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Reaction between the tosylate ester of I-bromo-cis-cyclonon len-4ol and LiBr in 
acetone solution gave 1,4dibromociscyclononene (5; R = Br), identical to the above 
major bromine adduct of cyclonona-12diene (4). As this two-step conversion of 5 
(R = OH) into 5 (R = Br), which proceeded in 3 1% overall yield, was unlikely to have 
involved isomerization of the double-bond, the assignment of cis-stereochemistry to the 
latter compound (5; R= Br) is secure. Comparatively large quantities of pure 1,4- 
dibromo-cti-cyclononene may be prepared in this way. In contrast3 to the behaviour of 
the mixed bromine adducts of 4, pure 5 (R = Br) remained completely unchanged after it 
had been treated with Mg or Zn in tetrahydrofuran, or with Zn in ether at 20°. 

The formation of a mixture of 2 (R = Br) and 5 (R = Br) from the addition of bromine 
to cyclonona-1,2diene (4) can easily be rationalized. The allenic system generally 
appears to be attacked by halogens on its central carbon atom.’ In the case of 4, attack by 
bromine on the less-hindered side would lead to a cis-allylic cation,* which could either 
undergo solvolysis by bromide ion directly to give 2 (R = Br) or, following a 1,5-hydride 
shift, to give 5 (R = Br). Although it is well known9 that medium-sized ring compounds 
undergo transannular reactions, there is surprisingly little information in the literature 
about the addition of bromine to medium-sized cycloalkenes and related systems. 
Indeed, the only well described examplest of such reactions in which transannular 
hydride shifts are involved appear to be the addition of bromine to c&and trans- 
cyclodecenes.“, I5 This area of medium-ring chemistry clearly merits a fuller investiga- 
tion. 

EXPERIMENTAL 

NMR spectra were measured at 100 MHz with a Varian HA 100 spectrometer. Me,% was used as an 
internal standard, and chemical shifts are expressed in ppm on a T scale. UV absorption spectra were 
measured with a Cary recording spectrophotomcter. model 14M-50. IR spectra of liquids and solids were 
taken as films and Nujol mulls, respectively. with Perkin-Elmer spectrometers (models 2 I and 257). Mass 
spectra were obtained with an AEI MS 9 spectrometer, using heated insertion. GLC was carried out with an 
F. 8 M. model 720 chromatograph with H, as carrier gas. Unless otherwise stated, a 6’ column containing 
10% Carbowax 20 M on Chromosorb W was used. 

Addtiion of bromine to cyclononu-lJ_diene (4). The procedure described by Wedegaertner and Millam’ 
was followed without modification. The NMR spectrum of the mixture ofdibromocyclononenes so obtained 
included the following signals:r 3.89 (t.J9);4.13 (t.J8.5);4.87 (dd,J5and 12);5*86(m); 7.1-9.0(m). 
The integrals of the r 4. I3 and 5.86 signals were cu I .7 times those of the r 3.89 and 4.87 signals. 

The above mixture of dibromocyclononcnes was not resolved by GLC on a 6’ Apicton L column; 
however, it was separated into two components by a 6’column containing bentoncdiisodecyl phthalate 
(10%) on Chromosorb W. The NMR spectrum of the minor, shorter Rr component IT 3.89 (t, J 9). IH; 
4.87 (dd. J 5 and I?). IH: 7.5-8.8 (m). l2Hl was identical to that of&-2.3dibromocyclononene.’ The 
NMR spectrum of the major, longer R, component was: T 4.13 (t.J 8.5). IH; 5-86 (m), IH; 7.1-7.7 (m). 
4H: 7.8-8.6 (m). 8H. 

Reaction beween dibromocyclononene mixture and tri-n-burykin hydride. A soln of the above mixture of 
dibromocyclononenes (0. I g:O.35 mmole)and tri-n-butyltin hydrider6(0. I I g.0.37mmole) was stirred for 

l It is unlikely that the intermediate in this reaction is a fret allylic cation as the solvolysis of 2.3- 
dibrom~iscyclononene (2; R=Br) doea not appear to involve a transannular reaction. There is also good 
evidence* that the addition of bromine to penta-2.3diene does not involve a free allylic cation. 

+ The reaction between bromine and cfrcyclooctenc gives solely the truns- 1.2~adduct.“’ exapt at very 
low temperatures when transa~ular products have been detect&;” the corresponding reaction with trcn.s- 
cyclooctene follows a completely different course and even results in ringcontraction.” We have found” 
that the addition of bromine to ciscyclononene leads to transannular products which have not yet been 
fully characterized: the course of addition of bromine to rruns-cyclononene remains unclear.” 
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16 hr at 20’. GLC examination of the products revcakd tri-n-butyhin-bromide, a small. amount of ui-n- 

butyltirt hydride and a third component. The latter material was isolated by GLC and shown from its NMR 
SPWWI [r 4.10 (t, J 8-S). 1H; 7.43 (m), 2H: 7.89 (m) 2H; 82-8.9 (m), lOH]to be l-bromoclr- 
cyclononcne.l 

Reaction fierwPea dibrQmo~~clononene mixrum and NaOMc/M~H. A soln of the above mixture of 
dibromocyclononmcs (1.6 g, S.7 mmole)and NaOMc (2 g, 37mmole)in McGH (20ml)was hcaFcd,undcr 
rcflux, for 24 hr. The products were then concentrated and tltc residue partitioned between ether and water. 
The organic layer was washed with water, drid (NgSG,) and evaporated to give an oil ( f-0 81. i he tatter 
material was separated by GLC into two components. The minor component, which had the longer R, 
was shown from its NMR spectrum IT 3.78 (t,J9), 1H; S-84 (dd,J 4.5 and 8.5). 1H; 6.86 (s), 3H; 7.65- 
8.0 (m), 2H; 8 t-9.0 (mk 1OHl to be 2-bromo-3-m~oxy~~~yclonon~~.* 

The major component, which bad tlte shorter R,, was idcntifkd as I-bromo_cis,cis~~c~o8ona- 1,3-d&e 
IFound:C,S4~0;H,6~2S;Br,40~O.C~H,,Brrcquirts:C,S3~75;H,6~4S;Br.39~8%);Wabsorption(9S% 

EtOH): I,, 2 15 nm (e 5,240); vz 1615 cm”‘; NMR spectrum: T 3.79 (s), 1H; 4.28 (m), 2H; 7.46 (m), 

2H: 7.90 (m). 2H: 8.2-88 (m). 6H;massspcctrum;M” at m/e= ZOO. 202 f I : I ): base-peak atm/e= 79. 
Reduction o/ I-bromo.cis.cis_cyclonona- 1.3.dietze (7) with N~~i~id NH>. A soln of I-bromo- 

ckcis-cyclonona- 1.3.diene ( 1.0 g; 95% pure. contaminated with 2~bromo~3~methoxy~c~.cyclononcne~ in 

light petroleum f 1.5 ml; b.p. 30-40*) was added with stirring over a period of 10 min to a soln of Na metal 
(2.2 g) in liquid NH, (SO ml). After a further period of 30 min NH&l was added, the excess NH, was 
allowed to evaporate and water (15 ml) was added. The organic layer was separated, dried (MgSO,) and 
carefully evaporated FO leave an oil (0.3 g, SO%) which was shown from its IR spectrum and NMR spectrum 
[r 4.56 (m). 2H: 7.86 (m). 4H: 83-8~7 (m), tOHl to be almost pure cjs*cy~ionon~e.” 

Reaction between dibromocyclononene mixture and AgOAclAcOH. A soln of the above mixture of 
dibromocyclononencs (0-S g. 1.8 mmolc) and AgOAc (I.0 g. 6.0 mmofe) in glacial AcOH was 
maintained at 40° for 2 hr. The products were filtered, and the filtrate partitioned betwan ether and an 
excess of Na,CO*aq. The ether layer was separate&washed with water. dried (MgSO,) and concentrated to 
a clear yellow oil. The latter material was separated by GLC into two components. The NMR spectrum of 
the slightly pr~om~~t, longer R, com~nen~ was: T 4.13 (t,J 9). 1H; 5.34 (m), tH; 7.2-7.8 (m), 4H; 
8.14 (s), 3H; 8.2-S-7 (m), 8H; the NMR spectrum of the shorter R, com~n~t was: r 3.96 (t, J9). IH: 
4.40 (dd. J 4 and IO). IH: 7.7-7.9 (m). 2H; 8.09 (s). 3H: 8. I-9.0 (m). IOH. 

2-Bromo-cis-Eyclonon- I-en-3-ol(2; R = OH f and 1 -~mo~js~cyclonon- l-en-4-o{ (5; R =OH). A soln of 
the crude mixtue of dibromocyclononenes (25 g), obtained from the addition of&r (14.6 g, 9 1 mmolef to 
cyclonona- 13diene (I 1.0 g, 90 mmole) at -20”. and AgOAc (15-O g, 90 mmolc) in glacial AcGH 
( 100 ml) was mewed at 40° for 2 hr and then worked up as above. The products were distilled and a 
fraction (1SO g) with b.p. f5-90Q/0e4 mm was coilected. A soin of the latter material in MeGH (100 ml) 
was treated with NaOMe (SO g, 92.5 mmole), and the reactants stirred at 20*. A&r I6 hr. the products 
were neutrakcd with TsOH/MeGH. concentrated, and the residue extracted with CHCI,. The filtered 
extract was evaporated to give an oil (9.0 g, 46%). which was shown by GLC and TLC to consist largely of 
two components. 

A soln of the above oil in pcvoleum ether (b.p. 6W?O”)-banzene (95 :S: v/v) was applied to a column 
(150 g) of SilicAR CC7, which was then tlutcd with petroleum ether containing larger proportions of 
benzene. The fractions elutcd with petroleum dhcr-benzene (80:20) were combined and con~cotrat~ to 

give 2-bromo++.cyclonon- 1 en-3-01. [Found in material recrystallized from petroleum ether fb.p. 3&W’): 
C, 49.75; H. 6.9; Br, 368. &H,,BrG requires: C, 49.4; H, 6.85; Br, 365961 as a colourless solid (2.0 g, 
lO%overall yield based on cycfonona- 1,2-diene), m.p. 6S--68O; NMR spectrum: T 3.96 (t.J9), lH;4*48 (t. 
J7). IH; 7.7-9.2 (ml+ 12H; vE$ 163S,32~cm~‘;m~ss~t~m:~atm/e~218.22~(~ : I);basc-peak 
atmie==41. 

The fractions ttutcd with light ~Froleum-~nzenc (75 :25) were combined and concentrated to give 1. 
bromo-cis-cyclonon-l-en-rl-ol[Found: C,49,7; H, 68;Br,36~7.C,Ht,BrG rcquircs:C,49-4:H, 685; Br, 
36.S%] as a slightly discoloured viscous oil (3.5 g, 18% overall yield based on cyclonona- 1,2di~e~;NMR 
spcctrum:r4~08(t,J8~8), lH;S91 (s), lH;6~2S(m), lH;7~2-7~8(m).4H;8~1-8~9(m):v:~1635.3340 
cm“; mass spectrum: W at m/e=2 18,220 (1: I); base pealr at m/e=S7. 

Reduction oI2.&~rno~~~iv~on- f-en-3-01 (2; R = OH) wilk Nrv’liquid NH,. A soin of 2-bromo-cis- 
cyclonon- 1111.3-01 (O-S g. 2.3 mmote) in light pctroteum (10 ml; b.p. 30-4W) was added with stirring over 
a period of 10 min to a sobs of Na metal (I.0 g, 43 mmole) in liquid NH, (25 ml). After a further period of 
30 min. the products were worked up as above (sa reduction of i-brom~c~~~~y~lon~a- I$-dicnc). 
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Evaporation of the dried (MgSO,) organic layer gave an oil (> 95% pure by GLC and TLC) which was 
characterized as ciscyclonon-l-en&o/ [Found: C, 77.2; H. 11.1. C,H,‘O requires: C, 77. I; H. 11.4961; 
yield, 0.275 g (85%); NMR spectrum (at 60 MHz): T 4.49 (m), 2H; 5.45 (m), 1H: 6.57 (s), IH; 7.5-8.9 
(m). l2H; vg$1645. 3340 cm“; mass spectrum: &f+ at m/e=l40; base-peak at m/e=83. 

Reduction of I-~romocis-cyclonon-l~~~~(5; R =OH) wirh Na/liquidNH,. I-Bromoris~clonon- l- 
en-4-01 (O-75 g. 3.4 mmoIe)was reduced with Namaal(l.6 g. 70mmole) in liquid NH, (50ml)by the 
procedure described above for its isomer. Thus cistyclonon- l-en-4-01 [Found: C, 76.95; H. I 1.3. CPH,,O 
requires: C, 77.1; H, 1 l-S%] was ohtaiied as an oil (95% pure by GLC and TLC): yield CCI 0.5 g: NMR 
spectrum; t 4.3-4.8 (ml, ZH; 6.30 (m). IH; 6.43 (5). IH; 7.5-8.1 (m),4H; 8.2-9.0 (m). 8H; vfz 1020. 
1645. 3340 cm“: mass spectrum: &f at m/e= 140; base-peak at m/e=SS. 

1.4~~jbrorno~is~yciononeae (5; R = Br). Tolu~e-~-sulphonyl chloride (I.3 g, 6.8 mmole) wasadded to 
a soln of I-bromo-cir-cyclonon- 1 *n-4+1 ( 1.0 g. 4.6 mmole) in anhyd pyridine ( 10 ml) at O”. After 48 hr at 
0”. the products were poured onto an ice-water mixture (50 g) and the oil obtained extracted with ether. The 
dried (MgSO,) organic layer was evaporated. and the residue (TLC homog~eous)dis~lved in acetone (10 
ml). LiBr (0.8 g. 9.2 mmole) was added to this soln. and the reactants were allowed to stand at 20’ for 24 
hr and were then heated, under re#ux. for I hr. The cooled products were evaporated and the residue 
partitioned between ether and water. The ether layer was separated, dried (MgSO,) and concentrated. 

A soln of the residue in light petroleum (b.p. 3w”) was applied to a column of SilicAR CC7 (25 g). 
which was then eluted with light petroleum. The appropriate fractions were combined and evaporated to give 
1,4-dibromocis-cyclo~nene [Found: C, 38.5; H, 4.9; Br, 56.5. C,H,,Br, requires: C. 38.3; H, 5.0; Br, 
56.7%1 as an oil: yield 0.40 g (31%. based on I-bromo-clscyclonon-I-en-4-al); Y:: 1635 cm-‘; mass 

spectrum:n**atm/e=280.282,284(1:2:1):base-peakatm/e=28:NMRspectrum:r4~13(t.J8~5).1H: 
5.86 (m). IH; 7~ I-7.7 (m).4H; 7.8-8.6 (m). 8H. Double-irradiationatr 7~23causedthe triplet atr 4.13 10 
collapse to a singlet and decreased the multiplicity of the signal a1 f 5.86, which became virtually a triplet. 

The major bromine adduct of cyclonona- 1.2.dicne (see above) and 1,4dibromo-cir-cyclononene had 
identical mass, IR and NMR spectra, and identical chromatographic properties (GLC and TLC). 

Reacifon between 1.4~&bromocis-c@ononene (5; R = Br) and NaOMe/MeOH. A soln of 1,4dibromo- 
ciscyclononene (0.15 g,O.53 mmole)and NaOMe (0.2Og. 3.7 mmole) in MeOH (5 ml) was heated,under 
refIux, for 16 hr. The products were worked up as in the similar experiment with the mixed bromine adducts 
of cyclonona-1.2.diene (see above). to give a yellow oil (O-09 g). The latter material was GLC homo- 
geneous; its R, and IR spectrum were identical to those of I-bromo-cb, ciscyclonona- Udiene. 

Reaction between mixed bromine a&ucts of cyclotrona- 1.2-d&e (4) and hfg met~~tetrahydrofar~. Mg 
ribbon (0.3 g) and a crystal of It were added to a soln of the above mixture of bromine adducts (0.1 g) in 
anhyd THF (5 ml) at 20°. ARer 16 hr. GLC revealed that all the starting materials had been consumed and 
that the sole volatile product had the same R, as cyclonona- l,Z-diene. 

Pure 1,4dibromociscyciononene remained completely unreacted after the same treatment: it was also 
unaffifted after similar treatment with Zn metal in ether or tetrahydrofuran. 
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