A process for the preparation of bicyclol3.1.01hexanols The present
invention relates to a method for preparing bicyclic alcohols containing a
cyclopropyl ring. The preparation of bicyclo[3.1.0]hexanols from
unsaturated terminal epoxides is described in the Journal of the American
Society 2004,126,8664-8665 by Hodgson et al. A variety of
bicyclo[3.1.0]hexanols were prepared in yields from 69% to 81% with
reaction times from 8 to 0 hours Ther action praceeds by adding
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lithfRex deefthedormaiide vield. Unfortunately, TMP is an expensive reagent.

It has now been discovered that bicyclo{3.1.0Jalkanols can be prepared from unsaturated

terminal epoxides using catalytic amounts of TMP and much reduced butyl lithium
stoichiometries in high yield. Furthermore, lower volumes of solvent are required proportionately
to carry out the reaction than described previously.

Accordingly, in a first aspect, there is provided a process for the preparation of a
compound of the formula (I):
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which process comprises the intramolecular cyclopropanation of an epoxide of the formula (II);



2 RR1RZR3 (Il) inthe presence of 0.05 to 0.75 equivalents of a
secondary amine base and at least one equivalent of an alkyl lithium
base in an ethereal solvent, wherein R, R, R and R3 are each hydrogen or
C" alkyl or R" and R2 are linked to form a C3-7 cycloalkyl or C3-7
cycloalkenyl ring. Suitably the secoddary amine base is diisopropyl amine
or tetramethylpiperidine and preferably it is tetramethylpiperidine. The
alkyl lithium base is comveniently butyllithium present in more than |
equivalent Suitably 1.0 to 1 25 equwalents giad preferably about 1.1

presence of epoxide is minimised. Suitably, R, R', Rand R3 are each
mdependengy selected from g@?ogen methyl, ethyl and |sopropyl and
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Normally, the reaction is carried out in a suitable non-reactive solvent, for exampie an
ether such as feri-butyimethyl ether (5 to 50 volumes and conveniently 10 volumes),

If desired, the epoxide may be formed in-sifu.

In one embodiment of the present invention, the epoxide and TMP (0.5 eguivalents) are
mixed in a suitable solvent, for example an ethereal sofvent such as ferf-butyimethyl 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-Butyllithivm or n-hexyllithium (1.1 equivaients) 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 sait 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 soivent, conveniently the solvent used for the
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mixture at this temperature until reaction is complete. Other suitable
solvents for carrying out the reaction include other ethereal solvents such
j er and aliphatic hydrocarbon solvents such as
mg{z@éﬁgble ethereal solventis THE When used hereinqﬁ(gg%}\%qgﬁﬁf?gozm
refers to the number of motes of TMP uysed 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,
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reaction. The organic phase is then collected and may be washed, for
example with further dilute acid. Alternatively the reaction may be
Ehed with an organic acid such as acetic acid, in which case the
acetate salt of the TMP can be filtered off and the flltratﬂsed in further
processing. The tatal yiéld ofbicyclic alcohol may be i
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conveniently the solvent used for the WO 2007/015111
PCT/GB2006/050227 -3reaction, eg an ether such as tent-butylmethyl
ether. Optionally, the organic phase can be combined with the organic
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Hoﬁrs W@q&%ﬁwm and the orgamc phase washe wzth 3N HCl (176 mL). The
combined agueous layers were back extracted with MTBE (500 mL and 250 mL). The combined orpanic

extracts were then concentrated to a total volume of approximately 450 mL. The final organic layer
contained 84.8 g of 2 (86% yield) according 1o GC analysis.

Example 2

R-(+)-Epoxide (1) (1 g, 0.1 mol) was dissolved in dry ters-butytmethyi 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 st 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 HCl (543 mlL) whilst maintaining the internal temperature < 0
°C. The aqueous phase was separated and the organic phase washed with 3N HC1 (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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‘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 (170 mL). The 15
combined aqueous layers were back extracted with MTBE (500 mL and
250 mL). The combined organic extracts were then concentrated to a

Claimdotal volume of approximately 450 mL. The final organic layer contained
‘ 84.8 g of 2 (86% yield) according to GC analysis. Example 2 20
R-(+)-Epoxide (1) (1 g,.0.01 mol) was dissolved in dry tern-butylmethyl
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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 F"Q‘Qed at thig'temperature until all the starting
epoxide was consumed accoxding ta£5C analysis(approximately 4 hours).
The reaction mixture was 25 cafefully quenched by the addition of 3N HCI
(543 mL) whilst maintaining the jinternal femperature <0 C. The aqueous
phase was separated and the organic phase washed with 3N HCI (1.7
mL). The combined aqueous layers 'é‘l‘é’ﬁﬁk‘@ﬂtracted with MTBE (5
mL and 2.5 mL). The combined organic extracts were then concentrated
to a total volume of approximately &5 mL. Th&final organic layer
contained 0.97 g of 2 (97% vyield) accanding to GC analysis. 30 -4- Claims
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in the presence of 0.05 to 0.75 equivalents of a secondary amine base and at least one equivalent of an
alkyl iithium base in an ethereal solvent, wherein R, R', R? and R’ are each hydrogen or C'* alkyl or R’

and R” are linked to form a C*7 cycloatkyl or C*7 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.
s. A process according to any previous claim, wherein the alkyl lithium base is butyllithium.

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

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

conceniration of alkyl lithium in the presence of epoxide is minimised.
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which process comprises the intramolecular cyclopropanation of an
epoxide of the formula (11)1- R Rt 10 R2 R3 (ll) 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 in an ethereal solvent, wherein R, R, R2 and R3
are each hydrogen or C-" alkyl or R' and R2 are linked to form a C3-'
8.  cyqloaksylaord@BrE oyolpalikeioyk ihgm ke PraCeRs addurdingtt tladpantiently
selecte VRGN eﬁeﬁgag@r&mng@aﬁs i$ diisopropyl amine or
tetramethylpiperidine. 3."A process accordlng to claim 2, wherein the
secondary amine base is tetramethylpiperidine. 20 4. A process
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cooled A & LA 0 T BHUTCAILI B SRR dpgratre el he
l'f"’a‘:fi%?é%@ﬁt’]efeA process according to any previous claim, wherein the alkyl
Iithium is slowly added so that the concentration of alkyl lithium in the
10. fﬁ%ngs% &:cgl%%ﬁgg a I‘BII,Q\IJI;EHS & aﬂ% '3\‘;1 e';(e)gle 2 S5E0 (l;td m%atr cp cy rr? Xnoelflhei real
aim wherel and R are éach indepen ent]y selected from
‘emhydrogen methyl, ethyl and isopropyl. 9. A process according to claim 1
wherein the secondary amine base is tetramethylpiperidine and 5 wherein
the epoxide and tetramethylpiperidine are firstly mixed in a suitable
solvent, then the mixture is cooled and n-Butyllithium or n-hexyllithium
added whilst maintaining the depressed temperature until the reaction is
complete. 10. A process according to any previous claim, wherein the
reaction is carried out in an ethereal 10 solvent.



