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racemic allylic carbonates featuring C—O-bond formation
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Hans-Joachim Gais,” Oleg Bondarev and Ralf Hetzer

Institut fiir Organische Chemie der Rheinisch-Westfdlischen, Technischen Hochschule (RWTH) Aachen,
Landoltweg 1, 52056 Aachen, Germany

Received 30 June 2005; accepted 12 July 2005

Abstract—Described is the asymmetric synthesis of the allylic alcohols 11 (85% ee), 15 (99% ee), 17 (93% ee), 19 (61% ee), and 21
(69% ee) through a Pd-catalyzed reaction of the unsymmetrical carbonates rac-10, rac-12, rac-14, rac-16, rac-18, and rac-20, respec-
tively, with KHCO; and H,O in the presence of bisphosphane 6. Similarly the allylic alcohols 23 (99% ee) and 25 (97% ee) have been
obtained from the symmetrical carbonates rac-22 and rac-24, respectively. Reaction of the meso-biscarbonate 26 with H,O and
Pd(0)/6 afforded alcohol 27 (96% ee), which was converted to the PG building block 32. The unsaturated bisphosphane 33 showed
in the synthesis of alcohols 36, 37, and 39 a similar high selectivity as 6. The formation of alcohols 11, 15, and 17 involves an efficient

dynamic kinetic resolution.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Chiral allylic alcohols are important intermediates in the
synthesis of natural and non-natural compounds.! Sev-
eral methods have been developed for their asymmetric
synthesis including kinetic resolution® and those based
on C-H-'®3 and C-C-bond* formation. Particularly
interesting are alternative approaches featuring C-O
bond formation.> We have recently described a Pd-cata-
lyzed asymmetric synthesis of allylic alcohols, 5, through
reaction of the corresponding symmetrical racemic car-
bonates, rac-1, with the chiral catalyst Pd(0)/6° and
water’® (Scheme 17°).

The important steps of this synthesis are (1) the in situ
anion exchange of the m-allyl-Pd complex through
hydrolysis, 2—3, and (2) the enantioselective substitu-
tion of the latter complex by the hydrogen carbonate
ion with formation of an allylic hydrogen carbonate,
4, the decomposition of which gives the allylic alcohol,
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5. Key to the attainment of a high efficiency is the con-
version of both enantiomers of the allylic carbonate, 1
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and ent-1, to one m-allyl-Pd complex, 2, by the catalyst
because of the symmetrical carbon skeleton of the sub-
strate and the C,-symmetry of the ligand 6.

It was now of interest to see whether racemic unsymmet-
rical allylic carbonates are also capable to undergo a
highly efficient catalytic transformation to the corre-
sponding allylic alcohols with Pd(0)/6 and water. Here
the situation is much more complex since both enantio-
mers of the substrate, 7 and ent-7, react with the catalyst
with formation of two diastereomeric m-allyl-Pd com-
plexes, 8 and 9, respectively (Scheme 2).8 Only if there
is (1) a different reactivity of the complexes, (2) a fast
interconversion of both complexes or racemization of
the substrate, (3) a high stereoselectivity induced by
the ligand, and (4) a high regioselectivity caused by the
substituents can the racemic substrate be completely
converted to the chiral alcohol with high enantio- and
regioselectivity. An interconversion and racemization
could in principle be caused either by an anti substitu-
tion of the allyl complexes by the Pd(0) catalyst (e.g.,
8—9) and/or by a Pd-centered syn substitution of the al-
lyl complex by the anion (e.g., 8—ent-7), respec-
tively.?*#-10 However, examples for a Pd-catalyzed
allylic substitution of unsymmetrical racemic substrates
of type rac-7 that proceed with high yield and enantiose-
lectivity (dynamic kinetic resolution®") are very rare.!!

2. Results and discussion
2.1. Unsymmetrical substrates

We selected the racemic allylic carbonates shown in
Schemes 3-5 because of their electronically and steri-
cally different substituents, which are expected to pro-
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vide for a high regioselectivity of the substitution>-&!2

and the importance of the corresponding allylic alcohols
as starting material for the synthesis of chiral
compounds.

Treatment of the carbonate rac-10 with 4 mol % of
Pd(0)/6 and 1.4 equiv of KHCOj in the two-phase sol-
vent system composed of CH,Cl, and H,O at room tem-
perature for 36 h gave alcohol 11'3 with 85% ee in
85% yield (Scheme 3). Formation of the isomeric alcohol
was not observed (=>98%). A reduction of the amount of
the catalyst to 2 mol % saw a decrease of the ee-value of
11 to 78%. Interestingly, at the same catalyst concentra-
tion but in the single-phase solvent system THF/H,O
the ee-value of 11 dropped to 35%. Similarly, the omis-
sion of KHCOj; in the reaction of rac-10 with the cata-
lyst in CH,Cl,/H,O resulted in the isolation of 11 with
only 41% ee. Finally the isomeric carbonate rac-12 was
submitted to the reaction with 4 mol % of Pd(0)/6 and
1.4 equiv of KHCOj3; in CH,Cl,/H,O at room tempera-
ture for 36 h, which afforded exclusively alcohol 11
(=98%) with 84% ee in 83% yield.

With the less reactive acetate rac-13 a highly selective
kinetic resolution took place (Scheme 4).!° Treatment
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of rac-13 with 4 mol % of Pd(0)/6 and 1.4 equiv of
KHCO; in CH,Cl,/H,O gave alcohol 11 with 88% ee
in 45% yield and acetate ent-13'3 with 98% ee in 42%
yield. A non-linear regression of a series of ee- and con-
version-values gave a selectivity factor of S =73 + 32.

Next the synthetically more attractive functionalized
racemic carbonates rac-14, rac-16, rac-18, and rac-20
were investigated (Scheme 5). Treatment of the ester
rac-14 with 8 mol % of Pd(0)/6 and 1.4 equiv of KHCO;
in CH,CI,/H,O at room temperature for 96 h gave
alcohol 1544 with 99% ee in 87% yield. The sulfone
rac-16 afforded under similar conditions with half
amount of the catalyst alcohol 17415 with 93% ee in
87% vyield. The utilization of THF/H,O instead of
CH,Cl,/H,0 resulted also in this case in a decrease of
the ee-value of 17 to 60% (89% yield). The substitutions
of the nitrile rac-18 and the phosphonate rac-20 pro-
ceeded less selectively. Reaction of rac-18 and rac-20
with 4 mol % of Pd(0)/6 and 1.4 equiv of KHCOj; in
CH,Cl,/H,O at room temperature for 96 h furnished
alcohol 19'¢ with 61% ee in 87% yield and alcohol 217
with 69% ee in 83% yield, respectively. All of the substi-
tutions of rac-14, rac-16, rac-18, and rac-20 were highly
regioselective (=98%).

2.2. Symmetrical substrates

The cyclic allylic alcohols 23'® and 25'° (Scheme 6) are
valuable starting materials for the synthesis of chiral li-
gands and biologically active compounds. Therefore the
substitutions of the acetate rac-22 and carbonate rac-24
were studied.

We had previously observed that the Pd-catalyzed reac-
tion of the carbonate derived from alcohol rac-23 with
water in CH,Cl, afforded 23 with only 43% ee in 91%
yield.”® The carbonate of rac-23 shows a strong memory
effect in Pd-catalyzed allylic substitution in the presence
of 6, that is, both enantiomers not only react with a dif-
ferent rate with the chiral catalyst but also with a differ-
ent enantioselectivity with the nucleophile.'>?° Most
importantly, the catalyst Pd(0)/6 also causes a partial
racemication of the slower reacting enantiomer of the
carbonate. This suggested the use of the less reactive
acetate rac-22. Treatment of rac-22 with 4 mol % of
Pd(0)/6 and 1.4 equiv of KHCO; in CH,Cl,/H,O at
room temperature for 18 h afforded alcohol 23 with
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88% ee in §9% yield. Gratifyingly, lowering the temper-
ature to 3 °C allowed the isolation of alcohol 23 with
99% ee in 83% yield after a reaction time of 72 h under
otherwise identical reaction conditions. Similarly, reac-
tion of the racemic carbonate rac-24 with 2 mol % of
Pd(0)/6 and 1.4 equiv of KHCO; in CH,Cl,/H,O at
room temperature for 24 h gave indenol 25 with 97%
ee in 88% yield.

2.3. Synthesis of a prostaglandin building block

As a final example, the substitution of the meso-config-
ured biscarbonate 26 was studied (Scheme 7).

Treatment of 26 with 4 mol % of Pd(0)/6 in CH,Cl,/
H,O at 0 °C and a concentration of 0.1 M of the sub-
strate for 48 h afforded alcohol 27 with 96% ee in
87% yield. At room temperature, the ee-value of 27 fell
to 53%. Interestingly, the same reaction of 26 at a con-
centration of 1 M gave 27 with 94% ee in 17% yield
and carbonate 29?! with 66% ee in 67% yield. Carbonate
29 is most likely formed by a competing Pd/6-catalyzed
intra-molecular substitution of the hydrogen carbonate
28.

The synthetic utility of alcohol 27 is demonstrated by its
conversion to ketone 32 (Scheme 8), the enantiomer of
which is a key starting material in the asymmetric
synthesis of prostaglandins.?? Silyl protection of the
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hydr- oxy group of 27 afforded the silyl ether 30 in 76%
yield. Transesterification of carbonate 30 gave alcohol
31 in 87% yield. Finally, oxidation of 31 afforded ketone
32 in 85% yield.?3**

2.4. Investigation of the unsaturated ligand 33

The bisphosphane 33?° (Scheme 9) is an unsaturated
analog of 6, the potential of which for catalysis has
not yet been explored. We were interested to apply 33
as a ligand in Pd-catalyzed allylic substitution in order
to see whether the double bond interferes with the cata-
Iytic cycle perhaps leading to a different activity and
selectivity of Pd(0)/33 as compared to Pd(0)/6.

Treatment of the six-membered cyclic carbonate rac-34
with 4 mol % of Pd(0)/33 and 1.4 equiv of KHCOj; in
CH,Cl,/H,0 at room temperature furnished the alcohol
35 with 93% ee in 90% yield. The use of saturated
ligand 6 in this transformation had given 35 with 97%
ee.’® Similarly, reaction of the seven-membered cyclic
carbonate rac-36 afforded alcohol 37 with 96% ee in
90% yield: The analogous reaction in the presence of 6
had furnished 37 with 99% ee in 94% yield.”® Finally,
the acyclic carbonate rac-38 was tested. Its substitution
afforded under similar conditions alcohol 39 with 95%
ee in 87% yield, which in the case of 6 had been obtained
with 96% ee in 83% yield.7-26-27

3. Conclusion

The reaction of racemic allylic carbonates with HCO; ™,
water, and Pd(0)/6 or Pd(0)/33 allows a simple catalytic

asymmetric synthesis of a number of synthetically inter-
esting unsymmetrical and symmetrical allylic alcohols.
The high enantioselectivity observed with some of the
unsymmetrical racemic carbonates points to the opera-
tion of an efficient dynamic kinetic resolution featuring
either an interconversion of the intermediate diastereo-
meric m-allyl-Pd complexes and/or a racemization of
the substrate, which are faster than the highly selective
substitution of the more reactive m-allyl-Pd complex.?
Experiments with the unsaturated bisphosphane 33
showed it to have a similar selectivity and activity in
Pd-catalyzed allylic substitution as its saturated analog
6.
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