
SYNTHESIS OF TRANS-IO-HYDROXYDEC-ZENOIC ACID’ 
AND RELATED COMPOUNDS 

G. 1. FRAY, R. H. JAEGKR, E. D. MORGAN, Sir ROB~:RT ROIHNSON 

and A. D. B. SI.OAN 
Research Laboratory, Shell Chemical Company Limited, Egham, Surrey 

(Rrceiced 12 April 1% I ) 

Attract-Syntheses of the two stereoisomcric IO-hydroxydcc-2cnoic acids arc described. The 
rranr-isomer ir identical with the main fatty acid isolated from royal jelly of honeybees. 

Some compounds closely rclatcd to this rruns-acid have also been prepared. 
A convenient process for the preparation of I@acetoxydccanoic acid from castor oil has been 

developed. 

THE lipid portion of royal jelly of honeybees has as chief constituent a C,,-fatty acid, 
which was first isolated by Townsend and Lucas’ and later characterized as IO- 
hydroxydcc-2-cnoic acid by Butenandt and Rembold.’ A recent observation3 that this 
acid can under special conditions complctcly suppress the devclopmcnt of transplant- 
able leukaemia and ascitic tumours in mice prompted us to synthesize it and analogous 
bifunctional compounds for comparative biological studies. 

At that stage the configuration of the olcfinic linkage in this unsaturated hydroxy- 
acid was still undetermined; it was apparently not possible to draw any definite 
conclusions from the infrz-red spectrum .’ WC therefore decided to synthesize both 
stereoisomcrides of IO-hydroxydec-2-cnoic acid. Brief accounts of these syntheses 
have been published clsewhere5*” and they have been patcntcd.7” 

As has already been recorded,6*i synthetic rranr-IO-hydroxydcc-2-enoic acid 
(1, R H), m.p. 64-65” proved to be identical with the acid from natural sources. for 
which m.p. 54-56” had been quoted.” WC are most grateful 10 Dr. H. Rembold of the 
Max-Planck lnstitut fir Biochemic. Miinchcn and 10 Dr. W. H. Brown of the 
Ontario Agricultural College, Guelph, Canada, for providing samples of the natural 
acid, which cnablcd us to identify the compound by the mixed melting point and a 
comparison of the infra-red spectra. Shortly after our patent application concerning 
the rrans-acid’ had been filed. nuclear magnetic resonance data were published9 which 
confirmed that the natural product was the rruns-isomer. 

WC prepared royal jelly acid (I, R H) by two methods frequently used for synthc- 
sizing r, P-unsaturated rruns-acids. In our case this involved (a) elimination ofhydrogen 
iodide from IO-acetoxy-2-iododecanoic acid (II) or its methyl ester (111) by means of 

l WC propose the term royal jelly acid for this compound. 
1 G. F. Townwend and <I. C. Lucas. Biochem. /. 34. I 155 (lY40). 
1 A. Butenandt and II. Rcmhold. %. Physrol. Chcm. 308,284 (1957). 
* G. I:. Townsend. J. F. Morgan and B. Hiylcl~. .Varurr. Land. ItU, 1270 (19SY). 
’ S. A. Barker. A. 8. Foster and D. C. Immh. .Varurr. Land. 183, 996 (1959). 
* G. 1. Fray. R. II. Jaeger and Sir Robert Robmron. Tctrohcciron f.ctrrrs No. 4. IS (lp60). 
6 G. I. Fray. E. D. Morgan and Sir Rohcrt Robinson. Tctrdrdron Lrrfrrr So. 13. 34 (1960). 
’ U. K. Patent Application h'o. 25692/5Y (27.7.1959). 
a U. K. Patent Appllcaclon No. 8576!60 (Ip60). 
@ S. A. Barker. A. H. Fosrcr and D. (:. lamb. Sufurr. Land. I&), 634 (1959). 
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Synthesis of rronr-IO-hydroxydec-Zcnolc acid and related compounds I9 

alkali, and (b) condensation of 8-acetoxyoctanal (IV) with malonic acid under the 
conditions of the Doebner reaction, followed by hydrolysis of the acetyl group. Since 

our earlier publication* we have considerably improved these two processes and we are 

confining ourselves in the prcscnt communication to a description of the reaction 
conditions which gave us the best results. 

HO (CH,),CH L Cl-bCO,R 
I 

CH,COO.(CH&CHO 

IV 

CH,COO.(CH,);CHX COR 

II (X I; R OH) 

Ill (X -: I; R -.: Orle) 

V (X - Br; R Cl) 

VI (X = Br; R - OH) 

VII (X -. Br; R 1 OMe or OBul) 

IO-Acetoxydecanoic acid can now be very conveniently prepared from castor oil by 
our modificationlo ofa patented process. I1 This acid was converted by means of thionyl 
chloride into the acid chloride. which was brominatcd without previous isolation, and 
the resulting product was hydrolysed with water to the crude bromo-acid (VI). After 
reaction of this with sodium iodide in methyl ethyl ketone’? and treatment of the 
resulting iodo-acid (II) with alcoholic potassium hydroxide rrans-IO-hydroxydcc-2- 
enoic acid (I, R :- H), m.p. 64-65” was isolated by one crystallization from ether-light 
petroleum (b.p. 40-60”). 

Alternately, the crude brominatcd acid chloride (V) was converted into the corre- 
sponding bromo-csters (VII) by reaction with the appropriate alcohol in pyridine; the 
presence of pyridine is essential to prevent transesterification and the resulting forma- 
tion of polyesters. Attempts to dehydrobrominate the ester (VII; R OBu’) with 
dicthylanilineys were unsuccessful, whereas conversion of the ester (VII; R 7 OMc) 
into the iodo-ester (III) with sodium iodide in acetone, followed by treatment with 
methanolic potassium hydroxide, was satisfactory. 

The preferred method for preparing 8-acetoxyoctanal (IV), which was rcquircd as 
an intermediate for the second route to royal jelly acid (I; R -= H), consisted in con- 
verting 8-bromo-octanoic acid“ into 8-acetoxyoctanoic acid; from this the aldehyde 
(IV) was obtained by Roscnmund reduction of the acid chloride. 

We also prepared the aldchyde (IV)- though in very poor yield- from 8-acetoxy-l- 
bromo-octanP via the tosylatc (VIII; Ts = tolucnc-p-sulphonyl) which was oxidized 
by means of dimcthyl sulphoxidc in the presence of sodium hydrogen carbonatc.16 

CH,COO.(CH,),.OTs 

VIII 

Doebner condensation of 8-acetoxyoctanal (IV) with malonic acid, followed by 
hydrolysis of the resulting rruns-IO-acetoxydec-2-cnoic acid yielded very pure royal 
jelly acid (1. R =- H). The methyl ester (I, R -: MC) was prepared from the parent 
acid with diazomethane. 

An attempt to apply the Wittig reaction to the synthesis of the acid (I. R H) 

lo U. K. Patent Application No. 30163160 (1960). 
I1 U. K. Patent No. 675434 (1952). 
” R. S. Sweet and F. I. Estcs. /. Org. Chem. 21, 1426 (1956). 
** G. D. Hunter and G. Popj&k, Eiockm. /. SO, 163 (1951). 
‘* P. Salmon-Legogncur and C. Nevcu. Bull. Sot. Chim. Fr. 1345 (1956). 
I’ F. L. M. Paltlson. W. C. Howell. A. J. McNamara. J. C. Schneider and J. F. Walker, 

739 (19J6). 
I* N. Kornblum. W. J. Jones and G. J. Anderson, 1. Amer. Chcm. Sot. 81.4113 (19S9). 

1. ocf. C&m. 21. 
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from acetoxyoctanal (IV), using mcthoxycarbonylmethylenctriphenylphosphorane,i7 
produced the desired substance only in low yield. 

The chosen route to cir-IO-hydroxydec-Zenoic acid (IX)(IA was by way of the 
acetylenic acid (X), since the partial hydrogenation of such acids in the presence of 
Lindlar’s catalyst *” is known to give the corresponding ris-cthylcnic compounds with 
a high degree of stcrcospecilicity. 

HO~(CH,),CH~C CHCOsH HO.(CH,),C CCO,H 

IX X 
Py.O.(CH,),.X 

XI 

Py.O,(CH,),.cCH XI-XIII (pl - I-Tctn- 

XII hydropynnyl) 

[Py.O.(CH,),C_ C], Mg 

XIII 

7-ChloroheptanoP was converted into the corresponding tetrahydropyranyl ether 
(XI, X = Cl) from which the crude iodo-compound (XI, X = 1) was obtained by 
halogen exchange in the known manner. Reaction of the iodide with sodium acetylide 

in dimcthylformamide according to a method recommended for the preparation of 
long-chain alk-I-yneP yielded tctrahydropyranyloxynon-I-ync (XII). Since it has 
been demonstrdtcd that magnesium acetylides can bc very readily carboxylatcd,2l the 
acetylcnic compound (XII) was converted by means of diethyl magnesium into the 
magnesium derivative (XIII), which was treated with solid carbon dioxide. The 
resulting crude acid was immediately hydrolysed to IO-hydroxydec-2-ynoic acid (X), 
m.p. 72. 73”; reduction with Lindlar’s catalyst In gave cis-IO-hydroxydcc-tcnoic acid 
(IX), m.p. 73.5-74.5’ in virtually quantitative yield. 

Our next objective was the synthesis of some compounds structurally related to 
royal jelly acid, in order to examine whether such analogues also possessed cancer- 
inhibiting properties. In this connection the C,,-homologue (XIV. R H) of royal 

jelly acid appeared IO be particularly intcrcsting since it also bears some relationship to 
traumatic acid (rra~ts-dodcc-2-en-l, l2-dioic acid).” which is known to affect the cell 

growth of plants. 

RO,(CH&CH:! CHCO,H 

XIV 

rrans-l2-Hydroxydodec-2-cnoic acid (XIV, R =. H) was obtained by the Docbner 
reaction from malonic acid and IO-acetoxydccanal: this aldehyde was prepared from 
I@acetoxydecanoic acid lo by Rosenmund reduction of the derived acid chloride. 
Hydrolysis of the acctoxy-acid (XIV, R -- CH,CO) then furnished the C,,-hydroxy- 
acid (XIV, R : H). 

The decision to synthesize the compound XV was influenced by the consideration 
that this substance may be regarded as an analogue of I (R -= Me) in which an oxygen 

” 0. Iskr. II. Gutmann. S4. Montavon. R. Rucgg. G. Ryscr and P. %elkr. Ilrfc. C&m. Acru Y), 1242 (1957). 
” II. Lmdlar. Hrlr. Chlm. Acfa 35. 446 (1952). 
‘* W. R. Cokman and W. <i. Bywater. 1. Amer. Chrm. Sot. 66, 1821 (1944). 
DI E. I:. Jenny and K. D. S4e1cr. Angrw. Chcm. 71, 245 (19S9). 
” J. if. WOIIZ. CT. A. Hollingsuorth and R. E. Dcssy. J Amer. Chrm. Sor. 78, 1221 (1956). 
*I J. English Jr.. J. Bonncr and A. J. Hnagcn-Smit, J. Amrr. Chrm. .Soc. 63. 941 (1941). 
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atom replaces the C,-methylcne group; furthermore, the starting materials required 

for this synthesis were readily available. 

HO.(CH3,.0.(CH3,.CH=CH.CO,Ma 
xv 

Condensation of 5-hydroxypentanaP with malonic acid by Doebner’s method 
gave a mixture consisting of tetrahydropyranylacetic acid” (XVI, R .: H) and the 

desired rranr-7-hydroxyhept-2-enoic acid (XVII, R H). which could not be separ- 

ated by distillation owing to the formation of polycstcrs. The crude mixture was 
therefore esterified and the two isomcric esters (XVI, R - Me) and (XVII, R -. MC) 

isolated by fractionation; the latter was characterized as the solid 3,5-dinitrophenyl- 
urethan. 

0 0 CH,.CO,R HO.(CH,),CH CHCO,R 
XVI XVII 

Alkaline hydrolysis of the hydroxy-ester (XVII, R Me) did not furnish the 

corresponding acid (XVII, R H), but caused complete rearrangement lo tetra- 
hydropyranylacetic acid% (XVI, R H). The hydroxyethylation of the ester (XVII, 
R = Me) was achieved by converting it first into the tosylate (XVIII, Ts - tolucne-p- 

sulphonyl), and treating this with the monosodio-derivative of ethylene glycol. 
TransesteriIication evidently took place during this process; the crude reaction 
product was thercforc hydrolysed and re-esterificd with methanol, yielding methyl 
rrans-7-(2’-hydroxyethoxy)-hcpt-2-cnoate (XV, R -. MC). which formed a crystalline 
3,5-dinitrophenylurethan. 

TsOjCHJ,CH ’ CHCO,Me 
XVIII 

The acidic product isolated after hydrolysis of the ester (XV, R - Me) failed to 

crystallize and could not be distilled, since this would have given rise to polyesters. 
We have, however, been informed= that methyl esters arc now used in preference to 
the parent acids in the biological tests for which the compounds described in this paper 
have been prepared. 

F.XPEKIMENTAI. 

Light pctrolcum without further definition means the fraction of b.p. 40-60’. Ethereal extracts 

wcrc dried over magncsrum sulphatc. Infra-red spcctrd of sohds wcrc determined for Nujol mulls. 

Ultra-violet absorption data rcfcr to cthanolic solutions. 

Preparalion of IO-ucc~ox,&cunoic acidfrom castor oil 

A mixture of sodium hydroxide (I I5 g), water (40 cc). trc-crcsol (45 @ nnd castor 011 (I 50 g) wa 
heated under rcflux at a bath tcmp of IX&IYS’, with vigorous stirring. The vlolcnt frothing occurrmg 

in the earlier stages of the reaction was kept under control by stirring at high speed. After 3 hr the 

volatile products were allowed to dutil. The residue was cautiously dissolved tn water (I.5 I.), 

acidlfKd to Congo red with 50:: sulphuric acid. and the mixture heated to boiling. The oily layer 

was scpnratcd while hot in a prc-hcatcd separating funnel. diluted with cthcr and the solution was 

dried. After removal of the ether. the restdue (ca. 175 g) was rcfluxcd with acetic anhydridc (350 cc) 

for S-6 hr. the rcactlon mixture poured onto ICC and left overnight. The product was collected in 

” G. F. Woods. Orr. QnrL. (‘011. Vol. 111. 470 (1955). 
y R. P. Zclinrki. N. G. Peterson and H. R. Wallncr. J. Amer. C&m. Sot. 74. 1504 (1952). 
m Professor G. F. Townsend. prlvatc commumcatlon. 
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ether, the ethereal cxIracI rhoroughly washed with waler. and dried. AfIer removal of the solvent, the 
rr%lduc was carefully fractionated. First a fraction of b.p. 136- 160’/0,2 mm was collected; rc- 
fracltonatron of this g~~vc a fraclion. b.p. 140-146 ;0.2 mm and final fractionation yielded pm 
IO-acctoxydccanoic acid (45 g). b.p. 140 I42’,!0.2 mm. A sample had m.p. 36 (as quoted in the II 
after CrysIalh~~Ilon from 11gh1 ptrolcum (h p. below 30 ). 

fly adoptmg Ihc following proccdurc it was found possible consldcrably to reduce the volume IO 
be fractionaled without serious loss of the rcquircd matcrlal. lkforc acctylation, the oily layer of 
acidic producrs. isolated from the hot. aqueous mixture and dried as before. WJ-C dissolved in hot 
light petroleum (b.p. 60 -80 ; 300 cc). and the solution allowed IO cool. The supcmatanr liquid waa 
dccantcd from the prccipiIaIcd material. which was then acctylatcd as described above to yield IO. 
acctnxydcc;lnoic acid (41 g) from I _W g of castor 011. 

(i) trans-lO-If~~frox~~frc-2-moic ucicf (I. R H) from I O-accro.~~Lcanoic acid 

(a) Preparurion via 10-acero.~~-2-brort~fe~u~oic arid (VI). IO-Acetoxydccanotc acid (23.6 g) was 
refluxcd with purified Ihionyl chloride (30 cc) on the steam bath for 14 hr. Bromine was then added 
slowly over a period of 2 hr to the rcfluxmg solurion and rcfluxing conlinucd for a further 3 hr. The 
cxccss of the rcagenIs was removed under rcduccd press and the residue poured into waIcr (600~~). 
The mixture was warmed with shaking for I5 min (inIcmal tcmp 40 30’) and finally kept at room 
Icmp ovcmight. lhc matcrlal was colkclcd in cIhcr. washed until the washings were ncurral to litmus. 
and the cxtracI rigorously dried. The CNdC bromo-acid (32 g) was rcfluxcd with sodium iodide (33 g) 
and methyl cIhyl ketone (330 cc) on the slcam bath for 2 hr. After cooling, sodium bromide (I I.5 g; 
IOIly,) was filtcrcd off. the sohd washed with dry acetone and the filrrate conccntratcd under red& 
press. The r&due was diluted with water. and acidified IO Congo red with dilute sulphurlc acid at 0’. 
The mixture was shaken wcth IO”; aqueous sodium hydrogen sulphite. and the produCt collected with 
cthcr. washed and dried. The crude iodo-acid (36 g) was dtlutcd with a little methanol and added m 
a thin strcam IO a hoI solutmn of potassium hydroxide (30 gl in methanol (120 cc) under nitrogen. 
After rcfluxing for 3 hr. the mixture was conccnlntcd in ~YJCUO. and sufficient water was added to 
dissolve the prccipltarcd salt. Some undisu,lvcd material was removed by means of ether. the aqueous 
portton acldilicd at 0 wrIh 25”, sulphurtc acid, and Ihc oily producf uhc~cd with ether. The 
cthcrcal extract. after lxing washed with saline and dried. was drxolourircd with activaled charcoal. 
filtered and concentrated IO a small volume; light pctrokum was added and, after several days in the 
rcfrlgcrator, trans-lO-h?[fro.~~~~ec-Z~noic acid (4.98 g) was ohtaincd as colourlcss prisms. m.p. 
MS-65 ‘; a further amount (0.6 g). m.p. 64’. crystalhrcd from the comntrated mother liquor 
(Found: C. 64.4; H, 9.6. C&,0, requires: C. 64.5: Il. 9.7”;). Ultra-violet absorption: max 
21 I m/r (r 12CKlO). The infra-red spectrum had bands at 2.92 (free 011). 5.89 (conjugated C - 0) and 
6 OS (conjugarcd C c) 11; the hand at IO I7 }I Cannot bc quoted as chardctcristlc for the fruns- 
clhykmc linkage since both IO-hydroxydculanoic acid’ and cir-IO-hydroxydec-2tnoic acid absorb 
m this region. The sod proved to bc idcnIical with IO-hydroxydcc-2-cnotc acid from natural sources 
(mlxcd m.p. and i&a-red spectra). 

(b) Prepurotion via me/by/ 10-ocero.y~-2-hromodcco,,wrc (VII, R OMc). IO-AccIoxydccanoic 
acid (49 g) was converted as bcforc into the crude bromo-acid chloride, which was poured slowly into 
an kc-cold mixture of dry methanol (SO cc) and dry pyridine (2s cc) and left for 4 hr. The product 
was IsolaIcd by adding cthcr and washing successively with dil sulphuric acid, water, and dil sodium 
hydroxide. The ethereal solution was drlcd. the solvent evaporated and I~C r&due fractionated to 
give methyl 10-ac-ero.r~-2-bron~e~u~~/e (56.6 gL b.p. l3Crl34’(‘0.2 mm (Found: C. 48.4; tl, 7.3. 
C,,H,,O,Br requires: C, 48.3; Il. 7.2”.). The bromo-cstcr (I9 g) was rcfluxcd with sodium iodide 
(I9 g) in acetone (IS0 cc) for I hr, the mlxturc was then concentrated. and ether and water added to 
the remainder; the ether layer was washed wirh sodium thlosulpharc solution, dried and evaporated. 
The crude iodo-estcr was r&lured with a solution of porassium hydroxide (40 9, in methanol (I40 cc) 
for 2i hr. diluted with water, acidified and extracted with cthcr. The extract wag washed wiIh saturated 
aqueous sodium chloride, dried and evaporated. CrystalhzatIon of the oily restdue from ether light 
petroleum in the refrigerator yielded from-l0-hydra-ydcc-Ztnoic acid (4.75 g), m.p. 62-64”. Chroma- 
tography of the mother liquor gave more material (0.5 g) of the same m.p. 

Isoburyf IO-aceroxy-2-brom&catwafe (VII. R 0%‘). This was prepared from IO-acctoxy- 
dccanoic acid (23 g) in the same manner as the corresponding methyl ester. using isobutanol (20 cc) 

u P. Chuir. Heir. Chim. Acta 9, 1074 (1926). 
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and pyridinr (12 cc); fractionation yielded the esfcr (29.5 g). b.p. l40-142’/0.1 mm (Found: C. 52.3; 
H. 8.3. C,,H,,O,Br requires: C. 52.6; H, 8.00/,). Rcfluxing this bromo-cstcr with dicthyknilmc” 
and hydrolysing the reaction product failed IO produce rranr-IO-hydroxydcc-Zenoic acid. 

8-Accroxyocranu/ (IV). 8-Bromo-octanoic acid” (33 g) was rcfluxcd with silver acctatc (27 g) and 
glacial acetic acid (270 cc) for 3 hr. The resulting R-acetoxyoctanoic acid” (28 9, was heated on the 
steam bath with purified thlonyl chloride (IS cc) and dry bcn?mc (50 cc) for 1 hr; cxccxs rcagcnt and 
solvent were. removed under reduced press and the r&due distilled. IO give the acid chloride as a 
colourlcss hquid (27 g), b.p. W.%‘;O,2 mm. The acid chloride (26 g), dry xylcnc (200 cc) and 5 “/. 
palladiud barium sulphatc (3.4 g) were heated in an 011 bath at 150-16W while a vigorous stream of 
hydrogen was passed through the stirred mixture. After 45 min the evolution of hydrogen chloride 
slowed down appreciably. and the reaction was stopped after a further I5 min. The mixture was 
chilled. some Cclitc added to it, and the solids removed by filtration. After concentration of the 
filtrate under rcduccd press on the steam bath, the rcsiduc was fractionated; 8~cero.xyocrunol was 
obtained as a colourlcss, fragrant liquid (16g). b.p. 80 X2 iO.3 mm (Found: C. 64.3; H. 9.7. 
C,.H,,O, requires: C. 64.5; il. 9.7”,). Its mfra-red spectrum had bands at 3 67 (aldchydic C- ,H) 
and 5.75 ~1 (C 0). 

The 2,4-~finirrophenylhy~~ra:~~ne was prcparcd in pyridine according to Braudc’s method,” and 
crystallized from bcn7rnc lrght petroleum (b.p. 60-80 ) as fine. yellow needles, m.p. 75’ (Found: C. 
52.7; H. 6 0; N. IS.5. <‘,.H,,O,N, requires: C. 52 5; H, 6.0; N. 15.3p:). 

A small quantity of the above aldchydc was also obtamcd when 8-acetoxy-l-tolucnc-psulphonyl- 
oxyoctanc (VI II ; 24 g)- -prcparcd from (I-acctoxy- 1 -hromo-octane” (27 g) by reaction with sliver 
tolucnc-psulphonatc (39 g) in acctomtrilc (250 cc)- was treated with dimcthyl sulphoxidc (450 cc) 
and sodium hydrogen carbonate (60 g) accordmg IO the procedure of Kornblum er ol.l* The aldchydc 
(2.4 g) was isolated by means of ilg blsulphitc addition compound. 

(II) trans- 1 O-llydroxydec-2-enoicc acid (I ; R H) /ram 8_ucerox_rocrono/ 

(a) B_v rhe Doebner reocfion. 8-Acetoxyoctanal (8.7 g) and malonic acid (5.2 &, each dissolved m 
pyridine (20 LX). wcrc mixed at 0’ and pipcridinc (I 5 drops) was added. The solution was kept at 50 
for 48 hr, with exclusion of moisture and light. The rcactlon mixture was then chlllcd in ice. acidified 
with ice-cold 50:: sulphuric acid (80 cc). and the product collected m ether. Ihe ethereal layer was 
shaken with dilute hydrochloric acid. dried and cvaporatcd. Fractionation of the residue gave 
trans-IO-ocefoxyder-2-•noic ocidas a colourlcss oll(7.8 g), b.p. 148 I51 iO.2 mm (Found: C. 62.Y; l(. 
8.Y. C,,H,,O, rcquircs: C, 63.1; if. 8 8?*); its infra-red spectrum had bands at 5.78 (C--O), 5.9 
(conjugated C 0) and 6.07 11 (conjugated C C). The aatoxy-acid (7.5 g) was rcfluxcd under 
nitrogen for 3 hr. with potassium hydroxide (5 g), water (10 cc) and ethanol (50 cc). Most of the 
alcohol w removed under rcduccd press, the rcsiduc diluted with a Irttlc water. and the alkalmc 
solution cxtractcd with ether to remove some impurity. The aqueous layer was acidified at 0” with 
2S0/, sulphurlc acid. saturated with ammonium sulphatc, and cxtractcd with cthcr. The extract was 
washed with a httle water. dried and evaporated. leaving a &due (5.6 g). which sohdrficd on tritura- 
tion with light petroleum and crystallircd from ether’ light petroleum as rosettes of colourlcss prisms 
(4 g). m.p. 63 ; a second crystallization from the same solvent mixture raised the m.p. IO M-65”. 
This material was identical with rrons-lO_hydroxyd~-2-cnc,rc acid prepared from I@acctoxydrwnoic 
asld. 

(b) By rhe Wi/rt’q rcacrion. Reaction of a solution of 8-acetoxyoctanal (2.3 g) in bcnzcnc (80 cc) 
with methoxycarbonylmcthyleoctriphcnylphosphordnc (4.1 g) under the conditions dcscrlbed by 
lslcr cl al.” yielded nwhyl trans-lO-ace~oxyrfec-2- enoafe (2.0 g), b.p. 133 135 /0,5 mm (Found: C, 
64.5; If, Y.3. CJl,,O, rcquircs: C. 64.4; iI.9.1 O/b). IIydrolysis of this rstcr (2.0 g) with mcthanolic 
potassium hydroxide gave an OII (I.4 g), which failed to crystallirc. After chromatographlc separation 
on Florcx. the Irons-acid (0.19 g). m.p. 64.5 65’. identical with prcviomly prepared sp&mcns. was 
obtained. 

Merhyf trans-l~hyclro.~yJcc-2-mwrc (I, R Me). A solution of the nod (1. R H; 5 g) in 
cthcr (50 cc) was trcatcd with an cthcrcal solution of dtazomethanc. After removal of the solvent the 
rcsiduc was distrllcd to give the esfcr (5 g) as a colourlcss liquid. b.p. I IS- I I8 ,015 mm, nr 1.4660 
(Found: C. 67.9; II, 10.5. C,,lI,,O, rquira: C, 68.4; H. 10.59,). 

” P. Chuit. If&. Chim. Acre 12. 465 (1929). 
” E. A. Braude./. Chrm. Sot. 3131 (1953). 



24 G. I. FRAY, R. H. JALGER. E. D. MORGAN, Sir RWIERT ROEINW% and A. D. B. SLOAF; 

Synrksis of cis-IO-hydroxydcc-2-enoic 4cid (Ix) 

7-Chloro-l-2’-fcrruh~~f~o~~ran~~~~y~e~fu~e (XI ; X Cl). Two drops of cone hydrochloric acid 
were added IO 7chlorohcptanoP (38 g) in 2.3dihydropyran (25 g) at 0’. Distillation from a few 
@lets of potassium hydroxide gave 7-chloro-l-2’-rerrah~rlropyronylo.~y~efr~~e (53 g). b.p. 92-95”/0.2 
mm. II: I.4605 (Found: Cl. 14.9. C,,iI,,O,CI rcqulrcs: Cl. IS.1 “b). 

9-2’-Terruhy~rop?‘r~~/~.~~n~n-I-~ne (XII). The above ether (13.5 g) was rcfluxcd with sodium 
iodide (I8 g) in acetone (I 50 cc) for 5 hr. The pnzzipitatcd sodium chloride was removed and the 
filtrate refluxcd with a further quantity of sodium iodide (2 g) for 7 hr. The reaction mixture was 
filtered. and the filtrate was dtlutcd with cthcr, washed with sodium thiosulphatc solution and water. 
and drlcd. After evaporation of the solvent. the crude iodide (XI; X I; I8 g) was dissolved in 
dimcthylformamtdc (I 50 n) and slowly added IO sodium acctylidc (from 5.3 g of sodium) in liquid 
ammoma (500 cc). lhe ammonia was allowed to cvaporztc. and the remaining solution was stirred 
at 70’ under nitrogen for 4 hr. cooled m ice and extracted with ether. The extract was washed succcs- 
sivcly with dll hydrochloric acid. aqueous sodium hydroxide and water. and was then dried and frrti 
from the solvent; fractionation afforded u-2’-rcfruh~~frufyrony/o.~ynon-I-yne (8.25 g), b.p. 9&91”/0.3 
mm, nt: I.4618 (Found: C. 75.1; H. 10.7. C,,II,,O, rcquirn: C. 75.0; H, 10.8%). The infra-red 
spectrum uhibitcd bands at 3.05 (C+=CH) and 4.75 18 (Cd). 

I0-lfydro.r)&c-2-~noic acid(X). F.thylmagnc%ium bromide. prcparcd from ethyl bromide (5.25 9, 
and magnesium (0.8 g) in cthcr (60 cc) was rcfluxcd for 5 hr with dioxan (2.9 g. purified by treatment 
with cthylmagnnium bromtdc in cthcr. followed by distillation). Tctrahydropyranyloxynon-I-ync 
(6.7 g) in cthcr (20 cc) was added. and the mixture rcfluxcd. with stirring, for I hr. The produrz was 
poured onto solid carbon dioxldc. left for I hr. and then shaken with saturated ammonium chloride 
solution to which a few drops of dll hydrtwhlorlc acid had been added. The cthcrcal solution was 
extracted with aqueous sodium carbonate. and the extracts acidified. Collection of the product with 
ether yicldcd crude IO-2’-tctrahydropyranyloxydcc-2-ynoic acid (4.6 g). which was rcfluxcd with 
methanol (30 cc) and water (30 cc) containing a little tolucnc-p-sulphonic acid. Removal of the 
solvent and crystallization from cthcr -light pctrolcum (b.p. 60 80’) rum&cd IO-hydroxydec-2-ynoic 
acid (2.1 g), m.p. 72 .73’ (Found: C, 65.4; ii, 8 7. C&,0, rcquircs: C, 65.2; H, 8 X9:). The 
mfra-red spectrum had bands at 3% (free OH). 445 (Cl-C) and 6.02 11 (C- 0). 

cis-lO-fly~r~.~.~~fec-2-cnoic acid (IX). The above acctylcnic acid (I.52 g) was hydrogenated in 
ethyl acetate (50 W) in the prcscncc of Iindlar’s catalyst’* (0 4 g) and quinolinc (I drop) until one 
cqulvalent of hydrogen had been absorbed. After removal of the catalyst by filtration and evaporation 
of the snlvcnt. the residue crystallizd from ether-light pctrolcum (b.p. 60-80 ). yielding &-IO- 
hydroxydec-2-enoic o&f (I.35 g) as colourlcss prisms. m.p. 73.5-74.5 (Found: C. 64.4; H. 9.6. 
C,,H,,O, rcquircs: C. 64.5; 11. 9.7”;). The ultra-violet absorption showed a maximum at 210 m/r 
(c 12.450). The mfra-red spectrum had bands at 2 90 (free Oil). 592 (conjugated C 0). 6.15 
(conjugated C .C) and I2 3 14 (cir CII CH). 

Synthesis of compounds relafed 10 royal jelly acid 

IO-Aceroxydecunal. IO-Acctoxydccanoic acid (IO. I g) was converted into the acid chloride (IO.7 g). 
b.p. lO8’;0~15 mm, which was rcduccd with hydrogen in the presence of 57; palladirnl barium 
sulphate, as dcscribcd for the preparation of8-acctoxyoctanal; fractionation yielded IO-uceroxydccoMI 
(6.7 g), b p. I IO /O 4 mm (Found: C, 668; H. 10.2. C,,H,,O, requires: C, 67.3; H. 10,3”,:). The 
mfra-red spcxtrum had bands at 3.70 (aldchydlc C-H) and 5.75 14 (C -0). 

trans-l2-Accroxydodcc-2-enoic acid (XIV. R - CH,CO). A solution of malonic acid (3.5 g) in 
dry pyridinc (20 cc) was added at 0’ to I@acctoxydccanal (6.3 g). followed by piperidinc (0.6 cc). 
The mixture was kept at room tcmp overnight and then warmed under nitrogen at 5&55’ for I hr 
and at 90’ for 3 hr. The reaction mixture was worked up as described for the preparation of rranr-IO- 
hydroxydcc-2tnolc acid by the Docbncr reaction. trans- 12-Ace1oxy&dec-2-enoic acid separated 

from light pctrolcum (b.p. &MO’) JS yellowish prisms (4.2 g). m.p. 42.5 43” (Found: C. 65.4; H. 9.0. 
C,,H,,O, rcquircs: C, 65.6; 11, 9.47,). Its infra-red spectrum had bands at 5.76 (C--O), 5.90 
(conjugated C - 0) and 6 06 p (cqugatcd C, -0. 

trans-l2-fiydroxyd&c-2-e&c acid (XIV. R H). The above acctoxyacid (3.2 g) was rcfluxcd 
with a solution of potassium hydroxide (2 g) in water (5 cc) and clhanol(20 cc) for 3 hr under nitrogen. 
The solution was conccntratcd in wcuo, water was added and the acid precipitated at 0” with 25% 
sulphuric acid. The solid will washed with water. dissolved in ether and the cthcrcal solution shaken 



Synthesis of rranr-IO-hydroxydcc-Zenotc acid and rclatcd compounds 25 

with cone brine. and dried. rn~-l2-lfy~r~xyd~ec-Z~~ic acid (2.5 S, crystalhrcd from cthcr. m.p. 
6969.5”; a second crystallization from ether light petroleum raised the m.p. to 70-71’ (Found: C, 
67.7; H, 10.3. C,*H,,O, requires: C. 67.4; H. 10.3?/.). The infra-red spectrum showed bands at 
2.96 (free OH). 5.92 (conjugated C 0) and 6.07 p (conjugated C- .C). 

Methyl rrans-7-hyciroxyheppr-2~~fe (XVII. R MC). 5-HydroxypcntanaP (50 g) was added to 
a cold solution of malonic acid (lo4 g) in pyridinc (I60 cc) containmg pipcridtnc (5 cc); the mixture 
was kept at room tcmp for 5 days, and then finally heated on the steam bath for 5 hr. The solvent 
was rcmovcd under rcduccd pms. the oily residue (81 g) mixed with methanol (21) and cone sul- 
phuric acid (25 cc), and the mixture left at rcx>m temp. for 9 day. The rc?ultmg solution wan con- 
centrated under reduced press. and added to a mixture of ether and ice. The cthcrcal solution was 
washed with aqueous sodtum hydrogen carbonate and water. drtcd and evaporated; fractionation 
gave methyl tctrahydropyran-t-ylacctatc (XVI. R MC; 14.6 g), b.p. 106-l IO !‘26 mm, followed by 
mcrhyl lrans-7-hydrox~hepr-2-en~re (32 g). b.p. I IO I I3 ‘;0.4 mm. ng 14675 (Found: C. 60.7; H, 
9.0. C,lI,,O, rcquircs: C. 60.7; H. 8.9yj0). The infrared spectrum had bands at 2.95 (free OH), 
5.82 (conjugated C= 0) and 6.05 11 (conjugated C C). The 3.5-dinirrophenylurer~n crystallized 
from methanol. m.p. 124 125.5’(Found: C, 48.5; H. 4.9; N. 11.7. C,,H,,S,O. rcquircs: C. 49.0; 
H, 4.7; h(. 11.4:;). 

Alkalmc hydrolyses of methyl rrun.r-7-hydroxyhcpt-Ztnoatc (2.1 g) afforded tctrahydropyran-2- 
ylacctic acid (I .R g), m.p. 56 58 ,a’ after crvstallization from ether hght pctrolcum, as the sole product 
of the reactton. 

Mcrhyl trans-7_(2’-hydroxyerhoxF)Jupt-2-enoare (XV). Pyridinc (I6 cc) was added to a stirred 
mixture of methyl rruns-7-hydroxyhcpt-2-cnoatc (7.9 g) and tolucnc-p-sulphonyl chloride (IO.5 g) 
coolcd m ice salt. at such a rate that the temperature did not cxcccd 0”. After the addition (I hr). 
stirring was continued for 3 hr. whtlc the tcmp was allowed to rise gradually to IS’. A mixture of 
cone hydrochlorrc acid (50 cc) and crushed ice (100 g) was added. and the product was extracted with 
ether. The extract was washed wtth aqueous sodtum hydrogen carbonate. dried and evaporated. The 
resulting crude tolucnc-p-sulphonatc (I 3.9 g) was added IO a solution of sodium (I % g) in cthylcm 
glycol (I8 cc). and the mixture s~urcd under nitrogen at -5’ (bath) for 4 hr. then at 8&90’ (bath) 
for 45 min. and was finally left ovcmight at room temp. Water (25 cc) was added and the solution 
extracted continuously with ether for I2 hr. Evaporation of the cthcr gave an oil (6.2 g), which was 
hcatcd on the steam bath for 4 hr with a solution of sodium hydroxide (2.5 g) in water (4 cc). After 
acidifmtton and collection with cthcr. the product (3.2 g) was rcfhrxcd with methanol (80 cc) and 
cone sulphuric acid (07 cc) for I2 hr. Working up in the usual way yielded, after fractional dictilla- 
tion. merh,v/ trans-7-(2’-hydroxye/hoxy)-hepr-2-enoute (I.2 g). b.p. 104. I06 !OGt mm, nz I.4623 
(Found: C, 59.6; H. 9.0. C,,H,.O, rcquircs: C, 59.4; t1. 9,00/A). The infra-red spectrum had bands 
al 2.92 (free OH). 5.80 (con)ugatcd C -.O). 604 (conjugated C c) and 8.91 11 (ether C-O). The 
3.5-dinirrophenylurcrhun crystallized from methanol. m.p. 110-111~5~ (Found: C, 49.8; H, 5.1; 
N. 10.5. C,,il,,N,O, rquira: C, 49.6; 11, 5.1; N. 10.2%). 


