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Efforts to further expand the scope and utility of this metho-
dology to polycyclic systems are under active investigation in our
laboratory.

Supplementary Material Available: 'H NMR data for the
stannanes 1 and cycloadducts 3 (1 page). Ordering information
is given on any current masthead page.

(12) The trans stereochemistry of 3—iii was confirmed by comparison of
the corresponding hydrolysis compound’s mp (229-230 °C) with that reported:
Haworth, R. D.; Slinger, F. H. J. Chem. Soc. 1940, 1321.

(13) 3—v: 'HNMR (CDCly) § 1.7 (d, 3 H, J = 7 Hz), 2.8-3.8 (m, 5 H),
7.1-7.4 (m, 4 H).

(14) 3~vi: 'H NMR (CDCl,) 6 0.7-2.0 (m, 13 H), 3.6-4.0 (m, 3 H), 3.8
(s, 3 H), 3.83 (s, 3 H), 7.2 (s, 4 H).
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Interligand reactions on transition-metal complexes accompa-
nied by the formation of new C-N bond(s)** have been of great
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Figure 1. (a) Isotopic multiplets in the low power broad band proton
decoupled 100 MHz *C NMR spectrum of [Co(D-Rib-en)(en)]* (1) in

a neutral ca. 1:1 HyO-D,O mixture. (b) Possible two- and three-bond
isotope effects and expected isotopic multiplet patterns of 1.

interest in macrocyclic chemistry and coordination chemistry. In
these investigations, it is desirable to identify the C-N bond
formation unambiguously and easily. We wish to present here
a simple method for identification of the C-N bond formation
in diamagnetic complexes.

We have already reported the synthesis and characterization
of Co(III) complexes containing an N-glycoside derived from
ethylenediamine (en) and an aldose.* In the report, the formation
of a new C-N bond has been presumed according to the chemical
shifts of the 3C signals from the en units in their routine 3C NMR
spectra. One of the signals assigned to the en carbons, which
presumably corresponds to the carbon atom adjacent to the gly-
cosidic nitrogen, appears at 7-8 ppm downfield from the other
three.

Deuterium isotope effects on '*C NMR chemical shifts are very
helpful in spectral assignments and molecular structure deter-
mination.>"!*  Partial deuteriation of exchangeable protons in
amines,”” amides,? alcohols, ! carbohydrates,!!1? and nucleosides,’
etc. leads to isotopic multiplets in 13C NMR spectra observed under
slow exchange conditions. In the spectra of the cobalt(III)-amine
complexes, indeed, isotopic multiplets corresponding to isotopomers
of coordinated amino groups could be observed even in neutral
H,0-D,0 mixtures.® We applied this technique to the cobalt-
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Table I. 1*C Chemical Shifts® (in ppm), Multiplicities,® and Deuterium Isotope Effects ("A)¢ (in ppb/deuteron) for Sugar Units and

Ethylenediamine Units in Cobalt(III)-N-Glycoside Complexes

Cl C2 C3 Ca Cs Cé en (a) en (b) en (c)
1 97.83 87.40 77.00 91.20 63.96 53.92 46.20 46.70 4574
1A d; 67 - - ‘ad: 12 - 2A d; 106 At 121 A 119 At 121
A <15 3ad; 27 At <21 3At, <15
2 97.65 88.68 76.12 8727 69.24 21.70 53.67 46.38 46.88 45.57
2A d; 70 - - - - 1A d; 106 At 119 1A 119 At 121
At <20 3A d; <24 At <18 At <15

42-Methyl-2-propanol was used ds an internal reference with a chemical shift 31.9 ppm. Each chemical shift value is given for the all-protio form
(lowest field component). ®d = doublet, t = triplet, - = no isotope effect. °The magnitudes of all the isotope effects are negative (upfield shifts).

Digital resolution is 3 ppb.

(LI1)-N-glycoside complexes in order to obtain the direct evidence
of the C-N bond formation.

Partial deuteriation of coordinated NH, or NH groups can be
easily achieved in a neutral H,O-D,0 mixture. Generally hy-
drogen exchange of coordinated amino groups in aqueous solutions
is expected to be slow on the NMR time scale. As a result, the
isotope effects on the *C resonances of the a- (two-bond effect;
2A) and 8- (three-bond effect: 3A) carbons to the coordinated
nitrogens should give rise to distinct '*C resonances for the in-
dividual isotopomers.® Some of the 13C resonances of [Co(D-
Rib-en’%)(en)]* (1)* were observed as multiplets in a neutral ca.
1:1 H,0-D,0 mixture (Figure 1a). Partial deuteriation of a
coordinated NH group produces two species, NH and ND, which
cause 13C resonances of «- and $-carbons to appear as doublets.
On the other hand, partial deuteriation of a coordinated NH,
group produces four species, NHH, NHD, NDH, and NDD,
which cause 13C resonances of a- and 8-carbons to commonly
appear as triplets.® The magnitude of the two-bond effect (55-128
ppb/deuteron) is usually greater than that of the three-bond effect
(0-85 ppb/deuteron)®®1¢ and that of the four-bond effect (*A)
is commonly too small to be observed.>® The resonances of carbon
atoms with two possible isotope effects exhibit multiplicities
analogous to those due to spin-spin couplings.>7%13

The isotopic multiplet patterns in the 13C NMR spectrum of
1 are expected as shown in Figure 1b on the basis of these em-
pirical rules. Unlike the bidentate en ligand, the tetradentate
N-glycoside ligand contains an NH, group and an NH group,
which can give fingerprints of the formation of the N-glycoside
bond. The carbon adjacent to the NH group of the en unit {en
(a)] may appear as a doublet of triplets due to the two-bond effect
by the NH group and the three-bond effect by the NH, group.
The carbon adjacent to the NH, group of the en unit {en (b)]
may appear as a triplet of doublets corresponding to the two-bond
effect by the NH, group and the three-bond effect by the NH,
group. C1 of the sugar unit may be observed as a doublet cor-
responding to the two-bond effect by the NH group and C2 as
a doublet due to the three-bond effect by the NH group. The
isotopic multiplet patterns for [Co(L-Rha-en!'7)(en)]* (2)* are
expected to be of the same manner.

All the 3C NMR signals from the sugar units of 1 and 2 in
D,0 were previously assigned completely by the 'H-'H and
13C-1H shift correlation 2D NMR spectroscopies. Assignments
of the observed isotopic multiplets of 1 and 2 are listed in Table
L. As expected, the resonances of C1 of the sugar unit and the
carbons of the en unit of the N-glycoside ligand exhibit multiplet
patterns that originate from the presence of the glycosidic NH
group. These results reveal evidence for the presence of the
C1-NH-C-C-NH,; moiety. Thus the C-N bond formation on
the Co(III) complexes is unambiguously proved by the application
of the isotopic multiplets in the 1*C NMR spectra.

It has been difficult to identify the C-N bond formation by
means of conventional NMR techniques. There is considerable
obscurity in estimation by '*C NMR chemical shifts or vicina)

(15) The full name is 1-(2-aminoethyl)amino-1-deoxy-D-ribose.

(16) The magnitudes of the two- and three-bond isotope effects are em-
pirically greater for the less-substituted carbon atoms.*!' The magnitude
of the three-bond isotope effect depends on the dihedral angle C(obsd)-C-
X-H(D) (X = C or N) 6.}4

(17) The full name is 1-(2-aminoethyl)amino-1,6-dideoxy-L-mannose.

'H-'H spin-spin couplings (H-N-C-H), and observation of
I5N-13C spin—spin couplings commonly requires preparations of
15N -labeled samples. In conclusion, the approach by use of the
isotopic multiplet technique appears to be uniquely suited for such
identification because of its clarity and simplicity.
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Poly(a-amino acids) are interesting as base materials in the
synthesis of functional polymers because they can be induced to
assume a conformation such as a-helix, 3-sheet, and random coil
under certain conditions. The synthesis of functional polymers
utilizing these features of poly(a-amino acids) has been reported.!?
We have reported methods for the introduction of functional
groups into poly(y-methyl-L-glutamate) (PMG) by trans-
esterification.’ However, selective incorporation of a nucleophilic
functional group into PMG, such as an amino group, is difficult
due to low reactivity of the methyl ester and to the fission of the
PMG main chain by nucleophilic attack by the amino group.
Therefore, we have devised a method for incorporation amino
functional groups into PMG (eq 1), where the methyl ester is

+NHCHCO-),; +NHCHCO—)}; functional
HOCH,CCly | group
(CHy)y (<|3H2)2
COOCHg COOCH,CCla
PMG
“+NHCHCO;
(CH2)2 (1)

CO—functional
group

transesterified with trichloroethanol and the amino group is reacted
without main chain fission. PMG functionalized with various
groups has been prepared by applying these methods, and poly-
meric electron transport membranes containing redox functionality
such as viologen and lipoic acid have been developed.*”’

If a glutamate N-carboxyanhydride with a highly activated ester
such as trichloroethyl ester could be synthesized, it may be possible
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