@ CHEMICAL BLOCK
CUSTOM SYNTHESIS ABILITIES

99 reactions & main products

scale-up reactions
marked as "



Reactions

Page Reaction

134 1. Favorsky reaction*

134 Products of 1: Synthesis of cyclic carbonates, piperidones, chloro- , vinylacetylene derivatives

135 2. Carol reaction*

135 3. Selective hydrogenation: triple bond to double bond*

135 4. Hydrogenation of aromatic nitrogroup*

135 5. Hydrogenation of nitriles*

136 6. Ammonia addition to activated double bond*

136 7. Methoxylation of olefines

136 8. Mild electrooxidation of primary hydroxyl into aldehyde*

136 9. Oxidative coupling of propargyl alcohols*

137 10. Cyclocarbonates from propargyl alcohols*
Products of 10: Synthesis of N-polycyclic heterocycles: analogues of alkaloids, tryptamine, beta-ethylamine and
aminoacid derivatives:

137 Part 1

138 Part 2

139 Part 3

139 11. Cyclocarbonates from epoxides

140 12. Synthesis of yuvenile hormones*

140 13. Acid chloroanhydrides from acids and thionyl chlorides™

141 14. Malondinitrile condensation with triethylorthoformate*

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

140 15. Nitroacetyl ester condensation with triethylorthoformate

142 16. Nitration of nitroacetic ester in two-phase system*

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

143 17. Amino to nitrogroup transformation for heterocycles

143 18. N-Alkylation of 5-memberd nitrogen heterocycles by bromoketones*

143 19. Synthesis of monobromoacetone in two-phase system*

143 20. One-step synthesis of 3,4-diamino-1,2,5-oxadiazole*

144 21. Pyrolysis of cellulose into anhydrosugars™

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

145 22. Oxydation of methyl in aromatic compounds*

145 Products of 22: Synthesis of heterocycles from trinitrotoluene (TNT)

146 23. One-step synthesis of 1-substituted tetrazoles

147 24. Synthesis of trifluorobenzoic fluoroanhydrate in ligiud HF*

147 Products of 24: Synthesis of CF3-derivatives of aromatics and 5,6-membered heterocycles

148 25. Trifluoromethylation of p-nitrophenol*

148 Products of 25: Synthesis of derivatives of trifluorometoxyaniline

146 26. Catalyst for chiral aminoacid synthesis

146 27. Bischler-Napiralski Reaction*

149 28. Synthesis of [3-aminoacids

149 29. Hydrogenation of ketones

149 30. Synthesis of propargylamines*

149 31. Synthesis of hydrazines

150 32. Synthesis of heteryimalonaldehydes

150 33. Synthesis of triptamines (Fischer-Grandberg reaction)*

150 34. Reductive amination
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Reactions

Page Reaction

150 35. Synthesis of 4-carboxy-quinolines by isatin ring-opening*
151 36. Cyanoethylation followed by hydrogenation*

151 37. Jap-Klingemann reaction followed by Fischer rearrangement™

151 38. Triptamine synthesis by dihydrocarboline hydrolysis

152 39. Transformation of hydroxybenzoic acids to alkoxybenzoic acids*
152 40. Selective oxidation of one methyl group

152 41. Mannih condensation: dinitroacetate with aldehydes and azide-ion

153 42. One-pot cyclo-nitration and Me-oxidation

153 43. Synthesis of 2-amino-4 carboxythiazoles

153 44. Modification of Riehm reaction followed by hydrogenation

154 45, Transformation of 4-(5)-bromoimidazoles into 4-(5)-carboxyimidazoles
154 46. Bromination of anilines

154 47. Isatin synthesis

155 48. Nitration of isatines

155 49. Synthesis of antranilic acids from isatines

155 50. Synthesis of indazoles from ortho-methylanilines

156 51. Oxidation of phenantroline

156 52. Introduction of 1-aminopropyl fragment into imidazoles*

156 53. Synthesis of 4-chlorobutanol*
157 54. Synthesis of 3-(5)-1,2,4-triazolylacetic acides
157 55. Synthesis of 5-carboxyisoxazoles with aldehyde function

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:
1,2,3,4,56,8,9,10, 12, 13, 14, 16, 18, 19, 20, 21, 22, 24, 25, 27, 30, 36, 39, 52, 53
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Reactions

‘ Neq ‘ Favorsky reaction*

10-30 atm R
+ HCECH NH3, OH - H3C __ CH
R CH
3 DMSO-ion-exchange resin

OH

95%

oroducts JRGY

Synthesis of cyclic carbonates,
piperidones, chloro- , vinylacetylene derivatives

R R

CH, CH; R CHs
_ r / Reaction 2
HaC / e / M
OTO OH CH3 (6]

Reaction 10

HsC =——CH HsC

=
O\/;U
l
T
-
2
o
Qﬂ‘im
I
T

CH,0
HNEt, R'CN
R NEt, R R

> H304’7__CH H304’7__CH

e 1) Hz0 R'. _NH NH;
2) R2NH, W/
o)
CHs
2
R—N o
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Reactions

‘ Ne2 ‘ Carol reaction*

H3 H3 H3

HaC ——CH

H3C O
OH J\/ﬁ\ 0
HaC oR 85 - 95%

/
/

¥ ¥ CH
H, - Pd 2
H3C4’{CH 2 - H3c—'—//
20-40 atm
OH OH
Selectivity 97 - 99%
Conversion 90 - 95%
‘ M—’ll ‘ Hydrogenation of aromatic nitrogroup™
Het——NO; H, - Pd/C Het—NH, 90 - 95%
Ar—NO, 20-40 atm Ar—NH, 90 - 95%
‘ Ji’ﬁ ‘ Hydrogenation of nitriles”
H2 - Cat
R—C=N - R/\NH2 92%
20 atm
R = Ar, Alk
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Reactions

‘ Ne§ ‘ Ammonia addition to activated double bond*

J— NH4OH - H,0 —/—CEN
HZC/ 20 atm H2N
85 - 90%
‘ ALY | ‘ Methoxylation of olefines
R R
ROH
> HC OR 95%
H3C CHj lon-exchange resin
CHs

‘ ﬁ‘)a ‘ Mild electrooxidation of primary hydroxyl into aldehyde*

CH Hs CHa e
RO 3 Cat, Br~ RO
_—
OH -e \O
HsC HsC
90%
‘ E‘-’g ‘ Oxidative coupling of propargyl alcohols*
Hj . Hj Hs
Cu
HsC —CH ———>  H4C | | CH3
o)
OH 2 OH OH

87%
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Reactions

‘ N10 ‘ Cyclocarbonates from propargyl alcohols*

Hs
CH,
4;3 R4—\/
_ co,
R ——CH >

OH

0,
20-100 atm O o 95%

roducts ST

Synthesis of N-polycyclic heterocycles:
analogues of alkaloids, tryptamine,
-ethylamine and aminoacid derivatives
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Reactions

Synthesis of N-polycyclic heterocycles:
analogues of alkaloids, tryptamine,
-ethylamine and aminoacid derivatives

H3;C

} N
CHs R
X
o\n/N HsC CHs

Hy "
R' XNH 3
R1

o
NH,NH,
Hs
HaC OH
R CH,
o TH HsC CH,
o) NH o N—%
\ﬂ/ \ﬂ/ X = OH, NHAr
o) o
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Reactions

Synthesis of N-polycyclic heterocycles:
analogues of alkaloids; tryptamine,
B-ethylamine and aminoacid derivatives

o N
OH HN \n/

‘ Nett ‘ Cyclocarbonates from epoxides

R R'
N S €0 95%
o ()
o 20-100 atm OTO
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Reactions

‘ Neq2 ‘ Synthesis of yuvenile hormones*

Ha
CH Hs RO,C
RO ¢ X
+ —_—
\O
HC HyC o o
CHj Hs Hs
RO
N X _~COOH
HsC
87%

‘ Ne13 ‘ Acid chloroanhydrides from acids and thionyl chlorides*

socl,
> 93%
Cat: DMF

‘ Ne14 ‘ See after reaction N15

‘ ALY ‘ Nitroacetyl ester condensation with triethylorthoformate

OEt

OR Cat: Ac,0
OaN + CHOEH); —— > 90%
OR

o O,N
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Reactions

‘ N14 ‘ Malondinitrile condensation with triethylorthoformate*
R OEt
Cat: Ac,0
ne” en + RC(OEt); > 95%
NC CN
products RS 1Y
Synthesis of 5-membered
amino-N-heterocycles with carboxylic group
in ortho- position: precursors
for condensed pyrimidines
COOR COOR COOR
N
] P A
HyC T NH, HyC T NH, N\N/ N,
H,N COOR
|
N\O/N
ROOC NH, R4 CN
RNHNH, Et—0 CN NH,OH | |
N
R4 \N/N\R Rq CN \O NH,

Rand Ry =H, Ak
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Reactions

‘ N16 ‘ Nitration of nitroacetic ester in two-phase system*

O
:
HaC T OR

NO,

/ﬁ\/ﬁ\ Two-phase \/H\
O,N 0
HaC OR system 2 o 0 %

OZN\
.

— CH K 93%

/

O,N

roducts JESTY

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

COOR ROOC COOR

R1
Ha
Het—NH CO.R —
o P
HoN NG, R = OAIk, NHy, NHNH, |
o HaC N o
{ H
{
[o—
1) C=N
Ha
Ar ’ Ha Ha
NO, P N
| | |
o NH, HaC N o HaC N o
CHs k k
COOR COOR

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

|

! ) !
NH
o “eocrs N NH\so CH,Ph NH
| T | CH W
. A |
Ph N o CHsy Et DN NHJ\O Hae N X N NH, X N NH,
NH ‘ NH ‘
CH3 R N
HaC N o N 0
H o H

o COCF3 R=Me,Cl

Human leucocyte elastase inhibitor HIV reverse transcriptase inhibitor Thrombin inhibitor Amrinone (cardiotonic)
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Reactions

‘ Neq] ‘ Amino to nitrogroup transformation for heterocycles

HNO,-H,SO0,
Het——NH, > Het—N02 80 - 90%

\ Ji‘—’]ﬂ\ N-Alkylation of 5-memberd nitrogen

heterocycles by bromoketones*™

o
)’k/Br R
I i
X\N/ X Two-phase system X\N/ X °

80 - 90%

‘ N19 ‘ Synthesis of monobromoacetone in two-phase system*

Br2
- By 95%
C,H4Cly - Hy0 HaC

HaC CHs
KCIO,

‘ E’Zﬂ‘ One-step synthesis of 3,4-diamino-1,2,5-oxadiazole*

45%
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Reactions

‘ Ne21 ‘ Pyrolysis of cellulose into anhydrosugars™

400°C, vapor

Vacuum 20 mm Hg Ho “1oH

OH
Cellulose
40%

Cat: H3PO4
O e
350 - 370°C, vacuum
X
(0]

10%

oroducts 1Y

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

ArS

O,
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Reactions

‘ Ne22 ‘ Oxydation of methyl in aromatic compounds*

Hs OOH

O2N NO, O,N NO,
NO, NO,
90%

oroducts P73

Synthesis of heterocycles from trinitrotoluene (TNT)

X NHR' X X NO,  NH,
1
R CO,R
agiion jon. jons
N, N. N S
O,N \o O2N \R1 O2N 02N
X X
\T
S - Hs — = R
O,N o)
O,N. NO, O,N
z
X
N
\ -] NO; —
N (¢}
O2N \R1 O,N
X
H Hs X
N 0 ;
7 . _R
R? |
2
O,N SN R AN S
R, H4C N
[} (o} 3 O,N (©O)n
X =NO,, OR, SR, NHR, F, N3 Y = OH, OR, CI Z=H, NH,

R" = H, Alk, Ar, Ac, SOAr R? = Alk, Ar, OR, Hal
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Reactions

‘ Ne23 ‘ One-step synthesis of 1-substituted tetrazoles

N N
R—NH, + CH(OEt); + NaNg ——> || J 80%
~

N
|

R

Ne@f] | See after reaction N27

Ne9B | See after reaction N24

N26 Catalyst for chiral aminoacid synthesis

PhCH,CI
_—
®

N
0 ) 0 Nz
Ph .
82%

OH

O\ Ph socl,
N
N - |
Jd
Ph
80%
‘ Ne21 ‘ Bischler-Napiralski Reaction*
POCI3-ZnCI2
R — R
1
HN N
ﬁN/\R
© R
70 - 85%
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Reactions

‘ Ne24 ‘ Synthesis of trifluorobenzoic fluoroanhydrate in ligiud HF*

HF //O
CCly CCly > CF;3 90%
30-70 atm 130 -140°C =

oroducts JRGTY

Synthesis of CF,;-derivatives of aromatics
and 5,6-membered heterocycles

Py

FsC FsC
FaC

NH,
F3C FsC

F4C ‘
I 1
NH
NH )
NH, F3C COOR
F3C CF3

F3C
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Reactions

‘ M’Zﬁ ‘ Trifluoromethylation of p-nitrophenol”*

CF
HF - CCl, N
HO NO, > O NO;

30-70atm 170°C

75%

CF
N H,/Pd
o) NH,

50°C
90%

roducts RTLY

Synthesis of derivatives of trifluorometoxyaniline

|
N N NH,
Z ookt H\NH2
Nt -
XCF,0 XCF,0 XCF,0 N cH

3
H

NO,
H NH
N 2 T |
- "
XCF,0 COOR XCF0 /©/ o NO
2
5 X=ClF XCF,0

I
N CH,CI N \ N
| |N H\[( ’K’H\( \CHzF’h
)\ o 0 NH,
XCF,0 S SH XCF,0 XCF,0
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Reactions

‘ N28 ‘ Synthesis of $-aminoacids

COOR
R 2) NHs COOH
Ar COOR
\ > Ar
\ -Co
° 2 NH,
75%

‘ 29 ‘ Hydrogenation of ketones

/ﬁ\ H, - Cat ji

R R 20 -100 atm R R

80-95%

‘ N30 ‘ Synthesis of propargylamines*

NH4OH, Cat

> R | ——CH

NH,

90 % 60 - 90 %

1) NaN02 - HCI Ar—NH
Ar—NH,

2) SnCl,

Y

NH»

75-90 %
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Reactions

‘ N32 ‘ Synthesis of heterylmalonaldehydes

NM
et 1) DMF - POCl, / ®2 KOH - MeOH ©
\ > Het G co, ———>  Het
X 2) HCIO,
NMe2 (0]
X = H, CO,R -

‘ N33 ‘ Synthesis of triptamines (Fischer-Grandberg reaction)*

R
Cl
~NH;

NH N R
H

70 - 90%

e
(@)
+
T
N
I
py
N
z
Q
@
=
o
>
o
w
Y
e
£
/
py
N

50-90%

‘ E’35 ‘ Synthesis of 4-carboxy-quinolines by isatin ring-opening*

COOH
o
7 R CHs N
= 70%
N 0 N/ .
H
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Reactions

‘ E’:ﬂi‘ Cyanoethylation followed by hydrogenation*

COOR
>
NN
N O
H
COOR CHo 1) OH 70-80%
U e
COOR CN 2) Hy-Cat H
(6] N
—
NN
N O
H
80%

‘ N37 ‘ Jap-Klingemann reaction followed by Fischer rearrangement®

N2
0 — e
NH NH
MeOOC N
H
o) (0]

30-70%

‘ E’:']ﬂ‘ Triptamine synthesis by dihydrocarboline hydrolysis

X
Rl
NH
/ N
H
o}
CH,CH,NH, CH,CHyNH,
S
R - R |
€O,
N COOH F N
H H

20 - 85%
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Reactions

‘ Jﬁ’39‘ Transformation of hydroxybenzoic acids to

alkoxybenzoic acids*

HO COOH 1) R—Hal RO COOH

2) HO

+
3)H
80 %

‘ Ji’l“]‘ Selective oxidation of one methyl group

R AN
| _ - P
HsC CH, HaC COOH
X X
X = H. NO, 70 - 80%
R =H, Me

‘ ALY} | ‘ Mannih condensation:

dinitroacetate with aldehydes and azide-ion

CH
NO, OzN 3
/o H,0, 60°C
EtOOC—C\K + CHsCHO + NaNg - | |
N N
NO, ~
H
80%
O,N COOH
N N
N
H
90%
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Reactions

‘ JE’IIZ‘ One-pot cyclo-nitration and Me-oxidation

HOOC
HO N 1.[NOy] N
) e
2.10]
N 0O,N N
H H
42% 85%

‘ Ji’ll:” Synthesis of 2-amino-4 carboxythiazoles

CHj3 CHj )%
Bry,, DMF H,N s %
2 2
(0] (0] (0] (0] N \
DMF \
d OR
OR Br OR H,N
90%

0
Cat | XX
R + )k R | CHj
NH, HaC CHg 175 -180°C / \
58%
CHs CHs
H2, Cat
R CHs R CHs
N N
H CH, H CHs
20% 90%
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Reactions

‘ E’llﬁ‘ Transformation of 4-(5)-bromoimidazoles

into 4-(5)-carboxyimidazoles

e — I P I 3"

80% ~80%
R
oC
HO /
/ N
O,N N/>\R1
70-80%

‘ E"llﬁ‘ Bromination of anilines

CHj CHj
NH, Br, NH,
S — .
+
H
CH3 Br CH3
~60%

CCI;CHO
NH,OH
NH,
CH,
OH
IL\ /O
H /7
\
NH \o N 0
H
CH, CH,

90%
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Reactions

‘ E‘-’llﬂ‘ Nitration of isatines

0 0
/ oM /
2 [NO2] 7
N 0 N 0
H H
CHs CHg
65%
‘ E“llﬂ\ Synthesis of antranilic acids from isatines
0
O,N /O O,N
NO,] on
N o] NH;
H
CHs CHs
95%
‘ Eoﬁﬂ‘ Synthesis of indazoles from ortho-methylanilines
O,N COOH O,N COOH
INO']
NH, 7 Nn
CHs \N/

~80%
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Reactions

‘ 51 ‘ Oxidation of phenantroline

7 \ N
\N N/
0]
0 Q 6] (e} HOOC
N—— f—
= X
IO Ay L0 G
Z _ N N N
o ” N =\ N COOH
50% 40% 30% 60%

‘ NQEZ‘ Introduction of 1-aminopropyl fragment into imidazoles™*

N N
CHg CHj
(\N/\/\ H
N:< NH,
CHj
90%

<}o HCI ]
B — T

60%

OH

Page 156




Reactions

‘ E‘-’Ell‘ Synthesis of 3-(5)-1,2,4-triazolylacetic acides

OM
R NH\NH e Ri 2 N\
2
+ COOR — \—
o) HN
COOR
R, = Alk, Ar 70 -85 %

N

O Et
o COO
\ 3 steps

-
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