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SYATHESLS OF STECULIC s01u

Inds Chapter Jdescribes the successful syathesis
of sterculic acid lwe-(2e-asoctyloyeloprop-l-cayl)e-octanole
acld) (I), the structure of widch had beea a point of cou-
troversy duriag the lust few years and urew the attention
of several workers. It appoars appropriate, ia counestion
with this syathesis to survey briefly the background litera~
ture oa stercalic acid.

Jterculic wold forms the major compoaeat (wore than
704, of tho total fatty acids of the secd fut of Jtergully
fogtida ‘Juagli Sadam ia Gindls also kaowa us Java Vliive or
Juva almoad) belongiang to the natural order jtercullacege aad
was first isolatei from this source. ita occurreace has also
been reported ia verious other seed fats: jterculiacese
( steroulda Rarvifiora’s Sraghiyehiton gceyAfolinm”, Braghyehiton
populaeus®) s Malvaceae (seversl malvasious plants®*® iglve
arvAfiore’, Malva vertistllats®, Josaypius hirsutus’, verious
dosavaiug specles®, Hiblams moschentos™®, Hiblsms syriacus™ "
savatera trineatran)®”*®; Boubacecese (Dombex oleaglaesn’,
ceiha agimlaata’®); posatbly in baobsb oils derived from
sevoral apectes of Adgasoala’’, Musiloszlon brasilieasis’

Mw’m and cotton seed and Rapoit secd 21192 3:13414,28,
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Structure

dilditeh and eovorxu-a“ wore the first to exauine
the structure of sterculic acid. They estublished its
molecular formla (Cmda‘oa) and, based on degra.ative
experimeats, suggested that the acid may be formulated as
12-methyl octadeca~d,lledieaolc acid (Il). lowever, these
authors aotel that the acid does not exhibit any chara:teristic
conjugated diene absorption ia the ultra violet.

The acld was later relavostigated by J\mr' who
succeeded, for the first time, ia prepariang pure storculic
acld (mepe 182 » 18.9%). The acid showed mo ubgorptioca
maximum 1a the ultra violet. 0Oa hydrogenstion over palla~
diadsed calelym carbonate ia methasol gave a dihydrs derie
vative winich did not give colour with tetraaitromethane.
Further hydrogenatlon of the material over ‘dam's platisus
oxide catalyst resulted in the uptaite of oae more mole of
hydrogen to give a product vhiich was considered to be a mixture
of a-noasdecanoic scld and two methyl substituted octasecasoic
acida. Potassium permanganate oxidatica furaished pelargoalc
(111) and azelale (IV) acids. The same products were obtaiawi
when sterculie acid was osondsed and the osgoalde oxidatively
cleaved with hydrogen peroxide ia gcetic acid. Ilowever, whea
the ozoalde vas resuctively cleaved (PdeC and Hy) a Cpglin,04
acdd (meps 57,5-58,5°) could be obtained as s major product;
this material on oxidation with hydrogeaperoxide and acetic
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acdd gave same mixture of pelargonle and saselaic acids

and heace was foramulated as oeietone acdd (V). DBused on
these considerutions duan proposed structure (1) for
sterculic acdd. It may also be poiated out that Juan
exanined the IR spectrum of dihyiro sterculic aeld waleh
showed the absorption at 9.8 # assignable to a cyclopropane
ring, in anslogy with the work of lofmana and Lueula on

lactobacillic acid.

Py

o _\N ”~ fodo .

st(c&a).’C— u(ba‘.’).’uO’Jﬂ 1
f“a

(:{!a(c‘.ﬂ.‘)5 c-cu.cu-ca(cua),cm i

%(0&‘) 73008 111

uocc(cnaj.,cooa ' iv

g

caa(caa).,c-cx‘-c(cua),coon v
/\® |

maﬁcaa)sc—c.ca-c.-i(czxaa,coou Vi

| ]
Cda(clia)? o= C(Caa)‘GOOH Vil

Though the above structure for stercullc acid

is well supported by reported experimeatal evidence
varaa M.m s chiefly oa the basis of some infrared studies,



suggested that sterculic aecid may ia fuct be we(Zen~hexyl-
ayclopropyl ) ~des=d=gnolc acdd (VL).

48 can be seen the dlketo aedd, which ean arise
only from the structure (I), constitutes a declsive degrada-
tioa product. This lead three differeat sets of workers o
to undertake its syathesis when in each case the synthetic
product was showa to be ideatical with degradation product
obtained by Nuan, Thus the structure (I) ualguely represeats

sterculic aclid.

The auclear magnetic resonasnce (M) spectrum of
sterculic acid has been studied by two groups of voriurlaa’“
who coancluded that the spectrum is coansisteat with structure .1,
and structure (V1) cua be definltely ruled out. Another {R

atudy of this acid has recently mmﬁga.

Jterculiec acid undergoes rapid polymerisation at room
temperature asd its polymerisation has beea studied by Reinhart
tak.*

«sheqtion aad satisation

The most churacteristic oolour reaction of sterculie aciu
is the development of cherry-red colour when a suall amouant
of aeid is heated with earbon disulphide, sulphur and amyl
aleohol \Mpmd‘uu‘?. Thds reaction 1s consldered specific
for cydopnyuu‘a and can be used for determination of this

structure ia oils, just detectable ia 100 PPH°?, The reaction



has beea lavestigated by maay workerst:"O» H=E - ngseq
on IR spectral changes during the Halphen reaction, rwoas
using freshly prepared sterculic acid and sterculis foetida
all, .pmpoled a tentative reaction mechanism and stated
that strong absorption band st 4.88 # was due to the doudle
voad ia the grouping -3«C=3, which is first formed by the
reaction between the carbon disulphide aad cyelopropene
ring and subseguent polyserisation acrosgs the COsi Jdouble
boad. Additlioa of sulphar and aayl aleohol does a0t appear
to be e,,.mm“ for the dalphea-test.

The reaction has also been used for the guantitative
estimation of sterculic acid usiag both the vhiuo“a"“"a

and IRB’“'“ spectrophotonetry.

Jeveral other methods for the estimation of sterculic

aeld have been proposd."a’“.u.

A ster ¢

Nesides sterculic acid the oaly other aaturally sceurriag
fatty acid with & oyelopropeae ring is malvalic acld (VII) a
eonstituent of seed fats of: jterculigces (3terculis foetida®1?;
Aeachyshidton acerifoliun”s Araelv ehiton populaeun”); jalvaceae:
(14pid fraction from leaves and sceds of Way
Yalva vertiolllate“s Gossypius hirsutus®; some other gossyplum
speetes™; iiblsaus moschentos®*®) iibisaus wriacus™”s
Lavatera trimeatria’s aad Jombacacsse (ombax oleagiatun’,
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fopak seed on“). Its structure has been receatly
established as (VII)3205658

Tk Ld OF STEICULIC acTa
The unique structure of sterculle acid as cyclopropene
derivative, and announcement of a general method for
eyeclopropene syathesis by Jvoeriag and Hole d prompted
us to uandertaice its lynthuu” employing the mnethod of
Joeriag gt _ale
DJoering et _al, shoved that butynee~2 (IX) oa treatmeat
with diazomethane and simultaneocus irradiation with ultra violet
light furaished us l,3-dimethyl eyclopropeae (1) in 17 yield
of theory iuud on Ae-altrosomethyl urea. Ia principle methyl
stearolate (i1) under these conditions could give amethyl
sterculate (All), and this Chapter describes the results of
this investigation,

-

while this vork was ia progress Grutzn” reported a
syathesis of sterculic a by iho addition of carbdene

to stearolic acdd (VIIi). our scheme eavisaged

the same esseatial features, thls author employed methyleae
lodide zinc-copper couple for the geaeration of carbene,
(or its equivelent,. OSterculic aseld could tims be syathe=
sized from stearoldc acdd ia a yield of 45, lovever, no
details of this work have appeared so far,

*varma n_ﬂ,,.“ cluimed to have syathesized sterculic acid
by the reaction of “’2‘2 oa stearolic acid. This work has
beea adversely oriticised by Brook and 3aith®® who by a re-

petition of their'? procedure failed to detect (Halphea-test)
the presence of aay stersulic acid.
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~hea methyl stearolate (I} was irraiiated and

simultaniously treatel with ethereal solutioa of diassomethane
at reflux, the product failed to show (illalphea~test) any
trace of the requirel compound. The experiment was modifled
by avoiding the use of ether, aid employing only diazomethane
dissolved in ezcess of methyl stearclate and irrsdiatiag 1t.
dowever, agaln no success could be achieved. These experi~
meats were repeated by the addition of small quantities of
gopper powder, Wit without no avail., Ultimately sucess was
achieved by carrying out the reactioan at ~=5° in a set-up
a8 deseribed in the experimeatal., The product readily gave
Halpheas' test. The material was segregated by ureasadductation
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{eonpure isolation of sterculic scid by Juan) lato seven
fractions, and the one giviag the stroagest ialpheastest
selected for its HMR spectrum., iig.l shows the HMi spectrun
of pure methyl sterculate and that of the material corresponi-
iag to the above fraction. As can be seea the product shows
the characteristic sigasl for the cyelopropene methylene at
43.5 ops. Iategrution of the ayclopropene methylene sigaal
in this fraction leads to a value of ~ 250 of methyl ster-
culate ia the prodact. Dasel oa this aa overall yleld of
approzimately 5f can be computed (oa steuwrollc seld).
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EXPERIKEATAL

All melting points and boiling points are uncorrected.
ALl solvent extracts were finally washe. with gsaturated brine
before dryiag (over aahydrous lHay 04/ .

Ii spectra were recorded on Perkia-ilmer Infracord
model 157 spectrometer equipped with alCl optics, either
as smear (liguids) or ia #jol (solids;. Maxima are reported
in e,

PHR gspectra were taken in a 20§ solutioa in CClg with
tetramethylsilane as iaterasl staidard, oa a Varian issoclates

A=30) spectrometer; peaks are reported in ops.

Isolation of sterculic acid was accomplished esseatially
according to the method reported by m"’. Gold pet.ether
(40=60%) extracted Stepoulds footidy oil (21.7 g) was sapoaie
fied at 16” with aleoholic potash (66 ml; 10%), Workiag up
the soaps furaished mixed fatty aclds (19,7 g), which vere
fractionated by ures~adductation method accordiang to #una's
scheme, Adduct (V3 18,8 g) ou Jecomposition and work up
gave yeollow coloured lLiquid fatty acdd (1.3 g)e uriag the
preparat lon of mixed fatty seclds and decomposition of urea
adduect, at no stage the produet was either allowed to come
iato coatact with stmospheric oxygea or the tempersture ralsed
beyond 10-12°%. Crystallisation (thrice) of the aeid fraction
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from acetone (8,23,2 ml) at «80%, and reverse filtration
aiforded sterculic sold (1.1 g). Halphen-test (acid 180 mg;
C3,=3 solution 2 ml; amyl aleohol 2 ml: hestlag at 46-50°

for 45 minutes gradually raisiag to 110° and further heating
£2r 1 hr) geve deep cherryered eolour., IR spectrums COJl 2630,
1708, CH, of the cyclopropene riag 1010 em™,

Hetiyl steroulate

jterculic acld (Ve g) was reacted with exceas of
otheresl asolution of dilazgomethane ia cold. wWorking up the
react ioa product furnished methyl sterculate (0.94 g). Halphea-
tost with the ester (165 mg) in the usual fashion gave deep
cherry-red colour. IR spectrums coocua 17686, C&d of the cyclo-
propeae riag, 1010 en'> (Plg.2)s PMA speetrums -0Gig(Sd) 31642
2, =Gfy=Ce(ai), -cua'c’ga- (24) 138425 Cily=Cil,=(3i) , 5343}
“Cif,= of cyelopropene (2d), 45.5 ops (Fig.d).
Stearolic gold

Jtearolic acld was preparcd esgentially according to the
method reported by Khaa M.”

2,40~dibromostearde acld: Jlelc acld” (112 g) vas bromiasted
ia dry other (4850 ul) at 2% 1a the usual fashion,

“Oleic actd (Dug, P gr‘do) was purified by coavertiag it

to methyl ester 134 ractionul distillation. Fraction dalse

gglingnt 181-188"/1 mm was hydrolysed and refractionated
ore Use.
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Jehvdrabrondaatiad of 2.A0-ddbrogoatearde aclds ihe above

tromo acdd was dehydrobromisated usiag liguid asmonla (¢ 14t),
ashydrous ferpic chloride (1.8 g) and metallic sodium (48 g)

by the usual method. At the end of the reacticn excess sodamlde
was LJestroyed with solid samoaium chloride (67 g). vworiiag up
the reaction product, taking all the necessary precsutions, and
successive crystallisations from pet. ether (40~30”) ia cold,
furnished pure stearolic acld (586 g3 50%), long crystalline
neodles, mepe 45+46,8° (Lit. 46-48.,8%). Ia spectrums C 0 2660,
1700 cn™ds  (Pouads C, 76,88 iy LLeS; Oy il .0, requires:

Gy 77,095 1, 11.50).

dethyl ategrolatg: stearolic ascld (20 g) was esterified uy
refluxing with absolute methanol (G0 ml), dry beusene (60 ml),
ennc. sulpmurie acid (8 ml) for 4 hrs. wWorklaug up the reaction
product gave orude ester (2l g) which oa distillatioa ia vacuo
furaished methyl stearolate (20,5 g; 98¢), colourless liguid,
Depe 167/045 mms IR spectrums COOCHg 1765 ca™* (Fig.s).
(Founds Cy 7785 Hy Lle8j C)gill 40, requires: o, 77.49;

Ay ch‘)o

Jeagtion of methyl atearalale with o8, sad UV drraddgtion:  he
reaction was carriel out in the special set up (Fig.4) which
congisted of a three-necked pyrex tube (35,5 am x 5.2 om Vu).
Bottom ialet of one of the side arms was fused to a thia tube
(3 ms 0D) runniag to the dottom aloag the inside wall of the
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FIG. 4. SETUP FOR REACTION OF METHYL STEAROLATE WITH
DIAZOMETHANE BY UV IRRADIATION.
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vessel, to serve bubbliag cuaiia direct into the reaction
mixture. In.-to the middle aeck was fitted a double valled
(Jewar type) transpareat guartz tube (8.8 em 04y haviag
arrangement for water cireulation) wileh served as well for
UV lamp (128 %), Clearance at the bottom betweea the two
tubes (Pyrex and quarts) was ~ 1.5 om, The other side

ara of the reaction vessel was fitted with a loag double
surface condenger, outlet connected to a meraury trap.
Hothyl stearolate (18 g) and diry ether (50 al) were latroduced
iato the set-up and cooled to ~+8°. Cil,d, (2 mol. equi~
valeats in decalin) was bubbled iato the reaction mixture
bY sweeping it with oxygea-free dry nitrogen. Decalin solu-
tion wes also warmed whenever necessary. Irradiustion was
started and more caaxa was fed contimiously ianto the system
80 as to malatain its eoagentration ia the reaction mixture.
in all 6 mol. equivalents of caaﬁa vere introduced @quriag
the irradiation. Ice~cold water was circulated ia the
condenser and guarta-well throughout. At the ead of the
resction (disappearance of yellow colour; 8 hrs) solveat
was stripped off under reiuced pressure to obtain a liquid
product (18.7) whieh gave moderately iatense Halphen-test,
was fractiosated by urea=adductation method. Each adduet
was worked up separately. Results are sunmarised ia Table 1.



Total product: 18.7 g
Absolute methanol: 56 ml

AV W YN
Jelfoe Amount of .’.uact(oomplex) ;g::rm“ an dalphea=
ures é doe decomposi~ tost.
8 tioa of the
adduct.
(g)
i 18.7 132.8 1 75 Positive
2 Dot 15,1 2 4.7 —e
3 4.7 6.8 3 2.7 e
& 9.‘ el 4 1.9 Iatense
5 1.8 15.6 5 Q.27 'ogitive
(4] Filtrate et g Q.45 akd
concds to
1/& volume
4 Filtrate 3.1 ? 1.0 nd
coned. to
1/2 volume

AT SR NI TN RUE S W PRI A S T S e G A . VK WS R TR AT R

soon after work up, IR speotra of all the fractions were
recorded. IR gpectra of fractions 1,2,8 vere similaur to that
of the spectrun obtained for methyl stearolate. 3pectra of
fractions 4,5,6 exhibited bands for the oyclopropeane group ia
the raage of 10081000 em™> Wut it vas distiactly perceptible
in the spectrua for fraction lo.4 (Fig.5). PMi spectrun fop
this fractlion exhibited signal for the methyleae ia the

Le LSt
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syclopropane ring at 40.5 cps (Fig.l), tut aot as iatense
as Tor pure methyl sterculate., Hoae of the fractions was a
pure compound.

ialphen~test was carried out with all tie fractioas
under similar conditions. In cach case the ester was mixed
with C3 3 (1) solutioa and amyl aleohol and the mixture wvas
heated at 45-80° for 45 misutes. The temperature was gradually
raised to 110° and heating was coatimied for 1 hr more. .ic-
lative inteasity of the eolour is arbitrary and 43 based purely
on visual comparison. Table & summarises the detalls and re-

lative intensities of red coloration oa heatiag the prouuct
with c;*;a-..i solution aad amyl alcohol.

delioe Compound Wte 63.‘-3(15) tmyl delative iatea~
g -1 8 nlnoohol sity of eolouration.
1 Hethyl ster- 0.16 2 2 Jeep cherry-red
culate
a l.tnu- 0.188 2 2 o eolouration,
©
8 Reaction 0.185 2 2 Moderately iatease
product red + + + ¢
4 ksters from 0.,882 4 4 LK
Fr«d
5 b Fre2 0Oe02 4 4 . *
3 . Fra8 0.168 2 2 * e e
? . Fred 0,169 2 3 LA O R
8 * Fp.d 169 2 2 * e
k) . Fr.6 0.162 2 2 e e h
10 . Fr.?7 24,166 3 e LR




SMHARY

A syathesis of methyl sterculate iavolving the
photochemical adidtion of dlazomethane to aethyl stearolate
has been deseribed. The relevant literature on sterculic
acld has been revicved.
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CHAPTER |

INTRODUCTION




w-0LEFINIC ZATTY ACLD3

LR QLCTIN

The work described in this Part deals with
the development of general method for the preparation
of loag chain weolefinic fatty ucdds. w-Ulefialc aclds
offer an unique opportuaity for Jegrading the molecule
fron one end ia bits of one or more carboa atoms at a
time. This work was of interest in coanection with the
possible utilisetion of kasloleale acids

HO CH,(CH,)5 CH=CH-CH=CH-CH=CH(CH,),COOH

the major componeat of the oil from the sceds of lgliotus
It sppears relevaat, ia cosaection with this
work, to describe very briefly the state of our knowledge
with regard to weolefinic acids. Unlike the other saturated
and uasaturated acids, terminally uasaturated fatty acids
are not at all wide spread ia nature,though Jde=decencie
acldd has either bLeen detected, isolated or ideantified in
humen milk fat', 1a butter and milk fats of verious salmals” ™,
and in gperm head m’.

“able 1 summerisea the properties of the kadwa
w=olefinic acids.



TABLE L : PHOPERTILS OF @«-OLEFIWIC yATTY ACLVS

CH,=CH (CHp), COOH

0= DePe DePe  Pre " a ief
O.‘_\_ 0.: =)

{w.a 141.9 1.062118 x.mcmi 10,12
1 66 20 . . 12
3.5 1,048  1.4w88% ) 13

-39 169 1008t 1.ws?® ) 10,14
P25 14 - - } 16

<-18 189 0.9842% 1.48417*°® } 10,11,14

186-37 7456 0,297 11
18789 0.934168'° - 15

s 208 0.260%°  1.4345%° ] 10,11
sl 107 16 0.9600°° 1.40880 ] 17
6.5 225 0095287 1,426 ] 10
22527 18

[-6.8 225 18 0.0605%? 1,40041%%] 19,12

(:% 210-12) -~ - - 20,11
5 12628 1 0.0246%8 1,40022% 20

143-48 15 o.0208"° 1.4488%° ] 10,12
(=08 156-80 14 - 14620 ] 4
i i - - J @
4.5 276 0.2076%%  1,4464°° ] 10
Fwa 6 18 - - Iu
226283 181 1 0.072°% - 19

e eCOntd,



TABLE 1 (Coatd.)

i e 8
Jo. o= BePoe Depe T dz ll: Hel.
°C °C oam
10 9§ 14544 8 0.,2000°° 1,4500%° } 10,11,:1
(rpa29 17072 18 0,207 - !
1l 10 192 as - - 10
8830 192 20 - N 21
162 8
(oB~88.,2 1856 16 - - 23,11
12 11 dot reported
13 12 198 8 - - 10
49,8~ 196 8 » - 28
5 _
14 13 liot reported
15 14 liot reported
16 15 (56-58,8 -~ - - - - 28,28
t&&.&- l a4’
581 ]

W

Jeveral mothods have beea used for the preparas
tioca of these compouads, and these muy be broadly divided

iato three groups.

A. lethods utilising componests ia whieh
the w~olefinle group is already preseat.
B, Methods in which the weslefinic group

is produced by aa eliminstion resction.

Ce Other methods.



w-glelinlc grann s slready areasal -
A oumber of compounds have been synthesized

by chain extension of z suitabdle starting material by
several of the available methods (Grigasrd reaction,
oxchange vith ¢yanide, malonic acld synthesis eto.).
3tartiang irom vinyl magnesiuz and allyl magnesiun halides,
acryliec and vianyl acetic aclds have been prepared res-
pecuvdym’m. From allyl bromide, viayl acetic aciat®
aad allyl acetic aodd " nave been synthesized. viayl
othyl brouide has beea used to propare Sehexenole aeid:’":?,
vinyl propyl broaide was used to prepare G-heptenoiec aotdae.
vhich ia turn, wus elaborated to 8encaeuncic scid, whiech
was, aext, used as a starting materdal for lO-uideceasic
acld syathesta®®. The resdy availability of lo-undecenoie
acid from castor oil cracking 21 nige possible its
further elaboratioa ato lledodecesolc aoid®}, laetri-
decenolc aetd®1®2, 4ng 14epeatadecencic acid®®. 17-octa-
decenoic acld has been prepared from l0e-uadecencic acld
by the rollowiag two routes 1%,



CH_=CH(CH,)g COOH

soci, I-EtOH, HySO,4
2:LiAlHg4 ,ether
CH2=CH(¥H2)8COCI CH2=CH(CH2)8CH20H
|- Anhyd.Et.OH PBry
2.CH3COCH2COOE1, NoOEt,arCHz(CH2)4 COOE! "
3-Na,ether CH2=CH(CH2)8CH28r
4-CH;COCNa [(CH2)5COOEt] COOEt I. Mg, CdCl,
2-EtOCO(CH,)sCOCI
¥ (I:OCH3 CeHe e
' H2=CH(CH2)8CO('Z-(CH2)5COOE1 3-A2. NaOH
COOEY i
Izl:i KOH CH=CH(CHZ)SEHZCO(CHZ)SCOOH
v |- Wolf -Kishner
CH_=CH(CH,)gCOCH,(CH,)sCOOEt reduction
I-Aq.NaOH 2-K(3H,EtOH
2.1t 3.-H
3-Wolf-Kishner reduction

> CH,=CH (CH,),5 COOH <-




2. yethoda Aa which the @=olefialc LMD A8 orogiged
S aa chdalaation reaction

Several types of elimination reactions have beea
used.
&) elrdrobaloseaation

srarylie aedd (depropeasic acid) has beea prepared
by dehydrohalogenation of pechloroproploalc ““10,12.
sdmilarly viayl acetic acid has beea synthesized from
l,aoumnpionttrncw.

b) Jegalaation

S-hexenolc acid and S~heptenoie acld vere prepared
by deamination of Geaminocaproic acid and 7-amlaoheptanolc
acld respectively, using nitrous aeid for the aux-youm'u.

¢) Zhestrolytis decarboavlation

The Xolbe clectrolysis of the half esters of several
dicarboxylic acids has beea shown to produce an w-olefinic
acid vith one carbon less. Tims Se-hexenole, G~hepteacde,
7=actenoic and Senonencde acdds have beea obtained by the
electrolytic decardosylation of the potassiun salts of
the half esters from pimalic'®, mber1c®®?l, sselatel?®id
AL respectively.

and sedbacic aclids
4) Lymolyais of polyesters

Lorylic acid is being prepared sommercially by the
pyrolysis of polyesters obtalnable f{rom the polymerization

of R-propiolactoml’a.



o) Eyrolyels of 8-iydroxy olefiade acid

10-Undecencic acid is comserelally prepared by
the pyrolysis of castor oil, Ihe mochanlsam of this
reaction has beea iavestigated by Araold and imolinswy,
who have profitably exploited this reaction for a variety

of purpolu"”"”.

jome specific methods are avallable for the
gynthesis of cortain weolefinic acids. Thus, for example,
aorylic acid is being mamifactured comnercially by "ecarboayl
reaction® for which basic rav materials are acetylene,
Sarbon monoxide (supplied as such or ia the form of nickel
carboayl) and water . This acid has also beea prepared
by decarboxylation of maleis acid > aad catalytic °hydrolysis®
of maleic sahyiride®?t?,

viayl acetic acid has been gyathesized from S-butynole
acld by coaverting it to alleaic acid followed by reduction
with 1ithium alusiniun hydrise?.

Allyl acetic acld was prepared by the reductioa of

methyl 4-pentynocate with sodium and amx"’.

Seligxenoic acid was odtalaed by decarboxylatioa of
A p-mteayl maloanie u“’ « It has also beea prepared from
cyclohexanone through formation of Sehexanal by riag-rupture
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and coaversion of the aldehyie to hydroxamic acld

folloved by treatment with sulphurie acial®®il,
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CHAPTER II

PYROLYSIS OF MANY-MEMBERED LACTONES:
A GENERAL METHOD FOR THE SYNTHESIS OF

W-O0OLEFINIC FATTY ACIDS




PYROLYGAS OF MANY-MEMBLAED LACTONLS: A GEdkial
METHOD FOR THE SXATHESIS OF weOLEF LIIC FATTY ACIDS

The purpose of the preseat wori was to evolve
a simple procedure for the preparatioan of l7-octadecencic
acdd (I) from 18ehydroxy stearic acid (II), a compound
readdly available by the hydrogenatioa of the aaturally
ocourring kamlolenic acid (I1l), the main fatty acid com~
ponent of Kumala seed oll obtained from Kamala seedis
(Maullotus philipplaeasisi/e. 7This Chapter deseribes the
successful conclusion of this phase of work, while the
next Chapter deals with the methods adopted for the
further chain shortealag of the l7-octadeceuoic acid.

CHp=CH (CHp) 5 COOH HOH,C (CHp),gCOOH
l I

HOH,C (CH,)5 CH=CH-CH=CH: CH=CH(CH,),COOH

il



RIS

PR 22y TN .
Of the various methods available for the
dehydration of primary aleohols the method of pyro~
rtie m-dmmuom" appeared promising. Fror this
purpose, pyrolysis of the metaborate ester of methylel8e

hydroxy stearate (IV), was iavestigated ia the first
inastance.

0=B-0- CHz(CH2)|6COOMe
v

Pyrolysis of borate esters derived frou a varioty
of aleohols has beea lavestigated by several woricerss—o,
and good ylelds of the olefins have been obtained. U'co.nor
and Nace® suggested that this reaction proceeis yig the

L J

mptal in a preliminary commuaication reported

the preparation of 1l7~octadegencic acid (1) from
l8-hydroxy stearic aedd (11). The hydroxy acid
vas converted to the correspoading wechlorostearic
acdd by treatment with thioayl chloride, which vas
then dwmm&‘mu h“tm? with alcoholie
potassiua hydr @ solution (25£). The product
which was obtained in an uanspecified yield was shown
to have the meltiag point of 1l7~octadecensic acid

(65+55.60C), and was sharacterized by its
oxddation to 1,17+h ‘ dc acid and to stearic
acdd by catalytie enation of the unsaturated

acid. Detalls of ¢t work have not beea published
so far. )



unastable metaborate ester vhich undergoes gig-
elimination to yleld an olefin and, ia analogy with
the velleaccepted mechanisa of pyrolytic gilg-elimina-
tions, the borate pyrolysis was assumed to procecd as
ia Vs

H.. |
— // (o — H—'O\
(I: IBI — I+ B
- — - //

However, it has beea polated sut by De i‘*uya that the
Jyrolysis of borate esters may aost, ia fuct, be a gig~
elimination reaction as the metaborate esters are linear
and are congseguently uafavourable for a cyelic elimina-

tion.

Hethyl=l8«hydroxy stearate, aad borile acid were
refluxed in tolueane with goatimuous removal of water vhen
the corresponding borate (IV) was readily obtained. This
oa pyrelysis st elevated temperature (free flame), and
pressures of 0.5 to 0.0 am gave ouly & poor yield of
pyrolysate and a lot of polymeric material was obtalaed
48 a residue. TFurther modification in the design of
the distillation flask (vide experimental), did not make
aqy differenge in the yields of the pyrolysate. The
pyrolysate was found to De & mixture contaiaing a liguid
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compound whieh analysed for 018“3403' This did aot

give aay colour with tetranitromethane and in the
infrared (Pig.l) dlsplayed its V% gt 1758 ™t and
did oot exhibit aay stroag band eround 910 or 990 ca't,
where terminal vinyl group displays its characteristie
out~of=plane CH dotomuomog the absence of hydroxyl
group 43 also clear from the IR spectrum. Oa hydrolysis
it ylelded 18~-hydroxy stearic acid (II;. 0a the basis

of these data the ecompound is formulated as the lactone (VI).

Hp C———————0

VI
This was coafirmed by its comparison (ii) witn aa
autheatic sample of the lactone (VI) prepared according
to the method deseribed by Gupta gt al.’

The pyrolysis of the borate was, next, investi-
gated in u' eoluna reactor (Fig.2, so as to miniuise the
period of stay of the product in the pyrolysis zone.
However, ia this case also none of the expected weslefinie
acld was obtalned and the oaly ideatifiable products were
the lactone (VI) aad the dilactone (VII) .mep. 110-112°),
ideatified by comparison (I, mized m.ps) with an authentic
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wlploo. The results of these experimeats are

VII

aunzarised ia Table 1.

The formetion of the many-membered lactone (VI)
during borate pyrolysis would appear to be due to the
p0o33ibility of ester exchange Letweea two moles of the
bhorate ester to give methyl borate and polyesters (VILI):

n 0=B—0—CH,(CH,),gCOOMe

0 0
/7 /7
n MeO—B=0 + n/2 [~0~= CH(CHp);gC~0—CHa(CHz) g C~0—]

VIII
whieh under pyrolytic conditions are <iowa to yleld
lactoaes™®, The ester exchaage reaction could have beea
initiated LYy a trace of boric acid present ia the starting
material or formed in the antieipated pyrolytic elimina~
tion (to glve clefiaic ester). Alteraatively it 1s possible
that the lactoae (VI) could have originated directly by
the pyrolytic cleavage:
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No—8=0 o o
(CHp)s —> (CHy),s |  +meo-B=0
c£0—Me c=o
CHz/g cs”
VI

Ia thig coanection it may bLe mentioned that
vhea the acetate [Cig ”20-Cil, (Gily)) (COGHe) vas mubjected
to the same conditions of coatimuous pyrolysis as the
borate ester (IV), the acetate was recovered unchanged.

43 meationed earlier it is vell recogaised now
that pyrolysis of esters to yield olefins procee.s through

4 oyelie transition state:

.\C C/
N O OH
L AN \ / N/
o,) " H ——> c==(" % c
X — / \ |

I

R

it vas argued that if ifastead of an ester a lactone be
subjected to these conditions one should end up with

weolefinic fatty acids, provided the lactone ringe-sisze
is such as to allov the attainment of plenarity of the



concerned atoms in the transition state:

e
HoC | _H.
Sl e,
C 0 HoC CH==CH,
i
0 =
0
Vi
(HpC)s———CH, (H,C), CH,—C OH

The methou impured all the more attractive begsuse
isomerisation of olefiaiec linkages uader these pyrolytie
gonditions nomlly does not take placo“.

A proliminary experimeat’ with the lactone (VI)

"ifter this preliminary vork had been coupleted,

a review article oa gigeeliminstions was published
by De Fuy gt gl. LGhem, jev. 80, 401 (1960, ) vherein
it 13 meationed that Aird and Jalley (Abstracts of
papers preseatel before the Jivisiou of IJrganic
cnomut.ry! at the 1lilat lMeet of the American
Chemical Soelety, Miami, ilor April 1987,
p:44-0l, stu.ied'the pyFolysis of some lactode of
the types

CHp (CHp), C=0

HzC—CH

a= ) gad 8
Jetalls of this work have aot aupeared so far.
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described earlier, showed great poteatialities for

the reactioa, It was decided to propare a series of
lactones of varying ring-sizes and study thelr pyrolysis.
For this purpose a series of wehydroxy acids had to be
syathesized and the following two sectlioas describe the
preparation of various w-hydroxy aclds and the lactones

derived from then,

3 Ay 3,‘: Ii'
{ﬁa“(m‘!)n(:WJ; as= 17. 15’ l" 18, 11, 10 and 91

The e-hydroxy fatty acids, roguired ior our investi-
gation, have all been described iu the literature. Joveral
methods are avallable for the preparatioa of wehydroxy
ncidlll’la.
dd_volo;ud by Cihudt M.m in which use has beea made of
the half esters of dicarbozylie aclids which Wy Bouveault~

Manc reduction yielded the hydroxy acids. These authors

pecial meation must be made of the procedures

also utilized soveral «,w-bromohydrins for syntheslizing
oehydroxy acids. Lycea mad idams™®
wehydroxy acids by the ozoaolysis of suitable olefinic fattly
acids followed by reduction of the resulting eldehydic acids
with hydrogea, and platinum oxide, usiag mimte quastities

of ferrous sulphate as catalyst activator; Jlaper M.ls
and dentoa Mm have regeatly used sodium borohydride

‘for the direct reduction of the ozonides to give wehydroxy

gynthesizel several



do

-19
acids. The Ruesian group of vorkcom have developed

the lolbe's electrolytic reaction for the syntheses of
these hyiroxy acids. Another important route to the
ayathesis of wehydroxy acids iavolves the reaction of
carboatetrachloride and ethylene (Telomerisationf?,

The telomers or the tetrachloroalianes [CL(CH,.CH,) CClg]

have beea hydrolysed to give a variety of eehydroxy acids 1’22 .

vor the purpose of the preseat work, L8ehydroay
steardc (I1), 16-hydroxy palmitic (1), and 1S-hydroxy-
peatadccanode (A) aoclds were prepared essentially acecording
to the procedures deacribed ia the literature, with suitable
moddfications vhereever aecessary. For the prepuratioa of
the remalaing acids (a = 12,11,10 aad 9] nev and more coa-
veadent procedures have been worked out,.

1. Wo=iydroxy gtearic goid ggf'“”"‘"

18«iiydroxy stearic acid (II, could be prepared in
oxcelleat yields by the eatalytic hydrogenation of kamlolenic
acld (III) over Heney Nickel ia aleohoi’.

2. L8-ilydroxy palaitic agld (Lt

16«ilydroxy palmitic aocid, also known as juaiperic
acid, was propared startiag from alearetic acid (XI)
(obtained by hydrolysis of shellac) accordiing to the proe
cedure deseribded by Hattmr gt ake’



HOH‘U( CHE)SGHOK «CHOH( cad).,coan

287

Y

1Bp , AcOil

imac(caa)sm.wm(wa),cuoﬁ

97

Y

Bmac (CH, ) BG“ A JCHBr( -”Jﬁa).,CUO Et

965

Y

Za.dust, Bt

ded ,G(CIL, ) gUimCH(CH, ) ou oLt

265 Acdida, AcXlyAc, 0
Y
MO, C(GH,,) S HmCH( G, ), GO0 5L
965 1. K0d, EtOH
2e a*
. Y
Ziwzc((:iia)‘w!ﬂ)ﬁ(wa)?m
3” Hi-AL alloy.
.chlm
v

a7

(ad)

(RIL)

(X111)

(x1v)

(&v)

(Av1)

(1)

The modification introiuced in this syathesis is the



hydrogenation of 16-hydroxy hexadec-d~enolc acld (WVI)
using Raney Nickel alloy, and aquesus alkall sccording
to the method described by ichwenk u.‘d&
3. LS-iydroxypentadecancic godd (i)™

15=iiydroxy pentadecancic acld was prepured essea~
tially by the method deseribed by Miattacharyya gh ake>o
with slight modifications. Thas, reduction of eruecic
acdd (AVII) to the correspondiug alcohol was carried out
profitably by dansley's modiflcation®’ of Souvesulte3lane
reduction. Likewlise, the hydrogeaation of the unsaturated
acld 3GL36(CK2)HC!!-(!( COOH({.411) was convealeatly accome
plished by Aaney llckel alloy and aqueous alkali, [rucie
acid (~Vil) required for thls synthesls was isolated from
mastard seed odl,

Cﬂa(md).,GHlCH(Cdz)u GUCH (4VIL)
&13(0&3)1&23-6&(&18) 11 CUOMe (aV1Iil)
045 da, Tert .o,
1+ 50033
v
axa(dzka).,&bcn(c&‘)n cuaoa (A1)
93¢ Lo HgOgyAcdi,it, 30470128
2, KOH, Et0d



4

l

cxa(caa),caw.mw(wa)ucuaw (Xx)
»E | aedal0g Bt Oid
\
caa(cuz).,cuo + xic(c&d)ucaaoa (AXI)
gyl
v 3. 4
HMJC(CBQ) uC.’hgxxc‘mi (£4XIk)
o84 ig-Al. alloy®d,
y 6q. dald
HO n,ac(cua) msoou ()
4o Agoiydroxy tridecanode aold (o lil)
18~ilydroxy tridecansic acid esuld be convenieatly
made by the peracid oxidation of the aldehydic aleohol (4nx1),

an latermedlate in the synthesls of 1lS-hydroxy pentadecanoic
acdd (1), described earlier.

40 H,C(CHy),, CHO (xx1)
804 l, Hg0y, ac0d%?
HOH,3( G g) 1, COOME (AULl)

This acdd has beea prepared previously by differeut
methodg 044,
8. a=ird — 14. (Aadi)
L new method for the syathesis of liehydroxy laurie
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acdd (LilV), algso known as sabinic acid was worked out.
The scheme followed for the preparatioa of this acid is
shown below. The route was preferred as the iatersediate
aldehydie aleohol (Aili) ecould also be utilized for the
synthesis of l0e~hydroxydecansic acdd (niiiV). The starting
material lOo-undecensic aeld (..V) was readily available

as a product of pyrolysis of castor odl,.

Cil=Cu( Qi) g GOUH (WaV)
mz‘“‘ma’a C00e (AXVI)
m 3‘, Te.rt.&w.‘i.
aoxls.ats
cuaacu(cda,s citéou {AsVIL)
oot Le Hy0,, AeUH,i 50,
2. KOH, ELOH
caaoa.cmmma). Gk, Ok GXVILL)

8” l M'a‘m" &l

H.CHO + OHC(GZ)‘ Gigoi (XaXX)

= Lo G, (09,4, Sgigh
2, i+



301126(%)3&! = CHoOM {ada)

m l d3al. 11107. &q.ﬂn)&

zxxl,ec(aia)m cont (LXIV)

lé-hydroxy lauric acid has been prepared previously by
soveral workersto~+3, tut by differeat methods.

Se n’ww{ i
lleflydroxy undecanolc acid (2ail) could reailly

be made by the procedure shown below, startiag with
l0-undecennic aedd (XXV),

uaa = aa(caa)a;ui {aav)

7% l 40r,B8,0,, Pet.ether™

o1 Gil, (Gi, )9 G0 (@l
885 l Aclda, AedH, Acy0
2Q0CH,( G, ) 5C00H (3a2111)
974 l 1. ZOH, mtod
2o i’
H0Gi, (Gl ) 5CO0H (hnd)

The procedure is more coaveanlent thas the various methods
of its syathesis descrided by otherst3-34,



7. A0~iydroxy decanodc acdd (inIV)

10-llyuroxy decanode acdd (L AIV), or LO-hydroxy
capric acid, as indicated previously vas made by the
poracid oxidation of the aldehydic aleohol (..Ii), obtained
earlier in coanection with the syathesis of ia-hydroxy
lauric acid (LaIV).

G, (Cil, ) gGii0 (XKL
785 l 2,0, AcOH
HOCH, (i, ) g 00K (3XaIV)

The preparatioa of lO<hydroxy decadolc acid by other
methods has beean dourl.b“l'a'“.

PREPJAATION OF LACTONES
The lactones reguired for the purposes of our

study are all higher than § =lactoaes. For the gprepara~

tion of such lactones several methods are availlable,

depeading on the size of the ring . Ia the following pages

)

The classification of the riag compounds iato

small riangs (O~ and 4-meubered), common riags

(65~y G= and 7-menbered), mediun rdngs (8« to lie
membered), and large rings (lS-membered or larger)
has been suggested by Arown aad Prelog

28, 215 (1981); footnote 21). For our purposes 3
nome.clature be used, the oxygen atom of the
ring being counted as one of the members of the eyele.



a brief iatroductory survey of the availlable methods
is given followed by a discussion of the methods used for
the present work.

ivalleble methods of syathess
nasically the various methods of syanthesis may be
divided into two groups.
Ae Ring expaasion of a cyclic ketone to a lactoue.
3. Methods which involve cycliszation of acids
or esters thraugh a sultably placed fuactional
group {hydroxyl, halogea, ester).

Ao i of & oue t cton
The !hoyc-vtuigcal’w oxidatioa of cyclanones

to lactones by iateraction with a perecid is especially

useful for the preparation of commoa (6-, V-mabarodal':a'w)

aad mediua ring™>*“"%8 Jactones. The method has also

been used for the preparation of large menmberel lactones,

for example oxaltolide (l.ls-pcauaeowmudc)aa. The

method has beea dlscussed i a review article™. The

chief limitation of this method for the preparation of

higher-menbored lactones 4s the availadility of the re-

quired cyclic ietones which, in aay case, have to be

prepared {rom loagchain «,wedicarboxylic acids.

which v ' of acids or e

LRt 30 TG Y Ar XY

halogen, ester). The iatramolecular cyclizatioa of



hydroxy acids to lactones coastitutes an importaat
and flexible method. JItoll aad Houve : studled the
eyclization of hydroxy acids [x-to(cua;ucooa. a= 3 to 17
and 22] under special coaditions of high dilution and
obtained lactoaes in yields of 40 to 755 for large=
membered (14 to 19) lactones and 2 to 15¢ for the
meiiumering (10 to 13) lactones. others”** nave slso
reported the preparation of various lactones through

high dilution techalgue. The wehydroxy acids (as

formates) have been eyclized in vapour phase over titgaium-
dloxide at about 300°%c%,

44 456

effected
ringeclosure of webromo-, and w~isdo fatty acids in the

3toll " aad mmahuu? and coworiers
presence of potassium carboaate ia methyl ethyl ketone,
aad have reported oxcelleat yields for several lactones
(10 to 18emembored). Allen gk ake ™ reported a modified
ddlution head for the purpose.

Carothers and muu'lm discovered that polye

esters of hydroxy fatty acids can be slouly depolymeriszed
12 high vacuum at ~ 270°C using magaesium chloride as a
satalyst, to furuish lactones ia good yilelds. The method
has the advantage of speed and simplicity over the high
dilution methol, and i3 suited for large scale preparations.
Jeveral catalysts for the depolymerization step have been
deseribed and modifications of the original procedure have



been uportod"'“.

A number of monocyelie lactones of different

ring sizes have also been prepared from tolomcu“o

freseat worlk
ror the preseat work cyclization of wehydroxy

fatty acids ia the preseace of an ascid catalyst was
selected. The chlef drawback of the high-dilution
techaique (use of large volumes of solveats) has beea
offset by use of the speclal apparatus (Flg.3), ia whien
advantage has beea takea of the refluxiig sclveat to
dilute the hydroxy acid. The a,paratus has beea auopted
from the,described by Cope and Herrick™ for effecting
reactions uader high dilution. Jiace i: the lactoalaatioa
reaction the eguilibrium is forced in favour of the
lactone by coantinmuoug removal of the water formed ia the
reaction, it was necessary to modify the apparatus of

cope and Herrick™, so that the vater formed ia the reaction
i3 constaatly removed during the recycling of the solvent;
incorporation of a tube filled with activated silica gel
in the path of returaning solveat, [Fig.(8)], effectively
ansvered the purpose.

3y using this method, swweral wehydroxy aclds
[108,0(Ci,) ,CO0H; a = 18,14518,20,9 aad 8] have beea
ayclized and Table 2 summarises these results, The last
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TABLE @ » CYXOLISATION OF wedY 04X FATTY ACIVS

HOCH,(CH, ), COOH —>

(CHp)——C=0

oA

H,C 0
I ’ ::ndi::otu of cycuutfou . ‘gb{: 3 :u
actd® © of catun  (Ggly  Yidd W Stoll

1yst* 11t and ouve
o . (e.

1 18 040166 245 3 81 %

2 14 . " “ gl Sy

a " " " “ 80 -

4 13 . » b 79 2078

6 11 . . “ 08 41

6 ° 0.0882 » . 50 -

?7 10 0.0168 N N 24 16

8 = 00498 . b 14 -

2 0.0168 . N 18 11

10 » » b 18 -

- 0.,0083 1.25 " 20 -

1”' J L) n L '.!3 .

3 0.0166 245 4 1.4

149 0.00828 1.26 » » -

15 " L L] o o -

T Ry A B W o N o D

“Me hyiroxy acld was dissolved ia 500 nml beaseae and the
:olution was added to the gystem through the droppiag
M.

"peToluene silphonic acdd has beea used as catalyst,

(") jtoll and souve used 5 to 10 1it, henszene as solvent
(for similar amounts of hydroxy acid), and beazeae

sulphonie acid as cyclisation catalyst.



entry in the Table shows the ylelds of the lactones

as obtained by the usual high-dilution techalque, for
purposes of comparison; ¥ig.(4, gives a graphical repreo-
seatation of this comparison, aad as can be seen from
these, the ylelds of the lactones have not beea sacrificed
by the use of this new apparatus, which avoids the usge

of large bulks of solveat and has the further alvaantage
of simplicity of operation. The sudden decrease ia the
vields of the lactones as we eator the zone of medium
ringesize, is as expected aand has beea dlscussed by

goveral workors.

Table & records the properties of various

lactones obtained by tais proceiure in the present work.

The literature does aot record the carboayl
gstretching frequencies data for waay lactones larger than
seven-meubered, except for exaltolide (C,g lactones, Jor
whdeh a value of 1758 ul'1 has bee:a n.aort.u“. The
values obtained ia the present work are those cxpected
tfor en unstralned lactone. A polat of speclal interest
i3 that the medium ring lactones show a double carbonyl
stretching froquency (Fig.5), which could possibly be
attriluted to the presence of two distinct coaformers.

The PMR spectra of these lactones are charace
terized by threc sets of sigaals ~ 80, 130 and 240 cps



00

90

80

70

60

50

40

30

20

10

Present work

» Stoll and Rouve

| | I | | | 1 | | | 1 |

Co Cn C2 C3 Cs Cg Cg

LACTONES

FIG. 4. % YIELDS OF MANY-MEMBERED LACTONES.




TABLE 8 ~ PROPERTLIES OF MAMX-AIMBIAEYD LACTOHES

(CH,)

CHp

=0

(@]

n

o

ol

ios 0= BePe Depe a, oso
i 16 3;:.5» 14748/ 0809 1,4666 1740
&
2 14 34«08 126-27/0.6 1.,4678 1740
a8 18 - 120/0.3 1,4692 1748
4 11 - 101~102/140 1.4684 1748
8 10 - B5-86/048 1.4620 1740,1750
& D - P73+80/0+4 1.4694 1740,1750
7 8 - 663G 062 1.4668 1748 ,1752
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FIG. 5. IR SPECTRA(CARBONYL STRETCHING) OF 1,11-UNDECANOLIDE.
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[*]
assignable,respectively to «Ci 4":“8""“3" -Gaa-c.'/ﬁo-;
and .;;xd-é/-o-cga—. Table 4 sunsarizes the PHM4d Jdata
of these lactones. A8 can be expected the #Mi speetra
of the hamologous lactones differ very sliightly from
cach other and Fig.0 shows the PHA spectrum of G185

lactone (exaltolide) which is typlcal of these seriles.

€~Caprolactone and ¢ ~eaantho lactone vere
obtained by the action of perbeazoie acid oa cyalo-
hexanone aad oyeloheptanone rnpectlvoly:’a’a,. in good
vields.

Pyrolysis of lactoaes was studied la vertical
reactor paciked with pyrex glass pieces. Fig.2, gives
the details of the apparatus.

Pyrolysis of C;q lactone (1,i8eoctadecanolide)Vl,
was investigated in the first instance, at Jilferent tem~
peratures ia order to arrive at some workable yields of
the unsaturated acid. 4As can bo seen from the Table 5
the yield of the unsaturated acid per pass goes up with
the rige in the pyrolysis temperature, but tho yields
based on the uarecovered lactone falls due to greater
carbonizatioa at higher temperatures.



TABLE 4 - PHR DATA OF MANY-MEMBEAED LACTOHES

6J

(CH,),, C=0
Hy J)
e gl iyelondly-
cps Malti- cps Maltie eps fulti-
plicity plicity plicity
1 18 e 3inglet 18848 cassentig- 241.¢ [ssential~
1y doublet ly triplet
2 14 79.6 b 138.5 . 241.6 .
e 18 79 . 13647 . 24,2 .
4 1l 8l . 136.8 “ 242.,7 .
5 10 8l.9 . 184.1 ¢ ¢triplet 244.l1 ®
G 8147 . 156.8 ® guartet 245,3 .
T 8 82.1 . 18,0 ¢ d 296,82 ®
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TABLE § - PYAOLYSIS OF 1,18-0CTAUBCANOLIOE (vI)®

AR I A B N AR A T g M B X T TR 8 e B R e

No. Tempe Lactone % yield of acid
% recovered
% L3 suech Based on
uaregovered
lactone.
450 89 10 a4
’ 500 54 13 87
5286 a7 16 50

1l g of the lactone was pyrolyzed per pass at the
rupocu.vo temperatures, and presgure of 150 zm
and under aitrogen atmosphere. The lactone vas
dropped into the reactor ut the rate of two drops
per minute.

On aceount of this, temperatures higher than 528°C were

not studied, and this tesperature was selected for the
pyrolysis of the vhole serles of luactones. Table 6 gives
the results of such a study which has beea carried out

under identical conditions; using 1 g of the lactone

tfor pyrolysis. Yields are superior vhea larger amounts

are pyrolysed at a time, as this reduces the losses due

to hold up ete. (ef. eatries ia Table 6, show vhere 2 and

8 g of lactones have been pyrolysed. Also see Chapter I1I11).

The structure of the aclids obtalned were established
as the correspoading weslefinie acdd by a« study of the
infrared and M4 spectra of the methyl esters derived from



6o

TABLE 6 » PXROLYSLS OF MASY-MLMDERRY LACTOHES

(CH,) ———C=0 (CHp) COOH
| .
CH, H =—CH,
do. 0= ¥iela of the Zield of the acid
pyrolysate based oa uarecovered
lactone.
# bt
i 16 838 50
a N 89 7 »
3 14 9 6o
4 - 32 o7
5 13 0 78
G ® 306 85 +»
7 i1 28 8)
8 10 B 83
) 2 2 n
10 6§ 74 55

’5 g of the lactone wus pyrolysed.

*a g+ of the lactoae was pyrolysed.
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these aclds.

As expected, the methyl esters displayed
absorption bands due to outeof-plane deformations of
viaylie Gi, at ~ 940 ea™l, fTable 7 records the
carboayl stretching fregueaay and the olefiaie protoa
deformation fregueney of the various esters and acids
obtained in this work.

Figs.7 and 8 ghow the iafrared spectra of
15«peatadecencsic acid and its nethyl ester respectively
and these spectra are typlcal of these serles; whlle
Fig.d shows the iafrared spectrua of the aecutral fractioa
obtalned from the pyrolysis of C), lactoue which is typical
of the spectra of the acutral fractions ia the series.

The PMi spectra of the esters is churacterized
by four gets of protons oceurring ~ 75, 126, 215 sad
485«360 cps regions, :nd assignable respectively to
Gl =G, ~Clfy =y Ol =Ce0CHyy -cuaj-ma and Glj =Cli=.
Table 8 summarizes the Fiii data of these esters, while
Fig.l0 shows a typlical spectrum of the series.

21300 33E %

The work descrided above was carried out with
the twin purpose of evolving a method for the preparation
of weolefinic fatty aclds and to determine the ring sise
of the lactone which would permit the attalnmeut of
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planarity of the conceraed atoms for the pyrolytie
glg-elimination step. As has beea demoastrated the

Gp eyclic lactone (eightemembered) is capable of
undergoing this elimination reasction. whe: the cecaproe
lactoae (sevenemenbered) was subjected to the same
reaction, noae of the weolefinic acid vas toﬁnd and
the oaly product isolated after the work up was the
eorresponding hydroxy acid (S-~hydroxy caproic acid).
Thms the sterie reguircmeats of this reaction can be
met in the eightenembdered lactone cycle which represents
the lowest limit of the lactones capable of uandergoiang
this reaction,
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TABLE 7 « LdFRAREYD GPECTRAL uATA OF weQLEFLIIC ACLDS
AdD THEIR BOTERS

CHp= CH (CH,), COOR

R=H,CHz

5. o p €20 yese s-cu-&.:zh § ~Cli=Cil,

W R - R R

Acdd tater Acldd Dater Acdd lster Acdd Lster

1 15 1700~ 1750 1660 1650 947 910 29286 0086

1718
2 13 1.7728- 1760 1647 1680 00 918 298 996
2 12 ig@lg- 1750 1648 16456 917 9lo 2956 296
4 10 1725 1780 16456 1645 015 916 W6 I8
I 1706 1750 1640 1645 910 S 206 296
¢ 8 A707 1780 1650 1645 012 918 920 98
7 4 1700 1745 1639 1642 945 920 1000~ 97

1020
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TABLE 8 » PMRA UATA OF MiTUYL ER3 OF w-OLEF L¥IC ACIOS

CHpy=CH(CH,), COOCH3z

R O

S come. o e O e 7 o
“bﬂa’.‘aé utiz .\qxz“'.," )wa ’v‘l,“,'w‘)\a“e Vid- 44’

cps fulti~ cps  iulti- ops  Multie~ ops  ulti-
plicity plicity plicky plicity

i 15 7 singlet 128 lasea~ 416 oSliaglet 286e iulti-

tially 888 plet
@artet

a iz 7 " 129 . 2168.5 * 286~
49

8 2 7.5 . 129 “ 216 . 287« °
559

4 i 78 . 128,868 * 237.5 » 287« *
0608

5 2 78.5 " 137.6 ¢ 216.6 " 286 "
066

] 8 80 . 129 " 218.8 " 288,56~ "
LG8.5

 J 4 80 " 129 “ a4 “ a288- °*
68

—

'wimtcl in nzl the first aad the last liaes
of the multiplet.
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EAPERINENTAL

A1l melting points and boiliag points are
ungorrected. All solveat extracts were finally washed
with saturated brine before drying (over anhyirous Na,0Ug)e
For tetraaitromethane (TH1) test, equal am-uats of undiluted
compound (liguid); ia chloroform (solid), aad 10f solution
of the reagent ia chloroform were nlxed.

IR apectra were recorded on Grubb=Parson's
doable beam, model S3j Perkin-ilmer Infracord, model 157E
or Perkineilmer, mouel 221 spectrometers, oquippei with
daCl optics, either as smear (liguid) or ia Nujol (solids).
jome of the IA spectra were kindly recorded by ¥/s. Jamuel
P. Jadtler and Jons Iac. (15817 vine itreet, Philadelphia)

in Kr on RBeckman IR 4 specirometer. Maxima are reported

ia ﬂ.xo

ALL PMI gpectra were taitea in a 20§ solutioa in
CCl, with tetranethylsilane as internal standard, on a Varian
sssociates A«G0 spectrometer; peaks are reported ia ops.

ALl GLC reported herein were carried out on Perikia-
dmer Vapor Fractometer model 154; rerograph Gas Chromato-
graphy Dual column, model Ae850+B, at 160-200° (columa temp.)
over 'P' Colusa (2 meters) using hydrogen as carrier gas.



Semela sced odd

{resh Kamala secis’ (4530 g) were soaked in dilute
HaOil solution (V.8f; 7.5 14t) for 45 minutes with occasional
stirring®®. The resultast dark coloured thick syrupy liquid
(94 7,65)" was drained off and collected sepurstely. Treated
sceds on washing free of alkall, resisous and fibrous material
and sua drying welghed 0883 g. (2)¢ loss in welght),

Jolveat pxtragtion: Cleane. seeds (8880 g) were crushed
geatly through a roller mill and the seed neal was extracted
thrice wita beazeae (6, &, 2 1it) at room temperature. The
golvent extract after filtration and flashing off the solveat
gave a clear light yellowish orange viscous odl (1300 g, 80%).

°-iuppnod by The Chief Forest Utildsation Orfleer, Govt.
of 3inar, Hinoo, Bihar state, ladla.

"Ihe aliali wash on extractisa with ether-pet.ether

(40 ) mixture (l:l) yielded a futty product (~ L.ﬁf
oa volume) which was further sepurated iato the asutr
(32%) and acld (685) eats by the usual methods.
The acid fractioa oa sis (isolation, saponification
equivalent gad ddeatificatioa by IAX and PG of the methyl
esters against autheatic samples) was fouad to be rich
in palmitic, old.w linolele acids. 7The neutral
fraction be.pe 160 /0.6 to 0ol mm giviag pleasaat

smell (14 2670, 2060, 1827, 1748, 17.5, 1461, 14u2
1577, 1364, 1287, 1185, 1117, 1090, 1038, 97, 810
and 724 om’l by Smear) was mot investigated further.

jolveat extracted alkall wash, oa acidification, filtra~
tion, washing and drying yiel Zamala dye.



famlolendc acid III
Lotk LaSEY acida

famala secd oil (1200 g) was heated under reflux
(Hy) with ethanolie £0il (345 14t; 13%) for & hrs, Alter
sonceatration in vacuo at reduced temperasture (75-80F of
the aleohol by volume used was distiiled), the soap vas
dissolved in water (& 14it) and the fatty acids were libe~
rated by the additioa of phosphoric acid to the asoap solue~
tion, tazing care aot to allow the liberated aclds coaing
1ato esatact with atmospnerie oxygen, by mailataialng a
layer of aitrogea in the system. The total fatty aclds
vere taten in beazene (2 14t.) waushed free from mineral
acid, thea with brine and dried.
X 1o of & a

Hethyl esters were prepared Ly reactiag above fatty
aclds (2.5 g) with r’."’iaiia ia ether and worzing up. orude
methyl esters (2 g) were chromatograjhed over activated
alumine gradie III (60 g). The column (0425 x 51 em;
alusina eolumn height 20 em) was eluted successively with
pet. ether (40+60°), ether, ether-methanol mixture (1,10
@nd 250 methanol) and methaaol. I all fifty fractioas
3¢ 20 ml each were collected, uad after prelimiaary studies,
were combined to form three main fractioas as shova in
Tuble 3



TABLE 9 » CHAQMATOGARAPUY OF MITHYL BaTBAS OF TOTAL AClus
FROM KAMALA 304D OIL

0. Euent Frac~ weldght Piaal Appearance
tions & frace
tisns
8o
Le Pot.othco 8 x 20 ml 04,5069 068569 I Ligquid.
(40=80")
2. Bther 12 x20 140614 ) 3emisoldd.
4 1127 U
Se Ether + Meli 8 x 40 0.0856 J .
(%)
. . 4 x 20 0.0806 goldd.
4, fther + MeOH 6z 20 0.0861 "
(10%)
0.1881 111
8. Fther + MeOH 8 x 20 Oe
_ (26¢8)
G Meli 4 x 20 0,080 v
IR SARY B N e ol I R - I ARG DA DA T RP R AW W
irastion i (Pgt. ether Soluble). 7The product was distilled

to yleld chear liquid (0.82 g; bepe 85+185%1 ma), IR
spectrum; COONe 1745, 1305, 1176, iiad; C=C 1650; peak for

hydroxyl group coupletely abseat.

Analysis by GLC (Perkine

Auer Vapor Iractometer, model 154; 200°C, Columa '¢';

flow rate 70 co/mt H,; attemiation 1j Chart speed 15 inyhrj
and ester injected 1 #1), shoved peaks and reteation time
for methyl esters of laurie, myristic, palaitic, olele,
iinoleiec and stearic acids, ia which lauric and myristic



acids vere found to be ia minmute quaatities. The
poaks vere Jurther coanilirmed by injecting sepurately,
antheatic samples of methyl esters of the respective
fatty acids aglong with the alxturc of total esters.

Epastion i1 (ether soluble,. 7™he fractioa was distilled
in vacuo to yield very pale leson coloured liquid (l.d g)
bepe 186°/1 mm, which bocame slightly waxy at room temp.
Bepe25:26°. 1Rk speotrums Od JOLL, L066; COMe 1761, 1208,
1178, 1119; CsC 1645; gia-, traag- C=C 991, 971, 930 em™>.
The speectrum was superimposable with that of methyl eleo=~
stearate except for the peak for hydroxyl group which 1s
abseat in the latter one. Pii sigaalas -Cﬂei) 211.5 (t);
~¥llg 416 (8)5 6 viaylic i 806-878 (m); two Ci,Cl= and

one ~Gf,~Ge0 128-140 (Geil, @ ) =Cily- 71-110 (14} ). (Founds
Cy T8.78; 0, L0edy 63.9“3203 requirea; C, 70.38; i, 10.488).

fragtion Ill. The product was crystailized from acetoaitrile
to yleld white erystalline product (V.16 g) m.pe SAe81.8°C.
ii spectrum; OH 88344, 1084; COOHMe 1745, 12035, 1176, 1i24;
c=c 1660, 995, 984, 220 em'>. igher m.p. iadicates the
presence of pedsomer in sufficient guantity.

Trials for the analysis of fractioas II aud IIL either
by Perkia-flmer Vapor Fractometer, or by Aerograph Gas
(hromatography Jual Columa at 200, 225 and 250°C, Columa 'P';
flow rate 70 co/mt li;, attemuation 1, Chart speed 15%/he;



aad eater (ia acetone) iajected 2¢l, lvl gave Wroad

and irregulur peaks, exibitiug the possibility of
decomposition or polymerisation of the highly unsaturated
compound. Heace thc coatent of Kamlolenic acid la
Kamala seed ollwms G5.8%.

Lsokation of Jamholeiie acdd
Beasene extract of the total kanala fatty acilds

vas kept at 16° overaight. The orystallized material

was filtered and washed with cold bengene (4 x 150 ml)

to yield shiniag light creaz ooloured crystalline acid

(650 g) mepe 74+75°. Recrystaillsation from beasene (1 1it)

afforded famloleaie acid m.p. 75-76°.

18-nydroxy atearic acdd i1
tanloleale aodd (550 g) wepe 75-76° dissolved in
aloohol (2 14t) was hydrogenated in pregeace of Raney alckel

(5.5 g) iaitially at 20° sad finally at 100-110°/600 1lbs/sq.ia.

dmring 12 hrs vhen no more hydroge. gas was further
absorbed. The filtered solution was cosled and white

- "Inis is modffied and improved aethod for the
isolation of kamlolenic acid over other methods

reported previsusly. Gupta M."a reported the
isolation of the acdd by precipitation (twice) with
adiition of pet. ether (4)=800) to the ether solution
of the total fatty aedds, followeu by erystallisastion
from beazene and ethyl acetate respectively, vhile

Gponbie obtained the acid by chilliag ether

solution a in low yields. In the preseat modie
fied method solveat losses are low ax yield of aeld
vasg h“no



Bi

erystalline l8ehydroxy stearlic woedd (450 g) m.p.
6.5 = 97,5° was filtered off. Heorystallisation from
aloohol gave acid m.pe )7-38°, lother liquors on con=
centration, orystallisation and recrystallisation furaished
seoond crop of aeld (Xg), totsl yield (96%). IX spectrum
(1n %Br)s OH 2381, 1050; CGd 2618, 1716 ea"t. (Found:
Sy The8; A, 11,044 cmdwoa reguiress C, 71.356; i, 12.,085).
Methwl=la=hvdrosl steatate

18«ydroxy stoaric acdd (80 gz,, eahydrous methansol
(250 ml), dry beigene (250 ml), and sulphuric acid C.P.
8Pe 8T« 1e84 (5 nl) were heated under reflux for 4 hrs.
sfter distilling off the solveat mixture (750 by voluume)
the roaction product was poured into water (200 ml) and
was tazea into ether (280 al). Hthar golutlion was cxtracted
with sodiun carbonate solution (8 x 80 ml; 7)), washed free
of alkall and dried. las:lig off the solveat afforded
white shiaing orystalliae product (52 g, 99%) mep. Gl-62°.
The ester oa erystallisation from etherepet.ether (40-80°)
aixture (1:1) furnighed white shiniag flates (47.6 g) mep.
62-82.5°. Conceitration of the mother liguor furaished &
second erop of the ester el g) wWepe 6le5 6z®. (ieported
sgzarval gb al.>® 62%; neilstein 6l.5 - 62°), IR spectrum;
(in K3e): OH 5856, 1067; COOCHy 1742, 1214, 1198, 1176 ™,
(Founds G 72443; f, 1aulj Cpglloglp FOQuiress Cy 72.86; i,12018: ).



Hethyl l8ehydroxy stearate (ll.8 g), boric gecid
(244 g slight excess over the molar proportion) and dry
xylone (50 ml) heated to reflux in a system fitted with
modified moisture trap. Four hours heatiag gave out water
of reaction {(1.85 ml). iylene (20 ml) was drawn {rom the
trap. Removal of rest of golveat and traces under reduced
pressure yilelded light crean coloured brittle netaborate
ester (1247 g) mepe 76-180°C. Iit spectrum: CuOMe L7092,
1216, 1197, 1182 cm'l. Jeveral lots of the borate ester
vere prepared as and vhen néul.rod.
Hothyd =18 -ecetoxy steargte

0 a ehilled solution of methyl liehydroxy steurate
{20 g) ia dry bensenewether alxture (60 ml), pyridiae (20 nl)
was added with stirring. This wus followed by the sudition
of acetyl chloride (20 ml) in {ive lots. The reactants vere
mized thoroughly and allowed to remain in ice bath for 15 miautes.
After slowly bringing to room temparature, the reaction was
ktept overaight. ixcess acetyl chloride was decomposed in
eold with ice-0old water and the resction product was taiea
in ether (100 ml), washed free from acdd and dried. Removal
of solveat aad traces uader suction gave white shianing material
(216 83 I5E) mepe 50-&". wvhich on erystallisation from
benzene~pet. other mixture (60 ml) in cold ylelded white pewrly



shining erystelline product (19.4 g) mepe 51-8°.

it spectruma (m £0r): ester groups, 1748, 1250, 1212,
1198, 1168 om ., (Founds C, 70485 4, 11195 C, 00y
reguires: C, M0.74; 1, 11.318).

2yrolyais of metaborgte ester IV
Hetaborate ester (5.02 g) was pyrolyszed in a flask

fitted with a short distillation head, using free flame.
pyrolysed produet bep. 150+180°/048-0.8 mm (1.97 g3 09.25%)
was obtained while rest of the ester gelled in the flasik.
pyrolysate was taken in hexane (26 ml), extracted with
sodium carbonate solutioa (8 x 65 mlj 5§), washed free of
alkall a:d dried. demoval of solveut gave waxy product
(1e6 g)e The product was triturated with pet. ether success-
ively (8 x 10 ml) aad solids separated by filtration. Jolld
product was orystallized from beaseae to yleld wvhite erystale~
Line materlal (V.21 g) Bepe 111212, Liguid fraction on
distlllation gave wataer \h&to 1iguid (081 g; 10.1uf) Depe
159+148%/0 48044 um, nD 1.46158 which did not give Tid test.
The product solidified at room temperature. IR apectrum:
§0=0 1708 ea™t (Founds C, 76.62; H, 13:09) Cygiing0, Fequiress
Cy 78,545 H, 18.,188).
pyEokyais of metaborate 1o o modified flask
Hetaborate ester (5,00 g) was pyrolysed ia & modified
flasik with the side arm fused at the bottom the flask neck,
usiag free flame. Pyrolysed product (1.85 gj 36.24%) b.pe



1&-186‘/0.0-1 nn was obtained while rest of the ester

golled in the flask. Pyrolysate on working in the

ususl fashion afforded solid (0,025 g) mepe 110+113°%,

and 1iqudd fraction (048l gj 12.18%) beps 188-141°/044-0.5 mn,
ngs L.4819; also did ot give TiM test. IR spectrum;
;020 1738 ea"d. (Founds Gy 76.08; U, 11438} Cygiya0,

roguires: Cy 78.54; i, 12.138). joveral experiments

were sarried out with sinilaer results.

i) Hetaborate ester (5,01 g) wes pyrolyzed through
an electrically hested vertical furasce as shown in rig.2
at 850%/0.6+0,6 na, Borate oster melt was dropped in

1 hr followed by further heating for 0.5 hr, and pyrolysate
(252 g; 50.3%) was obtained which on worikiag up ia the
usual manaer gave s0lld crystalline material (ve.088 g)
Bepe 1100212° gad clear diquid compoaent (U.44 g; 8.7
bepe 142%/044 mm, 050 1,4601, did aot give Tull test and
8011dif10d at reon temperature. IR spectrus:,0=0 1756 ca .
(Founds C, 70.42; i, 1ledj C g, 0, requiress C, 76.54;

g L3.188)¢e

(11) Pyrolysis of metaborate ester (5,01 g) was carried

out through the furasce at 500%/0.50.6 mu by dropping the
ester melt ia 0.5 hr (to minimige the time of coatact)
followed by subseguent heating for 0.5 hr. This rua furalshe!



somi~liquid pyrolysate (2.41 g; 48.11%), which on

processing by the usual metho. gave solid crystallised
product (0,083 g) mepe 120-112° and @ colourless mobile
14qQuid (1402 g5 26486%) bepe 140-141°%/0.80.4 na, n"_*,s 1.4660.
DA 20t give THM test. IA spestrums)Ce0 1740 em’l,

(113) Hotaborate ester (4.6 g) was pyrolysed through
the furaace at 400%/0.5 nm by adding the ester melt ia
15 ninctes and subsegueat heating for 5 minutes to obtaln
semieliquid pyrolysate (2,79 g; 60.6f), which on workiag up
in the usual fashion furadshed white crystalliae solid (0,050 g)
mepe 120-112° @ad & Liquid fraction (071 g; 15.518) bep.
136-1&"/0.38 * 0l nm. q‘f 1.,4049, also did not give TdM test.
IR spectrumsyCx) 1740 emY,

wWithout exeception the liguid f{rections obtained from
all the pyrolyses gave falnt pleasant odour characteristic
of large ring lactoaes. Jeveral cxperineats vere carried
out ia each case with similar results.
kastealaation of Aa-hrdrosvstearis ashd (V1°°

ory beazene (2 1lit.) and beazene sulphoade acdd (3.5 g)

“Ihis method adopted by Gupta gh al.’ is & modification
of Jtoll and Rouves' mthod"' and was first reported by

T and zuuz“' for lactondsing Juniperic acld (Léehyiroxy
tic l“ﬁ)o



Xt

were placed in a flask (5 1it. cape) and the solution

wvas refluxed on & waterbath. A 0.15§ solution of l8~hydroxy
stearic acld (10 g) ia bensene (6,50 1lit) was added dropwise
at a rate of 100 ml per 50 min, .uriang this trestmeat a
portion of beasene in the flasic was distilled off s0 as

to keep the volume of the benzeae ia the flask at about

¢ 1it, After the completion of the additioa (i& hra) of
ig~hydroxy stearic scid solution, the coateats vere re-
fluxed for another 30 min., The solution was thea washed
vith water in order to remove bensene sulphoanic acdd and
driei. Benzene was distilled oif aand the residue (9.26 g;
48.42%) was dissolved ia hot hexaae (10U ml). Oa cooling
the hexane solutlion the arystalline solid was separated

by filtration and the filtrate was coaceatrated, chilled
and filtered. The {iltrate was diluted to 100 ml with
hexane and was washed with Jilute sodium cerbonate solution
{28, 26 ml x 8), washei free from alkall uad dried. After
removal of solveat the product was distilled to uraish
monolactone (l,l8-0ctadecanclide, 7.89 g 81%) bep. 140-43%/
4 mm, oS0 1.4662, siagle peak (UiC), having faiat pleasaat
odour and which solidified at room temperature m.p. 57°.

IR opootmaycno 1740 on'l' (Founds C, 76.52; 1, 12.19;
C18t4% requires: C, 76.54; i, 12.,18f). Total solids

on erystallisation from benszeae furaished dilactone (1,864 g)
Repe 1124118° (reported 118 gaa 110", =i speatrums



&7

)20 1745 ™}, mix. mp. with dilactoae (VII) obtalaed
from pyrolyses 111-112°. IR spectrum of dilactones
from pyrolyses)Cs0 1745 ca™,

Lastoae (Vi) (1 g) froa the pyrolyses was
refluxed with aleoholie potassiun hydroxide solution
(10£; 15 ml) oa a waterdath for 4 hras. The s0ap solution
92 acldificatlon (after pemoval of solveat) with dilute
hydrochloric aeid, liberated white powdery 80lid, wvhiesh
Was thea wagheu free from acid, dried and erystallised
fron beasene to furalsh white 3011d m.p, 37+98°, mix. mepe
(vith sutheatde sample of liehydroxystearie acid) 97-98°.
Li spectrums O 5300, COM 2618, 1715 on™F,

HethylelBeacetoxy stearate (8 g) was pyrolysed
at 400%0.5 na through the eoluna reactor (Fig.3; by
dropping the ester melt ia 10 min, The pyrolysate on
working up ia the usual fashion did sot furaish aay liguid
fraction. The erude product, m.p. 49-81° oa crystaliise~
tion from benzenee~pet. ether mixture, furanished white
pearly shiaiag erystallise product (4.5 g) m.p. 51-852°,
@mix. mepe (with sutheatic sample of methylelSeacetoxy
stearate) S1-82% IR spectrum: was ideatical with that
of the sutheantic sample of the acetoxy ester.
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jeiiyd 1aitd 6 (L
Lheupitic aedd Gl

Jewaxed blonde shellae (1000 g) was saponified
by boiling for 4 hrs with agueous caustic sodu gsolution
(3083 1 1it,), The mixture was diluted with common salt
solution (20f; 2 1ite) a:d kept at room temperature for
48 nrs, whea sodium aleuritate seperated ia gramular form.
It was filtered off, washel with salt solutioa (2 lit.,
snd decomposed with dilute hyirochloric acid to liberate
aleuritic .ou, which m:\;olmrlm in alcoholic solution
wvith activated charcoal and crystalilsed from alcohol,.
The {irst crop of wleuritic acid was again degolourised
axd preerystallised to yield sharp melting acid (159 g)
Bepe 130-101°, From the mother liguors, a secoad erop

was obtainei (16 &) mepe 77.5«20° ] t.otal yidd L7

IR lpootm: od 3810, COOH 1718, mae,[me, 1068 aad
1024 ea™ . (fmda 3, 62,885 i, 1044; C,Jl, 05 requires;
0y 63,123 i, 1046%).

2210216t theono-hexadecanode aodd (AL

AMleauritic acdd (100 g) was heated with a solution
of hydrogen bromide ia glaclal acetic acld (187 W/V; 1.5 1it,)
aa & vaterbath fop 8 hrs under aahydrous coadltions. Iydro-
nromde acld solution was recovered by distillation uader



reauced pressure. The product obtalned as residue was
dissolved ia ether and washed free fron acid, dried and
deoolourised with activated carbon. Ether was dlstilled

to obtaln the crude 3,10,18-tribromo hexadescanoie aedd

(156 g3 28f). (Pounds C, 40.2; 1, 5.9; Ar, 48.95 C; i Br.0,
requires: C, 289,0; H, 5.9 Ar, 48.68).

Sthyle; ag= .

The erude tridbromo acid ill wus esterified azeoe
tropleally by refluxing with absolute aleshol (100 ml) and
beasene (400 ml) coataining sulpiuric acid (1 ml, 9p.gre.l.84),
until water sepuration ccasel (20 ars). solvent was distilled
of f uader reduced pressure aad the product poured in ice-cold
water, extracted with ether and washed with sodlum carbonate
gsalutlon (555 & x 50 ml) to remove {ree acid. The ether
solut ioa was washed freec of alkall, dried and ether flashed
£f to obtain erude othyled,10,l6-tribromo-hexadecaioate
(200 g5 978), 4507 1,5000. (Fouads C, 42.8; H, 6.6; Br, 44.5.
¢ et B0y requires: C, 41.5; i, G.4; B, 46,0%).

Jiae dust 7105 3) was suspended by mechanical stirring
in sbaolute alcohol (l.2 1it.) contalaing hydrobromic aecid
golution (8 ml), and the mixture bolled for 20 min. The
reactants were oooled (ca. 50°) and to the weran suspension
of asinc dust, the tribromo ester AILI (160 g) was grasually
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added 41a 80 mian. The alxture was refluxed with atirriag
for 1 he to complete the reaction. Zine dust was filtered
off, aad from the filtrate aloohol was recovered under
rejuced pressure. 7The resiuue was dissolved ia ether,
waghed and proceaseld s Jdescribed carlier to obtain the
crude webromo ester (106 g; ¥0fJ), which was distilled to
vield pure ethyle-lé~bromo-hexsdec-degnouate (94 g) Depe
15215877041 an; nﬁs' 1,467« 1i spectrums CUUC.ilg 1724,
1256, Lrange CHsCH 266 cm™L. (Found: C, 60.1j H, 9.8j Bp,
4le83 Cmﬂas&'oa requires: C, 53,85 iy Je2; Wr, 22d.18)e
Byl el Gegoetoxy-hexadeg-d=gadate (3V)
LthylelG-bromo~hexadec~d=eaoate (22 g) was refluxed
uader stirring with glaclal soetlc acdd (184 al) acetic
anh{drldo (1u ml) aud fused sodium acetate (92 g) for 1z hrs.
scetic acdd was rocovered by distillation under reduced
pressure mdv the product was poured ia oold vﬁtor, extracted
. with achexsne (260 ul) and vashed free from weid aad dried.
The solveit was recwered and the residue was distilled to
obtuin ethyleld~acetoxy~hoxadec-leanoate (82,8 g; ¥61).
Bepe 140°/0,006 muy 837 14565 (Founds C, 7048 U, 10.8;

-cm“a‘o‘ roguires: Cy 70655 Uy MeTi)e

b (LAY A

The acetoxy ester (1V) (82 g) was saponiiled by
refluxing with aleoholic potash (10f; 600 nl) for 4 hrs.
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~xcess aleohol was distilled off (76f by volume), residue
was dissolved ia water (500 ml) and acidified with dilute
hydrochlorie seid to liberate the hyiroxy acid, filtered,
vasiied free from mineral acid and dried. The crude hydroxy
acld on erystallisation from beasene furaished pure l8-hydroxy
hexadecedegnole acld (62.5 gj 368), meps 70.5-70,5°, 1In
spectrums Ol B310; COOH 2645, 1080, 1880; C=C 1017, 996, 978,
268 en™. (Founds Cp 70425 M, 11.8; 0y glog0n Fequiress
Cy Thedj H, 11428),
i8=tydroxypalndtic acdd (L)

1l8~iiydrozy hexades~de=enolc acdd (10 3g) was diasolved
in aqueous NaOi golution (10%; &0U ml) aad heated to 90°
with stirring. To it was added Raneyeilckel alloy (30 g)
ia small lots tacging care that the sueceeding lot was added
oaly whe: the evsolutioa of gas from the previous addition
ol alloy stopped. Addition was completed in ~ 1 hr. The
reaction nixture was stirred for an additloaal hour, the
temperature belng maintained at 920°. The original volume
wasd maiatained by the addition of water as aad vhen necded.
ihe hot solutlon vas filtered and the residue was washed
thoroughly with warm water. Filtrate was cooled and acidified
by pouriag iato hydrochlorie acid with stirring. The lLiberated
hydroxy aeld was filtered, washed and dried. Crystallisation
from aleshol afforded pure léshydroxy palmitic acid [Jyaoayms
Juniperic acld (2.6 g 95¢) ) mepe M445-95,0°. I3 spectrum;
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0 £2a; COOH 2604, 1988, 1638 en™t, (Fouad: C, 70.45;
iy 12403 C’.‘lﬂoa reguiress C, 70485 1, 11.80)e soveral
lots of this hydroxy acid have beea prepared with similar
results.
PESIFENS S BPE TRE I} CIE: SR

ustard sced oil (D82 g), methanol (250 g) and
anhydrous potasssium carbonate (96 g) were refluxed over
woaterbath for 6 hrs vhen the whole reaction mixture formed
a single layer. After eooling to room temperature, it
was poured iato water (2 1lit,) and the resultaat turbld
mixture vas extraocted with ether (4 x 8500 nl) combiaed
ether extracts wvere further extracted with potasgiun carbo-
aate solution (7%; U x 180 ml), washed free of alkall
and dried. Reswery of solvent aad resoval of traces under
reduced prossure afforded crude mixed fatty osters (428 g).

Alkalioe agueous layer was aclufiied with dilute
hydrochloric scld and the liberated fatty acids ware takea
in ether (4 x 250 ml), washed free {rom acid and dried. The
solveat was distilled to obtain mized fatty acids (450 g)°,

“Methanolysis of mustard seed oil was _pcoomplished aceordiag
to the procedure reported by Jdartman™™ oa fat, cocomut aad
lingeed oils,

* ixcessive formatioa of soap 48 due to free fatty acids
preseat ia the gtartiag unrefined mustard oil, Experimeats
with refined oil gave high yileld of methyl esteras.
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which were {urther refluzed with dry methanol (200 ml),

benzene (800 ml) and cone., sulphuric acid (15 ml, sp. gr. 1.84)
for 6 hrs. [xcess solveat mixture was distilled (758 by
volume) and the reaction product was poured into water (1.5 1it,).
Hethyl esters were taten in other (4 x 250 ml) and the
gsolveat extract was vashed with gsodlum carboaate solution

(7% & x 15 ml), washed free from alikall and dried. .Jolvent
was flashed off to obtala a second 1ot of crude methyl osters
of the mixedi fatty aclds (478 g,. The total methyl esters

(300 g) on straignht distillatlion yielded pale lemon coloured
alxture of methyl osters (851 g) Depe 115-208%0siel mme

The distilled methyl estors were carefully fractionsted through
Toddts Precise rractiosation Assembly, model '2A', and in

all 19 iractions were collected (738 g total). Firactions

10 to 16, b.ps 170+175%/0.9+1 mm after testiag their purity

by GLC were coabined (889 g) and refractionated to obtain
methyl erucate (875 g; 44f), bepe 170«172%1 om, THM, GLC
tosted, a0 144618, IR spectrums COXH, 17505 C=C 1670,

M2 ™, (Founds Cy 7Bel2p H, liedy Cglgq0y requiress

Cy TB.84; H, 12.58%).

shining sodium metal (75 gj 8.256 g atom) was
finely pulverized ia dry toluene (180 ml) at reflux temp.
using efficieat :iers-shberg stirrer in a threc-neciked flask.
Hothyl erucate (228 gj; 0.65 M) dissolved in auhydrous tert-tutyl



aleohol (144 g3 l.984) and tolueae (500 ml) was then
let in during 45 ainutes with astirring. Juring the
exothernic reastion the bath temperature was maintained
at 120° 2 8%, after the addition, it was stirred and
heatel for gnother 50 nmimutes, vooled, finslly ia ice-water
and carefully treated with small gquaatities of ice~water
with swiriiag. «<hen 800 ml of water had tims beea adied,
the toluene layer was separated aau washed with water
(4 x 350 ml). The alkaline washings wad previous agueous
sortions were coubined ond extracted with cther (& x 800 ml.
The combined toluene and ether extracts were washed once
with dilute seetic acdd (5, and fiaally with brine. After
drylag, the solvents wvere fractionated oi'f and obtulned
orude erucyl aleohol (202 g3 26.77%). The product was
fragtioasted under vacuux tojyleld pure erucyl alechol (197 g;
45)y Depe 2315=317°7/146 mm, mepe 44°; (positive TiH test and
LSy single peal). IR spectrums ) $880; C=C 1660, 728 om’l.
(Founds Cy Ble2; i, 18.0; Couligq” Tequires: C, 81,41l H, 15.667).
Aladd-didrowy Deheavd aleohol ()

Brugyl alechol (284 g. 0.881), glacial acetio acdd
(1200 ml) axwd cone. gulpmuric acdd (11 ml) wvere takea ia a
throe necked flask sad cooled to 20°. dyarogeaperoxide
(100 volumes; 150 g; lelM + 208 eucess) was let in guicily
while stirring the reactants. After stirriag for 10 mimutes
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the temperature was brought to room temperature asnd
slowly raised to 4% and the reaction was allowed to
progeed overnight., 2t the eompletina of the recetion
conteats were poured into water (i 1it.) at 20°C aad
the acetoxy~hydroxy dorivative was washed free from acid.
The Jerivative was refluzed with ethaaslic potassium
hydroxide solution (200 ml; %) for 4 hrs and worked it
up in the usual fashion. Jolid 1&,ld-dihydrobeheayl
alechol was washed and dried (yicld 811 g; 999). The
crude glyeol so obtained was orystallised from aleohol
aad 10,l4=dihydaroxybehenyl alcohol resulted in a white
crystalline form (390 g) Qepe e » 2a® (reported 92°).
Ii spectrums OH 5418, 1344, 1260, 1124, 1070, 1028 en™L,
(Founds €y 78.9; M, 12.8; Coalagl requires: C, 70.68;
iy L2493%).

13yl4«dihydroxy beheayl aleshol (54 g3 0.154) was
talten in absolute alochol (750 ml) and was treated with
10§ aqueous sodiun meta periodate’ solution U75 mk) by,
lotting in the meta periodate solution during 50 minutes
withpfficlent stirriag at 38%. stirring was coatimed for

"Prepared ia the laborstory ageording to the method
x(':ggsd by feds Willard (Inorg. syntheses Vole.I, p.ld8
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1 hour more during wiilch perisd the temperature was

reised to 377, At the ead of the reaction the conteats
wore tested for exeess of godlum meta periodate with
potassium lodide solution (M0¢). .eactisn mixture was
filtered through io.4 siatered fuaiel aid the sodiunm
lodate residue was washed with aleshol (& x 50 ml),
Plltrate was poured iato water (5 lit,) .nd the turbid
solutlon was extracted with ether (4 x 500 al), Iither
oxtract was washed, drlied gni flashed off the solveat.

The erude prodtot (58 g) Depe 56-68° was fractionuted
uader reduced pressure, to give pelargoaic aldehyde (20 g),
sepe 70°/10 mm, a7 144207, and Loenydroxy tridecsial i
(31s0 g5 6L} bepeo 150-156°/0.) Bn, mepe 74°. I spectrun;
04 82205 GO 2690, 1700, 264 cm™ . (Fouads C, Pu.%

iy 13613 51853602 requires: C, 72.84; 1, 12,285). 1o«

v roxy tridecanal us also beea prepared with 100 g. lot
of 1li,lé=dihydroxy beheayl aleohol with similar yields.

1ls-hydroxy tridecanal (30 g) dissolved in pyriiine
45 g) was added to a cooled solution of malonic sedd (3¢ g)
ia pyridine (70 g) by means of a dropper ia about 10 simutes
while the reaction mizture was kept swirling. 7The coateats
wore mixed thoroughly at the completion of addition of
aldehyde solution and kept at roon temperature for 6 ars,
thea heated over a vaterdath for o ars. . fter removal of
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pyridine ia vaouo the lizht reddish liguid reaidue

vas extracted with ether (U x 40 ml); the extract was
washed with dilute hydrochloric acld, water aad agueous
sodiun carbonste solutioa (7¢; 4 x 35 ml). The carbonate
extract was soldified with phogphoric acid. Jolid acid
was filtered and washed free of mineral aseid aad dried in
vacuo to give lSe~hydroxy peatadec-2eenolic acid (32 g)
Depe 77797 uhich on erystallisation from alcohol afforded
white erystalline unsaturated acld (22 g) =2.p. 80°%.

I3 spectrums O J3380; COUH 2645, 1408, ~C=Cc-CO0H; 1690
csC 1675, 1019, 994, 959 om"*. (Fouad:s C, 70.1; H, 10.9;
C1828% roguires:s C, 70.287; i, 11.00%).

15l tad 1 14 ()

In a three necked flasz fitted with ierschberg
stirrer (slip sleove), lS-hydroxypestadece2eecnoic acid
(20 g) was ulssolved in agueous sodium hydroxide solution
(103 600 ml) and the solution was heated to 90° and
stirred for 15«20 mimutes when clear soap solution resulted.
ieating vas stopped and Raney liokelealuminium alloy
(60 g) was added to the hot solution in very small lotas
taking care that the next lot was added only vhen the
evolution of gas from the previous additioa of alloy
stopped completely. Addition was accomplished in ~ 2 hrs.
when the frothing stopped, finally the coanteats were
heated at 85-08° for 6 hrs with vigorous stirring., The



reaction alxture was diluted with water to filterable
consisteaoy, and filtered through cotton pasded Michaer
fuanel. “ashed the catalyst sevaral times with small
portions of wvarm water. Tho filtrate was chilled and
poured iato conventrated hydrochlorlce scid with stirriag.
White precipitate waa filtered and washed free from acid
and iried ia vamuo. Grude hydroxy aedd (20 g) mepe 82-84°,
vad orystallised from ethyl acetate to yleld white 15«
hydroxy peatadecanoic acid (19 g, 985, m.pe 84.5-85",

i1 spectrum: UH 3B3B, COOH' 2804, 1703. (found: C, 70.0;
i, LleB} °1a"ao°a regquires; C, 90,75 i, Ll.7.J.

L trig I 44 CuLLl,
To li-hydroxy tridecaaal ..l (20 g) was added
peracetic acld (182 ml, preparcd Wy mixing 100 ml glacial
acetic acdd aud 32 ml hydrogen peroxide, 100 volumes) aud
the conteats were heated at 88°C for 16 minutes. The
resaltiag clear solution was cooled to 40° aau Zept overe
aizght at that tesperature with stirring. At the completion
of reactlion the solution was ocoled to room temperature aad
poured into oold water (1500 ml), The white precipitate
vas riltered and washed free from scdd. The crude aeld
(3240 g) was refluxed with alooholic potassium hydroxide
golution (10f; 75 ml) for O hrs and after removal of excess
aleshol and working up in the usual fashlon afforded vhite
erystalline hydroxy acid (17 g) which oa crystallisation
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from beazene ylolded li-hydroxy trilecanolc scid (16 g)

MePe 78,0078,8%. IR spectrums 0 Si44, COOH 2632, 1706 cat,
(rounds C, 67.73; 4, 11.:8; CisflgUs roquiress ¢, 67,78;

iy 11.98%),

15-hydroxy tridecanal (1 g) was kept ia a threc
aeciced flask and to it was added aqueous sodium hydroxide
solution (583 26,5 ml) and hydrogea peroxide (853 40 ml
prepared by diluting 8 ml ‘lz’a 100 volumes to 50 ml with
distilled water). Iaitislly the hydroxy aldehyde floated
@1 the surface of the reactloa alxture, ieactants were
slowly heated to 65-75° in 16 minutes and maintained for
asother 15 minutes with stirring. The aldehyde gralually
disappeared and a turbid soapy solution resulted. The
solution was [{iltered through u sintered fuanel (i0e2),
cooled and seddified with dilute sulfuric seld. 7The white
procipitate was filtered, washed free from acid and dried
ia vamo. The erude produet (1 g) m.pe 5557 was saponi~
fled with nieohol.l. potassium hydroxide solution (10g; 56 ml)
and was worked up in the usual fashion sad driel. iegultant
acdd (0.6 g) mepe 7577°C was orystallised from beazene to
afford 1o-hydroxy tridecanclic acid (0ed g) mepe 78.0+78,5.
nixe mepe with the previous sample of 1lehydroxy tridccanoic
acid 78,0-78,5°.
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10-Undecenate qaid (o)

10-Undecenoic acid prepared in this Ladoratory
by castor oil cnou.ng‘“ has beca used for the preparation
of C“. Cn and Cw wehydroxy fatty scids. lo-Undecenoic
acld was purifiod by careful fractioastion and the purity
vas tested by VPC and aaalysis, D.p. 181-152%1 am, nep.
01°, 292 1,4480. rositive Tii test. Ii spectrums COOH
2800, 1716; CsC 1656, 130, 916 ca >, (Found: ¢, 7L.8;
iy 1le3} Cuﬂaooa reguiress C, 71.63; H, 10.94).
Hethwd lo-uadecenoate (Vi)

l0«Undecenolic acdd (500 g), asahydrous methanol
(2000 ml); dry beaseae (1000 ml) and coaceatrated sulpmaric
acdd (10 ml) were refluxed for ¢ hrs, and eicess solveat
mixture was distilled uader re.uced pressure. 7The reaction
product was poured iato water (2 1lit.), isters were take:
in ether (U x 40 ml), washed {ree from aclid, extracted
with sodium carboaate solution (7§; O x 50 ml), wushed free
from slikall and dried. Jolveont was recovered and the traces
wore removed uader reduced pressure and crude methyl 10
undeceacate (530 gy 99%) was obtained. The arude ester was
distilied carefully to give water white pure methyl ester
(500 g)y beps 104=L06°/047 mm (TdH and GiC tested); AZO 1.4:8%.
IR spectrum; COOCHg 1748, C=C 1645, 934, 319 ea™. (Found:
Gy 7285 1, 1135 cmﬂmoa roguires: C, 72.68; i1, 11,185,
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10-0 1 GUviD)
Bright sodium (75 g§ 08.28 g atou; 25¢ excoss)
was placed ia a dry three-necked flask fitted with a
lers=hberg atirrer (slipseal), aa eificlent reflux cone-
Jenser and a dropping fuasel. Joaiun was immedliately
goverod with anhydrous toluene (150 ml) and heated
oa aa oil bath at 120° aad stirred to somewhat disperse
the sodium. 2 mixture of methyl ester (126 g, 0.065M), aanhy~
drous tert.butyl aleohol (144 g; 1.354) and toluens
(800 ml) was adied ia 45 uimtes with stirriag. Juriag
the exotherule reaction the bath temperature was saine
taiaed at 120° & 5°, After the addition, the resctaats
were heated with stirerlag for another U0 mimites, cooled,
finally ia ice~water, and carefully treated with small
guantity of ice-~water with swirling while maiataiaing
nitrogen atmosphere ia the {lausk. whea 500 nl of water
had beea adied, the tolueae layer was separated and washed
with water (4 x 150 ml)., The alkaline washings aali pre-
vious aguecus portions were coabised and extracted with
ether (U xz 300 ml,. The cozbined tolueane ani other
extracts were washed once with dilute acetic aocid (54)
and finally with Lrine and dried. The solveats were
distilled off and crude lOsundesenol (109 g; Y6.6£) was
obtained.0n careful fracticnation it afforded pure
L0-undeceaol (102 g 935); Depe 128°/8 na (TN and o
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teated). # 1.4520; I& gpectrum: O U8B0, 1055
CeC 2096, 1820, 1640, 901, 912 em™t. (Fouads C, 77.46;
Hy 13edg cuuuo reguires: C, 77,883 i, 1i.028,. lew
more batehes of l0=uniecenscl were prepared with similer
violds.
1021k =0dnydpaay undeqaaol (AV4L)

10~Uandecenol (150 g; lellM); glacial acetic
sodd (1200 ml) and sulpmuric acld (il.5 ml, a3p. gr. 1.84)
were takea 1a a three-aecied flasi sad chilled to 20°.
lysrogea peroxdde (1056 g3 100 voluses) was quickly added
to the reactants vhile stirring and the reaction was coa=
tinued at 20° for 5 minutes. The coateits were slowly
brought to room temperature aad gradually raised to 40°
a1l kept overalght. Reaction uixture was poured lato
water (5 1it., at 20° aad extracted with etaer (4 = 200 al,,
washed free fron acld, dried and distillei off the solveat.
The acetoxy~-hydroxye-derivative was refluxe: with 1l0%
ethasolie potassium hydroxide solution (1000 ml) for 4 hrs.
rxcess aloohol was flashed off and the product wag worced up
ia the uasnal masaer to afford crde 10,1l-dihydroxy uadecasol
(226 g; 98.77¢) which was arystallised from aleohol to
yield a first crop of the glycol (156 g3 7087, mwepe ?0.74°
dother liguors oa eonceatration, crystallisatlon aand re-
erystellisation from aloohol afforded a second orop of
10,11 =dihydroxy undessaol (44 g 20%) meps 78-70.5°. Ii
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spectrums O 8383, 1580, 1130, 1059 em”t, (Found:
Uy 6‘.“{ Hy n.‘f’; cudz‘oa r.q\lll“ll Cy 64066'
Hy 1le8%).

in @ three necked Tlask {itted with efficleat

stirrer (slipseal) condenser and dropping fuanel, 10,11~
dihyiroxy undeecansl (2 g) was dlasolved in absolute aleohol
(25 ml) aad treated with froghly prepared 105 aqueous sodiunm
seta periodate (28 ml) during ~ 45 minutes at 36°. stirriag
was eoatimued for another oae hour and after testing the
roactatts for excess of metaperiodate, the reaction mixture
was filtered through a siatered fuaael (io.4), washed the
residue with aleohol (U x 5 ml, and the filtrate was
poured into cold water (250 ml). The libersted compound
was extracted with ethyl acetute, washed, dried and solvent
was distilled off under reduced pressure. Crude 10~

hy iroxydecanal (176 g3 theoreticul) @epe 68-720° was crystal-
lised froo aleohol to afford first cerop of the pure com-
sound (Le28 g; 74.68) mepe 76=77°. ibther liguors oa coa-
centration, and crystallisation afforded a second arop of
10-hydroxy decanal (0e21 g A8%) mepe 7576°. IR spectrum:
% 24805 GHO 1724 ea™l. (Founds G, 69.4) H, 1L.5j Cj¢ii o0,
requires: C, 62.72; i, 11,7%)s The Zy4=diaitrophe.yl
hydrasoae prepared in acloohol and aeid, orystallised from
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dilute alcohol had a Gepe 8«00°, 1In spectrums 0H 8460,
1080; CHO 2888, 1724, 1458, 380, 964 em™t. (Found: C, 54.7;
I, Ge65 1, 15,7 316324‘405 requires: C, 54.58; i, 6.87;
dyg 15.9¢). The semicarbasoie prepared in pyridine and
orystallised from methyl alcohol had a m.p. 106,5°. lore
guantity of lOehydroxyaiecansl was prepared ia 10 g lots
also with similer results.

13-iydroxy iodegedegadic aold (X
To a ¢ooled solutiocn of malonie acid (8.20 g) ia
dry pyriilne (30 ml), lo-bydboxyaoml (20 g) in pyridine
15 m1) was added drop by drop in ~ 15 mimites with shaking.
The reactants were kept at room tesperature for U6 hrs, thean
heated oa a waterbath for & hrs. Pyridiine vas removed uader
resmced pressure aad the residue was exiracted with ethor
(2 x 50 ml), the extract was washed with dilute hyuro-
chloric aeild, water and agueous sodium carboanate (74,
5 x 25ul). The conbined carbdnate extraots on acidification
with dilute hydrochiorie aclid gave l2«hydroxy Jodece2-eioic
acld (12.2 g5 6646%) which crystallised from aleohol yilelded
the acdd (8 g) m.pe 67-87,56°. Mother liquors on conceatration -
and recrystallisstion atf'torded a second crop (2 g, 16.7%)
mePe 68.5-67". IR spectrums O 3048, 1083; COUH 2620, 1440;
©=0-COOR 1708, 1560 en't. (Fouads C, 67.26; 1, 10.47;
cmﬂaaoa roquiress C, 67.25; i, 10.,858¢). More guantity of
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the acid was prepared ia batghes with gimilar results.

L -iyiroxy lgurie acld (AxdV)
(L, 12=iydroxy dodec-Gegnoic acld 0.5 g) dissolved

in glaclal acetie acid (15 ml, Ke.lerek) was hydrogenated
in the presesce of palladina-carbon (LOf; 0.08: g) at room
tomperature. The compouad absorbed hyurogea gas (85 mul)
1a the first hour of reaction and a0 further perceptible
absorptisa of gas was observed evea after stirriag for

S hrs. The catalyst was separated by filtration, washed
with acetioc acdd (0 x 2 ml) and the acetic acid was
removed from the iiltrate uader reduced pressure. The
resldue on sapoaificatioan ead hydrolysis afforded crude
la-hydroxy lauric acid (05 g) m.p. 82°C, whieh on crystal-
1isation from Leageae gave pure acid (V.48 g/ mepe 8s-84°
I spectrum: Ol Gi3G, 1084; cOOU 2871, 1923, 1084, 1:16 ca™'.
(rounds Cy 08e4; 11, 1lledj cmu“oa requires: C, G8.068;

y 11.188)e

(1) laeilydiroxy dodes=3=eanic acid (1i.2 g) was dls-
solved in agueous Ha i solutina (10f; 400 ml, wad heated
to 20°. Rasey-alozel alloy (40 g was added to tho hot
gsolutioa in small lots taking all care as icscribed pre-
viously. Addition was accomplished ii~ one and half hour
and the feaction mixture was heated for aaother hour at

- 90% with stirring. Iasoluble materiscl was filtered off
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oad the filtrpate was woriked up ia the usual maaer to
obtaln erude li-hydroxy leuric acid (liez g) Bmepe 79e81°%,
which oa erystallisation from ethyl scetate afforded pure
acdd (12 g3 90%) mep. 82-84°. Thore waa 20 depressioa in
melting poiant with la-hydroxy lauric acid from the previous
bateh. IR spectrum: i S3GS, COOH 2571, 1935, 1684 ea’t.
ufficient quantity of the hyuiroxzy acid was prepared in
hatches with similar yields.

“-iﬂ‘a“ nnﬂ“mis .i‘ﬂ i“i‘lﬁiin
Ad-bromouadecaiole aedd Lionll)

10-Unsecencie acdd (50 g) was dissolved in pet.ether
(40-60°, sulphuric acld washed, distilled, :50 ml) ia a
three necited flask fitted with theramometer, wide Lored
ialet tube andi cadelum chloride guard tube. After addiag
fresaly erystallised bensoyl peroxide 1 g) to the
solution, cooled to 0° aad hy.rogea bromide (evolved by
droppiag 58 ml of bromiae into Ol g of tetralin) vas
rapldly passed iato the solutioas Jolids started appeariag
after 5 minates and as solids separated the flask was shazen
and prooess was contimued tiil gll the hyurogen bromide
sassed iato the reasction mixture (~ 2600 mimutes). The
temperature was malatained at 0% throughout. The coanteats
were shazea for a further 20 mimates. The pink precipitate
was ehilled to -12° and filtered off and transferred to a
porous plate and dried. When dry it vas colourless and
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shining (87 gy 7€) nm.p. 47-9%, The erude product

vas erystallised from pet. ether '40-80°%; 100 ml) twiee
at -18°, Filtered and dried in vacuo to obtaia llebromo
undecamole aclid (54 g) m.pe 50.5-81°C, white shining flaky
oerystailine material.

dizieetosy wadecadols acld (o lll)

1llbromo undecaasic aeid (50 g), fres:ly fused
sodiun acetate (55 g), glacial acetic acid (100 21), and
acetic aahyiride vere refluxed over a ooatrolled hot oil
bath for 12 hrs, The reaction mixture was oconled and
poured into water (250 ml) and the contents were extracted
with ether (4 x 850 nl). The combined ether extracts were
vashed free from acld, fiaally with brine and dried.
Reeovery of the solvent gave crude lleacetoxy uniecanole
acid (43.4 gy 967) which was distilled fractiocaully to
obtala pure acetoxy derivative (855 g) bepe 176=177°70.7 nam.
About 2 g forerun ol the distiliate was collected separately.
IR spectrum: COOH 2660, 1718, 1686; CiigCO ~; 1254 en™r,
(Founds Cy GBs7; 1Ty 048§ Cyoil,,0, requires: C, 65,903
Hy Pedf)e
L1-iiy g , ; 14 Coud)

lleacetoxy undecanoie acid (U4 g) was refluxed
with aleoholic potassiua hydroxide solution (10g; 180 =l)
for 6 hrs. Excess alcohol was distilled off and the residue
after dlssolving ia water (200 ml) was acldified with uilute
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hydrociloric acid. The precipitated acid on filtratioa,
washing and deyiag alforded crude ll-hydroxy uadecsnoie
acld (28 gj theoreticul); m.ps 65-G7°, which was erystal-
lisea from othyl acetate gave pure acdd (27 g3 97) mep.
67-67,8% IA spectram: O 3iG0; COOH 2626, 1711 ea”l,
(Fouads Cy 88415 fy 10495 Cyyi,.0, requires: o, 45.51

Hy L0e96%) e

L9y | 14 oy
10«dydroxy decanal (2ids) (10 g) aad peracetic

acid (67 ml, propared by mizing 51 al glacial acetic acid

aad 18 ml hydirogea perozide, 100 volumes) were heated on

a waterbath at 88° for 15 minutes and left overnight. The

reaction mixture was filtered, poured into water and ex~

tracted with ethyl acetate (& x 50 ml). Golveat extract

was vashed free from acid, drieu, and flashed oif the

aolveat to obtain a slimy product was refluxed with

alooholic potassium hydroxide solution (105; 50 ml) for

4 hra. Aleohol was distilled »ff and the product was worked

up da the ususl maaner to obtain crude l0-hydroxy decanclc

acld (1049 g) mepPe 88+70°%. Crystallisation from benzeae~

ethyl acetate afforded pure hydroxy acid (8.5 gy 78§),

Depe 75:5-76,0%. IR spectrums Ol 3388, 1080; COUI 2646,

1920, 1608 ™l (Founds Cy 6349 H, 104815 G gf, 00,

requires: C, 63,735 i, 10.7K)«
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Thiophene free dry benzene (2 iLit.) and petolucae
sulphonic acdd (2.5 g) were takea 1. ‘he {lask showa ia the
set up (Fig.2) heated to geatle distillation and allowed
the distilled solveat to circulate through the system
for oane hour. l1B~iydroxy stearic acld (5 g; 0.0L66 M)
dissolved in dry beagene (500 mlj; 040083 /1) was dropped
iato the set up, turough the uwropping fuanel in &2 Ars.
fate of adiition of the hydroxy acdd solution was coutroiied
by adjusting the tungstoa wire tipped pluanger {itted in
the capillary tube fused at the bottom of the droppiag
fuanel and efficieat dilution was easured tarough steady
distillation of solveat and recirculutioa. sjolveat was
stripred of, water of reaction wille passiag through the
drying tube filled with activated indicatiag silics gel
which was changed as and whea needed. (iydroxy acid vas
kept Ml:_olvod ia the dropping fuaael and the horizoatal
tube where dilution was accomplisheu, with the help of
a heatiag tape. At the completion of addition, the
reaction mixture was refluxed for another oae hour, cooled
to room temperature, washed free from acid, foilowed by
washing with agueous sodium carboaate solution (7%;

S x 100 ml), washed free from alksll and uried., Beaseae
was recovered under reduced pressure, and the residue was
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ulsgolved ia a~hexane (50 ml), chilled. Jolids were
separated by flltration. Filtrate was conceatrated and
cooled. The process was coatimmed till no s01ids separated.
lexane was recovered aad the product oa distillation arforded
colourless lyl8~octadecanolide (U.46 g; 8L.15) Depe 147.5-148/
0482049 Ba; meps 86.5-37°, a°° 1,4666; (Gic slagle peak.
i ;p;gtm:,c'o 1740, Piﬁ/us:ulu eSly =Gl =3, - 7248 (3),
“Cilymu=de 158e8 (d)y =Cil,-Ceiediy- 240.3(t). (Founds G, 76.52;
iy 14.109; "'18“34"2 reguires: C, 76.54; i, 12.18%). oDilactone
BRePo 111-112°,
kakOvioxaiecenolide

1o=iydroxy palmitic acld (4.50 g; 0.0116 M) dissolved
ia dry veuaene (500 mlj; 0.0088 /1) was cyciised ia the same
manaer as dcscribed previously, Ly addiag the hydroxy aecid
solution to the reacdtioa aixture (benzene 2 1it, petolueae
sulphoade acdd 2.5 g) ia &8 hrs. 0a vorgiag up ia the usual
fashion and distillation it afforded eolourless l,l6~hexa~-
decaaolide \syaouym: dihydro aabrettolide) (J.4: g3 8042553
Depe L28-137°/046 may mepe 54-06°; nﬁo 1.4678 (GLC tested).
14 spectrums),C=0 1740; sz signale: =Giy=Cil =il ~ 7046 (8);
--Jug-3°~l- LEG.8lds)g -cuaoé'-»a—%- 241.6 (t) cps. (Founds
Gy 757 i1, 11488; c“ﬂmo8 requires: C, 75.,58; i, 1l.83).

hakdzaeataaceanolide
15«Hydroxy peatadecanolc ascldd (4428 g; 0.0186 H)
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ddssolve. ia bengene (500 ml; 0.0082 /1) was lactonised

in the usual maazer. Additlon of the hydroxy solution to
the reaction mixture (be.sene 2 i1it., petnluene sulphoale
acdd 2.5 g) was completed ia 82.5 nrs. working up ol the
reactioa produet anc distillation gave eolourless pienant
smelliag l,l5«-peatadecanolide aynoaym: exaltolide) (279 gj
T8.9%) bepe 120%/048 mmy 050 1.4692; (GLC stagle peak).

I spoctrums,C=) 1748; PMR sigaalss =Ciy=Uid,-Cil,~ 79(3),
Gllgrim0= L58.7 (4)) =i,~Ce0-Gjy~ 242.2 (t) ops. (Founds

Gy 784215 H, lle8; cxﬁ“zs"a reguires: Cy, 74¢35; H, ll.745,.

hadisiridceanolide
13«iiydroxy tridecancic acldd (J.82 g; 0.0166 M)
dissnlved ia beazene (500 mlj; 0.0088 W/l) wus cyclised
accordilngly. Addition of the hydroxy acld solutioa to the
reacti a aixture (beasene 2 1lit.; p-toluene sulphoalc acld
35 g) was accompliished ia 88.5 hrs. The product was worzed
up as deseribed previously and distilled to obtala eolourless
pleasant amelling l,l8~tridecanolide (2.0 g3 65.40); Depe
1001027240 oy a0 1,4684; (LG teste); IR spegtrums
. /7"
=0 l,‘:ﬁ; PYR sigaalas ’“a‘%"m‘a' 8l(s)j =Gl =G0~ 1564315
~Gily e o =0=l,= 24447 (L) ops. (Founds C, 78.89; 4, 11.53;
C1a'l4% requiress C, 78,6835 [, 11.30%).
Lalg-dodecoolide
la=idydroxy lauric acid (3.59 g; 0.0166 ¥) dissolved



in benzene (500 mlj 0.0088 W1, was lactonised ia the

usual manaer. Additioa of the hydroxy aeid solution

to the reaction medium (benzene 2 1it., p-toluenc gulphoade
acld 2.5 g) was carried out in U9 hrs, The reaction product
was processed ia the same fashion as ieserided previously,
distilled ad redistilled to afford eolourless strong
smelling 1,12-dodecanclide (0.78 g; 23.7) bep. B5-86%/0+8 ma;
:130 1,4630; (GiC siagle peak). 14 spectrumsycs=0 '3‘?40.

1760; PMR sigaales =Cily~Cily=CL,- 81.2(s); “‘34'*”' - 184.1(d);
~i,=C-Jegi,~ 244.1(t) ops. (Fouad: C, 72.545 i, Ll

cmﬁmoa l'.q“‘.l'“l Oy 7".“' i‘. Llolﬂk.)o

Ladd-Uadeogaolide

lle=ilydroxy uadecasoliec aold (5.85 g; 0.0166 i) dise
solved 1a beazene (500 mlj 0Q083 /1) was ayclised by
addiang to benszene (2 1it.), pe-toluene sulphonic acdd (2.5 g)
ia the usual maasaer in &3 hrs. The reaction praduct oa
wvorking up according to the ususl method and distillation
vielded eolourless stroag smelliag l,ll-undecanslide (0.56 g;
18.598)5 b.pe 7280%/0ed mmy 020 1,4694; (GLC tested); IR
speotl:gmyc-o 1740, 1750; i:(:,ﬁ signales «Gi,=Cf,~Ci, = 81.7(8);
~Cidg e =0=y 138.2(d); -caa-x.- IeClly =y 245.2 (L) cps. (Founds
Cy 72405 iy 114045 €y, 1 00, requires: ¢y 704825 i1y 10,945,

AalO=decannlide
1O=ilydroxy decanolc acdd (S.12 g; 0.,0166 H) ddssolved
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in boagene (500 mlj 040085 /1) was lactonlsed Yy

letiing it lato the reaction medium (benzene 2 lit., petoluene
sulphondc acid 2.5 g) ia tho same manaer as Jescribed pre-
visusly in 32 hrs. The reaction product was woried up in

the usual fashion and distillied to give 1,l0-decanolide

(06114 g5 4.08£)3 beps 656677043 na, a0 1,40635 (GLC
tested). IR lpoctm:”y@”) 1748, 17%92; vm//gzm.: "“”d'%'
¢313- 82e1 (8)3 ’Gi‘e""o’ 10540 (d); -ck;a—é-avd.;a- 2498.,2(t) cps.
(Founds Cy 70495 11y 10485 C) o0, requires: G, 70.545 1,
10.667).

LaZ-feptanolide (6 -eaantholactons):cralohentauoae’®): 1a a
three-necked flask fitted with elficieat stirrer, dropping
fuanel and thermometer, cyelohexanone (45 g; b.p. 154-156°),
methyl aleohol (ub g3 acetone {ree) and dry analar potassium
carbonate (catalytic amount) were eroled to 20° with stir-ing
and the agitation was coatinued for 10 minutes. iitrosoe
methylurethane (656 gj prepares in the uborutory,“ was
slowly added to the reactaats through the dropping fuanel

at such a rate that tempersture of tho reaction nliture did
a0t rise above 20°. After completion of addition, reactaats
vere stirred {or another U0 mimutes, brought to room tempera-
ture and kept overaight. The product after flltration wvas
carefully fractionated and compound distilliag at 179-181°
was collected gud refractionated to afford eycloheptaione
(51 g G0F) bepe 170.5 = 180.5% a5} 1,4566; 1k spoctrum:
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»3%0 1701 em™t.

Lreparation ol lgctonq: Cycloheptawne (5.6 g) and pere
beasole aedd (848 gj ca. 250 ml chloroform, prepared according
1.6 the progceiure of &'mm) were mixed thoroughly hy

shaking i a flask covered with dlack paper and kept in

dariy at room temperature. dame volume of perbenzoic acid
solut ion 13 chloroform was also kept side by side in a
separate flask as a eontrol. Aliguots of the reaction
aixture and blanx solution (8 ml each) were resoved at
intervals of 48 hra aad titrated lodozetrically in the
normal unnu-av. After 17 days (408 hrs) the zetone goa-
suned perbensolc acld (Ge5 g)s Nleaction mixture was ex-
tracted several times with sodium bicarbonste solutioa (85),
washel free from alkall and dried. After removal of solveat
at reduced pressure the product ‘(5.4 83 84.37%) was frac~
tlonally distilled in vaouo, keeping the receiver ia ice-salt
sixture to yleld 1y7-heptanolide (8.7 g; 60%) bep. 8L-38°%/

L may 050 1,4662. IR spectrumsyCs0 1742, 1756 en”t,

>

A mixture of eyclohexasone (7 g§ bep. 154-186°) and
perbenzoic acid (12 g; ca. 190 ml chlorofora) gsolution; was
mixed thoroughly end kept at room temperature for 8 hrs with
odmtonn awirling. The reaction mixture was processed as
deseribed already, dried and solvent was removed under reduced
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prossure. The product was carefully distilled to glve
¢ecaprolactons (55 g; 68%) bep. 80-81%/1.2 ms, 2% 1,4666.
Ik spectrums)C=0 1705 oa

-l .

1,18«0ctadeocanolide ‘1 g) was pyrolysed ia a
vertical reactor showa ia Fig.2. The reactor consists
of an inner tube (led JeDe X &0 cm) fused at the bottow
with another tube (8 ma U.De x 21 em). iest three outer
tubes fora the electrically heated furnace. The resctor
tube was filled with pyrex glass pleces (1.5 to & um cubes
apyrox.) to a height of 18 cm. Murauce was heated to
450° and after fitting the micro dropplag fuuael coatalaing
lactone to the reactor tube, tho system was Ilushed seviral
times with oxygen-free dry nitrogea, by means of a aitrogen
system, at 150 mm pressure. Te.perature vas gradually
raisod to &15'. and vhea it stabilised, lactone was dropped
o the hot bed of glass pleces (oae drop every half mimte,
mafataining the pressure at 150 mm. Pyrolysis was completed
in one hour. Rcactor was heated for another 15 mimutes
aid the gystem was brogght to room temperature. Pyralysate
(0488 g, B0%) was dissolved in ether (20 ml) and ether
golution was extracted with agueous sodium carbonate solution
{83 6 x 5 ml), The conbined alktali extract was further
oxtracted with ether (2 x 15 ml)e. Ethereal solution was
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washed free from alcali, ariei aud recovered the

solvent to afford asutral fractisn (V.87 g), wvhich on

distillation afforded oolourless liguid 0.8 g) Depe
yc=0 1

140-141°%/6 ma. I4 spectrums 1740 em”
to the IR ocurve of the startiag lactoae (1,l8e-0cta~-

s @ad similar

decaaslide). Alkald extracts were combined and acddi-
fiod with dilute hydrochloric acdd. Liberated acid
wus tazea in ether (& x 20 ml), washed i{ree {rom wcid,
dried and recovered the solveat to afford l7-octa-
degenndc acld (U.163 g3 50f based on the uarecovered
lactong) wepe 52-54° wadch on’ erystallisat ioa from
acetoaitrile alforded white shining erystalline u.satue~
rated aedd (U156 g) mepe 54.5-88°, gave Tui test.

Ii spectrumiyC=0, 1700=17L5;)c=C 1650: § wiimud, 917
§+c4 = CH, 938, (Founds C, 78.765 i, 124375 Cygil. .0,
requires: O, 76.54; i, Li.dIf).

dethyl=A7-gctadeqgaonte (o =Qi(3l 0, guo i) . 17-)ctex
deceacic acid (85 mg) was esterified by reacting with
alazomethane in ether, woried up aand Jistilled 1o bullby

14 vacuo to yield methyl, L7-octadecencute, b.pe 148-44°(bath)/
Gede0ed nm, -0 1.4469 (Gave TiM test and single peak 3Li)j

Li spectrun; COOCHg 1760; v CaC 18504 § «iagl, 918, .

§ ~uih =cil, 006; PHA atgaales ~Cil,=Gll,-Ci, 77(a); T
123 ()3 -cs:a-.f’-a Cfda 216(8); ‘Cﬂaﬂiﬁ‘ 285« (m). (iounds
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Cy 764685 i1y 12,88 clﬁuaﬂj'd requires; C, 76.97%;
1y 12.24¢). lMore of l7eoctadecencic acid was prepared
by pyrolysiag 5 g lots of l,l8~0ctadecanslide.

didrogeaation of A7-octadecende godd: Methyl, L7-octa~
dogeasate (0.5 g) was hy.irogenated in aleohol (L0 ml)

ia the presence of Pd on calclun carbonate catalyst

(025 g3 10%) at roon temperature. Heaction was cone
timed for 8 hrs. Whea 3o abgorption of hydrogen gas
was observed, the cutalyst was {lltered und washed with
aleohol (I x & =l)s Jolveat was removed from the filtrate
at rooa temperature uader guctlon. jesidue waua heated
with alecoholie potassius hydroxide (10¢; 10 ml) uader
reflux, resoved solveat aad soap was hydrolysed with
dilute hydrochloric aeld. Liberated solid acid was
filtered, washed {ree from acid. dried to afford stearic
acld (VedB g; 100K); mepe 83=69, “rystallisei from
.acetonitrile, and obtained pure shialiag steardie acid
(045 g; 962) maPe 39-63.5"3 mix. mepe with agutheatie
sanple of stearic acid 69-69,8°. IR spectrusm; COOH 2682,
1698 "},

AS-iemadeceande godd (CH=CU(CH,) ) (800H)
Lylo~lexadecanslide (1 g) was pyrolyzed at

626%/150 ma ia one hour. Pyrolysate (0.98 g; 28%) was

separated into eutral and gedd fractioas ia the usual
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fashioa. deutral product (067 g). IR spectrum:
yoRo 1740 on"". vas very similar to the starting lactone.
redd fraction (0425 g 69% buved oa the unrecsvered
lactoae, mepe 45+47° vas erystaliised from acetonitrile
to afford pure lé-hexadeceadic acld (0.2 g mep. 48-43,5°.
iave TiH test. IR spectrum: p C=0 17051710; py C=C 1647;
Scnecl, N9y § ~Ci-Ci, 99; (Founds C, 75.61; H, 11.74;
c;]_aumoa requires: C, 75.,58; i, 1Le83).

Hethyl =18-hexsdeceqoute (Slom(Sd ) C1Xug): L6-hexa-
«eceardc acld (90 mg) vas esterified by reacting with ilazoe-
wethane in ether. Methyl ether, after workiag up, dis-
tilled ‘bald) in vaeuo to give pure methyl l7-hexadecencate
bepe 140-148° (bath)/0.6 amy ol 1.4446 (positive TiH test,
alagle peax GLC). 1A spectrum; pu=J 1750; ) C=C 1650;
S-C:a-gue 919 é-caacud 99%; PH.L sigaals: «Sil,~Cil,~Ci, 77(s);
w3y =J=0Cily 12) (qu§ =CH,=C=0C(, 218.5(8); Cli,=Cl - 286-549(a)
eps. (Founds Cp 78.21; H, 12.09; Cyoilag¥a requires: C, 78.06;
Hy L2408%)e
wG( ). 0

Lyl5->ehitadecanolide (1 g) was pyrolysed at 6256°/150 mn
in oae hour and pyrolysate (V.08 g; 905) was as usual
soparated iato noutral (0856 g), IR spectrum of which was
similar to that of the starting lactone, and acid fraction
(0.26 g; 755, based on uarecovered lactoae) m.p 45-47°,
erystallised from acetoaltrile gave erystalline lbHe~peatadecencic



acdd (V.12 gJ) mePe 50»50.50; (positive T.iH test).
It spectrams )Oe0 LEUB-L7005 ) =0 16403 S -QH=cy, 9.7;
§-cyncii, 998.aa™t, (Founds C, 76.08; i, 11,85

‘:15}138 3 requiress C, 74.35; i, 11l.74%,.

i mﬁm{,an 18~peata~

degenode acdd (M0) mg) esterified with diazomethane in
ether and aflter proog.,sizxg distilled ulbdb) gave mothyl
lG-pentadecensate, b.pe 120-125° (bath)/0e4=0.5 mm}

rns,o 1.44:8, gave T4 test, ulLu toste.. IR spectrums
Y =) 17505 5 3=C 16465 S ~Cuml, 918; § ~Cijm i, 9963
AR signales ~Cll=Gy=Cil, 7745(8); =Gl ~0~0CH, 123(q)

Y
~CyeCeUGd, 406(8) 5 U =G4~ 287-550(m) cps. (Founds C, 75.68;
'ip 114853 c‘mﬂm% reguires: C, 75,585 1, L1L.89%).
g-trid ok Bl oY s Llo~tridecanolide
(1 g) was pyrolysed at 528°/180 um ia one hour. Pyrolysate
(Ued8 g3 98¢, on vorkiag up by usual procedure afforded
neutral fractioa (0,88 g), IR spectrum of which was very
sinilar to the one obtalned for the startiag lactone; and
acld fraction Le2d g 89% based oa uarecovered lactone);
mepe (double capillary) 35-37°. walch on crystallisation from
acetonitrile in cold afforded {irst crop of li-tridecenoic
acdd (82 ng), n.p. 08% other liquor oa eoaceatration
and ohilling guve a sesond erop, recrystallised from acetoe
altrile to give unsaturated acdd (45 mg), mep. 28° (positive



THM test), siagle peak (GLC). .lest of the product
alter removal of solveat was distilled (bulb), b.p.
05240%(bath)/1 nmy mepe &7.5008°; IX spectrums

P =0 17255 ) c=C hodBy & <CHagy, 918y & ~Cjgsail, 205;
(Founds C, 78.13 i, 11.58; Cm"‘aﬂa requires; C, 78.50;
Hy 11.39%)

lgthyl=Aa-tridecenoate (CH,aCH(GL,0) G00CH) s 15etri-
decenole acdd (0 mg) esterified with diasomethane in
ether, processed and Jdistilled (bulb) to give methyl
lo-trideceasate, d.ps 120-126°(bath)/l =a, a5l 1.4598;
puve TIM test, GLC tested., IR spestrum: (o ' 1760;
po=C 16455 & - i ks JLS;QS-;.g-Jtz 298; PMR s;g:mlu
V. /7

—il ==y 75(8)§ =Gl (- iuiy 12846(q); ~Ci,~~lg
17.5(8) ; Cli,=Cil~ 387865 (™ ops. (Pouad: G, 74.61;

1,12~dodecanclide (1 g) wus pyrolysed at 825°/150 ma
ia 1 hr, Pyrolysate (0.9 g; I8ji) was separated into
aeatral compoaeat (0,78 g), il spectrum of which was observed
1o be very siuilar to the spectrum of 1,l2«dodeca;olide
and acdd fraction (U.23 gj; 833 based on warecovered lacstone),
by usual method, which on distillatioa ‘bulb) gave liedode-
ceaode acid, bepe 126-120°( bath)/0.8 wi, n:jo 1.4008, Positive
T4 test, single peak (3LC). IR speetrum: ) -=u 17085;



p AC 104p; & ~Cisuy, J10; 8 «Clsii, 205. (Found:
Gy 72.49; H, 11.,37; Cmiiaz)a ro@koas Cy 72,683 i, 11.18%),

Yethyl-ll-dodeceaoate (G =CH(CH ) 8I0CH, ) la~dodecenode
acid (91 ng) was esterified with diasomethane in ether,
processed aad distilled to afford methyl l2e-dodecencate,
DeDe 80-85°(bam)/-).6 @m; nﬁo 1.4833, positive Til test
(iLl tested)s IR spectrum: ., g=J 17805 o=0 LuAb;
S~iiwcgy, A& °$-u;1 = Cii, 308; PI o;g;.wlu oGl =G, = S,
74508)5 i, ~Ce00iy 12746(q)3 ~=1,~Cerall; 216.5(s);
S il 286-506(n) ops. (Foundsc,7G.dl; i1, Lledd; C).i 249
roguires: C, 73505 i1, LlelOK) e
-l gil,sCi o

1,11-Uadecaaolide (0«75 g) was pyrolysed at 5257/
150 mm ia 45 minutes and pyrolysate (0.68 83 Ng) was pro=-
cessed to give neutral fractioa (0.01 g) and acidd componeat
(0ed7 g3 MF based on uarecovered lactone). deutral
portion, IR apectrunm of which was similar to the oae
obtalaed for startiag lactoue, on distillation (iulb)
afforded lil-undecanolide D.ps L15-126°(bath)/2 mme In
apectrum:)C=0 1740, 1750, superimposable oa the 1i 3pootr|in
of sutheatic sample of lactone. (FPound: C, 71.78; 1, 10,96
Cuﬂ‘ooa roquires: C, 71.69; 4, 10.74). Acdd fraction
was distilled(buld) to odtain ll-undeceasic acid, b.p.
150-156(bath)/1 may o0 144463; positive ° N test, GLC tested.



122

LA spectrums C=0 L7L7j »oaC 16i95 O ~CH=Cy, 9124
§-cjec, 990 ea™ . (Found: Cy 7L.73; i, 11.05 Cy 4,00,
requires: C, 71.69; !, 10.94%).

Hstiwl-lo-undeceaoate (Ci =Gi (el Joe00CH )¢ ll-Uadecenole
acld (90 mg) esterified with dlasomethane in ether, was
distilled (buldb) to afford methyl ll-undecencaté, b.pe
90-8°(bath)/0s5 mmy 0y 1.4060; gave positive TuM test,
iL. siagle peats IR spectrum: ) =0 1760; y G=C 1645
§ -y au; 8 wCumi, 9365 PR sis.u].u ~Gil, =Gl ~Cid g~
80(8; 3 -b&_-u-wd 120(q); =vii, -u-dbﬂe, 218.5(8) 3
CliymCile 3864 5+008.,6(m) cps. (Found: ¢, 72.94; H, 1ll.24;
2 1&&2 requireg: C, 73.08; i, li.d85).
- CiH..= "

1,7-hoptaiolide (0.9 g) was pyrolysed at 526°/150 ma
in 45«50 min. Pyrolysate (0.87 g; 74¢) when processed gave
aeutral compoanent (0,85 g), IR spectrum of which was
similar to_that of 1,7-heptanlide, and acid fraction
(Ve 85 59 based on the uarecovered lactoae). In dise
tillation (buld) this afforded 7=heptencie acld, b.p.
110#116%(bath)/6 mm; gave THM test. I4 spectrum: y =0 1703;
00 16095 § ~CHaCL, 918; & =igeCH, 1000-1020 em™t,

Hethyl g-hepteiouke (S aCH(CH )20 il,) ¢ G-heptedole acld
(95 mg) was csterified with diassomethane 1a ether in eold,
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processed dader cold coaditions, distilled quicily

to obtain methyl Geheptemate b.p. 100-110(bath)/? mnj

poaltivo THM test. IR spectrums ) C=u 1745; p o=C 1642;
Hecd, mo; § - gmCit, I7L. ?m sigaslss «=Cil, =Gl ~Ci, -

20(8)s -b%—u—vwi W(q); —Cd . tuup 219 (8); -Cﬂau\,xlo

283«068 cps.

Pyrolysis of E€=c ctone

ceCaprolactone (1 3) was pyrioysed at 528°/180 na
in 1 hr. Pyrolysate (0.9 gj; 30%) oa work. ag up in cold
yielded a liguid neutral fraction (0.15 g), IR spectruns
yo=0 1724 cnd; gimilar to that of starting lactone in
every respect; and an acld component (0,60 gj 805 based
an the uarecsyvered lactone which i1d a0t give positive
TdM test). IR spectrums O 3244, COO4 2602, 1695 en™*
and any peak for viaylie unsaturation in the region of
210-920 was completely abseat, and it Jid mot give THM teat.

W’ Above aeld fraction (V.88 g)
was esterified with diagomethane ia other, in cold, pro-

cessed and fractioaated. Fraction I (0ei7 ) bepe 87=39°%/10 ma.
IR spectrum; 2 34003 CO lc:u3 1740; and rraction II (416 g)

bepe 110-116%/86 ma, IR spectrums OH $410; CIOCH, 1708 em™l,

Lzagtionation by VPCY Methyl esters (088 g) propare. from
the acld fraction obtained frow a secoad pyrolysis of
E=gaprolactone were fractioaated through Perdda-ilmer Vapor



‘ractomcter, model 154 (Colusa 'P', leagth 6'; temp. 160°%;
pressure (hydrogen gas) 15 1bsj attemation 4; material
injected 20ni/inject ion, total aumber of injections &8).
Two distinet fractions were eollected, first belng ia
mimte quaeatity and the second foraing the major f{raction.
Fractica I uistilled (bulb), bDepe 80-857(bath,/8 wm,

It spectrumy 04 3430j C ACiy 1740 e,

Fraction II distilled (bulbdj, bepe 110-115%/8 mm.

IR spectrum: Gii, 94205 COOCH 1746 em™ . (round: ¢, 86.402;
1y Je45; -3731“05 reguires: C, 67.51; H, 9.85£); PHi signals:
=Gl i~ il = @) P4elld(m)} ~CgeSm) (&) 138.5(t)5 (L)
180(8)§ Cliy=0 (i) 21046 (t); COUCHy (3H) 217 (8) cpe.
Jeveral pyrolyses were carried out with similar results.

dyarolysis of €-caprolactongs <¢eCaprolactone (0437 gJ
was refluxed with alcohiolic potassium hydroxide solut ioa
(L0%; 16 ml) for 8 hwe Aloohol was romoved, soups dise
golved in water (.5 ml), and curefully acidified in cold
with dilute hydroenloric acid, malatainiag a layer of
aitrogen in the flask. Liberated acids were taitea in
ether (& x 15 nl)(after saturating the aqueous layer with
amsoaium sulphate), washed with brine, dried, sclveat

was flashed off and the produet after drying under red.ced
pressure was immedfately esterified with ulasomethane 1in
other, Methyl esters, oa careful distillation afforded
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two {ractions.

Fraction I, Depe 80«35°(bath)/& mm, IR spectrums i 5400;

C00CH, 1740 en"}; guperimposatle on the spectrum obtained

for the first {raction from VPG,

Fraction Il, D.p. 110-118%°(bath)/6 mm. IR spectrums

0l 54205 COMCHL, 1745 ea™} superimposable oa the spectrum

obtained for the second fractioa from VPC., PHR sigauls:
7/

«Cil, ~Clj, »C1 =(6l) PB48e11448(n); Cf,~C20 (21) 185.8(t);

OlQl) 182(8); Cil,~0-(2H) 210.6(t)y COOCH, (&) 217(s) ops.
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A geaeral procedure {or the gynthesis of
a=olefinle fatty aclds iavolving pyrolytic gig-clinmina-
tion of lactones haviag eight or more mombers ia the
riag 4s Jdesoribed.

The method which gives high overall yiclds
has beea applied for the gyathesis of (Cm, 016’ cu.
613. clz’cll and Cop) weolefinle acida,

Ia consection with the adove work aevw procedures
{for the gsynthesis of the followlag wehydroxy fatty
aclds have beea worked out (U;g» Cyar C3gs Cpy and Cm).

A simplified procedure for the lactonization
of wehydroxy aclds to give large=-seabered lactsaes is
descoribed,

Gpectral data (IR, HMA) of manyemembered lactones
weolefinie aclds and thelr methyl esters have been
pregented and Jdiscussed.
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CHAPTER Il

SYSTEMATIC CHAIN—SHORTENING OF
W-O0LEFINIC FATTY ACIDS




SYGTEMATIC CHALN-3HOATEALNG OF
@W~ULEFAGIC FAITY ACLUS

The previous Chapter describes the development
of u geaeral method {or the preparatisn of weolefinde
fatty acids (rou the correspoadin; wehydraxy acids by the
2yrolysis of their lactones. s ladicate. carlier, this
wort was uadertaigen to explore the utilisation of l8~hydroxy
stearic aold, readily accessidble from {amlolenic weid (I).
fa the pregeat chapter we report .a the systeamutic chaia-
shorteaiang of l7-octadecencic gedd (i1) by oae, two or
throe carboas at a stretch. 7113 work has lead to a simple
preparat loa of AS-hydroxy peata.ecawdic acid, a necessary
“iatermcdiate for the preparation of exaltolide (xw"‘“,

a valuable perfumery chesioul?d %%,

HOCH, (CH, ) CHmd  Cli=Cl, Cli= il (CH,, ) 0004

1
Gﬂancﬂ (Clla) 1 5\100&3
Ii
(Clla)lg-—- == 0

caa———————o

i1



Jbv lously the chalaeshorteaing metiods describded in tids
Chapter can be wpplicu to aay other weolefiale fatiy acid,
aad by the application of these methods in combination with
the work Jeseribed 1a the previous chapter, it should be
possidble, ia prineiple, to convert l7-octadecenoic acid (iL)

to lower weolefinice fatiy acdds Lacluding the .:10 chalin-
length.

vhalae=ghortening of an weolefinle fatty acid by
aae carbon atom is evidently u straightforwvard procedure.
Of the various possibilities available the method of sodiume
borohydride reduction of an ua.u«;"ha? was selected as the
resulting product would be an w~hydroxy scid (ester), which
can be lactoaigsed aad pyrolysed to yleld the aext lower
weplefiale fatty acdd.

cﬂ‘e-oxi(cu &) nco;‘u
O,
[
(¥] \7
v/ \ * Folo B
Tcid slﬁi (s.a.‘)n.o,ﬂ
o—0
dai
v 4
docua(sa.‘)ncooa
v iwo steps

wllg=CalCL,) o ) GO0l



130

Ozonolysis of 17-octadecensic aedd (I1) was best
carried ocut in methanolic solution and the resulting
solutisn contalaing the oszoanide was straightaway treated
with m.ag and worikeu up to furalsh L7-hydroxy heptadecanole
acldd in an overall yleld of 255, Its IR spectrum is showa
in Fig.l.

The scheme successfully Jeveloped for chaine-shorteaing
by two carbons is shown in Fig.2.

Cid j=Cil (cil » ucoou {11)
l ‘ma‘a' ether

aanca(caa)u&.)ocaa {1v)
l B3, ccl,

caaacuaxwr(c&a)ncoma V)

L1,30,, aqedioxan

i d-c:icaou (Clla 3 ‘GWCda (Via)
¥
J(XJKJJAICH(%)L‘OOO:% (vib)

a0,y acetoas

HOO»T(CHJJI.‘GQUGH.J (vid)
Le KO, BtOd
a2, u*

BouC (Cﬂa)l“cm (Viiy)

Fig.2
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Hethylel7-octadecenoate (IV) was treated witnh 485 aad
the resultiag allylic bromide (V) without further puri-
ficution was hydrolysed ia aqueous diloxan ia preseace of

vy G
Liam)s

. The cruue product resulting {roa the avove
reactisn was chromatographed to furmish & mizture (‘ILC)‘

of aleohols (Fig.3), .ormlated as (Via and VIb). The
aleohol mixzture, without further separution, was amocthly
oxidlised with KMal, to yield the halfeester (VII). The
final product, which could be obtaiaed 11 aa overall yield
of 88 from 1l7-octadecenoie aedd (Il), was ideatified by

its hydrolysis to l,l6~hexalecaneliolc aecid (synonym thapsic
acdd) (VIII), and comparison (mixed m.pe; IR) with aa

sutheatle sacple of the acld and their eaters (Fig.4).

The sequeace adopted for this purpose is outliaed
in Plg.ﬁ.

uﬂzncn(cua)mcuocub (Iv)
l 4B3, cc1,
CH. d-c:wu:- (cua) Mc‘m"‘s (V)
J Agi0,, JHI0
;ﬂa-;;lumm(cmd)wcoocaa (Ix)
l. oa

L J
Thia~laycr chromatography.
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Y
uocaa(cud)wcmua (1)
Xou, rtod
\
uocaa(caa)mcom (x1)
2 steps
\'
;ud-\;u(;ug) 124004 (xIX)
Fig.5

ihis reaction sequence is an adaptation of modified
Barbler~vieland degradation rirst iatrouuced by u‘ottutd.n:"g’w.
The debromination step is normally carried out by heatiag
with quinoiine™t or a pyridine base™. yhen this debromi-
natioa sequence was used oa the allylie broaide (V) oaly
poor yields of the dlene (IX) resulted. 7Tids uifficulty wus
successfully overcgome by the ugse of ,'.g.ma and dimethyl -
sulphoxide, & reageat receantly xovclopod‘ ia our laboratory.
The resultiag dieae (IX) (g 242.6 Wiy € = 200) was
ozoalsed and the resulting osonide reduced with Halkly,
esseatlally as described earlier, to yicld methylelSehydrosy
pentadecanoate (L) whi'h was ideatifiel by its nydrolysis
to the 1W4wov peatadecanoic acld (x1) obtained 1a an

“dork by G. Mohita, 3.4. Patwardhen and K.Cedrivestava.
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overall yield of 704, and its comparison (aixed m.pejy )
with an authentic sample of the acid (Fig.6).
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¥or acqord renulrits see page 75 .

ik spectra vere recorded oa Perida-ilaer lafracord
model 137E, Spectrometer, equipped with dacl optiecs,
either as smear (liquids) or ia dujol or as Khr pellets
(solids). Maxima are reported ia cm *.
UV Jdata were obtaiaed oa Perklaeilmer, sodel 580,

and Beckman, JK-alaiotia leeordlag, Jpectrophotoneter.

Lok~ A GG L0k
e lactoae (1,l8~octadecasolide) required for its

pyrolysis to 1l7-octadeceaoic weld was more convenieatly

prejared by the applicatioa of sarothers'> depolymerisa-

tioa metiiod, 18~hydroxy stearic acid (50 g) was heated

ia a distillation flask (100 ml cap.) fitted with alr cone

deaser and drylag tube 1a an oil bath at 200210°(bath)

for 2 hrs; at 2320-280°(bath) for L hr and fiaally at .i0-240°

(bath)/1 =m for 1L hr. To the product, Mgol, (1 g) was

added and depolyserisation carried out at 280°%/0.01 mam, to

éive crude 1,l8~octadecanclide (87.2 g; 80%) which soli-

dified atpoom temperature. Light browaish coloured residue

was discarded . The erude lactone was takea ia ether (500 ml,

L

Attempts to recover léehydroay stearic acid from the
residue did not succecd as a coasiderable quaatity remsined
iasoluble even after boiling ia aqueous alzali or asleoholie
potassiun oxiie solution for a auubder of hours. degli-
gible amouat which got sapoaified was .ot worked up.
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eitractes with aqueous sodium carboaate sclutioa

(&3 & x 50 =m1), washed free from alikell, aad dried.

Miter resoviag the solveat completcly, the praduct

was dissolved ia a-hexaae (800 wul), chilled and filtered

to give white precipitate (0.82 g) mepe. 110-112° (di-
lactone,. ZFiltrate was next coaceatrated to ~ 180 nl;

a3 precipitate seyurated oa chilliag, iauiicating the
absence o Jdllactoas. ifter recoveriag the solveat,

eru.e moao-lactone was Iractionally iistilled to alford
lylE=octadecanslide (4.1 g; 7245), colourleas iiquid,

b.pe 147-1483/').8-0..) mae Mepe 36°. uﬁo 1.4659; Ii spectrum:
Y29 1740 cn’l. (Founds ¢, P8e4j ily 12420; {“l&.“:.‘;oz roguires:
Gy 78e82; H, 12,135).

Dot ad ¢ d (41

The lactoae (1,l8~0ctauccanslide) wus pyrolysed

a3 deseridbed ia Chapter II. 5 g were Passed through a bed
aaiataiied at 528° at reduced pressure (150 mm) auring

5 hrs. Hesultaat pyrolysate (4.5 g3 %) oa woraiag up'

=

Alikali extraction has to be carried sut carefully
without much shakiag ia the iaitiul stages, otherwise . thick
caulsloa results, aad large volume of solveat becomes
ascessary lor worikiag up the product. dtartiag with Jilute

alkali solutioa aad gradually iacreasiag the soaceatration
was found coaveanlent,
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ia tho usual fashion to Iuraish neutral fraction (l.2 g ;
I spoctmzv»:-u 1788 and very similur to that of starting
lactone) aad a solld acdd (3.l g; 79% based oa the unre-
covered 1actono), @epe 52-54°; mixed m.p. with autheatic
sample of 17=actadeccnoie acid, 82,5-54,8°. Ia spectrum:
00 17005 ~CHeCH, 1850, 916, 996 em™,

in a second eaperimeat, whea 10 g of the lactone
were passed through the reactor ii 10 hrs, the pyrolysate
(842 g; 82%) oa processing gave .cutral fractioa (U.81 g)’

and udgaturated acid (0.3 g3 N% based oa the uarcsovered
lactone) Bepe 8l,5=58.6,

“he combined crude acid (P g) oa erystallisatioa from
acetondtrile afforded shialag erystaliiue l7-octadecenscic
acld (6e2 g), Mepe 56+56,5°; mixed m.pe with aa autheatic
sumple of the acdd 85-55,8%, latease yeillow colour with
TiM, Mother liguors vere concentrated and crystallised to
obtain a second crop of the acdd (L.5 g) mep. 56°.

? iv

17=0ctadecenodic wecid II (8 g) was esterified by
reacting with digzomethane in ether, processed and frace
tionally distilled to give colourless methyl 1l7-octadecencute

"low yleld of aeutral fractioa might be due to carbonie

sution and Jdecompositioa oa the pyrolysis bed in the reactor
in view of long duration.
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8 g3 950, Depe 149-180%4 ma,

Yaouolysis: 17-0ctadeceanic acid (2 g) dissolved ia
absolute methyl aleohol (10 ml) wus treated with szonized
oxygen at 0° till ogone passed freely (tested with weidi~
fied agueous potassium lodide solution),

daldil, redugtion of the ozoalde: Methaaolic solution of

the osonide wus thes added uropwise to aa ice-eold solution
of sodiua hydroxide (Ue5 g) and sodlumborohydiride (U.s g)
in 50f aqueous ethyl aleconol (10 ml), zept stirred magae-
tically. A geatle evolution of hydrogen resulted. The
reaction mixture was slowly brought to room temperature
and stirring was oontimued overnight. solvent was removed
uader reduced presgsure at roos: temperature and the residue
after diluting with vater (15 ul) was thea alded dropwise
to an excess of ige=cold dilute hydrochloric acid (50 =l,
under lanert atmosphere with stirring. Precipitated

acid was filtered, vashed free from mineral acid with ice-cold
vater and iried uader reduced pressure to furaish crude
hyaroxy acld (1.82 g; 96%,, m.p. 81+88°%, Crystallisatioa
(twice) from beazene afforded pure white 1?«hydroxy -
heptadecancle acdd (1.7 g; 90f) mepe 87.5-88° (Lit. mep.
87.5~88°)3"3. Combliued mother liguors oa conceatratioa
and erystallisation furaished seeond crop of the hydroxy
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acld (06096 g3 55, Mepes 587-38% IR spectrums Wi 3326,
00 2604, 1698 cm™F. (Founds C, 7h.1j Hy L1845 Cp o, 400
requires: Cy 71.28; i, 1ll.365).

Methyl 1l7-octadeceadate (1 g) freshly erystallised dBJ
(0e86 g; lsled molar ratio) CCly (40 al), aad Denzylperoxide
{11 catalytic amount) were refluxed over waterbath till
suceiaimide floated on the surface (~ 350 mimutes) (guard
tube). Jolid suceinimide was filtered off wad the filtrate
vas washed with 5£ sodium carboaate solution (30 ml x &),
brine and iried. The solvent was thea [lashed oif, when
viscous 1iguid bromide (V) (L.28 g) was obtalaed. IR
spectrums «Gii=Cil, 917, 969; C-Br G99 cu™t.

The crude bromo compound (l.2 g) was stirred witn
dioxan (&8 ml), water (11 ml) and L1, 00, (200 mg, over a
vaterbath for & hrge The product was filtered and the
filtrate coacentrated (suctiog/warm waterbath) to ~ .5 al,
diluted w_lth water (20 ml) extracted with ether (25 x &)
and washed with brine and dried. The solveat was [lashed
off when a viscous liguid (1.1 g) vas obtaiied. Ii spectrum;
O 5590 em™. Prelimiasry test (TLC) showed the product
to be a mixture and hence was fractionated caromatographically
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over ad alusdaa column,

Alumias gragse 111 5 &0 g
Height of the bDed 3 12 cm x 1.6 em
Wte 0L the product: 1 3.

Ho. Hueat fractisas  wt, ‘inal Appearance
nl (g) Fr.

1 Pet, ether (40-60") 9 x 20 V.26 I Liguid

3 ither 14 x 40 0.7601 il Thick vis~
cous liquid.

& Ether + Hell (5f) 8 x 20 V0088 111  Jemlsolid,

After prelimlasry iavestigations (TLC; silicagel~igid. 157;
solveat system: Deazenes ethyl acetate, 9:1)‘M the fractioas
wore combined accordiangly to form three maila fractions.
Fractioa Is IR spectrum: bands for hydroxyl group were wbseat.
Frastion Il: Yellow colouratioa by TudM. Ia TLC (ecoaditions
Sane a3 described earlier) the compound gave two spots
particlly overlapplag. IR spectrum: U 5448; cooca,:, 1709;
U=l 970 cn'l. Formulated as mixture of Via + VIb (Fig.&).

The above mixture of hyuroxy esters (0.48 g) was
dissolved ia aistilled dry acetone (10 ml) and to it, {iaely
powdered LMady was added ia ssell lots, with stirriag till
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plak colour persisted ia the reaction mixture. .itirring
was co.tiaued for 4 hrs. .xcess perasngacate was de~
composed with addition of agueous solution of sodium
bisulphite (5 ml), followed by dropwise addition of
dilute sulpiouric aeld till the black precipitate dissolved
and the mixture was acidic to Congo red. The liberated
halfl ester was taken la ethyl acetate, washed free from
acid and dried. Flashiag off the solveat furadshed crude
half ester (De42 g) wilech was refluxed with aleohinlie
solutioa of potassium hydroxide (5 =l; 107) for & hrs.
Joap solutilon oa acldifieatio., working up aad uryiag in
vaouo gave a s0lld acld (Ued gj OLl¥ on the basis of hydroxy
esters and 868 oa the starting methylel7-octadecensate)
Bepe 118-121°. Crystallisatioa from acetoane afforded white
erystals of 1,lé~hexadecasediolc acid (VIIL, (0.09 g) mep.
128-124°, mixed m.ps with an sutheatic sample (mep. 124.5-125°;
124,
Lit./125, 126,°) %% 155 8.224,8°. It spectrums covE2710 ,
1708 m'l; superimposable oa the spectrum obtalaed for the
sutheatic sample (Pound: o, 68,785 i, 10.42; CrggoY4 Te-
quires: C, 687,03; i, 10.56%).

The dicarboxylic acld (62 mg, was esterified by re-
acting with 3&433 ia ether, worked up and distilled (bulb)
Depe 160-165%042 am mepe 81-8148°, mixed m.p. with autheatiec
ester (m.p. Ol.5; Lit, 81.68%) 81.,5°. 1Ia spectrums COOCH,,
1755 aa™t. (Fig.4).
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illylic bromiaat ion was carried out by reactiay

nethyle-l7-octalegenoate (0.5 g8)y fresnly crystallised

483 (0.38 @), Cly (20 ml) and beaszoyl peroxide (catalytic
amount) , according to the method described previously aaa

on working up the reaction mixture furaished bromo compound (V)
0.64 g).

Jehydrobroniaatioa of bromo ester (V)

1o a solutioa of silveraitrate (0.24 g) ia dimethyl -
sulphoxide (1 ml) (dissolvel by warmiag), the above browo
ester dlssolved ia 4430 (2 w@l) was a.ded dropwise at 16°, when
light yellow precipitute separated immediately. The reactaats
vere mlxed thoroughly by shakiag and zept La Jarz at 15° for
1 hr with occasionsl shaking. The precipitate was separated
by filtration and vashed with beasene (5 ml). F.ltrate vas
poured 1ato cold water (25 ml), followed by extractioa with
chlorofora (5 al x 8). The solveat extract washed with
water, brine and dried. Removal of the solveat ia oold at
reduced presgure furaisghed the liquid diene ester (IX)

(VeB gJ)e UV spectrum: My 282,85 mu € = 2300,

158-hydroxy peatadecanoie acia SJLIg

The above dlene ester (0,48 g), dissolved ia absolute



133

methanol (5 ml), was osoilsed ia the usual fashioa at 0%

The ozonide was reduced by adiing its methgaolic
solut ioa (dropwise) to & solution of sodium hydrozide (0.4 g),
dadil, (0e46 g) 1a 60 aqueous ethaaol (6 ml) at 0% Aster
stirring the reaction mixture overaight at poom temperature,
the producet was processed accordiag to the procedure des-
cribed prebiously, snd the resultant hydroxy ester on
hydrolysis in the usual way affordied solid scid (V.4 g)
BeDe 77-81°, Hepeated erystallisatioa from acetone~acetoe
aitrile iuraished white crystalline 15-hydroxypeatadecanolc
acdd (A1) (Ved g5 %) mepe 88-84"; mized me.pe with autheantic
sample (mepe 84.6-86°; Lit, 84.5-85%) 854-85°, Ik spectrums
(in £3p): OH 3400; COOH 2675, 1720 u'l. superimposable
on the spectrunm obtained for the authentic sample (71g.6).
(Fouads C, 69.3; H, 1l.9; °u“ao°a requiress C, 69,7;
dy 11e7%) e
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Coaversion of l7-octadecenoic acid iato, l7«hyuroxy-
heptadecanoda, l,lé-hexadecca.ediodc acld and 1lS5-hydroxy
pentaiecannic acld by methods enabliag the cleuwvage of
oae carboa, two carbons aad three carboas at a time, ros-
pectively has beon Jescribed. 7The methods are obviously
genersl ia character.
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