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The course and the end point or the acylation of resin-bound amino groups in solid-phase peptide 
synthesis was monitored by a novel nonit;vasive qualitative and quantitative test based on the usc 
of the acid-base indicator bromophenol blue. 

Merrifield's solid-phase peptide synthesi s l.2 requires almost quantitative 
acylation of amino groups upon the peptidyl resin, Several methods of 
monitoring the course and completion of this reaction have heen described (for 
a review see e.g. 2), the ninhydrin test heing the one most commonly used'. 
Recently, we have employed an indicative amount of 3.4-dihydro-:~-hydroxy-4-
-oxo- L2,3-benzotriazine to monitor the acylation of amino groups in our 
configuration of continuous-flow solid-phase peptide synthesis .. 1.5. This triazine 
has been recommended by Atherton et al. 6 for the preparation of self-indicating 
activated esters. However, the colour change from yellow to white is not 
sufficiently conspicuous if one works on standard polystyrene resin that tends 
to be yellowish itself. Therefore, we attempted to find an alternative indicator 
that would be deprotonated hy free amino groups on peptidyl resin and whose 
ionized form would be deeply coloured. 

Among the several indicators tested, bromophenol blue (3',3".5',5"-tetra
bromophenolsulfophtalein) displayed the best properties: the colour change 
from yellow (i'max 429 nm) to dark hlue (l.l11a\ 600 nm) is remarkable, the 
sensitivity is high (molar absorption coetlicient c6()O 91 800). The resin lacking 
free amino groups exposed to the solution of bromophenol blue becomes 

* Part CCYI in the series Amino Acids and Peptides; Part CCV: Collect. Czech. Chem. Commun. 
53.2473 (1988), 
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yello\\ ish to yellowy-orange and when free amino groups are present the colour 
tllrn~ deep blue (not all acid-base indicators change their colour in the presence 
of frl'c amino groups on resin). Bromocresol green and bromocresol purple 
displayed also satisfactory properties. 

Acylation monitoring can he performed both continuously (a solution of 
hromophenol blue is simply added to th~~ acylating agent or to the last washing 
solvent before coupling) or discontinuously (a sample of peptidyl resin is 
withdrawn from the reactor and treated with bromophenol blue); the free 
resin-bound amino groups are also easily determined quantitatively. The most 
important feature of the test however. is the possibility to follow the course of 
the acylation continuously hy sight. This advantage should be appreciated 
especially in multiple peptide synthesis where several couplings have to be 
1"0110\\ ed and checked at the same time. The test is not destructive. the excess of 
broll1ophenol blue can be easily washed out by a solution of a base even if the 
indicator is present in an equimolar amount. 'V/e quantitatively followed the 
kinctics or one of the syntheses using picric acid'. ninhydrinx. and bromophenol 
blue (88). The obtained results are summarized in Ta"ble I. The BB method gave 
comparahle results. hut it is simpler to perform and its further advantage over 
the ninhydrin test is that it can he repeated with the same sample several times. 

I \111 I I 
CPIl1i"lri"'1l (,rth.: \arillUS m.:thods ror th.: coupling ,t.:p 1110nitoring (coupling or Hoc-Ala L~ .:q.) 
onlll I hl' 11-( iln-.\sn-Cys( B/I )-Pm-L.:u-Gly-p-I11~1 hylh~n/hydrylal11in~-cllpllly( styr.:nc-I OJ, di\ inyl
h~n/.:n~)rl:-;in (I g. 0.77 I11mol g) in dimcthylrormamidc (15 1111) with dicydoh.:.xykarhodiil11idc 
(3eq.). i\-h\dro\yh.:n/otrialOic (3 cq.). and 150 ~tI or I'~o hromophenol hluc solution in 
dim.:thy LJcl'laJl1id~) 

Timc. 
min BL"ld, 
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-green 

-+1) 
y cllo\\-
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y dloll 
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grecll) 

Colour 
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culourle..s 
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slightly yCllllW 
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y~lIo\\ 

Ninhydrin 
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[N 11 2].l11mol g 

Picric Ninhydrin BHd 
acid" (quantitative' ) 

0.303 0.2~6 O.2lJ2 
0.161 0.153 0.156 

0.042 0.035 0.049 

(U) 13 fU)15 0.012 

0.004 tL003 0.003 
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which can increase its reliability. Moreover, condensations involving 
aminoterminal proline can be monitored without difliculties. 

The indicator does not get involved in any side reaction: we never observed 
unexpected products in crude peptides. In the blank acylation experiment 
(benzhydrylamine resin, bromophenol blue, dicyclohexylcarbodiimide, N
-hydroxybenzotriazole in dimethylformamide in the absence of amino-protec
ted amino acid) the starting deep blue colour of the resin did not change even 
after five weeks. After this period simple addition of Boc-Ala and fresh 
dicyclohexylcarbodiimide led to the coupling and therefore decoloration of the 
resin. To prove that the presence of the indicator did not deteriorate the quality 
of the synthesized peptide we have performed the comparative synthesis of two 
oxytocin analogs which were synthesized in our laboratory several times and 
whose properties are very well known (for the review see") deamino
-oxytocin 10 and deamino-I-carba-oxytocin II. Both these peptides were carefully 
checked by chromatography in the stage of the crude reaction mixture tafter 
cleavage from the resin and oxidative cyc\ization in the case of 
deamino-oxytocin) and no signiticant ditferences in the mixture composition 
were found. Both peptides were fully characterized in the pure form analytically 
(amino acid and elemental analyses), spectroscopically (I H N M R spectrum at 
500 MHz. CD spectrum) and pharmacologically (uterotonic and galactogogic 
activity). None of these tests revealed any significant differences. Yields 'of the 
pure compounds were comparable with those of the same peptides obtained in 
our laboratory previously. 

The sensitivity of the monitoring is high; routinely bromophenol blue was 
used in only I I 000 molm equivalent of the amino groups. Nevertheless, even 
a full equivalent of bromophenol blue can be present in the reaction mixture 
without any apparent influence on the coupling (but not on the sensitivity of the 
test - see below). 

The sensitivity of this monitoring method brings about its own limitations: 
(i) The quality of the protected amino acids must be high, especially as far as the 
content ()f unprotected species is concerned. This high purity is in some cases 
very hard to achiew. for example in Boc-Gln or Boc-Asn. 
(ii) Dimethylforlllamide used for the synthesis must be dimethylamine-free and 
no base can be added during the coupling step. 
(iii) The nature of the base used in the neutralilation step is wry important if 
the classical Merrifield'" resin is used. The residual chloromethyl groups flm.) 
quaternary amn1llnium salts with the teniary amine and this leads tll blue 
colouring of the resin afkr the addition ur the bromophenol blue. This colour 
is not washed by the tertiary base and quaternary ammonium salt must be lIsed 
for its washing. (On the other hand. bromophenol blue makes possible 
quantitative determination of these strongly basic quaternary ammonium 
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groups on the resin.) Table II shows a comparison of triethylamine (TEA) and 
diisopropylamine (DI EA) in formation of these strongly basi<.: groups on the 
resin. It is evident that triethylamine is not compatible with this monitoring 
method since the significant background colouring must be expected when 
synthesis is performed on chloromethylated polystyrene. On the other hand, 
bulky diisopropylethylamine does not cause this side reaction in signifkant 
extent. A one week exposure to diisopropylethylamine leads to twenty times 
lower quaternary ammonium ion formation than a short (30 min) exposure to 
triethylamine solution. 
(iv) Only very low amount of monitoring dye can be used since it has the ability 
to decolourize itself by its leuko-form. Therefore the amount of the indicator 
applied to the resin should be lower than the quantity of the free amino group 
which we want to monitor. For example. if we want to observe the coupling, 
which is 99.9% complete, performed on I g ()f resin with the substitution 
I mmol g. we must not apply more than I Ilmol of the bromophenol blue (i.e. 
25 III of 0.04 M solution). Therefore the analyticul rule of the as low as possible 
amount of indicator must be followed. 

To demonstrate the reliability of this monitoring method we applied it in 
the standard batchwise solid phase synthesis of several analogues of oxytocin 
([2-D-tyrosine]deamino-I-carba-oxytocin, [2-0-methyltyrosine. 7-(3A-dehydro
proline )]deamino-I-carba-oxytocin. antiparallel dimer of deamino-I-carba
-oxytocin, [2-phenylalanine]oxytocin, [2-D-phenylalanine]oxytocin. [2-alanine]
tocinoic acid. [2-alanine, 3-alanine]tocinoic acid, [2-alanine, 3-alanine, 
4-alanine]tocinoic acid, [2-alanine, 3-alanine. 4-alanine. 5-alanine]tocinoic acid), 
somatostatin, tyrosyl-somatostatin, [5-norleucine]enkephalin. In all cases, we 
have obtained the usual composition of the crude reaction mixture and the pure 
peptides were obtained by the standard purification schedule (gel filtration on 

T \111 I II 
Content or quaternary ammonium groups formed by exposure or ehloromclhylated polystyrene 
(O.X I Illlllol g (ontent or (hlorine) to tertiary amines 

Tillle. h 

0.5 
5 

4X 
IgO 

,/ Not measurable. 

Quaternary ammonium groups. mmol g 

TEA 

0.006 
0.026 
0.124 
0.261 

DIEA 

x 10 4 

2.5 x 10 4 
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Bio-Gel P-4 followed hy preparative reversed-phase high performance liquid 
chromatography (HPLC)). 

Beyond comparison is the applicahility of BB method in the concurrent 
synthesis of peptides. This was demonstrated in the case of a simultaneous 
synthesis of six 20-residue peptides according to the multiple continuous-flow 

T\l111 III 
Amino acid sellucnees of prepilrl:d peplide amides 

Peplide Virus Amino acid sequence 
Pn'h:in 

I IIIV·I Val-lli~-Ala-Gly-Pro-lle-Ala-Pro-Gly-GII1-

p::!~ -M el-A rg-G lu- Pro-A rg-G I y-Ser-Asp-llc-A 1.\ 

/I IIIV-::! Pro-IIc-Pro-Gly -Pro- Leu-Pro-Ala-Gly-Gln-
p24 -LeU-I \ rg-G lu- Pfl!-A rg-G Iy-Ser-Asp-Ile-Ala 

1/1 IIIV-I IIc-Gln-Asn-Phe-Arg-Val-Tyr-Tyr-Arg-Asp-
p31 -Ser-Arg-Asn-Pro- Leu-Trp- Lys-Gly-Pro-I\ la 

,,' IIIV -2 Leu- Lys-Asp-Phe-Arg-V ill-Tyr- Phe-A rg-Glu-
p31 -G Iy-Arg-Asp-Gln- Leu-T rp- Lys-Gly-Pro-Gly 

" 
IIIV-1 Arg-Pro-Glu-Gly-Ile-Glu-Glu-Glu-Gly-Gly-
gp41 -G lu-A rg-A sp-A rg-Asp-A rg-Ser-Ile-A rg- Leu 

11 IIIV-::! Ala-Asn-Glu-Glu-Thr-Glu-Glu-Asp-Gly-Gly-
gp41 -Ser-Asn-Gly-Gly-Asp-A rg-Tyr-Trp- Pro-Trp 

T\IIII IV 
Analylical dala l'n indi\idual peplides 

Yield. mg 
I'.:plide R" I PurilY" 

resin peplidc min II 

" 

I 7~n 2,12 9.:' 76 
/I 700 I~~ I'U x,~ 

/11 930 .;47 ~~.h 75 

'" ~IO ~57 16,X' 7~ , IO::!O 3~(l X.~ 7~ 

11 740 ~7::! ·U 71 

" Relention limes in HPL.C (Cl'lumn::!~ " OA(l cm, Scpawn SGX C I~, l11l'hilc phasl': 60" II mel hanoi 
ill waler l'olllainillg 0.1"" TF:\. flow rale l)() ml h): I' Ihe area of Ihe peak of Ihe producl 10 Ihe area 
of all peaks ill Ihe crudc produci measured al ::!20 11m:' 6:'''" MeOJ-l, 
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solid phase peptide synthesis configuration described earlier5• The peptides were 
derived from the' env, pol, and gag protein products of human 
immunodeficiency viruses (HIV-I ref.l~ and HIV-2 refY) and contained the 
predicted recognition sites for B-cells l4 (for amino acid sequence, see Table III). 
Crude peptides were obtained in good yield and their purity was greater. than 
70(~o according to the reversed-phase HPLC (see Table IV). Crude peptides were 
purified to homogeneity by preparative reversed-phase HPLC and purified 
peptides afforded expected amino acid analyses. 

EXPERIMENTAL 

Qualitative Continuous Monitoring in ~')Iid-Phase Peptide Synthesis Perrormed 'Butch wise 

The ~yntheses weI',' ,'arried out in an ordinary shaker reactor. After the addition or the protected 
amino acid. hydroxyhelllOtriazole and dicydohexykarhodiimide in dimethylformamide or 
dichloromethane. three drops of a I % solution of hromophenol hlue in dimethylacetamide wcre 
added. The suspension turned dark hlue. After the suspension in th~ reaction vcssel turned 
grecnish-yellow. the next step of the synthesis was l'arried out. All experimental details regarding the 
synthetic protocol. cleavage conditions and purification procedures werc the same as described 
previouslyl'. In the case of deamino-oxytocin and demnino-I-carha-oxytocin. we comparcd' the 
products with the pure peptidcs prcparcd by solid-phasc method without the indicator and the same 
compounds prepared in solution. We have checked Tl.C in four dillcrent systcms. HPLC'. 500 MHz 
III N M R spectrum of the solution in dimethylsulroxide. CD spectrum in trifluoroethunolic 
~olution. uterotonic (in \itro) and galactogogic (in vivo) activities in ntts. We have round no 
ditlcrences. The pwpertics of other pcptidcs specified in thc theoretical part will be prcscnted 
scparatel~ together with their hiological uctivities and or spectral properties. 

Qualitative Continuous Monitoring in Multiple Continuous-Flow Solid-Phase Pep.tide 
Synthesi~ 

The s~ nthesis was carried out in polypropylene flow reactors, adjustahle ror volume. each being 
initiall~ charged with 400 mg of benzhydrylaminc copoly(styrcne-I % divinylbenzene) rcsin 
(contents of amino group 0.4 l1leq g). Thc detailed synthesis protocol is described elsewhcre4.s. The 
concatenated flow reactors were disconnccted before the condensation reaction. A polypropylene 
s~ rill!!': \\as chargcd with 5 ml of a O.::! \1 solution of an appropriate hydroxybenzotriazole ester in 
\lill1l'!h~ ifl)rm.lluide and 0.2 ml or a 0.001 M solution or bromophenol blue in dimethylformamide . 
. \ I';irl or this solulion (2 ml) was injel'led into each reactor separately: after 5 min the rest or the 
,,',i,llion \\a~ injccted. After the disappearance or blue colour. the reactors were washed with 
dimethyll'.)rmamide. re-concatcnatcd. and the synthesis was carricd on. A sample or the peptidyl 
resin wa~ checked b~ the ninhydrin lest: failure to delect free amino groups by bromophenol blue 
was nc\ cr obscr\cd. The yield and purity of crude peptides arc summarized in Table IV. 

Quanlitam.: !Vlonitoring 

" ,ample of \\;lshed and dried resin (2 .. 5 mg) was loaded into a' small vessel with sintered-glass 
bOllom and \\ashed with dimcthylacetamide 'and dichloromethane. Then it was treated with 

'", 
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a solution of hromophenol blue in dimeth} lacetamide (5"" solution. 0.2 Illi. 2< .~O sce I and 
a saturated solution ofhromophenol hlue in dichlofOmethane (0.2 ml. 30 sec). The resin v.ould lirst 
turn dark blue and then slowly orange (excess of indieattH). The resin was washed carefully v. ith 'i"" 
ethanol in dichloromethane until the indicator excess was n::moved. Elution of the wlouring was 
carried out with 5% diisopropylethylamine in didlloromethane or dimcth) Ifonnamide (:2 ml. or 
until the heads hecame colorless). the solution was adjusted to an appnlpriate \olume (2:' tll 100 ml) 
with ethanol. and absorbance at 600 nm was read. The substitution was calculated according to the 
equation: 

S = A V 91 KOO Ill. (I) 

where S is suhstitution of the resin (in mmol g). A is ahsorbance of the solution. I' is \ olumc (in ml). 
and III is the amount of the resin sample (in g). 

Quantitative Determination of Quaternary Ammonium Groups on the Resin 

Samples of thc chloromethylated polystyrene resin (100 mg. O.K I mmol Cl per g) were shaken in 
a closed vial together with the solution (5 IYo. v:v) of the appropriate hase in dichllll"Omethane. After 
0.5. 5.48. and 180 h the resin was tittered and washed with dichloromethane and treated with a I "'-i, 
solution of hromophenol hlue in dimethylacetamide. Excess of the dye was washed out with 
dichloromethane and dimethylformamide and colour was eluted hy a solution of 
tetraethylammonium chloride in dichloromethane. After the addition of 'i ml 5"0 DIEA in 
dichillromethane and adjustment of the volume to 25 or 100 ml (in the cases of higher suhstitution 
a further dilution was needed) hy ethanol. the absorhance at 600 nm was rcad and suhstitution 
calculated according to Eq. (I). The results arc givcn in Tahle II. 
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