From the spectroscopic data and chemical transfor-
mations described so far a unique structure for 4 cannot
be defined. We therefore undertook a single-crystal
X-ray analysis of 6 which secures the structure shown
in Figure 1 and Chart 1.1 Now the structures of 4!!
and 7!! follow unambiguously.

Chart I. Bond Lengths (Angstroms) and Bond Angles (Degrees)?

@R = 0.089. The nine atoms of the ring system form a least-
squares plane with standard deviation 0.011 A, The nonhydrogen
atoms of the CH;CO-C group form a plane with standard deviation
0.009 A; torsional angle with the ring system, 12.4°, The five
nonhydrogen atoms of the CH;C(NOH)-C group form a plane with
standard deviation 0.002 A; torsional angle with the ring system,
60.0°.

A distinguishing feature of the nmr spectra of 4 and
6 is the low-field resonance due to H-5, deshielded by
the peri carbonyl!?[in the X-ray structure (Figure 1 and
Chart I) this is oriented as shown, almost in the plane of
the ring system (¢ = 12.4°), and we assume that this
situation persists for solutions of 4 and 6 in chloroform].
In 7 the deshielding is markedly lowered, because the
bulky 1,1-dinitroethyl group (relative to CH;C=NO- in
4 and 6) causes the planar rotamer to be less populated.
In support of this argument, carbonyl stretching fre-
quencies indicate less conjugation of the carbonyl group
with the heteroaromatic system of 7 (v 1656 cm~!) com-
pared with 4 and 6 (v 1640 cm—! for both compounds).

The formation of compound 4 is probably a general
reaction of alkyl(pyridine)cobaloximes since 1 and 2
behaved similarly to 3 on treatment with acetic anhy-
dride in pyridine, although they react more slowly. A
homolog (8) of 4 is obtained (16 % yield) by reacting
2-hydroxypropyl(4-methylpyridine)cobaloxime with
acetic anhydride in 4-methylpyridine for 2 days at 60°.
Compound 4 is not formed from bromo(pyridine)-
cobaloxime under similar conditions, nor is it produced
from dimethylglyoxime and acetic anhydride in pyr-

(10) Crystal data: orthorhymbic; space group Pbca; a = 16.402
b = 13.463, and ¢ = 9.735 A; Z = 8. Observed reflections (520)
(I/a(I) > 5.0) were collected on a Stoe two-circle diffractometer, with
Mo K« radiation and graphite monochromator. The structure was
solved by direct methods and refined to a current R factor of 0.089 with
anisotropic temperature factors for all nonhydrogen atoms and isotropic
temperature factors for hydrogen atoms.

(11) 4, 2-(1-(E)-acetoxyiminoethyl)-3-acetylimidazo[1,2-a]pyridine; 6,
2-(1-(E)-hydroxyiminoethyl)-3-acetylimidazo[1,2-alpyridine; 7, 2-(1,1-
dinitroethyl)-3-acetylimidazo[l,2-a]pyridine.

(12) Foranalogous examples see R. M. Acheson and D. A. Robinson,
J. Chem. Soc. C, 1633 (1968) and W. K. Anderson and A. E. Friedman,
Can.J. Chem., 49, 668 (1971).
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Figure 1.

idine containing cobaltous acetate.!* The production
of compounds 4 and 8 involves an oxidation of a di-
methylglyoxime unit; the yield of 4 obtained from 3 is
insensitive to the presence or absence of oxygen and the
oxidant must therefore be the cobaltic ion of the com-
plex. Exposure of reaction mixtures to light does not
increase the yield of 4. We are investigating the mech-
anism of formation of 4 from alkyl(base)cobaloximes,
with particular reference to the role and fate of the
alkylcobalt group of the substrate and to possible tem-
plate effects around cobalt.

Acknowledgment. We gratefully acknowledge a
Royal Society European Exchange Fellowship (to
U. H.)) and a Science Research Council Studentship
(to. D.R. H.).

(13) Dimethylglyoxime di-O-acetate is produced in these reactions
and is also a by-product in the formation of 4.
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Structural Index for Elemental Solids
Sir:

We have discovered an index for s-p bonded elemen-
tal solids which separates covalent, fcc, hep, and bec
structures. The index is based on the pseudopotential

of an atomic core in a solid, which may be approximated
by the Pauli-force model potential—?

V=—Zr+ zl[i(i L) — I+ P2 (D)

Here Z is the net core charge, / is the angular momentum

quantum number of a valence orbital, / = /() is an -
dependent parameter obtained from atomic spectral
data,"? and P, is the -projection operator. A physical
interpretation of (1) and a tabulation of / values for

(1) G. Simons and A. Bloch, submitted to Phys. Rev.
(2) G. Simons, Chem. Phys. Lett., 12,404 (1971).
(3) G. Simons, J. Chem. Phys., 55, 756 (1971).
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Figure 1. c¢/a vs. S for divalent hcp metals, including hypothetical
hep Hg .t

various elements are given elsewhere.! The potential
has simple analytic eigenfunctions and eigenvalues, and
has proved useful in studies of atoms,? molecules, ? and
solids.!

For many elements 4 and higher / components in the
valence wave function are unimportant. In those cases
bonding is dominated by s and p orbitals and the struc-

ture of the solid must be determined by Z, f(O), and
I(1).

For given /, the radial maximum of the (unscreened)
lowest valence eigenfunctions of (1) is?

= KOUM + 112 )

We define a structural index S as the fractional differ-
ence between the maxima of the s and p radial functions

_ Ko + 1 = (o) + 11 )
n () + 1]

" — I

S =

In Table I we show how S partitions the s—p bonded

Table I. Index S for Elemental Solids
Li Be , B C N o} F
0.533  0.370 { 0.284 0.231 0.195 0.168 0.149
Na Mg | Al | si P S Cl
(0.568 0.381 | 0.314' 0.261 0.220 0.197 0.176
' Zn ' Ga ' Ge As Se
10.472 1 0.347. 0.297 0.255 0.226
+ Cd v In ! Sn Sb Te
1 0.460 | 0.351'~.0.290 0.245 0.218
i Hg T, Pb | Bi
1

0.522  0.404; 0.338 | 0.296

portion of the periodic table. At zero temperature and
pressure, elements with S less than 0.30 possess open
structures resembling the bonding in molecules. In-
dices between 0.30 and 0.36 correspond to fcc or dis-
torted fcc structures, while values between 0.36 and
0.57 are found for hcp or distorted hep.  Since lithium
and sodium are hcp at zero temperature but bcc at
room temperature, we infer that elements with S some-
what higher than 0.57 would be bcc. Among other
borderline cases, thallium is hcp at zero pressure but
fcc at 1 atm, and covalent gray tin is more stable at low
temperature than fcc metallic white tin. We know of
no other scale or rule which divides the periodic table
in this fashion.

The index also monitors certain structural trends
within a given class. For example, in Figure 1 we

plot as a function of S the axial ratios ¢/a* for the di-
valent hcp series Be, Mg, Zn, Cd. We find a linear
correlation. Extrapolation to Hg confirms the very
large c/a deduced for hypothetical hcp mercury by
Heine and Weaire.# This value represents so extreme
a distortion of the hep structure that it is hardly sur-
prising to find Hg an exception to our simple partitioning
scheme. As an alternative to hcp, however, the high
value of S(Hg) does suggest the distorted bec structure
actually observed?® at low temperatures.

The connection between these observations and con-
ventional band theory is tenuous, but the behavior of
S can be rationalized in terms reminiscent of the valence-
bond theory of solids proposed by Pauling.® Valence-
bond theory provides a conceptual basis for discussing
crystal structure in terms of the hybridization of atomic
bonding orbitals. If these orbitals were strictly s-like,
bonds would be weak and nondirectional; the structure
of minimum energy would be metallic with many
bonding neighbors to allow for resonance stabiliza-
tion.” If the bonding orbitals were strictly p, we might
expect an open structure with fewer, stronger bonds—a
“covalent” structure. In intermediate cases structural
trends should be related to the relative amounts of s
and p character in the hybrid bonding orbitals.

Now the index S describes the coextension of the s
and p pseudoorbitals and should be at least a rough
measure of the degree of hybridization. When r, =
ro, p orbitals should be preferred due to their directional
properties; when 7, 3> ry, s orbitals should be preferred
due to their compactness. In the latter case the
screened p orbitals may be too diffuse to form strong
bonds. This interpretation of S is supported for first-
row elemental solids, at least, by the hybridizations
estimated by Pauling.® Pauling suggests that Li should
have 59¢ s character and Be somewhat more than
3397; S(Li) is 0.53 and S(Be) is 0.37. Carbon in the
sp® diamond structure has 25% s character, and S(C)
is 0.23. The bonding in fluorine should certainly be
almost entirely p, as S(F) = 0.15 attests.

In contrast to trends in molecular hybridization?® the
S values increase down columns of the periodic table.
According to our discussion, this implies that the
heavier elements are more metallic due to greater s
participation in bonding.

The index S is not necessarily a unique measure of the
structural information contained in the pseudopoten-
tial. For example, the index

S = ks(n — ro) 4

where kg is the Fermi wave number, provides a more
dramatic partitioning of the periodic table and a more
accurate indication of fourth-column trends, although
its correlation with c/a ratios in divalent metals is less
satisfactory.

More detailed studies, including extensions of (3)
and (4) to binary solids and to elements having signifi-

(4) V. Heine and D. Weaire, Solid State Phys., 24, 1 (1970).

(5) M. Atoiji, J. E. Schirber, and C. A. Swenson, J. Chem. Phys., 31,
1628 (1959).

(6) L. Pauling, Proc. Roy. Soc., Ser. 4, 196, 343 (1949).

(7) The bee structure has 14 '‘bonding neighbors” (see ref 6) and hep
and fcc have 12,

(8) L. Pauling, “Nature of the Chemical Bond,” 3rd ed, Cornell
University Press, Ithaca, N. Y., 1960; see also, however, C. E. Mellish
and J. W, Linnett, Trans. Faraday Soc., 50, 657 (1954).
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cant amounts of d or f bonding (such as the heavy
alkalies and alkaline earths), are in progress.
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Synthesis of Some DE and CDE Ring
Analogs of Camptothecin
Sir:

Since the isolation and structure determination of the
antitumor alkaloid camptothecin (1) in 1966,! several
syntheses have been developed.?*~? The «-hydroxy-
lactone functionality present in the E ring is an absolute
requirement?® for antitumor activity, and at present only
one synthetic analog of camptothecin containing this
E ring structure is known.* We now present the syn-
thesis of several DE and CDE ring analogs.

Our synthetic procedure is broadly applicable and
consists essentially of three stages. First, a nipecotic
acid is subjected to the methylene lactam rearrange-
ment,® giving the corresponding 3-methylene-2-piper-
idone. Second, this methylene lactam is converted to
the dihydropyridone-primary allylic alcohol, and the
acetic acid residue is introduced vig Claisen rearrange-
ment. Third, this 4-substituted 3-methylene-2-piper-
idone is again converted to a primary allylic alcohol,
dehydrogenated, lactonized, and oxidized to give the
fused pyridone-hydroxylactone. Examples of this
overall process, with variations, are given below.

Nicotinic acid was converted to glycol 5a (82 %) via
2a, 3a, and 4a as described.® Acetylation with acetic
anhydride-pyridine at room temperature gave the
monoacetate 6a (mp 105-106°, 9597)¢ from which the
5,6-dihydropyridone 7a (7097) was obtained by suc-
cessive dehydration (SOCl—pyridine) and deacetylation
(K;COjz-aqueous CH;OH). Introduction of the lac-
tone ring carbon atoms was accomplished by Claisen
rearrangement.” Thus, allylic alcohol 7a, excess tri-

(1) M. E. Wall, M. G. Wani, C. E. Cook, K. H. Palmer, A. T. Mc-
Phail, and G. A. Sim, J. Amer. Chem. Soc., 88, 3888 (1966).

(2) (a) G. Stork and A. G. Schultz, ibid., 93, 4074 (1971); (b) R,
Volkmann, S. Danishefsky, J. Eggler, and D. M. Solomon, ibid., 93,
5576 (1971); (c) M. C. Wani, H. F. Campbell, G. A. Brine, J. A, Kep-
ler, and M. E. Wall, ibid., 94, 3631 (1972); (d) E. Winterfeld, T. Korth,
D. Pike, and M. Boch, Angew. Chem., 84, 265 (1972).

(3) M. E. Wall, 4th International Symposium on the Biochemistry
and Physiology of Alkaloids, Halle, DDR, June 25-28, 1969; Abh.
Deut, Akad. Wiss. Berlin, 46 (1971).

(4) M. E. Wall, H. F. Campbell, M. C. Wani, and S. G. Levine, J.
Amer. Chem. Soc., 94,3632 (1972).

(5) M. L. Rueppel and H. Rapoport, ibid., 94, 3877 (1972).

(6) All new compounds were characterized as to purity by tlc or g,
and spectral data (ir, nmr, and uv where appropriate) support the as-
signed structures. Elemental compositions were established by high-
resolution mass spectra, combustion analyses, or both.

(7) W. S. Johnson, L. Werthemann, W. R. Bartlett, T. J, Brocksom,

"(I'A I;i, D. J. Faulkner, and M. R. Peterson, J. Amer. Chem. Soc., 92, 741
1970).
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methyl orthobutyrate,® and a catalytic amount of pro-
pionic acid at 145°, 3 hr, led to methylene lactam 9a
(96 9%7) as a mixture of diastereomers. Allylic oxidation
of 9a with selenium dioxide? in refluxing toluene gave
a mixture of tertiary alcohols which was converted into
dihydropyridone 10a (69 %) by heating in acetic acid-
acetic anhydride (catalytic H,SO,, 135-140°, 3 hr).

Although dehydrogenation of 10a proceeded poorly
with both lead tetraacetate in acetic acid?* and DDQ
in boiling p-dioxane,* bromopyridone 1la was pre-
pared in 96 % yield from 10a with 200 mol % of NBS
in CCly (AIBN initiation, 8 min). Lactonization of
11a in 2 N H,SO,~monoglyme at 50° (20 hr) gave lac-
tone 13a (10097). Removal of the bromine was
cleanly effected (97 97) by dehalogenation with H,—Pd/
C-Et;N.10  The resulting lactone 14a (mp 91-92°) was
converted to the camptothecin analog 15a (mp 176~
177°, 689%) by oxidation!'! with oxygen and alkali in
the presence of triethyl phosphite.

6-Methoxycarbonylnicotinic  acid,!?  successively
treated with SOCI, (reflux, 2 hr) and benzyl alcohol
(benzene-pyridine, 15 hr), gave the 2-methyl 5-benzyl
diester!?® which on hydrogenation as hydrochloride in
ethanol over PtO, followed by substitution of 10%]
Pd/C and addition of excess formaldehyde gave the
hydrochloride of ester acid 2b (629 overall). Rear-
rangement’ of 2b in acetic anhydride-K,CO; gave
methylene lactam 3b (8597). Treatment of 3b with
MCPA?® gave epoxide 4b (98 %7) which was converted
in refluxing HOAc, 24 hr, to the hydroxy acetate 6b
(6097).1* Dehydration with SOCl;-pyridine (55%)
followed by deacetylation (K,CO;~CH;OH) gave the
allylic alcohol 7b which was subjected to Claisen re-
arrangement and selenium dioxide oxidation as de-
scribed above to effect the transformation to 10b.
NBS-CCl; converted 10b directly to pyridone 12b
(6097). The desired camptothecin analog 15b (mp
152-153°) was obtained by one-step lactonization-
oxidation of 12b with K,CO; in oxygenated methanol,
while deoxylactone 14b resulted when oxygen was ex-
cluded.

3-Cyano-6-phenyl-2-pyridone,!®* heated with CgH;-
POCI,'¢ at 180°, 4 'hr, gave 2-chloro-3-cyano-6-phenyl-
pyridine which was dehalogenated (71 %) in DMF with
H,-Pd/C-Et;N. Hydrolysis?” to the acid®® and ester-
ification gave methyl 6-phenylnicotinate!® in 839

(8) S. M. McElvain and C. L. Aldridge, ibid., 75, 3987 (1953).

(9) U.T. Bhalerao and H. Rapoport, ibid., 93, 4835 (1971).

(10) J. W. Wilt and E. Vasiliauskas, J. Org. Chem., 37, 1467 (1972),

(11) J. N. Gardner, F. E. Carlon, and O. Gnoj, ibid., 33,3294 (1968).

(12) K.Isagawa, M. Kawali, and Y. Fushizaka, Nippon Kagaku Zasshi,
88, 553 (1967).

19(5; L. Thunus and M. Dejardin-Duchene, J. Pharm. Belg., 24, 3
( (14). The principal by-product in this acetylation is the lactone i.

CH,

N._-0
CH,0Ac
0

(¢
i

(15) C.Barat,J, Indian Chem. Soc., 8, 801 (1931).

(16) M. M. Robison, J. Amer. Chem. Soc., 80, 5481 (1958).

(17) S. M. McElvain and M. A. Goese, ibid., 65,2233 (1943),

(18) R. A. Abramovitch, G. C. Sang, and A. D. Notation, Can. J.
Chem., 38,761 (1960).

(19) F. Bordin, F. Baccichetti, and G. Fattori, 4nn. Chim. (Rome),
55,882(1965).
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