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Cohalogenation of Limonene, Carvomenthene and Related Unsaturated Monopemnic Alcohols
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A coalogenacédo deRj-limoneno e R)-carvomenteno conmpiH,O/Cu(OAc)-H,O em
dioxano aquoso seguida por tratamento em meio basico produz estereoespecificameste 0s
epoxidos correspondentes. J4 essa mesma metodologia de coalogenagédo aplicada a alcoois
monoterpénicos insaturados estruturalmente relacionados produz derivados do pinol [a partir
de (R)-cis-carveol e §-a-terpineol] ou entédo iodoidrinas [a partir &-&lcool perilico e (B)-
trans-carveol].

Cohalogenation oR)-limonene andR)-carvomenthene with/H>0/Cu(OAc)-Hy0 in aque-
ous dioxane followed by base treatment produced stereospecifically the correspamiieg-
oxides. Same methodology of cohalogenation applied to related monoterpenic unsaturated alcohols
produced pinol derivatives [from-cis-carveol and $)-a-terpineol] or iodohydrins [fromS)-
perillyl alcohol and (R)-trans-carveol].
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Introduction
e} X
X N
Electrophilic halogenation of alkenes to produce vici- N 2 X VARAN
nal dihaloalkanes is a well-known reaction in organic \c=c/ + X \C:I:(,/ N
hemistry. A d mechanism for it goescthgh A x
chemistry. A proposed mechanism for it goesahgh art rcomplex s Lo
complex among alkene and halogen, followed by decom- /7 IN

- . . . . . X: hal
position to a bridged halonium ion intermediate and then S nucleophiic solve

a nucleophilic opening by the halide fotdowever, when
the halogenation of the alkene is carried out in a nucleo-
philic solvent (water, alcohols, carboxylic acids, nitriles,

etc), a competition between the halide ion and the solvent The_role of th_e n_1etgl salt or (_)f the. second equivalent of
for opening of the halonium ion can occur and difunc-iodine in the coiodination reactions is to decompose the

tionalized products are obtairfedThis process, termed 1t complex formed among alkene and iodine to the bridged

‘cohalogenation’, proved to be useful for diverse synthetiéOdonlum lof? N Inthe case OT CU(OAS)CUpnC_'Od_'de S forr.negl
application&-3 (Scheme 1). followed by disproportionation to cuprous iodide and iofline

Recently, we published an efficient coiodination of (Scheme 2). As iodine is formed from Guess than 1 mol

simple alkenes with oxygenated nucleophiles promoteoequ“" of it is required for these reactions. On the other hand, in

by Cu(OAC)-H,O and other metal satter by 2 mol equiv the absence of the metal salt (or without excess iodine), low
2 . . .
of iodine in place of the metal sl hus, using this simple  €OVersion and poor yields of products are obséfved

methodology, iodohydrifs and B-iodoethers were ef- . HefrT|n we communicate ohur resultc'js onI thedcohalogena;j
fectively prepared in good yields and high purity when tion of limonene, carvomenthene and related unsaturate

the iodination of alkenes was performed in water Ormonoterpenic alcohols, namely carveaisierpineol, and
alcohols, respectively. perillyl alcohoP.

ES

Scheme 1.

Results and Discussion

Dedicated to our teacher and mentor W. Bruce Kover, who taught us . ) L .
to find the beauty of each reaction. The reaction ofR)-limonene () with iodine in aque-
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Scheme 2.

ous dioxane in the presence of Cu(CAd)0 was carried
out at room temperature (rt) stirring together 1 mol equiv.
of 1, 0.5 mol equiv. of Cu(ll) salt and addition of 0.75 mol
equiv. of iodine. After NaBlireduction of the remaining
excess of iodine and work up, HRGC (high-resolution gas
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Figure 1. 13C NMR chemical shifts (in CDG] relative to TMS) of
y-carbon for limonene, carvomenthene and related 1,2-epoxides.

and chemoselectivid. The trans-epoxides were ob-
tained stereospecifically and usual oxidation (peracids and
related oxidants) of limonene and carvomenthene pro-
duced both a 1:1 mixture dfis- and trans-epoxide$?,

chromatography) analysis of the crude material showed useful intermediates in synthesis of natural prodacts

the unstable iodohydri2 (82 %) along with recovered
substrate ¢a. 15 %). Several attempts to puriB/were

Although the separation of bothis- and trans-1,2-
epoxylimonene can be achieved by careful spinning-band

unsuccessful and only dark products and intense gas evo-distillationt®, this is a difficult and slow task and more

lution were obtained. Treatmentdfvith Na,COz in aque-
ous ethanol produced pure trans-1,2-epoxylimohéhe
(3) in 59 % isolated yield.

Catalytic hydrogenation oRj-limonene to R)-carvo-
menthene 4) and similar cohalogenation led to the
iodohydrin5 in 86 % crude yieldc@. 8 % recovered sub-
strate). Base treatmentmproducedrans-epoxycarvomen-
thenél (6) in 59 % yield. Scheme 3 summarizes all results.

OH
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! N
Na2CO3
_—
i EtOH / HO / 1t Y

12/ Cu(OAC). HO / :
2/ CuGACk: Ho A 59 %

dioxane /1 X X
(5 82 % 2 3
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b’ NaeCO3 é
EtOH / HO / 1t

1 r.t.
98%
/:\ /\ 59 %
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12/ Cu(OAc),, HO

dioxane / r.t.
86 %

Scheme 3.

The characterization 8fandé were made by compari-
son of their spectral data with those previously rep&fted
and by thel3C NMR values of chemical shift for the

practical methods of obtaining the purans-epoxide in-
volve selective chemical transformation of the 1:1 mix-
ture of isomer¥ or reaction of limonene with NBS4
followed by base trament’. Moreover,trans-1,2-
epoxylimonene is more reactive theigand so it is selec-
tively opened on nucleophilic additions to the mixture of
cis- and trans-1,2-epoxylimonent.

A proposed mechanistic scheme (Scheme 4) for the
stereospecific formation of the iodohyd@ierived from
limonene (and the analogiefrom carvomenthene) as-
sumes at complexanti to the isopropenyl (or isopropyl)
group, followed by its decomposition to the iodonium ion
and an antiperiplanar opening by an &daucleophilic
attack of water on the tertiary carbon to producertes-
diaxial iodohydrin. Stereospecific formation of epoxides
by base promoted cyclisation of halohydrins is vastly de-
scribed in the literatufé,

H Iz H ] H
© I cu(lly Ij 2 steps !
; ‘_Yl Y }7 = ‘3 =7
A H
PN HZO- P

Scheme 4.

The above results led us to investigate the exten-
sion of this methodology of cohalogenation with un-

y-carbon of the epoxides and the parent alkenes, assumingsaturated monoterpenic alcohols, as a possible route of

that there is no significant difference if the epoxide ring is
trans to they-carbon hydroge¥ (see Figure 1).

The results on the cohalogenation of limonene are
important because electrophilic additions to it lack stereo

cyclofunctionalizatioR! to produce functionalized bi-
cyclic ethers.

The reaction of (B)-carveols7 (1:1 mixture otis7aand
trans7bisomers by HRGC) withylH,O/Cu(OAc)-H,O for
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5 h led to an iodopinol derivativé)g2 and an iodohydrin

(9)23 as shown in Scheme 5.
/.V/'

i Cu(OAQ) H,0 i
7a+7b 8 9

dioxane / r.t.
CHzI
(85% fron7a) (from7b)

Scheme 5.

Control experiments showed ttwdd-carveol {a) was
completely conveed to8 (85 % isolated yield based on
73) in 1 h while7b was unchangeable. After thatans
isomer {b) was slowly and incompletely converted to the
iodohydrin9 among other unidentified products. The struc-
ture of8 was determined b¥H and'3C NMR 1D and 2D
NMR technique$? (COSY, HMQC, and HMBC) and its
relative stereochemistry was established with the aid of
NOESY experiment that showed the cross signals shown
in Figure 25,

Hw
~O
CH3

H CHyl

Figure 2. Essential NOE observed in NOESY spectra for determi-
nation of relative stereochemistry 8t

These results contrast with those obtained for limonene

and carvomenthene, where the reaction occurred at the

trisubstituted double bond. In the case of carveols, prob-
ably due to electronic reasons, the allylic hydroxyl group
deactivates the trisubstituted double bond to an electro-
philic attack® and thert complex of } is formed with the
disubstituted double bond. Furthermore, the relative posi-
tion of the hydroxyl is crucial to the nature of the products.
When the hydroxyl isisto the isopropenyl group (aséis-
carveol 7a) it can open the iodonium ion producing the
iodo-bicyclic ether8. On the other hand, if the hydroxyl is
transto isopropenyltfanscarveol7b), this intramolecular
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Scheme 7.

The structure of 1was determined byH NMR (that
showed aharpsignal of a tertiary hydroxyl group upon
changing the solvent from CD{to DMSO-¢) along
with IH and13C NMR 1D and 2D techniqué& assum-
ing the most stable conformation being a bridged chair
form28, NOESY experiment showed the cross signals
shown in Figure %,

OH

Figure 3. Essential NOE observed in NOESY spectra for determi-
nation of relative stereochemistry afl.

The formation of the dihydropinol derivatité by the
cohalogenation methodology is an attractive alternative to
the thallium(lll)-induced cyclization oéi-terpinec?®.

A proposed mechanistic scheme (Scheme 8) for the
rationalization of the hydroxy-dihydropindll could

process is less favorable and water in the media slowly opensbe the formation of an iodonium ion (similar in the case

the iodonium ion producing the iodohyd@n(Scheme 6).
The reaction of -a-terpineol (0) with iodine and
water in the presence of cupric acetate led predominantly

to trans-4-hydroxy-dihydropinol 11)27 along with some
unidentified minor products. From the reaction mixture,
11was isolated in 45 % yield after radial chromatography
(Scheme 7).

of limonene and carvomenthene) followed by intramo-
lecular opening to the unstatf)eiodoether intermediate

12 (detected by MS in the reaction metfja This kind

of intermediate easily rearranges through a bridged oxo-
nium ion (13) to dihydropinol derivative¥. Regiospe-
cific opening of the oxonium ion by J® produced. lin

two further steps.
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Reaction of §)-perillyl alcohol (4) with I,/H,0Of
Cu(OAc),-H,0O was not completed after several hours and
produced the diastereomeric iodohyddagredominantly
along with diiodohydrif216(ca.18:1 by HRGC) and sev-
eral others minor products (epoxides, iodo-triols, etc) -
Scheme 9. From this reaction mixtut&(a diastereomeric
mixture) was isolated in 15 % yield after radial chromatog-
raphy. Once more, no bicyclic products were formed be-
cause it would be necessary a bridgehead unsaturated seven
membered cyclic transition state. Attempts to improve the
yield of 15, lower the subproducts or increase the consump-
tion of perillyl alcohol were unsuccessful. No significative
changes in the crude reaction mixture were observed in
HRGC analysis when the cohalogenation was performed
with 2 mol equiv. }in the place of cupric acetate

CH,OH

e

In summary, cohalogenation of limonene and carvo-
menthene withy/Cu(OAc),-H,0 in aqueous dioxane pro-
duce stereospecifically iodohydrins which upon base treat-

CH,OH HO CHOH

i

(15 %)

Cu(OAQ) H,0
dioxane /r.t.

Scheme 9.
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(5R)-carveols {p]*- 108.1 (c 1.1, CHG), ca. 1:1 mixture
of cis- and transisomers} and §-perillyl alcool {[a]Z -
91.0 (c 1.0, CHG)} were purchased from Aldrich.
(R)-Carvomenthene {7+ 78.5 (c 2.0, CHG)} was
prepared in 98 % yield (> 99 % purity) by catalytic hydro-
genation of R)-limonene, as described by Jackratal 33
Infrared (IR) spectra were recorded on a Perkin Elmer
1600 series FTIR (film in NaCl pellets). Analyses by HRGC
were performed on a HP-5890-II gas chromatograph with
FID by using a RTX-5 silica capillary column ang ¢low-
rate 50 cm/s) as carrier gas. Mass spectra (MS) were
obtained on a Hewlett-Packard HP 5896-A (column: SE-
54) or on a Hewlett-Packard HP 5937 (column: OV-1)
HRGC-MS spectrometers using electron impact (70 eV).
IH (300 MHz) and3C (75 MHz) NMR spectra were ac-
quired on a Bruker spectrometer for CR€blutions with
TMS as internal standard. Polarimetric analyses were per-
formed on a Jasco DIP 370 polarimeter.

(1S,2S,4R)-2-lodo-4-isopropenyl-1-methylcyclohex@nol

To a stirred solution oR)-limonene (1.36 g, 10.00 mmol)
and Cu(OAc)-H,0 (1.00 g, 5.00 mmol) in dioxane (22 ml)
and water (3 ml), was added(1.90 g, 7.50 mmol) in small
lots at rt. After 4 h, G4, was filtered off and CHGI(30 ml)
was added to the filtrate. The resulting solution was treated
with a suspension of NaBH1 g) in EtOH (50 ml) and then
washed with water (8 20 ml). The organic layer was dried
(Na,SO,) and filtered through a small silica gel column.
The solvent was evaporated in a rotatory evaporator at re-
duced pressure and low heating to produce @y#e30 g,
8.21 mmol, 82 %), along with recovered limonene (15 %).
[a]Z+ 103.5 (c 2.0, CHG). H NMR (CDCly): 3 1.00-2.00
(m, 7H), 1.37 (s, 3H), 1.44 (s, 3H), 2.85 (br s, 1H), 4.46 (d, 1H,
J 8.5 Hz), 5.12 (br s, 1H) ppriC NMR (CDCh): & 21.3
(CHy), 26.1 (CH), 30.5 (CH), 33.5 (CH), 37.4 (CH),

40.0 (CH), 43.1(CH), 70.4 (C), 109.4 (9)}1148.2 (C) ppm.
MS: m/z (%): 280 (M, 1), 153 (42), 135 (62), 107 (46), 93
(50), 71 (58), 43 (100).

trans-1,2-Epoxy-(R)-limone(®

ment are converted to the respective epoxides. On the other

hand, when the cohalogenation is applied to related un-

saturated monoterpenic alcohols, the nature of products is

highly dependent on the structure of substrates. Thus,
iodohydrins and bicyclic ethers are produced from inter-
or intramolecular reactions, respectively.

Experimental

(R)-Limonene {j0]3+ 118.7 (neat)} andyj-a-terpineol
{[a]? -76.0(c 1.0, CHG)} were purchased from Dierberger,

The crude iodohydrig(2.30 g, 8.21 mmol) was treated
with Na,CO; (1.59 g, 15.00 mmol) in water (40 ml) and
ethanol (10 ml). After stirring for 24 h at rt the reaction
mixture was extracted with ether (3 x 10 ml) and the or-
ganic phase dried (N&Q,). The solvent was evaporated
in a rotatory evaporator at reduced pressure and the resi-
due purified by column chromatography (Si®exane,
chloroform) to give epoxida(0.74 g, 4.87 mmol, 59 %).
[a]5*+78.0 (¢ 1.0, CHG). IR:v;,5,,3072, 2960, 2920, 2860,
1637, 1437, 1373, 920, 890, 838¢mH NMR (CDCl):
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51.31-1.43 (m, 2H), 1.34 (s, 3H), 1.68 (s, 3H), 1.65-1.77
(m, 2H), 1.80-1.95 (m, 1H), 2.00-2.10 (m, 2H), 2.99 (d, 1 H,
J5.38 Hz), 4.66 (br s, 2 H) pphiC NMR (CDC):518.1
(CHy), 20.2 (CHy), 23.1 (CH), 30.0 (CH), 30.8 (CH),
40.8 (CH), 53.4 (C), 57.5 (CH), 109.1 (§H149.2 (C)
ppm. MS: m/z (%):152 (Nf, 2), 137 (4), 123 (5), 108 (42),
94 (62), 67 (62), 43 (100).

(1S,2S,4R)-2-lodo-4-isopropyl-1-methylcyclainek5)

(R)-Carvomenthene (1.38 g, 10.00 mmol) used instead
of (R)-limonene, other reagents and conditions being as
described for2 above. After all, it was obtained 2.43 g
(8.62 mmol, 86 %) of crude along with recovered carvo-
menthene (8 %).of];’ + 64.3 (c 2.0, CHG). IH NMR
(CDCly): 6 0.90-2.02 (m, 8H), 1.37 (s, 3H), 1.40 (s, 3H),
1.41 (s, 3H), 2.85 (br s, 1H), 4.40 (br s, 1H) pptE.NMR
(CDCly):5620.1(CH), 20.2 (CH), 24.6 (CH), 30.9 (CH),

31.6 (CH), 33.5 (CH), 36.5 (CH), 39.5 (CH), 43.1 (CH),
71.5 (C) ppm. MS: m/z (%): 267 (M- Me, 2), 249 (2), 155
(75), 137 (80), 95 (71), 93 (50), 81 (90), 43 (100).

trans-Epoxy-(R)-carvomenthd€e

The crude iodohydri (2.43 g, 8.62 mmol) was treated
as described foB above to give epoxidé (0.78 g, 5.06
mmol, 59 %).§]3'+ 42.9 (c 1.0, CHG).H NMR (CDCL):
50.84 (d, 6H), 1.30-1.34 (m, 1H), 1.31 (s, 3H), 1.37-1.40
(m, 2H), 1.563-1.62 (m, 2H), 1.70 (m, 2H), 1.98 (m, 1H), 2.98
(d, 1 H, 3 5.37 Hz) ppm3C NMR (CDCh): 3 19.2 (CHy),
19.5(CHy), 22.4 (CH), 23.0 (CH), 27.7 (CH), 30.8 (CH),
32.1 (CH), 39.1 (CH), 57.7 (C), 59.5 (CH) ppm. MS: m/z
(%): 154 (M, 5), 139 (20), 125 (12), 111 (50), 95 (10), 83
(20), 69 (40), 43 (100).

Typical procedure for the cohalogenation of unsaturated
monoterpenic alcohols

To a stirred a solution of appropriated unsaturated
monoterpenic alcohol (5.00 mmol) and Cu(OAERLO
(1.00 g, 5.00 mmol) in dioxane (10 ml) and water (2 ml),
was addedJ (0.95 g, 3.75 mmol) in small portions at rt.
After 16 h (1 h for carveols), the reaction media was filtered
and CHC}, (15 ml) was added to the filtrate. The resulting
solution was washed with a saturated solution gBX0g (3 x
10 ml), the organic layer dried (bBO,) and filtered through
a small silica gel column. The solvent was removed under
reduced pressure and low heating and the crude product pu-
rified by radial chromatography using gEl, as eluent.

(1R,5R,6S)-2,6-dimethyl-6-iodomethyl-7-oxabicyclo[3.2.1]-oct-
2-end8)

It was obtained 1.18 g [4.24 mmol, 85 % frorR)(&is-
carveol]. p]s’- 17.8 (¢ 1.0, CHG). 'H NMR (CDCly):
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01.45(s, 3H),1.72 (m, 3H), 1.94 (d, 1H, J 10.74 Hz), 2.34
(m, 3H), 2.52 (m, 1H), 3.36 (dd, 2H, J 22.61 Hz, 9.69 Hz),
4.15 (d, 1H, J 4.41 Hz), 5.26 (m, 1H) ppAPC NMR
(CDCly):614.2 (CH), 17.9 (CH), 27.9 (CH), 29.7 (CH),
35.1 (CH), 40.7 (CH), 77.6 (CH), 84.1 (C), 120.7 (CH),
139.8 (C) ppm.

(1S,2S,5S)-2,6,6-trimethyl-7-oxabicyclo[3.2.1}-octan¢23l

It was obtained 0.38 g (2.24 mmol, 45 % fro8v¢-
terpineol). pi] #+ 25.6 (¢ 10.0, CHG).*H NMR (CDCl):
61.23 (s, 3H), 1.24 (s, 3H), 1,38 (s, 3H), 1.43 (m, 2H), 1.66
(m, 2H), 1.84 (m, 2H), 2.17 (m, 2H), 3.81 (d, 1H, J 5.37 Hz)
ppm.1H NMR (DMSO-Dg): & 1.13 (s, 3H), 1.21 (s, 3H),
1.37 (s, 3H), 1.43 (m, 1H), 1.74 (m, 3H), 1.88 (m, 1H), 2.05
(m, 1H), 2.25 (d, 1H, J 11.55 Hz), 3.68 (d, 1H, J 6.33 Hz),
4.45 (s, 1H) ppm!3C NMR (CDCL): 3 23.5 (CHy), 24.3
(CH,), 28.7 (CHy), 30.2 (CH), 31.9 (CH), 33.1 (CH),
41.3 (CH), 72.1 (C), 82.3(C), 82.5 (CH) ppm. MS: m/z (%)
170 (M*, 5), 155 (2), 137 (1), 126 (23), 111 (10), 109 (16),
97 (18), 83 (10), 71 (45), 43 (100), 69 (27).

(1's, 2RS)-2-4-hydromethyl-34ojexenyl)-1-iodo-2-ppano(15)

It was obtained 0.22 g [0.74 mmol, diastereoisomeric
mixture, 15 % from$)-perillyl alcohol]. [o]2°- 32.1 (c 0.7,
CHCly). IR:v,,,,3363, 1674, 1642, 1191, 1029 ¢niH
NMR: 6 1.25 (d, J 6.08 Hz), 1.82 (m), 2.15 (m), 3.45 (m),
4.05 (br s), 5.70 (m) ppr3C NMR:3 21.70 (CH), 22.7
(CH,), 23.1 (CH), 23.3 (CH), 23.5 (CH,), 24.1 (CH),
25.9 (CH)), 26.3 (CH), 26.4 (CH), 26.6 (CH), 42.2 (CH),
42.6 (CH), 66.9 (CH2), 67.0 (CH2),72.1(C), 72.2(C),121.5
(CH), 122.2 (CH), 137.3(C), 137.9 (C) ppm. MS: m/z (%)
278 (M- H,0, 4), 220 (2), 185 (63), 169 (8), 151 (18),
133 (65), 93 (75), 79 (100), 43 (37).
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