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system for which the dielectric increment of sulfamic acid is largest. In comparison with results for an
aqueous system, the electrostriction effect for glycine in water is 3-2 mI* mole~1[15], basing the value
of @y for glycine upon a crystal density of 1-:607 g ml-3{14]. In another study involving non-aqueous
solvents{15], values of apparent molal volumes and electrostriction effects associated with betaines
(N-substituted derivatives of glycine) have been found to similarly show considerable solvent
dependency.

In view of the low conductances, large dielectric increments and electrostriction effects for sul-
famic acid in 3Me20x, HMPA and TMU, it is reasonable to conclude that sulfamic acid predomin-
antly retains its dipolar ionic structure after dissolution in these media.
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Basicities of (X)(Y)PO(CHj,) with variation of X and Y substituents*
(Received 17 August 1972)

THE SUCCESSFUL correlation of substituent effects on the acidity of phosphoric, phosphonic and
phosphinic acids in various solvent systems has been reported [1-4]. The next logical step would
be to make a similar correlation of substituent effects on the basicity of organophosphorus compounds
containing the PO (phosphoryl) moiety. Some reports of the basicity and substituent correlation of this
type of compound have been made using spectroscopic method[5], distribution method[6], potentio-
metric titration method [7-9] and NMR method[10, 11]. However, these studies have been made on
a very limited number of compounds where internal correlations were not possible.

In the work described below the basicities of several compounds with the general formula
(X) (Y)PO(CH,) are reported. The X and Y substituents consist of the following groups (identical with
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those reported in previous acidity studies[1, 2]): phenoxyl (¢0), hydrogen (H), cyclohexoxy! (CHO),
hydroxy! (OH), phenyl (¢), and cyclohexyl (CH). The basicities were determined by NMR chemical
shift measurements of methyl protons in sulfuric acid solutions of the organophosphorus compound
[10-12]. Trimethylammonium chloride was used as the internal reference. The H, scale was used to
determine the effective sulfuric acid concentration{13, 14]. The following equation was used in the
evaluation of the pK z,+’s:

80— bua. _ o [BH]
8]

log =m(pKgy — Ho).

Bobsa. — B+

The slope (m), intercept (mpK zy4) and standard deviation were determined by least squares analysis.
B represents the organophosphorus base and BH* the protonated base. The protonation of such
phosphoryl compounds has been shown to take place on the phosphoryl oxygen atom[15].

EXPERIMENTAL

Preparation or source of compounds

Methylphosphonic acid, CHPO(OH),, was obtained from Hooker Chemical Company. Methyl-
phosphinic acid, (CH;)HPO(OH), was prepared by methanolysis of methylphosphonous dichloride*
after the method of Fiat er al[16]. Dicyclohexylmethylphosphine oxide[17], (CsH,),(CH,)PO,
was synthesized using the method of Downie and Morris{18]. Cyclohexylphenylmethylphosphine
oxide[19], (C4H,;)(CsH,)(CH,)PO, was obtained by treating butyl phenylphosphinate with cyclo-
hexylmagnesium chloride to give the Grignard reagent, (C;H,,}(CsH;)P(O)MgCl. This is further
treated with methyl iodide[18] to give the desired product. Phenylmethylphosphine oxide[20],
(CeH3)(CH,)HPO, was synthesized by adding one mole of methyl magnesium iodide to one mole of
phenylphosphonous dichloride (similar to a previously described reaction(21]) followed by hydrolysis.
Phenylmethylphosphinic acid, (CsH:;)(CH3)P(O)OH, was produced by the method of Christol and
Marty [22], and diphenyl methylphosphonate, CH;PO(OCsHj),, was made by a standard procedure
[23]. Dicyclohexyl methylphosphonate, CH;PO(OCgH,,);, was synthesized in a manner similar to
that described by Gryszkiewicz-Trochimowski er al.[24]. Cyclohexyl methylphosphonate[25],
CH3;PO(OC¢H,,)(OH), and phenyl methylphosphonate [25], CH;PO(OC4H;)(OH), were produced by
the base hydrolysis of dicyclohexyl methylphosphonate and diphenyl methylphosphonate, respec-
tively.

Instruments
The NMR spectra were obtained on a JEOL C-60HL high resolution nuclear magnetic resonance
spectrometer.

*The methylphosphonous dichloride used in this procedure was kindly provided by the Ethyl
Corporation.
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RESULTS AND CONCLUSIONS
The experimentally determined pK x+’s of these phosphoryl compounds are summarized in Table
1. Correlation of the substituent effects with basicity of the compound is fairly good, as can be seen by
comparing the experimental pKgy. with the calculated pKpsy. in Table 1, with the exception of
compound 9 where X = Y = cyclohexyl. Compound 9 is a stronger base than would be expected. The
substituent constant for the basicity of these methylphosphoryl compounds is symbolized as & in the
present work (analogous to a in the parallel acidity studies[1]). These b values are the average of the
pertinent ApK values of Table 2 using the hydrogen group as a standard with a b value of zero. The
calculated pKpgy+ values of Table 1 were evaluated by the use of b substituent correlation values of
Table 2 along with the theoretical value of reference compound 10 where X = Y = H.
It can be seen from Table 2 that the relative order of substituent base-increasing power* as shown
by b values, namely,

CH > ¢ > H > CHO > OH > ¢0

is almost exactly the reverse of the acid-increasing powers of these substituents in organophosphorus

Table 1. Experimental and calculated basicities of (X) (Y)PO(CH,)

Compound pKpa+ No. of pKsu+
No. X Y (Exp.) Intercept m Points  (Calc.)*
1 OH OH ~43+x04 —1-19+0-11 0-28+0-01 27 —4-3
2 OH ¢ ~36+0-5 —083+0-11 0-23+0-01 13 -37
3 OH H ~42+03 —096+005 0-23+0:01 13 —41
4 OH CHO —43x04 —090=x007 021001 13 —42
5 OH ¢0 ~59+06 —066+0-07 0-11=0-01 16 —58
6t ¢ ¢ ~32 —2:23+0-25  0:45+0-02 10 —3-1
7 ¢ H ~33+0-5 —1-08+0-14 0:32+0-03 11 —-3-5
8 ¢ CH ~2:5+03 —0-84+0:10 0-34=*+0-02 10 —27
9 CH CH ~09+03 —0-50+0-16 0-55+0-03 13 -23
10 H H —3-9¢
11 CHO CHO —42x04 —109x008 0-26=0-01 13 —4-1
12 0 60 —~73+1-8 —269+0-52 0:37+0-06 14 —74

*Calculated from the equation p Kz, (Calc.) = p K {J$P0CH) — 3h where b is obtained from Table 2.

tExperimental values obtained from [11].

tFrom intercept of 2b = 0 axis for the least squares analysis of a plot of pKzg++vs. b for all
compounds except 9, slope = —1-1.

Table 2. Values of b and ApKy+ for (X) (Y)-
PO(CH,) with respect to (H) (Y)PO(CHj;)

X Y=¢ Y=OH b
OH +0-3 401 +02
¢ —0-1 —06 —0-4
CH —0-8 —08
H 0-0 00 0-0
CHO +0-1 +01
$0 +17 +17

*All of the substituents except cyclohexyl and phenyl are actually base-decreasing relative to the
H substituent as standard. In the present work all of the substituents will be spoken of as base-increas-
ing relative to the weakest base in the series, namely that with X = Y = cyclohexyl. A parallel nomen-
clature will be used when speaking of acid-increasing power.
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as determined by Peppard et al.[1], namely,
¢0 > H > CHO > OH > ¢ > CH.

This follows along well with the broad generalization of Krasovec and Klofutar [6] concerning the base
strength of neutral organophosphorus compounds. They concluded that the basicity of these com-
pounds change as follows (decreasing basicity from left to right):

phosphine oxides > phosphinates > phosphonates > phosphates.
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Cobalt(II) complexes of N-salicylideneamino acids

(First received 21 July 1972; in revised form 14 August 1972)

ALTHOUGH metal complexes of Schiff bases derived from substituted salicylaldehyde and various
amines have been studied extensively[1], comparatively little attention has been given to systems in
which the Schiff base is derived from salicylaldehyde and a-amino acids. The ligands, abbreviated
as (Sal: AA), are bivalent anions with tridentate ONO donors. It is of considerable interest to study
these metal chelate systems in order to gain an insight into the complex systems in which metals are in-
volved. For example N-salicylideneamino acid complexes may serve as models for N-pyridoxylidene-
amino acid systems which are believed to be intermediates in biologically important amination pro-
cesses[2-4]. The preparation and characterization of some iron(11I) and cobalt(III) compounds of
N-salicylideneamino acids have been reported[5]. Earlier, we reported our investigation of the
oxovanadium[6.7] and nickel[8] complexes, and here we report the preparation, magnetic, and
spectral properties of the cobalt compounds.

EXPERIMENTAL

Preparation of complexes

The complexes of the series Co(Sal: AA)(H,0), were prepared by the following general method.
Salicylaldehyde (6-11 g, 0-05 mole) was dissolved in 400 ml of 95% ethanol. The amino acid (0-05
mole) was dissolved in a minimum quantity of distilled water, filtered, and added slowly to the magnet-
ically stirring salicylaldehyde solution. A yellow colour developed immediately. Cobalt(II) acetate
tetrahydrate (12-46 g, 0-05 mole) was then dissolved in 200 ml of water, filtered, and added dropwise
to the Schiff base solution. A dark brown colour developed immediately and after a few minutes a
heavy precipitate was observed. The mixture was allowed to stir at 42°C for 2 hr. The brown product
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