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Figure 1. Structures of (+)-alstonlarsine A (1) and other representative
monoterpenoid indole alkaloids (MIAs) containing the cyclohepta[plindole motif.



A) Interrupted Pictet-SPengler Reaction (IPSR)
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B) Retrosynthetic Analysis of Alstonlarsine A
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Figure 2. Interrupted Pictet-Spengler reaction (IPSR) and retrosynthetic analysis of (+)-alstonlarsine A.
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PICTET-SPENGLER TETRAHYDROISOQUINOLINE SYNTHESIS
(References are on page 652)

Pictet-Spengler reaction: R2
R2 o B RS
A _p_R3 0 protic or Lewis acid R'-
N + JIg : — Y NH
R R4 RS protic or aprotic
Z NH, solvent R* R°
heat Substituted

Substituted carbonyl L R* . . o

B-arylethylamine compound Schiff base tetrahydroisoquinoline

R = H, alkyl , aryl, O-alkyl, usually an electron-donating group (EDG); R23 = H, alkyl ,aryl; R49 = H, alkyl ,aryl; protic acid:

HCI, H,SOy4, TFA, silica gel; Lewis acid: BF 5-OEt,

Mechanism: 2.9
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Scheme 1. Preparation of Compounds 16 and 17

HO TBSO TBSO
a.TBSCI (1.2 eq), imidazole (1.5 eq
( ) ( ) b. t-BuOCI (1.1 eq), Et3N (1.1 eq), THF, -78 °C CO,Me
| CH,CI,, 0 to 23 °C, overnight then ZnCl, (0.2 eq), LiCH(CO,Me), (1.2 eq) N
Z N uant N -78 °C to 23 °C, overnight CO;Me
H d H H
[decagram scale] 99% 16
18 19 [decagram scale]
0] OH OCO,Me
c. CeCl;3*7H,0 (1.1 eq), NaBH, (1.2 eq) d. CICO,Me (2 eq), TMEDA (1.5 eq)
' y
MeOH. 0 °C. 10 min / CH,CI,, 0 to 23 °C, overnight
20 ’ ’ 21 68% over two steps 17

[decagram scale]



Table 1. Study of the Asymmetric Allylic Alkylation”

OTBS

TBS (17*-CaHsPdCl),
QCO:Me chiral ligand Oe
COsMe \D BSA, KOAc R 4 y 0 4 0 PPh, PPh,
o NH HN
H 0,Me solve;é, :D C H CDEMD;J-_,ME PPh, Pphz
16 17 15 PPh, Ph,P OO
ligand I ield (%)” %
entry Che solvent yield (%) ee (%) (S,S)-Trost ligand (R)-BINAP (S)-SDP
1 L1 CH,CL, 0 N/A (L1) (L2) L3)
2 L2 CH,Cl, 63 3
3 L3 CH,CL, 88 21
4 L4 CH,CL, 0 N/A ©
1\} O PPh,
5 LS CH,Cl, 73 7 PPhy N~/ e
6 L6 CH,Cl, 86 93 t-Bu o PPh;
7 L7 CH,CI, 55 77 e o DIOP
8 Ls CH,Cl, o8 81 (S)-+BUPHOX 1S
9 L6 PhMe 44 85 (L4)
10 Lo6 THF 68 92
11 L6 DCE 82 N/A @YO TMS
12¢ L6 CH,Cl, 86 93 Bu I DO \[ :
134 L6 CH,Cl, 95 93 o—F" % Bu “Sp-g
“All reactions were performed with 16 (0.2 mmol), 17 (3 equiv), (- tBu "By OO
C,HPdCl), (2.5 mol %), chiral ligand (7.5 mol %), BSA (3 equiv), TMS
and KOAc (5 mol %) in solvent (2 mL) at 40 °C for 36 h. "Isolated " R =Ph (LEBJ
=14 = i-
yield. “Reaction was run at 23 °C. 9Reaction was performed at 162 g (L8) R=FBu (L)

scale of 16. BSA = N,O-bis(trimethylsilyl)acetamide; DCE =
dichloroethane; N/A = not applicable.



Table 2. Scope of the Nucleophiles™”

(7°-C3H3PdCl),

0CO,Me L6
NuH X \b BSA, KOAC \Q

CH,Cl, , 23°C Nu H
36 h
16a-l 17 15a-l
Meozc: ;H BnOzc: ;H Q C%M ’f 'g
COzMe CO,Bn MeO,C 2 Mo COMe-2\1® Meo,c  CO2Me
15a (15) 15b 15¢ 15d 15e 15f
86%, 93% ee (S) 91%, 84% ee 99%, 87% ee 71%, 99% ee 97%, 91% ee 64%, 93% ee

~ Unsuccessful examples

MeO,C \Q
co Me CO Me co Me Me H H
2 2 Me ozc 2

M3020 Me 020
MeO,C COZME
15g 15h 15j 15j 15k 151
99%, 93% ee 89%, 92% ee 99%, 88% ee 99%, 81% ee | <3% <3%

“All reactions were performed with 16 (0.2 mmol), 17 (3 equiv), (’-
C;HPdCl), (2.5 mol %), L6 (7.5 mol %) BSA (3 equiv), and KOAc
(5§ mol %) in CH,Cl, (2 mL) at 23 °C. “Isolated yield. BSA = N,O-
bis(trimethylsilyl)acetamide.



Table 1. Asymmetric allylic substitution reaction using 9-PBN and palladium ~

OCO;Me Pd(dba)s (2 mol%) CH(CO;Me); a:n=2,R=Me OL
R (R)-(-)-9-PBN (4 mol%) : b:n=2,R=Ph 5
. R ¢:n=2 R=CZC—TMS
( CH2(CO2Me), (3eq) d:n =2, R=2-furyl $

n BSA (3 eq), LIOAc (1 eq) n en=1,R=Me

1 solvent 2 fn=1R=Ph \_(R)-(-)-9-PBN
Run n R Time Solvent Yield % ee
1 2 Me 12 h CICH,CH-(CI 95% 51
2 2 Ph 2 h CICH,CH,(Cl 97% 95b
3 2 Ph 2 h THF 96% 91
4 2 Ph 2 h PhCF, 96% 90
5 2 C=C-TMS 3h CICH,CH-(CI 97% 90
6 2 2-furyl 4h CICH,CH,Cl 96%% 54¢
8 1 Ph 4 h CICH,CH,(CI 96% g3bd

* Determined by NMR analysis using Eu(hfc)s.
® Determined by HPLC analysis using Daicel Chiralcel OD-H after conversion to the anilide of the corresponding monocarboxylic acid.

¢ Determined by HPLC analysis using Daicel Chiralcel OD-H.
4 The absolute configuration was not determined.

Tetrahedron Letters, 2001, 42, 1297.
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c b. LiCl (2 eq), DMF, 8 h
(A

H then Boc,0 (1.5 eq), Et;N (2 eq), DMAP (0.1 eq)
N CO,Me CH;CN, 0 to 23 °C, overnight
H CO,Me 86%
15 dr=1:1 at C16
[gram scale]
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a.
see Table 1 CO,Me OCO,Me
N COzme
H
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g. Me;OBF, (2 eq), DCM, 23 °C, 2 h
then NaBH, (3 eq). MeOH, 0 °C, 10 min
76%

‘ c. TBAF (2 eq)
O \ THF, 23°C,4 h
N” 162 H 90%

Boc CO,Me [gram scale] Boc CO,Me

25a:25b = 1.5:1
[gram scale]

h. DBU (2 eq), PhMe, 85 °C, 10 h
79% (92% brsm)

OTBS

22 23

d. DMP (3 eq), DCM, 0 °C, 4 h, 88%
e. H,NOH<HCI (1.5 eq), NaOAc (2 eq)
EtOH, 23 °C, 0.5 h

f. NaOCI (2.5 eq), CHCI;, 0 to 23 °C, 24 h
45% in two steps

[gram scale] '
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Table S1. Optimization of the INOC [3+2]°
N«OH

¥
oxidant
Nx 9

solvent
Boc Cd_lea

14

entry oxidant additive temperature solvent yield®
1 PIDA — 0t023°C CHXCL trace
2 PhIO . Dto23°C CHaCN trace
3 MnO- — 0to23°C CHCl: ND
4 Chloramine-T — reflux CH:0H ND
5 Chloramine-T — 0to23°C CH,CNH-O trace
5] t-BuQCl EtsM 0to23°C CHClz trace
7 oxone NaCl, Na;CO, 23°C CHACNIH,O ND
8 NaClO — 0to23°C CHCh <46%
9 NaClO L 0to235C CHCI, 46-53%
10 NaClO EtaN Oto23°C CHCl trace
11 NaClO EtaN Oto23°%C CHCl trace

3all reactions were performed with 0.1 mmol of 14, 0.2 mmol of oxidantin 5 mL of solvent; "Isolated

yield; ND = not detected.
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ORTEP of 1

i. Raney Ni, H,, MeOH, 23 °C k. K;0s0,4°2H,0 (5 mol%), NMO (2 eq), citric acid (2 eq)
- { ‘ acetone/H,0 = 2:1, 23 °C, 16 h
°C,1h N

J- Martin's sulfurane (3 eq), DCM, 23 H then NalO, (3 eq), THF/H,0 = 2:1,23°C, 8 h
then o-NsCl (5 eq), Et3N (10 eq), DMAP (0.1 eq) Boc 75%
DCM, 0 to 23 °C, 8 h Meo” ~O
60% over two steps - N 12
?C(CF3)2Ph 26
PhyS_
OC(CF;),Ph
Martin's sulfurane
H \_ J
I. PhSH (2 eq), Cs,CO; (3 eq)
m. MeMgBr (30 eq), THF, 0°C, 2 h CH3CN, 23t0 50 °C, 2 h
- -
T n. DMP (3 eq), DCM,0°C,2 h then Me,S, TFA, DCM, 50 °C,10 h
42% in two steps 77%
(+)-alstonlarsine A (1)
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