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The  magnetic properties of copper(I1) halide complexes of 3-picoline S-oxide, 2,B-lutidine S-oxide, and 2,4,6-collidine 
N-oxide have been determined as a function of temperature The complexes with the general formula CuL2X2 have mag- 
netic moments in the range 19-2 0 BM and probably have monomeric structures, whereas the complexes with the general 
formula CuLX2 have lom moments and probably have di- or polymeric structures similar to that  exhibited by [Cu(CsHa- 
SO)C12]2 For the condensed systems the magnetic susceptibilities of the bromo complexes are invariably lower than 
those of the corresponding chloro complcxes, and the susceptibilities decrease as the degree of methyl substitution on thc 
pyridine ring increases These observations indicate that  the singlet states of the dimeric molecules are stabilized by 
the electron-donating methyl groups and support a mechanism for spin-spin coupling operating through the orbitals of 
the bridging oxygen atoms. 

Introduction 
Pyridine K-oxide reacts with copper (11) chloride in 

ethanol to give a complex with a 1 : 1 mole ratio of ligand 
to metal s a k 2  On the basis of the low magnetic mo- 
ment a t  room temperature and, later, in view of the 
temperature dependence of the magnetic suscepti- 
bility3r a bi- or polynuclear structure mas postulated. 
A complete X-ray examination of single crystals re- 
vealed that  the dimeric molecule consisted of two dis- 
torted tetrahedra sharing an edge with the oxygen 
atoms from the pyridine N-oxide ligands acting as the 
bridging units5 The magnetic susceptibility data for 
a series of 4-substituted pyridine hT-oxide complexes 
of copper (11) chloride suggested that the spin-spin 
coupling in these compounds occurred by a super- 
exchange mechanism operating through the orbitals 
of the bridging oxygen atoms6 The superexchange 
mechanism is consistent with the observed copper- 
copper internuclear distance of 3.3 A, In conncction 
with this work, the properties of a number of copper- 
(11) complexes with pyridine N-oxides substituted at 
other positions on the aromatic ring have been deter- 
mined, and the results of these investigations are re- 
ported herein. 

Experimental Section 
Preparation of the Compounds.-The organic compounds used 

as ligands in this study were obtained from commercial sources 
and were used without further purification. The complex com- 
pounds were prepared by mixing a stoichiometric quantity of the 
pyridine I\;-oxide in ethanol with the copper halide in ethanol. 
The compounds either precipitated immediately or crystallized 
from solution upon standing a short time; they were purified by 
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recrystallization from ethanol. Analyses were performed by 
conventional techniques by Micro-Tech, Skokie, Ill. The 
analytical data are given in Table I. 

Spectral Investigations.-Diffuse reflectance spectra were 
measured with a Beckman DU spectrophotometer equipped with 
a standard reflectance attachment using a block of MgC02 as 
a reflectance standard. 

Magnetic Susceptibility Determinations.-Magnetic suscepti- 
bilities were determined by the Faraday method using a Cahn 
Model G microbalance and a Yarian 174004 electromagnet. The 
equipment and procedures have been described e l~ewhere .~  
Since most of the compounds described in this report were only 
slightly paramagnetic, forces were determined in the temperature 
range of 25-150’. 

The heater used for the measurements above room temperature 
was constructed from a 12-in. section of brass pipe with a 2.5-cm 
0.d. and a wall thickness of 0.3 cm. The pipe was noninductively 
wound with furnace wire and then wrapped with asbestos tape. 
The control thermocouple from an F & WI Model 2240 tempera- 
ture programmer was placed under the asbestos tape near the 
sample position, and an iron-constantan thermocouple was 
placed between the wall of the heater and the glass sample com- 
partment exactly adjacent to the sample. Only the isothermal 
mode of the temperature programmer was used. The sensing 
thermocouple from the F & M programmer served only to provide 
a constant temperature which was measured by the calibrated 
iron-constantan thermocouple located between the sample com- 
partment wall and the heater. The integrity of the latter thermo- 
couple was checked by placing the bulb of a calibrated mercury 
thermometer in the sample position and comparing the results of 
the thermocouple with those of the thermometer after a 20-min 
equilibration period. The two temperature-sensing devices 
always agreed within 0.5”, and although the thermal characteris- 
tics of the samples differ considerably from those of a mercury- 
in-glass thermometer, i t  is believed that the temperatures 
measured with the thermocouple reflect those of the samples 
within the limits of at least 1’. 

Mercury tetrathiocyanatocobaItate(I1) was used as a magnetic 
susceptibility standard,* and diamagnetc corrections were 
estimated from Pascal’s  constant^.^ 

Results 
Magnetic susceptibilities were determined as a func- 

(7) W. E. Hatfield, C. S.  Fountain, and I<. Whyman, to be published. 
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TABLE I 
ANALYTICAL DATA 

7--- Analysis---------------- 
7-- % C  -----%H- 7 -------yo h’---- 

Compd Calcd Found Calcd Found Calcd Found 

CUClz. CeH7n’Oa 29.58 29.52 2.90 2 .97  5.75 5 .73  
CuBrz. C6H7NOa 21.67 21.80 2.12 2.20 4 .21  4.15 
CuClz * C7HgNOb 32.64 32.08 3 .52  3 . 3 8  5 .44  5.30 
CUClz .2C7HgNOb 44.16 44.16 4.76 4 .78  7 .36  8.18 
CuBrz. C7H9NOb 24.26 24.66 2.62 2.67 4 .04  3.99 
CuBrz. 2 C7H9NOb 35.80 35.60 3.86 3 .60  5.97 5 . 8 2  
CUClz. CsHiiNO‘ 35.38 35.42 4 .a8  4 .13  5.16 4.87 
CU Clz 2C8H11NOC 47.00 46.98 5.42 5 .53  6 .85  6 .91  
CuBrZ. CsH1lT\’Oc 26.65 26.63 3 .06  3 .19  3 .89  3 .42  
CuBrz. 2C8H11NOc 38.61 38.60 4.46 4.50 5.63 5.03 

Q-c The ligands are: a 3-picoline N-oxide; 2,g-lutidine N-oxide; 2,4,6-collidine N-oxide. 

TABLE I1 
MAGNETIC SUSCEPTIBILITY DATA 

Compd 

[CU( CeH7NO)C1z]za 

T ,  
O K  

300 
307 
318 
33 1 
344 
376 
300 
322 
338 
353 
370 
404 
297 
316 
334 
355 
382 
407 
298 
295 
320 
341 
363 
383 
40 1 
422 
298 
295 
324 
382 
414 
298 
295 
312 
327 
344 
364 
383 
403 
298 

LO6XmGOP, 

cgs 
units 

2 59 
266 
288 
298 
330 
387 
176 
183 
230 
250 
273 
326 
127 
134 
140 
142 
147 
178 

1511 
119 
131 
140 
149 
160 
174 
188 

1727 
111 
116 
142 
187 

1521 
100 
106 
110 
117 
133 
138 
151 

1483 

PI a f f l  BM 

0.97 
0.99 
1 . 0 5  
1 .09  
1 .17  
1 .33  
0 .80  
0 .84  
0.97 
1 .03  
1.11 
1.26 
0 .68  
0 .72  
0 .75  
0.78 
0 .83  
0 .94  
1 .90  
0 .65  
0 .71  
0.76 
0 .81  
0.86 
0.92 
0.98 
2.04 
0 .63  
0 .67  
0 .84  
0.97 
1 . 9 1  
0.60 
0.63 
0.66 
0 .70  
0.77 
0 .80  
0.86 
1.89 

a-c The ligands are: a 3-picoline N-oxide; 2,6-lutidine N- 
oxide; c 2,4,6-collidine N-oxide. 

tion of temperature and are given in Table 11. The 
molar magnetic susceptibilities given in Table I1 
were calculated on the basis of the formula weight as 
indicated in the table, and magnetic moments were 
calculated using the expression peff = 2 . 8 4 ( ~ ~ ~ ~ ~ T ) * ’ ’ .  
The magnetic data reflect the considerable spin-spin 

interaction between the unpaired electrons on adjacent 
copper atoms in the magnetically condensed systems. 
In no case was it possible to measure directly the 
NCel temperature by determining the maximum in 
the susceptibility vs.  temperature curve. The singlet- 
triplet splitting energies for the complexes were ob- 
tained by fitting the temperature-dependent magnetic 
data to the expression 

1 
3kT 1 + 3 - exp(-2J/kT) 

where g is the Land4 factor, N is Avogadro’s number, 
0 is the Bohr magneton, k is Boltzmann’s constant, and 
2J is the energy difference between the singlet ground 
state and triplet excited state.1° 

A program written in the GAT language for the Uni- 
vac 1105 computer was used to give the best fit of the 
experimental data to the theoretical expression. l1 No 
single choice of J could be found to fit the data precisely, 
and it was necessary to use a range of J values in order 
to find agreement between calculated and observed 
susceptibilities. Several reasons can be put forth to 
account for the difficulty in the analysis of the data. 
These are: (i) consistent errors in the very small 
forces, -10 pg, which were observed, (ii) contamina- 
tion of the samples by traces of paramagnetic impuri- 
ties, and (iii) departures from the dimeric structure 
observed for the parent compound of the series, [Cu- 
(CbHaNO)Clz]z, in which case eq 1 would not apply. 
There is no experimental evidence for polymeric struc- 
tures, and the weighing errors would be expected to be 
random, and, therefore, average out. However, the 
presence of paramagnetic impurities could give rise to 
the deviations observed here. Even though our 
samples were purified by repeated recrystallization 
from ethanol, appeared to be homogeneous upon in- 
spection under the microscope, and exhibited accept- 
able analytical data, the magnetic data indicate that 
the samples contained traces of perhaps the paramag- 
netic 2 : 1  compounds. By assuming a value of 2.2 
for g (Smith3i5 used 2.17 for CuC12.C5H6NO), the range 
of ] 2 J ]  values needed to fit the experimental data are 
given in Table 111. If one chooses the mean of the 

(10) J. H. Van Vleck, “The Theory of Electric and Magnetic Suscepti- 

(11) W. E. Hatfield and F. L. Bunger, to be published. 
bilities,” Oxford University Press, London, 1932, Chapter 7. 
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TABLE I11 
RANGE O F  SINGLET-TRIPLET SPLITTIKG ENERGIES 

Compd l2JI 
[CU( CsHiSO)C12]2a 680-810 
[Cu( CeHiSO)Bra]na 890-1080 
[ CU( CiH9SO)Clz]zb 930-1090 
[Cu( C,H9FO)Brz] p b  940-1 100 
[CU( CsHnKO)C12]zc 960-1080 
[Cu( C8H11NO)Br2]2C 960-1120 

a-c  The ligands are: a 3-picoline S-oxide; 2,G-lutidine S- 
oxide; 2,4,6-collidine N-oxide. 

values for the singlet-triplet splitting energy, the cal- 
culated susceptibilities are lower than observed a t  
low temperatures and higher than observed a t  high 
temperatures. In no case did the deviations between 
the calculated and observed susceptibilities amount 
to greater than 50 X cgs unit when the mean 
12J1 was used in eq 1. Whereas this is a large dis- 
crepancy, relatively, i t  is fortunate that  paramagnetic 
impurities have a tendency to suppress the value of 
12JI, and, consequently, the upper limit of the singlet- 
triplet splitting energy listed in Table I11 approaches 
the correct value. 

Spectral Properties.-In Figures 1 and 2 the diffuse 
reflection spectra of four representative compounds 
are presented. One compound, CuBr2.4-CH3C5H2T0, 
has magnetic properties similar to CuC12. CbHbNO 
and has been assigned a dimeric structure.l The second 
spectrum in Figure 1, for CuBrz.C7HsS0,  is also for 
a compound which exhibits antiferromagnetism. In  
Figure 2,  the spectra of two complexes having a ligand- 
to-salt ratio of 2 :  1 are shown. In this case the 2,6- 
lutidine N-oxide complex exhibits a moment of 2.04 
BM at  room temperature, but the 4-picoline X-oxide 
complex possesses a moment of 1.33 BM per copper- 
(11) ion at room temperature. 

Discussion 
For the most part, the complexes prepared in both 

I I I . I-.. 
500 900 l30C 

WAVELENGTH, UP 

Figure 1 -Spectra of two representative compounds having ci 

ligand-to-salt ratio of 1 - , CuBr>.CTHySO, - - - -, 
CuBrz .4-CHsCsH4A7O 

\ \  / 

I 1 1 I I 

500 900 13C 
- 

WAVELENGTH, yy 

Figure Z.-Spectra of two representative compounds having 
a ligand-to-salt ratio of 2 :  ---, [Cu(C7HsNOj2Br2] ; - - - -, 
[Cu(4-CH3CjH4SO)aBr2] n .  

this study and the one reported earlier6 fall naturally 
into two classes. The first class includes the conipounds 
with the empirical formula CuXz. L which usually 
have lo~v moments and which probably possess a di- 
meric structure similar to that  found by Morrow and 
c o - ~ o r k e r s ~  for the 1 : 1 complex of pyridine N-oxide 
with copper (11) chloride. The second principal class 
includes the compounds with the empirical formula 
CuXz.2L which usually have normal moments, i .e. ,  a 
moment equal to or greater than 1.7 BM per copper- 
(11) ion, and which probably have monomeric 
structures in the form of distorted tetrahedra. 
However, there are important exceptions to  these 
generalizations, and these will be discussed in subse- 
quent sections of this paper. 

The Condensed Complexes.-The magnetic proper- 
ties of the 1 : l  complexes are explicable in terms of 
the structure shown in Figure 3 for the parent com- 
pound in this series. The structure is made up of two 
distorted tetrahedra which share an edge with the 
oxygen atoms from the pyridine N-oxide ligands 
functioning as the bridging units. As a consequence 
of this structure, substituents on the pyridine ring 
have a remarkable effect on the magnetic properties 

CI ' /'" \ 
CI 

Figure 3.---Thc structure of [Cu( C,H&O)CL]Z 
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of the dimeric compounds, and this effect has been 
correlated6 with the UR substituent constant.12 Al- 
though the basis for the separation of the electronic 
substituent constant, 5,  into a polar contribution, U I ,  

and a resonance contribution, OR, is qualitative and 
perhaps artificial, the division has permitted the cor- 
relation and explanation of a considerable body of 
data.ls,l4 Recently, Eaton and Phillips have con- 
sidered the utility of the concept in the discussion of 
the effect of chelate substituents on the contact shifts 
of some mixed aminotroponeimine complexes of nickel. l6 

Although the quality of the experimental data will 
not permit a careful analysis, i t  is interesting to note 
that  the trend in the singlet-triplet splitting energies 
parallels notions concerning the electron-donating 
properties by resonance of the methyl group. Es- 
sentially, this may be taken to indicate that electron- 
donating methyl groups stabilize the singlet states of 
the dimeric molecules. 

One feature of the data for these compounds should 
be pointed out: the susceptibilities of the bromo 
complexes are consistently lower than those of the 
analogous chloro complexes. This probably means 
that  conditions for spin-spin coupling are more readily 
met with the former, but, conceivably, could arise 
from such effects as variations in spin-orbit coupling 
or temperature-independent paramagnetism, TIP. 
Whereas, in our first paper‘ we assumed a constant 
value of 60 X cgs unit for TIP, the data ob- 
tained in this study demonstrated that that  value was 
too high ; the susceptibilities of two compounds would 
have been negative if this Licorrection” had been 
applied. Since we have no experimental data bearing 
on this point we have elected not to adjust the ex- 
perimental susceptibilities for TIP. 

Although all 1:l pyridine N-oxide complexes of 
copper halides exhibit low moments, the 4-nitro- 
quinoline N-oxide complex with the empirical formula 
CuClz.NO2CgH6NO has a moment of 1.99 BM.I6 
This is a very interesting result since the unsubstituted 
quinoline N-oxide complex of copper chloride has a 
low moment3 and, also, in view of the extent the nitro 
group in the 4-position on the pyridine ring destabilizes 
the singlet state of CuC12. NOzC6H4N0 in comparison 
to  the singlet-triplet splitting in Cuclz * C6H5N0.6 
This compound is the only example of a 1:l N-oxide 
complex with a normal moment that has thus far been 
characterized. The result suggests that the decreased 
donor strength of 4-nitroquinoline N-oxide with re- 
spect to the unsubstituted quinoline N-oxide and the 

(12) U R  is defined as a - UI where u is the electronic substituent constant 
and CI is the polar part of the electronic substituent constant. This is the 
often used division of the electronic substituent constant and, in effect, is an 
attempt to  divide the cause of the electronic effect into two categories, that 
is, the resonance effect which is thought to  be transmitted through the T- 
electron system and which is designated by u~ and the polar effect which is 
thought to act along a bonds and through space.18 

(13) J. Hine, “Physical Organic Chemistry,” McGraw-Hill Book Co., 
Inc., New York, N. Y . ,  1962, Chapter 4. 

(14) C. K.  Ingold, “Structure and Mechanism in Organic Chemistry,” 
Cornell University Press, Ithaca, N. Y . ,  1953. 

(15) D. R. Eaton and W. D. Phillips, J .  Chem. Phys . ,  43, 392 (1965). 
(16) Y. Muto and H. B. Jonassen, Bull. Chem. Sot. Japan ,  39, 58 (1966). 

increased steric requirements of the ligand with re- 
spect to 4-nitropyridine N-oxide combine to force a 
drastic structural change. A di- or polymeric struc- 
ture with chloride bridges could account for the mag- 
netic properties of CuClz. NO2C9H7NO, since Willett 
and co-workers17 have pointed out that  the binuclear 
entities formed by bridging copper ions with chloride 
ions do not tend to be diamagnetic. 

Spectra of the 1 : l  Complexes.-The manner in 
which the spectral properties of magnetically “anoma- 
lous’’ compounds should be interpreted has not been 
resolved. For example, Reimann, et U Z . , ~ ~  have analyzed 
the spectrum of copper acetate in terms of individual 
copper(I1) ions in the binuclear compound, whereas 
others have analyzed the spectrum in terms of molecu- 
lar species.lg Since the magnetic interactions in the 
condensed pyridine N-oxide complexes of copper 
halides are a t  least twice as great as those in copper ace- 
tate monohydrate, i t  is suggested that the spectra be 
interpreted in terms of molecular species. As the two 
representative spectra in Figure 1 show, there are some 
potentially interesting spectral features. Perhaps the 
gross difference in the appearance of the near-infrared 
band (centered a t  about 800 mp) reflects the extent of 
the magnetic interactions in the two compounds and 
the populations of the singlet and triplet states. A 
detailed study of the spectra of single crystals is un- 
derway in our laboratory. 

The Magnetically Normal Complexes.-All of the 
complexes reported herein with 2 moles of ligand per 
mole of copper halide have moments on the order of 
1.9-2.0 BM. These moments should be compared 
with the moment of 0.63 BM per copper(I1) ion for 
[ C U ( C ~ H ~ N O ) ~ C ~ ~ ] , ~  which indicates that the unsub- 
stituted compound has a di- or polymeric structure. 
The essential structural features of the parent com- 
pound seem to be retained in such diverse compounds as 
[ C U ( C H ~ C ~ H ~ N O ) ~ B ~ ~ ] ~  and [Cu(CH3C6H4NO) (CH& 
SO)BrzIn since they exhibit moments of 1.33 and 0.97 
BM, respective1y.l 

A close examination of the structure of [Cu(C5H5- 
NO)Clz]z yields a clue to the departure of the entire 
2 : 1 series from the behavior exhibited by the 4-sub- 
stituted pyridine N-oxide complexes. On the basis 
of the magnetic and infrared data, the 2 : 1 condensed 
complexes were assigned a structure which retained the 
binuclear unit with a second N-oxide ligand in the co- 
ordination shell of each copper atom.’ NOW it  is un- 
likely that the steric requirements of the ligands with 
methyl groups in the 2 and 6 positions could be met 
under such a structural arrangement. This, of course, 
does not explain why C L I ( C ~ C ~ H ~ N O ) ~ C ~ Z  is magneti- 
cally normal and probably possesses a monomeric 
structure. Evidently, in addition to the steric re- 
quirements of the ligands, there are important energetic 

(17) R.  D. Willett, C. Dwiggens, Jr.,  R. Kruh, and R. E. Rundle, J .  

(18) C. W. Reimann, G .  F. Kokoszka, and G. Gordon, Inorg.  Chem., 4, 

(19) E. A. Boudreaux, ib id . ,  3, 506 (1964); L. S. Forster and C. J. Ball- 

Chem. Phys . ,  38, 2429 (1963). 

1082 (1965). 

hausen, Acta Chem. Scand., 16, 1385 (1962). 



1394 G. H. UARL A N D  8. P. BLOCK Inorganic Chemistry 

factors to be considered. The data are not extensive 
enough to permit speculation. 

Spectra of the 2 : 1 Complexes.-The spectrum of the 
magnetically normal compound dibromobis(2,6-luti- 
dine h--oxide)copper(II) is typical of a great many 
four-coordinate copper(I1) complexes with distorted 
structures lying somewhere between a square-coplanar 
arrangement and a tetrahedron.20 Even though the 
magnetic properties of the 2 :  I complex of 4-picoline 
N-oxide with copper bromide suggests a di- or polym- 
eric structure, the spectrum of the complex is very 
similar to that of the magnetically normal and presum- 
ably monomeric compound. It is unfortunate that 
all solvents which will dissolve these compounds also 
decompose them, thus ruling out the use of conductiv- 
ity or dipole moment measurements. 

At least three structures must be considered before 
an assignment for the 2 : l  complexes can be made. 
On the basis of the structure exhibited by [CU(CE,H~- 
NO)Cl2l2 and the similarity of the spectra of the com- 
pounds, the planar cis or trans structures n-ith the fifth 
and/or sixth coordination positions filled by chloride 
ions from an adjacent molecule may be less likely than 
a distorted tetrahedral arrangement of nearest neighbor 
ligand atoms. A positive structural assignment must 

(20) C. J. Ballhausen, “Introduction to Ligand Field Theory,” TvIcGraw- 
Hill Book Co., Inc. ,  New Yoi-k, N. Y. ,  1962, p 272;  C. K. Jirgensen, “Ab- 
sorption Spectra and Chemical Bonding in Complexes,” Pergamon Press, 
Inc., New York, N. Y . ,  1962, p 286. 

be deferred until the completion of some single-crystal 
X-ray studies which are underway in Professor 
Morrow’s laboratory. 

Mechanism for Spin-Spin Coupling.- The data col- 
lected in this study support the earlier proposal that 
the spin-spin coupling in binuclear pyridine N-oxide 
complexes of copper halides occurs by a mechanism 
which operates through the orbitals of the bridging 
oxygen atoms6 The effect of the substituent is most 
easily seen in terms of a valence bond model for the 
substituted pyridine N-oxides. The methyl group do- 
nates electron density by resonance to the nitrogen 
atom adjacent to the bridging oxygen atom, thereby 
reducing the positive charge on the nitrogen atom which 
in turn diminishes the importance of canonical forms 
with nitrogen-oxygen double bonds. In  this way the 
methyl groups enhance the electron density in the pz 
orbitals of the bridging oxygen atoms and stabilize the 
singlet state of the dimeric molecules in the same man- 
ner that  has been described for a series of binuclear 
Schiff’s base complexes of copper(I1) .I1 
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The reaction of titanium(1V) alkoxides in 1 : 1 stoichiometry with 2-methyl-2,4-pentatiediol, pyrocatechol, salicylic acid, 
or P,P’-diphenylmethylenediphosphinic acid yields chelates of the form Ti(BB)(OR)2, whcre BB represents the binrgativc 
bidentate ligands involved and R is ethyl or isopropyl A similar reaction with 1,3-propanediol does not produce Ti- 
(OC8H60)(OR)z, but instead Ti(OCaHsO)z and Ti(0R)d are rccovered. The Ti(BB)(OR)> derivatives are all associatcd 
in solution. Replacement of the alkoxy groups with acetylacetonate groups in the pyrocatecholate derivative gives thc 
monomeric mixed chelate [T~(~-C~H~OL)(C~H~O~)~I. P,P’-Diphenylmethylenediphosphinic acid was prepared uia the 
reaction of diisopropyl phenylphosphonite with methylene iodide. 

In  connection with our polymer studies we had a 
need for compounds of the type Ti(BB)XZ in which BB 
represents a doubly charged chelating group and X is 
a readily replaced anion. Examination of the litera- 

for Our pur- 
poses, so me undertook the synthesis of a few com- 
pounds of this type As the reactive group X we 
selected alltoxides and for the chelating agent pyre- 

described in the literature,’ and attempted to make 
Ti[O(CH,)dO] [OCH(CHd)e]2. 

Experimental Section 
The sensitivity of many of the titanium compounds to inoisturc 

required the use of carefully dried solvents and reagents as well 

Materials .-Technical grade 2-methyl-2,4-pcntancdiol (hlathc- 
son Coleman and Bell) was dried by refluxing with a small amount 

to any good 
as manipulation in the absence of moist air, 

catechol, salicylic acid, and p,P/-diphenylmethylene- of sodium and then \acuum distilled, e Z J D  1.4266 (lit 2TZ1iD 1.4298). 

diphosphinic acid. We also repeated the reaction of 


