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Starting from racemic diastereomeric mixtures of dimethyl-2-oxocyclohexanepropionic acids (4-6) the synthesis of

enantiopure

7,8-, 6,8-, and 5,8-dimethyl-substituted cis-decahydroquinolines (11, 13, and 15) and their enantiomers (ent-

11, ent-13, and ent-15) is reported. The procedure involves a dynamic kinetic asymmetric transformation in the

cyclocondensation of keto-acids 4-6 with (R)-phenylglycinol to give in each case two major oxazoloquinolone lactams (7a/7b,

8a/8b, 9a/9b), which differ in the absolute configuration of all the stereogenic centers except that of the chiral inductor. A

subsequent two-step stereoselective removal of the phenylglycinol moiety with simultaneous reduction of the lactam

carbonyl affords the enantiopure cis-decahydroquinolines in both enantiomeric series.

Introduction

The search for new and efficient methodologies for the
preparation of optically pure compounds continues to be an
important issue in synthetic organic chemistry, particularly in
the context of the synthesis of drugs and bioactive products.! In
this respect, the development of practical synthetic methods for
the generation of multiple stereocenters with high diastereo-
and enantioselectivity in a single synthetic step has long
constituted a challenging goal for organic chemists.

The preparation of a single enantiomer from a racemate
may be achieved by conventional resolution procedures or by
exploiting the differences in reactivity, as in the enzymatic? and
nonenzymatic? kinetic resolutions. The main drawback of these
widely used de-racemization processes is that the maximum
yield of the isolated enantiomer is always limited to 50%. A
more efficient approach for the transformation of enantiomeric
or diastereomeric mixtures into a single stereoisomeric product
is the dynamic kinetic resolution (DKR) of racemates,* when the
racemic substrate or the two diastereomers resulting from the
initial reaction with a chiral reagent have a chirally labile
stereogenic center capable of undergoing in situ racemization
or epimerization during the reaction. The resolution of
racemates via diastereomeric intermediates as well as the de-
epimerization of diastereomeric mixtures are dynamic kinetic
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asymmetric transformations (DYKATs),> which have been
extensively used to access enantiomerically pure compounds.

In previous work we have explored the synthetic utility of
aminoalcohol-derived tricyclic oxazoloquinolone lactams as
chiral scaffolds for the enantioselective total synthesis of
decahydroquinoline alkaloids.® The decahydroquinoline core is
found as a prime structural motif in a wide variety of biologically
relevant natural products, ranging from diversely substituted
simple decahydroquinolines to more complex polycyclic
systems.

The simplest oxazoloquinolone lactam, lacking substituents
on the decahydroquinoline core, was easily available in a single
step by cyclocondensation of (R)-phenylglycinol and racemic
methyl 2-oxocyclohexanepropionate. The reaction was highly
stereoselective, leading to an 89:11 diastereomeric mixture of
lactams a and b in excellent yield,% in a process involving the de-
racemization of the epimerizable stereocenter at the ketone a-
position and the generation of a second stereocenter from the
prochiral carbonyl (Scheme 1).

Subsequent studies using 4- and 6-methyl substituted
cyclohexanones revealed the dramatic influence of the absolute
configuration of the non-isomerizable C-4 and C-6
stereocenters on the stereochemical course of the reactions
with (R)- or (S)-phenylglycinol.®® Thereby, treatment of keto-
esters A with (R)-phenylglycinol or B with (S)-phenylglycinol
provided single isomers of the corresponding tricyclic lactams
(Scheme 2), whereas mixtures of isomers in modest or very low
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Scheme 1 Access to simple oxazoloquinolone lactam.



o] R.Me Tricyclic lactams obtained as single isomers
MeO,C A o N (0] Me o N 9
o (R)- or (S)-Phenylglycinol w
- T,
1 H ﬁ
76% 76%
MeO,C Rl6 : i Me
From A and From B and
Me (R)-phenylglycinol (S)-phenylglycinol

C-1 epimeric mixtures

Scheme 2 Cyclocondensation reactions using 4- and 6-methyl
substituted cyclohexanones.

selectivity were observed from the pairs A and (S)-
phenylglycinol or B and (R)-phenylglycinol.

On the other hand, the cyclocondensation of (R)-
phenylglycinol with a mixture of racemic cyclohexanone-
propionic acid diastereomers C, which incorporate a methyl
substituent at the isomerizable 3-position, afforded the 11-
methyl substituted tricyclic lactams c and d in a 75:25 ratio. This
dynamic kinetic asymmetric transformation involves the
epimerization of the two configurationally labile stereocenters
of the starting mixture of keto-esters. Only small amounts of
other diastereomers (e and f) were isolated (Scheme 3).%¢

With these precedents in mind, we decided to analyze the
stereoselectivity in the generation of tricyclic lactams from
racemic diastereomeric mixtures of 2-oxocyclohexanepropionic
acids bearing two methyl groups on the carbocyclic ring, one at
the isomerizable C-3 position and the other at the C-4, C-5 or C-
6 position. Their cyclocondensation with (R)- or (S)-
phenylglycinol would lead to enantiopure 10,11-, 9,11- or 8,11-
disubstituted tricyclic lactams (Scheme 4).

Since the C-4, C-5 or C-6 stereocenters
cyclohexanones cannot isomerize, in each case the reaction can
provide two series of lactams differing at least in the
configuration of these non-isomerizable stereocenters: a C-7a,
C-11, and C-11a diastereomeric mixture of tricyclic lactams with
an S configuration (S series) at the non-epimerizable
stereocenter (C-10, C-9 or C-8) and an analogous mixture with
an R configuration (R series) at this stereocenter. Obviously, the
highest possible yield for each series is 50%. Therefore, the main
goal of this work was to analyze the stereoselectivity in the
formation of tricyclic oxazoloquinolone lactams in both R and S
series (configuration of the non-isomerizable stereocenter),
with the final purpose of establishing a procedure for the
stereoselective preparation of enantiopure disubstituted
decahydroquinolines from racemic mixtures of diastereomeric
keto-acids.

in the above
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Scheme 3 Cyclocondensation reaction using a mixture of
racemic isomerizable diastereomers.

2| J. Name., 2012, 00, 1-3

CgHs., R
615 (\OH

NH2

Isomerizable
stereocenters | O,

HO,C

One methyl at the C-4, C-5 or
Racemic mixtures C-6 non isomerizable positions

of diastereomers

Scheme 4 Cyclocondensation reactions studied in this work.
Results and discussion

The required keto-acids 4-6 were easily available by Michael
addition of the pyrrolidine-enamines of cyclohexanones 1-3 to
methyl acrylate, followed by saponification of the resulting
methyl esters (Scheme 5). The starting dimethyl
cyclohexanones 1-3 were prepared following reported
procedures.’

Heating a mixture of keto-acid 4 and (R)-phenylglycinol in
refluxing benzene for 24 h stereoselectively afforded two major
tricyclic lactams, 7a (10R series; 28%) and 7b (10S series; 30%),
showing an opposite configuration at the four stereocenters on
the carbocyclic ring. Two minor diastereomeric lactams, 7c and
7d, differing in the configuration at the C-7a position were also
isolated in the 10R series. Lactam 7b was isolated as the only
isomer in the 10S series (Scheme 6A).

Similarly, cyclocondensation of keto-acid 5 with (R)-
phenylglycinol stereoselectively afforded lactams 8a (9R series)
and 8b (9S series) in 31% and 34% yield, respectively. Only trace
amounts of other two diastereomers in the 9R series, 8c and 8d,
differing in the configuration at the C-7a stereocenter were
isolated from the reaction mixture (Scheme 6B).

Finally, tricyclic lactams 9a (8S series) and 9b (8R series)
were obtained in 30% and 29% vyield, respectively, by
cyclocondensation of keto-acid 6 with (R)-phenylglycinol. Again,
only very minor amounts of other two diastereomers, 9c¢c and
9d, differing in the configuration at the C-7a stereocenter were
observed in the 8S series (Scheme 6C).

The above results indicate that the simultaneous presence
of two methyl substituents in the starting keto-acid, one at a
non-isomerizable position of the cyclohexanone ring and the
other at the isomerizable C-3 position, induces a high degree of
stereoselectivity in the studied cyclocondensation reactions.
This results in the formation of two major tricyclic lactams
(7a/7b, 8a/8b and 9a/9b; about 30% yield each one) that differ
in the absolute configuration of the four stereogenic centers on
the carbocyclic ring. Only minor amounts of two other
diastereomers were isolated. Starting from a mixture of a
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Scheme 5 Synthesis of the starting keto-acids.
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Scheme 6 Cyclocondensation reaction of keto-acids 4-6.

mixture of eight stereoisomers (four racemates), a remarkable
dynamic kinetic asymmetric transformation occurred, in which
three stereogenic centers with a well-defined configuration
were generated by de-epimerization of the isomerizable C-1
and C-3 positions of the starting carbocyclic ring and the spiro
chiral carbon of the intermediate spiro-oxazolidine.

For comparison purposes, Scheme 7 summarizes the
stereochemical outcome of the cyclocondensation reactions of
(R)-phenylglycinol with keto-ester B, with a defined R
configuration at C-6 (see Scheme 2), and with the 6R
stereoisomers of keto-acid 6 (6R series). As can be observed,
keto-ester B afforded an equimolecular mixture of tricyclic
lactams that differ in the configuration of the ring fusion
carbons C-7a and C-11a.%8 In contrast, the presence of a methyl
substituent at the isomerizable C-3 position of the analogous
keto-acid (6R)-6 provokes the generation of a single isomer (9b).
However, in a similar cyclocondensation with a mixture of
racemic diastereomers C, lacking the C-6 methyl substituent,
the lactam with the same configuration at C-7a and C-11a as 9b
was a minor isomer (d in Scheme 3).5¢ Therefore, both C-3 and
C-6 methyl substituents cooperatively contribute to increase or
even invert the stereoselectivity of the reaction.

This journal is © The Royal Society of Chemistry 20xx
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The high stereoselectivity observed in the formation of
tricyclic lactams 7a/7b, 8a/8b and 9a/9b can be rationalized by
considering that the reaction of (R)-phenylglycinol with the
keto-acids 4, 5 and 6, respectively, affords a mixture of 16
diastereomeric  spiro-oxazolidines. Eight of them (R
configuration at the non-isomerizable stereocenter) are in
equilibrium through the corresponding imine-enamines, as are
the other eight in the S series. In both series, the final
irreversible lactamization step takes place faster from the
spiro-oxazolidines in which the two methyl substituents on the
cyclohexane ring are equatorial.

For instance, in the reaction of keto-ester 4 with (R)-
phenylglycinol, the intermediate spiro-oxazolidines D (10R
series) and E (10S series) display both methyl substituents in
equatorial disposition, leading to the major isomers 7a and 7b,
respectively (Scheme 8).

The formation of two minor isomers, 7c and 7d, in the 10R
series can be attributed to the severe steric interactions in D
between the phenyl group and the isomerizable methyl
substituent, which induce a configurational change of this
stereocenter via the equilibrium oxazolidine-imine-enamine.

However, in oxazolidine F, which is the precursor of lactam
7c, the isomerizable methyl substituent shows a 1,3-diaxial
interaction with the propionate chain. This strain is released in
oxazolidine G, generated by an inversion in the configuration of
the stereocenter next to this chain, again via the equilibrium
oxazolidine-imine-enamine. Oxazolidine G is the precursor of
the highly strained lactam 7d, with a trans fusion of the two six-
membered rings. It is worth mentioning that the formation of
two minor diastereomers (e and f; Scheme 3) with the same
relative configuration at the C-7a, C-11 and C-11a positions as
lactams 7c¢ and 7d was already observed® in the
cyclocondensation of keto-ester C (the C-4 demethyl analog of
4) with (R)-phenylglycinol.

The Cg¢Hs/CHs interactions do not exist in the spiro-
oxazolidine E (10S series), since the phenyl substituent is on the
opposite face of the oxazolidine ring, so a single lactam 7b was
formed in this series. The lower yield (30%) in the
cyclocondensation leading to 7b in comparison with the overall
yield for the lactams in the 10R series (7a + 7c + 7d; 46%) could
be accounted for by considering that in 7b the carboxylate
approaches the nitrogen from the more hindered face of the
oxazolidine, next to the phenyl substituent.

Single isomer
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Scheme 8 Stereochemical outcome of the cyclocondensation reaction from keto-acid 4.

A similar analysis of the results observed in the
cyclocondensation of keto-acid 5, leading to tricyclic lactams 8a-
d, and keto-acid 6, providing lactams 9a-d, allows the course of
these reactions to be rationalized (see Schemes S1 and S2 in the
ESI).

The configurational assignment of all new tricyclic lactams
was unequivocally determined by X-ray analysis, except for
compounds 7d and 8d. On the other hand, the *H- and 3C-NMR
spectra show characteristic signals for protons and carbons at
the C-2 and C-3 positions on the oxazolidine ring, which are of
diagnostic value (see the ESI).

Attempts to improve the stereoselectivity of the above
cyclocondensations by using the conformationally more rigid
(1S,2R)-aminoindanol, instead of (R)-phenylglycinol, resulted in
mixtures of lactams. As they could not be separated by
chromatographic methods, and the ratio of isomers could not
be determined by GC-MS, no further studies were performed
using this chiral inductor.

To demonstrate the synthetic utility of the above tricyclic
lactams, the two major isomers of each series were converted
into the corresponding enantiomeric pairs of dimethyl cis-
decahydroquinolines. Thus, treatment of lactams 7a, 8a, and 9a
with LiAlH4 and AICI; brought about the reduction of the lactam
carbonyl and the stereoselective reductive cleavage of the
oxazolidine ring to give cis-decahydroquinolines 10, 12, and 14,
respectively, in good vyields. Finally, removal of the 2-
phenylethanol moiety of the chiral inductor was achieved by
debenzylation using Pearlman’s catalyst in the presence of
Boc,0 to provide the target enantiopure 7,8-dimethyl-, 6,8-
dimethyl-, and 5,8-dimethyl-cis-decahydroquinolines 11, 13,
and 15 (Scheme 9).

Similarly, starting from the diastereomeric tricyclic lactams
7b, 8b, and 9b, the enantiomers of the corresponding cis-
decahydroquinolines, ent-11, ent-13, and ent-15, respectively,
were obtained in good yields (Scheme 10).

Conclusions

A dynamic kinetic asymmetric transformation occurs in the
cyclocondensation reaction of (R)-phenylglycinol  with
diastereomeric mixtures of 2-oxocyclohexanepropionic acid
racemates (4-6) bearing two methyl groups on the carbocyclic
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enantiopure

ring, one at the isomerizable C-3 position and the other at the
C-4, C-5 or C-6 position. In all cases, two major
oxazoloquinolone lactams (7a/7b, 8a/8b, 9a/9b) that differ in
the absolute configuration of all the stereogenic centers, except
that of the chiral inductor, were obtained. After the
stereoselective removal of the phenylethanol moiety of the
chiral inductor, the procedure provides access to enantiopure
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decahydroquinolines in the opposite enantiomeric series.

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins




7,8-, 6,8-, and

5,8-dimethyl-substituted cis-

decahydroquinolines (11, 13, and 15, respectively) and their
enantiomers (ent-11, ent-13, and ent-15). This methodology can
be of interest in the field of drug discovery for the easy and
efficient generation of disubstituted cis-decahydroquinolines in
both enantiomeric series, with the final aim of evaluating the
differences in their biological activities.
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