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Abstract

The bis-tetrahydroisoquinoline (bis-THIQ) natural products have been studied intensively over the
past four decades for their exceptionally potent anticancer activity, in addition to strong gram-
positive and -negative antibiotic character. Synthetic strategies toward these complex polycyclic
compounds have relied heavily on electrophilic aromatic chemistry, such as the Pictet-Spengler
reaction, that mimics their biosynthetic pathways. Herein we report an approach to two bis-THIQ
natural products, jorunnamycin A and jorumycin, that instead harnesses the power of modern
transition-metal catalysis for the three major bond-forming events and proceeds with high
efficiency (15 and 16 steps, respectively). By breaking from biomimicry, this strategy allows for
the preparation of a more diverse set of non-natural analogs.

The bis-tetrahydroisoquinoline (bis-THIQ) natural products have been studied intensively by
chemists and biologists alike during the 40+ years since their initial discovery due to their
intriguing chemical structures, potent biological activities, and unique mechanisms of action
(1, 2). Jorumycin (1, Fig. 1) and its congeners ecteinascidin 743 (Et 743, 2) and
jorunnamycin A (3) possess a pentacyclic carbon skeleton, highly oxygenated ring termini,
and a central pro-iminium ion (manifested either as a carbinolamine or an a-aminonitrile
motif). This latter functionality serves as an alkylating agent in vivo, resulting in covalent
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modification of DNA in a process that ultimately leads to cell death (3). The promise of
these natural products as anticancer agents has been realized in the case of Et 743
(Yondelis®, trabectedin), which has been approved in the US, Europe, and elsewhere for the
treatment of a variety of drugresistant and unresectable soft-tissue sarcomas and ovarian
cancer (3). Unfortunately, although 2 is available from nature, isolation of one gram of the
drug would require more than one ton of biological material. For this reason, the successful
application of 2 as an antitumor agent has necessitated its large-scale chemical synthesis, a
21-step process that begins with cyanosafracin A, a fermentable and fully functionalized bis-
THIQ natural product (4). This has restricted medicinal chemistry endeavors via this route to
the production of only compounds with a high degree of similarity to the natural products
themselves.

Intriguingly, although 1 and 3 possess quinone rings, these moieties are rapidly reduced in
cells to their hydroquinone oxidation states, more closely resembling those of 2 (5). These
highly electron-rich functional groups are key components in the biosynthetic pathways of
the bis-THIQ’s, which are forged by the action of Pictet—Spenglerase enzymes (6, 7).
Previously reported chemical syntheses of bis-THIQ natural products feature elegant and
creative application of electrophilic aromatic substitution (EAS) chemistry for the
construction of one or more of the THIQ motifs. Though highly enabling, this approach has
also limited the synthesis of non-natural analogs to highly natural product-like derivatives.
As a key example, despite the scores of analogs produced over the past few decades (8-11),
the majority of the derivatives focus on substitution of the heteroatom moiety appended to
the B-ring (cf. structure 4, Fig. 1), and only a select few possess significant structural and
substitutional variation around the aromatic or quinone A- and E-rings (8-11). Furthermore,
derivatives possessing electron-withdrawing groups on these rings are inaccessible using
biomimetic approaches, as these would inhibit the EAS chemistry used to construct the
THIQs. This latter point is significant, as studies have indicated that the smaller bis-THIQ
natural products such as 1 and 3 are more susceptible to metabolic degradation than Et 743
and other larger bis-THIQs (12, 13), and the installation of electron-withdrawing groups is a
commonly employed strategy to improve a drug molecule’s metabolic stability (14).

Jorumycin has been the target of four total syntheses (15-18) and two semisyntheses (19, 20)
since its isolation in 2000 (21), and jorunnamycin A has frequently been prepared en route.
Jorumycin displays IC5y’s of 0.24 nM vs. A549 lung cancer, 0.49 nM vs. DU145 prostate
cancer, and 0.57 nM vs. HCT116 colon cancer (17, 19, 21), among others, thus offering
immense therapeutic potential. Furthermore, jorumycin and jorunnamycin A are appealing
targets for further synthetic elaboration: the oxygen substitution appended to the B-ring (cf.
structure 4, X = OH, Fig. 1) could allow rapid diversification to the ecteinascidin,
saframycin, safracin, and renieramycin scaffolds (1). To overcome the limitations of the
current state of the art with respect to analog diversity, we sought an alternative, non-
biomimetic route to these natural products.

Specifically, we envisioned the retrosynthetic strategy shown in Fig. 2A. We posited that a
late stage oxygenation event to provide jorumycin (1) would greatly simplify the
construction of the precursor, pentacycle 6. We then considered disconnection of the central
C-ring (cf. Fig. 1) through cleavage of the lactam moiety in 6, providing bis-THIQ
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compound 7. Critically, bis-THIQ structure 7 was recognized as a potential product of an
enantioselective hydrogenation of bis-isoquinoline 8. The central biaryl bond of 8 could be
formed through a C—H cross-coupling reaction, leading to isoquinoline monomers 9 and 10,
thus greatly simplifying the synthetic challenge. As a key advantage, isoquinolines 9 and 10
could be prepared through the application of any known method, not limited only to those
requiring highly electron-rich and m-nucleophilic species. Crucially, this approach would
allow access to the natural products themselves, as well as derivatives featuring substantial
structural and/or electronic variation.

As shown in Fig. 2B, we initiated our synthetic studies with the Sonogashira coupling of
aryl bromide 11 (available in two steps from 3,5-dimethoxybenzaldehyde, see
Supplementary Materials) with fere-butyldimethylsilyl propargyl ether (12); simply adding
solid hydroxylamine hydrochloride to the reaction mixture after the coupling provided
oxime-bearing alkyne 13 in 99% yield. Catalytic silver(I) triflate activated the alkyne toward
nucleophilic attack by the oxime, directly generating isoquinoline N-oxide 9 in 77% yield on
up to a 12-gram scale (22). Next, we began our synthesis of isoquinoline triflate 10 by using
aryne-based methodology developed in our laboratories (23). Silyl aryl triflate 14 (available
in 3 steps from 2,3-dimethoxytoluene, see Supplementary Materials) was treated with
cesium fluoride to generate the corresponding aryne intermediate 7n situ (not shown), which
underwent aryne acylalkylation with 7n sifu condensation to provide 3-hydroxy-isoquinoline
16 in 45% yield. Reaction with trifluoromethanesulfonic anhydride provided electrophilic

coupling partner 10 in 94% yield.

With working routes to both isoquinoline monomers in hand, we turned our attention to the
palladium-catalyzed cross-coupling reaction which would be used to construct the carbon
skeleton of jorumycin. We were pleased to find that isoquinolines 9 and 10 were efficiently
coupled under modified conditions developed by Fagnou and co-workers to provide bis-
isoquinoline 18 in 94% yield on a 7-gram scale (24). This large-scale application of C-H
activation likely proceeds through a transition state similar to 17 and allows for the direct
construction of 18 without the need for prefuctionalization (25). The excess of N-oxide 9
required to achieve maximum levels of efficiency appears to be only a kinetic factor, as all
excess 9 was recovered after the reaction.

At this stage, we sought to install the level of oxidation necessary to initiate our
hydrogenation studies (Fig. 2C). Specifically, this required selective oxidation of the
nitrogen-adjacent methyl and methylene groups on the B- and D-rings, respectively. We
attempted a double-Boekelheide rearrangement to transpose the N-oxidation to both C-
positions simultaneously, effecting formal C—H oxidation reactions (26). Unfortunately, after
oxidation to intermediate bis- N-oxide 19, only the B-ring azine underwent rearrangement.
Despite this setback, we found that it was possible to parlay this reactivity into a one-pot
protocol by adding acetic anhydride upon complete oxidation, providing differentially
protected diol 20 in 62% yield. N-O bond cleavage and oxyl-mediated oxidation provided
bis- isoquinoline 8 in two additional steps. To date, we have produced more than 5 grams of
bisisoquinoline 8.
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With a scaleable route to isoquinoline 8 in hand, we turned our attention to the key
hydrogenation event. If successful, this strategic disconnection would add four molar
equivalents of hydrogen, create four new stereocenters, and form the central C-ring lactam.
Although the enantioselective hydrogenation of nitrogen-based heterocycles is a well-
studied reaction, isoquinolines are possibly the most challenging and least investigated
substrates (27). To our knowledge only four reports existed prior to our studies that describe
asymmetric isoquinoline hydrogenation, and only one appears to tolerate 1,3-disubstitution
patterns (28-31).

We nonetheless noted that metal-catalyzed imine and carbonyl reduction is a comparatively
successful and well-studied transformation (32, 33). We were drawn to the iridium catalyst
developed by scientists at Ciba-Geigy (now Syngenta) for asymmetric ether-directed imine
reduction in the preparation of Metolachlor (34). Considering the positioning of the
hydroxymethyl group appended to the B-ring of 8 and the electronic similarity of the
adjacent C1-N m-bond to that of an imine, we posited that a similar catalytic system might
be used to direct the initial reduction to this position (Fig 3). Furthermore, the chelation
mode was attractive as a scaffolding element to enable enantioselective Si-face reduction. In
keeping with previous observations (28-31), we anticipated that full B-ring reduction would
provide czs-mono-THIQ 22 as the major product. We believed that 22 would then act as a
tridentate ligand for a metal ion (although not necessarily the catalytically active species),
and the three-dimensional coordination environment of metal-bound 22*M would direct D-
ring hydrogenation from the same face. Finally, the all-syn nature of 7 places the ester
moiety in proximity to B-ring secondary amine, and we expected lactamization to be rapid.
If successful, this self-reinforcing diastereoselectivity model would allow for control over
the four new stereocenters and produce the bis-THIQ core in a single step.

Upon beginning our enantioselective hydrogenation studies, we found that we could identify
trace amounts of conversion to mono-THIQ product 22 by using the catalyst mixture
developed at Ciba-Geigy (34), thus confirming the accelerating effects of the pendent
hydroxy directing group. Under these general conditions, we then performed a broad
evaluation of more than 60 chiral ligands commonly used in enantioselective catalysis
protocols (see Supplementary Materials). From this survey, we identified three ligands that
provided 22 in at least 80% enantiomeric excess (ee) and with uniformly excellent
diastereoselectivity (all >20:1 diastereomeric ratio, dr): (5)-(CF3)-BuPHOX (23, Entry 2,
22% yield, —82% ee), (S,S)-Et-FerroTANE (24, Entry 3, 26% yield, —87% ee), and (S,Rp)-
Xyliphos (25, Entry 4, 30% yield, 80% ee). After evaluating these ligand classes further, we
identified (S,Rp)-BTFM-Xyliphos (26) (35) as a strongly activating ligand that provided
mono-THIQ 22 in 83% yield, >20:1 dr, and in a remarkable 94% ee (Entry 5). Moreover, we
were elated to find that ligand 26 formed a catalyst that provided pentacycle 6 as a single
diastereomer in 10% yield. Further evaluation of the reaction parameters revealed that
increasing temperature provided higher levels of reactivity, albeit at the expense of
enantioselectivity (Entry 6, 31% yield of 22, 87% ee, 43% yield of 6). The best results were
achieved by performing the reaction at 60 °C for 18 hours and then increasing the
temperature to 80 °C for 24 hours. Under these conditions, 6 was isolated in 59% yield with
>20:1 dr and 88% ee (Entry 7) (36). In the end, doubling the catalyst loading allowed us to
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isolate 6 in 83% yield, also with >20:1 dr and 88% ee (Entry 8) on greater than 1 mmol
scale. bis-THIQ 6 could be easily accessed in enantiopure form (>99% ee by HPLC) by
crystallization from a slowly evaporating acetonitrile solution, and we were able to confirm
the relative and absolute stereochemistry by obtaining an x-ray crystal structure on
corresponding 4-bromophenyl sulfonamide 27. Within the context of this synthesis, the
relatively high catalyst loading (20 mol % Ir) is mitigated by the substantial structural
complexity generated in this single transformation.

At this stage, we were poised to investigate the third and final key disconnection from our
retrosynthetic analysis, namely, latestage C—H oxidation of the arenes (Fig. 4). To set up this
chemistry the piperazinone N-H of 6 was methylated under reductive amination conditions
in quantitative yield. Despite numerous attempts to effect catalytic C—H oxidation on this
advanced intermediate, we found that a two-step procedure was necessary instead. We were
able to chlorinate both of the remaining aromatic positions, providing bis-THIQ 28 in 68%
yield. From here, we once again turned to catalysis, this time for the oxygenation of aryl
halides. After extensive investigation, we found that Stradiotto and coworkers’ recently
developed protocol for the hydroxylation of aryl halides was uniquely effective (37). Further
optimization revealed that the combination of adamantyl BippyPhos ligand with Buchwald’s
cyclometalated palladium(Il) dimer was ideal (38), providing dihydroxylated bis-THIQ 29 in
46% yield, an impressive result for such a challenging coupling reaction on a sterically
large, electron-rich, and Lewis-basic substrate in the final stages of the synthesis. Partial
lactam reduction with cyanide trapping proceeded in 50% yield, and oxidation of the
phenols provided jorunnamycin A (3) in only 15 linear steps. We isolated hemiacetal 30 in
33% yield, which was surprising given the generally low stability of acyclic hemiacetals.
Finally, we developed conditions for the conversion of jorunnamycin A into jorumycin in a
single step, providing 1 in 68% yield in 16 linear steps (1). Jorunnamycin A (3) and
jorumycin (1) are produced in 0.24% and 0.17% yield, respectively, from commercially
available materials, but key bis-THIQ 6, the branching point for derivative synthesis, is
accessed over 10 steps in 5.0% overall yield on greater than 500 mg scale. These efforts are
similar to Zhu and coworkers’ elegant synthesis of jorumycin with regard to brevity (16).

Central to the anticancer activity of the bis-THIQ natural products is the capacity to alkylate
DNA upon loss of water or cyanide from the central carbinolamine or a.-cyanoamine,
respectively (39). After alkylation, compelling evidence suggests formation of reactive
oxygen species (5) or DNA-protein cross-links (8, 40) leads to cell-cycle arrest or cell death.
We therefore synthesized analogs 31-34, which feature the non-oxygenated framework as
well as all permutations of partial and full oxygenation. The activity of this series would
allow us to determine the relative importance of the location and degree of oxygenation on
the A- and E-rings, the structure-activity relationships of which have not previously been
explored.

With the backdrop that preclinical efficacy studies are complex and demanding, we
conducted very preliminary studies to probe the relative cytotoxicity of synthetic analogues
31-34 and established that modifying one site on the scaffold greatly diminishes
cytotoxicity, whereas other modifications conserved cytotoxicity. The cytostatic and
cytotoxic properties of 31-34 were determined using long-term, growth-maximizing assay
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conditions against 29 cancer cell lines known to be responsive in vitro to other general
cytotoxics (Fig. 5, see Supplementary Materials) (41, 42). Cells were routinely assessed for
mycoplasma contamination using a multiplex PCR method and STR profiling for cell-line
authentication. This methodology differs markedly from the standard 72-hour,
luminescence-based cytotoxicity assays employed most commonly for in vitro quantification
of drug response. This approach was chosen as it is specifically well suited to determine the
activity of compounds wherein anti-proliferative effects occur over a longer time period than
standard cytotoxic agents. Perhaps not surprisingly, removal of both phenolic oxygens
resulted in a complete loss in activity (i.e., 31, all IC50’s > 1 uM), while fully oxygenated
bis-THIQ 34 showed cytotoxicity. The most notable results were provided by 32 and 33,
which possess A- and E-ring monohydroxylation, respectively. While compound 32, which
is devoid of E-ring oxygenation, showed diminished activity, we were surprised to find that
compound 33 featuring only E-ring oxygenation maintained a similar activity profile to fully
oxygenated 34 (see Supplementary Materials). At the moment, we believe these data to be
the result of general cytotoxicity, as opposed to cancer cell-specific activity. As a reference,
three out of four previously known anticancer agents that function through general
cytotoxicity showed similar levels of activity in our model. While more sophisticated studies
are necessary to determine actual efficacy, the ability to delete one oxygen atom and retain
activity is both intriguing and unrexpected.

The use of catalysis, rather than native reactivity, is a key advantage to our synthesis,
allowing us to expedite access to both the natural products themselves, and also biologically
relevant derivatives.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Bis-Tetrahydroisoquinoline (bis-THIQ) natural products: Alkaloids that display exceptional anticancer activity

1
(=)~Jorumycin Jorunnamycin A
Conventional, Biomimetic Approach: Our Approach (this research):
Pentacyclic bis-THIQ Core
Pictet-Spengler, Bischler-Napieralski Cross Coupling/Reductive Cyclization

0 A
ek
= " "NH
W = 2

H G«

°~.\.L : N

X
X 4 X
A non-bi i ( PP ‘willprnduce ,' Y '- for bi ",and licinal ct i Y di

Fig. 1. bis-Tetrahydroisoquinoline natural products.

Jorumycin (1), ecteinascidin 743 (2), and jorunnamycin A (3). Me, methyl; Ac, acetyl;
COAc, pyruvyl; X, oxygen or nitrogen substitution; G, oxygen or carbon substitution; R,
generic alkyl substitution.
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A Retrosynthesis of (~)-Jorumyein

axygenation

" lactam formation

1 OMe TESO
=
+4H; PLM -
— ue 9
2 0T
MeO N
Ol Fagnou MeD’ ©
'OH coupling OMe Me
7 8 10
B of 9 and 10 and Fagnou Coupling
OMe & otes 12 OMe oTes
Me. Br wﬂu,),mt':l, (5 mal %) Agnrf @mol%)  Me \
Gu! (5 mol %) CHzCh 40°C T b
L] CHO  iprNH, TO%C, 181 N-ou i wast °
it then, NH,OH-HCI 13 9
(89% yiald) (7% yiald)
o o 15
Me i u-Mom e ™ 11,0, pyridine " e
_ = —_——
Mely TMS CsF MeCM,B0°C,2h  Meg 2N CHyCly, 0°C Mer =N
OMe then, aq. NH,OH OMe Me 30 min OMe Me
60°C,Bh
] (45% yiold) 1 (94% yield) 10
g8
Pd{OAc), (20 mal %)
BeqUN) oy B}, Me-HEF, (50 mol %) -
+
10 CsOPiv (30 mol %)
MeQ
Cs8,C0; (3.5 equiv)
1 equl
Hisn Phie, 130 °C, 4.5 h oMMy 18
(93% yield) T-gram scale
c of 8 all excess 9 recovered

not MeD.

isolated

MeRe0; (6 mol %)

8q. H,0,, CH,Cl, 12h
23°C,1h ores | (62% yleld)
TEMPO
Fel (10 equiv) NHS, Phi{DAc),
AcOH,50°C, 3 h CH;C13, 23°C, 3N
—_—
then, KF (10 equiv) then, p-TsOH-H,0
23°C,12h OH MeOH,85°C,5h MeO

(817% yield)

Fig. 2. Considerations for an orthogonal synthesis of jorunnamycin A and jorumycin.

Page 10

(A) Retrosynthetic analysis leading to a synthesis of jorumycin that deviates from previous

synthetic strategies. (B) Isoquinoline 9 and 10 were synthesized in two steps each from aryl

bromide 11 and ortho-silyl aryl triflate 14, respectively. (C) Boekelheide rearrangement

provided an efficient and scalable route to bis-isoquinoline 8 under mild conditions. TBS,

tert-butyldimethylsilyl; Ph, phenyl; i-Pr, isopropyl; aq., aqueous; Tf,

trifluoromethanesulfonyl, TMS, trimethylsilyl; MeCN, acetonitrile; #Bu, fert-butyl; Piv,

trimethyl-acetyl; equiv, molar equivalent; TEMPO, 2,2,6,6-tetramethylpiperidine- N-oxyl;

NHS, N-hydroxysuccinimide; p-TsOH*H;O, para-toluenesulfonic acid monohydrate.
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A
top face blocked
Me a
= +2 Hy e
=N —
s <3 MeO
OMe
OH = H,
8
i Siface ion of 8 leads to i iched of intermediate 22 - - three-di jonal of 22-M leads to sut inf d di ivity *

CF3
rym <
[ir(cod)CIl; o B e i
e ]
TBAL L* (P-CFsPh)P N\) ?P—@
temp., 18 h ':t-Bu
(R = COMe) Et
23: (SF(CF,)-+BUPHOX 24: (5,5)-Et-FerraTANE
entry catalyst loading ligand temperature yleld 22+ e 221 yield 6* dr 6% ee 6T
Me
1 5mol % 25 23°¢C 2% ND 0% - -
2 5 mol % 2 60°C 22% —82% 0% - - (Xyl),P
3 5mol % 24 60°C 26% -87% 0% 8 = (A~
4 5mol % 25 60°C 30% 80% 0% - - @
5 5mol % 26 60°C 83% 94% 10% >20:1  ND
6 5mol % 26 80°C 31% 87% 43% >20:0  ND 25: (S,R,)-Xyliphos (Ar = Ph) : :
7 5mol % 26 60°C — 80 °C* 7% 94% 59%%  >2011  88% 26: (S.R,)-BTFM-Xyliphos
8 10 mol % 2 60°C -+ 80 °C 3% 94% 83%7  >20:1 88% (>99%)" [Ar = 3,5-CF3);Ph] 27: pBIPhS0,6

Fig 3. Development of the enantioselective hydrogenation.
(A) Stereochemical rationale for the enantio- and diastereoselective hydrogenation of bis-

isoquinoline 8. (B) Optimization of the hydrogenation reaction. Unless otherwise noted, all
reactions were performed in 9:1 toluene:acetic acid (0.02 M) using a 1.2:1 ligand:metal ratio
and a 3:1 iodide:metal ratio under a hydrogen atmosphere (60 bar) for 18 h. *Measured by
UHPLC-MS UV absorption vs. 1,3,5-trimethoxybenzene internal standard unless otherwise
noted. "Measured by chiral HPLC analysis. *Measured by TH-NMR analysis of the crude
reaction mixture. SReaction performed at 60 °C for 18 h, then the temperature was raised to
80 °C and maintained at that temperature for 24 h. TYield of isolated product after column
chromatography using 10.5 mol % 26 in entry 7 and 21 mol % 26 in entry 8. ¥After one
recrystallization. IQ, 3-carbomethoxy-5,7-dimethoxy-6-methylisoquinolin-1-yl; dr,
diastereomeric ratio (major isomer vs. all others); ee, enantiomeric excess; cod, 1,5-
cyclooctadiene; TBAI, tetra-n-butylammonium iodide; ND, not determined; Et, ethyl; Xyl,
3,5-dimethylphenyl; Ar, aryl; BTEM, 3,5-bis-trifluoromethylphenyl.
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1) ag. CH,0 (1.85 equiv)
NaBH(OAc), (5 equiv)
DCE, 23 °C, 15 min

Pd G3 Dimer (50 mol %)
AdBippyPhos (200 mol %)

2) NCSac (2.1 equiv)
HFIR, 0 °C, 1 min

CsOH-H,0 (10 equiv)
dioxane, 90°C, 3 h

&

0
OH (>99% se) (66% yleld, 2 steps) (46% yield)
1) LI(EO),AIH; (15 equiv)
THF, 0 °C, 45 min, then Ac,0 (3 equiv)

AcOH, KCN, 50% yield DMAP (3 equiv), MeCN

2) DDQ (4 equiv), acetone, H,0
23°C,1h

then, ag. AgNO; (25 equiv)
45 °C, 30 min

33% yield 32% yield - Jorunnamycin A (15 steps) (68% yleld) Jorumycin (16 steps)

Fig. 4. Completion of jorunnamycin A and jorumycin.
After the reductive cyclization, five and six steps, including a palladium-catalyzed

hydroxylation event, were required for the complete synthesis of jorunnamycin A (3) and
jorumycin (1), respectively. DCE, 1,2-dichloroethane; NCSac, N-chlorosaccharine; HFIP,
1,1,1,3,3,3-hexafluoroisopropanol; Ad, 1-adamantyl; Pd G3 Dimer, (2'-Amino-1,1'-
biphenyl-2-yl)methanesulfonatopalladium(Il) dimer; DDQ, 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone; DMAP, 4-dimethylaminopyridine.
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partial oxyg

Compound Mean ICg, (nM)

Page 13

allows basic SAR development

Description

31 =1000 full deoxygenation
32 708 partial (E-ring) deoxygenation
33 233 partial (A-ring) deoxygenation
34 397 full oxygenation

31: X =Y =H — both rings partially deoxygenated Carfiizomib 4 Proteosome inhibitor

32: X =OH, Y =H — E-ring partially deoxygenated Cisplatin 202 DNA binder

33: X =H,Y=0H - A-ring partially deoxygenated MKE?45 360 Aurora kinase inhibitor

34: X =Y =0H - both rings fully oxygenated MMAE 438 tubulin binder
* Cytotoxicity diminished upon E-ring deoxygenation - - Cytotoxicity maintained upon A-ring deoxygenation -

Fig. 5. Biological evaluation of non-natural analogs.

Leveraging the non-biomimetic approach to A- and E-ring construction allows for the

production of previously inaccessible bis-THIQ analogs. Data reported are ICs’s measured

from whole cells treated for 6 days using a 1:5 dilution series to cover a range of

concentrations from 0—1 uM from an initial 10 mM DMSO stock solution of the analog in

question. The IC5q of each compound was calculated as a function of population doublings

from baseline. MMAE, monomethyl auristatin E.
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