
FORMATION OF ELECFRON-CAPTF_JRIN& DERIVATIVES OF 
ALPREHOLOL BY TRAIQSBORONATION 

APPLICATION TO THE DETERMINATION OF ALPRENOLOL IN PLASMA” 

The reaction between 2,44ichlorobenzeneboronic acid, 3,5&is(trifluoro- 
methyl)benzeneboronic acid or the 1,3-propauediamine derivatives of the boronic 
acids and the 3-isopropylaminopropan-24 side chain of the B-blocking drugs occurs 
essentially as an on-cohmm thermal reaction in the gas phase. Derivatization of the 
side chain of the /?-blocking drugs by transboronatioa is shown to be the method 
of choice for general application as it a&c& the detector background signal very 
little compared to the use of the boron&z acid itseif, llre transboronation reaction can 
be used for the determination of alprenolol in plasma extracts with a detection Limit 
of 2.5 ng ml-’ using the electron-capture detector. The ultimate sensitivity of the 
method is limited by the detector background signal nzs&.ing from some coium~ 
decomposition of the traaboronation reagent. 

INTRODUCXION 

Alprenolol (l-[2-aUylphenoxy3-3-isopropylamino-propan-2-ol) is a @-adreno- 
ceptor blocking drug effective in the control of hypertension’. As such, it is a mem- 
ber of a series of drugs (Table I) having in commoc either a 34sopropyIamino- 
propan- or 3-tert.-butylaminopropan-24 side chain*. Alprenolol has been 
determined in biological fiuids by extraction into an organic solvent at high pII and 
formation of the bis(trifiuoroacetyi) derivative for gas chromatography (Cc) with 
an electroncapture detector (ECDpc. Formation of the perftuoroacyl derivatives 
(e.g. trifluoroacetyl, penta&zoropropionyI, heptatluorobutyryl) with electron-capture 
detection is the principal analytical method for the determination of the &blocking 
drugs in general, although a few methods based on ffuorescence, mass fragmento- 
graphy, radioimmunoassay and high-performance liquid chromatography have also 



been used. A disadvantage of the use of the pertluoroacyl derivatives for the analysis 
of biotogid fluids is that the non-dective nature of the derivatiztion reaction 
exults in a multitude of de-cted peaks as well as the peak for the drug- Problems 
can arise due to a background peak overlapping with the substance of interest or 
from the appearance of background peaks having long retention times which add 
signi&antly to the dead time between injections. To remove the biological back- 
pound contribution to the chromatogram often requires a Iengthy sample clean-up 
procedure adding substantially to the analysis time_ 

The side chain of the ,&b!ockir;g drugs ccntzins 2 bifuncticnal group which can 
be selectively derivatized as its cyclic n-butane borona-‘. RecentIy, boronic acids 
containing ekzctron-capturing groups have been introduced for the selective trace 
analysis of bifunctional compound+“. The chemical specificity of the boronic 
acid reaction coupled to the selectivity and sensitivity of the ECD offers new 
po&bilities for the SeIective trace analysis of bifunctionai compounds in complex 
mixtures. The reaction between the 3-isopropyIaminopropan-24 side chain of the 
P-blocking drugs and either 2,4dichIorobenzeneboronic acid or 3,5-bis(trifluoro- 
methyl)benzeneboronic acid was found to occur principally by on-column injection 
and not to a si_@icant extent in sohttion. Co-injection of the drug with an excess 
of boronic acid nv for its quantitative conversion to the derivative resulted in 
a compIete masking of the response of the ECD to the drngs of interest. To circum- 
vent this problem, a new reaction (transboronation) was developed in which c&njec- 
tion of the @-biocking drug with the 2,44ichZorobenzeneboronate of 1,3-propane- 
diamine was employed to folrm the derivative of the 3-isopropyIaminopropan-24 side 
chaic (Fig_ 1) The trzn&orirration rezgerrt is very volatile and is eluted rapidly 
from the column so as to cause the minimum of detector disturbance at the uoint 
where the derivatives of the &blocking drugs elute. 
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TE?XtiSBORiNATlON ,_, 2.4 - DlCHLOROXNZENEaORONATE 
REAGENT OF ALPRENOLOL 

Fzg. 1. schematic iuustrction of the tl-aIlsbomsIatioE reaction for aIprcnoro1. 

EXPEEUMENTAL 

Hexane, dichloromethane and acetonitri!e were “zur Analyse” grade (E. Merck, 
Darmstadt, G.F.R.) and 1,3-propane&amine was reagent grade (Labkemi AB, 
Stockhohn, Sweden). The 2&dichlorobenzeneboronic acid and 3,Ebis(tritluoro- 
methyI)benzeneboronic acid were obtained from Lancaster Synthesis (St. Leonard- 
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gate, Lancaster, Great Britain) and is available in the U.S.A. through the Alfa 
Products Division (Ventron, Danvers, MA, U.S.A.). Alprenolol hydrochloride, the 
nzeta analog ofalprenolol hydrochloride, thegma analog of alprenolol hydrochIoride, 
metoprolol tartrate, praetolol hydrachloride, pamatolol sulfate, H 87107 and H 93/47 
were obtained from AB K%sle (MCilndal, Sweden), oxprenolol hydrochloride from 
Ciba-Geigy (Base& Switzerland), timolol m&ate from Merck, Sharp & Dohme 
(%&way, NJ, U.S.A.), propranolol hydrochloride and atenolol from ICI. Pharma- 

ceuti4 Division (Maccle&ekL Great Britain). The 9,lO-dibromoanthracene was a gifi. 
from Dr. K-EKarlson (Department of Analytical Pharmaceutical Chemistry, Upp- 
sala, Sweden). 

A 5-5 pM solution of 2&-dichlorobenzeneboronic acid was prepared by 
dissoking 10.64 mg of the boronic acid in 10.0 ml of acetonitrile. 

A 55.0 pcM solution of IJ-propanediamine @ = 0.884) was prepared by 
dissolving 23 (rl of diamine in 477 pl of acetonitrile. 

A solution of the transboronation reagent was prepared from 500 ~1 of the 
boronic acid solution, 50 ~1 of the propanediamine solution and 450 ~1 of acetonitrile. 
This solution was reprepared every few days. 

AIprenolol hydrochloride (0.874 mm01 I-‘) was prepared by dissolving 
49.91 mg of the salt in 200 ml of 0.1 M hydrochloric acid. For use with the ECD, 
1.0 ml of the above solution was dihmxl to 10 ml with 0.1 M hydrochloric acid. 
A solution of the internal standard, the para analogue of alprenolol(l.98 mm01 1-l) 
was prepared by dissolving 28.35 mg of the salt in 50 ml of 0.1 M hydrochloric acid 
and diluting 1 :I0 with 0.1 M hydrochloric acid prior to use. The alprenolol standard 
solutions were stable for several months when stored at 4 “C. 

The internal standard 9,lO-dibromoanthracne was prepared as a 1.0 mg mi-’ 
solution in dichloromethane. 

Piasma samples 
Blood was uAbS.ed from volunteers by means of vena puncture into stoppered 

heparin tubes and allowed to cool to room temperature before centrifuging at 30(X? 
rpm for 10 min. The plasma was removed by disposable glass pipettes and stored in 
glass tubes with polyethylene stoppers at -20 “C until used. 

Extraction and derivatization 
Plasma samples spiked with a known amount of alprenolol were thawed at 

room temperature and a 2.O-ml aliquot added to a 13.0 x 1.5 cm I.D. Pyrex 
PTFE-lined screw-capped culture tube together with 25 ~1 of internal standard solu- 
tion (para analogue of alprenolol), 0.3 ml of 0.1 M sodium hydroxide and 5.0 ml of 
hexan~chlorometha (4: I). The tubes were shaken mechanically in the horizontal 
position for 10 min and the phases separated by centrifuging at 3000 rpm for 5 min. A 
4X?-ml volume of the organic phase in a conical-tipped culture tube was evaporated 
to a residue with a stream of nitrogen at about 48 “C. To the residue was added 
either 25 or 50 ~1 of the transboronation solution and after vigorous mixing I.0 ~1 
was taken for analysis. 

Gas chromatography and mass spectrometry 
A Varian 3700 gas chromatograph with flame-ionization detector (FXD) and 
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@se rnodtiti constant~nt ECD was used for GC. !Separations were carried 
cm on a 1.5 m x 0.2 cm I.D. gktss column packed with 3 % QV-17 on Ciks-Chrom Q 
(100-120 mesh) and a flow-rate of 40 ml min- f of nitrogen, Alprenolol in p&ma was 
c??rmined with a c&mm temperature of 235 “C_ The injector and deteztor black 
temperatures were 300 and 380 “C, respectively. 

The mass spectra =~re recorded on a Varian Mat 44s quadrupole mass 
spectrometer and Mat 200 d&a handling system coupled to a Varian 3700 gas 
chromatograph-via an open split capillary interface. All electron-impact mass spectra 
were recorded at 70 eV. The boronate derivatives were separated on a 1.5 m x 0.2 cm 
I-D_ glass column of 3% OV-17 on Gas-Chrom Q (100420 mesh) with EtAurn as 
carrier gas at a flow-rate of 15.0 ml min-‘. 

The reaction b&veen excess n-butaneboronic acid and alprenolol was found to 
be a useful method for the identifkation of the parent drug and some of its metab- 
elites (retaining the IL- bifunctional group in the side chain) in biologid 
Cuids by GC-mass spectromehy (MS) %‘. The reaction was employed for identika- 
t-ion purposes and neither the reaction conditions nor the quantitative aspects of the 
reaction were discussed in detail. Following similar lines we tried to prepare the 
2;tdichIorobenzneboronate and the 3,5-bis(trifluoromethyl)bcnxeneboronatc of 
alprenolol for use with the ECD. Pn contrast to our previous experiences with these 
reagents and their reactions with other bifunctionai compoundsp-=, we couId not 
demonstrate the occurrence of any appreciabfe reaction in solution for aIprenoTol or 
the other &blocking drugs given in Table I. The peak area for the 2,4dichlor~ 
benxeneboronate or the 3,.5-bis(tritIuoromethyl)benxeneboronate derivatives was 
dependent on the excess molar concentration of the boronic acid but was in- 
dependent of the reaction time (U-S h) and reaction temperature (20-120 “C) in the 
solution phase. From the above observations we concluded that the reaction between 
the 3-isopropykninopropan-24 or the 3-tert.-butylaminopropan-291 side chain with 
either boronic acid occumxi essentia!Iy entirely at the point of injection onto the 
column and that the reaction in solution was by comparison unimportant_ 

Conditium for the formation of the 2,4-&ckrlorobe~~eneboronate of aIprenoCo1 
Using the ?FiD and 9,lO-dibroomoanthraccne as internal standard, it was 

established that an approximately thirty molar excess of 2,4dichlorobenzeaeboronic 
acid over alprcnolol was rcquircd for the quantitative on-column derivatization of this 
chug (Fig. 2)_ With the ECD, the co-injection of such a large excess of boronic acid 
resulted in a complete over-loading of the de-or in the analyeical region of ffie 
chromatogram for alprenolol and no reliable data CouId be obtained. Mashing of the 
detector wzs probably caused by a slow conversion of the boronic acid to its 
anhydride (a himeric boroxine) which slowly elutes from the column over a long-time 
immval. A method was sought to convert the boronic acid to a voiatile derivative 
which would elute rapidly from the column and also convert the 34sopropylamin~ 
propan- side chain of alpreno!ol to its 2,4-dichlorobenxenebronate derivative.The 
reaction envisaged we have caikd transboronation in analogy to transesterifkation 
used for the conversion of one alkyl ester into another of *rent carbon number_ 
The 2&dichlorobenzeneboronate derivzktive of 1,3-propanfzdiamine was selected as 
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the transboronation reagent as the general stability of this derivative is moderate 
and it was considered that it would most likely react favorably with alprenolol under 
the conditions for derivatization. The reaction between the boron% acid and 1,3- 
propanexliamine occurs quantitatively and instantaneously in soiution3. It was found 
that an approximately 100 molar excess of the 2&dichlorobenzeneboronate of 
I$-propauediamine (DCBBPD) reagent was required for the complete conversion of 
the alprenolol side chain to its boronate derivative (Fig. 2). The optimum molar 
ratio of boronic acid to d&nine was I:1 and an excess of d&mine over the boronic 
acid resulted in a lower yield of derivative (Fig. 3). The transboronation reaction was 
independent of injection port temperature above 250 “C (the peak for the alprenolol 
derivative taiIs at lower temperatures), the column temperature and the carrier gas 

flow-rate in the range of 3U-100 ml min- l_ With the ECD, maximum response for 
the alprenolol derivative was obtained at a high detector temperature [dissociative 
mechanism of ekxtron-captureg~lO] and at low carrier gas flow-rates. For the 
latter, 3c-40 ml-1 was a convenient compromise between chromatographic perfor- 
mance and detector sensitivity_ Under these conditions the 2,4_dichlorobenzene- 
boronate of alprenolol elutes as a symmetrical peak well removed from excess 
transboronation reagent (Fig. 4). Kov5t.s indices for the 2&dichlorobenzeneboronate 
derivatives of the &blocking drugs are given in TabIe I and in all cases the derivatives 
had good peak shape on GC. 

0 10 20 30 40 90 60 70 80 90 MO 110 120 

MOLAR EXCESS OF DER:VATIZlNG REAGENT 

Fig. 2. Ratio of derivatizkg reagent required for the quantitative reaction of alprenolol. A = 2,4 
Dichlorobenzeaeboroti~ acid, B = DCBBPD transboronation reagent. 

_Mtzss spectra of the 2,4-&ch~orobenzeneboronates of a@molol and related a3-ag.s 
GC-MS was used to confirm the constitution of the 2+dichlorobenzene- 

boronate of alprenolol (Fig. 5) and also for the other drugs studied (Table I). Molec- 
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X,3- PROFAXEDIAYiNE 

wiAR ‘A”’ 2.4~DICHLORO8ERZEHE ROROHIC ACID 

Fig_ 3. The efTect of excess 1,3-propanediamine on the formation of the 2,+dichIombtnweboronatc 
dmivativei of alprenoloI by trmsboronation. 

ular ions were observed in most cases if relatively weak. The ion w-CH,]+ was 
generally more prominent than the molecular ion. The cembiied presence of the 
isotope peaks for boron (W:“B = 1:4_2) and chlorine result in extensive split&g 
of the principal fmgment ions 2s can be seen in the mass spectrum of the alprenolol 
derivative (Fig. 5)_ The prominent ion m/e 368 w-Cl]* and the greater relative 
abundance of the ion nz/e 268 compared to m/e 270 in the mass spectrum of the 
alprenolo! derivative are not typical of the boronate derivatives studied. The base 
Feak in most mass spectrq m/e 56, could have the composition C&N OF G&Q 

c H Cl 
163 2 p!-s’2 
9 6 

f- +!C~J7 

-CH*CX-CH2 
-cy _ 

m/e 256 

m/e 270 

C6H,c12e-o + 
P “i’” 

-CH&H-CHZ --cH* 
m/e 214 

n/e 773 m/c 220 
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Fig_ 4. CC-ECD &mmatogram for approtiteIy 50 ng of the U-dic~orobenzerIeborcmate 
d&v-at&c of aIptenoIo! (A) formed by transboronation. The internal standard is P,l@dibmmoarr- 
thraome @3) and the cokmm temperature 250°C. 

and most likely arises from the derivatized side chain. Those derivatives w&b an alk.yl 
group arrached dire&y to the benzene ring in the non-derivatized side chain have an 
abundant ion at m/e 91, which is presumably t&e tropyliusn ion (also observed in 
pracrolol)_ The principal ions characteristic of the derivatized side chain are sum- 
marized in Table H and arise by fiufher fragrnenuttion of tie ion m/e 270 (formed 
by acleavage wirh proron transfer) as shown below. 

I_ 

C~IK&&NZS fat the formation of the 3,5-b&(tt~#Yuotontethyl)benzeneboronate of 
a&mmoioZ 

Either 3,5-bis(tsiffuorornerhyl)benzeneboronic acid or rhe tJ-propanediamine 
derivative of 3,5-bis(trifluorometby~)benzeneboronic acid (kansboroaation reagent) 
reacts in a similar manner to &at described for 2&dicMorobenzeneboronic acid and 
its transboronation reagent with tie 3-isopropyhuninopropan-24 side chain of the 
&bIo&ing drugs. The molar ratio of reagent for quantitative derivatization of tie 
drug side chain is diE&enr. The 3,5bis(triftuoronte~yl&zreneborona~ of al- 
prenolol is Formed quzntiMiveiy with a five mohu excess of tie 35bis(tiuoro- 
methy~)bemzneboronic acid or a ten mokr excess of the IJ-propane&amine boron&e 



transboronation reagent. The transboronation reaction cou!d not be used with the 
ECD due to interference between the derivative of alprenolol and by-products 
produced by the transboronation reagent itself (see later, under determination of 
aIprenoIo1 in plasma for further detaik). The transboronation reaction can be applied 
to the determination of the less volatile &blocking drugs such as metoproloi and 
proprauolol as their 3,5-bis(tri8uoromethyl)beilzeneboronate derivatives are easily 
separated on the GC column from the reagent generated by-products. Co-pared to 
the 2&dichIorokrzeneboronate derivatives of the /?-biocking drugs, the 3,Ebis- 
(trifluoromethyl)benxenehoronates can be a.n&zed with a column temperature 
XI-30 “C! lower and with maximum response to the ECU at the lowest practicaI 
detector temper~~~~. 

2Xe determhztion of dprenolobl in phma as its 2,4aEkioro&etueneboronaobenzeneboronate 
For the anaIysis of aIprenoIo1 in plasma, 9,IOdibromoanthracene was not a 

good internal standard as it elutes too cIose to the solvent front. The para sub- 
stituted ally1 anaIog of a!preno!oI (I-[4-aliylphenoxy~-3-isopropyIaminopropan-2-oI) is 
easily separated from aIprenoIo1 CC and was selected as internal standard. Al- 
prenolol and the para anaiog of alprenoIo1 can be extracted from plasma adjusted 
to pH 14.0 with a mixture of hexane-dichioromethane (4:I) in greater than 98 % 
yield with one extractiotP_ Using an extraction solvent of low polarity is important 
as it rukkkes the number of potential interfering compounds extracted from the 
pEasma and also reduces the amount of water coextracted_ Both tracrzs of water and 
iu particular residues of sodium hydroxide (readily observed as the sodium salt of 
the boronic acid which is insoluble in ncetonitrife) reduce the precision of the 
analysis. The hexanedichloromethane extract is essentially moisture free and the 
residue obtained by evaporation an be dissokd directly in the mmsboromtion 
reagent for anaIysis_ A calibration curve (Fig. 6) was prepared by adding knawn 
amounts of alprenolol to plasma which was processed as described in the experimentat 
section. The calibration curve was linear over the range 0.2 ng (detection limit) to 
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about 75.0 ng (this coneSponds to- approximateiy a HI0 iW excess of transborona- 
tion reagent to a@enoEol).~ For alprenolol hydrochloride at the 1.0, 10.0 and 60-O ng 
fevel orr-colm the rec0vered amounts were 0.98 ng + 8.1% (n = 5), IO.28 ng f 
22% (n = 7) and 61.4 ng -c_ 2.4% (n = 5); respectively. For a 2.G-ml plasma sample 
and injection of 1.0 ~1 from 25 ~1 of reagent mixture, the detection iimit for alprenoIo1. 
hydrochloride cxxnxponds to 2.5 ng ml-l of plasma. This is adequate for the 
de&&ion of this drug in biological fltids and for all but the most demanding 
pharmacological studies where a detection knit of about 0.5 ng ml-l may be 
necessary, 
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Fig. 6. Calibration curve for aIpcenoIol hydrocMori& extracted from plasma. 

There are po interferents co-extracted from plasma which effect the analysis 
of alprenolol (Fig. 7). The other major peaks in the chromatogram (A+D) are present 
in the DCBBPD reagent and are not due to the plasma extract. These peaks do not 
interfere with the detelmiaatioon of alprenolol but would callse problems with the 
analysis of some of the other &blocking dsugs. The baseline of the chromatogram is 
many times more stable when the DCBBPD reagent is used in place of the boronic 
acid. However, some shift of the baseline occurs upon each injection, most probably 
due to partiai *tbernal decomposition of the reagent along the length of the column 
leaving a residue of the boronic acid/anhydride which contributes a background 
signal to the detector. This knits the amount of signal ampIiGcation which can be 
employed and therefore the &imate sensitivity of the method.. An increase in 
seositiv@ of at least one order of magnitude should be obtainable with a stabk 
baseline. Between injectiorxs the baseline can be returned to its original position by 
heating the column to 310 ‘XI for 5.0 min. This also enables those peaks eluting after 
the internal standard to be removed rapidly once the baseline has been established for 



measaring i& area. This rap<d change of ternpm aad tie presezxe of boronic 
a&d residues ou the column has not s@iCzttiy &&ted its performance in over five 
months cantirmous use- An eq&y fdkctive, a.&lwu& Iess convenient method of 
baseline cortection is to inject 2.0 fd of iL 10% (v/v) solution of f,2ethanediot in 
dich.lorome&aue at the cul;rmn opera&g temperaf~~ used for the alprenolol aualysis. 
&R this case &e coiumn residues of boronic acid@&ydride are probably eluted from 
the column as the volatile 1,24.han&iol boronate derivative. 

i 
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Fig. 7. GC-ECD chromatogmms for plasxna extract. A to D zre reagent-genuated products in- 
dqmzdent of the pksna extrxt, E compoads to approxicaatcly 10.0 ag of alpreaobl dcrimtive 
and F is the desivztive of tk @prenolol analog ussd ES internal sczmia-d. G is the point whezre 
tzlnpeia~Pl-0~~~ is started for routine analysis. 

coNcLwsioNS 

The reaction between &l-dichIorobexzenenenboronic acid or 3,5_bis(trifluoro- 
me*&yl)benzeneboronic acid and the 3-isopropylaminopropan-24 side chain of tHe 
~-blocking drugs is essentially an on-cohmm thermal reaction occurring in the w 
phase. A more convenient method for the formation of derivatives of the side chain 
of the /3-bhx&iug drugs is the transboronatioa reaction using the 1,3-propanediamine 
detiative of the bor~nic acid as the transboronation reagent. This method of deri- 
va%ization is methodologically simple and compared to the use of the boronic acid 
itself, has the advantage of preventing a build-up of reagent on the c&unn which 
interferes with tie d&&or background signal of tie FXD and ECD and provides a 
much cleaner background spectrum when GGMS is employed for derivative identi- 
fication. For general purposes, the transboronation reaction is a more convenient and 
reliable m&hod of derivatization of the side chain in the #&blocking drugs studied 
than reaction with the boronic acids themsehfes. 
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-~Compared to other methods for the determination of the &blocking drugs, the 
proposed method for alprenotol has the advantage of speed and selectivity with 
adequate sensitivity for most applications to its dekxmination in biological fluids. The 
sekctivity of the derivatization reaction/detector combination gives a clean back- 
ground chromatogram for pIasma extracts with the exception of a few reagent 
generated products. These products do not intefiere in the determination of alpre- 
nolo1 when the 2,Q-dichlorobenzeneboronate of f,3-propanediamine is used as the 
transboronation reagent but would interfere in the determination of some of the other 
#I-blocking dsugs. The reagent generated products have not been identified but only 
interfere in the use of the ECD as they are present at trace levels and are not 
normally observed with the FID. With the ECD, the ultimate sensitivity of the 
method for the detection of alprenoiol is limited by the detector background signal 
due to some decomposition of the transboronation reagent on the GC column. 
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