
INTRAMOLECULAR CARBON-CARBON BOND FORMATIONS
IN POLYCYCLIC SYNTHESES

                        
   Based upon the work at the

INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE
                                            KOLKATA

                                                 1954 - 1959

                                                 1964  -  1996      



Me

Me

Me

Me

HO2C H

H

Me

Me

Me

Me

HO2C H

Me

Me
Me

Me

Me

Me

Me

HO2C
H

OH

Me

Me

HO2C H

H

Me

ABIETIC ACID PIMARIC ACID

DEHYDROABIETIC ACID PODOCARPIC ACID

RETENE
PIMANTHRENE



Me

H
O

CO2H

CO2H

Me CO2H

Me

O
EtO2C CN

Me CH

CO2Et

CN Me CO2H

NC CH

CO2Et

CN
Me CO2HCO2MeBr

CN

MeMgI/
CuI A

B

P. N. Rao and P. Bagchi Sci. Cul.,
1953, 267;
J. Org. Chem. 1958, 23, 169

G. Stork and A. W. Burgstahler,
J. Am. Chem. Soc. 1951, 73, 3544

N. N. Saha, P. Bagchi and P. C. Dutta,
J. Am. Chem. Soc. 1955, 77, 3408

U. R. Ghatak, N. N. Saha and P. C. Dutta,
Chem. Ind. (London), 1957, 52



O

Me

H

Me

H
EtO2C CN

Me

HHO2C Me

Me

HH

EtO2C CN

B

A

MeMgI/
CuI

U. R. Ghatak, N. N. Saha and P. C. Dutta, 
J. Am. Chem. Soc., 1957, 79, 4487

N. K. Basu, U. R. Ghatak, S. Sengupta and P. C. Dutta 
Tetrahedron, 1965, 21, 2641

C. T. Mathew, G. C. Banerjee and P. C. Dutta, 
J. Org. Chem., 1965, 30, 2754  

O

CN



Me

H
O

Me

H

EtO2C CN

Me

H
CN

NC

EtO2C

Me

H
NC CH2CO2H

Me

H
NC CH2Br

Me

H
HOOC CH3

CN

(mp 146-147 0C)

cis or trans ?

N. N. Saha, B. K. Ganguly and P. C. Dutta, 
J. Am. Chem. Soc. 1959, 81, 3670

M. Sharma, U. R. Ghatak and P. C. Dutta, 
Tetrahedron, 1963, 19, 985   



Me

Me

HO2C
H

Me

Me

HO2C
H

Me

Me

HO2C
H

Me

Me

HO2C
H



O

EtO2C
Me

Me

MeO

OC

Me

HO2C Me
H

Me

HO2C Me
H

+

m.p. 232 - 233 oC
Methyl ester:
m.p. 131 - 132 oC

m.p. 206 - 207 oC
Methyl ester:
m.p. 84 - 85 oC

U. R. Ghatak, Tet. Lett., 1959, 19 
U. R. Ghatak, N. R. Chatterjee and B. Sanyal, 
J. Org. Chem., 1979, 44, 1992 

Me

O Me

Me CO2Me

+

Me

O

CO2Me



Me CO2H

Me

H
Me CO2H

Me

H

COMe

Me CO2H

Me

H

OH

Me CO2H

Me

H
O

O
Me CO2H

Me

H COOC

Me

H CH3

C2H5
CH3

Me

H
O

m.p. 132 - 133 oC (  )-PODOCARPIC ACID

(m.p. 205 - 207 oC)

KNH2/
NH3 (l)

MeI

O
Me

Me

O

Me

O
Me

Me

CH2

CO2Et

H
Me CO2H

Me

H

U. R. Ghatak, D. K. Dutta and S. C. Ray, J. Am. Chem. Soc., 1960, 82,  1728



HO2C Me
H

Me

R2

R1

EtO2C Me

R2

R1

Me

H

Me

O
EtO2C Me EtO2C Me

R2

R1

Me
H2SO4-HOAc

R1= R2= H
R1= i-Pr, R2= H
R1= H, R2= OMe

R1=R2= H ; m.p. 232-35 oC
Me ester ; m.p. 131-32 oC

R. D. Haworth and B. L. Barker, J. Chem. Soc., 1939, 1299
B. K. Bhattacharya J. Indian. Chem. Soc., 1945, 22, 165
R. D. Howorth and B. P. Moore, J. Chem. Soc., 1946, 633

EtO2C Me

OMe

Me

H
EtO2C Me

OMe

Me

OH

PPA
+   2 - isomers (?)

F. E. King, T. J. King and J. G. Topliss, Chem. Ind.(London), 1956, 133

HO2C Me

OMe

Me

H

OMe

O

H

OC

Me O

Me +   One - isomers (?)

EtO2C Me

OMe

Me

H
O

AlCl3- HCl

m.p. 186-87 oC

m.p. 206-207 oC
Me-ester; m.p. 84-85 oC

W. E. Parham, E. L. Wheeler and R. M. Dodson, J. Am. Chem. Soc., 1955, 77, 1166



Me

Me

HO2C
H

Me

Me

HO2C
H

Me

Me

HO2C
H

Me

Me

HO2C
H

mp 232-233 oC mp 205-207 oC

mp 174-176 oC mp 146-147 oC

R. D. Howorth 1939 W. E. Parham 1955

From I. A. C. S. Kolkata



Me CO2H

H

H

Me CO2Et

Me C
H

O

O
Me CO2H

H

H

Me CO2HMe CO2H

H

H Me CO2H

H

H

(A) +

Me CO2Me Me CO2Me

O

HOAc-H2SO4

Li-NH3
90 %

H2, Pd-C
90 %

"retention" "inversion"

Li-NH3

90 %

H2, Pd-C

H2SO4, 70 %

H2SO4, 77 %

KOH, 96 %

U. R. Ghatak, N. R. Chatterjee, A. K. Banerjee, J. Chakravarty and R. E. Moore,
J. Org. Chem., 1969, 34, 3739

Tet. Lett., 1967, 247; Chem. Comm., 1967, 217; Indian J. Chem., 1971, 9, 804

A

80%

10%



H
H

R3
R2

R1

Me Me

Me

Me Me
H

R1

R2

R3

Me

Me Me
H

R1

R2

R3

+

MeSO3H-P2O5
(10 :1)

15 min 
20 - 25 oC

1.   R1 = R2 = R3 = H                                       99                  :                 1

2.   R1 = OMe; R2 = R3 = H                          100                  :                 0

3.   R1 = R2 = H; R3 = OMe                         100                  :                 0

4.   R1 = R3 = H; R2 = OMe                          34                  :                66

S. Ghosh, B. K. Banik and U. R. Ghatak, J. Chem. Soc. Perkin Trans 1, 1991, 3189



OH Me

Me

R

Me

Me Me
H

OH
Me

O

Me

Me Me
H

OH
OH

O

Me

Me Me
H

OH

Me

Me Me
H

Me

Me

OH

Me

Me Me
H

Me Me
OH

O

Me

Me Me
H

Me

Me

O

OH Me

Me
Me

Me Me
H

O

O

O Me

Me
Me

Me Me
H

HO

O

O
O

Me

Me Me
H

O

H

Me

Me

R = H2, FERRUGINOL
R = O, SUGIOL

NIMBIOL NIMBIDOL

TOTAROL SEMPERVIROL XANTHOPHEROL

ROYLEANONE TAXODIONE MAYTENOQUINONE

Rev: U. R. Ghatak, Pure and Applied Chemistry, 1990, 62, 1413; 
                               Proc. Indian Sci. Acad., 1995, 61, 21
         



O

Me R

Me R Me CO2H

Me

H
R

Me

Me
H

H

Me

Me

CO2H

H

Me

CO2H

Me

O

O

Me

H
Me CO2H

OMe

Me

H

Me
H

O

( )n

X
X

&

( )n

X

X
( )n

X = OMe, Me X = OMe, Me etc
R = CO2H or Me

n = 1 or 2
R = CO2H or Me

n = 1  n = 2

n = 1

n = 1 or 2
R = CO2H n =3

n = 2
R = Me

X = OMe



H

H

H

O
O

H

CH2

CO2H
Me H

H

H

H

CH2

CO2H
Me CO2H

CO2H

VEATCHINE ATISINE

GIBBERELLIN  A15 GIBBERELLIN  A25

O

N

H

H

CH2

OH

Me

A B

C D

E

F
O

N

H

H

CH2

OH
Me

A B

C
D

E

F



RCOCH=N2 + N2

RCOCH2X + N2

hν, ∆

or Metal Catalyst

X
H

O
CH

C

C C

C H

C C

O

CH
C

C C

CH
C

H

O
CH2

C
N2

O
CH2

C

C C
Products

[Path 1]

[Path 2]

[Path 3]

Rev: S. Ghosh and U. R. Ghatak, Proc. Indian Acad. Sci. (Chem. Sci.),
                                                                            1984, 93, 547

[RCOCH2 N N
+

]

C

O

RCOCH

O
CHC



R

COCH=N2

Me

R

O

Me

R

O

Me

R

O

Me

HR

O

Me

H

"activated CuO"
hν

HCl

CHCl3

Pd-C
H2 

Pd-C
H2 

a  R = H
b  R = Me

S. K. Das Gupta, R. Das Gupta, S. R. Ghosh and U. R. Ghatak, 
                                                                   Chem. Comm., 1969, 1253
U. R. Ghatak and P. C. Chakraborti, J. Org. Chem., 1979, 44, 4562



H

H
MeHO2C

R

H

H
MeN2=HCOC

R

H

R

Me

OC

H

R

Me

NAc

Cu2O

Cyclohexane-THF
(1:1)

R = H or OMe

U. R. Ghatak and S. Chakraborty, J. Am. Chem. Soc., 1972, 4756 ;
                                                          J. Org. Chem., 1976, 41, 1089
U. R. Ghatak, Sh. K. Alam and J. K. Roy, J. Org. Chem., 1978, 43, 4598

HO2C

H
MeHO2C

R

(  )-Atisine+
(  )-Veatchine+
(  )-GA15+

 hν, ∆



HO2C Me

( )n

R

Me COCH=N2

( )n

R

Me
O

( )n

R

Me
O

H

( )n

R

O

H
Me

( )n

R

HClO4-CHCl3 
           or

HBF4.C6H6
80-90 %

Pd-C , H2
EtOH80-90 %

Et3O+BF4
-

CH2Cl2
90-95 %

n = 1 or 2

U. R. Ghatak, B. Sanyal and S. Ghosh, J. Am. Chem. Soc., 1976, 98, 3721
U. R. Ghatak, B. Sanyal and S. Ghosh, J. Chem. Soc. Perkin Trans. I, 1980, 2821



Me COCH2 N N Me
O

H

O
Me

+

+

Me

O

+
Me

O
O

Me

+

Me

O

OH

+H+

-N2

-H+

+H+

-H+

+H2O

-H+

[ ]n [ ]n [ ]n

[ ]n[ ]n

[ ]n



Me COCH=N2

[ ]n

R

Me
O

R

Me

O

R

Me
OH

O

R

G. O.S. V. Satyanarayana, P. R. Kanjilal and U. R. Ghatak, 
                                       J. Chem. Soc. Chem. Comm., 1981, 746

U. R. Ghatak, B. Sanyal, G. O. S. V. Satyanarayana and S. Ghosh, 
                                    J. Chem. Soc. Perkin Trans. 1, 1981, 1203 

[ ]n
Me

O

[ ]n

[ ]n

[ ]n



H
Me

HO
CH2OH

H

CH2OHHO

Me

H

Me

Me
R2

Me
OH

H
Me

R1

OH

H
CH2OH

Me

Me

Me

H

Aphidicolin Stemodin Stemarin

U. R. Ghatak, M. Sarkar and S. K. Patra, Tetrahedran Lett., 1978, 2929

CO2H

Me

MeO

R2

R2

Me

OR1
O

Me

H

( )n

H3O+

R1 = H ; R2 = CO2Et
R1 = Me ; R2 = H

Me

H

MeO

H

OMs

Me

H

H

MeO

Me

R. Dasgupta, P. R. Kanjilal, S. K. Patra, M. Sarkar and U. R. Ghatak, 
                                                                                   Tetrahedron, 1985, 41, 5619
P. R. Kanjilal, M. Sarkar, S. K. Patra, S. Ghosh and U. R. Ghatak, 
                                                                                  J. Org. Chem., 1985, 50, 857

OMs

Me

H
H



R1

R2

Me

Me

O

C

O

Me
R1

R2

H

C

O

Me
R1

R2

H H

CH(OMe)3, H+

CH(OEt)3, H+

n = 1 or 2
R1, R2 = H or OMe

Me COMe

R2

R1

C

R1

R2

Me

O

H

O

Me

HH

Me

O
R2

R1

CH(OMe)3, H+ CH(OEt)3, H+

R. Chakraborty (nee' Dasgupta), B. C. Ranu and U. R. Ghatak, J. Org. Chem., 1985, 50, 5268
R. Chakraborty (nee' Dasgupta), B. C. Ranu and U. R. Ghatak, J. Chem. Soc. Perkin Trans 1, 1988, 795
U. R. Ghatak, B. Sanyal, S. Ghosh, M. Sarkar, M. S. Raju and E. Wenkert, J. Org. Chem., 1980, 45, 1081 

[ ]n

[ ]n

[ ]n

[ ]n

[ ]n

[ ]n



OH
Me

Me

Me Me
H

OH
Me

Me

Me Me
H

OH

Me

OMe Me
H

Me O
O

Me

MeHOMe Me

Pisiferin Isopisiferin

Faveline Umbrosone

S. Deb, . Bhattacharjee and U. R. Ghtak, J. Chem. Soc. Perkin Trans. I, 1990, 1453
A. K. Ghosh, C. Mukhopadhyay and U. R. Ghatak, J. Chem. Soc. Perkin Trans. I, 1994, 327
K. Ghosh and U. R. Ghatak Tetrahedron Lett., 1994, 35, 5943
K. Ghosh and U. R. Ghatak, J. Chem. Soc. Perkin Trans. I, 1999, 1359



STEREOCONTROLLED SYNTHESIS OF CONDENSED POLYCARBOCYCLIC SYSTEMS 
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A FACILE SYNTHESIS OF LINEARLY CONDENSED CYCLOHEPTANOLS,
CYCLOOCTANOLS AND CYCLONONANOLS BY A REGIOSELECTIVE ARYL

RADICAL CYCLIZATION PROCESS
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