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Two approaches to the synthesis of (2 S,45)-5,5-dichloroleucine are compared, and the parent amino acid was used in the first total synthesis
of the polychlorinated marine natural product, dysamide B. A key step was the lead tetraacetate-mediated decarboxylation of an a,a-dichloro
acid in the presence of 1,4-cyclohexadiene to generate the dichloromethyl group.

Biological halogenation occurs on a wide range of organic  The isolation and characterization of the gene cluster
scaffolds including polyketides, terpenes, and non-ribosomal encoding barbamide biosynthesis has been repérasu
peptides, and more than 4500 halogenated natural productsecently, a mechanism for the reaction was propésed.
have been reportédin the majority of cases, the halogens As well asL. majuscula, extracts of the marine sponge—
are incorporated into positions in accord with biohalogenation cyanobacteria symbiontsamellodysidea Oscillatoria (for-
occurring via electrophilic species, and indeed, haloperoxi- merly Dysidea—Oscillatoria), have proven to be a prolific
dases which catalyze such reactions have been widelysource of unusual polychlorinated compounds. In 1993,
studied? However, an intriguing family of chlorinated marine  symmetrical polychlorinated diketopiperazines (dysamides
natural products exist in which the halogens are located atA and B; Figure 1) were isolated from extractslafmell-
aliphatic positions remote from activating groups and for odysidea fragilis (formerly Dysidea fragilis) and their
which the mechanism of halogenation is a topic of current structures were determined by spectroscopic methatie
interest For example, it has been shown that during the absolute configuration of dysamide At)( a dimer of
biosynthesis of barbamide, isolated from the cyanobacteriumN-methyl (2$49-trichloroleucine, was determined by X-ray
Lyngbya majusculachlorination of the prdR methyl group crystallography and used as a reference in the structure
of leucine occurs giving dichloroleucirfewhich in turn is elucidation of other isolated diketopiperazines. Although not
converted to trichloroleucin@ and hence to barbamide

(Scheme 1J. "

Scheme 1. Biosynthesis of Barbamide ih. majuscula
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s to give 7 in an excellent 92% vyield with complete stereo-

control. Following conversion of to the diBoc derivative
Me Me 8, the ester was cleaved viamaallyl complex using Pd-
NN ere NP con (PPh)sJ/NaBH,.12 Reduction of acidd with a borane di-
ClHC O/I\NI/,/K ClC OJ;NI,, PN methylsulfide complex gave alcohdd which was oxidized
Me Me under Swern conditioA%to give the required aldehydil
3 Dysamide B 4 Dysamide A in 59% overall yield from?7.
The first approach to the synthesis of (2S,4S)-dichloro-
leucine relied upon a decarboxylation @fo-dichloro acid
16 as the pivotal step using cyclohexadiene as the hydride
source to access the required dichloromethyl group (Scheme
3). The substrate was readily prepared by a straightforward

Figure 1. Structure of dysamides A and B.

proven, it is reasonable to propose that the chlorinated
leucinesl and 2 are biosynthetic precursors to diketopip-
erazines3 and4, respectively. Further members of this family

have been isolatetput to date, the synthesis of none of _

these natural products has been reported. Herein, we describe  Scheme 3. Synthesis of (2S,4S)-5,5-Dichloroleucihe

two approaches for the preparation 05¢#3-dichloroleucine NBoc, ohpoi NBo
1 as well as the f|r§t totaI. synthesis of 'dysar'nldtS.B OHC/'\/\COQtBU roTE N OB ) NaOH. ooy
Because dysamide B is a symmetrical dimer based on gl 95% 12 60%

N-methyl (2549-dichloroleucine, our studies began with the
synthesis pf the parent_ammo a_C|d. Two approaches were NBoc, o, Nsec, oA
explored via a common intermediate, aldehydeWe have R\/'\%COQBU e R)J\Acofgu by E—
previously reported the synthesis of the analogous methyl ' oo 56%
estef in which the asymmetric center at C-4 was generated (COCh: D180 E 18R=CHO0H 18R =CHO —| NaC/0y, H0:

via a directed alkylation of the lithium enolate of the T tar=cHo 167 = COH = (P00 72%
N-protected glutamategiving the (549)-diastereomer with

excellent stereocontrol. However, we had found that the J\/T:\BOCZ TFA J\£2
selective reduction of the terminal ester to the required citc cofu  190%  cpucs COH
aldehyde was capricious and good yields could only be

obtained reliably when fresh DIBALH was employed. To
overcome the problem, we now favor the use of selective
reduction of a terminal acid rather than reduction of the ester
with DIBALH as shown in Scheme 2. First, the known

1

series of transformations beginning with an initial Wittig
reaction under salt-free conditions to give alkéd2en 95%
yield. Hydroboration ofL2 followed by Swern oxidation of

_ the resultant primary alcohdl3 cleanly gave aldehydg4.
o,o-Dichlorination of 14 was achieved usingrt-butylamine

Scheme 2. Synthesis of Aldehydé1 and N-chlorosuccinimidé? and optimum yields were ob-
NHBoc  LiHmDs J\/’i\HBOC Boc,0. DMAP tained when the reaction was conducted in the presence of
" ——— : —_— . . . . o1y
RO,C™ ™" ¢0,1Bu Mel, THF, 32% AlIO,C O,Bu MeCN, 92% molecular sieves giving dichloro aldehyd8. Williard and
Cs,C05[— 5R=H 7 de Laszlé® have reported the use of KMn@o oxidize an
Al b“”;";,,fl: 8 R =alyl a,a-dichloro aldehyde, but in the case of oxidation1d,
NBOC, (oG, DMSO NBoc, we founq that sodium chlorite with hydrogen peroxide proved
J\/’\ o e e /‘\A more reliable.
R CO,'Bu NEt;, 87% OHC CO,'Bu i . ) ) .
1 The penultimate step in the synthesis of dichloroleucine
iy [8R=C°23"Y' was decarboxylation of acid6. Halodecarboxylation of
77% L» 9 R=COpH ] BH.-SMe.. 96% carboxylic acids has been achieved under a variety of
3 pdl o .y . . . . .
10 R = CH,OH conditions including the classical Hunsdiecker reaction

(treatment of the silver salt of the acid with bromitfejr

the Kochi reaction using Pb(OAgcand lithium chloridé’
glutamic acid derivatives!! was temporarily protected as Barton and co-worket$ described the formation of nor-
an allyl ester6 by treatment with allyl bromide and cesium alkanes from carboxylic acids under radical conditions by
carbonate prior to the required alkylation which proceeded irradiation of theN-hydroxythione derivative with tri+
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butylstannane. To prepare the target dichloride, decarboxy-our goal was to investigate a general approach which could
lation of acid16 was required in the presence of a hydride be adapted for the synthesis of a series of symmetrical and
source which would not lead to concomitant reduction of unsymmetrical dysamides. Interestingly, in 1978 Wells and

the dichloride. The key to the success of this reaction was co-workers reported the isolation of a series of secondary

treatment of16 with Pb(OAc), in the presence of 1,4-

cyclohexadiene generating the required dichloromethyl prod-

uct 17 in 58% yield.

A more succinct approach to the requigein-dichloride
is directly from aldehydell. Several methods are known

for the conversion of aldehydes to dichlorides; however, we

have found, for example, that use ofsPHCCI/Et;N led to
a vinyl dichloride? whereas under more forcing conditions,

metabolites fromDysidea herbaceancluding chlorinated
diketopiperazines which, on reduction, gave a symmetrical
diketopiperazine assembled froh-methylleucin€? The
absolute and relative stereochemistry of the product was not
assigned.

Matsunari and co-workers have reported the only synthesis
of such a symmetrical diketopiperazine, and their approach
began with a thermal dehydration afleucine to give

e.g., SOGYDMF or PCk, decomposition occurred. Recently, diketopiperazinel8 (Scheme 5). N-Methylation a8 with
Rodrigue?® reported a valuable modification of the Takeda

conditions (involving treatment of an aldehyde with hydra- _
zine monohydrate in anhydrous MeOH followed by reaction Scheme 5. Synthesis of Diketopiperazind® and 20?4
with copper(ll) chloridé) in the synthesis of dichloroleucine
which has been used by the group of Wéists well as by
Gerwick Sherman, Willis, and co-workers in biosynthetic
studies on barbamid®.Using this method, we converted
aldehydelldirectly to the required dichlorid&7; however,

we found that the reaction was capricious and yields varied
from 30 to 45% (Scheme 4). Other solvents were examined

Scheme 4. Synthesis of Protected 5,5-Dichloroleucih@
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Mel and silver oxide gave the cis produ®in 10% yield,

and with NaH and Mel, approximately a 1:2 mixtureqis-
andtrans-diketopiperazine$9 and 20 was obtained which
were separated by fractional crystallizatf$hus,19 was
selected as our initial target to develop the synthesis of
including dichloromethane, toluene, and isobutanol, but thesediketopiperazines by an approach which could be adapted
gave a lower yield of the requiregem-dichloride. for the preparation of symmetrical and unsymmetrical

The final stage of the synthesis of dichloroleucihe/as products
removal of the Boc group and hydrolysis of ttet-butyl The strategy involved coupling of two orthogonally
ester. Interestingly, treatment &F with concentrated HCI  ProtectedN-methyl amino acid23 and 24 followed by
under reflux led to the formation of a quantity (ca. 15%) of deprotection and cyclization (Scheme 6). First, N-methylation
a byproduct tentatively identified as vinyl chloridéi(NMR was achieved by treatment of CbZeucine21 with sodium
01.82,d,J = 1.5 Hz, 4-CH and6.15, br. s=CHCI; 13C hydride and methyl iodide in either GAN or THF/DMF
NMR 6141.2, C-4 and®110.0, C-5), an observation also 10 give the known aci@4 and methyl este22, respectively”
noted by Macko et & in the hydrolysis of the fungal =~ Removal of the Cbz group ia2 with HBI/ACOH gave the
phytotoxin victorin C. It was possible to avoid formation of required secondary amir8 in 88% yield. With both the
this unwanted byproduct by carrying out the deprotection in orthogonally protected amino aci@8 and24in hand, next
neat TFA givingl in quantitative yield after ion-exchange it was necessary to couple them using conditions which
chromatography. With quantities of$24S)-dichloroleucine would not lead to racemization. Several standard coupling
1 in hand, next we turned to the synthesis of dysamide B conditions were investigated (including HOAt, EDCI, NaH-

Q3). CO; and HOBt, and DCC¥ which indeed gave the required
Several methods have been reported for the synthesis ofliPePtide25, but the optimum yield was achieved using

diketopiperazine® and although dysamide B is symmetrical, BOPCIEEN to give 25 as a single diastereomr.To
complete the synthesis of the model diketopiperaziehe

Cbz group was removed frob using HBr/AcOH followed

NH,NH,, CuCl,

EtsN, MeOH
30 - 45%
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(21) Macko, V.; Wolpert, T. J.; Acklin, W.; Juan, B.; Seibl, J.; Meili, J.; (24) Yoshimura, J.; Nakamura, H.; Matsanuri,Bull. Chem. Soc. Jpn.
Arigoni, D. Experiential985,41, 1366. 1975,48, 605.

(22) (a) Hulme, C.; Morrissette, M.; Volz, F.; Burns, Tetrahedron
Lett. 1998, 39, 1113. (b) Siwicka, A.; Wojtasiewicz, K.; Rosiek, B.;
Leniewski, A.; Maurin, J. K.; Czarnocki, Zietrahedron: Asymmet3005
16, 975. (c) Dinsmore, C. J.; Beshore, D.Tatrahedron2002,58, 3297.

(25) Cheung, S.; Benoiton, Tan. J. Chem1977,55, 916.

(26) Chen, Y.; Bilban, M.; Foster, C. A.; Foster, D. I. Am. Chem.
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Scheme 6. Synthesis of Diketopiperazingsand 19

NHp NHCbz NMeCbz
/‘\/:\ BnOCOCI J\/—\ Mel, NaH J\/:\
R COH T—— > R CozH > R COH

NaHCOg, Ho0 MeCN
L-leucine, R = CH dioxane 21 R = CHg, 87% 24 R=CHg, 85 %

1R =CHCI, 27 R = CHCly, 54% 30 R = CHCl,, 65% \R R
MeNCbz - o8
= MeHN.HBr *
Mel, NaH, BOPCI < Me HBr, AcCH B Me
THF/DMF (10:1) tonoom R i
reflux + S o Coy 5

Me

COzMe
25R = CHj;, 53% 26 R = CH, 74%
/L/I{Aerz J\/\’l”'{MeHB' 31R = CHClp, 54% 32 R =CHCl,, 78%
R COMe  HBr,AcOH R COzMe
= —_— =
22 R =CHg, 94% 23 R = CHy, 88% ACOH, NMM
28 R = CHCl,, 62% 29 R = CHC,, 91% BUOH

R N R
° Me

Y/; Mefo

18 R =CHjs, 87%
3 R = CHCly, 28%

by cyclization of amino este26 with AcOH/butanol/NMM?28 (c 1.6 in MeOH) and §]p +20 (c1.6 in EtOH) which is in
This synthetic route gave diketopiperazih@ as a single accord with the value for the natural product reported in the
diastereomer in six steps fromleucine and 26% overall  original paper.
yield. In conclusion, two approaches to the synthesis 8f4%-

The same approach was used for the synthesis of dysamidelichloroleucinel have been described which have led to the
B 3 from (2S,4S)-dichloroleucing giving the target com-  synthesis of a series of novel protected amino atRis16
pound as a white crystalline solid (Scheme 6). The synthetic gs well as a new method for the decarboxylation otz
material had the same melting point (mp HA9°C) as  dichloro acid to a dichloride using Pb(OAciand 1,4-
that reported for the natural product, and their spectral datacyclohexadiene as the hydride source. The first total synthesis
correlated well. There are two papers which describe the of dysamide B3 has been reported confirming the structure
isolation of dysamide B3 from different sponges, namely, and absolute configuration of the marine natural product.
Lamellodysidea (Dysidea) fragilendLamellodysidea (Dys-
idea) chlorea2® However, although the spectral data fr Acknowledgment. We are grateful to the BBSRC
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0.8 in EtOH)% Hence, the optical rotation of the synthetic
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