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Introduction

Examples of Kalihinols(-FF|¢E%)

R =Cl Kalihinol B
Kalihinol A R =NC Kalihinol F Kalihinol C Kalihinol D

R = SNC Kalihinol G
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LA-catalyzed Isocyanation

e A
OH R’ R2 3
/k 1. (CF3CO0),0, Pyridine \{‘\\\\R
(v, > *
R" V’RS 2. Sc(OTf);, TMSCN
R? NC
\Tertiary alcohols up to 86% yield )

+ Stereoselective reaction with inversion of .configuration; .

¢ Works best on-minimally branched linear tertiary alcohols
and comformational inflexible alicyclic alcohols;

+

¢ Chemoselective for tertiary-trifluoroacetyl esters in preference
to secondary or primary ones, stable in solvolysis conditions.

Pronin, S. V.; Reiher, C. A.; Shenvi, R. A. Nature, 2013, 501,195.




Optimization for Isocyanation

Lewis acid

>
15 equiv, TMSCN

Entry mol% Lewis acid R Yield (%) d.r.
1 10 ZnBr, TFA 0 n/a
2 5 Mg(OTf), TFA 0 n/a
3 5 Bi(OTf), TFA 14 49:51
4 5 Y(OTf), TFA 70 84:16
5 3 Sc(OTf), TFA 86 88:12
6 3 Sc(OTf), H 0 n/a
7 3 Sc(OTf), Ac 75 76:24
8 3 Sc(OTf), CHO 61 66:34
9 3 Sc(OTf), C(O)C,Fs 69 85:15

10 3 Sc(OTf), C(0O)C,F, 79 87:13

Pronin, S. V.; Reiher, C. A.; Shenvi, R. A. Nature, 2013, 501,195.



Possible Reaction Pathways
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Strategy To Acess the THF Kalihinanes

OH
(@]
regioselective
chlorinolysis; )H
oxidation |
------------------- » PR REIEETEITTRPES =
oxa-Michael-
Robinson
annulation
O
1

Cl
Kalihinol B precursor to THF Kalihinanes

8 Daub, M. E.; Vanderwal, C. D. J. Am. Chem. Soc. 2015, 137, 4912.



Enantioselective Synthesis of Kalihinol

|/\OR

MnOQ, CHQC|2

from §:
Shi epoxidation OH
(50%, 89:11 er) |

Y

(58%, 6:1 dr)

from 6:
1. AD-mix-f3
2. MsCl, Py, then
K,CO3, MeOH O
(52%, 97:3 er)

Li,CuCly, TBSCI

v

(71%+16%
regioisomer)

\
WOH

Y

MVK, 9d

Cl
x> Li 12

1. (2-thienyl)Cu(CN)Li, 12

v

2.KOt-Bu, t-BuOH

(60%)
1.3:1 cis:trans

hexanes
(76%)




Enantioselective Synthesis of Kalihinol B

MeMgBr

(41% of 13)
(44% of 14)

acetone
oxone, NaHCO3

’

1.TFAA
2.TMSCN, Sc(OTf)3

v

3.TBAF

(86%) (18%, 3 steps)

LA-catalyzed
Isocyanation

Kalihinol B

12 steps, 0.13% overall yield, poor stereocontrol
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Retrosynthetic Convergence

16: possible biosynthetic 17: homohomo
intermediate: protokalihinol (prenyl)bisabolyl cation

1

Kalihinol C

OTBS O
O O Me
D-A 1l
:> oTBS + (EtO):P. Z H
| >
NMe2
19 20

synthon 18

Reiher, C. A.; Shenvi, R. A. J. Am. Chem. Soc. 2017, 139, 3647.
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Routes to Building Blocks 19 and 20

O O DMF-DMA
_—
MeJ\o/U\Ot-Bu neat, 22 °C Me

21 22
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o) Me 1. (Et0),P __Me
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23 (93%, 2 steps)
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Synthesis of 16

OTBS O Me  _Me
OTBS .
| 1. CH,Cly: then 1. LiCl, Py, HCI
10 “NMe, HF(aq.). MeCN %to110°C
2. PhMe, 110°C HO 2. MeMgClI o
70 Me (7%, 5:1dp 3. KOH(aq), 150°C
(EtO),P H
2 7 A _ (56%, 3 steps)
(Et0R(0)P
20 24 25 [3.76 grams]

1. PhsPCH2Br
KOt-Bu (95%)

2. DMSO, KOt-Bu
140 °C (55%)

kinetically-controlled
alkene isomerization Me

5:1 A34:A%5

16: protokalihinol
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Alkoxide-Directed Alkene Isomerization

Me

4. iv. KOtB
0 equiv. KO i Me

DMSO
140 °C, 3h

Entry Conditions Conversion (%) 16:28 %16
1 1.2 equiv. KH, DMSO 78 7:1 54
2 4.0 equiv. KOt-Bu, DMSO 82 5:1 55
3 16.0 equiv. KOt-Bu, DMSO 86 1:1 28
4 1.2 equiv. n-BuLi, DMSO
5 1.2 equiv. KH, DMPU
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Synthesis of Kalihinol C

1. TFAA, Py (84%)
2. 0-DCB, 150 °C
TFAA, Py. (68%)

3. TMSCN, Sc(OTf);
(65%, 6:1 dr)

V(O)(OEt);, TBHP
Nal, EtCO,Na

Zn, EtCO,H
48%, 93:7 dr

(35%, 3 steps)

DMDO, HFIP 1. NH3, MeOH
—_— v
2. TFOCF,H
0,
(70%) KOt-Bu, THF

(61%, 2 steps)

31 Kalihinol C
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Tandem Isonitrile Formation

1. TFAA, Py (84%) DMDO, HFIP
’ _—
2. 0-DCB, 150 °C (70%)
TFAA, Py. (68%)
( N\

Sc(OTf)3, TMSCN

22°C
(5-6%)
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Summary

Ccl| Me

» 12 Steps,0.13% overall yield
» LA-catalyzed isocyanation
» Oxa-Michael-Robinson annulation

» 17 Steps,1.3% overall yield
» Directed alkene isomerization
» New strategy for isocyanation

Kalihinol C
Reiher, C. A.; Shenvi, R. A. J. Am. Chem. Soc. 2017, 139, 3647.
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The first paragraph

The kalihinols possess the highest skeletal and functional group complexity of
the biologically enigmatic isocyanoterpene (ICT) class. As part of a program to
investigate the biological activity of ICTs, we have begun to develop effective
chemical syntheses and associated methods to produce and modify three main
structural classes: amphilectenes, adocianes, and kalihinols. Prior syntheses of the
kalihinol class have fought to control stereochemistry in the functionally dense
scaffolds, and each contains at least one uncontrolled (ca. 1:1 d.r.) stereogenic step.
Here we report a short and fully stereocontrolled synthesis of kalihinol C enabled
by a new heterodendralene building block, a directed alkene isomerization, and a

new method for isonitrile synthesis.
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The last paragraph

In summary, we have demonstrated a concise route to access the kalihinol
ICTs via a putative biosynthetic intermediate, protokalihinol, that we anticipate
can be divergently advanced to the natural series of metabolites. The synthesis
compares favorably to the current best approach to the kalihinols by Vanderwal:
it is longer in total step count (17 vs 12), but higher in yield by one order of
magnitude (1.3% vs 0.13%). The higher efficiency derives from solutions to
stereochemical and chemoselectivity problems raised by prior work, but left
unsolved. Some of these solutions include (1) a method to synthesize the
kalihinol stereotetrad using an iterative cycloaddition of the new building block,

“heterodendralene”;
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The last paragraph

(2) an alkoxide-directed isomerization method to access the thermodynamically
disfavored A34 unsaturated trans-bifloran skeleton found throughout the diterpene
class, and (3) a short, high-yielding, regio- and stereoselective strategy for
installing the A-ring isocyanohydrin motif, including difluorocarbene-mediated
isonitrile synthesis. This short and divergent route from protokalihinol allowed us
to generate several analogs related to the metabolite series. We are currently
using these compounds to interrogate the antiplasmodial activity and

mechanism(s) of the kalihinol class.
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Krapcho Decarboxylation

work up

23



Synthesis of kalihinol C
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Synthesis of 24

OTBS O

OTBS

| 1. CHzclz; then
NM62 HF(aq), Mng

19
. 2. PhMe, 110°C
ﬁ Q Me (70%, 5:1 dr)
(EtO)ZPMH
2
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