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REDUCTIVE AMINATION OF O'~FORMYL LACTONES, A ROUTE TO or-METHYLENE LACTONES. 1
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There has been considerable recent interest in the synthesis >f -methylene lactones
due to the biological activity (e.g., as tumorstatic or antibiotic agents) of many natural pro-
duocts that contain this structural unit 3 « Although the published syntheses embody a diversity
of approaches, their general applicability remains to be ascertained and some have drawbacks,
such as low overall yields and rather severe reaction conditions. The recent paper by Grieco
and Hiroi 2k has prompted us to report our development of a new synthetic route to o —mwethy-

lene-Y and B -lactones based on the reductive amination of a -formyl lactones.
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Y-Butyrola.ctone (l) was converted to the sodium salt of g-hydroxymethylene—~ ¥ -butyro~
lactone (2) 4a by reaction with ethyl formate in a diethyl ether suspension of sodium hydride
containing a catalytic quantity of absolute ethanol at 30° under nitrogen. The sodium salt
of 2 *® vas reductively aminated with dimethylamine—dimethylamine hydrochloride and sodium
cyanchydridoborate at ca pH 10 in anhydrous methanol for 72 to 96 hours at 25° according to

the method of Borch et 5_1;.5 to give @ ~dimethylaminomethyl~ Y ~butyrolactone (_1)*: liquid, 70%

+Satiafactory combustion analyses were obtained for all new compounds.
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bp 72-73° @ 0.05 maj % 22 1.4565; 7 222 17700m™); amr (CDC1,~MMS, 60 MHs), ppm, 2.24 (s, 6H),

3

2,40-2,80(m, 5H), 4.30(m, 2H); hydrochloride, mp 190-190.5°, Conversion of 3 to its methio-

dide (4) 6 as accomplished quantitatively by treatment with methyl iodide at 25° in methanol.

Shake—out of 4 with a mixture of 5% aqueous sodium bicarbonate and methylene chloride at 25°

gave the known ¢ ~methylene- Y -butyrolactone (5) T, liquid, overall yield from 1, 60%;

¥ 2% 1765, 1668, and 8100a™Y; amr (CDCL,~mS, 60MEs), ppm, 2.98(m, 2H), 4.37 (%, J=THz, 21),

5.64(t, J=3Hs, 1H), 6.13(t, J=3Hzs, 1H); K" 98, S-Valerolactone (§) was taken through the

same sequence of reactions to give o-methylene- 6 ~walerolactone (7) ™, liquid, overall

vield®, 20%; ¥ 2%%% 1730, 1630, 8Uon~Y; nmr (CDC1,~¥S, 60MEz), ppm, 2.00 (my 2H), 2.71

(my 28), 4.38(t, J=THs, 2H), 5.57(dd, Iyg=J,,p, 1H3, 1H), 6.40(dd, I,p=d, .o, 1Hs, 1H); ¥ 112,
As several of the heretofore reported syntheses of a -methylenelactones were not success~

ful when directed towards the synthesis of & —methylene— B -lactones, the preparation of ]

is indicative of the potential general utility of the @ —-methylene lactone synthesis reported

herein, which complements the route to such compounds described by Grieco and Hiroi. We are

exploring the socope of our synthesis, the results of which will be reported in the full paper.
Since studies of the bioorganic chemistry of ¢ -methylene lactones would be facilitated

by isotopic labelling of such compounds, we have briefly explored this using 5 as a model

compound. Repetition of the reaction sequence from 2 using [2H]—Na.cm3 5 gave [zﬂ]-i(99%d1).
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Relative integration of the signals for the C-5 vinylic protons indicated 45-50% regiospecific
introduction of 21-1, in accord with the mechanism for reductive amination described by Borch
et al. > (Scheme I). Exact repetition of the reaction sequence using [3H'I-NaCNBH3 5 gave
[3H]-§_ (5.90 x 100 dpm/mmole, counted as its Michael adduct with L-cysteine 8 ) which con-
tained only 85% of the specific radioactivity of {BH]—}. (6.93 x 10 dpm/mmole, counted as

its hydrochloride), indicative of base—catalysed tritium exchange of the o -proton in 3.
However, both Lemieux~Johnson oxidation J and non~catalytic 0304-NaIO4 cleavage 1o of [33]-1
gave [H]-HCHO (3.59 x 10° dpm/mmole, 4.35 x 10°dpm/mmole, respectively, isolated and counted
as its dimethone) containing only 61% and 74% of the specific radicactivity of [3H]-5_. These

results can be explained by Scheme II whence radioinactive HCHO would be expected to arise
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from C~4 of [3H]-§_ via retroaldol fragmentation of 9 1 « Apparently the "rates" of genera-
tion of [SH]-HCHO and [‘H]-HCHO from [3H]-5 differ such that the r.m.a. of the [SH]-HCHO
dimethone lay between 50%, the expected value had two molar equivalents of HCHO arisen simul-
taneously during the oxidative cleavage of [31{]-2, and 100%, the expected value for one equi-
valent of HCHO solely from C~5 of 5. We do not feel these results should deiract from the
possibility of isotopic labelling of o —methylene lactones by judicious application of our
synthetic route, as the choice of 5 as our model compound simply was an unfortunate one.
REFERENCES
1. Supported, in part, by a grant (35-137) from the University of Connecticut Research
Foundatione.

2. (a.) E. E. van Tamelen and S. R. Bach, J. Amer. Chem. Soc., (1955), I, 4683; (1958),




1296 No. 15

80, 3079; (be) J. A. Marshall and N. Cohen, J. Org. Chem., (196%), 30, 3475; (c.) H. Minato
and I. Horibe, J. Chem. Soc. Ce,(1967), 1575; (d.) J. Martin, P. C. Watts, and F. Johnson,
Chem, Comm., (1970), 27; (e.) E. S. Behare and R. B. Miller, ibid, (1970), 402; (f.) O. L.
Chapman, C. L. McIntosh, and J. C. Clardy, ibid, (1971), 384; (g.) J. W. Patterson and
Je E. McMurry, ibid, (1971, 488; (h.) E. Ohler, K. Reininger, and U. Schmidt, Angew. Chem,
Internat. Edit., (1970), 9, 457; (i.) L. K. Dalton and B. C. Elmes, Australian J. Chem.,
(1972), 25,625; (js) A+ E. Greene, J~C. Muller, and G. Ourisson, Tetrahedron Letters,
(1972), 2489, 3375; (k.) P. A. Grieco and K. Hiroi, Chem, Comm., (1972), 1317.

3. (a.) S. M. Kupchan, Pure Appl. Chem., (1970), 21, 227; (b.) S. M. Kupchan, D. C, Fessler,
M. A, Eakin, and T, J. Giacobbe, Science, (1970), 168, 376; (c.) R. I. Hanson, H. A.
lardy, and S. M, Kupchan, ibid, (1970), 168, 378; (d.) S. M. Kupchan, M. A, Eakin, and
A. M. Thomas, J. Med. Chem., (1971), 14, 1147; (e.) C. J. Cavallito and T. H. Haskell,
Js Amer. Chem. Soo., (1945), 6], 1991; (f.) L. J. Hayes, Quart. Rev., (1948), 2, 46.

4. (a.) F. Korte and H, Machleidt, Chem. Ber., (1955), 88, 136; (b.) As reported in ref.

4a. and confirmed in our hands, O <hydroxymethylene ldctones are not very stable to
typical work-up conditions: 2 was recovered in 16% yield on acidification of an aqueous
golution of its sodium salt to pH 2.5, continuous extraction with diethyl ether, and
distillation in vacuo (bp of 2, 83-85° @ lmm).

5. R. Fo Borch, M. D. Bernstein, and H. D. Durst, J. Amer. Chem. Soc., (1971), 9342897.

6. 4 slowly gave 5 (tlc) on attempted recrystallization from methanol.

7o (as) We Jo McGraw, U. S. Patent 2624723 (1953); Chem. Abstr., (1953), 47, 11232; (b.) E.
R. He Jones, T. Y. Shen, and M. C. Whiting, J. Chem. Soc., (1950), 230; (c.) U. W
Brongersma-Oosterhoff, Recueil, (1967), 86, 705; (d.) B. H. H. Bergman, J. C. M.
Beijersbergen, J. C. Overeem, and A. K. Sijpesteijn, ibid, (1967), 86, 709; (e.) R.
Tschesche, Fs~J. Kammerer, and G. Wulff, Chem. Ber., (1969), 102, 2057.

8. Prepared by the addition of an ethanolic solution of 5 to a warm aqueous solution of
L-cysteine: mp 199-200°.

9. R. Pappo, De S. Allen, Jr., R. U. Lemieux, and W. S. Johnson, J. Qrge Chem., (1956), 21,

478.
10, One equivalent of 0504 was used to form the diol of 5, which was isolated and cleaved
with NaIO4.

1l. This proposed fragmentation may very well explain the lack of success we have had in
several attempts to syﬁthesize 9, both by the reported method 12 and from formaldehyde
and pyruvic acid. However, § and its hydrolysis product, 2-keto—4-hydroxy butyric acid,
have been prepared by the reaction of homoserine with pyridoxal in the presence of 0u2+
ions 13 .

12. L. Kleitz and A. Lapworth, J. Chem. Soc., (1915), 1254.

13. R. S. Lane and E. Dekker, Biochemistry, (1969), 8, 2958.




