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ABSTRACT: A radiopaque compound, namely, 4,4-bis(4-hy-
droxy-3,5-diiodophenyl)pentanoic acid, was synthesized by the
electrophilic aromatic iodination of 4,4-bis(4-hydroxyphenyl)-
pentanoic acid using sodium iodide and sodium hypochlorite.
The active iodines created by hypochlorite were selectively bound
to the ortho positions of the diphenolic acid and obtained a
tetraiodo compound. Characterization of this iodinated compound
was accomplished by routine methods such as Fourier transform
infrared (FTIR) spectroscopy, 1H nuclear magnetic resonance
(NMR) spectroscopy, energy-dispersive X-ray spectroscopy, mass
spectroscopy, UV−Vis spectroscopy, and thermogravimetry. The
iodine content in the compound was as high as 64% by weight and therefore expected to possess substantial radiopacity. A 5%
solution of the compound in dimethyl sulfoxide exhibited radiopacity of 885 ± 7 Hounsfield Units when tested with computed
tomography (CT) scanner. In vitro cytotoxicity test performed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay demonstrated that the compound was noncytotoxic to L929 fibroblast cells up to the level of 0.8 mg/mL
concentration. Overall results indicate that this highly radiopaque compound has the potential to be used for X-ray imaging in the
clinical scenario.

1. INTRODUCTION

Medical imaging plays a crucial role in the diagnosis and
treatment of diseases. A myriad of reports in the literature
indicates the importance of developing radiopaque compounds
for imaging applications.1−17 Radiopaque compounds along
with some polymers find applications in imaging body
organs,2−9 detection or diagnosis of various diseases,
monitoring embolization processes,1,10,11 construction of
implants used in surgery,1,12,13 and dental compositions.1,14

Lei et al. reported the development of a radiopaque
thermoreversible hydrogel for preventing postoperative
adhesions.5 Recently, Wu et al. designed a macromolecular
contrast agent with “ultrahigh radiopacity” through the
polymerization of iodinated trimethylene carbonate monomer
and poly(ethylene glycol).8 Contrast agents used in diagnosis
are radiopaque compounds, and they generally fall into two
categories: ionic and nonionic.18 The ionic compounds used
for intravascular use have a high osmolarity.19 This is
responsible for several adverse effects such as pain, endothelial
damage, thrombosis, etc. But nonionic compounds are less
hyperosmolar solutions. However, they are expensive and
exhibit a high rate of adverse events.
Compounds containing multiple iodine atoms, usually three

per compound, have been used as radiopaque agents.20−22 A
high iodine concentration is used to achieve opacification
around 250−300 Hounsfield units (HU) in the thoracic aorta
and 300−350 HU in the coronary arteries.23 The radiodensity

of iodinated contrast is 25−30 (HU) per milligram of iodine
per milliliter at a tube voltage of 100−200 kVp. This
substituent is pharmacologically acceptable, which enables
the compound to be administered to man or animal. These
compounds were found to have sufficient tolerance to the
human organ system also. For this purpose, nonionic structures
have been suggested, i.e., iodobenzene derivatives possessing
nonionic substituent. Iodination involves an electrophilic
aromatic substitution in which aromatic constituents that
have an electron-donating group can sufficiently activate the
carbons on the ring. Therefore phenols, aniline derivatives, or
alkyl aniline that contain OH, NH2, or NHR constituents
easily undergo iodination. There are different reported
techniques for iodination. Edgar and Steinmetz reported an
iodination technique for hydroxyl aromatic and amino
aromatic compounds using metal iodide and metal hypochlor-
ite.24 Another technique using iodine monochloride was
reported by Filimonov et al.25

Reporting new nontoxic compounds with a high level of
radiopacity to the scientific literature would pave the way for
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further advancements in the area of radioimaging and
diagnostics. In this work, we report the synthesis of 4,4-
bis(4-hydroxy-3,5-diiodophenyl) pentanoic acid (IBHP) by
the iodination of 4,4-bis(4-hydroxyphenyl)pentanoic acid
(BHP). Four iodine atoms present in the compound would
impart a high level of radiopacity to the compound, and the
presence of reactive carboxyl functionality enables further
modification of the compound through grafting to a polymer
or by coupling with other molecules. Bolikal et al. mentioned
the use of IBHP as a monomer for the synthesis of
biocompatible polymers for medical devices.26 However, no
information is available on the properties of this compound.
Patel et al. synthesized chlorine- and bromine-substituted
derivatives of 4,4-bis(4-hydroxyphenyl)pentanoic acid and
tested their antifungal properties.27 Here, we report the
synthesis of IBHP by adopting a simple process and using
inexpensive reagents and mild reaction conditions. The
compound was characterized in detail to evaluate its potential
for X-ray imaging applications.

2. RESULTS AND DISCUSSION
2.1. Spectral and Thermal Characterization of IBHP.

4,4-Bis(4-hydroxyphenyl)pentanoic acid (BHP) was iodinated
by adopting a similar procedure reported by Kiran et al.28

Here, we used 6 equiv each of sodium iodide and sodium
hypochlorite to achieve tetra iodination of BHP (Scheme 1).

Iodination occurred through in situ oxidation of sodium iodide
in methanol in the presence of sodium hypochlorite. When 2 g
of BHP was reacted with 6 equivalents each of sodium iodide
and sodium hypochlorite, the yield of the product was 6 g. This
was the expected yield if tetra iodination had taken place. The
tetra iodination of BHP was also confirmed by 1H nuclear
magnetic resonance (NMR) analysis (500 MHz, dimethyl
sulfoxide (DMSO)-d6). Since the hydroxyl group is ortho and
para directing, the substitution takes place in the ortho position
of BHP. Due to the steric hindrance of bulky iodine atoms in
the ring, the possibility of further iodination was limited. The
NMR spectra of the parent compound (BHP) and product
(IBHP) are shown in Figures 1 and 2, respectively. A singlet at
12 ppm corresponds to the carboxylic acid proton. A singlet at
9.18 ppm in BHP corresponds to the phenolic group. Due to
iodination, the phenolic peak shifts to a lower field (9.48 ppm)
in IBHP. The peaks near 2 ppm in both BHP and IBHP
indicate an alkyl group. The chemical shift due to aromatic
protons in BHP at δ = 6.65 and 6.9 ppm were absent in IBHP
and a new peak at δ = 7.45 ppm was observed in IBHP. This
downfield shift in IBHP in comparison to BHP confirmed the
presence of four electron-withdrawing iodine atoms at ortho
from the −OH group. A similar kind of downfield shift was
observed in 4,4′-isopropylidene bis(2,6-bromophenol)29 and
4,4′-isopropylidinedi(2,6-diiodophenol).28 These are indica-
tions of iodination.
The presence of iodine in the IBHP was elucidated by

energy-dispersive X-ray spectroscopy (EDAX) (Figure 3). In
the EDAX spectrum of IBHP, the peaks corresponding to
carbon, oxygen, and iodine were obtained. The peaks at about
3.5−5 keV confirmed the existence of iodine atoms in the
molecule.22 The weight of iodine obtained (64.9%) from the
EDAX spectrum was very close to the theoretically calculated
iodine content (i.e., 64% by wt). The atom % of iodine
obtained (i.e., 15.5) also suggested the presence of four iodine
atoms in the compound.

Scheme 1. Iodination of 4,4-Bis(4-Hydroxyphenyl)
Pentanoic Acid

Figure 1. 1H NMR spectrum of BHP.
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IBHP was further characterized by IR spectroscopy, UV−Vis
spectroscopy, mass spectroscopy, and thermogravimetric
analysis. FTIR spectrum of BHP (Figure 4) showed peaks
corresponding to the O−H stretching of the phenolic group at
3296 cm−1, alkane C−H stretching at 2972 cm−1, acid CO
stretching at 1701 cm−1, and aromatic CC bending at 1512
cm−1. In the FTIR spectrum of IBHP, an increase in the
stretching frequency corresponding to the −OH group was
observed. All other peaks keep their position with a slight
increase in frequency. According to the literature, when the
ring substituent becomes more electron-withdrawing, the
stretching frequency of the functional groups tends to
increase.30 Here, the presence of electron-withdrawing iodine
atom adjacent to the −OH group causes an increase in
stretching frequency from 3296 to 3415 cm−1. All other
frequencies are close to that of BHP but shift toward a higher
range. For example, alkane C−H stretching occurs at 2981
cm−1, acid CO stretching at 1707 cm−1, and aromatic CC
bending at 1529 cm−1. An additional peak observed at 708
cm−1 in IBHP corresponds to C−I stretching. Therefore, FTIR
data further confirms the iodination of BHP.

The UV−Vis spectrum of BHP showed primary and
secondary absorption bands of the aromatic ring. The primary
band falls at 222 nm and the secondary band falls at 280 nm
(Figure 5). IBHP shows the primary absorption band at 227
nm and the secondary absorption band at 300 nm (Figure 6).
It has been reported that the presence of an electron-donating
group in the aromatic ring increases both λmax and εmax values
of the secondary band.31 Even though iodine is electron-
withdrawing, it donates electrons to the benzene ring and
undergoes conjugation with the benzene ring.32 That is why
the secondary absorption band showed a bathochromic shift to
300 from 280 nm.

BHP, (MeOH)/nm 222 and 280

( /dm mol cm 120 000 and 30 000)
max

3 1 1

λ

ε − −

IBHP, (MeOH)/nm 227 and 300

( /dm mol cm 540 000 and 32 000)
max

3 1 1

λ

ε − −

Figure 2. 1H NMR spectrum of IBHP.

Figure 3. EDAX spectrum of IBHP.
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The formation of IBHP was also confirmed by mass
spectroscopy. The mass spectra of BHP and IBHP are
shown in Figure 7. The theoretical molecular mass of BHP

is 286. On tetra iodination, the molecular weight of the
compound becomes 790. The spectral data showed that BHP
had a base peak at 309 (M + 23) and a molecular ion peak at
325 (M + 40). However, IBHP had a base peak at 812.69 (M
+ 23) and a molecular ion peak at 834.67 (M + 40). This is the
expected molecular weight if tetra iodination occurs.

m zBHP, / 309 (M , 100%), 227 (5), 269 (6), 325

(M , 6%).

+

+

m zIBHP, / 812 (M , 100%), 834 (M , 18%).+ +

The increased molecular weight of BHP was also an indication
of tetra iodination, which resulted in the iodine content of 64%
((atomic weight of four iodine atoms/molecular weight of
IBHP) × 100) by weight in the compound.
The thermal stability of IBHP was studied by thermogravi-

metric analysis. Figure 8 shows the thermogravimetric analysis
(TGA) traces of IBHP and its parent compound BHP. Both
BHP and iodinated BHP undergo one-stage degradation. The
major mass-loss process began at 227.71 °C for BHP, whereas
it started at 180.92 °C for IBHP. The thermal stability of BHP
decreased on iodination. It has been reported that the
volatilization of iodine could take place during the melting of
iodocompounds.33,34 Here, it may be assumed that the
volatilization of iodine could be a reason for its lower thermal
stability. About 50% weight loss was observed for IBHP at 264
°C, whereas the same percentage loss in weight was observed
for BHP only at 297 °C.
Therefore, as a consequence of iodination, remarkable

changes in thermal stability, molecular weight, and UV
absorption maxima were observed in BHP.

2.2. In Vitro X-ray Visibility of IBHP. When a compound
is radiopaque, it absorbs X-rays and casts a radiological image.
The radiopacity was expressed in the Hounsfield units (HU),
which is a relative quantitative measurement of radiodensity
used by radiologists in the interpretation of CT images. The
attenuation observed for cancellous bone was in the range
300−400 HU35 and that for cortical bone was in the range
500−1900 HU.36,37 La Grutta et al. compared the attenuation
values of different concentrations of iodixanol and iomeprol
contrast agents. The attenuation values increased with the
increase in the concentration of iodine load. Iodixanol
solutions containing 40, 64, 80, and 160 milligram iodine
(mgI) in 10 mL volume showed HU values of 122 ± 6.7, 200.6
± 6.5, 259.7 ± 6.2, and 473.7 ± 7.3, respectively. Different
dilutions of iomeprol containing 50, 80, 100, and 200 mgI in
10 mL volume showed 142.5 ± 8.5, 230.2 ± 7.8, 339.6 ± 7,
and 559.8 ± 8.2 HU, respectively.38 Therefore, compounds
having attenuation in these ranges were found to be visible
under fluoroscopy and can be used for imaging applications.
Figure 9 shows the computed tomographic (CT) images of 5,
10, and 20% solutions of IBHP (solvent: DMSO) along with
20% solution of iodixanol contrast agent (in distilled water) as
the control. Iodixanol has an iodine content of 49.1% by wt.
On the other hand, IBHP has an iodine content as high as 64%
(by wt). This difference in the iodine content was reflected in
the attenuation values. The IBHP solutions of concentrations
5, 10, and 20% (iodine load: 321, 643, and 1286 mgI in 10 mL,
respectively) showed opacities of 885.15 HU, 1328.8 HU, and
1655.78 HU, respectively. The attenuation value of 10%
solution of IBHP (1328.8 HU) was very close to the
attenuation value of 20% iodixanol solution (1330.74 HU)

Figure 4. FTIR spectra of BHP and IBHP.

Figure 5. UV absorption spectrum of BHP.

Figure 6. UV absorption spectrum of IBHP.
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(iodine load: 980 mgI in 10 mL). Therefore, IBHP can provide
greater opacity in X-ray imaging due to its higher iodine
content.
2.3. In Vitro Cell Culture Cytotoxicity of IBHP.

Cytocompatibility studies measure the cell viability and
cytotoxicity of the compound through luminescence-based
detection methodologies and are critical for the clinical
development of safe and effective therapeutics. The cytocom-
patibility of iodinated BHP was determined by performing

colorimetric MTT assay using L929 fibroblast cells. Figure 10

shows the cell viability of different concentrations of IBHP

dissolved in DMSO after overnight incubation with L929 cells.

Over 90% cell viability was observed for all concentrations

tested (concentration range = 0.001−0.8 mg/mL). The results

indicate that IBHP exhibits excellent cytocompatibility.
High X-ray opacity resulting from high iodine content in the

molecule and its noncytotoxic response to fibroblast cells

Figure 7. Mass spectra of (a) BHP and (b) IBHP.

Figure 8. TGA traces of BHP and IBHP.
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indicate that the compound IBHP holds promise in the area of
medical imaging and diagnostics.

3. CONCLUSIONS
In this work, we demonstrated that a noncytotoxic organic
compound of high radiopacity can be synthesized by iodinating
4,4-bis(4-hydroxyphenyl)pentanoic acid. The compound was
characterized by FTIR, 1H NMR, EDAX, UV-Vis, mass
spectroscopy, and thermogravimetric analysis.

4. MATERIALS AND METHODS
4.1. Materials. All chemicals used were of reagent grade

and used as received. Sodium iodide (98.5% purity), sodium
hydroxide (99% purity), sodium hypochlorite (EMPLURA,
about 4% w/v available chlorine), methanol (99.9% purity),
hydrochloric acid (37%, EMSURE, for analysis), and sodium
thiosulfate pentahydrate (EMPARTA, for analysis) were
purchased from Merck Ltd. (Mumbai, India).
4.2. Methods. 4.2.1. Synthesis of 4,4-Bis(4-hydroxy-3,5-

diiodophenyl)pentanoic acid (IBHP). About 2 g of 4,4-bis(4-
hydroxyphenyl)pentanoic acid (BHP) was dissolved in 50 mL
of methanol. Two equivalents of sodium hydroxide (0.13 g)
and 6 equiv of sodium iodide (6.3 g) were added to it. The

solution was cooled to 0 °C. Aqueous sodium hypochlorite
(3.104 g, 6 equiv) was then added dropwise. As each drop hits
the solution, a red color appeared and faded almost instantly,
resulting in a yellow solution. The mixture was stirred for 1 h
and precipitated by adding 10% sodium thiosulfate pentahy-
drate and 10% HCl.26 The compound was purified by washing
with water. The yield of the product obtained was 75% (the
yield was calculated from the equation (millimole of product/
millimole of reactant) × 100).

4.2.2. Material Characterization. IR spectra were recorded
on a Nicolet 5700 model FTIR spectrometer with an ATR
accessory. Spectrum was taken for powdered sample in KBr
pellet and collected in the range of 4000−400 cm−1 at a
resolution of 4 cm−1. 1H NMR spectra were recorded using a
500 MHz instrument (Bruker AV 500) using DMSO-d6 as the
solvent. Energy-dispersive X-ray analysis (EDAX) was
performed in a scanning electron microscope (ESEM; Quanta
200, The Netherlands). Thermal analysis of the materials was
performed using a simultaneous differential thermal analyzer-
thermogravimetric analyzer (DTA-TGA) (SDT Q 600) in a
nitrogen atmosphere from room temperature to 1000 °C at a
heating rate of 10 °C min−1. The UV absorbance of BHP and
IBHP was measured by preparing 1 × 10−6 M solutions in

Figure 9. X-ray opacity of different concentrations IBHP and control material (20% iodixanol).

Figure 10. Cell viability of L929 fibroblasts by the MTT assay.
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methanol and recording their spectra in a UV 1800
spectrophotometer (Shimadzu) at a wavelength range of
200−800 nm. The background absorbance of the pure solvent
was subtracted from the data. The mass spectra were recorded
on a Thermo Scientific Exactive LCMS instrument (Ger-
many).
For radiopacity measurements, the IBHP solutions of

concentrations of 5, 10, and 20% (by weight) were prepared
in DMSO in polypropylene test tubes. A 20% solution (by
weight) of iodixanol was taken as the control. The control
solution was prepared from commercially available Visipaque
(320 mgI/mL) purchased from M/s. Wipro GE Healthcare
Pvt. Ltd. (New Delhi). A computed tomography (CT) scan
was performed with a CT scanner (Philips Brilliance 16 Slice)
to determine the attenuation values (Hounsfield unit; HU) of
all solutions taken in the test tubes. Scan parameters were as
follows: 140 kV and 470 mA. The specimens were kept in
longitudinal positions (head-to-feet) to obtain the direct cross-
sectional images, and the values were recorded. An equal area
of 0.107 cm2 was selected for all samples.
4.2.3. Cell Viability Assay. Cell culture cytotoxicity of IBHP

was determined using an MTT assay. L929 fibroblast cell lines
(1 × 104 cells/well, 96-well tissue culture plates) were cultured
to 80% confluency in a Dulbecco’s modified Eagle’s medium
(DMEM) (supplemented with 10% heat-inactivated fetal
bovine serum (FBS), 1× antibiotic−antimycotic solution,
and sodium bicarbonate). Different concentrations of IBHP
prepared in DMSO were added to cells and incubated
overnight at 37 °C in a CO2 incubator. The culture medium
was aspirated and MTT solution (100 μL, 1 mg/mL, serum-
free DMEM) was added to the wells of the plate. The plate was
incubated for 6 h, and then 150 μL of DMSO was added to
solubilize the formazan crystals. One hundred microliters of
the supernatant was measured in a UV-Vis plate reader at 595
nm.
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