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A process for the preparation of
bi cgcl o[ 3. 1. 0lhexanol s The present invention relates
wo oooa/ommtthod for preparing bicyclic al cohols cpot/aBrioes0227
a cycl opropyl ring. The preparation of
bi cycl o[ 3. 1. 0] hexanol s from ynsaturated term nal
epoxi des is described in the Journal of the Anmerican
Soci ety 2004, 126, 8664- 8665 by Hodgson et al. A variety

of bicclo:%#E g&lgq g!%; ; 4Idsfrom
69%t0y81"/gvﬁ oQJspﬁﬁ(ﬁPe T a}t\ﬁfoﬁopﬁl ﬁ)ffiﬂ h&kandi€ rs. The

reacti on proceeds by adding |ithium

2, Zhépresehicibventivnirélyibso parihal foeprédaiiddYicyctiomicobeltitoninigtagyclopropyl
dropwi se to the epoxide at 0 OCin a stereospeC|f| c

manner. In a further publication by Hodgson et al

( Syhe wégair%w%fd@ycwal&ﬁ)heéwls SomupBtiraedisrialappdes Nglescribed in the

Jourbal pf thé hﬁeﬂicﬁﬂSd&ddﬁfﬂ(D# OI86646 8665 B HbdpSon2dp P, A Rhricht &
bicyglllgié 0?%)( %Gﬁeﬁ é)geg%? ﬂ% BBH&S'% ﬁdﬁ mﬁcttllglﬁtulaés%in 20 hours.

rrnitls orrre gIVES
The gqgetion geoceeds by adding {lth'élmb% %fy? -ferangthylpsridipa(LAYP) GWWVPE@F?I
dro;imie% tht &pokildé & opO R 4 mﬂaﬁc bluﬁnyi thi ﬁﬂhéﬂ'jﬂll(lﬁatﬁ)n by Hodgson et al

(Syt{%h is ¥&)|5 rac]%zalh the%j 1'(<j>cet 2 ni rr%ac 01{/pa?cee({ (?mﬁq}?e apProprlate

chlogﬂladr@dlt bmhyn@hqqlgedl tha;t, ﬁle Ibt!ilt allkqxidp pﬁh@ @alorqwmvm@nned which gives
the &pBLidld B e bIcS)hd dwla lb&hgjforrﬁ!fdfiﬁhithhﬁl ain @iy publid¥for, But@ANithium (3.5

een cove
equ%elﬁ&gngs s 8F%d . %r? Uﬁe of 8#%1'01?5/3:111 fng tegnr 1 6th¥ Ig%erfd}/ng rqfl\q}’) (9"5l equivalents). It
is stefersthat ysing lesd butgklithivra pr BYID wecketrimegfalig theateldl Ynfordunatety /AVIE is an
exp&glvglweﬁnd rruch reduced butyl lithi ulm st oi chi orrFt rics
Furt r.volunes of sol ve
e S LTRSSl B) M 5P g i
epotidea psingelylibgubupts ef/ TNMB sidymuchcedured buiglllighiun keiclpereerias in high yield.

FurhER11008 VBILA dH vt e RGSE profrtidnbiely R GRS blheQBhofidn than

nmpound of the formul a
descrﬂ?ed prevPously

ring.

Accordingly, the present invention provides a process for the preparation of a compound of the

formula (I):

OH
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which process comprises the intramolecular cyclopropanation of an epoxide of the formula (I);
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whi ch process conprises the intranol ecul ar
cycl opropanati on of an epoxide of the formula (I1);(H)

wo poozesipr esence of 0.05 to 0.75 equival ents oPCBHGB2006/050227
secondary am ne base and at | east one equival ent of an
al kyl lithium base, wherein.R. Rl, R2 and R3 are each
hydrogen or C alkyl or RL and R2 are linked to form a
C3 7 cycloal kyl or C3 7 cycloal kenyl ring. Suitably

the secondary anmine b&se is diisopropyl anine or
tetramet hyl pi peridine |and preferably IS

t et ranet hyl pi peri di ne m base is
conveni ently butylgi re than 1

equi valent. Suitably 1.0 equi val ents, and
preferably about 1.1 equi seof butyllithiumis
present. The al kyl |ithium base Serves to deprotonate
the secondary am ne base, WHAth proceeds to

in thd E&Eéﬁ&&i’f@fog td 018 QROAnSRf A BdordRg %ﬁn&m ahd &lidaQione dduivhiSnt of an

refore pref £ add the al kyl .1it W
ot R ey W Gt pad R G Biogin o G b D oy lnked to
formp €5 epd@likyt or&P bsvickhelkéns] ningnSuitalgetie scGoridattaiine bke isisopropyl amine
or teﬁ%ﬂ&ﬁ’yl ridin€ aﬁ%ﬁéferhﬂ‘}dﬁ E%&B}lﬁpéﬁln@ Cith8 Siicd11BHHim base 1s conveniently

en, hy d r ef
bty S PRy B e 1 Sarragr it L) B s A A Ao ysbout 1.1
equmleltsmf baglhithium is preseet. Eeladig] litkint base s¢ri tqdepmnite the secondary amine
baseI Qﬂl%rb&gds t(pdeéroﬁﬂlﬁb i‘h@leﬁ)md% Mdu@é %cﬁ’zra@&left] ts: the?@&gﬂe}eYable to add

the reaction Is carri In a_suitable non-reactive
the %1811 U’Q‘an slopy Soél%ﬂlﬁ F%‘c‘a}ﬁaté’t“ﬁéi‘lk% H@W“h@ the@resenge @ fP‘H‘é‘F H@/‘Pmmsed
et ISeitaby5R{ R), BBnd/R | acereech indvglendently seléced oy hi:@ogen) e ethyl and
lsop}o%‘gqg@brgggbl%%&ﬁﬁsqg% de may be forned in-situ. In one

sent invention, the eg‘;)m de and
MiSuitahlys0.5 i f) W@ﬂ?‘ﬁ% 1\4? are ffeseaty [n gne gmbqdipen féheggasend jpyention, 0.5
equ1fvﬂd§ntse]5M1m&bﬁre&ﬂt et hereal solvent such as

tr t 'OMI% tﬁ%}e%én & Ez{}ﬁe[d 0 Emtagulg e ﬁ&ﬂ M&%ﬁ% s%ﬂfgnt f01i example an ether such

conveni e mxture coo
as tecblh%mt@ﬁ?thgr (¥ t9 50 yobyuestapd sevealr?aﬂ)slﬂ YolBIes), - 50C to 0 OC.
n- Bfﬂe}ﬂ‘ethhd’HpUﬂdﬁﬁayrbelﬂﬁmdenlsit&]I um (1.1 equivalents) is

th o %%le nglt th tﬁe! p%sglg inven %Og ql?ere%g S an!l ‘f'ﬂﬁ"?& ?&Huv%lents) are mixed in

a suitable solvent, for example an ethereal solvent such as zerz-butylmethyl ether (5 to 50 volumes and

conveniently 10 volumes), and the mixture cooled, conveniently to -20°C to 5°C and suitably -5°C to 0 °C.
n-Butyllithium or n-hexyllithium (1.1 equivalents) is then added maintaining the depressed temperature,
preferably 0 °C or below, and maintaining the reaction mixture at this temperature until reaction is
complete.

Other suitable solvents for carrying out the reaction include other ethereal solvents such as
diethyl ether and aliphatic hydrocarbon solvents such as heptane. Another suitable ethereal solvent is
THF.

‘When used herein, “equivalents” refers to the number of moles of TMP used per mole of epoxide
and “volumes” refers to the amount of solvent in litres used per kilogram of epoxide.

The reaction mixture is suitably quenched by adding dilute acid, for example a dilute mineral acid
such as dilute hydrochloric acid, whilst maintaining the depressed temperature, preferably 0 °C or below.
The pH is suitably maintained at between 4.5 and 7.0 during the quenching reaction. The organic phase is
then collected and may be washed, for example with further dilute acid. Alternatively the reaction may
be quenched with an organic acid such as acetic acid, in which case the acetate salt of the TMP can be
filtered off and the filtrate used in further processing. The total yield of bicyclic alcohol may be increased

by extracting the aqueous phase with a suitable organic solvent, conveniently the solvent used for the
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preferably 0 OC or below, and mai ntaining the reaction
m xture at this tenperature until reaction is
waeooploetier Ot her suitable solvents for carryi NBCDGB2606A50227
reaction include other ethereal solvents such as
di ethyl ether and aliphatic_Rydrocarbon solvents such
as hept ane. Another sui tabl e ethereal solvent is THF.
When used herein, "equivalents" refers to the nunber
reac@én %%&epéucﬂ\!'?erb!ﬁﬁﬁmé}ﬁﬁ eﬂ&l %p@énaﬁ'}p%'o%@m@ﬂ{ise c\éﬁ’i)é'%ﬁl%ilned with
refers to the amount of solvent in litres used per
the ggeanissx5eiS0f epoxi de. The reaction mixture is suitably
gudie folowiby exathglie sgved itd illistrata thie @rocése bf peesertriventian:di | ut e
m neral acid such as dilute hydrochloric acid, whilst
mai nt ai ni ng the depressed tenperature, preferably 0 oC
Exagplefhe| ow. The pH is suitably maintai ned at between 4.5
and 7.0 during the quenching reaction. Thg 'organic
phase i s thep=cC € and may be washe for exanple
with further dilute acd?d. Alternatively ~reaction
may be quenched with an organic acid suc s"acetic
acid, in which case the acetate salt of the TMP can be
filtered off and fthe filtrate used in fur®her
processing. The total yield of bicyclic aIcohoI nay be
i.ncr eased extracting the a ous phase w
RO (BB & PO Mo LGB ERET ot EORTBR( L. To i
solutisnechs hdded R A@r6aaietnctplpiperifirerf7 1626/p20.589u8d1) @8 the reaction mixture was
coolt:(?troto tQ/gén E@Hd‘b | ﬁE}Hﬁ" ¥2 31\9941&%%' 119’7 ’mL th 1§92 p&&?ﬂﬁs%d@&%%& 4 hours

VA
can e co he org ani ¢ extracts

keeping tp"dﬁ?‘?f‘ﬁa“g‘kw % CS e‘%hG &UI?% splutiensas aged at this tegperaiateqini@gall the
startihig @it wakvo@Rinied Bccolding MPGE adalysistapprdir0acélyl € hguls). THeGExction mixture

I .
was gar%ﬁ:ﬁ)}l%ﬁ%%& by?@el_ Ql'tl(?]foq 3}‘11%1 éﬁtﬁ %{IIX gﬁﬁs&énggﬁgl dJég%tlﬁ%al temperature
<0%. Jhg %W%Phaa?r‘éfsrmatﬁtﬁﬂéﬂ ¢ preanicpphasggvaghed gitis 879 HGh(170 sy The
combiiéd d‘qﬁ@ﬁi T WoraBadit extia@&] vathEBE (500 BE a0 mIY. Ttohlbined organic

extracg d)ve dp tﬁ&lxclc‘)rllc I{tﬁateﬁl\té .‘:II tgtapvoi(u%nrg:eo appﬁoggzna'tgl'y 45il) m:IL2 ]IhrTHna)l or\l\%uc layer

contained 84. 8 g of 2 (86% yield) according to GC analysis.

Example 2

R-(+)-Epoxide (1) (1 g, 0.01 mol) was dissolved in dry tert-butylmethyl ether MTBE (10 ml). To this
solution was added 2,2,6,6-tetramethylpiperidine (0.72 g, 0.005 mol) and the reaction mixture was cooled
to between -5 and 0 °C. n-HexLi (2.5M in hexanes, 8.16 mL, 0.002 mol) was added over 4 hours keeping
the temperature below 0 °C. The resulting solution was aged at this temperature until all the starting
epoxide was consumed according to GC analysis(approximately 4 hours). The reaction mixture was
carefully quenched by the addition of 3N HCI (543 mL) whilst maintaining the internal temperature < 0
°C. The aqueous phase was separated and the organic phase washed with 3N HCI (1.7 mL). The
combined aqueous layers were back extracted with MTBE (5 mL and 2.5 mL). The combined organic
extracts were then concentrated to a total volume of approximately 4.5 mL. The final organic layer
contained 0.97 g of 2 (97% yield) according to GC analysis.
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keepi ng the tenperature below 0 OC. The resulting
solution was aged at this tenperature until all the

W@ t@risig: epoxi de was consumed accordi ng t o GOPCT/GB2006/050227

anal ysi s(approximately 4 hours). The reaction m xture
was carefully quenched by thg_addition of 3N HO (543
m.) whilst maintaining the internal tenperature < O
0C. The aqueous phase was separated and the organic

Claidldase washed with 3N HO (170 nmL). The conbi ned
— agueous | ayers were back extracted with MIBE (500 niL

1.

and 250 nlL). The conbi ned organic extracts were then

C oncerdessefbrabk frépaatibnodfalconmmluntef tefforapar®xi mat el y 450

m.. The final organic |layer contained 84.8 g of 2 (86%
yi el d) according to GC anal ysis. Exanple 2

i ?-(+)-Epoxide (1) ( 1 g, 0.01 nol) was dissolved in
dry tert-butyl nethyl ether MBE (10 ml). To this

g, 0.005 nol) and the regctiQn m xture was cooled to
between -5 and 0 0C. n- 2.5M in hexanes, 8.16
m., 0.002 nol) was added 4 hours keeping the
tenperature below 0 0OC. TH ”gﬁ;lting sol ution was
aged at this tenperature untfil he starting
epoxi de was consumed according to\ GC

anal ysi s(approxi mately 4 hours). The reaction mixture

was carefully quenched by th@ addition of 3N HCO (543

Whi%ﬂ?oc\%% lebritgris &6 YhiBndd BBarlcDGopk SphStiBiabs ah SHHRQE 8F HE Srrnyf(m);

e agueous phase was separated and the organic
phase washed with 3N (1.7 nm.). The conbi ned
aqueous | ayers were bgck extracted with MIBE (5 nL and
2.5 nL). The conbi ned |organi c extraci#Qnere then
concentrated to a tag rgximately 4.5
m.. The final orgdiic | .97 g of 2 (97%
yi el d) according to GC anplysis.|- AClains 1. A process
for the preparation of a gonmpound of the formula (I):

in the presence of 0.05 to 0.75 equivalents of a secondary amine base and at least one equivalent of an
alkyl lithium base, wherein R, R', R* and R’ are each hydrogen or C'* alkyl or R' and R? are linked to
form a C*” cycloalkyl or C*” cycloalkenyl ring.

2. A process according to claim 1, wherein the secondary amine base is diisopropyl amine or
tetramethylpiperidine.

3. A process according to claim 2, wherein the secondary amine base is tetramethylpiperidine.

4. A process according to claim 3, wherein 0.1 to 0.5 equivalents of tetramethylpiperidine is present.
5. A process according to any previous claim, wherein the alkyl lithium base is butyllithium.

6. A process according to claim 5, wherein more than 1 equivalent of butyllithium is present.

7. A process according to any previous claim, wherein the alkyl lithium is slowly added so that the

concentration of alkyl lithium in the presence of epoxide is minimised.



whi ch process conprises the intranol ecul ar
cycl opropanati on of an epoxide of the formula (I1);

w@ koziomsiihe presence of 0.05 to 0.75 equi val enpeT/GB2@6/050227
secondary am ne base and at | east one equival ent of an
al kyl TI'ithium base, wherein_R_. Rl, R2 and R3 are each
hydrogen or CM al kyl or RL and R2 are linked to forma
G 7 cycloal kyl or G 7 cycloal kenyl ring. 2. A

g. Pr Q\Cﬁ§éssaa9&ﬁﬁ1%' 1 %ﬁp?evfblu?élmn]whe%q{ ‘Rﬂ k2 E&ﬁ@s‘tﬁ:%qﬁ{e}fendenﬂy

am ne base 1s diisopropyl am ne or
“*W@ﬁ#%h@@ﬁ?ﬁbFBQYHﬁ@ﬁ@m‘ﬁmﬂﬁﬂprocess according to claim
2, wherein the secondary am ne base is

9. 1 etA mﬁr&'&ls%&opdn%% Elglhﬂewheﬂem the 89‘&@&11% ft&l‘&&%ﬁblﬂ&dbg afe i nixed in

a suﬁa@{ersalp@lt ﬁlgpp ﬁreﬁ]&{tpra p#f@Ol?%éib&&l@ﬁla ntthlurg or ;g‘hfmy]élg]églgadded whilst
maird4icing e dgpresRd Sefiperpiin@ \ahtilulse rédcadn s conpiteci N t he al kyl
l'ithium base is butyllithium 6. A process according
to claim5, wherein nore than 1 equival ent of
10. p utAyIPquefSWF@Fﬁ“igsto pyesvious clgim, whesgipBip ceactige sGpEpdyt ingn sihgreal
solvpdtevi ous claim wherein the alkyl lithiumis slowy
added so that the concentration of alkyl lithiumin
t he presence of epoxide is mnimsed.8 A process
according to any previous claimwherein R Rl, R2 and
R3 are each i ndependently selected from hydrogen,
met hyl, ethyl and isopropyl. 9. A process according to
claim1 wherein the epoxide and tetranethyl pi peridi ne
are firstly mxed in a suitable solvent, then the
m xture is cooled and n-Butyllithiumor n-hexyllithium
added whil st mai ntaining the depressed tenperature
until the reaction is conplete. 10. A process
according to any previous claim wherein the reaction
is carried out in an ethereal solvent.



