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A convenient and efficient radiosynthesis of no-carrier-added 
[‘231]labeled (-)iodocyanopindolol, ( -)-[‘Z’I]ICYP, a high 
affinity /? adrenergic antagonist, is described. (-)-[r*‘I]ICYP 
was synthesized by a modified chloramine-T radioiodination 
of (-)cyanopindolol followed by a novel reversed-phase 
HPLC purification that provided the radiopharmaceutical 
as a directly injectable solution. The total synthesis time was 
typically less than 45 min and provided (-)-[“‘I]ICYP in a 
59% radiochemical yield (not corrected for decay). In view of 
its high affinity for the /? adrenergic receptor, ( -)-[‘231]ICYP 
is a potentially useful probe for SPECT evaluation of cardiac 
adrenergic receptor density. 

Introduction 

The p adrenergic receptor has been the subject of intensive 
study in the past two decades. Rapid progress in the adren- 
ergic receptor field has been in part due to the availability 
of a variety of high affinity radiolabeled probes (Molinoff, 
1984). (-)-[‘251]Iodocyanopindolol, ( -)-[‘2sI]ICYP, which 
is commercially available at the theoretically maximum 
specific activity of 2175 Ci mmol-’ is one such radioligand 
widely used for in vitro studies of the p adrenergic receptor 
(Engel ef al., 1981; Hoyer er al., 1982). ICYP (Fig. 1) 
displays high in vitro affinity (Ko = 40 PM) for the /I adren- 
ergic receptor while displaying low affinity for a adrenergic 
and serotonin receptors (Engel et al., 1981); however, ICYP 
does not discriminate between the /I, and p2 adrenergic 
subtypes (Lands ef al., 1966, 1967). Recently Brodde and 
coworkers utilizing (-)-[‘*‘I]ICYP demonstrated the coexis- 
tence of b, and /I2 adrenergic receptors as well as a predom- 
inance of the p, subtype in human right atria (Brodde et al., 
1983). Despite this development by Brodde and others 
(Stiles et al., 1983), the functional role of the pZ adrenergic 
subtype in human heart remains unknown at the present 
time (Brodde et al., 1983, 1987). 

The high affinity and selectivity of ICYP for /I adrenergic 
receptors makes ‘23I labeled ICYP an ideal candidate for the 
in uivo mapping of cardiac p adrenergic receptors. More- 
over, the general availability of single photon tomographic 
(SPECT) instruments in nuclear medicine clinics and the 
improved resolution of these modern SPECT scanners have 
given impetus to the development of ‘231-labeled tracers for 
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in oiuo receptor mapping (Ter-Pogossian, 1985). We report 
here a simple and rapid method for the routine preparation 
of millicurie amounts of no-carrier-added ( -)-[iz31]ICYP 
for use in in oiuo mapping studies of the /l adrenergic 
receptor system. 

Materials and Methods 

(-)Cyanopindolol and ( f )cyanopindolol were obtained 
as generous gifts from Sandoz Ltd, Base], Switzerland. 
Na[iz51]iodide was obtained from DuPont New England 
Nuclear, Boston, MA as a no-carrier-added solution in 
0.1 M NaOH, @H = 10-12). Na[‘231]iodide was obtained 
from Nordion Ltd, Ontario, Canada as a no-carrier-added 
solution in 0.1 M NaOH @H = 10-12). Reagent grade water 
was from a Milli-Qe system (Millipore Corp., Bradford, 
MA). HPLC grade acetonitrile was from Mallinckrodt Inc., 
Paris, KY, and 95% ethanol was from Aaper Alcohol and 
Chemical Co., Shelbyville, KY. All other reagents were of 
analytical grade and obtained from Aldrich Chemical Co., 
Milwaukee, WI. 

Radioactivity was assayed with a Capintec radioisotope 
calibrator model CRC-12R. Solvent removal from the 
radioactive solutions was achieved with a Wheaton Model 
VV micro-rotoevaporator. The entire procedure involving 
synthesis, workup and HPLC purification was conducted 
behind lead shielding in a well ventilated hood dedicated to 
radiochemical syntheses. 

Thin layer chromatography 

Thin layer chromatography of the radiolabeled products 
(radio-TLC) was performed utilizing the following systems. 

(1) 

(2) 

(3) 

System I: ammonium formate, 0.1 M with 0.01% 
phenol, pH 8.5, 20 cm cellulose glass backed plates 
(250 pm, Whatman K2F); R, of ICYP = 0.09; R, of 
CYP = 0.54. 
System II: CH,OH: H,O: HOAc (80: 20:0.15), 20 cm 
reversed-phase C-18 glass backed plates (250 pm, 
Whatman KCl8F); R, of ICYP =0.53, R, of 
CYP = 0.65. 
System III: EtOH: EtOAc (1 : 1); 20 cm silica gel 
glass backed plates (250pm, Whatman K6F); R, 
of ICYP =0.09; 
Na[“‘I]iodide = 0.71. 

R, of CYP =0.09; R, of 

The radioactive solutions were spotted over their respective 
nonradioactive standards prior to elution. The plates were 
analyzed on a Berthold Model LB2832 TLC-Linear Analyzer 
equipped with a Model LB500 Data Acquisition System. 

HPLC and radio-HPLC analyses 

Analysis and purification of (-)-[“‘I]ICYP was performed 
with a Beckman Model 1 IOB pump equipped with a Rheo- 
dyne Model 7010 injection valve and an Ultrasphere ODSTM 
column (4.6 x 45 mm, 5-pm particle, Beckman Instruments, 
Berkeley, CA). Radioactivity was monitored with a Beckman 
170 radioactivity detector. The HPLC elution solvent 
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consisted of 25 mM acetic acid in 30% ethanol: H,O at a 
flow rate of 2.0 mL min’. 

Analytical HPLC of unlabeled (+)ICYP was performed 
with a Beckman Model 112 pump and an Ultrasphere 
ODSTM column (4.6 x 250 mm, S-pm particle, Beckman 
Instruments, Berkeley, CA) with CH,CN:O.l M (NH,),CO, 
(1: 1). Column effluent was monitored at 254 nm with a 
Kratos Spectroflow 773 U.V. absorbance detector. At a flow 
rate of I .O mL min-’ CYP and ICYP were completely re- 
solved with retention times of 12.2 and 21 min, respectively. 
Preparative reversed-phase HPLC purification of unlabeled 
(+)ICYP was performed with a Beckman Model 110B pump 
equipped with a Rheodyne Model 7010 injection valve and a 
Phenomenex Ultremex C-l 8 IP column (10 x 250 mm, 5-Km 
particle). Absorbance was monitored at 254 nm by means of 
an ISCO UA-5 absorbance detector equipped with an ISCO 
Tvpe 9 Optical unit. The elution solvent was CH,CN:O. I M 
(NH,)2COr (1 : 1) at a flow rate of 5.0 mL min-‘. 

Analytical chiral HPLC of ICYP was performed on a 
Chiracel OD column (4.6 x 250 mm, lo-pm particle, Daicel 
Chemical Industries Ltd) with hexane: isopropanol : diethyl- 
amine (5O:SO:O.l) at a flow rate of 0.5 mLmin_‘. Under 
these conditions the retention times of the (+) and (-) 
isomers of ICYP were 9.2 and 10.7 min, respectively. 

Synrhesis of (-)-[“-‘I]ICYP 

The radiosynthesis of ( -)-[‘231]ICYP was carried out by 
slight modification of the procedure (Engel et al., 1981) 
described for the synthesis of [‘2sI]ICYP and is typically 
as follows. To a polypropylene tube (12 x 75 mm, Sarstedt, 
F.R.G.) was added in sequential order (-)CYP (20 pg in 
10 PL of 13.5 mM HCl), 0.3 M potassium phosphate buffer 
(85 pL, pH = 6.75) and aqueous NA[n31] iodide (27 mCi in 
85 PL of 0.1 M NaOH). The reaction was initiated by the 
addition of aqueous Chloroamine-T (20 p L; 0.34 mg mL_ ‘), 
and the reaction tube capped. After standing for 5 min at 
room temperature, the reaction was quenched with aqueous 
NarS,O, (300 p L, 1 mg mL_’ ) followed by aqueous 1 M 
NaOH (180 pL). The aqueous solution was extracted with 
EtOAc containing 0.01% phenol (3 x 1 mL). Vortexing was 
performed during each extraction procedure to facilitate 
mixing and separation of the layers and the organic layer was 
removed by means of a Pasteur pipette. The EtOAc layer 
(containing 22 mCi of product) was transferred to a 10 mL 
screw-capped glass V-vial and an aliquot was removed for 
radio-TLC analysis (TLC Systems I and III). Removal of 
solvent was accomplished at 40’C using a miniature rotary 
evaporator fitted with a dry iceiisopropanol condenser con- 
nected to a vacuum pump. The residue was reconstituted in 
0.5 mL of 25 mM acetic acid in EtOH: Hz0 (1 :9) for 
purification by HPLC as described. CYP and (- )- 
[“‘I]ICYP were completely resolved with retention times of 
4.1 and I 1.2 min respectively. The isolated product (16 mCi; 
59% radiochemical yield uncorrected for decay) was col- 
lected in an 8 mL fraction. 

This was carried out by modification of the procedure 
reported bv Bearer and coworkers for the synthesis of iodo- 
hydroxybenzylpindolol (Bearer et (II., 1980). A stirred clear 
solution of (+ )CYP (10 ma. 3.5 x lo-’ mmol) in 70 mM 
HCl (1 .O mL)\yas treated with 0.3 M potassium phosphate 
buffer (2.0 mL, pH = 6.8) followed by solid Na’*‘I (5.2 mg, 
3.5 x lo-’ mmol). The above solution was treated dropwise 
with stirring at 5’ C (ice-water bath) with a freshly prepared 
solution of Chloramine-T (IOmr. 3.5 x 1O~‘mmol) in H,O 
(1 .O mL) over a period of 30 min. The reaction was then 
warmed to room temperature and stirred an additional 2 h 
until completion (progress of the reaction was monitored by 
analytical HPLC). The reaction was terminated by quenching 
with solid Na,S?O, (16 mg) and the pH of the mixture was 
adjusted to 10 by the addition of solid NaOH (40 mg). The 
aqueous solution was extracted with EtOAc (3 x 25 mL) 

and the combined organic layers were washed with HZ0 
(1 x 25mL) and dried (Na,SO,). Removal of volatiles 
afforded 19 mg of a clear oil which was further purified 
by preparative reversed-phase HPLC as described in the 
Materials and Methods section. The fraction containing the 
desired product was extracted with EtOAc (3 x 75 mL), 
washed with H,O (1 x 25 mL), dried (Na,SO,) and concen- 
trated to afford 9 mg (62%) pure ( +)-[‘271]ICYP. 360 MHZ 
‘H NMR (d6 acetone) confirmed that the location of the 
iodine atom is at the 3-position of the indole nucleus by the 
absence of the 3-indole proton singlet at 7.35 ppm found in 
the spectrum of CYP. 

Results and Discussion 

The clinical potential of (-)-[‘2JI]ICYP as a SPECT agent 
for in rko mapping of /I adrenergic receptors has prompted 
us to develop a convenient, reliable and efficient synthesis of 
this radiotracer. Previous methods for the synthesis of carrier- 
free [‘251]ICYP required a 4-h purification by descending 
paper chromatography and are clearly unsuitable for routine 
production of the shorter lived [“‘I] analog (T# z of “‘I 
= 13.5 h). The synthesis described here is a quick and 
reproducible method. 

Since unlabeled (_t)ICYP was needed as an analytical 
standard for the HPLC analyses and synthetic details were 
unavailable in the original literature (Engel et al., 1981). 
this compound was synthesized by us as described. Initial 
optimization of the labeling conditions was carried out with 
Nal”‘Iliodide due to its ease of handline and lonaer half-life 
(T,, =bO days). 

The radiolabeling of CYP with [““Iliodide was patterned 
after the previously described method for the synthesis of 
the I251 ligand (Engel er al., 1981). A notable difference 
was that the “)I labeling reaction was usually conducted 
at a 3-fold greater dilution since commercially available 
Na[“‘I]iodide is present in a larger volume of 0.1 M NaOH 
(85-l 10 pL). This necessitated the use of a larger volume of 
phosphate buffer in order to maintain a pH close to neutrality 
since- labeling yields are known to dramatically decline at 
high PH (Petzold and Coenen. 1981: Wilson er al.. 1989). 
Despite this modification, high yields of [‘*‘I]ICYP were 
obtained in 5 min. Extraction of the [“‘I]ICYP into EtOAc 
from the basic aqueous solution is virtually quantitative; this 
step also removes much of the unreacted [“‘I]iodide. Radio- 
TLC analysis (System III) indicates the presence of less than 
3% unreacted [“31]iodide in the organic phase. Removal of 
the EtOAc by means of a microrotoevaporator was generally 
complete in less than 3 min. Separation of [“‘IIICYP from 
CYP was readily achieved by reversed-phase HPLC. Under 
the conditions described, CYP elutes as a single sharp peak 
(retention time = 4.1 min) and the more lipophillic ICYP 
elutes later (retention time = Il.2 min). Any residual un- 
reacted [“‘I)iodide elutes with the solvent front. In all cases 
the labeled product displayed HPLC elution profiles identical 
to unlabeled ICYP. The use of EtOH : H,O: HOAc as the 
HPLC solvent eliminated the need to remove solvent and 
provided the radiotracer as a directly iniectable solution 
requiring only filtration. 

Soecitic activitv of I’?5111CYP was estimated as greater _ ._ 
than 1550 Ci mmol-’ from a standard curve relating mass 
to U.V. absorbance peak area. Since (-)-[“‘IJICYP was syn- 
thesized using conditions identical to that of [‘251]ICYP. its 
specific activity would therefore be correspondingly higher 
depending on the actual specific activity of the [“‘Iliodide 
used. 

Chiral HPLC comparison of ( -)-[‘?51]1CYP with an 
enantiomeric mixture obtained by [“SI]iodide labeling of 
(+)CYP showed no evidence of racemization during the 
radioiodination step. 

In conclusion, the method described here IS simple, rapid 
and efficient and makes available millicurie amounts of 
no-carrier-added (-)-[‘*‘I]ICYP for in viro studies. Efforts 
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are underway to automate the radiosynthetic procedure to 
minimize radiation exposure, particularly at the extractive 
workup stage. 
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