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Isomerization of allylic alcohol and its relevant reactions

1 Introduction
1.1 isomerization of allylic alcohol
Rs
M
S L
Rz R4 R2 R4
One pot internal redox reaction to synthesize carbonyl compounds.
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2 Isomerization Reactions

2.1 Rh complexes

RhH(CO)(PPh;)
3 Scheme 1
)\( H  RhH(CO)(PPhs); 0.6 mol % - )\“ H
OH  CFsCH,0H,70°C,3h o

yield 100%

Wietrich, M. et al. J. Organomet. Chem. 1975, 86, C17

RhCI3 or Rhy(SOy); + TPPTS(tri(m-sulfophenyl)phosphane)

Scheme 3
R; R;
R, %r R, catalyst R, m R,
Ry OH Ry O

1. Biphasic(n-heptane/water) Catalysts.

2. no substitution on C-2 of allylic alcohol was inverstigated
Except for geraniol, that gave citronellal in 44% yield,
most of other reactions were quantitative.

3. This catalyst can be recycled for several times,
using 1-hexane-3-ol as model

4. As extend carbon chain, reactivity decrease due to
solubility of allylic alcohol

Kuntz, E. G. C. R. Acad. Sci. Pair, Ilc, Chem. 2000, 3, 607

Tripenyl phosphite derived ligands

R*  Rhocatalyst /YR‘

= -
OH CgDyg or (CD3)2CO, 20°C o}

R*=H, Me, n-Pent

Rh catalysts : HRh[P(OPh)3, RR[P(OPh};1{CIO,),
RO[P(OPh)3]3[P{OPh);(0CeH,)]

Ziolkowski J. et al Gazz. Chim. Ital. 1994, 124, 403
(Sulphos)Rh(cod)

R; R;
(Sulphos)Rh(cod)
Rz R4 —_— RZ R4
Y CI,CH,CH,CI ;'/\g
Ry OH H,Oloctane 100°C 1

Scope was limited to no more than two substitutions
on olefin of allylic alcohol

Bianchini, C,; Oberhauser, W. New J. Chem. 2001, 25, 11

1.2. Mechanism of isomerization of allylic alcohol
a: Metal-hydride addition-elimination
b: n-allyl-metal-hydride mechanism
c: Alcoholate species mechanism

Cristina G., et al Organometallics 2010,29, 2166-2175

[M}-H

(b) (c)

RhCl3* 3H,0
Scheme 2

)\rH RhCl3* 3H,0 )ﬁrH
—_— >
(o}

solvent
OH

OH RhCl3-3H,0 2mol% (o]
benzene/water

when solvent is dioxane, the yield is 30% (accompanied decarbonylation).
Better result was obtained under biphasic condition

in the presence of onium salts; complete conversion of

1-octen-3-ol to 3-octanone only need 2 mol % RhCl; 3H,0

Blum, J. etal J. Mol. Cat. 1981, 11, 293

[Rh(CO).Cl],
Scheme 4
Ry I~_Rs [Rh(CO),Cll, R Ry
\/\OrH NaOH, CH,Cl,, BnEt;Cl \/\'J
rt,6-10h

[Rh(CO),0H], was postulated to be the true active species
Alper. H.; Hachem, K. J. Org. Chem. 1980, 45, 2269

[Rh(diphosphine)L,]CI04]

3 3

Table 1 ! R ¢ [Rhdiphosphing)L JICIO,], 0 5moi% R«\%rﬂ.

= T )

R OH THF. 60°C, 24h ®? O
R! R? R3 R* diphosphine conversion selectivity
Me Me H H BINAP? 64 80
Me Me H H BINAP? 88 61
Me Me H H DPPB® 50 24
Me Me H H DIPB? 42 20
H I Me I BINAP? 99 90
Me H H H BINAP? 87 93
Me Me H Me BINAP? 88 34
H —CHz— H —(CHg);— BINAP? 82 98

2(COD) was used as a ligand. & Solvent molecules act as
ligands to themetal complex. DPPB = PhzP(CH)sPPh;; DIPB
= (i-Pr)zP(CHz)sP(iPr)s.

[Rh(diphosphine)L,]CIO4]

An efficent catalysts for transposition of allyl alcohol, even for the
challenging examples(two alkyl groups in terminal position and 2-
cycohexen-1-ol), also giving excellent conversion yield.

Tani. K. Pure & Appl. Chem. 1985, 57, 1845.



[Rh(diphosphine)L,]CI04]

Table 2 - o g3 Table 3
Rl _L_ gt [Rhidiphosphine)(sov);lCIOs o1 R Rl R*
\)\E,/H (CD),CO, RT \"%';H \)\o"/ diphosphine time?(min) enol (%) ketone (%)
Ph;P(CH;);PPh; 14 89 11
enol ~enol Cy:P(CH,),PCy, <5 0 100
]}rﬂ(_iuctlun lsum(-::rlzatlon Ph;P(CH3)sPPh; 45 0 100
R! RS RY  time= time® Ph,P(CH,),PPh; 19 25 75
H H H 14min | (Z) 120 min (E) 40 min: BINAP 21 80.4 196
H Ph H 330min — , < "
H H Me 9 min 1 () 180 min (E) 50 mm' pm];r;;:;i ;;f c(%ge)d Cfg)x at gg?& Cheiciion. Bttt alogkalions
H H Ph 124min ' (Z)55h ' fids :
Ph H H 167min ' (Z)~8h(E)~6 h , . L .
U OEt H 50h ! \ The nature of ligand has strong effect on kinetic of the reaction.
Me H 16 min ! 8 days , [Rh(Cyphos)]+ catalysted reaction is quite rapid even at -80 °C
=CHz= =(CHz:= H 27h 1 S5days .

“Time required to convert ~98% of the allylic alcohol.

5 Time required to transpose ~-98% of the enol into the carbonyl
compound.

e = ——————

NC CN O o
+
NCN H : N H Tos. N JJ\)L H

CN ' Hoo8
T .‘.
1
1 OH D OH D (O I
1 z N 1
! /;(D - \/\g - \/\? ' Postulated mechanism of formation of enol from allylic alcohol
1 1
! Equal deuterium distribution between the 1- and 3-position |
1 implied the reaction of formation of enol is irreversible. !

Deuterated substrate decrease reaction speed.
Turnover limiting step is not sure, but suggested
by author, maybe is initial hydrogen obstraction AL OH

e Q _______________________ ?/ IRA] \g

[Rh(cyphos)]”
é\/OD A OD [Rh(cyphos)I" )\PO Rn—t

A}

1

1

1

1
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1

Exclusive product : |:>

1 \/\D
, wnh
1

1

1

1
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1

1

Ph oo Ph - Ph

A/ OH [Rh(-)binap)] A,OH [Rh(-)binap)] )\Po

"""""""""""""""""""""""" - Bergens, S.; Bosnich, B. J. Am. Chem. Soc. 1990, 113. 958

Rh hydride catalysts (RhH(PPh3)s, RhH(PPhy)s)

w-oxyallyl mechanism for catalytic
ketonization of enols

hm e e e e mmm—————————

RhH(PPh3)3 could be prepared easiAIy and yseq in situj Ry Rh(NBD),BF, Rs
RhH(PPh3); also could be used for isomerization of highly R, Ry L1 R, m Ry
sterically hindered derivatives “ m
RhH(PPhs), could be used for primary and sencondary alcohol, Ry OH 2 9 Ry O
but is sensitivie to oxygen and moisture
Table 4
Entry R4 Rz R3 Ry solvent temp. time Conv. Selectivity(%)
1 H H H Me CH,Cl, 23 0.5 100 100
2 H H H Ph Dioxane 60 1 100 93
3 H H Ph Me Dioxane 60 1 100 100
4 H Ph H H Dioxane 60 35 100 100
5 H Me H Me CH,Cl, 23 0.5 100 100
6 H Propyl H H CH,Cl, 23 0.5 100 98
7 H Butyl H Me dioxane 60 1 100 97
8 Propyl H H H CH,Cl, 23 0.5 100 100
.. Me __Me_ ___| Ho___. H_____CHCl ____ 23 ___ e . 100 90_
‘10 H Ph Me Me dioxane 60 2 100 100}

Rh(L4)[H]nBF4 could isomerize momosubstituted,disubstituted, trisubstitued allylic alcohol.
Manfred T. R.; Honhchao Guo /etter 2006, 2127

Metal hydride addition-elimination mechanism maybe be suitable for Rh-H catalystic reaction. 2



P
Rh(CO&)(lgglsgr;l)zBFA Ry |l ( j [Rh(COD)(CHacN)ZIBFq
o | 2 2 | % Q
w/\r Ry PTA(4 mol%) RegANpRe An/ D PTA (1, 40 %)
Ry H;0, rt Ry O PTA (1) - D
Table 5 PH 4~11 H,O, i,
(>99 % vyield)
5a-d; o Y 6a-4-d,
Entry Ri R; Rs Ry time/min yield (96 % D) (94 % D)
1 H H H Ph 5 >99 1, 3-hydride migration
2 H H H p-F-Ph 15 99 &}
3 H H H p-MeO-Ph 15 >99 BF,
4 H H H naph 60 >99 “® pra
5 H H H p-CF3-Ph 15 >99 /Rh<
6 H H H Et 80 >99 OH,
7 H H H phenylethylene 180 92
8 H Me H Me 80 >99 OH
9 H Me H Ph 5 >99
10 H H Me Ph 5 >99 %/J\R
11 H -(CHy);- H connectingto R, 720 >99
12 H benzyl H H 45 >59
Y o} OH H0
Entry 8, 9, 10 Temp. is, 50°C, 50°C, 80°C respectivly. \)LR g ©
®
5a-d; (96 % D) on La—Rh o R
OH [Rh(COD)(CH3CN)2]BF4 0 H
%) %/J\R / L
=~  PTA (1 4 mol %)
H,0, rt, 20 min x& L .
5o >99% yield 6o, @ " XS
( vield) 0%D H.__.RhL H—-Rh 2 H
intramolecular reaction >
R MR
OH [Rh{COD)(CH3CN),]BF 4 Q
(2. 20 mol %)
Z~ PTA(1, 40 mol %) s
D;0, 10 min D p
6a-a-dy
(97 % D) Proposed mechanisem

2.2 Rhthenium complexes
RuCl3, RuCl3-NaOH

RuCl; can be employed for isomerization
of various allylic alcohol and glycols.
RuCl3-NaOH can be used for chirality transfer.

ROHD  130°C, 5min o HD
37~41%

J. Organomet. Chem. 1975, 86, C17
J. Chem. Soc., Chem. Commun., 1980, 594-595
Pascal, J.-Y. etal J. Mol. Catal. 1980, 9, 59

Martin-Matute, et al. Green Chemistry 2010, 12, 1628-1633

Ru30(OCOCH;); & RuCly(PPhs);

4\rR“ /\n«RA
o

OH

catalyst
85°C or 140°C

it is only operative for isomerization allyl alcohol
wihout substituted group on double bond

Ru3O(OCOCH3)7 can be recycled for several times
Blum, J. et al J. Mol. Cat 1979, 6, 289
Blum, J. et al J.Org. Chem 1981, 46, 255

Ru(acac);

R
Ru:awch
R._A__R*
Y 11D-phenanirohne
OH 150

\/J\“,R‘

Scope is limited to less hindered allylic alcohol

Even In the presence of butadiene, the process
could performed (R3=H).

transformation of butadiene to ketone.

E. Drent, et al Inorg.Chim. Acta 1994, 222, 225-233

e ™
. OH H,0
Ru(H20)g(tos), or Ru(Hz0)s(tirf); XK 2eq Ru(ll) —Z——» Ru(v)H
DD
1 ~OH Ru(HO)ftos);  H D _~OH
Ru(HzO)(tos)z 1e D01t (0.34%) Ru(l) —— Ru(IV)-H
Rl R' 22 R! R* q 0, .34%
Hz0. RT \/\g Possibility for generating Ru-H
D
a:R'=R'=Hb:R'=H R*=Me;c:R'=H R*=EL 2 _~_OH RulH:O)(tos), H‘n)\’
ot y ' T : S
4 R'=Me, RA=H i D,0, rt o *
& J
e N
( b A = pe =
AUl
3 /XOH Ru(H:O)tos), D A_D )/ -1 1o
— >
D,0, 1t o ( )
intermolecular reaction R H/
D —
Ru(H;O)ltos), _ H ! R
OH [Rul-H RO- [Rul=H
4 o~ —>
i D,0O, rt \g)\/
1, 2 step is irreversible |:> \
3 1b
5 /XOH Ru(H20)s(tos), D\n,\/D .
D D H,0, rt o ﬂ ‘2 RO/\=I
[Rul
1, 3-hydride migration [Rul=H
~—
\_/
6 \/\,OH Ru(HO)s(tos),  H * D S y L - )
H,O, rt O D
no oberserved Modified metal-hydride addition-elimination mechanism
. J

McGrath, D. V.; Grubbs. R. H.

Exclusive Markovnikov addition

Organpmetallics 1994, 13, 224



CpRu(PPh;),Cl

& : CpRUPPhylCL 5 Mol

A ,
oCoc od co
® excellent yield was in case of 7, 8 ring allyl alcohol.
lowe yield was obtained in case of 6 ring allyl alcohol.

Backvall, J.-E.; Andreasson, U. Tetrahedron Lett. 1993, 34, 5459

Ruthenium hydride complex

238::EEEE3;3 ® Those Ruthenium complexes can be generated
RUCIMe(PPh.) ::> in situ.Only used for isomerization of less
RuCIPh(PPh:): hir'mdered secondary aI'IyI alcohol. '

RuH,(PPh3)3 ® Primary allyl alcohol did not react in the
RhMe,(PPh3); presence of catalyst.

RuPh,(PPh

Rqug,gnBuggi Sasson, Y.; Rempel, G. L. Tetrahedron Lett. 1974, 47, 4133

Uma, R.; Gre ‘e,R. et al. Eur. J. Org. Chem. 2001, 3141

® Chemoselectivity

., OH . (0]
Y g — //\(V)JJ\/
PR A

R‘ Rl 1 Hi
R G 5 malt Y
oH E\ ? Q -
Ru(PPhyl,Cl OH OH OH O
Table 1 EsNHPF, 10molt” diaxane, 100°C - P - -
time yield 8 8
R! Rt cat (h) (%) Remote double bond migrate slowly compared to that of allyl alcohol
Ph H a 8 9% ® Indenyl-ruthenium complex is better than
E gf\;(CH ; : é-“ gf cyclopentadiene-ruthenium complex
___________ g oo _.__.._2 __&__Bl
“Ph n-C;Hg a 8 23
! Ph n-CyHg b 2 831 ] -
H" """ CH=CA={CHag— ~~~~~ a "1 87 ns ~ n3
H HOCH;—(CHa)o— a 1 52 .
H HOCH({Me)—(CHs)s— a 1.5 80 :> . . - -
H_____ Me—(CHa)g—_ _ _ ________ a__25 91 Ph,;P*" |u ci Ph;P" I|2u c
V' n-CyoHzy PhiCHa)z a 24 530 PPh; PPh;
\ r-CioHz PhiCHz):2 b i @, . . ) . .
Hq----- THp=CHUH(OH) = (CH:e=" "3~ " ".5°7% it is easier to open coordlnated;lte of indenyl
H CH;—CHCHLDMEF (CHys— a 1 93 complex than Cp complex. So indenyl complex
R )= T P s has higher reactivity.
: :{gﬂﬂi: b ; gz P ® Increase the reactivity of catalyst complex by using
" —}CHz}g— § 55 B7 : AgOTf instead of Et;NHPFg due to Ag* is easy to
CATEEC-CH '-%}'i-ﬁ)'—'{U-FJ': _____ - 3‘.3. B2’ sequesting chloride anion. But it has lewis acid charater
CHy CH;—CQ—{CHQJEE : - often leading to nucleophilic addition by solvent.
B (2 isomers) ® Deuterium labeling experiments
mCiHy Me—CHIOH)—(CHa)g— b 10 69
—CH(OH)—(CHa)s— b 4 35 OH o
—CH(0AQ) —(CHy)s— b 3 8B ___Catalyst M~
—CH,0CO—{CHgls— b 6.5 28 ph/\/l!)\/ Ph D
OH (o]
@ sterically hindered allylic alcohol and W Ph/\)l\/\ D
six memerbered allyl alcohol did not react Ph
D Catalyst o
OH
/\Mf\? /\‘“’fj\/
OH <o . I . .
geraniol 1,3 hydride migration and itramolecular reaction
—_
L\.‘-lﬁu—ﬂ
H3C02C H;CO,C L
R R R* OH
OH o o R’ l - R'J\‘T'-LR‘
18 — > | — R
u"'\'f“
H' L L+H
.’ ------------------------------------------ “\ oy g
! o o o ' w FH R ‘Ru-
' AOH Cat. /\r XN AN \/\r ~N i I.?"Rua-,;‘.—-KRz R:___?__QZ-;\R.
' NH,PFs o QX 15 R' R
1
: detectable ' Tz e
' OH : R“’“ﬁr’lﬁc
' = = : I R i
' 9 — » 9 :
: 1 Proposed mechanism
1
L detectable K Trost, B. M.; Kuliawec, R. J. J. Am. Chem. Soc. 1993, 115, 2027
RuCl,(PPhs); ® Efficent catalysts for isomerization of allyl RuCp(PR3)(CH3CN)[PF¢]
[RuCl,(p-cymene)], alcohol in presence of base such as K,CO3
1 4 [RUCP(PRINCH,CN)IIPFg], 1 mol% gt Rt o
He— R _~_FR + f\)\(
Ph 0O O._ Ph ® Bimetallic catalyst which itself can serve \/\lo/u CDCly, 57°C \/Er r' R
Ph,&ph Ph%*ph as a base led to a rapid reaction without
PH Ru” H‘\Ru/ Ph adding base. @ This catalyst was easy to form 16* cationic ruthenium species

compalied to the CpRu(PPh3),Cl.
® But it was operative for allyl alcohols of which
less one substituted group on 1 and 3 position.

Slugovc, C.;Kirchner, K. et al Organometallics 1999, 18, 4230

HRu3(CO)q¢ K*

R e ® R
Rz Rt [HRu3(CO)yy] K R\\/kn,n-t
o THR.225°C )

(CO)4Ru|—=Ru(CO);
\

_H

a'R'=R¥=R%=H;b:R'=Me,R®=R*=H;c:R'=R*=H,R*=Et.
Ru(CO);

@ |imited in scope to simple, sterically less hindered allylic alcohols

Langenbahn, M.;Suss-Fink, G. et al J. Organomet. Chem. 1989, 379, 165 4



Grubb's catalyst

OH 1.2 dichloroethane or toluene O
reflux

® Though only unsubstituted allyiic alcohol have been tested,
ester and ether funtionalities are compatible in this condition.

Gurjar, M. K.; Yakambram, P. Tetrahedron Lett. 2001, 42, 3633
Hoye, T. R.; Zhao, H. Org. Lett. 1999, 1, 1123

PryNRuO4
R\ R* PryNRuO,, 5 mol% R! R*
e
Table 4 jng\gk 2-undecancl, fluorobenzene, reflux m
R! R? R* yield (%)
H H Ph 90
H H PhCH:CH: 92
H H p-Cl-Ph 87
n-CsHys H H 41
Ph H Et 71
Ph____ ] H .. Hoo....48
(Me______ MeC=CH=(CHz)z_ . _ H___________: 522
H —(CHg);— 89
@ itis promising to isomerize the challenging allylic alcohol
]
RuO,
OH
R

Proposed mechanism
Marko, I. E. et al Angew. Chem., Int. Ed. 1999,38, 1960.

Rz
Ry R
2 R OH 3o0r4,AgoTf = R (o]
z @ 1 , Ag 1
—_—.
o Ry Ru__ \/\/ THF or H,0 \/\R‘P
N\( \ oo 55 or 75 °C ) 2
Q\’N | yield(60-99%)

R4=H, Ry=H, or CHj, or Et, or nPr, or n Bu
R,=CHj3, R=CH3
Ri=H,R;=Me; 3
Ry =Ph,R; =Bz 4 ® no base was need.
® Water soluble catalyst

@ limited to less hindered allyl alcohol

Costa, A. P. Peris E. et al Organometallics, 2010. 29, 1832-1838.

oMe R Cat. 1 bar H,

Me Me 2 aq phosphate
Bu o /\r R4 _buffer, 80°C____ /\n, R4

\ Ruw

N N OH TozmNacy M(NaCl)

Q\’ N, Cl PH=7
Me R;=H, R{=H, CH3, Et, nPr, nBu, nPentyl
Ry=H, Ry=CHj

Joo, F. et al Catalysis Communications 2006, 7. 783—786

= T -

Ru
PuaN P—Ru Ru—P
P Cl
\, o’ Ner”
Ph
N P 4=
Ph/C%T L p \| W
“Ra U P=PngPQ
/\ \CI/| Tsg-Ph e
S P P

Those catalysts are effecient for isomerization simple,
less hindered allyl alcohol in water

Joo, F. et al J. Organometallic Chem. 2008, 693 468—474

055,
A Fiu--.o

® Catalyst 1 can be using for isomerization
of most of secondary alcohols except
disubstituted group at the terminal carbon
(OTf), of double bond.
® it seems not to isomerize the pramary alcohol.

1:x=c: @ Iitisvery interesting that catalyst 2 could
2:X =Me hydrogenate aldehyde to aldohol.

IPA was added as hydrogen source and solvent.
ﬁ 2: KOBut=1:25 OH
e D
R”"H [IPA(0.5M) R)\ H

Lau C. P. et al Adv. Synth. Catal. 2011, 353, 275 — 280

-+

e =
== Ru NMe
Hcon Ru. b HaCON' ™
ACCN N HMe HiGCN g O,
H;CCN o A
5b 1}
Ry Rs R R
Ro (N R4 4a or 5b Rzm& . A){er
R; OH THF, 60°C Ry O OH O
R4=H, R=Me or H
R4=R,=H, R=Me or H
H
HO\H I
M]-o
s OH O

[";"]‘H

5 b, § . m

=

@ No base was added.
@it is interesting that some aldol type product was observed.
® Substrate scope was wide.

It was able to isomerize secondary alcohol

and primary alcohol (including cyclohex-2-enol)

Cristina G., et al Organometallics 2010,29, 2166-2175

R | (Cs)
@ é\rOH 1or2 /\FO
—_—
Ry H,0/ 100°C, 2h Ry
R,=H, or Et, or nPr, or n Bu

Q:\/ o,

1, arene = p-cymene
2, arene = hexamethylbenzene

® Recycability was high.

® \Water soluble catalyst

@ no base was need.

Peris E. et al Organometallics, 2010. 29, 3661-3664.

*

Swec(gL)  reactivity
@o L=P(OMe); (2a) 735 high
| P(OEt); (2b) 27.2
b R OH  POPn;2¢) 673
Cl L P(OPh); (2d)  insoluble?
PPh, (2e) insoluble? low

é\,OH 1mol % 2a /\PO

o \
R, 5 mol % KO'Bu, H,0 R,

R4= n-Pent, Ph, 4-CICgH,, 4-BrCgHy, 4-Me;NICgH,, 4-MeOCgH,
@ Scope of substrate is limited to momosubstituted on C1.
Crochet P. et al Green Chem., 2009, 11, 1681-1686

R? R?

Me
Me \ Me R~ R 1 mol% le R e
5 mol% KO'Bu
RumCl o

(Et0);P”

\ OH THEF, 35°C
cl yield >97%
1c ® Noteworthy, trisubstituted substrate
are readily converted at 35°C, for
example Ry= Ph, Ry=Me, R3=Ph
Crochet P. et alOrganometallics 2006, 25, 4846 4849 6



Ph R
Ph Ph 2 X=CIR=Ph
Ph Ru_. 3aX=CIR=Me
ocl X 14X=H R=Ph
co
100
2l
80
=
60
Yield / % !
40
.
20
/ L
0
0 5 10 15 20
tin

Figure 2. Isomerization of 4a ((.3Mm in toluene) to ketone 6a catalyzed
by: ruthenium chloride 2 (Smol%) after treatment with KOiBu (s),
ruthenium hydride 14 (5 mol %) in the presence of benzylidenacetone 19
(3 mol %) (a), and ruthenium hydride 14 (a).

4

Table 2

Substrate £ [h] T[°C] Product Yield [%]®<
OH 0
1 phM L5 RT ph/\)k 96 (96)
4a 6a
OH o]
2 ph/i\f 25 RT ph/K/ 99 (94)
4b 6b
OH o
3 chﬁ/l\/ 3 RT CsH..)j\/ 97 (92)
4c 6c
OH o
4 Ph&/J\Ph 25 RT Ph/\)kPh 95 (94)
4d 6d
OH o
3 PhMC‘HB 9 80 Ph/\)\C,Hg 9519 (94)
4e Ge
. P 0H 53 80 pr "0 »
af - 6f -

[a] Unless otherwise noted, KOrBu (7 mol%. 0.5m in THF) was added to a solution of the Ru catalyst 3a
(3 mol %) in toluene (substrate concentration: (1.5m) under an argon atmosphere. The mixture was stirred for
4 min before adding the alcohol. [b] Determined by GC or 'H NMR spectroscopy. [¢] Isolated yield in paren-
theses. [d] After | h the vield determined by NMR spectroscopy is 87 %.

)()\H 2 or 3a (5 mol), i
. KOBu (7 malis) ~ .
. . - - e . - S et T -
1. Was 7° ruthenium hydride intermediates acitive species ? <:, R’ s = R R Ph
2. Involve ruthenium alkoxide for the reaction or not ? /%/1»\ . )
. Ph % [DJéa R'=CD, Ri=ph Bafrom 19)
[DJ4a R'=CD,R'=Ph 19 (1 equiv) . R'—CH-‘ Moy
Table3 4c R'=CH, R'=H toluene RT oo B
Ph:R—E7 slow  Ph,R—ZL7 o Substrate Catalyst t|h] Product \QEI?i ﬁ: "
\ ke [ /_)LR' 1%] (%]
ot RU—0C, ., = — QH [s]
oc i _\7»R K oc Ry
- A 2 - |
oc H oc H R 1 CEH_‘-/L\/ 3a 3 C__H__)\/ 94 6
Q2 e Be
OH [s]
21R=Ph, Me ! |
0 2 PR > “Ph 3a 25 pr " "ph 86 6
exchange Me ad bd
fast | k» g — (excess) OH o
Ph 3 ph 3 14 S T 100 o
4d Bd
Ph R only observed lo OH o
aminor extent I L .
pn/‘kj\{;h R 4 P e, 2 14 o™~ eo, 78 (84%Ds) 105
Ph .Ru [D.]4a [D.]8a
oc’ | "o
oc ) |a] Unless otherwise noted, KOrBu (70 uL, 0.5x% in THF) was added to a selution of the Ru catalyst 3a or 2
H R {5 mel %) in toluene (0.5 mL) under an argon atmosphere. The mixture was stirred for 4-6 min before adding
22R =Ph, Me a solution of the allylic aleohol 2nd 19 in toluene (0.5 mL). [b| Determined by GC or "H NMR spectroscopy.
|e| Calculated by 'H NMR spectroscopy considering the degree of deuteration of [Ds]6a: 94% D..
OH e}
14 {5 mol%), Ph R Ph R
P A Ph'/\“‘“”k‘ + da (unconverted) P! " muok kol \
toluene, RT Ph- ‘?\&Ph BN A
(S)da (99% ee) 6a Ph Ru L \Ru
15h  20% B0% (94% oe) oc 1 Cl o’ 1_OBu 15R=Ph
Sh o 30% 70% (<3% ee) co co 16 R = Ne
2R =Ph
daR=Me -4
BuDH
Ru-H R
OH 4 \ Ru H-Ru P/
M == ph. OH H OH =—— OH *] . OH _,{?\ ,
Ph \/Y i ,-\)-L L Ph \:h R
Ph - BT ROIR, Ph R L
—* g -
4a 8 2 "| OCe © \[ \ [Hhydride
\ 3 . % ) ) ) "R liminati
Scheme 7. Isomerization mechanism catalyzed by ruthenium hydride j’\H 17 R AN emination
, R \
complexes. RTSTR ! 1.2-hyaride ||
4 { addition | |
~ \ 1 I I!
OH 2 or 3a (5 mol%) o .
KOBu (7 melth) 1 PhR—o”
Pn/"\\)\ PR+ 4a (unconverted) Ph- Ph g :
toluene, RT Fh \.?U 1 Ru—0
(S)-4a (8% ee) 6a oc” 1 e oc" sy h—R!
co °© oC H _,}_
cat.2 3min  27% 73% (17% ee) H™ R -
8min  33% B7% (8% ee) R?
cat 32 3min  33% B7% (62% ee) 2 \\h o~ MR=Me.Pn
Bmin  4B% 52% (49% ee) —
1 d-hydride addition
Scheme 10. Redox isomerization of (§)-4a catalyzed by ruthenium rer-
butoxide complexes.
N / Mechanism of isomerization of allyl alcohol by

ee% of 4a decreased as readtion time increased.

Reversible 1,2 addition takes place, which was reason
isomerization of primary alcoho (aldehyde was more el

ruthenium cyclopentadienyl complexes,

of slow

o . Martin-Matute, B. et al Chem. Eur. J. 2005, 11, 5832 — 5842
Ictrophilic species).



® Catalyst could isomerizes momosubstituted on
double bond of allyl alcohol to aldehyde, but fails to

OKH Ru—Cl o N . Ru—Cl isomerization in the presence of conjugated diene.
HO_Zpe \ Y _ o water-soluble catalyst ® An efficent catalyst in organic or aqueous media
) Cl wo' P\_ was able to recycle for three times at least.
HO on 9 e recycling at 8 times at least

[Arcue =CyHg (a), p-cymene (h), C;Me,

2.3 Iridium complexes

)\( H (10mol %) IrCl; 4H,0 )\“ H

CF300H, 70 °C fo)
OH yield 100%

J. Organomet. Chem. 1975, 86, C17

s
CysPs, Ny -
o
1
2
R (0.25-10 mol %), THF Ry
~ =
Rz)\/\ OH 1 min H, Rz)\|/°0
R; degassed, 23°C R;

An efficent catalyst for isomerization of primary allyl
alcohol in mild condition with almost quantitative yield

@ Extend the substrate scope to disubstituted
at the terminal of double bond and cycloally! 3 )
alcohol.Entry 13, at 90°C 3-methyl-butyraldehyde ® 1°-oxo-allyl mechanism was proposed.
could be obtained at 89% yield.

Cadierno V. et al Chem. Commun., 2004, 232-233

©) Gadiemno V. et al Dalton Trans., 2004,3635-3641

® Catalyst remained active in presence of diene
for example isoprene.

Cadierno V. et al JACS., 2006, 1360-1370

[(cod)Ir(PMePh;),][PF¢]

R® R
R\ _A_R* [(COD)IPMePh,}y] [PFg + Hy RY R
Tabe 1 ")y (AT Ty
time temp yield
entries R! R? R3 R4 (h) (*°C) (%)
a H H H H 0.5 20 100
b H H H Me 1 20 100
c H H Me H 0.5 20 100
d Me H H H 24 20 38
e Me H H Me 15 20 15
Me H H Me 18 65 80
f H H Me Me 2 20 4
g H —(CHz)s— H —(CHz)- 2 65 6
h Me Me;C=CH—(CHz); I I 15 635 12
i Me Me H 13 15 65 12
i Me Me H Me 15 65 0

® High yield was obtained for less hindered allyl alcohol compareed to
disubstituted on the olefin and trisubstituted derivatives.

® Similar catalysts: [(cod)Ir(PPh,),][CIO,] and [(cod)Ir(PhCN)(PPhs)][CIO,]
Felkin, H et al. Nouv. J. Chim. 1978, 2, 355

i; 2 {x moith) F'
RY S oM e = R Sp
R* RY
degassed
THF, 23°C
Pr p p 2 (x mol%) Ph i-Pr D 2(mol%) H incorporation
- - = 5 ~10%
Me N Ma Mo Me Ph"37"10H 4 min H HID"3™ 10 10 ~20%
e Ll L oo PN 2 mir;h, 2 15 -30%
Me” = oH gy P TR0 Cy” 7 TOH #+Bu” =T oM degassed 20 ~40%
3 4 5 5 7 THE. 23°C
0.25 mol%, 0.5 h 0.25 mol%, 0.5 h 1.0 mol¥, 0.5 h 0.25 mol%, 2 h 5.0 molt, 16 h
conv, > #9% conv, > 99% conv, > 89% conv, = 95% conv. > 99% " &
H
H P_ &N P. &N
P.®_N 2 P\I\%'I@}.N /\/OH ; :\ 4 H:Mf\_
! P -8 M = M TS e ' !
. " il T ‘ Y I || degassing H™ | sov ———= H (')\J == O\Jgﬂa
B0 [ - BN PRS0 PR solv H” 2 H” 1
g 10 1 12 B ! B’
] 2 A v ;
0.5 mal%, 1h 20 moi¥, 4 h 1.0 mol%, 6 h 1.0 mol%, 4 h 5.0 moli, 2h ’ 7
conv. > 9% canv. > 99% conv, = 96% conv. > 89% conv. > 89% % OH /7 “
’ 7 i
/ H H
3 P\M N P\ﬁ:”/N P &N ~~-0H
i T (-*‘T”"‘“‘“"AOH 20 i e L e B 2 O +
Me Fh e H OH 0] = o @
g - [(P)NIM]
13 14 15 D c C
0.5mol%, 1h 50 mall, 22h 1.0 mai%, 2h 1.0mol%, 2h Smol%, Th
eonv. > 09% conv. = 95% comv, = 88% conv. > §9% rn::-;s?g% Mazet C. et al Chimia 2009, 63,35—37

2.4 Other metal complexes

Iron complexes

Fe(CO)s, Fey(CO)g & Fe3(CO)42

R® R*
w%\rn* Fe(CO)s w\{l\n,w
R2 OH hv, pentane R o

@ Disubstitutent and trisubstitutent on olefine of allyl
alcohol can be isomerized to ketone or aldehyde.

@ primary allylic alcohol without a-substitutent give low yeild.
It appears to be due to aldolizaiton

Gree, R. et al Tetrahedron 2001, 57,2379.

Cobalt complexes: HCo(CO),
palladium complexes

Pd(OH),/C, H, pre-actived
Gowravaram Sabitha* et al Org. Lett., 2011, 13 (3), pp 382-385
n'BuyNBr + PdCl; or Pd(OAc),

Ganchegui B. et al. J. Mol. Cat. A: Chem. 2004, 214, 65-69



3 Asymmetric isomerization of allylic alcohol

Rl

[Rh((ligand)(cod)]'CF3SO5"

(R,S)-14 R'=cHex,

[Rh((R)-BINAP)(cod)]*CIO4 T (S 'LPR‘ RE=Si{Me):CH,NHC{OINH(CH, )y
NN O . 2 SIOEN(0,Sin
P 20 2 I (RSH15 R'=t8u
)\/\)\/\ 1%(R)-BINAP-Rh )\/\)\/\ TPF"E RO, r PPh, fe RE=8i{Me),CHoNHCIOINH(CH, )y
NEt, “—- mor o TN 2 NEt = e == SI{OEN(0,50n
THF, 60°C, 24h 7% yield, 92% ee (RK5R'=H (SH7 R'=R=Me (RSF12 RizcHax, R7-H  (SH18 R'=chax
i RZ=CHNHC(O)NH-2,5-Tok-

1% (R)-BINAP-Rh" )\/\/\A
/]‘\\/\/J%/\OHg- = 0

(R)-B R'=(CH_,);C00CH polymer

(S8 R'=R*=Me,Si (RS}13R'=BU, R™=H  NHC(OJNHCH,-4-Ph-Polymer

THF, . 24h )\/\/k/\ Rh* Cat. H
80°C, 2 70% yield, 37% ee x NNoH ——————————= N x
: Geraniol o
1% (R)-BINAP-Rh" :
THF, 60°C, 24h N Rh* Cat. )\/\/‘\A
47% yield, 53% ee Nerol OH °

® Compared to asymmetric isomerization of allyl amine, asymmetric
isomerization of allylic alcohol was far away from success.

5 give best result: 88% yield, 60%ee for Geraniol
90% yield, 51%ee for Nerol

® Changing perchlorate to triflate, ee increased ,but not satisfied.

C. Chapuis, M. Barthe, J.-Y. de Saint Laumer, Helv. Chim. Acta 2001, 84, 230

Tani, K. Pure & Appl. Chem. 1985, 57, 1845

G. Fu's catalyst.

Table ] ) Table 2 L % (Fhicodteh 208F; M
i 5% [Anfcodf(+)-20BF, B © R? M IR n i
R ey "I, 400 ﬁ%-’]‘v‘u“|-| Entry Alylic Aloonal Yild .:%;.:l-'-t‘ e [F)*
Enlry o Allylic Alcaho Yield (3)%F  ae (g Fh
! Ma a1 75 I MeP S ou = =
Prf‘J'\“ﬁf"“DH 8 (=) Ph
2 74 57
Et B =""0H
: r-'n/L“v’“‘oH i 4 Ph
3 i 98 gz : "PflMUH 5 =
PR = B (7% o1
: HE¥ 8E oz ! BT SO 90 "
¥ GT&'%AOH {8} (87 o=Tal
EFr a0 0 . WBr Tl = o
’ uTol”’L“-/“OH il f64) #Tal
; P - o A RSy * T?
P poceson 1) i PCICeHy
S 7 83 a5

# Average of two runs (first run, new catalyst: second rum,
catalyst recovered from the previous reaction): the values in
parentheses are for Rh/1. © Isclated yields. ¢ Reaction was carried

put at 150 *C,

B

“ Average of two runs (first run, new catalyst: second run,
catalyst recovered from the previous reaction, except for entry 8).
2 Isolated yields. ¢ Reaction was carried out at 1530 °C.

Me
Me M % [Rh -2)|BF Me O
\@_\Pm L\ 5% [Rh{cod)((+)-2)]BF4
[ 2 cy” oH THF, 100 °C Cy H
Me Fe Me Zisomer: 80% ee, 87% yield => R product
/zrj\ E isomer: 74% ee, 94% yield —> S product
Me Me
Me
e 5% [Rh{cod)((+)-2)]BF.
A Ph (411 w & [Rh(cod){(+)-2)]BF, MM ®
Ar = o-Tol: {+)-2 Ph OH THF, 100 °C Ph D
5 6
cationic planar chiral phosphaferrocene-rhodium complexes
) ) Me p D MeD ©
® Catalyst 1 performed well only for Z-configuration. M }\)L
Catalyst 2 is more general and displayed acitivities PHh OH PH D
for E and Z isomers. 5 5% [Rh(cod)((+)-2)]BF4 6 @)
® Satisfactory isomerization yield and enantioselectivity Me H H THF. 100 °C MeH O
was obtained for most substrated surveyed. /f\\\/\( 2
@ Labeling and crossover experiment was investegated, Ph OH Ph H
verifiying 1,3 migration of hydrogen and intramolecular 7 ]

reaction mechanism

® Aromatic ring group seems to be requried for the allyl
alcohol. Only one with aliphatic disubstituted groups
on the terminal of the double was investigated.

® Reaction needs to preform in high temperature more than
boiling point of solvernt(typically at 100-150°C)

® Reactivity is not high enough, even in such forcing conditions, the reaction

time ranged from 24-28 hs, with yield varying from 60-90%

7 mol%
R? R?
OO Rh*/Ligand G. Fu etal JACS 2000, 122, 9870-9871
Op_\ FpJ%/\OH —_— H1MO G. Fuetal JOC 2001, 66, 8177-8186

Toluene, 105 °C

Crevisy C. et al Tetrahedron letters 2006, 47, 5021-5024

® Compared to Fu's catalyst, no improment in activity, selectivity, scope was achieved.



C. Mazet's work

R, (0.25-10 mol % [Ir]), THF Ry
S - >
R, OH 1 min H, R, (o)
R; degassed, 23°C R3
\T ®o An efficent catalyst for isomerization of allylic alcohol i e T\/\
(\ BAer i A Table 3 RS 0H SminHy, THE R? o
CysP N Performing reaction at room temperature dugssed, 23°C
Ty Accessible to get high yield for Z/E isomers of substrates & A : 3 T o
(cod) Wide range from monosubstituted to Tetrasubstituted olefin ~ Entv™  Catalyst R R i), o, . ez [EI
1 1 (R)-6f  iPr AMe-CH, 22 50 36 (R)
2 (R)-6g  iPr  4-MeCeH, 22 84 86 (R)
Mazet C. et al Tetrahedron Letters 2009, 50, 4141-4144 3 (S)6]  iPr  4MeCH, 22 7 95 (5)
4 (R)-6g  iPr  4MeD-CsH, 22 >89 90 (R)
5 (5)-6]  iPr 4MeD-CH, 22 a1 94 (5)
(-] {R)-6g iPr
p N Sl (S8 Pr_ 4
_|®@ @ Highly active and selective iridium catalysts . g ?g] ':f :::E
(17 BAT, for the asymmetric isomerization of primary i s 5‘] : EE M:
1 (5}~
Rhd N/ alcohol were developed. 1 et
Py N
R ||F R? ® As R1 alkyl substituent become small, a decrease gL {RW? Et
(cod) was observed in conv. yield and enantioselectivity ' B }g; ::g E:
First generation ligand (entry 8-17) ''1s (96
L - ® Z-configuration primary allyl alcohol did not 118 (R}-6g  tBu
6aR'=Cy ; R'=/Pr . . : . (
6b: R' = By : RE=iPr provide satisfatory results.(entry 21-22) 1T oSG - B LClHe oo oo 22 Bl ._=8LS
6o R =Cy : F2=CHPh o o . 18 (R)-6F Me Cy 22 70 0 (5)
L ¥ o ® Acompanied isomerization of the allylic alcohol double 19 (R)6g Me Cy 22 90 68 (5)
Sd:R =fBu ; R’ =CH,Ph was observed for Z-configuration (entry 10, 21) 0 (96 Me G R 7% (R)
Be:R' =Cy | R°=Ph 121 (R)-6g Ph iPr 2 26" 46 [5)1
§f R'=fBu ; R?=Ph I _(Ri6g. _Ph o Me ___._._. 2 18- 25 (R
6g:R'=1-Ad ;: R®=Ph
6h R' =C R =@ [a] Reported results are the average of at least two runs. [b] Determined
o =Yy - = e by GC or '"H NMR methads. [c] Determined by GC or SFC methods using
B‘“ R‘ i Bu " R 2=_ﬂ3u Mazet C. et al Angew. Chem. Int. Ed. 2009, 48, 5143 —5147 a chiral stationary phase. Absclute configuration (shown in parentheses)
\_ 6j: R'=1-Ad ; R"=fBu ) based on the sign of the optical rotation and by comparison with
literature data. See Ref. [3b]. [d] A 3:1 mixture of EfZ isomers was
Table 4 » 5 mol% [ir] R recovered. [e] The remaining 74% is a 3.5:1 mixture of £/Z isomers.
& min Hy, THF [0.2]
=
RQA\/\O” degassed then RT RzJ\/‘\‘h
3b-k 22h db-k . L - . . §
- - ® They dispaly similar reactivity and selectivity with fisrt
B a B generation catalysts.
o r A 4-MeCeH, =0 I-MeOCGH./l\AO A-CICeH, =
BAr b 4 ad ® This second generation of catalysts is available
1 /"“(\O 1a: 71% yield, 85% ee 131 919 yisld, 04% ee 1a: 80% yield, 4% ee from d|aIkyIphosph|ne precursors and inexpensive
R \P @ N=( 2b: T0% yield, 84% ee 2b: = 50% yield, 96% ee 2b: B5% yield, 85% ee L- or D- Serine.
FPAIRN
R I R2 oy t-Bu SiMey @ This second generation outperformed first
(CCI)D) PhMO P g P ) generation catalyst in isomerization of 3,3-dialkyl
te " . primary allyl alcohol.
Second generation ligand ;: ?23?,‘;'}2'3 ::: ;:’; 2121‘;::: : 32::: ;; fi::ﬁ:f::; ® Low conversions and enatioselectivites along with
2a: R'=Cy; R2=Ph substantial competing(E/Z) isomerization for Z-primary
2b; R' = -Bu; RZ=Ph Me Me Me allyl alcohol still existed.
2e:R'=1-Ad; R*=Ph +-Bu =0 C,J\Au +BuCH; =5
2d: R'=Cy:R?=t-Bu H & "
2e: R' = 1-Bu: RZ = I-Bu ) ) ) Mazet C. et al Chem. Commun., 2010, 46, 445-447
- d 1a: >58% yield, 8% = 1a: 25% yield, 76% ea 1a: < 5% yiald

2f: R' = 1-Ad; R? = t-Bu

7% yiekl, 90% ee 2b: 75% yield, 50% ee 2b: 57% yield, T6% ee
Me Me
S
. . Mefl\/\,-’l\AO
note: 1a = 6j a®
1a: < 5% yiekd

Third generation ligand

3a:
3b:
3c:
3d:
3e:
3f:

3g:
3h:
3i:

.-
BArg

Y

N

R2

R
Ir

(C$d}

R'=Cy ;R?=1-Ad

R'=1Bu ;R?=1-Ad

R' = 1-Ad; R? = 1-Ad

R'=Cy ;R?=Ph

R'=tBu ;RZ=Ph

R'=1-Ad; RZ=Ph

R'=Bu ;R? = 3,5-(Me)y-CgHs
R'=tBu ;R? = Mesityl
R'=tBu ;R? = 4-OMe-CgH,

J

2b: 20% yield, 53% ea

Aromatic primary allyl alcohol with small alky!
groups(entry 5, 6) were isomerized in modest
yields but with a significant improvement of th
enantioselectivity value.

Electron-rich aromatic ring of substrate had a
beneficial impact both on the activity and the

enantioselectivity.

ortho position was barely tolerated in term of

catalyst activity.(entry 10)

also give modest yield and satisfactory result.

Z-configuration primary alcohols are remain
challenging problem.

Ry
Rz)\AO

6a-d

R 7.5 mol% 3i

M
N — =
Rz)\/\ OH H2, then degassed

5a-d THF, 35°C, 22h
6a °

60%, 70%ee

x

o
6b

87% ee

e

43%,

6¢

96%, 86% ee 49%, 82% ee

e

Some challenging substrate for example Geraniol

E/Z isome
was detected

Rr? 7.5 mol%: 31 R
R? ‘!\/\QH Ha then degassed RZ M@
THF, 35°C, 22h
Table 5
R R? Olefin Yield e
config [% ]! [% !
1 Bu Ph E i3 99 (R)
2 iBu Ph E 50 96 (R)
3 Cy Ph E 85 98 (R)
4 iPr Ph E 64 98 (R)
3 Et Ph E 24 90 (5)
6 Me Ph E 26 &0 (5)
7 iPr 4-OMe—C,H, E 87 99 (R)
8 iPr 4-Me—C,H, E 77 98 (R)
oL dB____4CHCH., ___E _____. 50 ... 97 ().
WOD DD Me J D 2MeCH, - - _ 7B - IO 2.(5F
11 SiMe, Ph z 60 97 (5)
12 Ph Me Z <5 nd'
13 Ph iPr z 19 61 (5)

[a] Average of at least two runs. [b] Reaction on a (1.1 mmol scale using
7.5 mol % of catalyst. [c] Determined by 'H NMR spectroscopy using an
internal standard and/or GC analysis. [d] Determined by chiral GC or

SFC. [e] Catalyst 3 f was used. |f] Not determined.

7.5 mol% 3i

ation M

5f OH

THF, 35°C, 22h

—_—
H2, then degassed

AL

6f
26%, 31% ee

o}

Mazet C. et al Chem. Eur. J. 2010, 16, 12736 — 12745



@) P +|i{ N R2
R1 > OH ‘\Ir/ I}'H
P N Hg then HT RS 1 elimination . . L
IrS . degassed R? o R ® Though those catalysts was efficent for isomerization of
U THE H H H disbustituted at terminal double bond of primary allylic
23°C P2l NR? alcohol, not operative for tetrasubstituted or 2,3
c2/c3 Ir -disubstituted primary allylic alcohol.
o free rotation {4 R
LN E! . .
Rz OH x'r\ww \(H\/ HO H L J Homoally]lc alco_hol and secondary allylic alcohols
h’fw sow were not isomerized
/ R _ca migratory
2 o insertion ® Scope of substrate was limited to the E-configuration
R W R For Z-configuration of primary allylic alcohols were
R Pt N ,.HZ p\|| P :;l' R2 P " _NR? not obtained satisfactory result.
LR j _— '?w i
H gy H.o 2 1
R cz ml'!gratory
P+ = insertion
pH 2',", R2 favored if R' andfor
elimination H™ )
H'O P-alkyl are large

Mechanism for the isomerization of primary allylic alcohols using iridium catalysts

Secondary allylic alcohols

e LA

1699

OR

0 5mol% 7

Rh[(S)-binap(cod)]CIO4
THF, 14 days e

T .
CIO,
DO TR

N, .0-Me

7/ O-Me

Po T
OO P M

4.69

27% yield 7 RO HO

o1 ee n=1, R=H, yield =100% 43.3% ee
Catalyst 7 was used for kinetic resolution. R enantiomer was obtained in n=1, R=TES, yield= 86% 98% ee
91% ee and 27% yield.

. Ogasawara K. Angew. Chem. Int. Ed. 1995, 34, 2287 —2288
Noyori R. et al Tetrahedron Letters,1987, 28,4 4719-4720,
5mol% 8 O Me
5 mol% t-BuOK
1mol% 9

Toluene, 1 h

30°C CH 2 mol% {-BuOK OH ﬁ
a‘;f;’:‘;d e” “Me ph THE, 15 min ph P Me
45°C
45% conv
17% ee
o]
steps
o e
(8)-Muscone ——— Thqugh the_e_e % was low, phosphoramidite ligand was developed.
It will beneficial to generate new catalyst analogus to 9
Pascale Crochet et al Dalton Trans., 2010, 39, 7780-7785
V 5mol% 8
OH 5 mol% t-BUOK o v
bk st
7 Toluene, 1 h
30°C
Z, 62%ee
E, 66%ee

Ikariya T. et al J. Am. Chem. Soc. 2005, 127, 6172

4 Relevant reaction after isomerization

Table 1. Tandem isomerization-aldolization condensation of alcohol 1 using bdaFe(CO), as the catalyst
isomerization-aldolizaiton reaction Entry R R, R, Time (min} 3+4 (yield ¥&) 3+4 Fe(CO), as cat.? 3syn 3anti 44
a Ph H H 40 91 74 49/46/32
R2 RCHO 2 b Ph Me H 75 70 46 57/32/7/4
R1\)\|/\n5u %‘/\ . RW\)\h’R . Rw\)w/\ o Ph H Me 120 83 73 90/—/6/4
OH TM Cat. d (Me),CH H H 120 62 <20 61/32/4/3
e p-AcNHPh H H 90 38 = 37/60/3<1®
1 4
* Unknown.
b Ratio calculated on the mixture after chromatography.
7N Me
—Fe(CO); ﬁ \;F cO Table 3. Tandem isomerization-aldolization condensation of alcohol 1 using (COT)Fe(CO), as the catalyst
N A Ph J (o] o Fe(CO)
e(CO)3 Fe(CO)s Entry R R, R, Cat (%) Time (min) 3+4 (vield %)  3+4 Fe(CO),  3syn 3anri/4/4'
(COT)Fe(CO), (bda)Fe(CO); (CHD)Fe(CO), as cat.?
a Ph H H 2 20 84 74 64/28/5/3
b H H H 4 45-60 84 64 94/-'6
c MesCHCH» H H 3 35 72 34 63/27/5/5
d Me,CH H H 3 33 63 <20 53/34/7/6
® 1.(bda)Fe(CO)z show higher activity than Fe(CO)s (table 1) e Cy H H 3 35 64 <20 59/35/472
. f Et.CH H H 3 35 36 & 65/33/2/—
® 2 (COT)Fe(CO); gives better result than Fe(CO)s for the g EtCH-CH(CH,), H H 4 180 8 by 55/36/5/4
bulky aldehyde but is inefficient in the case of allylic h p-AcNHPh H H 5 180 54 57/36/473
alCOhO'S(table 3 entry iand J) i Ph Me H 5 4h <20% conv.
i Ph H Me 5 4h <20% camv. 73
® 3. (CHD)Fe(CO); is less reactive than Fe(CO)s :
* Unknown.
Gree R. et al Tetrahedron Letters 2003, 44, 6187-6190 10



Three mechanism were proposed by Gree R.
[Fe(CO)s] H,C=0

hv l ﬂ MechanismB  H,Cc=0

TYR xx%\“‘OH ﬂMechanism c
iR (COpFe OH\ Mechanisn‘%Fe(Cols —-\=\

HO s H,C=0 7 2 OH
3 7 . | |
(CO)sFe OH Mechanism A : First, formaldehyde coordinate to the iron atom of [(enol)Fe(CO)3] complex 7,
3 H second, formation of key C-C bond for the aldolization process occurs at a
T '_/ 6 later stage.
(CO);,F:/V\>*R )
HO Mechanism B: Formaldehyde was attacked directly by the enol of [(enol)Fe(CO)3] complex 7.
N
:}R 7 Mechanism C: Formaldehyde reacts with free enol 2 after enol decoordination from complex 7

» b
\ x""
[ e \9:: H f qu .-"}bw
f". 1.96

180 g 1.8
14 TS[14-10|:I]
TS(7a"-10b") TS(7b-10c) \.
TS(8b-9a)
Table 3. Gibbs activation energies®! for the rate-determining transition
statesl® corresponding to different mechanisms of aldol formation for re- Key step: an efficent transfer from enol
actions with formaldehyde and acetaldehyde. proton transfer from enol to aldehyde
Mechanism Transition state Formaldehyde Acetaldehyde
128 gas phase  cyclohexane gas phase
; _{' ’ v 1.34 A TS(8h-Ya) 26.4(26.3) 260 310
’ "\ A TS(8e-9h) 262 (26.3) 266 333
207, 1 11 B TS(7a-10b) 251 (25.1) 27.0 28.5
A el B______.IS0bMo _ 276(76) 283 204
S B |:> < . VTPt LI e Ve X W . A 193] |:> Mechanism C is highly favored.
c TS(14-10d) 25.7(26.1) 253 331
: ‘ Carbonyl-ene-type reaction was suggested
TS(2-4) [a] Relative to the Ta+aldehyde asymptote in kealmol™'. In parentheses: Y VP 99

values calculated from B3LYP/6-311+4G(d,p) geometries and frequen-
cies. [b] See Figures 3. 5, 10, 11, and 12. [¢] Relative to 7a+aldehyde +1.

Gree R. et al Chem. Eur. J. 2004, 10, 5795 — 5803

) [NiICl,(dppe)] CH, CH,D
R L, M, % PhWPh . F'h\[)\ﬂ,Ph
R R
YT TaE 50CRT ) ‘I(;TSBE}JG) 3{37"('200300”
OH Ph a -30%
R‘CHO /Y o
D OH D (.‘;H3 D CH, D
OH O OH O
Chiral nickel hydride 38(14-24%) 39(18%)
catalyst (5 mol%)
MgBrz(S mol%) 5
»ﬁ\[/\\/\/ -
OH . PhCHO, THF ¢\r
a 50°C to RT OH
Ni-H
.
N s R
Ph. / <Ph — é %He Y -
- . Ph. _Ph Ni-
CP. P CP. P
Ph \/Ni: Ph PR N Ph _P"'/Ni:P),_J l S \
o ¢ o o ool " ¥ |
[NICL({R)-PROPHOS)]  [NiCL((S,S)-CHIRAPHOS)] [NIiCL({R.R}-Me-DuPHOS) ; H‘Q_/'H h ﬁR
32 33 34 ::> "VL\O" 2 [ nUR * MO
R' ¢ Isomerization ‘rﬂﬁ/ < H
Table 7. lsomerization-aldolization of alcohol 1a with three chiral nickel product ONi P
hydride catalysts. N,ﬂ -/ K
Catalyst Yield [%] synianti svn (ee) anti (ee) %\(R /I\g’R c WR
3 95 60:40 0 0 on f N o9
33 91 62:38 1] a ﬁ R d
34 23 60:40 0 0 g :ﬁo’ o

Aldol product

Gree R. et al Chem. Eur. J. 2006, 12, 3261-3274
1"



Ph Ph
th‘?tph
H OH o Rh(cod)CI dimer(2.5 mol%) OH Fh\F{u (5 mol %)
PPh; (8 mol%), =1 Gl O OH
R‘XM/‘\ + HJ-kA £BuOK (6 mol%)  Ar R' HOWA’ R; JOL oc co
n r —_— + - =
THF, 40°C al Ry HOSAr  koBu 7motw) N Ar
n=0-2 23 Ar = p-CIC.H n=0-2 toluene 35°C Rz
a Ar = p-CICgH, ) _ . yield 69~99%,
] 2b Ar = CgH, yield 64~97%, Rq=Ar or alphatic group dr 1.5~5:1
only aromatic 2¢ Ar = p-FC;H, almost no dr 10 exam5ple
aldehyde substrates 2d Ar = 1-Naphthyl 9 example
H OH Tso Rh(cod)CI dimer(2.5 mol%) ~Ts L,Ru-Cl L,Ru-OtBu
|N PPh, (8 mol%), H id  komu ko 15
R ~ + -BuOK (6 mol%) 2a(40,)
H® Ar ——————(——— Ph IRul OH ©
THF, 40 °C aniti == L
n=0- 19a (Ar = CgHs) ol Rz ‘« BuOH
19b (Ar = p-CICgH,)
yield 64~95%, H(D) H(D P-hydride
dris low 9/ elimination
Rh(cod)Cl di
(codlgh e, B example " woy
ii-1a U 0
oH o (D)H-Ru.
t+-BuOH, KCI
R* Ph ‘-\\)L
. Ph
sym+ant ppm H(D) (s-cis)-17(-[D,])
L—RH p-hydride C-C bond 1 4-hydrid
1a9/ 4& \el:mmanon formation x ‘addﬁ:ne
L.Rh ‘j o LR~ ﬂo I\ O’RULH 16 OH o}
P~ 28 (L, = COD) 2 i 2a
o o Hth\O R RM . Rz) R Z > ph AT \)LF'h
Rzl\(J\Ph A 2 cis-enolate 18(-(D,]) e 3a
31 (s-cis)-Rh—~—29 .
i Martin-Matute B. et al Chem. Eur. J. 2008, 14, 10547 — 10550
C-C bond 1,4-hydride
ddition =000 e e e e e eeeemeeeseesceeeceeceeee e e e e e e e e e e e e e, ..., ... ... -———-—--
formation >\ K/[\Fh (fas‘l’fnr’ta’g;’clic ,
allylic alcohols)
ois-30 OH I Sequential Ir Isomerization/ enamine catalysis
_RhL, minor "“u,fJ\Ph \)J\Ph

= “Ph
trans-30
H

Martin-Matute B. et al Adv. Synth. Catal. 2009, 351, 2657 — 2666

Tandem Isomerization/ C-H activation

(X = anionic llgand]

)
)
)
)
)
)
3a '
)
)
)
)
)
)

R2

2
NN i

R"Ji‘/\OH + E* I En Rw)\ﬁo
KT RT

43% yield, 99% se

Martin-Matute B. et al Org. Lett., 2009, 11, 1749~1752 Mazet C. et al Angew. Chem. Int. Ed. 2011, 50, 2354 —2358
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L}
L}
'
L} -
Q Et ' SO,Ph
L}
1 1
(I‘\/ \P ' 5 mol% 1b SO,Ph B B
' R! Hz (1 min) 4 (x equiv) 2N, 2N
H [RLU] ! ,l\\/\ then degassed 20 mol% 2a or 2b R o ¢ i ,\l\/\o
CHactivation |y cchiond R aH “CH(s0,Ph CH(SOPh
_ formation ' THF, 23°C 23°C, 2h (80,Ph), (SO,Ph)
isomerization '
/ R \ ' 3a-f syn-5a—f anti-5a—f
) [e] '
OH '
o [Ru] '
L}
©/\ one-pot tandem reaction R : oh 13 examp|e5
' Ph dr=4~49:1
RuClagppu\a]J (5 mol%) ' H otMs yield=46~94
PBU, (7 mol) '
HCO;N; (40 mol%) ' 2a base on 4
i
.— ElO}zS' @)K/\ Cﬁk/\ ‘ Arf
] N A
L}
100~140°C ‘r CHoCH,SI{OEL); ! 5 mol% 1b H  ortms
: Hy (1min) 20 mol% 2¢ Pr
yield (64~99%) ' i 2 ) :
8 cxamplos : o A/\OH then degassed  NFSI (15 equiv) NaBH, PR on
' THF, 23°C  CHCl, AcOH  EtOH, 0°C F
, 3a 23°C, 2h 7
RuCl{PPhs); (5 mol %), P ' A = 3,5-{CF3),GgH: ]
phosphine (7 mal %) ' {CFakCet 321 synfanti
HCDENa {40 mol %) ' 49% yield, 99% ee
2a . Ph
PR (2equiv) ! Ph-0, '’
toluene, 140 °C : Q_(N]
phesphine yield (%) / 6:7 (% ' 5 mol% 1b H e
L}
PBu; 72 /80: 20 ' Pr HT:O1 min) 20 mol% 2b Pr
P(p-MeOCzH, )3 18 /nd , A/\ then degassed  NCS {2 equiv)  naBH, :
PPh; 15 / nd ' Ph OH OH
(nd = not determined) ' THF, 23°C CH;Cl;, AcOH  EtOH, 0°C cl
! 3a 23°C, 2h 8
[ 241 syndanti
- . ' i
Scheme 4. Proposed Mechanism ' &( o 54% yield, 89% ee
L}
LRulH)z + 2 SO _ ! N Pr
N . SO ' § mol% 1b " oH i
P ' iR Hz (1min)  25mol% 2d Br~—""0H
oM run o SIDEYy Bt 2508, o ' */\ then degassed DEAD (1 equiv)  NaBH H
)\f " Ph . LRu) { o ' R =Tl < Eto,c- N p-COaE
P By p T ruol il ! THF, 23°C  CH,CN,23C  EtoH,0°c B0
Ru_ ' 3a 2h 9
[Ru(li}] = L,Ru(H); or L,RuHX : 1:24 syn/anti
L}
L}
L}
L}
L}
L}
L}



Summary: 1. Many different catalysts were developed for isomerization of allyl alcohol, but corresponding
Metals(for instance Rh, Ru, Ir) are very expensive. So issues concerning recycling need to be
addressed or develop some efficent first-row transition Metal catalysts.

2. As the substitutents increases, the reaction become more difficult. So far, only one catalyst
can isomerize the tetrasubstitutent of primary allylic alcohol, No catalyst is operative for the
tetrasubstitutents olefin of secondary alcohol. Lot of efficent catalysts need harsh conditions
which limit the application of them.

3. Assymetric isomerization is still a chanllenging issue, abeit efficent catalysts for assymetric
isomerization of primary allylic alcohol developed by G. Fu and C. Mazet. More efficent assymetric
catalysts for isomerization of allylic alcohol at broad scope were highly required.

4. Many new tandem reactions were developed from allylic alcohol. Expecially, Tandem
isomerization/aldolization was conducted in different metals and different conditions,
giving different mechanisms. So such kind reaction and mechanism need to be studied extensively.
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