Journal of Organometallic Chemistry, 477 (1994) 269-362 269
Transition metals in organic synthesis. Annual Survey covering
the year 1992 *
Louis S. Hegedus
Department of Chemistry, Colorado State University, Fort Collins, CO 80523 (USA)
(Received November 1, 1993)
Key words: Transition metals general
Contents 2.3.3. Carbonylation of halides and triflates . . . . . . 318
2.3.4. Carbonylation of nitrogen compounds . . . .. 319
1. Generalcomments. . . . . . ..o v vttt vt e 270 2.3.5. Carbonylation of oxygen compounds .. .... 319
2. Carbon—carbon bond forming reactions. . . . .. ...... 270 2.3.6. Miscellaneous carbonylations . ......... 320
21, Alkylations . . . ... ...ttt e e 270 2.3.7. Decarbonylationreactions . ........... 320
2.1.1. Alkylation of organic halides, tosylates, tri- 2.3.8. Reactions of carbon dioxide . .......... 321
flates, acetates, andepoxides . . . . ... ........ 270 2.4. Oligomerization (including cyclotrimerization of
2.1.2. Alkylation of acid derivatives. . . . .. ... .. 279 ’alkynes, and metathesis polymerization) . . . . .. ... 321
2.1.3. Alkylationofolefins. . . ............. 280 25 . Rearrangements . . .« v v o v v v v vt v oo v e 326
2.1.4. Decomposition of diazoalkanes and other cy- 25.1. Metathesis . . ... ................ 326
clopropanations . .. .. ... ... .00t 285 25.2. Olefinisomerization. . . . .. .. ... v ... 326
2.1.5. Cycloadditionreactions. . . . .......... 289 2.5.3. Rearrangement of allylic and propargylic com-
2.1.6. Alkylationofalkynes . .............. 291 pounds. . . .. ...t e e e e e, 32
2.1.7. Alkylation of allyl, propargyl, and allenyl sys- 2.54. Skeletal rearrangements . ... ......... 328
BEIMS & v v v e v o e e o e o o s e e e e 297 2.5.5. Miscellaneous rearrangements. . . . ... ... 328
2.1.8. Couplingreactions. . . . .. ........... 300 3. Functional group preparations . . . . ... .......... 328
2.1.9. Alkylation of m-allyl complexes . ... ..... 302 31 Halides .............0. 0 iiueeneenn. 328
2.1.10. Alkylation of carbonyl compounds. . . ... .. 303 32. Amides, nitriles. . . . ... ...t 328
2.1.11. Alkylation of aromatic compounds .. ... .. 306 33. Amines,alcohols . . . . ... ... ... . ... 329
2.1.12. Alkylation of dienyl and diene complexes. . . . 308 3.4. Ethers,esters,acids . ................... 332
2.1.13. Metal/carbene reactions . . . . .. ....... 310 35. Heterocycles . . . . o v v v v i i i vt it ne v 334
2.1.14. Alkylation of metal acyl enolates . . ...... 312 3.6. Alkenes,alkanes . . . . . ...ttt e i e e, 341
22. Conjugateaddition. . . .................. 312 3.7. Ketones,aldehydes. . . .. ................ 343
2.3. Acylation reactions (excluding hydroformylation). . . . 315 38. Organosilanes. . . . . ... ... 0ie i eeennnn. 344
2.3.1. Carbonylation of alkenes and arenes . ... .. 315 39 Miscellaneous. . . . . ... ...t ennn. 345
2.3.2. Carbonylation of alkynes (including the Pau- 4, ReVIEWS. . . . i it i ittt et e e e 346
son-Khand reaction). . . ................. 316 REfEreNCES. « v v v vt v e et ettt et e te e 348

1. General comments

This Annual Survey covers the literature for 1992
dealing with the use of transition metal intermediates
for organic synthetic transformations. It is not a com-
prehensive review but is limited to reports of discrete

* Reprints are not available. For previous Annual Survey see J.

Organomet. Chem., 457 (1993) 167. -
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systems that lead to at least moderate yields of organic
compounds, or that allow unique organic transforma-
tions, even if low yields are obtained. Catalytic reac-
tions that lead cleanly to a major product and do not
involve extreme conditions are also included. This is
not a critical review, but rather a listing of the papers
published in the title area.

The papers in this survey are grouped primarily by
reaction type rather than by organometallic reagent,

© 1994 - Elsevier Science S.A. All rights reserved
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since the reader is likely to be more interested in the
organic transformation effected than the metal causing
it. Oxidation, reduction, and hydroformylation reac-
tions are specifically excluded, and will be covered in a
different annual survey. Also excluded are structural
and mechanistic studies of organometallic systems un-
less they present data useful for synthetic application.
Finally, reports from the patent literature have not
been surveyed since patents are rarely sufficiently de-
tailed to allow reproduction of the reported results.

2. Carbon~carbon bond-forming reactions
2.1. Alkylations

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

Metal-catalyzed Grignard reactions continue to be
developed and applied in organic synthesis. A review
entitled “Carbon—carbon bond formation in heterocy-
cles using nickel and palladium-catalyzed reactions”
has appeared [1], and deals with metal-catalyzed Grig-
nard reactions as well as the Castro—Stevens reaction.
Palladium diazine complexes catalyzed the coupling of
aryl halides with Grignard and organozinc derivatives
(eqn. (1) [2D. Nickel phosphine complexes catalyzed
the coupling of 1,8-dibromo-naphthalene with thio-
phene Grignard reagents (eqn. (2) [3]). Chromium com-
plexes of optically active aryl aminophosphines cat-
alyzed the asymmetric coupling of phenethyl Grignard
reagents with vinyl halides (eqn. (3) [4]).
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Nickel phosphine complexes catalyzed the alkylation
of allylic dithianes (eqn. (4) [5]), benzylic dithianes
(eqn. (5) [6] and eqn. (6) [7], the coupling of te-
trathiomethanes (eqn. (7) [8) and the alkylation of
1,3-dioxep-4-enes by Grignard reagent (eqn. (8) [9].
Acid anhydrides were alkylated by halides in the pres-
ence of reduced nickel salts (eqn. (9) [10]).
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Copper catalyzed the alkylation of acetals (eqn. (10)
[11D and a-iodoepoxides (eqn. (11) [12]). Titanocene
dichloride catalyzed the alkylation of gem dihaloalka-
nes by Grignard reagents [13].
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H
o] S
O Rz CuMgBr R, O~ "Ph
PO s - (10
o” YPh B0 R
70-90% de
60-80% yield
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50%
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Organocuprates efficiently alkylated epoxides (eqn.
(12) [14), eqn. (13) [15], eqn. (14) [16], eqn. 15 [17]D and
vinyl triflates (eqn. (16) [18]). Trienes were synthesized
by the coupling of chlorodienes with vinylcuprates from
carbocupration of alkynes (eqn. (17) [19]). The aryla-
tion of an a-haloketone by a vinylcuprate was a key
step in the synthesis of cannabidiol (eqn. (18) [20]).
a-Haloallylic esters underwent alkylation by cuprates
with clean Sy2' regioselectivity (eqn. (19) [21]).
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Pyrrole and imidazole cyanocuprates had typical
“higher order cuprate” reactivity [22]. Perfluorophenyl
copper combined with perfluoromethyl copper to in-
sert two CF, groups, and this homologated fragment
transferred to halides (eqn. (20) [23]). Functionalized
organocuprates continued to be developed and ex-
ploited in synthesis (eqn. (21) [24], eqn. (22) [25], eqn.
(23) [26], eqn. (24) [27], and eqn. (25) [28]).
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The reagents Me,CoLi, and Me,FeLi, were
claimed to be superior to Me,CuLi for the methylation
of vinyl halides [29). B-Haloalkenylketones were alky-
lated by alkyl organomanganese compounds [30]. Al-
lylic manganese compounds alkylated y-bromo-a, 8-un-
saturated carboxylic acid esters [31].

Palladium catalyzed coupling of halides and triflates
to main group organometallics via oxidative addition/
transmetallation sequences continues to be a growth
industry, an indication that good ideas are easier to
recognize than to get. Boron is fast becoming the main
group metal of choice. Examples of coupling aryl tri-
flates or halides to arylboronic acids abound (eqn. (26)
[32], eqn. (27) [33], eqn. (28) [34], eqn. (29) [35], eqn.
(30) [36], eqn. (31) [37], eqn. (32) [38], eqn. (33) [39],
eqn. (34) [40], eqn. (35) [41], eqn. (36) [42], eqn. (37)
[43], eqn. (38) [44], egn. (39) [45]), and eqn. (40) [46]).
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Vinyl boronates (eqn. (41) [47], eqn. (42) [48], and
eqn. (43) [49)) and even alkyl boronates (eqn. (44) [50],
eqn. (45) [51], and egn. (46) [52] couple. Remarkably,
halides having B-hydrogens can also be made to un-
dergo the palladium catalyzed coupling process with
only minimal B-elimination (eqn. (47) [53]).
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Palladium catalyzed couplings involving transmetal-
lation from tin remained very popular and were the
subject of an in depth review (174 references) [54]. Aryl
halides were coupled efficiently to vinyl tin reagents
(eqn. (48) [55]), aryl tin reagent (eqn. (49) [56)), acety-
lene tin reagents (eqn. (50) [57]) and B-stannylenones
(egn. (51) [58]). Aryl triflates (egn. (52) [59]) and eqn.
(53) [60]) and p-fluorophenyl sulfonates (eqn. (54) [61])
were also efficiently coupled to stannanes.
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Palladium also catalyzed a variety of coupling reac-
tions with heterocyclic tin reagents (eqn. (55) [62], eqn.
(56) [63], eqn. (57) [64], eqn. (58) [65], and eqn. (59)
[66)).
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Vinyl stannanes coupled to bromoalkynes (eqn. (60)
[67]), B-iodostyrenes (eqn. (61) [68]) and acetylenic
stannanes coupled to vinyl bromide (eqn. (62) [69]).
a-lodoenones were alkylated by vinyl and allyl stan-
nanes in the presence of palladium(0) catalysts (eqn.
(63) [70]) as were a-halocyclobutenones (eqn. (64) [71])
and a-halo ethers (eqn. (65) [72]).
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Palladium catalyzed tin coupling reactions have been o, . A, (70)
used extensively in the synthesis of complex molecules P or Ma,Sn 80° S\
(eqn. (66) [73], eqn. (67) [74), eqn. (68) [75], eqn. (69) Reso T b .
) OSiRy OSiR,
[76], and eqn. (70) [77)).
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Other less conventional halides also underwent pal-
ladium catalyzed coupling with organostannanes (eqn.
(71) [78] and eqn. (72) [79]).

Zinc also effectively transmetallates to palladium,
and many palladium catalyzed couplings of organozinc
reagents with triflates and halides have been developed
(eqn. (73) [80], eqn. (74) [81], eqn. (75) [82], eqn. (76)
[83], eqn. (77) [84), eqn. (78) [85], eqn. (79) [86), eqn.
(80) [87], eqn. (81) [88], and eqn. (82) [89].
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53-85% (75 )

R' = Et,iPr, Bu Ar = Ph, pCiPh, oMePh, mCIPh

Z i
R/(\;/x 1) active Zn /\./Ar
\\N) AL S Y
RCOCI N (76)
80%
Ar = Ph, PhGOG!

oTBS QTBS (77)
Mmf L MR
:  spn Pa(0) s
Z o}
AX = Bu—2=25—1, @on‘ @\/N\?\p Q\I . W)Lcll

(o]

oTt
) Qe L)
: TO CO,Me o

1) 1Bull
2) ZnBry / Pd dbag / PhoP

\__
) }—/\osms 77%

(78)

also ZnBe oty BuiQ

\)\ 1)Zn/Cu HMPA A
SnBuy 2) ArX, LoPd /Y
SnBu, (80)
70-02%

Ar = pMeOPh, pCNPh, pMeO,CPh
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LsPd R COR  Ip R COR'
— -

SnBu, !

R COR' ArZnCl l (8 1)
\=< L4Pd

Ar
Ar = Ph, @\é 76-82%
S

R—==—CO,R + BusgSmH

o}
%
1) 2
RCE=C | — /=<‘OI> )Zn
R [ Y 2~y
Pd0)

0

“Highly selective cross-coupling reactions of organo-
silicon compounds mediated by fluoride ion and a
palladium catalyst” is the title of a recent review (48
references) [90]. Examples of this kind of reaction are
shown in eqn. (83) [91].

R

SiMe,Ph
™ A

_ \—
BAI At

TBAF
R SiMePh 65°
=/ « Pdﬁ 48h 17-67%
<

Ar = pMeOPh, pACNHPh, & also /\/\/\/"1.
s

(83)

Palladium also catalyzed the coupling of halides to
organocopper species (eqn. (84) [92], eqn. (85) [93], and
eqn. (86) [94)), aluminum alkyls (eqn. (87) [95]) and to
stabilized carbanions (eqn. (88) [96]).

SPh SPh
PdCY; / CuCi.
N MeCNa N (84)

SO,Ph SOzPh

ArH = pMeOPh, 1,2(MeQ)2Ph, 2-Br-1,4 MeOPh

1) Buli R

CFaCH0Ts CF,
3CHy 2 6n 2=<Ar

3) Cul

4) A, L4Pd 83-100% (85)
R = By, secBu

Ar = Ph, pNOzPh, mNOzPh, pAcPh, pEtOZCPh, pCIPh, pMeOPh, 1-Naphih

tBu R MBu R
M e G
— [e] — [o]
™S 5% P ™S A

CuBr DMA
51-70% (86)

R= \/\fflph

= BuO,G,  Z
G= /\/\I,-r . pMeOPh, N/

NH, NH,
N X N X
) X
‘et a's 7
X X

HO HO

R = Mg, Et, iPr, nBu, iBn

N
Rz} e — T cmnn |y (88)

z 0
NC
PRSO,” CN

28-85%

2.1.2. Alkylation of acid derivatives

Palladium efficiently catalyzed the alkylation of acid
chlorides by zinc (eqn. (89) [97]) and tin alkyls (eqn.
(90) [98]), eqn. (91) [99], eqn. (92) [100], eqn. (93) [101],
eqn. (94) {102], and eqn. (95) [103)).

NHBOC L2PdCl,
zn Y + ROLE ——nu RO _-NHBO
cO.8n o con (89)
43%
Bu,Sn Pa(0)
COR
RCOCI + = ReO” X
diox.
SnBus 50-97% (%90)

R- Yg . Ph, Q\; . Ph/\/'l" . Me, 1Bu
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S"”"i o )s\/p M o1

SnR, R!
N fﬁﬁ @)

50-90%

o

R3Sn, N BusSn SnBug R R
r ArCOCI RX
/ \ -— Z/ \S — . 2/ \g
Pd(0) Pd(0) o]

?_fk (93)

R = Ph, pMePh, pMeCOPh, pNO,Ph, _
Ph

(o]

o} o}
o, (\)L ", (\)\/Y
BnPdCIL,
(o} o} (94)
0)\¢\n/\)"m,
[o]

MSnBu, H&c)'-h

100°

R(
38% (dimer)

Pd(0) lI
ACOCI + MegSn, —— = RCSnMe;

60-80%

R=Ms, Et, /=7‘-,Ph,pMePh‘ PtBUPh, @ , 1Bu, D—
Ph o ?x

oMePh, pCiPh, pMeOPh, adamantyl

(95)

Organocopper complexes are waning in popularity
for the conversion of acid halides to ketones, but a few
cases have been reported (eqn. (96) [104], eqn. (97)
[105], and eqn. (98) [106]). Organomanganese com-
plexes also alkylate acid chlorides (eqn. (99) [107] and
eqn. (100) [108]).

o}

. A
O . oyr Z
[] v Q\CUCN o 2) PRCOC! P“k/
Li

40-55%

(96)
aiso W/\/c' ) /Yc' ) )\/a
R/ e T Al Cy)
¥=( + cppziHor— _— . \
R? R CuBrMezS R? R
[e)
good yields
and RL—=—=—R? /_(ﬂ\
—_— c— R
R! R2
\
~ @
e £ QD
Lo
oS A~
alkyne = R' = H, Et R"’I_/\/il' . THPO’\)‘ . etc.
A" = Ph, 1By, Et, pNCPR,EI0,C” "¢
1) Cul0)
x@— co,R n-@— CO.R
2)RX
60-90% (98)
o)
R=EtMe  RX= )Lc. . PRCoct, A~ B Mel B
0
coci
(_j/ \ iPentyl MnCl m (99)
[¢) 19% CuCl o
94%
3% MnClyLiz (100)

RCOCI + RMCI ————— RJLR‘

Ry, NN P \f\f“ P, \r\/‘«
R NN P Y\:‘J ,Ph, iBu, Eto,c/\/\/i" .

e 20 0 T NN
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2.1.3. Alkylation of Olefins

The Heck reaction - palladium catalyzed oxidative
addition /olefin insertion/ B-elimination — continued
to be the most popular method to alkylate olefins, and
many aspects of this reaction have been studied. Heck
reactions in aqueous solutions were achieved by using
sulfonated phosphines as ligands. The reactions went
at mild temperatures in aqueous ethanol or acetoni-
trile, and gave high yields [109]. Polymer supported
phenanthroline ligand /palladium complexes catalyzed
the arylation of acrylamide (eqn. (101) [110]). Several
other heterogeneous supports were also developed
[111,112). The effects of ligands on the regioselectivity
of the arylation of a variety of alkenes by 1-naphthyl
iodide or triflate were studied (eqn. (102) [113] and
eqn. (103) [114)).

o]
/\n/ Ar/\)l\ NH,
HzO NaOAc

Phen—Pd(0) 100° 71-99%
6N ~—|
@101
Ar = Ph, pCIPh, pBrPh, 0CIPh, 2,6-CizPh, pNO,Ph, pMePh, pMeOPh, mNOPh, pCO2HPh,
o A,
DPACPh, 3,4(Me0)2Ph, 2,3,4-(MeO)aPh, < Ij/
[o}
(102)

Pd(O) v
O .S ;__. A

Ar

e
&)
Y = OBn, ,"J\ , CHyOH, “l.)\ ‘ ‘-LL'/\/OH.OM. Ph, COzMe, CN, H, COMe,

)JJ\/\COZMe R WCN

~~
L L = DPPP, DMF, DPPB, DPPE

Pd(0)

AX + 2 0n Y AT

X =Br,COCI

Ar = 1-Naphih, oMePh, oMeOPh, 0CH3COPh, oNCPh, 00;NPh, oMeO2CPh,
mMePh, mMeOPh, mCHaCOPh, MCNPh, mO2NPh, pMePh, pMeOPh, pCH3COPh,
PNCPh, pCIPh, pOoNPh

TIOAC favors a, Bidenate L favors a.

Catalyzed asymmetric Heck reactions have been re-
viewed (15 references) [115] and (24 references) [116].
Palladium(0) catalyzed the arylation and vinylation
of vinyl glycine by triflates (eqn. (104) [117]), the vinyla-
tion of indole triflates (eqn. (105) [118]) and naphthyl

triflates (eqn. (106) [119]), and the arylation of ac-
etamido acrylates (eqn. (107) [120]) and acrylamides
(eqn. (108) [121]). Palladium(0) also catalyzed the viny-
lation of cyclopentene diols (eqn. (109) [122]) and the
arylation of styrenes (eqn. (110) [123]).

ArOTt

oTt
Pd(0!
“/ . F COH (0) Ar 2 COH

NHCBz NHCBz
30-70%
(104)
oTi
o &, $
O/ , /O:sleroid R
o ra «f
oT
xR
N ., Aor L2PdClp @\/g\/
N iPraNE N
S0;Ph DMF S0zPh
45-90%
10
R = CO;Me, COZE!, COMe, CHO, Ph, nCs (105)
OH
also Ph h
2
o z “
2 Po(OAc),
Ly
- L
Z-rest 9911 Z-COMe 991 (106)
Z-0Bn,Ph— , —N O, —r|4
s g
)
0
- )
N N
H COMe
P s AN cop UM S
\n/ BuNGt NHAC
NaHCO3, DMF
(PAIC also works)
107
I
and @ + ROzc\n/NHAc - mcom
:Ac Pd(QAc), xc
19-30%
o
A
5% PaoAce X7 NH,
O; oy B O
Ph
81%
(108)

o= =0y
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Q/\;F:/\/

109

(110)

HO,

% | os.n, Pd cat.
3 -

O

P
X = H, MeO, NOg, PhCO, CHO - (PrgP” TN 0Ple

Y = H,MeO only!

Norbornene (eqn. (111) [124], eqn. (112) [125], eqn.

(113) [126]) and 1,3-dienes (eqn. (114) [127]) were alky-
lated under Heck reaction conditions.

QTBS
l\_}\/\/\ o g
owr S (111)
TBSO
95%
+ —_—— .
OMSO, EtsN
HCOOH
v 60-90% (112)

up 10 39% ee

Ar = Ph, pCF3CONHPh, pMeOPh, mMeOPh, oMeOPh

" d] — lfﬁ] T o 113)
PhOK o P
Br

2) Py, BOg~

A
P P&(OAK), cat. —
Ad _—
rEFR cat. PPhy E
AQOAC, TIOAC
DMF R

a0 (114)
N

Ar = pCHyCOPh, mMePh, pCIPh, pMeO,CPh, Ph

Oxygen (eqn. (115) [128], eqn. (116) [129), eqn. (117)
[130), eqn. (118) [131]) and nitrogen (eqn. (119) [132],
eqn. (120) [133]) heterocyclic alkenes were alkylated
under Heck conditions. Benzyl chlorides also alkylated
olefins under Heck conditions (eqn. (121) [134]).

¢}
(OAC) )L

¢}
HN)L NH
/ +
(o] O Z
H Pth

Q (115)
HO o °
/ inserts, also works
& N -
OSiR, Sy
1
Pd(OAC =
won » () By L O
o B o AL o Ar
major minor (1 1 6)
>96% ee
40-60%
Ar = PR, pCIPh, mCIPh, 0CIPh, pAcPh, pNCPh, pMeOPh, 2-Naphth
OAc
R R R
ACOH . o . o
= PA(OAG) o Ar o Ar
o T 1
70% = 3:1
R=H, R'=0AC
R=0AC, R = OH

[\o ArX, PU(OAC),
O Agzco; DMF

PO R
47-85% (1 18)

ArX = Phl, PhOTI, pMeOPhI, pEtO,CPhI, pNO2PhI

PA(OAC)2 / 2{R) BINAP -
P YL W o W

N N N

CO.R COzR COR
60-80% minor ( 1 1 9)
66-83% oe

Ar = pCIPh, Ph, pAcPh, pNCPh
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O /@\ e L (Y@LOH
oBn P(°'°'Y): N (1 20)

EhN
46% Preclamol

Pd(OAC), /, S e
3 BusN 110° /\

o " 121

1 R?

R' = H, pMe, oMe, 0OMe, 2.5-Mey, CI
R? = Ph, CONH,, COE!

Tertiary allylic alcohols were alkylated by vinyl tri-
flates under Heck conditions (eqn. (122) [135]).
Quinones were arylated by aryl mercuric chlorides in
the presence of palladium(II) catalysts (eqn. (123)
[136]).

ﬁ/m’ . on PO Y\X W (122)
R=H,Me R'=H, Me, Et, /\/\/“l.
o]
Ph ot *,
Trilate = . ] , i @lewid
TIO TO
ot é
ot “nr
o~ 23
steroid .
wf IO
o] o]
LiPdCly A
AHgCl + —_—
o o
50-80% (1 23)
o
Ar = Ph, pCIPh, pACOPh, 0ACOPH ” also works
e}

Intramolecular Heck reactions have been exten-
sively used to form cyclic systems and have been the
subject of several reviews [137] (23 references), [138]
(25 references) [139]. It has proved very useful for the
synthesis of a wide variety of nitrogen heterocycles
(eqn. (124) [140], eqgn. (125) [141], eqn. (126) [142], eqn.
(127) [143], eqn. (128) [144]), eqn. (129) [145], and eqn.
(130) [146)).

1eqPdC
soepn

COzMe CoMe

osmJ

< Pd( OAC)2
TIOAc
diphos.

CBzN

H Br H
MaNso,/\@ =
N

COCF;

Pd(OAC)

: SOQPh

CB2N

H
MeNSO,

0 0
R! Br R
| Pd(0) l
N NR y NR
2 H oM

N—
MeQ,C

EtgN, PhCH; _N—|
110° Me0,C

Pd,dbag

AgaPO, 3 E

5% Pdabag

10% (R)(+)

R(+) B
PMI

L NG
o BINAP
e ()

81%, (S)(+) 71% e

Q,

Ve
N
10% Pdpdbag O\d\
-
</ o]

INAP
P

77%, (R){-) 66% ee

(1249

(125)

(126)

127

(129



L.S. Hegedus / Transition metals in organic synthesis 1992 283

OMe OMe

Ph Ph
MeO PP Meo N 130
B a A / Q/[ ( )
R

>90%

Z Z

J

Carbocycles were also produced by intramolecular
Heck alkylations of alkenes (eqn. (131) [147], eqn. (132)
[148], eqn. (133) [149], eqn. (134) [150], and eqn. (135)
[151]).

OTBDMS
Womws LePd. UCI 5\: :
and 1% (131)
"~., COMe
U COMe :

é_ _ PdOA, (132)
oTes PP A°2C°3 OTBS

87%

\_(\)l\/\/\/ &/\/\/\ (139
1) 9BBNH
2)Pdc12appt
é/\). P d‘:(yw

OTMS
60-80%

OTBDMS OTBOMS
Pd(0), L*
Ag2COy

40-70%

(134)

up 10 84% ee

oR OR
| PA(OAC),
(R) BINAP
oTt H
35-60% yiekd
and 89-92% o0
OTBDMS OR (135)
PACl (R) BINAP
ro AG00s
I
RO

33-67%

87% ee
By intercepting the initial o-alkylpalladium interme-
diate in the Heck reaction, multiple bonds can be
formed, generating cascade cyclizations, a topic of a
recent review (15 references) [152). Examples of this

process are seen in eqn. (136) [153], eqn. (137) [154],
eqn. (138) [155], and eqn. (139) [156].

MeO, P
MeO; \ ﬂ_.
P EzN
(136)

MeO,
Me # MeQ,C,

| COM.

b __ cOgMe Meozc)CE/_/cone

R
R N
) N
@ \J’L l ~ @ng\
e vl G D a3
R R
(full paper, many cases)
COMe
M., CO,Me
COMe 1) 1BUOK / NMP coMe
— e, 2
2) PA(OAG); cat. / H

1ac;wns R (138)

20-53%

Me0,C,
MeO,C (}

R = Ph, pMePh, pMeO2CPh, Pn/\/i"'

$02Ph S0,Ph
_>= N
Lde:lz
@\% s (139
N COMe
50, oo TIOAC
43%
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Ortho-manganated arenes underwent palladium cat-
alyzed olefin insertion (eqn. (140) [157] and eqn. (141)
[158]).

RO @ RO Ho w2
/° ?
Pd(0AC)
MnCO)ly | o~ .
MeCN
wfs at e (140)
~50%

R' = CO,Me, CHOMe 2 = COMe, COMe, CHO, CN

R? = Mo, H

R” = OH, OMe

MncO), 1 Li2PaCl

2 A~ coMe £
CN MeO,C *

CHO up 10 96% (141)

Alkenes were alkylated by free radical reactions
initiated by cobalt(I) (eqn. (142) [159]), copper(D) (eqn.
(143) [160]), ruthenium(II) (eqn. (144) [161]) or chromi-
um(IT) (eqn. (145) [162,163]).

Co H
B Z 7 codmgiH Z  h =
—_— - MaO — = MeO
Me! o] o] - o g N .
e v
v
hv

/ o (142)
MeO 7 cHO
0: l. Mgoq
N T

A%

Cl

GCuClbipy

0. CHCI,

I G — (
o

o (143)

o}

several cases
n=1,2 7080%

Rt R*

3 Cl
R?, a FE‘ RS
CCl Y7 "R®  RuChl, cl <
A "
[o) N R 140° (o) N7 "Rt

H R H

(144)

40-90%

R' = H, Me, nPr, Ph, CH0Ac, COzMe

A?=HMe R=H R*=HPr
R (CHals
R™=H, Me

Cr
Br,
COEt .1 COLEt Ph COaEt
\2 K cr & 2 PhCHO m (1 45)
o” ~OEt o OH O

(o)

Zirconocene dichloride catalyzed the alkylation of
olefins by Grignard reagents (eqn. (146) [164] and eqn.
(147) {165]). Ruthenium complexes catalyzed the alky-
lation of alkenes by vinyl halides (eqn. (148) [166]).
Nickel(II) phosphine complexes catalyzed the alkyla-
tive ring opening of dihydrofurans (eqn. (149) [167],
eqn. (150) [168]) and dihydropyrans (eqn. (151) [169]).

R‘
3% CpaZiCly H

'\= . R/\,ng T . Hjc)\/\/nﬁ (146)

R
1 Y .
) MgBr R
/ Cpz2rCly (147)
2) €O,

OH
(o]

R

Ru(COD)COT)
R\ F
N + = —_— —
X _\z -~ \_\=\
100° 4h

25.75%
(148)
o EOL
. . Br /—\ o —
L G Ph/_/ : o
2 - COzMe, CONMe;, COMe
2, 1
R2MgX R
O 2 0
o LNiCh R
60-97%
(149)
Rle AN~ . Mo P, PN Me0” N MesSn, TMS,
B0 ™ L Bno” ™ NF A= Mo, P Bn, TMSCH, (0 BH)
LaNICh,
¢y NN
/\/\MgBr + / o e oH
30%
and (150)
() — s
o

61%
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oe ¥ " as
] —— T
o R! L2NiCiz

HO
35-85%

R A By e Me,Ph, TMSCH,
and

X MeMgBr = OBu
| T
LaNiCl
o oy “NCe

COH 57%

Nickel(II) phosphine complexes catalyzed the alky-
lation of vinyl sulfinamides by organozinc reagents
(eqn. (152) [170] and eqn. (153) [171]). Nickel(0) com-
plexes catalyzed the alkylation of olefins by a-iodoes-
ters (eqn. (154) [172] and eqn. (155) [173]). Copper
catalyzed the alkylation of olefins with perfluoroallyl
iodides (eqn. (156) [174]) and cyclopropene acetals by
halides (eqn. (157) [175]).

MeNy O ™S
> )
4PN A
':__ __5 Zn(CH2TMS), ':__ _5‘ (152)
NCE dppp
Y MgBrz Y
6R OR (-)FI OR
92%
TMS
\\ A
/
f
Zn(CHzTMS)g
NlCIz dppp (15 3)
MgBr,
0%
>95% ee
R NiCly*6H,0
J— ICHI R RICHLCI IF{ R
\- * Feoe Zr/Py/THF HeOHFCOR (154)
6

50-80%

o wnsr
RamBu, NN L M~ ElOZCJ\ .

™S, /\/O\/’l

R =Et, iPr

NiClg*6H20

RCH==CH, + IKCFLOR RCH,CH,CF,COR (1 5 5)

60-80%

R = COzMe, nPr, nBu, nCs, Cs, C12, TMS, Ho/\/\/\/\/ﬁl . Aco/\/\,r‘

o EOC AN Et0,C J\/LL"'

CH,C

and

P CF,COE
(CHy) NIClz6H,0 0
© 20/THF (CHy)
(0}
=70%
R CFp= B cRy=CROF,CH,CHIR
\— + CF2==CFCF,l " 2 2 (156)

47-87%

RZ
1) R'\fl\Cu

[EE————— .
[o} (o] 3 [o} o]

K 2) R'CHaX
R2. R?
}
\

T eon (157)

alkenes = /\,\’ . Bu/\/llt" @

R =TS, Ph, 25

2.1.4. Decomposition of diazoalkanes and other cyclo-
propanation reactions

Metal catalyzed decomposition of diazoalkanes is
another fairly standard class of organometallic reaction
that has been “discovered” by organic chemists and
has been explored with a vengeance. Perhaps the best-
known process is the Rh(II) catalyzed cyclopropanation
of alkanes by a-diazoketones and esters. The chiral
rhodium(II) catalysis “MEPyH”,Rh, has been bound
to soluble polyethylene to aid in its recovery from
completed cyclopropanation reactions [176]. Rhodi-
um(II) catalyzed intramolecular cyclopropanation was
an efficient process (eqn. (158) [177] and eqn. (159)
[178]. Cyclopentenes were prepared by rhodium(IT)
catalyzed cyclopropanations followed by ring expansion
(eqn. (160) [179]). Vinyl cyclopropanes were made by
rhodium(II) catalyzed decomposition of vinyl diazo
compounds (egn. (161) [180]).

RG

j\/\/ \ﬂ) Rno(5S-MEPY),
T omon
55-80% (158)
R = H, Me, Et, Pn,<:>_ , Bn, TMS 70-90% ee

R%= H, Me, Et, Ph

o R?

H
0 R!

R® = H, Me
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CoMe RM2OACe SN\ coe
oy NN
RO’
83%
69:31 syn/anti (159)
R? COzMe
2
/n’ R sz’co’m e «COMe R
+ —_— 0
EtpAICI
1 2 R'O
R | ardt
76-91% 86-95%
R'-BnEt R’=H,Me (160)
R? R!
X, X! R? R*  RhyOAc, 3
R ”
— + >='<
x3 =N, R? [ R* —
X! x2
12-56%
cl 161
X'=ClLH R' = Ma, OMe, Et, H, OTMS, OAG, OtBu, OEt, OPh, o~ " (161)

X =ClH.M O(CHz)s, (CHoa. (CHo)s,

R%= Me, OMe, H, OTMS
QOCH=CH

X=ClLHMe R=MeH El

R*=Me,H

The mechanism of rhodium—-porphyrin catalyzed cy-
clopropanation of alkenes has been studied [181]. Chi-
ral BINAP-porphyrin rhodium complexes catalyzed
olefin cyclopropanation with modest ee (eqn. (162)
[182] and eqn. (163) [183]).

COzEL
At (162)
>=< + NzCHCO,Et ——
cal.
10-60% ee
PN
BINAP, BINAP
cat. = Shape seleclive
BINAP BINAP
PR
Ph N\ An!
+ NzCHCOEt cyclopropanes (163)
e NF 10-40% e
mixed dis, trans
o

Chiral copper complexes also catalyzed the asym-
metric cyclopropanation of alkenes (eqn. (164) [184]
and eqn. (165) [185,186)]).

P CulloOTt  pp
& + NiCHCOR ——— COR
-

up to 98% ee

: (164)
A R
PR+ NZCHCOE! il .. . Ph>
Zza Et0,C
7327 75% yield
p—_— (165)

cat. = : ' I} + Cu(OTy
N N

The cyclopropanation of alkenes by diazoesters was
also catalyzed by ruthenium carborane clusters [187],
copper(II) acetylacetonate [188)], palladium(II) acetate
[189] and copper salen complexes [190]. Rhodium(II)
complexes also catalyzed the cyclopropenation of
alkynes by diazoalkanes (eqn. (166) [191], eqn. (167)
[192], eqn. (168) [193], and eqn. (169) [194]).

CO,R
NoCHCOZR
///\ NTMS, 2 A/NTMSz (166)

RhyOACe

80-90%

COR

RhaOAcy /A (167)

R—==—H + NCHCOMe

CO,R
Rha(5R MePy)q
RC=CH + NCHCOR ————=
R H
40-80% yield
R = MeOCH>, nBu, tBu up o 98% ee (168)

R' = Et, 1Bu, +menthyl, a-menthyl

5-A MePy = MeOchl} [¢]
|

1) KOH
N,CHCOEt 2 HCI

) o,
— Rh,OAc,  3)HBF,

A
(GV} (169)

40%overall n=3,45

Rhodium(II) complexes also catalyzed C-H inser-
tion reaction of diazoesters, but regiochemical predic-
tions were difficult and strongly dependent on the
parameters of the reaction (eqn. (170) [195], eqn. (171)
[196], eqn. (172) [197], and eqn. (173) [198]). However,
many reactions were straightforward (eqn. (174) [199],
eqn. (175) [200], eqn. (176) [201], and eqn. (177) [202]).
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O/Io Rhg(PiCC Ol @0\ .
N7 “CO,Et COzR
69-72%

I\ o
o_ 0 170)
o)
iso é/I only fused
Ng COR' N2 CO,R
Rhz0AG, ———> Mainly Spire
L == [ T
a7
R=Me 24:1
TBDPS 76:1
Ac >99:1
H 591
(o]
Rh0ACs
N2
85%
a7
o]
Q
but N, —_ only B el.
o] A
A? COMe COMe
R? Ny
Rnzla /@:;\o a
Rl
R3 COMe (173)
>99:1 for L = Ph3CC—0~
>199for L= OAC
[s] [e]
LN R
N, R?
Q. [e} R'
A (174)
75-80% yield
62-82% ee
RlatMe  F=Me ¢ A" = Me,Ph
g o]
Culacac) IX
| — . o
Rfﬁ : P s
- (175)
R =iPr, nPr 85% yield

>97:3 de

o o0 .
- RhaOACs MaOzC,,/,];rR
N OMe ————
N
A N, o “R 176)
50%
)_ N, RhzOACe
AN o=p Ph
ey . a7
B0 1 ogt
o] o

In substrates that can partition between cyclopropa-
nation and CH insertion, several parameters were ob-
served to effect the outcome of the reaction. In eqn.
(178 [203]) diazoketones preferred to cyclopropanate
whereas diazoesters underwent CH insertion. This par-
titioning was also influenced by the nature of the
catalyst (eqn. (179) [204] and eqn. (180) [205]).

o
[o]
/\/\)]\/N Fre0hce
Z 2

but
o o o o
/\/\)HHLOE: _— OFt
N, o

(178)

RhOAC,
- SN, T + nuAr
o]

“ o

179

Rhg{perfluorobutyrate)s >99% -0
Rhy{caprolactam), -0 >9%%
RhzOAC, B}

= B

L=OAc [

A 80
caprolactam 43 32 0

(Binaphthol phosphate)rhodium(I1I) complexes were ef-
ficient catalysts for CH insertion reactions for decom-
position of diazo compounds, but enantioselectivities
were low [206]. Rhodium(II) acetate catalyzed O-H
insertion reactions of diazoketones, as well (egn. (181)
[207D.

o
n
EIOZC\n/P(OEt); Rhz0Ac,

N, >— OH

[e]
E10,C.__P(OEY,
o 181)

Y

83%
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“Application of intramolecular carbenoid reactions in
organic synthesis” was the title of a review (228 refer-
ences) [208]. Rhodium(II) complexes catalyzed a bewil-
dering array of cycloaddition reactions based on the
formation of ylides by addition of heteroatoms to car-
benoids generated by diazodecomposition reactions
(eqn. (182) [209], eqn. (183) [210], eqn. (184) [211], eqn.
(185) [212], and eqgn. (186) [213]).

o] o] )
OEt  RhOAC OFt
N, —_— = (182)
Q N\ _0o
Ph
Ph

o MeO,C

RhOvc. o]
2 )MQ N, ——— |
MeOL—C=C—COMe  MeQ,C

o}
On
and
o G
A — QY
R2
RZ
o N,
o

| (183)

A’
N

- .
N COgEt Me0,C— C= C— COMe N7 Ny~ CO,Me
PN =

PR N0 Ph CoMe

60%
and (184)

MeO,C
CQOMe

o] T‘z / I
i — O e
o]

60%

Q,

" o o o
il
MN)I\VHI\ Rh \ ) 4
e (e}
Ot N, Q ;0
N

J
o (185)

1,3 dipolar o

COCH,OH

Y d}cque (186)

@Qfo S .
s
\

Rhodium(II) complexes catalyzed a number of un-
usual cycloaddition reactions of diazoalkanes (eqn.
(187) [214], eqn. (188) [215], eqn. (189) [216], and eqn.
(190) [217D.

N,
* Etozc/\)j\coze«

o w,E,

OMe E0,C
and (187)
Yy, 2] e L0
Rh i "‘_ a H
e LI
bV H bn
Ph
o L BocN o
2 .
I " (188)
Boc Ne
52.94%
up to 69% de
Al o

R é\/"jo(lm — ;5@34 (189)

wn=O

o o "
L d% 1l (190)
0 H
0., o

L= \ 0 67% yield
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Rhodium(II) complexes catalyzed a number of un-
usual “cascade” processes which involved metal car-
benes as intermediates (eqn. (191) [218], eqn. (192)
[219), eqn. (193) [220), and eqn. (194) [221]). The same
complexes catalyzed the intramolecular dimerization of
carbenoids (eqn. (195) [222]).

— (191)
R=H
g N
o}
OMe
. (c0)5wl=(0me zowe
MeO, - Me MeQ,C. %
Moo:t><—: A MeO,C R
>
l (mechanism) (192)

aiso Pauson Khand
W(CO)sEtz0 MeO,C
60%

o]

Q‘Na - '

o toms (193)
Man 11
o
Rh0ACy
Pentane OQ
g '@
80%
%/\— (194)
X

Gy
— — e_#

(195)

n=3,5,869

up to 60%

Electron poor dienes were cyclopropanated on the
remote alkene by chromium carbene complexes (eqn.
(196) [223)). Cationic iron complexes catalyzed the cy-
clopropanation of alkenes by diazoesters (eqn. (197)
[224]). A route to iron carbene complexes, for use in
cyclopropanation, from aldehydes has been developed
(eqn. (198) [225]). Dienes were monocyclopropanated
by iron carbene complexes, by protecting one alkene as
the iron complex (eqn. (199) [226]). Nickel(0) catalyzed
the cyclopropanation of electron deficient alkenes by
gem-dihalo-alkanes [227].

R
= &
AKX e coer={  — XX
R
70-90% (196)
R=PhMeOL.Me  X=CN,COMe, CONMe,

R = Ph, Me

[CpFe(CO), THF" R
J\ + NgCHCOff —————————— ‘AA(

P™ R cat. EBoc  Ph
197
0%
R=H 0731
R=Me 6040
? R
_ Il T™SCI oMs =/
CpFe(CO); + RC—H ~mmme Fp—( _— z
] TMSOTH (198)
50-80%
R = Ph, Me, pMeOPh
"y _M + F=CH, — F— //"M"4
60-100%
(199

e () oy 7O

2.1.5. Cycloaddition reactions

Cycloaddition reactions using transition metal
trimethylene methane derivatives have been reviewed
(6 references) [228]. A convenient synthesis of the
requisite Z-2-trimethylsilylmethyl-2-butene-1-ol start-
ing material for palladium catalyzed 3 + 2 cycloaddi- .
tions has been reported [229]. This process was useful
for the synthesis of a variety of complex products (eqn.
(200) [230], eqn. (201) [231], and eqn. (202) [232]). By
changing conditions, the cycloaddition to conjugated
enones can be diverted from addition to the alkene to
addition to the carbonyl group (eqn. (203) [233]). Al-
lylic diacetates added to both a-positions of cyclic keto
esters, giving bridged bicyclic intermediates (eqn. (204)
[234).
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PA(OAC)2

P(OEN); THF
COMe
Ph CO,Me
° Ol
1 A ’
T™S. 07" "R
Pd(OAC)2
+ —_—
(iPrO)P COMe
COMe PRhCH, 100° Ph COMe
Ph CO,Me +
Qﬁozm
Ph COMe
o
Pd(OAC),
OR _—
X _SOPh  POPIs
5,;,. SOzPh

0COMe —-

Soan
SOzPh

Q
™S
OCOsMe —
X 50zPh

S0,Ph

Ph same cat éé\
5% Pd(OAc)z/ DIBAL

MsO >3
Q
~ " Ph
same for

(201

(202

Ph

70%

(203)

(204)

Chromium cycloheptatriene complexes catalyzed a
number of [2 + 6] and [4 + 6] cycloadditions (eqn. (205)
[235], eqn. (206) [236], and eqn. (207) [237]). Reduced
cobalt complexes catalyzed an intramolecular homo
Diels Alder reaction (eqn. (208) [238]D). Ruthenium
hydrides catalyzed [2 + 2] and other unusual cycloaddi-
tions (eqn. (209) [239]). Reduced titanium species cat-
alyzed [4 +2] and [6 + 2] cycloadditions (eqn. (210)
[240]). Oxidation of cyclobutadiene iron complexes in
the presence of norbornadiene led to several cy-
cloadducts (eqn. (211) [241]). Polysubstituted phenols
were synthesized from cyclobutenones via cobalt vinyl
ketene intermediates (eqn. (212) [242)]).

15%  \
CO,Et Cr(CO),
O - 7S
cat
160
CO,Et

99% 1:10 (205)

COE

and

h
CO Me

CO,Et

7%

=~
CrCO)s \\
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Cr(COR
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Q 1) R_//—\\_«“‘ s
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A "CoMe o,m 1 //_\\—x by nx
2139% 2) ox 5.78%
X = OAc, OTMS
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dPPP / EL2AICH 0
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" R (208)
V4
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[/ I COMe
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52%
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ll ! Meozc
MeO,C
1%
R! R!
Ph
R, R2.
f | —= ﬁ
+
RTS ™S 60"’51 h PhH R ™S
R* R
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and
Ph

SiMey

C OzMe CAN MeOL COMe

+ f | \‘ +

| “coume Me0zC }:on-°°1M'
Fe(COM 18% COuMe

1%

(211)

R o . c(/o N OH ,
09 - — 1 XX
2 e R?
l
O ;F/e(;b (2].2)

84% R%= Ph A% =18

2.1.6. Alkylation of alkynes

The Castro-Stevens reaction (Pd/Cu/amine) has
become the premier way to couple alkynes to aryl and
vinyl halides and triflates, and a large number of sim-
ple cases have been reported (eqn. (213) [243], eqn.
(214) [244], eqn. (215) [245], eqn. (216) [246], eqn. (217)
[247], eqn. (218) [248], eqn. (219) [249], eqn. (220) [250],
eqn. (221) [251], and eqn. (222) [252)).

0,8CF,

é/o,sw3 . romon FA/Cu__Purcy ="
RC=ECH

(213)
R = THPOGH, RySIOCHp, HO~% HO NN L THS
R’ = TMS, TMSCHy, Bu, Ho ™~ HOT NN
R

B, COEt pucy, N\ COLEl
RC=ECH + >=< s

FsC H Cul EigN FsC H (21 4)

R « Bu, TMS, Ph

o] o R
@iﬁ«v R @w @15)
o o
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A
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=7 —— — N\ z
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DMF B0°

50-90%

(222)

X=F,Cl R=TMS, Ph, CqHg, /\/\/‘1‘-. /\/\/\/\;'

Additional examples are seen in eqn. (223) [253],
eqn. (224) [254], eqn. (225) [255], eqn. (226) [256], eqn.
(227) [257], eqn. (228) [258], and eqn. (229) [259].
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Cad ‘ad
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Cul B
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H
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This process was efficient for alkynylation of func-
tionalized arenes (eqn. (230) [260] and eqn. (231) [261]),
and for multiple incorporation of alkynes into arenes
(eqn. (232) [262], eqn. (233) [263], eqn. (234) [264], eqn.
(235) [265], and eqn. (236) [266)).
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The Castro-Stevens coupling was extensively used in
the synthesis of ene-diyne natural products (eqn. (237)
[267], eqn. (238) [268], eqn. (239) [269], eqn. (240) [270],
eqn. (241) [271], and eqn. (242) [272)]) as well as other
natural products (eqn. (243) [273], eqn. (244) [274], and
eqn. (245) [275)).

[o] [e]

“er, Pd Cul [o]

3 ————“BUNHZ C = (239)
A\ 4

224%

a cul, unvy

S
1) TFA | |
7 = —\ oM
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(E/\/ &\/ v ™
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BuzNHz

(244)

H Z L.,Pd
v o
HO.,, Z
—_— . + I\M\ COMe (245 )
OH

A H
HO,,, = COMe

LPd Cul

plperidine

62%

Alkynes were alkylated to give alkenes by treatment
with organozinc reagents in the presence of palladium
catalysts (eqn. (246) [276]). Orthopalladated species
inserted alkynes to give polycyclic materials (eqn. (247)
[273]). Alkynes were alkylated by propargyl halides in
the presence of copper(I) salts (eqn. (248) [278]). Allyl
halides behaved in a similar manner (eqn. (249) [279)),
as did aryl and vinyl halides (eqn. (250) [280]). Alkynes
were readily carbocuprated (eqn. (251) [281]), and stan-
nylcuprated (eqn. (252) [282]). Copper(I) catalyzed the
intramolecular alkylation of alkynes by stabilized car-
banions (eqn. (253) [283]).

1) TMSCI/ Nal / HO R

2RZNCI/LPdcal .

50-70% (2 4 6)
R=Ph, /\/\/\r,.r

wan

e s O s ¥
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79%

Titanocene complexes alkylated alkynes (eqn. (254)
[284]), eqn. (255) [285]). Zirconium porphyrin com-
plexes catalyzed the alkylation of alkynes by triethyl
aluminum (eqn. (256) [286]). n*-Ketimine complexes of
zirconium inserted alkynes (eqn. (257) [287] and eqn.
(258) [288]). Ruthenium(I) complexes catalyzed the
alkylation of alkynes by allyl alcohols (eqn. (259) [289]).
Alkynes inserted into arylmanganese complexes (eqn.
(260) [290)), and into orthopalladated arenes (eqn. (261)
[291)).
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clization processes, involving palladium catalyzed ox-

idative addition insertion processes (eqn. (262) [292], n/\/B'

eqn. (263) [293], eqn. (264) [294], eqn. (265) [295], eqn. 4173%
(266) [296], eqn. (267) [297], eqn. (268) [298], eqn. (269)

[299], and eqn. (270) [300]).
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2.1.7. Alkylation of allyl, propargyl and allenyl sys-
tems

“Selectivity in palladium catalyzed allylic substitu-
tions” was the title of a review (130 references) [301].
Palladium catalyzed alkylation of allyl acetates by stabi-
lized carbanions has been used extensively, both in-
tramolecularly (eqn. (271) [302], eqn. (272) [303]), and
intermolecularly (eqn. (273) [304], eqn. (274) [305], eqn.
(275) [306], eqn. (276) [307], eqn. (277) {308), and eqn.
(278) [309)).
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©
COMe CoMe /U\/U\OH
Mcc,ue
o CO,Me
60-90%
0o o
A )]\)L Pan) A0y
* 1BuO oy COoR
07 0co,8n 3] o
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20k, LePd COR
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2

QAc ONa
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Palladium(0) catalyzed the alkylation of allylic sys-
tems of vinyl cyclopropanes (eqn. (279) [310], eqn. (280)
[311]), the alkylation of allyl acetates by ketene silyl
acetals (eqn. (281) [312]), the alkylation of cholestenyl
esters by carbon nucleophiles (eqn. (282) [313)), and
the alkylation of allyl acetates by a-hydroxy acid
derivatives (eqn. (283) [314]). Vinyl mercurials (eqn.
(284) [315]) and zinc reagents (eqn. (285) [316]) alky-
lated allyl acetates under palladium catalysis.

Ph

PhZnCI
——————— W
LoPd
OR
Z
CO;Me
V:\/ oR &) < CO,Me (279)
CO.Me
— | >=— COMe
L4Pd
R =Ac, TF, COzEt, Ts
COMe
R ) . R!
R ct CoMe S COMe
) s R
" passe s RS COMe (280)
A? R
5190%
R! = H, Me, TMSCH, RZ, R? R4 R® = H, Me
LiPd
/u\ N0k Mo (281)
MeO’ OTMS OMe

X = Y = COMs, CN
X = COMe, ¥ = COMe

70-7%%
(283)

ayl = 4\/"1-. ph/\/\ra, )\/\;’ , )\/\/K/\g,

/\/kre. ?ﬁh

XH 0, R 1 eq. PdCl, ~t
g RN S e}
Licl

as100% (284)

/\/a.ﬁ(a,)\»ﬁ,@s

™S R3 ™S, R3

= 0)

Ban?éf R —»Pd( i ? al (285)
R20

Asymmetric induction in the palladium catalyzed
allylic alkylation reaction has been achieved both by
using chiral substrates (eqn. (286) [317], eqn. (287)
[318]), and chiral ligands (eqn. (288) [319], eqn. (289)
[320], eqn. (290) [321], eqn. (291) [322], and eqn. (292)
[323]).

x
HTE Cl X Cl
OAc LiPd " <§-:—>M<001Me (286)
COzMe
80%

]

P H
No o
2 “N¥ £ YCH,PPh;
HH Me

OAc

1) N H
. mTvho (287)

. LePd ~F

)\4N\N 2} H', H0 20-60%
up to B0% ee
PP
A! R'
Q LyPd
o oac  NaH g
COMe COMe (288)

37%

with L = (R}{S)BPPFA
34% yield, B3% ee
o] [0}

o o

Pdtba: X
SV e
- —

diaza up to 75% ee

L'= g | H"'Me

(289)
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¥
OH OH
~
\/\/k oN SO:Pn \M
: Pd(OAC);
OAc L PhSOz/\NOZ
+)
(S.R)
(290)
NO;
0COMe PhSO;, 2
\/\/’\ same =
O:Al: (=) H
(R.S)
o fo) NaH RO OEt
1]
ia PA(OAC)2
¢
% (291)
100% yieki
up to 61% ee
PPh,
Me0,C,
L=
"'-a: \
PP,

[o] [o] o]

/JLOM(:)“°JL\ e
L* Pd(0)

Full paper on design of efficient ligands for this reaction.

Nuc©°'u\ (292)

Palladium(0) complexes catalyzed the removal of
allyl carbonate protecting groups (eqn. (293) [324] and
eqn. (294 [325]). Palladium catalyzed reactions of
propargyl carbonates have been reviewed (27 refer-
ences) [326]. Propargyl carbonates were alkylated by
stabilized carbanions in the presence of palladium(0)
catalysts (eqn. (295) [327,328]). Benzyl carbonates un-
derwent similar alkylations (eqn. (296) [329]).

o o]
Pd(0)
- o
96% yield
NH2 up {0 40% ee
oH
PMC  1Bu
H H LPd
FMOC—N—Val—Arg—gly—asp—N+_ COz—Resin —— deprtects (294)
o)
P s \n/\o
o
Be ©OM
/\ MeOzC)\ COzMa R cozozr:
0COMe — . e
4 T Meoc ()../(co.Ma Mo OLC——(n
R Pdzdbag
dppe MeOL
n=123

(295)

R
| COMe  pdba X
D _cHocor o | COMe
CE; <co,~|e dppe //J\crozw
(296)
Palladium(0) complexes catalyzed “cascade” cycliza-

tions which were initiated by oxidative addition to an
allyl acetate (eqn. (297) [330,331)).

H ?
= Pddba;
Etoacg_\\ T Egozcg H (297)

MeOC

[}

5%

Cobalt-stabilized propargyl cations were alkylated
by a variety of carbon nucleophiles (eqn. (298) [332],
eqn. (299) [333], and eqn. (300) [334]).

BnO 13
n0—, — 1) BF3OEt Nuc (298)
| on 2N /\\
Co2(CO)s {CO)eCo2 Noc
40-80%

Nuc= /\/TMS‘ Y\/msl Yy SnBus | Y\/Snﬂu:.

™S
P —
OTMS * oTMS  * OMe !
OMe OMe
1) H
x
Meoj\ + 07N 2 on HOJ\E/\

/ Y
(CONCo? o 299
60-88%
Z=Ms, SorR CHCHj3
OMe
OSiRy
Z
Ar. —
OTMS  Lewis Acid (300)
% OMe 7
Coz(CO)e Coz(CO)g

Organocuprates alkylated allylic (eqn. (301) [335]
and eqn. (302) [336]) and propargyl systems (eqn. (303)
[337] and eqn. (304) [338]). The stereo- and regiochem-
istry of displacement of allyl benzothiazines by alkyl
copper species was the subject of an extensive investi-
gation [339].
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high §n2', E. anti seiectivity

RZCUCNZNCly
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OMs
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A

high yield
high chirality transier

oTBS oTBS oTBS
R'= /er\- . Bno\/'\rrf , H
EWG = CN, COzMe, PhCO R = Me, Bn

Q

H
[e] H s
E) = H P~
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" v BF3-OFt; NN

RAMgXCul
3
0=X ©
—
R = E1, nBu
X=8§,C

30-80%
>99:1 anti'syn

Z Z Mgt

301)

(302)

(303)

(304)

Silyl enol ethers alkylated allyl acetates complexed
to Fe(CO), (eqn. (305) [340)). Nickel(0) complexes cat-
alyzed the reaction of aryl Grignards with allylic bro-

mides (eqn. (306)).

F\e(CO)‘
“‘S\/\l NBFOB rMs._o
2)Nuc N
OAc  3) ox Nuc
B70%
and = —_— “
™S OQAc TMS Nuc
oTMS
oTMS oTMS
Nuc= o ) . B X F’h/\/\SnH;

(305

| R /II/R'
@(\OCAQ Cu, DMF  hydrolyze X,
N\ 7/ -
A

Br OMOM oTt
2) H*, HO

MgBr 1) NiClz dppe
SOE o
3) ThO

LzPdCl, .
9@
140°

DBU, DMF (306)

89% 7cases

2.1.8. Coupling reactions

“Controlled decomposition of kinetic higher order
cyanocuprates — a new route to unsymmetrical biaryls”
was the title of a review (20 references) [342]. Unsym-
metrical biaryls were synthesized by copper catalyzed
coupling of unsymmetrical aryl diesters (eqn. (307)
[343)). Reduced nickel species coupled a-halopyridines
(eqn. (308) [344]). Aryl triflates were reductively cou-
pled electrochemically in the presence of palladium
catalysts (eqn. (309) [345]). Palladium(II) acetate cou-
ple o-iodoanisoles (eqn. (310) [346]). Dienes were
dimerized by palladium(0) complexes and hexameth-

ylditin (eqn. (311) [347].

Q
I

9 | Z 2 2
o) S - (307)
| 7R=
high yields
R' | 3,4-O0CH0- | 3NO; | 35Ck 3,4,5{Me0)3 | 4.5-(MeO)z
R? | 3,45-(MeC); | 35Ch | 3.45-MeO)3 | 3NO2 3NOz
TS ” 7N N\
n — —_ —
“No LNick  (Oa N N On (308)
B4T%
n=12
LaPdCly
2ArOTt + 2¢” e ArAr
90° 3070% (309)
(310)

R = H, 90%; 3MeQ, 87%; 5MeQ, 77%
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A A’

. M
Me;SnSnMey + N idbﬁ. MeaSﬂW SnMes (311)

R!

Low valent titanium coupled chromium-complexed
aryl ketones (eqn. (312) [348)), a-ketonitriles (eqn. (313)
[349)), and oximes (eqn. (314) [350]). Low valent vana-
dium species coupled a-amino aldehydes (eqn. (315)
[351]), and cross coupled ketones with formaldehyde
(eqn. (316) [352]. Niobium(III) coupled aldehydes (eqn.
(317) [353D.

Cr(CO;
/'(C )3

0
@* Li/ TiCls (312)
- .
CHCO)s Crcoss
R = Me, E1, nPr, Bu T080%
0 0
)%(\,cu TiCly / Z0 Al
Rt _
Rz R® A2 (313)
R3
R! = Me, Ph
neop T (Chal (CH
R%= H, Me, Et, nPr, PhCHy
N|’OH R\ Re
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n‘)\nz u HZN&NHZ
R' Rz (314)
21:26%
R'=H,Me  RZ=Ph, pCIPh, oCIPh, pMePh
o}
R 1) VCQ(THFI3/ Zn HO  NHCBz
o F A (315)
NHCBz JH

OH
NHCBz

4090%

R = iPr, iBu, Bn, (CHalNHCBZ, %7 " sMe | @jg\
N
N

o)

HQ ,—OH
RJ'LR‘ + cHpo CBHR: RX; (316)

Zn

70-90%
R=H
N J\ - >_(

NHTS
OSiR3

o By T

ketones = \/\/\)K : n.)k : \=/\)J\ .

Ty

RgSnO o

H
NoCla AN oM
ArfCHO ——  Hvy
-10° HO Ar
THF ’
- G17)
A YA
1) NbClg Al ] (
\ + o o
2) AICHO
Ar NYH

Dicobalt octacarbonyl coupled thiocarbonates (eqn.
(318) [354]). Osmium porphyrin complexes catalyzed
the coupling of diazocompounds (eqn. (319) [355]).
Silylenol ethers were coupled by vanadium oxychlo-
rides (eqn. (320) [356]). Ruthenium oxide catalyzed
oxidative biaryl coupling (eqn. (321) [357).

Co2(CO) S-S s._CHO
O - o= =™ (=X
CH(OEt); S S S CH(OEY),
1%
(318)
N2 osPR, R
po OPRe R
" = (319)
high yields
100-300 ums

R = CHCOzE!, (pMePh)2C

OSiR, 0
A VO(OEN),Cla
Ay (320)

o

OSiR3 | OSiR3

55
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ANOZ+2H0
— Me0
(o TFA

~ (321)

()n

af
Thad

MeO' MeQ
OMe OMe

n=12 R=MeO H
47-76%

2.1.9. Alkylation of m-ailyl complexes

A number of unusual facets of reactivity of mr-al-
lylpalladium complexes have been reported this year.
The fact that a-branched ester enolates attacked the
central carbon of s-allylpalladium complexes, giving
cyclopropanes, a reaction originally reported over ten
years ago, was again reported (egn. (322) [358)). Com-
plexes from fluorinated allyl acetates were alkylated at
the less substituted position (eqn. (323) [359]). The
stereochemistry of oxidative addition of palladium(0)
complexes to allyl acetates depended strongly on the
solvent (eqn. (324) [360]), and on the steric bias of the
starting material (eqn. (325) [361]). Evidence for the
intermediacy of cationic allyl palladium phosphine
complexes in palladium-catalyzed allylic alkylations was
obtained by isolating and studying just such intermedi-
ates (eqn. (326) [362]). m-Allylpalladium complexes
from methlenecyclopropancs were alkylated by carban-
ions (eqn. (327) [363]). Palladium(0) complexes isomer-
ized optically active mr-allyl complexes, accounting for
loss of stereoselectivity in some reactions (eqn. (328)
[364]). =-Allyliron complexes were alkylated by
organocuprates (eqn. (329) [365]) and organolithium
(eqn. (330) [366)).
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0-80%
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R Etogc/\/\,f‘ i AcO/W.H' .

NC/\/\)-V‘

Ci

R' 1
7= o =R
- + —
2
R R
R g2

, PhCHg

(329)

(325)

(326)

(327

(328)

(329)



L.S. Hegedus / Transition metals in organic synthesis 1992 303

R
) + Rl —— )_/
Fe(CO)a

£281% (330)
R = PhyCH, <:S>—Pn , Ph, Bu
s

2.1.10. Alkylation of carbonyl compounds

Tebbe’s reagent effectively methylenated a complex
lactone (eqn. (331) [367]). Several new carbonyl olefina-
tion reagents have been developed (eqn. (332) [368],
eqn. (333) [369], and eqn. (334) [370]). Ruthenium salen
complexes catalyzed the alkylation of ketones by silyl
enol ethers (eqn. (335) [371]). Tungsten(II) complexes
promoted the alkylation of ketones by alkenes (eqn.
(336) [372)).

Cp2TiCH,
Ro«“@—omops S Rt O OTRDS

(331
e} ~ ~

G

o
ka +  CpzTi(CHzPh), L. Ji (332)

R” X
55°
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[¢]
o o o
\/\/\/\/YLH ' é/ Q , H)Loa ,
e L. 5
Ve e e \Fe e OEt
Me [0} . \ Fh)LOMe .
Br
° o
o o
[s]
{3 °o A
o)
@;2 ’ : d NMe, ° Me)LNMez '
o]
)zT'CPz
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X X=ClLF

o )I\/TMS
CpTHCH,TMS), + R'/U\Rz —= R 2

A

o]

CH,
MoClyp + 4CHati — ClgMoCMoCI; B — )j\ (334)
a9 R Ru(salen)(NO)(HO! i
y )LR2 . _ usAenNONHO) a (335)
R OTMS A\ A2
o
= W 'COMe

Chromium complexes of aryl ketones (eqn. (337)
[373]) and aryl aldehydes (eqn. (338) [374] and eqn.
(339) [375,376]) were alkylated with high stereoselectiv-
ity. Cobalt complexed propargyl aldehydes were alky-
lated by silyl ketene acetals (eqn. (340) [377]).

o
[} oH
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+ RBOTH + iPNEt — R
/ OMe oMe
(CO)Cr (CO);,Cr/ (337)
majpr >90%
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o) OTMS OH o
F— Jl = 1)LA
= H + o —— //
| o 2)CAN by
C02(CO)s On
major
(340)
R' = Ph, nBu, TMS OH ¢
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Aldehydes were alkylated by propargyl ethers (eqn.
(341) [378]) and allyl ethers (eqn. (342) [379] and eqn.
(343) [380])) in the presence of zirconocene. m*-
zirconium complexes alkylated aldehydes (eqn. (344)
[381]). Hydrozirconation of alkynes and alkenes gave
zirconium alkyls which alkylated aldehydes (eqn. (345)
[382], eqn. (346) [383], and eqn. (347) [384)).

oR OH P R'
"CpZr’
n‘—:—,( — Ra)\/
A2 R RicHo RS R?
BFy
60-80% (341)
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e s

s A

&  0Bn

Ana

szZr\/\/R
c + Richo 2. R'\‘/\/R
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346
R=Bn R'=Ph /\/\/.71- PV e NFaN (346)
R
R R
ol o — 2 N LY
PRs HO” “R! HO” "R’
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%
R = H, Me, Et e

Palladium catalyzed the alkylation of aldehydes by
allyl alcohols (egn. (348) [385] and eqn. (349) [386]) and
by a-bromoamides (eqn. (350) [387]). Nickel enolates
alkylated aldehydes (eqn. (351) [388D.

SnClp / PACIa(PhCN) o ™
at : : ""\/\)\
OH phcHO 2 B MR
\/\/ * CHO . & P * /Y\n'
s
and 60-70%
OH OH
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OH OH
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wnr

LPd
RCHO + BrCH,CONR; —
AsgP CONR.

(350)

5%
o *,
A = pNOZPh, pCiPh, X% <o@/
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oH Q 0 oH
1) Bull RCHO
H,)\/\R ) N0 | —— R
2) LNiCl,
R

and 70-85%

oH o OH [e] " OH
P
Phw I ; (j é)\
X

(351)

Aldehydes were alkylated by allyl cuprates (eqn.
(352) [389)) and alkyl cuprates (eqn. (353) [390]). Re-
duced tantalum species alkylated aldehydes and ke-
tones with alkynes (eqn. (354) [391,392]). Imines were
alkylated in a similar manner (eqn. (355) [393].

Cl Cu E OH
A00C 1) RCHO
Cu* + )\/c' _— [}\/c“] —_— R (352)
9e
5085%
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R' = Cs, , Ph, TMS, MeS A — R
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R® = Cs, Cg, C10 from 1:1 to >39%

Q)

e

Allylmolybdenum complexes alkylated aldehydes
(eqn. (356) [394], and eqn. (357) [395)). The addition of
organochromium compounds to aldehydes - the
Nozaki-Hiyama reaction — was the subject of a review
(43 references) [396]. Allylic halides alkylated aldehy-
des when treated with chromium(II) salts (eqn. (358)
[397] and eqn. (359) [398]. Optically active arene
chromium complexes induced asymmetry in the alkyla-
tion of aldehydes by diethyl zinc (eqn. (360) [399)).
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>94% ee
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cat= |, |
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Iron complexes of vinyl ketenes were alkylated by
stabilized ylides (eqn. (361) [400]) and by alkyllithium
(eqn. (362) [401)). Cationic iron cyclopentadienyl com-
plexes catalyzed the alkylation of aldehydes by ketene
silyl acetals (eqn. (363) [402]). Iron(II) complexes of
acetonitrile anion alkylated ketones [403] and aldehy-
des (eqn. (364) [404). Titanocene alkylated ketones
with a-bromoesters (eqn. (365) [405]). Iron carbene
precursors were made by the reaction of ketals with
anionic cyclopentadienyl iron complexes (eqn. (366)
[406].
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2.1.11. Alkylation of aromatic compounds

Palladium(II) complexes catalyzed the alkylation of
pyrroles by organic halides (eqn. (367) [307] and eqn.
(368) [408]), as well as intramolecular alkylation of
arenes by aryl bromides (eqn. (369) [409]). Aryl cuprates
added to the 4-position of N-acylpyridinium salts (eqn.
(370) [410)). Nickel(II) acetyolacetonate catalyzed the

reaction of Grignard reagents with aryl triflates (eqn.
(371) [411).

R

3 o 2203 - (S
N R N

N

]
ZnCl (367)
70-807%
R = Ph, C12Fzs, C1oF21, CaF17
R
LU0 =
Cl NaOAc
| ) (368)
X = NH, NMe good yiekls

%NBOC NBOC

o ]
_LPacl
"“éi}i MeO, (369

2%
1 Ar
= I R y, R!
[z~ €+ AICUCNZnI —— - |
.
o)\oa " (370)
R' = Me, Ci, Br, OMe, CO;Me R2 = H, Me
Ni(acac),
AOZ + RMgX ———= AR
30-65% (371)

Z = Tf, CONMe;
R = TMSCHj, Ph, Bu

Ar = 33 cases!

Chromium-complexed thiophene was lithiated, then
a-alkylated (eqn. (372) [412]). Chromium-complexed
polyaromatic hydrocarbons were similarly alkylated
(eqn. (373) [413]). Chromium-complexed tetraline (eqn.
(374) [414]), benzaldehyde SAMP derivatives (eqn. (375)
[415]), oxazolines (eqn. (376) [416]) and acetophenone
ketals (eqn. (377) [417]) were lithiated, then alkylated.

/O,c:(coh 1) tBuLl ﬂ—\cucma
T™MS

2) Mel S (372)

&%
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1) iTMP &
(CO)CPAH ————  PAH
2E
3) ox

(373)
R2SiO OH
@:)/“P’z 1) Cr(COls @O,Nm
2)BuLi, TMEDA, Mel
3)hv, Oy
“080%
and
(374
OMe
NP'Z ) 1BOK, Mel _ NPz
5 P
CrCON,
®_\\ R Q\N_ Q
N—N
| ame Cr(CO) ”2°
CrCOl ° ome cr(CO)s
OMe
(375)
.\‘R
0
e
el /
2Me/co | 376
3) NaH / Mel / HMPh (376)
Cr{CO)3
9
NMez NMe;
1) 1BuLi /
ES S o
@-\no NMez _2)_5__, @..o NMe, ( )
377
| |
CrCO)s cr(ck1

E = PhaPCy, TMSCI, Ph,CO

“a-Benchrotrenic carbanions. Formation, stabiliza-
tion and synthetic applications” was the title of a
review (69 references) [418]. Optically active arene-
chromium tricarbonyl complexes were benzylically alky-
lated with high ee (eqn. (378) [419]). Optically active
chromium arene complexes were prepared by the pro-
cedures shown in eqn. (379) [420] and eqn. (380) [421].

Stereoselective manipulation of acetals derived from
o-substituted benzaldehyde chromium tricarbonyl com-
plexes was the topic of a lecture [422).

OMe
OMe e 02
oMe e Me
el ,
\ Nonchelation “H (378)
CrCOs control OMe
(+) B2% >97%ee
CO;Me Pig liver COzH
—
COMe  oqiorase < COMe
\
Cr(CO)a Cr{CO)3 (379)
24}
>39% ee
OH OH

o]
< A z Rt R'
Naphth Cr(CO), ‘gl ox ‘@
———— —
R? R? R?
/ /%

THF / E1.0
70°
R® R?
Cr{CO); Cr{CO)a
94%
Clean syn pefsiog (380)

Arene complexes of manganese (eqn. (380) [423],
eqn. (382) [424], eqn. (383) [425)), iron (eqn. (384) [426])
and ruthenium (eqn. (385) [427]) were alkylated.

Q=

+Mn(CO)3 M"(coh
(381)
~100%
>—CN Ycozue \rcozm “"ScoMe
LI i
°\ roa —Minco), —— -
A S Y H
oPh moo (382)
/ OPh
Mn(CO)a
76% 3.5/1 ciast.
MeQ R MeO
@ oMo . H:/\/Br tBuLi ox R \
I m  (383)
Mn(CO)3 MeO

60-70%
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Fls‘ 1) KOH

G

2 N80 ox

and (384)
5
(385)

cd Nuc _—Ru* cyclophane
-y pe
Nu

2.1.12. Alkylation of diene and dienyl complexes

“Aryl substituted cyclohexadienyl iron complexes in
alkaloid synthesis” was the title of a dissertation [428].
Indole alkaloids were synthesized in low yields by ox-
idative cleavage of an iron-diene complex (eqn. (386)
[429)). The role of substituent patterns in selectivity of
preparation of cationic iron cyclohexadienyl complexes
by acid catalyzed demethoxylation of iron complexes
alkoxycyclohexadienes was examined [430]. Iron dienyl
complexes found numerous applications in organic syn-
thesis (eqn. (387) [431], eqn. (388) [432], eqn. (389)
[433], eqn. (390) [434], eqn. (391) [431], and eqn. (392)
[436)).

Me

OMe
Q- -AO— (¢ =
* of I, OMe
S Cos sl
Fecop® Nz (COWFe

%
(386)
OMe OMe
OMe 2) Fe(CO)s \ OMe
Fe(CO)3
&%

OMe (387)
- w
2) H,80, - OMe
3) NH4PFe éN
4) KCN

o

~ NHBOC
NHBOC H

R N —_— g H

@ + IZn[CN]Cu Rl CO,8n
CO,Bn \

o (COl* Fe(CO)3

060%
am R = H, IMe, 2.4-Mey, 4-MeO,
4Me0C” TN | aMe, 50O Me
Fe(CO}s*

N A . NHBOC
\l éOan
MeQ'
Fe(CO)3

5% (388)

Fe(Czo)s
Fe(CO)a" Z

JoCuLi R?
o . S R!
\ Z Y o

and 53-55% R's = H, OMe
(389)
Fe(CO)3 Fe(CO}a
o t o 1) TFA o
< —’< OMe ————* o
o COLi o coH 2 NaHCO g
0
%
%
OR OR
OR
Ph, P,
+ — D — —
Cu(Me,S)
Fe(CO)s —Fe
OR
on (390
CucCli Ph g
. _
o]
CF3 CF3 CFs
OH ¢ OH OH
@2(CO)s “ 1) HPFg =
Fe Fe (391)
oOH x = on 2 Nue N
(optically pure) &%
m + (re=cscu —= A/ |\
R” Fe(CO}s* Fe(CO)3 \\
H‘
2764% (392)
R
1_- —
M_S_, — R = Me, Ph, COMe
-

'-
200 R'=Ph
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Cycloheptadienyl complexes (eqn. (393) [437], eqn.
(394) [438] and cyclooctadienyl complexes eqn. (395)
[439] were similarly useful.

Fe(CO)a

_Fe(CO)s* ,
NG
M
COMe e g COMe
feo
am .
mad  (393)
COMe COMe COMe
Fe(CO)s*
- ~Fe N
- .
—
N
Fe
Fa(CO)2P(OPh)3 Fo
<(7(7 MezCuLi /'\
g Y
H or o v,
3 M H,"
CHzOMe 90CH; R
\ -
Y
Fe < Fe
-
X
- .
L) ooz @ 7IN
AICH; ", Y
CI)M Meo—" T *C
OMe € NoMe Nome X
BHTHF
H20,
Fe
(/)
N (394)
OMe OH
Fe(CO)s" £e(CO)
Nuc 4 ‘ N
L
NG
CO2Me
N~ = PhS™ 62% B1%
COzMe
and
(395)
Fe(CO)s £e
o e N
- .
AICla <COzMe
COgMe L e COMe
2
COz2Me

Diene complexes were also reactive toward nucle-
ophiles (eqn. (396) [440], eqn. (397) [441], and eqn.
(398) [442]). Dienes were complexed to iron to protect
them from reagents used for carrying out reactions at
remote sites (eqn. (399) [443], eqn. (400) [444], eqn.
(401) [445D.

@ RCU(CN)Zn! @R R=CHZCH,CO,H
1) NO*
[ 2 EtN

|
C pMo(CO), Mo
4190%

m (396)

Ae Etozc/\/\/i"- ' ElOzC/\/\;é . EIOZC/\/‘L" , Nc/\/\/"?.. ,

Nc/\/\,r' ) Aco/\/\r\‘, PhCOz/\/\/'I" . Bn

(397

SOzPh 50,P
G

FocO) ATA 688%

o= m , (>—c~. ol . (-’<CN
E

%

and Ph
SPh 1 PnCH  pns f

7 N\ 2) TFA

[¢]

NaOMe
)\/ + PhSO,” “SOPh

R! R!
R2 2
# TMSCI/EN T N PhCHO
—FelCOl  ———— —Fe(COy ———
R ZnCip AT TiCly
H‘
(o] TMSO
o Ph
— o
=—Cs —
E 4 N —_— ——a E » 7\ —Cs
Fe(COp OH ,':. osi
[ Red / Al
CuBr
' 145d
i —C
L]
EW
Fe OTMS
%
(400)
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$OMe £OzMe

2)R'X I

Fe(COls Fe(COJy (401)
R'=Me >37%de 90% yield

A'a /\/it.

,Bn lower

2.1.13. Metal carbene reactions

Metal carbene complexes continued to be developed
for use in organic synthesis, and a number of proce-
dures to elaborate carbene complexes themselves have
been developed (eqn. (402) [446], eqn. (403) [447], eqn.
(404) [448], eqn. (405) [449], and eqn. (406) [450]).

N

N: > R2 1.1BFgQEt, A
(CO)5C|‘=< ¢ R —— (coiﬁcf%_g’ 402)
oH

Hz
R'=H A2 = H, Mg, Et, CHCl 0-70%

R (403)
A
1) Cr(CO)g o R = H, Me
——————— (CO)sCr! R! R! = H, Me, CH20H, nPr, nBu
2) Me3O*BF* R? RZ = H, Me
14-53%
oLi
OFEt XN 701 OFEt
(CO)sCr + —— | (CO)sCr R o
— a0
V]
R
X
OEt
(CO)sCr OH
1) CHali 3 R (404)
2) LIBEtgH
3) H0
X
and
1) LDA
oY 2 E OFEt
M(CO)s + @ ——  (COM ——— (CO)Cr
Li x  3H0 X
4 4) E150* /
-

H E

or18s (CO)W

H
{
N
(CO)swﬁ_-T + >/—\\_0M8 Moo
oTas (405)

72% 251 exa/endo
but

H |
N N
{ CO)sWi :(j No reaction

OR OR

(CO)sM + Cog(CO)g ——= (CO)sM
X X (406)
ph A

The classic reaction between chromium carbene
complexes and alkynes (the Dotz reaction) continued
its development. A theoretical paper addressed the
role of metallacyclobutenes via n{2}-vinylcarbene com-
plexes in this process [451]. It was used to make poly-
cyclic aromatic compounds (eqn. (407) [452], eqn. (408)
[453]), cyclopentenones (eqn. (409) [454]) and cy-
clobutenones (eqn. (410) [455]). Manganese carbene
complexes underwent similar reactions (eqn. (411) {456)
and eqn. (412) [457)).

OR

OMe =
{CO)sCr + /’j@ i’
/
: > SPh OMe (COCE CMa SM oMo
407

OR
1)LDA
_
21,
OMe SPh OMe

8%
OMe
.,
™ s OO‘O (408)
A 5%

o
OMe a R!
(CO)sCr + R—=—=_pg! — =
R?
OMe
37-75%

R! = Ph, nPr, iPr, —Q , Ho/\/\/ll‘-» . TBDMSO/\/\/‘,"' ,
MSO/\‘/\/H ‘ MBU ! TMS

(409)

RZ = Ph, H, Mg, nPr, TMS
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R‘
com={ + A
RZ

=R — (C0)5M=<> Mosho, jj(

R? R!
R! = Ph, tBu R? = Ph, Et, Me R® = Me, NEt, R* = NEt,, OEt (410)
2
n3 R n OH
( )n _s.— R3 ()"
1) hv
15(CsH4Me)MR!
(CO)2 2) Ce"’ (41 1)
275%
R! = H, Mg, OH R2z=H, Et R? = H, Me, Et, Ph, TMS
oncmm
e om
0" ¢ (412)

28-30%

Aminocarbene complexes underwent reactions with
alkynes without undergoing CO insertion (eqn. (413)
[458), eqn. (414) [459], and eqn. (415) [460)). Polyunsat-
urated carbene complexes cyclized with isonitriles to
give aminophenols (eqn. (416) [461]).

H o =<R2 H Nj\OIBu
(CO);M:(:_R _Reoox (co).nla:(:_n
DMAP _— /
” (413)
1~z ) ]

H £
O N 110° A
. _—
5 b p— ) (414)
oo ©opC” Ly N

R? o
! R
N—R? =8 /
a +NaRp2
(CO)sCr=< + Ph———m — ﬁ( R
Rl
il R!
/ 47-80%
?—(o lMeOH

0.9« NRIR?
j:Z(R‘ o R (415)

Ph
o m
N—Me Ph A |
(CO)5Cr=</\/ —= 0
= Py /N

€0)s  cr OMe
l OMe  CN1Bu NHtBu
Z A
4490%
(416)

for OMe oMe OMe OMe
.O NHIBu “:Ilnmau f NHtBu l I NHtBu
Ph Ph
O oY

Chromium carbene complexes underwent photo-
chemical cycloaddition with alkenes to give cyclobu-
tanones (eqn. (417) [462]), with stabilized ylides to give
push-pull allenes (eqn. (418) [463]) and with sulfur
ylides to give conjugated enones (eqn. (419) [464]).

X

R
(CO);Cr=< ( j:(
417
o
for | ,
) © DRGNS
conor=( "+ mp=choomt e >=c=<°°*“ (418)
R
(20 cases good yield)
(c0)c=‘<ORZ e L(R‘
5Cr + MezS — R? =
R /\¢[)r OR? (419)
60-90%

R' = Me, Ph R? = Me, Bn R® = MeO, tBuO, Ph

Carbene complexes underwent a series of “metathe-
sis cascade” reactions with polyunsaturated substrates
(eqn. (420) [465], eqn. (421) [466], and eqn. (422) [467)).

e "
Y - [ M90>AH/\M R‘}
M(CO)s M
R OMe l (420)
R
R
major



312 L.S. Hegedus / Transition metals in organic synthesis 1992

e KIQ
MO A ]
o o
51%
and
0,
= o
Z
o NW . (ﬁ “21)
o)j\ | o x
60%
Y - 687
MO
o)]\ | OMe o Y
S COzEt
5%
OSiRy
AN MCOs 422)
N OMe
N

X%

Other unusual reactions of carbene complexes are
shown in eqn. (423) [468] and eqn. (424) [469].

OFt NEt,

(co>m:<_© + BN—=— — (COM={___ OFt
- 00 @
EtQ
o

OEt
LM

\
L e

2.1.14. Alkylation of metal acyl enolates
Only two examples were reported this year (eqn.
(425) [470] and eqn. (426) [471]).

424)

o) o}
e co P
cp(;,:g)]\/ e CpFe)l\{
L 2E L g
low de, and base dependent (425)

0
er )J\
E =M, I, D;0, Eter, 2% ", Bnér,

0 . o o
1)B” o] S
CMCHQ i che/\/Uﬁ
CpFeé 2 E* co E
e ’ wore (426)

B R4
E = GHl, EL I, Bul, CsOTt, 2% ~~" , Brr, /\n/ v
0

2.2. Conjugate addition

Organocuprates continued to be the reagents of
choice for conjugate additions, and a review of this
important class of reagents has appeared (1695 refer-
ences) [472]. Asymmetric conjugate addition has been
reviewed (124 references) [473] and has been achieved
using chiral conjugated amides (eqn. (427) [474], eqn.
(428) [475]), asymmetric y-alkoxy substrates (eqn. (429)
[476), eqn. (430) [477,478]), and asymmetric y-alkyl
substrates (eqn. (431) [479]).

o 0 o 0
N O 1) MeMgBr / GuBr N [}
| - — j & Y7
N ) L N P
s Ms

~80% de 427

E* = H*, Br*, Ng*

m Ao B
2 RzCuLi )\)J\ A
m/\/ﬁ\u/ﬁ““m — =R N

PN N (428)

5097% de
R' = Ph, nPr, Me, plol
R = Me, Ph, nPr, ptoly
R OMs
H H R
O/W\COZMQ /\/L
)ruaoc % COMe
- . (429)
R
oMs i
P W coMe
. COMe
NHBOC >98% do
oR on oR
Me2Culi
HsSiO\)\/\co,Me — . HaSiO\)\/\cozue * )\‘/\002”9
TMSCI H
THF :
and
#—NBOC ?Z—N__:BOC ' .
d — O _AL_~ rom 9.8:1 10 14:1 depending on
o coMe 1 COMe

% (430)
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Q ; o]
P 1Bu,Culi
BOCNH N COEt ——— BOCNHj)LH CO,Et
H H

94% A = Me, By (431)

Asymmetric induction from more remote centers
was also observed (eqn. (432) [480], eqn. (433) [481],
and eqn. (434) [482]). Chiral ligands were also used to
induce asymmetry (eqn. (435) [483] and eqn. (436)
[484]).

R
o] ' o}
N RCuli  Si0;
D e s (432)
On (n "R
n=0.1.2 9097% o6
60-93% yield
A
X O R,Culi
H X — de depe;l\ds o:u solvent
; from 13.5/1 to 1:14. (433)
Me
X = MeO, MeoN
R = Ms, OMe
e} o R'
ar
R?
.@\/\R + [FPCY —— <E[‘k/L
v X T X
Cr{CO)3 Cr(CO)a
00d yield
from 39:92 tg:2:1sa (434)

RCuLi ——>  attacks Si face
RUUBF; = attacks Re face

and
[o] o Me Me

Z o @1 Z OtBu
| + LiCu OBu] —— | |
/ OMe ® / OMe

(CORCr (CQ)sCr

o}
T{ 7 + \[r\
(435)
L (—)\/oex 88% yleki B8% ee
N
o o [} 0
LaRh(H)CO
Rz)l\/ * Nc\'/lLOH' ——— RZWOR'
Ve v CN’
88-99'/.9‘890
i
R2 = Me, Et, Ph, pMeOPh, oMeOPh, pCIPh, H (436)

Propa_ Mo
/(Q\
Me™" ¥ ppn,

Vinyl cuprates, generated from hydrozirconation of
alkynes (eqn. (437) [485], eqn. (438) [486], eqn. (439)
[487]) and stannylcupration of alkynes (eqn. (440) [488]),
underwent conjugaie addition reactions. Cuprates
added 1,4 to propargyl iminium ions (eqn. (441) [489]).

Ne z

1) Cp2ZrHCl h

FO—=—H —————= o/ OO o 1.4 20sion (437)
2) MezCuCNLiz

70-90%

///\/\CN ‘mosiPrg' %\/o\rrm , ///\/Cl//
o o

A &4

RS0
A R
lBuOCNH/\\\ 1) CpaZrHC! tBOCNHMR‘
2) Nif) R O
2
R \/\n/n' 40-80% (438)
o
H
R = Me, iPr, Bn, {CHz}NCBC, PhCHxCH,
439
. MesAl RN BuCe=ChLCu R (439)
A . — tamh ok 7
Cpp2rClz Mé  AMe, /Y Me
2 ’ [o]
0 6090%

OTBDMS
R=Ph, Bu, TMS, |~~~ . PhSCH,. RS0 NN /L/

BusSili + GUCNLIO + HOZCH—— BUSR _ CUONLi (440)
T
BusSn \_/-=(
=/ om
EtsSiCI
000%

"‘""?'PQQQ
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m/
[ Ph Bh
N "RCu" >=c=<H
[°j () (441)

R = nBu, secBu, B, 27T . PR PRCEEC-§ . PrisSn, PhsSi, PhatBusi

Cuprates added in a 1,4 manner to a number of
complex systems (eqn. (442) [490], eqn. (443) [491], eqn.
(444) [492], and eqn. (445) [493).

2 2Me
442
do.me N7E " Home (442)

PhO2S PhO,S
56-70%

A = Me, By, Ph, 1Bu

thlenyl
NEtz + LIZCNCu P

Mo otes mso”™

Gres
%
/N~ (443)
Cu OEE
-
%
Q
OMe
2 CuCNMgBr;
14
NC. + - W
H £ N
Et0C OAc Wi (444)

I« ) x On OMe
2n o
()n/\g_j e p— b
R oy
0.0 o (445)

X = CN, CONHa, COzMe R' = H, Me, NHAc R? < H, Me

Cuprates alkylated the B-position of nitroalkenes
(eqn. (446) [494]). Cuprates catalyzed the comjugate
addition of amidines to enones (eqn. (447) [495]). Both

cis and trans enones underwent conjugate addition to
give the same product (eqn. (448) [496]).

1
RCUCNIZIX + pim XN T R

o, (446)

R

Ne Q s . O
-‘_ i 1‘-‘— (447)
PPNy

[o]

‘u, M
OR : 0
MegCuLi H
— OoR (448)
------ s }—é oR
o 298%

Other useful conjugate additions are reported in
eqn. (449) [497], eqn. (450) [498], eqn. (451) [499], eqn.
(452) [500], eqn. (453) [501], and eqn. (454) [502].

n
R3CUCNLI
<L 3 “
N

° (449)

749%%

70-80% yield

clean endo

R/ = Pn,iPr R' = COzBn R? = H, Me

S—L \_7& 2CuMgBr
gp=o¥

CO28n

" (450)

P O, = %5 e
B - &

Cu(CN)LI

(451)
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/\n/ + PhCH,CuTMSCI/ TMEDA —=  PhCH;
o

© 452)
i j\/\ i i I
“ ij LN m/\)LH . /\)Loa, m/\)l\oue

(o]
al CuBrSM
Q L @ 453)
0’ s TMSCI o”
/

HMPA \_j
60-80%
o] o o]
Cuprale
oL P + R
i 2 TOH
% A 7z " (454)
P Ph 24}
Cu f M gf
40-80%

Cuprates added mainly anti to y-alkyl enones (eqn.
(455) [S503], eqn. (456) [504] and eqn. (457) [505)).
Cuprates added to pB-silylenones (eqn. (458) [506)).
Organic halides added 1,4 to enones in the presence of
samarium iodide and copper iodide (eqn. (459) [507).
Iron complexes of a-acetamidoacrylates were alkylated
in a 1,4-manner (eqn. (460) [508]). Cobalt alkyls B-al-
kylated enones (eqn. (461) [509D.

Q QSiRy Q R QSiRy

)I\/\E/\Fh /U\)\/\F,h

RaCuLi :

b

4 QsiRa © B OsiR (455)
)v\pm A A,

&%

o oH
H Cco,R?  R'Cu A CO,R?
Ao T A (456)
o R? R
A Sp2
Y
9 H<x o
Bn X BNO_A Ao 457)
() R Pd{0) ‘Eq
|
0 BE%

R3Si.__2 . — T
YT ey (458)

o]

1) 4Sm;
e sme

2) Cul-P(OEt)y

QA( 3088%

RX = Fh/\/' . Cizl, Q . ) . /\n/ ' (459)
° o

Ho com 1) e
) Mei R, com
LV Sl & il

2) RX
o 3 MOy ° R (460)
2040%
QTMS
OAc QAc COzMe OAc c:)Ac
Ac A _ColdmgH)Py —— = ACO. AP COzMe
2%
OAc OAc Ohc o]
(461)

2.3. Acylation reactions (excluding hydroformylation)

2.3.1. Carbonylation of alkenes and arenes

Androstene was hydroalkoxycarbonylated in the
presence of palladium phosphine catalysts (eqn. (462)
[510]). Vinyl silanes were carbonylated to a or B-silyl
esters, depending on the catalyst (eqn. (463) [511)).
Allylic alcohols were stereospecifically carbonylated us-
ing rhodium(I) catalysts (eqn. (464) [512]). Nickel car-
bonyl cyclocarbonylated w-olefinic vinyl halides (eqn.
(465) [513]). Allyl amines were cycloaminoacylated us-
ing rhodium catalyst (eqn. (466) [514]) (for a review
with 36 references see [515]). Palladium (eqn. (467)
[516])) and rhodium (eqn. (468) [517]) catalyzed the
intramolecular acylation of alkenes by aldehydes.

wiGOLR?
cO, R%OH (462)
R s Pd/ PhgP R =
A R? R R?
Ams A L queNCEOE s Scom
PhH, CO, EtOH (463)

cat = Pd, major highyiekd cat = Cop(CO)g, major

G
g ™S >= also
™S
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OH

wmCHO
CO/H;

[Rh(Nbd)CI]z (464)

120° 120 bar

=
NI(CO)s (\COZR
8r —m
| ROH >

46-79% for 5,6 membered fings (465)

COzR
MeQ,C.

MeO4C.
MeOZC

MeO,C

H\)J\ A2 80° 400 _80° 400psi RLO’
@ER. Y co @K C( (466)

R OTHP
PACIo(PhCN)2 R
SnClz
CHO DML/ ;‘g? 5d OH (467)
80-75%
40:60 syn/anti
Q
CHO
< Rh BINAP az
_—
R R
80-95% yiekd >99% ee (468)

R = 1Bu, Q

Treatment of iron diene complexes with aluminum
halides produced cyclopentenones (eqn. (469) [518] and
eqn. (470) [519]). Chromium complexes of polycyclic
aromatic hydrocarbons were carboethoxylated with
ethyl chloroformate [520]. Aryl mercuric halides were
carbonylatively vinylated using palladium catalysts (eqn.
(471) [521)). Pyridine (eqn. (472) [522]) and other arenes
(eqn. (473) [523]) were also carbonylated using transi-
tion metai catalysts.

o 22 K
—Fe(CO)y —
e co R (o)

7596%

(469)

R = Me, Et, Ph

AlBrg
—_—
Fe(CO)g co

LoPdCl; X
i ArCO&/

Bt @7

X = Ph, COMe

RS F‘ Co.150psi
SRR [)*A Q)k( @72)
%
AcO
/BA\ P ohc CO Ac0 m
Pd cat
X =85, 0,NR (473)

AHgX + CO + >z

Ar = Ph, pNO2Ph, mMeaPh

@ENvWQM

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

Palladium (eqn. (474) [524), egn. (475) [525], and
eqn. (476) [526]), rhodium (eqn. (477) [527)) and nickel
complexes (eqn. (478) [528)) all catalyzed the carbony-
lation of alkynes.

LsPd CO OAc
RC=CH + CO + AOH ———— R

P ° 474
70-80%

= Ph, pMeOPh, nCs, 6-MeO-2-Naph
Ar= Ph, pMePh, pCIPh, mCIPh

Pdly/Ki  MeOzC, FOMe
///\0” . 200 + 2MeOH + 120, 2/ T >—-=<_ (475)
H OH
PACl, dppt R TMS
R—==—TMS + CO + EIOH —— & —
SnClz EtO,C
7090% (476)
e . o, G, . Cl/\/H ' MeOch\)‘L
MeO,C

s
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R' R? RZ
CO RANLCO
/<an L0 AnlCOnz Rgsm/\%n' @71
Z PhH cHO
100°
2080%
R NGO N
R' |/ =—H HCNardRy 3==\
! cg o w eou (478)
8094%
R! = Et, Me, H R? = Me, H X = Cl, Br

Nickel carbonyl catalyzed the cyclocarbonylation of
alkynes with allylic halides (eqn. (479) [529,530)). Palla-
dium complexes catalyzed a similar reaction (eqn. (480)
[531]). Iron carbonyl converted alkynes into cyclopenta-

dienones (eqn. (481) [532)).

Br MeOC  ©
NI(CO ¥
(On + RI—=—R? NN e R'
/ MeOH
H R?
n=14
(tull paper, many examples) (479)
and o '
Br On R
—_
2
COxMe
: co o
+ HC=C—Y — v
Pdcat
80° X
(480)
30-75%
X = COzMe, CO,iBu, CONE1;
Y = Ph
R R
Fe(CO! E
R s S5 Felcon
140° ™S
glyme ™S
(o]
and 28-47% ( 481 )
T™MS
/—E—TMS
(Jn — () 0
= 1ms
™S
%
n=1,2

The Pauson-Khand reaction was the subject of a
review (23 references) [533] and a dissertation [534].
Chiral auxilliaries in the substrate resulted in high
diastereoselectivity in the Pauson-Khand process (eqn.
(482) [535D. The regioselectivity of the Pauson-Khand

was controlled to a degree by the use of remote ligands
(eqn. (483) [536], eqn. (484) [537] and eqn. (485) [538).
Electron deficient alkynes were used in Pauson-Khand
reactions (eqn. 486) [539)).

Co2(CO)e OR*
—_—

P OR* on-
S~ C@E (482)
N

o
o

20-54% upto90:10 de

oK

3
Om_
() L
,Li/_ r“Lz R L|r~ 20
Om . A On (483)
R |[[—coxcore — Ké,n
R1=C 4

besttorm=2,1L=SR

| oTBS o
™S
PRCH,
+ TMS = B o P spr (484)

Sar Co2(COs oTes
%
I
PhCHq
Z o
Co2(CO)e
L
(485)
o o}
L=nnpr, — :’ s <j , <S] . /\r\sj /\r;g
) s s s ' s
R
f Y
= CoyCO,
( i/ 02(CO)s x%:o
0P~y NMO o (486)
0-70%
R = Me, H, Ph

X=0.NH n=1,2

The general sequence shown in eqn. (487) was used
to synthesize [5.5.5], [6.5.5], [6.5.5.5] and [5.5.5.5] angu-
larly and linearly fused systems [540). Nickel carbonyl
promoted a Pauson—Khand like process (eqn. (488)
[491]). Other related reactions are seen in eqn. (489)
[542], eqn. (490) [543], eqn. (491) [544], and eqn. (492)
[545]. The Pauson—Khand reaction was used to synthe-
size dendroline (eqn. (493) [546]) and kainic acid (eqn.
(494) [547D).
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COz(Co)s

co OMe PMe
= 1)/\/ (+) 1 Memgl
N
CoxGON 2meon
HO
(487)
X MeO,C [}
MeOH (o
2
R (488)
4080%
n=14 R' = Me, Et, H R? = CO,Me, COMe, TMS
OMe
o
¥ M =
g AN (489)
| Mn(OACc)
CoyCO) 2 CAN AN
R
2%
"Iﬁochz(co)a
Me0,C. - MeOzC>Oi>=o (490)
M802C MeO;C
N 50%
Q
X . Pe=ch %2, o 491)
500
Co2(CO)g
low yield
o "
=—H
| .
CoxlCONs 51% 81

Il
L 1)002(CO)s MeOCN ‘ O o+ dendrobine
2) o

e e
CO;M e:

A
o (493)

otve §
THPO_\_¥ N/lt/
— H 1) Coa(COjg
__0oBn
2) NMO o oBn (494)

|
COzMe N
|
COzMe
4%

2.3.3. Carbonylation of halides and triflates

Palladium complexes catalyzed the carbonylation of
allylic chlorides (eqn. (495) [548]). Polyvinylpyrrolidi-
none-supported palladium catalysts were more effi-
cient for this process [549]. Aliphatic iodides were
carbonylated by molybdenum hexacarbonyl (eqn. (496)
[550]). Aryl chlorides (eqn. (497) [551]) and iodides
[552] were carbonylated using palladium catalysts. Di-
cobalt octacarbonyl carbonylated 1,4-bis(chloromethyl)
benzene and allyl chloride [553]. Palladium(0) cat-
alyzed the carbonylation of iodides and fluorosilanes to
ketones (eqn. (498) [554]), and the carbonylation of
iminoyl chlorides (eqn. (499) [555]). Collmans reagent
coupled halides to give diketones (eqn. (500) [556]).
Ruthenium complexes oxidized iodides to acids (eqn.
(501) [557D.

o
N R
Fl\¢\/cl _PhaP PRSO; N //\:\)LOR
€O PdCl,
Ho0 / Heptane
(495)
or )\/“‘L. AN Y\/ g
MG R = (Cg, 91%
BusNF
(496)
Br
a0 1N (l @CB' ©:/\O(
0" Yo
s 5%

ACl + CO — = AICOH

{O%,,} pac 710116 tums
a 2 2

29 KOH (497)

Ar = Ph, 1-Naphth, pMePh, mMePh, oMePh, pMeOPh, mPhCOPh, nCF;Ph/// PNO2Ph fails

e]
F~, €O
RSIFsMe + Rl ———= RJ\R' (498)
Pd cat
R = pMePh, Ph, mMeOPh, pCFaPh, @\ é, ) cs/\/"‘t. A r,.r\
s
~
R' = pMeCOPh, mCHOPh, pNCPh, pMeO,CPh, @ . c..,/\/‘."L~
N
x COgR?
/g + CO + ROH ——— o CF. NR?
CF3 ! K2CO3 s (499)
4090%

Re=aryl  R2=ELBuy,iPr, NL » PhCHz, CoFs. CrF s
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CuCl 8

co
NagFe(CO)s + RCHBr — = ————= RCH;
CH,R
o

7090% (500

R = nPr,Bu, Cs. Co. 2NN MeOzc/\/i"'

o~ RuCls  Hei0s (501)

RCO2H

COzH
eg.

Palladium(0) complexes catalyzed the carbonylation
of aryl (eqn. (502) [558]) and vinyl (eqn. (503) [599],
eqn. (504) [560]), triflates and fluorosulfonates (eqn.
(505) [561)).

=z
=
o’ "
o PaOAc),;  ROL . (502)
o coE' :Non _ ]
d R
> "
O ROC
Tt PO ACOOH
.
T oo (503)

AcOK TI84%
o]

oTt on
[e] P /©
A= . . . .
Z
©/\; TIO

oTt 2 1] CO2Et

OH L,Pd, CO (504)
LiCl

[0}

7095%
n=1,234

(I “oH TIO  OH T">_<°—H
also s /j\) R —

[
oTt Pb

0SOzF

z | L. Pd(0) Z | OR
A (505)
4090%

A = H, 4Me0, 4NO,, 4CH3CO, 3MeO,C, 2Naphth

2.3.4. Carbonylation of nitrogen compounds

Catalytic carbonylation of nitrogen-containing or-
ganic compounds has been reviewed (41 references)
[562]. Palladium catalyzed the synthesis of diphenyl
urea from nitrobenzene, aniline and carbon monoxide
[563] the carbonylation of N-chloroamines to car-
bamoyl chlorides [504] and the acylation of anilines by
aryl halides [565]). Cobalt carbonyl catalyzed the un-
usual conversion of pyrrolidines to piperidones (eqn.
(506) [566]). Cobalt porphyrins catalyzed the N-
carbonylation of amines (eqn. (507) [567]). An unusual
carbonylation is seen in eqn. (508) [568].

(506)
=0 (Il
COzMe
COzMe
3
TP
ANH3 + CO + O + EIOH E--l— ANHCO,Et
100% conversion
>90% selectivity ( 5 07)

A = 1By, O_ . Ph, Q/ . HaN~(CH2)gNHz

EM
X oK
Dmeom
2) NazFe(CO)a N\ (508)
o

2.3.5. Carbonylation of oxygen compounds

Palladium catalyzed the carbonylation of allylic alco-
hols in the presence of lithium chloride and titanium
isopropoxide [569], the carbonylation of allyl carbon-
ates (eqn. (509) [570]), allyl carbamates (eqn. (510)
[571]) and allyl carboxylates (eqn. (511) [572] and eqn.
(512) [573]). Benzyl alcohols were carbonylated by
rhodium(I) catalysts [S74]. “Transition metal complex
catalyzed new carbonylation of oxiranes, acetals, and
allylic acetates using N-silyl amines” was the title of a
review (12 references) [575]. An example is seen in eqn.
(513) [576].

o ﬁEM
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o
R L, Pd(OAc; R COzR?2
cont LPUOAd: R z
OCOR? co oA
(509
3080%
R = Me, Et, iPr, iBu
R' = Me, 1Bu, Et, iPr, CONMe;
R? = Me, Et
R} R
R OCONR; _©° _ At CONR + CO,
= '—'P Z
R2 R* LsPd R2  R¢
B76%
(510)
Rl =H, /\/\/\r‘; ) Y\/\rg
RZ = H, Me, tBu
RI = H, Me, COMe
R4 = E1, 1By
o]

R LsPd
(2] _—
,,\/,\/0 + CO &+ IZn\/\( ¥ OFt

F;\f\)\/\( )nJLOEl (511)

60-80%

n=0,1

s Sl S

Cco
RA~E + CHTi(P —— AF

L4Pd Et | 6] 12)
50%
X = OAc, Cl, OCO,Me R = Ph, nPr
Q o)
0/\<‘0’\ Co2(COJs 0
OSiMea
6%
(513)

‘o, S
't 'y, o
— _IX
°><° \n/ 0SiMes
OMe o
inversion

and

2.3.6. Miscellaneous carbonylations

The synthesis of carbonyl compounds utilizing
organomanganese pentacarbonyl complexes was the
topic of a disertation [577]. A review dealing with the
synthesis of C-2 compounds directly from synthesis gas
via organometallic catalysts has appeared (118 refer-
ences) [578]. Alkenes (eqn. (514) [579]) and amines
(eqn. (515) [580] and eqn. (516) [581]) underwent cat-
alyzed silylcarbonylation. w-Stannyl acid chlorides were
cyclocarbonylated by palladium catalysts (eqn. (517)
[582]).

OSiR
P {ir} P e (514)
R X —’HSiR;; R SiRg
co
40-85%

3 ErQ
R = Ph, BuO, TMS, BuOCHz, TMS™ "% . >—§ NG A

E10
c|)>/\/”z , i\

iH

Me:N NMe, CO Et;MeSi
\r [RRCHCO)]2
50 at

MezN
Y\osma
R

A (515)
140°C
67% R=Ph
)
A PhMe,SiH \/\NO:/
Rhiacac)(CO] SiMezPh
R o, e (516)
>90%
S~
ad O = = 0/\:(/'
= 2 SiMePh
2 j\ o RY()..
oYy P AW
| I e 0
co
Bu,Sn 1100 OW (517)
R270%

n=13,7,5,4,9
n=3 ——> dimers

2.3.7. Decarbonylation reactions

Acylphosphates (eqn. (518) [583]), allyl carbamates
(eqn. (519) [584]), and allyl carbonates (eqn. (520) [585])
were deacylated by palladium(0) catalysts. Rhodium on
alumina deformylated aldehydes (eqn. (521) [586).

00 o}
Rl:l ||>| OF Peale RLI OF
t)y ————= (OEt),
O o : (518)
R = Ph, 100%; ptoly, 100%; pMeOPh, 72%; pCIPh, 35%: Me, 55%; E, 9%
MegSiNMe,
RNHCOz/\/ ~ RNH, (519)
Pd(0)
o o
(\)LN/\/ LePd NH ( )
e ~A 520
( )n/fo HCOOH On °
oo NF 75-100%
R‘\é/\fo Rh/ Al,O3 R'\é’
H 200°
) ) (521)
58.80%
85% ee
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2.3.8. Reactions of carbon dioxide

A review dealing with carbon dioxide in organic
synthesis and polymer synthesis by means of transition
metal complex catalysts has appeared (20 references)
[587]. n5-Arene chromium tricarbonyl complexes were
lithiated, then carboxylated with carbon dioxide [588].
Unsaturated carbamates, carbonates, and ureas were
synthesized by ruthenium(II) catalyzed reactions of
propargyl alcohols [589]. Ethers were converted to es-
ters by CO, in the presence of a rhodium(I) catalyst
(eqn. (522) [590]). Methoxy allene was cocyclotrimer-
ized with CO, in the presence of palladium catalysts
(eqn. (523) [591]). A review dealing with the synthesis
of unsaturated lactones using carbon monoxide with
transition metals (22 references) has appeared [592].
An example is seen in eqn. (524) [593). Enynes were
carboxylated by CO, in the presence of nickel catalysts
(eqn. (525) [594].

o
Rh{NBD)(PMezPh)* JL
RO R —-————» RO R

COz O

O - O—-CF 62

o
P /\OJLH\ NN — )Lo/\/\

OMe

Me Pddbay =
N o o —— j\\/\/\é (523)

Me0” O

CODNITMEDA
AN="N L 0 ———m— -

- (524)
(mechanistic study)
R? 3 R3 R2
R3 1)e”, Nicat - Rt — R!
- Q . + CO, —Z)T—’ R — + gt p—
R* R HOLC COH
080 (525)

R! = H, Me, nPr, nBu, nCs, nCg
R2 = (CHg)s, Me, H

R® -

RY=H,Cs

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

A review dealing with ethylene dimerization and
oligomerization to aolefins (194 references) has ap-
peared [595] as has one dealing with dimerization of
ethene to 2-butene and subsequent metathesis [596].

Nickel(0) complexes in the presence of phosphines
dimerized acrylonitrile to 2,4-dicyanobutene [597,598].
Vinyl ketones were head-to-tail dimerized using modi-
fied rhodium catalysts [599]. Conjugated dienes were
linearly dimerized by nickel(0) aminophosphonite sys-
tems [600). Iridium complexes dimerized terminal
alkynes (eqn. (526) [601]) while cobalt complexes
trimerized phenylacetylene (eqn. (527) [602]).

R
—_— //
. Ir{biph}{PMe3)3CI| —
RC=CH n/_\ e (526)
R

60-80%
noexcessL 74:26
excessL 0:100

100° —
PhC=CH

= (527

Coa(paH)u2-CON(PMes)e // 2]
(24

Developing new, specific catalysts for Ziegler—Natta
polymerization continued to be a very active area. The
catalyst [(indenyl),TiMe]™ catalyzed ethylene polymer-
ization and its activity decreased with decreasing sol-
vent polarity [603]. The related catalysts [Cp,M-Me]*
when M =Ti < <HF < Zr and Cp' = C;H,TMS also
polymerized ethylene [604]. Silicon bridged indenylzir-
conium and silylated cyclopentadienylzirconium com-
plexes catalyzed isotactic polymerization of propylene,
butene, pentene and hexene [605,606]. The cationic
complex [Cp,ZrH,]"B(C;H,); was an active olefin
polymerization catalyst [607]. Stereoselective propene
polymerization was achieved using cholestanylindene-
derived non-bridged group 4 bent metallocene catalysts
[608]). trans-1,2-Bis-indenylcyclohexane zirconium di-
chloride catalyzed propene polymerization with high
stereoselectivity even at 50°C [609]. Functionalized
alkenes could also be Ziegler—Natta polymerized (eqn.
(528) [610D.

[Cp2"ZrMe]*
/\/\/“Y ANNAOTEOMS A ——— polymer
W oms (528)
= x — n

OTMS OTMS

200-300 urns  8-10,000 My

The mechanism of rhodium(I) catalyzed alternating
cooligomerization of carbon monoxide with alkenes has
been studied [611], and ways to control the regioselec-



322 L.S. Hegedus / Transition metals in organic synthesis 1992

tivity of palladium catalyzed copolymerization of
propene and carbon monoxide have been developed
[612]. The complex [(bipy)Pd(CH ;XMeCN]* is a living
catalyst for the copolymerization of carbon monoxide
with 4-t-butylstyrene [613]. Unusual palladium -cat-
alyzed cooligomerizations of alkenes with carbon
monoxide are seen in eqn. (529) [614], eqn. (530) [615],
eqn. (531) [616], and eqn. (532) [617]. Iron carbonyl
cyclocarbonylated bis allenes (eqn. (533) [618]).

9 o
H‘/\)k/\n‘ + ﬁ/\/lk%\nl

(529)
o]
Pd{pTsO) 1,10-Phen
—————— = Me
e Qﬂ{\T)q:

BQ o] =4

Pd(pTsO), dppp

[ )

PdCly
-  MeOQ.
MeOH CuCly OMe

M+ CO (530)

o]
Pd(pTsO), 1,10-Phen
(pTsO)2 MeO. ,
8Q
n

L—L* Pd(0)
Fh/\ + CO —m——
(531)
LL* = (S)-(6,6'-di ylbiphenyl-2,2'-diyl)bis(dicyck phosphi
[j%j <©
PhBr + —_—
Pdcat
e e | (532)

. /_\ . 10% Fez(CO)g R‘Y@\(
) (533)

R2 R4

Palladium complexes catalyzed the telomerization of
isoprene with primary amines [619] and N-substituted
tosamides [620]. Ruthenium codimerized butadiene
with conjugated enones (eqn. (534) [621]). Palladium
was ‘used extensively in the synthesis shown in eqn.
(535) [622)).

a

Ru(COD)(COT) P )
PF /Y ~ A

50-80%
(534)

R’ = NMe,, OMe, OEt

Pd catl =
—_—

ONF + AN
X ~

NMe, * >

OR

1) Pd{OAc)2, BQ, MnO;
o OH
)“J\/\/ %OR.

? [Ttﬂ (535)

o]

COzEt
o o §° 0 u

CO,Et Padba, PdCl, / BQ
_—

_
= OR* diphos
H H

Butadiene was cyclotrimerized by TiCl,/Et, AlCl,_,
systems [623]. Nickel(0) complexes cyclodimerized bu-
tadienes (eqn. (536) [624]) as did iron azadiene com-
plexes (eqn. (537) [625]). Palladium acetate cyclodimer-
ized tetraenes (eqn. (538) [626]) while iron complexes
cyclodimerized alkenes with dienes (eqn. (539) [627)).
Palladium complexes in acetic acid cyclodimerized
enynes (eqn. (540) [628], eqn. (541) [629], and eqn.
(542) [630D.

OTBS QTesS

. [;Ei::j (536)

4% 71

OTBS
N 20% NI(COD),
[ e IR

60% P(O-0BrPh)s
4 PhCHy

\ FeCI,
+ NN —, _<i>
Al )menthyl Emtct2

89%; 61% ee

(537)
MO, (PN ~R 5% POz MQOZWR
MeOzCX/\/\ 2PhsP MeQO2C ",,,/\
RsH, Et 0%
net.2 (538

also close
l\/\/\ xD BN
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HsG m
= w
- . b
s
NS 2.2 Bi oy P
i i OSiA,y

(539)
0SiR,
>95% de
OMe
OMe
| A
__Pdedbas OMe
N OMe BBEDA N
HOAG / PhH
o [}
good yield
(540)
and OMe MaO. OMe
A y \\ OMe
Z N =N
I -
o [ °
OMe MeO
| OMe MeO ‘
|| Same (541)
MeO MeO.
MeO OH MeO’ OH
R
p— COM !
=—R czo,:le Same
B T T
otes RsSIO coMe
COzMe
57-90%
(542)
A
&\RK/\ R.
56-11%

R=X=R=H
R = COzMe, R' = Me, X = OTBS

«Zirconocene” cyclodimerized alkenes (eqn. (543)
[631], eqn. (544) [632] and eqn. (545) [633]) while both
“titanocene” (eqn. (546) [634]) and “zirconocene” (eqn.
(547) [635] and eqn. (548) [636]) cocyclized alkenes and
alkynes.

ooark (543)

~F et I e
\/§ )<I>Z'CP‘ 2) PhNG

NHPh
—_— e X
3) MeOH -
X = CHz, (CHe)2. MeSi, PhN, BnOCH

(544

R ABuMgx
Cpa2rCl; >O\

\/ 1) "CpeTi" %I)
o]
2?) CO
E
E

E_E
M-.o:%i(j/

6%

E
T ,COzMe
o

(545)

and

(546)

(547)

R
Z
é/ N Cpezr N
otes 2% OTBS

(548)

Nickel(0) complexes catalyzed the oligomerization
of dibromoheterocycles (eqn. (549) [637], eqn. (550)
[638], eqn. (551) [639], and eqn. (552) [640]). Head-to-
tail and regiorandom polythiophenes were produced
using Pd and Ni catalysis, respectively (eqn. (553) [641]).
Palladium catalyzed the coupling of dibromothiophene
with tin thiofulvalenes (eqn. (554) [642]).

N—
Nl(O)blpy
> _<\ 4[_<\ }}>
N

Mw ~ 87,000

(549)
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Me Me
'|' Ni(COD)> '|'
Br \ Br —— \
N +Bipy N |n

Mw 12-27,000

(550)

Br N/ N\ / Br — Same

9
N iC e
Br ! | S, N 1) NiCly+6H,0
X ™ l Zn, PPhy
2) CN-

Br.
=z f\ Ni(0)
S | N + Br/Q\Br ——=  random copolymer (552)
Mw 5 x 10 - 108
LePd Ce
. 7\
6 S
ﬂ " (553)
Br s ZnBr ragiorandom
m. head-to-tail
[s S -StRs M LPd s s ! S\ s S
3 s]/ * Br/Q\B’ - [s S ' I S S]
(554)

Palladium catalyzed the coupling of arenes with
alkynes (eqn. (555) [643]), (eqn. (556) [644]), and (eqn.
(557) [645]). Nickel(0) complexes catalyzed the cocy-
clotrimerization of enynes and isonitriles (eqn. (558)
[646)).

3-dimensional nanoscaffoiding R

Pd dba;

T <™ (556)
Cul 75%
EtsN

also 12mer 70%

7 N N .
= =
x

all possible linked bipys

R
( @NA!
A CNAr

—_—

R N R

Qi} NAr
A

Ruthenium catalyzed the codimerization of acrylates
with allyl amines (eqn. (559) [647]). Cobalt catalyzed
the codimerization of diynes with alkenes (eqn. (560)
[648]), as did nickel (egn. (561) [649]. Palladium cy-
clodimerized alkynes (eqn. (562) [650]). Rhodium com-
plexes cooligomerized cyclopropenes with alkynes (eqn.
(563) [651D).

N

(558)

COzR

R
AR, A coR _USMP_.

O NRy (559)
700
'i‘ 2085%
.
R . R R .
?I—— R 2 Coy{CONs
X + Jl/ _ X
" >(—: R’ Y v
R PR (560)
30-96%
X = NH, NMe, CHz, (CHz)2 R=Me, H R = H, Me, Et, TMS
Y = H, COEt, Ph Z = COzEY, Ph, CN
o o
n {n R
/) + 2R———R ——»
() NiBr;
BN 2 . (561)
R
n=12 R = Me, Et, Pr, Ph 5080%
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AcQ

= QO
=—a ™ v (562)
AcO [
40-60%%
R =H, Ph z
R!
o] A2
)lA/\ (Rh(CO)2CN)2
P e —— R
RCH,—=H .
OH
A = nPr, OMe, CHzPh
anc R2.R? = H, iPr (563)
[o]
WW -
Ph

OH

45%

Group 6 complexes cocyclotrimerized alkynes (eqn.
(564) [652]) as did cobalt (eqn. (565) [653]). Cycloaddi-
tion reactions of alkynes in organic synthesis was the
topic of a review (12 references) [654], as was
“Cycloalkadiynes — from bent triple bonds to strained
Cage compounds” (109 references) [655]. Cobalt cy-
clodimerized diynes (eqn. (566) [656]). Nickel(0) com-
plexes cocyclooligomerized carbon dioxide and diynes
(eqn. (567a) [657]). “3 + 2 Cycloaddition reactions of
transition metal 2-alkynyl and n!-allyl complexes and
their utilization in five membered ring compound syn-
thesis” was the title of a review (63 references) [658].

0 0
M o i ! 0
CP*M(NO)2* 2
—_—  —— —_————
= COMe + M—=—R | A — | P
P M
R R

M = Cr, Mo, W
R = Me, Et A% (564)
// OTMS
CpCo(CO)2 OSiR;
Q ' ll[m, E<IS:BUJ (565)
o
CoCp
— @ _
_ CpCo(COj, — a
=~ e (566)
CoCp
Ni{COD)
(567a)

10%
Et 2]
B—==—(CHp)g—==—E + COp ———s T
2L l—(\ ) (CHae T,
THE 110° o
o]
20-40%

Cationic nickel allyl complexes catalyzed the clean
1,4-cis polymerization of butadiene [659] while cationic
ruthenium diene complexes catalyzed trimerization of
butadienes to C,, linear oligomers [660]. 7-Allylnickel
trifluoroacetate polymerized cis-dihydroxycyclohexad-
iene (eqn. (567b) [661]), while reduced nickel species
catalyzed the cooligomerization of sorbic acid esters
with butadiene [662]. Palladium complexes catalyzed
the cyclocodimerization of quadracyclane with nor-
bornene [663].

(567b)

A number of new ROMP catalyst systems have been
developed, and many will tolerate functionality (eqn.
(568) [664], eqn. (569) [665], eqn. (570) [666], eqn. (571)
[667], and eqn. (572) [668)).

NMe,
\L:cuzms .
I CHTMS J -
n

(568)
NPR
R20 » N ok, (569)
r2o” “CHR ' ’ - "
CFs FaC CFa
Fh_ fh a, b _ " %
LRuCly + A _— CI;n:u*— M —
(570)

L
H
cl
LzAu A" — rROMP
cl
n P

observer

OCOzM®  po(NAr)(=CHMe3Ph)OCMe(CFa)2
n
RO,CO  OCOR

\ s (571)
O]

(572

Ot8u
0sCly
I} —
OtBu n
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Alkynes were polymerized by tungsten (eqn. (573)
[669]) and molybdenum catalysts (eqn. (574) [670]).
Cationic zirconium complexes cyclooligomerized 1,4-di-
enes (eqn. (575) [671)).

AC=CH + WCls/EtsAl —— polymer Mn/10° = 77,000 (573)
50-94%
MeOL, COMe  MeaOy OzMe
MeOzCC {Mo(CHIBU)(NAr)(OCMeCF3)zla
MeO;C =
m
living polymer contains both fragments
(574)
(¢ =Y
XN M A
(575)

@M - Cpy'ZMe / BCaFsls 85%

Mn =265 Mw=18,175

Group 6 metal carbonyls polymerized terminal
alkynes but metathesized internal ones [672]. Nickel(0)
complexes catalyzed the oligomerization of methylene
cyclopropane [673]. Substituent effects in nickel cat-
alyzed olefin oligomerization have been studied [674].
Palladium catalysts cooligomerized quinones with
polysilanes (eqn. (576) [675]) and polyarylated nor-
bornenes (eqn. (577) [676]). Ruthenium complexes
dimerized diphenylcyclopropene (eqn. (578) [677)).

-]
fro=tab
R' R? R R! n (576)

'7,1,4"

R,R? = H, M
e \/

PoOAc d .O

Bu.NBr

K2CO3 O 6717

H?:\:\:{h (578)

22}

I

Pn
LsRuClp + |>Lph —_—

Stereoselection in nickel-catalyzed polymerization of
chiral isocyanides was studied [678]). Palladium cata-
lysts cooligomerized isonitriles and silanes (eqn. (579)
[679]) and converted bis isonitriles into helical oligo-
mers (eqn. (580) [680]). Dimethyl titanocene dimerized
nitriles (egn. (581) [681]).

(579)

NC Me
“ MeMgB AN
% [+ LraMesr —e ——u @[ D (580)
NC N N
n Me

R

RCN + Cp;TiMey; ——= szTl :§ NHz
(581)

R = Ph, pMePh, O\f >_3 ) -HHJ N

2.5. Rearrangements

2.5.1. Metathesis

A symposium article on the olefin metathesis reac-
tion has been published [682]. Metathesis of 2-pentene
by tungsten carbonyl has been studied [683]. Dinitroso-
molybdenum catalysts metathesized functionalized
alkenes [684)]. Metathesis was used to synthesize hete-
rocycles (eqn. (582) [685]) and carbocycles (eqn. (583)
[686)).

0 A

{ ):“N\( In Mo(CHCMe3Ph)(NAr){OCMe(CF3)a) -N

AL &/( o (582)
7080%
B

e =

2.5.2. Olefin isomerization

Styrene /divinylbenzene copolymers containing Ru-
CLL, isomerized 1-hexene [687], as did hex-
aaquoruthenium (2 + ) [688]. Iron carbonyls were used
to isomerize alkenes (eqn. (584) [689] and eqn. (585)
[690]. Palladium acetate isomerized acylenic ketones
(eqn. (586) [691] and eqn. (587) [692]). Chiral ti-
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tanocenes isomerized alkenes with reasonable asym-
metric induction (eqn. (588) [693)).

OH
/\r Fea(CO)n /\f

Py J -

(584)
aiso /\I — /ﬁ
oR OR
A e
A N NI Vo N (585)
%
o]
o
at Z X a2 _PaORa: H|/\)I\MRZ
PhgP
8070% (586)

A' = nPr, nBu, Cs, Cg, Ph

A2 = Me, Et, nPr, nBu
o o]

Pd(CAc)
.
= =,

[o}

S

Cp’ = chiral bisindenyl

(588)

100% yield up 10 76% ee

2.5.3. Rearrangement of allylic and propargylic com-
pounds

Palladium(II) complexes catalyzed a large number
of allylic transposition rearrangements (eqn. (589) [694],
eqn. (590) [695], eqn. (591) [696], eqn. (592) [697], eqn.
(593) [698], eqn. (594) [699], and (eqn. (595) [700D.

o NF OH ©
OAC gl
Slee o
y/

ST ff

(590)
R.>k/\ z
R“’
o’I§ o 0’L o
A W\Fﬂ PACI{MeCN), R Y\)\R’ (591)
PhPO R2 Pn.PO R?
R 2
OSiR3  PACI{(PhCN)2 H\¢Y\ OSiRs
O NH PhH NH
o= (592)
cCl el
complete chirality transfer
B L
5% PdCIz(MeCN); [o) N’::
—§-—< R! "\)( A?
HZ
8990%
R' = H, Me A% = H, Me R3 = H, nPr, Me
R* = Me, NPr, H (593)
and NH /Cﬁls
°. CCly HN [o]
W By Ve Vo N
S T A
&%
Z R\J
AF -
Qi
N LiPd HNT N
HO' o
CN CN
e
CO2Me
om0
CO,Me NHBn (595)
™

Paliadium(0) complexes rearranged propargyl alco-
hols to conjugated enones (eqn. (596) [701]) and allyl
epoxides to unconjugated enones (eqn. (597) [702]).
Cobalt carbonyl ring expanded cyclopropyl-propargyl
alcohols (eqn. (598) [703]).

H‘,\)LRZ X n'\/\)L

80-90%

R? PP /_\

R = nBu, Cs, Cg, Ph RZ = Et, Me, H, ptolyl

(596)
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RS

X (597)

5%

R
% i
H 0{ C02(CO)g é
R

61-85%

Fosi, A A PO
(598)

B = Ce, Ph, TMS, RgSIO” %

2.5.4. Skeletal rearrangements

Palladium and platinum catalyzed a number of
skeletal rearrangements in small ring compounds (eqn.
(599) [704], eqn. (600) [705], and eqn. (601) [706)).

OTES
/@w PdClz(MeCN )2 \©
Me ™ F dx (5 99)

R3SIO OSiRy
[PYC2Ho)Cla)2

=1,2,3
n-1 (600)
TONPN
and
RySIQ 0SiR,
2N
o DR o ~~O (601)
osip, 2O
IH %
4H, PUC

2.5.5. Miscellaneous rearrangements

Rhenium complexes epimerized secondary alcohols
(eqn. (602) [707D. Rhodium(II) complexes catalyzed
the vinylogous Wolff rearrangement [708].

T oo o &
N J

Y

U CpRe(NO)(PPh3){OCH3)

(602)

epimerize

3. Functional group preparations

3.1. Halides

Chromijum(II) halides promoted the addition of N-
chlorocarbamates to alkenes (eqn. (603) {709]). Wilkin-
sons complex (Rh(PPh,);Ci) catalyzed the chlorination
of adamantane to 1-chloroadamantane in 80% yield, by
CH,{l, [710]. Chromium complexed indole was iodi-
nated (eqn. (604) [711)).

Ci
@ S C[ (603)
NHCO,Et

\\ 1 BuLi/MesSnC) ©f\> (604)
2 N
Yo 3 D SR .

(cohcf/

3.2. Amides, nitriles

Reduced tantalum species combined alkynes with
isocyanates to produce unsaturated amides (eqn. (605)
[712]). Nitriles were converted to amides by ruthenium
hydrides (eqn. (606) [713]). E-Alkene isosteric dipep-
tides were synthesized using copper chemistry (review,
19 references) [714]. Dipeptides were synthesized by
photolysis of chromium aminocarbene complexes in
the presence of a-amino acid esters (eqn. (607) [715]).
Chiral nickel complexes catalyzed the asymmetric hy-
drocyanation of styrenes (eqn. (608) [716]).

1) R?°NCO

\—%NHRJ * °=‘2—/

NHR?

R = Cs, , Ph, TMS, MeS

WA

Zn 2) NaOH

A2 = nCs, Cs, C1o R? = Ph, tBu, TMS

RuHzL4 cat

RCN —— R NH.
H0 2

606
Ao — (606)

R = Me, nCs, Ph, MeOzC/\/lZL'

R'=Et R? = Me (CH2)z, (CH2)3
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™.,
™ o] A
JNXO Rr'_. COzBv v R\'/LLN/LCOQlBu (607)
{CO)sCr a + \N(H T—HF-» Ph\[N><
o]

I ¢
SO R C(j/u( o (608)

Q 85% ee

L=
RaPO

3.3. Amines, alcohols

Stereoselective syntheses of acyclic chiral amines by
a-amidoalkylation was the topic of a dissertation [717].
Molybdenum oxo species catalyzed the allyl amination
of alkenes by hydroxylamines (eqn. (609) [718]). Palla-
dium catalyzed the amination of alkenes (eqn. (610)
[719)]), allyl epoxides (eqn. (611) [720]), and allyl acetals
(eqn. (612) [721]). Fluorobenzene complexes of chromi-
um were aminated by trifluoroacetic acid (eqn. (613)
[722]). Zirconium amine complexes aminated alkynes
(eqn. (614) [723]).

LMo=0 R' S

1 3
AN L eon ——— e
R? cal NHPh
a52% (609)
a(kene->=/\/,)Lph $\/\m©
A i
PdCl; L2
NH P )\)LN/\/
L, (610)
§! CuCl A/
" DME 0z
60-90%
X=C,0 n-12 Z = COzMe, COMe, CONEt,, Ph
) N
H
O - om =y 61D
CNH = purines, pyrimidines
BnO. BnO.
Q RoNH Q
— Pd(0) —/:
BnO o, BnO NR,
]
36:80% (612)

()03 0L U X

N H u [o)

F NHR
R 1) CFaCONH R
3 2
Al I
21 clave (613)
\CV(CO)3 Cr(CO)a
2080%
NHR
Zr(ANH =
ANH, + R'—=—R! 3% CpoZi(RNHY, Al a (614)
slow but efficient

Ruthenium carbonyl complexes reduced nitroarenes
to amines [724]. Ruthenium complexes catalyzed the
reduction of imines by i-propanol (eqn. (615) [725)).
Chiral zirconium complexes catalyzed the asymmetric
reduction of imines (eqn. (616) [726]. Aryl glycines
were synthesized using chromium carbene photochem-
istry (eqn. (617) [727]), as was deuteroglycine (eqn.
(618) [728D.

R 3
N~ OH NHR
!
m)\nz + )\ ___—05% taRuCh R‘)\nz
7090% (615)
1 -
R' = H, Me (CHals
R? = Ph, pMeOPh, 2-Naphth, iPr, Me, Cg
R = Bn, \l/\ . Me
P P
)Nl\ Ph 1) 2Buli )N\ P (616)
R TR 2IPhSH; g gt
3) Ha, 2000 psi
7093%
58-98% ee
(f>>/ Binapdiolate

e

R =Bu, iPr,
¢}

o

. Ph, Cg, @\}5 , 2-Naphth R' = Me

war

MeO.
also /O ph_(\/‘ m_@
OF SR 3 :
Ce N N N MeO’ 2N
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Ph Fh o
Ar:
NH OH
coiscr= LA O M a _cor
Ar HN Ph Pd/C \( (617)
Ph
60-70%
Ar = Ph, pMeOPh, pCIPh, pFPh, pCF3Ph, oMeOPh, 2,6-F,Ph, 1-Naphth
[¢)
M H
\)——-\ D-"l/u\ OtBu
(618)

N_ O v at N
oscr=C DX+ Buop s \E ><
5 o

87%ee

Stereocontrol in catalyzed and uncatalyzed hydrobo-
rations has been reviewed (43 references) [729] and was
the subject of two mechanistic studies [730,731]. Some
key features of the process are given in egn. (619)
[732]. Styrenes underwent catalyzed hydroborations to
place the boron a to the aryl group, exclusively
[733,734]. Palladium catalyzed the hydroboration of
enynes to give allene boranes (eqn. (620) [735)).

o} Rh!
o O 2 b,
",

¢} "
' (619)
(1) LgRACIL, (Ir{COD)(PCya)(Py)] ' best ca.
(2) Stereoselective for least hindered alkene
{3) syn diastereoselectivity
(4) ligand directed
R o L Pddba; i
=+ " S o=
O 8
A (620)

80-90%
R = Me, Cs, 1Bu, TMS

Enantioselective cis-hydroxylation was the topic of
two reviews (17 references) [736], (39 references) [737].
Systems to efficiently carry out this process continue to
evolve. The current “best” system is described in ref.
738. Enynes (eqn. (621) [739]) dienes (egn. (622) [740],
eqn. (623) [741]) and enones (eqn. (624) [742]) all were
efficiently cis hydroxylated. Other cis hydroxylating
systems are shown in eqn. (625) [743], eqn. (626) [744],
eqn. (627) [745], eqn. (628) [746] and eqn. (629) [747].

OH

"ADH"
\ —— = R'—=
R2 080,/ alkaloid R?
HO 621)
R! = Ph, Q ,nCs, TMS

e

R!'—=

Re=H 73-97% ee
R2<R 38-79%ee

R? = H, Me, Et, Ph, nBu
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Q 810/(’
HO OH
O>(O
OMe . 0504 B
3Fe(CN)g
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(627)
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oH
0s04
Rl A ~g2 ——— R R
Fe(CN)g™ oH
-
30-70% de (628)

L = chiral oxazolines

- e ph/\/\rrph
R
’/\” + 0804 + N* ——— cisdiol (629)
good yields
H‘:
m %
7 N N-R
N- RN NN/
Ph

)
m/\/n\'m/\/.m/\/c()zlﬂe‘m/\ -)=. Fh/\/v

£ 97 -5} & 18

rlh—C>'r‘“/=\'/=-\/\0(:0F'h-/=\/\/\'

Enol ethers were converted to a-hydroxyketones by
iodosyl benzene (eqn. (630) [748] and osmium (eqn
(631) [749]). Reduced titanocenes reduced allyl epox-
ides to allyl alcohols (eqn. (632) [750]), while nickel
complexes catalyzed the air oxidation of epoxides to
diols (eqn. (633) [751]). Alkylated naphthols were oxi-
dized to a-hydroxyketones by t-butyl hydroperoxide in
the presence of zirconium(II) [752].

T™SQ PhIO it
) I on
—_— R +
A R' !

M 8055%
o” o

o]
R
R!

(630)
[o]
AD-mix R?
Rl
2 OoH
R>‘ — /R on? 2 1BuOH
R * R /K/ R

A'=Cs, \(\r\l , Ph, pMeOPh
A2 Cg, \(\r"' , Ph, pMeOPh, C7, Me

RY = Me, TBS

o OH
W\/\/Q/\r"' SeeTiCl VWR
R
R = CHaCO,EL, CHaCO

(632)

.ORG o. p catNmae o ouy" o_ R (633)
“\f’vwor R <

P o, oo

-Allylmolybdenum compounds were hydroborated
and converted to a variety of oxygenated compounds
(eqn. (634) [753]). Ketones were asymmetrically re-
duced by silanes in the presence of rhodium(I) catalysts
(eqn. (635) [754]). Esters were reduced to alcohols by
silanes in the presence of titanium salts (eqn. (636)
[745)). Allyl and benzyl ether protecting groups were
removed by low valent titanium species (eqn. (637)
[756D.

Mo(cou_
1) BHy 7< Swern MGMQB'
__ 2) H0
HO Me
msy
Mo Mo Mo (634)
’7‘( MeLi 7( MCPBA 7(
Mol _
o Me R,8iC 0" oH
8 Ve ' (635)
R/u\ + PhySiHz /‘\
78% upto99% ee
o]
[e]
ketone = m)l\ , . H‘)Y
[o]
g
e
= O _N—Rn—N

Cy %

RCOSEL 5% THOIPr)4 NaOH R/\QH (636)

3 eq (E10)sSiH
40-50° 7595%

R =Co. &é’ Lo, B TN X e ,P\/().\/"z, )

S

é’ , Ph, PNOzPh
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CnH2,OR

RO—( )o—OR
e
OR

TiCly / Mg / THF
ROH
or TiCla/ Li / THF

¢\ (637)

RO
A O ™

3.4. Ethers, esters, acids

Aryl ethers were prepared by the copper catalyzed
reactions of aryl halides with alkoxides (egn. (638)
[757], eqn. (639) [758] and eqn. (640) [759]), as were
enol ethers (eqn. (641) [760]). Aryl ethers were also
made by reaction of alkoxides with iron (eqn. (642)
[761], eqn. (643) [762], eqn. (644) [763]), ruthenium
(eqn. (645) [764]), manganese (eqn. (646) [765]), and
chromium (eqn. (647) [766]) complexes of chloroarenes.

ArBr +« NaOR' ﬂ— ArOR’ (638)

Cf O )

X = H, 2Me, 3Me, 4Me, 2Me0, 3,5-Me
Y = 2MeQ, 4Me0, 2Me, IMe, 4Me, H, 1Naphth

(Equation 640)

NO; OH NOsy
Br
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—_— T,
* A—cozMe
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Me02C—7, %
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R! R2 R! R?
10% CuBr 110°
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N Tre N S S
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cl cl Nuc Nuc'
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| — [
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o
PN JOL ~_O. J\
—— ] + 1BYO” “NHOH — @’ N7 Toteu
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50%

FeCp

R = H, OMe, pMe, pMeQ, pCl
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/Fst ArQ™

—®—0Ar . ArO—@OAr (644)

Cl FeCp FeCp
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NHCBz NHR

o
RO, NHCBC
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0 RO™ “o
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o]
NHBOC Me0:C - NHBO
+ MsC
Mn(CO)3 Mn(co)3
Z
X | *
MeO cl HO'
OMe
\/
NHCBC NHBOC N OMe
Med 0 [
MeO
2) NBS
3) H*
fow yield (646)
OR
N RO~ 647
E Mot —— - /:/n ( )
=|- LoPdCl Y

Cr(CO)3

N-Methylamines were oxidized to methoxymethyl
amines by ruthenium catalysts and hydrogen peroxide
(eqn. (648) [767]). Paliadium catalyzed the alkoxylation
(egn. (649) [768)) and the acetoxylation (eqn. (650)
[769), eqn. (651) [770], eqn. (652) [771], eqn. (653) [772])
of alkenes, the allylation of protected ribonucleosides
(eqn. (654) [773)]), and the conversion of allyl carbon-
ates to allyl aryl ethers (eqn. (655) [774)).

A F“\ OMe
\N c Ru cat N
—CHy ———— —/
a2 Ha0z MeOH A2
5587% (648)
R! = Ph, pMeQPh, pMePh, mCIPh
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RZ = Mo, E1 @Ok m
OR
It OR
LizPdCle 1) ROH, Pd
RzN/\)\OR —_— RZNM —_— RZN\)\ (649)
S1C0Oy 2) BH
%
Fe(CO)3" Y RO-
Pd(OAC), AcOm, mOAC
) = o (650)
2) ox LiOAC s
Me RO Me HOAc RO Me
060%
_RCOM
Mol Sieve (65 1)
PA(OAS)
MnO2, BQ
20-40%
up to 76% de

/4 VRNCO™ gy o, //
\ , 2) DIPHOS
c

3) BH

[% ao
COMe PhOCO OR
AD /L / PhCOH H
O HR 0 DE Q H ~ -
PdCIz(MeCN)2 —
OR

(652)

OAr

Poi0)
A N0C0R? ¢+ AOH ——— a7 oA R)\/
0

(655)

R' = H, nPr, Ph, <;>—S " Ar = Ph, pMeQPh, oMeOPh, 2,6-Me,Ph, pCiPh, pNO2Ph, 2-Naphth

Oxidation of chromium carbene complexes gave es-
ters (eqn. (656) [775] and eqn. (657) [776]). Chiral esters
were made from chromium carbene derived B-lactams
(eqn. (658) [777]). Ruthenium oxidized ketals to hy-
droxy esters (eqn. (659) [778]). Cobalt salen complexes
converted aketoaldehydes to a-hydroxyesters (eqn.
(660) [779).

Q
(c015Cr=<: . ><(c:: —_ R/U\X
s (656)

H
N
X = OEt, NHPr also Cr
[20)
[o]

o
ONMes |, ROH

cosor=x il n/u\oa' {OH)NR;)
R
e (657)

R = Me, Ph, Bu, TMSCH;, ﬂ.\g
)

R' = Bn, Ph, Mg, Hz0, iPiNH2

R = Ph, Ph

oR' o RQ, )
s I~ s
coer=_ . (_7 =" |\> —_ MeOzC/LCH(OME)z
R N N
kY o) A

I A~
(658)
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o]
RuClynHz0
n—<:)» uClynh JL .
o “BeooH (659)
n=234 40-70%
R = Ph, Cg, pCIPh, pMeOPh, pMePh, H./\/i"' . PhCHj, E10,CCH;
Il c
ACCHO + ROH Colsaten) Ar(|:HCOZR + Ar|<|:cozn (660)

OH

3.5. Heterocycles

The following reviews on heterocyclic syntheses have
appeared: “Synthesis of heterocyclic systems by activa-
tion of isocyanide, carbonyl, trifluoromethyl and nitrile
ligands in platinum(ii) complexes” (more than 62 refer-
ences) [780]; “Asymmetric synthesis of nitrogen-con-
taining biologically active compounds utilizing in-
tramolecular aminocyclization to olefin of secondary
allylic alcohols” (more than 35 references) [781];
“Synthesis of oxygen-containing heterocycles using pal-
ladium(II) catalysts” (more than 50 references) [782];
“Titanium metallacycles as intermediates in the syn-
thesis of acyclic and heterocyclic compounds” (37 ref-
erences) [783]; “Iron-mediated synthesis of heterocyclic
ring systems and applications in alkaloid chemistry” (87
references) [784].

Epoxidation has been extensively studied. Hydroxy
chalcones were epoxidized by t-butylhydroperoxide in
the presence of V,05 [785]. C-2 symmetrical binaphthyl
bridged indenyl titaniumocene complexes catalyzed the
asymmetric epoxidation of unifunctionlaized alkenes,
but with low (= 20%) ee [786]. A conference report on
shape selectivity in the epoxidation of olefins over
supported titanium catalysts has appeared [787]. Tita-
nium tetraphenyl porphyrin catalyst epoxidized alkenes
[788], as did ruthenium(III)/EDTA complexes [789],
and dimeric molybdenum(VI) catalyses [790].

Asymmetric epoxidation using salen metal com-
plexes was the topic of a review (9 references) [791].
Examples are seen in eqn. (661) [792], eqn. (662) [793],
and eqn. (663) [794]. Cobalt Schiffs base complexes
also catalyzed the epoxidation of olefins (eqn. (664)
[795]).

P COEl  Naoc ° " TNH 0

\—/ L A ——
Mn Salen g/

O
. _N\ /N_
’Mn
1 o’ ™o -
cl
A X

(661)

N + NaOCl M— <é\¢ (662)

fo'/\//\l/)\/\\/\/t m/\/\/"“)\(

>_/CHO (663)
X

e T g /T.\'}\/Y\/

8% 78% (trans)

=~ -

NSNS 4

W%
cat

<—-NTS TSN\> OAc

02
— —_—— R
= ) (664)
70-80%
O Co' Schiff Base

Iron and manganese “twin coronet” porphyrin com-
plexes (eqn. (665) [796]) and iron binaph capped por-
phyrins (eqn. (666) [797]) catalyzed the asymmetric
epoxidation of alkenes. Steroidal olefins were epoxi-
dized by manganese compounds and air in the pres-
ence of isobutyraidehyde (eqn. (667) [798]). A full
paper on the nature of the Katsuki-Sharpless Asym-
metric Epoxidation catalyst has appeared [799]. Exam-
ples of its use are seen in eqn. (668) [800] and eqn.
(669) [801]. Tungstate catalyzed the epoxidation of
alkenes by peroxides (eqn. (670) [802])).

Ar R Ar, R
. PhIO \W/ (665)
imidazole o
"Porphyrin Fe"
up to 70% ee
o

X . phio F. FI/<J (666)

P gowiasmen 2-Nap 26%; 63% ee

POIPh XY 64%; 50% ee —
Ph' \ 59%, 28% ee

PONPH XY 39%: 56% ee

w2100



L.S. Hegedus / Transition metals in organic synthesis 1992 335

Ca
“ ’ war wAr
Mn(dpm), &, &
&~ *
R >_ CHO, 0, R S R 8.\\

82:18 77-83%

667
L o ooUUIE"
OH
R\ —_— (R cat 050, R R
K3F8(CN)g o
DHQD-INP
/=\ /\ = 669)
al  \ 72%ee  mf CO.Me T8%ee ph/—\/ T2% 00 , (
d\ 56% 00 , A - COgPr 80%oe 16% ee
o)
A . Newou o
o Hy0z RW/U\O/\(' (670)
piC o
high yield

Chiral B-lactones were made from optically active
iron acylenolates [803]. Chromium carbene mediated
B-lactam syntheses was the topic of a dissertation [804].
Photolysis of chromium carbene complexes in the pres-
ence of imines gave B-lactams (eqn. (671) [805], egn.
(672) [806], and eqn. (673) [807]). Rhodium-catalyzed
diazodecomposition also produced B-lactams (eqn.

(674) [808).

H"

3 ™\ m, /an)
b 0° }_\ 0.0
N © (\X/°A° hv o_ N
(CO)_r.Crz( x < — x
. N._ _PO)OEY: A PO)OEN
Y 7Y
COzBn COsBn
32% yield
671)

x R SMe
- ]t |
coser=< . P M~ R SMe
R Mes” “sMe & Bw
5096% 672)

X = OMe, OBn, OiPr, NBu,

A = Me, Ph, —<]

R' = pMeOPh, Ph, Bn

s
OR' S by ROw
(CO)scr=< + «J _— J;l:}
RN A
- M~
4080% (673)
207% de
R = Me, Bu. ——q _ pMePh, pMeOPh. (CHzla. { Y
o
R =Bn
z
.z .
z\/\NX Rhalq N7 KEL\ . eiN/\/z
(674
(&0 [+ o) o )
Na Z = OFt 100 0 0
COEt 2 9 &

Five-membered oxygen heterocycles were synthe-
sized by a variety of palladium catalyzed cyclization
reactions (eqn. (675) [809], eqn. (676) [810), eqn. (677)
[811], eqn. (678) [812], eqn. (679) [813], eqn. (680) [814],
and eqn. (681) [815]).

OH
P OBn 5% PdCiz(MeCN); =\ H
1BUOOH &/OB'
OH o
ang 62% 86%33 (675)
&\/\osn O\/@\/oan
— + Bn
Ph OH (o)
Cn 2 1) Buli (n R’
CL ., CI \—( (676)
OH 2) Pd" cat [} R
3)RX
30-75%

QLS O s O °
OH oH il OH “oH
OH "OH OH|

oR’ ne =
— R °
=_\—->_ 2) Pd(OAG): R ©77)
£ coMe
%%
Cla thOm  PuOACH PaOAc), A, Ung_()m
X °> 2 eq. LiCI &/\Eo>

( On.
on
P OH

R On_ (O P4{OAC)2 PdOAg): AOa I m
n=1,2
N ROH 0.2 LiCI ™N
o MeSOsH o
587% 7890%

(678)
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3 RY R3

oR? R o
=.<: e . R‘x_f (679
MgCl 2 Pd) oS
30-80%
R:i

(680)

R' = H, Et, Q R? = Ph, Me, Bn

s

MeO.
MeO, /@ \ Lo Pl
CIHg

(681)

Five membered oxygen heterocycles were made by
hydrolytic (eqn. (682) [816], eqn. (683) [817])), oxidative
(eqn. (684) [818], eqn. (819) [820]), and reductive (eqn.
(685) [821]) procedures. Rhodium(I) catalyzed the cy-
clization of olefinic ketones (eqn. (686) [822]). Propar-
gyl tungsten complexes reacted with aldehydes to give
five membered oxygen heterocycles (eqn. (687) [823]).

o}

aq. acetone

(55%)

o
Ow:‘?// PACI(MeCN), W (682)

_//_‘\\_(\/\ preon, _//_|\\—Q (683)

OH Fe{CO,
Fe(CO)a (GO
40-60%
1) 3 eq. Rep07
— OH —— s
2) NaOOH oni O A
63%
Many cases (684)

OH

WwOH o,
_/ N\ — o -
RO oR
e
R 60-70%

= Br Nl gyclam
L ke —— (e
0" e o oy,
o5
| |[ Br h
—~od Le—-
@OM o o) Ph Q =Y

Many cases

(685)

ﬁ& .COR! (686)

[o}

R!
1 O\ eR? —
pr\ R'CHO wh Ce'V 5% (687)
(CO)2 Q_
R BFs R wf o _m

A\

P

o o
[RnoKCEHaL
R‘J\/ . RzJ\/\( bl
SnClz

R' = Me, Ph, 1Bu, Me R? = Me, Ph

Palladium catalyzed the reaction between o-
iodophenol and alkynes to give benzofurans (eqn. (688)
[824,825]). Tantalum combined alkynes with isonitriles
to produce furans (eqn. (689) [826]). Ruthenate oxida-
tively produced furans (eqn. (690) [827]). Palladium
catalyzed the reaction between acetylenic ketones and
aryl halides to produce furans (eqn. (691) [828].

R! z | ] z
z l + RR—— M. ~ | A\ R?
=x"on EteN X0
6o (688)
R! = H, Me, Cl | 2=CHN R? = Ph, mCIPh, CHp0H, >»0H
OH .
\/\’/‘11‘ . Fh)\rr‘ . Cs. THPOCH,
OH
R! R?
Ri_=— g2 TaCls RCHO  ANC  MeOH MJ
zn o~ TR
28-66% (689)

R? = H, Cs, Cg, C7, C1o, Ph

R! = nCyg, Cs, Q ,1Bu, TMS, TBOMS

F

R? = nPr, nCs, Cg
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Tne T >n
-

o
0
Ar
RN CO. PdClale R
R e BN A7 07 R 691)
80-75%

Ar = Ph, pMePh, pCIPh, @\3 Ar = Ph, pMePh R=E Bu
s

(690)

Furanones were synthesized by palladium catalyzed
cyclizations (eqn. (692) [829,830], eqn. (693) [831]), by
copper (eqn. (694) [832]), nickel (eqn. (695) [833], and
oxidative chemistry (eqn. (696) [834]). Chromium car-
bene complexes reacted with ketene acetals to give
furanones (eqn. (697) [835].

o)
o]
Q

" (692)

OH
N €O/ PdCly
_——
OH O©OH CuClp, NaQAc
ACOH
and
OH OH HO [}
- \—<I>=o
H = & o
OH OH HO

o

o 0 R
PA(OAG
\/\o)gio/\/ + 2HOOOH ——a2_ QO + 3C0;
L
N

72-87%
(693)
R=Cren o~ )\/\)\/\rg RSN

o_ 0

></\/‘71-
R

: o
RC=C—coget 1)L FGRCUCNZNX RFG (694)
2 Rs Rs ™ o
>=o RS
RC iGHaznt

6885%

R = H, COEL, Bn, Ph, Q FGR = Bu, Bn, N~ ,Bn—==—

s

2,
0T c|/\/\/"1- . Q . Ph R‘-:Q pn, TN

P wnr

RS = H, Me

o
0
=—=—CO,R'
z OH LN 5
. E——AR, _— R
= CO.R' R (695)
COzR!
A= Et, Me RZ=HM 46-78%
CHy)
R% = H, Mo (28

Q

0 &%
3 95% ee
C

o y H0§ 12 (696)

OEt
I o]
B
C12 0 8%
96% ee
Cp2
HO
Bl e e
R
C
(CONCr * 0\‘r So0psl CO R

©97)

Pyrroles were made via chromium (eqn. (698) [836))
and rhodium (eqn. (699) [837]) carbene chemistry. In-
doles were synthesized from alkynes and o-iodoani-
lines via palladium chemistry (eqn. (700) [838], eqn.
(701) [839]), and by reductive carbonylation of ni-
trostyrenes (eqn. (702) [840]).

NANG ph (698)
<0y i

o]

(699)

©<coch LiPd

R = nBu, Ph, Fh

.

=C—TMS

HoSeomes m (700)
LoPdClp / Cul 2y

A%

Iz

\R

ﬁ
5090% (701)
OO

A'X = aryl, vinyl, triflate



338 L.S. Hegedus / Transition metals in organic synthesis 1992

R!

R!
R2
LoPdClz
+ 260 —————» @E\g”“z
NO2 100° SnCly u

52:75%

(702)

R'=H, Me R? = Ph, COzMe, H, COPh

Five membered nitrogen heterocycles were made by
palladium catalyzed olefin amination (eqn. (703) [841],
eqn. (704) [842], eqn. (705) [843]), from chromium
carbene chemistry (eqn. (706) [844], eqn. (707) [845]),
and by iron acyl anion chemistry (eqn. (708) [846]).
Rhodium catalyzed the cyclization of amino olefins
(eqn. (709) [847]).

H

[o] T
MNH Pd(QAC); / CuCly V2R (703)

2 02 N
o
%
Ph P,
[—<== PdClz. CO m (704)
g gz on MeOH N COzMe

Pd TFA, W\j (705)
\ oo R
/

R.\i Ig 3 (coucr=<::‘ (AYY (706)

2) ox o

#S [FS

91%

coum CoulCON_ (707)
N\

807

N 2 ConCOg COW
o
Yo

oH
I 1) BuLi B
co J\ 2) EACH
CpF‘e
ProP

3)—()‘—’ CD (708)

(S) Boc 45%
4) TsOH

5 8r, R 8S

ANK /\( GO, NaBH,, iPrOH no 709)

R B
B8P3
090%

|
Rh(COD)*

Five membered nitrogen heterocycles were also
made by zirconium (eqn. (710) [848], eqn. (711) [849])
and titanium insertion chemistry (eqn. (712) [850D.

Br |
NN): l
1) BuLi (710)
2) CpaZMeCl ooy N

OMe \

&%

Q

™S
H
CL ﬂl 1) "CpaZr* i/‘m\gwo
8 A ¥ (711)

3)10% HCI 5 Bn

X%
@\g/\/ T@T,N/\/ also
n Bn

o]

o/_—\ CpTiCl J\O
></\/\_/\/\ u ) N (712)

NH, o

Oxazolines were synthesized by the palladium cat-
alyzed aminocarbonylation of triflates (eqn. (713) [851))
and aryl halides (eqn. (714) [852]) and the gold-cata-
lyzed condensation of aldehydes with a-isocyanoesters
(eqn. (715) [853]). Oxazolidinones were prepared by
palladium catalyzed olefin amidation (eqn. (716) [854],
eqn. (717) [855]), palladium catalyzed isocyanate ex-
change into cyclic carbonates (eqn. (718) [856]), and the
ruthenium catalyzed reaction of ureas with diols (eqn.
(719) [852).

oTt °

. Pd dbas (713)

(e 0
ArOTt j’ 7505%

HO

on oTt
1Bu oTt oTt
Ha Q0 T
oTt - ' ' ' '
~

OMe
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NH»

= Pd
A (:[ N
YHon %
R (714)
60-80°%
—d

Ar = Ph, pMePh, pMeOPh, pCNPh, pCIPh, pPhPh, @\ , | )

N1 SN

pMeCQOPh, pNOzPh
R CO-Me

1% Au(RNC),BF4* / (

RCHO + CNCH;COMe ————————= O N

: 715
4S5R ( )
many cases high yield up to 97% ee
R?
'~ — r \—(\002M e

' (716)

o}
7090°%

1
OTNHR CuClp, CO  MeOH

R'=Ts  RZa=H,4Me, 4By, 491/\/‘11' , 418U, 4.4-Me,

RZ
R 7 R R' | R
Pdcat \/\‘
OYNHTS —R—~—> o NTs
o /,\’f\/c‘ \fr
60-90% (717

R? = H Me ” %\/C'./“\/C' ,/vcn_

R' = H, Me, Et, nPr, tBu

a0 _ g\Y/ (718)

X iy X
. . R LaRuCl . _R!
v W "L (719)

OH JEGE W

R'NH

R! = Me, Et R? = Me, H RY=Me H Et  (CHa)4

Other N, O-heterocycles were synthesized as in eqn.
(720) {858], eqn. (721) [859], eqn. (722) [860], eqn. (723)
[861], and eqn. (724) [862].

Meozc\rOH PaOAY;  MeOZC_ _OL . A
N R cuomo), NI (720)
BOCT N GMS6 e N
R! 4090%

R = H, Me, nPr R? = same

10 eq NOBF, R /N\o (721)
A I —— =~
‘Mon(CO)z R
3451%
0 N,
M ‘ + Rlgn re0h _</ I
RO p4
OR
(722)

1571%
R! = Ph, pCIPh, pMeOPh

R=Et  Z=SO,Ph, CN

R

PACI,{PhCN)z
N7 + AN=C=N—Ar — 20 Za
y

e (723)

60-90

R = Ph, pPhPh, pBrPh Ar = Ph, ptolyl

R' = 1Bu, adaman, nBu

Q é/ (724)

Cr(CO)g r:4 Cr(CO)a
®

resolve
Six membered oxygen heterocycles were synthesized
from allyl epoxides via iron chemistry (eqn. (725) [863]),
iron alkene chemistry (eqn. (726) [864]), palladium cat-
alyzed alkoxylation of olefins (eqn. (727) [865)),
chromium carbene chemistry (eqn. (728) [866]) and
osmium oxidation chemistry (eqn. (729) [867)]).

J:j\A (725)

1) FstO)g

%
o}
OBn 2) CO 250 at

OMe O o
co r w
cpFe— || + /J —_— [ j (726)
CO ™“Some HO OH o
CN  OMe
MeOH
AcO’ OMe
1 -
>
AcO R ouch A 2D
2
R, R AcO (o] R
OH OH

QFEt

(°°)s"=\ >—’C°2E'—~ (°°>sM’C\§ (728)
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R1
R‘
i o
©  Aomxa A2 (729)
L |
R? ° Ry

R's = H, Me

Six membered nitrogen heterocycles were prepared
by palladium catalyzed olefin amination (eqn. (730)
[868]), allylic amination (eqn. (731) [869], eqn. (732)
[870)), palladium catalyzed alkyne amination (eqn. (733)
[871], eqn. (734) [872], eqn. (735) [873], eqn. (736)
[874]), rhodium catalyzed N-H insertion (eqn. (737)
[875]), chromium carbene chemistry (eqn. (738) [876]),
and ruthenium catalyzed oxidation chemistry (eqn.

(739) (877D.
\er PA(OAC), DMF giOﬂs
NazCO3 oTolP
%

NHTs

(730)

and

/

\ Br
~
-_— NTs %
NHTs

e =Y
2
PN Me02CO, ocoMe Pao MO0 N
S - o
N H

N/
9%
(731)
Q
Cl TsO }— N
\Q,OAC o) _ Tso N (732)
Q
|
CU - wemon " | (733)
+ — ————in-
NH; 20 at CO N
©284%
{)
N
" ..
TS 2) Pd(OAc);L (734)
56.86%
net 2 meo,1 R =H, Me R' « Pp, het Ar, 273
P z
RR NH N X
‘ (735)
R? P pe
4080%
2=CH,N A3 = H, OH, NHz, OMe R* = NHp, H

i
N NHPh
j NHPh ph
1200 -
Pd N
j)\cozsr o _ (736)
GO,k GOE
COE
7%

)
RhOAc; O
e =0 a7

RHN N
2050%
OFt N
LnM=<=<NHR1 . Hz*_: — LHM{—:N_R'
R = R
1947%
(738)
JHBF4
2
R N
| .
N R
N
R‘
O, R . —
ANH, + % —_— RN/\/\OH i o
& \_VR‘ Prop \=( (739)

OH R!

R = tBu, iPr, Me, nBu

R' = Me, &1

Other miscellaneous approaches to heterocycles are
seen in eqn. (740) [878], eqn. (741) [879], eqn. (742)
[880], eqn. (743) [881], eqn. (744) [882], eqn. (745) [883],
and eqn. (746) [884].

3 (740)

C OH Pubits

0

° J\/\/ I
(I\/ 61% : HO OH g2y ; HO/\/'\/OH
OH
/\)\/\ on
HO OH 91% oH 6%

ANH + o S on O o (741)
H
355%

o]

(e bl o2
Ce OHNZ SOzPh Q

¢t 9 “sopn
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g2 OH
/ Hzlco

\ s @fj’ @ (743)

C°2(co)s
(o)

*? Qk o

{will not close without complexation)

R NN . ANF Potaczyy @ (745)
k)
L
Hh\z a
/\»\/osmz _— (_/ . (746)
H
high ee's

full paper, many substrates

3.6. Alkanes, alkenes

Palladium (or nickel) catalyzed the reduction of aryl
sulfonates (review, 11 references) [885], (eqn. (747)
[886]), allyl sulfonates (eqn. (748) [887D), allyl ethers
(egn. (749) [888)), and allyl esters (eqn. (750) [889] and
eqn. (751) [890)).

NaBH, / NiCl;

AOTs ———» AH 90% (747)

Ar = L-naphth, pPhPh, pPhOPh, steroidal, etc.

TS PO
WH HCOQH D= D/\/ (748)
" Xx"oR!
oR! HCOOH
n)\/ Pd(0) RS+ 0
fo) BuaP
PN (749)

OCHO
OCOzMe 0COMe
' OCHO
’ ' OTHP

s‘\/\k‘”‘ SR
0COMe (750)

3 ] ! PG(OAC), 3
HCOOH
ElsN Ve

.

o OTBDMS OTBDMS
LCE QITS
/!
H
()n Pd ( 0A0)2
OTBOMS OTBOMS (751)

 CH Cﬁ
neo™ On

n=1,2 highyield, stereochemically clean

Palladium catalyzed the elimination of allyl esters to
give dienes (eqn. (752) [891], eqn. (753) [892], eqn. (754)
[893] and eqn. (755) [894]D. Molybdenum isonitriles
catalyzed a similar process (eqn. (756) [895]).

Rl 2 Pdadba;
0COM
Mo ——— R AN ocome (752)
0CO Mo i(PrO),P

B
but
& &)
-_— (753)
MeO,C ¥
%%
and
~
[ EO OMe 0" “oMe
MeQ,CO Qb
(both) .
0Bn
8nO Q P BnO °
n 0)
8n0 oMs — | (754)
BnO B8n0 OBn
OBn
4060%
. SPh
/SPh =" R R?
X (755)
\_OM PO(0) LY
R2R!
4090%

wl\/ M /k/oi/u\% (756)

OCO,tBu o
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Reduced vanadium species deoxygenated epoxides
(eqn. (757) [896]) while reduced titanium species deoxy-
genated diols (eqn. (758) [897]). Tungsten (eqn. (759)
[898] and zirconium species (eqn. (760) [899]) deoxy-
genated organic compounds.

V2Cla(THF)g / 2nClg
> SR N (757)
o o,
Cy
\/\/\(I ) h/\osma . S
o o OP! ’
(o]
O
cone

é(\)pvo

OH
HOLG n2
2
E\/(eﬂx 0.05 eg. WOCH O_<R
o —

\\\ﬁ

60% alltrans (758)

(o) Rt
2763% (759)
R' = H, Ph, pMeOPh, pNO,Ph, Et
CH,
R2 = H, Me, Et (Crtala
o H
/U\(cozn 1) LINTMS; . /%/cozn
R 2) CpaZrHCH &
R‘
(760)

A ke

Grignard reagents converted thiols to alkenes in the
presence of nickel catalysts (eqn. (761) [900] and eqn.
(762) [901]). Hydrozirconation of long chain olefin sul-
fur compounds resulted in loss of the functional group
(eqn. (763) [902]). Alkynes were reduced to alkenes by
reduced tantalum or niobium species (eqn. (764) [903)).
Functionalized alkenes were prepared by coupling alkyl
zirconium to allylic halides (eqn. (765) [904]). Ruthe-
nium complexes catalyzed phenolic coupling (eqn. (766)
[905]). A catalyst system for decarbonylation of aldehy-
des was devised (eqn. (767) [906]).

O e 3 — N,
" [}Cl:)i] — ‘Cl:y:] : (T61)
sf—\s Sms "
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R Me
Nk Mo
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2)H*
(763)
Y = SMe, SPh, S0;Ph
At NbCls / Zn NaOH ] R2
=, TR _
or TaClg / Zn \=/
60-80%
(764)
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(CHz)s  (CH2)10
s
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Soaanicl_ X (765
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~pr
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AUOp2H,0 1O O.
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1] 95%

R-WNH-WNH§H>(§ '
|



L.S. Hegedus / Transition metals in organic synthesis 1992 343

3.7. Ketones, aldehydes

Electrode mediated Wacker oxidation of cyclic
olefins has been developed [907]. Palladium catalyzed
the oxidation of alkenes to carbonyl compounds effi-
ciently (eqn. (768) [908]), eqn. (769) [909], egn. (770)
[910], and eqn. (771) [911]). It catalyzed the amination
of dihydropyrane (eqn. (772) [912]), the acetoxylation
of propargyl acetates (eqn. (773) [913]), and the funny
reaction in eqn. (774 [914]). Peroxy ditungstate oxidized
alkenes to hydroxyketones (eqn. (775) [915]. Ruthe-
nium catalyzed the cleavage of electron rich olefins to
aldehydes [916].

=
@fio/v PdCly / Op Q:XO/\Q/ (768)
0" Yo 0" o
\/kffé PdCl / CuCly / DMF )\? (769)
x N N
OHC
OQ-: O—I‘
Ph
g PICUNORIMECN), )OI\H (770)

amides

1 6. PA(OAC),
—_

R/\/“"OMS R/\/CHO

59-96%

Re NS e NS 59/\/\;‘ ,"’j/\(- 771)

Iz
war

@ . [oj PAISCN)(Lo) Q‘NCO (772)

H
45 tums

OR’

OR'
Pdzdbaz OA
ﬂ\m o L A ox (773)

OAc

Q

°F3>__2\\H BusSnH

R (o]
o R LPd O caj (774)

2%

Y He0e /\J\/\/
AN
peroxotungstophosphate (775)

OH

3%

Palladium catalyzed the conversion of selenoesters
to aldehydes (eqn. (776) [917]), the coupling of allyl
alcohols to diketones (eqn. (777) [918]), and the cleav-
age of B-lactams to formamides (eqn. (778) [919]).
Tungsten oxychloride converted a-hydroxyacids to ke-
tones (eqn. (779) {920]). Iron acetylene complexes re-
acted with diphenyl ketene to give cyclopentenones
(eqn. (780) [921]). Ruthenium complexes catalyzed the
oxidation of alcohols to ketones (eqn. (781) [922]).
Carbene complexes were converted to ketones ther-
mally (eqn. (782) [923]).

R~ SePh  BugSnH R~ H
SePh O LPd SePh O (776)
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T e i oH (781)
uClaly cat
R/,\R1 —_— R/U\R' + )\
\g/ high yields

QM@ A WA

0 o

OCHAr “
(CO)sM —  ArCH,CAr

o s090% (782)

Ar = pMeOPh, @\g
[o]

Ar = Ph, pMePh, pMeOPh

3.8. Organosilanes

Rhodium(II) catalyzed hydrosilylation was discussed
in a current review (375 references) [924]. Rhodium
(egn. (783) [925]), palladium (eqn. (784) [926]) and
zirconium (eqn. (785) [927]) catalyzed hydrosilylation of
alkenes. Platinum catalyzed the disilylation of dienes
(eqn. (786) [928]). Intramolecular hydrosilylation was
developed in several systems (eqn. (787) [929], eqn.
(788) [930], and eqn. (789) [931]).

Rhoptby
RCHaCH=CH; + R}3SiH ———— RCH,CH,CH2SIR'3 (783)

good yield
A = nBu, Cg, Cs, Ph, pBuPh

& HSiCl3 Eé/s:mg

(784)
00
OMe
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RO+ sy SPEBUZ A SiHPh (785)
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] 2l2 _ P> SiR?Me
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70-90%
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oL _H
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N L VO0SIRy o Ny o ~ V0siR,
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H \

from 95:5 to 9:91 depending on cat (788)
o]
1} MezSiHCI
)I\/O H )\/O H
R
L Rh'
2)H up to 92% ee
R = Me, Et, Ph, iPr (789)

Cyclic disilanes were synthesized by metal catalyzed
addition of disilanes to alkenes (eqn. (790) [932], eqn.
(791) [933], eqn. {(792) [934], eqn. (793) [935], and eqn.
(794) [936)).
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Other silylations are seen in eqn. (795) [937] and
eqn. (796) [938].

o
| + PhMezSCulioN —= [S Q (795)
l oH
)
0SiRy
i |
R \/\NR HSIR3 R
? CO [RNCKCO) NRz
wom (796)

Re NSNS B <:>= >=/\/Y\/"‘A

3.9. Miscellaneous

Herein are found all reactions which fit no other
classification. Organotin compounds were made via
organocopper chemistry (eqn. (797) [939], eqn. (798)
[940], eqn. (799) [941], eqn. (800) [942]), organopalla-
dium chemistry (eqn. (801) [943], eqn. (802) [944], eqn.
(803) [945]), organozirconium chemistry (eqn. (804)
[946]) and organochromium chemistry (eqn. (805) [947)).

1) BuaSn{Me)CuCNLi; BusSn
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7090%
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R P, iPr 937 to 74:26

Palladium catalyzed the selenation of alkynes (egn.
(806) [948]). Zirconacycles underwent reaction with
PhCIBr (eqn. (807) [949])). Transition metals were used
to introduce germanium (eqgn. (808) [950]), boron (eqn.
(809) [951]), phosphorous (eqn. (810) [952]), eqn. (811)
[953]), and iron (eqn. (812) [954])) into organic sub-
strates.
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o
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Palladium catalyzed the thiation of allyl carbonates
(eqn. (813) [955]), aryl halides (eqn. (814) [956]), and
alkynes (eqn. (815) [957]). Nucleosides were synthe-
sized via zirconium (eqn. (816) [958]) and palladium
chemistry (eqn. (817) [959] and eqn. (818) [960]). Hex-
aalkoxycyclohexanes were made by osmate oxidation
(eqn. (819) [961]).
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4. Reviews

The following reviews have appeared.

Dicobalt hexacarbonyl complexes as chirality relay for
the differentiation of acetylenic diasteeomers [962];
Selected applications to organic synthesis of in-
tramolecular C-H activation reactions by transition

metals (12 references) [963];
Stereoselective synthesis with zirconium complexes (14
references) [964];
Biomimetic oxidation in organic synthesis using transi-
tion metal catalysts (31 references) [965];
Enzyme models and organometallic chemistry (15 ref-
erences) [966];
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The chemistry of polyfunctional organozinc and copper
reagents (15 references) [967];
Applications of nickel(IT) /chromium(II)-mediated cou-
pling reactions to natural products syntheses (24
references) [968];
Synthesis and reactivity of iron tricarbonyl complexes
of vinylketenes, vinylketenimines and vinylallenes (12
references) [969];
Asymmetric hydrogen transfer reactions promoted by
homogeneous transition metal catalysts (more than
79 references) [970];
Enantioselective thodium(1I) catalysts (18 references)
[971];
Organotitanium reagents in organic synthesis (21 pa-
pers) [972);
Synthesis of enantiomerically pure 2°a halo allylic alco-
hols and their use in the synthesis of leukotrienes (41
references) [973];
New aspects of organocopper reagents: 1,3- and 1,2-
chiral induction and reaction mechanism (59 refer-

ences) [974];
Remote substituent effects on regioselectivity of Rh(I)
cat. hydroboration of norbornene [975];

Ruthenium oxo complexes as organic oxidants  [976];
Transition metals in organic synthesis — hydroformyla-
tion, reduction, and oxidation (897 references) [977];
Catalytic asymmetric synthesis by means of secondary
interaction between chiral ligands and substrates (129

references) [978];
Synthesis and application of chiral Cp metal complexes
(122 references) [979];

Asymmetric hydrogen transfer reactions promoted by
homogeneous transition metal catalysts (79 refer-

ences) {980];
Transition metals in organic synthesis annual survey
1990 (1048 references) [981];

Fluorinated organometallics, perfluoroalkyl, and func-
tionalized organometallic reagents in synthesis (297
references) [982};

Transition metal catalyzed reactions involving reactions
with ammonia and amines (278 references) {983];

Recent developments in the synthesis of optically ac-
tive a-arylpropanoic acids: an important class of
non-steroidal anti-inflammatory agents (48 refer-
ences) [984];

Synthesis of organophosphorous compounds via coor-
dination spheres of transition metals (63 references)

[985];

Synthesis and applications of binaphthylic: C,-symmetry
derivatives as chiral auxilliaries in enantioselective
reactions (86 references) [986];

Catalytic synthesis of optically active alcohols via hy-
drosilylation of olefins with a chiral monophosphine-
palladium catalyst (19 references) [987];

Development of organopalladium(IV) chemistry: fun-
damental aspects and systems for studies of mecha-
nism in organometallic chemistry and catalysis (many

references) [988];
Transition metal catalyzed reactions of organozinc
reagents (144 references) [989];
Recent advances in the asymmetric dihydroxylation of
alkenes (101 references) [990];
Organic derivatives of manganese(II) in organic synthe-
sis (99 references) [991];
Selectivity control in cobalt(0) catalyzed cycloaddition
reactions (29 references) [992];
Organotitanium reagents in reduction reactions (41
references) [993];
Organometallic chemistry. Part 1. The transition ele-
ments (226 references) [994];
Organometallic chemistry. Part 2. Main-group ele-
ments (211 references) [995];

Synthesis of optically active natural products based on
palladium-catalyzed stereoselective reduction of
alkenyloxiranes (9 references) [996];

Organic synthesis via organometallics. Proceedings of
the 3rd symposium in Marburg, July 11-14, 1990

[997];

Aminocarbene complexes of chromium and molybde-
num: initiators for cascade reactions with alkynes
leading to new heterocyclic compounds via nitrogen

ylides (60 references) [998];
Palladium and BINAP, a strong pair (3 references)
[999];

Regio-, stereo-, and enantioselectivity in palladium-
and platinum-catalyzed organic reactions (more than
77 references) [1000];

Metals as selective coupling agents (4 references)

[1001];

Titanium metallacycles as intermediates in the synthe-
sis of acyclic and heterocyclic compounds (37 refer-
ences) [1002];

Synthesis of optically active alcohols using ferrocene
catalysts (29 references) [1003];

Ligand-controlled catalysis: chemo- to stereoselective
syntheses from olefins and dienes over nickel cata-
lysts (more than 40 references) [1004];

Basic principles in carbene chemistry and applications
to organic synthesis (more than 42 references) [1005];

Chemical synthesis of optically pure compounds. 3.
Asymmetric catalysis (42 references) [1006];

Carbonylchromium(0) complexes in organic synthesis
(37 references) [1007];

Homogeneous catalysis by transition metal complexes
(370 references) [1008];

Organo-iron complexes in aromatic synthesis (more
than 14 references) [1009];

Regio- and stereocontrol in allylation (11 references)

[1010];
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Chemistry of organochromium(III) complexes (more
than 85 referencees) [1011];
Organometallics in synthesis. The transition elements
(89 references) [1012];
Transition metals which changed organic synthesis:
fundamentals and applications [1013];
The allyl ether as a protecting group in carbohydrate
chemistry (23 references) [1014];
Studies in organo-transition metal chemistry [1015];
Synthesis and reactivity patterns of (arene)manganese
carbonyl and (cyclohexadienyl)manganese carbonyl
derivatives [1016];
Application of organic copper compounds (87 refer-
ences) [1017];
The chemistry of iron imido clusters and synergistic
bimetallic iron/ruthenium catalysts for the carbony-
lation of nitroaromatics [1018];
Homogeneous catalytic oxidations using metallopor-
phyrin complexes with emphasis on ruthenium sys-
tems (67 references) [1019];
Allyl based side-chain protection for SPPS [1020];
Transition metals in organic synthesis: hydroformyla-
tion, reduction, and oxidation. Annual survey cover-
ing the year 1990 (897 references) [1021];
Palladium(II)-catayzed oxidation, isomerization and ex-
change of olefins, allylic alcohols and allylic ethers in
water and methanol solvents [1022];
Palladium cluster catalysts supported on chelate resin-
metal complexes (13 references) [1023];
Organic derivatives of manganese(II) in organic synthe-
sis (99 references) [1024];
A new development of ruthenium complex catalysts.
Carbon—-carbon bond forming reactions (25 refer-
ences) [1025];
Homogeneous metal-catalyzed oxidations by molecular
oxygen (71 references) [1026];
Photocatalysis by transition-metal complexes (164 ref-
erences) [1027];
Iron- and cobalt-induced activation of hydrogen perox-
ide and dioxygen for the selective oxidation-dehydro-
genation and oxygenation of organic molecules (209
references) [1028];

Transition metal-promoted reactions of main group
species and main group-promoted reactions of tran-
sition metal species (more than 76 references) [1029];
New routes to biologically active heterocyclic natural
products (12 references) (1030}
New development in catalytic asymmetric hydrogena-
tion (50 references) [1031];
Cyclizations made easy by transition metal catalysts (20
references) {1032];
High-velocity palladium catalysis (10 references) [1033];
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