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Abstract - A series of furans are converted directly,by reaction with 
chlorosulphonyl isocyanate, into furancarbonitriles. A route to furfural- 
carbonitriles is described involving a new application of the ruthenium 
dioxide - sodium metaperiodate oxidizing system. 

Our studies in the synthesis of sweetners based with pyrrole, reaction of CSI with thiophene 
8 

on readily available furan derivatives' requir- followed by treatment of the intermediate with 

ed the preparation of furan and furfuralcarbo- DMF results in the introduction of the carbo- 

nitriles. The literature methods available nitrile group into the Z-position. 

generally employ the corresponding aldehyde or 

carboxylic acid which is most often converted 

into its oxime 
2 
or amide 

3 
respectively and 

these are then dehydrated. More direct but 

less convenient methods include the annronolysis 

of furfurals on vanadium-molybdenum catalyst4 

and the ring closures of 3-cyanopentan-2,4- 

diones'. The high-yielding, 'one-pot' conver- 

sions of the aldehyde into the nitrile function 

described byOlah andKeumi or Royer et al6 have 

0 ! 
I 

DMF 

(x I \ 
l so, l HCI 

N CN 
not been applied to furfurals. The work of 

Anderson et al' on pyrrole and Lohaus 
Da on 

Ii 
2 

thiophenes gavepromise that direct cyanation 

of the furan nucleus might be achieved using 

chlorosulphonyl isocyanate (CSI). In the case 
'a 

Equation 1. 

ofpyrrole , CSI is added to a solution of Reaction of CSI with Furans 

the substrate in ethanonitrile and dimethyl- 

formamide (DMF) at -78"C, when the intermediate The cyanation of fur-an, using the same prcced- 

(?-pyrrolylcarbonyl)-sulphamoyl.chloride L is ure as for pyrrole 7a , resulted in furan-2- 
converted into pyrrole-2-carbonitrile 2, as carbonitrile, but in low yield. The yield was 

indicated in Equation 1. When a deactivating improved by delaying the addition of DMF until 

group is present in the Z-position of the reaction between furan and CSI at -78°C was 

pyrrole ring then the incoming sulphamoyl complete, or better still, if the order of 
ciloride group enters not at the 5- but at the addition was reversed and the furan added to 

4- position. thus pyrrole-2-carboxaldehyde a well stirred Solution of CSI in ethanonrtrile 
7 

gives 4-cyanopyrrole-2-carboxaldehyde . As then D!4F added as above. Using this "inverse 

3881 
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addition" procedure the results gathered in 

Table 1 ware obtained. If both 2- and S- 

positions of the furan nucleus w.ere substitut- 

ed as in 2,5-dimethylfuran the attack took 

place in the 3- poeition giving 5 in comparable 

yield (see Table 1) with the other examples. 

The reaction was unsuccessful using these 

conditions over the -25 to -78'C range for 

&furfuraL, 2-furfural protected as the i,3- 

dioxolane and 1,3-dithiolane acetals, methyl 

2-furoate, 2-furylacrylonitrile and 2-formyl- 

S-furfuryi methyl ether. It was clear there- 

fore that the deactivation of the furan nucleus 

by the 2-carboxaldehyde and other electron 

withdrawing groups was too great for reaction 

to occur under the conditions employed as 

none of the expected product was observed and 

greater than 90% recoveries of 2-furfural 

achieved. This is in contrast with the chem- 

istry of pyrrofe' referred to above. The 

cyclic acetals underwent rapid deprotection by 

the reagent and again substantial recoveries 

of starting compound were made and none of the 

expected product detected. Prolonged reaction 

times and temperatures up to reflux in ethano- 

nitrile failed to give the desired product, 

although recovery of starting material was 

substantially reduced. 

Hydrolysis of 2-cyano-S-furfuryl acetate, s. 

AS the direct cyanation of fUKfUrals to 

give furfural carbonitriles was unsuccessful 

and in view of the availability of & the 

obvious alternative approach was by hydrolysis 

of & and oxidation of the alcohol E so 

produced. The attempted hydrolysis in 

aqueous ammoniacal methanol at RT for 16 hr. 

gave a stable white crystalline product in 

excellent yield having M+'at m/e 155 and spec- 

tral data consistent with the amide Se [IR, - 

" IH-NNR included 3.84 
max 

3345, 1655 cm-'; 

(s, 38) and 8.3 (br, 2H. removed by 020); 13C_ 

NMR included 160.9 (s, 3311. However, when 

furan-2-carbonitrile 3a was subjected to the - 

same reaction conditions an analogous compound 

was the sole product isolated, which could 

only be methyl 2-furylimidate 4a. Thus making - 

it clear that the hydrolysis product of & was 

correctly represented oy the 2-furylimidate 

structure $J. The hydrolysis of 2 in aqueous 

ammoniacal ethanonitrile at SO"C, gave the 

dQ f\ 
N R 

3 

a. R = -H c, R =-Ct?OAc s,R=-CROCIi 
2 2 3 

b, R = -CH3 d,R = -Cn20n f,R=-CRO 

hydroxyamide z in 980 yield. Theconversion 

of 3c to the corresponding alcohol 3d was - - 

eventually effected (81% yield) by hydrolysis 

in aqueous methanolic ammnia at RT for 2 hr. 

Oxidation of the alcohol 3d to the aldehyde 3f. - - 

Initial attempts using activated mangan- 

ese dioxide in chloroform caused degradation 

of the furan ring, however,oxidation by pyrid- 

inium chlorochromate in dfchloromethane of 

ruthenium dioxide and sodium metaperiodate in 

carbon tetrachloride gave very good (76 and 81% 

respectively) yields of the aldehyde. The last 

reagent is widely used in sugar chemistry for 

the oxidation of secondary alcohols to ketones.' 

It is usually found to be unsuitable for the 

oxidation of primary alcohols to aldehydes due 

to extensive oxidation of the aldehyde function 

to the carboxylic acid. 
10 This is we believe 

the first report of a clean oxidation of this 

type. The 'R and l3 C-NMR spectra of the furans 

described are collected in Table 1. Unambig- 

uous assignments of the 
13 
C resonances are 

made on the basis of additfvity of chemical 

shifts due to mart? than one functional group as 

illustrated by for example Gronowitz et al. 
11 

Good correlations are obtained (usually better 

than 1 p.p.m:) for the furans described, 

although the correlation for the trisubstituted 

furan 5 is less good (see Table 1) unless 

corrections for compression factors are 

applied. 
12 

The additivity values for the immfno- 

ether substituent on the two position of the 

furan ring have not previously been reported 
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and are C 2, 17.8; ~3, 2.2; C4, 1.5 and C5, s), 6.45 and 7.11 (lH, d, J = 3.5 Hz). MS m/e 

2.0 relative to the fur-an carbon resonance (rel. int.) 123 (100). 122 (351, 106 (36). 78 

positions of C2, 142.6 and C3, 1.09.6. 
13 

(25), 68 (89), 64 (26). 51 (41), 39 (71). 

5-cyano-2-furfural 3f. Method 1 -- 
EXPERIMENTAL 

Organic extracts were dried over an- 

hydrous magnesium sulphate. Distillations 

were carried out "sing a Kugelrohr apparatus. 

CCM = Aichloromethane. 

To a stirred suspension of pyridinium 

chlorochromate (0.53 g, 2.45 mM) in LXM (10 

cm31 under N2 was added a solution of 2 

(0.20 g, 1.63 r&4) in DCM (2 cm3). After 2.5 hr 

the reaction mixture was filtered the residue 

General Method for the cyanation of furans. 

CSI (5.36 mM) in ethanonitrile (2 cm31 

was placed in a three necked flask fitted with 

thermometer, N2 inlet and a pressure equalising 

funnel sealed with a rubber septum, the whole 

being set in a dry ice acetone bath. me furan 

(3.57mM) in ethanonitrile (3 cm3) was intro- 

duced via a syringe into the funnel and this 

solution was added dropwise to the vigorously 

stirred solution of CSI. The mixture was 
3 

being washed with ether.The combined organic 

phase was concentrated, filtered through 

florisil, evaporated and distilled to give a 

colourless oil (0.15 g, 1.24 mM). Method 2. 

To a suspension of Ru02 (0.025 g, 0.19 mM) and 

NaIO 

stirred (1 hr) and thenDHF (1 cm 1 in ethano- 
3 

nitrile (1 cm ) was added dropwise, allowed 
to reach RT, stood (1 hr) and then poured onto 

crushed ice. After extraction with DCM (3 x 15 
3 

4 (0.10 g) in carbon tetrachloride (10 cm3) 

was added 3d (0.100 g, 0.81 mM) in ether (2 cm31 - 

and the mixture stirred (16 hr). The mixture 

was filtered and the residue washed with ether. 

The solvent was evaporated and the residue 

distilled yielding a colourless oil (0.080 g, 

0.67 mu). IR " max (liqurd film) 3170, 3140, 

2250, 1740 sh, 1700, 1590 cm-l. 'H-NMR 7.24 

and 7.34 (lH, d, J = 3.5 Hz), 9.78 (lH, s). 

MS m/e (rel. int.) 121 (loo), 120 (96), 64 (42). 

cm ), washing with NaHC03 (50, 10 cm31 follow- 

ed by water (2 x 10 cm') the organic phase 

was dried and evaporated to give an oil which 

contalned a little DMF. mis was removed by 

passing down a short column of deactivated 

Al203 using ether as eluant. The oil obtained 

after evaporation of ether was distilled to 

give a pure colourless oil (see Table 1). 5 

IR 'J 
cm-l~l 

(liquid film) 3140, 2250, 1610, 1595 

H-N~~l~2.27 and 2.42 (3~. s), 6.04(1~,s). 

MS l5 p/e (rel. int.) 121 (1001, 120 (95). 106 

(24), 78 (30). 

Methyl 5-hydroxymethyl-2-furylimidate 4d. - 

2-Cyano-5-furfuryl alcohol 3d -* 

A solution containing 3c (0.200 g, 1.21 mf4) - 

in 25% aqueous methanol (5 cm31 and aqueous 

ammonia (0.880, 0.200 g, 4.0 IUM) was kept at RT 

overnight. Methanol was evaporated and satur- 

ated brine (5 cm31 added. The resulting oil 

was extracted into DCM (3 x 5 cm3), the com- 

bined extracts washed with water and dried. 

The solid which remained on evaporation of 

solvent was recrystallized from a pet. ether 

(40-60") - ether mixture giving white needles 

(0.160 g, 1.03 m'4). IR v (Nujol) 3345, 
-1 

To the acetate & (2.5 g, 15 mM) in M~OH 

(10 cm31 at RT with stirring was added aqueous 

ammonia (0.880, 2.5 g, 50 mu). After 2 hr the 

lYeOH was evaporated at the pump, the residue 

taken into DCM (10 cm3) and the solution washed 

with water (3 x 5 cm3) , dried and the solvent 
evaporated. The residue was dxtilled to give 

a colourless 011 (1.67 g, 13.6 rti). IR v 

(liquid film) 3700-3000, 3140, 2250 cm-l. 
n!ax 

'H- 

NMR 3.63 (lH, broad s removed by D20),4.60 (2~, 

3745-3295, 1655 cm . 
, max 
H-NMR 3.7 - 8.0 (2H, 

broad s,rewved by D2Ol, 3.84 (3H. s), 4.57 

(2H, s), 6.32 and 6.70 (IH, d, J = 3.5 Hz). 

MS m/e (rel. int.) 155 (451, 125 (491, 124 (39), 

111 (34), 94 (loo), 41 (371, 39 (34). 

Using identical reaction conditions methyl 
2-furylimidate 4" was obtained from furan-2- 

carbonltrile 3a. 4a IR vmdx 
-rr 

(liquid film) 

3350, 1655 cm , H-P.%R 3.90 (3H. s), 6.44 

(lH, dd, J = 3.5 and 1.5 Hz), 6.75 (1H. d, J = 

3.5 Hz), 7.48 (lH, s, J = 1.5 Hz), 7.90 (lH, 

broad s, removed by D20). MS m/e (rel. lnt.) 
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125 (541, 95 (801, 94 (100). 81 (441 l 67 (341, 

39 (461, 32 (391. 

S-Hydroxymethyl-2-furamide 5d. - 

A solution of the alcohol 3d (2.00 g, - 

16.26 Mel, aqueous ammonia (0.880, 2.0 g, 40.0 

mM) and ethanonitrile (10 cm3) was warmed at 

50°C for 24 hrs. Elost of the solvent was 

evaporated and the solid residue recrystallized 

from aqueous methanol giving white needles 

(2.25 g, 15.90 mM1. IR vmx (Nujoll 3500- 

2600, 3350, 3180, 1665, 1605 cm-'. lH-NMR 

@MS01 4.45 (2H, 91, 5.4 - 5.9 (lH, broad s, 

removed by D20), 6.42 and 7.08 (lH, d, J = 3.5 

Hz), 7.2 - 7.8 (2H, broad, removed by D20). 

MS m/e (rel. int.) 141 (661, 97 (1001, 69 (321, 

44 (231, 41 (531, 39 (291. Similarly, furan- 

2-carbonitrile 3a (2.00 g. 21.5 r&l) was con- - 

verted into furan-2-carboxamide 5a (1.80 g, - 

16.2 &, 75%) m.p. 141-142'. 

Acknowledgements 

The authors thank SERC for the award of a 

CASE studentship (to Y.R.A.) in collaboration 

with Tate and Lyle Industries Limited, and Dr 

R. Khah and his colleagues at Tate and Lyle 

for helpful discussions. 

References. 

1. 

2. 

3. 

4. 

5. 

6. 

7a. 

b. 

D.W. Brown, A.J. Floyd, R.G. Kinsman and 

Y. Roshan-Ali, J. Chem. Tech. Biotechnol., 

1982, 2, 920. 

S. Saijo, N. Ito, Japan Kokai, 72 17, 

702; C.A., 1972, 11, 139647s 

W. Lehnert, Tetrahedron Lett., 1971, 1501. 

Y. Kanaoka, T. Kuga, K. Tanirawa, Chim. 

Pharm. Bull., 1970, 18(2), 397. 

1-A. Milman and V.A. Slavinskaga, Zh. Vses. 

Khim. Obshchest., 1972, 17(6), 699. 

R. Justoni, Gazz. Chim. Ital. 1941, 2, 

375. 

G.A. Olah and T. Keumi, Synthesis, 1979, 

112. 

D. Dauzonne, P. Desmerseman and R. Royer, 

Synthesis, 1981, 739. 

C.E. Loader and H.J. Anderson, Can. J. 

Chem., 1981, z, 2673; 

G.H. Barnett, H.J. 'Anderson and C.E. Load- 

8a. 

b. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

-er, Can. J. Chem., 1980, E, 409. 

G. Lohaus, Org. Synth., 1970, so, 52; 

Chem. Ber., 1967, 100, 2719. - 

D. Horton and J.S. Jewell, Carbohy. Res., 

1966, 2, 251. 

P.N. Rylander, Engelhard Tech. Bu11.,1969, 

2, 135. 

A-1. Dalton, H.J. Doran, R.D.H. Murray, 

U.S. Patent 4,225,690, 1980. 

P.H.J. Carlsen, T. Katsuki, V.S. Martin, 

K.B. Sharpless, J. Org. Chem., 1981, 46, 

3936. 

S. Gronowitz, I. Johnson and A.B. 

H&nfeldt, Chemica Scripta, 1975, 1, 211. 

R.J. Abraham, R.D. Lapper, K.M. Smith and 

J.F. Unsworth, J.C.S. Perkin II, 1974, 

1004. 

W. Bremse, L. Ernst, B. Franke, R. 

Gsrhards and A. Hart, Carbon-13-NMR SpeC- 

tral Data, Verlag-Chemie, Weinheim, 1981. 

1 
H-NMR spectra were obtained in CDC13 

(unless otherwise stated) at 100 MHz. 

Mass spectra were determined at 70 eV on 

a VG 7070E instrument. 



T
A
B
L
E
 

I 

1 2
 3
 

4
 

5
 

6
 

7
 

8
 

9
 

a
,
 

b
,
 

c
,
 

F
-u

-a
n 

3
a
 

3
b
 

3
c
 

6
 

3
d
 

3
f
 

4
a
 

4
6
 

5
d
 

Y
i
e
l
d
(
%
)
 

5
2
 

6
0
 

7
2
 

4
9
 

9
0
 

7
6
(
8
1
)
 d
 

7
4
 

8
5
 

9
8
 

m
p 

or
 

W
 

5
1
0
,
 
1
5
 m
m
e
 

7
1
0
,
 
1
5
 m
I
!
l
b
 

7
9
O
,
O
.
l
 
m
m
=
 

7
8
0
,
 

0
.
1
 
m
m
 

8
1
'
,
 

0
.
1
 
m
m
 

8
0
°
,
 
0
.
1
 
m
m
 

S
O
"
,
 
1
5
 m
m
 

8
3
-
8
5
*
 

1
3
5
-
1
3
6
Q
 

F
o
u
n
d
 

R
e
q
u
i
r
e
s
 C
%
 

H
%
 

N
0
 

6
9
.
8
 
5
.
9
 

i
f
.
7
 

C
7
H
7
N
O
:
 
6
9
.
4
 
5
.
8
 

1
1
.
6
 

5
8
.
3
 
4
.
3
 

1
1
.
3
 

C
g
H
g
N
O
~
:
5
8
.
5
 
4
.
1
 

1
1
.
4
 

5
9
.
5
 
2
.
5
 

1
1
.
6
 

C
6
H
3
N
O
2
:
5
9
.
5
 
2
.
6
 

1
1
.
6
 

5
7
.
7
 
5
.
8
 

1
1
.
3
 

C
6
H
,
N
0
2
:
5
7
.
6
 
5
.
5
 

1
1
.
2
 

5
4
.
1
 
5
.
7
 

8
.
9
 

C
7
H
9
N
0
3
:
5
4
.
2
 

5
.
8
 

9
.
0
 

5
1
.
3
 
5
.
2
 

1
0
.
1
 

C
6
H
,
N
0
3
:
5
1
.
1
 
5
.
0
 

9
.
9
 

t
4
6
-
1
4
8
"
,
 
7
6
0
 m
m
,
 
0
.
 
W
a
l
l
a
h
,
 
A
n
n
.
,
 
1
8
8
2
,
 2
1
Q
,
 
2
2
-
i
.
 

7
8
-
8
0
'
/
2
0
 
m
m
,
 
M
.
M
.
 
R
u
n
d
e
 
e
t
.
 
o
l
.
,
 
J
.
A
.
C
.
S
.
,
 
1
9
3
0
,
 5
2
_
,
 1
2
8
4
.
 

1
4
0
*
f
b
a
t
h
 
t
c
m
p
.
f
/
0
.
0
l
 
m
m
,
 
F
,
f
l
.
 N
e
w
t
h
 
a
n
d
 
L
.
F
.
 
W
i
g
g
i
n
s
,
 
J
.
 
C
h
e
m
.
 

S
a
c
.
,
 
1
9
4
7
,
 
P
a
r
t
 
1
,
 
3
9
6
.
 

1
3
 c
-
N
M
R
 
D
C
1
3
 

at
 
2
5
 
M
H
z
)
 

c
2
 9 

C
3
 

c
4
 

1
2
6
.
4
4
 

(
s
,
 
1
s
t
 

1
2
4
.
6
 

(
s
,
 
1
5
)
 

1
2
6
.
3
 

(
s
,
 
1
6
1
 

1
5
9
.
9
 

(
s
,
 2
0
1
 

1
2
5
.
4
 

(
s
,
 
1
4
)
 

1
5
4
.
7
 

(
3
,
 
1
1
)
 

1
6
0
.
4
 

(
s
,
 8
)
 

1
6
0
.
9
 

(
s
,
 3
3
)
 

1
4
7
.
3
 

(
s
,
 3
2
1
 

1
2
2
.
0
 

(
d
.
 5
4
)
 

1
2
3
.
3
 

(
d
,
 8
2
)
 

1
2
2
.
9
 

(
d
,
 E
O
)
 

9
4
.
5
 

(
S
,
 
1
0
)
 

1
2
3
.
4
 

c
d
.
 7
9
)
 

1
1
8
.
7
 

i
d
,
 
1
0
0
)
 

1
1
1
.
8
 

(
d
,
 9
0
)
 

1
1
2
.
6
 

(
d
,
 7
3
)
 

1
1
6
.
9
 

c
d
,
 8
4
)
 

1
1
1
.
6
 

(
d
,
 
1
0
0
)
 

1
0
7
.
9
 

(
d
,
 
1
0
0
)
 

1
1
1
.
5
 

I
d
,
 8
8
)
 

1
0
6
.
6
 

(
d
,
8
8
)
 

1
0
9
.
9
 

(
d
,
 
1
0
0
)
 

1
2
3
.
0
 

(
d
,
 '
3
5
1
 

1
1
1
.
1
 

(
d
,
6
9
)
 

1
0
9
.
5
 

(
d
,
 
1
0
0
)
 

1
1
0
.
7
 

f
d
,
 9
0
)
 

1
4
7
.
5
 

(
d
,
 6
4
)
 

1
5
8
.
2
 

(
s
,
 2
0
)
 

1
5
5
.
1
 

(
s
,
 
3
1
)
 

1
5
1
.
9
 

I
S
,
 2
3
)
 

1
6
0
.
0
 

(
9
,
 2
9
)
 

1
2
9
.
6
 

(
s
,
 
1
2
)
 

1
4
4
.
6
 

(
d
,
l
O
O
)
 

1
5
7
.
9
 

(
s
,
 
3
3
)
 

1
5
8
.
7
 

f
s
,
 8
0
)
 

c
2
-
s
u
b
s
t
.
 

O
th

er
s 

1
1
0
.
8
 

(
S
*
 
1
0
)
 

1
1
1
.
8
 

(
s
,
 
1
0
)
 

1
1
1
.
2
 

(
s
,
 
1
2
)
 

1
3
.
0
=
 

(
q
,
 
1
0
0
)
 

1
1
1
.
6
 

(
s
,
 8
)
 

1
7
7
.
9
 

(
d
,
 7
8
)
 

1
4
5
.
7
 

(
s
,
 
1
5
)
 

1
4
4
.
6
 

(
s
,
 2
4
)
 

1
6
1
.
9
 

(
s
,
 2
9
)
 

13
.7

 
(
q
,
 
7
2
1
 

2
0
.
5
 

(
q
,
 5
5
)
 

1
1
4
.
3
 

(
s
,
 
1
0
)
 

5
6
.
9
 

(
t
,
 6
5
)
 

1
1
0
.
2
 

(
s
.
 9
)
 

52
.3

 
(
q
,
 7
1
)
 

5
3
.
3
 

(
q
,
 8
6
)
 

5
6
.
S
f
 

f
t
,
 
1
0
0
)
 

cl
 

G
 

5
7
.
3
 

1
7
0
.
1
 

s
 

(
t
,
 
1
0
0
)
 

(
s
,
 
1
6
)
 

2
 8
 
z
 

B
 

5
6
.
7
 

(
t
,
 8
7
)
 

d 
, 

t
l
e
t
h
o
d
 8
 
(
s
e
e
 E
~
p
e
K
i
m
e
n
t
.
a
l
)
 

9
,
 

N
u

m
b

e
rin

g
 

fo
llo

w
s 

I
U
P
A
C
 
s
y
s
t
p
m
 

c
.
 

M
e
t
h
y
l
 
r
e
s
o
n
a
n
c
e
s
 
a
r
e
 
c
o
i
n
c
i
d
e
n
t
.
 

f
,
 
D
M
S
O
 
s
o
l
v
e
n
t
.
 


