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ORGANOMETALLIC CARBOXAMIDATION. A REVIEW

Constantinos G. Screttas* and Barry R. Steele*

Institute of Organic Chemistry
The National Hellenic Research Foundation
Athens 116 35, GREECE

INTRODUCTION

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 from the

recent literature.l™3

i L] /\/©/OM e
MeS \l/\n/NH\/\OH /\/\/CD\AI\@ dkm
Mes ©O = OH
1 2 3
Many applications of carboxamides have been found. The amide group
occurs in a number of biologically active compounds such as the dopamine
antagonist 4,4 the platelet activating factor antagonist 5,5 the gluco-

corticoid antagonist 6° and, of course, the g-lactam antibiotics.

0
Cl@ka/\/NEtz
H
H2N OMe

5

Other uses have also recently been noted for simple acid amides such
as the insecticide, 7,7 and the lithium ionophore 8.8 f_(N(C—CGHH)Z
0

Ph /\//\//\Q/NH\/I\ \/:>Cc:) o

7 8 N(c-CgHy1)2
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In organic synthesis the carboxamide group may be used as an inter-
mediate functional group - as for example in heterocyclic synthesis - or
as a means of promoting regioselective reactions. One of these of part-
icular relevance to organometallic chemistry is the ability of secondary
and tertiary carboxamides to direct metallation to specified positions in

a molecule.9

@,com:tz sec-BuLi , TMEDA , THF , -78° @com:tz

Li
@zCONlPrz sec-BuLi , TMEDA , THF , -7&° l:jCONlPrz
Li
CONlPr2 LiT™P , 5%, THF N %;O 2
e
Me Li

Synthetic approaches to carboxamides may be classified according to
the bond being formed. Whereas there are numerous ways of forming the
carbonyl-nitrogen bond or of modifying the groups attached to nitrogen,
there are relatively few methods of forming the carbon-carbon bond without
recourse to organametallic reagents. These include the Friedel-Crafts
reactions of aromatic molecules with hydroxamic acids, carbamoyl chlorides
or isocyanates, free radical carbamoylation of heterocycles, the acid-
catalysed aminocarbonylation of olefins, the Armdt-Eistert synthesis and
the Willgerodt reaction.13

This review is concerned with routes to carboxylic amides in which
carbon-carbon bond formation 1s induced by means of organometallic re-
agents. Reactions in which these reagents are used as starting materials
or in which their intermediacy is well established will be considered.
Both stoichiometric and catalytic reactions are included with emphasis
being given to those which are synthetically the most useful.}4 The
literature is covered up to the end of 1988, with some 1989 papers being
included as well.

The review is divided into two main sections. The first deals with
reactions involving Main Group organcmetallic reagents and the second with
those of transition metal systems. Some reactions which deal with both
main group and transition metals have been assigned to one of the sections

according to their relationship to other similar procedures. Within each
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section further divisions are made according to the starting materials
used.

I. MAIN GROUP ORGANOMETALLIC REACTIONS

a. Reaction of Isocyanates

The reaction of organometallic reagents with isocyanates 1is the
oldest example of an organometallic carboxamidation, having been reported

15 and, since that time, it has

in 1901 by Blaise for Grignard reagents
been applied extensively to other organometallic reagents.l6'76 Since the
reaction with aryl isocyanates, in particular, gives solids which can
readily be purified, it has often been employed for the characterisation
of organometallics and the compounds from which they are derived. The
reaction conditions are generally mild and the yields good (Table 1).

Some examples are given below.

mLi (1)PhNCO, Et50, ice cooling 5 ®COWh
S (ii) Hi0* S

81%
(1)PhNCO, Et0, reflux CONHPh
PhCH(MgC1)COoMgCl > ]
(ii)H30* PhCHCOoH  g7g
i) PhNCO, CHp(OMe)p, refl
BrZnCHyCOpEt  — o) - 2(QMe)p, reflux o) \eocH,CooEE
(ii) H30 652
) (i) PhNCO, THF, -50° to +20°C
MesMnLi - > MeCONHPh
(ll) H30+ o
98%

The reactions of the organomanganese reagents are included here since they

behave in much the same way as the main-group metal reagents.77'78

N-PHENYL-o- (DIMETHYLAMINOMETHYL ) BENZAMIDE. 35 Suspension of o-lithio-(di-
methylaminomethyl)benzene in EtjO/hexane added to PhNCO (14.3g, 0.12mol)
in 250ml Et,0. Reflux 4h, cool, hydrolyse (sat. NH4C1 soln.), extract
with Et;0, dry, evaporate and distil. Yield 65%, bp. 190-200°/ 1mm.

When other functional groups are present further reactions to give

cyclized products may occur.52

@(Cl (i) PBuLi, THF, -100°C - .
Br (ii) PhNCO, 25°C 203

o
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Table 1. Reaction of Main Group Organometallics with Isocyanates.
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Organometallic | Conditions Product Yield |Ref
i. RNCO,Et,0 R = Ph 81
mh ii.Hg0" s\ CONHR R = o-tolyl 41 | 29
R = 2-pyridyl | 54
N Rl = 2-naphthyl|
E »Li i. RINCO,Et50 EI&}CONHRI RZ = Me; 66 | 31
N 3 1 + [ 1 — 2 -
I'22 ii.H30 r2 Rt = R¢ = Ph 39
1 .
fac i. RNCO,Et,0, CONHR R = Me 29
CeHe Ph )\H/OH R = Et 57 | 32
© ii.Hy0* 0 R = Ph 67
, i. PhNCO,Et,0
F L CpFe CONHPh
cp GQ * hexane @ ™ 31 | 33
M2 | ii.Hq0" 2
Rl = ph
X R = -OCH,OMe | 73 | 34
R i. RINCO,Et,0 @E}@ RZ = -CH,NMe, | 65 | 35
Li hexane CONHRL
ii.Hy0" r! = tBu
2 _
R? = 81 | 68
£} ve
. Me
Li i. PhCNO, THF, CONHPh 41 37
N 0% NN
ii.H30* L
Me,N | i. RNCO,THF, |me,N R = Ph 62
oL hexane pom R = 4-ClCgHy 61 | 44
S . +
i1i,H30
n=1
R = Ph 53
Li R = 4-C1CgH 70
(CHn—" CONHR = iy
K CH2)p R = 3-MeCgHy 41 45
N7 ™S As above n=2
Li N S
H R = Ph 70
R = 4—C1C6H4 96
R = 3-MeC6H4 43
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Organometallic { Conditions Product Yield | Ref
n=1
(CHahy Rl =R2=H 71
(CH)p As above ig\commn =2
MgCll (R = Ph) Rl = R? = 72
132 Rl R2 1
R R R = H,R® = Me| 86 49
Rl = R2 = Me 80
n=3
RL=Rr2 =9 71
OO As above OO 66 | 50
s
PhS L1 PhS)\CONHPh
conipr, | i. PhNCO, THF, conipr,
C(Li TMEDA @CONHPh 61 | 11
ii.Hy0"
R?(CiC) Li i. RINCO,Et,0, [R?(CiC) COMHR] n = 2
hexane Rl = R = Ph 77 | s1
1i.Hy0 Rl = t-Bu,
R? = MePhN- 44 | 57,
Rl = t-Bu, 64
R% = PhoN- 50
R! = t-Bu,
R? = Phs- 72 | 65
n=3
R! = t-Bu,
R2= morpholino| 48 | 58
i. YBuNCO,
3
mgcy | THF or B0 contitBu 77 | 5
ii.Hy0 74 54
R = n-Bu 70
@‘m i. RNCO, CONHR R = t-Bu 53
NC diglyme NC R = c-CgHyy 55 56
ii.Hy0 R = Ph 50
@Li i. PhNCO, THF, @CONHPh
hexane 54 59
t tBuo,c
BuOoC ii.Hy0 2
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Table 1 {(continued).

Organometallic [Conditions Product Yield| Ref
o i. tBunco, .
Cicla THF, hexane C: CCONH-Bu 62 | 62
NHSOzph ii.HzO NHSO2P1’1
Li .
>:< i. PhNCO,THF, CONHPh
COoy hexane u 58 60
1i.Hy0 €02
; i. PhNCO, THF,
Me\N L et Me N CONHPh 2 s
ON~ N oN“
ii.AcCH
Rl r2 R3
5 _ i. RINCO, THF, RZ2 conHrl Ph Me Me 65
R3><L1 TMEDA R:><CO2H n-Pr Me Me 77
R COpLi  1ii.Hy0 Ph Ph H 80
n-Pr Ph H 75 66
Ph Me H 65
n-Pr Me H 66
Ph  -(CHp)g- 62
n-Pr -(CH2)5- 60
S
S i. ®BuNCoO,
NHMe
/@‘J\N}Me THF, hexane N 61 67
c1 Li ii.Hy0 c1 CONH™Bu
(Et0,C) 5CHZNBr i. PhCNO, DME, (EtO-C) ,CHCONHPh 65 61
reflux
ii.aq. NH4Cl soln.
i. RNCO, THF/ R = Ph 45 40
Ph ph
) pentane
L1 -70° to 25° >-CONHR R = tBu 57
LiO,CN ii.HR0" HoN
Li
Li
As above CONHR R = Ph 80 41
NP i =t
hCOoLa NHPh R="tBu | 76
0 0
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Table 1 (continued)

Organometallic Conditions Product Yield |Ref
gl As above gl Rl Rr? 42
2
A R L R2 H H 61
> \ Li N nHtBu H Ngy, 60
COpLi H H NCgHy{ 47
Me H 77
Li ~~\, CONHPh
7 As above m 43
LiO,CN
o}
0
Li i. RiNco, THF/ . Rl RZ 46
@ pentane @ CONHR™ pp, Me 69
NRZCO5Li -70° to 259 GR2 B Me 71
ii.Hg0* Ph Et 79
tBu Et 75
N- Li N
As above (Rl=Ph) N/ CONEPh 55 | 47
CO2Li H
i. Me3SiNCcO, 90° i 49 | 85
PhMgBr Dioxane + THF PhCONH,
ii.ag. NHyC1 !
!
- Me i. Me3SiNCO,hexane,! o~ Me 34 86
o
b, -20% to rt ~
i N ii.H30+ N
Li iii.aq NaHCOy CONH3
PhCH:CHSiMesy i. Cl0,SNCO, CClg, PhCH: CHCONHy 63 72
OO
ii.H;0%/Me,CO, heat
3 2
RCH:C(OMe)SiMe3 i. C10,SNCO, CHC13, RCH,CONH, 73
OO
ii.H30%, heat R = NBu 48
nCSHll 52
RCiCSiMes i. Cl0,SNCO, CHCls, RC: COONH, 73
OO
ii.H30%, heat R = TBu 69
Ph 70
Cl (CH2) 3 54
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Recently, Einhorn et al have shown that the sonochemical Barbier
reaction may also be usefully applied in this reaction and that further

reactions can be carried in situ (Table 2).79

0
Br _lt— i )
©/ (i) Na, THF/HMPA_ @,K (i) BuLi, -40°C m+
, . ONa . E
) 45min,RT (ii) DMF o
675

(ii) ®BuNCO ,
Table 2. Ultrasound Assisted Barbier Reactions with Isocyanates.79
r ArBr Conditions Product Yield
PhBr Na/THF /HMPA/ YBuNCO, PhCONH'Bu 51

45min US at RT

Br CONH'Bu
@[ As above @[ 74
Me Me

PhBr i. Na/THF/HMPA/YBuNCO,
45min US/RT conutBu
ii.PBuLi 75
11i.%BUNCO  iv.H0 CONHBu

O

PhBr i. and ii. as above @:‘:NtBu 67
iii.DMF
OH
CONH'Bu
PhBr i. ar}d ii. as above @/(OH 63
i1i.1PrCHO iv.Hy0

@BY i. and ii. as above conttau 46
iii.Me,CO iv.H,0
Me 111.Hepth av.ty @(,\/OH
0O
@E Br i. and ii. as above NtBu 40
Me iii. DMF P
. .. t
Br i. and ii. as above Coé‘g’ Bu
@ ijij.anisaldehyde O 63

Me iv. Hy0 O
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Isocyanates are accessible via the Curtius rearrangement of acyl

azides and this has been exploited in an amide synthesis which starts from
acid chlorides. Isolation of pure 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

g<coc1 (1) NaN3, MepCO (ii) Heat,Ceg _ g(NHn/\/k’j
(1i1) Q_\—Mgsr THF (iv)Hy0* 5%

Table 3. Conversion of Acid Chlorides to Amides.ao

l ii lll iv
rlcoct ——» RINcO ————— 5 R2conmR!

rl R2 Yield

c-CgHyp Me 63
e re 57
i’ o g

ﬁb Me 87

Ph Me 73
nCSHl]. Me 57
nC7H15 Me 77
nCl SH31 Me 97
C-C6Hl 1 Ph 89

Ph Ph 83
2-furyl Ph 63
nCSHl]. Ph 83

Ph NBu 83
C-C6Hll nBLl 91

i. NaN3, acetone, H;0 and isolation of crude azide.
ii. Heat in CgHg. iii. R2Li/Et,0. iv. H30%.

All the above methods give secondary amides after hydrolytic work-

up. Primary amides may, however, be obtained using triorganosilyl iso-

cyanates, the R4Si group being cleaved during the work—up.84'87
@ (i) Me3SiNCO, hexane,-20° to RT _ z
ii) H o+ PP . N
N (ii) H30% (iii) aq. NaHCO3 143
Li 0" NHp
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Alternatively, primary amides may be obtained by reaction of vinyl-,
alkynyl- or allylsilanes with chlorosulphonyl isocyanate and subsequent

hydrolysis.72'74

. . o
o - SiMes (i) CLsogNco, CClg, 0% 5 ph/%)'LNHz
(ii1) H30", Me,CO, reflux

b. Reaction with Carbamic Acid Derivatives

Amides may be formed by the reaction of organometallic reagents with
carbamoyl chlorides and carbamate esters, analogous to the reactions with
carboxylic acid chlorides and esters (Table 4). They suffer, however, from
the same disadvantage, namely that of the possibility of subsequent re-
action with the amide formed. This may be overcome by the use of low

'cempe-.ratures.se'97

L C1CONMe, -40°C _
LiC =CCH,CH(CEL) 5 MeyNCOC = CCH,CH(OEt ) 5
hexane, Et,0

40%

(1) PhNHCO,Et
(ii) Hy0*

EtCONHPh
55%

EtMgBr

{3 o, N\ ()
\_LE__SlMe:; + NCOCLAlClB ’ CH2C12, 40 9} E . CON + Me3SiCl
60%

N, N-DIETHYL-4,4-DIETHOXYBUT-2-YNAMIDE. To 1-1ithio~-3, 3-diethoxypropyne

(0.04mol) in Ety0O/hexane at -50° add EtyNCOC1 (0.055mol). Warm to RT over
6-7h. Hydrolyse (sat. NH4Cl soln.), extract, dry, distil. Yield 45%, bp.
103°/0. lmm.

A related reaction which has recently been reported uses N-methoxy-
urethanes and wureas. Although the reaction is used as a basis for the
preparation of unsymmetrical ketones, the intermediate N-methoxyamides may
be isolated.?3

/me Ph.Ll, M, —780(: /me
e > PneoN 90%

MezNCON
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Table 4. Reaction of Organometallics with Carbamic Acid Derivatives

Organometallic Coreactant| Conditions Product Yield |Ref

CX:ONEtZ EtzNC(x:l i. gié’n:?)}:; @WONEY_Z o
/[::[ . N R CONEt »
R L1 ii.aq. NH4C1
R=H 89
R=1C1 77
NN i. THF,PhCHRBY| o,y i Y 40 | 89
OCONMe, - |Me Ny OvS| 1110 F;?jr,\gCONMeZ
0
EtMgBr EtoNCOEL Not given EtCONEt 28 90
EtMgBr PhNHCO,Et Not given EtCONHPh 55 90

0

0
i CONMe2
MeoNCOCL | THF, -100° 84 | 75

(EtO)5CHCICLi | MepNCOC1 | Hexane/Et,0 | (EtO),CHCiCCONMe, (45 | 92

-40°
(EtO)CHZCHCH2C§CLﬁ Me,NCOCL | As above (EtO)%CHCH2C§CCONMe2 40 | 92
RIC:CsiMey R2NCOC1 | AlCly,CHoCl, RIC:CCONRZ, 97
40° Rl R2

Tigy %(-(CH2)4—) 55
NCgHyy  %(-(CHp)4-)| 60

NBu %(_(CHZ)S_) 60
nC5H11 %('(CH2)5—) 55
nCSHll Et 65

One interesting reaction which seems to involve this type of re-
action is the formal rearrangement of ortho-metallated O-aryl carbamates
(Table 5).92-96,98

OH

T O e K
————ea 2. Co \N
,[::]/ SBuLi,THF Cl Li (ii) HxO ci CONEt)

Cl TMEDA,-78°C 655

This is equivalent to the well-known Fries rearrangement of aryl esters.

c. Reaction with Formamides

A recently reported route to amides involves the addition of organo-
lithium or organomagnesium reagents to tertiary formamides followed by
oxidation of the intermediate a-aminoalkoxide by an Oppenauer type pro-

281



10: 21 27 January 2011

Downl oaded At:

SCRETTAS AND STEELE

Table 5. Rearrangement of Metalated Aryl Carbamates

Organometallic Conditions Product Yield |Ref
Rl
gl i. THF/TMEDA, hexane R2 OH
2 OCONEt -78° to rt
3 . ll.H3O R4
R Li 1 52 23 o4
g4 R R R R
H H H H 75
Me H H H 70
OMe H B H 68
H OMe H H 18
H H OMe H 60
H H cl H 65
H H H OMe 48
rl
1
OCONEt , R
i. THF/TMEDA/hexane OMe
R? Li -78° to rt o2
i1.Hy0" CONEL2
111 .K5CO5/Mel rl RZ
Me,CO/reflux COLH H 37 95
COLH c1 60 95
CONEt 5 H 59 95
CONEt, c1 42 95
S0,'Bu H 81 96
O OCONEt 5
J e
Li Ca i . 0 o1 o8
O 1. an 1l. @as a ve O CONEt2

cedure.?? a magnesium alkoxide was found to be required when organolithium
reagents were employed whereas for Grignard reagents a 1lithium alkoxide
was added (Table 6).

©:0M€ (1) Mg(OCHpCHOEt)), HCONMep, THF, 5°C @me
Li (ii) PhyCO (iii) Hz0* ConMe,

71%

N, N-DIMETHYL-0-METHOXYBENZAMIDE. Mg (OCHpCHoOEt), (10mmol) is added to
0-MeOCgHyLi (20mmol from 12ml 1.7N PBuli in MCH, 20mmol anisole, 4ml THF)
at 5°C. Stir RT lh, cool in ice, add DMF (20mmol), stir lh 5°C, 2h RT,
add 30mmol PhoCO, stir overnight. Hydrolysis (dil. HpS04), CH)Cl;
extraction, drying (MgSO4), removal of solvent and chromatography (silica
gel, 1:1 CH,/EtOAc) gives 71% product.

282



10: 21 27 January 2011

Downl oaded At:

ORGANOMETALIC CARBOXYLATION. A REVIEW

It has now been found that, for certain organolithium reagents,
mercuric chloride will also oxidize the intermediate a-amincalkoxide and
that no additional metal alkoxide is needed.lo0

(i) HCONMep, MCH-THF, -78°C
(ii) HgCl,, -780C to RT

NBuLi NBuCONMe

90%

Table 6. Reaction of Organolithium and Organomagnesium Reagents with

Formamides and Subsequent Oxidation.?9
Organometallic Formamide Solvent* Product Yield
DBuLi HCONMe, MCH/CH NBuCONMe 65
PholMg HCONMe, Toluene PhCONMe 80
SBuyMg HCONMe MCH SBuCONMe, 65
R, HCONMe; CH/THF ¢Sd Comve,» 61
R
: H 7\
QLI ICONMe 5 CH/THF o> comve, 29
OMe
@(me HCONMe, CH/THF @[ 71
Li CONMe
- HCONMe THF 34
o AL 2 o, A CONME,
NBuLi HCONPhEt MCH/CH NBUCONPhEL 39
\ -
NBuLi HCON O MCH/CH NBuCON O 53
N N—
Ve /I~
PhoMg HCON O Toluene PhCON  © 68
T\ I\
BuLi HCON NCHO MCH/CH PBUCON  NCO™'Bu 71
j— A4
Ve 7\
PhoMg HCON  NCHO Toluene PhCON  NCOPh 17

* Conditions: reaction in solvent indicated at 5°C to rt in presence of
Mg (OCH,CH,0Et )5 followed by oxidation with PhyCO (MCH = methylcyclohexane,
CH = cyclohexane).

d. Reactions of Carbamoylmetallic Reagents
Carbamoylmetallic reagents are analogous to acylmetallic reagents
and can be expected to give amides upon reaction with electrophiles.

MCONR, + E* > ECONR, + M'

283



10: 21 27 January 2011

Downl oaded At:

SCRETTAS AND STEELE
Three methods exist for the formation of these reagents. The first
is by metalation of a tertiary formamide. This may be achieved using

either a lithium amide or tbutyllithium.101-105

Linipry, ™R, -78°C  or

HCON'Pr, -
BuLi, THF-Et,0O-pentane, -95°C

> LiCON'it,

The second route 1Iinvolves 1nsertion of carbon monoxide into the metal-

nitrogen bond of a metal amide,106-114

: _ _7:0
{ NLi CO, DME-THF, -75~C - < ?COLi

€O, Et,0, 0°C

LiCu(NEty) o LiCu(CONEty) 5

Lastly, carbamoyllithium compounds have been obtained by transmetalation

of a bis(carbamoyl)mercury with butyllithium.115

OgulLi, THF, -75°C _
Hg(CONEt,) —>  LiCONEt,

This method has found only limited application however. Carbamoylmetallics
are generally stable only at low temperatures and are thus used in situ.
The 1lithium 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 organclithium 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, 1s less reactive than the

initial reactant,l01-107,109,110,115,116

i ) (1) MeyCo, -78°C to RT i
Pr,NCOLi > Pr,NCOC(OH)Me,
(ii) Hy0

81%
N,N-DI-ISOPROPYL- a -HYDROXY-DIPHENYLACETAMIDE. MeLi (2.6mmol) added to

iproNH (2.6mmol) in 50ml THF at -78°. After 2min. is added 1PrpNCHO
(2.6mmol). Stir Smin. Add Ph,yCO (2mmol). Stir 45min. Warm to RT,
evaporate, dissolve in CH5Cl,, wash with Hy0, dry and evaporate. Chrom-
atography (silica gel, CHClj) gives 92% product, mp. 150.5-151°C.

Exceptions to the reactions with organic halides are those with
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allyl and benzyl halides, although even here dialkylation occurs.110

CH-=CHCH-Br, -78°C, DME-THF CONR
. 2= 20L, ~ ’ - -~
R2NCOL1 > M

91%

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

a number of halogen compounds in the expected manner, 113,114

CHy=CHCHpBr, RT, HMPA-THF - WCONEtz
76%

LiCu(CONEt;) 5

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) LDA, PhCHO, THF, -78°C to RT
HCONMe (CH,OMe) () > PhCH(OH) CONHMe

(ii) Hz0* 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).]‘10
MeaSnCl, THF
LiCON > °3°0 >  Me3SnCON )
-78°C to RT
61%
C) Phl, Pd(PPh3y)q, toluene, reflux
Me4SnCON 3°4 > PhCON >
72%

e. Reaction of Cyano(amino)methyl Carbanions with Esters

The carbanion produced by metalation of a-(N-methyl-N-phenylamino)-

acetonitrile with NaH or KH reacts with esters at room temperature and

subsequent hydrolysis in the presence of Cu(OAc), gives a-ketoamides. 117

_-ph (i) PhCOgEt, RT
Me (i) cu(oac),,
H,O-EtOH 87%

N-METHYL, N-PHENYL-PHENYLGLYOXYLAMIDE. To KH (0.59g,14.7mmol) and PhCO,Et
(1.18g,7.9mmol) in 30ml THF add MePhNCH,CN (0.98g,6.7mmol) in 10ml THF at
0° . Stir at RT 3h, hydrolyse (sat. NH4Cl soln), extract with (iPr)ZO,
dry, concentrate. Yield of E- and Z-Ph(OH)C=C(CN)NMePh 87%,mp 136-9°C.
To 0.5g (2.0mmol) is added Cu(OAc), (0.74g,4.lmmol) in 20ml 50% ag. EtOH.
After 4h at 50° cool,filter,extract with CHxCl, , wash with HyO, dry,
filter. Purify by recrystallisation. Yield 79%, mp. 63°C.

_~Ph KH, THF, RT
~Me - NCEHN

NCCHoN
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Table 7. Reactions of Carbamoylmetallic Reagents.

ii. HpO

Organometallic |Prep. Reaction/Conditionsr Product Yield |Ref
LiCONMe, A |i. rIR%CO, THF RIRZC (OH) CONMe 101
-78° to rt rl R2
ii.Hp0 Ph H 45
Ph Ph 85
PhCH:CH H 48
tBu H 76
"(CH2) 5= 62
LicON1Pr, A | As above RIR?C (0H) CONTPr, 102
Rl R2
Ph H 51
Ph Ph 92
Me Me 30
Et H 41
LiCONR(CH,OMe) | A | As above RIR?C (OH) CONR (CH,OMe 103
rl R? R
Ph H  CH,OMe| 74
Ph Ph  CH,OMe | 88
-(CHy)s-  CHyOMe | 44
Ph H Me |76
Ph Ph Me | 85
-(CHy) 5- Me 39
PhCH:CH H Me | 40
LiCONlPr, B |i. RIRZCO,Et,0/ rIRZC(OH)COLPr, 105
THF/pentane Rl RZ
-959 to rt Ph Ph 85
11.Hy0 Ph H 80
Me Me 81
Et H 62
-((}12)5— 83
PhCH:CH H 68
LiCONPr, B | As above with PhCOCONTPr, 70 |105
PhCO,Et
LiCONiPr, B | As above with PhCH,CHPhCO1Pr, 68 [105
PhCH,Br
LiCON1Pr, Cc |i. Cyclohexanone, oH
DME/THF, =75 to+59 O<CONiPr2 50 107
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Table 7 (Continued).

Organometallic|Prep.| Reaction/Conditions Product Yield|Ref
LicoNRL, C | R%35nCl, THF R23SnCONR13 110
-78° to rt rl R
L(-(CHy)4-) Me 58
4(~(CHy)5-)  Me 61
ipr Me 40
b(~(CHy)4-) TBu 90
h(-(CHy)5-) TBu 87
1pr Ny 78
15(~(CHy)4-)  Ph 57
bs(~(CHy)g~)  Ph 53
LiHCOl\D ¢ | THF,RI,-78° RHCOI\D 109
R = Me 12
R = Et 15
CuLi(CONEt,), | D | THF/HVPA,RX RCONEt 114
RX = Mel 10
PhI 49
CH2:CHCH2BI‘ 76
PhCH:CHBr 51*
MeCOBr 70
PhCOBr 74
PhCOC1 61
Et0COC1 36
. 7 D As above 93 |114
CULI(CON\_P)Z RX = CHz:CHa'[zBI' WCON 9
CuLi(CONMePh),| D | MeI/Et,0 MeCONMePh 72 113
curi(coNrlR?),| D | RX,Pd(0) catalyst RCONRIR2 113
CgHg/DME R Rr! R2
35-40° Ph Me Ph 71
PhCH:CH Me Ph |65
Ph Et p-CICgHy 67
Ph lpr Pr {49
Ph Et Et |58

* In the presence of 10mol% Ni(OAc),.
Method of preparation: A. LiNRy in THF,-78°. B. 'BuLi in Et,O/THF/pent-
ane,-95°. C. RpNLi + CO,DME/THF,-78°. D. LiCu(NRy), + CO,Et,0,0°.
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Table 8. Amide Synthesis via Carbamoylstannanes110

i

Me3SnCONRL, R2X RZCONR!
rl R2X Yield
ipr Ph 78
ipy P-MeOCgH, I 83
ipr NCeH) CH:CHI 71
L(-(CHy) 4-) p-MeOCgHyI 80
b( ‘(CH2)4-) nCsHllCH:CHI 79
L(-(CHy) 4-) PhCH: CHT 82
L(-(CHy)4-) 1-iodocyclohexene 62
L(-(CHy) 5-) Ph 72
5(-(CHp) 5-) p-MeOCgHy T 72
4(-(CHy) 5-) NCgHy 1 CH:CHI 64
%(~-(CHy)5-) PhCH : CHBr 49
L(-(CHy) 5-) PhCH:CHI 77
%(-(CHy) 5-) 1-iodocyclohexene 58
%(-(CHy) 5-) 2-iodofuran 84
L(~(CHy) 5-) 2-bromothiophene 57
L(~-(CHy) 5-) 2-iodothiophene 24
L(-(CHy) 5-) 3-bromopyridine 63

i. RX, Pd(PPhy)4,THF,65°.

ITI. TRANSITION METAI SYSTEMS

a. Aminocarbonylation Reactions

The carbonyl and amino fragments may be introduced in a variety of
ways using transition metal reagents in either stoichiometric or catalytic

reactions.

i. Metal Carbonyls and Amines (Table 9)

The reaction of 2-bromostyrene or 2-bromo-1,l1-diphenylethene with

excess pyrrolidine and Ni(CO)4 gives good yields of the corresponding a,B -

unsaturated amides.118
H
. O Ph N,
Ph: :H . [T—l Ni(CO)4q, MeOH, 60°C
R Br g RO

R = H (82%), Ph (85%)

while sodium tetracarbonylferrate reacts with alkyl halides to give an

288



10: 21 27 January 2011

Downl oaded At:

ORGANOMETALIC CARBOXYLATION. A REVIEW

intermediate acyliron complex from which the carboxamide can be obtained

by reaction with iodine and a tertiary amine.119

(i) NaoFe(CO)4, THF, -15 to +25°C_

nC5H1 ]_Br
(ii) EtoNH, I,

NC5H, 1 CONEL 5
80%

A related reaction uses nitro-compounds instead of amines. The iron
carbonylate species are strong reducing agents and the required amine is
formed in situ.The acyliron complex may be formed in a number of ways and
for simple substituents the yields are quite good. Lower vyields are

obtained when benzyl halides or ag-haloacetophenones are used.lzo'121

(i) NajFe(CO)4q, THF, RT

MeCOC1 > MeCONHPh
(ii) PhNOp
86%
(1) NapFe(CO)4, THF, RT
PhCOCH,C1 — —>  PhCOCH,CONHPh
(ii) PhNO,
443

More extensive studies have been made on the reactions of
dibromocyclopropanes with amines and Ni(CO)4. With unsubstituted 1,1-

dibromocyclopropanes reaction with a primary or secondary amine and

Ni(CO)4 gives the corresponding cyclopropanecarboxamide.122'123
Br (1) Ni(CO)4, DMF, 70°C
;>(Br +  TprNH, —— - 4 —> J>y~*CONHnPr
ph (ii) H30 Ph
78%

GENERAL PROCEDURE. The gem-dibromocyclopropane (lmmol),amine (2.5mmol),
DMF (2.4ml) and Ni(CO)4 are heated at 70° for 3h. Evaporate, add 30ml
%$HC1, extract with Ety O,dry, concentrate and isolate by chromatography
(silica gel).

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

Br , (i) Ni(CO)4,DMF,70°C (}_com
(>< +  Me3SiNEt, (D) " > 2

Br
55%
and if an electrophile is also present a-substituted products can be ob-
tained.124 Ph o
Br (i) Me3SiNMe,, PhCHO
NMe
X (ii) Ni(CO)4,DMF (iii) H,0 ~  Ph O "2
Ph 62%
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Table 9. Aminocarbonylation via Nickel Tetracarbonyl and Amines

Amine Coreactant Conditions Product Yield|Ref
R
CNH Ph(R)C:CHBr | CH30H,55-609 M@ 118
Ph
R=H 82
R = Ph 85
RIR?NH Pir i. DMF, 70° P conmlR? 122
rl R2
Npr H 78
Ph H 63
CH2:CH.CHZ H 56
-(CH2) 4- 66
CNH Br Br
MeO?_CP<Br ar | As above g CON::, 44 |122
Me MeO,C e
Br
ol __P-CONRI
Me3SiNR™5 R2 %Br As above r2 3 2 124
R R
Rl R2 R3
Me Ph H 39
Et Ph H 85
Et MeO,C Me 73
Et nC6H13 H 73
-(CHy)4~- Ph H 80
. Br
Me4SiNEt, E}(Br As above (}-comxcz 55 |124
AN Br COI\§§I
Me351N— —P< _N
MeSi Br As above Me4Si \= 65 | 124
Me;SiNM .P(Br As abo _P<R3 124
e e dapove 1
Rl R2 B R™~R2 CONMe;
+ PhCHO or rR! R2 R3
CHj : CHCO,Et Ph H PhCH(OH)-| 62
MeO,CEt Me PhCH(OH)-| 40
Ph H EtOyCCHpCH{ 35

40

M802CEC Me EtO2CCH2CH%
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Table 9 (continued).

Amine Coreactant Conditions Product Yield| Ref
RNR!R? X Br As above Z CONRIR? 125
Me R3
R Br 1 2.3
Me X=C1,R*="Pr,R=R¢=R7=| 30
X=0OMes, R1=1Pr, R=R%=H, R3=Me| 34
X=OMes, R1=R%=Et,R=H,R3=Me | 15

X=OMes, R1=R2=R3=Me, R=MeSi| 46

Ph
!

Me4SiNMe, CJ'}(Br As above A(u\CONMe2 125

R Br R

R = Me 28

+ PhCHO R = Ph 30

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

Br. Br
: RoNH . K~ N o E* E . CONR
Ni(c0)y —=—> [RoNCONily] ————>» (Niln —> X 2

If the cyclopropane also contains a 2-chloromethyl 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.

Cl}(& PriH,, Ni(CO)4, DMF, 70°C , PN CoNHPr
Br -
Me 308

A stoichiometric reaction of aroylcobalt complexes with lithium

amides may also be mentioned here.2® The main products are a-ketoamides.

(i) LiNMe,, THF, RT
PhCOCO(CO) 3PMe 2 >

~ PhCOCONMe2 + PhCONMe2
(ii) Bryp

87% 13%
ii. Carbon Monoxide and Amines (Table 10).

The above reactions all use stoichiometric or greater quantities of

metal carbonyls. Catalytic reactions are, however, known for a number of

transition metal systems. The majority of these use complexes of cobalt,
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nickel or palladium with those of the latter being the most widely
studied. An early example of this type of reaction is the amidation of
aryl, hetaryl or vinylic halides in the presence of PdX2(PPh3)2 as

catalyst.127'128

CO(latm), PdBrp(PPh3)p, 100°C
PhBr + PhCH,NH, (atn) 2(PPh3)2 >

PhCONHCH 2Ph
79%

CINNAMOYLPYRROLIDINE. Pyrrolidine (3.56g,50mmol) and trans-3-bromostyrene

(3.12g,17.2mmol) heated to 60° under CO (latm). PdBry(PPh3), (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 may be used. If the amine 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 conditions129 whereas cobalt catalysts have been used to effect

134 135

carboxamidation with benzylic and olefinic substrates. Olefinic

carboxamidation is also catalysed by Ru3(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.l37'138
O
oTf NECZ
Et5NH, Pd(OAC)2— PPhj
DMF, CO(latm) i 74%
MeO MeO
A similar reaction also provides a route to aryl carboxamides starting
from hydroxyaromatics.l39
o)
orf O Co(latm), Pd(OAc)p - PPhy
+ >
y e YOS

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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Table 10. Catalytic Aminocarbonylation Reactions

Catalyst Amine |Coreactant/Conditions Product ield |Ref
PAPhBr(PPh3),| PhNHy | PhBr,"BusN, latm.CO, PhCONHPh 94 [127
100°.

PdBr,(PPh3), |PhCHoNH2| PhBr, latm.CO, 100° PhCONHCH,Ph 79 |127
PdBr, (PPhj) 5 1 Y PhCH:CHBr, latm.CO, 91 127
N <

H 60°. Ph COO
PdBr,(PPh3), | PhNH) |RBr,"BujN,latm.CO, RCONHPh 127
100°.
R = p~MeO,CCgHy 86
p—MeOC6H4 76
P~0,NCgHy 57
3-pyridyl 65
2~thienyl 63
E~PhCH:CH- 812
Z-PhCH:CH- 802
Z-PhC(Me) :CH- | 87
E~PhC(Me) :CH- | 88
E-Me0O,CC(Me) :CH-| 80
PAI,(PPhjy) o PhNH, | RX,"BusN, latm.CO, RCONHPh 127
RX = E-EtCH:C(I)Et | 71
Z-EtCH:C(I)Et | 70
CH,:C(Cl)Me 74
Pd(PPh3)y Et,NH | R(Me)C:C:CHBr, CgHg, R(Me)C:C:CHCONEt 130
20atm.C0,45°.
R = Me 96
tBu 85
Pd(0Ac), + Et,NH latm.CO, DMF
Pph3 +
Cety7 NS 137
EtZN\,m 76
T£0 °
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Table 10 (continued).

Catalyst Amine | Coreactant/Conditions Product Yield|Ref
Pd(OAc), + EtoNH latm.CO, DMF 137
PPh3 +

,\\ 69
EtoN
T£0 5
OTE
CONEt,
91
AcO K»\v
R NH As above CONR2 137
OTf
(O "o s
0‘ Ry = -(CHp) 5= 98
MeO
PA(OAc), + RoNH latm.CO, DMF, CONR, 139
PPhy or Et3N, 60°
dppfb +
OO ort R = Et 78
Ry = —(CH2)5— 70
CON )
OTf
rl RZ
R2 R = H,R® = MeO 68
Rl = MeO,R% = H 59
PdPhI(PPh3),|  EtN | PhI,20atm.CO,120° PhCONEt 74 {140
MPr;N As above PhCON"'Pr; 24
NBusN As above PhCON"'Bu, 11
Et,NPh As above PhCONEtPh 42
+EtCONEtPh 9
Et,NPh | EtI,20atm.CO,120° EtCONEtPh 75
PACl,(dppf)P|  Et3N | PhCH:CHBr,20atm.CO, PhCH:CHCONEt 5 44
1200
CO2(CO)8 Et2NH CH2Br2,4atm.CO, MeCONEt2 31 |172
THF, Zn
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Table 10 (continued).

Catalyst Amine | Coreactant/Conditiong Product Yield|Ref
Coy(CO)g RINHy | R2CH,0H, latm.CO, R2CH,CONHR 134
PPEC, NaI Rl R2
lpr Ph 71
C—C6H11 Ph 49
Et Ph 20

ipr p-MeOCgH, | 47
ipy p—C1CgHy 62
ipr  o-ClCgH, 78
ipr  p-Brcghy 82
iPr P—NOxCgHy 40

Ni(00)5(PPh3),| RIR?NH | PhI, 40atm.CO, 180°, PhCONRIR? 129
CeHe Rl R?
Ph H 90
p-ClCgHy  H 80
p-MeCglHy H 81
Ph Me 80
Ph Et 65
Ru3(C0) 15 RINH, | R2CH:CH,,120°, R2CH,CH,CONHRL 136
4atm. €O rl R2
PhCHZ nC6H 13 88
nCeH 17 nC6H 13 43
Npy nC6Hl 3 86
PhEtCH nC6Hl 3 62
PhCH, H 51
CgH; 7 H 62

utility.

amines, which gives useful yields of #, y-unsaturated amides.

@ At 60°. P dppf = Fe(CgHyPPhy),. C PPE = ethyl polyphosphate

than one product can be obtained. These factors thus limit its synthetic

140

CO(20atm), PAPhI (PPh3 ) 2 120°c
Phl + Et2N > PhCONEtz

74%

An exception, however, is the recently reported carbonylation of allyl-

141

Ph CO(50atm), PA(OAc), - d 9
] / 2 -~ dppp -
NN~ toluene, 110 - 130°C \O\/U\I}‘/\&\
77% Ph

Tertiary trialkylstannylamines also give this reaction under very
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mild conditions using PdPhI(PPh3), as catalyst and in yields that can be

superior to those obtained using the analogous secondary amine, 142,143
I co(latm), PAPhI(PPhj)
Me3SnNEt, + 32 Z7 NEt)
R HMPA, 20°C R

R = H, NO, (82-90%)

When the aryl halide and the amine are part of the same molecule,
cyclized products may be obtained (Table 11). Benzolactams, for example,
have been prepared using either a palladium or cobalt catalyst.l‘m'146 The
latter may be of the type XCH,Co(CO), or it may be generated by irrad-

iation of Co,(CO)g under phase-transfer conditions.

Br NBusN, 100°C

O
63%

NHy  CO(latm), PBuyN*Br~, Co,(CO)g
N
Br CgHg - 5N aq. NaOH, 65°C, hv NH

0 82%

If suitable coreactants are employed, benzodiazepines or quinazolines can

be prepared. 147,148
OEt

10
NHy o% CO(3atm), Pd(OAc)) - PPhj NK
+ A
@(I HY K,CO3, HMPA, 110°C N
Me 333 0 Me
@NHZ OD CO(5atm), Pd(OAC)2 - PPhy ﬂ
+ s
I H- K,C03, HMPA, 110°C N

The important B-lactam ring can also be constructed inthis way, the yields

being moderate. 149-151
Br ¢}
\]\: C0(4atm), PA(OAc); - PPhj \l\_—f 0
’ OMe —
Y TBusN, HMPA, 110°C N me
o 60%

Alternatively, it may be obtained by insertion of CO into an aziridine. In

this case a rhodium catalyst is used. 152
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Ph H
o co(20atm), [Rh(00),C1)y, CeHg, 90°C HJ:‘
N
+ SR
100%
Table 11l. Aminocarbonylation-Cyclization Reactions.
Catalyst Coreactant Conditions Product Yield | Ref
R(0AC) 5 g o] 12600, PBUg, @::E?)n 144
+ PPhy 100° R
Br Y
n=1R= (:Hzph 63
n=2R=H 38
n=2,R=CHyPh |65
n=3R=H 41
n = 3,R = CHyPh |63
Coy(C0)g iR | 18tm.CO,hv, 145
@i\ CeHg /5N NaOH/ NR R= 60
Br  [npy,n*Br-,65° { CHyPh |78
R R
Co,(C0)g @:\Nﬂ As above @[;5« R=H |72 (145
Br 2 Bt |82
0
EtO;CCH,Co(C0) 4 NER latm.CO,MeOH, R=H 47 |146
NaOMe Et 55
Br @:;NR CHyPh |62
0 Ph 71
gl Ph 84¢
PA(0AC) 5 RL  Br |latm.co,HMPA, “j__] 149
+ PPhy \1\< NBy4N, 100° R
NHR? R
r! R2
H PhCH, |67
H PhCH,CH, | 62
H THPO(CH,) 5| 63°
H  MeO,C(CH5),|38
H p-MeOCgH, |15
H  PhCH,0,CCHMe| 20
H  PhCHy0,CCHMe|45C
H MeO,CCHMe |41€
H MeO,CCH,» 60C
Z-Ph PhCH, | 76°
E-Ph PhCH, |90€
E,Z2-"Bu  PhCH, |48€
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Table 11 (continued).

Catalyst Coreactant Conditions Product vigld | Ref
Pd(OAc), Qﬂbh As above 0 86 |149
+ PPhy y <::j:ﬁ7

N N__ Ph
H 0
Pd(0AC), NHp 3atm.CO, HMPA, @’}“jg 147
+ PPh [::]: K,C03,110°
3 I 2573 N'me
+ )
o) R=H 33
Meo Ay NHle PhCHy| 16
R H
are |0 (G0
I MeOC NN N 79
O u o
TsO @N‘{Z O TsO N
MeO,C
MeO Br N MeO]:::[;;f%:) 41
0
ORI ¢
N
[::]:I MeO,C 7 H 18
Satm.CO, HMPA, N 148
NH 3
2 K,CO3, 110° I 52
I * )
o)
O@

@ NaOEt in EtOH used. P 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-bromophenylketones using a titanium isocyanate complex as the source

of nitrogen.

0

"
Br

Cco(latm),

T1 (NCO)MgyC150. 3THF

PA(PPhy)y4, K5CO3, NMP, 120°C

As mentioned above,

aryl halides proceeds under relatively mild conditions.

298

Ph

0

77%

I1f, however,

the palladium catalysed aminocarbonylation of

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

o} (o)
@Br EtpMi, CO(10atm), 100°C mm2+ @)Lmz
Me PAC1,(PMePhy) ) Me 0 Me

82% 16%

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.
rl 1
{ COR
RIX + anco———>[1,n1\laco]—-——>[LnM<x ) < RANCOR!  + LyMCO
X 2 2 =
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.
rl rl
RIX + L MO0 ——> [LMco) 7—»[1hxflc0NR§] RZNCORY + L, MCO
X X
2 2 2ty Fy—
Evidence for both pathways has been presented and the existence of
both acyl- and carbamoylmetal complexes is well-established. In the case
of the Pd-catalysed double-carbonylation the second mechanism is strongly
indicated. For other systems, however, the first has been proposed.

b. Reactions of Carbamoylmetal Species

Reaction of lithium dimethylamide with Ni(CO), gives the compound
Li[MezNCONi(CO)3]. Like the main-group carbamoylmetallics, this complex
reacts with a range of electrophiles although there are some notable
differences in behaviour.}®2¢183 mhys whereas coupling products with
organic halides and the normal addition product with benzophenone are
obtained, acyl halides give simple amides rather than a-ketoamides,
benzaldehyde gives dimethylbenzamide and phenylacetylene gives a diamide.
Acetophenone gives self-condensation products rather than an amide.
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LiNMe, + Ni(CO)4

(@] NMGz
PhCONMe,
84%
Br
99% Et,0 or
THF
Et,0 PhCHO
-10°C to RT l THF, 67°C
Li{Me,NCONi (CO) 3]
MeCOCl, Et20 Ph200, THF
-109C to RT 67°C
PhC =CH
0
Et,0, 20°C P e
MeCONMeZ HO 2

MesN. R Ph

e

76% Py S Hwe, 308
0 413

a-PHENYL-N, N-DIMETHYILMANDELAMIDE. To Li MeZNCONi(CO)3 (from 37mmol

Ni(CO)4 and 25mmol LiNMej) in 60ml THF is added PhyCO (4.55g,25mmol)  in
20ml THF. Stir 20h at 67°C,hydrolyse (30ml 3N HCl) at RT, concentrate,
extract with Et,0, wash with brine,dry and distil. Product obtained by
recrystallisation. Yield 30%, mp. 103°C.

Another reaction which may well proceed via a carbamoylmetal species
is the carboxamidation of terminal alkynes catalysed by CuI—PdClZ(PPh3)2

in triethylamine.164

Cul, PdC1>(PPh3)2, Et3N, RT

PhC = CCONMe
92%

PhC=CH + Me,NCOC1

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

organoboranes to give carboxamides. 16°
i Et3B, CO(latm), Cop(CO)g, THF, 60°C o
NPh t3B, atm), Cop 8’ ' > /HW/N
Ph/Lk\é * phn Y
Ph Ph O

50%
The p-ketoamides which are accessible via this reaction are pot-

entially useful for the synthesis of 1,3-triazoles. A related reaction,

which is carried out under phase-transfer conditions using MeI in place of
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the borane, provides a route to B'-ketoamides by double insertion of CO

although some normal amide is usually found as a by—product.166
Ph O
\TfJ\N’u\ ’A\Nji\
M MeI, co(latm), Cop(CO)g

oh Ty ® O

CH,Cl> - ag. KOH, PEG - 400

22 67% 32%
60°C
Me

1- (N-ACETYL-N-PHENYLAMINO) -1 -PHENYLPROPANONE. To 40ml CHyCl, add 20ml

0.33N KOH soln. and 0.5mmol PEG-400 under latm. CO. After 2-3min. add
0.2mmol Cop(CO)g and 2.0ml MeI. Stir 5min. Add 1.5mmol PhCH=NPh, heat to
60°C for 3min.,cool, separate and concentrate organic phase. Chromato-
graphy (silica gel,Et,0/hexane) gives product, yield 76%.

This reaction can also be carried out stoichiometrically.l67

Using the same catalyst under somewhat more severe conditions, aryl-
and benzylmercaptans react with Schiff bases in the presence of CO to give
primary amides of the corresponding benzoic or phenylacetic acid and a
symmetrically substituted olefin. Some secondary amide is also obtained as

a side—product.l68

0 0
MeCgH, SH, CO(60atm), 170°C NHM ~Me
PhCH=NMe —— 04 > - U
Cop(CO)g, Cghg, Hp0 Me Me Ph
593

7%

d. Addition of Isocyanides to Carbonyl Compounds.

Isocyanides react with TiCl, to give Cl,TiC(=NR)Cl1 which with
4 3 169,170

OH
(1) TiCly, CHxC1l,, 0O°C Ph NHMe

(ii) PhCH,CHO, -60°C  (iii) Hy0*t oy O

OH y
r’\N/\*’NC (1) TiCly, CHyCl, - Ph/LTrN\v/\N/“j
673 0 o

o/ (ii) PhCHO, -70°C to RT (iii) H,0

carbonyl compounds give a-hydroxyamides after hydrolysis.

MeNC

GENERAL. PROCEDURE. To isocyanide (5.0mmol) in 20-30ml CHpCl, at 0°C under
argon add 2.75ml (5.5mmol) 2M TiCly in CHpCly. After 60min. add 5.0mmol
carbonyl compound. Stir until TIC shows absence of staring material.
Hydrolyse. After 20min. separate and extract with CH,Cl,. Wash with sat.
NaHCO3 soln.,Hy0,brine and H;O. Dry and concentrate. Product obtained by
flash chromatography or recrystallisation.
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Table 12. Amides from Schiff Bases.

RIC(R?)=NR3 R4coNr3cHRIR? + R4CONHRS
A B
Coreactant | Conditions Product* vield |Ref
R4;B THF, 60°, rl R2 R3 R4 165
latm.CO, PhCO Ph Ph Et 50
Cop(C0) g, PhCO Ph Ph TBu 82
(catalyst) PhCO Ph Ph  TCyH;g |55
PhCO Ph Ph  PhCHyCH, |50
PhCO Ph Ph  PhCHMeCH, |80
PhCO Ph Ph Ph 67
p-MeCgHyCO p-MeCgHy  Ph DBu 87
p-MeOCgH4CO p-MeOCgH4  Ph Et 74
PhCO Ph  p-CgHy Et 33
p-MeOCgHy H Ph Et 62
Mel KOH, H30, Ph H Ph Me 76 |166
PBEG-400, Ph H p-MeCgHy Me 67
CH,C1,,60°,| p-MeCgHy H Ph Me 67
latm. €O, Ph H  p-MeOCgH; Me 68
Coy(CO)g 0-MeOCgHy H Ph Me 29
(catalyst) o-MeCgHy H Ph Me 43
Ph H  o-MeOCgH; Me 34
Ph H Me Me 40
RISH | CgHg-HL0, Ph H Me  p-MeCgHy |59 (168
60atm. CO, Ph H CHyPh p-MeCgHy |56
170-180°, Npr H CHMePh p-MeCgHy |65
Coy(C0)g ipr H tBu  p-MeCgHy |38
(catalyst) lpr H Ny p-MeCgHy |40
Ph H Me p-MeOCgHy |62
Ph H Me p-BrCgHy |43
2-furylCH:CH H p-MeCgHy Ph 33
Ph H Me  2-naphthylf 52
Ph H Me p—MeC6H4CH2 34

* Yields refer to product A for the reactions with R43B and with MeI and

to product B for the reactions with RisH.
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Table 13. Reaction of TiCl, with Isocyanides and Carbonyl Compounds.

(i) TiCl,, CH,C1,

rlne —— — > R2R3C(0H) CONHRY
(ii) R2R3co (iii) HyO
rl R? R3 Yield |Ref
Me NCsHy 1 H 96 169
Me NCeHy 3 H 82
Me tBu H 65
Me PhCH, H 86
Me PhMeCH H 96
Me PhCH:CH H 36
Me Ph H 90
Me p—MeOC6H4 H 73
Me p—BrC6H4 H 95
Me Me Me 84
Me Ph Me 82
Me tBu Me 17
Ph Ph H 98 170
Ph p—BrC6H4 H 98
Ph PhCH, H 98
Ph Me Me 88
Ph -(CHy) g~ 59
3,4~ (Me0) ,CgHyCHyCHp Ph H 23
N-MorpholylCH,CH, Ph H 67
N-MorpholylCHoCHy PhCH,CH, H 57
EtO,CCH, Ph H 44
EtO,CCHy P-MeOCgHy H 70
EtO,CCH, pP-BrCgHy H 90
EtO,CCH, Npr H %
EtO,CCH, tBu H 76
Et0,CCH, Ph Me 81
(Et0),P(0)CHy Ph H 95
PhMeCH Ph H 15
PhCH,CHMe Ph H 47
MeCH(0,CH) CH, Ph H 55
PhCH(OAC)CHMe Ph H 33
PhCH,CH (COoMe) Ph H 35
PhCH,CH(COyMe) P-BrCgHy H 38
PhCH,CH(COMe ) Npr H 34
PhCH,CH(COgMe) PhMeCH H 35
PhMeC (CO,Me) Ph H 34
PhMeCHNHCOCH, Ph H 53
PhMeCHNHCOCH,, Npr H 52
PhMeCHNHCOCH (CH,Ph) Ph H 31
PhMeCHNHCOCH (CH,Ph) Npr H 16
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Chirality in the isocyanide is preserved and the reaction was cbserved 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 presumably involved in the
reaction of isocyanides with acetals and ketals in the presence of TiCly

to give a-alkoxycarboxamide derivatives.171

e. Miscellaneous Reactions.

Certain reactions which are of 1limited usefulness as synthetic
methods may also briefly be mentioned.”z'183 The catalytic carbonyl ion
of geminal dibromoalkanes in the presence of diethylamine and zinc metal

gives low yields of amides. A carbene is proposed to be an intermed-

iate.172
CO(20atm), Et,NH, Zn, Cop(CO)g, CgHg, 50°C
MeCHBr 5 —> MeCONEL 5
31%
The titanium complex TiNMg,Cl,(THF) reacts with CO and then MeI to

give dimethylacetamide.173

, (1) co(latm) (ii) MeI, 100°C
TiNMg,Cl, (THF) » MeCONMe)

73%

Osmium cluster complexes containing methylene bridging groups insert

CO to give ketene complexes which react with primary or secondary amines

to give amides.174,175

CO(latm), "BuNH, n
0s3(CO) 1, (u-CHp) > MeCONH"Bu

73%

Finally a&a variety of products may be obtained from clefins and iso-

cyanates in the presence of nickel complexes or from preformed nickel-

ocycles.176-183
(i) PhNCO, Ni(COD)p - PPr3P
THF, -50 to *¥50°C <§,,\~/AWTJl ,
IONANRN T > NHP!
(ii) H30+

(i) Ni(CDT) - TMEDA, THF

-75 to -25°C NHPh
PhNCO + CHp=C=(Mej, —> PhNH
(ii) Fec1§, -78°C to RT

(iii) H30

57%
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(i) CoHz(24atm), Ni(COD)o- TCP NHPh
PhNCO 2Hg 2 5 ,/<:>/~7Tf
0

THF, 50°C (ii) H40"
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, as with all reactions, there will be instances where the simple
method either refuses to work or is incompatible with other functionality
in the reactant or product molecules. Wwhile protecting groups can provide
a way round this problem, a direct procedure is generally more 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.
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