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1) Family Intrgduction:

Ol-l\lle ”
=

Me _ .
phomactinine

Frontier. Org. Prep. Proc. Int., 2014, 46, 214-251 . = synthesised * parabromobenzoyl ester derivative to aid in crystallinity, as forth phomactins will be refered to as A to V
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Contents:

1) Family Introduction

2) Proposed biosynthesis
3) Core synthesis studies

2.1) Biology:

Platelet Activating Factor (PAF) Antagonist:
Isolated from marine fungus Phoma sp, reproduces on
Chinoecetes Opilioi (soft crabs), in Fukui, Japan.

Implicated In:

Apoptosis, angiogenesis, reproduction, wound healing
smooth muscle contraction, hypotension, anaphylaxis
gastrointestinal ulceration, organs transplant rejection

4) Macrocyclization studies
5) Total Syntheses
* (+)-D Yamada - 1996
* (¥)-A Pattenden - 2002
* (+)-G Pattenden - 2004
* (+)-A Halcomb - 2003
* (+)-A Lee - 2018 (formal)
* (+)-A Hsung - 2009
* (+)-A Sarpong - 2018 (divergent)
* (¥)-B2 Wulff - 2007
Efforts towards and miscellaneous
LSF embeded into relevant sections

2.2) Proposed biosynthesis:

Me Me Me
Me OPP Me !
Me
NS Me— X s
Me OPP i }
dimethylallyl PhmB PhmA | |
diphosphate Me Me Me Ve
Me = p
3x NOPP Me Me
isopentenyl geranylgeranyl

diphosphate diphosphate

Strategies Explored:

Hsung - 2009

radical/ carbonylative

cyclizations
]
]
/L : [Cr], [Ni] NHK
| coupling
] ’
% : 4
"OH Me RO I OR -
| J\ ’ .
M [Ru] RCM
/ Sulfoqyl _— e \ /ﬁ _ — == [Ti/[Sm] McMurry
Me alkylation == ol [H] coupling
Pattenden - 2002 Me [ roMe
/ X LN - -- INil C(sp)-C(sp°)
homologation L7 T . coupling
NS ¢ [Pd] C(sp?)-Clsp°),»* Mej "~
Me OH B-alkyl Suzuki-Miyaura : S
4 | \
|
X X .
Me Me ? : [Pd] C( sp
|

B-alkyl Suzuki- Mlyaura

[Ru] RCM
[Ti)/[Sm] McMurry [H] coupling

phomactatriene

Sn2 (Sch 49026) Me
* hmC
(0}

common
Intermediate Me

Sarpong - 2018

Zhang, Ge. Angew. Chem. Int. Ed., 2023, 62, €202312996
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3) Core synthesis studies Forward: Pattenden. Tet. Let., 1996, 37, 275-278
3.1) Furanochroman : i) t-BuLi; OMOM
Retro: ’ (0] 3-methylbutylene; Me
+ Me if) MOMCI Me
' Br :
' Mer TMSCH,Li Mer a Me
' 50%
' OEt OEt
i) KH; mCPBA;
13%| i) CSA;
Me :
OH iii) DIBAL-H
PheSeBr Me // —Me
77% Me::

Forward:

OTMS

OTBS

Danishefsky. Org. Lett., 2001, 3, 2949-2951
i) Pb(OAC);

Cu(OTf), ii) DBU;
BOX i) 15, pyr
95% 51%

CO,Et
95% ee

i) NaBHy4, CeCls; ii) K,COs3;
ii) TBDPSCI; iv) DIBAL-H;| 33%
v) Si(i-Pr),(OTf),

i) sz(dba)3,

P(o-Tol)3,

TBDPSO

OTBDPS HO-CH,-vinyl-SnMes; ?TBDPS
H o. ii) TBSCI | oO<e. .
“sii-pr); o | Si(i-Pr),
(o) 0 = o
Me
OTBS

OTBDPS

4) Macrocyclization studies, 4.1) g-lodoallenolate

Retro:

Forward:
Me

TBSO Me
eight step synthesis

six step from nerol

Me
i) CrCl,, NiCly; ii) MnO,
iii) HF *pyr; iv) TPAP
i) 9-BBN; Pd(dppf)Cl,, |
AsPhj, Cs,COg; ii) TBAF;
iii) TBSCI; iv) PCC;
v) Ohira-Bestmann;
vi) DDQ; vii) AgNQO3,
NIS; viij) DMP
28% TBSO

TZ:E 3.6:1.0

31%

4.2) Carbonylative Stille Me,,
Retro:Meh Me..
OTf
Me'., Pd(dppf)Cl
5 : / o co. Licl SnBuj
| | 36% Me | |
-ﬁé}\;v}{rh """"""""""" ™S |

Ll

i) t-BuLi; Cu(CsH7),
PBug; ii) LDA,;
Comins’ triflimide;

67%

il

Rawal. Org. Lett., 2001, 3, 3615-3617

i) TBAF; iv) n-BuLi;
v) Me3SnCl
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4.3) Radical Cyclization Forward: 4.5) Ring Closing Metathesis ; only dimerization
Retro: X OTBDPS |Retro: RCM2 ! observed
' Q i) TMSCH,Li; o) OTBS , (R=H) : OTBS
+ Me ii) KH; mCPBA; M
Me - @ iii) TBDPSCI € Me l ,’ Grubbs
' —_— st
ADY L Me OEt 25% A a ! iﬂ
. e o Me R 0% Me
Me ' \0) g/o OEt ; <%OEt
o 5/ X/
' six step synthesis eight Me RCMT (R=Me)
--------------------------- R e R LR R b steps ... Grubbs +e-eeeeennd seven
27% E T s t
CO,Me Co,Me o OTBDPS 1% Gen only explored on sieps
2 o) OTBS disubstituted olefins (o)
Me ABN, Me five MOMO,C M B
Me 70°/ H steps
M¢ Me Me Z OEt
6-exo-trig OMOM OMOM OEt € o
= = E-selective =
Me O Me Me Wittig fo)

only isomer generated

Pattenden. Org. Biomol. Chem., 2003, 1, 3917-3948

Pattenden. Org. B/omol Chem., 2003, 1, 3917-3948

4.4) McMurry coupling
Retro:

major dimer product

plus diol

OH

Pattenden. Org. Biomol. Chem., 2003, 1, 3917-3948

i) CSA; O H Me
[Tiy/[Sm], Me ii) MeMgBr;, o z
Sml, jii) DMp V1€

33%

0 i) NBS; ii) t-BulLi; (0] OMOMMe
Me RCHO; Me
iii) MOMCI =
T), - 3
Me OEt Me

0}

OEt
\) o TBSO
(o)

(o)

i) TMSCH,Li; ii) KH;
iij) mCPBA; iv) DIBAL-H; | 4.5 %
v) MOMCI

Me

PdBo g PMBO

Me
OTES Grubbs \Me
<2 cen OTES
82% Z

Me

Me o) [Ph3PCu]6 49% exo Me
""""""""""""" ii) SOCl,, pyr E:Z 31
O Me H O Me o]
PMBO Me
Me
fifteen
steps from

(R)-(+)-pulegone
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5) Total Synthesis 5.71) Yamada's
(+)-Phomactin D, Retro:

Yamada. Tet. Let., 1996, 37, 7107-7110

0 |
(0)
H |l H PhOZS Me
Me WY l S
o :> \\CHon
4 + TBSO z
Me* Me™ -
— Z Me
five st thesi
_— Tatl ive step synthesise
D Me
Forward:Q Me
1
(o)
OMe i) NaBHy;
i) LDA z i) TsCl; DBU
CO,Et
74% 2 53%
Me Me +
>LQ Me
o = _ o i) O3, Me,S
CO,Et
from ascorbic acid
BnO o
PhOZS\ Me || fourteen five
W\
1, W steps TBS(I) Me steps
11y,
Me 0
Tgt| HO\\\\\
509 | # t-BuLi; i) BOMCI, H
Ny i) TBAF; iV) MSCl o e e e e e e e mcmeee i e e e aa e
OBn OBn
H QBOM BOM i) VO(acac),,
Me : i) KHvps; Me TBHP;
PhOZS\ i) Na, NH; i) PDC
39% 60%
Me Me

D

5.2) [2,3]-Wittig Rearangement Study’Forward Thomas. Org. Biomol. Chem
Retro: 01 2009, 7, 2576-2590

Br

i) TBAF; ii) MsCl, L|I
iii) NaH; iv) Na« Hg

Me
ITH
=
Me Me OSEM
5.3) Pattenden’'s ()- Phomactin A PMBO o
Retro: PMBO _ - Maleczka's |
NHK Me
\\\
Me”% “OR
/7 =
Yamada's 7 z = 2
/ alkylation Me Tgtl Me
.................... Ve ]
Forward: |
i) t-BuLi, ZnCly; ii) Pd(PPh3)y;
TBSO\/\(\| jii) TBAF; iv) AlMes, Cp,ZrCly; WI
v) TBAF; vi) PPhg, I, Me Me

69%
Maleczka. Org. Lett. 2001, 3, 1491-1494
Pattenden. Chem. Commun., 2002, 16, 1736-1737
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5.3) Pattenden's ()-Phomactin A Stork-Danheiser  PMBO
Forward Continued: transposition
o i) LDA: Mel: Me OH
ii) LDA; RI; iij) PMBOCH,SnBus;
(o) iv) n-BulLi; v) HCI - Me o
) 31% = Za)
Me (0]
Me Me
........................................ i) PNBCI; 77%
stereoretentive chlorination, note alcohol ii) NaBH,, CeCls;
PMBO inversion post macrocyclization failed PMBO
i) SOCl,; i) PMBOH,
Me I t-BuOK, 18-c-6; Me CH,OPNB
@ jiij) DMP 0
, 55%
Me ‘OPMB Me OH
=z 7| =~ Z
Me Me stereochemistry confirmed Me Me

by NOE, must be inverted
to control epoxidation

58%¢CTC|2, NIC|2

i) DMP;
ii) NaBHy, CeCls;
iii) VO(acac),, TBHP

5_5) E-selective Transanular Takai. J. Am. Chem. Soc., 1986, 108, 7408-7418
B-alkyl Suzuki-Miyaura: ! Danishefsky. Org. Lett., 2000, 2, 2695-2698

oTBS | Meo
MeO :
' S
a = 40% a) Pd(dppf)Clz, ten steps
b= 600/‘; AsPhj, Cs,CO5

or b) TIOEt

Me
OTBS
MeO i) CHI3, CrCly;
ii) 9-BBN MeO
67% E:Z 11:1 N
B | )

OH
Me ‘\\\\/CHO

E also derivitized to triolefin
' but failed to cyclize with Grubbs 2" Gen
)
)

CN oTBS
- H H

5.6) Halcomb's Phomactin D
Precursor Synthesis:
€N, oTBS

- H Pd(dppf)Cl,, Me ~
85% Me | AsPh, Cs,CO4 |
p
169
Me Me . * Me Me
%// : Z ‘“
' -
/ '
Pattenden. Chem. Commun., 2002, 16, 1736-1737 ' Me I
- Me "
5.4) Pattenden (£)-Phomactin G: Pattenden. Org. Biomol. Chem., 2004, 2, 466-473[ _ _ _ e ceeeaaoo2 I
Forward: i) TBAF; i) -Buli; I
PMBO PMBO PMBO OH ii) AMe3, CpoZrCly; ly; ii) 9-BBN M
. ] e
OPNB ) MsCl: five TBDPSO 1 (COC2 I
Me ji) LiAH,; | CrCly, Me N Me 2 '
| i) pmp Me I NiCl steps | -
— — I —» G 4, iv) NaCN; v) DMP; Me CN O
Me_ 2 85% Me 2 47% M 18% vi) MeNHOMe Me: Me
0,
Me OH Me e Me Me 58% = & N’
= =z = nine step synthesis | M OMe
o e
Me Me Me epoxidation

selectivity issues

Halcomb. Org. Lett., 2000, 2, 2687-2690
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5.7) Halcomb's (+)-Phomactin A, Retro: (0]
H
(0]
Me
AT Me
| Me
Tgtll
Forward i) LDA, Mel;
ii) KOH; J]\/
iii) LDA; TMSCI; p SePh Me
Me iv) Bry; Li,CO3 l) LDA; MsCl 1o
8% 63% //
retro-aldol Me
+)-pulegone i) n-BulLi;
------------------------------------------ ii) Bu3SnCH20MOM 64%
ii) PCC
/OMOM o|v|o|v|
i)DMP;  Me =% ,O i) NaBH, CeCls; Me
ii) MgBr, ; u) mCPBA
1ee "'
83% // 81%
Me OH
86% i) TFAA, Py; ii) MgBr, Ay
* . OH OTBDPS
OH '
' i) TBDPSCI;
Me Br : ii) mMCPBA; |
oo five steps Tat I: iii) HIO
// g ; Me 7% Me
Me (o) ' _ H
. N o |1 =1 1]
0] OTBDPS
i) TBAF; Me™ Me OTBDPgS2 )CBM PPhs,
H ii) Sharpless; Zn nBulLi; Mel
m) Py- SO3 CpZZrHCI I
M
© 61% 65% Corey—
Fuchs
Parikh—Doering protocol
protocol
Me |

Halcomb. J. Am. Chem. Soc., 2003, 125, 1712—- 1713

01/14/2026
Endgame: DMBO DMBO
S, S, OTES
i) t-BuLi; o i) TBAF; Me
Tgt ii)DMP_ Me ii) TESCI Me 0" -,
I+ ™ 450, 49% IH %
~
Me Me
i) DDQ;
.......................................... i) TMSOTF; | 70%
iii) 9-BBN
Q otms
AsPPhs,
TBAF ~Me TI,CO5
A — :
78% Me H 0 H 37%
~
Me

5.8) Cho's Modified Tgt | Synthesis: o)
MesAl, OHC Me,’ (o]
Pd PH 2C|2 50 °C \
85A: 74%
CHO Br
i) LiAIH; .
__________________________________________ ii) PPh3,4I2¢82 Yo
(o)
i) TCCA,
MePPhsl, TEMPO;  Me [
jij/ <™ 'j:j < TBsoTt
. 75°/ . 72% \
‘OTBS ‘OTBS B
r

Cho. Org. Lett., 2006, 8, 3343-3345
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5.9) Lee's Prins-Conia- : Forward: Lee. Chem. Sel., 2023, 8, e202304204
Ene. Retro: ' Lee. Org. Lett., 2018, 20, 7466-7469
, :
" (0]
O | ‘HJ\( o9
S, £ __OTES ! Me, =2
: SnCIz 2 Bno\ W
! ) y > + \'
- ' HO™ = Me 60% -
Me™ RO i Me 1 HO":>Me Me o
= ' W I % sixteen step
= ' nthesis
Halcomb's + Me >
______ Me oo i sxstepsynthess  Me | inoThs znl, |
Me Me
42% BnO-CH, used
as vinyl surrogate
l/\s i) Davis;
00°%0 ii) TBAF;
iii) TESCI;
iv) DDQ;
OTES Y DMP;
vi) CH3PPh,Br
-
13%
Me °

10,, hy,
Rose

Bengal
Tgtl —
65%
Me

Reductant Screen:

5.10) Hsung's (+)-Phomactin A Hsung. Org. Lett.,, 2009, 11, 1591-1594
O OR

Retro:

AIIyI\ _CO,Me

C2E

[cr]", salen

—_—
74% ee

Allyl(
O "N~
| Mez

Cole. Adv. Synth. Catal., 2008, 350, 2885-2891

Lﬁ@L
Me

I -[3+3]
oxa-[o+
Me Me o
N Ac,0, pip |
30%
Me 0" : Me ° Me OH
= - : =z Me
Me Tgtl '
five steps| 65%
~CO2Me ) ¢y ppnger, OTES
n-Buli; ii) HF; || Me O ) LiAlH,; || Me
iiii) Hy0o; ’,, : i) TESCI 7,
—_— 0o—>
iv) pTSA, 87% 0)
(CH,OH), Me
OoTBS % o) 0

Me Tgtli

Forward Continued:

(o)
Me / OH
Me
1 L"' Hzo
Tietze's

Hetero-[4+2]

Kornblum-
Delamare

Me Tgtll

Lindlar,
thiourea or
PPh,

o)

Me

Hsung. J. Org. Chem., 2011, 76, 7027-7039
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' . . . least ti demethylation, [O]
5.10) Hsung's (¥)-Phomactin A, Forward Continued: pizsitigiatg I[ﬁ] O  OH.— essential to control [H]
H =

i) pTSA, MeOH,; O OMe M regiochemistry
ii) L-selectride; Me OTES i) BBr3; ii) DMP; e
iii) TESCI w iij) NaBH
AL ) NaBH
74% 60%
oo Q/L " NN

~ OTES
socCl,
—>
Me 85%

=z
Me Me

halide addition Wittig

also demonstrated ?Tf unsuccessful 'SOZ% 1p1yr‘,)cI:DhMe¢95%
T M i) TSA; ii) HyOy; o
i) Mg(OTH),; M (9) iif) TESCI; iv) MeLi;

if) TESOTf v) SOCly, pyr Me
50% 48%

proceeds H
via pyran oxonium ;
=

note carbonyl at o more reactive
than B hence protection essential

PCC, alumina
-
55%

OTES i) NaBH,, CeCl;
ii) Ac,0; iii) DMP

only C-triflation
observed

Me H o é Me Silyl enol ether
= low yielding
=

50% 25%
Me
5.10) Hsung's Failed Routes and LSF Studies: Et b) Carbonylation studies:
a) Methylation Studies on Protected Substrates: é.,Et ' O OH
o H OH Me, OH O-S! : =
H i) DMP; ii) TBAF; : i) DMP;

Me OTES i) SiEt,Cly; iv) MeLi : ii) TBAF; iii) Tf,0
x> : %
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5.10) Hsung's Failed Routes and LSF Studies: Hsung. J. Org. Chem., 2011, 76, 7027-7039
c) Triene [O] Regioselectivity Study:

o)
i) mCPBA; Me O

Me
m A ii) 0504, NMO 1
50%
Me 0" :"Me °

. most reactive
Me\ olefin
d) Triene [O] Regioselectivity Study: (0)
Me, OH <
g OTES Msclor Me, Y
Burgess
=5 Yo
Me Me

’\ , sole Schenck ene
H H o} side product

PCC,

PDC,

CTO3,
OTES MeReO3, or

Ph;SiOReO;
—_—

only starting material
decomposition observed

Ac,0/ AcCl
DMAP  +===-=-cccccccccccccccccccccccccccccccocccccccccccconcccconn-

D
-x

Tsuji—Trost
strategy

Retro:

5.11) Sarpong's Divergent Total Synthesis
(o)

Me

OH
[0} Me /.
A )\,o
Me” T me” ™
iterative selective = biosynthesis =
redox Me G common int Me
Forward:
eight steps
Me
PhOZS\\n‘
\I‘\\ demonstrated
in LSF
Me (+)'CarV0ne \I) [Rh COd OH]2]
0 ii) (NH4)eM0o7024, 0
98 A*mCPBA H,0,: iii) MeLi- 36%
(o) iv) Burgess; v) SeO,
Me ii) Cp,TiCly; Me 9
1) Cpo TClo; 1
(0]

Me
jii) (PhS),, BusP lm\.@/
—_—

60% SPh

opposite stereochem
to previous examples

i) VO(OEt)s,
TBHP; ii) DMP

—
65%

Rh(cap)g,
TBHP; DBU

52%

Me Sarpong. J. Am. Chem. Soc., 2020, 142, 15536—-15547

10
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5.11) Sarpong's Divergent Total Synthesis Continued: 5.12) Wulff's (¥)-Phomactin B2  Wulff, JACS, 2007, 129, 13366-13367
OH OH Retro: OTIPS
(o) OTIPS
Me i) VO(OEt);, Me \\H MesNBH(OAc)s, \ M
TBHP CsOAc, 18-c-6 e
p—s (0 p—y | Wulf-Détz
° Me “, ° annulation
We Me B2 Y Me” S >
OMe
=z
Me MeO
(CO)sCr
Inspiration:
R R o] OR
: 2 3 RO _R, dr R3 R
. | OMe 4:1 Ry 4
‘ i i W
Red-Al . Cr(CO
3% Me : (CO)s OMe
presumably + =00 T~ LTS TSt T T TTTTT oSS ST TTTTssS s s s ST s s
N2a30°|\(/:Ie left over DMP E Forward: OTIPS
or air . OBz
o ' o
OH !
. | seven 2 Cr(CO)s; PhL;
Red-Al § Me steps Me n-BuLi; Me3OBF4 Tat|
. 51%
| | THF |60%, 3:1
. Me Me 60 °C| desired
. Me
' Br |
VT TTTTTTTTTT e e emn et from geraniol |
A TR T A T o o OTIPS O OTIPS
' Me Me Me,,
' twelve ¢
: O  steps @ I + I
' Me Me
E OMe
' =z =
; B2 Me Me desired Me undesired

*If no yield stated assume telescoped transformation

11



Oliver T. Ring

Synthesis and Reactivity of Phomactin Natural Products

Baran Group Meeting

01/14/2026

Reviews:

1) Danishefsky. Angew. Chem. Int. Ed., 2001, 40, 1433-7851
2) Frontier. Org. Prep. Proc. Int., 2014, 46, 214-251

3) Hsung. Eur. J. Org. Chem., 2005, 1, 23-44
4) Hsung. Tet., 2006, 62, 10785-10813
5) Lee. Synlett, 2017, 28, 1394—-1406

6) Pattenden. Acc. Chem. Res., 2006, 39, 354-361

7) Yamada. Bull. Chem. Soc. Jpn., 2002, 75, 203-222
Isolation and Characterization:

8) Berlinck. J. Nat. Prod., 2023, 86, 2065-2072

9) Chu, McPhail. J. Org. Chem., 1992, 57, 5817-5818
10) Hata. J. Ant., 1998, 48, 1188-1190

11) Koyama. Tet. Let., 2016, 57, 4341-4344

12) Koyama. Tet., 2010, 66, 2594-2597

13) Koyama. Tet., 2012, 68, 8572-8576

14) Liu, Zhang. J. Nat. Prod., 2022, 85, 1967-1975
15) Patel. J. Ant., 1993, 46, 554-563

16) Sato. J. Am. Chem. Soc., 1991, 113, 5463-5464
17) Sato. J. Org. Chem., 1994, 59, 564-569

18) Takahashi. Tet. Let., 2004, 45, 6947—-6948

Total Syntheses:

19) Du, Lee. Org. Lett., 2018, 20, 7466-7469

20) Halcomb. J. Am. Chem. Soc., 2003, 125, 1712-1713
21) Hsung. J. Org. Chem., 2011, 76, 7027-7039

22) Hsung. Org. Lett. 2009, 11, 1591-1594

23) Huang. Lee, Chem. Sel., 2023, 8, €202304204

24) Pattenden. Chem. Commun., 2002, 16, 1736-1737
25) Pattenden. Org. Biomol. Chem., 2003, 1, 3949-3956
26) Pattenden. Org. Biomol. Chem., 2004, 2, 466473
27) Sarpong. J. Am. Chem. Soc., 2020, 142, 15536-15547
28) Sarpong. Nat. Chem., 2018, 10, 938-945

29) Wulff. J. Am. Chem. Soc., 2007, 129, 13366—13367
30) Yamada. Tet. Let., 1996, 37, 71077110

Studies Towards:

31) Cho. Org. Lett., 2006, 8, 3343-3345

32) Cole. Adv. Synth. Catal., 2008, 350, 2885-2891
33) Danishefsky. Org. Lett., 2000, 2, 2695-2698
34) Danishefsky. Org. Lett., 2001, 3, 2949-2951
35) Frontier. J. Org. Chem., 2013, 78, 9541-9552
36) Frontier. Org. Lett., 2009, 11, 4374—-4377

37) Frontier. Org. Lett., 2012, 14, 4082—4085

Studies Towards Continued:

38) Halcomb. Org. Lett., 2000, 2, 2687-2690

39) Halcomb. Org. Lett., 2002, 4, 2413-2416

40) Hsung. Chem. Commun., 2005, 46, 5784—-5786
41) Hsung. J. Org. Chem. 2003, 68, 1729-1735
42) Hsung. Org. Lett., 2003, 5, 4843-4846

43) Hsung. Tet., 2011, 67, 10105-10118

44) Lee. J. Org. Chem., 2011, 76, 6534-6541

45) Lee. Org. Lett., 2015, 17, 2062—-2065

46) Lee. Synlett, 2008, 1, 142—146

47) Liebeskind. J. Am. Chem. Soc., 2007, 129, 1816-1825
48) Maleczka. Org. Lett., 2001, 3, 1491-1494

49) Pattenden. Org. Biomol. Chem., 2003, 1, 3917-3948
50) Pattenden. Synlett, 2001, 3, 365-368

51) Pattenden. Tet. Let., 1996, 37, 275-278

52) Rawal. Org. Lett., 2001, 3, 3615-3617

53) Thomas. Arkivoc, 2002, 6, 78-92

54) Thomas. Org. Biomol. Chem., 2009, 7, 2576-2590
55) Thomas. Tet. Let., 2003, 44, 2713-2716

56) Thomas. Tet. Let., 2009, 50, 3550-3554

57) Thomas. Tet. Let., 2015, 56, 3255-3258

58) Thomas. Tet., 2009, 65, 4201-4211

59) Thomas. Tet., 2015, 71, 7293-7309

60) Thomas. Tet., 2018, 74, 5399-5407

61) Thomas. Tet., 2018, 74, 6737—6748

62) Totah. J. Org. Chem., 1999, 64, 1776-1777
63) Totah. J. Org. Chem., 1999, 64, 8750-8753
64) Totah. Org. Lett., 2000, 2, 2507—2509

65) Totah. Tet. Let., 2007, 48, 4605-4607

66) Totah. Tet., 2000, 56, 10185-10195

67) White. Org. Lett., 2011, 13, 248-251

68) Wulff. Org. Lett., 2007, 9, 2799-2802

Biosynthesis, MedChem, Interconversion:

69) Leff. Lif. Sci., 2003, 73, 3005-3016

70) Oikawa. Chem. Commun., 2004, 11, 1324-1325

71 ) Oikawa. Org. Biomol. Chem., 2005, 3, 2713-2722

72) Pattenden. Bio. Med. Chem. Let., 2005, 15, 3263-3266
73) Pattenden. Chem. Commun., 2003, 22, 2788-2789

74) Pattenden. Nat. Prod. Rep., 2019, 36, 108—121

75) Sato. J. Med. Chem., 1996, 39, 5281-5284

76) Scott. Tet, 2007, 63, 6204—6209

78) Zhang, Ge. Angew. Chem. Int. Ed., 2023, 62, €202312996

12



