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Synthesis of Dodecanedioic Acid from Vernonia galamensis Oil 
Folahan O. Ayorlnde*, Flona T. Powers, Ludwig D. Streete, Robert L. Shepard and Dorothy N. Tabi 
Department of Chemistry, Howard University, Washington, DC 20059 

Dodecanedioic  acid, currently available from elaborate 
synthes i s  uti l izing petrochemical  feedstock,  was  syn- 
thes ized from Vernonia galamensis oil v ia  an efficient,  
relat ively s imple three-reaction sequence that  involved 
the room temperature oxidat ion of 12,13-epoxystearic 
acid. The first and second steps  of  the reaction scheme 
were saponif icat ion and hydrogenat ion,  both of  which 
were a lmos t  quantitat ive.  The third reaction, involv ing  
chromic acid oxidation of  the result ing epoxy  acid, af- 
forded greater than 50% of the theoret ical  yield of 
dodecanedioic acid {>95% purity, m.p. 123-125~ lit. m.p. 
128-130~ 

We recently reported the synthesis of suberic acid and 
azelaic acid from the oil of Vernonia galamensis (Powers, 
F. T., R. L. Shepard and F. O. Ayorinde, unpublished 
work). This annual herb, native to semi-arid regions of 
Africa, is cultivated as an industrial crop in Zimbabwe, 
in addition to undergoing promising agronomic trials in 
Kenya, Tanzania and Pakistan (1,2). The seed of this plant 
contains 40% oil, which, when hydrolyzed, yields 79.81% 
veruolic {cis-12,13-epoxy-cis-9-octadecenoic) acid, 10.23% 
linoleic acid, 5.3% oleic acid, 2.22% stearic acid and 2.37% 
palmitic acid {3,4). 

The present communication reports the synthesis and 
isolation of dodecanedioic acid from this epoxytriglycer- 
ide oil. Aliphatic dibasic acids are established industrial 
raw materials that are used as plasticizers and in the 
manufacture of engineering fibers, synthetic fabrics and 
impact resistant elastomers {5,7). Dodecanedioic acid, cur- 
rently available from elaborate synthesis utilizing petro- 
chemical feedstock (8), was synthesized from V. galamen- 
sis oil via an efficient, relatively simple three-reaction se- 
quence that  included the room temperature oxidation of 
12,13-epoxystearic acid {Scheme 1). 

EXPERIMENTAL 

The vernonia oil was obtained from K. D. Carlson, Agri- 
cultural Research Service, U.S. Department of Agriculture, 
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SCHEME 1. Synthetic scheme for dodecanedioic acid from V. 
galamensis oil. The oxidation step used only 5.20 g of the acid mix- 
ture. 5.20 g X 0.8 -- 4.16 g of 12,13-epoxystearic acid. 

*To whom correspondence should be addressed. 

Peoria, Illinois. Reactions and products were monitored 
with a Perkin-Elmer 983G infrared spectrophotometer 
and a Finnigan gas chromatograph {GC, model 9611) 
equipped with a splitless injector and interfaced with a 
Finnigan MAT 4500 automated mass spectrometer with 
a Superincos data system. The interface oven and transfer 
line were maintained at 300~ ionizer temperature set- 
ting at 140~ electron energy at 70 eV, and injector 
temperature at 250 ~ The mass spectrometer (MS) was 
operated in the electron impact {EI) mode with emission 
current 0.27 mA, and electron multiplier 1200 V. High 
resolution capillary gas chromatography was obtained 
with the use of Supelco fused silica SPB-1 (30 m, 0.25 mm 
i.d., 0.25 ~m film) temperature programmed from 50 to 
300~ helium as carrier gas with a head pressure of 
10 psi. Characterizations of the dibasic acids by GC/MS 
were performed with methylated samples, prepared by 
adding ethereal solution of diazomethane to samples con- 
taining the dibasic acids (4). The experimental procedures 
given below only typify the numerous trial experiments 
that  were conducted. 

Synthesis of 12,13-epoxystearic aci& A 500-ml distill- 
ing flask equipped with a reflux condenser and magnetic 
stirrer was charged with 20.70 g vernonia oil, 120 ml 
water and 80.11 g potassium hydroxide. The mixture was 
heated for one hr at ca. 90~ with continuous stirring, 
after which it was cooled to room temperature. A 500-ml 
portion of cold water was added after which the mixture 
was transferred into a beaker, cooled with ice water, and 
acidified with concentrated hydrochloric acid. After 
carefully decanting the aqueous layer, the crude product 
was rinsed with 50 ml ice~cold water, vacuum filtered and 
rinsed with an additional 50 ml ice-cold water to afford 
a light orange crude solid. The resulting crude was 
transferred into a Paar hydrogenation bottle, charged 
with 50 ml methanol and 0.15 g platinum oxide {Adam's 
catalyst, Aldrich Chemical Co., Milwaukee, Wisconsin}. 
The hydrogenation bottle was fitted to a Paar high 
pressure system, evacuated by means of a water aspira- 
tor, and connected to a tank of hydrogen so that  a 
pressure of 3 atm could be maintained for 90 min while 
it was shaken. After the hydrogenation, 40 ml methanol 
was added to the gray reaction mixture, which was heated 
to gentle boiling to dissolve the product. The hot mixture 
was quickly filtered to remove the suspension of black 
platinum, after which the filtrate was evaporated to af- 
ford 18.06 g of a white powder. GC/MS analysis indicated 
ca. 80% 12,13-epoxystearic acid, 17% stearic acid and 3% 
palmitic acid. A portion of this mixture of acids was used 
in the next step without further purification. 

Synthesis and isolation of dodecanedioic acid. A 300-ml 
chromic acid solution was prepared by adding 250 ml 
water to 47.62 g KsCr207 contained in a one-1 Erlen- 
meyer flask, followed by addition of 38 ml conc. H2SO4. 
The warm mixture was stirred to give an orange-red solu- 
tion. A 250 ml portion of the chromic acid solution was 
added to 5.20 g of the acid mixture (epoxystearic acid, 
stearic acid, palmitic acid) contained in a 500-ml Erlen- 
meyer flask, equipped with a magnetic stirrer. The result- 
ing mixture was stirred continuously for seven days, 
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200 ml water  was added, and the mixture  was suction 
filtered to afford a crude grayish solid. The crude material 
was transferred into a beaker, charged with 350 ml water, 
83 ml 40% KOH, then cooled with ice-water for one hr, 
and suction filtered to give a greenish soapy fi l trate and 
a greenish solid which was transferred into a breaker con- 
taining 200 ml water  and acidified with conc. HC1 to give 
a white solid (stearic, palmitic) af ter  filtration. 

The fi l trate obtained above was acidified with conc. 
HC1, cooled to room temperature,  and filtered to give 2.70 
g of a cream-white  solid {m.p. 110-115~ 85% 
dodecanedio ic  acid). The  c ream-whi te  solid was 
recrystalllzed with water  (one l) to afford 1.69 g of a white 
flaky solid (m.p. 122-125~ 95% dodecanedioic acid, ca. 
5% epoxystear ic  acid + stearic acid). The dodecanedioic 
acid was characterized by  GC/MS. The mass spectral  
data, consis tent  with reported spectra  {9), showed the 
following significant ions (m/z): 259, MH +. (1), 227, M - 
OCH3 (45), 194, M - 2 CH3OH {8), 185 (46), 166 (12), 153 
(52), 135 (25), 112 (38), 98 (100), 84 (55), 74 (73), 69 (47), 
55 (51), 43 (32). 

RESULTS AND DISCUSSION 

The synthetic sequence (Scheme 1), though relatively sim- 
ple, is highly efficient. The saponification and hydrogena- 
tion steps are vir tual ly quanti tat ive.  For  the hydrogena- 
tion, reaction t ime in excess of 90 min resulted in forma- 
tion of hydroxy acid due to the opening of the epoxy ring. 
In some trial experiments,  when acetic acid was used as 
the hydrogenat ion solvent, reaction t ime was less than 
30 min. This might be due to the greater solubility of both 
the vernolic acid and epoxystearic  acid in the reaction 
mixture. However, using acetic acid as a solvent resulted 
in significant formation of hydroxy acid, hence the choice 
of methanol as the opt imum solvent. Methanol was much 
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FIG. 1. Electron-impact muss spectrum of methyl 12,13- 
epoxystearate: m/z 313 (MH+'); m/z 281 (M -- OCH3); m/z 241 
corresponds to CH-CH-(CH2)10-CO2CH3; m/z 113 corresponds to 
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easier to manipulate  during work-up. Vacheron and co- 
workers (9} have synthesized 12, i3-epoxystearic acid from 
linoleic acid, and they repor ted a partial  mass spec t rum 
for the epoxy acid in order to locate the position of the 
epoxy ring. Ions repor ted to be characterist ic  of the 
12,13-epoxy functionali ty were m/z 241, 197 and 113. 
These ions are consistent with the mass spectrum (Fig. 1) 
of the 12,13-epoxystearic acid reported in this paper. This 
is also a fur ther  confirmation of the original s t ruc ture  
proof of vernolic acid from Vernonia an the lmin t i ca  
reported by Gunstone  (10). 

The chromic acid oxidation of the 12,13-epoxystearic 
acid to give hexanoic and dodecanedioic acids, performed 
at room temperature,  was also very  effective; any signifi- 
cant  loss of material  was due largely to the isolation. 
There was no a t t empt  to isolate the hexanoic acid, which 
easily could be accomplished by  s team distillation. 
Purification of the dodecanedioic acid proved to be a 
challenge. Recrystall ization using a var ie ty  of solvents 
(e.g., CHIC12, CHC13, petroleum ether, methanol,  etc.) 
was ineffective. However,  we found tha t  the potass ium 
salt  of dodecanedioic acid was more water  soluble than  
the potassium salts of stearic and palmitic acids, hence 
the use of excess aqueous potass ium hydroxide on the 
crude product,  followed by  cooling and suction fi l tration 
to afford a filtrate which upon acidification yielded 2.70 g 
of crude dodecanedioic acid. Considering tha t  only 67% 
of 12,13-epoxystearic acid can theoretically afford dodeca- 
nedioic acid (Scheme 1), the theoretical  yield of dodeca- 
nedioic acid should be 2.79 g (12.13 mmol). Thus, we have 
2.295 g (9.98 mmol -- 85% of 2.70 g) of dodecanedioic acid, 
which t ranslates  to a percent  yield of 82.3%. Fur ther  
recrystall ization in water  afforded 1.61 g (6.98 mmol). 
Hence, the percent  yield of purified dodecanedioic acid 
is 57.5%. 

Many a t t empts  aimed at performing the oxidation at  
higher temperatures  resulted in a low yield of the dibasic 
acid (40% of theoretical  yield). 

The reactions discussed in this paper are well known 
and can easily be adapted for industrial  preparat ion of 
12,13-epoxystearic acid and dodecanedioic acid. In addi- 
tion to the desired dibasic acid, hexanoic acid and stearic 
acid const i tu te  valuable by-products.  Notewor thy  is the 
possibility of using the epoxystear ic  acid to generate 
other industrially impor tant  intermediates. Present ly  we 
are pursuing some of these possibilities. Finally, in this 
paper we have demonstrated the potential use of Vernonia 
galamensis  oil for the synthesis  of dodecanedioic acid, 
which could reduce dependence on pe t rochemica l  
feedstock as a source of this impor tan t  C12 dibasic acid. 
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