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Abstract

Vitamin D3 and 2-deoxynucleosides are compounds of special relevance in some areas of medicinal chemistry. On the
other hand, some derivatives of these compounds have shown new and important physiological properties. Biotransformations
are a tool of great utility to carry out selective modifications on these compounds in very mild conditions. In this account,
we report the preparation of new analogues of Vitamin D and deoxynucleosides derivatives through a combination between
biocatalysis and chemical catalysis. The key step is the regioselective enzymatic acylation, and specially alkoxycarbonylation
using lipases in organic solvents.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction out under mild conditions, such as room temperature
and can be used in organic solvents.

In the last decade enzyme-catalyzed reactions have Over the last few years, biocatalysis in non-aqueous
been well recognized as an excellent strategy for the media has been widely used for the resolution of alco-
preparation of fine chemicals]. Hydrolytic enzymes  hols, acids or lactones through enzymatic transesterifi-
are widely used in organic synthesis as environmen- cacion reactions using hydrolytic enzymes, especially
tally friendly catalysts that possess broad substrate lipases[3]. Recently, other processes, such as the en-
specificities, display high stereoselectivity, are com- zymatic acylation of amines or alkoxycarbonylation of
mercially available, and do not require the use of alcohols and amines, have shown themselves to be of
cofactors[2]. Among these hydrolytic enzymes, li- great utility for the resolution of amines and the prepa-
pases are of the greatest utility in organic synthesis. ration of chiral amides, carbonates or carbamftgs
These biocatalysts have been exploited for asymmet- Nowadays, for many organic chemists, biotransfor-
ric synthesis transformations, fuelled by the growing mation is an area of great interest for the preparation of
demand for enantiopure pharmaceuticals. Further- products, which are difficult to obtain by conventional
more, lipase-catalyzed reactions are normally carried chemical methodf5]. It is recognized that lipases are

capable of accepting a wide array of substrates, and
catalyze enantio-, chemo- and regioselective reactions.
* Tel.: +34-98-510-3448; fax:-34-98-510-3448. Selective biotransformations of polyhydroxylated
E-mail addressvgs@sauron.quimica.uniovi.es (V. Gotor). compounds, such as carbohydrates, have been used for
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the activation or protection of some of their hydroxyl

groups [6] allowing different chemical transforma- Side chain
tions to be carried out without the need for tedious CD Ring
protection and deprotection steps. Monoesters of

some monosaccharides and disaccharides have been Triene

obtained using lipases or proteases in polar organic

solvents. An interesting transformation in the carbo- A Ring

hydrate field is regioselective alkoxycarbonylation,
and in particular enzymatic alkoxycarbonylation us-
ing oxime carbonates as alkoxycarbonylation agents
[7]. This process allows the regioselective acylation of
secondary hydroxyl groups through the corresponding Scheme 1.

enzymatic alkoxycarbonylation reacti@8i.

More recently, biotransformations have also shown formations have mainly been carried out on the side
their utility for other kinds of natural products, such chain. However, chemical and, of course, biotransfor-
as steroid49] and nucleoside§l0], whilst here we mations have been investigated much less in the A-ring
shown some applications of enzymatic acylations and synthon than in the other parts of the molecule. For
alkoxycarbonylations that we have carried out in our this reason, we have worked in chemoenzymatic trans-
laboratory with the aim of prepare new derivatives of formations on the A-ring synthon with the aim of re-
Vitamin D and nucleosides. gioselectively preparing different kinds of derivatives

for the synthesis of new analogues of Vitamin D, as
well as carrying out a biological evaluation of the new

R=H, Vitamin D3
R= OH, 10,,25-(OH)»-D3

2. Chemoenzymatic transformations on the compounds obtained.
A-ring synthon of Vitamin D3 derivatives Starting from § carvone, it is possible to ob-
tain the natural stereoisomer AS¢heme Pand the
Vitamin D3 through its hormonally active formed corresponding diasteroisomer A4 through chemical

25-dihydrovitamin B3 plays an important role in the transformations. On the other hand, if the starting
endocrine system, and this metabolite exhibits a much material is the IR) carvone, the other two non-natural
broader biological spectrum than the expeci#t]]. diastereoisomers A2 and A3 can be also prepgr2p
The structure of Vitamin B can be divided in four Before studying the enzymatic regioselective trans-
parts Scheme ) (1) the side chain; (2) the CD ring;  formation on the different isomers of the A-ring syn-
(3) the trienic part; and (4) the A ring. Different trans- thon of 1o, 25-dihydrovitavin 3, we considered it of

B -

(6] O
A4 A2
> _ ) R — <
I b | I
(S)-(+)-Carvone (R)-(-)-Carvone

HO” OH HO OH
A1l A3

Scheme 2.
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ovL, A0S A0 5/ /gj/ o Enzyme O
HO waen HO S~ OH R0 “oovent o
(S~ (R)-(+

52% conversion O OH
(%) Al .,
100% ce R= Me, Et, "Pr, CICHj, Ph U
NaOMe Enzyme: CVL, CCL, PSL, CAL-B cVL 84-93%
Solvent: THF or vinyl ester R= Me 45°C, 24 h
HO
(R)-(+)
94% ee HO OH  HO OH HO “OH
A2 A3 A4
Scheme 3. H U H
CVL  78-95% 93-100% 91-98%

interest to carry out the enzymatic resolution of the A

ring of Vitamin Ds, ring with only one hydroxyl group

in the 5 position. The resolution was carried out using Scheme 4.

Chromobacterium viscosutipase (CVL) with vinyl

acetate acting as both acylating agent and solvent. Asenantiomer of Al, and also with total regioselectivity

is shown inScheme 3the enzyme is selective towards towards the same hydroxyl group. A good regioslec-

the R isomer of the alcohol, obtaining the enantiop- tivity was also observed with thes diastereocisomers,

ure substrate that is the natural isomer of Vitamig D and it is of note that in the case of thés isomer

[13], with a conversion of 52%. with 3R, 5R configuration (A4), the enzyme showed
We started with regioselective enzymatic acylation, opposite regioselectivitj13].

studying first the acylation of the natural stereoiso-  Normally, enzymatic hydrolysis is a complementary

mer with stereochemistry 8 5R) Al using different reaction of the acylation reaction, and for this reason

enzymes with several vinyl esterSdheme % The we considered of interest the study of the enzymatic

best biocatalyst was CVL, and this lipase showed a hydrolysis of the corresponding diacylated stereoiso-

great selectivity towards the hydroxyl group at the mers, with the aim of obtaining the acylated compound

5 position. This process takes place faster with the with opposite regioselectivity than that achieved in the

R=Me rt,7h ,21h rt, 48 h

HO"'5™>"3"OH HO ““OH HO OH HO™ ™""OH
Ab A6 A7 A8
cvL  48% 529 76% 24% 100% 100%
(40 °C)
CALB  19% 81% 80% 20% 10% 73% 9% 91%

Acylation conditions: vinyl acetate, 30 °C, conv > 91%

Scheme 5.
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enzymatic acylation. At the moment, we are testing
this enzymatic hydrolysis with different lipases.
Recently, we prepared the four stereoisomers of the
A-ring synthon of the &, 25-dihydroxy-3-epi-19-nor-
previtamin 3, where the difference with respect to
vitamin is the absence of the methyl group in the ring
[14]. We observed that the methyl group has a great
influence in the regioselectivity of the enzymatic acy-

lation. We tested different lipases and proteases and

the best results are shown 8theme 5For example,
very good regioselectivity was achieved with the CVL
for the twocis isomers, where the regioselectivity is
similar to that obtained for the corresponding isomers
with the methyl groufj15]. However, for the stereoiso-
mers withtrans configuration the regioselectivity was
only moderate and the best results were achieved with
the lipase ofCandida antarcticaB (CAL-B).

Although, the enzymatic acylation has been exhaus-
tively studied, the corresponding alkoxycarbonylation
reaction has been much less investigated. However,
the introduction of an alkoxycarbonyl group has
advantages for the protection or activation of the hy-
droxyl groups in the chemistry of natural products. For
instance, by this methodology it is possible the intro-
duction of a benzyl oxycarbonyl group as protecting
agent, and also the activation through the formation
of vinyl carbonate. First, we investigated the enzy-
matic alkoxycarbonylation with the isomer of natural
configuration (Al) using different alkoxycarbony-

HO" OH HO “OH

A5 A6
VCO 67% 1:3 20% 61% 1:2 33%
PCO(1:2)  90% 10% 20% 80%
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(¢]
Enzyme
+ RO)J\ _N Y
07N Solvent
HO OH RO OH
Al
Enzyme: CVL, PSL, CAL-B R= vinyl, phenyl
Solvent: THF, 1,4-dioxane, toluene CAL-B, 30 °C
R: vinyl, methyl, phenyl, benzyl (100%)
CAL-B, 30 °C, conv >95%
HO “OH HO OH HO"
A2 A3 A4

I

99%

I

97%

I

R= vinyl (1:10) 76%

R=phenyl (1:3) 100% 100% >90% (45 °C)

Scheme 6.

lation agents, the most effective being oxime car-
bonates. The reaction takes place with an excess of
oxime carbonate, although in some cases, depending
of the amount of the alkoxycarbonyl reagent used,
we have observed inhibitiorScheme 6shows this
regioselective alkoxycarbonylation reaction, which
takes place with excellent regioselectivii6]. The

I

Alkoxycarbonylation conditions: CAL-B, 30 °C, conv >89%

(0]
/\OJ\O.NY

VvCO

HO OH HO" ““OH
A7 A8
31% 14 44% 5% 12 45%
96% 4% 1:3 100%
o]
PhoJJ\O'NY
PCO

Scheme 7.
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alkoxycarbonylation process with the other three di-

astereoisomers takes place also with good regioselec-

tivity and always in the same position even with the
cis isomer A4[17]. The best results were obtained
with CAL-B. We observed that the alkoxycarbony-
lation agent has a notable influence in this process.
Thus with the A4-ring synthon, better regioselectivity
was achieved using phenyloxime carbonate than with
other reagentgl8].

We have also studied the enzymatic alkoxycar-
bonylation with the four stereoisomers of the A ring
of the corresponding previtamiri48]. With oxime
vinyl carbonate the regioselectivity is not very good,
although better results can be achieved when the
alkoxycarbonylation agent is phenyloxime carbonate
(Scheme Y. Again the selectivity is lower than in the
case of the A-ring synthons of the previtamin than in
the case of vitamin.

The introduction of a vinylalkoxycarbonyl group
allows the preparation of new derivatives, such as car-
bamates, by reaction of the corresponding carbonate
obtained by an enzymatic alkoxycarbonylation reac-
tion with amines or ammonia in the absence of bio-
catalyst.Scheme &hows the preparation through this
chemoenzymatic procedure of new A-ring synthons
introducing ammonia, butylamine, aminoalcohols,
diamine and even aminoacids, compounds obviously
that are difficult to prepare by chemical methods. In

HO™ OH
CAL-B
' X
100% regioselectivity
o _ Z>07 0 OH
Y 98% yield
Z>0 o’Nj/
RNH,
R=H, "Bu, (CH,),0H, (CH2)gOH, IIl
(CHg)3NH,, CHR'CO,H
o)
R. w
HJ\O\ OH

76-100%

Scheme 8.
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|

(0]
@/ Chemoenzymatic o)
R. ™
w\ process HJ\ o os

(S)-(+)-Carvone

_—
—

Vitamin D3

Scheme 9.

all cases the yields are practically quantitatjté].

We have also prepared carbamates with the other three
stereoisomers in a similar manner to that with the
natural isomer, introducing also hydrazine and sper-
mine [17] with the aim of preparing new analogues
of Vitamin Ds.

In Scheme ve show that the combination between
chemical catalysis and biocatalysis can be an excel-
lent strategy to achieve new analogues of Vitamin D
Thus, starting from$) or (R) carvone, it is possible
as we have already commented to obtain carbamates
from the four ring synthons of Vitamin $) These in-
termediates can be used as starting material for the
synthesis of new analogues of Vitamin.At the mo-
ment, we have prepared some derivatives with the Al
isomer, with the aim of examining certain physiolog-
ical properties.

3. Chemoenzymatic transformations of
2'-deoxynucleosides

Several years ago we started a systematic study of
regioselective acylation reactions ofd@oxinucleo-
sides. We found two lipases that were selective towards
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HO B
PSL —%27‘
TRy
HO B o
o
o
b . YN\OJ\R |
HO

R)ko B
(0]
B=T,AU,I CALB —%_7
R= alkyl, alkenyl, aromatic THF or HO
1,4-Dioxane
Scheme 10.

one of the two hydroxyl groups of different-Beoxy-
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HO B
PSL —%gj
———
THF or Py RO. O
HO B il
o o o}
+ \rNO)LOR —
HO

X
RO™ O B
R= alkyl, alkenyl, aromatic CAL-B —%OJ‘
—_
THF or HO
1,4-Dioxane
Scheme 11.

a great influence on the regioselectivity. Poor regiose-

nucleosides. Thus, we could prepare the acylated lectivity is obtained, for instance, when R is a methyl

compounds in 5position with CAL-B [19], Pseu-
domonas cepaciipase (PSL) being selective towards
the secondary hydroxyl grouj20]. We believe that

group, although in the other cases very high regiose-
lectivity was observed. We carried out this study with
the assistance of professor Kazlausigly, who has

this reaction is an interesting process because selec+ationalized this reaction by studies of molecular mod-

tive modifications of natural products which contain
several functional groups with similar chemical reac-
tivity, represents an interesting challenge for organic
chemists, and it is of note that the secondary hydroxyl
group can be modified without the need to protect
the most reactive primary alcohol. We studied this
reaction with different acyl reagents and we found
oxime ester the most efficient reagents for this kind
of process $cheme 1)

Recently, we studied this reaction exhaustively with
different oxime ester. The nature of the R group has

HO T o)
o
—%—7 + Ro)J\o’Nj/

R= CHa, CHy=C(CHs), CHy=CHCH,,
CCl3CHy, Ph, PhCH,

HO T o)
(0]
b + AorNox _CALB

HO

X= Ph, p-NO,Ph, 0-NO,Ph,

CClyCHy, (CHg)oC=N, N=<:>

CAL-B

—_—

elization. In base to these studies, it is possible explain
the unusual stereo preference of the PSL, because this
enzyme has a hydrophobic alternative pocket where
the tymine base is sited, whilst the large hydropho-
bic pocket (common in all lipases) accommodates the
acyl chain.

Several years ago we reported the utility of the
enzymatic alkoxycarbonylation reaction ifr@eoxy-
nucleosides as is summarized $theme 11Using
oximecarbonates as alkoxycarbonylation agents, the
protection of 5OH group is possible when CAL-B

T HO T
o (0]
+
HO Ro\ﬂ/o

major o)

o
%\o)J\o T  HO T
o o
HO

=Oy°
major 0

0]
ROJ\O

minor

minor

Scheme 12.
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catalyses this reactid@2], although PSL shows oppo- HO B ; HO B
site regioselectivity and thé-8arbonates are achieved —%27 _ RNH, 0
[23_]. The introduction pf a vinyl oxycarbonyl group is 00 0

of interest because this allows the preparation of new Wg O=<NHR1

derivatives of nucleosides by reaction with different
nucleophileq24]. 0
We have studied the influence of the R group and __J_

1
the leaving group of the alkoxycarbonylation agent in oo o ? R'NH, RANE 0 o il
the enzymatic alkoxycarbonylation reaction of thymi-

dine using CAL-B as biocatalys6cheme 1Xhows HO HO
the different reagents used in this study, the regiose-

lectivity depending of the structure of the R group, but R'= H, alkyl, CHx(CHy)sOH, CH,CO,Na

not of the leaving group, which only influences the

reaction ratg25. Scheme 13.

The introduction of an alkoxyvinylcarbonyl group,
as we have already seen for Vitamin D, allows the  This chemoenzymatic reaction yields new amino
preparation of other deoxynucleoside derivatives. nucleosides that are very difficult to prepare only by
Thus, we have prepared different nelad2oxynucleo- chemical procedure27]. Scheme 14hows a novel
side derivatives with the introduction of a carbamate and general chemoenzymatic procedure, developed in
group [26]. The value of nucleoside and also carba- our group, to obtain‘3aminoxylo-nucleosides. This
mate groups in some areas of medicinal chemistry is scheme is based on thédirected intramolecular nu-

of note Scheme 1B cleophilic substitution at the’&ctivated position of
o] o]
HO B R'NH” SO B O)LNFf B HO— NH, B
- -~
HO ACO, THF R20
B=T,A 5
R'= H, CHy=CH-CH,, Bn L
R M. To : aco="y"o""oR o
Nlﬁ
|
HO B R%0 U RO o
—%37 CAL-B —%3? w
—_— —_—
HO OH VCO. THF Lo OH HO
l ji l
HO A R%0 A 0" 'NBn B HO— NH, B
—@ CALB w w —IKB?
—_— —_— —_—
g VCO, THF g OH OH

R3= BnNHCO; B= U, A

Scheme 14.
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the nucleoside. This methodology is applicable to ri-
bonucleosides and-2leoxyribonucleosides.

An interesting combination of biocatalysis and
chemical catalysis has been carried out for the prepara-
tion of new oligonucleotides with a carbazoyl bridge.
We have reported a chemoenzymatic procedure for
the first synthesis of’3and 3-carbazoyl nucleoside
derivatives[28]. This process involves the regiose-
lective enzymatic alkoxycarbonylation of nucleosides
and the subsequent transformation with hydrazine into
novel carbazoyl nucleoside derivativeScheme 1ph
Before achieving the preparation of oligonucleotides,
we studied a standard chemical reaction between the
carbazoyl nucleosides prepared and carbonyl com-
pounds, with the aim of finding the best conditions for
the coupling with carbonyl nucleosides. Through this
process new alkylidencarbazoyt@eoxynucleosides
were prepared.

The synthesis of backbone modified dinucleotide
analogues is shown iBcheme 16where natural phos-
phodiester linkage is replaced by &,3¥-carbazoyl
linkage[29]. The bridge was formed via a coupling re-
action between an appropriatecrbazoyl nucleoside
analogue and an aldehyde nucleoside derivative ob-

V. Gotor/Journal of Molecular Catalysis B: Enzymatic 19-20 (2002) 21-30

HN- AN 5
T
NaH,
° W wo
/\OJI\ 0 B
CAL-B )
vco
HO
HO B
o
PSL NoH
veo \

Scheme 15.

the moment, we are using these new dinucleotides as

starting material for the synthesisanftisens@ligonu-

cleotides.
Recently, we optimized the synthesis of aminodeox-

tained by chemical or chemoenzymatic procedure. At inucleosides in order to apply this methodology to

H B HO B’ HO B )
© o PSL o NzHy4 0
VCO H HO B!
o) N. o]
0 Sy e 5
0 0
TrCl 1.- HCO,H, MeOH Y
B=TAU >——— .| o<
2.- TBAF, THF NH
TrO B? 2 2 N
0 sa 7 o F 1-HcomE0 OHC B \ o B2
2.- Dess-Martin w
H
o) 30 pYo) OH
BT ¥= TBDMS % D —
Dimers (5' ---> 3)
TT, AT, UT, TU, AU, UU
Alternative
HO B BnOCO, B BnOCO, B OHC B?
o)
b CAL-B —%27 =Cl —%37 1.- Hy, Pd/C
HO BnOCO,(p-NO,)Ph HO 0 2.- Dess-Martin 0
B=A U B%=U

Scheme 16.
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