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Odor Properties of
l-(p-Alkyl)Phenylethanols
and Their Esters

By L. Cerveny, M. Krivska, A. Marhoul, J. Pokorny and J. Kalinova,
Prague Institute of Chemical Technology, Prague

~pw),h. nylethanols were prepared
y two-step synthesis: acylation of

alkylbenzenes (alkyl = methyl, propyl,
isobutyl, tefi-butyl) and subsequent hydro-

genation of the resulting p-alkylaceto-
phenones. The resulting l-(p-alkyl)
phenylethanols as well as their esters have

peculiar flavoring propetiies that suggest

their use as fragrances.
Among the substances mentioned above,

only p-metbylacetophenone, p-iso-
hutylacetophenone, p-tert-butylaceto-
phenone and l-(p.methyl)phenylethanol

were considered as fragrances by Arctander. 1

Special attention was paid to p-
acetopbenone derivatives, which can en-
rich the family of currently known flavors.
Their preparation generally follows the re-

actions shown in Scheme 1.
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Scheme 1.

Friedel-Crafts acylatkm of alkylbenzenes is usually car- coolant and the temperature was keDt at 3° to O“C. A

tied with either chlarides or anh~drides of carboxyfi~ acid

using various acid catafysts.z8 In the present study we chose
to use the method described in a patent whose authors

claimed the method produced the highest yields.7 The first
reaction was followed by second and third steps performed
in accordance with fundamental principles of hydrogena-

tion and esterification reactions .g.lo

Experimental Procedures

Table I lists the materials (and sources) used in this

experiment.

Alkylbenzene acetylation to p-alkylacetophencmes:

300 ml of dichloromethane were placed into a l-liter distil-

lation flask equipped with thermometer, stirrer, separating
funnel and chlorcalcium glass closure. 100 g (0.825 mol) of
A1C13were added into the apparatus with intensive stirring.
The reaction mixture was cooled down using an ice-salt
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reaction mixture of 3~,3 ml of acetic a~hydride (0.373 mol)

and 58.6 ml of isobutylbenzene (0.375 mol) was added
dropwise into the reaction vesseltitb intensive stirring and

simultaneous cooling (S” to O°C, for 4 hrs. ). Then the
mixture was stirred for an hour at O°C and for another hour

at ambient temperature.
A 3-liter glass beaker filled with 500 g of ice in cold 35%

HC1 was employed for the decomposition step, The reac-

tion mixture was poured onto crushed ice and allowed to
stand overnight, Tbe organic layer was washed with water to
neutral reaction and separated, and a solvent was removed
from the product. The crude product was purified by
vacuum distillation. Other p-alkylacetophenones were pre-
pared in a similar way.

Hydrogenation of p-alkylacetophenones to l-(p-

alkyl)phenylethanolw A 400 ml stainless autoclave

equipped ~tb manOmeter (0-24.5 Mpa), mawetic wO-
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ODOR PROPERTIES

Table 1. Materials snd suppliers for
experimental procedures

Material Supplier

propylbenzene Aroma Zidovice

isobutylbenzene Spolana Neratovice

tert-butylbenzene Dept. of Organic
Technology

p-methylacetophenone Aroma Prague

acetic anhydride Lachema Brno

acetic acid 99% Lachema Brno

propionic acid VEB Laborchemie
Apolda, Germany

butytic acid Astrid Prague

p-toluenesulfonic acid Reachim, Russia

aluminum chloride CHZ Ltvinov

dichloromethane CHEMA Prague

benzene Lachema Brno

pentamethylenedith iocarbamate Cu 2.
(polymeflzation inhibtor) CHZ Utvinov

hydrogenation CuO-Cr,O,-MnO,
catalyst (NIKKI N-203) NIKKI Chem Co, Japan

hydrogen Mnde-Technoply” Kyje

42/Peffumer & Flavorisl

Table Il. Physical properties of the
prepared compounds

b.p,

:ode Substance ‘C/kPa ~“20

p-Alkylacetophsnones

01 p-methylacetophenone 226/101.32 1,5335

02 p-propylacetophenone 94/0.3225 1.5240

03 p-isobutylacetophenone 97/0.3225 1.5188

04 p-twt-butjacatophenone 99/0.3225 1.5215

1-(p-Al kyl)phenylethanols

05 1-(p-methyl)phenylethanol 89/0.645 1.5222

08 I- fp-propyl)phenylethanol 103/0.7095 1.5135

07 l.(p-isobutyl)pheny lethanol 112/0,645 1.5080

08 I- fp-tefl-butyl)phenylethanol 111/0,774 1.492870

Esters of 1-(p.AIl@)phenyIethanoIs

09 l.(p-methyl)phenylethyl acetate 121/1 .935 1.4955

fo 1.(p-methyl)phenylethyl propionate f 04/1 ,290 1.4930

11 1-(p-methyl)phenylethyl b.tyrate 110/1, f6f f .4922

12 I.(p-propyl)phwnylethyl acetate 114/1 .t81 1.4930

13 1-(p-propyl)phenylethyl propionate 121/1,419 1.4911

14 1-(p-propyl)phenylethyl butyrate f 26/0.903 f .4901

15 1.(p-isobutyl)phenylethylacetate 119/1 ,419 1.4902

16 1-(p-isobutyl)phenyl’athylpmpio”ate 125/1 ,290 1.4891

17 1-(p-tembutyl)phenylethylacetate 12f/1 ,290 f .4940

propeller stirrer, thermocouple probe and beating jacket
was emploved for bydmgenation reactions.

Typi&l~y 150 g o~sub&te (p-afkylacetopbenone ) and 3

g of NIKKI N-203 catalyst (CuO-Cr203-Mn02) were intro-
duced into the reactor, The vessel was dosed tightly and
flusbed tbreetimes witb hydrogen. Heating and stirring
were started atapressure of980kPa. At 140 °C, the reactor

was pressurized at 5.9 MPaandtbe reaction progress was
followed by means of a pressure drop of hydrogen in the

autoclave. When the pressure reached 4,9 MPa, the system
was graduaflypressurized to establish the initiaf value of 5.9

MPa. Absence of pressure drop indicated the rewtion was

over, after which mixing continued for bidf an hour. Then
the reactor was cooled and opened, the catafyst was filtered
and the product was purified by vacuum distillation.

E8terijlcation ofI-(p-alkyl)phenylathanoh: Acetates

were synthesized in tbe third step by a reaction of
acetanhydride with individual l-(p-alkyl)pbenyletbanols. A

three-neck glass flask (250 ml)equipped witbreflux con-
denser, thermometer and sampling probe was used for the
esterificaticm rew!tion. A reaction mixture consisting of
acetic anhydride (1.1 mol) and of I-(p-afkyl)phenylethancd
(1. 1 mol) was placed into the reactor and the mixture was
heated under reflux for two hours. After cooling, the mix-

ture wasvigorously sbaken witb water, then the organic
phase was separated and purified by vacuum distillation.

For preparation of propionates and bufyrates, a 250-ml
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$! Table Ill. Odor character of the prepsred compounds
s
3
‘? I Intensity (% of the scale)

~ I CXtordeeaiptor Cede 1 2 3 4 5 6 7 8 9 10 17 12 13 14 15 16 17 18

Pears, apples 67 - 28 32343- 49 28 21 30 18

Kiwi 57 ---

Cantaloup 43 21 22 26

Cucumber 43 -

Meadow flowers 14 22 17 14 16 8 24 14 15 24 20 22 24 24 24 21 22 13

Astringent, sawdust 40 303-441 --

Grassy, leaves 22 18 19 26 27 22 35 24 17 21 10 16 19 22 27 20

Decaying, moldy leaves - - 16 13 s- 6 10 8 5 12

Honey-1ike 16 30 16 5- 32 30 22--

Sweet 40 - 43 53 44 41 43

+
g. Fresh, green, mlnty, camphor12 22 21 19 29 15 34 31 18 25 33 3a 46 44 20 26 36 18

i? Rotten 7 3 17 17 15 25 12 7 2 3 19 11 7 21 7 3

3
7 18

Decaying, moldy hay 29 2- 10
~

8 12 13 11 8 16

WY 73 - 28 22 5 5 11 9 3 15 5 4 6 16
$ Animal. 55



.= I Table Ill. Odor character of the prapamd compounds
:
s

Bunery 5 9 11 6 7 6 13 7 4 7 13 40

Carob beans

5-

7 11 25 8--

Acetic, acidic 8 16 14 27 63 23 17 15 14 21

Metallic

15

6 7 11 6

73

Penetrant, pungent 52 41 40 405729294335 352737285342 473955

Anise 60--

Onion 33-- . .

Mushroom 54--

Parsley root 21 19 6-

Spicy 58 - 41 41 38 45 36 333336423835 373 I 25

.
~ I Solvent-ike 65 43 76 70 54 36 37 46 31 -

3 Furaldehyde

52 43 47 43 38 40 36 33

53 --- 0
: I
. I I
I

2

I

- 0“ IMSscale,0%. acceptable,1cm%. uflaweptable
2. bOn ttis scale,0% . imperceptible,100%. very strong
z I



ODOR PROPERTIES

Table IV. Odor perception threeholde

In pareffin oil

Perception threshold

Cede mglkg nmolikg

01 1.99 14.8

02 151.5 933.9

03 39.9 226,4

04 224.0 1270,9

05 42,7 313.5

06 52.5 319.7

07 125.9 668.8

oe 219,4 1230.8

09 125.7 705.3

10 513.0 2668.4

11 417.0 2021.6

12 165.8 803.e

13 282.2 1281.0

14 263.6 1124.9

15 75.9 344.5

16 316,3 1349.8

17 465.0 2110.8

18 955.0 4075.4

Teble V. Volatilitiee of the eubstancee tested
immediately end hours after preparation

Odorintensity(% of the scalep

after atler
Code immediate l-2 hours 24-26 hours

01 91 58-75 2-24

02 73 77-8~ 4-31

03 54 59-64 0-13

04 40 44-43 0-16

05 46 61.75 4-te

06 49 63-77 34-45

07 42 36-40 20-22

08 40 51-62 0-14

09 56 47-52 0

10 26 51-75 0-9

11 29 56-83 0-27

12 41 43-45 16-33

13 37 42-46 0-3

14 49 45-47 6-25

15 47 32.40 0.12

16 56 25-41 15.20

17 51 59-67 6-22

16 37 50-63 17-20

~on thisscale,0%= imperceptible,100%. .ety strong
glass flmk supplemented with thermometer, sampling probe

and azeotropic extension with reflu.x condenser was used.
The carho~lic acid (1.2 mol), l-(p-alf@)phenylethanol (1
mol), benzene (5o ml), afewcrystafs ofp-toluenesulfonic

imperceptible, 100% =vewstrong). Thelistof20-300dor
. .

acid, andasmall amount ofpolymerization inhibitor were
heated under reflux until no further water was collected.

The reaction mixture was thoroughly wmhedwith water
and NaHC03 solution, the solvent was removed by distilla-

tion, and the product was purified by vacuum distillation.

Analytical Methods

A gaschromatographyCH ROM-5 with FID detector was

employed to analyze the reaction mixtures and to follow the
degree of conversion in the reaction. A glass column (2.5 m
x 3 mm) packed with 15% Carbowax on Chromaton NAW-

DMCS (0.16-0.20 mm) was used. Analyses were usually

taken at 150°C.
The sensory analysis was carried out according to inter-

national standardsl 1 in a room equipped according to the
standard requirements.lz The group of 18 assessors was

trained in agreement with the standard,13 and the assessors
had practical experience for at least six months, with par-
ticular emphasis on sensory profiling and rating with use of

graphic scafes. Immediately before each session, their per-
formance was retested, andtheywere instructed both orally
and in titing about the test procedure.

Odor character: The odor character was determined
with the use of senso~ profiling14 by means of unstructured
graphical sca1es15 represented by straight lines 100 mm
long, oriented by verbal description on the two ends (O% .

46/Peti.mer & Flavorist

de~cript~rs was prepared by free-choice description. The
intensities were calculated as mean values of 18 responses,

Standard deviations of the mean value varied between 2%
and 5%. The odor acceptability was determined with use of
a hedonic unstructured graphical scafe (0% = acceptable,

100% = unacceptable). A mmple was dissolved in paraffin
oil (1.0% or 0.1% concentration) and the assessors evalu-

ated it by sniffing from a 250-ml ground glass wide-neck
bottle.

Odor perception thresholds: A set of solutions in
paraffin oil was prepared, and the assessors sampled them
in random order, with the exception of the strongest con-

centration which was presented as the first sample. Each
sample was presented in a 250-ml ground wide-neck (35
mm) bottle. The assessors had to test the sample by sniffing,
and to evafuate the odor perceived by using unstructured
graphical scafes (O%= imperceptible, 100%= very strong).

The odor thresholds were calculated from the semi-loga-
rithmic intensi~-concentration plots. The results are means

of 18 determinations.

Volatility of compotmds: The samples (10%) were
dissolved in ethanol, and smelling strips (150 mm x 5 mm)
were impregnated with the solution. The strips were left
free at room temperature of 22-23”C, and at the air humid-
ity of 30-45qo, protected from air currents, and the odor
intensity was determined with use of unstructured grapbi-
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ODOR PROPERTIES

Table V1. Chengee of the odor character of
p-methylacetophenone (Code 01) during etoraga

of the substance and of its athanolic solution

)dor Odor intensity (%) alter days (d) of storage

descriptor 8d 17d 27d 8d 17d 27d

undiluted 20% ethanol Ic solution

2doraccaptcbifiW 39 43 42 35 39 38

>dor nota Intensity+

Temperate zonelruits 5 7 9 43 29 23

Tropical fruits 5 14 65 33 37 40

Oranges 7533212526

Lemon 035 9 10 20

Meadow flowers 397 3318

Garden flowers 2 15 35 52 47 55

Rmm flowers 21 24 85 48 55 48

Woody 83 77 67 14 30 30

Grassy, leaves 4514242622

Honey-fike 258293225

Hayish, straw-like 364142015

Spring reminding 314 6 10 10

Fresh, green 423 3810

Rotten 14 13 32 6216

Rancid 10541147

Buttery 227 858

Carob beans 8 10101078

Acetic, acidic 623 658

Metallic 17 17 3 331

Sharp, penetrant 42 60 55 67 59 49

0“ tiis smle, 0%. acceptable,103%. unacceptable
On tiis .cde, O%. imperceptible,100%. ve!y strong

Table WI. Changaa of tha odor character of
I-(p-iaobutyl)phenylethanol (Code 07) during

atoraga of tha aubatanca and of ita athanofic solution

)dor Odor Intensity~A)afterdays (d) of storaga

Iescrlptor Ed 23d 34d 8d 23d 34d

undilutad 20% ethmwlic solution

)dor accaptcbifity 60 59 53

)dor note intensity?

Spicy 10 16 18

Woody 8513

Astringent, sawdust 22 15 12

Meadow flowers 35 30 11

Garden flowers 38 52 42

Grassy, leaves 32 28 13

Temperate zone fruit 13 9 i O

Tropical fruits 55 63 61

Aromatic 42 45 58

Lemon 10 10 12

Fresh, minty, camphor 7 6 7

Acid 6 10 13

Sharp, hot 8510

Pungent 28 24 26

Rancid 41 33 27

Buttery 23 21 21

Rotten 41 48 41

Solvent-like, organic 27 24 27

Painty 13 14 17

Terpenic 25 25 29

43 53 57

23 40 51

21 33 45

17 28 36

11 19 26

49 54 58

19 24 22

10 12 13

44 50 58

47 50 55

15 10 13

16 23 24

10 19 22

21 34 40

31 40 51

33 31 30

21 20 14

22 17 20

30 23 26

12 16 21

29 29 34

~On ttis scale,0%. acceptable,100%. unacceptable
n0. ttis scale,0%. imperco~ble, 100%. vmy strong

cal scales [0% = imDerceDtible. 100% = verv strone) in the selectively with hizh conversions (98%). We compared,, “

interwal of O-26 hours.
Odor .stabUity: Samples and their 20% etbanolic solu-

tions were stored at 60”C in 30-ml ground bottles. At

defined time intervals, smelling strips (150 mm x 5 mm)
were impregnated with the sample, and the odor character
was determined 15 minutes after the impregnation.

Results snd Discussion

p-Alkylacetophenones synthesis: Three p-
alkylacetophenones (alkyl = propyl, isobutyl, tert-butyl)
were prepared according to Friedel-C rafts synthesis. Their

basic physical properties are given in Table II. p-
Methykicetophenone was of commercial origin.

l-(p-Alkyl)Phenylethanol synthesis: There are dif-
ferent products ofp-alkylacetophentme hydrogenaticmv~-
ing with diverse reaction conditions.16 -23We focused our

attention on preparation of l-(p-alkyl)phenylethanols with
the purpose of their subsequent use in esters synthesis.

Hydrogenation reactions were performed under conh-
tions described by Cerveny et d.z3 Reactions proceeded

V.I. 16, November/December1993

reaction rates of individual p-akylacetophenones and con-
cluded the rate decreased in the following sequence:

p-methylacetOphenone, p-propylacetophenone, p-isob”ty-
acetophenone and p-tert-butylacetophenone. The reac-

tions usually took 30-90 minutes. Yields of l-(p-alf#)
phenylethimols were about 88-95% with 98.9-99.5% purity

of products. Their physical properties are given in Table II.

l-(p-AZkyl)Ph6nylethanol esters synthesis: Table II

summarizes physical properties of esters obtained from the

e~erimental procedures described abOve. LOW s~the-
sized quantities caused considerable loss of esters, so we did
not summarize their preparative yields. Their purify was 98-
99%.

Odor characters: Odor characters of the prepared
compounds are given in Table 111. AR the odors have
complicated characters possessing fruity, floral, woody, grassy
odor notes with small intensities of rotten, moldy notes.
Some of them have characteristic odor notes, resembling
cantaloup, bananas, soap, wet paper and similar off-odors.
These minor odor notes could contribute to the fuRness of

Perfumer& FlavorisV47



ODOR PROPERTIES

Table Vlll. Changes of the odor character of
1-(f3-methyl)phenylethyl acetste (Code 09) during

storage of the substence snd of Its ethsnolic solution

Odor Odorintensity(%)attsrdsys(d)ofstwsge

descriptor 8d 17d 27d Ed 17d 23d

undiluted 20%ethmolicsolution

odor acceptability 21 23 28

3dor note intensity

Sweet

Honey-like

Apples, peam

Citrus fruits

Tropical fruits

Meadow flowers

Garden flowers

Room flowers

Aromatic

Esteric

Ethereal

Ught, fresh

Grassy, leaves

Decaying leaves

Woody

Spicy

Parsley root

Butiery

Rancid

Rotten

Moldy

Sharp, hot

Irtitant, pungfmt

21 22 24

26 24 30

33 36 40

15 25 35

19 21 28

39 45 42

36 40 4e

47 37 36

56 43 42

3s 39 40

33 31 31

19 30 37

28 30 34

343

346

21 11 2

1530

343

544

223

033

62 43 2S

47 41 22

24 28 2E!

2S 24 20

32 28 26

30 33 33

25 23 20

32 28 25

36 42 45

33 40 46

45 32 28

50 47 41

35 40 52

30 33 44

25 30 41

30 32 44

531

443

25 19 13

14 10 3

521

532

311

222

54 50 41

44 41 28

aOn tmsscale,0%. acceptable,100%. unacceptable
o0“ tfis scale,0%. Imperceptible,100%. very strong

they are added in smafl amounts.

Odor perception thre8hold8: Odor perception thresh-

olds of the substances in paraffin oil are summarized in
Table IV The perception thresholds are medium in most
substances, with the exception of the lowest MW ketone.
Among the ketones, the isobutyl homologue has a particu-

larly low threshold. The corresponding alcohols have low
perception thresholds, especially the methyl homologue,

but on the contra~, the isobutyl homologue bas a higher
threshold than the corresponding ketone. Esters prepared

from the methyl derivative have higher thresholds than the
corresponding alcohols (even when expessed on an equimo-
lar basis).

Volati2itie8: Volatilities of the substances are given in

Table V The volatility of some substances is very low.
usually, some time is necessa~ to develop tbe maximum
odor intensity on the smelling strip. In case of alcoholic

46/Petlumer& Flavorist

Table IX. Chenges of ths odor chsrscter of
I-(p-propyl)phenylethyl scetats (Code 12) during

etorage of the subetance and of Its ethanolic solution

ldor Odor intensity (%) after days (d) of storage

Iescrlptor 8d 23d 24d 8d 23d 29d

undiluted 20% ethanollc solution

)dor acceptsbili~

>dor note intensity:~

Light, fresh

Esteric

Ethereal

Terpenic

Spring-reminding,
grassy

Meadow flowers

Garden flowers

Room flowers

Tropical fruits

Cantaloup

Heavy

warm

Penetrant

Dazing, stupefyhg

Spicy

Woody

Organic, solvents

Rotten

Moldy

Decaying hay

58 44 42

15 27 34

41 38 26

22 46 56

30 39 40

26 46 58

33 53 60

43 39 16

40 23 7

24 20 7

20 23 17

35 23 14

19 18 18

42 39 42

45 36 20

13 10 10

21 12 8

29 22 26

17 19 10

10 12 7

30 17 12

53 35 31

26 53 66

28 34 40

25 56 69

26 33 36

30 63 69

35 64 66

22 30 32

2943

1843

14 17 26

29 17 23

1576

37 44 32

34 19 21

18 18 17

16 11 12

31 25 24

1435

334
17 14 20

8On thisscale,0%. acceptable,100%. unacceptable
b0“ thh scale,O%= imperceptible,100% = verystrong

Derivatives and esters containing larger alkyl substituents,

the volatility was very low, and the odor was perceptible

after more than 24 hours. Esters of methyl homologies
were more volatile. The volatility of the ester derivatives
cannot, however, be explained on the basis of molecular
mass and polarity only.

Odor stabilities: Stabilities of several of the substances
tested under conditions of accelerated storage with access
to air are given in Tables VI through X. As is evident from
these tables, tbe odor character is not much changed by

storage under accelerating conditions (1 day at 60°C corre-

sponds tO abOut 1 mOnth at rOOm temperature) Changes
within about six months storage are negligible, and only

after rather long storage time would the character change
moderately. Changes in the ethanolic solutions are slightly
more rapid, but even in ethanol, tbe odor character does not

change appreciably. It should be noted that substances
discussed in this paper would be only minor components in
the fragrance composition. Changes due to transesterification
in ethanol should be considered in cosmetic products pos-
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Table X. Changes of the odor character of
1-(p-isobutyl)phenylethyl acatete (Code 15) during

storage of the substance and of its ethanolic solution

>dor Odorintensity(%)atferdays(d)ofstorage

lescriptOr 8d 17d 27d 8d 17d 27d

undiluted 20%ethanollcsolution

)dor acceptabillw

>dor nota Intensity:b

Esteric

Ethereal

Meadow flowers

Garden flowers

Room flowers

Apples, green

Tropical fruits

Heavy

Warm

Woody

Spicy

Acidc, acetic

Fresh, light

Mown grass

Sharp, penetrant

Stupefying, dazing

Rancid

Decaying hay

Rotten

Moldy

Organic, solvents

43 49 44

45 52 65

24 39 41

5 15 26

12 33 68

78 78 78

96S

89 88 68

6a 71 73

51 54 60

109s

18 29 27

434

222

234

4 16 22

61 66 70

24 23 13

37 29 26

26 18 15

36 30 26

12 14 20

36 45 51

50 53 46

41 33 22

22 16 4

48 37 27

58 57 61

14 12 16

70 68 68

48 66 84

36 43 57

IS 24 21

36 42 43

86s

655

434

21 29 31

44 55 87

34 24 21

40 35 20

24 20 18

39 33 32

22 24 29

~0. !hk scale,O%. acceptable,1CO%= unacceptable
~On thisscale,0%. imperceptible100% = verystrong

sessing lower pH values. All the substances should thus be

considered as relatively stable.

Conclusions

All the substances have, principally, similar odor charac-

ters, possessing fruity, flowery, woody, penetrant odor notes
with minor rotten, moldy notes. Other characteristic notes
were ohsemed in some compounds.

Odor thresholds show mostly medium values, suitable
for application in perfumery products.

The volatility is rather low so that the substances are

suitable as the non-volatile basis for perfumes.
All substances were found to be rather stable both on

storage in pure state or in ethanolic solutions. Changes in
the odor character are moderate and slow (ding place

after ten days on average at 60”C).
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