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Pericyclic reactions are nature’s quantum mechanical poetry.
- Roald Hoffmann

+ Group transfer reaction <+ Cycloaddition -« Sigmatropic reaction -« Electrocyclic reaction - Ene reaction - Cheletropic reaction - Dyotropic reaction

Violations? There Are None.
- Woodward & Hoffman
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1. Nazarov Cyclization 1. Ding et al. Synthesis 2017, 49, 4383-4413.
2. Synthetic Methods Based on Electrocyclization 2.Ding et al. Org. Chem. Front. 2025, 12, 2415-2438.
3. Proposed Biosyntheses without Corresponding Total Syntheses 3. Trauner et al. Chem. Rev. 2005, 105, 4757-4778.
4. Total Synthesis of Endiandric acids A and B (Nicolaou 1982) 4. Sheikh et al. Org. Biomol. Chem. 2015, 13, 10774-10796.
5. Total Synthesis of Esterone (Vollhard 1977) 5. Roche et al. Organics 2021, 2, 376-387.
6. Total Synthesis of Periplanone B (Schreiber 1984) 6. Roche et al. Chem. Commun. 2023, 59, 670687.
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Total Synthesis of Crinine and Haemanthamine Alkaloids N in product

Total Synthesis of Salvileucalin C
4. NaH, CH.l,
a-iodomethylation
_NH OMe — 5.™BusSnH,AIBN _5

Beckwith-Dowd
one step from

. i 6. NaBH,; pTsOH |
commercial H 4
O 6 steps 3 steps fm,(rz,ozme [H] 7 elim. |
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3 commercia Bry ! 7. PhHGCBr,
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40% 5-exo-trig 10. Pd(PPhs),Cl, cyclopropanation
cyclization sStile  Cul, PhgSnH, LiCl __ . < 8.BCl
coupling BYaSN DA oTf anisole deprotec.
2 steps 69Y% >‘© 9. NaH, PhNTf,
0 o TMSO (0] H CO.Me
_> 2
D <OI>\/N H Br
Willis et al. JOC 2019, 84, 3431-3466.  (¥)-crinane — 80%
Total Synthesis of Guanacastepenes N and O 11. NaOH
I/\ o Et;BnNCI
0]
o H

8. KOCEt; '
~— :
[2+2] : 12. UV (365 nm)
Me 1 B S ————
84% Me ' 4 o
Me 1 7T
' 84%
7 steps frqm .
retro-41 | 9. [Fe5(CO)g] commercial o Ding et al. OL 2014 . ,
51% | 90 °C; DBU Carreira et al. ACIE 2011, 50 2962-2965. ! salvileucalin C 16 (12), 3376-3379. salvileucalin D
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Total Synthesis of Podophyllotoxin B OK -
o 1. Me” > Me 0 OH 5 kHMDS | 0 MeO sme < r
H >~ < —< - H > O |4
< Corey-Chaykovsky — Ng retro-41r o N HN
o Br 2. "BulLi, MgBr; o
oH 48% _
S H Me Me — Diels-Alder Me Me MeS —
0 : o Xo 4. Pd(OAC),, K,COs, o )(o e
t
<°j©©:\<\o ] AMOH, (BrO);PO,H LR
I H 0 5. TFA/THF/H,O < - 3. TsOH
deprotection o . |4° SMe MeQ_ OMe
epimer. / lacton. : M
MeO OMe 43% HN MeO OMe e Me
OMe OMe 41% over
podophyllotoxin MeO OMe C-H arylation MeS two steps
Maimone et al. ACIE 2014, 53, 3115-3119. OMe 58%
Total Synthesis of Cribrostatin 6 — Total Synthesis of Colchicine Derivatives
' NHA
N Me_ _c7° : T e 5. MCPBA, Ac,0
I _ : MeO _ DMAP; A
— 4. MeCN . . DMAP:A
/ —_— A ' / Achmatowicz
e
3 steps from N retro-4m OH (\_»/ L— Ho 529,
commercial 2~Me N ! 4 steps from MeO
B N B . ' commercial
OH 0 + decarbonylation ~NHSS
Me Me ; 10.hv  MeO 9. hv
E 1 B EEE—
N N ; 41
M ) e, o 68%
=0 OH \ ,?/ ° =0 OH <\_,{7/ ; B-lumicolchicine ’
L 0 , OMe
. Me '~ MeO MeO
26% then i Martin et al. OQ -«'NHAc O. -t'NHAc
N ACIE 2009, retro-4mr -
PdiC  EtO yMe 45 2560-2571. 1| MO \ - MeO Lietal
dation 80 °C L - OMe H 54% OMe OL 2017,
oxidation 0 —N : A7) 19, 4612-4615.
aromatization cribrostatin 6 OMe NCME OMe
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61T ' Total Synthesis of Daphenylline
""" @ E 7. KHMDS, PhNTf,
: Me 8. Pd(PPhy),

* Driven by o-bond formation in expense of a m-bond. L | >
N OTBS Me o o L OTBS

+ Limited by thermodynamic stability and steric hindrance of trienes.
Me N
Li et al. Nat. Chem. 2013 CO,Me " B CO,Me
5, 679-684. Mew __ H 0 €770 o
L 6 steps from Me
N

9 steps commercial alkene l 9. Hg Lamp

S%gki isomerization | 500 W
|| S H side-product ’ _ -

[

daphenylline
M J— M M
L K 10. DBU, air L K L K <
- OTBS
N OTBS aromatization N N
COzMe 6 7% C02Me
(o) (0] B (o] B

Total Synthesis of (x)-Cephanolide B

OH O i. DCE, 85°C, 24 h OH O
70 1200000 H 81%, 80.20 or
c
{ o Pauson Khand 110 °C . O ‘
Me (o)
Me 9 steps from 7@1 MeO,C : OH
commercial MI?/I N7\ "Me (+)-nidulanin A
e 11 Me

= H < E 146, 4892-4902. 81%, >99:1 er

then ..
How would DBU. air Porco et al. JACS 2024 ii- MeCN, 40 °C, 24 h retro-61
you fix it? \O oxidation o
Me 65% Y
5 0 OH 'O
Zhang et al. OL 2021 wrong T
23, 9237-9240. diastereomer | Ny O ‘
, ol "
steps Me _>H Me 2
// - Me o: /o M602c OH
( . OC;’PI’ Pauson-Khand / 61 © (+)-nidulanin A
steps from / oxidation i o
Me commercial 63% dr=4.5:1 (#)-cephanolide B AcHN Mee
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4. Rhy(OAc), 5 min
— — <
retro-61r O [1,5]-H N O H then
shift H,, Pd/C
3 steps from
« Substrate conrtol requires pushing equilibrium )
Sarpong et al. JACS 2024, 146,1813-1818.  desulfurization Raney Ni  two steps

Total Synthesis of Daphenylline
—>
j/ OO cyclopropanation
2
commercial 6. PC,
400 nm LED
oxa-61r C e O < 4 steps . zo B
N Me -~ )l\
+ An unexplored transformation because o H
in the desired direction.

Me o
H 5.250 °C, yW O H Q alkene and ketone
[ . . reduction
N
55%
of thermodynamic unfavorability. .
daphenylline Hamide reduction 7. LAH, 35% overO

Total Synthesis of (+)-Ce hanolldeB . Hirama et al. OL 2008
o 14. Piperidine 10 (8), 3413-3415
OH 14 steps and
Me - JOC 2011, 76 (8)
2408-2425.

TBSO ) oTBS OTBS l

13 steps from o

commercial Knoevenagel

Total Synthesis of Kibdelone C

15 steps arogfl(:t/;s;‘/on
OMe from
commercial | 3 HO
Hozc OMe
®
o HO
o Ose I0
%——O
Me Me 16. py, Cl
|_ N)QN _T o” :
acid chloride I Y 3 steps T Porco et al. JACS 2011, 133 (26), 9952-9955.
formation Cl N/J\CI Me Me p + ACIE 2011, 50, 2511-2515.
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Total Synthesis of (*)-Bisabosqual A — -
HO M OH
e
R
. Me ~ % NN 4.EDDA | @ oxa-6m__ R"~ 5. FeClg
Me Me Me O Knoevenagel Z 65% retro-oxa-61r
o o one step from
commercial | 0 .
3 steps from —
commercial Me
hetero | 0
Diels-Alder
Tang et al. ] MeF# z
Org. Chem. Front. 2023 56% Me P 0
; . H
10, 1042-1046. HO Me
(x)-bisabosqual A | Me ]
Total Synthesis of (s)-Torreyanic Acid ; ey Pinnatal and (+)-Sterekunthal A T
0 12 steps from ' 12JA§?S 20903
jal : 5, 9554-9555.
HO commercia : HO OH (VN N N Me
13. DMP : + Me
CsHyy oxidation | CsH1 ; OTHP | 9. B-alanine
_ X CO,/Bu : 8 steps f“?m Knoevenagel
' one step from geranio
O Me commercial
e J oxa-61r ; 9 Me 9 Me
| ° “0 {HO 0 HO 0
CsHir™ Z R C5"'11 R E | — ~ |
o o Porco et al. JACS 2000 /  10. pTsOH 7
0122 (42), 10484-10485. | 6. 0o 11. (COCI),, 5 THPO
u : [4+2] DMSO Me
1t v 12,11, neat i 919 Swern ox.
: ’ 84%
o Diels-Alder ;
0 C:H ! 13. Toluene, HO
39% 511 ; 160 °C
“uo| 14. TFA [ :
& | hydrolysis O ' retro-[4+2]
CsHy¢' R CsHyq : 92%
N (o] _ (+)-torreyanic acid (x)-sterekunthal A
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' Li’ idi i R2 R2
Aza-61T | XNH NH (0] Z |N : Li’s PvrlF;dzlne Synthesis DBU. J\
: MgSO, Rt 1 O
Z X : /\NH . R3\)\n/ pghc| 4 R\ __C IN » R | N
1 =
« Generally faster than normal 6rrbut slower than oxa-6rt. R z 100 °C R3/\H\R5 R3 RS
eeeeoeooo.. Thermodynamically In an close equilbUM: ¢ eeeeeeen. ™ Lietal ACE2019, 58, 114312 2 G I R ..
Total Synthesis of Macrophylline + Total Synthesis of Macrophylline
\ \ \! . CO,Me C-H acti\gation
5. DBU, PhCI 2 steps = | MeO “Me 4. Pd(OAc),, BugP 44%
150 OC \ NH : Me I K2003
// L§ —> 1 MeO Br *
. 2 steps from Me
aza-61 H BnO : commercial MeO CO,Me
4 SI{"?'%S from 64%  |ietal ACIE2019, 58, 1148-1152. macrophylline : 5.0 er 2l JACS 2008
e e e e e e ; 130, 15157-15166. MeO
oTBS 7. OTBS I
aza-61r Me e Me Me 5. NaOH
52% |MeO A N A € N | o | MeO NH,  6-DPPA EtN;
"\ <—retro-4n OMe \§ then HCI 1M
0 Ar MeO MeO Curtius 62%
L . OMe condensation
Baudoin et al. ACIE 2009, 48, 179-182. B LT R L CE LT L L E PP PP PP RS
Me MeO 1 Total Synthesis of Strychnine
MeO 3 steps ' B
SN : 2. E1OH,
—> —_— MeO : R\ ,ER’
MeO Ar : @ _
(x)-coralydine 74 N=Ar
_______________________________________________________________________ i one Sfep from ,  then NaOH | -
tryptophenyl bromide Zincke retro-aza-61
R
3. BuOK > N_R
1 £ . L O Q 8% W hydrolyers R
— -
[ =L L ~Dicls-Alder 41% .
H OH N} 64% 519% recovery | \__y r
strychnine CHo OHC L

Vanderwal et al. Chem. Sci. 2011, 2, 649-651.
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Total Synthesis of (+)-Granatumine A

8. LiBH,,
CeCly

ketone [H]
61%
>20:1 dr

9. NH,OH-HCI
LiOAc+2H,0

retro-oxa-61r
condensation
aza-6m

Me lo) 7.
NH
1 R = HpN" N T
Me ‘o o o} + 2 AcOH
0 H Knoevenagel
6 steps from 6 steps from
commercial commercial _
R'=H,R2=0OH (+)-xylogranatin F
10. SOCl,; [proposed structure]
Zn(OAc), )
11. K,CO4 H20
epimerization O aromatization
32% over R 34%
two steps o R2 Newhouse et al. JACS 2019
141 (23), 9191-9196.
R'=OH,R2=H (+)-xylogranatin F

[revised structure]

"C—0O
\_7

- The triene can undergo further
pericyclic reactions :

67Tl s+ rr2sl

(6, Cope, Diels-Alder, ... ).
* Multiple ring closing reactions are
possible.
* Requires a careful substrate design.

* Mainly biomimetic. H

Trauner et al. OL 2013

15 (8), 1866-1869.

MeO,C [4+2]

10 steps Me

- / 42%
—
Me Me

(-)-PF-1018

Me0,c=<.

Me

Trauner et al. ACIE 2020, 59, 5263-5267.

H
—

R' R? (E) R
. . X
LU N LN Xy R?
X R?
(E)

Total Synthesis of (-)-PF-1018
OTBS

o‘\

M
8 steps from
propargyl alcohol

; MeO,C
Diels-Alder l : Me
! +
' 4 steps from Me
' methyl angelate Me
R ; Bu;Sn —
: Me
R2 ' |
' 9. Pd(PPhg),, CuTc
Stille coupling * _
MOMO  OTBS
then /
Me --—— Me
125 °C Me0,C
8m Me Me

Me
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Total Synthesis of Kingianin A N
/~0 . H H o]

o Bpin 4. Pd(PPhy), 8rr-61r OH H "

N+ W _ — +
| oTBDPS  Suzuki 5. TBAF
H
2 steps from 3 steps from OTBDPS H
safrole commercial — - odoetherificati |
iodoetherification
Ar (resolution) 6. 12, K2CO5
Br H H +
H o0\
~. H 7. adipoyl chloride H M 0
0 "
o _ ~ N DMAP OH L
Ar” 0. 4,0 ®N 8 o tethering
) 75% H
H

S

radical-cation-Diels-Alder
34% (+39% exo product)

CN

X OTIPS

A

CONHEt X Me

A

Me
3 steps from
methyl geranate

6,11-epoxyisodaucane

T[j 0]
/,
Br

homochiral dimer
+ heterochiral dimer

Total Synthesis of 6,11-Epox is_odaucan

45%
Parker et al. OL 2013, 15(2), 398-401.

e Tanino et al. OL 2022, 24 (43), 7939-7943
CN ]
0N OTIPS
4. LDA anionic-8tmr
All I O W - — —  then
Mel
Me X Me 79%
5. mCPBA
L Me
* Nucleophilic decyanation generally occurs when quaternary carbonitriles
are activated with a-aryl, a-EWG, or B-leaving groups.
= Me CN
OTIPS
nucleophilic Me
decyanation* Me
M
Me_ 0 e




Nima Nasiri Applications of Electrocyclization Reactions Baran D s eting

I n du S trl a I A p p I ica t ion S i Gram Scale Synthesis of (2-Cyclooctyn-1-yloxy)acetic acid (Nalas)

B 2. AgC|O4,
1. BuOK, CHBryq r methyl egcoIate Me 3 30% NaOMe/MeOH |
—> Br o
cyclopropanation j/ elimination )_ oM
95% 99% 75% ) €
Dubé et al. OPRD 2018, 22, 108-110. » No chromatography needed. * Reducing step 2 explosive hazard.
Process Synthesis of trans-Cyclopropyl Esters (Pfizer) ' Vitamin D Production Chem. Rev. 1995, 96 (6), 1877-1952.

Eur. J. Org. Chem. 2003, 20, 3889-3895.

1. AcOH,
o |
\©\ 275-300 nm
Et

X4, X, =Cl, H, or |: condensation

retro-61T

provitamin D
Me

2. DMF, POCl,
or  PBrg | aza-61r N

s >
N okt ; Vitamin D synthesis
a0 | X2 H ' in continuous flow: :
OH  53-63% ° ! Hessel et al. OPRD 2018
; 22, 147-155.
Xq | X1 '
: previtamin D
5 3

Me
NZ | three generation rouz‘es
Xz » X2 ‘\
) & OR
- Enantioselectivity was
) & introduced by chiral

auxiliaries or Sharpless
X3 =Br asymmetric epoxidation.

antarafacial [1,7] sigmatropic

trans-vitamin D
No explanatlon for intrest in hydrogen rearrangement

this specxial scaffild.

Loach et al. OPRD 2025, 29, 920-931. HO™
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Undesired Electrocyclizations in Industry E Process Synthesis of Na_‘LabucaSin (Sumitomo)

Katz et al. OPRD 2023

27, 1036-1052.

Napabucasin synthetic route: 1c. HNQ, 0 ]
o 1b i. THF, -20 to -5 °C
0 1a. Br, ii. Et;N, -15t0 0 °C
M J\% Me)HAB' i, Filter off EGN-HBr oH
e -20 to -10 °C Br y 3
slow addition DBU, THF, 60 70 °C
0 0 o ° 1di. IPC
- Me Me 2 i Activated carbon tzeatment Me ii. Solvent swap to EtOH
| | N\ <« _inMeCNat70-75°C | | N -«— jii. Precipitation of crude
= ii. Recrystalization from MeCN from EtOH/H20
o o ; o o
iii. Reslurry in MeCN iv. Filtration and drying
o o (0]
one of the impurities pure crude
RRT 1.27 50-60% 45-50%
Proposed route toward the side product:
o) (o] E (o] o)
Me OH '
Br ' CHBr
I A\ —2> I A\ + CHBr, : O‘ 3 Br
o o DBU o o ' DBU oH Br
0 brg;v&;fggm o o cyclopropanation o
detected side product ' ring opening
O Br Br 0 (0] Br H
Me
-H,0 Me)v

I I Me

OH

/
H OH

redox
manipulation

— ™ e
D SEE————

oH X bBU OH
aldol

o o)

11
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Synthesis of Furazanyl hydroxyamidine Analogs (Merck)

Triggering Temp.
| FF FF : @:L L R=H ~ 200 °C
: OEt ! - OH ~80°C
@( + Br><n/0Et 1—CU> ' R NH, ~ 25 °C
Br o 52% ) : R NHCOR. ~ 100 °C
Br !
35% over !
four steps | :
F 2. LiOH hydrolysis ; F F
[-F 3. (COCI), acid chloride form.
6. NH,OAc, Ti(OPr), ~ |~ 4 MeNHOMe-HCI : N-Q N-O
then NaBHSCN o W?/nrep am{de format/on : HN \n/M\(N HN m)l\/(N
reductive amination 5. ‘Bui cyclization ' o L
lgg% 5 oV ~Me o N ~Me
= = E ; estimated 102-112 °C estimated 97-116 °C
F . N— A 1
F I N F E e e e e e e e e M M e MM e e e e e e e e e memmmaam—— .-
| I _N
NH HN Y,
NH, oM 2 ]/k(
N NH,

HO”

« Furazanyl hydroxyamidine was known to be a weakly active but efficient
IDO1 heme binding inhibitor.

* Based on docking, 6,4-fused cyclobutarene core analogs, might be tolerated
and fit even better into the narrow lipophilic pocket of enzyme.

I

How stable are these compounds toward electrocyclic
ring opening (a potential degradation pathway)?

12
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