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SUMMARY 

The chromatographic behavior of n-alkadienes was studied by high-perform- 
ance liquid chromatography on a silver nitrate-coated silica column and by gas chro- 
matography on a non-polar capillary column. The retentions of 89 synthetic Z,Z and 
E,Z diene standards, of 18-3X carbons, were determined. Multiple regression models 
for retention were developed for both columns, based on double-bond configura- 
tions, sizes of the terminal alkyl groups, and the numbers of carbons between double 
bonds. The use of these chromatographic columns in the analysis of complex mixtures 
of dienes from natural sources is discussed. 

INTRODUCTION 

n-Alkadienes (throughout the article, simply “dienes”) have been detected in 
the cuticular hydrocarbons of numerous arthropod species. It has been of interest to 
determine diene structures because these compounds have pheromonal activity in 
some species1,2 and because they may provide useful chemotaxonomic characters3. 
Yet the structural analysis of dienes can be difficult because complicated mixtures of 
isomers are possible within any length of carbon chain. The intractability of the 
dienes of honey bees, Apis mellifi’ra, has probably been due to such mixtures4. A 
similar situation existed with Sitc$zi2us weevils5. Whenever more than one isomer 
occurred for a carbon chain length, unequivocal structure determination was very 
difficult. 

High-performance liquid chromatography (HPLC) on a silver nitrate-coated 
silica column (AgN03 column) is a powerful tool for resolving diene mixtures. Heath 
and co-workers6,7 and Heath and Sonnet* described the preparation and properties 
of these columns. Although originally intended for the separation of geometrical 
isomers, AgN03 columns are also capable of separating positional isomers, as 
demonstrated by Heath and Sonnets for alkenes. We noted empirically that an 
AgN03 column would resolve the diene mixture from the fruit fly, Drosophila virilis, 
and through the use of this column, over 100 dienes, including 20 different penta- 
triacontadienes, were eventually identified9. In the present study, the separation char- 
acteristics of an AgN03 column were investigated more systematically, using syn- 
thetic diene standards. 
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Capillary gas chromatography (GC) is also a useful method in the analysis of 
dienes, both for confirmation of purity and for structural information. As with al- 
keneslO,ll, the GC retentions of dienes depend on the positions and configurations 
of the double bonds. Sojak et al. ** investigated the retentions of dienes with 8-10 
carbons. Our study considers longer dienes, more typical of those found in arthropod 

cuticles. 
For both the capillary GC and AgN03 HPLC columns, empirical multiple 

regression models were developed which related retention to diene structure. Predic- 
tive models had been presented previously for alkenes (e.g., Papazova and Dimov13) 
and for alkanes (e.g., Lombosi et d.14). 

MATERIALS 

Synthetic dienes 
An abbreviated notation for diene names is used here; thus (Z,Z)-8,18-hep- 

tacosadiene is written as Z,Z-8,18-27. Chromatographic properties are discussed be- 
low in terms of the “middle” and “terminal” sections of the dienes. For example, 

Z,Z-8,18-27, with the structure, Cs 2 C 
z 

i0 = C9, has a middle section of ten carbons, 
and terminal sections of eight and nine carbons. 

Seventy-two dienes with 18 38 carbons were synthesized for this study, and 17 
additional dienes were available from other projects (Table I). Middle section sizes 
were 3,4,6, 8, 10 and 12 carbons. Most of the standards were symmetrical, or nearly 
symmetrical, with respect to double bond position (the two terminal sections having 
similar numbers of carbons), but some strongly asymmetrical dienes were also pre- 
pared, primarily with middle sections of 6 and 12 carbons. The Z,Z dienes were of 
greatest interest because the reported, naturally occurring compounds have had this 
configuration, but small amounts of E,Z isomers were unavoidably produced during 
synthesis, and the chromatographic properties of these were studied also. 

The dienes were prepared by a Wittig synthesis, generally following Sonnet’s1 5 
method for alkenes. Differences from his procedure were that the alkyltriphenyl- 
phosphonium salts were prepared from z,w-dibromoalkanes -to allow for double- 
bond formation on both ends - and that the equivalents of other reactants (butyl- 
lithium and aldehyde) were doubled correspondingly. For symmetrical dienes, only 
one aldehyde was added to the reaction mixture. For asymmetrical dienes, equimolar 
amounts of the two appropriate aldehydes were added simultaneously. In these cases, 
two symmetrical dienes were also formed, one shorter and one longer than the desired 
asymmetrical diene. The molar ratios of products were cu. 2: 1: 1 in favor of the asym- 
metrical diene. Dimethylsulfoxide was used as a cosolvent to enhance the formation 
of Z double bonds. After workup 15. the dienes were passed through a column of 
silicic acid with hexane to remove polar by-products. Analysis by GC showed that 
the expected carbon chain lengths were always produced. These dienes, containing 
the Z,Z, E,Z, and traces of E,E isomers (as well as several chain lengths, in the cases 
of asymmetrical dienes), were used without further purification for HPLC analysis. 

High-performance liquid chromatography 
HPLC was conducted using a Waters Assoc. M6000 pump and 401 differential 
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TABLE I 

SYNTHETIC DIENES AND THEIR CHROMATOGRAPHIC RETENTIONS ON THE AgNO, 

HPLC COLUMN AND THE CAPILLARY GC COLUMN 

Dirnr Relative Mention 
on AgNOJ HPLC wlumn* 

Z,Z diene E,Z diene 

7,l I-18 2.24 

4.16-20 1.17 

2,14-20 1.33 

5,15-20 1.42 

6.14-20 1.71 

7.13-20 1.83 

4,1O-20 1.87 

8.12-20 1.84 

9,12-21 2.82 
4,14-23 1.32 

6,18-24 0.91 

9,12-24 2.40 

6,16-25 1.15 

7,19-26 0.82 

4,16-26 0.85 
818-26 1.05 
7,17-26 1.06 

10,16-26 1.40 
7,13-26 1.47 
4.10-26 1.72 

11,15-26 1.38 
X.18-27 1 .oo 
7.11-27 1.58 
12,15-27 2.19 

9.19-28 0.96 
9.19-29 0.92 

9.19-30 0.89 
9.19-31 0.86 
IO,22-32 0.65 
7.19-32 0.67 
4,16-32 0.75 

11,21-32 0.80 
9,19-32 0.83 

12,20-32 1.16 
1X19-32 I .22 
10.16-32 1.25 
14,18-32 1.17 

9,19-33 0.81 
9,19-34 0.79 
9.19-3.5 0.77 
9,1Y-36 0.76 
16.20-36 1.14 
9,1Y-37 0.75 
13.25-38 0.56 
16,22-38 1.10 
-- 

1.23 

0.49 
0.53 

0.55 

0.67 
0.67 

0.70 
1.05 

0.43 
0.51 

0.39 

0.38 
_ 

0.36 

0.37 
0.44 

0.42 

0.53 

0.55 

0.61 
0.79 

0.40 
0.93 

0.34 
_ 

_ 

- 

0.27 

0.29 
0.32 

0.35 
_ 

0.46 
0.45 

0.46 
0.70 

- 

_ 

0.71 
- 

0.25 

0.40 

ECL OR cupillarj 

GC column 

Z,Z diene E,Z diene 

17.62 
19.86 

20.00 
19.72 

14.61 

19.55 
19.66 

19.54 

20.54 
22.64 

23.65 
23.49 

24.53 

25.57 

25.65 
25.49 

25.50 
25.39 

25.47 

25.68 
25.43 

26.47 

26.55 

26.43 

27.44 
28.43 

29.40 

30.40 

31.45 

31.48 
31.62 

31.37 
31.41 

31.34 
31.37 

31.38 
31.41 

32.40 

33.40 

34.41 
35.42 

35.40 

36.42 

37.38 

37.35 

17.64 
19.82 

19.83, 20.00** 

19.73 

19.66 
19.62 

19.64. 19.74 
19.58 

20.68 

22.60 
23.66 

23.65. 23.65 
- 

25.61 

25.58, 25.72 
25.54 
25.54 

25.50 

25.52. 25.58 

25.62, 25.76 
25.48 
26.53 

26.55, 26.58 

26.61 
- 
_ 

- 

31.50 

31.48, 31.56 
31.54, 31.73 

31.46 

31.43 
31.47 

31.50. 31.50 
31.43 
- 

_ 

- 

35.43 
_ 

37.45 

31.48 
--- ---_ 

* Relative retention, A. is the ratio of the capacity factor for the diene to that of the internal 
standard, Z,Z-8,18-27. 

** When two ECLs are listed, the second refers to the Z,E isomer. On the AgN03 column, the E,Z 
and Z,E isomers did not separate. 
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refractometer detector and a Valco injector. The Adsorbospherea silica column (25 
cm x 4.6 mm I.D., with 5 ,um particle size, Applied Science, Deerfield, IL, U.S.A.) 
was coated in situ with silver nitrate as described by Heath and Sonnet*. The solvent 
was 25% (v/v) toluene in hexane and was delivered at 1 ml/min. The solvents were 
HPLC grade. The column had been used ca. 50 h before the present study. 

One practical difficulty was detector insensitivity. Although IO-mg diene sam- 
ples were always detected by the refractometer, this amount overloaded the column, 
causing broad peaks which tailed severely. With samples of 200 pg or less, recorder 
peaks were symmetrical (efficiency was 200&4000 theoretical plates at a capacity 
factor, k’, of 2.5) but peaks were seen only for the larger dienes (over 30 carbons). 
In this study the sample sizes were kept small ( < 200 pg/diene), and the effluent was 
collected in up to eighty 0.4-ml fractions, to be quantitated later by GC. 

Quantitation of dienes in the HPLC fractions was done on a non-polar, packed 
GC column (3% Dexsil 300 on lOOjl20 Chromosorb WHP, 2 m x 2 mm I.D. glass 
column). The gas chromatograph was a Varian 3700, equipped with flame ionization 
detector and interfaced to a Hewlett Packard 3380A integrator. The carrier gas was 
helium. Quantitation was always relative to an internal GC standard, either Z-1 l-22 
or Z-l l-24, chosen so as not to interfere with the dienes in the samples. Although 
the HPLC fractions were collected every 0.4 ml, it was desirable to estimate the 
retention volume at least to the nearest 0.1 ml. It was possible to do this since a diene 
usually occurred in three or more consecutive HPLC fractions. The amounts in these 
fractions determined a Gaussian curve, from which the retention volume at the peak 
apex was obtained. 

Each diene (Table I) was analyzed at least twice by HPLC. An internal stan- 
dard, usually Z,Z-8,18-27, was included in each run so that relative retentions could 
be calculated. When a 27-carbon dicne was being analyzed, the standard was Z,Z- 
7,17-26. The E,Z isomer of every diene eluted before the Z,Z isomer. The Z.Z dienes 
were recognized by their relatively greater amounts (being produced preferentially in 
the synthesis) and by spot checks of infrared spectra (Z,Z-dienes do not produce a 
peak at 970 cm- ‘). 

Capacity factors, k’. were calculated for the dienes [k’ = (I’, - V&/V,, where 
VR is the retention volume of the sample and V, is the retention of an unretained 
solute, here 3.2 ml]. For Z,Z-X,18-27, k’ had a mean of 2.6, with a standard deviation 
of 10%. The reasons for fluctuations in k’ were unknown, but column temperature 
was not controlled, (the ambient laboratory temperature varied between 25 and 
3O”C), and slight variability among batches of solvent was possible. Nevertheless, by 
expressing the retentions of all dienes relative to the internal standard, Z,Z-8,18-27, 
the variability was reduced considerably. In this study, the relative retention, A, was 
the ratio of the capacity factor of the diene of interest to that of the internal standard. 
For dienes retained longer than Z,Z-8,18-27, A was equal to X, the separation factor; 
for those retained less than Z,Z-X,18-27, A = l/x, since by definition, LX is never less 
than unity. The standard deviation of the relative retentions, A, was estimated from 
replicated analyses to be 4.4% [120 df (= degrees of freedom)]. A portion of this 
variability was undoubtedly due to the difficulty of determining the exact HPLC 
retentions of dienes. 
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Cupillary gas chromutography 
The HPLC fractions containing the Z,Z or E,Z dienes were further analyzed 

on a Durabond@ DB-1 capillary column (30 m x 0.25 mm I.D., 0.25 pm film thick- 
ness). The column was installed in a Varian 3700 gas chromatograph, equipped with 
a Varian universal capillary injector and flame ionization detector. The helium pres- 
sure was 1.4 kg/cm2 at the injector. The temperature program was 150-310°C at 
S’C/min. The amount of each diene injected per run was 50 ng or less. n-Alkane 
standards (16-38 carbons) were always coinjected with the diene samples, and equiv- 
alent chain lengths (ECLs) were calculated by linear interpolation (ECL = Kovats 
Index/loo). The ECL of each diene was determined at least twice. 

For most asymmetrical dienes (those for which the two terminal sections had 
different numbers of carbons), the E,Z and Z,E isomers were separable by GC. The 
assignments as to which peak represented which isomer were based upon results for 
the symmetrical dienes (E,Z and Z,Z). For each pair of E,Z and Z,E isomers, the 
structure with the E double bond nearer the middle of the chain was assigned to the 
later GC peak. The structure-retention relationships derived from regression analysis 
supported these assignments completely. 

Regression analysis 
Multiple regression analysis was used to develop empirical relationships be- 

tween chromatographic retention and structural features of Z,Z and E,Z dienes. For 
both the HPLC and GC columns, the retention model took the same general form. 

For a Z,Z diene, with the structural representation, Ci 2 Cj z Ck, the regression model 
was Y = Tz,i + Mzz,j + TZ,k. (ln both the structure and the model, j, i, and k 
represent the numbers of carbons in the middle and two terminal sections of the 

diene.) Similarly, for an E,Z diene, Ci’ Cj’ Ck, the model was Y = TE,i + MEz,j 
+ T,,,. In the models, Y represents chromatographic retention, and T and M are 
parameters estimated by regression techniques. For either type of column, the value 
of M depended only on the number of carbon atoms,& in the middle section of the 
diene and on the configurations of the adjacent double bonds (hence, the subscripts 
in the models). Likewise, each T parameter depended only on the number of carbons 
in the terminal section (i or k) and on the configuration of the associated double 
bond, 

The dependent variable, Y, took different forms for HPLC and CC. For 
HPLC, Y = log A, where the relative retention, A, was the ratio of the capacity 
factor for the diene to that for the internal standard. The logarithmic form of the 
ratio was more amenable to linear modeling. For GC, Y= dECL, where dECL= 

ECLdiene - ECLn-alkane, the diene and n-alkane having the same number of carbons. 
Since the ECL of an n-alkane is, by definition, equal to the number of carbons it 
possesses, dECL = ECLdi,ne - (number of carbons in diene). This measure of GC 
retention was chosen because the decimal portion of the ECL contains the key in- 
formation about double bond location. 

The terminal-section parameters, T, and the middle-section parameters, M, 
were estimated by computer, using a multiple regression program. The data matrix 
included “dummy” variables16, which were used to code for the presence (1) or 
absence (0) of the possible section sizes, adjacent to Z or E double bonds, in the 
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diene structures. For symmetrical Z,Z dienes, the code for the (identical) terminal 
sections was 2. 

The additional constraints needed to fully det.ermine the parameters, T and M, 
were: (1) T,,, took the same values for Z,Z dienes and E,Z dienes and (2) Mzz,r2 = 
M EZ,12 = 0. In effect, the latter constraints specified how the “intercept” term gen- 
erated by regression calculations was distributed among the T and M parameters. 
Any other comparable constraint would have led to identical fitted values for reten- 
tions, but we chose to interpret M as an “interaction” between double bonds, which 
was (arbitrarily) set at zero when the double bonds were separated as far as possible 
0’ = 12). 

RESULTS 

Experimental data 
The HPLC and GC retention data for the standard dienes are given in Table 

I. The relative retentions on the AgN03 column ranged from 0.25 x to 2.82 x the 
retention of the internal standard. That the E,Z dienes always eluted before the 
corresponding Z,Z dienes is obvious in Table I, but considerable differences in re- 
tention also occurred due to double bond location. No separation was observed 
between the E,Z and Z,E isomers of asymmetrical dienes. The individual HPLC 
fractions containing these had nearly equal amounts of E,Z and Z,E isomers, by 
capillary GC. Thus in Table I, the retentions for asymmetrical E,Z isomers apply to 
the Z,E isomers as well. 

On the capillary GC column, the ECLs of the dienes ranged from 0.66 to 0.00 
less than the corresponding n-alkanes. This variability indicated a large amount of 
structural information in the retentions, but the contributions of double-bond con- 
figuration and location to retention were not obvious from Table I. These contri- 
butions were evaluated by multiple regression analysis. 

Regression analysis for AgN03 HPLC 
The variability in retention on the AgN03 column was “explained” very well 

by the multiple regression model. R2 for the Z,Z dienes was 0.987 and for the E,Z 
dienes, 0.980. Residual analysis indicated the variance was fairly homogenous 
throughout the data set, and no dienes were outliers from the model. The mean 
residual variability from the regression model amounted to 4.8% for any relative 
retention, A. The variability due to the chromatographic technique, obtained from 
replicated runs, was 4.4%. Thus the terminal- and middle-section terms accounted 
for virtually all of the variability in the data beyond that due to technique. Implicit 
in the model is the absence of interactions among the three diene sections; each exerts 
its effect independently. Furthermore, the section effects do not depend on overall 
chain length. 

Since logarithms of relative retentions are not intuitively meaningful, the model 
was converted to its multiplicative form for presentation: A = tz,i - i'?'lzz,j f t&k Or 

A E tE,i ' mEZ.j fZ,_ where T = log t and M = log m. The factors for predicting 
relative retentions of dienes are listed in Table II. The relative retention, A, of a diene 
is estimated by multiplying the middle-section factor and the two terminal-section 
factors corresponding to the configuration and double bond locations of the diene. 
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TABLE IT 

PREDICTION MODELS FOR CHROMATOGRAPHIC RETENTION OF DIENES 

Form of predirtion models 

Diene type AgN& HPLC Capillary GC 

C,ZC,Z_c,, A = tz,i ~2,~ IZ,X ECL = Tz,i + M,,,, + 

T,.k 

C,k,k~ 

+ (number of carbons) 

A = tEsi mLZ,j tz,r ECL = T,,, + A4Ez,j + 
r 2.t 
+ (number of carbons) 

~~ 

Middle-section parameters 

Middle- 
.secrion 
size 
(rarhonsj 

GC terms 

MZZ.i 

j= 3 3.86 I .35 0.065 0.165 

4 2.46 3.37 0.030 0.015 

6 2.24 1.90 -0.010 0.035 

8 1.95 1.80 - 0.030 -0.005 

10 1.39 1.33 -0.020 -0.005 

12 1.00 1 .oo 0.000 0.000 

Terminal-seclion parameters 

Terminal- AgN03 factors GC terms 
section 
size tz,i, t&k 

* t * 
E:,I Tz.i, Tz,, T&i 

(carbons) 
~~ 

i.k = 2 1.39 0.56 0.180 0.010 
4 1.09 0.46 -0.065 -0.1 I5 
5 1.01 0.41 m-O.130 ~~0.135 

6 0.95 0.39 -0.180 -0.170 

7 0.92 0.39 -0.215 -0.195 

8 0.87 0.37 - 0.245 -0.200 

9 0.84 0.35 -0.265 -0.205 

10 0.80 0.34 -0.290 -0.230 

II 0.76 0.32 ~ 0.305 -0.230 

12 0.76 0.33 -d.315 - 0.240 

13 0.73 0.32 -0.310 - 0.245 

14 0.69 0.30 -0.315 -0.250 
15 0.68 _ -0.315 _ 

16 0.69 0.30 -0.305 -0.220 
17 0.65 _ -0.305 _ 

IX 0.65 -0.290 - 
_ 

* For symmetrical Z.Z dienes, i = k, and the same terminal-section parameter is used twice. 
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AgN03 HPLC CAPILLARY GC 

1, (,,,,,,,,)(,,,, J, ,,,,,,, r ,,,/,,, 
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 

NUMBER OF C*RBONS f6.k) NUMBER OF C*RBONS il.kl 

Fig. 1, Dependence of parameters on the numbers of carbons in the diene sections. In the retention model 

for AgNO, HPLC. the middle- and terminal-section factors were IM and t, respectively, the subscripts 

denoting double-bond configuration and number of carbons. The axes for the factors are logarithmic; 
thus the relationships among these parameters appear as in the original linear model. In the model for 
capillary GC. middle- and terminal-section terms were M and T, respectively. 

Thus for E,Z-5,15-20, the terminal-section factor for the E end (5 carbons) is 0.41, 
the middle-section factor (10 carbons) is 1.33, and the terminal-section factor for the 
2 end (5 carbons) is 1.01, making the prediction 0.55. The observed retention was 
0.55 (Table I). The maximum standard error of prediction within the data set was 
7%; thus few predictions in error by more than 14% would be expected. 

Obviously, our internal standard (Z,Z-8,18-27), to which all the relative reten- 
tions were calculated, is of no general interest, but the ratio of any two calculated 
relative retentions gives the predicted separation factor, ~1, for the two chosen dienes. 
The table provides a way of predicting the separation factor for any pair of dienes 
within the scope of the study. 

The influence of structural features on retention is summarized in Fig. 1. For 
Z,Z dienes, retention increased dramatically as the middle section decreased in size. 
The same trend was noted for E,Z dienes except that for a middle section with 3 
carbons, the effect was far below the trend set by the other middle-section sizes, for 
unknown reasons. 

The sizes of the terminal sections also affected retention. For both the E,Z and 
Z,Z dienes, retention decreased as the sizes of the terminal sections increased (Fig. 
1). In the figure, the overall separation between Z,Z and E,Z dienes was reflected 
primarily in the difference between t z,i and tE,i, since the same tZ,k were used in both 
models and middle-section factors, mzz,j and mEz,j, were constrained to be equal for 
j = 12 carbons. The curves for tZ and tE were essentially parallel (Fig. l), which must 
be true if the E,Z and Z,E isomers of asymmetrical dienes do not separate. However, 
the curvature in these plots did indicate a tendency for asymmetrical dienes to be 
retained longer than symmetrical ones, for a given chain length, middle-section size, 
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and double bond configuration. For example, Z,Z-4,10-26 was retained longer than 
2,2-l 0,16-26 (relative retentions were 1.72 and 1.40, respectively, Table I). The E,Z 

isomers showed the same trend, with retentions of 0.61 and 0.53, respectively. 

Regression analysis for capillary GC 
The GC retentions (ECLs) were also strongly related to StrUCtUrd featUreS 

through the regression model. The R* values were 0.992 and 0.966 for the Z,Z and 
E,Z dimes, respectively. The root-mean-square errors from the regressions were 
0.013 and 0.015 ECL units, respectively, which were only slightly larger than the 
“technique” error of 0.010 ECL units, calculated from replicated runs on the samples. 
The estimated values for the parameters are listed in Table II, and these may be used 
to predict the ECLs of dienes. The standard error of prediction was no larger than 
0.016 ECL units, within the data set; thus deviations of more than 0.03 ECL units 
between prediction and experiment were “unusual”. 

The regression residuals for asymmetrical dienes with both double bonds close 
to one end of the molecule tended to be larger than for the symmetrical dienes. In 
fact, Z,Z-4,10-26 was an “outlier” from the regression model, with a predicted ECL 
of 25.62, but a measured ECL of 25.68. Our standards did not include many highly 
asymmetrical dienes, and more complicated models may be needed when both double 
bonds are near one end. One other diene, E,Z-16,20-36, was an outlier from the 
regression model. Its fitted ECL was 35.49, but the experimental value was 35.43. 
This error may be due in part to the estimate of tE,16 being inaccurate, because it 
depended heavily on the highly asymmetrical dienes, Z&7,1 l-27 and Z&4,10-26. 

The effects on ECL of various terminal-section sizes are shown in Fig. 1. For 
Z,Z dienes, the terminal-section parameters decreased rapidly as the carbon number 
increased from 2 to 10, but then changed relatively little with further increases in 
carbon number. The parameters for terminal sections adjacent to E double bonds 
showed a similar trend with change in carbon number, but the overall range was 
smaller. The Z and E curves crossed when the terminal section contained i = 5 
carbons. When terminal sections contained fewer than 5 carbons, the Z,Z isomers 
tended to be retained longer than the E,Z isomers, but when the terminal sections 
had more than 5 carbons, the E,Z isomers tended to be retained longer, whenever 
the middle-section terms, Mzz,j and MEZ,j, were similar. Thus Z,Z-4,16-20 was re- 
tained longer than E,Z-4,16-20, but Z,Z-10,22-32 eluted more quickly than E,Z- 
10,22-32 (Table I}. Heath et a1.l l observed an analogous reversal in the elution order 
of E and Z alkenes at the 5 double-bond position on a GC column of similar polarity 
(SP-2100). 

As with the AgN03 parameters, the curvature in the plots of terminal-section 
parameters (Fig. 1) reflected the tendency for an asymmetrical diene to be retained 
longer than the symmetrical counterpart, given a constant chain length, middle-sec- 
tion size, and configuration of double bonds. This trend is seen in Table I. Since the 
plots for the Z and E end lengths are not parallel, the E,Z and Z,E isomers of the 
asymmetrical dienes would be expected to have different ECLs, and these isomers 
were usually separable on the DB-1 column. This situation contrasted with the 
AgN03 column, on which the E,Z and Z,E isomers eluted together. 

Compared to the terminal-section parameters, middle-section parameters had 
relatively little impact on predicted ECLs except for E,Z dienes with a spacing of 
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j = 3 carbons (Fig. 1). As on the AgN03 column, these dienes departed markedly 
from the trend established by the other middle-section sizes. 

DISCUSSION 

The silver nitrate-coated HPLC column is a powerful tool for the analysis of 
diene mixtures from biological sources. For any carbon chain length within the range 
of this study, the AgNOJ column separates dienes primarily on the size of the middle 
section and on double bond configuration. Separation by overall carbon chain length 
is easily achieved by another tool, preparative GC. By applying both methods con- 
secutively, a complex diene mixture can be resolved into fractions, each of which will 
be fairly homogeneous with respect to double bond configuration, distance between 
double bonds, and carbon chain length. 0zonolysis17 of these samples will lead to 
unambiguous determination of double bond location, even when a mixture of ter- 
minal-section sizes is present in the sample. If the carbon chain length and middle- 
section size are fixed, then the end pieces have to correspond in pairs to specific 
structures. 

Although the AgN03 HPLC columns have not been commercially available, 
they can be prepared from a readily obtained silica column by using the in situ coating 
procedure described by Heath and Sonnet 8. We have found such a column to give 
efficient and predictable separations of dienes. We have also noted, however, that the 
retentions of particular standards have gradually decreased over the life of the col- 
umn. For that reason we have expressed our results as relative retentions. We do not 
know whether the relationships among the dienes would be the same on AgN03 
columns prepared by a different method or even on the same column over time. We 
strongly recommend the use of standards to determine the properties of individual 
columns at the time of the diene analysis. Although the standards cannot generally 
be purchased, they are easily prepared as described above, and can be purified readily 
by preparative GC and AgN03 HPLC. 

The capillary GC column is useful to check the purity and homogeneity of the 
collected fractions and gives information about the different “terminal-section” iso- 
mers in each HPLC fraction. Short terminal sections cause dramatic shifts in GC 
retention, so compounds with these are readily detected. This fact complements the 
ozonolysis procedure, because the smaller aldehydes are sometimes lost in handling 
or become obscured by the GC solvent front. 

The dienes isolated from natural sources can not be expected to have structures 
included in the standards in this study, but the prediction model for ECL developed 
from our standards should work reasonably well for any dienes of ca. 18-38 carbons 
for which the asymmetry of double bond location is not too great. Additional re- 
search will be needed to assess the effects of terminal double bonds, conjugated 
double bonds, and highly asymmetrical systems, which were beyond the scope of the 
present study. 

ACKNOWLEDGEMENTS 

We are grateful to Mr. Paul Swedenborg, Department of Entomology, Uni- 
versity of Minnesota, for suggestions on the synthesis of the diene standards. This 



CHROMATOGRAPHY OF n-ALKADIENES 
37 

research was supported by NSF grant PCM-8208393. This is paper number J-1827 
in the Montana Agricultural Experiment Station Scientific Journal Series. 

REFERENCES 

I J.-M. Jallon, E&V. Gmet., 14 (1984) 441. 
2 R. J. Bartelt. R. L. Jones and II. M. Kulman. J. Chew I?& 8 (1982) 95. 
3 D, A. Carlson and A. B, Bolten, Bull. Entomol. Sot. Am., 30 (1984) 32. 
4 G. J. Blomquist. R. W. Howard. C. A. McDaniel, S. Remaley, L. A. Dwyer and D. R. Nelson, .f. 

Chem. Ecol., 6 (1980) 257. 
5 D. R. Nelson. C. L. Fatland and J. E. Baker, Insect Biochem., 14 (1984) 435. 
6 R. R. Heath. J, H. Tumlinson, R. E. Doolittle and J. H. Duncan. J. Chromatogr. Sci., 15 (1977) 10. 

7 R. R, Heath, J. H. Tumlinson, R. E. Doolittle and A. T. Proveaux, J. Chromawgr. Sci., 13 (1975) 
380. 

8 R. R. Heath and P. E. Sonnet. J. Liq. Chromatogr., 3 (1980) 1129. 

9 L. L. Jackson and R. J. Bartelt. Insec,r Biochem., 16 (1986) 433. 
10 L. Sojak, J. Krupi-ik and J. JanBk, J. C’hromatogr., 195 (1980) 43. 

1 I R. R. Heath, J. R. Jordan and P. E. Sonnet, J. High Resolut. Chromatogr. Chromatogr. Commwl., 4 

(1981) 328. 

12 L. SojCk, E. KrUovifovi, 1. Ostrovsk? and P. A. Leclercq, J. Chromatogr.. 292 (1984) 241. 
13 D. Papazova and N. Dimov, J. Chromatogr.. ,137 (1977) 259. 

14 T. s. Lombosi, E. R. Lombosi, 1. Bern& ZS. SZ. Bernat, E. C. Takics and J. M. Takics, J, f&y)- 

matogr., 119 (1976) 307. 
15 P. E. Sonnet, Org. Prep. Proced.. Int., 6 (1974) 269. 
16 N. R. Draper and H. Smith, Applied Regression .4nalysis, Wiley. New York, 1966, 407 pp~ 
17 M. Beroza and B. A. Bier]. An&. Chum.. 39 (1967) 1131. 


