
SUMMARY 

An ele#ro~~-captur& gas ctiomato_grzphic method is described for the. deter- 
mimtion .Of ~tiaf&one and nakrexo~e as the perko~oaikyl esters_ Each compound 
~&-KS as i&ernzd &mdard for determination of thi3 other. The method permits quan- 
&&i~~_~of 2-100 ng of either .compoend. Co$itions for de@vatization with hepea- 
&ij~ob&$&anbydride (HFB&), pentafkxopropfonic anhydride (3?FP.A), and tri- 
f&orodceti6~tiydride (FFAA) hz+v& been investigated. When cata&zz with pyridine, 
&~i&z$idn wifh @33& and.PFPA at 709 gives naloxon$ and nakrexone triesters. 
Evid&ce f&t. tie&r fomatiorr was $stiined fro& gas chromatography-me&me 
khqnic& ionim;tion mass’ spectrometry and infrared spectraf analysis. It was found 

‘: $I& both the. -HFB a&d PFP t&step are su$.able for qwm#ation of the narcotic 
antagckists, the KFB derivatives having =“reater stab%& than the PFP derivztiVes. 
The TF_4&&vatives are substantidy less stzbb. 

Naloxonc (Ia) and n+rc~~ne (lb) ati pot+, rapidly acting narcotic anta- 
gonists Gr@y undetgoip, 0 ektensive clinical t&k for prevention of narcotic ad- 
diction-in rnzm?. 
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and specificity is reqrired to study the mechanism of action as well as the absorption, 
distribution, and elimination of these compounds. 

Verebely et al.” have recendy reported a gas chromatographic assay-for na!- 
trexone and its metabolite, fl-naltrexol in human urine which is based upon game 
ionization detection (FID) of the silylated derivatives_ They reported that the ab- 
solute sensitivity of detection of these compounds is 10-20 ng/ml. On exammr - -ng the 
plasma concentration-time proftles fohowing intravenous administration ofnahrexone 
in dogs and monkeys, it was found that the data is best ftt to a two-compartment open 
modeP. Plasma levels in the terminal phase of the profiles are in the range 2-23 ng/mI 
following a 0.72 mg/kg dose to a dog and in the range PO-45 ng/mf following a 
I-mg/kg dose to a monkey. These concentrations are in the region of the absolute 
sensitivity of the FID method. Accordingly, a method having greater sensitivity is re- 
quired for a pharmacokinetic study utilizing plasma samples. 

This report describes conditions for submicrogram scale derivatization of 
naloxone and nahrexone with perfluoroalkyl anhydrides and for determination of the 
resulting derivatives by electron-captu_te gas-liquid chromatography (GLC-ECD). 

EXPERIMENTAL 

Reagents 
Naloxone hydrochloride (Ia-HCI) and naltrexone hydrochloride (Ib-HCI) 

were obtained from the National Institute on 3rug Abuse (Rockvihe, Md., U.S.A.) 
and were converted to free bases. Purity was established by thin-layer chromatography 
(TLC) and by GLC-ECD of the heptafhrorobutyryl derivatives. 

Trifluoroacetic anhydride (‘IFAA), pentafiuoropropionic anhydride (PFPA), 
heptafhrorobutyric anhydride (HFBA), and heptiuorobutyryl imidazole (HFBI) 
were obtained from Pierce (Rockford, Ill., U.S.A.) and were used without further 
puri&xtion_ They were carefully protected from moisture and were stored under re- 
frigeration. Pyridine of Sequanal@ quality was also obtained from Pierce and was 
stored under nitrogen at --5”. 

Metbanof and benzene of “Nanograde” purity were purchased from Mailinck- 
rodt (St. Louis, MO., U.S.A.). All other chemicals were reagent grade or better and 
were used as purchased_ 

Solutions containing 1% pyridine in benzene for use as a ca’dyst were prepared 
fresh daily. 

Al1 glassware was soaked overnight in sulfuric acid-nitric acid (4:1). After 
thorough rinsing in distilled water, it was silicon&d by immersion for one min in a 
1% solution of Siliclad@ (Clay Adams, Parsippany,-N.J., U.S.A.) in water. Siiidad 
solutions were adjusted to pH 8-9 by the addition of concentrated ammonium hy- 
droxide and were prepared fresh. Glassware was immediately yrinsed with 50% me- 
-&an01 in water, and then dried at 105”. 

Stock solutions of Ia and Ib in methanol (0.01 mg/ml) were prepared. No 
evidence of decomposition was observed after storage of the soI~;tions for sk months 
at -9. 



Smples containing submicrogram quantities of naloxone and naltrexone in 
15 x f25-mm glass cuhure tubes (Pyrexa Xo_ 9826) were prepared from stock solu- 
tions of the compounds in methanol. Solvent was careftiy evaporated under 2 sm 
of nitrogen_ To each tube were added 25 ~1 of anhydride 2nd 50 ~1 of 1 o/0 pyridine in 
benzene. Contents were thoroughly mixed and the tubes were tightly sealed with Tef- 
ion@-lined screw caps. Tubes were then placed in an oil bath (pre-heated to 70°) to 
a depth of about 50 mm so that the upper parts of the tubes acted as re9ux condensers. 

After 2 h the tubes were placed in an ice bath. 
Excess derivatizing agent was removed before chromato,qphy by adding 

5 ml of 2 saturated aqueous solution of sodium borate to the cooled reaction mixture. 
Tubes were immediately rotated on 2 Labquake* mixer for 3.0 min and then centri- 
fuged for 4.0 min to separate the layers. When 2 series of samples was derivatized, 
excess agent w2.s removed from each sample just before it ~2s chromatographed in 
order to minimize hydrolysis of derivatives_ Aliquots (1-3 ~1) of the upper (organic) 
layers were immediately withdrawn into 2 10 ,.A syringe and injected on to the GC 
column. 

E~ectFon-mptz.iFe gadiquid chromatography 

Analyses were made using 2 Hewlett-Packard 57OOA gas chromatograph 
equipped with 2 63Ni electron-capture detector (pulsed, variable-frequency type). 
Chromato,graphic coIumns were 183 cm x 2 mm I.D., coiled, borosiiicate glass 
treated with trimethylchlorosilane (5% solution in toluene). With the aid of gentle 
vacuum, columns were packed with either 3 “/, QV-1 or 3 % QV-17 on 100-120 mesh 
Gas-Chrom Q (Applied Science Labs., State College, Pa., U.S.A.). Packed columns 
were conditioned at 325” for 4 h with no carrier gas flow, and then at 275” for 16 h 
with 2 carrier gas flow-rate of about 10 ml/m&t. Columns conditioned in this manner 
were ready for use without further treatment. 

The carrier gas was argon-methane (95:5) at 2 flow-r2te of 40 ml/min. For 
separations on QV-1 columns, the oven was programmed from 190” to 270” at 4”/min. 
Separations on OV-17 cohnnns were carried out isothermally at 205”:The injection 
port and detector temperatures were 250”. 

Gas c?zFomatography-chemical ionfzation mass specrromerry 

Low resolution mass spectra were obtained at Battelle Columbus Laboratories 
(Columbus, Ohio, U.S.A.) on a computerized GLC-mass spectrometry (MS) system 
consisting of 2 Varian 1740 gas chromato,qph coupled to a Finnigan quadrupole 

mass spectrometer_ Naloxone and nahrexone derivatives were chromatographed on 
a 183 cm x 2 mm I.D., glass column packed with 3% SE-30 on lG3-120 mesh Gas- 
Chrom Q. The column oven was programmed from an initial temperature of 190” 
to 270” at 4“/mm. The injection port and detector temperatures were 280” and 290”. 
The carrier gas, methane (Sow-rate, 20 mlfmin), also served as reactant gas in the ioni- 

z2tion chamber. 
Derivatives were prepared by reacting 1 pg of naloxone or naltrexone with 50 

yl of HFBA and IOO@ of 1 oA pyridine in benzene at 70” for 20 min. Excess reagent 
was removed by washing the reaction mixtures with saturated sodium borate solution 

2s described earlier. 
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Plots of total ion current ver.sz~~ scan number were obtained and compared with 
chromatograms obtained by GLC-ECD on 3 ‘A OV-I. Mass spectra of major peaks 
were recorded. 

Infrared analysis 
Infrared (IR) spectra of derivatives in benzene solution were obtained on a 

Perkin-Elmer 257 grating fR spectrometer using 0.1~mm sodium chloride c&s. 
Derivatives for IR analysis were prepared by heating 10 mg of naloxone with 

50 ~1 of HFBA and (a) 500 ,~l of benzene or @) 500 ~1 of 1 ‘A pyridine in benzene at 
70”. Reaction mixtures were sampled periodically by removing 5Q-~1 aliquots. After 
decomposition of excess HFBA and dilution with benzene, the aliquots were examined 
by GLC-ECD on the OV-17 column. When chromatograms indicated the presence of 
one derivative (either Ifa or hIIa), the reaction mixtures were washed with sodium 
borate solution and centrifuged to separate the layers. The supernatant organic layers 
were removed and dried with anhydrous sodium sulfate before their IR spectra were 
obtained. 

RESULTS AND DISCUSSION 

Reaction of submicro-cram quantities of naloxone and naltrexone with HFBA 
in the presence of pyridine results in derivatization of the hydroxyl groups at C-3 and 
C-14 as well as the carbonyl group at C-6 to yield the &i-substituted heptafhrorobu- 
tyryl derivatives, IIa and IIb. Structures of IIa and IEb were confirmed by GLC-MS 
and IR spectroscopy_ 

Ila: R = CH.#H=CH2 

I lb: R = CH2+ 

0 
R’= CCFj+CF3 

The derivatives appear as single, symmetrical peaks by GLC-ECD pig. 1) 
and are suitable for quantitation. Minimum detectable quantities correspond to about 
40 pg of Ia and 70 pg of Ib injected on-column. 

For quantitative studies, naloxone and naltrexone were used as internal stan- 
dards for each other. Because of the differences in the ECD responses to ITa and EIb, 
109 ng of naltrexone was used for naloxone (10-100 ng) determinations and 60 ng 
of naloxone was used for naltrexone (10-100 ng) determinations. Standard curves 
were obtained by p!ottmg peak height ratios against the amounts of ndoxone or 
naltrexone added to standard samples. Fig. 2 shows a typical sCanda.rd curve ,For-the 
deiermination of 10-100 ng of naloxone w%& 100 ng of naltrexone added as internal 
standard. All standard curves were linear with zero intercepts and were very repro- 
dudbie. Precision was about 1 .O % relative standard deviation at 100 ng of naloxone 
(n = g) and 8.5% at 10 ng (n = 5). High ECD responses of derivatives and high 
precision of peak height ratios permit acCur2te ip_mnti~~tion of 2-100 ng of &&her 
naioxone or naltrexoae. _. 
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Fig. 1. Representitive chrornztogram of heptafluorobutyrate derivatives of (2) n~+Ioxone (LOO ng) 
azd (b) nakrexone (100 ng)_ Periv&iz&ion with HFBX atalyzed with pyridine. Cofumn, glass (6 ft. 
x 2 mm}, packed wi*& 3 0/O CW-17 on Gas-Chrom Q; coiuzm~ temperature, 205”; carrier gas, 5 oA 
methane in argon 2t a flow-i-ate of 40 ml/min. 

Fig_ 2. Caiibration plot OF IQ-IO0 ng oi naloxone assayed as its 3,6,14_HFB derivative_ Ezternaf stan- 
dard, n2krexone-3,6,1CHFB. 

Reaction conditions for submicrogram derivatization of naloxolre and nal- 

trexone to the corresponding t&substituted heptatluorobutyryl derivatives, iIa and 
IIb, were investigated. The rate of formation of Da was de&mined under the COQ- 
d&ions described in Experimental with the exception that 9-bromophenanthrene was 

used as the internal standard instead of naltrexone. Reaction mixtures were heated 
at 70” for 3,6,9,12,15,3(I), 60 and 120 min and then were quenched by decomposing 
the MFBA with sodium borate solution. The plot of peak height ratios @a/9-bromo- 
phenanthrene) against derivatization time (Fr,. -G 3) indicates that derivatization is 

complete in about 1 h. The peak height ratio observed after heating for 16 h was 
identical with the ratio observed after heating for 1 h. 

When pyridine was omitted from the RFBA derivatizations of naloxone and 
naltrexone, the major derivatives which were obtained exhibited longer retention times 
and lower ECD responses (Tables I and 11) than the corresponding t&substituted 
derivatives, ITa and IIb. Small quantities of IIa arrd JJb were also detected by GLC- 
ECI) thus srrggesting that derivatization is incomplete without the addition of pyri- 

dine_ 
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Fig. 3. -Rate of formation of naloxone-3,6,14-m from 100 ng of naloxooe and 25 ,u! HFBA in 
50~1 benzene catalyzed by 1% pyridine at 70”. 

A preliminary GLC-MS study indicated that the derivatives (IIIa and Illb) 
result from esterification of the hydroxyl groups at C-3 and C-14. 

/N.-R 

Illa: R=CH$ZH=C% 

fllb: R:CH2d 

0 
Rt= t C F2CF2C F3 

Fig. 4 shows a methane chemical ionization mass chromatogram of a mixture 
of naloxone and naltrexone derivatized with HFBA using pyridine catalyst =d con- 

. 
TABLE I 

RETENTIQN TIMES OF NALOXONE AND NALTRJZXONE DERIVATIVES RELATIVE 
TO 9-BROPUIOP_HEN_MHRENE 

Sepvations were carried out on 3 ‘A OV-17 on Gas-Chrom Q at 205’ with carrier gzs Zowing at 40 
mlimh. 

Compound Relative retenrion time 

Derivatizatih wit?2 Derfv&W&s wMm.ir 
Pyridine pyric25k~ 

*AA PE?A HFBA TFAA PEPA EFBA 
-- 
Nafoxone 02398 0.658 0.680 0.898 1.45 t.46 
Naltrexone 1.55 1.12 1.15 1.55 2.49 2.46 



tiEk HEKXXTS AND PEAK AREAS OF NALOXONE AND NALTREXONE DEEUVATIVES 
RE.LA?ZWZ TO Y-EROMOPHENAMf~ 

Sepamtions were carried out on 3 % OV-17 on Gzs-Cbmm Q at 205” with carrier gas flowing at 
40 Inl~sniIL 

-- 
COInROmii Peak ht?&id (peuk area) 

Derivatizafim with Deri’vatizarion wiffrort~ 

pyridfne pynkffili 
.- 

TFAA PEPA HFBA TFAA PEPA HFBA 

Ndoxone 2.89 2.59 2.81 2.89 1.42 1.03 
(2.69) (2.29) (2.37) (2.69) (2.02) (1.60) 

NdtreXOilS I.35 1.56 1.H 1.35 0.575 0.487 
(1.95) (i.87) (2.03) (1.95) (1.43) (1.14) 

ditions so that partial derivatization of tke molecules occurs. Mass spectra were 
obtained at the centroids of each of tke pe&s and background spectra were sub- 
tracted. The peaks in these spectra are listed in Table III. Peak 1 was found to corre- 
spond to naloxone-3,6,ldHFB. Tke only prominent ions in the mass spectrum have 
masses of 215, 19’7 and 169. These ions correspond to [CF,CFzCF,CQOH-HIi, 
[CF,CF,CF,CO]+, and [CF,CF,CF,]+, respectively. Since neither the molecular ion 
nor any fra_ments containing naloxone were observed, the structure could not be 
established from the MS data. However, confirmation of the structure was obtained 
by IR analysis_ The mass spectrum obtained at peak 2 corresponds to naloxone-3,14- 
HFB. The spectrum shows a protonated molecular ion, [M - Hl+, zt 720 and significant 
fragment ions at 534,506,310,215,197, and 169. The ions at 534 and 506 result from 
loss of CF,CF2CF,CQQH from [M -C&,]+ and [M-H]+, respectively. The ion at 
310 is due to loss of [CF,CF,CF,CO]+ from the ion at 506 to give a neutral molecule 
with a mass of 309. Protonation of this molecule &es an ion of mass 310. The ions 
at 215, 197, and I69 result from fragmentations similar to tkose observed with the 
naloxone triester. Tke mass spectrum of nakrexone-3,6,1&HFB was obtained at the 
centroid of peak 3. The spectrum exhibits ions of masses 732,716,520,215, and 197. 
Altkougk no molecular ion is observed, an ion of mass 716 corresponding to fragmen- 
tation of CF,CF,CF,COOH from tke protonated molecular ion is observed thereby 
suggesting tke identity of tke compound. The ion of mass 520 resuits from loss of 
[CF$ZF,CF,COl+ from tke ion of mass 716 to give a neutral molecule of mass 519. 
Protonation of tkis molecule results in an ion of mass 520. The ion of mass 732 is 
presently unexplained. Tke spectrum obtained at peak 4 shows tkat the peak corre- 
sponds to a rnixtm-e of two compounds, naloxone-3-HFB and naltrexone-3,l4-HFB. 
The onfy ion which could be positively attributed to naloxone-3-HFB is the protonat- 
ed molecular ion of mass 524. Ions in the spectrum having masses 734, 548, 520,324, 
215, and I69 result from tke fragmentation of naltrexone-3,I$_HFB. Tke protonated 
molecular ion at mass 734 conhrms tke identie of the compound. The ions of mass 
548 and 520 originate from fragmentation of CF,CF,CF,COOH from [M - CJ15]G and 
[M - Xl+, respectively. Peak 5 is due to underivatized naloxone. The spectrum is 
characterized by a protonated molecular ion of mass 328. Peak 6 in the mass ckroma- 



Fig. 4. Mass chromatogam of SEEA derivatives of naloxone and nak-exone: 1 = naloxone-3,6,14- 
HFB,2 = n2loxone-3,I4-HFB,3 = ndtrexone-3,6,14-HFB,-HFB,4 = ~~xone-3,t4~dozIoxone- 
3-H=, 5 = ndoxone, 6 = ndtrexone-3-HFB, and 7 =.naitrexone. 

togram is due to naltrexone-3-HFB. The only significant ions in the mass spectrum of 
the monocster arc found at masses 566,538, and 342. Ions of masses 566 and 538 cor- 
respond to &i - C,H,] + and &I - HI +, respectively, whereas the ion of mass 342 resu&s 
from loss of [CF,CFZCF,CO]+ from the protonated molecular ion followed by pro- 
touation of the neutral molecule. Because the phenolic esters fragment with loss of 
[RCO]’ whereas alcohols frament with l&s of [RCOOH]zS, the spectrum is attri- 
buted’ to nahrexone-3-IIFB. Peak 7 is due to underivatized nahrexone. The spectrum 
exhibits ions of masses 370 and 342 corresponding to @8-C&]+ and @A -II]+, 
respectively. 

Evidence that enol ester formation has not occurred at C-S in the diesters IIIa 
and IIIb was obtained by comparison of the IR spectra of the diesters and triesters. -_ 

Fig. 5-R11%21 IR sp=ctrz of (1) nzloxo=e-3,WHJS (ILEa) znd (2) ~1aloxone3,6,14-HFB @& 
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R’ 
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M-C&+ - RCOOH 
M = N&oxo.ne-3,14-HFB 

M-H” - RCOOH 
.M-H+-RCOOH-RCO’+-H’ 
RCOOH-H’ 
RCUOH-Bt - Hz0 (= RCO’) 
RC 

3 732 unkrxown M = NaItiexone-3,6,14-HFB 
716 M-H+ - RCOOH 
520 M-H” - RCOOH - RCO+ + H+ 
215 RCOOK-H’ 
197 RCOOH-H’ - Hz0 (= RCO+) 

4 734 M-H+ M = NaltrexoneJ,lCHFB 
545 M-CzH5’ - RCOOH M’ = Nafoxone-3-HFB 
524 _M’- H+ 
520 M-H+ - RCOOH 
324 M-H’ - RCOOH - RCO’ i H’ 
215 RCOOH-Hi 
169 Ri 

5 328 M-H’ M = Ndoxone 

6 566 M.C2H,+ M = Nakrexone-3-HFB 
538 M-H+ 
342 M-H’ - RCO* f Hi 

7 370 M - CzHs+ 
342 M-H’ 

M = Nahexone 

= R = CF+cF,CF,. 

The ptiaE IR specka (Fig. 5) contrast the carbony absorption regions of ndoxone 

derivatives, Ila and IHa. It is noted that EEIa exhibits strong ketone absorption at 
-1735 cm-l whereas Pfa lacks this absorption thereby ilh~strating the role of pyridine 
in catalyzing+-Iol CSteF fomation. 

ElXs and Inib have longer retention times and give lower ECD responses than 
the.corresponding trisubstituted derivatives (fIa and Hb). Furthermore, it was difficult 
to prepark IIIa and fIFb without also forming small quantities of IIa and IIb. Thus, 
Ha and IIb @pared by pyridine catalyzed derivatization with HFBA were considered 
more suitable for quantitative studies. 

The mount of pytidine required to catalyze the formation of IIa and 1% was 
determined by varying the concentration of pyridine from 0.1 to 5% in benzene. De- 
rivkization was incomplete wheti 0.1% pyridine in benzene was used. With 5 % pyri- 
dine iti benzene, derivatization was rapid and complete but high ECD ~backgrounds 

-1 resulted. Satisfactory ctiomatograms were obtained with 1 o/O pyridine in benzene. 
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Zt Was also found xh2t deriv&zation-with 25 ,& of HFBA i&Q&i of b@ene 
at 70” for 2 h reMted in the formation of ITa tind .fEb y<thout &e-use ofpridiue. This 
procedure, however,:resulted in high ECD back&%&s and Was therefork not pur- 
sued. 

N&ozone and naltrexone’ were also derivat&& with TFAA and PFPA. both 
with. and without pyridine as a c&&lyst. The relative rete#iou times znd relative 
response factors of the derivatives srre summarized -and comp&ed with the- HFBA 
derivatives in Tables I and II_ Derivatization with IIFBA and PFPA in the pr&ence. 
of pyridine yielded the tries&s and in the absence of:pyridine. prim&Iy the diesters. 
Reaction with TFAA in the presence or absence of pyridine resulted in the formation 
OF the same derivative for each compound. Furthermore, it is noted that all of the 
derivatives exhibit compar&e electron-capture responses. 

Because perfiuoroalkyl znhydrides are strong electron absorbers, they must be 
remcjved from samples before GIG-ECD or high bgckgrounds will result. Most in- 
vestigators remove excess anhydride by evaporation under nitrogen_ However, in the 
procedure described here, evapor&ion is precluded by the presence of pyridine .$nich 
reacts with anhydrides to form non-volatile residues which swamp the electron- 
capture detector. Satisfactory cleanup with minimai decomposition of derivatives’ was 
accomplished by washing f-he reaction mixtures with sodium borate solution. ‘I 

Since perfluoroalkyl esters are hydrolyzed under mild conditions, the stabili- 
ties of derivatives aftir decomposition of excess anhydride with sodium borate solution’ 
were’ investigated. It w2s found that naltrexone derivatives deco&poE more rapidly 
than the corresponding naloxone derivatives. As a consequence, peak height ratios 
change with time (Fig. S). SpecificalIy, IIb decomposed at 23” with a half-life of &out 
5.20 min compared to 784 min for IIa. Furthermore, NFB-derivatives are more 
stable than PFP-derivatives which are in turn much more stable than TFA-derivatives. 
This observation is consistent with the report of &rggird md SedvaW on the com- 
parative stabilities of several perfiuoroalkyd esters of catechokunines. Thus, the rate 
of chage of peak height ratios is slowest for EfFB derivatives, faster for PFP deriv- 
atives, and fastest for TFA derivatives. Further study of the TFA derivatives was not 

Fig. 6. Plot of norsnalized p&c h&&t ratios qakst tin;e f&r ndoxone/ndtrcxonz derivirtives pre- 
pared under pyridine-cat&zed conditbas deskbed jtp *&e text_ 



GLf: QETERkNAnON OF NALOXONE AND NALTREXONE 419 

unrfp,itakea because of the substantially ,mter instabirity of these esters. Because of 
the time dependence of peak height ratios, excess anhydride was decomposed from 
each-sample just before it was chromatographed. The procedure was carefully timed 
and ssmples were not allowed to stand after the anhydride had been decomposed but 
were chromatographed immediateIy. These precautions were necessary to obtain 
linear and reproducible calibration curves for quantitative studies. 

Et is postulated that the differences in sc~biIities of naloxone and naltrexone 
derivatives of the same typ (e-g_ IEa and PIb) are due to differences in basicities of the 
tertiary tie groups. Initially, it was-assumed that the enol esters would be the least 
stable of the ester groups. However, the distance between the enoI ester and the 
tertiary amine group is so great that differences in *he basicities of the amine groups 
should have no effect on the relative stabilities of the enol esters. Furthermore, the 
peaks corresponding to the products of enol ester hydrolysis (HEa and LIib) do not 
increase with time as the parent compounds decompose. No hydrolysis products were 
detected by GLC-ECD. Therefore, it is postulated that the first step in the hydrolytic 
decomposition of the derivatives involves cleavage of the C-14 ester group as a result 
of intramolecular base catalysis (Fig. 7)_ Thus, the r&e of hydrolysis increases as the 
basic&y of the tertiary amine increases_ Since naltrexone (pK, = 8.38) is more basic 
than naloxone (pK, = 7.94)“, naltrexone derivatives are expected to hydrolyze more 
rapidly. This interpretation is in accord with the observed results. The products of 
hydrolysis are C-3,6-diesters possessing polar groups at C-14 and having greatly in- 
creased retention times_ 

Because narcotic antagonists such as naloxone and naltrexone are often ad- 
ministered with narcotic agonists, HFB derivatives of morphine, oxymorphone, 

lla: R:CH&tf=CH, 

fib: R=CH,d 

I H 
R= CCF2CF2CF3 

Fig. 7.3,6,14-HFB esters of naioxor;e @Ia) and mltrexone (I%). 

RJTFENTION TiMES OF DEWYATIVES RELATIVE TO ji-U%lENTION TIME OF 9-BROMO- 
PZENANTHRENE 

Dtxivatization catalyzed by pyridine. Separations were carried out on 3 % OV-I7 on Gas-Chrom Q 
at 205” with carrier gas fiow at 40 d/min. 
--___ ____ 
Compowd Relative refentiolz tie 

TFAA PFPA EFBA 

C~&zockie - 0.368 0.387 
Pentazcciae - 0429 0.458 
Oxymorphons 0.563 0.430 0.441 
Morphine - 1.10 1.13 
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cyclazocine, and pentazocine were prepared- Rekdve retention times of cikktives 
ze shown in Table IV. It is noted that all derivatives except the morphine~deriiv2tive 
rre well resolved from the naioxone and naltrexone derivatives OQ OV-17. 
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