Ciara Ordner

The Nugent-RajanBabu Reagent and Epoxides

( Nugent—RajanBabu reagent)

- Cp,TiCl first reported in 1955 by Wilkinsin

- In situ prep named after W. A. Nugent and T.V. RajanBabu, who found early uses from the preps
- Solvated transition metal centered radical is treated as monomeric Cp,Ti"'CI (in equilibrium)

c T-l\iCI redul\gtant c T-lliCI‘T-lllc S —~+S 2 Cp.Till
P21 —_— polry ,11Cpy + —~———— P2l
Cl -Mn+2 \CI -S k
M = Zn, Mn, Mg S = coordinating, donor

solvent, ie. THF

- isolated Cp,TiCl can be prepared in this way, if Lewis acidic reductant byproducts are a concern

TiCl, + 2CpTI ——Cp,TiCl + 2TICI

Major Players

Thaliyil V. (Babu) RajanBabu

1969 Kerala University (B.Sc.)

1971 Indian Institute of Technology (M.Sc.)

1977 The Ohio State University (Ph.D. w/ H. Shechter)
1979 Harvard Uniiversity (Postdoc w/ R. B. Woodward)
1980-1994 Dupont

1995 - present Professor, The Ohio State University

William (Bill) A. Nugent

1969 Purdue University (B.S.)

1976 Indiana Univeristy Bloomington (Ph.D.)

1991-2001 Dupont

2001-2007 Bristol-Myers Squibb

2007-2014 Vertex

2015-?? Consulting and visiting scholar at OSH
w/RajanBabu

Andreas Ganséauer

1992 University of Bonn/Oxford University (B.S)

1994 Max Planck Institute (Ph.D. w/M.T.Reetx)

1995 Stanford University (Postdoc w/ B.M. Trost)

1996-2000 Univeristy of Gottingen (Habilitation w/ R.Briickner)
2000-present Professor, University of Bonn

+S .
_— 2 CP_Ti"\I

S Cp

(The Ti"/Ti" Redox Couple)

- Ti' sufficently Lewis acidic to bind to epoxides

- Ti'l has soft-electron reducing character (moderate reduction
potential, E°= -0.8 vs. Fc+/Fc) due to unpaired d electron

- inner-sphere electron transfer with “hard” Lewis bases
(ie. epoxides) are possible due to vacant site on Ti

- Chemoselectivity due to this unique combination - engages
substrates outside the redox range of the Ti cat.

- Cp,TiCl has been described as the “ideal reagent,” as it is catalytic,
chemo- and stereo-selective, abundant, and has low toxicity

- Single electron transfer w/ epoxides driven by strain release and
strong Ti'V-0 bond

( Useful Reviews)

General Reactivity of Cp,TiCl:
Eur. J. Org. Chem 2015, 4567

Reactivity of Cp,TiCl w/Epoxides:
Organometallics, 2018, 4801
(written by Nugent, RajanBabu, and Gansauer)

Cp,TiCl as a “Green”Reagent:

Ti'"/Ti"V Redox Couple:
J. Org. Chem. 2019, 14369

Cp,TiCl in Total Synthesis:
Org. Chem. Front. 2014, 15.
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Sci. Nat. 1955, 96
JACS 1988, 8561

Org. Process Res. Dev. 2017, 911
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Ti" Functional Group Compatability

Overview of Transformations of Cp,TiCl with Epoxides B-H Unreactive functional aroups:
TiVCp,(CIH elimination (R=g|k, Ar, H) o .
Cl N
Me " Me TI"CP2 e Me TIVCp,(CI) )7 RJ\/OH RJ\OR RJ\NRZ = / Ko als
O Cp,Ti'ClI o _Cpemi"Cl ]
—2 OTiVCp,(CI OTiVCp,(Cl o
R)<I R><I */ VCpy(Cl) —————>= >|\/ IEEhi(Cl) Me QX @—Bpm R-CN R-OsiR;  J_
R = alkyl, aryl H cat. [Ni] R& 0w Alk” SAlk
alkenyl source, Radical R'-X B
H adica R' [Ti'VCp,(CI)],0 p-alkoxy oL s, R NSO R
Me>‘\/0H trap (E) Me >‘\/OH e RRORTR NG
R E R i 7
HAT \ Me cross Reactive functional groups:
n R>|\/OH coupling (R = Alk, Ar, H) -
. . 0 Ak Alk N”
intra/intermolecular ,<? AIX A Ewe
trapping 3 Ar)LR el X=1,Br, Cl RJLR
Wikipedia J. Org. Chem. 2019, 14369
(Nugent and RajanBabu’s Seminal Report - Intramolecular Cyclization of Epoxyolefins)
HO
z T HoO—\ Me Me o)
2 Cp,Ti"'Cl &
' et
Ph*’ (
4 o
EtO,C CO,Et H
Cp2Ti"'CI OBn
68% yield 94% yield 70% yield
85:15 cis:trans 1:1 83:17 endo:exo
oTi'(Cl)Cp, oTi"(CI)Cp, OTi'V(CI)Cp,

. szTi"ICI IV HO HO
_ TiV(CI)Cp, i Me i Ve
H H

- Instantaneous color change/redox

- Compatable w/ esters, ketone, nitriles 82% yield 88% yield

- Incompatable w/ aldehydes, allyl ethers 55:45 endo:exo 90:10 endo-exo
- Successful at making quaternary centers

Diversification - Treat Nucleophilic Organotitanium w/ Electrophiles

HO
1 Cp2T|C| ::'_l 1 CP2TICI \CO,E
i;\/\ CO,Et
H EtOZC CO,Et

63% yield as TBS ether smgle lsome_r isolated
single isomer isolated 52% yield

JACS, 1988, 8561
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(Nugent and RajanBabu’s Follow Up Reports) Deoxygenation of Epoxides

H-atom oTiv OH
donor J/ H* J/ o 0__..OMe Cp TiCl .wOMe o |
| R R N ' THF t.

Ti'" mediated oTiVV Ph* o) e, = - Ph"’ I\ Ph* O‘

-O h lysi
PO C-O homolysis J/ 78% 16% OH

o)
R . oTiV . AN
R Til! -TiV,0 CH, Ph O

R OTilv R Cp(CI)TiO OMe

JACS 1989, 4525
JACS 1990, 6408

Epoxide Reduction JACS 1994, 986
Me Me OH
OH Cp,TiCl Deoxygenation of 2,3-Epoxy Alcohols - Synthesis of Allylic Alcohols
L'BEt3H 1,4-cyclohexadiene
> i OH
>95% 92% /<(l)/\ Cp.TiCl
THF, r.t. )\/
*tBuSH can also be used as H-atom donor R OH 5 min R
- . - 80-91% yield
- selectivity depends on substrate (radical stability) 6 examples
- keep conc. of Ti(lll) low to supress 3-H elimination path C>
- achieved w/ inverse order of addition, Ti added to epoxide J. Chem. Soc. Chem. Comm. 1990, 843
1,4-cyclohexadiene
Cp,TiCl, “1,4-CHD” Stereospecific Synthesis of Allylic Alcohols from Sharpless Epoxyalcohols
2
1,4-CHD
o 0 ."OMe then 1 N HCI .wOMe 0
| H C-Hq5 2Cp,TiCl Z C/Hys
_—
RN : TTHR L k e /...\W/.,H /\l/
PR O 72 Ph' O‘ OH
(6) HO (o}
OH .
>99% stereochemically pure
65% 12%
1,4-Addition to Activated Olefins - O-substitution alters deoxygenation
OTl'V
o} 0] H C,H 2Cp,TiCl
. N 7'115 P2l NN C7H15
Me 2CPTiCl MeO /\W/ /o iH —_— (\’”
—>
Weo TiVo TMSO o) OTMS
CH,
1:1E2Z

JACS 1994, 986
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(Viny! Epoxides )

cat. Cp,TiCl,
Mn, TMSCI, R
, - , . , . o 2,4,6-collidine
Regiospecific Reduction of Conjugated Vinyl Epoxides X — HO Z S OH
OH R THE, r.t R R=H, 88% yield
10 min 3:1 ty,0’ dimers
o Cp,TiCl = R, Ay
—_—
Ri  THF Cathz R = Me, 92% yield
CgHy7 N R, 6:1y,y " y,0’ dimers
Ra 46-95% yield cat. Cp,TiCl,
R, or R, = ester, ketone, conjugated ester 4 examples o Mn, TMSCI,

2,4,6-collidine
. —_—
- Produces only E-allylic alcohols THF. r.t HO OH
- No Z-allylic or homoallylic alcohol side products observed L.
- For unconjugated systems (R, = alkyl), a mix of E/Z allylic alcohols is observed 15 min
- Kinetic equilbration to the E allylic alcohol product cannot occur w/o 88% yield

resonance stabilization of radical by carbonyl 2:1y,yy.0’ dimers

Exception: terminal vinyl epoxides deoxygenate - TMSCl/collidine previously reported by Gansauer to regenerate Cp,Ti"'Cl from both

Cp,Ti"Y(CI)H and oxygen-bonded titanium derivatives
- primary radical formation at terminal olefin unfavored/less stable

TMSCl/coll.  TMSH/coll. Mn®  Mn'Cl,
o Cp,TiCl cp,TiVeH Ao cp,TiVel, N A, 2Cp,TilCl
—_—
A< THF e Yo

Proposed catalytic cycle: Chem. Eur. J. 2004, 1778.

Tet. Lett. 1992, 7973

oTMS
Reductive Coupling of Vinyl Epoxides MeO,C Me | NG ¢ R/Y\/\)\rR
s L o
: —d—
o)

OTMS
cat. Cp,TiCl, | >< Rﬂ/\
Mn, TMSCI, -
2,4,6-collidine i , .
Me Y — RMR e /T\szm
'I.'|I;F, r.t. oTiVv Mn
min

R Me
Me CO,Me

\
B

Me 'CO,Me

Tilv oTiV
oTiv
R
75%, mix of diast. 1[
vy only oTiV
R)W/v iV
(0]

R X
- E olefin selectivity a result of steric bulk on epoxide, /ﬂ/\ oﬂTiw
which favors the E di-titanium intermediate
) ) - Observed y,y’ and E,E diastereoselectivity proposed X
forced to be axial toreach — ayplajned by transition state shown iV
a chairlike transition state

Org. Lett. 2006, 669
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(Gansauer makes it catalytic...and more!)

Inspiration: McMurry rxn w/ catalytic Ti by added TMSCI & stoich. Zn reductant

cat. TiCl, Ph
R,SiCl
— > N—ph
NH N
/g H
Ph” 0
2ZnCl, o
2[TilCI]
E I &0
R
2Zn
X
-—&o
2 Ti"Cl, R
Cr-
2 R;Si-0-SiR; X
2 [Ti"(o)CI]

4 R3SiCl JACS, 1995, 4468

The solution: mildly acidic HCI salt cleaves Ti'V-O bond to regenerate Ti'" cat.
w/ stoichiometric reductant

Challenges to consider w/ catalytic modification

- Acid can’t be so strong as to open epoxide, only protonate Ti-O and Ti-C bonds
- Acid can’t oxidize stoich. reductant

- Conjugate base can’t deactivate Ti by coordination

1/2 MCl, 1
Cp,Ticl
12 M
Co,TivVCl 5 mol% Ti
P J\/OTl'VCpZ(CI)
1 1V,
J 0T| Cp,(Cl)
R2H ‘2{4 1D
2
base basesHcl R“H

1/2

Gansauer proceeds to publish catalytic variants of the transformations previously
reported in a stoichiometric fashion by Nugent/RajanBabu.

Reduction:
Cp,TiCl, (0.05 equiv), Mn (1.5 equiv), collidine-HCI, (1.5 equiv),
1,4-cyclohexadiene (4.3 equiv.), THF, 16 hr

Angew. Chem. 1998, 107
Intramolecular Cyclization:

Cp,TiCl, (0.05 equiv), Mn (1.5 equiv), collidine-HCI, (2.5 equiv), THF, 30 hr

1,4 Addition:
Cp,TiCl, (0.10 equiv), Zn (4 equiv), ZnCl, (2 equiv), collidine-HCI, (6 equiv),
acceptor (6 equiv.), THF, 16 hr
JACS 1998, 120, 12849
Synlett, 1998, 801

Elaboration of Cyclization - Catalytic Redox Isomerization (Gansauer)

0 10-20% Cp,TiCl,
EtO,C ‘ Zn/EtOAc or EtO,C
EtOzc“ = R Mn/THF EtOZC“‘ 0
R R R
60-64%
7 examples

- EtOAc slows down reduction of Ti(IV) w/ Zn

- Low Ti(lll) conc. desired for higher yields (minimize reductive trapping of tertiary radical)
- Radical attack on Ti-O bond is downhill by -12.2 to -4.6 kcal/mol (cis vs trans)

- Catalyst regeneration is entropically driven (Ti-O dissociation)

ACIE, 2003, 3687

Tandem Cyclization-1,4 Addition (Gansauer)

TiCICp,
Zn or Mn cox
coIIidine-HgI
X
—»
"H
51-78%
10 examples

- E olefins prefered in synthesis of tri-/tetra-substituted olefins, as Ti catalyst coordinated to
O blocks face of attack

ACIE, 2002, 3206
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Syn vs Anti-Selective HAT - Gansauer cont
L4
5% Cp,TiMe, [Cp,TiOC;Hs] + RySi—H [CPTi(CH3);] + RsSi—H
tl . -
MePhSiH, (1.5 equiv), hHex nHex A Sn e+ B
then aq. K,CO; H . - [Cp71T|—H] — 0
> R' /‘r"\V,OS|R3/ Till \ R"’F
OH R \ ' - K
OH ' .
97 : 3 ¢-Bond Epoxide - silane as H-atom source
JHex 86% , ~{  Metathesis Opening | - external HAT (ie. 1,4-CHD) is slightly
> RySi—H f \ anti-selective
(6} o . *also works w/ (Cp,TiOEt), ‘ | - binding of HAT catalyst to radical
5% Cp,TiCl,, " p H controls diastereoselectivity of
coIIicIIviI:e(-}-igle(T.jévg,quiv) nHex nHex /’1\/ OTICp? .J\ OTicp, reclealreduction (Sym-sclective
1,4-CHD (4.3 equiv) TR 2T
> Intramolecular
OH OH
B g, P i ACIE, 2012, 8891
H, as H-atom source - Gansauer cont H, as H-atom source, but more economic
10% Cp,TiCl, 10% Cp,Ti(OMs), HO
0 Mn° (3 equiv) HO /\& 10% HCpCr(CO);
- . Ph Me
/\& collidine-HCI (2.5 equiv) /\J\ _ 7 atm H,, 72 hr Ph Me
Ph Me = -3 @—)znc.z C¢Hs, 75°C 95%
1barHy,20hr PN Me [ we™"me ” ¢
THF, r.t. 84% Kagan’s complex - Cr catalyzes delivery of H, as H-, H*, and e ‘ R
- CrH previously reported to be H-atom \
source for organic radicals Cp,TiX \\
- CrH sufficiently acidic to regenerate 1
Ti'" as collidine:HCI does
LOH Coll*HCI o CpCr(CO)
+ Collidine N2
R R
R TR }L v RnkH L L
. 2 R & R? H, v
CHTi] R x R2 Cp,TiVX i
Cp,TiVX, ONGFa
NCI R
Epoxide Hy:t’:nge" Epoxide A 7 2
MCl; Opening Abstraction Opening M Cpc’(c3o)
. . HO_~ 3 — HCpoar(CO)a
> Om " [R1h}H = L ) ”',‘T<: 6 Cp,TivX
S( L R? Colldine +4: Ok = R
Col+HClI R? "
[Ti] = Cp,TiCl [Rh] = RhCIPPhy), o 5 [Ti] = Cp,TiCl CpCr(CO); 4
generated from
RhCI(PPh3);

JACS, 2008, 6916

Science, 2019, 764

[CpCr(CO)g]o
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Asymmetric Reduction of Meso-Epoxides (Gansauer)

5% Ti* cat.
o Zn, 1,4-CHD OH
collidine-HCI RO
—_—m
RO A\ OR on
THF, 60 hr
3 examples
60-65%
- first reported example of transition metal catalyzed 74-93% ee
asymmetric radical formation
- highly selective binding presumed due to m stacking
of Ph w/ Cp rings Me
Ti* cat.
5% Ti* cat.
Zn, 1,4-CHD
collidine-HCI OH e Q‘)'zTiCIz
(@0 2 co,tBu ( @’ "
é
n=1-3 THF, 60 hr "/\COztBu
. . . 3 examples
- larger ring sizes have higher ee 61-68%
74-93% ee

ACIE, 1999, 2909

Regiodivergent epoxide opening of racemic epoxides (Gansauer)

o) 5% Kagan Ti cat. HO
51%y,
/\/A\ Mn, 1,4-CHD L1k g2
tBuO,C nPr collidine-HCI tBuO,C
[EE—— -
racemic SM o nPr
‘\
Bu0,c” " npr tBuozc/\/\|‘ " sy
nPr 90% ee

- ent-catalyst can reverse regioselectivity
(observed w/enantiopure epoxide)

JACS, 2007, 3484

Cyclization w/ Ir-Catalyzed HAT (Gansauer)

10% Cp,TiCl,

—0 (\ 10% IrCI(CO)(PPh3), HO Me
A H,, 4 atm }
«NTs Mn, collidine-HCI
- N
H Ts
94%
74:26 d.r.

JACS, 2011, 416

Intramoleculer Arylation of Epoxides (Gansauer) HO
10% Cp2TIC|2
_ %M Mn Me
THF reflux N
\
[Cp,TiVCl) R
Mn
/€ N\ 43, s
“Mn*CI™" \
\ A N \)\N/
T - R
\ - [l Cl i / Epoxide Opening via
\ Electron Transfer
/ Single Electrop
/ O[;I‘"Cp‘c‘]e \ Oxidative Addition
H i ' O\T' VCp,Cl
O8g SRL
! 7N
A, n
\ /
\ CTl VCp,Cl / Radical Addition
/ to the Arene
\J\/g Radicalv
AC’E, 2012’ 4739 Translocation
Intermolecular Arylation of Meso-Epoxides (Weix) via: [T#10,,
. . L
10% Ti cat. [Ni]
10% NiCl,(dme) HO,, &
10% bpy
Mn, Et;N-HCI
’
DMPU, r.t., 12 hr
Ti catalysts:

Cp,TiCl,, 88% y, 0% ee
Kagan’s cat., 88% y, 80% ee
10% Kagan Ti cat.
10% NiCl,(dme)

Br
0 10% bpy OH Ph
AN Mn, Et;N-HCI J_pn A _ o
Me » Me Me
DMPU, r.t., 12 hr 16%y 5%y
90% ee 7% ee

- results of racemic primary epoxide consistent
w/ Gansauer’s regiodivergent opening
- kinetic resolution of terminal arylation product (high ee)

JACS, 2015, 3237
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Intramolecular Addition into Aldehydes/Ketones to give Cycloalkanols Isomerization of Trisubstituted Epoxides
o o _ OH OH_ OH
| (CPZTICDZ szTiC|2/Zn MeOZC H"
—_— > 3
R THF, r.t. R /
R
Starting Material Product(s)
- reduction is major byproduct
R=Me R=H - cis-epoxy acetates yield endo-cyclic olefins (3-OAc elimination)
OH - trans-epoxy acetates yield exo-cyclic olefins (B-hydride elimination) JOC, 2004, 5275
100% Me More on epoxy-carvone isomerizations, see also:
95% Tetrahedron, 2009, 10837
Me Tetrahedron, 2013, 1611
Me Me o Epoxide Isomerization by Radical Redox-Relay Catalysis (Lin)
[0 5% Co cat. OH
10% szTiCIz
R=Me 20% Zn, EtzN-HCI 44-99% y
OH OH > 48-94% ee
4 i Me ?H Et,0, r.t. 20 hr
Me 28% aMe
(o) - Enone not observed, due to e- rich O

me "IVIe Co' (a-H is hydridic) and steric bulk of

Ti bound to O
- Compared to previous isomerization @ ACl 1/22n
R=H 0 work, this gives complementary Tl "" cl O Tiv

\( | —‘/zZnCI
chemoselectivity (w/o Co cat. e 2

. 7 Q"e OH o deoxygenation observed w/ standard 1,2 Ve MeMa
55% r 37% epoxides and cis-epoxy acetates elim.) /':’N\f‘_'(,\‘:\; IA
- B-H elim. pathway not supported as >—0C° SN N
. Col'l(salen) does not have cis- R R’
Mé ’Me coordination site to from Co-alkyl
and do B-H elim. w/o rearrangement
formally Co"'—H)
Mo Me MeMe ELN
o) OH Co catalyst: (rilvye EtalNH o-Ti
G 75% —N N= Co'"-H
H N, 7 15(PKa 10-15)
- aldehydes tend to outperform ketones Co "
- di-substituted epoxides higher yielding 70N ~ CoHY)
(o) S ¢ F3;C 0} (0} CF; OH
than tri-subsituted
- larger ring sizes possible G
(cyclopentanol/cyclohexanol) but tBu tBu
B-H elimination to exo-methylene 2a

Org. Lett. 1999, 607 allylic alcohols starts to predominate JACS, 2019, 9548
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Ciara Ordner
Terpene Cyclizations
Intramolecular Trap

(Selected Examples in Total Synthesis)

Deoxygenation

n=1, vinorelbine

Me

1. cat. Cp,TiCl, Mn,

Cp,TiCl OAc  TmscCl/collidine (31%)
2. H, Pd/C (73%)
fo) HO
Me
n=2, anhydrovinblastine
1. TFA/NBS Chem. Eur. J. 2004, 1778.
2. AgBF, See also: JACS, 2005, 14911

leurosine ) €
isolated from C. roesus WHO l(EssentlaI delcme (-)-Scabrolide A (Stoltz)
anti-cancer, i
Org. Lett. 2002, 1151 Reduction _ s Me, OHy OH __CH
J. Med. Chem. 2009, 134 Cp,TiCl,, Mn .. =
collidine-HCI,
Stereospecific C-Glyoside Synthesis 1,4-CHD .. _Me
Reduction/Intermolecular E-Trap _— "”/
THF, 23°C CH,
Cp,TiCl F!-M,t i (o]
opening, O  organometallic OBn % -1 d.r.
Bn radical trap BnO opening 86%, >20:1 d.r.
BnO o
(o) \ BnO
BnO0 BnO R
OH 4 steps
a- glycoswe B-glycoside OH,©
. - Me, H OH_ O .
*radical trap is either acrylate or 1,4-CHD Org. Lett. 2002, 1439 Cp,TiCl, Mn®
Accessing Pyranopyrans en Route to Thyrsiferol SiMe.Ph collidine-HCl, |
Intermolecular E-Trap 0 OBn S 2 1,4-CHD © TVSiMe,Ph
Me Me | Me
Me, o Me ”\/ 1. DMDO Me - 0. »,] .0 o) H OH THF, 23°C
Memz " 2. Cp,TiCl, Mn Me”s H
B Me._ _O Br so HO" 62%, 36% C,5 epimer o
r | OBn 2 steps OTBS seperable 1.7:1 mix of epimers
OTBS OBn . 3 steps
Et;SiH,
TMSOTf ~, CH
— L

Me
(-)-scabrolide A

(o)
JACS, 2020, 8585
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(-)-Maoecrystal Z (Reisman) Synthesis of Eudesmanolide-Type Compounds (Cuerva/Oltra)
Intermolecular Trap/Isomerization Reduction/Rearranngement

OH

Cp,TiCl, (1.6 equiv) o H,0

Y Zn, collid.-HCI % OCH,CF;
2 Me
\OTBS THF, r.t. TBSO— oTilV

Me

2 C0,CH,CF, = cat. Cp,TiCl
W (

3:1 anti:syn
(+)-tuberiferine
" .aMe
| o
H
Me 9 ste,
ps
MHeO ' " < o .
/ OAc | <«— TBSO - 74%, single cat. Cp,TiCl
0 o e diastereomer anhydrous
(o]
(-)-maoecrystal Z o
H
. /
(x)-Pepluanol A (Ding) TBMSeO
Int lecular Ti g - i
niramoiectiar frap Me - water acts as a H-atom source delivered (+)-brachylaenolide
OH via Cp,Ti'(OH,)Cl —> Cp,Ti(OH)CI
L - standard H-atom abstraction w/o H-atom source Tetrahedron, 2008, 11938
Dyproduct mininized See als0:JOC 2002 2566
electrophilic acrylate
20% Cp,TiCl,, A Taxane Synthesis (Paquette) Me Me
Zn, collid.-HCI JACS, 2011, 14964 Deoxygenation

91%, 1:1d.. ~ OH

Reductive Annulation of Vinyl-Epoxy Aldehyde

OH Conditions Results
Sml,/HMPA 52%, >20:1 d.r.
07 M3\ conditions _Cp,TiCly/Zn 88%, 1.5:1 d.r. 1.2eq.Ti-82%
_— i CP2TICIY/Zn, collid.-HCI  95%; 1.5:1 d.r. 1:1.2 allylic alcohol:diol
THF, r.t. \ 10eq Ti- 72%

0 1:0 allylic alcohol:diol
OH ACIE, 2017, 8898 JOC, 2003, 2282
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[Non-exhaustive overview of other reactions of Cp2TiCIJ

Barbier-Type

Review: Eur. J. Org. Chem. 2015, 4567 0 cat. Cp,TiCl OH
X NS ’
Oxatanes _homocoupling R, R, V\ . Ry N
3 RZ R3
20% Cp,TiCl R R, = H, alkyl X = Br,Cl
Mn, TMSCI, | intermolecular trap OH Ry=alkyl  Rs=H, alkyl Chem. Comm. 2004, 2628
0 collid.-HClI ZEwa Chem. Eur. J. 2012, 14479
- EWG
R Me HO\/YR R Me Cross-Coupling of Ketones/Imines w/Acrylonitriles
reduction " X N - XH
e Tetrahedron, 2008, 11839 )]\ ||| CpTiCl o 4\?0
> 1
Ozonides R) _O R Rz aq. wkup Re R
homocoupling - 3
> tl? ﬁ > R R—R R )Fg-C_),N R; = benzylic,
o OTi . 1,R2 = alkyl aromatic, aliphatic Chem. Comm. 2014, 5370
intermolecular tra,
R (0) Cp,TiCl o~ P ACIE, 2013, 7131
\( 7 —2 two decarbonylation pathways % R/\/ EWG . .
0-0 give same radical Pinacol Coupling
R (N . . R OH
Y h~3 I Rﬁﬁ,\/g reduction R—H )C])\ cat. Cp,TiCl Ar
oTi O . THF, reflux Ar R
OTi JOC, 2012, 4171 Ar” "R ) &
. syn-diols usually predominate
Enone Reduction OTMS works w/ ketones and aldehydes (steric minimization)
. inter- and intra-molecular
0 10% szS.IéCI homo- and cross-coupling Tet. Lett. 1987, 5717
Zn, TMSCI, Me Me Chem. Commun. 1997, 457
”\ Et;N-HCI deprotection JACS, 2010, 254
B — e ]
CN Alcohol Deoxygenation
Me NC NC R—OH _
Chem. Eur. J., 2011, 5507 cat. Cp,TiCl R—H
. - i R THF, reflux
Ketone Reduction Three-Component Coupling of 2 ) R
Acetylides, Aldehydes, and Nucleophiles HO\H\ e
Y i . OH R = benzylic, allylic
o) 102'/: grpfn-l;:CI OH 2% Cp,TiCl, Zn, (aliphatic needs PhMe reflux) R,
’ o | (4-MeOCgH,)3P, Ry
—»
R7™ “R2  THF/H,O, rt. R7” "R, . \n Ac,0, Nu JACS, 2010, 254
r
*limited to cyclic and aryl ketones DCM McMurry Olefination
o o 30% Cp,TiCl H  Ar
Me potential for catalytic, Nucleophiles include: Zn or Mn,
Ph asymmetric reduction w/ - allylsilanes Nu A H — |
chiral titanocene catalysts - silyl enol ethers r THF, reflux A
o - e-rich arenes Ar r H
selective reduction \\

of aryl ketone (82%)

JOC, 2014, 12083 R *ketones provide mixtures of olefin isomers

Tet. Lett. 2003, 1079 JACS, 2010, 254



