
Carbametallic Boron Hydride Derivatives. 
II. Apparent Analogs of 7T-C6H6Mn(CO)3 

and Tr-C6H6Re(CO)3 

Sir: 

In a previous communication1 we reported the 
preparation of ionic species which may be ferrocene 
and ferricinium ion analogs in which the C5H5

- ring 
systems were replaced by two B9C2Hn-2 (I) ions. I 
is believed to have the geometry of an eleven-particle 
icosahedral fragment with six electrons in three bonding 
molecular orbitals formed at the open face.1 We 
now wish to report the synthesis of stable anions which 
appear to be analogous to 7r-cyclopentadienylmanganese 
tricarbonyl2'3 and the corresponding rhenium com
pound.4,5 A proposed structure presented in Figure 1 

Figure 1. A possible structure for (B9C2Hn)Mn(CO)3
- and (B8C2-

Hn)Re(CO)3
- (H atoms have been omitted). 

is consistent with the formulation of these anions as 
(B9C2H11)Mn(CO)3

- (II) and (B9C2H11)Re(CO)3
- (III). 

Both II and III were prepared from the corresponding 
bromometal pentacarbonyl67 and the sodium salt of I1 

in tetrahydrofuran solution at the reflux temperature. 
In both systems sodium bromide (90% yield) pre
cipitated immediately after mixing the reagents, and 2 
moles of CO was evolved during a 2-hr. period. These 
results suggest the initial formation of unstable (B9C2-

fast 
B9C2Hu"2 + BrMn(CO)6 — > (B9C2Hu)Mn(CO)6- + Br" 

(B9C2Hu)Mn(CO)6- - ^ X (B9C2Hn)Mn(CO),- + 2CO 

H11)Mn(CO)6
- and (B9C2H11)Re(CO)5

- intermediates. 
Yields of II and III were of the order of 80-90% when 
isolated as their Cs+ or (CH3)4N+ salts. The cesium 
salts could be recrystallized without change from water. 

Anal. Calcd. for (B9C2Hn)Mn(CO)3Cs: B, 24.06; 
C, 14.85; H, 2.74; Mn, 13.59; Cs, 32.87; equiv. 
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wt., 404. Found: B, 24.15; C, 14.72; H, 3.17; 
Mn, 13.2; Cs, 32.88; equiv. wt., 410.8.8 

Anal. Calcd. for (B9C2H11)Re(CO)3Cs: B, 18.17; 
C, 11.21; H, 2.07; Re, 34.77; Cs, 24.82; equiv. wt., 
536. Found: B, 18.00; C, 11.70; H, 2.15; Re, 
35.27; Cs, 24.05; equiv. wt., 547.9.8 The 11B n.m.r. 
spectra of II and III were essentially identical and ex
tended over 30 p.p.m. They have not been interpreted 
except that a gross similarity to B9C2H12

- was noted. 
The infrared spectra of II and III contained B-H 
stretching bands near 2550 cm. - 1 and carbonyl stretch
ing bands between 2150 and 1850 cm. -1. Electronic 
spectra were determined in methanol [Xmax m/u (e): 
II, 212 (33,300) and 346 (2500); III, 210 (24,000) 
and 272 (2900)]. Degradation of II with concen
trated aqueous hydroxide ion in the presence of air at 
100° for 6 hr. produced MnO2 (85%) and the B9C2H12

-

ion. 
Further synthetic and structural studies are in 

progress. 
Acknowledgment. This research was generously sup

ported by the Army Research Office (Durham). Ele
mental analyses were performed by Schwarzkopf 
Microanalytical Laboratory, Woodside, N. Y. 

(8) Equivalent weights were determined with an accuracy of ± 3 % by 
passing a 50-mg. sample of the compound through an acidified cation-
exchange column (Ion-X Resin, Dowex type, 50-100 mesh) and titrating 
the liberated acid with standard base. The titration curves obtained in 
each case were those of a strong monobasic acid. 

(9) Alfred P. Sloan Research Fellow. 

M. Frederick Hawthorne,9 Timothy D. Andrews 
Department of Chemistry, The University of California 

Riverside, California 
Received March 18, 1965 

The Phthalocyanine of Gold1 

Sir: 

Gold phthalocyanine has been prepared by the action 
of gold monobromide2a on molten 1,3-diiminoisoin-
doline,2b in the absence of solvent. 

Phthalocyanines with two monovalent transition 
metal atoms, analogous to the alkali metal derivatives, 
are unknown.3 The compounds of gold(III) so 
far examined had been found to be diamagnetic, four-
coordinated, and square-planar.4 These properties are 
incompatible with bonding to a divalent, four-coordinat
ing, and square-planar ligand such^ as phthalocyanine. 
However, in 1959 Vanngard and Akerstrom3 detected 
divalent gold by electron spin resonance in a long-lived 
intermediate in the oxidation of aurous dialkyl dithio-
carbamate; this intermediate could not, apparently, be 
isolated. 

An approximately 0.001 M solution of gold phthalo
cyanine in 1-chloronaphthalene was examined by 
electron spin resonance at 770K., as previously de-
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scribed in our investigations of copper and silver 
porphyrin and phthalocyanine.6 Gold was detected 
in the divalent state. 

The paramagnetic resonance spectrum obtained 
shows hyperfine splitting for both gold (/ = 3/2)

 a n d 
the four isoindole nitrogens of the phthalocyanine. 
The perpendicular side to the spectrum is shown in 
Figure 1 and from it we calculate g± = 1.996 (±0.001); 
the gold hyperfine splitting parameter S is 6.1 X 
10 -3 cm. -1, and the nitrogen hyperfine splitting D, 
1.58 X 10"3Cm.-1. go is approximately 2.065 (±0.005), 
in comparison with 2.042 for copper and 2.093 for 
silver phthalocyanine,7 while Vanngard and Aker-
strom calculate 2.040, 2.046, and 2.019 as the go values 
for gold, copper, and silver dialkyl dithiocarbamates, 
respectively. The perpendicular nitrogen hyperfine 
constant is 1.78 X 10~3 cm. - 1 for copper phthalocyanine 
and 2.32 X 10~3 cm. - 1 for silver. Solution spectra 
could not be obtained at room temperature. 

The tr-covalency of the I-B group phthalocyanines, 
therefore, exhibits a maximum at silver, which shows 
the minimum stability in the series toward demetala
tion in concentrated sulfuric acid; copper phthalo
cyanine is by far the most stable of the three. GoId(II) 
phthalocyanine is the most soluble in 1-chloronaph-
thalene, and the samples for e.s.r. could be readily 
prepared without recourse to supersaturation, which is 
necessary to achieve proper resolution of the hyperfine 
spectrum of silver, and particularly of copper phthalo
cyanine, in this solvent.713'8 

The reaction between gold monobromide (or finely 
divided metallic gold) and 1,3-diiminoisoindoline was 
accomplished by mixing the two components inti
mately, in a ratio of 1:2, and heating for 5 min. at a 
temperature between 240 and 250°. The reaction 
mixture was quickly cooled in an ice bath. The 
product was purified (but not completely separated 
from other organic components) by repeated extrac
tion with benzene and acetone. Synthesis at tempera
tures above 280° often leads to the formation of some 
metal-free phthalocyanine, and gold phthalocyanine is 
not obtained beyond 300°. 

The visible spectrum of gold(II) phthalocyanine 
shows absorption peaks at 662, 633, 601, and 348 m/x, 
on an instrument which reproduces Whalley's values 
for copper phthalocyanine.9 

It is of interest to note that a porphyrin of gold, the 
magnetic properties of which are different from those of 
gold phthalocyanine, has also been synthesized. Gold 
mesoporphyrin was prepared by the room temperature 
rearrangement of the mesoporphyrin-IX dimethyl 
ester-gold acid trichloride association complex10 (pre
pared in ethyl acetate-ethanol) in benzene. The 
Soret absorption band of this compound in methanol 
is at 384 m/i while the visible bands are at 508 and 541 
m,u; an ultraviolet shift with respect to silver meso
porphyrin comparable to that observed for platinum 
mesoporphyrin with regard to the palladium deriva
tive.11 These shifts have been interpreted in the past12 
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Figure 1. The perpendicular side of the electron spin resonance 
spectrum of gold phthalocyanine. 

as an indication of stability, and, indeed, gold meso
porphyrin is undecomposed in concentrated sulfuric 
acid at room temperature. Its proton magnetic 
resonance spectrum in pyridine and chloroform is 
similar to that of copper mesoporphyrin but appears 
dumagnetic by the n.m.r. method of Fritz and Schwarz-
haus.13 A more complete report on this compound 
will appear in a forthcoming paper. 

The stability of gold(II) phthalocyanine with respect 
to the silver(II) compound, apart from possible mecha
nistic differences, is in agreement with Linstead's cor
relation14 between the metallic radii and the resistance 
of the phthalocyanines to demetalation. Because of 
the lesser degree of covalency (as shown by spin res
onance) and the lanthanide contraction, it may be 
supposed that the effective radius of the metal atom in 
the gold complex is closer than in silver^ phthalocyanine 
to the estimated "ideal" fit of 1.35 A. The greater 
ionicity of the gold derivative in this series also agrees 
with the greater electronegativity of gold.15 This 
would help to explain why within the same subgroup 
of the periodic table the stabilities of porphyrin de
rivatives are in general less sensitive to variations in the 
metallic radii than those of the phthalocyanines. 
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On the Configuration of a Lysine-vasopressin Dimer 

Sir: 

Wade, Winitz, and Greenstein1 reported the formation 
of "parallel" dimer during the oxidation of cysteinyl-1-
cysteine. Heaton, Rydon, and Schofield2 assigned 
"antiparallel" cyclic structures to the polymers formed 
from the oxidation of L-cysteinyl-polyglycyl-1-cysteines. 
In view of recent reports on the preparation and 
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