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17. The cnantiomeric excess of the compound 4 was det-
ermined to be zero, which implies that the catalyst 2
was not involved in cyclopropanation process. For the
reference of the related metalloporphyrin-mediated cy-
clopropanation reaction, see Ziegler, C. J.; Suslick, K. S.
J. Am. Chem. Soc. 1996, 118, 5306.

18. We could not exclude the possibility of dichlorodioxi-
rane, the cyclic isomer of 1a, involving as the active ox-
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idant. However, the isomerization of carbonyl oxide to
the corresponding dioxirane was reporeted to have re-
latively high activation energy barrier. For the reference,
see Hull, L. A. J. Org. Chem. 1978, 43, 2780.

19. Typical experimental procedure is as follows; To the
solution of the olefin (1 mmol), chloroform (20 mL), »-
Bu,NBr (0.04 mmol), imidazole (2 mmol} and sodium
hydroxide (6 M, 10 mL} in the presence of the catalyst
(5,5)-2 (0.1 mmol) was bubbled the oxygen gas for 12
h at room temperature. After the phases were separated,
the organic layer was washed with brine solution and
dried with anhydrous sodium sulfate. After being con-
centrated, the mixture was analyzed by GC and GC-
MSD spectroscopy or purified by flash column chro-
matography.

20. There is a possibility of generation of hydrogen perox-
ide during the reaction as depicted in equation 1.

We have examined the possible involvement of H;O, as

H0 Cl. _O-OH
C‘/ \OH
the active oxidant in this process. Pretreatment of di-
chlorocarbene and oxygen for 1 hr followed by addition
of cat 2 and olefin provided no epoxide at all, which in-
dicates no participation of free H,0, as the oxidant.
21. Jemia, D. M.; Daly, J. W. Science (Washinton D. C.)
1974, 185, 573.

1a CoCl; + RO, ()
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Proinsulin, a single chain insulin precursor, comprises the
B-chain, a Arg-Arg sequence, the connecting C-peptide of
31 amino acids, a Lys-Arg sequence, and the A-chain. After
folding and the formation of disulfide bridges, insulin is
released by a proteolytic cleavage of proinsulin at the two
dibasic sites. The presence of a pair of basic residues is con-
sidered to be a minimum requirement for conversion.'

The role of C-peptide in the folding of proinsulin was
speculated to bring the two distant parts of the polypeptide,
A and B chains, into proximity for efficient formation of
disulfide bridges between the two chains,” but the exact role
has not becn elucidated.

C-peptide is the most variable portion of the proinsulin
molecule except the highly acidic region which occurs in
the first four positions of the C-peptide. This acidic region
is highly conserved in various animal species with the se-
quence Glu/Asp-X-Glu/Asp, where X is alanine, valine or
leucinc.’ The presence of highly conserved acidic residues

immediately following dibasic residues may suggest some
functional role of this region in the formation of proinsulin
structure.

In the present work, we have examined the role of the
highly conserved tetrapeptide sequence of C-peptide in the
folding of proinsulin. For this purpose, we have produced
two analogue forms of proinsulin, in which either the tetra-
peptide sequence, Glu-Ala-Glu-Asp, was deleted {D4PI) or
replaced with Gly-Gly-Gly-Gly sequence (G4PI) (see Figure
1 for the sequence),

The proinsulin and analogues were produced as fusion
proteins which form inclusion bodies in E. coli cells. The
gene for the fusion protein was placed under the control of
the T7 promoter in the expression plasmid pET-32* and the
fusion protein was expressed in E. coli BL21(DE3) by
IPTG induction. N-terminal portion of human twmor
necrosis factor-alpha (hTNF-o) was used as a fusion partner,
a fusion system described by our group previously.® After
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31 32 33 34 35 3 37 64 65
B-chairrArg-Arg{Glu-Ala-Glu-AsptlLeu <+ -+ Lys-Arg-A-chain Pt
B-chain-Arg-Arg leu------ Lys-Arg-A-chain :D4PI
B-char'n—Arg-Arg1GIy-Giy—Gly—Gly Ley------ Lys-Arg-A-chain :GAPI

Figure 1. Amino acid sequence at the beginning of native and
mutant human proinsulin C-peptides. The first four residues of
the C-peptide arc boxed and constitute the conserved acidic re-
gion. The numbers above cach residue refer to the amino acid po-
sitions in the full proinsulin sequence.

the sulfonation and isolation process of the proinsulin and
analogues, the subsequent refolding experiments were car-
ried out.

Refolding reactions of the sulfonated proinsulin and analo-
gues were performed in 50 mM glycine buffer at various
pH and temperature conditions. The reaction was stopped
by adding H,;PO, to pH 2.5. Typically, 16 pg of protein
solution was filtered and loaded onto a Zorbax C8 reverse-
phase column. The protein was eluted with solvent A of
0.125 M ammonium sulfate (pH 2.5) and solvent B of %%
acetonitrile using linear gradient of 20-60% solvent B. The
refolding yields of the rcaction products were determined
by comparing the peak size of the correctly folded species
in the HPLC profile with the standard. The correct disulfide
formation was verified by subsequent finger print analysis
using Staphylococcus aureus strain V8 protease (Glu-C en-
doproteinase) that specifically cleaves the peptide bend on
the carboxyl side of the glutamic acid residue.®

Figure 2 shows the refolding yields of proinsulin (PI), D
4P1 and G4PI at various pH conditions. Compared to the
analogues, PI exhibits higher folding yields at the pH range
of 7.5-9 and maintains lower fluctuation with respect to the
pH variations. The two analogues show similar trends each
other, the folding yields being proportional to the pH vari-
ation up to pH 11, with the highest yield at pH 11.0. This
indicates that the repulsive force between Arg-Arg and Lys-
Arg is significant to give an influence for the folding of
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Figure 2. Effect of pH on the refolding of proinsulin (=), D4P{
(») and G4PI (O). Protein concentration=50 pg/mL, Tempera-
ture=4 °C. :
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Figure 3. Effect of temperature on the refolding of proinsulin
{m), D4PI (») and G4PI (D). Protein concentration=50 pg/mL,

proinsulin. At pH 12, the folding yields of the three species
drop significantly, probably due to the partial disruption of
proinsulin structure at this extreme pH condition.

More dramatic effect was found in the folding of PI and
analogues at various temperature conditions (Figure 3). It is
generally known that the yield of any refolded protein de-
creases with increasing temperature, Interestingly, the fold-
ing yield of proinsulin is relatively constant, irrespective of
the temperature variation. On the other hand, the folding
vield of analogues decreases as the temperature increases.
At 37 °C, which is the physiological temperature, the fold-
ing vield of the two analogues was less than 10%, in com-
parison with more than 30% found in proinsulin. These
results indicate that the highly acidic tetrapeptide sequence
confers enhancement in thermal stability during proinsulin
folding.

It was reported that reoxidation of cross-linked insulins
gives high yields of a product with the correct formation of
disulfide bonds.” Along with the fact that the native insulin
could bc generated from the air oxidation of a mixture of
the reduced A and B chains,® doubts on the structural rale
of C-peptide were raised.” However, since either the cross-
linked insulins or insulin itself lack the double dibasic sites
in their sequence, the folding of these proteins is not
relevant to the folding of proinsulin, in which there may be
a close interaction between the two dibasic sites."

The C-peptide has been studied for its possible involve-
ment in the targeting of proinsulin to secretary granules or
its conversion into insulin. Reduced vield of conversion was
observed for the proinsulin analogue with the deletion of
four amino acids immediately following the B-chain/C-pep-
tide junction.*'" C-peptide does not appear to play a sig-
nificant role in targeting proinsulin to granules.*"

QOur data, even though studied under in vitro conditions,
suggest that in addition to the possible role of C-peptide in
the conversion, the C-peptide has a role in the folding of
proinsulin. Especially, the maintenance of high folding yield
in the proinsulin at elevated temperature (37 °C) clearly
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shows the important role of this acidic region in the folding
of proinsulin.

In our future studies, other regions of C-peptide sequence
will be investigated for their involvement in the proinsulin
folding. The combined results will provide a clear und-
erstanding on the folding behavior of this biologically im-
portant prohormone.
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Oxysclenenylation of olefin and the subsequent transfor-
mation have been appreciated as a useful tool in the syn-
thesis of various important natural products.’ Regio- and
stereochemistry of the electrophilic selenenylation of olefin
can be understood with the same rules as those of the usual
electrophilic addition to olefin. Outcome of the regio- and
stereochemistry in the oxyselenenylation of allylic alcohol
derivatives, on the other hand, appears to be influenced by
the directing effect of the allylic oxygen.>® We have also re-
ported recently the regio- and stereoselective methoxy-
selenenylation of acyclic allylic alcohol derivatives. Never-
theless, the results on the regio- and stereochemistry of oxy-
selenenylation of allylic alcohol derivatives are sometimes
contradictory and the origin of the selectivity is yet un-
clear.® Herein we report further results on the regio- and
stereochemistry in methoxyselenenylation of acyclic allylic
alcohal derivatives and allylic phenylselenides as well.

It was difficult to determine whether the outcome of re-
giochemistry was electronic or steric origin with the allylic
alcohol derivatives used in earlier works including our own
previous work.>” Therefore, we first prepared (E)-5-methyl-
3-hexen-2-ol (1) which has a bulky isopropyl group in the
opposite side of the allylic hydroxyl group with a double
bond between. Methoxyselenenylation of 1 and its deri-
vatives 2 and 3 was completely regioselective and highly di-
astereoselective to afford mainly 1,3-anti-diol derivatives
(Table 1, entries 1, 2, and 3), For example, to a solution of

Vo a )\'/Y 5
SePh SePh
1R=H 4R=H SR=H
2R=T8S 6 R=TBS 7R=TBS
3R=Bn 8R=6n 9R =Bn

allylic alcohol 1 (1.14 g, 10 mmol} and 2.6-di-t-butyl-
pyridine (DTBP, 1.0 equiv.) in methanol (45 mL) was slow-
ly added methanol solution (20 mL) of phenylselenenyl bro-
mide (1.3 equiv.). The reaction was conducted under ni-
trogen atmosphere, at room temperature, and in the flask
covered with alominum foil. After completion of reaction,
the reaction mixture was concentrated and partitioned bet-
ween ether and water. The organic phase was washed with
aq. NaHCO, followed by chromatography afforded 1,3-anti-
and 1,3-syn-hydroxymethoxide, 4 and 5, in 98:2 ratio in
65% yield® We also prepared (E)-3-methyl-3-penten-2-ol
{10) and its benzyl ether 11. Methoxyselenenylation of 10
and 11, on the other hand, afforded not only 13-isomers
but also 1,2-isomers 14 and 17, respectively (Table 1, en-
triecs 4 and 5). The relative stereochemistry of the products
4-9 and 12-17 was determined by the same procedure as
described in our previous work.* The result from the reac-
tion of compounds 1, 2, and 3 indicates that the steric hin-
drance around episelenonium ion is not the determining fac-
tor for the regioselectivity in the methoxyselenenylation of



