NoTEs

Similar infrared spectra were observed for the entire series of
bis[phetiyl(methyl)phosphine] bis[methylcarborane(12)]platinum-
(IT) compounds. . The peaks characteristic of the carborane
cage were observed in each case while the characteristic hydrolysrs
bands (1630 and 3410 cm 1) increased in intensity as the number
of methyl groups on the phosphrne was iricreased. )

Magnetic susceptibility data obtained from all the phosphmo-
methylcarborane(12)-platinum complexes isolated (Guoy) indi-
cate that in every case.the complexes are diamagnetic.

General Reaction Procedures for Tri-n-butylphosphine Com-
plexes.—The cis and trans isomers of dichlorobis(tri-n-butyl-
phosphme)platlnum(II) were prepared and characterized accord-
ing to-the method described by Kauffman and Tetet.t The
interaction of methylcarborane(12) with the cis and trans isomers
of dichlorobis(tri-n -butylphosphme)platlnnm(II) Wwids  accom-
‘plished. by means of the procedure previously described for .the
preparation of dichlorobis[methyl(phenyl)phosphitie] platiniim-
an reactions. Benzene rather than diethyl ether was employed
as a solvent for solubility reasons. A small amount [about 5%,
yield based on the amourit of #rans-dichlorobis(tri-n-butylphos-
phine)platimrum{iI)] of the trans complex was isolated. This
trans<bis(trisn-butylphosphine )bis[methylcarbor ane (12}] plati-
num(@II) complex was susceptible to hydrolysis. Both the
OH stretching modes in the infrared and 'H nmr absorptions
which are characteristic of the starting methylcarborane(12)
(5 3. 5, broad singlet, due to C-H on the carborane(12) cage]
grew in intefisity when the complex was allowed to remiain in
air.

Aﬂal Caled fOI‘, CangoBzonPt: C, 3942; H, 876 Found:
C, 89.75; H, 8.30. Molecular weight determined in benzetie
was 880 (theoretical 913). The melting point was 185 =+ 5°
dec.

Bresadola, Rigo, and Turco? reported that the 1nteractlon of
methylcarborane(12) with the trans isomer of bis(triethylphos-
phine)platinum (II) resulted in a product which was formulated
as

CH3BloC2Hu CH2
NS N\
Pt CH,

SN S
Et;P Et,P

It is possible that the low y1e1d of trans-bis(tri-n —butylphos-
phine )bns[methylcarborane(12)]plat1num(II) may be a conse-
quernce of the formation of a complex analogous to that reported
by Bresadola, Rigo, and Turco,? but we were unable to isolate 4
complex of this comiposition. -The proton nmr spectfum of the
complex we did obtain exhibited three resonances, two of which
were broad multiplets at § 1.0 and 1.6 (total intensity 3.1, due to
the protons on the n-butyl groups). - The remaining absorption
(8 2.1, singlet, intensity 1.0) is easily aseribed to the C—methyl
protons of methylcarborane

The interaction of cis- drchlorobls(trr-n-butylphosphme)platl-
num(II) with methylcarborarie(12) was-carried out as described
for the trans-dichlorobis(tri-n-butylphosptine)platinum(II) reac-
tion. A pale yellow solid which was very susceptiblé to hy-
drolysis was isolated. - Attempts. to obtain reproducible nmr
data from this product were unsuccessful. All attempts to get
precise analyses and melting points on this cis ¢ompound were
unsuccessful. The molecular weight, which was low fof the ex-
pected miethylcarborane(12) complex of dichlorobis(tri-n-butyl-
phosphine)platinum (II), is niear the theoretical molecular weight
for a product formulated as

[P(C4H;)] Pt —C———C—Cﬁa [P(CaH)a(CaHs)]
(%47

(where C.Hs is a butyl group which is bonded to both phosphotrus
and platinum). This wotild be similar to the compotnd reported
by Bresadola, Rigo, and Turco? and would account for the low
molecular weight data. No such results were observed fot the di-
chlorobis[inethyl(phenyl)phosphine]platirium(II) reactions. with
methylcarborane(12).

Similar reactions involving the use of dichloro salts of pal-
ladium -and nickel with methylcarborane(12) were attempted.
No complexes could be isolated. Studies on these systems are
still in progress.

(8) G. B. Kaufiman and L. A. Teter, Inorg. Syn., T, 245 (1963).
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Chloramine has beén shown to react with tertiary
amines! and tertiary phosphines? to form the corre-
spondlng hydrazinium chlorides atid aminophosphonium
chlorides, respectively. Since a great number of novel
heterocyclic phosphines dre now available,® we have
begun to extend thie chloramine reaction to, tertiary
phosphines of various structural types. This com-
municationi reports the results of a study of the reac-
tions of chiloramine with 1,2,5-triphenylphosphole (1),
with 1,4- d1benzyldlethylenedlphosphlne (II), and with
1-benzyltriethylenediphosphonium bromide (I11I).

HC—CH CH,CH,_
CHG_CCH, CoH,CH;P,  PCH,CH,
fl’ CH,CH,
CeHy
I ¢
CHCH, |
C,H,CH,B—CH,CH,—F | Br
CH,CH;
il

These heterocyclic derivatives react with the chlota-
mitie in a manner similar to other tertiary phosphines
and ditertiary phosphines.? With I, chloramination
occurs at the phosphorus atom yielding 1l-amino-1,-
2,5-triphenylphospholium chloride. Suppott for this
structure is provided by the occurrence of a strong in-
frared band at 1120 em~! in the infrared spectrum.
Such a band is usually diagnostic of a phenyl group at-
tached to a tetracoordinate phosphorus atom. ‘

With II, chloraminationi occurs at both phosphorus
atoms as. demonstrated by elemental analysis and the
nmr spectrum. -

In attempting to synthes1ze trlethylene dlphosphme
by a process which reportedly’. gives extremely low
yields of this product, -we obtained the intetmedi-
ate TII. With chloramine, this compound undergoes
quatérnization and halogen exchange to yield [CeHs-
CH,P(CH,)sPNH,|Cly:

 We were unable to carry out deta1led nmr analyses of
these products because of their low solubility iri suitable
solvents.  1:Amine-1,2,5- triphenylphospholium chlo-
ride is soluble in CDCl; and DMSO-ds but crystalline
adducts prec1p1tate on standing. 1,4-Didmino-1,4-di-
benzyld1ethy1ened1phosphon1urn dichloride and P-
amino-P’-bénzyltriethylenediphosptionium dlchlorlde

(1) G. Omietanski and H. H, Sisler, J. Amer. Chem. Soc 78 1211 (1956)

(2) H. H. Sisler, A. Sarkis, H. S. Ahuja, R: J. Drago, and N. L. Smith,
ibid.; 81, 2082 (1959)

(3) K. D. Berlin andD M. Hellwege, Top Pho:phorus Chem., 6, 1 (1969).

(4) 8. R. Jain and H. H. Sisler, Inorg. Chem:, 8, 1243 (1969).

(5) R. C. Hinton dnd F. G. Maunn, J. Chem. Soc:, 2835 (1959).
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were examined in Dy,O. No peak attributable to the
NH; group could be assigned with certainty. Since
NH, signals occur near the phenyl resonances, it is
possible that the NH; peaks are covered by the phenyl
peaks. It is also possible that the NH, group is suffi-
ciently quaternized in D;0 solution to facilitate fast
intermolecular proton—deuteron exchange. In going
from the phosphine to the phosphoniuin salt the down-
field shift in all the proton resonances reflects the lower
electron density on the quaternized phosphorus atoms.

Experimental Section

Materials.—Several methods of chloramination were utilized.
In some experiments the ammonia—chloramine effluent from a
chloramine generator® was bubbled through a solution of the
phosphine. In other experiments ammonia-free chloramine dis-
solved in benzene or ether’ was added to a solution of the phos-
phine. ~

1,2,5-Triphenylphospole was synthesized by the method of
Campbell, et al.# mp 182-184° (lit.2 mp 187-189°).

The diethylenediphosphine derivative and the triethylenedi-
phosphine derivative were synthesized from tribenzylphosphine
by a series of steps reported by Hinton and Mann?

(CGHsCHﬁ)QP + Br(CHz)gBr —
[ (CeHaCHQ )3PCH2CH2P (CH2C5H5)3] Brz
LiAlHq
{ (CsHsCHQ )3PCH2CH2P (CI’IZCGHs)g] Bry me———>
(CeH;CH,);PCH,CH,P(CH,CsHs),

(CaHsCHg)zPCHzCHzP<CH2C6H5)2 -+ Br(CHz)zBr —
[(CaHsCHg)QP(CzHOgP(CHzCeHa)QJ Brz
LiAlHy
[(CeHsCHg)2P(C2H4)2P(CH2C5H5)2} Br; ——> )
CeH;CH,P(CyH, ), PCH,CeH;;
etc,

The lithium aluminum hydride reduction steps which lead to
sym-ethylenebis(dibenzylphosphine) and 1,4-dibenzyldiethylene-
diphosphine yielded results which differ significantly enough
from the edrlier report to be reported here. This was particularly
true of melting points of the compounds (Table I). It was also

TABLE I
MELTING POINTS OF INTERMEDIATES IN THE
TRIETHYLENEDIPHOSPHINE SYNTHESIS (°C)

Lit. This

data?® work
(CeH;CH, )P 92-95 90-93
[(CeH;CHy ) PCHCH P (CH,CoHs 5] Bre  275-279 278-279
(CsH;CH,),PCHyCH,P(CH,CeH 5 )o b 108-112
[(CeH;;CH2):P(CoH, )2 P(CH2CeHj )2 Br 287-292 295-297
Ce¢H;CH,P(C,H,):PCH.C:H; 128-130 154-156°
[CeHsCHzP(C2H4 )3PCH2CGH5] Brz 340—344d >36O

¢ See ref 5. P Sublimed at 180° (0.01 mm). ¢ Sublimed at
130-140° (10~¢* mm). ¢ Reported as a hemihydrate.

true of the necessary experimental procedure and condition.
For example, 1,4-dibenzyldiethylenediphosphine was prepared by
adding 1.21 g (32 mmol) of lithium aluminum hydride to a
stirred solution of 9.2 g (14.3 mmol) of 1,1,4,4-tetrabenzyldi-
ethylenediphosphonium dibromide id tetrahydrofuran (50 ml).
The mixture was refluxed for 6 hr and cooled, and the solvent
was evaporated under vacuum.  The solid was hydrolyzed by
slowly adding 50 ml of undried ether followed by a 209, aqueous
solution of sodium potassium tartrate. When the hydrolysis
was complete, fiine needlelike crystals were observed in sus-
pension in the ether layer. This layer was siphoned off under
nitrogen and filtered; yield 1.5 g (359, of theory); mp 154-156°
(see Table I). The ether solution was dried and evaporated to
dryness yielding about 3 g of crude product. Recrystallization
from ethanol and sublimation at 130-140° 7x# vacuo yielded an
additional 0.5 g of product (mp 154-158°). The proton mag-

(8) H. H. Sisler, F. T. Noth, R. 8. Drago, and D. Yaney, J. Amer. Chem.
Soc., 76, 3906 (1954).

(7) 1. T. Gilson and H. H. Sisler, Inorg. Chem., 4, 273 (1965).

(8) I. G. M. Campbell, R. C. Cookson, M. B, Hocking, and A. N. Hughes,
J. Chem. Soc., 2184 (1965).

NotEs

netic resoriance spectrum was recorded on a Varian Model A-60A
spectrometer in CDCl; solittion using tetramethylsilane as in-
ternal standard. The phenyl protons appear as a multiplet at
about 7 2.80, the benzyl methylene protons appearing as a sin-
glet at 7 7.17 and the ethylene protons appearing as a broad multi-
plet centered at about r 8. The ratio of average areas under the
three groups of peaks was dabout 10:4:8, consistent with the
proposed structure. .

The Reaction of Chloramine with 1,4-Dibenzyldiethylenedi-
phosphine.—A 1.1-g (3.3-mmol) sample of the diphosphine was
dissolved in benzene and exposed to the effluent of the chloramine
generator. An excess of chloramine was used. The white solid
precipitate (1.90 g) was filtered, dried, and heated at 100° under
high vacuum to remove ammonium chloride; yield of crude
product 1.31 g (899, of theory). The material was purified by
recrystallization from methanol and dried at 50° under high
vacuum; mp 277-278° deéc, subl. Anal. Calcd for CisHssPs-
N.Cle: C, 53.16; H, 6.50; N, 6.95; P, 15.36; Cl, 17.58.
Yound: C, 53.7, 53.5; H, 6.4, 6.5; N, 6.8; P, 15.0; Cl, 17.8.
Infrared absorption data are included in Table I1I; nmr data are
in Table III.

TaBLE 11
INFRARED DATA (cM 1)

[CeH;CHP(NH, }(CoHy ) P(NH, )CHCeH; ] Cly
3130 s, 3010 s, 2910 s, 2880 5, 1590 m, 1555 s, 1499 s, 1455 s, 1410
m, 1405 m, 1380 s, 1300 w, 1275 m, 1250 w, 1155 s, 1115 m,
1060 m, 1025 w, 996 w, 960 s, 920 w, 910 w, 850 s, 805 w, 780
m, 765 w, 725 s, 695 s, 6565 w, 625 w, b, 595 m, d, 560 m

[CeH;CHLP (CoH,4);PNH,] Cl,
3130, b, 3030 s, b, 2940 5, 3890 s, 1610 m, 1560 m, 1500 s, 1460 s,
1410 s, 1310 s, 1180 s, 1150 s, 1065 m, 1025 m, 970 s, 910 w,
840 s, 750 s, b, 700 s, 650 w, b, 625 w, b, 570 m, 530 m, 478 w

[CeHP(NH,)(C;H;CCH ;] Cl1
3130 s, 3030 s, 2890 s, b, 1480 w, 1440 m, 1410 s, 1300 w, 1250 w,
1120, 990 m, b, 915 w, 885 w, 750 s, 710 w; 675 s, 575 w, 550 w,
490 w, 450 w

¢ Key: s, strong; m, medium; w, weak; d, doublet; b,
broad. Samples in KBr pellets.
TABLE III
NMR PARAMETERS
Series I
B, C,
CH: CH:
in in

A, CsHs- PCH:z JpcH,
Solvent Ce¢Hs CH: CH:P eps
CDCls 2.80 7.17 8.08
Rel area A:B:C = 5:2:4
[CeH;CH:P(CH):PCHCeHs1Cl: D20 2.45 6.00 7.17 14
H
l \ 6.23

Compound
CsH:CH:P(C2H4):PCHCsHs

NH: NH: Rel area A:B:C = 5:2:4
[CeH;CH2P(CeHa)sPNH:]Cl2 D20* 1.72 5.33 6.82 13
5.55
Rel area A:B:C = 5:2:12
Series 11
e et
A, B,
C- P-
Compound Solvent CeHs CsHs
6H5
/C==CH
CHP, | chbet 2.82%
(l)=CH
CeHs
C6H5
BN
| = a CDCls 2.72  2.40°
CJ{5P\ Rel area A:B = 10:5
(l]'-—‘CH
CeHs

* TMS in CCly, external standard. ? Chemical shift of the
strongest peak; C-Ce¢H; and P-C¢H;s peaks not separated. © A
broad unassigned multiplet of relative area 2 also occursat 7 2.07.
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Synthesis of P-Amino-P’-benzyltriethylenediphosphonium Di-
chloride.—To 7.0 g (14.4 mmol) of dibenzyltriethylenediphos-
phonium dibromide dissolved in 50 ml of tetrahydrofuran was
added an excess of lithium aluminum hydride. The stirred mix-
ture was refluxed for 6 hr until it was uniformly gray. The sol-
vent was removed under vacuum and 50 ml of undried ether was
carefully added. Hydrolysis was completed by the addition of
209, aqueous sodium potassium tartrate solution. The ether
layer was separated under nitrogen, dried, and evaporated to
yield a very small amount of waxy solid.

To a benzene solution of this waxy solid was added about 9
mmol of chloramine dissolved in benzene. A white precipitate
formed immediately. This precipitate was filtered, washed re-
peatedly with hot benzene, and dried under vacuum. About
0.42 g of crude product was obtained. It was heated at 100°
under high vacuum to remove traces of ammonium chloride;
mp 160-165° dec. Amnal. Caled for CyHaPsNCly: C, 48.17;
H, 6.53; N, 4.32; P, 19.11; Cl, 21.87. Found: C, 46.8; H,
6.7; N, 4.8; P, 19.7; Cl, 22.0. Infrared data (Table II) and nmr
data (Table 1II) are consistent with this formulation.

The Reaction of Chloramine with 1,2,5-Triphenylphosphole.—
A 1.01-g (8.2-mmol) sample of 1,2,5-triphenylphosphole was
dissolved in a mixture of 75 ml of benzene and 25 ml of ether.
An ether solution of chloramine (5 ml, 0.93 M NH,Cl) was added
rapidly by pipet to the stirred soluton in the dark. A voluminous
yellow precipitate formed immediately. Stirring was continued
overnight. The precipitate was filtered, dried under vacuum,
and heated for 1.5 days at 80-90° under high vacuum to remove
ammonijum chloride. It was finally washed with benzene and
dried; yield 0.96 g (799, of theory); mp 210-211°. Anal.
Caled for CeoHpyPNCl: C, 72.63; H, 5.26; N, 3.85; P, 8.51; Cl,
9.75. Found: C,72.4;H, 5.2; N, 3.8; P, 8.7;Cl, 9.8.

The material is soluble in water and alcohols, reacts with
chloroform and dimethyl sulfoxide, and is slightly soluble in
benzene and insoluble in ether. Infrared data and nmr data are
listed in Tables II and III, respectively.

Reaction of 1,2,5-triphenylphosphole with the ammonia—
chloramine mixture from a chloramine generator and exposure
of the mixture to light resulted in an as yet uncharacterized
product with a P: N ratio of 1:3.
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Weights of Acetylacetonate Complexes of
Magnesium(II) and Nickel(II)
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Measurement of the intensity of light scattered by a
solution relative to the incident beam intensity is a
standard procedure for obtaining the weight-average
molecular weight of the solute. We have shown pre-
viously' that one can avoid reference to the incident
beam by resolving the scattered light into its Brillouin
spectrum of three peaks. If the scattering angle is 90°
and the incident light is in the visible region, then the
two side peaks are displaced by about 0.1-0.2 em~!
from the unshifted central peak. A highly monochro-
matic laser is used and the spectrum is resolved with an
interferometer. For a dilute, ideal solution, the ratio
of intensities of central to side peaks, J, is related to
the weight-average molecular weight, M/, by the equa-
tion J = J, 4+ S(0n/dc):Mc¢, where Jy is the value of

(1) PartI: G. A, Miller, F, I, San Filippo, and D. K. Carpenter, Macro-
molecules, 8, 125 (1970).
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J of the pure solvent, # is the refractive index of the
solution, and ¢ is the concentration of solute in grams
per milliliter. S is a solvent-dependent term given
by S = (Jo + D)(v — 1)Cp/¥RT2(On/0T)2, where ~
is the ratio of heat capacities, C,/C,, of the solvent, R
is the gas constant, 7" is the absolute temperature, and
C, is the constant-pressure heat capacity of 1 ml of
solvent. The quantity S may be determined experi-
mentally using a solute of known molecular weight or
calculated using literature values of v, C,, and perhaps
on/0T. The molecular weight is calculated from the
slope of Jvs.c. Due to the narrowness of the Brillouin
spectrum, adsorption by the solution will attenuate
all three peaks equally, and no Beer’s law correction is
required. We report here the application of this
method to the hydrated and anhydrous acetylacetonates
of divalent magnesium and nickel.

Experimental Section

The procedure for obtaining the Brillouin spectra with a Ne-
He laser (6328 A) has been described.! For colored solutions, a
small rectangular fluorimeter cell was used in place of the stan-
dard square turbidity cell, and the scattered light was col-
limated with a spherical lens focused close to one corner of the
cell, such that the point from which scattering was observed was
about 4 mm from where the incident beam entered and the 90°
scattered light left the solution. This represented a balance
between minimizing loss of intensity from absorption and mini-
mizing stray scattering from the surfaces of the cell. Extinction
coefficients were measured at 6328 A and the loss in the most con-
centrated solutions was estimated: NiA,, 589,; NiA: -2H:0,
409,. Refractive increments were measured on either a Brice-
Phoenix differential refractometer or a Bausch and Lomb pre-
cision refractometer with the laser as source. The concentra-
tion of each solution was determined after the light-scattering
measurement by evaporating an aliquot to dryness and weighing.
The light-scattering data are given in Table I. A typical spec-
trum is shown in Figure 1.

x3

Figure 1.—Spectrum of light scattered by magnesium acetyl-
acetonate in dichloromethane; ¢ = 2.90 X 103 Dg/ml. The
central peak is at the incident wavelength, 6328 A; the side
peaksare displaced, 0.05 & (0.12 cn—1).

Eastman recrystallized naphthalene was used to evaluate S,
the solvent parameter, of DMF. Practical 2,4-pentanedione
(acetylacetone) was used in the preparations. Otherwise, ACS
Certified reagents were used in the preparations and as light-
scattering solvents. Nickel(II) acetylacetonate dihydrate (Ni-
(CsH702)22H20) was prepared by a standard procedure.? The
anhydrous nickel acetylacetonate (Ni(C;H70;):) was prepared by
heating the dihydrate ## vacuo at 100° for 12 hr. Carbon and
hydrogen analyses were performed by Galbraith Laboratories,
Inc., Knoxville, Tenn. Magnesium was analyzed gravimetri-
cally by heating to MgO and volumetrically by EDTA titration.
Water of hydration was determined by thermal gravimetric
analysis.

Magnesium Acetylacetonate Dihydrate, Mg(C:;H;0,),-2-
H,O0.—A mixture of 6.1 g of magnesium in 100 ml of 2,4-pen-
tanedione was stirred 48 hr at room temperature. Heating to in-
crease the reaction rate also increased the amount of polymeric

(2) W. C. Fernelius and B. E. Bryaat, Inorg. Syxn., 8, 105 (1957).



