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What is an annulation?

“A transformation involving fusion of a new ring to a molecule via two new
bonds” — [IUPAC Gold Book

How do we make a benzene ring?

traditional
strategy

EAS, SpAr \—/

simple aromatic cross-coupling

building blocks complex, poly- or
substituted benzene

Part 1 of this talk: Part 2 of this talk:
DDA reactions DA reactions with
dienes containing a +
latent extrudable group
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What will not be covered in this talk:

2-2

T

metal-based [2+2+2] methods, electrocyclization methods (1,3,5-triene
electrocyclization, Wulff-Détz reaction, Danheiser benzannulation),
condensation methods

Words of wisdom from Phil:

“The less aromatic a heterocycle is, and the more substituted a heterocycle
is, the more strategic it is to build it from scratch instead of buying and
substituting it.” — Heterocyclic Chemistry course

Past group meetings dealing with related topics:

“Flatland”: Logic and Methods in the Synthesis of
Benzenoids — McKerrall, 2011
Ring Construction via Annulation — Martinez, 2016

Dehydro-Diels-Alder (DDA) Reactions

For reviews, see: Wessig, P. Chem. Rev. 2008, 108, 2051; Zhang, J.

Chem. Eur. J. 2016, 22, 1558.

— Conceptually derived from the parent reaction by introducing increasing
unsaturation of 4t and/or 2t components

Classic Diels-Alder:

Didehydro-Diels-Alder:

Tetradehydro-Diels-Alder:

Hexadehydro-Diels-Alder:
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Didehydro-Diels-Alder Reactions:
(-)-Veratramine and (-)-20-iso-Veratramine:

Cycloproparadicicol:
Danishefsky S. J. J. Am. Chem. Soc. 2003, 125, 9602.

“ynolide precursor”H

Trauner, D. H. J. Am. Chem. Soc. 2025, 147, 3010. Mitsunobu
Ph i
H _ used crude _ reetc_t[qrj
/ ’I ‘\‘
/AN\ z : HO\/W
Ph N ' T -+, RCM
I PhClI, 150 °C, MW Me| H acetylide .- CO, Me H

addition -

- CHO
Me (o} [Mechanism] fo) ‘@
<i ‘@ Me — <’0 -

- R
LA
‘ TMSO

© Me fellet Me
PhO,SN Barbier coupling
B BuLi
Me y oBn BuLi, HMPA o O Ve oH o e
Z PhO,SN then : :
Me oBn| LDA, Mel
Me| H | H 67% over 2
TBSO
[Rh(cod)Cl], “cycloproparadicicol”
then “thermal cyclization...proved ineffective— See also: Danishefsky, S. J. Org. Lett. 2004, 6, 413.
AngE Hég Et minimal conversion...at 130°Cand Tetradehydro-Diels-Alder Reactions:
Etozc/\/ 2 decomposition occured rapidly at 150 °C. Seminal Work:
59% Michael, A., Bucher, J. E. Ber. Dtsch. Chem. Ges. 1895, 28, 2511; Am.
Me Chem. J. 1898, 20, 89; J. Am. Chem. Soc. 1908, 30, 1244.
" CO,H
Y OH Z
OBn H
Ac,0
Me, Me *  _COH 2
= 100 °C,

sealed tube
[Mechanism]

Me 3 steps
e
0

(-)-veratramine

took 3 years to figure out the structure

For a modern take on this chemistry for the synthesis of arylnaphthalene
lignan natural products, see: Wessig, P. J. Org. Chem. 2022, 87, 5904.

X | Me steps
o \EtO)Z(O)P ;
<,o i
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Hexadehydro-Diels-Alder Reactions:
First report:
Ueda, |. Tetrahedron Lett. 1997, 38, 3943.

HO// ~

// ether/THF, rt,
72 h; 72%
[Mechanism]

For other sporadic initial reports, see: Johnson, R. P. J. Am. Chem. Soc.
1997, 119, 9917; Sterenburg, B. T. Organometallics 2009, 28, 4906.

Accidental (re)discovery:
Hoye, T. R. Nature 2012, 490, 208.

HO OTBS
\ /

Ooug

—— MnO,
< >
- DCM, rt, 5 h;

~ \omss 53%

[0 \ AGyppa = =50 kealimol!

[4+2]

OTBS

I e AL,

General anatomy of a HDDA reaction:

,--~ 3-atom tether — keeps diyne and diynophile at perfect distance
, For more on tether impact on rate, see: Org. Lett. 2014, 16, 4578

R! ) R! R2
P R

X / // _— 'X Ij/ R2

| = Y benzyne

s, Z ‘7 Z trapping

Regioselectivity of benzyne trapping:

TMS
o // R H—Nuc (0] TMS
" CHCl,, 85°C, 18 h R
Z > |
or /// ot
'BUOH, 90 °C, 25 h g_
computed bond angles:
.a=135°
b =119°
o  TMS OAc
L CO
O OAc OBu
H
89% (single isomer) TMS OAc 62% ( smgle isomer)

cO

TMS OAc 82% (r.r. = 19.1)

CO

72% (r.r. =6:1)

(o) TMS OAc

S Br. ®
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Benzyne traps — hydrogenation/deuteration: o OAc . Sulfur tether — reductively labile and traceless:
Hoye, T. R. Nature 2013, 501, 531. i Hoye, T. R. Org. Lett. 2018, 20, 5502. O
MeO
OAc .O MeO
™S THF-hg, 85 °C " == Il
=11g, ) - -
NG 18 h: 75% H R_< CHCls
FZ or > S—— 95 or 100 °C S
. o OAc 42% (R = H)
THF ﬁ’%’ 85 C, o \Q 59% (R pny R
.O 83% (R = OMe) S Y
O 5 Ra-Ni, THF, rt |
D

via:

C o
O 90% (R = H)
O 77% (R = Ph)
o) 94% (R = OMe)

Silicon tether — useful for post-HDDA functionalization: Ph
Hoye, T. R. Chem. Sci. 2021, 12, 13902.
o

Me Me
R2$| — Ph \@/

— After a short screen, it was found that cyclooctane gave the best yields

0% :
I
3'

.

for H, transfer (89% for the above substrate) o >
Benzyne traps - regioselective deuteration: o) Ph DCB, 150 °C, 3 h; 90%
Hoye, T. R. J. Am. Chem. Soc. 2014, 136, 13657. npy (R =Pr); 79% (R = Me)
™S cyclohexanol-O-d .O | | MeLi; quant.
_ npy CDCl,, 85 °C, H (R = Me) Ph AcOOH, KHF;
N 18 h; 53% D ™S Ph 64%
Z O | (R=Me)” TMSCI, Nal;
cyclohexanol-1-d \ o HO Me HO Bh 89% (R = 'Pr),
CDCl3, 90 °C, npr e 90% (R = Me)
O,
18 h; 58% .O HO Ve
(O &
M
H e 0
HO P X Ph conditions
via: O X = H (TBAF; 94%)
é HO O Me =1 (NIS; quant.)
) PR X p-CNCgH,4
cyclohexanol-O-d  cyclohexanol-1-d (Hiyama coupling; 84%)
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Quaternary ammonium tether - in situ formation and rt HDDA:
Hoye, T. R. J. Am. Chem. Soc. 2022, 144, 7750.

AcO\ /OAc
0 e
O ¥ ¥ rt, 3 d; 85%;
| | | | r.r.=2.5:1

(major shown)
Br/ \Br AcO

pinB——=——TMS

@ o Br
Br

Pyridine/boron-ate complex — formal intermolecular HDDA:
Hoye, T. R. J. Am. Chem. Soc. 2024, 146, 34510.

Me

O _Me

I

OAc
= //
72 //
cle
eBr

DCB, 120 °C,
12 h; 68%

Anhydride tether — rapid (s25 °C) HDDA:
Hoye, T. R. Chem. Sci. 2025, 16, 2898.

HO,C————

HO,C—————

Ph

Ph

MsCl, py,
(o)

W

Y

DCM,0°Ctort

16 h; 84%

Isohericin:
) Me R =Bn, TMS was
SiMeH protodesilylation
MeOH !
N 100 °C;
Ph” N0 84%
EDC coupling Cad|ot Chodkiewicz S|Me2R
heterocoupling
[RuCly(p-cymene)],, =H Ph—/_
H,0; 87% R OH

OH Me H,0,, TBAF,

KHCO,; 82%

isohericin Me Me

For the mechanism of the HDDA reaction, see: Hoye, T. R. J. Org.
Chem. 2015, 80, 11744; J. Am. Chem. Soc. 2016, 138, 7832.
(Spoiler alert, it’s stepwise!)

For the very interesting photo-HDDA variant (many high temperature
reactions rendered rt or lower), see: Hoye, T. R. J. Am. Chem. Soc.
2017, 139, 8400.

These slides contain only a very small sampling of the HDDA literature,
despite only very recent interest in the reaction. For comprehensive
reviews of the field, see: Hoye, T. R. Chem. Rev. 2021, 121, 2413;
Hexadehydro Diels-Alder (HDDA) Route to Arynes and Related
Chemistry. In Modern Aryne Chemistry; Biju, A. T., Ed.; Wiley, 2021.
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Dienes Containing a Latent Extrudable Group
Thiophene S,S-Dioxides:

Sampling of known simple thiophene dioxide building blocks:

\\ l/ \\ // \\ l/

S Ui © b st

Tetrahedorn Lett. 1990, 31, 5955.

O\\u

| . O\\S < [4+2]
0" \—= Z‘&
|‘ / .

' K retro-[4+1] ' (o] o
(Igenerally)h electron-poor (chelotropic | — SO, ‘s’ Vg’
electron-ric extrusion) . S\ /Z S\ /Z
: Cl Cl Br Br
' J. Org. Chem. 1961, 26, 346; J. Org. Chem. 1997, 62, 1457.
' ibid. 1986, 51, 5328. J. Am. Chem. Soc. 2000, 122, 2440.
e.g. DDQ,
BQ, air, etc. ' o\\/,o 0\\/9 W\ 7/
: F O\ _F Clw S\ _Cl  Bre_S<_Br
- OssS { [4+2]; E FF c’ c B’  Br
0° \= retro-[4+1] +J. Org. Chem. 2013, 78,12330. J. Org. Chem. 1980, 45, 856.
/ : ibid. 2016, 81, 4931.
- Key downside is tendency for thiophene dioxides to dimerize/oligomerize c{\/,0 Q\,,O c{\/,0
- Generally, 2 or more substituents are needed to prevent this : Br\®/ Br I\O/I Bu3Sn\®/SnBu3
Parent thiophene dioxide: \_/ \_/ \_/
Nakayama, J. J. Am. Chem. Soc. 1997, 119, 9077. ! Heterocycles, 1992, 34, 1085. Org. Lett. 2013, 15, 5230.
DMDO (3 equiv) 00 stable at :
S acetone, —20 °C, 36 h o \\S// low temp; : o 0 0,0 O\\S,,O O\\S,IO
§\ /; hen characterized by g ™SS ™S
the L TMS—_S\_-TMS \ / \ /
“dilute soln.” concentration under reduced TH/'8C NMR, ! \@/ \ W/
" pressure below —40 °C GCMS, HRMS, ™s Tms’ TMS TMS  TMS
25 °C FTIR, UV-Vis, 1 Tetrahedron Lett. 1994, 35, 4425,
Raman, mp :
and/or ©j> ' typical oxidation conditions from parent thiophene:
“ ' TFAA/H,0,, mCPBA, MeCO3H, DMDO, HOF-MeCN

“easily prepared by passing F, through agueous acetonitrile”
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llludalane sesquiterpenes:

Anderson, E. J. Am. Chem. Soc. 2022, 144, 10017.

Y 2 steps

Me >

Me
[Propose conditions]

Me

TFAA, 30%
S, ag. H202, TFA
| ,)—COzMe
73%

Me SMe o
U o+ 1.0

SMe 4.0
-
toluene, 100 °C
63%
steps
Me —_—
Me
COZMe
Also CO,Et
Me =\ __0O
s<
Me >~/ ~0
6+
o o

SMe

U

toluene, 100 °C
64%

» Me
Me

Me
Me
Me OH

riparol B

St

granulolactone: R?, R2
radulactone: R1 = OH, R2 =
echinolactone A: R, R2 =

H
@)

for more reactivity with furan dienophiles,

see: J. Org. Chem. 1980, 45, 867.

alternative
CO,E regiochemistry
SMe
steps
Me

illudalanes with

Beraprost:

Aggarwal, V. K. J. Am. Chem. Soc. 2023, 145, 14124.
<~.__.5.2:1rrif CO,Bu

Hozc\/\/@\CI

2,6-lut.

>
DCE, 120 °C
49% (4.4:1 r.r)

BuLi
(4.0 equiv)

"hexane/THF

TBAF; 71%

R =TBS Me
I—>7beraprost: R=H

(95:5), =78 °C
77%

D-labeling study:

incorporation
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Dictyodendrins B, C, and E (formal): Exiguaquinol dessulfate:
Yamaguchi, J. Synthesis 2022, 54, 4963. 1 Vanderwal, C. D. Chem. Eur. J. 2016, 22, 17953.
; 0] — . Br Br
(1.5 equiv) o] ' _ hote: electron-
! ; / \\ " poor dienophile Br, Br
"S\\o . O 3 steps
: + K AcOH, reflux
e M e
0o : O=C>=o Br.  CHO
Br—@—:—N E
o J: {7
Cs,CO A : i o
$oL0; ; _/—303Na MeO O OMe
1,4-dioxane ; N
50°C,12h ' -0 13 steps
42% ' Me
reductive -*’ *~-- aldol; [O] PhS
! Heck o fo)
OMe highly recommended reading RO OoTBS
about Yamaguchi’s time at | OH h N—/_
Scripps and beyond: Yakugaku | . . o ‘
Zasshi 2019, 139, 229, ; emguqqumolldes.sulfate. R__ H ! Y
' exiguaquinol: R = SO3 ! -
: “ PS40 Reich el
Ir borylation; i Non-cannonical aromatization: el [C]; Reich elim.
Cu isopropoxylation i Mackenzie, K. J. Chem. Soc. C, 1971, 3199; Raasch, M. S. J. Org. Chem.
1980, 45, 856. cl
Sundberg  __
5 steps indole synthesis ~ * : ';"_I
MeO . R ol NH
for more examples of from tetrachloro- <on ¢
: thiophene dioxide
thiophene dioxide ' phen EtOH Ci (o]
cycloadditions to make '
(hetero)aromatic rings, MeO ! DT NMe
see: Org. Biomol. Chem. :
2018, 16, 3771; Chem. 3 . _ ' Cl
Lett. 2018, 47, 968. Fuarstner’s intermediate OMe ! cl (o]
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2-Pyrones: + Azafluoranthene alkaloids:
0 1 Boger, D. L. J. Org. Chem. 1984, 49, 4050.
> //( retro- ' OMe OMe
>z 442 [4+2] ;
: | | [ ] 0 : \ MeO X
NAO) v v/ - C02 ! MeO COQMe
g e LDA, MeO,C _ Mo N
' MeO then —(o*
' pTsOH, toluene, o}
: s~ 110°C; 62% \
A [4+2)/retro[4+2] ' / OMe MeO,C o
+ || > : MeO
X-° - CO, ; OMe 0"
mesitylene, 150 °C; then MeO
' DBU, toluene, 100 °C OMe
' —-989 I 120°
general reviews on 2-pyrone [4+2] chemistry: cvclohexadiene : OMe 89-98% Me mesity eag‘;, 0°C
Tetrahedron 1992, 48, 9111; Chin. J. Chem. fu¥10tionalization MeO MeO N
2019, 37, 946. : A
: ~ N / N
— Electronically unperturbed 2-pyrones generally act as nucleophilic : MeO ' MeO
dienes, i.e. they generally undergo NEDDA : For a [4+2]
— The presence of 1 or more EWGs or EDGs can shift the electronic ' O OMe approach to
balance; ambiphilic substituents like Br make both NEDDA and IEDDA ' the related
easier tropoloisoqui-
— The bicycloadducts from alkenes are more stable and less thermally ' Me0,C OMe LiOH Me0,C noFI)ines, Sge:
labile than those from alkynes ! then Boger, D. L.
' CgF5sCu),edioxane . Am. Chem.
Seminal work: ] 50% ( cfui?wonr)m%n 3,5- a7% JSOT 109965m
Diels, O.; Alder, K. Justus Liebigs Ann. Chem. 1931, 490, 257; Alder, K.; ! triisopropylbenzene, 117 '12452’
Rickert, H. F. Ber. Dtsch. Chem. Ges. A/B1937, 70, 1354. : 290 °C ’(and '
o) CO.Et ' references
=~ 2 OMe OMe therein)
: |[MeO MeO
o '
MeO,C” X CO,E MeO,C CO,Et | O h O N
— ° . N N
or + 180-200°C " or ' IMeO / MeO /
Me __~_0O CO,Et Me COEt | O OlMe O
NN O ll' '¢‘ -ntT E
Et0,C purified by .-~ Et02C CO.Et . OMe OMe
Me vacuum distillation Me : imeluteine rufesine
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Benzo[c]phenanthridine alkaloids (formal):
Castedo, L. Tetrahedron Lett. 1990, 31, 143; J. Org. Chem. 1992,

(x)-Haouamine A:
Baran, P. S. J. Am. Chem. Soc. 2006, 128, 3908.

57, 5907; ibid. 5911. CO.Et . _
MeO fo} 1. CH(OMe)s, yZ o ACO .~ Stille coupling
. O,
T A0 9% yeo - o
MeO 2. NCCH,CO,Et, o
fo) NaOMe; 94% MeO NMe BHT
_—_—
S 0 MW, DCB,
(o] 0,C o 1,4-dioxane, 250 °C; then
via: | | > > reflux, K,COs, MeOH; H
(o) ©) fo) overnight; 21% + 30% rsm
N2 729%
° | AcO _
CO,Et

0 o)
o AL s 00D
NM
MeO Z ® © O NMe

nitidine We0
(0]
(-)-Neocosmosin A: For more on the Baran haouamine
Cho, C.-G. Org. Lett. 2016, 18, 5126. story, see: Angew. Chem. Int. Ed.
¢ b oo we | e o o
— M ) ) . Tetrahedron
Br——= ¢ 2009, 65, 6600.
BHT o
- :
mesitylene, reflux, gy A
2d; 65% )
2 stepsl o haouamine A
T .-~~~ Mitsunobu reaction OH O Me
steps CO,H *+ Me
= "o P o)
o 0 MeO AN [This area is intentionally left blank]
A >
X
Br /" Br ;\ 0 ,
*+.-"Sonogashira coupling (-)-neocosmosin A

10
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(x)- and (+)-Cavicularin:
Dam, J. H. Ph.D. Dissertation, Technical University of Denmark: Kongens
Lyngby, Denmark, 2009; Beaudry, C. M. Org. Lett. 2013, 15, 402; Angew.

Chem. Int. Ed. 2014, 23, 10500. o) o) o)
0 4 o) o)
o) - 5
s\ g ONe \ /° \ 7
PhO,S \
0 —
(o) [4+2] 0 O = o) o)
PhO,S N € o ' \ N
ol
) o MW, DCB, MW, DCB, MW, DCB,
— PhSOzH MeO 250°C, 10 h; | 200°C, 10 h; 250 °C, 14 h;
o 56%; 1:2.2 65%; 5:3 58%
para-cyclophane distorted Az O\ MW, DCB, (Beaudry) (Daqun /BaHran) (84% brsm)
~15° from planarity ; 240;;30}8h; (R=H)
. . (<]

ons S oe: eas

MeO  para-cyclophane meta-cyclophane  MeO
cavicularin
1. cat., 45°C quinidine
CF, 2. Tf,0;45% | 3. NH,CO,H, EtOAc, 100 °C
over 2 steps, | Pd/C; quant. 46%; e.r. = 58:42
e.r. = 89:11 (R=0H)
CF, o] 0
(o] /0
—_ 6—
S \ /) —OH - \ /" °H
PhO,S
_\\—\ [o} o
N PhO,S N
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Miscellaneous Dienes
Cyclopentadienones:

Abramov, V. S. Bull. Acad. Sci. URSS. Classe Sci. Chem. 1944, 60; ibid.
1945, 330; Dokl. Akad. Nauk. SSSR 1948, 62, 637; Zh. Obsch. Khim. 1952,
22,1450; J. Gen. Chem. USSR 1954, 24, 1187; Arbuzov, B. A. Bull. Acad.

Sci. URSS. Classe Sci. Chem. 1961, 2020.
(o)

Ph Ph X 150-190 °C Ph Ph
Y —f Tematie
sealed tube

Ph Ph - CO, - HX

X = Br, O"Bu, O/Am, OPh, OCOH, OAc, SnMej,

o}
H N

Studies on cyclopentadienone dimerization:

DePuy, C. H. Chem. Ind. 1961, 429; J. Org. Chem. 1964, 29, 3503.

(0]
AgOAc 450 °C
_———
AcOH/Ac,0 vapor phase

reflux pyrrolysis
AcO [Mechanism)]

Br o
EtgN
‘ rt; 92% Q
z via: @
o)

Typical apparatus for vapor-phase pyrrolysis:

“pure ester is added dropwise to the top of a vertically
mounted Pyrex tube packed with glass helices or
beads, and heated with a furnace...and the products
are swept from the reaction chamber by a slow
stream of nitrogen and collected in a cold trap.”

Reproduced from: Chem. Rev. 1960, 60, 431.

General review on cyclopentadienone chemistry: Chem. Rev. 1965, 65, 261.

: Thiophene S-Oxides:
General review: Thiemann, T. Thiophene S-Oxides. In Chalcogen Chemistry;
 Papoh Ndibewu, P., Ed.; IntechOpen, 2019.

(o)
s 0] u © WP

\/W’@W@

— Require much lower temperatures for cycloaddition and chelotropic
extrusion than for dioxides
meta-Cyclophanes:
Thiemann, T.; Tashiro, M. Eur. J. Org. Chem. 1998, 1841.
MeOZC
MeOZC

y.

Me + CO;Me Me
S mCPBA, BF4+OFt, O
y
% DCM, —20 to 0 °C
60%

For reactions with other alkynes, allenes, and benzyne,
see: Thiemann, T. New J. Chem. 2003, 27, 1377.

Aethioside C:
Yu, B. Tetrahedron Lett. 2007, 48, 7323.

Me Me

002Me

OAc
mCPBA, BF3-OEt,

+/ toluene, =70 to 0 °C,
1 week; 56%, r.r. = 3.7
(minor, desired shown)

12
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Hexaarylbenzenes:
Itami, K.; Yamaguchi, J. Nat. Chem. 2015, 7, 227.

‘Bu O A O CF,
S
6 steps o \ /
[sequential position- o

S

57

MeO

selective arylations]
For initial report on tetraaryl-
thiophene synthesis, see: J. Am.

Chem. Soc. 2009, 131, 14622. MeO
mCPBA, BF3*OEty, — X = lone pair
0 —20 °C; 54% X=0
Me
o O
(o)
\_7 N/ \ —
— Me

o Wy W
) O

Bisketene Equivalents:
Newton, C. G. J. Am. Chem. Soc. 2020, 142, 13328.

mesitylene, 160 °C, 48 h
32%; r.r. 5:4 (major shown)

S |

*~ - First hexaarylbenzene with
all distinct substitutents

Me 1.TBSOTf, e 0TBS ¢ o
EtsN =\ 5 3 f
85% < MeOH, rt
O,
0TBS 93%
.= Previously 9 steps
OH ¢ ; y 9 step on
Me fo) '
OH . Me
.+ 3.Se0,, 100 °C
M -«
¢ then
oH O acetone, AcOH, \
(x)-indanostatin 56 °C; 54% OH

: (¥)-Halenaquinone (formal):
Rodrigo, R. G. A. J. Org. Chem. 2001, 66, 3639.

OMe SPh
Me JH O
= r toluene
0 + —
S o ., reflux, 21 h;
oMo 94%
OMe o} : Ph o
*~ tethered Diels-
; NaOMe,
Alder reaction MeOH:

steps

(x)-halenaquinone

Oxadiazinones:
Polysubstituted pentacenes:
Nuckolls, C. J. Am. Chem. Soc. 2006, 128, 1340.

Seminal work: Steglich,
W. Synthesis 1977, 252.

Ph Ph
Ph TMS (0]
N)Y TBAF
® T N O DCM
Ph IPh ﬁ/ 100 ] —Ny;
o > | -co,
Ph oTf Ph

Ph I|3h Ph
Ph C Ph
<
2000
Ph (i) Ph
Ph Ph Ph

decaphenyl pentacene

Ph Ph
. Ph — o
via: )
Ph
Ph Ph

13
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Non-aromatic strained cyclic alkynes:
Garg, N. K. Angew. Chem Int. Ed. 2019, 58, 9419; ibid. 2021, 60, 18201.

+
CbzN CbzN
z Ql/ ™S MeCN 4

rt; 56%
Ph

Se ==

.
A .
- Three-component coupling*

1,3-Dioxin-2-ones:

(-)-Zearalenone:

Barrett, A. G. M. J. Am. Chem. Soc. 2008, 130, 10293.
Me Me

o) o) o) o
Me/\)J\/U\)\/go 1. toluene, reflux, 1.5 h

2. Cs,CO4, MeOH i

Me I\ [Mechanism] _ _ . .
o__0O - - [This area is left intentionally blank]
J\/\)</\/\ OH O Me
HO A
(0]

HO Z Me

0

OH O Me Z 0\)

3. Dowex 50WX8-400 |

HO | 4 HGll, toluene, 80 °C
o 71% (4 steps in 1 pot)

(-)-zearalenone

For other syntheses of resorcinolic macrolides using this strategy,

see: Barrett, A. G. M. J. Org. Chem. 2009, 74, 8139; Tetrahedron

Lett. 2010, 51, 783; Tetrahedron 2010, 66, 6331; Org. Lett. 2010,

12, 5573; Seiple, |. B. Tetrahedron Lett. 2024, 147, 155184; Chem.
Eur. J. 2025, 31, 3202501509.
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