
SOME CARBOXYLIC ACIDS PRESENT I N  ROYAL JELLY' 

ABSTRACT 

Only one carboxylic acid, 10-hydroxy-2-decenoic acid, has previously been isolated from 
ropal jelly. Small amounts of two additional acids, sebacic artd 2-decendioic acid, have now 
been found in thc cther-soluble portion of this special bee foodstuff. Evidencc is presented 
in favor of the trans-conliguraiio for naturally occurring 10-hydroxy-2-deccnoic acid. 
Chromic acid oxidatior~ of the hydrosy acid yields 2-decendioic acid. 

The chemical natiire of the components of royal jelly has received considerable attention 
over the past 20 years. To\\7nsend aiid Lucas (1) reported tlie isolation of a carboxylic 
acid, CloHIBOa, from the mixture of acids obtained from royal jelly by extraction \\lit11 
ether. Abbott and French (2) and Abbott (3) confirmed this finding and attempted by  
oxidative means to establish a structure for the acid. IIowever, their efforts were un- 
successful. More recently Butenandt and Iiellibold (4) have characterized the coi~~pound 
as 10-hydroxy-2-decenoic acid (I). 

This year Barlier, Foster, and Lanib (5) have independently confirlned the structure 
proposed by Buteiiandt and Reinbold for I and have speculated on the olefinic con- 
figuration. 

In view of the increasing interest in royal jelly from a therapeutic standpoint a i d  
the findings recently reported by To\vnsend, Morgan, and Hazlett (6) on the activity 
of I against experimental 1eul;aemia and ascitic tumors we are reporting the results of 
our ii~vestigation into the chemical nature of additio~lal carboxylic acids which we have 
discovered in royal jelly. 

Besides 10-hydroxy-2-decenoic acid (I) \\re have isolated, by chromatograpliic means, 
sebacic acid (11) aiid 2-deceiidioic acid (111) from the mixture of acids obtained from 
lyophilized royal jelly by ether extraction. 

I-IO-CH,(CI-I?)6-CH=CFI-COOII I 
HOOC-(CH?)G-CFI2-CII~-COOFI I I 
HOOC-(CH?)6-CH=CH-COOI-I 111 

Barlier et al. (5) have reported that I comprises approximately liOyo of the mixture 
of ether-soluble acids and approximately 15% of royal jelly. \Ve find that  I is present 
to a greater extent in the mixture of ether-soluble acids, 90%, whereas it is present 
only in the amount of 3% in \~liole ropal jelly (7% of lyophilized royal jelly). A variety 
of ineltiilg points have been reported for this compound: 46-58' (1); 61-62" (3); 54-56" 
(4); 52' (5). When I is separated chrornatograpliically froin tlie other ether-soluble 
acids with \vhich it is associated in royal jelly and subsequently crystallized fro111 nater, 
the pure material has ii1.p. 62.0-62.5'. 

Only Barlier rf al. (5) have considered the olefinic configurations of I but were unable 
to malie a firiii assignment. We have found that I ,  when irradiated in acetone solution, 
is converted slowly to another isomer (IV). This latter compound, m.p. 43-46", slowly 
reverts to I when allowed to stand a t  room teiiiperature even in the solid state. In the 
case of IV, absorptioii is strong in the region 300-340 111p while I is relatively transparent 
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BROWN AXD FIIEURH: ROYAL JELLY 2043 

over the same range. Both I and IV show strong end absorption (220-290 mP) in the 
~~ltraviolet .  Infrarecl absorption spectra of I and IV were run on mineral oil mulls and 
are summarized in Table I. 

TABLE I 
I~lfrared spectra of 10-l~ydrosy-2-decenoic acicl 
~ppp 

Peaks, cm-' 

Katurally occurring ( I )  Irracliated \ ~ i t h  sr~nlight ( IV)  

The medium peal; observed a t  830 cm-' in the spectrum of IV is not present in that 
of I. Allan, Mealcins, and Whiting (7) have deter~nined the infrared absorption spectra 
of a number of a$-unsaturated carbosylic acids and have established that a peal; in 
the I-egio11 830 cm-' indicates an olefi~iic C-~H out-of-plane bending for cis-a,p-unsaturated 
acids. The presence of a peak a t  976 cm-' in tlle spectra of both I and IV indicates 
that IV is contaminated with I (incomplete conversion). A peal; in this latter region 
has been \veil established as being chal-acteristic of trans-substituted ethylenic struc- 
tures (8). Based on these observations we pos t~~ la t e  that naturally occurring 10-hydroxy- 
2-decenoic acicl exists in the trans-form. 

The presence of sebacic acid (11) in royal jelly is interesting since its occurrence in 
other natural foodstuffs is li~nited to the f a t  portion of mill; from buffalo and cow (9). I t  
has been I-eported by Stahlin and Blievernicht (10) that the free sebacic acicl content 
of rape and turnip seed rises as it becomes moldy. 

The third acicl, 2-decendioic acid (111), found in royal jelly, has previously been 
reported oi11y twice. I t  was synthesized by English ( l l ) ,  \\rho was investigatir~g homo- 
l o g ~ ~ e s  of traumatic acid (I-IOOC-(CH2)8-CI-I=CEI-COOEI). The latter compound 
is a factor involved in plant growth phenomena. 

Cram and Tislilcr (12) isolated 111 from the acetone-soluble fraction of clinical peni- 
cillin. Chromic acid oxidation of 10-hydroxy-2-decenoic acid (I) readily yields 111. This 
reaction was originally reported by Abbott (3), but no structures were known a t  that 
time. 

I t  is significant that thc three acids in royal jelly are all closely related, 10-carbon 
compounds. The  concentration of each acid is given in Table 11. 

'I'.\BLE 1 1  
-- --- 

Cone. ( ~ . p . m . )  
r\cid (basis lyophilized royal jell\ ) 

The cl~emotliei-apeutic value of I1 and 111 is being investigated by our co-11-orliers, 
To\vnsend, AlIorgan, and I-Iazlett (6) and will be reported elsewhere. 
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(All melting points have been corrected against reliable standards.) 

Isolation of Carboxylic Acids ( A )  from Royal Jelly 
Lyophilized royal jelly was placed in a Pyrex 3885 Soxhlet extractor in 2-inch layers 

alternated with glass wool ancl was extracted with ether for 26 hours. The resulting 
straw-colored estract, approximately 2 1. in volume, was concentrated to 200 ml and 
processed as show11 in the follo~ving flowsheet. 

Ethcr extract of royal jelly 
shalre with 1 N NaOH 

Ether phase Aqueous phase 
I I 

neutral compo~inds (trace) compounds 

i 
Phenols (trace) 

Ether phase 

4- 
O r g a ~ ~ i c  acids 

I 

acidify with dilute H&O, 
allialize with NaHCOl and 
extract with ether 

Aqueous phase 

I 

1 dry over hIgSO., 
1 and remove ether 

C 
Dark orange oil 

I stancl a t  room tenlperaturc + 
Carboxylic acids as 

sticlcy solid ( A )  

Ether phase 

+ 
Ether-soluble, water- 

soluble compounds 
(trace) 

acidify with dilute H&04  
and extract \vith ether 

Aqueous phase 

The final ether extract was dried over anhydrous magnesium sulphate, filtered, and 
the ether removed in a current of air. The residue, (A), a dark orange oil, crystallized 
after standing overnight a t  25O. 

H number of samples of lyophilized royal jelly extracted with ether and the ether 
extract processed as already described showed an average of 770 ether-soluble organic 
acids. This represents 3% of whole royal jelly which averages 65% moisture and 35% 
solids. 

r r  

Isolation and Identijication of Sebacic .lcid (11) a s  the P-Bromoplzenacyl Ester 
The crystallille n l i x t~~re  of acids, (A), (7.7 g),  was talien up in hot hexane-ether and 

refrigerated to 5O. While the solution was cooling, seeds of 10-hydroxy-2-decenoic acid 
were introduced. The resulti~lg white crystalline solid, 3.8 g, was removed by filtration, 
111.p. 43-4G0. A further crystallization of the solid gave 2.8 g (36y0 by wt.) of impure 
10-hydroxy-2-decenoic acid, 111.p. 55-59'. The nlother liquor from the first crystallization 
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BROWN AND FREERE:  ROYAL JELLY 2045 

was concentrated and cooled, yielding 1.7 g ol white crystalline solid, 1n.p. 39-63'. A 
second crystallization of the latter solitl using thc same iliixed solve~lt gave 1.2 g ol white 
crystals, m.p. 45-72'. Crystallization fro111 benzene-hexaiie raised the m.p. to 51-78'. 

When 0.37 g of the material, ii1.p. 51-78", was treated with p-bromophenacyl bromide 
by the usual procedure, a white solicl was formed in the hot reaction mixture ancl was 
removed by filtration belore cooling. I t  weighed 0.0j0 g, m.p. 146-150'. Crystallization 
froill absolute ethanol and acetone raised the 111.p. to 150-151'. 

A mixture melting poilit of the latter compouncl with authentic P-bromophenacyl 
ester of sebacic acicl was not depressecl. 

Isolation and Identgication of Sebacic i lcid (I I) a~zd  2-Decrndioic .lcid (111) from . I  by 
Chromatography 

Isolation of 111 was achieved by chron~atogr~lphic separatioil of A on 'LVhatma~l seed 
test paper (1/16 inch) using a 7:3 ratio by volume of propaiiol and concentrated aqueous 
ammonia as the developing solvent. Isherwoocl ancl I-Ianes (13) have described tlie use 
of this solvent system. 

A concentration of 700 mg of A per 9x225-inch sheet gave adequate separation of 
I1 niid I11 froin I. Acid I co~nprises approxinlately 90% of A. The various regions con- 
tailiiilg the acids were located on the paper by cutting out a quarter-inch strip from 
the center of the sheet and spraying it with a O.lC% solution of thymol blue adjusted 
to pH 10. No significant separation of I1 from I11 was achieved a t  this concentration. 

The region coiltainiiig acids I1 and I11 was cut out and the acids extracted from the 
paper with propaiiol in a Soxhlet apparatus. The extract was evaporated to clryiiess, 
the residue taken up in 5% aqueous sod~um hyclroxide solution, acidified with clilute 
sulphuric acid, and extracted with ether. From 2.7 g of A, 91 111g of the mixture of I1 
and 111 was obtained. Fractional crystallizatioi~ from chlorofoi-111 reinoved most of 11. 
'I'he resultiiig crude I11 was fractio~iatecl 011 Wliatiiian 3 liIi\il  chromatography paper 
using tlie same solvent system as previously clescribed to remove the residual 11. 

Compouncl I11 was extracted from thc papcl-, 11i.p. lG1-168'. After cr~~stnllizatioll 
fro111 chloroforiii 25 mg of pure I11 was obtained, 111.p. 172-173'. 

The infrared spectrum, 111ull 111 mineral oil, of 111 shows nlaximum cibsorptio~ls a t  
1,710 cm-I (carboxylic acid), 1,635 cm-I (unsaturation), and 1,198 clllrl (carbolylic 
acid). Anal. calc. for C1~I-I1~O4: C, 60.0; EI, 8.00. Found: C, 59.9; H, 7.92. 

The identity of 111 was confiriiled by nlixture melting point with 2-deceiidioic acid, 
i11.p. 172-173', prepared by chromic acid oxidation of 10-liydroxy-2-decenoic acid. 

Sebacic acid (11) was also isolated by the same proceclure and identified as the 
p-bromophenacyl ester. 

Using Whatinail No. I chromatography paper and the same developi~ig solvent as 
before, Rf values are I, 0.79; 11, 0.43; and 111, 0.38 a t  25'. 

Oxidation of 10-fIydroxy-2-decenoic -4 cid (I) to 2-Decefzdioic .I cid (I I I) 
A mixture of 0.93 g (0.0050 mole) of 10-hydrosy-2-decenoic acid and 1.0 g (0.0034 

mole) of potassiui~l dichroinate, dissolved in a solution of 0.9 1111 of C.P. concentrated 
sulphuric acid i11 15 ml of water, was heated in a 50-1111 round-bottomed flasli 011 a steal11 
bath for 3 hours. After the reaction mixture was allowed to stand a t  rooill temperature 
for 10 hours a solid product was removed by filtration. It  weighed 0.43 g, 11i.p. 145-160". 
The crude material was crystallizecl from hot water including treatment with activated 
charcoal. In this manner 0 .20s  (20%) of small white rosettes, m.p. 171-172" was 
obtained. 
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20% CAh'ADIAX JOURX.\L O F  CHEMISTRY. VOL. 37, 1'359 

Efict of Ultravioiet Irradiation on Nat~lrally Occ~lrri~zg lO-l!Iydroxy-2-dece~~oiC >lcid (I) 
IL-hen 10-hydroxy-2-decenoic acid (I) ,  m.p. 62O, isolated from A, was irradiated with 

sunlight in a thin-walled Pyrex bulb in acetone solution for a total of 20 hours, the 
melting point of I d~opped to 43-4G0, suggesti~lg a convers1011 of the acid from trans- 
to  cis-config~~ration. After the solution had been standing for a three-meek period the 
~nel t i~ lg  point of the irradiated material (IV) rose to 44-54" indicating slow reversion to 
the illore stable trans-isomer. 

p-Bromopl~enacyl Ester of 10-EIydrosy-2-(lece?zoic Acid ( I )  
The p-bronlophenacyl ester of I has been prepared by Abbott (3) but 110 melting 

point has been reported. The ester is readily obtained by treating the sodi~iiu salt of I 
with p-broniophenacyl bromide in hot dilute ethanol solution. I t  has m.p. 89-90". 
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