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The above general rules can be made clearer by means

of examples, First of all, let us look at acrylamide:

CH.::..eH-CONH;,

The amide group confers an hydl~Ophi1ic nature to
this compound and its polymers, However, the amide group
is unshi.elded from at t ack from hydroxyl anions and j.s
hence quite susceptible to alkaline hydrolysis. Adding a
methyl group (N-methylacrylamide) would increase its
stability due to steric protection:

CH~=CH-CONH-CH,

The addition of a second methyl group (N, N-dimethyl-
acrylamide) would afford a greater shielding effect:

lH,
CH,=CH~CON

, \CH,

Increasi11g the length of the N-alkyl groups (N, N-

diet11ylacrylamide) would shield the amide group even
more, due to oscillat ion of the alkyl chains in the
surrounding space:
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Although they recently brought out a nonlinear pH 3.5-10
gradient for :2 -u maps, it is supplied bathed in a
slightly acidic buffer, which has to be washed out prior
to use.

Hence,
derivatives
more stable

it is apparent that polyacrylamide
of similar ease of polymerization, but much
to hydrolyois would be a significant advance

in electrophoretic technology. In general, l.lecause of
steric protection of the amide group, N.N-disubstituted
amides are more stable than N~monosubstit:ut:ed amideF.l,
W1;1~h are in turn more stable than unsubstituted amides.
Research by Righetti' e group on the l"elationship of the
structure of acrylamide derivatives with their hydrolytic
stability (Chiari et al., 1991a,ci Gelfi et al., 1992)
has shown that t:.here are other, more subtle mechanisms
governing stability, from wh:i.ch they have derived the
following rules:

(i) to afford protection of the amido bond, the most:
important paramettl!lr is not tl'le degree o',Esubstitution of
the amide nitrogen (mono- 0):' dieubstituted) but the type
of substituent;

(ii) in particular, rigid ring structures are
ineffiCient in protecting the adjacent amido bond, as
their rigidity prevenc s them from oscillating in the
surrounding space and tl\Us shielding the amido planei

(iii) flexible chains bound to the nitrogen of the
arni.dcbond at'e capable 0: protecting the amido plane, as
they can fluctuate in the nearby space and shield the
amido grouPi

(iv) if a simple, flexible chain is present as a
substituent on the nitrog~n of the amido bond, greater
protection of the latt':l' is affol"ded by a longer chain.
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electrophoretic analysis of proteins and small- to
medium-sized nucLeLc acids I being of especial importance
in DNAaequenc Lng, Its popularity as an electrophoretic
support stems from some fundamental properties, such as:
(i) optical transparency, includi11g tile ultra-

violet
electrical neutrality I due to the absence of
charged groups
possibility of synthesizing gels in a wide

(ii)

(iii)

interval of porositiesl•

However, polyacrylamide's main drawha~k is its
instability at alkaline pH values (most electrophoretic
separations occur at alkaline pHvalues for both proteins
and nucl ei.c acids) . Thus partial hydrolysis of the amide
groups of the polyacrylamide gel to carboxylic acids will
occur during the courae of an electrophoretic run,
especially in DNAsequencing gels which are normally run
at 70°C in order to prevent reanneal:ing of the DNA
stands, The presence of negative charges on the poly-
acrylamide matrix resul ts in unpleasallt phenomena such as
electroosmosis and gel sweJ.ling I rendering the gel
unusable for further electrophoretic separations. This
limits the use of polyacrylamide gels to Single electro-
phoret:l.c runs wadding to the time, labour and expense of
proj ects such as the sequencing of the human genome,
where the availability of reusable matrices would greatly
shorten the analysis time. To date l?harmacia-LKB
Biotechnology AB have commercialized only ready-made
polyaCl"ylautlde gels containing acidic Il?G intervals.

Gels may be prepared containing fro'11 3% to 30%
acrylamide, corresponding to pore sizes of 0.5 nm and 0.2
nm diameter respectively. In genlC!ral terms a .30% gel is
suitable fur the separation of compounds ha,ing molecular
masses around 10~ daltons whereas a 3\ gel will separate
compounds having molecular masses aruund 10' daleo!ls.
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fully protonated (at least 1 pH unit belo~ the pK of the
basic Immobiline') . Alternatively, all oxidations can be
prevented by washing of the IPG gels with a dilute
aol ut Lon of a reducing agent such as ascorbic acid, 2-
mercaptoethanol or dithiothrei tol atter the polymeri-
zation step.

It has recently been shown that photopolymerization
of acrylamide, ego with riboflavin, is essentially non-
oxidizing (Chiari er al. I 1992) I so that no reducing at ep
is needed. Unfortunately I riboflavin-catalyzed photo-
poly'tnerization of: acrylamide requit'9s at least a hours of
illumination to ensure 95% conversion of the acry1amide
monomers (Righetti et: ei , 19911'). Moreover, with
riboflavin, proper polymerization is only obtained in the
pH 4.0-7.0 range. A novel method of photopolytnerization
has recently been introduced, using methylene blUe as the
photoinitiator and a redox couple (aodf.um toluene-
su1finate as the reductant and diphenyliodonium chloride
as the oxidant) (Lyubimova et: al., 1993). Methylene blue-
catalyzed photopolymerization is as fast as persulfate-
cat , ...yaed polymerization, but with the advantage of being
non-oxidizing. Moreover, it perform~ well over the pH
4.0-10.0 range (Lyubimova and Righetti, 1993; Caglio and
Righetti, 1993), whereas persulfate-catalyz'9d polymeri-
zation performs well only ,in the pH 7.0 -10.0 range. Hence
it appears that photopolymedzation wiJ.1 become the
preferred method for the preparation of II?Gg~ls.

n.4 DEVEI~Ol?MENT OF ACRYL1\.MIOE DERIVATIVES OF IMPROVED
PERFORMANCE

PolyacrylamidE:l, s Inca its Lnt.rcduct ion a.s a gel.
matr Ix for ::!uP9 elec':.ropl~uresis in 1959 by Raymond and
Weint~~aub, has l'Antained the rnoat p ~pulat' support for the
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over only one pH unit. It has been calculated that rEF
using 0.1 pH unit~wide Il?Ggels can resolve isoforms with
a difference in pI of only 0.001 (Bjellqvist er al.,
1982; Righetti, :1.990).Although it is 'Possible to perform
isoelectric focusing in very narrow carrier ampholyte-
generated pH gradients, as high resolution is generally
not attain~d, since there are insufficient ampholyte
species per pH und.t' to provide an even pH gradient
(Charlionet at a1. I 1979).

D.3 OXIDATION OF THE BAS:Z;C IMMOBILINE' CliEMICALS

13iochemists performing isoelectric focusing in Il?G
gels noticed that oxidation of cysteine residues readily
occurred (Altland et al., 1988), altering the pI values
of the affected proteins and hence leading to the
generation of spurious banding patterns. This phenomenon
was found to be caused by oxidation of the tertiary amine
groups o~ the basic Immobilines' by persulfate during the
polymerization, with the formation of N-c)xides (Righetti
e e al., 1989b). These R,N~Ospecies in turn oxidize the
sulfhydryl groups (-SHI of cysteine, transforming
adjacent -SH groups Lnr.c disulpl1ide (-S-S-) bridges.
Since only the free base form of tertiary amines is
susceptible to oxadac ion, oxidation can be prevenued by
pe~:forming the polymeriz,\tion at a pH at wh:Lch the
tertiary nitrogen atoms of the basic Immobiliner~' a.(e

1 In order for two prrteins of very cloJs. pI values to
be resolved ill a carrier ampholyte-generated yH gradient,
there must. be at least one carrier amphc) yee species
present of an intermediate pI va lue in order for physical
separation of the two proteins to occur (RUbe, 19'/6).
Hence in order for two proteins differing in pI of only
0,02 to be separated, carrier ampholyt:es differing in pI of
0.01 would have to be present, ie. at least 100 discrete
carrier ampholytes species per pH unit wou::'dbe required.
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The Immobiline' chemicals w!::re originally supplied
by LKBin their pure form, to which distilled water was
added by the purchaser to make a 0.:2 M solution, HOWeVel",
it soon became apparent that the basic Immobilines' were
not stable, even when the solutions were stored at ·200C
(Righet.ti, 1990; Astrua~Testori et al.( 1986). One
problem was thClt the amide bond of the basic acrylamido
derivatives hydrolysed ratl1.er rapidly at the high pH of
Lhe 0.2 M solutions. Moreover, the basic Immobilines' on
storage showed a marJ.:::edtendency to autopolymerize. The
resulcing oligomen's formed compf exea with px oce Lns during
electrofocusing, leading to precipitation (Rabil1oud et
al., 1987; Fawcett and Chrambach, 1988; "'awcett et aJ."
1988) . These problems were solved otlly in 1988 (Gaveby et
al., 1988), when it was found that the use: of n-propanol
as a sol vent prevented both the hydrolysis and
autopolymerhation. LKBnow market the Immobillne II'
range, in which the acidic pI< 3.6 and 4:.6 Immobilines'
are provided as 0.2 M solutions in distilled water, with
a trace of 4-metho:x:yphenol as a pOlymerisation inhibitor,
and the basic pI( 6.2,7.0, 8.5 and 9.3 Immobilines' as
0.2 M solutions in n-propanol.

D •2 CONDUCTIVITY ASl?F.C'l~S OF Il?G GELS

Since there are no free buf.fer ions in an IPG gel
(after polyme-:ization t11e gels are extensiv~ly washed in
distilled water to remove all dissolved ions) I the
conductivity is very low, as the current can only be
carried by HtO·and OH"lons. The positive aspect of the
very low conductivity of lPG gels is that lEF can be
performed at voltages as high as 5 kV without
overheating, since the power consumption is minimal
(power .. vol tage x curzent ) . Hence very sharp focusing of
proteina is achieved, even with pH gradients extending
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Appendix D: Aspects of the chemistry of the
Immobiline' compounds and of the physical
chemistry of .:i.mmobilized pH gradients in
general1

D.l CHEMISTRY OF THE IMMOBILI~E' CHEMICALS

1'he synthesis of the Immobiline' chemicals is very
simple , involving the reaction Ot acryloyl chloride w.ith
an amino acid or a diamine to produce the acidic and
basic Immobiline' buffers respectively (Righetti, 1990;
Chiari et al" 1989a,b):

CH "L'l! ('(leI t H.N {I'B),'R -+ en ,CH ('ONII- (\'B), R H('1
Wh.l p x .. 1 I \) i

acryloYlohloride amino acid/diamina acrylamido buffer hydrochloricacid

Notwithstanding their ease of synthesis, the
Immobiline' chenu.cats are, as La the case with most
speciality chemicals, overpriced, An illuminatir;.g example
cai. be seem in the 1995/1996 Fluka C'atalogue: 2·

acrylamido~2 ~metl'lylpropane·l~s\llfonic acid, a stl'ongly
acidic acrylamide derivative, costs $14,85 for 250 g. Yet
the identical chemical, listed elsewhel:'e in the catalogue
as Acrylamido buffer pI( 1 costs $339,65 for 5 g, Le,
$16982.50 for 250 g - over one thousand times the price!

The authOl"itat i ve reference work on the field of
immobU:ized pH gradients (lPG's) is Righetti (1990), This
book probably contains all the information of papar e ,
published up to 1990, that are related to the field of
lPG's, Practical protocols for IEF-IPG are given in
Righetti et ea , (1990) and Westermeier (1993).
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according to their molecular manses, as in discontinuous
SOS-PAGE, first 1.ntroduced by I..aemmli in 19"10. The
chloride-glycine boundary can be seen as a refractive
line moving ahead of the proteins i or if a markur dye
such as bromophenol blue is used, a chloride-bt"omophenol
blue-glycine moving boundary will be observed.

3. Ionic strength of buffer - the 'psolving gel buffer
(0.060 M Hel ~ 0.361 M Tris, pH ~.8) is of a higher ionic
strength, and hence conductivity, than the stacll,inggel
buffer (0.060 M Hel - 0.063 M Tris, pH 6.8). Hunce the
voltage gradient is lower in the resolving gel, causing
the velocity f the proteins to drop (see Equat.'.on(B-7)
in Appendix. :8) as they ~nter the t"esolving Hel. This
leads to a further sharptJ,ning(")fthe protein bands, and
hence increaSing the resolution obtained.

4. Nature of the buffer ions the stacking and
resolving gel buffers should not contain glycine, nor
should the upper electrode buffer contain chloride, as
this decreases the electric field strength gradient
across the chloride~glycine steady state moving boundary.
(See Section 1.2.3 of the Introduction £0r a discussion
on tl:e effect of mi:x:edion zones in steady state moving
boundary systems.)
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C.4 FUR'l'HERASPECTS OF THE DISCONTINUOUS ELEC'l'ROPHORESIS

SYSTEM OF ORNSTEIN AND DAVIS

The discontinuity between the staCking and
separating gels in based on four parameters (Williams and
Reisfeld, 1964; Westermeier, 1993):

1. Gel structure - the stacking gel has large por~.3 in
order not to impede the migration of the proteins,
thereby enabling them to acack behind the moving
boundary. The separating gel t on the other hand, has
small pores in order to separate the pre-sta~ked protein
bands by molecular sieving.

2. pH of buffer - During the stacking phase the pH of
the terminating zone is regulated at J?H 9.0 I giving
glycine a net mobility of -4.9 x 10-~ cm~'V-l.s 1. This is
slower than the net mobilities of most proteins at the
same pH, ensuring that stacking of the proteins occurs
between the chloride leading ions and glycine terminating
i0118. During the separating pnaae the pH of the
terminating zone is regulated at pH 9.5, increasing the
11"'tmobility of glycine to -12.2 x 10 '. cm~'V l • .3 I. The
glycine ions now overtake the protein bands. The
chloride-glycine moving boundary migrates ahead of the
pJ:oteins, and the proteins are left behind in a
homogeneous buffer medium (0.046 M glycine - 0.347 M
Tris, pH 9.5), each effectively in an extremely thin
starting ~one. Migration of the sample proteins will now
occur as in ordinary zone electrophoresis, ie. according
to their charge, shape Bud size. Since the higher pH gel
is normally of smaller gel pore size, molecular sieving
of the sample proteins will occur. If a denaturing bl,.tffer
is used, then the proteins will be resolved solely
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1. c"Ll';l"lde~= 0.060 M 8. pHr := 9.9

2. c~'!P/)'·'U "" 0.060 M 9. m,tl·...·"". -21.6 x 10 '.
cnr : VI. S I

3. C1.;~~~LI "" 0.361 M

4. t:(.\t .. 1. 0.045 M 10. KI ... 6.43 ms- em'c'1JYCJtJ. ..
Kr = 2.79 mS' cm'

5. C~;1~7TI '"' 0.364 M

6. Cq1}'c."11l"" = 0.026 :vI 11. II :: 0.060 M
IT = 0.026 M

7. CAMP);)+ (1'1 ... 0.0~6 M

Composition of the leading zone:
0.060 M HCl - 0.361 M AMPD, pH 9.5

Composition of the terminating zone:
0.045 M glycine - 0.346 M AMPD, pH 9.9

When the chlorJ.de-glycine steady state moving
boundary crosses the stationary pH:boundary between the
stacking and separating gels, the composition of the
leaning electrolyte is changed from 0.(')60M HCl - 0.066
M AMPD, pH: 7.8 to 0.060 M HCl - 0.361 M AMPD, pH 9.5.
This causea the ionic composition of the terminat lllg
electrolyte to be altered from 0.046 M glycine - 0.052 M
AMPD, pH 9.3 to 0.046 M glycine - 0.346 M AMPD, pH 9.9.
Hence, in effect, the pr'oceIns in the separating gel
migrate in a 0.046 M glycine - 0.347 M AMPD buffer, pH
9.5. The net mobility of the glycine terminating ions
becomes -21.6 x 10 ,;em":VI. s 1.
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Composition of the leacling zone:
0.U60 M HCl - 0.066 M AMPD, pH 7.8

Composition of the terminating zone:
0.045 M glycine - O. 0lj2 M AMPD, pH 9.3

Electrode buffer:
0.077 M glycine - 0.013 M AMPD, pH 8.8

Although the initial composition :>f the terminating
zone (electrode buffer) is 0.077 M glycine - 0.013 M
AMl?D, pH 8.8, once electrophoresis is commenced the
concentrations of glycine and ~~l?D in the terminating
zone become regula.ted against. the concentrations nf
chloride and AMl?D in the leading zone, so that the
composition of the terminating zone becomes O.045 M
glycine - 0.052 M AMPD, pH 9.3. The net mobility of the
glycine terminating ions: is -9.1 x 10" cm='V 1. s 1.

Ionic ~aram=ters of leading elllQ, terminating zones during
separating phase

The following ionic parameters were calculated for
the separating phase of discontinuous electrophoresis,
using the equations in section C.:2. The total molar
concentration of the chloride leading ien is 0.060 M, and
the pH of the leading zone (pH:) is 9.5.
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This causes the ionic composition of the te i mi.nat Lnq
electrolyte to be altered from 0.046 Mglycine - 0.049 M
Tris, pH 8.9 to 0.046 Mglycine - 0.361 MTr~G, pH 9.5.
Hence, in effect, the proteins in the separating gel
migrate in a 0.046 M glycine - 0.347 M Tris buffer, pH
9.5. The net mobility of the glycine terminating ions
becomes -11.9 x 10's cm2•V 1, s",

C.3.2 Tamura-Ui system

Ionic parame!;.Eil1;'sof laaQ,ing anQ, terminating ?QneS Q,uring
stacking phase

The following ionic parameters were calculated for
the stacking phase of discontinuous electrophoresis I

using the equations in section C. 2 . The total molar
concentration of the ch.loride leactinS,' ion is 0,060 M, and
the pH of the leading zone (pHr) is 7.8.

1. c,·JIl ..'lld". = 0.060 M

2. cANN}.n! = 0.060 M

3. C;;';;~~LI ::: 0.066 M

4. C
td
"
1 = 0.045 Mql}',~.j,u"

5. c~;~~;rl= 0.052 M

6. C.rlr.·.ll'" = 0.011 M

7. CAMPI,*, I'r) :::: O.all M

8. 9.3

9. -a.a v io :'"
em~' VI. s !

10. «, = 6.43 mS' em
1,18 mS' em I=

11. II

I;
= 0.060 M

0.011 M
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Research on the chemical ploperties of AAPby Prof.
Righetti I S group {Simo-Alfonso er al. I i996a, b) showed it
to combine high hydroph; licity (i-octanol: wat€r partition
coeffic..ient of 0.10 versus 0.13 and 0.:2 for AAEEand
acrylamide respectively) with extreme hydrolytic
stability - slightly better than that Cif AAEE.Moreover
aqueous solutions oi! AAP, stored at room temperature in
plail")' daylight, showed no aut cpckymerLaat.Lon even after
two months. Resolution of DNAby capillary electro-
phoresis in entangled solutions of linear poly(APP)
showed excellent reproducibi Hey (Gelfi ec az , I 1996). It
is expected that poly (AAP) will also be of great
potent:ial in the field of biochromatography for the
preparation of hydrophilic, hydrolytically-stal:Jle gel
media.
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MEE even more hydrophilic than acrylamide (1-
octanol:water partition coefficient of 0.13 versus 0.21,

but it is very resistant to hydrolysis - poly (MEEI being
SOO times more stable towards alkaline hydrolysis than
polyacrylamide. Entangled solutivns of linear poly (MEEI
were shown to show superior performance compared to
linear polyacrylamide for capillary electrophi:Jresis
(Chiari at al., 1994b). Isoeleetric membranes composed of
poly (MEE) (Bossi at: a1., 1994a; Chiari at: al., 1994c)

were superior to acrylamide membranes for preparative
isoelectric membzane electrofocusing (l?rIME).

Unfortunately MEE, stored as a 1:1 (v/v) solution
in water at 40(:, was shown to undergo an
autopolymerization reaction, possibly caused by the
reaction of dissolved oxygen with the ether groups to
form peroxides. Moreover, molecular modelling studies of
MEE found that transfer of a hydl:ogan atom from the
double bond to the ether oxygen was favoured, w:i.th the
conaequent; fOl~mation of free radicals (SimD-Alfonso at
a1., 1996a).

Since ether groups can no 10nger be introduced Lnto
t.he N-alk.yl chains, this means the N-alkyl chains may not
be more chan four carbon atoms long or else the
acrylamide derivat::iv'~Q l'li11 be too hydrophobic. The' rules
fOlA derived by Chiari at <'II. (1994e'!1 require any hydroxyl
groups present to be separated by at least threu carbon
at oms from the amido group so as to prevent formation
(via hydl"ogen bond with the free -OHgroup) of 5~ and 6-
membered rings closing onto the ami.do bond, which favt:m:r
hydrolysis vie'! d mechanism of N,O-acy1 transfer. It is
apparent that the only acrylamide derivative fulfilling
these requ Lrernents is N· acryloylamillop:r:'opanol (MP):
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hydrolytic stability, results in compounds like
dideoxytrisacryl' and N,N-dim~thylacrylamide that are too
hyd'rophobd.cto use for preparing hydrophilic matrices for
gel elect! ophoresis. These results provoke a dilemma:
hydroxyl groups are necessary for hydrophilicity, yet
catalyze the rate of hydrolysit:3 of the amido bond. How
does one solve this paradoxlcal situation?

The answer is obtained (Chiari et: al" 1994a) by
fulfilling the following requirements:

(i) N-mono- and disubstituted acrylamides are
generally more resistant to hydrolysis due to sterie
protection of the amido gl·OUp.The 10!lg~r the chains, the
better.

(ii) Hydrcxyl groups are necessary for
hydrophilicity, In order to combine both hydrolyt ic:
stab:i.1ity and h:/c'l.·oplu1i.city, the neceaaary -OU groups
should be at :. distance from the amido group so as to
prevent fornlation (via hydrCJgenbond wit11 the free -OH

group) of 5- and 6-membered rings closing onto the amido
bond, which favour hydrolysis via a mechanism of N,a-acyl
transfer.

(iii) In addition, in order to lessen the
hydrophobicity of the N-substituted alkyl chains, an
oxygen atom should be peesent along these chains,
pl'eferably every two carbon atoms.

An acrylamide derivative meeting these requirements
is N-acryoylaminoethoxyetbanol (AAEE):

introduced in 1994 by Prof. Righetti's group at the
UnSverotLy of Milan (Chiari et al., 1994a). Not only is
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Tabl~ 18; Effect of struoture on hydrophobioity and
stability of acrylamide derivatives (nata from Gelfi at

1511" 1992)

O. ',()

A~rylam:l.des

N, N~d imet hy lClc~lyl dfnid('

Didel1xyt 1'.1 aacry l '

li'(';'Ilula

I'H

CH "CHCONH·f':~'H 1m
CIL

O.Hh

Acrv Lami de en ,('II< 'UN!! 111 o . .: ()

(1.','1

Tri.sanyl·'
~

H UH

CH ..CHI'ONH Crt OH
H DB

80

0.01

Half ·lif., ill minut ea fut' deqJ'adiit ion uf "cl'ylarnid!" "(lrnpuund ill
D.? M NallH dt '70ftc.
Pal'tithm cot!'fficient pi dC'l.ylami.dp compound between 1 O('t.dtlO]
and watt')' at l'C.'um t.l:'mpel dUll I'.
Req i s t e red t i ademeu-k ('[ lEt·' COl pnnlt ion, 1"1'811<'(' (Bc)scllf't t i ,
198 'j)

Surprisingly, the hydroxymethyl grollps of
Trisacryl', instead of protecting the amido group
sterically from hydrolytic at tach by hydroxyl anions,
actually increase its rate of hydrolysis, This is due to
the fact that: the hydroxymethyl groups can £01.111 a
hydrogen-bonded ring with the carbcnyt of the ami.do
group, and, fOl"electronic Z'lC!asonn,aucccacaryae the rate
of hydrolysis (by a mechanism of lV,O·acyl tl::ansfer). Yet:.
removal of the hydroxyl groups, while incrl!'lasil'lg
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HoweverI N~(t~n·t-butyl) acryf.arni.de is not sui table
for use in electrophoresis due to J.ts extreme
hydrophobici.ty. The addition of hydroxyl groups is the
obvious solution:

Dideoxytrisacryl' 'l'risacryl'

Themonohydroxylated and trihydroxylated derivatives
of N- ( tel-t-butyl) acrylamide Dideoxytrisacryl' and
Trisacryl' respectively, are commercially available
chemicals (Boschetti, 1989). However, as can be seen in
the following table, based on data from Gelfi et ,
(1992) I the hydrolytic stability of Didd?xyt:r:isacryl' and
'l'risacryl' is very poor indeed:
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However, if the N-alkyl chains are in the form of a
ri~id ring structure (N-acryloylpiperazine), chen little
steric protection is afforded to the amide g:coup, as
oscillation of the alkyl chains in the surrounding space
can no longer occur:

/H"-CH~ \
CHz=CH-COl\ r

CH~-CH~

The following acrylamide
butyl)acrylamide, prepared uy the reaction of
acrylonitrile and tert-butyl alcohol under strongly
acidic conditions (Plaut and Ritter, 1951), is extremely
resistant to alkaline hydrolysis, requiring prolonged
heating under drastic condd.tLons to l'ydrolyse the anu de
groupl:

\ Compounds of similar structure require refluxing in
concentrated potassium hydroxd.de in ethylene glycol for 48
hours for quantitative hydrolysis of the amide group to be
achieved (Minieri i'tl1dRitter, 1948),
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