| PP SN JF § T NG s allin losaie
JOurnuL Of vrganorneiaii Lricriiio

JOM 23163

Transition metals in organic synthesis. Annual Survey covering

the year 1991 *

Louis S. Hegedus

Department of Chemistry, Colorado State University, Fort Collins, CO 80523 ( USA)

(Received August 10, 1992)

Contents

1. Generalcomments . . . ... ......cutiieeaarannenns
2. Carbon-carbon bond forming reactions . . ............
2.1, Alkylations .. ....... ... o i i
2.1.1. Alkylation of organic halides, tosylates, tri-
flates, acetates, and epoxides . ... .........

2.1.2. Alkylation of acid derivatives . .. ..........

2.1.3. Alkylation of olefins . ............... L.
2.1.4. Decomposition of diazoalkanes and other cy-
clopropanations . .....................

2.1.5. Cycloadditionreactions. . ...............
2.1.6. Alkylationofalkynes ..................
2.1.7. Alkylation of allyl, propargyl, and allenyl sys-
TEMS . ...ttt e

2.1.8. Couplingreactions ....................
2.1.9. Alkylation of m-allyl complexes ...........
2.1.10. Alkylation of carbonyl compounds . ........
2.1.11. Alkylation of aromatic compounds . . .......
2.1.12. Alkylation of dienyl and diene complexes . . . .
2.1.13. Metal /carbene reactions ...............
2.1.14. Alkylation of metal acyl enolates . .. .......

2.2. Conjugate addition .........................
2.3. Acylation reactions (excluding hydroformylation) . . . .
2.3.1. Carbonylation of alkenes and arenes ... ....
2.3.2. Carbonylation of alkynes (including the Pau-
son—Khand reaction) ..................

2.3.3. Carbonylation of halides and triflates . . . . . ..

167
168

1K8
ivo

168
179
180

186
191
192

194
200
202
203
206
210
213
216
216
220
220

222
224

2.3.4. Carbonylation of nitrogen compounds . ... ..
2.3.5. Carbonylation of oxygen compounds .......
2.3.6. Miscellaneous carbonylations ............
2.3.7. Decarbonylation reactions . . .............
2.3.8. Reactions of carbon dioxide .............
2.4. Oligomerization (including cyclotrimerization of
alkynes, and metathesis polymerization) ..........

25. Rearrangements . ... .........ccenuvevernnnnns
251, Metathesis..........................
2.5.2, Olefin isomerization . ..................

2.5.3. Rearrangement of allylic and propargylic com -
pounds
2.5.4. Skeletal rearrangements . ...............
2.5.5. Miscellaneous rearrangements ...........
3. Functional group preparations ....................
31.Halides ........... 000 it iinnnnnan.
3.2. Amidesand nitriles .. ..... ... ... .. . 0.,
3.3. Aminesandalcohols ........................
3.4. Ethers, esters,andacids .....................
35. Heterocycles . .. ... ..ottt
3.6. Alkenesandalkanes ........................
3.7. Ketonesandaldehydes ......................
38. Organosilanes . . .............ccoiiiierennn.
39. Miscellaneous . . . ......... ... .. coiuuneenn.
4, ReVIEWS . ..o e e e
References . ............cciiiiiintiinnannennnn

-
[+
~3

226
226
227
227

AnaQ

LLD

229
232
232
232

1. General comments

This Annual Survey covers the literature for 1991
dealing with the use of transition metal intermediates
for organic synthetic transformations. It is not a com-

* Reprints are not available. For previous Annual Survey see

J. Organomet. Chem., 422 (1992) 301.

0022-328X /93 /$6.00

prehensive review but is limited to reports of discrete
systems that lead to at least moderate yields of organic
compounds, or that allow unique organic transforma-
tions, even if low yields are obtained. Catalytic reac-
tions that lead cleanly to a major product and do not
involve extreme conditions are also included. This is
not a critical review, but rather a listing of the papers

published in the title area.

© 1993 - Elsevier Sequoia S.A. All rights reserved
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The papers in this survey are grouped primarily by
reaction type rather than by organometallic reagent,
since the reader is likely to be more interested in the
organic transformation effected than the metal causing
it. Oxidation, reduction, and hydroformylation reac-
tions are specifically excluded, and will be covered in a
different annual survey. Also excluded are structural
and mechanistic studies of organometallic systems un-
less they present data useful for synthetic application.
Finally, reports from the patent literature have not
been surveyed since patents are rarely sufficiently de-
tailed to allow reproduction of the reported results.

2. Carbon-carbon bond forming reactions
2.1. Alkylations

2.1.1. Alkylation of organic halides, tosylates, triflates,
acetates, and epoxides

The main stages of the cross-coupling of organo-
metallic compounds with organic halides catalyzed by
nickel and palladium complexes has been reviewed
(100 references) [1]. Nickel chloride (eqn. (1) [2]) and
(bis)phosphine palladium chloride (eqn. (2) [3]) cat-
alyzed the coupling of polyhalogenated arenes with
Grignard reagents. Sterically hindered (neopenty!) io-
dides were alkylated by Grignard reagents in the pres-

(Equation 1)
R
z NC
SR X NN
R CI/ =
Br MgBr
(Equation 2)
(;i/a LePdCy i)i/cn
x cat )
cl R
R = Me, E1, nPY, iPr, nC 5
(Equation 3)

dppf NiC R

ence of dppf NiCl, catalysts (eqn. (3) [4]). Related
nickel(II) complexes catalyzed the coupling of vinyl
halides to 2-metallated allylamines, to give dienes,
which were used in Diels—Alder reactions (eqn. (4) [S]).

(Equation 4)

R2 ¥
Rz"\/& T& WMh "\I i

40-80%

R? Z el A2 Z poocan R? z
—_— —_—
RN 2 ~ 5 c(_r;(co;a)z 2z
60-90% RMe EO.L” " COE

(Z=COR, COR) (good ylelds)

Thioketals (eqn. (5) [6]) and both aryl and vinyl
sulfides (eqn. (6) [7]) were alkylated by Grignard
reagents in the presence of nickel(II) catalysts.

(Equation 5)

AR LoNICl,

S, ] + Mgl ———-

X ou
Ar 60-93%
Q\‘r‘ , pPh—Ph

also sms + /\/wx —_— 4
Nx 87-82%

(Equation 6)

2N\ /( /<
|/s + RMgX LM C;i/s
cat N
R
fzPh, Me

and phs/\/sp" — p"s/\/ R
57-87%
R=Me, Ph,nCg

Organocopper complexes efficiently alkylated a vari-
ety of organic halides. Allenic bromides were alkylated
by organocopper complexes to give both alkylated al-
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lenes and alkynes (eqn. (7) [8]). a-Heterooxazo-
lidinones were alkylated with retention by organocop-
per complexes (eqn. (8) [9]). Allyl silanes were pre-
pared by the alkylation of trimethylsilylmethyl iodide
with vinyl copper species (eqn. (9) [10]). Enol triflates
were alkylated by a variety of organometallics including
copper reagents (eqn. (10) [11]).

(Equation 7)

R'=H,Me R ZxMe,ELiPr.1Bu
R=8Bu

(Equation 8)

60-91%

R= é\/‘lk,x-om,snu

A' = Bu, By, Q , Bn,iPr, Bu, Ph

A,

(Equation 9)

A R
Xoo—a + s ——= ™S

N\

o_ _©O R, r—\o
Tt e

(Equation 10)

Cyanocuprates opened epoxides stereoselectively

(egn. (11) [12] and eqn. (12) [13]). Organocuprates
having functional groups were prepared from activated
copper, or from organozinc reagents, and were coupled
to organic halides (eqn. (13) [14), eqn. (14) [15], eqn.
(15) [16), and eqn. (16) [17D.

(Equation 11)

OH oH OH
~, (k/\ __—.Snlrplon \r'\<l\ _FP'_MI&_ - \:M/
s wAr ° oH
9% 81%

{77 ve)

(Equation 12)

&Qﬁr o %?,J;: ?er
- %“’i@;“ =L

(Equation 13)

LUNaphth + Cu ———— “Cu”

o\ 1 B ""cocH,
7 I—Q)LFH
2 R'X
2R
R‘—O/lﬁl m/\/\cocﬂ’

20-40%
30-60%
R' = Me, E4, CH3CO, PhCO n‘-m.Bu.N“ ,Bn
(Equation 14)
1)2n/THF
H}-c/\/\l m-c/\/\E
2) CuCNelly
aE 75-90%
CO,Et coc
Ea 2\/51 , BuCemC—i, g 'P"/\/Noz.
[o]

[}
, » PeHo, m/\)l\

1
O™ e
I . EOLC | alsowork
: /‘\/\g/
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(Equation 15)

AL

71-83%

QL = éim =
el @Q“’.Nm. I

X
/\/\/\)\ SO,Tol

E* = MesSnQ, | —EEe—— A ‘B'/Y 'Ph/\/NO,‘
CO;Me
AN
|/\/\/\/ R N

(Equation 16)

Ct

R
y 50-70%

A= /\/‘1’~ . Bn, Me, Ph

Ct 4)zn/DMF
Yo
Cl
| neon _ (G&'rn
(o]

30-80%
R = Ma, E1, Ph, &5 Q\ . Bn, MezN
s

Halides were trifluoromethylated by CF,TMS by
treatment with fluoride in the presence of copper(l)
iodide (eqn. (17) [18]) or by the treatment with trifluo-
roacetate in the presence of copper(l) iodide [19]. Mus-
calure was synthesized by the copper catalyzed cross
coupling reaction of n-pentylmagnesium bromide with
oleyl tosylate [20].

(Equation 17)

F7/Cu

RX + CFaTMS RCFy
60-80°

DMF

40-80%

R = B-naphih, oMePh, mMeaPh, pMePh, pMeOPh, pCIPh, pEIO,CPh,

Ph/\)" i /\/\/\/\/\r‘: . Bn,
pn/\/\’f . PNOzPh

CoFsTMS aiso works

Oxidative addition—transmetallation processes have
finally been “discovered” by synthetic organic chemists,

and have been the subject of an explosion of papers,
not withstanding the fact that the processes have been
known for years. Synthetic studies via the cross cou-
pling reaction of organoboron derivatives with organic
halides is the subject of a review [21]. Aryl and 1-al-
kenyl triflates were coupled to 1-alkenyl boron com-
pounds in the presence of palladium catalysts and
potassium phosphate [22]. 2-Silyl-3-hydroxymethyl fu-
rans were lithiated, transmetallated to boron, then
coupled to organic halides (eqn. (18) [23]). Halopy-
ridines were converted to phenylpyridines by treatment
with diethyl phenyl borate in the presence of palladium
catalysts [24], and by phenyl boronic acids (eqn. (19)
[25]). Arylboronic acids also arylated iodoglycals (eqn.
(20) [26]), aryl halides (eqn. (21) [27]), and heteroaryl
halides (eqn. (22) [28)) in the presence of palladium(0)
catalysts.

(Equation 18)

OH
NIV

OH
1) 2.2 BuLi / DMF
2) 2.0 (MeO)sB
o 3) RX, Pdg o
70-90%

A = Ph, 1-naphth, pMePh, oNO,Ph, cCOHCPh, 2-py. Pn/\rr‘

also pMeOPhOTT, N OH cl OAc
@\ om W . \'/\/ ) w/\/
I

cauple

(Equation 19)
B(OH), 2
CO,NEl, CH;OMe uPd/WE X0 NEL
;:[ ﬂN'm I Z NEt,
Br

OMe

91%

(Equation 20)

P
”jgi awo o Lo
~F Pd cat =
PO ) PO’

Ar
70-90%

Ar = Ph, pMeOPh, { . 25CIoPh, 1- , oMePh,
P (}‘3 25Cl, naphth, oMe! /\;

Me = B(OH) 2, ZnCl

P=TIPS



L.S. Hegedus / Transition metals in organic synthesis 1991 171

(Equation 21)

OR
R CONR,
v 7 ] CONRz (,pd )
J g LA A
; B(OH), X i
v X
R Y
45-85%
8813 X = H, 3460, 3,4(Me0)2, 4 MeO, 4,5(Me0);
Y = H, 3.4'(Me0) 2, 4 MeO, 40Me, 6Me
(Equation 22)
Pdi h)Ci
AB(OH); + HetCl PoIOMCE | petten

Ar = Ph, 2PrOPh, pPy

R NO,
Het = Ph (28%), 3 Py (71%), (I {73%).
NP> x

@ (o

Vinyl boranes were also coupled to halides using
palladium catalysis (eqn. (23) [24], eqn. (24) [30), and
eqn. (25) [31)). Polycyclic aromatic compounds were
synthesized by the palladium(0) catalyzed coupling of
an aryl iodide with an aryl boronic acid (egn. (26) [32]).
(1Z,3E)-1-Phenyl-1,3-octadiene was synthesized by the
coupling of 1-alkenyl-boronates with vinyl halides [33].
Palladium also catalyzed the coupling of aryl halides
with arylboronic acids in water [34].

(Equation 23)

Pd(0) R

+ RX —

BR(OR) Base -3

R =nPr, nBu, CH,TMS, IPr, secBu, 1By

RaPh, NSNS /\/\/j\,

NN
(Equation 24)
HB(Cy—Hex)e wcv—ﬂn)z RBr '1 :R
R— B e —TMS e — —
R ™S LiPd A ™S
40-80%

R = Me, nPr, Ph

R < P, oo™, )\f,_ >=>:

(Equation 25)

NHCOPh WPd

(Equation 26)

R's = Me, H,iPr

Transmetallation from tin and zinc to palladium
remained a popular pursuit this year. Haloquinones
were alkylated by organotin reagents in the presence of
palladium(0) catalysis (eqn. (27) [35)), as were bro-
motropanones (eqn. (28) [36]). Cyclobutene diones were
annellated to isoquinolines using palladium catalyzed
tin coupling reaction (eqn. (29) [37)). a-Stannyl silylenol
ethers were alkylated by halides in the presence of
palladium catalysts (eqn. (30) [38]). The effect of lig-
ands on the Stille coupling of organic halides and
triflates to vinyl tin reagents was studied (eqn. (31)
[39]). Tris-(2-furyl)phosphine was the best ligand.

(Equation 27)

R 0
R =H, OH H
ObMe OMOM
o O,
NHBOC
OoH O
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(Equation 28)

F oy B
_|_ Pd(0) ==

R’ = vinyl and aryl gps.

(Equation 29)
Bu,Sn. o ' pyoy 0
- O™ 0O
ANH 0 cHO > o
92%
and
AySn 0
|
ug ;
N [ o S,
H
N [*)

61%

(Equation 30)

o)
RiMe, _R‘ e - nu.,sq_n‘ W E)]\rn,

busd R PO ¢ m f
30-70%
R'aR%=Me EX = PhBr, oMaPh, pNCPh, pO;NPH,
A <H. A= Me pCHOPH, pMeOPh, pMePh, pMeCOPH,
R | (D—E . PhCO
(Equation 31)

Q

P+ P saBu; P N0 A sl )Hij\ + P sopy,
ot

o
'
tudied
Oj:lj/+ > snBuy; Pn—Q—on + A sntu, st
N
H

The cross coupling of nucleoside halides with orga-
nostannanes catalyzed by palladium(0) is becoming in-
creasingly utilized (eqn. (32) [40], eqn. (33) [41], eqn.
(34) [42], and eqn. (35) [43].

(Equation 32)

r).ij/ i

E

H R
| LPdCL HN)ﬁ/
o)\N + RSNR'3 )\ |

" O N
H o
HO HO
A= /\,é /\/i‘- R \(\’f
(Equation 33)
Q o)
Br
HN/uj/ HN ]
Pd(0)
0)\N + >—SnBu; — 0)\N
R,ySi0 R,Si0
R8I0 RySIO
(Equation 34)
NH, NH,
HoX A
N)j/ N ]
Pd(0)
O)\N + AX —_— O)\N
HD\SOj Het ArX HO\SOj
HO HO

(Equation 135)

NH,
=

b TF
XHg \(& N A}:‘\/\ 5\(L N
CF3CONHCHCH,S = |
o TR Ao
Ho\soj Ho§\§j
OH OH

HO HO

Aryl iodides coupled to 2-stannyl benzofurans in the
presence of palladium(0) catalyst (eqn. (36) {44]). 2-
Methylenebenzocyclobutanones were made by in-
tramolecular coupling (eqn. (37) [45]). Zearelenone was
synthesized in a aryl iodide—vinyl tin coupling process
(egn. (38) [46]).
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(Equation 36)

e O

OSiR,

msm«a, +
A [o]

60-90% o

(Equation 37)

o
o

SnBu Ph
A Br 2 R? =

50-70%

R'= OMe, H
—0CHO
R? = OMe, H

(Equation 38)

a Q
MEM O/'\/\)I\/\/\/Snﬂu, PU(0)

MEMO' |

{also 12, 14, 15 membered rings work}

4-t-Butyl-1-vinylcyclohexane was synthesized by the
palladium(0) catalyzed vinylation of the corresponding
triflate with vinyl tin [47]. Aryl (eqn. (39) [48]) and
dienyl (eqn. (40) [49)) triflates were similarly vinylated.
A new annellation strategy involving vinyl tin/enol
triflate coupling has been developed (eqn. (41) [50] and
eqn. (42) [51]). Triflates of B-ketoesters were also
alkylated by tin reagents in the presence of palladium(0)
catalysts (eqn. (43) [52]D. Arylation of vinyl (eqn. (44)
[53D and aryl triflates (eqn. (45) [54]) has also been
developed.

(Equation 39)

50-86%

OSiR,
oM

Pcpdbag

PNon + MSTBuy —— — o
ual

X@,’; gj/x

80-

173

(Equation 40)

65%

(Equation 41)

On

(Equation 42)

(Equation 43)

(Equation 44)

]

90%

T 050

Ar = pMEOPh, oMeOP, pCRyPh, pTMSO” ~Ph

+ SnMe,
om0 2) TRAF

(Equation 45)

H

o,

/

81%
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Fluorosulfonates (eqn. (46) [55] and eqn. (47)
[56,57]), enol mesylates (eqn. (48) [58]), and aryldiazo-
nium salts are also alkylated by alkyl tin reagents in the
presence of palladium(0) complexes [59].

(Equation 46)

RznCi
ArOSOF

AR
or

RSnBu 3
PA{OAC), DMF, LIC!

Ar = Ph, pNOoPh, pBrPh, pheOPh, pCHCOPh, 1-NaPh, 7
Re A\ akoen

(Equation 47)

s
'j;rs RSB 3
N
d 7 Soso,F  PHOACk!NMP
CO,DPM CO,DPM

OFEt

R 2\ >=7“.W°°P"- =~
o~
(Equation 48)

OMes O R 0
R'SnRy é)‘\
LiPdcal
r:
rR- AN /\/\}“ Pn/\/i"', N.Ph

OMes O

[e]
QL O ==
OMes

Vinyl halides were coupled to alkyl zinc reagents
with palladium catalysis (eqn. (49) [60] and eqn. (50)
[61D. Aryl halides were also coupled to vinyl zinc
reagent under similar conditions (eqn. (51) [62]). This
coupling was used with highly functionalized com-
pound (eqn. (52) [63]). Vinyl triflates were coupled to
vinyl tin reagents using palladium catalysis (eqn. (53)
[64]). Benzofurans were made in a palladium catalyzed
tandem coupling process (eqn. (54) [65]).

(Equation 49)

Cl,

RZNC) -
cl Pa(0) a
don COR
57.96%
R = Ph, pCIPh, mCIPh, pFPh, @\E @-ﬁ
s o

NN

. v

(Equation 50)

NN 20 W/\/\/\/\(\/ ! LePd
+ —* couple
Zner o g
POV e e
oH I

(Equation 51)
CF, LPd CF,

)\ + X — )\
2nCl A

80-96%

(Equation 52)

(Equation 53)

; ﬁ’
Sli==Ng ad
LPd |

good yields

o | 0
o
()n/ °

n=12

OTHP

R = nBu, miokyl, /\/\)\/\rg

(Equation 54)

ooHCmCH
qoe= Ay

Ar

~ s
o O Oy O
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Conjugated enynes were built up using a variety of
coupling processes (eqn. (55) [66]). Palladium(0) com-
plexes catalyzed the conversion of aryl halides and
triflates to aryl cyanides (eqn. (56) [67]). Palladium(0)
catalyzed the coupling of aryl thallium compounds with
vinyl tin reagents (eqn. (57) [68]). Ortho-palladated
aromatics were alkylated by treating with excess alkyl
iodides (eqn. (58) [69)).

(Equation 55)

also

L 4Pd, Cul, BuNH,

(Equation 56)

AX + KCN PaoReh _ wen
80-50%
X=OT,!
Ar = Ph, pGIPh, phePh, pMeOPh, mMe0,CPh, oMeOCPh, oMePh, pNCPh,

on
PO sNPh, pMeCONHPh, 2-NAP, @ m/
N
A,

(Equation 57)

OoH
&5t =
N

SnBu

Iz

49%

(Equation 58)

& . 4T
| |
feom Ve ? e

52-90%

X=H, OMe, Bn AxMe, /\/"’* . nBu

With the advent of ene-diyne antitumor agents, the
palladium catalyzed coupling of alkynes with vinyl
halides has undergone explosive growth. This reaction
works well with simple vinyl halides (eqn. (59) [70] and
eqn. (60) [71]D) and with heteroaromatic halides (egn.
(61) [72], eqn. (62) [73], eqn. (63) [74), eqn. (64) [75],
and eqn. (65) [76]). Tertiary allylic alcohols are toler-
ated (eqn. (66) [77)).

(Equation 59)
RI
PACL{PhCN), R!,
Xy tR—= —0 —
O REA
70-90%
OH
R'= W. /M
R2=H OH

Equation 60)
%W . TMSC mmCH =—TMS
Teso”_ . H°§7< BN TESOTL - .
88%
(Equation 61)
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OH Pd/Cu

OMe

N Z mia
° * jq.q {Phase transter)

H

/' N N
=N

Br Br

HCwm CTMS
—_—
PdCbl,
Cul
iProN

Pd/Cu
+ ACEmC—H ————
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(Equation 62)

SMe

A

N

AN,
s\rm
Ph
good yield

(Equation 63)
OMe P
| A
N
[o]
H

(Equation 64)

7\
=N N=
4
N/ \N
(Equation 65)
-/R
K d
]
LoPdCl Yy
Cul
BsN z |
\ -
.
A
70-90%

(Equation 66)

e

" .
TE=R—TMS

54%

Attempted alkynation of an iodocubane led to rear-
rangement (eqn. (67) [78]). Palladium on carbon cat-
alyzed the coupling of aryl bromides with terminal
alkynes [79]. Unsymmetrical ene diynes were prepared
by sequential coupling of two different alkynes to 1,2-
dichloroethene (eqn. (68) [80]). This worked in more
complex systems as well (eqn. (69) [81], eqn. (70) [82],
eqn. (71) [83], eqn. (72) [84], eqn. (73) [85], and eqn.

(74) (86D.

[o}

(Equation 67)

-
1 r 4
oy ==
Et 3N, 90°
CuwBra/ LPd
50%
A =NBu, Ph JJJ

X=H, I, Ph, CO sMe, BuC== C, PhC== C. ~’7€

Ci

N\

P

45

=—"("on « _//™\ i [

N-o

(Bquation 68)

1 Hc'\/\.~ ’./\/OH
~ E
H
C
L 4Pd CuCl LS
BuNH ; (90%) ~_-OSiR,
?) %. OTMS
B1%

(Equation 69)

OO

EtNH

OMe

79%

(Equation 70)
Ph ;
] i
OH |
™S

87%

Pd(OAC),

Et N

P(otoly)s

(Equation 71)

Cl

Cr C cu
PraNH Ny
N o
80-80%
™S
L 4
N,
e NN o



HC\_ LePdCl
——— + Ph—e=E.—H

Cy—oums—H

M=

MO O

Me0 Br  pncamcH
U =
MO O

LPd ProNEL
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(Equation 72)

"

40-70%

(Equation 73)

MO O _Ph
E 4

MeO [o]

7%

(Equation 74)

Vinyl triflates are also alkynylated using palladium/
copper catalysis (eqn. (75) [87,88], eqn. (76) [89], and

eqn. (77) [90D.

(Equation 75)

-/\R‘ -/\R'
oTt —~ s #
| z~ | S | R
on 2 on F—= =
LoPdCh same
Cul iPr oNH
35-52% 57-80%

R' = OTHP, OSIR3, CH;0H, TMS, CH2CHaOH

R = TMS, TMSCH 2, nBu, CHzCHZOH, (CH2)s0H

2 OH
g, o 2
O R
o \ -z-—{ou

(Equation 76)

79-98%

(Equation 77)

4 )

o
é( -
+
™so™ oTBS EtM

DMF

[o]
NS
(o)

Alkynyl zinc reagents were alkylated by aryl halides
in the presence of palladium catalysis (eqn. (78) [91)),
and by vinyl iodides (eqn. (79) [92], egn. (80) [93] and
eqn. (81) [94]).

(Equation 78)

A", /!
1) At N
C \N—-E-—-So—zncl —— N— eZm o= —Ar
2) LPdCh prvd
12-63%

e Q3 ) O O

(Equation 79)
R'
AN—/™  Romc20 . 4
\, LPd R®
‘-\ 60-80% §
R h
/
R?
R' = Cq, M6, H AP~ H, Me
A =TMS R* = Bu, Ph, TMS
(Equation 80)
and Rl ==e—.=.—R! M‘__. R‘\=(—'E'—TNS
LePaCh SnBu,
, ™Ms
Nk A, -
2} Bu— -=+—2nCl H: ®
L4Pd N\

73% Bu
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(Equation 81)

TMS

&
L{Pd 7z
Me—=e—znct + AT L R _—
87%
Ar=Ph, @2
5
_H
4 nepzC2 NH
N " \/\Mr
' wH=C o <
54%
LdeCWLBU:N
(Equation 82)
R% R%
h i
|
n'*cn + Homc—p PR R‘)\ B3
EtsN ~R
cul

The chemistry and biology of the enediyne anti-
cancer antibiotics has been reviewed (136 references)
[95]. This review contains many references to ene—yne
coupling processes. There are several examples of the
use of this coupling reaction for the synthesis of ene—
diyne compounds (eqn. (83) [96], eqn. (84) [97], and
eqn. (85) [98,99]). This chemistry has also been applied
to the synthesis of polyether antibiotics (eqn. (86) [100]).
It also has been used to provide starting materials for
diazo insertion reactions (eqn. (87) [101).

(Equation 83)

OH

. eoh
g %:};._YOH o (S " s

BuNH; o)
Cul C< 7 E OEt EtN
DMAP

75% THOIP™
OCOtBn
g OR
i —cojco), NTFA__ © ~. ocotBu

¢ 2) BuBOT Y
xo)\or-:t Il Ho™ “0

25%

(Equation 84)

R R

HO == .

OTES OTES
80%

(Equation 85)

H F - e
: ERY
5 S A
o? N o ~ PAOACY, *o'
+
R Cl " LG R
o \ P
™S [o]

51%

(Equation 86)

LPd _  coupled
Cul
EtsN 86%

(Equation 87)

@E:ozw+ Ho-c Lzmz @: /\/c(\j
X

S @%~ 0

[¢]
60%

Terminal alkynes were unsymmetrically coupled by
palladium /copper catalysts (eqn. (88) [102]). Iodoal-
kynes also coupled to alkynes to give 1,3-diynes using
the same catalyst (eqn. (89) [103]). Bicyclic ketones
were synthesized by electroreductive coupling of bro-
mocycloalkenones in the presence of cobalt and nickel
catalysts (eqn. (90) [104]). Alkylmanganese complexes
coupled to B-chloroalkenyl ketones (eqn. (91) [105]).

(Equation 88)

Ea
& PO, -
f =z TBS. =z LU ! R
\/\‘/ . \/\r o \/\r
oH OH ozabﬁF OH 4%

(Equation 89)

Pd/Cu
HOCH,CmCi + PhCEICH — PhCmC—Cms C—CH,0H
79%
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(Equation 90)

(Equation 91)

Q Q
RnGi -+ Pr/u\/\CI —_— pr)j\f\n

2.1.2. Alkylation of acid derivatives

Acid chlorides were alkylated by functionalized
organocopper reagents prepared from organozinc
reagents (eqn. (92) [106]) or by copper cyanide reduced
with sodium napththalenide (eqn. (93) [107)). Organo-
copper reagents alkylated N-acylpyridinium com-
pounds in the 4-position (eqn. (94) [108,109)).

(Equation 92)
CuCN-2Li8 RCOCI
RX + Zn* ——= [RZnX] -—_r—— [RCU(CN)ZnX] — = RCOA

Re B NSNS NSNS WM

@s0 A~ X, AF° )

(Equation 93)

o
100° 1)RX R/IL
CUCN-2LIBr + LiNaphth < R
2) RGO
80-80%

(Equation 94)
R‘
L G

N Sgor -~
) — I
. % o s,
Cu(CN)ZnBr O)\OEQ 40-80%

R' = H, Me, Br

R? = Mg, OMe, Cl, Br, COMe, CHO, COzMe, CN

Palladium(0) complexes catalyzed the alkylation of
acid chlorides by organostannanes (eqn. (95) [110], eqn.
(96) [111], egn. (97) [112], egn. (98) [113], eqn. (99)
[114], and eqn. (100) [115]). Palladium(0) complexes
also catalyzed the alkylation of acid chlorides by cyclo-
propanone ketals (eqn. (101) [116]).

(Equation 95)

[>4 [}
OMe LePd
=< + RCOC! R)I\n/om ReCuchu P OMe
SnMe,
R!

74-90%

A= /\/\/\;‘s,m, O‘% R’-reu,é\rr‘.ua

(Equation 96)

{e; m R
—_
™S LPd ™S
60-90%

Rx - GHscoc), Prooci perncoc, & W e ch'

o]

Pn/\)Lm . ao,c/\Ir o
)

(Equation 97)

[o]
L2PdCly R
mq—(&—»(ﬁ
(o) (>

43-95%

R=Me, /\/\/\/\‘_.r Ph, Q\s

[e]
and o nBa Cf%/
c|)I\/Y X Z/°\§ —

perilla keione

(Equation 98)

o
coc
- L2PdClz 2
I + {5 oms — ¥ e
u.s/t‘/nj/ Meysn— o L ,S/L‘NI 03X _OomMs
73%
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(Equation 99)

' BnPdCIL, RC—OR

ReSAR" + —_— o
HMPA

G~ "NRy R NRy

Cli OR
X

40-80%

R" = Ph, pMePh, pMeOPh, pMeO2CPh, pMezNPh,
.
- i/ \ ¢ \;

(Equation 100)

[o] R [o) 0
BnPdL;CI
o/L( )n/\)LCI Rk o
| o X0
BugSn 100° I

49-76%

R=H,Me,Cg n=5,7,9,13

(Equation 101)

R e
0)/L OR
><OSIF|, . R Pd(0) R‘)H/\'r
OR

R' O

40-90%
R = OEt, OiPr

R'=H, Me

R® = P, pCIPh, pMeOPh, Pn/v, /\/\/\/\/\/'1'*, Ph/\)l'

Digrignard reagents were bis acylated by acid chlo-
rides in the presence of iron(IIl) acetylacetonate cata-
lysts (eqn. (102) [117]). Pyrones were formed by inser-
tion of vinyl palladium species into adjacent ester
groups (eqn. (103) [118)).

(Equation 102)

o o o
Fe{acac)s F‘/lL
RJLm + o muge ———= n..)LR

60-70%

R=Ph, /\/\/\)’s ,PnS,Me n=6,89

(Equation 103)

’ CO,Me 1) AgBF,
N CO:Me, Ph 2) PhCi
| A

2.1.3. Alkylation of olefins

The Heck reaction (palladium catalyzed oxidative
addition /olefin insertion) remained a popular way to
alkylate olefins. The paiiadium catalyzed arylation and
vinylation of olefins was the subject of a review (18
references) [119], as was palladium-mediated arylation
of enol ethers (127 references) [120]. Palladium cat-
alyzed arylation and vinylation of cyclic alkenes was the
topic of a dissertation [121]. The dramatic effect of
adding quatermary ammonium halides to Heck reac-
tions has been investigated electrochemically [122]. It
was found that halides stabilize palladium(0) com-
plexes and prevent catalyst deactivation particularly in
ligandless systems. In the palladium catalyzed arylation
of styrene by iodobenzene, B-elimination was found to
be the rate limiting step [123].

1-Acetoxydienes were synthesized by the palladium
catalyzed coupling of vinyl acetates with vinyl triflates
(eqn. (104) [124]). Vinyliodonium salts alkylated olefins
to give dienes (eqn. (105) [125]). 1-Azadienes were
prepared by the palladium catalyzed olefination of
imidoylhalide (eqn. (106) [126]).

(Equation 104)

OAc
otn
Pu(0)
+ o —— [F
40-60%

Triflate Tt “anr
oTt

TIO

(Equation 105)

R
Ry R PU(OAC): R
— X+ A =\ _
R \ NaHCOy DMF RY
\ = R*
Ph 60-85%
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(Equation 106)
RZ

FC” SNR

)

Ay oo
F,C” SNR

R
|

F,c’k NR!

40-90%

il
|
2

R’ = plolyl, pBrPh

R2, R® = CO2Me, Ph, CN,
§0,Ph, CH,OCH,Ph

Electron rich olefins were arylated by aryl halides
and triflates in the presence of palladium(0) catalysts
(eqn. (107) [127], eqn. (108) [128], and eqn. (109) [129]).

(Equation 107)

0
Pd(0)
2 0B + AKX  ——e NJ\

ArCOX 70-90%

X=Br, 1,Cl, OT¥

Ar = 2-Naphth, Ph, pMePh, pMeOPh, pMeCOPh, pNO,Ph, oMeO2CPh, pCIPh

{Equation 108)

@ \ Ao PA(OAG)(R)BINAP D“&

(o) PiNEL o7 A

76-86% yield
>90% ee

Ar = Ph, pCIPh, nCIPh, pMeOPh, pNCPh, pMeCOPh, 2-Naphth

(Equation 109)

R}, OMe | pd |
AOT &+ — Ar—C—COMe
A2 oTms LiCAc |
R?
40-80%

R'=H, Me, &, Ph R?=H,Me

Ar = Ph, pNO2Ph, pMeOPh, 2-Naphth, 2,6-(MeO)zNaphth

Electron deficient olefins (eqn. (110) [130] and eqn.
(111) [131D and o-acetamidoacrylates (eqn. (112)

[132,133] and eqn. (113) [134]) were arylated using the
Heck reaction.

181

(Equation 110)

o

(<]

0
N Q@—w
¢\n’ M Ar/\)LNH,
5 190
DM, H;0/ ACONa 71-99%

4

= Ph, , pBrPh, oCIPh, 2,8-ClPh, pNO2Ph, oMePh, pMeOPh,
nNOzPhpcP,hu-DzCPh PACPh, 3,4-{0OCH20)2Ph, 2,3,4-(MeQ)3Ph

(Equation 112)

cy
. NHBOC A% i mone ™
BugNC1
¢ .
\ DMF
OMe

OMe
NHBOC

Ha/ Rh(COD)(DIDAMP)* O €OBn

(Equation 113)

NHAC

(N\j) o | ueo,c\n,um Fao) f:j//)—coﬂo

Mg
COr
He Hy (\//?’
RR* \NJ

>99% o0

60-90% yield

Halogenated tropanones were olefinated using Heck
chemistry (eqn. (114) [135]). Multiple insertions were
observed in the palladium(0) catalyzed arylation of
norbornene (egn. (115) [136]). Palladium also catalyzed
an unusual iodoalkylation of alkenes (eqn. (116) [137]).
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(Equation 114)

. o LyPd
o~ °
OH R OH

x! R!

X'l ¥ X=H R = Ph, pMeOPh

2
Zapr X, 3CaH (’J\-C%M@. PhCH,

Pzt X, XCuH

R's = olefin wherever X = halogen

(Equation 115)

B e — | D

PN

Ph
~50%

(Equation 116)

LiPd
CFPOIEN: + 2R — N crpponoen,

60-90%

R = nPr, nBu, nCs, NCg. TMS, HOCH,, HO(CHg)g, ACO{CHZ)a,

W ‘ mco/\/.i , ao,cJ\)‘

Intramolecular Heck reactions were also extensively
used for cyclization, particularly in alkaloid synthesis
(eqn. (117) [138}, eqn. (118) [139], eqn. (119) [140], eqn.
(120) [141], eqn. (121) [142], eqn. (122) [143], and eqn.
(123) [144)). Thallium salts suppressed alkene isomer-
ization products from intramolecular Heck reactions
[145].

(Equation 117)

M R
bo,i\(I gz 10% Pd(OAS), COMe
20% PPhy -
| AQOAC

@/(:)

also N Br
o

B
Y ) ! 70-90%
N 0, o
-

79% (1:4.5 exo/endo)

N

—

(Equation 118)

_ @j&g osn .

(Equation 119)

0,

(Equation 120)

(Equation 121)

OBn 0Bn
96%
N,
NTNF o NR
4 A = . ¢
H H
o o
63%
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(Equation 123)

Br 1) Sharpless Br
20x
)\/\/\x“‘ —_— 2 coE
3) RsP== CHCO,Et o

61%

Br
5% Pdypdag 5% PA{OAC)2
—_— A oo ———
HCOH PPhy
BuoP OR K00
MeCN

Et

ro™

66%

Heck arylation of allylic alcohols produces carbonyl
compounds if B-elimination is possible (eqn. (124)[146),
eqn. (125) [147], eqn. (126) [148], and eqn. (127) [149)).

(Equation 124)

AgOAc, DMF

RaH, S~ B Me

Ar = Ph, nMePh, pCIPh, RHOCH,Ph, pMeO,CPh

(Equation 125)

Ll T\ _oH Pdoa, =\ __
R/\/ + R P oM
DMF R
R?
61-87%
/'—\ - f\}
R'=H,Me  R?=H,Me,E,

(Equation 126)

o 0
PA(OAC),
.,o/\J Br plotola)y

EtN 100° cHO

40-90% 10cases

also @ + ubozs/\[r&_.
MeO,C
o]

COMe

60%

183

(Equation 127)

L.

O
good yields

°  on m m
N
A= steroid
o7 ph W
Ph

Transmetallation from mercury (eqn. (128) [150] and
eqn. (129) {151]) and boron (eqn. (130) [152]), as well as
direct metallation (eqn. (131) [153]) and cyclopallada-
tion (review, 15 references) [154] have all been used to
produce o-alkyl palladium complexes for olefination.

(Equation 128)

1 6q. PA(OAC):

61% 19 P

(Equation 129)

1) Ho(OAc),
a e OMo
"o OO

4)"”:

2@2

(Bquation 130)

4

Ty T

n=1,2 40-56%
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(Equation 131)

o} [ =\ R
R R! 7
l S Pd{OAc)2 N\
> N
H
o " o

Multiple insertion “cascade” cyclizations have be-
come increasingly popular, and many interesting cy-
clizations have been achieved (eqn. (132) [155], eqn.
(133) [156], eqn. (134) [157], eqn. (135) [158], eqn. (136)
[159], and eqn. (137) [160)).

(Equation 132)

—=—

I__/ P(0) 0

Br |

S

(Equation 133)

0 — 0= 000

. X, .
via ketene O X0

(Equation 134)

(Equation 135)

Y
Y
P&(0)
Al %\()n& + < —_— MCHz)“,|A\)\x
X

ne24,10 @
Ar=ph, pMeoph, {/ \
()~

50-80%

(Equation 136)

HI
83% 80%ee

T PUIOAC)2
(S) BINAP
BusNOAC

DMSO

(Equation 137)

Vi

OSiR, —
—

R = H, Me, COzMe, POsEt, CONMB2
55-81%

Palladium(II) catalyzed the alkylation of ene car-
bonates by aldehydes (eqn. (138) [161]), and the rear-
rangement of 2-silyloxy-1,3,5-hexatrienes (eqn. (139)
[162]).

(Equation 138)

Ar = pMePh, pCIPh, pMeOPh, 1-Naph, Ph

(Equation 139)

OTMS (o]

# A R

R=Ph H,Bn 80%

Palladium(IT) complexes catalyzed the alkylation of
olefins by stabilized carbanions. This chemistry was
used to synthesize a relay to thienamycin [163]. Opti-
cally active ene-carbamates were efficiently alkylated
and acylated utilizing palladium(ID) salts (eqn. (140)
[164]). A very nice synthesis of prostacyclin analogs
used alkylation of an olefin as a key step (eqn. (141)
[165]). Enolates alkylated the olefin of platinum or
iridium complexed C-allyl glycine and C-vinyl glycine
[166]. Rhodium(I) complexes catalyzed the alkylation
of terpenes by enolates (eqn. (142) [167)).
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(Equation 140)

Ph ph  1)1eqPdCi{MeCN) PhHPh
H 1GH
H 2) (ICCO-ED, (E10:CheY NYO
"N°© S |
"/ \Lr 3;&;&-8 R°®
o
€5-90% >80%de
R= = , Ph — . pMePh
A \+
PCIPh, @—5 . @—5 . ——-=-—3 Ph— = —3
(Equation 141)
OEt
HQ_ 1) 1.5 Pd(OAc)

e

72%

a0 %\n/ /\n/ oo A pn ZF soen
/\K /\&\/\ ONNNS

(Equation 142)

97%, 45/55
o]
/u\)L [RhCK:ODIz M
TPPTS H,o CO,0Me

.
M
CO,0Me

Iron complexes catalyzed the addition of alkyl io-
dides to alkenes (eqn. (143) [168] and eqn. (144) [169)).
Copper (eqn. (145) [170]) and manganese complexes
(eqn. (146) [171]) catalyzed radical cyclization pro-
cesses.

(Equation 143)

oR"
[Cp Fe{CO)l2
Ry oR B “v\/j\OR.

BN 63-91%

Ry = CoF17, CaF7, iCaFy R"= M, Et, iPr
R'=Me, Et, Bn

(Equation 144)

{CPFe(CO)] R ("

MnR(CO) 10
hv 50-80%

(Equation 145)

X=N,0O

R [+]
o = 4&
Cl
x_( bipy CO,Me
COMe
R=H Et
(Equation 146)

i ™
[o]
0)k[c°25' '/ gt a
—_— o] + tams
i
R‘

5 junction
H gy RZ
R ~80%

Zirconocene dichloride catalyzed the addition of
ethyl magnesium bromide to alkenes (eqn. (137) [172],
eqn. (148) [173], and eqn. (149) [174]). Zirconium com-
plexes of benzynes inserted olefins (eqn. (150) [175]
and eqn. (151) [176)).

(Equation 147)

EMgBr + OpCH @ ¢ \— —— m_\-l_/—c'*s

(Equation 148)

(Equation 149)
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(Equation 150)

OMe OMe
E
-
cp,z@ C— =

X
HO
30-50%
OMe
D, ©
O
also insert
(Equation 151)

) _Me 'I[HF
b ~ + X
L Q) — vk
THF N Ph =
Ph

R

R
=/ CpoZiy p.

—_——

s
L O/\/R
N
Ph N

R = Ph, TMS, MeQ, E1O

<)
Ph

2.1.4. Decomposition of diazoalkanes and other cyclo-
propanations

A number of reviews dealing with cyclopropanations
and metal catalyzed decomposition of diazo com-
pounds have appeared. These include: Transition Metal
Carbene Complexes in Cyclopropanation (30 references)
[177); Chiral Catalysts for Enantioselective Carbenoid
Cyclopropanation Reactions (37 references) [178]; Rho-
dium(IlI) Catalyzed Reactions of Diazocarbonyl Com-
pounds (151 references) [179]; Carbenoid Cyclizations
(28 references) [180]; Metal Salt Catalyzed Carbenoids
(dissertation) [181].

Rhodium(II) salts were the most extensively studied
catalysts for cyclopropanation via decomposition of di-
azocompounds. Recoverable catalysts were prepared
by making soluble polyethylenecarboxylate-supported
rhodium catalysts [182]. A rhodium-porphyrin catalyst
with four BINAP ligands around the periphery cat-
alyzed the cyclopropanation of styrene, B-methyl
styrene, and allyl benzene by ethyl diazoacetate with
2.3 to 7.8 syn to anti ratios and 10-45% enantiomeric
excess in the syn manifold and 0-60% enantiomeric
excess in the anti [183]. Allenes cyclopropanated on the
unsubstituted olefin when treated with diazomalonate
and a rhodium(II) catalyst (eqn. (152) [184]). Unsatu-
rated diazo compounds cyclopropanated a wide range
of olefins (eqn. (153) [185] and eqn. (154) [186]). With
dienes as substrates ring expansion-rearrangements oc-
curred (eqn. (155) [187] and eqn. (156) [188]).

(Equation 152)

R \ A
\n/ _COEt  Rn,0Ac | ﬁ
S & COE g ssBU
I l €0, v COE1
CO,Et COEt

(Equation 153)

R R*
X R R e B
’(‘WN’ + >=< 2-. - x
R* R!  7-84%
x x  x

X'=CLH X*=CLHMe X'=CLHMe

R' = Me, MeO, H, OTMS, OPh, OEt, OtBu, OTBDMS, Bn
R? = H, OMe, OTMS
RY=Me, H, Et

(CHa)a, (CH2s, —O(CHzla—, OCH=CH
R'=Me H

(Equation 154)

[»]

(Equation 155)

OTMS OTMS
v COMe
~ “OMe I Rha0Ac,
\ + —
COMe CO;Me
(COMe)
(SOzPh) 80-90%

(Equation 156)

N, E MeO.C
E  Rn0Ac, X 2200 E
+ ——— , —
o z 7 X Y 'Y
Y o (Cope) o Z Y

41.94%
W = Mo, H, OSiRy

XeMe,H Y=H, OAG,OMe,OTMS Z=H,OA

Intramolecular cyclopropanations were also devel-
oped (eqn. (157) [189], eqn. (158) [190], eqn. (159) [191],
and eqn. (160) [192)).
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(Equation 157)

(o] o4 B
I °)]ﬁ Rhy(5SMePy) ‘tV;..R,
R! M

H

30-88% yield
72.94% 00
R' « H, Mg, Ph, nPr
AZ = H, Me, Ph, Et, Bu, , iBu, BuySn

(Equation 158)

o

% o

o

djﬁ"f = ‘ >

7 95%

(Equation 159)

(Equation 160)

o}
Naphth ROL
Rh"TPPCL——H;O
),,‘j
/—\‘X 88%

Palladium acetate (eqn. (161) {193)], eqn. (162) [194],
and eqgn. (163) [195]) also catalyzed the cyclopropana-
tion of olefins by diazocompounds. Chiral bis oxazoline
copper catalysts cyclopropanated dienes with high
enantiomeric excess (eqn. (164) [196]).

(Equation 161)

X=H,COR

R'=H.Bu, 6" MeOL,PISCH TMS  RE-H B F=H.Me

(Equation 162)

(Equation 163)

PaOA, N Y

N.
CHay g =R
N xR 2
Y™ i
>99% ee
R = Ph, oMeOPh, mMeOPh, 3,4,5(MeO)3Ph, &5 , LI——B\?, . Me,
S S’
/W\/\/\r"'

(Equation 164)
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>85% irans
4% 00

[}
CuCIO4

Ph., W Ph
L= l I |
o N

P Ph

The thermal reaction of unsaturated (eqn. (165)
(197D or cyclopropyl chromium carbene complexes
(eqn. (166) [198]) with electron poor olefins gave mod-
est yields of cyclopropanation. Group VI carbene com-
plexes cyclopropanated dienes efficiently (eqn. (167)
[199] and eqn. (168) [200]).

(Equation 165)

(coa.u=<_\ =/ :)34

37-67%

(Equation 166)

P e A)v
coMe
=11
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(Equation 167)

R o V4
(COMy * NF —— A~

H 2)Br
30-70%
A= H, OMe

MaCr,W

w0 O 5 R PR

(Equation 168)

R OMe THF R
f,(/ + (co),un=( pronay P'g OMe
Bu

)\(\é\é\\/\é\pné\//\mw\

Ok ok O -

Group VI carbene complexes also participate in
multiple insertion /metathesis/cyclopropanation pro-
cesses, which generate multiple rings in a single reac-
tion (eqn. (169) {201}, eqn. (170) [202}, eqn. (171) [203],
eqn. (172) [204], and eqn. (173) [205]).

(Equation 169)

OMe
(adsorb on SIOz)
s comer={ xi:ﬁ\g(
Me
50-80%
X=0,BnN, X"“, M
~ Me0,C

i

(Equation 170)
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(Equation 171)

HocOl R
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(Equation 172)
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(Equation 173)

" R? HH

'\></\/\/R‘ Mo(COls N—pr
N E— OMse
R —
R?
— Xy
R
R?
R
368-87%

ReH,COMe, R'=COMe R°R’=Bu, Me, OMe

Y4

A detailed study of the mechanism of asymmetric
cyclopropanation of alkenes by optically active cationic
iron carbene complexes has appeared [206]. Iron Fis-
cher-type carbene complexes underwent reaction with
ketenimines, followed by alkynes to give nitrogen hete-
rocycles (eqn. (174) [207]). Nickel acetylacetonate cat-
alyzed the cyclopropanation of nonactivated alkenes by
a-sulfonyl carbanions [208,209].
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(Equation 174) (Equation 178)

\‘ COMe

ot Ph | b
(00),Fs=( + >=-=N/ —_— (CO),F-=(
Ph Ph

Pt

MeOC _Ph
R—=—R' H . | N
R R! R!
70-90%
A = Me, Ph, COMe
A = Me, H, COMe
[o]
Rhodium(II) acetate catalyzed an intramolecular cy- o P
clopropanation to produce a bridged polycyclic system m"' —_ 0+ I~
(eqn. (175) [210). I

(Equation 175) 27%

(Equation 179)

ﬁﬁ(} = .
COCHN;, . ‘ ‘ N
o haOAcs —
62% : L o
85% o
86%

Rhodium(II) acetate also catalyzed diazo decompo-

sitions to give C-H insertion products. Cyclopentene e
construction by rhodium-catalyzed intramolecular C-H j? / C"* °
insertion was reviewed (28 references) [211]. Lactones o T ” -

were formed this way (eqn. (176) [212] and eqn. (177)

[213]). Selectivity in intramolecular insertions has also o o
been probed in detail (eqn. (178) [214] and eqn. (179) %% %

[215]). Cyclopentenones (eqn. (180) [216,217]), and cy-
clohexenones (eqn. (181) [218]) were prepared by C-H
insertion processes, as were bridged bicyclic lactones

(eqn. (182) [219)). N % ﬁ

(Equation 176)

(Equation 180)

(Equation 181)

[o]
0)1\7"' R {MEPY)
“‘#\/“ CHCL ]
R x R R
40-80% yield
45-91% ee
(MEPY = Mothyt-2-py 59

R=MeO, OEL,BnO,Ph A’ =H,Me
(Equation 182)
(Equation 177)

“ Py 0
i i et B \gf ’ S =
Rhz0Ac, $Ph
W\o)kn/u\ Pal © o sen e R*
N 50%
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Other rhodium(II) catalyzed insertions are shown in
eqn. (183) [220], eqn. (184) [221], eqn. (185) [222], eqn.
(186) [223], and eqn. (187) [224]. Palladium acetate also
catalyzed CH insertion of diazo compounds (eqn. (188)
[225)).

(Equation 183)
f ]
HN Ne o Anonc, H
o z H H "
80%

(Equation 184)

o

[o]
N.
tLo B éfc
o> <
B84%
QB3 D e
Ac

(Equation 185)

R?. R! Rh20ACe R!
RN .

RY
60-90%

R = CO2E1, COzMe, COMa

R? = COzMe, }\/\m , SO,Ph, Ph

R? = H, Ot

and H COzEt
N, Z Rhz0Ac, - COEt
na/\)l\co,a . — My =
R!

40-80%

Sdhadies

(Equation 186)

(Equation 187)

CO,Me
18%

(Equation 188)

ad

22-79%

P(OAC),/EIOH
- AN, —————
ar

Ar = Ph, pMePh, mMePh, mMeOPh, pMeOPh,
PCIPh, 0GIPh, pBrPh, ANC,Ph, pNO2Ph, 2,4CHkPh

Ylide formation from reactions of carbenes and
carbenoids with heteroatom lone pairs has been re-
viewed (332 references) [226] as has the generation and
utilization of carbonyl ylides via the tandem cycliza-
tion—cycloaddition method [227]. For examples, see
eqn. (189) [228] and eqn. (190) [229]. Tandem cycliza-
tion reactions of rhodium carbenoids and its applica-
tion for the synthesis of heierocyclic compounds was
the topic of a dissertation [230]. In the rhodium(II)
catalyzed cascade cyclization in eqn. (191), rhodium
failed to insert into an alkyne [231].

(Equation 189)

COMe

[e]
CO,Et RhzQhc =
—_— CO,Me
N, Me0,C — == +— CO,Me CQ‘
S

Ph
Ph

(Equation 190)

o R! o
R%?Nz RhzOACy
MeOC — =2 +—C EtO°
A" CO.Et * OaMe

MeO,C COMe
55-85%

(Equation 191)

e e A
[¢] L
\

\ 7
o
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2.1.5. Cycloaddition reactions

Cationic iron (eqn. (192) [232]) and zirconium (eqn.
(193) [233]) catalyzed Diels—Alder reactions. Reduced
cobalt complexes catalyzed asymmetric homo Diels—
Alder reactions in the presence of chiral ligands (eqn.
(194) [234]). Chromium cycloheptatriene complexes un-
derwent 6 + 2 cycloaddition with alkynes (eqn. (195)
[235]) and alkenes (eqn. (196) [236]), while manganese
pentadienyl complexes underwent 6 + 4 cycloaddition
with dienes (eqn. (197) [237]).

(Equation 192)

cHO -
Ry
CpFa(CO)NL)[THF])"
cHO
)j/ + ﬁ

/Y

Diels Alder

N

(Equation 193)

/< rco‘”' CpzZnTHFYOtBu)* )ij/cozm Ucoﬂe
+ I +

684% 964

and

O — ﬁ@wg ..

T2% 10.71

(Equation 194)

zﬁﬁ -
+ =R ———
BLNC
"
R

L* - NOPhos 100% yleld  98% ee

R = Ph, Bu, tBu, TMS

(Equation 195)

1Hhv
+ TMS — o= o-=TM§ ———o TMS
] 2)ce" /

CHCO) ™S

(Equation 196)

R g
_/c«co); Yoo x,
e/ * )I — A
%R, x X v » \)
60-90%

R'=H.Me R?=H,OMe R®-H OMe

Y = COzEL, CO2Me

(Equation 197)

R R\ m
= v
« - =
| Z R ’/ e
Mn{CO;} d
{CO)y R ) MH(CO),H‘

R R R =H Me R*-H, Me, CHOH, COMe

Intramolecular palladium-catalyzed trimethylenn-
methane cycloaddition was the topic of a dissertation
[238]. Full papers on this topic has also appeared (eqn.
(198) [239] and eqn. (199) [240]). Intermolecular ver-
sions were also useful (eqn. (200) [241]). Palladium also
catalyzed cycloadditions of methylenecyclopropanes
(eqn. (201) [242]) and methylenethiaranes (eqn. (202)
[243)).

(Equation 198)

n=1,26 EWG =CO£t SO

(Equation 199)

Q
(,)QL,M "

OAc D
X 50:Ph

and

()n/

SO.Ph $0,Ph
N=2348

OTT él
':\
S0,Ph
™S o
OAc :
i ¢

[o]



192 L.S. Hegedus / Transition metals in organic synthesis 1991

(Equation 200)

Ph Z~o
I . LIPd(OAC),
™ R X
o\’r iPrOgP
[

(Equation 201)

R
OH
(Equation 202)

Y- cO,Me
Ph 4 COMe

Ph

1) Pdxdbay
10°
“ S 2) DIBAH
00,C HO—

7"&\("‘ + MeOLC— o= COMe
#h

X
Phe

o COMe

Palladium (eqn. (203) [244]) and manganese (eqn.
(204) [245) catalyzed 1,3-dipolar cycloadditions. The
[3 + 2] cycloaddition reactions of allylstannanes with
a,B-unsaturated acyliron complexes have been re-
viewed (91 referenced) [246]. The response of yields to
the position and steric environment of the oxygenation
in the nickel mediated [2+ 2 + 2] cocyclization of
hepta-1,6-diyne and alkynols was examined [247)]. Pal-
ladium catalyzed enyne cyclizations which involved
metathesis processes (eqn. (205) [248]} and eqn. (206)
[249)).

(Equation 203)

[o]
7~
Br + NN COR

° 75%

(Equation 204)

[e]
HL MeO,G,
OMe OMe 7
Ar + N o 1,
o i A CD COMe
.

(+)ephedrine H

96% ee

(Equation 205)

0
™
R (o:oi),P
¥

MeQ,C
\CO
n=126 5386%

(Equation 206)

MeO.C
Pd(0)

680%

2.1.6. Alkylation of alkynes

Palladium(0) catalyzed the intramolecular alkylation
of alkynes by aryl halides (eqn. (207) [250] and eqn.
(208) [251)). Insertion of two alkynes produced arenes
(eqn. (209) [252]). A spectacular alkyne insertion/ cas-
cade cyclization has been achieved (eqn. (210) [253]).
Palladium(0) complexes catalyzed the alkylation of
alkynes by enolates (eqn. (211) [254]), and by aryl
halides followed by enolates (eqn. (212) [255]). Allenes
also were alkylated by this same insertion—alkylation
sequence (eqn. (213) [256] and eqn. (214) [257]). Ho-
mologation was achieved using palladium(0) catalyzed
oxidative addition/insertion/transmetallation pro-
cesses (eqn. (215) [258] and eqn. (216) [259)).

(Equation 207)

Ts

©(| fi Pd(OAc)z/PPns @i\?

R
L~
53-76%

e 3 D, O = somot



L.S. Hegedus / Transition metals in organic synthesis 1991 193

(Equation 208) (Equation 213)
0, S R, R e  LPd A
N 0 i . >= . ~.><
X X COMe Z COMe
x| Lapoce { N
R
n=12 X=OTI 40-60% 60-90%

AM = /\’,f ms_.s--—s N SnBug, ZnCl

(Equation 209)

R -
| a? on °
m * l fﬂ. = == R! Pd(dba)z
9 i e i .
X 70-90% Y
/
A=H, OMe
N
MeO L4 @
e.g. m + E_X( =.
MeO,C o oH
(Equation 215)
= =.__/W
=3 —\ =
oTHP .
and I!I .
_/ LePd [/
Bnl = + Remme—X
>\ —_— 0.2 ool .
R z
35-71%
& ~B0%
(Equation 210) Z = COzMe, CN, COMe, S0,Ph

2
RI
R? - [
R pooac),

&Jlﬁ ] AgzCOs (Equation 216)

71% 4 7 's'/\oms
R'-MO,COzMe Li/m‘ * m—.E-_—\ i
R = COxMe ReSi0 ores RS0 ‘0B
80%
(Equation 211)

T;fo' , DUk | _come Alkynes were “carbocuprated” by functionalized
L O 2 pme) 0 z organozinc reagents in the presence of (dimethylXcya-
" rox no)cuprates (eqn. (217) [260]). Palladium(0) /copper(I)

systems catalyzed the alkylation of terminal alkynes by
fluorinated vinyl iodides [261]. Reactions of cyclopalla-
dated compounds with alkynes have been reviewed (56
references) [262] (eqn. (218) [263]). Alkynes were alky-
lated by alkynyl tins using palladium catalysts (eqn.

N=1,2  Z=COMe, COMe

(Equation 212)

rx e , ? (219) [264]). Organolithium reagents alkylated

n—.E.\/Yz — zz alkynylzirconium complexes (eqn. (220) [265]). Alkynes
Z  base were alkylated by zirconium benzyne complexes (eqn.

so-70% (221) [266]). Alkynes were alkylated by 2thienoyliron

ArePh,pMeOPh  Z=COMe R =H, TMS, Mo, THPOCH,, THPOCH,CH, complexes (an- (222) [267])-
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(Equation 217)

FGR  CuCN _, Fa E
FGRZN + MeOWCNLy + R'— = R2 ——e >=< = - >=<
R R? A R?

FG=ELEOLIOH)  NC” " cor, 60-90%

R'=BuH,Ph Fi=SMeH E=H', O MesSnc)

R ]
1) MezCuCNL, .
zn "
=—R g
RZ

R?

‘ T\::: + R —=.—pe . O‘ n:‘”‘?*
i >

R', R? = COzMe, Ph, CH(OEt),, cHo

(Equation 219)

RICZ=CH + TMSI + RCESC—SnBu, —So Vi ™S

o

70-80%

A" = Ph, pCiPh, Bn, tBu, ua,s»o/\/\)"‘-

oBrPhCHCHy, R = Ph, Me, TMS
s A s, £ TR

(Equation 220)

R!
CpoZi(~—=.—R), + R L \_../

60-80%

R=f.nGe ~N\g PO

R'=PCEC— A~ Ph pMeOPh, pCFsPh

(Equation 221)

- Et N\ & N Et
Que ey @E& ®
mz@ M ozn

Qe

OMe 540,

(Equation 222)

~

0 \ s

co
CpF XN + PC=CH —
CO § Ph
—
[¢]

2.1.7. Alkylation of allyl, propargyl, and allenyl sys-
tems

Palladium catalyzed allylic alkylation continued to
be actively investigated. Phase transfer conditions for
the alkylation of allyl acetates and chlorides by stabi-
lized enolates using palladium catalysts have been de-
veloped [268] (eqn. (223) [269]). The regioselectivity of
palladium(0) catalyzed reactions of nucleophiles with
cyclopropyl group containing allyl esters has been stud-
ied [270]. Palladium(0) catalyzed the alkylation of allyl
halides by dimethylfulvene (eqn. (224) [271D. Cyclic
allyl acetates were alkylated by acetonitrile anion gen-
erated by palladium(0) catalyzed decomposition of allyl
carbonates (eqn. (225) [272]). Palladium(0) complexes
catalyzed the C-allylation of cyclic B-diketones by allyl
acetate in acid mediums [273].

(Equation 223)

LN

/ Nitrile
=B

(Equation 224)

R
n
| R )
+ /,\4\/)( —
L

48-80%

R=H,2Me,33,Me;  also NN

(Equation 225)
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& e 22 Q
¢ P(OAC)2 oN
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87%
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Palladium(0) also catalyzed the alkylation of allyl

epoxides by stabilized carbanions (eqn. (226) [274] and
eqn. (227) [275).

(Equation 226)
o o OTMS
o
R e e
0. w2 T A
0
oH

oT8s

83%
[¢]

A

1.5 6q POAC), 2 :
W O'.,, W
° (:)TBS [e]

62%

(Equation 227)

)Y‘o

Ph: 0*&

(PhSOJLCH + 2 — i/k/\ o)
0 PHhSO; X" “on

Pd(0)

OR

Palladium(0) catalyzed alkylation of allylic acetates
has found applications in the synthesis of C-glycosides
(eqn. (228) [276], eqn. (229) [277], and eqn. (230) [278)).

(Equation 228)

R x
RO"' T4

80% €4

RO O X X Lpo
J
RO X

R=Ac, Bn

(Equation 229)

0. Oil Qe
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195

(Equation 230)

Qe

m\©’°‘° Pdzdbay / PhaP
Ao X ¢
[o]

[s] [+]

Asymmetric inductions in palladium catalyzed allylic
alkylations has been achieved by using chiral ligands

(eqn. (231) [279), eqn. (232) [280], eqn. (233) [281], and
eqn. (234) [282)).

(Equation 231)

Al . <(Pdapunalm M €
>\’\R(°~: . (E yfl- ;\4\(<E

(Equation 232)

(Equation 234)
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Palladium(0) also catalyzed allylation by transmetal-
lation from tin (eqgn. (235) [283]), silicon (eqn. (236)
[284]) and boron (eqn. (237) [285]), as well as reduction
(eqn. (238) [286]) and rearrangement/insertion reac-
tions (eqn. (239) [287] and eqn. (240) [288)].

(Equation 235)

SnBu, 0
D@ o BN come |
COMe

71-91%
X=H,Cl,F Y=CLF,H,CF3
(Equation 236)

R?, Pd cat Al
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R? F "

60-90%
RX = pMeCOPhI, oBrPht, mMeOPhI,

\/\/.‘:}iF3 >A/SiF3 COMe on
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pMeCOPOT, O‘

(Equation 237)
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(Equation 238)
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v e S0
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(Equation 240)
B R? R?
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Cul 5
OCOMe LiX Q
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R'=C, 0><0/"’1, ROxCHOTHP,Bu A" =Bu, CHZOH, CHOTHP

Silylketene acetals attacked allyl acetates at the less
substituted carbon in the presence of palladium cata-
lysts (eqn. (241) [289]), but at the central carbon with a
platinum catalyst (eqn. (242) [290)).

(Equation 241)

A i R\ PMe pa P e
= OAc 4 —— —_— n'\%\/éco,m
L]
L R oTMs L A
53-80%
(Equation 242)
OT™MS (/\/P!C>
%We + 4\/°M —d—‘—_— Dxcoz“e
TIOAC

10° 89%

Palladium catalyzed allylic alkylation was useful for
several cyclizations (eqn. (243) [291], eqn. (244) [292],
eqn. (245) [293], and eqn. (246) [294]). This process
could be truneated by a transmetallation leading to
increased functionalization (eqn. (247) [295)).

(Equation 243)

Ph
SO,Ph OCOMe L sozsozph soz::},Ph
PP G . ¢:
Pdadbay H H
R R

»30%  1:14 L =(PrOjgP, THF
89:1 L =(iPrO)P, DMSO

(Equation 244)
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A Un O N L
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X

PhS" 0" ()n
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n=9 82%
and
SPh "
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AP oo — X o
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(Equation 245)
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(Equation 246) (Equation 250)

o 4 | =
Pd{0) S0,Ph R
=, ; ACOH
Pno,s/\n/ Woco,a on® . L
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92% ) :

(Equation 247)

X
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@i‘j Pd(0) @}/ (Equation 251)
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69%
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OAc OAc ’I-B%
]
v ; 7/ Ph v :(\- >/J 98%
;/Y X e X _// X-

N

Palladium(0) catalyzed the rearrangements of allyl
epoxides (eqn. (248) [296]), nucleoside synthesis (eqn.
(249) [297]), diene cyclization (eqn. (250) [298]) and
deprotection (egn. (251) [299).

Iron catalyzed the alkylation of allyl acetates by silyl
enol ethers (eqn. (252) [300]). Molybdenum carbonyl
catalyzed the reduction of allyl acetals (eqn. (253)

[301D.
(Equation 248)

o]
):A/ Pd(0) d
—_— a—
Ph TH Ph Q
83% OAc R,

1) Fex{CO)y R?
27 “CO,R’
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O Ot
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(Equation 252)
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Palladium(0) catalyzed a number of fantastic multi-

ple insertion/cascade cyclizations, starting from allyl

acetates (eqn. (254) [302), eqn. (255) [303], eqn. (256)

[304], eqn. (257) [305], ean. (258) [306], and eqn. (259) I e seracn ,)2_5“;1
[307D. A - L

(Equation 254)

(Equation 259)

70-100%

R'=H,nCs,Me,Ph  R?=H.Me X=Br,Cl,|

0Ac
@ Pd(OAc)2

% Vinyl cuprates alkylated allyl and propargyl com-

sox pounds (eqn. (260)] [308]. The diastereodifferentiation

in the alkylation of allyl epoxides by cuprates was

X« NSOz (CO‘E' studied (eqn. (261) [309]). Bis-propargyl halides or tosy-

lates were dialkylated to dienes by organozinc reagents
(Equation 255) in the presence of copper cyanide (eqn. (262) [310]).

(Equation 260)
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(Equation 261)
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Nickel(II) complexes catalyzed the alkylation of allyl
dithio ethers (eqn. (263) {311]), and allyl ethers (eqn.
(264) [312]) by Grignard reagents. Copper(I) catalyzed
the alkylation of allyl chlorides or phosphonates by
alkyltitanium alkoxides in “clean S 2” anti sense (eqn.
(265) [313]). Zirconocene dichloride catalyzed the alky-
lation of allyl alcohols by Grignard reagents (eqn. (266)
[314]).

(Equation 263)

R S Ay o

A Me

70-90%
s M\
Ar4sj _— "—< R/\Eésua — »v)\“(/k

(Equation 264)

upo 928
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(Equation 265)
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X = Cl, OP(0){OE)2

e~y OO
N x >=/\/j\/\x

>\(\/\ cl
OBn
Cl. N

A'=H

(Equation 266)
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(Equation 267)
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Cobalt-stabilized propargyl cations were alkylated
by enol ethers (eqn. {267) [315], eqn. (268) [316], eqn.
(269a) [317a], and eqn. (269b) [317b]). Cobalt com-
plexed propargyl aldehydes were alkylated by silyl-
ketene thioacetals (eqn. (270) [318]).

(Equation 268)

3) TICY4 /DABCO 54%

0
|
Mﬂ@\(ﬂl 1) CoACO)y 69%
o 2) TMSOTT 90%

4) Fe(NOy)y
'Q.\
OMe
(Equation 269a)
NCOMe 0 NCO;Me

S .

~ .‘0 ~'

& Co,(CO)g



200 L.S. Hegedus / Transition metals in organic synthesis 1991

(Equation 269b)
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(Equation 270)
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2.1.8. Coupling reactions

Regio- and stereoselective aryl coupling using tran-
sition metals has been reviewed (21 references) [319].
Palladium mediated couplings for the synthesis of
rotenoids was the subject of a dissertation [320]. Biaryls
were synthesized by the coupling of aryl halides using
palladium catalysts in the presenced of tertiary amines
[321]. Thiophene was dimerized then oligomerized
when treated with chloropalladate in aqueous ethanol
(eqn. (271) [322]). Stannyl quinones were coupied by
palladium /copper catalyst systems (eqn. (272) [323]).
Intramolecular coupling of aryl iodides was achieved
using palladium(0) catalysts and hexamethylditin (eqn.
(273) [324]), while palladium(0) catalyzed the coupling
of vinyl iodides via their zinc derivative (eqn. (274)
[325D.

(Equation 271)
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R! R?

R - Mo G’_ 65 - 85%
R? = Mo, OMe
R® = Me, nBu, TMS, OFt

(Equation 273)

(Equation 274)

1) Bui
2)ZnBr2 wm
+
3) LPd
/\)\/\ o
R OSiR, 7%

Aryl chlorides were electrochemically reductively
coupled to biaryls using a nickel(II) chloride bisphos-
phine catalyst [326]. Nickel species reduced by zinc also
coupled aryl halides (eqn. (275) [327] and eqn. (276)
[328).

(Equation 275)

MeO OMe

(Equation 276)

SaTa NE-=

n= 610

R R R

Sy N _NH/N \

A /Q\ X PhP, Zn, DMF g\iul N=
R R

R=H, Me, Ph 80 - 85%



L.S. Hegedus / Transition metals in organic synthesis 1991 201

Highly stereoselective asymmetric synthesis of axi-
ally dissymmetric diphenic acids via intramolecular Ull-
mann reaction was the subject of a review (49 refer-
ences) [329]. Unsymmetrical Ullmann coupling was
achieved by “templating” the process (eqn. (277) [330]),
or by oxidatively coupling unsymmetrical (bis) aryl cop-
per complexes at low temperature (eqn. (278) [331]).
Gem-dibromoalkenes were coupled to 1,2,3-trienes by
zinc/copper (eqn. (279) [332]). Copper coupled se-
lenoamides to (bis)aminoolefins (egn. (280) [333]).

(Equation 277)

ey e S
w-cjij DmF ArCO;
—co,

70-80%

- QG G0, GG, 2

(Equation 278)

ACU(CN)LI ArLi 0z alad
Pigh yiekis
>96:4

-78°
AL+ CUCN ———=-

1250 -125°

Ar = Ph, oMeOPh, nMeOPh, pMeOPh, 2CI, 4CF3Ph, 1-Naphth
Ar = oMeOPh, pMeOPh, oMePh, 3F, 4MePh 78-90%

(Equation 279)

F,c>= =(=n
P CF;

72%

FaC: :Bf 1) ZVOMF
2) CuBr

Ph B

(Equation 280)

A, AL NR,
Cul0 :
>=Se u(0) ) __ :
RN PhCHy RN Ar
52-89%

Ar = Ph, mCF3Ph, pMeOPh, 2-Naphth

Low valent titanium species and their application to
organic synthesis has been reviewed (204 references)
[334]), as had Ambrene diterpene synthesis using tita-
nium induced carbonyl coupling reactions (44 rcfer-
ences) [335]. Ultrasound has been found to accelerate
the McMurray coupling reaction [336]. Low valent tita-
nium was used to couple benzoic acid halides and
esters to stilbenes [337]. Aromatic nitriles were reduc-

tively coupled to 1,2-diaryl ethanones by TiCl,/Zn
[338]. McMurray coupling of dicarbonyl compounds
was accomplished by TiCl,/K-Cg; (potassium-gra-
phite) intercolate [339]. (This paper neglected to cite
the extensive work of Furstner in the area.) McMurray
coupling was not restricted to simple ketones, as evi-
denced by the examples in eqn. (281) [340,341], eqn.
(282) [342], eqn. (283) [343], and eqn. (284) [344]. Opti-
cally active 1,2-diphenylethylene diamine was synthe-
sized by the titanium induced coupling of the appropri-
ate p-camphor ketimine (eqn. (285) [345)). :

(Equation 281)

4 ] TICkyLVDME
A R
R’/
o)
R’=H Me,OMe RZ=Me B -30%
R'«Me, H, B, Ph

(Equation 282)

(Equation 283)

(=] Et
& &t a
TiCk "’Y\/(’H
CHO Zn(Hg) A
B 72%
Et
Et El
- TN ~
An A high yields

(Equation 284)

TiICy
n OH
[}
2
21%

(Equation 285)

Ph H
TICKOPr) v v
—r—— ‘?_ ?*"Ph
LS

L
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Dimeric tungsten alkoxychlorides effected a meth-
ylative reductivedimerization of ketones (eqn. (286)
[346]). The coupling of alkynes with alkynes, isonitriles
and carbon monoxide by complexes of molybdenum,
niobium and tantalum was the topic of a dissertation
[347]. Palladium(II) acetate oxidatively coupled ben-
zopyranones to benzene [348]. Ruthenium dioxide in
trifluoroacetic acid oxidatively coupled aryls (eqn. (287)
[349)).

(Equation 286)

R

o. R
cuRO)zw:—o,wwm,ca
R

1) 4MeLi R!
e . H
2) R R? R!
>=o

R?

R'=Ph  RAPaH 77%
R'=pMeOPh  Rp=H 76%

Ph,Me 83% Ph,Pb90%|| Q CCHO  Fal

(Equation 287)

#
5 |

R's

R's = H, OMe

2.1.9. Alkylation of -allyl complexes

The allylnickel chemistry of optically active 2-al-
kenyl-1,3-dioxolan-5-ones was the topic of a disserta-
tion [350]. A theoretical study of palladium(0) cat-
alyzed substitution on o-allenic and allylic derivatives
has appeared [351]. Palladium catalyzed allylic alkyla-
tions of propen-2-yl acetates using chiral n®-allyl com-
plexes as catalysts were studied by NMR and crystallo-
graphic techniques [351]. Cationic n3-allyliron com-
plexes were alkylated by n'-allylmetal complexes (egn.
(288) [353]). a-Methylene lactones were deoxygenated
via m-allyliron complexes (eqn. (289) [354]). Trimeth-
ylsilyloxy sr-allyliron complexes underwent reaction
with both nucleophiles and electrophiles (eqn. (290)
{355]).

(Equation 288)

R? A
“Z\rf\\ . )\(Mtn — R 2 S
1 Fe(CON RY
) R R! R? F R
major 40-70% R

R'=H,Me RZ=H,Me,Ph minor

R =H M, g O ML, = TMS, SnBids, CpFe(CO)2

R* = H, COzEt

(Equation 289)

(Equation 290)

o
E* 2
OTMS / & R
R2
™\
| e

oo ~17
o

R

R'=H FR2=H,Me R’=H,Me Et 18-50%

E
. B
Nuc = (-)(E E'= N\~ //-/\Br

and <

Chiral m-allylmolybdenum complexes were used to
alkylate aldehydes with high de (eqn. (291) [356)). Other
uses of m-allyl molybdenum complexes in synthesis are
seen in eqn. (292) (reported several times last year)
[357], eqn. (293) [358], eqn. (294) [359], and eqn. (295)
[360].

(Equation 291)

:
oC., Mol co

|
. H H
oc‘To' ....... h— OCupg €0 o
= | /\j 7 N
1) NO* OH
2) RCHO /\’/L
2
H
60-90% 286% de
(Equation 292)
/\/ﬁ\ $I Y
Vo ) . Ph
Cp(CO)2 ~
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(Equation 293)

AR+ BHO —— NP R

CpMo(CO), 53.68% Ra=Ph,iPr,Bn

N_.Wk

ans 40%

and
AT W
Mo
Cp(CO)2
(Equation 294) ~
GHOH
P O 1)LDA H
O
Cp(CO) Mo’ —_—
- 2) Mel qufo
o / 3) CHN"
CPMo(CO),
65%
(Equation 295)
CN
CN
TCNE
CN
\ oN
z CpMo(CO),  88%
ZaN
Mo

Cp(COk PhCHO Pn
BFy-OEt; o

2.1.10. Alkylation of carbonyl compounds .

Tebbe’s reagent (“Cp,TiCH,”) was compared to
Wittig’s reagent (Ph;PCH,) for ketone methylenation.
Tebbe’s proved better, particularly for hindered or
enolizable ketones [361). Sugar esters, lactones and
uloses were efficiently methylenated by Tebbe’s reagent
(eqn. (296) [362]) as were polycyclic lactones (eqn. (297)
[363]). Ketones were converted to dienes by titanacy-
clobutenes (eqn. (298) [364]). Other efficient methyle-
nating reagents are shown in eqn. (299) [365], eqn.
(300) [366], and eqn. (301) [367]. Reduced niobium
species coupled aldehydes (eqn. (302) [368)).

(Equation 296)

(Equation 297)

q;,Ti(c?AMl,

92%

(Equation 298)

40-90%

R = Me, Et, Ph
A' = H, Me, 1Bu
A2 H, Me

(Equation 299)

R2 zr R2 R®
Cpz
60-90%
R}, H
A—=v—ZnX ——— ——— >==<
H "2

(Equation 300)

o}

ne R m
R')LH + na)j\n’ + R'$P Me::o, H

R'aiPr, m/\/"’* \(\/\(\/H

H R
R2=H,COMe  R®=COMe
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(Equation 301)

LyPd
(25%)

RCHO + BrCHCOE1 + BugP

RACH=CHCOZE!
50-85%

R = Ph, pCIPh, pFPh, pMeOPH, pMePh, pNOzPh, oBrPh
A,
Pn/\)"' Q 3P, <°ﬁ
O

(Equation 302)

MCs + 1Mol ——w Nb* 0 paf

modest yield

Chromous chloride reductively alkylated aldehydes
with allylic halides (eqn. (303) [369]) with high Felkin
selectivity (eqn. (304) [370]). Methyl chromium(III)
species alkylated aldehydes and a or B oxo ketones but
not simple ketones (eqn. (305) [371]). Ketones were
alkylated by a haloesters or nitriles by electrochemical
reduction at a zinc anode using a nickel(II) catalyst
(eqn. (306) [372]). Vinyl tantalum complexes alkylated
ketones (eqn. (307) [373]).

(Equation 303)

oTMS
CrClg/LAH

(Equation 304)

RS0 N e

B0 TR e

?Bﬂ
B"O/\W Br + RCHO &, R/;t(=

A

High Fekin Selectivity

(Equation 305)

RCHO Ye
MeCrCl{THF); ——= R—C~H
|

OH
R\n/R
o OH
OH
X
OH
(Equation 306)
o _—
e, Ni R, OH
N A e S
Zn anode
Cl R
60-80%

X=CN,COMe R=Me,H R'=El Ph nBu,iPr,tBu, >=\/\r"‘

(Equation 307)

(o] 0, 0.
1
R“)LRZ noH N\—/ N/ ?
R? 4+
R

nd R e TOH
mapr major
= OMe

Z =NR;

W_E._(/Z “;*

R'=Cyo Q Cg, Bu
R, Q At A

R®=H, Me

3

z

Reduced vanadium species cross coupled aldehydes
(eqn. (308) [374]) and promoted the intramolecular
alkylation of aldehydes by olefins (eqn. (309) [375]).
Vanadium oxychlorides ring opened cyclobutanones
and coupled them to olefins (eqn. (310) [376]).

(Equation 308)

_-OMe
g g
LD oz O
+ RCHO ————=
cHo 2n, CHCh OH
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(Equation 309) (Equation 312)
-~ Bt
= M F) 1) R* "R
COMe VeCHlTHPMl2 O/\cozuo am—cuens B e o
cHo g o 2) ICH2n _>Ln=
A
7%
and | (1 carbon homologationf)
and COMe
<:-E +—COMe = >_<\,cu(cm2m
CHO oM XSICH ZnleZniy go
{4 carbon homologation)
41%
«CHO - (Equation 313)
N + N A
54% P, 13%a o / A N OMe
H (o]
A = Ph, nCs 96% yleld, 96% de

(Equation 314)

(Equation 310)

Q 1) BFy=OFEH ™
=
Fp/\/ + R')LR? = RﬂR‘

° R voioeyck i Jr
[j s = — c‘}(\/\)Loa 50-98%
Y R Y
50-80% R'=H  RPanCe, , Ph, pNO,Ph, mNO2Ph, mMeOPH, pMeOPh
o o
/U\/IL Ph N R'=Me FRnCs also
o| + =< —_—
o
o o
52% °
o

[o] [+]
)k/\©\°“ )LPh CIJJ\/T W/I(\Ph
i

Functionalized organocopper species alkylated car-

bonyl compounds (eqn. (311) [377] and eqn. (312) [378)). Chiral ferrocenylphosphine ligands |in combination
Allyl copper complexes alkylated chiral imines with with gold(I), catalyzed the asymmetri{aldol reaction
high diastereoselectivity (eqn. (313) [379]). Cyclopenta- [382]. Zirconocene dichloride did stringe things to
dienyliron o-allyl complexes alkylated aldehydes [380] ketones and aldehydes (eqn. (315) [383]). Cyanide
and ketones (eqn. (314) [381]. added to rhenium-complexed aldehydes with high di-

astereoselectivity (eqn. (316) [384])). PRalladium cat-

alyzed the alkylation of a-hydroxy ketdnes by allylic
alcohols (eqn. (317) [385)).

(Equation 311) (Equation 315)

1z nE' o oH
—{CHgl— & E'—(CHy)—E? ) o
i 2
2) CuCNe2LiCl 2 E 60-80% + 2R%CHO ——m
n=4,56 R 150° R!
0 o IR o R
A o
E' = PhGHO, nCeCHO, P PNOPh >=< 30-40%
co.et
] > i

g
By, &/TCO’E' PHCHO, MasSnCl ' Q/ HO a é

<]
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(Equation 316)

«Re; H
ON*I *PPh, ON“T"'PPh,
5 H o
o] “
R NC’(
R
70-90%
53-90% de
R = Me, Et, iPr, Bn, Ph
(Equation 317)
OH R*
, " POCiz{ PhCN), L
Rt R R OH ———— R
SnCi
[o] RS R OH

40-100%

R'aMe,HPh Ri=Me,Ph R'=HMe R'=Me R=HMe

and oH OR OH OR
OR Z Z
NAH — .
CHO
ReMe 63% 694
ReH 74% 948

2.1.11. Alkylation of aromatic compounds

Reviews entitled Tricarbonyl(n®%-arene)chromium
Complexes in Organic Synthesis (112 references) [386),
The study of catalyst effects on the complexation of
arenes with chromium .hexacarbonyl. An overview (15
references) [387] and New methods of arene—carbon
bond formation by aromatic nucleophilic substitution
reactions (84 references) [388] have appeared. Chromi-
um-complexed benzocyclobutanes and benzocyclopen-
tanes were alkylated by branched carbanions (eqn.
(318) [389]). Optically active a-methyl phenyl glycine
was synthesized by alkylation of chromium complexed
fluorobenzene (eqn. (319) [390,391]). Complexed fluo-
rotoluene was dialkylated by cyanocarbon carbanions
(eqn. (320) [392]).

(Equation 318)

1)RU
2k
CricO), 64-91%
OR
wonen oon Loy ()
T
75-100% major

| |

0-25% —

Cr(CO) Cr(CO),

(Equation 319)

F H _
| 1) B, THF N. LPh
+ N-G-COMs ——— H Y
on  CHs 2) 1INHC! HOLC CH;
CrCO),

3 enc ®

(R.A.R) S 4) ‘07\

(Equation 320)

£ N
1) 4 days
+ (‘>'_ CN —_——— cN
2) TFA

Cr(CO),

Chromium-complexed pyridine underwent nucle-
ophilic attack (eqn. (321) [393]). Chromium complexed
1-methoxynaphthalene was alkylated /acylated (eqn.
(322) [394]). Chromium complexed phenyl oxazolines
or benzaldehyde imines underwent clean ortho alkyla-
tion (eqn. (323) [395]) as well as trialkylation (eqn.
(324) [396)).

(Equation 321)

Bu H
H
d 1) Buli 1) DIBAH Cﬁ
4 | N — 4 | \ noen ¢ | NH
- 2) Ml =+ 2) MeOH -
cr(co), Cr(co), cr(co),

100%

(Equation 322)

C(SMe),
B 1) (MeS)5C() O‘ w CO;Me
- 2) Mel, CO
3,
MeQ Cr(CQ), MeO

54%

(Equation 323)

A

N o_ N

Z
1) Buli

- ' 2

Y

93%

(Equation 324)

CnCO)y

R' = Me, Bu, Ph
RZ = Me, E1, Bn, ally!
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Cationic manganese arene complexes were dialky-
lated (egn. (325) {397)). Dimethyldioxirane efficiently
decomplexed chromium from chromium arene com-
plexes [398]. The regio- and diastereoselective addition
of nucleophiles to electron-rich (n°-pentadienyl)iron
complexes was the topic of a dissertation [399]. Cationic
iron arene complexes were alkylated (egn. (326) [400)).

(Equation 325)

o= =edo= o

(+)Mn(00), M"(CO)a W\(CO):

¥
A =M, Ph R'-<
X

(Equation 326)

X X
Y
- Y DDQ
z/\ | P
rd
FeCp 40-70%

(3]

X=NOy, CLpTs,tBu  Z=H,4Me,4C1 Y = CHzNOp, PhC = C(-)
“CH,CN, nBu, "CHCl, "CCh

Chromium complexed arenes were cleanly lithiated
and then functionalized with electrophiles (eqn. (327)
[401], eqn. (328) [402], eqn. (329) [403], and egn. (330)

[404].
(Equation 327)
(\ /j 1) Buli
3)ox
CF(CO)J
E = TMS, COE1
(Equation 328)
OH
M z
\l !
MeO'
crcoyy, |

(Equation 329)

Kk Ak

1) AL
= | 2FE

(CO),C!

E = TMSCI, Mel, BuaSnCl, Ph2PC1, Br*

(Equation 330)

Cr(CO), {CO)Cr
>97%
and n . ®
z | Nme, RU z | NMe,
\l \l a_OH
CHO RN
(CO)Cr (CO)Cr R

Complexation of arenes to chromium also activates
benzylic positions. Synthetic applications of chromium
tricarbonyl stabilized benzylic carbanions has been re-
viewed (66 references) [405]. Functionalization of ben-
zylic positions by deprotonation/reaction with elec-
trophiles is efficient and selective (eqn. (331) [406],
eqn. (332) [407], eqn. (333) [408], and egn. (334) [409)).
This could be accomplished by anodic reduction of
complexed methyl phenyl acetate [410]. Deprotonation
of complexed allyl benzene followed by reaction with
aldehydes gave thermodynamic products with sodium
or potassium counter ions and kinetic products with
lithium counter ions (eqn. (335) [411)).

(Equation 331)

Z 1)LDA ™S
JII
B s

Cr(CO)y CrCO),

898%

(COpCr  Me (CONy
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(Equation 332)

LDA & ] Mel = |
/ NT 0 /N
74%

N

(CO)Cr (COICr (CO)Cr

,4»40 4\/)(

OH x

(CONCr

XN
XN

(€O P

(Equation 333)

~d 1) LDA
YN | 2) RCHO
{CO)Cr (CO)Cr
. o om

N\

(Equation 334)

R R o
@/\co,m 1) NaH @X;CQR
’ -
O,Me NHZ
| ved
60%

Cr(CO), NHZ
3)Op, hv
R=H, OMe
(Equation 335)
H Ar
~ | o nEM =z ' N Ar = P
R’/ —— g N oH * R/ I
2) ACHO \ §

CrCO), CriCo), Cr{CO),

thermo (Na*, K*, ReN")  kinetic Li*

Chromium complexed aldehydes underwent nucle-
ophilic attack with a high degree of stercoselectivity
(eqn. (336) [412], eqn. (337) [413], and eqn. (338) [414].
Chromium complexed benzocyclobutanones underwent
unusual reaction chemistry (eqn. (339) [415], eqn. (340)
[416], and eqn. (341) [417)).

(Equation 336)

F F
Nuc
(X, G
>4 Ny
/ CHO /
(CONCH (CONCH Nuc
100% yield

Nuc = CHNO, 919
TMSCN 1000

(Equation 337)

|
A 5
Clj[ .\ Li<\N/ . @g/u\/x
CHO N) R

CrCO)y Cr(CO)y
| 55-90%
>88% de
R =0OMe, Me, F
(Equation 338)
o)
o)
H
R' 0
CrCO), Ao
1) BF3=OEt,
+ —— + 60-90% >80:10
2)CAN
oTMS
7z

On

R' = H, OMe, E1, Me, TMS

R? < H,OMe, CI
(Equation 339)
Q [o] OH
Z ] O HCH/CHLCh LAH 2 ' &
R W% Q|
Cr(CO), Cr(CO)y CrCO)y
OH
1) Buli C0:Me
’ COMe "'cone
) J‘/ Cr(CO)y
MeQO,C
90%
(Equation 340)
o Q,
Z 1) Wwy
g 7\ \
2H ==
crco), ) Buli ’ Cr(CO),
85%
(Equation 341)
oH oH
1) BuLi A CO0Me A _aCOMe
—_— +
"ON: z)l
Cr(CO), COoMe
AS) v, O, 31 each s 90% ee

>89% ee
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Other reactions of complexed arenes, remote from
the arene group, are shown in eqn. (342) [418,419], eqn.
(343) [420), and eqn. (344) [421]. Arenechromium
chemistry has been used extensively in the synthesis of
complex natural products (eqn. (345) [422,423] and
eqn. (346) [424)).

(Equation 342)

Mg, 1) TiC
d—(‘“ il 5)361
l'H
\I/ OMe 3) Oz, hv

CriCOl 6% (RRS)
® .
gy
©® « E Wou &/j
OMe
8% (SRA)

(Equation 343)

9 Q
Z KOH / EtOH e CHgNO,
| -
\l AICHO KF, 18—C—6
CrCO), CHCO,
o NO, o NO,
H -]
...... H —d > Ar
Ar \| |
Cr(CO), CrCO),
66-85% 79-90% de
18.9/1
(Equation 344)
~R‘ — Nuc
= Noc . " i...n'
\14 e @N v
(CONCE {CONCT

>80%

R'=H,D R?=PhBU
Nuc = MeLi, NaBD,

(Equation 345)
o o] OAc
GOl “3 o “
20% \l 240
weo P (CONCT 0 (cojce ac{ P
e
t/ l/

AR Tus = I ~ 1) MeLi Z ]
BFOEt, /~ 2 BSH) CFiCO0H /\
b €O Lya O (COLCY Sue

S,
) C Yore (\
s DeeeN .
S
2
B,/YLM
OMe

2) EtgH, NaH
3) AcZ0 (40%)

(1) dihydroserrulatic acid

(Equation 346)
"
2)0: RO [} O
(CO),CV At
OR

Chromium complexed arenes underwent direct alky-
lation (eqn. (237) [425)), and Wittig rearrangement
(eqn. (348) [426]). The methyl benzoate chromium tri-
carbonyl complex catalyzed the 1,4 hydrogenation of
exocyclic dienes (eqn. (349) [427] and eqn. (350) [428]).
The arene chromium tricarbonyl fragment was used as
a chiral auxilliary in the synthesis of B-lactams (eqn.
(351) [429).

(Equation 347)

R= () )—CN ())—CN
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(Equation 348)

Me
PN
o | ————— sterecselective Witlig
|~
Cr(CO),
(Equation 349)
. COMe
W= °
G/o‘“ [ / ' \ g—we
OSiMe tBu Crico),
0l —
.
OSiR;

(Equation 350)
OMe , N OMe
O ‘ Same @:)é\/ou
OMe OMe

(Equation 351)

R [e]
Mo Cr(CO),
Z \N’A' fo) >_ . )L / )\/
I + Il CoEt H =
X PhCNH \ K’
]

CHCO),y Ar

{1 enantiomer) >98% ee

Biphenyl (eqn. (352) [430]) and 1,4-diphenyibuta-
diene (bis) chromium arene complexes (eqn. (353) [431])
were reduced then alkylated.

(Equation 352)

Cr(CO)y i
TN Do Q Q
-|_ — 2Ax
Creols 3 (>—CN 40-83%

9k

AX = Mol, E1Br, BuBr, NC™ "y, Br/\/\€<>N. Ew

(Equation 353)

Cr(CO)y
_l_ e
/N /7 veztinepon _ Q
O e O
-|- e
Ak E
Cr(CO),
4670%

E = BuBr, nCqBY, iPYBr, Nc/\/"" M . PICOCI, PhCHO

)
P} ¢-/\,“ Cl)LOPh CHCOCI

2.1.12. Alkylation of dienyl and diene complexes

A review entitled Transition Metal Diene Complexes
in Organic Synthesis. Part 5. Application of Iron-Diene
Complexes to Natural Product Synthesis has appeared
[432]. Complexation to iron carbonyl has been exten-
sively used to protect diene portions of unsaturated
carbonyl compounds during chemical reactions of the
carbonyl group (eqn. (354) {433}, eqn. (355) [434], eqn.
(356) [435], eqn. (357) [436], eqn. (358) [437], eqn. (359)
[438], eqn. (360) [439], eqn. (361) [440], and eqn. (362)
[441].

(Equation 354)

o}

o, NN 2 -
_//T\\ + CHCOO ———e /I\ — | Fercon
Fe(CO); Fe{CO),
(1 enantiomer) (1 enaniomer) ;
R
(1 ciastereomer)
CHO
1) decomplex HC)\ 70% overall
- - ™ Mo
2)0y R ign ee

(Equation 355)

Fe(CO)y Fe(CO)y

wo—1 '-\\—CHO —— meoe— '\\“?HN\OH e

Fe(CO)y

M.O,J'V*D o m%

(Equation 356)

Fe(CO)y
] 1) estertly
//_\\_c gn 2) separate /"-\_
| “ooMe b o ———— /1 N\_com
Fe(CO), \é: ot a)dlﬂnomor
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(Equation 357)

COPh

oH NHCO,Ph
Mpop—//g_\\_L/J HCO, _‘al. M-Op—//g_\\—@
Fe(CO)y Fe(CO)y

(Equation 358)

Fe(CO)y

Fe(CO), Fe(CO},
—— T\ p T
Fe(CO)y =
(Equation 359)
P
Ph,P:/\/ 080,

RJ Fe(CO), 9%
»,

oH
7 1\
I OH 1) Hz Pd (Lindlar) R!
no/—/;to—)ﬁ(/-t-’ A" 0 o S
2 ImLo cﬁrb

7\
Rc/—/_l:(tg)’cuo 89%

(Equation 360)

[o]
1]
A Pn,P=cu’c\/\/c°’m Q
rore—/ : \—cro “WM 7 C0Me
Fe(CO)y Fe(CO), 03
9HF [o] o P
H_ll /i\ . copa pMeOPh
2) PDC Fe(CO)y
/ g\ S CoOMe — - ——— o
Fe(CO),
MeC’ N
OH
NN coMe
MeO o
(Equation 361)
OTMS / \
|
Hﬁ—//-_I—\L + — I [ Fecoy
Fe(CO), /
OMe °
65-76%

BFz»OEt; 3:1 exo/endo
TiCY 138 exclendo
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(Equation 362)

Fe(CO), F8{CO), Fe{CO),
/|\ Duor | /I\ oan /| )
2) Ml ) \ /
Mo Me™ “Me
<] o o
86% 84%
Fe{CO);
- 4 |\
o
95%

Allylsilanes underwent reaction with appropriate di-
ene complexes to give trimethylene methanes (eqn.
(363) [442,443)). Diene iron complexes also underwent
nucleophilic attack, generating n3-allyl complexes,
which were further functionalized (eqn. (364) [444,445]).

(Equation 363)

R 0Ac R
BFg
/l + /\/'ms —_— 7 X +
Fo(COh Fe(CO),
£
88% 15
and OAc
BFy
4 | N + 4\/““S _—
ACO Fe(CO); "
Fe(CO)y
89%
(Equation 364)
Bra/ CO/HLO FLf\/\c'i’zﬂ
/R R Nu / Noc
Noc™
TN 2 ps
FelCO), (COjyFe \
Mel CO
Nc O
Nug = PhaCH, Preod 40-60%
) CN
\m .
Y
Nuc O

Tungstem diene (egn. (365) [446]) and molybdenum
dienone complexes (eqn. (366) [447]) also underwent

nucleophilic attack.



[+
—
(%)

(Equation 365)

Mef MeO,C  H
/7 N I Nuc = Hz0, MeOH,
—_— “puc  NaNHg, i,
/ l Me iPrNH, BoNHs

CpW(CO), CpW(CO), 60-80%

Nuc CpW(CO),

Nuc = PhSH, Me,Culi, PRC=C

(Equation 366)

R = P, CHE, Me, Bu,

W, o — Moo PhCOLCHz, 225
é ‘ pMePh, PRC=C
QL /
Y o [¢]
R
60-97%

and

o &
o 2) NHTFA / Q
U 3) FeCly "0

Reactions of nucleophiles with cationic dienyl com-
plexes have been much more extensively studied. Cy-
clohexadienyliron complexes were alkylated by diarylz-
inc reagents (eqn. (367) [448]), methyllithium (eqn.
(368) [449)) as well as more complex anions (eqn. (369)
[450]). This chemistry has been used in the synthesis of
isoquinuclidines (eqn. (370) [451]), indole alkaloids
(eqn. (371) [452]) and isoquinoline alkaloids (eqn. (372)
[453]). Alkylcadmium (eqn. (373) [454]) and functional-
ized organocopper species (eqn. (374) [455]) also alky-
lated dienyl complexes.

(Equation 367)

Fo(CO)s Fe(CO)
/ \\
cwn — (V)
Ar
51-73%

Ar = many functionalized aryls
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(Equation 368)

OR R Me OR

MeLi ' * @
—_— or
/ Z 7‘ ™
Fe(CO)y Fe(CO), Fe(CO),
R=Me R=OAc
(Equation 369)
OMe
OMe Nc/\ro\/\TMS
Feicoy, 1) PMeOPRL 0
E 2) THF / NHPFg
OMo ~~Fe(CO)y
OMe
79%
CN
Ar,
o\/\ms
| o 1HF NMe,
\\ 2) Ha/ RaNi/ M NH
Fe(CO)y 3) MegNO
51%
(Equation 370)
OMe o]
1) TMSCN
'%_Fe(com - . —_——— ———
2) MezNO
3H" HO CN
(Equation 371)
OH
. Z
OMe  pooN  (CONFomil
@-Fe(cm, . Rt A, OMe
HN 26%
CHO HN
CHO
HQ OMe
1) A0 DMAP O
2) MnO;, N CHO
3) NaOH, rix H
14%
(Equation 372)
Fe(CO)a
’
MeD Fo(CO) T R? /I
A e MecN P
| + -
™ A R’
NO, NH, r H
O\O/© 70-86%
[o

R'aM,Me,OMe RZ=H,Me,OMe, (CH-CH)z R®=-OMe,Me
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(Bquation 373) Mechanistic Studies of Enantioselective Car-
bene Transfer Reactions of the Chiral-at-Iron
O{).-F;(cm, S S GMN Carbene Complexes [463};
Studies in the Synthesis of Metal-Nitrenoids
and the Pericyclic Reactions of Cyclopropyl-

(Equation 374) carbene Chromium Complexes {464];
Synthetic and Mechanistic Studies of Reac-
. 7\ tions of Organometallic Carbene Complexes
_ﬁ /F.(\co)l - with Enynes [465];
{210, FGRC,CNZN Organometallic Chemistry of Vinylidene and
o FE(SOh Related Unsaturated Carbenes [466];
“w@;.(co,a K@ Chromium Aminocarbene Complexes in Or-
“RFG ganic Synthesis [467];
0-80% Cyclization Reactions Involving Carbene Com-
plexes in the Inner Sphere of Transition Met-
RFG= NC N als [468];
Y o 4 Cyclization Reactions Occurring in the Inner
PN Aeo/\/\/i" Coordination Sphere of Transition Metals with
the Participation of Carbene Complexes [469].

A dissertation dealing with nucleophilic attack on
n°-dienylmanganese tricarbonyl complexes has ap-
peared [456). Manganese dienyl complexes underwent
photochemical cycloaddition with dienes in low yield
(eqn. (375) [457D.

Several procedures for elaborating chromium car-
bene complexes have been developed (eqn. (376)
[470,471], eqn. (377) [472], and eqn. (378) [473)).

(Equation 376)

(Equation 375" 1

R' R
OCHy 4 puu ce'
(CO),Cr:( )———> (CO)y! R ; O R
a CH,  2) BF3ORL i o

R4 A
3 g
R o ‘H 25-68%
( —wnco),  + ) —_— R R o

R \‘ R R' = Me, B, CH,CL, CH.Br, CH,OCOCHs  R2 R®=H
IN(CO)

R'aH RP=H R=Ph
9-46%

Rl-HMe RZ-HMe RY=H, Me,CHOH,COMe R'aH A% R%= (CHole- (CHgis~  opticaly acive eporides ——opticaly active products

2.1.13. Metal / carbene reactions
Metal carbene complex chemistry remained an ac-
tive area for research, and a large number of reviews

. . . . H

and dissertations on the subject appeared this vear. A cone Ome O>° (CPTCY,  (COMCr
list follows: ’ '=<=\ Cradcal t
H

CH,

(Equation 377)

Benzannulation Reactions Employing Fischeri Pn

Carbene Complexes [458]; 50%
Development of Carbene Complexes of Iron

as New Reagents for Synthetic Organic Chem-

istry [459]’ (Equation 378)
Metallacycle and Metallacycle-Carbene Com-
plexes: Synthesis, Structure, Relativity and

Mechanistic Studies [460]; (oo,,..=(°m R (co) P
Carbene Complexes of Chromium Bearing % To '
Nitrogen Substituents [461}; o NP
Application of Fischer-type Metal Carbene +
Complexes to Organic Synthesis [462]; M=o
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The thermal benzannulation (D6tz) reaction contin-
ues to be utilized to synthesize naphthoquinones and
related derivatives (eqn. (379) [474], eqn. (380) [475],
eqn. (381) [476], and eqn. (382) [477)). A full paper on
the response of this reaction to variations in substrate
structures has appeared (eqn. (383) [478)).

(Equation 379)

R = nBu, nCe o
53-60%
{Equation 380)
OMe
OMe .
(co)sc'iD/R +
MeOLC
G)
43%
(Equation 381)
MeO” N0 OMe MSQ g oSIR,
BnO .
CrICO)s AcZ0 / Heptane
80° 48h
48%
(Equation 382)
M M(CO)s
S UYY
+ Ph-—s=+—Ph ——>
T 2)ox

(Equation 383)

(CONG

Other less straightforward uses are shown in egn.
(384) [479], eqn. (385) [480], eqn. (386) {481], eqn. (387)
[482], and eqn. (388) [483].

(Equation 384)
OFt
A

OFt A Z
(CO) X + =—R —* |
== 0" R
R R

X = OEt, NMe; 17-59%
R' = Ph, nPr
(Equation 385)
OH
OFEt 1 H—-:—':-—/\/m °
(CO); -
) A H
"H 2jox 20%
1) =—r"omus
2) TBAF
3) PhaP / DEAD
4hv O %
(Equation 386)
' =
K J
O
oTes »
OMe OMe
oM=< |- | — |co
“\)m e
_ oss
10°
23h
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(Equation 387)

(w),w=<<] + RC=CRy — .
140°
OMe
45-85%
and °
O/\/\'§
(couw=<<] e ——
85%

(Equation 388)

OMe o]
(CONC + }..3 LU
_ -

but

63%

Aminocarbene complexes give five- rather than six-
membered rings (eqn. (389) [484], eqn. (390) [485], and
eqn. (391) [486).

(Equation 389)

(Equation 390)

NH,
(CO) ——
\ —-w
MGP

{with NHMe ——= 73%)

\!
MeO H)“cr(cm,

48%

(Equation 391)

OFt —e— NMe,

(CONCH NMe, — o
— A
Okt

Photochemical reactions of chromium carbene com-
plexes generate ketene-like species. This has been used
to synthesize cyclobutenones (eqn. (392) [487]) and
(eqgn. (393) [488]), to compare the stereoselectivity of
free ketenes (generated from acid chlorides) to photo-
generated ketenes (from carbene complexes) in their
reactions with imines to produce B-lactams [489], and
to generate and intramolecularly trap vinylketenes to
give a photo (Hege-Dotz) reaction (eqn. (394) [490]).

- (Equation 392)

(Equation 393)

Ph,
Ph R
OR' >__‘ N [o]
(CO),Cr=.< + o L noj:r \ﬂ/
R "’ N\g/ p o

60-70%
207% oo

(Equation 394)

60-90%

Carbene complexes reacted with tropylium ions to
give elaborated carbenes, which annulated intramolec-
ularly (egn. (395) [491]). Ynamines inserted into alkoxy-
carbene complexes to give complex mixtures of which
also underwent intramolecular homologation (eqn.
(396) [492]). Alkoxy carbene complexes combined se-
quentially with allenes, then alkynes to give meth-
ylenecyclopentenes (eqn. (397) {493]). Polyunsaturated
carbene complexes cyclized when heated (eqn. (398)
[494)).

(Equation 395)

OEt R
(COBM —_
OEt
85%
80% .

OFEt
com={ -
CH,
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(Equation 396)

OEt NEt, Ph
(CO)sM=<1 +  EpN—+=e—Mo ——= (CO);M=$—(=/ ER
Ph OEt

30%
Ph 1)a
Et;
NI,? "
o

(Equation 397)

PnH Ph._ Ot complex mix
l |
R
(Chle + CHae 0
~
R
(Equation 398)
Ph
OFt s E M(CO)
(CO)sM: > Ph ——
NEt, NEL,

Bridging methylene molybdenum complexes meth-
ylenated aldehydes but not ketones (eqn. (399) [495)).
Iron carbene complexes inserted at C—~H bonds (egn.
(400) [496).

(Equation 399)

(Equation 400)

0TBS OSiR, OSiR,

TMSCI OTMS

PN

2.1.14. Alkylation of metal acyl enolates
The results of the two papers on this topic are
present in eqn. (401) [497] and eqn. (402) [498].

(Equation 401)

oM #_ H
co
E2 QN o W' 9
L CHO o o
M=Et
R R — RSR >99%de
s s SRR 94%de
M=Sn
R R —_— RAR  90% de
s R SSR  92%de
(Equation 402)
o) 1) BuLi, Mel 96%
Prst 2Bul) TMSO CH,—+=+—Et 85% :
CpFe Ny \/:\
co 3) Ce'Y, SOCH, / E1OH COMe
© G (5)(+) overal 47%
1) Buli TOCHp — «==+—Et /
R
2) BuLi, Mel

3)ox

2.2. Conjugate addition

Low temperature NMR studies of the addition of
(R,S1);CuLi, and (Me;Sn);CuLi, to cyclohexenone
gave evidence of m-complexation [499]. Functionalized
enones were cleanly 1,4-alkylated by organocuprates
(eqn. (403) [500] and eqn. (404) [501]). Functionalized
organocuprates also efficiently 1,4-alkylated conjugated
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. (Equation 406)
enones (eqn. (405) [502] and eqn. (406) [503]). This

chemistry was used in the synthesis of prostaglandins o
(eqn. (407) [504] and eqn. (408) [505)). L W T )H\/L
A= H —————
2) =
CpZ Awme, B 2N A
o 60-80%
(Equation 403) A msw HO\/\‘_.J TIPS(/\/\/'H' BN
NN
o o rr‘ Ho/\/\rf\'
COMe X COMe
(J e .y ; i J
N R Jl\/\
COBn COsBn enone = &7 Q RS
\_§\ T\r
52-91%
_ X "5: o) [o]
s conilic}
X x 7
| (Equation 407)
Bugsn 2 e 1) Bui
osiR, i @WCNU
S
(Equation 404) f
3 é/\/\/\/w?”’
OMe R OMe RsSiOS
S )
1) RgCuli <} 0
X 2) NH X NS COMe
OMe
good yields & F X
RS0 T
X = CHzOMe, <|:Houe, CHzNMe,, CHNMa o
e &,
(Equation 408)
R OR
(Equation 405) —— HmW/ E—
1) CpaZHC|
1) CpaZiHCI 2;':
o :;:u‘l:.uN 3) BuLi
o )
/\ro )X ;);:uc Rt
N, el 2 S)H* 7 g
ZTR —— g = o
e CuBrSMe, L. \/_\/\co,ue -—
H
40-85% A

85%

alkene = O NN A é O o
o —
X= |:/>/\/_\/\¢one

L
N otss C\W D RySi0"

Asymmetric conjugate addition was very popular

[o]
0 o Q
anone ﬁj o )k/\m )‘j é this year, with several different approaches being suc-
| cessful. The most popular was conjugate addition to
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chiral substrates (eqn. (409) [506], eqn. (410) [507], eqn. (Equation. 414)
(411) [508], eqn. (412) [509], eqn. (413) [510], eqn. (414) .
511,512}, and eqn. (415) [513)). R P Ry
[ q /;)\/\co,ua m Wco,m
(Equation 409) A'N N
high yiekis
high diastereoseleciivity

R,

s,

- ' R'=H,Me RZ=Me,Bu,Bn,F
msc/(}o + Ruli ——= mszf(}o
an

Bn (Re= 22\ ==> RI=Hinpmducy) (512)
R=Bn, 90% and
QMs B2
(Equation 410) H/‘\%\coz‘m —_— A/'\cozm
o R
RgGuLi ors M
>~ ) e ~r *
TMSCI
18 0 By o
85-98% yiekd (Equation 415)
97-99% de
A= Bu, B, iPr P NN it e 7
Z R‘I A HZ
U | + Ry ———— |
% X
CHEo), cncon ¥
(Equation 411) BuCBF; 397 o R
R=
- o BuCuli 928 + |
Ra%Culi
O’ o 2 O’ o H oo, X
c)j\/\ R' B0 o’U\/{'1 R X = OMe, OiPr, Mo
R R' « Me, Bu
. RZ = Bu, Me
R’ = Me, Ph, Et
R? = Ph, Bu, Me
O
63-91% yield
R'=Me R’=Pn (R) 948 10 86:14 de

R'=Me R*=Bu (§) . . .
Optically active copper species added to ynones

(eqn. (416) [514]). The use of optically active ligands
was also efficient. The synthesis of R(—) muscone in
this way (eqn. (417) was the subject of three papers this
year [515-517]) and at least one last year, all by the

(Equation 412)

OO R o same group with the same ligand and substrate! Other
oH rowi I M systems are seen in eqn. (418) [518], eqn. (419) [519],
°\n/\/"" and eqn. (420) [520].
R=Me 84%yiekl 87%de
OO o R=Et 39%yleld 14% de

R=iPr 37%yleld 32% de
RunBu 71%yield 58% de

(Equation 416)

(Equation 413) o o

o ™o
)\)\ —t WC Et
CuTMEDALI + H=—o==.—CO;Et 0,

92%
Bu
‘ BuCuSMez x“\ and
O, 2 _
\n/\/ o~ o~
o o /\/\)\ . /\/\)\/\
O CuTMEDALI CO,Me
93% yleid

98% de (S) 91%
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(Equation 417) aye . . et

addition of iodopyrimidines to ,Bunsaturated ketones

[527]. Allyl manganese compounds added diastere-
ospecifically to a,B-unsaturated esters [528].

(Equation 418)

o} [o}
J=Q
-
[N Bu

up to 1% yield
76% oo

N

Q
L= /f A “BuCu" = 2Bull in hexane
P\
N /\ Cul + 4LBrhn THF
@

(Equation 419)

(Equation 420)

RySi0— OSIR,

More complex conjugate additions are also possible
(eqn. (421) [521] and eqn. (422) [522]). The enolate
resulting from conjugate addition could be trapped as
the silylenol ether by treatment with TMS chloride in
the presence of lithium iodide (eqn. (423) [523)).
Cuprates added 1,6 to ynenones (eqn. (424) [524]).
Rhodium(I) complexes catalyzed the 1,4-addition of
w-enones to a,B-unsaturated ketones (eqn. (425) [525]).
1,4-Additions to enones was effected by nickel 7r-allyl
species in a somewhat convoluted but useful manner
(eqn. (426) [526]). Palladium(0) catlayzed the conjugate

(Equation 42])

S 1} RzCuCNLI,
Msy \M\wa’ P —
2 o} I A R'

(Equation 422)

FOR= EO,LTNTY e NN Q (EoRPo %

wan
[o]

@:‘(‘(r/\/\; >_§“ TU NI

]

(Equation 423)

/\n/ NNELL
2) TMSCI
anh L -

(Equation 424)

’./'\/"'02 1) tBu,CuCNL,
Y Ly N oz
91%

Z = Me, OEL

but

2/./"/00'*_.7%:;%.__. >yzc?co,..
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(Equation 425)

o]

2 o RACIC M)k i
M + RJV o RJ\/\Q:\

+

R/Lk/\/\/u\

low conversion

(Equation 426)

1Pot
R3

1) COD, Na
NClrPy ———————— R\ X OTMS
R
2 R \A(O R? R*

R 63-84%
)R, v

2.3. Acylation reactions (excluding hydroformylation)

The following general reviews and dissertations
dealing with acylation /carboxylation chemistry have
been published:

Carbon Monoxide Activation by Homogeneous
Catalysts

Carbonylation. Direct Synthesis of Carbonyl
Compounds

Advances in Catalytic Carbonylation with
Transition Metal Complexes in Homogeneous
Phase

Asymmetric Hydroformylation in the Synthesis
of Pharmaceuticals

Chelation-Controlled  Carbonylations Cata
lyzed by Group VIII Transition Metal Com-
plexes

Carbonylation of Formaldehyde and Its
Derivatives

Cyclocarbonylation Catalyzed by Palladium
Complexes

CIR-FTIR Studies of Palladium-Catalyzed
Carboalkoxylation Reactions

Mechanisms of Double and Single Carbonyla-
tion Reactions Catalyzed by Palladium Com-
plexes

Total Synthesis of (+) Jatrophone and Its
Epimer via a Key Palladium-Catalyzed Car-
bonylative Coupling

[529);

[530};

[531];

[532);

[533];
[534];
[535];

[536);

[537};

[538].

2.3.1. Carbonylation of alkenes and arenes

The effect of temperature and pressure on the pal-
ladium catalyzed carbonylation of 1,5-cyclooctadiene
was examined [539]. Asymmetric hydroformylation of
styrenes using chiral phosphine /platinum /tin complex

catalysts (4:1 branched to normal = 100% ee) [540]
and of acylamino acrylates by rhodium /DIPO catalysts
(= 60% ee) [591] has been developed. Monoterpenes
were selectively hydroformylated using rhodium /phos-
phine catalysts [542). para-substituted 2-phenylpro-
penes were asymmetrically hydroformylated by palla-
dium /DIOP systems [543]. The regioselectivity of the
hydrocarboxylation of vinyl silanes strongly depended
on the catalyst (eqn. (427) [544]), as did the regioselec-
tivity for hydroesterification of acrylic acid esters (egn.
(428) [545)). Cobalt carbonyl catalyzed the hydrocar-
boxylations of unsaturated cyclic amines (eqn. (429)
[546]). Palladium acetate catalyzed the carbonylative
polymerization of ethene (eqn. (430) [547]).

(Equation 427)

é\Siﬂ; + CO + EIOH R’Si/\/COzEl . R:,SI/L

CO,Et
20-160°
80 Kg/cm? CO

THF or MeCu

LPaCpcat 5973 | 4080%
CodCOw 5% | yed

(Equation 428)
R' cat R! R'
\=< + CO + MeOH —— H + 3—(
COMe MeO,C COMe  MeO.,C CO,Me

RA'=H cat=LPdCL, 95%yield >97:3
DIOPPACY, £87% 080

R=Mo,R'=H LPdCl, 44% 83:17
DIOPPUCE, 39% 3060
R=HR'~Mo LPUCHL 50% 8020

DIOPRACH, 49% 2|

(Equation 429)

(Equation 430)

[o]

Il
PaCack HICHZCH,C~),OMe

PhoP(CHa) PP,
pTsOH

CH=CH, CO + MeOH

high molecular weight

Olefins were efficiently amidocarbonylated using
cobalt carbonyl catalysts (eqn. (431) [548], eqn. (432)
[549], and eqn. (433) [550D).

(Equation 431)

o NHCOR?
1 1) CO.Hy n
CH,,P/\ CHyp COR
OR' 2) CO, RCONH, OR'
CozCO)N RPCH 80%
R' = H, CHECH!

RR=H,Me ®’=H,PCO
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(Equation 432)

R RA!

R R
P TS
Pt O Phih™” () NHCOR?
CO/Hy
CoxCO)g 24-76%
R=H, Me,COMe R%=Ph Me
R'=H, Me
n=0,1
(Equation 433)
COH
CO)
ROH-CH; + CHECONH, + COMp — 2008 RcHchzcé
NHAC
70-90%

olefin = 2N\ >== e v O
/\/\/\/\ﬁ& X >= O&/_.%

=~z [T }ms N Ay o OCHLHO,

Hydroxyalkenes (eqn. (434) {551]) and aminoalkenes
(eqn. (435) [552], eqn. (436) [553], and eqn. (437) [554])
were intramolecularly acylated.

R R CO.Me
! )
o
OH
55-80%
R'=Me, EtL H
R = H, (CHzlsMez o Me

(Equation 434)

CO, PdCh,
CuCl MeC(OEN3

and

¢. [o)
pe e
co
R* o) (3]

LaRhCl

NH

().\rr

CozRhACO)r2

221

(Equation 436)

R? [

X

H/C0

“‘fi"'
Rhy(OAc), 7 PhyP R N [o]

83-91%

1:1 diast,
R' = Me, Ph, H
R2=H
(Equation 437)
CH,OCH,Ph o
P{0) RI
Ph = —_—
\/O\A/\
co "
[}
o

Rhodium(I) complexes catalyzed the intramolecular
addition of aldehydes to alkenes (egn. (438) [555] and
eqn. (439) [556)). Other acylations of olefins are seen in
eqn. (440) [557], eqn. {441) [558], and eqn. (442) {559].

(Equation 438)

CHO Q
Ah!
R L
R? R A2
40-70% yiekd
6-77% 6o
R'=H R?=Ph By By

o
. Q PPh
PPh,
(Equation 439)
o]

0
H
o~ 30% [LoRRCTL -~
St e 0K
Y ™ OH
60%
o] o OH
- 0= -0

(Equation 440)

Q [}
T +00 s HO 4 1y 00 Po{sotv.)** /_____)‘\/\P,, . J
Ph Ph Ph

595 40%
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(Equation 441)

: /
c
R# + MeEgSH + CO M—F\( o RN osi,
OSiR, {majon}
51-68%

R - nBu, COMe

(Equation 442)

OH

)\ RC{I!O NN
500 pei OH + OH
100° 70-90%

CHChy
RN cal

XY +CO+NaBH,

Lo
Branched = R = Ph, pMePh, pCiPh, pFPh, >—/ » Ph, pMeOPh

Linear O—% /‘\/\/\/\,r’- Q ,C'J\/H R - Limonene

A

2.3.2. Carbonylation of alkynes (including the Pau-
son—Khand reaction)

Ruthenium-Catalyzed Additions to Alkynes: Synthesis
of Activated Esters and Their Use in Acylation Reactions
was the subject of a review (57 references) [560]. Palla-
dium catalyzed the acylation of alkynes to branched
t-butyl esters (eqn. (443) [561]). Mixed cobalt /nickel
catalysts gave reductive carbonylation products (eqn.
(444) [562)). Cyclic propargyl alcohols and alkynes lack-
ing propargylic hydrogens underwent double carbony-
lation (eqn. (445) [563]). Allenes were acylated by man-
ganese carbonyl/methyl iodide (eqn. (446) [564)).
Alkynes were cyclo dicarbonylated to butenolides by
rhodium catalysts (eqn. (447) [565]). The same complex
catalyzed the cross hydrocarbonylation of 1-alkynes
with ethene (eqn. (448) [566]).

(Equation 443)

Prdzdbay ’Q"’“
opaor, T

PhCmCH + CO + tBuOH

(Equation 444)

COH
CoCl» 6H0MCN
RO=MCH + CO A—CH—CH, + RCHCHLCOM
NKCN)z - 41,0
PhCHy SNKOH PEG 400 12-60% 0-80%
90°1atm

R = Ph, pMePh, piBuPh, pPhCOPY, pMeOPH

(Equation 445)

O

83 - 90%

NKCN)2~4H20

(D
+00 —Mm/—————
kY TBAC

o—H PIC

n=4.57

COH CO,
also R%—- —H _same >=(— ) >.=< H
COH

COMH

(Equation 446)
Mn{CO)10

>=.= +CO + CHyl F\_}*m
P1C —

AwCsCg 40 - 90%

(Equation 447)

om0 At R? R R
iy FL . k—&
(CO)2 Etg o’ 0 o’ -0

60-100% conversion 31013

50-91% selectivity depends on R's
A’ = Ph,p MeOPh, Ph/\/% ,Me, Et
R% « Ph, pMePh, pMeOPh, pNCPh, cMePh, Ph/\)'” JEt
(Equation 448)

RNCON2

RC=CH CH/~=CH; + IPOH
' my

Palladium catalyzed the inter- (eqn. (449) [S67)) and
intramolecular (eqn. (450) [568]) aminocarbonylation of
alkynes. Cobalt carbonyl converted phenylacetylenes to
indanones (eqn. (451) [569]). Iron pentacarbonyl cy-
clized diynes to cyclopentadienones and enynes to cy-
clopentenones (eqn. (452) [570]). Zirconocene effected
a similar transformation stepwise (eqn. (453) [571)]).

(Equation 449)

e PdClal, . /"\"/ NEt,
RoNHI

o}
60 - 90%

R = 8-MeONaphth, pCIPh, pMeOPh, pEtO2CPh,
p-PrPh, Ph, THPOCH, ™

(Equation 450)

R R?
A! 20kgiem™? ! 2 R,
- _¥R2 coy ) R;SI ) /j—nuz
N-Z Rhy(CO)2 N =
" PhH, Base o z RA,Si CHO

ReSIH
60-80%

Z=C0Bn,COMe, pTe,H  R', RZ =« H(CHa)s, Me

R'=H FR2=Cs R'=Me FR- Y\f‘:
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(Equation 451) (Equation 455)
o © + 1o CoxCOls a R 4
PhC®mC—R + + —_— NH
( Coz(COM
o LN THF
~ 25°, 2h
50-70% R 2 (4]
70 75%

(Equation 452)

RZ-P'I.B R‘- N“"' M.Q

a R MaCr,W
- Fe(CO)s

L = o
~h oy

150° R
R=Me, TMS 80-87%

- ) -(Equation 456)
Ph ’
Ph o
7z E
—_— —_— AS
¢ &)’ 3%_ {ﬁf o How s e
7% 80% |
Zz . (o]
80%
Et SMe NMe, SMe
S.
(Equation 453) =/\<] " NMe, , S , ﬁ s "/\/ "/\3“0
s .

™S studied
omm.—TMS °
>§/\ 1) Bul, Cpg2rCh,
oz 2)Co 20 H
84%
(Equation 457)

. H '
.......f ! CO PJ(CAD); &CO‘MS 1) TFA S
OTF —————— - NN, OEt
PrCHy 0. _4COdPr
i it 1 Moa J :r

HO Co,{(CO)y

‘0
The Pauson-Khand cycloaddition reactions for syn- | - 02
thesis of cyclopentenones has been reviewed (79 refer- I R p .
ences) [572]. Trimethyl amine oxide dramatically accel- CozACOls on
erated this process (eqn. (454) [573)) as did the use of T oo 00% o

alkynyl chromium carbene complexes (eqn. (455) [574]).
The regiochemistry of the Pauson-Khand reaction
could be ligand controlled, with the homoallylic posi-
tion being most effective (eqn. (456) [575]). The reac-
tion has found extensive use in synthesis (eqn. (457) (Equation 458)

[576], eqn. (458) [577], eqn. (459) [578], eqn. (460) [579],
OMe,
and eqn. (461) [580). (j(’\wco;. ) char, Mo .(wco).

(Equation 454)

MgO-SIOz
NN IS o e
T
20%

85
o %
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(Equation 459)

R R
v R S T " A
L R aia | @N _Tw
Coy(CO), 3/\

R4 RS

MeNO R 0
R'=H, Me
0+80; A @ RS Re=H
A= H, Me

R* = HCH20BN, CHZOMeM
40-90% ASeH

(Equation 460)

290%

(Equation 461)

wH
A
o e IS
RO

33% mixturg of isomer

2.3.3. Carbonylation of halides and triflates

Organic halides were converted to esters over cobalt
or palladium catalysts on zeolites (eqn. (462) [581,582)).
Formate esters were used as a source of carbon monox-
ide in the carbonylation of halides (eqn. (463) [583)).
Palladium(0) complexes catalyzed the carbonylation of
chloropyrazines (eqn. (464) [584]), and chlorobenzene
chromium complexes (eqn. (465) [585]). Aryl halides
were trifluoroacylated via their copper derivatives (eqn.
(466) [586]). Gem dihalides were carboxylated (eqn.
(467) [587) and aminoacylated (eqn. (468) [588]) over
cobalt catalysts. (2-Bromoethyl)benzene was converted
to a lactone by double carbonylation using a cobalt
catalyst (eqn. (469) [589]. 4Pyridone esters were pre-
pared by the carbonylative coupling of bromoamino-
acrylates with alkynes (eqn. (470) [590D.

(Equation 462)

Pd(0) or Co{0)
RX + CO + EIOH —————— RGOt

ZeoRe
30 atm
100°

n-m.?, ANANNA L NN

X
MBO/\/\"_\- ©/ 1-naphth, pHOPh, MeOPh, pMeCOPh

RX + HCOR' + NaOR'

LoPAC,
.

(Equation 463)

RCOR'

A = Ph, pFPh, pBrPh, pIPh, pMeOPh, m/v“. [}\3

X=|

/~\
\

N Ct

Cl L
CO, MeOH
Cr(CO)y
1) BuLi, CuBr, M
Az EuLLCuBrMesS ArCCF,

2) (CF3COR0
65-85%

Br
ArZ = PhBr, Q Q/ Q__ @f}\ m @._

R = Ph, Phy, 1,2(CHo)s

co)
FeCXe + CO + EtNH 000
fA=H, Me
GO, 8qtBUOH
™~ —————
Sn{Co({COMM

PA(OAC),/PPhy

Nj\ Mo

(Equation 464)

CL

N COMe

(Equation 46S5)

:Q—co,m

Cr(COJ3
(Mechanism)

(Equation 466)

Br

(o]

(Equation 467)

(Equation 468)

NEt,

N + RACONEZ),
COuNEY,
76-87%
(Equation 469)
Hi OH

Ph
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(Equation 470)

o
CO,Me
Br Pd(0)
Rl—o=
RNH\/k COMe ' Co R,/f,j/
MeOH

A

\J
R’ = Ph, pCIPh, pMe,NPh, Cg, <Zj©/, Mw@

Lactones {eqn. (471) [591], eqn. (472) {592}, and eqn.
(473) [593]), amides (eqn. (474) [594]), and pyridones
(eqn. (475) [595]) were all synthesized by the carbonyla-
tion of halides.

(Equation 471)

Ar = Ph, pMePh, pCIPh, pMeOPh, pMeO,CPh, oMeOPh 1080%

R=H,OMe

(Equation 472)

@E‘ PdOAC) Y A @_\
+ Ar—emfie—H ——————— —
DPPF OMF 3 M4
n\/ oH © o R'< n/ oM
o

tair yleld
(Equation 473)
! o)
5% Pd(OAC
" o Pd(QAC), o
(R) BINAP
1am
K2C0, TIOAC 7a%
50% ee
Br o
and OTMS ™ 0
41% yiekd
39% oe
(Equation 474)
[}
@[I PACI;DPPE
AN, + —_— NAr
. co
o
50-70%

Ar =Ph, pMePh, pMeOPh,pMeO2CPh, pNCPh, pCIPh, pPhPh, pPhCOPh
also 3-Me, 4-Me, 4C, 4,5-MeO,, 1,2-giodobenzenes work
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(Equation 475)

Palladium(0) complexes catalyzed the carbonylation
(eqn. (476) [596]) and carbonylative coupling (eqn. (477)
[597], eqn. (478) [598], and eqn. (479) [599]) of triflates.
Cobalt complexes catalyzed the carbonylation of sul-
fonates (eqn. (480) [600]). Palladium complexes cat-
alyzed the carbonylative coupling of boranes (eqn. (481)
[601] and eqgn. (482) [602)). '

(Equation 476)

LiPd(OAc),
EtgN HCOOH
(Equation 477)
OSiR, o R
R?
a2 . N)‘\/k”,
AOTT 4+ o
R LePd
100° R o A
OSiR, FMPH C)\)k)\
oR RO, CO,R
good yieid
(Equation 478)
"
/l Pd(0), CO UI'
+ Re==
an

50-80%

R-Ph.OMm,pMOOPh./’\/\)ﬁ.TMS

ol on Sterokd
Viny! tifiates = ﬁ steroid w msmld
no TiO o’
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(Equation 479)

0 0
Pd{0) CO n
“O\/\( ))L o/v\/SnBu, —
" " o~ ©

n=~48 40-70%

(Equation 480)

RIOSOR? + CO + EIOH

R'COEt
Nal

™y
100° 36-70%

A= rra Ph/\/'l"' ao/\/\/'," >.=/\)\/\‘:r ).:/\‘,‘
2
0,

(Equation 481)

R
= A~

co
LPd KO3 50-70%

R+ 88— N\ BON

R = Cg, MaO,C(CHzlp, pMeOPh, ano/\/'l"' . NC—{CHg)s

R' = Cq, Me, ? , 18u, OF;(\})’* NC/\)" u.o,c/\/\‘\s

(Equation 482)

(o]
B

R!

(\B—R co Pao)
P + + a >—\ —_—

RZ  KyPO,
50-80%

R'=H
R? = nBu, nCs

2.3.4. Carbonylation of nitrogen compounds

Allylamine was carbonylated in very low yield to
give a mixture of products [603]). The reductive car-
bonylation of nitroaromatics to isocyanates with palla-
dium catalysts [604] and rhodium catalysts [605] as well
as the ruthenium catalyzed reductive carbonylation of
aromatic nitro compounds to arenes [606], has been
reported.

2.3.5. Carbonylation of oxygen compounds

Carbonylation of allylic compounds and cross dou-
ble carbonylation of amines and alcohols using palla-
dium and rhodium catalysts has been reviewed (42
references) [607]. Optically active benzyl carbonates
were carboxylated in modest enantiomeric excess using

palladium catalysts (eqn. (483) [608]). Allyl acetates
were acylated by alcohols using ruthenium catalysts
(eqn. (484) [609]). Propargyl carbonates were carbony-
lated to allenyl ketones using palladium catalysis (eqn.
(485) [610]). Allyl ethers were carbonylated equally well
by homogeneous and heterogeneous palladium cata-
lysts [611]. Aromatic aldehydes were carbonylated to
phenyl acetic acid derivatives by palladium-phos-
phinehydrogen chloride systems [612]. Tetrahydrofuran
was ring opened and carbonylated by manganese car-
bonyl triflates (egn. (486) [613]). Diphenyl allyl acetates
were cycloacylated to naphthols by palladium catalysts
(eqn. (487) [614)).

(Equation 483)

LA, =
Ar o/u\a —— A7 TCOH
Pd0)

up to 54% e

Ar = 2-Naph, 1-Naph, 9-Phen, 6Me0O-2-Naph

(Equation 484)

0
R‘
RCHOH + 4\‘\/0“ e R’u\/‘/\
15¢° CO R!
40-80%

I O\g P

R'=H,Me

(Equation 485)

N R OTHP

RC—Hm.—  + CO + A CIC0Me, >==<— COMe
. OTHP PdOAc) R’ Z#
R PRty O bLome

80%

(Equation 486)

{ o S + NamMn(CO)s + TBOMFOTT ——n TBDMSO—/_—\—Mn(CO),

77%
2N CO.Me
Co
hv CSA MeOH
(o]
70% so_/~\/u\
TBOM: OMe

95%
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(Equation 487)

R At Ar
& _ CO/ A0/ NEty 7
= el O RN
PACL{PPhy), / 160° %
R
OAc OAc

30-80%

mixture
Ar = PR, pMePh, 2-turyl, pMeOPh
Ar' = Ph, pMePh, pCFaPh, 3,5-CLPM, 3,5-MePh

2.3.6. Miscellaneous carbonylations

Palladium acetate /copper acetate /oxidizing agent
systems carboxylated cyclohexane [615] and alkylated
cyclohexanes (eqn. (488) [616]). Iron acyl complexes
added to iron «,B-unsaturated acyl complexes (eqn.
(489) [617]). Palladium catalyzed the carbonylation of
silyl allyl carbonates (eqn. (490) [618]), cyclopalladated
arenes (eqn. (491) [619]), and dienyl acetates (eqn.
(492) [620] and eqn. (493) [621]). Cyclopentenones were
made by the carbonylation of zirconacyclopentanes
(eqn. (494) [622)).

(Equation 488)

PU(OAC)2
O ==
+ CO
KaS:0p
CFsCOOH 80°
20am COH

20,504% (205 twms) on Pd

QU D
\/'\

(Equation 489)

co 1) Buli Fi
CpFe. —_— -
PhaP ° 2 co Q
CpFe. Fp:
(RS) Pn,P\‘f)A []
(R.R) (S,5) only
(Equation 490)

A Rd

(Equation 491)

R 0
N

é %mn{
o o8

50-60%
(Equation 492)
[
o PdChL,
R‘Mw

2 Y o

co R

40-80%

R' = Ph, pMeOPh, pCIPh, 1-Napnt, [/ \ e H A
(0)\;
R% R% = H, Me

(Equation 493)

! N o SO0
EtN
2 45-90%
X=8,0,NAC
(Equation 494)
X X 0
o 1) tBuLi 1)Cco
—_ - y ——
2) CpaZriMe)Ci Pz 2 O
Y 4 ] On Y
On 2556%
n=13
X, Y =H, OMe
X = Nide,

2.3.7. Decarbonylation reactions

A dissertation dealing with mechanistic studies on
rhodium(I) catalyzed decarbonylation reactions of acid
chlorides has appeared. Thioesters were decarbony-
lated to dithiols by nickel(II) chloride /zinc (eqn. (495)
{624D.
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(Equation 495) (Equation 498)

0
Ph/\)Lsn —
A—+=:—H + HCOOH/H0
0 co €Oz
SR
49-75%,

o]
é/u\sn NiClz6H20 ast (Equation 499)
xn

good yiekis
) " Poteca /PPy A
o SR )\/ + COz
o 2) DMF co,H
o]
~ i SR
n (Equation 500)
2.3.8. Reactions of carbon dioxide _<R soroe o
» . . 3 53 - u
A review entitled Chemical Utilizations of Carbon AR+ COp Hcac_< v PN _
. . . + 2
Dioxide. Synthesis of Unsaturated Lactones (3 refer- o\/\n/

ences) has appeared [625], as has one dealing with
carbon dioxide as a C-1-synthon in catalytic syntheses
(19 references) [626]. Alkynes were carboxylated by
carbon dioxide under electrochemical reduction in the

(Equation 501)
presence of nickel catalysts (eqn. (496) [627]), as were

diynes (eqn. (497) [628]). Pailladium catalyzed the car- o
boxylation of alkynes (eqn. (498) [629]) and dienes 0y + COp CTHO RNHJ-LNHR
(eqn. (499) [630)), while ruthenium complexes catalyzed Ro=cH

30-70%

the carboxylation of enynes (egn. (500) [631]). Alkynes
were used to carry the carbonylation of amines by

carbon dioxide (eqn. (501) [632)). - Q o N é e, Nt o™

(Equation 496)

e

war

1) &7, Ni{bi R, R? R\
Rt 4 oo, DN LN

2 o o Low valent nickel incorporated carbon dioxide into
60.90% a number of substrates (egn. (502) [633), eqn. (503)
From1916r ' smat #.- [634], eqn. (504) [635], and eqn. (505) [636]). Palladium
rom orR' = , R® = targe
104753 for R' = 2 (0) complexes decarboxylated allyl carbonates (egn.
(506) [637)).

R 1PY, G Gz (5 o a0 NN a0 omo NN
(Equation 502)

R? = nPr, H, Me, Ph, COLEts (Equation 497)

Os ()=
_>—CO,H
Ri—=—=—R 4 0Oy L. Mg anode Re—= o CoM

92%

R2
COH
R‘—.E._/>— ? (Equation 503)

40-80%

R «nCs, , Ph, pMePh, MeOCH,, PhOCH, w;(o, 1) co co,H
.
Ni 2)H" CO,H
R

2 = Ph, nBu, PhOCH,, MeOCHy, pMePh 60-70%
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(Equation 504)

L
@ voo 2L D’J\p L O—co.ﬂ
o] w 95%
BeCl
<
o
o ;

HOL' COM 3%
71%
(Equation 505)
R
\=— +cCO; 2 N R
(R HOL” ~R?
jmm)L HOC  COM /
Co:
co R

N'i co Hi

R .

(Equation 506)

[o]

)LOAI Pd(0)

R
:\’/\/0 ’,\NON + CO;

50-80%

2 SASash o

2.4. Oligomerization (including cyclotrimerization of
alkynes, and metathesis polymerization)

A dissertation dealing with ethylene dimerization
catalyzed by rhodium supported on oxide surfaces has
appeared [638). Square planar nickel complexes [639),
nickel formazanates [640], silica supported molybde-
num catalysts derived from Mo{(NMe2)3 [641], and
nickel(II), palladium(II), and platinum(II) phosphine
complexes [642] all catalyzed ethylene dimerization.
Nickel aminophosphinite complexes dimerized conju-
gated dienes [643]. Rhodium (ethyl) (ethylene) com-
plexes catalyzed the efficient tail to tail dimerization of
methyl acrylate (eqn. (507) [644]). Low valent titanium
complexes catalyzed the oligomerization of methylene
cyclopropene, and its cocyclooligomerization with con-
jugated dienes [645].

(Equation 507)

He
/ . ¢\n/ —~ wog AR COMe
o
Ah; >33% selectivity
H ) >99% conversion

W
(cat)

The oligomerization of a-olefins to higher linear
oligomers has been reviewed (447 references) [646].
Olefins were polymerized by vanadium containing
polyhedral oligometallasilsesquioxanes [647]. Cationic
chromium complexes (eqn. (508) [648]) and zirconium
complexes (eqn. (509) [649] and eqn. (510) [650]) poly-
merized ethene and propene. Palladium(0) complexes
catalyzed the oligomerization of 1,2-distannyl ethene
with dibromothiophenes (eqn. (511) [651)). Enantiose-
lective telomerization of 1,3-dienes has been reviewed
(23 references) [625].

(Equation 508)
s

+ CHy=CH, ———u:h -{CHz—CHz};‘

Ci
me’ \ THE
THF
cat

(Equation 509)

[CP2"ZICHa| B(CeFsls + CHz=CH, — -{CHz—CHz'}-n
cat

(Equation 510)

(Equation 511)

2 Rt R?

R! R
—\— SnBuy Br 3 Br

P
s

n

50% MW = bimodal

6000 and 12900

N
AWE /\B,B,_Z‘M"im oo work
S () 1) S )
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Alkynes were dimerized by ruthenium catalysts (eqn.
(512) [653,654] and egn. (513) [655)), while a,B-un-
saturated ketones were tail to tail dimerized by rhodium
catalysts (eqn. (514) [656]). Ruthenium catalysts codi-
merized alkynes with alkenes (eqn. (515) (657]) while
titanacyclopentenes codimerized isoprene and ethylene
(egn. (516) [658)). Palladium complexes catalyzed the
cooligomerization of alkynes and alkenes (eqn. (517)
[659] and eqn. (518) [660]).

(Equation 512)

Ru' cat
A~ SE+mH ———— R—emme—y

A\

R=TMS, Ph

{Equation 513)

Ru(COD)(COT) >>2: H
CmCH —— "o .=.~3/<

(mechanistic study)

(Equation 514)

)K/ [RRCKC: e “)j\/\/\lf "/U\/W

(Equation 515)

R
RememR 4 = UCODNCOD \=<';\
z —

z
40-80%

R = Ph, Et, Me, tBu, H
Z = COzMe, CONMe,

(Equation 516)

S = A

(Equation 517)

N.
E = + E—=+—E + /\/OH———
(major)

RN
J _OH/'}_%OH

(cat)

(Equation 518)

Pd dba = R
RCECH + 2 WOCO;R‘ —P——P—-. —
hyl

R = Me, NBu, Cq, >S-'°H

Optically active (bis) indenylzirconium complexes
polymerized 1,5-hexdienes very stereoselectively (eqn.
(519) [661]). Simple methyl rhenium oxo species were
efficient ROMP catalysts (eqn. (520) [662]). Chiral
polyacetylenes were synthesized by tungsten catalyzed
ROMP polymerization of cyclooctatetraenes with chi-
ral side chains (eqn. (521) [663]). Tungsten(VI) chloride
cooligomerized norbornene and phenyl acetylene (eqn.
(522) [664]). ROMP polymerization of functionalized
bridge bicyclic dienes led to highly functionalized
oligomers (eqn. (523) [665]).

(Equation 519)

ONAF . N2 sinaprit

(Equation 520)

(Bquation 521)

80-80% conversion

(Equation 522)
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(Equation 523)

[o]
X Mo({CHCMeg)(NAN(OtBu)2

| = _

X

n = 100-723

.

P
X = CF3, CO;Me, CN, OAc, % %j

Cyclopentadienyl cobalt dicarbonyl catalyzed a num-
ber of cyclotrimerization reactions of alkynes, and
alkene /alkyne cocyclotrimerizations (eqn. (524) [666],
eqn. (525) [667], eqn. (526) [668], and eqn. (527) [669)).

(Equation 524)

0SiR, e
H 2
1) CPCO(CON, 110° ><ﬁ
_ /// 2) CuCl,
92%

(Equation 525)

o
i
z
OH
(Equation 526)
0 a 0o R
s ! coaco, Py -
A | v — —j—CeCp
0~ N i
L~ R
X
R=TMS, COMe
(Equation 527)
and
o] o]
R'\% —— R'\
) - "D — LD
o)\n —=‘——} a)\u \’
R? R cotp
goodylelds n=1,23
POOr COMmversion
R « PCO, H, Me

R? = Meg Aibose, Me, deoxyribose, Ac; Ribose

(Equation 528)

RI
X
Rl—.=.—R? 4+ TMSCN —?cico‘—z-— Nc/gN»‘NTMSz
A h
H

60-90%
RS = Ph, iPr, /Y\’“ , nBu, cu,coz/\/i", Pnco,/\)"

LN

Reduced nickel species cyclooligomerized unsatu-
rated species (eqn. (529) [670], egn. (530) [671], eqn.
(531) [672], and eqn. (532) [673)).

(Equation 529)

} R
. NDG - R
R R

14-50%

R=ELnPr  R'=pMe0, pCl, pi, pMe, mieO, mir, mC!

(Equation 530)

B, Br \ /
H NKCOD)z /L ~ >
S DMF 70° = =
1\
§
70%
and
X
g
no yield
(Equation 531)
CL()
o Rt n
=R (CHA—OH | pacy, + R
+ E-—K —_— A2
= R P 2BuLi
b 2PhgP
ﬂ‘
27-78%
:;-coan.co.a neo,1
=H, Mo
RHue (O
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(Equation 532)

OH
R:I
O 2
L nyooon, R R
ol == .
R g2 Fli‘ R R R R
R? R?

not much selectivity

R'=Ph,Bn,BusSn R*=H,Me R°=Et Me

RO ELIPLTMS AN o N Y\/oras

Other cyclooligomerizations are shown in eqn. (533)
[674] and eqn. (534) [675]. Niobium(V) chloride cat-
alyzed the cocyclotrimerization of phenyl acetyienes
and hexynes [676]. Rhodium chloride /aliquat 336 cat-
alyzed the cooligomerization of phenylated diynes [677],
while rhodium(+) phosphine complexes oligomerized
phenylacetylene {678].

(Equation 533)

R

x> Br 1 Pdi0Ac): R l R
+ R'—:=+—R! —m——
X P
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(Equation 534)
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Titanium(IV) complexes catalyzed the living poly-
merization of isocyanates (eqn. (535) {679]). The mode
of chain growth for the cooligomerization of styrene
and carbon monoxide was studied (eqn. (536) [686]).

(Equation 535)

living
(Equation 536)
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2.5. Rearrangements

2.5.1. Metathesis
The following reviews and dissertations dealing with

olefin metathesis have appeared:

The Stereochemistry of Metathesis of Acyclic

and Cyclic Olefins (23 references) [681];
Metathesis of Functionalized Acyclic Olefins
(49 references) [682];
General Properties of Supported Metathesis
Catalysts (47 references) [683];
Novel Supported Catalysts for Terminal
Alkene Metathesis (35 references) [684];
Catalysts for the Homogeneous Metathesis of
Functionalized Olefins (43 references) [685];
Metathesis of Alkynes (58 references) [686);

“Photochemical” Azo Metathesis by Tungsten
Carbenes. Generation of Low-Valent Tung-
sten Nitrenes [6871.

New olefin metathesis catalyst systems involving an-
choring molybdenum dioxo(acetylacetonate) to alu-
mina [688], tungsten carbonyls [689], heteropoly-
tungstate and molybdates on silica [690], Re,0,/Al,0,
[691], tungsten/tin/aluminum [692], and dinitrosyl-
molybdenum complexes [693] have all been developed.

2.5.2. Olefin isomerization

Palladium(II) dithio-B-diketonate complexes cat-
alyzed the isomerization of a-olefins in the presence of
alkylaluminum cocatalyst [694]. Catalytic asymmetric
hydrogen migration of allylamines has been reviewed
(69 references) [695]. Arene chromium complexes cat-
alyzed the rearrangement of allylic diene amines to
dienamines (eqn. (537) [696]). Ruthenium complexes
rearranged allyl alcohols to aldehydes (eqn. (538) [697])
while cationic rhodium complexes rearranged allyl al-
cohols to enols, which were quite stabie {eqn. (539)])
{698]. Iridium hydride complexes rearranged propargyl
amines to ketones (eqn. (540) [699)).
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(Equation 537)
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(Equation 540)

233
mium complexed benzylallyl ethers underwent rear-

rangement when treated with butyllithium (eqn. (545)
[704]).

(Equation 541)

(Equation 542)
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2.5.3. Rearrangement of allylic and propargylic com- but =
pounds
Palladium(II) complexes catalyzed the allylic trans- ve,, ) \
position of allyl acetates (eqn. (541) [700]) propargyl Q—/W — ¢ D
acetates (eqn. (542) [701]), Sallyl dithiocarbamates (eqn. . T, -
(543) [702D), and o-allyloximes (eqn. (544) [703]). Chro- GOt (©0ncr
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2.5.4. Skeletal rearrangements

Reviews dealing with transition metal (Pd and Ni)
catalyzed cycloisomerization of enynes have appeared
([705] (40 references) and [706] (11 references)). Mis-
cellaneous skeletal rearrangements are presented in
eqn. (546) [707), eqn. (547) [708], eqn. (548) [709], eqn.
(549) [710], eqn. (550) [711], and egn. (551) [712].

(Equation 546)
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(Equation 551)
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2.5.5. Miscellanequs rearrangements

Epoxides were isomerized to aldehydes by Sn[Co
(CO),], [714a)l. Rhenium complexes catalyzed the
epimerization of secondary alcohols (eqn. (552) [713]).

(Equation 552)

OH
Eﬁ’ 1°CoRsRe(NO)(PPRa)(OMe)
8733
exo
@f—— 70:30 trans/cis
\\‘OH

3. Functional group preparations

3.1. Halides

Enol ethers were converted to a-iodoketones by
iodine /copper(Il) nitrate (eqn. (553) [714b]). Alkenes
were converted 1,2-dichlorides by oxallyl chloride and
potassium permanganate (eqn. (554) [715]). O-Bromo-
N-allylanilines were converted to 4-iodoindoles via zir-
conium chemistry (eqn. (555) [716]). Cyclopropyl ke-
tones were chlorinatively ring-opened by molybdenum
pentachloride (eqn. (556) [717]).

(Equation 553)
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(Equation 556)

3.2. Amides and nitriles

A dissertation dealing with amino acid bis amides
from 5-aminoisoxazoles-transmetallations of organos-
tannanes via higher-order cyanocuprates has appeared
[718]. Copper(D) iodide coupled vinyl bromides with
amides to give enamides (eqn. (557) [719]). Alkynes
were converted to a,B-unsaturated amides by reaction
with reduced tantalum species and isocyanates (eqn.
(558) [720D. Nickel(0) complexes catalyzed the reaction
of w-olefinic amides with isocyanates to give bis-amides
(eqn. (559) [721)).

(Equation 557)
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(Equation 558)
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(Equation 559)
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3.3. Amines and alcohols

A review entitled Amination Reagent. Lithium Di-
amido Cuprate has appeared (3 references) [722). Aro-
matic nitro compounds were reduced to anilines by
Rh (CO),,-9,10-diaminoanthracene catalysts [723] and
by polymer-bound palladium acetate [724]. Imines were
reduced to amines asymmetrically by rhodium(I) com-
plexes of chiral bidentate phosphines with up to 69%
enantiomeric excess [725]. The reaction could be car-
ried out in aqueous solvents using sulfonated bdpp as
the ligand (eqn. (560) [726]). O-Allyl carbamates were
deprotected to the free amine by palladium(0) catalysts
and tin hydrides (eqn. (561) [727] and eqn. (562) [728)).
Palladium also catalyzed the amination of allylic car-
bonates [729].

(Equation 560)
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(Equation 562)
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Hoa 3 HN
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60-90%

Allenyl bromides were converted to propargyl
amines using copper(I) bromide (eqn. (563) [730]). Op-
tically active zirconocene derivatives were used to syn-
thesize allyl amines (eqn. (564) [731]). Nitriles were
reductively coupled to give secondary amines by
rhodium on alumina (eqn. (565) [732)).

(Equation 563)
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Transition Metal Promoted Hydroborations of Al-
kenes, Emerging Methodology for Organic Transforma-
tions is the title of a review (63 references) [733]. This
process was accelerated by electron-withdrawing

groups, and metal complexation determined stercose-
lectivity [734]. The asymmetric hydroboration of nor-
bornene, indene, a-methyl styrene and 2,3,3-trimethyl-
but-1-ene using rhodium(I) catalysts and diop as ligand
gave very modest enantiomeric excesses (27%) [735].
The use of BINAP gave much better enantiomeric
excesses with styrenes (eqn. (566) [736]). Phenylbutadi-
enes were dihydroxylated (eqn. (567) [737]). B,y-un-
saturated amides were regioselectively hydroborated
(egn. (568) [738)).

(Equation 566)
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(Equation 568)
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Selective hydrogenolysis of benzyl and carbobenzy-
loxy protecting groups for hydroxyl and amino func-
tions has been reviewed (16 references) [739]. Allyl
carbonates were reduced to homoallyl alcohols by
borohydride and palladium(0) catalysts (eqn. (569)
[740]). Nickel complexes catalyzed the « oxidation of
silylenol ethers (eqn. (570) [741]). Carboxylic acids un-
derwent remote oxidation with platinum(IV) (eqn. (571)
[742)).

INCOD)(PCy3)Py"PFa

(Equation 569)
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4 O 20-80%
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(Equation 570)
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Catalytic enantioselective hydrogenation of ketones
and imines using platinum-metal complexes has been
reviewed (40 references) [743). Cationic iridium com-
plexes catalyzed the asymmetric hydrogenation of a-
amino ketones [744). Palladium(0) complexes catalyzed
the reduction of epoxides to alcohols (eqn. (572) [745)).
Nonenolizable ketones and aldehydes were reduced by
zirconocene dialkyls (eqn. (573) [746]). Dihydropyridine
iron acyl complexes were NADH mimics (eqn. (574)
[747]). Ketones were reduced to optically active alco-
hols by silanes and chiral rhodium complexes (eqn.
(575) [748)). Esters were reduced to alcohols by ti-
tanocene dialkyls /silanes (eqn. (576) [749)).

(Equation 572)
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Asymmetric osmium tetroxide oxidation with 2,2’-bi-
pyrrolidine ligands was reviewed (3 references) [750).
Olefins were cis dihydroxylated by Re,0,/H,0, (eqn.
(577) [751)), and osmium tetroxide (eqn. (578) [752]),
while this reagent tetrahydroxylated dienes (eqn. (579)
[753D. Asymmetric dihydroxylations of alkenes using
osmium tetroxide /alkaloid ligands continued its devel-
opment {7541 and {755]. Bis epoxides were converted
to 1,2-diols by reaction with copper catalyzed Grignard
reagent (eqn. (580) [756)).

(Equation 577)
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Nickel(0) complexes catalyzed the alkylation of alde-
hydes by Bdicarbonyl allyl carbonates (eqn. (581) [757)).
Grignard reagents ring opened lithiated dihydrofurans
and pyrans (eqn. (582) [758]).

(Equation 581)
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3.4. Ethers, esters, and acids

Procedures to control the regiochemistry of palla-
dium catalyzed etherification of allylic acetates have
been developed [759]. Palladium complexes catalyzed
the attack of phenols on allyl epoxides (eqn. (583)
{760]). Manganese-compiexed chlorobenzenes were
alkoxylated by phenols (eqn. (584) [761]). Oxidation of
o-alkylpalladium(II) complexes produced ethers (eqn.
(585) [762]). Ketals were reduced to ethers by zirco-
nium hydrides (eqn. (586) [7631).

(Equation 583)
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(Equation '586)
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Palladium catalyzed benzylic acetoxylation was
purely heterogeneously catalyzed even when homoge-
neous palladium catalyst precursors were used [764].
The activity and selectivity of acetoxylation of cyclic
conjugated dienes over Group VIII metal catalysts has
been studied [765]. Acetoxylations of cyclohexene by
copper acetate in the presence of amino acids pro-
ceeded with up to 30% enantiomeric excess [766).
Sulfonylquinones were used to promote the palladium
catalyzed 1,4-acetoxylation of dienes, improving the
rate and the stereoselectivity [767]. Palladium(ll) cat-
alyzed the acetoxy cyclization of 1,5-dienes (eqn. (587)
[768,769]). Palladium catalyzed the acetoxylation of a-
aminotropanone (eqn. (588) [770]).

(Equation 587)
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B-Lactams were acetoxylated a to nitrogen by
OsCl; /peroxides (eqn. (589) [771]), ruthenium catalyst
(eqn. (590) [772]) and copper acetate (eqn. (591) [773]).
Nickel(II) complexes catalyzed Baeyer—Villiger oxida-
tion of ketones (eqn. (592) [774]). Ruthenium com-
plexes catalyzed the reductive coupling of aroyl chlo-
rides (eqn. (593) [775).
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Cobalt(II) chiloride catalyzed the conversion of aryl
aldehydes to acetals (eqn. (594) [776]). Chromium acy-
late complexes were converted to enol acetates by acid
chlorides (eqn. (595) [777]). Rhodium and iridium(I)-
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complexes were used to promote peptide coupling (eqn.
(596) [778)). Nickel(1I) complexes catalyzed the oxida-
tion of aldehydes to acids (eqn. (597) [779D.

(Equation 594)
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3.5, Heterocycles

Asymmetric epoxidation of olefin continues to be a
very active area for research. The following reviews on
this topic have appeared:

Asymmetric Epoxidation (242 references) [780);
Catalytic, Enantioselective Epoxidation of
Simple Olefins (11 references) [781];

A Revolution in Organic Synthesis. Discovery
of Asymmetric Epoxidation (17 references) [782];
Metal-Mediated Enantioselective Access to
Simple Oxiranes. Prochiral and Chiral Recog-
nition (37 references) [783];

Applications of Some Chiral, B-Ketophos-
phonate Transition Metal Complexes in Epoxi-
dation Catalysis [784].

The effect of hydroperoxide structure on the enan-
tioselectivity of the Sharpless epoxidation of 3-methyl-
2-buten-1-0l has been studied [785]. Sharpless asym-
metric epoxidation figures extensively in complex syn-
theses (eqn. (598) [786], eqn. (599) (787,788], eqn. (600)
[789], and egn. (601) [790]. Functionalized allyl alco-
hols also underwent this reaction (eqn. (602) [791), eqn.
(603) [792), and eqn. (604) [793]. Titanium(IV) t-buto-
xide was much less efficient than the isopropoxide for
Sharpless kinetic resolution of racemic secondary alco-
hols [794].
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(Equation 601)
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Molybdenum peroxo compounds catalyzed the epox-
idation of olefins (eqn. (605) [795] and eqn. (606) [796)).

(Equation 605)
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Cobalt Shiff base complexes catalyzed the epoxida-
tion of olefins [797], as did nickel salen complexes (eqn.
(607) [798]). Optically active manganese salen com-
plexes were efficient asymmetric epoxidation catalysts
(eqn. (608) [799-801] and eqn. (609) [802]).

(Equation 607)
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(Equation 609)
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93% (43%e8)
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Metal Complex / lodosobenzene Active Species for Ox-
idation was the topic of a review (5 references) [803).
Optically active porphyrin-manganese complexes cat-
alyzed the olefin epoxidation (eqn. (610) [804)]), as did
nickel(Il), B-diketonate complexes (eqn. (611) [805,
806]), nickel bipyridine complexes (eqn. (612) [807]),
and iron cyclams (eqn. (613) [808].

(Equation 610)

- - >W<
(o]

~ 40-90% yleid

up 1o 76% ee

|orPh/§ W PR

(Equation 611)

QL

PN

cat Nkdmp), >&/\
R‘
02
2RCHO

high yleld
high conversion

Ala AN~ ’:‘\A/\om A ,4“\)03 r“\/t

- O dh zﬁﬁwi/

SN e NN OY\/W“/\/\
08Bn

(Equation 612)

R/\+Nmmﬂ/<?

25-50%

R=Ph

w. J\ /—\ PR /4N
Ph i S T i ™

(Equation 613)

Fe(cyclam)({CF3SOq)2 >&<
>_<_ + ARHD —————————

O> R AN Ph/wm
7 3

wms 20 1 18

Olefin epoxidation was also catalyzed by vanadium
oxo species (eqn. (614) [809] and eqn. (615) [810D) and
simple rhenium oxo species (eqn. (616) [811]). Copper
catalyzed the aziridination of alkenes (eqn. (617) [812D.

(Equation 614)

__Bon
o T~

o]
(olefin as solvent)

NN

20-70% based on tBuOOH

@OOO?&AA

S

(Equation 615)

[} 1
VO(dom);0z cal g8
AN P TR
R N RZ/MNHW.
| > o '
cHo

70-90%

R' = Me, H, Ph

(CH2)
R? = Me, Ph *

(Equation 616)

MeReCO; cal
>——-< + WO —————=
[o]

many cases
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(Equation 617)

Ts

R 5% Cul cat R% N
>=\ + PH=NTs ————
R R3 R Rr?

60-90%

Y Ph/k X" N
X COE A NcoMe ANNF dq @ (5

A pB-lactone natural product was synthesized using
iron carbonyl chemistry (eqn. (618) [813,814]). Asym-
metric synthesis of azetidinones was reviewed [815].
B-Lactams were synthesized using palladium (eqn. (619)
[816]), chromium (eqn. (620) [817]), and cobalt chem-
istry (eqn. (621) [818)]).

(Equation 618)

“ds 5!-1 1) Fez(CO)g
N
F NN
/\/\/j:') Y
[}
21%

(Equation 619)

41-T1%

(Equation 620)

R —_CrCO),
« Me
. Nt LDA W/,
| + —_—
| co,Me d M
Cr(CO)s
64-77%
R
>98% e
R? = Me, PhCONH

(Equation 621)

(made in 14% yleid)

Rhenium(I) complexes catalyzed the trans acetyl-
ization reaction (eqn. (622) {819]). Palladium(II) cat-
alyzed several forming reactions (eqn. (623) {820], eqn.
(624) [821], and eqn. (625) [822)).

(Equation 622)

oH I\ aucwts /_\o oH
N .:><2- o n?><n* " e

60-80%

R'=BuELPr R°=H,Ms R°=Me,ELPr R'=H Mo E

(Equation 623)

EtO 62%
(Equation 624)
() Py y ()
(m "OH 26qBQ (44 s 7"
g
LzC0p ACO
86%
n=12
o 2,
ar g
%

OAC Pdxdba;
u. ACO’ ’ ——z— -~
1,4-BQ BIPHOS

Dihydrofurans were made by the reaction of ketene
dimer with olefins (eqn. (626) [823]), manganese cat-
alyzed cyclization of diolefins (eqn. (627) [824]) and the
condensation of isonitriles with a-halo ketones (eqn.
(628) [825)).
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(Equation 626)

o}
o} * O
Ph Ph
14-73%
o]
™S OR
Ph PR ™o

(Equation 627)

RZ Rt R
o {) N
— . °
R R R

30-90%

o OE! Mn{OAC)3

(Equation 628)

R
/
N

[o]
I CoBraplANC); _(/j
AC—CHX + ANC ———— = A
[o} \Y

Ar = Ph, pMePh, pPhPh, pMeOPh, pNO2Ph

N-R

Five-membered lactones were synthesized by a num-
ber of different organometallic routes (eqn. (629) [826],
eqn. (630) [827], eqn. (631) [828], eqn. (632) [829], eqn.
(633) [830], and eqn. (634) [831]).

(Equation 629)

Pdydbag / PPhy 5&\
o]
HCOMNH,
= HO
Ogc/\/ >

Pdxdbag / PPhy

(Equation 630)

0
B2 g 0 on
Mn(OAC)3 R
A A AP
o 0 a0
20-60%

CO,Et

(Equation 631)

opr  MeCh o
™
o

° Cl
45%

(Equation 632)

o] o]
1) Sn(Col A" R
or ) Sn(Co(CD)a)2
e | o 0
CalOH) HO B0 CO Kow  H o on

2)H*

50-60%

(Equation 633)

[»]
= /Lk H2S d
P + [CUMECNI IO, ——— —— i
10 -~
N Ca 80" N: NH
N +
’\‘°
CI0.
20%

(Equation 634)

COR o
Pd—SnC!.
)\/OH + RCHO = (o)
At DMF /H0 R

R2
18-40%

R=EtMe R'=Me,Bu,Ph R?=By, Q.woochn

Furans were synthesized by palladium catalyzed cy-
clization of Bynones (eqn. (635) [832]), copper acetylide
reaction with halopyrimidines (egn. (636) [833]), and
McMurray coupling (eqn. (637) [834]).

(Equation 635)

[o] R?
il MeCN /H0
A'—CEMC—CH—C—R — o R\
’l‘z PoCl; AN R

40-70%

N
same + A0
1\
R o R

o 40-70%
Rla NN "'
¥

R? = Me, Et, /M
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(Equation 636)

r\X Py
L, - remem 2= XL m
R” "N" 0 L 3 o
H
57-92%

(Equation 637)

+—C
—_ | p—en
R‘

R, R' = Ph (32%), Me (56%)

also
R \ R
o] 9 N 1
—_— A\ nldo _— R
@ R' @g N)'\R‘ N
O\Ir "
[o]

H
80-89%

Pyrrolidines were made by palladium catalyzed cy-
clizations (eqn. (638) [835], eqn. (639) [836], eqn. (640)
[837], and eqn. (641) [838)).

(Equation 638)

AE&{*‘,W.

80%

Qe o

NH

7= .
Pﬂ)\ = O, MeOH, CuChy

(Equation 639)

g8
H
o D - o
LK £ LiCuCly N
HN‘ BQ H BoC
8n0
95%

77%

(Equation 640)

MeCN), ()

. PdCiy n (
R'C==C—(CH,);—CHI h}\
2 | R, N At /(\:)\ pe’ é\ R

NH, N
R|
40-70%
n=14

(Equation 641)

¢ T
PdOAc)z mOBr _JSNH w OBn
uo Pa(o)
) &% Y

OAc OH

245

1,4- and 1,5-aminoalcohols were cyclized to lactams
by ruthenium complexes (eqn. (642) [839]). Nickel(0)
complexes cyclized olefins, isocyanates, and carbon
monoxide to imides (eqn. (643) [840]). Copper(I) cy-
clized propargyl alcohols and isocyanates to give oxazo-
lidinones (eqn. (644) [841]). Diols were converted to
oxazolidinones by reaction with isocyanates in the pres-
ence of palladium catalysts (eqn. (645) [842]).

(Equation 642)

RuHaly On
Hor ™, Ph%\ﬂ/ [H,(Eo

[»}

(Equation 643)

o

Ph

N(COD), 30% ﬁ
PANCO <:>-),P Q N °

co o 21%

Ph

0%

(Equation 644)

SRCRE

R?

T
TWO
[e]

80%

Y
+ TsNCO
z ™

R' =H, Me
(CHe)s
RZ=H, Me, NN
R R
L Ak
R [}
OH
- > 1s»—<\°
73-79%

(Equation 645)

Oy -2

work Son B2

2% (iPrOsPy),Pd A |
N0
Ts

whhL®, 85% ee 7%

Pyrroles were synthesized by the reaction of propar-

gyl amines, organocopper complexes and acid chlorides
(eqn. (646) [843]), by the rhodium catalyzed carbonyla-
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tion of propargyl amines (eqn. (647) [844}]), and by
unusual zirconium chemistry (eqn. (648) [845]).

(Equation 646)

_ 1) ReCuli
RZOZO—--=-—\ — - 7\
N(TMS); 2 R'coar RY

A=Me,Bn  R'=Me, Ph EIOL, &5
S

and ™
Z
cOoC! 4
A~ 2 el
- =
coc 3 cioc coct N\ NH LN

5%

X = CHz, NH
20-30%
(Equation 647)
R'
R? Hyico
R P
NH, Rhcat N
H
60-90%
R' = Ph, pMePh, By
R = H, Ph, Me
(Equation 648)
H
1) BuLi 1) 1BUNC
Al
M I3
2) CpZrMe)Cl  2) MeOH N
Y A
51-87%
R= Ph, TMS

Chromium carbene complexes were used to synthe-
size a variety of five-membered nitrogen heterocycles
(eqn. (649) [846], eqn. (650) [847], eqn. (651) [848], eqn.
(652) [849], and eqn. (653) [850]).

(Equation 649)

o]

NR2R? A R
(CO),Cr:( 4 Ph—eZ=e—Ph — A g

Ph P

Ph

Ph

) o Ph NMePh
(€0)sCr== _ =

H e

70%

(Equation 650)

.

o]
\N A Ph. —
J NH & Ph—=epPh — | »—Q
(©OpMo=( -
R R H
40%

(Equation 651)

(Equation 652)

EN
OFt OFt R'NC =\ R
M= + EC=CH— L, —
;] — . om
OEt R

40-80%

(Equation 653)

Ph
NMte,
o M=<NH2 PhCHO o) M=7<N=‘<H —
* Ph * Ph — =2 .— NMe, 2\ PPh
|
M(CO)s

Indoles were synthesized by palladium catalyzed cy-
clization (eqn. (654) [851] and eqn. (655) [852]), ruthe-
nium catalyzed cyclization (eqn. (656) [853]), and direct
palladation (eqn. (657) [854] and eqn. (658) [855]).
Other nitrogen heterocycles were synthesized as in
eqn. (659) {856] and eqgn. (660) {857].

(Equation 654)
X __ PxoAa
' * R/— Ph3P, BuNCI

@, R
X = OH, NHTS, GHzNTs, CH(COZEN), CH:CHoNO

R= /\/\/\/\/h"k Ph, <:>;=



L.S. Hegedus / Transition metals in organic synthesis 1991 247

(Equation 655)

P'

NHR! 5% Pd(OAC); .
R— = R —— P
I Lud

DMF

T

R?
60-90%

R'=H,Me, Ac. Ts  R¥=nPr,Me E1, )\ . CHZOH, Ph, TMS

R® = nPr, Me, Et, 2"\ , Ph

(Equation 656)

NH, N
QL =2 Qb
x  RuChla X

X=0,NH

40-80%

R = Ph, plol, nPr, Bn, pn/\/"."

[}
RI
/@ po 199 PdOAC),
=
2 BQ
R i : ACOH 110°

o] o]
= pd"
.
(] N
o " o

hz0ACe
ACN + EIO,C\n/CHO —_—

Ny

(Equation 657)

(Equation 658)

(Equation 659)

R_(/:Ico,a

18-45%

R Phptol, A ao/v" Pn/\/‘l" -Me

e NO, I
ZN R * SnClp

R » Ph, nPr, iPr, tBu, mCIPh
R2eH
Ro.H —OCHO

(Equation 660)

R ZN
~ N—R
Rl

40-70%

Six-membered oxygen heterocycles were made by
palladium catalyzed cyclization (eqn. (661) [858]), and
by nucleophilic attack on cationic m-arene iron com-
plexes (eqn. (662) [859]).

(Equation 661)

R? R2
R,/‘ oH on R,/‘ o™

51-90%

R =Me, Y\/\‘:‘ \r/\/\r\’}

R2=4CHO,40H R?-60Me,H

(Equation 662)

R? At R A
A cl "2 A l R?
Z KLOs  h Z
QY = =y
|
I © H xX-No

Fot
Core 40-90%

R'«H, Me
R" = H, OH, GOH, COMe, coni Moz

R2wH, Mo
R = H,Me,CHO, g _~_COH ,COMe

Organocobalt-catalyzed synthesis of pyridines has
been reviewed (9 references) [860]. Pyrazines were
prepared by low valent titanium coupling of dinitriles
(eqn. (663) [861]). Quinolines resulted from palladium
catalyzed reactions (eqn. (664) [862] and eqn. (665)
[863]). Piperidones were prepared by the ruthenium
tetroxide oxidation of piperidines [864], and by nickel
(egn. (666) [865]) and rhodium (eqn. (667) [866]) cat--
alyzed cyclizations. Malononitrile was cyclotrimerized
by nickel complexes (eqn. (668) [867]).

(Equation 663)

21-51%
and
ANCHCHCN), ———— AN | ;GNN
N
27-33%

(Equation 664)

|
S Mo Y
+ A ca /)
NH, N

20-50%
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(Equation 665)

, A\
Br N
@ Nv Pd(OAC) cat @fi
) —
N. \ N NapCO DMA N
8n 8n
[}
73%
(Equation 666)
LaNHO) ~
ONF + PNCO —— M P
PR~
6.7 tums
(Equation 667)
o}
e
3 NH, |
Rhcat
201 Noo
92%
(Equation 668)
NH,
) 1 N CN
(CeFs)2NHOH)Z* z
NC/\CN _5_—2- ‘
HNT N CN

Oxapines (eqn. (669) [868,369]} and perhydroaze-
pines [870,871] were synthesized using transition metal
catalysts. The macrocyclic lactam in eqn. (670) was
made by an Ullmann-type coupling reaction [872].

(Equation 669)

OAc
L= (e ({r
z Pd(0) z

oMy 7 07 "z R O
N

88%

48-73%

|
|

isolaurepinnacin

R=H, /\/\/\/

Z = COtBu, Ac, TMS, SO,Ph, P(OXOEY)2

(Equation 670)

|
OH NeH
_—
CuBrSMe;
R2 R2
N.
o) R 0O

R?

R!

49-51%

R'=H,OMe,OH R?=H,Me R=H COMe

Dissertations dealing with the synthesis of heterocy-
cles via palladiumcatalyzed heteroannulation of dienes
[873}, and the synthesis of macrolides via organopalla-
dium chemistry — application to the synthesis of zear-
alenone [874] have appeared. Palladium also catalyzed
the synthesis of sulfur heterocycles (eqn. (671) [875]
and eqn. (672) [876]). Other strange heterocycles are
seen in eqn. (673) [877] and eqn. (674) [878].

(Equation 671)

Y
. Pa
~1T=Nso,m + dil Lbdeat M
PrH
s
o o s,

60-80%
Y =H,Me, Cl

(Equation 672)

e s
MeOL—CmC—COMs + Y= Pd(0) Phé:} CO,Me
[ ><

Ph COMe

(Equation 673)

t k2 P!
BUC=EP —0 Cpa2: P i1
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1) CpoZrChy
j; S
Pl f
PCLS PCI e

C|P\. > “ER
Cl

(Equation 674)

X
1) AEty OR
WOR ——— (T\/\/\
CpazZrChy

s
25 31-88%

3.6. Alkenes and alkanes

Chiral palladium(0) complexes catalyzed the asym-
metric elimination of acetic acid from allyl acetates
(eqn. (675) [879]). Cobalt complexes of propargyl alco-
hols were cleanly dehydrated to enynes (eqn. (676)
[880]). Cyclohexenones were aromatized by vanadium
oxo species (eqn. (677) [881]).
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(Equation 675)

A, = =
PA(0} / (R.S)BPPFA 3 COH
P01/ (RS)BPPFA o HO,C/\‘/\/ 2

Bu

KMnOy [-]

1Bu 60-80% yield

27-44% ee

" (Equation 676)

CQ,QO)./R CoACOlN

A
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N
/\ﬂ<on E1,08F3 /T\‘/

(Egquation 677)
[o] OEt
R vooenck Re
A R T™MSOT! Rt R
R2 R2

70-90%

Aryl triflates were reduced to arenes by zinc/
nickel(0) complexes (eqn. (678) [882]). Aryl chiorides
were reduced by rhodium hydride complexes under
phase transfer conditions (eqn. (679) [883]). Aryl io-
dides were reduced by iron carbonyl hydrides (eqn.
(680) [884]). Vinyl halides were reduced by tin hydrides
in the presence of palladium catalysts (eqn. (681) [885]).
Allyl acetates were deacetoxylated by molybdenum
hexacarbonyl (eqn. (682) [886]). Chromium complexed
aryl ethers were reduced by lithium aluminum hydride
(egn. (683) [887).

(Equation 678)

MeOH / Zn
AOTt e

Ni dppp
78-98%

Ar = pMePh, pMgOPh, pCHyCONHPh, pMBO2CPh, pNCPh,

T X
pPhPh, 2-Naphth, P
N o (o)
oTt

(Equation 679)

{(CyaP)sR(H)Cl]
PhCHy / NaOH

+ Hy

high ylelds

A~ Ph, 1-Naphth, pMePh, mMePh, oMePh, pHaNPh,
PMeOPh, pCF3Ph, PHOCPh

(Equation 680)

MeOH/ H0
Al + KFO(HHCO)Yy —— = AH
(Equation 681)
:>=<“° BusnH Py A
X LePdcat R1>—< H
40-90%

R = nC1g, NCs, H, 1Bu, CeF1a
R =H,Cg R« H, TMS, nCs, nCig. PHCH2)s

X=Br,|

aso Al — AH

OAc Mo(CO)s =z
fix cliox

(Equation 682)

(Equation 683)

9
e L/
N
“ P 1)LAH NPr;
y'd 2ty

(CO)Cr
7%

Rhodium complexes catalyzed the reduction of
enynes to alkynes (eqn. (684) [888]). Palladium(0) cata-
lysts with formate reduced a,B-unsaturated enones in
a conjugate fashion [889]. Iridium pentahydrides con-
verted diynones to tetraenones (eqn. (685) [890D.

(Equation 684)

s,_.__-—j
NHA4
™ = 4

TMS— = _TMS

(Equation 685)

K
0
2 N,
R/\/-’ N~ PR N AN
70-80%

R = Me, Et, nPr, nBu

3.7. Ketones and aldehydes

Oxidation of alcohols and diols by peroxometal com-
plexes has been reviewed (7 references) [891). Alcohols
were oxidized to ketones by hydrogen peroxide with
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[PO,[W(O)CO,),1,I>"(RYN); [892]. Primary alcohols
and aldehydes were oxidized to acids. Diols were oxi-
dized to hydroxyketones by hydrogen peroxide peroxo-
tungstophosphates (eqn. (686) [893]). Primary alcohols
were oxidized to aldehydes by hypochlorite in the pres-
ence of ruthenium(III) chioride {894]. Benzyl alcohol
was oxidized to benzaldehyde by air using RuCI(OAc)-
(PPh,); with hydroquinone /cobalt salen as cocatalysts
[895]. Ruthenium(II) complexes also catalyzed the oxi-
dation of other alcohols [896) and a-hydroxyacids to
a-ketoacids [897].

(Equation 686)

Peroxotungstophosphate
—

/\/Y\OH + HO; W\m

OH [s]
OH
OH OH
aiso
/Y\ oH )\/OH )\(\/\/\
Ph ()
OH OH OH
n=13 3

A “true” heterogeneous Wacker catalyst was pre-
pared by exchanging Pd(NH,)?* and Cu?* into y-type
zeolites [898]. The regioselectivity of Wacker oxidation
of N-allyl amides was controlled by reaction conditions
(eqn. (687) [899)]). Nickel /osmium /oxygen systems oxi-
dized alkenes to a-hydroxyketones (eqn. (688) [900]).

(Equation 687)

0 o)
Oz PUCl{MeCN),
A A,
CuCl HMPA )
RZ
o] 60-80%
. )L NTNF
]
A? o
PdCh, - )L N/Y
CuCh, Oz, H0 2 o
R'« Ph, Me
(CHaly, (CHY4, (CHa)s
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(Equation 688)
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Z
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/
oH

Ho ff
0OBn 0OBn
>\/\osn —’h\r(\oen 87% // z —
i 80%

Other oxidative processes giving ketones are shown
in eqn. (689) [901], eqn. (690) [902], eqn. (691) [903],
and eqn. (692) [904].

(Equation 689)

[o]
]
1 1
RuOq R R
R - Rz Ox A2
R' o
[e]

(Equation 690)

(Equation 691)

Z Mg Monoperoxyphthalate
gy —
/Q Fo' (TF4PSP)

(Equation 692)

Pd{OAC), cal
M ——— \WCHO
BQ, Oz, DMF

™S

Other unusual approaches to ketones and aldehydes
are shown in egn. (693) [905], eqn. (694) [906], eqn.
(695) [907], and eqn. (696) [908].

(Equation 693)

OH

0
R)\_ PA(0AC); / BusP /U\/\Ir R
N, R ——————— R
Y

o
70-80%

R = Me, E1, Ph, pMeORh, pFPh, b pr

R? = Me, B, C7, Ce. Ph%r‘, . nBu
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(Equation 694)
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e
# RAlial ~
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(Equation 695)
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7 X
ﬁa !ﬂ
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(Equation 696)

OBn OMOM - OMOM -3(
IS VI GRS S §
[8)1: 5] oTBS -

3.8. Organosilanes

The hydrosilylation of alkenes was catalyzed by zir-
conium complexes (eqn. (697) [909,910)), platinum and
rhodium complexes (eqn. (698) [911] and eqn. (699)
[912]), and by palladium complexes (eqn. (700) [913]).

(Equation 697)

o2y "
AT v PRSH, T R/\/S'Ph—
righ yields
A=Ph,nBuy, < X"\ .Cs.Co

(Equation 698)

PCiz(MeCN),

e
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or RhChy COMe OSiR,

(Equation 699)

)\COIMG¢R§H
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M Lo SHy + S,
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ONANF o PG or RNIC 22NN N O
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(Equation 700)

PACH(E1P)2

RCHZ=CH, + TMSI + EWN RCH=CHTMS

45-55%

A = Ph, pCIPh, pMePh

Alkynes were hydrosilylated to vinyl silanes over
platinum silyloxy catalysis (eqn. (701) [914]), and
rhodium catalysts (eqn. (702) [915]). The same products
were made by palladium(0) catalyzed silylstannylation
(eqn. (703) [916]). With rhodium(acac) catalyst, internal
silylation was observed (eqn. (704) [917]).

(Equation 701)

| | RySi

Ptz {—S+0—Si

z(_(% k\a 60-90%
cat

(Equation 702)

NSNS

allyl silane!

(Equation 703)

BusSnSiMey '3 _ : R
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Pd0) Ma,Sn SMe, BuN, H

64-92%
CO:EI

g g 35

§
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i
J

(Equation 704)

, (CHzCHg),RN acac R,.S=
RIC=CH + RMH —— =
R1

60-90%
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Alkynes were also cyclosilylated (eqn. (705) [918]
and eqn. (706) {919]) and polylsilylated (eqn. (707) [920]
and eqn. (708) [921]).

(Equation 705)

R4 R R R* _R'
PdCl
o e 20X Y
S Si R? Si R?
R, Rz

6-80% 4-60%

R'=COMe,Ph  RZ=COMe.H RP~Me,Pn R'~HMe
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(Equation 706)
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e QU QX
si” TR?
/\

SiMeH
70-80%

(Equation 707)

Pd(OAC); cal n,g/ \_.R

He @

L
R—?I—-?I—H + R—=

(Equation 708)

Pd dba, PR

MegSiSiMe; + PhCz=CH —
RoP TMS  TMS

91%

Dienes were readily hydrosilylated (eqn. (709) [922]
and eqn. (710) [923)), as were allenes (eqn. (711) [924)).

(Equation 709)

[ ™S Ol _
Y;? —_— + Ph—e==.—TMS
; '
£\ Ma

2%

(Equation 710)

)\/ e
& —————— R

CoRM{CO)12

i._>=\ N Y\/S‘“s

94:6

(Equation 711)

Ph(Me2Si)Cul i
—_——

2 SiRy
mLF m” Y

Ruthenium (eqn. (712) [925]) and nickel complexes
(eqn. (713) [926]) catalyzed the oligomerization of
silanes, while palladium(Il) acetate catalyzed the co-
oligomerization of silanes with isonitriles (eqn. (714)
[927D.

(Equation 712)

RulHa)(TMS)(PMea)s H /~TMS H Me

|
MegSH —— o + Si__Si_ _SM
N 1500 Mo S Tms T e '\/|\/ %
etc.
(Equation 713)
H MeH
Nilo/LAH H
PnMeSHz——-———Pths‘»—-é}'iMaPh + RZSL—?&—\?—Ph + PhMeHSI—{SiMePh),SiHMePh
L
H Ph Me 25%
20% 40%

(Equation 714)

|| Pd(OAC), | |
Fprd - e S5 {rn,

Ar

(Equation 715)

o OSiR,
Ji .
Ph + HSPhp, —— Ph
H

up to 50% ee

cai = (Co(Py)el" Q\ R = ciral oxazoline
2y R

Chiral cobalt (eqn. (715) [928]) and rhodium (eqn.
(716) [929,930]) complexes catalyzed the asymmetric
hydrosilylation of ketones and imines. Acyl silanes were
prepared using copper catalysts (eqn. (717) [931]).
Cobalt catalyzed the silylcarbonylation of cyclic or-
thoesters (egn. (718) [932)).
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(Equation 716)

1) RSH
N ——————
¥ A1) Phephos NH
Bn 2AH*
Ph
73% oo
(Equation 717)
[¢]
CuCN

(o]
R)L SiMe,

n)Lspy + ATMS)y
60-80%

R=nCq. \r"l. in Ph/\/'ll'

mwso\é/ﬁh BOMOY‘ PMhN\E),. PMAN, %

MOC
o
Ph/§J</’v. ?\L)<r1A
(Equation 718)

; \ Coz(CO)g

(o}

>——\/os|n, R,s.o—;>—\

HSiRs, CO
MeO

A
R\(x OSiR, ] OAc
OAc R8I0

3.9. Miscellaneous

Transition Metal Catalyzed Silylmetallation of
Acetylenes — Selective Synthesis of Vinyl Stannanes and
Vinyl Silanes was the topic of a dissertation [933].
Transition metals figured extensively in the synthesis of
organostannanes (eqn. (719) [934], eqn. (720) [935],
eqn. (721) [936], eqn. (722) [937], eqn. (723) [938], and
eqn. (724) [939]). Similar chemistry was used to synthe-
size organogermanes (eqn. (725) [940)).

(Equation 719)

e

30-90%

R?
S-SR - )\( PHCORL:

R?

R=BuMe R'=Me R?=HMePh R’HMe

253

(Equation 720)

~

RySA

R‘
+
SnR,

(RaSn)CUCNLI  + THPO[CHp)g— = e—H ———=

91:9
15:85

kinetic
therm.
kinetic
therm.

R=Bu

86:14
82:18

(Equation 721)

1) R3SHMRN

2E* studled regioselectivity
E=H', atyl

MRn = CuCNLi;

(Equation 722)

PalD) P R

PhS— =+—R + BuSnH —— =

BuSn  H
70-90%

R = TMS, Bu, Ph, R,Si/\'f" Me, HOTN ™SO

o

OMe OH
Y\O/\g’ ( -,}Q,osm;

(Equation 723)

Me3SiSnMe RCH= C=CH,

Me,Si  SiMey

’ a
Me,Si

50-80%

R = Me, Bu, Q . tBu, Q . Ph, MeO, E10C, Me3Sn

Me,Sn SnMe

50-80%

(Equation 724)

e

40-70%

OR? HSNAy
- Ay

R? LiPd

=

R'

_(_<Ra,

R'«H,Bu A?=Me, TBDMS, Ei from 0:100 to 55:45

R®=H, Bu, SMe, SiMe;  R*=Bu
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(Equation 725)

X

X
XMe,GeGeMexX  Me, GeMe,
PhC=:CH —
LRt

Ph
88%

= demrk

Imidates were synthesized via Group VI carbene
complex chemistry (eqn. (726) [941] and eqn. (727)
[942]). Ketenimines were produced in the reaction of
cobalt isonitriles with diazo compound (eqn. (728)
[943)). Tetraazamacrocyclic amines could be monoalky-
lated by selective complexation to chromium [944].
Palladium cataiyzed the reduction of a,B-unsaturated
nitro compounds to oximes by ammonium formate
[945] while nitro compounds were reduced to azo com-
pounds by titanocene chloride [946].

(Equation 726)

Me Ph Ph OMe
70%

(Equation 727)

! _ . )h PR'
(CO)scr:<og + RZN—S< —_— R2N=<

CH, 20 CH,
40-90%
R'aMe Bt RP=Ar

(Equation 728)

R =Me, Ce, Ph/k:\’ // Y = X = Ph, pMePh, pCIPh

Chromium thiophenol complexes were synthesized
by several routes (eqn. (729) [947]). Other processes
involving sulfur chemistry are shown in eqn. (730) [948],
eqn. (731) [949], eqn. (732) [950], and eqn. (733) [951].

(Equation 729)

Z RS” o NBuL 2N
it )] —— el — (.
55-99% 2 RSX \I/
Cr(cO); Cr(CO), Cr(CO),
ang
| SR
3 LPd 2
/ I \“.R
S RySnSR!

(Equation 730)
CingP~; + MesSnSobies T M N,
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50-80%

Z = SO,Ph, SO;PhpNO;, pCFaPhSO2, COzBn
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W
o]
oTt

78%

(Equation 731)

Q
%5 P s ce'
CpFe— . I l —_— X\ ] — R

co s, $26 co I s

Ph 3

\ K AR

™ o

60-80% 60-80%

[o] [o]
CIHgfL R
NH RSSA NH
Lo \fL
N’go LizPdCl N/gO
N
HO HO

(Equation 733)

o)
s cat Os04 %sf
R”"R! ———— R R
NMO
v 84.99%

R = Ph, nBu, iPr, 1Bu, Bn, Ph, Me, Me, nBn, iPr, E1, Br, (CHa)4

The Binary Reagent PhSeSePh—CuOTf — A Useful
Phenylselenating Reagent was the topic of a review
[952]. Organoselenium compounds were made by palla-
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dium (eqn. (734) [953]) and zirconium mediated pro-
cesses (eqn. (735) [954]. An efficient hydrozirconation
reagent was generated by the reaction of zirconocene
dichloride with t-butyl Grignard reagent (eqn. (736)
[955)).

(Equation 734)
L4Pd
R—Z  + AYp — —
@ AN YA
60-90%
Y=S,Se Ho
R= Y\)g /QL HO &, N
™S, Ph NH )
and LPd g YAr
R—= + (AY)z + CO —= “
AY O
(Equation 735)
|!| SePh
)ﬁ’m CppZrHICt  phSex 7
Rl
Re m ™
"
90-95%
R'=H
(CH2)a
RZ=H, OMe

(Equation 736)

1) tBubgCl R
2) 50°

CraZiCe 3HC=C—R CpZICI H
high yields
easy allernative 10 CpZr(H)CI

R=nCs. 0Pt Ph, i N s NN THPO/\/'I"

wAS

/\/\/l\ OSIR,

Allyl alcohols and ethers were deuterated using
zirconium chemistry (eqn. (737) [956]). Rhodium,
ruthenium [957] and platinum [958] catalysts were used
to introduce tritium into organic compounds.

(Equation 737)

o, NPEHA_
200 80%
bul
0
XNy ————— Ph)\/\OH + Ph7\/
28%

40-60%

4. Reviews

The following reviews and dissertations have ap-
peared:

Synthesis of Cyclobutane and Cyclopentane
Derivatives Using Homogeneous Metal Com-
plex Catalysts (152 references) [959];
Stoichiometric and Catalytic Functionalization
Reactions of Alkynes at Transition Metal
Complexes Stabilized by Tripodal Polyphos-

phine Ligands (6 references) [960];
Reflection on Organotransition Metal Chem-
istry (no references) [961};
Cobalt-Mediated Alkylation of Electron-Rich
Oxygen Heterocycles [962];

Oxidation and Condensation of Alcohols Cat-

alyzed by Ruthenium Complexes (66 refer-

ences) [963];
Homogeneous Catalysis of Organic Reactions -

by Transition Metal Complexes (132 refer-

ences) . [964];
Metal Complex Catalysis (965];
Transition-Metal-Promoted Hydroborations of
Alkenes, Emerging Methodology for Organic

Transformations (65 references) [966];
Advances in Organometallic Chemistry - [9671;
Organometallic Models and Mechanisms (Part
B) [968];
Organometallic Compounds: Syntheses and
Applications [969];

Advances in Metal-Organic Chemistry, Vol. 2 [970];
A Brief History of Organometallic Chemistry
in Australia and New Zealand (> 461 refer-

ences) [971];
Heterogeneous Catalysis: A Molecular Per-
spective (12 references) [972];

Transition Metals in Organic Synthesis: Hy-
droformylation, Reduction, and Oxidation:
Annual Survey Covering the Year 1989 (879

references) [973];
Selectivity and Homogeneous Transition Metal
Catalysis (40 references) [974];

Investigations Into the Transition Metal Cat-
alyzed Cyclization of Unsaturated «-Mono-
chloro Esters, Acids, and Olefinic Poly-

chloromethyl Derivatives (975);
Organometallics in Synthesis (> 287 refer-
ences) [976];
Homogeneous Catalysis by Transition-Metal
Complexes (86 references) [977);
New Reactions via Complexation of Organo
metallic Compounds (12 references) [978];
Complexes as Catalysts in Organic Chemistry
and Biomechanics (10 references) [979];
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The Chemistry of Diene Tricarbonyl Trimeth-
ylphosphite Chromium(0) Complexes
Reactivity of Manganese and Tungsten Car-
byne Complexes with Unsaturated Organic
Substrates

Stereochemistry and Catalysis with Zirconium
Complexes (17 references)

Titanium Complex with Chiral 1,4-Diol (6
references)

Tantalum-Alkyne Complexes “Low-
Valent Tantalum (TaCl;-Zn) (6 references)
Organomanganese Complexes in Organic Syn-
thesis

Recent Advances in the Chemistry of Metal-
Carbon Triple Bonds (213 references)
Ruthenium Complex-Catalyzed Novel Organic
Synthesis via Formyl Carbon-Hydrogen Bond
Activation (14 references)

Coupling of C, Ligands: Organometallic Model
Reactions (> 10 references)
Metal-Macrocycle Complexes in Catalysis (90
references)

Helices, Supramolecular Chemistry and Metal
Induced Self Organization (> 13 references)
Application of Metal Imido Clusters to Chemi-
cal-Catalytic Reaction (24 references)

Metal Vapor Synthesis (17 references)
Photo-Induced Homogeneous Catalysis (27
references)

Metal-Mediated Reactions in Nucleoside Syn-
thesis

Peroxo Complexes of Transition Metals in the
Oxidation of Organic Substrates: Some Exam-
ples of Selectivity (57 references)

Transition Metal Chemistry of Cumulenes and
Strained Cyclopropene-Containing Molecules
The Transition Metal-Promoted Conversion of
Dichlorovinylcyclobutanes to Cyclohexadienes
Synthesis of Alkan-2-ones by Dirhodium-
Mediated Four Carbon Coupling

Synthesis of Cyclobutane and Cyclopentane
Compounds Using Homogeneous Metal Com-
plex Catalysts (152 references)

Organometallic and Homogeneous Catalytic
Chemistry of Rhodium and Iridium (511 refer-
ences)

Synthetic Reactions with Organocopper Rea-
gents (45 references)

Hydride-Mediated Homogeneous Catalysis.
Catalytic Reductions of «,B-Unsaturated Ke-
tones Using Soluble Copper(I) Hydride Com-
plexes

Highly Selective Synthesis of (E)-Alkene Isos-
teric Dipeptides with High Optical Purity via

[1024];

[1025];
[1026];
[1027];
[1028];
[1029];

[1030];

[1031};
[1032];
[1033);
[1034];

[1035];
[1036];

[1037];

[1038];

[1039];
[1040];
[1041];

[1042];

[1043];

[1044];

[1045);

[1046];

Organocyanocopper—Boron Trifluoride Medi-
ated Reaction

Synthetic Studies Toward Opticaliy Active An-
thracyclinones. II. Allylic Cyanocuprates in
Synthesis

Sy2’ Additions of Cuprates to Acyclic Viny-
loxiranes: A Strategy for the Synthesis of
Polyketide Natural Products

New Tools in Synthetic Organocopper Chem-
istry (54 references)

Activation of Carbon-Hydrogen Bonds in
Alkanes (15 references)

Activation of Carbon-carbon Bonds in Satu-
rated Hydrocarbons by Metal Complexes (158
references)

Activation of CH Bond by Metal Complexes
(340 references)

Metal Complexes as Catalysts for Oxygenation
of Organic Compounds

Nonporphyrinic Metal Complex-Catalyzed Re-
actions of Iodosylbenzene with Olefins
Activation of Molecular Oxygen by Transition
Metal Complexes (42 references)

Catalytic Oxygenation of Alkenes by Phos-
phino-Complexes of Rhodium and Ruthenium
(24 references)

Asymmetric Synthesis via Iron Acyl Complexes
Applications of Organoiron in Organic Synthe-
sis (24 references)

The Chemistry of Anionic Iron Olefin Com-
plexes and the Synthesis of Palladium Enolate
Complexes

Iron Acyl Complexes in Synthesis

Catalyst for Carbon-Carbon Bond Forming
Reactions. (1,2,5,6-n-CyclooctadieneX1,6-n-
Cyclooctatriene)ruthenium(0) [Ru(COD)
(COT)] (14 references)

New Chemical and Stereochemical Applica-
tions of Organciron Complexes (many refer-
ences)

Transition Metal-Diene Complexes in Organic
Synthesis. Part 8. Iron-Mediated Approach to
the Discorhabdin and Prianosin Alkaloids

An Organoiron Approach to Dihydro-
dioscorine

Carbon—-Carbon Bond Formation via Carbon-
Centered Radicals Generated from Dicar-
bonyl(n>-Cyclopentadienyi)Organoiron Com-
plexes

Acetylenes and Diazo Ketones in Organic
Synthesis. Can a Synthetic Organic Chemist
Avoid Organometallic Chemistry? (> 45 refer-
ences)

[10471;

[1048];

[10491];
[1050];

[1051];

[1052];
[1053];
[1054];
[1055];
[1056];
[1057];
[1058];

[1059];

[1060];
[1061];

[1062];

[1063];

[1064);

[1065];

[1066];

[1067];
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Studies on Novel Catalytic Reactions Using
Transition Metal Complexes (19 references)
Metal-Catalyzed Reactions in Organic Chem-
istry

Organometallic Approaches to the Synthesis
of Tridachiapyrones

Chemistry and Synthetic Ultility of Metal Com-
plexed Indoles (> 40 references)
Displacement of Aliphatic Nitro Groups by
Carbon and Heteroatom Nucleophiles (64 ref-
erences)

Lipoxins, and Related Eiconosides; Biosynthe-
sis, Biological Properties, and Chemical Syn-
thesis (129 references)

New Cyclization Reactions Mediated by Nickel
Complexes (6 references)

Look What Palladium Catalyzes (40 refer-
ences)

Palladium-Mediated Cyclizations

Transition Metal-Mediated Bond Activation
Studies: Homogeneous Bond Activation of
8-Substituted Quinolines by Rhodium(I) and
Iridium(I) Complexes, and of Neophyl Deriva-
tives by Platinum(II) Complexes

The Atom Economy: A Search for Synthetic
Efficiency (> 81 references)

Directed Ortho Metalation and Palladium
Catalyzed Aryl-Aryl Cross-Coupling Reac-
tions. Synthesis of Heteroaromatics and Alka-
loids

Functionalization of Heterocycles by Ni and
Pd Catalyzed Reactions (228 references)
trans-Bis(5-acyloxy-1,2,3-n>-cyclohexenyl)-
palladium Complexes by Palladium(II) Promo
ted Additions to 1,4-cyclohexadienes. Syn
thesis and Reactions

Organopalladium Complexes in Organic Syn-
thesis

Palladium-Catalyzed Cyclization of Oxyhexa-
trienes

Palladium-Catalyzed Hydrogenolysis of Allylic
Compounds with Formic Acid. Its Application
to Organic Synthesis (29 references)
C8-Substituted Derivatives of 2-(dipro-
pylamino)tetralin: Palladium-Catalyzed Syn-
thesis and Interactions with 5-HT, ,-Receptors
Palladium Mediated Cyclization Reactions:
Evidence for Spirocyclic Intermediate Species
for the Annulation of Aryl Groups
Asymmetric Synthesis with Palladium Catalysts
(6 references)

Palladium-Catalyzed Approaches to the Ergot
Alkaloids. 2. Captodative Allenes from Chro
mium-Carbene Complexes

(980];
[981];
[982];

[983];

[984];

[985]:
[986]:

[987];
[988];

[989];

[990];

[991];

[992];

[993};
[994);

[995];

[996);

[997];

[998];

[999];

[1000];

Organic Synthesis via Palladium Coupling Re-
actions

Group 10 Transition Metal-Catalyzed Car-
bon-Carbon Bond Forming Reactions
Platinum-Group Metal Catalysis in the Synthe-
sis of Chemicals from Synthesis Gas (> 301
references)

Organometallic and Homogeneous Catalytie
Chemistry of Palladium and Platinum (> 408
references)

Organopalladium Approaches to
Prostaglandins

Enantioselective Synthesis Using Chiral Het-
erogeneous Catalysts (119 referenees)

The Chiral Auxilliary [(CsH s)Fe(COXPPh,)]
for Asymmetrie Synthesis (48 referenees)
Enantioseleetive Catalysis with Metal Com-
plexes Containing Heterocyclie Ligands
Design of New Catalytic Reaetions and Cat-
alytic Asymmetric Synthesis (18 references)
Synthesis of Chiral Catalysts and Their Appli-
cation to Asymmetric Cross-Coupling Reac-
tions and Seiective Hydrogenation
Asymmetric Synthesis via Iron Acyl Complexes
Optically Active Sulfoxides and Low-Valent
Titanium in Asymmetric Synthesis of Natural
Products (18 references)

Enantioselective Catalysis with Transition
Metal Compound

Asymmetric Synthesis with Chiral Metal com-
plexes as Catalysts (45 references)

The Synthesis, Structure, and Reactivity of
Chiral Rhenium Ketone Complexes

Chirality Recognition in Synthesis (21 refer-
ences)

The Asymmetric Alkylations of Chiral Transi-
tion Metal Complexes of (+ )-Camphor Imine
Reagent for Asymmetric Cross-Coupling
(Chiral Ferrocenylphosphine-palladium Com-
plex) (6 references)

Acetylenes and Diazoketones in Organic Syn-
thesis (42 references)

Aminocarbene Complexes of Chromium and
Molybdenum: Initiators for Cascade Reactions
with Alkynes Leading to Heterocyclic Com-
pounds via Nitrogen Ylides (60 references)
Cyclization of Hexene Over LMo(CO),-TiCl,
Catalyst System

Synthesis and Electrophilic Reactions of
Molybdenum Formyl Complexes

Synthesis and Reactivity of Tantalum and
Tungsten Alkyne Complexes: Models for
Alkyne Cyclization

257

(1001);

[1002];
[1003];

[1004];
[1005];
[1006};
[1007];
[1008};
[1009)

(1010];
[1011];

[1012];

[1013];

[1014];
[1015];
[1016];

[1017];
[1018];

[1019];

[1020];
[1021];

[1022);

[1023);
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Cp,MCl,-AgX (M = Zr, Hf) (7 references) {1068];
Catalytic Reduction of Carbon Dioxide by
Dihydrogen in the presence of Transition
Metal Complexes [1069].
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