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OH ; BuzSnH
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' PhSe
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with NyOy4 Schlotterbeck :
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Hudlicky, The Way of Synthesis ' Ph | o
J Am. Chem. Soc.. 1972, 94 5386 . \ N THF, 0°C, 0.1h J. Am. Chem. Soc., 1999, 121,
De Mayo-Grob Approach: ! » I ! > 5330
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: OBn
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Zirconocenes: Schwartz Reagent: Cp,Zr(H)CI : Negishi Reagent: nBuLi — "Cn.zy™
Hydrozirconation: the old trick Vasse, Org. Lett., 2014, 16, 1506 Cp,ZrCl, i N szZrﬂ Et = CP2Zr
A Me Cp,Zr(H)CI _ Zr l Bicyclization/Carbonylation : Key Step in Dendrobine Synthesis 0)
AN > —) —— '/,,I/ E Z H Zr H
Ph then TMSOTF, 0°C wd -OMe : Cp,ZrBuy H | cor, 17.5n H
OMe 55% Ph € Ph Me ' “ —_— —_—
' [
Reversing Regioselectivity ' E‘n THF, rt, 1.5h "!\lﬂ\l 47% N
: Bn
BocN oy MeLi CpaZi(H)CI BocN : PKR Equivalent Bn _
ZnCI2, THF, it b e Mori, J. Org. Chem., 1994, 59, 5633
0 ' Insertion of Halolithio-species Whitby, Tet. Lett., 1996, 37, 7661
68% H
E / szZl’BUz H Cl H CT\
Cp,Zr(H)CI H  Ready, J. Am. Chem. Soc., 2007, 129, 12088: nBuLi ; f>"<
Et;Zn, ZnCl, J. Am. Chem. Soc., 2008, 130, 10874 — > ZrCp, — L Z1C
Me \\ Me RN ' B | P2
OPMB 729, 90% ee OPMB ; \ i :
H '
The Curious Case of Zirconocene Hydrosilation (Takahashi, Organometallics, 2004, 23, 4804); OEt HC(OEt); BF;0Et,
CDZZrCIZ (20%) Ph Xi4OZA) ABi92%°O E - -78°Ctort
Ph o~ BuLi (X%) _ Phai~« e X=60% A:B=0: 98% OBt =, 7&Ctont
H.SiPh SiHPh, SiHPh bimetallic zirconate {
2 2 .78°Ctort A iHPh; B responsible ' G 63%

Chemoselective Amide Reduction b e e e e e e e e emdeeceaaal
Q Ganem, J. Org. Chem., 2007, 72, 3981 Insertion of Isonitriles ~ Whitby, Pure and Applied Chemistry, 1997,69, 633

HO

Chida, Angew. Chem. Int. Ed., 2014, 53, 512
For radical chemistry using Schwartz Reagent, see Lo, Hydrogen Atom Transfer GM

AcO O OH Zr(H)CI AcO O OH E
Ph/lLNH o Cra2r(H)C : RNC ZGCz ZGC2 MeOH
B then H3O ' ZiCpy———— > ,
/\/u\ e : "l// I’/ 'y o\
Ph om ! eg. PhANC,BuNC
HO /3 : TMSCN R1
HO BzOAcO E Using TMSCN AR RiNCO
Amide Selective Reductive Coupling ' gives free amines R Me,CO
o M - .
CO,Me CO,Me 2vie : R1 oH RyHN
H Cp,Zr(H)CI H SnBu. y o
DCM. 0°C Se(OThs :1 o DSNHR o JSNHR u/ “NHR
N e} N i More on Imine Zirconocene: Homoenolate (Enders, Angew. Chem. Int. Ed., 1998, 37, 1673)
H OMe HY P 84% A
O‘Zr . BnNy, Cp,ZrBu, BnN )J\ BnN/j’Ph pyridine tBus,, 0
: nBuLi - B, ! N-oxide Mej;)M NHBn
Weinreb amide used CO,Me ! Z Cpz Zr Cpgzr\o Me > 64% PH
for higher reactivity ' z
Compatible Functional H :____E’h ______________________ P_ 'j_____________________tBLJ_______>_9_8_°_/°_(:j_e __________________
Groups: NO,, NHBoc T H ' C-H Activation: Whitby, Synlett, 1990, 271
CO;Me, NHCbz B — N N ' nBulLi
N '
gephyrotoxin H OMe : C(j CpyZMeCl m
: 60 C, 12h

N
ZGC2 H
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Harnessing Zirconocene's Oxophilicity: "C-O Insertion" ' Merging with C-H Activation
: C:H CsHyq CsH
OR CpA~\ gpz Thi ' bot ! CsHyq )ZGCz 511 511
r IS complex can be trans- '
A —_— ' D
/\/ IZ)_\/\OR /\/ OR metallated to undergo v Z N E;» N~ A —‘( \ N _— Zr
cross-coupling reaction ' OMe Zr OMe N-Zr OMe OMe
OTBS Cp,ZrCl, /(ﬁ/\ See: Mendoza,Barluenga GM E CsH1q4 O CeHyy ¢
—hBuli o PR YT XN -~ N 4
PhCHO B Bulkier alkoxy group led to higher dr ' 80% C.H “~
84% lto, Tet. Lett., 1992, 33, 1295 : ZrCpOMe o1 Me
10:1 dr ’ : o re ' Marek, J. Am. Chem. Soc., 2003, 125, 13258

C-C Activation
CpZZrCIZ
nBuL|
then Acetone
TBSO 68%
TBSO

Selective Cleavage of less
Subsituted C-C Bond

Ring Contraction (Paquette, J. Organomet. Chem., 2006, 2083)
Cp,ZrCl H N
N T i T oH
— ZrHC ) BnOu,
- " BF;OEt, o P2
BnO OBn

OBn
Reductive Allylation of o-Allylbenzylether (J. Org. Chem., 2005, 70, 756)

“,

BnO" BnO 0Bn

CpZZrCIZ
; OBn CuCl(10%
@C)Bn nBuLi ‘\k u (o ) N
Z vl zr(Cp),|  88% Z

Ring Contraction/Expansion with Enol ethers

Acetone

- - B
—> R - Rm A
J. Org. Chem., 1997, 62, 3994

Et e 707N a7 /N e S YL T (PR 20 0
o Cp,Z (.O Merging C-H Activation with C-C Activation
P2<r CpQZr B Me
| —_— szer4H8
p2Zr, ™ Me
-78°C to RT I
., But. x D R
Et

68% “Et B Acetone BU Bu HO Me
Barluenga, Angew. Chem. Int. Ed., 2004, 43, 3932 : then I
CpoZrCl, (15%) : C-H Activation : More reactive
~ PrMgCl HO & : Less Reactive ‘\ ZGCzr
e ;
| __PPhy o ' C-C Cleavage Bun};‘\/\
H,O ' Buu,/A\d\ —_— B
H 53% Barluenga, Org. Lett., 2007, 9, 3081 BU ZrCp, Marek, Nature, 2014,505, 199
Merging with C-H Activation: Barluenga, Chem. Eur. J., 2004, 10, 109 - Quick Discussion on Carboalumination: Water Acceleration:
; - ! AlMe;(2 eq)
BuL = 3
NHPMP wi 1/ TsCl, EtN : _2 ZrCp,Cly (20%) ®
Cp2ZrMeCl | H, /~NpPMP SN ' Z P2—2>°
K/\_> L HO DMAP N e 0 (1.500) R | H0 R
(@] OJ - ZGC2 ! 67113 2 Oq CGH13 Me o /R\\All <OOC ﬁ /R\\AI/
— 4 PMPN ' DCM, -70°C /Zr"CI' R o Zr\O’ R
PMP | : 4 %
76% : then HCI % [N
Regiochemistry is well-controlled by electronics See: Mendoza, Barluenga GM EWipf, Angew. Chem. Int. Ed., 1993, 32, 1068~ reacts slowly reacts fast
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Zipper Reaction Developed by Charles Brown, son of H.C. Brown :Zlnm Rearrangement (Benzidine Rearrangement) cl NH
. 2
KH ! HN-NH 6N HCl =l O
R~ . ’ . . 70% [5,5]
== 3-aminopropylamine — ' — 0
)n - - R \/\(")// Early example .
Me ("KAPA") ) of "dual functional . HN Cl
" catalysis" . CICI
: oo l
Mechanism: .
C , O
i Common Byproduct: HO EOC
L H3 on : HoN O
& H\' @ /\ : O BocN NBoc
Me ' Org. Lett., 2006, 8, 4919
NH, NH : H N OH
Brown, J. Am. Chem. Soc., 1975, 97,891 HN [3.5] Rearrangement Boc J
] 2 .
Application in Total Synthesis: : [9,9] Rearrangement also known: J. Org. Chem., 1997, 62, 3794
. Oxygenated Analog: Sheradsky Rearrangement: Direct Arylation
— . NH
Me y—=Me KAPA Mn(OAc)s - N0z 2
rt, 3h ! PhNBzOH
"iMe . ...Me EtOH, AcOH . | O,N
1% o \\ : _ ——> ON_ -
0 T oA 47°/ ; N~ cl HBr |
Me TMSCI ;
92% ._

Snider, J. Org. Chem., 1997, 62, 1970

Zip Reaction: More on KAPA  Hesse, Angew. Chem. Int. Ed., 1978, 17, 200

0 H,N (\/
Y  KAPA /j iterations
—_—
MU NH; NH, N
v 53 membered ring!
Thia-Zip reaction has been used in conjunction with
native chemical ligation to make macrocyclic peptides
J. Am. Chem. Soc., 1999, 121, 4316
Carbon Zip?
NO,
COOMe
KOtBu 82% O
MeO™ ~O
MeO,C

ZIP: iterative in one pot?

Hesse, Angew. Chem. Int. Ed. Engl. 1981, 20, 1021 &

: Zincophorin |

Me/\/\S|H

W

Fleming-
Tamao
OH O 'OH

< :
I z e bt T3 R
Me Me Me 67%
Leighton:
J. Am. Chem. Soc., 2011, 33
7308
Also see: Renata, Non-Aldo Polyketide Synthesis
GM
\\\\
HBg(TSF A|_)|2 ' Cossy: Org. Lett., 2003, 5,
BzO YssM1  Br0 4037
0,
oH 85% OH
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Zincke Reaction Theodor Zincke Howard Zimmerman . Type A and B Photochemistry: | _
(1843-1928) 3 Y . z
Kurth, Org. Prep. Proc. Int., 2002, 34,585, U5*¥ T2 f Vil ; : v
Zincke Nitration i 35 ' 00%
Zincke Disulfide Cleavage I . 0 Type B
A Zincke Suhl Reaction | 5 0 o
RNH2 O ' Santonin Lumisantonin O
@l}l R= alkyl/aryl :
R R" Chiral pyridinium synthesis E A
OH Pyridine N-oxide synthesis '
NHR N-iminopyridinium synthesig E ) Ph | Ph
"""""""""""""""""""""""""""""""""""""""""""" 1926-2012 ! 00
Interception by Carbon Nucleophiles: Ziegler-Halfner Azulene Synthesis (BSC and Ph)D Yale Ye) (0]
Postdoc 1953-1954 ; y ¢}
N (Woodward) !
Me,NH (\L(‘D 1954-1960 Northwestern Ph
oN NMeSNMe, NaOMe > Me,N Q 1;96;;)-2}(1)12_Vt\(iscor;sin | L
echanistic and explora:
DN 120°C, 4d 10m electrocyclization 55% tory photochemistry P .
Hafner,Angew. Chem. 1955, 67, 301 2) Mechanistics of Birch red o = —5¢ 5 9 =
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 3) Zimmerman-Traxler Coey ® o) @
Diels-Alder: Zincke-Brasher Sequence 4) Anionic Rearrangement ' (6] Ny (0]

k/\)OEt
P4
|\ N _Zincke

/N

N AN

HO Langlois, Tet. Lett., 1998, 39, 837 CONMe,
°

Intercepting with a Tethered Nucleophile

HO™ " X, TBSCI, Imd TBSO™ N\
0 NH N/@ Then Me @\\\\ — HO,, N
OoN IlDNP (@)
MeO MeO porothramycin A

Vanderwall, Org. Lett., 2010,12, 3093
Cychc Lactam from Pericyclic Processes of Zincke Aldehyde

DNP /

NHBn cHo 200° c

Vanderwall, J.Am.Chem.Soc., 2009, 131 7546

= NZ =
@)

Gram Scale
76%

EtO :
% |
S .
N// N o
oR R :
6 N—Bn N—Bn g
<= | - | o) -
= O@ '

5) Solid State Photochem : Zimmerman, Pure and Applied Chemistry, 2006, 78, 2193

(Oxa)Zimmerman (di-Pi Methane)Rearrangement: Another misnamed reaction?
Original Discovery Compare with Wender Olefin-Arene Photocycloaddition

hv * °
£6 ﬂ@ : /} @ Semibarrelene

Barrelene
Regioselectivity

h_,

/ \

Ph

Chem. Rev., 1996, 96, 3065

Oxa-Zimmerman: Total Synthesis of Magellanine

\(O

hv, acetone,
rt, 92%

Q OMe

Ho H
Liao, Angew. Chem. Int. Ed., 2002, 4090
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Samir Zard ' Wild Radicals: R=X Pure Appl. Chem., 2011, 83, 519 Internowolecular Sequential Reactions: A Radical Trap is Necessary
: : * ™S 0 T™S
, . : TMS
’ BusSn g Poymer 'S T L
; B0 S DLP S S (of
! = ' . EtO,S7 X Cl
: BusSnH . A E ) / ; \[sr DCE \1//E 2 /\Cfl A
} RH <—— R ——=  ~_E_ BuSnH E OFt Cl
: K= 106M"s™!  slow TN e Org. Lett, 2009, 11,2868 .
' fast E i Some Other Xanthates
‘ RN E
\ : Degenerative Transfer of Xanthates and Related Groups: E O S X O S PhthN
= ' "or *T Y S
-Pre3|dent of the Chemlstry ‘ O )J\ H|gh|y radicophilic ! N_/ OEt )\ N/ S S Ph s )\
Department ' R\ R/\/G FaC™ NHAc \(fEt .
Ecole Polytechnique, Paris ; ' . Initiation by li ht
-BSc, Imperial College . Initiation ® S (_3__Ea_‘[q_pfm_'q??l_kxl?t'?i___________________________________I_I__I____)_I_I_g _____________
-PhD, Universite Paris-Sud : /" Peroxide . : :
(w/ Sir Derek Barton) : % R* /\g s : Total Synthesis of Matrine MeO,C CO,Me
‘ C/ RN S : MeOZC CO,Me CO,tBu ©
-Research Interests: E SR )J\ ' Benzene,
1) "Riding tiger": : )\ LRS OEt = DLP N A OB
. . ' ' —_— -
Taming radicals ' R R ' CO,tBu
" ; W ' N EtOCSS 74
2)"Bullying weak bonds . s S RS S ; /\n/
N-centered radicals ; Y . o) N 30%
Also knwon for: Barton-Zard! OEt G OEt G :
Pyrole Symtesis L : O bLP
' B
Some Examples of "Tamed" Radicals ¢l , MeO,C CO,Me Mgozc FOMe esnozozne
' O,
Eto\fs o=g>--u©—ow|e : © DLP ,
NS N 5 iPrOH "“SCSOEt
. ) o : 18%
Radical Addition then Cyclization : o 3:1 diastereomer
P28y NHBee - coyteu N : ° A Chem. Int. Ed., 1998, 37, 1128
I ' Also see: Lo, Angew Chem 1998 GM ngew. Lhem. inl. £d., » 3/,
A\ A\ ? gOH g
—_— > NHBoc i in wi
N DLP, PhCI, reflux N 68% N Merging Tin with Xanthates s S
)\\ Mn02 X Pthn\ )j\
o o S~ “OCH,CMe; Me;CH,CO =z
~ . N

BocN

2009,71, 2832 J. Am. Chem. Soc., 1992, 114, 7909

EtO : >
\\< CO,tBu mersicarpine ' | N (Ph3Sn), (initiator) g S o
NBoc - Y S -Tin radical generated reversibly
' - No need for dilution/slow addition
Org. Lett., ;
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Tet. Lett., 1996, 37, 1605

MeO, TBSO DLP
PhCl, reflux ' MeO
BnO T in Free procedue
BnO
Fortucine

Angew. Chem. Int. Ed., 2008, 47, 1436

IV T g V> U ittt ittt ettt ettt ittt i
PthPh Ni/AcOH Mediated Cyclization: En route to Erythrina AlkaIOIds
(0]
THF, rt )J\ 1)
85% N” >CCl, N
_TsOH _MeO v NF
Q DABCO Me  iMeO “NiAcOH MeO
Me 1,2-dichlorobenzene Ph o iPrOH MeO 74
reflux MeO S S \
84% II/OH Ni powder can also cleave N-O bonds in oximes,

A Strange Alkyne Synthesis: Alkynyl Radical Equivalent ' Amidyl Radical From Hydroxymic Acid Derivatives: Total Synthesis of Aspidospermidine
CO,Et '
Z 0 o 2 A cokEt Q o 0
CO,Et : N-OBZ MeO,C
MsN Me e SCSOEt Me : MeQ,C BusSnH  MQQ2C A
SCSOE DLP, DCE : k( ACCN N q
. > 53% 5
DLP, DCE NMs . H
o N i
Br Br NH20H i Other alkaloid skeleton can also be assembled using this method:
AcONa ' 0 [0) l
% l\i’ ~ EtOH ' y \
“ \;N/ 0 NaNO, O : O
" = FeSO, \ ' 0 H
Br. € ' Pyrrolizidine Indolizidine PhNHNH H
Br. Me AcOH Br. Me ! Y Stemona ?’ 2
- <rt— r : ACOH, 62% N
" : NaBH,
I\N/I Ms N ' Also see, Michaudel, Syntheses from France GM N
S Me—=— Ms : O'Malley Dendrobine GM H
e , Org Lett., 2005, 8, 831
l eeeeioon.........Chem. Commun., 2001, 1304 s Richter, N-Gentered Radical GM. ________...__...._..._. S
Me : Chemistry of Nitro Group: Reduction to Enamides ' Merging Xanthate Chemlstry with N-centered Radicals
N : :
' Fe/Ac,0 '
. NO 2 .
Br : (\j/\/ ?_AcOH (j/\/NHAC : HO,,,
N L SNT 65% : OTBS  MeO ‘
Ms 82% . .

Org Lett., 2005, 7, 3489 forming iminyl radicals Tet. Lett., 1998, 39, 8995
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Zaragozic Acid Johnson Total Synthesis

Johnson, J. Am. Chem. Soc., 2008, 130, 17281

HO,EQ H?\ E

H = ©95~co,H:

HO—%@ ®[\ '

OH|:0> o HOCOH

OH ;

R s

TBS :

Y A\T53 tBuOZCJLTBS = 7J§o :
—_— —_—— '

tBuO,C” ~TBS By 2 OB tB#;)g% (OtBu
2 equi ~0 M Br .
quiv /\Mg o g :

1 equiv '

o 5

7 o OB ;

CO,tBu = 7~ TBS :

MgBr o\ '

-«—— TBSOnU Ny > -—— N '

OMgBr .

Bu0,C | TBSO T ~CO,Bu !

45-50% CO,tBu OtBu 5
15g scale !
OBn 5

OBn .

{BUO,C 1. TsOH, MeOH 0 :
TBSO™ 2 TBSOTH, Et3N R KOtBu, tAmyIOH E
TBSO', CO,Me DITBI tBuO,C E
tBuO,C MeOzC OTBS tBuO,C ;
tBUOZ .
Mey,, Ph E
HO  OBn

BUOC NSy

- tBUOQC COztBU H

HO :




