One-Pot Three-Component Tandem Metathesis/Diels-Alder Reaction
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Muliti-Component Reactions (MCR)

-Chemical reactions that use three or more different starting materials and yields the final product in a one-pot procedure.
-Regarded as combinations or unions where the product of a two-component reaction reacts with a third component to give the
next product and so on.....

-first MCR- Laurent and Gerhardt - 1838

CN CN
CHO —
HON |

-Today, about 300-400 different MCR's are known, 20-25% are based on isocyanides as one of the starting materials.

Advantages:

-Hidly efficient, generate more than 2 chemical bonds per operation
-Structure can be easily varied by diversifying starting material
-Starting materials are commercially available or easily prepared
-quick acesss to heterocyclic compounds

-atom economy

-Careful consideration of reactivities of starting materials and respective products must be examined
-Optimal conditions for reactions represent a significant chaltenge since the involved two-component reactions usually require
different conditions.
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Multi-Component Reactions
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Ugi Reaction

-discovered in 1959, most utilized MCR
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Combination of Ugi Reaction with Other Transformations:

-possible when starting materials bear other functional groups, that react after initial
formation of Ugi adduct

-constraints--Ugi requires protic solvents- select a transformation compatible with protic
solvents or develop novel conditions for Ugi
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Combination of Ugi Reaction with Other Transformations:

Ugi 4CR/Diels-Alder-Tricyclic lactams ~ R B
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b H H CO,Et 70 92:8
c H H CONH-Bn 85 B6:14
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f Me H CONH-Bn 81 8317

-can be used with polymer supporl
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Combination of Ugi Reaction with Other Transformations:

Ugi 4CR/Intramolecular 1,4-Addition and Elimination
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5-Component Reaction

-Hexasubstituted benzenes
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Seven-Component Reaction

NaSH + BrCMe,CHO + NHg + Me,CHCHO + CO, + MeOH + 'BuNC

NaSH + BrCMe,CHO — HSCMe,CHO + NaBr
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Scheme 2. Mechanism of the 7CC.
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Tuble I. Conditions and results of the syntheses of 8 and 15,

Product Conversion  Yield {%] Diastereg- .Solvenl [d]  p[bar]
[*] fa] [b) nieric ratio [c| .

8 70 43 21 MeoH 16

I5 38 18 14:9 EtOH 48

{a] Based on unchanged Asinger product (determined from the "H NMR spec-
trum of the reaction mixturey, {b] Pure substance after Nash chromatography.
[c] Determined from the 'H NMR spectrum of the rteaction mixture.
[d] Alcoholic component.
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Microwave-Mediated MCR's:
Indolizines
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Table 1. Microwave-Promoted Three-Component Reaction”

According to Scheme 1 Catalyzed by Alumina®

entry catalvst vield” of 40 (%)
| ALO: 92 Table 3, Three-Component Reaction of ta. 2. and Ja under
5 Nil 12 Thermal Condition
3 pyridine’ 44 entry solvent bits '
o s hitse viel a (71
4 pyridine/Al-O, 78 Yield of da (%)
3 toluene/Al-0; 08 ! toluene Et:N 6N
6 THF/ALLO, 60 2 THF Et:N 55
7 DMF/ALO, 75 3 CH.CN Et:N 30
] toluenc/ELN/ALQ, 30 4 pyridine Et:N U}
9 THE/ELN/ALO, 76 3 toluene Al:O, 15
10 DMF/EGN/ALD, §2 b THF ALO, 5
7 CH.CN ALO, 13
* Reactions were carried using 1 mimol of Phenacy! bromide, 1.2 equiv 8 pyridine Al-O4 49
ol pyridine. 1.2 equiv of ethyl propiolate, and | g of basic alumina. ” Basic ’ T o
alumina was activated at 330 °C for 12 b, Isolated vields. # An excess of
pyridine was used without sluming,
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Microwave-Mediated MCR's:
Indolizines
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Multi-Component Reactions: Applications in Drug Discovery

-useful for generating diverse libraries quickly
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Tandem Multi-Component Reaction
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Table 1. Enyne Metathesis Reaction" . -
able 1. LEnyne l § o Sclieme 3. Plausible Mechanistic Pathways

/\)\R 1 (5mol%) R -~ R
X — x N _Ru &/&
N CH,Cl, On R | e ==

n

2 3 ’ Ru=n

envne X " R R’ product  yield (E/Z) /R path A
2a NTs | CH, H 3a $s% /iy T Q """"""" path @
2b  NTs | CH:OH H b 72% (3/1) o
2¢ NTs | CH, CH; 3c 98% O C(/\

2 NTs 2 CH, H 3d 82% (6/1) =Ru N S g
2¢. NTs 2 CH.,0H H 3e 86% (6/1) W Ru

2f NTs 2 CH, CH; 3f 929 Cf

2g  CEs | CH. H 3g 83% (6/1) =~

2h CE: 1 CHOH H 3h 88 (16/1) N

2 CEs 1 CH, CH, 3i 90%

2 CE. 2 CH, H 3j $2% (16/1)

2k CE: 2 CHsOH H 3k 96% (12/1)

2 CEs 2 CH, CHa 3 93%

“Isolated yield. * £/Z ratio was determined by 'H NMR. * £ = COOQFL
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Tandem Enyne, Diene-ene Metathesis Reaction

Table 2. Tundem Envne. Diene-cne Metathesis Reaction'?

L1}
x'”"/ N 1 (10mol%) x’i’L
NN CH,Cl, 2
4 5
enyne X n R product vighd*
da NTs | Bu 5a 86%
da NTs | {CHa)mac 3bh RRo
da NTs | Ph 5S¢ KOG
da NTs ! Bn Sd 4%
4 NTs i (CHM-0OBz Se T3%
4 NTs | {CHA1-Br 1) T8%
4 NTs ! CH,TMS Su 93
4b NTs 2 Bu Sh BSG
4h NTs 2 (CHa)aac Si 7%
4h NTs 2 Ph 5j 685
4b NTx 2 Bn sk BG%
4hb NTs 2 (CH).0Bz 51 66%
4h NTs 2 (CH:-Br Sm 74%
4h NTs 2 CH-TMS 3n 815
4¢ CE, | Bu S0 85%
Je CE, | {(CHa)sac 5p 6i%
dc CE» | Ph 3q 874
dc CEx I Bn Sr 80%
de CE» | (CH:):0Bz 5s T3%
d¢ CEA | {CH.Br st 826
¢ CE» | CH-TMS Su 65%

“Isolated yield. * £/Z rutio was determined to be >20:1 by 'H NMR,
“ £ = COOEL "uc = CHaCO
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Three-Component Metathesis/Diels-Alder Reaction

! . . . Table 3. Three-Component Mcetathesis/Diels— Alder Reaction'?
Scheme 4. Multicomponent Tiandem Reaction Scquence
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o Rebative stercochemistry of the product was conlirmed througly NOHZ
experiment. " Isolated yield, © £ = COOEL
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