
-offl b *.23smIa2plst 
Else&r Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CHROM. 14,268 

INVESTIGATION OF NALKYLBENZ_4MIDES BY REVERSED-PHASE 
LIQUID CHROMATOGRAPHY 

I. ISOCRATIC ELUTION CHARACTERISTICS OF THE C,-C5 N-ALKYL- 
BENZAMIDES 

MARTHA J. M. WELLS* and C. RANDALL CLARK* 

DiGion of hfedicinai Chemistry, Department of Pharmacai Scier;ces. School of Pharmac_r, .4ubctm Uni- 
rersizy, Auburn clniversity, AL 36849 (UXA.) 
(First received May 7th. 1981; revised manuscript received August 3rd. 1981) 

SUMMARY 

The reversed-phase liquid chromatographic retention of the C,-C, N-alkyl- 
benzamides was investigated in aqueous-organic solvent mixtures. The log k’ values 
for the amides were found to increase dramatically in mobile phases of low organic 
content. This non-linear relationship of log k’ and mobile phase composition was 
observed on Cl8 bonded-phase columns from different manufacturers. Attempts to 
measure retention data in pure water were successful only for the smaller molecules of 
the series. In general, the order of elution appears to parallel the carbon content of the 
N-alkyl group while increased branching decreases retention among isomeric amides. 

INTRODUCTION 

The effect of mobile phase composition on retention is the topic of a great deal 
of current research’+. Most experimental results published to date show linear plots 
of the variation of log capacity factor (k’) with solvent composition in reversed-phase 
liquid chromatography. Using a C,, column, Karger et al_' demonstrated a linear 
plot for log li’ verszts solvent composition over the entire range of a methanol-water 
system for rz-hexanol and lz-octanol. But comparable plots for the same solutes in 
acetonitrile-water mixtures deviated from linearity at high water and high acetoni- 
trile mobile phase compositions. Snyder and co-workers2*3 have proposed that eqn. 1 
is valid over a wide range of k’ and solvent compositions: 

log k’ = log kW - sq, (1) 

* Present address: USDA Forest Service, Southern Forest Experiment Station. George W. Andrews 
Forest Sciences Laboratory, Auburn University, AL 36849, U.S.A. 
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The relationship produces a Iinear plot where k, is the capacity factor for the solute in 
pure water under isocratic conditions, 9u is the volume fraction of organic solvent B 
in the mobile phase, and S is related to the strength of pure organic solvent B. They 
imply that the curvature observed by Schcenmakers et ~1.~ in similar plots might be 
due to experimental error. 

In a recent study on the chromatographic behavior of selected barbiturates, 
alkaloids. and substituted alkyluracils on a C,, bonded-phase column in methanol- 
water mixtures, fandera et cd_’ stated that the observed deviations from linearity 
cotlld be tolerated for plots of log k’ rs. solvent composition_ They calculated a 
capacity factor for solutes in pure water by fitting a straight line to the experimentally 
measured data points- Tanaka and Thornton6 reported plots of log k’ KS. mole frac- 
tion of methanol-water sob-ent mistures for a homologus series of straight chain 
aliphatic monocarboxylic acids on a C,, column_ The plots demonstrated a slight 
curvature_ with the cumes appearing parallel over the range 0.2 d k’ d 25. Estrapo- 
lations to pure water were not attempted. Schoenmakers et ctl_& studied the retention 
of a variety of aromatic solutes in mixtures of methanol. ethanol. and wpropanol in 
wafer on a C,, column Their work suggested that a quadratic rather than a linear 
function of the eluent composition was a better fit of log k’ KS. solvent composition 
plots 

In k’ = .-f9’ t Brp f C (2) 

where 9 is the volume fraction ofthe less polar eluent. In thisequation, the coefficient 
C represents the retention va!ue for pure water (9 = 0). Schoenmakers reports that 
upon recalculation of some literature data’*‘*Y. quadratic dependencies can be dem- 
onstrated that were not recognized by the authors. But even with a quadratic func- 
tion_ some discrepancies can be seen in Schoenmakers’ results. For example, values 
for In X-’ of S-55, 7.70. and 4.53 in pure water for diethyl o-phthalate are predicted 
from da:a measured in methanol-. ethanol-. and propanol-water mixtures, respec- 
tively_ 

The vvork described here repox ts the reversed-phase chromatographic proper- 
ties of the C,-C5 N-alkylbenzamides and attempts to describe the effects of eluent 
composition on retention_ 

ESPERIhIESTAL 

The liquid chromatograph consisted of a Waters Model 6000A solvent pump. 
Model U6K injector. Model 440 ultraviolet (UV) absorbance detector. an Alltech 
Associates high-performance liquid chromatographic (HPLC) column water jacket. 
and a Hitachi recorder. UV absorbance spectra were determined on a Hitachi 60 or a 
Perk&Elmer l&lode1 200 spectrophotometer. infrared (IR) spectra were determined 
using a Beckman Acculab 6. Refractive index (RI) measurements were determined on 
an Et-ma refractometer. Constant temperature in both the HPLC column water jacket 
and the refractometer was maintained by a Haake LModel FE constant temperature 
circulator_ 
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Reagents and chemicals 

All chemicals were of reagent grade quality or better and were used as pur- 
chased without further purification. Methylamine was obtained from Matheson, Cole- 
man 22 Bell (Nor-wood, OH, U.S.A.)_ and 2-methylbutylamine from Pfaltz & Bauer 
(Stamford, CT, U.S.A.). Spectrophotometric grade methanol was obtained from 
Fisher Scientific (Fair Lawn, NJ, U.S.A.), spectrophotometric grade acetonitrile from 
Burdick & Jackson Labs. (Muskegon, MI, U.S.A.), and spectrophotometric grade 
carbon tetrachloride from J. T. Baker (Phillipsburg. NJ, U.S.A.). Sodium nitrate was 
obtained from Allied Chemicals (Morristown, NJ, U.S.A.). All other chemicals were 
purchased from Aldrich (IMilwaukee. WI, U.S.A.). Doubly distilled water was further 
purified by pumping (Waters Model 6000 solvent pump) through a column (7 cm x 2. I 
mm I.D.) dry packed with Whatman CO:PELL ODS (30-38 jtm) prior to prepara- 
tion of solvent mixtures_ 

Syrthesis of umides 
A solution of the appropriate primary amine (0.03-0.07 mole) in 35 ml of 

tetrahydrofuran was mixed with 200 ml of a 20% (wiv) solution of potassium car- 
bonate in a three-necked flask equipped with a magnetic stirrer, reflux condenser, 
addition funnel. and a heating mantle. A solution of benzoyl chloride (two-fold molar 
excess) in 35 ml of tetrahydrofuran was added dropwise. The resulting mixture was 
heated at 50°C for 3 h. The mixture was maintained at or above pH S during the 
reaction_ The solution was cooled to room temperature and extracted with chloro- 
form (3 x 100 ml)_ The extract was dried with magnesium sulfate and evaporated. 
The resulting residue was purified by recrystallization from light petroleum (b-p. 30- 
60’C)benzene or by column chromatography on silica gel (40 mesh) using a light 
petroleum-diethyl ether step gradient_ 

Mobile phase charucteristics 
The mobile phase solvent mixtures were prepared and allowed to equilibrate 

for at least 1 h before use_ The specific gravity and refractive index were measured for 
each batch of HPLC solvent mixture (methanol-water or acetonitrile-water) as a 
means of quality control_ The specific gravity of the mobile phase was determined by 
completely filling a Z-ml Kimax specific gravity bottle equipped with a thermometer. 
side arm and a side tube cap with vent. The bottle and contents were weighed ( + 0.1 
mg) at 25°C The refractometer was calibrated to a value of 1.3325 at 25’C using the 
purified water. Refractive index values of the mobile phase solutions were determined 
at 25°C. 

Ciwomatogruphic procedwes 

Two analytical HPLC columns were used in this study. A 25 cm x 4.60 mm 
I.D. Partisil ODS-2 (10 pm) column (1 H3213) was purchased from Whatman (Clif- 
ton, NJ, U.S.A.), and a 15 cm x 4.60 mm I.D. Ultrasphere ODS (5 /lrn) column 
(UE795) was obtained from Altex Scientific (Berkeley, CA, U.S.A.). In operation, the 
columns were preceded by guard columns (7 cm x 2.1 mm I.D.) dry packed with 
Whatman CO:PELL ODS (30-38 pm)_ The guard column and analytical column 
were contained inside a column jacket and maintained at 25.0 f 0.2”C by circulating 
water from a constant temperature bath through the column jacket_ The mobile 
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phase consisted of mixtures of water and methanol, or water and acetonitrile at a 
flow-rate of l-5 ml@n_ The column dead volume was taken as the elution volume for 
0.5 4 injection of an aqueous solution containing 0.3 pg of sodium nitrate. The UV 
detector was operated at 254 nm and 0.005 a.u.f.s. Sufficiently dilute samples were 
prepared to give least detectable peaks ( c 20% of scale). Capacity factors were 
calculated in the usual manner and based upon the average of at least two injections. 

RESULTS AND DISCUSSION 

Reversed-phase liquid chromatography is a very effective tool for the separa- 
tion of compounds differing only in the hydrocarbon portion of the molecule. In this 
report the isocratic elution characteristics of the C,-C, N-alkylbenzamides on C,, 
bonded phases are evaluated. The amides were prepared from the appropriate pri- 
mary amine and benzoyl chloride_ The physical characteristics of these compounds are 
listed in Table I. The IR carbonyl absorption frequencies for the amides are very 
similar as are the valaes for the wavelength of maximum UV absorption indicating 
structural and eiectronic similarity in the “benzamide” portion of the molecules. 

T-ABLE I 

PHYSIGAL PROPERTIES OF BENWMIDES 
H 0 

.-G - 
-0 \/ 

R 2lI.p. (‘Cl i__ fnr?l~ Carbond 
stretch (cm --I j 

Mxhyl 
Ethyl 
n-Propyl 
Isopropyl 
n-Bay1 
isobut!. 1 
sec.-Bury1 
rtw.-Burl 1 
n-Pentyl 
Ierr_-Pent)1 
sec.-Patty! 
Neopfxltyl 
Isopentyl 
I-Etbyipropyi 
1.2-DimetbyIprop$ 
I-Methyibutyi 

CH, 
CHJCH2 
CH,CH2CH2 
(CHACH 
CH,(CHA 
(CH&CHCH2 
CH,CH&H(CH,) 
(CHAC 
CH,(CHA 
CH,CH,C(CH,), 
CH,CH,CH2CH(CH,) 
(CH,),CCH, 
(CH,),CHCHZCH, 
(CH,CH,),CH 
(CH&CHCH(CH,) 
CH,CH2CH(CH,)CH, 

CH2CH2CH2CH2CH 

79- 81 1255 1655 
68- 70 215.5 1652 
87- 81 225.5 1650 
98-103 115.2 1650 
oil 225.5 1652 
55- 58 125.2 1655 
68- 78 225.2 I648 

I3’-13i 223.5 165s 
31- 33 125.2 1650 
91- 93 3X.0 1655 
7s 78 225.0 1650 

111-113 225.0 1658 
19- i3 2X.5 1650 
99-101 275.0 1651 
71- 75 375_0 164s 
oil 225.0 1655 

157-160 
-- - 

316_0 1650 

The logarithms of the experimentally measured values of the capacity factors 
(k’) for the amides at various mobile phase compositions are plotted in Fig. 14. The 
figures present data from two different C,, columns using acetonitrile-water and 
methanol-water eluents. Retention data were cohected at a minimum of six different 
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compositions of water-organic mobile phase for each compound_ Solvent compo- 
sitions were chosen to give a wide range of k’ values for each solute. A log k' of 2.0 or 
greater was achieved for most solutes as the maximum degree of retention. The log k’ 
values achieved on the Ultrasphere column (15 cm) are, in general, smaller than those 
attained on the Partisil column (25 cm)_ Equivalent log k’ values from the two col- 
umns represent a substantially longer analysis tune for the longer column. For ex- 
ample a log k’ of 2-O on Partisil ODS-2 requires 2.13 h of analysis time and 1.46 h on 
Ultrasphere ODS The void volume is smaller on the Ultrasphere column and the 
plate count is greater (25,700 plates per meter for Partisil ODS-2 and 48,600 plates per 
meter for Ultrasphere ODS based on measurements made in this lab when the col- 
umns were new)_ 

10 i0 30 40 50 60 70 

ment VIV.xgniC 

Fig. 1. Log k' remus solvent composition plots for N-alkylbenzamides on Par&i1 ODS-2 in 
methanol-water_ Curves: I. R = methyl- .2. R = ethyl; 3. R = isopropyl; 4, R = rz-propyi; 5, R = XC.- 
butyl; 6. R = isobutyl; 7, R = rerf.-butyl; 8. R = n-butyl; 9, R = l-ethylpropyl; 10, R = 1,2+iimethyl- 
PrOPYk 11. R = sec.-pen@: 12, R = neopentyl: 13. R = terf.-pentyl; 14. R = 2-methylbutyl; 15. R = 
isopentyl; 16. R = n-pentyi. See general structure in iable I. 

The effects of mobile phase composition on retention for the less retained 
members of the series are plotted in Figs- 5 and 6. Fig. 5 shows a plot of log k' WI-ms 
% (v/v) of the organic modifier for the compound N-methylbenzamide in acetonitrile 
and methanol-water solvent systems on the Partisil ODS-2 column. The open circles 
are for log k’ values which represent a k’ less than 25. Plotting a straight line through 
the open circles in the form of eqn. 1 and extrapolation to a totally aqueous mobile 
phase, predicts the log kI, from acetonitrile-water data to be 1.605 (k: = 40.3) with a 
correlation coefficient of -0_987_ Similarly the log A-, is calculated to be 1.858 (k, = 
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Fig. 2. Log X-- WTXLT sol\enr composition plots for N-alkylhenzamidir on Partisil ODS-2 in 

xetonitrile-wattr. Curxes: 1. R = meth>I: 1. R = ethyl: 3. R = isopropyl: 4. R = wpropyl: 5. R = MY-.- 
hurli: 6. R = rcrr.-buryI: 7. R = isohutyl; S. R = rr-hut>l: 9. R = l-eth>!prop)i; 10. R = I.?-dimethyl- 

prap>lr II, R = neopcntyl: 11_ R - wc_-pctql: 13. R = rt*rr.-pentki; 1-k R = I-meth~Ihut~1; IS. R = 
isopent_vir 16. R = qxnt~I_ See SetterA structure in Tabis I. 

72.0) with a correlation coethcient of -0-996 from methanol-\\ater data. These lines 
shotrid intersect at O”, organic modifier ( loo’!.0 Lvater). yet the error between the 
calculated intercepts is very significant in terms of the capacity factor difference 
predicted in this esampie_ The line \ms only extrapolated over a span of 10 ‘!,, in 
acetonitrile-water and 20 y, in methanol-water_ Furthermore_ the predicted values 

- - 
are vastly different from the actual measured value of log k, = 2.605 (k; = 403.3). It 
was not possible to directly measure k; values for any of the higher homofogs on this 
column since a IoS k’ of 2.60s represents an elution time of S.6 h. 

The shorter elution times obtained on the Ultrasphere ODS column permitted 
the evaluation of three of the amides in a pure water mobile phase. The curvilinear 
relationship of log k’ and solvent composition was also observed for N-methylben- 
zamide on this column (Fig. 6). Furthermore_ the retention data for the N-ethyl- and 
-isopropyibezamides produced simiiar results. Fig_ 6 shows a plot of the experimen- 
tally determined data for the three earliest eluting amides. An extrapolated linear plot 
of k’ < 25 data predicts a log k; of 1.542 (k, = 33-S) from the methanoi-water data 
points. r = - 0.994. and 1.403 (ki = 25.4). r = - 0.952, from the acetonitrile-Lvater 
data for N-methylbenz.tmide_ The measured value of log k, for this compound was 
1.957 (ki = 90.6). In this exampIe the line was extrapolated over a range of IO”/; in 
methanol-lvater and only 5 ‘%i, in acetonitrile-water. The measured capacity factors 
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Fig. 3. Log k’ WTS~L\‘ solvent composition plots for N-alkylbenzamides on tiltrasphere ODS in 
methanol-water. Curves: I. R = methyl: 2. R = ethyl: 3_ R = isopropyl: 4. R = ,I-propyl: 5. R = SW.- 
butyk 6, R = isobutvl; 7, R = rerr.-butyl; 5, R = ,z-butyl; 9, R = I-ethyipropyl: 10, R = 1,2-dimethyl- 
propyl: 11. R = sec.-pentyl; 11. R = ferr.-pentyl; 13, R = neopentyl; 14. R = l-methylbutyf; 15, R = 
isopentyl: 16. R = u-pentyl. See general structure in Table 1. 

were observed to increase dramatically at low concentrations of organic modifier. 
This is particularly striking for N-methylbenzamide in acetonitrile-water (Table II). 
Linear extrapolation of the X-’ c 25 data points for N-ethylbenzamide predicts a log 
k; of 1.862. r = -0_998, using the methanol-water data and 1.557, I- = -0-937 
using the acetonitrile-water data. The measured data produced a log I?: of 2.362 for 
N-ethylbenzamide. The same procedure predicted log & = 2.092, r = - 0.998 for N- 
isopropylbenzamide from the methanol-water data and 1.766, I’ = -0-993, from 
acetonitrile-water. Esperimentally measured data gave a log A-L of 2.601 for N-iso- 
propylbenzamide. 

Dolan ef uL3 outlined five points to consider when collecting data for the 
purpose of establishing the linearity or non-linearity of log X-’ KS. solvent composition 
plots. These are: 

(a) complete equilibration of column and mobile phase before collecting data 
(b) verification that X-’ is not a function of solute concentration, especially when 

k’ < 5 
(c) constancy of the temperature of the column and incoming mobile phase 

during collection of k’ data 
(d) use of column packings that exhibit full coverage of the silica surface by the 

bonded phase 
(e) determination of the possible error in i, and its effect on reported k’ values 

These are valid points and have been taken inio consideration while measuring the 
data presented here_ All measurements were made usin, = very dilute solutions which 
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Fig. 4 Log Ii’ W~SU.S solvent Composition piots for N-alkylbenzamides on Ultrasphere ODS in 
aeetonitrile-water. Curves: 1. R = methyl: 2. R = ethyl; 3. R = isopropyl: 4. R = n-propyl; 5. R = SK.- 
butpI; 6. R = rcrr.-butyl: 7. R = kobutyl; 8. R = II-but>]; 9. R = l-ethylpropgI; IO_ R = I_z-dimethyI_ 
PropyI: II. R = rrrr.-pentyi; 12. R = xc.-pentyi; 13. R = neopentyl: 14. R = 2-methglbutyl; I5_ R = 
isopent>l: !6. R = n-pentyf. See general structure in Table I_ 

save peaks < 20 “/, of full scale at 0.005 a.u.f_s_ Because of the controversy surround- 
ing the linearity IX non-linearity of log k’ VS. organic modifier plots, the effect of 
concentration on the iog k’ values measured at high concentrations of water in the 
mobile phase was investigated. On the Ultrasphere ODS column, the following per- 
centage variations were found for i\i’-methylbenzamide between the most dilute injec- 
tion detxtable and an injection representing 25 times that concentration: O-9 “/;, vari- 

ation at 107; methanol; 0.27: variation at 5 y,; methanol; O_ 1% variation at 2.5 7; 
acctonitriler 2.2 T,; variation at O-5 :!< aceronitrile (for S-3 times the concentration); 
and O-6 p;, variation in pure water_ If the values obtained at the higher concentration 

were plotted in Fig. 6 the difference made in the curve would hardly be noticeable_ 
This information provides verification that the curvature observed in Fig. 5 and 6 
does not result from concentration dependence_ A measurement of the void volume 
\vas made for each chromatographic run using sodium nitrate without background 
electrolyte- This procedure actually determines the interstitial column volume’ which 
is related to the true column void volume through a constant. Periodic measurements 
using sodium nitrate with background electrolyte (0.1 11f phosphate buffer. pH 6.9 1) 
produccxi the true column void volume- The resulting void volume is higher than that 
measured without background electrolyte due to the electrochemical exclusion of 
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Fig. 5. Log k’ versus solvent composition plots for N-methylbenzamide on Partisil ODS-2. ACN = 
Acetonitrile: MeOH = methanol. 

60 50 40 30 20 10 0 lo 20 30 40 50 60 
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Fig. 6. Log k’ w~su_s solvent composition plots for N-alkylbenzamides 
R = methyl; 2. R = ethyl; 3_ R = isopropyl_ 

on tiltrasphere ODS. Cul-ves : 1. 

TABLE I1 

RETENTION DATA FOR N-METHYLBENZAMIDE IN LOW ACETONITRILE CONCENTRA- 
TIONS 

cuhln AceronirriIe k’ 

(7;. v/I’) 

log k’ Rerention 

rime (II) 

Partisil ODS-2 1.0 178.1 7 ‘51 __- 3.s 
0.5 251.2 2.400 5.3 

0.0 405.5 2.608 5.6 

Ultrasphere ODS 1.0 55.1 1.741 0.s 
OS 70.3 1.857 1.0 
0.0 90.6 1.957 1.3 
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sodium nitrate from the pore structure of the silica particle in the absence of 
background electrolyte lo Using either method for measuring the column void - 
volume produces no more than a 3% variation in calculated k’ vaIues in the non- 
linear portion of the log k’ KS_ solvent composition plots and cannot account for the 
non-linearity of these plots. The similarities in the overall appearance of Figs. 5 and 6 
is important to note. A linear model (eqn. 1) obviously does not suffice to explain the 
observed retention data, and efforts to improve this by using a quadratic mode1 (eqn. 
2) also proved futile_ 

The complete resolution of all sixteen benzamides studied was not obtained 
under isocratic conditions. The most efficient separation was obtained using the 
Ultrasphere ODS column with a methanol-water eluent (Fig_ 7)_ Only peak 12 con- 
tained a mixture of two unresolved compounds, N-rerr.-pentyl- and N-neopentylben- 
zamide. Solvent programming work was not attempted in this study. These results as 
we11 as Figs. 13 tend to point out relationships between structural features and 
elution order_ In general. retention increases with the size of the N-alkyl group and 
chain branching reduces retention among isomers- 

Fig_ i. Reversed-phase isocratic eIution of the C,-Cs N-aikylbeozamidcs on WtrJsphere ODS in 
methanoI-water (4555). Peaks: I. R = methy!; 1. R = ethyl; 3. R = isopropyl; 4. R = n-propyl; 5, R = 
we.-buryI: 6. R = isobutyl: 7. R = rerr_-butyl; 5. R = n-butyl; 9, R = I_ethy]propyl; 10. R = I.?- 
dimethyipropyt; 1 I. R = sec.-pentyl; 12. R = neopentyl and R = wrr.-penryl; 13, R = l-methylbutyl; 14. 
R = isopcnryl; ‘5. R = n-pentyi. See general stmcture in T&le 1. 
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