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Figure 2.—Absorption spectra deduced for various PbCl,2™"
species. Pbt? and PbCly—* spectra were measured directly.
Spectra of PbCl* and PbCl; were calculated using K; and K
values obtained in this study.

spectrum of Pb(II) continues to change as [HCl] is
increased above 4 M. An isosbestic point for the two
species of highest # is observed only after reaching 6
M HCl A limiting spectrum is observed between 10
and 11 M HCI which we attribute to PbClg—* by analogy
with observations on BiCl,*—" spectra.! This species is
formed in significant concentrations only when [Cl~] >
4.0 so only an upper limit can be given to its formation
constant. The measured spectra for Pb+? and Pb-
Clg—* are shown in Figure 2 together with those cal-
culated for PbCl* and PbCl; using the constants given
above. Knowledge concerning equilibria involving
PbCly— is too scanty to permit calculation of PbCl—2
and PbCl;~ spectra.

In summary, Pb+? forms weaker complexes with
Cl~ than Bi*® while showing a similar preference for
even numbers of ligands. Ultraviolet absorption
bands are shifted to shorter wave lengths for the 42
central ion consistent with their characterization as
ligand-to-metal charge-transfer bands. Although Sn-
Cl,2™ and PbCl?™" complexes are of comparable
strength up to # = 4, Sn(II) complexes do not exhibit
the sharp charge-transfer band in the ultraviolet and
give no evidence of forming a complex with # > 4.
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The extensive literature on organoaluminum com-
pounds contains no methods for the preparation of

Nores 1075
aryl-substituted alanes of the type ArAlH,NR,.?
Recently, Peters and co-workers® have prepared tri-
methylamine complexes of ethyl- and methylalanes
(RAIH»'N(CHa)s, where R is CH; or CoHp).

We wish to report the synthesis of the trimethyl-
amine and triethylamine complexes of phenylalane
by an additional method (eq. 1), suitable for the prepa-

#RLi + CloAlH;_o-NR’; —> #LiCl + R,AIH,_,.NR';:
n=1223 (1)

ration of any substituted alane and originally reported
by Wittig* for the preparation of triphenylaluminum.

Reaction in benzene of triethylamine chloroalane
with an equimolar quantity of phenyllithium resulted
in the nearly quantitative precipitation of LiCl. Freeze
drying the benzene filttate yielded CeHzAlH, N (CoHs)s
(I) as a pale yellow liquid. Similarly, the reaction of
triethylamine dichloroalane with two equivalents of
CsH;Li gave a pale yellow liquid, (CeH;) AIH-N(CoHjs)s
(II). The synthesis was repeated with CIAIHyN-
(CHy)s to give CdHzAIH, N(CHy)s (II1), also a yellow,
viscous liquid, which decomposed rapidly above 50°.
Also prepared by this method were CH;AIH, N (CHsy)s,
identical in physical properties and infrared spectrum
with the compound reported by Peters,® and #-C;H,-
AlH,-N(CHj;);, the infrared spectrum of which re-
sembled that of C,Hz;AIH,-N(CH,;);?® (Al-H absorption
at 1750 cm.™1).

The infrared spectra of I, II, and III were remark-
ably similar with the exception of the Al-H absorption,
which occurred at 1770 cm.—?! for I, 1780 cm. ! for
II, and 1772 cm.~ for III, and they showed the char-
acteristic absorptions of the tertiary amine as well as
those of a monosubstituted aromatic ring in the 840-
720 cm. ! region.

The molecular weight determinations in benzene
showed degrees of association of 1.16 and 1.31 for I and
II, respectively. The determinations were performed
at concentrations of 0.05 M, and the effect of concen-
tration on apparent molecular weight was not ex-
amined. It is interesting to note that the degree of
association of the series (CoHs);N-AlH; (C.H;);N-
Ale(CgHa), and (C2H5)3NA1H(C5H5)2 increased as the
substitution on aluminum increased (1.05,5 1.16, and
1.31, respectively) in spite of the fact that there is an
increase in the number of bulky groups surrounding the
aluminum. At the same time, the diphenyl deriva-
tive is more stable than the monophenylalane. This
difference in stability may be related to the inherent
tendency for disproportionation in monosubstituted
alanes.

Surprisingly enough, the corresponding (CHj);N
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complex of CeH;AIH, (I1I) was considerably less stable
than the (C;H;);N compound (I), decomposing slowly
even at room temperature and rapidly above 50°.
When IIT was allowed to stand at room temperature, a
white solid began to deposit after 1 day, the quantity
of the solid slowly increasing with time. The solid had an
Al:N:active H ratio of 1:0.77:1.36, which approaches
the ratios for the sesquialane, (CeHs)sALH; N(CHj)s,
or for a mixture of (CeHs),AIH and CeH;AIH, N(CHy)s
(1:0.5:1.53). Such a product, or mixture of products,
could result from a disproportionation of C¢H;AlH: N-
(CHj)s. The observed instability of III may arise
from the greater volatility of (CH;)sN which shifts the
equilibrium of eq. 2 to the right and results in dispro-

CeH;AlH, NRy —= C¢H;AlH; + NR; (2)
portionation of the uncomplexed CeH;AIH,.

Experimental

All reagents were handled and all filtrations were performed
in a nitrogen-atmosphere vacuum drybox, and all reactions were
conducted under dry nitrogen. The trialkylamine chloroalane
derivatives were prepared by the method of Ruff.® Benzene
was purified and dried by refluxing over LiAlH,, distilling, and
storing over LiAlHs;. Commercially available organolithium
compounds were used as received. Quantitative hydrolyses
were performed on a Toepler pump system, and both conden-
sable and noncondensable products were collected. The former
were separated and identified by standard v.p.c. methods and
the latter were identified by their mass spectra. Molecular
weights were determined cryoscopically in benzene at 0.05 M
concentrations. Results are accurate to approximately =19.

Preparation of CeH;AIH, N(C.H:); (I).—To a solution of 0.10
mole of CIAIH,-N(CoHs)s in 100 ml. of benzene was added, drop-
wise at room temperature, 0.10 mole of C¢H;Li in benzene—ether
solution. The precipitation of LiCl was immediate and the
chloride-free filtrate was freeze dried to produce 20.1 g. (97.19 of
theory) of a pale yellow, slightly viscous liquid. It decomposed
without boiling below 80° at 0.01 mm. pressure.

Amnal. Caled. for CeH»AIN: C, 69.53; H, 10.70; Al, 18.02;
N, 6.75; active H, 0.97; mol. wt., 207; Al:N:active H, 1:1:2;
CeHs: N{C:Hs)s, 1:1. Found: C, 69.67; H, 9.95; Al, 12.72;
N, 6.40; active H, 0.92; mol. wt., 241; Al:N:active H, 1:1.05:
1.90; CsHG:N<C2H5)3, 1:1.1.

Preparation of (CsH; ), AIH-N(C;H; )3 (II).—To a solution of 0.10
mole of CLAIH -N(C;H;); in 100 ml. of benzene was added 0.20
mole of CsH;Li as in the preparation of I. The yield of pale
yellow, slightly viscous liquid was 27.2 g. (96.19; of theory).
Tt decomposed without boiling below 80° at 0.1 u pressure.

Anal. Caled. for CisHpsAIN: C, 76.28; H, 9.26; Al, 9.52;
N, 4.95; active H, 0.36; mol. wt., 283, Al:N:active H, 1:1:1;
CeHe: N(CoHs)s, 2:1. Found: C, 753.77; H, 9.68; Al, 8.98;
N, 5.67; active H, 0.33; mol. wt., 370; Al:N:active H, 1:
0.83:0.92; Ce¢He: N(CaoHs)s, 2:0.95.

Preparation of CeHs;AIH, N(CHjs); (III).—The preparation of
I was repeated with CIAIH,-N(CHjs)s to produce 15.9 g. of yellow,
viscous liquid (96.49; of theory) which decomposed slowly at
room temperature and rapidly above 50°.

Anal. Caled. for CsHgAIN: Al 16.33; N, 8.48; active H,
1.22; Al:N:active H, 1:1:2. Found: Al, 15.47; N, 8.08; active
H,1.21; Al:N:active H, 1:1:2.1.
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In a recent communication? we reported the existence
of a compound Zny,(CH;CO,) (CsH,Oy)5 formed either by
(a) the thermal decomposition of bis{acetylacetonato)-
zinc(II) hydrate or (b) heating zinc acetate with
acetylacetone. We have now found a superior syn-
thetic route and have applied it to the preparation of
a homologous series of compounds having the general-
ized formula Zn,(RCO.)(CsH;0p); where R = CHj;,
CZH5, C(CH3>:CH2, CeHs, ’)’FL-CHgCﬁH;;, P-CH3C6H4,
p-ClCeHy, and p-BrCeH, (Table I).

The general route to these compounds is vie¢ the re-
action of anhydrous bis(acetylacetonato)zinc(II) with
the calculated amount of an organic acid according to
the equation

QZI’I(CsH-;Oz)g + RCOOH —> an(RC02><C5H702)3 + CsHst

These white crystalline compounds are only slightly
soluble in organic solvents at ambient temperatures.
They are, however, soluble in chloroform. The acetate
and methacrylate derivatives are sufficiently soluble
in benzene to conduct molecular weight measurements.
Polar solvents generally decompose these new com-
pounds.

It is interesting to note that the molecular weights
obtained in chloroform are not in agreement with the
calculated formula weight. The two derivatives
sufficiently soluble in benzene, however, gave molecu-
lar weights in agreement with theoretical. The acetate
derivative described earlier? has been determined at
varying concentrations in chloroform. The experi-
mentally found molecular weight does not vary with
concentration (7.17 g./1., mol. wt. found 346; 4.51 g./
1., mol. wt. found 348; 19.66 g./1., mol. wt. found 386;
6.45 g./1., mol. wt. found 319).

Attempts to prepare similar compounds with other
fatty acids higher than propionic acid were unsuccessful.

We assume that the three acetylacetonate groups of
these compounds are attached to one zinc atom, leading
to a structure with hexacoordinated zinc such as
Zn(RCOq) [Zn(C5H70y);3].  This salt-like structure could
account for the poor solubility in organic solvents and
the anomalous molecular weights obtained in chloro-
form. The existence of the [Zn(C;H:O.);]~ anion,
and its low stability in ionizing solvents, has been noted
previously.?

In this connection sodium tris(acetylacetonato)-
zincate(II) was prepared by combining methanol
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