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The ab initio conformational spectrum af,a’-diaminoacetone, (N#CH,).CO, is obtained by systematic
conformational space search at the HF/6-8F level. The 15 conformers are discussed in terms of near-
neighbor interactions such as hydrogen bonding. Confodnveith a planar heavy-atom structure and two
acceptor-bifurcated Njt:O:::H,N hydrogen bonds is the global minimum at all levels of theory: AM1,
HF/STO-3G, HF/6-31G, HF/6-31G*, HF/6-31G*, HF6-314++G**//HF/6-31+G*, HF/6-3114-+G(3df,
3pd)//HF/6-38-G*, MP2/6-3H-G*//HF/6-31+G*, and MP2/6-311++G**//HF/6-31+G*. The double bifurca-

tion appears to be a novelty in hydrogen bonding. The relative energies of higher conformational states
show a distinct basis set dependence. Significantly, HF/6-31G calculations do not reproduce the full HF/6-
31+G* conformational spectrum, since the pyramidality of amino nitrogens is clearly underestimated at the
former level. The AM1 method predicts far too few minima and does not seem to properly describe the
NH---O bond.

Introduction CHART 1

Diamino ketones and diamino alcohols are important inter- H9 01 HI13
mediates in chemical and biomimetic syntheses of compounds
of diverse biological functions such as enzymes, alkaloids,
pteridines, and receptor agonits. The a,o-diaminoacetone

X . ) : 4 2 N
(daa) molecule (Chart 1) is an interesting precursor in the / \@1 / ®, /
c3 \,05 . \HM

formation of peptides and thus may be regarded as a model i71¢

compound for the elucidation of the conformational stability / \
of “primitive” proteins. The daa is a rather reactive molecule 07 : Hi2
and has so far been studied either in solutions or as%afs. 8 Hii

To the best of our knowledge no structure determination nor
theoretical study of daa has been reported in the literature. hydrogen or to the formation of a distorted NHDCH hydrogen
However, some allied molecules, vizy-aminoacetoné; bond depending on the choice of the reference structure.
a-aminoacetaldehyd€; " a-glycolaldehydé? glycine !>19-21 Conformationally labileo-amino acids have been subjects
and alaniné?? etc., have been investigated by semiempirical of conformational studies over the yea?s?128-36 But the full
andab initio calculations. Although the role of the symmetric ensemble of possible conformations has rarely been consid-
intramolecular hydrogen bond firdicarbonyl compounds has  ered920.2337 The daa not only is labile in the conformational
been well-established by theoretical and experimental stud-sense but also contains a variety of intramolecular interactions
ies?425 this is still controversial in amino acid systems. In and is of a tractable size for high-levab initio calculations.
bioactive peptides, proteins, and other biologically important The objectives of the present study are (i) to investigate the
molecular systems, however, intramolecular hydrogen bonds potential of the title compound to form different H bonds and
between strands and helices are frequently invoked to explainundergo near-neighbor interactions, with special attention to the
conformational stability and protein folding and also molecular effect of a second amino group on the conformational profile;
flexibility as an index of bioactive functioff~3* (ii) to examine the role of hydrogen bonding in determining
Hoffmann et al* considered H-bonding itself to be insig- geometry, charge distribution, and stability of conformers; iii)
nificant in oc.-aminocarbonyl compounds and interpreted their to ascertain the optimal level of quantum mechanical ap-
extended Haokel and STO-3G calculations on the basis of proximation for obtaining reliable results; (iv) to gain more
through-bond and through-space interactions. Vishveswara andinformation about the principles governing the intramolecular
Poplet® on the other hand, have explained the stability of lowest arrangement of small units of proteins that can possibly impact
energy conformers of glycine arndaminoacetaldehyde deter-  upon the overall structure of protein assemblies.
mined by Hartree Fock calculations (HF/4-31G) in terms of
distorted intramolecular bifurcated hydrogen bonds from the Methods
amino group to the carbonyl oxygen. The change in e_Iectron The conformational space of daa is spanned by four rotations
densities on aldehyde protons and on the eleptronegatlye atoM, . 5und the &N and C-C single bonds (Chart 1). A rotation
gttacheq to thex-carbon can be attributed e!ther to dipolar around a &N bond is expected to give three minimum-energy
interactions between the nitrogen lone pair and aldehyde gy,cqres corresponding to the staggered orientations of two
adjacent sphybridized groups, with the equilibrium values of

1ﬁgxeésggs%é@?ome%|?ﬂi§3§31995 the torsional angle EC—N—H being roughly—60°, 60°, and

$ University of Ulm. ' 180°.%8 A rotation around a €C bond forms three conformers
Abstract published if\dvance ACS Abstractddarch 1, 1997. in which one of three covalent bonds of the3sarbon
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eclipses the carbonyl group, so that the expectedCNC—O
torsional angles are 120, 0°, and 120.3° The molecule would

have 3, i.e. 81, rotamers, provided the overlap between distant

groups would not restrict the conformational space. Accord-
ingly, the full conformational spectrum of the molecule can be

obtained by complete energy refinements from these 81 rota-
mers. As some of the structures are physically equivalent due

to symmetry, while others may not exist due to strong van der
Waals or electrostatic repulsions, the full conformational
spectrum of the molecule consists of a smaller number of
different structures.

To avoid physically equivalent minimum-energy structures,
only two of three initial values of dihedral angje are utilized,
namely, 0 and 120, since all the structures with negatige
could be obtained from those with positigeby mirror imaging.
Thus the number of initial conformations to be considered are
reduced to a mere 54.

Full energy refinements from all possible rotamers of daa
are performed at the Hartre&ock HF/6-31-G* level to obtain
the conformational spectrum. The energy minimization option

introduceda priori, and the elements of symmetry of conform-

ers, if any, appear as a consequence of energy refinement only

by the semiempirical AM1 method. The aim is to check

energies of all the equilibrium structures obtained at HF/6- Angles (in deg) in the Conformational Spectrum of

31+G* are calculated at higheab initio levels, e.g. HF/6-
311++G**, HF/6-311++G(3df,3pd), and full second-order
many-body pertubation MoelletPlesset MP2(full)6-3:G* and
MP2(full)6-311++G**.

The calculations are done by the Gaussian-90 protfram
the C3440 convex minisupercomputer of the University of the
West Indies at Mona, Jamaica. However, the 6-31G* geom-
etries of the seven lowest conformers were optimized by the
TX-90 program (P. Pulay, University of Arkansas, 1990) using
natural internal coordinates.

A comprehensive conformational analysis of sulfur mustard
[S(CH,CH.CI);] has recently been performed using a Monte
Carlo Conformational space search with an empirical force field
description of the intramolecular interactiot¥s.Such an ap-
proach is unlikely to be acceptable for the molecule under
consideration; because of the potentially large number of
hydrogen bonds, the results of any empirical force field or even
semiempirical calculations may give rise to artifacts.

Results

obtained by full energy minimization using different methods

sets.

Table 2 specifies the conformations at the HF/6-&F level
(HF/B3 in column 5, Table 1) by the equilibrium values of the
torsional angleg;—¢4 introduced in Chart 1. The 15 equilib-

TABLE 1:
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Conformational Energies (in kd/mol) of
Different Forms of a,a’-Diaminoacetone

level of theory?

full energy refinement

single-point calculations

AM1 HF/B1 HF/B2 HF/B3 HF/B4 HF/B5 MP2/B3 MP2/B4
1 000 0.00 0.00 0.00 0.00 o0.00 0.00 0.00
2 000 6.29 352 399 348 3.23 2.69 1.98
3 00C¢ 443 1283 561 648 7.50 5.28 5.76
4 2499 6.66 3.14 748 9.85 12.00 4.62 6.34
5 0.0 12.16 7.55 8.05 6.92 6.25 5.74 4.39
6 0.00 1095 4.17 9.53 9.95 10.52 8.13 8.13
7 16.11 7.84 560 1143 13.06 14.36 8.59 9.56
8 0.0 10.97 1.28 11.44 11.76 12.26 9.33 9.47
9 00C 9.63 542 1167 1322 14.76 10.89 12.21
10 917 940 128 1196 1219 1225 11.05 10.54
11 0.0C 1538 3.5¢ 12.78 11.42 10.09 10.82 9.36
12 16.11 531 11.22 1477 16.44 17.46 11.93 12.97
13 0.0 14.08 4.17 1566 1526 14.38 12.61 11.67
14 9.17 1811 1.28 1659 16.10 1552 14.53 13.24
15 18.37 16.29 542 2528 2555 2533 23.46 22.30

@ Basis sets B1, B2, B3, B4, and B5 are STO-3G, 6-31G, 634,
6-311++G**, and 6-31H+G(3df,3pd), respectively. Total initio
. _ ~ energies of the most stable forbrat the HF/STO-3G, HF/6-31G, HF/
of Gaussian-90 has been used. This approach could result in & 311 G* HF/6-311+G**//HF/6-31+G*, HF/6-311++G(3df,3pd)/
saddle point structure only if symmetry constraints are used /HF/6-31+-G*, MP2(full)6-31-+G*//HF/6-31+G*, and MP2(full)/6-
during minimization. However, no symmetry constraints are 311++G**//HF/6-31+G* levels are—298.155 283,—301.867 154,
—302.013 746,—302.100 252,—302.125 517,—302.934 687, and
—303.209 494 E, respectively; the Hartree unit of energy, Bs
R 7 equivalent to 2625.5 kJ/mdl.TX90 calculations at the HF/6-31G* level

The equilibrium structures found are reoptimized at lower yijeld a totalab initio energy—302.002 722 Efor 1 and 5.46, 6.12,
ab initio levels, HF/STO-3G, HF/6-31G, and HF/6-31G* and 9.79, 44.62, 11.40, and 11.43 kJ/mol relative energies for structures
2—7. ¢ Same geometry ak ¢ Same geometry a& ¢ Same geometry

whether it is possible to reproduce the conformational spectrum as3. ' Same geometry &8
by a smaller computational effort. In addition, the single-point +ag| E 2: HF/6-31+G* Equilibrium Values of Torsional

a,0’-Diaminoacetone

conformational parameter

structure no. ~ ¢1 2 ®3 &1 symmetry
1 —58.7 0.0 0.0 —58.7 Co
2 —-164.5 +8.0 +26.8 —56.3
3 161.2 149.5 5.7 —-585
4 164.2 126.0 154.1 77.2
5 41.8 —-24.0 —24.0 41.8 C,
6 —162.8 23.1 143.1 160.5
7 —60.9 137.0 142.3 167.5
8 162.0 158.5 —135 39.3
9 163.7 106.9 106.9 163.7 C
10 —58.8 4.2 150.3 —60.9
11 —41.3 235 -124 344 Cs
12 —57.0 83.6 —129.0 81.7
13 —58.3 88.4 —20.8 38.5
14 —59.9 142.7 20.9 —159.2
15 —59.3 126.2 126.2 —59.3 C

a Dihedrals: ¢, H—N—C—C: ¢y, N—C—C—0; ¢, O—C—C—N:
¢4, C—=C—N—H.

bonds, some of which are angularly distorted. Phmatrices

. . . of the fully optimized HF/B3 geometries are given as Supporting
Table 1 summarizes the relative energies of the conformers | sormation.

i . A. Effect of Level of Theory on Geometry Optimizations
(AM1 and HF) and various levels of theory. The choice was ot conformers. At our reference level, HF/6-31G*, the
made in order to illustrate the extent of variation in the conformational spectrum consists of 15 different energy minima,
conformational spectrum across a range of methods and basignt which the 54 possible rotamers have been optimized. Fully
refined AM1 calculations yield a very different spectrum
comprising five energy levels only. The structus3, 5, 6,

8, 9, 11, and 13 of Figure 1 all optimize tol on the AM1
potential energy hypersurface. In additidd,converges to the
rium structures obtained at our reference level HF/B3 are equilibrium structurelQ, and 12 to the structure7; 4 and 15
displayed in Figure 1. The conformations are also characterizedcomplete the spectrum. A lowering of tka initio level by

by the hydrogen bond lengths (near-neighbor interactions) in omitting polarization and/or diffuse functions can also produce
Table 3. A cutoff above 2.85 A was used for the hydrogen significant changes in the conformational spectrum. At the HF/
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Figure 1. Conformers ofo,o’'-diaminoacetone optimized at the HF/
6-31+G* level.

6-31G* level structuré changes to a rather flat structure@f

von Szentply et al.

TABLE 3: Hydrogen Bond Lengths (in A) in the
Conformations of o,a’'-Diaminoacetone from the HF/
6-31+G* Calculations

conformer NH:::O HNH---O  HNH--*NH, HCH--NH;
1 2.752
2 2.692 2.382
2.838
3 2.700 2.694
2.765
4 2.525 2.697
5 2.375
6 2.355 2.789
7 2.539
8 2.354 2.553
9 2.767
10 2.710
2.751
11 2.343
12 2.724
13 2.350
14 2.316
15

in increasing order of energy in column 5, Table 1. Atthe HF/
6-31G* level the dissappearance bfis most notable as
mentioned above; in addition the relative energies are somewhat
raised without further changing the sequefieel and6—7. At

the HF/B2 (column 4, Table 1) the energy sequence is
considerably altered. Conformdr2 has the highest energy
among the nine rotamers, while the lowest energy conformer,
1, is closely followed by3, to which the structure8, 10, and

14 converge. At the minimal basis set (column 3, Table 1) the
relative stabilities of3, 7, and12 are overestimated; thus the
energy sequence is changed, withstabilized by 9.5 kJ/mol.

The extension of the basis set by single-point 6-B+G**

(B4) and 6-31%+G(3df,3dp) (B5) calculations changes the
conformational spectrum by subtle increments of less than
kJ/mol. Changing from B3 to B4 plac&elow4 and stabilizes
11 so that the closely spaced energie§ef 8 <9 < 10 < 11
<12 < 13arechangedtdl1 <8 <10<7 <9 <13 <12

As the totalab initio energy of conformet is lowered by 227
kJ/mol, or 86.5x 1073 hartrees (Table 1), the above mentioned
relative changes by less thar? kJ/mol represent 1% of the
total effect of basis set extension.

The inclusion of additional polarization functions in basis set
B5 lowers the total energy df by another 66 kJ/mol (Table 1)
and places lower than3 and11 below6 <4 <8 <10<7
< 13 < 9 < 12. Most conformers are, in fact, destabilized
relative tol, with 2, 5, 11, 13, and14 being important exceptions

symmetry, showing the typical convergence characteristics of (Table 1, columns 6 and 7).

a saddle point at 44.62 kJ/mol above the reference energyy of
(see Table 1).

At the HF/6-31G (HF/B) level, a full refinement of the 15

The effects of electron correlation are probed by single-point
second-order many-body perturbation calculations, Moeller
Plesset MP2(full). The conformeBs-15are almost uniformly

structures depicted in Figure 1 locates nine rotamers only. stabilized relative td by about -3 kJ/mol, an amount almost

Structures3, 8, 10, and14 are optimized into a single structure

with quasiplanar amino groups. Three pairs of rotamers, viz.,

negligible in view of the total correlation energy of 2418 kJ/
mol for 1 at the MP2(full)6-3#G*//HF/6-31+G* level. Only

(2, 11, (6, 13), and O, 15), become 2-fold degenerate at the 3 and4 exchange their places at this level (Table 1, columns 5
HF/B2 level. The role of the reduced ability to form hydrogen and 8). Using the B4 set, the total correlation energyl aft
bonds with quasiplanar amino groups is discussed in the nextthe MP2 level increases to 2912 kJ/mol; the differential
section. The said reduction to just nine rotamers appears to becorrelation energy for the 15 rotamers, however, does not exceed
a particular artifact of the 6-31G basis set, as all 15 structures 3.5 kJ/mol. The relative stabilizations are at this upper level

reappear using the minimal basis set STO-3G in HF/B1.
B. Effect of Basis Set and Electron Correlation on

Relative Energies of Conformers. Although the number of

conformers varies with the level of theory, conformesf C,,

for 4,7, 12, and13 (Table 1, columns 6 and 9). Some of the
changes in the conformational energy affected by HF/B4//HF/
B3 are reversed toward the HF/B3 spectrum at the MP2/B4/
HF/B3 level.

symmetry and planar heavy-atom structure is the global energy C. Charge Distribution. Complementing the energy and

minimum at all of the levels. The comparison is thus facilitated.

At the reference level HF/B3, the conformérs15are arranged

geometry considerations, a charge distribution study has been
done for the assessment of intramolecular interactions. Table
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TABLE 4: Atomic Charges from the HF/6-311++G** Mulliken Population Analysis at the HF/6-31+G* Optimized
Conformations of a,a’-Diaminoacetoné

conformers

atom 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
01 —.0357 —0.370 —0.353 —0.333 —0.382 —0.366 —0.337 —0.356 —0.296 —0.346 —0.374 —0.333 —0.362 —0.361 —0.328
Cc2 0.752 0.669 0.534 0420 0.59 0.554 0.46 0.511 0.231 0585 0575 0.441 0.602 0.634 0.534
C3 —0.694 -0.693 —0.492 —0.417 —0.519 —0.523 —0.544 —0.530 —0.430 —0.670 —0.504 —0.454 —0.497 —0.623 —0.613
N4 —-0.374 —-0.376 —0.420 —0.439 —0.418 —0.405 —0.385 —0.405 0.382 —0.377 —0.419 —0.413 -0.409 —0.396 —0.379
C5 —0.694 —-0.515 —0.618 —0.584 —0.519 —0.523 —0.550 —0.492 —0.430 —0.581 —0.504 —0.506 —0.610 —0.574 —0.613
N6 —-0.374 —-0.419 —0.369 —0.414 —0.418 —0.414 —0.421 0.419 —0.382 —0.402 —0.419 0.430 —0.391 —0.402 —0.379

H7(C3) 0.175 0.174 0.182 0.176 0.143 0.2020.189 0.184 0.197 0.181 0.176 0.179 0.136 0.185 0.194
H8(C3) 0.175 0.181 0.166 0.209 0.180 0.150 0.182 0.172 0.156 0.184 0.134 0.178 0.178 0.205 0.203
HI(N4) 0.260 0.273 0.249 0.238 0.274 0.227 _0.279 0.250 0.246 0.254 0.233 0.255 0.256 0.251 0.253
H10(N4) 0.260 0.234 0.236 0.251 0.233  0.2730.241 0.236 0.246 0.244 0.278 0.25& 0.234 0.244 0.239
H11(C5) 0.175 0.184 0.184 0.187 0.14 0.175 0.190 0.148 0.19r194 0.134 0.165 0.158 0.185 0.194
H12(C5) 0.175 0.140  0.192 0.170 0.180 0.169 0.202 0.202 0.156 0.201 0.176 0.166 0.196 0.152 0.203
H13(N6) 0.260 0.255 0.256 0.259 0.274 0.247 0.252 0.229 0.246 0.259 0.278 0.243 0.276 0.225 0.253

H14(N6) 0.260 0.263 0.252 0.276 0.233 0.235 0.236_ 0.272 0.246 _ 0.256 0.233 0.251 0.234  0.276 0.239

aValues corresponding to the hydrogen-bonded atoms are underlined.

Q possible interactions, we rationalize the spectrum in terms of

0.4 hydrogen bonding and point out the shortcomings of this
approach whenever pertinent. The discussion is based on the

03 HF/B3 results, augmented, if indicated, by those of the single-

point calculations, and some HF/6-31G* results.

The symmetry of conformet, also evidenced in the Mulliken
population analysis (Table 4), implies equivalent interactions
between the €O and both NH groups. According to

0.2

0.1

0 N Vishveswara and Popl¢, a-aminoacetaldehyde and-ami-

0 H(C) H(N) noacetic acid (glycine) both display one set of acceptor-
04 % bifurcated hydrogen bonds, i.e. NHO, in their most stable

) conformations. A reasoning along the same lines calls for a
02 novelty in hydrogen bonding: two sets of acceptor-bifurcated

' H bonds on the same carbonyl oxygen, i.e. NiD:::H,N. The
03 population analysis caters to such an interpretation, as all four

amino hydrogens have the same enhanced positive charge (Table

04 %v 4). This picture postulates two H bonds per lone pair of oxygen.

Similarly, structure2 implies more than two H bonds per
oxygen, in this case Nkt:0O---HNH. The structure®, 3, and
Figure 2. Mean values of the net atomic charg€) &t the hydrogen- 10, however, contain distorted bifurcations, conceivable as a
bonded (shaded bars) and non-hydrogen-bonded (empty bars) atomsconsequence of other interactions. The consideration of the two
Standard deviations of the mean values are presented. most stable conformers of daa raises the question whether a

single lone pairis able to sustain a bifurcated hydrogen bond.
4 contains the results of a Mulliken population analysis at the The answer seems to be yes.

HF/B4//HF/B3 level. In Figue 2 a comparison is made bgnNeen Near-neighbor stabilization between the amino and the
the averaged net chargeg)(at the H, N, and O atoms with or carbonyl groups is found in conforme2s5, 6, 8, 11, 13, and
without their involvement in hydrogen bonds. As expected, the 14 and’is readily described by the NHO bonds. Two such

acceptor atoms become more negative and hydrogen more,snqs are encountered in each of the higher energy conformers
positive. The increments of charge on H(C) and H(N) are 530411 The average over seven NHD bond lengths is 2.354
comparable in magnitude, implying the formation of HEH & "\yhereas the bifurcated NH::O bond length is on average
NH to be feasible. Hence, the geometries and the charge shifts, 744 A The fact thak is unstable at the HF/6-31G* level
concur in assigning hydrogen bonds. adds to the recently published evidence that the basis set has to
include both polarization and diffuse functions to be capable
of predicting reasonable geometries for amino acids and peptide

The conformational analysis of the title compound in the gas models®*
phase is of great interest, since it displays different types of In 4, 7, and12 the two amino groups interact, one of them
intramolecular hydrogen bonds, dipeldipole interactions, e.g.  being the hydrogen donor and the other acting as the acceptor.
involving the G=0 bond dipole, nonbonded through-space and At the HF/B3 level, the strength of the NH-NH; bond appears
through-bond interactions, and the eclipsing of different bonds. to resemble closely that of the HNHO bond. This seems to
The presence of a second amino group leads to a level ofbe at variance with the established orderingmé&rmolecular
complexity in hydrogen bonding not found éaaminoacetone, H bond strengths, viz. HN-O > NH---N.#> Our single-point
o-aminoacetaldehyde, and simple amino acids like glycine or calculations with additional polarization functions, HF/B4 and
even alanine. Both amino groups can act as hydrogen bondHF/B5 (Table 1), show a selective stabilization #r5, 11,
donors or acceptors. 13, and 14, which can be attributed to a more effective

It is tempting to analyze the conformational spectrum in terms description of the NH-O bond at the higher levels. Note that
of H bonds alone, and some challenging pictures may evolve the stabilization is higher by a factor 2 férand 11 with their
from such a discussion. Thus, without losing sight of other two NH---O bonds. Thus thitramolecularH bond strengths

Discussion
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are not really at variance with théimermolecularcounterparts. spatial orientation of the components is formatted by networks

In general, however, it is hardly possible to compiateamo- of such noncovalent interactions.
lecular H bonds quantitatively because of the difficulty in To sum up, the conformational spaceogé’-diaminoacetone
choosing proper reference poirits'® consists of 15 structures. The conformer at the global energy

Relatively weak hydrogen bonds between nitrogen lone pair Minimum possesses high symmet@g,) at all levels of theory.
and methylene hydrogens have been described for intermolecularrhe Systematic conformational space search of the molecule
systems from high-resolution spectroscopic studliasd theo- requires relatively higlab initio level to calculate the confor-
retical calculationd’4° A systematic survey of crystallographic ~Mational energy sequence.
data has revealed the importance of-€N and CH--O bonds
in determining the stable structures of organic crystals including
amino acids and nucleosid&=0-52

In daa the geometry allows for distorted HEHNH, bonds
to be formed ir8, 4, 6, 8, and9, with the C-H—N angles being
around 90 only. The range in hydrogen bond lengths (0.23
A) is comparable to the variation in bond lengths fep-€H-
NHz and Gpz—H-:*NHj3 interaction$®-52 In contrast to the
other H bond;, these interag:tions show very little dependence Supporting Information Available: Z -matrices of the fully
on the extension of the basis set beyond B3. optimized HF/B3 geometries (16 pages). Ordering information
Alternatively, the dipole-dipole interaction between the GH is given on any current masthead page.
group moment and the -€NH, bond moment may have a
stabilizing influence upo8, 6, 8, 10, and14. lItis an indication References and Notes
of the complexity of the near-neighbor interactions present that (1) Gellerman, G.: Rudi, A.; Kashman, Tetrahedron Lett1993 34
in all conformers with the exception df and 15 at least one  1823: Tetrahedron1994 50, 12959. ' '
dihedral angle deviates strongly from the standard values. (2) Plate, R. Eur. Pat. Appl. E. P. 559, 279 (Cl CO7D 239/06), Sept 8,

. . 1993.
The increased positive net charge on H(C) and H(N) by an (3) Modha, J.; Barrett-Bee, K. J.; Rowbury, RL&tt. Appl. Microbiol.

average of 0.03 is in excellent agreement with the corresponding19sg 8, 219.
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