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Formaldehyde undergoes ethylaluminum dichloride-cata- 
lyzed ene reaction with jojoba oil to afford a mixture of 
1:1 and 1:2 adducts. The hydroxymethyl  products were 
identified by comparison with model  adducts prepared 
from methyl  oleate and oleyl acetate. 

extracted with diethyl ether. The combined organic layers 
were washed with brine, dried (MgSO4) and concentrated 
in vacuo. The products  were isolated by dry  flash chro- 
matography (Fluka GF25a silica, eluted with 1:1 hex- 
ane/Et20; Fluka, Buchs, Switzerland). 
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Ene reactions, which involve addition of an alkene having 
an allylic hydrogen (the "ene") to an unsaturated compound 
(enophile, X = Y) to form a new bond with migration of 
the ene double bond and 1,5-hydrogen shift, find widespread 
use in organic synthesis (1). In contrast, although the reac- 
tion of maleic anhydride with unsaturated fat ty acids 
("maleinization") is well documented (2), the use of ene ad- 
ditions for the functionalization of lipid alkenes has received 
little attention (3,4) (Scheme 1). 
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SCHEME 1 

We now report that  Lewis acid-catalyzed ene reactions of 
formaldehyde can be used to introduce hydroxymethyl 
substituents into jojoba oil (I), which is a liquid wax largely 
composed of esters of monounsaturated fat ty  acids (Cls- 
C24) and monounsaturated alcohols (C1s-C24), and which is 
attracting considerable interest (5-7) as a replacement for 
sperm whale oil. 

(Z,Z)'CH3(CH2)7CH=CH(CH2)mCO2(CH2)nCH=CH(CH2)7CH 3 

I; ra - 7,9,11,13; n = 8,10,12,14 

EXPERIMENTAL PROCEDURES 

Reaction of fatty acid esters with formaldehyde. Ethyl- 
aluminum dichloride (5.50 mmol, 5.5 mL of 1.0 M solu- 
tion in hexanes; Aldrich Chemical Company, Ltd., Mil- 
waukee, WI) was added slowly by means of a syringe to 
a solution of the olefinic fa t ty  acid ester (2.50 mmol) and 
paraformaldehyde (2.75 mmol) in dry dichloromethane (15 
mL) at  0 ~ C in a flame-dried flask under nitrogen, and the 
mixture  was stirred for 1 h. The reaction was quenched 
by addition of diethyl ether  (20 mL), followed by water 
(10 mL). After the precipitated solids had dissolved, the 
organic layer was separated, and the aqueous layer was 

RESULTS AND DISCUSSION 

Before using jojoba oil as a substrate, two simple fa t ty  
acid es ters- -methyl  oleate and oleyl acetate--were ex- 
amined to establish the react ivi ty of such unsatura ted  
lipids and also to provide model ene adducts to facilitate 
s tructural  identification of the modified jojoba oil. For- 
maldehyde itself is not sufficiently reactive as an enophile 
toward unactivated alkenes. However, such additions can 
readily be accomplished with Lewis acid catalysis (8). 
Methyl oleate" which was chosen as a model for the car- 
boxylate  fragment of jojoba oil, was reacted with for- 
maldehyde in the presence of ethylaluminum dichloride 
by the procedure described by Snider and Phillips (8), and 
from the reaction mixture a regioisomeric mixture of 1:1 
ene adducts (IIa) and (IIb) in a combined yield of 63% was 
isolated. The products  were readily identified from their 
spectroscopic properties. In addition to characteristic in- 
frared peaks at 3440 cm -1 (OH) and 1742 cm -1 (C--O), 
the 1H nuclear magnetic resonance (NMR) spectrum 
shows distinctive absorptions for the hydroxymethyl sub- 
stituent, the new alkene unit and the adjacent allylic posi- 
tions (see Table 1). H(fl) appears as a multiplet (ddt) at 5.10 
ppm and H(7) also as a multiplet (d+d) at higher frequency 
(5.50 ppm). The 15.3 Hz coupling between these protons 
confirms the assignment of trans-geometry for the alkene 
moiety; there was no evidence for the presence of cis- 
alkenes. There are also characteristic peaks for the hydrox- 
ymethylene group [H(a') 3.49 and 3.30 ppm, C(a') 65.74 
ppm], the allylic CH [H(a) 2.11 ppm, C(a) 45.63 ppm] and 
the allylic methylene [H(d) 2.00 ppm, C(d) 32.43 and 32.31 
ppm]. The doubling of some peaks in the 18C NMR spec- 
t rum is consistent with the formation of both regioisomers 
(IIa) and (IIb) in similar amounts. 
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*To whom correspondence should be addressed at Department of 
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IIa R = (CH2)TCH 3, R' = (CH2)5CO2Me 
IIb R = (CH2)7CO2Me, R' = (CH2)5CH 3 
IIIa R = (CH2)7CH 3, R' = (CH2)6OAc 
IIIb R = (CH2)sOAc, R' = (CH2)5CH 3 
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TABLE 1 

Selected Nuclear Magnetic Resonance Data a for Lipid-Formaldehyde Ene Adducts  

Compound (IIa, IIb) (IIIa, IIIb) (IV) b (V) 

dH/ppm 

J/Hz 
dc/ppm 

H(a) 2.11 (m) 2.07 
H(~) 5.10 (ddt) 5.08 
H(7) 5.50 (dtd) 5.45 
H(d) 2.00 (m) 1.95 
H(a') 3.49 (ddd) 3.44 

3.30 (ddd) 3.28 
H(~)-H(y) 15.3 15.3 
C(a) 45.63 45.64 
C(~) 131.30 131.24 

131.03 131.05 
C(y) 133.50 133.49 

133.14 133.24 
C(d) 32.43 32.42 

32.31 32.37 
C(a') 65.74 65.74 

(m) 2.11 (m) 2.11 (m) 
(ddt) 5.10 {br.dd) 5.10 (br.dd) 
(dtd) 5.50 (br.dt) 5.50 (br.dt) 
(m) =2.0 c 2.00 (q) 
(ddd) 3.48 (dd) 3.48 (dd) 
(dd) 3.30 (dd) 3.30 (dd) 

15.3 15.3 
45.73 45.79 

131.13 131.12 

133.65 133.85 

32.48 32.52 

65.81 65.82 

aRecorded in CDC1 s at 360 MHz (1H) and 50 MHz (13C). 
bpeaks for unreacted lipid alkene at: (~H 5.31 (t) (=CH), 1.97-2.02 (m) (allylic CH2); d c 
129.69 (----CH), 27.00 (allylic CH2). 
cOverlapping aUylic signals of unreacted alkenes. 

Oleyl acetate was examined as a model for the unsatura- 
t ion present  in the alcohol port ion of jojoba oil. Reaction 
with formaldehyde under  similar conditions yielded a ca. 
1:1 mixture  of regioisomeric ene adducts  (IIIa)  and (IIIb)  
in 82% yield. As anticipated, the NMR data  for the 
hydroxymethyl ,  alkene and associated allylic groups of 
these products  were indist inguishable from those of the 
methyl  oleate analogues (see Table 1 and Scheme 2). 

Having  established tha t  hydroxymethyl  adducts  could 
be prepared from typical monounsaturated lipids, the cor- 
responding reaction with jojoba oil was investigated. 
Ethylaluminum dichloride-catalyzed addition of formalde- 
hyde to a solution of jojoba oil (HCHO/jojoba, 1.1:1) in 
dichloromethane afforded, after  removal of the solvent, 
a yellow oil. The 1H N M R  spec t rum of the product  mix- 
ture showed the presence of bo th  ene-adducts and 
unreacted lipid alkenes. The signals for the carbons of the 
adduct  alkene unit  and the a t tached protons (see Table 
1) were similar to those of model compounds (II) and (III). 
By compar ing  the intensities of the ester OCH2 and 
allylic hydroxymethyl  signals, it was es t imated tha t  21% 
of the double bonds had reacted. Chromatography  of the 
reaction mixture  (silica, hexane/Et20) afforded, in order 
of elution, unreacted jojoba oil (54%), a fraction com- 
posed of 1:1 adducts  (30%) and, finally, a mixture  of 2:1 
products  (8%). Compounds (IV) and (V) are representative 
examples of the 1:1 and 2:1 adducts  (Scheme 3). A greater  
degree of modification was achieved by using an excess 
of the enophile; us ing a 2.2:1 molar  rat io of formaldehyde 
to jojoba oil, the degree of double bond modification rose 
to 70%, and from the reaction mixture  unreacted jojoba 
oil (10%), 1:1 adducts  (32%) and 2:1 adducts  (52%} were 
isolated. In  conclusion, Lewis acid-catalyzed addit ion of 
formaldehyde to jojoba oil provides ready access to hy- 
droxymethyl -subs t i tu ted  analogues suitable for conver- 

sion to a range of derivatives. As many  common vegetable 
oils contain similar unsaturat ion,  this type  of modifica- 
tion could find wider application. 

CH2OH 

0 

IV 

CH2OH CH2OH 

0 

V 

SCHEME 3 

REFERENCES 
1. Boyd, G.V., in The Chemistry of Double-Bonded Functional 

Groups, edited by S. Patai, Wiley, New York, 1989, Chapter 8. 
2. Holmberg, K., and J.-A. Johansson, Acta Chem. ScancL 36B:481 

(1982) and references therein. 
3. McLellan, J.F., R.M. Mortier, S.T. Orszulik, and R.M. Paton, 

Chem. Ind (London):94 (1993). 
4. Metzger, J.O., and U. Biermann, Synthesis:463 (1992). 
5. Wisniak, J., The Chemistry and Technology of Jojoba Oil, 

American Oil Chemists' Society, Champaign, 1987. 
6. Verbaric, C.J., Chemical Business:30 I1986). 
7. Gunstone, ED., Endeavour, New Series 14:40 (1990}. 
8. Snider, B.M., and G.B. Phillips, J. Org. Chem. 48:464 11983). 

[Received September 20, 1993; accepted November 18, 1993] 

JAOCS, Vol. 71, no. 2 (February 1994) 


