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yl 12-oxo-octadw-czs-9-enoate
;2-oxosteamte in the presence

thyl substituted C,g-t‘uranoxl ester

 (methyl 9.12@03;-10«&:7,' ".JlM)h also described.

L lnmduc:ion

Moms m al [2] hohted a fummid mer, methyl 9 lz-epoxyoctadcca& 11-
,«dienm, from Exocarpus cupmth‘amis seed oil. The structure of this compound
was later confirmed by synthesis from 2-furoic acid [3], but was more convenient-
ly prepared from methyl ricinoleate [4] or linoleate {5]. Recently a new series of
8 furanoid fatty acids was discovered by Glm et al [6] as oonstuuents of lipids
fmmthenoﬂhemplke(ﬁmm) il

In an earlier publication [7] we demibed;ther prepamxon of a C,5 furanoid
ester isomer from a synthetic methyl octadgudiynoate In this paper we report
the unusual behaviour of methyl 9,10, ,12?13 poxyxteame with a mixture of
dimethy! sulphoxide, pmpylf : de fumnsMng two positional
. }fuunoid ester isomers imteod ed methyi dioxostearates [8]. This key
' i o the sub t of several methods for the preparation
sate from derivatives of methyl ricinoleate.
A : : ithesis of methyl 9,12-epoxy-10-methyl-octadeca9,

- lbdienoate wu alm- ,evelo el B

. i.';.,t:~i;’;,' weref. 1.
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I1. Results and discussion

In an effort to prepare the methyl 9,12- and 10,13-dioxostearate isomers from
methyl 9,10,12,13-diepoxystearate (derived from the epoxidation of methy lilmol- ,
eate) for carbocyclisation {7} purposes, we attempted the method" escrib ed for the
conversion of 4,5-epoxyoctane to 4-octanione [8]. However, treatment of methyl
9,10,12,13-diepoxystearate with propyl iodide (Prl), sodium iodide (Nal) in dlll'nethyl
sulphoxide (DMSO) at 100°C gave a mixture of methyl 9, IZ-epoxyoctadm-Q J1-
dienoate and 10,13-epoxyoctadeca-10,i2-dienoate (43%) instead (scheme 1), No
methyl dioxostearate was obtained from this reaction.

From the mechanism proposed by Bethell et al. [8] for the conversion of an epox-
ide to the corresponding carbonyl derivatives by Pri—-Nal-DMSO, we wete led 10
think that methyl 9,10,12,13-diepoxystearate formed a mixture of 1 4-diketones as
intermediates, which cyclodehydrated in the presence of DMSO {9] to furnish the
furanoid esters. However, when methyl 9,12-dioxostearate (prepared from methyl
ricinoleate) was treated under identical reaction conditions (Pri~Nal-DMSO0, 100°C),
no furanoid ester was obtained but the starting material. From this negative result it
is probable that methyl 9,10,12,13-diepoxystearate formed epoxy-oxostearate in-
termediates instead, which in the presence of PrI-DMSO [(CH,);QOPI as activating
agent) cyclised to a mixture of C,g-furanoid esters (scheme 2),

This probable reaction pathway led us to look into the chemistry of methyl
9,10-epoxy-12-oxostearate, obtainable from methyl ricinoleate (scheme 3).

Methyl 9,10-epoxy-12-0oxostearate was prepared by the oxidation of methyl
ricinoleate according to the method described by Brown et al. [10], followed by
epoxidation of the resulting methyl 12-0x0-0ctadec-cis9-enosate with m-chloroper-

£ £

(2" | pechloroperbensoic acid

O
7\ 7\ .
CH3(CH2)4CH-CHCH2Q1-CH(CH2)§M3 i

»* Pr1.’Nal/DMSO
cua(mz);Q(mz),coocna
4 8
Scheme 1.

* See experimental section.
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benzoic acid. The product (methy! 9 ,10-epoxy- 12-oxostearate "
further purification as Abbot and Gunstone [S] reported the
of this compound on silicic acid column chxomatography L

When methyl 9 lO-epoxy-lZ-oxostearate was treated wit]
furanoid ester (methyl 9 12-epoxyoctadeca~9 ll-dxenoate is
result supports our proposal of the mechanism described in scheme ' When:BFg or
p-toluenesulphonic acid was substituted for (CH3)2§0PI similar cyclisation reactwns :
were anticipated of methyl 9,10-epoxy-12-oxostearate. Thus, when methyl S, 10- i
epoxy-12-oxostearate was refluxed with boron tnﬂuonde-—etherate complex or .
p-toluenesulphonic acid in benzene, both reactions: furmshed the ! same. furanoid ester
in good yields (39%, 43% respectively). A similar reaction mvolvmg an epoxy-ketone
with p-toluenesulphonic acid was reported by Fritel and Baranger [11].

These reactions demonstrate the ease of attack of an electron-deficient oxonium
system by a g-positioned keto group. It can thur be expected from any similar elec-

A\
tron-deficient system [-CH2CH—, where X is an electro-posmve species[ for furan
formation to take place, provided the keto group is located at the g-position. Conse-
quently, when methyl 12-0xo0-octadec-cis9-enoate was converted to the correspond-
ing mercurium complex with mercuric acetate in acetic acid [12], isolation of the
reaction product yielded methyl 9 12-epoxyoctadeca-9 11-dienoate in good yield
(51%) (schenie 4).

In our above experiments we have used exclusively non-chromatographed samples
of methyl 9,10-epoxy-12-oxostearate [5] to avoid the presence of ary methyl 9-
hydroxy-12-oxo-octadec-trans-10-enoate in our experiments. In exploring further
the probable mechanism during the cyclodehydration reaction of epoxy-keto com-
pounds to furans, we prepared a sample of methyl 9-hydroxy-12-0xo-octadec-trans-
10-enoate for further investigation (scheme 3).

Treatment of methyl 9-hydroxy-12-oxo-octadec-trans-10-enoate with borontnﬂu-
oride etherate complex or p-toluenesulphonic acid gave methyl 9,12-epoxyoctadeca-
9,11-dienoate (53%, 63% respectively). However, only a trace of furanoid ester
could be detected when the same substrate was heated with a mixture of PrI—Nal-
DMSO at 100°C.

CH CH
A-C/ Z\CH Hg_(OAc)z 72,
g ’ ﬁ
|

‘Q

e
i':ang(om:) +  OAc

- Hg(Oac) + ©oac

Scheme 4.



dioxo derivative (92%),: ich p
furnished methyl 9, L!-e“" Xy e-methyloctadeeaa 11 -dxenoate (76%, ECL *=
- 18.630n OV-101). - =

'Ihe GI.C analy

oxd‘ estex (B,,_ L=

GIC separatxon could be achieved on Sllar lOC statlonary phase between an ‘unsub-
stituted and a methyl or dimethy! substituted furanoid ester of the same (C,g) chain
length.

III. Experimental
General procedures

Column thm-layer and gas-hquid chromatography were carried out by the stan-
dard procedures Phosphomolybdic acid or 2',7'dichlorofluoroscein were used as
spray reagents. Details of specttosoopnc procedures are described in Part 5 [16].
Mass: spectral data are given in the order m/e source of fragment mtenslty relative
to base peak 100. : , ool

(a) Prepamtzan of methyl 9 10 12 I3-diepoxystemte L

A xmxture of crude methyl linoleate (5 % pu .;:'0.012 mol), m-chloroper-
benzoic acid (4.5 g) and methylene chlorid (100 ml) was stirred overnight at room
temperature. Saturated sodium solution (20 ml) was added to the reaction
mxxtute to- destroy any excess peracid,; The. methylene chlonde solutmn was3 succes-

* ECL = ecl\u\mlent chain length
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sively washed with aqueous sodium bicarbonate. (10%, 30 ml) and saturated sodium -
chloride solution (50 ml). Purification of the product by.column chromatography -
(silicic acid 100 g, using petroleum. ethet—dlethyl ether, 3 0—1 v/y) gave ‘meth
9,10,12, 13-dnepoxystearate (2.22 g, 56%) et e

T |
NMR(): CH3~(CH,)4-C€ CH—CH,—CH-ca—(CHz)s—CH,-coocns

0.9 14-1.65 29-3 1 14'-165 29—31 14—165 225 366
(b) Reaction of methyl 9,10,12,1 Sdzepoxysteamte w;th PrI -Nal —DMSO

Methyl 9,10,12 lB-dxepoxystearate (519 mg, 1.59 mmol) n-propyl 1odide (3.9 g,
22.9 mmol) and sodium iodide (540 mg, 3.60 mmol) were heated in dunethyl sul-
phoxide (50 mil) at 100°C under nitrogen for 5 hr. Free iodine hberated during the
reaction was removed by shaking the reaction mixture with sodium thiosulphate -
solution (10%, 20 ml). Water (100 ml) was added and the product extracted with
diethyl ether: Preparative TLC of the crude product furmshed a mixture of methyl
9,12-epoxyoctadeca-9,11-dienoate and 10 13-epoxyoctadeca-10 12-dtenoate (212
mg, 43%). The infrared spectrum shows aromatic C—H and C=C stretchmgs at 3100
and 1635, 1550 cm™! respectively.

a

CH3;—(CHp)1CH,”~ YO CH,+(CH,),—~CH,~COOCH;
b
NMR@): 0.89 1.32 252 252 132 230 363
MS(70eV):
"—re—ra — / \ .
Cﬂmm{z (\8l<:ﬂz @
H H

c d e

308 (M, 24) 277 (M=31,7) 95 (c,77)
81 (d, 54) 69 (e, 61) 53 (2,100)



ST M S.F. Lie Ken Jw,"'CﬂE{[gmizfsyhtiieﬁeidfﬁim@ﬂe‘gm-g'{’ R 7

; forx 4 y 5
- 237 (a,12) S
205 (a—-32’f$ i

251 *(a+l4z 0)

f.I‘,.,},155 » (b 60) ‘
179 (b +14, 11)

* Peak due to more than one fragment
(c) Pleparalion af methyl 1 2-oxo-octadeo-czs-9-enaate -

Chromlc acid (prepared from 20 g sodlum dlchromate 28 g sulphuric acid and 65
ml of water) was added dropwise toa wellstirred solution of methyl ricinoleate (40
g, 90% pure, 0.115 mol) in d;ethyl_ether (750 ml) over a period of 30 min at room
temperature. The reaction mixture was stirred for a further 1.5 hr. The ethereal solu-
tion was then isolated and washed with saturated i aqueous sodium chloridé solution.
Purification of a § g batch of the product (40 g) by silicic acid (50 g) column chro-
matography, petroleum ether-diethyl ether, 4 : 0—1, v/v, as eluent, gave pure methyl
12-0x0-octadéc-cis-9-enoate (4 g, 90%).

NMR():
CH;"—(CH2)4—CH246—CH2;CH=CH+CH2—(CH¢)5—CHz—COOCH3
0. 88 | 1.30 2.3 3.>1‘1 - 2.52 2 3 l.Bb 2.3 3.64
E Preparanon of methyl 9 Io-epoxy-l 2—oxostearate

Methyl lzoxooctadec-cxs-9-enoate (4,54 g, 0 015 mol) was stxrred thh m-chlor—
’ ’operbenzoic acid (4.3 g)in methylene chloride (100 ml) for 12 hr at room tempera-
ture. The reaction mixture was washed with aqueous sodium sulphite, water and
dried over anhydrous sodmm sulphate -,Evaporatlon‘of the solvent gave crude methyl
9,10-epoxy-12-0Xostearate (3.6 g 73%) No attempt was made to purify this com-
pound further due to'its ease of conversmn into the. methyl 9-hydroxy-1; 2-0x0-0cta-
dec-tmns-lo-enoate L

CH3~(CH2 )4—CH2—C~CH2“CH—CH—(CH1 )ﬁ—CHz—-COOCH 3
32223 360

| NMR(S)'

085 132 223
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F. Reaction of methyl 9,1 O-epoxy-lz-oxo-steamte thh boron mﬂuonde—-etherate

A mixture of methyl 9 10~epoxy-l2-oxostearate (650 mg, 1.99 mmol)' E 'oxane %
(20 ml) and boron trifluoride—etherate complex (1.13 g/mli, 1 g) was stirred over-. - ’.
night at room temperature. The reaction mixture was diluted with water (10 mi), -
extracted with diethyl ether and silicic acid column’ chromatography gave pure methyl
9 12-epoxyoctadeca-9 11-dienoate (240 mg, 39%) L

MS(20 eV):
CH3—(CH,)a -r«Hz CHz (CH,)s—COOCH;
m /g \ ;
CH7 ~0-"CH, ( lCH, 0
H H
c d e
308 (M, 77), 277 M=31,11), 237 @3, 26), |
205 (a—-32,7), 251 (a+14,8), 219 (a+14-32, 3), 165 (b, 109),
179 0 +14,19), 95 (¢, 51), 81 (d, 16), 69 (¢, 10).

G. Reaction of methyl 9,1 0-epoxy-12-o~costearate with p-toluenesulphomc acid

Methyl 9,10-epoxy-12-oxostearate (307 mg, 0.94 mmol) was refluxed in benzene
(50 mi) in the presence of p-toluenesulphonic acid (35 mg) for 2 days using a Dean—
Sitark trap. The benzene solution was washed with aqueous sodium bicarbonate (10%,
20 ml). Purification by column chromatography on silicic actd 20 g) gave pnre methyl
9,12-epoxyoctadeca9,1 1-dienoate (125 mg, 43%) '

H. Reaction of methyl 9,10-epoxy-1 2—oxostearate wzth PrI-NaI-DMSO

A mixture of methyl 9,10-epoxy-12-0xostearate (384 mg, 1 18 mmol), sodium
iodide (1.37 g,9.1 mmol), n-propyl iodide (441 mg, 2.6 mmol) and dimethyl sul-
phoxide (50 ml) was heatei ona steambath under nitrogen for 6 hr. The renction
iixture was diluted with saturated sodium chloride solutmn (150 ml) and extracted
with diethyl ether.

Preparative TLC on silicic acid (petroleum ether—chethyl ether, 7.:3, v/v) fur-
nished pure methyl 9,12-epoxyoctadeca-9.11-dienoate (175 mg, 48%)-
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,,,I Reacnon of methyl 1 2-axa-octadeo czs-9-eno’ te /:th mercunc acetate

A rmxture of methyl 12e0‘xo-octadec-czs-9-enoate (2.5 g, 8 06 mmol), mercuric
Aaeetat,e (38 g, 11, ml);wa  refluxed § for 1 hr. Droplets
of mercury were depomted during the initial period of the reaction. The reaction
' f with water and jextracted with diethyl ether. Column chromato-
2 Ofg) gave pure methyI 9 IZepoxyoctadeca-Q 11-

| dienoate (1 ‘27 g,51%)

J. Prepnmtton of methyl 9-hydroxy-12-oxo-octadec—trans-] O-enoate |

Methyl 9 lO-epoxy-lz-oxostearate (0.9 g, 2 76 mmol) was percolated through a
silicic acid (30 g) column using petroleum ether—diethyl ether, 7 : 3, v/v, 300 ml, as
eluent. Methyl 9-hydmxy-lZoxooctadec-trans-lo-enoate (0.62 g, 69%) was obtained
on evaporation of the solvent under reduced pressure. Infrared analysis showed ab-
sorptions at 3500 cm— ! (O=H stretching), 1630 1680, 1698 cm™! (conjugated enone
system) and at 980 cm™1. (trans- C—-H) The mass spectrum of its trimethylsilyl de-
nvatnve was as follows e

et T

OTMs

> L cn=cH: clj(cﬂ,).,--coocn3

Lo d
399 (M+1,17), 383 (M—15,17), 367 (M-31,8),
308 (M—HOTMS, 10), 313 (3,10), 285 (b, 43),
270 (b-15, 30), 259 (c, 20)—,» | 241 (d;lOO),
73(SlMe3,SO) O L

K Reactzon of methyl 9-hydmxy-IZ«oxo-octadec-trms-I O-enoate with boron tri-
ﬂuonae etherate complex e - ; -

Armxture of methyl 9-hydroxy-12-o" -octadec—trdhs&()-énoate’: (104 mg, 0.32
mmol), dioxane (20 mt) and boron trifluoride etherate (1.13 g/ml, 0.5 ml) was
stirred for 12 hr. Water (50 ml) was added and the ethereal extract (100 mg) was
scparated on preparatxve TLC to give methyl 9,12-epoxyoctadeca-9,1 1-dienoate (56
mg, 53%) and unreacted substrate (26 mg). .

L. Reaction of methyl 9-hydroxy-1 2~oxo~octadec—trans—10-enoate with p-toluene-
sulphomc actd ‘

Methyl 9-hydroxy lz-oxo-octadec-tmns-lo-enoate (41 mg, 0.12 mmol) was re-
fluxed in bemene @5 ml) in the presence of p-toluenesulphonic acid (50 mg) for 2
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days. Isolation by preparative TLC of the crude product gave methyl 9 lZ-epoxy- :
octadeca-9,1 1 -dienoate (24 mg, 63%).

M. Reaction of methyl O-hydroxy-l2-oxo-octadec-trans-1 O-enoate with. PrI-—NaI k DMSO

A mixture of methyl 9-hydroxy-l2-oxo»octadec-trans-lO-enoate :(97 ‘mg,(

mmol), n-propyl iodide (257 mg, 1.48 mmol), sodium jodide (369 mg, 2 ¢
and dimethyl sulphoxide (25 ml) was heated at 100°C under nitrogen. The re
mixture was washed with dilute sodium thiosulphate (10%, 50 ml) to remove “the &
liberated iodine. Preparative TLC separation of the ethereal extract (79 mg) gave-
methyl 9,12-epoxyoctadeca-9,1 1 -dienoate (7 mg, 9%) and unreactﬂd substrate (48
mg, 59%). _

N. Synthesis of methyl 9,12-epoxy-1 0-methyl-ocmdec-9 11 -dtenoate

Methyl lithium in diethyl ether (2 M, 25 ml) was added dropwxse toa well-starred
ethereal suspension of copper (I) iodide (446 mg, 2.34 mmol) at 0°C under nitrogen,
until the yellow colouration was discharged to give a clear solution. The solution was
stirred for a further 30 min and methyl 9,10-epoxy-12-oxostearate (428 mg, 1.31
mmol) in dried diethyl ether (20 ml) was added. A yellow precipitate was formed
and the reaction product allowed to stir for a further 2 hr at 0°C. Saturated aqueous
ammonium chloride solution (20 ml) was added at 0°C and then followed by dilute
ammonium hydroxide (10 ml) when two distinct layers were observed . The ethereal
extract was concentrated and the product chromatographed on a silicic acid column
(30 g) to give methyl 9-hydroxy-10-methyl-12-oxostearate (170 mg, 38%).

Infrared analysis showed absorption at 3450 cm~—1! (O—H stretching), 1740 and
1720 cm~! (C=0 stretching for ester and oxo group respectively). The NMR spec-
trum indicated a broad signal-at 3.50 § for —-CHOH.

Methyl 9-hydroxy-10-methyl-12-oxostearate (150 mg, 0.46 mmol) was dlssolved
in diethyl ether (75 ml) and chromic acid (2.0 ml, prepared from 20 g Na,Cr,0,.

28 g H;S04, 65 ml H,0) was added over a period of 5 min at room temperature
and the mixture allowed to stir for 30 min. The ethereal solution was successively -
washed with water (50 ml), sodium bicarbonate solution (10%, 26 ml)and dried
over sodium sulphate. Column chromatographic separation of the 1solated product
gave methyl 9,12-dioxo-10-methy] stearate (137 mg,92%).

CH 3

The NMR spectrum showed a doublet at 1.05 & (J 7 Hz ~CH- CO—-) and a tnplet
CH, TRy

at 2.86 6 (J =7 Hz, -CH—-CO), while the mass spectrum _gave the followmgpeaks
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341 (M+1,66), 323 (M-17, 4'3), /'73‘09 M-31,47),

270 (a+15, 10), 255 (8, 4), 1227 (M—b,22),
223 (a-32, 39) 198 (d+15,100), 195 (M=b—32,24),
185 (¢,96), 183(d,49), 155(M-c,57),
153 (c-32, 20), 128 (b+15,35_), '113(b 57)

trap, The Eenieué soluuou was washed mh"iodmm bxcarbonate (10%, 20 mI) and
saturated aqueous sodlum chlonde solu'aon Prepatanve TLC of the product gave

558 181 o

CH;—(CH,)s—CH, CH,—(CH;)s—CH,—COOCH;

089 132 22-24 22-24 132 2.2 3.58

MS(20eV):

CH3~{CH,)4{CH; ™ 0~ “CH,}(CH,)s~COOCH;

2

e

322 M, 6), 291 (M—31 1),
251 @@,4), - 179 (b,100),
109 (c,12), . 336 (M+15,05).
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O. Refluxing methyl 9,12-dioxostearate with PrI-Nal-DMSO

Methyl 9,12-dioxostearate (495 mg, 1.52 mmol), sodium iodide (975 mg, 6.5
mmol), n-propyl iodide (837 mg, 4.92 mmol) and dimethyl sulphmude 6o ml) were
heated on a steambath for 5 hr under nitrogen. The reaction mixture was diluted
with water and the diethyl sther extract furnished only unreacted methyl 9, 12-
dioxostearate (450 mg) as shown from its ch:omatographlc and spectroscop:c prop- ‘
erties. .
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