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Abstract - Etuunlne coldeneation on (9FlS lOaS>- 
3, 

10 lbtriaoe- 
tor 

Li 
heuacieaanoylchlorldeas woUae 

pen deca-l,, 15-dioyl chloride ueln 
(?W3,8M -7 &diaaetoxy 

1-~r,rpholim-i-ayyclohexene 
led to chain erbqated pmducte vi % 22 aM 27 cation atome 
reepectlvely. !L&e fozmerwae eanrerted Into (Z)+trlcoeeae 
and ita (B&isomer while the latter led to a eyntheelr of 
(g)-l3-heptaca'eune. 

~-~le~rltic acid, (9BS,lORS)-9,10,16-trlhydroxy hexadecanolc acid (I), le a 

commercial product of Ix+ obtainable by an alkaline hydmlyelia of lac reeln'. 
It has bea reaolved2 and severe1 of it.0 simple dexlvatived reported. One of 

the key derlvatlree ie the lboxo-compound. Thie aldehyde was earlier obtained 
from the lbiodo compound through a dimethyl sulphox,lde oxidatlon3b. Further 
effort,6 on the direct oxidailon of the w-hydmxyl function of aleuritic acid 

(as acetonide derivative) with chromium trloxlde - pyridine In dichloromethane 
under controlled conditions were successful, reenlting in good yields, and report- 

ed in this paper. Another derivative utilized in the present volk wae m-7,8- 
dihydmxypentadeca-1,15-dloic acid (2) obtained f&m aleuritiC acid through a 

photochemlcal decarboxylation' followed by oxidation to the dioic acid5. 

R- 
!.. ,oH 

(CH2)5 - C - C - 
H"\OH 

(CEI,), - COOH (l), R = CH20H, n = 7 

(2), R = COOH, n = 6 

For purpoee of chain elongation one of the attractive proceduree ie through an 

enamlne condensation. !l'hle reaction would result In the preeervation of configuxa- 
tic&l purity of the &-glyaol funr?tion, Introduce an 0x0 group at a well defined 

position and aleo maintain the w-functionalities. 

w-Aleuritic acid was converted into the triacetate by the acetic anhydride 
- pyridine method folloved by the fanuation of the acid chloride through the oxalyl 
chloride p~~edure. Subeequent enamlne reaction Vith 1 -morphOliao-l-cyclohexene 

and aoid hydrolyeie gave a ~-diketone glrl8g a ferric reaction (emolio function) 
and was MIP positive. Further alkaline hydrolysis under controlJ.ed condltlone 
yielded c~stal&lne ~15BS,16RS~-7-oxo-15,16,22-trlhpd~rydocoaanlc aald (3). 

E 9 OH 
EOOC - (CH2)5 - C - (CH217 - f- \- 

H"' OH 
(CH2)5 - CH,OH (3) 

3%1 
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Usins (2) and follow- a similar series of steps, (13RS,14BS)-13,14-dihydn~xy- 
7,21-dloxo-heptacosa-l,27-d1oi.c aald (k) vae obtained. while in the fozmer case 

f H. p 0 
HOOC - (CH > - C - (CH ) -'C - 25 25 E 

- 
H." OH 

(CH,>6 - ii - (CH2j5 - COOH (4) 

six carbons were added at one ad In a good yield (85$), in the latter, twelve 

carbone were added in one step, six carbons at Wh end (70% yield). Both these 
compoumds were used as lntennedlatee for pheremQne syntheses. 
led to the synthesl8 Of mWCalure6 (5). 

The keto acid (3) 

H H 

.H3C(CH2)12=C = '<(CH ) CH 
27 3 (5) 

Huang - Hlnlon reducttin of the 7-0~0 group of (3) gave (15BS,l6BSI-15,16,22- 

trlhydroxydocosanolc aold. This compound has 14-carbon chain at the carboxyl end 

while In muscalure it has to be 13-carbon chain. Hence the terminal catioxylvas 
removed by a photochaalcal decarboxylatlon with lead tetraacetate and Iodine on 

lto triacetate yielding (7BS,8BS)-l,7,8-trlacetory-2l-lodo-henelcoeane (&I>. Re- 

(6a) IH2C(CH2),2 - H3C(CH2),2-yH - YH -(cH~)~FHcH~cH~(~~) 
0 0 

H3c%3 
OH 

ductlon mlth zinc duet In aald medium follwed by alkallne,hydrolysle gave (7RS,ElRS) 

-1,7,8-trlhydloxy henelcoesne. At the hydmxyl end of the chain two additional 
carbons are required in order to have a correct chain length and poeltlon of the 
vicinal glycol function. This was achieved by converting the 7,8-acetonide of the 
above henelcosane into the aldehyde with chromium trloxlde - pyridlne reagent. A 
Grlgnani reaction ‘on the above aldehyde ualng ethyl magnesium bromide gave the 

required chain lagth (kb). Tosylatlon of the newly lntrodueed hydmxylat C-3 
followed by a reduation vlth Zn-NaI and removal of the acetonlde function gave 

m-9,10-dlhydroxytriooeane. Oleflnatlon by Eastwood pmcedure7 using ethyl 
orthofoxmate and benzolc acid under pyrolytic condltlone gave (E)+trlcoaeare. In 
order to get the (Z)-leomerthe conflguratlon of the 3im glycol wae Inverted to 
that of an m glycol by treatment with dry HBr and acetic acid at room term- 
perature followed by alkaline hydrolyels to a txane epoxlde and subsequent aceto- 

lysls and alkaline hydmlyele to give the a glycol, according to an earuer 

procedure'. Stereospeclflc oleflnatlon gave muecalun, (5). The Identity was 

confirmed by NMB, IR, and mass spectra. 

Unlike the case of C22 ketone (3) the Cn dlketone (k) gave a mixture of 
compound's during a Huang-Mlnlon reduatlon or lithium ali&.nlum hydride reduction. 

It waa hence reduced In stages. A bomhydride reduction of 7,21-dloxo groups of 

dlmethyl eater followed by to&?&Ion (vlclnal glycol as acetonlde), reduction with 

Zn-NaI, and removal of the acetonlde g:up gave dlmethyl-13,lb-dlhydxvxy heptacosa- 

1,27-dloate (2). A lithium aluminlum hydride reduction on the acetonlde of the 

"..& H\ _ /H 
(7) H3CGOC(CH2),2 - - (cH2)1,~~0c~3 

H'"'OH 
H3C(CH2)12'C - cW~~2),,~~3 (8) 

above diester follaved by tosylatlon and reduction with Zn-Nal gave m-13,14- 
dihydmxy.heptacosane. An attempt to Invert configuration at this stage gave mlx- 
tures lndicatlng the desirability of starting with the raqllired w COnfigU- 

ration ln the beglnnlng, rather than attempting the lnvemlon on the longer chain. 

StereospecIfIc oleflnation of the three glycol gave the (E&isomer of the face 

fly pheromone (8). 



Though the above tuo eyntheeee apparently involve a number of SteP8, moat of 

the stages are of protection and depzotectlon and the effective stages themeelves 
Involvo simple laboratory requlremsnte and opemtlone and the yields are very good 

where it IS not quantitative. 
An effort WEEI also NATO to react 16-0~0 derlvatlve (4) with 1-mor@olino-1- 

cyclohexene to get (lQ). The product though obtained In good yield need6 an ieo- 

rerization atep to get the eudocyclic olefin. In view of the low yield in the 

second etep, the reaction may not be of preparative value. 

oHc(cH2)5.c = C/H CH(C95 H 
(9) / (10) 

H' X(CH2)7COOMe % =c 
0 H' N(CH2)7COOMe 

All m.pe are corrected. IR epectra were recorded on a Peein-Elmer infrared 

? 
99-B or Shlmadsu 435 epect~photometer, and expressed in wave number (CID-~>. All 
H NMR spectra are expressed In b scale and recorded in CDCl with tetramethylsl- 
lane ae Internal standard on either R-32 (90 MHz) Pexirln Elm& or JNM FX (200 MHz) 
Jeol FL' epectrometer. 
Fornrati.on of (15~~,16~~)-7-oxo-l5,16,22-trihydl~xg doc0eami.c acid (I) 

pyridlne and ac&ic anhydride (l:l, 
(9Fts,lOBs)-9 1O,16-trihydroxy hexadecanoic acid (15 f) wae acetylated with 

0 ml). The couplet on of the reaction wae 
shown 

b? 
t.1.c. and n.m.r. epectrum ? 

9H, 2.0 . 
CK20Ac, 2H, 4.0; 2 >CHOAc, 2H, 4.95; 0COCH3, 

The above ttiacatate was converted into the CO~eepOading acid chloride by 
refluxing vlth oxalyl chloride (17 ml> and pyridlae (3 ml) in benzene (50 ml) and 
used in the next step. 

A solution of l-mDrphoUno-1-cyclohexene (20 ml> and anhydroue triethylamlne 
(15 ml) in dry chloroform (4O ml> wae taken in a flask equipped with a reflux con- 
deneer and a dm 
tubes. The react on flaek was immereed Inwater bath at 4.00 and a Pp 

lng funnel, protected with anhydmue Calcium chloride ualrd 
solut % n of 

m-9,10 16-triacetoxy hexadecanoylchlotide (22.7 g) In dry chloroform (30 ml) 
wae added k the welletirmd reaction mixture over a period of 1.5 h. which gm- 
dually aesumed an orange red color, and a solid precipitated out. It was stirred 
for additIona 3 h. at 350, 20% hydIochlorlc acid (10 ml) was added, and the mlx- 
ture wae bolled under reflux for 5 h. with vigorone etlrring. After cooling to 
room temperaturn, the chloroform layer wae separated and waehed with water. The 
waehlnge and aqueous phaee were comblned, adjusted to a pH of 5-6 with 25$ aq. 
sodium hydloxlde and extnracted with chlorofom chlomfim extract being combined 
with the orlglnal chloroform Layer, and the,eoivemt wae removed on a steam bath. 
(9RS,10HS~-9,10,16-trlacetoxy-l-oxo-l-~2-oxo-cyclohexyl~-headecene wae obtained 
a8 a gum (21.0 g). 

To a eolution of methanolic eodlm hydroxide (5.0 g in 4O ml of methanol) a 
warn eolutlon of the above reaction product (11 g) In methanol (20 ml) was added. 
The mixture was tha refluxed for 1 h. diluted with water and acidified when 
(15FiS 16FiS)-7-oxo-15,16,22-trlhydroxy doooaanoic 
poeitive). 

acid (3) precipitated out (DNP 
It was collected by filtnrtloa, washed with water, dtied, and recrya- 

tallised from et lacetate - 
(F&o;";& 65.5;%, 10.5. C22H4286 

I.I. htpe;ol.~~ (ti-800) (7.6 
, 65.7; H, 10.55.). 

85 Imp 1050. 
&W&i: 3180- 

, . 
Its meth 

P 
1 

ne containing a 
ester wae obtained by reaction with 81~888 ethereal dlazometha- 

lttle methanol. It wae c 
petroleum (60-800), m.p. 670. (Found: C, 6 .O; H, 10.8. C23H,,,+06 requlree C, 66.4; % 

etallleed flom ethyl acetate - light 

H, 10.6%). WKBr): 3x)0-3300, 1735, 1700. 'H HMR: 2.35(m, 4i, -C&CO2Me and 
-c~-c~-~,-), 3.35(br, 2H, 
ton triplet for -OH). 

-CELOH-CHOH), 3.65(e, COOCH3 overlapping with two pro- 

(15FB,16BS)-1S,16,22-Trihyd1~xydocoeanolc acid - 
Potaealum hydroxide (7.0 g) diaeolved In ethylene glycol (25 ml) wae treated 

with 7-0x0-15,16,22-trlhydl~xy docoeanola acid (3) (4 g> and hydrazine hydrate 
(6 ml, 80%). The temperatureof the mactlonmixturewae nrieed to 1400 and this 
temperature vae maimtalmed for 1 h. Rxceaa of h 
and the temperature of the bath wan raieed to 19 

mzine hydrate wa8 distilled off 

refluxed at this tempemturs for 6 h. afterwhich 
The reaction mixtare wae 

it wae cooled to 1100 and Ice 
cold dilute hydrochloric acid was added elovly when 15 16,22-trih 
acid eepamted out se a crystalline eolld. It Yam cOlie&ed by 17p 

roxydoaoeanolc 
Itration, waehed 

with water, dried, and recryrtalllaed fmm ethyl acetate - light petroleum (6G 
g) n.p. 114O, (Found: C 68.3; H, 11.6, C22E4405 requires C, 66.0; 
fR(KBr): 3430, 3340, 3&O, 1705. 
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Ita methyl ester was obtained by reaction with exce~o ethereal dircomethane 
containing a little methanol, m.p. 930. (Found: C, 69.0; H, 11.8. C2-,H*05 re- 

qulree C, 68.7; H, 11.4%). IRB(KE3r): 3220-3330, 1740. 'H NHB: 2.25(t, -C~,C0C-CH3), 

3.3(br, -CgOH-CHOH), 3.55(t, -CH20H partially overlapping with the eignal for 

-coocii3), 3.6(e, -cOOCU~L 

(7RS,8BS)-1,7,8-Tr~yd~oqr henelcoeane 

(15R8,16R8)-15 16,22-Tribydmxy docosanolc acid (2.75 g) vaa acetylated with 
ttmy;ure of pyrldine and acetic anhydride (l:l, 6 ml) to yield a gummy trlacetate 

. . ., 1.r. and n.m.r.1. 

The above triacetoxy derivative (4.16 g> vaa decarboxylated photoahemlcally4 
ueing lead tetraacetate (5.5 g> and a saturated wlutlon of Iodine in carbon tetra- 
chloride (16 ml>. 
vent gave 1 
1735, 600. % 

Removal of Iodine with thioeulphate followed by removal of wl- 
8-trlacetozy-21-lodo-henelcosane (ba6) (3.62 ) a8 a gum. INfilm): 

4.o(t, 
NMFl: 2.O(tvo closely placed eingleta, 9H, 

-CH20Ac 1, 4.95 (br, -CEOAc-CHOAc > . 
-~COCH3), 3.15ct, -CH21), 

The lodo acetate on deacetylation gave the correapoxU.mg tllhydroxy iodo 
compound m.p. 9 O. 
IB(KBr) 3200-33 % 

(Fourit+: C, 53.3’ H, 8.7. C ,H4 0 I require8 C, 53.6; H, 9.1%). 
, 600. H m: 3&J(t, -Cii2I3,3.&?br, -CaOH), 3.48(t C&OH) 

The above tziacetoxy lodo compound (3.6 g) vae dlsaolbed In dloxan'(5 ml) 
zinc duet (18.0 g> vae added. 

.ind 

chlorlc acid vae added 
To the above reaction mixture conotM.rated hydxw- 

into solution. 
dxwopwlee with atlrrlng till the whole amount of zinc vent 

After work up the reeultlng 
eodium hydroxide in nethanolic solution to f 

um was hydrolyeed vlth 6% aqueoue 
g ve (7FlS,8RS)-1 7 8-trihydroxyheneico- 

sane (1.5 g:) and recryetalliaed from methanol-water m.p. 836 fFound: C 73.0. H 

3.4(br,2&&H3CB0H), 3.62tt, -CH20H). 
12.4. C H 0 require0 C 73.3; H, 12.7%). IR(KBr): 3300. lH HI&: O.$(t, -h3j, 

~RS,8BS~-7,8-leoP~mlidemsdiors henelcoeanal 

(7R8,8B8~-1,7,8-Trlhydmxyhenelcosame (1.5 g) was converted to It8 correepond- 
lng lsopmpylldene derivative by stlrrlng with dxy acetone and catalytic amount of 
pemhloric acid. It vaa then oxldlsed ae follova: 

A conical flask fitted with a guati tube vae chalyed with pyrldine (3.3 ml) 
and dlchlommethane (50 ml). The eolution vae etlrred and aooled In an ice bath 
t~~o~temaltemperature of 50 and chznmlum trloxide (2.05 g1 waa added to It ln 

. The deep burgundy solution was stirred In the cold for addltlonal 5 min. 
and then allowed to vana to 200 over a period of 60 min. 
1-hydmxy-7,8-ieopm 

A eolutlon of (7aS,SB8)- 

was added to it rspld y when a tarry black depoeit separated out. s 
lldenedloxy-he8elcoee (1.3 g:) In dlchlommethame (10 ml) 

The reaction 
mixture was etlrred for 15 min. and then decanted fmm the tarry residue. The 
tarry reeldue va8 vaehed with ether. The combined organic eolutlon was washed 
with Ice cold aqueous aodium hydmxide (5%), aqueoue hydrochloric acid (5%), aque- 
OUEI sodium bicarbonate, eaturated brine and finally with water. 
organic extnrct. over anhydmue eodlum eulphate aad dIetI 

‘“4 

After drying the 

(7FL8,888)-7,8-lsopmpylldenedloxy hemedcoeanalvae obtained 
the eolvent ummy 
1.2 g). IFla(f!lm>: 

2910, 2850, 1740, 1380, 1370. 1~ NMt: 0.9(t, -CH3), 2.3(t, -CH2CHO), 3.5(br, 

-FUox 1, 9.62(t, -cao). 
-cao 

It was ueed without further storage. 

(9B8,10R8)-3,9,l0-Trlhydmxytrieose 

8maU pieces of clean magnesium ribbon were placed In a 100 ml three necked 
flask fitted with water condenser dropping funnel, and a nitrogen 
Above magnesium pieces and a few iodlme crystal8 In dry ether (20 m f 

aa supply. 
) were refluxed 

with stirring till the colour of Iodine dloappeared (10 min.>. Then ethyl bromide 
(5 ml) in dry ether (5 ml> va8 added In lots from a eeparatlng funnel. After 10 
min. a white precipitate separated out. 
coeanal (1 

(7RS,BRS)-7,8-Ieopn,pylidsnedio~ henel- 

neeium bmm i?.d 
) vae dissolved In ether (5 ml) and added dmpvlee to the ethyl mag- 
e with etlrrlng and cooling under an atmsphere of nitrogen. After 

complete addition, the temperature of the reaction mixture vae raised to 400 and 
It vae refluxed for 1 h. under an atmowhere of nitrogen. The reaction mixture vae 
diluted with water, acidified with cold dilute hydrochloric acid, extracted into 
ether and the organic layer va6 dried over anhydmus sodium 8UlPhat.e. 
removed and the gum (0.8 g:) vae 

Solvent vae 
chromate 

$ 
~~phed over elllca el. 

ethyl acetate in benzene gave 3-hydmxy- ,lO-lsopmpyllden 
Elutlon with 2% 

~olytrlcoeane(~)(O.54g). 

Removal of the acetonlde group gave 3,9,10-trl 
(Found: C, 73.8; H, 12.7. C23H4803 requires C, 74.2; P 

droxy txtcoeane m.p. 8 o 
, 12.9%). IR(K8r): 32 iO- 

3300. '8 NMR: O.g(t, 3H, -CIi,), 3.4[br, 3H, -$liOH and CH(OH)-CEUOH)]. 

~R8.10Fi8)-9.1O-dlh~dmx~tr.icoaang 

3-Hydmxy-9 lo-ieopmpylldenedloxytrlcosane (0.54 g) was toeylated using dry 
pyrldlne (1.8 mlj and p-toluene eulphonyl chloride (0.675 g) at O" ovemlght. 

The above toeylate vaa refluxed with aOdium Iodide (0.54 g> and Zinc dust 
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Ita methyl eater (dlaxomethene pr~oedure) crgstallieed from ethyl aoetate - 
light petrolsunr m.p. 80“. 

H, 9.8%). IB(KHr): 3 
(Found z C, 65.4; H, 9.3. ($,H5208 requires C, 65.8; 

-CHOH-CHOH-1, 3.6(e, 
0, 1735 1700. 
-COoc~3L 

'H NMR: 2.3(br, 12H, -Cii2T=O>, 3.3(br, 2H, 

1(1~RS,14HS)-13,14-dlhydroxy heptacoaa-1,27-dioats (7) 
The tiethyl ester of diketo dlcarboxyllc acid (1.5 g) was mdueed with 

eodium bomhydfide (I.5 > ln methanol to give dinethyl-7,13,14,21-tetrad droxy- 
heptacoaa-1 27-dloate (2 ( 1.4 g>. 4 It Crystdll2ed from ethyl acetate - 
petroleum Cbo-800) m.p. 950 (Found: C, 65.0; H, 10.4. C29H5608 requlree c, 5.4; 

%lfht 

!$;,$~'j&$~&; ?$$j,i;r' 1735* 
'H NMR: 2.3(t, 4H, -Cii2-COO-), 3.4(br, 4H, 

The acetinide derivative of above tetrahydmxy ester vau toeylated and 
reduaed vlth Zn-NaI a8 deacrlbed earl&r. The acid hydrolysle of the reduced 
product gave crgetalllne dlmethyl (13RS,l4RS)-13,14-dlhydroxy he tacoea-1 27- 
dloate, m.p. 570 (Found: C, 69.2; H, 11.0; CaH5606 requlree C, 99.6; H, 
IB(KBr): 3200-3300, 1740. 'H NMRz 3.3(br, 2H, -CBOH-CIPH), 3.6(s, 6H, 

41.2%). 

-cooc~3L 

(l3RS,l4RS)-l3,14-Dlhydroxyheptacoeane 

The isopropylldeme derlvatlre of above dleeter (560 mg) was reduced with 
lithium alumlnlum h dr.l.de (1.0 ) In drg ether. 

8 
~,s~~Q:~~,~~,~~~~t~~~~~~ep~~~~ ~5~~7~~~~14;,"~;.6. 

merged with the bmad peak of -CHOH-CHOH-1. 
The acetonlde of above tetrol was toe 

hydrolyeed with aald to give (13FtS 14RB)-13,1 2: 
lated, reduced vlth Zn-NaI, and 

tallleed from ethyl acetate - 
-dlhydrPxyheptacoe.ane which c 

H, '3.2. c27H56 2 
llghi petmleum (40-600) q .p. 720 (Pouny: C, 

0 requires C, 78.6; H, 13.6%). IR(KBr)r 3280-3320. 
Xi; 

H NMR:O.9 

(Ii, 6H, -CH2-CH3), 3.35(br, 2H, -CHOH-CHOH-1. 
~B)-l3-He~tacoeene Q_) 

(13RS,14aS)-13,14-Dlhyd~xy heptaaoeane wae converted Into (B)-olefln 
according to Eaetuood procedure ae described earlier. 
obtained aa a gum (8). (Found: C, 85.3; H, 13.8. C 

(El-13-Heptacoeene wan 
H H, 

14.2%). 
27 

r.R(neat): 3000-29o0, 2840, 1450, 1370, 960. 
g =w~~;,;;. 8:; 

. 

1.96 br, 
I 

4H, -cH~-cH<H-c~~), 5.36(br, 2~, -C&C&), LB-MS m/z 37804 : ), 
, -CH2CH3), 
111(baaae 

peak. 
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