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ORGANOMETALLIC CARBOXAMIDATION. A REVIEW 

Constantinos G. Screttas* and Barry R. Steele" 
Institute of Organic Chemistry 

Athens 116 35, GREECE 
The National Hellenic Research Foundation 

INTROWCl'ION 
Carboxylic acid amides occur widely in nature and while the most 

familiar examples are of peptides and proteins, simpler molecules have 
been isolated from various sources. Compounds 1-3 are examples fran the 
recent literature. 1-3 

0 

MeS n N H W O H  0 
MeS 0 

1 2 3 
Many applications of carboxamides have been found. The amide group 

occws a numker of biologically active canpounds such as the dopamine 
antagonist 4, the platelet activating factor antagonist 5, the gluco- 
corticoid antagonist 66 and, of course, the 0 -lactarn antibiotics. 

in 

5 
4 & ... OH ph 

0 
0 

6 

Other uses have also recently been noted for simple acid amides such 
8 as the insecticide, 7,' and the lithium ionophore 8. 

Ph 

7 

271 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SCRETTAS AND STEELE 

In organic synthesis the carboxamide group may be used as an inter- 
mediate group - as for example in heterocyclic synthesis - o r  

as a means of promoting regioselective reactions. One of these of part- 

i c u l a r  relevance t o  organometallic chemistry is the a b i l i t y  of secondary 

and t e r t i a r y  carboxamides t o  d i r ec t  metallation to specified p s i t i o n s  i n  
a molecule. 

functional 

9 

Synthetic approaches t o  carboxamides may be classif ied according t o  

the bond being formed. Whereas there a re  numerous ways of forming t h e  

carbonyl-nitrogen bond o r  of modifying the groups attached t o  nitrogen, 

there a re  re la t ively f e w  methods of forming the carbon-carton bond without 

recourse to organmetal l ic  reagents. These include t h e  F’riedel-Crafts 

reactions of aromatic molecules with hydroxamic acids, carbamoyl chlorides 

or  isocyanates, f r ee  radical carbamoylation of heterocycles, t h e  acid- 

catalysed ambccarbonylation of olefins,  the Amdt-Eistert synthesis and 

the Willgerodt reaction. 13 

This review is concerned with routes t o  carboxylic amides i n  which 

carbon-carbon bond formation is induced by means of organmetall ic re- 

agents. Reactions in  which these reagents a re  used as s t a r t i ng  materials 

or in which t h e i r  intermediacy is w e l l  established w i l l  be considered. 

Both stoichiometric and ca t a ly t i c  reactions a re  included w i t h  emphasis 

being given t o  those which are synthetically the most ~ s e f u 1 . l ~  The 

l i t e r a tu re  is covered up t o  the end of 1988, with some 1989 papers being 

included as w e l l .  

The review is divided in to  two min sections. The f i r s t  deals w i t h  

reactions involving Main Group organanetallic reagents and the second w i t h  

those of t ransi t ion metal systems. Scme reactions which deal w i t h  both 

main g-roup and t ransi t ion metals have been assigned t o  one of the sections 

according t o  the i r  relationship to other sirnilar procedures. Within each 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

section further divisions are made according to the starting materials 
used * 

I. MAIN GROUP ORGANCXYE!TALLIC REXCl'IONS 

a. Reaction of Isocyanates 
"he reaction of organometallic reagents with isocyanates is the 

oldest example of an organmetallic carboxamidation, having been reported 
in 1901 by Blaise for Grignard reagents15 and, since that time, it has 
been applied extensively to other organometallic reagents. 16-76 Since the 
reaction with aryl isocyanates, in particular, gives solids which can 
readily be purified, it has often been employed for the characterisation 
of organmetallics and the cmpunds frm which they are derived. The 
reaction conditions are generally mild and the yields good (Table 1). 
Some examples are given below. 

(i)PhNCO, Et20, ice cooling 
(ii) H~O+ 

> m C 0 - h  a Li 
81% 

(i) P ~ C O ,  CH~(OM~)~, reflux 
(ii) H~O+ 

BrZnCH2C02Et + PhNHCOCH2C02Et 
65% 

(i) P~NCO, THF, -50° to +2ooc 
Me3MnLi MeCONHPh 

(ii) H~O+ 98% 

The reactions of the organmanganese reagents are included here since they 
behave in much the same way as the main-group metal reagents. 77,78 

N-FHENYL-o- (D-Nm)BENZAMIDE.35 Suspension of g-lithio-(di- 
methy1aminmthyl)benzene in Et20/hexane added to PhNCO (14.3g, 0.12mOl) 
in 25oml Et20. Reflw 4h, cool, hydrolyse (sat. NH4Cl soh. ) , extract 
with Et20, dry, evaporate and distil. Yield 65%, bp. 190-2OO0/lmn. 

When other functional groups are present further reactions to give 
52 cyclized products may occur. 

29% 

'1 (if " m i ,  THF, -1000~ 

0 
a B r  (ii) PhNCO, 25OC 
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SCRETTAS AND STEELE 

Table 1. Reaction of Main Group Organometallics with Isocyanates. 

Organanetallic 

QJR2 Li 

Conditions 

i. RNCO,Et20 
ii. H30’ 

i. R’NCO, Et2( 
ii. H~O+ 

i. RNCO,Et20, 
C6H6 

ii . H30’ 
i. PhNCO,Et2( 

hexane 
ii. H30’ 

i. R1NC0,Et2( 
hexane 

ii . H30’ 

i. PhCNO, TKI 

ii . H30’ 
i. RNCO,THF, 

hexane 
ii . H30’ 

00 

As above 

Product 

R = Ph 

R = 2-pyridyl 
m m m  R = o-tolyl 

C O m  R = Me 
ph+OH R = Et 

0 R = Ph 

‘ield 

81 
41 
54 

66 
39 

29 
57 
67 

31 

73 
65 

81 

41 

62 
61 

53 
70 
41 

70 
96 
43 

- 
tef 
- 

29 

31 

32 

33 

34 
35 

68 

37 

44 

45 

- 

274 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



ORGANOMETALIC CARBOXYLATION. A REVIEW 

Organunetal 1 ic 

Table 1 (continued) 

C o n d i t i o n s  

As above 
(R = Ph) 

As above 

i. PhNCO,"HF, 

ii. H30+ 

i. R1NC0,Et20, 

ii . H20 

lMEDA 

hexane 

i.  BUNCO, 

ii . H20 
THF o r  Et2( 

i. RNCO, 

ii . H20 

i. PhNCO,THF, 
hexane 

ii . H20 

diglyme 

Product 

n = l  _ _  - 

R1 = H,R2 = M e  

I ~ ( C ~ C ) , C O N H R ~  n = 2 
R 1  = R2 = ph 

R1 = t-Bu, 
R2 = MePhN- 
R1 = t-Bu, 
R2 = Ph2N- 
R1 = t-Bu, 
R2 = PhS- 
n = 3  
R1 = t-Bu, 
R2= morpholirlc 

- 
i e l d  

71 

72 
86 
80 

71 

66 

61 

77 

44 

50 

72 

48 

77 
74 

70 
53 
55 
50 

54 

- 

- 
Ieef - 

49 

50 

11 

51 

57 
64 

65 

5E 

53 
54 

56 

59 

- 
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SCRETTAS AND STEELE 

T a b l e  1 ( c o n t i n u e d ) .  

NHSO2Ph 

c1 

Et02C)2CHZnJ3r 

Ph > Li 
L i  

LiOZCN 

q N P h C O 2 L i  

0 

~ ~~ 

:ond it ions 

L. tBuNc0 ,  
THF, hexane 

i i  . H20 

L. PhNCO,THF, 
hexane 

t i . H 2 0  

i. PhNCO,THF, 
hexane 

i i .Ac0H 

i. R~NCO,THF, 
TMDA 

i i .  H 2 0  

i . ~ B ~ C O ,  

ii. H 2 0  
'I", hexane 

i. PhCNO, DME, 

ii.aq. NH4Cl sol  
ref lux 

i. Wco, m/ 
pentane 
-7OO t o  25O 

ii . H30' 

As above 

Product 

XCOWh C02H 

M e  \N/CO-h 
ON' 

R1 R2 R3 

C02H n-Pr Me Me Ph Ph H 
n-Pr Ph H 

Ph M e  H 
n-Pr M e  H 

Ph -(CH2)5- 
n-rn- - ( C ~ 2 ) 5 -  

c1 

R = Ph qmZh R =  t B ~  

0 

- 
ield 

62 

58 

70 

65 
77 
80 
75 
65 
66 
62 
60 

61 

65 

45 

57 

80 
76 

- 
:e f - 

62 

60 

63 

66 

67 

61 

40 

41 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

Orqanonletallic 

C O ~ L ~  

Li 

C02Li 

PhMgBr 

QgMe 
Li 

PhCH:CHSiMe3 

RC i C S i M e j  

Table 1 (continued) 

Conditions woduct 

R1 R2 1 R1 As above 

As above 

i. R~NCO, THF/ 
pentane 
-70' to 25O 

ii . H30+ 

As above (R1=Ph) 

i. MejSiNCO, 90' 
Dioxane + THF 

ii.aq. m4Cl 

i. Me3SiNC0, hexane,' 

ii . H30+ 
-20° to rt I I iii.aq NaHCO3 

i. C102SNc0, CCl4, 

ii. H30+/Me2COt hea 
00 

I 

R 1  R2 
Me 
Me 

Ph Et 
NHR2 

t B ~  Et 

PhCONH2 

ii .H30+, heat 

i. ClO~SNCO, cHCl3, 

ii . H30+, heat 
00 

PhCH: CHCONH2 

RCH2CONH2 

R = "Bu 

"C5H1 1 

RCi CCONH2 

R = "Bu 
-sHll 
Ph 

'ield 

61 
60 
47 
77 

69 
71 
79 
75 

55 

49 

34 

63 

48 
52 

69 
71 
70 
54 

- 
R e f  

42 

43 

46 

47 

85 

86 

72 

73 

73 
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SCRETTAS AND STEELE 

Recently, E i n h o r n  et a1 have shown that the sonochemical Barbier 

reaction m y  also be usefully applied in this reaction and that further 
reactions can be carried in situ (Table 2). 79 

-4OOC @:: aBr (i) Na, 
45min, RT 

Table 2. Ultrasound Assisted Barbier Reactions with Is~cyanates.~’ 

ArBr 

PhBr 

a 1: 
PhBr 

PhBr 

PhBr 

a Br 
0: Br 

Me 

Me 

Me 

Conditions 

N~/W/HMPA/~BUNCO, 
45min US at RT 

As above 

i. Na/THF’/HMPA/tBuNCO, 

ii.”BULi 
45min US/RT 

iii.tBuNCO iv.H20 

i. and ii. as abve 
iii.DMF 

i. and ii. as above 
iii.lPrCH0 iv.H20 

i. and ii. as akve 
iii.Me2CO iv.H20 

i. and ii. as above 
iii. DMF 

i. and ii. as above 
iii.anisaldehyde 
iv. H20 

Product 

PhCONH Bu 

a Me CoNHtBu 

OH 

CONHtBu & OH 
A 

CONHtBu &/ OH 
D 

CONHtBu 

OMe 

Yield 

51 

74 

75 

67 

63 

46 

40 

63 

218 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 
Isccyanates are accessible 3 the Curtius rearrangement of acyl 

azides and this has been exploited in an amide synthesis which starts from 
acid chlorides. Isolation of plre intermediates is not necessary and the 
conversion of acyl azide to amide is essentially a one-pot reaction. Good 
yields have been reported for a variety of acid chlorides (Table 3).80-83 

Table 3. Conversion of Acid Chlorides to Amides.80 
i, ii iii, iv 

R’COCl + R~NCO - R~CONI-IR~ 
R1 

c-C6H1 1 

0 
k2 

& Ph 

-sH1l 
“C7H1 5 
-l5*31 
c-C6H1 1 

Ph 
2-fury1 

*sH1l 
Ph 

c-C6H11 

R2 

Me 

Me 

Me 

Me 

Me 
M e  
Me 
Me 
Ph 
Ph 
Ph 
Ph 

“Bu 
“BU 

Yield 

63 

57 

87 

87 

73 
57 
77 
97 
89 
83 
63 
83 

91 
a3 

i. NaN3, acetone, H20 and isolation of crude azide. 
ii. Heat in c&. iii. R2Li/Et20. iv. H~o+. 

A l l  the above methods give secondary amides after hydrolytic work- 
up. Primary amides may, hawever, be obtained using triorganosilyl iso- 
cyanates, the R3Si group being cleaved during the ~ o r k - u p . ~ - ~ ~  

(i) Me3SiNC0, heme, -20° to RT 

Li 
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SCRETTAS AND STEELE 

Alternat ively,  primary amides m y  be obtained by react ion of vinyl-, 

alkynyl- o r  a l l y l s i l a n e s  with chlorosulphonyl isocyanate and subsequent 

hydrolysis. 72-74 

ph siMe3 (i) ClS02Nc0, Cclq, O°C 3 Ph a m 2  
(ii) H~o+, Me2C0, re f lux  

63% 

b. Reaction with Carbamic Acid Derivatives 

Amides may be formed by t he  react ion of organanetal l ic  reagents with 

carbamoyl chlor ides  and carbarnate esters, analogous t o  the  react ions with 

c a r b x y l i c  acid chlor ides  and esters (Table 4 ) .  They suf fer ,  however, from 

the  same disadvantage, namely t h a t  of the  poss ib i l i t y  of subsequent re- 

ac t ion  with the amide formed. This may be overcome by t he  use of l o w  

temperatures. 88-97 

ClCONMe, -4OOC 

hexane. E t l O  
L i C  3 C H p - I  (OEt  ) > Me2NCOCZCCH2CH(OEt)2 

' L  40% 

N , N - D I ~ - 4 , 4 - D I E I ' H O X Y B U T - 2 - Y I D E .  To l-lithio-3,3-diethoxypropyne 
(0.04mOl) i n  Et20/hexane a t  -50° add Et2NCOC1 (0.055ml). Warm t o  RT over 
6-7h. NH4Cl s o h . ) ,  ex t rac t ,  d r y ,  d i s t i l .  Yield 45%, bp. 
103°/0.1m. 

Wdrolyse (sat. 

A re la ted  react ion which has recent ly  been r e p r t e d  uses N-methoxy- 

urethanes and ureas. Although the  react ion is used a s  a basis f o r  the  

p r e p r a t i o n  of unsymnetrical ketones, the  intermediate N-methoxyamides may 

be i s o ~ a t e d . ' ~  
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

Table 4. Reaction of Organmtallics with Carbamic Acid Derivatives 

rganunetall ic 

EtMgBr 
EtMgBr 

EtO)CH2CHCH2CI CL 
R ~ C ;  csi~e3 

:oreactant 

Et2NCOC1 

'e%w 
0 

Zt2NC02Et 
PhNHC02Et 

Me 2NCOC 1 

Me2NCK1 

Me 2NCCC 1 
R~NCOC~ 

Conditions 

_. THF/'IMEDA, 
-78O to rt 

.i.aq. NH4Cl 

t. THF,P~CH~BI 
ti.H20 

Not given 
Not given 

THF, -1000 

Hexane/Et20 

As above 
-40° 

AlCl3,CH2Cl2 
40° 

Product 

EtCONEt2 
EtCONHPh 

ield 

89 
77 

40 

28 
55 

84 

45 

40 

55 
60 
60 
55 
65 
- 

lef - 

95 

89 

90 
90 

75 

92 

92 
97 

- 
One interesting reaction which seems to involve this type of re- 

action is the formal rearrangement of ortho-metallated 0-aryl carbarnates 
(Table 5). 92-96,98 

This is equivalent to the well-knawn kies rearrangement of aryl esters. 

c. Reaction with Formamides 
A recently reported route to amides involves the addition of organo- 

lithim or organanagnesiun reagents to tertiary formamides followed by 

oxidation of the intermediate a-aminoalkoxide by an Oppenauer type pro- 

281 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SCRETTAS AND STEELE 

Table 5. Rearrangement of Metalated Aryl C a r m t e s  

kganome tal lic 

R4 

Conditions 

i. THF/TMEDA,hexane 

ii. H30+ 
-78O to rt 

i. 'I"/TMEDA/hexane 

ii .H30+ 
-78O to rt 

iii.K$Oj/MeI 
Me2CO/reflw 

i. and ii. as above 

Product 

R1 R2 R3 R4 
H H H H  
M e H  H H 
O M e H  H H 
H O M e H  H 
H H O M e H  
H H C 1 H  
H H H O M e  

&We 
R2 mNEt 2 

R1 R2 
m2H H 
m2H c1 

mNEt2 c1 
CONEt2 H 

S02tB~ H 

- 
Yield 
- 

75 
70 
68 
18 
60 
65 
48 

37 
60 
59 
42 
81 

81 

- 
Ref 

94 

95 
95 
95 
95 
96 

98 

- 
cedure." A magnesium alkoxide was found to be required when organolithium 
reagents were employed whereas for Grignard reagents a lithium alkoxide 
was added (Table 6 ) .  

N,N-DDETH!G-o-METHOXYBENZAMIDE. Mg(OCH2M20Et)2 (1-1) is added to 
O - M ~ C C ~ H ~ L ~  (2-1 fran 1 m  1.7N * m i  in m, Z(krm01 anisole, 4ml W) 
at 5OC. Stir RT lh, cool in ice, add DMF (2omnOl), stir lh 5OC, 2h RT, 
add 3chrmol Ph2C0, stir overnight. mdrolysis (dil. H2S04), cH2C12 
extraction, drying (MgSO4), removal of solvent and chromatography (silica 
gel, 1:l CH2/EtOAc) gives 71% product. 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

It has now been found that, for certain organolithium reagents, 
mercuric chloride will also oxidize the intermediate a-aminoalkoxide and 
that no additional metal alkoxide is needed.100 

(1) HCONMe2, MCW-THF, -78OC 
(ii) HgC12, -78% to RT 

" m i  > "BUCOYY~~ 
90% 

Table 6. Reaction of Organolithium and Organamgnesium Reagents with 
Formamides and Subsequent Oxidation. 99 

Organmetal 1 ic Formamide 

HCONMe2 
HCONMe2 
HCONMe2 

HCONMe2 

HCONMe2 

HCONMe2 

HCONMe2 

HCONPhEt 

HCON~O 

n 
HCON-0 

n 
HCON-NCHO 

n 
HCON NCHO 

U 

blvent* 

MCH/cH 
Toluene 
MCH 

C H / m  

C H / W  

cH /W 

THF 

m/cH 

MCH/cH 

Toluene 

M c H m  

Toluene 

Product 

"B~CONM~~ 
PhCONMe2 
'BuCONMe2 

awe CONMe2 

Ph & come2 
"BuCONPhEt 

n 
nBuCONuO 

n 
PhCONd 

~ B ~ C O N ~ N C P B ~  u 
A 

PhCON NCOPh 
W 

Yield 

65 
80 
65 

61 

29 

71 

34 

39 

53 

68 

71 

17 

* Conditions: reaction in solvent indicated at ~ O C  to rt in presence of 
Mg(CCH2CH20Et)2 followed by oxidation with Ph2CO (McH = methylcyclohexane, 
CH = cyclohexane). 

d. Reactions of Carbamoylmetallic Reaqents 

and can be expected to give amides upon reaction with electrophiles. 
Carbamoylmetallic reagents are analogous to acylmetallic reagents 
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SCRETTAS AND STEELE 

Three methods exist for the formation of these reagents. The first 
is by metalation of a tertiary font?amide. This m y  be achieved using 

either a lithium antide or thtyllithium.101-105 

LiNiF'r2, THF, -78OC or 
HCON~FT~ LiCON i 'I- 

tBuLi, THF-Et20-pentane, -95OC 

The second route involves insertion of carbon monoxide into the metal- 

nitrogen bond of a metal amide.106-114 

3 @i 
Cmi CO, DME-THF, -75OC 

Lastly, carbamoyllithium compunds have been obtained by transmetalation 

of a bis(cartmmy1)mercury with butyllithim. 

"BuLi, THF, -75OC 
Hg (CONEt2 ) 2 > LiCONEt2 

This method has found only limited application however. Carbamoylmetallics 
are generally stable only at low temperatures and are thus used & e. 
The lithium reagents react satisfactorily with carbonyl compounds but the 
reaction with alkyl halides tends to become uncontrollable (Table 7). The 
initial product in the latter case is a simple amide and presumably com- 
petes with the alkyl halide for the organolithium compound whereas with 

carbonyl compounds the product of addition is an a-alkoxidoamide which, 
perhaps because of chelation of the metal by the alkoxide and the carbonyl 

or simply because of the negative charge, is less reactive than the 
initial reactant. 101-107,109,110,115,116 

(1) M e 9 ,  -78OC to RT 

(ii) H20 

. 
'F'r2NCOLi > 1F-r2NCOC ( OH ) Me2 

81% 

N,N-DI-ISOPROPYL-a-HYDROXY-DIPHENYLACETAMIDE. MeLi (2.6mnol) added to 
&2NH (2.6ml) in 5Oml "HF at -78O. After 2min. is added iF'r2NCH0 
(2.6ml). Stir 5min. Add PhZCO ( b l ) .  Stir 45min. Warm to RT, 
evaporate, dissolve in CH2C12, wash with H20, dry and evaporate. Chrom- 
atography (silica gel, CHC13) gives 92% product, mp. 15O.5-15l0C. 

Exceptions to the reactions with organic halides are those with 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

110 ally1 and benzyl halides, although even here diawlation occurs. 

ex2 91% CH2=CHCH2Br, -78OC, DME-THF 
R2NCOLi 

The lithium cuprate reagents, on the other hand, react cleanly with 

a n m h r  of halogen compounds in the expected manner. 113,114 

Primary and secondary amides can be prepared by the metalation route 
if the corresponding formamides are first protected with the methoxymethyl 
group which is easily removed by mild acid hydrolysis. 103 

(i) IDA,  PhCHO, THF, -78OC to RT HCONMe ( CH2oMe > PhCH (OH CONHMe 
(ii) H~O+ 70% 

Reaction of carbamoyllithiums with triorganotin halides proceeds 
normally and the carbamoyltin compounds formed react with aryl, hetaryl, 
or alkenyl halides in the presence of a palladium(0) catalyst (Table 
8). 'lo ~. - 

Me3SnC1, THF > MejSnCON3 
-78OC to RT 

L i C O N 3  

61% 

PhI, w (PPh3 14, toluene, ref lux 
Me3SnCON 3 

72% 

e. Reaction of Cyano(amin0)methyl Carbanions with Esters 
The carbanion produced by metalation of a-(N-methyl-N-phenylamin0)- 

acetonitrile with NaH or KH reacts with esters at room temperature and 
subsequent hydrolysis in the presence of C~(OAC)~ gives a-ketoamides. 117 

N-m,N-PHENYL-PHENYLGLYOXYLAMIDE. TO KH (0.59g,14.7~1) and PhC02Et 
(1.18g,7.9mnol) in 3Oml THF add MePhNCH2CN (0.98g,6.7~1) in lOml THF at 
Oo . Stir at RT 3h, hydrolyse (sat. NH4Cl soh), extract with (iPr)20, 
dry, concentrate. Yield of E- and Z-Ph(OH)C=C(CN)NMePh 87%,mp 136-9OC. 
To 0.59 (2.0mn01) is added Cu(OAc)2 (0.74g,4.hml) in 2Oml 50% aq. EtOH. 
After 4h at 50° cool,filter,extract with CH2C12 , wash with H20, dry, 
filter. Purify by recrystallisation. Yield 79%, mp. 63OC. 
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SCRETTAS AND STEELE 

Table 7 .  Reactions of Carbamoylmetallic Reagents. 

Organaneta1 1 ic 

LiCONMe2 

LiCONiPr2 

rep, 

A 

- 

A 

A 

B 

B 

B 

C 

ieaction/Conditions 

i. R~R~CO,THF 
-780 to rt 

ii. H20 

As abve 

As above 

i. R1R2C0,Et20/ 
THF/pentane 
-950 to rt 

ii.H20 

As above with 

As above with 
PhCO2Et 

PhCHzBr 

i. Cyclohexanone, 

ii. H70 
cEIE/THF, -75 to+5' 

R1R2C (0H)CONiPr2 
R1 R2 
Ph H 
Ph Ph 
Me Me 
Ex H 

R1R2C (OH) CONR (CH2CMe 
R1 R2 R 
Ph H CH2OMe 
Ph Ph CH2OMe 
-(CH2)5- CH2OMe 
Ph H Me 
Ph Ph Me 
-(CH2)5- Me 

PhCH:CH H Me 

R1R2C (OH) COiPr2 
R1 R2 
Ph Ph 
Ph H 
Me Me 
Et H 
-(CH2)5- 

PhCH:M H 

PhcocONiPr2 

- 
5e1c 
__ 

45 
85 
48 
76 
62 

51 
92 
30 
41 

74 
88 
44 
76 
85 
39 
40 

85 
80 
81 
62 
83 
68 

70 

68 

50 

- 

- 
lef 
- 
.01 

.o; 

.0: 

.OE 

.OE 

.OE 

.01 

- 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

Table 7 (Continued). 

Reaction/Conditions 

R ~ ~ S ~ C ~ , T H F  
-78O to rt 

'I",RI,-78O 

THF/HMPA, RX 

As above 
RX = CH2:CHCHzBr 

Me I /Ex20 
RX,W(O) catalyst 
c6H6/DME 
35-40° 

Product 

R~~CON-J 

R = M e  
R = E X  

RCONEt2 
RX = Me1 

PhI 
CH2 : CHCH2Br 
Ph(3I:CHBr 
MeCOBr 
PhCOBr 
PhCCCl 
EtOCOCl 

n -CON 0 u 

MeCoNMePh 

R R1 R2 
Ph Me Ph 

phcH:CH Me Ph 

RCONR~R~ 

Ph Et p-ClC6H, 
Ph ip, ipr 

ph Ex Ex 

- 
lie11 

58 
61 
40 
90 
87 
78 
57 
53 

12 
15 

10 
49 
76 
51* 
70 
74 
61 
36 

93 

72 

71 
65 
67 
49 
58 
- 

- 
Ref 

11c 
- 

10 

11, 

111 

11: 
11: 

- 
* In the presence of 1-l% N~(OAC)~. 
Method of preparation: A. LiNR2 in THF,-78O. B. 'guCi in Et20/THF/pent- 
ane,-9S0. C. R2NLi + c0,DME/THF,-78°. D. LiCu(NR2)z + CO,Et2O,O0. 
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SCRElTAS AND STEELE 

Table 8. Amide Synthesis via Carbamoy1stannanes1lo 

i 
Me3snc0NRl2 + R2X R2CONR12 

R1 R2X 

Ph 
PMa6H41 
“C~H~~CH:CHI 

“C~H~~CH:CHI 
PhCH:CHI 

P m b H 4 I  

1-iodocyclohexene 
Ph 

PMmbH4I 
“CcjH11CH: CHI 
PhCH:Wr 
PhCH:CHI 

1-iodccyclohexene 
2-iodof uran 

2-bromothiophene 
2-iodothiophene 
3-bromopyridine 

Yield 

78 
83 
71 
80 
79 
82 
62 
72 
72 
64 
49 
77 
5a 
84 
57 
24 
63 

i. RX, W(PPh3)4,THF,65°. 

11. TRANSITION METAL SYSTEMS 

a. Aminocarbonylation Reactions 
The carbonyl and amino fragments may be introduced in a variety of 

ways using transition metal reagents in either stoichimetric or catalytic 
reactions. 

i. Metal Carbonyls and Amines (Table 9) 
The reaction of 2-bromostyrene or 2-brm-1,l-diphenylethene with 

excess pyrrolidine and Ni(C0)4 gives good yields of the correspnding a,D- 

unsaturated amides. 118 

Ni(C0)4, MeOH, 6OoC 
R O  

R = H (a2%), ph (85%) H R 

while sodium tetracarbonylferrate reacts with alkyl halides to give an 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

intermediate acyliron complex from which the carboxamide can be obtained 
by reaction with iodine and a tertiary amine. 119 

q5H11mm2 
80% 

n (i) Na2Fe(CO)q, T H F ,  -15 to +25OC, 

(ii) Et2NH, I2 
C5H11Br 

A related reaction uses nitro-compounds instead of amines. The iron 
carbnylate species are strong r&cing agents and the required is 
formed in situ.The acyliron complex may be formed in a nwlber of ways and 
for simple substituents the yields are quite good. Lower yields are 
obtained when benzyl halides or a-haloacetophenones are used. 

amine 

120,121 

(i) Na2Fe(CO)q, THF, RT 
(ii) phN02 

PhCocH2C1 PhCOCH2CONHPh 

44% 

More extensive studies have been made on the reactions of 
dibromocyclopropanes with amines and Ni(C0l4. With unsubstituted 1,l- 
dibromocyclopropanes reaction with a primary or secondary amine and 
Ni(C0l4 gives the corresponding cyclopropanecarbxamide. 122,123 

GENERAL PROCEDURE. The gem-dibromocyclopropane ( l m l  , amine (2.5ml) , 
DMF (2.M) and Ni(CO)4 are 5eated at 70° for 3h. Evaporate, add 3Oml 
5%HC1, extract with Et2 O,dry, concentrate and isolate by chromatography 
(silica gel). 

Silylamines may also be used in this reaction, the silyl group being 
124 remved. 

and if an electrophile is also present or-substituted products can be ob- 
tained. 124 

> XZ2 (1) MejSiNMe2, PhCHO 
(ii) Ni(C0)4,DMF (iii) H20 Ph 0 

Ph F:: 62% 
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SCRETTAS AND STEELE 

Table 9. Aminocarbonylation via Nickel Tetracarbnyl and Amines 

Amine Coreactant 

Ph (R)C :CHBr 

Ph K: 

Br Br 
W2CP(Br Br 

Me 

R2 w:: 
R3 

f PhCHO or 
CH2 : 0 2 E t  

Conditions 

M30H, 55-60‘ 

i. CMF, 70° 
ii.aq HC1 

As above 

As above 

As above 

As above 

As above 

Product 

Ph 

R = H  
R = Ph 

+NR1R2 
Ph 

R1 R2 

R1 R2 R3 
Me Ph H 
?It Ph H 
Et MeO2C Me 
Et “C6H13 

-(CH2)4- Ph H 

R1 R2 R3 

- 
ield - 

82 
85 

78 
63 
56 
66 

44 

39 
85 
73 
73 
80 

55 

65 

62 
40 
35 
40 
- 

- 
ief - 

118 

122 
123 

122 

124 

124 

124 

124 

- 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

Amine Coreactant 

R "3hC I: 
Me 

Table 9 (continued). 

Conditions 

As above 

As above 

I + PhCHO 

+ + O N R l R 2  
Me R 

X=C1,R1=nPr, R=R2=R3=H 30 
X=OMes, R1=%, R=R2=H, R3= 34 
X=CC.les,R1=R2=Et,R=H,R3=Me 15 
X=OMes, R1=R2=R3=Me, R=Me3S ' 46 

28 1 30 ph 

R 
R = M e  
R = Ph 

ief - 
12E 

L2E 

The mechanism propsed for this reaction involves initial 
formation of a carbamoyl-nickel canplex which reacts with the 
dibrarrocyclopropane to give a nickel-enolate species. Treatment with the 
electrophile then gives the product. 

[R2NCONh] ____+ ____, R2NH , Ni(CO14 

If the cyclopropme also contains a 2-chloranethyl or 2-mesylmethyl 
substituent a ring-opened product is obtained.125 Yields are rather low 
although the reaction could be useful for otherwise inaccessible amides. 

> -rmm PrNH2, Ni(C014, EMF, 7OoC 

Me 30% 

A stoichiometric reaction of aroylcobalt canplexes with lithim 
amides may also be mentioned here.126 The main products are a-ketoamides. 

(i) LiNMe2, THF, RT 
(11) Br2 

PhCOCo(M)3FNe3 > PhcocoNMe2 + PhCONMe2 

87% 13% 

ii. Carbon Monoxide and Amines (Table 10). 
The above reactions all use stoichianetric or greater quantities of 

metal carhyls. Catalytic reactions are, however, kncun for a number of 
transition metal systems. The majority of these use canplexes of cobalt, 
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SCRETTAS AND STEELE 

nickel or palladium with those of the latter being the most widely 
studied. A n  early example of this type of reaction is the amidation of 
aryl, hetaryl or vinylic halides in the presence of !MX2(PPh3)2 as 
catalyst. 127,128 

79% 

CIWNMKIYLPYRROLIDINE. Pyrrolidine (3.56g,5Omnoil) and trans-0-branostyrene 
(3.12g,17.~01) heated to 60' under CO (latm). WBr2(PPh3)2 (0.198g) 
added. When calculated amount of CO has been absorbed, cool extract with 
ether, evaporate, extract with hot heptane, decolorise and cool. Yield 
91%, mp 100.0-100.5°C. 

Both primary and secondary amines m y  be used. If the mine is too weak a 
base to remove the HX formed in the reaction, a tertiary amine is also 
required. The conditions are relatively mild (latm. of CO and 100°C) and 
the yields are satisfactory. 

Nickel complexes give similar reactions with aryl iodides using more 
strenuous conditionsi29 whereas cobalt catalysts have been used to effect 
carboxamidation with benzylic 134 and olefinic 135 substrates. Olefinic 
carboxamidation is also catalysed by R u j  (CO) 12136 while acetylenes undergo 
a similar reaction in the presence of a nickel catalyst. 133 

One variation which has found particular application in steroid 
chemistry starts from enol triflates which in turn are readily obtained 
from ketones. 137,138 

74% 

Et2NH, W(OAC)2- PPh3 
DMF, m(1atm) 

Me0 Me0 

A similar reaction also provides a route to aryl carboxamides starting 
from hydroxyarmt ics . 139 

70% 
In certain cases tertiary amines may be used. Somewhat more vigorous 

conditions are required (20atm. CO) and the reaction is most successful 
for low molecular weight amines. When mixed tertiary amines are used, more 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

Table 10. Catalytic Aminocarbonylation R e a c t i o n s  

Amine 

-2 

mcH2NH 

0 H 

-2 

p-2 

Et2NH 

R 2 N H  

PhBr,"BuqN, latm.CO, 
1000. 
PfiBr, latm.m, 1 0 0 0  

PhCH:(3IBr, latm.CO, 
500. 

33r,"Bu3N, latm.0, 
1OOO. 

IX,"Bu3N, latm.CO, 

t (Me c : c : CHBr, c64j, 
!0atm.0,45°.  

latm.CO,DMF 
+ 

YO a P 7  

PhCONHPh 

RcoNHpfi 

= -2m6H4 

pMeOcSH4 
v2Nc6H4 
3-pyridyl 
2-thienyl 
E-PhcH:CH- 
Z-PhcH : (31- 
Z-PhC(Me) :CH- 
E-PhC(Me) :cH- 

E - W $ C ( M e )  :cH- 

R0NHPh 

u( = E-EtCH:C(I)Et 
z-EtcH:c ( I  1 Et 
cH2 : c ( c 1 )  Me 

R = Me 
tBu 

- 
'iell 

94 

79 

91 

- 

86 
76 
57 
65 
63 
81' 
8cT 

88 
80 

a7 

71 
70 
74 

96 
85 

76 

- 
Re 

12 

12 

12 

- 

12 

12 

.31 

.3' 
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SCRETTAS AND STEELE 

Table 10 (continued).  

Cata lys t  Amine :oreactant/Cond it ions 

latm.CO,DMF 
+ 

r f o  

AcO 

As above 

grnf \ 

l e 0  

latm.CO,DMF, 
Et3N, 60° 

+ 

~ ~ , 2 0 a t m . ~ 0 ,  120° 
As above 
As above 
As above 

E ~ I ,  20atm.a,  120° 
PhCH:CHBr, 20atm.0,  
1200 
CH2Brzr4atm.C0, 
THF, Zn 

Product 

:t2N 

0 

axcom2 

~1 = H , R ~  = M ~ O  
~1 = M ~ O , R ~  = H 

Ph0NEt2 
PhCOflPr2 
PhCON"BU2 
PhCONEtPh 

+EtCONEtPh 
Et0NEtPh 

PhCH : CHCONEt2 

ield 

69 

91 

74 
98 

78 
70 

68 
59 
74 
24 
11 
42 

9 
75 
44 

31 

- 

- 
ef  

37 

- 

35 

35 

.4c 

17; 

- 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

catalyst Amine 

Table 10 (continued). 

Coreactant/Condition: 

R2CH20H, latm.CO, 
P 6 ,  NaI 

PhI ,40atm. CO, 180°, 

‘6% 

R2CH:(3I2,12O0 
4atm. CO 

Product 

PhCONR1R2 
R1 R2 
Ph H 

-ClCgH4 H 
-=#4 H 
Ph Me 
Ph Ex 

R2CH2CH2CONHR1 
R1 R2 

ha2 -sH1 3 
‘aH17 *sH13 
“BU *SH13 
hEXCH “CsH13 
ha2 H 
‘SH1 7 H 

- 
!ielc 

71 
49 
20 
47 
62 
78 
82 
40 

90 
80 
81 
80 
65 

88 
43 
86 
62 
51 
62 

a At 60°. dppf = Fe(C5H4PPh2)2. PPE = ethyl polyphosphate 

than one prcduct can be obtained. 
utility. 

These factors thus limit its synthetic 
140 

74% 

An exception, however, is the recently reported carbnylation of allyl- 
amines, which gives useful yields of 13,y-unsaturated amides. 141 

’ d N -  
Ph C0(50atm), W(OAc12 - dppp 

toluene, 110 - 13OoC 
77% bh 

Tertiary trialkylstannylamhes also give this reaction under very 
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SCRETTAS AND STEELE 

mild conditions using WPhI(PPh3)2 as ca t a lys t  and i n  y i e lds  t h a t  
superior  t o  those obtained using the  analogous secondary amine. 142,143 

can be 

' d m t 2  
I CO( lam), WPhI (PPh3 12 a HMPA, 20°C R 

Me3SnNEt2 + 
R 

R = H, NO2 (82-90%) 

When the  axyl hal ide and the amine a r e  pa r t  of the  same molecule, 

cyclized products may be obtained (Table 11). Benzolactams, f o r  example, 
have been prepared using e i t h e r  a palladium o r  cobalt ca t a lys t .  144-146 The 

latter may be of the  type XCH2Co(Co)4 or it may be generated by i r rad-  

i a t ion  of C O ~ ( C O ) ~  under phase-transfer conditions. 

> WJPh L-HAph CO(latm), W ( @ A C ) ~  - PPh3 

0 "Bu~N, 100°C 
63% 

If su i t ab le  coreactants  are employed, 
be prepared. 147,148 

benzodiazepines o r  quinazolines can 

0 7  CO(3atm1, W(OAC)2 - PPh3 

K2CO3, HMPA, llO°C Y 
M e  

3 
C0(5atm), W(OAc12 - PPh3 

K2CO3, HMPA, llO°C 

52% 

The important Elactam ring can a l s o  be constructed i n t h i s  way, the  y ie lds  

k i n g  moderate. 149-151 

Br 

Yfo CO(4atm), W(OAC)2 - PPh3 XVrn H "Bu3N, HMF'A, llO°C N J M e  
60% 0 

Alternat ively,  it maybe obtained by inser t ion  of CO i n t o  an az i r id ine .  
this case a rhcd im ca ta lys t  is used.152 

In 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

' HF; 0 

~ 0 ( 2 0 a t m ) ,  [~uI(co)~c~]~, c6&3 ~ O O C  

100% 

Table 11. Aminocarbonylation-1ization R e a c t i o n s .  

C o n d i t i o n s  Product 

1 = l,R = CH2Ph 
1 = 2 , R  = H 
I = 2 ,R  = CH2Ph 
1 = 3,R = H 
1 = 3 ,R  = CH2Ph 

z m  "=;,, 
0 

& R=H Et 
0 

R=H 
E t  
CH2Ph 
Ph 
Ph 

0 

R: 

0 k R2 

R 1  R2 

- 
ield - 

53 
38 
55 
11 
53 

50 
7 8  

72 
32 

17 
55  
52 
71 
34= 

57 
52 
53' 
38  
15 
20 
45c 
4lC 
6OC 
76c 
9 6  
4aC - 

- 
ef 

44 

- 

45 

45 

46 

49 

- 
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SCRE'ITAS AND STEELE 

Table 11 (continued). 

Catalyst Coreactant 

ON:h H 

QJm2 I 

zm2 I 

Conditions 

As above 

5atm.CO,HMPA 
~ 2 ~ 0 3 ,  llOo 

+ 

H 

m-duct 

R = H  
PhCH* 

!if& 

96 

- 

33 
16 

79 

41 

18 

52 

Ref 

149 

- 

147 

148 

a NaOEt in EtOH used. THP = 2-tetrahydropyranyl. 4atm.CO 

Although not involving an amine it is convenient to mention here a 

palladium(0) catalysed synthesis of benzolactams by the carbonylation of 
ortho-brmphenylketones using a titanium isocyanate complex as the source 
of nitrogen. 153 

Ph CO(latm), Ti(NCO)Mg2C120.3THF +@$ 
Pd(PPh3)4, K2CO3, NMF', 12OoC 

0 c& 77% 

A s  mentioned above, the palladium catalysed aminocarbonylation of 
aryl halides proceeds under relatively mild conditions. If, however, the 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

pressure of CO is increased to 20-40atm., and if a basic non-hlky amine 
is employed, then two molecules of CO may be incorporated to give 
synthetically useful a-ketcarnides. 154-161 This reaction is most successful 
for aryl branides but suffers frat? the drawback that scme simple amide is 
almost invariably formed as a side-product. 

*2 Br EX~NH, FdCl2(FMePh2)2 CO( loatm) , ~OOOC ' Me & + M e d m 2  

82% 16% 
Me 

The mechanism of the aminocarbonylation reaction has been extensively 
studied and two main pathways have been considered. The first involves 
oxidative-addition of RX to a carbonyl complex which rearranges to an 
acyl-metal species. This then reacts with either free or coordinated amine 
to give the amide. 

R1 

In the second mechanism a carbamoyl-metal species is formed by attack of 
amine, again either free or coordinated, on a carbonyl complex. Reductive 
elimination of the carbamoyl and organic fragments then gives the amide. 

Evidence for both pathways has been presented and the existence of 
both acyl- and carbamoylmetal canplexes is well-established. In the case 
of the W-catalysed double-carbnylation the second mechanism is strongly 
indicated. For other systems, however, the first has been propsed. 

b. Reactions of Carbamoylmetal Species 
Reaction of lithium dimethylamide with Ni(CO), gives the ccanpund 

Li[Me2NCONi(CO)3]. Like the main-group carbamoylmetallics, this complex 
reacts with a range of electrophiles although there are some notable 
differences in behaviour. 162r Thus whereas coupling products with 
organic halides and the normal addition product with benzophenone are 
obtained, acyl halides give simple amides rather than a-ketmmides, 
benzaldehyde gives dimethylbenzamide and phenylacetylene gives a diamide. 
Acetophenone gives self-condensation products rather than an amide. 
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SCRE’ITAS AND STEELE 

LiNMe2 + Ni(CO)q 

PhCONMe2 

Et20 PhCHO 
-1OOC to RT THF, 67OC 

a-PHENYL-N,N-DI-ELAMIDE. To Li Me2NCONi(C0)3 (from 3 7 m l  
Ni(C0)4 and 2 5 m l  LiNMe2) in 6Oml TIW is added Ph2CO (4.55g,25ml) in 
2Cml T H F .  Stir 20h at 67°C,hydrolyse (3Oml 3N HC1) at RT, concentrate, 
extract with Et20, wash with brine,dry and distil. Product obtained by 
recrystallisation. Yield 30%, mp. 103OC. 

Another reaction which may well proceed a carbamoylmetal species 

is the carboxamidation of terminal alkynes catalysed by CuI-WC12(PPh3)2 
in triethylamine. 164 

CuI, WCl?(PPh7)7, EtW, RT , PhCEccONMe2 PhCGCH + Me2NCOC1 
92% 

c. Reactions of Schiff Bases (Table 12). 
In the presence of C O ~ ( C O ) ~ ,  Schiff bases react with CO and tri- 

165 organoboranes to give carboxamides. 

0 ph 

P h + N v  
Et3B, CO(latm), Co2(CO)8, THF, 6OoC Ph&Nph 

Ph Ph 0 
50% 

The B-ketoamides which are accessible y& this reaction are pt- 
entially useful for the synthesis of 1,3-triazoles. A related reaction, 
which is carried out under phase-transfer conditions using Me1 in place of 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 

t h e  borane, provides  a r o u t e  t o  D'-ketoamides by double i n s e r t i o n  of CO 

although sane normal amide is usua l ly  found as a by-product. 166 

Me MeI, CO(latm), CO~(CO)B 

32% 
CH2C12 - aq. KOH, PEG - 400 

67% 
Ph 

6OoC 

1-(N-AcEI'n-N-PHEWLAMINO)-1-PHENyLpROPANONE. To 4Cml CH2C12 add 2Cml 
0.33N KOH soln.  and 0.5mnol PK-400 under latm. CO. After 2-3min. add 
0.mmOl c02(co)8  and 2.Oml MeI. S t i r  5min. Add 1.5mnol PhCH=NPh, hea t  to  
6OoC for 3min.,cool, separate and concentrate  organic  phase. C h r a t o -  
graphy (si l ica gel,Et20/hexane) g ives  product,  y i e l d  76%. 

167 This  reac t ion  can also be c a r r i e d  o u t  s t o i c h i m e t r i c a l l y .  

Using t h e  same c a t a l y s t  under somewhat more severe condi t ions ,  a r y l -  

and benzylmercaptansreact with Schiff  bases i n  t h e  presence of CO t o  g ive  

primary amides of t h e  corresponding benzoic or phenylacet ic  a c i d  and a 

symnetr ical ly  s u b s t i t u t e d  o l e f i n .  Some secondary amide is also obtained as 
168 a side-product.  

PhCH=NMe pMeC6H4SH, cO2(co)8, C6H6, CO(6Oatm), H20 17OoC ' M e  J$--. +Medy--- 
7% 59% 

d. Addition of Isocyanides t o  C a r b n y l  Compounds. 

Isocyanides react with TiC14 to  g i v e  C13TiC(=NR)C1 which with 
169,170 c a r b n y l  c m p u n d s  g i v e  a-hydroxyamides after hydrolysis .  

MeNC (1) TiC14, CH2C12, O°C ~ P h q N H M e  

(ii) PhCH2CH0, -6OOC (iii) H3O' 0 86% 

(1) TiC14, CH2C12 P h q i - 1  
(ii) PhCXO, -7OOC to RT (ill) H20 ' 67% 0 Q 

r N / V N c  
o d  

GENERAL PROCEDURE. To isccyanide (5.omnOl) in 20-3Oml CH2C12 a t  O°C under 
argon add 2.75n-d (5.5mnol) 2M Tic14 in CH2C12. After 6Cmi.n. add 5.omnOl 
carbonyl compound. S t i r  u n t i l  TLC shows absence of staring material. 
Hydrolyse. After 2Omin. Wash with sat. 
NaHCO3 soln. ,H20,brine and H20. Dry and concentrate .  Froduct obtained by 
f l a s h  c h r m t o q r a p h y  or r e c r y s t a l l i s a t i o n .  

separate and extract with CH2C12. 
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SCRE'ITAS AND STEELE 

Table 12. Amides frcm Schiff Bases. 

RIC ( R2 ) =NR3 + R4CONR3CHR1R2 + R4CDNHR3 
A B 

Coreactant 

R43B 

M e 1  

R4SH 

Conditions 

THF, 60°, 
latm.0, 

( ca t a lys t )  
c02 ( CO) 8, 

KOH, H20, 
PEG-400, 
CH2CI.2, 60°, 
latm. 0, 

( ca t a lys t )  
co2(CO)8 

C&j-H20, 
60atm. CO, 
170-180°, 
c02 (CO ) 8 
(ca t a lys t )  

Product* 

R3 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 

- R4 

Ex 
"Bu 

"C7H15 
PhCH2CH2 
PhCHMdFI2 

Ph 
"Bu 

E t  
PhCO 

pMeoc6H4 

Ph 
Ph 

pMK6H4 
Ph 

O-MmgH4 
O-MKgH4 

Ph 
Ph 

Ph 
Ph 

"Pr 
iPr 
iPr  
Ph 
Ph 

!-furylCH: CH 
Ph 
Fb 

Ph 
H 

H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

w 6 H 4  EX 
Ph Ex 

- 
Yield - 

50 
82 
55 
50 
80 
67 
87 
74 
33 
62 

76 
67 
67 
68 
29 
43 
34 
40 

59 
56 
65 
38 
40 
62 
43 
33 
52 
34 

tef 

L65 

- 

166 

168 

* Yields r e f e r  t o  product A f o r  t h e  react ions with R43B and with Me1 and 
t o  product B for the react ions with R4SH. 
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ORGANOMETALIC CARBOXYLATION. A REVIEW 
Table 13. Reaction of Tic14 with Isocyanides and Carbny l  Canpounds. 

(i) TiC14,  CH2C12 

( ii) R2R3C0 (iii) H 7 0  
R ~ N C  > R2R3C(OH)CDNHR1 

L- 

R2 R3 

Ph 
Ph 

PhcH2CH2 
Ph 

pMeoc6H4 
PBE6H4 
"Pr 
tEkl 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 

P B e 6 H 4  
"Pr 

PhMecH 
Ph 
Ph 

m 
"Pr 

"Pr 

H 
H 
H 
H 
H 
H 
H 
H 
H 
M e  
Me 
M e  
H 
H 
H 
M e  

H 
H 
H 
H 
H 
H 
H 
H 
M e  
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

303 

Yield 

96 
82 
65 
86 
96 
36 
90 
73 
95 
84 
82 
17 
98 
98 
98 
88 
59 
23 
67 
57 
44 
70 
90 
96 
76 
81 
95 
15 
47 
55 
33 
35 
38 
34 
35 
34 
53 
52 
31 
16 
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SCRETTAS AND STEELE 

Chirality in the isocyanide is preserved and the reaction was observed to 
fail only for those isocyanides which were capable of giving rise to a 
relatively stable carbocation, e.g. tert-butyl isocyanide or benzyl iso- 
cyanide. 

The above titanium complex is also presmbly involved in the 
reaction of isocyanides with acetals and ketals in the presence of TiC14 
to give a-alkoxycarboxamide derivatives. 171 

e. Miscellaneous Reactions. 
Certain reactions which are of limited usefulness as synthetic 

methods may also briefly ke mer~tioned.~'~-~~~ The catalytic carbonyl ion 
of geminal dibrmlkanes in the presence of diethylamine and zinc metal 
gives low yields of amides. A carbene is proposed to be an intermed- 
iate. 172 

C0(20atm), Et2NH, Zn, cO2(co)8, CgHg, 5OoC 
MeCHBr 2 3 MeCOYEt2 

31% 
The titanium complex T1NMg2C12(THF') reacts with CO and then Me1 to 

give dimethylacetamide . 173 
(i) CO(1atm) (ii) MeI, 100°C 

TL\T4g$12(THF) > !leCONMe2 
73% 

Osmium cluster complexes containing methylene bridging groups insert 
secondary amines CO to give ketene complexes which react with primary or 

to give amides. 174,175 

CO(latm), "BuNH2 
os3 (co) 11 (u-cH2) > MeCONHnBu 

73% 

Finally a variety of products may be obtained from olefins and iso- 
cyanates in the presence of nickel complexes or from preformed nickel- 
ocycles. 176-183 

+ f l d N H P h  
(1) PhNCO, Ni(CODl2 - "-3P 

THF, -50 to +5OoC - (ii) H30+ 47% 12% 
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ORGANOMETALIC CARBOXYLATION. A REViEW 

> 
(i) C2H4(24atm), Ni(COD)2- TCP 

PhNCO 
THF, 5OoC (ii) H30+ 0 

75% 

CONCLUDING REMARKS 
The decision as to which method to use to synthesise a carboxamide 

will depend on a number of factors. The usual procedure of condensing a 
carboxylic acid derivative with an amine will often be the first choice. 
However, there will be instances where the simple 
method either refuses to work or is incompatible with other functionality 
in the reactant or product molecules. While protecting groups can provide 
a way round this problem, a direct procedure is generally mre appealing. 
The methods described in this review are, in this respect, complementary 
to the traditional procedures, not only because of the reaction conditions 
involved, but also because they involve carbon-carbon bond forming re- 
actions which often allow the construction of elaborate molecules in a 
small number of steps. 

as with all reactions, 
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