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Complestatin was isolated in 1980 from the mycelium of Scheme 1
Streptomyces k@endulaeSANK 604771 The structure of com-
plestatin {, Scheme 1), except for the stereochemical identity of
the biaryl atropisomer, was elucidated through NMR spectroscopy
by Seto?® Chloropeptin | 8), an isomer of complestatin, was
obtained in 1994 fronStreptomycesp. WK-3419 Chloropeptin
| and complestatin (also known as chloropeptin 1) have significant ,, _
biological activity; they inhibit HIV replication by disruption of
gp-120 binding to the CD4 receptor of T-lymphocytés.

The structure and stereochemistry of chloropeptin | were
proposed in 1996 based on spectroscopic 3aad were later
endorsed by a total synthesis carried out in our laboratéries.
1998, Singh and Patane demonstrated that complestatin, bearing ¢
more strained macrocyclic biaryl moiety, is converted to chlo-
ropeptin | when subjected to acidic conditichis; plausible pathway
for the interconversion was put forth, as well. According to the 0
proposed mechanism, the rearrangement would likely proceed with HU@\'H/NII‘
retention of stereochemistry. Thus, it would be plausible to suggest = | . m/Q\CI
that complestatin bears thB)¢biaryl atropisomer (i.e1). In 2001, CO:H OH
Singh and co-workers described the isolation and biological activity
of isocomplestatin, the atropisomer of complestatin. It was reported
that isocomplestatin possesses physical, chemical, and spectral
attributes nearly identical to those of complestafiie new natural
product, however, was proposed to posses&iteopisomet (even
though complestatin was shown to rearrange to chloropeptin I).

T .
Isocomplestatin was believed to be distinct from complestatin due "o~~~ H g /@\
. . . . . s M
to notable differences in optical rotation (details below) and W H CI/Q\CI cl cl
variations in the chemical shift of Horotons of the tryptophan COpH o OH
residue (two signals at 2.87 and 3.44 ppm versus onedaf.89 3 Chioropeptin I

ppm claimed to have been reported for complestdtin
Due to the above discrepancies, and as a preliminary step in athe tryptophan moiety. On the basis of the findings of these studies,
program aimed at total synthesis of complestatinand 2, we we would proceed toward the preparation of a member of the
carefully examined various disclosures regarding structural and complestatin family. The results of these investigations, leading to
spectral characteristics of complestatins. These investigations ledthe total synthesis of thé& atropisomer of complestatin and
us to identify several noteworthy points. (1) The chemical shift for clarification of the stereochemical identity of complestatin and
the H, proton of the tryptophan residues of both complestatind isocomplestatin, are described heréin.
isocomplestatin have been reported to bé 4t2 ppm® However, Tripeptidel2, required for our model studies, was first prepared
examination of molecular models suggested that this proton resides(Scheme 2§.Treatment ob-tryptophan-based® with sulfuric acid,
at a different electronic environment (directly under the aromatic conversion to the phenolic triflate, followed by protection of the
indole ring in theR atropisomer) and should be noticeably affected indole (as NBoc amide) delivereslin 72% yield (for three steps).
by ring-induced anisotropy. (2) In contrast to the claim by Singh Pd-catalyzed coupling & with bis(pinacolato)diboron was carried
and co-workers, our review of the disclosure by Seto e al. out in the presence of 10 mol % Pd(@ppf)-CH,Cl, and 12 mol
established that two signals were initially indicatedda2.9 and % dppf°to afford6 (86% yield)!! Removal of the Boc and methyl
3.5 ppm for the H protons of complestatin’s tryptophan unit. (3) carbonate groups under neutral conditions (TM%goupling with
It was reportetl that both complestatin and isocomplestatin (one o-ketoacid7, and hydrolysis of the methyl ester afford@th 71%
containing arR and the other ai® atropisomer), when subjected  overall yield.
to trifluoroacetic acid (TFA), rearrange to chloropeptin I. This would On a separate front, installation of amtho iodide in p-4-
imply the unusual scenario that with one atropisomer the 1,2-shift hydroxyphenyl glycined was effected in the presence of chlora-
proceeds with>98% retention, whereas the same rearrangement mine-T (94% vyield). Removal of the Boc group with methanolic
occurs with complete inversion in the case of the other diasterédmer. HCI*3 and coupling of the resulting free amine with protected amino
To address the above complications, and to establish conditionsacid 10 in the presence of DEPBTdelivered dipeptidd.1 (77%
required for efficient formation of the biaryl bond of the strained vyield for two steps). Deprotection of the Boc amide and coupling
ring, we decided to synthesize model macrocyclic peptides bearingwith carboxylic acid8 afforded12 in 69% vyield for two steps.
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aReaction conditions: (a) 10 equiv of,8Q:, MeOH, 22°C, 1 h; (b)
1.1 equiv of T$O, 1.2 equiv of TEA, CHClp, —78°C, 3 h; (c) 1.2 equiv
of BocO, cat DMAP, 1.2 equiv of BN, CHyCly, 22°C, 10 h, 72% from
4; (d) 10 mol % PdCidppf)CH.Cl,, 12 mol % dppf, 1.2 equiv of
bis(pinacolato)diboron, 3 equiv of KOAc, dioxane, 80, 3 h, 86%; (e) 4
equiv of TMSI, CHC4, 50 °C, 2 h; (f) 1.1 equiv of7, 1.2 equiv of EDC,
1.2 equiv of HOAt, 1 equiv of NaHC® THF, 0—22 °C, 14 h, 73% from
6; (g) 10 equiv of LIOH, THF:HO (7:1), 0-22°C, 2 h, 98%; (h) 1.1 equiv
of chloramine-T, 1.1 equiv of Nal, DMF, 22C, 1 h, 94%; (i) HCI (g),
MeOH, 0-22°C, 2 h; (j) 1.1 equiv ofl0, 1.2 equiv of DEPBT, 1 equiv of
NaHCG;, THF, 0—22°C, 11 h, 77% (two steps); (k) HCI (g), MeOH;-@2
°C, 2 h; () 1.1 equiv 08, 1.2 equiv of HATU, THF, 6-22°C, 4 h, 69%
from 11

With tripeptide 12 in hand, we examined conditions for the

Table 1.

Model Pd-Mediated Macrocyclizations?@

Hg at
5417 ppm

low solubility in
MeOH and EtOAc

Hg at
0 5.26 ppm

high solubility in
MeOH and EtOAc

equiv of yield (%)°

entry Pd salt solvent temp (°C) time (h) 13; 14
1 0.5 dioxane 50 16 <2; <2
2 0.5 dioxane:HO (7:1) 50 45 <2;10
3 1.0 dioxane:HO(7:1) 80 1 26; 26

aConditions: 0.51 equiv of PdGi(dppf)CHCl. in dioxane with 10
equiv of K,COs. P Isolated yields.

strongly influenced by the indole ring cloud. These studies thus
support the idea that it is unlikely for both complestatin atropisomers
to have tryptophan fproton signals appear at an identical chemical
shift (6 4.17 ppm). It should be noted that the tryptophampkbtons

of 13 appear at similar chemical shifts reported for complestatin
and isocomplestatind 3.44 and 2.85 ppn?: the corresponding
signals for theSisomer14 are atd 3.42 and 3.23 ppm.

Heating pure samples d8 and14 (DMSO, 150°C, 2 h) led to
~10% decomposition and<2% conversion to the alternative
atropisomer; thus, the difference in the outcomes shown in entries
2—3 of Table 1 is likely not due to equilibration of the two
atropisomers. Wheh4 was treated with neat TFA (eq 1), the 1,2-
shift proceeded smoothly to affofb in >98% isolated yield and
diastereomeric excess (d€)ln a similar fashion13 isomerized
to its correspondingR atropisomer £98% vyield and de}® The
latter transformations provide support for the contention that the
strain-releasing shift takes place with retention of stereochemistry,

formation of the strained macrocyclic structure by an intramolecular regardless of substrate stereochemistry.

Suzuki-Miyaura proces$® Representative data are illustrated in
Table 1. With 0.5 equiv of Pd@ldppf)-CH.CI, in dioxane at 50

°C, <2% conversion was observed (entry 1). When water was added

as a cosolvent (7:1 dioxanei®l),}” 14 was obtained but only in

10% yield (entry 2). When the reaction temperature was increased

to 80 °C (entry 3, Table 1), an equal mixture &8 and 14 was
isolated in 52% combined yield (26% of each atropisomer).
Diastereomeric cyclic peptidds8 and14 exhibit distinct physical

14
(=98% da)

TFA, 50 °C,
15 min

=08%

and spectral properties (Table 1). Selected results of nOe experi- C'm'
ments that support the stereochemical assignments are depicted in OH
Table 1'8 Consistent with the stereochemical assignments, the

15 (=98% de)

tryptophan H proton in 13 appears at 4.2 ppm (the chemical
shift reported for Hin the tryptophan residue of complestasind
isocomplestatin). The chemical shift for tryptophapdf 14 is at

Next, we focused on the total synthesis of a complestatin. Toward
this end, as shown in Scheme 3, stereoisomerically pure pentapep-
tide 16, synthesized according to our previously reported proce-

0 5.26 ppm. As mentioned earlier, molecular models indicate that dures? was coupled with amino aci® (Scheme 2) to afford

H, of the R atropisomer ofl or 13 s situated such that it would be

hexapeptidel 7 (85% yield). Subjection 017 to the macrocycliza-
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Scheme 3. Total Synthesis of the S Atropisomer of Complestatin?

cl

18 R=Me
2 R=H

aReaction conditions: (a) 1.1 equiv 8&f1.2 equiv of HATU, THF 6-22
°C, 4 h, 85%; (b) 1 equiv of Pdg{dppf)-CH.Cl,, 10 equiv of KCOs;, 10:1
dioxane:HO, 80 °C, 1.5 h, 63%; (c) 10 equiv of LIOH, 7:1 THF#,
0°C, 2 h,>98%.

tion conditions and methyl ester hydrolysis deliveBe@ia 18) as
a single stereoisomer in 63% yield (for two steps).

The stereochemical identity of the atropisomer of the tryptophan
moiety of2 is based on the signature chemical shift of thgkbton

(60 5.18 ppm) and was ascertained by extensive nOe experiments

(Scheme 3). We measured the optical rotation taof)edf = +36.0
(c = 0.15, 2:1 MeOH:0.01 N NaOH). Moreover, through nOe
studies and comparison of the chemical shift values with those for
complestatin) and chloropeptin 13),18 we rigorously established
that the integrity of the remaining stereogenic centers has been
preserved?

Analysis of the related spectral and physical &ateearly

indicates that the material synthesized according to the route shown

in Scheme 32) is not complestatin? is also different from the
compound reported to be isocomplestatollectively, the above
observations and comparison %f NMR spectra ofL3, 14, 1, 2,
and an authentic sample of isocomplestdtimdicate thatthe
compound labeled as isocomplestatiriie same as complestatin,
and that the correct atropisomer of complestatin, yet to be isolated
as a natural product, & These studies offer strong evidence that
1 (Scheme 1) is complestatin.

The above findings explain why the chemical shifts for ¢
the tryptophan moiety for complestatin and isocomplestatin were
reported to appear ab 4.2 ppm® Furthermore, observations

presented herein address the claim that complestatin and isocom-

plestatin rearrange to chloropeptin | (TFA). That isocomplestatin
is complestatin provides a rationale for why their tryptophan H

protons are at the same chemical shifts (complicated by the apparent

but nonexistent, discrepancy between the 2001 papet the 1989
disclosuré?d. The remaining issue, the distinctly different optical

7336 J. AM. CHEM. SOC. = VOL. 127, NO. 20, 2005

rotation between complestatin and isocomplestatin, was resolved
by re-measurement of the rotation of an authentic sample of
isocomplestatin, generously provided by Dr. Singh. The value
obtained by us,d]?% = +25.9 ¢ = 0.14, 2:1 MeOH:0.01 N NaOH
versus —60° recorded previouslyd,is nearly identical to that
documented for natural complestatitZ4.5 € = 0.13, 2:1 MeOH:
0.01 N NaOH)y?°

Stereoselective synthesis of complestatin and examination of
biological activity of isocomplestatin are in progress.
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