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HF Reaction. The HF cleavage conditions are not 
ideal as demonstrated by the activity measurements of 
native lysozyme after this reaction. Certainly ribo-
nuclease was not affected so severely by the HF condi
tions. The severity of this reaction undoubtedly 
varies from protein to protein. 

Aspartic Acid. The a-0 peptide bond migration of 
aspartic acid is well known. This reaction has been 
reported when glycine is C-terminal to aspartic acid.50 

There are three Asp-Gly sequences in lysozyme but 
unfortunately no simple method exists to determine 
the extent of cyclization and/or /3 migration in a pep
tide of this size. 

Asparagine and Glutamine. The deamidation of 
asparagine and glutamine during HF cleavage has 
been reported.61 It is not known how much, if any, 
deamidation occurs during the chain assembly process. 
Although asparagine and glutamine are usually used 
unblocked in the solid-phase procedures, blocking 
groups for these amino acids are available (for example, 
ref 52). Nor is it known what effect these groups will 
have in reducing any HF caused deamidation. 

From the results of these two lysozyme syntheses 
it follows that there is need for milder conditions and 
a better solid support when attempting a long-term 
solid-phase synthesis. It has been demonstrated that 
cleavage conditions milder than HF would be desir
able. Milder cleavage conditions, however, neces
sitate more easily removable side chain blocking groups, 
which in turn require less severe conditions for a-
amino deprotection removal. 

If the goal of protein synthesis had been to obtain 
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Sci. U. S., 66, 753 (1970). 
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Transport of Amino Acids through Organic 
Liquid Membranes1 

Sir: 

Research in transport phenomena through mem
branes has reached a very broad development in recent 
years, above all in the biological field. The study of 
synthetic thin membranes2 has also been actively 
pursued, especially in the case of cation transport using 
natural or synthetic macrocyclic2-3 or macrobicyclic* 
carriers. On the other hand, much attention has been 
directed toward the passive selective and specific trans
port of inorganic ions through organic bulk liquid 
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(2) P. Lauger, Angew. Chem., 81, 56 (1969); Angew. Chem., Int. 

Ed. Engl, 8,42(1969). 
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Cliffs, N. J., 1969, p 221. 

(4) J. M. Lehn and M. Kirch, unpublished results. 

a lysozyme-like native protein with high specific ac
tivity, the purification of the product obtained from 
this synthesis could have been further pursued. How
ever, the synthesis of the native molecule was only the 
initial stage of researches leading to the production 
of synthetic analogs for use in structure-function 
investigations. We feel that the heterogeneity ex
hibited by the products obtained from these two ly
sozyme syntheses (and from other syntheses) under
lines the necessity for further development of solid-
phase procedures as applied to the synthesis of large 
molecules before attempts based on analog syntheses 
can be mounted. In spite of the remarkable success 
in the syntheses of ribonuclease A4 and acyl-carrier 
protein,53 it seems that the method is, as yet, not reli
able enough for general applicability to the synthesis 
of any large molecule and its significant structural 
analogs. A problem obviously exists in the purifi
cation of analogs (affinity chromatography purifica
tion of structural analogs may or may not be of value, 
depending on their substrate binding properties). 
At the present time thorough characterizations of 
the analog are required to establish its nature. For 
a large molecule with one or two amino acid replace
ments (the remainder of the molecule being identical 
with the "native" product) this is a significant under
taking. For this reason it is felt that the development 
of solid-phase procedures specifically aimed at im
proving the syntheses of large molecules is crucial. 
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membranes5-7 between two aqueous phases. Transport 
of sodium cations against their concentration gradient 
pumped by coupling to a movement of protons in the 
opposite direction has been described.8 Via studies in 
cation transport4 by cryptate9 type carrier complexes, 
we have become interested in the general area of trans
port processes of organic molecules. Indeed, the de
velopment of transport systems for organic molecules 
may have wide consequences in the study of transport 
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Figure 1. Transport of amino acids through a toluene barrier: (a) from basic to acid aqueous phases using a positively charged carrier 
(N+ , tricaprylylmethylammonium chloride, Aliquat 336); (b) from acid to basic aqueous phases using a negatively charged carrier (DNNS - , 
dinonylnaphthalenesulfonate). 

mechanisms as well as in applications to separation 
science. One may hope that owing to the architectural 
power of organic synthesis it may be possible to build 
carrier molecules designed to accomplish the selective 
transport of a given substrate molecule. 

In the present communication we report some of our 
results concerning the transport of amino acids and di-
peptides either along but generally against their con
centration gradient, through a bulk toluene membrane 
separating two aqueous phases. The system is in most 
cases pumped by protonation-deprotonation processes 
and countertransport of an inorganic ion. Active 
transport of amino acids in biology10 is a complex 
process linked to cation transport11 and to the cation 
(H+ , Na+, K+) concentration gradients existing across 
cell membranes.12-13 Using a simple set-up14 in which 
two aqueous phases (L, left; R, right) are bridged by a 
toluene membrane layer (M), the processes shown in 
Figure 1 may be effected. 

An amino acid in the carboxylate form RCH(NH2)-
COO- (AA-) may be transferred from L(OA N KOH) 
to M when a positively charged highly lipophilic carrier 
T+(quaternary ammonium salt T+ = N + ; Aliquat 336) 
is added to M. As the (N+, AA -) species reaches R 
(0.1 N HCl) the amino acid is extracted into the acid 
phase by protonation (AA" + 2H+ -* AA+, R-CH-
(COOH)NH3

+); a chloride anion is transported back 
to the L-M interphase where it is exchanged against 
A A - and the process is repeated (Figure la) (Table I, 
entries 1-8). Conversely, starting with AA+ in L (0.1 
N HCl) and using a negatively charged carrier T - (di
nonylnaphthalenesulfonate, T - = DNNS -) , transport 
OfAA+ from L to R (0.1 TV KOH) via (AA+ ,DNNS -) in 
M and back transport of K+ occur (Figure 1) (Table I, 
entries 12 and 13). 

Most experiments have been conducted along the 
A A - -*• (AA-,N+) -*• AA+ scheme. The concentration 
increase of AA+ in R has been measured as a function 
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the two aqueous phases (40 ml each). The organic layer (50 ml of 
toluene) lies above these phases and bridges them across the central 
separation. AU layers are stirred at constant speed and the cell is 
maintained at 20 ± 0.5°. In order to assure internal consistency of the 
results despite the numerous factors on which such experiments de
pend7 the same set-up has been used for all experiments. 
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Figure 2. Transport of amino acids and dipeptides (concentration 
change in R phase vs. time) from 0.1 N KOH to 0.1 /V HCl through 
a toluene barrier containing the quaternary ammonium chloride 
Aliquat 336 (IO"2 M) (see Figure la). This figure shows only the 
linear part of the plots. Curvatures are observed both at the begin
ning (before the system reaches a stationary state) and toward the 
end of the process, when the amino acid concentration in L be
comes low. A detailed description will be given in the final ac
count. 

of time for various amino acids using spectroscopic 
methods (uv, nmr) or ninhydrin titration. The results 
are shown in Figure 2 and the rates of transport are 
listed in Table I. 

In Figures la and b, the amino acid is transported 
against its concentration gradient once half of the 
quantity initially present in L has been transferred to 
R. This has been observed in the present experiments; 
however, the species is AA+ on one side and A A - on 
the other side of the liquid membrane. Strict transport 
of AA+ against its concentration gradient pumped by 
simultaneous back transport of K+ along its gradient is 
described in entry 14 of Table I. As one may expect, 
the rates slow down as the transport goes toward 
completion. 
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Table I. Rates of Transport of Amino Acids and Other 
Molecules through a Liquid Membrane" 

Entry 

1 
2 

3 

4 
5 
6 
7 
8 

Substrate 

Phenylalanine 
Tryptophan 

Leucine 

Tyrosine 
Valine 
Alanine 
Glycine 
Serine 

Rate of 
trans

port, 10s 

mol/(hr 
cm2) 

500 
475 

250 

200 
37 
18 
14 
8 

Entry 

9 
10 

11 

12" 
13* 
1 4 c 

15« 
16« 

Substrate 

Glycyltyrosine 
Glycylphenyl-

alanine 
Phenylalanyl-

glycine 
Tyrosine 
Tryptophan 
Tyrosine 
Acetylcholine 
OH-

Rate of 
transport, 
10s mol/ 
(hr cm2) 

52 
190 

250 

370 
220 
100 

3000 
200 

" Except when otherwise stated the experiments follow Figure la, 
with 10"2 M N + = Aliquat 336 (methyltricaprylylammonium 
chloride) in toluene and a starting concentration of amino acid in 
L of 5 X 10~2 M. Reproducibility is within 5%. b Experiment 
following Figure lb, with 10-2 M D N N S - (dinonylnaphthalene-
sulfonate) in toluene and 5 X 10 - 2 M starting concentration of 
amino acid in L. < L = 3 X 10"2 MTyr in 0.1 TVHCl; M = I O " 2 

M D N N S - in toluene; R = 3 X 10"2 M T y r and 1 M K C l in 0.1 
/VHCl. d L = 0.87 Macetylcholine bromide in water; R = I M 
KBr; M = DNNS~ 0.1 M in toluene. «L = 5 X 1 0 - 2 W K O H ; 
R = 5 X 10"3AfHCl; M = 10"a MAliquat 336 in toluene. 

Measurement of distribution coefficients of AA -

between 0.1 N KOH (L) and toluene containing N+ 

(M) showed that the relative rates of AA- transport 
from L to R follow the order of the distribution co
efficients. Thus, the specificity of the process is con
trolled by the thermodynamic interphase equilibrium 
between L and M phases. The kinetically important 
steps, i.e., L -*• M and M -»• R transfer, seem to be 
sufficiently similar for the various amino acids so that 
only the concentration of (AA~,N+) in M appears to 
differentiate the various substrates. The same result 
holds for T- transport (Table I, entries 12, 13, and 15). 
A case which may lead to interesting further develop
ment is the transport of acetylcholine against K+ 

(Table I, entry 15). 
It has also been found that transport of OH - itself is 

competing with AA- transport (Figure 2; Table I, 
entry 16). Finally, three dipeptides have been included 
in our study. Interestingly, about a 20% difference in 
transport rate is observed between phenylalanylglycine 
and glycylphenylalanine (Table I; entries 10 and ll).15 

The present results lead to certain conclusions as well 
(15) The mechanistic details will be discussed in the full account of 

this work. However, some results may be mentioned here. In the 
absence of a carrier the rates of transport (leakage) are reduced by a 
factor of more than 10s. The transport shows saturation kinetics with 
respect to carrier concentration. The carrier is located in the organic 
phase (not detected in the aqueous layers; see also ref 6 and 7 and 
references therein). The chemical nature of the carrier-substrate 
complex in the membrane phase is thought to be an ion pair in analogy 
with results on inorganic ions ." Control experiments confirm the 
back transport of Cl - or K+ ions. Slow changes in pH are observed 
since (i) amino acid protonation-deprotonation processes occur; 
(ii) OH - transport competes with AA - . The transport of amino acid 
goes asymptotically to completion in the conditions described here. 
Finally, the nature of the kinetically important steps, transfer across 
the interfaces, rests on previous results obtained with inorganic ions 
(ref 6 and 7 and references therein). We have also shown that changes 
in surface area at the interfaces lead to proportional changes in trans
port rates. The formation and dissociation of the ion-pair carrier-
substrate complex should be a very fast process.7 The synthesis of new 
carriers may shed light on the possible importance of these steps in the 
overall kinetics. Additional investigations of these mechanistic and 
kinetic aspects are under way and will be described in detail in the full 
paper. 

as to prospects for further investigations. (1) Transport 
of amino acids against Cl- or K+ has been demon
strated. (2) Transport against the concentration 
gradient, pumped by chemical energy, has been ob
served. (3) With the present carriers the specificity of 
the process is thermodynamically controlled by the 
distribution equilibrium between the starting aqueous 
phase and the membrane. (4) Steric effects in the 
substrate-carrier species on transport specificity should 
be observable. (5) Carrier design via organic synthesis 
may allow controlling transport specificity. (6) Kinetic 
effects on transport specificity should be observable as 
is the case in cation transport.4 (7) Chirospecific trans
port, allowing separation of racemic mixtures, may be 
envisaged using either an optically active membrane 
phase or a chiral carrier. (8) Similar experiments may 
be performed on various types of molecules. A deeper 
understanding of transport processes of organic mole
cules as well as applications in separation science may 
result from such studies. Research along these lines is 
being actively pursued.16 
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The Electron Paramagnetic Resonance Spectra of 
1,1-DialkylhydrazyI Radicals in Solution1 

Sir: 
Although triarylhydrazyl radicals are among the 

most stable radicals known2 there is very little infor
mation available concerning alkylhydrazyl radicals. 
The epr spectra of three 1,1-dialkylhydrazyls trapped 
in an adamantane matrix have been reported very 
recently.3 The uv spectra of the radicals formed by 
reaction of hydroxyl with 1,1- and 1,2-dimethylhy-
drazines in aqueous solutions have also been reported 
recently.4 Since this work was completed data on some 
trialkylhydrazyls6 and l,l-dialkyl-2-benzenesulfonylhy-
drazyls6 have appeared. 

We wish to report that 1,1-dialkylhydrazyl radicals 
can be readily produced in solution by photolysis of 
solutions containing 1,1-dialkylhydrazines and di-tert-
butyl peroxide. Photolysis in the cavity of a Varian 
E-3 epr spectrometer yielded strong, well-resolved 
spectra for a number of 1,1-dialkylhydrazyls (see, e.g., 
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