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What is an Ynamide?

alkynes
EWG\
R,N—=—R, RO———R, R/N =R,
ynamine ynol ether ynamide
Typical ynamides
Electronics
EWG, R/Z//o “ o
N———R, o™ _ ; ( L
R/ /N — R, k\/le — R,
R R

*Ynamines were first reported in 1892 but not characterized until 1958-1960. The first useful route to ynamines was
published in 1963 byViehe.
*Due to the instability of ynamines, ynamides were seen as the alternative because of their stability. They were first

synthesized in 1972 by Viehe.
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What can we do with Ynamides?
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Overview

\

*Syntheses of Ynamides
*|somerization
*Elimination
*N-alkynylation

*Cycloaddition Chemistry
°[2+2+2] pyridine synthesis
*[2+2] cyclobutanones
*[3+2] Kinugasa reaction
¢[2+2] ‘Metathesis’

*Ynamides in Total Synthesis
*Lennoxamine
eDesbromoarborscidines A and C
*Antiostatin A;

eOther reactivity of Ynamides
*Enamides synthesis
eSonogashira cross couplings
*Oxidation and Vicinal Tricarbonyls
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Let’s make some Ynamides!

Isomerization:
0O R, 0 R 0O R,
)L M 20mol %KOt-Bu )J\ PR )L
R/N Ph R/N Ph R N Ph
R=Me, Ph
The Ester would get stuck at the alleneamide for unknown reasons.
Elimination:
o cl cl
PPh,, CCl i . 0 Q
w e T e 2 e || ] X
N H N H | o N/\/R Br,, CH,Cl,, heat o N Br 18
I | R . /\( :
R R > Rati
ki_Pr NBS, CH,Cl, heat, ki_Pr R ate
NH, NH, NH,
2 equiv.
N7 base N7 A NZ 0 R ) )
)\ | | n-Buli )\ | ~50% tBUOK, THF, rt )]\ % When R is aromatic
o N Cl,CHCHCI, o N 0 N ., O N then NBS, if aliphatic
H \_< then Br,.
x_-Cl
cl I i-Pr
cl

/
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Let’s make some Ynamides!

Direct N—alkylation Methods:

o] o T 0
s
TSHN\)}\OM LHMDS, THF t en‘ N\)J\OM

~ e Y e

- Tfo@ // -

Ph = Ph

tBUO,C™— g\ tBuO,C
Ph
Ts
TSHN -~ LHMDS, THF then y NN
= 7 N
ph TfOO PhOC Ph
Phoc—— -\
@ Yoy
o | 10mol% —ng HN— 0
0,
O)J\NH N | | 5mol% CuCN O)J\N — r (3\ R,
\_/ K3PO, \_/ B S
“, R toluene, 110°C, 18-20h “, f 520 mol% CuSO,4-5H,0 R\N/ ~o N
Ph Ph R. EWG . | | 1,10-phenanthroline
H K3POy, toluene | | | |
Looks great, but works pretty much only with sterically accessible 60-95°C
. . s 1 P R
amides. Sulfonamides didn't work at all. Thisis a problem because Amides 1 R R
of how often Tosylamides are used in the future methodologies. 1 1
0]
0 More of the various useful ynamides are accessible
0]
NH \N)J\NH R /\\ \<R2 via this greener alkynylation strategy.
- MeO” “NHR N
0 Ph\\ ‘Ph
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Easy Access to Substituted Pyridines!

Ts—N

(/9—,, — \ [CpCo(C,H,),)

X
\N_ / THF, rt, 1h

SiMe,

ynamide + alkyne + nitrile = pyridine!

Cbz
/
N
X
N
"
Ts SiMe,
93%
X
N
"
Ts SiMe3
100%

Cbz Cbz
/ /
N N
X X X
N N N N
}\l ~ TS/ ~ ll\l ~

Ts SiMe, SiMe, Ts  SiMe,
77% 55% 100%
E
E
0
X A X
NN _N _N
/ N N
Ts SiMe, Ts  SiMe, Ts  SiMe,
90% 76% 62%
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Synthesis of Cyclobutanones

H cl
>:C:O >:C:O
H Cl
H 0]
ex 3 equiv CCl,COC] Hex O
CH,CN, rt 5h 4.5 equiv Zn-Cu
Me— =~H Et,0-DME Me— ——Cl
N . : N
| 94% 0°Ctort,3.5h |
CO,Me CO,Me
Hex 88%
No
PhS Me” CO,Me Me _
>:C:O >:C—O
H Me
Hex 0] . Hex 0]
1.6 equiv PhSCOCHN, 2 equiv i-PrCOCI
1mol% Rh,(OAc), 2 equiv Et;N, CH,Cl,
- - T Me
Me\ll\l SPh CH,CI,, reflux, 20min reflux, 24h Me\||\1 e
CO,Me 76% 87% CO,Me
/Ts . N/COZMe o N/COZMe N N/COZMe o N/COZtBu
Hex——N — e — I
\ N i \
CH,Ph Me \k — Bn

79%

80%

65%

83%
brsm

86%
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Let’'s make some B-lactams!

[O
R N/¥O

I

0.2 equiv of CuCl or Cul
4.0 equiv of Cy,NMe

N ! N .
CH.CN, 24h > \ R N R
N\ 3 ’ R O(/N 2 R C\/||\I 2 N\
@O @R, L.Cu A Cg Cul,, o) R,
g Cr° 7 I 1 R
N Ph N Ph N Ph ET T T S>< (\“ [ 3<
N N N #—0H F—O0H
o) “Ph o) “Ph o) “Ph -4 G
ampicillin amoxicillin
80% 36% 28%
Br
<7 F 7
N N Napth N styryl
Ph Ph PR
N\ N\ N\
) Ph o Ph ) Ph
77% 71% 72% 61% 60%
>95:5 90:10 93:7 82:18 >95:5
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Cycloadditions with Ynamides

Bn. _CO,Me ?OZMe ’COZMe
o Bn—N o Bn—N__o
|
‘M [242] l retro [2+2] —
N N N
B oxetene B
Bn. /CO Me c02|v|e COZMe NCO Me
S @ / \\ s Bn” \c%
—_—
Keteniminium ion oxetene
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Cycloadditions with Ynamides

Bn ~CO;Me §O.Me COo,Me
0 Bn— N o Bn—N.__0
|

‘M [2+2] | retro [2+2] __
—_— - e
N N N
B oxetene B

O D

TR R

75% 88% 75%

Best yields are with oxazolidinone ynamides.
Ring sizes 7 and up have diminished yields.

Camphor and tosylamides have significantly poorer worse yields.
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Cycloadditions with Ynamides

Bn_. _CO,Me
N
0
\M | [242]
N
Tandem amidation-hetero metathesis
Bn\N/Ts
Br ||_|

20 mol% CuS0,-5H,0
40 mol% 1,10-phenanthroline

K,CO,, toluene, 65-70°C

co,Me | CO,Me
| /
| 0 Bn 0]
retro [2+42]
B ——
N N
oxetene -
Bn_ Ts
N
i
| | Ts<
—_—
0]
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Cycloadditions with Ynamides

L,

“TOH

nwe

Bn_. _CO,Me
N
0

[2+2]

1. TBSCI, imid.
2. propargyl bromide

0]
NaH, THF dN

90% 2 steps ~—OTBS

TBSO

\\\“&
N (0]

B”\N/

|
COzMe

LHMDS, Br,, THF

-78°C
51%

1. TBAF 99%
2. TEMPO, BAIB - 50%

Y

CO,Me Co,Me
| /
Bn | 0 Bn 0]
retro [2+42]
B ——
N N
- oxetene -

MeO NHBN

“\

“TOTBS

20 mol% CuS0,-5H,0
Br 40 mol% 1,10-phenanth.
K;PO,, 65-70°C
55%

Pyrrolizidine
Alkaloids
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More Total Synthesis with Ynamides

NTs 15 mol% PNBSA TFAA, TFA, NaCNBH,
D - / CH,Cl, -40 to -10°C |
N | | cl toluene, 90°C, 5 min HN NTs HN -
H 56% [ cl 90% g

excess Na-Hg
Na,HPO,

- / 10-desbromoarborescidine A

MeOH, rt, 5h HN N

60%

NTs NTs
N HA \, @i 9
I ad — i a — , |
N HN NTs HN NTs
H H | cl / cl
e
A@

Keteniminium ion

=

o /
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More Total Synthesis with Ynamides

BI’\N N/Br 1. SOCL,, reflux
OMe O OMe O 2. HZN/\(O'V'Q OMe O
MeO 0 MeO MeO OMe
OH OH OMe /\(
ag. NaOH, rt Et;N, Cat. DMAP, DH,CI, rt OMe
100% Br 67% 2 steps
SO
1. KHMDS, 0°Ctort  OTf OMe Q oMe O
2. TMS;l/ MeO OMe n‘BU4NF MeO oM
- \Ph N THF, 0°C N Pd(OAC (5 mOI%)
47% 2 steps OMe 90% OMe PPh, (10 mol%)
Br | | Br | | aqg. NaOH, THF, reflux
0,
TMS H 7%
OMe 0 MeO OMe o
Me0 OMe 1. H,S0, ACOH, 1t peo
N H,, cat. Pd(10%)/C 2. H,, Pd(10%)/C N
\ MeOH, rt AcOH, rt

80% 39% 2 steps

lennoxamine
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More Total Synthesis with Ynamides

1. LIHMDS, I-(CH,),CH3

-78to rt

1. TMS Acetylene
5 mol% [PdCI,(PPhs),],
10 mol% Cul

2. TBAF, 0°C, 15 min
44% 2 steps

Br

N

' CsHqq

Ts

OMe

S

Et;N/DMF (2:1), rt
2. TsCl, pyr. THF, rt

92% 2 steps.

H
=

N/

Ts

C5H11

0]

1.2 equiv )k
a NH,

3.5mol% [Pd,(dba);]

T™S

NHTs

5 equiv of alkyne
—————O0OMe
10 mol% [RhCI(PPh,),]

KHMDS, tol, CH,Cl,, 0°C
then iodonium salt

10.5 mol% Xantphos
1,4-dioxane, 100°C
85%

toluene, rt, 2days
82%

\/%o

N ome

s o
N CeH

Ts 5111

85%

1. TBAF, THF, reflux 30h
2. BBr;, CH,Cl,
-78tort

72% 2 steps

NBS, CH3CN, rt, 12h
95%

\/%o
HN  on
v
N
H

CsHyy

Antiostatin Ay

H%II—OTf
Ph
iodonium salt
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Enamide synthesis

*Order of addition turned out to be the
important factor for this reaction. The
ynamide is added over 7 hours to the stirring
solution of the catalyst, ligand, and aldehyde

to arrive at the optimum procedure.

*Electron deficient aldehydes work best.

What else can you do with ynamides?

cat. Ni(0)-IMes 0

Et,SiH o>k
3 \) Ry
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Trisubstituted enamide synthesis

What else can you do with ynamides?

o o Oy _Ph
O\( Et,Zn (0.55 equiv) )k Zn 0
Q/N Rh(cod)(acac) (5 mol%) o @Et BzCl, 65°C o)kN ~ _Ft
S T T
\ph THF, 0°C to rt 15min Ph Ph
NO
2 CO,Me
p-1CgH,4NO, I/\/COZNIe 0 Z
o Pd,(dba); (2.5 mol%) Pd,(dba), (2.5mol%) /U\
/lk (2-Fur);P (10 mol%) (2-Fur),P (10 mol%) N T
X Et THF, 65°C ° \ /
0 N THF, 65°C Ph
/ oh
OMe Mes;l’ N~Mes OMe 0%@
p—@i/i_/n' cu'F,l";\Ph I / o 7 e
= 0 P— 3 > O + o} ~
Q_{ %}—N‘ —_— m %—NHZ and/or (H %_N/_/
N HN— R N HN N H Bn .
Boc p Boc 2 Boc 3 OH, MeO
s = s i ———
major if R=H, R'=H major if R=Bn, R'=Me Q \E Ulimann 1>

and/or
OMe OMe
P_‘/@ A F N
.\ 00 9 e o%_
m B—NH m Y—NH
Y A N v
Boc §. 0 s_,
N
major if R=H, R'=Me e
Paliurine E

: coupling /
4 Claisen }}N

rearrangement intramolecular

4 Y
NH NH
4 ; Ry copper-mediated

'?—NH )\ amidation
0

Abyssenine A (1)
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What else can you do with ynamides?

Sonagashira cross—coupling — analog synthesis

0
NRTs
R\N/ EWG cat. Pd(Ph;P), Ph““q\/%c)
CuCN or Cul ‘ /
f T [ OR
Aryl or vinyl lodides
H
~
NP
Rl R n
1
Oxidation e o
EWG "Ru0," or DMDO |
N———R, - g R
/ 1
R
O
a-keto-imides

R R

EWG DMDO EWG G we 2
\ \ /-A \
N R, N R —_— N/< >\R
/ o

2nd [O] can't be ruled out by

mechanistic analyses

rearr.

Ry
Ry /7N
0
\4_2 R1 R, + 2nd [0] IIEWG 0]
EWG - EWG_ / L —_— N
N R °N & R™ \[HJ\Rl
| I
R R 0]
observed carbene
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What else can you do with ynamides?

"Ru0," or DMDO

(0] 0]
EWG DMDO EWG ,\C;_§ 2nd [O] EWG can't be ruled out by
/N%Rl _— /N R E——— /N' < > R mechanistic analyses
R R R 0
rearr. \
RZ
Ry VRN
\4_2 Ry R, R 2nd [0] II:WG 0
EWG — ewa, —L — - N
N R N R R” W)J\Rl
/ /
R R (0]
observed carbene
6] 0] 6]
0 O\( 0 O\‘( 0
N \”)k Q/N Ph Q/N \”)J\
RuO2-NalO4 is the better oxidant system, but Ph TIPS
. (0] (0]
DMDO works well too in cases where the °© o
. . .. . . 99%
ynamide is sensitive to oxidation at other 95% 71% °
functionalities. This oxidation gives extremely v
e
simple access to vicinal tricarbonyls (VTCs) which T 0o T 0 \N\(o o
do some cool chemistry. (Ref 18) See the review Bn/N\”)J\ph Bn/NWPh Me““Q/N
; : Ph
in the references. o o 0 of o
\ 91% 79% 77%
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Ynamide Transformations
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