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Introduction

HO,C _Me
N
H
X
A\ - A precursor for a wide range of ergoline alkaloids
N\H that are produced by the ergot fungi
Lysergic Acid Industrial scale via hydrolysis of naturally occurring
peptidic ergot alkaloids
First total synthesis reported by Woodward in 1956
ELNOC /':'e - The chiral tetracyclic molecule remains as a popular
N target
A\

N
\

H

Lysergic Acid Diethylamide
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Biosynthesis of Lysergic Acid

Me Me
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NH Me~Me DmaWw/
- prenyltransferase NH,
N >
N
N
OPP
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4-L-dimethylallyltryptophan

Liu. H, Jia. Y, Nat. Prod. Rep., 2017, 34, 16, 411-432; Wallwey. C, Li. S, Nat. Prod. Rep., 2011, 28, 496-510;
Gerhards. N, Neubauer. L, Tudzynski. P, Li. S, Toxins, 2014, 6, 12, 3281-3295



Biosynthesis of Lysergic Acid

Me Me Me Me
CO.H | CO,H | CO,H
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\ - N\ = N\
" SAM
N OPP N N
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H
L-tryptophan DMAPP 4-_-dimethylallyltryptophan 4-dimethylallyl-L-abrine
easE/oxidoreductase
easC/catalase
e
[O]

chanoclavine-I

Liu. H, Jia. Y, Nat. Prod. Rep., 2017, 34, 16, 411-432; Wallwey. C, Li. S, Nat. Prod. Rep., 2011, 28, 496-510;
Gerhards. N, Neubauer. L, Tudzynski. P, Li. S, Toxins, 2014, 6, 12, 3281-3295



Biosynthesis of Lysergic Acid

Me Me Me Me
COH | COLH | CO-H
NH, Mo DmaW/ easF/
prenyltranSferase NHQ N_methyltransferase NHMe
A\ * > N\ > N\
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N OPP N N
H
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Biosynthesis of Lysergic Acid

Me Me
CO,H | CO,H
NH, Mo DmaW/ easF/
+ prenyltransferase NHz  N-methyltransferase
N\ > N\ >
y SAM
OPP
H N
L-tryptophan DMAPP 4-_-dimethylallyltryptophan
easE/oxidoreductase easA NI/
easC/catalase NADPH isomerase
. —_— —_——
[O] easG
reductase
chanoclavine-| chanoclavine-| aldehyde

Me Me
| CO,H

NHMe

Iz

4-dimethylallyl-L-abrine

agroclavine
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Biosynthesis of Lysergic Acid

P450 mono-
oxygenase

agroclavine elymoclavine
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Biosynthesis of Lysergic Acid

HOZC N/Me
H
A
P450 mono-
oxygenase >
N
N
\
H
agroclavine elymoclavine Lysergic Acid
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HO,C

Synthetic Plan

HO—.
_Me g
H
X . .
ring-expansion
sequence
N >
7
N
\
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Lysergic Acid
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Synthetic Plan

HO—.
HO,C _Me . N/'V'e
H H
A . . N\
ring-expansion
sequence
\ S \
N, A\
H Ts
Lysergic Acid
functional group
manipulation
\v/
H o
H Me
Me P tethered N—(/
SO,Ph VARG H
N [C+NC+CC] Me S —N
Me S NH, + || cycloaddition O, H
02 CHO ¢ PhO,57 N
2
A\ N
N
\ "
Ts Ts
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OTBS

Br

A\
N
\
Ts

5 steps from 4-bromoindole

Synthesis of Lysergic Acid

Forward Synthesis-Indole Component

TMS
OTBS
3.3 equiv TMS acetylene | |
cat. Pd(PPhg), PPhs Cul
> A\
NEts;, 95 °C, 24h N
\
98% yield Ts
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N
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5 steps from 4-bromoindole

Synthesis of Lysergic Acid

Forward Synthesis-Indole Component

T™S
OTBS OTBS

3.3 equiv TMS acetylene | | | |

cat. Pd(PPhg), PPhg Cul cat. K,CO3;, MeOH

NEts, 95 °C, 24h N r.t., 18h
N
\
98% yield Ts 97% yield Y
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Synthesis of Lysergic Acid

Forward Synthesis-Indole Component

OTBS TMS

OTBS

B
r 3.3 equiv TMS acetylene | |

N\ cat. Pd(PPhg), PPhg Cul
> A\
N\ NEts, 95 °C, 24h N
Ts \
98% yield Ts

5 steps from 4-bromoindole

SO,Ph
OoTBS

2 equiv PhSO,Na, 0.5 equiv I Il

3 equiv TBHP

'
THF, r.t., 18h D
\
70% yield To

| | OTBS
cat. K,CO3, MeOH
> A\
r.t., 18h
N
97% yield Y
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Synthesis of Lysergic Acid

Forward Synthesis-Indole Component

OTBS ™S
OTBS OTBS

Br Il I

3.3 equiv TMS acetylene

\ cat. Pd(PPhg), PPhg Cul cat. K,CO3;, MeOH
N NEt,, 95 °C, 24h y r.t., 18h
N
Ts \
98% yield Ts 97% yield Y
5 steps from 4-bromoindole
SOzPh SO,Ph
OTBS OH
2 equiv PhSO,Na, 0.5 equiv I, Il I
3 equiv TBHP HF pyridine
- '
THF, r.t., 18h A\ THF, 0 °C to r.t., 3h AN
N N
70% yield Ts 90% yield s
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Synthesis of Lysergic Acid

Forward Synthesis-Indole Component

OTBS ™S
OTBS OTBS
B
r 3.3 equiv TMS acetylene | | | |
\ cat. Pd(PPhg), PPh; Cul cat. K,CO3, MeOH
N NEtg, 95 °C, 24h y rt., 18h
N
Ts \
98% yield Ts 97% yield Y
5 steps from 4-bromoindole
SOzPh SO,Ph
OTBS OH
2 equiv PhSO,Na, 0.5 equiv I, Il I
3 equiv TBHP HF pyridine
' o '
THF, rt., 18h N THF, 0 °C to r.t., 3h N\
N N
70% yield Ts 90% yield s
SO,Ph
0
(.
3 equiv IBX, MeCN
80 °C, 1.5h A\
quant. yield N\
Ts
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Me Me

HN

\/S\\
g o

(25)-bornane-2,10-sultam

Synthesis of Lysergic Acid

Forward Synthesis-NC Component

Me Me
1. 1.1 equiv n-BulLi o
THF, -78 °C, 1h _>_
> N\
2. 1.1 equiv BrCH,COBr Br //S\\
-78 °C, 1.5h o O
82% yield
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Synthesis of Lysergic Acid

Forward Synthesis-NC Component

Me Me Me Me Me Me
1. 1.1 eagly noBul 9 1.1 equiv NaNg Q
\S\ 2. 1.1 equiv BrCH,COBr Br PN DMF, r.t., 8 Ns //S\\o
d o 78 °C, 1.5h ¢ o 0
(25)-bornane-2,10-sultam 88% yield
82% yield
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Synthesis of Lysergic Acid

Forward Synthesis-NC Component

Me Me Me Me Me Me
1. 1.1 eagly noBul 9 1.1 equiv NaNg Q
\S\ 2. 1.1 equiv BrCH,COBr Br PN DMF, r.t., 8 Ns //S\\o
d Yo -78 °C, 1.5h o O o)
(25)-bornane-2,10-sultam 88% yield
82% yield
Me Me
H,, 10 wt% Pd/C 0 ﬁé
N
" H N—>_ N
MeOH-HCI, r.t., 36h 2 /S\
7N
o ©O
91% yield
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Synthesis of Lysergic Acid

Forward Synthesis-Assembly Key Step

SO,Ph B
H o.
|| Me N—// ~~\A
CHO / ‘. / 9
cat AgOAc Me ~5 Hems—N @
' 02 ,' @
N\ THF, r.t. ¢ .
N .
\ 63% yield
Ts

H o
Me N—{/ y
/ . Y
Me S N
O, H
PhO,S N
N
N
\
Ts
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Me
N +
/
Me S NH,

HO_, H
/
N
H
N\ 1.5 equiv NaH
€
N\ THF, r.t., 2h
N

Rathnayake. U, Garner. P, Org. Lett. 2021, 23, 17, 6756-6759

Synthesis of Lysergic Acid

Forward Synthesis-Assembly Key Step

SO,Ph B
CHO
| | cat AgOAc
’

N\ THF, r.t.

N .

\ 63% yield

Ts

3 equiv LiBH,

-

THF, 0 °C tor.t., 19n

Me

H O.
/N—,// “Ag
Me S He=—N @
2 ,,' o)
H o
Me N—{/ y
/ ., 7
Me S N
O, H
PhO,S N
N
N
\
Ts




Synthesis of Lysergic Acid

Forward Synthesis

HO_,’ Me

. N/
2 equiv HCOH, 4 equiv HOAc H
2 equiv Zn N\
’
dioxane, r.t. AN
N
27% Yyield over 3 steps Mo
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Synthesis of Lysergic Acid

Forward Synthesis
Ho—, 4 HO—.  Me MsO—.  Me
N 2 equiv HCOH, 4 equiv HOAc N N
N 2 equiv Zn N\ 1.1 equiv MsCl, 1.5 equiv NEt, N\
» >
N dioxane, r.t. N DCM, 0 °C, 30 min N
N 0, i N\ N\
Mo 27% yield over 3 steps Ts T
p— P —— O h—
o i
MSO Me_s_o H MSO/,. ,Me HO, Me
: '\N‘ge H " N’H
warm to r.t. H N NaOH .~ N
— N\ or =~ DMF-H,0, rt., 4h
4h N N\
N N 37% yield "
N\ Ts \TS
Ts
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Ts

Moldvai. I, Temesvari-Major. E, Incze. M, Szentirmay. E, Gacs-Baitz. E, Szantay. C, J. Org. Chem, 2004, 69, 5993-6000

Synthesis of Lysergic Acid

Endgame
HO,, _Me
. N )
5 equiv Mg
- XN

MeOH, r.t.

N

N

\

H
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Synthesis of Lysergic Acid

Endgame
HO/:, N/Me HO/,. N/Me 0 N/Me
- H
i i H 1.1 equiv IBX
o 5 equiv Mg _ S q _ S
MeOH, r.t. DMSO, r.t., 7h \
) 50% yield over 2 steps N
N N \
s N ’
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Synthesis of Lysergic Acid

Endgame
HO/:, N/Me HO/,. N/Me O N/Me
- H
H i H 1.1 equiv IBX
A 5 equiv Mg _ S q _ A
MeOH, r.t DMSO, r.t., 7h
, I.t. \
N 50% yield over 2 steps N
N N N
\TS \H H
NHCHO
M
Ts_NC 1IN N/He NC N/I\|_/I|e
BuOK | N NaOMe, MeOH N
THF/tBUOK, 0 °C, 20 min g
then H,0, -5 °C N 70-75 °C, 30 min N\
77% yield N 70% yield N
H dr: 1:1 H
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HO/,. N/Me
H
NN
N
N
\
Ts
Ts\/NC
tBuOK

THFABUOK, 0 °C, 20 min

Synthesis of Lysergic Acid

then H,0, -5 °C
77% yield

Y

Endgame
HO/,. N/Me
5 equiv M H 1.1 equiv IBX
equiv Mg _ \ _
MeOH. r.t. DMSO, r.t., 7h
50% yield over 2 steps
N\
H
NHCHO
T XX noe NC Me
: H
N NaOMe, MeOH N
y
N 70-75 °C, 30 min
N 70% yield N
H dr: 1:1
HOQC N/Me
aq NaOH (5M), MeOH H
70-80 °C, 2.5h N
'
then HCI N\
54% yield N
¥
Lysergic Acid

Rathnayake. U, Garner. P, Org. Lett. 2021, 23, 17, 6756-6759;

M602C

HCI/MeOH (6.7M)

—-
75-80 °C, 45 min

72% yield
dr: 3:2
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