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CHEMO- AND STEREOSELECTIVE REDUCTION OF (PIVALOYLCXY)METHYL 6,6-DIHALOPENICILLANATES BY
TRINEOPHYLTIN HYDRIDE: SELECTIVE SYNTHESIS OF 63-HALOPENICILLANATES
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Summary: A new Triorganotin hydride, Trineophyltin hydride was prepared and
its chemo- and stereoselectivity towards reduction of Pom 6,6-homo- and
hetero- dihalopenicillanates was examined. The trineophyltin hydride reveals
higher stereoselectivity compared to that by tributyltin hydride at 25°C.

Since the discovery that 68—bromo—7’2 (la) and 6f-iodo- penicillanic
acidz’3 (1b) are inhibitors of B-lactamase enzymes,4 the synthesis of 68-
halopenicillanates has become an area of considerable interest and we, as well

as several research groups, have developed the tributyl hydride reduction of

5,6 The stereoselectivity

5,6a-c

6,6-dihalopenams as useful route to these compounds.

in these radical reactions has been atributed to steric factors.
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Up to now, the most widely employed triorganotin hydrides for the reduc-
tion of alkyl halides are tributyl- and triphenyl- tin hydrides.7 These or-
ganotin hydrides possess unique reducing characteristics, especially showing
a high degree cf chemo- and stereoselectivity towards gem homoc- and hetero-
dihalides.s’8 Cur idea of find higher selectivities were based upon the
assumption that the highly hindered (2-methyl-2-phenylpropyl) (neophyl) groups
would exert a pronounced steric influence on delivering a hydrogen atom to the
hindered Re-face of intermediate penicillanate radical (I) leading exclusively
or predominantly to (6R)-halopenicillanates. Here we assume that the confor-
mation in solution of {I) is similar tc that of Pom 6,6-dibromopenicillanate
(8) in solution,9 that is, the B-lactam ring of the penam nucleous is planar
or very nearly so, and the conformation of the thiazolidine ring has the 28,

3a substituents both "axial" with respect to the five-membered ring.
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Trinecphyltin hydride (2) was succesfully prepared in 88% yield by reduc-

. . . 10
tion of bis(trineophyltin) oxide with borane in THF.

We now report here the use of (2) as an effective chemo- and stereocselec-
tive reagent towards the reduction of Pom 6,6-hcomo- and hetero- dihalopenicil-
lanates. These results and comparable data for tributyltin hydride (3) are

summarized in Table 1.

Table 1. Stereoselective reduction of (Pivaloyloxy)methyl (Pom) 6,6-dihalopenicillanates to

the corresponding 68-haloderivatives with {2) in the presence of a catalytic amount of azobis-
iscbutyronitrile (AIBN).

Y H H Hal H
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COPom
4 X=Br Y=F Cb a b
6 X=Cl Y=F 5 Hal=F 16
7 X=I Y=Br
9 X=Br Y=Br 8 Hal=Br
10 X=I ¥Y=Cl
12 X=Br y-Cl 11 Hal=Cl
13 X=Cl v=Cl
14 x=I Y-1 15 Hal-I
rel. ratic® Conditions e
Entry Substrate Product(s)® (2) (3) Solvent  (2) Temp. Time Yield
(x:B:16) (equiv.) (°C) (h) (%)
1 422 52 L sp'? 2001 (2.3:1:0)%P B0 1.2 25 5 68
2 6°° THF 1.6 67 8 -4
3 73 8a' (c.m.)® B0 1.1 25 6.5 60
4 9° 8a + 16 9:1 (4:1:0)°3 B0 1.3 25 4 75
5 103 11a'? (6:1:0)°2 Et,0 1.4 25 2 68
6 12'3 11a (6:1:1)72 B0 1.4 25 2 89
7 13°®  11a . 1% 1819 (n.d.)f ™ 1.2 67 2 71
8 147 15a + 16 3:1 (g) ELO 1.3 25 8 47

(a} Characterized via comparisson with authentic samp}es (IR, TH NMR and TLC). Unequivocal
proof of the configuration at ?érbon—6 was secured by H NMR spectroscopy on the basis of the
H(5)-H(6) coupling constants. (b) Determined by H NMR. (c) Isolated yields of 6BR-halo-
penicillanate. (d) At 25°C did not reacts. However, after 8 h at 67°C, total decomposition
was observed. (e) c.m.: comple* mixture, see ref. 5a. (f) n.d.: not determined. (g) The
principal product detected by H NMR was the dihydro (16), whereas 6B-halo- {15a) was not
present.
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The following is a typical procedure for the preparation of Pom 6B-
fluoropenicillanate (5a): Pom 6B-bromo,6a-fluoropenicillanate (4) (69 mg,

0.177 mmol} and AIBN (1 mg) were dissolved in dry ether (5 ml). Trineophyltin
hydride (104 mg, 0.2 mmol), dissolved in dry ether (2 ml), was added. The
mixture was stirred at 25°C for 5 h. The progress of the reaction was moni-
tored by TLC (silica gel, chloroform}. After completion, the solution was
evaporated in vacuo to dryness and purification of the residue by column
chromatography on silica gel (dichloromethane-hexane, 6:4) gave the pure
products in the stated yields.

As may be seen from these results the reduction of substrates (7), (10)
and (12) (entries 3, 5 and 6) furnishes with complete stereoselectivity their
corresponding 6B-bromo- and 6B8-chloro- penicillanate (8a) and (1la). Very high
diastereoselectivity also was observed in the reduction of substrate (4) (en-
try 1). In the case of substrates (9) and (14) (entries 4 and 8) a minor amount
of over-reduction product (16) was present. In the case of substrate (13) (en-
try 7) the reaction did not proceed to completion in ether or THF at 25°C and
refluxing in THF (67°C) was necessary.

The results in Table 1 demonstrate the excelent chemocselectivity, that is,
(2) reacts with different halcgen groups at very different rates, e.g. the
iodide is reduced faster than bromide or chloride (entries 3 and 5), and in
turn the bromide reacts faster than chloride or fluoride (entries 6 and 1}.
These results are in agreement with our proposed single-electron transfer
{SET) mechanism.5

The better diastereoselectivity achieved with {(2), compared to tributyl-
tin hydride reductions, indicates a better diastereofacial selectivity on the
approaching of (2) to donate a hydrogen atom (H") to the encumbered diastereo-
topic Si face of carbon-6 in intermediate radical (I}.

In conclusion, we have therefore succeeded in reaching a very high dias-
tereofacial selectivity and a more selective synthesis of 6B8-halopenicillanates.

The trineophyltin hydride (2) is a crystalline solid, melting point 50-
51°C. It can be handled in the air and kept at room temperature (v30°C) without
appreciable decomposition for some weeks. It is soluble in most organic solvents
such as ether, THF, benzene, etc. and its thermal stability was very good.10

The present trineophyltin hydride reduction has the following advantages
over the existing methodologies: a) the reduction of Pom 6,6-dihalopenicil-
lanates examined occurred with higher stereoselectivity; b) the reagent is
quite stable under various conditions and c¢) the reaction is rapid, clean and
the reduced penicillanates are not contaminated with organotin residues.15

Synthetic application of (2) in the reduction of acyl halides and unsa-
turated carbon-carbon bonds are in progress and will be reported in due course.
Besides that, this new reagent might also be useful for the reduction of al-
dehydes, ketones, esters, nitros, dithioketals, dithiacetals, selenoacetals,
selenides, tellurides, isocyanos and other functional groups.16 It should

also be noted that this procedure is useful for the stereocselective synthesis



3908

of 6B-deutero,6a-halopenicillanates by using [PhC(CH

17
3)2CH2]3SHD.

Acknowledgement. We thank CONICET {Consejo Nacional de Investigaciones CientI-

ficas y Técnicas for financial support and fellowship (E.G.M.).

16.
17.

References and Notes

H.F. Loosemore, and R.F. Prat, J. Org., Chem., 43, 3611 (1978).

R. Wise, J.M. Andrews, and N. Patel, J. Antimicrob. Chemother., 7, 531
(1981).

J.G. Kemp, M.D. Closier, S. Narayanaswami, and M.H. Stefaniak,
Tetrahedron Lett., 21, 2991 (1980).

(a) J.M.T. Hamilton-Miller, and J.T. Smith, '"Beta-Lactamases'. Academic
Press, New York, 1979. {(b) J.R. Knowles, Acc. Chem. Res., 18, 97 (1985).
D.U. Belinzoni, E.G. Mata, and O.A. Mascaretti, J. Chem. Research (S)
178; (M) 1537 {(1988). (b) E.G. Mata, E.L. Setti, and 0.A. Mascaretti,

Jd. Org. Chem., submited for publication.

{a) D.I. John, E.J. Thomas, and N.D. Tyrrell, J. Chem. Soc., Chem.
Commun., 345 (1979). (b) D.I. John, N.D. Tyrrell, and E.J. Thomas,
Tetrahedron, 39, 2477 (1983). (c) J.A. Aimetti, E.S. Hamanaka, D.A.
Johnson, and M.S. Kellog, Tetrahedron Lett., 4631 {(1979). (d)} B.S. Orlek,
P.G. Sammes, V. Knott-Hunziker, and S.G. Waley, J. Chem. Soc., Perkin
Trans. 1, 2322 (1980).

M. Pereyre, J.P. Quitard, and A. Rahm, "Tin in Organic Synthesis”,
Butterworths, London, 1987, p. 35.

(a) D. Seyferth, H. Yamazaki, and D.L. Alleston, J. Org. Chem., 28, 703
(1963). (b) G.L. Grady, and H.G. Kuivila, J. Org. Chem., 34, 2014 (1969}).
D.U. Belinzoni, E.L. Setti, and O.A. Mascaretti, J. Chem. Research (S)
176; (M) 15071 (1988}).

Preparation: To a solution of bis(trineophyltin) oxide (0.01 mol} in

40 ml. of dry THF was added 7.7 ml. of 2.6M borane in THF (0.02 mel).
The mixture was refluxed for 1 h, and then the solvent was removed.
Additional details of the synthesis and characterization of (2) will be
reported elsewhere.

(a) K.D. Barrow, and T.M. Spotswood, Tetrahedron Lett., 3325 (1965). (b)
G.H.F. Green, J.E. Page, and S.E. Stanforth, J. Chem. Soc. (C), 1595
(1965). (c) F.V. Demarco, R. Nagarayan in '"Cephalosporins and Penicil-
lins", E.H. Flynn Ed., Academic Press, New York, 1972, p. 330.

E.L. Setti, and O.A. Mascaretti, J. Chem. Soc., Perkin Trans. 1, 2059
(1988} .

D.U. Belinzoni, O.A. Mascaretti, P.M. Alzari, G. Punte, C. Faerman and
A. Podjarny, Can. J. Chem., 63, 3177 (1985).

E.L. Setti, and 0.A. Mascaretti, J. Org. Chem., 51, 3217 (1986).
Reduction of tributyltin nydride give raise to tributyltin halide which
are difficult to remove cleanly from the reaction mixture by TLC or
column chromatography. These products have been removed by selective ex-
traction, see: J.M. Berge, and S.M. Roberts, Synthesis, 471 (1979), or
by conversion to insoluble organotin fluoride, see: J.E. Leiber, and J.
Jacobus, J. Org. Chem., 44, 449 (1979), see also: D. Milstein and J.K.
stille, J. Am. Chem. Soc., 100, 3636 (1978).

See: ref. 7, p. 69-115 and references cited therein.

E.L. Setti, and O.A. Mascaretti, J. Org. Chem., in print.

(Received in USA 24 January 1989)



