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Oxygen-Centered Radicals

What this group meeting will cover

Focus on alkoxy radicals

1) Structural and reactivity principles underlying ‘O-dot’ chemistry
2) Cannonical and modern methods of generating RO-

3) Applications in synthesis

4) Special topic: non-1,5-HATs

What is an Oxygen-Centered Radical?

— An open-shell inorganic or organic species bearing an unpaired
electron (whose spin is localized) on an oxygen atom

— Without them, we may not be here:

(1) — Atmospheric Roles

01 -0 ﬂ» ,Il’»o + 0 O_2> /6*0_ .- smog What this group meeting will not cover extensively
N X (o)e --~ %= propagation 1) Ketyl, aminoxyl, peroxy, or phenoxy radicals
hy o catalytic 2) Norrish/carbonyl irradiation-type reactivity
CFCs —» CI- —23 CIO- + 0, 2> ozone depletion 3) M-O- chemistry (i.e. enzymes)

4) Radical decarboxylation

(2) — Biological Roles To begin — What do the orbitals look like?

— ROS generated from O, reduction — O,~ and *OH implicated in both unpaired electron resides in 2p orbital sp n orbital lack of
healthy metabolism and disease . o <« g 7 _ delocalization
— Metal-oxo based enzymes (P450s) leverage M—O' for crucial :0: radical -G 2p norbital imparts reactivity
oxidative transformations H")\H T» H ~|-;> "to plane +
Oxygen radicals exist on a spectrum of stability H kc-al mol H - a a-O/Nor 1t
I short-lived Csp? systermn
increasing  H hi i non-selective [O] round state Jahn-Teller stabilized
stability ‘e ighly reactive = HAT g )
0 BDE},0 = 118 kcal/mol via 2E C3, 2A Cs R
' What is the reactivity of alkoxy radicals? :oxyr/ggiré:lgn;ged
M : , : - ; o
" :II highly reactive various synthetic  :generally speaking, 4 modes r2 on + electrophillic
e+. € BDE,gyon = 107 kcal/mol transforms ; Y ' Ereq=0.1Vfor .
° ; R Sl EBUOT :
E formally ,"
extensive compatible w/ i
n-delocalization T™M & enzymatic o .
o BDEpyon = 90 kcal/mol systems ' e o o)
' € . b ~-
I P e a
Me : Y -« : Y : — o ‘_I:')LR
kinetic/thermo. stable radical : R SET[H] R ; B-scission
N Me bench stable trap : ' !
Me Ve BDE = 72 kcal/mol ‘ R_X "= R
v Me O ' ~== ~j——H
: R _X t/ 0 ) -
Useful Reviews: : ,"):( - R R >
Chem Sci 2020, 11, 11124; Synthesis 2002, 11, 1469; Chem Rev 2022, v #7770 C=X bond 1,n-HAT R OH
122, 2429; + R dditi
’ ’ i 3-and5-exo addition . 5
' ideal0<2.3 A

or 6- endo common
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Alkoxy Radical FUN-damentals
(1) When does HAT vs. B-scission occur? +BuOH:acetone
Wagner — JACS 1964, 86, 3368 (figures + data) ~ kalkg

Photolysis of t-BuOCI in presence of cyclohexane A

rising temp.
results in more
B-scission per HAT

4.0 =~ |'°0 -

O/
100 °C]
/ —
/

2.0

[Cyclohexane],
Fig. 1.—Alcohol:acetone ratios in ¢-butyl hypochlorite chlorina-
tion of cyclohexane in chlorobenzene solvent.
- .
* - --» intercept = attack on solvent
lower b w/ higher T implies lower E, for solvent attack than scission

ka/kd® —

Solvent 100° 70° 40° 25° 0°
None 202, 346, 584, 982°
CFCIL,CF,Cl 4.29 12.2 52.8 99 487
CH,CN (0.68) 2.33 8.12 19.8 81.9
|Benzene 2.82 7.62 24.7 48.6 207 |
m-CeH,Cly 2.81 7.07 24.3 45.7 178
CeH,Br 2.90 7.33 25.4 45.2 162
0-CeH,Cl, 2.15 5.82 19.2 35.2 120
CeH;,CN 1.90 4.87 16.9 33.4 109
CeH,F 2.73 6.94 22.4 43 4 127
CsH;Cl 2.65 5.62 16.4 28.6 91.7
| CH,COOH? (0.65) 1.34 2.90 4.87 12.6|
C.Cl, 4. 14 111 39.0 87.8 293
trans-CaH,Cly? 2.26 5.55 14.2 33.0 98.9
C,HCl, 2.01 4 .87 14.2 24.6 75.7
¢is-CoH,Cly 1.57 3.7 9.12 16.9 52.2

What gives?

no steric inhibition by solvation

but

HAT
desolvation required
but exothermic (TS resembles
SM solvation)

B-scission

endothermic + high E,

bond breaking early TS

underway at TS

polar TS stabilized
by polar solvents

Polar solvents like MeCN/AcOH solvate -BuO- well and TSy best
Non-polar solvents like PhH/chloroethylenes stabilize TSyt more
and yet— most synthetic applications of B-scission occur in PhH

(1) Which group undergoes scission?

Two Thermodynamic Drivers of Scission — R+ and C=0 Stability

' Me all losing Me- (R)
. Me (o] . [¢]
Me._O Y Mej_o but t-BuOH forms
Me Me the most stable ketone
k(s™) 19 1.4x102 2.0x10°
. . Me
Me. O A~° ) rate correlated to
N Me Me)\/ ° radical stability
k(s 19 1.7x10®  1.2x10*
Strain helps... ...alot
. o Me Me
(o] . Me
H 2‘ ’; (0] \.N‘("' (o} Me
o
5 — "
Eq
2.8 15.4 20.7
kcal/mol 14:1
despite radical
stability
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Me . Generally, the most stable radical is preferred, How can | Access Alkoxyradical Chemistry?
MeYO BUT pre-functionalization REEEEETED . direct activation
R- stability’s effect on HAT:B-scission is murky ' :

R RE O RGO ! RS_OH

? . . U ~ ! O : B
Me- € | > R- Larger R seems to favor scission due to Y X :' Y :2 Y
favorable conformational restriction R hvor R ' R
Readdn M\ H .
Best bet- cleavage of cyclic (strained) alkanols with no possible 1,5-H )2://\\/8/%) """"" via P, CAN’O'i/Hgo’ /()

modern TM methods
(direct, PCET, LMCT)

(2) When does HAT Occur?
— Typically 1,5-HAT is preferred via 6-membered TS

. ) (0] (0]
hR H (tune in for exceptions!)
- ‘T) — BDEs matter!
R For strong bonds (>92 kcal) rate decreases proportionally
For weak bonds (<92 kcal) only trajectory & sterics matter
(1) N-O Bond Cleavage

Barton’s Nitrite Ester Cleavages

N H is crucial, despite BDEs seminal work — JACS 1961, 83, 4076

H H

. - t radical stabilit
Q Vs [N\Z incipient radical stability

BDE =92 BDE =93
kyM'sh=11x108 ky(M's!)=9.6x10°

— kinetic factor — electronic matching is crucial

_N
2 // remember O- is
)
’ Me/s\/ H H electrophilic!
diaxial C-H me R
BDE =99.5 BDE =94 BDE =97 preferred e

ky(M's)=1.1x10% ky=1.8x10* ky=<1x10*

(3) When does C=X addition occur?
kinetic control — 5-exo usually prevails

Me

g 0 endo:exo; AcO™
o o} R=H 982
T — Q{LH OT"' R=Me 6931 ONo , .
Ao S I : -
R Me ' :
R=H k=4x108 k=8x10° 0 _ : - :
—>  67%yield 1 R or R '
even in PhMe! . HONO '
OAc i K
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Insertion of Nitrogen Following B-Scission
Tetrahedron 1965, 21, 743

Other notable N-O activations (we will return to these shortly)

(o)
me ONO — activatable via hv or
NO R'O-N R'O-N /> Sn- addition
recombination Y/ v much of the same

o . reactivity is feasible
N-Hydroxyphthalimide  pyridinethiones

N-O Cleavage Cyclizations into Alkynes and Silyl Enol Ethers

to— 1,5-HAT
note —no easy 1,5 Sammis — OL 2008, 10, 5083: OL 2009, 11, 2019

AIBN o
ONHPI OTBS TTMSS RO
W oTes
or BuzSnH
only product obtained
AcO : ) » matched electronics!
H relay radical additions
— H BU3SI’]H

Barton Nitrite Photolytic Cyclopropanation — Cycloartenol
J Chem Soc (C) 1969, 332
R

Me

AIBN TrtO

TrtO o A o
OH
ONHPI

Me 'Me

hv (0) .
PhS A~~~ F N B-scission and HAT
other notable syntheses: Corey’s perhydrohistrionicotoxin JACS 1975 "o 350 nm SPh also demonstrated

97, 430; Corey’s azadiradione Tet Lett. 1989, 30, 3023

1) LAH
— > e e e e mmmmmmmmmemmemenennnna....amphidinolide K fragment
2 NQCI (2) Fragmentation of O-S Bonds
AcO . pyridine AcO . '
Me Me Me Me hv | Seminal — Generation of Alkoxy Radicals from Benzenesulfenates
from lanosterol PHHZ : Beckwith - J. Chem. Soc., Chem. Commun. 1989, 1202
E o) AIBN OH
O e O -
! n- Bu SnH
\ prepared by rxn
1) H,CrO, ' PhSCI with EtzN
_ 1]
g) ESJB“ ! Tin-Free Photolysis
) AcO | Pasto — Tet Lett 1994, 35 4303

p-NO,-Ph sulfenates — Org Lett 2000, 2, 3369




Alexandros S. Pollatos Oxygen-Centered Radicals Bara"og/rzfﬂfo';"fe“"g

Allylic Sulfoxides as O-Radical Precursors
Renaud — ACIE 2002, 41, 4323

: o, AIBN o
' C Vg-Ph n-BusSnH

' _—

' \§

Giese Addition after Sulfenate Fragmentation
Cekovi¢ - Tetrahedron 1999, 551377

Ph n-Bu3SnH

OH
Mew Me

/\CN

H

H
PhSO [Mechanism?] - Hint synthesis of SM

involves a reactive intermediate

(n—Bu3Sn 2
— if no H+ donor present, LT
re-traps RS- (3) Fragmentation of O—O Bonds

» Fenton’s Famous Reagent Fenton’s original
+ J. Chem. Soc. Trans. 1894, 65, 899 finding
can also be employed with no Giese acceptor :
Synlett 1999, 5, 635 .

Me
! (2) Fe + H,0, — > Fe!' + HOO" + H*

N ) PhSeC N 1) m-CPBA 1 (2) Fe"  + H0, —— Fe! + HOO + H*
e 2)A 3 2 H,0 HO' + HOO' + H,0
—— pns 3) 2V2 — + + Fa2

2) (n-BugSn);, 3) 90% 2o2 .

hv AcO powerful, nonselective FeSO OH
OH AcO scopine OH ROS e 4
many modern H 20 5

applications known

reactivity can be described by the following reactions OH

(1) Fe'SO; + Hy0, — 3 Fe'l + HO" + —OH CO.H

|’V|e HO,C

OH

Radical Alternative to the Anionic Oxy Cope
Renaud — ACIE 2002, 41, 4321
problem - ROH inversion required after 1, 2-addition to [2.2.1] heptanones

o)
CO,H
HO,C
o}

Kharasch Reaction

X X :
[M] /\ steps X 1 see Baran 2010 GM on Kharasch (Foo)
/ —_— // D
o OH HAT-Functionalizations by Hydroperoxide Degradation

Cedovic - Tet Lett 1982, 3791
[3,3] impossible

BUT from this hypothetical int. Glese ooH FeSO4
realized wa R/\/YMe /\/*
X AIBN Me CUX2
n-BuSn3H also works for X =CN, N, X = OAc
7 1°& 2° ROOH Cl, Br, |
N
o}
Y= SePh |
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HAT-Functionalizations without Iron
Ball - Org Lett 2010, 12, 2460
General scope, but interesting non-1,5-HATs possible

Silver-Catalyzed Oxime Functionalization
Nat Commun 2018, 9, 2625
AgNO3

HO NOBn K>S,0g BnON CN _OH
+ _——
R/\J PhOZSJ\CN acetone:H,0 RI/r
vinyl/allyl sulfones 50 °C
are a common rgt

Intermolecular Me- Olefin-addition Functionalizaton
Nat Commun 2018, 9, 3725

OAc
OOH OMe CuCl

o OH o™
Rj\)\rpr pvDTA g QH OMe . Rﬂ\)\/:’;/
R 4 TBACI, AcOH Rmf + o 0 o O

Rj\)\/Pr

19%

Fragmentation of Steroid Bishydroperoxides 1,6-peits £BUO).. CuSO
Bull. Chim. Soc. Fr. 1957, 1484 ; R (1 10_p)ﬁ’en LiNG N D other Nu include
: ’ e S MeOH, internal ROH
Me ' > Me eOH, interna
HOO, OOH Me H ' Al'/g o Ar
Me o} ' t-BuOH, 120 °C
o PhMe, A Me ' Modified Booker-Milburn in the Synthesis of Sordarin
Me 7 i Narasaka — JACS 2006, 128, 6931
CoCl - ' o OTMS OH
- DMF, 86 °C  AcO' : 2" mgbr 1) Et,Zn
AcO up to 30 % alongside ' m ( CHZ—IZ> (
presumab (y typical BV products ' TMSCI o 2) K2C03 -
via '
‘\> «OH '
] OTBS OTBS AgNO; (cat.) OTBS
H ¥ : (NH4)2S20g
20.° Me , HAT '
s Me Me ; (0] : Me CO,Et
oY Py : H 1) Me,NNH,
Me”~ “OOH ' 8 steps 2) LDA then
i ‘?zL ! Me Me
-------------------------------------------------------------------- 0" o
(4) Transition-Metal Mediated Direct Activation ' TBSO Br\)\/g
There are many systems which can facilitate RO- formation — our goal : 3) NaOE o
is to highlight breadth BOH O ! ) NaOEt
. . . . ' [why the hydrazine?]
Ring-Opening Functionalization of Cyclobutanols ! 711976, 1. 3 to 1° ROH
JACS 2015, 137, 3490; ACIE 2015, 54, 12692. |/° ' Me T 4
\ ' 1 R
F, HO Ar Mn(OAc)s, N3 o 7 steps .
(o] AgBF,4 bpy, TMSN, o) : Sordarin
<— ;\_q E - - -
ar Selectfluor BI-OH Ar - £10,c O > 1o iPr
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(5) Photocatalytic Alcohol Activations (Preactivated)

First Visible Light-Mediated Alkoxy Radical from NHPI Ether
Chen —ACIE 2016, 55, 1872

fac-Ir(ppy)s

RO,C E,"®r(ll) = — 2.19 V (SCE)
NHPIO Hantzsch ester
+ > CO.R
N H
ar No SO,Ph blue LED Ar o/\/o
E1/2r6d:— 135 V(SCE)
key mechanistic finding:
o- Me  CO,Et
|—> N protonation by
~0 HE* crucial for
; .
o R Me CO,Et ;‘\rlilg’gvrgntat/on of
Rendered Asymmetric by Chiral Rh L.A.
ACIE 2016, 55, 13495 OH
Me 0—/_

R (o)
N~ N ONHPI
+ (2 equiv)

(0}
N‘NJ\/\Me

Me—7
—

Me

A-RhS
HE

fac-Ir(ppy)s

R = Me, i-Pr, Cy, Bn

via Rh*

R

/ ~o

M

. U

o

e

HE’

5/~

N—N

—_—
FL, THF /
CFL, Me/k/)\Me

Rare Hydrogen-bond Enabled 1,2-HAT Allylation
1 iScience 2020, 23, 100755

ONHPI J\/ (fac)-Ir(ppy)s, HE OH COjR
Ph
PN RO,C S0, > )\/&

R™ °H blue LED R
MeOH
, . H ,Me
via o-M~o
/l }-I can also do Minisci —
R ‘ O/ Chem Commun 2020, 56, 8671

\
Me

Alkoxypyridiniums for remote (1,5)-heteroarene functionalization
ACIE 2018, 57, 15517

\
R H PC, NaHCO,
N R
) blue LED
0
R = alkyl, aryl

but what if | don’t want Minisci?
ACIE2019 58, 2139; Chem Eur J 2019, 25, 11630

X
R1
fac-Ir(ppy)s, TMSX Rz*/\/o"'
CuOAc, 1,10-phen X = CN, Ng, SCN
+
Ar

>
Me H R1 OR

Me

RZ Cu(OTf),, ArB(OH),

Oximinoacid-activaiton for d-Fluorination
Yu — JACS 2020, 142, 2766
4CzIPN
H Me Selectfluor

RJ\/\/O\ N/)\

oxidative decarboxylation
via—e-, — CO,, — MeCN

F
OH
COH CsF, Cs,CO;4 RJ\/\/
blue LED
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Site-Tunable Csp® Amination from NHPI Ethers Borylation of Induced Carbon-Radical

; +
: via MeyNy O —»
OL 20191 21,9147 : Ofg Lett2020, 22, 7213 (=2} Y B(cat)
via ' NHPIO R Bp(cat), o Ve +
ONHPI ' DMA, blue LED J]\' 5 0
! —_—— ~ pin
' , T
Ar A, CulXant)(dpm)BF, Q‘ . : “__  then pinacol R R’O‘N
N R | H i 3-t07-  EtN
ue R ' membered (cat)B~ "
R R :
at low pH Alkoxy radicals as intermolecular HAT reagents
(R)-BNDHP | Di g%o ' ACS Catalysis 2019, 9, 9891; ibid 2020, 10, 13710
* : X various
OO O\P,o : | photoreductants
g oH : <
oo o N S
= ! OMe
/N '
R'_ R0 ' RX H
\Ar '
1,5-amination *' NPhth ' X=C, 0, NH RX O
R OH /'\ A Styrene Alkoxy-Functionlization
R NHAr ‘ R (o R o i ACS Catal 2021, 11, 542
1,2-amination E CN (o) OR
: S 4CzIPN
' —> RO
1 ~, 1
EDA-Complex Induced O-Radical Reactivity : N* o blue LED R
ex. Martin — JACS 2020, 142, 20594 ] OLPr Ar
R2 NiBr,+diglyme R2 _ :
J\/ONHP, + g-B"  bpy/terpy, K,CO;4 1 %;—ié; (ovjs + Without formyl H- available — ACIE 2018, 57, 13790
R1 —_—— . :
R=Arakyl 4CzIPN.HE ~ R R notahe, . oN fac-Ir(ppy)s
blue LED T ed 2 ﬁﬁ e NaH,PO,*H,0 OH NHAc
via Me_  CO,Et : | AT — OR °" OR
N ’ o : N BE - wet acetone Ar)\/ Ar)\/
= —>» HE* + (IDR ) blue LED (MeCN solvent)
R—, Qe co,Et 0-N ;
O-N R~/ : ;
(o] o E
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(6) Ligand-to-Metal Charge Transfer (LMCT)

— Typically Ir/Ru coord. sat. with polypyridines excited and does MLCT.

Long T* states then do e~ xfr.

— LMCT: ligand donates e~ to high-valent metal w/ low-lying d/f-orbitals

Seminal Work — Ce-LMCT Induced Ring-Opening of Alcohols

Zuo - ACIE 2016, 55, 15319

CeCl
HO R E1/2red Celll" = 232 % (SCE) O WOI’kS for 4' tO 8'
- R membered rings
TBACI & 2° ROH (no [O]!)
DBAB, blue LED BocN-NHBoc
via R = alkyl, aryl, H
o—ce'" o—ceV LMCT fo)
R R R —» pdt
+H*
. cel
R NBoc R. _NHBoc
\N/ N
Boc Boc
Diol Cleavage by Ce-LMCT
Koénig - Chem Commun 2019, 55, 486
R3
HOH)(R‘l CeCl, TBACI 0 . ﬁ\ wide scope
—>
R, " “Ws.Lep R? "R' R® "R
Formal [5+2] Cycloaddition by Ce-LMCT
Zuo - JACS 2018, 140, 13580 CeCl; o}
CO R DPA
OH (n—Bu) PCI COZR
CO R——————>
blue LED
CO,R CO,R
2 then p-TSA 2
via
. CO5R
0 2
Glese RO,C OR
then +e S

CIE 2021, 60, 5370

ef OH

via ‘

0\
Cel

Wang — Org Lett 2024, ASAP
MePh,Si OH  PhO>S

Lin — JACS 2024, 146, 19696
KHMDS
'\Rz R TEMPO*PFg~ |

R® "OH penzophenone {Ra

.

0°C, 2h

R OH .OTEMP
F~

OTEMP
:f OH
Me
Me
1,5-HAT

B-scission of
cycloalkanols

Oxidative Ring Expansion by LMCT
A

o] PC, Ce(OTf)3 O
(n-Bu)y PCI
_—_—
R blue LED, air

(0]
R B-scission

Overriding B-Scission with Photoelectrochemical LMCT

(Bonus) — Frustrated Radical Pairs

—

&
,_TL,«
Co

Fe(acac)s Ar
TBABF, [Sij0 ~

(+)C/()Pt
purple LED

bypasses B-scission via rapid 1,2-silyl shift

closest
contacts 2.1 A

~ Me "'~
Rzi fill‘e ; ‘1 Me
o o
M Me
e

weak N-O ‘bond’ of
radical combination adduct
(BDE 11.6 kcal/mol)

TEMPO AGdls =—7.5 kcal/mol
effective
O- reactivity
R
OTEMP
3- or 5- exo-

olefin cyclizations
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PCET-Mediated Alcohol Ring Expansion

(7) Proton Coupled Electron Transfer (PCET) Knowles — JACS 2019, 141, 8752

— During this step, a proton and electron are transferred to different

reagents P.T. n—> n+2 ring expansion
,\ Ir'" photocat. al
Mi R-H--B —» M1 R HB HO PBU4+TFA R2 R1 H aIkyI Ph
e R2= H, alky!
Ripielg see Baran GM 2020 and ACR 2016, 49, 1546 y
Seminal Work PCET Induced Ring-Opening of 3° Alcohols blue LED
Knowles - JACS 2016, 138, 10794 D ey N
n —>n+1 ring expansion expjnsmn selectivity
OH I'"" photocat 0 ' g%rr’n‘%l‘l/gde g;)B-a/lyl
Ey,°% Ir(lll) == 1.68 V (SCE)  PMP R 1 Subst :
M\Q\ > X asabove 7 Y N mememereresesecoeoees
—>
OMe collidine
) R = AI’, EWG

E, . PMP = 1.60 (SCE) PhSH or Selectfluor H
or CCl, or CBrClg X=H.F,Cl,Br Merging PCET Radicals with Ni-based Radical Couplings

Rueping — JACS 2020, 742, 3532

via :
RN T B-scission
b ' HO PMP iClse
H‘O, ) - then trapping NiCl,*glyme, dtbbpy o

PCET Mes-Acr-MeCIO, R R A
— S~ eus AN N
OMe

SO collidine, blue LED
any size ring or linear 3° alcohol

~

3- to 15- membered

but Ar must be e -rich (PMP, benzofuran, naphth, etc) ted I photocat o o
collidine or
Better Yet — Addressing the PMP Limitation pMPJ]\« "\%0 PMPJJ\« ’
Knowles - JACS 2019, 141, 1457 white LED CO.R
! photocat. 0 3- to12- membered " Tlt:E’ e w/ 2
OH _ - - o air
PBUg(MeO)POO" ) works for JOC 2018, 83, 9696 PhO,S” ~CO,R
R H ; H H
[T TRIP-SH, blue LED (@)cyclic ROH 1 oxygen Radical Addition into Double Bond — Cycloetherification

H Knowles — ACIE 2020, 59, 11845

Ir'"! photocat. R

_ for mono-, di-,
HO\WR PBu4+(MeO)2POO> (o) and tri- sub’d
R olefins

R (ArS),, blue LED

why? 5
strong H-bond ~ g-H-O< P(OMe), IM"

complex A b
allows direct » Pdt
SET ox.

IrII

surprisingly, these conditions do not result in B-scission
even with a stable potential radicals or ketones

10
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(8) O-1 Bond Cleavage Guanidylated Pyrrolidines from Sugars
The Venerable Suarez Reaction : OL 2020, 22, 8492
Tet Lett 1984, 25, 1953; Tet Lett 1985, 26, 2493 NHBoc
R “ 4 R R . : BocN BocN
RGOH _source RGO, _A RGO HaT, + NP NHBoc NHBoc
Y > NI —— —> scission,| o |2, PhIO ?’ )LNBOC
R R orhv R etc. | on 80W
many “I*” systems exist ~ I, I,/HgO, 1o/PhlO, 1o/PIDA W-lamp OHcO™ /\TMe
traditional synthetic examples to follow ! >r° /k-Me OHC O
' Me
Modern Takes — Togni-type Reagents partial cyle ' Me c— 27% ic— 56%
JACS 2016, 138, 1514 ) BI- ! Me exocyclic — 27% endocyclic — 56%
’ ' Me
R '
oH  Ru(bpy)s(PFg), 0 Ar hv @ Me Med o
ql’ > // ' Me>< ‘ ] 0 NBoc endo/exo ratios
S P blue LEDs R - : vide depend on
— : OH _supra stereochem.
= BlI———A . —_— BocN NH
R ara;Z(yL . r Ru'll Ru 1 OHCO™ ol around sugar
> . : GN o_ 0
pdt . —— o
RJI\/R e BI* R o. !------------------------------------------!Vl.e.-.N!e. .....................
o—t’ d/ Bl ' (9) Total Synthesis Bonanza — Strategic Applications of Oxygen Radicals
Bl———Ar = o /K,y Spiroketal Formation via O-1 — Total Synthesis of desMe-Hippuristanol
- ROH Deslongchamps — JOC 2011, 76, 1269 + many examples
Photocatalytic O-1 based Minisci Me HO \'e
Org Chem Front 2019, 6, 3205 HO; Me
~ oH Ru(bpy)s(Cl), ~ .
el YN BI-OAc YT mixtures of )
' | + — | regioisomers 1) PhI(OACc),, |, ~ 82%
~ L / ~ ' /
o N R HFIP, CFL o N R unless blocked

2) Li, NH3 ¢
Me Me
Also works with just PIFA:

Adv Synth & Catal 2019, 361, 4568 Note:
OH PIFA — selectivity of 3°ROHs
O... PRSI (2 equiv) (else facile B-scission)
Me>< o + ]|\/j —_— — eventually abandoned
Me” Ny “eo- N/ blue LED due to difficulty making Me-SM
bMe — very common approach to

1°-3° :

steroidal spiro’s

11
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Oxygen-Radical Logic in the Synthesis of dihydro-Glaucogenin C & Glaucogenin D
Gui and Tian — ACIE 2011, 50, 7093; OL 2013, 15, 4802

1) HBr, AcOH 1) Pb(OAc), DBDMH Oy M
2) LiOH I, CaCO3 AIBN, hv 'H
—_— —_— .1OH
3) TPBPSCI then Jones z z then wet sillica ‘771 A
imid 2pBU  HLH o e OH. AL
SN2’
1) LAH
2) O,
then Zn-AcOH l
1) Et;N, MeOH
2) MsCl, Et;N PPTS PIDA, I,
3) LAH OAc  Ac,0 hy
4) TPP, O,, hv 130 °C

Sio

how to selectively [H]
(no C-15[O] in NP)

1) FeSO4, |2

1I)NICl, AL AL H imoommmmmmmmm oo oo e m e mn S m e oSS mm oo m e oo e m o
2) DBU l\{aBIH 2 What if My Alcohol is too Hindered? Bake it in— Aspersteroids
I el Gui — JACS 2024, 146, 6481 Ve
2) TBAF HAT, o wia
. a 3) NaH Me R
Sio = HO .
H Y
5,6-dihydro-
1) FeSO, Me glaucogenin C —_— I
TEMPO NG o Ve PhSiHg, air

Fe(lactate)
C4Fgl

glaucogenin D

Suarez did not work
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(10) Whacky 1,n-HATs
Highly sensitive to enthalpic and entropic
parameters-AKA you have to give it a reason to work

Endoperoxide Cleavage by Ru — Gibbosterol
Gui — JACS Au 2024, 4 635

1,6-HAT over 1,5-HAT??
Suarez - Tet Lett 1983, 24, 4621

Me
favored des.
2:1 by using HO

Me favored due to
pyr. as sovilent

more stable,
e~-rich a-O radical

radicals like to go from
less to more nucleophilic

Electronics of o-O Effect Selectivity
Suérez — Org Lett 2002, 4, 1959
B-O effect: J. Chem. Soc., Perkin Trans. 21994, 1071-1077

further
scission

- Ru'

int. to
gibbosterol

Samm -

. OMe
C2 C-H 1.4 keal/imol OAc ; OMe
stronger for R = OAc '

+ less nucleophilic R+ .

presence of B-oxygen
slows rxn,
improving selectivity

Selective Sugar Deprotection at C-4
* Suarez — Org Lett 2004, 6, 3785

Ophiopogonol A oH H
Gui — JACS 2022, 144, 17769 Me ' MeO < o N OH
' PIDA o o)
' o —_—
' MeO OMe I, o MeO % oMe
: OMe MeO
1 . only 1,6-HAT OMe
: “ is accessible
Eoverall 77% *
5 e AcO—\ oH
: Cld o o]
: lo) + 0
: OMte then MeO OMe MeO OMe
: base OMe OMe
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Anomeric Allylation by 1,6-HAT

Suarez — Tet Lett 2008, 63, 8910 Parting Thoughts

— Given the burgeoning of highly chemoselective carbon-radical chemistry,
do we feel the same trend is occuring with O-?

oM ONHPI
€ — Seemingly a in baroque-era (mix and match every activation method,
0 /\/5"3”3 reactivity mode and radical trap)
— Not many examples of RO« used as an alcohol alternative (i.e. with
MeO™ OMe AIBN metals)

OMe OMe

a-isomer —35% _____ 27 . axial-H abstr. in

B-isomer — 58% [Why?] B-SM faster

1,7-HAT - Rare but Possible
JOC 2003, 68, 5310

K(_T PIDA b

Me Me Me Me
Me Me

I/Ph

d o

O“'

both 1,5’s inaccessible perhaps enabled by
+ exothermicity of 1,7 proximity across sugar 42% 28%

1,8-HAT — Rarer-yet but seen in (1 -> 4) disaccarides
ACIE 2002, 41, 856; Org Lett 2007, 9, 1785

OMe
""w
W,
\ _ PIDA : _)'_/
\/ | MeO 3 P fo)
Meo ' : 2 VQ ell Foa ‘JJJ\
MeO" “OMe MeO"
L if X = —CHy— e ‘OMe
1,5 —4912; ol Oe pdt if instead
Vs a0 56% yield per-Acetyl

total 1,8-selectivity

Higher-order 1,n-HATs from O- are known, but require Norrish rxn
Great Review: Chem Eur J. 2014, 20, 16034
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