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A highly efficient and scalable synthesis of potent lipid
peroxidation inhibitor pyrrolostatinisreported (4 steps, 48%).
In addition to the synthesis of the natural product, strategies
for the preparation of analogues differing in the three
structural subunits, the polar head group, the N-substituent
and thelipophilic tail are described.

Lipid peroxidation has been shown to be a causheoperturbation
of membrane organization, damage of lipid functod modification

Jens Schmidt Juliane Adriafiand Christian B. W. Stafk

In 1993 Katoet al. reported the isolation and characterization ol
pyrrolostatin 8, Fig. 1) fromStreptomyces chrestomyceticus EC 40,

a strain derived from a soil sample collected inzBraFrom an 800
litre culture 1.7 g of this novel metabolite coule isolated.
Pyrrolostatin consists of a 2-carboxy-pyrrole tdakha geranyl chain

is attached in the 4 position of the aromatic ¢®tig. 1). In addition

to the structural elucidation of the natural pradigato et al. were
able to establish its inhibitory activity againigtid peroxidation and
demonstrate a protective effect against acute higggnxmice? In this
study, pyrrolostatin was shown to be more effectithan a-

of proteins and DNA. It has been connected to aeritiseases suchtocopherof Until to date only a single total synthesis offpjostatin

as cardiovascular diseases, neurological disoafetscancet.Anti-  has been reportédono and co-workers used a Barton-Zard reattion
oxidants usually inhibit lipid peroxidation and guess formation of as a key step of their approach and were ableepape the natural
toxic oxidation products. Thus, the search for nemti-oxidants product in 9 steps (starting from geraniol) with @rerall yield of

different from the commonly used tocopherols (gitamin E, 1 in

<10%. In addition, a mechanism of anti-oxidatiofiedent to that of

Fig. 1) or polyphenols (e.g. quercetin Fig. 1) represents a researclitamin E was suggested.

topic of significant importance.

Fig.1 Chemical structuresf natural products with lipid
peroxidation inhibitory activity.

a-tocopherol, vitamin E (1)

=

=

/A

HO,C N pyrrolostatin (3)
H
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As part of our interest in the synthesis of bioaetineroterpenésand
amphiphilic natural productsand our commitment to all areas of
oxidation chemistry we decided to investigate a total synthesis of
pyrrolostatin and some analogues thereof. As &yfaimple target
molecule, there are two obvious disconnections. @meeither start
from a putatively easily accessible geranyl pyrahe investigate a
regioselective acylation (red reaction path in $ohd) or alkylate a
metallated pyrrole derivative with the 2-carboxystituent already
present (blue pathway in Scheme 1).
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not be suppressed in any of these experimentspkntive of the

alkylation reaction conditions the diastereomeric ratio wasrdened as 2:1 by
GC-MS analysis afteN-deprotection (for details see Table 1). A
M simple separation of the two double bond isomers gmeparative
{/ \ scale was not efficient at this stage.
HO,C'Y N pyrrolostatin (3)
H
acylation J % Table 1 Suzuki cross-coupling of pyrrofewith geranyl bromidé.
i Catalyst Base Solvent  T[°C] ¢ 6°d 4P
_ _ 7 Y [min]
7\ EIO.C 1 Pd(PPRs KxCO; toluene 120 300 no conv.
N
” M = metal or boron z R 2 Pd(OAc) K, CO; toluene 120 300 no conv.
R = protecting group 3  PdCh K, CO; toluene 120 300 no conv.
Scheme 1 Key step of the pyrrolostatin retrosynthesis. 4 Pd(dba) K,COs toluene 120 300 slow conv.
At the outset of our studies we focused on a Subakied cross- 5 Pd(dba) CsCO toluene 120 120 70 29
coupling approach (Scheme 2) according to the Iplagaway in 6  Pd(dba) CsCO;  DMF 100 20 decomp.
Scheme 1 (M = BR. To this end, a regioselectivg C-H-borylation of 7 Pd(dba) CsCOs THF 80 30 82 17
a 2-supst|tuted pyrrole was envisaged. A sterlcdéynand[ngN- . Pd(dba) CsCOs THE 50 30 70 28
protecting group was used to ensure a regiosetectiv
9 Pd(dbeg CsCO; DMSO 120 300 no conv.
10 Pd(dba) CsCO; dioxane 120 20 37 20
[\ recovery 11  Pd(db KOAc THF 80 300 slow conv.
EtO
"4 4 3 12 Pd(dba), K3zPO, THF 80 30 83 15
O Boc 13  Pd(dbaj KsPOy THF 80 30 77 22
B,pin, 0.75 eq. 3 . . .
OM b . ‘ 2 Reaction conditions5 (0.5 mmol), solvent (20 mL, abs.), geranyl bromide
009 | [MOME)CODJL, (1.5 moi%) /m (0.6 mmol) and base (4.5 mmol) were degassed. atadyst (10 mol%) was
dtbpy (3.0 mol%) EtO added and the reaction mixture stirred for the tane at the temperature
hexane, rt, 12 h "“ a indicated. When no further reaction progress wasatied, the mixture was
O Boc filtered over silica, the solvent removed and thsidue purified by flash
chromatography (diethyl ether/hexanes 1/20). order to quickly determine
] the product ratio, compoundsand 6 were isolated as a mixture and not
B\O = H separated; yields were calculated based on thedatermined byH-NMR. ¢
i ]\ 2 2 mol% catalyst were usetiThe diastereomeric ratio 6fwas determined as
EtO N geranyl bromide EtO N 6 2:1 afterN-deprotection.
50 B\OC conditions see table 0 Bv‘ac EZ ~ 21

At this point and with the aim to provide reasoradpliantities of the
Scheme 2 Pyrrole borylation and cross-coupling. natural product as well as some analogues thevemfturned our
attention to a different synthetic approach accaydito the
retrosynthetic pathway marked in red in Scheme His Bynthesis
functionalizatior? Thus, Boc-pyrrole 4° was borylated with commences with commercially availablesilylated 3-bromopyrrole
bis(pinacolato)diboron in the presence of 1.5 mofdidium catalyst 7 (Scheme 3). Halogen-lithium exchange and subsedlleylation
at room temperature (Scheme®2)The reaction is easily scalablewith geranyl bromide gave a regioselectiv@ $eaction without any
under Schlenk conditions (no glovebox necessarg)tamonic ester E/Z-isomerization. The crude product was directly dégeted with
product5 could be isolated in 90% yield as a single regioisr. tetran-butylammonium fluoride and yielded pyrrofein 95% over
Various reagents and conditions (catalysts, baseljents and two steps. Next, the electron rich heterocycle waglated with
reaction temperatures) were then tested for theseroupling of trichloroacetyl chloride under Friedel-Crafts coiutis!® No Lewis-
pyrrole 5 with geranyl bromide. Full conversion could beiaekd acid catalyst was required to achieve this reacfiofihe bulky
when Pd(dba)was used as catalyst (e.g. Table 1, entry 5). Mewe acylation reagent gave a regioisomeric mixture rihtoromethyl
the desired product was isolated as a mixture obl#obond isomers ketones in favour of the wanted isom@rlQ = 8:1). The following
(E/Z: 2:1) and in addition a significant amount of hydieborylation nucleophilic displacement of the trichloromethybgp to furnish the
product (29%) was obtained. It turned out thatftivenation of the carboxylate was carried out on the mixturedaind 10 under basic
deborylation by-product could be minimized at higher temperatureonditions (2M NaOH in THF) and yielded pyrrolostaalong with
(Table 1, entry 7 vs. entry 8) and with higher betisloading (Table its regioisomerll in 48% yield over the whole four steps sequence.
1, entry 12 vs. entry 13). Under optimized condisiavith potassium The target molecule was easily purified and sepdrfiom the minor
phosphate as base in THF (Table 1, entry 13) arospting product isomer11 by precipitation from dichloromethane and hexarteus,
6 could be isolated in high yield (83%) and easdparated fromdt the natural product is accessible in high purity sufficient quantities
(15%) by column chromatography. Nevertheless, asithin obstacle for derivatizations and further investigations.
of this reaction, th&/Z-isomerization of the allylic double bond could

2 | Org. Biomol. Chem., 2015, 13, 1-3 This journal is © The Royal Society of Chemistry 2012
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1) t-BuLi, THF, -78 °C
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Br ) ge;an)’/\: :rc-)rr:;ger,t-m C / 3) :Erltcgo:toacetyl chloride _ H _ H
n-BuyNF, 8 2V,
7% : B : 0. B : o, ) 2
w 7 95% (2 steps) H 8 cl,coc H ” COCCl; 10
9
TIPS 4) 2M NaOH,,
THF, 2h, 75 °C 9:10 = 8:1
48% (4 steps)
— — o Za Vgl AN H
/ \ precipitation / \ 2 . / \ )
HO,C™ N pyrrolostatin (3) from DCM with hexane HO.C™ N 3 N7 CoM 4y
H
Scheme 3 Total synthesis of pyrrolostatin.
We next turned our attention to the synthesis ofis@yrrolostatin 1) NHy, HBTU, DIPEA
analogues (Fig. 2). Therefore, we decided to matthiéysubstituents DCM. 1t
around the pyrrole core: the side chain (blue),dldoxylate (red) : 12
and theN-substituent (green in Fig. 2). H 65% R'=NH,, R2=H
5 | 1) TMSCH,N,
Fig.2 Possible sites of modification on lipid peroxidaiti R! oyrrolostatin (3) touluene/MeOH, rt 13
inhibitor pyrrolostatin. 8 L Ri=OH R-H 99% R'=OMe, R2=H
side chain
1) PAIC (10%), 2) Mel, NaH, DMF, rt
quant| H, (1 ban 3) LiOH, THF, MeOH
carboxylate = : 2 9
MeOH, rt H,0, rt, 53% (2 steps)
pyrrolostatin (3) 14
1= 2_
N-substituent I\ z RI=OH, R*=Me
HO 15
N
o]

Amide 12 and estefl3 were directly synthesized from pyrrolostatin

with (trimethylsilyl)diazometharié and ammonia (using HBTU
activation and Hunig’'s base), respectively (SchetheThus, the
amide12 was obtained in 65% and the ester in 99% yiSkdrting

Scheme 4 Synthesis of pyrrolostatin-analogues.

Also, an analogue where the polar carboxylate teumis replaced by
a bioisosteric nitro function was prepared (Sché&jndhe respective

from ester 13, N-methylation followed by deprotection of thenitration' of 3-geranylated pyrrol8 (n=2) with nitronium acetate

carboxylate (LIOH in methanol) galemethyl pyrrolostatiri4 (53%
over two steps; Scheme 4). Hydrogenation (Pd&LpHpyrrolostatin
(3) provided an analogue with a saturated terpenoisurst in
quantitative yield 15; Scheme 433

This journal is © The Royal Society of Chemistry 2013

gave a mixture of two regioisomet(@andl7 in Scheme 5) ina 1:1.2
ratioS®16 These isomers were separable by standard coluiis
chromatography. Analogues with an altered lengtthefterpenoid
side chain 18 and 19) were readily accessible using an approact
closely resembling that of the pyrrolostatin systeeThus, adaption
of the four step sequence summarized in Schemeng psenyl or
farnesyl bromide as electrophiles in the first dtepished18 and19

in 42% and 45% vyield, respectively (yields overrfeteps). Pyrroles
with an unbranched side chain were synthesized dypling
commercially available iodid€0 to 1l-octyne under sonogashira
conditiond” (Scheme 5). Hydrogenation of the triple bond astére
hydrolysis gave analogu8 (75% yield over two steps; Scheme 5}
The linear @-chain was chosen so to have an equal length tkihg

the methyl branching as compared to the pyrrolwsligiophilic tail.

Org. Biomol. Chem., 2015, 13, 1-3 | 3
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N
H ACONO,, EtNO, rt
NCOND,, EtNOp 1t
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1) trichloroacetyl chloride
Et,O, rt
2) 2M NaOHgq, THF, 75 °C

HO

18,n=1,42%

o 19, n = 3, 45%
(4 steps from 7)
| 1) 1-octyne, Pd(PPhg)y (5 mol%) // 5> 2) Pd/C (10%), H, (1 bar)
I Cul (5 mol%), NEts, DMF, 50 °C MeOH, rt, 99%
MeO I\ !
N 20 82% MeO N 21 3) LIOH, THF, MeOH, H,0 ~ HO / N\
0o 5 H 1, 76% I 23

Scheme 5 Preparation of analogues of pyrrolostatin differinghe acceptor on the aromatic core and thedida

In summary, we have developed a straightforward easlly ¢
scalable synthesis of lipid peroxidation inhibitmyrrolostatin
(48% vyield over 4 steps). In addition to the tatahthesis, it has
been demonstrated that all relevant structural msithuthe
hydrophilic head, the amino substituent and thegfglic tail,
can be modified synthetically in & novo approach. Thus, a
variety of analogues were synthesized. The antiamd activity 7
of all analogues is currently being investigated anll help to
understand the mechanism of action.
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