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Abstract—An expedient enantioselective approach to (R)-homocitric acid lactone from an ephedrine-derived morpholine-dione, a

cationic glycolate equivalent, is described.
© 2007 Elsevier Ltd. All rights reserved.

(R)-Homocitric acid (1, Fig. 1) is a key intermediate in
the biosynthesis of L-lysine, an essential amino acid in
some yeast and fungi,' and it is also a component of
the Fe-Mo cofactor in nitrogenase.? The unique biolog-
ical profile of homocitric acid is of interest in the devel-
opment of antifungal therapies® and in the elucidation
of the intricacies of nitrogen fixation.* Studies toward
these objectives require access to enantiomerically
enriched (R)-homocitric acid and its analogues,® neither
of which are commercially available in significant
amounts. Consequently, the enantioselective synthesis
of homocitric acid, invariably isolated as its y-lactone
2 (Fig. 1), has been actively investigated in recent years.®
Syntheses of the racemate have also been reported
recently.” In addition, it has been observed that the alkyl
citrate, isocitrate, or a-alkyl malate motifs, which are
close congeners of homocitrates, are key pharmaco-
phoric units in several bioactive alkaloids, glycosides
and antifungal agents.® This has added to the interest
in substituted o-hydroxy di- and tri-carboxylic acid
derivatives in recent years.

Our approach to (R)-homocitric acid is based on the
double alkylation of a chiral oxalic acid derivative, the
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Figure 1. (R)-Homocitric acid (1) and (R)-homocitric acid lactone (2).
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ephedrine-derived morpholinedione 3,° which functions
as a cationic glycolate equivalent. The dione 3 is easily
prepared from commercially available 1R,2S-ephedrine
and ethyloxalyl chloride in good yield (85%). Treatment
of 3 with butenylmagnesium bromide generated the
hemiacetal 4 (82%, Scheme 1). The diasteroselectivity
of the process was moderate (1/1-5/1, depending on
the reaction temperature) and the stereochemistry of
the major diastereomer was not determined. The hemi-
acetal in 4 was readily allylated (TiCly, allytrimethyl-
silane, —40 °C) to furnish the dialkylmorpholinone 5
(68%) as a single diastereomer (98% ee).! The newly
generated stereocenter in 5 was assigned the ‘R’ config-
uration on the basis of an NOE experiment, which indi-
cated a syn orientation of the allyl group and the
benzylic hydrogen in the morpholinone ring. This result
is probably the outcome of a stereoelectronically con-
trolled axial allylation of the oxocarbenium ion in a
boat-like transition state assembly (Scheme 1).!!
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Scheme 1. Diastereoselective double alkylation of morpholinone 3.
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The overall conversion of the dione 3 to the dialkyl gly-
colamide 5 constitutes an asymmetric dialkylation of a
chiral oxalic acid derivative. This procedure is an alter-
native to conventional approaches to chiral o,o-dialkyl-
ated glycolic acid derivatives that are based on
sequential dialkylation of glycolate anions.'”> The
approach may be advantageous when the Sy2 reactivity
of the electrophile is a limitation in the anion alkylation
protocol. Having constructed the required o-hydroxy
stereocenter in the target molecule, we proceeded to
remove the ephedrine portion in 5. Dissolving metal
reduction of 5 (Na/NHj3, —78 °C) provided the hydroxy
amide 6 in good yield (81%, Scheme 2). Details of the
homobenzylic C-N bond cleavage in 5 are not known
at present. It is plausible that, at some stage in the reduc-
tion, a benzylic carbanion is generated and it undergoes
facile B-elimination of the N-acyl moiety.'> We next
investigated the hydrolysis of the secondary amide in
6. Not surprisingly, this proved to be a challenging task.
Heating 6 in aqueous acids led to multiple products,
some of which were presumably derived from intra-
molecular alcohol-alkene etherification reactions of 6.
Basic hydrolysis conditions resulted in decomposition.
Attempts to activate the amide by N-nitrosation'# were
unsuccessful as were the efforts to convert the amide into
an iminium species or an imidate ester. We therefore
decided to utilize a two step procedure for achieving
the required transformation. Treatment of 6 with iodine
(2.5 equiv) gave a mixture of products. These are prob-
ably obtained by iodolactonization involving the amide
and the allyl group and iodoetherification of some of the
iodolactone by reaction of the tertiary alcohol with the
butenyl group to generate a spiro ring system. Fortu-
nately, when the crude product mixture was subjected
to dehalogenative elimination with zinc, the hydroxy
acid 7 was obtained in excellent yield (91%, Scheme 2).
The efficiency of the dehalogenation reaction lends some
credence to the proposed reactions of 6 with iodine,
since the lactonization as well as the iodoetherification
products should readily generate 7 after metallation
with zinc.

The final step of the synthesis required the oxidative
cleavage of the terminal alkenes in 7 to the carboxylic
acids. This was readily achieved by treatment of 7 with
aq KMnO, and NalQy in acetone (Scheme 2). Acidifi-
cation of a sodium bicarbonate extract of the crude reac-
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Scheme 2. Synthesis of (R)-homocitric acid lactone.

tion product furnished (R)-homocitric acid y-lactone
(64%, 98% ee, [a]p —57.0 (¢ 1, HyO); lit.% [o]2) —48.9
(¢ 0.38, H,O)). It may be noted that the use of labeled
butenyl Grignard reagents'> prepared from 4-bromobu-
tene deuterated at C-4 should allow the introduction of
deuterium in the lactone ring of 2. Similarly, the use of
deuterated allyltrimethylsilanes'® should provide access
to homocitrate that is deuterated in the acetate side
chain. The synthesis is therefore well suited for the prep-
aration of labeled homocitrates®® that may be of interest
in biological studies.

Acknowledgements

These investigations were supported by the Natural Sci-
ences and Engineering Research Council of Canada and
the Canada Foundation for Innovation.

Supplementary data

Experimental methods, spectroscopic data with assign-
ments, 'H and '3C data for all compounds. Supplemen-
tary data associated with this article can be found, in the
online version, at doi:10.1016/j.tetlet.2007.08.005.

References and notes

1. Zabrieski, T. M.; Jackson, M. D. Nat. Prod. Rep. 2000, 17,
85.

2. Hoover, T. R.; Imperial, J.; Ludden, P. W.; Shah, V. K.
Biochemistry 1989, 28, 2768.

3. Tanzer, M.; Shuster, J.; Harner, L.; Adachi, K.; Dezwaan,
T.; Lo, S.-C.; Montenegro-Chamorro, M. V.; Frank, S.;
Deveraux, B.; Mahanty, S.; Heiniger, R.; Skalchunes, A.;
Pan, H.; Tarpey, R. PCT Int. Appl. 2003, WO
2003046130.

4. Recent reports: (a) Durrant, M. C.; Francis, A.; Lowe, D.
J.; Newton, W. E.; Fisher, K. Biochem. J. 2006, 397, 261;
(b) Cao, Z.; Jin, X.; Zhou, Z.; Zhang, Q. Int. J. Quantum
Chem. 2006, 106, 2161; (c) Palmer, J. G.; Doemeny, P. A.;
Schrauzer, G. N. Z. Naturforsch., B: Chem. Sci. 2001, 56,
386.

5. (a) Tavassoli, A.; Duffy, J. E. S.; Young, D. W. Org.
Biomol. Chem. 2006, 4, 569; (b) Madden, M. S.; Paustian,
T. D.; Ludden, P. W.; Shah, V. K. J. Bacteriol. 1991, 173,
5403; (c) Molines, H.; Massoudi, M. H.; Cantacuzene, D.;
Wakselman, C. Synthesis 1983, 322.

6. (a) Huang, P.-Q.; Li, Z.-Y. Tetrahedron: Asymmetry 2005,
16, 3367, (b) Xu, P.-F.; Matsumoto, T.; Ohki, Y.
Tatsumi, K. Tetrahedron Lett. 2005, 46, 3815; (c) Paju,
A.; Kanger, T.; Pehk, T.; Eek, M.; Lopp, M. Tetrahedron
2004, 60, 9081; (d) Ma, G.; Palmer, D. R. J. Tetrahedron
Lett. 2000, 41, 9209; (e) Ancliff, R. A.; Russell, A. T.;
Sanderson, A. J. Tetrahedron: Asymmetry 1997, 8, 3379;
(f) Gaston, H.; Rodriguez, R.; Biellmann, J.-F. J. Org.
Chem. 1996, 61, 1822; For a synthesis from (—) quinic
acid, see: (g) Thomas, U.; Kalyanpur, M. G.; Stevens, C.
M. Biochemistry 1966, 5, 2513.

7. (a) Chen, H.-B.; Chen, L.-Y.; Huang, P.-Q.; Zhang, H.-
K.; Zhou, Z.-H.; Tsai, K.-R. Tetrahedron 2007, 63, 2148;
(b) Li, Z.-C.; Xu, J.-Q. Molecules 1998, 3, 31.

8. (a) El Bialy, S. A. A.; Braun, H.; Tietze, L. F. Eur. J. Org.
Chem. 2005, 2965; (b) Singh, S. B.; Link, D. L.; Doss, G.


http://dx.doi.org/10.1016/j.tetlet.2007.08.005

10.

11.

S. V. Pansare, V. A. Adsool | Tetrahedron Letters 48 (2007) 7099-7101

A.; Polishook, J. D.; Ruby, C.; Register, E.; Kelly, T. M.;
Bonfiglio, C.; Williamson, J. M.; Kelly, R. Org. Lett. 2004,
6, 337.

(a) Rudchenko, V. F.; Shtamburg, V. G.; Pleshkova, A.
P.; Kostyanovskii, R. G. Bull. Acad. Sci. USSR Div.
Chem. Sci. (Engl. Transl.) 1981, 30, 825; (b) Pansare, S.
V.; Bhattacharyya, A. Tetrahedron Lett. 2001, 42, 9265.
Enantiomeric excess was determined by HPLC analysis on
a Chiralpak AD-H column. See Supplementary data for
details.

Pansare, S. V.; Jain, R. P.; Ravi, R. G. J. Org. Chem.
1998, 63, 4120; For synthetic applications of other
aminoalcohol-derived morpholinones, see: (a) Cox, G.
G.; Harwood, L. M. Tetrahedron: Asymmetry 1994, 9,
1669; (b) Williams, R. M. Aldrichim. Acta 1992, 25,
11.

12.

13.

14.

15.

16.

7101

Ley, S. V.; Diez, E.; Dixon, D. J.; Guy, T. R.; Michel, P.;
Natrass, G.; Sheppard, T. D. Org. Biomol. Chem. 2004, 2,
3608, and references cited therein.

A few examples of homobenzylic carbon-oxygen bond
cleavage during dissolving metal rduction have been
documented, see (a) Samizu, K.; Ogasawara, K. Tetra-
hedron Lett. 1994, 43, 7989; (b) Evans, D. A.; Sjogren, E.
B. Tetrahedron Lett. 1985, 26, 3783.

Evans, D. A.; Carter, P. H.; Dinsmore, C. J.; Barrow, J.
C.; Katz, J. L.; Kung, D. W. Tetrahedron Lett. 1997, 38,
4535.

Silver, M. S.; Shafer, P. S.; Norlander, J. E.; Ruchardt, C.;
Roberts, J. D. J. Am. Chem. Soc. 1960, 82, 2646.

(a) Shotsky, J.; Kwart, H. J. Am. Chem. Soc. 1973, 95,
8678; (b) Hill, E. A.; Boyd, W. A.; Desai, H.; Bivens, L. J.
Organomet. Chem. 1996, 514, 1.



	Enantioselective synthesis of (R)-homocitric acid lactone
	Acknowledgements
	Supplementary data
	References and notes


