
CUSTOM SYNTHESIS ABILITIES

55 reactions & main products

scale-up reactions
marked as * 



1. Favorsky reaction*
Products of 1: Synthesis of cyclic carbonates, piperidones, chloro� , vinylacetylene derivatives

2. Carol reaction*
3. Selective hydrogenation: triple bond to double bond*
4. Hydrogenation of aromatic nitrogroup*
5. Hydrogenation of nitriles*
6. Ammonia addition to activated double bond*
7. Methoxylation of olefines
8. Mild electrooxidation of primary hydroxyl into aldehyde*
9. Oxidative coupling of propargyl alcohols*
10. Cyclocarbonates from propargyl alcohols*

Products of 10: Synthesis of N�polycyclic heterocycles: analogues of alkaloids, tryptamine, beta�ethylamine and 
aminoacid derivatives:

 Part 1
 Part 2
 Part 3

11. Cyclocarbonates from epoxides
12. Synthesis of yuvenile hormones*
13. Acid chloroanhydrides from acids and thionyl chlorides*
14. Malondinitrile condensation with triethylorthoformate*

Products of 14: Synthesis of 5�membered amino�N�heterocycles with carboxylic group in ortho� position: 
precursors  for condensed pyrimidines

15. Nitroacetyl ester condensation with triethylorthoformate
16. Nitration of nitroacetic ester in two�phase system* 

Products of 16: Synthesis of 5,6�membered nitro� and aminoheterocyclic derivatives � biologically active class of 
compounds: pyridones, pyranes, isoxazoles, pyrazoles, oxadiazoles, triazinones, aminoacids

17. Amino to nitrogroup transformation for heterocycles
18. N�Alkylation of 5�memberd nitrogen heterocycles by bromoketones*
19. Synthesis of monobromoacetone in two�phase system*
20. One�step synthesis of 3,4�diamino�1,2,5�oxadiazole*
21. Pyrolysis of cellulose into anhydrosugars*

Products of 21: Synthesis of anhydrosugars by pyrolysis of cellulose and stereoselective synthesis of heterocyclic 
systems with sugar fragment

22. Oxydation of methyl in aromatic compounds*
Products of 22: Synthesis of heterocycles from trinitrotoluene (TNT)

23. One�step synthesis of 1�substituted tetrazoles
24. Synthesis of trifluorobenzoic fluoroanhydrate in liqiud HF*

Products of 24: Synthesis of CF3�derivatives of aromatics and 5,6�membered heterocycles
25. Trifluoromethylation of p�nitrophenol*

Products of 25: Synthesis of derivatives of trifluorometoxyaniline
26. Catalyst for chiral aminoacid synthesis
27. Bischler�Napiralski Reaction*
28. Synthesis of β�aminoacids
29. Hydrogenation of ketones
30. Synthesis of propargylamines*
31. Synthesis of hydrazines
32. Synthesis of heterylmalonaldehydes
33. Synthesis of triptamines (Fischer�Grandberg reaction)*
34. Reductive amination
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35. Synthesis of 4�carboxy�quinolines by isatin ring�opening*
36. Cyanoethylation followed by hydrogenation*
37. Jap�Klingemann reaction followed by Fischer rearrangement*
38. Triptamine synthesis by dihydrocarboline hydrolysis
39. Transformation of  hydroxybenzoic acids to alkoxybenzoic acids*
40. Selective oxidation of one methyl group
41. Mannih condensation: dinitroacetate with aldehydes and azide�ion
42. One�pot cyclo�nitration and Me�oxidation
43. Synthesis of 2�amino�4 carboxythiazoles
44. Modification of Riehm reaction followed by hydrogenation
45. Transformation of 4�(5)�bromoimidazoles into 4�(5)�carboxyimidazoles
46. Bromination of anilines
47. Isatin synthesis
48. Nitration of isatines
49. Synthesis of antranilic acids from isatines
50. Synthesis of indazoles from ortho�methylanilines
51. Oxidation of phenantroline
52. Introduction of 1�aminopropyl fragment into imidazoles*
53. Synthesis of 4�chlorobutanol*
54. Synthesis of 3�(5)�1,2,4�triazolylacetic acides
55. Synthesis of 5�carboxyisoxazoles with aldehyde function
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Reaction Types:

Hydrogenation: 3, 4, 5, 29, 34, 36, 44, 45, 46, 52
Heterocycles Formation: products of 1, 2, products of 2 [parts 1,2,3], 11, products of 14,

products of 16, 20, 21, products of 21, 22, 23, products of 24, products of 25, 
27, 33, 35, 36, 37, 41, 43, 44, 47, 54, 55

Alkylation: 18, 26, 39, 45
Diazotation: 17, 31, 50
Oxidation: 8, 9, 22, 40, 41, 42, 51, 53
Introduction of Halogens: 19, 24, 25, 30, 43
Nitration: 16, 42, 48, 55
Condensation: 12, 14, 15, 28
Nucleophylic addition: 1, 6, 7, 52
Halogenanhydrides formation: 13, 24
Miscellaneous: 2, 32, 38
Hydrolysis: 49

Reactions with well development scale�up technologies: 

1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 13, 14, 16, 18, 19, 20, 21, 22, 24, 25, 27, 30, 36, 39, 52, 53
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Favorsky  reac t ion*1№

O

R CH3

CH CH+ CH3 CH

R

OHDMSO-ion-exchange resin

NH3, OH -
10-30 atm

Synthes i s  o f  cyc l i c  ca rbona tes ,  
p iper idones ,  ch lo ro�  ,  v iny lace ty lene  der i va t i ves

. . . . . . . . . . . . . . . . . . . . . . .

1№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CH3 CH

R

NH

O

R1

1

CH3 CH

R

Cl

CH3 CH

R

NH2

OO

O

CH2
R

CH3

CH

CH2

R

CH2

R NEt2

N O

CH3

R
2

CH3

R

OH

CH2 R CH3

CH3 O

CH3 CH

R

OH

Reaction 2

Reaction 10

R CN
CH2O
HNEt2

1) H2O

2) R2NH2

p r o d u c t s

95%
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CH3

R

OH

CH2

CH3 CH

R

OH

H2 - Pd

20-40 atm

Selectivity 97 - 99%
Conversion 90 - 95%

Se l ec t i ve  hydrogena t i on :  t r i p l e  bond  to  doub l e  bond*

Caro l  reac t i on*2

CH3 CH

CH3

OH

CH2

CH3 OMe

O

CH3

O

OR

CH3

CH3

CH3

O

85 - 95%

Het NO2

Ar NO2

Het NH2

Ar NH2

H2 - Pd/C

20-40 atm

90 - 95%

90 - 95%

Hydrogena t i on  o f  a romat i c  n i t rog roup*  

Hydrogena t i on  o f  n i t r i l es*

C NR R NH2

R = Ar, Alk

H2 - Cat

20 atm
92%

№
... . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3№

4№

5№
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Methoxy l a t i on  o f  o l e f i nes

Ammon i a  add i t i on  to  ac t i va ted  doub l e  bond*  6

Mi l d  e l ec t rooxi da t i on  o f  p r i mary  hydroxy l  i n to  a l dehyde*

Oxi da t i ve  coup l i ng  o f  p ropargy l  a l coho l s*  

№
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7№

8№

9№

C N

CH2 20 atm

NH4OH - H2O

85 - 90%

C N

NH2

CH3 C

R

H3

R

CH3 OR

CH3

95%
Ion-exchange resin

ROH

CH3 CH

CH3

OH

CH3

CH3

OH

CH3

CH3

OH

Cu
+

O2

87%

OH

CH3

CH3

RO
CH3 CH3

CH3

RO
CH3

O-e-

Cat, Br -

90%
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Cyc l oca rbona tes  f rom propargy l  a l coho l s*  10№

10№p r o d u c t s

p a r t  1

R CH

CH3

OH
OO

O

CH3

R
CH2

CO2

20-100 atm 95%

OO

O

R

R1
CH2

OO

O

R

R1
Br

OH

R

R1

N

N

NO

O

R

R1

Br

R 2

NO

O

N+

R

R1

OH Br
-

NH2
R 2

N

NH2

N

NH2

Synthes i s  o f  N�po lycyc l i c  he te rocyc les :  
ana logues  o f  a l ka lo ids ,  t r yp tamine ,  
β �e thy lamine  and  aminoac id  der i va t i ves

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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10№p r o d u c t s

p a r t  2

Synthes i s  o f  N�po lycyc l i c  he te rocyc les :  
ana logues  o f  a l ka lo ids ,  t r yp tamine ,  
β �e thy lamine  and  aminoac id  der i va t i ves
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

OO

O

R

R1
CH2

NO

O

R1
CH2

CH3

CH3

R2

NRO

O

CH3 CH3

CH3

CH2

2

NO

O

R1

CH3

CH3

X

OH

CH3

NO

O

CH3 CH3

X

CH3

CH3

X = OH, NHAr

NH

NHO

OHCH3
R

R1

O

N O

O

CH3CH3

Y

X

NO

O

R

R1
N
HCH3

X

NO

O

R

R1
N
HCH3

NH2

NH2

NH2

NH2

X

NH2NH2

XNH 2

Y = Me, NH2, NHCOCF3

Page 138

Reactions



Cyc l ocarbona tes  f rom epox ides11№

10№p r o d u c t s

p a r t  3

Synthes i s  o f  N�po lycyc l i c  he te rocyc les :  
ana logues  o f  a l ka lo ids ;  t r yp tamine ,  
β �e thy lamine  and  aminoac id  der i va t i ves

NO

O

R

R1

CH3 X

NO

O

R

R1

CH

N O

O

R

R1

3

NO

O

R

R1

CH3

NH

X

NO

O

R

R1

CH3 NH

X

NH

CH3R

OH

R1

X

NO

O

R

R1

NCH3

X

N
H

N
X

OO

O

R

R1
CH2

NH2
X

OO

O

R1R

O

R R1

CO2

20-100 atm
95%

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R

R   = H, Me

H2

R  = H2

2

2

R  = Me2
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Synthes i s  o f  yuven i l e  hormones*12№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ac i d  ch l o roanhydr i des  f rom ac i ds  and  th i ony l  ch l o r i des*13№
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ni t roace ty l  es te r  condensa t i on  wi th  t r i e thy l o r tho fo rma te  15№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See a f te r  reac t ion  N1514№

CH3

CH3

RO
CH3

O
+

O OCH3

RO2C

CH3

CH3

CH3

RO
CH3 CH3

COOH

87%

O

R OH

O

R Cl

SOCl2

Cat: DMF
93%

O2N
OR

O

CH(OEt)3+

O2N

OEt

OR

O

Cat: Ac2O
90%
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Mal ond i n i t r i l e  condensa t i on  wi th  t r i e thy l o r tho fo rma te*  14№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

14№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

p r o d u c t s

Synthes i s  o f  5�membered
amino�N�he te rocyc les  w i th  ca rboxy l i c  g roup  
in  o r tho�  pos i t i on :  p recursors  
fo r  condensed  py r im id ines

C      N

NC

COOR

NC

N

N

CH3

CH3

COOR

NH2N

CH3

CH3

COOR

NH2 N

N

N

COOR

NH2

R1

SR1

CN

NH2

R

N
O

N

COORNH2

NC CN RC(OEt)3+
NC CN

OEtR

Cat: Ac2O
95%

Et O

CN

CN

R1
O

N

CN

NH2

R1

N
N R

ROOC NH2

R1

NH2OHRNHNH2

R and R1 = H, Alk

Page 141

Reactions



Ni t ra t i on  o f  n i t roace t i c  es te r  i n  two�phase  sys tem* 16№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

16№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

p r o d u c t s
Synthes i s  o f  5 ,6�membered  n i t ro�  and  aminohe te rocyc l i c  
der i va t i ves  �  b io log ica l l y  ac t i ve  c lass  o f  compounds :  
py r idones ,  py ranes ,  i soxazo les ,  py razo les ,  oxad iazo les ,  
t r i az inones ,  aminoac ids

O

CH3

O

OR

O

CH3 C
-

O

OR

NO2

OR

O

O2N

CH
-

O2N

O2N

K
+

K
+

Two-phase

system

95%

90%

93%

N
+

O
-

O

O

R

N
+

O
-

O

N

R = OAlk, NH2, NHNH2

N

O

COOR

R1

N
O

N

COORROOC

O

R1OOCR

OHNH2

N

N

N

N
N

CH2

NO2

X
NH

N

N

X NH2

O

NO2

NH2

ArO

CH3

CH3

N

CH3

NH2

OCH3

COOR

N

CH3

NO2

OCH3

COOR

CH3

CH3

O

O

Ar

O
1) 2)

NO2

CO2RNH

NH2

Het

N
H

CH3

NO2

OCH3

Het NH

CN

CH2

R1

C

Additional information: some biologically active compounds available from 3�nitropyridones 

N

NH

OPh

O

NH

COCF3

CH3

CH3

COCF3

Human leucocyte elastase inhibitor

N
H

NH

N

O
Et

CH3 O

R

R

R = Me, Cl

HIV reverse transcriptase inhibitor

N

NH

OCH3

O

NH

SO2CH2Ph

N NH2

NH

Thrombin inhibitor

N
H

NH2

O

N

Amrinone (cardiotonic)
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N�Al ky l a t i on  o f  5 �memberd  n i t rogen  
he te rocyc l es  by  b romoke tones*

Ami no  to  n i t rog roup  t r ans fo rmat i on  fo r  he te rocyc l es  17

Syn thes i s  o f  monobromoace tone  i n  two�phase  sys tem*

One�s tep  syn thes i s  o f  3 ,4�d i ami no�1 ,2 ,5�oxad i azo l e*

№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

18№

19№

20№

Het NO2Het NH2

HNO2
80 - 90%

X

NH

N
X

X

X

N

N
X

X

O

R
O

R
Br

Two-phase system

80 - 90%

O

CH3 CH3

O

CH3
Br

Br2

C2H4Cl2 - H2O

KClO3

95%

45%

O

O N
O

N

NH2NH2

OHNH2+
One step

H  SO2 4
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Pyro l ys i s  o f  ce l l u l ose  i n to  anhydrosugars*  21№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

21№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

p r o d u c t s

O
O

N
R

O

N
+

O
-

O

OH

O
O

N
R

X

O

OH

O
O

O

N

OH
R

O
O

N NH
NH

X

OH

O
O

NH NH

X

OH

O
O

S O

Ar

O
O

O

N

O

Ph

O
O

N

OH

O
O

ON

O
O

O
O

NH2

NC

NC

CN
CN

CN

O

OHOH

OH

O
O

O

O

O

N
R

N
+

CH
-

Ph

O

N NH2

NC CN

ArS

Synthes i s  o f  anhydrosugars  by  py ro l ys i s  
o f  ce l l u lose  and  s te reose lec t i ve  syn thes i s  
o f  he te rocyc l i c  sys tems w i th  sugar  f ragment

Cellulose

O

OHOH

OH

O

O

O

O

400o C, vapor

Vacuum 20 mm Hg

350 - 370oC, vacuum

Cat: H3PO4

40%

10%
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Oxyda t i on  o f  me thy l  i n  a romat i c  compounds*22№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

22№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

p r o d u c t s

CH3

NO2

NO2

O2N

COOH

NO2

NO2

O2N

Synthes i s  o f  he te rocyc les  f rom t r in i t ro to luene  (TNT)

R1 = H, Alk, Ar, Ac, SO 2Ar R2 = Alk, Ar, OR, Hal X = NO2, OR, SR, NHR, F, N3 Y = OH, OR, Cl Z = H, NH3

CH3

NO2O2N

NO2

N

N

X

R1O2N

O

N
O2N

X

O

NH

O

O2N

X

N

N

NHR1

R 1

O

X

O2N
S

NO2

O2N

NH2

CO2R

N
H

S

O

O O
R 2

X

O2N

N

S

YX

O2N

Z

N

R1

X

O2N

O

X

O2N

R1

N

S

O

R1

X

O2N (O)nN

CH3

CH3

R 2

90%
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One�s tep  syn thes i s  o f  1�subs t i t u ted  te t razo l es23№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bi sch l e r �Nap i ra l sk i  Reac t i on*27№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Cata l ys t  f o r  ch i r a l  ami noac i d  syn thes i s26№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See a f te r  reac t ion  N2425№

See a f te r  reac t ion  N2724№

N

N

N

N

R

R NH2 CH(OEt)3 NaN3+ +

N

O

OH

PhCH2Cl

N

O

OH

Ph

SOCl2

O

Ph

NH2

N

O

NH

Ph

O Ph

s

NH

O

R

R1 N

R

R1

70 - 85%

POCl3 - ZnCl2

80%

82%

80%
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Syn thes i s  o f  t r i f l uo robenzo i c  f l uo roanhydra te  i n  l i q i ud  HF*24№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

24№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

p r o d u c t s

CCl3 CCl3 CF3

F

O

90%
HF

30 - 70 atm 130 -140o C

Syn thes i s  o f  CF 3�der i va t i ves  o f  a romat ics  
and  5 ,6�membered  he te rocyc les

F3C

F

O

F3C

OR

O

F3C

NH

O

R

F3C

NH

O

NH2

F3C

NH

O

COOR

N

O

N

F3C CF3

F3C

NH

N

F3C

NH

N COOH

COOH

F3C

O

NH

NH2
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T r i f l uo romethy l a t i on  o f  p �n i t ropheno l*25№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

25№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

p r o d u c t s

Synthes i s  o f  der i va t i ves  o f  t r i f l uo rometoxyan i l i ne

NH

XCF2O

NH2

NH

XCF2O

CH2Cl

O
S

N

SHXCF2
O

N
H

O

XCF2
O

COOR

N
H

CH3XCF2O

NH2

XCF2O

NH

O

N

N

N

NH2

CH2Ph

XCF2O

N

S

O NO2

NO2
NH2

XCF2O

X = Cl, F

NO2OH
HF - CCl

30 - 70 atm  170o C
NO2O

CF3

75%

NH2O

CF3

90%

H2/Pd

50o C

4

XCF2O

N

NH

COOEt
N

2
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Hydrogena t i on  o f  ke tones29№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Syn thes i s  o f  p ropa rgy l ami nes*30№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Synthes i s  o f  hydraz ines31№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Synthes i s  o f  β �aminoac ids28№

RR

O

RR

OHH2 - Cat

20 -100 atm

80 - 95 %

R RCH

R1 R1

R

R1

OH

CH

Cl

CH

NH2

HCl NH4OH, Cat

90 % 60 - 90 %

Ar NH2
Ar NH

NH2

1) NaNO2 - HCl

2) SnCl2

75 - 90 %

COOR

COOR

1) 2) NH3

Ar

O 2

Ar

NH2

COOH

75%
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33№

34№

35№

32№ Syn thes i s  o f  he te ry l ma l ona l dehydes
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Reduct i ve  amina t ion
. . . . . . . . . . . . . . . . . . . . . . . . . .

Synthes i s  o f  4�ca rboxy�qu ino l ines  by  i sa t in  r i ng�open ing*
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Syn thes i s  o f  t r i p tami nes  (F i sche r �Grandberg  reac t i on )*
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Het

X

X = H, CO2R

NMe2

Het

N

+

Me2

O

Het

O

1) DMF - POCl3

2) HClO4

KOH - MeOH
ClO

-

60-90%

4

NH
NH2

R1

N R

NH2

R1

70 - 90%

Cl
R

O

H

O

R

R1
R2

NH

R

R1

NH2 R2+
NaBH(OAc)3

50-90%

N
H

O

O N R

COOHO

R CH3

70%
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Cyanoethy la t ion  fo l l owed by  hydrogena t ion*36№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Jap�K l ingemann reac t ion  fo l l owed by  F i scher  rea r rangement*37№
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tr ip tamine  syn thes i s  by  d ihydrocarbo l ine  hydro l ys i s38№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R
NHNH

MeOOC

O

N
+

N

+

N
H

O

R

30 - 70%

N
H

NH

O

R

N
H

CH2CH2NH2

COOH

R

N
H

CH2CH2NH2

R
-CO2

20 - 85%

COOR

COOR

+
CN

CH2

N
H

COOR

O

OH
-

H2-Cat

1)

2)

N
H

O

N
H

O

80%

8070 - %
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80 %

COOHOH COOHROR Hal

OH
-

H
+

1)

2)

3)

39№

40№
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

41№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Trans fo rmat ion  o f   hydroxybenzo ic  ac ids  to
a lkoxybenzo ic  ac ids*
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Se l ec t i ve  oxi da t i on  o f  one  methy l  g roup

NN

CH3 CH3

R

X

NN

CH3 COOH

R

X

X = H, NO2
R = H, Me

KMnO4

70 - 80%

Mann i h  condensa t i on :  
d i n i t roace ta te  wi th  a l dehydes  and  az i de� i on

C
-

EtOOC

NO2

NO2

K
+

NaN3+ +
H2O, 60°C

N
N
H

N

O2N CH3

CH3CHO

KMnO4

N
N
H

N

O2N COOH

80%

90%
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42№

43№
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

44№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
One�po t  cyc l o �n i t r a t i on  and  Me�oxi da t i on

Fructose
N

N
H

OH
[NO2]

[O]

N

N
H

HOOC

O2N

Syn thes i s  o f  2 �ami no�4  ca rboxy th i azo l es

O

CH3

OR

O Br2, DMF O

CH3

OR

O

Br

NH2

NH2

S

S

N

OR

O

CH3

NH2

DMF

90%

Mod i f i ca t i on  o f  R i ehm reac t i on  fo l l owed  by  hydrogena t i on

NH2

R

CH3

O

CH3

+

N
H

CH3

CH3

CH3

CH3

CH3

R

H2, Cat

Cat

175 – 180°C

58%

CH3

CH3

N
H

CH3

R

90%

N
H

CH3

R

20%

1.

2 .

42% 85%
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45№

46№
... . . . . . . . . . . . . . . . . . . . . . . . . . . .

47№

... . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

T rans fo rma t i on  o f  4 � (5 ) �b romo i mi dazo l es  
i n to  4 � (5 ) �ca rboxy i mi dazo l es

N

N

R

R1O2N

N

N

R

R1O2N

Br
N

N

R

R1O2N

NC

N

N

R

R1O2N

HOOC

Br
- N C

-

80% ~80%

70-80%

Bromi na t i on  o f  an i l i nes

CH3

CH3

NH2

CH3

CH3

NH2

Br

Br2

H
+

~60%

I sa t i n  syn thes i s

NH2

CH3

NH

CH3

O

N

OH

90%

N
H

CH3

O

O

CCl3CHO

NH2OH

H
+
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48№

49№
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

50№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . .

Syn thes i s  o f  an t r an i l i c  ac i ds  f r om i sa t i nes

Syn thes i s  o f  i ndazo l es  f rom o r tho�methy l an i l i nes

N i t r a t i on  o f  i sa t i nes

65%

N
H

CH3

O

O

N
H

CH3

O

OO2N
[NO2]

95%

N
H

CH3

O

OO2N

[NO2]

NH2

CH3

O2N

O

OH

~80%

[NO
+
]

NH2

CH3

O2N COOH O2N COOH

NH

N
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51№

52№
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

53№

... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I n t roduc t i on  o f  1�ami nopropy l  f r agment  i n to  i mi dazo l es*

Syn thes i s  o f  4 �ch l o robu tano l*

Oxi da t i on  o f  phenan t ro l i ne

NN

NN

O O

N N

O

N

N

HOOC

COOH

50% 40% 30%

NN
H

O

O

60%

[O]

N

NH

CH3

N

N

CH3

CN
N

CH2

N

N

CH3

NH2

[H]

90%

O HCl

60%

Cl

OH
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54№

55№
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Syn thes i s  o f  5 �ca rboxy i soxazo l es  wi th  a l dehyde  func t i on

Syn thes i s  o f  3 � (5 ) �1 ,2 ,4� t r i a zo l y l ace t i c  ac i des

R1 NH

O

NH2

OMe

NH
COOR+

N
NH

N

R1

COOR

70 - 85 %R1 = Alk, Ar

O

CH2

HNO2 O NO2

81%

O

O

N
O COOEt

3 steps
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