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NEW STEREOSELECTIVE SYNTHESIS OF POLYFLUORINATED 
exo-NORBORNENES.

1. Norbornene Based Synthesis of exo-4-Fluoroalkylnorborn-1-
enes.

2. Quadricyclane Based exo- Selective Synthesis of Functional 
Fluorinated TriCycloNonene (TCN) Monomers.

3. Quadricyclane Based Synthesis of Oxa-, Aza- and Thia-
Norbornencyclobutanes.

4. Chemical of Transformations of Polyfluorinated 
Tricyclononenes.

5. Conclusion.
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1. Pactical Synthesis of 4-Fluoroalkylnorborn-1-enes. 
Endo-/Exo- Selectivity: Diels-Alder vs. Radical Addition.

t C4F9

CH2C(CF3)2OHCH2=CHCH2C(CF3)2OH

endo/exo =80:20

61 %, NBCH2FOH; endo/exo =80:20

+  RfI

I

Rf

H.V. Tran et al. Macromolecules   
35 (2002),  6539.

Perez, E. et al.    J. Fluorine Chem.   
39 (1988)  173.

CH2=CHC4F9

170oC, 72h

175oC, 24h

N. O. Brace.   J. Org. Chem. 27 (1962),  3027.

A. Feiring,  J. Org. Chem.  50 (1985),  3269.

Radical Addition to NB is exo- selective (!)

Diels-Alder Reaction is endo- selective:
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1. Pactical Synthesis of 4-Fluoroalkylnorborn-1-enes.

Exo- NBCH2FOH

Using similar sequence was prepared in ~45% yield (exo-endo = 98:2)
CF2C3F7

+ ICH2C(CF3)2OH

Cl

AIBN

90-110oC, 2h
Cl

CH2C(CF3)2OH

I
yield 70-90%  ( 21 % for the mixture 
of endo- NB-Cl)

80oC, 10h
Cl

CH2C(CF3)2OH

yield 70-80%

Cl
CH2C(CF3)2OH

I
Pd/C, H2,
C2H5OH

CH2C(CF3)2OH

yield 90-95% ; exo/endo = 97:3;  
total yield  for 3 steps - 65-70%

Cl
CH2C(CF3)2OH

+ (CH3)3COK
THF

4-6h, reflux

(excess)

1)

2)

3)
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2. Quadricyclane Based Exo- Selective Synthesis of Fluorinated 
TriCycloNonene (TCN) Monomers.

Cycloaddition to Fluoroolefins:

Quadricyclane - [2σ+2σ+2π] Cycloaddition Reactions with activated olefins:

+  RCH=CHR'

R

R'

C.D. Smith JACS 88 (1966) 4273.
I. Tabushi et al. JACS 94 (1972) 787.

V. Petrov, N. Vasil'ev Current Organic 
Synthesis, v.3, 2006, pp. 215-259

Q

CF2

B. Smart JACS 96 (1974) 929.
C. Holyoke PTC 
WO 9506631 (1995)

F2
C

CF2
C(CN)2

C(CF3)2

CF2

CF2

F2C(CN)2C=C(CF3)2 Q

CF2

F3C

F3C

CF2

CF3F3C

P. Seargent, 
JACS, 91 
(1969) 3061
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2.1. Synthesis of Functional Fluorinated TCN-Monomers
(X=C). 

CF2

OR

CF3

125oC, 144h
61%,  R=C(O)C6H5

CF2

F

C(O)F
45oC, 24h

>90%
CF3

C(O)Cl

10-35oC, 12h >71%

F2C=C(OR)CF3

 F2C=CFC(O)F

  CH2=C(CF3)C(O)Cl

C(O)OBu-t

C(CF3)2OH
  CH2=C

C(CF3)2OH

C(O)OBu-t

100oC, 10h
1, 65%; ratio isomers 98:2
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2.2 Cycloaddition of Quadricyclane to Fluoroolefins. 

V. Petrov, F. Davidson, P. Krusic, A. Marchione, W. Marshall
J. Fluorine Chem. 126 (2005) 601-610.

Q + R(R1)C=C(R2)R3

R2

R3
t

R1

R

R            R1            R2            R3    Temp. (oC)    Time(h)    Yield (%)
F             F              F             F       110               72              10
CF3         F              F             F       110               48               22
CF3         F           CF3           F       110                48               30
CF3         CF3        H              H       100               16               63
CF3         H           CF3           H       110               72              <1
CF3         CF3        C2F5        F         90                 12              56

CH2=C(CF3)2 >> trans-CF3CH=CHCF3 polarization of C=C
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2.4 Relative Reactivities of Fluoroolefins in the [p2+s2+s2] 
Cycloaddition to Quadricyclane at 109 °C.

(CF3)2C=C(CF3)2

(CF3)2C=CF-CF2CF3

0.085

2.9

4.0

138

(CF3)2C=CH2

CF3CF=CF2
HFP

trans-CF3CF=CFCF3

HFP dimer

Pseudo first-order
Rate (h-1)

Relative
Reactivity

0.021 1

Fluoroolefin

0.026

0.039

1.2

1.9

0.27 13

* TFE ~ 0.3 - 0.5

(CF3)2C=CHCH=CH2 0.6 29

cis-CF3CF=CFCF3

(CF3)2C=CFC2F5>> (CF3)2C=C(CF3)2

>CF3CF=CFCF3>CF3CF=CF2> CF2=CF2

Reactivity towards Q:

(CF3)2C=C(CF3)2>(CF3)2C=CFCF3>

>CF3CF=CFCF3>CF3CF=CF2> CF2=CF2

LUMO of CF2=CF2 is ∼ 2 eV higher compared to  
LUMO of (CF3)2C=C(CF3)2 

I.N. Rozhkov, Yu. A. Borisov  Izv. AN USSR. 
Ser Khim. 1992, 1334 -1340

Calculated LUMO (MINDO):



June 6, 2006

2.5 Effect of Substituent. 

C(O)OBu-t

C(CF3)2OH
  CH2=C

C(CF3)2OH

C(O)OBu-t

100oC, 10h 1, yield 65%;
 ratio isomers 98:2

F

C2F5

Yield 56 %;
ratio isomers 93:7

F3C

CF3

C(O)OBu-t

C(CF3)2OH

+

F

C2F5
F3C

CF3
+

90oC, 12h

(CF3)2C=CFC2F5
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2.6.a Structure of Bifunctional Monomer 1.
(W. Marshall, DuPont, CCAS).

C(O)OBu-t

C(CF3)2OH

1
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2.6.b Structure of Cycloadducts: exo- Orientation of Cyclobutane Ring in 
Polyfluorinated TriCycloNonenes (TCN’s).

Phase-sensitive 1H-19F HOESY NMR 
spectrum of A+B (F. Davidson).

ratio A : B = 93 : 7

+

F

C2F5
CF3

CF3

C
F

C2F5

CF3

CF3A

B

Q + (CF3)2C=CFC2F5

V. Petrov, F. Davidson, P. Krusic, A. Marchione, W. Marshall
J. Fluorine Chem. 126 (2005) 601-610
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3. Quadricyclane Reactions with Polyfluorinated 
Carbonyl, Nitrogen and Sulfur Containing 

Substrates.
Quadricyclane - Preparation and Properties

Preparation: Dauben, W., Cargill, R. Tetrahedron, 1961, 15, 197;
                      Smith, C. Org. Synthesis, 1971, 51, 962

hν
PhC(O)CH3

solventb.p. 108oC b.p. 92oC

Es=78.8 kcal/mol

IP=8.3-8.4 eV

t1/2=14h/140oC

E1/2=0.91 V(SCE) E1/2=1.56 V(SCE)

IP=8.4-8.7 eV
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3. Quadricyclane Reactions with Polyfluorinated 
Carbonyl, Nitrogen and Sulfur Containing 
Substrates. Preparation of “Hetero-TCN”

(X=O, N, S).

O

CF3

CF3

N

Rf

J. Fluorine Chem. 125 
(2004) 1543-1552.

J. Fluorine Chem.  125 (2004) 1621-1628.

>95%

RfCN Rf= CF3, C2F5, C3F7

0-10oC

100oC

56-81%

(CF3)2C=O

S

CF3

CF3

>95%

J. Fluorine 
Chem.  126 
(2005) 1332-1341.

"(CF3)2C=S"

25-35oC
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4. Chemical of Transformations of Polyfluorinated Tricyclononenes.
4.1 Reactions of exo-3-Aza-tricyclo[4.2.1.02,5]non-3,7-dienes.

CF3SiMe3

CsF, THF
N

Rf

CF3

SiMe3

Bu4NF/H2O

2, 90%HCl

NH.HCl

Rf

CF3

8, Rf=C2F5, 55%

N

Rf

Rf=CF3, 72%
Rf=C2F5, 56%
Rf=n-C3F7, 72%

N

CF3

CF3

H

MCPBA;
r.t., 16h

N

Rf

O

O

Rf=CF3, 53%
Rf=C2F5, 72%
9, Rf=n-C3F7, 24%
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Structure of Cycloadduct 8

NH.HCl
C2F5

CF3

(W. Marshall, DuPont CCAS)

8
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Structure of Oxaziridine 9
(W. Marshall, DuPont CCAS)
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4.2 Exo-Selective Ring Opening Reactions of Norbornene-
Oxetanes.

O
C(CF3)2

+ C4H9Li
3d, 25oC
1. hexane/
ether;
2. H+

+
O

C(CF3)2

C4H9 O
C(CF3)2

OH
C(CF3)2C4H9 

+

C4H9

yield 65%; 
ratio A:B =87:13

O
C(CF3)2

C4H9

H+
A

B

δ−

δ+

V. Petrov, F. Davidson, B. Smart J. Fluorine Chem. 
125, 2004, 1543-1552
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4.2 Exo-Selective Ring Opening Reactions of Norbornene-
Oxetanes.

O

CH2Br

CF3
-60-50oC

OH

CF2

CH2-C4H9

65%

2LDA

-70 to r.t.
O

CF3

H

80%
2BuLi

OH

CH2

CF3

82%

2MeLi
-70oC THF

O

CH2 Li

CF3OLi

CH2

CF3

BuLi-LiF

O

CHBr Li

CF3 O
CHBr

CF3

-LiBr

H+

-70oC
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4.3 Exo-Selective Ring Opening Reactions of Norbornene-
Thietane (3).

3
RLi

THF/hexane,
-70oC

SR

CF2

CF3

R=C2F5 (83%), CH3 (88%),
[(CH3)2CH]2N (68%), C4H9 (66%)

RMgX

ether,
0-10oC

SR

CF2

CF3

R=(CH3)2CH (84%),
Ph (77%). RfSi(CH3)3/CsF

SRf

CF2

CF3

Rf= CF3, C2F5, C4F9; 40-60%

CF3CF=CF2/KFDMF

SCF(CF3)2

CFCF(CF3)2

CF3

76%

S

CF3

CF3 O

CF3

CF3vs.
δ+

3

δ+

δ−

V. Petrov, Mendeleev Communications, accepted for publication
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5. Conclusion:
Polyfluorinated Tricyclononene Derivatives Are Valuable Starting 

Materials for Stereoselective Synthesis of Substituted exo-Norbornenes.

S

CF3

CF3

O

CF3

CXYH

δ+
3

O

CF3

X
X= H, Cl, F

OH

CXY

CF3

X= H, Cl, F

N

Rf

N

Rf

O

O
N

Rf

CF3

SiMe3

R-M
SR

CF2

CF3

Nu-

Nu-

E+
E+

Nu-

Nu-

Nu-

Nu-

R-M

E+, R-M
E+, R-M
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CF3

F

F
F

F

FH
H

H'H

H

S

H

H

H

Noe's

small

Noe's between              
H2/H3(large Noe)
H7,H7'/H1,H4(large)
H7/H7'(large)
H5,H7and , H6,H7(small)

No Noe's between
H2/H7' or H3/H7'

distance in 
angstoms
2.33
2.65
1.8
3.08

3.81

2

3

4

5

6

7

distances based on model from Chem 
Draw 3D.

 Noe's

NOE Experiment Data 
(F. Davidson, DuPont CCAS)
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4.3 Fluorinated Sulfur Containing Compounds.
Synthesis of exo-3-Thiatricyclo[4.2.1.02,5]non-7-enes.

 25-35oC
S

C(CF3)2
S S

CF3F3C

F3C CF3

+ CsF, Digl.2

3, >90%

S+ Q + CF3CF=CF2

Q

DMF, KF

 55-65oC 3 + SCF(CF3)2

CCF3

CF2

4Yield:
3 - 41-60%; 4 - 3-5%

 120oC S

CF2

S S

FF

F F

+
5, 13%

Q + S

S
+ S

F2
C

CF2

C
F2

S

6, 4% 7, 17%
X- ray

V. Petrov, C. Krespan, W. Marshall
J. Fluorine Chem. 126 (2005)1332-1341
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1. Pactical Synthesis of 4-Fluoroalkylnorborn-1-enes.
Exo- Effect in Preparation of TFE/NBCH2FOH/t-BuAcrylate 

Terpolymer (A.Feiring).

Yield of polymer (g):          29.5 8.5

Mn:         6200 5800

Mw:         8100 7000

Exo-endo: 97:3 Exo-endo: 15:85

CH2C(CF3)2OH

CH2C(CF3)2OH

CF2- CF2 CH2-CH

C(O)OC(CH3)3

CH2C(CF3)2OH

x y z
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2.3 Kinetic NMR: Pseudo First-Order Reaction of Quadricyclane 
with CF3CF=CFCF3 (P. Krusic, A. Marchione).

• Adducts are formed at the same rate at which their 
corresponding starting reagents disappear.  Therefore, 
the addition is stereospecific.

• 4% isomerization of quadricyclane to norbornadiene 
occurred during the acquisition.

0

50

100

150

200

0 12 24 36 48
C

on
ce

nt
ra

tio
n 

(m
M

)
time (hrs)

k
trans

 = .039 hr-1; t
1/2

 = 18 hrs

trans

k
cis

 = .026 hr-1; t
1/2

 = 27 hrs

cis cis adduct

trans adduct

-200-180-160-140-120-100-80-60 ppm

-200-180-160-140-120-100-80-60 ppm

25°C before rxn

25°C after rxn

CF3CF=CFCF3

F

CF3
CF3

F

F

CF3

F

CF3

109 °C
+

2 d
+

22 mmol
  2.5 mL

0.45 mmol

71% trans, 29% cis ratio 74  :  26
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3.1 Fluorinated Carbonyl Compounds.
 Synthesis of exo-3-Oxa-tricyclo[4.2.1.02,5]non-7-enes

Q CH3C(O)CF3PhC(O)CF3 O

CH3

CF3

22%; ratio of 
isomers 63:37

90oC, 36h100oC, 18h

O

Ph

CF3

57%; ratio of 
isomers 74:26 BrCH2C(O)CF390oC,3h

O

CH2Br

CF3

87%;ratio of 
isomers 63:37

Q O

F

CF2SO2F

92%; ratio of 
isomers 63:37

FSO2CF2C(O)F

exotherm.25oC, 18h
CF3C(O)FO

F

CF3

60%; ratio of 
isomers 75:25 F2C=O

60oC, 16h

CF2

O 48%
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 3.2 Fluorinated Nitrogen Containing Compounds.
 Synthesis of exo-3-Aza-tricyclo[4.2.1.02,5]non-3,7-dienes

Q + (CF3)2C=NH N

CF3

CF3

2, yield <1%

100oC, 12h

H

Q + CF3CF=NC2F5
90oC, 12h

N

F

CF3

C2F5

N

CF3

F

C2F5

+

ratio: 75        :           25

Q + RfCN
100oC, 12h

N

Rf

Rf=CF3, 72%
Rf=C2F5, 56%
Rf=n-C3F7, 72%

1H-19F HOESY

V. Petrov, F. Davidson, W. Marshall 
J. Fluorine Chem., 125(2004) 1621-1628

yield 80%
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3.3 Fluorinated Sulfur Containing Compounds.
Synthesis of exo-3-Thiatricyclo[4.2.1.02,5]non-7-enes.

 25-35oC
S

C(CF3)2
S S

CF3F3C

F3C CF3

+ CsF, Digl.2

3, >90%

S+ Q + CF3CF=CF2

Q

DMF, KF

 55-65oC 3 + SCF(CF3)2

CCF3

CF2

4Yield:
3 - 41-60%; 4 - 3-5%

 120oC S

CF2

S S

FF

F F

+
5, 13%

Q + S

S
+ S

F2
C

CF2

C
F2

S

6, 4% 7, 17%
X- ray

V. Petrov, C. Krespan, W. Marshall
J. Fluorine Chem. 126 (2005)1332-1341
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3.1 Fluorinated Carbonyl Compounds.
 Synthesis of exo-3-Oxa-tricyclo[4.2.1.02,5]non-7-enes

Q + (CF3)2C=O exothermic(!)
O

V. Petrov, F. Davidson, B. Smart J. Fluorine Chem. 125, 2004, 1543-1552

(CH3)2C=O + Q
r.t., 48 h

NO RXN

CF3

CF3CH2Cl2
>95%

Q + (CF3)2C=C=O
exothermic(!)

OCH2Cl2
>92%

C(CF3)2

O
>65%

C(CF3)2
O

PCT Int. Appl. (to DuPont Co.) WO 2004/014960

NaOCl/H2O

Q  + O=CR(R') NO RXN
80oC, 24h
800MPa

G., Jenner et al. Chem. Comm. 1983, 221

R=CH3, R' =Ph
R=R' = -(CH2)4-


