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A B S T R A C T  
Jojobamide has been synthesized from methyl jojoboate (the trans- 
esterification product of jojoba oil and methanol) and concentrated 
ammonium hydroxide by high temperature treatment of the mix- 
rare in a sealed vessel. Homojojobamide has been synthesized by 
partial hydrolysis of homojojobylnitrile, which was prepared from 
jojobyl mesylate. The melting points of the amides were found to be 
relatively high (>75 C) for a mixture of amides. 

I N T R O D U C T I O N  

Amides  of  long chain aliphatic acids are known for their 
useful chemical  and physical- technological  propert ies  (1), 
and thus it is of  interest  to prepare the amides which are 
derived f rom the acids, which form the esters of  jo joba  oil. 
These acids are mainly (Z ) - l l - e i coseno ic  acid (70%), (Z)- 
13-docosenoic  acid (erucic acid) (14%), and (Z)-9-octa- 
decenoic  acid (oleic acid) (10%) (Table I). Oleamide and 
erucamide  are impor tan t  addit ives in the  po lymer  process- 
ing industry (1). It is interest ing to s tudy the propert ies of  
jo jobamide  and its higher homologue  homojo jobamide .  We, 
therefore ,  looked  for simple and eff icient  syntheses of  
jo jobamide  (IV) and h o m o j o j o b a m i d e  (VII) in order to 
supply these products  for  d i f ferent  tests. 

E X P E R I M E N T A L  PROCEDURES 

General 

Crude jo joba  oil was purif ied by mixing it with bleaching 
earth at 60 C for  30 min and then filtering under  vacuum. 
The crude p roduc t  af ter  each chemical t ransformat ion  was 
used wi thou t  fur ther  pur i f icat ion for the n e x t  step. The 
usual workup consisted of  pouring the react ion mixture  
into H 2 0  , ext rac t ion  with pe t ro leum ether  (60-80), wash- 
ing with saturated NaC1 solution,  and drying over anhy- 
drous Na2SO 4. | R  and NMR spectra provided moni tors  for 
the chemical  change occurr ing in each reaction.  Purity was 
de termined  by NMR as described later. All NMR spectra 
gave the  fol lowing:  terminal  CH 3 as tr iplet  at 8 0.92-0.94;  
an intense signal at 1.2-1.4 for  all aliphatic hydrogens;  a 
signal at 1.98-2.05 for  allylic hydrogens;  and a qu in te t  at 
5.20 Q=5 cps) for the olefinic hydrogens.  Other  signals are 
summarized in Table II. Integrat ion curves were consistent  
for the  assignment o f  the d i f ferent  hydrogens.  All the reac- 
t ions were fo l lowed by NMR using the -CH2-Y group signal 

TABLE I 

Percentage of Products from Hydrolysis and 
Reduction of J ojoba Oil (1) a 

C18 C20 C22 C24 Total 

(m) = (7)10-11 

(n)= (8) 1-2 

(p)= (8) 5-6 

Hydrolysis 

(9) 70-71 (11) 13-15 (13) 2-3 95- 

(10) 45-46 (12) 42-43 (14) 7-8 95- 

Reduction 

(10) 57-58 (12) 27-29 (14) 5-6 94- 

aRef. 3 and Scheme 1. 

TABLE II 

Chemical Shifts of c~-Methylene (t, J =6 cps) in 
Different Long Chain Derivatives 

(Z)-CH3(CH2)7CH=CH(CH2)xCH2Y 

0 0 0 
II II II 

Y OMes OCR OH COCH 3 CN CNH 2 

6 a 4.10 3.95 3.45 2.26 2.24 2.20 

a6, ppm downfield from TMS as internal standard in CCl 4 solu- 
tion. 

to ident i fy the componen t s  of  the mix ture  and to calculate 
its exact  composi t ion  (+2% of  absolute amount) .  This 
analytical procedure  was conf i rmed  by preparing known 
mixtures,  using small amounts  o f  " impur i t i es"  of  one or 
two componen t s ;  these could be de tec ted  in amounts  as 
li t t le as 2-3% of  the mixture.  This me thod  was found to be 
fast, easy, reliable, reproducible,  and sufficiently sensitive 
for practical and even semiquant i ta t ive  work. In general, 
the  reaction was cont inued  until  comple te  t ransformat ion  
took  place as de termined  by NMR. 

IR was also used for moni to r ing  the react ion of  methyl  
jo joboa te  with NH4Ot i  by plot t ing the ratio of  absorpt ion 
intensity o f  the two carbonyls  in the reaction mixture  
(amide and ester) versus concent ra t ion .  The line obta ined 
was a less accurate  de terminat ion  than NMR monitor ing.  
The correlat ion be tween the IR and NMR measurements  is 
shown in Figure 1, which gives a relatively straight line. The 
fact that  the line does not  start  at the origin might  stem 
from the measuring of  line absorpt ion intensi ty rather than 
its total  area. 

The NMR spectra were de termined  on a Varian XL-100, 
in CC14 or CDC13 solution. The IR spectra were 
determined with a Perkin Elmer 377 usually neat  or in 
CHCI 3 solution. 
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FIG. 1. IR vs. NMR correlation for amide formation at 190 C. 
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JOJOBAMIDE AND HOMOJOJOBAMIDE 

TABLE III 

Effect of Temperature on J ojobamide Formation 

Bath t C Hours 

Methyl ester NH4OH 
and alcohol 25-28% Amide 

(g) (ml) yield 

60 24 30 (0.05 mol ester) 20 (0.14 
90 48 30 (0.05 tool ester) 20 (0.14 

130 12 30 (0.05 mol ester) 25 (0.18 
150 24 30 (0.05 tool ester) 25 (0.18 
150 48 30 (0.05 mol ester) 50 (0.36 
150 24 30 (0.05 tool ester) 100 (0.72 
190 4 30 (0.05 tool ester) 50 (0.36 
190 9 30 (0.05 mol ester) 50 (0.36 
190 13 30 (0.05 mol ester) 50 (0.36 
190 24 30 (0.05 mol ester) 50 (0.36 

mol) 
mol) 
mol) 25%-30% 
mol) 35%-40% 
mol) 88%-90% 
tool) 40%-43% 
mol) 53%-55% 
mol) 68%-70% 
mol) 79%-81% 
tool) 94%-96% 

Solvents 

Petroleum ether (60-80) was dried over CaCI 2 and distilled. 
Ether was dried over CaC12, then over Na and distilled. Py- 
ridine was kept over KOH prior to its use. Methanol, 
benzene, toluene, DMSO, and t-BuOH all were CP and used 
without drying. 

Transesterification of Jojoba Oil (I) to 
Methyl Jojoboate (I I I) 

Two liters of methanol were cooled in an ice-salt-water bath 
and 120 ml acetyl chloride (109 g, 1.6 tool) added dropwise 
so that the inside temperature was kept below 5 C. The 
addition took 11A hr. This solution was then added to 212 g 
of jojoba oil (0.36 tool) in 200 ml benzene and refluxed 
for 4 hr. On cooling it was poured into 3 liters of water. 
The organic phase separated, and the aqueous phase was 
extracted with petroleum ether. The organic phases were 
combined, washed with NaHCO 3 solution, saturated NaCI 
solution, and dried over Na2SO 4. Evaporation of the 
solvent left 226 g of a mixture of methyl jojoboate (97%) 
and jojobyl alcohol ( l lb)  in 1:1 ratio. IR 1740 cm -1. 

Amidation of Methyl Jojoboate ( I II) 
to Jojobamide (IV) 

The reaction was carried out in a sealed steel reactor lined 
with Teflon that was heated in a wax bath to the desired 
temperature (Table III and Fig. 2). At the end of the reac- 
tion, the aqueous phase was decanted. The remaining solid 
was dissolved in chloroform, evaporated to dryness, and 
then evaporated with 2 portions of toluene to r emove  
traces of water. The semisolid product was centrifuged. The 
upper layer, composed mainly of alcohols with traces of 
unreacted methyl ester and small amount  of amide, was 
then removed. The residue was triturated with cold petro- 
leum ether and centrifuged again. This procedure could be 
repeated until  maximum purity was obtained. Usually, one 
tri turation was sufficient to obtain technical grade amide. 
MP is in the range of 75-85 C, depending on the purity of 
the amide. IR 1680 cm -1. 

Homojojobylnitrile (VI) 

To a solution of 14.7 g of NaCN (0.3 mol) in 200 ml warm 
DMSO (85-90 C), 80 g of mesylate (V) (0.2 mol) was added 
dropwise while the temperature was kept at 85-100 C. 
After stirring for 3 days at 90-100 C and regular workup, 
63 g of VI (96%) was isolated. IR 2225 cm -1. n 26.5 1.4592. 
Calcd. for N, 4.54% ; found 4.2%. L )  

Hydrolysis of Homojojobylnitrile (VI) 
to Homojojobamide (VII )  

A mixture of 86.2 g homojojobylnitr i le  (0.29 mol) and 140 
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FIG. 2. Percent amide format ion  wi th  t ime  at 190 C. 

g KOH (2.5 mol) in 600 ml t-BuOH was mechanically 
stirred and refluxed for 2~/~ hr (not  all the KOH dissolved). 
On cooling, it was poured into i-liter saturated NaG1 solu- 
tion. The amide floated to the top and was extracted with 
chloroform, dried, and evaporated to yield 86.4 homo- 
jojobamide (92%). The amide was purified by tri turation 
with petroleum ether, mp 75-85 C. 

RESULTS AND DISCUSSION 

Jojoba oil is a mixture of esters, composed of long chain 
acids and alcohols (Table I) (2). The easiest and most 
straightforward synthesis of an amide from an ester is by 
applying concentrated NH4OH to the ester for a period of 
time, after which the amide separates as a solid product. 
This procedure was found to give negative results with 
jojoba oil both at room temperature and at elevated tem- 
perature and high pressure. This behavior can be explained 
by the oily character of the ester and because of steric in- 
terference which resulted from its long chains on both sides 
of the carbonyl group. Thus, by replacing the alcoholic 
chain with a short one, like methyl, one can obtain a much 
better system for amide formation (Scheme 1). Trans- 
esterification of jojoba oil with methanol yields quantita- 
tive conversion to 1 : 1 mixture of methyl  jojoboate (methyl 
esters of jojoba acids) III and jojoba alcohol IIb. This mix- 
ture is then submitted to rather more drastic conditions 
than are usual for amidation of esters, to yield a semisolid 
product, which contains jojoba alcohol in ca. 50% of the 
weight, 45-48% of jojobamide and 2-5% of methyl  
jojoboate (90-95% conversion). Effect of temperature and 
reaction time on amide formation is given in Table III and 
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0 

(Z}-CH 3 (ell 2) 7CH=CH (C H 2)mCNH 2 

IV INH4OH O 

(Z)-CH3(CH2)7CH=CH(CH2)mCOCH 3 + (Z)-CH3(CH2)7CH=CH(CH2)nOH 

1II l lib 
CH3OH, H ~ 

O 
II 

(Z,Z)-CH3(CH2) 7CH=CH(CH2)mCO(CH2)nCH=CH(CH2)7CH 3 

1' LAH 
or Na/ROH 

CH3SO2Cl 
(Z)-CH3(CH2)7CH=CH(CH2)pOH ~ (Z)-CH2(CH2)7CH=CH(CH2)pOSO2CH 3 

(C2H5)3 N 
IIa V 

O 
NaCN KOH II 

p (Z)-CH3(CH2)7CH=CH(CH2)pCN P (Z)-CH3(CH2)7CH=CH(CH2)pCNH ~ 
DMSO t-BuOH 

Vl vn 

m = 7,9,11,13 
n* = 8,10,12,14 
p* = 8,10,12,14 

S C H E M E  1. *In different composition, see Table 1. 

Figure 2. The amide was purified from the accompanied 
jojoba alcohol, which could be used for other preparations 
and syntheses of jojoba products. 

Elongation of the jojoba chain is achieved by converting 
jojoba mesylate V (4) to the nitrile VI (A. Shani and E. 
Horowitz, unpublished results), which contains one more 
carbon atoms to form the next  homologuc. This nitrile is 

hydrolyzed (5) to homojojobamide VII in high yield 
(Scheme 1). The overall yield is 70% starting from the oil 
I. 

It is interesting to note that jojobamide and homojojob- 
amide differ both in their chain length and in composition 
(Table l). Thus, jojobamide is derived mainly from eico- 
senoic acid (70%), erucic acid (14%), and oleic acid (10%); 
while homojojobamide is a mixture of C19 :C21 :C23 :C25 
amides in the ratio of 1:10-11:5-6:1, respectively, These 
two factors might contribute to different physical and 
technological properties of the two end products. 

Melting points of both jojobamide, and homojojobamide 
are in the range of 75-85 C, depending on the purity of the 
product. They could be crystallized from petroleum ether. 
This melting point  is relatively high for a mixture of at least 
3 products, especially when we compare it with the melting 
points of the pure components:  oleamide 75-76 C (6), 
eicosenamide, 79-80 C (7), and erucamide 65-66 C (6). 
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