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1. Introduction

Reactions allowing the introduction of a substituent at an amino-substituted carbon atom are of great
importance for the synthesis of many nitrogen-containing compounds of biological significance, including
inter-alia alkaloids and amino acids. Such substitutions can occur via three different types of intermediates: (i)

iminium ions,' (i) amino-substituted radicals” and (iii) amino-substituted carbanions.” Each of these routes

has been extensively investigated. a-Amino-substituted carbanions can be classified as stabilized and non-

7]

stabilized. Tsunoda ef al.® defined stabilized o-aminocarbanions as including all of those with any stabilizing
group (including viny! or phenyl) on the anionic carbon or on the nitrogen atom (e.g. acyl group), restricting

non-stabilized o-aminocarbanions to those containing solely alkyl or aralkyl groups. Our definition follows

however, we believe that a.-aminocarbanions with solely a phenyl group connected to the nitrogen, should be
viewed as non-stabilized.

Stabilized o-aminocarbanions are well known in synthetic organic chemistry and have been thoroughly
studied.>*’ By contrast, non-stabilized a-aminocarbanions have received much less attention, and only a few
brief summaries of them are scattered in the comprehensive overviews which deal in detail with their stabilized

710 (see however, ref.'"). Recent progress in the generation of non-stabilized a-aminocarbanions

counterparts
and their transformations have prompted us to compile a review on this topic which wiil hopefully stimulate
further work on the use of non-stabilized a-aminocarbanions.

We restrict this report to non-stabilized a-aminocarbanions as defined above. We also exclude
carbanions in which the nitrogen belongs to any functional group other than amino (e.g. nitro,"? is;ocy’:amide13

and isothjocyanatem) or to a heterocyclic ring.

Up until the present, the use of non-stabilized oi-aminocarbanions in organic synthesis has been limited,

mainly du which have been
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to the lack of ap

amount (5%) of a-deuterated dimethyldodecylamine (3) when amine 1, together with

dimethyldodecylphosphine (2), was treated with ¢-butyllithium in pentane for 4 days at 25 °C followed by

.:th\ls
.
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MeN(CH;)11CHz + MeP(CH)1iCHy ——— ———» CHa(CHa)q{NZ M_e. _+  CHa(CH)44PZ
"CH,D “CHRD

250C, 4 days
3, 5% 4,51%

N,N-dimethylaniline (5), i-iodobutane and n-butyiiithium in hexane. Their follow-up work revealed

considerable carbanionic character at the a-position of the tertiary amine in the reaction transition state, but no

evidence was found for an g-metallated species 1719
- /Me - e e
\ / N\ + n-C4Hgli + n-Bul ——» <_/\_N + n-C4Hyg + n-CgHyg
Me 7 \Me.
5 6, 33%

Smith studied the lithiation by »n-BuLi or s-BuLi of N-methylpyrrolidine, N-methylpiperidine,

triethylamine and trimethylamine in refluxing hexane.* Almost all of the BuLi was consumed in 0.5-6 h but

in most cases only low yields of well-defined products from the lithiated amines were obtained, apparently due

to the low stability of the intermediates. However, further reactions of lithiated trimethylamine (7) with

iodopropane or benzaldehyde gave the corresponding products 8 in 32% and 49% yields, respectively.

mBuliorsBuli . Prl_» Me,NCH,CHoCH,CH;  8a, 32%
MesN | MepNCHaLi| T
hexane, reflux - T~
f PhCHO™ Me,NCH,CH(OH)Ph  Bb, 49%

5h

In 1984, Ahlbrecht and Dollinger reported direct observation of an a-metalated amino species, by using

super base s-BuLi/+-BuOK.”' Thus, N-methylpiperidine (9) was deprotonated at the methyl group and

o1 A3 tlaxr] + 1 g
piperidinomethylpotassium (1
7

with octyl bromide or carbonyl compounds to give N-nonylpiperidine (11) or B-hydroxy amines 12 in

moderate to good yields.

O s-BuLi/t-BuOK n-CgHy7Br O
e

y ~ y
CHy CHoM CHox(CH2},CH3
9 10a M =K 1, 70%
10bM=L ~_
|
¢ N
N\ OH
O -,
N’\,OH N
Ph
i2b, 50%

12a, 73%
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Lithiation at the «-methyl position of polyamines is comparatively easier. N,N,N’ N'-

alkyllithium (RLi) in deprotonation reactions, is reported to be lithiated when the n-BulLi-TMEDA complex 13
is left to stand in heptane at room temperature.” Peterson also isolated an 18% yield of N,N,N -trimethyl-N’-

e, ;¥ Me
N< Me;SiCl I _
nCeHoli, |+ MegSi —— — > Me3SiCH,SiMe; + Mo N _-SiMe;
p i
Me
"Me 36% 14, 18%
Smith systematically studied tertiary amine-organolithium complexes.”® He found that TMEDA 15 can
be lithiated completely within 1-3 h by #-BuLi or s-BuLi at 50 °C in hexane, and in 14 hby t-BuLiat 36 °C

(refluxing pentane). No lithiation of TMEDA at the methylene carbons was observed. The use of s-BuLi in

ethyi-1,3-butanediamine and

triethylenediamine, but not for N N’-dimethyl-1,4-piperazine or N,N,N’,N’-tetramethylmethylenediamine,
Lithiated TMEDA 16 is reasonably stable in hexane at 35 °C (losing 0.52% of contained active material per

daxl\ and reacte with arcanie halidec ar carhanvl caomnninnde ta farm thae avnactad smradncte fo o 16 _y 17
J J I IvalS Wl Ulgdaint Haiuls Ul LairuUnny i VUTTTPUUIHUS W IULHTTT ulC CAPULICU pioGuli> (\e.8. 10 — 1/ 10l
30-50% yields
| A |
BuLi N -
~ /A\/N\ > & \‘ B ™~ N/\\/’N“\//\-/\
—_——— ~
N hexan i
| ; eﬂ a ie N—" hexane, 0 °C I
15 efluxing / 30 min 17, 49%

| n-BuLiit-BuOK
v

' i
~ NG —» SN+ N
llq/\l,/ ' K NY
' 19 20

Kéhler er al® found that the regioselectivity of the metallation of TMEDA 15 could be altered by
changing the conditions: -BuLi attacks preferentially a methyl group whereas #-BuLi/--BuOK deprotonates a

dimethylvinylamine (19) and amide 20. Harder and Lutz obtained the X-ray structure of a crystalline mixture
of dilithiated 2-methyl-6-z-butylphenol, methyl-lithiated TMEDA and unreacted TMEDA.” Despite the
instability of BuLi/TMEDA/hexane, this reagent can still be used as a powerful deprotonation reagent for the
weak organic C-H acids. For example, benzene was lithiated in a hot benzene solution of n-BuLi/TMEDA to
give, after trapping the phenyllithium intermediate, the expected products in high yield.”*

N,N,N’,N’’ N "’-Pentamethyldiethylenetriamine (PMDTA, 21) was deprotonated easily at the N-methyl

groups by butyllithiums.*® The extent of lithiation at the terminal and central N-methyls depends on the nature
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and amount of the lithium reagent used. Generally, terminal N-methyl is preferentially lithiated by -, s-, and -

butyllithiums when only one equivalent of reagent was used {¢f 21 — 22 — 24). The lithiation of other tri- 26
and tetra-amines 27, 28 were also reported z
NN NN
_ | | J N—Li . | | ) N—E
/ \ /N t-Buli E
/IIJ I IN\ — + 22 — + 24ab
' ! ! 1 equiv >80% yieid — —
o LN N GLC) NN N
1 /N N N Al 4 ] N N
A A
23 U 25a,b
24, 25a E = Me3Sn, 50%, 24/25 = 98/2
b E = PhCH(OH), 72%, 24/25 = 98/2
\
| \ N—
N /
/ \ Py / a s ~ P _'!I, A~ L 26‘28
( ) 26 : —N NSNS a X =CHs
NGNS \ ! X b X = CHyli
— X 27 N-X 28

Zb. Lithiation by Proton Abstraction of Amine-Lewis Acid Complexes
Due to the difficulties and limitations of their preparation by direct lithiation for simple amines,
alternative methods to synthesis non-stabilized o-aminocarbanions have been developed over the past three

_____ ~ == g £2 Ao POV . P W . PR

decades. One protocol, first reported by Kessar ef al,” involves deprotonation of a preformed amine-Lewis

2

acid complex. 129 Thys, -methylpiperidine was treated with boron trifluoride etherate to form amine-Lewis

acid complex 29, which can be deprotonated readily at low temperature. The resulting carbanion 30 reacted

diamines 34 in good yields.23 When no N-methyl group is present, ring deprotonation was observed in the
g g

2

cases of N-ethylpyrrolidine (35a) and N-ethylpiperidine (35b), quinuclidine and DABCO,” as shown by the
formation of 36a,b.

— - nt = n2=p a
=CHCO,CHg | NG R1=R2=Ph, 70%
227 _PhCN |PhCOEt R R2=-(CHp)s-, 68%

/~ N\ i /\ 9 /\ 7\
( N-CHz—C—CH=CH;  (  N-CH,—C—Ph K N_CHZ}CH-ph <\—JN——CH2—CH2-N\_’)

N’ | S— ) W 4

"~

P

0,
323, 69% ggb, 50% 33’ 72% 34". 65%
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H Ph
I . o
Y BFyEt,0 sBuli  PhcoPh  HO=C—Ph
N-CH-CH3 = 36a,n=1,85%
k”" QN-CHZ—CH;; 36b,n =2, 48%
35an= N
bn=2

™TT \ o~

Later, Simpkins and coworkers found that borane (BH,) could be used instead of BF, to form benzyl
amine-Lewis acid complexes.”® This methodology was applied to simple aziridines later.”' In this case, the

electrophile-incorporated amine-borane intermediate 39 can be isolated and the aziridine boranes can be

cleaved by boiling ethanol.
Li R
e w/-n
/ - s-Buli \ /- \/_H
N=BH; T +N-BH; 65-95%  *N—BHa
(CH,),0TBS (CH,),0TBS (CHp),OTBS
37 38 (major) 39 (maior)

R =D, Me, SiMe3, SnBuj;

2c. Lithiation by Lithium-Metal Exchange

In the 1970’s
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more stable than (V-methyl-N-phenylamino)methyllithium.

L
R n ?:L'-T"Ir? C R PhCHO R\kl LY /LI IV
N—CH28n(C4'—lg‘n)3 N_CHle .......50_0_(?. R.Il‘l_\/rlzbr“un)l""
R" 4 -Sn(CeHgnls R’ 41 42, 70-80%
R=R'=Me |t 18h
iy DhCHN
R' Rl = -(CH2)5— * "l FEiNasl NS
R =Me, R' = Ph Me
R=R'=Ph 'N—CH,CH(OH)Ph
Mé

This transmetallation protocol has become the method of choice for many synthetic applications, due to
its facile and site-specific generation of the required non-stabilized o-aminocarbanions. Many routes have been
reported for the synthesis of ao-aminomethyltin reagents 43, such as (i) the reaction between amines with

halomethylorganostannanes (44);*** (ii) reactions of Bu,SnM (M = Li, MgCl) with R,NCH,SR’ (45),>**¢

- an

R,NCH,OR’ (46),"” iminium salts 47" or R,NCH,Bt (48) (Bt = benzotriazol-1-yl and/or benzotriazol-2-yl);***

and (iii) reductions of the corresponding tin-substituted amides 49*' or imines 50.” However, this method
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method from the tin reagent has its own disadvantages: difficulties in starting material synthesis, byproduct

Ru.Sn ¢

Buson separation, th

6,43

secondary non-stabilized a-aminocarbanions ™™ or tertiary carbanions.

R R, R® R, R3
N—CH,—SPh CHB N—CH-OR
R R 48 R 46
45 ™\ BusSnLi '
\ |BU33nU / .
Bu3SnMgCi
\-‘ V /
3 R
R CICH,SnBu, (44) Ry R (H] N
NH - N—CH-SnBu; <—— |
R2 Rz’ 43 R SnBusy
BL@S!’%’ TA!H;J, T 50
R . r3 ” _R2 Q
R2 N=C“R4 il ':“)\S"B'u's
47 49 SnBuj

2d. Metal-Sulfoxide Exchange

Yamakawa and co-workers reported44 the preparation of metalated aziridines 52a,b by a metal exchange
reaction involving the displacement of the sulfinyl group from sulfinylaziridines 51. They found the lithiated
aziridine 52a cannot survive the reaction conditions and forms protonated aziridine 53 immediately, but the

aziridine Grignard reagent 52b was relatively stable and can be trapped by D,0 and acetaldehyde to give 54.

gh Ph Ph
N . N N
Mel.i or
Me,, P — ———»  Me, Ph Me,, Ph
y N EtMgBr y . y :
TolS, H ] H H H
e 0,0, 52aM=Li \CHiCHO 53
51 2 / 52b M = MgBr\ Ph
o ¥ N
/N\ Me, / \ Ph
Me, / \.Ph 7\
/T \ 54a, 94% Me—<{ H  54b, 85%
D H OH
Y Dadwenttera fMNacwranma
&C. IN\CUULLvYT \,lCﬁVdgC

Reductive decyanation of a-aminonitriles has been known for long time and o-aminocarbanions are

considered to be the transient intennediates;“’“’ however, the reactive intermediate had only been captured
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with water, until 1988 when Zeller and Grierson reported their ring closure reaction of a-aminonitriles (e.g.

\/',,/N\/CN ma——b N~—— '/N\/ + ~— ‘/ \[
U THF, t, 70% U .
55 56a 56b

o-Aminosulfides (e.g. 57, 59, 62) were demonstrated to be the useful precursors for the generation of a-
amino-primary,* -secondary® and -tertiary®*’ carbanions by selective C-S bond scission. Lithium naphthalenide
(LN) or lithium 4,4’-di-t-butylbiphenylide (LDBB) were used as the reducing reagents, and the reactive a-
aminocarbanions (e.g. 60, 63) were trapped in situ by alkenes in intramolecular cyclizations to give 58*° and

intermolecularly by the usual electrophiles, such as aldehydes, ketones, MeOD and Bu,SnCl to give 61 and
64.6“3‘;

A )
/\/\/\(-—J/ LN (3 equiv) /\/\/\(j/
_—_——
NN ,N/\cnh THF.Q0°C. 15h ~ /N
v V w11 ¥ b ¥ V N
57 58, 56%, cis/trans = 6/1
[ ) LiDBB [ C j ] R3CHO C )
N @ ———— N —— N
- 3
R‘/}\SPh I RV? | RVj\/R
R2 l R 60] Rz L, 61
59 61a R! = iPr, R2 = H, R3 = p-MeOCgHa, 79%
bR'=tBu, R2=H, R3=tBu, 71%
cR'=Et, R2=H, R3=t-Bu, 71%
d R1, R2 = -(CHy)s-, R3 = p-MeOCgHs, 65%
SLi S
@ S_Me LiDBB [ = Me ] EY AN 2
~ —_— /V'LI i
NN e THR00C | SN e K)\Nxém
Me | Me Me Me
62 63 64
E* = MeOD, E =D, 59%:; E* = PhCHO, E = PhCH(OH), 52%
T anamiles mrie memsim khoe davalamed o mews wentannl 4 Cmsmnn s i L1 1 s 500 1
Kecen[ly, our group nas G Vclﬂpﬁu d Icw pr tOCOI 10 10111 1071=-51dDINZCA (L-dITNoC4drodiiolls, DdsCU

on selective C-N bond scission’ of N-C-Bt reagents. Either lithium metal or samarium diiodide can be used

for the reduction, and these reagents complement each other to provide a general route to various types of a-

PR, I o 4 i sanAtad Tii crds: wxsad] t
aminocaroanions o0d, wniCn reaci€a Iin siu wiin KEor

n
hydroxyamines (e.g. 66) and amino acid derivatives (e.g. 67), respectively.
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il\)
Q\
Qo
[
N
n

cyclohexanaone

=3 .
BteL N 2seT [ R' ] (iLier,-780C

VAR
VAN

— K N\
r R? |~ MNre) N
65 , Me Ph
a8 |i—PrCHC\gPrNCO 66a, 40%
Sevan dlﬂc’ﬁrent I Smi,, 0 0C mly s
pes use
T~ Me O Me
L LA
N Me N
Ph” \)\r Me ":" Ph
Me aw nnos
ssb, 70% 0/, 000

o-Tosylmethylamines 68 were recently shown to be good precursors for some non-stabilized a-

. . , 52 _ .
aminocarbanions. Yus and co-workers™ employed a large excess of lithium as the reductant with

fro P R VP ] 3 AN X7

naphthalene as catalyst (68 — 69, Method A). We found that samarium diiodide can work under milder
conditions: reactions between ketones and a-tosylmethylamines 68 then generally gave excellent yields (80-

98%) of P-hydroxyamines 69.> A s

O/ pPrayGiVayal Fa S

ccessful two-step procedure suggested that the reaction involved an a-
amino organosamarium intermediate 7i. Moreover, dicarbanion equivalents can be formally generated using

our method (cf. 73 — 74).%

RICOR2 PR OH
» ,L. |l 51 A:R=Meonly,
A:Li, CygHg cat., -78°C  R™ ~"N\op  25:54%, 6 examples
B: Smiy/THF-HMPA, 0 oC 69 B: 41-91%, 8 exampies
CD;0D Ph
PN s50,Tol . > IN-CHoD 70, 75%
R Smip/THF-HMPA Et’ '
68
R=EtorMeorH
Smi; o I- Ph\m/\ommn-] PhCHO_ E’h (l)H
———eee N O |  ——ee—
THP-HMPA IL Bt J 45% Et’N\/\ph
71 72a
Me Me OH
1
- N <O, - in % ~ Al ]_,IZG
(Y"\/V"’ bml2(4 equiv)/ THF-HMPA OH I [ "\/\E'-‘
| > ] ! t
TolSO _A\FH 3-pentanone, 54% EW
73 et 74

Ito et al. published an interesting approach for the generation of non-stabilized a:-amino organosamarium

reagents 78 by treatment of a tertiary amine 75, bearing a pendant o-iodobenzyl group at the nitrogen atom,

with Sml,; The reaction proceeds by the formation of a radical center followed by a second electron
transfer from Smi,/tetrahydopyran (THP)-HMPA to the intermediate radical 77 forming the key intermediate

a-amino organosamarium 78, which can be reacted with various electrophiles to furnish new carbon-carbon

W
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LAYy

bonds.> Acyclic and a variety of cyclic amines could be used in this process, according to their report;s‘"55
nweousr Ranth ot 4] fanmd that anlv I_nantanana can be used as thc electrnnk le and indicotad that cavzan  anmd
LU VWO VUL, DUV € (i, 1UUMIIU Wiar Ullly JEpulilaliuiiv Caii PLUIC dllu HIUILAlCU Uldl SCVEll A3}
eight-membered ring cyclic amines substrates gave low yields of products.”®
2 R2
Rt H [ R RiL R 1 R2
R‘\N)’| smhy | RNG? 15Hshit RN smiy 1 EY r o
— . —_— —» RS —_— N~ TE
PN § N Sml;
p PN % ) 67-93% Bn
| T ) Bn | "
X L N~ L] 1 79
75 76 77 E* = EtCOEt, n-PrNCO, RNC, MeOD, efc.

The first a,a’-dilithiated amine 81 was reported by Peterson and Ward.*® The tin compound 80 was

transmetalated and the resulting dianion reacted easily with chloromethylsilane to produce bis(N-

e ; v
N A BuLi, THF _ . MesSiCl o]
bU3bnvabﬂBU3 _———_’-65 oC. 5 min Li N _-LI 65 °C to 1t
80 81 82, 52% 97%
Karsch reported a doubly lithiated diamine and identified the structure as 84 by clemental analysis and
further reactions.”’ Compound 84 is a white and highly pyrophoric solid, it reacted with D,O and with

chlorosilanes to produce di-deuterated or -silylated products 85, respectively.”’

Me Me 2 tBuLi ~ Me Me D,0 Me Me
N_ _N —_— Li_ N N L — » D _N_ _N, D
Me” ™" “Me hexane N~ ~o T
83 rt, 60% . 84 Me,SiCly 85a
2 Me3SiCl
43% & N Me\N/\N,Me
Me Me L‘S"J
| | . | ©,
M \ 85c¢c, 63%
Me;Sin_N._N._-SiMes M Me
REh

Strohmann and Abele also described an example of a dilithiated nonstabilized (lithiomethyl)amine 87
from reductive cleavage of bis(a-thioamine) 86.%

\

/\ 4 LiC1oHg ™\ 4 Me3SiCl N N
PhSCH,—N  N—CHySPh ——— LiCH;—N  N—CHpli ——— MegSiCH—N  N—CH,SiMe;
/ N/ - 2 Me3SiSPh

86 87 88, 55%



Our attempts®® to transform 89a into a formal dicarbanion using Sml, gave a mixture of the expected
product 90, from dicarbanion intermediate, and 91a. Byproduct 91a obviously came from one C-N(Ph) bond

cleavage of the starting 89a due to the presence of two C-N bonds.” When bis(a-sulphonyamine) 89b was used

instead of 89a, its reaction with 3-pentanone in the presence of Sml,/THF-HMPA yielded 24% bis(c-amino

Ph Ph OH
! A-C
X\/N\/\N/\X R Et\|/\N/\/N\A\ + Et\l/\N/\/N
Ph OH Ph OH Ph
89a X =Bt 90 _
8%b X = SO,Tol Na R=H

91b R=M
A: 89a, 3-pentanone, Smio/THF-HMPA, 0 °C ©

B: 89b, 3-pentanone, Smly/THF-HMPA, 0 °C
C: 89b, 3-pentanone, Smi/THP-HMPA, -20 °C

The structure and stability of non-stabilized a-aminocarbanions have been studied by a number of

different approaches, such as theoretical calculations, NMR, X-ray crystallography, and chemical
transformations
3a. Calculations

Computational calculations have employed the simplest a-aminocarbanion LiCH,NH, for the structure

study and stability comparison with the parent molecule CH,NH,.*>* First Schleyer and coworkers used the

relatively small basis set MP2/6-31G(d)//3-21G.**® Boche et al. later recalculated with the blgger basis sets
MP2/6-311 + + G(d,p)//MP2/6-311 + + G(d,p) + ZPE %2 These calculations all

211 LD, 111C8C u 1 T 1 veTy 1Lal Uils,

more stable than the next most stable isomer 92b, in which the Li-N bond is broken. The results show that the
bond lengths of C-N in LiCHZNH2 of all isomers 92a-d are longer than the corresponding C-N in CH,NH,. The

i

aic Aty £Q N Lanl/oanl ood 4ot e
a 1S 1avOI€d 0y Jo.U KCal/iniol, aia tnat sucn dimerization

Li Li i
192,97\ 190.9 2039 | .-fH HE ',"1846 b 2190 1778 H\ H
,.C—N-. ,-C=—N “C—N.. - C—Li—N- c—nN-h
H' 4 yes s\ H H / 1508 152.7 \ H H™ TH H"jCA,nl\f
H L o gte H H 140.9

, 92d, 65.4 (71.3)
92a, 0.0 92b, 13.7 (14.3) 92¢, 15.0 (18.1)
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*.* H H
c2153
o — I~ [ PP gy L) P,
-58.0 kcal/moi 155.9 I 2L Caicuiated reiative energies
292a H\ 227. / (kcal/mol) and bond lengths
fﬂ;‘;:l-'\ (pm) from ref.62 and ref.60
| |' [92a], (in parentheses)
H H

i H A

Pross et al.®' emphasized that LiCH,NH, shows a small stabilization (3.3-5.6 kcal/mol, depending on

the basis set used) compared to CH;NH,, due to the g-accepting nature of NH, group. They also predicted the

3b. NMR Spectra

Klumpp et al. found that N-lithiomethyl-N,N’ N’ N’’-tetramethyldiethylenetriamine (22) is a rare
monomeric alkyllithium in hydrocarbon solvents,”* presumably due to steric hindrance of aggregation and to
intramolecular Li-N coordination. At low temperature (ca. -78 °C), the monomer has two different forms, as its

SLi, 'H and "*C NMR show two sets of peaks for CH,Li: &;; 1.75 and 1.35 ppm; 8, 1.63, 1.19, 0.67, and 0.30

2y o

(al1 A 10 A T and €10 ard 820 (hnth ¢ 17T
{all 4, "Jyy = 10.4 HZ); and o¢ 51.U anag 52.9 {

~tt & — 12 Q 1T,
VUL L, JOofj 10.7

nZz ) At uisuei't
two sets of peaks coalesce and the °C-°Li couplings vanish at 2 °C.%

'H and "’C NMR were also used to study the structure of non-stabilized o-aminocarbanions from simple
amines.” The chemical shifis (8 and ) of the carbanion carbon and its proton are listed in the Table.
Interestingly, these carbanions 'H chemical shifts are located upfield and the BC chemical shifts downfield

from the corresponding amines.

Table. The chemical shifts of the carbanion carbon and its proton

of a few non-stabilized a-aminocarbanions

Compound Sy &
Me,NCH,Li 0.94 57.0
(CH,)sNCH,Li 0.98 55.9
Ph,NCH,Li-THF 2.59 46.1
{[Li(OEt,),Ni(CH,NMe,),} 1.32 61.4
{[Li(OEt,)],Ni[CH,N(CH,)s]4} 1.39 59.0

“ All NMR measured in THF-dg solvent and from ref.”’; Chemical
shifts in ppm.
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3c. X-ray Crystallography
trimnn havra lhane easeda o tnmen cbaleilioad A Arninna .65
A few X-ray structures have been reported for non-stabilized g-aminocarbanions. 5 A simplified X-ray
structures is presented below for Me,NCH(Li)Ph-Et,0.”“™ The calculated structure corresponds exactly to a

dimer along the C-Li bonds.*

H
| Fh e /
Li ~Me A simplified X-ray structure of
Me\ / l / Me,;NCH(Li)Ph-Et20 (a dimer)
u\ | /

N
Me Et20 l!l Ph

3,67
The contlguratlonal stabi ll[y of non-stabilized a.-aminocarbanions has been mvesugatea Lnong and

co-workers™ found that acyclic a-aminocarbanions (e.g. from 93) with a chelating methoxyethyl group are

atures (-90 °C). Gawley and Zhang®”®

demonstrated that unchelated cyclic a-aminocarbanions 94 as 2-lithio-N-methylpiperidines and pyrrolidines

are configurationally stable for 45 min at -40 °C in the presence of TMEDA. They attribute this exceptional

4. Synthetic Applications

Non-stabilized a-aminocarbanions have obvious application in the synthesis of $-hydroxyamines (e.g. 8,

12, 31, 42) and B-amino acids and their derivatives (e.g. 67),” 503354 a5 already demonstrated in Section 2. The
synthesis of a few specially interesting B-hydroxy amines, such as the alkaloids macromerine 95a and stovaine

95b are shown.”’ Alkaloids 95a,b were prepared from a-aminocarbanions generated by transmetalation.

i) 3,4-(MeO),CgH3CHO ""e”>=\ OH

ii) 2 N HCi .
n-BuLi/THF / MeOM_CH CHzNMe,
- ‘ 95a, 95%

BusSn—CH,—NMe, 5 [LiCHz—NMez]
L J

40a 41a i)PhCOCT~—a. /=—\ 0 Ve
iii) 2 N HCl (\\ / C—0—C—CHNMe;
CaoHs

95b, 83%



meups,48,70-72 1

hough i Broka and Shen explained
their results on the basis of a postulated [2,3]-rearrangement (96 — 97),* but Murata and Nakai concluded that
is a [1,2]-shift reaction, according to that only [1,2]-shifted product 100 and reduction product 101 were

i 1 AT A 10 -1 Y 1
obtained from aminosulfide 99." Coldham observed both the [1,2]-rearrangement from 102b and 2,31

H
l/SPh LN (5 equiv) o _ e
nCrths” N+ N
N THF,00°C,2h n-C7H1s =
~ \//\ ’ 1
n-CrHis = 97 98
96
_SPh H Me
66%
/I\E Me —> n-C7H15/NMMe + ﬁC7H15/NWMe
n-Crs”™ X 00101 = 41 _
99 100, [1,2]-shifted product 101, reduction product
.Ph |/Ph
/;\/vi ’//\(NVX
|
1022 X = QnMns
o s = oniie 103a X = SnMe3
bX=Li bX=Lj
More recently Gawley et al. clarified the rearrangement of N-allyl-2-lithiopyrrolidine 105.™ By using

regioselectively deuterated substrates 104a,b, they found the rearrangement involves both [1,2]- and [2,3]-
mechanisms [104a/104b (7:1) — 107a/107b (4.3:1)], but only the [1,2]-rearrangment was observed for 104c,
due to steric factors. These results suggest that [2,3]-rearrangement cannot be ruled out in Broka and Shen’s

eaction,” and that steric influences are important in the aza-Wittig rearrangement of non-stabilized -

aminocarbanions.

{/‘w ! | /M

/\‘ » l
R | RIi . i
LR SN RR \:/NLu _, | a-Npcoci \_-Nconp

‘ ;o l —_—l : n= - RZ
R2 -~ R — —_—
SnBua\Q( Li L‘/ RR‘7\/<R2 R‘g\//\Rz
R2 L R2 J =
104 105 106 107
104,105 R'=D,Re=H 106,107aR3=D,R4=H

bR'=H,R2=D bR3=H R4=D
cR'=H,R2=Me cR3=H,R*=Me
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Y5

By contrast to intermolecular cyclization, intramolecular cyclization reactions of non-stabilized o-

173’74 N Aan_ctalal aTITI A S Te o 1N nnd
1. U 114U AUJU ailu

110b, generated from transmetalation, cyclize to form the azetidine 109 and pyrrolidine 111, respo:ctively.7=

The trimethylstannyl group was reincorporated into the cyclized products. Noteably high stereoselectivity was

observed, as only the trans-azetidine 109 was isolated. Further studies showed that the cyclization reactions
depend on the reaction solvent and temperature 7
Ph [ Ph 1
r MeLi l ( N\ l Mean/\_.l
N SnMeg. —— | AN — D Ph l_—> l——N Ph
| Tk we | v
103a 103b 108 109
35 ingle trans isomer
_Ph /~SnMeg g
' — [ )
‘%/\V/N\ X A

0,
110a X = SnMe3 \pp, 111, 54%

bY=1li ﬁ 0.4 equiv MeLi
[N *—/

MAT 1

A second electrophile can be introduced in a one-pot two-step procedure (110a — 112 — 113).>* The

ation process was proven to be stereospecific: a single diastereomer of pyrrolidine alkaloid (+)-

anionic cyclization {

pseudoheliotriadane 115a was obtained with full stereochemical control. ** Other derivatives of

o

pseudoheliotridane were similarly prepared in high optical purity (114 — 115),

[ A~ ]

n-BuLi l /—S I E*

X N _-SnMe: — — 113
AN N 3 hexane/Etzo l N J \—— 58-90%
110a (10:1) pp 112 Ph o
E* = Me4Sn, PhCHQO, CH>=CHCHO, CH>=CHCH2Br, PhoCO etc.
E Me
~SnBuz n-BuLi E* W N

, = —
N hexane/Et20 NN/ NN
i) 145
115a, 87% yield
= MeOH, CD30D, Me3SiCl, PhCHO, Ph ,CO  94% ee

pose

As already discussed in Section 3d, many unstabilized a-aminocarbanions are configurationally stabie,
and their reactions with some electrophiles give products with retention of steoreochemistry at the anionic

carbon (eg. 93 — 116;* 94 —> 118 *’). However, all attempts to use these chiral lithium compounds to induce

diastereoselectivity proved to be unsuccessfui (94 — 119,
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LRy

A P K,nfrlf7lf\r
, V.44

Mesn™~-CCs () BuLi; (i) co, (9) Mew "~ OCHs
n-CsHyr” “SnBus (iii) LAH n—C5H11/kCH20H 116
93, 94% ee -85 oC, 10 min, 95% vyield, 94% ee
-85 0C, 180 min, 48% yield, 90% ee
r\ﬁ ) CO, (g) or (Me0),CO n LAH )n
NIV NMe — ——>» ~NMe
\rc \r then MTPA-CI g
Li CO.R CH,OMTPA
DhOHAN e e i
94, n=0,1 o 117, R=H, Me 118, 93-99 ee%
" Yh
L NMe
I 119, 1/1 diastereomers
HO” “Ph
PN LN PN ReHg. '
N~ “CHOMe N~ “CH20Me N\)
) ) OH
BuaSn Li” CH2OMe
120 121 122

50/50 to 64/36 diastereomers

A known GABA uptake inhibitor 123 was easily prepared in four steps from commercially available 4-

bromobut-1-ene.”®

Ph COEt COz
r _rBuli _HeLeM
Y N _-SnM Ny
NN SNMES hexane/EtZO N N
110a (10:1) CO.Et H H 123,71%
tnen CICO,EtL 68%

The synthesis of substituted aziridines (e.g. 54, 126, 128) were reported from unstabiiized

aziridinylmetals (52, 125).44’77 The intermediates 125 and 52 were prepared from Li-Sn exchange and

alkylmetals desulﬁny]ation,44

7Q .
~0

1 wrara o T A
8 WEIT SYLUIUSILOU.

respectively. By using optically active sulfoxides 127, optically active aziridines

CPhy [ CPhy ] CPhs
N . N R N
/\ B | N\ | _E _ /\
A\ | A\ | A\
R SnBu, [ R Li J R E
124 125 126

E* (E) = MeOH (H), D20 (D), PhCHO (PhCHOH),
CICO,Et (CO,Et), C5Clg (Cl)
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(-)-128 [of -159.5°
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25
o (+)129 [o]2 +194.8°

The use of a-aminocarbanion from polyamines in the synthesis of allylic 132 and homoallylic alcohols

134, from epoxides 130 and oxetanes 133, has been reported.™

R3 [
o
130
H‘-,{)\Rz -
1

! R

We found” that substituted oxazolidines

SN N “R?
N N

/
o \LR' Ri=
2 134b, R

2 1 oK
Lo H
[ " Ri
131 R J AN A _TNHO/
oL, G~ /70

Me, R2 = CHOMe, 80%
= R2 = Et, 10%

134a, R!

~f AT AL

IS B V4 S ) TP B L ¢
(130) <Cdll De picpdicu  11ulll Uiv LCdLuuub 01 iv,iv-

bis(benzotriazolylmethyl)amines 135a,b or N,N-bis(tosylmethyl)benzylamine 135¢ with carbonyl compounds,

in the presence of SmL/THF-HMPA. Apparently, compounds 136a-c were formed from the reaction of an

unstabilized -aminocarbanion intermediate with ketones followed by intramolecular cyclization.

R Smiy/THF-HMPA < r
core T UK
X _N._X + RICOR e r-N R2 136
1352 R=PhCH,, X =Bt 135a to 136a R = PhCH,, R1 = R2 = Et, 47% GC/MS
135b R=Ph, X = Bt e b e o or e 02 -t R (e
135¢ R= PhCH2 X = 502T0| 13D W0 T900 K=FN, R = R*= I:t, 30% GC/MsS
’ 135¢ to 136a R = PhCH,, R = R2 = Et, 90% isolated

135¢c to 136¢ R = PhCHp, R1, RZ =

-(CHy)s-, 43% isolated

Many other unstabilized o-aminometals 137 have been synthesized by transmetallation between lithium

B2
3

and trasitional metal halides.**’

an
el

BuLi 1 MXa
BusSNCHoNR; ——» [RzNCHzLI] ' LimaM(CH2NR2)m

40 41

137a Li{Co[CHaN(CHa)sla} -2THF
¢ Liz{Cr2[CH2N(CH2)s]e}
e Lio{Fe[CH2N(CH2)s]4} -2 dioxane

g Liz{Ni[CH2N(CH2)s]4} -2 ether

137

b Li 2{Cr[CHaN(CH2)s5l4} -2THF
d Li 2{Fe[CH2N(CH2)s]4} -2THF

f Lio{Mn[CH2N(CH2)s]4} -2 dioxane
h V[CH 2N(CHz2)s]4
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5. Summary

a-Aminocarbanions are important synthetic intermediates in modern organic synthesis. Duc to the

difficult generation of the non-stabilized o-aminocarbanions, stabilized a-aminocarbanions have been

could be saved by using non-stabilized o-aminocarbanions for the same process. This report discussed

important recent progress in the generation of the non-stabilized a-aminocarbanions, and will hopefully

reactivities of non-stabilized a-aminocarbanions were also presented.
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