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Abstracts Electrophilic additions of Broensted scids to 1,5~

dimethylcycloocta~i,S=diene yield syn-8-subastituted 1,5~dime-

thylbioyolo[3.2.I]ootnnoo via parsllel sm-cyclisation and sube

sequent VWagner-Meerwein type rearrangements., The corresponding

anti~isomers are synthesized by mucleophilic substitution in

the 8~position. The classical or nonclassical structure of the

cationic intermediates is discussed,
The intermediary formation of a cationic species in a transannular position leca-
ted close to an isolated double bond ususlly lemds to transannular bridge forma-
tion, by a K=cyclization 3. This type of transannular resction was first studied
by Cope et nl.Ba in solvolysis reactions of medium sized cycloalkenol esters
such as tosylates and brosylates, and was used e.g. in synthesis of the racemic
natural insecticide iridomyrmecine ',
Further work was published on electrophilic additions to mono- or polysyclic
¢ycloalkadienes leading to products formed by transannular 7T-gcyolization., These
reactions are characteristic of very strained polycyclic structures 5 as well as
for medium sized cycloalkadienes 3b'3d. Moat importantly these reactions occur
in electrophilic additions to medium sized 1,5-dienes in the synthesis of con-
densed bi- or polycyclic systems as well as in biomimstic reactions of sesquiter-
penes involving medium sized rings and in the explanation of the biogenetic for-
mation of bi~ or polycyclic natural products from monocyelic precursors 3’6°8.
In principle there are two possibilities for transannular bridging i.e. the cross

and the parallel T-cyclisation 5:
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Experimental results on these types of reactions have shown that in some cases
only the cross or only the parallel bridged product is formed, whilst in other
cases both products are found, The direction of the =oyclisation of medium ring
1,5~dienes wvas shown to be influenced by the ring size, the configuration of the
double bonds, substituents bound to the double bond and by the conformation of
the transition state leading to transannmmlar bridging. When this transition state
is late on the reaction coordinate (product-liko transition .tnto), the pathway
is also dependent on the steric snergies among possible produgts SD?3313+8,

A large numbexr (but not all 9) of polar eleotrophilic additions to cis,cis-cycle-
octa=1,5~diene result in transannular ft~oyclisation., In nearly all cases only
ci.-bieyclo[3.3.0]oot.nos, the products of crossed bridging, were found 10. Oon
the other hand the thallium(III)-trifluocroacetate induced transannular cyclisa-
tion of the diene results in a 3:2 mixture of twoe isomers formed by the crossed
or parallel pathway, respectively I‘. The parallel bridging should be favoured
when the oi--bicyclo[h.z.o]oct-z-yl-carboniun ion has greater stability than the
ei--bicyolo[3.3.0]oct-z-yl-oarboniun ion, e.g. by substituent effects. Thus the
reactions of 1,5-dimethylcycloocta=1,5~diene with p-toluenesulfonic acid in ben-
zene as well as the acid catalyzed hydratation was found to lead to syn-1,5-di-
methylbicyclo[3,2.1] octan-8-0l or its tosylate, respectively, by parallel trans-
annular fi-cyclization and subsequent Wagner-Meerwein-type rearrangements 12.
Presently, we describe the reactions of 1,5-dimethylcycloocta-1,5-diene (1) with
some Broensted acids which were designed to study the mechanism of the rearrange-
ments ‘3. The diene ] was synthesized following a procedure described by Suga

ot al, ‘“. In the reaction of | with 85 % formic acid and catalytic amounts of
perchloric acid we obtained an olefinic fraction (22 % isolated yield, mixture

of 72 % 2,5-dimethylbicyolo[3.3.0]oct=2-ene (2), 17 % unrescted 1 and 7 % or 3 %
of two unknown isomers) and a higher boiling fraction (63 % isolated yield) of
the two isomeric formates 3b and 4b in a ratio of 9218 13,15,
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An analogous result was obtained in the reaction of 1 with acetic acid and cata~-
lytic amounts of perchloric scid, The portion of the olefinic compounds in this
case increases to 45 %. The two esters 3¢ and 4o are formed also in 9218 ratio.
The structure of the main products is proved by spectroscopic metheds {cf. ex~
perimental section) especially by ‘30 NMR spectresoopy 16 and by hydrolysis
of the esters to a 9218 mixture of syn- and anti-1,5-dimethylbicyclo[3.2.1]octan-
8-0ls 3a and 2;. The spectreoscopic data of the known main alcoehol are in agree-
ment with those in the literature 12. The oxidation of the mixture of Js and 4a
with potassium chromate in diluted sulfuric acid leads to the known v pure 1,5%=

dimethylbicyclo[3.2.1] octan~8-one (3).

E0H HO; 0!?
’
3a 4a 5

Similarly the reaction of 1 with concentrated hydrochloric acid and an acidic
ion exchanger produces besides olefinic compounds (24 %), syn-8-chlero-1,5-dime-
thylbicyclo[3.2.1] octane (6) (53 %) '8, anti-8-chloro-1,5-dimethylbicyclo[3.2. 1]~
octane(7) (0,8 %) and two unidentified isomeric chlorides (11 % and 10 %) (maybe
a chloro-dinothylbicyclo[3.3.0]octano and a simple 1,2-addition product),
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The structure of the main product was established by spectroscopic methods (cf.
experimental part). An authentic sample of the anti-isomer 1 was synthesized from
syn=alkohol ja by substitution from the reaction wish tetrachloromethane/triphe~
nylphosphine,

The selective synthesis of another isomer, the anti-8-acetoxy-1,5-dimethylbi-
oyolo[3.2,1]ectane (lg) should be realized by Sy2-reaction of the known 12 tosy-
late of ayn-!,S-dinothylbieyolo[3.2.1]octan-s-ol wvith anhydrous potassium acetate
in HMPA, But even after 15 h at 130-140 %¢c only the starting material could be
recovered., Under more SNI-liko conditions with anhydrous potassium acetate in
acetic acid following a prooedure of Woodward et al, 19 we obtained as the main
product the olefin 2 and only 13 % of an acetate fraction consisting of 74 %
anti-8-acetoxy-1,5-dimethylbicyclo[3.2.1] octane (4g) and 23 % of the syn-isomer
3g. Hydrolysis of the mixture gave a 73:25 aixture (‘30 NMR opootro.copie) of
the isomeric alkohols 4a and 3a,
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Discyesion

For the diene 1 stable conformations have hitherto not been determined., But the
well=defined twist~boat structure with C2 syometry for the unsubstituted cis,
cis-cycloocta=-1,5~-diene 20, which was found also for the trans-3,7-dimethyl-cis,
cis=cyclooota-1,5-diene 2‘, should also be a stable conformation of j, Therefore
we use such a conformation for representation of the mechanism,

m

Ve suppose that first the tertiary carbenium iom I is formed by protonation of
one of the two double bonds of ), This cation has two possibilities for trans-
annular bridging. The Markovnikov~like parallel Tt-cyclismation leading to the
strained bicyolo[h.z.o]oetyloylto- II involving a tertiary cationic centre,
whilst the crossed fi-cyclization (anti-narkovnikov-liko) would form the thermo-
dynsmically more stable bicyclo[3.3.0]ectyl-system, but with a secondary cationic
centre., In the case of acid catalyzed additions to } obviously the parallel cy-
clization is the predominant or exclusive reaotion pathway, although the (unsub-
stituted) bicyolo[4.2,0]octane is caloulated to be 16,3 kcal/mol 22 or 17.2 koal/
mol 23 less stable than the bicyolo[B.B.O]oot.no. The stabilization of the ter-
tiary catiom II over the 1,5-dimethylbicyelo[3.3.0]oct=2~yl-carbenium ion (which
would be formed by orossed xbeyclisltion) should be larger than the ring strain
difference of the two bicyclic cations, Usually tertiary cations are 12-16 keal/
mol more stable than corresponding secondary ones 2 .

Because of the large ring strain II is rearranged easily by a Wagner-Meerwein
type rearrangement to the bioyelo[B.Z.I]oct-B-yl system, which was calculated to
be 18,6 koal/mol 22 or 20,7 kcal/mol 23 more stable, In the case when sufficient-
ly strong muclecophiles are present in the solution this intermediate is trapped
and syn-8-substituted compounds are formed. If nucleophiles are absent, as in the

case of isomerization of the diene 1 with BF .Etzo ‘2, another Wagner-Meerwein

rearrangement leads to the 2,5-d1nothy1bieycio[3.3.0]oct-2-y1 carbenium ion,
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which reacts by deprotonation to the olefin 2,

The cyclohexyl segment in II is formed first in a slightly twiated boat confor-
mation A, which is quite similar to the conformation of the dieme 1. Locking to
the Newman projection of this cation the subsequent Wagner-Meerwein-type rearran-
gement from this conformation is unlikely, because neither the peripher O-~bond a
nor the central (=bond b oan overlap effectively with the free orbital of the car-
benium ion centre, Also the boat conformations B and C, which are formed by pseu-
dorotation from A are unsuitable for rearrangement., However from C the conversion
to the chair conformation D should be possible with low activation energy. The
Newmanpro jection makes evident, that here the overlap of the J~bond a with the
free p-orbital of the cationic centre is realirzed, This type of rearrangement is
called "bridged migration" 25. As an alternative the migration of bond b which
leads to the bioyolo[3.3.0]ootyl-oysto-. is called "fused migration", This re-
arrangement is unlikely in all conformations shown. However, there are known some
reactions of model compounds as well as natural products, where both pathways are
observed 25'26’88'82.

On the other hand the acetolysis of the epimeric brosylates of bicyelo[u.z.o]-
octan~2=01 from each isomer in addition to olefinic products yield only one 8-
substituted bicyclo[3.2.1]octane, i.e. the syn-bicyclo[3.2.1]octan-8-01 (bridged
migration) from the endobroasylate and the anti-bicyclo[3.2.1] octan-8-0l from the
exobrosylate 27. The reaction pathway in this case obviously depends upon the
configuration, Therefore classical planar secondary carbenium ions 28 cannot be
the intermediates; nonclassical carbonjum ions 28,29 or & concerted mechanism are
more likely,

Contrary to that observation the catiom II in our reactions should exist as a
classical tertiary carbenium ion like the protoilludyl cation in solvolysis re-
actions of protoilludene derivatives to syn-bicyelo[3.2.1]oct-B-yl derivatives 30
or in acid catalyzed hydration of humulene to the tricyclic sesquiterpene alcohol
apollan=11~0l 3‘. Similarly the formolysis of epimeric tetramethyl-cis-bicyclo-
[4,2,0]0ctan-2-01s and U,U4,6-trimethyl-2-methylene~cis-bicyclo[4.2,0]octane yields
besides other products only the syn-8-formyloxy-tetramethylbicyclo[3.2.1]octane
(8) and cations IV and V are postulated 32.

OH
H —
® OCOH
®
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H — v \) 8

This high sterecselectivity in formation of syn-8-substituted bicyeclo[3.2.1]~-
octanes 3}, § and 8 cannot be explained from the claasical planar intermediates
III or V, respectively,

The direction of the mucleophilic attack on such a cation sheuld be determined
by the steric hindrance of the y-hydrogen atoms on 02 and c“ or 06 and 07, ro=
spectively, On closer inspection using Dreiding models it is obvious that an
attack from the syn~-side should be more difficult than from the anti-side and a
reverse stereochemistry for these reactions should be observed,

To verify this suggestion we reduced the ketome 5, wvhich is steriocally and elec-
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tronically cemparable to the cation III, with LiAth in ether and obtained e
9515 mixture of the syn- and the nnti—l,5-din.thy1bicyolo[3.2.1]octan-B-oll 3=
and 4a, In the same manner the reactions of the ketone 5 with some Grignard re-
agents give anti-8-alkyl-syn-8-hydroxy~1,5-dimethylbicyclo[3.2.1]octanes 16 (of.
also 33). In these reactions the steric factors operate as expected.

°|| EOH Ho%
‘
5 3a 4a

Furthermore the nucleophilic substitution of the -yn-l,5-d1-ethy1bicyclo[3.2.1]-
octan~8~0l tosylate with acetate anion under sul-liko conditiens gave the anti~
acetate as the main preduct, maybe really via a species like III,

Therefore the cations III and V are unlikely as intermediates in the above-men-
tioned addition reactions to the dieme 1, The formation of 3 and § or 8 starting
from cations II or IV should proceed rather by Wagner-Meerwein rearrangement and
concerted attack by the nucleophile, comparable to SN2 reaction i.e, bond making
and breaking on opposite sides, Alternatively a nonclassical cation VI or a
“seminonclassical™ 34 structure by "graded sigma participation” 35 is formed,
The SN2-11ko attack of the nucleophile leads to the syn«products.

Nu

R= H,CH3

Nu
4,7
Vil 2
On the other hand the rearrangement to the nonclassical cation VII is possible

from which the formation of the minor components 4 or 7 can be explained, However
the cation undergoes rearrangement to the classical tertiary carbenium iomn VIII,
which is deprotonated to the olefin 2,

This hypothesis on the structure of the cations II to VII is in good agreement
with the usually accepted opinion, that tertiary cations have the classical
structure, wvhereas secondary cations in bicyclic systems normally are bridged
(cf, the other conception 36). Usually these cations exist in form of tetra- or

pentacoordinated carbonium ions 2“’28'29'37.
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EXPERIMENTAL SECTION

Gas chromatograms (GC) were recorded on a Variam Meduline 2700 apparatus modi-
fied for using of glass capillary columns (100 m Carbowax 20M and 100 m OV I),
Preparative chromatography was carried out on Kieselgel ]00. 70-230 mesh (Merck,
Darmatadt) and n~hexane as eluent., IR spectra (film, om™') wvere registered on an
UR 20 :ggarutu- of VEB ?arl Zeiss, Jena; NMR spectra (in CDCl 1 internal standard
TMS in 13C and HMDS in 'H) were recorded on a Tesla BS 487 C ? H MR, 80 MHx), on
a Bemoker WP 200 ('H NMR, 200,13 MHz, 13C NMR, 50,33 MHs) and on & Brucker CH 90
(13T MR, 22.63 MHs), chemical shifts cf. ref. '6; Mass spectra (MS, 70 eV) were
recorded on a Varian MAT CH-6 apparatus, signals are given in m/e (rel. %).

R h h fo oy _a

A solution of 100 ml 8% % formic acid (or 99 % acetic acid), a catalytic amount
of 70 % perchloric acid and 27.2 g (0.2 mol) of the diene 1 (4:1 mixture with
1,6-dimethylcycloocta~1,5~diene) is heated to 60 °C for 3h. The reaction mixture
is extracted with 500 ml n-pentane (3 portions) and washed with water, 5 % NaHCO3
solution, dried over night with Na2S504 and the solvent is removed, The residue

is subjected to fractionmal distillation in vaouum, Two fractions are obtained,
The lowsr boiling one (6.0 g, 22 % yield); bpzp 57=59 °C, n20 1,4692 was identi-
fied as a mixture of 2 (72 % 12, 17 % of starting material | and two unknown
isomers, The higher boil fraction (23,1 g, 63 % yield; bpy 50-52 9C, n 0
1.4676; ref, 13 bpy4 68 &:f contains two isomeric formates 3b amd 4b (92:8).

8=t 1,5=dimethylbicyclo]3.2.1] oot b)s MSs 182 (MY, 2u4), 154 (4
e B AT T e b trBe T o5, 2 L ot 1 (o0 a8 10
(s, 1R, -oCcHO), 4.58 (S, 1H, Hg), 1.48 (m, 10H, ~CHp-), 0.85 (S, 6H, -CHj).

Analogous the reaction in acetic acid yields after work up the olof%nic £5aotion
(45 % yield) and a higher boiling fraction (40 % yield, bpyy 94-98 “C, and1.k681;
ref, bpg 74 °C) which contains 85 % of the acetates 3Jg and 3d (9218) 15 %
of the alcdhol 3Ja,.

~8=acotoxy~1,5-dimethylbicyolo[3.2,1]octane (3¢): MS: 196 (MY, 14), 152 (9)
? 7‘(2677‘T§§‘t§ . 1217 E§1:z$68L%8T7‘1787‘T§00?§ IR: 1710, 1096; 1 R (8o MHz
4,50 (s, 1H, )s 2,03 (s, 3H, ~OCOCH, ), 1.45 (m, 10H, -cuz-), 0,85 (s, 6H, '0“3)°
P op of 1 1bigcyeclo 2,1] octan-8-0ls

a) b hydrolysis of 8-formoxy-1,5-dimethylbicyclo .g.l&zct!no-s A mixture of
TH:275 (0°2 2ol ROR 1o 150" o1 methansl and TB.7 5 (0.1 acl] of the formates
3b and 4b (92:8) was refluxed for 1 h,cooled to r.t., poored into 500 ml of
water and extracted with n-pentane (3: 50 -1). After usual work up distilla-
tion yjelds 12,0 g $78 %) of a 9218 mixture of the alcohols 3a and 4a (bp,o
80-82 °c, mp 40-42 °c, ref. 15 mp 43 °C),

b) by reduction of_ 1,5-dimethylbicyclo]3.2.1]octan-8-one (5): To & stirred sus~
pensIion of 0,19 g -EE3I¥-£1X¥EQ In 50 ml abas. ether at r,t. are droped 4 g
(26 mmol) of the ketone 5 in 50 ml abs, ether and refluxed for 1 h, After
usual work up with water and diluted H2$0u the organic layer was separated
and the aqueous phase extracted twice with 25 ml ether, The combined etheral
solutions are neutralized, dried and the solvendis removed, Distillatiomn °
yieidIOB;h € (85 %) of a 9515 mixture of the alcohols 3a and 4a (bp,o 81-82 “c,
mp 2 C)e

syn-1,5-dimethylbicyclo][3+2.1]octan-8-01 )s MS: 154 (MY, 63), 136 (47), 123
EE?;:‘?QT'(E& ,'TB%I%7° 5 107 °§667?‘§§? § 0, 1053; ?H(Nnﬁ (2&6 MHz, TMS)s 3,01
s, 1H, Hg), 2,66 (bs, tH, ~OH), 1,55=1,25 (m, 8H, =CHp-), 1.17 (m, 2H, =-CH,-),
g 2
0,81 (s, 6H, =C 3).

Oxidation of the alcohols 3a and 4a

To & vigorously stirred solution of 15.3 € (0.1 mol) of the 92:8 mixture of the
alcohols 3a and 4a in 70 ml ether at 15 "C is droped a solution of 11.8 g (&0
mmol) K,Cr207 in 20 ml conc, H,SO; and 50 ml water., The stirring is continued for
15 min, Zhen the reaction mix e is diluted with 250 ml of water, the etheral
phase is separated and the aqueous is extracted twice with 50 ml of ether, Usual
vork up and distillation yields 13.4 g (88 %) of pure ketone 5,

1,5-dimethylbicyclo[3.2,1]octan-8~on bpyo 72=74 °C (ref. '7 bppa 90-91 °cC

SR R o o Tt 1o m T oRe. 20 P18, T oS (Tems, Inap$;h2‘ AL
80 MHz): 1,9-1,3 (m with bs at 1,64, 10 R, ~CH,-), 0,92 (s, 6H, -CHq); '3C NMR
22,63 MHz): 226,8 (cs), 46,2 (cl/c55, k3,55 (06/07), 29,0 (cz/ck). ?9.1 (c3/c9/

C,OS. '

Reactjons of the 1 th exral a

A mixture of 100 ml 37 % hydrochloric acid, 1 g "Wofatit KPS" ion exchange resin
(H-form) and 13.6 g (0.1 mol) of the 4:) diene mixture was refluxed with stir~
ring for | h, The cold solution then was extracted 3x with n-pentane (75 ml).
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The combined extracts are worked up as usual and subjected to fractional distil-

lation in vacuum yielding an olefinic fraction $3.3 g 24 %) and a hgghor boi%ing
fraction (9.2 &, 53 %) of chlorides (bpy 70-73 °C, 6 1.4759, ref.18 bpy 73 "Cy

71 % 6a, 0.8 ¥ 7, and 15 % or 13 % of not identified isomers),

syn-8-chloro-1,5-dimethylbicyclo[3.2.1]octane (6a)s MS (GC/MS coupling)s 172 (n?
L LR AT *37'rnu 736~ 787L2§3 t}567? Irs 2985, 2932, 1463, 1385, 830; ’
1H NMR (80 MHm)s 3.46 z-, 1H, Hg}, 1.7-1.3 (m, 10H, ~CH,-), 0.91 (s, 6H, -cu3).
In a similar way the corresponding bromo- and iodocompounds were formed by réac=-
tion of 1 with 48 % hydrobromic acid or 55 % hydroiodic acid.

20
syn-8-bromo-1, 5-dimethylbicyeclo[3,2,1]|octane (6b)s bpys 95-97 °C, n 1,5045
15321885 S R B (6 T2 (32) ) 109' (33), 95 (83)
81 (100)3 iR, 2982, 2930, 1460, 1385, 828; 'H NMR (80 MHx): 3.68 (s, 1H, Hg),
1e7=1.2 (m, 10H, ~CH,-), 0.92 (s, 6H, -cng).

syn-8«iodo=1,5=dimethylbicyclo[3.,2,1]octane (6¢)s purified by chromatography

SYRTsistss lagptinstepiptosisl .2, Innksne (Gols Py (£0)1 81 (160)°

IR; 2980, 2932, 1460, 1382, 8303 'H NMR (80 MHz): 3.86 (s, 1H, Hg), 1.7-1.2 (m,

10H, -cuz-), 0.87 (s, 6R, -cu3).
oro-1 hylbjcyclo[ 3,2,1]octane (Z)

To a solution of 14,4 g (55 mmol) triphenylphospbhine in 30 ml CCly (dried with
P05 and distilled) umndex stirring is droped a solution of 7.7 & ?50 mmol) 3a
(957% purity) in 10 ml dried CCIha After standing 3 days at r. t. the

mixture was stirred for 2h at 60 C and standing another day at r.t. in which
two phases appeared. After removal most of the solvent the orystal pulp was
stirred with water and extracted several times with 50 ml portions of n-pentane,
The triphenylphosphine oxide and the two phases were separated., The organic
layer was dried, the solvent was evaporated and the residue was distilled in
vacuum ylelding 4.8 g (56 %) of 7 contaminated with 15 % of an unidentified
isomeric compound,

anti-8-chloro-1,5~dimethylbieyclo[3.2,1]octane (7): bpy 65-67 °C, n3° 1,4782
B T T T R e T 2ot Te T (1 350y oy 2982 P20%0. 1463,
1382, 828; Ta or (80 MHz): 3,58 (s, 1H, Hg); 1.9-1.3 (m, 10H, ~CHy=), 1.03

(s, 6H, -cu3).

Sypthesis of anti-8-a - h 0[3,2,1]octane (4c)

A mixture of 98 g (1 mol) of anhydrous KOAec, 90 ml acetic acid and Z.? g (25
rmol) of the tosylate of ja (95 % purity) prepared according ref, ' from 95:5
mixture of 3ja and 4a was refluxed for 2h. To the cold reaction mixture 100 ml
of water are added and then the solution was extracted 3x with 50 ml each n-
pentane, After usual work up distillation yielded an not identified olefinic
fraction (2.6 g, 76 %) and 0.64 g (13 %) of an acetats fraction bpg 72-78 °C
(74 % bg, 23 % 3¢ and 3 % of an unidentified compound).
anti-8-acetoxy=1,5=dimethylbicyclo[3.2.1]octane (4c)s MSs 196 (MY, 1), 154 (6),
IR AL TR T R - AR I TR N CHRT I S XIS
ocoan), 1,42 (m, 10H, ~CH,-), 0.82 (s, 6H, -cn3).
Hydrolysis of 0,5 (2.5 muol) of the acetate mixture in a refluxing solution

of 1,12 g (20 nnol? KOH in 1% ml m*shanol for 1 h after usual work up yields

350 mg (90 %) of a 75125 mixture ('7C NMR spectroscopic) of La and its isomer
3e.

anti-1,5-dimethylbicyclo[3.2.1]octan-8-01 (4a)s MS: 154 (MY, 18), 136 (54), 123
33y, 127" §77'¥68‘t£3771¥67't4567?‘IR?'Bhuo 1068; 1H NMR (80 MHz): 3.00 (s, 1H,
Hg), 1.36 (m, 10H, ~CH,=), 0,92 (s, 6H, -cugs.
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