7704

(10) P. Y. Chou and G. D. Fasman, Biochemistry, 13, 222-245 (1974); P. Y.
Chou, A. J. Adler, and G. D. Fasman, J. Mo/. Biol., 96, 29-45 (1975).

(11) K. D. Kopple, A. Go, and D. R. Pilipauskas, J. Am. Chem. Soc., 97,
6830-6838 (1975).

(12) K. D. Kopple and A. Go, Biopolymers, 15, 1701-1715 (1976).

(13) K. ltoh and G. D. Fasman, Biopolymers, 14, 1755-1767 (1975), and ref-
erences cited therein.

(14) P. K. Ponnuswamy and V. Sasisekharan, Biopolymers, 10, 565-582
(1971).

(15) B. Pullman and A. Pullman, Adv. Protein Chem., 28, 396-409 (1974).

(16) B. J. Johnson, J. Pharm. Sci., 63, 313-327 (1974).

(17) J. N. Brown, personal communication.

(18) G. N. Ramachandran, personal communication.

(19) K. D. Kopple, A. Go, R. H. Logan, Jr., and J. Savrda, J. Am. Chem. Soc.,
94, 973-981(1972).

(20) R. Deslauriers and R. L. Somorjai, J. Am. Chem. Soc., 98, 1931-1939
(1976).

(21) 1. M. Klotz and B. H. Frank, J. Am. Chem. Soc., 87, 2721-2728 (1965).

(22) 1. Morishima, K. Endo, and T. Yonezawa, J. Am. Chem. Soc., 93, 2048-
2050 (1971); J. Chem. Phys., 58, 3146-3154 (1973).

(23) M. T. Cung, M. Marraud, and J. Neél, Macromolecules, 7, 606-613
(1973).

(24) G. N. Ramachandran, R. Chandrasekaran, and K. D. Kopple, Biopolymers,
10, 2113-2131 (1971).

(25) M. Barfield, V. J. Hruby, and J. P. Meraldi, J. Am. Chem. Soc., 98,
1308-1314 (1976).

(26) D. J. Patel, Biochemistry, 12, 667-676 (1973).

(27) 1. Z. Siemlon, T. Wieland, and K. H. Pook, Angew, Chem., Int. Ed. Engl., 14,
702-703 (1975).

(28) D. E. Dorman and F. A. Bovey, J. Org. Chem., 38, 2379-2382 (1973).

(29) K. G. R. Pachler, Spectrochim. Acta, 20, 581 (1964),

(30) K. D. Kopple, G. R. Wiley, and R. Tauke, Biopolymers, 12, 627-636
(1973).

(31) J. Feeney, J. Magn. Reson., 21, 473-478 (1976).

(32) K.D. Kopple, H. R. Dickinson, 8. H. Nakagawa, and G. Flouret, Biochemistry,
15, 2945-2952 (1976).

(33) M. Marraud and J. Neél, J. Chim. Phys. Phys.-Chim. Biol., 70, 947-952
(1973).

(34) A.Zweig, J. E. Lancaster, and M. T. Neglia, Tetrahedron, 23, 2577-2581
(1967).

(85) G. Montaudo, P. Maravigna, and P. Finocchiaro, J. Mol. Struct., 13, 309-310
(1972).

(36) The downfield shifts of the Gly' « protons might be ascribed alternatively
to van der Waals shifts resulting from crowding. However, van der Waals
shifts are observed in highly strained systems, and it is almost certain that
a peptide would be able to relax so as to avoid the close contacts required
to produce appreciable effects.

(37) D. B. Wetlaufer, G. D. Rose, and L. Taaffe, Biochemistry, 15, 5154-5157
(1976).

(38) D. F. Veber, R. G. Strachan, S. J. Bergstrand, F. W. Holly, C. F. Homnick,
R. Hirschmann, M. Torchiana, and R. Saperstein, J. Am. Chem. Soc., 98,
2367-2369 (1976).

Communications to the Editor

Ligand Rearrangement Reactions.

An Unusual Hydrogen Transfer Reaction Promoted
by Zinc(II) Salts

Sir:

We wish to report an unusual ligand rearrangement which
is promoted by divalent zinc salts and involves a net “internal
hydrogen transfer” between two widely separated functional
groups. This reaction is observed when a mixture of meso- and
rac-2,6-bis(2-benzothiazolinyl)pyridine (1) is treated with
zinc(IT) acetate in 9:1 acetone/dimethylformamide under a
dinitrogen atmosphere. The major product of this reaction
(>70%yield)is [2-(2-benzothiazolyl)-6-[2-(2-thiolophenyl)-
2-azaethyl]pyridine]acetatozinc(II) (2), in which one of the

1 R=H
NH HN 3 R=CH3
(R=H only)
+Zn(CH3C0y),
“ ]
S ! \N
N \ NH 2
e
Zn
/s
CH;C0,

Figure 1. The structure of 2, [2-(2-benzothiazolyl)-6-[2-thiolophenyl)-
2-azaethy1]£yridine]acetatozinc(ll) with selected bond lengths (A) (mean
esd, 0.006 A).

thiazoline rings has opened, and the resulting “N3S”’ ligand
and a monodentate acetate group define an irregular five-
coordinate geometry about the zinc(II) ion (Figure 1).

The x-ray structure determination of 2 was accomplished
using 3145 independent reflections with //¢(I) 2 3 and 3 <
6 < 27° obtained on a Philips PW1100 automatic diffracto-
meter with graphite monochromatized Mo Ko radiation (A
0.71069 A).

The compound separated from the reaction mixture as or-
ange prisms, Zn(C,9H;4N3S;)-CH3CO,; mol wt 472.88;
monoclinic; space group P2,/c;a = 12.266 (4), b = 9.457 (2),
c=19.783 (5) A; 3=118.48 (1)°; U = 2017 A% D, = 1.54,
D. =156 gcm~3; Z = 4. Full-matrix least-squares refine-
ment' of the atomic parameters (all nonhydrogen atoms an-
isotropic) gave R, = 0.042, R, = 0.053.
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Figure 2. Bond lengths (&) and angles (°) in the pyridino chelate rings of
4 and 2 (esd for lengths, <0.01 A; for angles, <0.9°).

The formation of 2 was unexpected, since under identical
reaction conditions the dimethyl derivative (3) of the 2,6-
bis(2-benzothiazolinyl)pyridine gives? the complex 4 which

N ‘ N
> D
Zn
s s
has been shown? to have an unusual “helical” five-coordinate
structure. It has been proposed that this geometry results, at
least in part, from the unfavorable steric interaction between
the methyl substituent on the imine group and the anil ortho-
hydrogen atom. We have studied reactions of 1 in order to in-
vestigate the importance of this interaction in determining the
course of metal-ion assisted syntheses of related macrocyclic
ligands.*

The most noteworthy feature of the formation of the product
1is the change in hydrogenation levels of the two limbs of the
ligand which accompanies the reaction (see bond lengths and
angles in Figure 2). In addition to the ring opening of one of
the thiazolinyl rings to give an imino thiolate chelate, a net
“internal hydrogen transfer” reaction is required to account
for the dehydrogenation of the other benzothiazolinyl ring and
the hydrogenation of the imino linkage. Thus, the formation
of 2 provides a rare example of a dehydrogenation/hydroge-
nation reaction which is promoted by a divalent metal ion
which does not show facile oxidation state changes, and in this
respect provides an analogy to the zinc-containing enzyme liver
dehydrogenase. Also of interest is the formal resemblance of
the N,S heterocycle to that in thiamine, which is a requisite
cofactor for many enzymic reactions.

The reaction appears to be reversible since attempts to dis-
place the ligands from the complex 2 by treating with solutions
of cyanide or thiocyanate salts result in regeneration of the
thiazolinyl ring, asdemonstrated by the isolation of 2,6-bis(2-

7705

benzothiazolyl)pyridine (55%) (5)° after extraction of organic
materials into chloroform, followed by slow crystallization in
air, Formation of 2 in relatively high yields may therefore be
a result of a combination of (a) its low solubility and (b) the
ability of zine(II) to act as a “thermodynamic template ion” 6
Analogous results were obtained when zinc(II) nitrate was
used instead of the acetate. Mechanistic studies of this and
related reactions are planned.
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A New and Highly Effective Aldol Synthesis
Sir:

Reported here is a new method for the aldol synthesis which
is regiospecific, simple, and efficient. It is expected that the
process will find widespread use and that in many instances it
will be found superior to currently important procedures.! The
new process may be represented by Scheme I.

In principle, organoaluminum compounds have a vast po-
tential as an agent of aldol reaction, although this concept has
not been generally accepted for synthesis owing to the lack of
an effective procedure for converting a carbonyl compound into
a reactive aluminum enolate.? The critical part of the new
process (Scheme I) consists of coupled attack on the «-halo
ketone by dialkylaluminum chloride and zinc which generates

Scheme 1
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