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Oleic acid was hydroxylated in the allylic positions with 
the selenium dioxide/tert.-butylhydroperoxide system to 
give ~hydroxy-9(E~octadecenoic acid, 11-hydroxy-9(Ekocta- 
decenoic acid and the novel 8,11-dihydroxy-9(E~octade~ 
cenoic acid. This is a viable method for obtaining hydroxy 
fatty acids. The unsaturated hydroxy acids were hydro- 
genated with the hydrazine/air system to give the cor- 
responding saturated products. 8,11-Dihydroxyoctade- 
canoic acid thus obtained is also a novel compound. The 
saturated and unsaturated dihydroxy products were ob- 
tained as erythro/threo isomers as determined by nuclear 
magnetic resonance. 

KEY WORDS: Allylic hydroxylation, hydrazine, hydrogenation, 
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Hydroxy fatty acids are of considerable interest in comme~ 
cial applications such as lubricants and cosmetics (1,2). They 
occur naturally only in few vegetable oils, most notably 
castor oil, and some other alternative crops such as the more 
recently investigated lesquerella (3). There have been con- 
siderable efforts to obtain hydroxy fatty acids by microbial 
transformations (2,4-8). Chemically, hydroxy fatty acids 
have been synthesized by peracid oxidation of unsaturated 
fatty acids or direct oxidation of the double bond with 
reagents such as potassium permanganate or hydrogen 
peroxide]tungstic acid (9) to give vicinal diols. 

One common hydroxylation reactior~ allylic hydroxylation 
of double bonds with selenium dioxide, has been neglected 
almost completely in the synthesis of hydroxy fatty acids 
(10-12). These papers report mixtures of various reaction 
products. However, the products were not fully characte~ 
ized by methods such as mass spectrometry (MS) and 
nuclear magnetic resonance (NMR). Since those earlier 
studies, tert.-butylhydroperoxide (TBHP) has been intro- 
duced as a reoxidizing agent to eliminate colloidal selenium 
formed during the reaction (13}. TBHP remains the co- 
reagent of choice when carrying out allylic hydroxylations 
with selenium dioxide (14). 

Recently, bioconversions with the Pseudomonas strains 
PR3 and 42A2 yielded a novel compound, 7,10-dihydroxy- 
8(E)-octadecenoic acid from oleic acid (5) or olive oil (6). This 
is a unique product because it involves a double allylic 
hydroxylation besides a shift of the double bond. The 
SeO2/TBHP system can simulate such a hydroxylation 
without a double bond shift. Hydrogenation of the double 
bond yields the corresponding saturated products. 

EXPERIMENTAL PROCEDURES 

Oleic acid was obtained from Nu-Chek-Prep, Inc (Elysian, 
MN). Selenium dioxide and 90% TBHP solution contain- 
ing 5% water and 5% tert.-butyl alcohol were purchased 
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from Aldrich Chemical Ca (Milwaukee, WI). Solvents were 
obtained from EM Science (Gibbstown, NJ). 

NMR spectra were obtained with CDC13 as solvent on 
a Bruker (Rheinstetten, Germany) WM-300 spectrometer 
operating at 300 MHz (1H-NMR) and 75.5 MHz (13C- 
NMR). To enhance solubility, the saturated dihydroxy 
acids were examined in cosolvents of CDC13 and CD3OD. 
Gas chromatography/MS (GC/MS) analyses were per- 
formed on a Hewlett-Packard (Palo Alto, CA) 5890/5970 
benchtop GC/MS system operated with electron ioniza- 
tion (E I). Fourier transform infrared (FTIR) spectra were 
recorded on a Mattson (Madison, WI) Polaris spectro- 
meter as KBr pellets. Melting points were determined in 
an Electrothermal (Southend, England) 9300 apparatus 
and are uncorrected. 

The GC/MS conditions used were described previously, 
as were equipment and conditions of high-performance li- 
quid chromatography (HPLC) (15). 

Hydroxylation reaction. In a typical synthesis, in a 
100-mL round-bottomed flask equipped with a reflux con- 
denser, 3.83 g (34.5 mmole) SeO2, 15 mL TBHP solution 
and 40 mL dichloromethane were mixed at room tempera- 
ture and stirred for 0.5 h. Then 10 g (35.4 mmole) oleic 
acid was added, and the reaction mixture was stirred for 
24 h at room temperature. After this time thin-layer chro- 
matography (TLC) (70:30:1, hexane/ethyl acetate/acetic 
acid, spots visualized with iodine vapor, spraying with 
H2SO4, and baking at 120°C for 5 min) showed that 
most (>80%} of the starting material had reacted. The 
reaction was worked up by removing the dichloromethane, 
adding water immediately and extracting into toluene. 
(CAUTION: Water must be added immediately, because 
the stripped mixture may form harmful fumes. Presum- 
ably, the vapors are volatile organoselenium compounds 
that  form in the presence of air by exothermic reaction. 
Such vapors have been observed within 15 rain following 
removal of dichloromethane As an alternative procedure, 
add water to the reaction mixture without removing 
CH2C12, and then proceed with extracting as described 
above). The organic phase was washed three times with 
water, three times with brine, dried with sodium sulfate 
and filtered, and the solvent was then removed on a rotary 
evaporator. The product was dried in vacuo in a desiccator. 
The dried, often still viscous reaction mixture was sub- 
jected to several HPLC purifications. The first HPLC run 
was conducted with hexane/ethyl acetate]acetic acid 
(90:10:1), the second one with hexane/ethyl acetate/acetic 
acid (80:20:1) and the third and final run with 
CH2CL,Jmethanol (92"8). When using lesser amounts (<5 
g) of starting material, the first HPLC run was left out. 
The first HPLC run removes keto acids and other side pro- 
ducts from the reaction mixture as well as significant 
amounts of monohydroxy products. The second HPLC 
run removes the remaining monohydroxy products as well 
as other side products. The third HPLC run purifies the 
dihydroxy acids, which are obtained as two separate frac- 
tions (erythro/threo diastereomers as discussed below). 
The two monohydroxy products coelute in the HPLC 
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runs mentioned above. However, they can be separated 
from a concentrate by repeating the HPLC purification 
on a smaller scale (<I g) with hexanelethyl acetatelacetic 
acid (80:20:1). 

Hydrogenation reactions. These reactions were carried 
out as described previously (15) with the hydrazinelair 
system in ethanolic solution. Yields of these reactions 
range from 80% to nearly quantitative. The products can 
be purified, if desired, by crystallization from CH,Cl,. 

RESULTS AND DISCUSSION 

In this paper, we report that the selenium dioxide1TBHP 
system is suitable for obtaining allylic mono- and dihy- 
droxylated unsaturated fatty acids. The yields are su- 
perior to those of microbial hydroxylations, and reaction 
and work-up are considerably more facile. The mono- and 
dihydroxy fatty acids are the major products with com- 
bined yields over 50%. This contrasts with the products 
reported in the previous literature on oxidations with 
SeO, (10-12), where the reaction conditions differed from 
those used here, and there is only little mention of allylic 
dihydroxylated products (10). Tb our knowledge, other 
reagents for allylic hydroxylation (14) have not yet been 
extensively studied in such reactions of fatty acids. Figure 
1 depicts the unsaturated hydroxy fatty acids arising from 
the present reactions. 

I t  is well known that cis double bonds isomerize to the 
trans configuration during allylic hydroxylations with 
SeO, (14,16). In the 'H-NMR spectra of the alklylic hy- 
droxy fatty acids obtained here, the coupling constants 
of the olefinic protons were routinely in the region of 15.5 
Hz, thus confirming trans unsaturation. 

The present report will focus only on oleic acid as an 
exemplary starting material. 8-Hydroxy-9(E)-octadecenoic 
acid, 11-hydroxy-9(E)-octadecenoic acid and 8,ll-dihy- 
droxy-9(E)-octadecenoic acid, which is a novel compound, 
were obtained from oleic acid. The dihydroxy product was 
obtained in two isomeric forms, which NMR revealed to 
be erythro (absolute configurations R,S and S,R)lthreo (ab- 
solute configurations R,R and S,S) diastereomers. The 
compounds were characterized by MS, 'H-NMR and 13C- 
NMR, IR and their melting points. 

Characterization of the monounsaturated hydroxy fat- 
ty acids. The pattern of cleavage in EIMS for the dihy- 
droxy compounds has been discussed for the microbially 
produced 7,lO-dihydroxy-WE)-octadecenoic acid (5). Figure 
2c shows the cleavage pattern giving rise to the most in- 
tense fragments. The dihydroxy samples were silylated 
to give the bis(trimethylsi1oxy) trimethylsilyl (TMS) 
esters. These gave rise to peaks at m/z 73 (TMS) and a 
characteristic cleavage pattern of 431 (cleavage 4 in Fig. 
2c), 341 (431TMSOH), 329 (cleavage I), 239 (329TMSOH), 
303 (cleavage 2) and 201 (cleavage 3). Peak intensities, 
as well as the base peaks, may vary from sample to sam- 
ple with the peaks at  m/z 73 and 341 being the strong- 
est. Silylated 8-hydroxy-9(E)-octadecenoic acid gives a 
base peak at m/z 73 and a strong peak at m/z 241, re- 
sulting from cleavage 1 in Figure 2a. Correspondingly, 
silylated 11-hydroxy-9(E)-octadecenoic acid shows a base 
peak at m/z 73 and a strong peak at  m/z 343 caused by 
cleavage 4 in Figure 2b. The mass spectra are depicted 
in Figure 3. 

The IR spectra showed typical absorptions at 3307, 

Se02, TBHP 

FIG. 1. Hydroxy fatty acids obtained by allylic hydroxylation of mo- 
nounsaturated fatty acids with selenium dioxideltei-t.- 
butylhydroperoxide. In case of oleic acid as it was investigated here, 
x = y = 7 .  

FIG. 2. Electron ionization mass spectrometry cleavage patterns for 
silylated allylic hydroxy fatty acids. R' contains the methyl terminus 
and R" contains the carboxylic acid functionality. These cleavage 
patterns, with the exception of cleavage 3 in a and cleavage 2 in b, 
also hold for the hydrogenated products. 

3222 [both v(OH),br], 2921, 2852 and 1713 [v(C=O)] for 
8-hydroxy-9(E)-octadecenoic acid, 3303, 3214 [both v(OH), 
br], 2925, 2852 and 1713 [v(C=O)] for 11-hydroxy-9(E)- 
octadecenoic acid, 3219 [v(OH),br], 2929, 2856 and 1702 
[v(C=O)] for erythro-8,ll-dihydroxy-9(E)-octadecenoic 
acid, and 3315 [v(OH,br], 2929, 2856 and 1698 [v(C=O)] 
cm-I for threo-8,ll-dihydroxy-9(E)-octadecenoic acid. 

The lH-NMR spectra were as follows: 8-hydroxy-9(E)- 
octadecenoic acid 5.61 ppm (dt, 1H at ClO), 5.42 (dd, IH  
at C9), 4.02 (q, 1H at C8), 2.33 (t, 2H at C2), 1.64-1.25 (m, 
24H, CH,), 0.86 (t, 3H at C18); 11-hydroxy-9(E)-octade- 
cenoic acid 5.61 ppm (dt, 1H at C9), 5.42 (dd, 1H at ClO), 
4.02 (1H at  Cll) ,  2.33 (t, 2H at  C2), 1.65-1.22 (m, 24H, 
CH,), 0.87 (t, 3H at  C18); erythro8,ll-dihydroxy-9(E)- 
octadecenoic acid 5.68 ppm (dd, 2H at C=C), 4.11 (d, 2H 
at C8 and C1 I), 2.33 (t, 2H at  C2), 1.65-1.27 (m, 22H, CH2), 
0.87 (t, 3H at C18); threo-8,ll-dihydroxy-9(E)-octadecenoic 
acid 5.65 ppm (dd, 2H at C=C), 4.10 (d, 2H at C8 and Cll), 
2.34 (t, 2H a t  C2), 1.63-1.25 (m, 22H, CH,), 0.87 (t, 3H 
at  C18). 

The 13C-NMR spectra exhibited the following peaks: 
8-hydroxy-9(E)-octadecenoic acid 132.82 (C9), 132.36 ((310) 
73.26 (C8), 37.18 (C7), 33.94 (C2), 14.10 (C18) and the other 
carbons at 32.18, 31.88, 29.44, 29.28, 29.18, 29.14, 28.99, 
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FIG. 3. Electron ionization mass spectra of a, silylated 8-hydroxy-9(EF 
octadecenoic acid; b, silylated 11-hydroxy-9(E)-octadecenoic acid; c, 
silylated 8,11-dihydroxy-9(E)-octadecenoic acid. The two isomers of 
the dihydroxy compound are indistinguishable by mass spectrometry. 

25.26, 24.62 and 22.67 ppm; ll-hydroxy-9(E)-octadecenoic 
acid 133.08 (C10) and 132.07 (C9), 73.27 (Cll), 37.35 (C12), 
33.86 (C2), 14.11 (C18) and the other carbons at 32.10, 
31.83, 29.53, 29.28, 29.06, 28.98, 25.51, 24.65 and 22.67 
ppm. The essential peaks of C7-C12 of the unsaturated 
dihydroxy acids are given in Table 1. The other peaks are 
observed at 33.59, 31.81, 29.50, 29.25, 28.97, 28.89, 25.40, 
25.05, 24.51, 22.65 and 14.10 ppm for erythro-8,11-dihy- 
droxy-9(E)-octadecenoic acid and 33.52, 31.67, 29.35, 
29.12, 28.90, 28.77, 25.30, 24.97, 24.42, 22.52 and 13.96 
ppm for threo-8,11-dihydroxy-9(E)-octadecenoic acid. 

The melting points of 8-hydroxy-9(E)-octadecenoic acid 
and l l-hydroxy-9(E)-octadecenoic acid are 54-55 ° and 
43-44°C, respectively. The melting points of the unsatur- 
ated dihydroxy acids are discussed below. 

Characterization of the saturated hydroxy fatty acids. 
The E IMS of the silylated saturated acids also give rise 
to characteristic cleavage patterns. The cleavage pattern 
depicted in Figure 2 is also valid for these compounds. 
For 8-hydroxyoctadecanoic acid, the strongest fragments 
are at m/z 73 (100%), 303 (cleavage 2 in Fig. 2a) and 243 

TABLE1 

13C-Nuclear Magnetic Resonance Assignments of C7-C12 in the 
erythro and threo Isomers of 8,11-Dihydroxy-9(E)-Octadecenoic Acid 
and 8,11-Dihydroxyoctadecanoic Acid 

8,11-Dihydroxy-9(E)- 
octadecenoic acid 

8,11-Dihydroxyoctadecanoic 
acid 

erythro threo erythro threo 
C9/C10 a 133.72 133.67 
C9/C10 133.52 133.49 
C8 72.34 72.31 Cll 71.41 71.90 
Cll 72.26 72.23 C8 71.29 71.77 
C7 37.30 37.15 C12 36.98 37.38 
C12 37.11 36.99 C7 36.83 37.33 

C9,10 32.68 33.65 
aThe 13C signals of the olefinic carbons of the dihydroxy compounds 
could not be assigned. 

(cleavage 1). 11-Hydroxyoctadecanoic acid is character- 
ized by m/z 73 (100%), 201 (cleavage 3 in Fig. 2b) and 345 
(cleavage 4). The two dihydroxy isomers have their base 
peak at m/z 73 and show typical fragments at m/z 201 
(cleavage 3 in Fig. 2c), 241 (cleavage 1-TMSOH), 303 
(cleavage 2) and 343 (cleavage 4-TMSOH). 

Characteristic IR absorptions of 8-hydroxyoctadecanoic 
acid are observed at 3403 [v(OH),br], 2921, 2852 and 1717 
[v(C=O)] cm-1; ll-hydroxyoctadecanoic acid 3373 [v(OH), 
br], 2925, 2852 and 1706 [v(C=O)] cm-1; erythro-8,11- 
dihydroxyoctadecanoic acid 3295, 3214 [both v(OH),br], 
2921, 2852 and 1702 [v(C=O)] cm-1; threo-8,11-dihy- 
droxyoctadecanoic acid 3373, 3303 [both v(OH),br], 2925, 
2852 and 1706 [v(C=O)] cm -1. 

The 1H-NMR of 8-hydroxyoctadecanoic acid shows 
peaks at 3.57 (br, 1H at C8), 2.34 (t, 2H at C2), 1.63 (t, 
2H at C3), 1.42-1.25 (26H, CH2) and 0.87 (3H at C18) 
ppm; ll-hydroxyoctadecanoic acid 3.58 (br, 1H at Cll), 
2.33 (t, 2H at C2), 1.62 (t, 2H at C3), 1.42-1.27 (26H, 
CH2) and 0.87 (3H at C18) ppm; erythro-8,11-dihydroxy- 
octadecanoic acid 3.48 (br, 2H at C8 and Cll), 2.19 (t, 2H 
at C2), 1.52-1.17 (26H, CH2) and 0.77 (t, 3H at C18) ppm; 
threo-8,11-dihydroxyoctadecanoic acid 3.45 (br, 2H at C8 
and Cll), 2.19 (t, 2H at C2), 1.52-1.18 (26H, CH2), 0.78 
(t, 3H at C18) ppm. 

The 13C-NMR of 8-hydroxyoctadecanoic acid exhibits 
peaks at 72.00 (C8), 37.52 (C9), 37.35 (C7), 33.74, 31.92, 
29.71, 29.63, 29.34, 29.28, 29.02, 25.66, 25.43, 24.63, 22.70 
and 14.12 ppm; 11-hydroxyoctadecanoic acid 72.10 (Cll), 
37.44 (C12), 37.40 (C10), 33.96, 31.84, 29.70, 29.67, 29.61, 
29.48, 29.30, 29.16, 29.02, 25.65, 25.59, 24.68, 22.66 and 
14.10 ppm. The 13C-NMR peaks for C7-C12 of the two 
saturated dihydroxy acids are listed in Table 1. Other 
peaks of the saturated erythro isomer are 33.86, 31.66, 
29.50, 29.11, 29.05, 28.83, 25.57, 25.27, 24.61, 22.46, and 
13.83 ppm and for the threo isomer 33.87, 31.66, 29.51, 
29.11, 29.05, 28.83, 25.54, 25.25, 24.61, 22.46, 13.83 ppm. 

The laC-NMR spectra of 8-hydroxyoctadecanoic acid 
and 11-hydroxyoctadecanoic acid coincide with those re- 
ported in the literature for the corresponding methyl 
esters (17). 

8,11-Dihydroxyoctadecanoic acid is also a novel com- 
pound. To our knowledg~ only its ethyl ester derived from 
methyl oleate by chemical models of cytochrome P-450 
has been reported (18). 
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The mel t ing  points  of 8-hydroxyoctadecanoic acid and 
11-hydroxyoctadecanoic acid are 81 and 71-72 °C, respec- 
tively. The mel t ing points  of the isomers of the sa tura ted  
dihydroxy acids are also discussed below. 

S tereochemis t ry  o f  the d ihydroxy  fa t t y  acids. The ery- 
thro/threo assignments  were made by comparing the 13C- 
NMR spectra of the two hydrogenated dihydroxy isomers 
obtained from oleic acid wi th  the spect ra  of methyl  
9,10-dihydroxyoctadecanoate 119}. These authors  distin- 
guished the erythro and threo forms by  differences in the 
chemical shifts  of the carbons a lpha to the hydroxy- 
bear ing carbons. Other  cases of dis t inguishing eryth- 
ro/threo diastereomers by  13C-NMR, such as 1,3-diol 
derivatives (20), have been reported. 

I t  is well known tha t  erythro/threo isomers possess dif- 
ferent physical properties, such as mel t ing  point  and 
solubility, the la t ter  difference facil i tat ing their  separa- 
t ion in H P L C  as neighboring fractions. E ry t h ro  isomers 
have the higher melting points, as is shown by the melting 
points  of erythro- and threo-8,11-dihydroxy-9{E)-octade- 
cenoic acid, which are 85 and 62°C, respectively. Cor- 
respondingly, the melt ing point of erythro-8,11-dihydroxy- 
octadecanoic acid is 99°C and tha t  of threo-8,11-dihy- 
droxyoctadecanoic acid is 84°C. For comparison, the 
erythro and threo forms of 9,10-dihydroxyoctadecanoic 
acid have mel t ing  points  of 132 and 95°C, respectively 
{21}. Similar cases of isomerism have been reported in the 
halogenat ion of f a t ty  acid derivatives (22) and the epox- 
idation of methyl  linoleate {23}. 

The lower mel t ing points  of the threo compounds com- 
pared to the erythro compounds confirm the absolute con- 
f iguration of R , R  assigned to the microbially produced 
7,10-dihydroxy-8{E}-octadecenoic acid {15}, which has a 
mel t ing  point  of 64°C (5), close to tha t  of threo-8,11-di- 
hydroxy-9{E)-octadecenoic acid. 

Reactions with selenium dioxide are known to give a 
var ie ty  of other products  {14}. Side products  such as keto 
acids were also observed here and will be discussed in a 
later  paper. In  any case, allylic hydroxy fa t ty  acids are 
the predominant  reaction products.  

The yields of the two dihydroxy isomers obtained from 
oleic acid are in the range of 10-20% combined in repli- 
cated reactions. The combined yields of the two monohy- 
droxy compounds often exceed 40%. The products  are ob- 
tained by a simple, single-step chemical synthesis.  

In  conclusion, this work shows the potential  usefulness 
of the SEO2/TBHP sys tem not  only in monohydroxyla-  
tion, but  also in allylic dihydroxylat ion of monounsatur-  
ated f a t t y  materials.  The allylic dihydroxy products  are 
obtained as erythro/threo diastereomers. The unsaturated 
products  can be hydrogenated to give the corresponding 
sa tu ra ted  derivatives. Work on applying this reaction to 
other s tar t ing materials is in progress and will be reported 
in due course. 
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