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odor component produced by many bacteria, including actino-

mycetes, myxobacteria, and cyanobacteria, as well as a number of

eukaryotic organisms such as fungi, liverworts, insects, and giants.

Geosmin was first described by Gerber and Lechevalier, who | C\ ‘

isolated it from the actinomycet8treptomyces grisedsHumans

can detect extremely low levels (parts per trillion) of geosmin, which “‘H
T

(-)-Geosmin 1) has a strong earthy smell and is an important ‘

is also a frequently occurring off-flavor in water treatment and in
fishery34 The biosynthesis of this degraded sesquiterpkeias a S Y P
recently received much attention and has been investigated in 1800 2000 250 0w i
streptomyceté$ and myxobacterid.The pathway starts with the ~ Figure 1. Total ion chromatogram of a headspace extradflokanthus
cyclization of farnesyl pyrophosphats)(to (1(10)E,5E)-germac- A, (8595105-8,10-dimethyl-1-octalini(ans 3); B, (85105-8,10-dimethyl-
radien-11-ol 2) 597 A retro-Prins fragmentation results in the loss 1(9)-octalin @): C, geosmin 1); D. (L(10F.56)-germacradien-11-02.
of acetoné with the formation of 8,10-dimethyl-1-octalin (6,10-  Scheme 1. Biosynthesis of Geosmin (1) in M. xanthus
dimethylbicyclo[4.4.0]dec-2-ened) of unknown stereochemistry

N
at the ring junction. After reprotonation & and a 1,2-H-shif®, N
final attack of water leads tb (Scheme 15967 Germacradiena® N NS OHz
frequently occurs together within extracts or scent bouquets of (Opp
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myxobacteria and streptomycefdsurthermore? has been detected trans-3

among the products of incubation of the purified geosmin synthase 1,2Hs
with FPP and can also be converted to geosmin by the synthase,

thus firmly establishing its role as an intermediate en route%o
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The bouquets of volatiles released by the myxobact&tigma- ) o
tella aurantiacaandMyxococcus xanthusontain several unidenti- ~ found as a constituent in liverworts and mosteshe only
fied CioHao (MW 164) hydrocarbons whose mass spectra are similar previously descrlped terpenoid dlmethyloc_talln is _the synthetic
to that of 8,10-dimethyl-1(9)-octalin (6,10-dimethylbicyclo[4.4.0]-  compound 1,10-dimethyl-1(9)-octalin (2,6-dimethylbicyclo[4.4.0]-
dec-1-ened).® Here we report on the identification of the latest dec-1-ene, argosmin G).1%* Argosmin C has been obtained by
key intermediate in the biosynthesis bf octalin 3, and a side treatment ofl with conc. HCI together with four unknown,@zo

product of geosmin biosynthesis, octafin (MW 164) compound$;* but unfortunately no mass spectrum has
During GC-MS analysis of the volatiles produced by the been published. _ _ _
myxobacteriumMyxococcus xanthu@igure 1) we observed two We have now synthesized the proposed intermedateorder
compoundsA andB with mass spectra (see Supporting Information) 0 confirm its structure and stereochemistry 2(see SchemeRp). (
similar or identical to the published spectrum? showing the ~ 2:6-Dimethylcyclohexyl-1-phenylethylimin®)'2 was transformed

strong M-15 ion expected for dimethyloctalins. Control experiments Nto 10 following a route described by Pfau et'&lThe enantio-
ruled out formation of eitheA or B by decomposition of geosmin merically enriched octalon#0 was treated with tosylhydrazine to

during GG-MS analysis. yield the hydrazond 2, which upon exposure to NaBH gave a

Both of these octalin isomers are therefore likely intermediates 41 Mixture of two diastereomers of$1.0S)-3, containing either
or side products of geosmin biosynthesis. Besidiepreviously a cis- or trans-fused octalin ring system. In accord with the

mechanism of reduction of unsaturated hydrazdhehe axial

" Technische UniversitaBraunschweig. bridgehead methyl group at C-10 in the hydrazd2alirects the

+ University of Cambridge.

S Universitt des Saarlandes. initial attack of the borohydride to thg-face of the ring. The
I Brown University. resultinga-diimide therefore transfers its H-atom to theface of
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Scheme 2. Synthesis of 8,10-dimethyl-1-octalin (3) and conclusion for these species. Incubation of deuterated o&alith
8,10-dimethyl-1(9)-octalin (4)* S. coelicolorgeosmin synthase did not give rise to labeled geosmin,
9 b most likely because enzymatically genera@ésl normally processed
(p\ ,IP(OEt)Z‘l by a transiently activated form of the geosmin synthase in which
a the distribution of charged residues resulting from the retro-Prins

: fragmentation of germacradiendis distinct from the resting state
} Q& _NHTs (;@ (FQ of the enzyme. Similar lack of conversion of exogenously added
b sesquiterpenes by other terpene synthases has previously been

Ref. 13
\é/ (F@ cls3 4 trans3 observed?® Nevertheless, the occurrence ofS@®S,109-3 both
under natural conditions and in enzyme preparations suggests its
\J key role in the biosynthesis df.
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