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I. General Comments 

This annual survey covers the literature for 1984 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 mechanis- 

tic studies of organometallic systems unless they present data useful for synthe- 

tic application. Finally, reports from the patent literature have not been sur- 

veyed 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, Tosylates, Acetates, and Epoxides 

"Carbon-carbon bond formation involving organic halides and transition metal 

complexes" was the subject of a chapter in a book (360 references) Cl]. "Appli- 

cations of organocopper(1) compounds in organic synthesis" has been reviewed 

(27 references) C21. "Mixed organocuprates containing new classes of non- 

transferable ligands" was the topic of a dissertation [3]. Copper-assisted 

nucleophilic substitution of aryl halogens has been reviewed (189 references) 

Active copper metal, made by reduction of copper(I) iodide with lithium naph- 

c41. 

thalenide, combined with organic halides to form alkyl cuprates which underwent 

typical organocopper reactions (equation 1) C5]. A detailed nmr study of the 

reagent R2Cu(CN)Li2 showed that a rapid dissociation-reassociation was involved, 

and that the reagent had different states of aggregation in THF and in ether [6]. 

The reagent [R2CuCNlLi2 efficiently alkylated 2' halides and highly substituted 

epoxides (equations 2 and 3) [7]. Copper-catalyzed nucieophilic aromatic sub- 

stitution was claimed to procede as in equation 4, and not be involve free 

radicals [8]. Iron(I1) salts catalyzed the alkylation of aryl halides by ketone 

enolates (equations 4 and 5) C91. 
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ArX + Cu'Nuc - ArC;"'Nuc _ ArNu + CuX (4) 

0 Fe*+ 
PhBr + 

fl 
- Phw 

(-1 
NH3 0 

58% 

a 1 0 

0 t A 
NH? 

'"'-w (-1 NH3 
51% * 

(5) 

(6) 

o-Bromophenyl ally1 ethers underwent alkylation by organocopper reagents to 

give mixtures of open chain and cyclic compounds (equation 7) [lo]. The mixed 

cuprates of lithiated amidines underwent facile alkylation by a number of halides 

(equation 8) Ill]. Cyclopropylmethyl halides underwent alkylation by organo- 

cuprates to give both cyclic and acyclic products [12]. The ratio depended on 

the nature of the alkyl group and the halide (equation 9) [13]. 
(7) 

Br 

O_ rfx diox. 

30-80% O-41% 

t-BuLi 

PrCzCCu Cu_:_pr 
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0 
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R 
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X 

R2'CuLi 

R 
Et20 

R = Me, n-Bu, i-Pr, t-Bu 

R' = n-Bu, Me, n-C6, Ph, t-Bu 

major 

X = Br 

R' = n-Bu 

(9) 

R 

d\ R' 

significant 

x = Cl 

R' = Me 

Organocuprates alkylated v-halo-a-aminoesters without racemization (equation 

101 c141. s-Halo-a-aminoesters behaved similarly although elimination became 

competitive (equation 11) C151. Allenic bromides were alkylated by organocuprates 

in an SNZ' process with high anti selectivity (equation 12) [161. Chiral allenic 

bromides were alkylated by organozinc reagents and palladium(O) catalysts with 

clean inversion (equation 131 Cl73. 

NHBOC NHBOC 

Br&CO Me 

R2CuLi 

* R&CO Me _ 2 L 

40-70% yield 

>95% ee 

R = Me, Et, n-Pr, n-Bu 

NHY 4 R2CuLi 

X c 

C02Me 
Et20, -60' 
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R = Et, n-Pr, Ph, Me, AJ 

NHY 

R 
7 

C02Me 

30-70x 

high ee 

(10) 

t 

C02Me 

(121 R R' 
THF 

Hi= 

+ R2'CuXLi _ 

+fi 

--_ Z-R - 

Br H 

R = t-Bu, Me SN2' 

76-94% ee >90:10 anti:syn 
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(131 

Copper(I) salts catalyzed the alkylation of tosylates (equation 14) and 

halides by acetal-containing Grignard reagents [18]. Copper(I) catalyzed reac- 

tions of organolithium and Grignard reagents has been reviewed (89 references) 

[lg]. Nickel(I1) salts catalyzed the polyalkylation (equation 151 [201 and 

monoalkylation (equation 16) [21] of polyhaloarenes. Nickel(I1) salts also 

catalyzed the replacement of aromatic thio groups by Grignard reagents (equation 

17) t-221. This topic was the subject of a dissertation [231. 

(14) 

Tsod cl4 
C1hMgBr cu* -I--- 77% 

I 
I- oJ(c”-oY O 0 

77% 

Cl Cl R 

+ 3 RMgBr 
NiC12dppe 

R = n-C6, n-C7, n-C8, n-Cg, n-Cl0 75-g5%R 

(15j 
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Ni(triphos)Cl+ 
Arc12 t RMgX * RArCl (monoalkylationl (16) 

cat. 

1,2; 1,3; 1,4 

SMe 
t RMgX 

NiC12(dppe1 
(171 

THF 16 hr 

R = Ph, Et, n-Bu, ptol,\T2 
76-90% 

Palladium(I1) catalysts were most effective for the cross coupling of secon- 

dary Grignard reagents with halides (equation 18) 1241. Chirality (with low eel 

was induced into the alkylation of vinyl halides by secondary Grignards using 

chiral nickel catalysts (equation 19) [25]. However chiral ferrocenyl phosphine 

nickel complexes remain the reagent of choice for this process. Copper(I) 

salts catalyzed the reaction of Grignard reagents with epoxides (equation 20) 

[26]. This chemistry was used in the synthesis of talaromycin B (equation 

21) [27]. The stereochemistry of epoxide ring opening depended on the age of 

the Grignard reagent (equation 22) [281. 

(18) 
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Ph 

OAO 
Me2CuLi 

W 

0:: or &gCl/CuI 

!- fi MgCl 
1 + - 

10% GUI 
(R =A), 

Ph 

1 64-88% _ 

Ph 

HO.. 

(22) 

75% combined 

Transmetallation processes are becoming increasingly important in organic 

synthesis. Transfer of organic groups from boron to palladium has been used in 

several transformations. Heteroaromatic boranes were arylated by aryl halides 

using palladium(O) catalysts (equation 23) [291[30]. Unsymmetrical biaryls were 

synthesized by the palladium(O) catalyzed coupling of aryl halides with aryl 

borates (equation 24) [311. Conjugated dienes were prepared by a similar process 

(equation 25) [32]. Vinyl boranes were alkylated by halides using copper(II1 

catalysts (equation 26) 1331. Halothiophenes were coupled to thiopheneboronic 

acids using palladium(O) catalysts (equation 27) [341 [351. Phosphorous com- 

pounds could also be arylated by a similar process (equation 28) [361, (equation 

29) c371. 

BEt2 5% Pd(0) (L4Pd) 

+ ArBr (231 
base 

50-802 

Ar = 2-MePH, 4-MePh, 2-MeOPh, 4-MeOPh, 2-N02Ph, 4-N02Ph, 2-COMePh, 4-COMePh, 

4-ClPh, P-C02MePh, 4-C02Me, 2-NHCOPh 
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R'X Y 

(25) 

I 

HO 
1 B(OH)2 + 

- 

L4Pd HO 

NaOEt 
L 

BR* 
Bu R4 

AR3 + R4X * 
Cu(acac)2 

OH- 

70-90% 
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H /O 
ArBr + 

L4Pd 

Rl:P:OR2 - 

*r, /O 

Et3N 
R10P=OR2 

70-90% 

Ar = Ph, ptol, otol, 4-ClPh, 4-MeOPh, 4-PhPh, 4-MeCOPh, 4-Me2NPh, 

4-CNPh, a-Naph, E-thienyl, 4-N02Ph 

Ph \ //o L4Pd Ph 
ArBr + P\ - 

\ //O 

R' H 
P, 

Et3N A' Ar 

(28) 

(29) 

Tin-to-palladium transmetallation has also been extensively developed. 

Benzyl methyl ethers were synthesized by the alkylation of aryl halides by 

methoxymethyltin reagents catalyzed by palladium complexes (equation 30) [38]. 

Benzyl cyanides were made by a similar process (equation 31) [39]. a-Haloketones 

were alkylated by tin enolates, in the presence of palladium catalysts (equation 

32) [40]. Aryl halides were similarly alkylated by tin enolates (equation 33) 

(equation 34) C411. Ally1 halides were alkylated by vinyl tin (equation 35) and 

aryl tin reagents (equation 36) in the presence of palladium catalysts [42]. 

Palladium and Lewis acid catalyzed cross coupling of allylic with organ0 

stannanes was the subject of a dissertation [43]. 

ArBr + Bu3SnCH20CH3 
L2PdC12 

_ ArCH20CH3 

BOO, 20h 

HMPA 60-80% 

(30) 

Ar = Ph, o-MePh, m-MePH, p-MePh, p-ClPh, o-ClPh, o-MeOPh, p-AcPh, p-CNPh, p-N02Ph 

Pd cat 
ArBr + Bu3SnCH2CN - ArCH2CN (31) 

Ar = Ph o-to1 m-to1 p-to1 o-MeOPh p-MeOPh o-ClPh p-ClPh 

72% 74% 74% 78% 70% 77% 67% 
II 

66% 

p-MeCOPh, p-CNPh, p-N02Ph fail 



219 

(32) 

+ Brv Pdc1r;yN'2 R3 & 

0 0 

60-90% 

enolate = CH2COCH3, CH2CO-t-Bu, CH2CO-i-Pr, o= 0, CH2C02-t-Bu, 

CHMeCO-t-Bu, CHMeCOEt,' CMe2COMe, CH2CO-n-C6 

0 
L4Pd 0 

ArBr + Bu3SnCH2&H3 - ArCH2E-CH3 

60-90% 

Ar = Ph o-to1 m-to1 p-to1 o-MeOPh p-MeOPh ClPh p-ClPh 

72% 74% 
II 

74% 78% 70% 77% 67% 66% 

p-MeCOPh, p-CNPh, p-N02Ph fail 

OAc 

R2 

>-\ 4 
Br 'Br 

Qr 
t 

O-AJ 
80% 

Bu3SnOMe OR 
0, I 

k RCC-Ar 

L4Pd F; 

ArX 

(33) 

(34) 

X - also work 
Br 

Bu Sn- 
3 or PhCH2PdL2C1 

or Pd(dbaj2 t 2L 

CHC13/600 

C02Me 

yy wc02Me &./& wCN 

81% 87% 94% 65% 

(continued on next page) 
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(equation 35 continued) 

OMe 

sCO2Me hco2Me Hodco2Me GCo2Bu 

56% 86% 82% 77% 

87% 

(36) 

C02Et 

82% -90x 87% 

CN*C02Et 

81% 

Palladium(O~ and nickel(O) complexes catalyzed the alkylation of vinyl chlorides 

by Grignard reagents (equation 37) 1443. Diynes were prepared by the palladium(O) 

catalyzed alkylation of vinyl halides by alkynes (equation 38) 1451. Organ0 zinc 

reagents alkylated iodouracil derivatives in the presence of palladium(O) 

catalysts (equation 39) (463. Malononitrile alkylated aryl halides in the 

presence of palladium catalysts (equation 40) [47]. Palladium catalysis was also 

claimed in the synthesis of mitomycins, although the substrates react in a 

simitar manner in the absence of palladium catalysts (equation 411 E481. 

Palladium(I1) salts catalyzed the coupling of halo-diphenyl systems, probably 

by aromatic substitution'(equation 42) [49]. Acetanilide was orthopalladated, 

then atkylated by cleavage with reactive halides (equation 43) [SO]. 



R' 

h - R2 Cl 
R' = Me, Et, H, n-C*, n-C4 

R3M9C1 
* 

L4Pd or 

L4Ni 
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(37) 

R2 = H, Et, Me 

R3= m, bTHP, w OTHP,-OtB" 

1) BuLi 
(38) 

R-s-H 
2) ZnC12 NaNH2 

+ 

3) ICH=CHCl 

L4Pd 

liq NH3 

68-91% 

R-=--=-H 
-- R = n-C6, n-C5, Ph 

X a ;: 
ZnCl 

+ 
L4Pd H+ 

OMe 

I ZNCl 
+ZnCl eznc' Q (ikznc, 

I 
&Cl 

39% 15% 8% 5% 5% 

CN CN 
Pd cat. 

ArX + 

CN CN 
56-95% 

Ar = Ph, p-MePh, o-MePh, p-MeOPh, o-MeOPh, p-ClPh, p-PhPh 

,(40) 

References p. 424 



222 

0 

0 

PdCl$PhCN+ 

W 

Et0 

0 0 

OEt 

97% 

0 

Me0 

(41) 

Pd(OAc$ 

Et3N 

3% Pd(OAcl2 cat. 

MeCN 150° 

base 
0 0 

x = 0 45% X = NH 73% X=; 100% X = NHC 53% x = z-0 40% 

;; 

0 (43) 

H H 
NAc HN Y NAc 

0 
/ 

W- 

w I 

@ 

1.5 eq Me1 

Pd cat. 1.5 eq Pd(OAcJ2 

76% R *@ 
R 

R = 3 Me, 4 Me, 2 OMe, 2 CF3 76-90% 

Mixed palladium(O)-copper(I) catalysts were used to alkylate dihaloaryl com- 

pounds with alkynes (equation 44) C.511. Polymers were made from bisalkynes (equa- 

tion 45). Propargyl alcohol was arylated in a similar fashion (equation 461 [52], 

(equation 471 [53]. Diynes were also prepared by the alkylation of alkynyl 

iodides by alkynes (equation 49) [54]. Alkyl acetates having halides on the olefin 

were alkynylated at the halogen-bearing position using palladium(O) catalysts 

(equation 50) C553. 



XArX + PhC:CH 
Et3N, L4Pd 

w PhCzCArCzCPh 

or 2 GUI 100% 

PhCaCMgX 

Ar = BrArBr, ClCOArCOCl 

XArX t HCzC-ArCsCH _ +=-Ar-z-Ark 
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(44) 

(45) 

(46) 

R a- X + HC4CH20H 
L2Pd(Ph)I 

Et3N 
d Re&?" 

GUI 
70-90% 

R = N02, CN, COMe, C02Me, Cl, 0-n-Pr 

(47) 

-f 
OH + ArX 

L4Pd/CuI 

R4N+ 

Ar'X 
_ Ar-z-Ar' 

40-80% 

Ar = @f' a, qNo2 

Ar' = Ph, c&Q &j 
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(48) 

R' 

HO 

f 

(CH2)n-CX-Br + HCZC(CH~)~CO~H 
CuC1/EtNH2 

-D 
MeOH 

R 
R' 

n = 0, 1, 2 

R2 = H, Me 
HO 

-+ 
(CH2)n-:-z-(CH2)8C02H 

R2 70-88% 

OAc OAc 

b 

/R 

Br 
Pd(O) 

+ 

I t R-z-H 
NMP -b 
rfx R = Ph 42% 

(49) 

(50) 

TMS 47% Ph 

OAc 

* QJt 

OAc 

/ 
Br Q 

66% 'TMS 



Uinylcuprates, from direct carbocupration 

functionalized organic halides (equation 511 

C571. Vinyl cuprates were used in a general 

insect sex pheremo~es (equation 551 ES81. 

of alkynes, alkylated a variety of 

1563, ~equatio~s 52, 53, and 541 

approach to canju~ated dienic 

Ri2Cul.i + R% - 

R1 uti 

0 
(521 

R2 R3 

R2Cuti + 2 R2-z-R3 - 
ClCH2SMe 

* 

R CuLi SFIe 

Et0 H 
Et2CuLi + EtO&rCH w 

ClCH2SMe 

Et CuLi Et SR 

1) tnX2 (55) 
R2CuLi t WC&H ----+ r- 

R Cl&i 2) E R 

RI 
L4Pd 
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(55 continued) 

Made: 

OH 

OH 

OAc m AC 

Cyclic olefins were prepared from w-haloalkynes using trimethylaluminum/ 

zirconocene dichloride combinations (equations 56-58) [59]. Diphosphines che- 

lated to transition metals were alkylated by deprotonation/alkylation with 

organic halides (equation 59) [60]. 

TMS 
/ (56 

& Me3Al 

Bf 
Cp2ZrC12 

TMS 

Br 

TMS 
/ 

TMS (57) 

- 

Br- 

+ 

-0 

53% 
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1) BuLi 

21 Me2AlCl 
. 

4 

3) Me3A1/Cp2ZrC12 

Br- 

4) I2 

\ m.. ___ 
2) EtZnCl 

31 EtZnC1/12ZrI?p2 

4) 12 

(581 

1J 

I 

I 

74% 

“dl 
70% 

1) BuLi 
(59) 

2f RX 

2. Alkylation of Acid Derivatives 

Alkylmanganese iodides alkylated acid chlorides to ketones (equation 601. 

Trifluoroketones were prepared from alkylation of trifluoroacetic anhydride 

(equation 61) [61]. The effects of leaving groups on this reaction were 

studied [62]. Iron(II1) acetylacetonate catalyzed the alkylation of acid halides 

to ketones by Grignard reagents (equation 621 [631. Palladium(I1) catalysts 

promoted the alkylation of acid chlorides by dialkylzinc reagents (equation 631 

[64]. The palladium-catalyzed coupling of acid chlorides with organotin com- 

pounds was the subject of a dissertation [65]. Dibenzyl ketones were produced 

by the metallic nickel promoted coupling of benzyl halides with the half ester 

of oxallyl chloride (equation 64) C661. Fluorinated acid chlorides were con- 

verted to fluorinated alkynes via organocopper chemistry (equation 65) [67]. 

Benzoyl cyanide condensed at the nitrile carbon with a--diketones in the pre- 

sence of nickel(II1 acetylacetonate catalysts (equation 66) C681. Lauroyl 

chloride was converted to lauryl alcohol by treatment with butylmagnesium 

chloride and titanocene dichloride [69]. 
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0 

R'MnI t R?-Cl - 
Et20 

40-90% 

R' = n-C7, n-Bus- , n-C ,o, Bu2C=CH-, n-C6-!, n-Bu, 

(601 

RL = CC13, CF3, CHC12, CH2C,, (CH2)3C1, (CH2J10Br, CH20Et, CH2CH20Et, C6H40Me, 

CH2SPh, (CH213SPh 

0 

R'MnI + (CF,CO),O - R'kCF3 

0 
0 

R&Cl + R'MgX 
3% Fe(acacl3 

*RA R 

25' 
70-90% 

R = n-C,o, n-C5, Me, n-Pr, i-Pr, t-Bu, Ph 

R' = kle, n-C5, n-Cg, n-Clo, i-Bu, t-Bu, Ph, i-Pr, Ph 

RCOCl + R'*Zn 
PhCH2Pd(C11L2 cat. 

* RCOR' 

high yields 

R = n-C3, n-C7, Me, Ph, p-to1 

R' = n-Bu, n-Pr, i-Pr, Ph 

“Ni I( 

2 ArCH2X + C1COC02R - ArCH2COCH2Ar 

9lyme 
35-60% 

Ni12 t Li(naphth1 

(611 

(621 

(631 

(641 
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(65) 

0 
1) P(OEtJ3 Rf 

* x 

H 
II TBAF 

RfCF2C-Cl - w RfCXH (65) 

21 BuLi/CuI F PO(OEtJ2 
O0 

7?-89% 

Rf = CF3CF2, CF3(CF215, CF3(CF2j7, CHF2(CF2J8 

0 

Ph:-CN + 

R’ =R2=Me 

R'=Me; R2=Ph 

R1=R2,Ph 

Ni(acacj2 

73-878 

3. Alkylation of Olefins. 

Palladium(I1) assisted reactions of monoolefins has been reviewed (73 refer- 

ences) C701. "Nucleophilic Addition to Coordinated Cyclic T-Hydrocarbons - 

Mechanistic and Synthetic Studies" is the subject of a review with 127 references 

[71]. Carbometallation-addition of organometallic compounds to isolated multiple 

bonds in functionally substituted compounds has been reviewed (91 references) [721. 

"Organic Synthesis in the Presence of Catalyst. Hydroalkylation" is the title of 

a review with 25 reference [73]. 

Palladium(O) catalyzed oxidative addition/insertion chemistry (Heck Reaction) 

continues to be useful for the arylation of olefins. Several technical refine- 

ments have substantially increased the utility of this process. By using a 

mixed catalyst system consisting of Pd(OAc12/Bu4NC1/NaHC03, olefins can be 

arylated at 25' rather than the normal 80-100' (equation 67) [74]. Conditions 

have also been developed to make normally unreactive aryl chlorides react [75]. 

Another clever solution to the reactivity problem is to use aroyl chlorides as 

substrates. Oecarbonylation ensues along the way, permitting facile arylation of 

olefins (equation 68) C761. When the arylation process was carried out in the 

presence of formic acid, reduced products were obtained (equation 69) [771[781. 

Vinyl triflates have also been used as sources of vinyl groups in the typical 

Heck olefination procedure (equation 70) [791. 
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Y 

ArX + Av 
Pd(OAc)2/Bu4NC1/NaHC03 

OMF 25' -r/ 
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Ar 
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r' 
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ACHO, - I 

\ 

&X 
Pd(OAc)2 

L 

\ 

C02H 

I i / 

X = CN, C02Et, p-BrPH A 

CONMe 

;:: ::;;zG- T 

X Y 

Br 

(67) 

X 

(68) 

fi 
X 

Pd(OAc12 

Me2NBz 

Pd(OW2 
NaOAc 
L 

X 

Y = C02Et 



P I 
PhJ H 

* 
Pd(OAc12, L2 

231 

(69) 

Ph 

i HCOOH, Et3N, DMF 21-72% 

X = H, p-Me, m-HOCH2, o-MeO, p-MeO, m-MeCONH, p-MeCONH, p-OH, p-CHO 

a”“02&H ..,&H -d ,., 

X 

OTf 

+ 
AX 

L4Pd 

X = C02Me, COMe, CH20H,'Ph, n-C* OTf OAc 

triflate = 

&OTf ,co& ,,,& 
Bu Bu 

(70) 

Tf 
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By using DMF as solvent, and adding sodium acetate, aryl chlorides become 

reactive in "Heck" arylation reactions (equation 7l)(equation 72) [801. Dienes 

underwent arylation by aryl halides in the presence of palladium catalysts (equa- 

tion 73) [Sl]. Vinyl bromides alkylated electrophilic olefins in the presence 

of palladium catalysts [82], while aryl halides arylated conjugated enols [84]. 

Palladium catalyzed arylation of olefins was used to synthesize a number of 3- 

and 4-substituted indoles (equation 74) [84]. 

0 

H: 

-0- 

Cl 

@ 

Cl 

X 

+ A., 
Pd(OAc12/PPh3 

NaOAc. DMF 
wH:+~ 

A 

\ 

X = C02Et 39%; CN 28%; Ph 37% 

CONEt2 45% 

dyoEt 
0 

(72) 

,* @+02Et 
X 

(71) 

Et3N 
ArX + w * 

Pd(OAcJ2 

X = 4N0 21%; 4CN 32%; 4COMe 26% 

4CH0 39%; 4C02Me 51%; 4H 0% 

(73) 

Ar- ' Ar 
r 

Ar 
- 

- 
At-' 

Ar; 

W At-- 

Br 

r/ 

t - W * 
Ph 

Ph 
Ph 
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(74) 

Ts Ts Ts 

H 
AC 

"K 

C02He 

Pd(O1 

02Me 

Ts 

OH 
C02Me 

Pd(O) 

Ts 

Norbornene underwent a double insertion when treated with aryl halides and 

alkynes in the presence of palladium101 catalysts (equation 75) [851. The same 

catalyst system dialkylated p-bromonitrobenzene (equation 76) [86]. Palladium(O) 

or rhodium(I) catalysts effected intramolecular alkylations of olefins (equation 

77) [871. Allenes inserted into a-arylpalladium(I1) complexes to give T-allyl- 

palladium complexes 

[881, (equations 80 

which underwent nucleophilic attack (equations 78 

and 81) [891. 

and 791 

RBr + 
L4Pd 

+ R'CXH - 

40-80% 

R = Ph, PhCH=CH 

RI = ph, p-MeOPh, p-N02Ph, n-C6, C(NH21Me2, C(OH)Me2 

(75) 
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(76) 

-a- L4Pd, NaOAc 

02N 
Br 

NO2 

105O 

48 hr 

Br 
\ / x-7 

Pd(O) or Rh(I) 

80’ CH3CN 

Y x 

X=Y=H, C02Et, COMe 

X=Me; Y=COPh 

50-80% 

ratio 1:lO with 3% L4Pd 

1O:l with L3RhC1 

v-9 Z=CH,N 

70-90% 

$0 R 
2 2 

- ti02R 
2 

86% 

&r _& 
111 67% 
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(78) 

zzczz + ArX -_ 
C02R 

(-I( 

C02R 

/ ArX 

& _X - 

Ar OR,C 

>2c 

R*X + Pd(0) + H2C=C=CHR' - 

R' = i-Bu 

R2 = Ph, Ph /J% 

R23 = (CH2)4 

- R* - 

80% 

02R 
60% 

7585% 

R23NH 
R* 

1c R23NCH2C=CHR1 

(801 

‘I 
Phi + _JR + EH Pd(O1 

=- 
_ ()+ (81) 

Ph 

R = PhCHOH 84%; CMe2CH20Ac 70%; CH(OMe)i-Bu 90% 

Direct palladation of aromatics, followed by olefin insertion has also been 

developed to arylate olefins (equations 82 and 83) [go]. Indoles (equation 84) 

[91], (equation 85) [92], pyridones (equation 86) and furans orthiophenes (equa- 

tion 87) [93], and N-acylated pyrroles behave in a similar manner (equation 88) 

c941. Vinyl silanes were arylated by aryl diazonum salts (equation 89) [95] and 

preformed phenylpalladium(I1) complexes (equation 90) 1961. 
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Pd(OAc)2 

PhCO3-t-Bu Ar 

4a-70% 

(82) 

Y = COMe, CHO, C02Me 

R = Ph, Me, H 

(83) 

-4-l I \ + -C02R’ 
Pd(OAc)2 

R 
0 PhCo3-t-au * '+O.R 

R = H, Me, CHO 

L 

34-67% 

1 eq Pd(OAc)2 
w 

HOAc, rfx 

R1=R2=H Me J 

X = C02Me, COMe 

0-A =I -7 + 
N 82 

k’ 

(84) 
R R2 

- 

&-+ 
=I I x 

N 
S02Ph 

30-70% conversion 

49-82% yield 

(85) X 
/ 

AX 

PdC12 

Cu(OAc12 

MeCN 60' 

50-72% 

R' = H, PhCH2 

R2 = H, C02Et 

X = COMe, C02Et, Ph, CN 

* 
1 eq Pd(OAc12 

AcOH rfx 

R02C 

T (86) 

I 
30% conversion 86% yield 



m R' / + 
N 

6h-2,6-Cl2 

Y = 0 56%; Y = S 34% 

237 

(87) 

AcOH 

0 
Pd(OAcj2 

0 
2 

(mixed 2,5-isomers 

good yield 

1 

TMS 

ArN2BF4 + -/ 
Pd(dbaj2 

c ArCH=CH2 + ArCH=CHTMS + ArC=CH 
MeCN/25' 

+MS 

( 

'2 

89) 

7-91% 6-883 3-6% 

distribution depnds on conditions 80-100% 

RCH=CHwTMS + PhPdOAc - RCH=C-TMS + RC=CHTMS (90) 

;h 6h 

R = Ph, n-C6, CH30CH2 
40-70% 

TransmetallatiotUinsertion has been extensively developed for the alkylation 

of olefins. A number of heterocycles have been prepared by o-thallation of 

aromatic compounds, followed by transmetallation to palladium and insertion 

(equations 91-94) [971, (equation 95) C981. Insertion of dienes led to TI- 

allyls, which also have been converted into heterocycles (equations 96-101) [991. 

n-Allylpalladium complexes were also available from vinylcyclopropanes and-butanes 

(equation 102) [loo], and a,w-dienes (equation 103) [loll. 
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KI:,, + Or' 

1 eq Li2PdC14 

Et3N, K2C03 p 

71% 

69% 

0 

ENHMe 

Tl(III) 

69% 

0 

&-yOMe 
0 
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0 

H 
N + &A/’ 
Tl"' AC 

45% 

Me0 

R' 0 

C02H Tl(TFA), 

R 

X R' 

12 cases 40-801 

8 cases 30-70x 
11 cases 30-70% 

R = H, n-Bu, Ph, t-Bu, C02Me, CN, Me 

R' = H, Me, (CH2J4 

X = H, 5 Cl, 5 Me, 3 Me0 

Y = Br, OAc, I 
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(96) 

LiPdClg 
+ ClHgC,H-X - 

Cl CO*H 

HgCl 

/ 
t 0 LiPdC13 

(97) 
\ 

/ 0 \ 0 
0 

- -% 597 ’ c’ 0 - / c 0 0 

\ -CL \ c1 
74% 

64% 



241 

LiPdClg 

62% 

(102) 

RHgCl t 

R = Ph, Me, Et, 

Li2PdC12 
c RCH2-+-(CH2),CH3 

\ 2' ),' 

40-80% 
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(1031 

WC1 + b (,-H ) A + 
2n 

Li2PdCl4 ___* 

R /\/(CH21rQ 

Cl 

R = Ph, Me02C, Me2Et 

n = 1, 2, 3, 4 

2 

Cyclopalladation of N,N-dimethyl-C-phenylglycine ethyl ester cl021 has been 

effected. The role of base in the cyclopalladation of sterically hindered amines 

has been probed 11031, as has the exchange of cyclopalladated ligands in chloro- 

bridged palladium(I1) complexes l-1041. Ferrocene analogs of prostaglandins have 

been synthesized using asymmetric cyclopalladation [105]. The kinetics and 

mechanism of vinylation of ortho-palladated N,N-dialkylbenzylamines by parasub- 

stituted styrenes has been studied [106]. Rhodium(I) salts catalyzed the con- 

version of ortho-allylbenzaldehyde to indane (equation 104) [107]. Iron(I1) 

salts cyclized w-olefinic halides (equation 105) [108]. Allenes were alkylated 

by organocuprates (equation 1061 [109], (equation 107) CllO]. 

L3RhC1 

CH2C12 

80% 

Y Y 

FeC12 X 

R 

60-83% 

(104) 

(1051 

X, Y = Cl, Br 



R H 

CH2=C=CHOMe t R2CuLi - 

H 
- 

CU OMe 

R = set-tlu, n-C7, Et, Me, E+ 

R 

/” 
OMe 

- 

cu H 

243 

(106) 

E+ = I, MeI, ClCH2SMe2, 

PhSSPh, q--- “x” R)qoMe 

E OMe E H 

(1071 
SiMe2Ph 
I 

1) PhMe*SiLi/MX 

I 
I 2) HSO+ 

* ~siMe2p:,:74@ 

E+ = 

L as iMe2ph 21 E+ 
E 

c3- E / 
t 

MeI, wBr, PhMe2SiC1, TMSCl, PhCHO, 

MeCHO, &CHO' M 
CHO 

56-94% 

SiMe2Ph 

Transformations of organoiron complexes of synthetic and chemical interest 

has been reviewed (11 references) [ill]. Sarkomycin and brefeldin A were syn- 

thesized using iron chemistry (equation 108) [1121. Ketone enolates alkylated 

iron-olefin complexes, ultimately yielding a-methylene lactones (equation 109) 

[1131. Iron-complexed 1,2-dimethoxyethylene underwent sequential alkylation by 

carbanions (equation 110-112) [1141. 
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CpFe(CO)2voMe + 

CN 

sarkomycin 

brefeldin A 

C02Et 

_( 
- 

I OEt 

CpFhO)2 

t 

OLi 

\ 

b 

(109) 

fiFY _8 

81% 70% 

R 

OEt 
(110) 

OEt R 
R 

-F 
R$uLi P 

OEt OEt 
P 

1) Nuc- 

2) HBF4 
I 

FP+ 

“‘yoEt 1; R2G_) * a_ 

0 
37% 

(111) 



EtoL/oEt 
I 
FP+ 

+Q -c#Yp+ 
50% 
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(1121 

4. Decomposition of Diazoalkanes and Other Cyclopropanations 

The mechanism of metal catalyzed decomposition of diazoalkanes to form 

cyclopropanes has been studied extensively. It has been shown that catalyst- 

dependent differences in regioselectivity for cyclopropanation results from the 

degree of charge development in the transition state rather than from intramole- 

cular collapse of the coordinated olefin [1151. The electronic character of the 

metal catalyst was shown to control the regio- and stereochemistry of the cyclo- 

propanation in equation 113 [116]. The rhodium(I1) acetate catalyzed cyclopro- 

panation of olefins with ethyl diazoacetate was compared with the stoichiometric 

reactions of olefins with tungsten carbene complexes, and the two reactions were 

claimed to proceed by similar mechanisms [117]. Halogenated olefins were cyclo- 

propanated by ethyl diazoacetate in low yield in the presence of rhodium(I1) 

pivalate complexes (equation 114) [118]. 

X 

L/" 

M 
+ N2CHC02Et 

-4 

(113) 

C02Et 

M = Rh2(0Acj4, CuCl.P(O-i-PrJ3, Rh6(C0116, PdC12.2PhCN 

X = CH2Br, CH2C1, OPh, n-Bu, OAc, OEt, OBu, i-Pr, t-Bu, Ccl-CH2, CPh-CH2, 

CH2MeC=CH2, t-BuC=CH2, CH-CHOMe, CH-CHCl, C-CHPh, C=CHMe 
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- J’ -- (114) 

- 
-\ 

Br 

m 
Cl Cl 

Rh(I1) pivalate 
+ N2CHC02Et c low yields cyclopropanes 

don't react 

Transition metals also catalyze the insertion reactions of diazoalkanes (equa- 

tions 115-117) [1191. By using bulky rhodium(I1) carboxylates as catalysts the 

distribution of C-H insertion products was altered [120]. Transition-metal 

catalyzed insertions have been used to synthesize a number of interesting compounds 

(equation 118) [1211, (equation 119) [1221, (equation 120) L1231. 

OMe 
OMe 

- 

-Y 

+ N2CHC02Et 
Rh2(0Ac)4 C02Et 

- 

-i_( 

t 

OMe OMe 

(115) 

C02Et 
H(OMeJ2 

3.3/l 

OR' + N2C<;2R' 
Rh2(0AcJ4 

R' Z 

t RO'CH=CH;H-i--C02R (116) 

;R 
OR' 

up to 80% 

(116) 

N2CHC02Et s-s 
H 

Rh2(OAc14 C02Et 

0.58 92% 
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(118) 

0 
Rh2(OAc)4 

CO-Me 

Rh2(0Ad4 
R t 

0 CH2C12 

37% 24% 

R / ’ a (119) 

T-M, hv 
R' 

1 

: 
Me 

R' = R* = H; R3 = CHN2 9O:lO 

R' = OMe; R* = H; R3 = CHN2 .81:15 

R' = H; R* = Me; R3 = CHN2 1:l 

t 60-90% 

R* me 1 

TM = Cu20, CuO, CuS04, NiS04, Ni(acac12, Pd(acac12, CO(aCaC)3, CuTf 

Copper compounds also catalyzed the cyclopropanation of olefins by diazo 

compounds. Bridged polycyclic systems were made this way (equation 121) [124]. 

With chiral catalysts, high asymmetric induction was observed (equation 122) 

Ll251, (equation 123) Cl261, (equation 124) Cl271. With dienes, mixtures'of 

cyclopropanation products were obtained (equation 125) [128]. With C6 to C8 

cycloalkenes, yields of cyclopropanation increased with increase in ring size or 

ring strain. 
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:* x 0 

:: x : x 0 
cu 

- -I II / z A * . 

N, 
1y Z 

‘ 

- + f- 
Ph 

0 0 

N2 

(121) 

8 cases eg. 

63% 

Cu(acac*) 

*9 

(122) 

0 0 

x\ 

48% yield 100% ee with 

lo-methylene facam 

X (123) 

N2CHC02Et - - h_( Cl - cat. 

-9 

cat = Cu(chira1 Shiff's 

BaseI 45% yield 40/66 

Cl ciskrans degree + 

direction of optical 

C02Et induction depends on 

X = Cl, CF3 

I 

olefin. 

-HCl 
Cl 

Cl 

cF3 
a cF3 

Ph 

C02Et 

Ph Ph 

t- 

cat. Cu(OAcj2 
- + N2CHC02Et 

L* ->4, 
Ph Ph C02Et 

up to 65% ee 

(124) 
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(124 continued) 

studied 37 chiral L's 

was best. 

(125) 

+ N2CHC02R 
Rh" 

C02R 

Palladium(I1) compounds catalyzed the cyclopropanation of norbornene and 

norbornadiene by diazomethane [1303. Transition metal phthalocyanine complexes 

catalyzed the cyclopropanation of styrene by ethyl diazoacetate [1311. Cyclo- 

propanation of styrene by iron carbenes has been the subject of a report [132]. 

Conjugated iron carbene complexes 

Titanacyclobutanes were converted 

Norbornene was cyclopropanated by 

presence of palladium(O) catalyst 

cyclopropanated olefins (equation 126) [133]. 

to cyclopropanes by iodine (equation 127) [134]. 

a-bromostyrene and secondary amines in the 

(equation 128) 11351. "Palladium-Assisted 

Preparation of Cyclopropanes, Conjugated Ketones, and Carbamates" \ d 
was the title 

of a dissertation [136]. 

P 
/= 

Ph W 

37% - pT( 
Ph 45% 

)+-c 56% - 

(1261 
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(127) 

Cp2Ti 
> 

Ph 
I2 

. 

#" + & + R2NH 

Ph 

5. Cycloaddition Reactions 

Cp2Ti 
& 

Ph 

(1281 

L4Pd cat. -lkvY Ph 

loo0 

anisole 76% 
NR2 

A dissertation dealing with attempted development of a metal catalyzed [4+1] 

cycloaddition methodology has appeared [1371. The role of [2+21 cycloaddition 

type reactions in catalysis was the subject of an article [138]. Iron(III1 doped 

KIO montmorillonite catalyzed a variety of Diels-Alder reactions (equation 129) 

C1391. Conjugated enones were prepared by the Eu(fodJ3 catalyzed heteroatom 

cycloaddition of benzaldehyde to electron-rich dienes (equation 130) [140]. Phos- 

phabenzene coordinated to tungsten(O) underwent Diels-Alder reactions with 2,3- 

dimethylbutadiene, N-phenylmaleimide and dimethyl acetylene dicarboxylate (equa- 

tion 1311 [1411. ’ n -Cyclopentadienyl iron complexes underwent Diels-Alder 

reactions with a number of dienophiles (equation 1321 C1421. Oxidative cleavage 

produced bicyclic esters (equation 133) [1431. The cycloadduct of furans and 

alkynes were converted to aromatic compounds by TiC14/LiA1H4 (equation 134) [144-J. 

CHO 

(1291 

Fe"'/montmorillanite 
* nCHO 

60% 

+ 

R3Si0 
H Ph 

Ph 

Eu(fod13 

Me 
(1301 

Pd(OAc12 
w 

Ar 



R-5-R 
c 

R = C02Me 89% 

Ph 

ir(CO), 
150° 

18 hr 

0 

56% FP 

(132) 

R' = CF3, CN; R* = CN, H; R3 = CN, CF3; R4 = CN, H 

FP + 

R* R' 

x 

I 

R4 
R3 

73-90% 

R' = H, C02Me, CN; R* = H, Cl, CN, C02Me 

R3 = H; R4 = H, C02Me 

4 
ox. 

R' 

60-92% 
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(134) 

R3 

R2 
I R3 

0 + R4 

TiC14/LiA1H4 

I 
R' 

Et3N 

R' 

R4 
60-90% 

Ketenes cycloadded to n4-cycloheptatriene iron complexes in a concerted 

[2+2] process (equation 135) [1451. Rhenium complexes cyclodimerized E-butyne 

(equation 136) [146]. Copper triflate catalyzed the photochemical cycloaddition 

of N,N-diallylamines to 5,4 ring systems (equations 137-139) [147]. Oienes under- 

went a similar reaction (equations 140 and 141) [148]. Eneynes underwent an 

intramolecular cycloaddition when treated with i-butylaluminum and zirconocene 

dichloride (equation 142) [1491. Molybdenum hexacarbonyl catalyzed the cycloaddi- 

tion of alkynes to oxazolines (equation 143) [150]. 
0 

o'"""I' p\ 0 

& 

(135) * \, RPh 

R 
// 

Fe(C0j3 

-=-+ 

(136) 

hv CuOTf 

R1 R2 R3 % 

H H Me 
H H H 
H H ’ OEt 74 
H Me OEt 60 
Me H OEt 76 



(3 N 

:02Et 
C02Et 

47% 

0 

k-x hv 
NC02Et OEt 

CuOTf 

n 

n = 6, 7; 50% 

253 

(138) 

(139) 

- + 
% s (140) 

20% \ 

35% 

R 

o& hv t ow \ 
CuOTf 

84-88% 

(141) 

TMS 

TMS-- E -(cti2)n~~=~~P 
1) i-8u3Al 

(142) 
2) C12ZrCp2 

Al 
n 

cat. 
60-70% 

Ph 
Ph 

Mo(C0j6 

+ Me02C:CC02Me (143) 
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Us-benzylhalides cyclodimerized when treated with nickel(O) complexes (equa- 

tion 144) [1511. Reduction by chromium(I1) chloride in the presence of dieno- 

philes led to bicyclic systems (equation 145) [1523. Nickel(O) complexes cyclo- 

dimerized isocyanates with aldehydes to give complexes that could be converted 

to a number of unusual systems (equation 146) 11531. Allenes and isocyanates 

cycle dimerized in a similar manner (equation 147) [154]. Palladium(O) catalyzed 

the cycloaddition of electron-deficient olefins with bis-functionalized ally1 - 

systems (equation 148) [1551. 

+ L8Ni-11 (144) 

yBr 8rJ$j 

62% 34% 

CCJ =I "; 

CrCl8 
* 

< 

X 

I 

64% 

a3 
X 

3 
60-95% 

Ph 

THF 
RNCO t PhCHO + Ni(Ol + Lig - Lig Ni 

Br 

(145) 

(146) 
Ph 

~ ‘p ;a 
PhCH=NR 

/ 

H+ 

PhCH80CNHR 

6 
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= t RNCO + L + (COT)2Ni - L-Ni 

NHR 

0 
R' R 

NHR 

n 
EtOCO TMS 

' or t 

K 
EtOCO CN 

I, 
0 

Pd(0) cat. 
W 

dppe 

0 

(148) 

6. Alkylation of Alkynes 

Trimethylsilyl acetylene was converted to a vinyl cuprate by reaction with 

organocopper complexes. Substituted vinyl silanes were prepared by treatment of 

these copper complexes with electrophiles (equation 149) 11561, (equation 150) 

c1571. Reduced nickel salts catalyzed the addition of Grignard reagents to tri- 

methylsilyl acetylenes (equation 151) C1581. Cuprates also alkylated ketals of 

propiolic aldehydes (equation 152) c1591. Terminal acetylenes were alkylated by 

organic halides in the presence of amine/copper(I) iodides palladium catalysts 

[1601. 
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R R cu 

\ 

1) R2CuMgCCl R'Cu 
4 - H-:-SiR3 - 

v 
- 

SiR3 2) H+ 
SiR3 

R' = Et, i-Pr, t-Bu, cycle-C6 

's E = H, Cl, Br, I, CN, SnMe3, SMe, Me, W 

1) DIBAH/Et20 

R'-E-TMS 
2) MeLi 

. 
3) CuI/P(OEt)3 

4) R'X 

R' TMS 

R2 

72-84% 

R' = n-C6, (CH~)~~THP 

R2 = Me, Et, n-Bu 

MeMgBr 
n-C6-:-TMS * 

Ni(acacJ2/AlMe3 

c6H'Ms + c6HMgx 

MgX TMS 

9:l 

,TMS 

(149) 

Et 

1 
R E 

Y 
- 

SiR3 

(150) 

R' = CH20H, TMS; R2 = TMS, CH20H 

OEt 

n-BuCu +Me-c 

--( 
OEt 

Et20 
(152) 

OEt 

OEt 

/ THF ) ')_ \ "% 
- 

Me OEt 
100% 
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Palladium complexes catalyzed the arylation of alkynes by aryl iodides (equa- 

tion 153) [161]. Terminal alkynes were alkylated to give internal alkynes by 

organic halides and a palladium(O)/copper(I) catalyst (equation 154) [162]. 

Zirconocene dichloride catalyzed the addition of ally1 aluminum reagents to alkynes 

(equation 155) [163]. 

Ar 

R-s-R t ArI 
L2Pd(OAc)2, HCOOH 

Et3N, MeCn, 80' ->- 

_ CHR 

R 

(153) 

R = Ph 

50-90% 

Ar = Ph, p-MePh, p-HOPh, p-MeOPh, m-NH2Ph, m-CONHMePh, p-CONHMePh, 

2 
R-:H t R'X 

L4Pd/CuI/PhH 
~ R1+R2 

Bn Et3N Cl 

aq. 2.5N NaOH 
70-90% 

Rl = HOCH2-= =&%-I -5 

R2 = HO(CH2j3-, Ph, (Et0j2CH, 

R'CzCH t W 
AlR2 

I2 
I 

-r/ 
<- 

Cp2ZrC12 

cat. ) "@yR' ' R2Ar$"I' 

75~25 

R' = n-C6, Ph, TMS-CeCCH2-, w4 
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Iron-alkyne. complexes were generally reactive towards organocopper reagents 

and stabilized carbanions, giving o-vinyliron complexes (equation 156) Cl641. 

Ruthenium iron and cobalt carbonyls catalyzed the addition of perfluoro halides 

to alkynes (equation 157) Ll651. 

tion of alkynes by alkyl halides 

C02Et 

C02Et 

FP * 

R = Ph, Me, fi (, MeCEC-) 

RfX + R'C3Z-l 
RuS(CO),~ 

W 
Fe2(C0)9 

Co2KO)* 

RfCH=CR 

;( 

50-90% 

Rf = C3F7, C8F17, CF2CF2Br 

R' = TMS, Ph, C5, CH2TMS, 
Y&" 

Chromium(I1) catalyzed the intramolecular alkyla- 

(equation 158) [1661. 

(156) 

RCzC-(CH2),-X 
Cr If , DMF 

w RCH= (CH2)n 

(157) 

(158) 

H2N "NH2 
n=4,5 

R = n-Bu, Ph, p-FPh, p-MePh, p-MeOPh 

An organotransition metal approach to the synthesis of substituted naphtho- 

and benzoquinones was the topic of a dissertation [167]. Cobalt(I) complexes 

catalyzed the reaction of alkynes with cyclobutene diones to produce benzoquinones 

(equation 159) [1681. An intramolecular version of this reaction was used to 

synthesize naturally occurring naphthoquinones (equation 160) [169]. Cobalt 

complexed propargyl cations were alkylated cyclic ketones or trimethylsilylenol 

e,thers (equation 161) Cl703. Acetylenic alcohols were ethylated by ethyl aluminum 

compounds in the presence of titanium(IV) (equation 162) [171]. 
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(159) 

0 0 
R" 0 

R-e-R' R 

R 'I' 0 R' 
0 0 

R = Et, H, Me 

R' = Et, n-Bu, Me, t-Bu, C02Et, OEt 

KH2+, NH215 

70-80% 

1) L$oCl 
(160) 

2) AgBQ 

0SiR3 

0 Ph 

(+I 
H+ t HCX-CHPh - - (161) 

Ho\/\ 

TiCl 
+ A12Et4C12 'I, HO 

* 

m (162) 

70% 
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7. Alkylation of Ally1 and Propargyl Alcohols and Acetates 

The regiochemistry of the alkylation of allylic acetates by heterocuprates 

has been examined and has been shown to depend on the nature of both the cuprate 

and the substrate (equations 163-166) [1721. Copper(I)/BF3 catalyzed addition of 

an aryl lithium to a cyclic ally1 acetate went with clean SN2' chemistry (equa- 

tion 167) [173], and was used to prepare cannabinoids. Dialkylcuprates opened 

ally1 lactones to give mixtures of regioisomers (equation 168) [1741. Ally1 car- 

bonates and carbamates were also cleanly reduced by dialkylcuprates (equation 

169) [1751. The alkylation of cyclopentylallylic lactones was used to synthe- 

size d,l-iridomyrmecin [1761. Allylic acetals reacted with organocuprates by an 

SN2' process when unhindered, but by both SN2 and SN2' paths when hindered (equa- 

tion 170) [1771. Dialkylcuprates alkylated allylnitro compounds (equation 171) 

T-1781. Prostaglandins were synthesized by using the reactions of vinyl cuprates 

with cyclic allylic epoxides (equation 172) [179]. Propargyl halides were conver- 

ted to allenes by organocopper reagents (equation 173) [180]. Carbocupration 

of acetylenic acetals and ketals-synthesis of a,e-ethylenic acetals, and of 

dienals and dienones - was the subject of a review (31 referneces) [1811. 

LiCuCN(Me) 

-b 
/ 

(163) 

OAc 

>90%y-alkylation >95% anti 

OAc 

(164) 

both isomers gave exo, Y 

OAc. 

Li = CuMe2 95.5 2.5 

Li = CuCN(Me) 57 35 



bAc 

Me2CuLi 

MeCuCNLi 

OR 

95 

49 

.* 

b 
OAc 

I 

261 

(166) 

+ phy/ + ph‘(‘l 

5 

39 12 . . 

(167) 

CuBr/BF 

78% 

(168) 
R 

R2CuM t R-OH t *OH 

R = Me, n-Bu, n-C5, n-C6 

set-Bu, t-Bu, Ph 

Q 

C02Et Bu2CuLi 

I * 
Et20/HMPA 

OCONHR 

B2-97% 3-17% 

C02Et 

97% 

(169) 

R.eferencas &x 424 



(169 continued) 

H 

20 eq 
* 

Me2CuLi 

C02Me 

H 

(Q 

I H 

: ; 
H / 

Me02C 
1 

100% 

- )--ST RM 

o- - 

R 

RM = RCuLiXBF3 

- ?k RM 
o- - o- 

o- 

R' 

t R2CuLi 

N02 

R' = Me 

R2 = Me 
(CH2)4 

R = n-Bu, Ph 
CH2C02Et, CH2CH2, COMe, C02Et 

LiFNCuy] 
1) t-BuOOH/VO(acac) 

"SlR3 
t 

2) Cr03’PY 

(171) 

(172) 

(continued on next page) 
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(172) 

o:G - o:L _ 
3 0SiR3 

Li[CNCu-OTsl 

OSiR3 

PGE, 

PGF2a PGFla 
* 

I 

1 

N2CHC02Et 

cuso4 

0SiR3 

R 
R R 

Ph3SnC&-Cl 
R"Cu 

* -- (173) 

k THF t--( 
Ph3Sn 

R' 

R, R' = H, Me 

R" - Et, Pr, i-Pr, Bu, t-Bu 

R" f Me 

90% 
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Nickel(O) complexes catalyzed the alkylation of ally1 acetates, tosylates and 

thiols by acetylenic Grignard reagents (equation 174) [182]. Nickel(II) phosphine 

complexes catalyzed the alkylation of ally1 ethers by Grignard reagents (equa- 

tion 175) [183]. Copper(I) iodide catalyzed the alkylation of ally1 phosphates 

(equation 176) [1841. This chemistry was used to synthesize the African Monarch 

Sex Pheromone (equation 177). Palladium and nickel salts catalyzed the alkylation 

of ally1 compounds by organozinc reagents [185]. 

RCsCMgX + 

Ni(acac12 
* RC-IC- (174) 

L 
60-74% 

PhS-OMe 

RMgX 

* PhS-R (175) 
NiC12 dppp 

80-90X 

R = Ph, Me, Bu, n-C6, n-C8, Ph 

0 (176) 

0;(OEtJ2 
RMgX 

R 
R 

c w 
+ 

cat. 

CH2Ph 

91% 94:6 CuI/Et20 

79% 40:60 No cat. 

(177) 

3-Mgc’ * “f^f\“““““” 
GUI 

1) 9BBN 

2) H202/0H 

) HOFoR 



Palladium catalyzed reactions of nucleophiles with allylic substrates continues 

to be an active area of research. A review entitled "Organopalladium and - molyb- 

denum intermediates - chemical chameleons", surprisingly deals with metal 

catalyzed alkylations of allylic substrates [186]. Asymmetric allylation with 

palladium or nickel complex catalysts have been reviewed (12 references) [1871, 

as has new palladium-catalyzed reactions of allylic compounds via a-allylpalla- 

dium complexes [188]. A model for the regiochemistry of allylic alkylation 

using M.O. calculations has been developed. It concluded that palladium-catalyzed 

reactions were controlled by steric factors, that tungsten catalyzed reactions 

were controlled by electronic factors, and that molybdenum catalyzed reactions 

were in between these two extremes [189]. The mechanism of palladium-catalyzed 

allylic alkylation of ally1 acetates (equation 178) concluded that the same 

regiochemistry was observed for both catalytic and stoichiometric reactions, and 

for neutral and cationic complexes. Acceptor ligands directed the attack to the 

more substituted position, and n3-ally1 not n'-ally1 complexes were involved [190]. 

(1781 
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By coupling w-olefinic carbanions to unsaturated ally1 acetates, a very effi- 

cient approach to polycyclic compounds has been developed (equations 179-183) 

[1911. a-Thio-ally1 acetates underwent palladium catalyzed allylic alkylation 

to give regiochemistry opposite that of normal Michael addition processes (equa- 

tion 184) [192]. Palladium catalyzed the alkylation of ally1 acetates by tin 

enolates (equation 185) [1941. Allylic diacetates underwent palladium(O) cata- 

lyzed allylic alkylation by stabilized carbanions (equation 186) [195]. 

PAc (179) 

C02Me L4Pd 

+ * 

Me0 CA,0 Me 
THF rfx 

2 2 
8Sfl 

C02Me 

wC02Me 

C02Me 

85% 

n 

I G C02Me 

0 \ + L” 
Me02C 

OAc 

C02Me 

/ P C02Me 

H 
I 

96% 

C02Me 

(180) 

Pd(O) n * L 

! H 

C02Me 

C02Me 

(181) 

C02Me 

Pd(O) 
n 

t * 

bAc 
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(181 continued) 

67% 

Me02C 

OMe 

dMe 

(182) 
OAc 

Pd(O) n - w 

61% 

(183) 

H 

n 
+ PhNH- - - 

H 
60% 

OAc 

b 

CH20TBS 
(1841 

C02Me 

I 
Pd(diphos12 OMe 

+ CH20TBS 

Ph C02Me 10% 

0 

H 
0 

*. 
-- 

G 

'\ H 

0 

References p. 424 



268 

OAc 
(185) 

OAc 
R = n-Pr, n-Bu, i-Am 

R_oAc + &02Me ii:” t R -$;iMe 
OAc C02Me C02Me 

0 

(186) 

R = H 75 25 (71%) 

Me 93 7 (80%) 

Ph 100 0 (75%) 

+ 

OAc 

More highly functionalized allylic substrates also underwent palladium cata- 

lyzed allylic alkylation to give more functionalized products (equation 187) [195], 

(equation 188) [196], (equations 189-191) [197]. Allenic acetates underwent 

palladium catalyzed alkylation without rearrangement (equation 192) C1981. 

48-70% 

n =1,2 

X = 0, H2 

R = Me, C02Me, C(Me)C02Me, 
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OTMS 

R,dOR RiQ°Co2R4 t R' TR3 (188) 

Pd2(dba)3 dppe C02R 

I 

CHC13 

L 
N 

+ A + TMSOR4 + CO2 

0C02R4 

) R, -co2R2 
Pd(OAc)2 

TMS-C02n-Bu _A_ 

OAc 

TMS 

An ) &C02Me + @TMS (190) 

n=l 82 18 (55%) 

n=2 67 33 (37%) 

C02Me (191) 

References p. 424 



Rs = H, Me 

L- 

R 
RMgX 

No cat. 

47-672 

Chirality has been induced in intramolecular allylic alkylations of ally1 

carbonates when chiral starting materials were used (equation 193) [1991, (equa- 

tion 194) [200]. The palladium(O) catalyzed alkylation of ally1 epoxides under- 

went a syn, SN2' process in which an exclusive 1,4-syn relationship between the 

enteringand departing groups was observed (equatioFl95 and 196) C2011. Allylic 

alcohols were alkylated by ketone enolates under palladium(O) catalysis, after 

conversion to their DCC adducts (equation 197) [202]. Dialkylation products were 

major. 

0 

Pd(OAc12 
C02Me 

(chiral) racemic if not deprotonated 

50% ee if anion preformed INaH) 

(193) 

68-88% yield 

41-100% chirality 

transfer 



TMSO 

syn SNZ' 

(196) 

H C02Me 
I I 

Y I ; cc?+ 0 

\ H 

C02Mz 

(-I( 

C02Me 

/o 
P -0 

'0 3 

(197) 

OH 0 

w + DCC -w w 

OLi 0 

A \ 

Pd(dba12 

diphos DMF 

ketone = Ph i Phi ' T 0 

0 
C 
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Chiral ally1 sulfinates underwent palladium catalyzed allylic alkylation with 

a high degree of stereospecificity but low regiospecificity (equation 198) [203] 

[204]. Ally1 acetates were converted to ally1 stannanes by the palladium(O) cata- 

lyzed reaction with diethylaluminum stannane (equation 199) [205]. a -Nitro esters 

alkylated ally1 acetates, ethers, and carbonates in the presence of palladium(O) 

catalysts (equation 200) [206]. Ally1 acetates were made to react with electro- 

philes by conversion to the n-allylpalladium complex, followed by reduction (equa- 

tion 201) C2071. 

R' R2 % Stereospecificity 

Me H 83 

H Me 78 

n-Pr H 33 

H n-Pr 21 

R (198) 

L4Pd 

THF 

C02Me 

40-75% 

R 
W 

OAc t Et2AlSnBu3 = RdnBu3 (199) 

Ph -0Ac +OAc 

72% 68% 

-1 Br @j6,% 

74% 

P AC 

$Q% -yq 
71% OAc 
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N02 
N 

OAc + 
Pd(dppe12 

(200) 

(OPhl 
C02Me 

cat. 
C02Me 

45-90% 
toco2it 1 

LOAc Acj_,=&_C~p,,C,2 AcOA 0C02Et Aco?oco2Er, 

6 

(201) 

R 

W 
OAc Pd(O) Pd(O) 

/'"\ 

I 

Et 

Molybdenum-mediated allylation of nucleophilic species was the topic of a 

dissertation [208]. Humulene was synthesized by the palladium(O) catalyzed 

cyclization of a vinyl borane with an allylic halide (equation 202) [209]. 

Rhodium(I) hydride complexes catalyzed the allylic alkylationof alkyl carbonates 

at the more substituted terminus (equation 203) [210]. Deuterated ally1 alcohols 

were arylated to CI aryl ketones by aryl halides using palladium(O) catalysts 

(equation 204) [2111. Ally1 silanes were alkylated by perfluorohalides in the 

presence of iron or ruthenium catalysts (equation 205) [2121. 

g$lR2 L4Pd - $J (202) 
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(203) 

R 

W°C02Me 

+ )& RhHL4 ) R 

4 

' o 

(-1 * 8u3N 

X 

U++ + 

60-80% 

X = OMe, Me 

\ 7 0 
+ Phi 

OH 

,l;;;l t +" + Aph (204) 

0 
1:1 O 

D 
Ph 

D 

-* 

D 
$ 

D 

R' 

? 

SiR3 
RfX + 

Fe3(C0)12 
* 

R2 

RU3(CO)12 

Rf = C3F,, C8F7, etc. 

R' = H; R2 = H, Me, CH2CF3; R3 = Me, H 

D 

Ph 

R2 
40-80% 

(205) 

Cobalt stabilized propargyl cations were alkylated by ketone enolates (equation 

2061 C2131 12141. This was used in an annelation'sequence (equatio; 207) [215]. 

(206) 

R' 
-qYR2 +A 

1 
-R-z 

4 

OH 

co2Ko)6 
I 
Co2(COJ6 R2 
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(207) 

oz R2 
0 

0 

R* 

R3- = (+I 

< 

"0" 

'+ & 

1 
\t 

~ 
- 

I R' 
co*(co)6 III 

I 

:,$ ) eR3 OH- ) "rZ" 

OTMS OTMS OTMS OTMS OTMS 

8. Coupling Reactions 

Regioselectivity in metal-promoted carbon-carbon coupling reactions has been 

reviewed (32 references) [216]. Chloroquinones were coupled by catalysts con- 

taining nickel(O)/nickel(II) catalysts (equation 208) [217]. The electrocata- 

lyzed coupling of ally1 halides promoted by nickel-phosphine catalysts has been 

subjected to a mechanistic study [218]. Nickel(O) complexes coupled iodobenzo- 

phenones with chloropyrazines (equation 209) [219]. Halogenated pyridines and 

quinolines were coupled by nickel(II)/zinc catalysts (equation 210) [220]. 

Organocoppers as intermediates in the Ullmann biaryl synthesis was the topic of 

a dissertation [221]. Aryl, vinyl and heteroaryl halides were coupled by 

nickel(I1) salts/zinc in DMF (equation 2111 [2221. Chiral binaphthyls were 

thesized by coupling, with copper/DMF, of naphthol esters of chiral diacids 

(equation 212) 112231. A "complex" reducing agent produced from nickel (II) 

acetate/sodium hydride/t-anyloxide/bipyridine was an efficient catalyst for 

coupling of aryl and vinyl halides (equation 213) 12241. 

syn- 

the 
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w (208) 

0 
0 Cl 0 

0 NHCOPh 

(209) 
I =r 

Cl 
0 “‘I;- Cl 

3 
Cl R 

N+N 

(C0)2Ni 

28% 

X 

NiCl#JZn 

DMF 50'3 
* 

Q@Tx - QJ$jj<~ 

50-86% 



ArX ArAr 

NiX2(Et3P)2/Zn 

\ 

*\ - - 

X 

217 

(211) 

n /’ x 
S 

(212) 

R*floH + 

OH 

R= 

30% ee 

X 133 3 > 
X to (I ; 
x = COOH, CH20H 

71% ee 

ArX NaH/t-AmONa/Ni(OAc)2/bipy 
Ar-Ar 

w (213) 

-\_ - 

Ar = Ph, 1-naphth, 2-MeOPh, 4-MeOPh, 3-MeOPh, 2-MePh, 3-MePh, 4-MePh 

a1so (y”’ (yl Ph/-7Br ,ir 

References p. 424 



278 

Active nickel metal, produced by the reduction of nickel(I1) iodide by lithium/ 

naphthalenide, reductively coupled benzyl halides with a-halonitriles (equation 

214) [225]. The same reagent coupled benzyl halides to bibenzyls, with some 

competitive'reduction (equation 215) [226]. Cobalt(I) complexes also coupled 

benzyl halides (equation 216) [227]. 

Ni12 + Li/Naph 

Nil01 
ArCH2X + XCH2CN 

glyme 50' 
w ArCH2CH2CN (214) 

20-60% 

Ar = Ph, 4-MePh, 3-CF3Ph, 3-MeOPh, 4-FPh, 4-ClPh, 4-BrPh, 2-BrPh, 4-CNPh, 

E-CNPh, 4-Me02CPh, 1-Naphth, E-Naphth 

Nit01 
ArCH2X - 

glyme 

(Ar = same as equation 

also Ph2CC12 - 

ArCH2CH2Ar + ArCH3 (215) 

60-96% 

214) 

Ph2C=CPh2 

ArCH2X + L3CoCl - 

also ArCHX2 - ArCH=CHAr, 

Vinyl halides were coupled to 1,3-dienes by nickel(II)/zinc/NaI (equation 217) 

O-80% 

PhCC13 - PhCCl=CClPh 

ArCH2CH2Ar 

65-83% 

ArCX3 _ ArCzCAr 

(216) 

[228]. a-Haloesters coupled to conjugated esters by lithium diisopropyl amide/ 

copper(I) iodide (equation 218) [229]. Geminal vinyl dihalides were coupled to 

cumulenes by nickel(O) catalysts (equation 219) [230]. 

NiCl,/Zn/NaI 

40' HMPA 
(217) 

R' = Ph, Me, H, Me02C 
(CH215, (CH216 

mixed EE, EZ, ZZ 

R2 = Ph, Me, H, p-ClPh 

R3 = H, Me 



R R 

RCHC02R' 
1) LDA 

I 
Br 21 GUI 

C02R 

219 

(218) 

50-80% 

Ph Br Ph 

X 
L4Ni 

-::>- --( 
- =- - (2191 

PhH 
Ph Br Ph 

60% 

Heteroaromatic compounds were directly coupled by treatment with palladium(I1) 

acetate in acetic acid (equation 220) c2311, or by aluminum(II1) chloride/ 

copper(I1) chloride in chlorobenzene (equation 2211 [232]. Anthracene underwent 

dimerization at the 9 and 10 positions when treated with palladium(I1) acetate 

(equation 222) [233]. Low molecular weight polyphenylene oxides were produced 

by the oxidative coupling of 2,6_dialkylphenols with copper(II1 chloride KOH/ 

pyridine catalysts [234]. 

Pd(OAc12 
* RlR2$&:l (220) 

HOAc 

R' = COMe, CHO, NO2 

R2 = H, Me 

Y=O,S 

15-70% based on Pd 

AlC13/CuC12 

PhCl 25' 
27% 

PdLOAc) 
HOAc2 _ @j-G 
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1,6-Dienes were coupled by palladium(I1) or rhodium(I) catalysts to give 

cyclopentanes (equation 223) [2351. Palladium(II) acetate coupled propargyl 

acetates to dimers (equation 224) 12361. Alkynes were coupled to enynes by 

reduced titanium species (equations 225 and 226) 12371. 

30-62% 

R' = H, Me 

R2 = H, Me 

X, Y = COMe, C02Me, COPh 

60-872 

(224) 

60' 
OAc 

R 

RCGCH 
(<C5Me5)2TiC12 

t R&=CH2 (225) 

i-PrMgX 

30' lhr >90% 

R = Et, n-Pr, n-Bu, Ph, TMS, TMSCH2, TMSOCH2 

fails: R = t-Bu, EtO, EtS, Et2N, 

o- 

\= 

same 
t RC:CH * 

R 

Ph-C&=CH2 

80-90% 
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Low valent titanium reductively coupled aryl aldehydes to diary1 olefins and 

pinacols. Aliphatic aldehydes and ketones were reduced to alcohols (equation 

227) [2381. Highly strained olefins were prepared in low yield by titanium(O) 

coupling of branched ketones (equation 228) [2391. Intramolecular versions of 

this coupling have also been performed (equation 229) [240], (equation 230) [241]. 

Tungsten complexes also coupled ketones and aldehydesto olefins (equation 231) 

i2421, (equation 232) [2431. 

ArCHO + Cp2Ti(C0)2 _ ArCH=CHAr + ArCHCHAr 

~H;H 

RCHO -t RCH20H R2C0 - R2CHOH 

?= 

o 1, Ti(O) 

THF * y + _?+ 

low yield 12:l 

0 0 

HZ i-H 

TiC13/Zn-Cu 

R 
THF 

R' 

R' = Ph, Me 8-102 

R = t-Bu, Ph 

R 
R R 

TiC14/Zn 

TiC13/Zn 

(227) 

(228) 

(229) 

(230) 

L = CH20CH2, (CH2J3, 1,2-C6H4 61-91% 
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PhCHO 
WCl,, e- 

PhCH=CHPh 91% 

(2311 
Ph2CO Ph2C=CPh2 50% 

0 00 

A 
(2321 

R' R2 
+ W2C14(uOR12(OR12(ROH)2 .- W2C14[R 

1 

i-t- 
R' I, 

R2R2 

R' = Me 

R2 = Me, Et, n-Pr 

9. Alkylation of ~-Ally1 Complexes 

The regiochemical studies of formation of allylpalladium complexes from ole- 

fins and palladium(II1 salts was the topic of a dissertation [244], as was the 

stereochemical nature of the formation of n-allylpalladium complexes from olefins 

[245]. Allylic halides were converted to a-allylpalladium(II) halides in high 

yield by treatment with palladium black and ultrasound [246]. n-Ally1 palladium 

complexes from 2-methyl and 2,3-dimethyl-1,3-butadiene were subjected to a 

thorough 'H nmr spectral study [247]. Nmr studies of reactions of a norbornyl 

*-allylpalladium complex with phosphine were carried out (equation 2331 C2481. 

It was concluded that ion pairs formed in chloroform but not in THF, and that the 

regiochemistry of the reaction was unaffected by phosphine. Steroidal n-allyl- 

palladium complexes were alkylated by stabilized carbanions in dry DMSD (equation 

234) [249]. *-Allylpalladium complexes coupled with ally1 Grignard reagents to 

give unsymmetrical biallyls. Maleic anhydride was required to drive the reductive 

elimination (equation 235) [250]. A three-topic dissertation dealing with (11 a 

palladium catalyzed route to spirocycles; (2) sequential n-allylpalladium alkyla- 

tions; and (31 the synthesis and chemistry of bridgehead olefin-metal complexes 

has appeared [251]. 
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(233) 
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CDC13 Cl 
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2 

R20C 
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C02R 
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-- 

6 a,B-(carboethoxymethyl 
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C02R 

(-I( 

C02R 
t 

Dry DMSO 

No L 
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(235 continued) 

eg. Pd + w 
MgBr * B 

fi 

96% 

steroid 

96% 

10. Alkylation of Carbonyl Compounds 

Some recent advances in the use of titanium reagents for organic synthesis has 

been reviewed (42 references) [252], as has carbon-carbon bond formation reactions 

using titanium reagents (40 references) [253]. Low valent titanium in organic 

synthesis: mechanisms of reductive coupling of ketones was the topic of a disser- 

tation [2541. Ketones were alkylated by a-halo ketones when treated with titanium 

(IV) chloride/zinc (equation 236) [255]. 

0 
0 

A TiC14/Zn/THF 
0 OH 

R:-CF2C1 + 
(236) 

R1 R2 25' 2 hr 
* R&FE-C-R1 

r;2 

40-70% 
R = n-C6, cycle-C6, Me, PhCH2 

R1 = n-Pr, n-C6, i-Pr, Et, Me, cycle-C6 

R2 = H, Et, (CH2j2C02Et, (CH2J3C02Et 
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Aldehydes were alkylated with low asymmetric induction by allyltitanium reagents 

chiral at the metal center (equation 2371 [2561. Allyltitanium reagents alkylated 

aldehydes with high erythro:threo selectivity (equation 238) [257]. Boron tri- 

fluoride reversed this selectivity. Cyclic ally1 titanium reagents alkylated 

aldehydes with exclusive erythro selectivity (equation 239) C2581. Allyllithium 

reagents alkylated aldehydes to give exclusively cc-adducts in the presence of 

titanium(IV) isopropoxide (equation 240) C2591. Aldehydes were converted to 

dienes when treated with vinyl silanes and titanium(IV) isopropoxide (equation 

241) [260-J. Propargyl titanium reagents alkylated aldehydes andketones (equation 

242) [2611, (equation 243) [262]. This was used to synthesize asperlin (equation 

244) [263]. 
II 

(237) 

HC1 1) N 
Mgdl Cp 

./ 
OCHR 

\ 
Ti* * 

\ 2) RCHO HT' \ 

'gF5 CP' 'gF5 

H+ WRv 

OH 

40% ee 11% ee 

OH 

- W 

I 

TiCpX + RCHO - R I 
I 

(2381 

R=Ph, n-C6, i-Pr, BF3 added 6:94 threo:erythro 

no BF3 1OO:O threo:erythro 

OH 

KH21;. - 
3 

,TiCp2 RCHO 

n = 3, 4, 5, 6, 10 70-86% erythro only 

Referencea p. 424 



R' = H, Me 

R2 = H, Me 

R3 = H 

R’Sm 
SiR3 

1) Ti(O-iPr)4 R 

2) RCHO 

R4 = 11 

R5 = Ph, Et, t-Bu 

(240) 

SR' 
(241) 

1) Base 
2) Ti(OR)3 MeMgI 

3) R"CH0 - Ni cat. 
75% 

(242) 

1) i-BuMgC1/TiCp2C12 TMS, 

TMS- G 
0 

OH 2) 

OH 

8d-85% 

BF3*Et20 
R' = H, Me, n-Pr 

R2 = n-Pr, n-C8, n-C6 
(CH2)5, (CH2)6 

84-90% 

R R' 
R 2 

R'-CX-CH2R2 
1) t-BuLi + (243) 
2) ML, -X \ 
3) RCHO 

HO 
\,-R2 Ho w 

M = Ti, Al, Mg >99% 
'RI 

Sn, Zn 

M=B 

M = Ti' R' = TMS, Et, Ph; R2 = Me >99% 
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(243 continued) 

TMS 
TMS 

also 
L -- 

--( 
TiLn 

TMS- = 

OTHP 

t RCHO - R 

60-881 'TMS 

OTHP 

(244) 

1) t-BuLi 

2) Ti(O-i-Pr14 

3, v CHO 

- +a\, 
OH TMS 

-- \ a 0 
0 0 

asperlin 

First row transition metal salts, in the presence of L- or D- tyrosine, cata- 

lyzed crossed aldol condensations of acetone and aromatic aldehydes to give 

optically active condensation products [264]. Ketone enolates alkylated titanium 

(IV) salts of aminals to give s-aminoketones (equation 245) [265]. Titanium(IV) 

chloride was used to convert acetals into heterocycles (equations 246 and 247) 

[266]. Ketones were converted to 6-hydroxy thioamides in a titanium(IV) assisted 

process (equation 248) [267]. Chiral alcohols were synthesized by the reaction 

of organolithium or magnesium reagents with ketals or acetals of chiral diols in 

the presence of titanium(IV) (equation 249) [2681, (equation 250) C2691, and 

(equations 251 and 252) [270]. 

R3$;: + R6)$R4 +R3eR6 

\ 
66-75% 

(2451 

R = (CH2)5, 
R3 = H 

(CH~)~~(CH~)~, Me, Et, PhCH2 

R2 = Ph, p-MeOPh, E-naphth, p-BrPh 
enolate = Phi ' 'OtBu 0 

0 

References p. 424 



288 

OEt 
Tic14 

R S02Me 
R S02Me 

R = H, 4-Me, 4-OMe, 4-Br, 3-Me, 3-OMe 60-802 

3-Cl, 2-Me; 3-OMe, //, 2-OMe, 2-F, 2-Me all failed 

“Q, do,, TiC14 ~ OJj 

S02Me 

R = H, Me, OMe 

S02Me 

“j=(-SiMe3 + /JR2 

Ph H NMe2 

R,x ,’ 
w *. 

Y = H, Me 

Z = Me, n-Bu, 

R 

A 
0 0 

w ‘. 

+ MZ 
TiC14 

t 

M = Li, MgBr 

60-80% 

(246) 

(247) 

(248) 

S 

1) TiCl(OiPrJ3 

CH2C12 

2) H,O+ 
3 

Ph 
50-841 

(RR) and (RS) 

1) PCC 
R 

x 

Z 

w 
2) HO- 

/' (249) 
HO Y 

70-90% ee 

(250) 
TiC14 

+ 

Ti(OiPr)4 

R = n-C8, 

R' = H, Me 

&, (),i-Pr ' 92-98% yield 

90-98% ee 
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R OH 

(251) 

80-100% yield 

>90:10 de 

R= 0 , n-C 6, n-Bu, Me, Et 
R' = Me, n-Bu, Et (252) 

2 

MeTiC 

Tebbe's reagent efficiently converted enolizable ketones to methylenes (equa- 

tion 253) [271]. It was used to convert a lactone to a cyclic ally1 ether 

(equation 254) C2721. A facile preparation of Tebbe's reagent has been described 

[273]. Zirconium methylene reagents also converted ketones and imines to olefins. 

The E/Z ratio was determined by the size of the heteroatom substituent (equations 

255 and 256) [2741. Molybdenum methylene reagents converted aldehydes to olefins 

and were stable in aqueous ethanol (equation 257) [275]. The chemistry of these 

molybdenum reagents depended on their mode of preparation (equation 258) [276]. 

Alkyl chromium reagents alkylated aldehydes even in the presence of large 

amounts of water or ethanol (equation 259) [2771. 

a CH2 

Cp2TiC1,AlMe2 + -A (253) 

Qcf@ &hyyph& .&? 4& 
20% 90% 95% 84% 100% 98% 70% 

& lb j!L. -A 
95% 70% 

and +&VO& 

all enolize 
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(254) 

X 
* 1 

OR' 

f 

R 

Cp2ZrK t 

\L 

e 0 

MoOC12 + 2MeLi 

MoC14 + MeLi 

I 

-AlMe - 

: ’ : 
t 

Cp2Ti\C, / 2 OR' 

85% 

(255) 

R R 

X 

'h H 
""--PhJYH + P.X. 

0 
I, 

x=0 E:Z = 0.5 

X = Nt8u E:Z = 4.3 

(256) 

x=0 E:Z = 1 

X = nPh E:Z = 0.53 

7 
w C1Mo=CH2 

I 

ArCHO 
w ArCH=CH2 (257) 

w C13Mo=CH2 
good yields in 

aq. EtOH 

slow add 

MoC15 es=; ." 2 ::::1:"' (258) 

iH3 
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(THF)3C12CrR 
H20/EtOH 

R 

.+ ArCHO t A&H (259) 

(THF)3ClCrR2 6H 

good yield 

R = Me, i-Pr, N ‘\ , 

Acetals were alkylated by "RCu.BF3" reagents (equation 2601, as were epoxides 

(equation 261) and orthoesters (equation 262) [278]. With chiral acetals, good 

asymmetric induction was observed (equation 263) [279]. The same reagent alkylated 

imines (equation 264) [280]. 

X 
OR' 

Et20 
OR' 

"RCuBF3" f 

-x 
OR' R 

high yields 

"RCuBF3 ' = C7CuLiX, PhCuLiX, MeCuLiX, Me2CuLi 

(260) 

&. CuLi, (C712CuLi 
0 

Me OMe 

acetal = 

'OMe -( OMe 

HC(OEtj3 
RCuBF3 

c 

OMe 

C7 i '6 -i 
Ome 

OMe fe RM, 
OMe OMe 

(261) 

RCH(OEt), (262) 

80-90% 

References p. 424 



292 

R3CuLiX.BF3 + 

R1 OH 

-X 
R2 R3 

de 67-100X 

>90% yield 

RCuBF3 + R'M /R2 N 

(263) 

R3 = Me, Ph, n-C6 

R' = Ph, n-C6, Me 

R2 = H 
7 

R' = PhCh2, n-Pr 
4 

R = Bu, Me, Ph-5 

R 

p R' A NHR2 
(264) 

60-80% 

R2 = BuPh 

Samarium(I1) iodide reductively alkylated ketones with chloromethyl phenyl 

ether (equation 265) C2811. w-Iodoketones were cyclized by the same reagent 

(equation 266) [282]. Enol phosphates were alkylated by trialkylaluminum reagents 

in the presence of palladium(O) catalysts (equation 267) [283]. Enol triflates 

were alkylated by tin reagents under similar conditions (equation 268) (equation 

269) [2841. 

0 

+ ClCH20CH2Ph 
Sm12 

O_Ph 
(265) 

R', R2 = Ph, PhCH2, alkyl 50-80% 



SmI2 

cat. Fe"' 

n = 1, 2, 3 60-100% 
m=l,2 

R23A1 
R2 

A 
L4Pd 

*R' ' 

59-91x 

R2 = Me, Et, PhCX, nBuCX, w 

R’ = -#‘+(-Jq 

293 

(266) 

(267) 

Ph 

OTf 

-/ + Bu3SnR' 
L4Pd 

76-100% 

(268) 

R = A), Bu, H, TMS- = -, TMSw5 , ?-J 

poTf QOTf k boTf b"" 
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Aldehydes and ketones were alkylated by allylic halides when treated with fine 

particles of manganese metal [285]. Benzyl halides alkylated a-diketones to 

pinacoloneswhen treated with activated nickel powder (equation 270) [286]. Alde- 

hydes were alkylated by perfluoroiodides when treated with zinc metal and 

nickel(I1) or palladium(I1) salts (equation 271) C2871. Ketone enolates alkylated 

a-sulfonyl esters when treated with manganese~II1) and copper(I1) salts (equa- 

tion 272) [2881. 

NiI2 + Li/Naphth 

t 
0 

R2 1) "Ni" R' 0 

ArCH2X + R1 
) ArCH2-C--tR2 

21 H20 ;)H 

50-80% 

Ar = Ph, 4MePh, 3MePh, 3CF3Ph, 4FPh, 4ClPh, 4BrPh, 4CNPh, 4~eOPh, napht. 

R', R2 = Ph, Me 

Zn 
RCHO + RfI - 

MC2C1* 
RfCH(OH)R 

20-80X M = Pd, Ni 

(270) 

f?71) 

R = Ph, Ph-' c - 

M- Pd, Ni 
x 

I 

Rf = CF3, C2F5, iC3F7, C4Fg, C653, ‘$Fr7 

fl:, Et + b Mn3t Cu2+ e'"'i 

* 

2 n n 

20-541 

Six rules have been given in order to predict the conformations of psuedo- 

tetrahedral complexes, and the stereochemistry of their reactions [289]. Enolates 

of acyliron complexes underwent reaction with a variety of electrophiles (equa- 

tion 273) (2901. Erythro a-hydroxy acids were prepared with high stereoselectivity 

taking advantage of the steric constraints imposed on these enolates by the iron 

and its associated ligands (equation 274) 12911, (equation 275) C2921, (equation 

276) [2931. 



295 

(273) 

TMS R2C0 
* 

6O-80% 

0 OH 

Fe 

Me 
H 

(2741 

1) BuLi 11 BuLi 

:pFe(CO)L(COMel * * 

2) Et2A1C1 21 Me1 

3) H 
31 8r2 

0 >lOO:l diast. 

C02H for R = Et, i-Pr, nBu 

I 24:1, R = Me 

H 

R 

20:1, R = Ph 

erythro 
80-90% 

OH 1) 2 BuLi 

2) Br2 

Me1 

L 0 

racemic >95% selective erythro 
No Chemical Yields -- 

(275) 

(relative configuration results from E-enolate - anti (O- to C=O) configuration 

from unshielded face) 
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(276) 

cp 0 OH 
0 

co- !,A 
1) LDA i')J 

w CO- Fe . . + CO 

I 

R - R 
2) MX 

I 1 
PPh3 3) RCHO PPh3 PPh3 

60-80% 

R = Et, iPr, Ph, t-Ph A, trPr_ 
MX = iBu2AlCl 8:l 

SnC12 1:ll 

11. Alkylation of Aromatic Compounds 

Arene and carbon-hydrogen bond activation in organotransition metal complexes 

was the topic of a dissertation c'2941. The effect of substituents on the nucleo- 

philic displacement of fluoride from substituted fluorobenzene chromium tricar- 

bony1 complexes with methoxide nucleophile was shown to increase in the order 

p-Me0 > o-Me > p-Me > m-Me > H [295]. A similar displacement of chloride from 

bis arene chromium complexes showed a rate dependence on the substituent in the 

nonreacting (transannular) ring [296]. n6-Pyridine chromium tricarbonyl complexes 

reacted with phenyllithium to give dihydropyridine complexes, from alkylation of 

the pyridine ring. In contrast, methyllithium caused reductive coupling of pyri- 

dine to dipyridyls C2971. The site of addition of the anion of Z-cyanopropane to 

the chromium tricarbonyl complex of N-methyl-1,2,3,4-tetrahydroquinoline depended 

on the solvent and the reaction time (equation 277) [298]. The mechanism of 

exchange of aryl groups in arenechromium tricarbonyl complexes was claimed to 

occur by stepwise decomplexation - eg. from n6 to n4 to 112 to no - while the 

incoming arene complexes from no to n2 to n4 to n6 (equation 278) [2991. Toluene, 

p-xylene and underwent this arene exchange efficiently [300]. 

(277) 
Time 12 3 



297 

(278) 

Cr(C013 Cr(C013 Cr(C013 
L 

I 
Cr(C013L 

Arenechromium tricarbonyl complexes were lithiated, 

variety of electrophiles to produce substituted arenes 

280) [3011. 

R' 

R2 

-6 

Li 

0 
E+ 

I * 

I 
Cr(C013 

R2 

Rl 
R3X 

L4Pd 

Rl 

R2 

ti 

E Rl 

0 
R2 

E+ 

I 
Cr(C013 

then combined with a wide 

(equation 279) (equation 

(279) 

= H, Pr3Si 

=H 

= 12, NBS, NCS, Me1 

50-701 

CuSMe2 
E+ 

E 

(280) 

Cr(C013 

50-97% 

I 
Cr(C013 

R1 = H, Si(iPr3) 

R2 = H, OMe, F 

E+ = MeCOCl, Acocl, mn 

R3 = Ph, A), ml 

N 

I 
Cr(C013 

40-84% 
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Activation of the benzylic position of aromatic compounds by complexation to 

chromium has been used extnesively. Steroids were hydroxymethylated by benzylic 

deprotonation followed by condensation with formaldehyde. Alkylation occurred 

from the face opposite the metal (equation 281) [302][3031. Other complexed 

arenes underwent a similar reaction (equation 2821 E3021. Activation by complexa- 

tion to chromium was used in a number of ways in the synthesis of ll-deoxyanthra- 

cyclinone (equation 283) C3041. With polyalkylated aromatics, some selectivity 

among variousbenzylic positions was noted (equation 2841 C3051. Chromium com- 

plexed toluene was acylated by treatment with base followed by diethyl oxalate 

(equation 2851 [3061, (equation 2861 C3071, 

PO& ;; ::j- .,;46il.ll 

(also Mel, iPrI, nC1211 
1 ; CH2OH 

fCOl,Cr H 
I 
CrlC0)3 

a 

6 

Me0 

I 
Cr(COf3 

0 

-6 56% 

-a 62% 

1) TMS2N 

21 CH20 *We0 mH 

I 
fCO13Cr 

95% 

\ \ 

1) LiAlH4 

21 KHS04 

Cr(C013 

(282) 

(2831 

OEt 
t 

~continued on next iwe 1 
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(283 continued) 

CN 0 

Y 04 1) BuLi/TMEDA 

2) 

Me0 

3) hv 

4) H+, ox 
38% 

COMe 

-- ll-Deoxyanthracyclinone 

mono + dialkylation (284) 

tBuO cdR tBuD2Ca tBuO,.d 

t-BuO- 

RCHo * 
2 I I .I 

Cr(C013 

CH2R 

Cr(C013 

Cr(C013 

t-BuO- 
* 

0 

OEt 
Et0 

0 

&(C013 

R' (285) 

Cr(C013 

Applications of organoiron complexes of aromatic compounds in organic synthe- 

sis has been reviewed (230 references) [308]. Bis arene iron dications underwent 

sequential attack by hydride, than alkyllithium to give cyclohexadiene complexes 

(equation 286) 13091. Arenes were reduced to cyclohexadienes via manganese- 

hydrogen-carbon bond bridged cyclohexenylmanganese tricarbonyl complexes (equa- 

tion 287) 13101. Phenol or thiophenol complexes of iron underwent ring expansion 

when treated with diazomethane (equation 288) [311]. 
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(286) 

c a, 
H H 

RM = BH4-, KCN, NaCH(C02Et12, PhMgBr 

C :)(-I, CpFe( 5CH2C6Me5) 

a R 

I 1) B(O-iPr)3H- 
w 

I 2) H20 

(+)MII(CO)~ 
Mn " 

(co)3 

RM 
t I 

Fe 

H b - 
H 

H 

55-90% ; 

(287) 

1) KH/THF 
R 

2) o2 

55-95% 

R = Me, Ph, OMe, 1,2-diMe 

(288) 

o- I X- 

Fe+ 
CP 

a-- l -X 

I 
Fe 
CP 

C"2N2 
- 

-0 
\ I, 0x 

I+ 
FeCp 

30-80% 

x = 0, s 



12. Alkylation of Dienyl and Diene Complexes 

The synthesis and characterization and reactions of 

metal compounds was the topic of a dissertation [312]. 

cations as intermediates for organic synthesis was the 

301 

pentadienyl transition 

Iron stabilized carbo- 

topic of a review (50 

references) [3131, as was natural products synthesis using organoiron complexes 

c3141. Dienyliron complex chemistry has been used to synthesieze (+)-O-methyl- - 

joubertiamine (equation 289) [3151. The regiochemistry of nucleophilic attack on 

cationic substituted cyclohexadienyl iron complexes has been examined (equation 

290) [316]. Racemic methoxycyclohexadienyl complexes of iron have been resolved 

by treatment with (R)(+)-a-phenethylamine, and the absolute configuration deduced 

from circular dichroism measurements (equation 291) [3171. The cationic cyclo- 

heptadienyl complex of iron was 16 to 200 times less reactive than the correspond- 

ing cyclohexadienyl complex because of steric hindrance in the seven membered 

ring C3181. OMe (289) 

C02Me OMe 

Q" + &)diiCO)3 

TMS 

R&Rl Fe2(co)9(:;$R3 

R 

54-87% 

11 I-,(y 

X 

2) Me3N0 

OMe 

92% 

TMS (290) 

Ph3C+ 

R', R2, R3 = H, Me 
TMS 

and 

m'"' - 
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5 
1) (RI(+) Ph 

A 
w resolved 

OMe 2) separaba HPLC 

3) HBF4 

(291) 

I+ 
Fe(C013 

racemic 

Cycloheptadienyl complexes of iron reacted with nucleophiles to give either 

substituted diene complexes or n'-alkyl-n3-ally1 complexes, depending on the 

nucleophile and the ligands on iron (equations 292 and 293) [319]. Manganese 

complexes of cycloheptatriene underwent alkylation by a wide range of carbanions 

(equation 294) [320]. n'-Allyliron complexes annellated cyclopentyl rings onto an 

appropriate dienyliron complex (equation 295) [3211. 

+ R- 

I+ 
Fe(C0j2L 

L = Ph3P, (Ph13P CN 

SPh 

p-MeOPhS 

MeLi 

Me2CuLi 

BuLi 

Bu2CuLi 

PhLi 

Ph2CuLi 

WMgX 

&CuLi 

< 
Y 

X 

Y I 
(C012FeL 

100 

0 

0 

100 

0 

9 

1 

100 

0 

10 

1 

0 

I 
Fe(C012L 

0 

100 

100 

0 

100 

1 

3 

0 

100 

1 

5 

100 

(292) 

91% 

94% 

91% 

69% 

100% 

92% 

75% 

91% 

77% 

72% 

79% 

100% 

X = C02R; Y = C02R, CN, S02Ph 
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t 

cfl \-I 
n(C013 

1) Ph$+ 
* 

2) RI(-) 
RJ+ 

R- 
Mn(C013 

(293) 

(294) 

R- = CH(C02Me12, CMe(C02Me12, CH(COMe)(C02Me), CH(S02Ph)(C02Me), 

CH2CH20H 

58-62% 

FP- 
*\ - 

R 

$ 62-92% 

26-55% 
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The coupling of carbon anions with 1,3-diene tricarbonyliron(0) complexes - 

applications to organic synthesis - was the topic of a dissertation [322]. In 

the reaction of neutral dieneiron tricarbonyl complexes with carbanions, addition 

at an unsubstituted internal position was favored, and the site of attack was not 

controlled by product stability. However, equilibration at 0' was rapid (equa- 

tion 296) [3231. Stereo- and regiospecific 1,3_dialkylation of cationic cyclo- 

hexadiene complexes of molybdenum has been achieved (equations 297-299) [3241, 

(equation 300) [325]. 

X 

Y '-Fe(C013 (296) 
\ 

X = Me; R = Me2CCN -78' 100:0 88% R 

+25O 0:lOO 70% 

R = Ph2CH 0:lOO to 85:15 depending on conditions 

with Ph2CH: 5(15) 
f-? /\ 

15(85) 

Me0 

~~ooj H,,, boo MeO~OO 0 = thermo. 

MO MO 

RI(-) 
(297) 

\ 
'Me 

-'Me 
75-95% 

R'(-1 

R' = Me, CH(C02Mej2, CH(S02Ph)C02Me, CH(C02Me)(C02H), CH(C02Me), CHC02H 



I2 

MeCN 

>95% 
CO2 H 

Me 
MoK012Cp I 

0 I I2 

0 

1) 

-I 

03 

H02C 
t 

* 
** Me \ 2) Me2S 

'0 
x 

C02Et 

C02Et 
0 

305 

(298) 

(299) 

0 

t (300) 

I 

R- I2 

-. R 
80% 

R = CH(S02Ph)(C02Me) 

0, MeC(C02Me)2, pMeOPh, 

C02Me 

C02Me 

(continued on next page) 
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(equation 300 continued) 

eg_a 12 I--q& 

Co2Et Cb2Et 

Dienals were complexed to iron to permit. reactions of the aldehyde group to 

go cleanily and with high stereospecificty (equation 301) [326] (equation 302) 

C3271. Iron complexes of chiral enones were prepared. Upon exchange of the enone 

ligand for a diene ligand, up to 40% chirality transfer was observed (equation 

303) [3281. The reactions of dienes with Grignard reagents in the presence of 

iron or nickel salts has been examined [3291. 

uMe 

Ce*" 

OMe 

80% 2:l 

Me 

MeO2C& 

W__ H 

(- 1 OMe 

Me02C 
\ 

>95% E,E 

>95% ee 

I Ce'" 

- Yb- - 
Me 

\ 

Me0 'H 
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(3021 

OMe 

MeO*C3--H 

1) DIBAH 90% 
_ ,P*;:: 

2) S03*Py DMSO 65% 
3 

(t-acemic) 

T-3 HIA; 

I 

MeMgI 

+ epimer 

Chiral enone + Fe(C0j5 - 

(C0J3Fe - 

H 

R' = Me; R2 = OMe 

R' = OMe, R2 = Me 

(303) 

t R1-@R2 

40% chirality 

transfer 

13. Metal-Carbene Reactions 

The synthesis of metal-carbene complexes has been reviewed (476 references) 

C3301, as has carbene complexes in organic synthesis (181 references) C3311, 

(54 references) [332], and carbon-carbon bond formation via carbonyl carbene com- 

plexes (58 references) [3331. A review (149 references) on vinylidene and propa- 

dienylidine metal complexes has appeared [334]. Electrophilic tungsten alkyl 

alkylidenes is the subject of a dissertation [335]. Theoretical calculations on 

(C015Cr+iCH and H2MeNb=CH2 have been carried out [336]. Treatment of Group(V1) 

carbonyls with LDA followed by Meerwein's reagent gave mono and bis carbenes (equa- - 
tion 304) [3371. 
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MK0)6 
1) LiNti-Pr12 

21 Me30BF4 
w (CO&M + (CO)4M 

Alkynes combined with methoxy-vinyl carbene complexes of chromiui,l to produce 

hydroquinone mono ethers in good yield (equations 305 and 306) [338].. This 

process was used to synthesize tetracyclins (equation 307) [339]. With gem - 
disubstituted vinyl carbenes, cyclohexadienones were obtained (equations 308 and 

309) [340]. A stereospecific synthesis of alkenylcarbene chromium complexes has 

been developed [3411. A dissertation entitled "Palladium(I1) and chromium car- 

bene mediated synthesis of organic compounds" has appeared [342]. Photolysis of 

mixtures of chromium carbene complexes with imines produced a-lactams in high 

yield and in a stereo- and regiospecific manner (equation 310) [343]. The same 

reaction using azobenzenes as substrates produced 1,3ldiazetidinones in a process 

thought to involve an "azo metathesis" (equation 311) [344]. 
OH 

OMe 
1) RLCXRS ,' 

2) r-01 

R2 

RS 
OMe 

(3051 

R1, R2 = (CH213, (CH214, (CH215, O(CH2J30, O(CH2120, EtO-Me, EtO-H, Me-H, H-Me 

R2 = Ph, Et, n-Pr, RL , Me2CCHCH2, EtOCH2, PhCO, Me02C, ZMeOCH=CH, (Et02C12NHAc 

RS = H, Ph, Et, Me02C 

OH 

OMe 

+ (306) 

OMe 

68% 
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(307) 

1) 45O 

2) Fe"' * 

&‘-_,* 
OMe ' OMe 0 OH 

76% 

0 

OMe 
R 

45O 
.t R-i-R' 

R' 

OMe 

R = Ph, TMS, n-Bu, Et, Me, CH20Ac 

R' = H, Et 
42-80% 

OMe 

K0)5Cr=C’ - x5 
+ RCXH -- 

I OMe 

(308) 

(309) 

44-78% 
R = Ph, TMS,'n-Bu, Me 
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310 

OMe 

(CO) 5Cr.C/ \ + 
Me 

/OMe 
(C0)5Cr=C, + 

Me 

Me Ii 

S 

t-f 
I 

hv 

.‘C02Me 

(30 cases studied) 60% 100% ee 

OMe OMe 

PhN=NPh -phJ--;: t Me>!:;; (311) 

major minor 

The role of olefin-carbene complexes in cyclopropanation of olefins was demon- 

strated by isolation and x-ray structure determination of one such complex (equa- 

tion 312) [345]. Tungsten carbene complexes converted alkynes to conjugated enones 

via metallacyclization - e-hydride elimination (equation 313) [346]. Insertion 

of a carbene into a w-phenyl bond has been demonstrated (equation 314) [347]. 

Isonitriles combined with chromium carbene complexes to produce dimeric glyoxime 

ligands (equation 315) [348]. 

A 

- 

MePh 
18% 

(3121 

x-ray 

Ph,P 6 fast 90% / 
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(313) 

OMe 

(CO)sW=C' t PhCX-R2 
PhCH3 

* 
\ 
\ 
CH2R1 

loo0 

R' = H, Me; R2 = Ph, Me 

R 
via 

AH3 + _,,’ 

[ 1 CPZW, * - 
Ph 

Ph+; Ph+' 

60% 

-. 

(+I 
Cp2WCH2Ph (314) 

,OMe ,OMe 
(C015Cr=C, t R'NC - 

R 
(CO),Cr-N=C=C< - 

F; Me 

(315) 

R' OMe 

R 

R 

R' OMe 

(blue) 80% 

The stereochemistry of addition of nucleophiles to iron carbene complexes is 

that resulting from addition from "the top of the enolate" (equation 316) C3491, 

(equation 317) [350], (equation 318) [351]. 
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4 OMe LiAlH4 

Ph2P -‘co * 

or 

BH4- 

minor 

Fe Et 

H OMe 

Fe OMe 

,I 

x 
H 

Et 

1 

15 

(316) 

Base OH 
-- 

Me1 
Br2 

no yield 
High 
Stereo- 
specificity 

base 

Et1 base Me1 
enolate - - - 

No chemical 
yield reported 
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(3181 

0 0 I 0 0 I 
0 

0 I 
0 

I 1) RCX(-1 
oc- Fe Br 

Me30+ 
W oc -Fe 

I 
'Y 
I R 

PPh3 c \R 

B. 

to 

I 1) t-BuO(-) 

2) PhCH2Br 

0 0 0 
0 
I 

oc oc -Fe 0 

I 

I 

L I 
Me h 

Ph 
Ph 

>95% steresoelective 

(no chemical yields reported) 

Conjugate Addition 

Organocuprates continue to be the reagents of choice for conjugate additions 

enones, and several new, more efficient reagents have been developed. The 

higher order cuprate CR2CuCNlLi2 was very efficient in the a-alkylation of con- 

jugated enones, even those containing s-disubstitution (equation 319) C3521. 

The rate of this reaction was further enhanced by the presence of BF3.0Et2 in 

the reaction medium C3533. The mixed cuprate RCu(PCy2)Li was also efficient 

in the 6-alkylation of conjugated enones, as well as in other typical organo- 

copper reactions (equation 320) C3541. Organocuprates a-alkylated u-pyrones bear- 

ing cc-carbonyl groups (equation 321) c3551. From 13C measurements, it was 

claimed that the first step of conjugate addition reactions was complexation of 

the enone to copper 13561. Steroidal ally1 epoxides were ring opened by organo- 

cuprate reagents (equation 322) [3571. Prostaglandin synthesis by three-component 

coupling (equation 323) was the topic of a review 13581. Copper(I) salts catalyzed 

the 1,4-addition of zinc homoenolates of esters to conjugated enones (equation 

References p. 424 
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324) [3591. Copper-imine complexes also added in a 1,4-fashion to conjugated 

enones (equations 325 and 326) 13603. Alkyl and aryl silylcuprates introduced 

this useful functional group into a number of conjugated enones (equations 327 

and 328) [361'1. 

[R2CuCNlLi2 + 

R = n-Bu, set-Bu, A', t-Bu, Ph 

RCu(PCy2)Li + LiBr 

-rt - 
0 

(319) 

+ I 

9 7 

i 

Alkylation 

Cc 

0 

C02Et 

P( 
C02Et 

(320) 

R1 
Me2CuLi 

(321) 

1 
Me 

R' = Ph, OMe, Me, H 

R2 = H, Me 

50-70% yield 



315 

(322) 

(R = 2, 3, or 4 pyridyl) 66-78X 

0 

+ "RCu" - 

I' 

Ro,&R 

RO 

(324) 

ZnC12 
R' / 

t 

r( 

16* 

Et20 CuBrMe2S 
OTMS ClZn C02R2 

HMPA 

R202C& 
/ OTMS 

63-92% 

R' = H, Me 

R2 = Et, iPr, Me 
6 & 4 H + '1 Et02CCXC02Et 

eg. & - Lco2, JIf!YEL L,,,, 
80% 
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t_ NR’ 0 

R,W51 
,Li cux ,Cu RNC + R'Li - RN=C, 

DI 
- R-N=C,n K. K- 

) R-I-tHCti2:R2 
R R' 

BF3.Et20 
60-90% 

cu 
t-BuN=&R + R' 'd$ wdR 

N (326) 

R = Bu; R' = Ph, Pr CBu 

go-93% 

(327) 
0 

0 

a 
SiR3 

89% 

1) CuCN phw C02Me 
SiR3 

PhMe2SiLi - Me(PhMe2Si)CuLi 
-A/ 

C02Me 

21 MeLi Ph 
73% 

ii+ o-i-““’ 
61% 



Me3SiSiMe3 
1) 2MeLi, HMPA 

2) CuCN 

(328) 

91% TMS 

,/(/C02Et 

87% 

A number of systems involving 1,4-additions to chiral substrates have been 

developed. Chiral aldehydes were produced by the addition of organocuprates to 

chiral aminals of conjugated aldehydes (equation 329) C3621. Addition of vinyl 

cuprates from chiral allylic alcohols added to conjugated enones with high asym- 

metric induction (equation 330) [3631. With chiral e-binapenones, organo- 

cuprates added with complete retention (equation 331) C3641. Direct insertion 

of the metal into the C-X bond was claimed. Addition of organocuprates to chiral 

a-sulfoxide-a,B-unsaturated ketones proceeded with high ee (equations 332 and 333) 

[365]. Vinyl cuprates added 1,4- to y-carboethoxy-a,@-unsaturated ketones to give 

a mixture of isomers (equation 334) C3661. o-Cuprates of chiral imines added to 

cyclopentenones with high ee (equation 335) [3671. Chiral cobalt catalysts pro- 

moted high ee in the addition of e-ketoesters to conjugated enones (equation 336) 

[3681. 

029) 

RCuX 

*-Me Li, H20, KCN 

PhCHCH2CH0 

R 

89% ee R = Me 

Referencea p. 424 
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Me2CuLi w 

x = Cl (-1 t 

R = H, Me (+) * 

R = p-tol, Me 

R' = Me, p-tol, n-Bu 

R C02Me 

)_( 
- 

H 

t-1 
(+I 

0 

(331) 

1) R'Cu THF 

-(i 

(332) 
20 Al/Hg 

R 
/' 

R' 

79% yield 93% ee 

1) p-tol2CuLi (53%) 0 

2) MCPBA (94%) 

(333) 

3) t-BuO-/MeI (50%) 

4) Me2CuLi-Me1 (25%) 
To1 

71% ee 
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GUI 
+ AMgBr - 

Me 

C02Et 

C02Me 
t 

3:2 t to c - - 

1) 

2) TMSCl 

3) aq NH40H 

OTMS (335) 

(Me0j3CH 
b 

SnC14 

86% 

48% 62% optically pure 

(336) 

cat. 

C02Me 

0 0 0 

cat. = Co(acac)2/(t) 1,2-diphenyl-1,2-ethane diamine 66% ee, 50% yield 

28% ee, 83% yield 
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a-Selenylsulfinates were s-alkylated by organocuprates (equation 3371 13691. 

6-Phosphonates of a,a-unsaturated esters were e-alkylated by organocuprates (equa- 

tion 338) [370]. Vinyl cuprates alkylated vinylphosphorous compounds (equation 

3391 C3711. Addition of organocuprates to cyclopropyl ketones was studied. a- 

Stabilization of the enolate was necessary and the reaction went via an SNZ' pro- 

cess (equation 340) [372]. Copper(III and nickel(II1 chelates catalyzed the 

Michael addition of acetyl acetone to 6-nitr0 styrene [373]. 

R S02Ar R 

x 

R'CuXLi 
S02Ar 

- 
-F( 

- (337) 

PhSe H(R) R' H(R) 

R' = Me, n-Bu, t-Bu, set-Bu 60-90% 

R = H, n-C8, n-Bu, TMS, Ph 

1338) 

0PO(OEt12 

dC02Me MeMgC1 ~ w02Me 

MeCu 
69% 

1 TMSCH2MgCl, Ni(I1) _ dC02Me 

a,,,-J +OEtj2 _ h&$ 
C02Me 68% C02Me 

R' 

RCuMgBr t R'GCH --+ 

t\ 
- 

* R')xJ 
- 

PO(OEtJ2 

R CuMgBr _ 
i 

R 

PO(OEtj2 70-90% 

R = Et, n-Bu; RI= H, Me, M 

_? 
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1340) 

Me$uLi 
-1,4 and 1,6 

* NR 

R=H 

R = C02Et 

N-Acylated pyridinium salts underwent alkylation at the 4-position by Gringard 

reagents in the presence of copper salts (equation 341) [374]. Titanium(IV) 

chloride promoted the Michael addition of ally1 silanes to a,e-unsaturated acid 

cyanides (equation 342) [375]. Benzyltitanium(IV) species added 1,4 to conjugated 

enones (equation 343) [276]. Alkylmanganes(I1) ate complexes a-alkylated CZ,B- 

unsaturated ketones (equation 3441 [377]. Acyl cobalt species were produced from 

the reaction of ketenes with hydridocobalt tetracarbonyl (equation 345) [378]. 

Iron-complexed fluorene Michael added to conjugated enones to give the alkylated 

hydrocarbon (equation 346) [379]. a,a-Unsaturated carbonyl compounds were 

reduced to unsaturated alcohols by iridium(I)-diamine complexes [380] and to 

saturated ketones by Pd/HCOOH/Et3N systems C3811. 

R 
(341) 

\ 

-0 

R H 

X 5% GUI 

Yj 

chloranil 

N' 
+ RMgX _ II p 

N h 
1) x 

N 

PhO 0 

PhO 
0 37-68% 

R = Me, Et, n-Bu, i-Pr, cyclohex, t-Bu, Ph 

X = Br, Cl 
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(341 continued) 

R 

CHO 

-- 

33-62% 

(342) 

')-z(; + ,r;-?-CN TiC14 ) R5&C;; 

TMS 

40-70% 
R3 = CH2TMS, H 

R4 = H, Me 

R5 = H, Me 

Phh9, 

Ph 

+ (PhCH214Ti . 
(343) 

Ph 

high yield 

(344) 

0 0 

(> I + Me3MnLi 

-6 

95% 

Bu3MnLi 56% 

R' 

=o + HCO(CO)~ v (345) 

R2 

R's = Me, Et, H 90% 
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(3461 

C. Acylation Reactions 

A review dealing with hydroformylation reduction and oxidation (494 references) 

has appeared C3821. Allylic halides were converted to s,u-unsaturated aldehydes 

by treatment with carbon monoxide and hydrogen in the presence of palladiumt II) 

complex catalyst (equation 347) [383]. 1-Nonene was hydrocarboxylated to linear 

Cl0 esters by catalyst such as (Ph3P12PdC12/SnC12/Me3CO/ROH in the presence of 

24 atomsof carbon monoxide 13841. With chiral diphosphines as ligands, up to 

52% ee was obtained in the palladium(I1) catalyzed hydrocarboxylation of 2- 

phenylpropene [385]. Olefins were converted to monoesters of diols by reaction 

with carbon monoxide in the presence of a palladium(II1 catalyst (equation 3481 

[386]. Alkynes were converted to cyclopentenones by hydrocarboxylation followed 

by reaction with alkyl cuprates (equation 349) [3871. Lactones were produced 

from aromatic alkynes by combined acetoxy mercuration/palladium catalyzed car- 

bonylation (equation 350) C3881. Prostacylin analogs were synthesized by 

alkoxypalladation/carbonylation of norbornadiene palladium(I1) complexes (equa- 

tion 3511 [3891. Palladium(I1) complexes catalyzed the intramolecular alkoxy- 

palladation/carbonylation of olefins to give lactones (equation 352) [390], 

(equation 3531 [3911. 

0 

C-H 

y Br + CO + H2 
L2PdBr 

cat.2 * h" (347) 

R 
80 atm/lOO' 

Q30% 

R=Me,H, ' y"ii 
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(348) 

R 

\_ 
+ HO(CH+nOH + CO 

PdC12/02/CuC12/HC1 Me 

- 
THF 

m RbHC02(CH2)nOH 

70-90% / 
R = n-C*, Me, also 6 , w , , 

(349) 

MeOH/CO 
C02Me 

-x 

Me#uLi 
* 

PdC12/CuC1 =-C02Me - 

C02Me 

NaOAc 

(350) 

Hg(OAc12 NaCl CO/MeOH 

w 

HOAc Li2PdC14 

MgO 

AcO 
60% 

OTMS 

C02Me HF/HOAc 

THF/H20 

AcO OAc 
'70% 

65% 
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(351) 

+ HO-CO2R 
AgOAc co 

Pd 

Cl2 

I 

as above 

I 

CO/MeOH 

NO amine - 

OLnn/c02tBu 

68% 

I 

k 

0 ~C02R 

I 
C02Me 76% 

I 

I 

OH 

1 eq Pd(OAc)2 

THF, CO 

OH 

Free OH favors cis lactone 
regardless of stereochemistry at 

Cl' 

x = OH; Y = H 
X = H; Y = OH 
X = OMe; Y = H 
X = H; Y = OMe 

H 
(352) 

13% trans 
loo:94 cis/trans 

6:5 cis/trans - 
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(353) 

PdC12 cat. MeOH/CO 
R 

CuC12 
- flYzMe + RJ---&84% 

R" 0 I 

70 
H ; 

30 C02Me 

R 

-0 
I 

OH 

15 R 

-9 

0 65% 

I 
H 

85 C02H 

R 

3 

OH \ 
* ,/Jx&/ R$qy% 

H ,! H 

83 
C02Me 

18 
C02Me 

R 

-? 

OH 
\ 

t - 84% 

Rfl * '+C02Me OH 

87% 
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Conjugated dienes were carboacylated by reaction with acylcobalt carbonyl 

complexes followed by nitronate anions (equation 354) [392]. Allene underwent 

amination/acylation upon reaction with carbon monoxide and nickel(I1) amine com- 

plexes (equation 355) (equation 356) [393]. Allenes were methoxy carbonylated 

usinq palladium(I1) catalysts (equation 357) [394]. 

(354) 

m + RCOCO(CO)~ - 
COG RCHNO2 

o= 

-R wy NO2 

R 
R' 

good yields. 

(355) 

fl ! 
OH 
II 2 

a= + co + Et2NH + (Et2NH),Ni12 - Et2NC-$-CH2NEt2 + Et2NC-$-CH2C-CH2NEt2 

CHZ 
CH2 g 

80:20/60% 

(356) 

===c fl ! R 
Z + CO + Et2NH + (Et2NH)2Ni12 - Et2NC-C-CH2NEt2 + Et2NCCCH2C-NEt2 

II 

27:73/68% 

= = + CO + MeOH 
PdC12/CuC12/HC1 

* 
02/25"/1 atm 

R 
.- - 

R 

19-46% R,R = Me, -(CH2)5- 

(357) 

C02Me 

= c OMe 
85% 
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The effects of substituents on the rate of carbonylation of o-palladated 

imines of substituted benzaldehydes was studied (equation 358) [395]. o-Palladated 

benzyl amines also underwent carbonylation and isonitrile insertion 

(equation 359) [396] as well as alkylation by a-haloesters. N-vinylphthalimides 

were hydroformylated. The regioisomeric distribution depended on the catalyst 

used (equation 369) i397). Cobalt hydroformylation catalysts were electro- 

chemically generated (equation 36) [398]. Rhodium carbonyl clusters catalyzed 

the carbonylation of olefins and acetylenes, and the cross hydrocarbonylation of 

these same substrates [399]. 

(358) 

70-96% 

y = 5' OMe, 5' Me, 5' Cl, 4' Me, 4' H, 4' NO2, 4' C1,4' OMe,5' NO2 

Electron withdrawing gp slows CO insertion 

(359) 

NR' 

+ Pd(0) + R'X 

2) AgBF4/Ph3P 
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(360) 

P cc 0 
CO/HX/cat. 

NW- 

II 

@$NT+&Ni;" 

II 
0 0 0 

HRh(CO)L3/(-)DIOP 100% 0% 

Pd C12/L2 - 1 1 

(361) 

~Co2(C0),(PBu3)21[Co(C0)21+ CO~(CO)~(PBU~)~ 
RCH=CH2_ 

CO/H2 
- RCH2CH2CHO 

1',- 

Co(acac)3+ CO + PBu3 + RCH-CH3 

I 
CHO 

Ethylene was converted to diethylketone by reaction with hydrogen and carbon 

monoxide inthe presence of palladium(I1) catalysts (equation 362) [400], and 

catalysts made by the pyrolysis of dicobalt octacarbonyl on carbon [401]. 

Propylene was aminomethylated with piperidine or morpholine with cobalt catalysts 

(equation 363) L-4021. Polymer-bond catalysts for alkoxycarbonylation and for 

asymmetric hydroformylation have been developed [403]. 

TFA,Pdr1,Ph3P 

H2 + co + C2H4 30_700 1 atm * 
Et i Et 

\I/+CO+ Z NH 
co2(co)8 

~r\,f+Z~N~ 
u PPh3,H20 - 

(363) 

Z = CH2,0 

89% 
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Cobalt-complexed enynes underwent clean acylation by acylium ions 

(equation 364) [404]. Oicobalt octacarbonyl promoted the cyclization of ally1 

propargyl ethers to bicyclic compounds (equation 365) [4053. The same complex 

catalyzed the cocyclization of acetylene and carbon monoxide to low yields of 

bicyclic compounds (equation 366) [406]. Prostaglandins were made by the 

reaction of olefins with cobalt-alkyne complexes (equation 367) [407]. Other 

cyclic systems were prepared by this same reaction (equation 368) [408]. 

(364) 

R1 R3 ' 

x_ 

R4?(+)BF4(-) 

R* - = CH2C12/MeR02 
* 

\ 
co2w)6 

R1 = H 

R* = H (CH2)3, (CH2)4 

R3 = H Me , 

R1 OR5 

R4 = Me, iPr, 

R5 = Me H , 

1-adamantyl 

R1 R* 

R3- 
X 

4 OM 

R3/ 

R1 = H, Me 

R* = H Me , 

R3=H,Me t/\/ 

25~" 

69-90% co m”% 
R3 R* 

29-41% 

OTHP 

(365) 

R1 



331 

(366) 

DME 

I 
co+cD)8 + CD + HC z CH - 

65' 

1 1 isooctane 

03 \' 

II 
0 

0 

h I ’ 
0 

10% 

9% 

c0#“)6 
CCL&k + I~-~~~ cope 

65% 

(367) 

H 
, /l/ 3 -cu - 1-_ o(yq+~ %Me 

OR 49% 

(368) 
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Cyclohexadiene iron complexes underwent Friedel-Crafts acylation when heated 

with acid halides and aluminum trichloride (equation 389) [409]. Oxidation of 

o-vinyliron complexes led to CO insertion to give a-acyliron species 

(equation 320) [410]. Alkylation of cyclohexadieneiron complexes with nitrite 

stabilized carbanions and carbon monoxide produced new acyliron complexes 

(equation 371) [411]. Iron pentacarbonyl cyclodimerizednorbornadienes with CO 

incorporation (equation 372) [412]. Cyclooctene andP-butyne were cyclized to 

bicyclic ketonecomplexes (equation 373) [413]. 

(369) 

0 /I\ + 

le(.CO)3 

Ril A1C13 
W 

R 

/ ’ 4 % 
II H 
ij 

Fe(CO13 

R = Me, 96% R = Ph, 50% R = CH20CH2, 65% 

0 

co R' 
CpFe 

Ag+/CO ) 
R2 

co 
or Ce*" 

R' 

R3 

73-90% 

qj + (-l)_CN _ co_ 
I 
Fe(C013 

(370) 

(371) 



Ar 
/ 

Fe(C015 

333 

(372) 

Ar = Ph, MeOPh 

Ar 

20% 

(373) 

Pe(CO)3 

(CO)3 

Fe(C015 + 0 &- O-Fe-)0 - = * 

& 

L " 1 

0 

75% 

Alkynes were converted to maleamides by reaction with carbon monoxide and 

diethylamine in the presence of nickel(I1) catalysts (equation 374) 14141. Dienes 

were dicarboxylated by nickel (0) complexes in the presence of carbon dioxide 

(equation 375) [415]. Alkynes and carbon dioxide were converted to a number of 

interesting organic compounds by nickel (0) catalysts (equation 376) 

(equation 377) [416]. 

(374) 

R R 

R -_- R + .(Et2NH)2NiBr2 + Et2NH + CO 70" w y 
-\ 

+ Et2NCOCONEt2 

C02NEt2 C02NEt2 

R = Me 84% 

Et 87% 

Ph 68% 
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R 

X 
H 

R --H -G *R- -_ - C02NEt2 + _ 

C02NEt2 
C02NEt2 

R = Me 46% 25% 

Et 47% 28% 

8u 12% 40% 

(375) 

MeOH 
w + CO2 + (TMEDA)Ni(O) - _ 

HCl 
Me02CA02Me 

40% 

RI-c-R' "'+f 
R-:-R + CO2 t L t Ni(0) - 

i 
-1 0 

b N 
PhN t 

” 

R 

x 

I 0 
R 

0 



(CDT)Ni + RCH = CHR + CO2 + L - 

Rhodium(I) complexes catalyzed the intramolecular hydroacylation of olefins 

to give cyclic ketone (equation 378) [417] (equation 379) (equation.389) 

[415]. Homoallylic alcohols were cyclocarbonylated to lactones using rhodium(I1) 

catalysts (equation 382) [420]. Molybdenum, tungsten and cobalt catalyzed the 

addition of acetaldehyde to methyl acrylate to give lactones (equation 383) 

[421]. Cyclocarbonylation reactions of alkynes and alkenes has been reviewed 

(251 references) [422]. Methyl acrylate was hydrocarbonylated by cobalt 

carbonyl catalysts [423]. Alkylmanganese complexes acylated olefins under high 

carbon monoxide pressures (equation 384) [424]. Group VI metal carbonyls reacted 

with zirconium diene complexes to produce new carbene complexes (equation 385) 

[425]. 

(378) 
0 0 

Ii 
C-H 

4 
L3RhC1 

/ 
,;' 

R 
Rl Rl 

50-80% 

References p. 424 

Rl = Me, CH20H, CH2C1, CH20Ac 
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CHO 

u 

CHO 

e OTHP 

THPOI' 

L3RhCl 

40' 74 hr 
(379) 

t '&OR 'THPo,,@13 

OTHP 
I 

CO/H20 

(381) 

Me1 

56% 

(382) . 

""Owy) 1) $/;Rh:o*, ) Bno 

OH 
2) PCC 

(6 cases >80%) 
0 



v OEt t CH3CHO M(Co)n * ,+ (383) 

0 0 0 

M = Co, MO, W 

RMn(C014 + 
0 I 

3-4 bar 

337 

da co 

I Q;oj4 Et3BH- ~ &J----+H 

K2C03 
MeOH 

\ 

Ct-p 

M = Cr, MO, W 

+ M(C0)6 (385) 

MKO15 

51% 
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2. Carbonylation of Halides 

Palladium(O) catalyzed oxidative 

been used to synthesize a number of 

additionlcarbonylation 

important heterocycles 

C4271, (equation 387) [4281. Oivinylketones were prepared 

of aryl halides has 

(equation 386) [4261 

by the palladium 

catalyzed coupling of vinyl halides with vinyl tin reagents (equation 388) [4291. 

Diallylketones were prepared in a similar way (equation 389) [430]. n 

CO/Pd(OAc)2/PPh3 

120° 

(386) 

COPh 

5 atm 

R'O 
CO/Pd 

Me0 
OR3 0 

- - SEN 215 R' = Ts 

R2 = PhCO 

R3 = OAc 
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R4 0 

Pd cat. 
+ co + 

R3Sn 40-5o" 

50 psi 

Ph 

+ 

- --- nPr - - 

nBu 

JAI 2 

Ph 

I 

0 

45 - 
I ir’ CO$n 

I 
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PdCl2(MeCN)2 

2L 

‘i-?i” 
54% 

16% 

---f+4y*2Me +d)oe/co2Et 
0 0 OMe 

CO Me 
I 2 

23% 52% 

Heteroar~atic halides were converted to esters in a palladium-catalyzed car- 

bonylation process (equation 390) 14311. The kinetics of a related process have 

been studied C4321. Aryl halides were converted to aldehydes using palladium~~) 

catalysts and pol~ethylhydrosiloxane as a hydrogen donor (equation 391) C4331. 

Alkynes were acylated by aryl halides and carbon monoxide in the presence of 

palladium(O) catalysts (equation 392) C4341. 



HetArX + CO + EtOH 
L2PdC12 

w HetArC02Et 

100' 100 psi 

341 

(390) 

HetAr = 

3ase 
ArX + CO + PMHS w ArCHO (391) 

L4Pd cat. 

BO-110' 

Ar = Ph, 4-BrPh, Z-MePh, 4-MePh, PhCH2, 4-MeOPh, 1-Naphth, 0- 
/ \ 
5 

1) L4Pd/Zn/Cu/Cp2TiC12 
(392) 

ArI + PhCzCH + CO w ArCOCH=CHPh 33-80% 
2) H20 Ar 

ArCOCH=C< O-26% 
Ph 

COAr 
ArCOCH2CH< O-448 

Ph 

Product distribution depends on conditions. ArCsCPh O-122 

Rhodium(I) complexes catalyzed the conversion of aryl and benzyl halides to 

esters using aluminum alkoxides (equation 393) 14351 or boron alkoxides (equation 

394) [436]. Cobalt carbonyl catalyzed the alkoxycarbonylation of monosubstituted 

methyl chlorides [437]. 

RBr + CO + A1(OR')3 

R = PhCH2, 4-MePh, Z-MePh, 

C(olefin12RhC112 ! 
+ RC-OR' (3931 

? 
60-80% 

w 
2-naphthCH2, Ph , Ph, l-napht. 
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ArCH2Br + B(OR'l3 + CO 
[(olefin)2RhCll, 

t ArCH2C02R' (394) 

70-100% 

Ar = Ph, 4-MePh, 3-MePh, 2-BrPh, 2-Naphth 

R' = Et, Bu, iPr, tBu, nPr 

Iron pentacarbonyl converted benzyl bromide and n-butylbromide to esters under 

phase-transfer conditions C4381. Nickel carbonyl coupled organomercuric halides 

to symmetrical ketones (equation 395) [4391. Benzyl halides were coupled to 

dibenzyl ketones by iron pentacarbonyl under phase transfer conditions (equation 

396) C4401. 

0 

OMF 
RHgBr + KI t Ni(CO), w R R 

7 

80' 20hr 

R = n-Bu, A&*~ 

Fe(C0)5 
0 

ArCH2X p 
Ptc 

ArCH2&H2Ar 

40-80% 

ArCH2X = PhCH2Br, PhCH2C1, ptolCH2, 4-BrPhCH2, s-naphthCH2 

(395) 

(396) 

3. Carbonylation of Nitrogen Compounds 

Nitroarenes were reductively carbonylated to carbamates by catalysts containing 

PtC12(PPh3j2, SnC14, and triethylamine [441][442]. Similar chemistry was accom- 

plished using platinum-iron catalyst systems (equation 397) [4431 and ruthenium 

carbonyl catalysts (equation 398) [4441. 2,6-Dinitrotoluene was carbonylated 

using palladium and rhodium catalysts [4451. Nitrobenzene was carbonylated to 

phenyl isocyanate by palladium catalysts C4461[4471[4481. 
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N02 6 CO, 2 EtOH 
NHC02Et 

(3971 
L2PtC12/Et3N/FeC13 

NO2 
190° 60 Rg cm-2 NHC02Et 

50% 

N02 
NHC02R' 

t 3C0 + R'OH 
Ru3(COl12 

(3981 

Ru(CO13L2 

R 
160' 82atm 

Et4NCl 

R 

up to 93% 

Aniline was converted to carbamates and ureas by carbon monoxide in the pre- 

sence of a number of catalysts (equation 3991 C4491. Palladium black catalyzed 

the carbonylation of amines to carbamates (equation 400) [450]. Palladium- 

catalyzed double carbonylations giving pyruvyl compounds was shown not to proceed - 
via pyruvyl complexes, but rather by reductive elimination from bis-acyl complexes 

(equation 401) [451], (equation 402) [452], (equation 4031 [4531. 

M/I- 
PhNH2 + CO + ROH + O2 _ PhNHC02R t PhNHCONHPh (399) 

cat. 

M/I- = Ru black/I; 5% Rh/C I-; Rh13/CsI; Pd black/If 2% PdlSi021f IrC12/Ic 

5% pt/c I.' 

RNH2 

R = Ph, 

Pd black/I- 
t CO + R'OH + O2 

86 kg/cm2 

w RNHC02R' 

Q 
170° 

Bu12, p-Me2NPh, 

(400) 

Referencea p. 424 
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R\pd/L 
L' 'x 

00 
CO/R2'NH I,,, 

R\ ,L 

* RCC-NR2' 

RPd\L 

L 00 R2NH 
0 00 

Cl-id-z-;-R - 

; 

R!-NR2' 
0, I, 

NOT RCCNR2 - 

0 

R;-Pd(C0) 

00 
0 #I 

RC-C-Nut 

(401) 

(402) 

(403) 

Phenyl azide (equation 404) and phenylazirene (equation 405) were carbonylated 

to a number of products by Fe2(CO)g [454]. Aziridines were ring-opened with car- 

bonylation by a number of hydridometal carbonyls (equation 406) [4551. 

PhN3 
Fe2(CO)g 

* PhNH2 + PhNHC02Me + PhNHCONHPh (404) 
MeOH 

21% 51% 20% 

(405) 

Ph 

h 

Fe2(C0)g 
Ph / -Y + \ 

N MeOH 

ph)/ +Ph<>h 

NHC02Me 0 

14% 34% 22% 
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R2 

R3 

a 

_R' + HM(CO)n (406) 

R5 R4 
M - MO, W, Mn, Co 

R' = H, Me, tBu 

R2 = H, Ph 

R3 = H, Ph 

R4 = H, Me, Et 

R5 = H, Me 

4. Carbonylation of Oxygen Compounds , 
Carbonylation of methyl acetate to acetic anhydride and applications of the 

reaction has been reviewed (75 references) [456]. The mechanism of oxidative 

carbonylation of alcohols using palladium catalysts has been studied [4571. Ally1 

carbonates were converted to 6,u-unsaturated esters by palladium catalysts (equa- 

tion 407) C4581. Vinyl triflates and vinyl tin reagents were coupled with car- 

bonylation by palladium(O) catalysts (equation 408) iI4591. Capnellane was synthe- 

sized using this chemistry (equation 409). Cyclobutanones were converted to 

cyclopentanone silyl enol ethers by alkyl silanes and cobalt catalysts (equation 

410) [4601. Aldehydes were carbonylated to a-hydroxyaldehydes by manganese 

hydride complexes (equation 4111 C4611. 

R+OYOEt 2% Pd(OAc12 'd,,, 

0 
CO, Ph3P 

(407) 

References p. 424 



346 

Otf 
I 6, -$j, 0, ““)?“” wo,-k 

L4Pd/LiCl/C0 

THF/55' 

(408) 

0 

76% 

S”M 
3 Sn e 3 

Me3SnPh 

“- E vTMS, snWTMs, SnMe4, 

(409 ) 

Otf 
0 

t Me SYTMS 
L4Pd 

3 co 

TMS 

BF3 
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0 
OSiR3 

cf' 

HSiEt2Me, CO 

C02K0)8, Ph3P, 175' -o- 

\ 
OSiR3 

(410) 

95% 

OSiR3 OSiR3 

m" -(&OsiR3 & - dOSiR 

88% 73% 

OSiR3 

Qq-rO _ @jp+OSi' 

100% 

0 

;s”- 0 

0SiR3 

0 OTMS 

(CO15MnSiMe3 + (C015MnH + 8 H- H&&R (4111 

I 

;I 

c9 

L-l- 

HLOTMS :,,'a 

38% 59% 

R = Me, Ph - 
‘ib 

, , Ph 

55-78% nmr yields 

Reference8 p. 424 
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5. Miscellaneous Carbonylations 

Synthetic applications of some metal carbonyl complexes 

(38 references) [462], as has carbonylation of zirconocene 

ences) [4631. Palladium salts catalyzed the carbonylation 

has been reviewed 

complexes (49 refer- 

of diaryliodonium 

salts to diary1 ketones and a-diketones 14641. Aryl diazonium salts were conver- 

ted to,aryl aldehydes by carbon monoxide, triethylsilane and palladium(I1) acetate 

(equation 4121 [4651. Rhodium(I) carbonyl complexes carbonylated cage compounds 

(equation 4131 C4661. A stable rhodium alkyl-acyl complex has been isolated 

(equation 4141 C4671. 

ArN2BF4 t CO + Et3SiH 
Pd(OAc12 

w ArCHO (4121 

60-80% 

Ar = 4-BrPh, P-MePh, 3-MePh, 4-MePh, 2-PhPh, 2-ClPh, 3-ClPh, 4-ClPh, 4-BrPh, 

4-COMePh, 4-Et02CPh, 3-N02Ph, 4-N02Ph 

R R 

1) Rh2(CO)4C12 

*=Q$ 

0 
(413) 

2) 2 L 
100% 

R = H, OH, OAc, Cl 

R= PhCH2, PhCD2, PhCrC, Me, Et 

3 ; 
?? 

N 

R 
0 Cl ‘A - Rh 0 

I 

(414) 

6. Decarbonylation Reactions 

Decarbonylation reactions using transition metal complexes have been reviewed 

(91 references) [468], as has carbonylation and decarbonylation cycles of alkyl 

complexes in catalytic cycles (32 references) [4691. The steric and electronic 

influences on the reaction mechanism of the catalytic decarbonylation of acid 

halides using rhodium carbonyl complexes was studied C4701. 



7. Reactions of Carbon Dioxide 

Ally1 esters were decarboxylated 

The activation of carbon dioxide by 
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by palladium(I1) acetate (equation 415) [4711. 

metal complexes has been reviewed 14721. 

Palladium(I1) salts catalyzed the carboxylation of arenes (equation 4161 14731 

and nickel(I1) salts the carboxylation of aryl halides under reducing conditions 

(equation 4171 C4741. Carbon dioxide inserted into a manganese-carbon bond 

(equation 418) [4751. 

&(r 04 
0 

(415) 

ArH + CO2 + Pd(I1) 
30 atm 

- ArC02H 
150° 

(416) 

ArH = PhH 120% Based on Pd 

PhOMe 125% 

ClPh 40% 

-0 Nit111 
Br Y t CO2 + 2e- 

O2- (4171 

Y = F, PhO 

(C0J4Mn 
CO2 

(418) 

No yield 

Flefereaces p. 424 



Nickel(O) catalyzed the carboxylation of conjugated dienes (equation 419) C4763 

(equation 4201 E4773. Methylene cyclopropane was cooligomerized with carbon 

dioxide by palladium complexes (equation 421) [4781, Ally1 carbonates were 

decarboxylated by rhodium or cobalt catalysts (equation 422) C4793. Phenylacetic 

acid was decarboxylated to totuene by copper oxide in acetonitrile [4&O]. 

(419) 

+ co* f (COD)Ni(bipy~ ---+ ------w 
C02H 

(4201 

MeOH 
+ * 

HCl 

R R R'I 

0 

L OMe 
2540% 

(4211 

L,Pd 
+ co2 - e 

cat. 
up to 80% 

(equation 421 continued on next page) 
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(421 continued) 

“is--;;r+F 
CoHN2L3 

e” OPh RhHL4 
e fi + CO2 + MOPh 

0 
or RuH2L4 

25-80' 

(422) 

D. Oligomerization 

Nickel-surface complexes in x-type zeolite or on silica catalyzed the dimeri- 

zation of olefinsC4811. Anionic rhodium(I) complexes heterogenized on the surface 

of silica gel catalyzed the cyclodimerization of norbornadiene [482]. n-Allyl- 

nickel halides heterogenized on alumina catalyzed the dimerization of propylene 

14831. Nickel(O) complexes catalyzed the dimerization and codimerization of 

cyclopropenes (equation 423) [484]. Ethylene was oligomerized by silica or 

alumina supported nickel{111 complexes [485]. Copper and iron powder in solvents 

dimerized allyl-vinyl type chlorides [486]. 

References p. 424 
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R' R 

R Ni(CODJ2 

I co*it 
=/ 

NitCOD 

C02Et 

-I - 

(423) 

t 
02Et 

C62Et 

Bisphosphine-n3-allylpalladium cationic complexes catalyzed the dimerization 

of acrylate [4871, (equation 424) [4881. A rhenium dimer was a slow catalyst for 

olefin dimerization (equation 425) [4891. Nickel diethyldithiocarbamate/diethyl- 

aluminum chloride mixtures catalyzed the codimerization of styrene with ethylene 

c4901. 

(424) 

+ 

OMe PdC12(MeCN)2 

/ 

A9RF4 

_He02C/JCyCozMe+ Me02C+'"."' 

0 
up to 50% 1:l to 6:94 

(425) 
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Palladium(O) complexes catalyzed the dimerization and codimerization of mono- 

substituted acetylenes 14911. "The Synthesis of High Polymers from Substituted 

Acetylene-Exploration of MO and W-Based Catalysts" was the title of a review 

[492]. Nickel complexes catalyzed the polymerization of propargyl halides and 

alcohols (equation 4261 [493]. 

Ni cat. 
HCzC-CH2X - polymer 1000-3000 mol. wt. (426) 

hygroscopic 

X = Br, Cl; cat = Ni(NCS)2(Bu3P)2 

X = OH Ni12(PPh3j2 

Isoprene was dihydrodimerized by nickelf acetylacetonate/ligand/Li alkoxide 

catalysts C4941. Nickel(O) complexes catalyzed the dimerization of butadiene to 

linear dimers rapidly under mild conditions (equation 427) [4951. Isoprene was 

dimerized by n3-allylpalladium catalysts (equation 428) [496]. Chiral iron 

diimineCOmpleXeS catalyzed the dimerization of butadiene to vinylcyclohexene with 

low ee (equation 429) C4971. Osmium carbonyl clusters catalyzed the oxidative 

diaerization of bicyclic dienes (equation 430) [498]. Copper(I) triflate cata- 

lyzed the photodimerization of 1,3,5-hexatriene (equation 431) 14993. Butadiene 

telomerized with carbon dioxide in the presence of palladium(II1 complexes (equa- 

tion 432) [5001. Allene was converted to dienylalcahols by palladium(O) cata- 

lysts (equation 433) C5011. 
(427) 

94-98 selectively 

L f Ni(CODJ2 c linear dimers 1,3,6 octatrienes 
400 

10 min 2,436 

100% conversion 

Ph 

L = MeNHCH-CHOPPh ,,, MeNHCH,CH,OPPh,, OPPh, 

R3P 80' 
(428) 

91:9 79% yield 

References p. 424 
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+ os3Ko),2 650 -,,,m (430) 
MeOH 

25% 

hv 
W- 

CuTf 

(431) 

c 

86% - - .o + - - 
14% 

acac 

M + Pd(acac)2- & 
W 

acac 

II 
F = t H20 *'Fllu 

(432) 

1) L 
. 

2) co2 

3) HCl 

(433) 

(ROH) Pd(dba)2/PPh3 1' ;iR) 

63% 

Allylic chlorides and chromium(III) chloride promoted the rhodium(I) catalyzed 

iodimerization of butadiene with 2,7-octadienes [502]. The mechanism of the 

linear and cyclic iodimerization of 1,3-dienes with ethylene in the presence of 

n5-cyclopentadienyltitanium catalysts has been studied [503]. Cobalt complexes 

catalyzed the iodimerization of myrcene with methyl acrylate (equation 434) c5041. 

Organic halides promoted the rhodium(II1) catalyzed iodimerization of butadiene 

with octadienylacetates (equation 435) r.5051. Nickel(O) complexes catalyzed the 

codimerization of butadiene with vinyl silanes (equation 435) C5061. 
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C02Me 

+ 
f 

[Co1 
I - 02Me 

- OAc +w 

&TMS 

Ni(0) 
+2- - 

L 

(435) 

RhC13 
dodecotrienyl acetates 

- linear/branched = 1.4/l 
AcCl 

(4361 

TMS 

TMS 

The relation between the nature of the components of Ti containing Ziegler 

Systems and their activities and stereospecificities in the polymerization of 

dienes has been reviewed (153 references) [507], as has polymerization and co- 

polymerization of dienes under the influence of transition metal complexes 

(125 references) [508] and the metathesis reaction in polymer chemistry (160 

references) C5091. The cyclotrimerization of 1,3-butadiene on complex organo- 

metallic catalysts in the presence of dimethyl sulfoxide has been studied [510]. 

Titanium(IV1 complexes catalyzed the cyclotrimerization of butadiene (equation 

437) C5111, while n3-allylnickel complexes catalyzed the 1,4-oligomerization of 

butadiene [512]. 

References p. 424 
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(4371 

Butadiene was telomerized with carbon dioxide to form octadienylcarboxylate 

esters. These were used in a synthesis of the brevicomins (equation 438) [5131. 

Rhodium(I) complexes telomerized butadiene with carbon dioxide (equation 439) 

[514], while palladium catalyzed the telomerization of isoprene with methanol 

(equation 440) [515], butadiene with formamide (equation 441) [516], butadiene' 

with cyclic ketones (equation 442) [517], isoprene with cyclic ketones (equation 

443) [518], and butadiene with aminopyridines (equation 444) [519]. Manganese 

and iron carbonyls telomerized 1-hexene with carbon tetrachloride and methyl 

chloroacetate C5201. Cationic palladium(I1) complexes catalyzed the codimeri: 

zation of ethylene and carbon monoxide (equation 4451 C5211. Cobalt carbonyl 

catalysts on alumina converted olefins and carbon monoxide to mixed hydrocarbons 

[5221. a-Chloroimines were dimerized by methyl copper (equation 446) [523]. 

Pd(OAc12 
(438) 

w + CO + EtOH 
Ph3P 02Et + 

79:21 

C02Et 
1) MCPBA 

-- e t 

21 H2504 

+ Pd"/Cu" 

O2 

I 
Et 
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(439) 

&Lb + CO2 

Rh(C2H4)2(acac) 

PEt3 
-Jr+& 

0 

& r ‘3 (no yields) 

Pd cat. 

t Me,-/ + Meo + + 

OMe 

MeOm t * 

0 

m + H;NH 
PdI'lPh 

(441) 
P/Et Al 

3 3. t 
2 CF3COOH NHCHO 

n =O,l 
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/ / ^( 
Pd(OAc) 

t 
H20, PEt3 

n=O,l 

(444) 

NH2 
Pd(acacI2 

W/ + 
Et3A1, PPh3 

CO + CH2=CH2 + LnPd(CH3CN)4_n(BP4)2 
CH2C12 ) 

300 psi 

MeCu 
W 

and 

& 
I 

Y N 

BO-100% 

n =1,2 

0 
(445 1 

•E-cH~cH~$-~ 

(446) 

Cobalt catalyzed cyclotrimerization of alkynes continues to find extensive use 

in organic synthesis. Cobalt mediated 2+2+2 cycloadditions - a maturing synthetic 

strategy was the topic of a review (106 references) [524], as was a nonbiomimetic 

approach to the total synthesis of steroids - the transition metal catalyzed 

cyclization of alkenes and alkynes (10 references) [525]. The syntheses of cyclo- 

butadienoids by thermal and cobalt-mediated cyclizations of diynes was the topic 

of a dissertation [5261. The full experimental details for the cobalt catalyzed 

cyclotrimerization of alkynes in the synthesis of polyciclic systems (equation 

4471, (equation 448) C5271, (equation 4491, (equation 450) [528] have appeared. 



369 

This general process has been applied to the synthesis of polysilated aromatics 

(equation 451) [5291. 

H 
E 

[ ‘-, 

cpco(co12 / 

/ $ *o 
< 

(447) 
isooctane 

/ 
--_-TMS cocp TMS 

34% 

cpco(co)2 
(448) 

L- -TMS 

Me0 

/ YMS 
cocp 

84% 

cpco(co)2 

65% 

CpCo(CO), 

Me0 

6 0 

8 

(450) 

TMS \'/, 

:I 

cocp 

0 

65% 
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I 
R 

0 

R&OR I + C02R' 

I 
C02R' 

R 

75-99% 

R = Me, Ph, C02Me, C02Et, C02iPr, C02tBu 

R' = Ye, Et, iPr, tBu 

HC:C-CH20Tol + 

361 

(435) 

+ B-25% 

1,3,5 isomer 

ArO OAr 

(436) 

ArO OAr 

45% 

Nitriles cocyclotrimerized with alkynes to give pyridines in the presence 

of borabenzene cobalt catalysts (equation 457) 15361. The differences between 

cobalt(O) and cobalt(I) catalysts for the process have been examined [537l. 

Pyridoxine was synthesized by the cocyclotrimerization of a diyne with a nitrile 

(equation 458) [538]. Nitriles cyclotrimerized to triazines with Fe2(C0Jg as 

catalysts (equation 459) C5391. Aryl isocyanates cyclotrimerized to isocyanurates 

when photolyzed in the presence of a manganese catalyst (equation 460) [5401. 

Ph-B/_\ Co(COD) 
RC:N t R'CXH 3 

(437) 

130° 

R = NH2, SMe, H, A/ 

R' = H 
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R---e LO_-_ -R + MeCN 
CP*CO 

t 

R 

73% 

R = H, TMS 

(458) 

R02C 

TMS- -_ -O- z -CO2R - 

68% 

PhCH2 CN 
Ph 

L 

CN + Ph-CN 

Fe2(CO)9 

220° -'-(I) 

(459) 

/ 1 

N, 
N- 

with REN; R = Bu, Ph, (CH2)4 42-713 62% lr 
Ph 

ArNCO 
CpMn(CO13 

* 0bN-a 

k 

(450) 

78% 
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E. Rearrangements 

1. Metathesis 

A book (399 pages) on olefin metathesis has appeared [5411. Homogeneous 

metathesis of unsaturated hydrocarbons has been reviewed (78 references) [542]. 

Metathesis of 1-hexene over rhenium-oxide-alumina catalysts has been developed 

[543]. Metathesis of fatty esters has been reviewed (29 references) [544]: Meta- 

thesis of unsaturated esters has been carried out over Re207/A1203 catalysts 

with tin cocatalysts [545]. Metathesis of methyl lo-undecenoate was catalyzed 

by tungsten(V1) chloride-tetraalkyltin systems [546]. Tungsten(U) chloride or 

tungsten(V1) oxychloride in the presence of silanes was an efficient metathesis 

catalyst for unsaturated esters or nitriles, but not amides [547]. The metathe- 

sis catalyst Re207/A1203/Me4Sn converted conjugated dienes into alkenes, conju- 

gated trienes and conjugated tetraenes [548]. A similar catalyst was used to 

cometathesize 1,5-hexadiene with 2,3-dimethyl-2-butene [549]. Mixed ruthenium(II)- 

ruthenium(II1) catalysts metathesized vinyl siloxanes (equation 461) [550]. 

Tungsten carbene complexes underwent metathesis with carbodiimides (equation 462) 

[551][552]. The diphenyl carbene-tungsten complex underwent a photochemical 

metathesis which involved a visible absorption and photoejection of carbon monox- 

ide (equation 463) [5531. The same metathesis went much more slowly under thermal 

conditions. 

Ru(I1) 
2 (R013SiCH=CH2 - 

Ru(II1) 
(R013SiCH=CHSi(OR)3 

40-60% 

R' 

t R2N=C=NR2 - 

Ph 

R' - (462) 

(C015W-C-Ph 

I I 
C-N-R2 

R2N' 

t CH2CH2 (46’ 1 

R' 

Ph 
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(463) 

OMe 

,Ph (CO) 5w=c, / Ph + hv 

Ph - CH2=',Ph + 
KO),W=C 

'Ph 

Ph 

A paper dealing with the stereoselectivity of the ruthenium and osmium 

catalyzed metathesis ring opening polymerizations ofnorbornenes has appeared 

c5541. In the tungsten catalyzed ring-opening polymerization of norbornene with 

olefins, two kinetically distinct propagating metallacyclobutanes were proposed. 

Terminal olefins were thought to act as chain transfer agents [555]. Norbornenes 

containing pendent amino groups underwent ring opening polymerization with tung- 

sten metathesis catalysts (equation 464) [5561. Tungsten-carbyne complexes 

polymerized alkynes (equation 465) and cyclic olefins [5571, and catalyzed ace- 

tylene metathesis (equation 466) [558]. 

W(C0J3(mesitylene) 
--_._ .____) 
EtAlC12, 02 

\ NR 
2 

82-100% 

(464) 
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(CO)4:;CPh + R-I-R' - polymer (465) 

alkyne = Ph-r, Me-z, tBu-:, nBu-9, Me-Z-Et, Me-!-Me, H-I-H,H-z-(CH,),Cl, 

H-:-(CH2)3C02Me,(CN),H-?CH20Me,, H-I-C02Me 
L‘ 

(R0)3W Z C 
+ 

+L--_/ 

W3W v R = 2,6-iPrPh 

(466) 

-+ 

--_/+ 

I-- 

2. Olefin Isomerization 

The mechanism of 1-butene isomerization by zeolite A has been studied [5591. 

The highly electrophilic palladium(I1) species (MeCN)4Pd2+(BF4)2- catalyzed 

olefin isomerizations via n3-ally1 palladium species [560]. Olefins were readily 

rearranged by Cp2TiC121LiAlH4 catalysts [5611. Photolysis of cyclooctadiene 

copper(I) complexes led to olefin isomerization (equation 467) [562]. 

[3.3.0.0ltricyclooctane 

3. Rearrangements of Allylic and Propargylic Oxygen and Nitrogen Compounds 

Palladium(I1) complexes catalyzed the rearrangement of allylic esters with 

high stereoselectivity for the E-isomer regardless of stereochemistry of the 

starting material (equation 468) [563], (equation 469) [564]. Allylic carbamates 

were more reactive than acetates, which were more reactive than carbonates C5641. 

Palladium(I1) complexes also catalyzed the rearrangement of propargyl phosphorous 

compounds (equation 470) [565] and ally1 sulfinates (equation 471) [5661. 
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0 

2R2 

R' PdC12(MeCN12 

* 

R' = Me, Et, iPr, Ph 

THF 

R* = Me, Ph 

A' 

1 - 

-0 

2 
Y 

0 - 

i 

- 
0 -7f 

0 
3 - 

0 
O:R* 

R' 

80-90% 

(468) 

(469) 

12 3 - - - 

3% PdC12(MeCN12 1 2.3 0.03 86% 

w 1 2.3 0.03 100% 
THF 15 116 97% 

OAc 

/ 

&OAc PoAc 9 dTAc 
R-E 7 don't rearrange 

OAc 
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R3 

Pd'I cat. A, s 
* 

i* 

P: 
6' '0 

(470) 

\ 

t 
R* 

70-90% 

A = EtO, HCrCCH 0, 
12 

Ph, MeNH, Me2N 

6=EtC Ph;R = H, Me; R2 = H, Me; R3 = H, Me 

R" 

OSOR2 

R2&R1 
L4Pd 

w 

Palladium(O) complexes catalyzed the conversion of ally1 carbonates to 

0 

R&OCHCH=CHRl (471) 

2 

ketones (equation 472) C5671, (equation 473) C5681. Molybdenum(O) and nickel(O) 

complexes catalyzed a similar rearrangement (equation 474)[569]. Ruthenium(II1) 

acetylacetonate catalyzed the rearrangement of ally1 alcohols to aldehydes 

(equation 475) C5701. Zirconium oxide on alumina catalyzed the same rearrange- 

ment at high temperature (280') lI5711. Palladium(O) complexes catalyzed the 

rearrangement of ally1 epoxides to a,a-unsaturated aldehydes (equation 476) [5723. 
0 

OW 
R 

8 0 

Y 

Pd(O) 
0 (472) 

H (no Ph3P) 

R' 

(473) 

\ 

5 dppe c &+&+ & 
Pd(OAcj2 

15 cases 
~1.5L 63% No L 99% 

0 

Mo(C016/dppe 

R 
or L4NC 

(474) 

or RhHL3 60-90% 

-NCOe _ also 0 

\/* 

On NW 

- 90% 

Reference6 p. 424 



Ru(acac)3 
0 

RCH-CH=CH2 

ALI 
4 

. R&CHCH3 

f, 

R = Me, Et, nPr, iPr 
77-92% 

(475) 

(476) 

Ally1 amines were rearranged to enamines by Wilkinson's catalyst (equation 

477) [573]. When that process was blocked by substitution, olefin isomerization 

resulted (equation 478) [574]. Chiral rhodium(I) phosphine complexes catalyzed 

the isomerization of allylamines to enamines with greater than 96% ee [575] 

(equation 479) [576]. Propargyl amines were isomerized to dieneamines by 

ruthenium(I1) hydride catalysts (equation 480) [577]. The heterocyclic ally1 

amine in equation 481 underwent rearrangement when treated with rhodium(I) cata- 

lysts [578]. 

R (477) 

Me 
L3RhC1 cat. 

X 
63-75% 2:l E/Z 

X = NMe2, OMe, CN, H (NO2 fails) 

R = H, Me 

XPh 91”’ - ($Fz 
no yields 

(478) 
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N 
NMe2 Rh(t) BINAP - t wNMe2 (479) 

78% 

m - 
NMe2 

NMe2 - 
NMe2 

rNNe2 _ y'""Me2ttr'LNMe 

Ph 2 Ph NMe2 

98% 

0 NEt2 - u""' 

94% 

- 
NEt2 NEt2 

100% 

with chiral Rh complexes and prochiral allylamines up to 97% ee 

_J (TM~) 

RCH2- SG 
2 1% L3RuHC1 

iao" 
w 

RW 

NTMS2 
(480) 

60-75% 

(481) 

q-!-!YcoE; $n:, 

H 2 
. 

($5 --L2!L +-q 

0 2 0 C02Et 

60% 73% 
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4. Skeletal Rearrangements 

Carbon skeleton rearrangement of aldose by molybdate was the subject of a 

review (16 references) [5791. The mechanism of dehydrocyclization and skeletal 

isomerization reactions of hydrocarbons in the presence of metal catalysts has 

been reviewed (170 references) [580], and studied in detail [581]. Palladium(II1 

complexes greatly accelerated the photochemical rearrangement of quadricyclane 

to norbornadiene [582]. The kinetics of this isomerization has been studied 

[583]. Iron(II1) catalyzed the ring opening of a cubane-like structure (equa- 

tion 482) [584]. 

Ph 

Me 
(482) 

Mercury(I1) and palladium(I1) catalyzed [3,3] sigmatropic rearrangements have 

been reviewed [5851. A dissertation dealing wtih chain topology of palladium 

dichloride catalyzed Cope rearrangement of 1,5-hexadienes has appeared C5861. 

Palladium(O) complexes catalyzed the rearrangement of diene substituted cyclopro- 

pane dicarboxylate (equation 483) [587]. Nickel (II) chloride catalyzed the 

rearrangement shown in equation 484 [588]. 

L4Pd cat. 

r DMSO 

5o" 
R 

X = C02Me, S02Ph, COMe 

Y = C02Me 

R = H, Me 

also - 

R 

16 cases 

82% 

(4831, 
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5. Mixcellaneous Rearrangements 

Palladium(I1) acetate catalyzed the aryl group exchange between triphenyl 

phosphine and tri-ptolyl phosphine via a radical process 15891. Photolysis of 

an n3-farnesyl palladium complex gave a mixture of squalene isomers [5901. 

III. Functional Group Preparation 

A. Halides 

Stereo- and regioselective halogenation and oseudohalogenationvia organo- 

metallic compounds has been reviewed (65 references) [591]. Propargyl sulfinates 

were halogenated by copper halides to give haloallenes (equation 484) C5921. 

Carboxylic acids were a-iodinated by iodine and copper(II) acetate (equation 

485) C5931. Propargyl alcohols were converted to allenic halides with clean 

antistereoselectivity by copper(I) halides (equation 4861 [5941. 

Me0 

X \’ 
H 

7 

\' 

I 

LiCuX2 

BF3.0Et2 

THF, 20' 

H OSOMe 
\\\' 

I 

LiCuX2, THF, A 

RCH2COOH 
12/Cu(OAc12 

* RCHC02H (4851 

i 

R = Me, Et, nPr 85-90% 

(484) 
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An unactivated steroidal methyl group was iodinated via a ligand directed 

palladation (equation 487) E5951. Norbornene was oxychlorinated by palladium( 

chloride sodium nitrite (equation 488) [596]. Cyclohexene was dibrominated by 

mixture of nickel(I1) oxygen and molybdenum(V1) dibromide complexes (equation 

489) (5971. Olefins were chlorinated by manganese(II1) acetate/copper(II) 

chloride (equation 490) [598]. Epoxides were opened to trans bromohydrins by 

nickel(II) bromides (equation 491) [599]. 

(487) 

HO 

c, 
I2 HO 

MeC13 a * 'N' 
= 5 

I 2 
40% 

+ PdC12 + NaN02 __c 

I) 
a 

0 I /o 
Br 

+ (tBuNC)2Ni,A + (489) 

Br 

35% 



RCH=CHR + Mn(OAc13 
CuCl* 

_ RCHCHR 
I 8 
ClCl 

60-91% 

373 

(490) 

+ Li2NiBr4 
THF It &Br 

("soft" bromide) 

(491) 

cc0 -g; cb -aoH phA -Lr Ph 
Br 

H OH 

“R _I;%N ’ 

Me CN 
go-100% 

B. Amides, Nitriles 

Ketals were converted to cyanohydrin ethers by treatment with isocyanides and 

titanium(IV) chloride (equation 492) [600]. Iodocarbonates were converted to the 

corresponding acid cyanide by copper(I) cyanide (equation 493) [6011. Nickel(O) 

complexes catalyzed the addition of HCN to alkynes (equation 494) [602] and 

dienes (equation 495) 16031. The stereochemistry of addition was cleanly cis. - 

With acyclic dienes linear products were favored by Lewis acids (equation 496) 

c6041. 
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R' OMe 
CH2C12 -x 

R' CN 
-70 to +20 

80-90X 

R OMe 
R OMe 

X t tBuNC 
Tic14 

R, R' = H, Ph, nPr, (CH2)4, (CH2)5 

0 CuCN 
0 

ROE-1 w RO?-CN 
MeCN/CH2C12 

75% 

(492) 

(493) 

R1_i_R2 t HCN 
L4Ni cat. 

1494) 

120° 

R' = Ph, C02Me, tBu, Pr, Ph 

ii2 = Ph, C02Me, Me, H (B formed when R2 = HI 

20-96% 

0 \ / + DCN 
CN Cl 

CN 

Nit01 CN 
M + HCN * a 

CN 

t (496) 

(Lewis acid favors) 

Palladium(O) complexes catalyzed the formation of N-allylphthalimides from 

allylic acetates, ethers, and carbamates (equation 497) [605]. Ruthenium tetroxide 

oxidized morpholines to amides in low yield (equation 498) [606]. Gabuline was 

synthesized in a process involving amination of a cyclohexadienyliron complex by 

a carbamate (equation 499) C6071. cx Azido amides were converted to enamides by 

sodium rhenate (equation 500) [6081. 



315 

k- x + 

!?S 
X = OAc, OPh, OC 

I;HC6 

0 0 

HN 3 L4Pd 
-wN 

3~ 

(497) 

0 
0 

Ru04 _ QLJLo + ':i 

low yields 
H 0 

499) 

(CO)$e 
w (CO)$e -- 

H2NC02tBu 

NHC02tBu 

R' 

AC~O, NaRe04 

R Y Y 

N3 
R NHAc 

R = nPr, Me 

R' = ii, Me 

Y = NMe2 

50-80% 

a’so q - q-H-c 

(500) 
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C. Amines, Alcohols 

The mechanism of the amination of olefins has been studied in detail [6091. 

The stereochemistry of this process was shown to be stereospecifically E, 

by isolating the unstable o-alkylpalladium(II1 complex and characterizing it by 

nmr spectroscopy (equation 501) [610]. Allylic amines were synthesized by the 

palladium catalyzed aminoalkylation of 1,2-dienes (equation 502) [611]. 

Me2NH 
W (5011 

H NHMe2 

13 
C nmr 

(also done for cis olefin) - 

- /" + ArX 
Pd(OAcl2 

-- * R TNEt, (5021 
Et2NH 

Ph3P 
Ar 

Sodium borohydride reduced oximes to amines in the presence of nickel(II1 

chloride (equation 503) [612]. 0-Alkylaldoximes were hydrolyzed to alcohols and 

ruthenium imine complexes by C(H,N~,RU(H,~~+I salts C6131. Formamide was reduced 

to methylamine by hydrogen and Group(V1) transition metals [614]. Aldehydes were 

reductively coupled to diamines by vanadium(IV1 amide complexes (equation 504) 

C6151. 

N-OH NH2 
NaBH4 

A 
R R' NiC12.6H20 

-) R R' 

70-94% 

(5031 

NOH 

NOH 
2 

Ra -RL . 



vc14 

Ar= Ph, pMeOPh, 

R = Et, (CH215 

11 3 LiNR2 NR2 
21 CH3Li Ar 

* Ar 

31 0.8 ArCHO + 

NR2 

20-W% 

&? , 1-Naphth 

311 

(5041 

Nitroaromatics were reduced to amines by silica-supported poly(vinylpyrro- 

lidinel-palladium complexes and hydrogen C6161, by sodium borohydride-copper(I) 

chloride [6171, by trans dihalobis(pyridine1palladium(IIl and hydrogen C6181, 

and by ammonium formate/palladium on carbon (equation 5051 [619]. Aliphatic and 

aromatic N-oxides were reduced to amines by titanium(III1 chloride [620], while 

the same reagent reduced N-nitrosamines to hydrazines (equation 5061 16211. 

Nitrobenzene was reduced to anil\ne by Rh6(C01,6,carbon monoxide, and water 

(water gas shift conditions) [622]. 

RN02 
HC02NH4 

* RNH2 (5051 

10% Pd/C 

MeOH 

R = nPr, 31%; n8u, 49%; 
% % 

y" , 82%; Et02CCH2-$ 64%; H02C-, 98%; 

Me02C(CH213-, 81%; Me02CH20CH2;;-3, 75% 

3 

also ArN02 with F, MeO, Me, NH2, CN, PhCO I) Note ArI - ArH 

N - NO 

R 4 

TiC13 
* 

H+ or NH3 

(5061 

R1=R2=Me Et nPr 

iPr, nBu: (CH214,'(CH215, 

(CH2120(~~212 
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Aromatic amines were alkylated by alcohols in the presence of ruthenium(II1 

chloride (equation 5071 [6231, and underwent alkyl group transfers in the pre- 

sence of platinum(I1) chloride and stannous chloride (equation 5081 [6241. 

Phenyl isocyanate and benzaldehyde condensed in the presence of nickel101 com- 

plexes to produce imines (equation 509) [625]. Enamines were produced from 

ketones by reaction with titanium(IV) morpholine complexes (equation 510) [626]. 

ArNH2 + ROH 
1% RuC12L3 

. 
150-180' 

R = Et, nPr, nBu, Bu 60-88% lo-20% 

R = Me, iPr, secBu 0 12-30% 

RNH2 
PtC12L2 SnC12*2H20 

W 
180° 5hr 

R - nBu, 74%; Bz, 81%; , 59%; 

ArNR2 + ArNHR (5071 

R2NH (508) 

,, N-NH2 
2 

- 0 
H 

8% 

HXPh Ni(O)/L LNi 
PhNCO + PhCHO - -co + PhCH=NPh (509) 

120° 'N 4 
2 

;h ' 

0- NH + Tic14 --+ complex t enamine 
R 

R' 

0 

qH TH 0 Ph' pMeOPha 02NPhl 

Phq &0 = high yield 

(5101 
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Olefins were hydrozirconated, then hydrolyzed to give terminal alcohols in 

good yields C6271[6281. The reagent resulting from reaction of titanium(III1 

chloride with sodium borohydride and 18-Crown-6 "hydrotitanated" olefins to 

ultimately produce alcohols upon hydrolysis (equation 511) [629]. Cyclooctene 

was converted to the allylic alcohol by rhodium(I) catalyzed oxidation (equation 

512) [630]. NorbornadienewaS oxidized to a tricyclic diol by hydrogen peroxide/ 

Moo3 (equation 513) 16311. Styrenes were converted to benzyl alcohols by reaction 

with borohydride and oxygen in the presence of cobaltltetraphenylporphyrin com- 

plexes (equation 514) [632]. Manganese porphyrins performed similar chemistry 

i6331. Ally1 alcohols were produced by the nickel(I1) or palladium(I1) catalyzed 

reaction of silylmethyl Grignard reagents with vinyl halides followed by oxida- 

tion with MCPBA (equation 515) [634]. Ortho palladated azobenzenes were oxidized 

by MCPBA (equation 516) [635]. 

(5111 

NaBH4 + TiC13 + 18-Crown-6 - [cat.] + R- - H+ 

OH 

R/\/OH +RA 

20 

A 
80 

Ph 
\J 

Ph 
A \ti4 -95 W 

t 

o/&/5'% 

5 

/O--77% 
Ph 

12 - 
0 3 

4 

5 

03P, 02, RhI 4 
+ Ph3P0 

H202/Mo03 HO 

-&f 

OH 

(5121 

(513) 
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\ 

ti 

R2 

OH 

BH - 
4 ' O2 

'-CHR*R~ 

;(' (514) 

X 
R3 

CoTPP -GFc 
X 

30-808 

X = H, 4C1, 4Me, 20Me, 40Me, 4Br, 4N02 

R' = H, Me, indene, Ph 

R* = H, Me, CH*~H, CH=CH*, CH*CH=CH*, (cH~)~cH=CH~ 

(515) 

SiMe(OEtj2 

R\/I MgX + '&_+ Br NiCl*dppe RJT'* 

III 

MCPBA , 

R 

60-70% 

Br 

Me1 PhWBr, NBr, , MI, Br 

also work 

(516) 

0 
MCPBA 

- -- 

N 

60% 
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Cobalt(I) hydrides effected a photolytic transfer hydrogenation (equation 517) 

[636]. A large number of other metal complexes were efficient transfer hydro- 

genation catalysts (equation 518) [637], including Ir(COD1(PPh312+ [638]. 

Cobalt TPP catalyzed the BH4- reduction of ketones under irradiation 16391. 

Chiral rhodium complexes catalyzed the asymmetric reduction of aryl ketones by 

silanes (equation 519) [640]. 

(5171 

0 
OH 

0 

R R + 
MeOH 

-R 
cat. 4 R t CH3E-H (518) 

H 

cat. = (Me5C5Rh12C14, (Me5C5Rh)2(W31C1, 0sH(Br)(CO)L3, (C5Me51r12C14 

0 
L*Rh 

ArE-R t Ph2SiH2 - 
HO 

Ar 

up to 97% ee 

C02R 

(519) 

Osmium tetroxide oxidized chiral sulfoximines to chiral diols with (assumed) 

100% ee (equation 5201 [641]. Indoles were oxidized by Mo05.HMPA (equation 521) 

C6421. Electrochemical reduction of hindered aryl ketones in DMF in the presence 

of chromium(III1 chloride gave a-glycols without polymerization (equation 522) 

[643]. 
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0 (520) 

0 

+ Pht*-Me - F_ 0 

\ / iMe 
\ / = = 
.- = = 

OH OH 

73-98% yield 

OTBOMS 100% (assumed) ee 

IJ Mo05'HMPA 

N MeOH * Q*OMe 

&& - Q$OHR H 

R OH 

(521) 

X 

(522) 

= nil, CH2, 0 
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D. Ethers, Esters, Acids 

Palladium(I1) salts catalyzed the alkoxypalladation of dienes to give ethers. 

The regiochemistry of alkoxylation (equation 523) [644], (equation 524) c6451 

depended on the specific reaction conditions. 

L = MeCN 

R = H, Me, Et, iPr O-752 O-768 O-60% 

(523) 

OAc 

OMe 

(H20/HMPA favors) (MeOH favors) (H20/acetone) 

(524) 

PdC12(MeCN)2 

Q 

I I 
KHC03 

"2 

81% 

Palladium-catalyzed oxidations in selective organic syntheses has been reviewed 

(20 references) 16461. The full details on the palladium-catalyzed 1,4-acetoxy- 

chlorination or diacetoxylation of 1,3-dienes has appeared (equation 525) [6471. 

This process was utilized to make dienic amines (equation 526) 16481, and func- 

tionally differentiated 1,4-diester-2-enes (equation.527) [649]. Diene phospho- 

nates and sulfinates were also prepared by this procedure (equation 528) [6501. 
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AcO OAc 
Pd(OAcj2 

AcO- H2'n 

BQ, Cl- -V (525) 
- 

I 

Cl 
/ Pd, 

BQ 
OAc OAc 

no Cl- I 

APd, 

0 AcO BQ 

AcO 

b02Me OAc 

OMe 

(526) 

0 

w 

LiCl, LiOAc 
Cl P(OE$ 

Pd(OAcj2 cat. 
w AcO w 

* 
w 

&OEt 

I- AcO 

BQ, AcOH 80% 
70% 

0 
R2NH 

t w 
b(OEtj2 .') KDA 

w 
0.05% L4Pd R2N 

21 R'CHO 
R' 

71% 40-80% 
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0 

- 
Pd(OAd2, CF3COOH/LiCF3/02 cF3;-0 

t W 
(527) 

HOAc/Mn02/BQ OAc 

6 cases 

(5281 

& 
Pd" cat. 

/ * AcO&" ,,;;';a WAcO&so2ph 
2 

/ 

Pc;,j 

Abusov 

AcO&"oEt'2di0) &, 8,,,,,, 

I 
Et3N 

3 
/&-& 

S02Ph 

Olefins underwent clean allylic oxidation when treated with palladium(II1 

acetate under oxidizing conditions (equation 529) [651], (equation 5301 C6521. 

Manganese(II1) acetate acetoxylated conjugated enones at the Sp3 a-position (equa- 

tion 531) [653]. Ally1 sulfinates were acetoxylated and/or chlorinated by pal- 

ladium(I1) catalysts under oxidizing conditions (equation 532) [6541. 

0.5 mole %, Pd(OAcJ2 

BQ, Mn02/HOAc 

n = 1-4, 6 
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+ 1.91/4 
85% 

0 n I 
b-t+- 

0 

tl I 

+dnA 
OAc 

80% 

0 

Mn(OAc13 
AcO 

-6 I (53P) 
PhH 

50-87% 

OAc 

(532) 
PdC12, AcO- 

R S02Tol 
w 

or Cl- 
w 

Cu(I1) 

RF'"'"' + RyS02Tol 

OAc Cl 

from 86:0 to 7:84 depending on conditions 
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Sterically hindered esters were prepared from a-thiopyridyl esters and 

copper(I1) bromide (equation 5331 16551. Ally1 sulfides were converted to 

ally1 acetates by copper/copper(II) acetate mixtures (equation 534) [6561. 

Alcohols were converted to esters by oxidation by ruthenium carbonyls (equation 

5351 16571. Primary alcohols were oxidized to esters, secondary alcohols to 

ketones, and aldehydes to acids by t-butylhydroperoxide and a molybdenum(V1) 

catalyst (equation 536) 16581. Z-Ethylhexanol was oxidized to the acid by cobalt 

E-ethylhexanoate catalyst [659]. 

0 

R-;-OR' 

CuBr2 

R = nC7; tBu; Et3C; Ph; 1,3,5-Me3Ph; adamantyl 

R' = tBu; Et3C; 1,3,5-Me3Ph; Me 

(533) 

R A,,, + AcO- Cu'Cu(oAc12 

AcOH 

~ R AoAc'534' 

40-80% 

R = H, prenyl 

0 
2 RCH20H Ru3K0112 

Acceptor 
* RfOCH2R + 2 Acceptor H2 

60-99% 

R = Et, nheptyl, PhCH2, 4C1PhCH2, 4MePhCH2, 4MeOPhCH2 

R4N+Mo(OlBr4 + tBuOOH 
RCH20H fl 

_I__) RCOR 

0 

yT- R A R 

(535) 

(536) 

R*R 
RCOH 0 

= RCOOH/R:OR 
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(536 continued) 

---rfiOH& 
80% I 

OH 

+oO” 
87% 

27 OH 

52% 100% 
92% 

OH 

OH 
99% 84% 

50% (diketone) 

OH Ph_ ’ 

OH 37% 

x 

t 

OH low 

60% (only!) 

yR cOHI"1"p" 

OH 
65% 

48% 60% 

Iron(II1) salts catalyzed the oxidation of a-haloketones to diesters (equation 

537) [6601. Styrenes were converted to monoacetates of diols by cobalt(II1) 

acetate catalysts (equation 538) [6611. Ruthenium(I1) complexes catalyzed the 

periodate oxidation of aromatic rings to carboxylic acids (equation 539) C6621. 

Enols of a-diketones were oxidized to ketoacids by oxygen and copper(I1) Cata- 

lysts (equation 540) [663]. Ruthenium(V1) and (VII) complexes oxidized alcohols 

to ketones or acids [664]. Ally1 esters were cleaved to the free acid by pal- 

ladium(0) catalysts (equation 541) [665]. Allylic alcohols were oxidatively 

cleaved by t-butylhydroperoxide in the presence of molybdenum(V1) catalysts (equa- 

tion 542) C6661. 



02/FeC13 

MeOH 

389 

(537) 

R' (538) 

R* H20/HOAc 
R'OAc R'OH 

+ CO(OAC)~ * Ar&HR2 

iH 

t Ar-t-iHR2 

;)Ac 
X 

R' = H, Me, Ph 

R* = H, Me, Ph 

fair to good yields 

X = Ii, Me, Cl, Br, MeO, NO2 

Ph 

NaI04 

(bipy12RuC12 

OH CuC12*2H20 

R 
O2 MeOH 

R 
73-87% 

R' = H, iPr, Me 

R* = H, Me, iPr 

(539) 

(540) 
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OBz 

L4Pd 
c 

I 
0 
JH 

THF, 25' 

PN 

Y 
C02H 

(541) 

Il/l?c/" is protecting group) 

OH 
tBuOOH 

Mo02(acac)2 
* mCO2H + wCozH 

+ H~OOH 

E. Heterocyc~es 

A number of reviews dealing with transition metal mediated heterocyclic syn- 

thesis have appeared. These include: "Catalytic Synthesis of Nitrogen containing 

Heterocy~les" (195 references) 16671; "Synthesis of Heterocycles via ~rgano~tallic 

Intermediates" (dissertation) c6681; "Heterocyclic Synthesis by Metal Carbonyl 

Induced Cyclization Reaction" (47 references) [6691; "Cobalt Catalysis in the 

Synthesis of Nitrogen-Containing Heterocycles Pt 1 The Protoberberine Alkaloids; 
Pt 2 Vitamin B6@' (dissertation) C6703; "Reduction of Heterocyclic Compounds with 

Sodium Borohydride-Transition Metal Salts" [671]; and "Synthesis of Heterocycles 

from a-Dicarbonyl Derivatives of Ferrocene" C6721. 

Nolybdenum(V) chloride dispersed on silica was an efficient catalyst for the 

epoxidation of cyclohexene C6731. Dicyclopentadiene was epoxidized by 02 in the 

presence of MoU2(acac)2 (equation 543) E6743. Pallad~um~II) acetate catalyzed the 

epoxidation of olefins by peresters (equation 544) E6753. Palladium(I1) nitrile 

complexes epoxidized norbornene, but converted most other olefins to ketones [676]. 

Ruthenium(III) chloride catalyzed the epoxidation of olefins by periodate (equation 

545) [677]. a-Haloepoxides could be alkylated by Grignard reagents in the pre- 

sence of copper(I) catalyst (equation 546) C6781. 



02/Mo02(acac) 

0 

0O;Ph 
R' 

Pd(OAc)2 

-Ff 
(544) 

cat. 
Me R 

0 

>=( /=( /--r\ gozEt& 7 

Ph Ph Ph Ph 

45% 88% 48% 59% 17% 7% 

36% 14% 1 

R' R2 

X - 
R3 R4 

Ph 

\ 
- 

83% Ph 

RuC13/bipylNaI04 R\ ,R' 

b 

CH2C12/H20 

O-50 R3 

P 

45% 24% 48% 10% 

0 

70% 

66 ’ -a- 
56% 65% 

(545) 
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(5461 

R 
1) GUI R 

A 
MgX 

X 
2) I- 

80-96% 74-85% 

Manganese-porphyrins catalyzed the epoxidation of olefins by sodium hypo- 

chlorite (equation 5471 [679], by cumyl hydroperoxide (equation 548) [6801, and 

by hypochlorite under phase-transfer conditions (equation 549) [6811[6821. 

Molybdenum porphyrins catalyzed the epoxidation of cyclohexene by t-butylhydro- 

peroxide [683] as did other molybdenum 0x0 compounds [684], while molybdenum 

stearate was efficient for the epoxidation of trisubstituted cyclohexenes (equa- 

tion 550) [685]. Complex molybdates catalyzed the epoxidation of allylic alcohols 

by hydrogen peroxide (equation 551) [6861. Iodosylbenzene epoxidized olefins 

in the presence of iron porphyrin complexes (equation 552) [687] or copper(II) 

nitrate L6881. 

RA 
Mn(TFPP)Cl cat. 

+ NaOCl * RA 
(547) 

TFPP = 5,10,15,20(F5Ph)porphyrin 

40-80% 

R = Br(CH2j3, CH3CHCH2, 

Ph- 

Ph /-7Ph 

/ 

Ph 

- 

Ph 

Mn(TPP)Cl + ImH 39% 

w epoxide 

cumyl hydroperoxide 
trace 

, nC6, “cg 

27% (548) 

18% 

41% 
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Mn(TPP)OAc 

M 
R' 

R 
+ NaOC 1 

py R4N+Cl- 
-R/v (549) 

70-90% 

(best for di and trisubstituted olefins) 

j$ + tBuOOH Mo(VIj $ 
(550) 

(studied ligand effects) 

OH 

+ H202 

[PMo,,~,~~~~CC~H~N+(CH~),~CH~~~ 
t OH (551) 

R 

AnAn-* \ \ OH 

298% 
OH 

98% 
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&I I 
0 dv 

30-858 

C6H510 

FeTPP cat. 

HO 
45-73% 

(5521 

The mechanism of titanium tartrate catalyzed asymmetric epoxidation has been 

reviewed [689][690]. Chiral tartrate esters were linked to polystyrene resin 

and used as epoxidation catalysts for geranoil with t-butylhydroperoxide and 

titanium(IV) isopropoxide. Up to 66% ee was obtained [691]. Sharpless epoxi- 

dation of ally1 alcohols was further examined [692]. The asymmetric epoxidation 

of homoallylic alcohols under "Sharpless" conditions went with only modest ee 

and enantioface selection was opposite that of allylic alcohols (equation 553) 

[693]. The chirality of epoxidation of allylic alcohols depended on the ligand 

to catalyst ratio (equation 554) (equation 5551 [694]. The stereochemistry of 

0s04 oxidation of allylic alcohols was studied and it was observed that "the 

relative stereochemistry between the preexisting OH or OR groups and the adjacent, 

newly introduced OH group of the major product is erythro in all cases C6951. 

Phenyl azide reacted with cyclooctene in the presence of palladium chloride to 

give two heterocyclic complexes (equation 556) [696]. Iron and manganese porphor- 

ins catalyzed the conversion of stilbene to an azirine (equation 557) [6971. 

u I H _-oJJH pJ 
ll-25% 55% ee 50% yield 36% ee 

30% yield 50% ee 

VH -y-J” JJ” kp” 
50% yield 41% yield 60% yield 15% yield 

41% ee 27% ee 23% ee ?% ee 

(553) 

OH 

Y, 
I 

62% yield 

48% ee 
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Ph 

Ph 

Ti(OiPr)4/l_ 

OH OH 
2:24 

96% ee 

Ph 

2:l 
-L 

0 OH 

Ph 

82% ee 

(554) 

(555) 

Cl 

'4 
0 

A-0 
I\' OH 

Ti(OtBuJ4 
OH 

TiC12(0iPrj2 OH 
OH 

Cl4 
(+)DEt (+)DEt -L 

OOH OOH c14 

OH- 0 

-J/ 
OH 

c14 

(556) 

PhN3 + 0 5 (f--$N )dC12 + 

Rl 

[oj PdC12 

2 

+ PhI=NTs A7 
\' 

Ph Ph MnTPPCl N 
Ts 

/-=\ 

Fe"'TPP Ph \\ Ph 
(557) 

up to 80% 
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Titanium(IV) chloride converted ketene acetals and imines to 6-lactams (equa- 

tion 558) [698]. The condensation of enolates of acylironcomplexes with imines 

went with high diastereoselectivity. Oxidative cleavage produced s-lactams 

(equation 559) [699], (equation 560) 'E7001. Allylic epoxides were converted to 

a-lactams via n-ally1 iron species (equation 561) [701]. With chiral amines enan- 

tiomerically pure 6-lactams were produced (equation 562) C702j. Carbene inser- 

tion into diazetidinones gave an unexpected product (equation 5631 [7031. 

Palladium(O) catalysts were used to cleave a new carboxy protecting group from 

s-lactams (equation 5641 [7041. 

Rl\ ,OTMS 
RL R' 

TiC14 R'-U-" 
e 

R3CH=NR4 
R OTMS 

A N'-R4 
0 

60-75% 

(5581 

R' = Me, Ph; R2 = Me, H 

R3 = Ph, iPr; R4 = Ph 

0 0 OA1Et2 

'\ A AN/ 
R2 -42' 

oc" 
,t Fe 

I 

+ R' 

(5) 
PPh3 

R = nPr, Ph 70% 

R's = Ph 80% 

0 0 0 

OC ,*" 
\FeA 

1 
PPh3 

(2) 

1) BuLi 

2) E-PhCH=NPh 

PPh2 

h 
lo-2O:l 

R HN 40-80% 

(560) 

0 
CuC12 

Ph - 
or 

Ce(IV) 

1-diastereoisomer NO CHEMICAL YIELDS! 
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0 

R* = Me, H, Ph 

R4 = H, Ph, C6 

also work 

0 I . 
0 

qo_ z”c;;J-;co~3L!$~Me + Me$:e(coJ3 
(from Eq. 561) 29% 30% OMe 

(561) 

1) RNH2 

R4 

2) ox. 

Me 
87% (563) 

C02Me 0 
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n (564) 

TMS 
w co; 

cc-Lactams were ring expanded by reaction with carbon monoxide in the presence 

of cobalt or rhodium carbonyl catalysts (equation 565) [7051. Aziridines were con- 

verted to cyclic imides by molybdenum hexacarbonyl (equation 566) [706]. Azon- 

dines were ring-opened to metallacycles by metal carbonyl hydrides (equation 567) 

c7071. 

0 

R 

b 

CO[Rh(C0)2C112 

0 

-Rx 

NR' (565) 
N 
R' 

or Co2(CO)B 

or Co4(CO),2 0 

70-100% 

R, R' = t-k, adamantyl 

+ R"CH2C02Et 
Mo(C016 

R' 
H 0 

R = 4BrPh, 4MeOPh, 4MePh, 2MeOPh, 4ClPh 

R' = H; R" = C02Et, CN, PhCO 

27-68% 

(M = MO, WI 

R + HM(C0)3Cp 

or 

HMK0J4L 

(566) 

(567) 

(M = Mn, Co) 
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Nicotine was oxidized to a number of products by periodate in the presence of 

rutheniu,,I(IV) oxide (equation 568) [708]. Cyclic amines were electrochemically 

oxidized ko lactones in the presence of ruthenium tetroxide (equation 569) [7091. 

w-Olefinic trichloro acetamides cyclized to lactones when treated with ruthen- 

ium(III) or copper complexes (equation 570) [7101. Lactams were also formed 

by photolysis iron-diene complexes (equation 571) [711]. The Lewis-acid assisted 

reactions of N-acylimidazoles with transition-metal nucleophiles was the topic 

of a dissertation [7123. 

Q4-J RU02'104 * QJ? + 

OMe 

cf R N 
C02Et 

-2e- 
R 

Ru04/NaC1 

acetone 

(5t31 

fl 

(1 ';' t 

N 

(569) 

x X 
n = 1,2,3 
89-97% 

96% 

C02Me I 

X 
C02Et 

95% 

1 
N- 

I 
C02Et 

References p. 424 



400 

R3 3 

R4 

=k- 

R4 
/ R3 RuC12L3/PhH 

Cl 

R* 
or 

0 N 
R' R* CuCl/PhCN 

_;C$$j3 + ;$$ 

R2 

R* 
60-90% O-17% 

R' = H, N t , PhCH2 

R*, R3, R4 = H, Me 

Palladium catalyzed synthesis of heterocycles (particularly pyrroles and furans) 

has been reviewed (13 references) [713]. Copper(I1) chloride catalyzed the con- 

densation of s-ketoamides with diazo compounds to form pyrroles (equation 572) 

c7141c7151. Titanium(III1 chloride deoxygenated N-hydroxyimidazoles (equation 573) 

[716]. Azobenzenes were cyclized to indazoles diazaheterocycles by palladium 

chloropalladate via an ortho metallation process (equation 574) [7171. Low valent 

cobalt salts catlayzed the reduction of N-substituted pyridinium salts to dihydro- 

pyridines [718]. 

0 0 0 

R'NHE-N=N-C=CHR3 " / 
R4 

f? 

+ R6:CH2CN,R5 

R' = H, Ph; R* = Me; R3 = C02R'; R4 

R5 = H, Ph, 4ClPh, 4MeOPh; R6 = Me, 

R6 
(572) 

0 

11 CuC12.2H20 
0 

w R'NHZNH-N 
R4R5 

2) -H20 

= H, Et; R* 

Ph 70-97% 
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OH 

I; -o- \ R 

N 

Tic13 
R 

CH30H 

R = PhCH2, tBu, 

OR' 

J+ 0 
R2 

/N 
N’ co 00 

Na2PdC14 
t 

MeOH 

R', R2 = H, Me 

(573) 

OR' 

51-75% 

Benzopyrans were produced from fluorobenzenes having alcoholic side chains by 

treatment with a rhodium(II1) complex catalyst (equation 575) [7191. Copper(II1 

catalyzed the insertion of diazoketones into arenes to give benzopyrans (equation 

576) [7201. Oihydrofurans were produced in the copper metal catalyzed condensa- 

tion of a,a-dibromo 1,3-diketones with olefins (equation 577) [721]. 2-Vinyl- 

1,4-dioxane was prepared from butadiene or dichlorobutenes by using a variety of 

catalysts including CuCl, PdC12, CuC12, CrC13, HgC12, ZnC12, and FeC13 [7221[7231. 

(5751 

R2 2 

5 
+ [(q6C6H61(n C5EtMe41Rhl 

2+ 
- 

R' = H, Me 90% 

R2 = H, CH20H, g-FC6H4CH2 
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R’ 0 

oCH2:CHN2 

R', R* = H, Me, tBu 

0 
Br 

tl- 
R 

Br t 

cl 

c phk 
Ph 

96% 99% 

48% 

73% 

y + I_ 

C5 
30% 

81% 

1 
e 

C02Me Ph -S _ 

65% 
0- 

Z - 

34% 

70-80X 

0 

84% 87% 

(576) 

0 

4-a cu I (577) 

R ' 

also works 
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The detailed mechanism of palladium catalyzed a-methylene lactone synthesis 

from acetylenic alcohols has been studied and is as shown in equation 578 17241. 

Cyanoacetic acid reacted with cyclohexene in the presence of manganese(I1) acetate 

to give a-cyanolactones (equation 579) 17251. Malonic acid behaved in a similar 

manner (equation 580) [726]. (X Hydroxylactones were oxidized to pyruvyl lactones 

by oxygen and ruthenium dioxide (equation 581) [727]. Chromyl chloride cyclized 

olefinic alcohols to lactones (equation 582) [728]. 
I07 

oe 
\ 

L-Pd-L \ 

t1 

C02H 

-_ OH 
= co I 
= 
-_ 
R 

\ 
C02H 

(578) 

Mn(OAc12 
R4 (580) 

80% 

02/Ru02 

180' 

(8ipyH2)CrOC15 

(5811 

(582) 
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Indoles were prepared by the copper(I) iodide catalyzed reaction of o-iodo- 

aniline with ketone enolates (equation 583) [729]. Ruthenium(II1) chloride 

catalyzed the formation of quinolines from alcohols and nitrobenzenes at high 

temperatures (equation 584) [730]. Palladium(O) complexes promoted the formation 

of carbazoles (equation 585) [731]. Manganese(I1) acetate catalyzed the cyclo- 

trimerization of trichloroacetonitrile (equation 586) [732]. Cyanogen and s- 

diketones combined to form pyrimidines in the presence of a number of transition 

metal complexes (equation 587) [7331. Molybdenum(O) was used as a template to 

assemble a macrocyclic poly thio ether (equation 5881 C734l. Cyclic sulfones 

formed from 4-pentenylcobalt complexes and trichloromethylsulfonyl chloride (equa- 

tion 589) [735]. 

60-80% 

R' = Me, Et, CH2C02Et; R2 = C02Et, COMe, COPh 

(584) 

N02 
+ RCH2CH20H 

::;;3 * ' &R 

X=H R = Me 50% 

Et 70% 

X = pOMe R = Et 70% 

C02Me 
C02Me 

1.5 eq L4Pd 

THF 80' 21hr 
(5851 

81% 



Mn(OAc)2 

cc13 

C13CCN A 
MeOH/H20 + H2N ' NH 

3 

9% 49% 

COMe 

405 

(586) 

ccl3 

t 

Me0 
A 

' NH 

26% 

h CONH2 

M(acacj2 'I 
NX-CZN t 

(587) 
R R' 

COMe 

R = Me 

R' = Me, OMe COMe 

M = Mn, Co, Ni, Cu good yield 

SnY 
(588) 

Mo(C0)3(MeCN)3 + (Me4N12(S- -(T)" 

;l"rYCo 

co 

Br Br 

S 

good yields 

Co(dMgH12py 

w 
hv 

cc13s02c1 
(589) 
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F. Alkenes 

Allylic chlorides were converted to dienes by treatment with palladium acetate 

at high temperature (equation 590) [7361. Ally1 acetates underwent a similar 

conversion in the presence of palladium(O) complexes (equation 591) [7371. B- 

Aminoketones were oxidized to vinologous amides by palladium(I1) chloride (equation 

592) C7381. A cheap, fast and convenient method for the conversion of vie - 
dibromides to olefins involved the use of zinc in THF with a Cp2TiC12 catalyst 

[7391. Squalene was produced by photolytic destruction of a n-farnesylpalladium 

complex [7401. Endo peroxides were converted to dienes by reduced titanium species 

(equation 593) 17411. 

(590) 

Pd(OAc12 

W 
LiNaOAc 

Cl OAc 
170-210' 

0 

9 
OAc 

L4Pd 
*R& 

Et3N 
61-66% 

PhH, rfx 

(591) 

PdC12(MeCNj2 

NMe2 
* R 

L / 
Et3N, MeCN 

NEt2 (592) 

50-90% 
rfx 

R = Me, Ph, nPr, tBu 
a1so &NEt2 &Nit2 



0- 

@J I 

0 I 9 

TiC13/Zn-C4 

or LiAlH4 

\ -9 t / 
34 

407 

(5931 

32 

(sat. - diol 72%) 

Vinyl triflates were reduced to olefins by.palladium(IIl acetate/formic acid 

(equation 594) [7421. Allylacetates, ethers, carbonates and chlorides were similarly 

reduced (equation 5951 [7431. Palladium(O) complexes catalyzed the hydride reduc- 

tion of propargyl mesylates or phosphonates to mixtures of allenes and alkynes 

(equation 596) [7441. A number of low valent metal hydridocarbonyl complexes 

efficiently reduced halides to hydrocarbons (equation 597) [745]. An efficient 

hydrozirconation agent for terminal olefins has been developed (equation 598) 

[746]. n6-Benzene complexes of iridium were reduced stepwise to cyclohexene 

(equation 5991 C7471. 

H 

+ HCOOH/Bu3N/Pd(OAc),/Ph3P - 
n 

/ 

-- 

7&90% 
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R-X 

H 

+ Pd(OAc)2/Bu3P 
HC02- 

* R 

or Pd2(dba)3/CHC13/Bu3P 24 cases 

(with Bu3P, exclusive formation of terminal olefin) 

(596) 

X R 1 

R - -= ",.,(_)" 
L4Pd 

+ 
---_=__I 

- 
R' 

(minor) 

R = H, nCB, nBu H(-) - LiEt3BH; X = OMe, O!(OR)2 

R; = nC5, nBu, H 0 

c5 H H 

and x5 - z 

58% ee 49% ee 

RX + MH- - RH + MX- (597) 

for RX = BuBr, HW(C0)4P(OMe)3- > HCr(C0)4P(OMe)3- > HW(CO)5 > CPV(CO)~H- 

50 30 3.3 2.2 
> HCr(C0)5- > HRu(C014- >> HFe(C0)4 

1.79 1.0 

for 3'RX = HCr(C0)5- > HCO(CO)~- > HCr(C0)4P(OMe)3- > CPV(CO)~H- 

3.1 2.8 0.8 0.33 



(598) 

W 
t8uMgClK12ZrCp2 

PhH/Et20 

but 

PhH 

C5Me5Ir- 

0 P 
R 

R R (599) 

+J.,Ir~; 2HC1_ 

Ir 
H 

R = H, Me, tBu, OMe, Cl 

Cyclohexadiene and tetrahydronaphthalene disproportionated over Ziegler cata- 

lysts [748]. Nickel complexes catalyzed the reaction between methylmagnesium 

bromide and alkynyl silanes [749]. Trimethylsilylenol ethers were generated from 

ketones using in situ generated iron(O) complexes (equation 600) [750], (equation -- 
6011 [7511. Palladium(I1) chloride catalyzed the conversion of a-halo ketones to 

silylenol ethers (equation 6021 [752]. The catalysts (iPr3P121rH, C(pFPh)3P121rH, 

and [p(FPh)3P12Ru converted cyclooctane to cyclooctene [753]. Alkanes were con- 

verted to terminal alkenes by L2ReH7 in the presence of hydrogen acceptors. 

TMS (600) 

FeC13/MeMgBr/TMSC1 

-b 

\ 
6 cases always endocyclic 

R 
Et3NH 0 conj. en01 eiler 

R 

36% 

References p. 424 
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0 OTMS (601) 

FeCl3/MeMgBr/TMSCl 

HMPA 
(7 cases - more substituted 

enol ether greatly favored) 

BrTR 

PdCl2/P(OMe)3 
R 

+ Bu3SnSiMe3 (602) 

0 &MS 

70-90% 
R = Me, Et, iPr, tBu 

6. Ketones, Aldehydes 

A number of oxidation systems to convert alcohols to ketones or aldehydes have 

been developed. A number of ruthenium complexes convert alcohols to ketones using 

t-butylhydroperoxide as an oxidant (equation 603) [755], (equation 604) [756]. 

Secondary alcohols were oxidized to ketones by oxygen in the presence of L3RhC13 

[757] or RhC13 itself [758]. Rhodium(II1) tetraphenylporphyrin complexes cata- 

lyzed the photooxidation of isopropanol to acetone [759]. Hydrogen peroxide 

oxidized alcohols to ketones in the presence complex molybdates (equation 605) 

[760]. By controlling pH, the 2' alcohols could be oxidized in the presence of lo 

alcohols, oxidation exceeded peroxidation, and hindered alcohols oxidized faster 

than nonhindered ones. Platinized titanium dioxide catalyzed the photooxidation 

of alcohols to ketone (equation 606) [761]. Primary alcohols were oxidized to 

aldehydes by air and amine oxides in the presence of copper(I) chloride (equation 

607) [762]. Ruthenium oxide oxidized allylic alcohols to conjugated aldehydes 

(equation 608) 17631. Alkoxides of lanthanides catalyzed the t-butylhydroperoxide 

oxidation of ally1 alcohols to unsaturated aldehydes [764]. Acidic osmium 

tetroxide oxidized alcohols to aldehydes or ketones in good yield. Some selec- 

tivity was observed (equation 609) C7651. 

Ru cat. 
0 

RCHZ 4 tBuOOH w R&Z (603) 

i)H eq 25' 
60-90% 

\ 

R=Ph, w, 3 /=/ , ($3 I Me; cat. = ~~~~2L3, Ru~(CO),~, Ru(acacj3, 
Ph 

Z = C02Et, C02Me, CN 3 
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OH 
0 

A 

t-BuOOH 
R' 

R R' RuC12L3 

(604) 

(605) 
OH 

H2O2 t 
OH (NH416M070'4H20 

OH (17 cases) 

0 79% 

OH 0 

R A 

hv, PhH 

R' *R R' 
(606) 

Pt-Ti02 

R = R’ = ph, 98%; R = Bz, R’ = Me, 83%; R = H, R' = nCg, 70% 

OH 
75% 

aoH - a 
11% 
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10% CuCl.DMF 
RCH20H + O2 w RCHO (607) 

10% 

R = 4MeOPh, Ph, 4N02Ph, 

'r OH Ru02,02 t rcHo (608) 

Ru02 or 

98% 

woH- + A+,-& 
CHO 
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(609) 

Synthetic applications of the palladium-catalyzed oxidation of olefins to 

ketones has been reviewed [766]. a-Pinene was oxidized to verbenol and verbenone 

by palladium(I1) chloride/copper chloride catalysts [767][768]. Phosphomolybdic 

acid at a pH of less than 1 served as a reoxidant for palladium in the Wacker 

oxidation of olefins to ketones [769]. Carbon-supported palladium/vanadyl sulfate/ 

sulfuric acid catalyst systems were used for heterogeneous Wacker oxidations [770]. 

Olefins were oxidized to carbonyl compounds by palladium(I1) nitro complexes via 

a metallacycle intermediate (equation 610) 17711. Metal nitro complexes as oxygen 

transfer agents: selective oxidation of organic substrates by molecular oxygen- 

was reviewed (48 references) [772]. The mechanism of the rhodium-catalyzed oxi- 

dation of 1-octene to E-octanone by dioxygen in ethanol has been studied [773]. 

osmiumtetroxide oxidized benzofurans to hydroxy aldehydes, whereas palladium(I1) 

copper(I) systems gave hydroxy esters (equation 611) [774]. Chromium hexacarbonyl 

catalyzed the t-butylhydroperoxide oxidation of olefins to conjugated enones 

(equation 6121 C7751. Chromium(II1 chloride reduced nitroolefins to conjugated 

enones (equation 613) [776]. 

(6101 

MeCN, , 
PdC12(MeCNJ2 + AgN02 - 

/Cl 
Pd. 

\ A ,Cl 
Pd ' 

MeCN' 
N02 

- 02N' ' 2 
/ 

+ OnPd+ 

','\A 
0 
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73% 

0 OMe 0 

0 

+\ I ci C02Me 

(612) 

t.BuOOH, MeCN 1111 

60% 
x \ 54% 

Rm::2 CrC’2 ~ R ql (613) 

HCl/THF 

60-652 
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Alkanes were oxidized to 2' alcohols or ketones by vandyl peroxides 17771. 

1,4-Cyclohexadienes are aromatized by oxygen and rhodium(I1) acetate, but g,lO- 

dihydroanthracene is oxidized to anthraquinone [778]. 2,6-Ditertiary butylphenol 

was oxidized to the quinone by a variety of metal-prophyrin complexes [7801. The 

order of reactivity was: CoTPP >> FeTPPCl > MnTPPCl > VOTPP. Cyclic oximes were 

oxidatively cleaved to ketones and aldehydes by irradiation in the presence of 

Fe(C016 (equation 614) 17811. Phenylacetic acids were oxidized to aryl ketones by 

copper(I) salts and oxygen (equation 615) [782]. Isonitriles condensed with palla- 

dium enolates to give vinylogous amides (equation 616) [783]. 

(614) 

hv, Fe(COJ6 

or Fe2(C01g A 

) “kR2 + o$, 

50-90% 40-70% 

R' = Ph, Me, mesityl 

R2 = H, Ph, Me 

R3 = Ph, nC6, H, fi/ 

Ar2CHC02H 1 
ArCHC02H 

Me 

ArCHC02H 

CiH 

Cl 0 

Cl-PdCH2:CH3 + RNC 

Cl 

R1 R* 

R3 = OAc - - 

* NH2 
OAc 

0 
6D-80% 

Ar2C=0 (615) 
cut11 o* 

* ArC=O good yields 
MeCN 

Me 

ArCHO 

(616) 

no yields 
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Oximes were converted to ketones by treatment with Fe2(C0)9 (equation 617) 

[784]. Copper(I1) chloride promoted the hydrolysis of tosylhydrazones and acetates 

back to the carbonyl compounds [785]. Clay-supported Fe(N0313 converted dimethyl- 

hydrazones back to ketones in good yield [786]. The same reagent converted 

dithioketals to ketones (equation 618) [787]. 

N-OX 

A 
Fe2(C019 0 

I * 

R R' 60' R R' 

high yield 

X = AC, H, Me; R's - Ph, Me, Bz, Ph 

N-NHTs 

clay supported 
0 

RS 

X 
SR ‘Fe(N0313 

R' 

R R' 
high yields 

(617) 

(618) 

Amberlyst-supported HFe(C014- reduced acid halides to aldehydes in 50-90% 

yield [7881. The complex HCr(COJ5- did the same [789]. 

H. Organosilanes 

The effect of ligands on nickel(I1) complexes on the activity and selectivity 

of hydrosilation of olefins has been reviewed (6 references) [7901. Nickel(I1) 

phosphine complexes catalyzed the reaction of alkyl Grignard reagents with silanes 

to give allylsilanes (equation 619) [7911. The complex (C5Me5Rh12C14 catalyzed 

the direct production of alkenyl (triethyl)silanes from olefins and triethylsilane 

[792]. A series of 37 chiral N-chelating ligands with a "lateral chiral center" 

was made from chiral amines or amino acids, and platinum or rhodium complexes of 

these were used to catalyse the hydrosilation of acetophenone, methyl benzyl 

ketone and methyl t-butyl ketone [793]. A rhodium carbene complex catalyzed the 

hydrosilation of ketones (equation 620) and alkynes [794]. Rhodium(I) complexes 

catalyzed the hydrosilation of oximes to N-silylamines (equation 621) [795]. 

With (-)DIOP as ligands up to 19% ee was observed. Palladium(O) or rhodium(I) 

complexes catalyzed the conversion of ally1 acetates to allylsilanes (equation 

622) C7961. 
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(619) 

MgBr 

W 
+ R3SiH 

NiCl2(dppf) 

* diR3 ' mSiR3 

98:2 (90%) 

R 

0 LnRh=Q 
Et3Si0 H 

R 
CH3 

t Et3SiH A, 

cat. R 
>( 

Me 
(6201 

R = Ph, nPr 

98% 

NOH 
L3RhCl 

Ph R + 
Ph2SiH2 (621) 

(6221 

OAc Pd(O) 
+ TMS-SMT 

or RhI 

) R'&TMS + R&MS 

A 160-180' 
minor 

R' = H, Ph; R2 = H, Me, 

I. Miscellaneous 

All?nes were bis stannylated by Me6Sn2 in the presence of palladium(O) cata- 

lysts (equation 623)[7971. Aryl halides were converted to aryl stannanes by a 

simila,? reaction (equation 624) [798]. Alkynes were converted to vinylstannanes 

using :o,>per(Il or palladium(O) catalysts (equation 625) [7991. Vinyl germanes 

were made in a similar way (equation 626) [800]. Ally1 acetates were converted 

to phosphonium salts under palladium(O) catalysts (equation 627) [801]. 
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R 
R" 

F-( 
-- 

R' H 

R = H, Ph, MeO, Me3Sn, Me 

R' = H, Me; R" = H, Me 

H 

R 
Me3Sn2 

L4Pd -& 

R" 

/ 

R' Me3Sn SnMe3 

40-90% 

L4Pd 

R3SnSnR3 + ArX c ArSnBu3 + Bu3SnX 

Ar = 4N02Ph, 30%; 3N02Ph, 95%; 2N02Ph, 100%; 4AcPh, 83%; 4CNPh, 85% 

1) Bu3Sn(l), cat. 
R 

RCECH 
-\ 

- 

2) H+ 
$ 

SnBu3 

100 

5 

R 
cux 

RCICH + Ri3GeLi 
-t 

- 

R13Ge 

R’. R' 

(623) 

(624) 

R 

F 

- (625) 

SnBu3 

1 CuCN = cat. 

95 Zn/PdL4 = cat. 

R 

t- 
\ 

(626) 

GeR13 

(627) 

1) BuLi 5% L4Pd 

R OAc Ph3P NaBr PPh3Br 
2) RCHO 

73-84% 
R 
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Olefins were oxidized to nitroolefins by palladium(II)/nitro complexes 

(equation 628) C8021. Olefins were converted to oximes by NO in the presence 

of a cobalt catalyst (equation 629) C8031. Copper(I1) salts catalyzed the pro- 

cess shown in equation 630 [8041. Metal complexes and N-nitrosation reactions have 

been reviewed (63 references) [8051. Amines were oxidized to nitrones by hydro- 

gen peroxide with tungstate catalysts (equation 631) [806]. Cobalt salts cata- 

lyzed the synthesis of phenylformylhydroxamic acid from nitrosobenzene and formalae 

[8071. 

(628) 

/, + Pd(RCNj2XN02 
CH2C1 

* 

92% 

(internal olefins + ketones) 

NOH 

NO I 
A 

Ph 
+ Co(DMGH12(py)Cl A 

BH4- 
' Ph 

83% 

(629) 

NHR3 
H202 

NaW04 

R' = nPr, Me, Ph 

R2 = H, Me 

R3 = n8u, iPr, PhCH2 

85% 
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Aryl amines were converted to aryl methyl sulfides by reaction with nitrous 

acid in the presence of CuMeS [808]. Thioenol ethers were reduced to thiols by 

triethylsilane and titanium(IV) chloride (equation 632) [809]. Nitroaromatics 

were reduced to anilines with concommitant disulfide formation by iron 

lipamide catalysts [SlO]. Thioethers were oxidized to sulfoxides in up to 91% ee 

using Sharpless oxidation conditions (tDuOOHITi(OiPr)4/(+)Diethyltartrate) [Sll]. 

Gold(II1) catalyzed the oxidation of sulfides to sulfoxides by nitric acid [812]. 

Ally1 and vinyl sulfides were reduced to alkenes by Rh(H)(PPh3)4 [813]. Palladium 

on graphite catalyzed a variety of ally1 sulfones (equation 633) [814]. Ruthen- 

ium(II1) catalyzed the addition of sulfonyl chlorides to olefins (equation 634) 

[8151. 

(632) 

SR' SR' 

R2 R4 
TiC14/Et3SiH 

H2° 
* * 

CH2C12 

60-90% 

R' = Ph, Et, Me 

R2 = Ph, Me, H, nC8; R3 = H, Ph- ‘, Et nC6, Me , 

R4 = Me 

woR + PhS02Na 
Pd-Graphite 

km 
S02Ph 

(633) 
DMF 

0 0 65-90% 

R = AC, ;(OEt12, &OPhj2, C02Me, C02Ph 

Ph 

ArS02Cl + Ph e 

RuC12L3 
- 

Et N -Y 

60 
a 

72hrs S02Ar 

(634) 

Ar = Ph, ptol, pClPh 

30-40% conversion 

55-85% yield 
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IV. Reviews 

The following reviews have appeared. 

Effect of metal ions in organic synthesis. (14 references) [8161 

Novel organic syntheses by ruthenium compounds. (34 references) C8171 

Controlling metal-catalyzed organic syntheses (part 51 target-oriented system 

enlargement. (62 references) [818] 

Organometallics in synthesis. (270 references) C8191 

Transition metals in organic synthesis. Annual survey covering the year 1982. 

(748 references) [820] 

Formation of carbon-carbon bonds via n-complexes of transition metals. (108 

references) [821] 

Controlling metal-catalyzed organic syntheses. Part 4. The systematic replacement 

of atoms as an experimental strategy. (165 references) [822] 

Organic synthesis through homogeneous catalytic reactions. (48 references) [8231 

Formation of carbon-carbon bonds catalyzed by vitamin B12. (22 references) C8241 

Organometallic chemistry - a science overlapping inorganic chemistry and organic 

chemistry. (no references) [825] 

Organometallic compounds: synthesis, structure, and theory. [8261 

Surface organometallic chemistry: a new approach to heterogeneous catalysis? (22 

references) [827] 

Organometallic compounds in the preparation of supported catalysts. (85 references) 

[8281 

Some aspects of the chemistry of alkyl and hydride derivatives of permethylscan- 

docene. (14 references) [829] 

Oxidative addition of soluble iridium and rhodium complexes to carbon-hydrogen 

bonds in methane and higher alkanes. (17 references) [830] 

Reactive intermediates in organotransition metal chemistry. (46 references) [831] 

Mechanistic and synthetic aspects of organometallic oxidative additions. (34 

references) [832] 

New developments in the organometallic chemistry of the group IV-V(( transition 

metals. (35 references) [833] 

Preparation of heteronuclear bridging methylene complexes. (12 references) [834] 

Reactive organometallic compounds from metallocenes. (39 references) [835] 

Organic chemistry of polynuclear metal centres. (15 references) [836] 

Organocopper reagents for the synthesis of saturated, and a,c-ethylenic aldehydes 

and ketones. (30 references) [837] 

Homogeneous asymmetric catalysis by means of chiral rhodium complexes. (45 

references) [838] 

Activation of dihydrogen and methane by photoexcited manganese and iron atoms in 

low temperature matrices. (28 references) [839] 

Transformation of organoiron complexes of synthetic and chemical interest. (9 

reference) [840] 
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Transition metals in organic synthesis: hydroformylation, reduction, and oxidation 

Annual Survey, 1982. (494 references) [8411 

Reactivity of coordinated hydrocarbons. (56 references) [8421 

Homogeneous catalysis of oxidation reactions using phosphine complexes. (148 

references) [843] 

Synthetic applications of [propargyliumldicobalt hexacarbonyl complexes. [844] 

Photocheaistry of alkyltransition-metal complexes. (218 references) [845] 

28 + 28 
Reactions at transition metals. C8461 

Catalysis by complexes with a palladium-palladium bond. [847] 

0rgano;aetallic chemistry of rhodium and iridium. [848] 

Activatioin of catalysts using hydrogen peroxide. Reactions using molybdenum 

peroxide. (46 references) [849] 

Organolanthanide compounds. (225 references) [850] 

Structural consequences of bonding in transition metals carbene complexes. (37 

references) [851] 

Platinum carbonyls and their use in homogeneous catalysis. (288 references) [852] 

The mechanism of the decomposition of organometallic compounds of transition 

metals and the role of Intermediate species in catalysis. (108 references) 

[853] 

Reactions of hydroperoxides with amines and aminoalcohols in the presence and 

absence of metal ions. (57 references) [854] 

The splitting of the silicon-carbon bond by compounds of platinum and palladium. 

(101 references) [855] 

The organic chemistry of dinitrogen. (36 references) [856] 

Synthesis and investigation of iron-alkenyl complexes. [857] 

p(a,w)-Alkanediyl complexes of transition metals. (51 references) C8581 

Alkylcobalt tetracarbonyls and thier derivatives. (165 references) [859] 

Houben-Weyl methods of organic chemistry, Vol. 13, Pt. 96: organometallic compounds 

of cobalt, rhodium, iridium, nickel, palladium, 4th ed. [860] 

Molybdenum atoms in synthesis. [861] 

Application of ultrafine metal particles to organic synthesis. (51 references) 

[862] 

Alkynes and metal atoms. (85 references) [863] 

Oxidations in the homogeneous phase catalyzed by transition metals recent evolu- 

tions. (166 references) [8641 

The role of transition metal salts in one electron transfer organic reactions. 

(36 references) [865] 

Organometallic butatriene chemistry. [866] 

Dienes and their TI complexes. [867] 
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Methods of organometallic chemistry: organoiron compounds: ferrocene. [8681 

Asymmetric catalysis. (8 references) 18691 

Rules governing asymmetric synthesis with organotransition metals. [870] 

Asymmetric cyclopalladation as a tool of enantioselective synthesis. (30 references) 

C8711 

DIOP as a ligand in asymmetric catalysis using transition metal phosphine com- 

plexes. (60 references) [872] 

Homogeneously catalyzed regiospecific hydrogen transfer from secondary alcohols 

to polynuclear aromatic hydrocarbons. 18731 

The catalytic activity of some rhodium(I) compounds. (38 references) [8741 

Transition metal hydrides in homogeneous catalytic hydrogenation. (27 references) 

[8751 

The cis-alkyl and cis-acylrhodium and iridium hydrides. Model intermediates in 

homogeneous catalysis. (38 references) [876] 

Preparation and properties of Raney nickel-cobalt catalysts. [877] 

Homogeneous catalysis by transition metal complexes. (no references) [878] 

Homogeneous-phase oxidations catalyzed by transition metals: recent advances. 

(200 references) [879] 

Palladium(II)-assisted reactions of monoolefins. (74 references) [880] 

Transmetallation. (13 references) [8811 

Metal enolate mediated aldol reactions. (35 references) [882] 

Metal enolates in organic synthesis. (28 references) C8831 

Catalysis by transition metal sulfides. (16 references) [884] 

Gel-immobilized metal-complex catalysts. [885] 

Catalysis of transition metal complexes under phase transfer conditions. (58 

references) [8861 

New Synthesis chemistry of transition-metal trialkyl silane complexes. (43 refer- 

ences) [887] 

Homogeneous catalysis: a wedding of theory and experiment. The Eugene J. Houdry 

Award Address. (20 references) [8881 

Reactions of alkyltitanium compounds. (20 references) [889] 

Reduction of phenylthiomethylcarbinyl benzoate esters to alkenes with titanium 

metal. Cyclopentenone synthesis via the alkylating agent l-(chloromethyl)- 

ethenyl diethyl phosphate. C8901 
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