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Summaery: A novel 5-endo,ezo, intramolecular Mukaiyama aldol condensation was employed in a simple
synthesis of 3-amino-3-tetrahydrofurancarboxylic acid, an oxygenated cycloleucine analogue.

The non-protein amino acids! are of growing importance on account of their intrinsic biological activities,
as well as for the unique properties they impart when incorporated into peptide c¢hains. Cyclic amino acids are
of particular interest, as exemplified by cycloleucine 1, which possesses diverse physiological activities,? and
which has been utilized in the synthesis of conformationally restricted peptide sweeteners.® The corresponding
tetrahydrothiophene analogue 2a is an inhibitor of S-adenosylmethionine transferase,* while the naturally
occuring plant metabolite cucurbitine 2b has been isolated from several species of Cucurbitaceae,® and
displays anthelminthic activity. ® We were interested in preparing the previously unknown tetrahydrofuran
analogue 8, as part of a program to synthesize novel, biologically active amino acids. 7 We report herein a

direct and concise synthesis of 8 via a novel application of the intramolecular Mukaiyama aldol condensation.
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The proximity of an oxygen atom 3 to the carboxyl group of 3 suggested the use of an intramolecular
Mukaiyama aldol condensation,® a reaction of some utility as a method for the synthesis of 6, 7, and 8-

membered oxacyclic rings.® As illustrated in Scheme 1, selective functionalization of D,L-homoserine 4
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SCHEME 1
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{a) PMNCO,Et, Et;N, THF, refluz, 24h, 71%. (b) BzBr, DMF, 28°C, Et;N, {{h, 92%. (¢) (iPr),EtN,
MEMCI, CH,Cly, 23°C, 19 h, 97% . (d) 1.2 eq. LDA, THF, -78°C, 30 min; TMSCI, CH,Cl,, -78°C— 28°C,
1.5h. (e} 1.0 eq TiCl,, CH,Cl,, 1h, 0°C, 32% from 6b. (f) 6N HCI/HOAe (1:1), 100°C, 3h; EtOH, propylene
ozxide, 58% .
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provided a convenient route to the desired cyclization precursor. Phthalimide formation, followed by benzy-
lation of the amine salt 5, afforded the benzyl ester 6a in 65% overall yield. The alcohol 6a was smoothly
converted to the corresponding (methoxyethoxy)methyl (MEM) ether 6b in 97% yield after chromatogra-
phy, by treatment with MEM chloride in CH,Cl, in the presence of N,N-diisopropylethylamine. The MEM
ether group was chosen as the cyclization initiator since previous work has shown that in the presence of
Lewis acids, regioselective C-O bond cleavage of the unsymmetrical acetal occurrs with elimination of the
2-methoxyethoxy group, followed by intra- or intermolecular nucleophilic attack on the resulting methylene
oxonium ion. !° Formation of the ester enolate of 8b with lithium diisopropylamide in THF at -78°C followed
by quenching with trimethylsilyl chloride and evaporation of solvent, gave the crude silyl ketene acetal 7.
Exposure of 7 for one hour to titanium tetrachloride (1.0 equiv.) in dichloromethane at 0°C followed by
aqueous workup and chromatography on silica gel, afforded the tetrahydrofuran 9 in 32% yield, presumably

through the intermediacy of methylene oxonium ion 8.

TMSO

Bz0
+ -
PhtN 40 Ct

8

Acidic hydrolysis of 9, followed by evaporation and treatment of the hydrochloride salt with propylene
oxide in ethanol, furnished the desired 3-amino-3-tetrahydrofurancarboxylic acid 8 in 58% yield, mp 244-
247°C . Using the terminology of-Kocienski,® the Mukaiyama cyclization of 7 represents a 5-endo,ezo, ring
closure, and is nominally disfavored under Baldwin’s rules. ! Interestingly, one other example of a 5-endo, ezo,

tetrahydrofuran cyclization has been reported previously. 12

In conclusion, the simple and direct preparation of 3 outlined here demonstrates the applicability of the
intramolecular Mukaiyama aldol condensation for the synthesis of tetrahydrofuran-substituted amino acids.
This methodology can provide a useful approach for the synthesis of heterocyclic amino acids which would

be difficult to obtain by more conventional methods.!3

References and Notes

1. Hunt, S. In Chemistry and Biochemistry of the Amino Acids; Barrett, G.C., Ed.; Chapman and Hall:
New York, 1985; Chapter 4.

2. For example: (a) Anticonvulsant activity - Zand, R.; Izquierdo, 1. Neurochem. Res. 1980, 5, 1; (b)
DNA methylase inhibitor - Woodcock, D.M.; Adams, J.K.; Allan, R.G.; Cooper, L.A. Nucleic Acids Res.
1983, 11, 489; (c) Plant antiviral activity - Dawson, W.O. Phytopathology 1984, 74, 211.



1184

10.
11.
12.

13.

. Rodrizuez, M.; Bland, J.M.; Tsang, J.W.; Goodman, M. J. Med. Chem. 1985, 28, 1527,

. (a) Coulter, A.W.; Lombardini, J.B.; Sufrin, J.R.; Talalay, P. Mol. Pharmacol. 1974, 10, 319; (b) Bey,

P.; Vevert, J.-P.; Dorsselaer, V.V.; Kolb, M. J. Org. Chem. 1979, {4, 2732.

. {2) Isolation: Fan, H.-F.; Lin, C.-C. Wu Li Hsueh Pao, 1985, 21, 253 [Chem. Abstr. 1965, 63, 109¢];

Dunill, P.M.; Fowden, L. Phytochemistry, 1965, {, 933; Mihranian, V.H.; Abou-Charr, C.1. Lloydia,
1968, 91, 23; (b) Synthesis: Sun, T.-C.; Lo, S.-W.; Chao, S.-W.; Chi, J.-Y. Sei. Sinica 1961, 10, 852
[Chem. Abstr.[; Monteiro, HJ. J. Chem. Soc., Chem. Commun. 1978, 2; Morimoto, Y.; Achiwa, K.
Chem. Pharm. Bull. 1987, 35, 3845;

. {a) Gonzalez, A.E.; Bravo, O.R.; Garcia, M.H.; Santos de la R., M.; Tomas del M., L. An. R. Acad.

Farm. 1974, {0, 475 [Chem. Absir. 1975, 82, 149446a); (b) Liang, Y.; Marlowe, C.; Waddell, W.J.
Zhonggno Yaoli Xuebao 1982, 3, 267 [Chem. Abstr. 10883, 98, 172457u].

. (a) Walker, D.M.; McDonald, J.F.; Logusch, E.-W. J. Chem. Soc., Chem. Commun. 1987, 1710; (b)

Logusch, E.W.; Walker, D.M.; McDonald, J.F.; Leo, G.C.; Franz, J.E. J. Org. Chem. 1988, 59, 4069;
(¢) Logusch, EXW. Tetrahedron Lett. 1988, 6055.

. {2) Mukaiyama, T. Organic Reactions 1982 28, 238 and references cited therein; (b} Mukaiyama, T.;

Murakami, M. Synthesis 1987, 1043.

. (a) Issac, K.; Kocienski, P. J. Chem. Soc., Chem. Commun. 1982, 460; (b) Cockerill, G.S.; Kocienski,

P.; Treadgold, R. J. Chem. Soc, Perkin Trans. 1, 1985, 2093; (c) Mortimore, M.; Cockerill, G.S.;
Kocienski, P.; Treadgold, R. Tetrahedron Leti. 1987, 28, 3747.

Nishiyama, H.; Itoh, K. J. Org. Chem. 1982, {7, 2496,
Baldwin, J.E. J. Chem. Soc., Chem. Commun. 1976, 734.

Till, C.P.; Whiting, D.A. J. Chem. Soc., Chem. Commun. 1984, 590. Related cyclizatio-nsof an allyl
silane (see Ref. 10} and a vinyl silane (Overman, L.E.; Castafieda, A.; Blumenkopf, T.A. J. Am. Chem.
Soc. 1986, 108, 1303) to form tetrahydrofurans have been reported.

All compounds isolated gave satisfactory spectral (!H NMR) and analytical data (+ 0.3% for C,H,N).
Selected physical data are as follows:

9: 'H NMR(400 Mhz, CDCI3) 6 2.89 (ddd, 1, J=5.5, 7.5, 13.0 Hz), 3.00 (dt, 1, J=7.3, 14.6 Hz), 4.03
(dt, 1, J=5.2, 8.4 Hz), 4.10 (q, 1, J=7.7 Hz), 4.44 (d, 1, J=9.6 Hz), 4.65 (d, 1, J=10.4 Hz), 5.19 (s, 2),
7.26 (m, 5), 7.73 (m, 2), 7.84 (m, 2); 3C NMR(100.6 MHz, CDCl,) é 35.48, 67.54, 67.66, 67.73, 74.69,
123.37 (2C), 127.72 (2C), 128.27 (2C), 128.51 (2C), 131.68, 134.30 (2C), 135.11, 168.52 (2C), 170.73; CI
MS (MH*) 352; Anal. {C,H,;N,,0;) C,H,N.

3: 'H NMR(400 MHz, D,0) § 2.24 (dt, 1, J=7.1, 13.8 Hz), 2.60 (ddd, 1, J=5.8,8.6,13.8 Hz), 4.00 (m,
1}, 4.01, 4.05 (AB quartet, 2, J=10.5 Hz), 4.12 (ddd, 1, J=6.2, 8.5, 17.2); *C NMR(100.6 MHz, D,0)
6 38.69, 68.86, 70.44, 77.44, 176.72; FAB MS (glycerol matrix) (MH") 132; Anal. (C;H¢N,05-0.2 H,0)
C,H,N.
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