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melting points,'3 the rearrangement product has been estab-
lished as 5-methyl-2-pyridone (12a). This rearrangement
appears quite general since the cycloadducts of uracil (Sa-d),
S-fluorouracil (Se,f), and thymine (5g) undergo smooth con-
version to pyridone. Only for the adducts Se and 5f was a sec-
ond rearrangement product noted. These compounds, formed
in 17 and 9% yields, respectively, have been tentatively assigned
as the novel pyrrole derivatives 13a and 13b, based on their 'H
NMR, 3C NMR, UV, and combustion analyses. The struc-
tural assignments for the previously unknown pyridones are
based on spectroscopy (!*C NMR, 'H NMR, UV) and ana-
lytical data.

This unusual § — 12 conversion is another interesting re-
arrangement emanating from treatment of dihydropyrimi-
dinediones with base.!! Since 1 equiv of potassium fert-bu-
toxide does not effect rearrangement, we surmise dianions of
5 are required for rearrangement. A reasonable mechanism
involves ring opening of the dianion to 7 followed by an alter-
nate mode of ring closure to 14 and fragmentation to the py-
ridone anion.!”-!® The facile 14 — 15 cycloreversion may be
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related to the separation of charge resulting from the cleavage
of 14 or reflect alkoxide acceleration of a reverse [2 + 2] cy-
cloaddition. Prominent rate accelerations of [3,3]2 and [1,3]?!
shifts by alkoxide moieties have already proven of mechanistic
interest and synthetic value.22 Anions and dianions of other
carbo- and heterocyclic systems may also undergo facile re-
arrangements of the type noted here; additional studies in this
area are currently in progress.23
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Stereoselective Hydrogenation of
Dehydrophenylalanine in a Cyclic Tetrapeptide.
Synthesis of [Ala4]-Chlamydocin

Sir:
Chlamydocin, cyclo[Aibu-L-Phe-D-Pro-(L-2-amino-8-

0x0-9,10-epoxidecanoic acid)] (1a), a cyclic tetrapeptide iso-
lated from culture filtrates of Diheterosporia chlamydosporia

© 1979 American Chemical Society
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Chart |

Ri-X-Phe{3-SBz1}-D-Pro-L-Ala-OCHj;
4, X =Gly; Ry = Boc
5, X = Albu; Ry = pMZ
R-X-Phe[(Z)A]-D-Pro-L-Ala-OR,
6, X = Gly; R; = Boc a,R, = CH;
7,X = Albu; Ry = pMZ b, Ry = Tcp

cyclo(X-Phe[(Z)A]-D-Pro-Y-Ala)

8, X =Gly a, Y=L
9,X=Abu b Y=D
cyclo(X-L-Phe-D-Pro-L-Ala)
10, X = Gly
3, X = Albu

for its cytostatic activity,! has an unusual structure.? It is the
first cyclic tetrapeptide in which, in crystalline analogue 1b,
all amide bonds are transoid (i.e., nonplanar trans amide bonds
with w twist angles of 14-24°)3 and one of two peptides found
to contain the epoxy ketone amino acid, 2-amino-8-oxo-
9,10-epoxidecanoic acid.* The possible relationships between
chlamydocin’s novel structure, conformation, and biological
activity led us to attempt its synthesis. We report here the
synthesis of a model for the chlamydocin ring system, cy-
clo(Abu-L-Phe-D-Pro-1-Ala) (3),

Cyclic tetrapeptide rings this highly substituted (S« sub-
stituents) have not been synthesized previously and work with
less substituted structures® suggested that direct cyclization
of the precursor H-Aibu-L-Phe-D-Pro-L-Ala-OTcp (2) might
not proceed in acceptable yield. Indeed our first experiments
toward synthesizing 3 via direct cyclization of 2 gave little
(<1%) of the desired product under standard reaction condi-
tions.® Consequently we have developed an alternate method
for synthesizing 3 in which a dehydrophenylalanine residue
(Phe[(Z)A])7 is used to facilitate the cyclization reaction and
then is reduced stereospecifically to L-Phe in the cyclic tetra-
peptide. The rationale for this approach was based on the ob-
servations that dehydrophenylalanine units can increase the
conformational space available to a peptide®® and that a
MePhe[(Z)A] unit in a cyclic tetrapeptide has been reduced
stereospecifically.!®

Model cyclic tetrapeptide 8a was synthesized to study the
stereospecificity of the reduction of the Phe[(Z)A] unit in a
peptide related to chlamydocin (Chart I). Linear tetrapeptide
4 was prepared by stepwise addition of protected amino acids
in solution to L-Ala-OMe. Conversion of 4 into the methyl-
sulfonium salt followed by base elimination!! gave the Z iso-
mer 6a (Caled: C, 59.75; H, 6.82; N, 11.15. Found: C, 59.65;
H, 7.0, N, 10.98. MS: m/e 502) which was converted into the
trichlorophenyl ester 6b.6 Removal of the rerz-butyloxycar-
bonyl group (4 N HCl in dioxane; 30 min, 25 °C) followed by
cyclization (1.0 mM, 90 °C, pyridine, 8 h) gave cyclic tetra-
peptides 8a (15%; MS m/e 370.1640, caled 370.1641; Gly
(0.89), p-Pro (1.0), L-Ala (0.87)) and 8b (14%; MS m/e
370.1640, caled 370.1641; Gly (0.90), D-Pro (1.0), D-Ala
(0.90)). The diastereomers were readily separated by chro-
matography over silica gel (8a, Ry 0.36; 8b, R, 0.43 (15%
CH3;OH-CHCI3)) and the optical configuration of alanine in
each established by hydrolysis (6 N HCI, 20 h, 110 °C) fol-
lowed by amino acid analysis'? before and after reaction with
L-amino acid oxidase!'? (8a, Ala (0.04); 8b, Ala (0.90)). Hy-
drogenation of the 1L.-Ala diastereomer 8a (90%; 24 h, 1 atm,
10% Pd/C, methanol) gave 10 (MS my/e 372.1792, calcd
372.1798; Gly (1.02), L-Phe (0.97), D-Pro (1.0), L-Ala (1.03)).
After treatment with L-amino acid oxidase, amino acid anal-
ysis gave Gly (1.0), Phe (0.03), D-Pro (1.0), Ala (0.05). As only
the L-Phe containing product (>98%) was formed, the desired
L-Phe is formed by a highly stereoselective reduction.
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This sequence of reactions was repeated with peptides that
contained the A'bu residue’ instead of the Gly residue. p-
Methoxybenzyloxycarbonyl-Aibu (pMZ-Afbu)!* was used
instead of Boc-Gly (Chart I). Tetrapeptide 7a (MS m/e 594,
Calcd: C, 62.61; H, 6.44; N, 9.42. Found' C, 62.47; H, 6.55;
N, 9.28) was converted to cyclic tetrapeptides 9a (10% yield:
MS m/fe 398.1949, caled 398.1953; A'bu (1.15), b-Pro (1.0),
L-Ala (1.08)) and 9b (5%; MS m/e 398.1958, calcd 398.1953;
Albu (1.22), D-Pro (1.0), D-Ala (1.08)) using the reaction
conditions described for 8a and 8b. Hydrogenation of 9a
(identical conditions as 8a) gave 3 (60%; MS m/e 400.2107,
caled 400.2111; Albu (1.13), L-Phe (1.0), D-Pro (1.0), L-Ala
(1.04)). The configuration of L-Phe was established by reacting
the hydrolyzed peptide 3 with L-amino acid oxidase. Amino
acid analysis of the reaction mixture gave Phe (0.01), p-Pro
(1.0), and L-Ala (0.12).

The use of a dehydrophenylalanyl residue in place of L-Phe
appears to substantially increase the yield of cyclic tetrapeptide
formed under identical reaction conditions. Cyclization of the
relatively unhindered glycine peptide 6b gave diastereomers
8a and 8b in a total yield comparable with yields obtained with
other cyclic tetrapeptide systems.3-® Replacement of glycine
with the more hindered a-aminoisobutyric acid residue does
reduce the yield of cyclic tetrapeptide formed (15% overall),
but the 10% yield of 9a is sufficient to provide a usable pathway
to this highly substituted cyclic tetrapeptide ring system and
extension to the synthesis of chlamydocin itself appears fea-
sible. The best yield that we have obtained for 3 beginning with
2is only ~1%.

High chiral induction has been achieved upon hydrogenation
of dehydroamino acid residues in diketopiperazines'® and in
tentoxin, a cyclic tetrapeptide, !9 and in the latter case the high
stereoselectivity has been correlated with preferred solution
conformation.!® However reduction of dehydro residues in
cyclic peptides does not always give high chiral induction.
Shimohigashi et al.!” reported that hydrogenation of dehy-
droalanine in the cyclic tetradepsipeptide AM-toxin I gave
both D-Ala and L-Ala containing cyclic peptides in the ratio
62:38.

Reduction of the dehydrophenylalanine units in both 8a and
9a is highly stereoselective. Introduction of the more hindered
Aibu residue proximate to the double bond of Phe[(Z)A] does
not affect stereoselectivity of the reduction, although the yield
is reduced. In either case no D-Phe containing cyclic tetra-
peptides were formed within the limits of our method for de-
termining optical purity (£2%). L-Phenylalanine will be
formed only when the catalyst approaches the unhindered side
of the double bond when the Phe [(Z)A]-D-Pro unitis in par-
tial conformation 11a ('3C NMR data show that both 8a and

o ’ CeMy

lla 11lb

9a have cis X-Pro bonds in polar and nonpolar solvents). Re-
duction of the other possible conformation 11b does not occur
since no D-Phe is formed. Molecular models suggest that the
alternate conformation 11b may be more strained than 11a
owing to conformational restrictions imposed by the proline
ring. The conformations of 10 and 3 will be described in future
communications.
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Regioselective Desuifonylation of Allylic Suifones
with Organotin Hydride Involving Double
Migration of the Double Bond!

Sir:

Allylic sulfides, sulfoxides, or sulfones have been proven to
be valuable synthetic intermediates for carbon-carbon bond
formation via the sulfur-stabilized carbanions.2:3

In contrast to the various efforts to improve the regioselec-
tivity in such allylic alkylation (« vs. %), little attention has
been directed toward improving the regioselectivity in the re-
ductive desulfurization process of the resulting allylic alkylated
sulfur compounds.*

In connection with our recent finding on the desulfurizative
stannylation of propargy! (or allyl) sulfides via an Sy’ process,’
we report here the completely regioselective desulfonylation
of allylic sulfones to energetically less stable terminal olefins
with tri-n-butyltin hydride involving double migration of
double bond as outlined in eq 1.

Bu,SnH +

H
Tolso, s B3 A
2, mkﬂ‘\/\s,nau3—> R ---
1 2 3

{ Tol=p-CH,C H, )

Thus, a-alkylated allyl tolyl sulfone (1)42¢ reacted with
twice the molar amount of tri-n-butyltin hydride’ in the
presence of the catalytic amount of azobisisobutyronitrile
(AIBN) in refluxing benzene for. 2 h to afford allyltin deriva-
tives (2) in good isolated yield.® The same stannylated products
(2) were also obtained by a photochemical procedure at room
temperature for ~10 h (see Table II).

In both cases, the reaction was conveniently followed by the
disappearance of the absorptions of tin hydride (1800 cm=')
and sulfone (1315 & 5, 1145 & 5cm™!') and also the appear-
ance of the new band at 960 and 980 cm™! (TolSO>SnBu3)®
in the IR spectrum. All allyltins obtained here were a mixture
of trans and cis isomers.® The results of the thermal reaction
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Table I. Allyl Transfer from Sulfur to Tin
10

Sulfone Product vield ( & )2

/\/kI/\/ertaL:3 68
2 2b /\NWSnBu3 65

SnBu. 74

AN
4 2 5
le 2 Sribu, 71
SOz'Ibl

4 |solated yield.

Table I, Desulfonylation of Allylic Sulfones

: a
Sulfone Product Ylgld (%)
method A”  method B°

12 TolS0, 2 ANA 80 57
1b Tols0, L AVAVAVAN 80 66
i mlsoz—@\/\/ EINVAVAVAVAV, NI Y 62
1d Tolso, o ¥ AA 84 73

4¢3 26

N

4 Yields were determined by GC analysis. * Method A: thermal
reaction in refluxing benzene for 2 h in the presence of AIBN.
¢ Method B: photoreaction in degassed benzene solution for 10 h at
room temperature using a Pyrex tube (100-W high-pressure mercury
lamp). 4 Isolated yield.

are summarized in Table I.

The possible reaction scheme may be best explained in terms
of the Sy’ process similar to the allenyl transfer from propargyl
sulfide.’

Bu.Sn»
3 28
'rblsoz\R/% —_ Eblsoz\R/\,snBu;l — AN SnBu, 2
+

'IYJ].SO2 .

or Bu3Sn'

Bu3SnH
<'Iblsoz' —— 'IbJ.SOZSnBu3>

The present reaction provides a new general synthetic
method for the preparation of allyltins. In view of the possible
variation of the substituents (R),% the method seems to have
an advantage over the existing one, in which allylic Grignard
reagents are generally employed.!!

The present facile stannylation reaction, when combined
with the ease protolysis of allyltins,!? offers a unique meth-
odology, in which the completely regioselective desulfonylation
of allylic sulfones becomes available.

Thus we investigated the one-pot desulfonylation without
isolation of allyltin species. Treatment of the above reaction
mixture with concentrated hydrochloric acid or acetic acid
produced terminal olefins (3) in good yield without contami-
nation of internal ones (see eq 1). The results are summarized
in Table H.

This is a first example of the completely regioselective
desulfurization of allylic sulfones to energetically less stable
terminal olefins in contrast to the method of Umani-Ronchi
et al.%213 Moreover, it is quite apparent that other electro-
philes!4 besides the proton can be used in the destannylation
step to generate other functional alkenes. «-Alkylation, fol-
lowed by stannylation of allyl sulfones, and subsequent de-
stannylation with various electrophiles provide an attractive
entry to the preparation of functional alkenes in a completely
regioselective manner.
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