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Introduction:
This process coverts d-limonene to /-carvone (also known as s-carvone). D-limonene constitutes
about 93% of orange and grapefruit oils. /-carvone can be extracted from spearmunt oils. It 1s the

conjecture of this article that this process can be used to provide a substitute or partial
replacement for the natural o1l of spearmint. Our group found 1t very interesting that fruit oils
would yield spearmint oils through a chemical process. We were also surprised to see that both
of the given chemicals have industrial uses. D-limonene 15 used as an orange fragrance and
flavoring. L-Carvone 1s also used as a spearmint flavor. Both of these chemicals have

enantiomers that have different fragrances which we also found significant. The three step
synthesis also appealed to us as the process contained many steps that we are familiar with from

CHEM 210 and 215,

Overall synthetic reaction scheme: (a Chemdraw or similar drawing of all three steps)
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Step 1

Syvnthetic transformation 1: (Chemdraw picture of first transformation)

(+)-Limonens Limonene Nifrosochlonde

Experimental 1 (notes if this transformation 1s not exactly the one reported in literature (e.g. on
a different scale) and how it was modified):

Make a solution of 1.27* g (0.00934* moles) of (+)-limonene in 1.25* mL of 1sopropyl

alcohol and cool to below 10° C. Make a solution of 3.75* mL of concentrated hydrochloric acid

in 2.5 mL of 1sopropyl alcohol and a concentrated aqueous solution of 0.65* g (0.00934* moles)
sodium nitrite. Then add these simultaneously through separate dropping funnels to the (+)-

limonene solution. Adjust the addition rate 1n order to maintain the temperature below 10° C.
Stir the mixture for an additional 15 minutes and allow 1t to stand 1n the refrigerator for 1 hour.
Then 1solate the solid by filtration and wash with enough cold ethanol to make a thick slurry
which provides a water white product. Repeat this step with the liquid from the previous
filtration and combine the solids. A total of 3* grams (0.25* moles) (80.7% of theoretical yield)

of limonene mitrosochloride should be obtained.

*These values were adjusted in order to reduce the yield from 161.4 grams to 3 grams.

Expected vield: 80.7% 5o

Safety, disposal and green issues 1:

[sopropyl alcohol:

This reagent 1s flammable and wrritant. It 15 also umnitatating to the eves. For safety
1ssues 1t 18 recommended to keep the container highly closed and keep 1t away from the
sources of 1gnitions — No smoking. To avoid contact with skin and eves 1s also advised.

In case of contact with eyes, 1t 15 recommended to rinse immediately with plenty of water
and seek medical advice.

Hydrochloric acid:

This reagent 15 corrosive. It causes burns and it 1s wrritating to the respiratory

system. For safety issues it 1s recommended to wear suitable protecting clothing, gloves
and eves/face protection. In case of accident or if the person feels unwell, seek medical



attention immediately. In addition, in case of contact with eves, nnse immediately with
plenty of water and seek medical advice.

Sodium Nitrite
This reagent 1s oxidizing, toxic, and dangerous for the environment. When 1n contact with

combustible material this chemical may cause fire. It 1s toxic if it appears swallowed.
It 15 also very toxic to aquatic orgamisms. It 1s recommended to avoid contact with the

eyves and to avoid the release to the environment of this chemical.

Ethanol
This reagent 1s highly flammable. It 15 recommended to keep the container tightly closed
and keep the reagent away from sources of 1gnition —no smoking.

Step 2

Svnthetic transformation 2: (Chemdraw picture of second transformation)

NCH MOH

Limonene Nitrosochlonde Caroxime

Experimental 2 (notes if this transformation 1s not exactly the one reported 1n literature (e.g. on
a different scale) and how it was modified):

Boil 4* grams of limonene nmitrosochlonde (product from the previous step) with 2* mL of
dimethylformamide for 30 minutes under reflux 1n 12 5% mL of 1sopropvl alcohol. Pour the
product into 753* ml of cracked ice and water, stir vigorously, and filter after the 1ce has melted.
Wash the resulting solid three times with 5* ml of cold water and once with 1.5* mL of cold
1sopropvl alcohol. The drv product should weigh 2.74* g (83.2% of theoretical yield).

*These values have been cut in half in order to reduce the yield from 5. 47 grams to 2.74 grams which will in turn
reduce the final yield of carvone from 18.6 grams to 9.3 grams.

Expected vield: 83.5% 2.74¢o

Safety, disposal and green 1ssues 2:

N-N-Dimethylformamide This chemacal 1s toxic. It may also cause harm to the unborn child.
It 15 harmful by inhalation and 1n contact with the skin. It 15 also irnitatating to the



