ported as cannabidiol, is more abundant in nature than previously
thought; any previous classification of C. sativa L. based on canna-
bidiol, cannabinol, and (—)-A%-trans-tetrahydrocannabinol must
be questioned. Since it is known that synthetic cannabidiol antag-
onizes certain effects of (—)-A%-trans-tetrahydrocannabinol, much
work is now needed on variants of Cannabis containing various ra-
tios of cannabidiol and cannabichromene in relation to (=)-A®-
trans- tetrahydrocannabinol.
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Electron-Capture GLC Determination of a

New Antiarrhythmic Agent,

a,a-Dimethyl-4-(a,a,8,8-tetrafluorophenethyl)benzylamine, in

Biological Fluids

ANTHONY G. ZACCHEI * and LINDA WEIDNER

Abstract O A highly specific and sensitive GLC method was de-
veloped for the analysis of «,a-dimethyl-4-(a,a,8,8-tetrafluoro-
phenethyl)benzylamine, a new orally active antiarrhythmic drug,
in biological fluids. The procedure involves the addition of an in-
ternal standard, 4-(a,o,B8,8-tetrafluorophenethyl)benzylamine, to
the plasma or urine samples followed by extraction of the drugs
into benzene at pH 8. The extracted amines are converted to the
trifluoroacetyl derivatives (characterized by GLC-mass spectrom-
etry), chromatographed, and detected with a 3Ni electron-capture
detector. The sensitivity of the method is such that 10 ng of a,a-
dimethyl-4-(a,a,8,8-tetrafluorophenethyl) benzylamine/ml of plas-

ma can be analyzed. These levels are suitable for the analysis of
samples obtained following a therapeutic dose.

Keyphrases O «,« - Dimethyl - 4 - («,«,3,8 - tetrafluorophenethyl)-
benzylamine—electron-capture GLC determination in biological
fluids O Antiarrhythmic agents—electron-capture GLC determi-
nation of «,a-dimethyl-4-(«,a,8,8-tetrafluorophenethyl)benzyl-
amine in biological fluids D GLC, electron capture—analysis,
a,a-dimethyl-4-(o,a,3,8-tetrafluorophenethyl)benzylamine in bio-
logical fluids

a,a - Dimethyl - 4 - (a,«,8,8 - tetrafluorophenethyl) -
benzylamine (I) is a new orally effective agent for
the treatment of ventricular arrhythmias resulting
from myocardial infarction (1). The compound is one
of the more potent agents in preventing or modifying
the ventricular arrhythmia produced in anesthetized
dogs by the intracoronary injection of a sclerosing
agent (2, 3). The drug was designed as a prophylactic
agent and has advantages over other drugs currently
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employed. Studies on the physiological disposition of
the compound (4) have not included a specific meth-
od of assay.

Preliminary quantitative experiments in this labo-
ratory using colorimetric, fluorometric, and GLC
(flame-ionization detection) methods lacked the sen-
sitivity required to detect clinical levels of the drug.
The use of electron-capture techniques for the assay
of low levels of drugs, has been reported (5-15). How-
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ever, many drugs, such as I, are not responsive to the
electron-capture detector without prior derivatiza-
tion to a compound that has electron-capturing prop-
erties. This report describes an extremely sensitive
and specific GLC method for the determination of I
using an internal standard (II), derivatization with
trifluoroacetic anhydride, and an electron-capture
detector.

EXPERIMENTAL

Reagents and Chemicals—The chemicals and reagents used
were:  a,a-dimethyl-4-(a,a,8,8-tetrafluorophenethyl)benzylamine
(I), the internal standard 4-(«,«,8,8-tetrafluorophenethyl)benzyl-
amine (II), pesticide grade benzene, trifluoroacetic anhydride!, 5%
ammonium hydroxide, and benzene containing 2.5% trifluoroacetic
anhydride (freshly prepared).

Instrumentation—GLC—A gas chromatograph? equipped with
a 53Ni electron-capture detector and a 183 X 6-mm glass column
containing 2% PPE-20 (polyphenyl ether) on 80-100-mesh Chro-
mosorb W3 (AW-DMCS) was employed for the analysis. The inlet
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Figure 1-—Gas chromatograms of: (a) control dog plasma car-
ried through extraction procedure, and (b) I and II as the tri-
fluoroacetyl derivatives (500 pg of each compound). Five micro-
liters was injected out of a total volume of 100 pl of benzene.

I Aldrich Chemical Co.
2 Packard model 7400.
3 Supelco, Inc.
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Figure 2—Gas chromatograms of: (2) I and II added to control
dog urine and carried through the extraction procedure, and (b)
material obtained from a 0-24-hr dog urine sample following
the administration of I. Compound II was added prior to ex-
traction. Five microliters was injected in each case out of 100-
500 ul of solvent.

and detector temperatures were 230° and the column tempera-
ture was 200°. Nitrogen was used as the carrier gas at a flow rate of
50 ml/min.

GLC-Mass Spectrometry—All mass spectra were obtained on a
mass spectrometer? using the GLC inlet. A 183 X 5-mm glass col-
umn packed with 1% OV-17 on 80-100-mesh Supelcoport® and a
183 X 5-mm glass column packed with 2% PPE-20 were used. The
gas chromatograph was operated isothermally at 190° with a heli-
um flow rate of 30 ml/min. The mass spectrometer ionizing and ac-
celerating potentials were 70 ev and 3.5 kv, respectively. The
source, separator, and injection port temperatures were 270, 260,
and 255°, respectively.

Measurement of 1 in Biological Samples—Compound I was
determined in biological samples as follows. One milliliter of plas-
ma or urine was added to a 50-ml glass-stoppered centrifuge tube
containing 50 ng (calculated as the free base) of the internal stan-
dard as the hydrochloride in 1 ml of water, 1 ml of 0.2 M pH 8
phosphate buffer, and 25 ml of reagent grade benzene. The tube
was shaken for 10 min and centrifuged, and at least 20 ml of the
organic phase was transferred to a similar tube containing 5 ml of
0.1 N HCI. After shaking for 5 min, the tube was centrifuged and
the organic phase was removed by aspiration. The pH of the aque-
ous phase was adjusted to greater than 8 by the addition of 0.5 ml
of 1.25 N NaOH and 1 ml of 0.2 M pH 8 phosphate buffer.

The amines were extracted into 10 ml of pesticide-grade ben-
zene. The benzene phase was transferred to a 25-ml glass-stop-
pered tube containing 1 ml of benzene (2.5% trifluoroacetic anhy-
dride). The tube was then placed in a 65° warm water bath for 15
min. The tube was cooled and the contents were shaken with 1 ml
of water (vortex, 1 min) and 1 ml of 5% NH4OH. Following centrif-
ugation, the benzene phase was transferred to a 13-ml tube for
careful evaporation under nitrogen to about 100-500 ul (evapora-
tion of the samples to dryness resulted in greater than 50% loss of
detection response). Appropriate aliquots, usually 2-5 ul, were in-
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Table I--Recovery of I from Dog Plasma and Water

Amount Mean + SD
Amount Recovered of Plasma
Added, ng  from Water® Amount Recovered from Plasma“ Recovery

100 A 87.0 93. 99.4 —b 105.6 99.4 109.2 101.5 = 6.0
B 87 94 99 — 106 99 109

80 A 72.9 78. 76.1 81.6 91.2 81.6 79.6 81.4 £5.2
B 91 98 95 102 114 102 99

60 A 60.1 59. 66.5 70.6 77.5 68.6 -— 68.5 + 6.6
B 100 99 111 118 129 114 —

50 A 50.3 47. 56.2 59.0 43.9 51.4 47.2 50.8 = 5.8
B 101 95 112 118 88 103 94

30 A 30.6 32. 35.7 35.0 37.7 35.0 — 35.3 £1.7
B 102 110 119 117 125 117 —

25 A 28.1 25 28.8 21.9 24.7 25.4 25.4 25.2 = 0.9
B 112 100 115 88 99 102 102

15 A 16.6 16. 13.7 18.5 15.1 15.8 11.9 15.3 4+ 2.3
B 111 111 91 123 101 105 79

10 A 11.6 10. 9.6 11.7 9.6 10.3 7.8 9.9 +1.3
B 116 106 96 117 96 103 78

5 A 10.1 3. 3.4 5.5 5.5 4.8 3.5 4.4 +1.0
B 202 74 69 110 110 96 70

@ Values in the A rows represent nanograms recovered; values in the B rows represent percent recovery. b No sample analyzed.

jected into the column. The retention times of I and II as the tri-
fluoroacetyl derivatives were 4.0 and 6.6 min, respectively.
Standard water, urine, and plasma curves were constructed by
plotting the peak height ratios (I/II) versus the weight ratios (I/II).
The peak height ratio obtained from an unknown was then used to
détermine the amount of I present. The standard samples were run
concurrently with the unknown samples as previously described.
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Figure 3—Relationship between peak height and amount in-
jected on a 2% PPE-20 column operated at 200°. Nitrogen
flow rate was 50 ml/min. Five microliters was injected in
duplicate in each instance.
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Absorption Studies—Four beagle dogs (7.0-10.3 kg) were ad-
ministered a therapeutic dose of I (5 mg/kg) orally in a water solu-
tion. Blood samples were collected in heparinized tubes, the plas-
ma was separated, and aliquots were removed for assay. Urine
specimens were immediately frozen upon collection and remained
frozen until assayed.

RESULTS AND DISCUSSION

A number of reagents (trifluoroacetic anhydride, heptafluoro-
butyric anhydride, N-trifluoroacetylimidazole, and pentafluo-
ropropionic anhydride) were examined as potential derivatizing
agents to act as electron-capturing groups to facilitate compound
detection. Exploratory studies with I and three related analogs, 4-
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Figure 4—Relationship between peak height ratio of the de-
rivatives (I/II) and weight ratio (I/1I). Five microliters was
injected in each case out of 100-500 ul following appropriate
recovery (water or plasma).



Table II—Recovery of I from Human Urine

Amount Added, ng Amount Recovered® Mean + SD

400 A 410 378 375 365 363 401 395 383 + 18
B 102 95 94 91 91 100 99

200 A 212 228 208 202 201 — 196 207 £ 11
B 106 114 104 101 101 — 98

100 A 91 88 83 104 100 99 109 96 + 9
B 91 88 83 104 100 29 109

50 A 43 47 54 57 54 39 60 50 £ 7
B 86 94 108 114 108 78 120

25 A 17 24 19 22 19 10 19 19 + 4
B 86 96 76 88 76 40 76

12.5 A 10 13 9 10 11 14 11 11 £ 2
B 80 104 72 80 88 112 88

6.2 A 6 4 3 5 6 2 4 4 =1
B 96 64 48 80 96 32 64

a Values in the A rows represent nanograms recovered; values in the B rows represent percent recovery. Each value represents a separate recovery analysis.

(a,,8,8-tetrafluorophenethyl)benzylamine, a,a-dimethyl-N-
methyl-4-(a,a,8,8-tetrafluorophenethyl)benzylamine, and a-
methyl-4-(a,a,8,8-tetrafluorophenethyl)benzylamine, led to the
selection of trifluoroacetic anhydride and heptafluorobutyric an-
hydride as the best derivatizing reagents and 4-(a,o,8,8-tetrafluo-
rophenethyl)benzylamine (II) as the best internal standard. Trial
runs with each of the selected derivatives on a series of 183 X
6-mm columns packed with 1% SE-30, 1% OV-17, 1% QF-1, or 2%
PPE-20 showed that the 2% PPE-20 column gave the highest reso-
lution and separation of the I derivative from the internal stan-
dard (II) derivative and interfering peaks. The formation of each
trifluoroacetyl derivative was confirmed by GLC-mass spectrome-
try.

Figure 1 presents gas chromatograms of the following samples:
(a) control dog plasma carried through the procedure, and (b) I
and II as the trifluoroacetyl derivatives (~500 pg of each com-
pound injected directly into column). Figure 2 presents gas chro-
matograms of: (a) I and II added to control dog urine and carried
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through the extraction procedure, and (b) material obtained from
a 0-24-hr dog urine sample. Compound II was added prior to ex-
traction. As stated previously, the trifluoroacetyl derivatives of I
and 1II had retention times of 4.0 and 6.6 min, respectively. As indi-
cated in Fig. 1a, at a column temperature of 200°, the control plas-
ma sample did give a very small peak which eluted (6.2 min) just
prior to the internal standard peak (6.6 min). This peak did not
present any problem in the analysis and could be separated from
the peak of II by a slight decrease (4-5°) in column temperature.
Several plasma and urine samples were adjusted to pH 6 prior to
the initial extraction to remove or minimize endogenous peaks
present. A linear relationship is observed when peak height is plot-
ted versus amount injected (Fig. 3). Figure 4 presents a standard
ratio curve obtained after various amounts of I (5-100 ng) and in-
ternal standard (50 ng) were carried through the entire procedure.
A summary of the recovery results of I obtained with dog plasma
is presented in Table I. A similar set of recovery data from human
urine is presented in Table II. Recoveries of I added to dog plasma
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Figure 5—Mass spectra of the trifluoroacetyl derivative of I (top) and the pooled material obtained from human plasma (bottom).
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Table III-Plasma Levels of I following Administration of I
to Dogs at a Dose of 5 mg/kg

Table IV—Summary of GLC—Mass Spectrometry Data on I
and the Trifluoroacetyl Derivative

Nanograms Characteristic m/e Values
of I per Milliliter of Plasma
I-Deriv-

Hours Dog 1 Dog2 Dog3 Dog4 Fragmentation ative
0.25 40 10 26 23 M+ — 407
0.5 81 21 61 37 M+ — 1 (-H) 310 —
0.75 103 30 87 65 M+ — 15 (-CHy) 2964 392
1.0 108 33 88 93 M+ — 19 (—F) 292 388
1.5 99 38 96 85 M+ — 34 (-CH;; —F) 277 —

2 98 58 95 86 M+ — 69 (—CFy) - - 338

3 81 60 96 78 M+ — 127 (—C¢H;CFy) 184 280s

4 78 58 82 66 M+ — 127 — 15 (—CH;CFy; 169 265

6 59 55 83 57 —CH,)

24 28 18 23 23 M+ — 184 [—CF.C¢H;C(CH,).- 127 —

30 12 12 15 17 NH,]
48 —e 12 12 —e M+ — 112 (—NHCOCF;) — 295

@ Less than 10 ng of I/ml.

in amounts of 5-100 ng ranged from 70 to 125% for analyses per-
formed over several months. The mean recovery was 102.5 + 13.5%
over the entire concentration range. Recoveries of 1 added to
human urine in amounts of 12.5-400 ng ranged from 72 to 114% for
analyses performed over several months. The mean recovery was
'93.7 £ 14.7% over the entire concentration range. Similar results
were obtained when 100 ng of II was employed in the typical recov-
ery studies. As evident, the GLC procedure for I in biological fluids
is extremely sensitive and exhibits a high degree of accuracy and
precision.

Typical I levels in dog plasma are seen in Table III. The plasma
half-life of I in dogs has been shown to be 12-18 hr from these data
and other data generated in these laboratories.

Confirmation of specificity of analysis was obtained when a
pooled representative sample of several biological specimens was
analyzed by combined GLC-mass spectrometry using the de-
scribed technique. Figure 5 presents a comparison of the mass
spectrum of the standard trifluoroacetyl derivative of I carried
through the procedure with the material isolated from biological
origin. The mass spectra were essentially identical in all respects
for masses above 100. Below mass 100, small noncharacteristic
peaks were seen at most masses in the spectrum of the isolated
material.

A summary of the fragmentation pattern is presented in Table
IV. The molecular ion (m/e 407) of the trifluoroacetyl derivative of
I represents ~2% of the intensity of the base peak (m/e 280), which
results from cleavage of the CFo—CF2 bond.

Studies have shown that caution must be exercised when the
samples are evaporated. Samples should not be allowed to go to
dryness since great losses (>50%) are encountered when this oc-
curs. It is essential that an internal standard be carried through
the entire procedure. There was no observable degradation of the
trifluoroacetyl derivatives of either I or II when kept in solution
(50-200 ng/ml) over a 2-week period.

CONCLUSION

A sensitive and accurate GL.C method is presented for the detec-
tion of low levels of the new antiarrhythmic agent using derivatiza-
tion and electron-capture techniques. The use of an internal stan-
dard eliminates any errors in quantitation as a result of sample
manipulation (16). Although the electron-capture technique has
proved to be extremely sensitive (can detect 10 pg of the trifluo-
roacetyl derivative of I when injected directly into the column), the
amount of substance required for analysis is many times greater
than the minimal detectable quantity since only a small portion of
the total sample is usually injected into the chromatograph for
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@ Base peak; retention time for I was 3.3 min and retention time for
the derivative was 4.0 min under the GC—mass specirometry operating con-
ditions (refer to Experimental section).

analysis. The sensitivity of this method is such that 5-10 ng of ma-
terial can be detected in 1 ml of plasma. GLC-mass spectrometric
results from various pooled samples confirmed the specificity and
identity of 1.
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