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purified by high-pressure liquid chromatography (LC) col-
lection.

This reaction also afforded a 10% yield of a 3:2 mixture of
trans- and cis-pyro-Gla derivatives 8'%* and 9,104 which were
purified by LC collection. These compounds do not noticeably
react further with benzyl alcohol under the above-described
conditions. Thus, the first step in the reaction of 6 with benzyl
alcohol is an exchange of the trichloroethyl ester for a benzyl
ester. This is then followed by opening of the pyrrolidine ring
with minor loss from competitive decarbobenzyloxylation!!
of the N-Cbz function.

Hydrogenolysis of 7 in methanol over 10% palladium/
charcoal afforded a 93% yield of 1-Gla: mp 154-155 °C dec;'?
[a]p +33.9° (¢ 1.2, 6 N HCI); lit.? [a]p +34.6°; mp 167-
167.5 °C dec. Its NMR spectrum (600 MHz) was identical
with that of racemic material prepared from racemic 7 and,
in accord, with the published spectrum?® at 360 MHz.

This methodology lends itself very nicely to the preparation
of analogues of 1.-Gla. Thus, reaction of 6 with methanol in the
presence of triethylamine (room temperature, 2.5 h) afforded
a 62% yield of 10:'% [«]p +9.5° (¢ 1.0, CHCI3). A more dif-
ferentiated analogue was prepared as follows,

Reaction of benzylpyroglutamate (11) with §in the presence
of pyridine-DMAP afforded 12: mp 61-63 °C,; [a]p —46.2°
(¢ 1.03, ethanol). The latter reacts with the Bredereck reagent
39 at room temperature in dimethoxyethane, providing a
43%'? yield of 13:'%b mp 118.5-119 °C; [o]p —66.7° (¢ 1.0,
CH-Cl5). Treatment of 13 with 5 in toluene at 95 °C, followed

o
R Me0,C HNzg'OR
H
X *~C02CH,@ Me0,C ~C02CH, @
H H
L R=H, X =H, 6->1Q R=CH®
12 R = C(0) OCHCCl3, X = Hy JA>!5 R = CHCCl3
13 R=C(0)OCH2CCl3, X = C(HIN(Me),
14 R =C(0)OCH2 CCl3, X = H,C(0) OCHZCCl

by chromatography on silica gel, gave a 41% yield of the
trans:cis (ca. 2:1) diastereomers 14.1%2 Reaction of 14 with
methanol, as above, gave 15:'% [a]p +7.8° (¢ 5.2, CH,Cl,);
35%!3 yield.

It is expected that this methodology will find ready appli-
cation in the synthesis of peptides containing modified L-Gla
residues.
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Structure of Elasnin, a Novel Elastase Inhibitor
Sir:

A novel human granulocyte elastase inhibitor, elasnin, has
been isolated from the culture broth of Sm. noboritoensis
KM-2753." This inhibitor with low toxicity is of interest in
respect to the control of pathological processes such as acute
arthritis, various inflammations, pulmonary emphysema, and
pancreatitis, which are known to be caused by elastase.? In the
present report, we describe the structural elucidation of elasnin
based on chemical degradations and biosynthetic means using
'3C-labeled precursor.

Elasnin (1) is a lipophilic colorless and viscous oil possessing
the following physical and spectroscopic properties: nl7p
1.4983; [a] 18, —0.9° (¢ I, EtOH); AEQH 291 nm (e 7760); v
3430 (OH), 2960 and 2860 (CH>, CH3), 1715 (ketone car-
bonyl), 1665 (conjugated ester carbonyl), and 1636 cm™'
(double bond). The molecular formula Ca4H4004 (M, m/e
392) was established for 1 by high-resolution mass spectral and
elemental analyses. The 25.2-MHz '3C NMR spectrum in-
dicated the presence of a ketone carbonyl (6 207.0), an ester
carbonyl (either 6 165.5 or 164.7), and four quarternary ole-
finic carbons (either 6 165.7 or 164.7, 153.8, 115.0, 104.3). In
addition, four methyl carbons (completely overlapped at 6
13.9), several methylene carbons (6 22.4-40.3), and a methyne
(6 54.7) in the high-field region, as shown by an off-resonance
decoupling experiment, were consistent with the presence of
four linear C4 and Cs alkyl chainsin 1.

Reduction of 1 with NaBH, afforded dihydroelasnin (2)
[C24H4204; M+, m/e 394; AEQH 202 nm (€ 6400)], indicating
the presence of a ketone carbonyl at the position isolated from
the chromophore in 1. Ozonolysis of 2 followed by oxidative
degradation with 30% H,O, and glacial acetic acid gave an oily
acid 3, which was then treated with CH,N to give methyl ester
4: C2H»40;5; mfe 213 (M+ — OH), 199 (M* — OCH3;); v
3520 (OH), 1730 cm™! (ester carbonyl). The 13C NMR and
mass spectral analyses? of 3 and the corresponding monoace-
tate 5, obtained by acetylation of 3, suggested 2-butyl-3-hy-
droxyoctanoic acid for the structure of 3.

Acidic degradation of 1 with 2.5 N HCl in acetic acid gave
a colorless oil, 6; C23H400,; M* m/e 348 (348.300; calcd for
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C»3H400,, 348.302). a,o,5,8’-Alkyl-substituted y-pyrone*
as the structure of 6 was deduced from the following spectral
data: AE'OH 258 nm (e 7800); v 1645 («,8,,6-unsaturated
ketone carbonyl), 1610 cm™' (double bond); 6 179.0 (y-pyrone
carbonyl carbon), 163.6 (two « carbons of y-pyrone), 123.3
(two 3 carbons of y-pyrone). With regard to the substitution
pattern of alkyl groups of the y-pyrone nucleus, two sym-
metrical  positional  isomers, «,&’-n-butyl-5,8-n-
pentyl-y-pyrone and «,a’-n-pentyl-3,3’-n-butyl-y-pyrone for
6 were proposed on the basis of the number of its 13C NMR
signals as well as the chemical shift of alkyl carbons:* 6 13.9
(four methyls), 22.4, 23.0, 24,4, 27.2, 31.0 (each two methy-
lenes), and 31.4 (four methylenes). Taking into account the
structural features® of ozonolysis product 3, the n-pentyl group
must be substituted to the « position of «-pyrone nucleus, and,
therefore, «,a’-n-butyl-8,8’-n-pentyl-y-pyrone for the
structure of 6 can be ruled out.

The facile transformation accompanied by the acid-cata-
lyzed decarboxylation of 1 into 6 demonstrates the interpre-
tation of “triketide” as an intermediate.” More explicit evi-
dence for the existence of “triketide intermediate’ was ob-
tained by the transformation of 1 into isoxazole derivative.
Namely, mild reflux of 1 with hydroxylamine hydrochloride
in acetic acid afforded a colorless 0il, 7: C23H43N202; Mt mi/e
378 (378.320; caled for Cy3H4>N,05, 378.324); 6 2.58 (CH,,

Table I. '3C Chemical Shifts and Coupling Constants (Jic.i3¢c) of
[1.2-'3C]Acetate-Enriched Elasnin 1 and Its Methyl Ether 9

chemical shift, 6c7 Jisc.uc, Hz
carbon 1 9 10 1 9
1 165.5% 162.6 163.1 76.3 85.4
2 104.3 104.6 116.4¢ 76.3 854
3 164.5% 179.6 158.5 61.0 47.3
4 114.9 125.3 118.7¢ 61.0 47.3
5 154.8 154.3 155.4 51.9 51.9
6 54.7 54.1 54.9 51.9 51.9
7 206.9 207.0 206.2 37.9 37.9
8 40.2 40.2 40.2 37.9 37.9
OCOCH; 167.0

¢ Relative to internal MegSi. #¢ Assignments may be reversed.
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Chart I Biosynthetic Pattern of Elasnin
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triplet), 3.66 (CH, triplet), 9.00 (=NOH, exchanges with
D>0). Compound 7 was acetylated with acetic anhydride and
pyridine to give a monoacetate 8: C2sH4sN2O3; M* m/e 420,
v 1768 cm~! (=NOCOCH;). The characteristic '3C NMR
signals due to isoxazole carbons at 6 165.7, 163.4, and 116.0
and an oxime carbon at § 160.6 and the observation of two
mass fragment peaks at m/e 194 (base peak; C12H>NO) and
264 (C;7H3NO), corresponding to the isoxazole ring moiety
containing alkyl chains, indicated the structure 7 as shown in
Chart 1. Taking into consideration the reactivities described
above and the spectral evidence of 1, it was concluded that
4-hydroxy-a-pyrone would be the most suitable for the skeletal
structure of 1.

Treatment of 1 with CH,N, afforded the methyl ether 9:
C»sH4504; MY m/e 406 (40..304; caled for C,y5H4204,
406.308). Either of two tautomeric isomers, 4-methoxy-
a-pyrone or 2-methoxy-y-pyrone, was assumed for the
structure of the methylated product of 1. The UV spectrum
of the methyl ether [AEIQH 252 nm (e 7890)], which shows
significant blue shift compared with that of 1, most explicitly
suggests that it does not possess the same carbon skeleton of
the chromopore as that of 1. The A, of a-pyrones (280-300
nm) is generally longer than that of v-pyrones (240-260 nm).*
This necessarily leads to the conclusion that 9 is a 2-me-
thoxy-vy-pyrone. The frequency (v 1658 cm™!) of the conju-
gated carbonyl in 9 is typical of that of y-pyrone.* This was also
supported by the '3C NMR signal at 6 179.8 due to the y-py-
rone carbonyl carbon of 9. On the other hand, the monoacetate
10 [C25H4205; M+ m/e 434 (434300, calcd for C26H4205,
434.303)] obtained from acetylation of 1 was suggested to have
a 4-acetoxy-a-pyrone nucleus by the characteristic UV ab-
sorption maximum at 306.5 nm (e 7200) and an IR band at v
1730 cm™' due to a-pyrone carbonyl.

The structural correlation between 1 and 9 was also sup-
ported by biosynthetic investigation using !*C-labeled pre-
cursor and '3C NMR spectroscopy. [1,2-13C]Acetate (90%
enriched in 13C) was fed to the fermentation culture of Sm.
noboritoensis KM-2753 as a precursor, and !*C-labeled elasnin
was isolated from the culture broth. The 13C-labeled elasnin
was treated with CH, N5 to afford the 13C-labeled methyl ether
9. The 13C NMR spectrum showed satellite resonances due
to 13C-13C couplings. The couplings of 76.3 Hz (between C-1
até 165.6and C-2at 6 104.3) and 61.0 Hz (C-3 at 6 164.7 and
C-4atd115.0)in 1 altered to those of 85.4 Hz (C-1 at 6 162.6
and C-2at§ 104.6) and 47.3 Hz (C-3at 6 179.6 and C-4 at 6
125.0) in 9, respectively. The difference in the '3C-'3C cou-
pling and 13C chemical shift values between 1 and 9 is strongly
consistent with the structural change from a-pyrone to y-py-
rone, as suggested earlier by their UV and IR spectral data.
Furthermore, the 13C NMR evidence suggested that 1 was
biosynthesized via polyketide from 12 molecules of acetate as
shown in Chart 11. It should be noted that 1 is a novel inhibitor
that has a highly alkylated pyrone skeleton differing from other
protease inhibitors® isolated from Streptomyces.
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Upper Excited Triplet State Mechanism in the
Trans — Cis Photoisomerization of 4-Bromostilbene
Sir:

The direct trans — cis photoisomerization of stilbene occurs
by twisting from 0 to 90° in the lowest excited singlet state, 't*
— 'p*, followed by internal conversion, 'p* — 'p, and twisting
from 90 to ~180°, eq 6, in the ground state! (for definitions
see the explanation of Scheme ). This singlet mechanism for
the photoisomerization of stilbene in solution at room tem-
perature is widely accepted.'~” However, the discovery of a
triplet state of stilbene in rigid matrices®-'0 raises the question
as to whether or not a triplet mechanism, as favored by Fischer
et al.,!’-'3 may contribute to the trans — cis photoisomeriza-
tion at low temperatures. For 4-bromostilbene, involvement
of the lowest triplet state mechanism was postulated by
Fischer!!-13 and by Saltiel.3->!4 In contrast to unsubstituted
stilbene, the quantum yield of fluorescence, ¢r, is smaller than
0.2 for trans-4-bromostilbene even in rigid glasses at —196
0. 5.11.15.16

Using laser flash photolysis,'”-!'® we now measured the
triplet-triplet absorption spectrum, the triplet lifetime, 7, and
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Scheme L. Upper Exciled Triplet Path for Trans — Cis
Photoisomerization

Wt by = % 1)
Rt ()

i = by (3)

Bb; —» 3ph* — 3p* (4)
p*—1p (3)
'p—alt+ (1 —a)c (6)

the quantum yield of the triplet state, ¢ripe(, of 4-bromostil-
bene as a function of temperature in different solvents. The
triplet-triplet absorption spectrum is similar to the known
spectra of stilbene®-? and 4,4’-dichlorostilbene® and could be
observed below a certain maximum temperature, !, without
any significant change in shape and A, down to —196 °C
(—80 °C in glycerol and glycerol triacetate (GT), Table 1).
From this it is concluded that the observed triplet state has the
planar trans configuration (*t*) and that @ ipi, is identified
with the yield of formation of 3t*, ¢3.

In Figure |, ¢yripie and 77! are plotted vs. T~ in comparison
with ¢rand the quantum yield for the direct trans — cis pho-
toisomerization, ¢--, ina I:1 mixture of methylcyclohexane
and isohexane, MCH-1H. ¢,... does not change from room
temperature down to —155 °C, but falls off drastically by
further lowering the temperature, and at —185 °C it is too
small to be measured. At —155 °C the t* state of 4-bromo-
stilbene appears. The yield of 3t* increases with decreasing
temperature and reaches a constant valueatrg = —173°C. A
comparison of 1, and t¢ values in glycerol and GT with those
in the other solvents indicates that viscosity rather than tem-
perature determines the formation of *t* (Table I). The life-
time of 3t* increases in MCH-1H with decreasing temperature
from 330 ns at —159 °C reaching a constant value of 0.45 ms
below 1ty = —173 °C (Figure 1). This is explained by the as-
sumption that the increase in viscosity hinders the t* state
from twisting. Therefore, it is suggested that the sharp decrease
of ¢(—c below —155 °C results from viscosity dependent bar-
riers in both, the upper excited and the lowest triplet states. As
shown in Table I, almost the same lifetime of 3t* is found below
tgin all solvents examined. Below ¢ no twisting occurs, since
@1~ 18 ZETO.

Above —155 °C, trans — cis photoisomerization cannot
proceed in the lowest triplet state via 3t* — 3p*since no 3t* is
formed. This follows from the decrease of ¢3.- with increasing

— t[°C}
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Figure 1. Semilogarithmic plot of ¢i—c. dr. Buripler. and 77! (ins™1) vs, 77!
for trans-4-bromostilbene in MCH-|H. ¢ values above —50 °C in n-
pentane are from ref 5 and 21; ¢¢ below —50 °C and ¢-.. in MCH-|H
are from ref 11-13. At —183 °C, ¢;-- = 0.003: at 30 °C, a somewhat
greater value of ¢,—. = 0.48 has been found in n-pentane.’ Dtriplet IS Ob-
tained from optical densities, and a value of | — ¢y = 0.87 is assumed at
—196 °C.
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