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I. Introduction

The preparation and elaboration of amines is a
matter of long-standing interest in organic synthesis.
Most of the classical syntheses employ as the key step
nucleophilic substitution either by nitrogen or by a
nucleophile to a carbon adjacent to nitrogen. A se-
quence involving nucleophilic substitution by a nitrogen
is shown in Scheme I for the transformation of 1 to 2,
in which a masking or activating group Y often is
needed in the first step. Methodology for achieving
nucleophilic substitution adjacent to nitrogen is illus-
trated by the conversion of 1 to 3. Oxidative conversion
of an amine to an imine, or more commonly, the for-
mation of the imine from the condensation of 1 and an
aldehyde or ketone, is followed by addition of a nu-
cleophile to the a position in this approach. This se-
quence is effective with a wide variety of amines and
nucleophiles and is probably the most widely used
strategy for amine elaboration involving substitution
at carbon.!”? Radical substitutions, shown for the con-
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version of 1 to 4 in Scheme I has also been achieved at
the carbon adjacent to nitrogen of amines or derivatives
and the synthetic utility of this approach is at a prom-
ising stage of development.®

Classical syntheses of amines do not allow electro-
philic substitution adjacent to nitrogen. The non-
bonding electrons on nitrogen would be expected to
interfere with direct substitution and the a-hydrogens
of amines are not sufficiently acidic to be removed by
strong bases except in systems which have additional
activation. Thus the conversion of 1 to 5 either directly
or via 6, as shown in Scheme I, has not been possible
generally.

However, recent studies of a number of amine de-
rivatives have shown that protons which are adjacent
to a nitrogen bearing an electron-withdrawing group can
be acidic. Thus a-metallo amine synthetic equivalents
6 can be prepared and conversion of an amine 1 to 5
in which the a-hydrogen of the amine is replaced by an
electrophile, becomes possible. This approach provides
a new general strategy for amine elaboration by charge
affinity inversion or umpolung of the customary amine
reactivity.*

II. Activating Groiips

A general sequence for electrophilic substitution at
the a-carbon of a secondary amine is illustrated in
Scheme II. An activating group Z is added to the
amine to afford a derivative 7. Subsequent removal of
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a proton adjacent to the nitrogen of 7 gives 8 which then
is allowed to react with an electrophile to give the
substituted derivative 9. Removal of Z from 9 provides
the « electrophilically substituted amine 5. In this
sequence the formation of 8, an a-metallo amine syn-
thetic equivalent, by deprotonation of 7 is the novel
step. The ability of Z to provide stabilization for re-
moval of the a-proton of 7 is the key to this metho-
dology.

The group Z can provide stabilization in the transi-
tion state leading to 8 by complexation with the metal
of the base, by dipole stabilization, and /or by resonance
delocalization. Association in a preequilibrium complex
can deliver the base to the a-proton and enhance the
later contributions. Examples of each type of stabili-
zation are known. Carbanions corresponding to 8
formed from amides and formamidenes are considered
to be associated and dipole stabilized while the deriv-
atives from nitrosoamines are resonance stabilized (vide
infra). In addition to promoting the acidity of the
proton adjacent to nitrogen, the group Z, in order to be
synthetically useful, must not bear kinetically acidic
protons, must be stable toward strongly basic reagents,
must not interfere with the electrophilic substitution,
and must be conveniently added in the first step and
removed in the last step of the sequence.

A number of groups which are useful in the sequence
of Scheme II have been developed in recent years. In
this report we will summarize the recent synthetic
chemistry of these a-metallo amine synthetic equiva-
lents. The review is organized on the basis of the type
of functional groups and will not include much of the
early work in this area which has been part of other
summaries.>® Specifically, material covered in our 1978
report on dipole-stabilized carbanions will be included
only as needed for background in the present more
prescribed coverage. All of the material in the tables
and many of the synthetic developments which make
this metholology generally useful postdate the earlier
review. The schemes have generally been simplified for
clarity and the tables should be consulted for detalils.
The focus of the present review is on species in which
the a-carbon of the amine derivative is activated pri-
marily by the substituted nitrogen. Some examples
which are of particular synthetic value and have an
additional activating functional group, however, will be
noted. The metalations and substitutions of nitro
compounds, which can provide a-electrophically sub-
stituted amines by subsequent reduction of the nitro
group, will not be included.’
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A. Amides (Z = C(—O0)R)

The observation that dipole-stabilized carbanions 10
can be formed from amides and undergo electrophilic
substitution as shown in Scheme III led to investiga-
tions of a number of systems in which the activating
function Z contains a carbonyl group.>®® The con-
undrum which these studies face is the need for a
carbonyl group which can be efficiently added to and
cleaved from the amine while being resistant to nu-
cleophilic addition by the alkyllithium base required
to form the carbanionic intermediate 10.

Two amide systems have been reported which allow
electrophilic substitution of methyl and primary posi-
tions of unactivated amines as shown in Scheme IV.
The triphenylacetamide system 11 can be lithiated to
provide the intermediate 12 which reacts with none-
nolizable aldehydes and ketones to give hydroxy amides
13 in useful yields (Table I).® However, at tempera-
tures >0 °C transmetalation to an ortho position of one
of the benzene rings followed by migration of the car-
bonyl group is observed. Hydrolysis of 13 is achievable
with dissolving alkali metals/naphthalene or methyl-
lithium to give the hydroxy amines 14 in moderate
yields.

The diethylbutanamide system 15 can be lithiated to
give 16 which reacts with aldehydes and ketones to give
17 in useful yields (Table I).1° The amido alcohols 17
rearrange on treatment with acid to amino esters 18
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which subsequently can be hydrolyzed to the corre-
sponding amino alcohols 14 in good yields. By these
methodologies dimethylamine, diethylamine, and the
piperidines have been substituted as shown in Scheme
IV and detailed in Table II.

Alkylation is also possible; for example, the organo-
lithium reagent 16 can effect nucleophilic displacement
on primary halides and 12 reacts with benzyl halides
(Table I). Reaction of 16 (R, = C,;H;, R = CHj;) with
dodecyl bromide gives 19 (R, = C;H;, R = CH, R, =
(CH,),;CHy) in 65% yield. When followed by strong
acid hydrolysis this sequence provides N-(1-methyl-
tridecyl)-N-ethylamine (20) in 79% yield. A similar
alkylation of the 4-phenylpiperidinyl derivative provides
2-butyl-4-phenylpiperidine in 62% overall yield.!!

The regiochemistry of substitution by aldehydes on
piperidine rings has been determined with respect to
both the configuration on the ring and at the carbon-
oxygen bond as shown in Scheme V. From the 4-
phenylpiperidinyl amide 21 the equatorial threo amino
alcohol 22 is obtained in 76 % yield in four steps. In
this sequence a mixture of diasteromeric amido alcohols
23 is converted to only the threo amino esters 24
showing that the threo stereospecificity is achieved
during the acid driven N-to-O acyl migration. The
erythro amino alcohol 28 can also be obtained from the
mixture 23. A sequence of oxidation, equilibration, and
reduction of 23 also provides the diastereomers 29 and
30. In a similar sequence the piperidine derivative 25
was converted to the ester 26, hydrolysis of which gives
an epimer of conhydrin 27.1!

The success of the a-trisubstituted systems 11 and
15 in providing activation for metalation by a carbonyl
group which is stable to the organolithium base while
being sufficiently reactive for cleavage of the substituted
amide is attributed to appropriate steric hinderance at
the carbonyl. The advantages of ease of preparation
and use of these systems is counterbalanced by the
severe conditions required for the cleavage.

A number of amides have been studied in which ad-
ditional activation for metalation is provided by car-
bon-carbon unsaturation. The dianion of N-benzyl-
benzamide (31), which can be generated from the amide
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TABLE 1. Formation of N-(a-Lithioalkyl) Trisubstituted Acetamides and Reactions with Electrophiles

reactant base temp, °C solvent electrophile product yield, % ref
o sec-BuLi-TMEDA -78 THF CH,0D 0 o 90 (>95% d,) 10
CaHeiC —\ L Hghe—C—N
Ty CHy
sec-BuLi-TMEDA -78 THF (C¢H;),CO H 91 10
Ij /CHZ—(I:—CSHS
(CoHglt—C—N EeHs
e,
‘ﬁ /'5sz sec-BuLi-TMEDA -18 —0 Et,0 CH;0D P 91 (93% d,) 11
\Vzwslac—c—w\ /(L-cc»-«3
Cahe mz“s)SC—C—N\h ]
-]
sec-BuLi-TMEDA -18 — 0 Et20 n-C12H25Br C!wé"zs"’ 65 11
Q CHCH,
TC2H5)3C—C—N/
\
CoHs
sec-BuLi-TMEDA -78 Et,0 CgH;CHO ”°<|3"'Cs"'s 48 10
ﬁ CHCHy
He)al—C—N
CoHg
ﬁ sec-BuLi-TMEDA -78 Et, 0 CH;0D o & 94 (>92% d)) 10
Gt _NG (csz)ac—l:I—-mzj
sec-BuLi-TMEDA -78 Et,0 CgH;CHO OH 72 10
o SH—Cets
(C2H5)3C—J2—N
sec-BuLi-TMEDA -78 Et,0 n-CgH,;,CHO OH 85 10
o G —CeMis
(C2H5)3C—(|:I—N
sec-BuLi-TMEDA -78 Et,0 (CD;),CO H 69 10
f GCDyl,
(CEHS)SC_J_NG
sec-BuLi-TMEDA -78 Et,0 (CH,).,CO H 37 10
o e
(CoHssC J:I N
sec-BuLi-TMEDA -78 Et,0 (C¢H;),CO oH 35 10
CCeHs)y
(csz)ac—E—Né
ﬁ sec-BuLiTMEDA -18 —0 Et,0 CH;0D R 92 (>92% d,) 11
Cet—t— < > CHg—C—N )
sec-BuLi-TMEDA -78,-18 =0 Et,0 CgH;CHO ?H 72 10, 11
CH—CeHs
o
{ 2H5)3C—L N
sec-BuLi-TMEDA -78 Et,0 n-C¢H,;;,CHO OH 67 10
lH —CeH 377
(c2H5)3c—l —N
sec-BuLi-TMEDA -78 Et,0 (CD3),CO OH 64 10
. qeosk
CoHs )sc—l:l—
sec-BuLiTMEDA -18—0 Et,0 C,H;CHO OH 65 11
HCoHy
(C2H5)3C—L|—N
ﬂ sec-BuLi-TMEDA -18 —0 Et,0 CH;0D 87 (90% d,) 11

\tgHE:}c—t—:O_cgn l
e l—l—> Cets
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reactant base temp, °C  solvent electrophile product yield, %  ref
sec-BuLi-TMEDA ~18 =0 Et,0 n-C,Hl CaHg-r 69 11
CoHsj5—C—N CeHs
sec-BuLiTMEDA -18—0  Et,0  CgH;CHO on 78 1
CH—CeHg
o
(CoHglaC—C—4{ CeHs
0 cH sec-BuLi —-40 THF n-CgH,;5l Q CHCeH3wn 88 9a
{CeHslst—C—N CeHs)sC—C—N
CHy CHy
sec-BuLi -40 THF C¢H;CHO OH 70 9a
0 /c»-czc»-c—c‘.,»-c5
CeHels—C—N
\CH3
ﬁ t-BuLi 40— 0 THF Ce¢H;CHO TH 62 9b
(C5H5)3C—C—N<> CH—CgHs
CeHslaC—C—I é
ﬁ t-BuLi -40 — 0 THF (CH,){CCHO TH 38 9b
(CSH5)3C—C—N<:\ o KHCCH3)y
CeHglc—C— 2:‘
sec-BuLi -40—0 THF (C¢H;),CO TH 52 g9b
o KCeMslz
(CSHS)SC—LI—Né
ﬁ t-BuLi -40—0 THF (CgH;),CO H 39 9b
CeHgle—C—N ) CeHsy
CEH5)3C—(Tj—
ﬂ t-BuLi -40—0 THF CH;CHO i"‘ 13 9b
(CsHs)sc—C—NGCsHs 0 H——CeHs
(CsHs)Sc—g—N Cel
SCHEME VI SCHEME VII
Ltom L E /CHCeHs)z CH CHCeHs),
)J\N/kRI e )\ )'<RI - J\ )\ T \
XN R CeH N H THF, -8 °C -
2 eHs ' CeHs ];\ ]; N
31,38 M CHR o /CHR
32,37 33 35,R=CH,, CH,, H Li
TH(CGHE,)Z
CHy CHCgHs),
lp N L CHy NYR
Q Ro \\ N
)J\ i d CHR 0> \H
H N
R e 2NCHGHs 36, R = C,H, (77%), CH, (61%), H (61%)
H R g .
: somewhat better yield in the benzyl than in the unac-
33: gf gx = gegsv R,= g tivated cases.
32, P el R, = B _ _ The dimetalation of N-allylamides 37 has also been
37, R = C,H,, (CH,),C,R,=R,C= CH,, R, = H, C H, . i St ; ; €
38,R = C.H,, (CH,).C.R. = R,C=CH, R, = H, C_H investigated.!®® Reaction of the intermediate organo-

32, reacts with alkyl halides and aldehydes to produce
33 in 70-95% yields as shown in Scheme VI and Table
II1.12  Hydrolysis to substituted benzylamines 34 is
facile. Thus, 31 is a useful a-lithiobenzylamine syn-
thon.122

Benzyl activation may also supplement dipole sta-
bilization in the formation of the intermediate in the
ring expansion of diazetidines 35 to imidazolidines 36
shown in Scheme VIL!® The reaction proceeds in

lithium reagent 38 with n-butyl iodide results in ad-
dition exclusively to the «-position, affording enamide
products as shown in Scheme VI in 75-99% yields
(Table III). Since protonation of the intermediate oc-
curs at the «y-position, migration of the double bond into
conjugation with enamide nitrogen is achieved, thereby
providing a useful procedure for the preparation of
enamides.

The pivalamide of tetrahydroisoquinoline 39a as well
as the amides 39b and 39c¢ have been metalated to
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TABLE II. Formation of a-Substituted Amines via Trisubstituted Acetamides

hydrolysis
amine electrophile substituted amide conditions® product yield,® % ref
H—m/\'czkf n-CyoHysBr o PTHE A fHa 46 11
Ve | CHC Has CHC pHp5-n
(csz)ac—cI—N< 2es H—N e
Cots CaHs
Ce¢H;CHO o CHy oM B QH; OH 40 11
| cu—i»—c—c H CH—CH—C,H
Chelse——n e H—n "
CoHs CaHs
H_N(] C¢H,CHO oK B o 56 10
CH—Cghg CH—CgHs
CoHs)C—C—N H—N
H_N< > C,H;CHO oH B OR 61 11
CHCHs CHC,Hg
o
CoH51C—C—N H—N
- C4Hg-n CaHy-n
H—N\/jcs"'s n-C,H,l ﬁ Mo A s 64 1
(CoHg)sC—C—N CeHs H—N -CeHs
C¢H;CHO ?"‘ B,C Cl"" 76, 64 11
o Sler CH—CgHs
N n-CgH,5l T i D,E e CHeCetian 45, 25 9a
“cH oo by CHeCeis ok,
CeHshC—L ‘\CH3
CSH5CHO o OH D or 30 9a
CH,—CH—CgH o CHe—CH—CeH,
e €15 H—
(CSH5)3C—C—N\CH: ’“\CH3

¢A = 6N HCI, 72 h at reflux; B = CH,OH/HCI (concd), 17 h at reflux and then (CHj);COK (6 equiv) /H,0 (2 equiv)/(CHy);COH, 35 h at
reflux; C = CH,OH/HCI (concd), 17 h at reflux and then LiAlH,; D = Na (4.5 equiv) /naphthalene (0.15 equiv)/THF, 2 h at ambient temp
and then HCI (concd), 1 h at reflux; E = CH,Li (6 equiv)/THF, 16 h at reflux. *From amine.

SCHEME VIII
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provide the a-amido carbanions 40 which react re-
markably well with alkyl halides, aldehydes, ketones,
trimethylchlorosilane, and tributyltin chloride to give
substituted amide products in yields of 56-94% as
shown in Scheme VIII and Table IV.!* Conversion of
39a to the amine 41a can be achieved with strong base
or aluminate reduction as summarized in Table V.
This appears to be a unique example of pivalamide
utility, since the aromatic ring seems necessary for the
preparation of 40 as a stable intermediate. N-N-Di-
methylpivalamide itself has been found to undergo
extensive self-condensation upon metalation!®? as does
N,N-dimethyl-1-adamantane carboxamide.!5¢

Other examples of a-amido carbanions at activated
positions of heteroaromatic rings are provided by the
metalations of the N-benzylpyridone 42 (Y = CH, Ar

SCHEME IX
Ar Ar Ar
XY
L~ Ol = L
Ar T o] Ar T (o] Ar N 0
CH CH
e RN R E
44

42,R=Ar, Y=CH
43,R=Ar, Y=N
45,R=H, alkyl, Y = CH

SCHEME X
{1} chiorination, HCN (1) CaHsCHO
(2) CgHgCOCH - (2) NoBH,4
N (3) LDA N CN

H csHs)\o Li*

25 49

z,

HeCp OH

H
dl-conhydrine

= C4H;) and N-benzylpyrimidone 43, (Y = N, Ar =
CgHj;) as shown in Scheme IX.1¢ Lithiation and reac-
tion with carbonyl compounds provides substituted
products 44 in yields of 12-85% as summarized in
Table VI. With N-alkylpyridones 45 lower yields of
electrophilic substitution products are obtained upon
additions to aldehydes and ketones.1é2¢
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TABLE III. Formation of N-(a-Lithio) Amides with Carbon-Carbon Unsaturation and Reactions with Electrophiles

reactant base temp, °C  solvent electrophile product yield, % ref
e LDA, LiTMP, or n-BuLi® -78 diglyme n-C/H,l GaHe™r 12a
N @)k )\@
}
LDA, LiTMP, or n-BuLi® -78 diglyme CH;l T 79 12a
LDA, LiTMP, or n-BuLi® -78 diglyme CgH;CH,Cl §HeCeMs 79 12a
LDA, LiTMP, or n-BuLi® -78 diglyme CgH;CHO 71 12a
0 »-c—c‘.;-c5
N
!
LDA or n-BuLi® -78 diglyme n-CH,I 0 91 12b
NN N R
I I H -7
H H sM
Q LDA or n-BuLi® -78 diglyme n-C,H,l 0 77 12b
J" Hs L sHyn
ﬁ LDA or n-BuLi® -78 diglyme n-C/H,l 75 12b
/ C /E\N/%r‘:s"'s
H CsHyn
i/ LDA or n-BuLi® -78 diglyme n-CH,l 99 12b
©)kN Q)k )\l
H ||
LDA or n-BuLi® -78 diglyme n-C,H,l 88 12b
c*ggc—c T/\/ «:H3)3c—c—w AN
M H CgHyn
¢2.5 equiv. °2 equiv.
Interesting new cases in which dipole stabilization of SCHEME XI
a bridgehead a-amino carbanion may be supplemented LiNR,

by the effects of other substituents are the formations
of 46,17 47,'8 and 48.1° These organolithium reagents

Li

CHs~y )\(o
P
0 N~cH,
S_
46, Y = S(‘JHR
CH

47,Y= C(CH );,0
48,Y=(CH,),,n=2,3

undergo alkylation and acylation in useful yields. The
systems 48 demonstrate that the carbanionic center
need not be sp? hydridized and that stabilization by
nitrogen and a carbonyl group is sufficient for stabili-
zation of the formal carbanion.!®

Although, in general, activated cases will not be
covered in this review there are approaches to electro-
philic substitution adjacent to amino nitrogen in which
dipole stabilization by an amide supplements a more
well-recognized carbanionic stabilization by another
group. An example of this methodology is the substi-
tution of a nitrile a to an amine, followed by formation
of the amide, lithiation, reaction with an electrophile,
and reductive cleavage. In this way piperidine has been
converted to erythro-2-(a-hydroxypropyl)piperidine

50, R =alkyl 51,Y= OM= Li,Cu 52, E= CR,0H,
57, Y O, R= CH C(=0)R', R’
= N(n- )
63, Y s

(dl-conhydrine) as illustrated in Scheme X.2% The use
of 49 as an a-lithioalkylamine synthetic equivalent is
stereochemically complimented by the conversion of 25
to threo-2-(a-hydroxypropyl)piperidine discussed above.

It is possible to achieve not only the removal of a
proton from the carbon adjacent to the nitrogen of an
amide but also from the acyl carbon itself. Thus, as
shown in Scheme XI, reaction of a number of form-
amides 50 with alkyllithium reagents provides 51, a true
acyl anion which reacts with the usual electrophiles to
give a-hydroxyl amides, a-keto amides, and homolo-
gated amides 52 (Table VII).5?! Extension of this
approach to the optically active formamide 53 provides
the chiral organolithium reagent 54 which reacts with
acetophenone, phenyl isopropyl ketone, and 3,3-di-
methyl-2-butanone to give diastereomeric hydroxy ke-
tones 55 in 70-80% yields. Separation of the diaste-
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TABLE IV. Formation of N-(a-Lithio) Amides of Tetrahydroisoquinolines and Reactions with Electrophiles

reactant base electrophile product yield, % ref
ﬁ sec-BuLi C,H,CHO TH 71 9b
(csH5)3c—c—C© o CH—CEHs
CSH5)3C_Q_®
sec-BuLi C,H.,CH,Br o CHCHs 64 9b
(csH5)3c—c—Nd:©
sec-BuLi C,H,CH,Br
ﬁ (2 equiv) ﬁ CHCeHy 66 9b
CeHslsC—C _"Qij CeHy)sC—C— @
OH om
ﬁ t-BuLi CH,I 1 Hs 94 14, 119
(CH;;@—C—AC@ (CH3)3C—J:—
t-BuLi n-C,H,,Cl o Gy 85 14, 119
n-C,H,,Br _ 85
n-C:Hi:I (CHysC—C Né@ 86
t-BuLi (CH,), CHI g CHCHy, 90 14, 119
(c»cz)ac—c—.«xdjij
t-BuLi 89 14, 119
o
g n
CHyc—C—
t-BuLi CHoBr 4@:% 77 14,119
gy e
(c»-ug;:—c—vriji)
t-BuLi (CH,),SiCl 0 (CHy)s 88 14,119
CHyC—C—
t-BuLi (n-C,H,),8nCl o 3 CaRgly 84 14, 119
«:HS)}c—c—Ndjij
t-BuLi C,H,CHO TH 69 14
o CHCHs
(c»cgﬁ—L—Ndjij
t-BuLi C,H,CHO R 78 14
0 l»—c—csw5
(CH3)3C—J:I—A/¢©
t-BuLi i 75 14, 119
O X
CHyc—C—!
t-BuLi (C,H,),CO H 83 14,119

—0
(e
I

t-BuLi I, (CH3)G 45 14

TN
~

HaC  CHy 59 14, 119

R t-BuLi CH,I B
(CH3)3C—Q—N | A (CHsC— _®
=
o ﬂ t-BuLi CH,I oHo  CHs 56 14
|:~3>35—n7—r\L | S (2 equiv) g _'®
~
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TABLE V. Formation of a-Substituted Tetrahydroisoquinolines via Amides

hydrolysis
amine electrophile substituted amide conditions® product yield, % ref
H CH;I oI THs A Hs 72 14
\ij@ «:HS)!c—l—rde H
CH,l TH IoI CHy B 40 14
(c»-g)g:—c—NdD
0 A 66 14

& N
{CHglsC—C—N

¢ A = Exactly 1.0 equiv of Na[AIH,(OCH,CH,0CHj;),] in benzene at 20-80 °C; B = KOH in methanol at reflux.

SCHEME XII
A
— Q
) L'
N )
u}_p S Li"\ \p RR'CO
"5 H5CO
53

54
OH | o
J\I(N CH;LI )\
R RT7 Y
R' f
o} R
L,

o] 1H
56, Y = C—CHa, C(CH)
55 3 CCHg),

reomeric mixtures and treatment with excess methyl-
lithium leads to enantiomerically pure mixtures of a-
hydroxy ketones and 1,2-diols 56%2 as shown in Scheme
XII and Table VIL

An alternative generation of the acyl anion 51 from
a lithium dialkylamine and carbon monoxide provides
another method of elaborating dialkyl amines to 52,
although a-keto amides arising from a second addition
of carbon monoxide prior to electrophilic addition are
also obtained.?? Analogously, reaction of bis(N,N-di-
ethylcarbamoyl)cuprate 51 with methyl iodide, phenyl
iodide, allyl bromides, acyl halides, or methyl vinyl
ketone affords substituted products 52 (R = C,H;) in
10-65% yields, based on starting diethylamine (Table
VIII).# Carbonylation of lithium tri-n-propylhydrazide
has been reported to provide 57 (Scheme XI) which
undergoes reaction with aldehydes or ketones to give
hydroxy carbonyl hydrazines which can be reductively
cleaved to substituted-propyl amides in useful yields.?
Lithium (N,N-dimethylcarbamoyl)nickel carbonylate
has also been shown to effect carbamoylation of vinylic
and aromatic halides.?® Since reductions of these amide
products to tertiary amines should be possible with
hydride reagents the organometallics 51 are potential
tertiary a-lithioamine synthetic equivalents (See Ad-
dendum).

B. Thioamides (Z = C(=S)R)

The use of N,N-dimethylthiopivalamide (58) to pro-
vide 59, the synthetic equivalent of (a-lithiomethyl)-
methylamine and (a-lithiomethyl)methylneopentyl-
amine, has been developed as shown in Scheme XII1.27

SCHEME XIII
s I S T‘ 0
%T _CHy e %J\T _CH, >%J\N _CHE
CHy CH, C|‘,H3
58 59 60

!
CH,E CH
X\T/ e ><U\r|\1/ 2 e M NonE
CHs CH,
62

Reaction of §9 with alkyl halides, aldehydes, or ketones
gives the expected products in 12-82% yields (Table
IX). The substituted thioamides can be hydrolyzed
to pivalamides 60 or secondary amines 61, or reduced
to neopentylamines 62. Substituted products could not
be obtained from N-methyl-N-benzyl-, N-methyl-N-
phenyl-, N,N-diethyl-, or N,N-pentamethylenepival-
thioamides. The a-azo metalation of a wide variety of
N,N-dialkyl thioamides with palladium dichloride has
also been recently reported, and further development
of such transition-metal species can be expected.?? The
formyl proton of N,N-dialkylthioformamides can be
removed to provide an acyl anion 63 (Scheme XI),
which reacts with aldehydes and ketones to afford
substituted thioamide products in yields of 10-83%
(Table X), analogous to the reactions of 51.%°

61

C. Imides (Z = (RC(=0)),)

The use of a tetrasubstituted N-methylsuccinimide
to provide the a-lithiomethylamine synthetic equivalent
has been reported and reviewed.53°

D. Ureas (Z = R,NC(=0))

The problem of achieving cleavage of electrophilically
substituted derivatives of a-lithio amides, thioamides,
and imides has generally been addressed by using
forcing conditions for hydrolyses and reductions. A
more imaginative approach has been reported using
fragmentation of methyl and activated urea derivatives
by Seebach and co-workers. They have found that the
N,N-dimethylureas 64 and 65, as shown in Scheme XIV
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TABLE VI. Formation of o-Amido Exocyclic Carbanions of Heterocycles and Reactions with Electrophiles

reaction
reactant electrophile procedure® time, h product yield, % ref
Ges CH;l A 15 Cef's 76 16b
/f’\l m
CeHs ] 0 CeHs I o
CHZ THCH3
J:sHs CeHs
CgH5I B 3 CeHs 20 16b
%Hsmo
ichHs
6Hs
C¢H;COCl A 3 CeHs 71 16b
csHs/Erio
iH i—c‘.,»-c5
Hs

CeH5COgCH3 B 6 CeHs 12 16b
CEHS/@O

p-CH,CeH,COCI A 3 Cors 67 16b

39 16b

0-CH;3CgH,COCl A 3 6Hs
CsHs/@O

CeHs 56 16b

p-CH,0C¢H,COCI A 3
CsHsm‘?
IiHECSHpCHS-p

CeHg

p-CICH;COCI A 3 CeHs 38 16b

C¢H;CHO A 2.5 CeHs 78 16b
gHs/@
p-CH3C¢H,CHO A 2.5 eHs 85 16b
S
|
CeHs

p-CH;0C(H,CHO A 2.5 Hs 50 16b

O
%

T
>

(=]
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TABLE VI (Continued)

reaction
reactant electrophile procedure® time, h product yield, % ref

p-CICgH,CHO A 25 65 16b
/(\‘\i
CeHs 0

¢
CH—CH—CgHyCi-p

m-CIC¢H,CHO A 2.5 5 60 16b
csHs/Eio

—CH—CgH Cl-m

(CeH;),CO A 2.5 CeMs 72 16b

¥
H—C(CeHylz

(CH,),CO A 2.5 el 60 16b

<:>=o A 2 s 75 16b

CICOZCZH5 A 4 Ces 84 16b
csus/@

iH—@—OCZHs
is"'s
CeMs (CH,),CO A 3 Get's 78 16b
/(\‘\i /@
Cefls | 0 Cels | o
CH, CH—(IZ(CH3)2
lsH,,CH!-p isH@H}-p
Ces CgH;CHO A 2.5 o's 68 16b
/(\‘\i
CgHs ] 0 CdHs o
CH, i»—c—(':»—c—c‘.,m5
lsHscl-o CgH4Cl-o

CeHs CH,l A 10 Cerls 25 16¢
&H CeHs

(C¢H,),CO A 12 CeHs 67 16¢
CeHls E tqu
He—CCeHsl2
CeH5COgCgH5 B 12 Ges 25 16¢
CeMs ;
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reactant

electrophile

procedure®

reaction
time, h

product

yield, % ref

(C¢H;),CO

p-CH;C,H,CHO

C¢H,CO,CH,

(CgH;),CO

CH,COCl

C¢H,COCl

p-CH,CeH,C0CI

CICO,C,H;

(CgHp),CO

p-CHanH4CHO

A

8

10

10

10

10

10

10

10

10

10

SH—LiCeHsl,

6Hs
6Hs
m
CegHs OS

c
L3
lH—CH—CsHACHS-p

Hs

48 16¢

44 16¢

12 16¢

64 16¢

90 16d

48 16d

52 16d

54 16d

35 16d

20 16d

40 16d
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reaction
reactant electrophile procedure?® time, h product yield, % ref
CH,I A CeHs 40 16d
ﬁ
CeHs I/go
CHCHy
L,
C,.H,l A Gels 33 16d
£
N
HCZHS
Hs
CeHaCHy-p D,0 A "aCHy o 85 16d
I»' [
2 CH3CeHy /go p-CHCeH 4 T/Ko
J:HZ (I:HD
!csHs CeHs
CH,l A CeHaCHyp 95 16d
I =
prCH3CeH, I/go
CH—CH,

sHs

%A = Reactant added to a THF solution of LDA at -78 °C, the electrophile was subsequently added; B = LDA was added to a THF

solution of reactant and electrophile at -78 °C.

and Table XI, undergo lithiation to give 66 which adds
readily to aldehydes, ketones, and alkyl halides to give
67.3! Derivatives of 65 undergo hydrolysis to the sub-
stituted amines 61 under the usual strong conditions.
The hydrolysis of derivatives of 64, however, can be
driven by a retro-Mannich fragmentation to ethylene
glycol, acetone, and ammonia under milder conditions.

The same strategy has been used to achieve lithiation,
substitution, and cleavage of the N-allyl-N-methylurea
68. In this case reaction of the intermediate organo-
lithium reagent 69 with alkyl halides, ketones, or al-
dehydes provides mixtures of a- and ~y-substituted
products, 70 and 71. With a change in the counterion
from lithium to magnesium, v substitution is favored.
These results are summarized in Scheme XIV and
Table XIL.

E. Carbamates (Z = ROC(=0))

The 2,4,6-tri-tert-butylphenoxyl moiety has also been
demonstrated to provide sufficient steric protection of
the carbonyl of 72 to allow deprotonation to afford 66
which reacts with alkyl halides, aldehydes, and ketones
to provide 67 in moderate yields as shown in Scheme
XIV and Table XIIL3 The substituted tertiary di-
methylamine 73 can be obtained by reduction, while
reaction with aluminum chloride affords a phenyl car-
bamate which can be hydrolyzed to 61.%!

Allyl activation has been used in the carbamate as
well as the urea systems. The carbamate 74a derived
from 3-pyrroline and the vinylogous carbamate 74b in
Scheme XV have been shown to undergo lithiation on
the pyrrolidine ring. The carbamate 74a is particularly
useful and has been shown by Armande and Pandit?
to undergo metalation to give an a-azo carbanion which

reacts with alkyl halides to afford 75a. Macdonald has
shown that sequential lithiation and alkylation gener-
ates trans-2,5-dialkylpyrrolines 76 with high regio- and
stereoselectivity.®® For example, the ant poison 77 was
prepared in 38% yield from 74a by this methodology.%
Olefin reduction, hydrolysis, and cyclization were em-
ployed in the synthesis of indolizidine and pyrrolizidine
alkaloids; thus, the ant trail phermone 78 was prepared
from 74a in 15% overall yield. These results and those
with related systems are summarized in Table XIV (See
Addendum).

It should be noted that allyl and/or benzyl activation,
by itself can be sufficient to allow the direct preparation
of synthetically useful a-lithio amines. For example
79,362 80,36b 81 36c and 82%4 have been reported. Such

CeHs
R m*
Lit C_ \N/CH\\CH%CHZ
v
lH3 80, R,R = (CH,),
81, R,R = CH,, C.H,
Li*

RoN~—CH—C=C—R
82, R = (CH,), or R = (CH,),0(CH,),

species however, are more commonly used as homoe-
nolate synthetic equivalents, as illustrated by the con-
version of 83 to 84 via 81 and 85 in Scheme XVI, than
for amine elaboration. It appears that these organo-
lithium reagents could be exploited as a-lithio amine
synthetic equivalents in conjunction with reductions or
reactions of the enamines.36®
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TABLE VII. Formation of Acyl Anions from Formamides and Reactions with Electrophiles

reactant base temp, °C solvent electrophile product yield, % ref
/{ I t-BuLi -95 THF/ether (CgH;),CO /< g OH 85 21
\<N H \(N—C—C(CsHs)g
t-BuLi -95 THF/ether  C¢H;CHO A fr 80 21
\<N—C—CH—C5H5
t-BuLi -95 THF /ether (CH,),CO /< ﬁ OH 81 21
\<N—C—C(CH3)2
t-BuLi -95 THF/ether C,H;CHO /< ﬁ TH 62 21
\<N—C—CHC2H5
t-BuLi -95 THF /ether & /< E oH 83 21
N— _b
t-BuLi -95 THF /ether C¢H;CH=CHCHO /< IDI TH 68 21
\<N—c—CH—CH=CHCsH5
t-BuLi -95 THF /ether  CgH;CO,C.H; A ﬁ a 70 21
N—C—C—CgHs
t-BuLi -95 THF /ether D,0 /< ﬁ 70 21
\<N o) D
t-BuLi -95 THF/ether ~ C¢H,CH,Br /< °| 68 21
\<N—J2—CH2—CSH5
w ock, LiTMP -100 THF CH,COC(CH,); wo% 80 22
N
(l‘HO (},:O
CHy—C—OH
CiCH3)s
LiTMP -100 THF CeH;COCH;, wo 71 22
W CH3
N
(’:=O
CH3—<":—0H
CeHs
LiTMP -100 THF C¢H;COCH(CH,), o ok, Kkl 22
=0

F. Phosphoramides (Z = P(—O0)(NR,),)

There have been several reports of the formation of
a carbanion adjacent to the nitrogen of a phosphor-
amide. Activated benzylic, allenic, or vinylic phos-
phoramides have been shown to form stable a-azo
carbanionic intermediates which undergo addition to
alkyl halides and carbonyl compounds (Table XV).?’
Hexamethylphosphoric triamide can be lithiated to give
86 which also adds efficiently to the usual electrophiles.
The organolithium reagents 87a and 87b available from
tetrahydroisoquinoline react readily with alkyl halides,
alkehydes, ketones, and epoxides to give substituted
phosphoramides which are susceptible to acid hydrol-
ysis to the corresponding amines as summarized in
Tables XVI and XVII. It is notable that dialkylation
of 87a to provide 88 and phenylation of 87b to provide
89 has been achieved.?®

CgHg— C—OH

v (e Y e Z

CH(CH3),

((CHg)NI,PO—N—CHLi
NG
POIN(CH3),1,

86 R Li
87a, R= CH,
87b,R=H
NPON(CHs ),
R E
88, R=E= CH,
89,R=H,E=CH

G. Nitrosoamines (Z = NO)

The discovery, development, analysis, and use of
a-azo carbanions from nitrosoamines has been re-
viewed.>3 It has been shown that primary, secondary,
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TABLE VIII. Formation of Acyl Anions from Lithium Amides and Carbon Monoxide and Reactions with Electrophiles

acyl anion solvent temp, °C electrophile product yield, % ref
i DME/THF -75 1 oH ca. 68 23
op spe
DME/THF -75 CH;l l ca. 33 23
Ov CH;
L9 DME/THF -75 o Pt ca.50 23
at O ~
THF/HMPA 80 CH,l Q 10 24
CEHS\N E cuL / 3 CZHS\N—U—C‘
—_ uly C Hy
Csz/ 2 Csz/
THF/HMPA 80 CgH,l CoHs °I 49 24
\N—C—CsHs
CzHs
THF/HMPA -78 — ambient, 80 CH;COBr CoMs i ﬁ 70,65 24
SN—C—C—cH,
Cz“s/
THF/HMPA -78 — ambient, 60 C4zH;COBr CoMs i’ IOI 64,74 24
>N— —C—CeHs
CzHs
THF/HMPA —78 — ambient, 80 CgH;COCl Cos ﬁ °I 23,60 24
SN—C—C—CgHs
CoHs”
THF,HMPA 60 CICO,C,H; Cols i ﬁ 36 24
~
Csz/N €—C—0C,Hs
THF -75 n-CsH,;,CHO j T“ 60-85 25
{n-CaHpglpN—N—C—Li (n-CyHy)gN—N—C—CH—CgH,;-n
CaHy-n CaHy-n
THF =75 CH,~CH(CH,)sCHO I“ 60-85 25
(7 -CyHplpN—N—C —CH(CH,)gCH==CH,
CaHz-n
THF =75 g #r ﬁ 60-85 25
é (n-CaHylgN—N—C
CaHz-n "
THF -75 o #t i 60-85 25
@ (n-CgHplpN—N—C
M
CaHy-n
THF =75 CH,CO(CH,),CH= Q TH 60-85 25
C(CHy), (n-C3Hz)pN—N—C—C — (CH,},CH==C{(CH3),
CaHe~n lHS
THF 75 CH,I 0 ca. 60 25
17 -C3Hp)pN— N—C —CHj
CaHy-n
THF =75 n-C;H,I ca. 30 25
(n-C3Hy)pN—N—C—C3H7n
CgHy-n
THF -75 CH,CO,C,H; ﬁ ﬁ ca. 35 25
{7+ C3Hy)pN—N—C—C—CHj
CaHy-n
THF =75 (CH,),CHCO,C,H; ﬁ IOI ca. 55 25
(n-CaHp)pgN—N—C—C—CH(CH3),
CaHy-n
oL ether ambient trans-CeH;CH= i 96 26
(COINIZ==CNICH,), CHBr (CH3)2NQCH=CHCSH5-Hans
ether ambient C:H,l i’ 98 26
(CH3)2NJCSH5
ether ambient Ce¢H;CH,Br ﬁ 65 26
(CH3),NCCHRCeHy
ether ambient CH,—CHCH,Br r 36 26
(CH3)2NJCH2CH=CH2
ether ambient Br 9 99 26

|

(CH3)2NC©
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TABLE IX. Formation of N-(a-Lithiomethyl)-N-methylthiopivalamide and Reaction with Electrophiles

reactant® electrophile product yield, % ref
3 CH,l 3
)AJ\N/C% 3 )AJ\N/CHZCFB 80 27
ey chy
s
n-CsHy)l /\’U\ _CHCgH1 n 82 27
N\\CH3
s
n-CmHler XJJ\ /CHngngﬂ 79 27
N\CH3
s
CeH;CH,Br )Ak ety 44 27
N
ehy
I(CH,),I ] s 67 27
AT/‘CH?)S\TJX
CHy CHy
s
Br(CH2)4CI /\/u\ /CHE(CHE),,CI 65 27
N
L,
C¢H,CHO s TH 70 27
XU\N/CHZCHCSHs
L,
(C¢H;),CO s TH 63 27
/\/U\N/CHEC(CSH5)2
L,
o\%_ s TH 48 27
CHO/@/O /\JKN/CHZCHA@\O
f )
3
(CH;),CHCHO s TH 23 27
XU\ _CHzCHCHICH3),
N
|
CH3
0 s OH 17 27
CcH
SR e
L,
CH;CON(CH,;), s ﬁ 32 27
CHaCC
)(MN/ HeloHs
|
Cris
o 0 12 27

Ac

¢ Metalated with sec-BuLi-TMEDA in THF at -78 °C.

H
5 I
AN/CHZCHEC(CHQZ
|

CH3

and tertiary positions adjacent to the nitrogen of ni-
trosoamines (90-92) can be metalated with lithium
diisopropylamine or alkyllithium bases at low temper-
atures to form the intermediate 93, which reacts with
electrophiles to yield 94 as shown in Scheme XVIL
Useful electrophiles include alkyl and allyl halides,*
ketones and aldehydes,**! cyanides,*? acyl halides,®
and sulfur, tin, selenium, and silyl heteroatom electro-
philes.#3 The substituted nitrosoamines 94 generally
are produced in moderate to excellent yields, and de-
nitrosation to substituted amines 95 can be achieved
with gaseous hydrogen chloride or under reducing
conditions with Raney Nickel.3%% A “one-pot” proce-

dure, designed to minimize contact with the potentially
carcenogenic nitrosoamines has been reported; it in-
volves LiAlH, reduction of the nitrosoamine to the
corresponding hydrazine prior to Raney Nickel reduc-
tion.# As a-lithioalkyl alkylamine synthetic equivalents
the a-lithioalkyl nitrosoamines represented by 93 ap-
pear to have advantages over alternatives; however,
because of the potentially hazardous nature of nitro-
soamines they have been less widely used than their
utility might warrant.

In view of the previous reviews®®® the present dis-
cussion will focus on recent work. Seebach et al. have
noted that nitrosoamines can be metalated rapidly with
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TABLE X. Formation of Lithiothioformamides and Reactions with Electrophiles

yield,
reactant?® electrophile product % ref
ﬁ CHy (CgHy),CO TH 7 CHy 80 29a
H—t—n" (CsH5)2C—C—N/
CH3 CH3
C,H;CHO OH S 65 29a
_CHy
CoHsCH—C—N
CHy
C¢H;CHO OH S 65 29a
] _CHs
CgHgCH— C—N
CHs
(CH,),CO OH s 75 29a
(CH )<I: !: <
T VT
N\c»-c3
OH IS /CH3 50 29a
C—N
O
CGH5COCH3 OH § 50 29a
[ I e
CoHs—C——N
Y
CHs ?
CQI'I5COQCH3 0 ] 75 29a
[ Il o
CeHg—C—C —N
ehy
CH,l 5 45 29a
3 CH “ N/CHs
—
cHy
CoHyl & e 48 29a
cz»-cs—c—m\cH
3
(CHy);8iCl N on 36 29a
(CH3)3Ss—C—N/ i
chy
s OH S
I _CH (CeHy),CO I I _CHs 55 29a
H—C—N (CeHslpt—C—N
“ScicHy), “NCiCHyy
ﬁ CHy (CgHp)CO TH IS CHy 79 29a
H—C—N (C5H5)2C—C—N/
“NCH,CeHs CHaCeHs
(CeH5) 2CO OH 'S 83 29a
H ! N/CEH5 (CgH )<I:—!:I—N/CEH5
\Csz T \Csz
CeHs;CHO OH s 70 29a
[l e
CeHsCH—C
sHs \C2H5
[ censr (CeH5),CO TH ] casen 10 29a
H—C—N__ (CoMslZC—C—NT_
CaHg-7 CqHg-n
C¢H;CHO oH 5 casn 45 29a
CeHsCH—C—N
e CeqHg-n
o TH ISI CeHe 62 29a
t—c—n"
2 \C4H9-n
2
C¢H;CHO oH 3 20 29a
H !:I N/CEH5 o CeH <I:H Q N/CGH5
~ ersT T ~
CeHs CeHs
B _ClCH33 (CeH5),CO (IDH b _CiCHy) 54 29a
H—C —N {CgHs )pt— C—N
N CH——CH=CH, NCH,—CH==CH,
CeH;),CO OH S 70 2
H_“ N/CHZCSHs (CeHy), N é_I_N/CHECSHﬁ 9a
\CHzCsHs (Cottale \c»-czc‘-,»-c5
j (CeHy),CO TH ﬁ 77 29a
H_L_NQ conat—e—)
SI (CsH5)gco TH ﬁ 79 29
H—C—N ) (CeHglht—C—N )
— (CeHs),CO oH 68 29a
H—EI—N 0 o (CsHs)z(I:—C—N 0
./ 4
ﬁ — (CeHy),CO f"‘ 3 60 29a
H—C—N  N—CHy (CeHg),C—C—N  N—CH3

8 Qrganolithium reagent generated by the action of LDA in THF at -100 °C.



488 Chemical Revlews, 1984, Vol. 84, No. 5

Beak, Zajdel and Reitz

TABLE XI. Formation of N-(a-Lithiomethyl) Ureas and Reactions with Electrophiles

reaction
reactant conditions® electrophile product yield, % ref
/( J\ A (CeHp),CO 23 31
/ /< /Lk /CHZC CeHsh
\,HS H3
O\ A (CeH5),CO O\ 43 31
)J\ / Hs )J\ P CsHs)z
S of
A CH,l O\ 60 31
Ao
J e B (CeHy):CO 81 31
y N< C;)J\ /CHZ (CeHs )z
CHy
B C¢H,CHO 89 31
/CH lHCsHs
N N\CH
B n-C5HuCH0 0 TH 75 31
)]\ _CHaCHCsH =
N N\CH3
B (CH,),CO o TH 52 31
/Lk _CHaCiCHy),
N N\CH3
B CH,l 8 78 31
3 N)j\N _CHCHy
e,
B n-CyoHy Br J\ g 68 31
N N
ch,
0 B (CgHj5).CO 0 H 70 31
[o N)J\N<CH3 Eo )J\ /CHzi(CsHs)z
N N
0 CHs 0 e,
B CeH,CHO o 78 31
° J\ _CHCHCeHs
[o § N\CH3
B n-CgHyql

a 72 31
0 CHaCgH 777
E N)J\N/ zva17
o Schy

8 A = sec-BuLi-TMEDA in THF at —-80 °C for 6 h; B = sec-BuLi-TMDDA in THF at 0 °C for 1.5 h.

potassium tert-butoxide/n-butyllithium /diisopropyl-
amine, and that substituted nitrosoamines 94 are pro-
duced in high yields upon subsequent reaction with
electrophiles.® The synthesis of a-stannylnitrosoamines
96 from methyl nitrosoamines is useful because these
compounds undergo thermal addition to aryl aldehydes
to give stannyl ethers which can be hydrolyzed to N-
methyl-8-aryl hydroxyl nitrosoamines. The yields of
acylated nitrosoamines 97 from methyl nitrosoamines
have been improved by the use of acyl cyanides instead
of acyl halides or esters as electrophiles.*® The carbo-
methoxylation of 93 with methyl chloroformate occurs
selectively at the least substituted carbon of an un-
symmetrical nitrosoamine unless the more substituted

carbon bears an anion stabilizing group. Yields in the
formations of acyl nitrosoamines ranged from 60 to
95%.4" Although alkylations and a-hydroxyalkylations
of benzyl methyl nitrosoamines can provide thermo-
dynamically or kinetically controlled product mixtures
depending on reaction conditions,?®* carbometh-
oxylation occurs exclusively at the benzylic position.

Metalated nitrosoamines have been used in the syn-
thesis of tetrazines,* triazoles,® the hemlock alkaloids
98 and 99,? and a constituent of fire ant venom 100.5!
In the case of 100 a mixture of cis/trans isomers was
produced; thie previously discussed carbamate synthesis
of a 1,5-disubstituted pyrrolidine 75 provided only the
trans isomer. Stereochemical studies have shown the
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TABLE XII. Formation of a Metalated Allylurea and Reaction with Electrophiles

reactant?® electrophile product yield, % ref
0 CH,I 8 80 32
E"Q*«“?w“z ["QX”/CH\“/CHZCH’
0 | 0 |
CH3 CHs
C,H;CHO 0 TH 83 32
EO N)J\N/CH=CH—CH2—CHCZH5
° |
CHs
CeH;CHO o ‘I’“ 85 32
Eo N)J\N/CH=CH—CH2—CH—C5H5
0 |
CHs
C,H;COCH;, ‘I’H 54 32
EO@NiN/CH=CH—CHZ—T—CZH5
0 | CHy
CHy
0 . on 87 32
é EOQJ\N/CH\CH/CHFJQ
0 |
CHs
(CgH;),CO OH 63 32

a I
EO@NJ\N/CH=CH—CHZ— ClCeHs )y
° |
CHs

%The lithium derivative was generated with n-BuLi in THF at -80 °C; after 1.5 h, MgBr,-OEt, was added and the mixture was warmed
until the precipitate was completely dissolved. The anion was recooled to —80 °C prior to the addition of the electrophile.

SCHEME XIV
0 T N 0 Zi 0 T
Y/LkN/CHZ Ty T Y/U\N/CHZ
by L, Ly

Y_— N
64, j

65, Y = NR,, R = CH(CH,),,

CH(CH,), N(C(CH,),CH,),CH, '
72, Y =_o@+ l

E T
HiC o He MO~ CHe

| |
H

CHy

73
o H
. )}\ b CH
E T/ ~ogi M .
CH,
68

o W
R)j\N /CH\C\-H//CHZ

61

0 E
—— R)LN/CH\CH/CHZ +
H3 CHg
69 70
0 E
R)J\N/CH\CH/CHZ
CH3
71

X H

/\@/\/\/\/

%
H 100
98, X=H,Y=Hor OH

99, X=0H,Y=H

intermediate to be a w-anion which reacts with expected
stereochemistry.’? For example, N-nitrosopiperidine
upon metalation and substitution gives an axial prod-
uct.’2 It is notable that this is different from the
equatorial substitution obtained with the piperidine
amides (vide supra).

Two recent reports of the achievement of asymmetric
induction in the addition of an a-lithionitrosamine to
benzaldehyde in chiral media have appeared (Scheme
XVIII). Seebach et al. reported the synthesis of ha-
lostanine (101) in 15% optical purity by the addition
of 102 to benzaldehyde using (+)-2,3-dimethoxy-N,-
N,N’ N’-tetramethyl-1,4-butanediamine as a chiral
media.?® Soai and Mukaiyama have obtained an optical
purity of 25% for the same reaction by employing
(2S,2’S)-2-hydroxymethyl-1-[(1-methyl-2-pyrrolidin-
yl)methyl]pyrrolidine as the chiral media.>

The synthesis of (+)-macrostomine (103) has been
reported via the nitrosoamine as shown in Scheme
XIX.5%5 Metalation, and subsequent reaction with
3,4-(methylenedioxy)benzyl bromide, followed by de-
nitrosation afforded 104, a key intermediate in the se-
quence, in 80% yield.

Reversibility of the regio- and stereochemistry of the
addition of the alkyl a-metalloallyl nitrosamine 105 to
aldehydes and ketones has been demonstrated as il-
lustrated in Scheme XX. It is found that the o adduct
106 formed at low temperatures is converted to the v
adduct 107 at high temperatures. Initial formation of
a mixture of threo and erythro isomers from « addition
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TABLE XIII. Formation of a N-(a-Lithiomethyl)carbamate and Reaction with Electrophiles

reactant® electrophile product yield, % ref
ol M CHal ﬁ AHEH n 33
@—\o—c—u\ws o—c—w\CH3
n-CgHy71 B omcan 87 33
@o_C_N\CH3
C¢H;CH,Br ﬁ _CHaCH,Cehs 35 33
(CH;),CHI ﬁ _cHycHicHy), 32 33
@0 C—N\CH3
n-CsH,;,CHO . i“ 80 33
“ _CHa——CHCsHy -n
@o_c_w
0 o OH 63 33
i /JO
é @O—C—N\CHB
CgH;CHO OH 50 33
:E ] et
CHy
(CgH5),CO . OH 61 33
. Ic N/CHE—(:«:sHs)2
i ew,

@ Metalated with sec-BuLi-TMEDA in THF at 0 °C.

TABLE XIV. Formation of N-(a-Lithio) Carbamates and (a-Lithio) Vinylogous Carbamates and Reactions with Electrophiles

reactant base temp, °C solvent electrophile product yield, %  ref
i LDA -78,-40 THF n-C,H,Br o GaMemn 62,65 34a, 35
CH30—C—N<] c»—go—l:l—wd
LDA -8 THF (CgH;);CO(CHy),1 (GHZ)70C(CeHs)3 35 34a
CHz0—C—N_ |
ﬁ LDA -78 THF n-C,HBr o GeHe-” 21 34a
CHz0—C—N_ | CHyo—b—N |
CaHg-n (?S.Hg-n
LDA —-40 THF Br(CH,);CHBrCH; o (GHz)3CHBrCH; 71 35
CH30—C—N_ |
E\:Hg-n
LDA -40 THF Br(CH,);CHBr(CH,),- o (GHaI3CHBI(CH,IoCH 78 35
CH30—C—N_ |
C%Hg-n
0 LDA -8 THF n-C,H,Br GaHe-n 58 34a
I _ ﬁ
n-CsH“—C—CH—CH—N@ p- Cot bt — cHm e ]
LDA ~78 THF I(CH,C(OCH,), o (CHz)6CIOCH3)s T4 34a
n=CeH—C— CH=CH—N_ |
LDA ~78 THF I(CH,),0OTHP (GHz)70THP 43 34b
n-cw..—ﬁ—c»—u:c»—u—n |
ﬁ CHa0H LITMP . -78 THF Bl’(CHQ)aCl o (CHZ)BCIC 48 121
CH:,O—C—N@/ (2 equiv) CHso—u—Nd/ HzOH
of 105 to aldehydes is also found to similarly revert to The base-induced fragmentation of §-hydroxy nitro-

the threo isomer and related cases have been reported. soamines to give an aldehyde or ketone and a smaller
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SCHEME XV
_ {I) LDA (1) LDA
| M7 Grer N—Z (‘IZTT’
H
74a,Z = CO,CH, 75

74b, Z = CH=CHCO-n-C H,,

:Unm&:q
|2
~N

76, Z = CO,CH,
77, R=n-C,H,,R = n-C,H,, ,Z=H
7-CaHg
\\\H
CHs
78
SCHEME XVI

Lit
| CeHs(CHgINCHS S/ -CH, g+
CHglCHgINCH, —CH=CH, Bkle “ET8TT3TVINCR12 A

83 81
Hyot  H
CeHglCHyIN—CH=TH—CH,E —=  3C—CHy—CHp—E
85 84
SCHEME XVII
N/o N%O
| M Bose A
= AN -
Rz/N\CRR, Re”" “GRR, M*
90,R=R,=H 93
91,R=H, R, = alkyl
92, R= R, = alkyl
d |
RZ/N\TRR, RZ/N\TRR,
E E
94 956
96, E = SnR,
97,E= COR
SCHEME XVIII
Hal s e\ CH2 L™ 1) e, opticolly
| - ) octive medio
(2) deniirosaiion
"o "o
102
CeHs
H3C\N Acf
o
(N ¥
101

alkylnitrosoamine has been studied recently by
Loeppky.*® The reaction is found to be subject to
control by the stereochemical orientation of the N-
nitroso function; fragmentation for the Z isomer 108Z
is much more rapid than for the E isomer 108E.
Loeppky et al.® note that this is due to the greater
stability of the incipient syn a-nitrosoamino carbanion
and provide rate data to support a mechanism in which
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SCHEME XIX
OH
CH30
{I) LDA
N (2) ArCH,Br
CH30 "NN {3) denilrosalion
O

severol steps
—_—

SCHEME XX
H
M+

N N AN /CH‘\\C_/—H/CHZ

NO No
R = (CH,),C, CH, 105
Rm% ‘

RR2CO" 0

Ry SN2 R\N/CH\CH/CHZ—lR,RZ

NO NO
106 107
SCHEME XXI
0 0
H \N H N/

(CgHgly—C—CH—N—CHz == (CgHs)z—C—CH;—N—CH,4

108Z 108E
(5 =
i O==N ° N==0

CHgly—C—CH;—N—CH; == (CeHgly—C—CHzy—N—CHj

(CeHglsCO + "CHy—N—CHy T CH—N—CH,4

=N =N

the E isomer isomerizes to the Z isomer prior to frag-
mentation, as shown in Scheme XXL

H. Isocyanides (Z = =C)

Fifteen years ago, Schollkopf and Gerhart discovered
that methyl isocyanide can be metalated to give an
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TABLE XV. Formation of N-(a-Lithio) Phosphoramides and Reactions with Electrophiles

Beak, Zajdel and Reitz

reactant base temp, °C solvent electrophile product yield, % ref
vy sec-BuLi -78  DME 0 N 80  37e
[(CHglpN];—P—N ({CHg)N],— P —N
CH3 R
sec-BuLi -78 DME | o ™ 80 37
I CHz
é ((CHS)ZN]E—PI—N<CH
sec-BuLi 78 DME  cwo ’ o 83 37e
CH,—CH
((CHSBZN]Z—P—N/ : O
CHa
sec-Buli -78 DME <OK)/CHO ) i"‘ 50 37e
CH,—CH 0
° ((CH3)2N]2—H—N< : ‘©:o>
CH
e, mBuli 78 THF CHy 0 em 100 37b
({CH3)pN];— P—N [{CH3)gN],—P—N.
“NCH,CeHs CHCgHs
CHa
n-BuLi -78 THF CH;0CH,CIl 9 CHy 100 37
((CH3)aN],—P—N
CHCgHs
CH,0CH
n-BuLi -78 THF (CH,),CHI CHs 8 37
[(CH3)2N]2—P—N/
CHCgHs
CHICHs ),
n-BuLi ~78 THF n-CH,I on 80 37b
[(CHs)zN]z_L_N/ ’
CHCgHs
(IZ4H9-/7
n-BuLi -78 THF CH,=CHCH,Br 2 CHy 8 37
((CH3)pN,—P—N
CHCgHs
CHRCH==CH,
n-BuLi -78 THF CgH;CH=NCHs CHs 46 37b
A cons
(CH3)2N—P\/ I
N eghs
L,
n-BuLi -78 THF CgH;CH=NCH,® Q on 40 37
P 3
({CH3),N],—F —N
v \c»-c—cs»-c5
CH—CgHsg
H—N—CH3
n-BuLi -78 THF p-CH;0C,H,CH=NCH,* ﬁCHs 49 37b
N_~C6Hs
(CHy)N—F
T CeHaOCH3 -2
CHs
n-BuLi -78 THF CgH;CH=NC:H;* a cHy 80 37b
((CH3)2N]2—P—N<
CHCgHs
CH—CgHs
H—N—CgHy
n-BuLi -78 THF p-OCHach4CH=NCGH5C CH, 92 37b
((CH;,)ZN]E—P—N/
NCH—CgHs
CH—CgH4OCH3=p
H—N—CgHs
n-BuLi -78 THF (CgH;),CO oHy 86 37b
[(CH3)2N]2—L—N/
“NCHCgHS
HO—C(CeHs )z
n-BuLi -78 THF p-CHach40005H5 a CHs 82 37b
[(CHg)gN]Z—L—N
CHCgHs

HO—C—CgHy

CgH4CH3-p0
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TABLE XV (Continued)
reactant base temp, °C solvent electrophile product yield, % ref
n-Buli  -78 THF  CgH,COCH, 49,50 37b, 37¢

CH
o3
[(CH3)2N]Z—P—N

CHCgHs

HO—C—CgHs

n-BuLi -78 THF @ on 60 37b
Q [(CH3)ZN]2—IPI—N/ y O

n-Buli -78 THF a o 55 37b
“ s
tienslgN,—P—x oy
CH
Cigs
nBuLi 78  THF CH,;CHO o % 3T
I o3
[(CH ) N]—P—N
CHCgHs
CHCH,
OH
n-BuLi -78 THF CgH,CHO CHy 89 37b
(tcHgiN—P—N
“NCHCgHs
THCsHs
OH
n-BuLi -178 THF p-CICsH,CHO a CHs 87 37b
[(CH:,):N]z—P—N(
CHCgHs
CHCgH4CI-p
OH
n-Buli -78 THF p-CH;0C¢H,CHO @ CHy 83 37b
ticHy)N—P—NT
CHCgHs

CHCgH4OCH3=

OH
n-BuLi -78 THF CHO ﬁ CHs oM 83 37b
< :©/ [(CH3)ZN]2—P—N/ |

° SceH—cH °>
(I:SHB ©
n-BuLi -178 THF Q_ -CHo 9 70 37b
CH
<\_/7/ [(CH3)2N]2—P—N< > o
CH—CH
N W
875
n-BuLi -18 THF SN ﬁ _— 81 37b
3
g [(CHy 1pN1;—P—N
: \CH_CH—@
"
n-BuLi -78 THF :03 CH3 9 CHs 91 37b
(CHyNl,—P—N
CHCgHs
CHZ(I:HCHS
OH
‘C“S’?”\H_N/C“’ n-Buli -78  THF CH,CHO s 78 37b
HyCl0” CHgCsH || Ny CePs
(CHy)N—F( I
07 Ch,
n-Buli -78 THF (CH;);CCHO O‘I”"s 65 37b
[y cem
(CHy I N—F
O ciekyls
n-BuLi -78 THF CgH;CHO <|3Hs 68 37b
[ reee
(CH3)N—F,
07 cehs
n-BuLi -78 THF p-CICgH,CHO o ‘I:"'S 70 37b
CeHs
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TABLE XV (Continued)

Beak, Zajdel and Reitz

reactant base temp, °C solvent electrophile product yield, % ref
n-BuLi ~78 THF p-CH;0C,H,CHO o I“3 39 37b
CeHs
(CH3)2N—IFI’< I
07 CeH4OCH3-p
neBuLi ~78 THF 0-CH;0C¢H,CHO FH3 38 37b
(L,L CeHs
(CH3)2N—L\ I
07 CH 0CHs -0
n-BuLi ~-78 THF (C5H5)2C0 CHa 80 37b
a ,L CoHs
(CHS)ZN—Uf 1%“5
07 N eens
n-BuLi ~78 THF p-CH;C¢H,COCH;, o ‘I:HS 69 37b
CeHs
(CH3)2N—U’\/N:ECSH5
0 CeHaCH3-p
n-BuLi -78 THF ? o ‘I:HB 41 37b
[l N e
CHal N—F
o% ]
n-BuLi -78 THF A e q o 85 37b
{CHg)oN—P—N,
BCZH $ NCH—CH,CHEH,
o CeHs O
n-BuLi -78 THF C¢H;CH=NCH,* CHs 60 37b
,L CeHs
(CHg)N—F
I CeHs
CHs
n-BulLi -78 THF CgH;CH=NC H,* (CHs)zN\ﬁ _chy 75 37b
0™ >CH—CHC5H5

CeHs
N—CgHs

H

320 h at -50 °C. %20 h at =78 °C. °3 h at 20 °C. %2 h at -30 °C and then 3 h at 0 °C.

a-azo carbanionic intermediate 109 which reacts with
a wide variety of electrophiles to give a number of useful
adducts.” As shown in Scheme XXII, the product 110
can be hydrolyzed to substituted primary amines 111.
Reaction of 109 with polar multiple bonds gives het-
erocycles 112. Several reviews of this chemistry have
appeared and only a general outline and a summary of
recent work will be given.5®

The organolithium 109 is a versatile a-lithiomethyl
methylamine synthetic equivalent. Reaction of 109 with
aldehydes or ketones, followed by alkaline workup gives
2-oxazolines while acidic workup provides 2-isocyano
alcohols which can be hydrolyzed to the corresponding
1,2-amino alcohols. Addition of 109 to aryl carbonyl
compounds provides methylenation while reaction with
imines give dihydroimidazoles.’®* Addition of 109 to
nitrones gives dihydroimidazolones 113 via 114 as
shown in Scheme XXIII and Table XVIIL?® Oxazoles
can be obtained by reaction of 109 with acid chlorides,
amides, or esters,® while 5-(alkylthio)thiazoles can be
obtained by reaction with carbon disulfide.®! Addition
of 109 to carbonates and chloroformates gave a-amino
esters.52 Electrophilic substitution of 109 has also been
reported with alkyl and allyl halides and epoxides. In
addition 109 has been used in the synthesis of elipti-
cine.53:64

Recent studies have focused on the chemistry of
metalated isocyanides activated by the presence of
carbonyl, nitrile, aryl, phosphonyl, or sulfonyl groups
on the a-carbon. These species are of synthetic value

and have been used in the synthesis of a wide variety
of compounds including oxazoles,*® imidazoles,*® quin-
olines,® pyrroles,’” a-isocyano phosphates,® and 2-iso-
cyanoacrylates.® Thiazoline derivatives produced from
a-isocyano acetate esters have been converted to 3-
lactones.™

An activated isocyanide which has been remarkably
useful is tosylmethyl isocyanide (115), known as TosM-
IC. Van Leusen and co-workers have demonstrated
that olefinic ketones, esters, and nitriles are subject to
attack by metalated tosylmethyl isocyanide to afford
substituted pyrroles by processes analogous to the
formation of 111 from 109. The TosMIC anion can be
mono- or dialkylated and this intermediate also adds
to isothiocyanates to yield thiazoles. Dilithiated
TosMIC affords imidazoles.” Although TosMIC has
been widely used in the conversion of ketones to nitriles
or a-hydroxy aldehydes,” perhaps its most general
application has been as an acyl dianion equivalent.
Symmetrical and unsymmetrical ketones can be readily
synthesized using the TosMIC anion by this approach
in yields ranging from 40 to 80%."

Alkenyl isocyanides 116 have been metalated at the
a-vinyl carbon by alkyllithium to afford the «-azo
carbanionic intermediate 117 which reacts with alkyl
halides and carbonyl compounds to yield 118 as shown
in Scheme XXIV and Table XIX.™

Primary alkyl isocyanides 119 can be substituted to
give 120 in low yields if the lithiation can be carried out
in the presence of an electrophile.5%6® With the ex-
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TABLE XVI. Formation of 1-Substituted-2-[bis(dimethylamino)phosphinoyl]tetrahydroisoquinolines

reactant® electrophile product yield,® % ref
ﬁ D,0 L >95 38, 119
N—P—[N{CH3), 1, —P—{N(CH3)2]);
D
CH,I e 89, 66 38,119
‘@(;d—w—m(cm)z]z
CHy
n-C H,Cl >95, 86 38, 119
@(;V—P—[N(CHyz]z
CaHg=n
(CH,),CHI 86, 78 38, 119
@(;N—P—[N(CHQZ]Z
CH{CH3)z
1 e 52 38
é N—P—[N(CH3)z],
1 35 119
© (Eg‘—r’—[”(c“s)z]z
(CH3)3CCH2Br 60, 39 38, 119
@(;J—P—[N(CHQZL
CHC{CH3)3
CH,=CHCH,Cl >95, 87 38, 119
N—P —[N{CH3),],
CHaCH==CHj
CeH;CH,Cl >95, 91 38, 119
N—P —[N{CH3),1,
CHaCeHs
° CH28r 63 38
oy CO L
CH,
<
C,H;CHO a >95 38
N—P—[N{(CH3)z];
IH—OH
CeHs
(CH;);CCHO 90 38
@(PJ—P—[N(CHQQZ
IH—OH
C{CH3)3
CgH;CHO Q 81 38
©:;“—P—[N(CH3)212
i‘H—ou
CeMs
° CHO r >95 38
<OI>/ @—J—[N(c»—b)z]z
H—OH
e
0
0 64, 73 38, 119

N—FP—[N(CH3), ],
OH

o3



498 Chemical Reviews, 1984, Vol. 84, No. 5

TABLE XVI (Continued)

Beak, Zajdel and Reltz

reactant® electrophile product yield,® % ref
(CeHg)2CO >95, 74 38, 119
N—P —[N(CH3), 1,
(II—OH
(CeHs)z
R_crs >95 38
N—F—[N(CH3 ), ],
CHaCHCHy
iy
A ﬁ >95 38
@ N E—
OH
O 2 57, 45 38, 119
N—P—[N(CH3),],
Cr{CO)3
I, 66 38
N—P —IN(CH,),],
[(CH3)ZN]Z—P|—N
i D,0 0 65 119
N—P—[N(CHy),], N—P—[N{CH;),],
CH3 CHy D
CH,l 0 56, 19 38, 119
N—P—I[N(CH3),],
CHy CHy
CeHsCH,Cl 0 >95, 40 38, 119

N—P—[N(CH3),],

CH3 CHaCeHs

“2-[Bis(dix.nethylamino)phmphinoyl-l-lithiotetrahydroiioquinolines were generated by the action of n-BuLi in THF at -78 °C. ?Yields
were determined spectroscopically by NMR from nonpurified crude materials.

SCHEME XXII
H-CHpNC —= LICHNC —E= E-CH,NG
109 110
‘X:Y .
hydrolysis
Li
p-CHaCaHSORCHNC [ ECH,NH
115 e 111
112
SCHEME XXIII
+
. o~ Li _ -
Reo=R__ N/,\N/0 R\Nj\N/R
LICH;NG ————— ~Ng — \ (
109 §
R R
114 113

ception of cyclopropyl and cyclobutyl isocyanides, ™
secondary alkyl isocyanides do not metalate efficiently.
However, the product of lithiation of cyclopropyl iso-
cyanide provides an organolithium reagent 121 which
is useful in the synthesis of cyclobutanones. Reaction
of 121 with carbonyl compounds gives 2-oxazoline-4-

SCHEME XXIV
R NC R NC R NG
> < RLi > /_ & > <
R H R it R 3
116 117 118
£
RCHNC —5= RCHNC
119 120
SCHEME XXV
oy
NC RzCO R —_— ‘-R
A’_ l <> R
- fzz R0
121 123

spirocyclopropanes 122 which can be hydrolyzed and
rearranged to cyclobutanones 123 as shown in Scheme
XXV and Table XX.

Walborsky and Periasamy have found that iso-
cyanocyclopropyl carbanions are configurationally sta-
ble at low temperatures which is interpretable as evi-
dence for dipole stabilization.”

The terminally disubstituted isocyanides of the sim-
ple alkanes provide interesting organolithium reagents.
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TABLE XVII. Formation of a-Substituted Tetrahydroisoquinolines via Phosphoramides

amine electrophile substituted phosphoramide product® yield, % ref
CH,I ﬁ 54, 61 38, 119
N—H N—P—[N({CH;);], N—H
CHsy CH3
n-C,H,Cl 63, 72 38, 119
N—P—[N(CH;),], N—H
CqHg-n CaHg-n
(CH;,),CHI ﬁ 61, 65 38, 119
@—P—[N<CH3),1, N—H
CH{CH3), CH{CH3)p
CecH;CH,Cl 'IOI 60, 69 38,119
N—P—[N{CH3),]), N—H
CHaCeHyg CHaCeMs
(CHa)aCCHgBr 29 119
N—P—([N{CH3),], N—H
CH, CHaCICH3)5
ClCH3 )3
CH,~CHCH,CIl 65 119
N—P—[N(CH3)z]; N—H
CHaCH==CH, CH,CH==CH,
I ﬁ 23 119
© N—P—[N(CH3),], N—H
(CgHp),CO 38 119
N—P—[N(CH;), ], N—H
HO— C—{CqHg)z HO—Ci{CgHg)z
ﬁ O 36 119
O N—P—([N(CHg),], N—H
Cr{CO)3
CH,I n 36, 14 38, 119
N—H @;:L—P—[N(CH,),], N—H
CHy CH3  CHj CHy  "CHy
CeH;CH,Cl 0 36 119
N—P—[N(CHy), 1, N—H

CHY  “CHaCeHg

CH  CHpCqMs

¢ Hydrolysis conditions: aqueous methanolic hydrochloric acid (1.0-5.0 M) at reflux.

SCHEME XXVI
|
T n=-BuLi T 2RC=0 N/’\O
CNCCHENC =% CNCCHNC — 28— H0>2—-ILR
| ! Y.
124 125 126
Li Li*
CNCHCHaCHNC 25 CNCHCHoCHNC —= S =
127 128 —
129
R Li Li Li
O ~{—R | l |
<\ N CNCH(CH2)3NC  CNCH(CHZ),CHNC
N N 131 132
130

Reaction of ethylene diisocyanide (124) with n-butyl-
lithium at —100 °C is reported to provide the unusual
dilithiated species 125 which adds to aldehydes and

ketones to provide 126.80 At —70 °C, the corresponding
propane derivative 127 gives a monolithio intermediate
128, which cyclizes to 129 and on addition of an al-
dehyde or ketone provides 130. The terminally diiso-
cyano-substituted butane can be lithiated to give either
the mono- or dilithiated species 131 or 132, respectively,
as shown in Scheme XXVI and Table XXI.6%

A potential competing reaction in the metalation of
isocyanides is nucleophilic addition to carbon. Indeed,
if the a-azo carbon is trisubstituted, addition of an
organolithium reagent occurs exclusively to produce the
a-lithiated aldimine 133 which can be reacted with
various electrophiles and subsequently hydrolyzed to
afford a substituted ketone 134.”® Thus 133 is an acyl
anion equivalent as shown in Scheme XXVIL

I. Formamidines (Z = CH(=NR))

In the last two years the formamidine group has
emerged as a potent group for activation of a carbon—
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TABLE XVIII. Formation of N-(«a-Lithio) Isocyanides and Reactions with Electrophiles

reactant base temp, °C solvent electrophile product yield, % ref
CH,NC n-BuLi ~60 to —70 THF ~ 40 j\ 22 59
C=N
chs ek H—NLz—CH3
CeHs
n-BuLi -60 to -70 THF n/é j\ 20 59
< > ek, H—N" "N—CHy
n-BuLi -60 to —70 THF o e 46 59
C=§/ JL
Cils CeHs H—u—co*‘s
CeHs
n-BuLi -60 to -70 THF ) 0 50 59
P Ji
s \cHzc,Hs H—NLC—CHZC.Hs
CeHs
n-BuLi -60 to —70 THF CeH 0 0 45 59
Se=il M
CeHs \CH3 H=N" 'N—CH;
\_%Ce"'s
CeHs
m n-BuLi (2 equiv) -78 THF CH;l CHs H 52 60
N\\/N—TOI CN—CH—{CH,y);— N—Tos
n-BuLi (2 equiv) -78 THF Ce¢H;CH,Br CHaCeHs H 64 60
CN—CH—(CH)5—N—Tos
n-BulLi (2 equiv) -78 THF Ce¢H;CHO N 47 60
6Hs
{CHp)g— N—H
T
n-Buli (2 equiv)  -78 THF  (CeHy),CO N 'C ; 49 60
€0s
{CHa)y CqHs
H—N—Tos
SCHEME XXVII Hydrolysis with acidic aqueous methanol provides the
R ] secondary amines 61 while hydride reduction gives an
ane B N C/ et 0=< N-methyl tertiary amine.” Overall yields of substituted
- {2) Hyo* amines range from 40 to 77% as shown in Table XXIL
Li E Formamidines derived from phenylmethylamine were
133 134 also metalated and found to react with alkyl iodides to
give formamidines 138, a result which suggests the
SCHEME XXVIII utility of this approach for unsymmetrical systems.®
R H AN Li R E
N | /[L | N | 7~ CaHol
CHy o, CHy . CHz CH,E
H T/ REH T/ £ T/ H/U\ T/ 2 l
N7y
CHz CH 3 CH3 CegH 5 |
z
=n-C.H 136 137
O et eyciohexyl 198 189,Z = HC=NC,H,, Y = Li
4 My, / l 140,Z=H, Y= C,H,CHOH
CH3\N/CH2E CH3\N/CH2E ©\_j)\”
CH; H )N\ L
73 61 #-CaHoN H

hydrogen bond adjacent to nitrogen in the sequence of
Scheme II. Meyers et al. initially found that the N,N-
dimethylformamidines 135 can be metalated with sec-
butyl- or tert-butyllithium to afford the a-azo carbanion
136 shown in Scheme XXVIIL. This dipole-stabilized
organolithium reagent reacts with alkyl halides, ketones,
and aldehydes to provide the substituted amidines 137.
A particular advantage of formamidines for this meth-
odology is the facile cleavage of the activating group.

141,n= 2
142,n=1

An important feature of the formamidine group is
that it is sufficiently activating to allow lithiation at
secondary centers. The pyrrolidine formamidine has
been converted via 139 to the 8-hydroxy amine 140 by
the sequence of lithiation, addition to benzaldehyde,
and hydrolysis.”™ Analogously, the formamidines of
tetrahydroquinoline and indoline have been metalated
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TABLE XIX. Formation of N-(a-Lithioalkenyl) Isocyanides and Reactions with Electrophiles

reactant base temp, °C solvent electrophile product yield, % ref
C{'s e n-BuLi =70 THF CISi(CHjy), %::‘5 N 53 74
c=¢ c=C
W Su W \Si(<:>-c3)3
n-Buli -0 THF CH;,l q,e_:'s P 75 74
C=C
H,.r‘ CHs
n-BuLi -70 THF CICO,C,H; CgHs e ca. 70° 74
C=C
H'_,J' \ﬁ—OCsz
n-BuLi -70 THF CeH;COCl C{'s NC ca. 94° 74
C=C
W C—CgHs
n-BuLi -70 THF CO,, H* C‘i_Hs e ca. 95°¢ 74
==
H"'rc “SC—o0H
n-BuLi -78 THF (CH,),CO TH 77 74
(CH3)y
N0
H CHy
K"C CH
H‘"CSH:
n-BuLi -78 THF CgH;CHO N 36 74
N7 o
H >—<
‘11'c CeHs
%CsHs
n-BuLi -78 THF (CeHg),CO T“ 74
C{CeHs)2
o
H Hcs"‘s
M Neen
%CGHZ )
C{Bc= . P n-BuLi -78 THF CISi(CHy); CH\Bc—c N 78 74
s cfs O SiCH
c/NC n-BuLi -78 THF CISi(CHy), O-:c/NC 53 74
~ NSi(CHy)s

¢Yield was determined spectroscopically by NMR from nonpurified crude material.

SCHEME XXIX

145

0/

146

to provide 141 and 142, respectively. Subsequent re-
action of these organolithium reagents with alkyl iod-
ides and benzaldehyde give substituted products in
useful yields (Table XXII).8

Formamidines derived from tetrahydrocarboline and
tetrahydroisoquinoline also can be lithiated to afford
143 and 144, respectively, which undergo electrophilic
substitution at the activated methylene position to give
the expected products in 52-67% yields as shown in
Table XXIIL8! The metalated formamidine 143 has

SCHEME XXX
@G LDA
N H N
\C/ \CH
|« Lol
N G 4CH,0SiMes N—R
! 144
H EY¥CeHs
OSiMe; 1) RX
147 R Y

1ty H\ H

(S)-148 149

been successfully used in the synthesis of indole alkaloid
derivatives as illustrated in Scheme XXIX for the in-
dolo[2,3-a]quinolizidine 145 and the yohimbane indole
skeleton 146.82 Both syntheses illustrate a general
strategy for alkaloid syntheses in which the originally
activating nitrogen can participate in a nucleophilic
cyclization following removal of the activating group.35%®

Recent work establishes that formamidines are ex-
ceptionally useful as a-lithio amine synthetic equiva-
lents for asymmetric induction. Thus, the formation
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TABLE XX. Formation of N-(a-Lithiocyclopropyl) Isocyanides and Reactions with Electrophiles

reactant base temp, °C solvent electrophile product yield, % ref
AN n-BuLi -70 THF CeH;,CHO N0 89 76
CeMs
n-BuLi =70 THF A N o 75 76
N CHO 7
N2
n-BuLi -70 THF cHo o 62 76
o 3
N/ > N
n-BuLi =70 THF s _-CHo N Yo 78 76
W :
\ /
n-BuLi =70 THF ﬁ N 89 76
cHy—Cc—<] @—XC%
n-BuLi =70 THF (CeHg),CO N o 61 76
ﬁCsHs
CeHs
NC n-BuLi =70 THF CcH;CHO NN 35 76
CeHs 9—{ )
s CgHs
n-BuLi =70 THF f N N0 902 76
N7 CHO -
CaHs N |
n-BuLi =70 THF CHO NN 40 76
| t 7
N Lone SN
n-BuLi =70 THF Ce¢H;COCH; NN 852 76
CeHs
CHy
CeHs
°Yield was determined spectroscopically by NMR from nonpurified crude material.
SCHEME XXXI SCHEME XXXII
H3NHCH,CHR R i +
CHa fséc e CHaN==C(CgHs)z =0 LiCH,N==C(CgHs)z <= ECH,N==C(CgHs)>
156 157 158
1N08H4 {1) cycloheptatriens Hao*
+ 3
(2)HyO
CHa CH,Si(CH3)
~. E
N ()AL CH3\ j/ (DAL CHa I |
l @RR=0 IReX HN CHaNH,
WXy N N 159
| | CeHs CgHs
C(CH3)3 C(CH3)3 C(CH3)3 160
150 151 153
’Cu(OAc)z ‘Cu(o“,z hydroquinolines 14? 1}111 3gelds fgf 65-68% with en}fm-
tiomeric excesses of the S configuration greater than
RiR2CHCHO RiR2CHCORs 90% as shown in Scheme XXX and Table XXIV.8
154 155 This sequence has been used to prepare the benzo-
CHANHCH 0 o quinolizine 149 in 70% yield and 90% enantiomeric
2 3 excess. The chiral amine is regenerated upon hydrol-
ysis.
(1180, RL) (1) 180, RL) N . a3 . . N
2INoBHs 217-8uL) The lithiated formamidine 136 is useful in a variety
(3) CHy(CHZ)3T of syntheses. Reaction with trimethylsilyl chloride gives
60% (41NriaNHe 64% 150 which on lithiation and addition to carbonyl com-

of 144 (R = 1(S),2(S)-(+)-1-phenyl-2-amino-1,3-bis-
(trimethylsiloxy)-2-propyl) from 147 with lithium di-
isopropylamide when followed by addition to alkyl
halides and hydrolysis gives chiral 1-substituted tetra-

pounds provides the enamidine 151 as shown in Scheme
XXXI. This species in turn can be reduced to an
amine 152, subjected to further metalation and elec-
trophilic substitution to the enamine 153, or hydrolyzed
to the aldehyde 154.3 The enamine 153 can be hy-
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TABLE XXI. Formation of Mono- and Di-N-(a-Lithioalkyl) Isocyanides and Reactions with Electrophiles

reactant base temp, °C solvent electrophile product yield, % ref
CN(CH,),NC n-BulLi (2 equiv) -100 THF (CH,),CO o N0 80 60b
CHs
ClCH3), CHy
n-BuLi (2 equiv) -100 THF & #b o 68 60b
OH
n-BuLi (2 equiv) -100 THF (CeH;),CO N 78 60b
o< CgHs
ClCeHs)p C8M's
CN(CH,);NC n-BuLi -70 THF (CH;).CO 7 NT\o 68 60b
CH;:H3
n-BuLi -70 THF & #f N 46 60b
N 7? 0
n-BuLi -70 THF (CeHy),CO TH 76 60b
C{CgMs)
N:( 5 /2
CeMs
CeHs
n-BuLi -70 THF CISi(CHy); (CH3 )81 NC 67 60b
N: \7/
n-BulLi -70 THF 8 CH SHs 30 60b
H—N
NG
CN(CH,),NC n-BuLi -100 THF Ce¢H,CH,Br NC 78 60b
C.H5CHziH(CHz)3NC
n-BuLi -100 THF Ce¢H;CON(C.Hj), N0 66 60b
CN—(CHz)y  CeMs
n-BuLi -100 THF (CeH;),CO M 64 60b
ic.us)z
N7 o
CN_(CHz)s‘LQ—CGHs
CeMs
n-BuLi -100 THF (CH,),CO TH 40 60b
ClCH3),
N
CN—(CH_)3 CH5
CH3
n-BulLi (2 equiv) -100 THF Ce¢H;CH,Br NC 83 60b
[CqHsCHaCHCH 3y
n-BuLi (2 equiv) -100 THF Ce¢H;CON(C,Hjs), o™y 47 60b
C.H,_S:LCHJ’;

drolyzed to the carbonyl derivative 155 while reduction
to an amine should also be possible. Specific uses of
this approach for aminomethylation and reductive
acylation are illustrated for cyclohexanone at the bot-
tom of Scheme XXXI. Related results are compiled
in Table XXV.

The lithiation of formamidines bearing additional
activation due to ester substitution at the a-carbon
provides an enolate which reacts with alkyl and -allyl
halides to afford substituted amino acids in useful
yields. Subsequent hydrolysis to provide substituted
products in 60-80% yields have been reported (See
Addendum).®

J. Imines (Z = CR,)

Aldimines and ketimines from methylamine or

amines bearing additional electron-withdrawing sub-
stituents in the a-positions have been shown to metalate
readily to give a-aminoallylic carbanionic species.®® For
example, Kauffmann’s demonstration that the methy-
limine of benzophenone 156 can be metalated to give
157 has led to investigation of the addition of 157 to
alkyl halides, ketones, and aldehydes, to give 158 as
shown in Scheme XXXII.#788 . Subsequent hydrolysls
to an electrophﬂlcally substituted methylamlne 159 is
achieved by heating in aqueous acid in yields of 17-70%
as shown in Table XXV1.87 ' The anion 157 also reacts
with cycloheptatriene to give the [6+ 4] cycloaddition
product 160 in 47% yield.® The anion 161 derived from
the metalation of benzylidenebenzylamine 162 reacts
analogously with alkyl hahdes, ketones, alkenes, carbon
dioxide, and isocyanates to give substituted products
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TABLE XXII. «-Substituted Amines via Dipole-Stabilized Carbanions from Formamidines
a-substituted '

reactant?® electrophile formamidine yield, % a-substituted amine yield, %  ref
Q CH,I Q 85 79
N
CH CHyCH
H—t—N" ? H—u—N/ o
ey cHy
n-C3H7I Q 82 79
N
—!:I\N/(<:>-|2)3c>-|3
eh,
CH;l (sequence repeated) Q 88 79
CH,CH
e
SCHacHs
OH 45b 79
Smane
N /Q "
H—I(‘!—N/CHZ oH
e,
CgH;CHO ‘I’“ 7% 79
oH CeHg— CH—CHp—N—CHy
” o _CH—CeHs J'
P 2
H N
e,
CgH;COCH; oH 64b 79
on_ s CeHg— C—CHy— N—CHy
¢ CHy H
“ _CHz CeHs
H—C—N,
~
CH3
Ce¢H;COCH, R 67° 79
OH\C/CH3 CeHg— C—CHy—N—CHj
“ /CHZ/ \C5H5 CHj3 CHy
H [0} N
~
CH3
n-CgH,s,CHO ‘I’“ 40° 79
OH n-CsH|3—CH—CH2—T—CH3
CH—CeHi3n A
/ 3
] /CHZ
H C—N,
eHy

Q CgH;CHO o T oH 57° 79
N
I [ <I:HcsH5 (_]—c»—u—cs»cs

<I:.H.,-n CoH,;CH,Br CaHg-n CsHs(CHz)z—T—CHs 549 79
L !
CH3 || _(cHa)eCeHs
H—C—N H—C—N
CHy CHy
CeH;CHO ‘I: aHe~r on OH 71% 79
N HgCHCH—N—CH
J:I / My CH—CeHs CgHsCHCH, 3
H
ey
?(cr-b)} Q (CH3)s OH 40° 79
N é O—-CHZ—I‘T—CH3
CH3
W S "

“NcH; \
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TABLE XXII (Continued)

a-substituted

reactant® electrophile formamidine yield, % a-substituted amine yield, % ref
C¢H;CHO T(cm IH H 76? 79
,ﬂ CHZ/ HCgHs CgHsCHCHy—N—CH3
H
ey
CiCHy)s CH,I T(CH3)3 90 80
I \
H_g_N/CHs u /CHZCH3
ey \csH5
n-C H,l T(CHs)s CH3—(CHp lg—N—CgHs e8¢ 80
i !
|l (CHp)4CHy
H—C—N
\CsHs

<I:(<:>-|3)3 C,H,I <I:(<:>-|3)3 66¢ 80
N N GeHs N
| | |
H
C¢HzCHO T(CHng mw 73¢ 80
N éHcsH5 I

CH,l fiensl 83 80
N

Z—C

(CH3Js CH,lI C{CH3)3 65¢ 80
| cny
N
| |

x
o=
=
(9]
@Z)/
I
(2]
T
w

n-C Hyl C{CHy )5 84 80
,L 4Hg -7
[
H—C—N
C¢H:CHO T(CHs)a @(j\ou 64¢ 80
n HCeHs N (IZHC5H5
H_C_Ng ; |
CH,l 63,/ 73 87, 85 1
_ﬁ_ s _t GHs (N)\CH 8 2
H—C—NO H—!‘!—Nd ! ’
n-C HyBr + Cgen 75/ 70k 126
DS P
H—C—N
CHy=CHCH,Br o cu—cnmcn, 30-40 (‘)\ 80® 126
T CHaCH==CH,
H—C—! 4
BrCH,C¢H; + 20~-30 90t 126
N CHyCgHg QCch‘Hs
—l :
CH,=CHCHO 4+ P 62 OH 61¢ 126
N ?H CH==CH, £_'T)\(I:HCH=CH1
H
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a-substituted

reactant® electrophile formamidine yield, % a-substituted amine yield, % ref
CeH,CHO 4+ o 74 oH 89 126
N éH—CsHs (T)\(I:H—CsHs
H—C—N H
CICO.CH;, —,t- COstHs 85 126
H—C—N
(CgH5S9)2 -;t- SeCgHs 70 126
S
H—C—N
(n-CHy)3SnCl + Sn(Cate-n1s 95 126
-0
H—C—N
n-C;H,;Br -’t- Coigen 78 126
-
H—C—N
h
—t— CHig-n BI'CQH5 —t— CoMigon 80 87 126
| u e Y s
H—C—N H— C—N l
CaHs
+ CH,l + o 18, 814 126
N N
[ \/:> i C
H—C—N H— C—N
n-CH,I + <5, 804 O\ 83 126
N CaHr-n
N -n
—-0 e
H
n'C4HQI -+- He-n 13, 81¢ (j\ 92b 126
N
H—u—n T CaHo=r
H
CH,—CHCH,Br - cnonmcry 30, 81¢ O\ 85* 126
N
H_J_NE > ']‘ CH,CH==CH,
H
CeHsCH,Br + crucens 20, 55¢ Q 87t 126
H_LI_N T CHyCeHs
H
(C5H5Se)2 -i— SeCeHs 90 126
I C
H—C—N
CICO,CH;, + £0sCHs 87 126
! :
_ b
—C—N
CeH;CHO o 93 Q o T7° 126
-,t_ CH—CgHs NN
H—I(‘!—N "I' Cet's
Br(CHy),Cl T e 0, 76# 126
H—I—N
“+  caHren CH,l +  Cyren /(j\ 71 126
ﬁ hi CHZ™ N7 CaH, - p
H—C—N, H—C—N I
H
CHy
—+ CH;l SiCHs)s 50-70¢ 126
N
I
H—C—
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TABLE XXII (Continued)
a-substituted a-substituted
reactant? electrophile formamidine yield, % amine yield, % ref
+ CH,I —+ CHy SHiCeHs)z 50-70¢ 126
N N
H_L—ND_—CH(CSHS)E H—J—N’:_><CH(C5H5)2 NN,
)
CO,, H* _’t_ copn H{CeHs)z 126
|
H—C—N CH(CgHs)z T con
H
+ CHs CH,I -’t- CH, (s ) 126
N
| |
H— C—N CICH)y H—C—N C{CHs)3 CH Y IT CHy
CHy H
+ n'CaH7I + G sty 79 Q 126
N N 77
H—J?I—N H—L—N T C3Hy=n
H
n-C7H15I _,t_ CrHis-n 80 Q 126
H—(‘!—N T CrHig=n
H
(CSH5Se)2 —’t— SeCeHs 81 126
I
H—C—N
CICO,CH;, —’t— COxcHs 91 126
20
H— C—N
+ CH,I —+ GHs 58h 126
N
H_ﬂ_N: \> H—Q—N@—C»—b b
N
|
H
n-C HoBr + +  CaHoen CaHg-n 60" 126
N
Ay LS ®
N
!
CgHﬁCHgCl —’t— —+— CHZCSHs CHZCSHs 63" 126
APy @
|
H
CeH;CHO T - ‘I’“ 66" 126
I — I CH—CgHs
H— <:—r<j_>—c>—|—c‘.,>-c5
|
N
I
H
1 + 40" 126
N +
0 deoo-d
H—o—N '
N
!
n-CgH,CHO + TH 714 126
N TH CH—C3H7-n

I—Z
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a-substituted

reactant?® electrophile formamidine yield, %  a-substituted amine yield, % ref
D,0 + o 95" 126
N
—0- CS
H—C—N D |
N
l
CH;0D + + mixture 95" 126
N N
- T H_'J_Nb\
+ n-C;HyBr + 50-55 126
— ™ —l™
\_-5 s
CaHg-n
(C¢H5),CO + 50-55 126
N
o _NQS
Cl{CsHs)z
N
+ (CeH;),CO + 50 126
N
I

1
i)

(e
L)
o
&

o—-o0
4

¢ Metalation was accomplished quantitatively by ¢-BuLi in THF at —78 °C; the anion was allowed to warm to —25 °C for 1 h prior to the
addition of the electrophile. ®>Hydrolyzed with KOH (5 equiv) in CH;OH/H.0 (2:1) at reflux for 18 h. ¢Product after treating the N-formyl
derivative with LiAlH,. 4Hydrolyzed with HCl/H,0/CH;0H. ¢Hydrolysis conditions not specified. YHMPA added prior to electrophile.
#Pentynylcopper added prior to electrophile. »Hydrolyzed with NH,NH,.

163 in yields ranging from 20 to 92%.587%% Similar
a-azoallylic anions are involved in the isomerization of

|
CgHsCHN==CHCgHs (CGHSCH=N—<:>}CH2
161, Y=Li 2
162, Y=H 164
163, Y=E

164 from cis,cis-bis(benzaldimines) to the thermody-
namically favored trans,trans isomer in greater than
90% yields, upon treatment with potassium tert-but-
oxide.”!

The anion 157 has also been useful for the synthesis
of enamines. Activation towards further metalation is
achieved by conversion to the phosphonyl derivative
165 which undergoes lithiation and addition to benzo-
phenone or benzaldehyde to give 166 and 167 in 92 and
56% yields, respectively. Hydrolysis of these imines
provides the enamines 168 shown in Scheme XXXIIL?2
Related imine derivatives in which dominant activation
for carbanion formation is provided by an adjacent
carbonyl group have been useful in the synthesis of
penicillin® and amino acid® derivatives. In addition,
imino derivatives of lithiodithiocarbonates undergo
facile metalation to 169 and subsequent substitution
occurs adjacent to the activating group.?® The sulfonate
derivatives 170 and 171 have also been shown to react
similarly.%*

Finally, (1-phenyl-1,2-diazaallyl)lithium 172 has been
generated and allowed to react with aldehydes and
ketones to yield a-hydroxy aldehyde phenylhydrazones
as shown in Scheme XXXIV.9%

SCHEME XXXIII
I
P(CgHs)2
(CgHg)2C==NCH,Li — (CsH5)2C=NJ —
157 165
CeHs Lt R RaCO CeHs
— |
v T
CeHs P(CeHg)2 ol

Rz

166,R,, R, = C H,
167,R, = H; R, = C,H,

HoN Ry
\C=C/
J/ \RZ
168

Li
Y—CH—N=C(SR); CH3zCgHsSO,CHaN=CRZ

169, Y = CO,C,H,, C,H, 170,Z= SR, OR, Cl, R
171,RZ= NR

K. Isothlocyanates (Z = C=S)

Methyl isothiocyanate has been reported to give the
imidazoline derivative 173 under metalation conditions.
The formation of 173 can occur via addition of the
transient a-metallo isothiocyanate 174 to methyl iso-
thiocyanate. Indeed 174 can be generated from the
trimethylsilyl derivative of methyl isothiocyanate and
trapped in situ by carbonyl electrophiles to give oxa-
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metalation a-substituted
reactant conditions?® electrophile formamidine yield, % a-substituted amine yield, % ref
A Ce¢H;CH,Br 52¢ 81
N\H
N N CH,CeHs
Tow 00 -
H—C—N H—C—|
CHaCeHs
A CHCH 52¢ 81
—H
OCHs N CHy
OCHy H—Q—N
He OCHs
OCH,
OCHs3
CH
A CcHO Q 53¢ 81
OCH, ﬁ
CHy H—C—
H—0OH
OCHy
OCH3
Hs
A CICO,C,H; 624 81
—CHs
N OLHs
H_@_QQ
0L Hs
ClCH3 A Ce¢H;CH,CH,Br T(CHs)s 61° 81
N N —H
100 iles
<I:>-|2 l»—cz—c‘.,»-c5
CHy—CeHs
A Br(CH,),Cl T(CHsh 71/ 81
N N
H_@_Q@
CHy 0l
A /‘i (I:(CHs)s 67¢ 81
N —H
[
H—C— tH,
H, in—OH
o
T(CHs)s A CH,I ‘13(‘3"'3)3 52¢ 81
N N(I:(ocm ﬂ OCH; " A—H
H_g_ OCH3 H—t— OCH, H3
Hs
(I:(CH3)3 A CH,I ‘I?(CHs)s 58/ 81
N N N—H
H—Q— H—U— H3 CHoCeHs
HoCeHs Hp CH3
Hs
GlCHa)s B CH,I Hys 84 68° 82

—0

e
74|

(o3

[e)

T
w
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metalation a-substituted
reactant conditions® electrophile formamidine yield, % a-substituted amine yield? % ref
B CH,I T<CH93 84 77e 82
N N—H
L0 |
H—C—H H o CHy
CHy iuz
b,
B (CH;),CHCH,I T(CHst 87 ' 91° 82
N —H
H—Q—N (':HE CH,
(I:Hz le Hy CHICHy),
CH LCHS
<:>-|3\<:>-|3
B (CH,;),CHCH,I IC(CHa)s 87 78k 82
N N | N—H
I I l
H—C—N Ao CHy
|
tH, (i:HE <L»-|(<:»-|3)2
! OCHg
CH(CHy),
B C¢H;CHO 89 82
B CI(CH,) Br O.] 68° 82
IO
b,
B CI(CH,)Br 77h 82
N
H
B TR0 89 83¢ 82
C0xC2Hs
OCHS I
demy H, CH,OCH;
0,CHs
OCHs
OCHy
B GHeCl e 89 75¢ 82
C0zCaHs n |
. AT
Hy CH, CH,OCH

A = LDA in THF at -78 °C for 2-3 h or sec-Bulii in THF at -78 °C for ~45 min; B = ¢-BuLi in THF at —25 °C for ~45 min (the
electrophile was added at —78 °C). *Cleavage conditions: ©95% NH,NH,/CH;CO,H/C,H;OH (aq) (1:1.6:10) at 53 °C overnight. ¢Al-Hg
reagent described by A. I. Meyers and J. R. Durandetta, J. Org. Chem., 40, 2021 (1975). €10% KOH/CHZOH (1:1) heated to reflux for 24
h. fLiAlH, (3 equiv Li) in THF at reflux for 16 h. #Stirred for 15 min with 3 N HCI, neutralized to pH 10 with NaOH, stirred for 1 h at 25
°C. *Heated at 60-65 °C for 1 h in 3 N HCl/THF (1:1), neutralized to pH > 11, two layers stirred overnight. ‘Same conditions as in

except heating was continued for 5.5 h.

zoline-2-thiones 175a in 25-75% yield as summarized
in Scheme XXXV and Table XXVIL.%® Derivatives in
which stabilization for a carbanion is provided by ad-

ditional substitution, shown as 176, have been used to
produce 175b, dialkyl-a-isothiocyanoacrylates, 177, and
substituted esters.?%8



a-Metallo Amine Synthetic Equivalents

TABLE XXIV. Asymmetric Alkylations of Chiral o-Amino Carbanions from Formamidines

Chemical Reviews, 1984, Vol. 84, No. 5 509

metalation a-substituted chemical
reactant conditions® electrophile chiral amine yield,? % ee, % configuration ref
Ho, /8 A CH,l ‘ 85 10 R - 83
N(C\ CeHg N—H
400 g
N—H
HaCHICHs),
A n-CHgBr 93 19 R 83
—H
CqHg™n
A C¢H,CH,Br 97 35 R 83
N—H
CHaCeHs
A CeHs;CH,CH,Br 89 52 S 83
[—v)
(CHalpCeHs
SilCHg)3 AB CHyl 80, 79 80, >99 S 83
0y Jles —
<'H
wCHz—0SilCHy) M
DL 3
N
for
H—C—N.
B (CHs)gCHCHzBr 85 91 S 83
N—H
CHyCHICHy),
B n-C HyBr 80 91 S 83
—H
_4H3'n
B C¢H;CH;Br 70 93 S 83
N—H
CH,CeHs
B CQH5(CH2)2BI 65 >99 S 83
—H
B Br(CH,)Cl 0 20 S 83
«:»—u3)2<:»-|—<:»(-|5—)c»—uzosa«:»-c!)3 B CHyl 52 88 s 125
! —H
A0 :
«:»—@é:ﬂ—éi)—c»-cEosi(<:>-|3)2c«:»-|3)3 B CH,l 74 75 S 124
| N—H
A2 s
«:»43)Ecr-c—ég)—c»-uzosa(cE»-cs)3 B CHyl 70 4 s 124
\ —
H—LI— Q@ Hs
CHyCH— A a0y B CH;,l 20 86 S 124
N —H
H—Q—@ Hs
(<:»|3)2<:H—<£j)—c+czoc»c3 B CH,l 46¢ 84 s 124
4 —H
A0 -
(g _T({_T)_CH L0SiCHg) B CH,l @:2.4‘ 73 93 R 124
A0 3
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TABLE XXIV (Continued)

Beak, Zajdel and Reitz

metalation a-substituted chemical
reactant conditions® electrophile chiral amine yield,> % ee, %  configuration  ref
B CH,l 77 12 R 124
@ -
Y i ghig CHy
N
Isv
He=C—N:
TsHs B CH,l @(;N 74 39 R 124
Hew, H
~ —H
«:H3)35|(( N/ "' CHy Sy
o
c»-us—é':)—-cr-uzos;«:»-c!)3 B CH,I 60 50 s 124
] N—H
N
L0
H—C—
(CHS)ECH—éi)—CHEOSi(CHSB B CHyl @ 1 93 s 124
NeH
N
nige

s B CHaI

jo
CHy/,” $) o osi
2~ 0Si{CH3)3
e
A0

71 90 S 124
N—H
Ha

s A = LDA in THF at -78 °C; B = LDA in THF at —78 °C, electrophile added at —-100 °C. ®Hydrazinolysis was accomplished by treatment
of formamidine with hydrazine/acetic acid. °Catalyzed during hydrazinolysis. ¢ Low yield due to methoxy elimination during the metalation

step.
SCHEME XXXIV SCHEME XXXVI
T . R,R,CHNSO Lictets
Li
N CHp ALI N= _CHp RaCO - R. = n-
PNk e N 2 £, 17 8a, R,=R,=n-C,H
CeHs” N ceHs” SN 178, R. = H'R, = n-C,H,,
172 178¢c, R,R, = (CH,),
OH Lt R§R4C==CRsCH,
| RRLENSO L LRaRaCCRICH,X NH
T TRZ "2 (@)Hy0* RiRoCHNR,
¢ 179 180
N 2NN
SCHEME XXXVII
SCHEME XXXV @ £-8uLl @\ 35-72%
-
s SM N NN
Rl +] o
NT N N—CHj o “o
Me 3SiCH,NCS 181
$
a.w" CHsNCV 173 El P(CeHl3 @\
CHNCS % M*THN=C=$ g==5 +T 3 N e
174 “o
R 0\‘ s 182, E=D, COHR,R,, COR’
R N * -
\ CgHsCH==N(0 }CH;CO,CHjy
v H 183
175a, Y=H
175b, Y = CO,C,H,, C,H,, CH=CH,  SCHEME XXXVIII
M“‘ R /Ncs M+ E E
6. Y - CO ;CI:NC; I >=c\ RCH,NHR —= RCHNZR —e RCNZR —= RCNZR —= RCHNZR
y 1 = 2Vadlsy Lglls, —CHZ R’ CHaCoHs 184 N (|:N N 185

177
L. N-Sulfinylamines (Z = SO)

Interesting examples of the formation of an a-azo

carbanion have been reported by Schell for the lithia-
tion of N-sulfinylamines 178 with lithium triphenyl-
methide to give 179 as shown in Scheme XXXVI.%®
The organolithium reagent 179 reacts with allyl halides
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TABLE XXV. Homologation of Carbonyls to Amines, Aldehydes, and Ketones via Dipole-Stabilized Carbanions from
Formamidines
metalation
reactant conditions® electrophile enamidine product yield, %  ref
TCH3)3 A C¢H;CHO (I?(CHs)s CeHs(CH);—N—CH, 66° 84
N H CeH H
n G SilCHy)y L’ >c_—_ch" )
H_C_N\CHa " “SeHy
A Hy ?(CH3)3 CHy CHy 612 84
CgHsCHCHO ,ﬁ AN CeHgCH—(CH,)3— N—CH3
Se=
H—C—N_ H
CHy
A Ce¢H;CH=CHCHO T(CHs)s CeHsCH=CH—(CH,);—N—CHy 52b 84
N Ha.__.~CH=CHCgHs H
H—IJ— <C_ Man
CH
A @_ (II(CH3)3 = O_ 70 84
N C0CH; N \ 7 WP CH— CH—N—CHy
H—g—N<Z=CM"CH3 iHS »I-c
3
A (C¢H).CO <I:(<:»-c3)3 {CgHg),CHCH;—N—CH4 65° 84
N H\ H
| SC=ClCeHs),
A NG
(C¢H),CHCHO 84¢ 84
A Q T(CHs)s CH;—N—CH; 66° 84
IT H
_ Uy,
H \ e
|
CHy
CHO 60° 84
A CHO . «:»—uz)z—tlu—(:»-u3 67t 84
3
CHO (I:(CH3)3 CHy0”” ; .
OCHy r y OCH3
N
L,
CH;—CHO 55¢ 84
crgo/@/
OCH,
A CCHy)s 72° 84
ﬁb—mo L /@ CH,CHO
H.
AN,
N
L,
A 0 (IZ(CH3)3 O—CHO 62¢ 84
N
BN )O
H—C\N >
L
GicHys B n-C H,l CCHys 71 84
| C/«:thcm yL CaHgmn CH3{CH,)q—C — (CH,)3CH
H—L\H)/ Rt H—M\ /<I:q/ ErsCis
N N
L, L,
(I:(CHB) B n-C4H91 (I:(CHB)S ﬁ 64c 84
N N G C—ICH,)5CH
r_@\gcp iy (e
N N
b L,
B C,H,CHO T(CHs)s OH a 50° 84
N CH—CyHs QQ—CH—C2H5
H—J'J\ A LH
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TABLE XXV (Continued)

Beak, Zajdel and Reitz

metalation
reactant conditions®  electrophile enamidine product yield, % ref
B n-C4H91 (I: /@ IOI T4° 84
SiCHy)s — i
JV» 3z H H9~I7C_\11 %—CH2 C—{(CH,)3CHy
H—ﬂ H\fy%yH . ’ "
N :
i 3
Ha

'I:(CH3;3 B n-C4H91 61°¢ 84
N WHo M )aCH—C—(CHy)5CHs

H_]J ANy //C(CsHs)z
7

8A = n-BuLi in THF at —78 °C; B = ¢t-BuLi in THF at -78 °C. ®The formamidine was treated with NaBH, in ethanol at 10 °C while
maintaining the pH at 6; the aminal thus produced was hydrolyzed with dilute acid. °Hydrazinolysis with hydrazine or dimethyl-
hydrazine/acetic acid/ethanol/water followed by treatment with aqueous Cu(OAc), gave the aldehyde or ketone.

SCHEME XXXIX

M+

(RO)p—P—CHRNRy —= (RO),—P —CRNR?
186

RpC=0
===

R R,
C==C
R NR'z
187

to give the corresponding a-substituted amines 180 in
moderate yields after acidic hydrolysis as shown in
Table XXVIII. If this reaction has an appreciable
scope it could be a very useful approach to a-lithio
amine synthetic equivalents.

M. Amine Oxides (Z = -07)

Pyridine N-oxides are well known to undergo lithia-
tion to give dipole-stabilized carbanions which are
subject to electrophilic substitutions. In conjunction
with deoxygenation this approach could provide a useful
synthesis of 2-substituted pyridines. The area has been
reviewed.51%

Metalation of an sp? carbon stabilized by an N-oxide
moiety has been reported for quinuclidine N-oxide.!°!
Lithiation with tert-butyllithium to give 181 followed
by reaction with D,0, aldehydes, and esters gives 182
which can be deoxygenaated with triphenylphosphine
to give a-substituted quinuclidines as shown in Scheme
XXXVII in synthetically useful yields. Dipole-stabi-
lization appears to be an important factor in the for-
mation of 181 in this case although complexation could
also be involved. An amine oxide system which bears
additional activation for anion formation adjacent to
nitrogen is methyl N-benzylidine-a-aminoacetate N-
oxides (183). This system has been metalated and
subsequently allowed to react with alkyl halides to give
mono- and disubstituted products.10?

I111. Systems with Additlonal Actlvation

In the preceding discussion some systems which bear
additional activating groups on the carbon-bearing
nitrogen have been mentioned. Such systems can be

SCHEME XL

Q
H Li
A oy
H — —
¢ o\_00);?“ H o~ s OL 0)\N Li —

0,0
< AN
189 188
0
H
\N I
CHz —0, 0)\
N
— E
e
0 0
CHaY. CH3Y
I 0CH3 _R_L.I I OCH3 i
CH3—f‘|l H CHz—N Li
CH3 CH3
191 190
0
CHzY
OCH
l 3
CH3—N E
CHz
192

useful as general a-lithio amine synthetic equivalents
if the activating group can be easily removed subse-
quently to electrophilic substitution.

The use of a-amino nitriles has been generally useful
and the deprotonation of a-amino nitriles derived from
aldehydes has been shown to give organometallics which
have been converted to amino nitriles (80-94%),103.10¢
a,B-unsaturated nitriles (40-70%),1% enamines,'* or
substituted ketones (70-90%)'% as illustrated for the
conversion of 184 to 185 shown in Scheme XXXVIIL
A specific example of this approach is the conversion
of piperidine to di-conhydrine by Stork et al. shown in
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TABLE XXVI. a-Substituted Methylamines via «-Amino Carbanions from Imines

metalation a-substituted a-substituted
reactant conditions?® electrophile imine yield, % methylamine yield,® % ref
ct;H5>C=N—c>-|3 A CH,l CsHs><:=N—c>-|2c>-|3 18 87d
CaHs CaHs
Ceonim__ A CH,l CeHan v 17¢ 87d
(CHS)ZCH/C_N CHy 3 (CHS)ZCH/C_N CH,CH
(CGH5)2C=NCH3 B n-CaH7Cl (CSH5)ZC=N(CH2)3CH3 81 87a
B, C n-C;H,Br (CeHy),C=N(CH,),CH, 81, 63 87a
B n-C7H15Bl’ (CGH5)2C=N(CH2)7CH3 76 87a
B (CH;),CHCH,Br (CgH;),C=N(CH,),CH- 69 87a
(CHj3),
B CSH5CH201 (CSH5)ZC=N(CH2)205H5 64 CGH5(CH2)2NH2 48 87a
B (CH,),CHBr (CeHy),C—NCH,CH- 84 87a
(CHy),
B, D CHaCH(Bl’)CgH5 (CGH5)QC=NCH20H- 18, 70 87a
(CH,)C,H;
B CH,CH(Br)C;Hr-n  (CeHp),C—NCH,CH- 43 87a
(CH,)C;H,-n
D CHaCH(Bl’)Cnga'n (CGH5)2C=NCHQCH' 6 87a
(CHy)CgH 3-n
B,D,E r 34,54,22 G 40, 40, 51 87a, 87a, 87c
(CeHg oC=NCH, é
E n-CsH"Br (CGH5)20=N(CH2)SCH3 64 CHa(CHg)gNHg 70 87¢c
C,E CH~CHCH,Br  (C¢H,),C—=N(CH,),- 19,58  CH,—CH(CH,),NH, -, 17 87a, 87¢
CH=CH2
E BrCH,CH,Br [(C¢Hy),C=NCH,], 31 87c
C CgHsBr (CGH5)QC=N(CH2)QCH3 88 87a
Cc BrCH(CHj;)C,H; (C¢Hs),C=NCH,CH- 66 87a
(CH3)C,H,
Cc BrCH(CH;)C3Hy-n (CgHy),C=NCH,CH- 40 87a
(CHa)CaHrn
c CISi(CH,), (C¢Hy),C—NCH,Si- 51 87a
(CHy);
C ClSi(CgH5)3 (CGH5)2C=NCH2SI- 58 87a
(CeHs)s
E n-C;H,CHO OH 50 87a
(CeHLC=NCH,CHC4H;n
E (CH,;),CHCHO o 60 87a
CeHs),C=NCH,CHCH(CH,),
EF C¢H;CHO on 63, 34 87a
((:‘.,H5)2<:=N<:»-124»-1(:‘.,»-15
E CHaCOCgH5 oM 78 H 40 87a
{CgH5),C=NCH;—C—CHy CH3C—CHgz—NH,
H3 “5
E (C,Hy),CO o 85 87a
CeHg)2C=NCH,CIC,Hs),
E Ao 4 75 87a
(CeMs)sC==N(CHy);— CH—CH,
E,F,G (CgHy),CO i“ 62, 14, 42 59, 59, 78 87a, 87a, 87¢
(C6H),C=NCH,CC4Hg), CeHs),COHNH,
E, G 2 QH 76, 49 CHeNH o 69, 70 87a, 87c
% (csH5)2c=N<:H2-5() OH
E, G CeHsCOCgH,CH;-p H 78, 32 on 69,78  87a, 87c
CeHs ) C=N—C—CHs cﬁ»cscl,—c»-cz—w2
CeHaCHyp LH.,CHyP
H CH,COCH, om 52 oM 80 86
(CeHg),C=NCH,—C—CH, CH3—l—CH2NH2
i Ha sHs
H 32 CHNH, 48 86

ey

(CeHg),C=NCH @

¢A = LDA in Et,0 at 0 °C; B = LiN(C;H;), in THF at —70 °C; C = n-BuLi in THF at -78 °C; D = LiN(C,H;); in THF/HMPT at -70 °C;
E = n-BuLi in THF/HMPT at -78 °C; F = n-BuLi in Et,0/HMPT at -78 °C; G = LDA in THF at -60 °C; H = LDA in THF/Et,0 at —45
°C. ®Imine was hydrolyzed with 2-3 N HCL ¢Other products were also formed.




514 Chemical Reviews, 1984, Vol. 84, No. 5

TABLE XXVII. Preparation of Oxazolidine-2-thiones from
Methyl Isothiocyanate

oxazolidine-2-

reactant?® electrophile thione yield, % ref
(CHj,);3SiCH,NCS CgH,CHO s 74 96
H— N)ko
C,H;CHO 3 63 96
H— NJ\O
A
(CHy),CHC- g 67 96
HO . JLo
\‘fc H(CH3),
(C¢H;).CO B 25 96
NN
&mCets
CeH;COCH;, 2 35 96
H—N" o
CHs CeHs

¢The isothiocyanate was allowed to react with the carbonyl
compound in the presence of a catalytic amount of (n-C,Hg),NF.

SCHEME XLI
0 H —em==(LiR)4
T
I'——C\N/C 2 —m "—C\N/ 3
L L
193 195
O=--=—Li
I H,D =222 A —|c| C|2H
A=l AP ~
L, L
194 196
SCHEME XLII
OH oLi Li

K@N—COZCH3 LiTme ké/N—COZCHE, BricHglycl
204
ci
HO OH
\ N_COZCH3 CHsLi X\ N

48% 205
91%

Scheme X (vide supra). a-Metalated amino nitriles also
have been successfully employed in the synthesis of
6-aryl-3(2H)-pyridazinones,!” mysomine,!®® nor-
nicotine,'% and labeled shihunine precursors.!® In a
similar sequence (diethylamino)acetonitrile serves as
an excellent latent formaldehyde anion, thus permitting
the transformation of alkyl halides to homologous al-
dehydes.1032

Another example is provided by the a-amino car-
banions 186 generated from a-amino phosphinic acid
esters and used in the synthesis of enamines 187 shown
in Scheme XXXIX. The phosphorus function can be

Beak, Zajdel and Reitz

SCHEME XLIII
H'C4H9
I ~N n=-CaqHgMgCi I sec-Buli
- Cul I
- N
TR |
c C\
CsHsO \O CsHsO/ \O
206 207
n=-CaqHg n-CaHg n-CqHg
[ 0) N
QL= QLG
T Li T E NT e
C ¢ 209
C3H50/ \0 C5H50/ \0
208
CeHs
||
T Li
O
CgHs0 o}
210

removed to form 187 which subsequently can be con-
verted to aldehydes, ketones, or to molecules with
spiroannelated five- and six-membered rings in syn-
thetically useful yields.!'® Similar substitutions have
been reported for phosphinyl derivatives,!!! and for the
substitution of nitrogen of an imine.!?

In addition to the vinyl a-azo carbanions discussed
in the preceding section there are a number of such
systems which have synthetic value in special cases.
Thus, the 6-lithiopyrimidone 188 has been prepared by
deprotonation of the corresponding nucleotide 189.113
Structurally these species are similar to intermediates
in the deuteration of N-methyl-4-pyridone® and to the
system 190 produced from 191 which was converted to
192 by Schmidt and Betz.!'* The substitutions of these
systems are summarized in Scheme XL and Table
XXIX. Other examples of similar systems have been
reported.’

1V. Comparison of o-Lithio Amine Synthetic
Equlivalents

Thirteen functionally different amine derivatives
which can be metalated adjacent to nitrogen have been
reported in the literature. Succinimides, pivalthio-
amides, and carbamates have been useful only for the
substitution of N-methyl or N,N-dimethylamine.
Benzamides, pivalamides, ureas, phosphoramides,
imines, and carbamates have been shown to allow
metalation of a variety of activated methyl groups.
While cyclopropyl, cyclobutyl, 2-dimethylamino and
2-methoxy, and diisocyano isocyanides have been
metalated, secondary organometallic reagents have not
been formed in high yield from simple alkyl isocyanides.
The isocyanides are exceptionally useful, however, for
metalation of methyl or additionally activated sites.

The nitrosamines, N,N-dialkyltriphenylacetamides,
N,N-dialkyl-2,2-diethylbutanamides, and N,N-di-
alkylformamidines at present appear to be the most
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TABLE XXVIII. Formation of N-(a-Lithioalkyl)-N-Sulfinylamines and Reaction with Alkyl Halides

reactant base temp, °C solvent electrophile product yield,® % ref
n-C;H,CH,NSO LiC(C¢Hy); -78 THF CH,=CHCH,Br nCHy—CH—NH, 65 99
CH,CH==CH,
KOC(CHj); 0 DME CH,=CHCH,Br 7-Cay—CH—NH, 46 99
Ch,CH==CH,
LiC(CgHg), -78 THF CH,=C(CH;3)CH,Cl 7-CaH—CH—NH, 40 99
CHCH3IC=CH,
KOC(CH3); 0 DME CH,=C(CHj3)CH,Cl 7Ly — CH—NH, 58 99
Ha{CH3)C==CH,
KOC(CH3;); 0 DME (CHy),C=CHCH,CI n-CaHy—EH—N, 47 99
HoCH==C(CH3),
n-CsH,;,CH,NSO LiC(CgHp); -78 THF CH,=CHCH,Br 7-CHy——GH—NH, 32 99
CHyCH==CH,
KOC(CHjy); 0 DME CH,—CHCH,Br n-CeHy—CH—NH, 56 99
CHaCH==CH,
LiC(C¢Hy)s -78 THF CH,=C(CH;3)CH,Cl n-CaHy——CH—NH, 31 99
CHo(CH3)C=CH,
KOC(CH,); 0 DME CH,—=C(CHj3)CH,(Cl n-CeHy ——CH—NH, 42 99
Ha(CHaIC=CH,
KOC(CH;); 0 DME (CH3),C=CHCH,C1 7-CeHy ——CH—NH, 50 99
CH,CH==C(CHy}5
O/NSO LiC(C¢Hp)s -78 THF CH,=CHCH,Br NH, 33 99
[::f_m§m=mz
KOC(CH,;); 0 DME CH,—CHCH,Br NH 53 99
OLCHZCH=CH2
LiC(CeHj;); -78 THF CH,~=C(CH;3)CH,Cl NHz 23 99
OLCHZ«:H})c:c»-c 2
KOC(CH;); 0 DME H,—C(CH;)CH,C1 NHz 56 99
(jL<:»-|2(<:|»43)c=c»—c2
KOC(CH,); 0 DME (CHy),C=CHCH,C1 NH, 28 99

Ha
C—CH==CH,

Hs

%0n aqueous acid workup the N-sulfinyl group is hydrolyzed to the corresponding amine.

SCHEME XLIV
OCH3
{1) CHyCHO,
CHy0H {1)LDA
CHaNH, W CHaN—CHCH3 _—’(Z)E"
NO
211
OCH3z
(1) €1C0aCHg .
ECHaN—CHCH3 O T ECHaNH3 ClI
\o 212

generally useful intermediates as a-lithioalkyl alkyl-
amine synthetic equivalents. Of these the nitrosamines
have the broadest scope. The nitrosamines undergo
metalation at primary, secondary, and tertiary centers
under moderate conditions. Yields on alkylation and
addition to carbonyl compounds are high in most cases
although tertiary centers appear not to have been added
to carbonyl electrophiles and substitution yields are
moderate with cyclic systems. Regio- and stereochem-
ical information is available for a number of cases. The
difficulty with the use of nitrosamines appears to lie in
the denitrosation and in concern about their potential
carcinogeneity. A procedure for carrying out all the
reactions in the substitution sequence in one pot has
been reported.*?

The N,N-dialkyltriphenylacetamides are useful but
give moderate yields when reacted with a number of
electrophiles. Cleavage, which to date has been re-
ported only for substituted methylamines, requires
exposure to sodionaphthalene. The N,N-dialkyl-2,2-
diethylbutanamides can be formed, metalated, and re-
acted with electrophiles fairly effectively and stereo-
chemical information is available for piperidine systems.
Cleavage of the amide however requires exposure to
strong acid and lithiation of tertiary positions has not
been achieved.

Lithiation of formamidines appears to be very prom-
ising. The formamidines can be readily prepared,
metalated, electrophilically substituted, and reduced or
cleaved to the substituted amines. Moreover, this ap-
proach has been shown to give exceptional asymmetric
control. However, as with the amides, lithiation of a
tertiary position has not been reported (See Adden-
dum).

V. Mechanism of Metalation

At the outset of this review it was noted that the
activating group Z could provide stabilization for
metalation of the organometallic species 8 in Scheme
II by complexation, inductive, and/or resonance in-
teractions.
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TABLE XXIX. Formation of Vinyl a-Azo Carbanions and Reactions with Electrophiles

Beak, Zajdel and Reitz

yield, %
reactant base solvent temp, °C electrophile product R(R')® ref
jj\ LDA?® THF <-70 [CeH;8), T 83 (77) 113
M .
i gl
o)\rlv K 3)\1\ Sighe
R lzﬂ-?‘
R:/ LDA?® THF <-70 C¢H;COCl i 88 (84) 113
~.
{ )\Jl
9, v
> |
R% 1o /‘Q LDA®? THF <-70 (CH,3);CCOCl 72 (95) 113
*\.NJj\
|
He OH o)\w C—CilHay
.7
LDA® THF <-70 CH,CHO it 77 113
I I o
AN
52NN N CH—CH,
LDA® THF <-70 C,H;CHO i 76 113
H\N)j]\C-H
o)\rl‘ (IH—CZHE
2R
LDA® THF <-70 HCO,C.H; 3 66° (73) 113
”\,\Jj\
|
o)\w CHp0h
Im‘)
LDA® THF <-70 A S 26 113
~
N
)\J]\
¢ T (CH,1,0H
RIRL
LDA? THF <-70 (CeH),CO o 74 (87) 113
H\NJ]\CH
‘}\T l«:eww
RIR'S
LDA? THF <-70 (CHy),CO o 19 (88) 113
q\"‘/uj\(w
o)\ N (l‘(CHS)Z
L
LDA? THF <-70 & 30 (85) 113
H
Sy ] on
0)'\%4
VL(P i
CaHgn sec-BuLi THF —42 DO CaHg-n 85 122
QL. QL
N H ‘ D
(CHyhCO~" i=° CHy Lo~ =0
sec-BuLi THF -42 (CH,)3SiCl CaHgn 85 122
Q0
‘ S!(CH3)3
CHylC0” «=0
sec-BuLi THF —42 CH;l C4Hg 72 122

EHaco-" =0
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yield, %
reactant base solvent temp, °C electrophile product R(R)® ref
sec-BuLi THF -42 CaMy 89 122
CHz0—C—0CH,
| ]
C0OCH,
CHgyco”
sec-BuLi THF -42 i CaHs 70 122
CHy—C—C
| ] ﬁ
T —CH,
CHy 50”0
sec-BuLi THF —42 CH,;SSCH; CaHgon 83 122
||
SCH,
pa
-<I:(<:H3)3
5“3& COzCH3 LDA THF -100 n-C;H,CHO CHso\:/wZCHs 56 114
i I on
CHy,N  H (CHgN  EH—C3Hy-n
LDA THF -100 C¢H;CHO C"'so\ /Cozc"'s 64 114
o
Hon
{CHy,N \(IZH—CSHS
LDA THF -100 CH;CH=CHCHO CHac\ /COzCHs 60 114
¢
| OH
{CHa),N \i»cc»-c:c»-cc»-c3
CH3S  CO.CHs LDA THF -100 n-C;H,CHO CH3S  $0aCHs 72 114
\/ N
! I oy
(CHS)ZN/\-t (CHS)ZN/ CHCgH 7

¢ Deprotection was accomplished by treatment with 50% aqueous CF;CO,H at ambient temperature. >2.5 equiv was used. °After re-

duction with NaBH,.

Stereochemical investigations of nitrosoamine car-
banions have been useful in defining the nature of the
anions, and these results have been reviewed.52
Careful investigation by Fraser et al. has established
that w-delocalization is the dominant factor in stabi-
lizing the anion of N-nitroso-6,7-dihydro-1,11-di-
methyl-5H-dibenz[c,e]azepine which is formed by the
stereoselective removal of the syn-axial proton. Fraser’s
work ruled out dipole stabilization or metal ion com-
plexation as dominant contributors to the transition
state for carbanion formation.

For the lithiation of amides, syn substitution, dem-
onstrated for the conversion of 193 to 194 in Scheme
XLI has been taken to indicate complexation plays a
major role in the reaction.>8115116 Infrared observation
of the lithiation of 193 in a stopped-flow spectrometer
recently has revealed the existence of a complex 195 in
equilibrium with 193 which is converted to 196, the
precursor for the syn deuterated product 194. A pos-
sible mechanism for lithiation is conversion of 195 to
196 directly but alternatives exist and more information
will be required to decide the mechanism. The direct
observation of 195 provides evidence for the importance
of complexation by lithium in the sequence.

Evidence for dipole stabilization by the amide comes
for the equatorial substitution noted for the conversion

of 21 to 23 and the bridgehead substitution of 48. This
result is taken to imply that lithiation and substitution
occur via an sp® hybridized intermediate. It should be
noted that the species illustrated for purposes of this
review as carbanions are probably aggregated organo-
lithium species with a carbon-lithium bond. Both
complexation and dipole stabilization of the o’-amido
organolithium species are supported by calculations.®
Recently Bach et al. have carried out calculations which
explain the orthogonal stereochemistry of these species
in terms of 4-electron HOMO-HOMO repulsions of the
alternative orbitally parallel = species.!'” Reactions of
the a-lithiated species from N,N-dialkylformamides has
been discussed in terms of the importance of solvent
dissociating from the lithium in a complex.118

VI. Summary

The present review summarizes 5 years of progress
in the development of methodology to effect elaboration
of amines via o metalloorganic amine synthetic equiv-
alents. The conversion of 1 to 5 via 6 in Scheme I is
now feasible for a wide variety of amines. This new
strategy provides approaches to amine elaboration
which frequently is more efficient than the classical
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TABLE XXX. Formation of o-Lithiated N-Alkylpyrazoles and Reactions with Electrophiles

reactarnt base temp, °C solvent electrophile product yield, % ref
CHy n-BuLi -78 THF D,0 CH3 99 127
7\ /N
CHS/Q{\ CHy N
L, buo
n-Buli -78 THF CH,l s 52 127
]\
N
i»czcu3
n-BuLi -78 THF p-CH;3;CeH,COCI Ha 92 127
J \
"
CHZ—C—©\
CHs
n-BulLi -78 THF CeH;COCl FHs 22 127
s
CHy 0
<I:H2—LI-©
n-BuLi -78 THF CgH;COCl M3 85 127
(excess) ﬂ
CHy N7

n-BuLi -78 THF m-CHyC¢H,CHO FHa 84 127
? / \
CH
ST -
HZ—CH—-©/
n-BuLi -78 THF ﬁ s 78 127
CHy—C—Cefs /[\<
CHy” N N TH
bt
by
n-BuLi -78 THF (CgH5)2CO fHa 80 127
]\

n-BuLi -78 THF 0 CH3 65 127
@
CHy

CHs t-BuLi -78 THF p-CH;3CH,CO,CH; FH3 22 127

{/ \} n-BuLi -718—=0 THF C¢H;CHO T"‘ 57 127

n-BuLi -78 =0 THF p-CH;3;C.H,CHO ?H 68 127
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TABLE XXX (Continued)

reactant base temp, °C solvent electrophile product yield, % ref
n-BuLi -78 THF p-CH,CgH,CO,CH, @—T—@ 21 127
Ly b,
Hs
t-BuLi -78 THF -CH,;C,H,CO,CH 21 127
Q\\ 1 D 3\gllg 2 3 N@_Iﬂ _@
iH?CH3 szcw3 ltHZCH3
3
\ n-BuLi -78 — 23 THF CO,, H* R 35 127
B e AN
iHECEHs i“zcsHs
n-BuLi -78 THF CO,, Ht @\ 32 127
A
b—cgr
"
n-BuLi -78 THF p-CH4CH,CO,CH;, @ 29 127
iH——c,ﬁs
i=0
:3“3
n-BuLi -178 THF —Cl C\ 42 127
N
iu—cf,»—cs
Hs il"z
i“s
n-BuLi -78 THF p-CH,CgH,COCl I\ 73 127
v ! / )N
g OM
#H—(IZ—(I:H—CSHs
CeHg
CHy
n-BuLi -78 THF p-CH;C¢H,CHO @ 54 127
<I:|»4—<:‘.,>-|5
iH—OH
i;-!
n-Buli -8 THF CeH;COCH, a 62 127
L
H—CgHs
Ho—li—crg
6Hs
n-BuLi -8 THF (CeHy):CO \/_\// \ 85 127
%M—csw5
HO—CiCeHs)z

routes shown in the first two entries in Scheme I. In VII. Addendum

many cases combinations of two of these general stra-

tegies provides exceptionally useful methodology (See After the submission of this review a number of
Addendum). ‘ pertinent articles which amplify and significantly ex-
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tend earlier reports appeared. Those reports are
presented in this addendum, classified by activating
group, and the new information is included in the Ta-
bles.

Amides. The tetrahydroisoquinoline nucleus con-
tinues to attract attention.

A full report on the 2-pivaloyltetrahydroisoquinoline
39a, including a summary and perspective on the
methodology, has appeared.!’® The nucleophilicity of

N\C/C(CH3)3 N\R
crs” e |
8 £
198, R = CH,C(CH,)
197 199.R=H >

40a is notable as is the fact substitutions can be carried
out sequentially at the 1-position. In the case of methyl
iodide as the electrophile the amide 197 is provided in
two steps. Cleavage of the pivalamide group however,
is difficult, requiring strongly reducing conditions and
providing the neopentyl derivative 198 in addition to
the secondary amines 199.

Further work on heteroaromatic amides has ap-
peared.!®® Thus 200 can be formed by reaction of LDA
with the corresponding imidazolene; it reacts with the
usual electrophiles to give substituted products in
60-85% yields. The corresponding 1-ethyl compound
undergoes metalation on the aromatic ring. The dian-
ions 201, 202, and 203 have also been reported.!2°
CHg

CeHs /CeHs

)Y

CeHE™ L CeHS™ L
200 201
0w Lt 0" it
\FN ~
H
N/&o ©i’;"‘(\rcs 5
)\ . 0 Li
CgHs Li
203
202

Carbamates. The use of derivatives of the carba-
mate 74 for the synthesis of Al?-pyrrolizidine alkaloids
has been reported and is shown in Scheme XLII.1%
Reaction of the readily available pyrrole derivative 204
with 2 equiv of lithium tetramethylpiperidide followed
by alkylation, cleavage of the carbonate group, and
spontaneous cyclization gives supinidine (205) in good
yield. This approach again demonstrates the value of
a bifunctional electrophile in ring formation at carbon
and nitrogen of an a-lithio amine synthetic equivalent.

A recent case of carbamate activation of a vinyl
position has been provided by Comins for 1,4-di-
hydropyridine systems.!?? The latter is obtained by
addition of n-butylmagnesium chloride in the presence
of copper iodide to the 1-(phenoxycarbonyl)pyridinium
chloride 206 as shown in Scheme XLIII. Treatment
of 207 with sec-butyl lithium and electrophiles provide
208 which can be oxidized to the pyridine 209. An
interesting feature of this system is removal of a vinyl
hydrogen even in the presence of a benzylic proton; thus
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210 is provided from the corresponding 1,4-dihydro-
pyridine.

Phosphonamides. The phsophonamide tetra-
hydroisoquinoline 87b is readily available although
somewhat less nucleophilic than the corresponding
pivalamide 39a. The advantage of the phosphonamide
system lies in its ready hydrolysis to provide the sub-
stituted tetrahydroisoquinoline in high yield.!??

Nitrosoamines. An approach to the preparation of
a primary «o-lithio amine synthetic equivalent has been
provided by Saavedra and is illustrated in Scheme
XLIV.!2 Thus the a-(nitrosoamino)alkyl ether 211,
prepared from methylamine and acetaldehyde, metha-
nol, and nitrous acid, can be metalated, allowed to react
with an electrophile, and hydrolyzed to the substituted
primary amine 212. The approach should be readily
extendable to more highly substituted amines.

Formamidines. The details of the enantioselective
syntheses using the «’-lithio tetrahydroisoquinoline
formamidine 144 which is optically active and its de-
rivatives have been reported.!?* Improved procedures
for the preparation of the formamidines and alkylations
which provide enantiomeric excesses greater than 90%
from 144 are notable. The use of enantiomeric form-
amidines in asymmetric induction is illustrated by the
use of (S)- and (R)-valinol derivatives to provide the
(5)-148 and (R)-148 as shown in Scheme XLV.

In other work Meyers and Fuentes have observed
that deuteration of 144a gives 213-d, which in subse-
quent lithiation followed by reaction with methyl iodide
gives (S)-148 containing only 10% deuterium.!?> A
reasonable explanation of these results is that the di-
pole-stabilized species 144a has association of the ni-
trogen and oxygen of the formamidine groups with a
pseudoequatorial lithium. The important role of lith-
ium ion is suggested by the observation that if meta-
lation is carried out with potassium diisopropylamide
the product is obtained with less than 10% ee.

A full report on the use of formamidines for synthesis
of a-lithio amine synthetic equivalents of unactivated
cyclic systems has been given.!?® The tert-butylform-
amidines have proved useful for the formation of 214,
215, 216, with sec-butyl- or tert-butyllithium and the
subsequent alkylation to 217, 218, and 219, respectively,
can be achieved in good yields under appropriate con-
ditions as shown in the Tables. Cleavage to free the

214,Y=H 215, Y=H. 216,Y=H
217,Y=R 218, Y=R 219,Y-=-R
ClCHgy
cZHS/TONCHZ)scH3 CH3£Tj\(CH2)2CH3 CH(C;D‘CHE,
H ; H
220 221 222

substituted amine with hydrazine and acetic acid is an
especially mild procedure, although reductive and base



a-Metallo Amine Synthetic Equivalents

SCHEME XLV

CO, =00
NW 3 NHz;‘:;.' HOAC \H
r\l Ho0Si(CHz)3 CH3

r (R)148

(R)-213 ee 88%

CO.—CO
" Il
Nj:cr4203i(cr43)3

LDA (S)213
N LDA
(2) CHaL
{3) NH,NH,, HOAC
52% ee 80%
(1) CHaI
T2) NH Wy, HOAC
ee 532'/. \H
/ll [RAN] || H 3
,,,, (S)-148
0
(CHglst”
144a
CH300

sot

ICHZOSKCH 33

213-d,

procedures are also available. Alkylation of 214, 215,
and 216 occurs in good yields if the lithiation is followed
by addition of pentynylcopper prior to reaction with the
alkyl halide. Alternatively, alkylation of 214 and 216
can be achieved in the presence of hexamethyl phos-
phorous triamide (HMPA). In the absence of penty-
nylcopper or HMPA, oxidation occurs with 214, 215,
and 216. The authors suggest for 215 that it involves
formation of an axial carbon-lithium bond which pro-
motes electron transfer. In the piperidine case sub-
stitution of the 4-position with tert-butyl or benzhydryl
groups provides an o-lithio intermediate which un-
dergoes alkylation with methyl iodide without the
pentynylcopper or HMPA.

Disubstitution of the amines has also been achieved
by Meyers’ group. Thus 214, 215, and a 4-tert-butyl-
piperidine derivative have been converted in a two-step
procedure to 220, 221, and 222, respectively. The amine
220, a fire ant venom, is obtained as a 60:40 mixture,
while 221 is a 1:1 mixture of cis and trans isomers. The
product 222 on the other hand is only the cis,cis isomer
consistent with the equatorial assignment to the or-
ganolithium intermediate.

The formamidine activating group is also useful in
systems which possess additional activation for depro-
tonation. Thus the tetrahydropyridine derivative 223,
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the thiazole 224, and thiazene 225 derivatives are readily
lithiated by n-butyllithium and react with electrophiles
to give 226, 227, and 228, respectively. Electrophilic

O@E&Ei

+

223,Y=H 226 224,Y=H

227, Y=E

225,Y=H
228,Y=E

substitution of the organolithium from 223 occurs
mainly at the 4-position and the products can be re-
duced and cleaved to 4-substituted piperidines. Thus
this methodology can be used for synthesis of 2- and
4-substituted piperidines. The thiazoles and thiazenes
behave normally on electrophilic substitution and, as
the authors note, may prove to be useful in antibiotic
syntheses.

Systems which are formally vinylogous formamidines,
the pyrazoles 229 and 230 are reported to undergo
lithiation with n-butyllithium at —78 °C to give 231 and
232, respectively,!?’ and are presented in Table XXX.

CH3
W !
CHs N7 N
RCHY CHR
229, R=H,Y=H 233, R = C,H,
230,R=CH, Y=H 234, R=H
231,R=H,Y=Li 235, R = Li

232,R=CH,, Y=1Li

The apparent kinetic acidity of this position, instead
of lithiation on the methyl at the 3-position, is notable.
The pyrazole 233 undergoes initial metalation at the
benzyl group at —78 °C and electrophilic substitutions
are possible; however, that species rearranges to the
5-lithio derivative on warming. The 1-methylpyrazole
(234) gives a mixture of 235 and the 5-lithio derivative
on treatment with n-butyllithium.
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