
AUGUST 1957 REACTIONS O F  LIMOSENE MOSOXIDE. CARVONE SYSTHESIS 949 

[COSTRIBUTION FROM THE RESEARCH AND DEVELOPMEST DEPARTMEST, BECCO CHEMICAL DIVISION, 
FOOD MACHIXERY AND CHEMIC4L CORP.] 

Reactions of Limonene Monoxide. The Synthesis of Carvone 

SEYMOUR M. LINDER AND FRANK P. GREENSPhN' 

Received March 29, 1956 

An extensive study was made of the conversion of u-limonene into L-carvone. 

The first step in each synthesis was the same, the epoxidation of limonene, nhich proceeded in 90% yield. 

Two successful methods were developed, 
one by the pyrolysis of limonene glycol diacetate, and the other the oxidation of limonene glycol Kith tert-butyl chromate. 

The basic 
approach involved the dehydration and oxidation of the ring-opened epoxide. In the first group of syntheses attempted 
the oxidation was performed before the dehydration. 

On oxidation with tert-butyl chromate, limonene glycol could be converted to the keto alcohol. The keto alcohol could 
not be dehydrated directly. When the oxime or semicarbazone of the keto alcohol was steam distilled with acid, simultaneous 
hydrolysis and dehydration took place. The yield of carvone from limonene glycol was 9.2%. 

In  the second group of syntheses, the dehydration (alternately the dehydrochlorination or deacylation of ester) was per- 
formed before the oxidation. Pyrolysis of the glycol diacetate (deacylation) gave carveol acetate which was then saponified 
to carveol, and in turn oxidized to carvone. The overall yield of carvone from limonene epoxide was 770. 

Attempts to dehydrate limonene glycol to carveol led generally to dihydrocarvone. Limonene chlorohydrin formed by 
the ring opening of limonene oxide with hydrogen chloride could not be dehydrated. Limonene chlorohydrin, formed by the 
reaction of limonene glycol with thionyl chloride, dehydrochlorinated in the wong direction, forming dihydrocarvone rather 
than the desired carveol. 

The synthesis of L-carvone from D-limonene has 
been previously studied2 but in each case limonene 
nitrosochloride was involved as the intermediate. 
The synthesis involved the conversion of D-limo- 
nene into the nitrosochloride which was then de- 
hydrochlorinated to L-carvoxime and hydrolyzed to 
L-carvone. It Jvas of interest to develop a method of 
synthesis which did not involve the use of nitrosyl 
chloride. 

The basic approach used involved the conversion 
of limoiiene to  limonene monoxide, ring opening to 
the glycol (alternately the acetate or chlorohydrin), 
followed by dehydration and oxidation of the ring- 
opened intermediate. The various attempted syn- 
theses can be divided into two groups, (A) in which 
the oxidation was performed first, and (U) in which 
the dehydration (or dehydrochlorination) of the 
ring-opened intermediate was performed first. 

Two successful syntheses were accomplished. 
One proceeded from the epoxide which was ring- 
opened to the glycol, then oxidized to the keto alcohol 
arid dehydrated to carvone. In the other synthesis, 
the epoxide was converted to the glycol diacetate, 
which was pyrolyzed to carveol acetate, saponified 
to carveol, then oxidized t o  carvone. 

While the yields are low in comparison to the 
previously reported syntheses of carvone, the reac- 
tions studied are of interest since they shed consid- 
erable light on the chemistry of terpene epoxides 
and their derivatives. 

Limonene oxide for all the reactions described 
n-a\ prepared using a solution of peracetic acid in 
chloroform as the epoxidizing reagent. The yields 

(1) Sew Address: FMC Organic Chemicals Division, 
Food Machinery and Chemical Corporation, New York 17, 
Sew York. 

(2) E. E. Royals and S. E. Horne, Jr., J .  Am. Chem. Soc., 
73, 5866 (1951). Other references to previous \\--ark will be 
foiintl iii  tlic above releielice. 

mere 9070, substantially greater than that pre- 
viously reported for perbenzoic acid, 3,4 monoper- 
phthalic acid5 (71%), and peracetic acid.6 

Synthes is  through the oxidat ion of l imonene glycol. 
One of the syntheses attempted involved the hydrol- 
ysis of limonene oxide to limonene glycol, followed 
by the oxidation of the glycol to the ketol, which 
was then to be dehydrated to  carvone. Limonene 
glycol was prepared by the hydrolysis of the oxide 
with 1% sulfuric acid at 0°C.3p417 

An extensive study was made of the oxidation of 
limonene glycol to the corresponding keto alcohol. 
The results in all cases except one were unsuccess- 
ful, probably due to  glycol cleavage and oxidation 
of the exocyclic double bond. Tertiary butyl chro- 
mate,8 a selective oxidizing agent which does not 
attack double bonds, has been found to  accomplish 
the desired oxidation, although only in 44% yield. 
This represents the first successful synthesis of 1- 
hydroxydihydrocarvone to be reported. 

As in the case of 1-methyl-l-cyclohexene-G- 
the dehydration of the keto alcohol presented 

difficulties due to the interaction of the hydroxyl 
and carbonyl groups. The direct dehydration of the 
ketol could not be accomplished. It was necessary 
first to convert it  into the oxime or semicarbazone 
and then simultaneously dehydrate and hydrolyze 

(3) 3'. Prileschajen, Ber., 42, 4811 (1909) and German 

(4) H. Meerwein, ;2. Ogait, W. Prang, and A. Serini, J .  

(5) E, E. Royals and L. I,. Harrell, Jr . ,  J .  Am. Chem. Snc , 

(6) B. A. .4 rbuso~ and B. 31. hlichailom, J .  prakt. Chem., 

( 7 )  H. Schmidt, Ber., 82, 11 (1949). 
(8) R. V. Oppenauer and H. Oberrauch, Anales asoc. 

(9) Ti .  W. Rutz,  R. 13. Davis, and A. hI. Gaddis, ,I. O t g .  

Patent 230,723. 

p/"akt.  Chem., 113, 9 (1'326). 

77, 3405 (1955). 

127, 92 (1930). 

qubm. argentina, 37, 246 (1949). 

Cheni., 12, 130 (1047). 
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the derivative. -hi interfering reactioii is the acid- 
catalyzed isomerization of carvone to carvacrol. 

Using a pH of 0.9 to 1.0, previously optimum for 
the hydrolysis of carvoxirne,'O we obtained a 21% 
yield of carvone. -1 9% yield was obtained when 
oxalic acid was used as dehydrating agent. The 
best overall yield was titi;, 

-4 ttempted synthesis through dehydration of l imo-  
nene glycol. An attempt waq made to dehydrate 
limoneiie glycol t o  carveol, which could then be 
oxidized to carvone. The dehydrating agents used 
were iodine. anhydrous oxalic acid, sulfuric acid in 
formic acid. iOyo sulfuric acid, and anhydrous zinc 
chloride. I11 all cases, dihydrocarvone was obtained 
rather than the desired carveol. .After this work had 
beeii completed, Royals and Harrell similarly re- 
ported the formation of ketone, rather than car- 
veol, for the dehydration of limonene glycol.5 

Syn thes i s  through pyo l ! j s z s  of Ezmonene glycol 
diacetate. -4ii attempt was made to convert the 
glyrol diac'etate t o  rarveol acetate which could be 
hydrolyzed to carveol and oxidized to carvone. 
This approach had previously been studied by B ~ u -  
inaiin arid Wood,ll who report that they obtained 
a material similar to carvoiie in chemical proper- 
ties, but having a different odor. It was of interest, 
nevertheless, t o  study the reactions and to deter- 
mine whether it was possible, by ~a ry ing  the condi- 
tions, to obtain the desired carvoiie. 

The inonoacetate was coiivert,ed to the diacetate 
by treatment with acetic anhydride. The overall 
yield from the epoxide was iOVc. The crude diace- 
tate, JThich cwntained 17% dihydrocarvone, \\-as 
pyrolyzed by dropping it through a column packed 
with glass helice.. (,llumiiia caused isomerization 
1 o caarvacrol and 5tainlesq .tee1 caused reduction 
of the double bond.) The teniperature proved t o  be 
very witical If it were too lo\]-, no reaction took 
place; if too high. removal of both acetoxy groups 
took plare, a. evidenred by the high bromine nuin- 
her and lo\\ t.;-ter valur.. The hydrocarbon a i d  the 
iinreacted diavetatc \vert' >eparated from the car- 
veo1 acetate by distillatioil The conversion to c w -  
\.pol wetate in  the pyrol 

red evidence indicated that 

wol  with dihj-drocar 
The carveol, so 

hroniiuni trioside iii acetic acid at lo\\ tempera- 
t ure\ l 'hr i ~ u l t a n t  rarvoiie n-as separated 
troni the uiiieacted c ~ ~ w o l  by extraction v ith neu- 
t ral yodiuiii d h t r  The yield of cai'Twiie vat. 7<5'5(- 
011 the basis of the cctrireol reacted. The material 
prepared from the pyrolysis had an off-odor, but 

(10) C. Bordenca, R. K. Allison, and P. H. Dirstine, Ind. 

(11) .4. Rlumann and W. Et. n-ood, J .  rhein.  Soc., 1120 

(12) R. H. Reiteenia. J .  AH/ .  { 'bcw.  Sor.., 75, 1996 (1953) 
(13) ,i, Hlumann and 0. Zeitwhcl, Re,., 47, 2628 (1914) 

Eng. Chem., 43, 1196 (1951). 

(1952). 

had the corrert bromine number, c.arboiiy1 content, 
and formed a crystalline hydrogen sulfide addition 
compound. l 4  

The overall yield from limoiieiie oxide to carvone 
for this synthesis was 77,. 

Attempted synthesis through dehydration of lanao- 
nene chlorohydrin. Limonene oxide was converted 
into the chlorohydrin by reaction nith hydrogen 
chloride in ether. Limoneiie chlorohydrin, which 
has not previously been described, was found to be 
a mixture of two isomers, one of which. when de- 
hydrated, n-ould be expected to give carvyl chlo- 
ride, which could then be hydrolyzed to carveol 
and oxidized to clarvone 

The results of all dehydration experiments at- 
tempted were unsuccessful. I n  no case was there 
any appreciable increase in bromine number, in- 
dicating that little dehydration took place. The 
dehydrating agents used mere ayueoua oxalic acid, 
anhydrous oxalic acid, anhydrous formic acid, 
phosphorus pent oxide, acetic anhydride, potassium 
acid sulfate, aqueous sulfuric acid, and iodine 

Attempted synthesis fhrough dehydrochlorinatzori 
of l imonene chlorohydrin. This synthesis n-as de- 
pendent on conversion of the tertiary hydroxyl to a 
cihloro group and dehydrochlorination of the result- 
ant limonene chlorohydrin to carveol Treatment 
of the glycol I\-ith concentrated hydrochloric acid 
under mild conditions did not give the de3ired 
rhloro compound. hddition to the double bond ap- 
peared to  take place. Tilder more vigorous rolidi- 
tions, isomerization to dihydrocarvone wab the 
dominant reaction The tertiary hydroxyl group 
of limonene glycol appears to  be fairly uiireac8tive 
toward mbstitution b y  chlorine Ethereal hydrogen 
chloride also appears to add to the double bond. 

When the glycol was treated with thionyl chlo- 
ride, substitution by chlorine took place. Thtt hy- 
drogen chloride n-as removed only on prolonged re- 
fluxing with pyridine and large amounts of dihydro- 
cmvoue were formed, indic~atiiig that the dehydra- 
tion took plaw iii the ivroiig dirertioii 

E;XPERI~lCIE;NT.\l~ 

Oxidatiori o j  litiionene glycol to [he  k d o  U / C O / I O / .  tprl-Bu t >.I 
chromat,e was prepared by adding 59 g. of chromium tri- 
oxide in small portions to 168 ml. of led-butyl alcohol wit,li 
slight cooling.16 The solution was diluted with 220 ml. of 
dry benzene and dried over anhydrous magnesium siilfatr. 
To the above solution was added a solution of 100 g. of' 
anhydrous limonene glycol in 800 ml. of dry benzene, keep- 
ing the temperature between 25' and 30". Infrared evidenw 
indicated that the reaction \vas complete in 2 hr. The coni- 
ples was hydrolyzed by the addition in  succession of 600 nil. 
of water, 120 g. of hydrated oxalic acid, then 600 nil. of 
20y0 sulfuric acid with stirring, keeping the temperatmc, 
below 25'. After 3 hr., the mixture was separated and thcl 
organic layer washed with alkali and dried. A 44% yield of 
oil was obt'ained. 
_____- 

(14) 0. Kallach, Ani~ . ,  305, 224 (1890). 
(151 It is s ta t rd7  that tort-butyl chrornatr cxplodrs 

violcntlj- Pvhcn he:ttctl xhovc 60'. 
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Anal. Calcd. for CIOHl~O~:  Carbonyl oxygen, 9.5%, 
bromine number, 94; hydroxyl, 10.10. Found: Carbonyl 
oxygen, 8.6; bromine number, 102.8; hydroxyl, 10.2570. 

Infrared evidence indicated the presence of an or-hydroxy 
ketone. 

Dehydration of the keto alcohol. The keto alcohol was con- 
verted to the semicarbazone which could not be crystal- 
lized. The semlcarbazone was steam-distilled, the pH being 
kept 8.t 0.9 to 1.0 by the addition of 257, sulfuric acid. The 
product was isolated from the distillate and purified by con- 
version to the sodium sulfite derivative. h 157, yield of oil 
having a spearmint-like odor was obtained. 

Anal. Calcd. for C10H140: Carbonyl oxygen, 10.77,; 
bromine number, 211. Found: Carbonyl oxygen, 10.39;b; 
bromine number, 210.8. 

The keto alcohol rras converted to the oxime which could 
not be crystallized. The oxime was refluxed for an hour with 
57, oxalic acid, then the mixture was steam-distilled. The 
product which was isolated from the distillate in 20% 
yield was shown by infrared analysis to consist of approxi- 
mately 507, carvone. 

Preparation of limonene glycol monoacetate. A solution of 
463.7 g. of limonene monoxide in 1400 ml. of acetic acid 
was refluxed for 4 hr. and allowed to stand a t  room tem- 
perature for 72 hr. On removal of the acetic acid, 561.5 g. 
(93%) of oil was obtained which had an ester value of 
275.2. A sample was steam-distilled. 

Anal. Calcd. for C12H2003: Ester value, 264; bromine 
number, 75.5; carbonyl, 0. Found: Ester value, 274.9; 
bromine number, 76.8; carbonyl, 17.4Y0 as dihydrocarvone. 

Preparation of limonene glycol diacetate. A solution of 
633.8 g. of limonene glycol monoacetate in 1265 ml. of 
acetic anhydride was refluxed for 7 hr. and allowed to stand 
at  room temperature for 50 hr. On removal of the acetic 
anhydride and acetic acid, 688 g. (88.4%) of oil was ob- 
tained. A steam-distilled sample was submitted for analysis. 

Anal. Calcd. for C14HzzOa: Ester value, 442; bromine 
number, 63; carbonyl, 0. Found: Ester value, 413.4; bromine 
number, 64.7; carbonyl, 6.6% as dihydrocarvone. 

A solution of 50 g. of anhydrous limonene glycol in 250 
ml. of acetic anhydride was refluxed for 2.5 hr., then poured 
into water. af ter  the acetic anhydride had hydrolyzed, the 
product was isolated by extraction with ether. On removal 
of the ether, a residue of 69 g. (92.57,) of oil was obtained. 

Anal. Found: Ester value, 420.7; bromine number, 65.2. 
Pyrolyszs of limonene glycol diacetate. The pyrolysis was 

conducted by dropping 544 g. of limonene glycol diacetate 
(77% pure by ester value, 107, dihydrocarvone) through 
an electrically-heated column packed with glass helices. 
I t  was run a t  347461" over a period of 2.5 hr., being pre- 

heated to 190'. The material which came through the 
column was treated with sodium bicarbonate solution to 
remove the acid, a yield of 318 g. of oil being obtained. 

Anal. Calcd. for CI~HI~OZ:  Ester value, 290; bromine 
number, 164; carbonyl, 0. Found: Ester value, 244.2; 
bromine number, 118.1; carbonyl, 16.47, as dihydrocarvone. 

After two treatments with sodium bisulfite, 257.2 g. of 
material, which was free of carbonyl was obtained. 

Anal. Found: Ester value, 249.0; bromine number, 117.0; 
glycol, 9.12% as limonene glycol. 

The product resulting was distilled in vacuo, the main 
fraction, 92 g., boiling a t  83-90"/3.5 mm. 

Anal. Found: Ester value, 275.3; bromine number, 
145.1; glycol, 5.48% as limonene glycol; carbonyl, 2.45% as 
dihydrocarvone. 

SaponiJication of carveol acetate to carved. A solution of 
29.1 g. (0.15 mole) of carveol acetate (distilled) in a solution 
of 20 g. potassium hydroxide (100% excess) in 300 ml. of 
methanol was refluxed for 1.5 hr. After neutralization of the 
excess alkali and removal of the solvents and salts, 12 g. of 
oil was obtained. Infrared evidence indicated that it con- 
tained a high concentration of carveol. It contained 327, 
of dihydrocarvone as an impurity. 

Preparation of limonene chlorohydrzn. To 550 ml. of 1.91)- 
hydrogen chloride in ether was added slowly 150 g. of limo- 
nene monoxide (927, pure) and the mixture allowed to  
stand at  room temperature for 3 hr. The solution was then 
washed with water and dried over anhydrous magnesium 
sulfate. After removal of the ether, 170 g. (91%) of oil was 
obtained. 

Anal. Calcd. for C1OHI7OCl: C1, 18.83; bromine number, 
85; sapon. number, 282; glycol, 0; oxirane oxygen, 0. 
Found: C1, 17.81; bromine number, 80.5; sapon. number, 
274; glycol, 0; oxirane oxygen, 0. 

Analytical methods. 1. Bromine number: W. W. Scott and 
K. H. Furman, Standard Methods of Chemical Analysis, Fifth 
Edition, Vol. 2, p. 1770, Van Nostrand Co., Inc., h'ew York, 
1944. 2. Epoxy (ether HC1 Method): D. Swern, T. W. 
Findley, G. N. Billen, and J. T. Scanlan, Anal. Chem., 19, 
414 (1947). 3. Hydroxyl (acetic anhydride-pyridine): C. L. 
Ogg, U'. L. Porter, and C. 0. Willits, Ind. Eng. Chem., 
Anal. Ed., 17, 394 (1945). 4. Carbonyl (hydroxylamine 
hydrochloride-pyridine): W. M. D. Bryant and D. ill. Smith, 
J .  Am. Chem. SOC., 57, 57 (1935). 5. Glycol (periodic acid): 
W. D. Pohle, V. C. Mehlenbacher, and J. H. Cook, Oil and 
Soap, 22, 115 (1945), or S. Siggia, Quantitative Organic 
Analysis via Functional Groups, First Edition, John Wiley 
R- Sons, New York, 1949, p. 8. 
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A number of dialkylaminoalkyl ethers of benzaldoxirnes and benzophenon oximea have been prepared and characterized 
In preliminary physiological screening studies the pdiethylaminoethyl ether of or-benzaldoxime (as the hydrochloride) 
appeared to be the most interesting of all the compounds tested for local anesthetic activity; it offered good anesthetic 
action and was the least irritating. 

As part of a synthetic medicinals program started 
in these laboratories several years ago a search was 

made for new and improved local anesthetics. Jn 
these studies attention was focused on the dialkyl- 

.. 1 1  . 


