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Figure 2. Transmission electron micrographs of silver metal par­
ticles prepared under various conditions of (a) x-2 at 175 °C and 
(b) x=2 at 150 °C.

higher probability of particle collisions and adhesion, and 
those have led to lowering the surface area of particles.6

The silver particles of 50 nm prepared in this work is 
thought to be polymeric silver metal clusters consisted of 
3.8x106 number of silver atoms, which was calculated by 
using the silver atomic radius of 2.9 A, and the packing 
fraction of ccp array, 0.74. In the face-centered cubic struc­
ture, a silver atom is coordinated by twelve neighboring silv­
er atoms, which could be assumed as the first metal cluster. 
Such small clusters can be aggregated together to form 

large particles through many steps, which accounts for the 
difference of particle sizes in between XRD and TEM.
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Kaiser oxime resin (4-nitrobenzophenone oxime resin) 
has been one of the useful polymer supports in solid-phase 
peptide fragment synthesis.1 However, from our previous ex­

periences, a few but critical handicaps have been found. 
First, the peptide-resin linkage was not sufficiently stable 
that no little portion of the anchored peptide moiety was 
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lost during the peptide elongation procedure. Second, the ox­
ime functionality was not sufficiently inert to the peptide 
synthesis conditions that the resin could hardly be reused 
many times. Even though several benzophenone oxime 
resins were synthesized and tested by Kaiser's group before,la) 
no systematic studies were reported to find out proper sub­
stituents and positions in the phenyl ring of the ben­
zophenone oxime group for the best performance in solid 
phase peptide fragment synthesis. Therefore, we have tried 
to synthesize 2-nitro-, 3-nitro-, 3,5-dinitro- benzophenone 
oxime resins which can reveal improved physical properties 
and attempted to demonstrate the reliability of the resins in 
peptide fragment synthesis.

3-Nitrobenzophenone oxime resin, 4, and 3,4-dinitro- 
benzophenone oxime resin, 6, were prepared according to 
the known procedure for 4-nitrobenzophenone oxime resin,lb)2 
5, (Scheme 1) and the results are shown in Table 1. The 
conversion yields for the oximation steps were 96% (for 4), 
91% (for 5), 79% (for 6) which were calculated from N 
analysis data. After the coupling of Boc-Phe to the oxime 
resins by DCC, dipeptide fragment, Boc-Phe-Gly-OMTPlg) 
was prepared via the aminolysis reaction with glycine 4- 
(methylthio)phenyl ester(Gly-OMTP)3 in the presence of 
acetic acid catalyst (Scheme 2). The reaction times were 
measured in order to compare the reactivities of the oxime 
resin esters in amiii이ysis reactions.4 All the reactions were 
finished within 2-5 hrs with 90-95% yields. The data re­
vealed that the reactivity of the resin was in the following 
order; 5<4<6 (Table 1).

1 : R = 3-NO2, R' = H
2 : R = 4-NO2, R' = H
3 : R=3-NO2，R,= 5-NO2

NH2OH' HC1 厂、、II /==^R

—志一-(X丿ic y盆 
Oxime Resin

4 : R=3-NO2,R' = H(96%)
5 : R = 4-NO2,R' = H(91 %)

6 : R = 3-NO2,R,= 5-NO2(79%)

The stability of the oxime functionality was also in­
vestigated after repeated use in peptide coupling reactions. 
After each coupling reactions for Boc-Phe-Gly-OMTP, the 
resins of the same synthetic history were treated with 10 
molar excess of benzylamine in methylene chloride (10 mL/ 
g resin) at 25 °C for 6 hr, and were washed thoroughly with 
various solvents to regenerate the oxime functionalities. Af­
ter drying the resins in vacuum, nitrogen analyses were per­
formed. The results of the regeneration procedure of the 
respective oxime resins are summarized in Table 1.

The results confirmed that only 70-72% of the initial ox­
ime groups were regenerated in 5 and 6. However, most of 
the oxime groups have survived in 4 during the re­
generation procedure although the resin has been previously 
used twice in the anchoring and coupling steps. The sta­
bility of the oxime group in 4 doesn't seem totally unrelated 
to the high conversion yield (96%) from the keto resin. The 
stability will enhance the reliability of this polymer support 
in practical use in solid phase peptide fragment synthesis.

To test this, several dipeptide fragments with different C- 
terminal protecting groups as well as tri- and pentapeptide 
MTP esters were synthesized from the oxime resins. The 
results are summarized in Table 2. Except for Boc-Phe-Gly- 
OPh and Boc-Phe-£-ACA-OMTP, all the oxime resins gave 
similar results (88-94% yield) for the synthesis of dipeptide 
fragments. For dipeptide phenyl ester, Boc-Phe-Gly-OPh, 
and tri-, and pentapeptide MTP esters, including Boc-Phe-e- 
ACA-OMTP, 4 gave much better results than 5 or 6. Thus, 
in the preparation of Boc-Gly-Phe-Leu-OMTPlg) and Boc- 
Gly-Phe-Leu-Tyr(OBzl)-Gly-OMTP,lg) 4 gave 81%, 86% 
yields while 5 and 6 gave 71%, 74% and 73%, 77% yields 
respectively. There was no significant indication of ra­
cemization during coupling steps.5

Scheme 2. Preparation of Boc-Phe-Gly-OMTP from oxime 
resins.

Table 1. The Results of the Regeneration Procedure of the Oxime Resins after Coupling Reactions

Scheme 1. Preparation of nitrobenzophenone resins and ni­
trobenzophenone oxime reSins.

Resins -
Initial Resins Boc-Phe-Gly-OMTP 

.• b preparation Regenerated Resins

(%)
DF° 
(%)

Deg.
Sub/

Yield 
(%)

Reaction 
Times(min)

Nc 
(%)

DF"
(%)

Deg.
Sub/

regenerated 
ratio(%)

4 3.02 13.7 1.14 95 250 2.93 13.3 1.10 97
5 3.44 16.1 1.23 90 300 2.41 11.3 0.86 70
6 3.71 11.2 1.08 93 180 2.67 8.1 0.78 72

“Each resin was previously used twice in the preparation of Boc-Phe-Gly-OMTP in DMF. "Sub. levels of Boc-Phe in each Boc-Phe-oxime 
resins before the coupling reactions were 0.49 (4), 0.51 (5), 0.39 (6) mmol/g resin. c Nitrogen content by elemental analysis of the resins. 
dDF: degrees of functionalization of the introduced functional groups in polystyrene.e Degrees of the oxime functionality in mmol/g resin.
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Yield (%)a . 冲
Peptide Derivatives ---------------------mp fC) [a]

4 5 6

Table 2. The Results of Peptide Fragment Synthesis from Ox- 
ime Resins in CHQ?______________________________________

Boc-Phe-Gly-OMe 94 90 94 oil
Boc-Phe-Gly-OPh 77 65 57 121-123
Boc-Phe-Gly-O^u 91 91 97 84-85
Boc-Phe-Gly-OB 기 93 88 92 133-134
Boc-Phe-p-Ala-OMTP 85 89 89 138-140
Boc-Phe-Leu-OMTP 94 89 85 121-123
Boc-Phe-e-ACA-OMTP 95 74 76 114
Boc-Gly-Phe-Leu-OMTP 81 71 73 127-129
Boc・Gly・Phe-Leu-Tyr(OB 기)- 86 74 77 179-180

-4.0(A)
19.0(B)
-4.0(B)
15.0(B)

-20.0(A)
0.8(B)

Gly-OMTP
a Isolated yields calculated from the amount of first amino acid 
attached to the resin. bValues of the products from 5, c=l, 
AcOH(A) or CHC13(B). Those from 4 and 6 gave identical 
values.

The stability of the oxime resin ester linkage to strong 
acid such as TFA was also investigated. After treating Boc- 
Phe-oxime resins with 25% TFA/CH2C12 in given time in­
tervals, the amount of free amino groups left on the oxime 
resins were measured by a picric acid titration method.6 The 
results showed that 6.5% and 5.7% of Phe were lost from 
Boc-Phe-4 and Boc-Phe-5 after 2 hrs of exposure, and 
17.6% and 13.3%la) after 4 hrs exposure in 25% TFA/ 
CH2C12 respectively. The highly activated ester linkage of 
Boc-Phe-6 was found to be the least stable such that 8.5% 
(after 2 hrs exposure) and 26.8% (after 4 hrs exposure) of 
Phe was lost from the corresponding resin ester. Therefore, 
the oxime resin ester linkage in 4 proved to be similarly 
stable under TFA as 5, but much less stable in 6.

In conclusion, the 3-nitrobenzophenone oxime resin is a 
better choice than Kaiser oxime resin for peptide fragment 
synthesis because of the improved stability and higher reac­
tivities. More results of cyclic peptide and long chain pep­
tide fragment syntheses by 3-nitrobenzophenone oxime 
resin will be reported elsewhere in detail.
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2. (a) Synthesis of 2-nitrobenzophenone oxime resin was 
also tried. Although 2-nitrobenzophenone resin was 
successfully made, conversion to the corresponding 
oxime resin was not successful. Through X-ray 
fluorescence spectroscopy, 14 wt% of aluminum was 
found to be trapped in the keto resin, while less than 0.8 
wt% of aluminum was found in the other keto resins (1, 
2, 3). The ortho geometry in 2-nitrobenzophenone might 
be responsible for the tight binding with aluminum, and 
preventing from further conversion, (b) Neckers, D. C.; 
Kooistra, D. A.; Green, G. W. J. Am. Chem. Soc. 1972, 
94, 9284.

3. Johnson, B. J.; Jacobs, P. M. J. Org. Chem. 1968, 33, 
4525.

4. For monitoring of the progress of the reaction, aliquots 
of the resin mixture were taken out from the reaction 
vessel periodically. After careful washing and drying 
steps, IR spectra were taken to follow up the decrease of 
the absorption intensity of the oxime ester linkage at 
1780 cm4. The reaction times were defined at the 
moment of >95% decrease of the initial absorption band.

5. After deprotection of Boc-L-Ile-4 followed by 
benzoylation, Bz-L-Ile-4 was obtained. Aminolysis with 
Gly-OMTP or Leu-OMTP under the same reaction 
condition as in ref la) Bz-L-Ile-4 gave Bz-Ile-Gly- 
OMTP or Bz-Ile-Leu-OMTP, and the resulting allo- or D- 
Ile containing isomers were checked by HPLC. Less 
than 0.5% of racemized products were detected for both 
cases which is similar to the reported value.la) In case of 
solution phase reactions of Bz-L-Ile-OBt with Gly・OB기 

or Gly-OMTP, 63% and 15% of racemized product was 
detected respectively.
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