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Introduction:

C-H functionality, traditionally considered inert (the "un-functional”
group), has recently become a focus in methodology as a target for
new reactivity. Though much progress has been made in the realm of
transition-metal mediated C-H activation and consequent
functionalization, an older and often overlooked pathway for redox-
neutral C-H functionalization through hydride transfer pathways has
only recently begun to garner more attention. The goal of this talk is
to discuss historical and modern examples of this powerful reactivity,
which relies upon the intrinsic polar character of the the substrate at
hand.
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X=C,N,0;Y=C,N, o; EWG = CN, CO,X, Aryl; EDG = Aryl, HetAryl, etc.

Above is depicted the generalized intramolecular case, with 1,5
hydride transfer followed by cyclization of the corresponding
zwitterion.

Key features of this class of reaction include often high
diastereoselectivity (substrate controlled) and enantiospecificity in the
case of chiral substrates.

Overview of topics discussed:
1.) Historical context

2.) Brief discussion of mechanistic findings by Reinhoudt and Akiyama
) Heterocyclic chemistry

) Modern improvements to fundamental reactivity

) Allene synthesis

) Selected synthesis of complex targets

) Shifts beyond the 1,5 relationship

)

3.
4.
5.
6.
7.
8.) Intermolecular hydride transfer reactivity

List of common hydride donors and acceptors (not comprehensive)

Donors:

H
#x”

R = H, alkyl, or aryl

X=NorO
H

A

R = alkyl, or aryl

H

$

Common catalysts:

Sc(OT);

HNTf,

BF;Et,0

TfOH

Acceptors:

o
)3
X=H

X =R (ethylene glycol)
X = OR (agressive cond)

[Au], [Ru], [Rh], [Cu]
(especially for alkyne activation)

chiral Mg(OTf), BOX or
pyBOX complexes
and chiral phosphoric acids
(enantioselective)
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Historical Context: Other Hydride-Transfer Reactions

(1853) Cannizzaro reaction: Cannizzaro, Justus Liebigs Annalen
der Chemie. 1853, 88, 1, 129-130

© ©

0: 0 o} O:

% = |
PhMPh Ph)l\oH HH Ph

(1924) Meerwein-Ponndorf-Verley reduction: Meerwein, Justus Liebigs
Annalen der Chemie. 1925,
444, 1, 221-238
RO\ OR
Al OH o

(1925) Amadori rearrangement: 1,2 hydride shift Amadori, Atti. reale accad.
natl. Lincei, 1925, 6, 2, 337

NR' NHR'
Q3 H H
H;O)H o)

(1932) Duff formylation: 1,5 hydride shift* Duff, J. Chem. Soc. 1932, 1987-1988

H H
H _— H
I
HszN”%ND OH H,;N——N (_N® oH
LN LN/

Woodward's Sapogenins: Woodward, JACS 1958, 80, 24, 66936694

The curious epimerization of C,5 of the sapogenin scaffold was rationalized
by reversible ring opening and closing, followed by a 1,5 hydride transfer

Me

Atkinson's early encounter with cyclization products:

— @
OMe OMe

OMe
BF3Et20 M
_— 3 e
H Me H Me (0]
N0 PN H

OBF;

Further mechanistic study in a combined experiment showed no crossover,
implicating intramolecularity of reaction. A 1,5 hydride shift was proposed in
line with Woodward's previous proposal

Arl_I ArD H Ar Me D Ar Me
Cry G, O O
X 0 X (0] H D

Atkinson J. Chem. Soc. D, 1969, 735a-735a; J. Chem. Soc., Perkin Trans. 1, 1974, 394-401
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Studies of ether-activated hydride donors: Cyclization reactions thermodynamically controlled:
In 2005, Sames and coworkers reinvestigated this reactivity with cyclic .
ethers, identifying several catalysts that allowed these reactions to Me, Me BFéHEtélo (3,? g‘zl%) Me Me
occur at room temperature. 2blz, Lo h. _
4:96 XNo
Sc(OTf); PMP M e0 H PMP” | "Me
o 5 mol% (o)
H - MeO,C Sames, Org. Lett. 2005, 7, 2;1\,n 5425&5431
| CH20|2 Meozc \ e e
MeO,C~ "CO,Me 94%
PMP Meo H
MeO,C CO,Me Me02C, CO:Me
PtCly AHcalc - 6.79 -2.33 +0.13 +1.21
30 mol% Sames reported that a lot of these reactions are reversible, and that the
N > CH.CI > product distribution reflects the stability of the product.
! 2Ll
MeO,C H/ Importance of ortho substituents with aryl linkers:

o 15:1d.r. 77%

Their results demonstrated the importance of the 1,5 relationship,
essential to productive reaction under their conditions. Substrates
requiring a 1,4 or 1,6 hydride shift failed to react.

BF3 ) Etzo
E E R 30 mol%
—_—
ol 0 CH,Cl,
R =H, Me, Ph
E = CO,Me
E E
(0]
o 2 o Z Me
E E (0]

No reaction from 1,4 shift No reaction from 1,6 shift

Sames, JACS. 2005, 127, 35, 1218012181

R

MeO,C CO,Me
| SnCly
)H\ (0.5 mol%)
1,2 DCE
o Ph reflux, 97%
tBu

CO,Me
cO,Me

(0]
tBu

Ph

Akiyama's studies revealed that ortho substituents on fused substrates
Akiyama, Org. Lett. 2010, 12, 8, 1732-1735

Activation of acceptors: ethylene glycol and ketones

dramatically affect rate of reactivity.

\ 0 ® ~~_OBF; |
OO BF; EL,O o Yo
| Me 50 mol% | Me
)H\ CH20|2 H
rt. 3 h.
0" “Me R o)\Me

00% —
>20:1 dor. H o\<o
R (@) Me

McQuaid determined that reaction of ketones was significantly faster in the

presence of ethylene egcoI (4 h. vs 96 h) McQuaid, JACS. 2009, 131, 2, 402-403

3
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Tetrahydroquinazoline synthesis: In drug discovery: 2 step route to (-)-PNU-286607 H
: 0 0
CF, Me | O:N I O,N > NNH
nBuOH F1C H : barbituric acid 2
SN reflux 5d. : Me MeOH, A O, Me
o ' N/\r > N
Me N 66%, smgle : o quant. i
diastereomer Me '
H Reinhoudt, Tet. Lett. 1984, 25, 38, 4309-4312 e Me
einhoudt, Tet. Lett. , ’ ’ '
o ' Kamilar, JACS. 2009, 131, 11, 3991-3997  (*)-PNU-286607
| TfOH (20 mol%) H : H o
H EtOH, reflux N (I) 0] N—/
—_— + ON barbituric acid O,N NH
N NH 3h. N ; MeOH, A
' quant.

. (+) Me
CHO TsOH (5 mol%) /@
H C5H6, reflux N [ttt

N)\Ph —_— Seidel's tetrahydroquinoline synthesis:
8 h.
I
Bn NH2 73% ';l Ph Me Me
Bn
1.05 eq.

Akiyama Chem. Lett., 2009, 38, 6, 524525

Applied to spirocyclic heterocycle scaffolds:

N, ) :
O FeCls (10 mol%) 5

oﬁo
N N\)"” Seidel, Org. Lett.
N, 2009, 11, 1,
/Mg 129-132
TfO OTf
L

H C2H4Cly, reflux N MeO,C.__CO,Me H
/ —_— HTN 3 | Gd(OTf)3 (5 mol%) CO.Me
O o 5 h. 96% " 5 MeCN, r.t. 15 min. 90% cé Me
97:3d.r. H > 2
N N or H
H H b L (20 mol%), CHCl, N
Yuan, Org. Lett. 2012, 14, 16, 4054—4057 rt. 12 h. 74%, 30% ee
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Reinhoudt, JACS.
1987, 109, 3136-3138
Reinhoudt determined that the hydride transfer is
enantiospecific, and that intermediates formed can
preserve chiral information through helical chirality

Reinhoudt's study on stereochemical outcome:

Ry = CHZOMe
R, = Me

H
R1||n

o
3 = N N
H ‘s s
R ! Ha Hb Hb Ha
| Ra | R

MeO,C.__CO,Me
| cat
10 mol%
Hb Q\Ha 5
N~ Ph PhMe
) 80 °C
Ph 83%, 95% ee

Due to the enantiospecific
nature of the hydride
transfer, enantiotopic
hydride activation results
in high enantioselectivity

of reaction.
MeO,C.__CO,Me H
| cat CO,Me
10 mol% CO,Me
Me>i'| —_— 1Ph
X PhMe N
o M
N~ Ph 80 °C J e
Me 89%, 90% ee Ph
MeO,C.__CO,Me
| cat :  CO,Me
10 mol% CO,Me
HM 2
N” "Ph e Ph
J 80 °C P

Ph 9%, 64% ee

Akiyama's enantiotopic hydrogen activation using chiral phosphoric acids:

Akiyama, JACS. 2011,
133, 16, 61666169

CO,Me
CO,Me

Ph

matched
case

mismatched
case
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Seidel's preparation of 7-membered rings using d

CHO PhoPOoH 20 mol%
MW, 150 °C, 15 min.

—_—
C@ toluene, 83%

Me

N
PhNHNHPh UMe also
(72%) Seidel JACS. 2011, 133, 7, 2100-2103

52%

Zhang's catalyst-selective reaction:

Ph Me
A
IPrAuOTf (5 mol%) O Sc(OTf)3 (10 mol%)
MeCN, rt. 3 h. | C,H4Cly A, 35 h.

inucleophiles:

H

92% H 86%, 15:1 d.r.
mech? N)\

L_o

Ph
[L(AUCI),] (5 mol%)]|  MECN. rt

AGOTF (5 mol%) | 270 96% ee

g °/ | 16 examples

,,,7
o
Zhang Chem. Commun. 2010, 46, 6593-6595

MeO PArz
MeO ! PArz

Ar = 3,5-tBu,-4-MeOCgH

Zhang Chem. Eur. J. 2011, 17, 3101-3104 (enantoselective)

Fillion's cascade into Friedel-Crafts reactivity:
Me Me
o Me
o O Sc(OTf)3 (20 mol%) HO
toluene, r.t. 12 h. o Me
o) | o —_— 0]
90%
H O
PMP
PMP
Fillion, Tet. Lett. 2009, 50, 4706—4709 A
mech? 1 5 h

H o
intentionally left blank O"

78%
Diastereoselective synthesis of piperidines:
Me BF;- Et,0 3.0 eq. Me
CQH4C|2 A, 15 min.
H TsNH, —_—
X 85% H” N” “PMP
O "PmP 93:7 d.r. Ts
Me
“p NTs N7
F n L
65% 92 8dr. 88% 81%, r.t. NHMoc

Sames, J. Org. Chem. 2012, 77, 16, 6689—6702
Akiyama, Org. Lett. 2012, 14, 6, 1436—1439 (total synthesis of tetrahydropalmatine)
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Alkynes as hydride acceptors: Activated alkynes into cascade D6tz annulations:
©
Z PtBr;, (5 mol%) B MeO. _Cr(CO N
~ MeCN, 120 °C O‘ H Cr(CO)s N (CO)s
—> MeO OMe C H Cr(CO)g
MeO H 65% MeO N\ //H no
MeO )\ alkyne H X OMe
N Terminal hydride shift to form N~ > Ph D_
X kev vinvli i i N“ “Ph N Ph
C ey vinylidene intermediate k A
Yamamoto, JOC. 2006, 71, H ~SPtBr, Ph L Bn
16, 62046210 , . Ph
MeO Unclear if 1,5 shift or - _ 98%
B . . h 0
OMe C-H insertion pathway at work /// 7 examples
Bu HO Bu
Terminal alkynes proved reasonable acceptors when suitably activated THF, 90 °C O Barluenga, Angew. Chem
' sealed tube OMe Int. Ed. 2008, 47,
_ _ _ o il 6594-6597
Deuteration studies performed by Liu suggest a common vinylidene 4h.72% l;l Ph
intermediate which accepts the hydride in the 1,5 shift Bn

D [TpRuU(NCMe),]SbFg (10 mol%)

toluene, 105 °C, 30 h.

'nPent
X
D
o nPent
° |
¢
[Rul®
1,5 Shift

87%

nPent

@
Y 2,
0 Z N [Ru]

<0

Liu, JOC. 2007, 72, 9, 3289-3292

Further preparations of indenes: deuteration studies

=

H
Me
=
D
D
OTBS
4

Me

PtCl, (10 mol%)
PhMe, 80 °C
—eeee
22 h.

99%

PtCl, (10 mol%)
PhMe, 60 °C
—eeee
24 h.

89%

PtCl, (10 mol%)
PhMe, 60 °C
—>
24 h.

60%

-

Me

Coy-

T8s0 P

Pog

me Me

also effective:
PtCl,
[{Ru(CO)3Clo}o]

Chatani JOC.
2009, 74, 15,
5471-5475

see also:
He, Angew. Chem.

Int. Ed. 2009, 48,
39994001
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Allene synthesis from propargyl ethers through 1,5 hydride transfer:
H Gagosz, JACS. 2010, 132, 21, 7294-7296

cat (4 mol%)
Ph/%c\\‘A
)\

CHCI3, 20 °C, 1-3 h.
93% H
- [Au]”
[Au]* - PhCHO

Me H
N
\(r\(\/\
17 additional examples Me
cat: [{(2,4-Bu,CgH30)3P}AU(NCMe)]SbF
i
A ©)

Ph
L2/

|- ~[Au]

[AU]

Enantioselective allene synthesis using prolinol:

KAUCI, (10 mol%)
OH or AgNO3 (50 mol%)

R
MeCN, 40 °C }1= O\/OH
)\ 24 h. 60-83% H BuO .
97-99% ee /S
R, # H N
tBuo"
Che, Org. Lett. 2008, 10, 3, 517-519 from tartaric acid
see also:
Biellmann, JACS. 2004, 126, 19, 5958—5959
Bu groups
O\/ provided greatest

diastereoselectivity
and ease of
deprotection

< 1,5 Shift H SN
-~ o

R 4\\ R1 Rz
2 L[M]* M

' Zhang's amine-oxide cyclization cascade:

Zhang, JACS. 2009, 131, 24, 8394-8395

then cat. (5 mol%) 1 h

m-CPBA (1 eq.), 1 h. H
then cat. (5 mol%) 1 h. Me H o
CH,Cl,, 0 °C
> N
cat: [(PPh3)AuNTf,]
>50:1dr. Me
(x)-cermizine C precursor
1,5-shift
sequence
o —
[Au] [AU] \}
H ..
f \
Me
Me

Applied in the total synthesis of (+)-lentiginosine:

m-CPBA (1 eq.), 1 h.

CH,Cl,, 0 °C
t

cat: [(PPh3)AuNTf,]
93%, 4.4:1d.r.

Zhang, Sci. China Chem. 2010, 53, 113-118
see also:
Zhang, Chem. Commun. 2010, 46, 3351-3353

1.) TSNHNH ; NaBH, Ho 1
2) TFA N
> R
59% overall HO'

(+)-lentiginosine
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1,4 hydride shift approach to indanes: Vidal, Adv. Synth. Catal. 2011, 11,6 through 1,9 hydride shifts: matyus, Synlett, 2008,2%%6—2850
365, 6577062 + 1,6-shift confirmed with D labelling M o onD 2106 i 2o
t02C COzEt NC yus, Syl ' !
Sc(OTf)g (20 mol%) H N
CHzC|2, 80 °C CO,Et O / Ny IEE;BOOIEI:
3 12 h. CO,Et —
58% Y Q N 7
4%
t02C CO,Et H 1,6-shift
Sc(OTf)3 (20 mol%)
~ won gCO2Et A eN 110 °C
73% S H .
- s o
tozc CO,Et 0.
Sc(OTf); (20 mol%) OMe 1,7-shift
CH20|2, 80 C ©:§<COZEt NC
4 h / “CO4Et
53% OMe

single diastereomer

The 1,3 dioxolane proved ineffective due to deprotection and
decomposition under the reaction conditions.

Interestingly, the dimethyl acetal resulted in OMe shift instead of
hydride shift.

/ CN
O [bmim]BF,4
(O e
—»
3 h.
N 65%
Q\H 1,8-shift

1,6 hydride shift: Akiyama, JACS. 2011, 133, 24242426
° JOL NC._ _CN
HN” “NH |
Sc(0Tf)3 (30 mol%)
CzH4CI2, 80 °C (o) o) MV?/MZSO% e
24 h. HID O —
74% O 2.5h.
[0)
7 membered cyclization N 8_5 a .
H N 1,9-shift
product not observed Me I
Me Me




Redox-Neutral C-H Functionalization through

Pierre Loch-Temzelides

Hydride Transfer Reactions

Baran Group Meeting
2/18/2026

Vanderwal's alstonlarsine A synthesis: a potentially biomimetic 1,7 hydride shift: Vanderwal, Angew. Chem. Int. Ed. 2023, 62, €202215098

1.) Mel, (excess) in CHCI;
(94% for alstolucine B, 86% for alstolucine F)

2.)aq. NaOH in THF, 70 °C
(~quant for alstolucine B, 95% for alstolucine F)

alstolucine B (a-H)

alstolucine F (B-H) Il
adsorbed onto
B ] TLC plate or "(‘
Si0, 120 °C, I o)
. 50 min v
Mannich ! | /
D E—
y 1,7-shift ) W 4)
MeO,C L/ ,}"‘
| A X
alstonlarsine A
Both alstolucine B and F underwent these ﬂﬁﬁiﬁgﬁgesd &%Eﬁ?
transformations, with both converging to lanes 2 and 3, heated @ ol &
alstonlarsine A upon heating with silica gel. OoTf o with a heat gun, cooled, : alstonlarsine
spotted in lanes 1 and 2
. . , Sc(OTf)3 :
Alternative catalysts proved ineffective. PhMe 80 °C with enone §, and run
o with hexanes/acetone 2:1 5: enone
>95% (I, stain). Published R;
-« | foralstonlarsine A=0.6.
[ref 13a]
Aza-Michael

10
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Intermolecular capture of zwitterionic intermediate: Craven, Chem. Sci.

Double hydride transfer cyclization cascades:

o 2018, 9, 2873-2878
N N Akiyama, Chem. Sci, R1XN KF. 18-crown-6 R4 N
2018, 9, 7327-7331. Ry T™MS ’ > R2>r
TfOH (2-5 mol%) DME:NuH (3:1) Nu H
> 90 °C
toluene, reflux OTf H
up to 99%
>20:1dr. l F NuH = MeCN, PhCCH, C4FsH T Nu-H
[ ~R; Ry |
R, UK Ry N®

Mori, Org. Lett. 2020,
22, 15, 5801-5805

BF3 - Et,0 (30-150 mol%)
CoH4Cly, reflux

R4

>« 1,5 Shift >z 3
R2 H t Rz H
o:

up to 73%
>20:1dr. Maulide's in situ N-O acetal formation and substitution:
. . . Akiyama, JACS. 2018, O\ Sc(OTf O\ O\
Enantioselective cascade 140, 20, 62036207 N H 10(mo|°)/§ N o RMgX N R
MeO,C.__CO,Me >
2 2 X Mg N0 CoH4Cl H| o°c OH
| 4 3 H
2 80 C
o]
| o L .
o-R
H H o) applied in total synthesis of indolizidine 167B
N)\Ar X Maulide, Angew. Chem. 2012, 124, 1986 —1989
Me %re) X =2,4,6-Cy;CgH, Wang's Ugi type reaction: Wang, Org. Lett. 2017, 19, 7, 1566-1569
o
) w3«
N oH IC) 10 mol% N N

+ C=N-R ——m> H

C,H4Cly
60 °C
EDG EDG

11

MeO,C.__CO,Me
H
cat. 10 mol% Oa Yt(OTf); 10 mol%
N)\ C,H4Cl,, 60 °C

H
mesitylene, 60 °C Ar
>20:1 d.r. 96% ee
Ar

Me Mek
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Seidel's intermolecular hydride transfer:

1.) nBuLi (1 eq.), -78 °C, 10 min.

-78°Ctort. 8 h.
-

3.)R'Li (1.5-2.0 eq.),

2.) ketone, (1.2-1.7 eq.), -78 °C, 10-60 min.

R” N7 H EL,0 R ONR
H H
nBuLi 0 _ _ oLi TR'Li
SISy iR
Q R R, Lo R7 R,
R”>N"H ,'\ RN
: H R
Li R 2
- (j\/\ nBu' <_>‘Ph Q
NN\ N Ph N Ph N Ph
H N H H H
56% 63% 52% 68%
>25:1 d.r. >25:1 d.r.

Seidel's approach prepares transient cyclic imines that
are then captured by nucleophilic addition.

A follow-up study allows the substitution of grignards for
organolithiums.

L

1.) nBuLi (1 eq.), -78 °C, 10 min.
2.) ketone, (1.1-1.2 eq.), -78 °C, 10 min.
3.) R'Li or R'MgX (1.5 eq.) -78 C to r.t.

R N H s -
NS
(j\ \N Ph/Bn
60% from 51% from 60/56% from
R'Li R'Li R'MgX

4.) BF53 Et,0 or TMSOTf (1.2 eq.)-78 “C to r.t. 2 h.

Seidel Nat. Chem.
2018, 10, 165-169
Seidel, JACS. 2019,
141, 22, 8778-8782

55% from
R'MgCI - LiCl

Intermolecular hydride transfer: hydride shuttle

. B(C&Fs)s 5 mol% Risy-R2
1\ CHQC|2 or C6H6

\/EWG - R EWG
o 3
R3 rt.or70 C H R;

Wasa, JACS. 2018,

B(CeFs)s3 R, O 140, 10593—-10601.
Ri<y-R2
A N
! Sor 1 o j
R1\N’R2 o Rs R; OB(ArF); R
R U, Bl 7 oR
3 Rs
(0]
Me\
OMe tBu.
W O\L 7:2 W o
Ar iP
Ar H iPr H
68% 92% 62% 85%
anti:syn anti:syn
2.3:1 1.2:1

Synthesis of B-amino esters: Wasa, Org. Lett., 2019, 21, 984-988.

The application of these conditions to silyl ketene acetals provided (3-amino
esters in good yield

R Ri<-R2
Risy-R2 4 B(CgFs)s 10 mol% N -0
X, reome = a A or, ™S
THF or CgHg rt. 3 6
R3 H ORg orerie I R4Rs

12
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Intermolecular hydride transfer: hydride shuttle cont'd Wasa, JACS. 2018,
140, 10593-10601.
Use of the chiral pybox ligand shown in conjunction with magnesium
allowed for high enantioselectivities in conjunction with the appended
oxazolidinones.

B(CgF5)3 (10 mol%) R; O O
Risy-Re \)L //( Mg(OTh (10 mol%) R1\N/\_)LNJ(O
o I
R3 H 4 :. CH20|2, 70 C RZH/ R4 5
R5 | \ A R5
o) NP o)
D
N N
R R
B * ] intentionally left blank
Q{MqL y
Ri '
o)
Rj R~/
Rs

( E\_j\\nj\o Mefj\ﬁ‘\n))_j\/o Bu /\)LNj\o

anti:syn 4.3:1 major 58%, >99:1 er 52% 88:12 er
anti, 97:3 er; syn, 98:2 er minor 17%, >99:1 er

DR, H 00
Y vufﬂ\ §




