Tetrahydrofuran and Tetrahydropyran
Derivatives as Odor Substances

By Jozef Kula and Jozef Gora, Technical University, Lodz, Poland

Organic compounds containing
the cyclic ether skeletons tetra-

hydrofuran (THF) or tetrahydropyran
{THP) are widely found in nature. In
addition, they are also found as partial
pyrolysis products of carbohydrates.
Some THF and THP derivatives dis-
play characteristics of biological activ-
ity. The introduction of THF and THP
structural elements into analgesics,!
saluretics® and antibiotics® may be con-
sidered as a curious discovery in this
regard. Some THF-didesoxynucleo-
sides are being studied recently as po-
tential anti-HIV agents.*

During the last three decades, due
toimproved analytical methods, anum-
ber of tetrahydrofuranoids and tetra-
hydropyranoids have beenisolated from
plant extracts. It has been found that
they are essential microcompon-egnts
of many plants (Table 1) because of
their high aroma value.

The importance of cyclic ethers as

flavor and perfumery compounds is
continually growing, This evolution
originated with the two diastereoiso-
meric rose oxides which, after their
discovery in rose and geranium oils,
followed by their synthetic accessibil-
ity, are now among a group of most
appreciated perfumery raw materials.
Besides, at least three other cyclic-
ethers (nerol oxide, 2,2,6-trimethyl-
6-vinyltetrahydropyran and dihydro
rose oxide) have become commercially
available.

The THF and THP nucleusisavery
common structural feature of many
naturally occurring compounds. There
is currently an active interest in devel-
oping efficient ways of preparing these
heterocvelie nroducts

The heterocyclization of hydroxy-
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Scheme 1. Stereoselective synthesis of trans-hydroxy-methyl tetrahydrofuran
according to Inoki and Mukiyama.®
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Scheme 2. Reaction of allylic alcohals with vinylic ethers according to Fugami et al.¢
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Scheme 3. Palladium catalyzed intramolecular addition of the hydroxy group to the
double bond.”
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Scheme 4. Synthesis of THP derivatives from unsaturated acetals according to
Wagner et al."®
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alkenolsis currently the most gen-
eral method used to synthesize
tetrahydrofuranoids and tetrahy-
dropyranoids. Recently afew gen-
eral (often stereoselective) meth-
ods for the THF and THP syn-
thesis have been reported. These
could have potential for the pro-
duction of important oxacyclic
odorous compounds.

New Methods for the
Synthesis of THF/THP
Derivatives

trans-2-Hydroxymethyltet-
rahydrofurans can stereoselec-
tively be synthesized by the oxi-
dative cyclization of 5-
hydroxy-1-alkenes in the presence
of a small amount of a cobalt
catalyst (Scheme 1) 3 the yield of
which can be improved by hy-
droperoxide incorporation. Ex-
amples of the Schemes where
stereoselectivity of the productis
over 97% are given in Table IL

The reaction of allylic alcohols
with vinylic ethers in the pres-
ence of 1 mol-eq. of palladium
acetate is a simple way to get 2.4-
substituted tetrahydrofuranoids
and tetrahydropyranoids (Scheme
2).5 The palladium catalyst facili-
tates the addition of the hydroxy
group to the double bond of a
hydroxyalkene of appropriate
length (Scheme 3).7 This route
can be used for the synthesis of
(6'-methyl-2'-tetrahydropyranyl)
acetic acid, a glandular secretion
of the civet cat.’? Other examples
are shown in Table 111,

Forthe synthesis of more com-
plex THP derivatives, the unsat-
urated acetals can be atilized as
substrate materials (Scheme 4).1¢
This reaction is carried out in the
presence of triphenylphosphine
and carbon tetrabromide or bro-
mine. Under certain reaction con-
ditions, a mixture of bromination
and elimination products are
sometimes formed.

On the other hand, the THF
and THP derivatives can be syn-
thesized from bicyclic acetals
which are obtained by reacting
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Table I. Occurrence and odor characteristics of some
THF andTHP monoterpene derivatives

Compound Occurrence Odor Ref.
@.g. rose oil very characteristic,
0 (Rosa green, resembling | 20,20a
| damascena) rose and geranium
Rose oxide [1]
HO
== floral, fluctuating
0] 07N “bois de rose oil” between linalool 26-32
H and linalys acetate
Linalool oxide [10]
N geranium oil
: Pl herbal, a littie
- I e lima oil T 34,35
OJ<\ (Citrus medica) similar to cineol
Linaloyl oxide [11]
- rose oil,
grapefruit oil, floral, intense,
0O geranium oil resambling a 29,36
| (Pelargonium litle geranio!
N graveoiens)
Nerol oxide [12]
[13] lilac odor,
\’%% extract of sweet
CH OH CHO lHac blessoms 37-43
2 (Syringa vulgaris) | [14] lilac odor with
Lilac alcohols [13] green fona
Lilac aldshydas [14]
74 fruit of quince strong,
g characteristic, 44,45
z;)\//\( (Cydonia oblonga) fruit of quince odor
Marmelo oxide [15]
(1% P~
0 g i 46.47
o Japanese hop oit
49,50
Hop ether [16]
Karahana ether [17]
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Table | (Continued).

Compound Occurrence Odor Ref.

OH
peppermint cil dry grassy hay
W (Mertha piperita) odor 53
[22]

linden blossoma f

. lowsry, mint-liks 585%
!\ P (Tilia cordata) T ~ vEaE
Linden sther [58]
Dill herb (Anethum | dill-like floral and 80-62
0 graveolens L.) herbaceous aroma
Dill ether [59]
CPBA DIBAH
M m:rs % é;b —e% -‘M 1\&
56:44
oa. 73% EtasiH »@_ - \C’J—
M e A T e e
24:76

){/\R/on mCPBA EtySiH ’O\ o \C’j\"“’H
51% TiCl, .82 %
9911

Scheme 5. Transformation of bicyclic acetals into tetrahydrofuran and tetrahydropyran
derivatives.
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Scheme 6. Synthesis of 2,4,6-trisubstituted THPs by the Levis acid catalyzed
condensation of alkylalkoxysilanes with aldehydes.?
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Scheme 7. Transformation of geraniol-derived epoxides into tetrahydrofurancids according
to Johns and Murphy.'®

Vol. 17, September/October 1992

appropriate unsaturated ketones
in an oxidation process using
m-chloroperoxybenzoic acid
{mCPBA} (Scheme 5).11

The Lewis acid catalyzed conden-
sation of alkylalkoxysilanes yields good
amounts of cis-2,4,6-trisubstituted
THP (Scheme 6).12 This procedure
can be applied tothe enantioselective
synthesisof the previously mentioned
(6'-methyl-2'-tetrahydropyranyl)ace-
tic acid.?9

'T'"’!P free radieal evelization of ce-

OO ITAlUal LYLALAU0L B e

raniol or citral epoxldes can be used
for the synthesis of mono- and bicy-
clic-tetrahydrofuranoids (Scheme 7).

2(5)-Substituted THF derivatives
are produced as a result of heter-
ocyclization of terminally unsubstitu-
ted A*-alkenols by mercury acetate/
sodium borohydride, NBS and
mCPBA.!* Similarly, substituted
THFs can also be produced from
saturated secondary or tertiary
alechols under oxidative conditions
(bromine, Ag-salts).1> Many other in-
teresting routes to the THF and THP
derivatives are discussed in another
article.!6

The monoterpene hydrocarbons
o-pinene, & 3 -carene and limonene

[T, Py | P I VA

are PULt llLJ:d.uy UJ{LUllUlll raw llld.LUll—
als for the synthesis of 3-substituted
2,2-dimethyltetrahydrofuranoids and
tetrahydropyranoids.!”1®  The
method is simple and is of some
interest by the fact that the products
possess high chiral purity with a
known absolute configuration of C-3
carbon atom {Scheme 8). Develop-
ment of this synthetic procedure has
facilitated the obtaining of a number
of new oxacyclic odor compounds.

Review of THF and THP
Odorant Synthesis

Rose oxide and its analogues—
Rose oxide [1] oceurs in numerous
essential oils and for many years has
synthetically been manufactured.
Olfactories of both diastereomers{cis
and trans) are also well known.

The synthesis of rose oxide [ 1] has
been discussed in a number of pub-
lications,?” and therefore here we
will cite only two papers on the syn-
thesis of cis-rose oxide [1] which
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appeared in 1989. The first paper
deals with a multi-step synthesis of
(-)-cis-rose oxide [1].%% The key in-
termediate product in the second
paper is a double unsaturated acetal
resulting from protection of the hy-
droxyl in the Grignard reaction
{Scheme 9) product.'¥ The racemic
cis-isomer [1] formed this way is of
over 95% purity.

Dihydro rose oxide [2] is commer-
cially available as well. Its production
is based on the reduction of rose
oxide [1], or synthesis from lower
molecular weight compounds.2122 A
brief description of the synthesis of
cis-dihydro rose oxide [2] was pub-
lished bv Liu et al. (Scheme 10}, 23 In
this synthem the substrate used was
furanylketone whichwasisolated from
the elsholtia oil. Using this method,
the vield of the cyclic ether was 50%.

Recently a homologue [3] of the
cis-rose oxide [1] has been known
(Scheme 11).24

A few interesting analogues [4-9]
of rose oxide [1] have been found by
Hoepiner and Weyerstahl (Scheme
12).% These compounds which pos-
sess one less carbon atom (nor-com-
pounds}were characterized by being
more or less rose oxide-like. The au-
thors found that the 3-trans-tetra-
hydrofuranoid compound [9] pos-
sessed the most distinetive aromaof all
compounds synthesized, while the
3-eis isomer nnqqpqced an indole-like-
strong melon like aroma. The mix-
ture of 4-methyl-tetrahydrofuranoids
[7] exhibited an intense rose oxide
odor with apricot and carrot off-notes,
while the (Z,E)-cis-THP derivatives
(5] smelled green and herbal, and the
{Z.E)-trans isomers [6] smelled herbal
and minty.

Linalool, linaloyl and nerol
oxides—In 1908 Prileschajew® iso-
lated a sweet smelling "compound 7
Cy,H, O, from the Mexican “hois
de rose, the structure of which was
established at a later date 2" The sub-
stance, which really was a mixture of
THF and THP derivatives, was named
“linalool oxide” [10] (also linalyl ox-
ide or epoxytinalool). Linalool oxide
[10] is formed during the distillation
of linalool epoxidation products (cold
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Table Il. Some examples of preparation of 2-hydroxymethyltetrahydrofurans

Yield
Substrate Product (%)
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Scheme 8. Synthesis of 3-substituted 2,2-dimethyltetrahydrofuranoids and
tetrahydropyranoids from terpene hydrocarbons. '

R= Ac, R'=Me
R=C/Mes, OH, R=Me
REAc, R=Me

R% =CMez.RI=Me

Rz Ac, R= H,Me
R% =CH-CHMe,, R= H,Me

R=Ac,R=H,Me
R® = CMe,, R=H,Me
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Table IN. Tetrahydrofuranoids from allylic alcohols and vinylic ethers

Alcohol {(mmole) Ether (mmole) Product Y:;:'
V|
/\/MOH AOBU 0 OBu
’\,n 12
1.0 10 07 0B
/
Do |

!
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ﬁ 23
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Ph
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Scheme 8. Synthesis of cis-rose oxide [1] from 3-methyl-2-butenal.”
H
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Scheme 10. Synthesis of dihydro rose oxide [2] from furanylketone according to
Liv et al.®
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reaction) (Scheme 13).28

It has been shown that tetra-
hydrefuranoid derivatives are respon-
sibie for the odor of the mixture while
the THP derivatives are odorless. Lina-
looloxide [10] can be synthesized from
geraniol (Scheme 14).2 Tthasalsobeen
used for the synthesis of the enanti-
omerically pure linalool oxide stereo-
isomers (Scheme 15).30

Selective, microbiological oxidation
of a double bond in geranyl phenyl-
carbamide®' gives a diol of high optical
purity (>95%).

Myrcene hydrocobaltation can also
result in the formation of a mixture of
stereoisomeric linalool oxides [10]
(Scheme 16).%2 The hydrocobaltation
process is carried out with cobalt
dimethylglyoxime in the presence of
hydrogen. It has also been found that
linalool oxide esters are useful as raw
materials for flavors and fragrances.®

A dilute sulfuric acid catalyzed di-
rect cyclization of linalool delivers a so-
called “linaloyl oxide” [11] or 2,2,6-
trimethyl-6-vinyltetrahydropyran
{Scheme 17).* The amount of the
tetrahydrofuranoid by-products is de-
pendent upon the temperature of the
reaction. This “linaloyl oxide” [11] has
also been synthesized in a multi-steps
method.?

Like rose oxide [1], nerol oxide [12]
has been found as a constituent of
many plants. It can be produced syn-
thetically from nerol or geraniol
(Scheme 18).%? The synthetic route is
analogous to that used for the photo-
chemical transformation of citronellol
to rose oxide [1]; however, because of
the presence of a double bond in the
2,3- position, both diols undergo cy-
clization to give a mixture which also
contains about 36% of THF derivative.

A synthesis of both pure enanti-
omers of nerol oxide [12] from (—)-(R)-
linalool was achieved by Ohloff et al.%
The olfactory properties of the enan-
tiomeric oxides [12] are comparable to
those of the diastereoisomeric rose
oxides [1] with regard to their tonality
and strength. It was determined that
the aroma of the (S)-oxide [12] was
dominated by a powerful greenish-spicy
note of the geranium-type which was
similar to that of (—)-cis rose oxide. The
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odorprofileof the (R)-oxide [12], which
is striking greenish-floral in character,
is less complex than that of the (§)-
oxide [12] and is rather similar to the
{+)-cis rose oxide. The racemic nerol
oxide [12] mixture is dominated by the
odor profile of (8)-enantiomer [12],
the enantiomer of value to the per-
fumer.

Lilac alcohols, marmelo oxides,
hop ether and karahana ether—In
the 1970s, Wakayama and Namba de-
termined that the beautiful fragrance
of lilac was caused by the presence of
lilac aleohols [13] and lilac aldehydes
[14] {Scheme 19).373 They amount to
T0% of the steam-distilled oil from the
lilac blossom extract. Investigations on
the synthesis of the lilac alcohols and
aldehydes are important because the
materials used to formulate a modern
lilac composition are probably still the
same components that have been used
for the past 60 years.® The first syn-
thesis of these interesting compounds
[13 and 14] was accomplished by
Wakayama and Namba (Scheme 20),*
using linalyl acetate as the starting com-
pound. The lilac alcohols [13] were
also synthesized by Vig et al. who used
a combination of the Wittig and the
Grignard reactions (Scheme 21)4! A
key step in the total synthesis of the
four lilac alcohols [13] was the forma-
tion of a mixture of (Z,E) isomers as
products of UV irradiation of the a-
methyl Dickmann ester (Scheme 22).42
The alcohols [13] can also be prepared
from geraniol in a multi-step synthesis
{Scheme 23).43 In this reaction scheme,
it was important that tert-butyl
dimethylsilane (TBDMS} was used for
blocking of the hydroxyl group, and
selective deprotonation of the tetrahy-
dropyranyl group was achieved using
magnesium bromide etherate.

According to Tsuneya et al.* two
diasterecisomers (A and B) of marmelo
oxide [15] share the responsibility for
the strong characteristic flavor of the
fruit of quince. The synthesis of both
isomers was based on D—qutamlc acid
{Scheme 24).9

From the Japanese hop oil (fraction
boilingat50-53°C/15mm Hg) hop ether
[16] and karahana ether [17] were

isolated by silica gel column chroma-
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Scheme 11. Synthesis of cis-rose oxide homologue [3] according to Escher and
Niclass.?*
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Scheme 12. Synthesis of rose oxide analogues [4-9] according to Weyerstahl.
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Scheme 13. Pyrolytic formation of linalool oxide [10] from epoxylinaiool.?®
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Scheme 14. Synthesis of linalool oxide [10] from geraniol.
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Scheme 15. Enantiosynthesis of the diasterecisomers of linalool oxide [10] according
to Meou et al.®
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Scheme 16. Synthesis of linalocl oxide [10] in the myrcene hydrocobaltation process.®
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Scheme 17. Cyclization of linalool to “linaloyl oxide” [11] according to Strickler and
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Scheme 18. Photachemical synthesis of nerol oxide [12] according to Ohloff 2
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tography (Scheme 25).%

The (+)- and (-)-hop ethers [16]
have been synthesized by procedure
which couples ketone methylenation
with concomitant optical resclution
(Scheme 26).47 The substituted cyclo-
pentanone was prepared according to
Trost*® and appears to be an attractive
starting material. Dihydro-hop ether
has also been synthesized from
pulegone,

A brief total synthesis of karahana
ether [17] has been reported from ge-
raniol by Coates and Melvin {Scheme
27).%% A more productive synthesis of
karahana ether [17] was achieved by
stereoselective cyclization of epoxy al-
lylsilanes by Lewis acids {Scheme 28).5¢

Spiro tetrahydrofuran deriva-
tives—A few spiro tetrahydrofuranoids
are known to occur in nature. Some of
them are interesting as far as the odor is
concerned and will be presented here.

From the low boiling fraction of the
Reunion geranium oil, four spiro com-
pounds of the bicyclic acetal structure
[18and 19] have beenisolated (Scheme
29).5! Both [18] isomers, which pos-
sess a minty, fresh, herbaceous odor,
represent ca. 0.005% of the total oil,
while the corresponding dihydro de-
rivatives [19] amount to 0.001% of the
total oil. Both compounds [18 and 19]
have been synthesized from a-methyl-
Y-butyrolactone and rosefuran respec-
tively (Scheme 30).

Starting from simple ketones, the
synthesis of spiro ethers [20 and 21]
which possess a pleasant flavor has
been achieved (Scheme 31).52

The spiro tetrahydrofurans [20 and
21] have similar olfactive properties.
They possess flowery-fruity odors with
turpentine-like undertones, which is
dominant in [21] when R=H. The ad-
ditional methyl group (R=Me) intro-
duces a tonality of herbal-green ac-
companied by anise and eucalyptus.

2,2-Dimethyl-tetrahydrofuran
and 2,2-dimethyl-tetrahydropyran
derivatives—A new monoterpene al-
cohol [22] with atetrahydrofuran struc-
ture was first isolated in 1982 from a
higher boiling neutral fraction of pep-
permint 0il.> The structure of this

emnoind wag eanfirmad by cumdhoes

(.uuxt;u'uuu Was ConLirmea Oy .)yuuuj“;n

from ocimenol (yield 32.5%) (Scheme
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Table IV. Odor characteristics of new THF and THP
derivatives [27-57]

Table IV (Continued).

88/Perfumer & Flavorist

Compound Odor characteristic Compound Qdor characteristic
0
almost odorless OH waak, grassy and
0 floral
[27] [35]
\
)
hardly perceptible eHO gentle, green, grassy
0
[28] [36]
/4 sweet, interesting,
similar to orange \ swaat, ﬂoi:al.
0 peel odor 0 orange-citrus
“\
A [29] [37}
/i sweater than [29], y/ pleasant, lavender
T ﬂo’al' ﬂowor,
0 orange peel odor-like 0 swaeet, intense
[30] [38)
\\\ A
similar to [29], less 2/’ very pleasant,
sweet, a little - distinct
pungent 0 lavendar, sweet
(31} [39]
\
light, ethereal, poppy similar to [38), but
odor-like 0 less interesting
X° x
[32] [40]
light, intense, with a floral and woody,
0 distinct woody note 0 swoeot
[33] [41]
OH
similar to [37], with a
almost odorless Y ! iy note
0
[34] [42)
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Tabie IV (Continued).

Compound Odor characteristic
floral with a distinct
woody tone
()
[43]
~ e
OH
odorless
0
[44]
CHO attractive, flowery,
cyclamen aldehyde
)re odor-like
[45)
CH20H
almost odorless
0
[486]
0
waak, a little similar
to
decaying litter of
0 conifer neadles
[47]
intensive, ethereal
with a weak
ninanl.namnhar
J "~ undertons
’}\O undertone
{48}
0
almost odorless
0
[49]
0
almost odorless
0~
[50]
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Table IV (Continued)

Compound |

QOdor characteristic

[51]

light, intanse with a
little woody-cineoi
tone

roll

similar to cis-isomer

) (51]
(52]
OH
weak,
woody-balsamic
o
(53]
(OH
a weak, woody and
fioral
0
(54]
CHO —_— 8
] of medium intensity
o with
a shade of gresnery,
0 not very interesting
(551
somewhat like litter
\[/\ of.sonifgr naedleg
with & wormwood
'_;\0 J shade
[56)

[57)

similar to ground
cover, not interesting
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32). Both (Z)- and (E)-tetrahydro-
furanoid [22] isomers were products
of this synthesis. The (Z) isomer, which
was found in the peppermint oil, was
reported to possess a dry, grassy, hay-
like odor with a floral rosy note remi-
niscent of geraniol. The (E)-isomer,
which was suspected to be present in
the oil, was found to smell similar to
the (Z}-isomer.

A mixture of di-isopentylacetones
thatis a by-product of the manufacture
of methyl heptenone, has been used
for the synthesis of compounds of the
THP structure [23-26] (Scheme 33).5
The mixture of the cyclic ethers [23-
26] has a floral odor with coniferous
undertones.

As mentioned earlier, O-pinene and
&-3-carene are excellent raw materials
for the syntheses of many interesting
2,2-dimethyl-THF and 2.2-dimethyl-
THP derivatives. Table IV shows the
odor characteristics of a series of hetero-
eycliccompounds [27-57] thathave been
synthesized from (+)-0-pinene, (+)-8-3-
carene and (+)-limonene, 17195557

A review of the data presented in
Table IV reveals that the tetrahydro-
furanoids exhibit more agreeable, flo-
ral odors than their THP analogues. It
is evident that the odors of the (3R)-
enantiomers which were derived from
{+)-limonene, are more attractive
(sweeter) than those optical antipodes
possessing (3S) configurations. Also,
hydrogenation of a double bond in the
side chain appears not to cause achange
in the nature of the odor but intro-
duces a distinguishing woody note. Itis
of interest to note that the THF alco-
hol [46] 56 whose structure is similar to
brahmanol (a sandalwood-odored com-
pound) is practically odorless (Scheme
34). The odor disappearance may pos-
sibly be due to an intramolecular bond
formed between the hydroxyl group
proton and the heterocyclic oxygen
atom. Apparently the molecular shape
of [46] is deformed enough not to
match with any receptor responsible
for odor creation.

In summary, over the past few years
many terpenoid THF and THP deriva-
tives have been both synthesized and
characterized in nature. Some of them
have been shown todemonstrate unique
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Scheme 20. Synthesis of lilac alcohols [13] and lilac aldehydes {14] from linaly!
acetate.®
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Scheme 21. Synthesis of lilac alcohols [13] according te Vig et al.*!
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Scheme 23. Synthesis of lilac alcohols [13] from geraniol.*
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Scheme 24. A total synthesis of marmelo oxides [15]
from D-glutamic acid according to Nishida et al.*
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Scheme 25. Structures of hop ether [16] and
karahana ether [17].%
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Scheme 28. Synthesis of optical isomers of hop
ether [16] according to Johnson.*
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Scheme 27. A brief transformation of geraniol into karahana ether [17]
according to Coates and Melvin.
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Scheme 28. Karahana ether [17] by stereoselsctive cyclization of epoxy

ar
J
i}
']
&

Scheme 29. Structures of the bicyclic acetals [18] and [19] isolated from
the Reunion geranium oil >
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Scheme 30. Synthesis of the spiro bicyclic acelals [18] and [19]
according to Kaiser.>'
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Scheme 31. Synthesis of the spiro ethers {20] and [21] from
cyclohexanones.®
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Scheme 32. Tetrahydrofuranoid alcohol [22] from ccimenol according
to Sakurai et al.®
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Scheme 33. Transformation of di-isopentylacetones into
tetrahydropyran derivatives [23-26].5
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Scheme 34. Structural similarity of THF alcohol [46] to
brahmanol.

sensory properties, and together with their stability, they
have attracted the attention of even the most fastidious of
perfumers.
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