
SUMMARY 

Xn methyl poIyphosphate, prepared in chloroform, fatty acids condense with 
9,lOdiaminophenanthrene to form 2-substituted phenanthrimidazoles. The reaction 
proceeds to completion within 3-6 miu at 85” to give, in general, yields reproduci%ly 
in excess of 95 Ok_ Exceptions are linolenic acid, from which the yield is reproducibly 
91x* and formic acid, from which no derivative is obtained under these conditions. 

When the 2-substituent is unconjugatcd with the nucleus the mean quantum 
yield of fluorescence from derivatives cf seventeen different acids under conditions 
relevant to the derivatives’ chromatography (xnethanolic solvents) is 0.68 in mitrogeu- 
purged solvents and 0.31 in aerated solvents, both with standard deviations of O-02_ 
The ~~UOIESCXS~~ emission exhibits overlapping maxima at 367 and 382 urn, with a width 
at half maximusn peak height of 3120 cm- I_ under nitrogen, but not in the presence of 
air, q~~anturn yields vary negligibly with the water content of the solvent over the 
chromatographically usefti range. At higher concentrations of water the formatiou 
Of weakly fluorescaxt mice&s may occur. Above ffie acetic derivative the molar 
absorptivities in me*&anolic solvents are independent of the substituent in the sixteen 
unconju&ed derivatives examined. At 254-255 nm the mean value is 90133. Other 
weakerabsosbauce maxima are available at various points up to 354 &IL Front these 
results the intrinsic fluorescence sensitivity value of the derivatives is greater than 
that of the la-hydtoxyme~yl-7-m~o~~u~a~n cater detivatives by a factor of 12. 

The reaction mixture may be injected directly on to reversed-phase (octadecyf- 
dyl) cdtxxnns_ Of the nineteen acids examin ed,up to erucic in molecular weight, 

f&e derivatives of all except the pair n-butyric and crotonic arc separated from 

one anot&er in aqueous methanol containing 0.01 M ammonium carbonate. On gra- 
dient elution, equimolar amounts of dierent acids give essentially constant peak 
areas, in contrast to the rnethoxycousnari&. 

IJ~tiges’, Dfinges and Seiles* and subsequently other author~+~ have applied 



4-hydrovethyl-7-methoxycoumarin esters as derivatives in the analysis of;fat@ 
a+s by high-~rformana liquid chroma{ography (HPLC) with fluorescen 62 detec- 

- tion. Recently, an examina don ofthe ultraviolet.~ absorbamse and the ffuotesocnce 
emission characteristics of these derivatives in a stiety of solvents typically nsed in 
HPLC has skown that the fiuorescence quantum yields of the derivatives are some- 
times low and vary considerably, e.g. from less than 0.02 in 2protk s~ivents to 0.4 in 
wat&_ Above the caprylic (Cd derivative, the increase in quantnm yield with the 
water content of methanolic solutions, seen in the loafer-molecular-weight derivatives, 
is 0E.t by the formation of weakly fuorescent micelIes5_ 

In this paper are reported the characteristics of ul attermtive series of deriva- 
tixss based QQ the well-know@ condensation of fatty acids with aromatic ortho- 
diamines‘to give imidazoles. When conducted under acidic aqueous conditions the 

mxtioa is often referred to 2s the Phillips reaction’. Examples of these derivatives 
described below offer 2 number of advantages over the methoxycoumarins, particu- 
larly in their higher molar absorptivities md quantum yields, and in the relative 
inse~2tivity of the latter to solvent effects. Unlike many derivatives, where the analyte 
is imxxporatexi on an already formed chromophore, in the present instance part of the 
analyte is included within a new chromophore. As a result, interferences due to the 
absorbance and the fluorescence of the reagent are minimized. 

XnsZmentation 
The fluorescence spectra, which are corrected, have been recorded with a 

Perk&-Elmer 1WF4 spectrometer; and the UV absorbance spectra with a Pye- 
Unicam SP 8000 spectrometer_ 

For Hi?LC, a Bow-through cell made from 1 mm LD. f& synthetic silica is 
fitted into the fluorescence spectrometer_ Columns Qength, 250 mm; I.D., 4 mm) are 
slurry-pa&xi by the balanced density technique with either ODS-Hypersil (Shandon, 
Runcorn, Great Britain) or Part&ii-5 (Whatman, Maidstone, Great Britain) modi- 
fied with octadecyltricblorosilane (bonded layer, ca. I5 “A. Similar capacity fac- 
tors are obtained from the two packings. The colu~ are replaced when their 
plate counts fall below 101. Solvent is delivered from 2 Metering Pumps’ “M” pump- 
For gradient elution a second pump feeding a solvent-mixing vessel is added to the 
system. Proeion is made to enable solvents to be deoxygnated with a stream of 
nitrogm, and to maintain the solvent and pump inlet &der. ca. 5 p-s-i. of nitrogen to 
inhibit: ingress of air. 

Met&Z polypfiospliaie and other po~ypAopkate esters 

Chloroform (spectroscopic grade) is freed from ethanol and phosgene by 
passage throu@ 2 column of alumini um oxideS under nitrogen and with illumination 
by dim yellow light. To 80 ml of the freshly pm-i&d chloroform is added 37 g of 
phosphoric oxide (Koch-Light, Colnbrcok, Great Britain; “puriss.“) and then 47 ml 
of trimethyl phosphate (Aldrich, Gillingham, Great Britain; u97%9- The mixture, 
which becomes warm at this st2ge, Is allowed to cool to room temperature, sealed 
against atmospheric moisture and magnetically stirred for 3 days when most of the 
phosphoric oxide dissolves. The supesnatant, which is coIourles.s, is removed as 



niqnkd;-its properties remain negligibly changed over a period of 6 months. It is 
emphasized that the chloroform must be present when-the phosphoric oxide and the 
trimethyl phosphate are -brought together. Otherwise, an uncontrolled, strongly 
exothermic reaction may develop, 

If the reagent is required urgently, l/IO quantities of trimethyl phosphate and 
phosphoric oxide may be mixed in the absence of chloroform. The heat evolved may 
be sufbcient to effect solution of the oxide, otherwise the mixture is maintained at 
130” untif solution is complete. The product is taken up into purified chloroform. 
This reagent, however, tends to be siightiy ccbnred and to give increased blanks. 

The ethyl and n-butyi Poryphosphates mentioned below were prepared 
sim3arIy to the methyl ester, in chloroform at room temperature. The ethyl ester was 
also prepared from diethyl ether according to Schramm et alp. 

Derivatization for HPLC 

In IO ml of the methyl polyphosphate solution are dissolved 20 mg of 9,10- 
diaminophenanthrene (Aldrich; -97%“) to give a straw-coloured solution (a slight 
cloudiness is sometimes present, which disappears on the subsequent heating). In 
subdued light the solution is stable over about 4 h and during its manipulation no 
special precautions to exclude air or moisture are necessary. The sample in, e-g., 
10 ~1 of toluene or chloroform is added to 0.5 ml of the solution in a l-ml glass 
ampoule, which is then sealed and heated at 85’ for 3-6 min_ The actual time varies 
between different batches of polyphosphate, and is separately determined for each of 
them. 

For reversed-phase separations with solvent mixtures containing 0.01 M 
ammonium carbonate, the solution may be injected directly into the chromatograph. 
Alternatively, particularly if large volumes are to be chromatogmphed, e.g. 50~1, 
0.5 ml of 5 &f aqueous ammonium hydroxide is injected into the ampoule, with rapid 
cooling. After the contents of the ampoule have been mixed and allowed to separate, 
portions of the lower chloroform layer are removed for use as required. 

Isolated phenanthrimichzzo~e derivatives offatty ads 
TypicaNy, 0.2 mmole each of 9,lO-diaminophenanthrene and the fatty acid (none 

of commerciahy specified purity of less than 9S”& were heated under the previously 
described conditions in 5 ml of the methyl polyphosphate solution. The cooked 
solution was poured into 5 M aqueous ammonium hydroxide (25 ml) and the product 
collected in chloroform. It was purified by classical column chromatography on 
ahnninium oxide (E. Merck, Darmstadt, G.F.R.; “neutral”, deactivated with 3.7% 
water) in mixtures of n-hexane and ethyl acetate, and recrystallized from the same 
soIve&s. On occasions, when the product was discoloured, it was rechromatographed 
on siIica gel (Merck; “extra pure”, deactivated with 5% water) in similar solvent 
mixtures- The derivatives of hnoleic and ‘Jnolenic acids are low-melting and couId 
not be satisfactorily recrysta&ed. They were recovered as their hydrochlorides when 
the chromatography eluates were treated with hydrogen chloride, rechromatographed, 
and reprecipitated several times. 

Formic acid decomposes under the foregoing conditions. Its derivative was 
obtained when the diaminophenanthrene was refluxed in 90% formic atid in the 
presence of phosphoric acid. 
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AZT of t&e derivatives were ~colontless crystalline solids, eack of which gave a 
single peak on HPLC. Tlxy are apparently stable for about 8 year, in the absenQe of 
fig&L After this w impurity peaJcs appeased in t&e &romatogmms of some of 
tkem. Derivatives of-the foIloxGng fatty acids were prepared (the indicated m&ing 
points are cQrrfxted~0): formic, m-p. 307q r& 11: 302O, ref. 12: 292O; acetic, 25g”; 
&mt>Tzc, 251”; &-butyric- 264O, ref. 12: 229”; caproic, 218”; caprylk, 170”; K- 
nonanoic, 164”; capric, 167”; lauric, 162”; m@&ic, 158”; p&nit&z, 155”; stearlc, 15P; 
arachidic, 151”; oleic, 114”; elaidi& 135”; Sinoleic @ydrm:hotide), 122” f&c; EnoItic 
(hydrocldoride), fOlQ dec; ezucic, 122”; crotonic, 131” dec.~ 

The e&x&on impact mass spectra of the derivatives are consistent with the 
expected structures. Each derivatiwz gives a strong molecular iou and, above the 
butyric derivatives, particularly prominen t ions at m/e vahxes of 245 and 232. 

These were determined essentially according to ParkeP, with reference to 
9,KMiphenylanthracene in deoxygenated methanol, fa whick the quantum yield was 
taken to be O-95- Tke reasons for the use of this value and other relevant details have 
been given beFore5, 

REZWJXS AND DISCUSSION 

Attention has been directed mostly to the phenanthximidazole series because 
it was apparent initially, from the published data available. that phenanthrimidazole 
absorbed strongly in the W”, end that it was appreciably fiuorescen P. Preliminary 
experi~llcnts showed that 9,lO-diaminophenanthrene, the diamine precursor of the 
series, was ne&ibly fiuo rescen~ and that in any ease there was no overlap between 
this ff ~OIXSCXIX~~ and that of the derivatives. Hence, any rea_eent blank directly due to 
the amine would be small. Experiments with other readily accessible imidazoles 
(benzimidazoks and naphthimidazoks) indicated that they would be inferior in these 
respxts- 

The reaction between 9,NMiarnGnophenanthrene and a fatty acid produ& a 
2-substituted phenanthrimidazoler 

The roar solubility of 9,lO+Eaminophnnthrene in the aqueous mineral 
acids often used in the preparation of imidazoles necessitates the presence: of an 
organic solvent- The technique using methyl poIyphosphate descr&& under Experi- 
mena is based on a preparative technique for benzimidazoles of Kanaoka ef ,I”. 
who employed the ethyl polyphosphate ester. However, their prepaxation of the ester, 
from diethyl ether and phosphoric oxide in re&xxing chloroform9, yields a slightly 
cdoured product that @ES higher reamt bianks than the reagents prepared in the 
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present work from t&Shy1 phosphate at room temperature, which in turn are poorer 
tkan those from trimetkyll phosphate. The similarly prepared riibutyi ester is likewise 
unsatisfactory, Above 106)” the etkyl ester slowly decomposes with the kberation of 
ethylenei6, and the butyl ester cotid decompose similarly. Presumably the methyl 
ester is more stabie, as an analogous decomposition route is not available to it. 

Hf traces of pkosgene, derived from the ckloroform used, are present in the 
poiyphospkate solution, an intense blue-green colour appears when tke diamino- 
phenantkrene is introduced, and the reagent blank increases. Hence, freshly puri&d 
chloroform is used in tke preparation of ffie p&phosphate solution. Once tke ester 
has formed, however, the solution is stabt with respect to the formation of phosgene, 
except in bright sunlight. 

Formic acid is decomposed in tke reaction_ But all of the other fatty acids and 
their derivatives, inck&ing the polyunsaturated acids, are stable. Thus, a threefold 
increase in the heating time of the reaction mixture results in no reduction in the 
ckromatographic response to tke derivatives. No intermediate products, e.g. acylated 
diamiuophenanthrenes17, are seen in the chromatograms when the reaction is not 
taken to completion. A byproduct occurs at fevels of up to abut 3 % of each deriva- 
tive and at a later point in the ckromato,oruns (tkese can be seen in Fig. 6). This peak 
is intensified, indicating tkat the reagent should be discarded, if the polyphospkate 
has been pFepaDZ!d from phosphoric oxide tkat has absorbed a significant amount of 
moisture, or a reduced ratio of phosphoric oxide to trialkyl pkospkate is used in tke 
preparation, or the polypkosphate is old (e.g., more than 6 months). The reagent will, 
however, tolerate tke presence of up to about I % water introduced with a sample. 

A variety of other mixtures including water, methanol, n-butanol, dioxan, 
toluene, metkoxyetkanol and trimetkyi phosphate, permuted with hydrochloric acid, 
phosphoric acid and polyphosphoric esters, have yielded inferior results in terms both 
of yields and reagent blanks. 

UV absorbance andjkoresceme excitation spectral ckmacterictics 
In ‘Fable I ;~e colIecteci the W absorbance peak maxima and the molar 

absorptivities in methanol of the 19 isolated derivatives detailed under Experimental. 
The corrected ff uorescence excitation spectra of tke derivatives,‘of which an example 
is skown in Fig. L, exhibit no significant differences from the absorbance spectra. 

Eeyond the acetic derivative the characteristics of tke derivatives of all of tke 
saturated acids are constant and only the means of tkese are given @able r). Provided 
tkat tke substituent derived from an unsaturated acid is not conjugated with tke 
imidazole ring, the ckaracteristics of the derivatives of tke unsaturated acids are also 
expectediy constant, as tke Table shows, and not sign&antly dif%erent from their 
saturated andogues. In the conjugated example, the crotonic derivative, considerable 
qectrai changes occur, although many similarities to the other derivatives remain- 
The absorbance of tke acetic derivative at 253.5 nm might be expected to he between 
that of the formic derivative and tke remainder in tkis region. Akhough the presence. 
of impurities could be responsible, separate preparations of tke acetic derivative, and 
repeated recrystakisations of it kave not produced a significantly kigker result. 

Results of other workers are available only for the formic derivative (phenan- 
thrimidaxole). Thes~+*~~~ are in general agreement with the present resuks. 

In highly aqueous solvents (Table IX), tke W absorbance spectra of the lower- 



TAQLE I 

IJV ABSQP.RANCkI DrLTA OF PHENANTHRIMIDAZOLE! DERIVATIVES OF SOME ALIPHATIC CARI$OXYLlC! hQlt”sS IN M~TIj&%ID~ 

Molur abscxplivlty clnta are given in pnrcnthcscs, 
..~~,-‘-*I)I~-P-^-..,T~~-~~.-..-~I.”-.--”-~-_-.-~L~~~~ 
4eru’tUrlmf ucfd 

- .“*-.-...ryr~~,-.,~ 
Wavelcrylrh o/ absorbme nrnxlrnn (tm) cmd ntokrr nbsorpllvlry 

--‘---Y~bfr~C.-~~.-..~*--~~~~~~~~-.~~ 

..c~~...--“pIc.“~W..“~ “f-C.- -CI--*rrr^r-~.“-.W 
Skmic’ 

I-v -..-e--.--*---~-?-.-,. ,.C._+.‘WI . . . . . . “-LIEIWW~.W...” 
246 ($3347) 252,5(86483) 280 (14040) 296 (8210) 319 (871) 333 (1543) 3g g’ t 

&C[lC’” 248 (t5oo78) 253.5(80749) 279 (15375) 303 (900s) 324 (1110) 338 (;1711) 
Cnx&*cOoW” 248,2(6G341) 254.8(90295) 279,8(17339) 303,5(9831) 324.5(1113) 338,8(5879) 354,5Wi4 

248 (66494) 2S5 (89394) 
1 

280 (18486) 303 (10429) 325 (1380) 338 (2125) (354. am4 
EjlnfKfic 248 (66676) 254 (908G3) 280 (17737) 303 (9979) 325 (1223) 338 (1995) WI (am) , 
&inqLcic 247 (64543) 254 (87835) 279 (17613) 303 (9571) 325 (1298) 338 (1970) 354 W3$) 
Linqlcnic 248 (63625) 254 (89307) 280 (17396) 303 (9693) 325 (1220) 338 (X953) x4 c2axq ’ 
ECllCiC lflfj (67609) 254 (91G47) 279 (17G82) 303 (9985) 325 (1294) .338 (1964 $34 <weq ; 
Cro\onic 252 (16715) 260 (61321) 2110 (15934) 306 (19603) 342 ($915) %9, WY) 
1uln-V-s --_ - 

’ Mcuns Of 3 dqterminations, 
--_l--- -CC”W~UTF.~-YI,I”,~,.~~__ 

, 

*’ Mans of 5 dqtcrmlnatione on 2 separately pmpnrcd samplcs of the dcrivativc, 8 
‘@* Mew of indivldeal dctcrminationa on doriwivca from: n4~~tyric, isobutyric, caproic, capryllc, nqor(moic, cqrlc, lyyur& myrjatlcr ~I&J&$ 

aWic wn4 arqchldic ncida. The wnvclcngth values are dlatributed with II stmdrrd doviatlon of 0.4 nm; tha standard doviatftmr of \hcra &aqt\vit@ 
vrt~~frqm 117, for the highest absorptivity, to 73 for the lowest, 8 

-* I, ‘9 
. 

, 
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,: 
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Fig. I_ comaed fluo- cxitation (f-d line) and ezxxisim (dot&d line) spectra of 2-nqenta- 
cky!p~thrimidaPle, the paIm& deritive_ at a concentration of 1 j&f in me&auol. In each 
is shown the soknt blar-k. In the nem-UV region, the excitation spectrum is shown additionally 
at a tenfold inaeazd sensitivity~ 

mokcular-weight derivatives are similar to the spectra in metbanolic solvents except 
for some peak-broadening and loss of amplitude. With the caprylic (n-Q derivative 
and above, however, the spectra become extensively broadened and weakened; and 
althou& the peak maxima are still identifiable to those in methanol, they tend to be 
red-shifted. Similar effects occur in the fluorescence excitation spectra except their 
onset is delayed to the capric-lauric (C,,-C& region_ 

Fluorescence emission spectra and quanrum yields 
Ah of the derivatives, in methanol, produce an intense blue fluorescence. The 

fluorescence emission s;?ectnun is independent of the 2-substituent on the derivatives, 
with the exception of the crotonic and formic derivatives_ These exhibit slight but 
predictable differences (Table III)_ A typical corrected spectrum is shown in Fig. 1, 
The fluorescence quantum yield (Table III) is also constant in either nitrogen-pur_4 
or aerated methanol, although sensitive to oxygen quenching_ Aeration of a deoxy- 
genated solution reduces the quantum yield, OQ average- from 0.68 to 0.31 (Table III)_ 
Even so, the ffuoresce~~ce is still relatively intense. A value of 0.35 for the quantum_ 
yield of phenanthrimidazole in ethanol has been repor&P, which is consistent with 
the value in aerated methanol given in Table III_ Whether the former value refers to 
an aerated solntion is not clear however. 

The &~orescence emited from strongly aqueous solutions @able III) is slightly 
red-shifted and usually exbiiits a single maximum, except for the bigber molecular 
weight compounds_ As the series is ascended the quantum yield falls abruptly in the 
region of the capsyk and cupric derivatives, depend&g on concentration, as the 
table shows. Beyond this golnr tile quantaxn yields are negfigiily z&cted by oxygen 
qlzcdlhg. 



TAJILO II 

UV ,ABSOpRANCE DATA OF PYlEN,~NTHaIhllIDAZOLE DERlVATIVES OF SOWE ALIPHATIC CARUOXYLIC ACIDS IN 90% (v/v) 
WATER IN METHANOL 
Mobyt nbscwptlvity data nro given in parentheses, Symo of the spectm are conccntratlon~dc~ndcnt, theao data rcfcr to solutions nt 4 phf. Shoulders 
nro iyldicntGd by s, Tho 325 nm absorption seen in methanol Is inrgcly obscured, 
-T”- .-,----,.-~-. --.---w -w..“c--,~~“- .--.--.----- 
Der(@zeJ add Wuvele/~,qtlr ofa6surbatrce tnnxln~cr (nntr) wl mlnr p6sor;ptlvi~y 
-‘)-,--- --~-,....,..-^..-.,-- ~“w”“c--~..I”c,- ..-_3..---_ 
For@c 247 (61740) 253 (79678) 280 (14612) 299 (7676) 336 (141R) 349 (1585) 
Bclq+v C, (mblc I), 

exppt formic, crotonic” 248 (61213)s 254 (75399) 279 (I 6350) 303 (7179) 342 (1314) 352 (1288) 
cap1#? (n$!,) 253 (39280) 263 (33905)s 285 (24110) 310 (18334) 342 (7283) 358 (6731) 
Non/moic 253 (28142) 266 (30576) 287 (24427) 311 (20691) 342 (gltil) 358 (7357) 
Abqw c, crablo I).’ 252.4(4”334)s 260,4(56911) 283,0(264G3) 308,0(18331) 341,4(6130) 356,9(5594) 
Crotqmic , 252 (34041)s 259 143456) 288 (12168) 304 (13727) 341 (3718) 354 (3235) 

’ The rcaults given pro the meanrm; the stnndar4 deviations of the Wflvclcn#h maxims vary from 3.4 to 0,s nm; for the molar absorptiylty vnluoa 
tho variation is from 3422 to 474, according to tho rnagnitudo of tho values. 

*“The rosulte are the means; thie atandaed dpvfgtions of tho wnvolcngih mnximrr wry from 1,9 to 0,5 nm; for the molar ubsorptivlly valuca the :’ 
variqtion is from 9312 to 2148, according to mngnitude, :‘, 



TABLE m 
FLUO-CE Ei%KSSHBN AND QUANTUM YIELD (Q) DATA OF TEE PHENAN- 
THREWDAZQLE DER3XATWES UNDER VARZOUS COND~ONS 

Me&an01 O-U-0 366.9 f 0.6 

Methanot 0.4 
90% aq. 4.0 

3823 -’ 0.7 0.683 * 0.020 0.3i4 1_ 0.017 

387 0.645 0.370 
377 0.598 0.569 

9c%aq. 0~4-4.0 384.5 f 0.5 0.549 * 0.012 0.520 * 0.015 
9O%aq. O-4 384 0.614 0.594 

4.0 387 0.240 0237 
90% aq. 4.0 B6.5 O-117 0.114 
90% aq. 0.4 387 0.223 0.207 

4.0 372” 387 O_O&? O-081 

90% aq. 4.0 370.8 * 0.9 383.6 -r_ 0.8 0.097 & 0.027 0.092 i 0.026 
!m%aq. 0.4 395 0-W O-440 

374 0.698 0.418 

**The peak is apparent in the ear&r mesnb as a skoufder, which tends to imrease in 
intensity through the series, although the trend is rather imgular. 

The Muence of varying concentrations of water on the intensity of ff uoresaznce 
from the formic and steak derivatives* chosen to represent extremes of behaviour, is 
shown in Fig. 2. In deoxygenated soft&ions the addition of water up to 30% (v/v) 
produces a slight fall in intensity of about 5% in both casts. Thereafter a sudden 
decrease in the steak derivative’s ~~orescence occurs, whereas onIy a slightly 
accelerated decrease occurs in the formic case. The behaviour of the other derivatives 
depends art the length of the side chain, with the sigmoid curve developing in the 
capric~p@ic region. As in the Epethoxycoumarin series5 it is apparent that molecular 
aggreg,ation to produce weakly fluorescent miceiks occurs in the h&her derivatives. 

In coatrrnst to deoxygenated solutions, in aerated solutions the initial effect of 
the addition of water is to produce a steadily rising fluorescence intensity, which 
eventually becomes parallel to and practically coincident with that from deoxy- 
genated solutions. Only the case of the steak derivative is illusb~ted (Fig. 2), but 
the formic and all of the other derivatives examined do likewise: the two curves 
become closely parallel in the region of 6Q % water. As the sensitivity of a fluorescence 
to quenching is dependent OEL the tifetime of the &~ore~cence, it is probable that here 
the addition of water reduces the 43~0 xtssams lifetime and, therefore, the sensitivity 
to quenching by oxygen_ 

A slight quenching efkct is exerted on the formic derivative’s ~uorescencc by 
ammonium carbonate, but the &ect is negligible on the others. Thus, the quantum 
yields of the formic, acetic and steak derivatives in deoxyvted 10% (v/v) water in 
methanol containing 0.Q1 M ammonium carbonate are found to be 0.6& 0.67 and 
0.65 reqectively. As this concentrations of water is without sigznikant e&t% (Fig. 2), 
these vakes are dkctly com~ble ti*& &e metfranol vakes in Table EL 



1x3 non-polar solvenEq e.g. cyelohexane, the shoulder present on tke long-wave 
side of the emission (Fig. i) &comes resolved_ ottterwise the generai features of the 
spectra are unchan_ged, but the quantum yields are reduced. For the formic and 
stearic derivatives the vahs found in &oxygenated cyclohexazxe are 0.31 and 0.26 
respectively. &cause aqueous metiolic solvents are ckarly to be preferred for the 
c’bromatography of this group of compounds, other mm-poIar solvents have not been 

e_xizz&&. 

The phoEoIabiity of the derivatives is relatively small, although on irradiation 
in the sample compartment of a spectrometer for 1-2 mk some changes in the fluo- 
resoznce nccu~= The effect is more pronounced in aerated sdvmts, but unlikely to be 
of d_@kance under the usuai HPLC conditions. 

Under conditions applicabk to their cbro~ogsaphy, the mraximnm moiar 
absorptivity of the phenanthSmidazoks (90143 at 2546 nm, means of 16 derivatives 
in Table I) is exceptionally big& and vktually CoiucidenE with the strong emission, 
at 254 urn, from !ow-pressure mercury lamps. For the metboxycouma&&tk maxi- 
mum absorptivity is 14502 at 322.5 nm. The mean fh~orescen ce quantum yield of the 
phetxz&!nimidazo~es is high (0.68, Tablein) and, in deo~genated soEvents, relatively 
insensitive to solvent e&c&; whereas the metho~umarins vary considefabiy, from 
0.09 to 0.4 (b&t they axe insensitive to oxygen quenching), The mean bandwidth of the 
phenaMhrimidazoI emission is 3i2O cm’L, hence the &ri.nsic$luorescen cesensitivity 
(XFSJ vat16 is X9.7. For tk ~~S&~~XWWZ%XS tkw&zG is r.fi, 



Fig_ 3 suI1IIklglljze t&e variation in capacity factor of the derivatives, on OEM- 
Hyyersi& with the water content of methimok solvents containing 0.01 M amm- 
niurn cahht&e. (In the absence of ammonium c&mm& some peak-broadening is 
evident.) The same type of variatiozz occurs in other fatty acid derivative&3~1*: 
capacity fiu2F.ms in- as the series is ascended; the n4.somer is more strongly 
stained than its branched chain isomers; retentiox~ decreases WitbaEIiXICXeaseinUn- 
saturation of a-given carboti chain; and trmrs-isomers are more strongly retained than 
&-isomers. 

k’ 

10 

I I I 
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Water X (v/v) 

Fig, 3. Variation of capacity ftior (w) OQ ODS-Hyped with varying concentration of vcater in 
rxlebamk corieaining o_oi hz ammonium cubonate. of the phrnanthrimidamk from formic (a), 
sfetic (b), isobutyric (c). n-butyric (d), crotonic (e}, capmic (r). capryiic 0. nonanoic (hi, capric (i), 
hric ci). myristic @I, Iin~o~cn~~~, linoleic (m), @aStic (II), ofeic (0). ehidic &). steak (~0, 
zmxcbidic (r). and emcic 

For the closely eluting linoleni~ and my&tic derivatives, a marked change in 
relative sekxtivity occurs as the solvent is changed, as Figs. 3 and 4 show. Ln tbe 
presence of 15% water the former derivative is slightly the more strongly retained, 
At 10% water the order is reversed, 2lthough the two are not resolved (Fig- 4); but 
as the water content is further reduced the resolution continues to increase, despite 
the reduced retention of both derivatives, Their resoiution becomes complete in the 
range l-5% water. Only the crotonic and n-butyric derivatives, out of all of &ose 
examined, remain u~~resolved und& the conditions used. 

Serzsitiv*, range d linearity 

The dts of some experiments in which varying concentrations of fatty acids 
in the methyl polyphospbate and the diaminophenantbrene reagent were used are 
summarized in Table IV. In general, the usable range is covered by a factor of IW. 
Log-log plots of peak areas against concentratior are in most cases significantly 
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greater than 1, poss~%Iy becauseesome losses occur at the lower concentration IeveIs. 
Here, the quaditks chromatographed corresp nd to picogram amounts of the 
derivatized acid- Some chromatograms from this region, for palmitic acid, are shown 
in Fig. 5. In theses the o&ale peaks due to the reagent correspond to the act& segion, 
as the gradient elution chromatograms in Fig. 6 show, and generalIy constitute no 
signifkant interference except for the acetic deriv&.ive_ Tlxe lower concentration range 
of the iatter frabk EV) is evidentiy Iimited by the reagent bia&. 

In Table N are zlso shown the results of experiments in which the recovery 
of the derivative from various acids, at an intermediate a3ncentfation level of 50 pM 

TABLE N 

LrNE4FwrY (LOG-LOG PLO-is) Ax? YIELD IN TEE FORMATlON OF PKEX~l- 
MXDAZOLES FROM SOME ALPKATE CAPSOXYiJC ACKQS 
cJ.=- limits. s.D.=standard &viations calcolatcd fmrn ‘&c rcsda of six in- 
ckQen&nt -tim_ 

COIEC. raage uf 

%I< 
3.4 -1038 
0_7&2874 
0-78-u)i 1 
1.6 -2OQO 
0-m= 
2.f -10177 
oizu-3119 
03%31x1 

9 
12 
13 
10 
14 
13 
15 
15 

No. of Linanngnrrion Yiiii*ss-D. 
poirrrs d- of atsopM 

dupe i95fG cd. (%) 

1.033 f 9.017 
1AMO f 0.024 
1.027 f O-017 
I.@+1 & o.(xt8 
2.033 f uJH3 
1.042 f 0.022 
I.001 i 0_.02O 
1.002 & O_OL3 

95.5 * 4.7 
95-7 f 4-4 
98.0 31 & 
95.5 f 28 

- mlff5.5 
97.7 5 32 
992 &4.8 
915 i15 
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Fig. 5. Chromatograms, on 25 cm ODS-Hypersil in deoxygenated 1% water in methnol (0.01 M 
zurmloaium carbonate) at 0.8 ml min- ‘, showing peaks derived from 0 (A), 8 (B). 64 (c). 256 (D), 
and EO24@)pgofpahitkacid inthei@ected(OApl)reageat. The&tiveffuoremace *etector 

scxsitivitks are: IO (A+ B, C), 3 (D), and l(E); with 25.5 nm excitation, 382 ni.n eWon, and with 
-bth b&widths at 3 mn. 

in the reagent, was determined by HPEC with reference to known amounts of the 
isolated derivative. The recovery vaIues are reproducibly in excess of 95 y0 except for 
the ?inoIenic acid, where the slightly lower recovery is at least as reproducibk as 
the others. 

S&e& eflects a& 
of their relative insensitivity to solvent effects, gradient eIution chro- 

matography of the desivatized fatty acids yields practically constant peak areas. This 
is shown in Fig. 6, where each peak is due to 0.1 pmole of each even-numbered fatty 
acid from C, to C,, with a variation in solvent composition of 30% to 1 oA water. 
The peak areas, indicated uver each peak, are disb&uted with a ~~&Ecient of variation 
of 6- L y/,. This, particularly in view of the increased running time of the chromatogram 
and consequent variation in instrumental sensitivity, is negligibly greater than most 
of the vah~es obtained from replicate measurements on the individual fatty acids 
(Tabi@ W)_ In the meffioxycuumarin derivatives of fatty acids in the range -I8 
apparently a fourfold variation in peak asea ~CGUES~. 
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-The pbenzmtbsimidazoles o@ks a bigb level of sensitity for fatty acids, e.g., 
down to the 30 femtomole 1eveI as in Fig. 5. Their .J?X &o&d enable very small 
amounts of fatty acid+xWa.i&g materials and ~xyI-substitMed dkugs, for 
instance, to be identified and determined. Against this must be set the re&irement 
*&at tbz reaction, like the metb~xycuum ar;n de3&&z&on, IEq__ t=rse+& pon- 
aq_ueous samp!es; and mol+xules caky& other functional groups, e.g- hydroxyl 
gronps,may lx.z phospfaoqlated and possibly dwdeci by the reqe~k In @is instan= 
a m&oxycoumarin derivatization might be prefmble. However, a variety of other 
imidazok-forming reactions occur under aqueous conditions, and OQ a va.ri&y of 
substrate~~; thus, other derivatives of this type cquld probably be &veIoped fairly 
?zsz+i&W_U~%k~ 
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