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ABSTRACT: The catalytic use of a sodium amide has
been exploited for formal allylic C(sp®)-H bond activa-
tion of alkenes under mild conditions. Subsequent C—-C
bond formations with imines have proceeded in high
yields with complete regio- and excellent geometric se-
lectivities. Aromatic cyano, chloro, and bromo function-
alities have proved to be tolerated by the transition metal-
free catalyst. Complex amines bearing a C=C double
bond and distinct heteroaromatic units have been pre-
pared in a single step. The critical importance of sodium
vs. other s-, p-, d-, and f-block metals as well as metal-
free systems has been revealed. In addition, two catalyt-
ically active sodium-based intermediates were detected
by NMR and HRMS analyses.

The past decades have witnessed tremendous ad-
vances in organic chemistry through the development of
catalytic C—H bond activation.! Typically, transition
metal catalysts have been used to activate both C(sp?)-H?
and C(sp*)-H? bonds. In the context of allylic C(sp*)-H
bond activation of alkenes, White et al. reported in 2004
a ligated palladium(Il) acetate catalyst to generate an
electrophilic allyl-Pd intermediate, which underwent C—
O bond formation with a suitable nucleophile Nu (Scheme
la—i);* this transformation relies on a stoichiometric
amount of benzoquinone as an oxidant serving also as a
n-acceptor ligand. To date, this oxidative C—H bond acti-
vation has been exploited for C-N> and C—C® bond for-
mations, respectively, including asymmetric catalysis
(Scheme 1a—i). Palladium-free methods include the use
of first-row transition metal catalysts in the presence of a
stoichiometric oxidant.”

Generally, electrophilic allyl-Pd species may un-
dergo reductive umpolung to generate a nucleophilic al-
lyl-M intermediate,® but this strategy is precluded for ox-
idative C—H bond activation. Typically, only metalated
or metalloid allyl substrates were shown to serve as suit-
able precursors to nucleophilic allyl-Pd species (Scheme
la—ii). In 1996, Yamamoto et al. have activated an allyl

stannane to form the corresponding Pd intermediate for
nucleophilic addition to a suitable electrophile £.° This
methodology relies on the use of an anionic and/or elec-
tron-rich o-donor ligand.! Recently, this concept has
been extended to the use of silicon'' and boron'? pro-nu-
cleophiles, respectively (Scheme 1a—ii). In the context of
using imine electrophiles,'® alternative Pd-free catalysis
has been exploited as well."* To the best of our
knowledge, however, the generation of a nucleophilic al-
lyl-M species through catalytic C—H bond activation has
not been achieved yet.

Scheme 1. Background and concept.
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In our program exploiting non-precious metal—
base catalysts for formal C—H bond activation, we have
become interested in the activation of challenging pro-nu-
cleophiles, such as terminal alkenes, in view of subse-
quent bond formations (Scheme 1b). Judging from the
reported pKa, value of 34 for the allylic hydrogen (R =
Ph),!*> we anticipated that a metal z=Lewis acid may be
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required to acidify the hydrogen for deprotonation by an
amide Bronsted base (B = NR»). In this scenario, a nu-
cleophilic allyl-M species would be generated directly
via formal C—H bond activation (Scheme 1b). This inter-
mediate may undergo C—C bond formation with a suitable
electrophile £ (e.g. imine) to form another metal amide
(product base), which may account for turnover of the cat-
alytically active allyl-M species. A selective transfor-
mation of this type was expected to be challenging be-
cause the allyl intermediate may undergo metallotropic
rearrangement and y- or a-selective C—C bond formation
thus potentially leading to product mixtures (Scheme 1b).
We report here the catalytic use of a sodium amide for
formal C(sp®)-H bond activation of alkenes in view of C—
C bond formations with imines.

In initial experiments, allyl benzene (1a) and
benzaldehyde-derived PMP-protected imine 2a were
used as substrates in the presence of a metal amide (10
mol%) at 25 °C (Table 1). The use of commercially avail-
able lithium amides in dioxane failed to mediate a C—C
bond formation (entries 1-3). When the reaction was car-
ried out in a more Lewis basic solvent, THF, linear adduct
3aa was obtained in up to 56% yield (£:Z =>49:1; entry
1); while regioisomer 3’aa was not detected, internal al-
kene 1’a was observed as a side-product in up to 13%
yield (£:Z =>99:1; entry 1). When sodium hexamethyl-
disilazide was used in dioxane, the intended product 3aa
was formed in 98% yield (£:Z = 99:1), alongside a trace
of 1’a (entry 4); the yield of 3aa significantly decreased
in THF (entry 4). A screening has revealed that various
other etheral solvents and N-phenyl-protected imines
were compatible with the sodium amide catalyst (see SI).
Interestingly, when the stronger potassium base was used
the yield of product 3aa dropped to 23% (entry 5). We
also examined a range of other commercially available or
easily accessible metal hexamethyldisilazides (entries 6—
9). Alkaline earth and p-block metal amides have proved
to be unreactive in dioxane or THF (Mg, Ca, Sr, Sn; entry
6). Furthermore, d- and f-block metal amides failed to
give 3aa (Cu, Ag, Zn, Ce, Eu, Gd; entries 7-9). Similarly,
the use of alkali metal hydrides —as stronger bases— has
proved to be ineffective (entry 10). On the other hand,
methyl lithium was shown to trigger a C—C bond for-
mation; product 3aa and side-product 1’a were formed in
up to 59% and 20% yields, respectively (entry 11). It is
noted that the loading of the most effective mediator,
NaN(SiMes),, was decreased to 5 mol% without loss of
activity (entry 12). In this context, the unique ability of
sodium and NaN(SiMes), was confirmed through further
catalysis control experiments and inductively coupled
plasma (ICP) trace element/metal analysis (see SI). In
addition, a robustness screening has revealed that several
important functionalities were tolerated (see SI). Finally,
the critical importance of a metal ion per se was demon-
strated by using various strong organobases; product 3aa
was not obtained under metal-free conditions (see SI).

Our study has revealed several remarkable fea-
tures of this main group metal Bronsted base ‘catalysis’:
(1) the connectivity of the alkene and the electronic de-
mand of the imine are clearly distinct from the imino-ene
reaction,'® which relies on transition metal Lewis acid ca-
talysis; (2) the catalytic activation of the alkene with a Na
amide stands in sharp contrast to the super-stoichiometric
use of a Li amide for Pd-catalyzed cross-coupling, which
also proceeded with opposite regioselectivity;'” (3) while
Na is among the most abundant and cheap metals,'® only
sporadic examples for the catalytic use of a Na amide
have been reported in C—C bond formation;'® (4) the ob-
tained ‘negative’ data (Table 1, entries 6-9) contrast the
Brensted base catalysis with s-, d-, and f-block metal am-
ides in organic synthesis,?® and stress the challenging
character of this Na amide-triggered alkene—imine cross-
coupling. The fact that Na has proved to be superior to
other metals, including Li and K, may be ascribed to fa-
vorable values?! of electronegativity, formal charge, and
ionic radius, all of which should influence both metal
Lewis acidity and amide Brensted basicity.??

Table 1. Metal-base screening.?

H H
M-base Ph N
H (10 mol%) F,h\/N\PMP N CPMP H
_— + +
Ph)\/ solvent PR X Ph NF PR X
1a 25°C,21h 3aa 3'aa 1a
(1.1 equiv) N PMP E:Z=>49:1 not observed E:Z=>99:1
)]\ 2a PMP = 4-methoxyphenyl
Ph H TMP = 2,2,6,6-tetramethylpiperidyl

— = - _— o
entry M-base in dioxane: yield? [%] in THF: yield? [%]

3aa/1'a 3aa/1'a
1 LiNPr, NR 56/13
2 LiTMP NR 32/2
3 LiN(SiMe3), NR 42/4
4bc NaN(SiMes), 98/5 40/0
5 KN(SiMes), 23 /44 0/37
6 MIN(SiMes)l» NR NR
M = Mg, Ca, Sr, Sn
7 MN(SiMeg), NR -
M = Cu, Ag
8 Zn[N(SiMeg),], NR -
9 MIN(SiMes),l3 NR -
M = Ce, Eu, Gd
10 MH NR NR
M = Li, Na, K [50 mol%)]
119 LiMe 14/2 59/20
128f NaN(SiMes), [5 mol%)] 99/5 -

2 Yields are "H NMR yields determined with an aliquot vs. Bn,O as internal standard. ° The use

of other etheral solvents gave 3aa in 14-87% yields (see Sl). ¢ A screening of N-protecting groups
revealed that N-Ph-protected imines are reactive as well (see Sl). ¢ Nucleophilic methyl addition
to the C=N double bond of 2a was not detected. ¢ A robustness screening confirmed that various
important functionalities were tolerated by the sodium amide catalyst (see Sl). /Metal-free strong
organobases have proved to be ineffective (see Sl).

Next, the imine scope was examined for the Na
amide-triggered C—C bond formation using alkene 1a
(Scheme 2). Various electron-poor aromatic imines were
successfully converted to cross-coupled products in 50—
99% yields (E:Z = >49:1; 3ab—ai). Aromatic rings with
0-, m-, and p-substitution and sensitive functional groups
—such as cyano, chloro, and bromo— were tolerated by the
transition metal-free catalyst. Likewise, the use of elec-
tron-rich aromatic imines gave the corresponding prod-
ucts in 73-98% yields (E:Z = >24:1; 3aj—ao). Addition-
ally, a variety of heterocyclic imines were shown to be
excellent substrates (80-90% yields, E:Z = >99:1; 3ap-
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ar). Moreover, a tertiary aliphatic imine —derived from
pivaldehyde— reacted smoothly to give product 3as in
87% yield (E:Z = 49:1).

Scheme 2. Scope of imines.

H
_PG R._N.
H J‘\ NaN(SiMeg), (10 mol%) Y PG
+ -
Ph)\/ R™H dioxane, 25 °C, 18-20 h Ph X"
1a 2a-s 3aa-3as
(1-1.15 equiv)
X X
Ph._N. N. N.
~ PG PMP PMP
Ph " Ph " Ph "
3aa: PG = PMP 3ac: X = CFy 3ae: X=F"
91% yield, £:Z=99:1 81% yield, £:7 = 99:1 99% yield, £:Z = 49:1
3ab: PG = Ph 3ad: X = CN” 3af: X = Cl

96% yield, E:Z=49:1

B
Qi
N.
PMP
Ph "

al
90% yield, E:Z = 49:1

X
S8
N-pmp

Ph "
3al: X = OMe”
73% yield, E:Z=99:1
3am: X = NMe,®
90% yield, E:Z = 49:1

Me

N o
N-pmp

Ph X"
a f

50% vyield, E:Z=>99:1

O\/H
Br N\PMP

Ph X"

3ai
96% yield, E:Z = 49:1

N H
LN
2 Y

Ph "

3an: 1-naphthyl
98% yield, E:Z=24:1

3ao: 2-naphthyl
87% yield, E:Z=24:1

/S H
N.
= PMP
Ph X"

3ar?

80% yield, E:Z = 49:1
3ag: X =Br
85% yield, E:Z=99:1

Mei\ | \N
Ph "

3aj: 4-Me

92% yield, E:Z=32:1
3ak: 2-Me

80% yield, E:Z=99:1

S

N.

= PMP
Ph "

3ap
80% yield, E:Z =>99:1
H

Bu N-pyp

Ph X"
3as’

3aq
80% yield, E:Z=99:1 90% yield, E:Z=99:1 87% yield, E:Z=49:1

2 Al yields are isolated yields after preparative thin-layer chromatography (PTLC). © Use of 3 equiv
of 1a. ¢ Reaction conducted at 40 °C. 9 Use of 1.8 equiv of 1a (successive addition). € Use of 2.5
equiv of 1a (successive addition). Use of 2 equiv of 1a (successive addition). 9 Reaction
conducted with 1.5 equiv of 1a at 60 °C for 72 h.

In addition, the scope of alkenes was examined
(Scheme 3). Variously substituted allyl benzenes 1b—e
were shown to react smoothly to give the corresponding
products in 77-99% yields (E:Z = >24:1; 3ba—ea). Fur-
thermore, 3-allyl pyridine (1f) has proved to be an excel-
lent pro-nucleophile to give, with a variety of imines,
cross-coupled products in 66-80% yields (£:Z =>19:1).
Complex amines bearing a C=C double bond and two
electron-poor N-heterocycles (3ft), or both electron-poor
and electron-rich heteroaromatic units (3fu, 3fv), were
formed in a single step.

Finally, we investigated the reaction mechanism
(Scheme 4). Allyl-Na species 4 was not detectable in the
reaction between alkene 1a and NaN(SiMes), under vari-
ous conditions (Scheme 4-i); instead, a mixture of iso-
mers 1a and 1°a was observed, which may be ascribed to
the high reactivity of 4 in the presence of a proton source
[HN(SiMes)2]. However, when la was reacted with
NaO'Bu/BulLi (1.1 equiv) in THF-dg at —20 °C, a single
resonance at —5.3 ppm was detected in 2*Na NMR spec-
troscopy, which is consistent with a Na—C species
(Scheme 4—ii; see SI).2> Together with "H/'*C NMR and
HRMS data, this intermediate was assigned to be the 77°-
coordinated (E)-phenylallyl-Na nucleophile 4 (see SI).
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Species 4 underwent C—C bond formation with imine 2a
(10 equiv) to generate the Na—N product base 5 as de-
tected in *Na (+4.9 ppm) and 'H/"*C NMR spectroscopy
(Scheme 4-ii; see SI).2* Species 5 proved to be catalyti-
cally active; when 1a (10 equiv) was added to the mix-
ture, product 3aa was formed in 98% yield (E:Z = 49:1)
based on 2a (Scheme 4-ii). Likewise, species 4 and
NaO'Bu/BuLi were shown to catalyze the reaction be-
tween la and 2a to give 3aa in 95% and 91% yields, re-
spectively (E:Z = 49:1; Scheme 4—iii).>> These results are
consistent with the data obtained for the catalytic use of
NaN(SiMes) (cf. Table 1, entry 4), and suggest that spe-
cies 4 and 5 are critical intermediates in the developed
sodium amide catalysis.

Scheme 3. Scope of alkenes.

H
PG R'_N.
H )'\L NaN(SiMej), (10 mol%) Y OUpa
. .
R)\/ R H dioxane, 25 °C, 20 h R
1a—f 2a-v 3aa-3fv
(1-2 equiv)

©\/H

N-pwp :
X

Z 91%

“Ph
Xt - 3aa: X =H X
yield, £:Z=99:1 (j/\/
-
3ba: X =4-F 3ca: X = 4-Me N

99% yield, E:Z=49:1 99% yield, E:Z=99:1

3da: X = 2-Me 3ea: X = 4-OMe”
85% yield, E:Z=49:1 77% yield, E:Z =241

UVH /=0 H /=S H
X N-pmp 5 Nopn Nepp
3f 3tv

3fb
66% yield, E:Z=99:1

\

XX XX XX
| | L
N N N

3ft u
75% yield, E:Z=32:1 80% yield, E:Z=19:1 73% yield, E:Z=32:1

2 All yields are isolated yields after preparative thin-layer chromatography (PTLC). ? Reaction
conducted at 40 °C.

Scheme 4. Mechanistic experiments.

[i] NaO™Bu (1.1 equiv)
H BulLi (1.1 equiv) Na
)\/ /\\‘//
Ph THF-dg, 20 °C, 4 h Ph 23Na NMR: —5.3 ppm
1a to rt (within 16 h) 4: nucleophile
o >95% conv PMP
N dioxane/THF-dg (5:1)
' NaN(SiMe3), ' >95% conv Ph)J\H 25°C,1h
i 1a X 4 : 2a (10 equiv)
; NaN(SiMeg), ! Na ] 328
I | 1a o/ \si
 3aa +> 5. ! X 98% yield
. YRS ; Ph Npyp| (10equv) | E:z="49:1
A 25°C,8h +
2Na NMR: +4.9 ppm {1 |Ph™ > 1a
5: product base 6% yield
- E:Z=>99:1
3aa : 3aa
95% yield | 91% vyield %
1a Ez249:1 | | |Ezza91 | NaOBu(i0mo%) 1a
4 (10 mol%) H BuLi (10 mol%)
+ — + ! + -—————  +
dioxane/ 1'a ! 1'a dioxane/
22 THF-dg (5:1) 10%yield |  5%yield THF-dg (5:1) 2a
25°C, 18 h E:Z=>99:1 E:Z=>99:1 25°C, 18 h

In conclusion, we have developed a sodium am-
ide-triggered formal C(sp®)-H bond activation of alkenes
under mild conditions, which was exploited for atom-eco-
nomic C—C bond formations with imines proceeding in
high yields with complete regio- and excellent geometric
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selectivities. Aromatic cyano, chloro, and bromo func-
tionalities have proved to be tolerated by the transition
metal-free catalyst. The critical importance of sodium vs.
other s-, p-, d-, and f-block metals as well as metal-free
systems has been demonstrated. Two novel catalytically
active sodium-based intermediates were detected, which
sheds light on the reaction mechanism. This methodol-
ogy is a rare example for the catalytic use of a sodium
amide in C—C bond formation,' and should impact the
fields of organic synthesis, main group metal chemistry,
and earth-abundant'® metal catalysis.
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(MegSi)oN
------ N-PG generation of nucleophilic allyl-Na species

H ( e
/ H—4 via formal catalytic C(sp®)—H bond activation
1 4
R )Q/ . ’ RI

- — transition metal-free method

11 pK; ~ 34 [R = Ph] — 27 examples

12 — complete regioselectivity

13 R = Ar, 3-py - E:Z=19:1 ~>99:1

14 R'= Ar, HetAr, Bu; PG = PMP, Ph — detection of novel Na intermediates
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Scheme 1. Background and concept.

(1a) Previous work:

Palladium-catalyzed C(sp®)-H bond vs. C(sp®-X bond activation

Nu hd X=H X R=H hd
<~ R/\¥// R)\/ R/\¥// """
+
electrophilic nucleophilic
allyl palladium species Pd(l) allyl palladium species
catalyst

R= stoichiometric oxidant | catalytic o-donor ligand | E =

c=Y

Ar, alkyl (m-acceptor ligand)

O  White 2004 C
N White 2009 v
Cc White 2008, Shi 2008 ! 5
Trost 2013 i !
Gong 2014 | ,

Yamamoto 1996

Szabo 2003

Jarvo 2007

Yamamoto 2004

Jarvo 2008

(1b) This work:

Nucleophilic allyl main group metal species via formal C(sp®-H bond activation

conjugate

acid

product base

B = TTTIIIIII .

M l Mo

H (,' M E ' E H

Y A - ! :

R pZ F{/\/ v | R/\/ E

pK, ~ 34 [R = Ph] H T 5

o - ' i

B = Bronsted base M SN M‘E '

M = metal Lewis acid E ! ,

R = Ar, HetAr R/\/ '"'Y"" :R/\/ i

Nu = nucleophile nucleophiic
E = electrophile allyl metal species
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1
2
3
4 Table 1. Metal-base screening.”
o H H
6 M-base

Ph N Ph N.
7 H (10 mol%) N "PMP Y UPMP H
8 + +
9 Ph)\/ solvent Ph X" ph N7 Ph N
10 1a 25°C, 21 h 3aa 3'aa 1'a
11 (1.1 equiv) _PMP E:Z=>49:1 not observed E:Z=>99:1
ig J\L 2a PMP = 4-methoxyphenyl
12 Ph H TMP = 2,2,6,6-tetramethylpiperidyl
15 P ; . .

in dioxane: yield? [%] in THF: yield? [%]

i? entry M-base 3aa/1'a 3aa/1'a
ig 1 LiNPr, NR 56 /13
20 2 LiTMP NR 32/2
21 3 LiN(SiMe3)» NR 42 /4
5;2; 4bc NaN(SiMes), 98/5 40/0
o 5 KN(SiMe3), 23 /44 0/37
25 6 MIN(SiMes)s]» NR NR
26 M = Mg, Ca, Sr, Sn
27 7 MN(SiMe3)» NR -
28 M = Cu, Ag
gg 8 Zn[N(SiMeg) ], NR -
31 9 MI[N(SiMej3),l3 NR -
33 10 MH NR NR
34 M = Li, Na, K [50 mol%]
35 119 LiMe 14/2 59 /20
g? 12/ NaN(SiMes), [5 mol%] 99 /5 -
38 2 Yields are "H NMR yields determined with an aliquot vs. Bn,O as internal standard. ° The use
39 of other etheral solvents gave 3aa in 14-87% vyields (see Sl). ¢ A screening of N-protecting groups
40 revealed that N-Ph-protected imines are reactive as well (see Sl). ¢ Nucleophilic methyl addition
41 to the C=N double bond of 2a was not detected. € A robustness screening confirmed that various
42 important functionalities were tolerated by the sodium amide catalyst (see Sl). fMetal-free strong
ji organobases have proved to be ineffective (see Sl).
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
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Scheme 2. Scope of imines.

©CoO~NOUTA,WNPE

H
_PG R. _N.
H JNL NaN(SiMeg), (10 mol%) Y PG
+
Ph)\/ R” H dioxane, 25 °C, 18-20 h Ph" X"
1a 2a-s 3aa-3as
(1-1.15 equiv)
X X
H TR
Ph_ _N. N. N.
~ PG PMP PMP
3aa: PG = PMP 3ac: X = CFg 3ae: X=F'
91% yield, £:Z = 99:1 81% yield, £:Z = 99:1 99% yield, E:Z = 49:1
3ab: PG = Ph 3ad: X = CN” 3af: X = Cl
96% yield, E:Z = 49:1 50% yield, E:Z = >99:1 80% yield, E:Z = 49:1
Br 3ag: X =Br
@;H QH 85% yield, E:.Z = 99:1
N. N.
PMP Br PMP Mol | H
N.
Ph " Ph " N PMP
3ah 3ai P X"
90% yield, E:Z = 49:1 96% yield, E:Z = 49:1
:_Baj: 4-Me
X H S 92% vield, E:Z = 32:1
N | J N 3ak: 2-Me
“PMP >N PMP

Ph "
3al: X = OMe’
73% yield, E:Z = 99:1
3am: X = NMe,®
90% yield, E:Z = 49:1
Me
N H

N.
PMP

Ph X"

3aqf
80% vyield, E:Z = 99:1

Ph" X"
3an: 1-naphthyl
98% vyield, E:Z =241

3ao: 2-naphthyl
87% yield, E:.Z = 24:1

% S H
— N

“PMP

Ph X"
3ar’

90% yield, E:Z=99:1

80% vyield, E:Z=99:1

— N.
PMP

Ph™ "
3ap
80% yield, E:Z =>99:1
H

Bu N-pyp

Ph X"

3asf
87% vyield, E:Z = 49:1

a All yields are isolated yields after preparative thin-layer chromatography (PTLC). © Use of 3 equiv
of 1a. © Reaction conducted at 40 °C. 9 Use of 1.8 equiv of 1a (successive addition). € Use of 2.5
equiv of 1a (successive addition). Use of 2 equiv of 1a (successive addition). 9 Reaction

conducted with 1.5 equiv of 1a at 60 °C for 72 h.
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Scheme 3. Scope of alkenes.

H
PG R' N.
H )NL NaN(SiMeg), (10 mol9%) Y OUPG
+
R)\/ R "H dioxane, 25 °C, 20 h R
1a—f 2a-v 3aa-3fv

(1-2 equiv)

oW
N‘PMP QVE‘Ph
X—G/\/ 3aa: X=H X
= 91% vyield, E:Z=99:1 Ej/\/
N

3ba: X = 4-F 3ca: X =4-Me
99% yield, £:Z=49:1  99% yield, E:Z = 99:1 ath
3da: X = 2-Me 3ea: X = 4-OMe” 66% yield, E:Z = 99:1

85% vyield, E:Z=49:1 77% yield, E:.Z= 24:1

@vH />0 H /~S H
X N-pmp =S Nepy =SNopp
N X N X N X

® ® S

N

N N

3ft 3fu 3fv
75% vyield, E:Z = 32:1 80% yield, E:Z=19:1 73% vyield, E:Z £32:1

a All yields are isolated yields after preparative thin-layer chromatography (PTLC). ? Reaction
conducted at 40 °C.
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Scheme 4. Mechanistic experiments.

[if] NaOBu (1.1 equiv)
H BuLi (1.1 equiv) Na
/I\/ /\\|//
Ph THF-dB, -20 OC, 4 h Ph 23Na NMR: =5.3 ppm
1a to rt (within 16 h) 4: nucleophile
|I| >95% conv PMP
N dioxane/THF-dg (5:1)
! NaN(SiMe3), ! >95% conv Ph)kH 25°C,1h
E 1a X - 4 E 2a (10 equiv)
| NaN(SiMeg), | Na 30
! ! . 1a 98% yield
, 3aa X -5 Ph__N. (10 equiv) E.7249'1
i N . PMP _ : :
S 25°C, 8 h +
28Na NMR: +4.9 ppm {1 [Ph” 1'a
5: product base 6% yield
- - E:Z=>99:1
"""""""""""""""""" jym——
- 3aa ! 3aa
95% yield | 1 | 91% yield o
1a Ez=491 | | | Ezzag:1| NaOBu(0mol%) 1a
4 (10 mol%) : BuLi (10 mol%)
+ — + ! + +
dioxane/ 1'a ! 1'a dioxane/
22 THF-¢g (5:1) 10%yield ' 5% yield THF-dg (5:1) 2a
25°C, 18 h EZ=>99:1 ' EZ=>991 25°C, 18 h
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(Messi)zN ~
H J Na------ N-PG generation of nucleophilic allyl-Na|Species|
)Q(; H—/{ via formal €atalytie C(sp®)-H bond activation
’/ . L’ RI
R — transition metal-free [method
pK; ~ 34 [R = Ph] — 27 examples
— complete regioselectivity

10 R = Ar, 3-py - E:Z=19:1 ~>99:1
11 R'= Ar, HetAr, Bu; PG = PMP, Ph -
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