EP O 367 326. B1 Descr’iption The invention relates to a process for
preparing a cycloalkanone and/ or cycl oal kanol by oxidation of a cycl oal kane
with 5-12 carbon atonms using oxyggsghgr 8y @i @ cycl oal kyl hydr o- per oxi de,
followed by a 5 deconposition of the cycloal kyl hydro-peroxide in the
presence of an organic netal conplex. Such a process is described in.
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of a phthal ocyani ne or porphyrin conplex imobilized on a carrier material.
OnMng to the immbilization on the carrier material, a catalyst is obtained
that can easily be separated fromthe reaction phase and whi ch conbi nes a
surprisingly and yet unexpl ai nabl e good, sustained and stable activity with
a goodsselectivity in respect of the ketone and/or al cohol, conpared to a
process in which a honogeneously dissolved conplex is used, as is done in
af orenenti oned JP- A-60. 126. 237. 46 Pht hal ocyani ne and por phyrin

conpl exes applicable in a process according to the invention are known per
se. In this connection reference can be made to, for instance, the article
by J. Manassen in Cat. Rev. Sci. Eng. &(2), 223-43 (1974), as well as, in
so far as porphyrin conpl exes are concerned, to the above-




ment i oned JP- A-60. 126. 237. As starting material. for the said conpl exes a
‘porphyrin or a phthal ocyanine is proceeded from which may be substituted.
The structural formulas of thesegpggpypgigiare as follows: 50 55 2 EP O
- 367°326 Bl [ERR] 20 Pht hal ocyani ne

Por phyrin 25 Pht hal ocyani nes may be substituted at the indicated positions
1-16, porphyrins at the |nd| cated positions 1- 20, except for positions 1,
4, 6, 9, 11, 14, 16 3adl19. The substituents applied may be: a. H F, O,
Br, I, 30 b. al k'y ps, whether or not substituted, c. al kenyl
groups, whet her or n§ bstituted, d. phenyl group mhether or not
substftuted, e. am n¢gs ul phoni ¢ acids, carboxylig al dehydes and
derivatives there #Nppt al ati on of a porphyzopsfsy esfected by
introducing gRrphyri n T'nt odi mefhyl f or mam de ( y/H
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and annDnlun1nDbeda‘ gF catalyst. As netals mdSf N fior appl yi ng the
process can be nentigtret, Co, Mh, Cr, Fe and/or V1‘c 40 principle any
~transktion netal wi? ;Iﬁfy that is capabl e of fonn1ngzorganonetalllc
_conpl exes with said #ucts. Mxtures of the said netals can be applied
‘al so. According to the i'hvention the organonetallic conpl exes are bonded to
(immobilized on) a carrier material. The carrier material applied may be
any material with which a bond with the conpl ex-can. be achieved. In this
cqonneétion an ionic bond as well as a covalent bond is applicable. In order
to achieve an 46 effective bond, the substituted groups of the
organonetal | i c conpl exes nust be such as to nake such coval ent or ionic
bond p055|ble This can be achieved, for |ns&gpﬁ a4 by using conpl exes
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al oge t) m@”t‘?ﬁ e mvmlon ic comhlexes are gon%ed to (immobilized - on) a carrier
material. The carrier material applied may be any material with which a bond with the complex can be

achieved. In this connection an ionic bond as well as a covalent bond is applicable. In order to achieve an
45 effective bond, the substituted groups of the organometallic complexes must be such as to make such
covalent or ionic bond possible. This can be achieved, for instance, by using complexes containing one or
more sulphonic acid, amino acid or carboxylic acid groups, or combinations thereof.
The carrier material to be used may be of an inorganic as well as an organic polymeric nature. The
carrier matsrial, too, must be provided with one or more groups that can bring -about the immobilization of
so the organometallic complex. One of the requirements imposed in respect of the carrier material is that the
carrier material must have enough reactive groups in order thus to obtain an acceptable degree of loading.
The suitable reactive groups can be, for instance, COOH, NHR, OH, SOsH, ClI, Br, |, but also phenyl and
related groups. Further, the material must not dissolve in one of the components present in the process
flow, it must be inert to the reactions which occur and it must have sufficient mechanical stability.
§5 As carrier, inorganic carriers, such as alumina, TiOz, 8iO2 or organic carriers, such as modified
polystyrene, EVA copolymer, acid- or anhydride-modified PE, are suitable.
When using, for instance, silica as carrier material, the bonding can be effected, for instance, by starting
from a phthalocyanine or porphyrin with one or more halogen (compounds)-containing substituents. The
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EP 0367326 Bl starting material can be heated for sone time in pyridiné
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di sti n process while recovering cycloal kane for recycling, as well as
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be wuwﬁ&uwughpﬁ,@msfownmer conversion into capr ol actam The invention
will be further elucidated by neans of the follow ng exanples. Exanple | 45
To 35BExmpBNMF, 5 mmol es di cycl ohexyl carbodii m de was added at room
tenperature. Subsequently, 0.5 mmol e Co-tetrasul phonic acid phthal ocyani ne
was adddé&dempihives repsates: the gerapound tp be tonfderd beingdhel@ietragulphotio agid phthalocyanine.

55

Example HI

Example | was repeated, the compound to be bonded being the Mn-tefrasulphonic acid phthalocyanine.
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t enper &t ur.e. Subsequently, 1 gramre of a silica containing am ne groups was
added (Polygosil-[err]). This mxture was stirred at roomtenperature for
12 hours, :filtered and washed w g@o@ehasess and di chl oromet hane and dried at
60[err] C. The resulting product was analyzed for, anong other things, its
metal content (0.39 50 wt. % relative to conplex plus carrier). Exanple II
Exanpl e ExamaieslVr epeat ed, the conpound to be bonded being the

Cu-tetrasul phoni ¢ aci d pht hal ocyani ne. 55 Exanple LIl Exanple |I was

repeat ed, Ems%?@m@ﬂttﬁra@emwﬂub@vaw inpytidine, Mhgremainescalige (Hallawith sodiqrepter

pht hal o@y3Am fad a/BET sufqee(pf 3bppt B9nSiopam) as Adsled Thy syspension ap slitsd ferr6 bayrsaatt

t et r abr SPRSp U¥tPrR0eling-he ﬂ@p‘?"ﬂ‘&'%)gﬁs i fleracd and washed Wit methano) pnd ehiogform and,grieg. The

di anet efeagion BipAYCh HEp apalpied fr feleopert GASWE%B0[ err]/ granm) was added. The
suspensi_on EZ stirred for 6 hours at 5 70[err]C. After cooling, the
suspensi filtered and washed with met hanol and chl orof orm and dri ed.

The r actl r
%&" %wﬁéﬁ Tt % shiiy Pk B prbodipulioofnny

Co- rmnoch oro haI ocyani ne (containing 0.08 w.% Co). Exanple VI 15
Exanpl eEL%pw repeated, the conpound to be bonded bei ng
5(04(3- br‘o*rTD-Tpropoxy)phenyI) 10, 15, 20- tritolyl porphyrin. After bonding,
Cr, Go, V.ExbpléIVivasQepsmbd: tHoltoipdund Bive bomid BEMgPS(H3-bidmb-1probbig)phdryi),Hosied. Al |
t hese P bl tpRyihe After Boralng ZGrICs, W Mh lafd Fe Wedé mborSopdiddeda imetdise Gditlgiths DMF fabthod). 09
W. %  MMithedd. fddsiuvts wéde Giaalyz8d 0Sthalt métal corftet. 0. 06 Wt . % V: 0.04 wt. % 26 Exanpl e
- VIl To a cycl ohexane oxi dation m xture containing, per kilogranme, 200

nmol es cycl ohexyl hydr open | G609 wied |1 cl ohexanol and 30 nmol es
cycl ghexanone, such an aﬁr%drslgéo .doh@ogml,'yc Mg%%ewfiio - phthal ocyani ne from
ex le | was added at 8Q[err]C|that the fli nalgodgisl | concentration in the
m xture was 70 30 ppm TH Fe—ars—st-+fed—ttt+- al | CHHP was found, on
the grounds of a titrinmetric peroxide analysis, to be broken off. The

vel ocity co nt k (based on a first order reaction) was 0,15 [err]. The
sel e@f'émgﬂf—\}&arespect of K+ Awas 97.5%with a KA ratlo of 0.67. The

Lur nover %@%ﬁgmﬁe&a ok mo,lfﬂﬁviﬁﬁ.ﬁ%{%‘éﬁ nggﬂéﬁm&‘%f

EX&”D' ethdloc%ﬁte rfr@uﬂ%% MhaIs ddeld @t B A HedHnil Hetal G&I&hﬁa thdmittiufe Wiie 70
passeg bhh.otne g walstir&teuntieg GHPIP Wak folhy, onl e gREMd8 6f 4 Hthirhetrid pbrdxA6 BRGkIs @6 K +
A was 154%0%&6* TheVoldcityddonfan®k (Baséron ol et drdibr REavRR) WdsIUDIB min-N. THe-sbIBtivityals

hi gher te3patt &K 600 wasi€y.520 WiEras A ratid of BPE IThéremioveh nimiser Pl reus¥i(Beingais dumperadf ed

Wi t h- Comples biaome@itaipratibctaper raélé mbildh the Ebraplaxpivasl ighbr titind00all. di.ssol ve .

- conpl etely in the reaction m xture (suspension) and.could be recovered

agai s p&rampd VI by filtration. The k was 0.012 45 [err]. The selectivity in

respect of K+ Awas 112% at a K/Aratio of 0.56. The turnover: nunber in
re-use wa<Example V!l 3@ repeated with the same catalyst, but now also air was passed through during the

decomposition. The selectivity in respect of K + A was 114% with a K/A ratio of 0.59. The turnover number
in re-use was higher than 50,000.

I

40
Comparative experiment A

Example VIli was repeated with Co-phthalocyanine as catalyst. The catalyst did not dissolve completely

in the reaction mixture (suspension) and could be recovered again partially by filiration. The k was 0.012

45 min-1. The selectivity in respect of K + A was 112% at a K/A ratio of 0.58. The turnover number in re-use
was about 500.

Comparative experiment B

50 Example Vil was repeated with the homogeneously dissolved Co-2-ethy|hexanoate as. catalyst The k
was 0.02 min-1 calculated on the first 20 minutes of the decomposition. After these 20 minutes. the catalyst
activity decreased very strongly. The selectivity in respect of K + A was 91 6% with a KIA ratio of 0 45 Re-
use of the catalyst was not possible.

Comparing examples VIi-and VIl with experiments A and B it can be seen, that the presenoe of a carrler

s6 material is essential in order to obtain: .

a) an increased activity towards K + A
b) a long and stable activity of the catalyst



Cofrpar ati ve experinent B 50 Exanple VII was repeated with the
honogeneousl! y . di ssol ved Co- 2- et hyl hexanoate as catal yst. The k was 0.02
[err] calculated on the first Zp ¢pgpismsgpf the deconposition. After these
20 m nutes the catalyst activity decreased very strongly. The selectivity
in respect of K+ Awas 91.6%with a K/Aratio of 0.45. Re- use of the

cat al yst c)ageodsstectytsefithsl ppocesSonpar i ng exanples VII and Vil with experinents
A and Byriher theenisbotable dive, venh distinchandoeitiveniofivencke ofi theapreseace & oxygen eduling thé s
essent degompesitior.der to obtain: a) an increased activity towards K + A b) a
| ong and stable activity of the catal yst 5 EP 0 367 326 Bl c) agood
sel ect BgAMPip f the process. Further, there is notably the very distinct and
p05| tive | an uence of the presence of ox en .duri n%the deconpaosi tion.
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The reae&&{wmayié@%rmé@@orﬁ&m&m&?[err]C upon which 6 gramres [err]

was ;added to it. The reaction mxture was stirred for 20 hours.

Subsequginipleyx the solid material was filtered, washed with 1,1, 2, 2-

t et rachl or oet hane, nethanol, basic water and 1 N HCL. The resul ti ng soli d

mat er i al Bwaspled I 8eb @pedidpGe chinpoupd aal bie hondad beingi Mpeidcaftoryphthalocgwtiral (059 nt ent

(0.43 wt%p9. Exanple X Exanple | X was repeated, the compound to be bonded

bej ng M- oct acar boxypht hal ocyani ne (0.53 w.% . 20 Exanple XI Exanple IX
was-T efaawied! t he conpound to be bonded being the

5,10, 15, 20-tetra(4- car boxyphenyl ) - porph‘éédin After bond| n

i

9:00

and Fe V\é"%“ﬂ'en%‘f" ofieeaated. He coproypdsto be 9 (905 145120 m

pr oduc{%’;’!@ 63!"29e§ 8y M‘E | 41d b e incBiprateg as metels ysiog ‘“9 WF —mgth

= 0.1 yEpd i Hplr metapgontenty 5o . 9 Fe= 0.84 wt. % Exanpl e Xi | 35

Exanple VII was repeated, the catalyst being the. polystyrene-bonded

Cr-porphyrin of exanpl g RésultsT eGItFatQMt cWuk @8betkef used a plurality of

t| mas The k was O. 028 m n 1 o= G449 WGk ijvPey 05AWL%spect of K + A was 96. 0%
a K'Aratio of 4.3. le XIII Ex%nﬁ?%owvﬂ-‘!ﬁ/as repeated, the

cat afyst bei ng the pol ystyrene-boncred Fe-porphyrin of exanple Xl. The

catal yst could be re-used a plurality of tines. The k was 0.19 mn-1; the

K/I'A rakiampwod 2. 8. Exanple XIV 45 Exanple VII was repeated,. the catal yst

- bei ng The polystyrene-bonded Co-porphyrin of exanple Xl. The

35 Example VIi was repeated, the catalyst being the polystyrene-bonded Cr-porphyrin of example XI. The

catalyst could be re-used a plurality of times. The k was 0.028 min-1. The selectivity in respect of K + A
was 96.0% with a K/A ratio of 4.2.

\.46 Example Xlil
Example VIl was repeated, the catalyst being the polystyrene-bonded Fe-parphyrin of example Xl. The
catalyst could be re-used a plurality of times. The k was 0.19 min-1; the K/A ratic was 2.8.

Example XIV
45 . .
Example VIl was repeated, the catalyst being the polystyrene-bonded Co-porphyrin of example XI. The
catalyst could be re-used a plurality of times. The k was 0.18 min-1; the K/A ratio was 1.0.

Comparative experiment C

60 _

Example VIl was repeated, the catalyst being the homogensously dissolved Cr«2-ethyl-hexanoate. The k
was 0.008 min-1. The selectivity in respect of K + A was 91.7% with a K/A ratio of 4.4. The catalyst could
not be used again.

55 Claims

1. Process for preparing a cycloalkanone and/or cycloalkanol by oxidation of a cycloalkane with 5-12
carbon atoms using oxygen to form a cycloalkylhydroperoxide, followed by a-decomposition of the
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catal yst -coul d be re-used a pl urality of times. The k was 0.18 min-1; the
K/IA ratio was 1.0. Conparative experinent C 50 Exarrpl e Vlullmﬂll“)'ﬁmmml

t he cat al yst being the honogerRfb036%326 Biol ved Cr-2-ethy k
was 0 008 mn-1. The select|V|ty in respect of K + Awas 81. 7% Wi th & K'A
ra elgcq qq % coul d not be used aga| n. 55 CI aims 1. Process
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Bl,C)eampgpd sel ectivity of the process. Further, there is notably the very
di stl-rrc‘t—a-rrd positive influence of the presence of oxygen during the
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was dRfuet wap analyzedrieits raetal condant (4R h¥ed was stirred for 20 hours.
SuB¥sequently, the solid material was filtered, washed with 1,1, 2, 2-
tetra@ﬂﬂ‘ﬂfﬁet hane, net hanol, basic water and 1 N HCL. The resulting solid
mat eri aL_wa led a C._The ro z Lt s metal gontent
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bo devﬁ e ng Vh- oct acar boxypht hal ecyanine (0.53 wt.% . 20 Exanple Xl
Exarrpgxgm,g,g(,(was repeat ed, the conpound to be bonded bei ng the

5, 10,1520t etra(4- carboxyphenyl)- porphyrin. After bonding, C, Co, M, Cu
and Fe pRmplel IRGRE efeabs,CthélSorifuRd f, bellSdnadl bdity thid/s, 1088, A00Btra(Atarbokyphérys-

pr od yiphyrine After BorlingZ €l Cb,oVn, tCdeing FEWo| inddepdtatdtas nidts, Lidisy the DAFmethod. AX .

Vhzs Qheogkoduitts Wefeamalfzed Sor Woir tiotal codtent= 0. 50 W . % Fe= 0. 64 wt . % Exanpl e XII 35
Exanple VIl was repeated, the cat al yst be| ng the pol ystyrene-bonded

Cr- porphyrin of examplg s JO¥=) -V RTASIE T OV 1 o B 01 \é used a plurality of

times. The k was 0.028 mn-1 hectl WL pect of K+ A was 96. 0%
wth a K'Aratio of 4§2. ExaLrp X‘iidlavl 'gExa%ngﬁmsz S repeated, the

ca¥al yst bei ng the polysty+ehe Jsvﬁded Felperphyra—af exanple Xl. The

catal yst could be re-used a plurality of tines. The k was 0.19 mn-1; the
KIAr th s 2.8. Exanple XV 45 Exanple VII was repeated, the catalyst

bei ngéelﬂ%—ggl ystyrene- bonded Co-porphyrin of exanple Xl. The '

35 Example VIl was repeated, the catalyst being the polystyrene-bonded Cr-porphyrin of example X). The
catalyst could be re-used a plurality of tlmes The k was 0.028 min-1. The selectwuty in respect of K + A
was 96.0% with a K/A ratio of 4.2.

Example Xlll

Example VIl was repeated, the catalyst being the polystyrene-bonded Fe-porphyrin of example XI. The
catalyst could be re-used a plurality of times. The k was 0.19 min-1; the K/A ratio was 2.8.

Example XIV
45
Example VlI was repeated, the catalyst being the polystyrene-banded Co-porphyrin of example Xl. The
catalyst could be re-used a plurality of times. The k was 0.18 min-1; the K/A ratio was 1.0.

Comparative experiment G

50
Example Vil was repeated, the catalyst being the homogeneously dissolved Cr-2-ethyl-hexanoate. The k
was 0.008 min-1. The selectivity in respect of K + A was 91.7% with a K/A ratio of 4.4. The catalyst could
not be used again.

55 Clalims

1. Process for preparing a cycloalkanone and/or cycloalkanol by oxidation of a cycloalkane with 5-12
carbon atoms using oxygen fo form a cycloalkylhydroperoxide, followed by a decomposition of the
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catal'yst could-be re-used a plurality of tines. The k was 0.18 nin-1; the
K/'A ratio was, 1.0. Conparative experinment C 50 Exarrpl_e I" _
the catal yst being the honpgeneqgs delszesmsi ved O - 2- et hj umuﬂlmaﬂ'ﬁwl K
was 0.008 min-1. The selectivity in respect of K + A was *91°7% with |
ratio of 4.4. The catalyst could not be used again. 55 Cdains 1. Process
for prepardyrigalirhgdrererseddi am dheeprasedécopf ety olgsni¢ lnaeted (comploxy chatecteriend tof that the

cycl oal karnidgiion jof the Teclaalkarieds casiedrout in dherplysanse of avaterigls promating the decomposition of

cycl oal ky! e gvainglsylbydroperoxidenforresie ndy ihata thel edeenmpesiion; & riheo eyclopllsyliiydroperoxide is

cycl oal ky| %ia¢ Gﬂéﬁ' &ei rERsench of ﬁ@htbﬁ‘%@mé"’ a9rPhyfin Gﬁﬁhﬁ‘ﬂ"@'eﬁﬂ'ﬂ?b"'éw g garrier
charatteri®®faln that the oxidation of the cycloal kane is carried out in .
t he absence of materi al opoting th eco tion of
cycl oal Byl W{wﬁsoifg?@szq e ettt T B I PSRt Cry g gndor V.
g?’CLgE‘Lﬁy' PricdL, c%‘?rélx%% ; 3ne’ éi‘rchg‘%q f%&racéanzel?% 1R 38 clfibr fdterid) { g*&taﬁ%{o%ﬁéé‘”' ne
PI’\OCeSS accordl ng to clal m 1, characterized in that the netal in. the
conpl ex 41 Sprbddes Mdordifhg 1o 4§ ofd'6F Rlims\1-2, narkidACRiSH 1REHS E&h‘lé? Cnateal A3 oRBRyaRE
claims 1- Zonmlddd @k’ | zed i n that the carrier material is of an Inorganic
10 nature. 4. Process according to any one of clains 1-2, characterized
Nt hat 51 hRodedy dck@HingTLERF b of i -4 6haRic@RRH tn A SBREAMposIRN W Guried Butth a
Process acmyddapgr.t 0 any one of claims 1-4, characterized in that the
deconposition is carried out in a slurry reactor 6. Process according to
cl ai m 58. Jheesscdceoriinget daim §,ivharaciddized50 theipt®r 15 bemh metahgomplex caldulated 20 de metel t he
met al i n timthe comipléxcard amtite oxidatioremigiviedsasedn ni xture is used. 20 7. Process
rk?ri’cil ng to any one of clains 1-6, characterized in that the deconposition
of >~ he Eycﬁ’??&?ﬁ@m’d'f‘g/@r%beﬁw iclaians; 18, characierized dnythat; the Jeasempesitiandh ¢he cyeloaiay gen.
Pat ent ansgpeR PPé°"2’8 is)Carriggd Pyt iP.presepse 9L@¥¥ge| | ung ei nes Cycl oal kanons
und/ ode% C¥ anol s durch Oxidation eines Cycloal- kans mt 5 bis 12
Kohl enstBiPPA ®unt er Verwendung von Sauerstoff unter Bildung el nes

Qyct dal ky| rrﬁi/‘ rz%PﬁLrQ ein e&ﬂzlogl X.%rhngz},&? Cyédhiails’diRd dlﬁét&ﬁ eins Cycloal-

. Cycl oal Kyl Tl exes,

dadur ch g ,vo g, ' epse ﬁuzﬁm&é]ﬁ%ﬁe’%ﬂe : ,elt 30

von die Zegpdt Iﬁéﬂlﬂo e ® By dishikhi if AB thelt

Vet ersh al i 6gn @iérz?em&urﬁfu& g%ll&éien G\}%ﬁal ﬂg&ox?d@ (16v8drideh Mafdfslien durchgetlhrt wird,

Cycl oal Ky Jay Giao B8 2erbiasng des SPoikPRiripbroRds iR AnwésbnhSi BIAEE alF Siféni TRigéHawial

| mobi | i siigmbiksieRéd PritlaReysaind dter wanwrﬁwtﬂhwm&aed\&t-oabéfdtﬁrmﬂexes dur chgef Unhrt
wird. 2. Verfahren nach Anspruch 1, dadurch gekennzei chnet,. daB das Metal l
i n-dem EorsragxenGach Mrmsprudr 1, dﬁwraﬁgekennzeimﬁbt.cda& das\Mstal in dém Noiaplé)am. &, G Ed
AnSprsuch lund/dder. Vst. dadur ch gekennzei chnet, daB das Tragernateri al

anor gani scher Natur Ist. 40 4. Verfahren nach Anspruch 1 oder 2, dadurch
gekennz@i cYerfaven epsin Apspeucirrii esler Ardadyrph, gekepngeisiinatc Har ap Jréigpinaterial NBerganispher | 5.

~ Ver f ahr en Nt ei nem der AnsprUche 1 bis 4, dadurch gekennzeichnet, daB die

. Zer etzun I n el nem Sus enS| onsr eakt or durch efl hrt
e\/ 0 4. g{Ierfahren nach Anspruch 1 oder 2, dadurch gekennzelgmet daB das Trggermaterial organischer

polymerer Natur ist.

5. Verfahren nach einem der Ansprliche 1 bis 4, dadurch gekennzeichnet, da8 die Zersetzung in einem
Suspensionsreaktor durchgefiihrt wird.

‘6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daB 10 bis 150 ppm Metallkomplex, bezogen auf
das Metall im Komplex und auf die Oxidationsmischung, verwendet wird.

7. Verfahren nach einem der Ansprliche 1 bis 6; dadurch gekennzeichnet, daB die Zersetzung des
§0 Cycloalkythydroperoxids in Anwesenheit von Sauerstoff durchgeflthrt wird.

Revendications

1. Procédé de préparation d'une cycloalcanone et/ou d'un cycloalcanol, par oxydation d'un cycloaicane

65 comportant de 5 & 12 atomes de carbone en employant de I'oxygéne, pour former un hydroperoxyde
" de cycloalkyle, puis par décomposition de I'nydroperoxyde de cycloalkyle en présence d'un complexe
organique de métal, caractérisé en ce que I'oxydation du cycloalcane est effectuée en I'absence de
matidres favorisant la décomposition de I'hydroperoxyde de cycloalkyle formé, et en.ce que la
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