
UNCONVENTIONAL NUCLEOTIDE ANALOGUES-XVII’ 

RING-TRANSFORMATIONS OF URACIL DIHALOCARBENE ADDUCTS 

H. P. M. THIELLIER,~ G. J. KOOMEN and U. K. PANDIP 

Organic Chemistry Laboratory, University of Amsterdam, Nieuwe Achtergracht 129, Amsterdam, The Netherlands 

(Receioed in UK 4 April 1977; Accepted for publication 13 Mug 1977) 

Abstract-Halocarhene adducts of I$-disubstituted uracil (3a, b, d) undergo ring-enlargement to yield 1.3diazepine 
derivatives (4a-d). The ring-opening of the cyclopropane system is controlled by the stereochemical configuration 
of the halogen atom, which can be eliminated as a halide ion. Reduction of the adducts with n-Bu,SnH leads to a 
variety of 1.3diazepines. Details of the mechanism of formation of the diazepines and their further transformations 
are discussed. 

We have recently described the addition of carbenes to 
the S&-double bond of uracil and uridine derivatives.‘.3 
Since halo-adducts of type 1 constitute potentially suit- 
able precursors for the synthesis of 2,4-dioxo-1,3-diaz- 
pine derivatives (2), it was envisaged that such a ring- 
transformation approach could provide a convenient 
access to novel diazepine nucleosides.’ This com- 
munication discusses the 3-ring opening reaction of 1,3- 
diazabicyclo [4.l.O]heptanes (1). 

The electrocyclic ring-opening reaction of cy- 
clopropane derivative has received considerable at- 
tention.’ In the case of 7-halo-substituted bicy- 
clo[4,l,Olheptanes, it has been demonstrated6 that the bi- 
+ mono-cyclic ring conversion occurs via a concerted 
disrotatory process’ in which an endo-halogen is ex- 

Y 

truded from the system. Ring-opening involving the ex- 
pulsion of exe-halides has been, however, observed in 
special cases, where unique structural features’ or reac- 
tion conditions9 influence the course of the reaction. 

In view of the foregoing discussion, the dihalocarbene 
adducts 3a, b (Scheme 2) were expected to undergo a 
skeletal transformation to a I ,3-diazepine derivative with 
relative facility; the latter because of the fact that the 
carbenium ion (Scheme 1) formed upon ionization of the 
endo-halogen would derive stabilization by virtue of the 
neighbouring N atom. Consistent with these con- 
siderations, heating of adducts 3a, b in methanol (110”. 
sealed tube, 5 hr) resulted in the formation of 4a and 4c 
in 35% and quantitative yield, respectively (Scheme 2). 
The structures of the dioxodiazepines (4a and 4c) was 
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attested by their spectra-analytical data (Experimental); 
particularly diagnostic being the C, vinylic proton which. 
for example, in the case of 48, was observed at S 6.30, 
with an allylic coupling of 1.5 Hz. When 3a was sub- 
jected to more drastic reaction conditions (MeOH, 130”, 
sealed tube, 24 hr), besides formation of 4a (3%), two 
further products, viz. 4b (13%) and 6 (1%) could be 
isolated from the mixture. The formation of 4b can be 
rationalized in terms of nucleophilic addition of methanol 
to 4a, followed by elimination of hydrochloric acid. This 
was confirmed by demonstrating the formation of 4b by 
heating 4a in methanol (130”, 24 hr), in a separate experi- 
ment. While the details of the steps leading to 6 are not 
known at present, a possible sequence of events could 
involve: (a) C,-C, ring-opening in an SN2 reaction with 
methanol (Sa), (b) loss of methanol (Sb) and (c) hydroly- 
sis of the gem-dichloride system in Sb, during isolation, 
to 1,3-dibenzyl-5-formyluracil (6)” Apparently, under 
forcing conditions (130”, 24 hr), the C,-C, cleavage be- 
gins to compete effectively with the C,-C, ring-opening 
(synchronous with chloride elimination) observed at I IO”. 

It should be noted that reaction of 3a, b in methanol 
leads to an overall production of one equivalent of a 
hydrogen halide. Moreover, methanol has been observed 
to complicate the reactivity pattern by acting as a nucleo- 
phile towards both the starting material (3a + 6) and the 
primary product (4a + 4b). To eliminate the formation of 
acid in the mixture and to suppress the consequences of 
a nucleophilic alcohol, the reaction of 3b with t-butanol 
(lOO”), in the presence of triethylamine, was examined. 
From the latter mixture two products were isolated, 
which could be assigned structures 4d (36%) and 7 (4%. 
Scheme 3) on the basis of their spectral data. Hydantoin 
7 was recognized, in particular, by bands in the IR (1780, 
1720, 1700, 1650) and the doublet in the NMR, due to the 
aldehyde proton (S 10.62, J = 7Hz). Since product 4d is 
stable under the reaction conditions, it is suggested that, 
in view of the steric bulk of t-butanol, formation of C 
(Scheme 3) competes with the afore-mentioned type of 
reaction leading to 4d. Conversion of 4e into 7 may 
follow the route shown in Scheme 3; the water originat- 
ing from the reaction conditions employed during the 
workup. The steric requirements of the t-Bu group in 4d 
has significant influence upon its structure. The NMR 
spectrum of 4d showed that a duplicate set of signals was 
present (2: 3) corresponding to the expected pattern (Ex- 
perimental). These sets of signals coalesced when the 

spectrum was run at 110”. These results are explicable on 
the basis of two conformational isomers of 4d which 
interconvert by a movement of the adjacent t-BuO group 
and the Br atom past each other. Available data at 
present do not permit structural assignment to the two 
conformers. 

Information on the mechanism of 3+4 type trans- 
formation was derived from the study of isomeric 
chlorofluorocarbene-uracil adducts (3c, d’, Scheme 4). 

The attempted reaction of exe-chloro isomer L 
(MeOH, 110”. 5 hr) led to recovery of the total starting 
material. Under identical conditions, the endo-chloro 
isomer yielded a mixture of two products, 4b (30%) and 9 
(30%), which were isolated and identified. Structure of 9 
readily followed from its spectral data and its hydrolysis 
to the corresponding aldehyde. Since compound 4b re- 
presents a cyclopropane ring-opening involving C,-C, 
bond cleavage in 3d, the results, in conjunction with the 
behaviour of 3c, constitute strong evidence that eli- 
mination of the chloride ion and ring-opening are subject 
to a stereoelectronic control imposed by the orbital sym- 
metry rules. 

The formation of 9 deserves further comment. It was 
suspected that 9 was produced by reaction of 4b with the 
acid generated during the ring-opening process. Confir- 
mation of this was found in the fact that treatment of 4b 
with p-toluenesulfonic acid (MeOH, 1 lo’, 5 hr) converted 
it quantitatively into 9. Furthermore, when the ring- 
transformation of 3d was carried out in the presence of 
triethylamine, the formation of 4b (100%) was observed. 
The acid catalyzed conversion of 4b to 9 can be envisaged 
as proceeding according to the mechanistic sequence 
described in Scheme 4. 

From the foregoing results, it appeared that while 4b 
was produced via an electrocyclic (cyclopropane) ring- 
opening process, it was, however, not the primary 
product of the reaction and was presumably formed by 
reaction of 8a (Scheme 4) with excess of methanol, under 
the conditions of the reaction. Support for this assump- 
tion came from the reaction of 3d with 2 equiv. of 
methanol in benzene, in the presence of triethylamine. 
Under these conditions, the fluoro derivative 8a was 
formed in 83% yield. As expected, 8a could be converted 
to 4b in a fast reaction (15 min) by heating with methanol 
and triethylamine. Since the last reaction involves a 
nucleophilic attack of methanol on 8a (C6), bulky al- 
cohols would not be expected to undergo such a process. 

Scheme 3. 
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In agreement herewith, refluxing of 3d in t-butanol (1 lo”, 
2.5 hr, Et,N) yielded the fluorodiazepine system 8b quan- 
titatively. 

With a view to applying the ring-expansion reaction of 
uracil-carbene adducts to the synthesis of modified 
nucleosides, the potential selective reduction of the 
halogens on the cyclopropane framework was un- 
dertaken. While a number of methods have been used to 
reduce cyclopropyl halides, ” in context of the present 
work, reduction with n-Bu,SnH” appeared to be the 
most practical procedure. Reduction of 3a, at 130”, with- 
out use of a solvent, yielded three isolable products, 
viz 1011 (12%). lla (21%) and 12a (8%). The exe-chloro 
configuration of 1Oa followed from the coupling con- 
stants of H, with H5 and H, (Experimental). In dioxo- 
diazepines lla and 12a, the position of the double bond 
could be elucidated from both their IR and NMR spec- 
tra.” Particularly relevant to the structure assignment 

was the chemical shifts of the methylene and the vinyl 
protons. In 12a, consistent with expectation, the latter 
groups of protons were at lower field, as compared to 
similar protons in lla. In a related reaction, treatment of 
3b with the tinhydride led to the exclusive formation of 
lla (43%). The isomeric adducts 3e and 3d revealed the 
sensitivity of the reduction reaction to the stereo- 
chemistry of the halogens. While k was inert towards 
the tinhydride, in refluxing xylene (40 hr), a similar treat- 
ment of the endo-chloro isomer (3d) gave a high yield of 
llb (>!90%). The latter product was contaminated with 
small amounts of 12b, from which it could not be com- 
pletely separated, despite considerable effort. 

The mechanism of the reductive ring-opening reactions 
can be discussed in the following terms. Formation of 
1Oa and lla (from 3a, b) may be visualized as proceeding 
via the sequence 3a, b-+13 (X=CI, Br)-+12(b, c)+ 14(a, 
b) + 15a + lOa+ lla. Support for the formation of the 
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radical 13, in the first step, is derived from the formation 
of the inert exo-chloro isomer 12a. The corresponding 
endo-halo primary reduction products 12b, c would be 
expected to isomerize to 14a, b under the condition of 
the reactions. The latter, in turn, should lose their allylic 
halogens by reaction with the tin hydride and, through 
the intermediacy of 15a, give the products of the reaction 
(1Oa + lla). A direct ring-opening of radical 13 (X=CI, Br) 
to the intermediates lSc, d is considered unlikely since 
such a process usually involves a driving-force in the 
form of factors, such as steric strainI in the three- 
membered ring or special stabilization” of the (product) 
allylic radical. Formation of the fluorodiazepinones lob 
and llb, from 3d, can be most adequately rationalized by 
invoking an initial ring-opening reaction leading to MC, 
which is then reduced, by the formation and quenching 
of radical lSb, via paths (a) and (b). The exceptional 
tendency of 3d towards ring-opening may be ascribed to 
the electronegative character of the fluorine atom at C,. 
The ring-opening process appears to be increasingly 
facile, within the series of adducts of :CCI,, :CBr, and 
:CFCI, as the electronegativity of the halogen increases. 
Thus, the dibromo adduct 3b is quantitatively converted 
to 4c under the same reaction conditions which result in 
a 34% conversion of the dichloro adduct 3c to the 
corresponding diazepine 4a. 

Application of the ring-transformation reaction of 
uracil-carbene adducts, to the synthesis of modified 
nucleosides, are described in the accompanying com- 
munication. 

EXPERWENTAL 
All m.ps are uncorrected. IR spectra were recorded on a 

Unicam SP 200 spectrometer and NMR spectra were run on 
Varian Associates Model A&ID, HA-100 and XL-100 in- 
struments, using TMS as an internal standard. UV spectra were 
recorded on a Cary-14 spectrophotometer. Unless stated other- 
wise, IR and NMR spectra are taken in CHCI, and CDCI,, 
respectively. The oily products were purified by chromatography 
and their purity was attested by a single spot in TLC. 

Reaction of dichlorocarbene adduct 3a in methanol 
A. A soln of 3~ (38mg, O.lOmmole) in l.Oml MeOH was 

heated in a sealed tube at 110” during 5 hr. On TLC (silica; 
ethylacetatelcyclohexane I : 3) 4b and the starting material ap- 
peared as a single spot. According 10 the NMR spectrum 4a was 
formed in 34% yield. 

4a: colourless oil. IR: 1680, 1650, 163Ocm-I, NMR 6 2.78 (s. 
OCH,), 4.71 (IH, d, J= 1.5, H-7). 4.59, 4.85 (2H. AB-system, 
J = 15, CH,-N-I), 5.00, 5.40 (2H. AB-system, J = 14, CHIN-3). 
5.30 (IH, d, J = 1.5, H-5). 7.3 (m, arom.). 

B. Heating 3a (IO0 ma) in 2.5 ml MeOH and 0.1 ml triethvl- 
amine at 130;” (seaied tube) during 24 hr. resulted in a mixture bf 
4n (37%), 4h (13%) and 6 (1%) isolated by TLC. 

4b: colourless oil. IR: 1700, 1670, 164Ocm-‘. NMR 6 2.77 (s, 
7-CCHz), 3.50 (s, 6_OCH3), 4.52 (IH, d, J = 2, H-7). 4.68, 4.75 
(AB-system, J = IS, CHZ-N-I), 4.97, 5.41 (2H, AB-system, J = 14, 
CH,-N-3). 5.21 (IH. d, J = 2, H-5). 7.3 (m, arom.). Mass: m/e = 
366. 

6: colourless oil. IR: 1720, 1695, 1660, 1610 cm-‘. NMR 6 5.00 
(s, CH,N-I), 5.16 (s, CH,-N-3). 7.3 (m. arom.), 8.04 (s, H-6), 10.00 
(s, CHO). 

Reacrion of dibromocarbene adduct 3h 
A. A soln of 3b (46 mg, 0. IO mmol) was heated in I.0 ml MeOH 

at 110” (sealed tube) during 5 hr. After evaporation of excess of 
MeOH the resulting oil, according to TLC and IR/NMR spectra 
was the pure diazepine 4~. 

C: colourless oil. IR: 1680, 1650, 1630cm-‘. NMR 6 2.78 (s, 
7-OCH,), 4.84 (d, J = 1.5, H-7). 4.59, 4.85 (AB-system, J = 15, 
CH,N-I), 5.02, 5.39 (AB-system, J = 14, CHZ-N-3). 6.53 (d, 
J= 1.5, H-5). 7.3 (m, arom.). 

B. A soln of 3b (50 mg, 0. I1 mmol) and 0.020 ml triethylamine 
in 1.0 ml 1-BuOH was heated in a sealed tube at I lo” during 4 hr. 
Volatile material was evaporated and the residue purified over a 
silica-plate (EtOAclcyclohexane I : 3). Besides 3 mg (6%) starting 
material, 4d (I8 mg, 36%) and 7 (2 mg, 4%) were isolated. 

4d: colourless oil. IR: 1670, 1640, 1620cm-‘. According to 
NMR 4d existed as an equilibrium of 2 conformers (2: 3. CDCI,), 
at I IO” (DMSO-D,) only one isomer being visible. NMR I 6 0.94 
(s, OtBu), 4.35, 4.64 W-system, J = 15, CH,-N-I), 5.00, 5.25 
(AB-system, J = IS, CH,N-3), 4.87 (d, J = 1.5, H-7). 6.38 (d, 
J = 1.5, H-5). II 6 0.87 (s. O-t-B@, 4.79, 5.00 @B-system, J = IS, 
CH,-N-I), 5.05, 5.36 @B-system, J = 15, CHz-N-3), 5.59 (d, 
J = 1.5, H-7), 6.38 (D, J = 1.5, H-5). 

7: IR: 1780, 1720, 1700, 1650, 1630cm-‘. NMR 6 4.83 (s, 
CH,N-I), CHIN-3), 5.68 (d, J = 7, vinylproton), 7.3 (m, arom.), 
10.62 (d, J = 7, aldehyde proton). 

Reaction of chloro-juoro carbene adduct 3d in methanol 
A. A soln of 3d (36 mg, 0. IO mmol) in I .O ml MeOH was heated 

at 1 IO” during 5 hr (sealed tube). After evaporation the residue 
was purified over a silica-plate (EtOAclcyclohexane 1: I). 
Besides I2 mg of 4b (3%) a mixture of products was obtained, 
according to NMR containing 9. 

B. A soln of 3d (72 mg, OT20 mmol) in 0.050 ml triethylamine 
and l.Oml MeOH was heated at 1 lo” during I.5 hr. The mixture 
was dissolved in chloroform, washed with 5% HCI, dried over 
MgSO, and the solvents evaporated. Pure 4b was obtained as a 
colourless oil (72 mg, 100%). 

1.3~DibenzyM-formyluracil dimethylacetal 9 

A soln of 4b (50 mg, 0.14 mmol) and p-toluenesulphonic acid 
(27 mg, 0.14 mmol) in 1.0 ml MeOH was heated at I lo” during 5 hr 
(sealed tube). The solvent was evaporated and the residue 
purified over a silica-plate. 9 was isolated as a colourless oil in 
quantitative yield; IR: 1700, 1650, 1620cm-‘; UV: 268 nm (8600). 
NMR S 3.25 (s, 0CH3), 4.96 (s. H-7). 5.17 (s, CH,N-I), 5.26 (s, 
CH,N3), 6.10 (s, H-5), 7.25 (m, arom.). 

l,3-Dibenzy/-&jormy/uraci/ 
A soln of 9 (38 nm, 0.10 mmol) in a mixture of 0.5 ml glacial 

AcOH, 0.40 ml water and two drops of HCI was heated to 100”. 
When the reaction was completed (TLC, 5 hr) the mixture was 
purified over a silica plate, yield 35 mg, 100%. IR: 1700, 
1660 cm-‘. NMR S 5.16 (s, CH,-N-I), 5.50 (s, CHIN-3). 6.28 (s, 
H-5). 9.45 (s, aldehyde proton). 

Preparation of 8a 
A soln of 3d (36 mg, 0. I mmol), MeOH (7.0 mg, 0.22 mmol) and 

triethylamine (0.020ml) in l.Oml benzene was heated at 110” 
during IO hr (sealed tube). The mixture was filtered, the filtrate 
evaporated to dryness and the residue purified on a silica-plate 
(EtOAclcyclohexane 1: I). Diazepine 8a was isolated in 83% 
yield. 

8a: oil (slightly coloured). IR: 1700, 1670, 164OcW’ NMR 6 
2.82 (s. OCH,). 4.57. 4.86 (AB-svstem. J = IS. CH,-N-I). 4.94. 
5.40 &.B-syst;m. J =‘l4, CI$-N-j), 4.66 (d x d; J(S-i, = l.s, J(H: 
F) = 13, H-7), 5.85 (d x d, J(S-7) = 1.5, J(H-F) = 13, H-5). 

Preparation of 8b 
A soln of 3cl (36 mg, 0. I mmol) and 0.020 ml triethylamine in 

1.0 ml t-BuOH was heated at 1 IO”. After I.5 hr the mixture was 
evaporated lo dryness and the residue purified on a silica-plate. 
8b was isolated as a colourless oil: IR: 1700, 1670, 164Ocm-‘; 
NMR 6 1.00 (s, otBu), 4.42 (AB-system, J = IS, CH,N-I), 5.72 
(D x D, J(5-7) = 1.5, J(H-F) = 13, H-5). 

Reduction of dichlorocarbene adduct 3~ wilh mri-n-butyl- 

tinhydride 
A- mixture of 3a (108 mg, 0.30 mmol) and 0.16 ml tri-n-butyl- 

tinhvdride (0.60 mmol) was heated at 135” during 3 hr. An ad- 
ditidnal 0.106 ml tri-n-butyltinhydride was added aid the mixture 
heated at 135” for another 3 hr. The resulting mixture was se- 
parated by thick-layer chromatography (silica, EtOAclcyclo- 
hexane I : 2) and the resulting 3 fractions purified by preparative 
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TLC. yields IOP (12 mg, 12%), 11~ (18 mg, 21%). 12.11 (7 mg, 8%). 
10s: IR: 1720, 1680 cm-‘. NMR 6 2.43 (d x d, J(5-6) = 9, J(5- 

7) = 3.5, H-5). 2.79 (d x d, J(6-7) = 2, H-7), 3.11 (d x d, Hd), 4.66, 
4.79 (AB-system, J = 15, CH,N-I), 4.95 (s, CH,NJ). 

lln: IR: 1710, 1670. NMR 6 3.05 (d, J =7, C-5 methylerte), 
4.71,5.02 (N-l, N-3 CH?), 5.51 (q, J = 7, Hh), 6.00 (d, J = 7, H-7). 
7.2 (arom.). 

12a; IR: 1720, 1700, 1670. 1640 cm-‘. NMR 6 3.63 (d, J = 7, C-7 
methylene). 4.58, 5.12, (CHrN-1 and N-3), 6.12 (d, J = 10, H-S), 
6.47 (d x t, H-6). 7.3 (m, arom.). 

Reduction of chlorojZuorocarbene adduct 3d with mri-n-butyl- 
tinhydn’de 

A soln of 3d (40 mg) and tri-n-butyltinhydride (0.1 ml) in 2.0 ml 
toluene was reflexed under Nz for 6ohr. After evaporating the 
solvent, the residue was purified over a silica-plate (EtOAc/cy- 
clohexane I : 3). lib was isolated, slightly contaminated with 12b, 
yield 35 mg (%%). 

lib: IR: 1710, 1670cm-I. NMR 6 3.30 (d, J(H-F) = 16, C-5 
methylene), 4.68 (s, CHrN-I), 5.03 (s, CH,N-3). (d, J(H-F) = 3, 
H-7). 

Reduction of dibromocarbene adduct 3b with In’-n-butvl- 
tinhydride . 

A soln of 3b (46mg. 0.10 mmol) and tri-n-butyltinhydride 
(0.053 ml. 0.20mmol) in 5 ml benzene was refluxed for 18 hr. 
Chromatographic puiification yielded 11~ (13 mg, 43%). 

REPERENCES 

‘Part XVI. H. P. M. Thiellier, G. J. Koomen and U. K. Pandit. 
Tetrahedron 33. 1493 (1977). 

?aken in part from the Doctorate Thesis of H. P. M. Thiellier, 
University of Amsterdam (1977). 

‘H. P. M. Thiellier, G. J. Koomen and U. K. Pandit, Helerocy- 
cles 5, 19 (1976). 

‘T. Kunieda and B. Witkop, I. Am. Chem. Sot. 91,775l (1969). 
“S. J. Cristol. R. M. Sequira and C. H. de Puy, Ibid. 87, 4007 
(1965); bC. H. de Puy, L. G. Shnack, J. W. Hauser and W. 
Wiedeman, Ibid. 87, 4006 (1%5); ‘P. von R. Schleyer, G. W. 
van Dine, U. Schalkopf and J. Paust, Ibid. 88, 2868 (1966). 

q. Ondo, H. Hosaka, H. Yamanaka and W. Funasaka, Bull. 
Chem. Sot. Japan 42, 2013 (1969). 

“‘R. B. Woodward and R. Hoffmann, 1. Am. Chem. Sot. 87,395 
(1%5); bR. B. Woodward and R Hoffmann, 77~ Consemation 
of Orbital Symmetry. Verlag Chemie, Academic Press, Wein- 
heim (1970). 

&U. K. Pandit and S. A. G. de Graaf, 1. Chem. Sot. Chem. 
Commun. 559 (1972); *S. A. G. de Graaf and U. K. Pandit, 
Tetmhedron 29, 2141 (1973). 

9S. A. G. de Graaf and U. K. Pandit, Ibid. 29, 4263 (1973). 
‘qt is not possible to exclude a mechanism involving C,-C, bond 

cleavage, followed by loss of &-proton and hydrolysis. 
“‘K. Hifmann, S. F. mochena, s: M. Sax and-G. A: Jeffery, _J. 

Am. Chem. Sot. 81,992 (1959); “R. M. Blankenship and K. A. 
Burdet, J. 9 C/tern. 39,230O (1974); ‘P. K. Freeman, Ibid. 39. 
3602 (1974); A. J. Duggan and S. S. Hall, Ibid. 40,223s (1975); 
‘J. Hatem and B. Waeaell. Tetrahedron Letters 2923 (1973): ‘C. 
W. Jefford and U. Burger,‘Ibid. 2483 (1973); gL. Sydness aid L. 
Skattebl, Ibid. 3703 (1974); “J. T. Groves and K. W. Ma, 1. 
Am. Chem. Sot. 96.6257 (1974). 

‘*OH. G. Kuivila, Synthesis, 499 (1970); bT. Ishihara, E. Ontani 
and T. Ando, 1. Chem. Sot. Chem. Commun. 367 (1975); ‘T. 
Ando, N. Naurigata, H. Yamanaka and W. Funasada, J. Am. 
Chem. Sot. 89.5719 (1%7). 

“T. Kunieda and B. Witkop, Ibid. 93, 3478 (1971). 
““A. Barmetler, Ch. Rlichardt, R. Sustman, S. Sustmann and R. 

Verhiilstdonk. Tetrahedron Letters 4389 (1974); bR. Sustmann 
and F. Ltibbe, Chem. Ber. 109, 444 (1976); ‘P. J. Krusic, J. P. 
Jesson and J. K. Kochi, I. Am. Chem. Sot. 91, 4566 (1%9). 

““R. A. Wolf and W. Rozich, Tetrahedron Letters 1263 (1975); 
bJ. Bonnekessel and Ch. Riichardt, Chem. Ber. 106.2890 (1973). 


