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Isolation

OMe

Phalarine Phalaris Coerulescens
(Blue Canary Grass)

® [In an agronomy-centered investigation directed at the suitability of Phalaris
coerulescens for introduction into Australia, Colegate and co-workers
isolated a furanobisindole alkaloid.

w Structure confirmed by MS and NMR (not supported by system degradation).

= No promising biological activity has been asserted.

Colegate, S. M. et al. Phytochemistry 1999, 51, 153 — 157.
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Biosynthesis

OMe

= [nitial electrophilic attack at C,

®w Oxidized form gives structure
isomer due to an imine to bis-
enamine transformation followed
by an S,2 attack.

OMe

Chan, C.; Li, C.; Zhang, F.; Danishefsky, S. J.; Tetrahedron Lett. 2006, 47, 4839 — 4841.
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Ring Expansion Strategy

= Be constructed on-site by ring
expansion of an azaspiroindolenine
structure

® The rearrangement step would
create a positive charge at the C,,
thereby setting the stage for the

critical O-C bond formation
= Migratory aptitude of the urethane- .
bound methylene carbon atom sl ~N-CO:Me /P O
could be rather low. O @ @ B O o
@ H-bonding between the phenolic H*+"HO N
function and the nitrogen atom 18 19 (P = CO,Me)

could restrict the free rotation.

Li, C.; Chan, C.; Heimann, A. C.; Danishefsky, S. J. Angew. Chem. Int. Ed. 2007, 46, 1444 — 1447
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Ring Expansion Strategy

O N
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Ts RO 8
23 R=MOM
24 R=H
24
~ COINPCUAS
N N '
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= Conditions
e) TFA, CH,Cl,, 0 °C to RT, 95%;
f) CSA, PhCH,, 150 °C, 52%; 27
g) Mel, benzene, 60% conv.

Li, C.; Chan, C.; Heimann, A. C.; Danishefsky, S. J. Angew. Chem. Int. Ed. 2007, 46, 1444 — 1447 .
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Danishefsky’s Racemic Total Synthesis

Me
N’
OMOTI TFA, CH.Cl, CSA, toluene
+ —_— —_—
o 0°C, 98% 130 °C, 72%
N
Ts MeO
8 9
Wagner- N,Me
Meerwein O
—_—  — Q OMe
@ —
N
Ts
- | 14 rac-phalarine (1) NMe,

= Rearrangement of azaspiroindolenine to the precursor to phalarine.
® Gassman oxindole synthesis while Fischer indolization fails.

Li, C.; Chan, C.; Heimann, A. C.; Danishefsky, S. J. Angew. Chem. Int. Ed. 2007, 46, 1448 — 1450.
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Racemic Product

I
.Me ,Me
COLH /N 15 TFA N
| , OMOM CH.Cl CSA )O
NH2 —_— —_— —_— —_—
N O muLi THF 85% O O
N -78 °C, 83% %ls
L-tryptophan (S-8 Ts rac-18
retro- Pictet O—C bond
Mannich Spengler formation
- . — > rac-18

= The formation of racemic 18 did not arise from racemization of the substantially
enantiopure product.
® Retro-Mannich cleavage sequence accounts for the racemization.

Li, C.; Chan, C.; Heimann, A. C.; Danishefsky, S. J. Angew. Chem. Int. Ed. 2007, 46, 1448 — 1450.
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Traceless Transfer of Chirality

MOMO
NH; - CI NH, NHBoc B(pin) NHBoc
: 1. Pd(OAc : 1. Boc,O, NaHCO . ‘
COMe ) (OAc), COMe " i oc -2 COMe o6 CO,Me
A\ 3. 1,1°o-Phen. N 2. TsCl, NaOH N Pd(PPhg)y, LiCl, Na,CO4 O N O OMe
70% (3 steps) n-Buy,NHSO N o N
u ﬁ ohc, 8% N DME:H,0 (10:1), 120 °C N
33 34 22 Ber 3 ° 1h, 53% 37 OMOM
— CO,Me —
. N,Bn
= MeO,C
i 2
HCI formalin, CSA CoMe avelize O +4 OMe 19, (5) ‘\\OB OMe
dioxane 4A MS, PhCH,4 N+Bn (@) | N
—_— A 40a Ts HO — T \Now
quant. 125 °C, 91% N _ CO,Me N2 41
N r C, cyclize + Ts single
. PhCHO Ts (b) >\ NBn diastereoisomer
4AMS, MeoH [ 38 R=H N7 oH
2. NaCNBH3 L »39: R=Bn 40b
67% (2 steps)
- OMe —

= The chirality inherent in L-tryptophan was transferred to Phalarine in a traceless fashion

Trzupek, J. D.; Lee, D.; Crowley, B. M.; Marathias, V. M.; Danishefsky, S. J. J. Am. Chem. Soc. 2010, 132, 8506
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Completion of Enantiopure Synthesis

O OMe
~\ Me
OMe OMe PIDA, I, N \©/
LiOH NaCNBH; \©/ H,, Pd(OH), [
Dioxane/H,0O CH20I2, HCHO, MeOH "f"s
a1 quant. 64% 87% 14
junction compound

OMe

1. BHa, THF, 0°C
NH 2. Raney Ni, EtOH

NHTroc CH,Cl,, =78 °C —» RT

N o OMe o OMe  MeSCH,CO,Et
N. SM Zn dust N M SOCl,, CH.Cl,, =78 °C;
Troc \ N — Nt
_— t;lTroc AcOH NH, proton sponge
N N

+ ( "
Ve 41 @
©\S\>‘> 1.AcOH || CI- N
- 2. Na(Hg), Na,HPO, 1: (-)-phalarine
N MeOH, 0 °C — RT Cre NMe,

Ts 47 op = —84° (synthetic)
op = —92° (natural)

= The absolute configuration was confirmed by X-ray analysis of compound 14.

Trzupek, J. D.; Lee, D.; Crowley, B. M.; Marathias, V. M.; Danishefsky, S. J. J. Am. Chem. Soc. 2010, 132, 8506
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Oxidative Coupling Strategy

OMe

Pd(OAc), (0.1 equiv)

OH NaOAc/NMe,Cl (1.1 equiv)
PhI(OAc), (1.6 equiv)
N O 2 -
O DMF, 16 h, r.t. (87%) NTS

NHTs

Oxidative

CouEIin?:

Muniz K. J. Am. Chem. Soc. 2007, 149, 1454.
Ding, H.; Chen, D. Angew. Chem. Int. Ed. 2011, 50, 676 — 679.
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Formal Synthesis

° ° Qg
|
l,, pyr. PACI,(PhCN),, 63%
(o] . (o]
o SnMe > O2N D o
64% 3

NO,

Me

OBOM

K-selectride

86%

H,, Pd/C
TsCl, Pyr.

90% o’b Q

OBOM
B(OH),

(o]
O OTf
NaH, PhNTf, Pd(PPh,),, 83%
> >
O,N ‘ o OMe I (0] :
(o)
NO,

MeO
OMe

1. Hy, Pd(OH), O OH PIFA @

94% two steps

Pb(OAc),
then MeNH,
NaBH(OAc);

L

OH
0
> _—
2. AcOH OH 68% \ mOH
55% for 2 steps Q C dr=9:1 N
OH Ts

NHTs

Ding, H.; Chen, D. Angew. Chem. Int. Ed. 2011, 50, 676 — 679.
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- Entry Sub. Conditions P'roduct syn/.r'Jl
Catalyst Screening

1 15  Pd(OAc), (0.2 equiv), PIDA (1.5 equiv), 12 1.4:1
CH,Cl,, 25°C, 15 min
MeO 2 15  Pd(OAc), (0.2 equiv), CuBr, (2.0 equiv), 10 1:1
OH OMe OMe K,CO, (1.1 equiv), CH,Cl,, 25°C, 48 h

15  Pd(OAc), (0.2 equiv), O, (1 atm), NaOAc N.D. -
(1.1 equiv), DMF, 25°C, 24 h

O Conditions

> + 4 15 PIDA (1.5 equiv), CH,Cl,, 25°C, 15 min 30 1.4:1
OR ﬁ"’”OR 5 15  PIFA (1.5 equiv), CH,Cl,, 25°C, 15 min 40 1.4:1
Q C 6 15  PIFA (1.5 equiv), CH,CN, 25°C, 10 min 45 1.4:1
7 15  PIFA (1.5 equiv), CH,CN/H,0O (20:1), 42 1.4:1
NHTs 25°C, 10 min
i 8 15  PIFA (1.5 equiv), CF;CH,0H, 25°C, N.D. -
syn anti 15 min
9 15  PIFA (1.5 equiv), THF, 25°C, 15 min 21 1:1
10 15 PIFA (1.5 equiv), toluene, 25°C, 15 min 40 1:2
11 15  PIFA (1.5 equiv), toluene, —5—0°C, 51 1:1.3
>( 35 min
(o) (0] o 0 TBSO OTBS HO OH 12 15  PIFA (1.5 equiv), CH;CN, —5—0°C, 54 2:1
30 min
,,M,AE:::ENM, .,M,{‘E:::E&M, ,\M,,Z:::S;MM «MJ‘E:::S;MM 13 15 DDQ (10 equiv), THF, 25—70°C, 48 h 21 anti
15 15a 15b 2 only
14 15a PIFA (1.5 equiv), CH;CN, —5—0°C, 42 1.1:1
30 min
15 15b  PIFA (1. equiv), CH,CN, —5—0°C, 60 1.4:1
30 min
16 2 PIFA (1.1 equiv), CH;CN, —5—0°C, 46 3:
= Works without palladium ) s
. Best with free diol substrato 17 2 ;’(|)FA (].2 equiv), CHZCIZ, —S—POOC, 68 9:1
min

[a] Yields refer to chromatographically and spectroscopically homoge-
neous materials. [b] Determined by "H NMR spectroscopic analysis of
the crude reaction mixture. The ratios are approximate. DDQ =2 4-
dichloro-5,6-dicyanobezoquinone, N.D. =not detected.

Ding, H.; Chen, D. Angew. Chem. Int. Ed. 2011, 50, 676 — 679.
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Mechanism

u Chelated Model

Ding, H.; Chen, D. Angew. Chem. Int. Ed. 2011, 50, 676 — 679.

“OR

NTs
MeO

16', 16a', 16b' (ant))
(16":16%)

OMe
25', 25a', 25b'
(25':20%)

J
MeO

16, 16a, 16b (syn)
(16:34%)
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Summary

= A journey start from oxidative coupling

M
MeO, OMe
OMe O
N-CO,Me ome _PIFA A
\ + CH4LCN oN-CO,Me
N ()
2 OH 3 N 4

= Rearrangement of azaspiroindolenine ® Realization of oxidative coupling

Pd(OAc), (0.1 equiv)
OH NaOAc/NMe,Cl (1.1 equiv) o
O Phl(OAc), (1.6 equiv) O
X »
O DMF, 16 h, r.t. (87%) O NTS
NHTs

MeO
OH
OH PIFA :
_ \
OH 68%
Q c dr=9:1
OH

NHTs
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