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Abstract

Grayanotoxins (GTXs) are toxic diterpenoidps found in several plant species of the family Ericaceae.
Their structures are of the grayanane-type which has a tetracyclic 5/7/6/5 ring system or A-nor-B-homo-ent-
kaurane. The biosynthesis of grayanotoxins is possibly related to ent-kaurane diterpenoids commonly
derived from plants. However, grayanotoxins can be found in honey made from nectar of the plants in genus
Rhododendron (family Ericaceae), well known to gardeners as “azaleas.” The Rhododendron species are
toxic plants, causing intoxication in animals and poisoning in humans by contamination of honey. The
contaminated honey by grayanotoxins is neurotoxic and causes a sharp burning sensation in the throat,

earning it the name of “mad honey” or “bitter honey.” Among grayanotoxins (GTX-l to GTX-XXI),

grayanotoxin-lll is the most toxic by the blockage of sodium channels in cell membranes.

Keywords: grayanotoxin, Rhododendron, mad honey, bitter honey, sodium channel
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Agauria spp. Ericaceae Rhododendron luteum Ericaceae
Andromeda spp. Ericaceae Rhododendron ponticum Ericaceae
Kalmia spp. Ericaceae Paullinia australis Sapindanceae
Kalmia litifolia Ericaceae Azalea pontica Ericaceae
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GTX-I (Cx,H3607); R = OAc
(Acetylandromedolor Andromedotoxin)
GTX-III (Cy,H340¢); R = OH
(Andromedol)

GTX-XI (CyHynOg) R, = H, R, =Ry = OH
GTX-XII (CyH3,04) Ry =R3 = OH, Ry = H
GTX-XII (Cy,H,,0,) R, = H, R, = OH, R; = OAc
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(Andromedenol)
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GTX-IX (C5,H;,05); R = OAc

GTX-XVII (CyyH3,00)
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H H :H : M = M
\\‘ \\.
BnO a BnO b o c o c o
Me020“‘ 72%) MeOZC\\\ (84%) (84%) (84%)
0 = 0 0/ 0o 0/ OH 0 1o
VA 4 HO
}
SPh J
H : M % M
j k f,g h,i o Sml,
- - -
A ox (57%) (79%) oH e
N ol sl (86%) O
OX OH OH
X =MOM O
Y = CO,Me
1 m,n Y = CH=CH,

(a) 1) NaOH, DMF, 0 C, 2) CH=CHCH,Br, 0 C; (b) FeCls, CH,Cl,, rt; (¢) NaBH,, CeCl3.7H,0, MeOH, -78 C to 1t; (d) NaAuCly.H,0, H,O-THF, 60 C; (d) Sml,, HMPA-THF, -78 to 0 C;
(f) MOMCI, 'Pr,NEt, CH,Cl,, rt; (g) I N KOH, MeOH, 80 C, then 1 N HCI; (h) CH,N,, ether, 1t; (i) Jones reagent, acetone, 0 C; (j) /) LiN(SiMe),, THF, -78 C, 2) Tf,NPh, -78 C; (k)

Li,CuCN(CH,SPh),, THF, -20 C; (I) DIBAL, CH,Cl,, -78 C; (m) Dess-Martin reagent, CH,Cl

v

37 5 MItaTouaInadua

). 1t; () PhyP=CH,, THF, rt

A MITUNIFILATIER GTX-III
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h,i

-

(40%)

X =MOM

Sml,
B

m
(54%)

Y =H,Z=MOM

—— Y =Ac,Z=MOM

L— > Y =Z=MOM

c,d e
—_—

(59%)

() nBuLi, TMEAD, HMPA, THF, -78 t0 0 C; (b) (PhS),, xylene, 160 C: (¢) 'BuMe;SiOTF, Pr,NEX, CHyCly, 0 C; (d) DDQ, HyO-CH,Cly, tt; (¢) Dess-Martin reagent, CHyCly, t;
(f) Sml,, HMPA-THF, -78 C; (g) /) 9-BBN, THF, t, then H,0, 2) 30% H,0, 2 N NaOH, rt; (h) mCPBA, CH,Cl,; (i) DIBAL, CH,Cl,, 0 C; (j) Dess-Martin reagent, CH,Cl,, 0 C;
(k) MOMCI, 'Pr,NEt, CH,CL,, 1t; (I) nBuyNF, 0 C; (m) Sml,, HMPA-THF, -78 to 0 C; (n) Ac,0, DMAP, Py, 1t; (0) RuCl; nH,0, NalO,, H,0-MeCN-CCl,, 1t; (p) 1 N KOH, MeOH, 80 C
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7. MIANARAZNIIATIVWNEITNIE T NanTw
mIsnas1snselunandu vinldlasldins-
woandanaalswasuidudarazay uanaumuaauLas
analsnafy fdudavinazanefanuasdunignain
Waungw aoiulunsiiazsimasnsonlunan-
Fudsanihansana mmumiﬁw?qwﬁ%ﬂm:mu
n1s5n13lasunlansnfA (chromatography) U197 %

WREAUAAINNHUITINTINNNTATIA TR

P a & A
Wiadanasnien tlunandu iulainasn-

& X a ' Ao
wapandsznavduaintolanwsiu 4  widy J3uau
ansuau 20 azaay 9szmadundrlaonninoaai-

& a & . . Aa & °
INBINUDYA (sesquiterpenoids) NUANILBBINTWIN 15
pzaaN 39FINITAYIIMIATIITa TR balanldinadia
nalasunlasnmAu19adng MnNIzauLrinhe #adan
S P . -

MmsusnuIgniauduaeuniul inaflafinia-
twaslasuilansiAnSafivaad (Thin Layer
Chromatography; TLC) Aaunsasianlilunsasia
- . N Ea o Y ¥y
Fiaszimasne lunangundluis wazluinfele
122], 1291, [30] lasanwiz3TMuaad 2 4@ (2 dimension
TLC) sugnihanlganafiansdmanmmlunan-
Fuluainns LLazqamszé?m“’l@i”ﬁim”ummLﬂTuﬂ’u@'hq@
83 0.2 llasnsumnsn  [31] AnsadralsAandinnsi
Dun130 1919w TZRLYNGYL LAz &N

NaIAusI8ITNTH ﬁ"l,zimmimzqﬂnﬁm AIRIINIEN-
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lunanguld inafiaudalasuilaniAnsedd (Gas
Chromatography; GC) LLazLﬂﬂﬁﬂﬁﬂﬁﬁﬂﬂﬁdﬂVu )

wigdndalasuilasniAnsaduaad (Gas  Liguid
Chromatography; GLC) ﬁLﬁuSni‘%miﬁgﬂmm‘l‘fﬁu
vz g lunsasrafienziuditosanasnsolu-

A A a a & @« o
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9
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289lasiuTaloian (trimethylsilane;-SiMes) [24], [32]
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Chromatography-Mass Specrometry/Mass
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azgnihananadisienues lasldmsanalofams
(solid extraction) mmfmi"aazhaﬁvlﬁazgnuﬂﬂﬁqﬂﬁf
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LgTNLEAD (High Performance Liquid
Chromatography; HPLC) ﬁhuu?qﬂﬁiﬁ:ﬂﬁmnms
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