1 METHOD FOR SYNTHESI ZI NG BETA- DI CARBONYL COVPOUNDS The
subject of this invention is a process for the industrial-scale synthesis
of beta-di carbonyl conpounds fromat |east two carbonyl 5 conpounds such as
esters or ketones, in the presence of a strong base or a m xture of strong
bases, by O aisen condensation, in partjcular of betadiketones from at

| east one ketone and at Ieast one ester. Thi s process invol ves
reacting at |east two car bon ounds such as esters or ketones in the
presence of NbE’EHQﬂd“@BssY& Gt BES Ao DICARBQ N COMROUNDS en

condensation, in particular at Ieast one ketone and at |east one ester by
means of the reactio CH R3-00-0-R4 -> R -CO CHR2-CO- R3_ +
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20 groups may be substitute not ogen atom or net hyI or
ethyl groups, or by fllés pl?ﬁ%éﬁ%elrllVﬁi"[elfiel’fa’:}qtm&t%tcle@ﬁélthQ)fC%”h@nIzﬂr cpbie
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Bet a- di kg} W VrHsgdpaddidd i cesses as
stabilisi nlg agﬁ%R?o %I%@tlécg a% c%s?rre |c pr ofl[& % 6I!I)partl cul ar
because d¢h whighr anti-UV and anti oxi dant properties. For

stabilisers in plastic materials current ations
conpl'ét eAfOBarR fETRRI RN BEAP %@B&Wag?%w bT?cP canheRAtme Pref-
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20 groups may be substituted or not, e.g. by a halogen atom or methyl or

many yeans, EPLHRAURISwPASEInay BEte s%?&%"dfrﬂﬁﬁgeﬁp 1“ r;ﬁe@é’ﬂ@abﬁ &r%ﬁp as

ethyl groups, or by the presence in the aliphatic chain of one or more

groups with the formula: -O-, -CO-0O-, -CO-, and may contain a heteroa-

tom of oxygen or nitrogen and R: and Rz may be joined in such a way that

the beta-diketone forms a cycle, and in which R4 represents an alkyl group
25 with 1-4 carbon atoms, preferably a methyl group,

Beta-diketones are widely used additives in industrial pro-
cesses as stabilising agents for plastics and cosmetic products, in particu-
lar because of their anti-UV and antioxidant properties.

For many years, compounds based on lead, cadmium and

30 tin have been used as stabilisers in plastic materials.

However, current regulations completely ban the use of
lead-based stabilisers and cadmium-based stabilising agents are currently
banned in certain applications such as pipes for drinking water.

Finally, stabilising agents based on tin are going to be

35 banned in the near future.

To replace these compounds, it has been proposed to use
beta-diketones which have a number of advantages, in particular with re-
spect to the environment.



The cl assic way of synthesising beta-di ketones involves O ai sen

condensati on whi ch has been extensively reported in the literature: at

| east one ketone and at | east one ester are reacted together in the
presence of a strong base or a m xture of strong bases. 5This reaction
involves the formation of internedi ate-activat- ed polar conpl exes such as
enol ate anions to yield beta-di ketones and al cohol s. In it
classically performed in a reactor containing the ester, the base (usually
an al cohol ate) and sdinet iclessia @y ait synta¢sieing Heetardiketenesisinedvesheat ed
to refl wg L& ,ad j t : e tiar s and
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t he reactgreBencd of &eoag Ibasekenei@uhass Beemgabsdess. tinme is left for
conpl eti on and rest gﬁf.ore the r.eaction.m turetlii s acidifi ec(ti. %nd \{\ashed,
the solvent is renovedang2tHen jpyglyes the @EFT?% iy ot intermediate actigl- ¢

t he fi r steddpelari gumephsxesf siithaiaseenclane anseh s do yicldt beta-dikekames dvid SPRAGUE,
Lel and J. HAM and Homer ADKI NS pub- 20 |lished in Decenber 1934

" Preparatcloon of 1, 3 diketones by the O aisen Reaction" which describes the
reaction in detail wilnhtciasseally pestasmed &n esreactpr sgntgiingrihe astes, 1.

Accor di nghkgddd ﬁls%faﬂi éﬁ,alé&%ﬁ@é)%@i%bn’{@ﬁ&% &8breas. (fromacetone up to
acet ophenone) are use ngd the nost .co nl 25 esters_are nethyl

a y. usegt ﬁ
acet dle, nethyl furoddETotheERigIre hasheandrertes: Lo reflux,dbe ketoneelnt al
sodi um oracklzdi Umceth@rehator. over alatasest hvbes tdrid enys alavhol afogiegl i om

15%to 70% . The.sane arti.cl.e descgl esi.s.of

subst |t uCHBR O i deanienr PURE: BY iRtgRBRCin 88 e &F JhRRRn
30Agai n, pgrioceeds.are rel atively poor ranging from30%to 56% and it may take
up to forty hours to I (I : article
from March 1951 by El‘%‘g@%%%?&"e?}i&%%he%"é fogb%/adéiﬁ/ilw%%ngr%thﬁg% <y HAUSER,
"The 18] ai sen Acyl at | 6@t althieyketemcohas haenraddedcHirr enisthfor rpmalec
Esters”, tRiPpeseresdtshétord the réhttiohemixturecisodcibianal anmRiaghedditiasyn de,

and ot hervelﬁ ti(s) r}gﬁleosvte "afid'the partod%cl‘é% %rll,leriitlgd.eSt er ratio of 2. 3
One of the first descriptions of Claisen condensation is that
of James M. SPRAGUE, Leland J. BECKHAM and Homer ADKINS pub-
20 lished in December 1934 "Preparation of 1, 3 diketones by the Claisen Re-
action" which describes the reaction in detail with ratios of ketone to ester
ranging from 0.1 to 1. |
According to this article, low molecular weight ketones
(from acetone up to acetophenone) are used and the most commonly used
25  esters are methyl acetate, methyl furoate or methyl tetrahydrofuroate. The
base is elemental sodium or sodium ethanolate.
In all cases, the titre is low ranging from 15% to 70%.
The same article describes the synthesis of substituted be-
ta-diketones from beta-diketone salts and haloalkanes.
30 Again, titres are relatively poor ranging from 30% to 56%
and it may take up to forty hours to obtain the best titre.
Another article from March 1951 by Eugene H. MAN,
Frederic W. SWAMER and Charles R. HAUSER, "The Claisen Acylation of
Methyl Ketones with Branched Chain Aliphatic Esters", proposed using a
35  different type of base, namely sodium amide, and other ketone-ester pairs
at a ketone to ester ratio of 2.



This nmethod differs fromthat of SPRAGUE et a/. in that the ketone is
reacted with sodiumamde in a solvent (ether) before the ester is added to
the m xture. However, titres are not significantly
inmproved with reported 5 titres of 43%to 64% I n docunent
Us4482745 (Anmerican Cyanamd) from 1984, acet ophenone and net hyl benzoate
are reacted together w thout any solvent in the presence of a dival ent
base, nanely anhydrous line. Ketone, ester and |line are added to the

reactor at the same This m@tfmnhdHMedeImtlaaﬂwthPM@EEanab ipafhmtodshi ng
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takes 3 hour s. ng a so ven | so suggested to
pronot e askladeta thomixtidrerake it easier to process the products of the
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ester (six tines nor éntdrmurhbatMM827QBCI(Abaeﬂc(1ﬁ(X%mnamidhéromhw&ﬁa; one)

wer e used, f t ve a
titre of dazf(?g/g% ﬁé%g{)do?’?@ﬁ’éﬁ%%%%ég??t %%H qg??th ﬁﬂ?’ﬁ%ﬁ enS%(Iel of

t he base viemtin t@m grqsnacgfoftawéy@lmn basasnamels éﬂfwdrouﬁélméact i on.
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ester with sodi um net hoxi g@ base. ThIE 59?”3 acuses on the
synt H8si S8 ARBAFAEHA teteh Wragu% regching 200ghi YR Ao tF L%
reaction toaééﬁ&@ugih@mmbmeat €l hi.2eandongenni Tigist heaction hakies 8f tg elat ed
conpoundgg in particular, one exanpl e describes the synthesis of

st ear oyl Irret hane for which the titre was only 45% 30ln all cases,
given the great starAdijngxaeotvarft issakso, spggédted wapromotadheerssstmny to
obtain t r DRz AR ane, titres ranged
from 84%%0& B@%R é%gsf&tsg%ﬁr%%esshthe gﬂ%cglg%tggd used&\)/\der e changed, the titre
droppéd off shar ply- d&h Sives HilEeH O Ratwepn- B-a5gh A8 ondiiea e FeRS 3659 or

benzoyl 3IyRedHé f@h Prl-HeNEOWaRBIJRISY; when the reactfor@bbl, pldeeUiRids
U85344992 G ga{% 353/%%9% gy oposes carryl ng the reaction out in the
presence X p/ °di met hyl sul foxide (DMBO) wth other
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cases
20 An experiment using half as much base as the ketone gave

a titre of 40% which supports the hypothesis that, although the valence of
the base is 2, only one of these valences is used for the reaction.

Document EPO507013A1 (Witco) from 1991 proposes using
a solvent and excess ester with sodium methoxide as the base.

25 This article focuses on the synthesis of dibenzoylmethane
which is known to be a highly favourable reaction, although examples are
given concerning the synthesis of related compounds; in particular, one
example describes the synthesis of stearoylbenzoylmethane for which the
titre was only 45%.

30 In all cases, given the great starting excess of ester, purifi-
cation was necessary to obtain the final product.

For dibenzoylmethane, titres ranged from 84% to 95% but
as soon as the compounds used were changed, the titre dropped off sharp-
ly—down to 67% for benzoyl-p-benzoylmethane and 63% for benzoyl 3,5

35 dimethylbenzoylmethane.

Finally, document US5344992 (Ciba) from 1994 proposes
carrying the reaction out in the presence of solvents, mainly dimethyl sul-
foxide (DMSO) with other co-solvents such as tetrahydrofurane or diethy-



The resultant titres were highly variable (62%to 94.5% depending on the
target conpound. The highest titre was again obtained for dibenzoyl nethane.
These exanpl es show that, although it has been known for years that

bet a- di ket ones can be synt hesi sed by O ai sen condensation, the reaction is
still not conpletely understood and tityes remain highly variable. 10This
is largely because the reaction is a partial one resulting in an
equilibriumand it proceeds in parallel to other parasite reactions. In
consequereere gyeplldimethiyd etisernldnd using isediym bydridd ashthe dpaisey(oofsodire
final pr Crhe?ll?%ﬁid@‘%ﬁhéﬁh@!éés%gﬁews 80% The best litre
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present in the reaction m xture, e'equilrbrrumo "al sen reaction is
shi ftiad dhaperbehitosriasilewer deallghs ethersvdr mare dipn BOSpsseran extra
bet a- di canheAyhti6R SRy Rssequired. However, to ensure fast

evaporation of the al¢cohol, ough er11er er unit volune has go be .
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reactor. titre of 95%. Thus, scaling up by a factor of 1,000 (a classic
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sol vest himeansld évssanfl rneachye 4986 tdiethenpooduct itsaHrigyobtain a final titre of

95%.

Taking all this together, the classic synthetic method for be-
ta-diketones based on Claisen condensation is subject to major loss of the
product, great expense and substantial adverse environmental impact.

30 Specifically, the disadvantage results from the fact that, to
inhibit parasite reactions (mainly ester and ketone self-condensation reac-
tions), the reaction mixture has to be as uniform as possible in tempera-
ture and concentration and the alcohol has to be evaporated off as quickly
as possible as it is formed.

35 It has been shown that if there is no alcohol present in the
reaction mixture, the equilibrium of the Claisen reaction is shifted away
from parasite reactions to favour the synthesis of beta-dicarbonyl com-
pounds.



15 delivered into the industrial reaction mxture to bring it to the |evel
achieved in the | aboratory, engineers specialising in the design of

equi pnent for industrial chem cal synthesis have already tested three
possi ble solutions to the problem i.e. howto increase the tenperature
di fference between the heat-conductingfluid and the reaction m xture.
These are 20 adding a heating coil inside the reactor and adding a
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It is for G?g érﬁd&é}lec B&%&ééno Phe fluid in the middle of the reactor and that near
the walls.

However, this temperature gradient entails local parasite
reactions to such an extent that the overall titre of the reaction is substan-

30 tially affected.

In particular, an increase in the temperature difference be-
tween heat-conducting fluid and reaction mixture leads to local heating at
the reactor walls and causes breakdown of the reagents and induces par-
asite reactions.

35 Similarly, the presence of a heating coil inside the reactor
alters flow inside the reaction mixture in such a way as to compromise its
turnover at the reactor surface and therefore inhibit alcohol evaporation—
which itself encourages parasite reactions.



According to the invention, this process enhances the titre 25 of the
reaction and the purity of the product obtained, in particular a titre of
over 95% and notably one of over 98% i.e. atitre never hitherto achieved
for this type of reaction, so there is no need to purify the final product.
The process according to the inventionds therefore particu30 larly

advant ageous from both the econom ¢ and the environnental points of view
According to the invention, this process is characterised by the follow ng
steps: a synthesis rSatistituitingatise hichéishg poibfdtialkl heat-erchadgabieoyjntket ,

35 toppgy @1[%{? e%t%?fihf‘tr% OB 155%%% Wok %a]fle%gg%v%ffeﬁ%maﬁwab' e

reflux con um1 terrper ture, and | east one
source oft nwgbvtmenlmn@ala nfver iereg slesq to maf&kmngsthaémﬂe%bmd i's

i ntroducediwhp @%,Is{;@mstrong base into the reactor, with mxing, the reactor
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pal‘tl cul ar at E not a there.i § nsuffici ent Space

her e,10at théé%is 6&@%5@?@?‘95?31%?&%@ Bpaﬁ c?re‘été g¢i a a wave guide
to direct the m crowgwes stddid tasbaad lr@latéa m Hydredyﬁaﬁ»h@r c@hdiidrid t ed

o, S BESHIOF b TLERRAEER, LA SF STy LKL RELBLEORY A °
nunber arpierrtacbwnr mlbfcompfmmseeﬂcg@nadmk:edsbpﬁs@mmm@ systdmt he reactor neans
that the energy per Wyl YQLHMhdR! B6EEuLRHY Ay 5iRCE S To sh i &sisan be

perfectly con-
15 ing beta-dicarbonyl compounds at an industrial scale that ensures the

delivery of enough energy per unit volume of reaction mixture to drive suf-
ficiently fast evaporation of the alcohol formed in the reaction.
The subject of this invention is to overcome this problem by
proposing a process for the synthesis of beta-dicarbonyl compounds—in
20 particular beta-diketones—by Claisen condensation that guarantees a re-
action mixture uniform in terms of both temperature and concentration at
the same time as very rapid evaporation of the alcohol as it is formed in
the reaction.
According to the invention, this process enhances the titre
25  of the reaction and the purity of the product obtained, in particular a titre
of over 95% and notably one of over 98%, i.e. a titre never hitherto
achieved for this type of reaction, so there is no need to purify the final
product.
The process according to the invention is therefore particu-
30 larly advantageous from both the economic and the environmental points
of view.
According to the invention, this process is characterised by
the following steps:
- a synthesis reactor is assembled, preferably with a double jacket,
35 topped with a separating column fitted with a condenser with varia-
ble reflux controlled by the column temperature, and fitted with at
least one source of microwaves and a mixing system,



20trol | ed. The essential characteristic of the process
according to the invention is thus the use of m crowave energy to heat the
reaction mxture. To a great extent, this elimnates parasite reactions, in
par- 25 ticular self-condensation reactions between the reagents, by
increasing the energy density in the reaction mxture and enhancing the
uniformty of the mxture in ternms of tenperature and concentration,

t hereby considerably raising the titre of the resultant product. As a

- corollary, wusianfrsti catvamvdscampoudwivis netrodiumedt wntds the Gstnongdhasehinta

factor of at Lfaste bW GAMR3LEGNM th the classic process, and in parallel
massi vel y enhances productivity, “easily by a factor of up to five.

The process- adBergratprtis heatefdpndthe gonslenser & Haengshen cul arl y

advant ageous fthemidieweseiiree VkARir¢es ERMrakdR, Nt s of view by virtue
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invention, the mcrowaves nainly act in two ways: the first is related to
how ener gy t s afri amrintenval otha ecactartisomrmiedt oif anvhithe neaetioacongtiee

related to vihgali@mal Sid Sdshed. In practice, the way
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clasdPc method in thdk shruldhe goted that, aerading itaithe Hvendion, Gic fee

medi um angtbheaherd fit@idiwethaht ldssthaie poicfdwhge @Bh¥rator glitéotlhinghentddhan
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activated, polar 1ntermedi ate Tonpl exes that formin the course of (aisen
conddisathbftuse.cand/ar gilsm ﬁtﬁedawg:%e@@ reyderTralyacincealatinatloppditted pathvier come

ItL th_ebr Q{%Eir'balhﬂiﬁ Eﬁéﬁgmg.micmwave gen?ralg@flapverihit has bee[l_ shown t hat
e vibrations induc m crowaves st abi e these energetijc
T RBprld e gtert Bbatic R een die G Prg SPRROR IS PEs of
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posi tive peefrf Sﬁ}t \%lh%]e f&’erhtvré%d GHts tﬂg%arc?i%%t }nqgtl,kljengan be perfectly con-
20  trolled.
The essential characteristic of the process according to the
invention is thus the use of microwave energy to heat the reaction mix-
ture.
To a great extent, this eliminates parasite reactions, in par-
25 ticular self-condensation reactions between the reagents, by increasing
the energy density in the reaction mixture and enhancing the uniformity
of the mixture in terms of temperature and concentration, thereby consid-
erably raising the titre of the resultant product.
As a corollary, using microwaves cuts down reaction times,
30 notably by a factor of at least two compared with the classic process, and
in parallel massively enhances productivity, easily by a factor of up to five.
The process according to the invention is therefore particu-
larly advantageous from the economic and environmental points of view by
virtue of the reduction in raw materials consumption; it is also advanta-
35 geous in terms of safety and investment costs because of the reductions in
equipment size and reaction time.
These advantages follow on from the fact that, in the
framework of the process according to the invention, the microwaves



It should be noted that using m crowaves has al ready been 20 proposed to
speed up chem cal reactions, the rate of which often depends on the
tenperature of the reaction m xture. However, a substanti al
tenperature rise entails a sharp rise in pressure-possibly up to 20
bar-which is possible with | aboratory ui pnent but is difficult to scale
up for industrial-scale production. 25At equival ent pressure, the only gain
observed to date is the possibility of heating the reaction m xture up
faster. mainly act in tworways:stheefissinis tedateyl ho bowwenesgy $s qeliveresbimisn in
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reaction time. 7

It should be noted that using microwaves has already been

20 proposed to speed up chemical reactions, the rate of which often depends
on the temperature of the reaction mixture.

However, a substantial temperature rise entails a sharp rise
in pressure—possibly up to 20 bar—which is possible with laboratory
equipment but is difficult to scale up for industrial-scale production.

25 At equivalent pressure, the only gain observed to date is the
possibility of heating the reaction mixture up faster.

For this reason, using microwaves is quite common in la-
boratories where whole series of experiments with short turnover times
have to be conducted, in particular to validate reagents.

30 For this, products to be tested are classically added to test
tubes that can be pressurised and they are then heated in a microwave
oven in order to speed the reaction up.

However, speeding reactions up with microwaves in this
way is of limited interest at the industrial scale because the time factor is

35 less key and it would be expensive.

In practice, the loss of time associated with using classic
heating systems is more than compensated by the savings on microwave
apparatus and on energy costs because generating microwaves consumes



The separating colum 5 is fitted with a tenperature sensor 6 which
controls a regul atory val ve/ stopcock 9 to control what fraction of the
condensed liquid returned to the colum 5 via the backflow pipe 8 or 20 is
drawn off through a drain pipe 10, depending on the tenperature.

The reactor synthesis 1 is also fittedgnth an external recirculating |oop
11 fitted with a punp 12 and a m crowave source 13. Accor di ng
to a particularly advantageous characteristic of the invention, the
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m nor conjjggkgation of the final product. Moreover, if the
ester is expensive and the ketqgne. cheap, the process according to the
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20 is drawn off through a drain pipe 10, depending on the temperature.

The reactor synthesis 1 is also fitted with an external recir-
culating loop 11 fitted with a pump 12 and a microwave source 13.

According to a particularly advantageous characteristic of
the invention, the carbonyl compounds consist of at least one ketone and

25  at least one ester.

It should be noted that, according to the invention, the re-
action can be selectively run with stoichiometric proportions of these two
reagents or with either the ester or ketone in molar excess, obtaining a
beta-diketone titre of over 95% in all cases.

30 The possibility of using excess ketone corresponds to a spe-
cial advantage of the process according to the invention over classic pro-
cesses for the industrial-scale synthesis of beta-diketones by Claisen
condensation in which the ester always has to be in molar excess over the
ketone.

35 In practice, when the reaction mixture is not uniform in
composition and/or temperature and if the alcohol is not effectively re-
moved from the medium as it is formed, spots form where the local ketone
concentration is high and this leads to extensive self-condensation of this



15 According to another characteristic of the invention, the conjugate
acid of the strong base used is volatile in the conditions of the reaction,
e.g. an al cohol ate, notably an al coholate of sodiumand in particular

sodi um et hoxi de. According to the invention, the reaction conditions can
be 20 substantially manipul ated dependifgg on the starting products and the
type of beta-dicarbonyl conpound to be synthesised, in particular the type
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met hyI stearate and 3 powder e um net hoxi de. Once the rea nt s
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at the head t he se arat col um, , Add %189 %2 aceto henone over 5
hours. THEBEORBuE SnanrgRRBIE rokabloRD ACaNoAs ARPRARSE orf Xt PAfe head
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phase is e 2: Syntheésis of St ear oyl Benzoyl Met'hane

(SBM usi etﬂé%/&FB‘?:rééés accor di ng to the invention.

The process according to the invention can in particular be

run without any solvent or with a pure or mixed solvent, notably a solvent
25 with an aromatic core.

The reaction can be run in a vacuum or at any pressure,
notably atmospheric pressure or a lower pressure of 0-1 atmosphere abso-
lute, preferably 0.1-0.5 atmosphere absolute, or alternatively at a higher
pressure from O0-5 relative atmospheres, preferably 0-2 relative atmos-

30 pheres.

Moreover and again depending on the starting products and
the type of beta-dicarbonyl compound to be synthesised, in particular the
type of beta-diketone, the temperature of the reaction can be located with-
in a range of 60-180°C, preferably between 90°C and 140°C.

35 It is also advantageous according to the invention to render
the reactor inert with nitrogen gas at the beginning of synthesis and main-
tain a gentle flow of the gas through the reactor throughout the reaction.



The experinental apparatus consists of a classic glass, double-jacketed
chem cal engineering reactor with a volune of 1 litre with an effective

m x- ing system This is topped with a separating colum fitted with a
variable- 25 reflux condenser. It also has a recirculating loop fitted with
a gear-type punp and a 600 Wm crowavejgenerator. Add 450 nL xyl enes,
178.82 g fused nethyl stearate and 34. g pow dered sodi um net hoxi de.
Once the reagents have been added, render the reactor inert with a

continuous flow of nilheogearagieristies ancutdvantagesmibthezorangss adepodigig t he

ext ernal g thelintreftion-LAt PaPfickBirk@®die RBldted foCtROUSE R ARG o5l uX,
and then switch the racro %e sour pgz} on, Adtg 68..39 g acet ophenone over one
! t qitderiodowin

hour. Ond¥ ¢asigrdo amdesstand dadhe i f X8MPSe for another 15

m nut es. HiuraplhouSyalthesiBicf $tebRoylBetitiolMetreimaBBM)fUsihBaheeatddser
m xture. After the 15 mnutes of finish- 35ing tinme, switch off the

ni cr ovave’®6tPEe and the heater. Aci di fy the mxture and then wash it.
Anal ysi s Ihy agakspitagtasd)r doebbgjaagiteyed hahvemidzadt engimesting Ireatteravetio@henone

| consumel i of Wtk SEMA s Sl syblerileudd L ShLSENLRBLA ned

by the process accordi ng I nvention 1 re fhan centage points

better t hafP-wPt & fuped enaduilsteariesand SEVOpr & dostdsreeyseflipim gnetoxidact i on
B?gig i's %ﬁ% ghEQ/eeﬁ/ggﬁts Ihtaﬁ/e Beehn te!da%aSt ,tﬂaﬁluemh@i ﬂﬁb@ttbfl iﬁ@ﬁsgﬂims &l €on- .
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chem cal i neerj rne or with a volume of 1 litre with an effective
m x- ing psiy{i!sﬂ(;e}lrﬁ Hf‘%?% I}Ogﬁtsopped with a separating colum fitted with a

vari abl e-Throughout the five-hour reaction, draw the methanol off at the head of
the separating column. Once all the acetophenone has been added, allow
15 the reaction to run for about one more hour. After this extra hour, acidify
the mixture and then wash it. Analyse the resultant organic solution by
gas phase chromatography. Almost all the acetophenone is converted and
the SBM titre is 82.5%.
SBM productivity during the reaction phase is 30.3 kg/h/m3.
20 Example 2: Synthesis of StearoylBenzoylMethane (SBM) using the process
according to the invention.
The experimental apparatus consists of a classic glass, double-jacketed
chemical engineering reactor with a volume of 1 litre with an effective mix-
ing system. This is topped with a separating column fitted with a variable-
25 reflux condenser. It also has a recirculating loop fitted with a gear-type
pump and a 600 W microwave generator.
Add 450 mL xylenes, 178.82 g fused methyl stearate and 34.02 g pow-
dered sodium methoxide. Once the reagents have been added, render the
reactor inert with a continuous flow of nitrogen gas. Recirculate the mix-
30 ture through the external circuit at a rate of 15 kg/h. Bring to boiling and
total reflux, and then switch the microwave source on.
Add 68.39 g acetophenone over one hour. Once it has all been added, let
the reaction continue for another 15 minutes. Throughout all this time,
draw the methanol off the reaction mixture. After the 15 minutes of finish-
35 ing time, switch off the microwave source and the heater. Acidify the mix-
ture and then wash it.
Analysis by gas phase chromatography shows that almost all the aceto-
phenone is consumed and that the SBM titre is 98.1%.



10 reflux condenser. It is also fitted with a doubl e-jacketed recirculation
| oop with a gear-type punp. The jacket tenperature is kept very high to try
to transfer as nuch heat as in Exanple 2. Add 450 nlL xylenes, 178.77 ¢
fused nethyl stearate and 34.00 g pow dered sodi um net hoxi de. Once the
reagents have been added, render the 1lpyreactor inert with a continuous
flow of nitrogen gas. Recirculate the mxture through the external circuit
at a rate of 15 kg/h. Bring to boiling and conplete reflux. Add 68.41 g
acet opheridre tdverofoRBMiowbtai@d &y thhapragelsshaerordinedo the inkentieacts on
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shows th al he. ac hengne i s t hat eSBMtltre
o 71 S ABE s ST HPSA %fﬁ%ﬁs%ray%e&r@yé&%“@%nsﬂsﬁﬁﬁkw% § PESETIR ng
to vari ouscpadiag tetheartdrdimn whkaopt 8 Micréwavkesitgcof Di Benzoyl Met hane

(DBM usipg, tg%ﬁsfi &gt %‘}éﬂa@h@g 5sisPE dfg%( eéi&ééig %IEEQ HRAILTERkEled

apparatus co SsiC g ass, dou é&J them cal” “engi neer| ng
react or \hemigal engieasing reactos withte selusheeftl Uisrerwkth 80 effpetivgsmém  Thi s

i's toppednyidytdmS aRAL 3s ithPpEQIwATH o ‘sé}t)&qatwlé 'E!oﬁlrlﬁﬁr fieklakRhl Ma&sfymgnser
It al so ha arec rculaln 100Pf|tte WSJ{PLE@ f}@%ioﬁgf 600 W
ni cr dlav & CHE T RIS dt e e Cyarss Fé}ﬁ e and
34. 83 g pweith wlgeadtypdipumpemm(jaiﬂ;et@enq;dﬂaeuﬁam}kn]?s veay chigheto ayded,
render t reac nuous ow of nitrogen gas.

Reci r cul g?%gg%gﬁﬁﬁfpeﬂgé 3 ﬁr]?ﬁaemg% gl"nal circuit at a rate of 15 kg/h.
Bring t o Astd 145(y mhdxylones, rlé?Bl Tk,g dnded hontkyli stgarate and Sdwaleg gmwce on.
13 Add 6&1e424SRARHP OV Bl Enl MhooMEBald High %&T@eﬁﬁ}&aﬂﬁfe | et

t he reaction contl nue or anot her m nu roug hout S tl e,
dr aw ¥he IRREWENBICTbItR [ cpBEMUGH ot of @ltrﬂgﬁerg%el?qgrwkm € HfLiX-
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m x- complete reflux.
Add 68.41 g acetophenone over one hour. Once it has all been added, let
the reaction continue for another 15 minutes. Throughout all this time,
20 draw the methanol off the reaction mixture. After the 15 minutes of finish-
ing time, switch off the heater. Acidify the mixture and then wash it.
The organic phase in intensely coloured. Analysis by gas phase chroma-
tography shows that almost all the acetophenone is consumed and that
the SBM titre is 71.8%. The chromatogram shows a whole series of peaks
25 corresponding to various parasite reactions.
Example 4: Synthesis of DiBenzoylMethane (DBM) using the process ac-
cording to the invention.
The experimental apparatus consists of a classic glass, double-jacketed
chemical engineering reactor with a volume of 1 litre with an effective mix-
30 ing system. This is topped with a separating column fitted with a variable-
reflux condenser. It also has a recirculating loop fitted with a gear-type
pump and a 600 W microwave generator.
Add 560 mL xylenes, 81.59 g fused methyl benzoate and 34.03 g pow-
dered sodium methoxide. Once the reagents have been added, render the
35 reactor inert with a continuous flow of nitrogen gas. Recirculate the mix-
ture through the external circuit at a rate of 15 kg/h. Bring to boiling and
total reflux, and then switch the microwave source on.



5 ture and then wash it. Analysis of the organic phase by gas phase

chromat ography shows that al nost all the acetophenone is consuned and t hat
the DBMtitre is 99.2% DBM productivity during the reaction phase is 101.4
kg/ h/ nB. Exanple 5: Synthesis of D Benzoyl Met hane (DBM using the process
ac- 10 cording to the invention with ngysolvent. The experinental apparatus
consists of a classic glass, double-jacketed chem cal engineering reactor
with a volume of 1 litre with an effective nixi ng system This is topped
with a sefdd &8.43 gelatnphdraredowet bna hewi.aBheeet has alrkams adder; lef so

has a regif Cféz&ltidw coBeRndd ff&eﬁn\gﬂtﬁ@r q&ﬂg&thweﬁéoagﬁaut a16QRidM{Fher owave
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to about e gegqiiy npstuig- "Ngﬁrzél&‘? d Sapnyte of §nssher ed

sodi um MghB-tige) %emé?n off tHeniieageals sbavee baentadtedter, endaifytthe meact or
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vacuurh at'V CI3EF . Recirculate the mxture through the external
circuit aAnalyss ef ahelargeglit. plBisenpyt gadgtdsegchnamnvdgtaptef Ishowsatidat hen
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Once it Has e reacton con Iiué for anot
m nut es. Dﬁ%p@‘h@u@‘tlmty duriing thaweagtorrphaschis heliaksl/hém3t he reacti on

m xture. E&Eé&glé e éﬁlﬂné@% 3 @fBéﬂzyymeeﬁaﬁe BN d&ﬁ OtfHe bBscddschevave

source an a}‘3 Aci.d he m ture and then was Anal ysi s of
the oPgarfi®dgphtet 9%‘&%‘1&5%%t H%‘bﬁ% V6§taphy shows t hat aI most all the
acet Ophenmte expee@nsniti dagpardthat consisBBMft atdlassis g&sé%d&ﬂoleaucketed
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Add 683.52 g fused methyl benzoate and 34.00 g powdered sodium meth-
oxide. Once the reagents have been added, render the reactor inert with a
slow continuous flow of nitrogen gas maintaining a partial vacuum at
20 about 300 mbar. Recirculate the mixture through the external circuit at a
rate of 15 kg/h. Bring to boiling and total reflux, and then switch the mi-
crowave source on.
Add 68.40 g acetophenone over one hour. Once it has all been added, let
the reaction continue for another 15 minutes. Throughout all this time,
25 draw the methanol off the reaction mixture. After the 15 minutes of finish-
ing time, switch off the microwave source and the heater. Acidify the mix-
ture and then wash it.
Analysis of the organic phase by gas phase chromatography shows that
almost all the acetophenone is consumed and that the DBM titre is 99.7%.
30 DBM productivity during the reaction phase is 101.8 kg/h/m3.
Example 6: Synthesis of StearoylBenzoylMethane (SBM) using the process
according to the invention.
The experimental apparatus consists of a classic glass, double-jacketed
chemical engineering reactor with a volume of 1 litre with an effective mix-
35 ing system. This is topped with a separating column fitted with a variable-
reflux condenser. It also has a recirculating loop fitted with a gear-type
pump and a 600 W microwave generator.



14 Add 440 nlL xylenes, 178.76 g fused nethyl stearate and 42.87 g powdered
sodi um net hoxi de. Once the reagents have been added, render the reactor
inert with a continuous flow of nitrogen gas. Recirculate the m xture

t hrough the external circuit at a rate of 15 kg/h. Bring to boiling and 5
total reflux, and then switch the mcrpyave source on. Add 68.45 g

acet ophenone over one hour. Once it has all been added, |let the reaction
continue for another 15 m nutes. Throughout this tine, draw any nethanol
and et hafgld glélrcmeecylones,t héSrEag lf@$f3dnm6th§é stapraie ahd 42.87 raipow-of

finishi ”%e%&%g% Eqdé‘ed’ﬂ fé}ﬁscﬁ @é‘ﬁe&ﬁea&k?&i Sendkd e di fy
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gener at oy irfithds ortifs g @11RE; s ftchSod tflk!sfﬁﬂ:r@%;e{%' sAHRNDAI @hdkkatér 05 ¢

powder ed met hoxi ce the reagents have been added, render the
react!l8r |A‘Féﬁg’cfy Fﬁné?‘%ﬁﬁnr?l?éb%nf‘f%ﬁk} Bf nitrogen gas. Recircul ate the

m >O<It ure tptﬁalq gisf jbgz a&xtpgm,ﬁl cletornstdgraphs slabmofha]tSakgbht alr tg doetdoi | i ng
and 25 taqtal reflux, and the row?@e urce on. Add 68.41 g
acet opheﬁogf?é'l Biet® %‘?1% Wfl al&iﬁna &“ﬁ?ﬁ% tIltcrﬁe at?i €d, let the reaction
cont i nue SBM protudivilysduiring tse ré&nmrgmatseaSII%&QSkg/ﬂmémfidr aw t he

nmet hanol

t I+l time,
o tan ot PAREeT: RIS detandibEhabPuchdIdHOBMP Lt &% Bt ¢
and tlhen ofas Rccordingato s infentin.or gani ¢ phase by gas phase chr omat ogr aphy
shogg g E}ﬂtheaﬂe éhg@értltau dﬂt&@h@mﬁ@ts s)f;:@rtqugﬁ@ aR@s! f'ﬂﬂ)uﬁle a/EB%etd n}g re
is 0 OUCIVl urin ctio
Exanpi o Sheayiah eaptiearing sEAor ey FRETHEAL 1 5% “id 7D STre ot 35
accordi ngngcsy&tmm Mhistis copped wiek ces ak&ttmn@ coltranefiftedi witht alvaaizideat us
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consl St shd GORISLEd IS, Babi REFLGLAthE N68b e WiheR" Lo
20 pump and a 600 W microwave generator.
Add 550 mL xylenes, 94.78 g fused methyl octanoate and 34. 05 g pow-

dered sodium methoxide. Once the reagents have been added, render the

m

reactor inert with a continuous flow of nitrogen gas. Recirculate the mix-

ture through the external circuit at a rate of 15 kg/h. Bring to boiling and
25  total reflux, and then switch the microwave source on.

Add 68.41 g acetophenone over one hour. Once it has all been added, let

the reaction continue for another 15 minutes. Throughout all this time,

draw the methanol off the reaction mixture. After the 15 minutes of finish-

ing time, switch off the microwave source and the heater. Acidify the mix-
30 ture and then wash it.

Analysis of the organic phase by gas phase chromatography shows that

almost all the acetophenone is consumed and that the OBM titre is 98.3%.

OBM productivity during the reaction phase is 110.3 kg/h/m3.

Example 8: Synthesis of StearoylBenzoylMethane (SBM) using the process
35 according to the invention with excess ketone.

The experimental apparatus consists of a classic glass, double-jacketed

chemical engineering reactor with a volume of 1 litre with an effective mix-

ing system. This is topped with a separating column fitted with a variable-



ing system This is topped with a separating colum fitted with a vari abl e-
15 reflux condenser. It also has a recirculating loop fitted with a
gear-type punp and a 600 Wnicrowave generator. Add 450 nlL xyl enes, 178.81
g fused nethyl stearate and 34.02 g pow dered sodi um net hoxi de. Once the
reagents have been added, render the 5;keactor inert with a continuous flow
of nitrogen gas. Recirculate the m xture through the external circuit at a
rate of 15 kg/h. Bring to boiling and total reflux, and then switch the
m cr owaveeflogr cendenseddt 78s09hgs st acoiphelding doep ftted Hith, aGgrar-typehas
all been d r | o ' for another 15 m nutes.

ﬁ%‘lf)t i la?ﬂ%lt&)ba)vrﬁ b ;%lﬂ{ér%\i'&.

Thr ougho istinme, to e nethanol off the reaction m xture.

After thédddd 4Rt umnbsxgenesnild$idy & ifvscd shiptey sterraife apd Sdwad e R ce and
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chromat ogr a shows that al nost all henone i s consuned and that
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ser. so has [ ing_Joap fi W a
gear -1y p r&aﬁﬁh%ﬁlae@% ol R FeReteT gé%%?-dgﬁemlae 37%%%%‘% eﬁggl,lsfisg. 99
g fused raghymepawitdlabéf Grdnddr®Bage Bowrc andetled headtumaidiffrakiedmixOnce
t he reage(nts he}% be%‘p dd[ed, render the reactor inert with a continuous
flow of nitrSgE Eb%{% HRett'rculate the mixture through the external circuit
at a rat Awndlysts by/ gas Bliasg chramakegrapdyd showsl thatf Almostiadl theracetpt ch
the mecr Wﬁj I i it
has all Dbeen a@%ggd?SPg?n&é?jtg ﬂgﬁh:%c%egﬁgg\gﬁ??ﬁgg@f%%@%ﬁg?ﬁ)e%}gﬁw}ﬁ@n%%es.
Thr ougho®St@I-l this lime, draw the methanol off the reaction mxture. After

‘the 15 mgwhesrédudtivity diurthd tHE resibg hHde shESOIeCk@RyMm3BoUr ce and the

. g
heat er. d h . h h i | ysi h [ h
neater. Aetdily thesmature gnd fhen uash | b ALY (B 4GOS, Phase

cess according to the invention.

The experimental apparatus consists of a classic glass, double-jacketed
20 chemical engineering reactor with a volume of 1 litre with an effective mix-

ing system. This is topped with a separating column fitted with a variable-

reflux condenser. It also has a recirculating loop fitted with a gear-type

pump and a 600 W microwave generator.

Add 470 mL xylenes, 159.99 g fused methyl palmitate and 34.03 g pow-
25 dered sodium methoxide. Once the reagents have been added, render the

reactor inert with a continuous flow of nitrogen gas. Recirculate the mix-

ture through the external circuit at a rate of 15 kg/h. Bring to boiling and

total reflux, and then switch the microwave source on.

Add 68.40 g acetophenone over one hour. Once it has all been added, let
30 the reaction continue for another 15 minutes. Throughout all this time,

draw the methanol off the reaction mixture. After the 15 minutes of finish-

ing time, switch off the microwave source and the heater. Acidify the mix-

ture and then wash it.

Analysis of the organic phase by gas phase chromatography shows that
35 almost all the acetophenone is consumed and that the PBM titre is 98.0%.

PBM productivity during the reaction phase is 168.4 kg/h/m3.

Example 10: Synthesis of MyristoylBenzoylMethane (MBM) using the pro-

cess according to the invention.



35 alnost all the acetophenone is consuned and that the PBMtitre is 98. 0%
PBM productivity during the reaction phase is 168.4 kg/ h/n8. Exanple 10:
Synt hesi s of Myri stoyl Benzoyl Met hane (MBM using the process according to
the invention. 16 The experinental apparatus consists of a classic glass,
doubl e-j acket ed chem cal engi neering rggct or with a volune of 1 litre W|th
an effective mxing system This is topped with a separating colum fitted
with a variablereflux condenser. It also has a recirculating loop fitted
with a gédre experisngniad appamtesOcasists ofew eclgssier gliass, dedtblagacketed

Xy} enes., Hinieal AnbiSad i Dl ol kAL YENARE ot BB OwROVERT AR ARA M-

nmet hwdde e thereagen ave been ad ren he reactor inert with
a cont | niBESYSLem- dhinils tepgeed Jesh arseparaiing solanditted rwithg gagibler

external refli&Utdndénser. At ealgb A&s kO/irBeirBhidithd ®obpifitted witth A0gdatlpe
reflux, and then S\A%{)ﬁqﬁt he m crowave s ur ce on. Add 68.36 g acet ophenone

over one HHGP. aks) FTOVIYE S THT & | et the reaction continue for
anot her ¥ddri490 esl xteweghddd.2d & fuses hletthyl duynistate aved IEhOB gfdow-he

reaction (i Xhul yiv,al Hﬁéﬂ{cﬁﬁd% c%uéhgas%*é)a{%e{]dtg'}? éqggéf['l %d&irli“ & & fnd he

m crowave source and en wash it.
Anal ysi s réfctareinsryavitle apnagélmapuﬁaﬂomaﬁ aivheensasy rigtiycelasedhenaixal most

all the aget Qﬁb@ﬁgﬂech'ese)&epﬁam&%aﬁdaﬁ a3htd BE 1MBnght B%m%@%xog?ﬁ '3@}41

productivit I e react.l ase is 155.4

Synt Hési §OB¥ r@ﬁ’% rEQFE%ISNE'E‘ﬁhFFge CUSKYWaES ﬁﬁuﬂ"ﬁ%%‘r ocess according to the

:j nvglnt i omdd ias@deﬁﬁgabaﬁjpmdn@m)avat odeclotat.sOscefit dhad alisheerg Laalsilﬁd let ]
oubl e-j et ed.chenic i neerin ct.or Wt iitre wt

oo of et ot OO g Bpu e SRELASE EE Bty roUgRUNE 4l ghis, i

fitted wdr‘a“atlwamfatﬂ:iae}ol 28f thet reactoomdeixtere. Aftenkise livaminutes of Emlistti ng

| oop fit h tor.. ld 510

iyl endbe %& ﬁv Qapor MRSHLIRVRNE 8Pl RS ReBNs: SEIAIT M el

met hoti déureses Hts have been added, render the reactor |nert Wwith
a conti nmyéwm Qfle Norig@GE bleRse bRegas qjﬁaﬁgeechb&nmwgwmy shows that

almost all the acetophenone is consumed and that the MBM titre is
98.1%.
MBM productivity during the reaction phase is 155.4 kg/h/ma3.

20 Example 11: Synthesis of LauroylBenzoylMethane (LBM) using the process

according to the invention.

The experimental apparatus consists of a classic glass, double-jacketed

chemical engineering reactor with a volume of 1 litre with an effective mix-

ing system. This is topped with a separating column fitted with a variable-
25 reflux condenser. It also has a recirculating loop fitted with a gear-type

pump and a 600 W microwave generator.

Add 510 mL xylenes, 128.42 g fused methyl laurate and 34.01 g powdered

sodium methoxide. Once the reagents have been added, render the reactor

inert with a continuous flow of nitrogen gas. Recirculate the mixture
30 through the external circuit at a rate of 15 kg/h. Bring to boiling and total

reflux, and then switch the microwave source on.

Add 68.41 g acetophenone over one hour. Once it has all been added, let

the reaction continue for another 15 minutes. Throughout all this time,

draw the methanol off the reaction mixture. After the 15 minutes of finish-
35 ing time, switch off the microwave source and the heater. Acidify the mix-

ture and then wash it.

Analysis of the organic phase by gas phase chromatography shows that

almost all the acetophenone is consumed and that the LBM titre is 98.3%.



30 through the external circuit at a rate of 15 kg/h. Bring to boiling and
total reflux, and then switch the m crowave source on. Add 68.41 ¢

acet ophenone over one hour. Once it has all been added, |let the reaction
continue for another 15 mnutes. Throughout all this time, draw the

met hanol off the reaction mxture. Aftes the 15 minutes of finish- 35 ing
time, swtch off the mcrowave source and the heater. Acidify the mxture

and then wash it. Analysis of the organic phase by gas phase chromatography
shows t hdiBMI pusstuciivityt Hurmgthpheaasn phasons UfdSasgf himB.the LBM titre

is 98.3% p [ h/ n8B.
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20 almost all the acetophenone is consumed and that the DeBM titre is

98.3%.
DeBM productivity durlng the reaction phase is 129.3 kg/h/m3.

Example 13: Synthesis of Benzoyl p- MethleenzoylMethane (BpPMBM) us-
ing the process according to the invention.

25 The experimental apparatus consists of a class1c glass, double-jacketed
chemical engineering reactor with a volume of 1 litre with an effective mix-
ing system. This is topped with a separating column fitted with a variable-
reflux condenser. It also has a recirculating loop fitted with a gear-type
pump and a 600 W microwave generator.

30 Add 550 mL xylenes, 90.02 g fused methyl benzoate and 34.02 g pow-
dered sodium methoxide. Once the reagents have been added, render the
reactor inert with a continuous flow of nitrogen gas. Recirculate the mix-
ture through the external circuit at a rate of 15 kg/h. Bring to boiling and
total reflux, and then switch the microwave source on.

35 Add 68.42 g acetophenone over one hour. Once it has all been added, let
the reaction continue for another 15 minutes. Throughout all this time,
draw the methanol off the reaction mixture. After the 15 minutes of finish-



30 Add 550 nL xyl enes, 90.02 g fused nethyl benzoate and 34.02 g powdered
sodi um net hoxi de. Once the reagents have been added, render the reactor
inert with a continuous flow of nitrogen gas. Recirculate the m xture

t hrough the external circuit at a rate of 15 kg/h. Bring to boiling and
total reflux, and then switch the mcropgave source on. 35 Add 68.42 ¢

acet ophenone over one hour. Once it has all been added, |let the reaction
continue for another 15 m nutes. Throughout all this time, draw the

met hanol iogftimiee smatat pfinthe rtigrawavg senrchendsthd heater. dcidifyitbe-ming ng
time, swieh aq{({ tﬁagx;gsq{&wave source and the heater. Acidify the m xture
and t hen wash si.,s of the organic phase by gas phase
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(BDNB Rd°t he process accordlng to the invention. The experinental
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consi sts &8t a s St hem cal ‘engi neering
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It is also fitted Wlt enough m Gr wave sour.ces to ensure a ower

out put ofMmIpHieg of3 mnaécmp. sratchypifuihesmagroviare soRECS a&é&%ﬁﬁﬁ/
stearate paﬂdl@&hgﬁnmlﬁevﬁﬁj eﬂeﬁmmmt hoxi de. Once the reagents have
been adde brin e mxture to boilin nd co ete refl,ux, ;and t he
ni cr owav %@’rsagg tB Cofreanig %%S%g’y5gﬁ @E E‘E %}?gogwhbf RN &jéaPOnce
it has aldlnuesn aé]dctér& 3,56t dirhethrydact topih cnomtei naecbnsuam:d hend3@hat nthes.

Througho%Dﬁ,& ﬂhf% ()/draw t he net hanol off the reaction m xture. After
the 30 mnutes o i NS time, switch off the m crowave souetce and t he

heater. ARPYBY pt@imt‘x\nty durlng the reaction phase is 119.2 kg/h/
Example 15: Industrial-scale synthesis of StearoylBenzoylMethane (SBM)

using the process according to the invention (1 m3).

30 The industrial set-up consists of a classic stainless steel, double-jacketed
chemical engineering reactor with a volume of 1,000 litres with an effective
mixing system. This is topped with a separating column fitted with a vari-
able-reflux condenser. It is also fitted with enough microwave sources to
ensure a global power output of 30 kW.

35  Add 450 litres of xylenes, 178.9 kg fused methyl stearate and 33.95 kg
powdered sodium methoxide. Once the reagents have been added, bring
the mixture to boiling and complete reflux, and turn the microwave gener-
ators on.



5 ture and then wash it. Analysis by gas phase chromat ography shows that

al nrost all the acetophenone is consuned and that the SBMtitre is 97.6%
Exanpl e 16: Industrial-scale synthesis of Stearoyl Benzoyl Met hane ( SBM

usi ng the process according to the invention (10 nB). 10 The industri al
set-up consists of a classic stainlessyjgteel, double-jacketed chem cal

engi neering reactor with a vol une of 11) 000 litres with an effective m xing
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ted with at | east one source of mcrowaves (13) and a m xi ng system
(3), a first carbonyl conpound is introduced with the strong base into

the reactor, with mxing, 30the reactor (1) is heated and the
is turned on, the m crowave source or sources (13) are turned
m xture is boiling wwth total reflux ignthe separating col um
second car bonyl conpound is added to the reactor (1) and 35aft
interval, the reactor (1) is turned off and the reaction m x-

condenser (7)
on, once the
(5), the

er an

ture is

acidified and washed. 21 2) ProceQLAEMS ding to Caim1, characterised

in that the reactor is fitted with at | east one m crowave sour

ce directly

nmounted inside it and/or at | east one external m crowave source connected

to it viallsPwogaydogtheéndysirlgecale syathpsisnfdvets-dicasbengl ¢

S

m xture. f3omPhoqesst ﬁﬁ@Qfa@bBﬁ%rl RoehpdehdS AAildA hsOéstérs Wrakewysl, SAdthen t hat
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ei t her Clsaitiorl with3a titrar af beer 9] rint patticular of beta-diketones from at
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least one ketone and at least one ester by means of the reaction:
Ri1-CO-CH2-Rz2 + R3-CO-0-R4 -> R1-CO-CHR2-CO-R3 + R4-OH

in which

R1, R2 and R3, which may be the same or different, represent a hydrogen
atom, a hydrocarbon group with advantageously 1-30 carbon atoms, pref-
erably 1-18 carbon atoms, an alkyl or alkenyl group, linear or branched
with up to 24 carbon atoms, an aralkyl or cycloaraphatic group with at
least 14 carbon atoms, an aralkyl group with 7-10 carbon atoms, cycloali-
phatic groups that may contain double carbon-to-carbon bonds, these
groups may be substituted or not, e.g. by a halogen atom or methyl or
ethyl groups, or by the presence in the aliphatic chain of one or more
groups with the formula: -O-, -CO-O-, -CO-, and may contain a heteroa-
tom of oxygen or nitrogen and R; and Rz may be joined in such a way that
the beta-diketone forms a cycle, and in which R4 represents an alkyl group
with 1-4 carbon atoms, preferably a methyl group,

characterised by the following steps:

- a synthesis reactor (1) is assembled, preferably with a double jacket
(2), topped with a separating column (5) fitted with a condenser (7)
with variable reflux controlled by the column temperature, and fit-
ted with at least one source of microwaves (13) and a mixing system
(3),

- a first carbonyl compound is introduced with the strong base into
the reactor, with mixing,

- the reactor (1) is heated and the condenser (7) is turned on,

- the microwave source or sources (13) are turned on,

- once the mixture is boiling with total reflux in the separating col-
umn (5), the second carbonyl compound is added to the reactor (1)
and

- after an interval, the reactor (1) is turned off and the reaction mix-
ture is acidified and washed.



t he carbonyl conpounds consist of at |east one ketone and at | east one
15ester. 5) Process according to Claim4, characterised in that the ketone
is in nolar excess conpared with the ester. 20 6) Process according to any
of Cainms 1 through 5, characterised in that the conjugate acid of the
strong base is volatile in the conditiQ s of the reaction. 25 7) Process
according to Claim6, characterised in"that the strong base is an

al cohol ate, notably one of sodiumand in particular sodium nethylate. 30 8)
Process &)drodessg atoomtingdb Claamd, 1 t hrough 7, characterised in that the

reaction 15,00 a range going from 60-180C, preferably between
90C and fﬁ%%ﬁ@éﬁ%ﬁé%ﬁr#?%%ﬁss according to any of Cains 1 through 8§,

char act erthgergachon kfittase witha@ti lgast oneordoraEaVs sotRee sheesibe myruntad
sol vent. inside it and/or at least one external microwave source connected to it via

5 a wave guide to conduct the microwaves into the reaction mixture.

3) Process according to either Claim 1 or 2,

characterised in that

the reactor (1) is fitted with an external recirculating loop (11) fitted with a
10 pump (12) and a microwave source (13).

4) Process according to either Claim 1 or 3,

characterised in that

the carbonyl compounds consist of at least one ketone and at least one
15 ester.

5) Process according to Claim 4,
characterised in that
the ketone is in molar excess compared with the ester.
20
6) Process according to any of Claims 1 through 5,
characterised in that
the conjugate acid of the strong base is volatile in the conditions of the
reaction.
25
7) Process according to Claim 6,
characterised in that
the strong base is an alcoholate, notably one of sodium and in particular
sodium methylate.
30
8) Process according to any of Claims 1 through 7,
characterised in that
the reaction temperature is in a range going from 60-180°C, preferably
between 90°C and 140°C.
35
9) Process according to any of Claims 1 through 8,
characterised in that
the reaction is conducted in the absence of any solvent.



22 10) Process according to any of Clains 1 through 8, characterised in
that the reaction is conducted in the presence of a pure or m xed sol vent,
notably a solvent with an aromatic core. 11) Process according to any of
Clainms 1 through 10, characterised in that a gentle flow of nitrogen gas is
mai ntained in the reactor (1) through% t he reaction.

10) Process according to any of Claims 1 through 8,

characterised in that
the reaction is conducted in the presence of a pure or mixed solvent, no-

tably a solvent with an aromatic core.

11) Process according to any of Claims 1 through 10,

characterised in that
a gentle flow of nitrogen gas is maintained in the reactor (1) throughout

the reaction.



