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Abstract - Metal carbonyl induced cyclization reactions previde useful
metheds for heterocyclic synthesis. This review surveys their recent

progress.

1. Introduction

Recently, organic synthesis with transition metal compounds has been developing
to give versatile methods for a variety of highly selective transformations. The
application of this methodolegy to heterocyclic synthesis constitutes a new area.
The metal as transition metal carbonyls is generally present in low oxidation
state, 50 metal carbonyls react as nucleophiles or electron transfer agents.
Another important characteristic of metal carbonyls is carbenylation reactions
baged on the insertion of carbon monoxide. From these points of view, transition
metal carbonyls play an important role in organic synthesis. This review

describes heterccyclic syntheses by metal carbonyl induced cyclization reactions.

2. Heterocyclic Synthesis by Carbonylation

Carbonylation reactions by metal carbonyls have been invesitigated in detail as
exemplified in oxo and Reppe reactions. Allylamine (1) and the acrylamide 3
undergo the Co, {CO) g-catalyzed cyclization intc the lactam E‘or thg eyclic imide
i, respectively.1 The same procedure is extended to the lactone ring formation
from allylalcohol {5).2 Another route to lactones has been explored by the

insertion of carbon monoxide into the oxetane 7 or tetrahydrofuran with Coz(CO)B.3

cat. COZ(CO)B, cO

S NH, - RH

PhH, 300 atm, 280°C, 2h
L 0

in

54%
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o] cat. Coz(CO)g, CO -Jf==
VI\NH/\/ N

PhH, 170 atm, 200°C, 2h

3 o i 57%
cat. Co2(C0)g, CO, Hz
~"on 0
PhH, 130 atm, 200°C, 4h
;- I g o
o
o] cat. Co(OAc)2, €O, Hp0
Q
250 atm, 200°C, 4h
. b8 s
-~

Photolysis of the vinyl oxirane 9 in the presence of Fe(CO)5 allows ring opening
L

inte the iron complex intermediate 10, which is convered to the lactone 11 on

oxidation with Ce(IV).4 Treatment of the iron complex intermediate l9 with

benzylamine and ZnC12 followed by oxidation leads to the B~lactam l}.s

0
o
Ce (IV)
40% e
Fe{CO}g G
0 ———= Fe (CO) 3
hv 0
)
9 79% 10
PhCHNHZ, 0
ZnCly, 46% RN Ce (IV)
Fe(CO)y — N
JN 75% Lpn
Phl O 13
o~
12
N

Hydrocarbénylation of acetylenes with ethylene is catalyzed by th(CO)12 in
ethanol to give 5—e£hyl—2(5§)—furanones such as 15.6 In the absence of ethyliene,
e d

ethancl is intoduced to the product 6.7
i
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C,Hy, EtOH

Rhy {CO) 32
PhC=CPh + CO

1

180°c, 6h

EtOH, NapC03

i25°C, 6h
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o
Ph
0
Ph
H Et
15 73%
o) COLEL
Ph
o + Ph
Ph
H OBt o]
16 72% 17 11%

Diphenylacetylene (14) is subjected to the Fe(CO)S-induced cyclization reaction

with phenyl isocyanate (Qﬁg) or N,N'-diphenylcarbodiimide (%EP) to form the five-

membered heterocyle ;ga or %EP' respectively, with incorporation of carbon

. 8
monoxide.

ingertion of carbon monoxide is not observed, giving the 1:2 adduct a}.g

On the similar treatment of phenylacetylene (29), however, the

The

reaction of bromophenylacetylene (%5) proceeds in the different way, depending on

the heterocumulenes.10

o]
Fe (CO)s5 Ph
PhC=CPh + Ph-N=C=X ———— N-FPh
175°C, 4h Ph
14 18a: X=0 Y 19a 428
~ — [
b: X=N-Ph b 15%
~ ~
X
Fe (CO) 5 Ph~y
PhC=CH + 18 4L\ CHPh
20 ¥ N 21a  85%(150-160°C, 1.5h)
Ph b 78%(180°C, Sh)
0
Ph\N
18a
L2 a J\ (ngEC-Ph + 2la
80-90°¢, 1h o™y Ph 8%
FE(CO)5
PhC=CBr Fh 23 18%
H
N-Ph
22 18b N
e N=-Ph
9p-1loaec, 2h
[8]
Ph' C=CPh 24  41%
N
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Formation of pyridine rings is achieved by the CpCo(CO)Z—catalyzed reaction of

the diacetylenic compound a; with the nitrile %§'ll This process seems to

invelve cobaltacyclopentadiene complex intermediates.12 This methodology is
extended to the synthesis of pyridone derivatives from isccyanates or
carbodiimides.'? Cycloaddition of the 1,5-hexadiene derivative 28 with bis{tri-
methylsilyl)acetylene gives the benzocyclobutene a?, which is the o-quinodimethane

precursor 30 capable of being trapped by the imino ether moiety to produce 2}.14

R
C=CH c’ cat. CpCo(CO)2 R
(CHz)p + =~ {CHy)p |
N C=CH xylene, reflux SN
25 n=3,4,5 26 23
~ ~ (67% for R=n-Bu, n=3)
O
cat. CpCo (CO) 3
= Me35i
_. f Me3SiC=CSiMe3 ..o
- ~OMe
28
o]
Me3Si = Me 351
Mejsi N.oMe Me3S1
30 31 45%
~ L "

The 1,4-diaza-1,3-diene 32 is cyclized to the five-membered heterocycle 33 on
~F ~

treatment with Fez(CO)9 or Fe(CO)5 under witraviolet irradiaticon (Photolysis of

15, 16

Fe[CO)5 in acetic acid is known to give Fez(CO)g. ) Unlike the case of §€,

17 The reaction path

the l-aza-1,3-diene 15 is converted to the pyrrolidine 37.
is explained by the [2+3] cycloaddition of 34 with the allyl anion intermediate

§§ derived from the complex 35.

1 1ol

2 R R
R -
\/EN R Fe3{(C0)g (or Fe(CO)s/hv) ):\
B =yop? PhH, room temp. rRZ-n N-RZ
32 L

(41% for R1=Me, R2=£—MeOC5H4)

—862—



HETEROCYCLES, Vol 22, No 4, 1984

Ar
Fe3 (CO) 12 /R 2l
ArCH=CHCE=NPh — >~ Ar 4 | N-Ph ——= ar N-Ph
DMF ArCH=CH

34 75°C, 20h Fe (CO) 3 Fe (IT) N

o Bh
Ar=Fh, p-MeCgHY, 35 25 78-85% 13

p-MeOCgHY

Activation of olefins towards nucleophiles has been performed by the use of
Fp{olefin)jcation complex (§§' Fp=CpFe(CO)2). Addition of benzylamine to
Fp{olefin)cation complex and cxidation result in the stereospecific ring closure
accompanied by the inserticn of carbon monoxide, leading to the B-lactam 59.18
The ¢ation complex gg which is obtained by the exchange of Fp(isobutene) tetra-
fluorckhorate (13) with the corresponding olefinic ammonium salt i& undergoes the
intramolecular cyclization to the fused B-lactam ﬁ?. Attack of ammonia to the

cation complex 46 derived from S5-hexen-2-one gives the pyrroline complex gz.
v

which is reduced and cyclized to the B-lactam £§.19
2
1 2 1H RE._3 G EaR
R R PhCHzNHz R ' y 4R 1) C12
% ———————— . H —_—
3 -24°C + 2) Et N N
R 3
H . Fp H,N'CHyPh 0 “ctprh
Fp
39 40
38 — Pl
-~ (15% for R'=R’=Me, R°=E)
o
o003 + +
AMCH2In Fp _NH3 1) n-BuzN Ag20
+ = b= 2N(CHy)p _ . (CH2)p —= (CHp)
+ 2) KOBu-t Fp HN__.“ g N_/
Fp'BFg~ 43
A re'ers 2 1 1
42 (30% for n=4}
H
+ F
Fp NHy P NaBHq n-BugP Agy0
N
w CHpCl, N EtoH  CH3CN  THF g N
68% 52% 30% 72%
46 47 48
~t -

The different type cf iron cation complex, tricarbonylcyclohexadienyliumiron
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complex, is regarded as a cyclohexenone y-cation eguivalent. For example, 49
e d
undergoes the regioselective nucleophilic attack to give 59, which is a key

intermediate for the preparation of (i)-limaspermine (2}].20

Fe {CO) 3 Fe (COQ) 3 /P\N
MeO PFg O KCH{COzMe)2 MeO -
= —_—— CH20H
R R THF, 20°C R

15 min. CH{CO2Me) 2 OMe g
49 o]

49 ] 50 68% 51
R=(CH2)3N?© ~ ~

The insertion of carbon monoxide to the tetrahydrooxazine 52 is induced by

Fez(CO)g.21 In the case of the fused oxazine Ef, the construction of the B-
lactam ring is performed by carbenylation and decarboxylation reactions.22
Ph
~Ph N~
Ctél Fep (CO) g Y0
PhH, 44°C, 45 min. ©
52 53 41%
~ e
LPh Fez (CO) g ~Ph  -COp .Ph  CO n-Fh
f y i Mg L /N -
e i
e GO o
. o (CO) 5
54 55 56 57 8%
~r [ a3 —~

1,1-Dibromo-2-phenylcyclopropane (58) is subjected to ring opening with Ni(CD)4
in the presence of phenyl isocyanate to yield the furoguinoline 59. Similarly,
the naphthofuran §1 is formed from diphenylketene (60). Carbon monoxide is

introduced as an ether linkage in both cases.23

H
Fh BrB , Ni (CO)4 N o
V‘ T 4+ Ph-N=C=0 ©/
DMF, 70-75°C, %h =
o
38 18a ph 22 29%
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Ni(CO) 4 0CCHPh,
58 +  Phyt=c=0 — OO
~ DMF, 70-75°C, 6h
[4]
60 pn 61 388

The presence of a hydroxyl group in gem-dibromocyclopropanes allows the Ni{CO)4-

induced intramolecular reductive carbonylation of 62 into the bicyclic lactones
Ll

§§.24 This method provides a facile synthesis for the precursor of cis-

chrysanthemic acid.

BY Q
Br
Y Ni (CO) 4 rk 5
R? DMF, 75°C, 3h /
(CH,) ,-OH ' ' {CH2)
62 n=1,2 63 (73% for R'=R%®=Me, n=1)
L L4

The intramclecular carbonylation of the bromoolefin 64 is realized by Ni(CO)4 to
~

25

give the w-methylene lactone gé. Initial attack of the hydroxyl oxygen to

Ni(co)4 is presumably invclved in these transformations.

Br Ni(CO0) 4

OH THF, 55°C, 11l2h 0

64 65 55%

—~ ~

3. Heterocyclic Synthesis by Dehalogenation

Generally, organic halides are‘not so reactive towards metal carbonyls.

Activated organic halides are zllowed to undergo direct dehalogenation with metal
carbonyls. «,a'-Dibromoketones are treated with FeZ{CO)9 to generate oxyallyl
complexes. These complexes are revealed to be versatile intermediates which are
able to react with olefinic compounds. Based on the reaction of o,e,u',0'-
tetrabromoacetone {gs) with N-carbomethoxypyrrole (gz), tropane alkaloid is

synthesized selectively.26
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MeO2C. Br Me

CG
o ,2”9 N ~y
Y L —— |
Bl Br PhH, 50°C, 72h A
Eé 67 (e} HO H
~ gé 52% 69

Bis (a-bromobenzyl)sulfide (28) forms the stable ylide complex 71 upon treatment

with FeZ(CO)Q. The addition of furan to 71 vields the heterocycle ?2.27 The use
-~ vl

of the corresponding sulfoxide 1nstead of the sulfide 29 leads to the same

product, probably due to deoxygenation of the sulfoxide function with FeZ(CO)g.

)
\ -
Ph S_ Ph s Q
+ Fez(CO)g ph—" ~ph 0
PhH Fe
Br  Br 0°C, 30 min. L, Ph" N\ g7 Ph
70 71 72 85%

Ly N

4. Heterocyclic Synthesis by Ortho-Metallation
Ortho-metallation takes place if a functiconal group is present in a suitable
position for coordination. This metallaticn provides useful synthetic routes to

heterocycles. They are illustrated in the CDZGCO)B—cataiyzed heterocyeclic

synthegis from oxime,28 Schiff base,29 and azo derivatives.30
Ph Ph
ey cat. Coz(CO}g, CO, Ha @
A - NH
OH PhH, 140 atm, 250°C, 6h 5
19 74 80%

220-230°C, 5-6h

@»/\N-—Ph cat. Cop(CUig, CO @::N—Ph
PhH, 100-200 atm, B
H

75 76 80%
Nypn cat. Coz(CO})g, CO - [::I:iﬁ‘Ph
PhH, 150 atm, 190°C, 2h
(o]
23 19 55%
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H
cat. Coz(C0)g, Co N\fo
77 - N
~ PhH, 150 atm, 230°C, 2h ~Ph
)

79 80%

Isonitriles are introduced by the similar cyclization reactions of azobenzene 0n
as shewn in the following scheme.31 Ortho-metallation in both arcmatic rings is
observed depending upon the substituent of isonitriles. The use of the iso-

nitrile complex (C02( CQFNEC}B) gives the same product 82.32

[;:j cat. Co2(CO)g ; fN_R >N_R
or Ny
3 e

N=N + R-N=C HN-n
PhMe, 120-125°C, 4h @
80
L™
Y 82 82
~ R=Ph, 53% R=2,6-Me2CgH3, 36%

The iscbenzothiophene 84 is formed in the reaction of the thioketone §§ with

F92(CO)9 followed by treatment with diethylamine.33
OMe OMe
. Fes (CO}g EtyRE s
PhH, room temp., PhH, 60°C, 0
36h 2 days O
3 84 49%
~ ~t
OMe OMe

5. Heterocyclic Synthesis by Ring Enlargement of Three-Membered Ring Compounds
The ring cleavage of diphenylcyclopropenone (@é) with Ni(co)4 provides a new
approach to heterocycles. The cycloaddition of diphenylecyclopropenone to N-
sulfinylamines gives the heterocycle §3 or §§, depending on the substituent of
N—sulfinylamines.34 The nickelacyclobutencne complex E§ is considered to be an

intermediate in this transformation.35 Starting from N,N'-diphenyl sulfur diimide,
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the six-membered heterccycle gg is formed as a main product, being accompanied by
the exchange of sulfur with the carbonyl group.36 It should be noted that the
spirc compound 22 derived by the cycloaddition to both double bonds of phenyl
isothiocyanate is obtained. In contrast to the reaction with carbonyl sulfide,

the selective formation of the spiro compound gé from carbon disulfide is observed.

Ph Ph Ph Ph Ph Ph Ph Ph
— = R-N=85=0 = —
or
0 - . - Ni o o o
| 1 (CO)n s
R R 94 17%
87 g .
a¢ 88 a6 §=C=0, DMF
R=c-CgH11 R=Ph
36% 78% . Ph rh
Ph Ph Ph Ph
— - a5
Ph-N=5=N-Ph ~
N-Ph -~————— o
DMF +
Ni (COY g\ 5=C=5~ DMF

Ring enlargement of azirines is readily achieved by metal carbonyls. On treatment
with Mo(CO)G, the azirine 2§ is converted to its dimers via the intermediate 23.

The dimerization proceeds similarly in the presence of Cr(CO)6 or W(CO)6 to give

29 andrlgp.BT [CpFe(CO)2]2 alsoc promotes the dimerization of 29 to 2§.38
N N
Mo (CO . )
Ph//\ e Ph—/|\ —_—
THF, room temp., Mo {(CO)n
96 24h
~ 2
Ph. N Ph. N Ph._~Nx
L, « (L. . GLL
=N-Ph : N#“Ph ’ =N~~Ph
98 20% 99 10% 100 13%
Evd -~ o~
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Azirines having formyl, imino, or vinyl groups undergo the Mo(CO)G—induced intra-

molecular cyclization tc heteroccyclic compounds.39 The complex {2} is assumed to
be involved as an intermediate.
Mo{CO) 5 Fh
/N Mo{CO)¢g Phﬂ -Mo (CO) 5 N:" \5
—— e = ¥
Ph” =X-Y zE~y ’
101 102 103
Ph
N Mo (CO) ¢ 7
A I
Ph CHO THF, room temp., 5h ~0 813
101a 103a
Ph
N Mo (CO) ¢ y
7\ JN
Ph N-Ph  THF, room temp., 24h ‘? 73%
101b Ph 103p
——
/N Mo (CO) & i
/Z_>\¥==\ Ph COpMe
Ph THF, room temp., 48h N
COgMe H ILe
101c 103¢

Addition of dimethyl acetylenecarboxylate (105) to the azirine 104 gives the
Ean e

40
pyrrole 1‘_(\316 .

MeO3C COz2Me
N

Mo (CO) (I
AM‘? + Me0,CC=CCOMe N Ph
Ph Me PhH, 35-50°C, 3 days
Me Me 106 28%
104 105 ~
e N

The indole derivative :}_Qj‘ is formed in the reaction of 96 with COZ(CO)B41 or

42
[Rh (CO) 201) 2°

N
Coa (CO
AN 208 T
Ph PhH, room temp., 24h g
96 107 77%
v e
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6. Heterocyclic Synthesis by Reduction with Iron Carbonyl Complex

Ferrate complexes such as MzFe{CO)443 ang MHFe(CO)4 {M=Na, K) are versatile
reagents as exemplified in alkylation of amines or ammonia with aldehydes. The
use of glutaraldehyde (%2?) leads to the formation of the piperizine ring %i?.44

The reaction is explained by the intermediacy of the Schiff base 109 and the

immonium salt l&}, followed by reduction. Reduction of a nitro group is achieved

by the ferrate complex, which is applied to the guinoline synthesis.45
KHFe (CO) 4, CO
QHC {CHp) 3CHC + PhNH2 = OHC (CHjy) 3CH=N-Ph
EtOH, room temp., 5h
108 109
4-Ph - Fh
— = OHC{CH3)4-NHPh —= | e
110 111 112 78%
el S~ P
E::]:CHO MeCHO, KOH, Fe{CO)g “ =
NO3 room temp., l-3h T
113 114 33%
L

—~

The following examples are also representative of deoxygenation with Fe3(CO)12 to

give the heterocycles 118 and lg}.46

22
1 2 1 2
o R R R R Pe3(coi1z
BN n k& L - [ D
2= 3 ~07 N ~0" R clomacHacl BNy R
R R Lo i
116 117 118
Py et
) {90% for R'=ph,
R"-C-CH3Br 2 3_
C ®%,R3=- (CHy) 4-)
NOH \ i
2 Rl Rl N
S ek Yo _reaconz i Ao
N N N(Me)Ph — o | R \y# R
~0 2 ~0 2
R R
119 120 121
— ——~ ———

(74% for RY=R®=Ph)
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7. Conclusion

We have described typical examples of heterocyclic syntheses induced by metal
carbonyls., Meta} carbonyls are quite useful reagents for the elaboration of
complicated rings which are not so easily accessible. More facile and versatile
routes for highly selective design of heterocycles will be developed by

s . . 4
transition metal induced new reactions, 7
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