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Synthesis of 6-gingerol and its congeners 7- and 9-gingerols has been achieved from eugenol by a new
scalable and eco-friendly protocol. The key steps are functionalization of eugenol to the nitro compound
and its reaction under optimized condition with terminal alkenes to afford intermediate isoxazolines. The
latter on catalytic hydrogenation in presence of Raney nickel afford corresponding gingerols in good
yields.
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Ginger (Zingiber officinale Roscoe) is used in food as a spice and
has been an important ingredient in Ayurvedic, Tibb-Unani and
Chinese herbal medicines for the treatment of various ailments like
catarrh, rheumatism, gingivitis, toothache, asthma, stroke, consti-
pation, and diabetes.1 6-Gingerol is the key phenolic compound
of rhizomes of ginger and responsible for the flavor, pungency,
and bio-active attributes like antioxidant,2 anti-inflammatory,3

anti-tumor-promoting,4 anti-platelet aggregation,5 and anti-
bacterial effects.6 As it is present in the rhizomes in a complex mix-
ture of homologues along with other components, its isolation and
purification is difficult. Hence, commercial availability of 6-
gingerol is low and it is highly expensive. In spite of broad and
interesting bioactivities associated with gingerol and its structural
simplicity, only a few synthetic methods have been reported.7,8

Due to its attractive medicinal properties, synthetic methods with
experimental simplicity would be valuable additions when com-
pared to the existing methods, which are either not easily amena-
ble or involving severe experimental conditions, for example, a
protocol involving the condensation of lithium-enolate with 1-
alkanals at �78 �C affords good yield but not easily reproducible.9

Hence, a simple eco-friendly and scalable protocol with the use of
inexpensive starting materials is envisioned in this work. Eugenol
(1), a major phenolic constituent of clove bud essential oil, is used
as starting compound to synthesize 6-gingerol and its higher
homologues.10 Eugenol is widely available, inexpensive and has
ll rights reserved.

aiah).
4-homoallyl, o-methoxy-substituted phenolic moiety. Structurally,
eugenol is an ideal substrate for the synthesis of gingerols. To our
knowledge this is the first report of synthesis of gingerols starting
from eugenol.

In the synthesis (Scheme 1), phenolic group in eugenol was first
protected as benzyl ether and then converted into eugenyl iodide
(2) by hydroboration followed by iodination.11 This was performed
by addition of iodine to double bond of eugenol via hydroboration
reaction using sodium borohydride and sodium methoxide, which
resulted in anti-Markovnikov’s addition of iodine across the double
bond. Compound 2 was then converted into nitro compound (3) in
water using sodium nitrite and silver nitrate. In the presence of so-
dium nitrite alone, 3 was obtained in low yield as the corresponding
nitrite was competing.12 This was overcome when the reaction was
performed under optimized reaction conditions, wherein silver ni-
trate and sodium nitrite were used in three and four equivalents
respectively to afford good yield of product.13 The compound 3
was then converted into isoxazoline (4) by reaction with 1-heptene
in presence of base triethylamine and acetic anhydride in 40%
yield.14 A few exploratory experiments at this stage were conducted
to improve the yield of isoxazoline. Under the optimized conditions
that employed acetic anhydride (3 equiv) and 4-(dimethyl-
amino)pyridine (1.5 equiv), isoxazoline could be obtained in 60%
yield.15 The experiment on higher scale (1.5 g) also afforded the ni-
tro compound 4 in 60% yield. The isoxazoline, thus prepared was
subjected to reduction using hydrogen at 30 psi in the presence of
Raney nickel in moist ethanol to afford b-hydroxy carbonyl com-
pound. Further, it was filtered and taken directly for benzyl de-pro-
tection of phenolic group by hydrogenolysis at 30 psi pressure in
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Scheme 1. Reagents and conditions: (a) benzyl bromide, K2CO3, AcCN, rt, 4 h, 98%; (b) NaBH4, I2, THF, 0 �C, 2.5 h then benzyl protected eugenol, rt, 3 h; NaOMe, I2, 0 �C, 3 h,
75%; (c) AgNO3, NaNO2, H2O, rt, 10 h, 75%; (d) Ac2O, DMAP, DCM, N2, rt, 5–6 h; (e) (i) Ra-Ni, H2, EtOH, �6 h, (ii) Pd/C, H2, EtOH, �3 h.
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presence of Pd/C (10%) to afford excellent yield of 6-gingerol (5).16

On a small scale run (100 mg) the yield of 6-gingerol was 85%. On
higher scale (1 g), the isolated yield of 5 was 80% from steps e (i)
and e (ii). The isolated yield of 5 over two steps d and e was found
to be in the range of 48–51%.17

Further, synthesis of isoxazolines containing 6 and 8 carbons
[R = (CH2)5CH3 and (CH2)7CH3] was undertaken. Starting from 3,
as a scaffold, isoxazolines 4a and 4b were synthesized by replacing
1-heptene with 1-octene and 1-decene respectively. The isolated
yields of 4a and 4b run on 0.6 g scale of compound 3 were 58%
and 55%, respectively. On continuing the sequence, 7- and 9-ginge-
rols (5a and 5b) were prepared from 4a and 4b in 81% yield.17

The products from various stages were isolated by normal
work-up followed by silica gel chromatography to afford com-
pounds, which gave satisfactory 1H and 13C NMR data. The TLC
(2% EA in hexane) visualization under UV at 254 and 366 nm,
and charring of spots with phosphomolybdic acid indicated single
spot products. They were further confirmed from HRMS data. The
synthesized 6-gingerol was also compared with HPLC of natural
sample isolated from ginger.

In conclusion, we have developed a simple, new synthesis of 6-
gingerol and its homologues from eugenol the main compound
present in clove bud essential oil, which is easily available and
inexpensive. The experimental conditions are easily scalable and
involve an eco-friendly step for conversion into nitro compound
(3). Since 6-gingerol is an important bioactive principle, the pres-
ent protocol is advantageous in preparing this food/pharmaceutical
grade compound in good quantity.
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