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ABSTRACT

An analytic,fi method for trifluoroacetylation of aromatic amines and GC/MS of the resulting

derivatives has been developed. The key feature of the method is its capability to differentiate

primary, secondary, and tertiary amines; since, using the conditions described in the report, most

primary amines add two and secondary amines add one trifluoroacetyl group. In general, tertiary

amines do not react. Since conventional trifluoroacetylation procedures introduce only a single

trifluoroacetyl group into both primary and secondary amines, the procedure reported here

improves GC/MS identification of the relatively large m,_.al;erof isomers of nitrogen compounds

found in petroleum or similarly complex mixzures. For example, using exhaustive

trifluoroacetylation, it is possible to differentiate isomeric forms of C9Hll N (e.g.,

cyclohexenopyridines, aminoindans, 1,2,3,4-tetrahydroquinoline and tetrahydroisoquinolines).

Examples of the application of the method to petroleum and coal liquid products are provided.

Because of the limited thermal stability of the derivatives of primary amines, the method is

applicable only to distillates boiling below 370° C (700° F).

To expedite utilization of the method by others, GC retention indices and relative GC/MS total

ion current response factors for 102 trifluoroacetyl derivatives are included in the body of the

report and their 70 ev mass spectra are reported in Appendix A.
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INTRODUCTION

Earlier reports from this laboratory have described gas chromatographic/mass spectrometric

(GC/MS) analyses of carboxylic acids after conversion to 2,2,2,-trifluoroethyl or 2,2,3,3,4,4,4,-

heptafluorobutyl esters (1), and phenolic compounds as the corresponding trifluoroacetate esters

(2). During this earlier work, it was noted that, using appropriate conditions, primary aromatic

amines such as aniline could be converted to diudfluoroacetamides (diamides), while secondary

amines such as diphenylamine formed the corresponding monowifluoroacetamides (monoamides)

(3). The objective of the current work was to determine if trifluoroacetylation could be used to

differentiate primary, secondary, and tertiary amines formed in petroleum products.

About 1/3 of the nitrogen compounds in petroleum occurs as basic compounds such as

alkylpyridines and higher homologues, with non-basic compounds such as benzologs of pyrrole

and cyclic amides (2-quinolone homologs) comprising the balance (4). Other nitrogen compound

types such as primary aromatic amines, not found in native petroleum stocks, are produced during

many of the commonly used processes for conversion of the heavy ends of petroleum to distillate

fuels. For example, alkylanilines are present in catalytically-cracked products (5, 6) and various

types of aromatic amines are produced as intermediates in hydrotreating (7). In addition, syncrude

blending stocks from coal and oil shale contain aromatic amines.

Because of their increased reactivity relative to petroleum hydrocarbons, nitrogen compounds

are deleterious constituents of petroleum. For example, basic nitrogen compounds poison catalysts

used in catalytic cracking (8-10) and acidic nitrogen compounds such as alkylindoles have been

implicated in the storage instability of diesel fuels containing light cycle oils (11).

Blending of synfuels into petroleum feedstocks can introduce primary polyaromatic amines

such as aminonaphthalenes, aminophenanthrenes and aminochrysenes. The concentration of these

latter compounds is of interest because primary polyaromatic amines have been implicated as the

most mutagenic compound-class present in coal liquids (12).

GC/MS has been widely used to characterize fossil fuels, but the similarity of underivatized

primary, secondary, and tertiary amine electron impact fragmentation patterns often prohibit their

differentiation using this technique. An improved analysis of aromatic and heterocyclic amines as

trifluoroacetamide derivatives was first reported by Saxby (13-15). Derivatization produced more

distinct MS fragmentation patterns, and eliminated peak tailing problems prevalent in separations of

basic compounds with GC columns available at that time. Since then, several researchers have

reported using acetylation and trifluoroacetylation to help distinguish between primary and tertiary

aromatic amines in gasoline (16), creosote oil (17) and coal liquids (18-21).
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In general, aromatic amines react as shown in Eq. 1.

0 0 O

os catalyst_ lw ii H.Eqo 1. R2-NH + (CF3-C-)20 60* C R2-N-C-CF 3 + CF2-C-O-+

Primary and secondary amines, including partially hydrogenated derivatives of azaarenes such as

1,2,3,4-tetrahydroquinoline, are reacted by exchange of an acetyl or trifluoroacetyl group with an

active hydrogen found on the nitrogen atom. Tertiary aromatic amine species such as azaarenes or

naphthenopyridines, which do not contain a replaceable hydrogen, do not react.

A catalyst is necessary for the reaction (22), which proceeds through the production of small

amounts of the intermediate salt, N-trifluoroacetyl-4-dialkylaminopyridinium trifluoroacetate (23).

The increased mass and easily distinguished fragment ions of the derivatized compounds, as well

as shifts in their GC retention times, are used to aid in their identification using GC/MS.

Later, et al. used an analogous derivatization with pentafluoropropionic anhydride to detect

primary aromatic amines in an SRC II coal liquid (24,25), and Bartle, et al. adducted anilines with

hexafluoroacetone for analysis via 19F nuclear magnetic resonarice spectroscopy (26).

The disadvantages of existing acetylation methodology include decreased volatility of the

amide compared to the parent compound, as well as the inability to differentiate between primary

and secondary amines, since both types incorporate a single acetyl group. For example, isomeric

aminoindans (primary amines) and methylindolines/1,2,3,4-tetrahydroquinolines (secondary

amines) exhibit identical molecular weights and empirical formulas before and after

monotrifluoroacetylation. The differentiation of these primary and secondary amines is important

for the development of improved hydrodenitrogenation (HDN) processes for heavy crude

feedstocks. For example, Steele, et. al., have reported that HDN proceeds through pathways with

unavoidably high hydrogen consumption (27). Research on HDN processes, therefore, would

benefit from improved analytical techniques which would allow rapid and efficient monitoring of

the concentration of the most desirable intermediates.

The differentiation of isomeric acidic aromatic amines may also be valuable from the

standpoint of refining processes and fuel stability. For example, Beranek, et al., have recently

reported that the addition of indole or 2-methylindole to straight run fuels promotes sediment

formation during storage, but addition of the 3-methylindole isomer does not (6). Similarly, l-

alkylcarbazoles have been reported to be the most reactive and 4-alkyicarbazoles the most resistant

in HDN of the carbazole isomers (28-30). In contrast to these earlier reports, Dzidic et al. recently

identified 1-methylcarbazoles as the most resistant of the carbazole isomers during HDN (31). lt is

expected that trifluoroacylation of both indoles and carbazoles would offer improved differentiation

of isomers via GC/MS.
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For these reasons, an analytical method which distinguishes between primary, secondary, and

tertiary aromatic amines has been developed. Rigorous reaction conditions were employed to form

di- and mono-trifluoroacyl derivatives of primary and secondary amines, respectively, prior to

GC/MS analyses. Tertiary amines do not react. Because of the limited thermal stability of

diamides, the method is applicable only to distillates boiling below 370 ° C (700 ° F). The E1 mass

spectra for 102 trifluoroacetyl derivatives of amine compounds are presented in Appendix A.

The method has been applied to fractions from an upg,'aded SRC II coal liquid and

catalytically-cracked petroleum products, and the results are reported here.

MATERIALS AND METHODS

Materials

Most individual amines were ot rained commercially (from Aldrich Chemical, Milwaukee, WI

or Pfaltz and Bauer, Waterbury, CT) and used without further purification. The methyl- and

dimethylcarbazole samples were provided by Prof. Masatane Kuroki. Fuel samples were

processed and fractionated as described in Appendix B.

Derivatizations were performed in 5 mL heavy wall glass reaction vials (Supelco, Bellefonte,

PA, cat. 3-3299) fitted with Teflon caps (ibid., cat. 3-3303). Trifluoroacetic anhydride (99+%)

and 4-pyrrolidinopyridine (98%) (Aldrich Chemical) were used as the derivatizing agent and

catalyst, respectively.

Sample Preparation

Retention index markers (4-fluorophenol, 1-naphthol, 9-phenanthrol, and 3-

hydroxybenzo[c]phenanthrene), and an internal standard (4-fluorr ,niline) were prepared in

dichloromethane to a final concentration of 5mg/ml for each component. Aloquots of the above

mixture (0.2 mL) were added to 6-8 pure compounds (1 mg/compound) or fuel fractions (10-20

mg) before derivatization.

Derivatization with Trifluoroacetie Anhydride (TFAA)

Blends of pure compounds or fuel samples prepared as described above were combined with

0.5 ml catalyst (0.8 M 4-pyrrolidinopyridine in dichloromethane) and 0.4 ml TFAA in vials,

capped, held at 60° C for 10 minutes (30 minutes for acidic compounds or fractions), and rapidly

cooled. Hexane (2.0 ml) was added, samples were shaken well, and chilled at -5 ° C to facilitate

precipitation of the catalyst as its trifluoroacetate salt. An aliquot of the supernatant was removed

from the chilled sample within 5 hours and injected into the cool-on-column inlet of the GC.

In most cases, blends of aromatic amines and internal standards were derivatized 3 times and

each reaction mixture was analyzed twice, with no more than 5 hours between GC/MS injections.

Since only small amounts of methyl- and dimethylcarbazoles were available, these compounds



were derivatized once, and each reaction mixture was injected twice. Data from these runs were

averaged to obtai,a retention indices :aadresponse factors.
GC/MS

A Kratos (Ramsey,NJ) MS-80 GC/MS system consisting of a Carlo Erba model 4162

temperature programmed GC, modified in-house with a Hewlett-Packard cool-on-column inlet,

capillary direct interface, El source, MS-80 magnetic scan mass spectrometer and Data General

Nova 4-based DS-55 data system was used for ali analyses. Samples (0.2 to 0.4 ul) were injected,

and the column (Restek Corp., Bellefonte, PA, RTX-1 fused silica, 105 m, 0.25 mm I. D., 0.5

grn film) was held 2 minutes at 30° C, programmed at 20° C/min to 70° C, then 2° C/min to 320 ° C,

and held 10 minutes.

Other ins_,'umental conditions were: GC/MS interface 310 ° C, He column flow 1 ml/min,

column head pressure 3.0 Kg/cm2; mass spectral conditions - 70 eV ionizing voltage, 1,000

resolution, 0.5 sec/decade scan rate, source pressure 10-5 torr, and source temperature 300° C.
Retention Indices

The retention indices were calculated using 4-fluorophenol, 1-naphthol, 9-phenanthrol, and 3-

hydroxybenzo[c]phenanthrene trifluoroacetate esters as reference compounds as shown in Eq. 2.

Eq. 2. Ix = 100 IIN + t(Nt(-'X-)- _(_q_t+1) )

where Ix is the retention index, t(x ) is the retention time of a given acetylated nitrogen compound

x, and t(N) and t(N+ 1) are the retention times of the acetylated reference compounds whose elution

times bracket compound x. The value of IN for 1-fluorophenol is assigned as 1, with equivalent

values for 1-naphthol, 9-phenanthrol, and 3-hydroxybenzoic]phenanthrene assigned as 2, 3, and

4, respectively. These values of IN correspond to the number of aromatic rings present in each

reference compound.

Although it is customary to use reference compounds with the same functionality as the

compounds examined for calculation of retention indices, hydroxyaromatics were used here for

two reasons. First, these same reference compounds were used to calculate a large body of

retention indices reported earlier for trifluoroacetylated hydroxyaromatics and carboxylic acid esters

(1,2). Use of the same reference compounds will allow a common basis of identification of

members of each compound group present in a given sample. Secondly, 2-, 3-, and 4-ring

trifluoroacetylated hydroxyaromatics are thermally stable at GC temperatures necessary for their

elution, unlike the diamides of 3- and 4-ring aromatic amines, which typically are not thermally

stable at those elution temperatures.



Relative Response Factors

Relative response factors (RRF) were calculated according to Eq. 3.

Eq. 3. RRF = (Ax/As)(Ws/W x)

where A = area percent based on the GC/MS total ion current, W = weight, x = derivatized

aromatic amine and s = derivatized standard (4-fluoroaniline).

Analysis of Fuel Fractions

Fuel samples were spiked with retention index markers, reacted as described above, and

analyzed. Quantitation was via the area percent method.

i

RESULTS AND DISCUSSION

One hundred and three aromatic nitrogen compounds have been derivatized using TFAA.

Table 1 lists retention indices relative to the marker compounds 4-fluorophenol, 1-naphthol, 9-

phenanthrol and 3-hydi'oxybenzo[c]phenanthrene and response factors determined relative to 4-

fluoroaniline. The compounds are grouped into basic and acidic compounds within the table, with

basic compounds further subdivided into primary, secondary, and tertiary amines. Within each

group, compounds are listed first in order of increasing Z-series according to the empirical formula

CnH(2n+z)N of each compound type, and secondly by increasing retention index. The mass
spectrum of each derivatized compound, as well as a listing of intensities of ali the fragment ions

for each spectrum, appear in Appendix A in the same order that they appear in Table 1. The

page number of each derivatized compound is also listed in Table 1 for ease in locating individual

spectra. A typical GC/MS TIC chromatogram of a blend of standard compounds after

derivatization is shown in Figure 1. Compounds in this blend (identified with peak numbers in

bold type) include: the primary aromatic amines 2-isopropyl aniline (3), 4-propyl aniline (5), 5-

aminoindan (7), 2-aminobiphenyl (11), and 4-decylaniline (13); the secondary aromatic amines

indoline (8) and 1,2,3,4-tetrahydroisoquinoline (10); the underivatized tertiary aromatic amine

quinoline (4); and the secondary amine t-decahydroquinoline (9).

Derivatization Reproducibility

Replicate response factors from 6 runs on each blend typically varied less than +10 percent.

This precision reflects both instrumental and chemical derivatization errors. Variations between

duplicate injections of the same derivatization product were similar to those from independently

derivatized blends, so the contribution from the derivatization procedure itself to the overall error

was small.

RRF standard deviations larger than 10 percent were usually caused by unusual behavior of a

particular compound, and these cases are discussed further in the section below.
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Optimizatior of Derivatization.

During development of the method, 4-dimethylaminopyridine (DMAP) was initially used as a

catalyst, but 4-pyrrolidinopyridine (PPY) was found to provide more complete trifluoroacetylation

of some compounds. An auxilary base such as triethylamine has been reported to speed up the

second step of the reaction by neutralization of the acid formed (22). This behavior was examined

by using catalytic amounts (1 drop) of 0.8 M DMAP solution and 1.0ml of undiluted triethylamine

to derivatize 2-aminonaphthalene. Neither amide product was obtained, and, in fact, several ring-

acetylated products were formed instead. When 0.5 ml of 0.8M DMAP solution was used (serving

as both catalyst and acid neutralizing agent), the diamide product was obtained. Other acid

neutralizing agents were tried, including NaBH 4 and basic alumina, with similar unsuccessful

results compared to the DMAP solution alone.

Reaction conditions were optimized using 2,6-diethylaniline, which is a sterically hindered

primary amine. Catalyst and reagent concentrations and reaction time (10 minutes) were held

constant and the reaction temperature was varied. At room temperature, 58 percent of the 2,6-

diethylaniline was converted to the diamide derivative, with the balance in the monoamide form.

At both 50 and 60° C, it was 100 percent converted to the diamide form.

The percent of each aromatic amine which reacted to form the expected derivative is shown in

Table 1, column 6. Twenty-nine of the 39 primary aromatic amines were completely reacted to

form diamides. Those cases of incomplete derivatization could be generally classified into two

types. The first includes compounds where the relatively low acidity of the amine hydrogens

makes their displacement difficult. For example, benzylamine is completely converted to the

diamide form, but 2-methyl- and 4-methylbenzylamine show only 95 and 92 percent conversion,

respectively. The hydrogens bound to the nitrogen in benzylamine probably exhibit the minimal

acidity required for complete conversion; any structural change which decreases their acidity (ring

alkylation at o-or p-positions, insertion of additional methylene groups as with 2-

phenylethylamine) results in less than quantitative derivatization.

The second type of incomplete reaction involves higher-boiling primary amines, whose

diamide derivatives appear to be unstable above a column elution temperature of about 200 ° C.

Decylaniline and 4-aminobiphenyl ale about 80 percent and 2-aminofluorene about 50 percent in

the diamide form as they elute from the GC column. It is probable that these compounds react

completely to form diamides, but partially revert to the monoamide form at their GC elution

temperature. This reversion was found to be accelerated by even small amounts of catalyst co-

injected with the sample into the GC column. For example, the recovery of 2-am2nonaphthalene in

the diamide form increased from 36 to 100 percent, when injected at freezer, rather than room

temperatures. To insure complete precipitation of the catalyst from the reaction mixture, it is

6



essential that the sample be cooled in the freezer, as stated in the experimental section, and injected

immediately after removal from the freezer.

The thermal stability of diamide derivatives was further investigated using

microdistiUation/mass spectrometry. The diamide derivative of n-hexadecylaniline was loaded into

the probe which was interfaced to a Kratos MS-5O mass spectrometer with a source temperature of

200 ° C. The ratio of di- to monoamide form was determined by measuring the m/z 509/413

molecular ions, representing the di- and monoamide forms, respectively. At 100° C, the 509/413

ratio was 1.10, which is much greater than the ratio of di- to monoe_ide obtained by GC/MS at

300 ° C (0.057). The much greater proportion of diamide observed at the 200 ° C source
o

temperature compared to the 300 ° C GC column temperature indicates substantial thermal

degradation of this compound over the 200 - 300 ° C temperature range. The limited thermal

stability of diamide derivatives restricts applicability of this analytical approach to compounds

boiling below approximately 370° C (700 ° F).

It was initially hoped to avoid ring (carbon) acetylation of aromatic amines by using only mild

reaction conditions; but, at room temperature, N,N-diethylaniline was completely converted to the

mono-ring-acylated form, with 92 percent addition at the para- and 8 percent at the ortho-positions.

However, no evidence of the addition of more than one trifluoroacetyl group to the ring was found

even at reaction temperatures of 50 and 60° C., as long as the supernatant was analyzed within 4

hours storage at - 5° C. After 6 hours storage, evidence of multiple acetylations was observed. As

a precaution, therefore, samples should be analyzed within 5 hours of derivatization.

The percentage of the ring-acylated N,N-dialkylaniline derivatives formed was quite

reproducible, as shown by a variation of less than 10 percent in their response relative to an

internal standard (Table 1). One other tertiary amine, 2,3-cyclopentenopyridine, appeared to add

2 trifluoroacetyl groups to the saturated ring. These compounds are not typical of tertiary amines

found in processed petroleum streams, however. More typical tertiary amines such as 2,3-

cyclohexenopyridine, octahydroacridine, quinoline and the other azaarenes did not form

derivatives. However, it should be noted that the response of these compounds may be low due to

partial co-precipitation with catalyst after reaction. This problem became severe with more basic

azaarenes such as alkylpyridines.

The use of a polymer-bound catalyst, DMAP-polystyrene, was explored in an attempt to avoid

the co-precipitation of any underivatized tertiary amines. A representative blend of aromatic amines

was derivatized using DMAP-polystyrene as a catalyst, and reaction conditions of 60° F and 10

min reaction time. Some sample components in the mixture were incompletely reacted. However,

the support-bound catalyst has been reported to require longer times and higher temperatures for

complete reaction than those required using free DMAP as a catalyst (32).



The 3-position on pyrrole actively underwent carbon acetylation. Thus pyrrole, indole, and ali

of the alkylindoles except 3-methylindole formed both carbon- and nitrogen-acetylated derivatives.

In contrast, carbazole and it's alkylhomologues formed only monoamides. Incomplete

derivatization of the 1-methyl isomers of the dimethylcarbazoles was observed when a reaction

time of 10 minutes was used. After 30 minutes, however, all the samples except the severely

hindered 1,8-dimethylcarbazole were completely derivatized. This longer reaction time was used

for derivatization of the remainder of the acidic compounds, as well as the LCO acid fractions

described earlier.

Mass Spectral Fragmentation Patterns

Trifluoroacetyl derivatives of aromatic amines are easily recognized because of their increased

mass, distinctive fragment ions, and shifts in GC retention time, relative to underivatized

compounds. In addition, the fragment ions of many derivatized aromatic amines provide clues to

their isomeric structure. The more prominent fragment ions of trifluoroacetyl aromatic amine

derivatives are outlined in Table 2, and discussed below.

Characteristic [M-69] + and [M-97] + ions, corresponding to the loss of CF 3 and COCF 3

fragments, are present in mass spectra of almost ali of the derivatives, but the [M-97] + ion is

usually more prominent for amide derivatives, and [M-69] + more intense for carbon-acetylated

compounds. The improvement in the identification of derivatives is illustrated by comparing the

spectra of the 6 dimethylanilines (Figure 2) with those, of their corresponding derivatives

(Figure 3). Only minor differences are present between the underivatized spectra, with the spectra

(Figure 2b and e) differing mainly in the height of the [M-1 ]+ fragment. This is also true of the

spectra in (Figure 2a, c, and d). Spectra of the 6 dimethylaniline derivatives (Figure 3)

illustrate both the strong molecular ions (m/z 313) and distinctive mass fragmentation patterns of

these derivatives, as well as the presence of fragment ions at [M-69]+ (m/z 244) and [M-97] + (m/z

216). (For convenience, these, as well as spectra shown in the other figures illustrate only the 20

most important fragment ions.)

There are enough individual differences in the spectra in Figure 3 to distinguish the 6

isomers. Ali 4 dimethylanilines methylated at the 2-position show a prominent fragment at m/z

216. Both the 2,3- and 2,5-isomers have a 216 fragment larger than the 313 molecular ion,

allowing their differentiation from the 2,4- and 2,6-isomers, which do not. The 2,4- and 2,6-

isomers also exhibit a fragment at m/z 200, corresponding to loss of trifluoroacetate lM-113]+. In

addition, ali 2-substituted isomers except the 2,6- show a small [M-i 8]+ fragment, corresponding

to [M-H20] +. Although this fragment is not among the 20 largest ions, it is included in the

spectral graphs in Figure 3 for information purposes Finally, the 3-substituted compounds can

be identified by the weak intensity of their m/z 216 fragment (nearly absent in the 3,4- isomer) and



intense 147 [M-C(O)CF3,CF3]+ fragments. The 3,5- versus 3,4-isomers differ from one another

by the relative intensities of the m/z 216 and 270 (not shown) fragments.

Table 2 summarizes significant features of mass spectra for various types of derivatives. For

example, o-, m-, and p-substituted aniline derivatives (I - III) may be differentiated by molecular

ion intensity (generally m->p->o-), intensity of the fragments corresponding to: loss of C(O)CF 3

(generally o->p->m-), loss of H20 (o- only), benzylic cleavage (intense for p- only), and loss of

CH2F (branched o- only). The exchange of fluorene for hydrogen followed by elimination of

CH2F is also characteristic of trifluoroacetates of branched chain o-substituted phenols (2).

Monotrifluoroacetylated N-alkylanilines (IV) eliminate the olefin corresponding tO the N-alkyl

substituent when it contains 2 or more carbons. If the N-alkyl substituent is CH 3- or phenyl-,

other fragmentation pathways predominate, as noted in the table.

The fragmentation of benzylamine-type derivatives (V-VII) is distinctly different than that of

the aniline derivatives discussed above. In these spectra, hydrocarbon fragments corresponding to

tropylium (m/z 91), styrene (m/z 104), etc. often predominate. In the case of type IV, a molecular

ion is not observed (e.g. the die,mide of 2-phenylethylamine). Carbon acylated derivatives of N,N-

dialkylanilines (VIII) exhibit major fragments corresponding to the loss of CF3 (m/z 69), unlike N-

trifluoroacetyl derivatives where loss of C(O)CF 3 usually predominates. Loss of C(O)CF 3,

followed by additional loss of CF 3 ([M-166]+), is often a major fragment in polycyclic amine

derivatives (IX). Polycyclic amine spectra are usually dominated by intense molecular ions (with

the exception of the 2-aminophenyl derivative), the [M-166] + ion, and ions characteristic of the

aromatic nucleus: m/z 115 (naphthalene), m/z 165 (fluorene), and m/z 152 (biphenyl).

An unusual aspect of derivatives with six-membered saturated cyclic rings is the virtual

absence of fragments corresponding to retro-Diels-Alder eliminations ([M-C2H4] +, [M-C3H6] +,
etc.). This behavior is contrasted with that of trifluoroacetate derivatives of tetralinol,

cyclohexylphenol, etc. which exhibit significant retro-Diels-Alder fragments (2). Although

insufficient data is available to reach a general conclusion, the relative intensities of the [M-112] +

versus [M-87]+ fragments may enable differentiation of compounds with 6- vs 5-member saturated

rings.

Pyrrole and indole N,3-di-derivatives (XI) exhibit prominent [M-69] + (loss of CF 3)

fragments. The intensity of the [M-97] + (loss of C(O)CF 3) ion is usually quite low. [M-166] +

(corresponding to loss of C(O)CF 3 and CF 3) and [M-194] + fragments (loss of both

trifluoroacetyl groups) are usually of medium intensity (30 - 70 percent relative intensity).

In the cases where simple trifluoroacetamides were formed, the spectra of 3-substituted

indoles resembled those of carbazole derivatives (XII), where the major fragment corresponded to

loss of C(O)CF 3. Prominent molecular ions were typically observed, although those of 1-

alkylcarbazoles were of lower intensity than isomers without l-alkyl substituents. The behavior of



2,3-dimethylindole and 1,2,3,4-tetrahydrocarbazole derivatives was exceptional due to

introduction of a second trifluoroacetyl group on one of the alkyl carbons. The resulting spectra

exhibited small molecular ions and significantly different fragmentation patterns.

Trifluoroacetamides of saturated cyclic secondary amines (XIII) exhibited medium intensity

molecular ions and predominantly hydrocarbon-type fragments. The major fragment in the

decahydroquinoline derivative was [M-43]+; dodecahydrocarbazole trifluoroacetamide exhibited

major fragments corresponding to [M-43!+ and [M-57]+.

The advantage of derivatization in distinguishing primary, secondary, and tertiary amines is

illustrated by the compounds in Figure 4. These compounds, ali with the same mass (133) before

derivatization, are potentially formed as intermediates during HDN of quinoline, isoquinoline and

high molecular weight N-compounds. The tertiary amine 2,3-cyclohexenopyridine (Figure 4a)

does not form a derivative, 1,2,3,4-tetrahydroquinoiine and 1,2,3,4-tetrahydroisoquinoline

(Figures 4b and c) form monoamides, and 5-aminoindan (Figure 4ft) forms a diamide. The

two monoamhaes can be easily differentiated by a fragment at [M- 15]+ , present in the spectrum of

(Figure 4c), but absent in. (Figure 4b). The diamide (Figure 4d) exhibits a molecular ion at

m/z 325, 96 mass units higher than that of (Figures 4b and c) and 192 units higher than (Figure

4a).

As noted earlier, ali indoles except those substituted at the 3-position, form N,3-di-

trifluoroacetyl derivatives. Figure 5 compares spectra of two typical derivatives, those of 5-

methylindoie and 2,5-dimethylindole (Figure 5a and b, respectively) with 3-methylindole

(Figure 5c), which forms only the trifluoroacetamide (tool. wt. 227). The derivative of 2,3-

dimethylindole (Figure Sd) displays atypical behavior in the incorporation of a trifluoroacetyl

group onto one of it's methyl groups, in addition to the nitrogen atom. The ability to differentiate

3-alkyl from other indole types is advantageous for studies of fuel stability, since 3-alkylindoles

are relatively inert with regard to sediment formation (5).

Application of the Method.

Figure 6 shows GC/MS total ion current (TIC) chromatograrns of an SRC II coal liquid 200-

325 ° C distillate base subfraction before and after derivatization. Results from detailed

interpretation of the derivatized run are listed in Table 3.

The improved resolution of isomers within a given homologous series is evident from

comparison of the chromatograms in Figure 6. For example, all three Cl-aniline isomers are

evident after derivatization, where only two peaks appear prior to derivatization. Before

derivatization the aniline homologs elute more or less in "clumps" of peaks (C I', C2 ",C3" and

C4-). Derivatization spreads the isomers within each "clump" to such a degree that the "clumps"

are no longer discemable.
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Differentiation of aminoindans/aminotetralins from 1,2,3,4-tetrahydroquinolines was not

possible in the underivatized sample because ef their identical molecular weight and very similar

mass spectra. However, these compound types are readily differentiated in the chromatogram of

the derivatized fraction because of spectral differences analogous to those discussed in conjunction
with Figure 4.

This subfraction was one of seven produced from a liquid chromatographic scheme based on

isolation of whole bases, followed by subfractionation into compound classes (see Appendix B).

The targeted compound class for this subfraction was primary aromatic amines. As evident in

Table 4, that compound type predominates in the fraction. The other major types present,

1,2,3,4-tetrahydroquinoline and its homologs, are analogous to those of N-alkyl anilines, which

also elute into this subfraction. Small amounts of phenylcyclohexylamines, which form

monoamides, were also detected. The presence of 2,5-dimethylaniline as the single largest

component is inconsistent with previously published HDN schemes (33). However, n-

propylaniline (0.077 wt. percent) is a major intermediate in the HDN of quinoline (21).

Figure 7 shows GC/MS TIC chromatograms of a light cycle oil (LCO) acid subfraction

before and after derivatization. Results from detailed interpretation of the derivatized run are

shown in Table 5. GC resolution of isomeric indoles was improved significantly through

derivatization, although resolution of carbazo!es was only marginally improved. As with the

anilines in the base subfraction discussed above, underivatized indoles elute as "clumps" prior to

derivatization; this pattern is not evident after derivatization. The greater effect of derivatization on

GC behavior of alkylindoles compared to carbazoles is consistent with the addition of two

trifluoracetyl groups in the former and one in the latter case.

lt is interesting to note that the most prominent isomers in both the indoles and carbazoles

from this sample are substituted in similar positions. Since indoles have a different numbering

system than carbazoles, with the 1- position in indoles occupied by the nitrogen atom, the 2- and

2,4-methylindoles are equivalent to the 1- and 1,3-methylcarbazoles in the location of the methyl
groups relative to the nitrogen atom.

The preponderance of 1-substituted carbazole isomers found in this sample reflect similar

results to those of Li, et al, who report that 1-substituted isomers of alkylcarbazoles were the most

abundant in a suite of crudes and heavy oils (34). In contrast, they reported shale oils were

deficient in the 1-substituted isomers, whose presence has been suggested to increase with thermal

maturation and migration in fossil fuels. Li, et al. also report the presence of the 1,8-

dimethylcarbazole isomer in a California crude oil, but this isomer was not detected in the LCO

sample. LCO is a man-made product with a composition reflecting thermodynamic equilibrium and

11



kinetic factors operating at the particular catalytic cracking conditions employed. Thus, the

distribution of carbazole isomers in LCO could vary significantly from those in virgin crude

distillates.

This subfraction was one of seven produced from a liquid chromatographic scheme based on

isolation of whole acids followed by subfractionation into compound classes (see Appendix B).

The targeted compound class for this subfraction was benzologs of pyrrole. As evident from

Table 5, this class comprises the vast majority of species present. The significant proportion of

indoles present in this LCO may explain its poor storage stability.

CONCLUSIONS

Exhaustive trifluoroacetylation was used to form di-trifluoroacetyl derivatives of 39 primary

amines. The procedure allowed the successful differentiation of primary, secondary, and tertiary

amines via GC/MS. As far as the authors know, this is the first reported use of di-

tfifluoroacetamides for this purpose.

The two major limitations of the current procedure are 1) loss of relatively basic tertiary

amines via coprecipitation with the catalyst and 2) limited thermal stability of diarnide derivatives

boiling above 370 ° C. The first limitation may potentially be overcome with substitution of a

polymer-bound catalyst. This would eliminate removal of catalyst via addition of hexane and

chilling after reaction; thus partial loss of tertiary amines would be significantly decreased. The

thermal stability of derivatives could potentially be improved through use of alternate derivatizing

agents. A reagent which resulted in a cyclic diamide would probably provide derivatives with

significantly enhanced thermal stability.

The procedure was applied to subfractions from an SRCII coal liquid distillate base fraction

and a LCO acidic fraction. The resolution of derivatized anilines within a given homologous series

wa_ significantly improved, relative to the underivatized compounds, and it was possible to

differentiate aminoindans/aminotetralins from 1,2,3,4-tetrahydroquinolines. The procedure also

allowed improved differentiation of 3-alkylindoles from alkylindoles substituted at other positions.
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Table 2.- Mass Spectral Fragmentation for Various Types of Darivatives

Type Structure CharacteristicFragments m/: Notes

[ 0 |M-H20 _" [M-18] + Iota of water indica[esii
N--_C--CFs ): [M-C(O)CF 3]+ [M-87] + o-tubatituent

_R [M-C(O)CFs,CF3]+ lM-1eel+

(If R hm a-bran_) [M-CH 2 F]+ [!V1-,33]+ F-H exchange

]_ 0 [M-C(O)CF3, CF3] + [M-166] + I_rong M +II
N--(C-CF3 )2

g.
TIT 0 [M-CH3] +, [M-C2Hs] +, ato. (R;_C2H 61 lM-lh"] +, 1M-291 +, atc. Benzyllc cleavageli

N--(C-CF3) 2 [M.CIO)CF3, CF3 ]+ |M-166] + pm._inent only for

psubatituted anilines
R

IV 0 C7H7 F+ (R--CH3) 110ii
R-N-C-CFs [M-NCOCFzHi + (R- Phenyl) [M-93_"

[_ IM-C2H4] +, (M-C3He] +, etc. (R=,C2H s) [M-281 +, [M-42] +, ato. clefin elimin_Jcn[M-CH3] +, [M-C2Hs| +, ao. (R2C2H s) [M-I_ +, [M-29] +, ato. elpha olewage

[M-C6HIo _ (R,, Cyolohexane) [M-821 + oyolchoxene elimination

[M-C(O)CF3] + [M-87] +

V R_t 0 [M.C(O)CF3]+ [M.97]+ [M.167]+ also observedI ii
CHN(C'CF3)2 C7H?+(R,,H), C8H9+(RmCH3 ), atc. 91,105, etc.

NCOCF2H 93

_V_ 0 C7H7 + C8H9 +, etc. 91, 105, ato. no M +, noII w
(.CH=)nN(C-CF:I)2 CsHo + (n -- 2) 104 (M-97] +, nc [M-69] +

_ (n=-2)

VH R 0 |M-R]+ [M-15] +, [M-29] +, etc.i II

N"C"CF 3 C7 HT+ 91 strong trcpyllum ion

R lM.R1+ [M-1S] +, [!V1-291+, atc.

R1 IM.CF 31+ lM.e9] +
c=o
i

CF3
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Table 2: Mass Spectral Fragmentation for Various Types of Derivatives - continued

Type Structure CharactedsticFragments nu_ Notes

IX o [M.C(O)CF3, CF3] + 1M-166] +

__ N"(C-(:Fa)2 [M'CIO)CF3] + 1M-871 +
O
ii

N"(C'CFa)2 ueuJlv, strong M +
O
, [M.HOC(O)CF a ]+ [M- 114] + nrong

(___" N"(C"CFa)= (where N--2 pooitton)

X [_ [M-C(O)CFa]+ [M-S7]+P_k'_FaP" lM.Ssr'
I [M-HNCIOICF 31+ (1_1121 + 6-mmnbev ut'd ringC-O
!

CF$ [M.CF3, H20] + [M-871 + S-nrmmber ut'd ring

I

_s

XI o (M-CFs] . (M4el .
. c--cFs [M-CIO)('F3, CF3] + [M-leel +

[M-2IC(O)CF3)] . [M-1941 +
I

C--O
!

e% o
II

I
C-O
I

_'N _'R [M'C(O)CF3 ]+ [M-97] +(M-CH3] +, [M-C2H 6]+, ota. [M-16] +. [M-29] +, eta. bonzyllo cleavage
I

C--O
0 M + of 1-eub_itutod

carbazoles are weaker
4

i 1
C-O
I
c%

X]]]Z _ [M-C3 H7 |+ , lM-C4 HS ] + [M-43| "*, [M'51] + Sto.(M'CF3]+'arevery[M'C(O)C F3]+'weak
=

C,,O
I

CF3
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Table 3. - Compounds Detected in a Basic Subfractlon of a Hydrotreated SRCII
200 - 325 ° C Fraction

CompoundClass Percentof Percentof
Base Fraction Total Sample

ANILINES
C1:3 isomers 0.39 0.05

2-methyl 0.25 0.04
3-methyl 0.12 0.02
4-methyl 0.01 0.00

C2:6 isomers 3.09 0.44
2,6-dimethyl 0.18 0.03
2,5-dimethyl 1.20 0.17

2-ethyl 0.75 0.11
2,4-dimethyl 0.47 0.07

3-ethyl 0.30 0.04
4-ethyl 0.02 0.00
2,3-climethyl 0.16 0.02

C,3:13 isomers 2.24 0.32
2-n-propyl 0.55 0.08
2,4,6-trimethyl 0.08 0.01

other isomers 1.62 0.23
C4:18 isomers 1.80 0.25
C5:11 isomers 0.72 0.10
C6:8 isomers 0.25 0.04

AMINOINDANS/AMINOTETRALINS
CO: 1 isomer 0.27 0.04

4-aminoindan (1) 0.27 0.04
CI/C0:5 isomers 0.74 0.10

1-aminotetralin 0.26 0.04
other isomers 0.48 0.07

C2/C1:5 isomers 0.22 0.03
C3/C2:1 isomer 0.02 0.00

1,2,3,4-TETRAHYDROQUINOLINES
CO 0.68 0.10
C1:5 isomers 0.67 0.09
C2:6 isomers 1.37 0.1 9
C3:5 isomers 0.13 0.02
C4:8 isomers 0.16 0.02
C5:4 isomers 0.08 0.01

OTHER_P(_NDS 0.71 0.1 0

Total 13.52 1.91ii lll|.ll ii

(1) tenative identification
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Table 4. - Compounds Detected In an Acidic Subfractlon of a Light Cycle OII

LL

CompoundClass Percentof Percent of
Acid Fraction Total Samplei ii li

INDOLES
CO:indole 0.22 0.00

C1" 5 isomers 4.46 0.06
3-methyl 0.50 0.01
7-methyl 0.83 0.01
4-methyl 1.24 0.02
2-methyl 1.69 0.02
5-methyl 0.20 0.00

C2:11 isomers 9.91 0.13
2,3-dimethyl 0.81 0.01
2,7-dimethyl 2.08 0.03
2,5-dimethyl 1.34 0.02

other isomers 4.51 0.06

C3:14 isomers 6.72 0.09

C4:10 isomers 1.54 0.02

C5:2 isomers 0.02 0.00

CO:carbazole 5.86 0.08

C1'4 isomers 25.46 0.33
1-methylcarbazole 8.2 7 0.11
2-methylcarbazole 5.5 7 0.07
3-methylcarbazole 7.2 3 0.09
4-methylcarbazole 4.39 0.06

C2:17 isomers 12.46 0.16
1,7-dimethylcarbazole 0.9 7 0.01
1,3-dimethylcarbazole 3.1 2 0.04

1,4/1,6-dimethylcarbazole 0.0 7 0.00
1,5-dimethylcarbazole 2.1 0 0.03
1,2-dimethylcarbazole 0.02 0.00
2,5-dimethylcarbazole 0.9 8 0.01

other isomers 5.2 0 0.07

C3:21 isomers 3.61 0.05

C4:5 isomers 0.07 0.00

OTHERCE_POUNDS 2.77 0.04

Total 73.10
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Figure 6. Total ion current chromatogram of underivatized and derivatized SRC II
200-325 ° C coal liquid base fraction 5.
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Rgure 7. Total ion current chromatogram of underivatized and dedvatized Ught Cycle
0il #2245 acid fraction 3.
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Appendix A

Mass Spectra and Fragment Ion Intensities
of Trifluoroacetyl Derivatives



Basic Primary
Aromatic Amines
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Basic Secondary
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Basic Tertiary
Aromatic Amines
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Appendix B

Preparation of Fuel Samples



SRC II 200-325 ° C Distillate Bases Subfraction 5.

The history of the raw and hydroprocessed SRC II coal liquid is described elsewhere (1).

Briefly, acid-base-neutral separations on 200-325 ° C distillates from feed and products were

performed according to Green, et al. (2,3). The whole base fraction accounted for 7.9 percent of

feed and 14.1 percent of the lightly hydrotreated 200-325 ° C distillate.

Bases were subfractionated into 7 fractions as described in Chapter 4 of reference (4). Typical

compounds present in the basic subfractions, and yields obtained for subfractions from product
HT-8 are listed in Table 1.

Table 1.. Yields of Subfractions from SRC II HT-8 Bases (1)

Subfraction# Compound Classes Present Weight Percent (2)

1 polyaromatic hydrocarbons/ 0.77
diphenylamines/indolines

2 diphenylamines 1.3

3 hindered tetrahydroquinolines 5.0

4 tetrahydroquinolines/ 10.4
hindered anilines

5 anilines/tetrahydroquinolines 18.3

6 pyridines 32.2

7 dec ahydroquinolines 32.0

Total (3) 100.0

(1) 980 SCF/bbl H2 consumption, 325 ° C catalyst, 1.0 LHSV
(2) Percent of Whole Base Fraction
(3) Normalized

LCO #2245 acids subfraction 3.

The light cycle oil #2245 was separated into acidic, basic, and neutral fractions and the acid

fraction subfractionated into compound classes as described in Chapter 2 of reference (4). Typical

compounds found in the subfractions and their percent of the whole LCO acid fraction are shown
in Table 2.

B-1 ....



Table 2. - Yields of Subfractions from Light Cycle Oil #224S Acids (1)

Subfraction# Probable Compound Types Percent (2)

1 very weak acids 2.8

2 hindered indoles/carbazoles 1.4

3 indoles/carbazoles 7 3.1

4 hindered hydroxyaromatics 2.3

5 hydroxyaromatics 13.8

6 carboxylic acids 3.8

7 difunctional acids 0.6

Total 97.8

(1)Storedtwoyearsbeforefractionation
(2)Percentof wholeacidfraction

B-2



REFERENCES

1. D. Sutterfield, W. C. Lanning and R. E. Rover, "Upgrading Coal Liquids", R. F. Sullivan,
Ed., Am. Chem. Soc., Washington, DC (1981), chap 5.

2. J. B. Green, P. L. Grizzle, J. S. Thomson, R. J. Hoff and J. A. Green, Fuel 64 (1985)
1581-1590.

3. J. B. Green, B. K. Stierwalt, J. A. Green, and P. L. Grizzle, Fuel, 64 (1985) 1571.

4. J. A. Green, J. B. Green, R. D. Grigsby, C. D. Pearson, J. W. Reynolds, J. Y. Shay, G. P.
Sturm, Jr., J. S. Thomson, J. W. Vogh, R. P. Vrana, S. K.-T. Yu, B. H. Diehl, P. L. Grizzle,
D. E. Hirsch, K. W. Hornung, S.-¥. Tang, L. Carbognani, M. Hazos and V. Sanchez, Analysis
of Heavy Oils; Method Development and Application to Cerro Negro Heavy Petroleum. Topical
Report NIPER-452, v. 1 and v. 2, NTIS Report Nos. DE90000200 and DE 90000201 (1989).

B-3






