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I ,  .... 

[2] iaolated a funmoid ester, methyl 9,124poxy~deca.9.11, 

was later conflmted by ~jnthe~ from 2.fteroic acid [3]. but was mort; convenient- 
ly p r e ~  from me~yl ric~oleate [4] or ~o lu te  [5]. Recently a new series of 
8 ruranoid fatty s ~  wm ~ v e r e d  by ~ e t  aL i[6] m constituents of lipids 
from ~ ~ . . . . . . . . . . . . . . . . . . . .  
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II. Results and discussion 

In an effort to prepare the methyl 9,12-and 10,13~iioxostearate isomers from 
methyl 9,10,12,13-diepoxystearate (der 
eate) for carbocyclisation [7]purposes, e 
conversion of 4,5-epoxyoctane to 4.octanone [8] .However , : t re~mentof !~yl  
9,10,12,13-diepoxystearate with propyl iodide (Prl), sodium iodide (Hal) in ~nethyl 
sulphoxide (DMSO) at |00°C gave a mixture of methyl 9 , 1 2 , e p o x 3 , o ~ * 9  i] i- 
dienoate and 10,13.epoxyoctadeca-10,12~lienoate (43%) instead (scheme 1), |1o 
methyl dioxostesmte 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 Prl-NaI-DMSO, we were led to 
think that methyl 9,10,12,13-diepoxystearate formed a mixture of 1,4,djketones as 
intermediates, which cyclodehydrated in the presence of DMSO [9] m furnish the 
furanoid esters. However, when methyl 9,12¢/loxostearate (prepared from methyl 
ricinoleate) was treated under identical reaction conditions ( P r I - N a I - D ~ ,  SilO°C), 
no furanoid ester was obtained but ~e  starting material. Prom this n ~ t i v e  rese~t it 
is probable that methyl 9,10,I 2,13.diepoxystearate formed epoxy~oxostearate in. 
termediates instead, which in the presence of PrI-DMSO [(CH3)2~k)Pr as activators 
agent] cyclised to a sr~ixture of Cla-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-I 2-oxostearate was prepared by the oxidation of methyl 
ricinoleate according to the method described by Brown el al. [I0], followed by 
epoxidation of the resulting methyl 12-oxo,octadec-c/s-9.enoate with m-chloroper- 

c. 3(c. 2)4c~'~c.c.2c..Sc. (c.2) ~coo~ 3 
/ 

(a~" ~ ~,chloroperbensof.c sc1¢1 
,O  /O , 

CH 3 (C.H2) 4CH-CHCH 2CH..,Q4 (CH 2)  7COOCH 3 

(b)" I erx,,..z/mtso 
| 

CH 3(CH2) 5 ~ t ~  ¢H2) 7¢CGCH 3 
4 8 

Scheme 1. 

* See experimental section 
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I I  I n I l i  I t  

• [HOSC~r (CH3) 2 . HO3"  

Scheme 2. 

* End products uadetemimd. 

c.]cc.zJsC~2C.;C.(c.~)~cooc, s 

(c)* t mtdatton 
0 

c .  ~(c.  z) $~c.2c.S~cmc.a) 7cooc.s , 

(d)" I 

CHS(m;~) S L 2  ~ c -  ...... z" t . . . . . .  j 

(h)" 'i Hg¢Ok=; 2 

(i)" [ sll ictc acid (J)" T l,r)! 
(k)" | 

R~:H~(Cll ) OOOC u , ( ( l ) ' /  

i c%~c"z)sCC" a 7 3 . . . . . .  

(m)e ~ (CH3)2Ctdff~lL '- 

~(~2) S ~ ( C H 2 )  7C00Cn3 

j~-toXueneaulphcxtlc licld; 
FrZ/N~Z/OXSO. 9~ 

CH 3 (CHZ) SCC~2C~..CH(CH2) ?COCCH 3 

loxldakLon ~ 3 

t . j~.t.luenesulphonl¢ acid 
CH3(~2)SC~42~.C(O42) ?tOOtH 3 t CH3(CH2) S (042) ?COCX:H 3 

Sd~eme 3. 

* Exlmimeatal u~tion refers. 
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benzoic acid. The product 
further purification as Abbc 
of this compound on silicic 

When methyl 9,10-epox3 
furanoid ester (methyl 9,12 
result supports our proposal of the 
p-toluenesulphonic acid was substit 
were anticipated of methyl 9,10~poxy-12-oxostearate;Thu~, ~hen r~ethyl 9 ~lO- 
epoxy-12-oxostearate was refluxed with boron trifluoride-e(herate complex or 
p-toluenesulphonic acid in benzene, both reactionsfurnished thesame furanoid ester 
in good yields (39%, 43% respectively). A similar reaction involving a]~ epoxy,ketone 
with p-toluenesulphonic acid was reported by Fritel and Baranger [1 ] ]. 

These reactions d~monstrate the ease of attack of an electron-deficient o,xonium 
system by a 0-positioned keto group. It can thu~ be expected from any similar elec- 

/x\ 
tron-deficient system [--CH-~CH - ,  where X is an electro-positive species [ for furan 
formation to take place, provided the keto group is located at the 0.position. Conse- 
quently, when methyl 12-oxo-octadec-c/s-9-enoate was converted to t~e correspond- 
ing mercurium complex with mercuric acetate in acetic acid [12], isolation of the 
reaction product yielded methyl 9,12-epoxyoctadeca-9,11 ~iienoate in good yield 
(51%) (scheme 4). 

In our above experiments we have used exclusively non-chromatogxaphed samples 
of methyl 9,10¢poxy-12-oxostearate [5] to avoid the presence of azty methyl 9- 
hydroxy-12-oxo-octadec-trans-10-enoate in our experiments. In explo0_ng further 
the probable mechanism during the cyclodehydration reaction of epoxy-keto com- 
pounds to furans, we prepared a sample of methyl 9-hydroxy-12-oxo-octadec.trans- 
10-enoate for further investigation (scheme 3). 

Treatment of methyl 9-hydroxy-12-oxo~ctadec-trans-10-enoate with borontriflu- 
oride etherate complex or p-toluenesulphonic acid gave methyl 9,12-epoxyoctadeca- 
9,1 l-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. 

_£:/CH2~,Cl 1 

04 
I 

r: o^c  ) 2_~ / c N  ~, "-. e Hg 

~ :~iHg ( Oac ) OAr. 

: .. fCH2"~Ct  I 

I 

S c h e m e  4. ~ . : :, :':,: : :  ;: 



' a n -  

) 

~b' 
~iituted and a methyl or dlmethyl substituted furanoid ester of the same (Cts) chain 
length. 

m. Experimental 

General procedures 

Column, thia.layer and gas.liquid chronmtographywere carried out by the stan- 
dard procedures. Phosphomolyb~c acid or 2'.7'~chlorofluoroscein were used as 
spray reagents. Details of spe~0scopic procures  are d e ~  in ~ 5 [ !  6 ] . :  
Massspectral data are given in the order: m/e, source of fragment, intensity relative 
to base peak--- 100. 

be! 

ten 
nti ' , 

* E C L  - equivalent chain length. 
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~ e ~  
chlo~ 
(siliek 
9,10J 

r~R(~): 
o,, 

CH3-(CH2h-C~- c a - c a  

0.9 1.4-1.65 2.9-3.1 1.4-1.65 2.9-3.1 1.4-1.65 2.25 ~ 3 ,66 

r ~  N 

( b ) Reaction o f  me th yl  9,10,12,13,diepoxysteamte with PrI-NaI-DM$O. ~ 

Methyl 9,10,12,13-diepoxystearate (519 rag, 1.59 mmol), n-propyl iodide (39 g, 
22.9 mmol) and sodium iodide (540 rag, 3.60 ~aol) were heated in dimethYi sul- 
phoxide (50 ml) at 100°C under nitrogen for 5 1~. Free i ~ e  liberated dining the 
reaction was removed by shaking the reaction mixture with sodiumthiosulphate 
solution (10%, 20 ml). Water (100 ml) was added and the product extracted with 
diethyl ether. Preparative TLC of the crude product furnished a mixture ofmethyl 
9,12-epoxyoctadeca-9,11 -dienoate and 10,13-epoxyoctadeca 10,12-dienoate (2i 2 
nag, 43%). The infrared spectrum shows aromatic C-H and C=C stretchings at 3100 
and 1635, 1550 cm- t respectively. 

CHs-(CH2h- 

NMR(~): o.s9 

MS(70eV): 

CH2C~o~CH2 
H 

C 

308 (M, 24) 
81 (d, 54) 

a 

~SOc H 1( CH s 
,CH - 2 2 -CH2-COOCH 

1.32 2.52 2.52 L32 2.3o 3, 3 

 CH, 
H 

d 
277 (M-31,7) 

69 (e,61) 

e 

' . : i i i 

95 (c, 77) 
53 (?, ioo) 

• • : : • : i ~ . : 
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for :X r = 4, y =',5 
237 (a, 12) 
205(a~32,:5) " . 

251 * (a, 10) 
219:,* (a~32, 4) 

* Peak due to more than one fragment. 

(c) Preparation o f  methyl 12-oxo~ct~c~c~-9~enoate 

Chromic acid (prepared from 20g sodium dichromate, 28 g sulphuric acid and 65 
ml of water) was added dropwisetoa well-st~ed solution of methyl ricinoleate (40 
g, 90% pure, 0.115 mol)in diethylether (750 ml)over a period of 30 rain at room 
temperature. The reaction mixture ~ s  stirred for a further 1 .~ hr. The ethereal solu- 
tion was then isolated andwashed with saturated aqueous sodium chloride solution. 
Purification of a 5 g batch of the product (4og)by silicic acid (50 g) column chro- 
matography, petroleum ether-diethyl ether, 4 : 0-1,  v/v, as eluent, gave pure methyl 
12-oxo-oc~adec-cis-9-enoate (4 g, 90%). 

o 

Ii 
CH3-(CH2)4-CH2-C--CH2-CH=CH-,-CH2-(CH2)s-CH2-COOCI-i3 

0.88 1.30 2.3 3.11 2.52 2.3 1.30 2.3 3.64 

E. ~epararion of  methyl 9,10-epo~cy-12,oxostearate 

Methyl 12,oxo-octadec-cis-9r-enoate (4~4g,i0.015 mol) was stirred with m,chlor- 
2 hr at room tempera- 
s~phlte, water and 
[vent gave crude methyl 

9,10-epoxy.12,oxostearate (3.6 g, 73%). No attempt was made to purify this com- 
pound further dueto itsease.of converm':minto themethylg-hydroxy-I 2,oxo~ta- 
dec,trans-10enoate. 

m R(8): 
. r .  

0.85,: L32 2.23 : ~  ~ 2.85=3.15 1,32 2.23 3.60 
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E Reaction o f  methyl 9,1 (~epoxy-12.oxo,stearate ¢~ith boron trifluo~ide-etherate 

A mixture of m~ 
(20 ml) and boron 
night at room teml 
extracted with diethyl ether and silicicacid column chromatography gave puremethyl 
9,12-epoxyoctadeca-9 ,I 1 -dienoate (240 rag, 39%). 

MS(20 eV): 
a 

CH3 (CH2)41~H2 CH2 (CH2)6-COOCH3 
b 

C H 2 ~ C H 2  ~ C H 2  
H H 

c d e 

308 (M, 77), 277 (M-31, 11), 237 (a, 26), 
205 (a-32, 7), 251 (a+14,S), 219 (a+14-32,3), 165 (b, 1(I0), 
17903+14,19), 95 (c,51), 81 (d', 16), 69 (e, 10). 

G. Reaction of  methyl 9,10-epoxy-12-oxostearate with p-toluenesulphonic acid 

Methyl 9,10-epoxy-12-oxostearate (307 rag, 094 .retool ) was refluxed in benzene 
(150 ml) in the presence of p-toluenesulphonic acid (35 m~) for 2 daysming a Dean- 
[;tark trap. The benzene solution was washed with aqueol~. ~dium bi~bonate (!0%, 
20 nd). Purification by column chromatography on silicic a ~  (20 g) gavepure methyl 
9,12-epoxyoctadeca-9,1 l-dienoate (125 mg,43%). . . . .  i 

1t. Reaction o f  methyl 9,10-epoxy-12-oxostearate with PrI-NaI-DM$O 

A mixture of methyl 9,10-epoxy-12-oxosteatate (384 rag, 1,18 ~ 1 ) ~  ~dium 
iodide (1.37 g, 9.1 retool), r a-propyl iodide (441 rag, 2.6 retool) and ~ e t h y l  sul- 
phoxide (50 ml) was heate~, on a steambath under nitrogen for 6 hr' The rea~i0n 
~r, ixture was diluted with saturated sodium chloride solution (!50 ~ )  and e~racted 
with diethyl ether. 

Preparative TLC on silicic acid ~troleum ether-diethyl ether, 7:3~ v/v) fur- 
nished pure methyl 9,12-epoxyoctadeca-9,11 ~ienoate (175 mg~48%)~ 
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[c 
~tS 

~9 

ato- 
l l -  

dienoate (I,27g~51:%),--::- . . . . . . . . .  ~. 

J. Preoaration of methyl 9-hydroxy-12-oxo, octadec-trans,!.O, enoate 
. . . .  ~ - > . .  

Methyl 9,10~poxy-I 2-oxostearate (0,9 g) 2.7 6 retool)was percolated through a 
silici¢ acid (30 g) column using petroleurn ether--diethyl ether, 7 : 3, v/v, 300 ml, as 
eluent. Methyl 9-hydroxy-12-oxo~ctadec-trans-10,enoate (0.62 g, 69%) was obtained 
on evaporation of the solvent under reduced pressure. Infrared analysis showed ab- 
sotptions at 3500 cm-I(O-H stretching), 1630,1680, 1698 cm-i (conjugated enone 
system) and at 980 ¢m-I Orans. = C-H).The mass spectrum of its trimethylsilyl de- 
rivative was as follows. 

[I I 

Lb d--J " 

399 (M+I, 17), 383 (M-15, 17), 
3o8 (M-HOTMS, 10), 313 (a, ]0), 
270 (b-15, 30), 259 (c, 20), 

73 (SiMe s, 50). 

367 (M-31,8), 
285 (b, 43), 
241 (d, 1oo), 

K. Reaction of  methyl 9-hyd/oxy-12-oxo-octadec-trans-lO-enoate with boron tri- 
fluoride etherate complex 

(104 rag, 0.32 
mn ).5 ml) was 
stii {100 rag) was 
scparated on preparative l LC to give methyl 9,12-epoxyoctadeca-9,1 l-dienoate (56 
rag, 53%) and unreacted substrate (26 rag). 

L. R eaction of  methyl 9-hydrox y- 12.oxo.octadec- trans- 10-enoate with p-toluene- 
sulphonic acid 

Methyl 9,hydroxy-I 2-oxo,octadec-trans- lO.noate (41 rag, 0.12 retool) was re- 
fluxed in benzene (25 ml)in the presence of p4olueresulphonic acid (50 rag) for 2 
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days. Isolation by preparative TLC of the crude product gave •methyl 9,12-epoXy- 
octadeca-9,1 l-dienoate (24 mg, 63%). 

M. Reaction o f  methyl 

A mixture of methyl 9-hydroxy,12-oxo,octadec-~ 
retool), n-propyl iodide (257 mg, 1.48 mmol), sodiurr 
and dimethyl sulphoxide (25 ml)was heated at 100°( 
mixture was washed with dilute sodium thiosulphate (10%, 50 nil)to remove the 
liberated iodine. Preparative TLC separation of the ethereal: extract (79 mg)ore-  
methyl 9,12-epoxyoctadeca-9,11 -dienoate (7 mg, 9%) and umeacted substrate (48 
rag, 59%). 

N. Synthesis o f  methyl 9,12-epoxy- l O-methyl-octadec-9,11-dienoate 

Methyl lithium in diethyl ether (2 M, 25 ml) was added dropwise to a well-stirred 
ethereal suspension of copper (I) iodide (446 rag, 2.34 retool) at 0°(2 under nitrogen, 
until the yellow colouration was discharged to give a clear solution. The solution was 
stirred for a further 30 ~ n  and methyl 9,10-epoxy-I 2-oxostearate (428 ms, 1.31 
retool) 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 070 rag, 38%). 

Infrared analysis showed absorption at 3450 cm-t  (O-H stretching), 1740 and 
1720 cm-I (C=O stretching for ester and oxo group respectively). The NMR spec- 
trum indicated a broad signal at 3.50 8 for -CHOH. 

Methyl 9-hydroxy-10.methyl-12-oxostearate (150 rag, 0.46 retool) was dissolved 
in diethyl ether (75 ml)and chromic acid (2.0 ml, prepared from 20 g Na2Cr2OT, 
28 g H2SO4, 65 ml H20) was added over a period of 5 rain at room temperature 
and the mixture allowed to sti~ for 30 rain. The ethereal solution was successively 
washed with water (50 n~ll), sodium bicarbonate solution (10%, 20 ml) and dried 
over sodium sulphate. Column chromatographic separation of the isolated product 
gave methyl 9,12-dioxo-I O-methyl stearate (137 rag, 92%). " ~ ~ " 

o ,CH3 " 

The NMR spectrum showed a doublet at I : z [ " : • 5 8 (Y= 7 H , - C H - C O - )  and a triplet 

at 2.86 8 (J = 7 Hz, -CH-CO), while the mass spectrum g~ 
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IO CH40 

C,, (CH2~COOCHr3 ! ~ CH3"~(CH2) s- 'CH2-C 

341 (M+ 1,66), 323 (M-17, 43), 309 (M-31,47), 
270 (a+15, 10), :?.55 (a, 4), 227 (M-b, 22), 
223 (a-32, 39)' 198 (d ÷ 15, 100), 195 (M-b-32, 24), 
185 (c,96), 183 (d, 49), 155 (M-c, 57), 
153 (c-32, 20), 128 (b+15,35), 113 Co, 57). 

11 

Methy: 
hr in bern 
trap. The 

the product gave 
~). 
I635 and 1550 cm -~. 

5.58 1.81 

H ~ C H 3  

C.3_(CH2)4_CH2 - ' ~ O ~ " "  C.,-(CH2)4-CH2-COOCH3 

0.89 1.32 2.2-2.4 2 . 2 - 2 4  1.32 2.2 3.58 

MS(20eV): 

CH~-(CH2)4tCH~I a ~ O / N C I ' b -  -(CH2)6-COOCH3 

I C 

322 (M, 6), 
251 (a, 4), 
1o9 (c, 12), 

291 (M.31, 1), 
179 Co, 100), 
336(M+15,0.5). 
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0. Refluxing methyl 9,12~dioxostearate with PrI-NaI-DMSO 

Methyl 9,12-dioxostearate (495 mg, 1.52 mmol), sodium iodide (975 mg, 6.5 
retool), n-propyl iodide (837 mg, 4.92 mmol)and dim~hyl sulphom'de (50 ~)~wete 
heated on a steambathfor 5 hr under nitrogen. The:reaction mixture was diluted 
with water and the diethyl ether extract furnished only unreacted methyl 9, 12- 
dioxostearate (450 mg) as shown from its chromatographic and spectroscopic prop- 
erties. 

References 

[1] 
[2] 
[31 
[4] 
[5] 
[61 
[~] 
[s] 
[9] 

[1o] 
[11] 
[12] 
[13] 
[14] 
[151 
[16l 

M.S.F. Lie Ken Jie, J. Cluomatog. 131 (1977) 239 
L.J. Morris, M.O. Marshall and W. Kelly, Tet. Lett, (1966) 4249 
J.A~ Elix and M.V. Sargent, J. Chem. Soc. (C) (1968~ 595 
G.G. Abbot, F.D. Gunstone and S.D. Hoye~ Chem. Phys. Lipids 4 (1970) 351 
G.G. Abbot and F.D. Gunston~, Chem. Phys. Lipids 7 (1971) 290 
R.L. Glass, T.P. Krick, D.M, Sand, C.H. Ratm and H. Schlenk, Lipids 10 (1975)695 
M.S.F. Lie Ken Jie and C.H. Lam~ Chem. Phys. Lipids, 19 (1977)275 
D. Bethell, G.W. Kenner and P.J. Powers, Chem. Commun,, (1968) 227 
L.F. Fieser and M. Fieser, Reagents for Organi c Synthesis, Wiley, New York, (1967) 302 
H.C. Brown, C.P. ~arg and K.T. Liu, J. Org. Chem., 36 (1971) 387 
H. Fritel and P. Bexanger, Compt. Rend., 241 (1955) 674 
F.D. Gunstone, Topics in Lipid Chemistry 2 (1971) 142 
G.H. Posn~r, Org. React. 22 (1974) 253 
C.R. Johnson, R.W. Herr and D.M. Wieland, J. Org. Chem. 38 (1973) 4263 
J. Staxoseik and B. Rickbom, J. Am. Chem. Soc. 93 (1971) 3046 
C.H. Lain and M.S.F. Lie Ken Jie, Chem. Phys. Lipids 16 (1976) 181 


