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* Halogenations

» Osmium-catalyzed dihydroxylations
» Cycloadditions

* Polymerizations

* Hydrofunctionalizations

» Simple conjugated dienes like isoprene and 1,3-butadiene are
readily available and more complex dienes can be prepared from
common transformations: cross-coupling reactions, olefin
synthesis, olefin metathesis

* Products contain an olefin which can be further functionalized to
make a molecule of high functionality
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* The coordination of a metal catalyst to dienes occurs through c-donation
and 1r-back donation

» Stronger o-donation to cationic or higher oxidation state metal complex
activates olefin to nucleophilic attack

General Mechanism
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» After attack by the first nucleophile, a stable 1r-allyl metal complex is
formed
» A second nucleophile addition results in allylic substitution and
elimination of the metal catalyst
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Sarlah Group 1,3-Diene Difunctionalization

1. Carbofunctionalizations with Pd®°
Pd(OAc) (10 mol %)

)\/ PPhs (20 mol %)
C[ EtsN (1.0 M), 125°C, 24 h ©:N \<

General Mechanism of Pd%-catalyzed reactions to give 1,4-product

R
NN (3 eq) H
R-X [72%]
Pd°
Pd(OAc) (10 mol %) Q
0,
Oxidative @E © PPh3 20 mol %) o O
Nu Displacement Addition NH, Et;N (1.0 M), 125°C, 24 h :
(3eq)
X gl R, X [70%]
| R Pal
N Dieck, H. A. J. Org. Chem. 1983, 48, 807-809.
';”'T'gg%‘:)”{ Coordination P Intramolecular
R « W
_Pd! Cyclization during carbopalladation
Xz
NR;
. . . . Pd(OAc), (5 mol %)
» Addition of the first nucleophile shares the same mechanism as the PPhg (120 mol %)0
Heck reaction, but the extended conjugation gives a Pd-1r-allyl complex . HNR, MeCN -
+ Addition of the second nucleophile can occur on either end of the Pd-1r- N™ 70 80°C,3h N
. . 4
allyl species, but most examples give 1,4-product Bn Brim %
(1eq) (2 eq)
[40-60%]

Carboamination Grigg, R. Tetahedron Lett. 1989, 30, 1139-1142.

Intermolecular Cyclization during amination

Pd(OAc), (1 mol %)

X R R PAr; (2 mol %) R Pd(OAc)2 (5 mol %)
R",NH (3 eq) _N L* (10 mol %)
\© . A = Ry NHEn DMF NB ©
100°C,3-48h R' +  Ar-X !
« r N  PPh,
(1 eq) (2.5 eq) [<60%] L, AS 1 100°C, 10 days p
X =Br, | R",NH = morpholine, piperidine (1eq) (1eq)

PHOX ligands
Ar = Ph or 2,6-Me,Ph
Heck. R. F. J. Org. Chem. 1978, 43, 5018-5020.
Helmchen, G. Tetrahedron Lett. 1999, 40, 3867-3868.

* Most substrates primarily yielded the Heck coupling product -

. X . ; . + ee. d f 59-80% und timized diti
hydrocarbon dienes gave moderate yield of difunctionalized product ©.€. ranged from ¢ Under optimized conditions
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Sarlah Group 1,3-Diene Difunctionalization

Pd(OAc), (10 mol %)

Carbooxygenation D-t-BPF (20 mol %)
; et e
P Pd,dba;, PPhg “ )\(X . nBuyNClI (1 eq) . \
Rw LiOAc,AcOH R OAc R DMF (0.25 M) 0
R X-"0Ac 90°C, 5h R Z CO-H 60°C, 24 h o
(1eq) (5 eq) [50-99%]
X=1,Br Larock, R. C. J. Org. Chem. 2000, 65, 1525-1529.

» 1-substituted acyclic and cyclic dienes used
» 2-substituted dienes gave mixtures of regioisomers

via:
Pd’—-0Ac
R “pge — R
R o R 2

Trost, B.M. J. Am. Chem. Soc. 1988, 110, 8239-8241.

Arylalkylation
With stabilized carbanions as nucleophiles CN
Pd(PPhs) (2 mol %) Pd(OAC), (5 mol %) CN
R R dpe-phos (2 mol %) R PPh (10 mol %)
Br NaOtBu (2 eq) R I NC._-CN MeCN
R * OH > R 3 S >
THF, A, 2h N~ ~0 80°C,3h N
1 7/
Bn Bn O
(2 eq) (1eq) [40-65%)] (1eq) (2eq)
[60%]
Yeh, M. P. Organometallics, 2005, 24, 5909-5915. Grigg, R. Tetrahedron Lett. 1989, 30, 1139-1142.
» Linear dienes gave 1,2-product — hydroxyl-directed regioselectivity Na* Pd(OAc)2 (5 mol %) RO,C_ _CO,R
= L* (10 mol %
AN + A+ ROCTCOR (Omol%) P
MTBE, 80°C, 72 h Ar
Pd(OAc) (5 mol %) (1eq) (1.5 eq) (5 eq) Ar

PPh; (5 mol %)

NaOAc (3.5 eq), . - [51-90%]
! , n-BuyNCI (1 eq) R R" R =Me, Et, or Bn 74-94% ee
R + RWR" > y/ p <
OH DMF, 100°C, 24 h R O3N
(5eq) 0 R
(1D
R =H, COMe [70%] . o -
>P-N
Larock, R. C. J. Org. Chem. 1990, 55, 3447-3450. o~ oF
3
* Linear and cyclic diene-containing hydrocarbons, and hydroxyl- ‘O R
containing isoprene included in substrate scope \ J

Gong, L. J. Am. Chem. Soc. 2015, 137, 13476-13479.

« Bulky Ar’ = lower yields, but higher e.e.

» Ortho-methyl groups on either Ar or Ar’ results in diminished
regioselectivity

» Mixtures of products with asymmetrical dienes
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Sarlah Group 1,3-Diene Difunctionalization

Vinylarylation 1,4-Regioselectivity - affords skipped dienes
1,2-Regioselectivity Pd,(dba)s (3 mol %)
. S R KF (1.7 eq) R ]
Pd,(dba); (3 mol %) XX 4 S R * ArB(OH), > _ R
PN R KF (1.7 eq) Ar R TfO DMA, 55°C, 16 h Ar =
Ar X+ R + ArB(OH), > SR R" R"
Tfo)\/ DMA, 55°C, 12 h Ar X
(1eq) (1.5eq) (1.5eq) Most examples
(1 eq) (1eq) (1.5¢eq) > 20:1 regioselectivity >20:1 regioselectivity

9:1 E/Z ratio
Ar = Ph, p-MeOC6H4, p-FCGH4
. Sigman, M. S. J. Am. Chem. Soc. 2013, 135, 4167-4170.
Sigman, M. S. J. Am. Chem. Soc. 2011, 133, 5784-5787. g

Selected examples:

CF3
O =
o

Selected examples:

Ph
Ph X
F [59%] [56% [62%
Ar = p-MeOCgHy
| Z CHO
/\/KD 0
(e} [60%] [44%] [85%]
E:Z 89:11 E:Z91:9 E:Z 94:6

[97%] [50%] [46%]

s ﬁg

« Boronic acids with heteroaryl groups containing Lewis basic heteroatoms
give little to no product

+ 1,4-regioselectivity is thought to arise from steric effects

NHAc

@

\ ‘ 1,2-product
Ph . *+-OTf R Z
AON N +-OTf ST,
[69%] [64%] [60%] > pyll R P Nu R
. . . insertion Pd +
« Vinyl triflates were used rather than halides to generate a more Nu) Nu R A
electrophilic palladium species, resulting in faster migratory insertion to if R small if R large W/\/\/\R,
the diene than transmetallation of the aryl boronic acid Nu
1,4-product

» Use of phosphine ligands promoted Suzuki, Heck, and hydroarylation
product formation
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Sarlah Group

1,3-Diene Difunctionalization

Diarylation
Ar-N,BF,4 (1 eq)
Ar-B(OH), (1.5 eq)
Pd,(dba) (5 mol %)

dba (15 mol %) Ar
RN NeHCOs(ea) R/\H\, Ar
R t-AmylOH, rt, 12 h R
[31-90%]

Sigman, M. S. Org. Lett. 2014, 16, 4666-4669.
» Use of phosphine, NHC, and amine ligands gave Suzuki and Heck
coupling products iPr
» Use of chiral diene ligands gave maximum of 83% e.e.,
but yield of 10% by GC 7 OH
» Electron-poor and -rich coupling partners, as well
ortho-, meta-, and para- substituents give comparable yields
* Bromo- and iodoaryl diazonium salts tolerated

. . R
Divinylation Mﬁ\/(
R
1,4-addition
Pd,dbas-CHClj (3 mol %)
. Na,CO3 (1.7 eq) R! P
2 DMF, rt, 16 h Xz N
R 3 (HO),B % b
+ 177 + 2 -
2 oTt /Y R' >
4,1-addition
(7 eq) (1.5eq) R!
z
R
>3

1,2-addition

Sigman, M. S. Chem. Sci. 2015, 6, 1355-1361.
» Ligand-less reaction gives mostly (E)-1,4 addition product (ratios <3:1)

but limited substrate scope

* Yields of mixture of isomers ranged from 50% to 89% FsC | S
* Use of pyrox ligand gave higher selectivities of (E)-1,4 N
addition product (<2:1) for more challenging substrate ,\}J
:t-Bu
Pyrox

Carbosilylation

Pd,(dba); (5 mol %)

0 HiMe PhMe (0.25 M) o
J__ * RMe;Si—SiMe,R' + e
R™ 80°C, 4 h
HiMe [47-93%]
(1eq) (1 eq) (3 eq)
R = aryl, vinyl

Tsuji, Y. J. Am. Chem. Soc. 1993, 115, 10414-10415.

» Decarbonylative coupling of acyl chloride and silyl group

» Acyl bromides, aryl iodides, aryl triflates failed to give desired product

* 4-Bromobenzoyl chloride coupled only at acyl position

» Complete decarbonylation of acyl chlorides occurred for most
substrates — bulky substrates did not undergo any decarbonylation:

Cloc

tBu \)I\CI

» Use of phosphine and phosphite ligands reduced yields

Pdy(dba)z (5 mol %)
PhMe (0.25 M)
\/\ >
100°C, 4 h

R/\/‘%,/SiMes

At Me;Si—SnBujg +
[39-85%]

Tsuji, Y. J. Am. Chem. Soc. 1995, 117, 9814-9821.

Yields lower than acyl chlorides

Selectivity of (E) and (Z)-products low

When 2-phenylbutadiene or 2-methyl butadiene used, low selectivity
* Mixture of (E) and (Z)-1,4 and 4,1 products
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Sarlah Group 1,3-Diene Difunctionalization

2. Backvall Difunctionalization with Pd" Selectivity of Backvall Reactions

General Mechanism of Pd'-catalyzed reactions to give 1,4-product

» Clis a stronger ligand than ~OAc
» 1,3-Cyclohexadiene used a model system, substrate scope includes
cyclic and acyclic 1,3-diene-containing hydrocarbons

[89%]

1
1
1
1
1
1
1
1
OH '
1
1
: Pd
AP
OH P4 = :
: no Cr
. Ac o—<;> 10AC
oH* + Oxidation Coordination : catalytic CI @A\O
1 - Pa
1ACO V/ OAc O)J\
: — AcO><;>—OAc
Pd" ! Pd(OAc); (5 mol %)
Sy2' Migratory 1 BQ (2 eq)
NUS A Displacement Insertion Nu ' acetone ACOR 1, AcO™ g\F
1
H
AN ! CoH _|
Nu' Pd” 1
1
. . . L. .
Backvall 1,4-Difunctionalizations ! Pd(OAC), (5 mol %) —m
. . LiCl (10 mol %)
1
Bis-acyloxylation . BQ (2 eq), LiOAC (11 eq)
Pd(OAc), (10 mol %) 1 acetone-AcOH, rt
LiOAc (3 eq) ! .
BQ (2 eq) 1 Backvall, J. E. Tetrahedron Lett. 1989, 30, 137-140.
- Aco—Q---OAc ' ;
ACOM. 1t 4 h ! Haloacyloxylation
[74%] 1 stoichiometric CI
1 -
O — - S
LioPdCly (10 mol %) ' Aco—Q—CI
LiOAc (7 eq) 1 py!
BQ (2 eq) 1 cl
> AcO= »=0Ac 1
AcOH, rt, 4 h ' Pd(OAc), (5 mol %)
[68%] | LiOAc (2 eq)
Backvall, J. E. J. Am. Chem. Soc. 1981, 103, 4959-4960. | LiCl (2 eq)
: BQ (2 eq)
+ Cis- or trans- product dependent on the concentration of Cl- I @ g A°O'<;>"C'
1 AcOH, rt,5h
1
1
1
1
|

Béackvall, J. E. J. Am. Chem. Soc. 1985, 107, 3676-3686.
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Sarlah Group 1,3-Diene Difunctionalization

Dialkoxylation C-C bond formation

Pd(OAG), (5 mol %)

MeSO3H (10 mol %) Alkynes
BQ (2 eq)
@/\/\OH . Ro—Qj (0] Pd(OAc), (cat.) Clo,,

ROH solvent, rt [¢] LiCl, BQ 0

[73%)] | | > \
Z/E >97:3 acetone-AcOH, rt, 15 min ol

Backvall, J. E. Tetrahedron, 1998, 54, 5375-5384. Ph Ph
» Reaction with strong acid prevents acetate from coordinating to Pd — no 2/1[55:‘@%
(J

acetoxy transfer onto substrate

¢ Solvents: MeOH, EtOH, tBuOH, BnOH Béackvall, J. E. Tetrahedron Lett. 1994, 35, 5713-5716.

» Chloropalladation of alkyne, followed by vinyl palladation across diene
Acyloxyalkoxylation

R'OH (4 eq), R"CO,H (4 eq) Allylsilane
Pd(OAG); (5 mol %) Li,PdCl, (10 mol %)

HZS%E(%.ZSem)OI %) EE BQ (2 eq), LiCl (2 eq) E g

Q q . R“COO'-'Q—OR' acetone-AcOH (2:1) . CI\Cé

DCM, rt ™

R K t, 16 h <y
[54-60%] SiMe,Ph =

Backvall, J. E. Tetahedron Lett. 1998, 39, 1223-1226. 28"/;]1

a, =9

+ Challenge here is to avoid dialkoxylation, diacyloxylation products, and

regioisomers Béackvall, J. E. J. Am. Chem. Soc. 1995, 117, 560-561.

» Sakurai-like anti-attack of allylsilane to give Pd-tr-allyl complex

,

-O\' OR'

'
X R
R ‘Pd” —— (e} pg'

R\..H
- Stabilized Carbanions

4
R'COO” Rr e 0 NO, Pd(OAc), (cat.) AcO,,
. _ o LiOAc
Aminofunctionalization SO2Ph -
DMSO/0,, 40°C, 40 h
Pd(OAc), (5 mol %)
BQ (2 eq) [50%]
NHR  LiOAc (2 eq), LiCl (2 eq) mixture of acetate and eliminated product
> Aco= ;N~
acetone, rt, 2-48 h ¢ R Backvall, J. E. Tetrahedron Lett. 1997, 38, 3603-3606.
R=Ts, COMe, [65-97%)] » Generally challenging as Backvall reactions are run in acetic acid —
CO,Bn, CONHBn cis/trans control > 93%

protic solvent
Backvall, J. E. J. Am. Chem. Soc. 1990, 112, 3683-3685.

* R groups on amine decrease nucleophilicity
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Sarlah Group 1,3-Diene Difunctionalization

Diarylation
[Pd(iPr)(OTs),] (6 mol %) R
A Cu(OTf), (25 mol %) R
+ RSnBuj >
DMA, O,
(1eq) (3 eq) r,24 h

R = m,m-(MeO),CgH [55%], p-FCsHg4 [59%]

[Pd(iPr)(OTs),] (6 mol %)

~ SnBuj Cu(OTf), (25 mol %)
PR+ > F
F DMA, O,
40°C, 24 h ™

(1eq) (3 eq) Ph

[62%)]

Sigman, M. S. Angew. Chem. Int. Ed. 2009, 48, 3146-2149.
* Reaction optimized for terminal olefin diarylation — 2 examples of dienes

» Cationic catalyst gave preference for diarylated product over Heck and
hydroarylated products

— R Pd(MeCN),Cl, (5 mol %)
oxidant (2 eq)

DMF, 120°C,0.3 hto 20 h

(o]

|| o [26-81%]
X=0, oxidant =
S, NMe
t-Bu t-Bu

Booker-Milburn, K. I. Angew. Chem. Int. Ed. 2015, 54, 6496-6500.

+ Addition of oxidant turned catalyst over but oxidized the 1,2-addition
product
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Sarlah Group

1,3-Diene Difunctionalization

3. Aminofunctionalization

Booker-Milburn

Diamination
- Pd(MeCN),Cl, (5 mol %) o)
o .
L.+ K LIRS ¢
EtHN” “NHEt R" DME, 60°C, 18 h \)\(

(1.2 eq)
[36-99%]

R, R"=H, alkyl, aryl regioselectivity 77-90%

Booker-Milburn, K. I. J. Am. Chem. Soc. 2005, 127, 7308-7309.

+ Good yields with isoprene, 2,3-dimethylbutadiene (81-82%)
+ Excellent yields with terminal styrenes (p-C¢H,OMe, p-C¢H,CF;, Ph)

Carboamination

Pd(OAc), (10 mol %)
BQ (1 eq)

H TsOH-H,0 (0.5 eq) JPh
e Y Ac,0 (1 eq) N
NH >
THF, 50°C, 4 h
; ; o]
MeZN/gO Me,N
(1.5 eq) [45%]

Booker-Milburn, K. I. J. Am. Chem. Soc. 2008, 130, 10066-10067.

» Urea-directed C-H insertion

* Suggested TsOH generation of electrophilic (TsO),Pd species as active
catalyst

* Most substrates in scope used vinylogous Michael acceptor as diene

Shi

Palladium-catalyzed Diamination

R o Pd,(dba)z (5 mol %) )Ol\
/\A JL ligand* (22 mol %) N” N
R * - > —
T Z/N N7< CDg, 65°C, 1.5h (
R RG
- 12e
R' = alkyl, aryl (1.2 eq) [60-95%]
87-95% ee

Shi, Y. J. Am. Chem. Soc. 2007, 129, 11688-11689.
+ Use of phosphoramidite ligand gave high

enantioselectivities

Diamination of terminal conjugated, (E)- and (Z)-

diene and trienes on internal olefin

Tertiary amines, thiophenes, ester, ethers

99t
were tolerated

NHC-Pd complexes have been used with similar substrate scope and
comparable yields

Shi, Y. J. Org. Chem. 2007, 72, 7038-7041.

9\r\1))_l\‘NJ< ﬁ

R"., N_.O o]
R, Nt-Bu N
R——p4 *pyll
Migratory
Insertion o
S L R
N N

R° R
Shi, Y. 3. Am. Chem. Soc. 2010, 132, 3523-3532
* Proposed mechanism based on NMR studies
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Sarlah Group 1,3-Diene Difunctionalization

o) Pd,(dba); (5 mol %)
g ligand* (22 mol %) 9\

" o o]
« R CuBr (5 mol %) 9\ )l\ J<
S, > N7 N
R/\/\ & R/\A >
Z/N N\|< C4Ds, 65°C, 3 h ?—‘ B L. >‘/N N\|< CDCls, 0°C, 20 h )—((
R — R R R
15
(15eq) [69-98%] 1.1eq) [81-99%]
90-93% ee

Shi, Y. J. Am. Chem. Soc. 2010, 132, 11009-11011.
» Diastereoselective — no isomerization when deuterium-labelled diene
difunctionalized — implies 2 electron mechanism
« Diamination of internal olefin is a result of ligandless catalyst

Shi, Y. Org. Lett. 2013, 15, 796-799.
» Used thiadiaziridine as nitrogen source
+ Phosphoramidite ligand used
+ Improved yields, enantioselectivity under similar reaction conditions

o)
o] CuX (10 mol %) U
Copper-Catalyzed Diamination e % U }L = t-BuquN 5 +  tBuN” “Nt-Bu
_ —Nt-| CgDg, rt, 10 h t-Bu
. o CUC! (10 mol %) t-BuN—Nt-Bu 6Ds AAL e
/\A P(OPh); (10 mol %) (2 eq) a b
BPN \4
. >|/N NT< CoDe, 65°C, 6 h /\({\’
R catalyst a:b
(1.5eq) [50-89%] CuCI-P(OPh);3 (1:1.2) 34:66
Shi, Y. Org. Lett. 2007, 9, 2589-2591. CuCI-P(OPh); (1:2) 42:58
- Diamination of terminal conjugated dienes and trienes on terminal olefin g“g:’;g“ (11? 78:22
» Substrate scope does not include many functional groups on dienes i c y(;( 1) 1977:3
(nitro, vinyl ether, ester tolerated) ! '
CuBr 1:99

» Labelling studies suggests radical mechanism
5 o CuClI (10 mol %) /\/‘\{ ‘é
P(OPh); (10 mol %)
Ph/\)%/D ' N N CeDg, 65°C, 6 h
R v
N
(1.5 eq) N

* Mechanistic studies show internal diamination with copper goes through
Cu'' species in a 2 electron process that resembles Pd° catalytic cycle

Shi, Y. J. Am. Chem. Soc. 2011, 133, 20890-20900.

» Cleavage of the imidazolidinone product

0O 0O
CF3CO,H CF3CO,H
HN)]\N/Q rt3 1 h2 9\ )I\ J< 803C 12h NJ\NH
— ) "

R R’ R' R

O 0

.4
R/\/K/Nt'B“ t-BuNJ—{Nt-Bu

199%]
t’\-lBu o o} NH, 1N HCI
cicu!" 5 N)LNtB R reflux, 2.5 h

M/Nt-Bu FBulN Nt-Bu R

R cicd! o Cicu" NH

\ tBuN—¢ P [90%]
~_Nt-B R = .

RTNAANANEBY Shi, Y. J. Am. Chem. Soc. 2007, 129, 11688-11689.
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Sarlah Group

1,3-Diene Difunctionalization

4. Borylation

Platinum-Catalyzed Borylation
1,4-Borylation . PH(PPhs)s (3 mol %)

PhMe, 80°C, 16 h R R
B,Pin, + Y& > _):Q_
PinB BPin

R
(1.5 eq) [91-95%]
R.R' = H, Me Z/E >99:1
Miyaura, N. Chem. Commun. 1996, 2073-2074.
o 0
— B—-B
PinB—/_\—BPin o o

Pt

Reductive Oxidative
Elimination Addition
PinB —/_/\ ; Pt
pil Migratory PinB'  "BPin

- Insertion
BPin \{
ﬁ)L R

R

* Reductive elimination faster than syn-anti isomerization
Pt(H,C=CH,)(PPhs), (2 mol %)

hexane, reflux, 24 h Me Me
PhMe,Si—BPin + A\ + RCHO > —
(1.5eq) R3Si—Pt
R = aryl, hexyl cis-crotyl-platinum
PhMe,Si0  Me BPin
R . _ RCHO
pine— e R3S"Pt‘o\\f/R
[30-83%] H

syn/anti > 93:7
Ito, Y. J. Am. Chem. Soc. 1998, 120, 4248-4249.
* Yields lower with aliphatic aldehydes

BPin

Pt(dba), (2.5 mol %)
R Me FOL._o 0 pCOEL pcy;(2.5mol %) (tartL)B

H + :B_B:
Et02c (e} (o] "COZEt Ph-ds, rt, 14 h R

(1eq)

\

Me
[95% conversion]

B(L-tart)

Not hydrolytically stable

Z/E >19:1

OH Me NaOH, H,0, OH M R-CHO (0.5 eq)
50°C, 3 h € -78°C, 3 h
R™ 3 N — R
R ™~oH R Mp(L-tart)

[58-72% over 3 steps]
33-74% ee, syn/anti >19:1

Morken, J. P. Org. Lett. 2003, 5, 2573-2575.

* PCyjs ligand gave high (Z) ratio and conversion — bulky monodentate
ligand which opens coordination site of Pt after oxidative addition

* Increased size of R group gave higher enantioselectivity

» Electron deficiency of R lowered e.e. by 30%

Pt,(dba); (2.5 mol %) =
(R,R)-ligand (6 mol %) Ar
Bopin, — 0 Q
PhMe, 60°C, 12 h 7 o* o
then H,0,, 3 h OH
en fz0z,
[48-92%] AT Ar
84-96% ee Phosphonite

Morken, J. P. J. Am. Chem. Soc. 2009, 131, 9134-9135.

* TADDOL-like phosphonite ligand used to induce enantioselectivity

* Cyclic, acyclic terminal dienes, 1,2,3-substitution tolerated

» Cis-dienes gave no reaction suggesting only dienes able to give S-cis
conformation can undergo diborylation

Stephanie Nakamata Huynh — 12 December 2015
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Sarlah Group 1,3-Diene Difunctionalization

Nickel-Catalyzed Borylation

» Oxaphospholane ligands also used to access 1.4-Silaboration

same transformation ROR
+ 1,4-diborylation products with high enantioselectivity Ni(acac),-DIBAL (5 mol %) phM%SiJ:g,Bpm
» Similar scope as phosphonite ligands R R Phlvfe, 80°C, 24 h R

Morken, J. P. Angew. Chem. Int. Ed. 2011, 50, 7906-7909.

PhMe,Si—BPin  + M > +
\ R R
(2 eq) . - .
R,R'R" = H, Me PinB SiMe,Ph

1,2-Diborylation

R"
Pt(dba)s (3 mol %) [84-92%]
(R,R)-ligand (6 mol %) H,0, Z/E > 99:1
R Bapin, (1 eq) R B(pin) NaOH R OH
M > A (pin) [——> )\/:\/OH Ito, Y. Org. Lett. 1999, 1, 1567-1569.
R N PhMe, 60°C, 12h R R * Asymmetrical dienes (isoprene) gave mixture of regioisomers
[55-94%]
>3:1 regioselectivity 1 4-Dib0|’] (Iation
R"CHO (0.5 eq) most examples >90% ee
Ni(cod), (2.5 mol %)
PCys (2.5 mol %) NaOH
B,pin, (1.05 eq) R — R H,0, R — R
CH,BrClI H,0, oH R/\/\/R > . ' N
OB(pin) nBuLi OB(pin) NaOH PhMe, rt, 3 h B(pin) B(pin) OH OH
R" W/OH <—th R"WB(pin) — R,,)Y\/\OH [44-77%]
R NaOHe?izoz KR RR Morken, J. P. Org. Lett. 2010, 12, 4348-4351.
R, R' = alkyl, R" = Ph [83%] [5/8'3t7.°/>°; , » Cyclic dienes gave 30% lower yields than acyclic
: syn/anti H . . . . .
syn!/;rz/t: >20:1 TBAF, H,0 y>92% ee + Styrene was unreactive under these conditions implying Ni® does not
°ee undergo oxidative addition of B,Pin,
OH Proposed Mechanism:
R R

R,R' = alkyl, R" = Ph [74%]
syn/anti >20:1

(PIH)B /*
(pin

94% ee
Morken, J. P. Angew. Chem. Int. Ed. 2012, 51, 521-524. )B
» Chiral phosphonite ligands used to induce stereoselectivity
+ Use of cis-dienes gave 1,2-selectivity \_/TB(Rm v
» Scope includes aliphatic alkyl dienes, silyl protected alcohols, olefins P
* No endocyclic dienes
Bopiny
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1,3-Diene Difunctionalization

1,4-Borylative Coupling

Ni(cod), (5 mol %)

PCys (10 mol %) B(pin) NaOH OH R"
)C])\ R" B,pin, (1.2 eq) o R H202 ~
* )\)\/\
' > X _ R

R™ "H R THF, rt, 6 h R™ ™Y B(pin) S

. &
R = aryl, vinyl [24-70%]

R, R" = Me, H anti/syn >20:1

OH

Morken, J. P. J. Am. Chem. Soc. 2008, 130, 16140-16141.

+ Complementary stereochemistry to platinum-catalyzed 1,2-diborylation

followed by allylboration of aldehyde

» Scope includes aryl and vinyl aldehydes and simple terminal dienes

OB(pin)
)\/\/\B(pin)
pi

X
R

n)

X

)/v

R
o B!
R)\./\/\

NiIIB(pin)
é.
(PIMB~gpin)
b\ : Il
R Ni
<L

R'M
Ni® \

A
AR

‘

T

PinB—BPin

* Nickel has been shown to be oxophilic and prefer to form the

metallocycle over oxidative addition into B-B bond
Tamaru, J. Am. Chem. Soc. 2005, 127, 201-209.

1,2-Borylative Coupling

O

A

Ph

H

Ni(cod), (10 mol %)

ligand (15 mol %) OH OH OH
B,pin, (1.2 eq) )\)\/\ )\)\/
+ A Ph Y X OH Ph 7 Z
Me x H z
THF, rt, 12 h Me Me
(1.1 eq) then H,0,
1,4-product 1,2-product
ligand 1,4:1,2 ratio yield (%)
none >20:1 39
PCy; >20:1 69
PEts 1:2 34
P(SiMe3); 1:12 45  dr>20:1

Morken, J. P. J. Am. Chem. Soc. 2010, 132, 7576-7577.

* Aryl, heteroaryl, and aliphatic aldehydes can be used

* Reports of P(SiMe); as a ligand may act as an electron acceptor —
reductive elimination is faster than r-allyl isomerization

J. Organomet. Chem. 1984, 272, 29; J. Chem. Crystallogr. 2006, 36, 271.

3,4-Borylative Coupling

Ar

O

Me

+MMe

Ni(cod), (10 mol %)
P(tBu); (15 mol %)

Bpin, (2 eq) verd §
- 7 =
THF, 1t, 48 h Ar Me
then NaOH, H,0, [52-79%]
3,4-product

Morken. J. P. Org. Lett. 2011, 13, 5267-5269.

» Borylative coupling of ketones gives 3,4-product

Model to Explain Regio- and Stereochemical Outcome

non-hindered carbonyls

hindered carbonyls
Ar,

O=Ni
&{/Me

Me

Stephanie Nakamata Huynh — 12 December 2015
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1,3-Diene Difunctionalization

5. Other Acylfunctionalizations with Ni°

Ni(acac), (10 mol %)

THF, 1t, 2 h OH
RCHO + MeZn + Xy > W
Me R
R = Ph, Cy, tBu [40-99%]
(2.4 eq) (4 eq) E/z > 2:1

Tamaru, Y. Angew. Chem. Int. Ed. 1999, 38, 3386-3388; Tet. Lett. 2000, 41, 6789-6793.
* Me;B can be used instead of Me,Zn

Ni(cod), (5 mol %) R R

O R R' PhMe, 50°C

PN P
Ph SnBujy
R, R'=H, Me, Ph, TMS
(3 eq)

[36-86%)]

Hiyama, T. J. Am. Chem. Soc. 2000, 122, 9030-9031.
+ Asymmetrical dienes give mixture of regioisomers

Ni(cod), (20 mol %)

MeO,C
MeO,C CHO PMe,Ph (40 mol %) M 02C><:>‘0R
MeOZC + Me-Si—SnB . o) A
\ €39l nbug o "
A 15 DMF, rt, 5 h
5e
( q) R = Hor TMS SnBuj
[51% of mixture]
1:7.5 of silylated/protodesilylated
Ni(cod), (20 mol %)
/~CHO PMe,Ph (40 mol %) O/OR
TsN + Me3Si—SnBug »  TsN
M DMF, rt, 2 h o, - SNBU3
(1.5 eq)
R=HorTMS

[38% of mixture]
1:1.9 of silylated/protodesilylated

Mori, M. Chem. Lett. 2002, 31, 18-19.

Et

OH
Et Ni(acac), (10 mol %) Et
A+ + PhCHO + Meyzn > | 7 Ph
THF, rt, 0.5 h ey
e
(1eq) (1 eq) (2eq)  (2eq)
[68% main product]
. . Et Et
Side Products: M eMj\ _
Me Ph
HO” ~Ph HO
[12%] [13%]
NG Ni(acac), (10 mol %) R
x/\/\/ + RCHO + Me,Zn z > =
= THF, rt, 1 h Xx-Me OH
(2eq)  (1.2eq) [45-77%]
dr>7:1

Tamaru, Y. J. Am. Chem. Soc. 2005, 127, 201-209.

X = C(CO,Et),, NTs, O, C(Ph),
R = PhEt, Cy, tBu
Ketones instead of aldehydes have been used, giving moderate yields
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