
JUNE 1965 MONOCYCLIC ELEVEN-CARBON ACID 1763 

yielded yellow crystals of 6,7-methylenedioxy-1-( 3 ',4'-methylene- 
dioxyphenyl)naphthalene-2,3-dicarbox~lic anhydride, map. 220- 
22g0 ,  with infrared spectrum identical with an authentic speci- 
men I gratefully acknowledged. 
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A C1, monocyclic acid has been isolated from a California petroleum by methods involving fractional dis- 
tillation, a sequence of gas chromatographies, and crystallization of the amide. The structure, deduced largely 
from application of physical methods, was established by comparison with a synthetic sample as trans-2,2,6- 
trimethylcyclohexylacetic acid. Both cis and trans isomers of this structure were synthesized from ionone. 
Interesting features of the n.m.r. spectra of these isomers are discussed, as are certain unexpected features of the 
mass spectrum. 5-Cyclopentylhexanamide was synthesized, and its mass spectrum was determined for com- 
parison purposes. 

Although the acidic components of petroleum, com- 
monly termed naphthenic acids, have been the subject 
of intensive investigation by several highly competent 
chemists,2 the number of component acids that have 
been identified remains small. Lochte and co-workers2 
succeeded in isolating and identifying several acyclic 
and monocyclic acids containing less than ten carbon 
atoms; however, in the range of greatest abundance of 
naphthenic acids, the Clo to Go level, the only acids 
identified, other than normal isomers, are the two Clo 
isomers, cis- and trans-2,2,6-triniethylcyclohexanecar- 
boxylic acid. The chief deterrent to these investiga- 
tions has been the formidable task of separating the 
remarkably complex mixture which comprises the 
naphthenic acids. The two Clo acids just cited were 
separated by virtue of the severe hindrance a t  the car- 
boxyl group. 

A current surge of interest in the nature of com- 
ponents of petroleum appears to be especially con- 
cerned with theories of the origin of petroleum. The 
evolution of petroleum, more or less directly, from 
plants has received considerable support, especially by 
recent reports3 of the isolation of isoprenoid hydrocar- 
bons from petroleum. I t  has been suggested that a 
major source of the petroleum hydrocarbons consists 
of carboxylic acids4; however, in the molecular weight 
range above ten carbons only the normal fatty acids 
had been isolated prior to our current investigations. 
We have reported5 the separation and identification of 
acyclic isoprenoid acids a t  the C14, CI6, C19, and Cz0 
molecular weights. The present report is concerned 
primarily with isolation and identification of a cyclic 
C11 acid which also proves to have an isoprenoid struc- 
ture. 
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The acids used for this investigation were extracted, 
prior to cracking, from middle distillates of a San Joa- 
quin Valley naphthenic-type crude.6 A sample of 
these acids which had been separated from phenols by 
esterification of the acids, followed by saponification, 
showed a significant absorption in the ultraviolet [Ama, 
197 mp ( E  2920) based on an average mol. wt. of 2141; 
however, this is probably owing to aromatic acids rather 
than alkenoic acids. There is an additional smaller 
maximum or shoulder a t  about 223 nip ( E  -700), which 
is characteristic of aromatic acids; furthermore, the 
acids recovered after vigorous oxidation with potas- 
sium permanganate showed an ultraviolet absorption 
similar to that observed before oxidation. There were 
present no significant amounts of severely hindered 
acids. Direct acid-catalyzed esterification for 4 hr. a t  
30°, with a large excess of methanol, left only 4% of acids 
unesterified, and a second esterification of the surviving 
acids in refluxing methanol left only 0.5% of the original 
acids unesterified. Gas chromatography of the esters 
from the second esterification gave a tracing very simi- 
lar to that obtained from the esters from the first es- 
terification. The presence of significant quantities of 
acid-sensitive molecules was contraindicated by ex- 
amination of samples of methyl esters prepared by acid- 
catalyzed esterification, from the silver salt and methyl 
iodide, or by use of diazomethane. Gas chromatog- 
raphy, and in some instances rechromatography of col- 
lected fractions, failed to reveal significant differences in 
these lots of esters. 

Gas chroniatography of the methyl naphthenates 
on various partitioning agents gave a continuum ex- 
tending over 0.5 hr. or longer, with only a few broad 
peaks projecting in the region representing esters with 
more than ten carbons. Separation was improved 
somewhat and waiting for elution of higher molecular 
weight material was eliminated by gas chroniatography 
of cuts from a rather rough fractional distillation. 
The complexity of the mixture is illustrated by gas 
chroniatography (Figure 1) of the fraction of b.p. 130- 
135" (13 mni.). When cut C, Figure 1, was rechro- 

(6) We wish to  express our appreciation to  Dr. A.  H.  Batchelder of the 
California Research Corporation for his assistance in arranging for us to 
receive a generous supply of these naphthenic acids from the Standard Oil 
Co. of California. 
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Figure 1.-Tracing from gas chromatography of a 160-p1. 
sample of methyl naphthenates, b.p. 130-135" 113 mm.) (column 
10 ft. X in., packed with 20% silicone SE-30 dispersed on 
30-60-mesh Chromosorb P; temperature 193 O ; helium flow 
rate 120 cc./min.). Fractions were collected as indicated by 
cross lines on the tracing. 
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Figure 2.-Gas chromatography of cuts of methyl naph- 
thenates: tracing I, 50-& sample of cut C, Figure 1 (column 
10 ft. X a/s in., packed with 20% NPGS on 30-60-mesh Chro- 
mosorb P ;  temperature 158"; helium flow rate 110 cc./min.); 
tracing 11, 2 0 4 .  sample of cut C-2, tracing I (column 10 ft. X 

in., packed with 30y0 silicone GE SF-96 on 30-60-mesh 
Chromosorb P; temperature B O "  ; helium flow rate 150 cc./ 
min.). On silicone SE-30 as partitioning agent, the tracing was 
essentially identical to tracing 11. 

inatographed on the same column (silicone), a single 
symmetrical peak was observed; however, when this 
cut was rechromatographed on neopentyl glycol suc- 
cinate' (XPGS), a minimum of eight components was 
demonstrated (Figure 2 ,  tracing I). Still a third chro- 
matography (Figure 2, tracing 11) of cut C-2,' again on 
silicone, suggests the presence of a t  least three com- 
ponents. In  reality, subsequent investigation, as 
discussed below, of cut C-2-A showed the presence of at 
least two components in this cut from the chromatog- 
raphy shown in tracing 11. 

I t  is worthy of note that the chromatography on sili- 
cone shown in tracing I1 reveals the heterogeneity of the 
material applied, whereas chromatography in the same 
column of the once-chromatographed cut C (Figure l), 
containing no less than 12 compounds, gave a single 
symmetrical peak. This difference in behavior is pre- 
sumed to arise from the fact that rechromatography of 
cut C 011 silicone was actually a chromatography on 
silicone in which was dissolved some dozen methyl 
naphthenates, including the seven or inore removed by 
the second chromatography on NPGS (Figure 2, trac- 
ing I). This type of phenomenon has been observed 
regularly during separations of the naphthenates. On 
some occasions it has proved profitable to chromato- 

(7) Of the ~ a r i o u s  partitioning agents tried. the best were silicone fluid 
and NPGS Cuts collected from a silicone chromatography were given 
letters, while those collected from a n  NPGS chromatography were given 
numbers Thus cu t  C-2-k is obtained b y  collecting the third cut from a 
silicone chromatography and rechromatographing on NPGS then oollect- 
ing the second cut from this chroinatography and rechromatographing on 
silicone, and finally collecting the first cut from this third chromatography 

graph a fourth time on the same partitioning agent used 
for the second chromatography. 

Two subsequent gas chromatographies of cut B, 
Figure 1, gave separations similar to those shown in 
Figure 2 ,  and cut B-1-B was finally collect'ed. Am- 
monolysis of this ester fraction wit'h methanol in am- 
monia resulted in crystallization of a 10% yield (based 
on ester in this cut) of pure n-decanamide. Identifica- 
tion rested on n.m.r. spectrum and comparison with an 
authentic sample. Although the use of urea adduction 
is probably more nearly quantitative, only the normal 
amides have been observed to crystallize from am- 
monolysis in methanol of a mixture of methyl naph- 
thenates. 

Treatment of cut D in the manner described for cut 
B yielded cut D-1-B, from which was obtained a 27% 
yield of n-hendecanamide, identified by n.m.r., mass 
spectrum, and comparison with an  authentic sample. 
The mass spectrum of this amide showed only a single 
molecular ion, a t  m/e 185. The methyl ester (cut D- 
1-B) from which the amide was prepared showed a 
major peak for a molecular ion a t  m/e 200 (ester of Cll 
acid) ; however, there were also significant molecular 
ion peaks at m/e 212 (monocyclic C12 acid) and 224 
(bicyclic C13 acid). The possibility of isolation of these 
components has not yet been explored further. 

The mass spectrum of cut C-2-A showed a major 
molecular ion (4.5% of base peak) at m/e 198 (ester of 
monocyclic Cll acid) ; however, there was also present a 
nearly equa,l (4%) molecular ion at  m/e 196 (ester of 
bicyclic Cll acid). This fraction gave no crystalline 
amide on ammonolysis in methanol, but saponification 
and preparation of amide via the acid chloride gave a 
13y0 yield of recrystallized amide, m.p. 112-113", 
single molecular ion a t  m/e 183 (monocyclic Cll amide) 
in the mass spectrum. The complete mass spect'rum is 
shown in Figure 3 since it contains certain features 
which led to erroneous initial deductions concerning 
structure. There appears to be a paucity of data on 
the fragmentation patterns of substituted monocyclic 
compounds. 

The base peak at m/e 59, in t,he spectruin in Figure 3, 
is the rearrangement fragment CHz=C(OH)NHt, 
which has been reported* as the characteristic base 
peak for an imide with no a substituent and with a t  
least one y-hydrogen. This criterion proved reliable, 
but the proininent peak a t  m/e 69 compared with a 
rather minor peak a t  m/e 71 proved misleading. Since 
this ratio is so large compared with that a t  m/e 
41 and 43 (C,) and a t  ,55 and 57 (C4), it was suspected 
that t,here might be present an unsubstituted cyclo- 
pentyl ring or a disubstituted cyclopropyl ring. Fur- 
thermore, the prominent peak at' m/e 72 was taken as 
good evidence for no substitution at t'he @ position, 
since this peak must be ascribedg to the fragment 
CH2-CH2-CONH2. The analogous peak a t  m/e 89 is 
prominent in the fragmentation pattern from the ester, 
cut C-2-A. The prominent peak a t  m/e 168 (M - 15) 
is expected only when loss of methyl is encouraged by 
substitution a t  a quaternary carbonlo or in a ring"; 

(8 )  J. 4. Gilpin, Anal. Chem., 81, 935 (1959). 
(9) Of the various places where fragmentation patterns of acid derivatives 

have been discussed, perhaps the most informative and authoritative is tha t  
by R .  Ryhage and E. Stenhagen in "Mass Spectrometry of Organic Ions," 
F. W .  McLafferty, Ed . ,  Academic Press Inc. ,  London, 1963, p. 399. 

(10) R .  Ryhage and E.  Stenhagen, Arkiu Kemi, 16, 333 (1960). 
(11) R.  I .  Reed, ref. 9,  p. 641. 


