Literature Seminar (M243) 2006.10.21 Shinya Handa (M2) @

Nucleophilic Substitution & Addition
Reaction toward Olefin
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How about simple olefin ??
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+ well-know reaction: Ady-E type reaction mechanism
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@90ther examples (See below)
- Qin-san's lit. seminar (2004.11.20); hydroamination
- Fujimori-kun's seminar (2006. 7.19); diamination
- Handa's lit. seminar (2006. 7.15); oxidative amination
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1 Vinyl Substitution Reaction
1.1 Possible Mechanism

1 3 1 3
Chart Ady-E N/ N L
R! RS © Nu "
> — ( + G R? X R? Nu
R2 :'—-\, A
o [ U6_ 1F R1 R3
SNVTI: R1": _:‘\“‘ R3 >=< + X
R? X o R2 (Nu
B B - retention
- &~ .
R Nu * R (Nu
SnVo N=i—po . = + X
— - : >
R yo- R R
L C d inversion
7
Nu o™ attack S\ R ® R Nu
———— >=_ R3 [ — + X
R2 D R2 RS

Adp-E substitution & SyVr substitution

Rappoport, Z. Acc. Chem. Res. 1981, 14, 7.
Rappoport, Z. Acc. Chem. Res. 1992, 25, 474.

f

Chart 2 - _ R! R3
SEt SEt @
H)=(H ] J‘ H)=<CN RZ: EX Nu nucleofugalityT
@) o oN | . ., C H E —
] H:®=EN "'C=®;H electron
[ 3 11 negativity
| |
i
( )
SET SEt
l 44@%“ r,-c—@—a shorter lifetime of intermediate E
gmmmmm—- h Bt = = P Rl EEELEE
/ H ol H o '
LT st 4 TS 1o i - AdN_E - SNVH
: H@f Et ”\ 120% 202 oy o
Y —CN o \ “2001 : NC% H|
: e / : el '
' 7 H. _ SEt H, _ szr: 12 :
N e H— —CN NC: A R TP PR '
o \’ Due to the short lifetime, LG is kicked out
(¢ anti-periplaner ¢, J before the rotation.
5
@ -1 |t -1 iy
H):(H - =@:SET H SE1 H):(CN
Ets ON H - &N NC-:@:" s H (E) retention of configuration
! 9

1.2 S\Vr Substitution

1.2.1 Negative phenomenon for SyV, Substitution

enforced concerted mechanism

Fujita, M. and Okuyama, T. et al. J. Am. Chem. Soc. 2000, 122, 8787.

Fujita, M. and Okuyama, T. et al. J. Org. Chem. 2002, 67, 8130.

Scheme 1

I*Ph
— ~ _ROH
BF, 60 °C
H
concerted

69% ee
%elimination

+ [1,2]-shift
H —_—

Vinyl cation did not produce.

I
+  co-product H
: Ph-I : :on
OR chirality ' 8% ee
transfer o + _________________
~69% ee ;
Neither [1,2]-shift 1T Ph n o

nor B-elimination
occurred.

racemization
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1.2.2 Neighbouring Participation (SyVx Substitution)

Okuyama, T. and Ochiai, M. J. Am. Chem. Soc. 1997, 119, 4785.

Scheme 2

R H R OAc .

>—< BF, AcOH >_i + R—=— R= CgH47- : exclusively Z form

—_— - P
H Ph 50 °C o 3 - Ph-| R= Ph- E/Z = 85/15 lower reactivity
- - Discrepancy !!
Chart 3 Isotope experiment Ph Q OAc | " Considering anion stability,
SnVo >=5—D siow reaction in the case of R=Ph
| > H o bepn E Z isomer should form.
—not SyVx ?
Ph Ph H Ph OAc Neither SNVO ?
J— AcOH + —_ + —
70 °C > <
H o IPh H B OAc D OAc H D
; ;B ¢ @ b
a-D only o) Me
SgAr 0 I st
type f_ﬁ
Bu Bu
A
thiirenium ion
H D vinylenephenonium ion
F Luccihini, V. J. Org. Chem. 1982, 47, 590.
1.3 SyVo Substitution

@9 (E)-alkylvinyliodonium salt ; Ochiai, M. et al. J. Am. Chem. Soc. 1991, 113, 7059.
Ochiai, M. J. Organomet. Chem. 2000, 611, 494. (Review)

Table 1
R B}
BFy conditions R X —
\—/ + R—=
1 I*Ph 2 i
(2) exclusively alkyne only
Table I. MNucleophilic Vinylic Substitutions of (E)-Alkenyl(phenyljiodonium tetrafluoroborates 1 with n-Bu/NX®
tun reaction product, %,w'(ldﬁ
no. substrate reagent solvent time, h alkenyl halide (Z:E ratio) ya’lkyne ratiof Phl
C ] Ta n-Bu,NF CH,CN 10 — F 47 [(ELH)] 00 )
2 [T n-Bu,NCI CH,Cl, 10 2a (X = CI), 8 (100:0) 14 (85:12) 91
R=niCgHy; 18 12  n-BuNCl CH,CN 10 2a (X = CI), 91 (100:0) 9 (91:9) 99
1a n-Bu,NBr CH,CN 10 2a (X = Br), 9§ (100:0) 5 (95:5) 100
...... Sl mBuNL__ CHCN 10 2aiX=1D.88110000 [ __ 2 ______(983) _____ 9 ____
6 1b n-Bu,NCI CH,CN 1 b (X = Cl), 8¢ (100:0) 14 (86:14) 100
R=PR(CHy), b 1b  #-BuNBr CH,CN 10 b (X = Br), 94 (100:0) 3 (97:3) 100
______ 8 "1 mBuNl  CH)CN 24 Zb(X=D900000 J 1 (9% 100
g ic n-Bu,NCI CH’:CN 4% Ie (X =l d (66 34) Y 36 (18:83) o4
R ¥Ph Ie ¢ n-BuyNBr CH,CN 48 2c (X = Br), 46 {SE:!E}E 29 (61:39) 89
11 1e n-Bu NI CH,CN 48 (X =1, ‘f!l (95:5) 17 (81:19) 97
. L ;
- In the case of X= Cl, Br, I, Sy2 substitution occurred and the product \__ via vinylenephenonium ion 2?
was given with inversion of configuration. see above
- With TBAF, only terminal alkyne produced.
- Styrene derivative gave E/Z mixture due to the vinylene phenonium ion intermediate.
Scheme 3a Scheme 3b
! CgHi7 BFy CeHir X
CgHq7 CH.CI CgH47 X L : 8H17 4 CH,Cly g7 L
— _ﬂ%ﬁ_» \=< + RTH(D) ! — T, 10 h + R — H(D)
G Ph H H(D) i (D I*Ph J
BF4 : | . .
N yield yield H:D ! yield H:D yield H:D
TBAF — 86% 100:0 , TBAF - - 93% 5:95
TBAC 62%  4:96 37%  0:100 TBAC 80% 595 18% 937
Scheme 4 Mechanism of alkyne formation
N H N R "
R—— | - (b) p-elimination — J(a) (@) a-elimination - ) . [1,2]-shi > R———H~
TBAC H(b) I"Ph TBAF H

3/10



Flgur%;be

100

804

At low concentration
proportion dramatically =e-

SM A has UV absorption around
240 nm. By initial addition of X",
this absorption disappeared.

changed. l 5 t
* 40+ X
alkyne Rime ! 0+
X1k —" " 20 Generation of another spiecies n” H
olefin + . . S '
. which quickly forms with X" . |—Ph
\» o 5 10 15 ) a5 30 )I(
— relative amount of TBAC o
SN2 TS
Chart 4
H KqlX] B R I Kxp R H
— = > 3 ( PR~ >7__< > — < _Ph
H I*Ph H |\/ quite H Ar\,l Ph H N I less
less B X fast C X X reactive
reactive D
. . ks'
k¢[X] Ko[X] ko
R X A-BuyNCl n-Bu,MBr n-BugNI
>:< + Ph-l R + HX 4+ Ph-l K (MY 4,66 % 10° 116 x 10* 2.49 % 10°
H H K (M 1 16.8 217 14.6
by (M1 s 19 04
-------------------------------- X 1.1 7
ik1/kgKy = 1.4 x 109 M (for CI) prp N s PR <
: 0.5 x 103 M (for Br?) 5 5 5x10-° 810~

@(Z)—Aroyloxyvinyliodonium salt ; Ochiai, M. et al. Terahedron Lett. 2005, 46, 1863.

+ PhCO
PRCO,  I'Ph gy NX 2__ PhCO, X PhCO, | no alkyne
— i \—\ + ~__/ + _
BF,s THF, 65°C was observed.
@ 4 X 5
Table 2 6
Entt  a-Bu,NX ¥ Prodpé((yield (0))° o — Ratio
X (M) @ Q:) (6) PhI 5:6 4:(5+6)
1 cror) :— X \ 84.6 100:0 strong dependency on
2 Cl (0.01) V6L 1.9 45 ! 86.5 28:72 90: -
3 C1(0.001) VA0 62 ____.249_ ) 64.0°F 20:80 57:43 [X7] conc.
4 Br (0.1) 98.4¢ Lo¢ 0.6° 95.5 62:38 98:2
5 Br (0.01) 95.9° 1.9¢ 22 94.9° 46:54 964 iilar ; ; ;
6 Br (0.001) 72.4 10.9 16.7 79.0° 30:61 72:28 similarity ,Wlth E iodonium
7 1(0.1) 77.4 6.6 75.4 92:8 Isomer
8 1(0.01) 71.7 113 77.8 86:14
inversion retention
Chart 5 PhCO; + Phl 1
== X,
: PhCO, I
X X X 2 e \Ph
Sn2 N
PhCO o IPh X . N H
2 —_ PhCO, I'w ——— PhCO, |—Ph
\:/ Ph \:/
less F G X ¥
reactive PhCO, I

c.f.) Classically, it seemed that SN2 substitution could not occur.

¥ ¥
However, recent computational studies suggested that R X X
TS A required lower activation energy than TS B. >=4‘—H < Rugpmzl
R X R Y :
ref) Schelegel, H. et al. J. Am Chem. Soc. 2001, 123, 5787.
Lucchini, V. et al. J. Am Chem. Soc. 1995, 117, 2297. X- = O X o T
Pross, A. et al. J. Am Chem. Soc. 1994, 116, 5961. etc. TS A TSB
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YT LEMICB S/ LEEZXTHS, Now, | will raise a few questions.

Phenonium ion intermediate generated? How is the possibility of ligand coupling ?

Me
Scheme 5
Ph H P M P H
>:< BF4” L >_< ph —> Phey,, — ‘\\H I >:<
70°C / \
H I*Ph H I/ H OAc
OAc Ph
In the case of AcO™, this spiecies
) ( _Ph versus ) ( _Ph s lower reactivity ??
¢ X ? OAc
Electron deicity Electron deicity
of | decrease. of | increase.
Strategies for improvement of E/Z selectivity —— directing group introduction
X
Scheme6 = > Addition of halide: metal halide
< Addition of carbanion: organometal
homoallyl B,y-unsuturated
alcohol carbonyl
1.4 Intramolecular SyVo Substitution
@stereospecific aziridine formation; Shipman, M. et al. J. Am. Chem. Soc. 2004, 126, 6868.
R
Scheme 7a Br F|§ Scheme ;b Br I
- —78°C, 1h R -78°C, %
R N/ C, N N .
1_(Z) 37-57% (E) 1_(E) 77-93% 2'(2)

single isomer about double bond
inversion of configuration

@ stereospecific benzofuran formation; Ando, K. and Narasaka, K. et al. Org. Lett. 2004, 6, 2461.

Scheme 8a  Me Scheme 8b Me Me
U X
NaH | NaH % A\
DMF, rt DMF, 110°C
OH 04
3-(E) X=Cl: 95% 3_(2) quantative SM recovery
X=Br; 70%
perpendicular
Figure 2a , : r Figure 2b to double bond plape
- B ~ Iy g .: J|
oo B 2 Q D by
o b 3
Toer ] Q. i .,M'g Yr_f-bo o :: ﬁ %;: o
| I — e Jf;i'gfl‘»f"x"\“i ‘Cl {f';"'l s 2 '. 253 ol Lo :J 368
a2 ,.:-: ‘.’F;-‘ 7367 PEER® ’::B .2' . [_ --.+ 383 q-':ﬁ -(j_',--z_{_ L3z
. .» A7 A *— ik L'.._:"N £ 5 I\"r
345 0 ! .:;|. LR&%
cl . - Z1b Z1b-ts 3adts
hydrogen £1b - ;'nE;:-.‘:tssN:a @ 2+c n-addition n-addition
bondi Me
onding AE=+18.5kcal/mol AE=-29.9kcal/mol AE=+28.8kcal/mol  AE=+25.5kcal/mol
AG=+17.1kcal/mol AG=-29.4kcal/mol N AG=+28.5kcal/mol AG=+25.3kcal/mol
o \te
- Through the reaction, O-H(vinyl position) distance was constant. Z-1b . C
Hydrogen bonding might work. I—PI
- In the case of (2)-isomer stable TS was the interaction with =t* orbital. OH" 3a-ts
even though the relatively higher energy was required. These stereospecific substitution reaction

- With dichrolo-compound, interaction with o* orbital is impossible

) ) . . S ested Sp2 reaction mechanism.
due to the steric and elecronic repulsion by chroline. 199 SN ! !

5/10



@ Narasaka, K. and Ando, K. et al. Bull. Chem. Soc. Jpn. 2003, 76, 2009.

interaction

Sch 9 ' Figure 3 A long '
cheme : 2.07A ;
NN L /Br ; 2.09A .h.’% o0k :
| nBuLi o) : = S :
tol, rt | : 1.99A ﬂ iAo ¥
Ph Me Ph Me |g ! 2884 |
A lithium halogen ; -y ~aif :
alkylidene carbenoid : i i g L :
: 22 M i
l ; AE= 0 kcal/mol  Me Ph  AE=+6.56 kcal/mol :
H Li ! AG= 0 kcal/mol AG= +5.58 kcal/mol !
MeOH : :
0 - 0 ' Br .
\ \ : 237‘&_..\.,‘2_3?& :
Ph Me Ph Mel ¢ ;e ;
. . - . . : Li® 2574 11.79A :
This carbenoid easily isomerizes even at -85°C. B '
. . : Br, . A :
Then computational study was held to clarify : L U R || g :
whether S\2 type or not. : 0 ' : :
Svmthesis of indens from dibromolk { Ph Men e AE= -37.5 kcal/mol
ynthesis of indene from dibromoalkene : 20pr | AG=-38.5 kcal/mol :
e N - F _________________________________ ]
-Br _ enmBul electrnphne =4 |
THF ;f. i r"':E/'\ Br introduction is varsatile.
-90 °C, 30 min
\E
= - - ?92
intry Substrate Electrophile Product E Yield /% Me |* ¢
Me .
1 ~ ysr BrCF,CF,Br P Br 293 83 LI |
2 g B PhCHO /™ cuomph  30a 84 L Br
E
23a E
Me Intermediate ?7?
3 MeO_ o BCRCEBr o - Br 295 80
4 S, B PhCHO \QL{/_ “e  cHOWPR  30b 87 Du¢|e to.thhlum.btrldgets,
! aryl anion can interac
E .
23:,'9 with Br o™ ??
5 o  BrCF:CF:Br Br 29¢ 28
! r =
6 oFs o B PhCHO oFrS '% Me  CH(OHPh  30c 49
23¢ E
Ma
7 { g~ BCFaCF:Br Br 29d 63
M
8 o & PhCHO @f/f\_ °  CHOHPh 304 87
Me 2ad we E

@ SnVo substitution at sp2 nitrogen; Narasaka, K. et al. Eur. J. Org. Chem. 2005, 4505.(Review)

Scheme 10 .
M
Meo\©/j\ (CF5C0),0 e0
__chroranil o
N“ ~“Me )N/ Me
5 I
F OH G (oc:OCF3

eO
T —°
N Me
H

Only Z-isomer is reactive.
E/Z isomerization occurred.

Such a kind of nitrogen introduction on aromatic ring is interesting.

fromanti : 83%
Seemingly, such substitution reaction is unfavourable. However... fromsyn : 81%
10" +
Figure 4 L788A | Me N Me
N v
. 25344 | > - H"z@d
: H\%_N Me HO K. 366 kealimol =
P T } +8.8 keal/mol
206341 ' Sy 2-type substitution M \ . . "
HO —m T Me not big difference !!
== J H,0 + N, .
< 2014} Me N Both pathes are feasible.
N—= -
20854 g2 A HO—<Z_=
Interaction Ho—r?;/——/ M 474 kealimol
might exist. +8.0 kealfmol Narasaka, K. and Nakamura, E. et al.
Beckmann reamangement 3:0-KCAI/MOI Chem. Lett. 1998, 111.

RYS!
=
| N Me
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@ What factor prompts sp2 nitrogen substitution predominantly ??

1 selection of solvent

polar solvent: Beckmann rearrangement

2 selection of leaving group
trigger to find this phenomenon: nBuysNReO,4, TfOH condition

3 electron dencity of aromatic ring
interaction benzene & orbital and leaving group on oxime

4 proper length of the tether
to form 5 or 6 membered ring.

c.f)

R10,C
R1'0,C

R N,OMs
I DBU
R* CH3CN, rt
R3

non-polar solvent:

R2

71-97% y.

2 Addition of Enamide to Olefin

2.1 Zinc aza-enolate (employing alkylzinc)

@ Nakamura, E. et al. Angew. Chem., Int. Ed. 1997, 36, 2491.

Scheme 11 MeyN Ryl i MeoN, 3
1) '‘BuLi N, LZnX R _
| 2) ZnBro, N - .
R R Y
R B X=B R®
A =br .
C X=Bu<_—I Buli X
. Me:N.  ZnBu
Butyl anion & R3
did not react. RN H
2
Table 4 R ¢
Entry  Qlefin  Zine Electrephilec] Product Yield %]
hydrazone b [d]
MeN. p- M
|
CH,=CH, pn B,0(0,0) pn,\))/\/H‘D} 50
MeN Ph P
=) ‘N M
CH,=CHy e ! PRCH=CHCH, Br. N “ en Tafe]
\)ﬁ CyCN \)\r\/\i
Me
N,NMSE
|
MeoN.,, \)\/LN
J Me !
Ar H.O Ar = O H, 46(e.1)
Me H,0 Ar = p-CH,OCH, 33[e,g]
H,0 Ar = o-CF0CH,  69[e.h]

@ Nakamura, E. et al. J. Am. Chem. Soc. 2003, 125, 6362.

substitution

Beckmann rearr.

R1OQC>XI R3
N=

R'0,C
R4

MeoN
N R

A

+
H0 1218

%

1788 =
2534, :1

) /ch

substitution

R? 2
B branched E R
¢ HyO*
MGQN\N
| o R
1 ZnBu
R . E
R2 R3
R F R
linear
Entry  Qlefin  Zine Electrephilec] Product Yield %]
hydrazone b [d]
B
N -
CH,=CH, N ? AR
OMe H0 d ..... Lo ®

O
MeZN

"““ﬁ

(SAMP)

J

CeHi3

H,O

Ligand exchange (Br->Bu) increased the reactivity toward

unactivated olefin.

(Toward vinyl Grignard reagent, Br spiecies did work well.)

OR2 OR2 ,R2
g 0
K ' 3 ~ RS
Ji ZnR L Zn -
'F_"_ HMesli RSN ethylene A SN £ 0 HC
2) ZnCl, 20atm AT N O po wCHy
3) R3Li wCHa
H I J L
Table 5 chiral auxiliary
R! R2 R3 yield ee R! R2 R®  yied ee
Py Me Me 85 92 Bu Me tBu 73 88
ipy Me3Si Me 81 94 tBu BuMe,Si Bu 14 55
Bu Me Me 87 94 Ph MesSi Me 86 76
‘Bu MesSi Me 91 95

proposed TS
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OTMS entry  zing enamide® product” 2e{%:)F, yield(3s) entry  zinc enamide® product” ee(%)", yield(%s)
N 0 N o 0
2 | Q’ 91% L 84%
N= g INH ﬁ{:’\j ST eA 98% ee b oo HED CQH"’)\I‘ 14(8) 18% ee
u R
wn N o] (O
1 g 89% N a ! H
3 OQ 0( T - T P 4%
&o 7 Q.-O\‘/ - 8(R 90% ee ! L\ ! 2 = |5[s}'!'._E_ ’: 93% ee
ethylene 20-30 atm N o 829 y CTBRY
e TN 0 '
propylene 8 atm 4 T { \j’ ° 8 j L Pn ' ' 71%
(_/ o s om 96% ee f I, J_J/}wmk_ﬁ"_, 8% o6
5 / x.r (‘ -0 93% />
Table 5 a\_/) Y aim 96% ee linear product

- Branched product selectively generated.
1° zinc anion is electronically and sterically favourable.
(with styrene: linear adduct < electronic effect? )

E/Z ratio affect the ee.
To give E enamide exclusively, Mesityl was used as
the ligand on zinc. ->81% y. 58% ee

- When the reaction between Li enamide and alkyliodide, alkyl group was introduced from p-face.

Transition state is different ?
- Adequate soft charater is suitable for the olefin ?

Toward alkyl halide, Mg enamide is better. (Nakamura, E. et al. J. Am. Chem. Soc. 2005, 127, 14192.)

@Toward vinylborane; Nakamura, E. et al. J. Am. Chem. Soc. 2004, 126, 14344.

Me,N tgyLi Me2N  ZnBu // BR'2 MeoN
N ;) ZB“CL' N su—7 (10eq NH o
) ZnCly 99.7% E BR', BR,= B
3) BulLi \ 0°C,24h \
hexane o
Z-major then H,O Bu
syn
should be Z isomer
Table 6 .
zincated alkenyl  electro  major diastereomer ' zincated alkenyl electro  major diastereomer
h‘.ﬁ'ﬁf‘azﬁnﬂ & -poronate?  -phile® yield', arf anrry“ hydrazona®™  -boronate”  -phile® yield', ¢
MeaMN
NS
N —Zn'Bu IBHE Hz0O GHEKMBHIE 7 5 [
ex"
' total
(sym) //BR2
*., R
1 5 §R=Me g 9:98%, 89208 gy Me_/_ 86%, @I H0.2<0.1 99.2dr
(likaly Z-major) 99.3% E
5 ?9';;":1;! E 10: 87%, 99.5:0.5 syn
: ) . a 5
3 5 B:R=Ph 11: 80%, 99.6:0.4
ssene E MagN i
BR N ot
4 5 ( Hz0 %,‘AS_"’%%H-Z
12 = 8 (ani
00.1% 2 86%, 18.0:82.0
Meah z 9 13
N=Zn'Bu o
"
5 E 993% e HO
E Megh
13 48%, 19.0:81.0 o =2y
MezN 10 Ph
] BR' El
6 13 E 12 Hz0 19
99.1% 2 2 syn Et Bu
z 18 807, 97.6:1.0:1.0:0.4
14 (syn) I
75%, 98.5:1.5 successive
Michael addition
Meo,N. _ZnBu . . i i
2N Due to dimethylamine (diastereoselective)
. a alkyl locates opposite side of N ?
\ —> Z-enamide ??
B
1l OO
Megl\{ R\ _Cl 'B.l
/ZnBu coordination ?? Zn ‘Cui,&
; Cu. g
MGQN. N \ [0 P Y H
rather far ?? / R ZnBu @
ﬁ\/ l ',
H BR'
2 TS
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2.2 N-aryl Zinc-Enamide

@Nakamura, E. et al. . Am. Chem. Soc. 2004, 126, 11820.

Aro

3

Ar\N 1) BulLi N, ZnBu _ 0 R3
| 2) ZnCly,, AL — 1 E
R? 3) BuLi R R
R2 R2 R2
N-substituent effect i A Electron rich aniline was good
igure
2?2
Ar. _ZnBu _ why ?7
65 °C, 24h le) &
+ Ho Xy neat g
Et)ﬁ CG 13 then H30+ Et C6H13
5eq.
Me Me
; olefin
enamide ome HEY,

poor diastereoselectivity
syn/anti=7/3~6/4

not affect E/Z enamide

N-substituent effect

Me
Mat
e

QTS

_____

r\ _ZnBu
/g 65 °C, 60h
neat
Et)\ then HzO* Tthen H.07
4 atm
enamide olefin
Effect of substituent is not clear.

o

EbN

EtQN

Q" BaR i%ﬁi o

conditions ~ HaO*
N-ZnBu 5 glefin ———— ——— R
10 i
Table 7 atmospheric pressure o
eniry  olefin W"di“‘:""sv/ pmguc‘r’ % yield entry Znenamide® olefin  conditions product® 2 yield
gTTmmmmmm, . Ar 0
" 1 latm, hexane @ gat N-2ZnBu Bu—+
7 } 50°C, 12h | L 5 atm, neat S
: : o BO°C, 72 h P
4 Datm, hexane | b Pr
2 SRR /_§_< 86 o
........... 5 . a
MN—ZnBu
1 atm, hexana ;
; g e W s /B ()
mHex ' n-Hex
o)
Fh 46:56 B atm, neat
3 8 §5°C. 24 h es’
Ph 1.2 eq, hexane '
a 30°C,12h 13 80%¢ o high yield
; Ph 2 eq, hexane Ph cer IGNY
o 4 18 /7 “sote, 12h \3? K
14.. o
o) Q
5 5 atm, neat o
s ($ wem RO w o .
& 4 atm, neat 0 b Ar
65 °C, 60 h 85 N=ZnBu 2
{—{; E 6  Ph { 10atm, neat  Ph 74
f BO°C, 72h
7 5 atm, neat o 3 /
A0 <0 AR h &4

The E/Z geometry of enamide did not affect the syn/anti selective production.

—> not 6-membered boat form TS
o-methylsubstituent on benzene ring gave better reactivity.

Zinc enamide had poor reactivity with Michael acceptor.
(0]

\)I\O-tBu

Polymerization occurred.
70 % recovery of starting imine

linear adduct only
stability of benzyl anion
(prior to steric effect)
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Chart 6 Ar Always more than 2 equivalent

N-ZnBu of electrophile is needed.
o E'02c>= 50°0 } 650 _{ f_{f.?* f%/;— 1.0 eq.: consumed by Bu
! i / S \ 1 atm haxane a 4&trn / ! ;} F,
;"r '
8% [, Bu A Bu | B2 30
J/_/LQJH N 2.: N Zn E <:§’
Ccross /A }Hj ! ‘—z 71% H

couplin
pling 25 26

- / N
/_84/2“\4 B0% 78% /—Kéj_

Ar = 2 4-dimethylphanyl

29
¢ Reagents and conditions: (a) ethyl 2-bromoemethylacrylate (2.2 equv), 0 °C, 4 h then H;0~; (b) 4—mdnace’r}rlbem:em (2.2 equv) TMEDA (2.0 equiv)/
PdClz(PPh3)2 (5 mol % :1 25 °C, 8 h then H;0+; (c) 4—10dnmtrobenz,ene (2. 2 equ.iv)s'I‘MEDA (2 0 equjv)."PdC];_-('PPhgjz (5 mnl ‘%) 25 °C.8h tben H30+ (D

_______________________

> carbonylation
> hydrocyanation
> amination
\ \ \ hydroxylation

cleavage reduction oxidation
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