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The addition of thiophenol, t-butanethiol, and methanethiol to norbornene (1a) involves a
virtually exclusive attack by thiyl radicals from the &o-direction.l This preference for exo
attack relative to endo attack may be rationalised in terms of torsional ltrain,2 and by the
less unfavourable steric interactions between 5-endo and 3-endo protons in the radical (IIa)
derived from exo attack [or more properly the transition state leading to the formation of
(11a)] than between the 5-endo proton and the 3-endo-SR group in the radical (IIIa) derived
from endo attack. A similar preference for exo-attack is involved in the addition of
thiophenol,3’4 E-butanethiol,s and methanethiol” to 7, 7-dimethylnorbornene (Ib). As Brown’
has pointed out, a 7-syn methyl group in (Ib) is over the centre of the double bond and

therefore does not seriously interfere with the exo attack of thiyl radicals on the end of the
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double bond at the corner of the bicyclic system.

In the addition6

of t-butanethiol to hexamethylnorbornadiene (VI) a 9634 preference
for endo attack occurs, which may be explicable by steric 1nterference of the bridge and
bridgehead methyl groups with t-butanethiyl radicals attacking from the exo direction, and the
lack of any endo protons to interfere sterically with a t-butanethiyl radical attacking from
the endo direction. Thess factors favourable to endo attack would appear to be sufficient to

overcome the unfavourable torsional strain that such endo attack involves.

Table

Percentages of exo-sulphide (IVc) and endo-sulphide (Ve) formed

in the addition of thiols to 1,4,7,7-tetramethylnorbornene (Ic)

Thiol % Sulphides '

RS-H exo (IVc) endo (Vc)
MeS-H 68 32
(cn,)zcns-n 87 13
(cﬂj)Bcs-n 95 5
B-CH;C¢H,S-K 37 63
CgHS-H 28 72
D-C1C,H,S-H 23 i

The addition of thiols to 1,4,7,7-tetramethylnorbornene (Ic) affords mixtures of exo-
sulphide (IVc) and endo-sulphide (Vo), and the composition of the mixtures formed with the
different thiols are given in the Table. Endo attack by an alkanethiyl radical on (Ic) leads
to an intermediate (IIIc) in which the 3-endo-SR group has an unfavourable steric interaction
with the 5-endo-E. This coupled with the disadvantageous torsional strain for endo attack
leads to a preference for exo attack by alkanethiyl radicals in spite of the unfavourable
interactions of an alkanethiyl radical, attacking from the exo direction, with bridge and
bridgehead methyls. The preference for exo attack increases with the increase in size of the
alkanethiyl radical. An examination of molecular models shows that in the intermediate (IIIc,

R = t-Bu) but not in (IIIc, R = Me) the 3-endo~SR substituent can have some steric interaction
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with the 6-endo-E as well as with the 5-endo-H, which may account for the almost exclusive exo

attack by t-butanethiyl radicals.

The nucleophilic character of the alkanethiyl radicals varies in the order
(ICHJ)ICS- > icsi)zcns- > CE;S , and the possibility therefore exists ihst an electrostatic
effeat could alea de agerativa which directa the mare nualeanhiifc vadicals {neresmfogly
losurdes i w0 Tave of {ie Guabie tonf. To tent thin wugpentivh svee wrumatic Thivis nEve
been added to tetramethylnorbornene (I¢) and the proportions of exo-sulphide (IVc) and endo-
miipriae {ve) are given in tne dNle. Trarle eYYacts in the atadk of 1%«353' Aholid he
wrmlar %o ¥nose in The aYiadk of inm,.)z.ms- » A8 Thare¥ore Ibs nreiarenne Yor ando silack
with 061153- radicals, compared with a preference for exo attack with (w5)20° radicals
would appear to indicate that an additional effect, other than steric, is involved. The
(%st' radica) should be bighly rplarizable, avd it 3s Adffie)r Yo prediok 3is sleoirosketio
propervies, compared to those ol an dlkanethlyl radicdl, as it approaches the clefin (Ici.
The three smometis dhiyl madiacde smey wxdy 45 Gb medmey o B palwidduest, Fo Sied sieds
@ltlects 1o Yne approsco of Ybese radlpsds 3o Dc) 3311 e 2Amdar, Toersfore I¥vs olesrved
variation in the proportions of exo and endo attack by these radicals may be dus to the
VArisrion 1o THe eiectrostaric 1nteraction ol thege radicsls with the exo and endo sides of
(Ic) as the para substituent in the attacking radical is changed. As in the alkanethiol
@bdition Tne percentage OF sx0 aTiack Aocrsases WiXb lonreasing onrdeopndlie charscier of e

avtacking redicel 2—6‘55063‘3- > 06153‘ > 2-!'33628‘3'

These results clearly suggest that the direction of radical attack on norbornens (Ia)
mnd substituted norvornenss {1, £) may be depandap: op Tokd sieyis and slspirosiadis
interactions between attacking radical and olefin.
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Product sulphides {(IVb, R = %-Bu, H-2-endo ¥ 7.45q, J = 9.0, 6.0 Hz and
(IVb, R = Me, BH-2-endo T T.50t, J = 7.5 Hz) are the sole identifiable products in

the addition of t-butanethiol and methanethiol respectively to 7,7-dimethylnorbornene (Ib).
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Based on n.m.r. and g.l.c. analysis of product mixtures.

(Ive), R = alkyl, H-2~endo near T 7.50q, J = 8.5, 6.0 Ha
(Ive), R = aryl, H-2-endo near ¥ 6.85q, J = 8.5, 6.0 Hz

(Ve), R = alkyl, E-2-ex0 near % 7.30 octet, J = 11.0, 4.5, 2.5 Hz

(Ve), R = aryl, BH-2-exo near 7 6.70 octet, J = 10.0, 4.5, 2.5 Hsz



