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Summa r y  . Data concerning the reaction characterlstlcs of each 
amino acid are of fundamental importance for provldlng optimum 
reaction conditions and high yields during polypeptlde synthesis. 
Loss of activated amino acid as a function of time would have a 
p renounced effect on the efficiency of synthesls. An assay 
procedure is described which quantitatively determfnes the 
availabil Ity of DCC activated amino acids as a function of 
prelncubation time, The assay was emoloyed to follow the 
inactivation of t-BOC.Leu(DCC) and Indicated a slgnlflcant loss 
of activated amino acid. 

N,N’Dicyclohexylcarbodl imlde (DCC) (1) has been used 

extensively as an amino acid acttvatlng agent during 

conventional(2,3,4) and sol id phase(S,G,7) polypeptldc synthesls. 

The mechanism of amino acid actlvatlon (Figure 1) Involves the 

formation of an 0-acyl lsourea derivatlvec I) which subsequently 

reacts with an amine to form a peptlde bond(ll) and 

dicyclohexylurea(lll). Reaction times from 2-24 hours have been 

employed for DCC mediated coupling react Ions, However, the 

underlying assumption that the activated amlno acids are stable 

for long periods of time has not been experlmentally verlfled, A 

major side reaction of DCC activated amlno acids Involves the 

formation of N-acylurea derlvatives(NAU)(IV) as a result of an 

Intramolecular rearrangement (81, resultlng In the loss of 

activated amino acid and a corresponding decrease In oeotlde bond 

format ion. Slml larly. solvent lmpurltles could effectively 
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reduce the amount of activated amino acid avallable for coupllnP;, 

As discussed previously(9,lO),data reflecting the llfc time of 

the activated amino acids are of fundamental imnortance for 

providing optimum reaction condltlons for each amino acid durlnq 

automated peptide synthesis. 

This communication describes a facile method for assaylng 

the availability of activated amino acids, and employs the assay 

to follow the loss of DCC activated t-butyloxycarbonyl-L-leuclne 

(t-BOC.Leu) as a function of time. 

MATERIALS AHD METHODS 

1) Stock solution A contalned t-BOC.Leu(250 mg:.;1.07 mmoles) 

and triethylamlne (0.2 ml .I In methylene chlorlde(25 ml, 1. 

2) Stock solution B contained dlcyclohexylcarbodllmlde(302 

mg.;1.47 mmoles) In methylene chlorlde(25 ml.). 

3) Stock solution C contained saturated sodlum methoxlde in 

ethanol. A sample(l0 ml .I was dllutec! to 25 ml, and was 

titrated with standard HCl giving an alkallne concentration of 10 

meq./ml. 

4) t-BOC.Ala resin was prepared by the method of Merrlfleld 

(111, and contained 0.250 meq/gm. 

Assay Procedure. lnitlally (t-01, stock solutions A and B were 

combined, Samples of the preincubatlon solution (3 ml ,I were 

removed at specified tlmes (t= 0, 2, 4, 6, and 8 hours). Each 

sample was transferred to a vial (4 ml .I contalnlng deprotected 

alanine resin (25 rng.1 and methylene chloride (1 ml.). The vlals 

were capped and were placed on an Inverting shaker for 24 hours 

at 25 C. The resin in each vlal was then f  I ltered with a coarse 
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sintered-glass funnel (2 ml ,I, was washed with methylene 

chloride, and was dried, 

Alanine and the dipeptide (t-BOC.Leu.Ala) were removed from 

the resin by saponification with a sodlum methoxlde-ethanol 

solution, modifying a method introduced by Loffet(l2). 

Specifically, resin samples(l0 mg.1 were welghed (*, 0.1 mg.1 Into 

collection vials(4 ml .I, Following the additlon of solutfon C (3 

ml.), each vial was capped and placed on an lnvertlng shaker for 

one hour. The resin samples we re then PI ltered through a 

disposable pipette equipped with a plurs of glass wool, Each 

sample was washed with ethanol once (1 nl.),concentrated acetlc 

acid was added(3 drops), and the solvent was removed by 

evapo ra t i on with a stream of air, Each resldue was then 

dissolved in pti 2.2 citrate buffet-(2 ml.), and the samples were 

subjected to amino acid analysis (Beckman 120C amlno acid 

analyzer). 

Normal izing Amino Acid Analysis Data. The concentration of 

BOC.Leu and DCC used in this study provided a t=O alanlne content 

of 0.051 Vmoles/mg. of resln. (Total alanlne content was 0.250 

pmoles/mg of resin.) The mole fraction of alanlne , a, for each 

prefncubation time ,t, was determlned as follows: 

a= C(t)-C(to) 
C(tota1 I-C(to) 

where concentration ,C, Is given in llmoles of alanlne per mg, of 

resin, C(t) and C(to) lndlcate the alanlne concen t ra t I on s 

obtained at times, t and t=O, respectively, and C(tota1) 
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Ii- AA- OH + RN.=C==NR 

I-I-AA-NHY (II) + CO(NHR) (111 ) H-AA-N(R)CONIiFi ( IV) 

Figure 1. The reaction of an amlno acid, AA, with DCC results In 
the formation of an acylisourea derivative, I, which could react 
with an amine to form a peptide bond (II) and the corresponding 
urea, or alternatively, could undergo 
rearrangement to the N-acylurea derivative ( IVf: 

Intramolecular 

indicates the total alanine content of the resln. Thus, the 

values of e vary between 0.00 (lnitlal alanlne concentration wlth 

high coupling) and 1.00 (no coupling), for each sample. Plotting 

a. as a function of preincubation tine facll ltates the cnmnarIsan 

of data obtained with dlfferent lnitlal and total alanlne 

concentrations in different experiments. 

RESULTS AND 0 I SCUSS I ON 

The efficiency of peptlde synthesls depends upon the rates 

of coup1 ing and inactivation of each activated amlno acid. The 

coup1 ing react Ion wi 11 depend upon the reactlvl ty of each aml no 

acid, whereas the inactivatlon Is a complex process that could 

involve side reactions, solvent impurities, temperature effects, 

etc.. Although the coupling characterlstlcs of some amlno actds 

have been reported (131, information concerning the lnactlvatlon 

process has been limited by the lack of a sultable assay method, 

In thls report the inactlvation proflle of DCC activated 

t-BOC.Leu has been de te rm I ned by prelncubatlng the amino acid 
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with DCC for various times followed by lncubatlon of the solutlon 

with alanine attached to a solid phase polymer. The amount of 

dipeptide and unreacted alanine obtained following the coupling 

react ion depends upon the amount of act lvated leucine lnitlally 

present and the time of incubation. The quantltatlve 

determination of the alanine content of the resin sample as a 

function of preincubation time provides a proftle of the 

inactivation process under the reactfon conditions employed In 

this study . As shown in Figure 2, the fraction of unreacted 

alan ine(u) increases as a function of preincubation , Under the 

.60 

n 

6 8 
Time (hrs) 

Figure 2. The mole fraction of alanine,a, is plotted as a 
function of preincubation time. Alanine concentration ~111 vary 
between 0.00 ( initial coup1 ing level) and 1.00 ( no coupllng). 

described reaction conditions , coupling wlth DCC activated 

BOC.Leu in excess of 4 hours would provlde dlmtnishlng returns In 

terms of peptide bond formatton. When coupling reactlons have 

not reached completion during the inltfa? two hour Interval, 1 t 

would be advisable to provide a second additlon of activated 

leuclne rather than extend the reactlon time. 

The observed Increase In alanlne content (decrease In 
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coupling) indicates that significant amounts of activated amlno 

acid are being lost to lnactlvatlon processes. At some tlme 

during inactivation,the concentration of activated amino acid(C) 

will be one-half the original value (1 .e. C/2). In order to 

compare the mole fraction of alanine obtalned as a function of 

concentration, a parallel experiment was run in which alanlne 

resin samples we re coup1 ed wlth activated BOC.Leu in 

concentration of C, C/2 and C/4 with no prelncubatlon. The 

values of u obtained were 0, 0.45 and 0.85 respectively, 

indicating that an alanine concentration correspondlnE to C/2 

occurs at about 4 hours. 

As i nact 

available, the 

coup1 ing yield 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

ii: 
10. 

11. 
12. 
13. 

vation prof i les of each aml no acid become 

reaction conditions can be altered to maxlmlze the 
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