (H38en, J 18), 4.24 dddd (H"' J4 136,72, J4 14- ,m,z J4 14-cis 2), 5.02
ddd (H4-eis, Jy4. cis,13 10.5, J1414 .7 2), 5.21 ddd (H!4-trans s Naetrans,13 17, 32, 2), 549 m (H7) 5.78 ddd
(H13,717,10.5, 6).

C. With butyraldehyde. 0.52 g of diene 11 and 0.52 g of butyraldehyde in 10 ml of CH,Cl; were added
to 5.64 g of clay suspended in 15 mi of CH,Cly, then the mixture was boiled for 5 h. The reaction mixture was

separated on Si0, (eluent - pentane) to evolve 0.49 g of ether 17. Compound 17: m/e for C,4H2,0: calc.
208.1827, obs 208 1825. '"H NMR, &: 0.87 t (C13H3,77),1.185,1.26 5 (C!0H;, C! 'H3), 1.46 ddd (1!, 31 gex
6, J1,9an 3-5: 31,95 syn 3), 1.60 ddd (H%yn, Jgg 12, Jgsyns 3.5, J 3), 1.71 m(C12H5), 1.88 ddd (H5, J 3.5, J5 9an 3,
J5 42),2.03 dddn (H8ex, Jg.8 19,16, Igey 7 3, Jgex 12 2.5), 2.10 ddud (H%n 112 35,3, Joan gen 1), 2.31 dm

(ngn J 19),3.65 ddd(H4 .an 8 J412°5,12), 5. 49m(H7\ 1.46-1.27 m (2 CH,).
D. With pentafluorobenzaldehyde. 0.62 g of diene 11 and 0.49 g of pentaﬂuorobenzaldehyde dissolved
in 10 ml of CH,Cl; were added to 5.15 g of clay suspended in 13 ml of CH,Cl,, and then were kept for 3 h in
20 °C. After two-step chromatography on SiO, and on Si0,/20%AgNO; (eluent - 0.5% diethyl ether in
pentane) 0.041 g of ether 18 were evolved. Compound 18: m/e for C;H;7FsO: calc. 332.1199, obs.
332.1188. "H NMR, 6: 1.25 m (C12H3), 1.29 5, 1.37 s (C1011; and C11H,), 1.57 ddd (H!, J1,8ex 6-5, 1 95yn 3,
Jl 9an 3)» 1.71 ddd (HOsyn, Josyn,9an 12.5, Jogyn 5 3, J 3), 2.10 dm (H8ex, Jgex gen 18.5), 2.13 m (H?), 2.29 dddd
(H9an J125,3, Jgans 3, Joan gen 1), 2.42 dm (Hse" J18.5),5.19d (H%, J4 5 2), 5.55 m (H7).
E. With a-methyiacrolein. 0.68 g of diene i1 and 0.69 g of a-methylacroiein in 10 mi of CH,Cl, were
¢}

: ciicmonAsd 1w 15 221 O rwv ol

.87 g cia‘y suspended in 15 mi of CH,Clz, and were boiled for 4 hours. After treatment 1.108 g of
vt
Al

reaction mixture obtained were exposed to chromatography on SiO; (eluent - 5% diethyl! ether in pentane) to
evolve 0.051 g of ether 19. Compound 19: m/e for C;4H»O: calc. 206.1671, obs. 206.1667. 'H NMR, §:
1.23 s, 1.29 s (C!10H;, Cl1H;3), 1.48 m (H1), 1.58 m (C12H3), 1.66 m (H%Yn), 1.74 m (C15H3), 2.02 dm (H8ex,
Jgex gen 18), 2.15 dddd (H%0, Jo.. 0con 12, Joan 1 3, Joan s 3, Joangen 1) 2.17 m (H3), 2.30 dm (H8en J 18)
OCA, 0L 7 7a.u 1 7 raii,o 4 Fail,ocil /3 \ 73 7

4,03 m (H*), 4.75 m and 5.00 m (2H14), ), 5.44 m (H7).
F. With benzaldehyde. 0.51 g of diene 11 and 0.53 g of benzaldehyde in 10 ml of CH,Cl, were added to

5.15 g of clay suspended in 13 ml of CH,Cl,, and were kept for 3 h at 20 °C. After treatment and
chromatography on SiO; (eluent - 1% diethyl ether in pentane) 0.331 g of ether 20 were obtained. Compound
20: m/e for Cy7H,:0: calc. 242.1671, obs. 242.1675. '"H NMR, 8: 0.96 m (C12H3), 1.43 s, 1.47 s (C10H;,
CllH3),1.62 ddd (H1, J; 8ex 6.5, J1 ogyn 3, Jl 9an 3)> 1.81 ddd (H%syn, J9.9 12, Jogyn 5 3,7 3), 2.17 dddq (Hsex
Jgex.8en 185, 1 6.5, Jgex 7 3, Jgexlz 2.5),2.28 ddd (H3, J 3, J5 945 3, Js4 2) 2.42 dddd (H%n, J 12 3,3,
JS)em 8en 1), 2. 49 dm ( 3) H4
/.

,J2),5.52m (H7), 7.25 t (H18, J16,5 7.5), 7.34 d (2H15 ,J7.5),
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p-hydroxybenzaldehyde. 0.4 g of diene 11 and 0.180 g of alde hyde dissolved in 10 ml of
CH,Cl, were added to 2 g of clay suspended in 10 ml of CH,Cl,, and were mixed for 2 h at room temperature.
Then the catalyst was filtered off and the solvent was distilled off. Thl_u obtained reaction mixture was

exposed to chromatography on 25 g of 8i0; (eluent - from 5 to 20% of diethyl ether in pentane) to obtain
0.147 g (yield 39%) of compound 21.. Compound 21: M.p.141-142 °C, m/e for C;7H,,0;: calc. 258.16197,



obs. 258.16170. "H NMR, &: 0.90 ddd (C'*Hs, J127=T12.862.5, Jiagen 2), 1.31 s, 1.37 s (C'°Ha, C''Hy), 1.53
dddd (H', Jigex 6.5, J1osyn=1.9a0=3, Jigen~1), 1.69 ddd (H™™, Jg 12.5, Joeyn1=Josyns=3), 2.06 dddq (H**,
Jgexgen 18.5, 7 6.5, Jgex 73,7 2.5),2.11 ddd (H%, 13, J59;m 3,J54 2. 5) 2.31 dddd (H*™, J 12.5, 3, 3, Joan sen 1.5),
2.38 dm (H*", J 18.5), 4.81 d (H*, J 2.5), 5.43 m (H), 6.69 d (2H", J 8), 7.14 d 2H", 1 8).

The reaction of 1,2 4-trimethyi-4-isopropenylcyclohex-1-ene with salicyiaidehyde. 0.1 g of diene and
3 g of E‘x}ucu_yuc in 7 ml of an\,n were added to 3 g of Cl’d_y adSpenucu in 10 ml of \/nz\,lz, and were mixed

at room temperature for 5 h 40 min. After treatment and two separations on SiO; (eluent - from 1 to 3%

D

diethyl ether in pentane) and on neutral Al,O3 (eluent - 5% diethyl ether in pentane) 0.131 g (yield 75%) of
com d26 were obtained. Compound 26: m/c for CgH0;: calc. 286.19327, obs. 286.19393. 'H NMRA

4110 YRIN;

Do

5:123 s, 143 s (C"H;, C"*H3), 1.40 dddd (H', T 102 4, J1 10e=J 1 115yn=I1.11a0=3)s 153d(C"’Hz Ji6oa 1), 1.5
(H”’“ ng) 1.82 br.ddd (H", Ji24= 12 11s9n=J12.11a0=3), 1.87 ddd (H"'", J\1e0n 11an 13.5, T 3, 3), 2.08 ddddd
(H'™, Ti0c10a 13.5, J10e9a 5> J10e1=T10e9e=T10e,11n=3), 2.32 dddd (H'™, J 13.5, 3, 3, 3), 2.64 br.ddd (H*,
Joa0c=Joa10=13.5, J 5), 4.62 d (H*, 1 3), 6.81 d (H*', 7 8), 6.85td (H'®, 1 7.5, 1), 7.17 dd (H'},J 7.5, 1.5), 7.18
ddd (H%, 201 8, J20,10 7.5, J20.18 1.5).

The reaction of limonene 11a with salicylaldehyde. 0.4 g of diene 11a and 0.190 g of aldehyde in 10 ml
of CH,Cl, were added to 2 g of clay suspended in 10 ml of CIH,Cl,, and were mixed for 9 h at room
temperature. After reaction mixture treatment and chromatography first on 25 g of SiO; (eluent - 5% diethyl
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compound 27 were obtained.Compound 27: M.p. 59 °C, m/e for C\;H»pO; : calc. 258.16197 , obs.
+10.7° (c. 0.94, CHCL;). "H NMR, 5: 0.76 s and 0.80 s (C"°H;, C'"H;), 1.15 s an 4

258.16220, [a]*s50 76 s and 080 s (C°H;, C''Hy), 115 s and 1.34 s
(CFy, CPHy), 1.25 ddd ('™, Tign t0e=T 0m56=14, Tiggge 5). 140 d (H'™, Ty 14), 1424 (C "Hs, Jiega
1), 1.48 ddd (H™, Joe.0a 12.5, Joe. 102 5, Joe.10¢ ) .80 dd (H''™, J 14, J,,mm.,3 98 dddd (H'™, J 14, J, %

1 Ne
5,13.5,2), 277dddd(H9a J14,12.5,5, 1), 4.15 s (H"), 6.78 d (H2!, J 8), 6.85 ( H'® 175, 1),7.16d(H“’,
7.5),7.17 ddd (H*, 1 8, 7.5, 1.5).

The reaction of trans-6-hydroxymethyllimonene 34 with salicylaldehyde. 30 mg of compound 34 and
30 mg of aldehyde in 1 ml of CH,Cl; were added to 200 mg of clay suspended in 1 m! of CH,Cl, and mixed
for 3 h at room temperature. After treatment reaction mixture was separated on 20 g of neutral alumina (eluent
- 2-20% diethyl ether in hexane) to evolve 8 mg of initial hydroxyolefin 34, 7 mg of ether 35 (yield 32%), and
12 mg of compound 36 (yield 34%). 'H and °C NMR spectra of compound 35 coincide with those given in ” ;
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Compound 36: m/e for C sH»0; : cale. 270.16197, obs. 270.16220. vOH 3360 ecm™ (CCly). 'H NM

£
1 3. crrlex 11217 o i 13170 1 A1 rrr6ex 12.5 cc oA

1. H am (n l].:x 1ex 11), 1.33 s (C7Hj), 1. aad \n , J6cx’60n 12.5, JGex,Sex 11, J6cx,7"‘ Jﬁcx,“ex 3), 1.56 d
( J12

1L A

354

H ajllenllex 125 Jllenlex35 J1]cn'l3) 1.60 ddd Hen J 125 J5¢n55x3 5 Jben? 3) 1.65 dddd (Hllex’ 12.
R ITH 7 ’l\ 1.69 dddd (H’ex I 11 3 5 Yoo o 2 1 ’%\ 1.77 4 {r'lzn« ~!i

s vliex,7 LU AL JS& U~ 113,
B2 115, J2.1ex2), 3.99 dd (1 21 . 5, Tytex 2), 5.05 d(H‘t J1.5),5.54 dq (
H', 18, 1.5), 7.10td (H'7, 7 8, 1.5), 8.89 s (OH).

The reactzon of trans-4 (1-hvdroxyethyl)-2-carene 37 with salicylaldehyde. 180 mg of compound 37 and
400 mg of aldehyde in 8 m} of CH,Cl; were added to 2 g of clay suspended in 10 m! of CH,Cl; and mixed for
30 min at room temperature. After treatment reaction mixture was separated on 40 g of neutral Al,O3 (eluent -
2-4% diethyl ether in pentane) to evolve 58 mg of compound 38 (yield 20.4%) and 42 mg of compound 39
(vield 23%). Compound 38: m/c for C;gH340; : calc. 284.17762, obs. 284.17722, [a]*%s0 - 24.9° (c. 3.1,
CIICl;). '"H NMR, &: 1.02 d and 1.03 d (C**H3, C**H3, 1 7), 1.18 5 (C'®H3), 1.23 d (C*'H3, J 6.5), 1.98 dd (1,
Jog 15, Js 6), 2.11 ddd (H®, J39 8, 137 6,76),229m (H”), 2.30 septet (’1}71'3 J7),4.13d (H', Ji 11 5), 425 qd
YIS\ £ LA A4 /1T 1N £ OA A4 1T v 1719

(n JOD 6),4.36s(H),5.64ddd (H ', J 5, Jy1,137)119=1.5),694dd(H ',J 8, 1),6.96td(H",J 7.5, 1),7.21
ddd (H', Jis17 8, Jigae 7.5, Jigz0 1.5), 7.31 dd (H®, ] 7.5, 1.5). Compound 39: [0]*%ss0 116.4° (c. 0.98,

(HL, l}—] and B NMR spectra af 20 cnincide with thage oiven in
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The reaction of trans-4-{1-methvl-1-hvdroxvethvl)-2-carene 40 w:lh salicvlaldehyde. 49.7 mg of 40 and
100 mg of aldehyde in 3 ml of CH,Cl, were added to 0.3 g of clay suspended in 3 ml of CH,Cl,, mixed at
room temperature for 10 min. After treatment reaction mixture was separated on 20 g of SiO; (eluent - 1-4%

diethyl ether in pentane) to evolve 8 mg of 41, 9 mg of 42 and 14 mg of mixed 41 and 42, ratio 41:42 = 1.6:1
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(summed yield 41%). Compound 41: m/e for C;0H,60; : calc. 298.19397, obs. 298.19220. lH.NMR, &:1.09
d (C"*H;, C"®H;, J 7), 1.11 s (C'®H3), 1.13 s and 1.32 s (C*'Hs, C*Hj), 2.11-2.23 m(H®, 2H%), 2.35 septet
(H',17),3.85br.d (', I, 1 5) 4.59 s (H%),5.71 dm (H'", 15, I}, 13and J;; 0 1-1.5), 6.94 dd (117, J 8, 1), 6.96
td (H'®, 1 7.5, 1), 7.23 ddd (H'®, J1317 8, J18,10 7.5, J13.20 1.5), 7.28 dd (H*, J 7.5, 1.5). Compound 42: m/e for
CaoHae0; : calc. 298.19397, obs. 298.19280. 'H NMR 6 0.89 d and 0.94 d (C*Hs, C°H;, J07), 1.21 s and
3

Tev ~22vx N+ oA 1 s lOvy -~ ~ p v
1.31 s (C*'Hs, C**H3), 1.83 d (C'®Hs, J169 2), 1.9 (H’, Joo 15, Jog 10, Jo16 2), 2.03 dd (H?, J 15, Jog 6),

1112 LY ant! -~ N

d{H", Jy J1259, 01201 7),432d(H,J 7),5.02

d
6 ddd (H'®, J1517 8, Jig19 7.5, Jigp0 1.5), 7.29 dd
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A5ddd (H, 7 10,6,5312 9

)
d(H°79),689dd(H", T8,

~ oo
4.00 sepict i, J

,6.95td (H”,175,1),7.

temperature Aftcr treatment reactlon mlxture was separated on 30 g of Ssz (eluent - O 10% dwthyl ethcr in
hexane) to evolve 80 mg of compound 45 (yield 12%). Compound 45: m/e for C;H,¢0; : calc. 256.14632,
obs. 256.14477, [a]*’sg0 -26.7° (c. 3, CHCl3). '"H NMR, &: 1.16's, 1.51 s (C"*Hs, C'*Ha), 1.53 s (C'*H3), 1.91
ddd (H", Ji211an 4, Jiz 115y 3, J12.4 3), 1.96 ddd (H', J1115yn 3.5, Ji10 3, Jit1an 3), 2.12 ddd (H''", J,,, 13, ]
3.5,3),2.35 dddd (H''™, J 13, 4, 3, J11an10 0.5), 4.67 d (H*, J 3), 5.87 dd (H'®, 1 3, 0.5), 5.89 br.s (H), 6.82 dd
(H'°, 18, 1), 6.84 ddd (H", J17,16 7.5, Ji7,18 7.5, Ji719 1), 7.13 dd (H'®, 7 7.5, 2), 7.19 ddd (H™®, J15.10 8, J 7.5,
J18,16 2).

The reaction of trans-verbenol 44 with crotonoaldehyde. 0.3 g of verbenol 44 and 0.6 g of aidehydc: in

g of ml
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temperature. After treatment reaction mixture was separated on 25 g of SiO, (eluent - 0-5% diethyl ether in
hexane) to evolve 0.105 g of compound 46 (yield 26%). Compound 46: fn]zomn -85.7° {c. 14, CHCl3) II-I

LALC LS AL piwl LO AL com Jv“- 580 vaa\,;_y/

NMR 5:1.09s, 1. 32S(C10H1 C“H}) 1.65 dd (C"*Hs, I1<m65 J1s13 1.5), 1 78 ddd (Hgs‘" Jog 12,5 Tn,},ﬂ, 3,

s 3), 1.92 ddad (H', 31565, Jiom 3,73, 115 1),2.12 dddd(H"“’" J12.5, 3, Jouns 1.5), 2. 19 dddd (i, )3,

3, 1, 15,4 2.5), 4.13 dd (H', Jo137,72.5),4.57 dd M, Ji212 2, 125 2), 491 (H12 ,J2),5.36 ddg (H”, ] 15.5,
6.5, J144 1), 5.84 dddd (H?, J379.5,16.5,2,1.5),6.17 (H,19.5).

The reaction of trans-4-hydroxymethyl-2-carene 28(valterol) with aldehydes. A. With salicylaldehyde. 3

g of clay in 13 ml of CHyCl; were added to 279 mg of compound 28 and 600 mg of aldehyde dissolved in 12

ml of CH,Cly, and were mixed for 30 min at room temperature. After treatment reaction mixture was

separated on 50 g of neutral A1203 (eluent - from 0 to 3% of d1ethyl ether in pentdne) to evolve 282 mg of

s, - NVE -

A OIT M
Ul LIl 2\112, auu uuxc,u IUI LJ Illlﬂ at room
of

1£ 70 /7. 114 riTrrﬂ\ 11’1’\1\‘“ 1f\A"\J_._J1{\AA.I/l‘114TT I“ISTT Ty 1 1’1;11'\16T\ ~ 1A ;1 19 v
152,77 (C. 1.14, UIiCUl3). Il INIVIKK, 5: 1.042 d and 1.u44 a (L iz, 3, J /), 1158 (L Ha), Z.14 4ad (7, Joo
17 71 2y Y2 AAAA {Ugy T172 Y A A N o] 1 8Y D 2N onntat /U13 T\ DAL 11311 /I18 T QT o T
1/7,Jd98 3), £.25 QU (11 , J 17 .v9 8§ U.J, JO 1] & J9 1 1.9), 4.0V bCpLCl (i ,J /), 40 Quaua i, Jg7 7, Jg7 0. J
6.5,3),3.66dd (H',J 9, J;, 8),3.97 dd (H', J 8, 8), 3.98 br.d (H, J1.114.5), 4.50 s (H%), 5.64 br.d (11", ] 4.5),
6.95d (1" 18), 6.97 td (H',17.5,1),7.23ddd (H'® 11517 8, Jig16 7.5, Jig20 1.5), 7.27 dd (H, 1 7.5, 1.5).

B. With benzaldehyde. 3 g of clay suspended in 10 ml of CH,Cl, were added to 300 mg of 28 and 600

mg of aldehyde dissolved in 12 ml of CH,Cl;, and were mixed for 50 min at room temperature. After
treatment reaction mixture was separated on 30 g of SiO; (eluent - from 0 to 3% diethyl ether in pentane) to
obtain 169 mg of compound 30 (yield 34%) and 153 mg of mixture. The latter was step-wise separated on
Si0; and neutral Al,O; (same eluent) to evolve 38 mg of compound 31a (yield 8. 3%) and 27 mg of compound
31b (yicld 6%). Compound 30: [a]*%sg + 65.5° (¢. 0.73, CHCl;) vOH 3450 cm™ (CCl4 ) "HNMR, 5: 1.11 s
(C'H3), 1.74 br.s and 1.77 d (C*H; and C'°Hs, J 2), 2.28 br.d (H’, J 16), 2.49 ddddd (H®, Jo11 9.5, J611r 9, Jos
4.5, J65 3, J62 2), 2.54 dd (H”, 3J16 3),3.65dd (H", 795, J;; 11 8), 4.02 dd (H'", J 9, 8), 4625(H”) 4.73

br.d (H-, Jo3 10.5), 6.38 d (H°, J 10.5), 7.24-7.35 m (CeHs). Compound 3ia: [oq"" g0 + 20.9° (c. 1.34,
ATy LT AR S A 000 1 an A no0ot AI2vy, A3y T 1A% 10T N A AL b cnins 1Tl T Ay A A
Crnli3). 0 INVIR, 07 U.Y00 G and u.¥1 a4 (L "m3, LU 'n3,J /), 1.Uz 8 (L 'n3), 2.20 or.sepiet (1, J 7), 2.73
ddddfué .08 T.oo® .6 L-o1) 1744417 108 T2y 49 447 12 @y 472 o (LI 4097 ke A

UL, 967 7.9, 967 0, 965 U5 V2 1), J./7 QU 01 , 0 7.0, 477 0, 7.44 GO (0l , 4 6, 6), 7./5 511 ), 4.72 0I.a
(H2 J2310), 5.42 dddd HS, J 6, Js53 1.5, J50=)51=1), 5.70 dd (HB, J 10, 1.5), 7.26 br.t (H”, J 8), 7.28 br.d
(2H", 7 8), 7.32 td (2H'®, J 8, 1.5). Compound 31b: [a]*%g + 20° (c. 1.14, CHCL:). '"H NMR, &: 0.61 s
(C'°H3), 1.05 d (C'*H3, C'*Hs, J 7), 2.32 septet dd (H'', J 7, J116 1.5, J115 1), 2.81 ddddd (HS, J- 8, Js.7 5.5,



Jos 4, Je11 1.5, 762 1),3.79dd (H", J77 8,7 5.5), 4.45 dd (H', ] 8, 8), 4.71 s (H”), 5.30 dddd (H, J 4, J55 1.5,
J52=Js11=1), 5.53 br.d (H%, 1 10), 5.91 dd (H?, ] 10, 1.5), 7.21-7.37 m (C4Hs).

C. With butyraldehyde. 1 g of the latter was added to 3 g of clay suspended in 10 ml of CH,Cl,. Then
400 mg of valterol 28 in 15 ml CH,Cl, were added drop by drop to the suspension for 10 min, and mixed for
30 min at room temperature. After catalyst filtering-off reaction mixture was separated on 30 g of SiO, (eluent

U /70 OI cuelnyl ether lIl nexane) to CVOIVC 12U mg OI ‘-I'B (ylel(l 22. 070), 50 mg OI compouna 49 (ylela 9 4"/0 )
49 mg of compound 50 (yield 9.2%), 360 mg of compound 51b (yield 51.2%), Compound 48: m/c for

C15Hz40 : calc. 220.18310, obs. 220.18289 , [a]*%s0 +8.8° (c. 6.3, CHCl3). "H NMR, &: 0.92 t (C'®H3, J 7),
1.03 s(C OH;), 1.33 mand 1.55 m 2H"), 1. zs 1. sw m mH”\ 1.70 br.s (CHy), 1.75 d (C'?H3, 112 54 2), 2.21
ddaa (H s Js 5 15.5, Jsage 4.5, 7 2, Jsa13 1), 2.26 ddddd (H6e Joe7 9, Joe7 8.5, J 4.5, Joese 3.5, Jge, 2 1.5), 2.44

vvvvvvvvvv

ddd(HSC 715.5,3.5, Jses 1), 3.40 dd (H', ] 8.5, J7 8), 3.44 dd (H’, Jo.14 9, Jo,14- 3), 3.82 dd (H', J 9, 8), 5.37
ddm (H% J1 3 10 J 1.5), 6.47 ddm (H2, J 10, 1). Compound 49: m/e for CsHp4O: calc. 220.18270, obs.
220.18289 , [a]*s50 -67.8° (c. 6.5, CHCl3). "H NMR, &: 0.92 s (C'°Hj), 0.93 t (C'®H3, J 7), 0.981 dand0984
d (C'?H; and C"*H;, 1 7), 133 mand 1.57 m (2H"), 1.43 m (H'*), 1.50 m (H'*), 2.25 septet dd (H'", J 7, J;;. 5
1.5, Fi16e 1), 2.53 ddddd (H®, Jse7 9, Joe7 8.5, Joe,s 6, Joe.2 1.2, 1), 3.48 dd (H', J 9, J7 8) 3.55 dd(n‘" To14
9.5, J5 14 3), 4.01 dd (H”, J 8.5, 8), 5.35 dddd (H’, J 6, 1.5, J53 1.5, Js 2 1), 5.54 ddd (M7, J,, 310,112, 1),

5.83dd (H’ J 10, 1.5). Compound 50: m/e for ngﬂz,;u calc. 220.182° /0 obs 220. 18552 [aj‘“sgo +10.6° (c.

r)-

6.2, CHCl;). 'H NMR, &: 0.89 s (Lmng), 0.91t (L n3, i7,099d (L 113 and C' n;, 7), 1.24 - 1.57 m
(2H", 2H"), 2.24 septet dd (H J7,011,5 1.5, 1162 1.5), 2.62 dddd (H*, Jea.7 8, J6a.7 6, Jeas 4, T 1.5), 3.47 dd

1.9 T 'Z\ 28044 M 1., R 10AAAAITIS T4 151 4
J Js 3.3 y 47,77 O, .17 GGaa T d A

\1i, 4§14 7, 4G |4’ J.IU UG AL > Ju/,-rauuu\xx 5 L SIS SO e N 5,311 ,J5:2 ),

dd (H% J, 3 10, J 1), 5.76 dd (H3, J 10, 1.5). Compound 51b: m/e for C;oH3O: calc. 292.24022, obs.
292.24049, [a]ss0 +71.3° (c. 7.5, CHCI;). '"H NMR, §: 0.87 t and 0.90 t (C'®H,, c21H3 IJ7),1.13-157m (4
CH,), 1.38 s (C"°H3), 1.63 ddddd (H'®, Jleza 5.5, Jienr 2.5, Tieg 2, Tieqt 1.5, Jie 2¢ 1.5), 1.64 d and 1.66 d

(CPH;, C"*H3, J 2.5 and J 1.5), 1.76 ddd (H®, Jg4 4, Jg93, J 2), 2.36 ddm (H?, Jzz,__k 16, J5.5),2.41 br.d (H*,
7 16),3.09 dd (H*, J 4, J453.5), 3.50 ddd (H®, Jo.168, Jo10° 5,7 3), 3.57 ddd (H'!, Jy14p0 11,5, 1.5, 3112 1), 3.72
dd (H', J 11.5, 2.5), 3.94 ddd (H**, Jsex.16 7, Jsex.16° 6, J 3.5).

D. With crotonoaldehyde. 0.17 g of valterol 28 and 0.3 g of aldehyde in 10 ml of CH,Cl, were added
to 2.5 g of clay suspended in 10 ml of CH,Cl,, and mixed for 30 min at room temperature. After treatment
reaction mixture was separated on 25 g of SiO; (eluent - 0-30% diethyl ether in hexane) to evolve 0.027 g of

~ o

compound 57 (yield 12.1%), 0.04 g of compound 58 (yield 17.9%), 0.017 g of compound 59 (yield 7.6%),

£ o

0.008 g of compound &b (yield 3.6%) and 0. uqo g of compound 61 (yield 15.6%). Compound 57: m/e for

C15Hp0: calc. 218.16706, obs. 218.16619 , [a]*sg0 +55.9° (. 6.3, CHCl3). "H NMR, &: 1.00 s (C'"H3), 1.71

br.s (CPH3), 1.72 dd (C'°H3, Ji6.15 6.5, T ..l<\I7AA(F]2LLI_.’)\ 2.22 ddqq (1%, 355 15, Jsage 4.5, 1 2,
>\~ Li3), e 113, Jlolﬁ\l.},dlblt}l ~ ) ATV A3y (154 &)y 4L& UMHY (LL 5, U555 1D, J5a6e T, 0 4
Jsaz 1) 2.29ddddd(HGe Jee7 9, Jee7 8.5, Joesa 4.5, Joese 3, Jgen 1.5), 24§ddd( ¢ 1153 I... 1) uxqa,
a 7 s vO€,/ s vOE, 7 3 YOE€,0a s v0€,5€ ~» v0B,2 < Jy LTS B A1 5 v 1Yy Iy wied 1), JOTS UG
(H, 185,77 8), 385dd(H7 79,8),3.86d (H, Jo4 8), 5.33 br.dd (H2, Jo5 10,7 1.5), 5.47 ddg (H', J,4,

s z
Vs 23 4 s~ bty S 19,10

15,78, 1.5),5.71 dqd (H" 115,65, Jiso 1), 6.46 br.dd (H3 J 10, 1). Compound 58: m/e for CHIIzzO calc.
218.16706, obs. 218.16619 , [(x]20580 +19.6° (c. 4.5, CHCl;). "H NMR, 8: 0.97 s (C'°H3), 1.70 dd (C'°H;,
Jig15 6.5, Jig1a 1.5), 173 br.s and 1.77 br.s (C'*Hs, C"Ha), ), 2.12 dddd (H®, Jsasa 8, Jear 7.5, Jea7 5.5, Joase
5),2.27 br.dd (H*, Js5 15,7 8) 2.39 br.dd (H*, J 15, 5), 3.50 dd (H', J;7 8,71 5.5), 4.06 dd (H’, J 8, 7.5), 4.07
dd (B, Jo14 7.5, Jo15 1), 5.32 d (H, J23 10), 5.45 ddq (H", Jyays5 15,1 7.5, 1.5), 5.64 dgd (H'%, 1 15, 6.5, 1),
6.41d (H3 J 10). Compound 59 m/e for Cy5H»,0: calc. 218 16706, obs. 218.16600 , [a]ZGSgO +36.9° (c. 3.0,
CHCL). '"H NMR, &: 091 (C'°H), 0.992 d and 0.995 d (C**Hs, C°Hs, T 7), 1.73 dd (C'*H;, J16.15 6.5, Ti6.14

-.A/

+be ~ oy m o omm oz oa
1.3), 26 seplet dd (H", J 7, J1us 1.5, Ji16e 1), 2.55 ddddd (H®, Jee7 9, J(,e7 8.5, Jees 6, Jgen 1.2, 1),3.52dd

.19, 1;7 8), 398brd(H9 9148) 4.06 dd (H', 7 8.5, 8), 5.38 dddd (1°, J 6, 1.5, Js3 1.5, J5, 1), 5.47 ddq
4 1 18 1R 18y 58 AdA 2 L. 10 119 1Y 5§70 dad (1115 115.6.5. Jico 1) 403,1..1/1_13 110 1 &y
U1 ,J1415 19,9 0, 1.J), J.oLUUl (1L ,J23 1Y, J 1.4, L), J./vajurt ,J1J,0.0,J159 1),0.65300U1,J 1V, 1.0),
Compound 60: m/e for C;sHx»O: calc. 218.16706, obs. 218.16600 , [a]*%ss0 +29° (c. 6.6, CHCl3). "H NMR,
8: 0.89 s ( C"Hs), 100d(("2 15, CH;3, 1 7), 1.71 dd ( C'®Ha, J1615 6.5, Jig14 1.5), 2.26 septet ad (1", 17,
Jiis 1.5, Ji16a 1), 2.66 dddd (H®, Jsa7 8, J6a7 6, Jeus 4,1 1), 3.56 dd (H, J;7 8, 1 6), 3A92d(H Jo.14 8), 4.24
dd (07, 7 8, 8), 5.22 dddd (H', J 4, 1.5, J53 1.5, Js, 1), 5.44 dd (H2, 12310, 7 1), 5.46 ddq (11", J145 15,1 8,
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1.5), 5.66 dqd (H", 1 15, 6.5, 1), 5.79 dd (H°, J 10, 1.5). Compound 61: m/e for Cy5H,30: calc. 292.24022,
obs. 292.24049 [a]”sso +118.6° (c. 9.5, CHCL3). '"H NMR, &: 1.41 s(C“‘H3) 1.60 d (J 2) and 1.67 m (C*H;
and C'*H3), 1.64 dd (C'*Hs, J1547 6.5, Jis, 16 1.5), 1.66 m (H'), 1.68 dd (C*'Hs, J2120 6.5, Ja1.10 1.5), 1.83 ddd
s, T 4, Jso 3, Jyc 1.5), 2.40 ddggm (H*, J2a2¢ 15, J2a, 6, J2‘ 1.5), 2.47 br.d (H*, J 15), 320 dd (H*, 7 4,

J4 3.5 ) Olddd(ﬂ J]Il] 11.5, l]]lc‘J”zd“lD)j//dd(H' ,J11.5, Iy 1323)4UUdd(H J919/J3)
4.34 dd (" ,J5168,33.5),532ddq(H ", Ji617 15,7 8, 1.5), 5.44 ddq (1-119, J1920 15,3 7, 1.5), 5.66 dqd (}120 j
15.6.5.] 1N §71 A~Arl? 112 207 1"
15,0.5,0209 1), d./1aqain , 7 13,6.5,J174 1)

E With a-methylacrolein. 0.3 g of the a-methylacrolein in 12 ml CH,Cl; was added drop by drop to 3

g of clay and 0.3 g valterol 28 suspended in 8 ml of CH;Cl; and mixed for 30 min at room temperature. After

g of clay and 0.3 g valterol 28 suspended CH,Cl, and mixed for 3 room temperature.
catalyst filtering- ott reaction mixture was separated on 20 g of neutral Al,O; (eluent 0-50% of diethyl ether in
hexane) to evolve 64 mg of compound 67 (yield 3.7%) and 64 mg of compound 68 (yicld 15%). Compound
67: m/e for C sH40;: calc. 236.17762, obs. 236.17860 , [a]*’szp +30° (c. 2.2, CHCl3), (Vmax cm’’, CCly):
3610, 3420. "H NMR, &: 0.83 ddd (H®, J¢5 13, Jge 12, Js7 11), 0.948 d and 0.951 d (C'>Hs, C'*H3, J 7), 1.00
d (C'*H3, J 6.5), 1.04 s (C'°H), 1.81 ddd (H®, J 12, Js.5 6.5, Js7 2), 1.81 dd (H'®, J10a10¢ 17, Jioa1c 2.5), 1.95
ddq (H,J 13, 6.5, 6.5), 2.06 m (H'), 2.11 dddd (H'%, J 17, Ji0e1 5.5, J10e 2.5, J10e7 2.5), 2.15 br.septet (1'%, J
7), 2.25 br.s (OH), 2.29 dddd (H'®, Jie2 11, Jie2 8,7 5.5, 2.5), 3.24 dd (H, T 11, J,» 8), 3.96 dd (HZ, 1 8, 8),
5.33 ddd (H® Jg; 3.5, T 2.5, ng 1). Compound 68: m/e for C;sHy4O;: calc. 236.17762, obs. 236.17671 ,

ATy . nnA 313y ~ldry b e A 0S5y ~16v+

.
-
.4

r . a0 / A AN TTAN E & N s oA
[o]” sg0 +31.8° (c. 3.2, CHCI; NMR, 6:0.93 d (C"H3, C"H;,J 7), 1.25 s and 1.28 s (C'H;, C°Hj3), 1.26
1.1 /170 71 17 7 17\ 1 on A1 (1i0 17 7 Acgy 101 31110 119 71 A2 T AN "IN A1
aa (i, Je6 13, J6,7a 1<), 1.0V QA (11, J10a,10¢ 1/, J10ale £-0), 1.71 QAd (1, J 13, Jg7a /.3, Jg 4 2), 2.10 aaad
rul‘}e T17 1. £&8 T.. .78 T.. _ 78\ 712 qantat (T112 1V 291 Ad44 ¢ 11T Q 128 9y
i J L/, JiQeie I, vileR &5 JileTa £09 )y L4015 SUPWCL LT, 0 /), £.21 QAGG 11, Jje2 11, J]e2 O, d J.J, £.D),
244 dddd (H'™, 1 12, 7.5, 2.5, J7 4), 329 dd (H2, J 11, Ja»- 8), 3.61 d (H*, J 2), 3.79 dd (HZ, ) 8, 8). 531 dd

(H J4,2.5),9.04 br.s (OH).

F. With acrolein. 300 mg of valterol 28 and 300 mg of aldehyde in 10 ml of CH,Cl; were added to 2.5
g of clay suspended in 10 ml of CH,Cl,, and mixed for 30 min at room temperature. After treatment reaction
mixture was separated on 25 g of SiO; (eluent - 0-10% diethyl ether in hexane) to evolve 108 mg of
compound 70 (yield 21.8%), 11.5 mg of compound 71 (yield 3.1%), 10 mg of compound 72 (yield 2.9%), 16
mg of compound 73 (yield 4.3%), 43 mg of compound 74 (yield 9.1%) and 37 mg of compound 75 (yield
7.8%). Compound 70: m/e for CisH00O: calc. 204.15141, obs. 204.15118 , [a]mssg +21.1° (¢. 6.6, CHCI3).
'HNMR, &: 1.04 s (’C“GH;) 1.71 br.s (CPHs), 1.76 d (C'*Hs, J1254 2), 2.23 ddqq (Hf’f‘ JJ5 15.5, Tsape 4.5, 2,

i
Jsa13 1), 2.31 ddddd(Hc Joe7 9, Joe, 77 9, 1 4.5, J(,c5e3 Jee2 1.5),2.46 ddd (1%, J 15.5, 3, Jse3 1), 3.48 dd(H7
1\ ’\nn 137 T Oy 1 Qan Ad4 1 AN 2 A1 111 /vvlic
9, J77 8), 3.8¥ Qd (K1 , J ¥, 8), 3.¥Z aaa \n J914 7, J915m 1.2, ngq,,-am- i 2), 5.21 ddd (H' Jl5czsl4 10.5,
T19 €74 Add /ul5lmn$ T 17 79 19 £330 kA /112 1T 1My €09 431 71114 112 1n2 —m
J15’15 L,J 1.4), 3.£0 GQG (1 > J15trans, 14 1159 &, 1.2), 3.0V OI.G (11, 1123 1V), 5.0 QUa {r1 ,dJ 17, 1U.3, /),
646 brd 3 T1M0 omnoannd 71 m/a for O . H,-O)- cale 204 15141 ohe 7204 15112 vl on 4+A7 10 /A
. . \11 v LV VRARPFUERNE [ Ao LIU W 1VL \./14111‘)\/ Vaiv., LUT. I J1TTI, VUD. LUTT. I 1J0 fw] S8 T/ v

C
7.0, CHCl;). HNMR 5: 097s(C‘°H3) 1.73 br.s and 1.77 br.s (C'*Hs, C'*Hs), 2.13 dddd (H®, Jga 50 8, Jear
7, Jsa7 5.5, Jease 5), 2.28 ddqq (H™, Jsase 15.5, T 8, Jsa12=Tsa13=1), 2.39 ddaq (H, J 15.5, 5, Jse2 1, Jseus 1),
3.54 dd (H7, J.7 8,1 5.5),4.09 dd (H7 ,18,7),4.14 ddd (H9, Jo.14 7, Jo5eis 1.2, Jo 151mams 1.2), 5.15 ddd (H"es,
Tisasaa 10.5, Jis1s 2, 7 1.2), 5.22 ddd (H"™™™, Jispans1a 17,7 2, 1.2), 5.35 br.d (H%, Jo3 10), 5.81 ddd (H“‘, J
17, 10.5, 7), 6.43 d (H3 J 10). Compound 72: m/e for C;4Hz00: calc. 204.15141, obs. 204.15120 , [a]*ss0 -
8.2° (c. 6.1, CHCl3). "H NMR, 8: 0.95 s (C'°H3), 0.993 d and 0.998 d (C"*Hs, ‘3H3,J7) 2.26 septet dd (H"',
37, Jits 1.5, Juge 1), 2.58 ddddd (H, Jge7 9.5, Joe 95 Joe,s 6, Joez 1.2, 1 1),3.56 dd (I, 9.5, J7.7 8), 4.04
ddd (1°, Jg,?j Jo.15eis 1.2, 3o 15urans 1.2), 4.10dd (H, 7 9, 8), 5.22 ddd (H'*™, J )50, 14 10.5, Tiseis.tsirans 2, 3 1.2),

526ddd(H’ ans JlSm:m.s'14 17,12,1.2), 359ddcld(l—i“ J6,1.5, J5315 J521) 5.51 ddd(H‘ J23 10,J 1.2, 1),
5.84 dd (H?, J 10, 1.5), 5.84 ddd (H", J 17, 10.5, 7). Compound 73: m/e for CsHyc0: calc. 204.15141, obs.

ANA 18190 1,120 1179170 /7 0Q LIy Dare et s I | CCly): 827 lax nrmaAT 2. N an

LU4.1012V, K] 3580 Tis.d 7.0, LIiL13). I\ imian :spu.uuxu \Vmax CII , L4}, 04/, Il INIVIKK, O U.YU S
01Ty 100 dc?L OB, T 297 centat AA I T2 T 16 T 1Y VAR AdAA 1% T _ @ T _ &
iV 113), 1.UU U (W 213, N L3, J J )y Lesd SUPRWCL UM (L 3 J S, ]S 1.9 J]]6a 1)y £.U0 UBUUL (11 s-’68,7 O, J63,7 u,
J..: 4. 11) 3.61 (*ld(l—l7 J-+ 8 lﬁ\dﬂﬂdddﬂ—lg lova 7. Jorec 1.2 Jo e, 12) 428 dd(H” 18 8) 517
Jeas 4,0 1), 2.01 A0 (2, J77 8,0 0), 400444 (11, Jo 14 ,, u,)lDL,s 1.2, J9 {Smrans 1.£), 428 QA 41,0 8, 8), 2.1/

lacs tran. 5
ddd (HY, Jiseis1a 10.5, Tiseis.tsmans 2, 3 1.2), 5.23 ddd (H""®, Fisprans.1a 17, 7 2, 1.2), 5.24 dddd (H, J 4, 1.5,

Js3 1.5, J5,2 1), 5.47 dd (Hz, J23 10,7 1), 5.81 ddd (H', J 17, 10.5, 7), 5.82 dd (H?, J 10, 1.5). Compound 74:
m/e for C7H4O;: cale. 260.17762, obs. 260.17737, [a]*sg0 +53.3° (c. 26.2, CHCl). '"H NMR, &: 1.45 s
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(C"H3), 1.58 d (C'*H3, J1420 2.5), 1.65 d (CPHa, J1324 1.5), 1.70 ddddd (H'®, Jie2a 6.5, Jiea 2.5, Jies 2, Jienn
1.5, Jieze 1), 1.91 ddd (H®, Js.4 4, Js0 3,7 2), 2.39 ddqqd (H*, Jaaze 16,7 6.5, 2.5, 1.5, Ja11 1.5), 2.46 br.d (H*,
1 16),3.26 ddd (H*, Jssex 4, T 4, Jae 1), 3.65 ddd (H', T 110 11.5,J1.5,1.5),3.81 dd (H'", T 11.5,2.5), 4.08

dddd (H’ J9 18 6.5, J 3, Jo 19¢is 1.2, Jo 19mams 1.2), 4.41 dddd (A s Jsex 16 75 3 4, Jsex 17cis 1.2, Jsex 17urans 1. 2) 5.10

rl9is r in o

ddd U’l s Iasis 10.5, Jucis17ans 2, J 1.2), 5.13 ddd (H™", Jiocis,18 10.5, Jiseis19mans 2, J 1.2), 5.17 ddd
rrreran'-‘ T 19 €95 114 axllirans ¢ 17 19\ £ £0 3311176 1174 1nc M 579 ddd
H > Jomans1s 17,32, 1.2), 5.25 ddd (H s 170ans 16 17,1 2, 1.2), 5.68 ddd (H™®, J 17, 10.5, 7), 5.7 ddd

(H'®, 1 17, 10.5, 7). Compound 75: m/e for C,;H605: calc. 278.18818, obs. 278.18830, [a]*ss0 +37.5° (c.
12.1, CHCL). v OH 3480 cm™ (CCly). "H NMR, &: 0.93 s, 1.00 s (C 17H3 C¥H,). 1.40 ddd (H5 J.. . 15

L B L 1 aa 2OV TREN, V. A2D — ;A-./, LS (LA, -'Ot.od ey

Jeere 1, Jocra n 1.41 s (C'°H3), 1.63-1.87 m (2H, 2H), 1. 70 br.d (Hk Jresa 8), 1.81 ddm (H", Jy1 144, Ji1 10
3), 2.35 ddd (H“‘, T4, J1a1ex 3,7 1), 2.65 ddd (H"’“, J 15,8, Jeag 1.5), 3.65 ddd (H%, Jgg 11.5, Jg o 1.5, T 1.5),
3.83dd (HY, 7 11.5, Jg 7. 2.5), 4.02 m (H'™*), 4.11 dddd (H'®, Jy415 6.5, 3, 2J10.16 1.5), 4.72 s (OH), 5.21 ddd

(H" J16eiens 10.5, Jig16 1.5, 3 1.5), 5.30 ddd (H""™, J\srans,15 17,1 1.5, 1.5), 6.09 ddd (H'®, I 17, 10.5, 6.5).

na ~ . o rﬂ\
1

£ AT T T gy ;| 1/ A B Y &Y b M N
C INIVIKK pata 1or LOlIl[JOlHl(lb ‘-I, 3, 35, 10 LCDCI’I’IIC&I SNIILS aré given 1n ppm)~

g 154 14 17 1 10 m 21
[+ iy i 10 17 “yU al

1| 57.50s {50.34d| 33.74d | 33.91d | 3420d | 33.68d | 34.12d | 33.77d | 33.86d

2| 2515t [91.37s| 74.73s | 75.04s | 74.61s | 76.05s | 75.00s | 75.04s | 7533 s
317114t - - - - - - - .

4 - 6878t 7424d | 74.63d | 73.22d | 69.71d | 7492d | 73.98d | 73.88d
5 8%.76d 37.06139.98d §39.98d | 38.25d | 39.58d | 37.34d | 41.35d | 41.45d

6 13692t |50.77s |133.20s {133.225|133.445s | 131.455|133.44s| 13291 s | 133.145

7 |46.51d |48.55d[123.22d |123.41d |123.54d |124.68d |122.76d| 123.06d | 123.09d

oo
[\ ]
~J
[ 3]
—
-+
o
B~
B
(%)
o+
(3]
~
=
[y
-
[ 3]
~J
i
2%
-
™~
[e]
B
o
o
9
J
~
“J
-

27.55t | 27.50¢

38}
~
N
wh
-+

9 |28.66t (2255t |27.71t (2795t (2774t (2787t 2823t | 28.14t | 28.05t

ANnad A -3

10 (45.77s |39.79t (28.41%q |28.48" q |28.57"q (28.34°q | 28.49°q | 28.47"q | 28.51%q

11 [20.40%q [22.66 q [23.79% q [23.90%q [23.86%q [23.29%q | 23.87%q| 23.76°q | 23.82°q

12]20.32%q [24.82q|24.82q [24.95q [25.10q [23.65q | 24.38q | 23.86q | 24.05q

13 132.42d |139.47 d |36.86t 144.79s| 142.69s | 13491 s
14 124.97d |113.94t |19.43 ¢ 109.51 1] 125.46d | 126.76 d
15 17.45q 13.84q 20.17q | 127.58d | 114.66d

16 126.31d | 15420 s
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Ci 126 27 29 30 31a 31b 36 38 41

1 |34.51d |35.03%s (78.12d [45.19s |[46.66s |45.18s |36.14d |[79.56d |78.23d

2 |7458s |77.67s - 127.64d |129.72d |132.38 d |67.82t - -

(981
1
1

156.37 s [125.57d [124.06d |123.60 d - 155915 1157.04 s

4 166.43d |73.06d [126.66s [123.73s |126.05s |125.75s |77.74d [125.165s |127.12s

]

5 |121.97s |121.20s [83.10d [23.45t |115.04d|119.27d [41.67d [82.02d |[B1.17d
6 1153095 {152.67s - 4427d 14576d 14635d [28098t - -

7 - - 73.03t |22.46q (7429t |74.14t (35.04d |76.74d |83.39s
8 {7737s |79.52s |44.46d [129.66s - - 145.67 s [S51.13d [52.98d

9 13205t {3422t |2449t |20.59q |91.63d |88.27d |(131.44d (2486t |24.211t

10 12586t |[34.62t [146.52s [19.74q [22.11q

o
g
=N
£

o

34.54s (151955 |148.12s

11 [2636t [41.11t |116.88d [69.93t [32.83d [33.01d [3249t |117.91d|11698d
12 [36.47d [3435%s [46.27s [90.12d [21.39q |2134q [19.49q |48.42s [47.51s
13 - [21.02°q [34.64d 138555 [2131q [21.24q |2082q [34.61d [35.01d
14 [28.18q [2424q [20.82q [126.85°d[139.74 s [139.31s |124.49s |20.76°q |21.08"q
15 [24.05q [2543q [20.65q [127.56°d[126.63*d]126.14°d|156.66 s |20.32%q [20.78%q

16 |26.55q [22.36q |23.76q [127.22d |127.75*d|127.67°d|117.08 d |26.68 q {26.35q

17| - |2125°q [117.414 127.26d [127.03d |128.19d |117.76d |117.62 d
18 [130.32%d[131.05°d[129.52* d 119.22 d [129.96°d |129.49 d
19 [119.554 [119.73d [121.85d 126.20d [121.84 d [121.98d
20 [129.44% 4[129.23¢ d[129.36* d 129.33% [129.85 d
21 [116.72d [116.48 d 1540q [23.77q

[\

()
(93]
<o
o))

.65q
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Table 3. C NMR Data for Compounds 42, 45, 46, 48-50, 51b, 57

chemical shifts are given in ppm)*

Ci| 42 45 46 48 49 50 Sib 57
1| 78.63d | 3691d |37.50d | 43.62s | 44.73s | 4355s | 4231d | 44.73s
2 - 73.22s | 73.68s | 127.64d [129.41d| 132.19d | 31.69t | 127.83d
3| 156.54s - - 126.28 d | 124.58d| 123.13d | 127.30s | 126.00d
41 12725s | 66.72d | 74.82d | 129.51s [140.13s| 138.57s | 43.28d | 129.58s
51 7268d | 122.01s | 41.16d | 23.73t |116.20d| 118.94d | 81.63d 23.66'1
6 . 153.67s |142.06s| 4433d | 4589d | 46.69d . 44.01d
7| 83.41s . 131.41d| 6942t | 73.64t | 7375t | 78.77s 69.78 1
8 | 47.92d | 76.18s |130.86d - - - 51.05d .
9| 2235t | 134.66d | 28.18t | 88.21d | 89.54d | 86.62d | 7438d | 89.51d
10| 14320 | 128.87d |28.60%°q| 22.67q | 2293q | 21.87¢ - 22214
11] 123.61s | 2604t |2299°q| 123.99s | 3283d | 3296d | 7147t | 123865
12| 43.75d | 3641d [114.00t| 2049°q |21.34*q| 21.28°q | 121.62s | 20.51°q
13] 29.43d | 2827% [131.86d| 19.73°q |{21.27°q| 21.18%q | 2030°q | 19.72%q
14| 20.00°q | 22.83%q |126.30d| 32.50t | 33.52t | 3241t | 2002°q | 127.85d
15] 19.85°q | 29.64q | 17.67q | 2053t | 2041t | 2041t | 2245q | 129.43d
16| 16.76q | 129.73d 14.16q | 14.14q | 14.17q | 3227t | 17.84q
17| 117.88d | 119.35d - . - 19.63°t .
18] 128.77d | 129.57d - - . 14.26° q -
191 121.99d | 116.62d - - - 36.48 1 -
20| 128.64d - - - 19.13°t -
21| 23.46q - - - 14.09° g -
22| 28.03q




Table 4. "°C NMR Data for Compounds 58- 61, 67, 68
(chemical shifts are given in ppm)*

C 58 59 60 61 67 68
i 45.01 s 4588 s 44.60 s 41.78 d 41.34d 44.11d
2 131.53 d 129.74d 132.44 d 31.441 71.84 1 72.16 1
3 12491d 124.43d 123.22d 127.05 s - -
4 128.75 s 140.61 s 139.05 s 45.47d 115.19 s 97.63d
5 26.59 t 115.94d 118.58 d 82.11d 4032d 80.59 s
6 43.63d 45.47d 46.11d - 37.76 t 46.80 t
7 71.61 1 74.01 t 74.05 t 79.09 s 41.97d 4252d
8 - - - 51.93d 120.62d 119.42 d
9 87.27d 90.90 d 88.09d 75.63 d 137.46 s 137.87 s
10 21.48 g 2232q 22.25q - 2262t 22,071
11 125.08 s 32.86d 32.99d 71.461 48.39 s 48.72s
12 20.57%q 21.38%q 2129 12179 s 34.90d 34.78 d
13 19.73%q 21.31%q 21.25%q 20.31%q 21.15%q 21.13%q
14 | 12837°d 128.71d 127.98 d 19.92%g 20.80%g 20.79"q
15 128.55°d 129.25d 129.08 d 2234 q 11.37q 2347q
16 17.77q 17.81q 17.79 q 130.05 d 23.61 g 26.46 q
17 - - - 127.84 d - -
18 - - - 17.77 q - -
19 - - - 130.37d - -
20 - - - 127.61d ] )
21 - - - 17.81 g - -
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Table 5. *C NMR Data for Compounds 70-75 (chemical shifts are given in ppm)*

Ci 70 71 72 73 74 75
1 4494 s 45.10s 46.08 s 44.74 s 41.79d 78.10d
2 127.45d 131.224d 129.45d 132.19d 3141t 24.07t
3 126.08 d 125.09d 124.58 d 123.57d 126.67 s 3750t
4 129.71 s 128.94 s 140.66 s 139.18 s 4552 d 3780 s
5 23.581 26421 115.80d 118.62d 82.24d 70.99 s
6 44.01d 43454d 4546d 46.00d - 33181
7 70.02 t 71.841 74231 74271 79.54 s 41.28d
8 - - - 51.75d 71.14t
9 89.59d 87.33d 91.00d 88.11d 75.83d -
10 22.19q 2144 ¢ 22.22q 22.09q - 76.08 d
11 123.73 s 12496 s 32.86d 32.98d 71.51t 50.904d
12 20.50%q 20.57%q 21.37%q 21.30%q 122.04 s 77.62s
13 19.71%q 19.73%q 21.29%q 21.25%q 20.27 q -
14 135.27d 135.76 d 136.03 d 135.41d 19.97 q 45294
15 117.11 ¢ 116.26 t 117.02¢ 116.66 t 22.32q 136.39d
16 - - - - 135.23d 116951
17 - - - - 115.591¢ 23.57%q
18 - - - - 137.39d 20.42% g
19 - - - - 117.20 t 22.10q

* The values of the chemical shifts denoted with the same letter may be exchanged within the row.
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