alyst (20 mg) the corresponding yields were 32,7 and
30.5%, respectively.

When experiments with «a-diazoacetophenone, diazo-
methane, and diazofluorene were repeated without the pres-
ence of tetraphenylethylene, no cyclopropanation products
were detected.

In the tetraphenylethylene-catalyzed cyclopropanations
with diazoacetophenone, diazomethane, and diazofluorene,
no paramagnetic species were detected by esr spectroscopy
during the reaction or after decomposition of the diazo
compound was complete. Thus the relationship between
these reactions and the tetraphenylethylene-catalyzed de-
composition of diphenyldiazomethanene remains to be es-
tablished by detailed kinetic studies and trapping experi-
ments.

The catalyst employed in our experiments is commercial
tetraphenylethylene (Aldrich) purified by recrystallization
followed by column chromatography. Since the synthesis of
tetraphenylethylene normally employs copper metal,!” we
explored the possibility that a copper impurity was responsi-
ble for the observed decomposition of diazo compounds. De-
composition of diazo compounds by copper complexes pres-
ent in only 102 M ratio has been reported.!® Analysis of
our purified tetraphenylethylene by atomic absorption spec-
troscopy indicated a copper content of 0.01 weight %. When
a quantity of cupric chloride (the most likely form for a
copper impurity in tetraphenylethylene) equivalent to ten
times the impurity found in tetraphenylethylene was em-
ployed as a catalyst for diphenyldiazomethane decomposi-
tion, the first half-life of the reaction is greater than four
times that observed with tetraphenylethylene. Also the rate
of the copper-catalyzed reaction was the same in the pres-
ence and absence of air. Copper was definitely precluded as
the active catalyst when a sample of tetraphenylethylene
prepared by Meyers via a copper-free synthesis!® showed
catalytic properties identical with those of commercial ma-
terial.
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Cautions Concerning Uses of Copper(II) Selective
Broadening in Nuclear Magnetic Resonance
Spectroscopy for Determination of Ligand Binding Sites
Sir:

Sites of Cu(II) binding to molecules such as nucleic acid
bases, histidine and derivatives, and peptides have often
been characterized by selective broadening in proton mag-
netic resonance spectra of ligand hydrogens located nearest
to Cu(II). Typically the ligand is present in a 100-fold or
greater excess over Cu(II). To apply the method successful-
ly to small molecules, two criteria must be met: there must
be rapid chemical exchange of Cu(II) among all sites and
there must be no scalar coupling to contribute to line broad-
ening so that only the dipolar contribution with its inverse
sixth power dependence of distance between paramagnetic
ion and affected nuclei prevails.

In the case of rapid chemical exchange and in the ab-
sence of significant outer sphere effects, the inverse spin-
lattice and transverse relaxation times due to the presence
of paramagnetic ion become!

-1 -1
Ty =pT,
and
-1 -1
Ty, =pgTy,

where p is the ratio of molar concentrations of metal ion to
ligand and ¢ is the average number of ligands bound in an
identical way. Thus T1,/T2p = T1im/T 2m. The relaxation
times of nuclei bound to paramagnetic ions may be de-
scribed by the Solomon-Bloembergen equations? which for
Cu(1I) and protons on small ligands at 100 MHz become

7, = 6a7r7'6 (1)
Ty =Tary™ + bAr, (2)

where @ and b are a collection of constants for the dipolar
and scalar parts, respectively, 7, is the rotational correlation
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Table 1. Ratio of Longitudinal to Transverse Relaxation Time
in Presence of Cu(Il)

Tlp/ TZp

Acetate 6.9

Chloroacetate 1.1

Bromoacetate 1.9

Glycolate 1.8

Malonate 8.4

Succinate 2.1
Methylamine 350
Dimethylamine 250
Trimethylamine 255
1,2-Diaminoethane 146
Glycinate 108
Sarcosinate CH, 49
CH; 132

N,N-Dimethylglycinate CH, 1.8

CH; 2.7

Nitrilotriacetate 0.8
Imidazole H2 21
H(4,5) 48

AMP HS8 3.2

H2 5.1

time of the bound paramagnetic ion, 7, the electron spin re-
laxation time, A4 the scalar or hyperfine coupling constant,
and r the distance between the paramagnetic ion and the
measured nucleus. Since the scalar contribution to T 1,~! is
negligible compared to the dipolar term it is not included in
eq 1.

This communication aims to determine whether the dipo-
lar term of eq 2 dominates the line broadening in the case of
rapid chemical exchange, If only the dipolar part contrib-
utes to eq 2, both relaxation times depend upon #¢ and the
ratio T1p/T2p = Tim/T2m = 7. If either the criterion of
rapid exchange or predominant dipolar contribution to eq 2
is not met, the observed ratio will be greater than 7. With
fast chemical exchange, 50% scalar and 50% dipolar contri-
butions to eq 2 increase the ratio to /5 = 2.33.

We have chosen to determine the ratio 715/ T 5p in rela-
tively simple ligands which are not complicated by spin-
spin coupling of the measured hydrogens. For each proton
only a single resonance corresponding to the weighted aver-
age of unbound and bound ligand is observed. Results were
obtained in D,O solutions containing 0.1-0.4 M ligand and
1073 to 10~27 M Cu(Il). The highest concentrations of
Cu(Il) were employed with the carboxylate ligands, which
gave little broadening, and hence the T, values are less ac-
curate for this ligand class. The pD was chosen such that
carboxylic acid ligands were about 75% ionized and amine
ligands about half-neutralized. T»p~! and T1,~! values
were proportional to Cu(II) concentration. Both 7'y and T
relaxation times were determined on a JEOL PFT-100P/
EC100 nuclear magnetic resonance spectrometer at 100
MHz and 23°. T ;™! was calculated by multiplying by =
the difference of the line width of the free ligand from that
found in the presence of added Cu(Il). T,,~! values were
calculated from the difference of T;~! values found in the
presence and absence of added Cu(ll), T;~! values were
accurately (+£10%) determined from a 180°-7-90° pulse
sequence. The usual precautions® were taken and in all
cases first-order plots were obtained indicative of exponen-
tial decays.

Comparisons of experimentally observed T 15/ T >, ratios
with the theoretical value of % = 1.17 tests for dominance
of the dipolar term in the fast exchange limit. Perusal of re-
sults listed in Table I shows that only in a few cases may the
dipolar term of eq 2 be dominant in the fast exchange limit.
The dipolar limiting value of 1.17 is obtained only for chlo-
roacetate and nitrilotriacetate. Except for acetate, nonche-

lating carboxylates give values near 2. The higher value for
malonate may be ascribed to chelation, which is absent in
succinate. Aliphatic amines usually yield high values great-
er than 40. Carboxylate like values for N,N-dimethylglyci-
nate (pD 10.7) and nitrolotriacetate (pD 11.8) suggest that
they are bound only as carboxylates at the 200-fold or
greater ratio of ligand to Cu(II). The aromatic nitrogens in
imidazole and adenosine monophosphate (AMP) also give
values of T'1,/T2p indicating that line broadening is not de-
termined predominantly by the dipolar mechanism.

The main conclusion of this communication is that the
broadening induced by Cu(II) in the proton magnetic reso-
nance spectra of a variety of ligands is generally far from
being dipolar determined and thus conclusions concerning
the site of Cu(II) attachment based on an assumed r~¢ de-
pendence require reconsideration. The insignificance of the
dipolar mechanism may be due to an important contribu-
tion from the scalar term in eq 2 and/or it may occur be-
cause the fast exchange limit is not attained. In the latter
case an additional term pg T, Awn? is added to the expres-
sion for sz‘l where 7, is the lifetime of a ligand bound to
Cu(Il) and Awy, is the chemical shift between bound and
unbound ligand resonances.! Since both the scalar coupling
constant A in eq 2 and Awy, are in general different for each
nucleus on the same ligand, the relative contributions of the
two effects require extensive temperature and frequency
variation studies for their unraveling. Whatever the out-
come to these studies, now underway, predominant contri-
butions to line broadening do not originate in the dipolar
mechanism. This conclusion renders suspect arguments of
Cu(II) site binding, based on selective broadening, which
depend upon assumption of an r~¢ dependence between
Cu(Il) and affected nuclei. For ligands undergoing fast or
intermediate exchange, the only sure way to invoke the r—¢
dependence to establish binding sites is to measure T, and
employ eq, 1,

As our most recent experiments suggest that the fast ex-
change limit is attained for most ligand resonances in Table
I, the dominant contributor to line broadening with added
Cu(II) is the scalar term of eq 2.
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Onium Ions. XI.! The Cyclopentenebromonium Ion, a
Bicyclic Three-Membered Ring Halonium Ion

Sir:
Cyclic and acyclic halonium ions have been thoroughly
studied in recent years.2 Although a series of acyclic, three-

membered ring halonium ions have been previously re-
ported,3 related bicyclic halonium ions have not yet been
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