
he need for radiopharmaceutical agents that will
cross the intact blood-brain barrier and are capable of
measuring regional cerebral blood flow has been ex
pressed in recent years by the intensive effort to design
new radiotracers with this goal in mind (1). Following
investigation of a large number of new ligands based
on propylene amine oxime, it was found that hexa
methylpropyleneamine oxime (HM-PAO) when com
plexed with technetium-99m (@mTc) was a particularly
effective ligand for cerebral perfusion imaging (2). The
HM-PAO ligand exists in two diastereomeric forms d,l
and meso (Fig. 1). It was originally shown in rats (3)
and thereafter in humans (4) that the d,l HM-PAO
diastereomer provides a @mTccomplex with superior
brain uptake and retention compared with either the
complex generated from the meso diastereomer or the
stereoisomeric mixture. Consequently, the purity of the
d,l HM-PAO ligand is important, as a meso diastereo
mer impurity in the ligand will decrease the brain
concentration of the @mTccomplex. The separation
between the d,l and the meso HM-PAO diastereomers
has been accomplished by repeated fractional crystalli
zations (2). This method is very time consuming and
affords many different d,l HM-PAO containing frac
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tions whose purity cannot be judged solely on the basis
of the respective melting points. Therefore, in order to
effectively screen these d,1 HM-PAO fractions we sought
appropriate analytical techniques. Proton (â€˜H)NMR
spectroscopy was found to effectively differentiate be
tween d,l and meso HM-PAO isomers in diastereomeric
mixtures, and as such provide a rapid as well as simple
analysis of the purity of fractions containing one or
both of these diastereomers.

MATERIALS AND METhODS

The HM-PAO mixtures were synthesized and separated via
fractional crystallization according to published procedures
(2).

â€˜HNMR spectraweremeasuredusingBrukerAM 300and
AM 500 instruments at ambient temperatures. The spectra
were all run in CD3OD and the peak positions are given in 8
(ppm) relative to tetramethylsilane as an internal standard.

RESULTS AND DISCUSSION

The synthesis, characterization, and x-ray crystallo
graphic structures of [@â€˜Tc]HM-PAO diastereomers
have been recently reported (5). Proton NMR results
have shown spectral differences between the 99mTc..@J,l
HM-PAO and 99mTcmeso HM-PAO isomers. How
ever, to the best of our knowledge no one has reported
the â€˜HNMR spectra ofthe uncomplexed d,l HM-PAO
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We have shown that 1HNMR can serve as a suitable analytical tool for the assessment of
relative amounts of d,l and meso HM-PAO isomers in a diastereomenc mixture and for the
determination of the purity of either one of the two diastereomers alone. Therefore, we
believe that this method will be useful for quality control in both academic and government
regulatory laboratories as well as for radiopharmaceutical manufacturers. In addition, this
analytical tool can provide rapid screening of possible suitable stereospecific reducing agents
for the preferential formation of the d,I HM-PAO diastereomer without the necessity of
completely working up the reduction reaction mixture.
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Figure 2 depicts three 300 MHz â€˜HNMR spectra;
trace (a) â€œpurifiedâ€•meso HM-PAO, trace (b) â€œpurifiedâ€•
d,l HM-PAO and trace (c) 1:2 mixture ofd,l:meso HM
PAO. The peak positions and assignments are given in
Table 1. The different chemical environment for the
geminal methyl groups (J) for the methyl group (@)
attached to the asymmetric carbon and for the CH2N-
moieties result in the following features. In the case of
the meso HM-PAO the two geminal methyls are dias
tereotopic and therefore two distinct singlets are ob
served in the â€œpurifiedâ€•meso HM-PAO NMR spec
trum. The doublets associated with methyl group (2)
are shifted in the â€œpurifiedâ€•d,l HM-PAO spectrum
compared to that of the meso HM-PAO as is the AB
quartet assigned to the CH2N- moiety. The latter more
significant shift is clearly depicted in the spectrum of
the d,1 meso HM-PAO diastereomeric mixture wherein
two AB quartets are superimposed on one another (Fig.
3). In the â€œpurifiedâ€•d,l spectrum (Fig. 3b), aside from
the meso impurities there also can be observed an
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FIGURE 1
Diastereomers of HM-PAO.

and meso HM-PAO ligands. Use of a â€œmesocontami
natedâ€•d,l HM-PAO ligand for complexation of 99mTc
will result in reduced brain concentration of the tracer
complex for cerebral imaging. The importance of the
purity of the d,l HM-PAO ligand has led to the proton
nuclear magnetic resonance study of these diastereo
meric ligands, whose results are given below.

FIGURE 2
300 MHz 1HNMR spectra in CD3OD
of (a) â€œpurifiedâ€•meso isomer (b) â€œpu
rifledâ€•d,l isomer (C)diastereomenc
mixture of d,l and meso diastereo
mers (1:2, respectively, by integra
tion).3.2 3.@ 2.0 2.6 2.1 2.2 2.13 1 @3@@@@ 2 1 @3
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Isomer Me1 Me@ Me3 CH2NtCHMed,l

0.884 1.187, 1.162 1.777 2.340, 2.2463.2455
d,J=6.77 5 ABq,J=11.67q,J=6.77meso

0.894, 0.879 1 .1 84, 1 .1 59 1 .774 2.332, 2.2563.2495

d,J=6.77 5 ABq,J=11.68q,J=6.77.

Measured in CD300 at ambient temperatures, 300 MHz. For positions of functionality see Figure 1 . Abbreviations: s-singlet, d

doublet,ABq-ABquartet.t
The chemical shifts of the two lines of the Me2 doublet aregiven.*

The chemical shifts of the AB quartet were calculated from the spectra according to Reference 7.

TABLE I
Assignment, Chemical Shifts (6, ppm) and Coupling Constants (J, Hz) of d,l and Meso HM-PAO Diastereomer&

additional unknown impurity or impurities of compa
rable amounts. Using a resolution enhancement pro
cedure (6) and integration methods ofthe inner left side
ABq peaks (respective d,l and meso peaks) as well as
the low field singlet peaks (Table 1) we have determined

@â€˜-@@ III
2.40 2.3'; 2.30 2.2@ 2.20

PPM

FIGURE 4
Expansionof the AB quartet region assignedto CH2N-
moiety in the resolution enhanced 300 MHz 1H NMR
spectra of (a) â€œpurifiedâ€•d,l HM-PAO after an additional
21% meso was added, (b) after an additional 12% meso
was added, (c) the parent â€œpurifiedâ€•d,l HM-PAO ligand
beforeany addition.Asteriskssignifythe mesoimpurityin
all three spectra.

2.10 2.35 2.36 2.25 2.2@

FIGURE 3
Expansion of the AB quartet region assigned to CH2N-
moiety in the resolution enhanced 300 MHz 1H NMR
spectra. Traces are as in Figure 2. In (b) the signals of the
meso impurity are noted with asterisks.
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a 7% meso impurity in our â€œpurifiedâ€•d,l fractions.
Preparing mechanical mixtures of known amounts of
d,l and meso HM-PAO enabled us both to nonequivo
cally assign the four AB quartet peaks of the meso
impurity and also to assess the relative accuracy as
Â±0.7% in determination of meso impurity in d,l HM
PAO fractions (Fig. 4). Although NMR integration
methods may be used, we have found that cutting and
weighing the pertinent AB quartet peaks of the NMR
spectrum using an analytical balance, to be the most
accurate integration method. The determined value of
meso impurity is very close to the limit of detection in
the â€œpurifiedâ€•d,l sample using a 300 MHz NMR
instrument. We ran the same sample on a 500 MHz
NMR instrument as well. No increase in the accuracy
of the determination of meso impurity was noted.
Therefore it appears that this value is in fact generally
representative of the lower limit of detection of meso
HM-PAO impurity in d,l HM-PAO fractions.

The method presentedhere allows for a checkof the
stereoisomer ligand purity prior to preparation of the

99mTcd,l HM-PAO radiopharmaceutical complex. As
meso impurities are expected to decrease the brain
concentrations of this complex we feel this method
particularly relevant. Reported (3) and current studies
of@mTc d,l HM-PAO complexes wherein d,l HM-PAO
has been made in-house may now make use of this
described analytical method.
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