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Baldwin’s Rules

The Rules are as follows :—-

Rule 1: Tetrahedral Systems: Scheme 2.

(a) 3 to 7T-Exo-Tet are all favoured! processes with favoured:
many literature precedents;? 5-ex0-tet
(b) 5 to 6-Endo-Tet are disfavoured.? 5-exo-trig

. ] 5-ex0-dig

Rule 2: Trvigonal Systems: Scheme 3. 5-endo-dig

(a) 3 to 7T-Exo-Trig are all favoured processes with
many literature precedents;?

(b) 3 to 5-Endo-Trig are disfavoured;’ 6 to 7-Endo-
Trig are favoured.

Rule 3: Digonal Systems: Scheme 4.
(a) 3 to 4-Exo-Dig are disfavoured processes; 5 to
7-Exo-Dig are favoured ;S
(b) 3 to 7-Endo-Dig are favoured.”

J. Chem. Soc., Chem. Commun. 1976, 734.



Radical Cascade Cyclization Strategy:

5-exo/5-exo/5-exo
radical cascade

* one step

* three C-C bonds
* three rings

* four stereocenters




Retrosynthetic Analysis

Me 17

hydrogen
abstraction .
>

functional group
transformations

>

7

5-exo, 5-exo0, 5-exo
radical cascade cyclization
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Preparatlon of Alkenyl lodide 8 and AIkyI lodide 9

Cl HCCMgBr szZfC'z
Me S CuCI Me DIBAL, I2
Me THF, 50 °C THF

1 TMS 65% TMS 939%
[ Me ] Me
CuCl, L1 7 then 7
NaBO,* 4H,0
KOt Bu H . abUj 2 - H —
HBpln Bpin 96% OH
PhMe | Me" X (dr.>20:1) Me™ Y g
OH OH l
(S,9)- carveol (10) B 13 | 14
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OCHS THF
94%
t Bu /2 Me
t-Bu
O "]
t- BU 2 SH

(S)-DTBM-Segphos (L1) 9



1,4-Diynes from alkynyl/propargyl coupling reactions :

E,H CuX (cat) R
Ro——— + BrMg——R, -
AW H Z XX
Rz R,
LG =Cl, Br, |, OTs X =CI, 1, Br,Br.Me,S, CN 53-98 %

J. Org. Chem., 2003, 670, 151.

Cadiot-Chodkiewicz Coupling Reaction

B
R—H > RH— - H—-Cu ., X—R'
-BH+ //'\ %\‘
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Gy ,’< oxidative addition
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o= reductve elimination \\
\
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CpoZrCly + 'Bu,AlH

THF, 0 °C, 0.5 h

CpoZrHCI +  'Bu,AICITHF

CpoZrHCI

Filtration

in situ generated or
isolated and stored

Org. Lett., 2006, 8, 3675.



Schwartz Hydrozirconation

N\ " \Cl ClCpyZr H
T — CpoZrHCI Rl—— R?
R’ R? Rl< R?
Schwartz reagent Alkenylzirconium
Order of reactivity in hydrozirconation reactions:
—R > =~ - R R R
—_— = = R——R > — ~ —~ RW
R /_s'r :< ~ e~ R > /:<
R R' R R'
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Enantioselective Hydroboration Reaction
|. chiral organoborane reagents

Masamune H. H. D/
B, '_'B;" | / CDE:, B N
.HI- - | .H. | ]

la(R,R} 1b(S,8)

Soderquist

R Rt

J. Am. Chem. Soc., 2008, 130, 9218.



(Ipc),BH  (Ipc)BH, DMB Sa 5b

& Ph SiMe;
Alkene |BH BH; ..
> B B, B,

H H H

M
AN
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— 14 73 99.5 96 95
/N 99.1 24 97.6 32 84
>=\ 15 53 97.6 74 -

>= 32 _ 15 38 52

T
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78 66

0

Angew. Chem. Int. Ed., 2009, 48, 1896.



I1. transition-metal-catalyzed systems

o [{RhCI(C,Ha)o},] -
(R)-binap

— O
1 mol % [Co] \ ¢ j
2 mol % NEEEtEH BPin N "uﬂ::r
+ HBPIn - (e
1 equiv T Pr N~
5a q 259C, 3 h Ga CH; (S)-4a®
@_ . 95% yield
99% ee

J. Am. Chem. Soc., 2014, 136, 15501.

= 2

A=S . ® N §
BB NSN Bipin

Et g U|_._; Ph -\ 1 | :
= 7.5 mol % CuCl, B(pin)
or - -
O~ 80 mol % NaOBu, 1.1 equiv By(pin), 0

2.0 equiv MeOH, thf, -15°C, 48 h 90% vyield, e.r. 9555 75% yield, e.r. 96:4

Angew. Chem. Int. Ed., 2011, 50, 7079.




Me

HBpin

5 mol % Cu
55mol % L
20 mol % base

Me
i-Pr /'\/ Bpin

(1.2 equiv)

s toluene, rt, 12 h 2a
entry  [Cul/ligand base yield (%)"  ee (%)’
I CuCl/dppbz NaOrz-Bu 0 -

2 CuCl/xantphos  NaOr-Bu 0 -
3 IMesCuCl NaOr-Bu 0 -
4 CuClL1 NaOr-Bu 0 -
5 CuCl/L2 NaOz-Bu 0 -
6 CuCVL3 NaOz-Bu 0 -
7 CuCl’'L4 NaOr-Bu 36 86
8 CuTC/L4 - 0 -
9 CuTC/L4 KOr-Bu 18 87
10 CuCl/L4 KOr-Bu 94 87
“Isolated yield. "Ee was determined by HPLC analysis. “CuTC =

copper(I)-thiophene-2-carboxylate.

P-@ HaC.__CH3

X ( ) T\)@
P—< > /
@ Ph~">ph pr-"ph X,
donbz xXantphos IMesCuCl

)
@Q ﬁgﬁlﬁ { PPh,
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CH 0 PPh;
/lb (':' ‘

(R,R}-Me-Duphos (L1) (R, S)-Josiphos (L2) (R)-Segphos (L3)

{-Bu
{-Bu
‘ } ‘ ' N ocu
S
DEH_—, O

1-Bu
(R)-DTBM-Segphos (L4) CUTC

J. Am. Chem. Soc., 2017, 139, 13660.




Appel Reaction

/?\H CX4, PPhs X
R™ "R; " R R
X
&VX s -
X\ — | PhaP—X, CXg
PhBP:-/
Appel’s salt
" B +
PhaP—X, X3aC ™\ F’Es/lf@f/
H . _
?\ — X3CH + 0
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+
OjF'Phg X
P S — -+ PhgP=0



Attempts to Suzuki reaction of 13 and C2-OH protected 13

H |
Boin + 7 > oTes X -
Me Me~ Me

Onm-
I

S-11

s-BulLi, -78 °C
Y then Pd(dppf)Cly, KOH further deprotection
OTBS > o
Me~ Me THF, 75°C and oxidation
28%
S-9 s-10 "° GrBs
s-BulLi, -78 °C

then Pd(dppf)Cl,, KOH

THF, 75 °C
28%

S-9



Ve | NI
reductant
m XN ligand
I +
Me Y M solvent
&1 W X 60 °C
9 3 TMS
entry [Ni] ligand reductant solvent yield® 2Reaction cono!ition: 9 (2.00 equiv.), 8 (1.00 equiv.), N_iX2
_ : (10.0 mol%), ligand (12.0 mol%), reductant (2.00 equiv.),
: Nil2 L2 Mn DMF 29']’“/“, : bThe yield was determined by NMR with CH,Br, as an
3 Nil2 L3 Mn DMF 27%° { internal standard.
4 Nil2 L4 Mn DMF 33% cIsolated yield.
5 Nil; L5 Mn DMF — 23% 49,200 equiv. TMSCI was added
|_6 N1l L6 Mn DMEF 4% t-Bu tBu MeO Me
7 Nil> L7 Mn DMF 68%° <_\> ( _> = > 4
: 7 N\
8 Ni(PHex3)Cl L7 Mn DMF 35% Q—O <_ _>
9 Ni(dppf)Cl2 L7 Mn DMF 40%
10 Ni(acac)2 L7 Mn DMF 44% Me
11 Ni(OAc)2 L7 Mn DMF 38% /
12 NiBr2 L7 Mn DMF 38% _N
13 NiCl2 L7 Mn DMF 36%
14 Nil2 L7 Zn DMF 22%
15 Nil L7 Mn DMA  38% o O
16 Nil2 L7 Mn DMPU 21% Lj ,\}
174 Nil> L7 Mn DMF 42%




Nickel-Catalyzed Reductive Cross-Coupling
of Aryl Halides with Alkyl Halides

Prior Work: col. Fe] | rznx | : potential mechanisms for cross-electrophile coupling
e or [Pd] or :

- ' R2-l

This Work: Ni : .
Direct Reductive R-X + X-Ar — o [MORMAX | __g_pii A RN
Cross-Coupling Mn? mtermedlates_ - Rl —— = R'-R
J. Am. Chem. Soc., 2010, 132, 920. : -
NN NN E AN S AN EEEEEEE AN EAEEEEEEEEANSEANEESENESANS NSNS SEESEANSEANESSEESSENSEAENEAEEESENEEEEEEEEEEEEEE D H1_I [Ni] _ 1 ,
Cross-Coupling of Nucleophiles with Electrophiles : . R'-R
Pd
R'-B(OH), + R2X —— RUR®+ R®R? + R' R’ Potential mechanisms for cross-electrophile coupling:
- favored due to inherent (A\) in situ formation of an organometallic reagent (R1Mnl)
reactivity of substrates followed by cross-coupling; (B) transmetalation between

two organonickel species; (C) sequential oxidative
additions at a single nickel center;and (D) radical chain
RT-X + R2X —= R'R2+ R2R2+ R'R! reaction. R1 and R2 could be either alkyl or aryl.

factors that favor or disfavor
- selectivity unknown J. Am. Chem. Soc., 2013, 135, 16192.

Cross-Electrophile Coupling — This Work



Proposed Mechanism

Oxidative addition of Ph-I

Mnl, (::
Mn/ \s{f:vored over Alkyl-|

g | C:’N'“ y
CHA ‘Q
RH.C ~I|
: acn] /

Q:‘ INit CH.R

Ty

Alkyl radicals are more

stable than aryl radicals :

Hypothesis for Self-Initiation

MI"IIE- r'1.||':;I
(: l“' Nﬁ
*| Product-Formation N” 1|
(high [Re])

RH,C -

s /\/ 0 Ni

Mo ol I\\'HHEG-l A
(" CHJR

} (:I'Nilmll N N!“"I + CHR
s \&=a" 0 | &\
Ph—I / Initiation (low [Re])

Mn Ph -1

J. Am. Chem. Soc., 2013, 135, 16192.



Me Me
H,ClI fl
I\ CH3MQC|, CU|> HO\)\/TMS MnOz, C 2C 2, e UX> H\”)\/TMS TMSCN, ZnC|2, CH20|2>

T™S Et,O 85% (2 steps) then 6N HCI
S-22 i S-23 ] O 16
I Me ] Me
NC A TMs | MnO2 CHoCla . Ne I TMS
80% (2 steps)
| OH 17 | o 7
Me
Me
LIHMDS Me  Mn(OAc);
H THF, -78 OC> Me EtOH
N then 7 45 °C M
96%  Me o ©
O Me TMS TMS 0%
16 Me % 5
T™MS

TBAF, AcOH
(0]
THF, 45 °C -

CH2CI2, rt. '@ Me '@
w e

62% Te2%21 . Ve
+19% 20 0J

21



Optimization of the key radical cascade reaction

[Mn], solvent

Mn(OAc);2H20
Mn(OAc)32H20
Mn(OAc):-2H20
Mn(OAc);-2H20
Mn(OQAc);-2H20
Mn(OAc);-2H:20
Mn(OAc);-2H20
Mn(acac)s
Mn{dmp)s
MnFs
Mn(OAc);-2H:20

s-BuOH
1,4-dioxane
DME
EtOH
EtOH
EtOH
EtOH
EtOH
EtOH
EtOH
DCE

45°C
45 °C
45 °C
30°C
60 °C
45°C
45°C
45°C
45 °C
45 °C

125 °C

0.03 M
0.03 M
0.03 M
0.03 M
0.03 M
0.1 M
0.015M
0.03 M
0.03 M
0.03 M
0.03 M

1 7%
7%
10%
N.R.
38%
24%
25%
22%
5%
N.R.
0%

45°C
entry [Mn] solvent Temp. concentration vield” 12

1 Mn(OAc)3-2H20 EtOH 45°C 0.03 M 40%" 13

2 Mn(OAc);-2H20  CF:CH:0H  45°C 0.03M N.R. 14
3 Mn(OAc)3-2H-0 DMF 45 °C 0.03 M 28% 15

4 Mn(OAc)3-2H20 DCE 45°C 0.03 M N.R. 16
5 Mn(OAc)3-2H20 THF 45°C 0.03 M N.R. 17
6 Mn(OAc):-2H20 DMSO 45°C 0.03 M 0% 18

7 Mn(OAc¢)3-2H:20 MeCN 45°C 0.03 M N.R. 19
8 Mn(OAc):-2H20 MeOH 45°C 0.03 M 7% 20
9 Mn(OAc);-2H20 AcOH 45=C 0.03 M 0% 71

10 Mn(OAc)3-2H20 i-PrOH 45°C 0.03 M 15% 99¢
11 Mn(OAc)3-2H0  i-PrOH/EtOH 45 °C 0.03 M 31%

: “The yield is determined by NMR with CH2Br> as an internal standard.

"Isolated yield.

: “Microwave (100 W, 125 °C)



Manganese(l11)-Based Oxidative Free-Radical Cyclizations

11}
0 Mn(QAc); ~-Mn .
)‘YCGEH sow 9 fast Me T2C= 1. Acidity of the a-proton
rate oM — fast 2. Stability of the radical
H Me  determining CO,R CO,R (5)
step 18 19
Mn'"! R
o Mn(OAc); O HC=/ o)
)\/(CDEH fast )%f’H slow )ﬁgﬂ
-— (6)
H H rate .
COzR determining H
20 step (alkene  ,, R

dependent)

J. Chem. Rev., 1996, 96, 339.



5-exo-trig

EtOH CH3CH+OH

o

CH,CHO

Q=°/Si @Si Siffja- 3L

5-exo 6-endo



a trace amount of O2 in system :

Mn(OAc);
EtOH
45 °C
31% 4 + 5% 18

>




Me Me
H H
a H a H Raney Ni
'w MeM mCPBA, CH2C|2 - '@ Me — H2, MeOH
" . ° thenHsos . Me == 92%
Oo 66% (O)e) (d.r. =1.2:1)
O

8902
dioxane, 100 °C
69%

(+)-aberrarone (1)



Riley Selenium Dioxide Oxidation

Selenium dioxide oxidation of ketones and aldehydes (Riley, 1932):

[§] SEDE 0 SE'DE O
PJ\/RQ (= 1 equiv) J\/ ) (= 1 equiv) HJWRE
s - o R al
solvent/heat H solvent/heat
R’ H,0 H-0 0
ketone aldehyde . a-Keto aldehyde

~ . e
X I\/]\/ ’
HaC AR
1.2-disubstituted trisubstituted
alkene alkene
Mechanism: 4
Oxidation of carbonyl compounds:
o ) . Pummerer-like O H.0 O OH 5
:?J\u/ H%R 5802 4%1\41( reamangemem‘ Lﬁ\urf_—{z 2 M{ER -
- H (9]
H1 2 R1 ,_;;.ISE R1 D{,SBH
9]
Oxidation of alkenes:
0
HO
\\SEZD \S o HO + OH
Ene e= \3]-sigmatropic e / R1 OH
R b QH reaction R! C;\}? 231 rgf’:iﬂ » _ fse_ _CP R2 R’ \(E} 0O—Se hydrolysis ‘Ni<
— g - -
Ny )¢ RIS 2 »
R R? R Allylic alcohol

allylseleninic acid envelope-like TS allylselenite ester
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