Light-Induced Alkylation of
Glycine-Containing Polypeptides!

Sir.

A photochemical modification of glycine-containing
dipeptide derivatives has been described by us recently.?
The reactions involve an alkylation process and result
in the selective conversion of a glycine residue in the
dipeptide to a residue of a branched a-amino acid.
The side chain of the new amino acid residue could be
preselected by the use of the appropriate “‘alkylating”
agent. Thus, by employing 1-butene or toluene as
substrates, the glycine residue in the dipeptide deriva-
tive was converted to a residue of norleucine or phenyl-
alanine, respectively. These photochemical reactions,
which were initiated with acetone, can be summarized
as follows.
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glycine residues in the polypeptides to norleucine or

phenylalanine, respectively. The reactions can be
summarized as follows (e.g., for sequential glycyl-
alanine polypeptides)

L-butene

————> [Ala-Nle-Ala],[Ala-Gly-Alal,.,
103
[Ala-Gly-Ala],, E&)—

toluene
i———> [Ala-Phe-Ala],[Ala-Gly-Ala],
The reactions studied and the newly formed poly-
peptides are described in Table I. The reactions
were carried out in homogeneous as well as in hetero-
geneous media. In a typical experiment, a solution of
350 mg of a copolymer of glycine and DL-alanine (con-
taining 1097 glycine and 9097 DL-alanine) in water (25
ml), ¢-butyl alcohol (25 ml), and acetone (15 ml) was
irradiated (Pyrex filter) for 72 hr while 1-butene was

1-butene

hy

CF,CONHCH,CONHCHMeCO,Me

Me,CO
Tfa-Gly-Ala-OMe ¢

We report now the photoalkylation of polypeptides
containing glycine and proline as well as those of glycine
and alanine. These polypeptides serve as models for
the study of the possible use of these reactions for the
modification of glycine-containing proteins.

Sequential®* as well as random® copolymers in-
corporating varying contents of glycine have been em-

—— CF3;CONHCH[(CH,);CH;]CONHCHMeCO,Me

Tfa-Nle-Ala-OMe

toluene

+———— CF,CONHCH(CH,Ph)CONHCHMeCO,Me

Tfa-Phe-Ala-OMe

bubbled through the solution. The solvents were
evaporated and the residue was washed with ethyl ace-
tate leaving a solid (320 mg) which was extracted with
water. The water-insoluble fraction (120 mg) was
shown to be a polypeptide consisting of alanine, glycine,
and norleucine. The water-soluble fraction (200 mg)
was hydrogenated over Pd-C (5 %) to remove traces of

ployed. Irradiation at room temperature of these  unsaturation®? and was analyzed on the amino acid
Table I. Alkylation Products of Glycine-Containing Polypeptides (Initiated Photochemically with Acetone)
Producte Smm—
Amino acid® composition Amino acid® composition
Polypeptide Ala Gly Pro Mol wt  Alkylating agent  Ala Gly Pro Nle Leu Phe
[L-Ala-Gly-L-Ala], 66.7 33.3 3100¢ Toluene 68 30 2
[L-Ala-Gly-D-Ala], 66.7 33.3 11004 1-Butene 70.7 27 2.3
Toluene 65.5 31 3.5
(DL-Ala)n(Gly)a 90 10 51004 1-Butene 89.7¢ 9.1 1.1
91.5/ 8.1 0.4
Toluene 90. 8¢ 6.3 2.9
91.1/ 7.7 1.9
(pL-Al2),,(Gly), 77 23 48004 1-Butene 78¢ 21.5 0.5
81.9/ 16.5 1.6
Toluene 77.6° 22 0.4
82.57 15.3 2.2
(pL-Ala)n(Gly)s 57 43 1-Butene 56.5 42.7 0.8
[L-Pro-L-Pro-Gly), 33.3 66.7 11004 Isobutene 30 67.6 2.4
33.3 66.7 Toluene 31.2 65.4 3.4

¢ In the reactions reported 7-25°7 of the glycine content in the polypeptides was converted to the appropriate branched a-amino acid

residues,
method.
7 Of the water-insoluble product.

glycine-containing polypeptides with 1-butene or tol-
uene in the presence of acetone led to the conversion of
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analyzer. The weight-average molecular weight of the
solid was determined (Yphantis method), and it was
found that virtually no fragmentation of the poly-
peptide occurred during the reaction.

It has been shown previously?%7 that in similar reac-
tions with glycylalanine and glycylleucine dipeptide
derivatives a preferential attack on the glycine residue
occurs. We examined the selectivity of the process for
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glycine residues in the glycylalanine polypeptides
studied and found that the glycine residues were more
reactive than the alanine residues, thus indicating that
the selectivity of the process to glycine residues was
preserved from the dipeptides to the polypeptides. The
results of these studies are summarized in Table II.

Table II.  Selectivity in the Photoalkylation of Polypeptides
Containing Glycine and Alanines

Phe : MePhebd
per residue of
respective starting

Nle:MeNlee' ¢
per residue of
respective starting

Polypeptide amino acid amino acid
[L-Ala-Gly-L-Ala], 30:1
[(DL-Ala)..(Gly)s] (9:1) 30:1 9:1
[(DL-Ala)(Gly),] (77 :23) 15:1 14:1
[(DL-Ala)., (Gly),] (57:43) 8:1 13:1

e Obtained by multiplying the absolute ratio of the products by
the ratio of Ala:Gly in the starting polypeptide. °2-Methyl-
phenylalanine, resulting from alkylation of alanine residues with
toluene. ¢ 2-Methylnorleucine, resulting from alkylation of alanine
residues with 1-butene. ¢ The amino acid composition in the
product was determined by acid hydrolysis, esterification with
1-butanol followed by trifluoroacetylation, and analysis by glpc
[C. W. Gehrke and F. Shahrokhi, Anal. Biochem., 15, 97 (1966)].

The a-carbon atoms of two adjacent amino acids in
polypeptides are in a 1,4 relationship with each other.

1 2 3 4
(-NHCHRCONHCHRCO-)

This leads to an asymmetric induction process, when
one of these a-carbon atoms is chiral, with the chiral
center as the asymmetric agent. We have already
shown® that the generation of a chiral center at the
glycine residue in glycylalanine and glycylleucine di-
peptides during conversion of that residue to norleucine
involves the occurrence of asymmetric induction. We
have found that the formation of phenylalanine in the
reaction of [L-Ala-Gly-L-Ala], with toluene involves the
predominant production of the L enantiomer (70%)
while the p enantiomer is the minor product (30%).
It is noteworthy that in glycylalanine dipeptides hardly
any asymmetric induction could be detected in similar
reactions with toluene.® In the reaction of (L-Pro-
Gly-L-Pro), and toluene the phenylalanine formed con-
sisted of 689 of the D enantiomer and 329 of the L
enantiomer. [t is assumed, therefore, that the location
of the glycine residue and the conformation of the
polypeptide affects the selectivity of the reactions and
the asymmetric induction. Work is in progress toward
the determination of these relationships.

Spectral determinations indicated that in these photo-
alkylation reactions acetone serves as the light-absorb-
ing system. Product analysis indicated the involve-
ment of free-radical intermediates.” The reaction se-
quence can thus be formulated as follows.

(Ile _54:%» (llH ﬂfﬁ» CHCH,CHCH,CH, etc.
2
(fo (§30 (l:o

(8) J. Sperling, unpublished results,

The reactions of the polypeptides and toluene follow
a similar path involving polypeptide and benzyl free
radicals which are generated simultaneously in the
reaction mixture. The detailed mechanism is dis-
cussed elsewhere.”

The application of these reactions for the modification
of glycine-containing proteins is in progress.
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Concentration Dependence of the Efficiency of
Energy Transfer from 3(r,7*) Aromatic Ketones!
Sir:

Aromatic carbonyl compounds with low-lying =, m*
triplet states exhibit long triplet lifetimes and low reac-
tivity in photoreduction and Norrish type II cleavage
reactions.?® These properties and the high-triplet
energies of these compounds make them quite at-
tractive as sensitizers in processes in which chemical
reactions of 3(n,7*) sensitizers are undesirable. We
wish to report that the efficiency of triplet energy transfer
from ¥ w,w*) aromatic ketones is concentration de-
pendent and to introduce a note of caution concerning
the use of such sensitizers as probes of mechanism.

An interest in the use of 3(w,m*) sensitizers in the
photoaddition of 4,4-dimethyl-2-cyclohexenone to ole-
fins led us to examine p-methoxyacetophenone, m-
methoxyacetophenone, 3,4-methylenedioxyacetophen-
one, and thioxanthone as sensitizers. Each of the sub-
stituted acetophenones has been shown to have a low-
lying =,7* triplet.? The photoisomerization of 4,4-di-
methyl-2-cyclohexenone to 6,6-dimethylbicyclo[3.1.0]-
hexan-2-one (46%) and 3-isopropyl-2-cyclopentenone
(54 %) was selected as a test system.”

The reaction is quenched by di-#-butylnitroxide giving
a linear Stern-Volmer plot with slope 28.5 + 1.8 M~!
and is sensitized by benzophenone and acetophenone.
The yield of products in the sensitized rearrangement
does not vary by more than 2% from the direct irradia-
tion. The efficiency of energy transfer from these
%n,7*) sensitizers is not concentration dependent.
The rearrangement thus proceeds via a triplet excited
state of 4,4-dimethyl-2-cyclohexenone. When sensi-
tizers with low-lying m,7* triplet states were used, the
efficiency of energy transfer was found to be strongly
concentration dependent. The results for p-methoxy-
acetophenone, m-methoxyacetophenone, 3,4-methylene-
dioxyacetophenone, and thioxanthone are summarized
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