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SUMMARY 

The method used previously for the fluorodensitometric determination of com- 
pounds with an alcoholic hydroxyl group was examined for its applicability in 
high-performance liquid chromatography. The conversion of alcoholic substances 
into urethanes was performed with naphthyl isocyanate- Chloroform-benzene-etha- 
nol and n-heptanediethyl ether, were used as eluents for the separation of urethanes 
of various polarity with silica gel columns. Reversed-phase material is also suitable. 
The detection limits ascertained by means of fluorescence detection are in the pi- 
comole range. 

INTRODUCIION 

Several workers have reported on the conversion of alcohols into urethanes 
with phenyl isocyanate and their high-performance liquid chromatographic (HPLC) 

I-’ separation . Fluorescence detection of such compounds is not possible, however. Pn 
previous papers8sg we described the derivatization of substances with an alcoholic 
hydroxyl group using fluorescent isocyanates, followed by fluorodensitometric 
measurement_ Both naphthyl isocyanate (NI) and anthracene isocyanate (AQ can be 

used for the derivatization of many alcoholic compounds with different structures. 
owing to *he greater number of rings in the AI mokcule, its reactiviq is lower, espe- 
cially with tertiary alcohols. This may be balanced by increasing the exc&s of the rea- 
gent_ However, it was found that this may lead to a complicated separation of the ure- 
thanes from the by-products_ This paper describes the use of NL, enabling smalkr 
amounts of reagent to be used in the determination of compounds with alcoholic 
hydroxyl groups by means of HPLC with fluorescence detection. 

EXP!&IM$NTAL 

&pQFQttus 
_ An Altex Model IlOA hquid chromatograph equipped with a Perkin-Elmer 
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650-10s fluorescence detector and a Perkin-Elmer W + W 1100 recorder were used. 
together with a Rheodyne variable-volume injector_ For the determination of the 
excitation and emission maxima 10 4 A4 solutions of the substances in benzene were 
prepared and measured with a Perkin-Elmer _MPF 44 Buorimeter and recorded with a 
Perkin-Elmer 023 recorder. 

Reagents and materials 
A pre-packed 10-m LiChrosorb Si 100 and a 5-m LiChrosorb RP-18 column 

(25 cm x O-46 mm I-D_) were purchased from iMerck (Darmstadt, G-F-R.). Through- 
out this work doubly distilled water was used. The solvents and chemicals were of 
analytical-reagent grade from Merck, except for acetonitriie, which was obtained 
from Ratbbum (Walkerburn. Great Britain). They were used without any further 
pre-treatment. 

Procedure 
A l-ml volume of a toluene solution containing not more than 400 ng of the 

aicoholic compound is pipetted to 0.5 ml of a I-5-fold molar excess of NI in toluene 
and to O-5 ml of a 1 -44 solution of triethylenediamine (TED) in toluene. After 
heating (primary and secondaly alcohols for 60 min at 95°C and tertiary alcohols for 
120 min at 14O’C, all soiu~ons in xyiene), 1 ml of a 3-fold molar excess of dietbyi- 
amine in toiuene is added while still hot. The reaction mixture is shaken briefly and 
centrifuged at 1000 g for 5 min. From the clear, supernatant solution a volume of 
200 fi is used for injection on to the chromatographic column. 

Determination of thesubstance32-468 (4 ’ :2-h_ydro_xy-3- (I ,I -dimetlt~lanrblo)propo_~~~~- 
Spiro (cyciohexa-2’,1 -inah) -1 ‘-one > in plasma 

To 1 ml plasma, spiked with 100 ng of 32468, are added 5 ml of 1 M sodium 
hydroxide solution and 10 ml of chloroform and the mixture is shaken for 20 min and 
cemrifuged at 1000 g for 5 min. After taking an aiiquot of 9 ml of the organic 
phase and evaporating it under reduced pressure at 35”C, the dry residue is further 
treated as described above. 

RESULTS AND DISCUSSION 

Separation on a LiChrosorb Si 100 column 
Using silica gel as the stationary phase we used thin-layer chromatography 

(TLC) as a pilot technique for the selection of suitable mobile phases_ We first used 
benzene-dietbyl ethers (95:5), which we had previously used in fluorodensitometric 
analyses. In order to obtain approximately results of the same quality as with TLC 
separation, less polar eiuents have to be applied in HPLC. Instead of benzene, we 
therefore used toluene, xyiene and n-heptane. With n-heptane-diethyl ether (95:5) a 
satisfactory separation of the urethanes listed in Table I from their by-products could 
be achiev& 

From Table I it can a&o be seen how the urethanes are eiuted &h increasing 
polarity of their aIcoholic component_ It takes about 28 min for a run when working 
isocratically, because the by-products are eiuted reiativeXy late. Naphthylamine, 
which appears as the last peak in the chromatogram, may he eliminated by extraction 
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TABLE I 

CAPACIN FACTORS (k’) OF URETHANES AND BY-PRODUCTS USING n-HEPTANE-DIETHYL 
EI-HER (935) AS THE ELUENT 

Flow-rate: 4 ml/mitt. 

Compound 

Naphthylamine 
N-N-DiethyEN’-naphthyicarbamide 
N,N’-Dinaphthylurbamide 
0-3-IMethyl-I-butanol-N-naphthylurethane 
0-I-Butanol-N-naphthyluthane 

k Compound k 

31.84 0-Octanol-N-naphthylurethane 4.19 
15.74 0-Cetyl alcohol-N-naphthylurethane 3.93 

IO.54 O-Choleealciferol-N-naphthyltuethane 2.67 
4.96 0-Cyclohexanol-N-naphthylurethane 2.62 
4_s3 0-Cholesterol-N-naphthylurethane 2.56 

- 

with 1 M hydrochloric acid and the time for one run is then shortened by about 40 7; 
(cf-, Fig. 1) and may be further shortened by changing to a more polar eluent after the 
appearance of the urethane peak. 

As the first tests demonstrated, the application of a 30-fold molar excess of the 
reagent, as chosen for the fiuorimetric quantitations on TLC, is unsuitable. The 
separation of the by-products from the urethanes in this instance involves great 
difficulties. To overcome this problem, the reagent concentration had to be decreased 
in order to decrease the peaks of the by-products. This is particularly effective with 
primary and secondary alcoholic compounds, which react quantitatively within a few 

1 

I 
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Fig. 1. Chromztogram of the reaction mkture of 200 ng of eetyl alcohol with NI after HCl extraction. 
Mobile phase, n-heptane-die+&yl ether (955); Bow-rate. 4 ml/min. Peaks: 1 = urethane; 2, 3.4 = by- 
products. 
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TABLE II 

PEAK AREAS (ARBITRARY UNITS) OF THE REACTION PRODUCrS OF I-BUTANOL WITH 
NI 

Reaction temperature. 95’C; reaction time. 60 min; injection voiume. 10 pll- 

.lioIar excess 
0f reagenl 

hnmant of alcohol (ng) 

200 75 10 

30-fold 896 4(w 105 
3-fold s91 401 102 
l_ifoId 591 Jo0 102 

minutes with a 30-fold molar excess of reagent. When the reaction time is prolonged 
to 60 min sufficient derivatization is aIso achieved after the reagent concentration is 
decreased to 95% of the initial amount. Table II, which shows the results for the 
formation of urethane by reaction of l-butanoi with NI, indicates that with a I.SfoId 
molar excess of the reagent no reduction in the reaction rate occurs. Steroids with a 
primary or secondary hydroxyl group, which have low reactivity, need a reaction time 
of 60 min at 95C. By increasing the reaction temperature to 140°C compounds with a 
tertiary hydrorryl soup may also be derivatized with a 15fold molar excess of NI 
witbin 120 Inin_ 

The excess of Ni, which is difficult to elute owing to its high polarity, is de- 
stroyed by adding diethylamine. 

The alnallest detectable amounts of urethanes and their excitation and emis- 
sion maxima are given in Table III. AH of the investigated compounds with an 
&oh@ group show a Iinear relationship between the amount of N-naphthyicarbamic 
acid ester applied and the peak area_ The detection limit is between I and 20 ng; the 
highest tested concentration was 100 ng in an injection volume of 200 & 

This system, with n-heptanediethyl ether as the mobile phase, can be applied 
particularly to the separation of reaction mixtures of urethanes with less polar alcohol 
groups For urethanes with a polar aicohohc component it is less suitable because 

T.4BLE III 

DETECl-ION LIMITS, MEASURED AT A SIGNAL-TGNOISE RATIO OF 3:1, AND EXCI- 
TATION AND EMISSION MAXIMA 

lnjstion volume. 200 pl; mobile phase, n-heptane-diethyl ether (955). 

Derivarized I.bnif of Ercirnrion Einisstin 
ulcoholic compowui detection [Eg) maximum fnm) maximum (nm} 

lsapentyl alcohol 4 310 3.50 
l-Butanoi 4 310 355 
Cetyl alcoho! 1 MS 350 
Chokcakiferol 20 318 351 
ChOkStCd 6 319 356 
Cjclohexarlol 4 3I8 350 
1-01 1 310 350 
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Fig. 2. Chromatom of the reaction minure of 200 ng of quinine with NI (1) compared with the blank 
(2). Mobile phase. chloroform-benzene-ethanol (45:30:0.2); Oow-rate, 2 ml/min. 

under these conditions separation from the polar decomposition products is difficult. 
For this purpose, chloroform-benzene-ethanol (45:30:0.2) was found to be a suitable 
eluent- Whereas the relatively polar by-products of derivatization eluted very late 
with n-heptanediethyl ether as the eluent, they now appeared within 4 min, followed 
by the urethane_ In contrast to the n-heptane-diethyl ether eluen:, the excess of 
reagent could now be increased again. The resulting stronger peaks of the by-prod- 

a 
i b 
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Fig. 3. Chromatogram of the urethane formed from 200 ng of cetyl alcohol and NL Mobile phase, 
cbloroform-bementethanolr (1) 45r34k0.7; (2) 45305; (3) 15:15:~0_ Peaks: (a) urethane: (b), (c), (d). by- 
prOdUCtS_ 
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ucts are eluted very rapidly owing to the higher polarity of the chloroform-benzene- 
ethanol tixture. 

Fig. 2 shows as an example the reaction of quinine with a 15fold molar excess 
of XI. The run is finished within a few I;linutes when working isocratically. However, 
by derivatizing with a 30-fold molar excess of NI separation from the by-prnducts can 
also be observed. 

An attempt was made to use chloroform-benzene-ethanol as the eluent for the 
analysis of urethanes with a non-polar hydroxyl group, e.g., of butanol or cetyl 
alcohol. As can be seen in Fig. 3, this solvent system is not appropriate for the 
separation of urethanes with a lipophilic component. Starting from the mixture chlo- 
roform-benzene-&ethyl ether (45:30:0.2) the amount of ethanol was gradually in- 
creased in an attempt to achieve the separation of by-products. However this was not 
successful, just as adding of more polar solvents, e.g., acetic acid was also not success- 
ful_ 

The possibility of urethane formation and subsequent HPLC separation with 
chloroform-benzene-ethanol was also investigated for the determination of 32-468 in 
plasma. 

This substance is a $-blocking agent and possesses a secondary aicoholic hy- 
droxyl group and a secondary amino group in the side-chain, both of which are 
suitable for derivatization with NL Three diEerent structures of the derivatives would 
therefore be conceivable, namely the N-substituted. the O-substituted and the di- 
substituted products. A closer investigation of the resulting derivative was not per- 
formed as rhis is of no importance for the determination. In comparison with ephe- 
drine*, the reaction takes place more slowly. As can be seen from Fig. 4, employing a 
I.5fold molar reagent excess, in this instance also within 120 min, a low tendency to 
react may be observed. When employing a 1 s-fold molar excess of NI the derivatiza- 
tion is virtually completed within 60 min. 

For the determination of 32-468 in plasma the optimal extraction conditions 
with different or,oanic solvents at different pH values were sought. By shaking once 
with chloroform at pH 11 an average recovery of 99.8 % could be attained. Fig. 5 
shows the chromatogram of the reaction product of 300 ng of 32-468 with NI after 
chloroform extraction from plasma. The detection limit of the urethane was 60 ng 
for an injection volume of 200 fll- 

1 * 
30 60 90 l2olal 

Fig_ 4. Kinttics of reaction of 32-468 wrszs the concentration of the reagent Molar excess: A. 1StLfoId: 
4, I5-foM; 6, 3-fold; 0. IS-fold. 
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Fig_ 5. Cbromatogram of the urethane formed from 2468 and NL IMobile phase, chloroform-benzene- 
ethanol (45.3o.a.2); ffow-rate, 35 ml/min. 

Separation on a reversed-phase coIunm 
As a further possibility, analysis with a reversed-phase support was considered_ 

With such a system, the urethanes must be soluble in acetonitrile-water and meth- 
anol-water mixtures_ As the solubility tests showed, the N-naphthylcarbamic acid 
esters with I-butanol, _- 3 propanol, 2-phenylethanol or similar alcohols are soluble, 
whereas the N-naphthylcarbamic acid esters with cetyl alcohol and cholesterol are 
insufficiently polar and therefore insoluble. In this instance the system with n-hep- 
tanediethyl ether in combination with a LiChrosorb Si 100 column is suitable. 

By applying acetonitrile-water (60~40) as the eluent the urethanes listed in 
Table IV may be separated easily from their decomposition products with an RP-8 
column. The reactions were carried out with a 1.5-fold molar excess of NI. As Fig. 6 
demonstrates, another peak appears after the urethane peak when working isocrati- 

TABLE IV 

CAPACITY FACTORS (a’) OF NAPHTHYLURETHANJ2S USING ACETONITRILE-WATER 
(6020) AS THE ELUENT 

Flow-r2te: 4 ml/min. 

Den-rarized 
dWhof 

.k Derivatized k 
akohol 

2-PhenyIethanol 
Eenzyl akohol 
CM&K 
2-R-opanol 

295 2-Methyl-2-propanol 246 
L83 243utanol 242 
2.58 1-Butanal 2.40 
2.49 
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tally_ This may be eliminated within a short time by changing the eluent to pure 
acctonitrile after the appearance of the urethane peak. 

a . 

0 4 8 I2 l6min 0 3 6 9& 

Fig_ 6. Chronxto_~ of the reaction mizxture of 200 n_p of codeine with XL Mobile phase, aatouitrik- 
water #0:40); flow-rate. 4 ml~miu. Peaks: (a). (b), (d). by-products; (c). urethane. 

Fi_e 7 Detection limit of the urethane formed from n-butanol 2nd NI; 10 pmol per lOO+ injection volume_ 
Mobile phase. acetonitrile-water (60:10): f!ow-rate. 2 mljmin_ 

Fig. 7 gives an example of the urethane with I-butanol, illustrating that the 
detection limits for all derivatizations were roughly the same. Linearity was observed 
from the detection limit to about 400 ng. The correlation coefficients for the function 
_r = UT f b were between 0.997 and O-999. 
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