
lower surface tension, it is able to  penetrate into fissures 
and crevices which water cannot readily enter, result- 
ing in a decreased rate of solution. 

The addition of polyvinylpyrrolidone into Formula- 
tions B and D (Table I) does not alter the surface ten- 
sion. Therefore, thc decrease in  dissolution when com- 
pared to Formulations C and E, respcctivcly, must be 
a function of the rate of solution of polyvinylpyrrolidone, 
causing a decrease in the rate of solution of a rather 
soluble drug in water. 

The results of this study show that the method used to 
incorporate drug into a solid dosage form can affect the 
dissolution rate of that drug. 
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NMR Spectroscopy : Chloro- 
(tetra-pmethylpl1enylporphinato)indium (111) 

Keyphrases Chloro(tetra-p-methyIphenylporphinato)indium (111)  
-- . N M R  spectra 3 Porphine complexes with indium-NMR 
spectra of chloro(tetra-p-meth).Iphenylporpliinato)in~ium (111) 0 
Indium ( I 1  I). chloro(tetra-p-methylphen).lporphinato) -NMK spec- 
tra 1 N M R  spectroscopy-idcntifcation, chloro(tetra-p-meth).l- 
phen) 1porphinato)indium ( 1  I I )  

Sir: 

Porphinc complcxcs are important biologically and 
chemically. Structural studies of these complexes may 
providc information relative to their mechanisms of 
action. We wish to report N M R  studies on the complex 
c h 1 or o( t e t r a -11- m c t h y I p h e n y 1 p o r p h i n a t o)i n d i u m ( I I I ) . 

Chloro(tetra-p-methy1phenylporphinato)indiuni (111) 
was preparcd and purified as previously reported (1, 2). 
N MR spectra were obtained using a spectrometer' 
equipped with a variable-temperature probe and op- 
crated at power levels below saturation. Temperatures 
were measured with a thermocouple mounted in the 
probe; tcmperature calibration was done with ethylene 
glycol. Spcctra wcrc obtained in  I ,  I ,2,2-tetrachloro- 
cthane which had been purified by distillation from 
phosphorus pcntoxide under nitrogcn. Spcctra were 
obtained with the spectrometer locked on the solvent 
resonance. and chemical shifts wcrc reportcd rclative to  
the solvcnt. 

~~ 

I Vnrinn-HA-100. 

3.18 2.36 2.06 1.69 1.61 
PARTS PER MILLION 

Figure 1 -NUR .sperirLi (100 AdHi . )  ofrlrloro(tetra-p-iiietlr).lp/re,ry~- 
porpliiituio)iir~iiii?i ( I l l )  ut rciriolis rempercitiires. 

I t  has been shown that the NMR spectra of indium-- 
tctraphenylporphine complcxcs at room temperature 
exhibit nonequivalence of the phenyl ring protons (2). 
The N M  R spectrum of chloro(tetra-p-methylphenyl- 
porphinato)indium (111) in  Fig. 1 shows that as the 
temperature rises, the phenyl signals broaden and 
finally collapse into a pair of doublets a t  approximately 
100". Spectral changes were reversible with tempera- 
ture. The resonancc at 3.18 p.p.m. resulted from the 
porphinc pyrrole protons. Resonances at 2.06 and 2.36 
p.p.m. were assigned to  the orrho-protons; resonances 
at 1.61 and 1.69 were assigned to the mera-protons (2). 

The room tcmperature spectrum has been assigned an 
AA'BB' pattern in  which the two different orrho- and 
mela-protons arc nonequivalent due to restricted rota- 
tion about the meso-carbon to phenyl (carbon carbon) 
bond. As the tenipcraturc was clevatcd, the rotation 
bccanie fast on the NMR time scale, appearing to  
yield equivalence of or/ho- and thc nzeta-protons. No 
attempt was madc to obtain accurate kinetic paramctcrs 
for this highly coupled spin system; the rate of aver- 
aging can be estimated (3) as 66isec. at the coalesccncc 
temperature of approximatcly 60" for the orrho-pro- 
tons: (AG& = 16.8 kcal./mole). 

The concept of rcstrictcd rotation about the carbon- 
to-carbon bond is strongly supported by X-ray diffrac- 
tion studies on porphines and porphine complexes (4). 
Such studies have indicated that the meso-phenyl rings 
are tilted at an angle to the mean plane of the porphine 
ring (5-7). This angle was found to  be approximately 
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90” in many metal complexes of tetraphenylporphine 
(4, 8), although angles as small as 69 (9) and 76” (10) 
were found in certain metal complexes. Steric interac- 
tions between pyrrole hydrogen and phenyl hydrogen 
atoms have been estimated to require a dihedral angle 
of 60 (10) or 70” (4). 

The sequence of spectral changes given in Fig. 1 is 
nearly identical t o  those reported for tetrakis[(p-iso- 
propylphenyl)porphinato]ruthenium carbonyl com- 
plexes (8, 11). The averaging process for the indium 
complex occurs at  slightly lower temperatures than for 
the ruthenium complex. 

Phenyl ring rotation has been observed in tetra-o-hy- 
droxylphenylporphine and its copper complex (12). The 
rate constant for rotation of the free porphine at 23” in 
methanol was 1.5 X IO-”/sec. (AGf = 24 kcal./mole); 
rotation was about 10 times slower for the copper com- 
plex. Isomers of tetra-o-tolylporphine and its nickel 
complex have also been studied ( 1  3). The N MR signals 
for the methyl resonances of this compound did not 
appreciably broaden up to  180”, indicating that AG’ 
for rotation exceeds 26 kcal./mole (13). The present 
studies of chloro(tetra-p-methyIphenylporphinato)in- 
dium ( I l l )  confirm earlier observations on ruthenium 
complexes (11); there appears t o  be a more rapid phenyl 
group rotation when the ortho-substituent is hydrogen 
than when it is hydroxyl or methyl. 

Alternative interpretations of the N M R  spectrum for 
chloro(tetra-p-methyIpheny1porphinato)indium (111) ap- 
pear less plausible. Since A A ’  and BB’ coupling was not 
resolved for indium (111) tetraphenylporphine, it is 
possible to  attribute the room temperature spectra to  
rapidly rotating phenyl groups in  nonequivalent posi- 
tions with accidental degeneracy of nonequivalent 
pyrrole and methyl resonances. The temperature de- 
pendence of such a spectrum would result from the in- 
terchange of nonequivalent phenyl sites. However, it has 
been demonstrated that phenyl rotation is slow in the 
ruthenium complexes at room temperature (8, 1 I ) ;  it is 
not likely that rotation would be fast in the chloro- 
(tetra-pmethylpheny1porphinato)indium (111) complex 
at  the same temperature. If the chloride in  the indium 
complex were dissociated, ion migration or inversion 
of a “dished” ring conformation could explain the NMR 
results; however, there are no data to substantiate such 
an interpretation. 
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Specificity of Binding to 
Human Serum Albumin 

Keyphrases G Drug-human serum albumin binding- specificity, 
lipophilic dependency. equations Binding, drug-human serum 
albumin specificity, lipophilic dependency. equations 

Sir: 

Whitehouse of a/ .  ( I )  suggested the need for rccvalua- 
tion of the widely held concept ( 2 ,  3 )  that the fraction 
of certain acidic drugs bound to plasma protein is 
pharniacologically inactive. I n  support of this sugges- 
tion, data were presented indicating that a correlation 
exists between the ability of certain anti-inflammatory 
agents and uricosuric agents to  displace uric acid from 
its primary binding site on human serum albumin i l l  

tiitro (1 )  and their ability to  reduce uric acid binding 
capacity in tiico. The results of other studies were cited 
to support this thesis (4, 5). One cited study showed that 
fatty acids displace warfarin and phenylbutazone from 
their binding sites on human serum albumin in citro (5). 

A relationship was reccntly shown ( 6 )  between the 
ability of certain acidic drugs to  displace albumin-bound 
uric acid and their affinity for the primary binding site 
of 5-dimethylaminonaphthalene-1-sulfonamide on 
human serum albumin. Analysis of these affinity data 
revealed that for certain members of two classes of non- 
steroid anti-inflammatory and uricosuric agents-ciz., 
(a) carboxylic acids, and (h )  bcnzenesulfonamides and 
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