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Introduction

Isonitriles known since 1850s. Their exact structure
with modern abinitio calculations.

Characteristic hideous smell or pungent stench
Term "isonitrile” not accepted by UPAC
Physical data:

IR: 2150-2110 cm-1 weak-medium intensity

13C-NMR: 156-170 ppm
Their carbon atom is formally divalent.

=> Very unusual electronic structure:
- Reacts as carbene,
- with nucleophiles,
- with electrophiles,

- in radical reactions

-and is isoelectronic with CO therefore a broad organometallic chemistry

W 1 Ug (B v paomide Chemivry, Acelemie Press, New Yok 1971,
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Furthermore and not covered here;
R! R! R!
v® ® @®
N-N=0  s-N= 0-N= X-N=o
R?

X=F, Cl,Br,l
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Isocyanide containing natural products

- Xanthocillin first reported NP 1956 Hagedorn and Toenjes.

- From a biogenetical point of view isothiocyanates, formamides,
isocyanates, and thiocyanates belong there too.

- Historical : First found in marine sources then terrestrial.
Xanthocillin and cyclopentyl type.

- To day isolated from: bacteria, fungi, cyanobacteria, marine
sponges and their predators.

- Isolation of isocyanide containing NPs difficult due to reactivity
(trace acid, nucleophiles etc.)

Cyclopentyl isocyanides Xanthocillines
CO;H
[¢] NC
O, SN
O NC
NC NC
Dermadin Trichoviridin MeO

Dermadin and trichoviridin soil sample (fungus) xanthodillines soil

sample (fungus)
active against staphylococcus aureus antiviral antibiotics
Tamura, a.; Kotani, H,; J.of Antiboitics, 1975, 161,
1968,671,

Suzuki, S, etal.; J.of Antiboitics,

Diterpenes

NC

Kalihinol E Amphilectanes

Diterpenes with trans or cis decalin core

Devided in Tetrahydrofuran and -pyran types

Isolation: marine sponge

active against Bacillus subtilis, Staphylococcus aureus,
and Candida albicans.

Scheuer, P, J; Patra, A,; Baker, J, A.;Chang,C, W, J.; J. Amer, Chem, Soc. 1987, 6119,

Sesquiterpenes

-
-

H

CN
Axanes Aromadendrane Eudesmane spiroxane

Skeletal types that contain isocyanides
(Eudesmanes, Axanes, Aromadendrane, Epimaaliane, Cadinane, Spiroaxane,
Bisabolane, Pupukeanane, Guaiane.)
Only contain one NC-functionality in contrast to diterpenes.
Isolation : marine organisms (mollusks, sponges)
Adinolfi, M.; De Napoli, L.; Di Blasio, B.; lngo, A; Pedone, C; Santacroce, C. Ter Letr. 1977, {32), 2815.

Ciminiello, P.; Fattorusso, E.; Magno, S.; Mayol, L. Can. J. of Cham. 1987, 65,518
Minale, L.; Riccio, R.; Sodano, G. Tetrahedron 1974, 30, 1341

Hapaindole A Fischer indole L

Ambiguine E

Isolated by cyanobacteria fischerella species
prenylated indolalkaloids

Welwitindolinones

Moore, R. E; Cheuk, C;Yang, Xu Q G.;Patlerson, G. M. L; Bonjoukllan, R.; Smitka, T. A;
Mynderse, J.S; Foster, R S Jones, N. D; J. Org. Chem. 1987,

1035,

Smitka, T. A;Borjouklian R Doolin, L; Jones,N.D; Dester, J. B; Yoshida, W. Y.;
Prinsep, M. R.; Moore, Richard E; Patterson, G. M. L. J. Or‘g.Cth 1992, 857.
Stratmann, K Moore, R. E; Bonjoukiian, R.; Dester, J. B.; Patlerson, G.M. L; Shaffer, S,;
Smith,C. D.;Smitka, T.A. J. Am.Chem. Soc. 1994,9935.

Park, A Moore, R.E;Pattlerson, G.M. L. Tet Lett. 1992 3257,
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Syntheses of Isocyanides

1. Reaction of alkyliodides with silver salts

R + AgCN [RING-Ag |

R' « primary agl

) . MeCN
Rl + E*[AQICN),]

Rl = Ma, CHpA E = MagN, Ph,PMa, Ph,As

Green, J. A1 Hullirenn, B L, lisooclie Cherealy. g L, LU, Acedermae. Ne K (1340 p
Cautkr, & A 13575142 730
Heffmann, A o M AT 148 111
L WV ) e, 11923 112 10
Meysr, L, J. A1 e, [TULL) BT, 147,
Sangstad Sangeend Ansad, T Ao Gham Seand [1670) 24, 355
Engemyr. | B Marrsan, A Soogstan | Acta Coem Soane! . Ser A O74) 28,255
MT,, ELNCI n“
w “CN, 18 aomn & R eN
-Rt
RTHIHSC e
a: at
gy + RATRTSCN
s} Re
NC
12 KR!
~R*

NOTE: Ti(OiPr)4,AICl;, EtAICI

leadto CYANIDES
lead to ISOCYANIDES

R'A®ASIO  R?

Znly, ZnCl,

Gaszman, =G0 Haberman, L. ML L Ong. Chem,, (1985) 61, 3010,
! Am Chem Sac [1532) 104, T84S

wamhan R S Tamahsamaler (1584) 28 3250

wagenheim T 0
Sasaman. o

TMACN 7nl,
CHL,, refux

TMSO. NG
\/‘x

RI R'}

X

o R

Gassman PG Raberan LA ) rovy Lett | (1385 26 4901

ar

S5 A Weher W P Smin Ca

A Mo B = B w (CH Mo 22%

3 . - 3
R R =Ma RS = (CHZ), 00 R
R wMa; B30 e (CHALCHIMOH, 8% B
Ca el
CR'FARS - LU
Sasak T oNakanlsal A Cheo M0 O 19811 48 5447
Khane, Y., Clusy, K, eda, M €. 11530539, 191

4. From deoxygenation of isocyanates

FICE),, 180 C

RINGO R — R'NG | NOTE: Comparison of several phosphites revealed
“ de 5T 17 | that triethyl, and tributyl phosphites are effective,
ks but timethyl and triphenyl are nat, Conventional
( Lem 18 phosphites DON'T work with aromatic isocyanates
0"  therefore 18
RINCO 1t 9090 RING

R'a™h ST

16

17

TANPS |
. THE, 09
H'NCO RING Muksvama, 1., Nt L, Qkamols, B, & Ora Chern, (19520 27, 365
"= Fh B5% ' o T e Valnta \ acr .
Migalyama T Vakata Y B0 Ghvm Sas o (1935 38 3648
16 17 e ' ’

N ey 2w

5. From desulfuration of isocyanates

BuySeH |1 equv), ERO. R

:‘H" o
=
af#%lk,ucs R ™

Al R w7 R Ol A = B =R ] 2

B =R -R'-0n R -R' K. A" - CHOM TEX
RI_AR*.R . O&c R R _K A" CHCA &%

'« RHAG ¥ 1 e DAG T« N7 H T e CHOA: 3%

nGR,J
g Q
H
R:‘»sj-ﬂ, NC
(O

20

Alternative conditons: P(OEt); rt

Z J., Tapahaaron Ler

Larere 11 H

same principle different name - which ? Hecter F 1A O
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6, From Carbamates by deoxygenation with trichloro silane/triethylamine

ClLSH, FLN

“ CHLL, 20 °C RING
1 V.
R uD‘UC Homh s
R = L.oapniyl 150
2 Nafy S
Badaan, J L, Bullwro, J . Roedan, PO, Ustoms, A L 2 Cherr, Soc, Chem. Cammun. (1502), 382

7. By dehalogenation of isocyanide dihalides

P
a4
C My
Con LICKE

R'NG
CoRVaOF, T0-50%

X
RIN=(

X

27 28

Heltachenict 5 Aoy Ghem | (1957074 FR1

Lenin, U, W4 i, 130 2
Surann At Zapata At Fence M Tomancadaa (et (106733 477
acylathg reagant
H toyse
N — R'NGC
R NGHO i
o]
acylthg reagant = SCCk )L L onn (CLCOWEC, POCH, SOGDMF, 'S0,
cl o

base = FY%N, A%NH, gy, qinaing, NaDH, K00y, #BUCK

Uge, L Aeyr, R Clern Uer, [1500) B3, 233

R'NC

a NEY and DCM used at -30C

b.NBuy as base solvent1.2-dichlorobenzene
¢ 1,2<dichlorobenzerns as solvent

d. base: 4-methyimorpholine

(C1O80C0, EyN

Byl Yiekt (%) net
Trichicramzthyt Chlrcformate™| Phusygens

" A7 a7 o~

+Bu 82 =

v 5 09 ~

) s u2 N

AMACICH, a3 64 S
&2 17 -
75 " =

&0, B
1

2X

(C1LOCHCO,ELN

A" TCHO oA OR'

1CLCOMWCO, ELN, PP

Fl- 2 MeCCH, 733

Eckent H.; Forster. 3. Angow. Cnenm
1Ay, M. S, =wdersen, L. UL Nistzen, ©OM, A,

Prichard, M C | Teratedno |

voTHSA] 24 10an

967) 99, 522: Angew. Ciew

Mhai e

oML Lvechequi, R Garcia, J M., J Qg Crien,

Chem. int Ea Endl., (1955
CO.Bn
N
—
C LD
™ N
H
36
O#n OR*
MeC,C
NG
37
Ofve
NC
36
\nr £ Engy. (1987) 28, &6
v, Ger ), 11990) 323, 9
152
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8c, By dehydration with vilsmeier reagent or thionylyl chloride

T

SCC, S

N .
TN CHD _— A'NC
r Rl
I it
CMaCH 50 83 (B
(R4 RCRYE 1N 47 L
CMaPh pos I
(R)-i-)-2,2-dlohenyl- 1-metmicyciopropyl| 88 I
Cy T} B
(FRIPh=0HPD #1 =
(CH, MM 82 [E5
1-MeOCH, 87 |24
26 l't-;ﬁib |_, ‘4 I
1 naphind 72 |
o 61 o
rh o 18
-Hu 55 Lig
Waltorsky, H M NIk, © B J Oy Ghem, (1972 87, 187

1ML Ovg. Senthi, Call ol WYL 13000, 757,

Nk, G. C.; Mamson, W HL, 1L Wakd

n POC, IFryNH, G-,
R SCHO —_— A'NC

R YEIC (%) |Ret
CH.COLMe 5 2
81 =
CHIFTCL R ( "
= e
z19 59
2

7 A SRR H,
41 v..ht oM. 7 ==,
4 1 LLMS0CI 5 =

R Cham

Il_Jl
Uy )
Clescnl, B Hernrsann
i, L Mewr, R, O
Ugl 1 Meyr R L

L., Angeny. L

DI 5 N E

van Levsen, A M. Qg

8d. By dehydration with vilsmeier reagent or phosphoryl chleride

12C1 py, 1t
H 50%

8e, With other reagents

BN, PhyE, CCL R'NG
CH,Ch., CHCL, o CICH,CHLO ,
H . 3 -gy 8
H"’N‘(‘HO 2 =Fh 91%
2w En B

Nl =, Kisrsbuck, =, Zetn, 5.0, Angewe Coen, 11971083, 140 Avswe, Zhsm., (1377110,

# 7
- OTEDMS - OTEDMS
OH 0 OH
IFi HEL CH T
0 o 0
HN=CHO G

.

Eadwn, O £ ANdous, D0 Than, ©., Harwood, LML ONer LA, Peach, J. M, Seld, [156Y

e
VRN
11 oqub)
|
U"L’N‘J\Cl Cl
52
n K UD: (3 oquvi, aceione, it N% “HH

R7ONCHD

R'NC -
rf.lkr\-’go

K w o 51%
R'=z A A%

YiMtmann R A

173210

Mechanism ?
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Mechanism ?
Ph —— R‘—N\A Ph
€ e = A
0= O’N ? o q,N

R mostly aromatic heterocycles

wenlnp, © Shrer 1) Wataeher H-l | Angew CGoem | (1978 S0
Mechanism ?
N=N a | N=N
7 haO=¢ ' M
n'HN/kN/N - n'h?{\,q'«” “ehe
H L R - Ph s
R =80 %
o R =80 54%
Hine large & Angr ™ TR &3 30 Ampew Chem e B Fnx
Hife, G large, B S Vi 170) 27
)
1.8ul, THF, 78'C
'i’f\ 2 CICOR" \NC
\ - L _o.
1
O)\” / CO.R
74
crhar F héiloopd Temrann Y 15RA 3
Moers A |- Adicars H T A1 LR R ETIRO
8f. By the Carbylamine reaction
e
pare H\ ’H .
RINH- ——— ‘,N" Gl —— A'NG
- R Y ZHC
cl &0

Sokel, GUWI Wik, R
Krapche, & P 0 g Oh
kL T Fguch S Kalada T 0 Ixg (ham 157

Which other reactions contain g-eliminations??

T3 Acpew Chem nr &

— A'NG
-PGN
rEE TRV 17 588
ANG
70
(1976115
Mechanism ?

Reactions of Isonitriles

Ikali lated i ides:
react with electrophiles to give, olefines, vinylisocyanides, ketones, 1-amino-alkohols, 3-amino-
alcohols, straight chain and branched and ji-functional ¢-amino acids.

Further a variety of 5,-6,-and 7-membered heterocycles (aza, diaza, oxa-axa, thia-aza).

Schoellkopf and Gerhart in 1968 found out that isocyanides are «-acidic. Deprotonation is carried
out at -70°C with nBuLiin THF or NaH, NaOEt, KOtBu or DBU depending on the substituents next
to the isocyanide functionality.

Schoellkopf, U; Gerhart, F. ACIE,7, 1968 805

1. Chainextension of amines

Here isocyanides are masked «-amino carbanions
nBuli

NC THF -70C NC acid-
hydrolysis

Schoellkopf, U; Gerhart, F. ACIE,7, 1968 805

Oy s

KOtBu THF NC  acid- NH,

CO,Et hydrolysis

EtO,C._ _NC
~

Br COzEt

\/\Br

cyclopropyl amine moiety contained in a variety of drugs, the amino acid is known to induce j3-
turns, stabilize protein structures and prevent enzymatic hydrolysis

Schoellkopf, U; Harms, R; Hﬂape,D ; Liebigs Ann. Chem. 1973, 611.
Schoellkopf, U.; Jentsch, R.; Hoppe, D.;ACIE, 1971, 10, 331.
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f\ (el
KCOy
DN'F, acctone, r

BnOpC/\é H

H
C\ur‘ z 9><
O R H

:CO:BI'

2. and j-amino alcohols

General:[}-amino alcohols from carbonyl addition
y-amino alcohols from epoxide opening

OH NC
OMe

Problem is stereoselectivity
Schoellkopf, U.; Jentsch, R.; ACIE, 1973, 12, 323.
Cu,0

e

OMe

OH NC -

OMe

acid
hydrolysis

——

OH NC OH NH,

OMe

N —8
X
o /

.bO,-Bn

OMe

O nBuli OH acid OH
THF, -70°C - hydrolysis %\/NH-‘.
— Ph

Ph
_NC

Problem is stereoselectivity

Schoellkopf, U.; Boehme, P.; ACIE, 1971, 10, 491

3. Olefination, generation of vinyl-formamides

@
Qe L)
I ou (O:\\N ;_ Ph = E ->from trans
I NC LIOCN 7/\ Z->fromcis
Ph Ph
Can be written as [3+2] cycloreversion
Woodward, R. B.; Hofmann R ACIE, 1969,8, 781
Dewar, M. J. S.; ACIE, 1971, 10, 761.
@ - H
O nBuli 00 Lo %_<
THF,-70°C oL Y o/\\N 0-C \ "
MeO,C NC Ph
2 CoMe cBme PR COMe
NCHO

Substrate vor catalytic asymmetric hydrogenation
W.S. Knowles Nobel prize

Ph COz;Me
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Nucleophilic u-attack on isocyanides - generation of imidoyllithiums:

Requirement: No -protons

R'Li + R®NC

O
R! )]\ H
H:0 E&;O-xx
e F ?r‘fn’hi
50-95%
CCy 2
0 - -R*
) then b N
-
,/J\ - 52-80%
R COH A )’L L
117
CICo;Et
N R R =Bu

R = CWe Ok By E4%

Ph_ _NC Li THF,-78C
D G —
Ph Ph “TrLi R

PRCHO
then '

3 -t

81%

ZBr
then H*

R =Bu
G-k

Ph

Oxidati dition to id

Isocyanides react violently with halogens !!!

NC !z ClnBr,F; N Br
Y
Br
tBuOCI N Cl H,0 PhHN OtBu
ve 2o SO e Py
©/ OtBu 69% o
O:N NC o:N NPh
+ ——————— -
s 75% s” ¢l
NO, NO,
Ph.
NC  AcNHBr N PhHN NHAc
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The TosMic-reagent (construction of

heterocycles)

1. Preparation of TosMic

H,0, AcOH
SO;Na + CH;O0+H,NCHO .
90°C p-Tol-SO,-CH,;NHCHO

0,
POCI,, s._NC
NEt;

TosMic= colorlesss crystals

Originally prepaired by irradiation of pTsCH;N,
in HCN
A M Vanlcuson (19800, Faeer Heter

A M Vanleusen sed 1 Stestang {(1977)
AM Vanlenson, RI Bovens o 0, Posse

wirakvdron Lev | 487

AM Van Lewser G0 M. Bocims, R B K |-|.->,h H Sadens and 1 Steating

Javs, 23467

Synthesis of TosMic-derivatives

P K-(nBi
a sH " g g CHO
ertapekSH b)) so.cuamcHo 1
i = §
- FOCh - ~
m-CPRA e, ACHO g N -G
S . [ N w-C
arc. @ 3§ N ¢
B.A. Kulkarni and A, Ganesl (1999), Ferrakedron Lo, 40, 5633

Alternatively: alkylation of TosMic

2 Tetrabwaleon

2. Synthesis of oxazoles and pyrroles and imidazoles Mechanism ?

o
o TosMic E CO,MeCH,NC /
x : NO: w.co,
K2COs I\ /ﬁ/ o N~ ~COMe
|h_|' H

0

0N\_7 TosMic /\/( ' Yields depend on aldehyde

7‘\ O\. K ,COs J - but typically>50%
MeOH O

0. Possel and ANM. Van Leusen (1977) H teroeyeles, 7, 77
1 Sankachi, T, Kitagawa, T Sasaks and AM, \:lr I eusen (1979 Chom. Phorm Budl,, 27, 793,

Mechanism ?

— e

1
O  TosMic R, NHCHO poci, Rt NC RONH,
| [)
Tos

A M, Vanleusen, J Wildeman and O H Oldenziel (1977), J Ovg Chem,, 42, 1153
AM . Van Leusen, F.L Schaart and D, Van Leusen (1979, Recd Trav. Chon, Pavs Bos, 98, 258

Imidazoles from sym-triazines

NN TosMic N|/§N ﬂ&m -2HCN
' ) NaOEt kN)\/SOzAr &N)%sozm
© N \e H
(o7 © ©=N
Tos ©
/ » AL Krentzberger and Ko Kalter (1986). Chem. Zog., 110, 236
N
H
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3. Synthesis of thiazoles and 1,24-triazoles

TosMic

MeO
O
KOtBu
s/

79%

W13

OH. Oldenziel and AM. Van Leusen (1992) Yeirahedron Lo, 2771

How come there are two products 7?7

TosMic

K;CO; Q
MeOH N’

80%
AM. Van Leusen, B.E. Hoogenboom and

4. TosMic as an umpolungs reagent for formaldehyde

1. base

2. baseR,) 2 '>[/ ho

SO,Ar

H H_ _NC
=0 4T

H SOZAI’

AM. Van Leusen (1987) In:
Chemistry of Sulfur, p. 119, Elsevicr.

5. Synthesis of alkanes

Amsterdam.

Li, NH,

——

R H
T

LS. Yadav, PS R:e-lc.:.j;mul RV Joshi (1988). Terrakedron, 44, 7243

I HA. Houwing (1976). J. Org. Chem.,

B. /'.\.m:fn:m-r.u and AL Klunder (Eds)), Per

12%
41, 711

R;

SIS

\f

R4

(o)

in the Org

Jame

Based on what you've learned before:

CO.E
=] hi(.'\__ /‘_‘
TosCH-N=C] / What is the structure of ethyl sorbate ?
Llhyl sorbale ———————— {
r“"
R 395

P Magnus and Y8, Or (19830, J. Chem, Sav. Cheny. o, 26,

6. The use of chiral TosMics

J O
NG SOCHN=C [ \l
5 ) ST TG 0,0HN=C
o SO,CHN=C
(=) 452 453 in (S)-( )454
O, P
AT T OMe [ |I { O P |
[ W { rscmnNec
..:::::""...xv.‘s(—h(‘fl[:N c \‘S(')_.CH_-N*(“ e N
- Tos
(4] 455 (R)-(-) 456 ..\7.?\,.45?
Silver catalysis:
aliphatic and aromatic aldehydes are converted to aminoalcohols.
NG
AgOTf OH - | NN )
TosMic —~/ Me oo f
AN T N NHMe = e,
63%
ee 73-86%

in=1.2)
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Synthesis of «-hydroxy aldehydes

R'SO, R'SO,
R's0;” “NC Ph” 0 \t 30’ Ho\kuucuo
K CO. S
2 3 "i
OH
.
ee 16%

Isocyanides in multicomponent reactions

Definition: A multicomponent reaction (MCR) is a reaction where more than
two starting materials are INITIALLY reacted together to form one product,
and essentially all the atoms are incorporated into the product.

If not put together in the beginning then its "just” a one pot reaction

Mechanism ? and difference in
Mechanism ?

i LE R
- I, T NH
1 o T o

OH CN
Passerini (3 components) 0

O R4
R? - '
R1JJ\OH+ CN’ + R3/§o + INH2 R‘JLN)\[(NH

Ugi (4 components)

1. The Passerini and Ugi reaction

R

"only 1 new stereocenter formed !!

Stereochemical control gained through the amine or isonitrile component.
The Oxo-component has hardly any influence,

Reactions are typically carried out in alcoholic solutions at rt. or in
toluene/benzene at reflux. Sometimes lewis or broensted acids are added
in catalytic amounts to facilitate the reaction.

<
7 Fo

<

18

17
R
0 0 iPrOCO S
RO A-NH, "iprocO N\ NH,
OR

QO0CiPr

NH
NH :

chiral amines suitable for stereoinduction in
U-MCR and P-MCR

the chiral auxillary part can be cleaved off

after the reaction

Typical reaction:

P|JH -Pr-CHO (35), t-Bu-NC (23)

o | -
@’ MeOH, 53% 71\ N A
. - N
" COOH H @
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MCRSs in combination with other reactions

: CHO
RO
MeD

—

o
toluene
(\N Ne 60°C NH,CI
o/ —_—
+

mcw
O,N

NO;

\

Mechanism ?

@\A Diels A.
o]
o s\
N/ NL/
Applications of MCRs in Drug Discovery

A vast number of different structures rapidly accessible =>
VERY useful in drug discovery

Abbott scientists:
Tubulin inhibitors same mode of action as Colchicin

NH,

@f? o :

MeO
OMe

MeO

GlaxoSmithKline (GSK):
p38 kinase inhibitor against rheumatoid arthritis
Isonitrile produced on a 500kg scale !!!

F
Nuco,a
NHCO,Et j\"'
OB e gy
H,N — !
N
oo
PrS__N._ _CHO ~
WTJ
N F
= F

C>

Applications of MCRs in Natural product synthesis

Which bonds are made and where are the
components

oM
8o
oMe
! oBn
BocHN
PMPN_ O

COH —
-~ reflux

OoMOoM
N
Le]
NH, o\_’o
OTBOPS

builds up 60% of the skeleton of
Ecteinascidin 743

Ecteinascidin

Endo, A.; Yamagisawa, A.; Abe, M.; ThomaS. Kan, T.;Fukuyama, T. J. Am. Chem. Soc. 2002, 124, 6552.
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500 COO‘A: I M- 318 COOM
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N

M - _COoOMe
- o')‘l e i @ o}‘”“"

cl HO 07 “HHCy
cooMe
o
o 0% %
e 9 3% RACHE
\ 1%
"

L I ° _,COOMe RICHAT,
| L) ol

A Me00

Me00C 5% ' -NC 0.0 quinones
20014«
587
/ ‘Q‘
s . 52
WE0OT b\.v\o—. 844 \'ﬂ
MeO0C COOMe
se8 280 L

Which belongs to which 77

¢ o 1
cl 0
0 I
o HO OH
5 HO
@ . . 0

oL @i povaL
Q.. .. tf:m

Organometallic chemistry of isocyanide

As isocyanides are isoelectronic to carbonmonoxid,
they have a ssimilar behaviour towards transition metals

1. Aza-Pauson-Khand reaction

| R’
R Nicud),
f‘% ) DMF, 100 °C .
\-/\ + A*NC _— NR*=
=
149
1 R’
R MNijced)s
= THF, 80°C ==
- R'NGC —_— NR?
S =~
n e
150

Y., J Am. Cham. Soc., (1333) 110, 1265
[ Qrg Gham | (1985) 54, 3617

Tamao, K; Ko
Tamaa K

X . R X
R R
X= O-alkyl, S-alkyl, NR,, PR, Keﬁenelmmium complexes are formed.

R,R'= alkyl, aryl, alkenyl, alkynyl
M= Cr, Mo, W, Mn, Fe,Os, Th, U

Ly = CO, PRy, 1*-CsHs

Other possibilities of coordination:

E!eexation depends on the type of metal.
Fort reactivity: Umpolung of ketenimine
reactivity

G R Koow Ampese Corewn 2100371 455 dugen (Ao dat Fu Frg!
ML) A58 ML W Barker, W, E Molleray n B 'ate (BE&): Jae
Cremaory of Amener, Almes and Relarod L
New Veuk 1580 50 ML N P Carbaiyae
Foamd €F (08 600 D Bommraen in

ate
TR, )ulun |M »

der Orpanuchon Chewwe. 8. V0
A Dindon Heaevenss 144 nnvl-c L Ghowez M L 'Dorned n
3 A ) Pevwoche Pramaes Vol 1 Acadernis

R
X R1 res, foms 1977, 3
N X ’ 0 Budes, Gni Ave dpyd Chen N (15TH 1), K H Dy, K
| >=< —N Fachiv. P Aofmien £, K Kesmol, U Schuberl, K es: {rommtor
Maey Carwnn Coozkezwr, Vethag Cherzie 'Anr.‘xt.lu) X M. Do,
L"M Anpew. Uhear 99 (1934) 573 cvhvlhn- dev. B Nogd 27 |1584) %87
WP eceric & Pacw (K ! arias Radk )
~h.v.wu. Caber. wesl (B )

=N
Favoured when M= electron donating Hethodva de- Cogranischen Chevie. BRI E 4R Thicar, Susp 167, p

a0
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Keteneimines are they chiral ?7?

In contrast to metal free keteneimines,
metal complexed ones react like 1,3 dipoles.
The metal undergoes a shift to the central arom !!

Protic nucleophiles can attack to give aminocarbene complexes

X
1
L= * CN-R' ——
R

R 1
X ‘B: /R MeOH
N

R! X
LM~ N='=<R

LM
X ot further
OMe O reactions
LM LM —_—
NHR' NHR!

X= O-alkyl, S-alkyl, NR,, PR,

R,R'= alkyl, aryl, alkenyl, alkynyl

nucleophiles: alcohols, thiols, amines, H,0

LaM= [Cr(CO)s], [Mo(CO)s], [W(CO)s], [Mn(CO),Cp), [Fe{CO)4]

Comparison hydrolysis of keteneimine
X H,0 0

RI-N==— —> X
R R'HN)Kr

R

Aumann, R.; Helnen, H, Chem. Ber. 120, 1987, 1297,
Aumann, R.; Helnen, H, Chem. Ber, 121, 1988,
Aumann, R.; Kuckert, E; Helnen, H, Angew. Chem, 97, 1985, 960;

[3+2]-Cycloadditions
_ E©0, R E0, R
x+ 1 a=b /~a HO F~a
LM=( * CN-R LM ! 0 .
R N~ NP
R! R!

a=b: O=CHR, RN=CO,, RN=CNHR,
L,M= [W(CO)s], [Mn(CO);Cp],

E0, R E0, R E0, R
OZ(LO o:(LN/ o:(LN/ Aumann, R.; Kuckert, E. Chem. Ber., 119, 1986, 156.
R R! R!

Rearrangements of

1. Keteneimine aminocarbene rearrangement

Reaction at room temperature

rearrangement takes place readily. triggered by oxygen/peroxides

R1 R1 R‘
:1"N _ \N: :°E' RO T\ OEt N. [PF
Ln v \ | > — |>=< ——— |
R LM e LM\ LM
OEt
. RoH ., OEt .
—— R‘l ] 1_~ + RO
R
ML,

L,M= [Cr(CO).], [Mo(CO)], [W(CO).]

Aumamn, R Kuckert, E; Helnen H. Chem. Ber., 1201987, 1293

Arlyaratne, J. K. P; Green, M. L. H. J. Chem. Soc,, 1963 2976;
Trelkcheal, P.M.; Firisch, D. W.; Lammon, T. H.J. Organamet Chem. 202 1380C77.
Aumamn, E; Fischer, O. Chem. Ber. 101, 1968, 954; Krelter, R.; Aumann /bid. 119, 1978, 1223.




Baran Group Meeting

Isocyanide Chemistry

Tanja Gaich

Dimerization of K imine ligand

L,
M

/ R
X R \ /\NR1 -ML,+1 ML"/{N:\ ‘ :X
N=.=< \ \\ V/ X
N N\ R

Reaction at room temperature

X= OMe
LnM= [Cr(CO)3], [Mo(CO)5], W(CO)5]

Aumann, R.; Krueger, C.; Heinen, H. Angew. Chem, Int, Ed, 24, 1985, 987,
Aumann, R.; Heinen, H, Chem. Ber, 118, 1985, 952,

Addition of i ides to ketneimi axen:

1. Addition of isocyanide to metal with displacement of keteneimine

X
R?
L M-N==ML, RI-N===(
R

2. [3+1] or [2+2] CA of isocyanides to keteneimine complex

R! X RNC
L M'N

to CgHs EtO, ,CgHs
KMnO, :(g-
R‘ R’
3. [2+1+1] CA of 2 isocyanides to N=C-bond of keteneimine
tO CgHs t0 CgHs
— N_
R1 R’

Modaerhack, D, Synthesis, 12, 1985, 1083,
Aumann, R,; Krueger, C.; Kuckert, E. Angermund, K, Angew, Chem, Int, Ed, 26, 1987, 563,
Aumann, R,; Helnen, H,; Chem. Ber. 119, 1986, 2289,

4. [4+1] CA of isocyanides to C-aryl substituted keteneimine

OEt R'NC R?NC \
an=§ — LM'N’:b_' \_
HN
H"
OEt

kind of a [4+1]

Aumann, R.; Heinen H. Chem. Ber. 118, 1985, 4185,
Aumann, R.; Kuckert, E.; Chem. Ber, 119, 1986, 156.
Aumann, R.; Heinen H. Chem. Ber. 121, 1953, 1085

Isocyanides in Radical chemistry

Isocyanides participate in radical additions like CO...(isoelectronic!!)

Difference to CO radical addition:

They don't undergo a-fragmentation but i-fragmentation instead to give nitriles.

Therefore isocyanides without good fi-leaving groups are preferred substrates.

In the process of radical addition the so called imidoyl radical is formed which then undergoes further
reactions.

NBn (o]
Zph > ph o
fragmentation product 1 : 1 radical cyclization

asE—TNedes

Why two regioisomers 77

x OMe x
e
N

See: h)(urr n. D. P Liu. H. L Am. Chern. Sac. 1991, 113,
2127. (v) Boger, D. L Mathvink. R J. . o

3377. () Patel. V. F.- Pattenden. G. T etrahedron Lett. 1988, 29,
1ui.
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The total synthesis of Camptothecin

(o]
(o]
PhNC N
N -
/\ | Sn,Me; 7 N\ | CO,Et
Br = CO2Et hv PhH
N Et
Et
Danishefsky tetracycle

OH

() Liu, H. PhD. Thesis, | niversity of Pittsburgh, 1994 (b) Ko,
S.-B. University of Pittsburgh. Unpublished results.

OH

The chemistry is very convergent and therefore gives easy access to analogs.

() Dantshefsky, S Valkmann, R. Tetrafweron o1 1973, 2521
(b) Volkmann, R.; Danishetsky. S.; Eggler, J.; Soloman, D. M.
I Ami Chem. Soe 1971, 63, 5576

Curran, D. P.: Liu, 1L J. Am. Chemn. Soc. 1992, 114. 5863,

a) Curran, D. P.: Ko, S. B. J Org. Chem. 1994, 59, 6139. (b)
Fang I'. G Xie S. P In\-\'nr_v MW J Org Chem. 1994 59,

6142

Fukuyama Indole Synthesis:
R R
R AB(?;I. SnBuzH "
MeCN 100°C * or
A NC N N
R= should be electron withdrawing Yields >70% R=H,orl

if R= alkyl then by-product B formed

Mechanism of rxn ? Why is by-product formed
=
N sn803

Further elaboration to yield 2,3 disubstituted indoles

CO,Me

Ph-X
Pd(PPh3)4
X=l, Br, OTf / Pd(PPh,),Cl,
NEt; Cul, NEtzf-l
68-94% 89%

— —nBu

Pd(OAc),,
Ph(O’td); NEt;

' Zco,Me

Pd(Cl)2(dppf)
CO, 78-89%
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Fukuyama Indole Synthesis:

R
R AIBN, cat.
S RSH (5eq) N\
MeCN 100°C .
NC >

60-83% N

Application to Total Synthesis

Vindoline and see others by the Fukuyama group

OAc
OAc 1. BnPd(PPh),CI
PhyAs, Cul
~__ 1.ABN,
2. Na;CO3, H,0,
MsO NG 2.Boc0  MsO Noc MeOH 67%

NEt, 79%

OH

NsDNH ™ 7+
o y) Et

N DEAD, PPh
MsO N . COMe 89% MsO Noe COMe reflux 4h
ocC
Structure ?7?

(-)-11-Methoxytabersonine

Fukuyama, T. et al. Chem. Record 2002, 37.
Fukuyama, T. et al. Synlett, 2000, 883.

N~
DNs Q—«Et 1. TFAthen
A\

MeCN/MeOH

65%

Conclusions:

For the making of isocyanides:

There is a variety of different reagents available which show different
reactivities check carefully which one suits your substrate !!

For ¢-anion chemistry of isocyanides:

Alkylation takes place stepwise (no problem of double alkylation)
It represents the umpolung of a carbonyl functionality
A variety of different functionalities are accessible.

For ¢—addition chemistry of isocyanides:

Two ways: 1. generation of imidoyllithium and addition of electrophile
2. Oxidative

TosMic-reagent for construction of all kinds of heterocycles !!
MCRs:

Wide applications in drug-design couple with other reactions and you get a
dramatic increase in molecular complexity

No broad application so far, huge variety of different structures

Radical chemistry:

Problem of [i-elimination !!
selene or stannylimidates as analog starting units

Needs for Development:

General problem of reactions where isocyanides participate is the
stereoselectivitr. There are some specific solutions but nothing general like
the Evans auxil aa

MCRs, chiral TosMic give ee's to some extent but a large range of
improvement exists.

Organometallic chemistry there is no chiral transition metal complex in
application

In Organometallic chemistry of isocyanides there is probably the most chance
to discover something new.




