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BENZYL ALCOHOL AND β-PHENETHYL ALCOHOL

Benzyl alcohol (1) and β-phenethyl alcohol (2) (2-phenylethanol) are the simplest of the aromatic alcohols, and,
as such, are chemically similar. Their physical properties are given in Table 1.

1. Benzyl Alcohol

Benzyl alcohol (1) occurs widely in essential oils both as the free alcohol, and, more importantly from a fragrance
standpoint, in the form of various esters. Although benzyl alcohol itself is rather bland in odor, combined with
its much more fragrant esters it is an important part of the odor of jasmine, ylang-ylang, gardenia, some rose
varieties, narcissus and peony, as well as castoreum, balsams of peru and tolu, and propolis. Benzyl alcohol
occurs primarily in flower oils and tree exudates, whereas a large number of essential oils obtained from other
parts of a wide variety of plants contain no benzyl alcohol or its esters (1).

Benzyl alcohol readily undergoes the reactions characteristic of a primary alcohol, such as esterification
and etherification, as well as halide formation. In addition, it undergoes ring substitution. In the presence of
acid, polymerization is observed, and the alcohol can be thermally dehydrated to toluene [108-88-3]. Catalytic
oxidation over copper oxide yields benzaldehyde; benzoic acid is obtained by oxidation with chromic acid or
potassium permanganate. Catalytic hydrogenation of the ring gives cyclohexylmethanol [100-49-2].

1.1. Manufacture

Today benzyl alcohol is almost universally manufactured from toluene which is first chlorinated to give benzyl
chloride [100-44-7]. This is then hydrolyzed to benzyl alcohol by treatment with aqueous sodium carbonate.
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Table 1. Physical Properties of Benzyl Alcohol and β-Phenethyl Alcohol

Property Benzyl alcohol β-Phenethyl alcohol

molecular formula C7H8O C8H10O
CAS Registry Number [100-51-6] [60-12-8]
mp, ◦C −15 −25.8
bp at 101.3 kPaa, ◦C 205.4–205.7 219.5–220
bp at 1.33 kPaa, ◦C 89.0–89.5 99–100
d15

15 1.0242
d25

25 1.0441 1.017
n20

D 1.53955 1.5323
flash point, closed cup, ◦C 100.4

open cup, ◦C 104.4
autoignition temp, ◦C 436
vapor density (air = 1) 3.7
vapor pressure at 58◦C, kPaa 0.133 0.133

100◦C, kPaa 2.02 1.33
surface tension at 20◦C, mN/m (=dyn/cm) 39

80◦C, mN/m (=dyn/cm) 33
viscosity at 25◦C, mPa·s(=cP) 5.05 7.58

50◦C, mPa·s(=cP) 3.19
solubility at 25◦C, water 1 g/25 mL 1 g/51 mL

30% ethanol 1 g/12 mL
50% ethanol 1 g/1.5 mL 1 g/1.7 mL

a To convert kPa to mm Hg, multiply by 7.5.

Prior to the commercial development of this process benzyl alcohol was obtained from benzaldehyde [100-
52-7] which undergoes the Cannizzaro reaction (2) upon treatment with potassium hydroxide. High yields of
benzyl alcohol and potassium benzoate are obtained by this route which cannot compete with the present day
process because of the high cost of benzaldehyde (qv).

In the future it may be possible to oxidize toluene microbially to produce benzyl alcohol. Treatment of
toluene in the presence of air with a culture of M. thermophila in a phosphate buffer is reported to yield a
mixture of benzaldehyde, benzyl alcohol, and p-cresol [106-44-5] (3).

1.2. World Consumption and Uses

Eleven companies in the United States, Western Europe, and Japan have a total annual capacity for ben-
zyl chloride of over 154,000 t. In 1988, total production for these three regions was 97,000 t. Overall, 1988
consumption exceeded 91,000 t, of which benzyl alcohol accounted for 23% or approximately 21,000 t (4).

In the soap, perfume, and flavor industries benzyl alcohol is primarily used in the form of its aliphatic
esters. Benzyl benzoate [120-51-4] finds widespread use as a fragrance diluent. Benzyl alcohol is frequently
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Table 2. Specifications of Benzyl Alcohola

Grade

Determination Technical NF Reagent Photob Textile

assay (OH determination) 98% min 99% min 99.0% min 99% min 99% min
solubility in water at 25◦C 1 g/30 mL 1 g/30 mL 1 g/25 mL 1 g/25 mL 1 g/25 mL (at 50◦C)
benzaldehyde content (uv
determination)

0.3% max 0.2% max 0.03% max 0.04% max 0.2% max

halogen (Beilstein) 0.1% max neg neg neg neg

a Benzyl alcohol is sold in fractional and 3.5-kg glass bottles, and steel drums containing 22, 113, and 208 kg. The photo and textile
grades are available in tankwagon and tankcar quantities. Freight classification: chemicals, NOIBN; ICC regulations, none.
b Photo grade contains 0.01–0.02% of a hydroquinone monomethyl or benzyl ether to prevent the oxidation of the alcohol to benzaldehyde.

employed in bar soap fragrances at 30–40 wt % of the fragrance. Benzyl alcohol is commercially available in
five grades (Table 2).

The largest proportion of benzyl alcohol is for use in the photographic and textile industries although the
latter use has been declining. The photo grade is used in a developing bath for color motion pictures (5), for
the development of color transparencies (6), as a dispersing reagent for silver halide grains in mixed packet
emulsions (7), as a stop bath for production of lithographic plates (8–10), as a dispersing agent and film softener
in an antistatic treating compound (11), and as an activator in a print-out image method (12). The textile grade
is used as a dyeing assistant for wool (13–15) and nylon (16).

The NF and reagent grades are employed in the pharmaceutical industry which makes use of benzyl
alcohol’s local anesthetic, antiseptic, and solvent properties (17–20). It also finds use in cough syrups and
drops; ophthalmic solutions; burn, dental (21), and insect repellant solutions and ointments; and dermatological
aerosol sprays. It is used in nail lacquers and as a color developer in hair dyes by the cosmetics industry (22),
and in acne treatment preparations (23).

Because of its strong polarity and limited water solubility, the technical grade of benzyl alcohol is used in
rug cleaners as a degreasing agent (24), in leather dyeing (25), in ballpoint inks (26), as a cleaner for soldering
(27), and as an extractive distillation solvent for xylenes and cresols (28, 29). It is used as a stabilizer in
insecticidal formulations by the agriculture industry (30) and in treating fruits and vegetables (31). In addition,
benzyl alcohol is used extensively in the polymer industry (32–37) and in the manufacture of automobile tires
(38).

1.3. Health and Safety

Benzyl alcohol is listed on the U.S. Toxic Substances Control Act (TSCA) Chemical Substances Inventory,
the European Inventory of Existing Commercial Chemical Substances (EINECS), Australian Cone Inventory of
Chemical Substances, and the Canadian Domestic Substances List (DSL) (39–42). This material has a Generally
Recognized As Safe (GRAS) status indicated by the Flavor and Extract Manufacturers’ Association for use in
flavors and by the Council of Europe for use as a flavor (43–45). Benzyl alcohol satisfies the most current
guidelines published by the International Fragrance Association (IFRA) which governs the use of fragrance
materials (46).

Human sensitization studies were negative at 10% solution (47). Undiluted benzyl alcohol produces
moderate dermal irritation in guinea pigs and mild dermal irritation in rabbits (48, 49). Severe eye irritation
was noted in a rabbit study (50). Acute oral rat LD50 values were reported between 1.23 and 3.10 g/kg (50–52).
A dermal rabbit LD50 value of 2.0 g/kg has been reported (49). Rats died after 2 h when exposed to a 200-ppm
vapor concentration (53). Benzyl alcohol is readily oxidized in animals and humans to benzoic acid [65-85-0]
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which is then conjugated with glycine [56-40-6], and rapidly eliminated in the urine as hippuric acid [495-69-2]
(54).

National Toxicology Program (NTP) carcinogenicity studies in rats and mice were negative and benzyl
alcohol was not mutagenic when tested in the NTP Genetic Toxicology Program (49, 55).

2. β-Phenethyl Alcohol

Of all the aromatic organic molecules β-phenethyl alcohol (PEA) (2) is probably the most prestigious aroma
chemical in the world of perfumery. This is because of its exquisite odor of natural rose petals.

Twenty-four years before its detection in nature PEA was first synthesized in 1876 (56) by reducing
phenylacetaldehyde [122-78-1] with sodium amalgam. Then, in 1900, it was independently identified in otto
of rose (57) and rose water (58). Subsequently, PEA has been identified in numerous flower oils such as ylang-
ylang, narcissus, hyacinth, lily, neroli, and geranium as well as various other natural products like tea, tobacco,
orange juice, beer, cigarette smoke, etc.

Physical properties of PEA are shown in Table 1. The pure compound is extremely difficult to crystallize
because it tends to supercool to a glass. In addition, it forms a number of azeotropes (59).

The compound undergoes the usual chemical reactions of alcohols or aromatic compounds. The hydroxyl
group can be replaced by halogens and can be readily esterified with practically any organic acid in the presence
of sulfuric acid as a catalyst. It combines with anhydrous calcium chloride to give a solid addition compound
formerly used in purifying the alcohol. It forms acetals with many aldehydes. Phenethyl alcohol dehydrates
in the presence of acids to bis(phenethyl)ether [93-96-9], whereas with alkali, it gives styrene. With other
alcohols, it forms mixed ethers. Dehydrogenation to phenylacetaldehyde can be effected with finely divided
metallic catalysts, such as copper and silver or zinc oxide in the presence of oxygen. Oxidation with dichromate
or permanganate yields phenylacetic acid [103-82-2], and finally benzoic acid. With nitric oxide the primary
product of oxidation is phenylacetic acid with similar amounts of phenylacetaldehyde (60). Since it contains an
aromatic ring, PEA can be nitrated, sulfonated, and chlorinated; it can be hydrogenated to 2-cyclohexylethanol
[4442-79-9] (61–64), which is not only a natural product (65, 66), but also a perfume chemical. It has also been
found in fresh tearose leaves (67).

In insect control, PEA has been considered as a mosquito repellant (68), and its acetate has been used
as an ingredient in Japanese beetle bait (69). The alcohol also has bacteriostatic action and antifungicidal
properties (70–73), and it has been claimed as a surface-active agent (74).

Phenethyl alcohol may be identified as the phenethyl p-nitrobenzoate [57455-00-2] (mp 106–108◦C), as
phenethyl p-nitrobenzyl phthalate [65997-34-4] (mp 84.3◦C), and also by its formation of styrene on treatment
with alkali. Use of these derivatives has, however, been superseded by physical methods. Infrared (75, 76),
mass spectroscopy (77), and nmr spectra (78) are useful for identification.

Pure PEA possesses an extremely mild roselike odor. Commercial grades of PEA which are >99% pure
vary in odor because of the impurities present which depend on the method of manufacture. The common impu-
rities are benzaldehyde [100-52-7], benzylacetone [2550-26-7], 1-phenyl-2-propanol [14898-87-4], and pheny-
lacetaldehyde. It is claimed that the presence of phenylacetaldehyde imparts a honeylike by-odor resembling
the odor of dried rose leaves with a faint suggestion of otto of rose which has a honey by-note. However, the
presence of phenylacetaldehyde above 0.01% greatly distorts the delicate rose odor of PEA.

Because of factors of low cost, stability, and odor quality, PEA is ideally suited for use in bar soap fragrances
where its use can be up to 30–50% of the fragrance.
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2.1. Manufacture

Commercial methods for making PEA can be broadly divided into three categories: historical, present, and
future methods.

2.1.1. Methods Primarily of Historical Interest

In the Bouveault-Blanc Reduction (79, 80) phenylacetic ester is reduced with sodium and alcohol to PEA.

In Leonard’s Method (81) toluene is chlorinated to benzyl chloride which is, in turn, converted to pheny-
lacetic ester, and then to PEA.

2.1.2. Present Day Methods

In the Grignard Synthesis (82, 83), chlorobenzene [108-90-7] is converted to phenylmagnesium chloride which
reacts with ethylene oxide [75-21-8] at 100◦C to give β-phenylethoxy magnesium chloride which is then decom-
posed with sulfuric acid to give PEA.

The Friedel-Crafts process (84, 85) produces most of the PEA presently being manufactured.

Because PEA is such an important fragrance material this simple, essentially one-step process has
been exhaustively studied to optimize reaction conditions and purification procedures. Because of the high
reactivity of the intermediates and the tendency toward polymer formation, critical factors such as throughput,
temperature, molar ratios of reactants, addition rates, reactor materials and design, and agitation rate must
be carefully balanced to provide an economical product with acceptable odor properties.

Catalytic hydrogenation of styrene oxide (86–99) is another process currently used for the manufacture of
PEA. The main requirements for this reaction are a low operating temperature to avoid side reactions and a
good quality of styrene oxide [76-09-3] starting material.
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2.1.3. Future Methods

A by-product stream containing 60–80% PEA can be obtained from the catalytic air oxidation of ethylbenzene
[100-41-4] (100). Perfumery-grade material can be isolated from this stream by complexing the PEA with a
metal halide (such as CaCl2), separation of the adduct, and thermal decomposition followed by distillation.

2.1.4. Microbiological Oxidation

Styrene [100-42-5] can be oxidized to PEA by aerobic culturing with a Pseudomonas bacterium in the appro-
priate medium (101). For a medium containing peptone, (NH4)2SO4, Na2HPO4·12H2O, KH2PO4, MgSO4, and
corn steep liquor, the yield is 2.34 mg/mL.

2.2. Purification

Purification problems are primarily solved by two methods: continuous vacuum fractionation and chemical
combination to yield a high boiling ester, separation of the noncombining impurities by distillation, and hy-
drolysis of the ester. Although the product produced by continuous vacuum fractionation satisfies most needs,
shows no impurities by glc, is odor-acceptable, and thus is used to produce most of the PEA for commercial use,
for highest requirements chemical purification by the borate ester is required.

2.3. World Consumption

The estimated total world consumption of PEA and its esters for 1990 was 7000 t. Of this figure, one-fourth
was used in North America and 43% in East and West Europe. Approximately 85% of the PEA is employed for
fragrance use (102).

2.4. Health and Safety

The use of β-phenethyl alcohol generally presents no health problems. PEA is listed on the U.S. (TSCA),
(EINECS), Australian Care Inventory of Chemical Substances, and the Canadian (DSL) (39–42). This material
has Generally Recognized As Safe (GRAS) status as indicated by the Flavor and Extract Manufacturers
Association and is approved by the U.S. Food and Drug Administration and the Council of Europe for use in
flavors (43–45). PEA satisfies the most current guidelines published by the International Fragrance Association
(IFRA) which governs the use of fragrance materials (46).

PEA was negative when tested at 8% in human dermal sensitization and irritation studies (103). Undi-
luted material caused slight to moderate irritation when applied to guinea pig skin (48, 49), and moderate
irritation on rabbit skin (48, 49); it was severely irritating to the rabbit eye (50). Oral rat LD50 values of 1.5,
1.79, and 2.46 g/kg have been reported (47, 48, 104). Mouse LD50 values of 0.8–1.5 g/kg and a dermal rabbit
LD50 of 0.79 g/kg have been recorded (49). An 8-h exposure to a saturated vapor atmosphere caused no mortality
in rats (50). No significant effects other than decreased weight gain at high doses were observed after a 90-d
dermal study in rats (105). Maternally nontoxic dermal doses of PEA caused no adverse fetal effects in rats
(106).
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