
X-Ray Contrast Media 
Glutaric and Iminodiacetic Acids as Carriers of 

Iodinated Phenyl Ring 

By GAD SHTACHER* 

Iodinated derivatives of 3-phenyl-glutaric acid and N-benzyl-iminodiacetic acid 
were prepared. The free acids and their dimethyl esters were screened as potential 
intravenous and oral cholangiographic agents in cats and compared with presently 
available agents. The oral agents were present mostly in the intestines showing 
good X-ray intensity, with little or no visualization of the gall bladder and bile ducts. 
The X-ray intensity of the intravenous agents was not comparable to that obtained 
with sodium iodipamide. Attempted triiodination of 2- (3 ‘-aminopheny1)-trimethyl- 

enedinitrilo-tetraacetic acid failed, probably due to steric factors. 

N SEARCH FOR improved X-ray contrast agents I in intravascular radiography, attention was 
drawn to the biological properties of polyamino- 
polycarboxylic acids (1). Ethylenediaminetet- 
raacetic acid (EDTA), the prototype of the syn- 
thetic polyaminopolycarboxylic acid group, is not 
metabolized in mammals, and following its par- 
enteral administration, is very rapidly and almost 
completely eliminated unaltered through the 
kidneys. In considering the physicochemical 
properties of EDTA and structurally related com- 
pounds, their chemical stability as well as their 
high water solubility at physiologic pH are addi- 
tional essential properties required from intra- 
vascular radiopaque media. The chelating prop- 
erty of EDTA hasin fact been utilized a few years 
ago, to study the usefulness of lead-EDTA chelate 
as an X-ray contrast medium in animals and in 
man (2). This complex, however, proved to be 
quite unsafe due to release of free lead ions in oioo, 
thus resulting in heavy metal poisoning. Since 
the pharmacological as well as toxic effects of 
EDTA, and in particular its marked nephro- 
toxicity, have been attributed to its powerful 
chelating ability, which leads to the removal of 
essential metal ions, it seemed worthwhile to 
prepare lower and higher homologs of it, namely, 
iminodiacetic acid and trimethylenedinitrilo 
tetraacetic acid, respectively, linked to iodinated 
phenyl rings. The chelate stability const.ants of 
these complexing agents with various metal ions 
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are a thousand to a million times lower than those 
of EDTA (3), thus practically eliminating the 
danger of essential metals depletion. On the 
other hand, however, these compounds retain the 
characteristic biological and physicochemical 
properties of polyaminopolycarboxylic acids 
mentioned above. It was also hoped that a com- 
bination of an iodinated nucleus with the amino 
acid side chains would favor the hepato-biliary 
elimination of the iodinated compounds, following 
their intravascular administration. It has been 
repeatedly shown that presence of iodine atoms in 
organic compounds markedly enhance their bil- 
iary excretion, with a concomitant fall in their 
renal excretion (4). As part of the reaction se- 
quence leading to the preparation of 2-substituted 
phenyl-trimethylenedinitrilo-tetraacetic acid, io- 
dinated derivatives of 3-phenyl-glutaric acid were 
also prepared, since their structure resembles to 
some extent that of 3-(3’-amino-2’,4’,6’-tri- 
iodophenyl) -2-ethylpropionic acid (iopanoic acid), 
currently used for oral cholecystography. Glu- 
taric acid substituted in the a-position with a 3- 
amino-2,4,6-triiodobenzyl group was recently 
synthesized as a potential cholecystographic 
agent, but was found to be quite toxic (5). It 
was hoped that symmetrically substituted glu- 
t d c  acid will show lower toxicity combined with 
enhanced choleretic property. 

CHEMISTRY 

Charts I, 11, and 111 (Scheme I) represent the 
synthetic approaches to N-(3-acetamido-2,4,6-tri- 
iodobenzy1)-irninodiacetic acid (V),  3-(3’-acetamido- 
2’,4‘,6’-triiodophenyl)-glutaric acid (IX), and 2-(3’- 
nitropheny1)-trimethylenedinitrilo tetraacetic acid 
( XIV), respectively. 3-Amino-2,4,6-triiodobenzyl 
bromide (I) was prepared from 3-nitrobenzaldehyde 
in three steps consisting of catalytic reduction using 
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AcNH I 

Scheme I 

Adams’ platinum catalyst (6). iodination with iodine 
monochloride, followed by treatment with phos- 
phorus tribromide (7). 3-(3’-Nitrophenyl)-glutaric 
acid (VI), the starting material in Charts I1 and 111 
(Scheme I) was readily obtained from 3-nitro- 
benzaldehyde by piperidinecatalyzed condensation 
of thelaldehyde with 2 moles of ethyl acetoacetate, 
followed by alkaline hydrolysis of the resulting ethyl- 
3-nitrobenzylidenebis-acetoacetate (8).  The most 
practical approach to  the synthesis of 2-(3 ’-nitro- 
pheny1)-trimethylenedinitriilo tetraacetic acid 
(XIV), appeared in the alkylation of 2-(3’-nitro- 
pheny1)-trimethylene-diamine (XII) either with 
chloroacetic acid, or with methyl bromoacetate, fol- 
lowed by saponification of the resulting tetramethyl 
ester. The nitroaryl diamine (XII)  was successfully 
prepared by the Curtius degradation (9) starting 
with the corresponding dimethylester (X), and pro- 
ceeding through the dihydrazide intermediate (XI). 
Attempts to  synthesize the diamine (XII)  directly 
from 3-(3’-nitropheny1)-glutaric acid by the Schmidt 
reaction (10) failed. The final step in the reaction 
sequence of Chart 111, namely, triiodination of 2-(3‘- 
aminopheny1)-trimethylenedinitrilo-tetraacetic acid, 
using either iodine monochloride or potassium iodo- 
dichloride as  iodinating agents, was unsuccessful. 
Titration of an aliquot sample of the iodination reac- 
tion mixture, indicated that only one-third of the 
theoretical quantity of iodine monochloride had 
been consumed, It thus appears that steric hin- 
drance exerted by the trimethylenedinitrilo-tetra- 
acetic acid side chain, probably blocked positions 2 
and 6 on the benzene ring which were otherwise 
available for iodine substitution. Direct acetylation 
of either N-(3-amino-2,4,6-triiodobenzyl)-iminodi- 
acetic acid (111), or 3-(3’-amino-2’,4’,6-triiodo- 
pheny1)-glutaric acid (VII) to give the corresponding 
ar-acetamido derivatives, always led to a tarry 
product, presumably due to the formation of cyclic 

carboxylic anhydrides which later polymerized. 
Blocking of the carboxyl groups by methyl ester 
formation, enabled the acetylation reaction to pro- 
ceed smoothly in good yield, after which saponifica- 
tion of the acetylated products yielded the desired 
acetamido-triiodophenyl-carboxylic acids. 

PHARMACOLOGY * 
The acute toxicites of the test compounds are 

listed in Table I. The test compounds were screened 
as cholangiographic agents; three of them (IV, VIII, 
and IX) as oral agents, and three (111, V, and IX)  
as intravenous agents. Four mongrel cats were used 
for each compound tested. For intravenous cho- 
langiographic (i.v.c.) screening the cats were fasted 
24 hr. prior to dosing. Sixteen hours before the test, 
75 ml. of evaporated milk mixed with 25 ml. of bdp 
water was fed to the animals. All animals were 
dosed with 66 mg. iodine/kg. body weight. For oral 
cholangiographic screening the same procedure as 
for the i.v.c. screening was followed. The only 
variation was the fasting time which was extended 
to 32 hr., with the evaporated milk fed 6 hr. prior 
to dosing. Compounds IV and VIII were adminis- 
tered orally at a dose of 60 mg. iodine/kg. body 
weight. The X-ray intensity of the intravenous 
agents 111, V, and I X  was not comparable to that 
obtained with sodium iodipamide, the reference com- 
pound for intravenous cholangiography. The oral 
agents were present mostly in the intestines of the 
cats, showing good X-ray intensity. Only one cat 
treated with Compound IV showed good absorption 
with excretion of the test compound by way of the 
biliary system. However, visualization of the bile 
duct was vague and incomplete. 

Private communication. Van Derike, D. R. ,  Valenti, A., 
and Hoey, G. B.. Mallinckrodt Chemical Works, Pharmaceu- 
tical Division, St. Louis, Mo. 
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TABLE I-ACUTE TOXICITY AND DEGREE OF RADIO- 
GRAPHIC VISUALIZATION OF THE GALL BLADDER AND 

BILE DUCT OF THE VARIOUS CONTRAST MEDIA 

Compd. LDw Cholecystography 
NO. Structure (g./kg.)" Screening' 
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upon cooling. Two crystallizations of the crude 
product from methanol, furnished 43.2 g. (67y0 
yield) of an analytically and chromatographically 
pure substance, as long colorless plates, m.p. 8 9 . k  
90.5". 

Anal.-Calcd. for ClaH15IaNz04: C, 24.25; H, 
2.35; I, 59.10; N, 4.35; mol. wt. 644.0. Found: 
C, 24.40; H, 2.39; I, 59.35; N, 4.43; mol. wt. 
647.5. Infrared absorption spectra (CCl,) Amax. : 
2.89 p and 2.97 p (medium, N-H stretching vibra- 
tions), 3.40 p (medium, aliphatic C-H stretching 
vibration), 5.70 p (very strong, C=O stretching 
vibration of ester), 6.27 p (strong, probably over- 
lapping of N-H deformation absorption and aro- 
matic ring vibrations), 6.92 p (strong, aromatic 
C=C stretching vibration), 8.40 p (very strong, 
C-&C stretching vibration of ester). 

N- (2,4,6- Triiodo- 3 - aminobenzyl) - iminodiacetic 
Acid (III)-Saponification of the lert-imino dimethyl- 
ester (11) was performed in aqueous methanol, using 
2 N NaOH in 10% excess. The saponification was 
completed after 1&15 min. of reflux. The alkaline 
reaction mixture was cooled, extracted with ether, 
and acidified carefully with concentrated HCI to 
pH - 1. The precipitated imino acid was filtered, 
washed with water, and crystallized from a mixture 
of acetic acid-water. The pure product was ob- 
tained as colorless fine needles, m.p. 178-179" dec. 

And-Calcd. for CIIHIIIIN~OI: C, 21.45; H, 
1.80; I, 61.81; N, 4.55; mol. wt. 615.97. Found, 
C, 21.21; H, 2.01; I, 62.10; N, 4.48; mol wt.: 
618.0. 
N-(2,4,6-Triiodo-3-acetamidobenzyl)-imino 

tic Acid Dimethyl Ester (IV)-N-(2,4,6-Triiodo-3- 
aminobenzy1)-iminodiacetic acid dimethyl ester, 
32.2 g. (0.05 mole), was acetylated with 3 mixture of 
70 ml. of acetic anhydride, 70 ml. of glacial acetic 
acid, and 1 ml. of concentrated HzSO4. The reac- 
tion mixture was heated in an oil bath at 70" for 3 
hr., cooled, and poured into a mixture of ice water. 
The heavy brown oil which separated was extracted 
with chloroform. The chloroform after drying over 
anhydrous MgSQ was evaporated in vacuo, and the 
residue (the crude product) was obtained as a 
viscous yellow oil. On TLC (solvent, ethyl acetate), 
the crude product contained approximately 10-20% 
of the starting material. The crude product gradu- 
ally crystallized upon cooling, and after two crystal- 
lizations from benzene, 20.5 g. (600/, yield) of an 
analytically and chromatographically pure substance 
were obtained as  colorlcss tiny plates, m.p. 108-109'. 

Anal.-Calcd. for C~,HliLN205: C. 26 26; H, 
2.50; I, 55.50; N, 4.M; mol. wt. 685.06. Found: 
C, 26.31; H ,  2.37; I, 55.80; N, 4.19; rnol. wt. 
689.5. Infrared absorption spectra A( CHCh),,,. : 
2.93 p (medium, N-H stretching absorption of 
secondary amide), 3.33 p (strong, aliphatic, C-H 
stretching vibrations), 5.73 p (very strong, C=O 
stretching vibrations of ester), 5.88 p (strong, C=O 
absorption of anilide), 6.94 (strong, aromatic 
C=C stretching vibration), 8.37 p (very strong 
C-0-C stretching vibration of ester). 
N-(2,4,6-Triiodo-3-acetamidobenzyl)-hnhodiace- 

tic Acid (V)-The free amino acid was obtained by 
saponification of the corresponding dimethyl ester 
(1V)  in aqueous methanol (2 N NaOH, 10% excess), 
at 70" for 5 hr. The alkaline reaction mixture was 
cooled, extracted with ether, and carefully acidified 
to pH - 1 with concentrated HCl. The brown 

IV CH-N(CH,CO,Mek > 10. @ Not 
absorbe& 

V d  w6.O' Poorly 
visualizedP 

I 

m3.W Poorly 
visualizede 

N O  

i 
visualizationc 

i 

Mice. Cat. 'Oral administration. Exist in zwitter- 
ionic form. ' Intravenous administration. 

EXPERIMENTAL.* 

2,4,6-Triiodo-3-aminobenzyl Bromide (1)-This 
was prepared in 72% yield by treating the corre- 
sponding alcohol with phosphorus tribromide, ac- 
cording to  Hebkji and Kargsek (7). Dioxane was 
found to be a better solvent for crystallization of ( I )  
than chlorobenzene or tetrahydrofuran, m.p. 164- 
165' [lit. (7) m.p. 165" 1. 

N-(2,4,6- Triiodo- 3- aminobenzy1)- imimodiacetic 
acid Dimethyl Ester (11)-A mixture of 56.4 g. (0.1 
mole) of 2,4,6-triiodo-3-aminobenzyl bromide (I), 
and 32.2 g. (0.2 mole) of iminodiacetic acid di- 
methyl ester (11) dissolved in 350 ml. of dry dioxane 
was stirred and refluxed for 3 hr. The reaction mix- 
ture was protected from moisture and CO, by soda- 
lime tube. The hydrobromide salt of iminodiacetic 
acid dimethyl ester began to separate within a few 
minutes following rduxing. At the end of the 
reaction, the reaction mixture was cooled, the hydro- 
bromide salt collected by filtration (22.7 g., 94% 
yield), and the filtrate was concentrated in vucuo. 
The residue (the crude product) was obtained as a 
dark brown viscous oil which gradually solidified 

2 Melting points were determined on a Fisher-Johns melt- 
ing point apparatus. All melting and boiling points are re- 
ported as uncorrected values. Infrared spectra (Figs. 1 & 2) 
were recorded on a Perkin-Elmer Infrared spectrophotometer 
model 137 calibrated by pol styrene film. Chromatography 
was carriel out on layers of dlica Gel H(E. Merck AG.. Ger- 
many) at a thickness of 0.25 mm. The compounds were de- 
tected by iodine vapor. 
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Fig. 1-Infrared absorption spec- 
trum of 2-(3'-nitrophenyl)-tri- 
methybnediumine (XII), 10 mg./ 

ml. in chloroform. 

L 
4 15 

heavy oil which separated was washed several times 
with water and dried over NaOH pellets in vacua. 
The resulting solid product was then crystallized 
from a mixture of acetone-ether to  give colorless 
fine needles, m.p. 128-130" dec. Upon storing, the 
product slightly decolorized. 

Anal.-Calcd. for CnH&N2O6 -0.5 HIO: C, 23.41; 
H, 2.11; I, 57.09; N, 4.20; mol. wt. 667.1. Found: 
C,23.42; H,  2.16; I, 56.65; N,4.08; mol. wt. 670.5. 

Thin-layer chromatography (MeOH-AcOEt, 9: l),  
indicated the presence of a trace impurity with a 
higher Rf value. Attempts to  obtain V by direct 
acetylation of I11 yielded only tarry material. 

3-(3 '-Nitropheny1)-glutaric acid (VI)-This was 
prepared in 85% yield by a previously reported two- 
step procedure (8), m.p. 205-207" [lit. (8) m.p. 
204-205"]. 

3-(3'-Amino-2 ',4',6'-triiodophenyl)-glutanc acid 
(VI1)-A suspension of 10 g. of VI (0.04 mole) 
in 100 ml. of 2 N HCI was shaken with hydrogen 
and 1 g. of 5% Pd/C in a Parr low-pressure hydro- 
genator. After the theoretical quantity of hydrogen 
for reduction of the nitro group had been absorbed 
(ca. 2 hr.), the solution was filtered to remove the 
catalyst and the filtrate was diluted to 1 1. with 0.5 N 
HCl. Iodine monochloride, 23 g. (0.141 mole) in 30 
ml. of concentrated HC1 was added in one portion to 
the stirred solution at 55'. Appearance of the 
product as a heavy yellow to light brown granular 
precipitate began after about 4 hr. To complete the 
reaction, heating and stirring were continued for 6 
days, a second batch of 23 g. of ICI in 30 ml. of 
concentrated HCl being added on the third day. 
After cooling the reaction mixture, the precipitated 
product was filtered, washed with water, and crystal- 
lized from a mixture of methanol-water. Recrystal- 
lization from glacial acetic acid yielded 14.2 g. (59y0 
yield) of light cream-colored crystalline product, 
analytically and chromatographically pure, m.p. 
224-226" dec. 

Anal.--Calcd. for CIIHIOIINOI: C, 21.98; H, 
1.68; I ,  63.36; N, 2.33; mol. wt. 600.96. Found: 
C, 22.05; H, 1.70; I, 63.50; N, 2.25; mol. wt. 
597.7. 

The product is soluble in methanol, ethanol, and 
n-propanol; it  is only slightly soluble in isopropanol 
and acetone, and insoluble in chloroform, ethyl ace- 
tate, benzene, and toluene. Since direct acetylation 
of VII t o  yield 3-(3'-acetamid0-2',4',6'-triiodo- 
pheny1)-glutaric acid (IX) failed to give the desired 
product, IX was obtained by acetylation of the di- 
methyl ester of 3-(3'-amino-2',4',6'-triiodophenyl)- 
glutaric acid, and subsequent saponification. 

3 - (3'-Diacetamido- 2 ',4',6 ', - triiodophenyl) - glu- 
taric Acid Dimethyl Ester (VIU)-A mixture of 12 g. 
(0.02 mo1e)of the glutaric acid derivative (VII) in 100 
ml. of absolute methanol containing 1 ml. of con- 
centrated H&O, was gently refluxed for ca. 18 hr. 
The resulting red clear solution was cooled and then 
poured into 100 ml. of ice water. The dimethyl 
ester which separated as a heavy red-brown oil was 
extracted with chloroform. The chloroform extract 
was consecutively washed with sodium bicarbonate 
10% solution and water, and then dried over an- 
hydrous MgSO,. After evaporation of the chloro- 
form under reduced pressure, 10.1 g. (800/, yield) 
of the product was obtained as a very viscous, clear, 
red-colored oil, which was chromatographically pure 
(so1vent:methanol). The oily product did not 
crystallize during a long storage period in the cold 
and was used as such for the acetylation reaction. 
The dimethyl ester 12.6 g. (0.02 mole) was acetylated 
with 60 ml. of acetic anhydride containing 0.5 ml. 
of concentrated HzSOI. The reaction mixture was 
heated in an oil bath at 70" for 18 hr., cooled, and 
poured into 200 ml. of ice water. The heavy red- 
brown oil which separated was extracted with 
chloroform. The chloroform, after being washed 
with water and dried over anhydrous MgSO4, was 
evaporated under reduced pressure, and the residue 

800 2000 1500 1000 4000 
0.7 I I 1 

Fig. 2-Infrared absorption spec- 
trum of 2-(3'-aminophenyl)-tri- 
methyknedinitrilo-traacetu acid, 
tetraethyl ester, 10 mg./ml. in car- 

bon tetrachloride. 

WAVELENGTH, p 
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( the crude product) was obtained as a viscous, clear, 
red-colored oil which gradually crystallized on stor- 
ing in an ice box. Two crystallizations of the crude 
product, one from methanol and one from ether gave 
12.1 g. (85% yield) of an analytically and chro- 
matographically pure substance, in the form of color- 
less long plates, m.p. 102-103D. 

And-Calcd. for CId31813NOe: C, 28.63, H,  2.54; 
I ,  53.40; N, 1.96. Found: C, 28.54; H, 2.49; I, 
53.25; N, 1.92. 

The product is soluble to  a varying extent in most 
organic solvents. 

3-(3'-Acetamido - 2',4',6 '- triiodophenyl) - glutaric 
Acid (1X)-A suspension of 21.4 g.  of VIII (0.03 mole) 
in 60 ml. of 2 N NaOH, was stirred and heated to 
80' for 24 hr. Complete solution occurred after 
2 hr. The alkaline reaction mixture was then 
cooled, extracted with ether, and acidified with con- 
centrated HCl. A heavy, cream-colored semisolid 
separated. The aqueous solution was decanted and 
the viscous precipitate washed twice with distilled 
water and dried over KOH pellets in vacuo at 50" 
overnight. The resulting cream-colored crude 
product weighed 18.3 g. and melted in the range of 

1 14G160O. Two crystallizations from glacial acetic 
acid furnished 1 3  g. (67% yield) of analytically and 
chromatographically pure substance, in the form of 
colorless fine needles, m.p. 233-235' dec. Mixed 
m.p. with VII (the nonacetylated derivative), 
195-205' dec. 

And-Calcd. for Cl~HleIaN05: C, 24.28; H, 
1.88; I ,  59.22; N ,  2.18; rnol. wt.,643.0. Found: C, 
24.28; H, 1.88; I, 59.35; N, 2.16; rnol. wt.,645.5. 

The product is freely soluble in DMF, only 
moderately soluble in hot methanol, ethanol, and 
acetic acid, and insoluble in water and most other 
organic solvents 
3-(3'-Nitrophenyl>glutanc Acid Dimethylester 

(X)-A mixture of 25.3 g. (0.1 mole) of VI in 150 ml. 
of absolute methanol containing 4.5 ml. of concen- 
trated HzSO, was gently refluxed for cu. 20 hr. Fifty 
milliliters of methanol was then distilled off, and 
the resulting clear dark red solution was cooled in 
ice water. Within minutes, the entire solution be- 
came a thick crystalline paste of the dimethyl ester. 
The brown-colored crystalline product, after filtra- 
tion and thorough wash with water, was taken in 
chloroform, The aqueous filtrate was extracted 
with chloroform and the combined extracts were 
consecutively washed with sodium bicarbonate 10% 
solution and water and then dried over anhydrous 
calcium chloride. After evaporation of the chloro- 
form under reduced pressure, the residue was dis- 
tilled in high vacuum. The pure dimethyl ester was 
obtained as a yellowish clear distillate which crystal- 
lized on standing. Yield: 22.8 g. (81%), b.p. 163" 
(0.07 mm.), m.p. 65-66'. Crystallization from iso- 
propyl ether or methyl-cyclohexane gave colorless 
needles of the product, without affecting the melt- 
ing point. The dimethyl ester is soluble in most 
organic solvents except for ether, isopropyl ether, 
and methyl-cyclohexane from which it crystallizes 
o n  cooling. The NMR spectrum of (X)  in CDCI, 
(60 Mc., TMS reference standard), showed a doublet 
centered at 8 2.75 of spacing 7 C.P.S. due to the four 
protons of the two methylene groups, a singlet a t  
3.59 due to the overlapping of six protons of the two 
OCHa groups, triplet of triplets centered at 3.80 
of spacing 8 c.p.s due to the benzyl proton, and two 
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multiplets each accounting for two aromatic protons 
centered at 7.38 and 7.96, respectively. 

And-Calcd. for C&II5No6: c, 55.51; H, .5.38; 
N, 4.98. Found: C, 55.62; H,  5.28; N ,  5.03. 
3-(3'-Nitrophenyl)-glutaryl Hydrazide (=)--A 

solution of 28.1 g. (0.1 mole) of the dimethyl ester (X) 
in 150 ml. of methanol was added dropwise over a 
period of 0.5 hr. to  a boiling stirred solution of 8 g. 
(0.25 mole) of hydrazine in 30 ml. of methanol. After 
completion of the addition, boiling and stirring were 
continued for another 0.5 hr. "Seeding," or little 
scratching of the hot solution caused immediate 
crystallization of the product. After cooling in ice 
water, the white crystalline paste of the hydrazide 
was filtered and washed with methanol and ether. 
After drying in air and a t  80", the hydrazide 
weighed 26.7 g. (%yo yield), and was analytically 
pure, m.p. 184-186'. Crystallization from water 
or ethanol did not change the melting point. Since 
the preparation of hydrazides in the nitroaromatic 
series sometimes involves complications due t o  the 
reducing action of hydrazine, the presence of nitro 
group in the product (XI) was confirmed by infrared 
spectroscopy. The infrared spectra of 3-(3'-nitro- 
pheny1)-glutaryl hydrazide contained the expected 
characteristic group bands (two very strong ab- 
sorption bands at 6.57 p and 7.42 p characteristic of 
the valence vibrations of -C-N02). The hydra- 
zide is soluble in hot water and hot dioxane, and 
only slightly soluble in methanol, ethanol, or pro- 
panol. I t  is insoluble in chloroform, benzene, and 
ethyl acetate. 

And-Calcd. for CllHlsNsO4: C, 46.97; H, 5.38; 
N, 24.90. Found: C, 46.91, H, 5.52; N, 25.01. 
2-(3'-Nitrophenyl)-trimethylenediamine (XI1)-A 

mixture of 28.1 g. (0.1 mole) of the hydrazide (XI) in 
44 ml. of concentrated HC1,87 g. cracked ice, and 100 
ml. of chloroform was diazotized a t  -5' with 18 g. 
of sodium nitrite dissolved in 33 ml. of water. After 
completion of the reaction (m.  30 min.) the chloro- 
form layer was separated and the aqueous layer was 
extracted twice with 30-ml. portions of chilled 
chloroform. The combined chloroform extracts were 
dried over anhydrous calcium chloride. The dried 
solution of 2-(3'-nitrophenyl)-glutaryl azide was 
added to 100 ml. of dry toluene and warmed on a 
steam bath. As soon as the chloroform began to 
distil out, evolution of nitrogen commenced and 
continued at a vigorous rate. After all the chloro- 
form had been distilled out, the solution was re- 
fluxed strongly for about 1 hr. to complete the de- 
composition of the azide. To  the stirred, hot, dark 
brown solution of the isocyanate, 60 ml. of concen- 
trated HCI was added cautiously and immediately 
carbon dioxide began to evolve copiously. After 
the carbon dioxide evolution had ceased, the reaction 
mixture was refluxed for 24 hr. and then was con- 
centrated to  dryness in vucuo on a water bath. 
The residue of brown crystalline 2-(3'-nitropheny1)- 
trimethylenediamine dihydrochloride was suspended 
in 100 ml. of absolute ethanol, and the suspension 
was gently refluxed for a few minutes. After cool- 
ing to room temperature the salt was filtered and 
washed with absolute ethanol and absolute ether. 
After air drying and drying at 80" in vacuo for a few 
hours the crude product weighed 17.5 g. (6575 yield) 
and melted above 275". A small portion of the di- 
hydrochloride salt was crystallized from methanol- 
ethyl acetate mixture. The colorless crystalline 



Vol. 57, No. 10, October 1968 1713 

product after drying at 80' in vacuo melted above 
275'. 

And-Calcd. for CsH&lzN&: C, 40.31; H, 
5.64; N, 15.67; C1, 26.45. Found: C, 40.25; H, 
5.58; N, 15.85; C1,26.15. 

The dihydrochloride salt (17.5 9.) was dissolved in 
20 ml. of water and the solution was made strongly 
alkaline with 30% NaOH. The free diamine was ex- 
tracted with six 15-ml. portions of chloroform, dried, 
filtered, and distilled in VUCUO under Nz. The di- 
amine (XII)  was thus obtained as a clear yellow oil 
which on exposure to light turned dark red, b.p. 
135-137' (0.05 mm.). Yield: 9.76 g. (77y0 based 
on the dihydrochloride salt). Total yield: 50%. 

On standing overnight in the refrigerator, the di- 
amine solidified. 2-(3'-Nitropheny1)-trimethylene- 
diamine (XII)  is soluble in warm water and in most 
organic solvents except for ether, methylcylo- 
hexane, and carbon tetrachloride. Because of the 
pronounced tendency of this diamine to  form a 
carbonate on exposure to  the atmosphere its analysis 
is rather poor but still indicative. 

Anal.-Calcd. for C9H,3N302: C, 55.37; H, 6.71; 
N, 21.53; equiv. wt. 97.61. Found: C, 54.81;H, 
6.99; N, 20.83; equiv. wt. 99.25. 

The infrared spectra of the freshly prepared di- 
amine possessed characteristic bands in common for 
the functional groups. Amax. (CHCl,): 3.05 p (me- 
dium, N-H stretching vibrations), 3.40 p (strong, 
C-H stretching vibrations), 6.29 p (medium, 
probably overlapping of N-H deformation absorp- 
tion and aromatic ring vibrations), 6.56 p and 7.40 p 
(very strong, valence vibrations of -C-NOS), 
12.41 p and 14.60 p (medium, out-of-plane defonna- 
tion vibrations of three adjacent aromatic hydro- 
gens). 
2-(3'-Nitrophenyl)-trimethylenediuitrilo Tetraace- 

tic Acid Tetramethyl Ester ( X I I I F T o  a well-stirred 
suspension of 64.3 g. (0.42 mole) of methyl bromoace- 
tate and 44.5 g. (0.42 mole) of anhydrous NaZCOa in 
100 ml. of acetonitrile, a solution of 19.5 g. (0.1 mole) 
of 2-(3'-nitropheny1)-trimethylenediamine (XII) in 
25 ml. of acetonitrile was added over about 0.5 hr. 
at 20-25', while passing nitrogen through the reac- 
tion mixture. The reaction mixture was then 
stirred overnight and later refluxed for another hour. 
The inorganic salt was filtered and the solvent and 
excess of methyl bromoacetate were removed under 
reduced pressure on water bath. The crude prod- 
uct, obtained as a clear brown viscous oil, weighed 
46 g. (95% yie1d)and on TLC (solvent: ethyl acetate) 
gave one principal spot indicating at least 90% 
purity. A small sample of the crude amino ester 
upon distillation in high vacuum, b.p. 21&215" 
(0.05 mm.), yielded analytically pure substance as a 
yellow viscous oil. Infrared absorption spectra 
(CCl,) A,. : 3.32 p (strong, aliphatic C-H stretch- 
ing vibrations), 5.74 p (very strong, C=O stretch- 
ing vibrations of ester), 6.54 p and 7.43 p (strong, 
-C-N02 valence vibrations), 8.38 p and 9.71 p 
(very strong and strong, C-0-C stretching vibra- 
tions of acetoxyl group), 14.61 p (medium, aromatic 
C-H deformation vibration). 

The NMR spectrum of XI11 in CDCL (60 Mc. 
TMS reference standard) showed one rather broad 
peak a t  S 3.10 with a shoulder at a higher field, due 
to  the four protons of the two methylene groups, a 
singlet at 3.48 due to the overlapping of eight pro- 
tons of four methylene groups, a singlet at 3.69 due 

to  the overlapping of 12 protons of the four OCHa 
groups, and two multiplets each accounting for two 
aromatic protons centered at 7.53 and 7.95, respec- 
tively. 

Anal.-Calcd. for GIHZSNSOIO: C, 52.17; H, 
6.05; N, 8.69. Found: C, 52.59; H, 6.24; N, 8.37. 

The tetraethyl ester, b.p. 230-234' (0.04 mm.), 
yellow viscous oil. 

And-Calcd. for C*sHnNaOio: C, 55.65; H ,  
6.91; N, 7.79. Found: C, 55.25; H, 6.85; N, 8.09. 
2-(3 '-Nitropheny1)-trimethylenedinitrilo Tetraace- 

tic Acid (XJY)-Crude 2-(3'-nitropheny1)-trimethy- 
lenedinitrilo tetraacetic acid tetramethyl ester 
(XIII)  (48.4 g., 0.1 mole) dissolved in 100 ml. of 
methanol, was directly saponified with a NaOH solu- 
tion (20 g., 0.5 mole, dissolved in 125 ml. of water). 
The hydrolysis of the four ester functions was com- 
pleted within a few minutes, on boiling the reaction 
mixture. The clear dark red alkaline solution, was 
treated with active charcoal and refluxed for another 
15 min., then cooled, filtered, extracted with ether, 
and carefully acidified with 42.7 ml. of concen- 
trated HC1 (11.7 M ) .  The free amino acid (XIV) 
precipitated from the acidic (pH N 1) aqueous solu- 
tion as tiny particles. The amino acid was filtered, 
thoroughly washed with water and acetone, and then 
dried a t  80" for a few hours. The amino acid (XIV) 
obtained in this way as a white, finely divided 
crystalline powder is already analytically pure and 
crystallization from a mixture of DMF-water does 
not change its decomposition point. Yield: 36 g. 
(84%), m.p. 224-225' dec. 

And-Calcd. for CI~H~IN~OIO: C, 47.77; H, 
4.95; N, 9.83; equiv. wt. 213.68. Found: C, 
47.61; H, 4.85; N, 9.76; equiv. wt. 212.50. 

The amino acid is only slightly soluble in hot 
water and insoluble in most organic solvents except 
for DMF. 2-(3'-Nitrophenyl)-trimethylenedinitrilo 
tetraacetic acid was also prepared by a direct adapta- 
tion of Dwyer and Garvan's method (12) : alkyla- 
tion of 2-(3'-nitrophenyl)-trimethylenediamine 
(XII)  (0.1 mole), with an excess of sodium chloroace- 
tate (0.6 M) in strongly alkaline solution at room 
temperature. However, longer reaction time (ca. 4 
days) was necessary and lower yields (cu. 40%) 
were obtained compared with the previous method. 

Attempted Preparation of 2-(3'-Amino-2 ',4',6'-tri- 
iodopheny1)-trimethylenedhitrilo Tetraacetic Acid- 
A solution of 4.27 g. (0.01 mole) of the nitrophenyl de- 
rivative (XIV) in 35 ml. of 1 N HCl, was hydro- 
genated at room temperature in a Parr low-pressure 
hydrogenator, using 0.5 g. of 5% Pd/C. After the 
theoretical quantity of hydrogen for reduction of the 
nitro group had been absorbed, the solution was fil- 
tered to remove the catalyst. The filtrate was used 
for the iodination step without isolating the inter- 
mediate aminophenyl derivative. Employing either 
iodine monochloride or potassium iododichloride as 
iodinating agents did not yield the desired amino- 
triiodophenyl derivative. Titration of an aliquot 
sample of the iodination reaction mixture, indicated 
that only one-third of the theoretical quantity of 
iodine monochloride had been consumed, even after 
prolonged reaction time (1 week). 
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Assay of Vitamin E in Multivitamin Products 
Using Thin-Layer Chromatography 

By R. R. CRAWFORD, D. C. NARAMORE, and 0. K. ESMERIAN 

A method for the assay of vitamin E in multivitamin formulas is presented. The 
sample is saponified and the alpha tocopherol separated from interfering substances 
by thin-layer chromatography prior to measurement by ferric chloride-a.a’-di- 
pyridyl colorimetry. Assay results of 18 multivitamin formulas comprising three 
types of dosage forms are in reasonable agreement with label claims. The nature 

of some interfering substances is discussed. 

RESENT OFFICIAL methods for assaying vita- p min E (alpha tocopherol) employ oxidation 
by either ferric chloride or by ceric sulfate. The 
amount of alpha tocopherol is determined by the 
reaction of ferrous ions with cY,d-dipyridyl (red 
complex) or by titration with ceric sulfate until an 
excess of ceric ions oxidizes diphenylamine in- 
dicator. These methods were critically examined 
by Lehman before suggesting oxidation by ferric 
chloride as the method of choice for assaying 
vitamin E in pharmaceutical products (1). Both 
of these methods, however, are subject to inter- 
ference from other reducing materials, among 
which are antioxidants and vitamin A, included in 
most formulations. The results from these 
methods also include responses from the less bio- 
logically active nonalpha isomers of tocopherol 
present in those multivitamin products that use 
d-alpha tocopheryl acetate concentrate or mixed 
tocopherols concentrate as the vitamin E source. 
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Early work in this field was directed toward the 
assay of vitamin E in the presence of only vitamin 
A, culminating in the hydrogenation procedure re- 
ported by Fisher et al. (2), and included in the 
United States Pharmacopeia XVII (3). Paper 
chromatography has also been applied to vitamin 
A and E mixtures (4). Recent gas-liquid tech- 
niques for identification and estimation of to- 
copherols have been described (5-7) and applied 
by Pillsbury et al. (8) and by Bowman and West 
(9) to pharmaceuticals. Several recent references 
are found pertaining to thin-layer chromatogra- 
phy of tocopherols per se (lo), in biologic materials 
(1 I), in oils and plant tissues (12,13), and in serum 
(14). Castren has reported the determination of 
vitamin E in pharmaceuticals using TLC separa- 
tions (silica gel) followed by quantitative estima- 
tion of the developed spots by planimetry and 
visual observation (15, 16).l 

METHOD 
The method developed for multivitamin formula- 

tions containing vitamin E in potencies of from 0.15 

1 For a comprehensive review of vitamin E methodology, 
see Bunnell, R. H., “The Vitamins.” Vol. 6, Academic Press, 
New York, N. Y., 1967, pp. 261-316. for their many helpful suggestions. 


