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Abstract A systematic investigation on the role of combustion elemental analysis in the
quantitative monitoring of solid-phase organic synthesis was done. Quantitative elemental analysis
results obtained for eight resin-bound organic compounds are highly consistent with those obtained
from well-established methods such as Fmoc method. A six-step peptoid synthesis and a

dansylhydrazone synthesis were quantitatively monitored using elemental analysis.  All results

methods. Based on these data, the elemental

were corroborated by well-established photometric methods. Based on these data, the elemental
anaiysis method is, in general, reproducibie and accuraie in the quantitative analysis o
organic compounds. Considering the severe shortage of on-resin quantitation methods at present,
it adds a valuable tool for monitoring solid-phase organic synthesis steps that cannot be quantitated

by current methods. © 1998 Elsevicr Science Lid. All rights reserved.
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Solid-phase synthesis is the primary tool for combinatorial chemistry. A major advantage of

solid-phase organic synthesis (SPOS) 2 is that it circumvents the tedious intermediate isolation and

purification procedures. Ideally, a solid-phase reaction can be driven to completion by an excess of reagent
without caucine nrohleme in the nurification. In realitv. most oreanic reactions do not go to comnletio
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and unlike solution synthesis, the resin-bound synthetic intermediate in SPOS can not be isolated and

purified. The unreacted portion will accumulate until the end of the synthetic sequence and cause purity

=

roblems for the final product. Therefore, the quantitative analysis of solid-bound compounds a

1
1 4
intermediate stages is very advantageous to guide the success of the chemistry vaiidation and the final
library synthesis.
- - ; coraa 13 L. 4 o
Dye-coupling methods have been applied to quantitation of aldehyde  and ammnes . HOWEVET,

when there are no such functional groups in the molecule, the on-resin quantitation is very difficult.

Although the elemental analysis method has been occasionally used for resin s&__pl_cf; it is not generally
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Figure 1. Chemical structures of resin-bound compounds characterized by elemental analysis.
applied as a routine quantitation tool in SPOS. In this study, we investigated the role of the elemental

analysis in characterization of resin-bound organic compounds and in the quantitatively monitoring of

SPOS in the reaction optimization stage of combinatorial chemistry.
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RESULTS AND DISCUSSION
n a carhon-hvdracen.nitraocen (C'HNN analveic recin comnmmde were enmbnetad and avidized
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completely to form CO,, H,0 and N, which are then quantitatively determined simultaneously on the basis
of their different thermoconductivities relative to the carrier gas helium. All samples for CHN analysis
were in reference to the standard acetanilide. 1% Divinvlhenzene (DVR) - nolvstvrene conolvmer is the
ere in reference to the standard acetanilide. 1% Divinylbenzene (DVB) - polystyrene copolyme
basic matrix for many resins used in SPOS. The theoretical C/H ratio of the plain 1% DVB-polystyrene
Table 1. Elemental analysis of resin-bound compounds: reproducibility and accuracy
Compd. Weight Element Measurements Value Expected®
(mg per (mg/g resin) (mg/g resin)
measurement)
1 2 C/H 4 920+2/77+1 923/77
2 2 N 4 6.7+0.2 6.44
3 2 N 4 14.41£0.3 14.7
4 2 N 4 9.940.2 9.1
5 2 N 4 3.8+0.2 3.9
6a° 15-20 Cl 2 36.540.01 36.1
6b 15-20 Cl 2 25.740.01 26.6
7 15-20 Cl 2 13.610.1 13.3
8 15-20 Cl 2 22.9+0.2 22.1
8 20-35 S 2 22.5+0.3 20.2
9 20-35 S 2 34 8+0.4 32.0

Note: a. Photometric determination of Fmoc. See experimental section for details. b. 6a and 6b are from two different batches.
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resin based on the ratio of starting materials used for polymerization is 92.3/7.7. Elemental analysis of this

e b L0 NN

resin in quadruple gave a ratio of 92.0+0.2/7.

+.01 showing excellent reproducibility and accuracy. To
further investigate the reproducibility of the method, a multiple analysis of compounds 2-8§ was carried out
for their nitrogen contents (Table 1). The reproducibility of the data is very good as shown by the very
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tions. It is important to point out that o

equired for a CHN analysis and
cach analysis takes less than 20 min in an automated fashion. In routine analysis, a single analysis or a

duplicate measurements should be sufficient.

In addition to nitrogen quantitation, a series of resin samples containing sulfur and chlorine were also
analyzed (Table 1). All the expected values including those for nitrogen quantitation mentioned above
came f
carbonyl (Fmoc) and N’-hydroxylbenzotriazole (HOBt) groups except that the value for plain polystyrene

d

is based on the ratio of starting materials for polymerization. Standard deviations from the expected value

The good reproducibility and accuracy of the elemental analysis method prompt us to apply this

bound aldehyde was investigated (Scheme 1). The nitrogen content was increased from <0.2 to 22.7 mg/g

after the reaction (Table 2) showing a nearly quantitative conversion which is also confirmed by single
bead IR and a dye-coupling quanti

The potential of the method for quantitatively monitoring of solid-phase organic synthesis was further

substantiated by the successful monitoring of a series of peptoid synthesis reactions (Scheme 2). Peptoids
or oligo-N-substituted glycines are a class of compounds with unique folding properties’ and potential

- applications in DNA delivery in gene therapy7. Following the published procedure® with only minor
modifications, the starting material Rink amide AM resin (12, 0.44 mmol/g) was first activated and also
quantitated by the cleavage of the Fmoc chromophore"‘. The loading of the resulting amine resin is
increased to 0.48 mmol/g due to the altered resin/functional group ratio after the leaving of Fmoc. In all
SPOS, it is necessary to re-calculate the loading after each synthetic step due to the changed
resin/functional group ratio. The increased weight from the new group was added to the base weight and
the original loading in term of mmol/g was re-calculated after each reaction step. As more fragments of
similar elemental composition are added, the relative change in the values get smaller and therefore the
relative errors get larger. For this reason, we did not use nitrogen quantitation as a indicator to monitor this
synthesis. The six-step synthetic reaction was quantitatively monitored by both the bromine quantitative

analysis and nitro phenylisothiocyanate-O-trityl (NPIT) quantitation.“ The disappearance of the primary



suggests the presence of 30% of amines in the product resins. In order to investigate the inconsistency,

end products were cleaved from resin and analyzed by MS and HPLC. MS confirmed the presence of both

19 and 28 and HPLC indicated the ratic 6f 19/20 is 1/1.82. The cause for the formation of the side product
Table 2. Elemental analysis of resin-bound compounds: reaction monitoring

Compd. Weight Element Value yield yield

(mg per PP i

(vs. theor) Br analysis NPIT
measurement) L .
7 (mg/g resin)

10 2 N <0.2 - --
11 25-35 N 22.7(24.3) 93 4% o --
12 25-35 Br -- -~ -
13 25-35 Br 0 (O G) - 109% o
- A A~ By Ay o4 s e 0 S
14 25-35 Br 37.1(36.7) 101% negative
16 25-35 Br 32 3 (..49) $2.5% o ﬁeg-‘t‘ive §

Ae A~ e PPN 3 0
17 25-35 Br L.Us (L.U) complete 78%

A A e = A A s A 0 s
18 25-35 Br 24.3 (32.3) 75.2% negative
19+20 25-35 Br 0.02 (OO) Complete 5 30% o
Note: o - overall yield. s - One step yield



ve. In the final step, the combination of
quantitative measurements helped predict the result which was shown by HPLC and MS, after cleavage

from the solid support. This type of on-resin analysis can help facilitate the reaction optimization steps

SUMMARY

In this investigation, we have systematically evaluated the value of the combustion elemental analysis

results show that the elemental analysis method is a reproducible and an accurate quantitation method for

polystyrene- and TentaGel-bound organic compounds. It is extremely valuable in the monitoring of SPOS
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washing and drying to elemental analysis results since the resin-trapped reagent or solvent molecules will

cause the variable results. In practical considerations, although the combustion elemental analysis method

EXPERIMENTAL

Materials. All resins in Fig.1 and starting materials in Scheme 1 and 2 were purchased from NovaBiochem
(San Diego, CA). The loading of 4 and 9 was based on the released Fmoc groups and that of 8 on the
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based on the determination of Fmoc chromophore released from their Fmoc derivatives (coupling with

Fmoc-Cl, Fmoc-hydrazide or Fmoc-amino acids). In peptoid synthesis, Rink AM Resin (which is FMOC

catalog number RHM-1073-PI. All solvents and reagents were purchased from Aldrich Chemical

Company, Milwaukee, Wisconsin, USA, unless otherwise noted.
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General synthesis methods. The reaction in Scheme 1 was carried out and monitored as described in
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reactors, which can be clamped onto a Wrist Action Shaker, Model 75, from Burrell Scientific, Pittsburgh,

Pennsylvania, USA. Solvents and reagents are added through an opening in the top of the reactor.
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aid of a small nitrogen pressure applied at an opening on top of the glass vessel. Glycine fert-butyl ester
was liberated from the hydrochloride salt by suspending in THF, and bubbling ammonia through for a few
ug, then
evaporating the filtrate on a rotary evaporator. N-phenethyl-N-isoamyl amine was prepared via the Borch

procedure'o of reductive amination of phenethylamine and isovaleraldehyde. The distilled product

contained 6%, ined via GC and NMR  The ealid
contained 0% 1a GU G INIVIIS. 10 SCiIQ

Microlit Laboratories, Inc., Madison, NJ. CHN was determined simultaneously w Perkin Elmer CHN

g 9

analyzer Model 2400. For sulfur, chlorine and bromine analysis, the resin sample was first combusted and

dimethyisuifonazo III as an indicator; and the chiorine by titrating with mercuric acetate with diphenyi
Th

carbazone as an indicator. The reference standards were S-Benzylthiuronium chloride for b

-

thiosuifate using the p-Nitrobenzyi bromide as a standard.

Qualitative NPIT test:** To a small sample of washed resin in a small plastic filter tube was added 0.25

mL of 0.03M NPIT solution in DMF. This was allowed to stand for 5 minutes then the resin was filter
and washed 3 times with 0.5 mL DMF and 5 times with 0.5 mL CH,Cl,. Then 0.5 mL of 2%

rifluor

oacetic acid in acetonitrile was added to the resin. If no color was detected, the result was negative,

-

meaning no reactive amines present. I
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S
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reactive amines.
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DMF was added to swell the resin, and then drained after 5 min. Approximately 0.2
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of 2% trifluoroacetic acid/CH,Cl,, and then 3 X 0.25 mL of 0.2% tirfluoroacetic acid/acetonitrile. These
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s was diluted to 25 mL with 0.2%

nnsvalasiend fad

e ~ PR G (Y Ty Aal
LU d.l u.uuuuu: Ino ¢ T

25 mL volumetric flask.

o

trifluoroacetic acid/acetonitrile. By comparison to a standard concentration curve, the concentration of

dimethoxytrityl cation was extrapolated by measuring the absorption at 498 nm. The average of 2 or 3
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Found: C. 84 86: H 741: N. 193:- Cl <0.10: By
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FMOC denrotection of resin 12 to oive amine resin 13: Rink AM Resin (5S¢, .44 mmol) and 45 mL of
Y gepreotection of resin 12 fo give amine resin 130 XKink AV kesin (0g, .44 mmol) and 4o ml of

DMF was put in a solid phase reaction vessel, and agitated via wrist action shaking for 30 min to swell the

resin. The solvent was drained, and then 45 mL of 20% piperidine in DMF was added and agitated 5

reaction was drained, and the resin washed with DMF (3 X 45 mL, 5 min, each), CH,Cl, 3 X 45mL, 5
ied 0

Found: C, 85.90; H, 7.65; N, 2.09; CI, <0.10, Br, <0.20; I, <0.30.
Qualitative NPIT Test: positive.

Quantitative NPIT Test: 21.2 micromolar;109 % of the value based on the loading of the starting material.

~eneral procedure for bromoacetylation of amine containing resin: The resin was swelled with DMF
and agitated for at least 15 minutes, the solvent was drained, then a 0.5 M solution of bromoacetic acid in
DMF was added and a 3.2 M solution of diisopropylcarbodiimide in DMF was added (10 eq. of
bromoacetic acid and 13 eq. of DIC based on estimated loading of the resin). The reaction was agitated for
30 minutes, drained and repeated one more time for 30 minutes. The reaction was drained and the resin
was washed with DMF (3 X 45 mL, 5 min. each), CH,Cl, (3 X 45 mL, 5 min. each), and MeOH (3 X 45

mL, 5 min. each). The resin was dried on the vacuum pump for at least an hour. A 40 mg sample was

collected to obtain microanalytical data and NPIT test results.
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General procedure for amination of the bromoacetyl containing resin: The resin was swelled with
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DMEF and agitated for at least 15 minutes, the solvent was drained, then a solution of the appropriate amine
(1.8 M in DMSO) was added to the resin (10 mL per gram of resin) and the mixture was agitated for 16
hours. The reaction was drained and the resin was washed with DMF (3 X 45 mL, 5 min. each), CH,Cl, (3
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at least an hour. A 40 mg sample was collected to obtain microanalytical data and NPIT test results.

using the general procedure t

Found: C, 81.61; H, 7.24; N,

ive 4.22g of resin 14.
.02; Br, 3.71 (Brindicates 101% overall yield).

[\_)O
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Found: C, 84.51; H, 7.80; N, 2.68; Br, 0.12.
Qualitative NPIT Test: positive.

nll an
N Baas

Bromoacetylation of amine resin 15 to give resin 16: Amine resin 15 (4.12 g) was bromoacetylated

1g the general procedure to give 4.32g of resin 16,

Found: C, 80.27; H, 7.35; N, 2.68; Br, 3.23 (Br indicates 92.5% overall yield).
Qualitative NPIT Test: negative.

Amination of resin 16 with glycine tert-butyl ester to give amine resin 17: Resin 16 (4.32 g)was
aminated using the general procedure to give 4.12 g of amine resin 17.

Found:; C, 82.47; H, 7.64; N, 2.87; Br, 0.08.

Qualitative NPIT Test: positive.

Quantitative NPIT Test: 13.29 micromolar;78% overall yield.

Bromoacetylation of amine resin 17 to give resin 18: Amine resin 17 (0.5 g) was bromoacetylated using

the general procedure to give resin 18.

Found: C, 77.15; H, 7.21; N, 2.90; Br, 2.43 (Br indicates 75.2 % overall yield).



Qualitative NPIT Test: negative.

Amination of resin 18 with N-phenethyl-N-isoamylamine to give amine resin 19/20: Resin 18 was
aminated using the general procedure to give amine resin 19/20.
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Qualitative NPIT Test: positive.

Quantitative NPIT Test: 5.5 micromolar; indicates ~30% titratable amine relative to amount of expected

95% trifluoroacetic acid/water. This was stirred for 15 minutes, filtered and collected the filtrate. This
resin was washed two times more with 2.5 mL 95% trifluoroacetic acid/water and one time with 1 mL of
100% water. All filtrates were combined and concentrated under high vacuum for 16 hours to give 23.2
mg of foam. HPLC (reverse phase C18 column, with gradient from 20% acetonitrile/80% water containing
0.1% trifluoroacetic acid to 50% acetonitrile over 20 min) showed two products. The lower Rf = 4,38
corresponded to an MH+ of 421 via positive mode electrospray MS and the higher Rf = 6.46 corresponded
to an MH+ of 491. The ratio of these peaks was 1.82 to 1 in favor of the desired higher molecular weight
compound. The lower Rf compound was the product resulting from the reaction of phenethylamine with
the bromoacetyl containing resin 18. Therefore, the primary amine contaminant present at the level of 6%,
accounted for ~35% of the product, showing increased rate of reactivity of the primary amine over that of

the secondary amine in the “peptoid” chemistry.

We thank Dr. Wenbao Li for the synthesis of 11 and Robertson Microlit Laboratories, Inc. for elemental

analysis service.
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