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Abstract-Tuo rsomcrIc compounds (Za and Lb) are formed on addition of ally1 bromide IO 1.2.~trichloro-355 

rrrmcthorycyclopenradk~ (I). The striking drllerence in behaviour of Ihex IWO iwnws on acid caralysed solvent 

addIron can be explained b) assuming a stabilization of he intermediate carbcnium ion by the near ndoCH,Br 
group In Za. ‘The srabhrarlon of this cation from he cndo-sde forces subsequent nuckophrks IO auack from the 
rxo-dirccrron. resulring rn an overall cir-exe addition IO h rronr~Addilions on OK contrary are observed for Lb. 

Scrccnmgby the bromomethyl groupmg of rhe inrermtdiare cation formed from h gives a satisfactory explanation 

for rhc formation of he observed reaction produc(s and for he sigmatropic rearrangement observed in poorly 

nuclcophilic mcdla ‘J~K swuctures of parent compounds 2s and 24 arc confumed from rbc different reaction 

products. The sttucrurc 4a. as previously reported’ IO be formed under similar reaction circumstances. is rewed 

and an alternative structure 4’a is proposed 

The Diels-Alder addition of ally1 bromide IO 1.2.~trich- 
lore-3.5.5trimethoxycyclopentadicne (I). yields only IWO 
(20 and 2b) OUI of four possible isomers. in a 75:25 

ratio. with an overall yield of 77% 6chemc I). 
‘Ihe IWO compounds formed are positional isomers. 

both possessing an undo-configuration. with the 5-tndo- 
isomer. 2a. being the major compound. II was impossible 
IO identify 2a and 2b from spectral data alone, as these 
were 100 similar IO yield conclusive evidence. ‘H NMR 

spectroscopy (Ccl, at 300 YHz) suggested both isomers 

IO bc endo.’ e.g. 2a: J(5n.6~) = 8.64 Hz; J(5n.b) = 
3.86 Hz; tb: J(5x.6~) = 8.50 Hz: J(5n. 6x) = 4.02 Hz. 
reccnl studies’ however, incite us IO be careful in hand- 
ling presumed values for PXO-PXO coupling constants as a 

crilerion for configuralional assignmenls. 
Selective acid-caralyscd hydrolysis of the enol erher 

system in adducts of I yielding the endo-chloroketone 3 

has been reported.’ II has further been claimed’ that the 
sulphuric acid catalyzed hydrolysis of the cyclopropene 

adduct of 1 results in the formation of the endo- 
chloroketone Ja, while the e.ro-isomer 4b would result 
from the same adduct during perchloric acid assisted 

hydrolysis. 
The results WC obtained from a hydrolysis study of the 

ally1 bromide adducts. not only provide evidence for the 
structure of compounds 2a and 2b but also prompt us IO 

suggcs~ a revised structure for the compounds thought’ 
IO be 40 and Jb. 

Acid hydrolysis of 2a and 2b was performed using 
perchloric acid in aqueous ethanol. and sulphuric acid 

(50% and 75%) in ether. Under these different circum- 
stances the 6-endo-bromomethyl isomer 2b invariably 

yields the expected 2-endo-chlorokctone 5 (accompanied 

by the mixed acetal 6 in ethanol (Scheme 2). 
The shloromethine proton at CI in !? and 6 appears as a 

doublet in ‘H NMR spectrum (Table I) due IO the 

diagnostic and stereospecific W exe-exe long range 

coupling.‘.’ This observation establishes the conhyra- 
tion of both carbon centers involved (C, and Cd. There- 

from, the structure of 2b. as proposed, is confirmed whik 
2a possesses the bromomethylsubstitucnt at C,. 

The behaviour of 2a was found IO be strikingly sen- 
sitive IO the reaction circumstances. yielding a different 

compound 7, 8 or 9 as rhe sole and almost quantitative 

reaction product under three differem reaction condi- 

tions (Scheme 3). 
Compounds 7 and 8 are 2-endochloroketones. since 

the chloromethine proton at C, each rime appears as a 
doublet in the ‘H NMR spectrum (Tabk I). This long 
range coupling involves the exe-methylene proton at C,. 
hence the bromomethyl group has IO k at position 5. 

In fact. the formation of the unexpected compound 7 

from 21 (Scheme 3) gives definite proof to the structure 
assigned IO 2.~. Compound 7 can only arise from an 

intramolecular nucleophilic displacement of bromine by 
a OMe group on C, as a result of an endo-(syn)_endo 
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nci~ku~ng group pa~~i~(ion by the ether oxygen. 
that has come into tk endo position during the for- 
mation of a hemiacetai derived from the intermediate 
carknium ion. The appropriate gcomclry for McO-5 
participation’* is thereby achieved, leading to the cyclic 
intermediate 7’. The formation of 7’ from the hemiacetal 
is also favoured by the rather high reaction temperature 
and the polar medium in which the reaction takes place. 
Mig~tion of one OMe group during acctaLOMe parti- 
cipation can k induced by Me-0 bond breaking of the 
second gcminai OMe bond,* resulting in tk formation of 
a CO group (loss of Me* from the cyclic oxonium ion). 
fn tk present case of a hemiacttal. OMe migration is 
accompanied by an even more facile loss of a proton 
(Scheme 4). 

It is noteworthy thal the sequence implies a cis-cxo 
addition of water to the norbomtnc system.“’ IR data 
were of help in cluc~ting the structure of compound 9: 
tk absorption at 174Qcm-’ can hardly k assigned to a 
chloronorbomanonc struc~urc, which absorbs at higher 

wavcnumk~ (Tabk I). The value (174&1745cm-‘) 
reported’ for tk proposed structure 4a bears tk same 
anomaly and a difference of 4Ocm‘ ’ between exo- and 
mdo-chbroisomcrs 4a and 4b as is stated,’ seems hard 
to explain. The IR data of 9 agree with the prcsencc of a 
carbomcfhoxy group. from a structure formed on rear- 
rangement of tk norbomanc system kr according to 
Scheme 5. Tksc re~angcments arc known in tcrpcnc 
chemistry” and are observed when a very stable cation 
is formed.“ 

Definite proof of structure 9 is obtained from IR. 
‘H NMR and mass spectroscopy, and by ckmica1 
f~nsfo~ations (see section “structural assonant of 
9”). WC therefore propose 4r’ as an alternative structure 
for tk product formed from If on acid tr~tmcnt, in a 
similar way as 9 is formed from compound 2a (Scheme 
6). 
S~erev~hemisrry of acid-promoted solcen~ addition 

As stated. tk formation of 7 from 2a by water addi- 
tion can k sarisfactory explained by an ao-cis addition 
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Table I. ‘H NMR data of norbomane derivatives at 300 MHz. 

TMS internal. ‘In Ccl, ‘In CDCI,. ‘Ref. 3. (IO): I.!-mdo.4. 

~richloro-7.7dimethoxy-S-cndo-methyl-3-nor~manone 

E 2x 
4 

J(2x.6~) $ COIIR) cm 
-1 

?a 4.79 1.76 liz I :a0 

t‘s 4.63 1.92 !iz - 

7 a 4.52 2.25 112 1785 

BC 4.7:: 2.21 32 I :ac: 

v3” 4.56 2.10 Ii2 1185 

?= 4.8 I EL 18 10 

mechanism. Exe protonation of the enol ether double 

bond in 2a and Lb could be expected from the known 
khaviour of norbomene-‘l-one acctals on acid trcat- 
merit.” This cxo4.r addition is however only observed 
for 2a and nof for 2b. even under identical reaction 

conditions. A crystallographic study” reveals that the 
addition product 6 has an mdo OEI grouping and is 

therefore the result of a trons-addition of ethanol. 
The difference in behaviour between 2.a and 2b follows 

from a difference in participation ability of the tndo 

bromomethyl group. Protonation of t leads IO a shiel- 
ded and stabilized carbenium ion I2 where further tndo- 

attack by a nuckophile (leading IO frans addition) is 
rendered improbable (Scheme 7). 

In the presence of low concentrations of nucleophile 

(e.g. in 75% sulphuric acid in ether) the cation 12 exists long 
enough to be abk IO rearrange, involving intramolecular 
uo-attack by the C&I, sigma bond, prior 
IO the cxo-addition of an external nuckophik. In dry 
trifluoroethanol (a poorly nucleophilic solvent) 2a rear- 
ranges readily to 9 even with traces of sulphuric acid. 
while 2b only yields a mixture of 5 and the mixed acetal 

13. presumably with the trifhroroethoxy group in endo 

position,” analogous to 6 (Scheme 8). 
Sigmatropic rearrangement of 2b was never observed, 

possibly because the carbenium ion formed from 2b is 

always accessible IO an externally attacking species, 
leaving no chance for rearrangements IO occur. 

Sfnrclural assignmenl of 9. 

In order IO obtain additional proof of structure 9 a few 
chemical transformations were performed, and the reac- 

tion products were identified by ‘H NMR. IR. UV and 
mass-spectroscopy. (Experimental). After treatment of 9 
with sodium ethoxide a substituted benzoic acid (14) is 

obtained. through elimination and subsequent aroma- 

tization (Scheme 9). Dehalogenation with rinc in acetic 
acid resulrS in the formation of a mixture of cir (32%)- 
and warts (68%)-I-carbomcthoxy-3-oxo-S-methyl-cyclo- 

hexane t IS). 

The relative position of the functional groups in I4 and 
IS is consistent with the proposed structure for 9 and 
thus also corresponds to the structure of the parent 

norbornenc (2a). 

Whereas the isomeric adducts 2a and 2b are not dis- 
tinguishable on spectroscopic grounds. they show a 
remarkable difference in chemical behaviour. determined 

by the possibility of neighbouring group participation hy 
the hromomethyl suhstituent IO occur. Making USC of 

these differences (also noticed in other adducts and 
derivatives’*) it has been possible to identify a series of 

isomeric compounds chemically. uhere spectroscopic 

methods failed. This also allowed to corroborate SING- 

tural assignments for 2s and 2b. 

1.2 endo. Trichlon, 7.7 . d8mnhoxy 5 endo . mrrhoxy- 

mrrhyl . 3 . norbonanonr (7) 

A soln of 2a (I.5 g: 0.0039 mole) in 20 ml EIOH. IO which 2 ml 

water and 1.2 ml 70% pcrchloric acd were added. was refluxed 

for 24 hr. After cooling and neutralirarion with NaHCO,. rhc 

mixture was extracted with CH,CIr and the CXI~CI washed and 

dried over MgSo,. Evaporation of rhe solvent yielded I.28 

WIO38mok) of 7 as a colourkss VISCOUS oil (ytcld. 97%). IR. 

blC=0): l785cm ’ (I) Mass spectrum- M’- 316 (Cl, ~sofope 
distriburron). (Found C. 41 65: H. 4.M: Cl. 33 40. Calc. for 

(C,,H,,O,CI,)- C. 41.60. H. 4.76; Cl. 33.49%) 

I.2 cndo.4 Ttichloro . 7.7 dimtfhoxy . 6 . do . bromo- 
methyl . 3 nortromanone (S) 

An isomeric mixture (I: I) of 2a and 2b was hydrojyscd as 

described for the prepararmn of 7 from 2a Afrcr usual workup, 

Scheme 5 

.Schcme 6. 
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mrxrure was continuously extracted with chloroform. Ekapora- 

lion yielded a yellow oil. that was chromatographcd through a 

silicagel column felucns 4: I n-hexanc/ErOAcl. Tuo pure frac- 

tions verc obtained: IO0 mg of c1r.15 as a coburlcss 011 (R, 0.33) 
and 216mg of rmnr-IS as a yellow oil R, 0.20 bicld. wk (15) 

(‘is: IR. v(COOMe): 173.‘cm ’ (I): tiCO)- 172Ocm ’ (5). Mass 

spcclrum: M’ 170 (4?9c); m/c III (IMS) M* - (‘OOMc ‘H 

NMR (CDCI,. 300 MHz): 6 2.72 (m. HIa). 6 2.45 (m. Hh). 6 !.!q 

(m. H2e); 6 2.00 Im. H4a): 62.39 (m. H4c): 6 I RR (m. HSa). 6 

I.48 (m. H6a); 6 2.15 (m. H6c). 6 l.oR (d. (‘II,); 6 371 (s. 

Co0C?f,) (II) Trans: IR: v(C(X)Mc). 173Scm ‘($1. w(CO) 

1715 cm ’ (~1. ‘H NMR ((‘IX’I,. 300 MHz): 6 3 (#1 rm. HI). 6 2.63 

(m. H!). 6 2 39 (m. H’!). 6 2.47 (m. H4): 6 2 02 tm. H’4). 6 2 I6 

(m. H5): 6 2 I3 (m. H6): 6 I72 (m. H’6); 6 1.00 (d. c’lj,). 6 3.69 

Is. CxX-XIj,,. 
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