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I. General Comments

This annual survey covers the literature for 1981 dealing with the use of transi-
tion metal intermediates for organic synthetic transformations. It is not a compre-
hensive review but is limited to reports of discrete systems that lead to at least
moderate yields of organic compounds, or that allow unique organic transformations,
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 criti-
cal 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
crganic transformation effected than the metal causing it. Oxidation, reduction, and
hydroformylation reactions are specifically excluded, and will be covered in a dif-
ferent annual survey. Also excluded are structural and mechanistic studies of organo-
metallic systems unless they present data useful for synthetic application. Finally,
reports from the patent literature have not been surveyed since patents are rarely
sufficiently detailed to allow reproduction of the reported results.

II. Carbon-Carbon Bond Forming Reactions
A. Alkylations

1. Alkylation of Organic Halides and Tosylates

Organocuprates continue to figure extensively in the alkylation of organic
halides. cis-Bérgamotene was synthesized by a copper(1)-catalyzed Grignard alkyla-
tion of the appropriate bicyclic halide {equation 1) [1]. The mixed cuprate
[RZCuCNJLiz, prepared from organolithium reagents and copper(I) cyanide, was an effec-
tive reagent for the alkylation of normally unreactive secondary halides. Thus,
cyclohexyl- and cyclopentyl iodide, and 2-bromo- or iodopentane were alkylated in
greater than 80% yield by this reagent (R = Me, Et, n-Bu, n-Pr, vinyl) whereas the
corresponding RyCuli reagents reacted in less than 20% yield. The [Ph2CuCN]L12
failed to alkylate these substrates [2]. Copper tiglates reacted rapidly with allylic
halides and tosylates with high y-specificity. The epoxide underwent allylic trans-
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position. Tiglic and crotonic acid anions were used to prepare 1,5-diene units with
an E 2,3 double bond whereas senecioic acid anions gave a Z 2,3 double bond {equation
2) [3]. Aryl halides were alkylated by malonate anions in the presence of copper(l)
salts {equation 3} [4]. Organocuprates alkylated aryl- and vinylmercuric halides in
fair to good yield (equation 4) [5]. Chloroisopropylbiphenyls were prepared by the
reaction of chloroarylcopper complexes with aryl iodides in pyridine (equation 5) [6].
Allenic copper species alkylated acetylenic iodides cleanly, whereas dialkyl cuprates
gave extensive halogen-metal exchange (equation 6) [7]. Mono-copper(1) reagents

were used to couple a-halosulfones with (E) and (Z)-2-iodo-1-sulfonylalkenes [8].
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Two new chiral ferrocenylphosphines were studied as ligands for the metal-
catalyzed cross-coupling of Grignard reagents with vinyl halides (equation 7). How-
ever, only Tow optical yields were obtained [9]. In a similar reaction, up to 67% ee
was realized using a nickel(II) (-)norphos catalyst (equation 8) [10]. Halobenzenes
were cross-coupled to sec-butyl Grignard reagents using chiral diphosphine ligands to
give (R) or (3) 2-phenylbutenes [11]. Racemic Grignard reagents were kinetically
resolved by reaction with less than one equivalent of a vinyl halide in the presence
of a chiral nickel(II) catalyst (equation 9) [12]. Alkylation of a chiral viny]
bromide with methylJithium in the presence of cobalt, iron, and nickel catalysts went
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predominantly with retention of configuration (equation 10) [13]. Arylmagnesium
halides alkylated allylic halides in the presence of nickel{Il} and palladium{II)
catalysts. The regiochemistry was independent of the starting halide, but was a
function of the catalyst (equation 11) [14], 2-Substituted butadienes were prepared
by the palladium(0) or copper(I) catalyzed coupling of the corresponding vinyl Grig-
nard reagent with aryl or alkyl halides (equation 12) [15].

NiL*
PhOHMGCT - — PhEH ™ N
Me cat g‘e
77-88% yield
14% ee
7 )
cn ~cmm’|qr:e or PPh,
2, Me
PPh CH,, ~ClhnunH
2 2 "N,
(8)
Br
NiCl, (-) Norphos
n— = MO w_
MgBr cat.

(S} 95% yield

h7% ee
{9)
’(,~\\’,,Br .
+ R N L*, NiClz“ CO2
h +
<] eq. H30
MgBr
{rich in less
reactive enantio-
mer) :
COOH
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R

Grignard reagents alkylated 2-chloropyridines (equation 13) [16] and haloiso-
quinolines (equation 14) [17] in the presence of bis phosphinenickel(Il} catalysts.
Palladium{0) catalyzed the alkylation of alleny! and propargyl halides by alkylzinc
reagents (equations 15 and 16) [18], vinyl halides by Reformatsky reagents {(equation
17) [191, and jodopyrimidines by alkynyl zinc complexes (equation 18) [20]. Gem-
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dihalides were cleanly methylated by methyltitanium complexes (equation 19) [21].
Benzyl halides, tertiary ethers, and aldehydes and ketones also reacted with these
reagents.

~N L N1Cl

[ + RO(CH,) Mgx ——25 (13)
2,
N

(CHz)nOR
n==6,7%9
70-80%
N diphosNiC1, N
N+ ArMgX {14)
cat. ZN
a Ar
R:>=== ===<1H
R! X
R . H
L4Pd
or +  R'InCl ——y {15}
cat
R! Rll
R THF
'-¢-c;cu 80-90%
X
R' LyPd
R~f‘2~C§CH +  t-BuCH=C=CHInC1 v RR*C=C=CH~CH=C=CH-t-Bu (16}
THF
X
>90%
Br
L4N1 or
e + BanCH2C0 3 A ——y RCH=CHCH,CO Et (17}
2 L,Pd 2"2
R 4Pd cat
70-96%
R = H, Me, Ph

References p, 282



126

CR
1 7
HN Ni or H
RC:C-ZnC1  + ] —_— | (18)
Pd cat N
0 'f 0 ‘
® ®
35-90%
R X MeTiCl, R Me
CHyC1,,
+ or e (19)
R X R Me
Me,Zn/TiCl,
>30%

Transmetallation reactions are becoming increasingly important in organic syn-
thesis. Aryl jodides were alkylated by vinyl cuprates through transmetallation to
zinc, then to palladium (equation 20) [22]. Pyrroles were lithiated, then transmetal-
lated to zinc or magnesium, and the resulting reagents alkylated heteroaromatic halide
in the presence of a palladium catalyst (equation 21) [23]. Indoles behaved in a
similar fashion (equation 22). 1,3-Dienes were synthesized by the reaction of vinyl
cuprates with vinyl halides in the presence of zinc chloride and a palladium(0)
catalyst (eqguation 23) [24]. Benzylzinc halides alkylated vinyl halides in a similar
manner {equation 24) [25]. Organozinc reagents alkylated allylic substrates in the
presence of palladium(0) catalysts {equation 25) [26]. Aryl phosphonates were alkyl-
ated by organometallics in the presence of nickel catalysts (equation 26) [27].

Enol ether phosphonates reacted in a similar manner (equation 27) [28]. This formed
the basis for a clever ketone transposition procedure {equation 28) [29].

< /_1} 1) ZnBr,/THF
. 2) L,Pd (5%) == (20)
R A CuLi 4 ~ /—\ 65081%

3) Arl - R Ar
Ar = Ph, p-BrPh, p-OMePh, p-NO,Ph, p-CO,MePh, 0-CO,MePh, {L

{21)
t-BuLi MX RX
[/N\S uli I\, 2 ).
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60-90%
M = In, Mg

=

1

>
w
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U 2) PhI, PAC, dppb N Ph
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R0 1) LDA 1 3
E R OP(0EL),
3 2) (E10),PC1
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r? RS
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THSCHMGX | NiBr, or L,Pd (27)
4
R
&
— T™s
R? RS
60-92%
10 cases
(28)
g
0 0P (0Ph)
SPh
1) LDA, PhSSPh Me,Al SPh
>
2) NaH, C1p(0Ph), _L4“—’Pd
Ticl,
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0

The ability to transmetallate from boron to palladium was a major advance in
this area. Biphenyls were formed by the palladium(0) catalyzed coupling of aryl
borates with aryl halides (equation 29) [30]. Dienes formed similarly from vinyl
boranes and vinyl halides (equation 30) [31]. The regiochemistry of the reaction
depended on the conditions (equation 31) [32]. Palladium-catalyzed reactions of
organic halides with organotin compounds, to result in carbon-carbon bond formation,
has been reported [33].
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z LyPd z
PhB(OH), + Br —— (29)
aq Na2C03

40-95%
2 = Me, C1, naphth
(30}
a! " Br &5 Q! H .
L,Pd R
+ == R
cat.
R2 sz R3 R4 R2
R3 g4
42-86%

R' = n-Bu, H, Ph, <:::>—-§ >98% isomeric purity
R2 = H, Bu
RS = H, Ph
R? = H, Ph
R® = Ph, H, n-hex

Q) H R!

2 Pd(0)
e + R ——— (31}
Et N
H BY, DMF R?
80° 60-90%

R! = n-Bu, Ph, n-hex
R% = ph, P/, n-cs/”=’

The sex pheremone of the Egyptian cotton leafworm was synthesized in a process
the key step of which was the palladium{0} catalyzed coupling of a vinyl halide with
a copper acetylide (equation 32) [34]. Dienes {equation 33) and enynes (equation 34)
were prepared by related coupling reactions of vinyl halides with viny! silanes or
acetylenic Grignard reagents [35]. 5-lodouracil was alkylated by copper acetylides
in the presence of palladium catalysts (equations 35 and 36) [36].

References p. 282



130

(32)
AN
/\/\ X + //
L4;§\§:I
OAc
AN
4
~
(33)
OTHP ,
//,__-/"‘\~z/’\\~/”\\\”/\\\”' 1) 2 \Br, L,Pd, NaOH
s 2) AcOH I
ia), 3) Hy0,, OH™
4) Aczo, AcOH
/\/\/\/\/\/\
Z OAc
54%
(38)
OTHP
tsj;//’\\\//'\\V/’“\\,/"\\,/’ 1) N\, LyPd
e z 2) 1,0 -
9 3) Ac,0, AcOH
/\/\
A
A U aVa YWy

0Ac



] 0 R
Ve
1 ) &
| L,PdCl, ]
Tol0 Cul/EtN Tol0
N2/50°
0Tol 0Tol
77-91%

R = Et, n-Pr, n-Bu, t-Bu, TMS, Ph, THPOCHZ,
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g-Sinesal was synthesized by the alkylation of an allylic halide with a w-allyl-
nickel halide complex {equation 37) {37].

Br EtQ OMF Wt
(N“V\ + N i B
\/
2 £t0
H

{37}

B = DS =

H
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Organomercuric halides were alkylated by alkylrhodium({1ll) complexes stoichio-
metrically (equation 38) [38]. Hexamethyldisilane silylated chloronitro aromatics
in the presence of palladium{0) catalysts {equations 39 and 40) [39]. Benzylnitriles
were alkylated by alcohols in the presence of ruthenium hydride catalysts in a process
that involved catalytic transfer hydrogenation and proceeded via the aldehyde of the
alcohol (equation 41) [40]). Isoprenyl cobalt complexes alkylated bromomalonates in
fair yield (equation 42) [41]. Iron pentacarbonyl initiated the addition of vinyl
chloride to diethyl dichloromalonate {42].

RRhX,L, + R'HgX ——> RR' (38)
91-97%
R* = Ph/ﬁ==, Ar, t-BuCsC
R = Me
N
% THS
. pd(0)
+ Me3$1-SiMe3 -~;gaa~* OZN {39)
¢l €1
™S
30%
NOZ NO,
¢l ' ™S
+  Mej5i-SiMey  ——p {40)
ci ™S
32%
RuH, L, R
ArCH,CN  +  ROH ——=—> ArCHCN (41)

(via R'CHO and R‘CHu?CN)
Ar
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{42)

[ColPy
#
j>y¢’“\\//’ + BroCCO,EL),  ——» »”“‘\r::. CBr(CO,Et),

2. Alkylation of Acid Derivatives

Acid halides were cleanly converted to ketones when treated with a trialkyl-
aluminum/copper (11)(acac),/triphenylphosphine mixture [43]. Thio esters reacted in
a similar manner. Steroi&a] acid halides were converted to ketones by reaction with
alkylmanganese complexes (equation 43) [44). A cyclopentanone annulation scheme involv-
ing the alkylation of an a,s-unsaturated acid chloride with a vinyl copper species
has been developed (equation 44} [45]. Macrocyclic conjugated enones were prepared
by the palladium-catalyzed alkylation of acid halides by acetylides (equations 45 and
46) [46]. The chromium tricarbonyl complex of N-methylindole was lithiated, then
acylated with ethyl chloroformate (equation 47) [47]. A number of activated esters
have been converted to ketones by reaction with arganometallics (equations 48 [48],
49 [49], and 50 [50]).

(43)
.
coct RMnX
coct —_—
R} RZ
or
COR
¢ § COR

R! = a-DAc, «-HCOO 80-90%
RZ = a-0Ac, B-HCOO, H

R = i-Bu
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(44)
LCu 0.Et
HCECCOZEt + [RCWLILiI @—0
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N
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R = Ph, PhCHz, n-Bu, i-Pr, t-Bu
R* = Me, n-Bu, t-Bu
10% NiC1,/Zn
R@—-—O 7Ny, R SN R@R‘
— OMF
70-99%

X
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(47)

67%

(48)

(49)

R = Ph”N""i, Ph, o-tolyl, o-anisyl, m-CIPh, E£0,C” " PhCO NN

c1"‘\«’h\ , Ph/™

R* = n-Bu, Ph/\/&\ . n»(:s—-<((v . MeO‘ZCN"l . PhCD/\/LR s c1/\/t‘l‘
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N

NiCl (dppp) (50)
‘M—SMe +  RMgX ?)——R
Y 9

PdC1 (uppf)
73-94%

R = Ph; p-tolyl; p-anisyl; p-EtPh; 3,4-diMePh

3. Alkylation of Qlefins

Several approaches to the direct alkylation of olefins have been developed.
The synthetic applications of the chemistry of dicarbonyl cyclopentadienyliron olefin
complexes have been reviewed [51]. The cationic dicarbonyl cyclopentadienyliron com-
plexes of enol ethers behaved as vinyl cation equivalents and were used to introduce
vinyl groups o to carbonyl groups in ketones {equations 51 and 52) [52]. A synthesis
of a-methylene lactones was developed using this chemistry (equation 53) [53].

(51)

0
OR 0 OFt
LDA
+ —d
‘ Fe(c0),
s L0 Cp
Fe
@\co 1) HeF,
2) Br-
0
N
high yield
0 OTMS 0
‘ Et
TMSH 1) BuLi
[T V. >
L4RhC] 2} ||—Fecp(co),
+
OEt FeCp(C0)2

/
i / (52)

Me
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. OEt
oL £O.Et
OEt 2
==< . —
FeCp(CO
CO,Et plC0Y
ISelectrid
+
E:(CO)Z + 863 2:1 (53)
. OEt
0 0 Ot ot
1) HPFg * H
) HPFe .
2) Nal FeCp(C0)2
FeCp(C0),
90% 93%

Dlefins have also been alkylated by insertion into palladium-carbson o-bonds.
Mercuration of isoquinolones followed by treatment with a palladium(Il) catalyst and
an olefin resulted in olefination of the heterocycle (equation 54) [54]. Similar
insertion chemistry was used to synthesize cyclic and bicyclic dienes (equations 55
and 56) [55]. Mercurated pyrimidines reacted with enol ethers of protected carbo-
hydrates in the presence of a palladium{II) catalyst to effect coupling (equation 57)
[56). Allylic halides similarly inserted, leading to allylation (equation 58) [57].

X
=4
R
™~ 1) Hg(OAc), N
(54)
R 2) patl, = i
X 0
X = COZMe, 75% X = Ph, 57%
X = o-CIPh, 73% X - p-CIPh, 41%
= 3,4 di OMePh, 3%
R

n= ]: 3' 4 30“60%
R (55}
Et3N
—————gy ”-~¢4"~1I:::3cuz)n
70-90%
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CH,)
2°n '
R R LiPdC1,
7~ +
X / |
HoX (56)
. " n
=1, 2 X = ~CHyCHy=, -C-, (CHy)
= H, C1, t-Bu | |
R' = H, Me R0,C-N-N-CO,R
AcO
N - 1) Li,PdC1, (0Ac),
+ AcO/
0PN AcO 2) Phyp l
HgOAc
0 AcO 0
Ac
0
AcO\N—//—
AcO —— ’\N——
N— N
AcO
—( /Y
0
0
HgC1
HN | )(\/ Li PdC14
o¢’L N )\ R (58)
dr

40-70%
dR = deoxyribose X = C1, OAc mixed regio + stereoisomer
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o-Alkylpalladium complexes from oxidative addition of organic halides to
paltadium(0) complexes also insert olefins. Ketals of conjugated ketones and alde-
hydes reacted with vinyl halides in the presence of palladium catalysts and amines
to give dienyl carbonyl compounds (equation §9) [58]. With secondary amines, amina-
tion of the diene competed (equation 60). Conjugated acids, esters, amides, and
nitriles also reacted with vinyl halides and palladium catalysts to produce dienes
(equation 61) [59]. Aryl iodides reacted with allylic alcohols in the presence of
palladium catalysts to produce s-aryl ketones by an insertion-elimination process
{equation 62) [60]. Allylic carboxylic acids were alkylated by vinyl bromides in the
presence of nickel(0) or rhodium(I)} catalysts (equation 63) [61]). A macrocyclic lac-
tone containing an o,8,v,6-dienone was synthesized using olefin insertion into a
vinyl palltadium complex as the key step (equation 64) [62]. Enol ethers were arylated
by aryl halides in the presence of a palladium catalyst (equation 65) [63]. Amino-
alkylphencyclidines were synthesized using similar chemistry {equation 66) [64].
Olefins alkylated cycloheptatrienones in the presence of palladium(0) catalysts
{equation 67} [65]. Aryl amines arylated olefins when reacted with t-butylnitrite
and pailadium catalysts (equation 68) [66]. The vinylation of halogenated organic
compounds in the presence of palladium catalysts has been reviewed (67].

R " R' R R" R'
Pd cat.
)(\ * R — OR' (59)
X R NH

OR! OR’

(22 cases)

Br Qe Pd cat.

ARG (A
OMe
[:;J OMe \\__-//,\\u/:tf:
)\4\/< * =" OMe
OMe
27%
Pd(OAc)z
>=< + >==< + Et3N
X H Q

Q = COOH, C0,Me, CONHZ, CN 12 cases

(60)

(61)
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v
[

N
42%
I OH
Pd(OAc)2
(62)
Et,N

24 hr 100°
OH
“
20%
(63)
COK L4RAC
PhCH=CHBr  + A Vs —=——»  PRCH=CH-CH=CHCH,CO,H + KBr
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LM
{65% all possible isomers)
(64)
0
I 1 eq. PdC1,(MeCN),/HCOOH
o MeCN o

0




OMe

=/

ArXx +

OH

R = Ph, COZMe
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OMe {65)
EtaN .
PN AS— — —
Pd(OAc)z / / \
o Ar Ar OMe
1207, 6 hr.
+
G
Ar
(66)
0
Pd{0Ac}
N-(CHzln-// _2
MeCN Et3N
0 o~(to1)3P
n=0,1, 2
(CH, ) NHy o §
N e,
rd 2'n
=
PhNCS
— O
)
(67)
Et3N/THF'
RCH=CH2 B -
L4Pd
R OH
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{68}
Pd(dba),
+ R
- AcOH
NHX ™+ a R+ -1-0N0 Y
ClCHZCOOH
Y Y
46-97%
Y = H, 2-Me, 3-Me, &4-Me, 2-Me0, 4-Me0, 2-C1, 3-Cl, 4-Cl, 4-Br, 4-I, 2-N02,
4*N02. 2-C00H
COZEt

Ph
~10%

OEt 25N
olefin =
% O @ O ﬁ(\)/ o,
434 9%

61% 81% 75% 7

Benzylamines were o-alkylated by orthopalladation followed by olefin insertion
{equation 69) [68].

AN

7

Mel
Li,PdCl, Me Pi~— &
M, ity Me,
Me

Mel

— (69)
R/" PhH, Et,N

R

Me0
~
X
Mel
60-90%

R = COMe, CO,EL, Ph, Ar

Arylpalladium complexes are available by direct aromatic substitution (pallada-
tion}, and these complexes also react with olefins. Benzene arylated protected
carbohydrate enol ethers when treated with palladium(II) acetate in acetic acid
(equation 70) [69]. Thiophenes and furans were alkylated at the 2-position by ole-
fins under similar conditions {equation 71 [70] and equation 72 [71)). CQuinones
were arylated under similar conditions (equations 73 and 74) [72].



Ac

Ac
Ac 0
0Ac /

X=0,5
R = CN, Ph, CO,Me
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+ ArH

+

OMe

10%
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AcO
0
AcO y— Ar
AcO
AcOH
Pd(OAC)z —3639 or (70}
0OAc
AcO 0
— Ar
A0
41-53%
1 eq. Pall @_/—R
—_—
X
13-33% (71)
+
R
~—4 \
R X
11-46%
Pd(0Ac) COMe
-_'_ZT’ _[W 2
AcOH 100 0
8 hr 27%
(72)
+
¥ / \ 7\
0 0
22%
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(73)

0 0 0

Ph Ph Ph
1:1 AcOH/PhH
+ Pd(OAc)2 -> +
80°

0 g
1% 12%

+

0

Ph
Ph
0
0 0 6%
Ar
48 - Q0 o
0 0

70-85%

Olefins were arylated by o-aryl complexes of platinum{IV) [?3]. o-Olefins were
B-a]k}]ated by treatment with EtzAICVM(OR)4 where M = Ti, Zr, or Hf [74]. Aryl
diazonium compounds reacted with 1,3-butadiene in the presence of iron{II) chloride
to give 1-phenyl-4-chloro-2-butene as well as compounds containing two diene units
[75]. Phenylmagnesium bromide arylated conjugated dienes at the unsubstituted ter-
minal position in the presence of iron(III) salts [76]. Alkenyldihydrofurans
resulted from the reaction of 1,3-dicarbonyl compounds with 1,3-dienes in the pre-
sence of manganese{III) and copper(lI) salts {equation 75) [77].

{75)
e COR®
N A ———> S I\ ?
R R cu!! Hoac 0

4. Decompasition of Diazoalkanes, and Cyclopropanation Reactions
Transition-metal catalyzed decomposition of diazoalkanes to generate reactive
“carbenes” continues to be developed as a synthetically useful process. A variety
of metals have been used, foremost among them being rhodium. A number of olefins were
cyclopropanated by ethyl diazoacetate in the presence of ha(OAc)A or Rhs(co)]s
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(equation 76 [78] and equation 77 [79]). Alkynes underwent a similar reaction, pro-
ducing cyclopropenes, which were further transformed (equation 78) [80]. With

allylic substrates, a competing “ylid" reaction was observed (equations 79-81) [81].
Twenty-two transition metal complexes were screened as catalysts for these processes
[82]. 1In addition to rhodium and copper complexes, Rua(CO)]2 was found to be an
efficient catalyst. With saturated hydrocarbon substrates, insertion into C-H bonds
was observed {equation 82) [83]. Arenes were converted to cycloheptatrienes (equation
83) [84]. Terminal olefins were cyclopropanated by diazomethane in the presence of
palladium{II) acetate [85].

R' R Et
ha(OAc}4
— +  NoCHCOHEt (76)
or Rhs(CO).l6
40-94%

R' = OMe, H, Me, ~(CHy) -5 RE = Ph, Me, H, =(CHy) -5 RO = H; RY = H

Rhg (€0}
- + NCHCO,ER __...‘...,.,.._...., CO,Et (77)
25°
QMe
OEt 0Bu =
olefin==/’=/, A’ Q’g/. O’ Ph/— )\\/\r’

{78)

ha(OAc)4
ACOCH,C=CCH,0AC  +  NpCHCO,t-Bu -ty pp OAc

60%
02t~Bu

AcD OhAc

AcO DAc COCHNZ
302
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{79)
CO,EL
cat
E£0,CCHN, ( , ;E
CO,Et
100 0 xX=1
cat = Rh_{CO) Rh, (0AC) & n X o
= RhglC0)yq. Rhy(0AC), 5 9%  X=Cl
1
R Rl
cat. SN
RCHN,  + — AR &2 (80)
z
2
R R 7
H
Z = SMe, 96% R! = K, Ph
= NMe,, 823 RS = H, Me

(81)
CO,Et
COzEt C02Et

Br
c}

#

93 7 X
8 92

i

Rh tog-cr ) /\><\
NN RCHEO,E 2 4, R (82)

cat.
CHZCOZE?.
R
Rh{CF,C0,)
+ NZCHCOZR' ._N_."ui_ié.gm; (83)
o
2 H COZR‘ good yield

R = H; Me; 1,2-diMe; 1,3-diMe; 1,4-diMe; 1,3,5-triMe; OMe; C1; F
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A dissertation entitled "Copper{Il) catalyzed decomposition of &,y-unsaturated
diazoketones: The vinylogous Wolff rearrangement..." has appeared [86]. Olefins
were arylated by aryl diazonium complexes in the presence of palladium(Q) complexes
[87]. Thiomethyl- (equation 84} [88] and methoxy methy! iron complexes {equation 85)
[89] were stable precursors to iron-carbene complexes which cyclopropanated a variety
of olefins. Chiral fumarate esters were cyclopropanated by dibromomethane and
cobalt{II} or nickel{Il) salts and zinc metal in fair optical yield (equation 86)
[901. Chiral cyclopropanes were cbtained via resolved 1,3-dieneiron complexes
{equation 87) [91].

{3 Fsogme O
Core(Conhseh  + =X ———> H:><:::{:: (84)
2“'2

0
2 40-81%
AN TN~
olefin = (::::D , , = s s
Ph
AN
pn’ ° Ph Ph
- “ {85)
H
(0 e THSO0S0,CF 5 co,
CpFe—C-H -3 CpFe
co
o
3 CH,
RF
olefin = phf—.a 0 s Q
A/“e
R

87-91%
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COZR*

COZR*
CoC]Z, or NiBr2
> (86)

+ CHzBr2 »
In, Nal, MeCN R*OZC

R*OZC
18% yield

R* = (=) menthyl, (-) bornyl, {+) bornyl 70% optical yield

COZHe
CO, Me
VR CHN,
Made + Resolved Me02C \\' ’,
I
Fe(C0)3 (87)
0
H-s Co,Me
2 o Ce4+ Me02C
< 3 - 1 |

€ < ‘
H COZMG 2) Ph,P (c0)3[:e MEDZC COZMe
up to 90% ee

{chemical yields not reported)

5. Cycloaddition Reactions

Annelated cyclohexadienes were prepared by cycloaddition of diynes to mano-
acetylenes using CpCo(CO)2 as a catalyst {equation 88) [92] [93]. Phenylacetylene
underwent a 2 + 2 cycloaddition process to triphenyl Dewar benzenes when treated
with a polystyrene-supported molybdenum catalyst [94].

(88)
T™MS
‘“ CpCo(C0)2 ™S
(CHy) + —_f, (CHy),
— ‘ rfx 2-3 days ™S
- ™S l
CoCp
20-30%
+
n=2, 34
™S
/,’__\ P TMS
+ (CHz)n
\ | s
CoCp 12%

" 50%
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Diiron enneacarbonylcatalyzed the cycloaddition of a,a’'-dibromoketones to a num-
ber of substrates (equations 89-92) [95], (equation 93) [96], {equation 94) [97].
The cycloaddition of 2,3-dimethylbutadiene to methyl acrylate produced a cyclopentenone
when catalyzed by iron pentacarbonyl (equation 95) [98].

; Fez(CO)g
+ i (89)
R Br Br R
0 0 0
R = H, C1, Ph 28-65%
0
Fe (CO)
+ X ____.; (90)
Br Br
0
Ph Ph Fe,(C0)g
R R + —> (91)
Br Br
0
17-29%
0
Fez(CD)g
+ —t 2y (92)
Br Br
4
NN
\ 17%

References p. 282



160

OFe
/—-\ Ox'id. 0
+ —_— e (93)

0
/
Fe(C0)3
47%
0 H H
——e N (94)
:j[’JL\\r: + Fez(CO)9 +
Br Br
N 0
Rl
14%
{95}
_Y)
hv
z n\ + FelCd)y —> N,
X 0.,C
C0,Me Me0,
co
Co,Me

{no yield given)

Chromium carbene complexes reacted with acetylenes to give naphthoquinones
{equation 96) [99]. Vitamin K‘zo) was synthesized this way (equation 97) [100].
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0
v
. H,0
— 99¢
Et
OMe O
OMe
THF 70%
+ EtCsCEt —— (96)
45° "
E
24 br } o 1V yeon O‘ t
R ——
Et
Meo OMe OMe
R1caCR? 72%
0 0
1
R R
9@ - QI
RZ R1
0Me O OMe 0
66-81%
= Et, n-Pr, i-Pr, Ph, (CH,);CO,t-Bu, (CH,) CONHE-Bu
RZ = Me, H
~Ph 1) n- Buzo
(CO)Cr=C + CH,C=CR (97)
5 \‘OMe 3
2) Rg,0
48%
3 13 CHy
= CH,CH=C-CHy (CHCHoCHCH, ) o CHyCH,CHL

vinylcyclopropanes underwent cycloaddition reactions to olefins {equation 98)
[101] and conjugated esters {equation 99) [102] 1in the presence of nickel(0) or
palladium(Q) catalysts. Strained ring compounds also underwent nickel(0) catalyzed
cycloaddition reactions to elecirophilic olefins {equation 100) [103] (equation 10}
and 102) [104].
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Ni{0)

40-60°

Pd(0)

R = Me, Ph

ROZC

C02R

CO,R

80-100°

COZR

COZR

CO,R

C02Me

CO,R

o,R

[l 1]

(98)
R
R
~75%
(99)
$
R Co,Me
CO,R
0,
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(100)
z CN
N =/ )
i i\ : ~__—-—/ — 2-\ f{x\ + [K
- 7 . p\%z L/\F{
H z
" com 47% 28%
Z = CN, CoyMe 33% 33%
.
o
16%
22%

e

65 35 :} 95%

co,Me Cophe H
Ni(0) |
@ e s . (101)
HY K CO,M

€O Me
2 N1(0) — COpMe
S LU

60°

+ (102}

COZMe»

Electrophilic double bonds underwent a cycloaddition to a "trimethylene methane"”
species produced from ap allylic substrate in the presence of a palladium(0) catalyst
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{equation 103) [105]. Cyclooctatetraene cyclized to a pentalene derivative when
treated with [HMn(CO)4]3 {equation 104) [106].
& 0

™S 52%
+ L4Pd — Pd

(103)

v

DAc

+ [HMn(CO) 1y — (104)

Mn(C0)3

6. Alkylation of Alkynes

Organocuprates reacted with terminal acetylenes to produce alkylated vinyl-
cuprates, which could be protonated or coupled (equation 105} [107]. This chemistry
was used to prepare juvenile hormones (equation 106) [108] and eneynes (equation 107}
[109]. Models for natural rubber were also made in this manner (equation 108) {uol.
The active species in the initial “carbometallation" of the terminal alkyne appeared
to be Cu,MgR, or CugMgRg [, 112].

(105)
' THF ' ¥
RiCuMgX + R'CXH  ——> — Mg{LiBr}n
LiBr R
X CUsRs_,

n \
O~ =

RQ

=

|
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(106)
R’l /
H
]! CuY % 7
/\// >
> J + I
2 -
R R3cuy
3
] R
3 P R
1 R Z
R A~ cuy
J
2
2 R
Ricuy”
4
3 R N
1 R 1} co,, H
R Cu¥ 2 >
X N 2) Mel, NaOH
2
R2 R3 g4
CO,Me
2
NBS > W
K2C03 R] l;!
Q!
R]Cst-CECH + [RCUYIM ap e \\\ K {107}
R = Et, n-Bu, n-Cg, i-Pr, t-Bu R H
Y = R or Br
M = Li, MgC), MgBr R! + 80%
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(108)
Cu
" —_—= :>==\h——>ﬁ==\\
2
— YA
(Et0)3P
HMPA

all other isomers +

A number of early transition metals catalyze the carbometallation of alkynes.
The most developed involves the use of zirconocene dichloride to catalyze the carbo-
alumination of alkynes. A general synthesis of 1,4 dienes resulted from this proce~
dure (equation 109) [113]). Propargyl and homopropargyl functionalized alkynes also
underwent this reaction {equation 110) (114]. Titaniunlﬁv)chloride catalyzed a
similar carboalumination {equation 111) [115], and addition of Grignard reagents
(equation 112) [116]. Vinyl titanium complexes added to acetylenes (equation 113)
(117]. Carbometallation of alkynes has been reviewed [118].

(109)

Cpy2rel, | "‘\\14”\\llne
/\\\ + MeAl L %y 2

c TM LyPd ¢! o3 X
L4Pd

O~ P d’gN\\’ggs\\\/,a=:=T*’"N\u/’aﬁ§1//’

77% 86%
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{110)

Z(CH,)
Me3A1 2'n
Z{CH,) ,CTH
C1,2rep,
n=1, 2 >—=<
E
— Me,Al
/”,\\\ - - (1)
TiCl, OH
X 60%
R R
Cp,Ticl,
RC2LR* + i-PrMgd i — {(112)
H MgX

== W 7 ph
+ Ph— = —Ph — —s (13)
Cp,Ti Ph

Alkynes were alkylated by reaction with 9-BBN followed by treatment with copper(1)
bromide, sodium methoxide, and another halide (equation 114) [119]. Copper acetylides
reacted with vinyl chlorides to produce eneynes (equation 115) [120].

R R
NaOMe
RCECR + 9BBN — \-—< \_-_-< (114)
CuBr SMe2

R*C2C-X \\\

90-98%
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(115)
Z n C R~
¢ ¢l _:
N
Il \=/ . cl pa
& RC=CH >
, Cul Cul, L Pd
R L4Pd 65-100%
72-95%

7. Alkylation of Allyl and Propargyl Alcohols and Acetates

Organocuprates alkylated allylic acetates to give the same product regard-
less of the position of the acetate in the starting material (equation 116) [121]. A
n-allylcopper species was proposed as an intermediate. Allylic alcohols reacted
with methylmagnesium bromide in the presence of a chiral nickel(II) catalyst to give
alkylation product in up to 15% ee (equation 117) [122]. In a similar reaction with
cyclohexenol substrates, this alkylation was shown to be stereospecific, and to
occur anti to the leaving OH group {equation 118) [123]. Active methylene reagents
alkylated allyl and benzyl alcohols in the presence of cobalt{II) chloride {equation
119) [124). Grifolin and neogrifolin were made in this way. Chiral allylic alcohols
reacted with aryl iodides in the presence of palladium{II) to give ketones with up
to 18% optical yields from chirality transfer (equation 120) [125]. Trimethylsilyl
derivatives of allyl alcohols underwent a similar arylation (equation 121) [126].

Ph
~\\4,9\\r,f
OAc
Rplul - Ph (116)
~\\4,gr\\T,/' .
Ph
X R
95%
OAc R = Me, n-Bu
TN
OH (Mmz)
/\/\/

v

MeMgBr *
/\._/\ i
S— OH >~ : '/IN\\I’/Q§§’ (+ isomers)
(-)DIOPN1C]2

v15% ee
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(118)
e‘Y e‘Y §
Y X MeMg1 g X X
od +
et NiCl, diphos Mew &
_ Me
X=H, Y =04 X =Me, Y=H 52% X =Me, Y=H 46%
X=0H, Y=H =H, Y = Me 88% X=H Y=Me 10%
X
X OH
(-;<: + AN Z X
CoCl2
X or  —— or {119)
100-200° X
PRCH,OH PhCH, _.<
X
Ph
\‘QH
* PdX,/Base 3
Q\“I”cit“ + PRI ——2 Me {120)
OH 0
(R} 61-70% yield
18% opt. yleld
3 ™S 3 2
0
LiCl}
2 0 0
R 100 DMF 20-50%

Ph, p-tolyl, p-CO,MePh, o-CO,MePh, @__

T . K, Me; RC = H, Me, Ph

Ar

#*

=
L

Sesquiterpene alcohols underwent halocyclization when treated with titanium(IV)
chloride (equations 122-124) [127]. Propargyl alcohols were hydrometallated by
Grignard reagents and the resulting vinyl Grignard reagents were reacted with
electrophiles (equations 125 and 126) [128]. Cobalt stabilized-propargyl cations
reacted with alkylating agents in modest yield {equation 127) [129].
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AN
TiC1,/PhNHMe
o u > (122)
|
1

60-67%
X
OR TiC1,/PhNHMe
I > (123)
X
AN
= TMS, SnBu, 51-79%
= H, COMe
P
OH TiC1,/PhNHMe

y/ - (124)

cl

60%

(125)

MgCl

/\OH N

= BuMgC1 Mel
>\/\/ Z s o
Cp,TiC1,
N

OH

95%
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OH
m BuMgC1 Mel N
> > (126)
| Cp,TiCT, P
X OH
98%
(127)
1
R! R
HC e, C—C¥ HC——C-~—C—Me
~N R2 N &2
N +oMeML  — L N
{c0),Co——Co(C0) {C0),Lo——"Co(CO0)
3 3 3 3
5-40%

8. Coupling Reactions

Organic reductive coupling with titanium and vanadium chlorides has been
reviewed [130]. The reductive coupling of carbonyls to alkenes and its use to syn-
thesize adamantylidenecadamantane has been described in detail [131]. Bromo- and
trifluoromethy! stilbenes were synthesized by the titanium-induced coupling of the
corresponding acetophenones {equation 128) [132]). A variety of highly substituted
stilbenes were prepared in a similar ‘manner (equations 129 and 130) [133]. A
detailed mechanism study of the reductive coupling of ketones to olefins using
L1A1H4/71C}4 has been carried out (134]. The system L1A1H4/TiCI3 reductively coupled
esters, acids, and acid chlorides as well (equation 131) [135]. Conjugated ketones
coupled to a variety of products when treated with early transition metal halides and
magnesium metal (equation 132) [136].

+ [T‘ll'll3 + Li)] —— {128)

X 60-67%
X = p-Br, m-CF4
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RC g2
1 3 .3
R Tito) . 'i i )
B3 —— R —t RV (129)
2
0 64-97%
! = OMe, H, AcO 0
RS = PhCH,0, AcO, H, CO,Me, Meozccuzcazmg
R3 = H, Me
1 R2 g3 3 R?
R g gt
o T v :
Rf — 5 & G R
2
R 3 (130)
B 0
1.
R = Meo, H
2
RZ = p-MePhs0,, Me0, H
3
&% = H, p-MePhsd,
RY = H, Me
Ph  Ph
0
ﬁ | Ph Ph
PRC-X + [LIAWM,-TiC1;) ——s Ph v oYy
10-55% 1-8%
+ (131)
Ph Ph

¥ = OMe, ONa, OH, C}, OEt, OPh 0

8-80%
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{132)

) L . —
0 Mg, t-BuOH _ —

OH

MXn = T‘iCI3, T'iC14, VC13, CrCI3, FeCl3. ZrCI4

The mechanism of the electrochemical reductive coupling of halides in the pre-
sence of nickel(II) salts has been studied [137]. The full experimental details
for the nickel(0) coupling of aryl halides to diaryls, and vinyl halides to 1,3-
dienes have appeared, as well as the application of this chemistry to the synthesis
of alnusone (equation 133) [138]. Benzyl halides coupled to form dibenzyls when
treated with L,CoCl (equation 134) [139].

4 5, RO l (133)

52%
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PhH
ArCH X+ L3C0C] —_ ArCHZCHZAr (134)

25°

The Ullmann coupling has been used to prepare macrocyclic lactones (equation
135) [140], and oligomeric anthraquinones (equation 136) [141]. The mechanism of
the Ullmann condensation has been studied [142]. Furans (equation 137) [143],
pyrroles (equation 138) [144], and thiophenes (equation 139) [145] were dimerized and
oligomerized by lithiation followed by copper or nickel catalyzed coupling.

(135)
0
OCLAQ0 . COLILe
B Cu/DMF
Br —_—> 0
0—C I
’ SO rue®
0
36%
+
cyclic tetramer 39%
Q
[ (136)
v § l 0 -
Cu/PhNO,
— ®
1o [ | 0 J ]

C1
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(137)
BuLi CuCl
CY 2, Yy 2%, ) [3
0 0 0 0
1) BuLi
2) cucl,
n=2 8%
3 4% H /0\ H
4 6% .
8 53% n
(138)

Buli NCT BuLi Nicl
14 N\S —_— @—Li 2 > 2

v

| TMEDA T TMEDA
etc H / \ H
"|
n=3, 2%; 4, 53%; 5, 0.3%; 6, 1.7%; 8, 29%; 16, 10% n
Br H
Mg, Ni, cat.
ﬂ —_— 7\ (139)
Br S . ) s

Alkyl [146] and aryl halides [147] were reductively coupled by hydrazine in the
presence of palladium catalyst (equation 140). Palladium{II) salts coupled mercurated
uracils to give two different dimers whose ratio depended on the counterion (equation
141) [148]). Aryl mercuric halides coupled with aryl halides in the presence of a
palladium(II}) catalyst [149]. Palladium on carbon catalyzed the coupling of indo-
1izidfnes (equation 142) [150]. Conjugated ketones coupled to form coordinated 1,3-
diketo 1igands when treated with palladium(II) chloride (equation 143} [151]. Allylic
alcohols coupled with aldehydes to give 1,3-dienes when treated with Pd(acac)2 as a
catalyst (equation 144) [152]. Biaryls were formed from aromatic hydrocarbons by
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thallation followed by palladium(II) acetate catalyzed coupling (equation 145) [153].
Benzene itself dimerized to biphenyl when treated with palladium(II) acetate in the
presence of 18-crown-6 [154].

RX pac1, RR
+ NHNH, —2 (140)
2" N
ArX ArAr
(141)
Az
0 Y \N/ll\M/
s
\N)]\N/ 1 eq. Pd(II) 0 Z

MX

<
N
\
)‘z\
\

=
>
"

NaCl 72%
NaOAc 89%

R
/ R’ —_— (142)
> N N
Xylene \\

no yield reported

=
>
(1]
= iro

0

2 rekechlm 4 3PC1, + 3 NayCO, W (143)
Pd

<N

8

A,



187

2 {144)
RZ R ( \
D Pd{acac
4’;\\1’/’ or [/’\\\’// + RICHO 2
Ph 3P
0K QH
RZ
R]’f/§§~//1E§,//

TI{TFA) =\
O . OO

Styrene oxidatively dimerized to 1,4-diphenyl-1,3-butadiene in the presence of
palladium{11) acetate [156]. Copper{11) complexes catalyzed the oxidative coupling
of 2,6-dialkylphenols [156]. The VOF, oxidative caupling of aryls was used to syn-
thesize unusual heterocycles (equation 146) [157]. Ethyl acrylate underwent selena-
tion/dimerization when treated with phenyl selenium bromide and palladium{1I) chloride
(equation 147) [158]. Titanium{IV} chloride catalyzed the photodimerization of
alcohols (equations 148-150) [159].

Co,Et
NZ

{146}
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PdClz, PPh3

CO,Et +  PhSeBr —_—t 2

NaOAc, PhCN
130°

hv ,/OHe
MeOH — ————>  HOCH,CH
TiCl, N OMe

30%

OH
SN hy

0H —————
TiCl4 HO

50%

hv
0H ——
T‘iC]4
HO OH
25%

9. Alkylation of =-Allyl Complexes

Etozc
C02Et
PhSe
SePh
37%
(147)
EtOZC SePh
N
PhSe
COZEt
30%
(148)
(149)
(150)

The =-allylpalladium chloride complexes of vitamins D2 and 03. ergosterol,
7,8-didehydrocholesterol, and 3-epi-cholesterol were prepared and subjected to oxida-
tion and reduction reactions [160]. "Carbon-carbon bond formation through inter-
mediate allylic complexes of palladium" was the subject of a dissertation [16)]. By
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comparison of the reactions of a preformed [n-any]panadium-DIOP]+ cationic complex
with diethyl malonate with the catalytic reaction of the corresponding allyl acetate,
it was claimed that palladium-catalyzed allylic alkylation proceeded through a
o-allyl intermediate rather than a w-allylpalladium cationic species [162]. This
claim has been questioned, based on the stereochemical outcome of the reaction in
equation 151 [163].

0
COLH
L,Pd
—A o b0 (151)
Co,Me ~ o pe
(-)
racemic
Co Me

A number of new allylic substrates have found use in palladium catalyzed nucleo-
philic attack processes. The side chain of vitamin E was synthesized using the
palladium catalyzed allylic alkylation of an allyl lactone derived from D-glucose
(equation 152) [164]. High transfer of chirality was observed in this process.

Allyl epoxides also underwent palladium catalyzed alkylation and amination reactions
(equation 153) [165]. This process was used to synthesize terpenes (equation 154).
Neutral carbanion precursors could be.used since ring opening of the epoxide
generated an alkoxide anion that could act as a base (equation 155) [166]. This pro-
cess was complimentary to the normal alkylation process (equation 156). Acetylated
allylic cyanohydrins also underwent allylic alkylation (equations 157-159) [167].as
did trimethylsilyl-containing substrates (equations 160 and 161) [168]. Intramolecular
allylic alkylation of an allyl phenyl ether was used to synthesize sarkomycin (equa-
tion 162) [169]. Allylic and benzylic alcohols underwent allylic alkylation by
stabilized carbanions in the presence of palladium(II) acetylacetonate {equation 163)
[170].
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v
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OH  64-g2%
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OH OH
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COZMe
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X COZMe
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OAc
Y
Y Y
™S (-
X

L4Pd
Ac
//===\\/9 40-70%
™S
X = CO,Et, COMe, SO,Ph
Y = COzEt
(161)
N 0
R
0Ac
f/\/ \é Lpd R 7 s
+ —
T™S
65-71%
R = H, Me
(162)
0 0
COzMe CO.Me
Pd(0Ac), 2
—_— —_— —>
N\ L —
CO,H
0Ph
0 0
R Pd(acac)2
';<\\\//,OH + {163)
L, A

Nitro-stabilized carbanions alkylated allyl acetates in the presence of palla-
dium(0) catalysts (equation 164) [171]. The products were converted to nitriles.
Cyclopropanes, including chrysanthemic acid analogs, were prepared by allylic alkyla-
tion of a bis allylic alcohol (equation 165) [172]. Ketone enolates cleanly alkylated
allylic acetates when a catalyst generated from Pd(dba)2 and diphos was used (equa-
tion 166) [173]. The reaction was shown to occur by nucleophilic attack from the
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face opposite the metal {equation 167) [174]. Dienes were dialkylated or methoxy
alkylated using palladium(Il) chloride (equation 168) [175]. Vinyl zirconium species
alkylated =-allylpalladium complexes through a process thought to involve initial
alkylation at the metal center, followed by transfer of the alkyl group to the x-allyl
ligand. The regiochemistry of alkylation could be controlled by the choice of ligands
(equation 169) [176]. Steroid side chains were appended in this manner (equation 170)
[177]. Photolysis of =-allyl palladium compliexes produced 1,5-dienes or a«,g-unsaturate
ketones depending on the reaction conditions (equation 171) [178]. A series of
unsaturated =-allylnickel halides were prepared and reacted with organic halides to
produce dienes (equation 172) [179].

R
(=) L pd l {164)
P 4 *
R’/"hhlf/\\\OAc * oo, N,
PhSO, N,
83-90%
TiC),
R
CN
— Y
1) Pd(0)
+ (-)<::: ,,,___f___%, AcO .
OH OAc x &) Ac0 =
X
60-90%
NaH
Pd(0)
{65)

CN, COZMe. COZt-Bu
CO,t-Bu, CN, CoyEt, SOzPh

#




oL
OAc -~ 1% Pd(dba)
4¢¢\\¢// + { ;
dppe
OAc 0OAc
@ ? %9 o
0Ac
worked
OMe
" 0K
THF
+ 4L 4+ //l§§§ >
Z o
"\
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]
R P\ (171)

0
Q’d
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0
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Ar /Br Br ./Br /Br
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,/<(% ( \ 7 \ ; v
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10. Alkylation of Carbonyl Compounds

Dimethyltitanium dichlioride converted ketones to dimethyl compounds in good
yield {equation 173) [180], Tertiary alcohols were similarly alkylated to give
quaternary centers. The species RZr(OBu)3 alkylated aldehydes in preference to ketones,
but ketones did react. It had very low basicity and did not enolize ketones
{equation 174) [181]. Ketones reacted with an aluminum-titanium species to give
allenes {equation 175) [182]. n-Allyltitanium complexes alkylated aldehydes and
ketones {equation 176) [183]. Chiral atkyltitanium (IV) complexes alkylated ary!l
ketones and aldehydes in up to 88% enantiomeric excess (equation 177) [184].

Me_ M
\J\z voMeTICl, —— R,X 2 (173)

R R R

£8-86%

=
i

n~-Pr, ecyclo-Pr, Ph, Me
'(cuz)s“
R® = n-Pr, cyclo-Pr, C](CHz)s, Ph, T-adamantyl

R&

C]Zr(OBu)3 + RLY s RZr(OBu)a T — R’gHR (178}

OR

R = Me, t-Bu, O—»f , C}-g, Ph
0

1

R A]Mez R")kkz R R
>':"< O >==< {175}

Me TiCpCl He o

{176}

or i
RCH\(/ R” g
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H
] ?

RT‘i(OR)3 + ArC-R' ——> Ar?*-R' (177)
R

up to 88% ee

w
"wh

, quinine-0, chinconine-0

o
T

-

o

also
R

The use of early transition metal enolates to enhance erythro or threo selectivity
has been studied to the point of exhaustion this year. o-Allyltitanium compounds
reacted with aldehydes with high threo selectivity (equation 178) [185]. In contrast,
titanium(IV)alkoxy or amido enolates were distillable compounds, miscible with THF,
ether, methylene chloride, and pentane, which reacted with aldehydes with high ery-
thro selectivity (equation 179) [186]. Ligated methyltitanium complexes reacted
similarly {(equation 180) [187]. Allylzirconium complexes reacted with aldehydes
with high threo selectivity (equation 181) [188], while zirconium enolates reacted
with aldehydes with high erythro selectivity (equation 182) [189]. With a chiral
oxazoline appended to the encolate, diastereoface selectivity within the erythro mani-
fold ranged from 50-200 (equation 183).

(178)
OH OH
AN 2
Cp, Tt + RCHO —s /\‘/\R + £ R
X

R = t-Bu 90 10

R = Ph 100 0

oLi 0T1X3 OH
| H
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3, I i R (179)
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Reduction of anhydrous chromium(III) chloride with Tithium aluminum hydride gave
a reagent which reductively coupled allylic and benzylic halides and a-haloketones
to aldehydes with high threo selectivity (equations 184 and 185) [191]. Propargyl
bromides reacted with aldehydes and ketones in the presence of this chromium reagent
to give a-allenic alcohols [192]. The nickel{0) promoted alkylation of ketones
by halides was used to synthesize frullanolide (equation 186) [193].

(184)
Br CrC1,-3LiATH, R R
AN+ RCHO — 3 8y z #
or CrC12
OH o
major
, Ph
Br  CrCl,-3LiATH
PRCHO  + AN M A N (185)
HO =
95% (74:26)
(186)

X
- Ni(co),
Br —_— N
CHO
‘ 0

+
1(C0)4

o -
OH Br

Cobalt{II) acetate/bipyridine catalysts increased the rate of aldo) condensa-
tion of benzaldehyde with acetophenone by a factor of ten [194].

Titanium(IV)
chloride assisted the photo process shown in equation 187 [195].

Bicyclo [4.3.1]



183

dec-1{9)-ene was prepared by the titanium{1V} assisted reaction of cycloheptenone

with allyl trimethyl silane (equation 188) [196]. Propargyl silanes alkylated

ketones under similar conditions (equation 189) [197]. The chromium tricarbonyl
stabilized carbanion of complexed benzyl systems alkylated aldehydes lacking enolizable
hydrogens (equations 190-193) [198]. The mechanism of the nickel catalyzed addition
of alkenylzirconium reagents to cyclopropyl ketones has been studied [199]. The

oxime of acetaldehyde was converted to benzonitrile when treated with phenylmercuric
chloride and palladium{II} and copper{IIl) salts [200].

(187)
0 0 t
0
hv X Ote X CHO
a—— +
TiCl
Y 4 R g OMe X
MeOM 18-25%
R 17-29%
+
-
X =5, NH, 0, CH, X 0
R = H, Me =
R
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™S &
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. N 8
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0 \
0 \
0
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2 2 <R
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R
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C-H + RXHO ——2
| t-Bud
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l

Cr(C0)3

@. HCHO  +  MsCl

*

Cr(CO),

11. Alkylation of Epoxides

The ant pheremone faranal was synthesized by a process involving alkylation

3
}
-

R
|
(i HOH {190)
R

Cr(CO)3

16-86%

Cr(CO)3

25%
(191)

Cr(C0)3

52%

OH
+  2HCHO .‘ i OH . (192)

68%

@:Z (193)

(C0)3Cr H

of ethylene oxide with a vinylcopper species {equation 194) [201].
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(194)

EtMgBr + MegSCul + — = —> é., >=f_\0H

W 1) MeCuMe,S-MgBrI —>=/—\___

66% 2) I
DalaWaW

12. Aromatic Substitution

Arene-metal complexes in organic chemistry has been reviewed [202], as has
addition of carbon nucleophiles to arene-chromium complexes [203]. “Metallation and
cyclization of arenetricarbonylchromium complexes” was the topic of a dissertation
[204]. The effects of changing ligands on the alkylation of haphthalene chromium
tricarbonyl complexes by carbanions was examined {equation 195) [205). Replacement
of carbon monoxide by phosphine lowered the yield of alkylation product. The alkyla-
tion of tricyclic arene chromium (equation 196) (206] and iron complexes (equations
197 and 198} [207] has been studied. A cationic cobalt bénzene complex underwent a
double alkylation with cyclopentadiene anion (equation 199) [208). Nucleophiles
catalyzed aromatic substitution reactions of chromium com