Anthony John Rodriguez Introduction why this?

Weathering the Storms of Total Synthesis: Dead Ends and Detours 8/17/2024 Baran Group Meeting
A short tale: M-N3; RaP, then, BsClI [deadvend] various M-H species, chiral boranes, etc. [dea‘i end] oy may block — Me
J - l | H - l | top face... ring junction 3
[detour] H Bs Ho=s=o0
— Bs_ DBU [detour] N / steps
o _, W ¢ Me Me H
& - —N—O0— —KO'Bu; I, — 0 . —BuSn-H;—> \ —Me
g Me H Bn; (bizarrely Ei ? LHMDS, Mel ~ © E' H HO
i 1 Zn° [one pot reversible lucky concession H ! -)-Cyclopamin
[derived via AAA] e pail ) (10:1d.r) L I (single diastereomer) H  ()-Cyclop ©
Pursuing the ideal: “the purpose of this simple O@
metric is to aid practitioners of Trauner's OH
(# of construction rxns) + (# of strategic redox rxns) synthesis to easily make o ® Boger's
Ideality % = X 100 comparisons and ptnpo‘mt O O=|H H _NH,
(total # of steps) areas for improvement’ N’ %
- Gaich, Baran HO N
OH H 7" w7
* Construction rxns: C-C/C-heteroatom bond formation, stereccenter formation, ring construction OH

stubbornly
- Strategic redox rxns: those that directly establish the correct functionality found in the final pursue this..

product, such as asymmetric oxidations and reductions or direct C-H oxidations.

resorting to these
doesn't mean you lost,
it means you

are human. Often these
steps are what enable
a successful synthesis
and make for a very
worthwhile story...

* Concession rxns: (1) nonstrategic redox manipulations (i.e. reduction of ester to alcohol), (2)
functional group interconversions (i.e. alcohol to mesylate to azide), and (3) protecting group
manipulations (protection/deprotection).

*In Total Synthesis, you will be met with Dead Ends & Detours - but, fret not. —

"Strategies seeking to access a given target molecule are often in a constant state of evolution as obstacles
are encountered and practitioners exercise their creativity in efforts to overcome them. This feature of constant
struggle to surmount obstacles, coupled with serendipity, is often under-appreciated even though

it is pivotal for invention, discovery, and, dare we say, adventure and excitement in chemical synthesis"

- K. C. Nicolaou

- Covered in this group meeting:

. e Rebodctoni (bt e i i “check out these excellent HENNNNNE EINEN Srmwewee
rauners toXin (frouble with oxa-adamantane core) o rcas for more stories! Mote Dead Ends Dead Ends
* Boger's Strempeliopine (a very difficult quaternary center) and Detours

* Trost's Pseudolaric acid B (general issues with hydroazulene core)

- Frontier's Merrilactone A (a pesky methyl group)

: Snider's Phantasmidine (manipulating reaction kinetics)

-Ryu's Preussin (a problematic deprotection)

* Rawal's Welwitindolinone C isothiocyanate (problematic bond cleavage)
- Stoltz's Scabrolide A (a very bold cycloaddition)

and Detours
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Chem. Soc. Rev. 2009, 38, 3010-3021; Acc. Chem. Res. 2021, 54, 605-617; J. Org. Chem. 2010, 75, 4657-4673; J. Am.

Chem. Soc. 2023, 145, 21760-21765
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Vision
© OH O, PG~ PG‘
oH Cyclic guanidine OH = () PG“O \\ JOH PG~ | | — [O] O ® ©
adar % ~ ® |\ —CO, | alkyne nitrile-oxide PGl0 0 N-O
§ H _NH, = HO fo NH, N-O cleavage; PGTO O H  oxidation [B+2]; e
7\ I e SR N I (5 p
y NN spontaneous = \ H NH, FGI o} l\\l =0 B
\ heterocycle ~ HO :\l/ \ o] - Me—T—©
OH H formation HO H CHO @ Me i) o oz Me
e
Tetrodotoxin (TTX) jhly s yclohexane w/ differentiated PG’
H-o TBS~g Dead-end .
o ) > MeOx O o~ [clever concessions]
L i. LHMDS TBS—O P ) ¥ S0oH a. Boc,0
o/\"Jl OMe _TBSCI A pn il NaHMDS Ph langerhy 2 steps B ho
e \ o i, _—CHo O OMe silyl-xfr o) =0 HO = OH [more scalable] '(525 r;m)
Me Ph_/o_ M e%—o o M e)|—o OH “published route 1o
Me Me methyl glgco- Me
o ' 56% yield (3 steps) pEnsice common intermediate
I iPr 85%
BN e Detour &
H
Ts completion Me Me
Bn~ Bn~
BF3OEt; & (l) _H Mechanism? B O CP)MB steps cycloisomerization @ O><
™S Li Bn-j0 © N .iv-BocO, DMAP " O ¢. CpRu(PPh3)CI (cat.), H H1o O
=S o bl -Boc
i, 0 5 v. CAN then, Oxone o ﬁ
TBAF MeA_‘O selective deprot. [RuO,4 gen.] » 5 o
Me keto- glf " oTBS Me
hydroxylation
directed nucleophilic 4 y " all other attempts to
N “at this stage, we were really stuck... de-benzylate failed...
we were stuck for almost a year, O\ Me O
Brie. | 1. [o] we struggled mightily” - Trauner B““‘O \\' OH Me>L OH
(¢} B0 O "This reaction was a true life-saver,
Bn0 O-|-H 4 i ) H O but such is the nature of total synthesis...
N’ —2> Guanidinylate 1. . 5 N y-Boc _SIOPS o oo sometimes when youre stuck, in a moment
o] \ ——> N-Ocleavage  hydroxy-y-lactone (\) o) ‘ where you want to give up... something
Me)[_'o 4l 0o ’ synthesis Me%—o Me \ 0 alable  comes along which allows you to march on!™
: Me OTBS - Trauner
Me
0 "
) [©] [“’Qf”y unsragle, il stable hydroxy-d-lactone
Time to celebrate? selectivity for desired 2° -OH]

Konrad et al., Science, 2022. 377, 411-415

Trauner Lecture - https://www.youtube.com/watch?v=X9qN5k_vMmY &t=2364s
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Boger's Strempeliopine
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[somewhat precedented rearr.]

L <« Cpadditionto__
reduction & iminium ion
lactamization
(-)-Strempeliopine aza-benzfulvene
) 0)
OTBS M\ otss
N N N,
N AN i. 0-DCB, A { NS [3+2]
o_p - \/~co,Mme
N — oxadiazole N 0
\ \
Bn  CO,Me [4+2] Bn
4 steps from N-benzyltryptophan diazo-bicycle
[2 purifications] [gram-scale]
R =allyl, ethyl,

-(CHz)zOPG, etc.

*when R = Et, Hajicek
reported 36% yield

==

-various forms of Zn (dust, powder, granules, turnings, etc.)
*"aged" zinc and its common by-products (ZnO, ZnCO3)
-trace metal screen: Mn, Ni, Fe, Pd, Pt, Cr, Zn, Zn/Cu, Zn/Ni

< 30% yield
direct imine [H]

never observed...

steps

71% yield

Dead-end

"l screened extensively, this took
up two years of my PhD..."

- Zeng

<«— Grob-type —
fragmentation
Detour &
o etour _

completion

5 steps from

Boger's Indoline Grob frag. &

iminium trap

Sm"
€---c-=-
2 1e” BF3OEt2
’// . .
 smisn cihor cioay. N
: |
0© Cbz
BF3 87%, 2 steps
propogation;

€-mmmmmmmann

H
H® H, 3 steps
— 5 2 LN (-)-Strempeliopine
quench N—
l
Cbz Cb
08 z HO

J. Am. Chem. Soc. 2021, 143, 12412-12417; Tetrahedron Lett. 1998, 39, 505-508
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Vision

° Il ® 1
S\ >_Me nucleophilic olefin | e i © (o LA H M}-mediated /
o 3 lactonization; [SOM- " mediated H AN selectively [O] N [5+2] H // OH
HOZC\(/\/—l NCo.Me olefin isom. X cyanation , tetra-syb'd -,,,l
0 Me o $H HO /I olefin HO v OH G Me
e
(-)-Pseudolaric acid B Me OH .
vinyl cyclopropane
88% yield  Dead-end Li . :
) “SNiP [Taking advantage of
[18g scale] H --( 2 intermediates on-hand)]
/ 4 alDA
OSiR, i. cat/onlc R steps
_R0() . 7 (e Rsiyg
>0 7 directed OSiR
/ L . Me IR3
| &R Me R,SiO elimination
R3SiO SiR, Me IRs 72% yield
fashioned in 8 steps ) y ii Detour &
: various acids, . i P
from commercial mat. bases, motals V. dry TBAF completion [crisis averted]
screened towards (19'\//?;"10' 0. H — /PNIB
isomerization... ) N\ [ /PMB b, >LCN SePh 0o
[Dead-End] H 0 0 N o“j’\ OMe
v. EtzAICN i TBSCl N\ | N ( BusSnH, 0
) Me CO,Me 0
A t iv. mCPBA "/l Bezene, A Me
* various S, temp. HO .
screens, cyanide nucleoph|les Me OH mtéa.mOleCdudI?r 1.6
c. ring opening; 85% yield lese adaition (-)-Pseudolaric Acid B
m 90% yield oxidation; oc
via Pinacol rearr. nucleophilic HO,
B SATEL addition e [Pd] =
) et Mé
H @
AN J
o . hydro-
", K stannation g, o,
2 —_—
O OTBS
Me
+BS Me O\TBS 8BS Not Observed CO,Me

J. Am. Chem. Soc. 2008, 130, 16424—-16434
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Frontier's Merrilactone A Weathering the Storms of Total Synthesis: Dead Ends and Detours 8/17/2024 Baran Group Meeting
M linear tri-quinane 'like' core  Vision
HOm % © 7 contiguous stereocenters R3S|‘ R33i|
P [H]; olefin 0 Nazarov O _ 0O o __ 0 $iRs
isomerization; Methylation; Cyclization d_= O 12addion; - . Br o}
= % W 2=
OW : T\/l (0] o B Hydro- Me 0O [Q] Me— -0
3 Me e Me Me alkylation
(+)-Merrilactone A ©

accessed in
6 steps

o?(

TIPS

TIPS
o 0
i (Il
Oz ) Me ( ) j
Me cat. | TIPS

OTBS

)l

TMs  Theory: Methyl group in the
silyl-enol ether precursor is
not innocuous...

Observed in

all cases (>70%) o )(l ? :_’
Me Me

0 OV;

Me Me

_ > O—F L&, e
O Nazarov
mild aq. workup, R
then, DMP [O]

Removing complexity from Nazarov pre-cursor - [concession]

——TMS

93% yield

i. radical ring
closure

via Dieckmann-like fi. carbonylation

condensation

iii. LA's
X =0Ph, Cl

R = Me (angular clash

exacerbated)

=H (more stable TS?)

f. TsOH, A
g. mCPBA

olefin isomerization;
epoxidation

a. radical ring
___ closure

H carbonylate
Me OTBS
82% yield from
Nazarov
d. NaH, Mel
y <«—e. [H]
o Ji>= 97% yield
Me Me [crisis averted]
o

full carbon skeleton
assembled

—
b. deprotect &

[furan building blocks]

cond.

c. NaHl Dieckmann

o}(l :
Me
(0]

90% yield

h. TsOH (+)-Merrilactone A
70% yield
0O
Not Observed
J. Am. Chem. Soc. 2007, 129, 498-499; J. Am. Chem. Soc. 2008, 130, 300-308

Detour &

completion __
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H Vision Vision
f Ph
HN /DP 0 epoxide sulfamidate
HN ! intramolecular ' HN opening opening
o~ \  SwAR then, BH 0" e° aldol ,(/)
v then, BH, J\ S TN et |
N CITN _ c—\ _ © P
N N (+)-Preussin
(+)-Phantasmidine
Dead-end
0 H2N (0] o ,?\u
I dry HCI N HY i
AN 4 steps SN R 0 i Aul ii. Cross-Met.
| Z5eps | );k > N K/\'II s _Au) | jii, Methylation
=z p TMS< _TMS 0 / Z (cat)
cl” N7 al cl” NT al (o] o) Cl HNTR\ © O .
) o N= 0 / dehydrative
[commercial] via: Cl Bn amination
) N AT derived from
N (Boc),0, KOH, D-phenyl lactate
Core issue: 0O ®\ ol TEA ‘BuOH
rate of cond. > rate of SNAr H ™S
complete
H
(Boc),0, | Boc—N
TEA

iv. [Hy]
97% yield
decomp.
|
—

Ph
Me
(0]
TEA
o’ 0
cond. © “/ \

spont.
Cl
Cl

. Ph
H 92% yield

/N\H ©
d f N Mé
— Cl — “ various Bronsted/LA Ca
N N Cl conditions 1N. FjCI ~70% yields [dead end]
Cl increased o-H acidity
(+)-Preussin
de novo synthesis of Fluoro-deriv. free N-H sulfamidate o
[Cl <<<F] AcO steps
_ for SyAr H H
H-N . KOA
/DPO KOH, | (320x faster) o) PheP. DIAD H Lﬁ;f> '
Y —BuOH— 3 @O (7 % —s ) LS./ () N b//AC
N [previous] N— Mitsunobu Me—t’), ~No then, 8 |
o} / p y 46% yield Me % vi HCI H
F caused SNAI’ Yy H/ 81% y/eld Ph H Me Ph
N decomp.] Detour &
completion
Org. Lett. 2011, 13, 3, 526-529 J. Org. Chem. 2023, 88, 9902-9909
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Vision P
O o} o” ¢ Ho_ [Me
Me PG Me Me X S Me
Cl = wMe o vinyl chloride ') wMe Pd-enolate vinylogous
Me installation, Mer . coupling N-Me Mannich; //llllll . \
AN N-pe indole [O]; Z N-me  macrocylization EWG N
S/ isothiocyanate EWG installation ?Vle
(-)-Welwitindolinone C synthesis SSiR,
isothiocyanate [simple building blocks]
Detour &
Dead-end 0 0 completion
| i Me
[simple building — j, TBS-OTf —> iii. Pd®, [clever concession] 0 «Me
blocks] ii. Base, Mander's N-Me KO'Bu, A Me
80% yield (2 steps) | a. NaBH(OMe); Nep b. NoHy, A
—» ~ e
coupling; 90% yield
decarboxylation? o
oTBS “ many -EWG's flanking ~H
C11-C12 make this bond - thermally stable, even after
highly prone to cleavage heating for prolonged periods
.Me via cope rearr. at >100°C
actual structure i Pd®,
[dead end] H - KO'Bu, A 0
o% Br 40% yield Me
Me/ 0O c¢. MMPP Cl = wMe NCS
) ) enolization & acylation proved d. DMP " Me D——
C-alkylation unfavored (sterics) to be very difficult... . (quant) - pyr.
Y N‘Me
“include -EWG pre-fragment coupling; [dead end]
then, enol triflation Observed OH
- 0 i
O Mechanism? 50-70% yields o)
T, Mo Me
OY_ wMe (low valent), Cl o
Me T Me __elaboration of aldehyde _,  ()-Welwitindolinone C
) Neme XA Not Observed N-pe motif to isothiocyanate isothiocyanate

[soln.]
[3,3] > rearom. > enol-metalation > R.E.

[crisis averted]

Tetrahedron. 2011, 67, 10097 - 10104; J. Am. Chem. Soc. 2012, 134, 1392 - 1395; J. Am. Chem. Soc. 2011, 133, 5798 - 5801
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(0] X X [simple building X
X OH blocks] X
Mer,,
Mern,, Menn, IMDA H esterification !
H +
", g ‘v, Me
7f o ~Me (transannularl "/ R= +Me >
Ir non-transannular) K H OH
0 0 di — HO
(-)-Scabrolide A iene-yne-one
1 jon: 2nd generation:
st generation /ﬁ R simple buding o . Me nd g j
QO blocks] \
towards transannular R' = o) H R = Me—h/gﬂ
IMDA I Me, ©
Mellu. k 2 Me . " li | R=TBS
- . -~ __ I. ester coupling Me =
i, ReM —— <«— i. ester coupling II/ ii. xylenes, A — @
towards RCM IMDA
" "numerous RCM 82% yield
catalysts iii. TBAF
tested” Si(Me),Ph (-)-Scabrolide A TBS\O [dead end]
radical cleavage & Meri, Me
« I Hydro- _ iodination; elimination
Silylation — |
O Me R=H

Meri,

iii. directed [O]
iv. TiM

Men, Mer O
T,
Si(Me),Ph i, Til . .

L, iv. Tamao- —> v. Grieco elim. Me <«

iy - vi. NIS, Cul \

* handle for [O] Fleming [O] O-H H\\\
[dead end] ring expansion 0 o [O] leads to spont.
Me' [dead end] decomp. via Aldol...

Chem. Sci., 2023, 14, 4745



