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Internal bis-substituted propargylic diols were subjected to enzymatic kinetic resolution

promoted by CAL-B. Employing a two rounds sequence EKR, mono- and bis-acetoxy
propargylic products were obtained in high enantiomeric ratio (E>200). The efficiently
resolved chiral 8b was applied in a concise synthesis of (S)-1b, an optically active natural
product produced by fungi Clitocybe catinus.

Introduction

Optically active alkynylic diols are subunits frequently found in
polyacetylenic natural products® and their preparation has been
increasingly conducted by synthetic chemists? due to the wide
range of biological activity these compounds possess.
Enantiomerically pure propargylic alcohols are well known,
useful chiral building blocks in organic synthesis, owing to the
versatility of the alkyne moiety which is readily converted into
other functional groups. Examples include allenols,® furanones*
and butenolides® which are very useful classes of chemicals in
organic synthesis and can display a wide variety of biochemical
and ecological functions. Despite bis-substituted propargylic
diols often being important bioactive compounds, no
systematically attempts have been made to establish a chemo
enzymatic route for their preparation. It is noteworthy that in
nature they are found in their enantiomerically pure forms,
often as subunits of smaller or more complex molecules.
Examples are compounds 1-3, fungal metabolites produced by
Clitocybe catinus® found in their enantiomerically pure form,
and Osirisyne A(l) (4), an optically active polyacetylenic
compound from sponge Haliclonaosiri (Chalinidae)’ [a]p?® =
+11.8 (c 0.15, MeOH) for which the absolute stereochemistry
has not yet been determined (Figure 1).

OH (:)H OH 9H

Fig. 1 Natural Alkynylic metabolites
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One of the most common enzymatic approaches to prepare simple
asymmetric propargylic alcohols is to subject alcohols to a kinetic
resolution using lipases either as free enzymes® or immobilized on a
solid support.® Alternatively, they can be prepared by subjecting
alkynones to the bioreduction promoted by alcohol dehydrogenases™
or activated alkynes to a-hydroxylation using Chloroperoxidases.™
However, to the best of our knowledge, no chemo enzymatic
approach employing internal alkynylic diols in resolution studies has
been reported to date. Hence, our aim is to establish a greener and
enantioselective method of preparation, in small to large-scale, of
enantiopure propargylic and homo propargylic diols, including the
natural optically active compound 1b. In order to achieve this goal
we decided to investigate the enzymatic kinetic resolution of racemic
propargylic diols catalysed by Candida antarctica Lipase B
(CALB), a lipase that has proved to be a useful biocatalyst in organic
solvents.

Results and discussion

Starting from the commercially available propargylic alcohols 5, the
synthesis of racemic diols were accomplished by a modified
literature procedure.> With this the propargylic and homo
propargylic alcohols were submitted to react with two equivalents of
n-butyl lithium, followed by addition of a suitable electrophile. The
respective bis-lithium salts generated in situ were reacted with
aldehydes and propylene oxide, leading to the formation of the
expected diols in moderate isolated yields. However, after the
addition of a catalytic amount of the highly oxophilic metal salt
cerium chloride (10 mol%), the desired products from the 1,2-
addition reactions were obtained in slightly improved yields. Is
important to highlight that the use of the free alcohol to prepare the
bis-lithium salts 6 furnishes the desired products in better overall
yields compared to the use of TMS or THP ether protecting group
strategies which require additional steps. The synthetic route to
propargylic diols 1a-h is summarised in Scheme 1.
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Scheme 1. Synthesis of racemic propargylic diols 1a-h.

The same procedure (CeCl; 10 mol%) was employed using
propylene oxide as the electrophile in the substitution reaction,
however no significant increase in yield was observed. All the
alkynylic diols obtained showed good stability under light and air
can be stored for months in a normal fridge with no degradation.

Kinetic resolution on analytical scale

The first step of studies towards the enzymatic kinetic resolution was
conducted using la as model substrate and vinyl acetate as acyl
donor. In the literature it has been described that the polarity of
anhydrous solvents can affect the enantioselectivity in some trans
esterification reactions.™® Therefore pure n-hexane and its mix with
THF (50% v:v) were used as solvents. As can be seen in figure 2, the
best result obtained for the resolution of 1a, considering conversion
and enantiomeric purity, employed 5 eq. of vinyl acetate in n-
hexane:THF (50% v:v) for 4 hours. These conditions allowed for the
resolution to afford both (S)-8a and (R)-9a in 99% of e.e.
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e (S)-8a (pure n-hexane)

e (S)-8a (n-hexane: THF)

A time point resolution study comparing solvents for the formation
of (S)-8a, the first product of the resolution (light and dark blue
lines, Figure 2), showed that in pure n-hexane the substrate (R/S)-1la
was quantitatively converted to products in 15 minutes. Thus a fast
and quantitative conversion of substrate into the mono-acetoxy
product was observed. At the same period of time the consumption
of (R/S)-1a by using n-hex:THF as solvent furnished the mono
acylated (S)-8a in 89% e.e. These results show that the non-polar n-
hexane makes the reaction faster (four times) even if in very few
selectivity if compared with the use of n-hex:THF that takes one
hour of reaction for total conversion of (R/S)-1a to (S)-8a. These
interesting results concerning the enantioselective mono acylation of
primary hydroxyl groups of substrates have not yet been thoroughly
explored in this publication, as the focus was the formation of mono
and bis-acetoxy products. For this, the total consumption of substrate
was achieved using an excess of vinyl acetate. However, these
observations open up potential new opportunities to explore the
kinetic resolution with vinyl acetate as limiting agent.

(R/S)-1a

CALB, Vinyl acetate
THF:n-Hex
t=0.25h

OH OAc OH OAc
R + - +
/\/OAC )\/OAC t=4h, /\/OAC /'\/OAC

(S)-8a
89% e.e.

(S)-8a
99% e.e.

(R)-9a
>99% e.e.

(R)-9a
99% e.e.

(R)-9a (pure n-hexane) (R)-9a (n-hexane: THF)

Fig. 2 Enzymatic kinetic resolution of 1a - 100 mM solution of substrate in appropriate solvent (1mL), CALB (10 mg) and 500 mM solution of vinyl acetate at 35 °C.
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The absolute stereochemistry of (S)-(-)-8a, the less reactive
enantiomer in the second round kinetic resolution, was assigned
comparing the experimental optical rotation value [a]p®° = -21.2 (C
1.0, CHCIy), e.e. 99% with the literature, where [o]p®® = +8.1 (c
0.71, CHCIy), e.e. 90% is reported for (R)-(+)-8a.** With this, the
resolution of (R/S)-1a has furnished both (S)-(-)-8a and (R)-(+)-9a in
high e.e. (99%). The enantiopreference of CALB in the trans
esterification of (R)-8a in the resolution is in agreement with

Kazlauskas rule'® considering methyl as small and the propargylic
alcohol as large size groups respectively in the active site of the
enzyme.

Kinetic resolution on preparative scale

After the initial promising results obtained for 1a, the diols 1b-h
were subjected to EKR using both n-hexane and its mix with THF as
solvents (Scheme 2). The best conditions after solvent screening for
all substrates are summarised in table 1.

OH & R, CAL-B, vinyl acetat
Z = VY acelae . (S)}8ah + (R)-9ah
Ry ny OH Solvent A or B
35°C, 150 rpm
(R.S)-1a-h

Scheme 2. Enzymatic kinetic resolution of diols 1a-h.

Table 1. Enzymatic Kinetic resolution of propargylic diols 1a-h catalysed by CAL-B [Solvent A:n-hexane; Solvent B: n-hexane: THF(50%)].

Products
First Round

Entry  Substrate

OAc

OH
\
\
\;b\/OAc

Ac

2
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2
o
;

OH OAc

Organic & Biomolecular Chemistry Accepted Manuscript

Second Round

;
2
>

OAc

AcO OH

Solvent Yield (%) t(h) e.e.(%) E

8b (48) 95
>200
9b (45) 99

OAc

8d (43) >99
B 0.5 >200
9d (46) 9%

8f (45) 85
A 1.5 >200

of (48) 99

1h (48) 99
A 48 5200

oh (44) 98
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Subjecting all the diols to the two round sequence resolution, as can
be observed in table 1, the best conditions for each substrate showed
that different times and solvents were necessary. However, in all
cases the first and the second products of resolution were obtained in
their optically active form with high enantioselectivity values
(E>200). The compounds 1a-b and 1d-g were resolved in less than
four hours (Table 1, entries 1-2 and 4-7) while the diol 1c which
contains an isopropy! rather than methyl as medium size group, takes
48 hours to be totally converted (Table 1, entry 3). Surprisingly the
kinetic products obtained from (R/S)-1h in the resolution were the
nonreactive (S)-enantiomer of substrate and the mono acetoxy
product 9h, whereas the total acetylation reaction to furnish bis-
acetoxy product was not observed. While 1c and 1h require 48 hours
of reaction, no loss in the enantioselectivity was observed.

In order to determine the absolute configuration of all products
provided from kinetic resolution with CAL-B, the assignments of the
absolute stereochemistry were done comparing experimental specific
rotation with literature data. For those compounds that have not been
reported previously in the literature, the enantioenriched alkynylic
substrates were chemically converted into the alkylic diols by a
hydrogenation/hydrolysis sequence using Pd/C and K,CO; in MeOH
in two steps one pot operation. Thus, the stereochemistry of (R)-9d,
(S)-8f and (R)-9h were indirectly assigned comparing the
experimental optical rotation obtained with the literature (Scheme 3).

R. OR,
FRe = "hoAc T 7~ hoAc
R - or R o
1) Pd/C, H, (1atm)
MeOH
2) K,CO4/MeOH
OH OH
/'\/\/\OH NS0l
(R)-10d (S)-10d

[o]p = -9.7 (¢ 1.0, MeOH) [o]p = +7.6 (c 1.3, MeOH)

OH OH
\/'\/\/\OH \/\/\/\OH
(R)-10f (S)-10f
[olp =-5.5 (c 1.3, CHCIy) [alp = +2.4 (c 1.0, CHCI5)

OH OH
/k/\/\/OH /MOH
(R)y-10g (S)-10g
[a]p =-8.1 (c 1.0, MeOH) [o]p = +9.2 (c 1.0, MeOH)
Scheme 3. Derivatization of alkynylic diols.

We were particularly interested in the preparation of (S)-8b in a
large scale reaction since it could be directly used to synthesize
significant amounts of chiral non-racemic (S)-Pent-2-yn-1,4-diol
[(S)-1b], a natural product from Clitocybe catinus. Thus, after
determining which isomer possess the desired (S)-configured
enantiomer, the mono acetoxy (S)-8b (1.82g) was hydrolysed to
furnish the compound (S)-1b, [o]p = -7.2 (c 1.0, MeOH); ™[a]p = -
5.2 (c 1.0, MeOH)® in 43% overall yield (Scheme 4).

4| J. Name., 2012, 00, 1-3
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Scheme 4. Route to (S)-1b from (R/S)-1b

Actually, the preparation of some functionalized alkynols containing
compounds featuring biochemical relevance are under investigation.
Thus a chemo enzymatic approach using the mentioned work could
be combined with others synthetic strategies and applied for the
synthesis of others target molecules. With that some chiral non-
racemic poly-acetylene natural products should be prepared.

Conclusions

Several bis-substituted propargylic diols were prepared, some of
them for the first time, in good isolated yields by adopting a strategy
to minimize the use of protecting groups in the synthetic sequence.
The manly goal of this propose was the first EKR of internal
alkynylic diols in a highly efficient enantioselectivity (E>200),
and the application of this protocol on a short and large-scale
synthesis of (S)-Pent-2-yn-1,4-diol [(S)-1b], a natural product
from Clitocybe catinus. Actually, the synthesis of more
challenging bioactive compounds by applying this strategy are
currently in progress in our lab.
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