
PREPARATION OF TERMINAL ALKENIC ESTERS BY AN 
OXIDATIVE RADICAL REACTION 

G. C~ttimir~ J. A. M. LAAX and J. P. WARV 

Cnilrver Research Lahorarorium. Vlaardingcn, The Netherlands 

Abstrmci A general method isdescribad for the conveni~m of(mono)alkmieaters with the double bond at 
the n’* C atom to terminal afkcnic es(ers offn - I ) C atoms in length. wrth the double bond a$ n 2. Oron~lysis. 
cuber in methanol or m light petroleum, IS followed by rcacuon with a mtxture of ferrous and cuprrc salts. 
Methyt Itktdeaaoatc, methyl &ate (methyt (~Z-uctadaxnoatc) and methyl erucate (methyl (Z)-13. 
dmoate) were convcrkd to methyl 8-nonenoatc, methyl t-octenoate and methyl 1 l-dodarnoatc 
respectively. An improved proration of S-hexenoic acid is abo described. 

Alkoxy hydropcroxidcs dcrivcd from cycloalkencs by 
ozonotysis in an aJcohoJ arc converted to tcrminaf 
alkent dcrivativca when trcatod with mixtures of mttaJ 
salts.’ We havenow cxttndcd thisschcmeofrcaction to 
the mixtures of dkoxy hydroperoxidcs formed when 
acydic alkcncs, in particular fatty acid esters of natural 
origin, arc similarly trcatcd. The reaction products 
indudc short lcngtb terminal alkcnic esters which are 
us& synthetic intermcdiatcs. 

AJiphaticacids,or cstera, with an aJkcnic bond as the 
end of the chain remote from the carboxyl group arc 
important strategic compounds in the synthesis of 
polyunsaturated fatty acids sinoc they can readily bc 
convcrtcd to the corresponding aikynic compounds, 
Thcsc in turn knd thcmsclvcs to C-C coupling 
reactions, with retention of the yne bond, which at a 
later stage can be sckctivefy rcduad to a Z Iris) or an 
E (frcmr) alkenic bond (for a review. see lit.‘). 

A number of widcty diRerent methods have been 
dcacribcd for the preparation of terminal unsaturated 
carboxy acids and their esters, frequently employing 
diminations fSchcmc 1) from substituted aliphatic 
acids (cstcrs), or chain kngthening and chain 
shortening (Scheme 2) of alkcnic acids (esters). The 
foflowing cxarnples arc ilfustrativc. Base catalyscd 
elimination of HCJ from 7~hloroheptano~ acid in a 
two-stage processled too-hcptenoicacid in 72%yicld.’ 
fn our hands, the pyrolysis‘ of methyl J@ 
acctoxydecanoatc, prcpartd from fO-hydroxy dc- 
canoic acidB5 affordcd methyl 9-dbanoatc in about 
40% yield on a laboratory scale, but the reaction was 
difficult to control. Pyrolysis of macrocyclic Jactoncs, a 
rclatcd method, was dcscrihcd for preparing 5- 
hcxcnoic acid.* The low conversion [Sy;) may not be 
typical, since c-methyl-ccaprolacttmc afforded 6. 
hcptcnoic acid in 96’+4 yictd. Lactoncs were convcrtcd 
to o-alkenic cstcrs via intermediate scknolatcs and 
oxidativcd~r~xylationofz,f~~icar~xyl~ca~dsi~ 
tither to lactoncs or to terminal alkcnic acids, 
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Scheme 2. 

depending on reaction conditions.’ Eiimination of 
water from mhydroxy acids by pyrolysis aJso rcquircd 
fairly cxtrcmc temperatures9 The fatter reference gives 
a useful survey of methods for the synthesis of tcrmindl 
alkcnic acids. 

Carbon chain extensions are cxcmplifkd by the ux 
of the Amdt-Eisttrt reaction (Scheme 2) to prepare S- 
hcxcnoic acid from Qcntcnoic acid,’ and by the 
maJonic ester synthesis to prcparc (i-hcptcnoic acid 
from S-bromo- I pcntcnc. to The chain shortening of 
methyl IO-undcccnoate by the Barbicr-Wicland 
procedure aJfordcd 94ccenoic acid in 5op; yield. * ’ WC 
repeated this procedure on 9dcocnoic acid and 
obtaincd 8-noncnoic acid in 32’12 overall yield from 
mcthyf JO-undesxnoatc. but this scqucncc is incicgant 
compared with our general method for thesynthesis of 
afiphatic o-alkcnic acids. The starting materials, 
aikenic acids (esters), arc subjected to splitting and 
fragmentation at the alkcnic bond. followed by 
r~gcn~ration of a terminal alkcnic bond in each of the 
fragments. 

The starting point for our synthesis was the 
preparation by Kochi et al. *’ of S-hcxenoic acid from a 
mixture of cyclohcxanonc peroxides, trcatcd with a 
mixture of ferrous and cupric suJfatca. The mechanism 
they proposed for this reaction is given in Scheme 3. The 
yield of S-hcxenoic acid was 57% based on mactcd 
cydohexanonc from the first step (23% bawd on the 
starting amount). A large cxce~s of inorganic salts was 
used, dissolved in acidSed water, and added to the 
pcroxidcs. WC improved this method by starting with 
the bcttcr dcfincd compound I-hydroxy-1’” 
hydro~oxydicycfohcxyf peroxide.” 7%~ subsequent 



Scheme 3. 

oxidative radical reaction was carried out with an 
empirically optimal mixture of ferrous sulfate and 
cupric acetate in methanol solution, to which the 
peroxide was then added instead of oice ~WSO. Rapid 
dissolutionin the~thanol~lution wasfollowed byan 
cxothermic reaction. Pure, distilled S-hexenoic acid 
was obtained in soo/, yield based on the starting 
cyclohcxanone and on the hydrogen peroxide used in 
the initial step. The sto~hiomet~ of the reaction, which 
is included in Scheme 3, has not been definitely 
established. 

The same oxidative radical reaction was applied to 
the mixture of methoxy hydropcroxidcs obtained on 
ozonising an alkenic ester in methanol solution.” 
Methyl IO-undcccnoate was smoothly converted into 
methyl 8-nonmoatc in 350,* yield of theory (Scheme 4). 
Competing reactions led to the formation of methyl 
10,lOdimethoxy decanoate (35% of theory) and 
dimcthyl 1,18-octadccancdioatc (3x), but the mixture 
was easily separated by distillation. The reaction is also 
applicable to the ozonidcs, and the yield of terminal 
alkenic ester in that case was even somewhat better 
(46%). 

Methyl oltatc (methyl (ST)-9-octadccenoate)in which 
the alkcnic bond is centrally placed in thecarbon chain 
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is the least favourable kind of reactant; because of lack 
of symmetry about the alkenic bond no less than four 
products can be formed in comparable molar and, in 
this case, weight percent amounts (Scheme 5). This was 
confirmed in practice. and methyl 7-octenoate was 
obtained in oniy 20% yield of theory (140/, by weight, 
based on methyl okate), after a tedious isolation 
procedure which included saponification and re- 
tsterification. 

In the case of methyl erucate (methyl (Q-13- 
docoscnoate) we limited our study to GLC analysis of 
the reaction products and the isolation of methyl-f I- 
dodcccnoatc. This had the added advantage that 
aldchydic reaction products could then be reduced to 
primary alcohols with sodium borohydride, and this 
greatly facilitated the isolation of methyl ll- 
d&ccenoate (Scheme 6). 

Our approach provides a short, convenient route to 
5-hcxtnoic acid from cyclohcxanoneand to 8-nonenoic 
acid from l@undcccnoic acid, even though the yields 
are modest. The general&d method is optimal for a 
particular product either whenever the substrate is 
completely symmetrical about the reacting centre, or 
just the opposite as in methyl l[)_undcccnoatc. lf the 
alkoxy hydroperoxides or ozonides arc prepared by 
oznnolysis of an alktne with a centrally placed double 
bond, but which is not symmetrical about this bond, as 
in methyl olcate and methyl erucate for example, then 
the useful yields of any one product are predictably low. 
But the advantages of directness and convenience 
remain. 

EXPERLMENTAL 

Mare&is. Ferrous sulfate hcptahydrate, cupric acetate 
monohydrate, and hydrogen peroxide (MT,) were commercial 
products,and thefatty~&liketvirt.‘IhtIattawereaterified 
unth methanol, using BF, as catalyst. 

Ozone in a stream of 0, was generated using a Stage K.G. 
ozoniscr producing about 0.1 mol0, in 0.W. 

GM WAYS&. CiLC was carried OUI on a silicone elastomer 
SE 30 or on PEGA 5% (support Diaropon S 8@ 100). Results 
were cumparal with those of authentic samples. 
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.X.MR. JR onb mass spccrroxnpy. The proton magnetic- 
rcsonantx spectra were run in CCI, solos al M” on a Varian 
HA_lM)spatroanctaorinCDCl,atH)“onaBnrckcrAM360 
operating at 360 MHz. t5-Value arz quoted in ppm downfield 
fromintcmItlTMSandonaccunrtttowithin f0.01 ppm.The 
cou~ingcXXtstartl5 arc sCCUfatC to within f 0.2 Hz. IR spectra 
wcrc recorded with an Ittfraacan and M Infracwd 
s~rophotomet~. 

1 - Hydroxy - I’ - kydruperoxydicpcbkexyl peroxide. ’ ’ 
CAUTION! 113.3 ml H1Qr (30%; Merck) was added to a 
mixturr~98.0gcydobexanonttf moljand lOmi2 M HCiina 
500 ml 3-naked flask fitted with stirrer, thermometer and 
dropping funml. The mixture bovine homo~n~~ and its 
tcmp rose to 35”. After 45 mm white, solid lumps separated. 
After anolbcr I5 mm 100 ml cnid water was added, the piaxs 
were braken up with a glw rod, filtcrcd onto a sintrrcd glass 
filter and washcd with 3 x 100 ml cold wafer. The moist 
product was used for fhe fallowing step. It should not be 
allowed ta dry out ON ANY ACCOUNT beoilusc of the 
danger of if crpioding. 

S-flexetwr acid(cfMt2f. In a 4 1 3-ncckcd fiask tittal wirh 
stIrrcr, icz bath, and a wide funnel for solids. 139 g FcSO,* 7 
H,c) fO.5 mot; anatyriai grade; Merck) were diilved in 2 i 
methanol. To this solution (coiour : grum brown) was added 
175 8 tvpper aatatt monahydrate (0.88 mol; analytical 
grade; Noury Baker). When rite resultant suspcrtsion became 
a brown rwlour. the moist prroxide(above) was added quickly 
inabout 1 min.Thtsolnbecamehot andwascookdextemaliy 
wifh icz. After 1 hr the colour had tumai dark green and the 
reaction was complcrc. The McOH was distilkd off on a 
Roravap t4@ ) to about one quarter the original volume. and 
the residue was atidifted with 250 ml 2 M H,SO,. The pm- 
cipitatcd inorganic salts were filtered off. washed with 500 ml 
hghl petroleum and thts was then used IO extract ihe aqueous 
MeOH phase. Two more cxtracfians(500mt ltght Ftrokum 
each) and one with ether (SO0 ml) gave on drying and 
cvaporalton 85.3 8 rcacfian product. On distillation, the first 
fra~t~~s~nta~n~d wme A&OH and cyclohexanonc, followed 
by~hexeno~ca~d.b.p.92-~~1.2 kPa,n$’ 1.4339;Gl.C999;. 
YieId 57.9 g (Sl*: of theory based on cyciohcxanonc). tit.” 
b.p. 95 -w‘ .‘0.9 k Pa ; n$’ 1.43311. 

was dissolved in 2 I kcUH and a stream of 0, in Q* war 
passed in unlif rcatiiott was complete. The internal temp of 
the mixture was about 29‘. McOH was removed on a rotary 
~va~ratc~rund~va~uum~l.3 kPa~w~t~~th~~p~ ,untiI 
ahout OS 1 of mixture remained in the flask. This was poured 
out into a freshly prcuarcd mixture of 200 u FcS0.e7H,O 
(0.72moI)and “~~~~~raata~cm‘,aohyd~at~( l.Smol)in 3 
1 McOH contained in a 5 1 Erknmcyer flask. The mixture, 
which became warm, was shaken and swirled by hand for a few 
mtn. and allowed la stand overnight. The mixture was evap 
orated {as abovcf to a voiume of ahut f I, diluted wtth H,O. 
acidified with 4 M HCI. and extracted with light petroleum, 
The extracts were dried (NaJSO,) and evaporated. The 
residue (190 g) was fractionally distilkd to give methyl R- 
nonenoate. b.p. Qs’:i3 Pa, n$’ 1.431 I, yield 58.8 g (35% of 
theory), and mc0tyi 10.lO=dimcthoxy dccartoatc, b.p. 93 
95 ‘:6.7 Pa, ni’ 1.4360 Llif.‘” b.p. 137-1311”:33 Pa], yicid 8?.Og 
(350; of theory). NMR 6 2.3Ci(tr, J = 7.5.2H. --CH,CG-_); 
3.3l(s.6H,<:H,--O--C):3.66[s.3H,estcr--fX’H,);4.36(tr, 
J - 5.0, I it. --CH(O--+f. Thesolid residue in thcdistdlation 
flask was crysfalliscd from MEOH, givrng dimcihyi i,ib 
ocradccancdioatc, m.p 58 59’ (lit.” m.p. S7”X yidd 8.9 ~(3% 
oftheory). MefhylS~no~~aafe; IRgifm): 174Ocm‘ ’ (C==O), 
3071 cm ’ {vinyl C-H). 1637 cm”’ @Z=Q 9% attd 909 
cm-‘. NMR: 6 1.36 (complex, 8H, --fCH,),--1; 2.11 
(compkx,rfH, --CO * CH I- a~d--CH~--C=C~;~.50(s,3H, 
C’H,--0); 4.81 fcompkx. 2H. =CH,i; 5.78 Icotn~x. 1H. 
--Cjl~-_).Thecompkxesa165.7Rand4.8ihad~~fyp~ 
--CHz--CH<HI pattern. 

Alternatively, methyl IUundmnoate (2-g. I.36 mol) in 27 I 
optical grade light pcrrokum was trcatod with a stream ofQ, 
m 0: until reaction was campkte(cxlcma1 cooling witk an ice 

bath). The solvent was evaporated (2 kPa, 30”) on a rotary 
evaporalor,and fbco7~~~~di~lv~ in ZIX)ml McOH.This 
soin was poured with stirring into a fruhIy pnparrd soln of 
270 g Fe.%,+ 7H# (0.97 molf in 4 I McOH to which 405 g 
cupric ratate I203 mol) had been added, Tbc mixture came 
gradually fo nfiux temp. and after 30 min reaction was 
complete. MeOH warevaporatadob,~wrmewatcrand6 M 
HCI added. The mixture was extracted with light pctrokum. 
and the extract washed, dried and evaporated. The residue 
(260 gt was fractionally distilkxi. giving methyl Rnoocnoate, 
b.p. 51”;R.O Pa, s(t” 1.4336, yield 106.5 g 146% of theory) and 
methyl lO,l~~~hoxy denoate, hp. iO?~‘jS3 Pa. ztb’ 
1.4388.yidd 73,Xgf2~;ofthcory). Thedistillation residue was 
32 g 

Methyl ‘I-r*_renuttlcVtommctk~inle~e). Methylokarc(PZ”, 
by GLC, 162 g corresponding to 0.5 mot) in 1.6 I McOH was 
treated with 0, in 0, as above until reaction was complete. 
MeOH was then removed under reduad pressure till the final 
volume was about 0.5 I, The residual oil was pourad ml0 a 
freshly prepared mixture of 105 g FeSO,* 7 Hz0 (0.38 moi) 
sad IsOgcupric aatate hydrate(0.75 mol)in 1.5 I McOH in a 
5 I Erknmcyer flask and swiried till homogeneous. The prt+ 
duct was worked up as above by conmttrating the McC)H 
soin. adding water and 6 M HCI. and extracting with light 
petroleum. The extract was washed, dried and cvaporatcd. 
!cavmgi38gproductasanoil.Apartofthisod(l2O~)ini00 
ml EfOH was sapontficd with 40 R NaOH dtsso1va.i in 200 m1 
aqueous EtOH(ki,)by wa~in~onast~m~thfor 2hr.The 
mixture was cooled and extracted with 4 x 100 ml ether IO 
remove neutral material. of witich 63 g were rccovend on 
washing, drying and evaporaring the ether extract. Tius 
produci contained nonanal. Thaqucous layer was made 
slightlyacid byaddina6 M HCXandextracted with4 x IOOml 
cticr.-The Ambin& extracts were washed, dried and 
cvaporarcd, leaving 3f.5 g of an oil. This was rccsrcrilied with 
ethereal diatamcrhane and the producr fractionally dafilkd 
to give methyl ?-octenoate. b.p SO-82’:2 kPa; CILC OS% 
Yield lX.Sg(22”,ofthcary). IR: 1740.1435,1250.1200,1170, 
11lSnn“~methy1ester);30?5.1frt0.i4111,995and912~m‘* 
(vinyl). 

NMR: 6 1.2-1.5 (complex, 4H, --fCH,II-_); 1.64 (quintet. 
J - 7.5, 2H. -CH,--_); 2.05 (quarter, J = 5.7. ZH, 
C=C-CH,-_), 2.3l (tr, 3 - 7.5, 2H, -CH,-CO); 3.67 
(s, 3H. OCH,); d.W(br d, J - 10.3, IH, HCX); 4.99 (br d. 
J - 16.8, lH, HC=Q: 5,80 (d of d of tr, J 1 i&8, 10.3.6.6. 
1 H. C==CH-C). 

Merhgt 1 I-&hxmatc tljom merhyl era-ore). 35.2 g (0.t 
mot) Methyl crucate (methyl (~I3-docoscnoafc) was 
susptmdcd m 250 mf McUH and ozone was paascd in. as 
above. During the omaalysis the mixture became horn+ 
gencous Thesoln was partly evaporated and the reax_+uc slowly 
added to a soln of 28 g FcSO, * 7 Hz0 (0.1 mol) and 40 g (0.2 
mol) Cu@Ac), * Hz0 in 400 ml McOH. GLC of the cnd- 
produas versus standards shoucd Ihe prcscna of latcne. 
nonanai, nonanaf dimcthyi aatal, methy I idodecenoatc, 
C,, aidocsta and its dimelhyl ace(sf. The mixture was 
separated partially by column chromatography on ribcageI. 
and the apolar cluata were fractionally disGikd. giving 5.0 8 
methyl lldodecmoatc. b.p. 106 lQli”1133 Pa, nIf’ 1.4410. 
YicId 24?; of theory basai on methyl crucate. 

When tbeozonoiysis wascarried out in light pctrokum artd 
t~ozonid~r~~~asa~ve,thefinalmix~u~cant~n~onIy 
1 -uctcnt, nonanal, methyl i idodarnoate and the C,, aidor 
ester (GLC). The akkhydc groupa were reduced with cxocs) 
NaBH, in methanol and the mixture of products was readily 
separated by column chromatography on silicagel as above, 
The apdar fraction was dtstilkd to grvc pure mcthyi 
lldodcanoatc. IR: 1740. 1435, 1250, i200. 1170. iii5 
cm- ’ (methyl csterf; 3075, 1640, 1418, 995 and 912 cm * 
(the vtnyl intensities were different from those of methyl 
7-ocrcnoatc). 

NMR: 6 1.2 1.5 (compkx, 12H. -_(CH,le-); 1.62 (br 
quintet, J - 7.0. 2H, --CH,-); 2.04 (quartet, J = 6.6, 2H, 
C=C’--CH,);23O[tr,J = ?.5.2H,-CH,~~);3.66(s3H, 
OCH,t;4.93phrd.J - 103.lH.HC=C);4.PP(brd.J = f7.O. 




