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MZCEAZISMOF TflB GUSTAVSOW REARRARGZlEEt!o REACTIOR OF TZTRAUmZEOPZZTas, 
ESTERSOF TRIBRONOl@EOPERTAHOLARD TRZIRCYCUXROPILAlVAIOGSPITFf ZIUC. 

A.I&yaohenko+, ZJLProtasova, AJ.Ioffe, A.Ya&teineohneider and O~lL1Befedor* 
I.D.Zellnaky Institute of Orgad Cheristry9 USSE! Aoadeqy of Soiences, 

Heecow, USSR 

The formation of methyleneoyolobutane in the reaction 
of tetrahaloneoptntaneo and related compounds with zino 
is ahown to prooeted J& organoe$no intermedlates~ 

The Gustaveon rearrangement, i.e. the foramtion of methyleneoyclobutane 
in the reaotion of tetrabrolroneopeutaue with zinc in aqueous ethanol, is tradi- 
tionally believed to proceed aa a oarbouium Ion xechanlem due to C-Br bomb 
ionlsation by ZnBr2, formed in the course of dehalogenatlon't 

The armntq in favour of this aeohanier are the formation in this reaotion 
of the by-product 2-methyl-I-butene ( aooording to refe 2 the corresponding 
open-chain oarbonltu ion oan eqtlilibrate with 2 and 2 > as well ae the total 
inhibition of the rearrangement when X8' ions are exoluded3. 

At the aame time the poselbiliig for the aation ,2 to form in dilute solutions 
of znBr2 in aqueourr ethanol see& to be rather doubtful, Moreover, acoordlng to 
ref.4, wthyleneoyolobutane is om of the main preduote of tetrabromoneopentane 
reaotien with aodium and, as It was shorn earlier, 3 oan be obtained with an 
exeellsnt yield by the action of zino powder on tribromoueopentanol benzene- 
mlphonate5. The obvious imposelbility of the olaesiml ytohenlsn for these ro- 
aaflona prompted u8 to relnvetatlgate the aeohaniem of the Gustaveon rearrauge- 
rent. 

For this 
i, ester8 2 

reason we have etudled the reaotion of tetrahaloneopentanes 3, 2, 
- &Q aud their eyclopropyl analogs s - a with sina duat6. 
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To a well-stirred suepension of 5g activated sin0 duet iu 5Oml of reflxu~ 
ing 809s aqueous ethanol &IO uoles of 1 or 3-35 was added, the reaotion mixture 
was refluxed for 0.5-I h, oooled and diluted with 108l of p-oGane.The mlxtwe 
then wa6 washed with jx2Oal of oold rater and driedJ!he remalta of GIG analysis7 
are aummarlsed In Table I. 

Table 1 

starting 

~0mp0und 

Product dietribution, P (total yields 60-80%) 

d Da 

m 22 76 2 

0.5 3045 67.9 1.1 

7ia 14b 6.4 93.2 15 - 0*4 

sa 3b 63 m 

m 8.5 91.5 
- 100 - 

aoorreOpouding 

DC, 

b 0orrmpondLng 

-c I[ 

The data given in %able 1 seem to oonfiru the fact that the first 6tep of 
the reaotion of neopentaue derivatives with oiuo is not the re arraugeuent but 
the eroli%atieu into the oorreaponding ayalopropane derIvativea* At the aam 
time the relative rate of uethyleneoyolobutane foraatlon strongly depends on 
the leaviug group X, and this rear~meut aooelerates for highly eleotrouega- 
tlve groups, suoh aa Cl, 0S02Ph and OCOCP3 .Thie trend aeereto mpeakinfavour 
of the partlolpatiou of CE$X group In the ring elpausion. To teat this hype- 
thesla, we have prepared the deuteroanaloge of 5 and 2 - & aud sr 
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L-4 
(ca2Dr)3CCOO~ $t20 

Is 

The IUD4 re&uation of 

335-l 

sOCl* 
I - (Ca2Rr)$CD2Cl 

s& 7 ((ZQBr)3CCD20S02Ph 

z& 

methyl t~ibromoplvalate a8 In ether yield8 7W 1 
of a, b.p* 109-110~/2.5m~ -%I R'MR' 8 3.70 (br.8, <OA R, CRD), 3.53 (8, 68~ 

CQBr), 1.75 (br a . , I B, OH)* uhioh with SOC12 in pyridine glvee 9, yield 6O& 
I+ 124-126. (subl.), %I RMR s 3.72 (brae*<O~l IIs CRD), 3.59 (8, 68, CE$r), 
and the reaction of $$ 6th Phs02C1 in pyridine leads to 2, yield 80%, mop* 
80-80.5~ (MeOR), %I RRR t 7055-7095 (m, 5Et, W), 4003 (bree, <O&, CaD), 3048 
(aa 6H, CIQBr). 

The reaotioa of & or s with rlno powder in refluxing ethanol &ves 
rlxtures of hqdxooarbone (yields g& &I%), oontainlng >90% of metlulenecyalo- 
butane-d2 with deuterium looalised exclusively at the k2 atom (Table 2). 

Table 2 

starting 

ooqmuad 'a Rb (+R) % 

8. PP8 4.55-666 8 2.53-2.77 t 1.79-2d7 q 

e or 9 
517.5 Hz 507.5 Bc 

Relative 
intenaitJI I*0 2.0 I*0 

6 9 PPI 4ds6-4.63 1 2.53-2.77 t 1.*2.05 t 

6a ors Jz7.5 HI Jt7.5 Hc 
Relative 
intensity I*0 1.1 I.0 

such a regloeelaotivi~ &early oontradlcte the oarbonlum ion me&a&em of 
Gueta~eon re arrangemmt', and seem8 to speak in favour of the partlolpation 
of the orgenosino intermediatezs 
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The investigation of the reaotion of 1 with other metal~'~ strongly supports 
this oenoluslen. It seems neoesaary to note, that Intermediate formation of 
organorino oompounds in protio media was reoently demonstrated for the reae- 
tions of allJl1 brotide" and ~ibroaocyolopropanea'12 with sine. 

Beforenoes and notes 

I. LFieser and Y.Fisser, "Advanced Organic ChemistmN, Reinhold Publishing 
Corporation, Dew York, 1962, p.5420 

2. D.E~Appelquiet and J.DJioberts, JoAxe-, 29, 381 (1957). 
3. D.E&pelqulst, G.F.Fanta and B.W.Henriokson, ,J~Oru&hem~, ag 1715 (1958). 
4. H~O.House) R&&ord and H&.Rao, J.Oru&her 08 a# 1487 (1956). 
5. M.Yu.I&ina aud A~I.Dyaohemko, Isv&kadJauk SSSB, Ser&hi~~,670 (1968). 
6, All new compeunda give satisfactory spectral and analytiml data; 5, aep~ 

124r125O (purified by sublimation), 4, rep. 48-49O (ethanol-ether), s, 
b.p. 103-1o5~/1mu, $j01.5048. 

7. 2.51~ x 31~s 001tun with 0.5p of BEG 2000 on Bacl or 6r x 3m1 001umn with 
15% of tris-(~-oyanetho~)propana on Celite 545 or capillary ooluuu 
25~ x 0.25~~ with triethyleneglyool dibutirate. 

8. FoBerdel, A.HeYaons and H&Won) Cher.Beriohte, a, 938 (1958). 
9. The 'H BMB spectra were determined at 100 PBs with Tesla B&497 spectro- 

meter for 2ok solutions In CC1 4. The oheaioal shifts sze expressed in 
&values (ppm) relative to a Me4Si internal &mdart. 

IO. A~IoDYaoheuko, E~LProtasova aud O.Yaefedor, IsvoAkad.Bauk SSSB, Ser. 

.!!!&zV In preaso 
II. T~A&illinger, E.A.Boughton, T~&unge and J.EolinsQ, J.Ormnomtalo 

me-, 124, 131 (1977). 
12. A*I.I~aohenko, T~Yu&udashevskaya, O~S~Komeva, A~Ya~Steins&uelder 

and O~YoNefedov, ~r&hir.,2191 (1978). 

(Received in UK 26 March 1979) 


