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CHAPTER I 

THE VPC-VOLATILE CONSTITUENTS 

OF CARROT SEED OIL 

A survey of the literature concerning the composition 

of the essential oil of Daucus Carota L. quickly reveals 

that, although quite a large amount of work has been done 

regarding the composition of the oil, there is little agree

ment between various research groups and even between reports 

by the same workers. 

Early work on separation of the components was limited 

to fractional distillation, and because most of the components 

are liquids, the compounds were o.ften isolated in various 

degrees of purity which greatly increased the problem of 

identification. In the last ten years, separation has been 

done by both distillation and adsorption chromatography on 

alumina, the latter of which is now standard procedure and 

probably the method most widely used. Vapor phase chromatog

raphy [vpc ], both as a tool for identification and as a tech

nique for separation, has recently been recognized as a con

venient method for analyzing the terpene constituents of 

essential oils. 1 It is by this method that this study has 

been done. 

1 
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Historical Background 

The chemical composition of carrot seed oil [from 

cylindrical-root carrots] was first investigated by Richter2 

and later by Asahina and Tsukamoto 3 and the presence of the 

following constituents suggested: 1-a-pinene, 1-limonene, 

daucol, carotol, asaron, bisabolene, formic acid[?], acetic 

acid as the ester, free butyric acid [probably isobutyric 

acid], and free palmitic acid. 
-./' 

Sorm and coworkers, in a 

paper published in 1951, 4 identified, after fractional dis-

tillation and repeated chromatographic separation on alumina, 

the following components by infrared examinat ion and the 

preparation of various derivatives: a- and probably ~-pinene, 

dipentene [racemic limonene], p-cymene, carvone, geranyl 

acetate, caryophyllene, bergamotene, bisabolene, carotol 

[principal component], a sesquiterpene aldehyde C15H2 40 , 

and a high-boiling fraction containing a mixture of diterpenic 

hydrocarbons and daucol. The essential oil of the fruit+ of 

Daucus Carota L., which is widely distributed in the European 

part of the Soviet Union, in middle Asia, and in Caucasus, 

contains according to the work of Pigulevskii and Kovaleva 5 

a relatively large portion of geranyl acetate, t he percentage 

varying from 24 to 50% , depending upon the region from which 

+The oil obtained from the seeds of the plant is referred 
to in the literature as both seed oil and fruit oil, as 
opposed to the oil which is obtained from either the root or 
from the stalks and stems. In this paper it will be referred 
to as carrot seed oil. 
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the oil was obtained. Also present in the oil are 1-sabinene, 

nopinene [probably], and an additional C10H16 terpene, a 

small amount of a C30H62 paraffin hydrocarbon, two very similar 

sesquiterpenes, one of which is bicyclic and gives upon treat

ment with selenium a blue and violet azulene mixture. In 

later publications these workers reported the presence of 

bergamotene and ~-bisabolene, 6 obtained by column chromatog

raphy on alumina and identified by their infrared [IR] and Raman 

spectra, and a sesquiterpene hydrocarbon, daucene, 7 which 

was identified as dehydrocarotol. Makarova and Borisyuk8 

reported 1-a-pinene with a slight admixture of ~-pinene, as 

well as citronellol [1.5-2%], geraniol [25%], citral aldehyde 

[2%], and caryophyllene [3%]. The most recent study of the 

composition of the essential oil of Daucus Carota L. from 

Central Asia was again reported by Pigulevskii. 9 The oil 

was fractionally distilled into five fractions. From fraction 

1 [b.p. 40-49°/10 mm., nn° 1.4612, 2.5% of oil] were isolated 

after an additional frac t ional distillation 1-a-pinene [ 2% ] 

and dipentene [o. 5% ]. From fraction 2 [b. p. 70-94 ° /3 mm., 

nB0 1.4851, 0.8% of oil] after chromatography on neutral 

alumina [activity II] geraniol was isolated [0 . 5% ] and identi

fied by infrared spectroscopy [IR]. Repeated chromatography 

of combined fractions 3 and 4 [b.p. 94-102°/3 mm., nB0 1. 4902, 

6 .1% of oil, and b.p. 103-117°/3 mm., nD0 1.4930, 31.6% of 

oil] on alumina [activity I] gave d-daucene [2% ] and ~-bis

abolene [35% ]. ~-bisabolene was identified as t he trihydro

chloride and by IR. From fraction 5 [b.p. 117-123°/3 mm., 



4 

n£0 1.4970, 59% of oil] after chromatography on alumina 

[activity III] were obtained carotol [55%], asaron [4%], and 

daucol [ O. 5%] . Carotol and daucol were identified by their 

IR spectra; asaron was identified by its U. V. spectrum. 

It should be noted that although geranyl acetate, 1-sabinene, 

and bergamotene had previously been reported 5 ' 6 by these 

workers as constituents of the same oil, these compounds were 

not reported in the latest work; no explanation for this 

discrepanµy was advanced by the authors. 

Up to the 1959 report of Pigulevskii, the isomeric form 

of the bisabolene present in the oil had not been established. 

Identification had been established by comparison of physical 

constants and preparation of the trihydrochloride derivative. 

All three isomers, however, can be transformed into the same 

trihydrochloride, according to Ruzicka and van Veen. 10 

d-bisabolene 

11 ,~o 
~I #'-, 

A 
~-bisabolene 

(u 
;\ 

'Y- bisabolene 

Neither is the rotatory power displayed by the bisabolenes 

a good indication of the isomer present, as several bisabolene 

fractions of varying optical activity have been isolated, 

and there is no .agreement in the literature as to the rotation 

of the pure a- and ~-isomers. The T-product, believed to 

predominate in nature, 1 0 is optically inactive. Pigulevskii 

and Kovaleva 6 based their report of the presence of the be t a 
.. 

isomer on infrared spectral compari son with that of Sorm for 



~-bisabolene, and the Raman spectrum which indicated the 

presence of one primary-tertiary and two secondary-tertiary 

double bonds. 

Discussion of Results 

Vapor phase chromatographic analysis of natural carrot 

seed oil indicated the presence of the following compounds: 

limonene, a-pinene, ~-pinene, caryophyllene, ~-bisabolene, 

bergamotene [?], geranyl acetate, geraniol, carotol and 

daucol. Of the other compounds which have been reported 

to be present in the oil, citronellol, citronellal, and 

carvone were not found in this oil. 

Caryophyllene, which was reported by Sorm but was not 

indicated as a constituent by Pigulevtkii, was·round to be 

10% of the total amount of material observed by VPC. Iden-

tity of this hydrocarbon was established by comparison of 

retention times in VPC, and by NMR spectral comparison with 

an authentic sample. 

5 

The sesquiterpene hydrocarbon constituents of carrot seed 

oil were obtained by chromatography of a distillate fraction 

[b.p. 80-94°/0.1 mm.] on Merck base-washed alumina in a manner 
-../' 

similar to the procedures of Sorm and Pigulevskii. Both of 

these workers reported that they were able to isolate, after 

repeated chromatography by this method, pure samples of ber

gamotene and ~-bisabolene. The physical measurements [b.p. and 

refractive index] of the hydrocarbon constituents which were 

obtained in the same manner for this study were found to agree 
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within reasonable experimental limits with those of the previous 

workers. The VPC chromatogram, however, indicated the samples 

to be mixtures of three major components, the relative amount 

of each varying slightly according to the relative retention 

time of the sample on the basic alumina column. 

Separation of these three major components by preparative 

gas chromatography gave samples which were then analyzed 

further on several VPC columns. Of these three components, 

the one having the longest retention time could be further 

resolved by VPC chromatography into the three isomeric bis

abolenes. Reinjection of a mixture of the three isomers so 

obtained and the original carrot seed oil indicated that only 

one of these was present in the original oil. IR and NMR 

analysis of a sample of this isomer, collected by preparative 

VPC, showed this component to be the beta isomer. That this 

isomerization had not occurred on the VPC co lumn was c learly 

demonstrated by reinjecting the pure ~-bisabolene on the same 

column under identical conditions; a single, symmetrical peak 

was obtained. Compari son of the chroma tograms of the original 

carrot seed oil and the distillate fraction used for the alumina 

chromatography with the chromatogram of the isomeric mixt~re 

obtained from column chromatography suggested that the isomer

ization must be occurring on the basic alumina column as only 

t he beta isomer was present in the chromatograms of both oils. 

Geranyl aceta te was found to be a major component of the 

oil investigated in this study--second only to carotol in 

percent age of VPC-observable material. This compound was 
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-./' 

reported by Sorm4 and also by Pigulevskii in the work pub-

lished in 1955, 5 the latter showing it to comprise as high 

as 50% of the oil. Yet later chromatographic analysis by the 

same workers, 9 accounting for 99.5% of the oil chromatographed, 

did not show this compound to be present in oil obtained from 

the same geographical location. 

One factor which should not be overlooked in the compar-

ison of the results of this study with those of other workers 

is the difference in geographical location from which the oil 

was obtained. While this might feasibly account for some 

of the differences obs.erved, a VPC chromatogram of a sample 

of carrot seed oil from an entirely different source was very 

nearly identical to that of the oil used for this analysis, 

the only observable difference being a small variation in 

the relative amounts of the constituents present . 

Experimental 

VPC Instrumental Data 

Natural carrot seed oil, obtained from Magnus, Mabee and 

Reynard, Inc. [New York, N. Y.], was analyzed by vapor phase 

chromatography . The experiments were carried out with an 

Aerograp~ A-350-B chromatograph using helium as the carrier 

gas, a thermal conductivity cell as detector, and Minneapolis-

Honeywell strip - chart recorder with a 1 mv. scale and a chart 

speed of 0 . 5 inch per minute. Data for the four columns used 

are given in Table I, and the columns will be referred to by 

these numbers throughout the remainder of the discussion. 
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TABLE I 

VPC CHROMATOGRAPHY COLUMNS 

5% S. E. 30 on acid-washed chromosorb 
5' x i/2 " 0. D., stainless steel. 

2 20% Ucon Polar on chromosorb "W", 
10' x 1 / 4" 0. D., aluminum. 

"W" ' 

8 

3 20% poly-m-phenyl ether [6 phenyl] on 45/60 
chromosorb-6, 10' x 1/4" 0. D., aluminum. 

4 10% Craig polyester succinate on 45/60 chromo
sorb "W", 10 1 x 1 / 4 " 0 . D., aluminum. 

Chromatogram of Carrot Seed Oil 

The chromatogram for the natural oil obtained on VPC 

Column 4 is shown in Plate , T. The numbers of the peaks 

correspond to the same numbers, hence the compounds, in 

Table II. The various components were identified by compar-

ison of retention times under identical conditions, and by 

injecting mixed samples of the carrot seed oil and an authen-

tic sample if available, then observing the change in the 

area under the peak as related to the original chromatogram 

of the oil. Authentic samples of ~-bisabolene and bergamotene 

were not available for direct comparison, and identification 

of these two is based on the IR and NMR spectra of the pure 

compound isolated and purified by preparative VPC. The 

percentages recorded in Table II are based on material observ-

ed in VPC. 

An examination of the oil using Column 2 at ·190 ° gave 

a better separation of the monoterpenes. The two pinenes 



:, f'H+++++-H-
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I 
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could be distinguished from each other, the a isomer having 

the shorter retention time. The sesquiterpene constituents 

could best be analyzed on VPC Column 4 at column temperatures 

of 180 and 200° C. The h'igher temperature was necessary in 

order to show carotol and daucol as sharply defined peaks on 

the chromatogram. However there was no change in the remain-

der of the chromatogram other than decreasing the retention 

times. 

TABLE II 

COMPONENTS OF CARROT SEED OIL 
AS IDENTIFIED BY VPC 

No. Compound Retention Time Percent 

1 a-pinene 1.1 min. 12% i:,-pinene 
2 limonene 1.2 min. 15% 
3 2.9 min. 2% 
4 3,5 min. 2% 
5 caryophyllene 4.3 min. 10% 
6 i:,-bisabolene 5.2 min. 3% 
7 geranyl acetate 5.8 min. 22% 
8 geraniol 6.7 min. 5% 
9 carotol 16.6 min. 27% 

10 daucol 33.2 min. 2% 

Injection of samples of citronellol [5.6 min.], cit

ronellal [2.7 min.], and carvone [7.7 min.] on Column 4 

at a column temperature of 180° C. gave peaks which did not 

correspond to any of those in the chromatogram of the carrot 

seed oil run under identical conditions and can be assumed 

absent. 

Isolation and Identification of Sesquiterpene Hydrocarbons 

The sesquiterpene hydrocarbon fraction of carrot seed 
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oil was obtained by chromatography of the distillate fraction 

of carrot seed oil, b;p. 80-94°/0.1 mm., on Merck base-washed 

alumina [activity I]. The first fraction, eluted with carbon 

tetrachloride, was composed of a mixture of olefinic hydro~ 

carbons [b.p. 85-90°/1 mm., n~9 1.4938] from which the major 

components were separated by preparative gas chromatography 

on VPC Column 1. 

Caryophyllene and Bergamotene 

The first major fraction separated by VPC from the 

1 . h t h h d b . t [ n 2 n7 • 5 1. 4915] a umina c roma ograp y y rocar on mix ure 

appeared to be homogeneous when reinjected on the same 

column [l]; however, two components were indicated on VPC 

Column 2. The same sample on VPC Columns 3 and 4 showed, 

in addition to the two major components, several small 

peaks comprising less than 3% of the total area. Of the 

two major components, the compound having the shorter reten-

tion time corresponds to compound 4 in Pl,q.te , I, . while,. thee 

secmnd corresponds to compound 5. The latter was identified 

as caryophyllene by comparison of the retention time with 

that of an authentic sample. + The NMR spectrum of the mix-

ture [approximately 1:1] is shown in Pl~te II. The spectrum 

of a pure sample of caryophyllene is shown in Plate III. <By 

disregarding those peaks in Plate II which can be assigned 

+All NMR spectra were run with a Varian A-60 High 
Resolution Spectrometer using CC1 4 as solvent and tetra
methyl silane as internal standard[ ~ = O]. 



Plate II 

NMR Spectrum of Caryophyllene-Bergamotene 

c.c 7.0 6.0 5.0 4 .0 3.0 2.0 1.0 + ?PM ( b ) 

~-- : I : :: I . ~ :: : I : I I I ; . ' ' I I I I I Ii I' . I I I . . : I : I i .~ 
~ I . 

I r >--H~ 
500 400 300 200 100 ,II O CPS 

I ' I 
2.SO I\ I! 1&i I\ i !! 

.l _, /'1 

I~-
~ C· 7.0 6.0 

AND 

SULVENT: 
FI LTEli B&'HJWIDT!l : 
R F. FI ELD: 
SWEEP TIME : 
SHE:C:F' WIDTH: 
8W"""!:.EP OFFSET: 
2 PECTR'UM AI-~P: 
I NTEGF.J',J, AMF: 

1\ 

J 

5.0 

cc1 ... 
::; . of cps 
J. 12 mG 
5co s€c 
500 cps 

C cpe 
16 

4 .0 10 

! 
I 

I 
M i1 I 
.I ~ I\ I 
I \J 

2.0 

! 

l 
I •• 
l Ji I 

\ I\ i 

\JV 

Ii 
i' 
I 

' 
i 

1.0 

I 
/I 

i 
I: Ii 

'1i i . I , ,, 

I! 
i i 

iv ··1 :1 
· Ii 

WL-
O PPMlO ) 

1,-l 
I\) 



Plate III 

NMR Spectrum of Caryophyllene 
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to caryophyllene by comparing this sp~ctrum to Plate III, the 

remaining protons can be studied with regard to the second 

component. Of the compounds which have been previously 

reported as constituents of carrot seed oil, the NMR analy sis 

most nearly fits the structure for bergamotene as given by Sorm. 11 

~~bisabolene 

The second fraction collected by VPC [nD7 ~ 5 1.4939] 

appeared to be homogeneous upon rein jecting on VPC Columns 1 

and 2. On VPC Columns 3 and 4 this sample could be further 

resolved into three components, 58%, 34%, and 8% respectively. 

Collection of the major component and reinjec tion on the same 

column gave a single symmetrical peak, indicating that the 

three peaks were, in fact, three separate compounds, or, more 

probably, thre e isomers of the same compound . The NMR spectrum 

of this pure component, shown in Plate IV, is consiste nt with 

the structure of ~-bisabolene. IR [ O.l mm cell] of the mix-
_,,. 12 

ture was very similar to t hat reported by Sorm for ~-bisab-

olene . The NMR spectrum of t h e mixture was very similar to 

that of the pure component and supported the isomeric rela7, 

tionship of these three components. The number of protons 

in each of the peaks in the NMR spectrum varied slightly, 

but not by whol e numbe rs, and a small doubl e t present in 

the mixture at 0 . 75 ppm [J = 4 cps ] was no t prese nt in the 

NMR of pure ~-bisabolene . I nsuffi cient amounts of t h e two 

r emaining c omponents pre vente d NMR confirmation of the 

isomeric r elationship . The VPC chromatogram of a mixed 
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sample of the original carrot seed oil and the sample show

ing three components on VPC Column 4, however, indicated 

that ~-bisabolene was the only one of the three present in 

the original oil, and that the other two isomers must have 

been formed in the basic-alumina chromatography as they 

were not present in the distillate fraction used for the 

chromatography. 

Isolation of Geranyl Acetate 

The second fraction eluted with CC1 4 from the basic 

alumina column showed four components on VPC Column 1, two 

of which were minor and corresponded to those in the preced

ing chromatography fraction [bisabolenes and caryophyllene

bergamotene]. The two major fractions were collected by 

preparative VPC. The first fraction showed a single, symmet

rical peak when injected on each of t he four columns and 

corresponded to compound 7 in Plate l; its ,IR spectrum showed , 

bands at v film 1745, 1675, and 1235 cm- 1 , indicating an 

unsaturated ester . The sample collected by VPC had a reten

tion time identical with that of an authentic sample of 

geranyl acetate. The NMR spectrum, Plate V, i s consistent 

with the structure of geranyl acetate. 

Isolation of Caroto l 

The second major component of the basic -alumina chroma

tography fract ion t wo corresponded t o compound 9 in Plate , I, , 

and had the same retention time as an authentic sample of 



carotol. The NMR spectrum was identical with the spectrum 

previously reported.i 3 

17 
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CHAPTER II 

CONTRIBUTIONS TO THE DETERMINATION OF THE ABSOLUTE 

CONFIGURATION OF CAROTOL AT c7 

Carotol, a sesquiterpenoid constituent of carrot seed 

oil, has recently been shown to have structure I.13 14 15 

~f ~ -r 
I 

The position of the double bond [C3-C4 or C4-C 5] has not been 

rigldlj proved, and the relative and absolute configurations 

of the molecule are not known. 

Historical Background 

Carotol, C15H2sO, was first isolated by Asahina and 

Tsukamoto16 and later by Palfray and Lepesqueur17 from the 

essential oil of Daucus carota L. Three different carbon 

skeletons have been proposed for the alcohol. ~orm and 

Urbanek18 originally proposed formula II in which carotol 

was represented as having a hydroxy group at C11 and a double 

bond at C1-C9 . These workers19 later suggested that the 

hydroxy group was at C4 and the double bond at C6 -C 7 or 
V 15 Very recently Sorm and coworkers · proposed formula I, 

19 
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with the double bond at C4 -C 5 , for carotol on the basis of 

new degradative experimental work. At the time of the latter 

report there appeared another publication in which Chiurduglu 

and Descamps20 ' 2 i offered evidence in support of formula III: 

ro :k . . OH:!" .. 
II III 

The oxygen atom in carotol was recognized to be present 

as a tertiary alcoholic grouping22 because of its unreactive 

character towards acylating agents and its ease of elimination. 

Sorm and Urbanekis found that on catalytic hydrogenation the 

saturated dihydrocarotol, Ci 5 H2sO, was formed. The presence 

of only one ethylenic linkage, and hence two rings, implied 

by this experiment was confirmed by the formation of a 

crystalline carotol oxide, Ci 5 H2602 , upon treatment wi th per -

phthalic acid. Dehydrogenation of carotol with palladium on 

charcoal gave an aromatic hydrocarbon identical with synthetic 

1,7-dimethyl-4-isopropylnaphthalene together with a small 

amount of unidentified azulenes. The position of the double 

bond was determined from the fact that oxidation of the triol 

derived from carotol with KMn0 4 appanentJty, gave ·a· .di:ket<f:me• · 

whi ch was also a me thyl ketone . Ba se d upon thi s evidence , 
....... 
Sorm and Urbanek proposed structure II for carotol. This 

skeleton can be constructed from three isoprenoid residues, 

but not if these are linked as in the conventional farne sol 

chain; therefore, it was suggested that carotol may be a 
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member of the cadalene group in which methyl migration has 

occurred in the last stage of the biosynthesis of the carbon 

skeleton. 

In August of 1959 Sorm and coworkers suggestedi 9 that 

their original structure was incorrect, and this report was 

followed by a paperi 5 in which they proposed structure I. 

This structure was based upon extensive degradative experi-

mental work in which several oxidations followed by pyrolysis 

led to a five~unembered ketone of possible formula IV. The 

assignment of the double bond at C4 -C 5 was based upon the 

isolation of a small amount of succinic acid from the nitric 

acid oxidation of the triol. 23 

IV 

At almost the same time that this last report came from 

""" Sorm:'s laboratory , another came from the laboratory of Chiur-

doglu and Descamps in Belgium. These workers2 0 , 2 i proposed 

structure III for carotol; the carbon skeleton was based on 

dehydrogenation studies. On treatment with selenium at 280° C. 

for two hours, carotol gave a previously unreported azulene 

in 7% yie ld which was ass i gned structure V. Under more 

drastic conditions, V was found to rearrange to 1,7-dimethyl -

4-isopropylnaphthalene, previousl y isolated and synthesized 
...,.. 

by Sorm. 24 The ultraviolet spectrum calculated f or structure 

V was .also consistent with that observed for the unknown 
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azulene. This data, plus additional chemical evidence led 

to the proposed structure III. 

V 
Work presented by Zalkow and associates13 supports that 

"" of Sorm in showing that formula I, or its isomer with the 

double bond at C3-C4, represents the correct structure of 

carotol. NMR data presented by these workers for carotol 

and several of its derivatives are consistent with structure 

I [double bond at C3 or C4 ] for carotol, and does not support 

-structure II proposed earlier by Sorm or the recently proposed 

structure III of Chiurdoglu and Descamps. 

Closely related to carotol is another sesquiterpenic 

constituent of carrot seed oil, daucol, C15H260 2 . This 

compound was first reported by Richter, 2 and the properties 
._., 

obtained by Sorm, Chiurdoglu, and Zalkow for the oxide which 

arises from carotol upon treatment with peracids are in 

fairly close agreement with those recorded by Richter for 

daucol. Originally, daucol was believed to be the epoxide 
v ' of carotol, but it was recently shown by Sorm ·'s group that 

oxidation of daucol gives a keto ether, C15H240 2 ; and formula 

VI, which is a hydroxy ether of Lwas proposed as the structure 

of daucol. Chiurdoglu and Descamps 20 , 21 proposed structure 

VII, which is simply the epoxide of their structure III for 

carotol. Chemical and NMR data obtained by Zalkow13 is 
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consistent only with structure VI [OH at C3 or C5 ] for daucol. 

VI 

Theoretical Discussion 

In order to determine the absolute configuration of 

carotol [and daucol] at C7 , it was proposed that carotol be 

degraded according to the following scheme to 2-methyl-

2-[4-methylpentyl]succinic acid which could then be compared 

by the quasi-racemate method25 with[+] and[-] a-methyl-a-

isopropyl succinic acid. 

I 

,,. 

XIII 

VIII 

~c~ 
~o~Cf/J 

XII 

230° ... ~4R 
~OzR 

X. R=H 
XI. R=CH3 
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Carotol, which was obtained by fractional distillation 

of commercial carrot seed oil, was oxidized with potassium 

permanganate to the crystalline triol VIII by the method of 

Sorm and Urbanek. 18 On treatment with chromic acid in acetic 

acid, the triol afforded both a cetoxy dicarboxylic acid X 

and the dihydroxy ketone IX. The latter, upon reoxidation 

with chromic acid, afforded the acid X as well. Pyrolysis 

of the dimethyl ester XI at 230 ° C. and atmospheric pressure 

gave an unsaturated diester. The ultraviolet spectrum, 

~ab. EtOH 228 mp [log€= 3.98], indicated the reaction max. 

product to be predominantly the a,~ unsaturated ester XII. 

Integration of its NMR spectrum showed 0.7 olefinic protons, 

which would suggest 70% ± 10% of the conjugated isomer; the 

isomer with the double bond within the five-membered ring 

would show no olefinic proton and would have no U. V. max-

imum above 200 ny.,i.. 

Ozonolysis of the olefinic diester at room temperature 

in acetic acid for 24 hours, followed by decomposition of the 

ozonide with Zn, gave a compound for which the structure 

XIII is suggested. The IR spectrum supports this structure 

in that it shows two carbonyl bands at 1742 and 1790 cm- 1 and 

an . 0-H band at 3470 - 1 cm The carbonyl band at 1790 is very 

weak and appears as a shoulder on the 1742 band. The NMR 

spectrum, shown in Plate VI, did not change upon addition of 

D2 0; however, this is not uncommon for a tertiary alcohol 

as the alcohol proton of carotol does not show an exchange 

either. Integration of the NMR spectrum, based on the peak 
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at 3.58 ppm as the three protons of the methyl ester, indicates 

a total of 20 protons. Elemental analysis of the pure com

pound, which was obtained by preparative VPC, agrees with the 

molecular formula C12H2 0 04. The optical rotatory dispersion [ORD] 

curve, shown in Plate VII, exhibits a positive Cotton effect; 

hence it confirms the presence of the keto-,,carbonyl. Addition 

o~hydrochloric acid did not change the curve significantly, 

which would support the location of the hydroxyl group as 

shown. 

A means by which the alcoholic group could be obtained 

~would be allylic oxidation during the ozonolysis process. 

Investigations in this laboratory have shown that oxidation 

of this typ~ occurs quite readily when ozonolysis of a compound 

containing a similar grouping is carried out in glacial acetic 

acid over a long period of time. Although two tertiary posi

tions are available in compound XIII, one of these \s adja

cent to the carbonyl and should be the more stable of the 

two,which would give rise to the proposed compound. 

Experimental 

Distillation of Carrot Seed 011 

Carotol was obtained by fractional distillation of 

commercial natural carrot seed oil [Magnus, Mabee and Rey

nard, Inc., New York, N. Y.] under a nitrogen atmosphere. 

The fraction of boiling point 91-95°/0.7-0.9 mm., nn5 1.4967 , 

was collected . . Gas chromatography indicated this fraction 

cdntained at least 95% carotol. IR: V film 3480, 1635 cm- 1 • 
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Preparation of Carotol Triol VIII 

Carotol [10 g.] was oxidized to the triol using the 

method of Sorm and Urbanek18 with several modifications. 

After oxidation at 0° C. under the conditions given in the 
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above reference, the precipitated Mn0 2 was filtered and washed 

thoroughly with acetone, and the filtrate concentrated under 

vacuum until most of the acetone had been removed. The white 

solid which precipitated at this point was filtered, and the 

filtrate then extracted continuously for 38 hours with CHC1 3 • 

Upon removal of the chloroform and cooling to room temperature, 

white crystalline triol [5,72 g.] was obtained. Filtration, 

followed by recrystallization from benzene and hexane [1:1], 

afforded 4.61 g. triol, m.p. 141-142° C. Lit. m.p. 142° C, 18 

IR: V KBr 3300, 3400 cm- 1 • 

The residual oil from the oxidation showed IR bands at 

vfilm 3400, 1710, and 1650 
_, 

cm Chromatography on acid-

washed alumina failed to give good separation; however, 

repeated recrystallization of the fractions eluted with 

ethyl ether gave a small amount of triol. Upon oxidation 

of the residual oil under the conditions for preparation of 

the acetoxydicarboxylic acid [see below], the diacid could be 

obtained in approximately 10% yield. 

Preparation of Acetoxydicarboxylic Acid X 

A solution of chromic acid [30 g.] in acetic acid was 

added dropwise to a solution of triol VIII [18 g.] in acetic 

acid and the solution stirred at room temperature for 36 
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hours. The acetic acid was distilled off in vacuo, the resi-

due diluted with water and stirred until all the solid 

residue dissolved, and the solution then extracted continu-

ously with ether. The acidic material was extracted with 

sodium carbonate solution, and upon acidification with HCl, 

a white solid precipitated. After extraction with ether, 

drying over anhydrous Na2 S0 4 , and removal of the solvent, 

4.82 g. of white solid were obtained which on recrystalliza

tion from ethyl acetate afforded the acid X, m.p. 172.5° C. 

Lit. m.p. 169-172° C. 23 IR: YKBr 3390 , 2850, 1735, 1700, 

and 1255 -1. cm 

The ethereal solution containing the neutral material 

was dried over sodium sulfate and the solvent evaporated to 

give a colorless liquid. IR, ~film 3440 and 1705 cm- 1 , 

indicated the oil to be primarily the keto-diol IX. Reoxida-

tion under the same conditions as used for preparing the 

acetoxydiacid gave the diacid in 36% yield, m.p. 176° C. The 

IR spectrum was identical to that of the acetoxydiacid. 

Preparation of unsaturated diester XII 

The dimethyl ester XI of acetoxydicarboxylic acid X was 

prepared with diazomethane in ether solution, b.p. 145°/0 .15 

Lit. b.p. 155-160 [bath]/0 .06 mm. 23 mm., nD8 · 5 1.4670. 

IR: v film 1255, 1740 -1 cm 

Pyrolysis of the resulting acetoxydiester XI at 230° C. 

gave a yellow liquid, which was taken up in ether, then washed 

with Na2 C0 3 solution until the yellow color had been removed. 
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After washing with water and drying over anhydrous MgS04, 

the solvent was removed, and the colorless liquid distilled. 

IR: ,>film 1720, 1740, and 1638 cm- 1 • UV: ~:~;: EtOH 228 mp. 

[log E. = 3.98]. B.p. 70-75° C./0.2 mm.; Lit. b.p. 140° 

[bath]/0 .3 mm. 23 

0, 23.85. Found: C, 67.51; H, 9.16; 0, ~3.56. 

' 
Preparation of keto-esier XIII 

The unsaturated diester XII [1.41 g.] was dissolved 

in acetic acid and ozonized for 26. hours at room temperature. 

Zinc dust was added, and the solution was stirred for 5 hours. 

After filtration of the zinc, the filtrate was poured into 

water, extracted with ether, and the ether layer washed with 

sodium carbonate solution, then water. Upon removal of the 

solvent, a yellow oil [o.48 g.] was obtained. IR: '])film 

1742, 1790 [weak], 3470, 1640 [very weak], and 1242 cm- 1 . A 

sample purified by preparative thin layer chromatography 

for analysis had Rf= 0.7 on Silica gel with 4CHC13:l abs. 

EtOH. The NMR spectrum is shown in Plate VI. The ORD curve 

is shown i ,n Plate VIII [methanol]. ' 

Analysis: Cale. for C1 2H2004: C, 63.18; H, 8.83; 

O, 28.04. Found: C, 62.80, 62.57, 62.46, 64.12; H, 8.68, 

8.39, 8.50, 8.62. 
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