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I. General Comments

This annual survey covers the literature for -1982 dealing with the use of
transition metal intermediates for organic synthetic transformations. It is not
a comprehensive review but is limited to reports of discrete systems that lead to
at least moderate yields of organic compounds, or that allow unique organic trans-
formations, even if low yields are obtained. Catalytic reactions 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.

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, reduc-
tion, and hydroformylation reactions are specifically excluded, and will be
covered in a different annual survey. Also excluded are structural and mecha-
nistic studies of organometallic systems unless they present data useful for syn-
thetic application. Finally, reports from the patent literature have not been
surveyed since patents are rarely sufficiently detailed to allow reproduction of
the reported results.

I1I. Carbon-Carbon Bond Forming Reactions
A. Alkylation
1. Alkylation of Organic Halides and Tosylates
The activity in the area of new organocopper chemistry is finally
abating, although several useful new procedures have been developed this year.
Organic halides coupled cleanly to the appropriate Grignard reagent in the presence
of LiZCuCI4 to form 3-substituted furans in quite good yield (equation 1) [1].
g-Bromobutenolides were cleanly alkylated by organocuprate reagents, with the mix-
ture RZCuLi/RLi/BF3-Et20 being the most efficient reagent (equation 2) [2]. Ace-
toxy-s-lactams were alkylated by organocuprates stereospecifically (equations 3-5)
[3]. Organocopper chemistry played an important role in the synthesis of ubi-
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quinone 10 (equation 6) [4]. Aryl acetones were prepared by a modified Hurtley
reaction (equation 7) [5]. Aryl iodides reacted with sodium trifluoroacetate in
the presence of copper(l) iodide to produce trifluoromethylaryl compounds (equa-
tion 8) [6].

MgC) R
Li,LuCl,
/ \ + R e ]\ ()

0

. 0
. 79-96%
j\/ S
R = n-octyl, sec-octyl, i-Pr, Z, N B ,
y\/“ y\)\\/\m 17 snBu,

Br NHCOPh R NHCOPh

Z—:L RpCuLi/RLI/BF 3-EL,0 2:&0 Y
0 0 - 0
R = Me, n-Bu, 0\:i\v/”\}f

CAc R

om + R Culi “““‘""‘"”QXNH (3)

RN \\\\OAC RNH o R
NH + R ZCUL'i B o H (4)
° 0
OAC .
RNH/[I, RNH ”I/ R
NH + R 2C\.ILi e NH (5)

R = NN, /\/\.-/&‘ , n-Bu
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OR OR
M
0 1) Mg ~¢
2) CuBr
~o Br RS 0
0,Ph N
~\,/~\T/'\\ ) P S0,
OR OR
(6)
0
1) Base ~0
2} Solanesyl Br ~
0 AN
3) -SOaPh H
4) oxidize 0 10
CuX OH™
ArX + 5-10 MCH(CO,Me) e ArCH(CO.Me) e ACCH,COCH (7)
272 DMF 272 2 3
1000 14 cases
40-80%

Ar contains PhCO, AcO, NOZ’ F, Me, OMe, AcNH substituents

Cul H

I+ CFiC0Na —— Fg  + +
HMPA
150° R R

38-41% 35-37%

R = mono, di, tri, or tetra Me @-\ @
0
R R
9-B%

Boron “ate* complexes were formed by the reaction of 9-borabicyclo [3.3.1]
nonane (9-BBH) by reaction with 1ithium dialkylcuprates [7]. Allyl boranes reacted
with allylic halides in the presence of copper(l) iodide to give cross-coupled
products (equation 9) [8]. Bridge-head bicyclo [1.1.0] pbutanosulfonates underwent

(8)
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alkylation by organocuprates {(equation 10) [9]. The new organocopper reagents
[RCuPth]Li and [RCuNCyz]Li were thermally stable at 25°, and reacted with halides,
epoxides, conjugated enones and acid chlorides in a manner similar to that of
RZCuLi reagents [10].

1) Cul
R.,B + PhO e R .
3 \\?77’<§t\ \\\leﬁtt\ 2) N Br

BR

2

(9)

R
R ~ R
\‘~<55°Lx,”~‘\w5’ + _ = n-Bu, n-CG, n~C7,

n~C8, n-Cg. cyclo-cs

22-60%
R3CuLi 3
ArSO,, ; ArS0, R (10)
RT R2 R RZ
70-80%
R! = H, Me
RZ = H, Me

x
w
"
E]
¥
=]
s
\)\\

Several stereochemical and mechanistic studies regarding organocopper chem-
istry have been carried out. Stereochemically pure vinylcopper {equation 11} and
cyclopropylcopper species (equation 12} were prepared, and reacted with methyl
jodide or DZO respectively with complete retention [11]. Reacpion of chiral 2-
jodooctane with dialkylcuprates resulted in alkylation with racemization, where-
as the same reaction with 2-bromooctane went with greater than 97% inversion,
demonstrating that the stereochemistry of these processes depends on the nature of the
leaving group (equations 13 and 14) [12]. Greater than 88% inversion was also
observed with 2-octyl tosylate (equation 15) [13]. Evidence for electron trans-
fer processes in the reactions of organocuprates with organic halides was obtained
using both trityl chloride (equation 16) and 6-halohept-1-ene (equation 17) [14].
The "ate" complexes Me3CuMg and Me4Cu2Mg were prepared from Grignard reagents
and [(COD)CuBr]2 [15].
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cu Ph D (12)

~100% retention

©
=

j/// ',
JN

(s)

s
5-Products
1 Et
Et,CuCNLi )\/\/\/
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Li Cu

9e®

>88% inversion

PhyCC1 + Me,Culi » Ph3CCHy + epr signal (16)

(17)

RZCUL'i + w ———————

X
R = Me, Et, n-C, +
X =1, 0TS, C1 R
+
traces 0
X=1I,R=Me 65%
X=1, Me3CuLi2 62%

Asymmetric Grignard cross-coupling reactions involving chiral phosphine-
nickel and -palladium complex catalysts was the subject of several reviews
[16, 17, 18]. The full experimental details of the reaction of vinyl halides
with secondary Grignard reagents in the presence of nickel and palladium-chiral
ferrocenyl phosphineamine complexes (equation 18) has appeared [19]. It was
found that the planar chirality of the ferrocene was more important than carbon-
centered chirality; that the dialkylamino group was required; and that the bulk
of the phosphine was unimportant but the bulk of the amine was crucial. This
process was used to make chiral allyl silanes in high optical yield (equation 19)
[20]. The same process has been carried out with achiral catalysts as well
(equation 20) [21].
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*
RCH-MgC1 + R'Br — L1 = RCH-R' (18)
e i’ H3

R = Ph, n-Cg, Et
R = =\, PN He SN, o
,J

M = Ni, Pd
L* = o7
PPhZ
HuuC-—-N\de2
Me
1
R 1 .
PC, (R,S PPFA) | S (19)
“ SBr o+ Me3Si-fH-MgBr > 7 “=-mph
Ph
R? R H
up to 95% ee
SiMe
H, R F3
_—— \/\]—Ph
Pd/C
H
Rl r3 r] r3
;>h::<< + CIMgCH,Site, O Pd :>:::<<_— (20)
R I r2 S\Me3
70-88%
R' = n-Cg, n-Bu, H
R2 = Me, H, n-Pr

Vinyl sulfides (equation 21) [22], sulfones (equation 22) [23], and tellu-
rides (equation 23) [24] also underwent nickel or palladium catalyzed reactions
with Grignard reagents. Biaryls were prepared by the nickel-catalyzed reaction
of aryl halides with aryl Grignard reagents {equation 24) [25]. Oxazolines of
halobenzoic acids were alkylated using a similar reaction (equation 25) [26].
Chloroary! thioethers underwent a double alkylation (equation 26) [27].



Br g1

\\1::\\ RlMgx
cat.

SPh

| )
R! = Ph, n-Bu, Np, ph A

= Ph, Me, Np, n-Bu

H

p.-
1

cat, = LZPdClz, diphos NiCl2

291

R
RZMgx
— L L — (21)
cat. 2
SPh R
70-100%

R} R? R?
- RMgX
| — | (22)
MX
R4so2 R! n R!
50-80%
R = Ph, Me
R! = H, Me, n-Pr, n-Cg, i-preny) RZ = Me, n-Bu, H
M = Ni, Fe R3 = Me, H
PhT Ar I R Ar Ar
Ni" " or
— + RMgX —_ + ./ (23)
H H 0
R
Ni(acac)2
ArMgX + Ar'X ——e——— o ArAr' (24)
New 0 e o
N RMgX 30
—_— . (25)
L2N1cl2
c1 R
X
60-90%

> U
f t

H, C1, Br, Clz, SMe
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R SR R" (26)
R'MgX R"MgX
C] ———e—i / i RI — Rl
L2N1C12 >~ L2N1C12

This process is especially useful for alkylation of hetero-aromatic halides.
Chloronucleosides were alkylated using nickel catalyzed Grignard reactions (equa-
tion 27) [28]. Halofurans were arylated using nickel catalysts (equation 28)
[29]. The full experimental details for the coupling of heteroaromatic halides
with Grignard reagents (equation 29) and heteroaromatic Grignard reagents with
halides (equation 30) have appeared [30].

(27)
Cl R
N ~SN N ~N
R* <? ! 2 RMgBr R'O <? | gJ
Ni(dppp)Cl,
Et,0
OR' OR'
OR' OR'
MgX
(-) /J:: )X”\”\\ 42-50%
R = Et, Ph, Ph” >, Ph , MgX
R' = t-BuSiMe2
X NiC]z(dppe) 7 Ar
z/ g; + ArMgX > ﬂ (28)
R 0 Et,0 70
82-93%

2-Br, 3-Br; R =H
2-SMe; R = 5-n-Bu
Ar = Ph, p-tolyl, 3,4-diMePh, m-tolyl, p-EtPh

[Ni-P]
X + RMgX —————— R (29)
cat.
X = Bromothiophenes, pyridines, quinolines, isoquinolines
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[Ni-P]
Mgx + RX ——————— R (30)
cat.
‘-—-ng = thiophenes, pyridines

The “Heck" type reactions of vinyl halides with organopalladium species
have been reviewed [31, 32, 33]. Palladium catalyzed the reactions of vinyl
halides with allyl alcohols (equation 31), allylamine (equation 32), allyl OTHP
compounds (equation 33), and N-allylphthalimides (equation 34) to give coupling
products [34].

o R Pd(0Ac), RO R
+ %\X + R3N —_—_——

p(otol)3
1000 H
modest yields
(30 cases)

O‘IH (31)

1 o2
. , < n‘/jﬁ/#
OH

n N R
R R N/

R! R
7~
X N —— TR @

(8 cases)

R’ R

R OTHP R' OTHP
2‘\/ + ),f\x — (33)

(4 cases)

0.
0
R

P

0

(34)

(4 cases)
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Transmetallation from main group metals to organopalladium species produced
by oxidative addition processes is becoming increasingly important in organic
synthesis. The palladium-catalyzed cross-coupling reaction of heteroarylzinc
derivatives with unsaturated organic halides as well as the palladium catalyzed
coupling of heteroaryl halides with organozinc or aluminum reagents has been
reported [35]. This general area has been reviewed [36]. Aryl and vinyl halides
coupled with allenic zinc reagents in the presence of palladium catalysts in high
yield (equation 35) [37]. .Similarly, allenic halides coupled to unsaturated
organozinc reagents in the presence of palladium catalysts (equation 36} [38].
Even allenic lithium reagents worked in this process (equations 37-39) [39].

(35)
R H ArX q R H
. Lpd \ _/
—\ cat. /r \\
R’ znc1 X R' Ar(=)
high yields
R = Me, t-Bu, H
R' = Me, H
R! H R! j
% + R3M L4Pd >
cat 2[ \
RS X R r3
ya (36)
R! & 3 L,Pd
>< + RoM
2 X
R! = W, Me, Ph, t-Bu, i-Pr, n-C,
2
R = H, Me
RM = TMSC=C-ZnC1, 4|\E_ch1,+==\ , =\
ZnC ZnCl
r! R!
> ArX \\ —
R? Li —\x 2 r3

L4Pd 78-90%
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LyPd Ph
— + Phl — a¢$"\TF” (38)
0

OMe

Li
| . M B (39)

-——Ef;——~—— \\\4,:\\",/
Bu 4
78%

Vinyl copper reagents reacted with vinyl halides in the presence of palla-
dium catalysts to give dienes in good yield (equation 40) [40]. Copper acetylides
coupled with aryl and allyl halides (equation 41) [41], heteroaromatic halides
{equation 42) [42], and vinyl halides {equation 43) [43], all in the presence of
palladium catalysts.

R

X R3
: \ < L,Pd RS (40)
— + = —_—_— —
R4

2
Y CuMgX2 R 4

55-743 R

>98% stereospecific

— 1
> : \ \\\";:\\‘C
Cu 5
Ph
: 1 C5
Et Cu
Br
Me
: \ Ph
i-Pr Cu
Me I Bu
Et Cu Me
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L4Pd
PhC=C-Cu + ArX —————» ArCzCPh (41)

84-98%
Ar = p-MeCOPh, 2,4-diN02Ph, COzMePh, NCPh

L4Pd
PRC=CCu  + @ X —r . @ =—ph (42)
VS BERLERNY

] 3 Pd cat., Cul 1 3
R'CH=C-X + R“-Cz=CH » R CH=C-C=CR (43)
rlzz Et,NH a2
PTC 40-90%
R] = H, n-Bu, n-C
9 s 8
RC = Me, H
X =8r, I
R3

= n-C5, CHZOH, cyclovCS, (CHZ)ZOH’ (CH2)80H

Aryl acetones were prepared by the palladium(0) catalyzed coupling of aryl
halides with acetonyl tin reagents (equation 44) [44]. Trimethylsilylenol ethers
alkylated aryl halides in the presence of tributyltin fluoride and a palladium
catalyst (equation 45) [45]. Vinyl boranes (equation 46) [46], and vinylzirconium
compounds (equation 47) [47] also coupled to aryl halides in the presence of
palladium catalysts.

0

Pd(0) H

Bu3SnCH2C0CH3 + ArBr —4m ——— AY‘CH2 —CH3 (44)
1000
PhCH3 51-91%

Ar = Ph, E-MezNPh, p-MeOPh, o-tolyl, m-tolyl, p-tolyl, p-C1PH, p-MeCOPh
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0TMS ol = 0
3% PdC1,[p(o-tol )j\/
2 372 Ar
R/’\ + ArX + BugSnf > R (45)
PhH, rfx
R=n-C7,>"\,—>-, %9 :—\sPh
Ar = Ph, p-OMePh, p-tolyl, o-tolyl, p-CH3C0Ph
(46)
EtO
/0 "
ELOC:CH + HB @ - — A:X)
o c —_ Pd{(0
H Ao
0
ArCH=CHOEt
MeO
H*, H,0
Ar = Ph, p-tolyl, o-anisyl, p-anisyl, Me0 s p-C1Ph
ArCHZCHO
p-OACPh, 0-CO,EtPh, naphth, PhCH, @I\Br 86-971
Br
R H (47)
Pd cat.
R'C=CH + Cl(H)Zr‘Cp2 —_— —_— -
Q
H ZGC2
R" |
H20 HN X3 0)\7
s .
0 N
R
40-90%
R = CI(CH2)3 - 89%; CH3(CH2)3 - 95%; CH3(CH2)7 - 76%
CN(CH2)3 - 76%; HCEC-CH2 - 80%; Ph - 85%; EtO0 - 49%

Finally ary) iodides coupled to 4-phenyloxazoles in the presence of palla-
dium catalysts [48], and haloisoxazoles reacted with phenyl acetylene and
styrene again in the presence of palladium catalysts [49]. Titanium(IV) chloride
coupled allyl silanes to B-lactam acetates in fair yield (equation 48) [50].

References p. 468
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R SiRy Ticl, R -
+ N S, S NH (48)
NH PhH

0Ac
R=Et, /" | s Me

R' = H, Me

2. Alkylation of Acid Derivatives

Carboxylate salts reacted with Grignard reagents in the presence
of a copper(l) catalyst to produce ketones (equations 49 and 50) [51]. Palla-
dium{0) complexes catalyzed the reaction of acid halides with Reformatsky rea-
gents (equation 51) [52], and with acetylenic tin reagents (equation 52) [53] to
produce ketones in both instances. Palladium was also used to catalyze the
coupling with decarbonylation of acid halides with vinyl halides (equation 53)
[564]. The stereochemistry of this insertion was shown to be a cis process [55].
Titanium(IV) chloride was used to couple acid halides with trimethylsilylacetyl-
enes (equation 54) [56].

0 0

,,,”\\‘,,/~\\,,/“~\\ MgX (49)
Meo oLi + Ph’//\\"/’ Cul
l 0

Mel h
69%

0

0
Cul
OLi + RMgCl ———» R {50)
Q 0 0 ?

~70%

g Pd(0) 9
RC-C1 + BrZnCH,CO,Et —— o RCCH,CO,EE (51)

R = Ph ~ 80%; p-CIPh - 90%; m-CIPh - 83%; p-toly] - 84%; p-NO,Ph - 41%;
p-anisyl - 51%; A" - 72%; Ph/ﬂ=: - 73%;——1Z;§——§ - 89%, n-Cg - 30%;

)»-g - 24%; t-Bu - 29%
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0 0
R!-C] + BusSnC=CR' _Pdcat. ol e cp (52)
40-70%
R = i-Pr, Ph, Me, p-NO,Ph
R' = Ph, (Et0),CH, TMS, Me0,C
X
Pd{0Ac)
ArCOC1 + N -z S + €O (53)
base Ar
100° 66-92%
X = CO,Et, Ph, CONEL,, CN, COMe
(54)
» TiC1, ﬂ
Rlem = — == —TMS + RCOC] —— » R'— = — == —(-R2

3. Alkylation of Olefins

Palladium(II) assisted alkylation of olefins has found several
synthetic applications recently. Dihydrofurans were selectively alkylated in the
a-position with several stabilized carbanions (equation 55). The position of the
olefin depended on the carbanion used (equation 56). Allylic acetates were also
alkylated by stabilized carbanions, this time using palladium(0) catalysts (equa-
tion 57) [57]. A variety of olefins were alkylated by nitrile stabilized car-
banions in the presence of palladium(Il) species (equation 58) [58]. The least
substituted terminus of the olefin was always alkylated, and the carbanion could
be generated in situ using phenyllithium as the base. Asymmetry was induced in
the palladium{(1I) assisted alkylation of olefins by using chiral amine ligands
(equation 59) or better .yet chiral carbanions as well [59].

R
0 1) PdC1,(MeCN), 0
i—-z 2) 2 AL (55)
toN

3) RM, -78° 50-78%

. Ac
RM = NaC(NHCHO)(COZEt)z, NaC(NHAc)(COZR)Z, NaC(Me)(COZMe)z, NaO\\§j2790
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CO,R
0 1) PdC1, (MeCN), NI
) - (__7: o R (56)
2) 2Et,N 2

3) NaCH(COZR)2

OAc ,
R'. 0 R' ) R
finr L,Pd cat.
H 4 o H
_ . ™ (57)
R
80-94%
R = (-)CNHCHO) (CO,Et),, (-)C(NHAC)(COR),, Ph, =
(58)
- 2Et N H,
Raisr * PACl,(MeCN), + CHCN . R~
-78%
(59)
2
R * c(-) H
1 7"+ PdCI,(MeCN), + 2RN - - 4
R 2 2 3 .
R.| R] x C
C- = (-)CHICOpEE), ::]:\\ . \\\[::
RgN" = PhCHNMe, i 2 2
CH
. 3* .
with C- = PhSOCH,Li or ptolSO%HCOZtBu 20-40% yield
Li up to 32% ee

up to 40% optical yield

Intramolecular alkylation of olefins by trimethylsilyl enol ethers using
palladium(I1) catalysts has recently been developed (equation 60) [60]. This has
been used in the synthesis of quadrone {equation 61) [61]. Intramolecular cycli-
zation of olefins with indoles using palladium-silver catalysts has been studied
(equations 62-65) [62]. Dissertations entitled "Addition of Enolates to Iron(0)
Tetracarbonyl Complexes of Acrylates and -ylidene Malonate Esters,” [63], and
"Nucleophilic Addition to (Methyl a-Chloroacrylate)tetracarbonyliron - Prepara-
tion and Synthetic Applications of a-Acylacrylate and Methylene Malonate Esters"
[64] have appeared.
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0TMS Pd(OAc)z
(60)

.S
CH3CN

LS
\
iqit/’/f

80%
(9 cases reported)

Pd(OAC)Z
COLEE —_— s
0TMS MeCN
‘ 0
CO,Et
559

|

PdC1,/AgBF
) . ' (62)

|
CHCN

>

n =
-

61%

s — A -
N
R

79%
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N
R 20%

HN

{(64)

12%

0
\ I E:jiz?::> ————————» No Cyclization (65)

Heck type arylation of olefins was used to prepare a large number of y-
aryl allyl amines in fair to good yields (equation 66) [65]. Similar oxidative
addition-insertion chemistry using aryl or vinyl halides,1,4-dienes, and secon-
dary amines led to the production of mixtures of allylamines {(equations 67 and
68) [66]. Aryl iodides were vinylated using the palladium(0) catalyzed reac-
tion with trimethylvinylsilane {equation 69) [67].

0
N
Pd(0Ac)
ArX + /’/\\\/’ R —
Et N
Ar

NH2NH2

Ar contains: C1, Br, Me2N, N02, OH, CH202, MeS, Ar NH

NHZ’ COzMe, CN
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A L,Pd cat ’
cat.,
ArX + 2 > ‘___4_________’ Ar/W (67 )
H

+
R
Ar R
\)(\[/§ N Ar/W N
)

%\X + Za e + N :
H

) )

Pd{(0Ac).,, L
R—@—I o P s 2 - R—@——\
EtsN, DMF \

R = H, Me, Me0, NO2

pPalladium{0) catalyzed the reaction of organic halides, alkynes and nor-
bornene to give disubstituted norbornanes (equation 70) [68]. With norbornene
and simple vinyl halides cyclopropanation resulted (equation 71), while with
a,8,y,6-unsaturated halides polycyclic material was obtained (equation 72) [69].
Prostaglandin analogs were made by the insertion of norbornene into r~allyl-
palladium complexes {equation 73) [70].

References p. 4568
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(70)
Pd(0) R _R'
+ RBr + R'CzCH + RCOZNa ———-——?r———>- 1‘2.;/’
80
42-86%
R = Ph, Ph/—. b
OH _ NHp
R' = Ph, n-C6, >< . X
~ L
(71)
Pd(0)
+ Br/\\/\/\/\
anisole
80°
Cs
= C5 * ‘/)>‘ ~._"H
PdOAC

"54% conversion”

“56% selectivity"
Ph

Ph
P Y Pd(0) R N
+ Br N N -
"32% selectivity"
Pd(0) (72)
HCOZNH4

. ZK:LJE::;Z:;;’\\“jr\\\Ph
"24% selectivity"”
Ph

"49% selectivity"
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PA(TFA) (CHy ) -X 1) AgOAc
HoC=CH-CHo- (CHo) <X 2 o AN " .
2 272 Pd 2) 0 0
TFA
CF ’JL\’JL\CF
3 3
(CH,)-X
//ﬁ/ 2 ;b
Pd =
¢ o (CH,) X
/’h§:;¢d\\ Pd
CF CF
3 3 40-90%
QMe
2L LiCEC-EH-CSH]] p-TsOH
MeOH
7
(CH,) =X (73)
N
¢

Transmetallation from mercury to palladium has been used to alkylate ole-
fins. Again, this process has been used to make bicyclic prostaglandin deriva-
tives (equation 74) [71], purine and pyrimidine intermediates (equations 75 and
76) [72], (equation 77) [73], and to arylate acrylic acid [74].

CO,Me
[BA\WN M

ClHg s

83-86%
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L,Pd
R £0,Me 4 -
< X 0TMS
- LiCu < 2
pa” O 3
|
0
CFy
(74)
0
NHZ HN I
1) Li,pdct,, Z O co Me S A0 o I
NH, DS Oél\N O)\N
ox R R
N/
)\ | (75)
N
7R NH
2
. N N
\ 1) Liypdcl,, 2 CN N |
2) NaBH - )\
q 0 g
(76)
NH
NH, NHy 2
KgCl CO,Me 0, Me
G Li,PdCl, Nt . )\/ 2
N
o)\n )\ LT
dr COzMe
hv

RhC1
NJ/j)j/ L3 /S‘:r
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OAc (77)

0
\ /“\ Ve Ac0)— 0 Li,PdC1,{0AC)
2"l 2
N N + OAC/

~

HgX
(PyHgX)

Ac AcO Ac OH

OAc

AcO —
Aco Py

OAc

AcO Py

ratio depends on amounts of
€1 and DAc™

Ethene and bromobenzene were converted to 1,1-diphenylethane when electro-
chemically reduced in the presence of nickel(II) bromide [75]. 8-Methylene-8-
lactones ring-opened when treated with Grignard reagents and cobalt(II) iodide
{equation 78) [76]. Chromium carbene complexes underwent a double insertion with
ethylene (equation 79) [77]. . w- 0lefinic alcohols were alkylated by trimethyl-
aluminum/titanium{IV) chloride mixtures (equation 80) {78]. Unsaturated cobalt-

dmg complexes cyclized when decomposed under radical conditions (equation 81)
[791.

0
=<>=0 __1?49_X__> R)\/U\OH (78)
0 toly 60-80%
R=Me, Et, n-Bu, )V/h\’/\\g ,}>==/f\./l§«/\\3, sec-Bu, t-Bu
L |
(C0)5Cr‘=é-Ph + CHZCHZ ———a» ——» Ph -(l:HCHZCHa (79)
CH3
(80)
Me,A1/TiC] AR _
"’\\"/ﬁ\\\OH 3 4 S + \‘\T//~\\,/"\\
o A
120 57 OH 239
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//\/\/\co(dmgH)Py . Q/\cl (81)
CC14

CC14

4. Decomposition of Diazoalkanes and Other Cyclopropanations
Transition metal catalyzed decomposition of diazoalkanes con-
tinues to be utilized to cyclopropanate olefins. Rhodium(1l) porphyrin complexes
were used as catalysts for the reaction between olefins and ethyl diazoacetate.
High yields with large syn selectivity for cis olefins was observed, and explained
by invoking the control of the direction of approach of the olefin to the carbene
complex by the steric bulk of the porphyrin. The following olefins were studied

00O Yy e

Chiral cyclopropanes were prepared by using chiral copper complexes to decompose
chiral menthyl diazoacetates in the presence of olefins {(equations 82 and 83)
[81]. Acetylenes underwent multiple cyclopropanations when treated with diazo-
esters and rhodium(1I) catalysts (equations 84 and 85) [82]. Diazoketones cyclo-
propanated olefins in the presence of molybdenum catalysts (equation 86) [83].
Metal-catalyzed decomposition of diazoketones and diazoamides of s-lactams has
been studied as an approach to carbapenems [84]. The carbene species from ethyl
diazoacetate and rhodium porphyrin catalysts inserts into C-H bonds of hydro-
carbons (equations 87 and 88) [85]. Intramolecular cyclopropanations were obser-
ved in nickel catalyzed diazoketone decompositions (equations 89-91) [86].

C02menthyl
*

Cl C1 *
_ + NZCHCO2 menthyl —m —
(R) (R) cat. (82)
C1 52%
C1

1-R trans 42%

R _/ N, CHEO R R CO,R

(83)
\ (S) cat. *\/*
85:15 cis:trans
R cis = 90% ee

RZ trans = 10-20% ee
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N,CHCO,Et
Ac0CH2-s-CH20Ac — (84)
Rh2(0Ac)4

CO Et

30%

COzt -BY zt -BU

N,CHCO,-t-Bu
2 4 AcO r;tzfgl:%
ha(OAC)4
Ozt-Bu
65% 2%
AcO 0Ac Rh,(0AC),
- (85)
COCHN,
OAc DAc
30-40%
(86)
Mo(c0)6 z 2 A
RECHN _— 2 » RC +  RCCH,CH=C
2 1 R1 ~z
0
Moz(OAc)4 major
+
H
N—N
RC
g_q
z
RhTPP1
————————————
zf::::::;7 + NCHCO,EL /f::::::77‘\\/// (87)
71%
(88)
CH,CO,Et
RhTPPI 2772

e N N N,CHCOLEt ———

all possible isomers
30-60%
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(89)

R2
J ‘ COCHN, by ol
—_—

O‘ Ni (acac)2

R ‘ R
(90)

i e s

RS Ni(acac)2
COCHN2 R
R

4

(91)

6 hv
O ‘ L RS
MeD N1(acac)2

COCHN2

The iron carbene complex in Scheme 1 was an effective cyclopropanating
agent [87].

Scheme 1

CpFe(C0), 0°
e \ +
OMe + CO
/ s —
c

CpFe(CO) 1"”0
e
P 2 P(OMe) 3

+
C;EE |\/ CpFe(CO)?_«éP(OMe)E}
c

0

PASS

0 \ P\ PR
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Olefins were cyclopropanated by bromomalonates when treated with copper(II)
halides and amines (equation 92) [88]. Bis-trimethylsilylenol ethers were con-
verted to cyclopropanes by reactions with titanium{1V) chloride (equation 93)
[89]). Allylic alcohols were cyclopropanated by ethylidene iodide and zinc/copper
couple [90]. Olefins and gem dihalides produced cyclopropanes when treated
with copper(l) bromide in DMSO [91].

Cqu COZR
] + BrCH(CO,R)y  ——ms (92)
amine CO,R

40-90%

— Et
. /~ /= /= Z
olefin = Ph/ , p-tolyl , p-C1PhY , 2NN, .
p 4”\Er’ I

Me0 R
. /,,
2TiC14 Y,
—_— e R 111C0,Me (93}
TMSO CH2C12
0TMS MEOZC R4
20-70%

5. Cycloaddition Reactions
Nickel{0) complexes catalyzed the [2 + 2] cycloaddition of elec-
trophilic olefins to strained olefins (equations 94 and 95 ) [92]. Similar com-
plexes catalyzed the [2 + 2 + 2] cycloaddition of alkynes with isocyanates to
give 2-pyridones (equation 96) [93].

(98)
Ni (0)

o "
z
Z = CN, COMe

55-72%
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34% H
RR'
Ni(0)
R-=-R' + R"NC0 ———» RR' (96)
NS0
R"
R = Ph, Et, Me 13-84%
R' = Ph
R" = Me, H

Copper(1) triflate was used to catalyze a number of photolytic [2 + 2]
cycloadditions (equations 97-99) [94], (equations 100-102) [95], and (equation
103) [96]. Titanocene hydride converted 1,5-hexadienes to cyclopentenes (equa-
tion 104) [97]. Palladium(II) salts catalyzed the cyclodimerization of alkoxy
acetylenes, whereas cobalt carbonyl complexes cyclocarbonylated these substrates
(equation 105) [98].

0
!
— ——— ‘:fi:7 (97)
CuOTf

80%

=

R=Me at,2, 4, 5,6, 3
di Me at 4, and 2,5

OH OH
<\£ T CS
= cuote (98)
OH OH
+
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h
o (100)
-— CuOTf
H N
H
OH
65

OH
kr 35
N
93%
hv
— + {101)
BN Cu0Tf
as
OH HO HO
hv
—_— " + (102)
N | CuoTf
OH
189 H
OH HO
0 __
- hv 0 Ru,0 0
> 23 J o0 (103)
‘ CulTf
(CH,)
2'n n 4
48-98% 60-85%
= H, Me
=5,6
(104)
H
H
DN "Titanocene hydride"
> +
- / !
H H
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CHZCI2
—+—0—— = ——0—'— + PdC]Z-ZMeCN —_———
rfx

CpCo(CO)2

hv 0 0

p S

X
470
|
/N
0 0
Y 52%

{105)

The paliadium mediated "trimethylene methane" cycloaddition to a,B,v,6-
unsaturated esters gave two cyclic products, the ratios of which depended on the
palladium catalyst and the solvent (equations 106 and 107) [99]. Bicyclic
material was prepared in this fashion (equation 108) [100], as was (+) albene

(equation 109) [101].

Vinylcyclopropanes underwent a [3 + 2] cycloaddition to

olefins to give cyclopentanes in the presence of r-allylpalladium catalysts [102].

MeO2

[7) 'ty

¢ {T”S Pd(0)
+ D ———— ]
\\:::\\1=:\\ 0Ac
[:--

CogMe Co,Me
L4Pd, dppe, THF 1.6
L4Pd, dppe, diox 3.8
[(i-Pr0)4P],Pd 1.1
™S
Me0,k Pd(0)
+ OAc __ o
- e
Ph
COZMe
Ph
+
/::’ COZMe
CDzMe

{106)
+
0oMe Meozc co 2Me
1 47%
1 98%
1 8%
oPh
\\
&
Vil €O, Me
COZMe
+ (107)
Ph
N
/== C02Me

C02Me
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‘ Pd(0) COzEt

™S Et0,C H
- 2
’54\\r//(CH2)R\~44?\\ (108)
0OAc
n=14
Et02C H
(109)
COZEt Pd(OAc)z
TMS"\./’H‘\~/"I '
(i-Pr0)3P
COzEt THF
< \COZEt
COzEt

Electrophilic olefins (equation 110} and alkynes (equation 111} underwent
a two step cycloaddition process when treated with n]-a]lylcyclopentadienyl iron
complexes [103]. Similar reactions were observed with iron complexes containing
enol ethers (equation 112) [104], (equation 113) [105]. In some instances four
{equation 114) and six (equation 115) membered rings were formed [106]. With
cyclic enones a cyclopentane annulation procedure was developed (equation 116)

[107].
1

R! H R
P _ rZ (110)
CPFe(CO)ZN + Z>—“< — Fp H
(Fp) R r3 r3 60-90%
celV
Br, ROH, CO

R!, R? - COR, CN

3 0 ®
R” = H, CO,R, CN 2 ] 2
H H

r3

60-87%
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Fp COzMe
~
Cp’Fe(CO)z/\/ + MeOZC-CEC-COZMe —_— I/\ 99,
(Fp) Me0,C x

‘ COZMe
Fp
COZMe
RV M

>"< 1

R2 R3 R2

[ e

OMe
Fp OMe
C02Me
Fp
Me02C-C=C-COoMe CO.Me
2
OMe
R! rR3 Fp N
Fp 2
——>: . >=—< - Meo)ng
2 H R
OMe R H
+

R' R’ a, CH,C1

22
=C- —_———
RC=C-COMe  + N\ _ / N II

Fp R' COZMe

(111)

(112)

(113)

(114)
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Rl Rll
_ 0
> Fp
R' _ | 0
+ '
F R
p R '
RII
R-CsC-COéMe (115)
0

I ij/u\ Fp .

AlBr
/\/ + —— Fp (116)

H 45%

Chromium carbene complexes have finally been developed into useful reagents
for organic synthesis. Reaction with enynes produced naphthoquinone vitamins
after oxidative removal of the chromium (equation 117) [108]. Nanomycin (equa-
tion 118) and deoxyfrenolicin(équation 119) were prepared using this kind of
chemistry [109]. The regiochemistry of addition of alkyne was controlled by
incorporating it into the carbene complex (equation 120) [110].

H R® o RZ

Ph > '“‘< 45-55° CH
-~ 1 ———— 2
(c0)r=c + Rl-c=c-ch, CH

OMe R]

(CO)3Cr
OMe

60-90%

R" = Me, H

2 ,/‘\/’l Me
R® = (CH,CH CH,CHCH3, Me, Z~ ,/~\,/§§f7%

CH3
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OMe O {118}
0Me (Me
1;2? A OX.
~ CV‘(CD)S + ///\/ > P ‘
0 ~
Me

OMe O

R
OH
PdCIZ/CuC!
Me

et e NANOMYC N

{(119)

OMe ¢ \

Cr(CD);<\\;_\ " ©‘ o

e e d@OXyfrenolicin

_— ?‘
oM CHyC-C1

-20°
CT(CO)S

OAc

(120}

HO- (cﬂz) ~z-R

Y

Ph 7 Crico)g

(C0)3Cr oH

/‘ (cH, ),

- QL

OAc
16-82%
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Naphthoquinones were synthesized by the reaction of alkynes with cobalt-
aphthalates (equation 121) [111]. Finally the THP ether of allyl alcohol
reacted with the cobalt complex of 2-butyne to give a cyclopentenone (equation
122) [112].

0 0
+ L R
co”” ) + RC:C-R'  ———n O‘ (121)
\L .
0 D
R = H, Et, TMS, Me 51-96%

R* = n-Bu, Et, CHZDEt, CH(OEt)Z, (CHZ)ZDTHP

0
G e
- 0 i e
35%

COZ(CU)G

0 0
j]::%::(,/\\\oH — ——— E;]::?i:fi;
COZH

6. Alkylation of Alkynes
Organocopper chemistry continues to be extensively used for the
alkylation of alkynes. Vinylcuprates added to acetyleme to give functionalized
1,3-dienes in excellent yield {equation 123) [113]. Similarly alkoxy containing
cuprates added to alkynes to give functionalized alkenes stereo- and regiospeci-
fically (equation 124) [114]. Triphenyltincopper reagents added to acetylene in

a similar fashion {equation 125) and reacted with propargyl mesylates to give
allenes (equation 126) [115].

(122)

al r3
+
Et20 E
= + HC=CH —u® —_ -
Cul
Rz 2 Culi
(123)
R! rR3 R = H
>:_:<__/E RS = H, n-Bu
R2 R3 = H, Me, n-C8
60-80% £t

= C0,, Bul, Mel, PhSCHzNEt2
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1) HC=CH / T\

(RO-(CHZ)n-—+?CuLi-2LiX-LiBr _—E;“Ei—-——" RO(CHZ)n E 124)
_ I 52-78%

+-— -

E" = Mel, 12, PhSCHNEtZ, n-Cg + Pd cat.

—_—

Ht Ph.Sn
H H 3
90%

PhaSnCu  + HC=CH —» — (125)
Ph,Sn Cu&\
PhgSn R
= add =C-
R = Me, 2 , TMSC=C 90%
PhySnCu + HC=C-CHR ——— PhsSn —=-\ (126)
0S0,Me R

75-80%

Zirconium complexes catalyzed the carboalumination of alkynes to give vinyl-
alanes, which reacted with electrophiles to give substituted alkenes (equation
127) [116] (equation 128) [117].

R H
MeOBR, : <
" BR, '
Me3A1
RC=CH —— > —
C1,2rep, (127)
Me A]Me2
R H
l 1) n-BuLi
2) X,IrCp -
2 2 Me GCZX
Cp,Zrll I R & R R
p,Ir
R1-z-R% + R3AICH 2 2., 2, — . — (128)
cat.
R3 1 R I
R = n-Cy, n-Bu 71-824%
R2 - Me, Et, n-Pr, n-Bu from 98/2 to 76/24
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palladium{ 11) complexes catalyzed the addition of allylic halides to tri-
methylsilylacetylenes (equation 129) [118]. Chromium carbene complexes condensed
with alkynes to give unsaturated species (equation 130) [119], (equation 131)
[120].

R 1
R TMS 3
1 Pd('l]Z(Ph(:N)2 R
R'C=C-TMS + (1 > pre RZ {129)
N
R3 c
: 79-91%
R' = n-Bu, n-cs, n-c6
RZ = H, Me
RS = H, Me
Ar
/Ar EtOH _~H
(CO)SCY‘=C\ + HCECCOzEt ——i C..\_\ {130)
OMe THF CHZ(COZEt)
600 CH30
80-87%
|
/TMS
/,Ary] O=C=C\\ ’,ArCr(CO)3
(C0)5Cr=C\ +  TMSC=C-TMS ——>» /Cr-—'“ ~ (131
DMe ™S 0Me

Cobalt~-stabilized propargyl cations reacted with a variety of nucleophiles
to produce a variety of propargyl substituted systems (equation 132) [121, 122].
With further investigation two products were obtained (equation 133) [123].

(132)
?e et ?H3 Nuc relll ?H3
HC=C-C<CH,  —— HC=C——C——CHE - > HC=C—C—CHAE
COZSCO)G °2(CO)6 Nuc
55-90%

+
' = MeCO, €0, >=-‘h,-t‘8u, Cigtq5e P-MePhS, p-CiPhS, NO,
Nuc = MeD™, OH™ 0
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X
o
:l:x

Nuc-E = PhOMe 82% A

™S 812 4

T™MS
80% A

o

Nuc.E R
'—‘_“"—VH—’-E uc
BF,-Et,0
32 Co,(CO)
CH,C1, 277776 A
-780 +
R
H"‘:::: uc
( &
Cop(C0)g B (133)
X
7 76% A, 6% B
EtOH 10% A, 704 B

7. Alkylation of Allyl and Propargyl Alcohols and Acetates
Allylic alcohols were alkylated with SNZ' regiochemistry by
sequential treatment with methyllithium, copper iodide, organolithium, and a

phosphonium salt (equation 134) [124].

Allylic phosphites were alkylated by

heteroaromatic Grignard reagents in the presence of copper(l)} iodide (equation
135) [125]. The regiochemistry of the reaction of Li,CugMey with allylic carba-
mates or acetates of terpenoid alcohols was studied [126].

1) Meli

1 OH R R
NG 2) Cul N
» (134)
3) RLi
R? R
4) Bu3PNMePh
R = TMs, TMSCH,, H
R% = H, n-Bu, THSCH,
R = n-Bu, Me, Ph, Ar
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80%

WMQB\” . WX | (135)
4]
i No Cul / \

80%

Copper-catalyzed reactions of Grignard reagents with 8-vinyl-g-lactones has
been used in the synthesis of a number of interesting organic compounds (equa-
tions 136 and 137) [127], (equations 138 and 139) [128], (equation 140) [129].
The five and six membered lactones reacted similarly (equations 141,142, and
143) [130].

{136}
+
THPQ, MgCl 0 Cul H
N P > >
/7 "0 THF /Me,S
0
HO \/\/\/\/\/u\
z OH
65%
(137)
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(138)
N//NMeZ : //jL\N,/”\\,/’\\V//E\\
PO L
R 2 ~ 92:
+ 91%
R = H, Me
/()Uv(/h)\
R OH
8
NMe
72 1
N 0 0 0 (139)
Q-)
Cul
+ Z
_ cat.
2 2
R R 99:
+
76-84%
R! = Me, Et, Ph, H _
Rz =H -(CH2)4' 0 0
R] OH
RZ
1
/ 6 (140)

o

I 1) Mg 0
0 > /\/\/\)<
Br H
,,/\\\/:><:\ 2) Br,/”\«/"\z/ Br
Br H 86%

LiZCuC]4

1) Mg / \
2) Cul-Me,S BrigC LA

g -— H

3) HC=CH

(continued on
next page)
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1 Q
g ¢l
—~ = H
(Me0)3P
HOC ™\
1) Mg " 0
~— \\\\\
2) Cul = H
",
THE, Me,S
— e ey W H CHo
RMgX /Cul R\\\,//\\\//,\\\//ji\\
—>- ~ (141)
‘QQ//Zi:;>§>O or R,CuMgX OH

R = Me, n-Bu, Sec~Bu, t-Bu, ¢’>§ s 4’\'§—, Ph

Ng/wMgBr 1) HC=z=CH
2) -
2 %/[—O‘XO
/\/\/-z-W\)I\OH

RMgX/Cul
—_— . (143)
OH
NS 0 R -

Allylic halides and propargyl boranes coupled when treated with copper(l)
iodide to form eneynes (equation 144) [131]). Dienic ally) sulfones underwent
1,6-alkylation with organocopper reagents (equations 145 and 146) [132]. Organo-
cuprates reacted with 1,4-diacetoxy-2-butenes with high regioselectivity (equa-
tions 147-149) [133], Allylic thiocarbamates underwent SNZ' alkylation when
treated with organocopper reagents (equation 150) [134] (equation 151) [135].

(142)
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R' R'
/”L\\./” Br - ' (
RC=CCH,BR + ———— RC=C-CH,CH,~-C=CH 144)
272 - MeOL i 27z e
R = n-C]O, n-Bu, i-Bu, sec-Bu, cyclopentyl
R' = H, Me, Br
(145)
502T01 ,/’\\\//"\V//’tz’\\v/’s02TO]
ONNS +  BuCuli ——
20-60%
R S0
S — X
//\==./—— 02\/\ \/__\/
RZCuLi
—> (146)
AN R
———//;:;//_-_- ~ ‘\\//‘§§~//”‘\\Soé,/'\\\;ﬁ/
RCu-MgBrX-LiBr  + Aco——\——/——ACO —_— ﬁ/\t)Ac
R
82-100%
+ (147)
R-.-,\\——J/p--OAc
minor
RCuMgBrXLiBr Aco—\—\_' —— /\r\o;\c
- OAc R
0% (148)
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OAc
RCuMgBrXLi  + //\‘) — //\]/\OAC
0Ac R

+ (149)

R OAc
+ —\::_/—

R
—\_\_OAC
CuBr : R]
T T _
@E"\>_(‘ ZNp2 + RMGX (150)
s
o2

R'=H R® = Me R = n-Bu, Bz, n-Cg, -(CH2)40MgX

2 (151}
R] RZ R
\ ,/J‘-/’J\\~ Cubr //"\\/’4‘\\
4
S R
70-90%

4. -
R" = n-Bu, PhCHz, n C8

o =

~n

1l H
= x
F) -
™

m

x [ad
-

CTMgO(CH,) 5CH,-

Acetals of allylic aldehydes underwent a double alkylation when treated
with Grignard reagents in the presence of nickel(Il) catalysts (equations 152-154)
[136]). Titanium(1V) chloride coupled allyl acetates and allyl silanes (equation
155) [137]. Palladium(II) complexes were used to couple allylic halides to
trimethylsilylacetylene (equation 156) [138]. Allyl acetate and benzene were
reacted in the presence of palladium(II) salts to produce unsaturated aldehydes
(equation 157) [139].
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OMe .
L,NiC1
"5\\1’/, + PhMgBr —2 "2 Ph\\\v//\\\///Ph (152)
"
OMe
Ph
o
PhMgX
L2N1C12
OMe Ph
0Me
Ote PhMgX Ph Ph
= —— z (154)
4 LoNiCl,
Ph
™
OAC N S \\\\H
/ R —— - I 0 (155)
0 TiC14 "R
H
R = CH,0Bz, Ph, CH,SPh, n-Pr
60-99%
T™S
Br PdBr., (PhCN)
HC=C-TMS  + N 2 2 » £ =
r
947
™S (156)
1) Mg/THF ’//\\v//___<<
. _ —
2) RCH X, Cul B
(157)
0 H
H
o-J-R Pd(TFA), 0 Ph
=/ + — + 0
CF ;C00H — -
Ph

0-12% Ph 9-47%
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Chiral propargyl mesylates were converted to chiral haloallenes by reac-
tion with copper halides (equations 158 and 159) [140]. Alkylcopper reagents
converted propargyl tosylates or mesylates to allenes (equation 160) 1411,
{equation 161) [142]. More highly unsaturated propargyl systems reacted in a
similar fashion (equation 162) [143]). Propargyl epoxides were converted to
allenic systems when treated with organozinc reagents in the presence of palla-
dium{0) catalysts (equations 163 and 164) [144], (equation 165) [145]. Cumu-
lenes were produced from ao-acetylenic vinyl halides and organocopper species
(equation 166) [146]. Titanium(IV) chloride coupled propargylic trimethylsilanes
with alkylidene malonates to produce allenes {equation 167) [147].

Ph
z LiCuX Ph, X
HommmC-CZCH — 2 o Zre=c=cC (158)
/ Ho™ H
MsO
90-95%
high ee

X (159)

\ (160)

OMe 0
Ph -60 Ph
1.0 e 2 -
R -(ll-C=C R + >=N CH CuMgX ~———» >: 2(
H Ph
h

15-45%

-
1

= Me, n-Pr, H

R2 = H, Me, n-Bu, Bz, n-C6

References p. 458



330

OMs

1 ! Me, 20% Cul
R'——C—C=C-CH,NR®  +  BuMgBr
k2 NR3

40-80%
(161)
1) RMgX + 10% CuX ===<1__-
2) RX > NR3
40-70%
R1 = H, Me, n-Pr, t-Bu
RC = H, Me
R3 - PhCH,, Me
(162)
?l ?" Rcu R‘" Rcu l $II
R-CCC=C=C  ~ m————  R'-CEC-LeC-C-R™ s R'-CoC-CoCC-R"
Rl"
OMS

R’ R"
R'-C=C-E.-'—CH 1) RZNC1/LyPd >== =<‘ e
\/ 2 9wt o OH '
1) n-BuZnC1/L,Pd R, ====<ii;- R = =, TMSC=C, t-Bu-CH=C=CH,
2) w H>== o TMSC=C-C=C

1) THS(CsC),, ZnC1 1) agho, (164
HC=C-CH-CH, THSC=C-C=C-CH=C=CHCH,OH
N/ LiPd 2) NaCN
2) H
HC=C-C=C-CH=C=CH-CHOH  =——]
A30%
H NPhth : 4 (165)

R
= + RMgX/CuBr —— PhthN;;‘ ‘24—
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H 7 H R

RCu
>':__.‘< - % — :% {166)
' <-509

R' 85-95% R"
R' = n-Bu, i-Pr, t-Bu
R* = H, D, Ph
R = t-Bu, i-Pr
(167)
R! . R' COpEL
T1C]4/CH2C]2 R '
RC=C-CH,TMS = + (CO,EL) » CH,=C=C-CH-C-OM
2 22 15hr, 20° R
’ R COpEt
R
R
Et
—_— €% R = H, Me, n-Bu, t-Bu, Ph
Emmane e
R' = i-Pr, OEt, Me
R CO,Et
42-84%

8. Coupling Reactions
UlImann type coupling was used to synthesize thirteen substituted
biaryls in fair to good jie]d (for example, see equation 168) [148]. Haloazu-
lenes were dimerized in a similar process (equations 169 and '170) [149]. Copper
(equations 171 and 172) [150] and nickel salts (equations 173 and 174) [151],
coupled sulfur stabilized carbanions, often with loss of the sulfur stabilizing
group.

OMe
Me0
MeO N COpMe 2500
- > Me0 H0 (168)
Br Cu powder Me0 CHO
MeO Cone
OMe
MeO
OMe
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R R
] - Cu powder O
—_——b
— 220°
X {169)
R
fair yield
R R R
Cu powder
X —— (170)
220
Cqu
2 PhSOZ?HLi .——————-s-PhSOZQH-?HSOZPh {(171)
R R R

R 50,,Ph % —
2 CuX

R Li
MgBr i
2% Ni(acac)2
,,l\\,,J\\\ > 7 N~ N (173)
PhSO ~
2 rfx THF 80%
M

2% N1'(acac)2

//j\\\ >  RCH=CHR + RCH-CH-R (174)

ww% R rfx THF

Diaryl mercury reagents cross-coupled with aryl halides to give unsymme-
trical biaryls when treated with PthIL2 in HMPA [152]. Diarylmercury compounds
produced biaryls under the same conditions. Aryl, vinyl and acetylenic mercuric
halides were methylated by methylrhodium(lfl) complexes (equation 175) [153].

A detailed study of the reaction of aryl, vinyl and alkylmercuric halides with
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organocopper reagents to give coupled productshas been published [154]. Nickel
metal coupled aryl halides to biaryls and benzyl halides to bibenzyls [155].

HgX Me
70°
CHyRhLL, + == —— HgX — == Me (175)
HMPA
AngX ArMe

90%

The reductive coupling of carbonyl compounds by low-valent titanium species
has been reviewed (40 references) [156]. In addition to the coupling of car-
bonyl compounds, these reagents cause hydrogenation,isomerization and aldol con-
densation reactions to occur -[157]. Fluorenone coupled to conjugated enones
when treated with the reagent resulting from reaction of magnesium metal with
titanium({IV) chloride (equations 176 and 177) [158]. The reagents produced by
the reduction of T1C13, TiC14, NbC]S, M0C15, and HC]G, by 1ithium aluminum
hydride were examined for their ability to couple benzophenone to tetraphenyl-
ethylene, The'reagent from TiCl3 proved the most efficient [159]. Reduction of
NbC]5 with sodium aluminum hydride gave a reagent that reductively coupled and/or
deoxygenated a number of substrates (Scheme 2) [160]. The mechanism of titanium{0)
coupling of ketones to olefins has been studied [161]. As the steric congestion
about the parent ketone increased, the yield of substituted ethanes (from reduc-
tion of the olefin) and methanes (from reduction of the ketones) increased, at
the expense of the olefin [162]. The reagent produced from the reduction of
titanium(I11) chloride with lithium aluminum hydride effected a number of coup-
lings (Scheme 3) [163].

0
. | . W TiCl,/Mg _
0
(176)
]
Ho
HO 0
oro - O
25% 70%
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@ ‘ @ TiC1,/Mg
+ ————

Scheme 2

NbC'l5 + NaA1H4 ————  "Nb"

0 R

R
R
anu %\/ OH ann
s pe— e i
R' R*

R R

" Nb n “ Nbu

0
PhCHZOH — PhCHZCHzPh {! —

Scheme 3
LiATH, + TiCly — > *Ti®
Ph Ph
H "Ti" |lTi"_
PhC-C1 —n ]\ PhC=CPh ——» PhCH=CHPh
ph > 0 N py 54%
80%
nyqn nyqe 'l’h
PhX > PhH PRC-CHPh  ————» PHCH=C-C=CHPh
60-98% 0 OH Ph
80%
"T.ill "T-i“
Ph,CHOH ————»  Ph,CHCHPh, PhNO, ~—————» PhN=NPh

85% 65%
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Ketones were dimerized to diols by titanium(III) chloride in strongly
basic medium (equation 178) [164]. Carboxylic acid derivatives condensed with
ketones to give diols when allowed to react with titanium{III) chloride under
acidic conditions (equation 179) [165]. Ferrocenyl alcohols were dimerized when
treated with titanium({III) chloride and butyllithium {equation 180) [166].

0 R(H) R(H) (178)
2 PhC-R  + 2 TiCl, + 6 OH Ph-C—C-Ph + 2 Ti0, + 2 H,0
{(H) | !
OH OH
53-88%
I 1 R, em (AR a+
RC-X + R-CR ————> RG—C-R' + 2Ti (179)
2 H* OH RZ
X = CN, CO,H, CO,Me, py
R = Me, Ph
R! = Me, H
R = H, Me, Ph

l 1) BuLi/ DME
CpFeCp-COH » CpFeCp-?-?-CpFeCp (180)

2) Ti613/BuLi/Et3N

50-80%

An immobilized macromolecular copper catalyst for the oxidative coupling
of phenols has been developed [167]. The kinetics of the oxidative coupling
of acetone with aromatic compounds in the presence of manganese(III) acetate have
been studied [168]. Dihydrobenzofurans coupled when exposed to K3Fe(CN)6 and
base (equation 181) [169]. Finally cobalt{(II) polyvinylpyridine in DMF catalyzed
aldol condensation reactions between aryl aldehydes and aryl methyl ketones. The
reaction proceeded under neutral conditions and gave no sideproducts [170].
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(181)
HO base
+ K3F9(CN)6 —_—
0

OH HO

+
0
CHZCH2

8. Alkylations Involving n-Allyl Complexes
The stereochemistry of reactions of n-allyl complexes with nuc-

leophilic reagents has been reviewed (15 references} [171]. The crystal and
molecular structure of the dimeric =-allylpalladium chloride complex of testo-
sterone has been elucidated [172]. Asymmetric catalytic allylic alkylation was
the subject of a review [173). "Cyclopentanoids: A Challenge for New Method-
olgy" was the title of a review (63 references) which included a discussion of
n-allylpalladium complexes in that context [174]. Catalytic reactions via »-
allylpalladium complexes was also the subject of a review (14 references) [175].

Palladium(0) complexes catalyzed the alkylation of allylic acetates with
g-ketoester anions (equations 182 and 183) [176], the coupling of allyl phos-
phites with a wide range of nucleophiles including stabilized carbanions and
amines (equations 184 and 185) [177], and the coupling of allyl ammonium salts
with stabilized carbanions (equation 186) [178]. The alkylation of 1-acetoxy-4-
hydroxy-2-butene at the acetoxy position was also catalyzed by palladium{(G) com-
plexes (equation 187) [179]. This type of reaction was used to make cyclopro-
panes (equation 188) [180]. Double alkylation of 1,4-acetoxy-2-butene using
palladium(0) catalysts was also achieved (equation 189) [181]. Alkylation of
allyl acetate by a s-diketone in the presence of a n-allylpalladium catalyst and
a chiral ligand led to alkylation with up to 52% ee (equation 190) [182].



COzMe
DAc Pd{0) /\)ﬂ]/\
NS + CoMe  —— -
0 PP, 0
P Pd(0)
AcO ~ + CO Me —_—
0 PPhy
COZMe
AcO -
0
77%
0
R ou(oct)2 Nuc R
"\,\//\/ —————— \__</Nuc
L4Pd —_—
63-88%
Nuc = CH(COZEt)Z, EtZNH, 0, ,NH, Phuz
9
Ac0———-\_—_/—-'0P(0Et)2 1) Nuc L4Pd 2) Nuc'
L4Pd
Nuc'
Nuc = CH(COzEt)Z, amines \
Nuc' = amines
50-80% Nuc

Y

R' = H, Ph, Me

RZ = H, Me

X = CozEt

Y = C02Et, SOZPh ketone enolates also react.
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{183)

(184)

(185)

(186)

major
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y (187)
R? _ 2] X L,Pd
+ (=) —_—
HO 0Ac Y THF
R! R?
R! = H, Me
RZ - H
= CO,Me, CO,CH,Ph
= C0,Me, COMe, CN, SO,Ph
2 2
- OAc
_4<:_—\\—- (188)
OR €O, Me
L,Pd 2
or + Nat:H(COZMe)2 —
‘ ~ 0. Me
OAc RO ?
‘//’f;;;/”’ NaH
N.R. Pd(diphos),
OR
— CO,Me
— C02Me
+ COZMe
C02Me
7:1 no yield
(189)
Pd(0) co,Me
R'onm[ >-0R CoMe R'Olunc_)—(
< co,Me
€O Me
CO,Et
Pd(0) {(-)
<:: O Et
2
R = COCH, Et0,¢ Co,Me
R' = COt-Bu \1“”
€0, Me
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0 0 0 0
PdC1/L* *
OAc <
(-) + NS —_—— .
N
up to 52% ee
0 i-Pr
phop” N\ M ,ﬂ\ _!
PhoP N (CHZ)Z NH={1101H (190)

C02Me

Transmetallation to wn-allyl complexes continues to be a useful process.
Allyl acetates were alkylated by organozinc compounds in the presence of palla-
dium(0) catalysts (equation 191) [183]. Fluorinated alkyl groups were introduced
to allyl, vinyl, and aryl halides in a similar manner, although ultrasound was
required for reaction (equation 192) [184]). Palladium(0) also catalyzed the
reactions of vinylalanes with allylic lactones (equation 193) [185], the reaction
of boron enolates with allyl acetates (equation 194) [186], and the reaction of
aryltin reagents with allyl acetates (equation 195) [187].

(191)

(1,4-elimination)

H
PN (192)
R X
R
L_Pd Y\\
Re
X
THF R P
Rel + In —— [RonI] RS
L _Pd
n
ArX
> Aer
L,Pd

good yields
References p. 458
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L,Pd j@ Bu H (193)

0 B
=,
Me
Bu H
R HOOC
- 90%
Me I\lMe2 0Ac
Bu H
—
Z
MeOZC Me . .
- >90% inversion
MeG,,C
" 86y
0 (194)
1) KH 1) KN(TMS)2
2) BEt, 2) BEt3
OBEt3K OBEt3K
/\)/\/\/k
AcO
L4Pd
0
~ /\)\/\)\
AcO ~ d
63% L4Pd
. L
— ~ 0
' v
73%

81%
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OAc
L,Pd
r avd R A

/J‘
R = Ph, tolyl, C1Ph, Ph/

RSnMe3 + (195)

Palladium(0) catalyzed cyclization reactions have proven very useful,
particularly for the synthesis of large ring compounds. By using allylic epo-
xides as substrates and a polymer-bound palladium(0) catalyst, large rings were
synthesized efficiently without having to resort to high dilution conditions
(equations 196 and 197} [188]. Although nucleophilic attack normally occurs on
the less substituted position of a n-allyl group, the regiochemistry of the reac-
tion depends on the leaving group. Allyl phenyl ethers underwent attack at the
more substituted terminus (equation 198) [189]. Spirocyclic compounds were made
by the palladium(0) catalyzed reactions of cyclohexenyl acetate. Both C
(equations 199 and 200) and O (equations201 and 202) alkylation were observed
[190]. Palladium also catalyzed the reaction between allyl epoxides and vinyl-
boranes (equation 203) [191], and the reaction of diethyl malonate with an
allylic nitrile (equation 204) [192].

Ph0,5  50,Ph (196)

2
PhSO
2:>/’”\\,/’\\v/"\Jg>*\\J’7 (::>Pd
— e

OH
PhSO2

+ 7%
Phozs SozPh

OH
PhSO,, 0 @Pd (197)
:>/’A\\//’\\v//\\v/’N\\,/”\\,/’<:J//Q§\ _—
PhSO2
PhSO2 SOZPh SOZPh
50,Ph
OH +
OH

66%
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0 0 (198)
Pd(0Ac) £o,Me
OMe ¢ . 2
J {S){R)BPPFA -
OPh *
0
N
82% yield
48% ee
0AC 0Et,C
CO,Et
CO,Et Nal
— (199)
CO,Et LyPd
66%
0
d’,ujzi CO,Et
NaH 0
0 J— (200)
CO,Et LyPd
67%
OAc
COZMe
NaH 0 _
> {201)
co,Me LaPd
0 63%
DAc
NaH 0 :
SRR / , (202)
co,Me LgPd
COZMe

100%
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1 2
Pd cat R R

RZ
]\/k -
R
+
z B)(2 M

OH
= n-Bu, n-Hex, Me, 2-propenyl, Ph (203)
= H, Me, TMS +
RZ
~ ~N OH
high yields
R A (204)
[:\j;:]:: CN L,Pd | KN
> _—
= ' CO,EL R’
Co,Et
Et0,C CO,Et
R
CN N
RI
Et0,C Co,EL
70-90%

The organometallic chemistry of nitrocompounds is beginning to be explored.
Allyl acetates were alkylated by nitro stabilized carbanions (equation 205)
[193]). Allyl phenyl ethers and even allyl alcohols reacted in a similar manner
(equation 206) [194][195]. In contrast, allyl nitro compounds underwent
alkylation with loss of the nitro group when treated with stabilized carbanions
and palladium catalysts (equation 207) [196] (equation 208) [197].
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R R (205)
_ L4Pd i
RCH=CH-CH20AC + — NO g —> RCH=CHCH2-?-R"
RY NO2
+
R = Ph, Me R(':H-CH=CH2
R' = H, Me, n-Bu, Ph, COZEt R'-(;.-NO2 54-89%
R" = H, Et R" from 1:1 to 97:3
NO
X /\)< 2
NO,, o~ L z
H + ——— (206)
L, MeONa
X = OAc, OPh, OH
N0.2
NO NO
Made )\>< ’ \//\>< , ’ PhWNOZ,
0N 2
2 Ej P OZN?«
.E:jg\’/ BzN\\/NBZ
COzMe
NO2 CDZMe
Co, Me L,Pd
+ (-)< 2 —s (207)
C02Me
70%
NO2 NO2
’ ’ 02N - COMe also react

z
02N CDzMe
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COzMe

L,Pd

€O Me (208)

40%

Allylic acetoacetates underwent a palladium catalyzed decarboxylation with

some stereoselectivity (equation 209) [198].

Allylcyclopropanes underwent a

palladium(II) assisted ring opening with inversion to give =-allyl complexes

(equation 210) [199].

The x-ray structure and dynamic exchange process of =-

allylpalladium complex ion pairs have been studied [200].

0 0
|
08CH2£CH3 CHZCOMe
Pd(OAc)2
- £ - (209)
L
R R
R = Ph, i-Pr 42-53% 86:14 cis/trans
starting with 95:5
cis/trans
A (210)
\ PdCl
Pd \
\
PdClZ(MeCN)2 i .
0.1 eq CuCl2 C1
Cl

Vinylzirconium species alkylated

n-allylpalladium complexes. This reaction

was used to introduce steroid side chains {(equation 211) [201], and to synthesize
macrocyclic polyenes (equation 212) [202], (equation 213) [203].
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1
(;;”/Q\ C1
% ; CpZZer (21)

o
frnt

Pd(0) <;’_o
=

+ ”’/M

96% 7:1 ratio

0 (212)

)\\/\)V\)j\ + (Me0),CH~ X~ —
Pd ZrCp,Cl

€

\/

7\
OHC

0 - R N

——— e

TiC13
In/Cu

78%
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(213)

6 TiC1,/ZnCu
0HC\\\’;><:~<;:\\~/,L§§v//\\\’,JL\\ 3 -

DME
84%

60% humulene

Molybdenum{Q) complexes also catalyzed the allylic alkylation of allyl
acetates by stabilized carbanions. The regiochemistry depended on the nature of
the molybdenum reagent (equation 214) [204]. A variety of unsaturated =-
allylnickel halide complexes were made and were coupled to a variety of organic
halides (Scheme 4) [205].

(214)
Cone
0AC
(O Me Co,Me
co Me Mo(0)
+ (- —— +

CO,Me (O Me

Mo(C0) 15 . 85  69%

Mo(bipy)(CO), 67 : 33 45%

References p. 458



348

SCHEME 4

Br DMF //»\\;)<
%Ni/\ + R'X — R

with (Ni\/3§ | (Ni\/}’ (Ni \-_.<<N1?

2
\
Br
Br
=" /__:./\Br 1, n-c81, @
Ph s Ph s NH

10.  Alkylation of Carbonyl Compounds

Alkylchromium(III) reagents showed very high selectivity for
aldehydes over ketones in alkylation reactions (equation 215) [206]. Chromium(II)
chloride coupled aldehydes and ketones with allylic halides with strong threo
selectivity (equation 216) [207]. The stereochemistry of this reaction was
studied and was found to depend on the nature of the substituent on the a-
carbon [208}. Manganese{0), produced by the reduction of manganese(Il} chloride
with lithium aluminum hydride, alsocoupled aldehydes and ketones to allylic
halides (equation 217) [209]. Alkyl niobium and tantalum complexes of the consti-
tution MezM(O-i-Pr)3 and MeMC]4 alkylated aldehydes exclusively in the presence
of ketones [210]. Samarium(Il) iodide also reductively coupled aldehydes and
allylic halides (equation 218) [211].

0 OH

RCrC]Z(THF)3 + R' H ——» R pe H (215)

very high selectivity for aldehydes
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H
RCHO | P
CrCiy + 1/2L1A1H4 — [CrC12] ——— Rcl/\/ (216)
NX OH
0
M, w
X

22 cases studied high yield, high threo selectivity

R/\\/\Br (H)R' oH R
MnC1 + LiAlH - "Mn(0)* —————— (217)
2 4 0 X
RI
R HCR good yield
22 cases
1) Sml
X 2 Z
RCHO + 2N ", R?HN (218)
2) H20 OH
78-96%

n-C,, i-Pr, t-Bu, @

I >Br > Cl > 0Ts

> A
It

Titanium alkyls have also been studied as alkylating agents for aldehydes
and ketones. Steroidal ketones were alkylated by a range of titanium alkyls and
the erythro-threo ratios were determined (equation 219) [212]. Allyltitanium(IV)
complexes reacted selectively with aldehydes when the anionic groups were iso-
propoxide, and exclusively with ketones when the anionic groups were dimethyl-
amido (equation 220) [213]. However, a related titanium species alkylated alde-
hydes almost exclusively threo (equation 221) [214]. Propargyl titanium species
alkylated aldehydes to give mixtures of allenic and acetylenic alcohols (Scheme
5) [215]. Titanium(IV) chloride promoted the reaction of allylic trimethyl
silanes with aldehydes. The stereochemistry was determined by the geometry of
the double bond (equations 222 and 223) [216]. This reaction was used to syn-
thesize a-methylene lactones (equations 224 and 225) [217].

References p. 468



350

{219)

0
/(Ij/" +  RTi(0-WPriy ——
AcO
OH

Me e(,_L,,_R

Jijéjé +
Ac0

AcO

90-96% 4-10%

used RTi(O-iPr)3, MeTi(OEt)3, RZTi(O-iPr)Z, TiMe4, Mle(O-nPr)3, ZrMe4

TiX, ’/,\\v//N\\//,\\v//u\\ (220)
N + . +

OH
0 /\/M
/\/\/\)J\ —_—
H
+
OH
d 2:98 /\/\/\/‘\
For X =
or ‘T’ )
For X = MeZN 98:2
OH
CH3 _ Ti(NEt2)3 . = N
NN O F (221)
Nli- -78° 0-C-N(i-Pr)
Oﬁ N(i Pr‘)2 2

>97% threo

R' = t-Bu, Me, i-Pr, \’/\
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™s OH
1 - =
R = . = Ph
8 Ph TiC NN
Y\r + Rlwo ——2 o p27 TN (222)
H H R
up to B6% ee
R! = Me, Ph
R? = t-Bu, i-Pr, Me
OH
H 2 e 2 Ph
NG RZcHO R S
EE—— (223)
1
SCHEME 5
R? R2
L +  R3CHO -~ Rr! = (
" 23
1 n .
1 of
+
R! R?
3
OH
2
60-93%

R = s, Me RZ =1 R%- Ph,O 1/2 = 1:99
R! = TMs, Et, Ph RZ = Me RS = Ph,O 1/2 = 99:)
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™S 0
0 Ticl, R
S R QL
Br R R -78°
OH
0 {224)
L,Ni(co), 0
Rl
R
70-90%
0 ™S 0 (225)
///[:: Cul
+ »
- MgBr
T™S
OH
EtAICT,
N
70%

Allyltitanium complexes alkylated aldehydes (equation 226) [218]. These

compounds also reacted with a wide variety of other electrophiles (equation 227)
[219].

[ (226)
™S
™S 1) Buli/HMPA 1) RCHO
//A\\/// » ————————
- 2) Cp,TiCl Tic 2) 2N HC1
2" P, N
3) Air
OH

g_

TMS
86-95%
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3563

(227)

2
0
PhNCO
- - NHPh
,///// R
R
Ph
PhN=CHPh

Cp2T£>

Low valent titanium complexes promoted the olefination of ketones {(equation
228) [220], (equations 229, 230, and 231) [221].

¢ 1
Cp,TiCl H f
p,Ti
i-BUAICH=CHR® + R? 32 "2 :Ii (228)
R2 r3
- n-Cq, n-Pr 61-70%
2 _ - -
RZ = Me, Ph, -(CH,)g
R3 - Me, Et, Ph
0 H (229)
\ 111 OH CHyBr,/Zn/TiC1, N i ox
5 0 $ 0
C\Me C0,Me
e 1) * 1
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(230)
CHoBr,/In/TiC1,
HWHR
94%
CH,Br,/TiC1,/Zn
iR 2/ M2 (231)
0

COzMe

A dissertation entitled "Diastereoselective and Enantioselective Aldol
Condensations with bis(Cyclopentadienyl)zirconium Enolates” has appeared [222].

H. Alkylation of Epoxides

Organocopper compounds were extensively used to alkylate epoxides.
The mixed cuprate RZCuCNLi2 was a very mild and efficient reagent for the ring
opening of substituted epoxides (equation 232) [223]. The substituted cyclo-
hexene oxide in equation 233 was studied extensively [224]. Steroidal epoxides
also alkylated cleanly (equation 234) [225]. This chemistry was used to prepare
a maytansine synthon (equation 235) [226]. The site of attack of allylic
epoxides depended on the structure of the organocopper species (equation 236)
[227]. Propargyl epoxides ring opened when treated with organozinc reagents
in the presence of palladium{Q) compiexes (equation 237) [228].

2
. Zz 3
R?_Cu(CN)L‘I2 + ﬁ —_—— ( \ (232)
R 95%
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OTMSR] 3 OTMS
R4 R R]
0 4+ [RCWCNILi —up ™
’ OH
R 2
3 R
R 23
high yield
R = Me, n-Bu, t-Bu + (233)
0
R4 :
R
R
o2
3

OH W, I I
1) R,Culi
a' RpuchiLs
o 2) aq NH,C
Lo

h1gh yield (234)
R = Me, Ph, n-Bu, Y
OH
Me
\Me
Me0,C Me,Culi  MeO,Cine S
\! —> (235)
BZO\\\ Bz0''!
H
85%
OTMS 0TMS 0TMS
R
RZCuLi
—— + {236)
‘y ’/OH I’lil OH
1.5 eq THF 0 100 62%
4 eq Et,0 : 59 41 81%
4 eq LiCu{CN)Me 100 0 77%
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1
R OK
0 Pd(0)
R‘cac-—]l-3 +  RZznC) - >r—<— (237)

R R2 R

12. Aromatic Substitution
Selectivity in the addition of nucleophiles to n6-(arene)

tricarbonylchromium(0) complexes was the subject of a dissertation [229]. It
was found that the conformation of the Cr(CO)3 unit in the arenechromium tricarbonyl
directed the regiochemistry of nucleophilic attack on the arene portion (equation
238) [230]. The effect of replacing the C0's of arenechromium tricarbonyl by
phosphines was studied (equation 239) [231]. Cationic arene manganese complexes
reacted with carbanions to give alkylated arenes. The manganese fragment could
be recycled (equation 240) [232].

co
1) Li CN
- ¢ (238)
oC C 2) 12
¥
@ PR e 2, R (239)
! 56-92%
LCT(CO)Z
L = PPhg, diphos R = LiC(Me)ZCN, CHMeCO,R
R H (240)
) CF 5CO0H
+ R —_—
@ X CHCN
/ ]
Mn(C0)3 Mn(C0)3
(+)

Mn(CO) 3(CHCN)y  + @—R
X = H, 4-Me, C) X

R = Me, Ph, ——COCH,-
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Chromium tricarbonyl complexes of indoles and benzofurans underwent alkyla-
tion at C-4 unless substituents at C-3 were large (equation 241) [233]. Chromium
tricarbonyl complexes of indole were lithiated in the 4-position and treated with
electrophiles to produce 4-substituted indoies {equation 242) [234]. Similar
studies were carried out with aniline complexes (equation 243} [235]. Chromium
tricarbonyl complexes of dihydropyridines were alkylated and dimerized by reac-
tion with organolithium reagents (equation 244) [236]. Mixed dicyclopentadienyl
cobalt complexes reacted with organolithium reagents to give mixtures of products

from alkylation on either ring (equation 245) [237].

] R v Y (247)
N 1} R(-) N\ N A
X 2) 12 . X X
Cr(Co), R
X = NH, NMe, NBz, NSitht-Bu, NC02t~Bu, 0
Y = H, Me, CHZTMS

R = >_ oN » CHCN, >-— CO,t-Bu, ~X ), CH,CH=CHTMS

1) n-BuLi, TMEDA

2) EC1
N - N (242)
3) hv

N
Si(i'Pr)3

N
(C0)3CT S1(1'PT)3

_ P
E = THS, CO,Et, COMe, >/\/

Me iMe, (t-Bu)
~ e MeNAC

1) BulLi
—_— » (243)

2) £t

crico), 3 1 E
4) Ac,0/py 57-73%

E+ = PhCHO, MeCHO, HCONMez, Mel, MeSSMe, PhCN
E = CH(OH)Ph, CH(OH)Me, CHO, Me, SMe, COPh
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Cr(C0)5 (co)ger Cr(co),
~N 7~
i p—
N W N
\
l R A
7% 32-37%
(244)
(C0)3Cr
+ +
4-27% 25-50%
(245)
™S T™S TM™S
R
MeD @ MeO H MeO @
™s” | —RL L msT + ms” |
Co THF Co Co
@) Q s
H
| ™S
R
From 0:100 to 80:20 depending on R (no yields)

R = t-Bu, Me, n-Cé/—_ R n-CG-z, TMS-=, t-Bu0-=, PhS-=, C1C=C-, H

Chromium tricarbonyl complexes of indanones were made by acid catalyzed
cyclization of the complexed corresponding phenylpropionic acid (equations 246
and 247) [238]). These complexes were alkylated and dimerized (equation 247)
[239].
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R n
\\\\
R PPA “II'
@ CHCH,CO0H ———»
| |

Cr(co), Cr{co),

+ (246)

R = H, Me, Et, i-Pr

(247)
MeMgBr

|
(C0) 5Cr (C0)Cr

Ph
,, 1) PPA ‘.@
= ‘ —_—
| = 2) H,, O
(COJiCr  OH 22

PhCH2

Ortho-palladation has been used to introduce alkyl substituents regiospe-
cifically into aromatics. The regiochemistry of cyclopalladations of aryli-
denemethylamines was studied (equations 248 and 249) [240]. Ortho-palladation
of these types of compounds was used to prepare substituted benzaldehydes (equa-
tion 250) [241], and quinolines (equation 251) [242]). Directed palladation of
2-methylaminomethylpyrrole was used to synthesize 2,3-disubstituted pyrroles

[243].
IO
0OAc
CH30 Me0 \bd/, 7
Pd(0Ac), N
_NMe — %o | ~ (248)
CH30

MeO
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DAc —
/0 2
0 \Pd -
0 Pd{0Ac), \
<: o NMe N (249)
0 =\

Pd// {250)
: * HOAC =X
80° R
81-96%
Ph
/" SN
e —————— i e e RO
TFA/HOAC CHO
R
67-91%
R = H, 4=C1, 4-MeO, 3-MeO, 2-MeO, 3,4-(Me0),
Q0 —
\\? N
Pd—" N Etg SN
\N + — ———e N
= X =X
R R
(251)

o ~N
180 £ OHON o+ /,JL\\

10-56%
R = H, 5-C1, 5-Me, 3,4 or 5-QMe, 4,5-di0Me
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13. Alkylation of Dieny! Complexes
The stereoselectivity of the complexation of cyclohexadiene
esters to Fe(CO)3 was found to depend on the nature of the ester and the solvent
(equation 252) [244]. An nmr methcd for determining the configuration (a or 8)
in A if both epimers were available has been developed [245].

(co)3re-©\a

The regiochemistry of alkylation of 1-methoxy-4-substituted cyclohexadienyliron
complexes depended on the counterion (cation) of the nucleophile {equation 253)
[246], and was correlated to steric, coulombic, and frontier orbital factors
[247].

(252)
O.R CO,R
COR 2 $?2
©/ + FelC0)y —— (CO)5Fe + (C0)3Fe-©

(253)

OMe OMe OMe

R|
R R R R
I

11

R = Me, Et, (CHZ)ZCOZME’ (CH2)3NPhTh
R' = CH(COZME)Z, CH(OMe)(COZMe), CH(CN)Z

For Li I:Il = 3.0 Na 4.6 K 5.6 for CH(COZMe)Z

Arylamines aminated cyclohexadienyliron complexes at 25°, but alkylated
them at higher temperatures {equation 254) {248]. Tfimethylsilylcyclohexadienyl
complexes of iron were alkylated by stabilized carbanions (equations 255 and 256}
[249]. Other related alkylations are shown in equation 257 [250], equation 258,
equation 259 [251], and equation 260 [252].
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NHAr

ArNH,, /
" Fe(C0),

R ArH, NH,
Fe(CO)3 A
R/
Fe(C0)3
™S ™S
R*(-)
(C0)3Fe
R = H, Me R" = CH(CO,Et),, CH(COLEL)(SO,Ph)
R' = H, Me
™S ™S
(CO)4F (C0)5Fe
0

(254)

(255)

0 0
+ [ r( | —_— ,, _/U:o (256)

R
::[::::E}-nFe(C0)3
Rl

R = H, OMe
R' = OMe, H
Na/Hg R
s
Rl

(257)

R
NaH/CH, (S0,Ph)CO Me j@
" Utgey & S0,Ph

Fe(C0)3
60%

/,,’
H
Fe(C0)4 CHaCORMe

81%

~N
COzMe
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{258)
Q! OTMS R!
4 2
2 R R
R CH4CN 0
+ e 4
3 2 R
R3 R ‘
Fe(C0)3 Fe(C0)3
4-5 eq.
high yields
R = H, CO,Me, OMe
RZ = H, OMe, Me
RS = H, OMe, Me
RY < H, Me
(259)
Fe(C0) oTHs Fe(C0)
3 R 3
em———-
II,/ R
OMe OMe
Fe(C0)3 + 'CH(CN)Z — (260}
CN
(CHZ)nCHZOTs (also with R CN
CHON(CO,R)) 2'n
This chemistry has been used extensively in organic synthesis. Substituted

cyclohexenones (equation 261) [253], (equation 262) [254], o-methyljouber-
tiamine (equation 263} [255], stercids (equation 264) [256], limaspermine
(equation 265) [257], and aspidospermine (equation 266) [258] have been made

this way.

Cyclopropanes were prepared in a rather convoluted manner from

dieneiron tricarbonyl complexes (equation 267) [259].

References p. 4568
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e(CO)3 MeD Fe(CO)3 0
Me TI(TFA), ”M cd
2)
=
Phatt (261)
Me
MeO Fe(C0)y ”(ﬁ cd 0
g -
2) Ox

(262)

MeQ

Fe(C0)3

ut'\\\’,—OAC
2 C02Me

0 or/

COZMe
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OMe (263)
Fe(CO)
OMe cone 3
0K
Fe(CO); —_— H
0 COZMe
OMe
OMe
88-97%
OR
OMe
NMe2
—— COzMe ——e ——
0
0

OMe

0Me
@Fe(co):,’ + (-) I ———
Me02C
0

OMe

e

—— OMe
! (I
Fe(CO)3 Co,Me
0 0

(continued on next page)
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oMe (264)
MMgC]
- —— - ——————
CuBr°Bu3P
(265)
Fe(CO) .
MeO Fe(C0), MO - 3 NPhth
\@\ + TCH(COMe) — 0 /(
(CHy) 5 NPhth “
CH(COZMe)
68%
N
1; 1
—_—— / R
N
l2
R0
Fe(C0)3
Me0
————— (+) Yimnaspermine
\\\
H COzMe
(266)
Fe(CO)3
MeQ

————» (+) aspidospermine
Et
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(267)
0
Fe,(C0)q (RO)ZLCHZCOZMe <
~ —— --Fe(00)3 - \;T-Fe(co)3
75% NN :;‘”
CHO %
CHO o~
0 COzMe
I 0>PCH2(202Me
DAP
Et,0
o’ CHO
—FelC0), ( 58%
>~ — —
€0, Me
~ COZMe 2 Z
u-Fe(C0)3
~N
" €O, Me
fl
- N
pay -
o 0, FeCl, —Fe(C0),
Co,Me 2) Me,S MeOH
3) sio, Co,Me 80%
COzMe'

96%

B. Conjugate Addition

Organocuprates continue to be the reagents of choice for conjugate
alkylation of a,B-unsaturated carbonyl systems. The reagent MeSCu3Li2 was the
best reagent for the 1,4-alkylation of aldehydes without concommitant 1,2-addi-
tion. Other reagents tried were MeZCuLi, Meli, MeCuBF3, Me3CuLi3, R4(Me)Cu3'
(MgBr)z, MeaCu,Li, MeCu(R)MgX, and MeCu [260}. The reagent RZCuMgCl-MeZS
reacted with a,B-unsaturated aldehydes to give mixtures of 1,2- and 1,4-addition
{equation 268) [261]. The reagent RCu~BF3 was efficient for the 1,4-alkylation
of sterically crowded ao,B-unsaturated ketones, esters, and even a number of acids.
With «,8,v,s-unsaturated systems, 1,4-addition again predominated (equation 269)
{262]. The reagent RZCuCNLi2 was also effective in 1,4-alkylation reactions
(equation 270) [263]. Reagents of the type RSOZCHZCuR' were efficient mixed cu-
prates for conjugate addition reactions. The RSOZCH2 group did not transfer
[264]. Finally 1,4-alkylation was effected by irradiating with ultrasound, mix-
tures of conjugated enone, organic halide, lithium sand, and copper(l) iodide
(equation 271) [265].
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R! R3 R] R3 (268)
THF
R2CuMgC]-MeZS + — —_— _— ¥
Me3SiC1
RZ CHO RZ GHOTMS
R
3
R = Me, n-Bu, i-Pr, t-Bu, Ph, allyl R _
R! = Et, H, n-Pr CHOTMS
R = H
R - Me RV Re
45-84%
(269)
: ’d
\\\T//N\\///\\\COZMe BuZCuLi BuCu-BF
- NN 3
Bu COZMe l
7~
\\\//”\\T//“\\tone
Bu

0
RZCuCNLi ot @ _— (270)
R

R = n-Bu, Ph, n-Pr, //‘\J_,J

Li sand, Cul

RX
R
- + —\ —_ (271)
'//\\Tf// X ultrasound :

0 0

ArX fair to good yields

NX

Conjugate addition was a key step in a new annelation procedure {equations
272 and 273) [266]. Prostaglandins were synthesized using conjugate addition of
organocuprates to cyclopentenones (equation 274) [267]. This topic has been
reviewed (20 references) [268]. Chiral alkylcuprates underwent conjugate addition
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to cyclic enones to give chiral products in up to 75% optical yield (equation 275)
{269].

0 (272)
0
[ 0 CuBr -Me,S
+ | —_
0 MgBr
{CH,)
2 0
n [ (c4)
0
0
HC n =2, 54%
- 3, 89%
(CHy) n =4, 80%
0
[c()}_\—/ — (‘\\‘ Cubr-Me,S  HC1 R (273)
\\ ,, 0
(T
\ !
N //
45-85%
0
CHO Co,Me
\\\///\\\,//\\\,/’<t;;)’ CuPBug + -
= %
OTHP THPO
(R) (274)
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R H (275)
: 0 0
N QMe Wt

//K /CuLi 4 | — — ., 0

CH
(CH,), (CHp (CH,),
n=2,1
30-89%

16-75% opt. yield

Other more exotic conjugated enones also undergo 1,4-alkylation when
treated with organocuprates (equation 276) [270], (equation 277) [271], and (equa-

tion 278) [272].

0 0 (276)
: (S0, SO, compounds react
l + o RCuT similaf]
S S R Y
“Reu" = [RCu-C=CPrlLi
R = Me, Bu, t-Bu, Ph, Z"""">"q1xs
0 0
R
0 - ) 0
— 0>< —— R X (277)
CuCl 0
1 1
R 0 R 0
83-86%
R = H, Me
R1 = Me, Ph

RZ = Me, Et, Ph

H R
-~ R
- |
N RCu-BF 5 N 0, ~
3 . —2 ] (278)
THF ,/J§> >

0

0 Et0

N

Et0

R = n-Pr, n-Cg, Ph, Ph , V

81-94%
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Depending on conditions cyclopropanes conjugated to carbonyl groups either
survive intact (equation 279) [273], or ring open (equations 280-283) [274].

RCu-A1CI 0
_— "3 . (279)
:; 0
R”
70-90%
15 cases
Ph
Ph,
+ Meyluli —— ‘n (280)
0 ey 0
100%
(281)
/@ + MeZCuLi ——— + +
Ph 0 Yy
Ph Ph Ph 0
92% 2% 6%
(282)
I,',
+ MeZCuL'i _— +
1}
Ph 0 " 0 Ph
Ph
86%

s [
o 2 . o (283)

100%
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Chirality was induced into the conjugate addition process by introducing a
chiral sulfoxide in the a-position (equations 284 and 285) [275], or by using a
chiral atkyl group on the copper (equation 286) [276], (equation 287) [277].

P
@ . 1) Me,CuLi DN
2) HY
S - _— (284)
" 3) Al/Hg

4) 2,4-DNP Me®
5% ee

0
_ 1) Me,Culi
@@ 2) BrCH,CO,Me/HMPA

Me0
712%
100% ee
NO
2 NO2
/:J + LiCHyCuR*  ———— >;—/ (286)
Ph Ph
4-50%
N‘i- 0-2% ee
R* = menthyloxy, f o F
3
R 0

Cu-NMe2
0 l /NMeZ
—_ + iun|H —_—_— vy (287)
R
Me Q

e
high diastereomeric
excess

B-Substituted conjugated enones underwent conjugate alkylation by organo-
cuprate reagents to give unsaturated products (equation 288) [278], or doubly
alkylated products (equations 289 and 290) [279]. Heteroaryl cuprates also
added 1,4 to conjugated enones (equation 291) [280].
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//ﬁ\\~//i\\~ 0 4
. A
Culi —— 2 Z (288)

major for major for

0 SMe
//u\‘“¢§L\\ SMe + R

2

cyclic enones acyclic enones

0
+ MeZCuLi - @T (289)
X R

good yields

0
R R
+  Me,Culi —_— (290)
Br Me
~ (291)
/\/ﬁ\ > —_— 2
s (L) A
2 CulLil
Ph

82-85%

Quinone monoketals were 1,4-acylated when treated with acylnickel
carbonylates (equation 282) [281]. Nitromethane added 1,4 to conjugated ketones
in the presence of nickel(I1l) or cobalt(ll) salts (equation 293) [282].

X RO OR MeQ OMe O (292)
0 £+
O‘ + [RC-Ni{CO)y)) —— ——— R
£
0 0
/\/l(L Ni (0Ac),, 0N 0 (293)
N + CH.NO, ——
X Y 32 or Co(OAc)2 Y
bipy X

good yields

Ph, p—NOZPh, p-C1Ph, styryl, H
Ph, p-NO,Ph, p-C1Ph, Me, CN
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Iron pentacarbony! and iodine catalyzed the 1,4 addition of diethyl

malonate to acrylic compounds [283]. 1Iron(III) chloride promoted the cycliza-

tion of dienones to cyclopentenones (equations 294-299) [284].

Titanium{II1)

chloride and t-butylhydroperoxide promoted the addition of ethers to conjugated
enones (equation 300) [285]. Titanium(IV) chloride catalyzed the hydrocyanation

of conjugated enones by isonitriles (equation 301) [286].

.

m FeCl3

T™S

<:::],,ﬂ\\l\\ FeC]3
TMS

m Fell 3

™S

h MS

j’ﬁl FeCl,
™S

t ™S

84%

o]

55%

|
s

74%

FeCI3

|
O~

54%

|
e

95%

FeC13

et s

0
|
0
|
0
!
[
|
I
an

O

P
27%

(294)

(295)

{296)

{297)

(298)

(299)
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2

R? ) 133 R 0
1, 1
RIO-CH /\n/ —_— » R'O- 9 cnzcnzc -CH, (300)
R3 0 —}-oo R3
40-60%
0
ether = [ 0,\ > [G] ’ Q)— s —@

r! R3

R, 2 Tic)
1 ' '
>:< s —fne 4 . RP—(—cH (301)
4 cn cor?
COR

ﬁ@bgiﬁi

85% 829

C. Acylation Reactions (Excluding Hydroformylation)
1. Carbonylation of Alkenes and Alkynes

N-Vinylphthalimide was carbonylated using palladium catalysts
(equation 302) [287]. The regiochemistry depended on the solvent and the pre-
sence of added ligands and ranged from 98.5/1.5 linear to branched to 8.7/91.3.
Carbonylation of styrene or vinyl naphthalene in the presence of palladium{(0)
catalysts and a chiral phosphine 1igand produced chiral esters (equations 303
and 304) [288]. Indole was carboxylated at the 3-position using palladium(II)
catalysts under oxidizing conditions (equation 305 and 306) [289]. Immobilized
palladium catalysts were used in the hydrocarboxylation of 1-nonene [290].

0 0
(302)
’ €0, ROH
" - N
_]] [Pd] \"/’\\‘cozue
0 0
+
Co Me
N
)
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_ Pd{dba), CO,Me
//—- + €0 + MeOH {303)
Ph {+) Neomenthy! PPh, Ph
244
52% ee
CO He
N
IS = 2T
MeD Me0
42% ee

CO,H
co, Pd(OAc)
(305)
S 0

Tow conversion
fair yield

ca, Pd(OAC)Z

{306)

52082-

8,v-Unsaturated ketones were converted to y-diketones when oxidized in
the presence of palladium{1l) salts {equation 307) [291]. Palladium also cata-
lyzed reaction of olefins and carbon tetrachloride with carbon monoxide to give
g-trichloromethyl esters {equation 308) [292]. +=-A}lylpalladium complexes
carbonylated when treated with sodium butyrate and carbon monoxide (equations
309 and 310) {293]. A dissertation concerning the rhodium catalyzed hydroacyla-
tion of ethylene with unsaturated aldehydes has appeared [294].

i 0
Rl\\v//\\\//JL\\ PAC1,/CuC1/0, g
’ X > (307)
ag. dioxane X
0
R' = Et, n-(g 45-61%

= OMe, Me
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_ [Pd] R R (308)
/ + €1, + (0 —m———» cCl, +
R . o \]/\ ; Y\cc‘:i
K.CO. CO,Et al
[4 2
40-90%
R = n-Cg, ArCHy, (CHp),CO5EL, (CH,)gCO Me
2
R
C1 n-Pr. C0,Na, MeOH Re RE o
ey T N A (309)
///,,5/ 50 psi CO - OMe
68-95%
R! = H, Me
RZ = H, Me
,1\\ 0
-
0
n-Pr CozNa, Me(OH
- (310)
50 psi CO
/;E\ COZMe
=
a” \
t>,/1{/ 90%

Alkynes were carbonylated to conjugated esters when treated with carbon
monoxide, hydrogen, and ethylene in the presence of a rhodium catalyst (equation

(311) [295].

Under other conditions, furanones were formed (equation 312) [296].

Acetylene itself was carbonylated in solutions of palladium(Il} bromide in the

presence of triphenylphosphite and tosic acid [297].

! &2
Rh,(€0)
RIczCRZ + CHy=CH, + CO + H, - 4z — = (311)
150", 60 kg/cm H Co,Et
R1=R%=Ph  75% R'=ph, RZ-Me  49% R1=R%-Me  25%
R'=Bu, RZ=H 42% R'=t-Bu, R%=H 61% R1=R2=MeOZCH2 76%
R!=ph, R2=C02Me 40%
R'=Ph, RZ=H 48%
R1=Me, R2=002Me 76%
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0
Rh,(CO)y,
CH,-C=C-CH, + €O + CH,=CH, —— ¢ | o (312)
3 3 2"V ROR

58%

Transition metals were used to activate carbon dioxide in a number of
systems. Norbornene was carboxylated when treated with carbon dioxide and a
nickel(0) catalyst (equation 313) [298]. 2,3-Dimethylbutadiene reacted with
carbon dioxide in the presence of nickel(0) complexes (equation 314) [299]. The
intermediate complex from alkynes was converted to acids or anhydrides (equa-
tion 315) [300][301]. Furanones were produced by the palladium(0) catalyzed
reaction of carbon dioxide with methylenecyclopropanes {equation 316) [302].
Group VIII metals catalyzed the carboxylation of ethylene by carbon dioxide
[303].

(313)

+ €0, + Ni(0) —— \
bi 0
Py !

COZH 93%

95%
N/ -

Y . N'i(COD)2 + TMEDA + COZ ——-»[ 7 N0 (314)
N

/\

754 O

(315)
. \ /
~Ni
=

+ Me-C=C-Me + CO2 + TMEDA ——» [:
N/ ‘o

+ C0 65%

\__<



379

Pd(0), PPh
’ 3 (316)
+ C02 > 0

2. Carbonylation of Halides

Aryl and vinyl halides were converted to their corresponding
amides when treated with carbon monoxide and palladium catalysts in the pre-
sence of secondary amines {equation 317) [304]. Under appropriate conditions a
double insertion occurred giving a-ketoamides in good yield (equation 318) [305]
[306]1{307]. Benzyl halides reacted with carbon monoxide and a palladium cata-
lyst under phase transfer conditions to give several products (equation 319).
With L4Pd as catalyst the carboxylic acid was the major product, whereas Pd(dba)2
resulted in reduction and coupling, and Pb(diphos)2 produced esters [308].
Diaryliodonium salts were carbonylated to benzoates by carbon monoxide and
palladium(II) or palladium(0) catalysts [309], as were aryl halides [310]. Acid
anhydrides were produced in the reaction of arenes and 1,2-dibromoethane with
carbon monoxide and palladium(Il) complexes (equation 320) [311].

L,Pd(PR)I :
ArX + RNH —=———> ArC-AR, (317)
co
40-80%

pgl! 90 9

RX + CO + HNR' ———————» RC-C-NR' + RCNR' (318)
2 60-100° 2 2
40 atm CO good yield
- oy
R =Ph, Ph @—? , p-tolyl, p-anisyl, p-C1Ph, \N|
PdLn 0
ArCHZX + €0 ArCHZCOOH + ArCH3 + ArCHZC-OCHZAr (319)
PhH, 5N NaOH
+
R4N +
ArCHZCHZAr
0 O
Br Pd(OAc) M "
ArH + B;/’\\V// —-———————g———-ArC-O-C-Ar (320)
15 atm CO
100° 32-66%

A
Ar = Ph, p-OMePh, tolyl, p-C1Ph, [’—()Lf ’ [’3—;‘ ’
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Ketones were produced in the reaction of aryl halides with aryl trimethyl-
tin reagents and carbon monoxide in the presence of a palladium catalyst
(equation 321) [312][313]. Iron pentacarbonyl acylated sulfur stabilized carbanions
(equation 322) [314].

Cl
<de§;;/;> 0

ArK + MesSnR + O > ArC-R (321)
HMPA
. 0
RSCH-L1 + Fe(CO); >~ R RSCH-C-R (322)
R® R*

modest yields

R = PH, vinyl
R" = Me, RCO

Cobalt carbonyl converted benzyl hatides into a number of products under
phase transfer conditions. The product distribution depended on the conditions
(equation 323) [315]. Organic halides, carbon monoxide, 1,3-dienes, and
stabilized carbanions combined to give B8,y-unsaturated ketones when sodium
tetracarbonyl cobaltate was treated sequentially with these reagents (equation
324) [316]). 1,3-Diiodopropane was converted to a cobaltacyclopentanone, which
behaved like a cyclic ketone in that it could be o-alkylated (equation 325)
[317]. Benzyl bromide was converted to dibenzylketone by Ni(CN)Z(CO)2= in
aqueous acetone [318]. Electrochemical reduction of NiL2X2 in the presence of
aryl halides and carbon dioxide gave arene carboxylates in good yield [319].
These same nickel complexes catalyzed the production of ketones by the reaction
of aryl halides, carbon monoxide, and Grignard reagents [320].

(323)

’ 0

R R CO,Na

] Co (CO) ] /\/ 2 "

PHCH-X + NaCo(€0), —2— 8 = PhCHCO,Na + Ph + PhCHCCO,Na
4 2
PTC R
+

PhCH-CHPh
) 1
R R
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CO.M (324)
- ) e
R+ TColC0), + €O + NP s (K 2 o
Co,He
' 0
He0,C
- R
Me02C
modest yields
Hoo .
. 1) Na/DME :!*iff Ph, 1) 8 (325)
CpCo(€0) > 3 P,
? 2 ) NN Ph N7 o 2) £*
H e Cp
3 W 0
PPh
PH N:: 2
1) LDA ¢ Co E
2)
H
3) FeCl,
Ry
0 ‘\ OH
’IIIA
H

3. Carbonylation of Nitrogen Compounds

Diethylamine was converted to diethyl oxamide by reaction with
carbon monoxide and nickel(II) amine complexes (equation 326) [3Z1]. Amides
were also produced in the reaction of lithium amides with carbon monoxide and
alkyl halide and copper(l) iodide (equation 327) [322]. Metal complexes oxida-
tively carbonylated amines [323]. Imines were acylated and reduced by carbon
monoxide and trialkylboranes in the presence of dicobalt octacarbonyl (equation
328) [324]. Ketones were produced from alkyl tin reagents, carbon monoxide and
aryl diazonium salts in the presence of palladium(Il) catalysts (equation 329)
[325].

00
EENH + (ELNH) NiBr, + CO ——————-———»-EtZNE-E-NEtZ (326)
82%
Cul RX 0
PhNMe + CO > > PhN-C-R (227)
Li ke
= AN 8y
= CHyCO  78%
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R Co,(C0)g R™ 0 ¥

R- C—n\\ + €0 + R“‘3B —————————-4» R-CHN- C -R™ + R-CHNHR® {328)
R 60 1 atm én
40-80%

= PhCO, p-tolCO
R* = Ph, p-toly!, H
R* = Ph, p-anisy!
R+ Eto ndu, -G, P

2% Pd(OAC)Z 9
ArNZX + CO0 + RASn —» ArC-R (329)
40-20%

R = Me, Et, Ph
Ar = Ph, o-tolyl, m-tolyl, p-tolyl, 2-C1Ph, 4-C1Ph, 4-BrPh,
4-1Ph, 3-N02Ph, 4-N02Ph

Nitrobenzene was carbonylated to its corresponding ethyl carbamate by car-
bon monoxide in the presence of mixed platinum/tin catalysts {equation 330)
[326]. Palladium catalysts anchored to silica gel by nitrogen and sulfur con-
taining ligands were effective catalysts for the carbonylation of nitroaromatics
to carbamates and isocyanates [327]. Rhodium on alumina catalyzed the same pro-
cess and a mechanism for this system was proposed [328]. The additives Ca(VO3)2,
Al(v03)3, Pd(V03)2, HyMo0 5 (NH4)2M004, and CdMd0, promoted the palladium(II)
chloride-pyridine catalyzed carbonylation of nitroarenes, azobenzenes and azo-
XKybenzenes to 1socyanates [329]. A catalyst prepared by impregnating y-alumina
with Pd Moz(n -CgHg),(C0) g (PPh3), followed by heating at 300° for 16 hrs conver-
ted nitrobenzene into pheny11socyanate at 240° and 100 atmospheres carbon mono-
xide, in 80% yield and 100% conversion [330].

L,PdCl,/SnCl, 0
PhNO, + 3C0 + EtOH ~ PhNH-C-OEt + 2 CO, (330)
Et.N
3
60 atm 180° 83%

4, Carbonylation of Oxygen Compounds
Carbonylation of benzyl alcohols and acetates has been reviewed
{36 references) [331]. The full details of the synthesis of phenylacetic acid
from benzyl alcohol and carbon monoxide, catalyzed by rhodium complexes has
appeared [332]. Cobalt catalyzed a similar conversion of benzyl alcohols to
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phenylacetic acid amides (equation 331) [333]. A variety of ketones and esters
were produced by the reaction of ethylene, carbon monoxide, and isopropanol in
the presence of ruthenium catalysts (equation 332) [334]. Palladium{II) cata-
lyzed the conversion of allyl carbonates to allyl esters in the presence of
carbon monoxide (equation 333) [335]. Methanol was reductively carbonylated
over FeCo3(CO)]2- catalysts [336]. Rhodium zeolites were used to catalyze the
carbonylation of ethanol to ethyl propionate [337]. Formaldehyde was
carbonylated by copper- or silver carbonyl catalysts in 85% sulfuric acid [338].

- 0
PPL 5 2
+ €0 + RZNH —e CHZC-NR (331)
Nal
OH
X Co,(C0)g X
40-80%

H, p-OMe, p-Cl, p-Br, p-NOZ, o-Cl
i-Pr, cyclohexyl, Et

X >
]

H 2 ¢ 0 (332)
Ru cat.
S+ 0+ ,/11\\ —_— ,”~‘]r”*\\ + ,/JL“\
0

WUX

0 (333)
0 Pd(0Ac)

N ‘\1r/’0“\,/‘§§\ + CO 2 . 0 AN

0

5. Miscellaneous Carbonylations
Reviews dealing with carbonylation (43 references) [339],

cyclocarbonylation of organic unsaturated substrates with carbon monoxide (24
references) [340], organic synthesis with carbon dioxide (153 references) [341],
and carbon monoxide in organic synthesis by organotransition metal complexes
(6C references) [342) have appeared. Lithiated arenechromium tricarbonyl com-
plexes reacted with methyl chloroformate to produce carbony)-bridged dimers
(equation 334) [343]. Arylthallium complexes were carbonylated by treatment
with carbon monoxide and palladium(II) catalysts (equations 335-337) [344].
Erignard reagents were carbonylated to aldehydes by reaction with iron penta-
carbonyl [345].
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F Cr(CO)
+ C]COZ-'-‘IE @ (334)
N Beg

| Li
Cr(co), (C0)3Cr
TH(TFA),
TI(TFA), o
ArH ————-—-————> —_— ArCOZMe (335)
CF 3COOH PdC1,
N MeOH 42-80%
oH o)
+ TUTFA), ——> 0 (336)
Pd(11)
X M
eOH X 0
30-80%
X = H, Me0, OH, Me
R R
o
+ T](TFA)3 > > 0 (337)
oH Pd(I1)
X MeOH X
0
X = OMe, H 50-90%

6. Decarbonylation
Aryl acid chlorides were decarbonylated to aryl halides by
treatment with 1% palladium on carbon at 360°C [346]. Catalytic decarbonyla-
tion of aldehydes using chelating diphosphine complexes of rhodium (I} has been
studied [347]. The complex [Rh(dppp)Z]BF4 was 10° faster than Rh(PPh3)3Cl,
under mild conditions (150°) with turnovers in excess of 100,000 being observed.

D. Oligomerizations

The mechanism of the Fischer-Tropsch synthesis was claimed to involve
methylene polymerization, but a carbon monoxide insertion mechanism was equally
well supported by the data [349]. Dimethylsulfoxide complexes of palladium(I1)
such as (DMSG)ZPdCIZ and K*[DMSO PdC13]_ were efficient catalysts for the dimer-
zation of ethylene [350], as were tetrabutyl titanate/triethylaluminum systems
in ether in the presence of hydrogen [351]. Propylene was dimerized by complex
nickel catalysts fixed on phosphorylated polystyrene [352]. A dissertation
dealing with metallacyclopentanes as catalysts for the linear and cyclodimeriza-
tion of olefins has appeared [353]. Dimethylcyclopropene was dimerized and
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tetramerized by =-allylpalladium catalysts (equation 338) [354]. 1,3-Dienes were
prepared by the palladium-catalyzed dimerization of vinyl pentafluorosilicon
species (equation 339) [355]. Methyl acrylate dimerized with incorporation of
carbon monoxide when treated with carbon monoxide and dicobait octacarbonyl {equa-
tion 340) [356]. Methyl acrylate was hydrodimerized to dimethyl adipate by
cobalt{0)/alkali halide/zinc catalysts [357]. The mechanism of the cobalt-cata-

lyzed dimerization of acrylonitrile to adiponitrile was studied (equation 341)
[358].

L 200°

2) 2 <K

| no yields given

<de 1) 2 Me,PhP (338)
2) xs [x
LY
BN 35° W
Pd _—
L
MeCN R
R ' (339)
K + PdCl —_— AN
2[ \-//\SiFs:] 2 NN
(340)
Otte Cop(CONg /@\/Y\/cozne
2 4\[( + CO/H0 — —
5 2 diphos Me0 0
2
100 kg/cm 945
135°
H,0
2 PN+ told) cat —2 - NC- (CHy) ,-CN (341)
DMF
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Butadiene was dimerized to 1,7- or 1,6-octadiene by palladium(II) cata-
lysts in the presence of formic acid (equation 342) [359]. Bisphenoxytitanium
catalysts dimerized isoprene [360]. Substituted norbornadienes were dimerized
by rhodium(11l} complexes (equation 343) [361] and by iron carbonyl nitrosyl
complexes (equation 344} (362]. Iron carbonyls promoted the dimerization shown
in equation 345 [363].

Pd(CAc), 150°
> /5;\\v//\\~//ﬁ\\vfj

95% 93% selectivity

[ PEt3, Et3N, DMF

A AR (342)

I Pd(0Ac), 90°

- -:57‘\~/”\\\,/’=§>v,/’

99% selectivity

RhC]3'3 HZO EtZA]C]
i - —_— > 4 + 4 dimer (343)
1
1 e
- ~

/s
\;\\\//Cl

Et3N, DMF

R Fe(C0),(NO)
2\l
[ — (344)

R R

R = Me, CHZOH, CHZOMe, COZMe

FeZ(CO)9
————=—  (C0),Fe— + (C0)Fe— —Fe(C0),

MeOH (345)
a

> free ligand

30%

"=

== 1]
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With cationic =-allylpalladium complexes as catalysts, higher telomers of
butadiene and methanol were obtained than when neutral complexes were used (equa-
tion 346) [364]. Pheremones were prepared from a telomer of butadiene and
phenol, produced in a palladium-catalyzed process [365]. Alkylphosphine com-
plexes of palladium catalyzed the telomerization of butadiene with acetone to
give a number of products (equation 347) [366]. Nickel(Il) salts catalyzed the
telomerization of aryl grignard reagents with butadiene (equation 348) [367].
Isoprene and phenol telomerized over Pd(dba)2 catalysts (equation 349) [368].
In the presence of chiral phosphines, palladium complexes telomerized isoprene
and methanol to give chiral products (equation 350) [369]. The kinetics of the
telomerization of ethylene with carbon tetrafluoride catalyzed by chromium
hexacarbonyl or its monophosphine derivative have been studied [370].

+ (346)
L+ MeOH 4 —<Q>d-HMPA PFe ————1
OMe
= % z v 7 NN OMe
n
n=20,2, 4 n=20,2
/ﬂ\ (247)
A2 ———»/U\/\/\/\/\ +
Ni(IT)
ArMgBr + N\ —m /”\\~”’\\v’/ﬂ\\v’/~\\ (348)
//J\\\’// Pd(dba)2 _ (349)
NS+ PO ——— 2 X+
7%
Pho/\‘é\/\r\\
21%
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e OH <PdC1/2 + L*
A e« |

Me0~
I ome

100% conversion
up to 35% ee

The kinetics of the cotrimerization of butadiene with styrene over nickel
catalysts (equation 351) have been studied [371]. Rhodium{I) complexes catalyzed
the codimerization of dienes with unsaturated acids (equations 352 and 353)[372].
Nickel(0) complexes with chiral aminophosphine ligands such as (-)(R)-PhZPNMeCHMePh
catalyzed the asymmetric codimerization of ethylene with 1,3-cyclohexadiene
[373]. Palladium(0) complexes catalyzed the codimerization of norbornene with

bromobenzene (equation 354) [374], and vinyl cyclopropanes with almost everything
{equation 355) [375].

) (351)
—_ Ni(acac
NS + oh 2 L NN
Ph
EtgA)
PPh,
(352)
CO,H Rh(COD)L2+PF6'
A + N - >~ \\\’5:\\\//<§5~’/A\CFOH
120° 12 hr
~N
+ //Y\/\COOH
66%
(353)
COH Rh(COD)L,*PF,~
2\4 p N ( )LZG‘\r/\/\\/\COOH

MeCO,K

+ PhBr + Pd(0) —2 » ‘ “:::,l (354)

55%
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RCHCH, R Ph
~ pn

A<Ph 61%
R,P/Pd(0
3 (0) (355)

Ph
Ph
or A
Ph Ph
48%
0 Ph
Ch “ pn
()n
n=1 87%
n = 76%
n= 80%

A dissertation on the subject "organonickel intermediates in alkyne
oligomerization reactions by nickel{(0) complexes" has appeared [376]. Niobium(V)
and tantalum(V) halides catalyzed the polymerization of 3-octyne and phenyl
methyl acetylene to polymers exceeding molecular weight 1 x 106 [377]. Dibenzo-
cyclobutanes were produced by the cobalt-catalyzed CO-cyclotrimerization of
diynes with alkynes (equation 356) [378] (equation 357) [379]. Estrone (equation
358) [380] and other polycyclic compounds (equation 359) were made this way.
Rhodium{I) catalyzed a similar process (equations 360-362) [281].

Q!
& ' ”!
| CpCo(C0),
+ B (356)
A, hv 2
N '2 R
R
R' = R% = T™s  96%
R =

TMS, H, n-Bu, Ph, COZMe
2 25-58%
n-C5, n-Bu, Ph, C02Me

=
"
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’/_TMS o ™S
Z l Ph
[::::I: o — ‘ill]lllllli] (357)
<S?\\ | 0TMS
™S OTMS ™S
72%

0
2 Wj 1) CpCo(C0),, & O.
/// 2) FeCl3 O‘
MeO MeO

50%

l

estrone =
X
R
e
Z | CpCo(CO) R
Z e (359)
0 é/
MeQ ~
0
60%
P R
R L.RhC1
N7, | —=— x:::::[:::::]/’ (360)
NP I EtOH
0-80° 58-76%
= CH,, 0, SO,, NHCOMe, C(COpMe),
= H, n-Pr, CH,OH, P, TKS
0 R
Z l R
<: . (361)
L3RhCY
0 0

78%
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L gRAC1
N3, 0 (362)

75%

Cobalt complexes cyclodimerized di-t-butoxyacetylene with carbon monoxide
to make the tetrasubstituted cyclopentadienone (equat. 363) [382]. Theoretical
calculations concerning the role of cobaltacyclopentadienes in the cobalt-
catalyzed oligomerization of alkynes have been carried out [383]. Nickel(0)
complexes catalyzed the reaction of alkynes with carbon dioxide (equation 364)
[384] and isocyanates (equation 365) [385] to give a variety of products.

7%:0 o’x(
CpCo(CO)2 e .

+0—~ = —0+ 7( (electrochemical)

pentane

% 0 OX 58% {363)

0
79%
Me
Me R R
L = .
MeC=CMe + €O, + Ni(0) —— Lui?IJ _Rx >=<
0
R' CO,H
§L~ 70%
N NPh 1) R¥-=z-R"
‘ "
Phol ) N N 2) Wt N (364)

0
R 0
Rll —
R
0 7
_>2:S= ;
R" " —— 0
723 R
R R

80%
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R
R
RCzCR + R'N=C=0 | N
N 0
R
12%
(365)

Condensation of diphenylacetylene with chromium vapor produced tetraphenyl-
cyclobutadiene, hexaphenyl benzene, and the bis-arene chromium complex of the
starting acetylene [386]. The influence of ligands on the rhodium catalyzed
oligomerization of terminal hydroxyacetylenes has been studied [387]. Alkynes
were oligomerized by polymeric organostannylphosphenyl(tricarbonyl)nickel com-
plexes [388]. A review (24 references) entitled "Carbon-carbon Bond Formation
[1. Oligomerization, Isomerization, Metathesis, and Hydrocyanation" has appeared
[389]. The cationic palladium(II) complex Pd(CH3CN)4(BF4)2 polymerized (equa-
tion 366) [390] and polymerized with carbonylation (equation 367) [391] a num-
ber of unsaturated substrates. The tantalum-carbene complex Ta(CHCMe3)(H)L3IZ
polymerized ethylene to polyethylene [352]. Benzene was polymerized to poly-
benzene {equation 368) [393] by Cu(A]C14)2. Cationic molybdenum and tungsten
complexes polymerized olefins via a cationic process (equation 362) [394].

PhC=CH
HCEC-COZMe
CH2=CHPh

PA(CHACN) , (BF )
© 377442 . polymer 30-20% (366)
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Pd(CH3CN)4(BF4)2 9
CH,=CH, + CO —CH,CH,-C— (367)
2772 2772 n
n-PPh3

Lb . ﬂb also react
20°
+ CU(A]C14)2 —_— (368)
2 hr n

high molecular weight

S2%
MeCN
M(CO)g + 2 NOBF} ———— (M(NO), (CH5CN) ,J(BF,), (369)
M =W, Mo
2
PhA s Ph/g' © , Lb are polymerized by this catalyst

E. Rearrangements
1. Metathesis
New metathesis catalysts continue to be developed and refined.
Homogeneous metathesis of internal alkynes was catalyzed by Mooz(acac)Z/Et3A]/
PhOH systems, which .are more efficient than previous LnMo(CO)Y phenol systems [395].
The methathesis of cis-2-butene over M003A1203 catalysts of varying degrees of
reduction was studied [396]. Tungsten hexacarbonyl was attached to an ion
exchange resin, reduced with EtAlClz, and thereafter functioned as a metathesis
catalyst for 1-octene [397]. The technetium complex (Ph3P)2Tc(C0)3Cl was a
moderately active metathesis catalyst for 2-pentene [398]. Tungsten phenoxides
in combination with EtAlCl2 active catalysts for the metathesis of olefins [399].
Tungsten carbene complexes became very active metathesis catalysts when treated
with aluminum trichloride (equation 370) [400]. The molybdenum complex
10(N0)(C0)4(A1C14) was an active long-lived metathesis catalyst for 2-pentene
[401]. The metathesis of 1,7-octadiene was catalyzed by tungsten complexes
such as H(CO)A(NO)X, H(CO)3(N0)LX, and w(CO)z(NO)LZX [402]. Active centers for
metathesis of alkenes on tungsten oxide-silica centers were studied [403].

X
X _H AL “t-BuCH,0 X _H"
(t-BuCH,0) =t —— 3 2wl (370)
x K t-BuCH,0 "y R
“AlX,
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1-Hexadecene metathesized to produce 80% 15-triacontene and ethylene aver
a Bu4N[M0(C0)5CI]/EtAICI2 catalyst system [404]. Small amounts of phenylace-
tylene initiated the tungsten hexachloride catalysted metathesis of cis-2-pen-
tene, cyclopentene, cycloheptene, and cyclooctene [405,406]. The ring opening
metathesis of norbornene using group VI metal catalysts was studied [407]. Evi-
dence for metallacycles in the metathesis reaction was gained by studying the
metathesis of labeled alkynes {equation 371) [408]. A mechanism for Lewis acid
promoted metathesis reactions has been proposed (equation 372) [40S]. The mech-
anism of olefin metathesis was subjected to a theoretical treatment, and it was
concluded that oxoalkylidene species were chain carrying [410].

H(N—i-Prz)at-BuC

* * * ok
PhC=C-p-toly? » PhC=C-p~tolyl + PhC=CPh +

25°
(371)

p-tolyl-C=C-p-toly)

Co.Ti __flfl§_a C Ti:::::>—+— __Efi_a Cp Ti’/,\\EA]Cl
PoTi ——— "2! — 2N '3

4
C]—A1C13

(372)

———— B
— Cp2T1\C1/A]C13

The origin of the stereochemistry of metathesis of cyclic and acyclic ole-
fins has been addressed [411]. Dimethyl norbornene mefathesized to a trans
isotactic polymer over a EtAlCIZ/(Ar)W(CO)a/ catalyst [412]. The stereo-
chemistry of olefin metathesis on heterogeneous oxide catalysts was explained
by a model based on a metallacyclobutane intermediate [413]. The metathesis of
norbornene and cis-2-pentene over a number of group VI metal catalyst/promoter
combinations have been compared [414].

The metathesis of functionalized olefins has been reviewed (42 references)
[215]. The metathesis of technical grade methyl oleate over NC]B/MeASn pro-
duced numerous side products [416]. Monoolefins were metathesized with 4-pen-
tene-1-nitrile in reasonable yield over a supported rhenium catalyst (equation
373) [417]. A tungsten-tin catalyst system metathesized w-olefins tosylates
(equation 374) [418]. Functionalized alkynes also metathesized, but over moly-
bdenum catalysts (equation 375) [418].
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Re,0,-A1,0.,-Me,Sn (373)
RCH=CHR . + MN 2°7 72¥3 T4 > RCH=CH /\/CN
100°

49-61% conversion
R = Pr, Bu, n-C6

HCIS/Meaanl
RCH=CH-(CH2)n-0Ts - TsO(CHz)n-CH=CH-(CHz)n-OTs (3748)
60°, PhC1
n=17,8,9
>90% yields
.V.o(CO)6
PthC-(CHZ)ZY —~——>  PhC=CPh + Y(CHZ)Z-CEC-(CHZ)Z-Y (375)

Y = OH, OAc, Br, COOH, COZMe, CN

Internal alkenes metathesized with vinylcyclohexene to produce alkyl
benzenes, ultimately (equation 376) [420]. The catalyst system consisting of
Rezo7 or A1203 rapidly metathesized 1,5-hexadiene and 1,6-heptadiene [421].
Alkynes metathesized over tungsten(VI) alkylidyne complexes [422]. A molyb-
denum catalyst also metathesized alkynes (equation 377) [423].

R

WC1./Et,0 BN X/A1,0
+ RCH-CHR —— 9 2 _ 23
Bu4Sn

500 CHC13
(92% selectivity)

(376)
R

o

Mooz(acac)3
RC=CR' » RCzCR + R'Cz=CR' (377)

Et3AI

PhCH3 rfx

statistical

R = Bu, Ph, CHZCHCHZ, CI(CH2)3, MeOZC(CHZ)2
R' = Pr, p-tolyl, Bu, Et
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2. 0lefin Isomerization

Titanocenes rearranged nonconjugated dienes to conjugated dienes
(equation 378) {424]. A review (15 references) dealing with the use of ruthenium
hydride complexes to catalyze double bond migration has been published [425].
The complex HC03(C0)9, produced from the reaction of HCo(CO)4 with CoZ(CO)8 was
an active catalyst for the isomerization of hexene [426]. Triosmium clusters
such as H,0s3(C0)gPPh; and H,0s3{C0);, were attached to phosphine functionalized
supports and used to catalyze olefin isomerization [427]. Zirconium dioxide
catalyzed a similar process [428]). Irradiation of safrole and eugenol in the
presence of iron carbonyls led to isomerization (equation 379) [429]. The copper
compiex LLULIASPH3J4 was a catalyst for the photoisomerization of norbornadiene
to quadricyclene (equation 380) [430].

1
/! R4 R
"titanocenes"
7 2 - N ~ R4 (378)
2 3
2 g3 R R
Me
Y
Fe,(C0)
Safrole -———j;-——ug-q» (379)
hv
0
0 _/
CuC1AsPh,]
1 L 34 . (380)

hv

3. Rearrangements of Allylic and Propargylic Oxygen and Nitrogen

Compounds

Tertiary allyl alcohals rearranged to primary allyl alcohols when
treated with a tungsten oxide catalyst (equation 381) [431]. Allyl alcohol
rearranged to propanol over Raney nickel [432]. Chiral allyl acetates under-
went allylic transposition when treated with palladium{11) catalysts {(equations
382 and 383) [433). Reduced titanium species rearranged bicyclic oxides to
aromatics or cyclohexadienes {equation 384) [434][434a).
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. H
H < \/K/\)\/\
W 200° AN N OH

OH WO(OR) L
+ (381)
H
N ~
40% conversion OH
(382)
PdClz(MeCN)2

P

THP!

THPD 86%

96% chirality transfer

PdC1,, (MeCN)
2z, (383)
o
1
R CO,Me (O Me
/
OZMe
RZ COZMe Rz
Hy/Pd/C (384)
1
2! R
Co,Me TIC1,/LiAIK, /THF CO,Ne
]
k2 COMe CO,Me
R', R% = H, Me RZ
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Allyl ethers of amides rearrange to N-allylamides in the presence of
palladium(I1) or palladium{0) catalysts (equations 385-387) [435]. B&-Keto-
allyl ester rearranged to a-allylketones of enones under palladium(Il) cata-
lysis (equation 388) [436]. Allyl esters were converted to allyl vinyl ethers
by reaction with a titanium carbene - complex, and subsequently rearranged
(equation 389) [437]. Allylamines rearranged to enamines with high enantio-

selectivity when treated with chiral rhodium(1) complex catalysts (equation 390}
[438].

'/\\ PdC1,(PhCN) -~
0.~ N : : //’\\l-Ph (385)
\1/, ~ Ph or Q§T//
L,Pd
R R

4

Pd(I11)
~ ;(
NPh /‘J\\W (386)
N Pd(0) H/N-Ph
H
: Ph Pd(0) Ph
N e
0 NPh Pd(11) N-Ph (387)
\.// -
H
0 (388)
R
S Pd(0Ac), Col/f\\sﬁf
dppe 2
86% acetone a
Pd(OAc)z
dppe

DMF, MeCN 85%
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A]MeZC]

R_{q:j\‘\o Cp, Ti=CH, R__{ifftlg
v B —

(389)
R ——
good yields
Me (390)
~ [Rh(+)binap(COD)]+
| NEE, [Rh(-)-binap(C0D)]*
>95% ee
>98% selectivity
70-96% yield
N NEt
2 [Rh(+)binap(cop) 1

4. Skeletal Rearrangements

A dissertation dealing with transition metal promoted rearrange-
ments of sterically hindered derivatives of bicyclo[1.1.0]butane has appeared
[438]. Iridium(I) catalyzed the skeletal rearrangements of a variety of cyclo-
propylnorbornyl systems (equation 391} [440]. «a,8,v,6-Unsaturated cyclopropanes
bearing two ring ester groups rearranged when treated with palladium(0) com-
plexes (equations 392 and 393) [441]. Rhodium, ruthenium, and platinium catalysts
all promoted cyclopropane ring opening (equations 394-397) [442]. Cope
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rearrangements with complete chirality transfer were observed using palladium(II)
catalysts (equation 398) [443]. Iron pentacarbonyl catalyzed the disproportion-
ation shown in equation 399) [444].

M (391
Z:’ft::z;7 $, Ir(l) + +
‘\\;\ 0-11% 0-30%
I
AL\
+
0-45% 54-83%
—
COzMe >
CO,te LPd CopMe
o~ . CoHe (392)
DMSO 2
50° 87%
9 cases
Co Me
2
Q =
L,Pd
- 0 (353)
DMSO
50° 82%

(394)
Ph [Rh(C0)3C12]2 or PtClZ(PhCN)2_4~> Ph

Me0 CO,Et or [Rh(C0),C11, Me0>—-\_— Co,Et

70°
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cat. -
. (T\ C0,Et (395)
0

(396)

2
cat.
OMe OMe Oile
- cat.
——>A\ —_— \ (397)
\ COZEt

MeO CO,Et Med
Me (398)
Ph_@\ PACI,(MeCN), . "
~ e
7:3 86%

complete chirality transfer

Fe(CO)5
T + (399)

4 hr

5. Miscellaneous Rearrangements

Platinum racemized chiral 1,1*'-binaphthyls [445]. Iron penta-
carbonyl rearranged epoxides to carbonyl compounds (equations 400-403) [446].
Trimethylsilyl epoxides were converted to conjugated enones by one equivalent
of a palladium(Il) complex (equation 404) [447]. Prostaglandin endoperoxide
rearranged to a variety of prostaglandin methyl esters when treated with
RuClZ(PPh3)3 or Pd(PPh3)4 [448). Oxazoles rearranged to vinologous amides when
irradiated in the presence of iron pentacarbonyl (equation 405) [449]. Some
glucopyranosides were anomerized by titanium(IV) chloride (equation 406) [450].
Rhodium(I) complexes catalyzed the reaction shown in equation 407 [451]. Alkyl
groups on amines scrambled when treated with RuC12L3 at 180° (equations 408 and
409) [452]. Primary amines were methylated by methanol under similar conditions
(equation 410) [453].
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0 Fe(C0), H
e
Ph 0
68%
H
Ph o Fe(CO);
Q ——————————
Ph 0
79%
Fe{CO)
________Ji_,. 0
hv
85%
Ph
Fe(CO)5 0
0 —_—
hv
Ph
78%
0
R 1 eq Pd(I1) R .
o W
™S 69 7 hr ]
R' = H, n-Pr
R = n-Pr, n-C5, £t
1 1
R b R )
R
7“;_\>— R oo =
AN Fe(CO)s
0
R! - R% - ph ,
. 2 50-80%
R' = Me, R¢ = Ph
R! = RZ = Me

OMe

{400)

(401)

(402)

(403)

(404)

(405)

(406)
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0
0 0 \~r’JL\\/”§§\
c1"/~\1I’ X Lencl c1’//~\1g’ 0-30%

THF

rfx * (407)

C]CH2C02H

. RuC12L3

2 RCHZNHCH3 -———7356——>- (RCHZ)ZNCH3 + CH3NH2 (408)

RuC]2L3
2 RCHZN(CH3)2 —_— (RCHZ)ZNCH3 + CH3NH2 (409)
71-96%
RuC12L3 ) )
RCH,NH, + CH.OH —_——— RCH,NMe, + (RCH,).NMe (410
22 3 ]800 7 hr 272 2'2

I11. Functional Group Preparation
A. Halides

The aromatic ring of steroids was iodinated by reaction with copper
(I1) acetate and iodine in acetic acid (equation 411) [455]. A related system,
using aluminum trichloride as well, iodinated a variety of arenes (equation
412) [456]). Dienes were chloropalladated to produce chloro-n-allylpalladium
complexes, which were subsequently further functionalized (equation 413) [457].
Palladium(11) assisted ring opening of allylcyclopropanes involved a trans
chloropalladation (equation 414) [458]. =-Allylpalladium chloride complexes
were converted to allyl halides by treatment with copper(I) halides (equation
415) [459]. Cyclic ethers were cleaved to y-chloroesters by palladium(11)
complexes and trialkyltin halides (equation 416) [460]. The cobalt tetracar-
bonyl enolate of ethyl acetate was cleaved in low yield to ethyl iodoacetate by
iodine [461]. Cyclohexane was converted to chlorocyclohexane by reaction with
carbon tetrachloride and a variety of transition metal complexes (equation 417)
[462]. Ruthenium(Il) catalyzed the addition of trichloroacetyl chloride to
olefins (equation 418) [463].

1 an
R2 R 3 (411)
R
4 R R 3
R Cu(OAc)2 R
—_——
4
I,, HOAc R
HO
HO
64-90%
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AIC)
2 AcH + 1, + 2CuCl, 3 . 2Arl 4 2HCT 4+ Cull, (412)

good yields

Ar = Ph, p-tolyl, mesityl, p-C1Ph, p-BePh, p-1Ph, p-OMePh, napht, BiPh

(813)
+ LiCl + LiDAc — NN
~ =~ HOAC OAc
NP s 4Y (\4\ @ @ O worked.
1
PdC1.,,(MeCN) ;
2 2 -~ \\Pd'" (414)
2 7/
1
X
/Cl CuX
ﬁd Y — + (415)
N2

X = C1, Br, OAc

0
PA(I1) RySNX w NSNS

{ > T _ RCO (416)
0 48 hr

63%

0

[;).. , Lb , ZA~R ais0 cleave.

c1
O T I e— © (417)

up to 78%
"M = Mo(CO)G, an(CO)]O, Coz(CO)B, Fe2(C0)4Cp2,
Cr(c0)g, Re,(C0);y
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Ru(1l)
RCH=CHR' + C13CC0CI ——erm—~ RCH-CHR* (418)

C éc12coc1
R =H, R' = n-CG, Ph, n-CB, <:::>

B. Amides, Nitriles
Copper(11) sulfate reduced by sodium borohydride, promoted the hydro-

lysis of nitriles to amides (equation 419) [464]. <Copper salts catalyzed the
N-phenylation of amides such as pyrrolidin-2-OMe with aryl halides [465].
Benzylamine was oxidized to benzonitrile by ruthenium complexes such as
RuClz(PPh3)3 [466]. Vinyl halides were converted to vinyl cyanides (nitriles)
by reaction with potassium cyanide and reduced nickel salts (equation 420)
[467]. The cobalt complex [Co(CN)4]3' effected the same transformation, and a
detailed mechanistic study of this process was undertaken [468].

75-90%

1) Cus0,/NaBH, 0
RCN RC~NH, (419)
2) H,0
65-90%
= Ph, Me, PhCH,, C! P
» Me, 2 NANg §
LZNiBrZIZn/L
=\ + KN - =\ (420)
X CN
X
{ Y /‘/ @““
PH
96% 81%

Chiral nickel(I1) and palladium{1l) complexes catalyzed the hydrocyanation
of norbornene in high yield with up to 32% optical yield (equation 421) [469].
Similar results obtained with DCN showed this to be a stereospecific cis addi-
tion (equations 422 and 423) [470]. Nickel(0) and palladium(0) complexes cata-
lyzed the hydrocyanation of alkynes (equation 424) [471], as well as dienes and
trienes [472]. Cyanohydrin acetates (equation 425) and y-amino acrylonitriles
{equation 426) were converted to allyl cyanides by reaction with a trialkyltin
nydride and a palladium(0) catalyst [473].
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+ HCN >
(-)M (diop)2
95% yield
M = Ni, Pd 32% ee
D H
D \/%( HCN p
——— e B
Z Pd(diop), H
CN D

cis addition

CN
Pd(0)
+ DCN —0m78M D
1 2 R R
ki R R
1
Rlc=cRZ + HON —3F o — + >—:_—<
or
L4Pd H CHR CN H
R! = Ph, t-Bu, CO,Me, n-Pr fair to high yield
RZ = Ph, Me, CO,Me, H
QOAc
X N RySNH/L Pd X
X
99%
()
N
~ CN RaSnH/L,Pd AN

———————

68%

2

(421)

(422)

(423)

(424)

C (425)

(426)
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C. Amines, Alcohols
Research continues into the development of new catalysts for the

reduction of aromatic nitro compounds to amines. These included copper-modified
platinum catalysts [474], palladium/aluminum phosphate/silica dioxide with
triethylammonium formate as the hydrogen source [475], the complex PdZ(PPh3)2C14
in basic ethanol [476], the complex EIEEE'Pd(pY)zc‘z in ethanol [477], and the
cobalt chelates shown below [478]). Nitriles were reduced to amines over cobalt
catalysts [479].

- Co _
:[N/ \NI :[N Ny \NQ

Qlefins were aminomethylated by hydroformylation in the presence of an
amine and a rhodium(I) catalyst (equation 427) [480]. The reduction of nitro-
benzene in the presence of aldehydes over chloranilic acid platinum catalysts
gave aromatic amines having the aldehyde group as a substituent on nitrogen
[481]. Similarly reduction of mixtures of aniline and aldehydes with platinum
complexes of Alizarine Red S as catalysts produced alkylated anilines [482].
Isobutyraldehyde was reductively aminated over group VIII metal complexes
supported on alumina [483]. Imines were produced as in equation 428 [484].

Rh cat.
@ + €0 + HO0 + HN QCH i:, (427)

60-90%
olefin = [::) [::] >7== -\
/N /~\ { s /N
amine =.M62NH. 0 NH, HN NH, N , PhCH,NHMe, S NH
7 H 2 \—
(428)
R R
PACY, (PhCN).; OMe ‘_J\/one
OMe 2 2
/ch\\//’ + NjlOMe ’/:[\]r/, YN
? COzMe
C02Me
up to 95%
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Nonenolizable ketones and aldehydes were aminated by titanium(I1V) amide
complexes (equation 429) [485]. Allyl aryl ethers were oxaminated over palla-
dium(II) salts (equation 430) [486]. Butadiene telomerized with diethylamine
in the presence of platinum(Il) catalysts (equation 431) [487]. Cationic bis
Chioroarene chromium complexes were aminated by nucleophilic substitution of
one or both of the halogens [488].

0

nR
,/JL\\ o 2Ry, ,//L\\ (429)
&2 2)3 2! o2

R!

NEt Et NEt
Et, 2 2 2 ©NEt
2
@ Uk s~
Me0
48% 28% 47% 45%

o)
NEt
N NEt

NEt,, » N
0y N o
Ph ph/J\‘B °
u NEt Ph
733 2 443 55% 21%

7% 15%
AN 1) R NH, Pd(11)
ArO - o//”\\r”\\\NRz (430)
2) Pb{0Ac), r
DAc
40-60%
CF3C02H /\/\/\\/\
O+ B M — - TNEL, (431)
C1,PtL
2 "2 only!

Aldehydes were reduced to alcohols by carbon monoxide and water over a
rhodium catlayst (equation 432) [4838]. . Acetophenone was reduced to chiral
phenethylalcohol using catalytic .hydrosilation in the presence of a chiral
rhodium catalyst (equation 433) [490]. Conjugated enones were completely
reduced by reaction with HFe(C0)4' (equation 434) [491] whereas 1,4-reduction
was the major product from the use of DIBAH and nickel(Il) salts (equation 435)
[492].

Rh.(CO),, Me,N  NMe
RCHO 6 10 2 2

> RCH,0H (432)
CO/HZO 5-10 atm

high yield

R = n-C8, i-Pr, Ph, &, Y\/\f R /-JH\’ WVR
Ph



409

0 H  _omMS
cat. &
/ll\ + H.SiPh. o >\ (433)
2 Ph
Ph
@\‘/R up to 57.2% ee
_ N
cat. = [(COD)RhCl]Z/ ) H
Ph
0 R OH
" 2 HFe(C0),~ /I\/\
R 4, ) (434)
THF R R
>98%
‘e . .
\\\r//\\]f// + i-BugAl/Ni(mesalen), ——-—-» ~\\[;;\\T//’ +
, 0 Y
(major)
i-Bu (435)
‘\\[47\\*”/ + ‘\\I//ﬁ\]f//
0
OH
° R (436)
5 RLi + Cul - - AT 436
= OH

R = Et, 59%; n-Bu, 83%; n-C_., 83%; n-Ca, 62%; Ph, 30%

6’

Dihydrofuran underwent a ring opening reaction when treated with alkyl-
lithium reagents in the presence of copper(l) iodide (equation 436) [493].
Allylic tosylates were lithiated, condensed with aldehydes, and the tosylate
group removed by reduction in the presence of palladium(0) compounds (equation
437) [494]. Copper(Il) acetate promoted the production of the phenol shown in
equation 438 [495].
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g3 ARl
1) BuLi ///L§\//+\\T/’ o NaBH,

X —_— ’

R? Ts o) r%mo R Ts i, 5% L,Pd
R
3
R! R 24 (437)
OH
.
71-91%

R! = H, Me; RZ = Ph, H, Me; RS = H, PRCH,; RY = ph, n-C

R] Br
:(;[ e KOAe Coe
2 N=N —_— -
R Cu(0Ac) N=N
R3 2
N

N
o RN
2 C\u R]
R]' OH
NHAc .
—_— RZ N=N (438)
&3
NEL,

Long chain internal olefins were ‘hydrozirconated and oxidized to pro-
duce terminal long-chain alcohols (equation 439) [496]. A similar procedure was
applied to long chain fatty acids whose carboxyl group had been protected as an
oxazoline [497]. Sterically hindered olefins were converted to vicinal diols
by using trimethylamine oxide and a catalytic amount of osmium tetroxide as an
oxidizing agent in refluxing t-butanol [498]. 1,3-Butadiene was acetoxylated
over palladium catalysts, reduced, and hydrolyzed to give 1,4-dihydroxybutane
f499]. Benzene was oxidized to phenol over a silica-supported iron(Ill)-
catechol complex {500]. Iron compounds and hydrogen peroxide were used for a
similar purpose [501].

1) Cp,ZrHC)

C4HpgCH=CHCy gHog

\

(CHg) (CH, ) ,qOH (439)
2) £-BuOOH 3

triacontanol
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D. Ethers, Esters, Acids
Tertiary ethers of phenols were prepared by the nickel(II) promoted
reaction of phenols with tertiary alkyl chlorides (equation 440) [502]. Allyl
alcohols were converted to allylmethyl ethers by reaction with methanol and
ruthenium{II1) chloride (equation 441) [503]. Alcohols reacted with ethyl diazo-
acetate to produce a-carboethoxyethers (equation 442) [504].

R! R!
?H3 Ni(acac)2
+ C1-C-R& o E (440)
OH CH3 NaHCO3

"o
15-40%
R! = H, 2-OMe, 3-OMe, 4-OMe, 2-Me, 3-Me, 4-Me, 4-NO,, 2-C1, 3-F, 4~CI
RZ = Me, Et

R OH RuC15°3 H,0 R OMe

2K+ MeOH - XS (441)

fair yields

ha(OAc)4

ROH + NZCHCOZR' ROCH2
or Cu(OTf)2

COR + N, (442)

up to 97%

R = Et. i-Pr, t-gu, A, =N/

Cyclic enol ethers were methoxylated by methanol and palladium(11)
chloride (equation 443) [505]. Reaction of 1,3-butadiene with alcohols in the
presence of palladium(Il) and copper(Il) halides gave diethers {equation 444)
[506]. T1-Hexene was converted to di-2-hexyl ether over a copper(Il)-smectic
catalyst [507].

Ac 0 R 0 OAc
1) MeOH, PdCl2

- \ +

R 2) NaBH3CN OMe
AcO

ACO 0 (443)

R OMe
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OR

- " (444)
pd2t/c ~Z
L+ ROM /Cu NN
o OR

Ketals were converted to enol ethers by reaction with (C0)5Mn51'Me3
(equations 445-450) [508][509]. Trimethylsilylenol ethers were converted to

a-altkoxyketones by treatment with mercuric oxide/palladium{0) (equations 451-
454) [510].

OR (445)
RO OR CH,CN
D>+ (CO)cMnSiMe, —p /ggL\\ + (CO)MnH  + ROSiMe,
2-4 hr
Me0 OMe Ohte
(CO)SMnSiMe3 RN
- ' (446)
n=0 95%
n=1 98%
n=3 85%
OR
(C0)gMnSite, OMe
60%
OMe
MeO __ OMe (CO) MnSiMe
5 3 (448)
>~ o
78%
OTMS
/ \0 0/’\\\/”
0
(CO)SMnSiMe3
> (449)

87%
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RO OR OR OR
(CO) MnSiMe
S 3 . + (450)
62 : 38
0TMS 0
HgO/L4Pd /U\__
N + ROC] —— OR (451)
Ph PhCH Ph
3 64%
0TMS 0
HgO/L ,Pd —/’—<__
MeO-—/7—\< + ROCI ——-ﬁ—-‘» MeO / OR (452)
3 45%
0THMS 0
//j\\\//, OMe HgO/L 4Pd OR
X ROC1 —_
Ph + PeH, PH (453)
0Me
85%
0
| ROC1 0~ OR
\‘ | —_— (454)
OTMS Hg0/PdL, .
COZMe COZMe
73-89%

Titanium(IV) alkoxides promoted a very mild transesterification process
(equation 455) [511]). Aminoacids chelated to cobalt(111), molybdenocene, and
platinum(Il) were esterified by treatment with dimethyl sulfate or methanol and
acid [512]. Dipeptides were transesterified without racemization by treatment
with alcohol and titanium(IV) alkoxides (equation 456) [513].

0
FG O-E-R2 3 FG OH
R0H
——— (455}
Ti{0R),
1
COOR C02R3

FG = TMS, NO,, CN, Br, OH, r/h\“, RCONH, RCO
2 0._0
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o ,~Rlo R =3oH o ko &

w oy on ' u ! oo '
t-BuOC-N(H)-CH-C-NHCH-CO.Me ————— >  t-Bu0-C-N(H)-CH-C-NH-CHCO.R®
t 2 : — b 2

(1-Pr0)4T1

(456)
without racemization

n-Allylpalladium complexes were converted to allyl acetates by reaction
with potassium acetate (equations 457-459) [514]. The stereochemistry of ace-
toxylation of dienes using palladium(1I) complexes depended on reaction condi-
tions (equation 460) [515]. Allyl esters and carbamates were converted to the

acid salt by reaction with a catalytic amount of a palladium(0) complex (equa-
tion 461) [516].

(457)
AcOK
2/ "\ _—
N DMF
Cl
g W
A 3
AcO
H
2
c 1/\
~
\\\Pé X wa
AcQK LA
-— . (458)
DMF
AcO
\
H
PdClZ/CuCln/ACOK
or < — (459)
rfx AcOH
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Na,PdC1,/MeOH
- s
x . (:;'Pi

(460)
AcO
] 1) Pd(OAc)Z/AcOH c 0
' - Pa” \
c
2) NaCl /:>,/§’//
L4Pd cat. 9 "
9 a4 > RC-0 K (461)
0

R = /4>\/;R AN/, P,/tb,/hl’ 44\1/:R
Q1

O 4 A
PhCH, CN S]< S
substrates included H ! ,IJ [Nf _
N
e/
¢ 057 o €0,

P
N S
0 ¢
)
7

1,5-Dienes were allylically acetoxylated by reaction with palladium(II)
salts in acetic acid {equations 462 and 463) [517]. Olefins were oxaminated in
the presence of chiral ligands to give reasonable amounts of asymmetric induc-
tion (equation 464). This chemistry was used to make s-blockers (equation 465)
[518]. Aryl acetates were produced from the air oxidation of aryl cuprates in
acetic acid (equation 466) [519].

S PAC1,/CuCl,
60%/24 hr

HOAc, NaOAc/PPh3

a1

(462)

5

(=}
>
o

36%
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AN PAC1,/CuCl,

> (463)
HOAc, NaOAc, PPh3

1t

OAc
63%

(464)
R,/’2:1 . e L* R*,NH Pb(0Ac),
» - -

AcOH
Rl

L* = chiral 3° amine

20-50%
up to 60% ee
(3-11% ee if achiral 2° amine used)

465
Pb(OAC), (465)
NG+ RMNMe

+ Me,NH - > //’\\1//’\\\
PhO 2 2 ACOH PhO NMe,

0Ac

45% yield
11% ee

air, 0° Ac,0
ArCuliBr »

THF 25°
OMEM 0Me

g

OMEM OMe OMEM OMEM OMEM
29-67% 65% 58% 46%

» ArOAc + Ar-Ar (466)

19%

OMe w~ (OMe

—~Qr 1

OMEM
35% 37% 24%
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Aldehydes were oxidized to esters using ruthenium(Il)} hydrides as catalysts
(equation 467) [520). Diols were oxidized to polyesters by Ru3(C0)]2 (equation
468) [521]. Methyl acetate was homologated to ethyl acetate (as well as many
other products) in the presence of mixed ruthenium/cobalt catalysts (equation
469) [522]. A review (39 references) dealing with the production of esters and
acids from carbon monoxide over metal cluster catalysts has appeared [523].
Phenanthragquinone was oxidized to the diacid using copper(I) chloride, oxygen,
and pyridine (equation 470) [524].

0
RCHO + RuM,l, ———» RC-OR (467)
cat. high yields
R = Me, Et, i-Pr, n-Bu, i-Bu, Ph
2°n 0-C-CH, (CH CH +
HO 0 PhC=CPh 2'72'n-17"2 T m
(468)
0 0
_{_C'CHZ(CHZ)n-Z'CHzc'OCHZ(CHZ)n'CHZO’%_m
0 180°
CH.C-OMe + CO/M, + Ru(acac),/Co,(CO) —
3 2 ¥ 8 120 kg/cm2
Mel Promote
(469)

0 0
CHjC-OH + CHiC-OEt + EtOH + CHyCHO + ethers
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1) CuCl/py/0
/ COOH
0 2) HCY O

O R? (470)
1) Ny 1 76-95%

RE R3
2) CuCl/py/0, O
3) HC1 N
COH
1 2
R! = H, NO,, Br, t-Bu O
R? = M, Br, t-Bu, i-Pr, NO,
R3 = H, Me 2

E. Heterocycles
Reviews entitled "New Organometallic Approaches to Heterocycles"

(24 references) [525], and "Use of Transition Metal Organometallic Compounds in
Heterocyclic Synthesis" (250 references) [526] have appeared. Transition metal
catalyzed epoxidation of olefins has been extensively studied. Reviews entitled
"Transition Metal-Catalyzed Stereocontrolled Epoxidations" (23 references) [527],
“Catalytic Epoxidation of Olefins" (74 references) [528], "Recent Advances in
Metal-Complex-Catalyzed Epoxidation of Olefins with Organic Hydroperoxides - A
Mechanistic Approach" (20 references) [529], and "New Developments of Sharpless
Reaction" (27 references) [530] have appeared. Dissertations dealing with new
reagents for olefin epoxidation [531], and epoxidation and hydroxylation catalyzed
by ferric porphyrins [532] have appeared.

The epoxidation of vinyltrimethylsilanes having allylic alcohol groups
using vanadium(V) catalysts and t-butylhydroperoxide produce very high yields of
epoxides with high erythro or threo selectivity (equation 471) [533). Double
bonds allylic to both ether and alcohol functional groups were epoxidized by
t-buty]hydroperoxide/Ti(O—i-Pr)4/(-) diethyl tartrate with high stereospecificity
(equation 472) [534]. C-Glucopyranosides were synthesized using this chemistry
{equation 473) [535]. The vanadium/t-butylhydroperoxide epoxidation of sterically
encumbered allyl aclohols gave predominately erythro epoxides (equation 474)
[536]. Epoxidation of allyl alcohols with t-butylhydroperoxide/titanium(IV)
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alkoxide gave mainly syn epoxide wherein MCPBA gave mainly anti epoxides (equa-
tion 475) [537].

This reaction, in the presence of (+)-L-diethyltartrate
resulted in epoxide of high optical purity

t-BuOOH
ra e ————————-— .

epoxide
VS+ cat

™S OH
>/ <
R
H
/4
(a71)
~ T™S
™S OH >99% erythro or threo
Dat
OH
‘({
MS
P ,,/\\\,/"'}
0 -
OH

depending on substrate

0 (472)
t-BuQOH/Ti (0-i-Pr) z
(~) DET
OH
- » 1,3,5....(2n+1) polyols
(473)
t-BuOOH g\/\/‘\/OH
Ti{0-i-Pr)g “p
{-) DET
- / OH
(<) DET “\,/’“\\<:;T\\/"

C-glucopyranosides
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™S
H Vo(acac), F~ (474)
Z Yy, > >
“, t-BuOOH H
OH Me
,//“\\,//~\\<::;:?zzf
HO™  Me
erythro
1
OR OR]
t-BuOOH 0
’z 2
H R — > o 2 (a79)
Ti{0-1-Pr) H
R Me 4 H
o Me
-70

R = Me, R = SiMe,-t-Bu, R% = (CH 0SiMe,~t-Bu, CH,C(OMe) ,CH(OMe )CH,0AC

24

Diepoxides of diolefins were prepared by the Cp2M0X2 catalyzed epoxidation
of these substrates by t-butylhydroperoxide [538]. Molybdenum naphthenate
catalyzed the epoxidation of styrene by hydroperoxides [539]. Cyclohexene and
allyl chloride were epoxided by t-butylhydroperoxide in the presence of M004(8-
quinelol), [540]. Cyclohexene was also epoxidized using Mo0,Cl,L, complexes as
catalysts (L2 = Ph,P(0)CH,CH,P(0)Ph,, bipy, 1,10-phen) [541]. Molybdenum car-
bide catalyzed the epoxidation of 1-octene by t-butylhydroperoxide [542].
Propylene epoxidation was catalyzed by Mo0,Cl, on Amberlite IRC-84 resin [543].
Cyclohexene was epoxidized in fair yield by hydrogen peroxide using molybdenum
blue on charcoal as a catalyst, in the presence of trialkyltin halides [544].

Cyclic alkenes were epoxidized by palladium(II) nitrite compounds (equations
476 and 477) [545]. Cobalt nitrite compounds epoxidized acyclic olefins (equa-
tion 478) [546]. Complex iron species catalyzed the air epoxidation of polyole-
finswith remarkable specificity for the most highly substituted alkene (equations
479-485) [547]. 1,4-Epoxy-1,4-dihydroarenes were converted in high yields to the
corresponding arenes by reaction with Fez(CO)9 in refluxing benzene [548].

Cl
Pd::\
- 7
+ PdCl(NOZ)MeCN)2 —_— //y 0 (476)
0
PhMe2 0
48 hr

~90%
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0
(cHp), || + PdCI(NO,)(MetN), —— (CH)) {0 + (c®+
1%

0 n=3 3% 27%
(CH.) n=4 0% (477)
2'n

n=25 _22-88%

n=6 34%

n=17 32%

n=8 69%

n=cisb 12%

n = trans 6 4%

CHCI3 0, .

TPPCoNO2 + RCH=CH2 + T](PhC02)3 — /£—5 (478)
0.32 mol XS XS R

up to 0.18 mol
(50% based on Co)

0
[Fe,000-C— 1 (MeOH) . 1*C1
>\/\/‘\/\0AC 3 6 3 .
(479)
o~ OAC

x AN
87%

~N

M - m (480)
OAC 749 OAc
Z
| _
z 0 OAc
OA
¢ 61%

P (481)

0Ac
OH

21%
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_ - // (482)
0
OAc OAc

(483)
/I\\/\/k/\OAC - 5 0AC
90%
///L\\///\\\//J\\\ (484)
X OAc /(':>/\/'\0Ac
76%
/‘\/\ oAC /{y\ 0Ac (485)

A dissertation on metal assisted s-lactam formation has appeared [549].
Irradiation of imines and chromium carbene complexes in ether solution produced
g-lactams in good yield (equations 486-488) [550]. Azirines reacted with carbon
monoxide in the presence of a palladium(0) catalyst to produce bicyclic 8-
lactams (equation 489) [551]. s-Lactams were functionalized by reaction with
dimethyl diazomalonate and rhodium(II) catalysts (equation 490) [552]. Intra-
molecular carbene insertions led to more complex s-lactam systems (equation 491)
[553], (equations 492 and 493) [554]. 8-Lactams containing allylic ester groups
were converted to the free acid by treatment with palladium(0) complexes (equa-
tion 494) [555].

Mep RZ
3 1
OMe H R R H
(co)er=c” o + ocNT M o h (486)

5 \R] R2 0 ~g3
R! = R3 = Me, R? = Ph 76%
R' = Me, RZ = R3 = P 524
R! = R2 = ph, R3 = Me 72%
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{487)
MeO
_QMe MeO
(CO)SCr=C + —_—
Me A N
heu Me0 »0
Me
OMe
38%
MeQ R
S
OMe S Me
- ]
(CO)Cr=C + R \ j —— (488)
57 e —_<:N 0 ;;t: N
R=H 8%
R = Ph 52%
H R
N R
MR L,Pd cat. R’ Y
R— + (0 —m———————n (489)
H PhH, 40° 0)“" N i R'
1 atm H
37-63%
R = p-tolyl, Ph, p-C1Ph, p~BrPh
R' = H, Me
R COM
e
SR ) Rht L onc), coane
L + NyC{COMe)y et . N-R" 2 {490)
60%
R]
Cu(acac)2 R2
- S
1 { R1=R%=H 0 N ’Q'
R

'’

° i

0

R2 " 5 60% 0
N __.:] (491)
N,

] R1=H

RZ=PhTh
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52% 2
Co
Sy /2NN (492)
+ 0
N
0
20%
Cu(acac)2 [:—T/ 07 SR
I l T ——e (493)
N
15-58%
OTMS TMS

YUy,

Pd

T(—Im/v ~ T

Azirines reacted with alkynes in the presence of molybdenum hexacarbonyl

CO,K

to give pyrroles (equation 495 and 496) [556]. Pyrroles and pyridines formed
from azirines when treated with palladium(0) complexes (equations 497-499) [557].
Pyrroles also formed from s-dicarbonyl compounds and azocompounds in the presence

of copper(I1) chloride (equation 500) [558].

Me0,C CO,Me
Ph Mo(CO) 2 2
\\17:><: + MeOZCCECCOZMe e A\ (495)
N N Ph
Ph COZME

Ph
+ Me0,CzC0,M¢ —o-v>
FANEP 20200, ph_Z\ " LCOZMe

H
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" h
7\ (497)
W Nz’ 500 j\/j
Ph

20% 18% (up to 70%)
N
N \
4 = ‘
+ | = (498)
——————
P Ph 7\ N>
N Ph
H
30% 33%

/N S —— * Ph-—l?;_YL—
H
Ph 14% (499)
Ph +
~
/ \
P N D—Ph
H
30%
2
3 R
1 3 CuCl, 4 1
RI-NeN-C=CHR® & 0=C-CH,-C=0 ——2 o R NNHR (500)
R2 RS RS
0 R®
R! = ph, P-NO,Ph 40-85%
2 L .
RZ = Ph, PhCH,-, -(CHy),
R = Ph
R = Me, EtO
5. - -
R” = Me, (CHZ)3

Thiohemiacetals cyclized to tetrahydrofurans when treated with palladium-
(11} acetate (equation 501) [559]. But-2-ene-1,4-diols cyclized to furans when
treated with palladium(II) and copper(I1) under oxidizing conditions (equation
502) [560].
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R H (501)

R RZ
— Pd(II)/Cu(ll)
B! R? > R'—427_¥§——R3
0, 8 0
HO OH 22-77%

R' = H, Et, n-Pr, Ph

RZ = H, Me

R3 = H, n-Pr

0-Allylnaphthols cyclized to dihydronaphthofurans when treated with
titanium(IV)} chloride (equations 503 and 504) [561]. Acetylacetone and 1-hexene
oxidatively cyclized to the dihydrofuran in equation 505 in the presence of
manganese(I11) acetate [562]. Dihydrobenzofurans were prepared by nucleophilic
attack on dienyliron complexes (equation 506) [563]. Enol ethers reacted with
diazo acetoacetate to give dihydrofurans in the presence of a copper(Il) cata-
lyst (equation 507) [564]). Butadiene and formaldehyde combined to give ketals
when treated with ruthenium acetate species (equation 508) [565].

R
0
R Ticl, 1
Y@ .
40-80%
R
0’"\\22' .
R Ti 0
|ii|ll|l|iil —l l!illl'llii' (504)
40-80%
o o MeCo (505)
M Mn(OAC)3
+ ONTS - /
HOAC/CF 3CO0H 0
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Fe(CO)3
Me( R
3 TI(TFA), 0
—3 = (co)gFe (506)
)\ 79-84%
HO R

0
R = Me, CHZOH, CH,0Ac, CH,0Ts, CHZCH(COZME)Z’ CHZOCCHzcone

CF 5

0 0

0o 0 Cu:< > 2 (507)
o:<< .

R
0
c
N, OMe

at.
40-70%

Q\one’ OME/ dﬂ,@,’mnemrk

"RuOAC" '/Y\\
O+ H,C0 + HOAC ————— +

0\\’, 0

(508)
OAc

’cjr\\I//ﬁ\\~//, + telomers

OAc

Methoxycyclopropenes opened to methoxyfurans when treated with Fez(CO)g
{equation 509) [566]. Chiral homoallylic alcohols oxidatively cyclized to furans
with very high stereospecificity (equation 510) [567]. Vinyltetrahydrofurans and
a-methylenelactones were made as in equation 511 [568]. Titanium(IV) chloride
cyclized protected hydroxy vinyl silanes to tetrahydrofurans (equation 512) or
tetrahydropyrans (equation 513) [569]. Palladium(II) coupled o-aryl mercuric
halides with conjugated enones to give products which cyclized fo pyrans (equa-
tion 514) [570].

— Fe,(C0)
2 9 _Z/-—\ﬁron + Fe complexes (509)
0

OR
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(510)
45-50%
>99.5% stereospecific
-
= (511)
Br Cobaloxime(I11)
R] obaliDxime N 0 cr03.py
BH R!
2 R3 4
R 2 g3
48-85%
0
R! = Ph, H
0 2
R2 R® = Ph, Me, -(CH,)s-, -(CH,)5-
3 _
Rl g3 R = H
3361%
(512)
/\/\/\(—\\1‘\ TiC14/CH2C].,
™S £ >
OMEM 0
96%
H
TiCl,/CH,C1
i ez, (513)
2~ 0
H

88%
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Y (514)
0 X
//,\\\//JL\\ z TBA'C17/PdC1,,
R] N RZ + »-
oH CHyC1,/3 NHCY
HgC}
1
R 0 R}
i
o2 z )
R
——— . -
Y OH . 0 “Son
X
X 80-90%
ol
Z R' = ph, H; RZ = Me, -(CH,)5-, Bz, Ph, PR
| X = H, HgCl, NO,, CHO
v 0 g2 Z = H, HgCl, €
Y Y=H

A dissertation entitled "Synthesis and Reactions of 3(2H)-Furanones -
Novel Chromium(II) Induced Cyclizations" has appeared [572]. But-2-yne-1,4-
diol cyclized to butyrolactone when treated with RuHZL4 (equation 515) [573].
Phenylacetic acid cyclized to the lactone when treated with palladium(II) ace-
tate under oxidizing conditions (equation 516) [574]. Bis-Propargylic ethers
cyclized to furans in the presence of low valent chromium (equation 517) [575].
These were converted to B-methylene lactones by oxidation.. a-Methylene-a-
butyrolactones were synthesized by the palladium(0) catalyzed cyclization car-
bonylation of g-hydroxyvinyl bromides (equation 518-520) [576]. Butane-1,4-
diols cyclized to lactones when treated with copper(l) carbonyls in 100%
sulfuric acid (equation 521) [5771. Alkynes reacted with carbon dioxide in the
presence of nickel(0) complexes to produce a-pyrones or butenolides (equation
522) [578). Methoxyfurans were converted to ao-pyrones by reaction with Fez(CO)g
(equation 523) [579]. Di-tert-butyl-o-hydroquinones were oxidized to the seven
membered anhydride by vanadium(V) reagents (equation 524) [5801.

Riizbs [_>= (515)
HOCH, C=CCH, O = {, =0

145%, 12 hr
49%
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\j

o Pd(0Ac),
(516)
K,S,0g, MeSOSH 0 Ng

100° diox 1172
/
Rl RZ i\//AV X (517)
0 cobaloxime(I) \
0 NaBH } 00
Br /\ 4
\ 1
: R h2
R' = Me, Et, -(CHZ)S- Cr03
+
R2 = n-Pr, Et, n-Bu ~70% H
0.0
-
1
R
R2
~80%
Br €0, L,Pd
0 (518)
’, ‘0 0
“ o MeCN, K,CO,
70° 72%
Br
R R
~N
€0, L,Pd 0 (519)
, 0
R' OH R
70-90%
R's = H’ Me’ Et
|
Br C0, LyPd
— . 0 (520)
OH 0
OH OH

55%
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r2
R! 100% H,S0 R!
X\/\OH — 2, {521)
R cu(1) €O 00
OH
1 high yields
R' = Me, -(CH2)4-, -(CHZ)S-
R2 = Me, Et, n-Pr, n-Bu, n-c5, n-C6, n—C7, n-C8
RI
R . (522)
R R
- — /R
/== R'-=-Rf /
RC=(R + CO, + Ni(0) — LNi\ —_—— LN |
: \
R

_ /
O ﬁ(

Fe(CO)3 (523)
41-58%
0
' OH 0 0
vt)(acac)2 / ' (524)
OH s 0
39-43%

Alkynes reacted with isocyanates in the presence of nickel(0) catalysts to
produce 2-pyridones (equation 525) [581]. Pyridines were made by the cobalt-
catalyzed cyclotrimerization of alkynes with nitriles (equation 526) [582].
Acfy1onitrile reacted with trichloroacetaldehyde in a copper-catalyzed free radi-
cal reaction to produce 2,3,5-trichloropyridine [583]. Trimethylstannyl pyri-
dines, quinolines, and isoquinolines reacted with acid chlorides in the presence
of palladium{D) catalysts to produce acylated products [584].
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2
Ni (0) 120 N
1
Rl-=-R? + RON=€=0 —ou—» RR {ii;a;J’; (525)
R',R
R!, RZ = Ph, Et, Me, H ~80%, if one R = Ph
~16% if not

R3 - Ph, Me, <:::>

. e RRD
e R CpCo(C0), {//—-i]jjﬁi;]::
(Qszip + 2 () NSRS g (526)

C=N R' hv, &
40-90%
=3,4,5
™S, COzMe, Me, CHZOME, Ph, Me, H, n-Bu
R' = TMS, COZME, CHOMe, Ph, n-Bu, COZE’C

~ 3
1

Carbazoles were prepared by the copper(I) assisted cyclization of halo-
arenes containing conjugated enone side chains (equations 527-530) [585].
Indoles were reduced to indolines by treatment with formic acid over palladium
on carbon (equation 531) [586]. Nitroarenes reacted with aldehydes and carbon
monoxide in the presence of rhodium/palladium catalysts to produce quinoline
{equation 532) [587] (equation 533) [588]. Ureas condensed with vinyl halides
and carbon monoxide in the presence of palladium(il) catalysts to produce
pyrimidines (equation 534) [589].

0 0
1 1
R X 1) Nai R |
3 — 3 (527)
R 2) tul N R
N 3 3
2 H R 3) HMPA R
R Y:
80-90%
R's = H, Me
0
1
R X
| R 1) N R 1
—_— | (528)
NH 2) Cul N
1 3) HMPA H
R R

40-60%
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0
1) NaH
N (529)
2) Cul N
3) HMPA
40-60%
Me0
l) NaH
(530)
2)- Cul o N
3) HMPA €
0
HCO0H/Pd ¢
(531)
0
R! = H, Me, /\)k good y1e1d
2 = - -
R = H, Me, -(CH,),
R3 - H, cHO
(532)
CO/H,0
chzcno @\
X
NO Rh/Pd cat. m/ /\)
2 180° 80 atm
5-53%
3-59%
R
[Rh(C0),C1]
+ RCH,CH,OH 2’2 ~ (633)
2772 MoC 1 . R
0 o5 N
180
NO
2 100 psi €O 85%
R = Me, Et
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0 1 3
CF .. L,PdCl R1-N
H2C=C: 3 4 co + R'NHCNWRE 22 PN (534)
Br Et.N ) o
95 0’ "2
R
R! = Me, H
) 24-70%
R™ = Me, H

adium(0) catalyzed cycliza-
tion of olefinic a-iodoamides (equations 535-537) [590]. A variation of this
chemistry was used to synthesize anthramycin (equation 538) [591], diazepam
(equation 539) [592], and other lactams (equations 540 and 541) [592]. A macro-
cyclic lactam was prepared by the palladium({0) catalyzed intramolecular amina-
tion of an allyl acetate (equation 542) [593]. Metal-catalyzed reduction of
N-imidotryptamines prdocued g-carbolines (equation 543) [594].

| \‘ ( L4Pd , /'_(\ r

=
N
%i
o
§_
=
—
+
o
PN
=
.

—

@ L {537)
N
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oM :
e
R 9
co, Pd(0Ac), N
PhyP, Bugl
’ N
B wr2 or! PhCH 3 C]
3 0
28%
OH
Mowos
V4
N
~
2
0 CONH,
co, Pd‘oAC)z
(539)
48%

Joad
(540)

PhLi
—————e  d1azepam
e 0
N !
Pd(0) ~<;
Br o
c N N
L |
Ph 0
30%
(541)

MEO
 NHMe

41%

0Me

¢4 t
NHMe
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X Y (542)
Ac L4Pd
/[ HoN —
\\x//ﬁ\\/'N dppb
0
X Y
AN
+ \J
= H; Y = OAc HZN\V/’K\\/’N
NHAc
=Y=0 0
NHAc 70-80%
(543}
l N 0 NaBH

o

N~ 0 —— l
H MCT, N N
H

MX = CuC]z, FeCl,, CrC13

=

70-80%

a,e-Diaminoacids cyglized when treated with NazFe(CN)sNO (equation 544)
‘[595]. The palladium catlayzed cyclization of olefinic tosamides was the topic
of a dissertation [596], and a full paper (equation 5450 [597]. Amino alcohols
cyclized to nitrogen heterocycles when treated with ruthenium(II) complexes
(equations 546-548) [598]. Oxidative dimers of p-dimethylaminoanisole were
formed by treatment with palladium(II) acetate (equation 549) [599].

NazFe(CN)sNO
HZN-(CH2)4-CHCOOH > (544)

NH N
H

2 COZH

39%

(545)
C(\é Pd(11) m 1) Hy, LRAC m
e e ——————— e
NHTs benzoquinone N 2) hv, i-PrOH N

THF, rfx Ts H
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274
HO-(CHZ)n-NH2 ——— (CHZ)n NH (546)

HO(CHZ)HOH ———— (CHz)n NR'

- o
x =
(=) x
o N
—
£

50-100%
(547)

MeD m
@/\; _ PCH,NH, OH MeO NH,

\1 RquL4

Ph

y

OH RquL 4

62%

o

N
MeO@J
OMe

42%
! + HO(CH.).OH
H

NMeZ \
: N
Pd(OAc)z, AcO™
. (549)
80°, HOAc/PhH Me0 N\ OMe
OMe 102

Miscellaneous heterocyclic syntheses are shown in equation 550 [600],
equations 551 and 552 [601], and equation 553 [602].
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C02Me
Fe(C0)
- 3 PN Me ,NO
NN 3
\ // + 1 " > —
" Y
€O, Me
Co,Me 2
good yields
X = NCOMe, CHy, C=0, C=N4<::>rMe
L i
ot c=s 1) 2-=-2 s
~rel — s :[: (561)
0’ s 2) s, s A 5
22-64%
Z = CO,Me, Ph, COMe, CHO
R
L . - 7
ol c=m 1) 2-:-2 N
Sl — st :ﬂ:: (552)
o’y s 2) s, S~y
18-32%
Ar

Ar' -
PhC=N, Cu(acac), ::l:_ )X( (553)
Ph-C=0 Ph 0 ‘ar

Ar = Ph, p-MePh
Ar' = Ph, p-MePh, p-C1Ph

F. Alkenes

But-2-ene-1,4-diols eliminated to 1,3-dienes when treated with tita-
nium(III) chloride/lithium aluminum hydride (equation 554 and 555) [603].
Vicinial dihalides were debrominated to olefins with a similar reagent (equa-
tion 556) [604], as were thioacetals (equation 557) [605]. Propargyl halides
were converted to allenes and alkynes by reaction with chromium(II) chloride
(equation 558) [606]. Diaminoglyoximes were converted to alkynes by oxidation
over cobalt catalysts (equation 559) [607]. Cyclic olefins were producéd from
linear olefins by reaction with rhenium hydrides (equation 560) [608]. Ary! and
vinyl thiols were desuifurated to the hydrocarbon by reaction with isopropyl-
magnesium chloride and nickel(II) salts in the presence of triphenyl phosphine
[609]. Alkynes were reduced to alkenes by mixed copper-a]umihum hydrides
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{equation 561) [610]. Cyclopentanones were converted to cyclopentenones by air

oxidation in the presence of iron(III) chloride (equation 562) [611].

Palladium

on carbon catalyzed a similar oxidation of 2-aminocyclopentanones to 2-amino-
cyclopentenones (equation 563} [612]. Ally! acetates were reduced to the parent

olefin by tributyltin hydride/palladium(Q) catalyst systems [613].

R
2 1 3
RIS R THF, TiCy/LiAMH, R —
OH (or trans) > — ?
I on — R
a
3 a R
R R 60-85%
1., - -
R' = Me, Ph, (CH2)5
RE = Me, Ph, H
R® = Me, Ph, -(CH,)g-
R = Me, Ph, H
Ph Ph
OH OH TiCTy/LiAlH,
Ph -}- = _.*._ Ph . -
Ph Ph Ph Ph
In/TiC1,/THF 0° 3 hr
RVCH-CHR® 4 >  R'CH=CHR?
Br Br 82-96%
R1 = n-C,, n~Pr, H
8’ b}
2 -
RZ = H, n-Bu, CH,COEt, CH,CHIO)C,H,
OTMS OTMS . .
v ) 4:1 TiC1,-LiATH
R1CH-5-CHRZ 3 4« RCH=cHR?
THF
30-80%
R! = Ph, p-MePh, p-CliPh, @ . n-Cg
RZ = Ph, p-MePh, p-C1Ph, (C::> , n=Cg, n-Pr
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R2
T ( crcl, \.___.____ . R
SotH ___\\ 2

Br R
60-80%
SolH = carboxylic acid
SolH = alcoho)
rR! = ph, \wr/, (:::T/ » n-Ce, t-Bu
RZ = Me, n-Pr, n-Cg
HNG  NH,
NN 0
R'-C—C-R? 2 »  RI-c=C-RZ
Co(Salen) or
Co{Me0 Salen) 90-98%
{CH
. 4’7<’ 2'n
CnHZ" + (Ar3P)2ReH7. (\ -::)
CH=CH
n=6,7,8
CB = 25%
07 = 35%
CB = 60%
R
1) RC=CH
1 MeCuMgBrC1-2LiC1 + Zi-BuzAlH e anaas —
2) H
H
0
R = n-Cs, Ph, PhS(CH2)3, PhS, (Et0)2P~§CHZCECH 2100%
0
FeC13 6H2 R‘
4 22 Air R4 2
R™ R 3 R
R

1 ~40%
R' = H, >—\ » n-Cg, n-Ce, n—C7, n-C]O, Me, MeOZC(CHz)6

2, R3, RY = H, Me

{558)

(559)

{560)

{561)

{562)
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0
Pd/C
350-370
80-85%

G. Ketones, Aldehydes

A dissertation entitled "Synthesis of Optically Active a-Deuterio
Ketones. Investigation of Tricarbonylchromium Derivatives of Aromatic Compounds"
has appeared [614]. Ethylene and propylene were oxidized to ketones over Pdclz/
CuC]z/NaY zeolite catalysts [615] and PdClZ/CuC12 on Al,05 or S1'02 [616]. Allyl
ethers and acetates were oxidized to p-alkoxyketones by PdClz/CuCI/OZ (equations
564-567) [617]. Palladium nitrite complexes oxidized olefins to ketones in fair
yield (equation 568). Strained olefins such as norbornenes were epoxidized
instead (equation 569) [618]. Steroid precursors were made by Wacker-type oxi-
dation of olefins (equation 570} [619]. Olefins underwent allylic oxidation by
irradiation in the presence of oxygen and palladium(Il)} trifluoroacetate (equa-
tion 571) [620]. Other allylic oxidations were effected by t-butylhydroperoxide
in the presence of rhodium{Il) catalysts {(equation 572) [621][622]. 1-Hexene
was oxidized to 2-hexanone by oxygen and cobalt (salen) catalysts (equation 573)
[623]. Alkoxy- and aminoalkynes oxidized to a-ketoesters or amides when treated
with Phl=0 in the presence of ruthenium(Il) catalysts (equation 574) [624].

1 or2 PdClz/CuCl/O2 R} or2

N Y\/ {564)

R

1

R = Me, n-Pr, i-Pr, n-c5,
/R\v/\\ " 42-62%
R! |
) PdC'lz/CuC'l/O2 R
NN
= 0Ac \\1r"\\u/’\\\ (565)
0OAc
0
72-80%
OMe
4 Me PAC1,/CuC1/0,
— » {566)
51% 0
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Ph

“ PAC1,/CuCL /0,
- W (567)

0Ac

70%

@ L2PdC1 (N0,
(568)
°2

PhH 60°
50-70%
D
(I )
Ldecl(NO
(569)
0, "0, PhH, 60°
R 30-40%

o (871)
0 hv 366 mm y R SN /u\/R
v - /\f( * ¥
PA(TFA), cat. U 0 0 A)
0 Y
-2
1-3 trans 2-6 trans

R=C ,c’c
17° 79* %5 30-68% conversion
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1-BuOOH
I l (572)

(CH,) Rh ,0Ac,  (CH, ); (CH
28% 3%
n=1, 2, 3
(573)
Co Sal MDPT .
/\/V+02 - NY /\/Y
EtOH 0 OH
60°
17% 12%
RI
RC=C-OR' R
PhI=0
—ee 0 (574)
RuC1,L
R-C=C-NR,' 273 0
NR,*
R
R = H, Me, i-Pr, n-C6, n-Bu, Ph 0

R' = Et, Me, i-Pr
good yields

Vicinal diols were oxidized to a-hydroxyketones when treated with molyb-
denum peroxides (equation 575-577) [625]. Chromium tricarbonyl complexes of
benzylic alcohols were oxidized to the corresponding aldehydes by DMSO in
acetic anhydride (equation 578) [626]. Similar chemistry occurred with substi-
tuted iron tricarbonyl diene complexes (equation 579) [627]. Indanones were

oxidized to a variety of products by oxygen and a cobalt salen complex (equation
580) [628].

OH DMSO "
(CHp ), OH Mo - peroxide (©fg)n OCH,SMe
n = 3-6
. (575)
(CHy),
0
30-70%
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OH
DMSO OH
AT {576)
H Mo - peroxide 0

0
81%
Ph  Ph
DMSO
P Ph > Ph26=0 (577)
Mo - peroxide
89%
OH OH
DMSO
CHpOH  ooemeem C”° V {578)
Aczo
{
Cr(co), CriCol,
57%
0H
/J\\ also worked.
PR ,
OH OH
COZEt OH CHO
LiAlH {579}
/7 \< B 7N oMo //’\<
! | (coct),, Loico)
Fel0)y FelC0), 3
80%
{580)

3

0
R R? o C-R2
0L, s QL &
+
21 1] Co (MeD Salen) N 0 NHRT
R
R? R?
OH
N d N
g0 gl 0

Alcohols weve axidized to ketones by palladium(Il) salts (equation 581)
[629] or by nitro aromatics in the presence of rhodium catalysts (equation
582) [630]. Trimethylsilylenol ethers were converted to o-hydroxyketones by
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chromyl chloride (equation 583) [631]. 1,4-Dicarbonyl compounds were prepared
as in equation 584 [632].

OH
0
R » Pd(0Ac), g
R — (581)
P(o-to1)2 rZ
X
K,C04
X = Br, Cl, I
OH .
///l\\\ RRC1(CO)L, P S
ArNO, + R R — gl + ArNH, (582)
0TMS
0
RN Cro.Cl, OH
—p (583)
R CH,C1,
R
62-82%

50 Gk b A

(584)

Me0
Me 0~ OMe HRUC1(CO)L 0 Hy0

cat 150° 6 hr

0
0Me
Ay
0
90-100%
R = H, Me, n-Bu, n-CS, n~C7, CHZOH, EHOH
CH3

Oxazoles were converted to vinylogous amides by reaction with molybdenum
carbonyl (equation 585) [633]. Acetylenic esters were converted to dialdehydes
as in equation 586 [634]. Tributyltin hydride reduced o,B-unsaturated aldehydes
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and ketones to saturated carbonyls in the presence of palladium{0) catalysts

(equation 587-590) [635].

2
R R R! RZ
T Mo(C0) _
~ HZO \ R3
Hy
R! = Ph, Me 70-90%
{CH,)
2 o 24
&3 - ph, Me
CuoTf CO,Et NaH GO Et
HC=C-COMEL + ELOH —eo —
Et0 OEt HCOEL 0 “cho
86% 75%
Bu.,SnH CHO
CHO 3
e N

65%

(585)

(586)

{587)

(588)

(589)

(590)
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Ruthenium(I1l) catalyzed the opening of endoperoxides to a variety of car-
bonyl compounds (equations 591-593)} [636]. Rhodium(I) complexes catalyzed a
similar process (equations 594 and 595) [637]. Aldehydes were homologated to
ketones by reaction with olefins and ruthenium(II) catalysts (equation 596)
[638).

H OH 9
5% RuCl,L S
,._._._————>2 3 0+ ” + + (591)
% cH,0 =
507, CHyLl,
H OH OH
19 43% 17% 1%
oH HO
@ . o, ” + + (592)
0
0
1% 8% 68% 1%
0
Olll C02Me RUC]Z 3 H N
°"""‘ : 0 H (593)
OH
S 7 o COOH
OH
h.,(€0).,C cHo
R
2 22 (594)
OH
Lii\ —— MH (595)
OH
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RuC]2L3 9
RCHO + > R-C-Et (596)
180~220° '
( Z also) Tow yields

H. Organosilanes

A review dealing with the synthesis of vinylsilanes from olefins and
hydrosilanes with the aid of transition metal catalysts (23 references) has
appeared [639]. Polymeric organosilicon supported rhodium phosphine complexes
catalyzed the hydrosilation of olefins [640]. Platinum(Q) catalyzed the hydro-
silation of silylacetylenes (equation 597)[641]. Polysiloxanes were made over
platinum, palladium, and iridium complexes {equation 598) [642]. Silyl cyclo-
propanes dimerized when treated with palladium{II) catalysts {equation 599)
[643]. A review dealing with new polymer-supported metal catalysts for hydro-
genation and hydrosilation (23 references) has appeared [644]. Silylated ena-
mines resulted from the reaction of nitriles with (dimethylsilyl) benzene in the
presence of rhodium(I) catalysts (equation 600) [645]. Intact cobalt clusters
catalyzed the hydrosilation of acetophenone (equation 601) [646]. Chiral
rhodium catalysts hydrosilylated conjugated enones to give chiral allyl alcohols
(equations 602-606) [647]. «-Haloesters, ketones, and nitriles were reduced by
hexamethyldisilane and palladium(0)} catalysts (equation 607) [648]. Benzyl
chlorides were converted to benzyl silanes by reaction with chlorosilanes and a
palladium(0) catalyst (equation 608) [649].

SiMeC1,
L,Pt
MeCl,Si-CCH + Me,CISiH  — (597)
SiMeC1,
95%
. cat.
(HSiMe,) ,0 s HMe,Si(0SiMe,) OSiMe,H (598)
N -
cat = (PhoPLM” " S0 M= pd, Pt Ir(CO)H
= = k] 9 r
32 \Si/
P ~
Ph SiMe,R e, RMeoSt M2 pn.
_ PdC1., (PEL
\=—/ 2(PEt3), ::I] i]:: (599)
s s S .
P3N P N, SiMesR

R = Me, Et, t-Bu, Ph 70%
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. Me
SiMe, L4RACT _six
| +ORCHON  — o ROH=CHN (600)
Si
SiMe, Me,
0 cat. - OsiEt, OSiEt,
PhC-CH, + Et.SiH ————»  PhCHCH +  PhC=CH (601}
3 Y - 3 2
cat, = Co-Ni Co-Ni-Mo Co-Mo-Fe clusters
Co-Mo
0 1 ; (602)
1 1
R R 0SiR,H R
Rh* 32 H,0 * 3
RS s CH-C-R® _3_ . CH-CHR
R,SiH H OH
RZ 272 Rz Rz
up to 69% ee

Rh* = Rh(I)} DIOP, Rh(I) BMPP

R
0 BN
@\/\ " é(\/KDH (603)

70% yield
27% ee
0 OH
@/ —_—— (‘]/ (604)
83% yield
52% ee
>_..Kn/ - >a( (605)
0
OH
60% 38% ee

gu i
ﬁ/ — \'(O/ * (606)
\

References p. 458



450

R z R z (607)
Me,SiSiMe, \‘/ _ _
_—_ . + Me,SiX + Yn(CHZS1Me2)n
X L4Pd cat. H
PhH 100-170°
50-100%
X = Br, C1
Z = COR, COZR, CN
L4Pd .
ArCH,C1 + Me SiClc ——————;;——»— ArCH,SiMe C1, (608)
130

61-100%

I. Miscellaneous
Aryl halides were reduced to the hydrocarbon by zinc and a nickel(II)

catalyst (equation 609) [650]. Halides were also reduced to hydrocarbons by
isopropylmagnesium chloride and Cp2T1C12 [651]. The process was shown to be a
radical process. Allylic systems were reduced to olefins by LiBHEt3 and a
palladium(0) catalyst (equation 610) [652]. Aryl halides were reduced to
arenes by formic acid and palladium on carbon [653]. Nitriles were reduced to
hydrocarbons by [C0L2N2]L1'(Et20)3 [654] and ammonium formate and palladium on
carbon (equation 611) [655].

L2Nix2
ArX + In + H,0 ——— ArH (609)
cat.
Br
ArX = CI@OMe, C]@-: PhC1, Cl-@CN, @ s 1-Br adamantane
X ___EESEB____.. " (610)
NN NN
L1BH3Et3
X = OPh, OMe, SPh, SOZPh, SePh, 0TMS, C1 stereo- and regiochemistry
maintained
10% Pd/C
ArCN + HCOONH4 ——— ArCH3 (611)

40-100%

Sulfoxides were reduced to sulfide by CoClleaBH4 (equation 612) [656].
Molybdenum(VI) complexes catalyzed the deoxygenation of a variety of substrates
by triphenylphosphine {(equations 613-616) [657]. Sulfides were oxidized to
sulfoxides by t-butylhydroperoxide and titanium(IV) catalysts [658]. Oxygen
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oxidized isocyanides to isocyanates and nitrosobenzene to nitrobenzene over
cobaloxime(II) catalysts [659]. Cyclohexenones with unsaturated side chains were
converted to aromatic compounds by reaction with rhodium{III) chloride (equations
617-619) [660].

EtOH
RSOR' + CoCl,(H,0)¢/NaBH, ———» RSR' (612)
44-96%
PhgP + PhgM=0 + PhyP=0 + PhgM (613)
(Et,NCS,»)Ho0,
M = As, Sb
Me, S0  ————> MeyS (614)
63%
O —— O
N
) N
0
100%
O+ — OO =
0
88%
0 H OR
(617)
MeOM
| e *
OMe RnClg OR OR
81%
0 OH
e (618}
‘ 0Ac 0OAc
0
OR
OMe —_—
OMe {619)
~
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Diazoketones were converted to a-thioketones by reaction with thiophenol
and rhodium(II) acetate (equation 620) [661]. 8,8-Dithio-a,8-unsaturated
ketones were monodesulfurated by borohydride in the presence of nickel(Il) salts
(equation 621) [662]. Terminal alkynes were selenated by reaction with PhSeCN
and a copper catalyst (equation 622) [663]. Allyl ethers were -treated with ethyl-
azidacarbonate to give insertion products (equation 623) [664]. Two new systems
for hydrocarbon activation have been developed (equation 624) [665], (equation
625) [666].

0 0
h Rh, (0AC) 0
REC-R! + PhSH ——2— 4% o RCCHR! (620)
N, SPh
70-90%

NiC1,°6H,0
: 2 o3 2 72 R]z/’\\]<§5‘\\ H (621)
NaBH4, EtOH

RZ R2

R' - Ar ' 40-80%

RS = H, Me, Et, n-pr 14 cases

RS < Me, Et

PhSeCN
HCECR - PhSeCECR (622)
CuX/Et;N/CH,C1,,
89-96%

R = n—Bu,‘7_\ » n=Cg, n-C;, CH,O0H, C(OH)(Me)CH,Me
A

OR  PdC1,(RCN) OR
NoCOEt + 2N R i ”’\\1//’ (623)
cat. |
N
\\COZEt
40-80%

/\/\ /W N
o OR’ //l\/OR’ /Y d R, OR all work.

’ »
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[ \ +
@IrLZ +
_ Ir, (624)
IrHZSZL2 +
_>_’/
S = solvent —/i _ IrHZ

CpIr
CpIr
hy
612
hy
+ H
cplr”

><

Aryl (equation 626) and vinyl halides (equation 627) were converted to
phosphites by reaction with HP(0)(OR), and a palladium(0) catalyst [667].
Reaction of iron(IIl) chloride with potassium graphite produced a reagent that
converted vic dihalides to olefins, a-haloketones to ketones, and promoted the
cycloaddition of a,a’-dihaloketones to enamines (equation 628) and furans (equa-
tion 629) [668]. Phosphorous stabilized ylides were silylated or stannated by
chlorosilanes or stannanes in the presence of copper(l) iodide (equation 630)
[669]. o-Amidoacids were prepared by the dicobalt octacarbonyl catalyzed reac-
tion of amides with allyl alcohols (equation 631) [670]. Allyl acetates were
converted to allyl tosylates by reaction with the sodium salt of tosic acid in
the presence of a palladium catalyst (equation 632) [671]. Diphenylamine was
oxidatively dimerized to tetraphenylhydrazine by oxygen and a copper(l) chloride-
pyridine catalyst [672]. The o-hydrogens of benzoic acid and the g-hydrogens
of acrylic acid exchanged with D,0 in the presence of rhodium(III) chloride
(equation 633) [673].
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0 L4Pd cat. ¢
2 2 3
| Et,N

20 cases - good yields

R
ﬁ%:\\ Q L4Pd cat.
Br + HP(OR')Z B ﬁ(OR)Z {627)
0

Et N
66-99%

Br Ph Br
/ _ < Fea
= ] / Voo » q > Br
Ph Ph Br Br

N {628}
?Fe'Br
Fe~Graphite
> N T )
Br  Br *
high yield

D
; ] Fe-Graphite
>H’j<+[‘5/\ pite
g
Br Br

{629}
1} Bubi 2
R
(R GIZP*CHZR USRNSSR § 0)2?0CH*MM93 {630}
u 3) CiMMe v
¥ 3 Y
M = Si, Sn 40-80%

Y=0,5
R! = Me, Et, i-Pr
R% = H, Me, Et
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2
R . R'  NHcor?
v 0, H,, diox
R]//ltbr/,\\\OH + HNCR 2 - COOH (631)
Co,,(CO) R
R3 2 8
+ cat. R3
1 .2 3 -
R', R, RY = H, Me cat = HRh(C0)2L3, Fez(co)g, PdClZLZ,
&% - Me, Ph HRUC1(CO)L 4
:>§§v’/~\\//l§>“//\\‘0Ac (632)
36 hr, 60°
11-86%
Pd cat. THF
TsNa
:>:§\,/”\\,/’F\\/;$
OAc
:>\\,/"\\,/J\\,r” 0-88%
depends on catalyst
ArCOOH DZO, RhCI3 ArCozH(o-Dz)
(633)
o D
OH DMF, 110°, 18 h OH
Y Y
0 D 0

VI. Reviews

The following reviews have appeared.
[675]
Transformation of organic substrates on metal ciuster complexes.

Transition metal chemistry review.

ences) [676]

(23 refer-

Metal-carbon and carbon-carbon bond formation from small molecules and one

carbon functional groups.
Organometallics in synthesis.
Organometallics in synthesis.

Part I.

Inorganic enzymes?
organic synthesis.,

Organometallics in synthesis.
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Part 1II.

(21 references) [677]
{60 references) [678]
{217 references) [679]

Transition metal atoms as assembly and control centers in
(2 references) [680].

Metal atoms in synthesis and related aspects.
(270 references) [682]

(38 references) [681]
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Synthetic organic reactions by means of copper complexes. Preparation and
characterization of novel copper(l) complexes and their utilization in organic
synthesis. (35 references) [683]

Common metals and transition metals - the skill of combining them for organic
synthesis. (53 references) [684]

Actinide organometallic chemistry. (62 references) [685]

Transition metals in organic synthesis -- Annual Survey, 1980. (1045 references)
[686]

Organometallics in synthesis. (270 references) [687)

Control of metal-catalyzed organic syntheses. Part I. Introduction of models
and methods in examples. (40 references) [688]

Organoborates in new synthetic reactions. (71 references) [689]
Transition-metal complexes of organcaluminum phosphides. (Dissertation) [690]

New applications of organotitanium compounds in precision organic synthesis
during recent years. (2 references) [691]

Synthetic applications of bis(n-cyclopentadienyl)titanium compounds. (46
references) [692])

Titanium compounds - their application to organic syntheses. (many references)
[693]

Organomercurials in organic synthesis. (398 references) [694]

Organomercury, -palladium, -rhodium, and -thallium intermediates in organic
synthesis. (39 references) [695]

Organomercurials in organic synthesis. (398 references) [696]
Syntheses using 1,3-dienetricarbonyliron complexes. (27 references) [697]

Cobalt-mediated bond forming and bond breaking reactions: synthetic and mecha-
nistic perambulations. (19 references) [698]

Synthesis and reactions of 2-azidooxiranes. Polymer attachment and cobalt com-
plexes of phosphine macrocycles. (Dissertation) [699]

Cobalt mediated cyclopentanoid synthesis. (Dissertation) [700]
The reaction of alkylcobalt complex. (51 references) [701]

Reactions of alkyl ligands coordinated to cobalamins and cobaloximes. (97
references) [702]

Nickel - a knack of its use. (102 references) [703]

Zerovalent-nickel catalyzed carbon-carbon and carbon-hydrogen bond formation.
(Dissertation) [704]

Syntheses of some terpenoids via nickel tetracarbonyl induced cyclization. (11
references) [705]

Rhodium - a knack of its use. (52 references) [706]

Organometallic intramolecular =n-olefin metal coordination complexes. (171
references) [707]

Nucleophilic addition to =-olefin, n-allyl, and c-alkyl-palladium complexes.
Examples of "unpoling" by the use of organometallic reagents. (57 references)
[708]

Application of palladium catalysts to natural products syntheses. (26 refer-
ences) [709]

Palladium - a knack of its use. (39 references) [710]
Some metal-catalyzed reactions of acetylenes and allenes. (Dissertation) [711]
New synthetic method of isocyanates and aliphatic amines. (5 references) [712]
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Organic synthesis via catalytic activation of carbon-hydrogen bonds of aromatic
compounds by rhodium carbonyls. (25 references) [713)]

Copper salt in catalytic reactions of organic compounds. (343 references) [714]
The coordination chemistry of acrylonitrile. (315 references) [715]

The synthetic possibilities of addition reactions between common organometallic
compounds and conjugated enzymes. (54 references) [716]

Oxygen transfer from inorganic and organic peroxides to organic substrates: A
common mechanism. (145 references) [717]

Electron transfer catalysis applied to organometallics. Part I. Application to
the activations of Cgp3X bonds and other o bond species. (439 references) [718]

Recent applications of homogeneous catalysis to organic synthesis. (140 refer-
ences) [719]

Recent results on the heterogeneous catalytic transformations of carbon com-
pounds. (42 references) [720]

Asymmetric catalysis with transition metal complexes. (33 references) [721]

Asymmetric synthesis catalyzed by transition-metal complexes with functionalized
chiral ferrocenylphosphine ligands. (32 references) [722]

Stereoselective synthesis of diastereomeric amino alcohols from chiral amino-
carbonyl compounds by reduction or by addition of organometallic reagents.
(245 references) [723)

Asymmetric synthesis mediated by transition metal complexes. (82 references)
[724]

Some asymmetric syntheses catalyzed by chiral phosphine-transition metal com-
plexes. (40 references) [725]

Organometallic compounds for stereoregulated synthesis of acyclic systems.
Their application to the synthesis of the Prelog-Djerassi lactonic acid. {68
references) (726}

Chiratity transfer involving organopalladium and organocopper intermediates.
{Dissertation) [727)

Synthetic use of heavy metal catalysts in organic chemistry. Asymmetric oxida-
tion. [728]

Asymmetric reaction of olefins with nucleophiles via metal complex. (32 refer-
ences) [729]

Organometallic aspects of the Fischer-Tropsch synthesis. (48 references) [730]

Metal-carbon and carbon-carbon bond formation from small molecules and one-
carbon functional groups. (26 references) [731]

Cy chemistry and metal complex catalyst. 1I. Hydrogenation of carbon monoxide.
{no references) [732]

Structure and reactivity in organometallic chemistry. An applied MO approach.
(132 references) [733]

Insertion reactions [of organometallic compounds]. (27 references) [734]

Metal-carbon bond formation and cleava?e, inctuding oxidative addition and
reductive elimination. (64 references) [735]

Reductive elimination. (17 references) [736]

The cyclometalation of ketones and quinones by alkylmanganese pentacarbonyl com-
plexes: Mechanistic and synthetic studies. (Dissertation) [737]

Metallacyclic pathways in organometallic reactions. (43 references) [738]

Palladium{0) olefin complexes and their role in homogeneous catalyses by way of
metallacycle intermediates. (31 references) [739]
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The photochemistry of transition-metal organometallic compounds, carbonyls,
and low-oxidation-state compounds. (150 references) [740]

?ovel reduction and oxidation using transition metal salts. (38 references)
741)]

Oxidation of organometallic compounds by transition-metal salts. (244 refer-
ences) [742)

Carbon monoxide in organic synthesis by organotransition metal complexes. (57
references) [743]

Activation of alkyl! halides by a8 complexes. Complex-metal nucleophilic cata-
lysis. [744]

Cycloaddition reactions of transition metal-nl-allyl, -propargyl, and related
complexes. (69 references) [745]

Metal-assisted terpenoid synthesis. {103 references) [746]
n-Cyclopentadienyl, n-arene, and related complexes. {382 references) [747]

Catalytic aromatization reactions of Tow-molecular-weight olefins and alkanes.
(24 references) [748]
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