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Development of a System To Evaluate Compound Identity, Purity,
and Concentration in a Single Experiment and Its Application in
Quality Assessment of Combinatorial Libraries and Screening Hits

David A. Yurek, Derek L. Branch, and Ming-Shang Kuo*
Discavery Technologies, Pharmacia Corporation, Kalamazoo, Michigan 49001

Receied May 31, 2001

The development and use of a new assay system for the simultaneous determination of identity, purity, and
concentration of sample components from combinatorial libraries produced by parallel synthesis are described.
The system makes use of high-performance liquid chromatography with UV/vis photodiode array (PDA),
evaporative light scattering (ELSD), chemiluminescent nitrogen (CLND), and time-of-flight mass spectrometer
(TOFMS) detectors (HPLEPDA—ELSD—CLND—-TOFMS). Although these detectors have previously
been utilized separately for the analysis of combinatorial chemistry libraries, the use of TOFMS along with
CLND provides a synergistic combination enabling target and side-product structures to be identified and
their concentrations and purities determined in a single experiment from a solution containing microgram
levels of material. The CLND was found to give a linear response based on the number of moles of nitrogen
present. Therefore, if the number of nitrogens per molecule is known, the concentration of each nitrogen-
containing sample component may be determined utilizing an unrelated co-injected standard. A molecular
formula for an impurity may often be calculated from the exact mass determined by the TOFMS and
knowledge of the chemistry involved. Thus, if the sample components contain nitrogen, the concentration
of every identified HPLC peak may be determined even in the absence of primary standards. This combination
of detectors enabled the characterization of both target compounds and byproducts in combinatorial libraries,
allowing the optimization of library synthetic procedures. This system was also used to survey the quality
of libraries, enabling the selection of the best libraries for screening. This method also facilitated the
characterization of samples from combinatorial libraries found as hits in high-throughput screening to establish
the potency of the leads based on their actual concentration. In addition, concentrations and potencies of
impurities were determined after identification of their structures, utilizing exact mass data, determination
of charge states, and knowledge of the synthetic chemistry.

Introduction these compounds will never be discovered as a hit, making

In the transition of screening labs from the utilization of the amount of time and effort required to purify all these
traditional compound libraries containing well-characterized Samples hard to justify. The second approach of screening
compounds to combinatorial libraries produced by parallel unpurified samples requires that the active component(s)
synthesis, it is often mistakenly assumed that the latter must be identified and the individual potency established for
compounds are structurally correct, pure, and uniformly €ach screening hit in a rapid fashion. Since the compounds
present at a specified concentration. However, as a directdo not have the same purity and concentration, the screening
result of the use of a single set of synthetic conditions acrossdata are not directly comparable across the library. Target
a wide range of substituents, target compounds are notcompounds may not be assumed to be the active component
produced in the same yield and purity across the library. Two for identifying possible templates without further character-
basic philosophies exist in dealing with this fact: (1) purify, ization. Purifying compound libraries prior to screening or
dry, and weigh all target library compounds produced prior assessing the parameters of identity, purity, and concentration
to screening; (2) screen unpurified libraries using various after hits are identified can potentially add weeks to months
procedures to characterize the active leads. Both theseof additional work to an increasingly shortening timeline.
philosophies have merit, but both involve time-consuming As described here, a rapid method developed to obtain
processes. The up-front purification approach requires thatidentity, purity, and concentration information on combina-
each of the thousands of library compounds be purified, torially produced compounds has been implemented to
dried, weighed, and dispensed to provide screening sampleshorten this process.Used prior to screening or purification
of uniform purity and concentration. The greatest advantage on a statistically relevant number of random samples, this
of this approach is that screening hits are directly comparablemethod allows focusing of effort on higher quality libraries.
for potency and derivation of structurectivity relationships ~ Obtaining this information after screening unpurified com-
(SAR). The purified compounds may be used for multiple binatorial chemistry libraries enables prioritization of the
screens if sufficient compound is obtained. However, since screening leads based on purity and concentration. When
the majority of screens have a hit rate ©0.1%, most of non-target components are active, the method provides
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structural and concentration information to assist in their
identification and characterization as new leads and to enable

better design in the synthesis of the next round of lead HPLC
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candidates. N I Y

Historically, mass spectrometry, utilizing a neat injection Discovery C18
of the product mix into the instrument (flow injectiGnyr Eusporave Syringe Pump
. . . . igh 0cC| ass

analysis of the effluent from high-performance liquid chro- sfat:e,ing
matography (HPLC), is routinely employed to identify the Detector

synthetic products of combinatorial chemistry. Relative purity Figure 1. Flow diagram of instruments.

is often estimated by HPLC with either UV or evaporative

light-scattering detection (ELSD), and concentration esti- requirement for primary standards. For the target compounds
mates are calculated using the assumption that the detectoof a combinatorial parallel synthesis library, the number of
has observed all sample components with a similar responsenitrogens per molecule is known. However, unless the library
or from a response curve generated using primary standardsis purified or contains only single compounds, many other
ELSD and especially UV detectors do not provide a uniform components are often present because of incomplete or side
response to different compound classes, making the deter+eactions. Without the identification of the molecular formula,
minations of purity, yield, or concentration only rough no concentration can be derived for these impurities. The
estimates. This estimate is further compromised when theuse of a time-of-flight mass spectrometer (TOFMS) enables
sample contains water, solvents, and other materials undethe charge states and exact masses (withibhGppm) to be
tectable by the detectors because a relative response is usedetermined for all ionizable components of a sample. By
Estimation of library compound concentration using ELSD use of the exact masses and knowledge of the synthetic
has recently been presentedowever, although better than  chemistry, a molecular formula (and the number of nitrogens
UV, this technique still suffers from a lack of consistent per molecule) may often be determined for impurifies.
response to different compound classes. Generation ofAlthough unit mass determination may often be adequate to
primary standards to estimate the purity of a combinatorially identify impurity structures when the chemistry is well
produced compound requires a statistically relevant numberunderstood, the superior mass resolution of the TOF gives
to estimate the yield for each library. Because of the higher assurance of the correct molecular formula, provides
difficulties associated with production of this number of a set of possible empirical formulas when the chemistry goes
primary standards, often too few are utilized, making the astray, and discriminates multiply charged ions. Thus, the
calculation of average yield uncertdifRecently, a chemi-  concentration of each nitrogen-containing component re-
luminescent nitrogen detector (CLNIBecame available that ~ solved by the HPLC system and detected by the CLND and
provides a linear response to the absolute amount of nitrogenMS detector may be determined. Therefore, the described
from most nitrogen-containing analytes. Except for a few system provides a synergistic combination enabling target
rare types of structures (such as azides, tetrazoles, and othergnd impurity structures to be identified and their concentra-
that yield N on combustiof), the signal produced in the tions and purities determined in a single experiment from a
CLND is proportional to the number of moles of nitrogen solution containing microgram levels of material without the
present. This detector has been shown to allow rapid need for primary standards. If the compound does not contain
determination of pure compound concentrations using flow hitrogen, the relative purity and concentration may still be
injectior’ and has been utilized with GC, LC, and super- estimated from the UV or ELSD data. However, since most
critical fluid chromatograph§.The sample concentration is compounds of pharmaceutical interest contain nitrogen, the
determined by comparison to the response of a well- described system should be applicable to the majority of
characterized sample as an internal or external standard. Iranalytes. In this report, the development and application of
addition, when the measured concentration is compared tothis system are described for leads generated from combi-
that expected from sample preparation, this method accountdatorial compound libraries.

for the presence of other materials unobserved by the _ )

detectors but still contained in the sample (water or solvent Results and Discussion

due to incomplete drying, hydrates, solvates, SLE material, Assay DevelopmentA schematic of the overall setup is
etc.), giving an actual concentration rather than a relative depicted in Figure 1. Development of the assay required
purity. Other techniques attempting to address the issues ofpptimization of the individual detectors as well as the HPLC
identity, purity, and concentration in an absolute rather than conditions. To accommodate the CLND, a new HPLC system
a relative fashion include DI- (direct injection), FIA- (flow  had to be deployed and used exclusively with non-nitrogen-
injection analysis), and LENMR methods’ Although these  containing solvents and buffel$Caffeine was used as an
suffer from automated data processing and interpretationinternal standard for all detectors and as a calibrant for the
issues, progress is rapid in this field and should provide datacLND response. To split the flow to the various detectors,
complementary to hyphenated LC techniques. a custom-built LC Packings flow splitter was purchaded.
The CLND therefore functions as a nearly universal This unit maintains the same split ratios throughout the
detector for nitrogen-containing compounds and enables thegradient run, allowing peaks in one detector to readily be
concentration of a sample component to be determined if correlated with a peak in another detector, a crucial require-
the number of nitrogens per molecule is known, without the ment for proper interpretation of the data. Figure 2 shows
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Figure 2. Typical chromatogram traces for a single sample.
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Figure 3. CLND response curve for caffeine. onc (uM Nitrogen)
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typical chromatograms for a real combinatorial sample. A (b)7000 y ® B
comparison of the peaks in the traces for each signal shows 6000 e
the variation in response for these detectors. Resolution and 5000 ///
sensitivity losses are apparent when the UV trace is compared § 4000 + -
with the post-splitter detectors. The CLND trace reflects the < 2888 >
low concentration of the sample. However, the MCP detector 1000
used in the TOFMS is often saturated by the eluting 0 : ; |

components. Therefore, the automated calculation of the
exact mass is set to only utilize signal below 1000 cps. To

400 800
Conc (uM Nitrogen)

1200

adjust the TOFMS calibration, erythromycin was used as a Figure 4. Caffeine response curves for UV at (a) 220 and (b) 254
lock mass compound and added via a T-fitting placed .

between the splitter and the TOFMS. Some degradation of
erythromycin over time was seen due to loss of water, but concentration (Figure 4). The ELSD response (Figure 5) was
this could be accommodated by using the mass for thelinear when plotted in a log/log fashion. However, the ELSD
dehydrated product as the lock mass. was found to have differing responses to various compound
Sensitivity and Linearity. Responses of the various classes (data not showhyonsistent with reported ELSD
detectors have already been published (vide supra), but toexperimental result& ¢ Caffeine response curves for the
facilitate comparison between them, caffeine samples were TOFMS were generated for the total ion chromatogram and
used to generate standard curves. For the CLND (Figure 3),for the extracted ion trace for 195 0.5 amu (Figure 6). As
levels down to 25:M nitrogen (10 ng injected onto the expected, these have a linear region, but amounts above this
column) could be detected. The linear range of the instrumentregion saturate the detector.
extended to about 10Q¢M nitrogen. As expected, the UV Assay Validation. Samples of individually synthesized
data gave good linear relationships between area andand purified compounds taken from a combinatorial library
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Table 1. Assay Validation Data

CLND
sample no. of area of caffeine area of calcd % error amount ELSD
PNU no. nitrogens (258 uM, 4 N) compound concn (uM) (vs 250uM) injected {«Q) area
184 346 6 28 886 46 136 275 9.9 4.1 164 226
184 445 6 23391 40072 295 17.9 3.6 122178
241977 6 20 446 31304 263 5.3 29 75471
242 264 6 22422 32199 247 1.2 3.8 127 354
244 263 5 25088 29010 239 4.5 2.8 74 459
y=2.16(x) - 3, ¥ = 0.9998 raw information from the run. Items of interest are then
100000 + specified in the *.ors file and reports generated. However,
even with the flexibility of the vendor package, a report
10000 - containing all of the relevant information for our analysis
b : could not be obtained. Therefore, a Visual Basic program
< was written in-house to extract the exact mass of the expected
1000 + ion and any significant impurities, and the area and area
percent for these peaks in the UV220, ELSD, and CLND
100 : | traces. The data are downloaded to an Excel template for
100 1000 10000 further processing and generation of summary tables. An
Conc (uM Nitrogen) example of a summary table (Table 2) shows average values

for the percent of compounds found, UV and ELSD purity,

Figure 5. Caffeine response curve for ELSD. . .
percent of the expected concentration, percent of library

(a) compounds in each purity quartile, and a patrtial listing of
2800 1 . individual sample data highlighting the target compound and
2000 + . the two largest impurities and their exact masses.

g 1500+ o The use of the TOFMS allowed the identity of expected

< 1000 + o compounds to be confirmed in a more rigorous fashion than

500 - with a quadrupole instrument and facilitated the identification

0 ’ ‘ : | of any impurities found through the generation of possible

0 2000 4000 6000 molecular formulas along with consideration of the chemistry

Conc (uM Nitrogen) involved. The CLND also assisted the identification of
unknown peaks by indicating the presence or absence of

(b) nitrogen.

1600 . Calculation of Concentration Using CLND. Caffeine
1‘2‘88 1 i was chosen as an internal standard because it is a well-
1000 4 characterized, easily soluble, commercially available com-

S 800l pound that elutes early in the HPLC run. Any similar

< L J . - .

600 + nitrogen-containing compound could be utilized. The com-
400+ o pound gives a response in all the detectors, facilitating
200 - ‘ ‘ ‘ ‘ ‘ alignment of the chromatograms. In addition, its response

0 0 . doo 2000 3000 40‘00 5000 eo‘oo in the ELSD is nearly negligible when routine concentrations

of library compounds are assayed, enabling the integration
of the entire chromatogram for calculation of purity. The

FLgure tG' Caffe_}rlng resgogscleggurves fotr ("’t‘) dT.OFMhS tOt"’:' ion  concentrations of sample components were calculated from
chromatogram (TIC) and (b) amu exfracted lon chromaltogram yhe | ND areas using the following equation:

Conc (uM Nitrogen)

(XIC).
were used for validation purposes. Solutions of these Concs | (SampleArea)(IntStdConc)(IntStd#N)
compounds were prepared at 2849 in the internal standard oncsampie= (IntStdArea)(Sample#N)

(caffeine) solution and injected onto the system. Agreement
of the concentration derived from the CLND data with the Exact masses of peaks other than the target compound were
theoretical concentration was excellent, as shown in Table used to generate molecular formulas using the software. After
1. The correlation between amounts injected (in micrograms) consideration of the chemistry involved in the synthesis of
and ELSD area also was good & 0.986). the samples, this allowed the structures to be solved and the
Data Analysis. Results were analyzed using the Micro- number of nitrogens per molecule to be determined for the
mass OpenLynx Diversity software. This program has many significant impurities. After the number of nitrogens for an
variables to optimize for the analysis and the reporting of impurity was determined, the concentration was then calcu-
data from these experiments, which are contained in *.olp lated using the above equation. An automated check for
and *.ors files, respectively. Initially, the *.olp program compounds co-eluting with the caffeine internal standard was
translates the data to a text file (*.rpt) containing all of the accomplished by comparing the CLND area for the indi-
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Figure 7. Comparison of expected compound purities calculated from ELSD or UV at 220 nm with CLND.

vidual run with the average area seen for the entire plate number of samples have been tested. Therefore, testing one
and/or control samples. plate of randomized samples (88) for each library is sufficient

Evaluation of Purity Using CLND, ELSD, and UV at to generate averages within a variation of 10%. Therefore,
220 nm.Comparison of purity determinations using CLND, the calculated averages are expected to be within a range of
ELSD, and UV are possible using the data available from 20% of the actual average for the library 95% of the time.
these samples. In Figure 7, a plot of percent CLND purity  Assay Difficulties. Several types of problems associated
(determined using concentrations calculated from the CLND with these libraries were encountered. Sample solubility must
area for all significant sample components, taking into be taken into account because the system can only assess
account their molecular formulas) vs relative purity (derived the quality of what has been injected onto the HPLC column.
from ELSD or UV (220 nm) area percents) is shown for a Precipitation of sample components is difficult to observe
set of 35 library samples. The use of relative ELSD area because of the low sample concentrations used, the opaque,
percent to determine purity correlates well with the absolute covered injection plates, and the number of samples. Often,
CLND-derived purity, making the use of this detector samples are stored at low temperature prior to injection,
beneficiat for purity determinations of these similar com- further providing opportunity for component precipitation.
binatorial library samplesr(= 0.939). Conversely, poor  Therefore, a judicious choice of injection solvent must be
correlation is seen between the area percent for UV at 220made on the basis of the expected lipophilicity of the library.
nm and the CLND-derived purity. However, because of DMSO may be used as the injection solvent for small
superior sensitivity and resolution, the UV trace often injection sizes; however, this solvent tends to broaden the
indicates the presence of peaks that are not observed by thearly-eluting polar peaks and gives a large UV peak at the
other detectors, resulting in lower relative purity results from void volume. Occasionally even DMSO fails to dissolve
this detector. certain samples.

Statistics. The analysis of large sample sets with statisti-  The use of CLND to determine the concentration of sample
cally valid sampling allows valuable information to be components relies on the separation of these components and
obtained without testing the entire population. For a normal the internal standard from other sample constituents. There-
distribution, the accuracy of the calculated average improvesfore, peaks that co-elute with the internal standard or the
with a larger number of random samples taken from any peaks of interest are a major impediment to automated
population, but it plateaus after sufficient samples are tested.integration and data processing. Internal standard peak areas
This observation is the basis of thdistribution, which takes ~ may be utilized to detect compounds that co-elute with the
into account the standard deviation of a sample set, theinternal standard because the area for the internal standard
degrees of freedom, and the desired confidence level tois fairly constant barring the presence of co-eluting compo-
predict the variance from the true average value. The typical nents. Adequate chromatographic resolution must be achieved
confidence level recommended for analysis is 95%. The to produce reliable data despite the desire to run the
variance from the true average should be minimized, typically separation gradient as quickly as possible. In addition,
within 10% (i.e., a total range of 20%). For this work, because of the splitting of the column effluent, resolution
adequate numbers of samples must be assayed to determiniesses occur between the UV and other detectors. This loss
the standard deviation of the average purity and averageis minimized with the use of the LC Packings splitter, but it
percent of expected concentration values. The actual numbeis still significant. As controls, samples containing only the
of samples to be assessed is dependent on the standarithternal standard and a known pure test compound at various
deviation of the averages and the confidence limits desired concentrations may be used to verify the proper functioning
for the final average values. However, even with a maximum of the system.
standard deviation of 0.5, the calculated variation at the 95% Because of the stringent nature of the determination of
confidence limit changes only slightly after a sufficient concentration via the CLND, the values reported were often
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much lower than expected by the synthetic chemists.
Differences were found to be attributable to the presence of 70
sample impurities. These included not only the side products

of the synthesis that may be observed by the detectors used 60 Spot size = Avg Library Concentration XL
in this system but also the presence of water and solvents e .
(due to incomplete drying and the hygroscopic nature of % ®
some samples) that are invisible to these detectors. These 2
components elute in the void volume of the column and are
not included in the UV purity determination or MS data, o

are too volatile to be seen with the ELSD, and do not contain Tl t . e *
nitrogen required by the CLND. Therefore, although the
relative area percent purity may be high by ELSD or UV,
the CLND still may give a low value for the concentration. 10
To prove the presence of these solvents requires the use of . *

NMR, sample drying, and reweighing. Often, a combination 0 .

of reaction side products and retained solvent is seen, making 0 20 30 40 5 60 70 8 90 100
the observed purity difficult to reconcile with the reported % Tdentified

concentration. In addition, the presence of inorganic com- Figure 8. Library quality comparison of identity, purity, and
ponents also lowers the observed concentration. Theseconcentration.

impurities usually are derived from the synthetic processes

40

Avg % Purity

and include salts, resins, silica, and diatomaceous earth. In =~ ™% Most Likely Side Product
addition, plate and filter materials used in the synthesis often © NF / HqCCNt 2 F
make their way into the final sample. All these components o F
can be dissolved by DMSO and yet not be detected. HN\N (</ <:> { A
However, since the CLND-derived concentration is deter- CorHpCIF O
mined for a pure HPLC peak, all sample impurities are {642.1571)
presumably excluded, resulting in a reliable determination
of the concentration of the target compound or the identified —— .
B . Other Possible Side Products with M+H* = 302
impurity. o HO

Applications. (1) Quality Surveys of Combinatorial o:C j—/</ : F %_C 0
Libraries. The described system has been utilized to verify nd e HNL Nm
the quality of commercially and in-house derived combina- A M Ot
torial libraries using statistical sampling methods. The (302.7505)
resulting data enable the selection of the highest quality
libraries for screening and suggest a proper dilution for the N N(N/
samples based on the average concentration determined for
the library. The results of these surveys also provide a check %/Nic %
of quality protocols used by commercial library vendors, CigHiraly CigHaoNs

. . N . . (302.1154)

enabling the selection of higher quality producers (Figure (302.1406)
8).

. . . . Figure 9. Benefits of high resolution.
(2) Identification of Impurity Peaks and Side Reactions g g

as an Aid to Optimizing Library Synthesis. Identification used for the third linker, a trimethylenedipiperidine, was
of byproducts and quenched reagents found in the productionfound to give side products attributable to the synthesized
of a library may assist the development of better synthetic compound growing large enough to span across sites on the
procedures. As an example (Figure 9), the benefits of masshead. After cleavage from the bead, compounds containing
accuracy are seen for a sample that contained the targetwo of the initial linker plus two of the second linker plus
compound (expecteth + H* = 542.1571, observeth + one trimethylenedipiperidine moiety were observed. Use of
H* = 542.1620) plus an impuritynf + H* = 302.1358).  the exact mass data from the TOFMS enabled the rapid
Although the absence of chlorine could be observed by eitherjdentification of these byproducts with errors in the deter-
a quadrupole MS or a TOFMS detector, several impurity mined versus calculated masses<df0 ppm. This type of
structures could be proposed on the basis of the observedide reaction was exacerbated for one of the second linkers
mass, the synthetic chemistry, and the expected impurity that inadvertently contained two possible sites for reaction
profiles that are identical at unit mass resolution. The exact with the third diversity element (see Figure 11). On addition
mass data enabled the selection of one of the structures agf the trimethylenedipiperidine, one or both of the sites react.
the most consistent with the expected chemistry and providedas stated above, because of the size of the third linker, the
information for the optimization of the synthesis. free end may cross-link to an adjacent site. We observed up
In an additional example (Figure 10), a library was to four sites reacting to create polymer-like compounds.
produced utilizing solid-phase techniques and the linear Because of the presence of several amines in these com-
addition of diversity element linkers. One of the moieties pounds after cleavage from the resin, multiply charged ions
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is limited to 1 amu. This information was critical to the
identification of these sample components. Identification of
these side reaction pathways indicated that the use of short
third linkers and mono-site second linkers would provide
better yield and purity of the target compounds.

(3) Prioritization and Identification of Leads from
Combinatorial Libraries. The utility of the described
system is exemplified in the assessment of hits from the
screening of combinatorial libraries. As an example, results
from the analysis of a collection of hits from a combinatorial
library showed that 44% of the samples contained the
expected compound at levels above the detection limit of
CLND (5 uM). Concentrations of the target compounds
ranged from 7 to 32xM, or 1.4—65% of the expected 500
uM of the diluted library. This variation emphasizes that
concentration information is crucial for prioritization of these
leads. Structures of impurities in several samples could also
be identified, and the concentrations were determined. For
instance, two samples were found to contain ions from the
expected compound, but each also contained a sizable
impurity. The difference between the mass of the impurity
and the expected compound from each sample was calculated
to be a loss of 68.0744 and 68.0727, respectively. This mass
is equivalent to replacement of a piperazine by a hydroxyl
(—85.0766+ 17.0027= —68.0739) functional group. The
exact masses determined for both the expected compounds
and the impurities differed from those calculated from the
respective formulas by-12 ppm, assisting in the unambigu-
ous assignment of their structures. This assignment enabled
the concentration of each impurity to be determined from
its CLND peak area. The first sample has a target compound
concentration of 7uM and an impurity concentration of
39 uM, while the second sample contains the target
compound at 32ZM and the impurity at 5xM. Therefore,
since these samples were nearly equivalent in activity in the
screen (39% and 43% inhibition, respectively), the data
suggest that the first sample is actually-3 times more
active than the second if the target structures containing
piperazine are responsible for the activity. However, more
importantly, the equivalence in activity and similarity in
impurity structures and concentrations may indicate that the
hydroxyl byproducts are a possible source of activity in the
assay. Once the mechanism of byproduct formation is
established, one can quickly search for the presence and
concentrations of the byproducts in other library samples
(both active and inactive) to delineate the bioactivities
observed for this series of compounds. Samples that contain
pure target or byproduct greatly facilitate this process. Thus,
the identity of the active sample component and an initial
SAR may be determined. However, because of the similarity
in structure of target and impurity compounds, often both
may be active, requiring fractionation and reassay to identify
the contribution from each component.

As a second example, the analysis of a set of hits (target

were predominant in the TOFMS. Identification of impurity concentration of 2.5 mM) from a different screen showed
components was facilitated by the use of exact masses andhat all of the samples contained the target compound at
the ability of the TOF to identify the charge state. The levels detectable by the CLND. Concentrations of the
presence of double and higher charge states is difficult to expected compounds varied from 1 to 13a@# or 0.04%
ascertain using quadrupole type instruments where resolutionto 54% of the expected concentration. This variation again



146 Journal of Combinatorial Chemistry, 2002, Vol. 4, No. 2 Yurek et al.

Scheme 1 same purity and concentration. In addition, without further
O/Amide site characterization, the target compounds may not be assumed
to be the active component for the purpose of identifying

Ester site \ Rs
0 . e . . .
& W)\NHJ\FF“ 4+  NHy—Ry possible templates. Purifying compound libraries prior to

o N:< screening or assessing the parameters of identity, purity, and

Rz concentration after hits are identified can potentially add

weeks to months of additional work to an increasingly

| Filter shortening timeline. In this report, the development and

l application of a new assay system for the simultaneous

o determination of identity, purity, and concentration of sample

% Rs components are described. The system makes use of high-

/ﬁ)LNHJ\”/NH—R‘* + RS NA—R, performance liquid chromatography with photodiode array
R%N 5 =N (PDA), ELSD, CLND, and TOFMS detection. The use of a
Ay Rz TOFMS along with a CLND provides a synergistic combina-

Desired product Side product impurity tion enabling target and side-product structures to be identi-

fied and their concentrations and purities determined in a
emphasizes that concentration information is crucial for single experiment from a solution containing microgram
prioritization of these leads. Furthermore, the common levels of material without the need for primary standards.
presence of side products containing one structural motif was The CLND was found to give a uniform response based on
seen for all but four of the samples. After this discovery, a the number of moles of nitrogen present, enabling the
search of the library synthesis database was made on thesgoncentration of nitrogen-containing components to be
samples. Despite the screening of several library chemistriesdetermined utilizing an unrelated co-injected standard. The
all the active compounds in this set were from the same use of ELSD area percent to estimate purity was found to
parallel synthesis solid-phase protocol and all but six were correlate well with concentrations determined by actual
synthesized in the same column of the synthesis plate. Inweight or by the CLND for similar compounds. Purity
this column, the final synthetic step is the formation and percentages obtained from UV at 220 nm were not found to
cleavage of the product from the resin, displacing the estercorrelate as well with the actual concentrations. However,
linkage to the resin by addition of an amine,(R Scheme although not demonstrated in this study, the availability of
1). A scenario for the formation of the side products the UV/vis PDA could be beneficial because it acquires
consistent with the high-resolution MS results involves absorption spectra for all HPLC peaks. This detector does
reaction of the amine with an internal amide linkage instead, not consume sample and provides an indication of peak
displacing not only the resin but also the center portiog) (R broadening in the system.
of the desired structure between the ester and amide linkages. The technology described in this report provides a means

The facts that these active samples are mainly from theto survey the parameters of correct identity, purity, and
same column of the synthesis plate involving a specific concentration for combinatorial libraries, enabling the reten-
amine, contain similar impurities at significant concentra- tion and screening of only the libraries of good quality. The
tions, and that several of the samples contain®@% pure  average concentration of a library may also be used to adjust
side product indicate that the screening activity is derived its dilution prior to screening. The system also facilitates
from the similar side products and not from the target the rapid identification of side products to guide the
compounds. Since the concentrations of these compoundsptimization of synthetic chemistry procedures. The most
could be determined, initial structur@ctivity relationships powerful use of this system is to rank screening lead
could be proposed, enabling the chemists to focus their effortsstructures on the basis of the identity, purity, and concentra-
on the most potent template. This finding underscores thetjon of the sample components. High-purity leads may be
need to have a powerful analytical system to unravel hits in graded by potency using the absolute concentration deter-
the screening of impure libraries. mined from the CLND response, providing initial SAR
information. The pure compounds should be easily resyn-
thesized by repeating the library chemistry. Leads from

As the vast number of samples from combinatorial libraries impure samples may be prioritized on the basis of the
exerts its leverage through high-throughput screening, it is concentration of the sample component (target or impurity
important to remember the assumptions made to producecompounds) suspected to give activity in the assay. Itis likely
them and the impact of these presuppositions on prioritizationthat sample impurities are responsible for a portion of the
of the hits found. Unless the library products are individually activity found in screening unpurified libraries. Their activity
purified and weighed, it is difficult to determine the SAR may be verified by identification of library samples (active
from the screening data. However, since the majority of theseor inactive) containing a single component or by fractionation
samples will never be active in a screen, several companiesof the sample into individual components and reassay. The
screen the impure combinatorial chemistry products and use of TOFMS facilitates the unambiguous identification of
characterize samples only from the active libraries. In this sample constituents, enabling their absolute quantitation by
approach, the screening data are not directly comparableCLND without the requirement of primary standards. The
across the library because the compounds do not have theTOFMS used for this work is also capable of acquiring data

Conclusions
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Table 3. Parameters for Positive lons

sample extraction source desolvation nebulizer desolvation pusher cycle
capillary (V) cone (V) cone (V) temp €C) temp €C) gas flow gas flow time (us)
3500 35 10 80 100 71 497 50
Table 4. Instrument Settings for CLND Data
reaction makeup inlet inlet
detector chamber  helium helium oxygen ozone
vacuum, pressure, flow, flow, flow, production, low-pressure high-pressure
Torr Torr mL/min mL/min mL/min mL/min set point, psi  set point, psi sensitivity gain
22 42 57 200 132 25.4 3 40 x50 high

from multiple LC systems using a multiple inlet souttas
a further improvement in throughput.

Experimental Section

Sample Preparation.An internal standard solution (DMSO
or a solution of 49.5% MeOH, 49.5% water, and 1% DMSO
containing 258 uM caffeine) was added to an aliquot of a
2.5 mM DMSO solution of the sample in a 96-well
polypropylene plate. Alternatively, the DMSO was removed
from a larger volume of the 2.5 mM samples by evaporation

in a vacuum centrifuge and the sample was reconstituted in

an equal or lesser volume of the internal standard solution.

An elution gradient of water and methanol containing 0.1%
formic acid was used. Under the chromatographic conditions,
the caffeine internal standard eluted at 3.8 min.

LCT Conditions. The TOFMS was calibrated by infusion
of a PEG or polyalanine standard solution to calibrate the
instrument over a mass range of 300 amu prior to
sample introduction. General instrument conditions were
utilized for the samples that would detect all positive ions
formed without fragmentation. The parameters for the
positive ions are shown in Table 3. lons were monitored from
100 to 1200 amu with a cycle time of 1.05 s. Therefore,
20 000 scans were summed each second as one data point.

The concentrations of the samples used for sample prepara- PDA Conditions. The detector monitored wavelengths

tion are based on the sample weight reported by the supplier
After sample mixing, the plates were heat-sealed with a
polypropylene/aluminum foil cover to create an airtight seal.
Samples were stored at20 °C and warmed and mixed on

a shaker prior to analysis.

from 200 to 700 nm. A wavelength of 220 nm was selected
for analysis of purity.

ELSD Conditions. The nitrogen pressure was set at 40
psi, the temperature was set to 4D, and the gain was set
at a value of 10. The baseline signal was adjusted with the

HPLC —PDA—ELSD—CLND —TOFMS Analysis Pa- manual knob to give a value of 25 mV so that the Masslynx
rameters. Figure 1 is a flow diagram of the instrumentation data system would adop 1 V full-scale setting.
for the assay. The sample was supplied to the system with CLND Conditions. The chemiluminescent emission is
a Waters 2700 sample manager. The HPLC gradient wasspecific and proportional to the amount of nitrogen in the
supplied by a new Waters Alliance 2690 system with a eluted sample. The instrument achieves this by combusting
column heater set at 6€. Flow proceeded from the column the column effluent in a 1058C furnace in the presence of
through a Waters 996 photodiode array (PDA) detector to a O,. All effluents are converted to GONO, water, and other
custom-built LC Packings flow splitter. In this module, the oxides. Water is then removed in a drying tube, and the
1 mL/min flow was split 200/200/600 to the Micromass LCT remaining gases reacted with ozone. This reaction with NO
time-of-flight mass spectrometer (TOFMS), the Antek 8060 produces N, a high-energy molecule that relaxes to NO
chemiluminescent nitrogen detector (CLND), and a Sedex yielding a photon. The light produced is measured with a
55 evaporative light-scattering detector (ELSD), respectively. photomultiplier and is directly proportional to the amount
Initial attempts utilized a Harvard syringe pump to add a 20 of nitrogen in the eluant, thus providing a concentration of
uL flow of a 0.2ug/mL solution of erythromycin in methanol  nitrogen. Conversion of this to the number of moles of
to the flow going to the TOFMS to provide a lock mass for nitrogen and the number of moles of compound is then
adjustment of the calibration of the instrument for exact mass straightforward. The vendor has determitfetiat a few rare
determinations. Later versions used a—20uL/min flow types of nitrogen-containing compounds give &d NO
gradient of erythromycin provided by a Varian 9010 pump under these conditions, thus allowing oftyof the nitrogen
to give a constant intensity lock mass signal of approximately to be quantified. Since these rare structures are likely to be
100 cps. The initial minute of elution was diverted away produced only by direct synthesis and not as side products,
from the TOFMS to avoid contamination by DMSO and their different modes of reaction may easily be accounted
other void volume components. The void volume was for in the calculation of compound concentration. The
observed by all other detectors. The TOFMS, HPLC pump, linearity of response to nitrogen permits any nitrogen-
and PDA detector were all controlled by the Micromass containing compound to be used to produce calibration
Masslynx data system. Data from all the detectors were curves that are applicable to the quantitation of any nitrogen-
accumulated by this data system and manually aligned tocontaining compound after applying a factor accounting for
reference each trace to the TOFMS data, utilizing the signal differences in the number of nitrogens in the standard and
for the internal standard in each detector. sample. The instrument settings used are shown in Table 4.
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Data Analysis.Micromass OpenLynx Diversity software (3) Gorlach, E.; Richmond, R.; Lewis, I. High-Throughput Flow

(*.olp program) was used to automatically perform integra- Injection Analysis Mass Spectroscopy with Networked
Delivery of Color-Rendered Results. 2. Three-Dimensional

tion of all of the chromato.grams, pr0y|d|ng areas from the Spectral Mapping of 96-Well Combinatorial Chemistry
CLND trace for concentration calculations and area and area Racks.Anal. Chem1998 70, 3227-3234.

percents for the UV 220 nm and the ELSD chromatograms  (4) Fang, L.; Wan, M.; Pennacchio, M.; Pan, J. Evaluation of
for purity determinations. The program also automatically Evaporative Light-Scattering Detector for Combinatorial

provided an exact mass measurement for every peak observed  Library Quantitation by Reversed Phase HPLIC.Comb.
in any of the detectors, utilizing the lock mass signal to adjust Chem.200Q 2, 254-257.

- . . - (5) Taylor, E. W.; Qian, M. G.; Dollinger, G. D. Simultaneous
the calibration curve. The program identified peaks due to On-Line Characterization of Small Organic Molecules

the expected sample components by comparison of the Derived from Combinatorial Libraries for Identity, Quantity,
expected molecular weights with that obtained from exact and Purity by Reversed-Phase HPLC with Chemiluminescent
mass measurements. The OpenLynx program generated a  Nitrogen, UV, and Mass Spectrometric Detectidknal.

file (*.rpt) that could be viewed in the vendor Diversity . (éhe_m.199_ra ;041?)1 3?39“334('17} i ation by chemilumi
Browser prograi. Final reports, generated by extaction of (¢ SOrMar T, foa nivogen determingtion by chemiunt
relevant data from this file by a Visual Basic program written Instruments, Houston, 1981.

in-house, reduced the data to an Excel file that included areas (7) Shah, N.; Gao, M.; Tsutsui, K.; Lu, A.; Davis, J.; Scheuer-
from the CLND trace and area and area percents for the UV man, R.; Fitch, W. L. A Novel Approach to High-Throughput
220 nm and the ELSD chromatograms as well as the exact Quality Control of Parallel Synthesis Librarie3. Comb.

Chem.200Q 2, 453-460.

mass determined for Ieaﬁh pza;k. Thi concentrations of_samlfle (8) Combs, M. T.. Ashraf-Khorassani, M.: Taylor, L. T.: Fujinari,
components were calculated from the CLND areas using the E. M. Optimization of Chemiluminescent Nitrogen Detection
following equation: for Packed-Column Supercritical Fluid Chromatography with

(SampleArea)(IntStdConc)(IntStd#N) Methanol-Modified CQ. Anal. Chem1997, 69, 3044-3048
and references therein.

(IntStdArea)(Sample#N) (9) Keifer, P. A.; Smallcombe, S. H.; Williams, E. H.; Salomon,

Exact masses of peaks other than the target compound were - E-: Mendez, G.; Belletire, J. L.; Moore, C. D. Direct-

dt i lecular f | ina th ftw Aft Injection NMR (DI-NMR): A Flow NMR Technique for
used to generate moleculiar lormuias using the soltware. Arier the Analysis of Combinatorial Chemistry Librarigs Comb.

ConcSample=

manual consideration of the chemistry involved in the Chem.200Q 2 (2), 151-171 and references therein.
synthesis of the samples, this allowed the structures to be (10) A Hewlett-Packard 1100 HPLC system was flushed in an
solved and the number of nitrogens per molecule to be attempt to remove the nitrogen-containing solvents and

buffers. However, despite repeated washings according to
Antek’s instructions, the presence of nitrogen-containing
components was still apparent in the rolling baseline and

determined for the significant impurities. After the number
of nitrogens for an impurity were input into the Excel

spreadsheet, the impurity concentration was then determined drop in signal on a loop injection of methanol.

using this value and the CLND area reported for the peak (11) Initially, t-fittings with or without flow adjustment valves
and the internal standard using the above equation. An were installed. However, these resulted in significant peak
automated method of identifying impurities requiring input broadening and gave poor performance over the changing

: : ; . : pressure conditions encountered in the gradient run, resulting
based on starting materials, known impurities, synthetic in shifting retention time differences among the various

chemistry, and expected side reactions should be possible detectors.

for these libraries. An automated check for compounds co- (12) Henry, C. In the Spray with ELSD#nal. Chem 1997,
eluting with the caffeine internal standard was accomplished September, 561A563A.

by comparing the CLND area for the individual run with ~ (13) Mourey, T. H.; Oppenheimer, L. E. Principles of Operation

: of an Evaporative Light Scattering Detector for Liquid
the average area seen for the entire plate and/or control ChromatographyAnal, Chem 1984 56, 2427-2434.

samples. Control samples containing only the internal (14) Hopia, A. I.; Ollilainen, V.-M. Comparison of the Evapora-

standard and a known pure test compound at various tive Light Scattering Detector (ELSD) and Refractive Index
concentrations may be used to verify the proper functioning Detector (RID) in Lipid AnalysisJ. Ligq. Chromatogr1993
of the system. 16 (12), 2469-2482. .
(15) Kermasha, S.; Kubow, S.; Goetghebeur, M. Comparative
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