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Abstract Fatty acid and long chain hydrocarbon analogs that 
contain a strong chelating group were synthesized as part of an ef- 
fort to determine if the biological function of the fatty acid can be 
used to transport metallic isotopes to the myocardium. 
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Radiolabeled fatty acid analogs have been suggest- 
ed as myocardial imaging agents for the detection of 
myocardial infarcts. Preliminary results with radioio- 
dinated fatty acids indicate that infarcts can be de- 
tected by external counting of the emitted y-rays 
(1-3). However, a combination of poor physical prop- 
erties and expense has prevented the widespread use 
of any of the various isotopes of iodine in the com- 
pounds. 

A technetium compound (99mT~, t 112 6 hr, 140 kev 
gamma) would overcome these problems, because 
technetium possesses ideal physical properties and 
ready availability (4). However, the direct labeling of 
molecules with technetium usually does not create 
strong chemical bonds (5, 6). (Carboxymethy1)imino- 
bis(ethylenenitri1o)tetraacetic acid (I) forms the most 
stable 99mT~ chelate' known a t  this time (7), and 
even this chelate appears to dissociate to a small ex- 
tent in uiuo (8). Therefore, any chelating group that 
is less stable than the I group will create a weak che- 
late which would dissociate and result in complicated 
in uiuo distribution. However, if I could be attached 
to a biological substrate such as a fatty acid in such a 
way as not to diminish the biological activity, then 
this new biological compound would possess both a 
functional group to bind technetium and a functional 
group to bring about localization in the myocardium. 

It is not the intent to produce a strict analog of a 
fatty acid, but rather a molecule that is taken up in 
the myocardium as a fatty acid but is not completely 
metabolized as such. This type of molecule apparent- 
ly could produce even higher concentrations of the 
radioisotope in the myocardium than the concentra- 
tion reached by the rapidly metabolized fatty acid (9, 
10). This hypothesis appears to be true for radioiodi- 
nated cholesterol localization, which is used for exter- 
nal visualization of the adrenal glands (11). 

Previous work has shown that alkylating agents 
can successfully be delivered to hormone responsive 
tissue by binding the alkylating agent to steroid hor- 
mones (12-14). 

The group of compounds in this study contain ei- 

1 *Tc-Diethylenetriaminepentaacetic acid (DTPA). 

ther I or an (ethylenedinitri1o)tetraacetic acid2 (11)- 
like structure linked to a fatty acid or long chain hy- 
drocarbon moiety. Ester derivatives of I1 have been 
prepared by the reaction of excess alcohol with an 
acid catalyst (15) and by the reaction of the dianhy- 
dride of I1 and an alcohol (16). No similar derivatives 
of I have been prepared. The preparation of monoes- 
ter derivatives of I1 and I has not been reported. 
These monoderivatives would possess the optimal 
chelating strength. 

Substitution on the nitrogen atom of I-like struc- 
tures can be obtained by reacting ethylenediamine or 
diethylenetriamine with the appropriate alkyl bro- 
mide before carboxymethylation. The synthesis 
of (N-n-octyl)iminobis(ethylenenitrilo)tetraacetic 
acid has been reported (17). 

Four classes of compounds have been synthesized 
(V-VII; IX and X; XI and XIII; and XIV), and all 
have been shown? to chelate strongly carrier-free ra- 
dioisotopes such as 57C0, 99mT~, and l13"'In. 

EXPERIMENTAL 

The physical properties4 of the compounds are given in Table I; 
elemental analyses5 are given in Table 11. 
N-n-Hexadecyldiethylenetriamine Trihydrochloride (111)- 

A solution of diethylenetriamine (50 ml, 0.5 mole) and n-bromo- 
hexadecane (30.6 g, 0.10 mole) in ethanol (50 ml) was heated to re- 
flux. A solution of sodium hydroxide (4.5 g) in water (6 g) was 
added dropwise over 5 min, and then the mixture was refluxed for 
3 hr. The product was extracted into the organic layer after addi- 
tion of n-butanol (40 ml), benzene (40 ml), and water (200 ml). 
The organic layer was washed twice with water, dried, and distilled 
at 180" a t  0.05 mm pressure. The product was dissolved in ether 
(200 ml) and converted to the trihydrochloride with dry hydrogen 
chloride gas. The precipitated product was washed with ether. 
N-n-Octadecyldiethylenetriamine Trihydrochloride (1V)- 

A solution of diethylenetriamine (50 ml, 0.50 mole) and n-bro- 
mooctadecane (33.3 g, 0.10 mole) in ethanol (50 ml) was reacted 
according to the procedure for 111. 
(n-Dodecyl)iminobis(ethylenenitrilo)tetraacetic Acid Mo- 

nohydrate (V)-A solution of sodium chloroacetate (15.4 g, 0.132 
mole) and 4-n-dodecyldiethylenetriamine (10 g, 0.037 mole) was 
heated at 50" for 6 hr at pH 11.0 f 0.5, maintained by the addition 
of sodium hydroxide (18). A 1.0-ml aliquot of the reaction mixture 
was titrated at pH 12 with 0.100 N calcium chloride solution to the 
permanent turbidity end-point, bsing sodium oxalate as the indi- 
cator. The reaction mixture was then adjusted to the chelation 
concentration that titrates 80 mg of calcium carbonatdm1 of solu- 
tion. Sulfuric acid (1:4) was added to the solution a t  80' to a final 
pH of 2.6, and the solution was seeded with a crystal of I and 
cooled overnight a t  5". The precipitate was washed with water. 
(o-Hexadecyl)iminobis(ethylenenitrilo)tetraacetic Acid 

Ethylenediaminetetraacetic acid (EDTA). 

Determined with the following instruments: Thomas-Hoover capillary 
melting-point apparatus (melting points are uncorrected), Perkin-Elmer 
model 337 grating infrared spectrophotometer. and Varian model A-60A 
spectrometer. Potentiometric titrations were performed using a Corning 
glass electrode, a Corning model 8 pH meter, and a Heathkit chart recorder. 

3 Unpublished data. 

Performed by F. Kasler, University of Maryland. 
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Table I-Physical Properties of N e w  Compounds 

Compound Yield, % Recrystallization Solvent Melting Point  IR Da ta ,  cm 

I11 50 Water-isopropanol (4: 1) 257-258" 1605, 2850, 2890 
I V  37 Water-isopropanol (4: I) 251-254 O 1605, 2850, 2890 
V 55 Water-isopropanol (4: 1) 159-160' 1640, 1730, 2850 

V I  64 Water-isopropanol (4: 1) - 1650, 1730, 2848 
V I I  62  Water-isopropanol (4: 1) ._ 1650, 1730, 2848 

V I I I  95 Insoluble 193-195; dec. 1760, 1810, 1130 
IX 49 Benzene 103-104 1740, 1750, 2850 
X 50 'Benzene 105-106" 1740, 1750, 2850 

XI 80 Methanol  149-15; O 1600, 1730, 2850 
XI1 67 E t h y l  acetate 94-95 1685, 2850, 2910 

XI11 72 Methanol  148-151" 1620, 1720, 2850 
X I V  6 Water-isopropanol (4: 1) 160-161 O 1655, 1740, 2850 
X V  84 Insoluble 182" dec. 1780, 1830, 2960 

Table 11-Elemental Analysis of New Compounds 

Calculated, % Found,  % 
~ Molecular ~~ ~- ~~ 

Compound Formula C H N C rI N 

I11 C20HryClaNs 5 4 . 9 7  11 .07  9.61 55 .25  1 1 . 2 2  9 . 3 0  
IV CzJLzCIJ'Ja 56 .82  11 .27  9 . 0 4  56 .97  11 .24  8 . 7 8  
V CwHmNTOn 55 .26  9.08 8.06 55 75 9 1 1  8 09 ~ ._ ~. ._ ~~ ~. 

V I  C;,H;;N~O;~ 56 .45  9.64 7 . 0 5  5 6 . 9 1  9 . 4 7  6 . 8 5  
V I I  CaoH,iNaOio 57 .76  9 . 8 5  6 . 7 4  58 .25  9 . 7 0  6 . 7 0  

V I I I  CroHizN2Os 46 .87  4 . 7 3  1 0 . 9 3  46 .68  4 . 8 8  10 .82  
IX C~~H;;N;O~ 67 .38  10 .74  3 . 9 3  6 7 . 4 1  11 .02  3 . 8 0  x C ~ J L R N ~ O ,  6 8 . 7 1  11.01 3 .64  68.95 11.30 3 . 5 0  
XI C ~ O H ~ ~ N Z O ~ ? . : ~  6 1 . 4 3  9 . 4 0  3.58 61.23 9.80 3 . 6 4  

XI1 Ci6H3203 70.52 1 1 . 8 4  7 0 . 6 6  12 .05  ~- 

XI11 C ~ ~ H ~ ~ N ~ O I Z  62 .97  9.56 3 . 5 0  6 2 . 8 7  9 . 7 4  3 . 2 5  
X I V  CzyHuNzOi1 55 .52  8 . 4 9  6 . 9 4  5 5 . 4 7  8.58 7 . 1 8  xv Ci r Hi &sOs 47.06 5 . 3 6  1 1 . 7 4  46.25 5 . 3 7  11.46 

Dihydrate (V1)-Compound 111 (23.1 g, 0.053 mole), sodium chlo- 
roacetate (37.5 g, 0.32 mole), and Na2C03. 10H20 (30.5 g, 0.110 
mole) were dissolved in water (100 ml) and heated at  95" for 24 hr 
(19). The product was isolated as for V. 
(n-Octadecyl)iminobis(ethylenenitrilo)tetraacetic Acid 

Dihydrate (VI1)-A solution of IV (24.6 g, 0.053 mole), sodium 

CH., 
I 

(kH>) \  
1 -  / \NCH,CH,-N-CH~CH~N 

CH,-COOH HOOC--CH, 

HOW-CH, / \CH,-C,OOH 
v: x =11 

VI: x = 15 
VII: x = 17 

CH,--COOH HOOC-H,C\ / /NCH,CH,N 

IX: x =15 
x: x = 17 

H;$C- (CH,),OOC-H,C \cH,-coo+cH~),-cH,, 

HOOC( CH, ).yOOC- H2C, ,CH2-COqCH,),COOH 
/NCHZCH,N 

XI: x = 14 
XIII: x = 15 

CO,H 

C i d b  

HOOC-H,C \CH?-COOH 

I 
HOOC-CH, I ,CH,COOH 

-'NCH~CH*-N- CH,CH,N 
HOOC-CH, / 'CH~OOH 

XIV 

chloroacetate (37.5 g, 0.320 mole), and NaZC03. lOHzO (30.5 g, 
0.110 mole) was dissolved in water (100 mi) and then heated at  95' 
for 24 hr. The product was isolated as for V. 

Dianhydride of I1 (VI1I)-Compound I1 (182 g, 0.71 mole) was 
suspended in pyridine (300 g), acetic anhydride (260 g, 2.54 moles) 
was added, and the mixture was stirred at  6 5 O  for 24 hr. The prod- 
uct was filtered, washed with acetic anhydride and ether, and 
dried. 

N,N'-Dihexadecyl Ester of I1 (1X)-A mixture of the dianhy- 
dride of I1 (32 g, 0.125 mole) and n-hexadecanol (60.5 g, 0.250 
mole) in benzene (315 ml) was refluxed for 24 hr and then filtered 
hot. The collected precipitate was washed with boiling benzene, 
and the total filtrate was cooled to produce the crystalline product. 

N,N'-Dioctadecyl Ester of I1 (X)-A mixture of the dianhy- 
dride of I1 (32 g, 0.125 mole) and n-octadecanol (67.5 g, 0.250 
mole) in henzene (315 mi) was refluxed for 24 hr, and the product 
was isolated according to the procedure for IX. 
N,N'-Di(l4-carboxytetradecyl) Ester  of I1 (Hemihydrate) 

(XI)-A mixture of 15-hydroxypentadecanoic acid (2.50 g, 0.010 
mole) and the dianhydride of I1 (1.00 g, 0.004 mole) in benzene (15 
ml) was refluxed for 18 hr. The precipitate was filtered, washed 
with boiling benzene, and dried. 

16-Hydroxypalmitic Acid (XI1)-A solution of juniperic acid 
lactone (9.1 g, 0.036 mole) in ethanol (10 g) was mixed with sodium 
hydroxide (5 N, 25 ml) and water (25 ml) and refluxed for 4 hr. 
The reaction mixture was washed with ethyl acetate and then acid- 
ified with 6 N HC1 to pH 1.00. The product was then extracted 
into ethyl acetate. 

N,N'-Di( 15-carboxypentadecyl) Ester of I1 (XII1)-A solu- 
tion of XI1 (1.506 g, 0.006 mole) in benzene (15 ml) was mixed with 
the dianhydride of I1 (0.707 g, 0.003 mole) and refluxed for 16 hr. 
The resulting precipitate was filtered, washed with boiling ben- 
zene, and dried. 
N - (15 - Carboxy - 9 - pentadecenyl)iminobis(ethglenenitrilo)- 

tetraacetic Acid Monohydrate (XIV)-A solution of 16-bromo- 
9-hexadecenoic acid (10 g, 0.030 mole) and diethylenetriamine 
(16.5 rnl, 0.150 mole) was mixed in ethanol (15 mi) and heated to 
reflux. A solution of sodium hydroxide (1.5 g) in water (1.8 g) was 
added dropwise Over 5 min, and reflux was continued for 4 hr. The 

Vol. 64. No. 4. April  1975 f 705 



product was isolated as the trihydrochloride according to the pro- 
cedure for 111. I t  was then carboxymethylated according to  the 
procedure for V. 
(Carboxvmethvl)iminobis(ethvlenenitrilo)tetraacetic Acid 

Dianhydride6 (XVj-Compound-I (39.3 g, 0:lO mole) was sus- 
pended in pyridine (50 g), and acetic anhydride (40.8 g, 0.40 mole) 
was added. The mixture was heated a t  65” for 24 hr. The product 
was filtered, washed with acetic anhydride and ether, and dried. 
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Nonclassical Phase Transfer 
Behavior of Phenylbutazone 

Keyphrases 0 Phenylbutazone-nonclassical phase transfer be- 
havior, pH and buffer effects, dissolution and ionization rates 
o Dissolution-phenylbutazone, nonclassical phase transfer be- 
havior Ionization-phenylbutazone, nonclassical phase transfer 
behavior 

To the Editor: 

Lovering and Black (1, 2) recently alluded to the 
nonclassical behavior of phenylbutazone in its trans- 
fer through a dimethylsiloxane membrane and 
through an everted rat intestine as a function of pH. 

I measured the ionization rates of phenylbutazone 
in aqueous buffered solution ( p  = 0.1) a t  25 f 0.2O 
using a stopped-flow spectrophotometer’ and found 

Durrum stopped-flow spectrophotometer with a thermostated cell and 
syringes maintained at 25 f 0.2O. 

the protonation of the phenylbutazone anion and the 
deprotonation of phenylbutazone to be noninstan- 
taneous2. As expected, both protonation and depro- 
tonation were highly dependent on the pH of the so- 
lution as well as buffer concentration. 

As an example, the half-life for the deprotonation 
of phenylbutazone (taken to zero buffer concentra- 
tion) a t  pH 5.5 was 55 msec and it was 67 msec a t  pH 
7.0. The half-life for protonation at  pH 3.5 was 10.3 
msec, while a t  pH 4.0 it was 22.6 msec. Phenylbuta- 
zone is a carbon acid3 of pKa 4.50-4.70 (3-5), and the 
ionization rates of carbon acids are slow relative to 
the approximately diffusion-controlled ionization 
rates of other acids (6-10). 

Apart from the phase transfer anomalies noted 
here, the chemical properties of carbon acids often 
show anomalies when compared to other acids. For 
example, carbon acids show large negative deviations 

The word noninstantaneous is used to describe phenomena taking place 
at rates considerably slower than the diffusion-controlled limit of -2 X 1010 
M-I  sec-1. 

Carbon acids are acids in which the dissociating proton is bound to a 
carbon atom instead of a heteroatom such as oxygen or nitrogen. 
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