From Ambergris to Cetalox Laevo®

Tradition, innovation and creation

by Corinne Chauffat and Anthony Morris, Firmenich

ho would have imagined just a few decades ago that perfumers today would have at their

disposal an amber product of entirely synthetic origin with a purity that corresponds to

more than 99 percent of {-) Ambrox [5]7 This achievement has a long and captivating history
of scientific discoveries and creative ingenuities, all linked to the enchanting perfume of amber.

Tradition

The manner in which ambergris is

formed by the sperm whalel and then

subsequently discovered on far away

heeaban.s fre Prdnsdeen i aransported
hv ocean currents, contributes much to
the mystery and mdglc of this perfulllenr
substance. This legendary ingredient of
the perfumer’s pallette comes from a
pathological animal reaction, which
cannot be produced by breeding or
cultivation. The prolonged stay in the sea
and the combined action of oxygen and
solar radiation contribute to ambergris’
unique odor. [ts tumplex and subtle
character shows facets of amber, incense,
exotic wood, earth, camphoraceous,

MWetalox, Grisambrol, Ambrincl, Fixateur 404 and

Ambrox DL are registered trade names of

Firmenich, In this article, the authors use the
fullowing nomenclature: Ambrox, which indicates
the product Firmenich commercialized nnder
this name (composed of 90 percent {-) Ambrox);
{-) Ambrox, which indicates the enantiomer L, or
Laevo, ofthe molecule called CAS Naphta (2.1-h)
furan, dodecalydro — 3a, 6, 5, 8a — tetramethyl,
and which presents an optical activity: (+) Ambros,
which indicates the enanticmer D, or Dextra, of
the molecule called ©AS Naphta (2,1-b) furan,
daodecabydre — 3a, 6, 6. 9a — tetramethyl, and
which presents an optical activity; (2] Amhrox,
which indicates a mixture of equal parts of (-}
Ambrox and [+ Ambrox (no optical activity); and
racemic, which qualifies the (£) Ambrox,

BAmbergris, 1 wavy substance, s produced by the
digestive tracts of the sperm whale, perhaps to
protect it fram the shamp beaks of a major dietary
staple — the giant syuid,

tobacco, musk, and the smell of the ocean, In mast

cases, the amber note is immediately appealing to

the untrained nose and its scent, despite being very

characteristic, is difficult to describe; warm, animal
exciting and mysterious.

Long before it played a key part in perfumery.
ambergris was valued for other propetties. In the
times of The Thousand and One Nights, its curative
effects on heartaches were widely recognized; it was
also burnt like incense for enjovment of its pleasant
scent, Moreover, some East-Asian dishes were spiced
with it, whereas the Chinese helieved it to be one of
the most effective aphrodisiacs.

The first traces of ambergris’ use in perfumen go
back to the 9 Century BC. Arabs recognized its
fixative effects on the evaporation of other ails. In the
14" Century AD, ambergris became one of the most
valued perfumery ingredients, along with civet and
musk, It was used as a tineture that needed to mature
over many months, sometimes even years, before
revealing its full fragrance. The most appreciated
tinctures were made up of the gray and most valuable
part of the ambergris, which has consequently given
its name to the precious substance. The white part has
no odor; the black part is not highly valued, whereas
the brown part is used in some ;.'.uf-rf'unwr:,-' products.

1

Innovation

In the 1930s, Firmenich initiated a vast research
program on the n;_'nmpusitiun nfambﬂ'gr[s. The *_-;lu{]:y'
of its main component, a triterpene called amhbreine
{3], complemented research performed by L.
Ruzicka. a long-term collaborator based in Zurich:.
Max Stoll and his Geneva-hased team also counted
among the pioneers in this research. E. Lederers



group joined the team in 1947 after the
results on the structural form of ambreine
were presented. Though ambreine counts
{ar just 25-45 percent of the non-valatile
components of ambergris, and is adorless,
it was regarded as the probable main
somree of the volatile cotnponenty af
ambergris. ' These volatiles originating
from chemical degradation processes
contain some of the kev elements of its
fragriance.

At the end of the 19405, Stoll turned
away from the research on the original
animal substance and initiated research on
amber products derived from selareol [1],
which is tound in clary sage (Selvie sclarca).
This aleahol was Lnu“ n to have a I[g]n
amber odor, Stoll and his collaborators
nndertook o systematic selareol degrada-
tion to abtain all oxidation pl‘ﬂ[llu.'h with
an ndor. Among these prodicts, an
unsiturated aleahal and an oxide were
selected, The oxide indeed had an amber
acor and could be prepared fairly easily.
This observation encourazed the research-
ers to continue their investigations. The

Yas Lederers work was
development as Rozicka’s. the idea ol
collaboration became alnions

almest of the Kime shipre ol

discovery of Ambrox was just around the

- Selarenlide [2]. derived from sclureol, w,

raw material. In fact, this lactone L'f]H]{l it
pbtained through ambreine oxidation: b
already shared a similar bievelie structure
described hy Lede rer® The link was tukin.
Stoll suggested a synthesis by the reductic
selareolide with LIATH |, followed by an o
tiom of the resulting d|n| [4] (F-2] to obta
[5] named Ambrox® These fndings marks
point in the commercial 1‘.|rr:d||n;'ti|||| ol tri
amber products of vegetal origin, The An!
molecule, however, was only isolated from
part of the ambergris tincture sone 30 ves
thus confirming its natural origin as one of
odorous components ol this precions subst
Until the 19505, the so-called amber nes

usually specialties based on labdanum, eith. -

processed form to give a perfume base or
with vanilla and/or other balsamic notes, As
(1823) and Ambrarome Synarome (1926]
Hl]L‘L"iil]iﬁL'-‘i used in fine l'ﬁl'.‘]'lllll'l”]t'r'}' in additi
ambergris, which contributed to the sucee:
classic perfumes.

Shortly after Stoll’s discovery, Firmenicl,
two specialties: Fixateur 404 (1952), based
proximately 10 percent of Ambrox, and Gri:
(1954), which ineluded both Ambrox und -
This amhergris component gave its name to

ITer.
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(-} Sclareal [1]

First synthesis of Ambrox from sclareclide

{+) Sclareolide [2]

product created in 18534 — Ambrinol — a mixture of
tt-, B- and y-isomers. These products were considered
to be important alternatives to the original animal
substance, which was rare and Expen.u.ve. Fixateur
404 particularly influenced perfumery of the 1950s
and the 18605, as it hecame a dominant amber note
in fine perfumery, together with Kephalis (Roure,
1965), Fixateur 404 was used in very small quantities
because of its power and distinctive character
However, in the mid 1970s, some perfumers realized
that the use of Ambrox was not necessarily solely
restricted to fine perfumery, and that it showed
excellent performance in shampoos, soaps and
detergents. Its smell, diffusion, stability, substantivity
and tenacity made it an ingredient with outstanding
"SHAPE." 478

Ambrox was not commercialized as such until the
end of the 1970s, concurrent with the emergence of
the first competitive material Ambroxan {Henkel).
The manufacturing of such a product by a soap and
:1uter;_:rnt company conflirmed the importance of its
use in functional perfumery, The emergence of
Ambrox-type products in turn induced an increased
demand in sclareclide from clary sage. At that time,
there was only one producer worldwide and so, as
L']lll"_-f sage is sensitive to climatic conditions, as with

= - - - . :

SHAPE is the perfumer’s assessment of the odar, eost, technieal
performance and effectiveness in creation of a perfumery
raw material

{+) Sclareolide [2]

{-] Dioxyloreol [4]

{+) Ambreine [3]

{-} Ambrox [5]
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Ambrox DL synthesis !

o cal
~. OMe  pMHS/Zn [13] = H,50, [12]
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Ester 5 C,. [6] Alcohol B C,. [7] Ambrox DL [8]

all plants. supplies of sclareolide could not

Difactive chart of Cetalox Laevo,

be cnaranteed. These combined Lctors
led 1o a severe shortage in 1955, The Cetalox, Ambrox DL, Ambrox, Ambroxan

experience of fuctuating natural raw products and (+) Ambrox isomer

muterial supplies confirmed the need for
the e clopment of an entirely ssnthetic
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In 19533, carer to take part in the 3
* = 1 = x4 nml
amber adventure, George Biichi joined i+) Ambrox
the teams of Ruzicka, Stoll and Lederer w Ambrox DL

A % 5
and in the early 19505 he proposed a first 1 Cetalo
svathesis of (£) Ambros [rom B-ionone ?
i : g Woady +————————————de——p bt - fnimad
-.[|‘||\ Ve er g ]-l."::|.|.||':'|. WaLs ||||r|'|.|-..'|'.[ ||'|.J|||

the 90 percent of (-3 Ambrox prodoct
derived from elarny sage. Other research

1|
Fronps started to be active in the same
: g Cetalox Laevo
field. and at this time experiments were
carried out with B-ionone, sngoesting t Amhroxan
svnitheses based .‘>]‘.|L'{'11-ix';|i|\ on the

2 LaE . . L LD
cvelization of homobarmesic acid ™' The
|'<']‘.*.'|Jk]a:<"?iu|| of the amber odor From

]1|'t|'-:1-'.'h1'|||'.L':l] derivatives had stirted

announcing the arrival of an alternative to ) nthesis of this racemic 'l‘n'm]rc t of more th, 1 Y96
the animal and vegetal derived substances lu reent purity was a milestone in hoth orga

The knowledse and know-liow aceu- hemistn anil process L whin |||r|“x The lone  rocess,
mulided over many vears of investigation u'lrrl: regquired meticnlous development wne aptimi-
oy l.'.‘lhl:l“:'. enahled an econm |i|;;1”} viahle ation ol the reaction conditions, benctited @ eatly
l"l"fl‘-.ll:i.'ﬁ'flll of (£) Ambrox |:-_\' He :.'_'-'L'|]K'.l Fromm ¢ |r.1|_1.lir chemistev in order to achiowve
tiom of B €, aleohol [T] into Ambrox DL o desired quality, The next step? To move o=l reach
[8] (F-31."2 This new material containing an opticadle pure qualite of an entirely svatlh e
more than 2} percent of {21 Ambrox was Cetalon — and so toda, with C L[L]m Lissiven, o pange
Lanmched in 1955 not as a substitute to has been extended. : :
Ambros bt as an alternative amber
ingredient. Creation

“.'Illl‘ut'lillt'ul VEUrS Wers devoted to the Perfumers interest in the amber naterials ¢ atain
mprovement of the 'l.||||!|'-'|\”‘l.w_‘.llﬂltki\ in ||--|'I'r!lilll"i":"_ll'!'l;l-.’ll of (=1 Ambros deri ed
to ohitain o [PUTEr e J.||.':|]i|jx anl From cliey sage led to the marketine ol Am!eolis
eventuallv the ||l'-riL'.L||k active pr luct. In Civadsoi? and Selarocan (Charalad i|mll--i_:-||
194935, alter |“_‘\.l:'i:['~|i-| icestioations of Loy 1I.| 1"| A TR NI KA b mention a few
the 51 nthetic l:-l'u-.h'.:".lclll aof the Ambros Flone i+ it ||._r nuterials lavinge the sune cher cal
medecule, with the iivolvement of nomer strvebore can have different ador mmnees =7
ants rescarch, de |'|l.l|’:llu:'1|t wnl E'li':l-!'l‘.u,'*_i- 11 chenee ol |'l|'|.|(]i1-5 Fiesn i||-_;r'|-f.|1':-||‘_a likes sidlvesits A1l
teams. the first (ll:il':'||'.|' wus linalh shiolithy modils the oddor of wmber products, P ]1;||'|"i
reaclied, with the hinnch of Cetalox. T the conditionine of the prodoct Tl whether :



Representation of the volume and diffusion of Cetalox Laevo, Cetalox, Ambrox DL,

Ambroxan products and (+) Ambrox isomer

A &

Cetalox Laevo Cetalox
Ambroxan

A -

Ambrox DL {+) Ambrox

Summary of the isomeric composition of Cetalox Laevo, Cetalox, Ambrox DL,

Ambrox and Ambroxan-type products

Compaosition Origin

Cetalox Laevo =99 percent (-) Ambrox Synthetic

Cetalox > 96 percent (+) Ambrox Synthetic

Ambrox DL > 50 percent () Ambroxand < 50 percent Synthetic

diasterecisomers

Ambrox ~ 90 percent {-) Ambrox Natural

Ambroxan-type products = =99 percent (-} Ambrox Matural
ey stals or as ]n']?i'll. — can also make a With at least 50 percent of racemic Amb ox and
difference. other diastereoisomers, .'}_M'U\_ DL is ]IJI!:'- hiv the

[n regards to the composition of the most distinetly dissociated product in this g:oup. The

various materials, the () Ambrox isomer
riatio is particularly important for the odor

I Ambrox is described as more amben
andl us miueh as bvo to three times more
poswerful than (+) Ambrox, whicl is
considered more woody ' THowever,
althoneh this variation exists in the odor, it
should not be forgotten that according to
one s genetic inheritance ':1-.-t-||]1- smell
one or the other enantiomers differently.

Ambrox, the historical reference.,

containg :|E1l}|':|xi|n:|h'|_\ i pereent {-)
Ambrox and varions ambrols. The latter
brings elegance and olibamun nuance to
this fine amber, round. lm:rn-:'|||| anl
diffusive note J\I1l|_s_!u\ un is "lr-:l|r L]‘ll‘. oneof,
the most powertul amber notes. 1t is ven
:il.‘ill"\.i-.( ||l. and animal, with an e |1‘l|1.
patehe |||]' and dusty character, Cetalos
Litevar is a powe eful animal amber note:
similar to Ambrosan, it is dilTusive, some-
what EI\[‘. with o v 1'1.\.{ rorris elfect
Cetalox covers a broader ollactive \|‘.-| o t|||| I
than the |1|'r|c|lu ts mentioned above, IEs an
amber, win l-.l_‘-. note; warm, fll and rich
with animal. patchouli and aromatic
charseters, Although at first it seems less
ditfusive than Ambrox or Ambrosan
(. Illl'\':.ll'\-lll.l'l"']'llI'I.Ll."IIIJ'II ativel: fuller

.all'-l more comples note after a few |u|1||~

wootly character is more pronounced thank- in
particular to the presence of a diastereaison: -
described as woody, cedarwood. Its warm +h note is
'\'l'l"ll:Hl"'._ [4 I'||:I| '\.l.'1,'| VT, ('fll‘ll]'ll{"\, '\\.']I,]l al .IHI'lt i i.;ll'll-
danum. T-1, F-4 and F-3 summarize these « waracter
istics and olfactive evaluations.*

When studving the characteristics of the - « various
materials, one notes that Cetalox Laevo and .
Ambrovan are very effective l|| sall LFLTT ant+ ics thanks
il||'lllJ'l-.l"LI._I,||I|I|.I|'|‘1 sion. However, hev -ul a
certain proportion, the dry animal l'||:1.’i_l.l;'||' prevails,
I.J-!"-tl'll_\'h the haemony of the -.-r:||'.[:r1w'i‘i|:-n a <l ean
VE AN TSI -:hrt*. effect. Cels ||||\ on ¢ v other
hand. can be used in eonsiderably I: wrger s ntities,
and |.|t||uu"|| the amber note is L|| |.||1 effe e the
elegance and harmom nl! l‘ln perfume are 1oeserved
The series of accords in T-2 ¢learl |||-.t'|..|. this
plienomenon. In A, the an l|'ll2"" note harmori zes with
the |IIZ-\'.-:||'I naotes {Il. l]:l- acenrd, w ||L-|1-;L_\> in B, t]u'

accard s unbalinced w the too-high coned: tration ol

Ambroxan. In € and D. Cetalox lifts the ful' hodied
and powdery character, despite the high cor entra-
tion, giving the accord an elegant sofiness o aracter-
izedd by a rich amber note. Being able to use Cetalox

I !;l'L'ii..!'r"l*ixlfitltlt':i increases the substanti -ty of the
creations while preserving their original olft tive
directions — nnportant asset fon ':Jltlil‘il-- il|3]3|il:{]
ter the skin. lair and elothes.
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* Coumarin 20 percent DIPG 1.0
" Raspberry ketone 10 percent DIPG 1.0
* Habanolide 50 percent DIPG 1.0
¢ Ambroxan 5 percent DIPG 0.2

* Cetalox 5 percent DIPG >

The outcome of the Ambrox story i5 :::—*rfaml}' not
a mystery; the synthetic reproduction of a natural
odor is a direction that is well entrenched in the
fragrance industry. The goal, of course, is to equal, or
aven qua[ital‘irﬁl}' improve upon, nature without
depending on it thus allowing mankind to offer
essential perfumery products with an ever-improved
cost/performance ratio.
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Pinova, a division of Hercules Incorporated, serves numerous markets worldwide with high-

performance food-grade rosin and terpene products and distinctive technical service.

Some of our product lines:
Rasin, modified rosin, rosin esters
Hydrogenated rosin derivatives
Terpene aroma chemicals
Natural pine ol and terpineol
Anethole NF (LISP)

Paolyterpene resins

pinovasolutions.com

Brunswick, Georgia
U.S.A.
1 888 BOT 2958
+1 912 265 3550 opt 47

A few of our specialties:

* Hercules” Ester Gum 8BG glycerol ester
of wood rosin for cloudy cifrus beverages

= Hercolyn®™ D methyl ester of hydrogenated
rosin for fragrances and chewing gum base

* Hercules® Terpineol 101 natural alpha-
terpineol for fiavors and fragrances
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