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ABSTRACT

Synthesis of the cyclic tetrapeptide comprising the right-hand ring of celogentin C, a potent inhibitor of tubulin polymerization, has been
accomplished. A mild oxidative coupling reaction permitted construction of the indole —imidazole linkage via a convergent union of two fully
functionalized dipeptides. A high-yielding macrolactamization and subsequent deprotection of the N-terminus furnished the target compound.

Celogentin C (1, Figure 1) is a bicyclic octapeptide isolated connecting the tryptophan indole C-2 with the imidazole N-1

by Kobayashi from the seeds @Qfelosia argented It is a of histidine. Despite the combination of complex structural
member of a growing family of structurally similar bicyclic ~ features with useful biological activity, published synthetic
peptides including moroidfand celogentins AF as well studies of the celogentin family are scarce. Moody has

as the related monocyclic peptides celogentifi &d disclosed syntheses of the moroidin right-hand tiawgd the
stephanotic aci@lMany of these natural products inhibit the central tryptophan residue of stephanotic do@ur efforts
polymerization of tubulirf,with 1 ranking as the most potent  toward the construction df commenced with the asymmetric
agent of this class of compounds. The unusual architecturepreparation of a suitably functionalized tryptophan sub%nit.
of 1is derived from two cross-links, one joining the leucine Herein, we report the synthesis of the right-hand rind. of
fp-carbon with the indole C-6 of tryptophan, and the other \yhich relies on a mild intermolecular oxidative coupling of
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two fully functionalized dipeptides to form the indete reaction. Accordingly, N-phthaloyltryptophan 2)** was
imidazole linkage. A subsequent high-yielding macro- joined with proline benzyl ester under standard peptide-
lactamization creates the 17-membered ring. coupling conditions. With dipeptid8 in hand, we com-
The oxidative coupling process is illustrated in conceptual menced our exploration of its oxidative coupling with
fashion in Figure 2. We postulated that exposure of a imidazole.
The results of these investigations of the oxidative coupling

s process are collected in Table 1. Of the oxidants examined,

Table 1. Oxidative Coupling of3 and Imidazole

COan

PhthN} Q

H
Figure 2. Proposed oxidative coupling process. ® ¢
entry oxidant® solvent T (°C) yield (%)
_tryptophqn derivative tq a sgita}blle elgctrophile would regult ; Egg g:gig _;2 2471
in formation of a transient iminium ion. Trapping of this 3 NIS EtOAc —78 smb?
intermediate by the histidine imidazole and subsequent 4 +-BuOCl EtOAc —78 smb
elimination would generate the desired link between the two 5 NCS EtOAc 0 73
heterocycles. Similar reactions have been performed by 6 NCS CH,Clp 0 72
Booker-Milburn with alcohol nucleophil&sand by Bergman 7 NCS EtOAc rt 69
8 NCS CHzClz rt 77

with anilines!* phenols, and thiophenol3.However, two
potential problems concerned us. First, we questioned 21 equiv of oxidant was used in each reaction, and 1,4-dimethylpiperazine
whether imidazole could function as a competent nucleophile Was used as baseComplete recovery of starting material.
in this process. Second, we feared that the ability of the
product to react with the electrophilic reagent could com-
plicate matters. Accordingly, we decided to examine the
coupling of a tryptophan-containing dipeptide with imidazole
prior to employing more complex histidine-containing nu-
cleophiles.

Synthesis of the requisite dipepti8avas straightforward
and is depicted in Scheme 1. We elected to protect the

N-chlorosuccinimide proved the most effective (entry 1 vs
entries 2—4). Use of dimethyldioxirate afforded the
oxindole derived fronB presumably due to rearrangement
of the intermediate epoxide (data not shown). Screening of
solvents and reaction temperatures established the conditions
given in entry 8 (NCS, CkCl,, rt) as optimal for the
production of4. Although EtOAc was also a viable solvent,
others examined were less effectiveln all reactions,
recovered3 accounted for the balance of the material.

Scheme 1. Synthesis of Dipeptid& Attempts to drive the reaction to completion by using excess
o) CO.Bn NCS were unsuccessful; lower yields #fwere obtained,
_COM | o omn \)\\ Q presumably due to the ability @fto react with the oxidant._
Epcl Hot T NthN Finally, we observed that very pure samples of the starting

dipeptide3 were essential to obtaining reproducible results.
@E@ DMF, 82% We speculate that impurities present in the starting material

may react with the sensitive chloroindolenine intermediate,
thereby reducing the yield ef.

With optimal oxidative coupling conditions established,
we next prepared the histidine-containing dipeptide necessary
N-terminus of tryptophan as a phthalimide due to concerns for synthesis of the celogentin C right-hand ring. Coupling
that the more commonly employed carbamate protecting of N*-Chz-N®-Pbf-arginine §)'¢ with histidinetert-butyl ester
groups might not prevent the nitrogen atom from engaging
the chloroindolenine intermediate of the oxidative coupling 37&?) Casimir, J. R.; Guichard, G.; Briand, J.&?Org. Chem2002,67,

(14) Schkeryantz, J. M.; Woo, J. C. G.; Siliphaivanh, P.; Depew, K. M.;
(10) Booker-Milburn, K. I.; Fedouloff, M.; Paknoham, S. J.; Strachan, Danishefsky, S. JJ. Am. Chem. S0d.999,121, 11964.
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(11) Bergman, J.; Engqvist, R.; Stalhandske, C.; WallbergTétra- Et,0, <10%; CHCN, <10%; DMF, no product observed.

hedron2003,59, 1033. (16) Carpino, L. A.; Shroff, H.; Triolo, S. A.; Mansour, E.-S. M. E;
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1166 Org. Lett, Vol. 8, No. 6, 2006



(6)*" under standard conditions provided dipepfid&cheme
2). We chose the 2,2,4,6,7-pentamethyldihydrobenzofuran-  scheme 4. Completion of Celogentin C Right-Hand Ring
5-sulfonyl (Pbf) moiety as our guanidine protecting group
due to reports that it can be cleanly and rapidly removed

under acidic conditions from tryptophan-containing pep- 10% Pd/C
tides16 HCO,NH,
8

MeOH/H,0 2:1
89%

Scheme 2. Synthesis of Dipeptid&

CbzHN._COH HN._CO,tBu
2 : EDCI, HOBt
J/ + N‘{ HBTU, HOBt
HN QN THF., 73% -Pr,NEt
H
HN™ "NHPbf DMF, 0.001 M
5 6 96%
NH
CozAN N” “NHPbf —— 10, R = Phth
H NH,NH,+*H,O '
HN"~0
=N ‘ MeOH, 73% 1M,R=H,
HN\/)\) “CO,t-Bu
7

plete scission of thBl-Chz moiety, even when high pressures

. . . . fH, (1 i . Then, fadil [uti
When dipeptide8 and7 were subjected to the previously gf é(toooHpg.llzL\JAf ergou;id an deirj P?le\rl)gts u;?fgrdigl ustrenzgttﬁltlon

developed oxidative coupling conditions, the desired product macrolactamization, as cyclic peptiiewas isolated in 96%
8 containing the required indotémidazole linkage emerged : ’ . . o
in 58% yiel% (Schgme 3). As before, the reac%ion cougI]d not ylelql. HATU was as effective as .HBTU n med|at|ng

: o ' .. cyclization; however, we chose to utilize the less expensive
be driven to co_mpletlon, presumably due to t_he propensity reagent® Reactions employing ED@HCI as peptide cou-
of 8 to react v_wth NCS. However, both starting mate_zrlals pling agent were slightly less effective (86% yield).
could k;? %asfl:y Leccr:vereo![, & 7h’ and8 were readily In contrast to all acyclic proline-containing intermediates
separable by flash chromatography. which existed as mixtures of conformational isomers in
solution, cyclic tetrapeptid&0 adopted a single detectable
conformation in DMSO-gl Interestingly, the free amingl,

Scheme 3. Oxidative Coupling of Dipeptide8 and7 generated by hydrazinolysis d0,'° adopted two distinct
NCS (1 equiv) conformations in DMSO+l(1.4:1 ratio). Apparently, the
S(equv) + 71 equv) 1,4-dimethylpiperazine bulky phthalimide moiety locks the macrocycleifiinto a
CH,Cl,, 1t single _orle_ntatlon, whereas the_ absence pf substltutl_on on
the amine inl1 allows slow rotation about either the tertiary
Q‘COZB” amide bond or the indofeimidazole axis to occur. In the
\):o NH natural product itself, such rotation is precluded by the
PhthN—/ CbzHN N)LNHbe presence of the left-hand ring, sindeexists as a single
7 I\AH conformer in solutiort.
N\ N/EN HN™ ~O The ROESY spectrum df0 exhibits correlations between
N W"’COJ—BU indole NH and imidazole H-2 as well as TypH and

imidazole H-5. These and other diagnostic through-space
correlations are shown in Figure 3 superimposed on an MM2-
minimized model ofL0. The spectroscopic data are consistent

Intermediate8 was successfully elaborated into the right- With the minimized structure. Interestingly, the NOESY
hand ring of celogentin C as portrayed in Scheme 4. TransferSPectrum ofl shows the opposite correlations (i.e., indole
hydrogenation resulted in cleavage of both the benzyl esterNH/imidazole H-5 and Tr-H/imidazole H-2); indicating
and carbamate groups, providing macrocyclization substratethat the configuration about the indelgnidazole bi(hetero)-

9 in high yield. Notably, attempts to employ standard aryl axis is reversed for the two compounds. Apparently,

catalytic hydrogenation conditions were plagued by incom- the presence of the left-hand macrocyclelicauses the
indole moiety to change its orientation relative to the

H
8 (58%, along with 30% 3 and 27% 7)

(17) Gibson, F. S.; Bergmeier, S. C.; RapoportJHOrg. Chem1994,
59, 3216. Theert-butylating reagent used hereM,N-diisopropyl-O-tert- (18) For a review of peptide coupling reagents, see: Albericio, F.;
butylisourea, is difficult to prepare due to the requirement for strictly Chinchilla, R.; Dodsworth, D. J.; Najera, Org. Prep. Proced. Int2001,
anhydroud-BuOH. Accordingly, we developed a more convenient prepara- 33, 203.
tion of 6 which is given in Supporting Information. (19) Sasaki, T.; Minamoto, K.; Itoh, Hl. Org. Chem1978,43, 2320.
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conditions employed in the oxidative coupling reaction
permitted us to form the crucial indetémidazole linkage

by joining two highly functionalized dipeptidé% Addition-

ally, our approach does not require activation of the indole
C-2 with a halogen or other substituent, thereby increasing
the efficiency of the route. Application of this process to
the total synthesis df itself is ongoing and will be reported

in due course.
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Figure 3. Selected ROESY correlations b (Pbf group and some Supporting Information Available: Details of the syn-
hydrogens removed for clarity). thesis of6; experimental procedures, characterization data,

and NMR spectra for all new compounds. This material is

imidazole. Our observations are supported by molecular available free of charge via the Internet at http:/pubs.acs.org.

modeling, as an MM2-minimized representationlopos- OL060016F

sesses the opposite configuration about the bi(hetero)aryl axis

when compared t@0 due to a change in the position of the (20) The SAr-type reaction employed by Moody to fashion the

indole. analogous linkage in the synthesis of the moroidin right-hand ring (see ref
In conclusion, we have constructed the right-hand ring of 7a) required both strong base (NaHMDS) and heat. Consequently, this

Ity . - . . : transformation, although high-yielding (89%), was performed with relatively
the antimitotic bicyclic peptide celogentin C. The mild simple compounds that were later elaborated into amino acids and peptides.

1168 Org. Lett, Vol. 8, No. 6, 2006



