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CHAPTER -1

BASE-CATALYZED REARRANGEMENT OF
TERPENE OXIRANES TO ALLYLIC ALCOHOLS




Abstract

N

This Chapter describes a key reaction for the
transformation dascribed in the next Chapter. Feu
torpene oxiranes, were subjected to a variety of basss

and the products from =sach reaction were suiltably

analyzed and best nrenarative metnod workad out for tne

v

icomerization of (+)-carene epoxide and (-)-ninene

gooxide to tne corresnonding allylic alcohols,

-~



BASE-CATALYZED REARRANGEMENT GOF .
TERPENE OXIRANES TO ALLYLIC ALCOHOLS

INTRODUCT ION, ' -

The reaction of enoxides with strong bases consti-
tutes a well-known method for the preparation of allylic

alcohals,

Most of the prior work on the rearrangement of
gnoxides induced by strong bases derives from the studiss

152,35 Crandall and Chang4 develoned

o% Cope and couworkers.,
a general understanding of base oromoted reactions of
gpoxices and, in oarticular, determined the features of a
substrate via carbene-like intermediate which leads to
different products.e(~-Pinene oxide (1) rearranges to
ailylic alcohol (2) exclusivelyq. P -Diisobutylens oxide (3)
was also converted into a single allylic alcohol (é).

These are clean, high-yielding reactions of prenarative
value. Recent work has shown that the formation of allylic
alcohols is highly selective invnlving proton abstraction

by the bulky litﬁium disthylamide from the least substi-
tuted carbon atoms, and proceeds by a syﬁ—elimination5’6’7;
cyclohexene oxide, for example, is converted ints (6) via

the adduct (Q)a’s, (Fig. 1).
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For the transformation of epoxides to allylic

alcohols, various basic agents uere‘used, but most often
5,6,7

-

lithium diethylamide was employed inidifferent solvents

A number of transformations have been carried out by means
9

: : Ba- . ; . . .
of alumino organic compounds™ - g’ lithium aluminium hydride”,

sodium metal18, lithium in n—butylamine11, boron comoounds12,

QNH13 and solid acid-bases14. Also, isomerization of

Me
o ~ninene oxide (1) in DMS0 solvent without a catalyst is
knoun in literature15 to give l~trans-carveol as the major

product along with ¢/-pinene, p-cymens, camphelene aldehyde,

ninocervecl and opinocamphone,

jowever, a few rTeports relating to isomerization by
means of pottasium t-butoxide, a cheap and easily available
reagent were published., The basicity of potassium butoxide
is increased in aprotic solvents due to stronger sovation
of pctaséium Catiog than that of t-butoxy anion’ 68-d» 173,
and this effect is particularly visible in DMSO solution!’3s183-b.
Potassium t-butoxide {t-Bu0K) has occupied a unique oosition
among alkoxide basesqg. First, it has been the strongest
alkoxide of known pKb, and second, it has been the most
hindered base of which conjugate acid available in quantity

and at reasonable CDSt?7b.



Earlier, the best method for the transformation of
an epoxide into the corresponding allylic alcohol, using
1,3
a strong base (discovered by Cone ’° and further develoned

6 and Rickbarns’?) involved isomerization

by Crandalla’
with lithium diethylamide. Three main tyoes of reactions

may be discerned: formation of allylic alcohols by P-elini-
nation, skeletal rearrangementi!ig_a carbencid intermediate
oroduced by (-elimination, and Foégtiom of ketones, Carbencid
intermediates were proposed by Copez to account for rearrange-
ment products arising from medium-ring epoxides. CrandallzD
has shown that the C-4 bond agproaches the carbenoid carbon
from the side oooosite the departing oxygen atom as in (8)

and (9) (Fig. 1). Because of their need to.carryout such
transformation under very mild conditions, Crandall and
Rickborn dsveloped a new method based upon diethylaluminium
dialkylamide, The method takes advantage of the affinity

cof aluminium metal for oxygen21. In case of anoninene

epoxide (11), the demethylated derivative of (1), elimination
to give allylic alcohol (14) is still not the major reaction
process but instead ketonic oroducts {12) and (1§).results
(Fig. 2). In actual event,ano insertion products uwere

:

found although ketones predominated over allylic alcohol in
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the product mixture, It is temoting to speculate that
ketones alsoc came about by an «~elimination mechanism
involving a 1,2-hydrogen shift from a carbenoid inter-
mediate as depicted in Fig. 2 (pathway a). Although
such a process is destinguishable from the alternate and

equally likely B-elimination route (pathway b),

o« -Pinene oxide (1) has been isomerized under a

variety of conditions (Fig. 3). Lithium in diethylamin922

15

as well as aluminium alkyls yielded trans-pinocarvenl (Z).

Lewis acids gave camphonelenic aldehyde (17) as the major

8c, 23

product . Active alumina gave a mixture of produotsza

and protic acid yielded sobrerol (16) by hydrations. The
isomerization OF({—oinene oxide (1) with 3~BUOK-DWF25’26

(or DMSO) gave two allylic alcohals (2) and (15).

Though, the conversion of carene epoxide {18) to
corresponding allylic alcohal (19) has been described in
literatur827, and its exclusive formation in a yield of 90%
has besn claimed, we were unable to reproduce the results
(discussed in Chapter 2 of this Part), This led to a
reinvestigation of the reaction, Isomerization conditions
were just well-standardized for & -pinene epoxide (1) and

then for carene epoxide {18).
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PRESENT WORK

A survey of literature indioates that isomerization
of epoxides to allylic alcohols with bases ;n nresence
of cheap and acessible reagent polyethylene glycol (PER)
has not been carried out, PEG as a phase transfer

catalyst is knoun in the literature?a=°c

Phase transfer catalysis, as we knpw it to-day,
originated in the work of Makosza and coumrkerszg (1965)
and the term was coined by Stark- 0 {(1568). Phase
transfer catalysis concerns reaction between, con the one
hand, salt dissolved in water or present in the solid
state, and, on the other hand, substances dissolved in
organic media, Without a catalyst such a reacfion is

usually slow and inefficient or does not occur at all.

Dhase transfer catalysis has considerable advantages

over conventional procedures:

- expensive annydrous or aprotic solvents need
no longer be used.

- improved reaction rate and/or lower reactian
temperatures

- in many cases easier work-up,
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- aqueous alkali metal hydroxides can be employed
instead of alkoxides, sodamide, sodium hydride

or metalic sodium.

Further advantages have also been found, e.g.:

- pcecurrence of reactionm that do not otherwise

nroceed
- modification of the selectivity
- modification of product ratio (e.g. 0 Vs C alkylation)

-~ increased yield through the suppression of side

reactions,

In many cases, phase transfer catalysis consists of
the extractinn of ianic molecules into organic solvent or
their solubilization therein, Polar protic solvents readily
solvate both the cation and anions. However, pnolar aprotic
solvent {e.g. DMSO, DMF) readily solvate cations,and anions
are poorly solvated. Since the pesitive end of the solvent
dipole cannot be aoproached esasily, the reaction rates are
high. Additinn of polar solvent such as DMS0 to a solution
of KO(CH;)s; in L-butanol enhances the basicity in a number

of ways: it increases the dielectric constant, specifically
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solvates the potassium cation. Potassium t-butoxide in
DMsO0, therefore behaves as a much stronger base than in
t-butanol.

31

The use of Crown sthers as strong complexing

agent for metal cations, sespecially those of alkalli metals

has been well-documented over the past several yearsgz.

Acqeleration of bimolecular reaction can be achisved
using nolar protic and dipolar aprotic solvents which make
possible the mutyal dissolution of salt androrganic
substratesz. Recently, it has been shounsa that carbouax,
i.2., linear oolyethylsne glycal (PﬁG) can be regarded as
sorotic solvent with aprotic sites of binding constituted
by some monomeric units (CH2~CH2~D) and also it can complex
with alkali ions (notably K+) and transfers the comnlexed
salt into organic phase with an efficiency comparable to

that of 18-~crown-6,

Indeed PEG, an inexoensive material, can be

successfully used as a PTC for a variety of organic

28a,24a

reactions. D. Balasubramanian et.,al. have found

that PEL of a molecular weight 400 or above can be used as



PTC (PEG-200 is not efficient in ian binding)° <.

In order to evaluate the Dotenpi;l of BEG (with
alkali metals) as a reagent for isomerization, systematic
work has been carried out, In this context, a standard
nrocedure has been developed for epoxidation of «/-pninene,
limonene, terpdnolene and 3-menthene using azeotropic ‘
peracetic acid in chloroform solvent in oresence of sodium
bicarbonate as buf?erzs. Carene epoxide'(lg) was prepared

from (+)-car-3-ene by a standard procedure36 using peroxy

acetic acid (504 azeotrope with acetic acid and water),
35+49

Fpoxidation reaction is stereospecific leading to S
" , i
cis-addition of oxygen atom to the double bond. Results . RE“

ate summarized in Table-1 (Fig. 4).

Isgomerization conditions were worked out wusing
o{-pinena epoxide (1) as a model compound., Isomerization

of Z-pinene epoxide (1) using alkali metal{s) and PER-400

25,26 25,26

gave both E;pinocarvgol (2) and tertiary alcohol (15)
as products along with trace amount (2-4%) of ketone (22) as
shoun in Fig, 5. dighest conversion of (1) to allylic
alcohols (Zy and (15) was gbtained usiné potassium uith’
DEL-400. Under, similar conditions, conversions were lower

vhen sodium metal was used, while with lithium the reaction

12
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Reagants:{jLi, NaG¥K-725-400

Fig., 5. ISOMERTZATION DRADUCTS OF S -NINZNE EDONIDE
AND CARENE ENOXIDE USING ALKALIMETAL AMND PI5-400



was extremely sluggish and at higher temperatures and
longer reaction times, only moderate conversions (72%)
could be affected. Selectivity of t-pinocarvesl (2)
formation in thé product mixture increasss dramatically
as we go from potassium to lithiu&. Ratio of the tuwo
allylic alcohols (2) and (15) in the oroduct mixture when
Li, Na and K wers used along with PEG-400 was 27:1, 731
and 3:1 respectively {Table-2, Fig. 5}, Formation of (2)
and (15) from (1) during isomerization has bsen already

reported and well-asstahlished earlier19.

“

Higher reactivity and lower selectivity for (15)
of potassium with PEG-400 is attributed to the known34
ability of PEG-400 to coordinate more sffectively with
potassium cation resulting in a more reactive but sterically
less demanding alkoxide end of PEG. Even in absence of
coardination by PEGC chain, the.basicity of a given alkoxide
dacreases with decreased electropositivity of metal itms,?6
This pattern is clearly reflected in the results obtained
with sodium and lithium metals, Conseguently, ui%h'sodium
metal where ion pair formation may be more pronounced than
with potassium metal, reaction proceeds at a slower rate
resulting in lower conversions, but formation of L-oino-

carveol (2) selectively in larger amounts, In case of

lithium, there is a radical decrease in reactivity with

14
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concomitant improved selectivity for (2) in the product

mixture,

—
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Comaolexed salt

ﬁedersen1731 has observed that the complexing power
can be expected to be weak when the hole in polysether is
too small or two large for the cation, because the salt
polyether complexes are formed by ion-dipole interaction
between the cation and the negetively charged oxygen atoms
symmetrically arranged in the polyether ring. Poor
rpactivity of lithium metal is evidently due to small size

50

of its cation "2 (ionic diameter 1.20 A°).

Carene ecoxide (18) uoon isomerization using Na-PEG-400

(bath 135%, 5.25 hr) gave product consisting of all the.



three allylic alecohols {19), (20) and (21) as shouwn in
Fig. 5 with moderately good recoveries (76.5%). Ratio

50b 50b

of 2%-allylic alcohols (19) and (20) to that of

3° -alcohol (21) was almost 1:1 as detected from PMR.

Menthene epoxide under the reaction conditions gave
poar recovery of the products with poor convers;on.
Limonene epoxide on the other hand led to extensive pdy-
merization.a {erpinolene gpoxide gave‘a complex mixtdre
as products consisting hydrocarbon (o-cymene) as the major

constituent,

One of the advantage of doing reaction with éhase—
transfer catalyst is that, alkali metal hydroxides can be
gmployed instead of alkali metals. So next attemnnts were
directed towards using alkali metal hydroxides along uwith
PEG-400, UWhen «-pinens oxide (1) was subjected to
isamerization using PEG-400 and NaOH, under usual reaction
- conditions (bath 135-140°C, B hrs) it showed no isomerization,
but at very -high temperature(bath 175°C, 2.5 hrs), TLC
monitoring shouwed traces of enoxide (1). Product after

usual work-uo was analyzed by PMR and found to be a complex

17



mixture consisting QF unreacted epoxide (1), aldehyde (17),
t-pinocarveol (2), ketone (22) and 3°-alcohol (15).

Carene epoxide (18) with same reagent under the usual reaction
conditions (bath 140 r 3°, 3.5 hr) gave a mixture of

allylic alecohols (19), {20) and {21) in ratio of 28.57:
12.78: 33.83% respectively along with some unchanged

epoxide (16,9%) with modarately good recoveries (83.4%),

It is clear from the above study, that PEG-400 with
different alkali metal hydroxides were not very effective
reagents for isomerization of epoxides., It was then thnught
worthwhile to use a sblven@élong with ®EG-4n0 and alkalil
metal hyvdroxides; with the assumption that it will help
reducing polymerizatioq, thus increasing the total recovery

of the products,

When less polar solvents like toluene and xylsne
were used élonguith PE5~-400~-K0H for the isomerirzation of
A -pinene eonoxide (1), no isomerization was sbserved even
when reaction mixture was refluxed‘For 6 hours at pot tempe-
rature 108° (toluene) or 132%(xylene). Azeotrapic removal

of water, did cause saome isomerizatinn but it was found



that required alcéhol (2) was further isomerized to
ketone (22) under the reaction conditions as evident

-1
from IR ()\max 1712 cm ) and GLC,

Since polar aprotic solvents readily sclvate the
cations and thereby enhance bas;city of many metal
alkoxides, they were next ‘tried along with PEB-400 and
alkali metal hydroxides for isomerization of epoxides.

Out of pyridine and dimethyl sulfoxide (DMS3) were studied,
the later was found to be superior as reaction nroceeds
at a faster rate in it,

It has been well documented in the literature19,
that under highly dissogciating conditions such as alkoxides
in DM50, a more “E-?CB-lLke“ mechanism would impose less
base discriminatian by virtue of decreased directionality
imposed by tHe counter ion., Testing this explanation by
isomerizing (l) in t-BuOM-DMSO while vsrying the cation
and thus the degree of dissociation gave result that are in
agresment with but do not provide the dramatic difference
in selectivity. Lithium, sodium and notassium t-butoxide
provided (2) and (15) in ratio of 3.9:1, 3.4:1 and 2.8:1

respectively, In our case, change in alkali metal



hydroxide, i.e. change in cations, does show more signi-
ficant difference yielding (2) ‘and {15) in ratio of 7.2 : 1
and 2,75 : 1 with sodium hydroxide and notasium hydroxide
respectively (Table 3, Fig. 7). Lithium hydroxide-PEG-400

in OMSO shows no isomerization under the reaction conditions
may be because of its very low dissociation, In casg aof
alkali metal-PEG-400, change in cation had shown a more
dramatic difference and provided (2) and (15) in ratio of
21.37 + 1, 7.2 ¢+ 1, and 3: 1 respectively for Li', Na  and K

(Table, 2, Fig. 6).

For the same metal hydroxide, say KO04-PEG-400,
reaction in pyridine gave better selsctivity by yielding
(2) in considerable large amounts - of course with lower
rate of conversion as compared to that in DYS0 as solvent
clearly, this is a result of lower dielectric constant
{(12.3) and poor solvating ability of pyridine compmared to

those of DMS3 (Bielectric constant = 45),

Carene epoxide {18) does not show much selectivity
yielding both (19) and (21) in the ratio 1: 1.3 using KOH

{or NaOH) in DMSO (or nyridine). Once again reaction rate
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in DMSO solvent uwas found to be superior which gave almost

quantitative ( 99%) conversions (Table 4, Fig. 8).

Surprizingly KOH in DMSO alone (in absence of PES)
was found to be a stronger base which gave 94,.5% conversion
after just 6 hours. While KOH-DYS0-PEG-400 combination
gave 88.2% conversions sven after 11 hours (entries 4 & 5,
Table 3, Fig. 7). Alsc NaBH-DMSO was found to be practically
in-effective-in bringing out isomerization of eooxide whereas
addition of PEG-400 to this reagent effectively isomerizes
epoxide {entries 6 & 7, Table 3, Fig. 7). These results
can be rationalized by presuming that DMSO strongly solvates
KT ions, thus producing a strong but less selective b88851,
Solvation of Na® ions, an the gthearhand, is rescrted to be
much less, in addition, the basicity of alkoxide ion is
weakened by ion pair formation with sodium ion, Na® CHZ—SD-
CHS' The results of alkali metal hydroxides in DMSO-PEG
combination can be exolained by sresuming tnat the tuo
solvents interact with each othar in a manner that different
size holes are formed when both K+ and Na+ igns can be
coordinated. NapfH-nyridine-PEDZ was found to be a lass
reactive (69.5% conversion) but moTre selective reagent

(entry 3, Table 3, Fig. 7. )
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KOH-pyridine isomérization (without PEZ-400)
of (3) gave ketone (22) as the major product of isomeri-
zation along with 3°-alcohol (15) (entry 1, Table 3, Fig.,7 ).
Formation of ketone may be explagined by further isomeri-
zation of (2) via. carbanion formation at the carbon and

to the hydroxyl groun under the reaction conditions.

éba\a()” @,ow @,OH @o
_ & ]
‘B = S :

Finally we can conclude from the data available:

(i)  using alkali metals and DEG-40n, Lithium metal gave
selective oroduct but witn very low conversion whereas
notassium metal gave bnath (2) and {15) with better

conversion with poor selectivity.

(ii) using pyridine- <04, t-pinocarveol {g) further
isomerized to ketone (22) under the reaction
conditions which was not the case if we use PEG-400

(entries 1 & 2, Table 3, Fig. 7).



(iii) DMSO-KOH gave both (2) and (15) in ratio

comparable to reported1g results earliier

{iv) For NaQH, either using DMSD or pyridine as
solvent, PEG-400 is must to carry out the

transformation,

(v) DMS0 as solvent for any combination of base,

gave better conversions but with poor
selectivity, whereas pyridine as solvent shows

better selectivity with poor conversion.

Carene ecoxide (18) behaves similarly for all the
above mentioned combinations and isomerizes to (13) and
(21) in ratio of 1: 1.25 to 1:1.35 (Table 4, Fig. 8).
Even with KOH—Dyfidine it gave (13) and (gl) wheresas same
rasgent cause further isomerization aof (g) in case of
pinene epoxide (1). This cén be explained as, in case of
carene epoxide (18), once the allylic alcohol (20) has
formed, methylene nroton adjescent to cyclonropane ring
can be gasily abstracted by the base, resulting in the
formation of stable endocyeclic isomer {19). The ratio of
(19) and {21) was found to be 1.06 : 1 when carene epoxide (18)
uas isomerized using NaQH-PEZ-400 in oyridine as solvent, as

‘detected from GC,



Menthene epoxide, limonene epoxide and terpdnolene

epoxide, behaves similarly as described earlier, hydrocarbon

being the major oroduct of isomerization,

It is clear that carene epoxide (18) up on

isomerization using any combination of base {described earlier),

gave both 2%-alcohol (19) and 3%-alcohol (21) in almost

1 : 1.3 ratio. (Formation of {21) is described in Chaoter 2
of this part). So, efforts had been diverted to develop

an isomerization process in which formation af (21) will be
suopressed., Aluminium alkoxide {aluminium t-butoxide or
aluminium isporopoxide) did suppress its formation when
isomerization was carried out in aprotic solvent {oyridine

e
or DWSO).

It was interesting to observe that using oyridine
as solvent reaction was bit sluggish causing residue
formation to an extent of 23% with moderate recovery of B84%
along with hydrocarbon {10-15%) formation, whereas DMSO

once again proved to be a superior solvent showing faster

reaction with the least formation of hydrocarbons (%-4%) and

residue (5.8%), recovery being more than 90%, giving (19)

and (20) as product 37.68 and 50,9% respectively along with

#

Aluminium isporopoxide in toluene appears to be too acidie

and gave mainly dehydration nroducts beside minor amount of

2%-alcohol (19) and unchanged o(-sooxide (18).
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unreacted eooxide {3.177%), hydrocarbon (3.17%) and

unidentified products {3.17%).

The exa-aleohol (20) was isomerized to (19) either
by insitu Furthér isgomerization by adding KOH nowder to
the reaction mixture or by subseguent isomerization of the
products obtained after usual work-up, using DMSO-KOH,
considering its ability to isomerize exc-alcohol (20) into
(19) (from the earlier experiments in which using DMSO-KOH,
in the products, only (19) was found to be present) and no
exo-alcohol (20) was found even in trace amount, This
transformation may be accounted for by the fact that the
system of double bond capjugated with cyclopnronaneg ring,

resembles stable conjugated double bond system,

The formation of 30~alcohol (21) was suopressed
using aluminium‘alkoxide in- anrotic solvent can be ratio-
nalized as being the rtesult of metal co-ordination of
metal cation with oxygen and a concurrent weakening of
C-0 bond in the direction which results in grea?est stabiliza-
tion of the incipent partial pogitive charge, i.e. C,-0.

2

This increases the acidity of a proton at 810 and favours

the formation of (20) which under the reaction conditions

further isomerizes partly to (19) (Fig. 9).
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When & ~pinene epoxide (1) was subjected to
isomerization wusing aluminium isporppoxide under the
similar reaction conditions, rtesults in product to be
a comolex mixture cansisting of f-opinocarvecl (2)
69+7% along with ketone (22} 2.9%, aldehyde {17). 17%,
and other unidentified products 5,46, epoxide 5% being
uncoverted with guantitative recovery, as detected

from GLC,
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EXPERIMENTAL

All b,.ps are uncorrected. Light petroleum refers to
fraction b.p. 60—800. All solvent extracts were finally
washed with brine and dried (NaZSD&)' Silica gel for
chramatography (-100, + 200 mesh) was washed with hot
water,, till sulphate-free, dried and activated at 125-130°
for 6 hr and standarized 2. TLC was carried out on silica
gel layers {(10.25 mm) containing 15% gypsum and activated
at 110-115° (2 hr); solvent system, 154 Ethyl acetate in

toluene; snray reagent, 1% vanillin in 50% H.PO, ag.

The following instruments were used for spectral/
analytical data: Schmidt + Haensch electronic polarimeter
model Polatronic 13 Perkin-Elmer model 267 Infrared
spectrophotometer; Hewlett-Packard 57128 and 7624A Gas
Chromatographs {Al columns, 180 cms x 0.6 cm, unless stated
otherwisey suoport €0-90 mesh Chromasorb W; carrier gas Hz).
ALl TH-N"R spectra wers recorded with 15-20% soln in LC1,
}uith TMS as intsrnal reference; signals are reported in
opm($) 3 while citing Ty wmR dates, following abbreviations
have been used: s (singlet), d (doublet), t (%rialet},

g {quartet), m (multinlet), b (braad).



General procedure for the preparation of epoxides

Azeotropic peracetic acid (0.12 mole) was added

dropwise to a stirred mixture of the olsfin (0.1 mols)

and NaHuO, (0.13 mole) in CHC1, (1:3 w/v of olefin) at

-5 to 1°C, The contents were stirred at the same
temperature till epoxidation was completed (TLC and TNM
test)., It was then diluted with water (1730 ml) and

stirred well (15 mins.). The layers were separated and

the agueous layer was extracted with chlgroform {15 ml x 2).

The combined erganic layers were washed with 5% VazS?DS ag

(30 =l), 27% Na,L0, ag. (15 ml) and water (15 ml). Removal
of the solvent followed by prascise fractionation using a
sninning-band column (45 theoritical plates) furnishesd the
pure sooxide. Resulls are summarized in Table-1 (Fig. 4).

The pure eooxides had the following characteristics:

(1) 2, 3= Epoxy pinane {1):Colourless liguid

b.p. 73=79°/12 mm (Lit.>>,
b.p. 91-93°%/27 mm.

IR {lig.) Epoxice 860 em™ !

1
.\\0”/
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(ii) p-3-Menthene epoxide: Colourless liquid

b.p. 879720 mm (Lit.>3, h.n.

96-100°/400 mm)

IR (lig.): Eooxide 855 cm™ !

1
T H-NMR (I<:Z;/Cﬁ_(1H, bs,
2.75-2.8 ppm)

(iii) Limonene epoxide Colourless liquid

(iv)

(v)

b.p. 91°/18 mm

IR (lig.): Epoxide 845, 888 cm™

VyowMR: © —— CH (1H, 2.89 ppm).

o’

Ternd4nolene epoxide: Colouvless liquid

b.o. 950/25 mm

IR (lig.): Epoxide 855 cm™

ToumR: me,-C —— B-{8H, 1.28
\ .7

o
and 1.31 ppm)

3, 4%Carene epoxide (18): It was prepared by a

kwoungﬁ praocedure,

Colourless liquid

bBeDe 82—50/1Dmm (Lit.S4 bape’

102-3/48 mm)

IR {(lig.): Epoxide 840 cm™ )

1
/

H-NMR:s C —— CH (1H, bs, 2.63 ppm)



General procedure for the isomerization of oRriranes
7t
using alkali metals and PEG-400:

To a 50 ml three-necked flask {(equipped with thermouell,
reflux condsnsor, nitrogen inlet and a magnetic bar) was
chaTrged ﬁéé«aao (12 g, 0.03 mole) and alkali metal (0.02 g.
atom) was dissolved (110°, 4 hr) while stirring under dry
gnért gas (Vz). The epoxide (0.02 mole) was then added
at room temperature (25 = 206) and the contents were stirred
(130-135°L) till the maximum conversion of oxirane was
obtained {monitored by TLLY. The reaction mixture was then
coolad (25 + 2°C) and diluted with ice water (25 ml,
exothermic) while stirring. The product was taken up in
~light pstroleum {20 ml x 3), After the usual work-up, the
crude product was distilled (Bath 1OG—TZDOU, 3-5 mm) and

the distillate was analyzed by 1H—NMR and a programmed GLU

.
3%, ©(DEG3) on Chromasorb W 60-80, 6', 80-148-4/min,,

carriar gas HZ), The resulis are summarized in Table I

(Fig. 4)

(i) Isomerization of pineng epoxids (1)

The results are summarized in Table-2 (Fig. 6).

ac (Fig. 10).

33



(ii) " Isomerization of carene epoxide {18)

Carene epoxide (18, 3.04 g, N.02 mole) uas
isomerized using Na {0.46 g, 0.02 g atom) and DEG-400
(12 g, 0.03 mole) under the reaction conditions (135°,

5 hr). The usual work-up furnished a crude product
(2.665 q, B7.28%) with complete conversion of epoxide.
The crude product was distilled to yield distillate
(2,14 g, 70.1%) and the residue (0.1927g, 6.3%) with
total recovery of 76.4%, The distillate was analyzed on
1

~-N#¥R and was found to be a mixture of 2%-allylic alcohols

(19 and 20) and 3%.allylic alcohol (21Y. The ratio of

2% alconols (19 and 20) to 3%-alcohol (21) was found

to be almost equal {(1:1).

Isomerisation of pinene epoxide (l) using PEG-400 and NaQH:

Ya0H (0.053 é., 0.0013 mole, oowdar) was dissolved
in PEG-400 (5.264.9., 0.01316 mole) at 80°(0.5 hr)
while stirriny under nitrogen atmosphere. The eooxide
(1 g, N0.00658 mole) was then added and stirred at 14p°
(5 hrY, It was found that the epoxide remain intat (TLC,

?H~NMR). At higher temperature (1700, 2,5 hr), epoxide was

nresent in traces (TiL). The usual work-up furnished a
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crude product {(n.7765 g, 77.65%) which was analyzed by
?H—NMR and found to be a comnlex mixture consisting of

unreacted epoxide {1), aldehyde (17), t-pinocarveol (2},

ketone (22) and 3% _alcohol (15).

Isomerization of carene epoxide (18) using PEG-400 and NalH

VagH (2 g, 0.05 mole, powder) was dissalved in
PEG-400 (209 g., 0.05 mole) at 80° (30 min.) under nitrogen
atmospnere., The epoxide (18, 15.2 g., 0.1 mole) was then
added at room temperature and the contents uere stirred
at 140 + 3°C (3.5 hr). The usual work-up and distillation
of the crude product furnished a distillate (12.66 9.,
79,34%) and the residue (0.,6268 g., 4.7%) with 83,345
total recovery. The distillate was analyzed on GLC
(glass column, 5% CU, &', H, as carrier gas, 116°C) as

as well as by 1H—NMR and was found to be a mixturs

consisting of unchanged epoxide (18, 17%), 3°_a1ccohol

(21, 348), 2°_a1conol {19, 29%) and an exo-alcohol (23,
13%), with some other unidentified products (7%),

conversion being 86.84%),

Isomerization of pinens epoxide (1) using PEG-400 and

L]

KOH 1in toluene

KOH {1.12 g., 0.02 mole) was dissolved in PEG-400



(1.6 g., 0.004 mole) and toluene (10.15 ml) by removing
vater azeotropically, The spoxide {3.04 g., 0.02 mole)
was then added and the contents were refluxed (109-11n°C,

13:5 hr). The usual work up gave the cruds product (2,36 g.,

86.57) which was distilled to furnish distillate (1.9 g.,
62.5%) and the residue (0.68 g., 22.4)., The distillate
was analyzed on SLC (Fig, 11., 3% 2, suoport Chromosorb U
60-80, 6', carrier gas HQ, 1100) and was found to be a

mixture of ketone (22) 31.5%), 3°-alcohol (15, 28%),

t-pinocerveo (2, 21.8%), unreacted epoxide (1, 3%) and

unidentified products {11%). Ketone was also confirmed

)\meat -1
by IR {(*max ) 1712 cn”').

sensral procedure for tne isomerization of epoxide using

alkali metal hydroxides and PEp-400 in aprotic solvents

{DMSO or pyridine)

To the dry assembly consisting of 25 ml threeg
necked flask, squipped uvith thermowell, perkin triangle,
magnetic bar and an addition funnel, were charged pouwdered

{
alkali metal hydroxide (0.03 mole) and PEG-400 (0.024 mole)

using solvent { 10 ml). The metal hydroxide was dissolved

while stirring (100-120%, 0,5 hr) and the epoxide was then



added at room tempsrature using solvent { 15 ml). The

contents of the flask were stirred at 125-127°C till the

maximum conversion of the epoxide was obtained. When

pyridine was used as the solvent, to maintain a reaction
temperature (125-127°C), part of it ( 7-10 ml) had tao be
distilled off, The usual work-up jave the crude product
which was distilled (bath 100-120°%/53 mm to furnish a

distillate which was analyzed on SLC.

(i) 1Isomerization of pinene eooxide (1): The results are

summarized in Table-3 (Fig. 7), GL. (Fig. 12).

(ii) Isomerization of carene eooxide (18): The results are

" summarized in Table-4 (Fig. 8), GLC {Fig. 13).

General Procedure fgr the isomerization of epoxide using

KOH and DMSO or nyridine

KOH (0.03 mole, oowder) was dissclved in solvent {25 m#)

at 50-70°C (20-30 mins.). The epoxide was then added at room
temperature and contents were stirred at 125-127°% (till
maximum cenversion was obtainéd {monitored by TiLL). The

usual work-up gave the crude product wnich was distilled and

b

analyzed,



{i) Isomerization of pinene epoxide (1). The results are

summarized in Table 3 (Fig. 7), GLC {Fig. 12}.

(ii) Isomerization of carene epoxide {18). The results are

summarized in Table 4 (Fig. 8), GLC (Fig. 13).

Isomerization of carene epoxide (18) using A1(9iPr),-DMSO.

In a 100 ml three-necked flask, equipped with thermo-

well, magnetic bar, nitrogen inlet and a reflux condenser,
were charged allwminium isopropoxide (10.2 g,, 0.05 mole) in
DMSO (30 ml) under- nitrogen atmosnhere. The epoxide (15+2 g,
N.1 mole) was then added and contents were stirred at 115°¢

(7.5 hr):

(a) 20% nNa0Y ag (05 ml) was added at 30°C (exothermic)
and the reaction mixture was extracted with light
petroleum {25 ml x 3). The usual work-up gave the
crude product (14.5 g, 95.&%) which wasz distilled
to furnish a distillate (12.8 g, 84.2%, b.p. 78-84%/
5 mm) and the residue (1.89 g, 5.8%). The distillate
was analyzed on 3LC (Fig. 14, §% CWY, glass column,
6', s, 110°%) to be a mixture consisting of the
unteacted spoxide (18, 3.0%), hydrocarbons (3.17%),
29 alcohnl (19, 40%), an exo-alcohol (20, 51%) and

unidentified products (3%) with total recovery of 720%,

[



(6)

Isome

conversion being 97.46. GU yield of (19) and

{20) obtained was 78.24%,

H-NMR (Fig. 15),.

In situ isomerization by adding XOH (8.4 g, 0.15

mole, powder) and stirring the contents of the
flask at 125°C (2 hr), after the usual wark up
jave the crude product {14.3 g., 94%) uhich was
distilled to yield distillate (11.2 g., 747) and
residus 1.9 3., 12.57) with total recovery of
aa.évﬁ. Tne distillate was analyzad on GLC

1

(Fig. 14), alsc by H-NMR and was found to be a

2°-aleohol (19, nure) with 59,5% yisld.

rization of pinens epoxide (1) using Al((]ilf":),5

using
while
crude
(3.4

convea
analy

mixtu

Pinene epoxide (1, 3.8 g, 0.025 mole) was isomerized
(2.5 7, 0.7125 mole) in OM-0 (8 ml) at 90% (2 hr)
stirring under nitrogen. The usual work-up gave a
arodyct which was distilled to furnish a distillatse
g., 89.5%) and residue (0.34 g, 2.9%) with comolete
rsion and recovery being 98,4%, The distillate uac
zed on GLC (Fig, 16, 10% cu, 12', 170°C) to be a

re of 3%-alcohol (15, 5%), ketone (22, 2.7%), t-nino-

carveol (2, 70%) and other nroducts (22%4) not investigated

further. #Percentage yield of t-ninocarnecl obtained uas

62 . €
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Column: 3% (P(DEGS) on chromosorb W-60-8Q
4ydrogen flow: 39 ml/min, Temo. R0 -140, 4 /min.
A) Epoxide (1), 8) Ketane (22), c) 3% alcohol (15)
D) 8xo-Alcohol (2)

Fig. 10. PROSRAMMED GLC OF PININE EPOXIDE ISOMERTZATION
PRODUCT (USING POTASSTUM AID REG-4ND)
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Cnlumn: 5% p 21 chromasoarb W, AP 60-80
Hydrogen flow : 60 ml/min

Temp. 110°

A% So0lvent

B) Zooxide (1)

C) Kgtans (22)

DY) 3 -alcohnl (?53
E) exo-alcohol (2

Fig. 11, 4GLC OF DINENE EOOXIDE ISOMERIZATION PRODUCT

(USING KI4-PEG-400 IV TOLUENE)
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Column: 5% CW 2nm (6', glass column)
lydrogen flgw : 60 ml/min
Temp. Tin

"
a-d) {ydrogarbons

e) 2 -alcohol (13)
f} exo-Allcohnl (2n)

Fig. 14. GLC NF CAREVE EPOXIDE ISOMERIZATIONY PRODUCT
(USING ALUMINIUM TSOPRIPIXIDE, ALIMINTUM
ISOPROSNXIDE AND KO4H).
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Fig. 16.

Column : 17 CW 20m (3610 cm x N.6 cm,Al-column)
iydrogen flgw : 60 ml/min,
Tamo. 170

a% 3% Alcahal (15)
b) Ketone {22)

c) exo-Alcohaol (2)

d and e) Clsaved products.

SLC OF PINEYE EPOXIOE ISOMERIZATION ORODUCTS
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