418

REFERENCES
1. G.S. Reddy and J.H. Goldstein, J. Chem. Phys., 1963, 38, 2736,
2. A.A. Bothner-By and C. Naar-Colin, J. Am. Chem. Soc., 1958, 80, 1728.
3, H. Spiesecke and W.G. Schneider, J. Chem. Phys., 1961, 35, 722.
4, T. Schaefer and T. Yonemoto, Canad. J. Chem., 1964, k2, 2318.
5. R.W. Lenz and J.P. Heeschen, J. Polymer Sci., 1961, 51, 247,
6. L.D. Hall, Tetrahedron Letters, 1964, 1457.
7. H. Spiesecke and W.G. Schneider, J. Chem. Phys., 1961, 35. 731,
8. T. Schaefer, W.F. Reynolds and T. Yonemoto, Canad. J. Chem,, 1963, 41, 2969.
g, R.F. 2lrcher in "Progress in N.M.R. Spectroscopy", Ed. by J.W. Emsley,
J. Feeney and L.H. Sutcliffe, Vol. 11, p.205 Pergamon Fress, Oxford (1967).
10. J. Homer and D. Callaghan, J. Chem. Soc., 1968, (A), 518.
11. J.W. ApSimon, W.G. Craig, P.V. Demarco, D.W. Mathieson, L. Saunders and
W.B. Whalley, Tetrahedron, 1967, 23, 2339.
12. J.W. ApSimon, W.G. Craig, P.V. Demarco, D.W. Mathieson, L. Saunders and
W.B. Whalley, ibid, 1967, 23, 2857.
13. J.W. ApSimon, P.V. Demarco, D.W. Mathieson, W.G. Craig, A. Karim, L. Saunders,
and W.B. Whalley, ibid, 1970, 26, 1189.
14, J.W. ApSimon and H. Beierbeck, Canad. 'J. Chem., 1971, 49, 1328.
15. J.W. ApSimon, H. Beierbeck and D.K. Todd, Canad. J. Chem., 1872, 50, 2351.
16. D.F. High and J. Kraut, Acta Cryst., 1966, 21, 88.
17. R.C. Fort and P. Von R. Schleyer, J. Org. Chem., 1985, 30, 789.

18. D.H. Williams, J. Ronayre and R.G. Wilson, Chem. Comm., 1867, 1089.

Petrahedron Letters No, 6, pp 419 - 422, 1973, Pergamon Prees. Printed in Great Britein,
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1)

In a previous note , we have reported the metal caibonyl—catalysed
condensation of aldehydes and isocyanates; ve have now observed a similar cataly-

tic effect of Co (CO)8 on the formation of imides (III) from anhydrides (I) and

2

isocyanates (II)

(RCO),0(T) + C6H5NCO(II) coz(co)e; (RCO),NCH (TTT) + €O,
1n general, the reaction proceeds without any catalyst but is definitely

<lower than in the presence of COZ(CO)B’ particularly in the case of acetic anhy-
dride (Table I). Moreover a detailed study of this catalytic reaction is
interesting since in contrast to the fe&ction of aldehydes and isocyanates1),

we have isolated active complexes and got therefore a direct insight into the
mechanism of isocyanates activation.

Two complexes were isolated from the reaction mixture : a pink
compound (A) cristallizéd from the solution by cooling, whereas a brown amorphous
complex (B) was obtained by evaporation of the excess of anhydride in vaccuo,
dissolution of the residue into benzene and reprecipitation by heptane.

similar complexes could be obtained separately from the reactants : (A) was
formed from Ac20 and COE(CO)B within 20 minutes, whereas the formation of (B)
_from (A) and phenyl isocyanate reguired 5 to T hours.

;A probable mechanism could be drawn from these results in terms of an oxidative
iaddition of acetic anhydride on 002(00)82) to give (IV); this would be followed
by & cis rearrangement (probably rate determining) involving a coordinated

molecule of phenyl isocyanate, and CO2 elimination, giving (VI) e.g. by a

reaction scheme similar to

a) The author is indebted to I.R.S8.I.A. for a fellowship.
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Table T (R—CO)EO (I) + Ph(N=C=0) (II)

No, 6

No. 6 421

Conditions I = 60 mmoles, II = 15 mmoles, COZ(CO)B = 0,12 mmoles.
AL (s, 0)
. ( Atzo
Anhydride Solvent 002(00‘)8 T° C. t. min. Yield % a) W»'V(‘n")
Vo
Acetic - + 140 Loo 100
- 0 1ko Loo 27
- + 113 1620 91
- 0 113 1620 o(b)
Succinie - + 1ho 160 100
- 0 140 160 21
DMSO + 96 25 83
e ) , ‘
DMS0 0 96 150 67 1500 2000t minutes
HMPT + 96 150 70
Kinetics of the reaction of anhydrides (1) and phenyl isocyanate (919]
HMPT 0 96 150 51
Reaction followed, by J o Ac0: 60 mmole ;(IL) : 15 mmole ; Co,(CO)g : 02 mmole T=113°C
Glutaric _ N co o I.R.spectr  ¢N=C=0 at ©  Addition of Ac,O {60mmole) and {IL){('Smmole) to the same solution
> J 225 em)) l after reaction T=13°C
- 0 60 38 83 '
Reaction followed by s Acelic anhydride ( Ac,0) T=140°C
volumetry { CO3) ® Succinic anhydride T=10°C
Pyromellitic DMSO + 78 < i1 90 ‘
v
1] (RCO)QO + COZ(CO)S_ > RCO - Coll - OOCR(IV) PhNCO, (RCO)(RCOO)COII(PhNCO)LZ( )
0),.0
DMS0 0 78 < [1] 90 + (RCO)ColT(NPRCOOCOR)L, » RCO - coll- (NPhCOR)LZJS(\:]é[; (ROO), , III +V
HMPT + 78 16 ot (L = additionnal molecule of phenyl isocyanate).
HMPT 0 78 61 85 A similar reaction could occur alternatively by a cis rearrangement of the

a) Determined

5-10 % lower than the reported one.

b) The reaction works at 170°

c.

without catalyst

by volumetry of 002. The yield of isolated (III) is usually

72 % after 660 minutesS).

CH3CO - group bonded to the metal.

Preliminary analytical and spectrosopical da

te indicate that IV could correspond
to A and VI to B but further studies are in progress to elucidate completely the

structure of these intermediates.

Cobalt(II) acetate (CoII)) is active too, but less than the isolated species

(p) N = =
kCc>2(co)8/ Koo(11) © T kA/kCo(II) =3, kB/kCo(II) 30.

The figure {curve a) shows an induction period in the case of acetic anhydride

s slow formation of the active species, e.g. (vi) from (IV), can explain this

Phenomenon.

{b) 002(00)8 gave some precipitate during the early stages of the reaction.
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The break in curve (a) is not due to an impurity as it did not reappear by
adding a fresh mixture of (1) and (II) to the reacted solution {curve b). In
opposition, cyeclic anhydrides such as suceinic anhydride gave & straight line
(curve ¢).

Moreover, high rates were observed in DMSO and HMPT (table I).
The catalytic effect of Coz(CO)8 wes still detectable, and the products isolated
from the cyclic anhydrides were the imides previously obtained.

- 3.%) 44 puso
In contrast, acetic anhydride gave PhNHCOCH3 and CH3SCH2 OOCCH3 in

i : w compound
(catalytic kCOQ(CO)B/ko = 16), whereas [§0H3)2N]2PCH3 and the ne | D
CH3000N(Ph)c0N(CH3)2 were obtained from HMPT.

There reactions are under further investigation, and a paper

devoted to mechanistic aspects will be published shortly.
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The formation of 1,2,3,%,5,6-hexamethylbicyelo[2.1,1]hexenyl cations (1) by endo-
protonation of hexamethylDewarbenzene (g) and their subsequent rearrangement was reported some time
ago.] Recently the gggg-s-chloro analog (2) was reported, which is obtained from reaction of

©[ ]0

ci AuClbr

with g?. Upon addition of other electrophiles products are observed which are presum-
ably derived from similar 1,2,3,4,5,6-hexamethyl-bicyclo(2,1.1]hexenyl cations.3 However the
addition of bromine to the parent DewarbenzeneLF occurs without skeletal rearrangement, yielding

2,%-dibromobicyclo[2.2.0]hexenes,

C) C) C%/i
a0 LT Lot il
cl

2 3

We wish to report here the exclusive formation of endo-5-bromo-1,2,3%,k4,5,5-hexamethyl-

bicyclo[2,1.1)hexenyl cation (4) from the reaction of a solution of 2 in methylene chloride with

one eq. of bromine at -900. It is assumed that E is formed from an endo attack of bromine on 2, as

is the case with protons.1b Experimental evidence was not found for the alternative pathway, an
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