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-Tbc reachon of mmc dibromacycb&cxawdionca with Lwascs b rqorkd. Btimihon of HBr, believed to 
pnxced via cyclopropae iotcrmcdhs, yidda ultim&ly cycbpcokacdioom. A pouii mccbaniam ia deacxii. 

The reaction of cyclic cr-bromokctones with bases ha.9 
been extensively invcstigatcd. Dchydrobromination 
sometimes produces u&uwahra&d ketones and some- 
times my@ acidic products by a ring contrac- 
tion knuwn as the Favorski reaction.’ This paper reports 
a novel Favorski reaction of some cyclic a- 
dibromudikctoncs with various bases, during which 
cy&propal% intcrmediatcs are probably invo1vcd. In 
one case such a cyclopropane was isolated. !Jomc of the 
compounds formed (11 ad 12) might be useful in pros- 
taghdin syntJIesis.2 

ThcaohIdikctones1,2and3wenprcparedbydirect 
alkylatioa of either dihydrorcsorcinol or dimedone in the 
standard way.’ 

7%~ bromination of these ketones was achieved using 
bromine in acetic acid catalyscd by bydrogen bromide 
and the product3 were the crystalhe tmn.diiromidca 4, 
5 and 6. 

4 6 6 

Attempts to prepare the monobromides by using 1 mol 
bromine under various conditions always gave diimide 
and startiag material. PossiMe reasons for thin will be 
discussed at tbc end of the paper. No bromination oc- 
curred using brumine in acetic acid containing potassium 
ecetate. 

WbenthdiimidcsSand6werckcatcdinpyridine 
they were partly (l&15%) converted into the crystalhe 
c&isomers 7 and 8. Molecular wei& measurements by 
ma&J spectrometry, and microanalytical data clearly in- 
dicatethat7and8an?hmcrs ofSand6.-I%estereo- 
chemistry is baaed upon evidence from NMR and IR. 
The NMR spectra of 7 and 8 are more compkx than 
those of S and 6 indicahg kss mokcular symmetry. 
Thusinthatof8,thefourMegroupseachhasadiftmnt 

chemkalshiftwbcrcasin6thisisnotso.Inthatof2the 
two Me groups have d&rent chemical shifta as do the 
ben2ylk protons WbeRas in 5 tbill is not so. The 
resonance of the CHBr protons showed a down&ld hift 
when 6-~ 8, but an up&ld shift when S-7. However as 
isklMMm,no6rmstcrcucln?micalcoaclusionscaoalway~ 
be drawn from such movements. 

Both 5 and 6 showed lower carbonyl frequencies than 
7and8.ItistbeteforeliLelythatSand6arethetmns- 
and 7 and 8 the &isomers. Models show tbat a sym- 
metrical conformation 9 is available to the tmnhsomcrs 
in which all t&e dipole interactions between Cd and 
C-Br and ail stcric interactions arc minimal. Isomerisa- 
tion to a &-isomer would result io a less symmetrical 
anangcment, ia which one of the C=0 groups is always 
eclipsed by a C-Br, thereby raisii the mean value of 
YCO 

Ontbeotbcrhaadwbenthcdibromi~4wasbeatedia 
pyridioe, no isomer was isolated, but only the cych+ 
propane 10 in low yield. The failure to isolate an isomer 
of 4 means that the assignment of a tmnsum@ation 
to4isconjccturalandbascduponananalogywithSand 
6. 

& Hb\/ = H 

0 lo 

The evidence for the structure 10 rests upon analytical 
dataandthcNMRapccuum.TheprotonsH,PndH, 
botbabuwrsquartetsoflines,wl&thedetailsofthe 
rcsummceofH.arebstbcncaththeresonanccofthe4 
bcnxylk protons.’ Tbc carbonyl ab8mpthn ia the IR 
Scatcstbattbercisnookhicamjugatbn,thcrcby 
ndin8 out any possibility of a strai#tforward elhiaation 
of HBr. 

Compound 18 was also obtahcd when the 
diiketonc4waahcatcdwithLiBrand&C03un- 
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der N3 in DMF at loo0 for 4hr. However the 
diiromokctones 5 and 6 witb this reagent, lost two 
mokculcs of HBr to give the cycbpcntenaliones 11 and 
12 nspcctively (15-2546). salall qlmntitica of the 
isomeric ciedibromides 7 and 8 were also isolated. 

0 Y 0 
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The UV spectra of tbc molecules 11 and 12 show a0 
intense maximum at 288 and 284nm respectively, in- 
dkati~~ extensive conjugation correspondin to the eli- 
minationoftwomokcuksofHBr.Tbev-iatheIR 
spectra at 1740, 1705 cm-’ arc tao high for a cyclo- 
hexenone, and certainly for a cyclol~exadhone. but are 
compatii with the cyclopcntcncdione StNcturcS 11 and 
12 propod. The NMR spccbum reveals a proton 
pattern completely in accord with tbeae structures, the 
CHI, appahg as a narrow quartet of lines, H. aml Hr 
as WOW mukiplets (it ia not possible to dihguhb 
uk%pivdy bCtWCCII H. aad Hb in the SpecWn) aad 
ft as a low field singlet. 

A possible mechanism for this elimhtion reaction 

'32 

invol&g a cyclopropaae intermediate is outlined below 
(S&me l), thmkgb this intcrmcdhte ha8 as yet not ban 
isolated from the reaction mixture. 

Itmightbced&dtlmttheattackofBr-ontbeother 
situ of the cyclopropme ring would regenerate eitbcr 
thedibr&&startingmakrialorageminaldiiomide, 
both of which could reform the cyclopropanc and so 
uhimatcly 11 or 12. Tbcse then represent the ultimate 
products of elimihon. 

It i.8 interesting to note that t&e intermediacy of a 
cyclopropane could also account for the formation of the 
rmnrdibromidcs4,Sand6duringtklxomhationoftbc 
dka 1.2 alKi 3 mentiolEd at the bqgim& of this 
paper, and the failure to isolate any mooobromides 
(Scheme 2). 

-AL 
M.pa arc UIKWIWW. NMR tpectra PER20-Hitachi ad 

vafianw100.uv 8paaxuy 118X. IR #peaa-PE 257 8nd 
y 137. &t& fOr Ch~y-PCkJ ?3p24lC2.'8 hd2 

H,Ik&MtaJwitfl3%oflo%HOAc. 
2,2-fXbayl-5$-dhuhyk~ycbhu-l,3-&ne(2). Bcazyl 

chloriQ(l0.41,ndirt)~ddedtodhaeQae(SdI)inrIdnof 
NIoEt(tromlMgN8)inBtOH(~ml)It24,ladtbemixtme 
mhxcd far 3hr. After dihlth with water, t&c pmdltcl wn 
recovcraiiuetkExtractionwithdilNa&O,aqfolbwcdby 
dditba of HOAC gwe 2-bcnzyl-5~~ykyclohe~l3 
diooc (2.3 s) a naxk m.p. 1F (from MeOH). (Stead givea 
5I.p. 19,) The atber extrut on evapodoo pve ?sdhzyl- 
s$dmd~y-l3-d&lle(2) (6oofi& as prismI, m.p. 
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I&I’ (from MeOH); IR (Nujol) ;- 1703. 1740, 1610. 1500. 
1345, 1325 cm-‘: NhfR (CDCI,) 4 0.3Ofs.6Hh 2.OOfhRi). 
3.2o(r,4H) 7am. 1OH) cpopadl C, 82.7; A, 73. ChHdh 
requiru;C,825;8,7s),MdmoilwhicbwaadiatRwtolive 
3,3-dhetkyM-~~-~ (l.EI). b.p. 230- 
Y/20 nm, rg I* IR (mm) r, 3100,16% 1595.1500.1230. 
1210. 1155. IMOcm-‘: UV (ISOH) A, 250.5 UII (klr 4.X0: 
NMR cCCl,l d I.o(s. 6Hh 2.0%. W). 2.22(s. W). 4.6Ok W). 
5.35(,, 1H). 7.30(0,5H) (pollad: C. 76.6; H. 7.9. C,&& 
requires; C, 78.3; H, 7.6%). . 

EtOi (95 ml) contain& NaOEt (from -3.66Na). The mixture 
wasn?5uxedfor3br,cookd,mIddilutedwitbetberemidil 
N&O, aq. The aqueooa pbasc on aS6ution cave 2-be& 
cycbbexen-1,3dioae (sr) an oeedks m.p. IW (from MeDH aq). 
Btette? givea m.p. 184-Y. lbe etbcred pbm8e on ev& 
gWemoilfromwbicbl(4g)sepatedulKzdka.ln.p. 135Yfrom 
MCOA rq): IR WW ~..s 1705. I7M, MS, HOOcm-‘; NMR 
(CCW dO.7Wn.W). l.70@.4HL 3.Wm.4Hh 7.lo(m, IOH). 
(Stette8givesm.p. lrr).Tbeoilynmteridwe8frac~to 
removeuncba&benzylcbGdcaodtbemiduec~to 
rive 3-buzy/oxycy&ha-2- es prirms. q .p. 6r (fmm pet 
ether 4o’aP); IR (NujoI) o.., 1645, 1600, ISOOcm-‘; NMR 
(Ccl,) 8 Z.lO(m, 6H). 4.75(s. 2H). SJO(r. 1H). 7.2Xs. SHh UV 
(UOH)~,U9nm(lopc4.32)(Pouad:C.n.%H.7.0.C,JI,~ 
requires C. 77.2, H, 6.9%). 

2,2,5,5-TetramethykycMaan-1,3&n@). Mel (15.56) was 
&dal at 20’ to a aoia of dhnedoae (log) in MeDH (30 ml) 
coatairing NaOMe (from 1.66 g Na). sod the mixture re6uxed 
4br.Tbemixturewa8dihItedwitbw8tereodetbcraDdweabed 
witbdilN~44.AcidSa&oftbeaqnannptmae~ve 
2Jsbimetbykycbbeuac-l&tiolle 0 &I 0.p. I6Y (from RtoAc) 
H8bdaDdlhoama‘~m.p.1~.wMetk~onmpon_ 
tknpvejgdu~.mg.~(frompaetkr6484);IR 
(Nuj~l) r, 1730.1705 cm-‘: NMR (CDCI,) 6 LOOk 6H). 1.30% 
6H). 2.6%. 4H) Hddl and Thomas’ give m.p. !W. 

Brominath of the diketonu 1. 2 end 3. The dikooc 
(1 mmok) io HOAc (IO-20 ml) watainiug &Cl (2-3 ml) aad HBr 
(SQoprofrsrhlntedsolutioninHOAc)wrc~withBr*. 
(2mmoles).ThemixtunmrrauideU24forMhrintbc 
dark.Themixturewaamxur&edwitbNaHCO,endtbcsolid 
&io&etooe recovered ill ether. yields were gcoerdly 8s 
9096baledupontbediketoW. 

~ompound2~~~-~-SJ-~ruJI-tmru-4.6- 
&-9dohexa - 13 -dime(j). m.p. 154-6*(from acetoneaq.); 
IR PcAS) 1740, 1705: IR (Nujd) P- 1735. l765.1610. 1590. 
Iuw)cm-‘: NMR (CDCL) 8 0.70 (1.6H). 3.36 (s.4H). 4.60 (r. WI. 
7.20 (m. IOH): (Paid: C. 54.9; H. 4& Br. 3S.a C&&~ r& 
C55.3~ H. 4.6: Br 33.5%). 

compouad 3 gnve 22JJ-tunlmub~-tnlna4b-dibrorrro- 
cwbkwn-lW (0. m.p. IW (fmm acctoac 4.). IR rica 
(CBA 1740.1705: WNujd) ka I730.1705 cm-‘: NMR (CD&) d 
I.% 6H). I.W. 6H). X0@. W); (Four& C. 37.1; H. 4.1; Br. 
48.8. CloH&Brz requires: C. 36& H. 4.3; Br. 49.0%). 

compound 1 pve 2.2-&nzyM~4~tum~- 
IJ-cdfollr(l),m.p. l~~(fromrcetolle4);IR(Nu/on~,l~~. 
l705.MO5.1590.1500 cm-‘: NMR (CDCh) d l.Sym, W). 3.3qs. 
2H).3.4&.2H).4.10(m.2H).7.25(m. IOH);(IGmodzC.S4.~H.4.3; 
Br. 35.1. C&&Bq requbes: C. 53.R H. 4.k Br. 35.5%). 

33-ZXbqd-I-brcwbkp& [3.1,0~-2,4-&~e(1.). Corn- 
pouad 4, (2SOmp) waa re&ed in pyridi~ (1Oml) under N1 
for3br.Recovexybydihaioowitbetberandwaterpveoo 
removaloftbeetberrdarkred#m.Thbwasad&wbedoa 
a03 (UC). El&n with peamne:etbEr (1O:l) pve 33. 
dibaulr+bnmwbi@o[3,1,0l-haae-2,4&&~ 2s m& en 
prhmr q .p. 128-P (from pet etks W; IR (Nujol) vcy) 1745. 
171Ocm-‘; NMR (CDCI,) 6 l.ZI(q. lH,, Jk 7.5 Hz, J,. S.OHz), 
2.Wq. 1% Is 7.5 Hz, J, 3.OHz). 3.OS(m,SHH,be1uyt& +a.), 
7am.lOw (poood: C, 65.4 H. 4.8; Br, 22.0. C&&Br 
e: C. 65.1; H, 4.6: Br. 21.7%). 

TberrmsprodnctHwuobGnalbybatin64witbIiBrand 
L&C0,hDhfFatWundcrN2for4br. 

l&hydlvbnMia@tiM of the dib4m. A mixtllrc of 

wu oM8ioei M y&A &ins.- m.p. IlW (from pet ether 
4Mn IR Won r, 1740, 1703. 1613. 1370. 925cm-‘; UV 
(EtOH)A3#)nm(I,~cl.%),288nm(mu,Igc3.97);NMR 
(CD&) 8 1.6&q. 3H, J, I.OHz I,+ 2OHz). 3.Wm. 4H). 
5.Ubi lH.,d.~~l~~. 1H.d. 6&s, I&). 7.Wm, IOHI 
(Foumk C. 63.0. H. 6.6. CnH,.Cb rwuirea: C. 83.5: H. 6.3%). --_ 

LkhJtikb&~ of the dibAu0. Ir tiixhae of 6 
(2OOmg). LiBr (8OOmg) and I&CO, (3OOn& was stine4J umkr 
N,inDMP(lSml)fot4hr~~.TbeprodPdMIrecoveredu 
ururlinetba.EvrpontionoftbeOtbalpveryeIlowoay 

pdnct.litbn~fperituE~tbccfy~noftbc 

ttmdhtdc: 15ms). q .p. lur. Tbc mother 
liquononevapo&ongaveryeBowoilwbicbwnspur&dby 
elutko in pentaoe:etber (10: I) from A& @Or). 2&JXmethyl- 
CiJopntpiyl~+&!n-l3-d&me(l2; 254 was olwid 
M a yellow oil. ma. 17-W IR (6lo1) I,. 1740.1703.1610. MO. - 
93Ock’; W-(EiOH) A3iUmi (sb. logrli?), tini(max. 
ktgc4.02); NMR (CD&) 8 1.2@s, 6H). 205(q. 3H, J, l.OHz. 
Jd ZOHz), WO(m. IH .a.& 6.5Ym. IH.,r). 6.93$ IHA W 
T” **w be ob&id -P@lY dyerrllY Pm. 

wmauakmofthetrawdibmwmdhtonaSad6tothe 
cis-isomer3 7 aad t. Tbc tmru-iaomen of the dibromodWones 
(2Wnt&aspnparedbydirectbromiutionoftbecomspo~ 
dkaes were reauxal io pyridinc (10 ml) for 3 hr. Rccovay was 
bydilutiontwithw~~etba.Cuetnlevrpontioaoftbeetber 
iDducal the crysmBis&n of tbc &komera. TIMrem 
mus-icomcr was recovered by evqxxatkn of the mother 
liqmrn. The cir-komen were purilkd by furtbcr cryatd&a&. 
Tbc eventual ykld war lO-15%. 

‘Ibe tmu&anni& (6) pve 2Mbmzyf-SJ-~yl-ci,f4~ 
~tum#ycMau&3-&neo ocedkn m-p. 17P (tram lItOH): 
IR IC.,J (Csz, 17% 175Ocm-‘; NMR (CDCh) 8 l.OO(s.3H). 
lJs(r, 3H), 32o(a, w) 3-W. W). 3.W. W), 7.1o(m, 1OH) 
@otmdz C. 55.1; H. 4.7; Br. 33.5. CPH&Br2 muires C. 55.3; 
H. 4.6; Br, 33.5%). 

The tmnhbromidc Q eve 2&5-tt7mmeth&cis+ 
d0~-1&dio@)ia prisms. q .p. 10 (from pet 
ubu6o-8O9zIRvM (C!M 1720. 17SOcm-‘: NMR ICDCM 
6 0.W. 3H);. 1.4O(r.3Hj. l-as, i), 1.58(s, iH). S.2&, tij 
(pound: C. 37.9; H, 4.4; Br, 19.5. C&&Br requ&: C, 36.8; 
H. 4.3; Br, 49.0%). 

Ackw~-The autku ackwwlcdpr tbc expert tech- 
sialauktwceofDr.R.PmTy(~).Mr.F.skblkk 
(NMR)andMr.B.PbRbro&(UVaodIR). 
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