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ha"s been made.

(c;r.guEr.DcB)



(ä)

Sone of, the work d.escribecl i¡r this thesis ha,s been

publishe'd- in the foÌlowir1g paper3-

Ifiethyf 2 t2 r4 rr+-te tramethylbicycb I I . I .0 þutane-1 -
ca¡bo:qflate"

3u:nricLge¡ C.F.r and liaron¡ D.P.G.r Þgeggg.t
1968t Lt 2Q6"

***



(iii)

f wish to thar¡l< Dr. Ð..P.G. Hanon for bis excellent

guidance and. entirusia.sm d.uri:rg his supervj-sion of this uork.

I also rri-sh to tharlkDr. G.E' Grearn for the interest thai he

has talcen in this uork¡ and. for his advice d.uring mar¡1r

fruitful d.iscussíons o

I should a].so ljjre to tha¡ù Dr. 1"I{. Slntsucod. ard-

Mr' R.L,,. Pd¡-trid"ge for d.ete:rnining the n"m.r. sPectra and'

Mr. D"B. Cobb for the mass s-1æctrao

This researrch was carried. out d.uring the tenure of

a Couunorlrvealth Postgrad.uate Arva,nl¡ dnich I gratefully

acknowled.ge"

***



(i,r)

Þ,"oqrggf,!.

The vapour phase p3æolysis of methyl 222elaeþ

tetramethylbicycl-of I .1 .0 þutane-1 -carborylate has been

irrvestigated.. The majo:: p¡rrolysÍs prod.tlcts have ,been

chara.cteriseà a¡r,1 possible mecha¡risrns for their forrnaiion

suggested."

Attempts to prepare 1 rjd.ibromo-1c2r2s\)+-

pentametbylcyclobutane fo r poss ible intra¡nolecul ar cyclis a-

tion to 1t2t2r4rt+-pntanethylbicyctc[1 .1 "Cþutane have been

rxrsuccessful .

È**
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Intrcduction.

The report by ïIlberg ano C'¿:-Laî of the first authentic

bicyclof 1 .1 .C þutane derivative , narnely etTryl bicyclof 1 o1 .0þutane-

1-carboxylate (1), has stimulated. i:nterest in the synthesis ard.

chemistry of these highly strained- molecuLes.*

CO fz^ CO CH22 5
tr

(1)

One a^spect of particul-ar j¡rterest ha.s been centred. ulnn the

mechanism or mechanisrns of the thermal rearrangements of bicycloft.t.O]

butane and- its derivatives " A question which ha^s often been a.sked.

conce¡rring bicyclof¡t.t.O]tuta¡res is, ilwìrat a::e the relative bonô

d.issociation energies of the central a'd. sid.e bond.s?'2

*' For excellent d.i.scu.ssions regard-ing the synthesi-sr struct':ret

ard. properties of bicycloft .1"Oþutane and some of its d.eri-vatives

^z L
see reviews by Tliberg and. co-,Jvorkerst'J arrd lornerarttz and. Abratrâ.rlsorrrt



-2-

Iïclecr-ilar orbital- stud.ies ind-ica-te thai; the cerrtral- carbon-carbon bond.

is stronger tha:r the peripheral* bord-s, but it is difficult to

make ær a prioli argri-rnent concerning this questionn A possible way in

vhich to gain infcrmation about this problem is to exami¡re the thenrra1.

rea.:rrangements of bicyclo[1.t oOþutane a.nd. its d-erivati'¡eso The the:mal

rearrangement of bicyclo[1 .1 "Oþutane 
j-tse]-f occurs at temperatures

i¡r the vicinity of 2OOo and. gi-ves orùy butad.iune.2 The latter rnay be

formed by one or a1l, of three pathways: (t) jrr a concertecl fashion

[S"h.roe 1, eo¡. (r) ], (z) one irrvoLving a cyc]opropylmethyl d-ira.d-icai

[S"tre*" 1¡ eqnn (¡)], or (J) one invoLvlng cyclobutene a.s arl j¡rter-

¡nediate [s.h"r" 1 , eqno (") ].

If the reaction is a concerted" on [Sth.nÊ 1 2 .qt. (a) ], it

måJ¡ prÐceed j¡r ary one of six ïïâ¡rsc Fìirstly the ri:rg opening may 1ead.

to either a gie- or -tr?Ig-T¡utad.iene (S*,eme Z) . Secondly, for each of
pfÐceSSeS ¡

these/three d.ifferent ¡rpd.es of ring otræning ca¡r be envisaged." Sche¡ne

J shovs the situation for a s¡rmmetrically substituted. bicyclo[t"t.O]

Uutane (Z) opening to a_tfqnå-butad-ieneo Fi-rst1y, rotation naJ¡ occur

so that both -ex¡:--groups (n) rstate tov¡a¡ri the bond-s beir'.g broken

Û gf' the bicyclof1.1.Oþutane system is consic-ered as tlrc

equilatera.l triangles having one comnon edgerh O" four remairring

sid.es of these triangles forn the peripheral bond-s.
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Scheme 2"

-__-______+

----+

cls

trans

* 
- +l- j¡rd.:icates a bond being broicen"

{:àt \ i-ndicates movc¡nent of grcups f'or Schemes 2 artd J.

(Scheme J; nod,e A); seconclly, nrtation may occur so that both exo-

gtoups move avray from the bonds being bn¡jcen (Scheme J¡ mod.e B); afid.

thirdJ-y, one eæ-group may move toward a¡d. the other away from the

bonrLs being broken (Scherne J, mod.e C). Correspon'1ing mod.es can be

drarvn for the open:ing of substituted- bicyclo[1 .1.Oþutanes to the

co rresponding øis-butad-iene derivative.

One of the rnost important advances in the unde.rsta¡ding of

ring opening arrd. ring closure reactions has been the rr¡les put forwarvl

by lVoodwar.rl ard. Hofilnot-.5 On applj-cation of these n:les to the ring

opening of the bicyclo[1.1 .Oþutane systeni, it can be seen that in a

concertedreactiontoj-te!å-butad.ienemodeÀcorrespond.stoaqua.si-
6conrotatory" opening of both rlngs, lvhj-lst mod.e B requires a

quasi-d.isrotatory opening of both rings. In nod.e c one ring is
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openerl in a d"isrotatcry fashion arrd. the other j-n a conmtatcqy fashiono

Por morles A arìr] B conse:¡rati-on of' orbitai- s;rnrretry requi:res hi-gh

energy trarrsition stateso thu-s on the basis of the',{oodwar.f-Hofftn¿urn

-7rules' a t:rezn al- opening via these mocles Ís expected. to be energctl-

ca1Iy r¡rÉanroulabl-eo By cont.rast correlation d.iagrams wit"r s¡rmmetry

orbita"is carurot be constructed. for *o.ìe Co7 lfolrve.t¡er on the bas-is of

n¡clecul-ar orbiiaL cal-culat;ons T(iberg ha-s pred.ic'i:ed. t'hat for â cort-

certed rJrg opening nccle C rui1l. be erærgetically favo-urabl-e but

rncdes A anl B rvitl not.3

In oråer to ga:l.n oçerJ:nental j:rformation about the mccle of

ri-ng openlng of bicycS-o[f .1"0þutanes Closs and Pfeffer6 stu&iecl. the

vapour phase pyroJ-yses of scne nethyl substj-tuted bicyclo[t.t .O]

butames" Thei-r resul-ts are sum'narised. in Scheme lçr tlte major pyrcly-

sis prod.ucts only being sltcr'nrn in eadr câ^Sse Closs and. Pfeffer

consld.ered. üwo pcssible interprataticns of their exper.LrnentaJ. find.ings:

(1) that the ring opening process is a concerted oner j¡r which ca.se

tl:e pred.on-inantly fornied. d.ienes a¡e tirose e;çected. from openS:rg vi.a an

wrs¡mrnetrical mcd.e (i.e" co-rrespond.Í-ng -'o mod.e C of Scheme J) a.s

pred.icted ,3'7 ,nd, (z) , tnat the results are consj-stent 'rvith â rþn-

concerted. rlng operÉ^g ["o"r*s1nnrì.ing to Scherne 1r eqn. (t)]. Horv-
latter

ever this/pto.""" coul-d- onJ.y operabe if it is assumed. that the

intermed-iate cycloprcpylmethyl dirarlica-ls resulting fnrm the openi-ng

of the d5-rnethylbic¡rs1.[1.1.g]butæres (¡) end (4) col-]a:cse into the
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dienes (/) ana (8) respectively before rotar¡er equ:iJlbri,¡n j-s achieved¡

whll-e tha i-ntennediate d-iraåícals d.erived frpm the monometh¡;'I deriva-

tives (l) æ:a (f) a-re required. to have a longer }i-fet:-ne tc accou¡rt

for thre o'bserved equilibra-"ion to (!) o The authors considered. that

the concerted" process a-cco¡.rrnod.ated. their results more satisfactorily.

It is si-gnifica;rt also that on the basis of their results

Closs a¡r1 Pfeffer l'reï'e able to effectively elitoinate the third. mecha¡risrn

for the ring opening oí' bicycfof1,1"Oþuta-nes, viz" rearrangenent to

cyclobutene follor¡ed by ring opening# to buta¡liene [S"]-t"r,t" 1r eqn. (.)].

The authors found. that the overall stereochemical course of thi-s pnf,cess

correspond.s to either of mod.es A o;'Br but not C of Scheme Jo thus on

the ba.sis of the $Ioodwanl-Hoffmar^n r-¿les ring opening via a cyclobutene

inte:med.iate will not be energetical-ly favourable¡7 although molecular

orÈital calculatiorruS d.o not rr¡le out the psslbility of isonerisation

occurring via this patawaS'. This concl-r:^sÍon (tfrat isomerisation

occurring via a cyclobutene j¡rternied,iate will not be energetically

favor:rable) is supported. by a great d.eal- of experimental evid.err.""&1t

However, d,espite these consid.erati.ons, the pssibility that

speci aI substitution patterns ma]' bring to light reactions occr:rring

by ar¡¡ one of the pathways which e,re not allovred. on the ba.sj.s of the

* Expected. to be conrotatory on the basls of the 'ffoodwanrà-

'-7
Hoffmann ruf es.l
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5 3 tl+
Ttro o<livarrl-Ho ffma¡ur rr:-l e s ¡ and. other theoretical consiLerations¡

cannot be disnissed.o For example e tlte observed ther:nal equi1ibration

of the €"¡,9äg form of the highly substituted bicyclof1.t .Oþutane

(ro) to its sl*g,sl*g fo::rn (1 1)"13 (scrreme 5.)

gers-å
*

Ph Ph Ph

1200
33

I

Ph

c 02cH3 t{3c0 oec *g

t-lt{H

c H L

? t,

(10a)

Ph Ph

3

H

2 (11 )

H 
3c02c Ð!-4, Ð!-Q

c 02c H3

H

(10 )

g_XO, il-Q

1

f Ph d-enotes



-1 0*

This therrnal isomerisatio¡r ca:'r orJy readily be ernrisageô as occuruing

by the breakage and- reconstruction of ttre central 1 tJ*bondr a possible

i:rterrned.iate in the isomerisati-on being the d.iradical (1Oa). Despite

this experjmental fact theoretical considerat i:ons rS 
tl+t5 (based. on

models of unsribstituted. bicyclof1 .1.Oþutanes) , ind.icate that it v¡ould-

be a most r:nlikely process.

Si¡rce the substituted- bic¡rc1ef1.1 "Oþutære derivative (tz)

was availalcle f¡om previous ut"/4 it wa,s hoped. that a study of tire

vapour phase pyrolysis of this corn;oorurd. woul-d. provid.e add.i-bional

i¡rfornation about the mechanism or mechanisms of the therma]. rearrange-

ments of compounds be1-onging to the bicyclof1.1.Oþutane series.

H3C0 C
CH

CH CH
3

CH
3

CH
3

CH
3 CH

3

3C OrcHg

H

3

u2)
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Ðiscussion"

(") $æ

1-carboxt'Iate (lz\ o

Àlthough the bicycto[t.1.Oþutane derivative (12) naa been

prepar.ed. p"or:-or"ty14 a-s shown j¡r Scheme 6, route (a), it was d.ecid.ed.

to reinvestigate the reactlon sequence involved. in its preparatj-on

in an attempt to imprnve the overall yield.. Most of the steps except

the oxid.ation of the prirnary al"cohol (1/) to its concesponding acid.

(tB), proceeded. jn satisfactory yield-s. Under the reacti¡n condi-

tion=15 trvo prrrductsr the e>çected. ac:-a (18) a¡t1 a secona (1J) thougþt

to be the esterl' ot r:nchanged arcorrol (17) a:rd' the acia (18), were

CH CH
3 3

CH
Hgc

TH

cHzozc

HT
J

3

CH
3

IF rt

OTHPCH CH
3

(13 )

This d.enotes the tetrahydr"opyranyloxy moiety.

3

t



*
obtained.n

^l/--

It vra-s d.ecide,L to carrXi out the oxid-ation step urrder a

nurnber of d.ifferent cond.i-tions in an attempt to improve the yield. of

the desired. acid.

. using Jonesr """g".t18 as the oxid.a¡rt a series of o;:id.ations

with i-narea.síng diJ-ution of the al-coho1 (ll) , (ao''vn to a .Ø1/" solution

in the solvent acetone) ¡ ytêro carried out. Howgver no sdcstantial

rrecluction in the yield. of r¡nwarited ester (tl) was observeô. SÍmiJarly,

oxid.ations carrieå out accordi-ng to the nethod. of Sarettl9 ("ftto¡nium

trioxid.e and pyridine), and a methcd. d.escrihed by Snatzk"rz0 çuiu.

chromiun trioxid.ee NÄ-d.imethylformamider ard- a few êrops of comcr

sulphuric acid.) gave approximately the sa¡.æ proportions of acid- and-

ester as had. been observed. previo*lyo16

An analogor,is product (r¡a) was observed- by SinclairlT on

attempting the oxid.ation of (14) r utrich is the dioxala¡¡e arralogue

of the alcohol (t7).
c CH c HgH

3 3c H20H cH202c

ctt
3

(13a)

H CH
3

cHg
+

t{ Cr0
3

0
ct{(14) 3

H c 02H3

H

a*,

CH
3

CH
3

CH
3
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Since the yield- of acid. (18) coulL not be improved.r a second.

sequence (Scireme 6, route Io]) eli¡rilating this step wa,s d-evj-se'1.

The encl ether (Zt) rvas obtained. after a nr¡nber of unsuccessful

attempts using the procecure descrj-bed. prevÍor:sl-y ,21 u!r. phery'l

lithium and- methox¡rnethyltripJ:enylphosphoniun chlorid.e to generate the

d.esired phosphorane. A si.ngie modification '"vas the d.issolution of the

tetone (15) i:r anhyrS.rur:^s hexane* rather than arùryd-rr¡us ether which v¡a's

the solvent previously employed. In general a lo'w yield- of product'

(n+Ø,) wa,s obtained together wj-th unchanged starting materid-.

Improved. yield.s were obtained lviren the phcsphorarle was generated' by

the ac"d-ition of sod.ir¡n hyclride pcrvder to a sti-rred. suspension of the

phosphonir¡n sal-t in ether', conta-inlng a catalyti-c amowrt of d-j-rnethyl-

sulphoxide. Hottever the thirrl method 2 viz. generati'on of the required'

phosphorarie by the add.ition of butyl l-ithir¡n i¡r hexane to a stj-rred'

suspension of the phosphonir¡'n sal-t in hexa¡e*s gave the highest .yield's

arrd. rvas by far the most co:rv'enient'

4 À1I solvents useô j:r thi.s \llittig reaction were d'eoxygenated

(see Experimental) .

It d.id. appear that this particular phosphorâ.rre was mcre

stable in hexane than in ether.

*ö
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Scheûle 6*
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Schc,ne 6 e
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l'he structire of the enol ether (Zt) ro"s confirmed. by infrared-,

rrrrnorr (falfe t) a¡d. analytical- clatan 'Ihe ir,frare,l spectrun'shov¡ed

bæro.s at Joi¡O a¡d- 1 69O .o{1 and. strong ba^r:d.s in the 113U1190 crn-1

region characteristic of enol ether ard. tetrahyd-nopyranylether

gncups resoectively,

H

CH
3

3 OCH2

1

5

t, HC
3

3

3

2' 6 0
L

CH

CH
0 3

3
(21 )

lhe n.m.r. spectnun of this enol ether provid.es an i¡rterestirrg

example of chirality in an a1þ1id-ene cyclobuta¡e d.erivative" It has

been observed. that alþ}i<Lenecycl-oalkane d-erivatives of the general

stmcture shoun (fig. t) are chiraL about "n axi=.22 fi.i" type of

chirality has recently been demonstrat 
"d23 

in u rystem when N = 1 n

The al-cohol d-erivative (l) [fie, Z (") ] conforms to the structure

shown in fig. t (U = t) and shot¡-ld. therefore exist in enantiomoryhic

fo::ns. fntro'J.ucti-on of an asJ¡Inmetric ca:ùon atom d-uring the formation

of d.erivatives of this a-Lcohol rvill give rise to a mixtur"e of d.ia-

stereoisoners which should. in prj-nciple be d.istinguishable by physical
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Table 1"

rr¡mrrr spectnm or (ã)"

õ (p.p"m.) Apparance Prr¡ton*
Ccu¡rt

Assign-nrent

1 "O2-1.28

1 
"37-1 "83

3.IP

3"'17-4.0

3 "52

l+.40

5 "60

multj-p1et

muJ-típlet

singlet

mu.Ltiplet

sirrglet

broad. absorption

singlet

12

6

methyl protcns * rrr'
C,t , CLr , ,5' methylene

protons

methoxyl protons

Crt methylene prutons

C., proton

C6t proton 
,

vinyl proton

3

2

1

1

1

* Unless otherwise stated. the r'ord. rtprotoCt, refers to the

bonded. hyd.rogen nucler¡s and. not to tlre charge,l strrcies rtgtr.

a blr
c ) c

nz)
N N

fig. l.
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methoàsc The tetrahydrop¡¡ranyloxy derivative (B) [f ie" 2 (b) ] ttrs ari

as¡rmrnetri-c carbon atom arrc. has been sho-¡m tc exist as a mjxture of

d.iastereoisomersr ioe. in the rl¡rïr¡rr spectrun of the al-cohol (A),

the region jn v¡hich the saiurated. methyl grcups rescn,ate' contains

four singlets of equal- intensity [fig. Z (")]. In the spectn:.n of

the d.erivative (B) [fig.2 (b)] ho"t*.t"", this reg¡iou contafu,s seven

signals¡ on.e of vrhich i-s broadened and. is made up of tn'o signals cf

al¡ncst identi-cal chemica-l shj-ft. Ther"e are thus e:.ght signals con-

fi-mring the presence of diastereoisornerso

The tetrahyd.ropyrarryloxy d.erivati-ve (Zl¡ aJ-so conforms to the

stn¿cture shov,'l-r. in fig, t (N = 1) , a¡d since it has an as¡nnne'uric

centre wiJ-t be e>lpected to exj-st as a mixture of d-j-astereoisomerso

In the rrom.ro spectrruu of this conpormd. [fig. Z (") ] ttt" region i-n

which the satu:'ated. methyl groups resonate is made trp of six signals,

four of al,most eo..r-ril intensii;y and of the remaining tv"or one shows a

marked- increas.e j:r intensity d.ue to the superimposition of t*'o signals

of id.entical- chernical shif.'t¡ the other i-s broad-ened. j¡rd.icating the

presence of trvo signals of al-nrost id.entical shiftr i"e. eight li¡es

are present; clea¡ enridence tbab d-iaster-eoisoners are present.

It rva-s anticipated- that acid hylrclysis of the enol- ether (Zl)

would. also cleave the tetrahyd.rrcpyran¡.l moiety to give the hyd.r'oxy-

aldehyde (ZZ) . Ilo'wever hydrotysis under the cond.itions d.escribed- by

Ireland and. Niand.ef& resulted. i¡r mixtu¡es of the hycLroxy-aliehyd e (ZZ)



*"l9-

(a)

(b)

(c)

CH

.H,

HO

0

0

CH

CH

3

cu(A) 3

CH
3

C
(8)

CH

3

a t_,

)J

o

0 7r

CH
3

H

6 cPs. 80

80

3

cH^
J

3 0cH
3

cHg

(21)

7
cp s.

tr'ig" 2. Ilsr-rrpticns cf r:ature*ed nsth¡'} groulcs j¡r the

nc.rurre spectra of coi,:¡ou;'cõ (A), (¡) (r'e¡rrod-ucei1 frro¡n a
1(

peper bJ, Ila-non¡''), ala (21) zt; 6a llc/seco

r: penotes an as)rr¡uj]etric centæ"
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and. its correspor:dfug tetrahyclropyranylether. Evidence for tliis wa^s

provicleC. f::om infrared" ¿md. rl¡rnrro spectran Longer reaction times under

the sa¡ne hyd-rolysis cond.itions resultecl j¡r decrea-sed. yields of the

ald.ehyd.e (22) apparently d.ue to 1rcl¡merisation.

CH
CHO3

H¡C

clt
3

R CH
3

R=0H

R=OTs

fn contrast the hyd.rclysis of the enol ethe r (Zl ) to tne

d.imethylacetaf (24) proceeded readily and. in higþ yielo and. appeared.

to be the method. of clioice.

The stmctu:'e of the acetaf ( Z+) was confirmed. by infra¡ed'

ard. n.m.r. spectra (f eote Z). The infrared spectrum showed a lgrd.roxylic

-'labsorption at 3l+2O cIIt ¡

As ha-s been observed previo,r"ly25 in cyclobutane systems

¡elated. t" (U) the n.m.r. data provide eviclence for gþ- and trarrs-

isomerism. In the absence of isor^rerisn the resonance d.ue to H^ v¡oul-d.lI

be expected. to appear as a d.or:blet (split by HC) , but since HO can

(zz)

(*)
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C OCH
3

CH
3

A

CH
3

(a) X

(b) x

Tahle 2"

rrorrroro spectrr.un of (Zln) .

C-0CH

CH

OCHOCH

/3
H 3

H^
J

C

H

H

H ?

X

H HA

3

3

3

H CH
B

\

H

D

4\2 N

fíg. 3

ò (p.p"m.) Appearance
Proton
Cowrt

Assigrunent

1tO2g1 .13 11 .21 t1.26 singlets

1.98 broad. absorption

3.19 singlet

3.32-3.58 nuJ-tiPlet

I+"1O broad. absorPtion

meth¡'I groups at CrtCU

H¡

methoxyl pr.otons

hydrn>ryl proton and Ib

, %.

12

1

6

2

1
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exíst in trrvo environrner-rts _c_iq a:nd tfgaq to tb (fig. J) tr,rc doublets

are expected" Silce the tr¡i'o d.oublets d.ue to HO occur in approximately

the sa¡ne region they overlap and. the nett result is a. broad absorptlon.

For the sâJne reason the resonarce d.ue to Ha appears as a brcad abscry>-

tione and. jrr the spectrum of the deuterated alcohol [flg. J (b) ] tr*

signals rather than one are obse:rred. for HU.

The acetal proved sta.ble to chromatography on neutral alunina,

but tend.ed. to convert to the ald.ehyd.e (ZZ.) '¡,'hen chrcmatographed. on

silica gel. The aceta-l was for¡nd- to pol¡rmeri se slorl'ly on staed.ing

and. on attempted. d.istil-latror- (6O0/.1 ,*), Attenrpted. puri.fj-cation

by pr^eparative vÐ.pour p:ase chromatcgraphy aJ-so resufted. in poiyrnerisa-

tion. Because of its apparent i¡.stability the aceta-l- was chara.cterjsed"

as its ¡-toJ-uenesulphonylox,y d.erivative (n) .

The best yietd.s for the conversion of (24) to (Z!) vrere

obtained. using a freshly chromatographed. sanrlùe of the acetal (U) t

and. nine to ten d.ays appeared. to be the optj.mrxr reactjon ti¡ne. Any

attempts to increase the rate of the reaction by geniJ-e warniirig,

resuLted i¡r charri-ng and. d.ecreased yield.s. the ¡-toluenesulphonyloxy

d.erivativ" (Zt) v¡a.s unstabl-e to chromatography on silica gel [presurnabl-y

due to partial conversion to its correspond.ing ald.ehyd" (Zl)], Uut

stable to chrrcmatography on neutral alunina. However it proved.

consid.erabÌy more stabl-e tha¡r the parent hyd.rrcxy compor,u:À (24), and

could. be stored ilclefinitely. Its strr:cture rvas confir¡red- by infrared.
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CH
3 0s0

HB

z CH

CH
3

ôata. The infrared-

*J arrå sbarp ba¡rd.s at

r.renesu1PhonYloxY 
ôerivative'

CH
3

2

H¡C

3
H A 3

H
c

H3c0 OCH 3

(25) 
" Qr)

It is interesting to obsenre that althougþ the derivativ

isexpectedtoexistasamjxtr:reof-e9-arraSuans-lsorr,erstherels

noeviêencefromthen"rn.f.slrctrunfseeÐiscussionofn.m.r.spec-

tn¡n of (Z-)lt to i¡dicate that both isomers are present'*

¡
I

I

;

I
f

t
I

¡
{

*
to han'e been d'lre to fractional crls-

This ôoes not âppeaf

p'urificatíon' sirrce this lack of

tallisation of one isonrer ôuring

d. ïl both the non'r' sPectrtm of

ðifferentiation has been obsen¡e

roth,er liquors anô of the pr.:rifieô' proôucto

*1-, a
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Tdple J.
spectrLm of (n).

ò (p.p.m.) Appearance Proton
Count Assigrrment

.91 , 1"2A

1.63

2.4

3.23

l+.O4

4-36

7.Tt 7.3O

2 si-nglets

cloubl-et (.f = tO
c op.s.)

singJ-et

singlet

singlet

d.oublet (; = 1O
c.p. s o)

iB quartet
(,r = B c.p.s.)

12 methyl protons

1 H^
B

3

6

1

1

tr-

aromatic methyl grþup

metJlo4yl prþtons

IL
b.

Ét
^t

aromatic protons

The acid- (26) was obtained fr¡om the p-to1r.:enesulphonyloxy

d.erivative (ö) upon treabnent vrith an excess of Jonesr 
"".g".rt.18*

Its stnrctr:re was confirmed. by infrared. and. rrernorr spectra, arìd.

analytica-l d.ata.

The acid. (26) vras converteô in atmost quantitative yieId. to

its correspond.ing meihyl ester on tr€afunent with an excess of d.iazo-

^ut¡uru.26 lhe spectral and physicat prolrrties of the compound.

* the Jonesr reagent is believed. to a.ct as a hyclnclysing med.ir.rn

for the dimethylacetal ($) corn'er-bj-ng it to its coráspond.ing aldehyde

(23) vn:,ch is subsequently oxid.ised to the acid. (26)"
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prepared- j¡r this vray lvere for:nd- to be id.entical to those of the ester

(zo) ottained. previou"ly.27

The bÍ-cyc:-o[t.t.Oþutare (tz) was prepared. as described

28previouslyr-- with minor mod-ifications. ft wa.s fowtd- that the reâc-

tion time coulå be red.uced to 16 hr (origina.lly 48 hr) without

appreci-abIe decrea^se in the yiel-d. of (12) .

Impurities previously observed., viz. involatile soliðs arrd.

1 ¡2-dimethoxyethane rvere effectively removed (see Experimental) o An

analytica-lly pure sample of the bicyclo[1.1 .O]Uutane lvas obtained. frnm

preparative vapour pha,se chrornato graphf .

1t on of

CO H
2

bicüqf

[1 .1 .o-fu.rtane d.eriva.tive (lz\ .

+

1

H¡

3

(12 )

C

HgC

3

2/.
CH

3

CH H
3 3

The two rtbridgeheadtr lnsitions occur at C,, and. C, of the*

bicyclo[ 1 .1 .O]butane systen.
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Ir{uJ-ler and. Pli-tcn^A29 have suggested- that t}re proton-carbonl J

spin ccupling constant ndght be used. as a d.irect rneasure of the amcunt

of s-orbitaJ- character i¡r the bc¡¡rcls. Subsequently othe" 
",.,thor"rJo

have pointed. out that this criterion is not entireì-y satisfactory for

al-I systerns, but it j-s thought nevertheless to proviôe a ruugþ guid-e

to the amount of s-cfbitaf ct¡eracter i-n particular bonds. tfre C1J-¡t

spin coupling ccnstant for the brid.gefr"r¿ p*ton HOr of the bic¡rcfs-

ft.t.O]lntane (12) has been found to be J = 1!1 cps" This is i¡r

good agreement .¡rith values obta-ined. from other bicyclo[1.1 .Oþutane

d.erivativ es.2t31

UsJlg the repor t"a29 relationship;

13JC -H=þO0s

2
H

J = coupling constant for

brid.gehead. proton

s" = s ch.aracter of C-"II bond-.

2
H

S

= 38"1Á

Compari-son with the percentage s character for =p2 G7/") and sp 6q6)

hybridised. systems this value ind.icates that this bridgehead bond

might be expected. to behave essential-Iy as a rrd.otrble bond.tr, a predic-

tion which is borne out by experimental- observ utíon"2'L
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1-carboxylate (1 z).

The vapour phase pyrolyses of (12) were carried. out i¡r a

quartz* vessel at ter,rperatr:res in the region of 1500. In all cases

thræe major prod.ncts r"¡ere observed (Scfreme /). All 'were isomeric with

the parent bic¡'cloft .t .O]u.tturte (t Z) . Separation was achieved. by

preparative vapour phase chrrcmatography.

Scheme /o

H clt
3

CH
3 *g

+tr'
c 02c

CH

Æ

CH

'/ co rcï,

cl-{
(12 ) 3

IJ

3

c ll^r (28)

CH Q7t
3

ozcHtc c 3orc *, CH
3

+
CH CH

3
3

CH, (29)

The isomer of shortest retention ti¡ne wa-s id.entified. as

rnethyl -!rc-2rg-nn"thylvinyl-1 ¡1-d.Ímethylcyclopropane;5-carboxyl ate**

(27) . Assignment of structure wa.s ba.sed mainly upon the fiomcro

To eliminate possible surface effects.

d'- r¡y'ith resr¡ect to the cyclopropyl grcupo

*

*¡B
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spectnm (f alfe 4) of the coml¡or¡rrdo Infrared and. analytical data r',¡ere

also consistent with the assigned- strr:cture. The ir:frared. spectrr-rn

shor¡¡ed strong absorptio ns at 17ö and. I zJO crr-1¡ indicating an ester

firnction"

Table t+o

rrclncro spectnrn of (27).

ò (p.p.m.) Appea-rance
Proton
Count Assignment

1.@r 1.22

1"51 , 1 .83

1.72

3.56

I+.54¡ l+.7+

si-nglets

.AB quartet (l = 6
c.po s ")

singlet

singlet

broad- singlets

rnethyl groups A arrd. B

%' H¿

tnr t
methoxyl prctons

Hc' b

6

2

3

3

2

The n"m.r. spectn-m ind-icated the presence of trvo methyl grþups

at a tertiary position at ð1.00 arû- 1 ^22. The resonances occurring at

ö1.51 ard- 1 .BJ 'rvere assigned. to the protons % *U HO resPectively

[fig. +(") ]. The d.oublet eentred. at ò1 .8J shovrs brnad.ening and- fine

structure, [fig. l(")]. Assignment of this dor:blet to the proton HO is

ba.sed. on the expectation that it vror.¡.ld. be coulùea (,f = 0-J c.p.os .)32 to

the methylene protons Hc anl HD. Spin-spin d-ecoupling of these

nrethylene protons resulted in a sharpening of this doublet [fig" +(U) ],
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(b)

ACH CH B
3

zc{ z
c0

He
H

H

H.
( HA) 1.8 3 1.51( HB'

cH3 c

6 cPs. 6 cps. (27)

2-0 1-7 .5

(a)

2.0
P. m

Fig. 4. spin d.ecoupl-ing of, proton HA by irra.diation of methylene

protons Ha and. $
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and- of the sig:al- d.ue to the methyl gnrup C. Similarl¡t spin-spin

d-ecoupling of the proton H^ resulted. in scme sharpening of the trvo

peaks ¿5signed to the neth¡rlene protons Ha and. ifo" These however

shovr fine splitting after d.ecoupling d.ue to long-range coupling'rvith

the methyÌ grrrup C " thi s evid.en<:e confirms the assignment of the

prcton HO"

11
Ka:plrrs" has expressecl the coupling constant beti¡¡een protons

H, lz
H1 a¡d. Hô in the fra¡g;r,errt 't"*r t a.s a scluared' cosine functjon

t¿

of the ârrgie between the trn¡o t¡yd.rogens. A consicleration of electron-

d.iffraction rresul-ts of Hassel arrd. Vieryol,l3& yield. Oo ard. about 14/o

for the d-ihe¿ral- angJ-e betvreen the cis-vicinal arrd. t49-¡q-vici¡ral

prþtons of the cyclopraparre ring" Frrom the Karplus eqriationJJ valr:es

of 8"2 and- 6.I¡ c.p.s" for the cis-vicj¡ral- and.;!5939-viclnal cor4rling

constants respectively, are obtejned. these values a^re rougþly in

accord wlth experimental observati on"35 Hutton and- Schaef"/6 rr.*."

reporteC. the n.m.ro spectra. of the _glå- ard Fg4!-chrysa¡rthemumic

ethyl esters (A) arìd (B) .

H CH¡ c *¡

ozcznu tg

Hg

*¡c

H:
2

CCC H25
H (B)

HAt,
^ozztz,

u
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For the protons HO and $ theV report

J¿e

Jm

F'or the cyclopnopa¡e d-erivatle (27) the coupling constants for the

protons HA anat i! are obsen¡eå to be 6 cop.s. 0n the basis of the

above d.ata ¿¡d- on consid.eration of the si¡niJ.arities in structure

betnreen conpound.s (A) 
^r,ò, 

(27) the stereochemistry of the latter can¡

with a fair a,rount of certainty¡ be assigned. to the ;Sg¡g-configurationo

The second. isoner of intermed.iate retention time was id.entified.

as methyl 2 $-1imethylhexa-1 rl¡-d.iene{-carboxylate (28) . A.ssignment

of strr-rctur€ vra,s again based. rcairrly ulnn tre n¡rrlrrr spectrum (falfe 5)

of the compound.. Infrared- and. ana-lytieaJ- d-ata v¡ere consistent with

the assigned. structureo

CO CH
3fHs

t"r+: = 5.4 copose

S$ = 8"7 crposo

2
l.

B

5

H
6

cHrcB

H,

D

Q8)
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Ihe infrareC. spectrum d-isptayed. strong absorptions ¿t 1735

and. 1 23O cm-1 ind.icating an ester function. the i'esonances occurring

in the rregion of ö1 .59-1.8J ¡¡ere assigned. to the methyl grcups À, B,

â¡d C. Al-1 three peaks shol,¡ some fine splitti-ng. This is exoected-

fn¡m the ailylic coupling betuleen protons H¿, IL r â¡d b (J = O-3

c.pos.) .J5 itfithout f\¡z.bher sir:d,y irrvolvi-ng the rel-evant prrtons

Table 5.
n.trroro slrectrr-ur of (28).

õ (p"p.m.) lppearance Proton
Count Assignrient

1.61 ,1.7j 11.æ

3,63

3'78

t+"08

5 "37

singlets

singlet

broad. d,oulclet (J =
! c"p.s.)

bruad singlet
b:road-
d.oublet (¡ = 9

c.p.s.)

methyls ArB, a$d. C

methoxyl pnrtons

Hc

E¡'S
Ho

9

3

1

2

1

(viz. spin-spil decoupling str:d.ies) r it wourd not be pssible to assign

the resonance to arÐ¡ one of the three methyl grþups.

0n the basis of structure (ZB) the proton" % a¡d Ib wjJ.l be

expected. to occu¡ a.s br"oad. d.oublets a-s this j-s obsenred.r J* being

9 c.p.s.

The observed. broadening of the signal a-ssigned. to b is d.uo
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to allylic ccuplin{5 ,o the methyl groupsB and C whilst Ìong range

corrplì-ng to the methyl grcup A and. al-lylj.c coupfinf 2 to t}r" nethyl.ene

protons HA arrd. $ result i¡l broad.ening of the signal assigned- to the

proton Hr.

îhe third. J-somer, of longest retention time ¡ rvâ-s id.entified.

a-s methyl l rjÃimethylhexa-2 rl¡-d.iene-J-carboxyl ate (Zg) " Assignment

of this structure vras again based. mainJ-y upon the rlorn¡ro spectrr:n

(ranre 6) of the compound.

The ir:frared. spectrum d.isplayed, strong ba¡d.s at 1725 and-

-.11230 csL ' ind-icatj¡rg a;r ester function.

The for:r resonarrces j-n the region of ò1 .50-1 .93 eadn propor-

tional to three prutons in area¡ were assigned" to the viriylic methyl

Cof C Hgo

3

2 6

C Hrc

H3t

Q9)

Hg

A
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Table 6.

fiorncro spectnun at (29)

ö (p.p.rn.) Appearance Proton
Count Assignment

1.5Ot 1.7O,
'1 .73, 1 .93

singlets rvith fine
splitting

met{y1 groups Ar B t
C, a.nd. Ð.

12

3.56 singlet mettroxyl prþtons

5.62 br¡oad. absorpt5.on HA

groups LtB, C, and. D, the obser¡¡ed. fine splitting being d.ue to allylic

cou¡r1ing (l = o-3 .opo=.)J2 '35 o¡ the methyl grcups c ârld. D to the

prcton Hor and to homoallylic coupling (.1 = 1 -1.5 c"p.t.)32 of the

methyl groups A and" B to the prcton HO. the signal occuri-ng at ö1.93

can be assigned. to the methyl grþup Ð since this group ha"s the closest

spacial orientation* to the carbomethoxyl groupr a¡rd. is therefone

expected. to be d.eshield.ed. vrith respect to nethyls A, Br ãÉ. C.

. However since the coupling consta;rts observed. for al-l four

signals are of ap"orcxirnately the sane ortler (between 1 and. I .! cop"s.) r

3

1

* 0n consid.eraiion of mcclels of (29).

Not r:nexpected for systens of ttrLs type.J2**
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the remaining tl:re" signais cannot, -rvith any real certaintyr be a-ssigne;d.

to any one methyl group.

the three pyr'cl;,rsi s proclucts gave prcminent par,ent molecr¡l"ar

ions at n/e 168 confinning tirat they were isomeric with the parent

bicyclo[1"1.oþutane (tz). All four ccrnlnund.s [(tz), aïd. (2]) - (zg)l

showed an essentially sirniJ-ar fragmentaiion pattern.

(.) Discirssion of o.r,'ru1.ysis anC plod.ucts 
"

The pyrolyses of a n-trnber of sterical.l-y less cro..vded bicyclo-

[t.t "oþutane derivatives hanre been repcrtecl"2t6'9'12'37'38 T]rese

were al-l carried out j-n the vapour phase¡ in glass or j¡r quartz

vessels at temperatures ralging from 150--l5Oo. The ma.jor products

obtajned. in these cases were conjugate,J. d.ienesn

Initially the pyrolyses of (tZ) were carried out in a quartz

vessel- v¡hich had been normal-ly clea¡red.. Uncler these cond.j-tions the

three prod.ucts (zl) t (zB), ard (29), (sc¡e*" 7) v¡ere fcrmec. in an

appr^oxi-rnate ratic¡ of 66:27:7¡ in that or,1er" Pr.f9 and. other *""1;?:t'

have observed. the extreme sensitivity of bicyclof1.1 .O]butane anrl its

d.erivati-ves to acil" (sicycfo[1.1 .Oþutane itse]-f will r:ndergo

hyd-ration jrr O.OOOIN sr:lphuric aci-d. at rrcon temperatuleo)z ïn view

of this, it was not inconceivable that urcLer the pyrul-ysis cond.i-tions

the bicycto[1.1 .Oþutane (12) cou],d. have rurdergone an acid cata-lysed.

decornpositi-on on the wall-s of the pyrolytic vessel-. In an aitempt

to exclud.e this pssibility ihe pyrolytic proced.ure vra-s repeated. in



-15-

a qltartz vessel which had- been tr:eateå wj-th base.* A mitture of the

s¿¡ne three products was agai n o'bta:.ne'J- but the relative amcunt of

isomer (29) j¡r the reaction procluct was greatly inc::eased.

\Then pyrolyses were ca¡ried out i-n the presence of a trace

of arùrydro'.rs tydunch]-cric ac-ìd.r compounas (27;69,6) anù (zB; 3ú) vere

the orrly pr^oduct.so Pyrcl¡rses r-¡ere also carried, out i:r¡ the presence

of a snalL a¡nor:nt of triethyla¡nj¡eo Urrd.er these conclitions a mjxture

of the unchangeå bic¡'s1e[1.1.Oþutane deri-vative (12; 56%) anå isoner

(Zg; WÍi) wa.s obtaj.red after 50 rnjnutes (tire norr-al reaction time).

Pyr.oiysis for 3 hr jn the presence of triethylareine gave isoner' (29)

as the only producto

These resutts strongly suggest that isome"" (27) ana (ZB) ar.e

p:rod.ucts of an acj-rL catalysed. brealcfor'¡n of' the bicycio[1.1 .Oþutære

(lZ-) , arrL that the thircl isomer (Zg) 
^ry be the true p¡rrolysis prod.uct'

Ind.eed. on the basis of the itioodwartl-Hoffma¡n n:les for electrocyclic
r/

reactior,s5 ,6 ura other theoreticaL consicLerationsrStL i"orn.r (Zg) is

the expected- pr:ocluct of a thernal ring opening of the bicycfo[t.t "O]

butane (tz) 
"

The o,uestion of the mocle of fonnation of i.somers (ZJ) arA (ZB)

wiJ-I novr be consld.ered. in nnre detaiJ-.

The vessel vras inmersed. i¡ triethylandne (U n ), ard. d.ri-ed.*

for 2+ hr at 120
o

a
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A mongst the prod.ucts of the pyrolysis of e49.¡end_o-2rl¡-dimethyl-

biq¡clcf1.1.0þutane Closs a¡rd. Pfeff*"6 U"a""ted-, in lorv yield- (less

tnan fl.) r the presence of jr?lå-1unethy1-2-r¡inylcyclopzrcpa:e (:Z) 
"r¿

.,Le-1 ,l¡-h-;ad.iene (38)r a kr,own rearra.nger,rent prrod.uct of cis-1-n,ethyl-

2-v irnyr cy. lop 
"" 

p *. 
" 

Lo

3
cr{

___=> +

(37 ) (38)

minor prod.ucts

c H
3

l'{

ma;jor prod.ucts

Although not di-scussed. by Closs and. Pfeffer the origin of

tlrese 
,tv¡o 

mj:ror prod.ucts is clearly similar to that of isoners (27)

aaa (za).

AJ-l the reported. reactions of bicyclo[1 .1 .Oþutane d.erivatives

rvith aci.d.2'12'38 rrvei'e carrieá out in solution, arrd. the prod-ucts may

not necessarily reflect those which worrld. be formed in the vapour

pkra-se or r:nder anhy,C.:ror:s cond.itions. Bla¡rcharl- a¡d. Cairn"to""J8 n^rr"

Hg

+



-37-

carried. out the aci-d j¡rduced. hyCration of the biq¡ctof1.t "Oþutane

(:O¡ (Scheme B), to the single isomer of the cyclobutaræ d.erivative

Gl) , a¡d. concl r:d.e that the reac'uion must involve irlitial protonation*

at C., fr.om the sid.e opposite, (tfrat is tralq to) the nitril-e group

fo1-lowed, by hyd.ration of the carbonj-un ion fo:meil at Cr.

Scheme 8.

CH CN CH CN
3

3

H

(30 )

CH
3CN CN

OH
(31)

This obsen¡aticn is in accord. with resul-ts obtained. by other

workers in this fie1d..41

Refers to the charged. species H+, for the purlnses of

3

1

H
22t,

Ht

I

OH

*

d.iscussion of the pyrolYsJ-s.
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Baserl. on the aÈrove consid.eration¡ reaction of the bicyclo-

[.t.t.O]untane (12) vrith acid- w-ill involve irLitial prctcrnation at C.¡

on the side opposi-te the cari:omethoxyl gnoup¡ followed. by reanâ4ge-

nænt of the carboni.un ion (JZ) formed at C, to give the higfrly

Scheme 9"

CH, H c

+ I

__-ù

H
c H

CH
3

3

Orc *,
H

H
HI

H
3

3

u, (12)

(33 )

a*, tl3 (32)

H

H c02c H3

I

c

CH
3

.s//zt.

or'
3

CH

Hrc
1

H
H

+

t,

CH
3 H

3

Q7)
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stabilised c¡rclep¡rpylcarbinyl cation*A (Sl) (Scfiene !) .

* Other workers Llave prrovid.ed- evid-ence for an intermeùiate

ftbicyclobutoniun i6¡J+3 in reactions of this type br.rt a consid.eration

of the reÌative stabifities of the cyclopropylcarbi-nyl catiorL G3)

vr.ith respect to the other contributi-ng stmctures (JZ) and (J5)

ind-icates that the contribution of these latter iens y¿i'ì'l be so smal1

a.s to-be negliglble. Thus for the present work the trnssibiJ-ity of the

contribution of ari intermed-iate bi-cyclobutoniun ion of tfre t¡rpe (56)

is consid.ered. unlikeIy.

ozcHgcH
3 c

ort tr

HH

C

CH
3

Hgc c
ozcH¡

H:C +

€
H

ñ3

CH
3

H Hsc

.+-+
.H,

+ H

CH
3

t----7
i *,r'
1,,

H

CH

t{
3

H
CH cl-l

3 3u2) (36 ) (33 )

H
3
CC cc ozc Hs

H

r{
3

ozcH¡

+

CH
3

cHr
H

(32 )

CH
3

(3s )
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Loss of a protczl frr:r^r cation (fi) yro-ülå be expecied to lea,i-

to ¡neth;ql _tå+ry;--Z nc-metl¡rlvinyl-1 ¡1-d.inethylcycl op;upane-J-carboïJ¡late -

that is isome:: (27) " Thus the forrnation of this i-somer frrcm an acid

j¡råuced. breakd-oirri of (iZ) can readily be explained, Hovrever the presence

of isomer (ZB) cannot be rationa-lised" j:r this rvay.

There are two pcssibiti-ties to be consiåered.: (1) that isoner

(Zg) ttr.= arisen frpm an hithe-;'to unicno'.',¡n pathwa;r, or (z) that it is a

resuft of some'further t¡rea.kåolrn of eithe" (Z-t) o" (29). A sannle of

(29) wtren resi.rbjecied. to the pyrolytlc cond.iticns d.id not unlergo

appreciable decompositj.on. However lvher' a sarnpl-e of the cycloproparn

d-erivative (?-7) was resubjected to the pyrolytic cond.iticnss anoro:ci-

mately 7Il" was recovereC. unchanged¡ together with 26% of isomer (ZB).

It ùid. appear ttiat (ZB) hâd. in fact resul-ted. fronn a thernalty lnduced.

ring opening of the cycì-opropâne derivative (27) 
"

An irùrerent therma-1 instabil-ity of ceriuin vinylcJ¡cioprþpane

d.erivatlves has been welf d-ocr:rnente ¿"4Q,Jl+.]+6 Erlis and. Frey& have

reported the isonerisation of cis-1 -neth,v1-2-vinylcyctopropane (JJ) to

S!*1 ¡þhexadiene (18) at tempera'ûures greater than 160o (s"t"*e 1C).

They postulate that the isonerj-sation prrcbably pruceed.s thrrugh tÌre

seven-membered. ring intenred.iate (39) r a.rd involves a 1-5 hyclncgen shift

with nigratlcn of a d.or¡lc1e bond. Cl-eavage of the bonà betrveen C., an3' C,

* nn a quartz vessel v¡hich harl been tneated. with base (see

Experirental p. 78 ).
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is apparently assisted. by el-ectron d,elocalisatj-on i¡r the al1yl resid.uet

so that rearrângernent na¡r occur at temperatunes much lowe:: than those

normally required. to cleave a cyclooroparre ring .l+5-47

Scheme 10.

H
2

I+i

1
3 r{ cr{ +

2

H

cHz

ßzt (39 )

CH
2

(38).

On consid.eration of the l'/oodwa:¡d.Jloffmarur rtles for sigma-

trcpic reactionsr4S ,a fbllows that j-f the conversion of e7) to (¡8)

is a concerted one the favoured kSrd-rogen atom sirift -'l¡-ill involve a

suprafaci"l* [1 g lmigration. This t¡>e of tra¡rsfer ¡eaetion¡ terr,red.

a homo[1¡!]sigmatrrrpic shift¡ is very rrell docunerrt"dol9

Similarly Vogel a¡rd worker='u6 h"',r" observed. isomerisations

* In a sr¡crafacial- nrocess the transfemed. atom or group is

a.ssoci-ated. at all times with the saræ face of the lf -system.
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occurring at unexpectedly low temperatutes jn their stud-ies of the

Cope rearrangement of 1 r2-âivirylcyclopropaJles.

Since the pyrolysis of the bicyclo[t.1 .Oþutane derivative

(tZ) wa= ca-rried. out at temperatures of the sa¡:re olrier as those.

required. to isomerise ciå-1 <nethyl-2-',rinylcycloprþFane (J7) (S.iteme

1O), it is not wlli-kely that urrder thè pyrolysis cond.itions tire cycJ-o-

propane derivativ. (Zl) rnight und.ergo a simllar isonerisation to give

the l rlç-hexadiene (ZB) (Sctreme 11).

Scheme I 1 o

c r.{
3

H
2

CH2

CH¡

c H s
2

2

c02c H3
ora *t

cHg

(27 )

CH¡

(28)

CH¡

,^,

c*¡

c oza *,
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thus tl:e fornration of isoner, (Zl) and- (ZB) â.s, prod-ucts

of -eJre breakrl-orvn of the bicyclo[ 1 .1.A]o'tt*t. d.erivative (lZ) can

read.ily be explained.,

Consid-er now the fonnation of the third- isomer (Zg) , bel-ieved.

to be the true pyrolysis orod.ucto Scheme 12 shov.¡s the prod.ucts expected

from the three possibl e modes of the:mal- ring opening* of the bicyclc-

[t.1 .oþuta¡e cìerivative (lz) .2'3 t6 A comparison of the obse¡ved. a¡rd.

expected. rrrcrlucts al-lovs tr¡¡o conclusions to be made: (1) rearrangement

of (12) via a cyclobutene interrnediate [S"h"*e 1}reqn (c)] seems rmlikely,

arra (z) the d.iene (zg) 
^"y have an:isen f¡r¡¡n the parent bic-rcloft"t "O]

butane d-erivative (tZ) by one or both of the t'¡ro remaining pathways,

i.e. frorn a concerted. ring ol:ening [S"he^e l}reqt (a) ] or from a non*

concerted. trvo step prccess [scn"*e 12reqr- (¡) ]. These concl-usions are

in accord. with the res,.:J-ts obtained. by the majority of worl<ers ín this

field..2 13 1416 19 r1zriï

The d-iene (29) ^"y also have arisen from an aci¡J. or ba.se

catalysed" isonerisation of its r:nconjugatecl analogue (ZB)f¿ However

there is no evid.ence from the results of the various pyrolyses to

ind-icate that an i-so;nerisation of this trpe n'as occirrring. tr'or

* gee Scheme 1¡ Introd.uction.

,E* The conjugated. d.iene (Zg) night be expected tó have greater

stability relative to its unconjugated. analogue (28).
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H c
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H
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CH- -t
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completeness, a stud..v of the behaviour of (28) r¡rder the pyrolysis

conclltt-ons y\ro,¡-d. be d-esirablee bui in the absence of sufficient

meterial a stuC.y of this nature could. not be uld.ertal<en.

A preliminary stud.y of the aCd.ition of a:trydrous L¡rdr.ogen

chl-orid-e at room ternperature to a solution of the bicyclo[1.1 .O]outane

(tZ) in anhyd.rrcus carbon tetrachlorid.e was carrie.J. outo Vapour pha-se

chrnmatographic æralysis of the sol-ution after one hour ind.icated.

that isomers (27i BØ,) arx1 (28; 2Ø) orLylvere presento The n"moro

spectrun of a reaction nixt,¡re sirnilar to that above, but kept at l¡Oo,

was taken after intervals of one hour a:nd. 1/ hours. Signals consistent

with the presence ot (27) ana (ZB) coul-d be d.eiected. but it was not

possibl-e to deter:nine the relative amounts of the t'¡¡o isomers with arty

âccüraclo No signals consistent v,rith the presence of isomer (29) ut"r*

obse:r¡ed.

The occurrence at rroom tenperature of æpreciable a:nounts of

isomer (28) in the above reaction nrixt'rres is not consistent with a

temperature d.ependent conr¡ersi-on of (27) to (25), since (27) ttu" been

found- to be stable to vapour phase chromatograpky at ternperatrres j¡r

the region of 1OOo.* Thus it rvould appear that conversion of (Zl) to

(Za) is acid. catalysed u¡rd.er these cond.itions. [eresumally the

corn¡ersj-on is achieved. by protonation of the methylene group of (27)

* lhe temperatu¡e region at which the prrcd.uct analyses rver€

carried out.
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followed by ring opening to give the 1)+-bexaüene (28¡ Schene 1J).]

Scheme 1J"

,,C clt
3

+

H
2

c

H

tl

(28)

CH
3

a*,

CH
H 3

cl{
3 +

1l c cro
ozcHg c o2c Fl3

Q7)

Obviously a more conplete study of the properties of isomer

(27) is necessa4r before a.ny other conclusions regard.ing i-ts conven-

sion to (28) can be made.

A pnelimÍna.:¡r attempt has been made to prepare the cyclo-

prþpa¡e d.erivativ" (Zl). the reaction sequence envisaged. is briefly

shor¡¡'n in Scheme 1l¡'

Ad.d,ition of Z,'d.:i-,azoproparæ to d.imethyl fr¡narate gave the

expected pyrazoline (¿*O), which was converted. to the cyclopnopane

clerivative (r+f )81 on treatment with coptrrer poud.er. Due to lack of

time¡ conversion of this cyclopropane derivative to íso¡ner (27) *ut

not attemptad..
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(a) å.c1d.ed. after the j-ni tiaÌ subn:-ission of the tiresis.

' After the submission of this work the acid catalysed. cotlver-

sion of the bicycto[1.1 .Oþutane d.erivative (42) to the vinylcyclo-

pncpane (l.J) was reported5o (scrreme t5). The anal-cg¡r bet',veen this

acj.d. catalysed. ríng opening a¡rd. the conversion of the bicyclo[1.1.0]

butarre (12) to the vinylcyclopïÐpane derivativ" (Zl) can clearly be

seen arrd. further substantiates the proinsal that the }atter pIÞcess

is also an acid. catalysed one"

Scheme 15"

c H¡

CH
3+

lì
4

V,2)
H

CH¡ (43 )
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Intz'oduction.

Concurrently with the st'.:d.ies o,n the pyrrclysis of the

bicyclo[1 "1.O]butane derivative (12) it was anticipated. that stuC.ies

of the tkrermal rearârrgements of other bicyclof1.1.Oþutarte analogues

wouLd- pr,ovid.e a greater rmderstand.ing of the mechanism or mechanisms

of these rearrangements.

Duri-ng the cor.:rse of the pyrolytic work on the abovementioned.

bicyclo[1.1 .Oþutaner (1 2), ¡rc nerv a¡ralogues were re:corted.51 '52

gne of these vra-s hexa¡nethylbicycto[t.1 .Oþutane QA),51 which was

obtained. from 1 rJ-d.ibromohexamethylcyclobutane (,{4) by an intra-

moleculai TIurbz reacti-on5l (sct'o"re 16).

Scheme 16 o

HH

HC
3

HBr-H

CH
3

Br

CH
3

Na K

CH
3

*:c

CH
3

c Hg CH(45 ) 3

Ur4¡

The second analogue r pentanethylbicycto[t "t .Oþutaræ (+l)52

wa^s obtained. by the intramolecul-ar displacement of an alkoxide ion

(sctreme 1/) .



-r.q-

Scheme 17.

CHCH CH
3

3 Hg
3

H
Hgc

\ Na K
Br

H3C 0

(/-6 ) G7)

. Hanon experienced. d.ifficulties i:r the purification of the

bicyclo[1 .1 .Oþutarre derivative (+7), (mainly due to d.ecompositicn

during the pr:rification process). It was a¡rticipated, that prrepara-

tion of (¿rZ) ¡V a¡r intramolecular t¡/urtz reaction as described by

Hamon for the hexamethyl analogi:e (W)51 would overcome some ¡ if

not al-l, of these d.ifficulties"

CH
H

3
3

HHg 3
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Discr.tssi,on.

(") ame-thy-l--

cvslpþgLane (18)..

A srrita¡le intermed.iate for cyclisation to the pentamethyl-

bicyclof1"1.Oþutane (L7) would. appear to L,e the 1rJ-dibromide (48).

H

/,

H
3

t-t3c

Br

2 CH
3

Br

(48 )

cH g

The first synthetic route envisaged. to'wards the preparation

of the intermed.iate is outlined. in Scheme 18. This involved. SN,

d.isplacement by bromid.e i¡n of the p-toluenesulphor¡rloxy gnoup of

compowd (+g)* foLlc.,ved by addition of liquid.,hydrogen bncmid.e*t to

the resultant bromo derivative (50) to gi-ve the d.esired d.ibr"on-id.e (t¡8).

Kirdly suoplied. by Dr. D.P.G. Ha¡ïx3n.

This reaction had been can'ried. out on systems closely

relatect to (¡o) .51 $2

+

*rt
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Scherne 18"

CH
3

(49)

H
3

c

2H Hr

-___+
tt

r{ ctl
33

B
Hc CH

3 (50 )
3

cu3 cH
3

...--+ Br
CH

3

Br
CH

3
(48)

Positions 1 a¡d- 3 of tine tetrasubstituted. cyclobutane r5-ng

have been obse:¡¡ed. to be highly tmreactive tov¡ards SN, d-isp1^""*tt.5+

This is not wrexpected- j:r vi-ew of the large steric crov'rd.ing of the

nethyl gr-oups at positions 2 anC. l¡. Accor€.ingly the attempted.

preparations of (50) were carried. out und.er cond.itions which woul-d.

faciLitat" N2 d.isplacements from higþly hind.ered positions .55 '56

However preljrninarry attempts to prepare (!O) from the 3-toluene-

si:lphonyloxy d.erivalive (¿u9) *""" not srrccessful¡ starting material

being recovered unchanged. jrr all câs€sr

Althougþ the reactions which were carried out by no mears

constitutecl a thorough investigation of the d.isplacement reactiont

furbher strrd.y was disconti.:rued. at this stage in favour of an alternative

s¡mthetic approach to the d.esired. d.ibromid.e intermed.iate (48). This

H
3
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Scherne 19
-i.-d

tOH

0l-{

CH PhrPî

CH
3

cHg tHz+

CH¡
3

H

0

0

(51)

( 53 )
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nery apprcach is outlinecì. in Scheme 1!. All of the steps v¡ith the

exception of the final reaction, r'¡ere either lmov,n reactions5T '58
1lnr51 ,52

or had. prevlousJ-y been carrieC- out on closely relateC- systemso

The d-ioxal** (52) was prepared in 3fÁ yie1d, according to the

nethcd. of Engen"59 The procedure used for 1fte prepa-ration of the

methylene compourd- (5i) v¡as rncd.ified. from a method. d-escribed- by

Iæland- and- Iuîand.ero6O Filtration throupþ a short al.r¡nj-na colunn gave

a¡r essential-1y pure p::cd,uct in higþ yiel d (%7) .

59Engerí' has re1rcrted. the preparation of this cornpourrd- in

consid-erebly lovrer yield. (nyiù using socliu¡n L5rdrid.e and. d.imethyl-

sr:iphoxide to generate the appropriate pLrosphorârler

Followi-ng the hyd.:rcboration proceclure described by Sinclai:'r58

the methylene compou¡rd. was converbed to the al-coirol (5L) (see Scherne

19). Vapour pherse chrornatographic analysis of the crud.e reaction

proC.uct ind.icated less than tlJ impurity.
ç.1

Enger'/' has reprted the hyd-zulysi-s of a disaleme relateC- to

(f+) on treatment u'ith reflr.c<ing acetic acid. for 2 lnr. ft v¡as found.

however that the d.iox¿Ia¡e (54) vras converted srnoothly and. in higþ

yielit to its correspond.ing ketone (¡n) on warlnjrlg w'ith d.jJ-ute

(O"6n) methanolic hyd.rcctrloric acid-. The infrared., n¡Irìrro, and

analytical d.ata were consistent with the stmcture expected..

The primary al-cohol (55) was readily corrverbed to the tetra-

hyd.ropyrarryletner (J6) on treatment with arl excess of 2rJ.ÃíI'rydrcpyrarÌ

containing a trace of acid. The hyd.rrcxyt grrcup was prr:tected. in this



Ò6*

way to prevent the possible formation of phosphate .=t"""61 in the

suìosequent l'ü ittig reaction.

Infrared-, ÍtotÐrro, (table 7), artcl analytical data were consis-

tent with the structure expected. the infrared- spectrr.rn d.isplayed a

carbor¡yl absozption at 1785 crí1 and. the strong ba¡rd.s in the 1110-
¿l

960 cm-' region characteristic of cyclobutanones and. tetrahydro-

pyranylethers respectivelY.

lab1e 7.

rrorlrer¡ spectnm of (56). (See fig. J, pJ8.)

õ (pop.m.) lppearance
Proton
Cou¡rt

Assi-gnment

1 "06,1 .13 11 .25

1.t4i-1 .67

2.10

3.1ú+.Ø

3.|ùt 3.88

I+.1þ

three singlets 12

rrultiplet

triplet J

crPoso i

CoP¡S.

multiplet

two overleppirlg quartets 2

J* =-1 0.1 c.Feso

br"oad. absoqption 1

nethyl protons

C3t ,CLFt tcSt pzrotons

k
6

1.-- = 8.2lltt
JU* = 7.9

2 czt protons

ibHA,

Crt prrcton
o

The pr.esence of the tetrahyd.znpyranyl moiety gives rise to a¡t
in the

interesting splitting pattern/region in v¡hich the pr-oto* HA arid Ib arÈ

expected. to resonate"
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Tn tlre spectn:rn of the priara:y a-rcohor (55) ltig.5 (a)l üre

p:rotons HO ancì \ occur as a ð-otùIet (sp1ii by k, J = B cop.-=.).

Hor,¡ever for the tetraliycrop¡.rany1o,-¡¡ dei:ivative (fS¡ [rie" ¡ (¡)]

the carbon atcn to 'whi ch i;he prutorrs \ arrcT- tt' are attached. i-s

con¡ected via a¡r oxy.¿err brid.ge to a¡r as¡zrmetric centre. The d.eriva-

tive (56) cam be conside:':eC to have the generaf forniul-a

RlkC"CiIAlb.O.CAilC. fn no¡re of the lnssible conforrners of this

molecule cær HO and HB have exactiy the salne magnetic envircrmentt

i.e" they are magneticall-y non-equival,ent.

The term rri:itrinsic aslanrretO! 
6'is rese:¡¡ed' for this exarnple

of magnetic non-equivalence of two nucleir a¡¡l the plutons HO and. $
a¡e said. tc be ildiastereotopicrr.6J 'Ihe protons IIOI b, d \ form

a¡r -ABX systen.6l+'65 'rhe iB portion of the soectrtrn ot (56) is seen

a.s trvo overlapping quartets [fig. 5 (b) ]u ,rra since a]l eigþt peaJ<s

can be observed., the val-ue of J* cart be read d.irectly from the

spectrumoíSt66 This is f'ound. tc be J* =-1O.1 coF¡s. Fi-g" 6 shows

a schenatic representation of the AB ancl X regions of the spectrum of

(¡6). The chemicat- shifts of the lrotons HA and. b *" calcul-ated-67

to be ò3.ly'¡t and- ò.J.88 res'oectively. The signals assigned- to the

proton I! o" seen asi a tri-¡ùet [rig=" ¡(¡) and.6], t]te vafr.æs of

* these quarbets are superimposeù Lrver the broad. absorption

characteristic of the Crt methylene gnsu! of the tetrahydrcpyrarqyl

moiety.
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3
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234.5 225.O 206.o 1g6.o 25.5

¡1.**

Z+2 212. 211+.3 zC+.O 133.5 11,7.5
CopoSr C"P"So

H¡. and- n

-Þ

. fig.6

J.AX, JBX, and. the chemicaJ- shjft of the prcton IL being catcuJ-atea67

to be 8.2 c.p.s., 7"9 crp¡s.r a¡d. ö2"1 C rcsIÉctively.*

It is al-so interesting to note that jn the saturated methyl

region of the spectnm (!6) three signals in a¡ a1¡groximate ratio of

2z1z1r anô not tLre initial-Iy expected. trn'o of approximately equal

intensitiesr** 'are obselved. Si-nce the tirc prctons HO and. S

+ the a^ssistance of Dr. T.lü. Srcotsr'¡ood in the analysis of this

spectn:nn a¡rd- of the spectrrrn of (57) i-s very gratefr:I1y acl',non1ed.gedo

4* Two signals d.ue to pseudo-æcial anC pseudo-eguatorj-al methyl

groups respecti-vely, ergc spectra of (55), (¡A)r and (Zg).

\

.,-.1 
I

Signifies identification of the two quartets.
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H
B

R

==;
C

A------H

CH
H^e

J
3A

(56) CH D

CH
:

3
3

fi-9. J ft

0 o

a¡e ¡nagnetically non-equivalent ¡ the two methyl grnq:s A anð B which

ane closest jn spacial- orientation to these protons (fig. /) now exist

in ttrlo d.ifferent environments so that a separate signal is seen for

each group. the rnore d.istant methyl grcqps C and. D are affected. by

the magnetic non-equivalence of the protons HA ard. Ib, to a lesser

extent so that one signal onJ-y is seen for these two groups.

These effects are al-so exhibited. by'the nethylene derivative

$l) "

The netJrylene compouna (57) wa.s obta-i-ned in higþ yield (gtZ")

by tkre ad.d.ítion of methyJ-enetripher¡y1phosphot"r,"6o to the ketone $e¡.

The structure of (¡Z) ** confi-rmed. by infrared.¡ n.r-.r., and ana-lyticaJ-
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d.atao The n^ethylene cornpol-¿ 6Z) 'wa.s converted. smoothly and. in

al¡ost quantitative yíeld. to the primary a.Lcohol (58) wiiich wa.s in

turn treated. v¡ith Jonesr 
""ag"rrt18 

to gi-ve the acrð' (59). . The

stmctures of these t¡¡rto tatter d.erivatives lvere confirmed by infrared.t

rlonlcr¡ r a¡rd anaÌytical d.ata.

The bror¡o-acid- (60) rvas prepared. accorú.i-ng to a method.

described. by tl^^onr51 '52 virz. d.issolution of the aciti (59) in lio-uicl

hyd-rogen bncmide at -78o. The product was found- to be relatively

unstable wrd.ergoing d.ehydrobrrcmination upon coh¡nn or vapour phase

chrcmatography. A slow decomposition (prestmably initiated by

d.ehyd.robror,rination) ¡ wâs obsen¡ed on stand.i¡tg at ruom ternperaturei

ai Oo, however it wel relativel-y stable. Stable to subljmation

(eoo/.t nn) the a-cid. wa.s obtained. in a rel-atively pr:re state by ttris

procêSso Its structu.re wa-s confirned. by infrared.¡ n6m.r¡, (talte 8),

CH3 CH A
3

Hgc

H02c

Br
3 CH

HACH

(60 )

3

3
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and- analyticaL d.ata. The j¡lfra¡ed. s1æctrurn sho'wed. absor¡gtions charac-

teristic of an acid., viz. abroad. absorption centred. arou¡rd, JOOO c,n-1,

and a carbonyl absor¡ption at 17OO on-1 .

Table B.

rr¡rncr¡ spectrr.rrr or (60).

õ (p.p.m.) lppear¿¡ce Proton
Cou¡rt

Assign^ment

1 .12 11 .21 ,1 .lþ

1.S

2"5), 2.ü

11"26-11 "52

singlets

siaglet

singlets

bruad- absorpti-on

CZt Ct* rethyl grþups

*Jo

H.
lì'

ac.d. pr"oton

12

3

1

1

rJVeæ orrly one of the tv¡o possible isoners of (60) present, the

resonance observed for the proton HO would- be e4pected. to be a singlet.

The fact that two signa^Ls of approximately equal intensities occur j-n

the general rregion where the pnoton HO would. be expected. to resonate

ird.icates that both isomers of (60) a.r€ pr€sent in approximately equal

amowrts. This effect is al-so e>chribited. by the cyclobutane d.erivatives

(tZ), Q+), (26), arn (zo).

(u) Mod.ified. Hurrsd.iecke r re acti-ons "

The Cristol-Firth69 mod.ification of the ftu:saiecter reaction

is well lo:ov¡n as a cornrenient method. for the bromod.ecarboxylation of

organic acÍd.s. Using this nethocl, SincÌ u:j8 ha.s recentJ-y achieved-
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the brornodecalboxylation of two cyclobutane d.erivatives related. to

(60), vi,z. tine keto-acid. (61) and- its cor:respond.ing ethyleneglycol

ketal (see Scheme 20).

The brumo-acid. (60) vras treated- accord.ing to the method. des-

cribed. by Sinc1air. Benzene* was used as the solvent sj-nce the acid.

(60) was found. to be insoh¡ble in refl-r¡<ing carbon tetrachlorj-d.e.

Scheme 20 a

CH H¡ C3C oz' Br

H^C
3

*

8,, H 0

CH CH
3

3

CH
3

CH
3

(61) (62)

Althougþ benzene d.oes not seem to have been r:sed as a solvent

for this reaction, tJ:e use of solvents other than carbon tetra-

chlorid.e, viz. d-ictr-l-orrcethane6g utu br"omobe¡rze n"r7O has been

reported.
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The reaction l.ras attempteC" a m.unber of ti:nes brrt v¡ithout

success. In al-l- cases a large m¡nber of apparently unstable proi.ucts

we¡e obtai-ned" Attempted. separaiion of the major components by

prrepalative plate ald- preparative vapour phase chrcmatography resr-rlted.

in d-ecomposition¡ d.ark-coLoured. mjxtr:¡es bei¡rg obta-ined". Simil-ar

r.¡nstable prod-ucts rvere obtained when the reaction was attenrpteC in

benzene at rocrn temperature. In both cases no evi-dence ïtas f'ou:d.

for the presence of the required. dibrpmid.e (aS) 
"

Beca-use of tire insta'bjJ-ity of the bromo-acid. (60) - (it rvas

thougþt that the large steric size of bromj¡re atom# at position 1 of

the cyclobtttane ring migþt be a factor causirrg the reaction tc the

urlsrov¡n ]¡roC.ucts obsewed.), it vras d.ecid.ed. to attenrpt the mod-jÍ'ied.

Hr.¡nsd.iecker reaction upon an analogue of (60) with smaller steric

requirenents¡ vizo the hyd.rroxy-acid (64) (scheme 21).

The acid. (6¡+) was prepared. by oxid-ation of the alcohot (f¡)

to its corresponC.ing acid. (61) , whj.ch was in turn tr"eated. with a¡r

excess of nethyLnagnesiun i¡d.id-eo The structures of the acid-s (61)

-¿ (6+) nere confirr.,ed by infrared., n.m"r.r and. analytical d.ata.

.A,s expecteC- the acio (6t¡) rvas fou¡d. to be considerably more stable tha¡r

its bnomo-a¡alogue (60) .

3 Severe interactions betlçeen the adjacent rnethyl grcups

would. be expected.
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Scheme 2l

Cr0 H3

CH

OH
H9 oBr

c

Irq. HBr

-+CH

3 CH
3

n*o 
u

dehyd

--+

o

Hc cl{
3

(63 )

3

H
3

+c H

HOH0l{

H
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CH H
33

H
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H
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c
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3

CH
33
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3
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CH
5
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CH

3
cH

H
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Br

(65 )

CH
3

qu
Br
CH

tt,

3

3

rB r

(50 )

3

B
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the modified. Hunsd-iecker reactj-on on the acia (6+) ¡ vrâs
*

attempted. i¡ benzene initially at BOo a¡rd. then at rocrn temperature.

As before mjNtr¡¡es of urstable compound.s vrhich d.ecomposed. d-uring

purification Ia,s d.escribed. for (eO)J, were obtained.

the above reaction was also carried out using the methyJ-ene-

acid (59).

Treatment of this acid- und.er mod.ified- Hursdiecker conàitions

would- be expected- to give one or both of tr,vo possibl-e prod.ucts e tríz. e

tlre bromid.e (50) r'esulting from brornodecarlooxyl-ation of (59) and. the

tribromide (66) resulting fram both bnomodecarboxylation a¡rd. brornina-

tion of the methylene group of (59, Scheme 22). Treatnent of the

Schene 22

CH
3

(59 )

8,,

a

H 0

3

Br

(66 )

6g

Br

3

Hc02H

Hf H

CH Hg
3

CH
BrHrC

CH
3

tatter product (66) w-ith a suitable d.ebrominating *".g.ntr71 çoír"

clirønous sr:J-phate)72loo.,l-d. be expected to yielô the broruid.e (5O)

wtrich cor:l-d- then be treated with hyd.rogen bromi de51 '52 to yield the

d.esired dibromide (48) (see Scherr,e 21).

* The acid. (64) rvas fou¡rl to be insoluble i¡ refl-r.ucí-ng carbon tetrach-loride
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However on carryjJr.g out the mcd.ified. Hunsd.iecker reaction upon

the aci¿ (¡g) unstabl-e products v¡hich d.econrposed- on attempted. pr::cifi-

cation were again obtairied."

Using a ¡rethod. described. by KochiTS çuir.r lithirur chJ-orid.e

and. lea.d. tetraacetate i¡i refl-r-ocing benzene) a preliminarSr attempt rvas

mad.e to effect the c1.l-orodecarbo>ry1-ation of the acid.s (60) a¡d (59).

Scheme 2J shovs the expecteC" prod.uct in each câs€¡

H CI

*¡c

C ozH

CH

HC

Hgc

3

H C
3

CCH,

3

(59 )
Hg

3

3

-+

-Þ

(67)

CH

CH

t*g

CI

3

H

trc
COf

CH

3

Br
(60 )

CH
Br CH

(68 )
3

Hov,'ever when this reaction rva-s attempted. using the aci-d- (60)

unstable prnducts vrhich d.ecomposed. on atten¡pted. purification rve¡e

3
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obsen¡ed.. Prelimi-nary analysis (Uy t.t¡co ârd. irrfrared. spectnun) of

the prod.uct obta:j¡red. when (59) v¡as treated. urrd.er the cond.itions des-

cribed- by KochiTJ irC.i"ated that a nunber of ccmpo'rurd-s were present.

Absorptions at 1780 ard. 1/40 cm-l in the infrared spectn:m of the

reaction pr-od.uct were suggestive of a X -lactone ard. an ester BrûW.

Amongst the reaction proo-ucts may rvelJ. be con¡por:nd.s sjmilar to the

acetoxy lactone (/O) obtained by lrloriarty on treafunent of gnrþ4-

carbor-y-bicyclo[212r1]hept-Z-ene (69) w-ith leaC tetraacetate ard. lithit¡n

chlorid.e (Scireme 24).

Scheme 2d.

0
lr

H C-C
3

0
il

Pb(0ccHr)4

H

(69) -0H
0 (70)

Hor,r'ever d.ue to lack of tjme this reaction'was not irnrestigateC

0
0

further.
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General- Pr¡cedure.

}felting lnints 1"rere d-e"uermined. using a Kof].er hot stage anl are

uncorrected."

lr{icroarialyses 1'/ere carried. out b.r¡ the AustraLian }ficroanalytical

Senrice, Iiielbourrre .

0rganic extracts were d.ríed over calcir¡n chloride rmless otherwise

stated..

The chromatographic graries of silica geI vere Crosfi.el.d- Soifuisi-l SG 60

a¡rd. Kieselgel G. the preparative plate (p"p...) and thj¡-Layer (t"l-.c.)

chromatography lrere carried out tisi:tg the foll-owing solvent system

turl-ess othenrise stated: ether/Lignt ptroler¡n 1:1 enrL the ¡rosition

of the conq;onents detecteC rvj-th berberj¡r hyd.roch-loride (0.þ% trt

metlranol). Àlurnina l¡/as d.ried. to activity I by heating for 3 hr at

¿r-croo.

Spectrosconic Detennj-nat j-ons.

Infra¡:ed. spectral'¡ere detennined, with Perkin-Elmer 237 ætd 337

Grating Spectrrcphotometers ani a Unica¡t SP200 spectrophotometer.

&fass spectra v¡ere r"ecorded- usirrg a lfitachi Perki-n-El¡ner RX1U-6D

spectrorneter, fitted- r'rith a d.ouble focussing d.evj-ce.

Nucl-ea¡ magnetic resonance slrctra were r€cord.ed. wi-th Varian

DP 60 arú- I 60 spectrometers at 60 lt'lc/s and. chemical shifts were

measured. relative to tetra¡nethylsilane as the internal- stand.ard..
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Solvents"

Dieihyl ether rvas d-ried over ca'lcir,rn chl-orid"e, d.istiJled- frum

calcir¡n hyd.rid-er and sto¡ed over sodir¡n v¿ire. \Yhen ttsuper d,ry'r vras

required, ether (from sod.ir.irn) l.¿as o-istil-Ie<1 f:rom l-ithiun ah¡'oiniuur

hyd-ride"

Tetrahyd rofurart, d.igl¡rrne, 1 r2d'i¡r'ethoxyethane r benzeræ ¡ and

hexa¡re were d.istiJ-l.ed. fncm calcir-ni hyclrid.e and. stored. over sodj-r¡rr wire'

Te rtiaty but a¡ol, dimethyl sulphox5-d.e ¡ arrl l{ rNd.imethylfo rnramid.e

were distilled" from, and stcred- over, ca-ì-cir.rn hyd.rid.e"

Acetone was d.istil-Ied fn¡m potassirm pennaJlgarrate r dried. over

calcir¡n chloride ¡ æd d-istllled.

Petrolet¡n ether (¡o-Aoo) a:¿ (+o-600) was dried. over calcirun

chlori.d.e a¡vL d.isti]led..

Al-1 other solvents were d.ried- and d-istil-led. a.s necessary.

Vapour Pha-se Chronj{tog,raphv.,

Routj:re purity checks and. quantitative determj¡rations v¿ere

carrieC. out using Perki¡r-Elner 880 and. BB1 instn:ments; the latter

wa.s equipped. with a Perkin-El-mer 1!48 printing J-ntegrator. Both

empJ-oyed- flame ionisatj-on d.etectors¡ ard nitrrrgen v¡as used. as the

carrier gas. Preparative separations were achieved. with an Aerograph

4700 or À7Ø instrument¡ using. ff-ame ionisation d-etectors ard. nitrogen

a.s the camier ga-s. For the quantitative analyses the ratio of peak

area.s was four:d. by'r,Lre rrcut ard weigþt' techniquer ald a1so by using

tJle integrator.
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iliork Described in Part I.

Oxid ati.ons of 1-ht'C.roxwre th,ÍI-Z'2 ..l.*i,e trame thvl- c¡,.cfob'-itvlte trahvCro-

(Ð Oxidati.ons usinc Jones! Reasent"

A series of preii:nina-ry reactions 'were carried. out with

rpd-ifications to the proced.ure descrj-bed. previouslyrl5 uir. ad.d-ition

of Jones' ".^prrtl8 
-o u" solution of the prirnary alcohol (f Z) .it

ar:etorre" Ileactions using concentratior's of 16r/", 9/", 1%, anð. "Ø%t of

the aLcchol (17) in acetone were ca-rz'ied. out. The prod.ucts were

id.entified. by irfrared. ar.d t.l.c. by compa-rj-sori -,vith autheniic 
"o*p1"t"15

In al.l ca.ses an approxi::iately 1:1 rnixture of ac:a (tS) and. ester (1J)

wa.s obs.erveCo The speciral characteristics (infra.reo¡ rronloTe, a:ià mas;s

of
spectru:n/(1J) t'eæ fcu¡c1 to be id-entical to those of the cor¡pornd. ob-

servecl p""r.rior"1yo1 
6

nyra:r.ylether (t 7) .

18

(¡) Oxid-ations by tbe rnt:{;hoå cf Sarett,. 19

The primary aicohcl (17), (zCO mg, .90 mmoie) in pyridine

(z *r) was mjxed. thorougn-ì-y with 'rsarett?s19 reagent" (2.0 mnotes)

in pyridine (f "t¡ a¡d. a.Llowed. to stand. il a stoppered. vessel for

21 hrso [fi't:-" represents a tNí so]-ution of the al-cohol (tZ) "] ffr"

Previousf 5 u *n".ntration of 15't" aicohol (17) i¡r acetonel

was tl.seil.
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prcducts ïre:ce id.entified- by ir:frared a:rd- t.l'c. by cornpariscn'u¡ith

auJrherrtic 
"rrlrp1""10 

or acia (t8) ard. ester (1,?). Reactions usj:ig

concentratiorrs of 1l arfl .Q5/, aJconof (17) i:r p¡rriair,e were also

camied out. In aJ-I ca,ses ari approxinra^te1y equaJ- a¡ro'.¡nt by lieigþt

of (lS) ana (11) Eas obt¿rj::ed-.

(.) 0 C)NS US a method. C.escribed
Dfì

The pri:nar:y alcohol (17), (1CC mg, ,fþ rnioie) rvas dj.ssol-r'ed

inNrN-d.jmethylformamid.e (AO n¡-) a¡d- chroir.ir,tn trioxide (1CO mg, 1"0

mmole) slor.vly acld.ed. [fni= represents a 1 .Qí soltttion of t]:e alcohol

(f 7).] Concentrated. sulph..rric acid. (Z drops) rvas added- and, the mixture

allowed- to stand. for 16 hr at room ternperature. The products wer:e

identified- by irrfrared- a:ul t.l.c. by conparison witlr authentic sarnpies

of acia (18) ard. ester (lS). Once agaS-n an approximatel-y equal amount

by weigþt of (t8) "td 
(1.1) "'* obtained. A sma.l1 amor¡nt of starting

alcoho1- (t 7) was af so obta-ined-.

Preparation

te tlahydroB¡Iegy-l- S the r (-2J).

But¡r]111¡i"* (7,omr) (lrur<a zo-b% in hexane, approx. 2f

nunole) was ad.d.ed v¡ith stlrring to öO nl anJe¡'d-rcus hexane in a 500 ml-

tv¡o-necked- fta-sk in an atraosphere of nitrogen. the flask'was evacuated

and fl-ushed. vrith nitrogen several tjmes to ensune that the solvent rvas

largely free of o)..ygen. The solution ll'as cooled to Oo a¡d. methoxy-
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rne+,hyltriphenyl-phospiicniurn cN-ori-de (n.p" lgz-194a; Lit"þ 191-19_") ;

(tO g, JO nmcle) was add.eC. rrith stirririg. A cleep orenge colour

developed almcst i:nroed.iateiy. The solution rr¡as al-lor'¡ed to stir for

1$ nr at Oo v¡hen the t<etore (t¡), (t¡-,0 g, 16 mmole) d-issol-ved. in 2 ml

of anhyciror.s hexa¡e l'ias ad-d-eit. The solution'lvas a1-lov¡ed tc st1:: over-

n:ight d.urir:g r¡,-hich tj:ne the tenloerature rþ se to 2Jo " Tlork-up rvas

modified. from a nethod of Irelend ancl ì.{and.er.60 The reaction rnixtlre

wa.s extractecL with tiço 50 ml pcrtions of ffl" aqueou-s metharcl and. the

metl:anol l'¡ashi¡rgs extracted trvice with f'ur-ther l0 n] portiorrs of hexa¡te.

The con'birred hexere extrects -rrere sashed. rr,'ith 'l:ater and. d.ried.. Evapora,-

tion of the solvent gave an ojl- (1.80 g) r'ihich'was chrr¡¡natographecì on

2OO g a'l urnina. Elution rvith hexane (4OO mf) gave a colourless liquid-
Olfe

(3.o ,, T%), b.p. 1)15-15oo (rz mm). '/*"x (r:-rn) 3oto, 1690 (J ),
1120, 1OBO, 1oJ+o r '1015 

"o-1 
(tetralyaropy::anylethe::) . The rlorrrr¡

strrctrum (carbon tetrachlorid.e) sho',,','ed the fcllo'wi:ig absorptions,

õ1 .02-1 .28 (multiplet 1N) , ö1 .37-1.8J (muJ-tiplet 6H) , ò3.t42 (si::glet

fr), öi.17-,+.0 (n:u1tip1et E), 63.52 (singlet lH)e òL.ho (trll,ret ¡i)'

and. ò5.60 (singfet 1H). (nounaz C t 71"1; H' 1O.1' CaJ-c. for

C'5HZ6O3; C, /Oo8; H' 10 Õi4). El-ution rvj-th 1ffi euher i¡t hexane

(ZOO n¿) gave â¡. oiI (5OO rng) . The infra¡ed strrectrtm v¡as identica-l

with that or (15).
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At aration of a.rb 2 tet:'ane

butan-'î-cl Gzl r d The enol ether (21), (zoo mg, .8 n"rnole) vras

òissclved- in 20 ml of ether prerríousI¡r satru ated. vit)lr Jff., perchlcríc

acid.o The solution was kept at rrcom tenperature for 8 m-inr poureC-

into an excess of saturated- sod-iun bica:lconate solution, arrd. extracted.

with ether (60 n-), The ether exl.ract was dried and. the solvent

nemoved j:g J,?g!g to yield. an oí1 (t5o me) " Vmax (f::r) 3420 (o-H) 
'

1710 (aldehy-d.e c{), 112or 1oBO, 101+0, ard. 1015 cm-1 (tetr"h¡,aro-

pyranylether) . The Ìr,m,r. spectrum (d.euterochlcrofcrm) shoued. the

foJ-1.or"ri-ng absorptions:- õl .20 (muJ-t:ptet, methyl groups) r ò1.60

(multiplett Çrt, Ci' C5t methylene prcions of tetratryd.rop;rrsqylether),

öJ .1 CL[' OO (rnuJ.i ipl et > C 
r_t 

nethylerre protons cf tetrahycì.nrpyrar:y1-

ether) t ò3óO (mul-tipIet, hyd,ncxyl proton)r ò4"1+O (broad absorpti-on¡

methine proton of tetrahyclropyranylether), a¡cl ò9.70 (muJ.tiplet),

atd.ehyd.e proton. The alcove pncced.ure was repeated. increasirrg the

reaction time frorn I min to t hr at zroo¡l tenq:erature" A d.a¡k viscotis

liquid. vrhich was filtered, th:rcugh celite (lO t1 'was obtai:red. on 'rvork-

up as d.escribed. above. Elution',vith ether (ZOO nf) gave a yellow

o:f (tOO mg) v¡hich had, jdentical spectra,l characteristics to those

of the pro.Juct obtaj¡red- jn the preced.ing exprirnent.

Prelraration of J-dime tl:o;c],'ineth,r,' !-1 . ? . 2 . l'..L-tetrane thvlcycl-obutan-

the enol ettrer (21) (1.5 g, 6.8 rrnole) vas d-issolved.
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i¡r methalol (ZO mf) and. t¡nrc C.r'ops of concentrated- hyd.rochlor'íc aciC.

arld.ed, The ni-ixture lvas aJ-lowed- to stancL for 1l hr r'¡hen a-11- enol 
-

ether (zt) tru¿ disappeared (¡y t.Ioc.). Ether' (zS ri.:-) wa-s added.

follorved by lO ¡rl- saturated. sod.ir¡n bicarbonate solution" Follotui:rg

thjs, the mixtu¡e lyas extracted. with three 20 mi portion-s cf etl:er.

The combj-ned- eiher extracts vrere r'¡ashed. vrith water (Z> n¡") and. d.ried..

Evaporation of the sclvettt ¿g JgH gave an oil (1 .1 g, 91% crud.e

yield.) ¡ v,ieich ryas chrr¡matographeC. on a-h¡nina (1OO g), El-ution with

6(. ether in hexane (¿'CO t¿) yieJ-ded. a colourless oil (850 mgr 71fr ,

b.p. 65-7oo/"c5 nm. vnù31+3o (on), 12æ, 115or 1o7o cm-1 (cn<3|j;ï.

The n.mor. spectrum (d.euterochloroform) shovl.ed the foll-oving absorp-

tions: õ1 .a2-1 "26 (nLuJ-'tiple I 1?J1), ô1 .98 (multiplet 1H) ¡ ¿).lg

(singlet 6IT) ¡ ö3.32-3.58 (multiplet Zi) , a::¿ ò['Jo (multiplet 1H) .

Anal¡rtical- figures vrere not obtained. because of d.jfficr¡-lties

experienced. i¡r the puríficati-on of this conrpou.rà.

Prrnaration of i-Ci-metho;s¡ne thlt -? " 
2 ",1, .l.-te t.rane thvlc¡,'clob rrtvl-1 -

tosylate þ5). Ð The t5rrlrcxy-aceLal- (24) (1.0 g, !O mnrole) freshly

pr"epared- and- chromatographed.,rvas d-issolved in 5 ml of anlryd-rous

pyridine a::.d. p-toluenesulphonylchlorid-e (2.9 e, 1f mmole) (freshI,v
-1(

rrecrystallised./o) oræ add-ed.o The mixture vras wanmed. to d.issolv'e the

p-toluenesulphonyJ-ch-loriåer a¡d allov¡ed. to stancl in a closed. vessel

at roorn temperatr.rre fcr nine days. Tfater (tO mf) rvas added, and. the

mjxture allcr¡ed to sta¡rd- for half a¡ houro Ether (ZO nrf) v¡as ad.d-ed.
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arrd the aqueous layer extracteá three tirrres with 20 nrl- portions of

ethero lire conbined ether extracts were rvashed- v¡ith three 20 ml-

portions of 1N sodi,;m b.ycLrcxid.e: with rvater (ZC nrf), a,-:C d-rie'f.

Evaporation of the scl-¡ent in vacw, gàve a solid. (t.g g) rvhich

contained traces of pyrirlile. thj-s vras chrornatographed..on al-unina

(f OO g)" Eiu-tion rvith l+Ufr ei}ler in light ptr-o1eun yiel.ded- a white

solid. (t"3 C, 6fù, n"p. 9!-960" An anal-yticaJ- sample 1¡ra-s prepared-

by recryst¿l-lisation fron etherfigþt petrolem. vma.- 3O2O, 1600,

1180, i170 (ors) , 1zoo, 1C7O (C*:|äp o The n.oln¡rr strnctrwn (deuterc-

chl-oroform) showeC. the foll-orvi,ng absorptions:- ò"8Þ, 1.05 (singl-ets

1i/fl), õ1,63 (d,oublet 1H, J - 10 c.pos.)¡ ò2.41 (singlet JI{), ò1"23

(singlet 6H), òJ+,Ol+ (si:rglet 1H); ó1.,,.36 (aoricfet 1Ht J = 10 c.p.so) r

and ò7.J0, 7.Þ (lg quaz'bet, J = 8 c.p.so). (lowut: C, 6O.i1,Ht

7.8; S, 9.0o Calc. for Cr#zeO5S; c t 60.7; H' 7.9i s, 9.q").

Preparation of 3-caCoox,Y- 2,,?- "L'lçietrane thr¡lcr,'cl-cbutvl-1 -tosvlate

!26L. To a coolea (ooc) solution ot (25) (1.0 g, 2.8 nrnole) in

acetone (fO "¿) was aCd-ed. d.roprrise rvith stirring a solution of

chronrir¡n trioxic-e in sulphuric acid. (Jonesr reagent ," ,"8 mlr 11.2

n-rnole) ¡ over 60 rürr. The solution vras concentrated. to 25 tù jg yaclg.r

diJ-uted. with water (f O ntf¡ ¡ ãrd extracted rvi.th three 50 n-1 lnrtions

of ether. The conbineð. ether extracts v¿ere washe¿ with rvater (ø *f)

and- d.ried.. Evaporation of the scir.'ent in ¡¡ac-ll9 yieJ-d-ed- a solid-

(t "O g) p,nich vras chr-omatographed" on silica gel (60 g). nlution
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watin 3ú ether in light petroleum (ZOO mf) yiel-d"ed a rvhite solid

(ÐO ^e, 8T;';), mnp. 1!0-16û0 d.econ¡p. An analytical sample r¡as

prepared by recrystal-lisation fn:m etber/Ltgþt 1ætrrcl-eun" V*rx

(chlorofor.n) 16oo-2400 (acic. O-H) , 1710 (acid. c=o), 16oQ, 118c, 1170,

and &55 "r-1 
(Ors) . the n6r1rro spectrr.un (d-euterochloroforrn) shoned-

the followilg absor¡rtions: ò0 .96 r 1 "Ø r '1 .16, 1"21 (singlets 12H¡

methyl protons) , ò2d+5 (singlet JH, a-romatic rnethyl grcup) , ò2"73

(Urcaa singlet¡ 1H, proton at C, of c¡;çfc,¡utane ring) ¡ ö[.Ø (broad

singlet 1H¡ protcn at C,, of cycl-obuta-ne ring) ¡ ò7.ö,7.7O (þB

quartet l.fi, J = I c.p.se¡ âroilâtic protorrs), and- ð11"ì+1-11 .52 (broad-

absorption 1H, acid. proton). (Found.: Cr 58.51 Hr 6.9; S,9.7. Calc.

for C, 
6HZZO5S; 

C, 58.9i H, 6"8; 5,, 9.fiù.

Preoaration of 3-earbomethoxv-2 , 2 . I'. l,-Let rame thvlcvcl ob utvl-j -
27

to s.yl¿1s . (zo) " - This coqlol¡rC¡. rn¡as prepar"ed, by ttre addition of

an excess of d-iazom"thuo.26 (an etlrereal- solution prepared. by the

ad-d.ition of N-nitrosornethylurea to a stirred. mixture af 5q" âqueous

potassir:m hyd.roxid.e a¡d. ether (60 mf) at Oo: the ether layer .,vas

separated a¡¡L d-ried- over pota-ssiun hyd.rorlde) 2 to a cofa (Oo) stirred.

solution ot (26) (Eoo mg, 2.3 mmcJ.e) in ettrer (zo nrf). The solution

was a11owed. to stard- ab Oo for 5 hr. Evaporation of the solvent gave

a solid (SOO mg) rvhich 'was chrr¡matographed- on sil-ica gel (50 g) .

El-ution witin 1Jiíô ether i¡ light petroleu.n gave a white solid (7BO rng,

9VÐ, m.p. /¡-81o" Spctral- characteristics r',,ere id.entica-l to those
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of the ester' (zO) obtaineå p"".riot=1y.27 riïhen a.d¡rixed. with a¡r

authentic sample of (ZO) no depression in rncp. was observed-.

Prenaration of ne thvl 2 .2 .L,L-tetramethrvlbicvclo 1"1"0 lbutanet-

d.e scribed. pre.liously.

carbc>:yf ate (t z) "
77 The proced-ure useC 'r,vas moclified- to that

27 An excess of sod-iur.r hyàrid.e por,'Cer* rvas
d-issolved-

add.ed- to a stirred- solu-tion of (Zo) (1oo rng, .33 nrnole) r/rn arùr;'-

d.rr¡us l r2hinieihoxyetha-ne in an atmosphere of nitrugen. The mj:'-ture

wa-s all-owed. to stj-r for 16 hr at' 4Oo 1';hen light petroleum (b"p. JO-

4Oo) (15 rù) wa.s addeC- anid. the mjxtu:¡e filtered- aP ggglg throug¡"r a

celite pad" Yf ater (t¡ nrf) ivas a.d.d.ed., tine filtrate lvasheC. wj-th six

10 ml portions of r'rater', a¡:d. cLrj-eC." Evaporation of the solvent gave

a ye11ow liqirìd. (37 
^5, þ/" crude yiefd.). A sample wâs purified for

arralysis by pr.eparative vâpour phase chroinatography (5t 2q" S.E' 52

colrmn at 1100 and 60 nl/ni:n). Spectral cha¡acterlstics were

id.entical w'ith those of the l:-cyc1o[1 '1 ,Oþutane (lz)37 Prepared"

jr: this way the product rvas free of 1 ¡2-d.imetho>ç7eth *r"77 urð'

i¡nrotatile materiaf . (Found., A t J1 "O; H, 9.5. Cal-o. for Cl&lSoZi

C , 71 .4i H, g.q{) 
"

* rlhe sod.ir¡n hyd.rid.e mineral oi1 d.iryersion r"ras repeatedly

washed- with hexane, refl-uieC. in hexane (f O tf¡ for 3 hr ar¡] d-ried-

( .t 6 nrn) for J¡B hr.
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Pyrolvses of methr¡'l 2.2 *!,,,l'-letranìe thyl¡l"u.1 o[ 1 .1 .O þuta::re-1 -

carbox.yJ-ate (t 2\,77 The fol-lowi.ng proceCure is typical z (tZ)

(ZO-IOO rng, "13 - "66 mlrcl-e), freshly prepared- reaction productr+

was placed. j:i a þO rrl qu-:ætz flask, vrhich haC ei-ther been untreated-

or ba.se t¡ea-ued.*# A trace of anhy.Jrous hydrochl-oric acid. gas

(generated- frnm a ilKippstt aoparatus and" then d.ried) or trieth¡'lamj¡re

(t arop) 'u¡as introd.uceC- at thj-s stage iJ required.. The fl-ask v¡as then

immersed. j¡r l-iquid. nitrogen arrd. evacuated (.1 nrn) ,ü** inrnersed. i:r an

oil bath at 1!Oo for varyJ-ng lengths of time (see Tab1" 9)r aIlo¡¡æd.

to coolr anà the contents d-issoh'ed in carbon tetrachl-orid.e (.4 trù).

The n.m.r" spect:rrm of the reaction prrcd.uct vas then d.etermi¡red., a¡d.

ga-s phase chrromatography'was used. to caJ-culate the proportions of tlæ

mqjor products (greater ùan j/") obtai¡redo The id.entities of the

products '.,'/ere confirmed. by the tr spiking odt technique employing tvro

colr¡nns of d.ifferent polarities, viz. Jt 15% 5.8.52, and- 1Or 5%

F.F.A.P. columns, at BO-110o and. 30 rñ,/ni.:n Varying proportions of

* the n"n.r. spectmm indi-cated. that the reaction prod-uct was

substantia-lly pure.

** The vessel-.was al-lowed. to stand. in the presence of base

(trietfrytarnine) lor Za hr and. dried- (tzOo) for 21, hr.
*#* Except in the cases v'¡Lrere anhyd.rous hyd.rochlori-c acid. gas

had. been introduced.
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three major produ-cts l'¡ere observed. in all rtnrsn These r.¡ere isolated-

for id.entifi.cation a-'"d- compari.son by preparative vâpour phase chrcna-

tography (12t 2Qí ca.rbor',¡ax colurur at 1O9o and- 1OO nl/rnin)n The

prod-ucts j-n ord-er of increasj-ng retention ti:nes \ivere:

(") e!b4- t rens-2 
" 
cr,-¡.nethvl-v i*nvl-l, 1 -d ime ihyl cyc lo-g r"o p ane-J-

ca¡þoxylat. (Zl) (retention time /.8 min). The follcrving spectral

characteristics 'r';ere observecl: v'ax (fi1m) 17ö and. 1 Z1O crn 
1. 

The

rrern¡rr spectrnrrn (carbon tetrachl-oriC-e) showed. the follorving abso-rp-

tions: ò1.00 (singlet JH) ¡ 61.22 (singlet JH), ö1.51, 1.8J (AB

quartet, J = 6 c¡p.s., N), õ1 .72 (singtet JIf), 63.56 (singlet lH),

ðr+J4, ,+"7t{- (br"oad- singlets ãI). Irradiation. 1D c.p.s" d,or,qrfield#

fnonr the qr-rartet at ò1 .M--1 .88, causeC. these resonarces to be

slrarpened." Sjmilarly, irradiation 1þ c.p.s. upfield- from the

d.oublet at òl¡Jl+r 4.74 caused. these æsonances to be sharperred.. The

ma,ss spectn¡n shor¡eð, an n/e 168; nequires rr,/e 168. (ncuna: C,

71.2; Ilt 9.7o Cal-c. for C,, Fleozt Cr 71.4; H, 9.6%)"

(r) l''leth,yl- 2,5-d jme thylhexa-1 , 1¡-d. i-en e-J - c arb oxyl ate ( ze) ( retention

time 11.2 min). The follor,'ing spectral characteristics were obsen¡ed,.

vmax (film) 17Ð and. 1 21o cln-1. The nrrnor. spectnrn (carbon tetra-

chlorid.e) shorned. the following aosor¡ptions: 61 .59-1.8J (multiplet !H) ,

+

silane.

Away frnm the paJr d-r:e to the internal stand.ard-, tetramethyl-
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ò3.63 (singlet 3rr), ú"7Ot 3.8/ (broad- dor-blet, J = ! c.pos., 1H),

ò[.OB (lroaa singlet üI), b5.27t 5"4: (brcad. d-ou]clet¡ J = ! c.p,so, 1H).

The mass siæctnm sho,,',,ed ar, m/e 168; requires rn/e 168. (!'owld-: C t

J|.O; Íf , 9.7n Ca1c" for C,, ëIleOZ; C, 71'l¡.; H , 9.6%) "

(") lt[e 2t5-ð.=:n lh,exa-2 -J-c ate ( z9) (r"eten-

tjon time 1J"8 miir). The follov,'ing spectral- characteristics v¡ere

obsen¡ed: y*^-- (rU:n) 1725 and. 1 215 cln-1. 'Ihe !r..mor. spec.trun
mâx

(carbon tetrachlorid.e) shor"æd the folJ-ol'ing absorptions: ò1.50

(aouctet J = 1nO c.pns., 3H), õ1 .70 (aou:clet, J = 1.0 copos., 3lr) t

õ1.73 (ao'rotet , J = 1.! c.p.s., JH), öi.9J (ð.oublet, j = 1.5 crpoSc¡

3tt); ò3.56 (singlet lI{), ö5.6?- (troaA singlet 1H). T}ie mass spec-

trr¡rn sho'weõ- ar' n/e 168; requires n/e 168"

Pyrol-yses of me thvl 2, 2,L 
" 
L-tetrame thylb ic.yclo I 1"1 .O'ltutar"re-1-

Tabl-e 9.

Reaction
Tjme (min) lr{oclifications

Relative ft of Products.

(tz) (zò (ze) (2e)

5o

5o

5o

180

5o

66

3B

27 7

16 46apparatus base treated.

apparatus base treateå
triethylamj:re ad.d.ed.

apparatus b ase'ure ated.
triethylandne aCd-ed.

apparatus base treated.
hytk'cchloric a.ci-d. (e*)

ad.ded.

A+

95

56

68 3z
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Pv-{o}.uïÞ of -methYl, t Û*Ine -1 1'-C.ime l-o

arbo ate ô

A purified sarnpJ-e of the derivative (27) (ZO tg, .1J r,rnole)

was heated- at 15Oo for 50 ruj-n in a base-tr"eate,L quzrtz vessel. The

rro¡loro spec¿t,flrrl (carbon tetrachlorid.a) of the prcd-uct rva-s consistent

with a r¡r-i-xture of (2ì [a1 .08, 1"20 (sing]ets, methyl p::otons) r ò1 .80

(singlet, Virrylic methyl grcup), atrcl àl+.62t 4.BB (broad singlet.se vin¡'Iic

methylene protons)] a:la (ZA) [At.5t,1.73, 1.80 (singlets, vinylic methyl

groups)]. The prod-uct v,¡as analysed. by vapour pha-se chronatography

çlot Sr,í F.F.A.p. arú,5t 15% SJ.52 col¡rn¡s Eh 9oo and- JO mr/min). The

rrajor procì-ucts were sho-v,n to be the cycloproparte (27; 7Vù ard. the

1 ¡/¡-hexarJ-iene (28; Z6/") deri.vailveso

Treatnent of metÌryl 2n2)-se\--l¿ tra¡ne ih,¡lb icvclol 1 . 1 .O 
-ibut 

ane-1 -

carbox-,¡Iate (1 z) with acirL at rocrn temoeratr¡le. the bicyclo-

[t.t.o]nuta-ne (12) (zo rg, n1J nrnole) rvas d.issolvec. i¡r ca¡bon tetra-

chlorid.e (0.+ lnf) a¡rd. a catalytic amount of arrhyd.r.ous hydmgen

chlorid.e (generated. frcm a rrKippstt apparatus a¡rd. then d.ried.) , bubbled.

througþ the so1.utiono .A.fter ! hr tft" rr¡rnrrr spectrum of this soluti on

indicated. the presence of unchanged- star:ti-ng material (lz) lõ1"zln, I .3O

(singlets, methyl groups)] ,tra isomer (z/) [a1"oB, 1.2o (singlets,

methyl proions), ò1.80 (singJet, vinylic methyl group), ar!d- ò+.62

t¡.88 (broad" singlets¡ vi4ylic nethylene prntot") ]. After t hr, sJ-gnal.s

e,onsistent with the presence of isomer (Z/) (a-s above) ala also iso¡ner
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(zg) lat.6t ' 1o|ir 1.Bo (singlets, viny]ic methy] gro-.rps)] un*tu

d.iscernibl-e, l{o signals consistent ¡¡ith the presence of (te) tt te

observed.. Aftar 17 hr a si¡rilar spectrun to that obtained. after I hr

was observed. Vapour phase chz'crnatographic analysis (lO' S/, F"F.A'P.

and 51 15f(, 5"8"52 coir¡'nns at 9Oo arirL J0 r.l-rlrn:n) of the reaction nix-r,ure

after t hr inLicated the preseyLce of (27i 8úñ ancl (ZB; 2q6).

Preparation of di¡rrethyl J . 5 -ctine ihvl-l- -ovr-az oli ne -trans -l+.5 -d.j. carb oxy-

f4.!€)..
Dimethyl fumarate ('1 ,O g, ! rnrnole) v¿as dissolved' j:r ether

6O nrf¡ anrL ad.Ced. to a¡r ethereal- soluiion of freshl-y d.istil1eð. 2-
a') -- 4

d-iazo,oropurr"lt (Z molar excessr calol'ated on tLre basi-s cf a 2Ú76

yield- of the ZÅiazopropune) at Oo. The sol-ution was allowed- to stani

at Oo for 1 2 hr after v¡hich tjme the rlinl< colouraticn (d.ue to the

presence of 2.àiazopropane) wa-s slowly d.ischarged-" Evaporation of

the solvent yield.ed. a yell-ow oil (1.6 g, 95%) vinich slowl-v crys-

tal-lised- on starrC.ing aniL exåibi-ted. the follorving spectral cha-r'ac-

teristics, V-^-- (filnl) 33t+9 (N-ir), 17&O (esier C=O) ¡ and. 1!Bo crn-l. ma.:-

(C=irf) . The !l¡rr.¡To s.oectrum (d.euterocir-lorofcr:n) shorvect the follovrJ-ng

absorpti-ons: ò1.J0, 1"5o (singleis 6i{, methyt groups) t õ2.1/ (broac.

si-nglet 1H¡ methi-ne pruton of pyrazoline ri-ng) r 63.70, J"Jf þinglets

6H, methoxyl protor's), ana ð5"11+ (mr.rltiplet 1H, a:nine prc-uon).
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Prepa.ratíon of dinethr¡L 2.Zd.ineihvf clo¡rooa.ne -trans -l--.llLicalb_olqf :

1ate8(¿r1) "

The pyrazoline (40) (1.0 gr 5.6 rnnole) ou". heated. wit6 copper

povrier (.7 g, 12 m::role)79 ut 1)Oo r:ntil evolution of nitrogen had.

cea,seilo The black oily liqui] -'vhich was obtai¡red was d.issolved. Ín

ether (fO nf) anC. filtered. througþ celite (tOO e). Elution with

ether (ZOO nrf) gave a yel-Io'w oit (O,4 g, 5ÚÃ) rdrich had the follovring

spectral characteristics. vnax (fiJ-rn) JO2i (lveak¡ C-H stretching of

the cycJ-opropane ring) a:rd 1 73A cm-1 (ester C=O) . The nom.r'.

spectr.un (deuieroct¡1o-¡oform) showed the fotlowilg absozpti-ons:

õ1 .11 , 1.1! (singlets 6iI, methyl protons), õ1 .60, 1.7'l (¡e quartet

J = 6 copoSo t ?JJ, methíne protons of cycloproPalle ring)r arìd. ö3"55

(singlet 6H, methoxyl protons). These spectra-l characterisiics 'lvere

found- to be id-entical l.,rith those of the reporbed.'ùinethyl 2r2-dimet,hyl--

cycloþropane -tra.ns -I,J -d), c arb oxylate o 

80' 81

The pr"eparation of cornpound.s (¿+O) *t¿ (]at) fras been

report"o8J ¡y ti.i" method¡ but no experi:nental d-etails

rvere given.

*
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triork d.escribed in Pa:t IT

Attemp'r,ed. d.isol-acement of the p-.þ!" "r.lg-e9su1pÞe!f,lgg *inctron qf

J-*reth.'rlene-212)+rt+-!etraneth.'y'1c.',.c1obu-t..¡i-1-tos-ylate (¿t9).

In a t¡4picaI rtn the ¡-toluenesulphonate ester (49) (tCO mg,

.l¡ nrnole) rvas dissolved. in a..ùryd.rous acetone* or d-i'nethylsu-Lphoxide,

sod.iu:r bromide, or sodirm iod.id.e (Uotfr 2 x molar excess) arld-ed-, and.

the solutie¡¡ ¡'l'le.¡¡ed. to refh.uc for 2lahr. Water (Z ttf) r',¡as a¡-d.ed-

and. the solution extracted with tÍro, 2 rù portions of chloroforino

The combi¡recl cÌrloncfor,n layers were rvashed- rrith water (f "f¡ a¡nl

d.ried. The infrared. spectra (CUCfr) of the prod-ucts were substantiaily

sjmiJ-ar to t.hat of an authentic sample of the ¡-toluenesulphonate

""t"f& (¡ng).

Preparation of 2t2]rtl+-tetrarnethylc.yciobut.anone-d-ioxal- ,o"59 (52) .

This compounC rvas prepared by the method. d.escribed, ly nng"rJg

The d.iketone (51) vr"s reflr¡<ed with ethylene gì-ycol in toluene¡ tkre

three prod-ucts (Zl) , (SZ¡ , a¡d. the bj-sd.ioxa-1".5r9 ïrere separaied" arid.

this latter prod.uct was hyd-rolysed- (toluene, r"rater, and. p-toluene-

srrtphonic acid) back to the d.ioxalane (lZ¡t 3V,, b.p. B4-9Oo/5 , ,

m.p.56-¡90 (r:-tJ9 l.n. B*t-s7o/5 *rrr¡ rïrcpr 56-D7o).

The reactions with acetone vÍere ca''ried. out in a sealed.+

tube at 15Oo.
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Preparation of 2 ,2o)+'!¡'tet ï'anie th.ilme thvlene cvclobut a:re-d.icxal u:re5 9

.þ])-
The methyltriphenylphosphoniun ioC.id.e used rvas prepared by

ad-d.ition of an excess of methyi iod.id.e to a solution of triphenyl-

trùrosphine in benzene at Oo. Ihe ¡nixtr:re was afl-oi'¡ed to stand- over-

nfght¡ filtered., recrystallised. frcm chfotofonn/ethJ¡I acetater

fiJ-teredn a¡rc1 d.ried. (t6 r,rn) for [B hr., n.p. 179-18oc (lit.U' ,79-

18Oo)o the ex-perjmental- proced-ure was mod.i-fied. from a method of

Ireland. ar¡A l,,lærd.er"5O Anhyd-rous ether (1COO ml) wa-s ad.d.ed. to a

solution of potassiu'n tertiary butoxid.e j¡r tertia;¡r buta¡oi (prepared-

by d-issol.ring pcta*ssiun metal [t A g, þO nrnole) :n AOO rnl of anhydroi:s

tertiary butanol) j:r an atmosphere of nitnrgen. Methyltriphenyl-

phosphoniun iodid.e (lgz g, þo nrnole) vras add.ed. with stirrilg. The

mjxt"¿re becarne brigþt yellorv after about 5 mj¡r and was allowed- to

stir for a further ! hr. The d.iox¿J- ane (52) (72 *, J90 nrnole) t'r"s

then ad.d.ed. and. the solution allo'¡¡ed. to stir for a furtherlp hr. Work-

up as described. by Ireland. a¡rd. I',tarCe"6O ,".,r" a solicl (67 g, 97'¡), b.p.

76-lgo/s *n (tit.L9 7r-goo/5 n'n,).

Vaþrir phase chromatographic anal-ysls of the crud.e reaction

mixture (5 t 1j% S 8. 52 colr¡nn at 80o a¡d JO ralmin) ind.icated less

tinan 161 inpr:rity. The spectral- characteristics of the compowrd. (!J)

obtained. j¡r this '!vay y¡ere id-entical to those of the compound.

reported. by Errg"t.59
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Prenaration of z'oxrrne th-ri -2 . 2,L' n L-te trane th-'¡l obuta¡e-J.ic:<a-

lane (5Ð.

This conrpound. was prepared. accor.ding to a method- described. by

sinclair;58 t uu m.p" J6-J9o lritJ9 79-aoo). vapour phase chroma-

tographic a:'ral-ysis of the cnrde reaction prod.uct (!t 15% S'8. 52

colr¡nn at 11Oo and. JO nL/ntn) indicated- less than !i'á impuri-ty.

the spectraJ- charactcristics of the compo'u:rd obtained- irr thi-s

'way were j-d.entical to those of an authentic sample of (5+).58

arà te utanone

The prod.uct (5J+) (tO e, !0 mmole) was dissolveC" in metha::cI

(f Z *f) arrL 2'I aqueo'.rs hyd.rochloric acid (Zi *f) rvas add.ed.. The

solutícn rvas reff-uxed. for t hr, cooled"¡ and. sodir¡n blcarbonate ad.tl-ecr

t¡etil effer-',rescence had cea*seå, a.rd- the solutlon was alkaline.

Ether (tOO mf) was ad.d-ed. and. the organic phase separated. the aqueoÐs

phase was ectracted- with two 100 mI portions of ether a¡rd. the combined.

ether extracts wa-shecr v,rith water (¡O mf) a:rà d.ried. over arùryd-r'o'.¡s

magnesiun sulphate. Evaporaticn of the solvent in vacrìg gave a soIid.

rvhich'was recrystallised. fn¡m ether/l.igot petrolerrn to give ln¡hite

crysta1s (7.5 g, 96%), m.p.55-560. A sarnple was prepared. for analysis

by srtrclimation (5Oo/.t n ); u*',* (.iloroforrn) 3620, J46O (O-H) arrd.

1750 crr-l (C=O). The rl¡rnrro spectruor (carbon tetrachlorid.e) sho'rved.

the following absorptions: õ1.12, 1.21 (singlets 12H, met¡ry;- protons) ¡
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61.go-2"1/ (triplet 1H, J = I c.p.s"¡ methine prrcton) t 62"60-3.00

(Uroaa absor¡.oiion 1ÍI, hyrLnrxyl pr.oton) , 63n7C, 3.83 (aoulJet ?]1t

J = B copso¡ methyl-ene protàns of prÍmary alcohol- group). (Fo.rrrd-:

c, 68.); H, 1o.3. calco for cgli-l'ozi c, 69.21 H2 1oJ%).

Prelraration of trahvdro¡vrarivloxvm et!tv]--Z . 2 tetraniethvl-

c.vclobuta¡rone :(Þ6) .

The product (i5) (6.0 e, J! nniole) was dissoLveð- in 2t3-

di..tryd.ropyran (t1.t+ g, 11/ nmole freshly d.istitlecl fr^om potassiun

hyd.roxid.e pellets) , a crysta-l of ¡-toluenesulphonic acíd- ad-d.ed. a.nd-

the sclution sti-rred. at room tenrperatr.rre for t hr. Saturated.

aqueous sodiun bicarbonate solution (60 m1) was tiren ad-d.ed. ar-ld.

the solution extracted. w'ith ether (frOO nrf) . The ether extracts

were washed. with water and. d.ried. Removal of the solvent in vqqge

gave an of (8.7 g) vrhich was chro¡natographed. on siU-ca ger (5oo g) .

Elution with 1 ú/o ether i¡ lieht petroleum (¡OO mf) gave a colourless

oiJ- (8¡ gt 9%). An analyiical samtrùe was prepared. by evaporative

d.istillat:ron (870/"1 rrn)" Vmrx (rim) 17W (c=o) , 10Þ, 1Øo, 1o3o,

99O cltr1 (tetrunyaropyralylether). The rlollr¡rr spectrun (carbon

tetrachlorid.e) showed. the following absorptions: ò1.06 t 1.13, 1.25

(ttiree si-nglets 1ffi), ò1.32-1.71 (nurtiplet 6H) t ò2.10 (triptet 1H,

JAX = 8¡2 copes'ri JBX = 7.9 c.p.sr), ò3.1Èl+.q (mr-rltiplet fr),

ö3.1+4, J.B8 (h¡ro overlappi-ng quartets ãI), J¡B = -10.1 c.p.S.)r arrd
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öI+.49 (lroad absorption 1H). (Founl-i C t 7O.4i H' 10.1. Calc. for

C,tf,z413; C, /C.O; H, 1O.1Fo).

Preparation of lqne thvi ene-5-te t rah r¡dropvra¡l-.¡l fl}¡VI-Z.2.1-.!t-

tetrame ut a

Thi-s wa-s prepared. frr¡m the l<etore (52) (B er JJ mmo]-e) by

the nethod. d-escribed. for the preparation of the d.i-oxala¡e (nÐ t using

(3"2 gr 66 m.nole) potassiurn metal in tertia4r buta:'ro1 (eO mf) t ?5O rnl-

of arrhyd.rrrus ether, ând ( 23 g, !O nrnole) of the phosphoniun sal-t. An

oil (8.5 g), wirich rvas chrumatographed- on siJ-ica ger (zoo g)¡ wâs

obtaj¡red-n E1uticn with 1S etkw in iight petroleum (ZOO nif) gave

a colourless oil- (7ú gr 9lr{")' An analytical sample vlas prepared- by

evaporative d.istillation (b.p. 72*7Jo/.1 nrr,). vmax (film) Soø (rveakr.

=C.II of d.ouble bond), 1670 (sha:p¡ c{), 10þr 1Øo¡ 1o3or 99O, (tetra-

hyd.nrpyranylether) r and. 885 .*-1 (=cit, bend.). The rulnor¡ spectrun

(carbon tetrachlorid,e) shol'red the following ebsorptions: ö1.A7, 1.14,

1.b (ttrree singlets 1?jf , methryL protons) , ò1 "t+3-1.6J (multiplet 6H,

methylene protons of tetrahydropyranylether moiety) t 62.02 (triptet

1H, JAX = 8.1 c.pos., JBX = J.B crp.s., Cj proton of cyclobutane ring),

ö3.12-3.!8 (mr:Itip1et ãI, methylene protons of tetrahydropyranylether

goup), õ3.JCr 8.J6 (Arc overlapping quartets Zl, J,B = -!.8 cop.sor

methylene prctons adjacent to the tetrahyd.ropyranyloxy gncup) r õ4.å5

(Urrcaa ebsorption 1H, methine prcton oi tetrahydroþd-r^opyranyloxy
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grcup) r arrd òt+.62 (singlet ù1, viinyl.ic methyierie protons) " (Four:d-:

C , 76.0; H t 1O.7o Calco fo" ClrHZlC Zi C, -15.61 H, 11.ú¡'") .

butane (¡S) .

' 11:e conpouna (¡Z) (7"0 g, 29 nrnole) rvas dissol-ved in methanol

(fO on¡ arrd concentrateå hyd-rochJ-oric acid. (4 arcps) aCd.ed.. The

solution v¿as allowed. to stand. at room temperaturæ for 1 ¡¡ s¡þ¿rr ell

of the starting ma-terial- (Sò nua d.isappearea (¡y t.I.c.). Ether

(fO orf¡ was ad-d-ed.¡ followed by 50 mJ- saturated- aqueo'.rs sodi-rrn

bicarbonate solutiono The organic pha-se v,¡a-s separated. and- the

aqueous phase extracted. rv1th tvrc 50 rTrl portions of ether. The ccm-

bined. ether extracts were v¡a.shed. rvith v¡ater (f O *f¡ a¡d. d.ried. over

ar$yd-rous magnesir.un suJ.phate. Evaporation of the solvent irÌ vac'¡o

gave a so1id. vrhich wa.s recrystallised. from ligþt petroleum to give

white crystal-s (L.4 g, 9VÁ) n"p. 69-71o " An analytica-l sam;cIe lïas

prepared. by sublimation (4oo/Z o*). V*"* (chloroform) 3620, 3t,t,5

(O+r) , 3o3A (weak, =C-H of d.ouble bord.) , 1650 (cg) r arn. B8O crn-1

({,HZ b"rÐ n The n¡rnorc spectnrn (carbon tetrachlorid.e) sho'wed. the

follovring abscrptions: ô1,OBr 1.17 (singJets 1ã1, methyl protons),

61.93 (tr:-ptet 1H, i = B c.p.s.¡ methine pr.oton), ò2.52 (Ur.oaa

singlet 1H, hyd.roxyl prrrton) ¡ ö3"69 (d.or-rblet ?JI, J = B c,p.s.r

methylene protons of prirnary al-cohol group), arrl õ4.62 (shaqp singlet
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ãi, vinylic methylene protons). (rora'ut: C, l8.O; Hr 11.8. CaJ-c.

for C, 
OHt gOi C , 77.9i H' 11 "Ú1i) .

Preparation of 1 -ne thvle ne- 2' 2'l+ 
" 
lrtet rane tityl cvclobuta:re-J-

carbcx.ylat" (59) 
"

This compou:¡.ðl vras prepared. from the afcohol (58) (4.O g, Z6

nrnole) by acd.ition of' Jonest Reagentl t (rr., ml, 60 nmole) , usirg the

proced.ure p;.e-.riousl-y d,escribed. for the preparation of the acia (26) .

The cr-ude reaction prrcd.uct (4"1 g) was chr'onatographed. on siJiaa ge1

(ZOO g). Elution vrith 1Ji" ether in lieht petncleun (lOO mf) gave

white crysta¡-s (1.9 g, 91"tÐ , m.p, )6-)Jo . An analytical sample lvas

pr.epared- by evaporative aistillation (19U195o/.ø *Ð o Vmarc (chloro-

fonn) 3600-2380 (ur':a,r acj-d- o-H), 17OO (acid. c$), t66O (c=C), B8o

(Sttrbenð.) 
"--1 o The n,m.ro spectnxn (carbon tetrachlorid.e) sho-wed.

the following absorptions: ö1 .21¡e 1.lO (si.ngì-ets 1Ai, met'lnyl- proions),

ò2"68 (si3:gl-et 1tI¡ methine proton)r òt+"70 (singr-et ãI, vinylic

metlrylene pmtons), and. õg.21-9"3g (lroad. absorption 1H, acid. proion).

(Forrrrd.: C, 71 .2; H, 9.6o Calc. for Cl.Jcllozi C, 71 .3i H, 9"61i').

Preparation of 1-bromo-1 , 2, 2 nL-,L.*Pent a:ne th-Y1 c-Yc lob ut ari e -3 -c arb oxvl at e

(60) 
"

the ¡rrethod- for the add'itic,n of h¡'d.rogen bromid-e to the acid

(5+) ** ad.apted. frrcn that d.escribed. by Hanon.51 t52 The acid. (l!)
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(1OO rtg, .8 rnnole) vas placed j:r a tlrc-neclceô 50 n.r1 flaskr fitted.

with a- d.ry-ice con.cl-enser and- a calcir¡n chlorid.e drying tube. An

excess of hyd.r.ogen broruiae (ì,tatheson) rvas d-istjJ-lecl inio the fl-¿usk

which had. been coole.:. tc -JBo in an acetone/ð.ry-ice bath. After

stand.ing for 2 hr at -7Bo the flask rias removed. a¡d- af-lo'u¡ed to stand-

at room temperatqre fo:' a further J hr vu'hen al-I of the hyo-6gen

brr¡mi¿e ha,l- evaporeteC.n Ether' (t¡ nf) ancl v¡ater (tCr nr:-) vra.s adclecl,

the organic phase separated, extracted. r¡,'ith t'¡;o 5 ml prtions of

ether, ancl- the con'bj¡ed. ether extracts dried. Evaporation of the

solvent jg vacr.o- ga\¡e a so1id. 'which ïras recrystatl-ised- fran ether/

light petroleurn ancl further purified. by sublimation (6Z0/.1 nn)"

ïíhite crystals (tlO mg, 7Ø{), m.p. 136-1t1lo lo=t. obtained-" Vro

(chlorcfor:n) 16OO-2400 (Ìrroad acid O-Ii) and 1/OO cm-1 (acid. C=O).

the n.m"r. spectnm (ca:ùon tetrachlorid-e) shovred- the fo"ll-o'lving

absoriptions: 61.12, 1.21 , 1J+5, 1.6 (sharp singlets) t ö2.Ø (broad.

singlet) total iltegrati-on 1JH, ò2.59, 2"Ð (nroad singlets 1H) ¡ and

ò11.26-11.52 (broad absor¡p'bion 1H¡ acid pr.oton). (Found-: C¡ [8.2;

11, 6.J; Br, J2.a" cal-c. for c,i &noP"; c, )-+8.2i H, 6.9; Br,

32.1/ù.

brcrnodec ati ncf the Cristol-F 6g

mod-ification of the Hr:nsdiecl.:er reaction.

fn a t¡picai- rr:¡r the brono-acia (¡¡) (1Oo mg, Oo[ r.rnole) ana

r.ed. mercuric oxide (tCO ng, .l¡ mnole) i¡ carbon tetrachl-oride or
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benzene (tO r¡-) 'r¡ere refluxed- v¡ith sti-rring i:r the absence of ligþt,

in an atmosphere of nitrogen in a flask fiited. r.¡ith a'rvater separator.

After approxinal¿1y 20 rnj¡r a solution of bromine in carbon tetra-

chlorid-e or benzene* (5.2 ,'lf-, .6 rnrnole) rvas added d.rnprvise sr:ch that

the m:ixture continueô to refh:x and. the mixture wa.s reflr¡ied-'rvith

sti-rring for a frrtner 2 hru¡hen ro acid (60) could be detected- (by

to1.c.) o the rni-xture v¡as cooled. and. filtered- und-er red.uced pressure

th:rcugþ a celite pa.C.¡ 'rvhich 'was then washed- 'w-ith chloieforrn (50 o+) "

The conbined. fjJ-trates r¡ere evaporated. to give a d-ark bror','n oi: (t'5 mg) 
"

u** (ffu) f Aø and. 1/'iO cm-1. Analytical vapour phase chromatography

(¡t '15% s.E. 52 at 9Oo âïrd. Jo nr.I/min) i:rdicated. at least five major

components. .A.fter repeated. chromatography (p.p.c.) a relatively stable

fraction (tZ *e) ,,va-s obtaanedo The fo}lowing spectral characteristics

were obselved.o vmax (fil-m) rgø cm-1. th.e n.m.r. spectnm (d.eutenc-

chloroforr..,) showed. the follouing absorptions: ò1 .09-1.52 (n'-r1tiplet) ¡

61 .52-2.20 (multiplet) 
"

the alcove reaction r,ras atterrpted. at rnom temperature usi¡rg

benzene as solvento A mjxturre of (60) (1CO mg, .4 nrnole)r red mercuric

oxj-de (1OO ^g, ..[ nmole), a¡d- a solution of brrcmine j¡l arùryd-r'ous

benzene (70 n¿, .B rmole), in anhyd.rnus benzene (Ð mI) vras stirred

vigorously at room temperatule for 90 rn:iJl, in the absence of ligþt¡

a:rd. iJr an atrnosphere of nitrogen. At this stage no starting acid. (60)

+ freshly purified-.
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could- be d.etected. (t'y t.l.c") and. analytical vapour phase chrrma-

tography (!t 15% 5"e,52 ai lOo a:rd. jO nl/nLn) inaicated. at 1ea-st five

m4jor prod-ucts. Fjftration and. eva¡coration of Uee solvent as des-

cribed. for the preceC.ing experiment gave a yellovr oil '¡rhich d.ari<ened

rapidly on stærding. vmsx (fil-n) f gø arìd. 171C cm-lo Attenrpted.

separation of the prcd-ucts by preiurative vapour phase chrcrnatogra$ey

(¡t 2Ø S.E" 52 arÅ" 12r 26i'J carbor'¿ax at 9Oo a¡rd 1oO rL/nin) ge.ve

largely d.ecornposition prr:C-ucts¡ d-ark oiJ-s of simi^l-ar spectral composi--

tion to the cru,i.e reaction prrcd-uct, viz. v,nu* (CHCfr) 18Q5 and- 171C

-1cmc

Pre paration of 2 12 nl+ rL-te tra¡neth.yl cvclobutagrs¡s-J-cazboxvl ate ( 6 5) a

This 'was prepared. frr¡m the alcohol (!l) (4.0 rg, 26 nrnole)

by a.d.dition of Jonesr Reagentl8 (',U.5 ml, 60 m'nole) using the

proced.rrre previously d.escribed. for the preparation of the acía (26) 
"

The cn:Ce reaction prnd-uct (+.0 g) vras chro:natographed- on s1lica gel

(ZOO g) " Elution wr'tin JQ" ether in tight petroleurn (¿-OO r¡-) gave vihite

crystals (3"9 g, 9g/r), m.p. 9Jo. Àn analytical sample was prepareC-

by sutrlir^ration (55o/.1 
^o,). vrr* (chlorcform) 36CÍ:,-2360 (¡roa¿ aci¿

O-tt), 1f8J þyclobutane C=O), ard. llOO cm-1 (acid c4). The n.rn.r.

spectrun (carbon tetrachJ-orid.e/d.euten¡chJ.oroform) sho'wed- the follovr-íng

absorptions: ö1.31 , 1.35 (singlets 1ãI nrethyl protons) , õ2.82 (singlet

1li, methi:re proton) r and õ11 "55 (broed. singlet 1H, acid. prrcton) " (Found-:

C, 63.6; H, 8.J. Ca1c. to" ,gn1'03, C, 63"5; H, 8.f,) 
"
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Pre'lrarati cn of 1-h.r-,drc>q¡-1 ,2,2 rLrlr--ÞeîtarnethVlc.yclobuta¡e-1 -

carbo:c.vlate (6å).

The acia. (6J) (3.O g, 27"5 rrmole) il arrhycirours ether (tC rnf)

wa.s aCd-ed. to an ethereal solution of rnethyktagnesi-*n iod.id,e (4 x

excess, prepared. fram the ad.d.i-tion of methyt j-od.id-e [ZO"O E, 138

n'rnole] to d.ry magnesir-m turnings [2.1 E¡ 110 rrnoJ-e] in anhyd-rrrus

ether [¡o "¿]¡ in an atmosphere of nitrogen), A d.ense rvhite preci-

pitate wa-s i¡rned-iately formedo the mixture wa-s stirred- at room

tentrnrature for 5 nïirì and ca¡ef';lIy trnured- into ice-cold- water (2OO

rn.l). Îi:e aqueous layer rva.s acirfified. u-ith concentrated- hydrnch-lorj-c

acid. extracted. r'¡-ith three 100 nr1 portions of ethero washeC. vrith

water (f O mf¡, a¡d- d.ried. Evaporation of the solvettt & vAggo gar/e

a solid. (l.l ò u'hich wa.s ch-romatographed- on siU-ca gel (zoO g).

Elutjon rvith þ(o etber in light petroletrn (¡OO rnf) gave white crystals

(J.O g, 9fr) , mrpr 1 3O-131+o. An analytical sample was obtaired- by

sri¡Umation (9oo/.1 
"*). Vrnrx (chlornfo:m) 56oo-zJOO (broad. acid. O-H),

and- 17OO crn-l (aci.d- C=O). the n.m.r. spectrrzn (d-euternchloncform)

showed. the following absorptjons: ò1 .11 , 1.16, 1.23 (uroaC singiets

1!H, methyl protons) t 62.38 (singlet 1H, methine proton) , ò7.72

(broad absorption t1, hyd-roxyl and. acid. pnrtor,s). (Fowd z C, 64.J;

H, 9.7o caIc. for c1drf5; c' 6l+.5i H, 9.fi/o).
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(6¡) via the modif1ed.
.6sllrìrrsclaec ier - re ti on^

In a 50 ml tv¡o-necked- ff-ask fitted. with a d.ncpping fumel and-

a Dean anC. S.tark r"¡ater separator, a mixture of the acid. (64) (¡Oo rng,

1o6 nrnole) ana red- mercuric oxid.e (lrzO ^g, 1 "6 mrnole) in tenzene (50

m1) was heated. w'rth vigorrcus stirrilg, in an atrnosphere of nitrogen

and. in the absence of light. The mixture was al-loweC. to reflux for

20 min when a soluti.on of bromine j¡r'r benzene* (t7 mf, 2.0 mmole) vras

adC.ed- d,ropwise so that the mixture continueC. to reflur. Analytical

vapoì.rr pha-se chromatography (5t 15% sß. 52 at 11Oo and Jo trú./ni':n)

I hr after add-ition of the b¡umine j-nd.icated" that no starti.ng acid.

(g+) remai¡ed-. At le¿rst four majcr products ïrere observecl. The reac-

tion nixturìe wa.s allorved. to cool anC then filterrC und-er reduced-

pressure througþ a.celite pad, The celite pad'u¡a-s v¡ashed- with chloro-

fonn (50 mf) and. the combj-ned fil-trates vÍere eveporated- to give a

yel1ow oif (1OO mg) v¡hich d.arltened. rapidl¡r on sta¡rd.ing in ai-r. Voo

(fifr) 1/80 (medir-m) anc 17OO crn-J (medir-rn)o Àtten4'rted. separation of

the prod.ucts by preparative vapour phase chromatography (5t Z(" SÃ.

52 arñ, 121 2Ç7o carbor¡ax coh¡nns at 85o and. 1OO mlrlmin) gave largely

d.ecomposition prcducts; viz. da¡k ojJ-s of si¡ni-lar strrectral composition

to that of the crud.e reaction ndxtr;re. [r*r* (ril*) 17Bo and. I7co cm-1.]

freshly purified-.
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The above reaction lvas repeated. at roorn temprature - a mj-x-

tur^e of (64) (¡Oo ,ng, 1 ,6 nmole), rcd mercuric oxid.e (LzO mg, 1 .6

rnrnole)r aÌid a solution of brr¡mi.ne in arrhyCrous benzene* (i7"0 ml-, 2"0

rrnole) in ar,hyC-rous benzen" (50 m1) rvas stired. vigorously at roon

tenrirrature fc:: 90 mj¡, j-n an atnosphere of nitrogen, .',vì:en vapour pirase

chroäratogr'aphic analysis (!r D)r!. SJl" 52 colt¡m aL 11Oo arrl JO nù-/nirn)

ird.icated- that all the siar-bing acid. (6rr) naa been consrr::reclo The sarrne

mi;cture of pro.lucts as had been obtained. in the preceding e>:trerjment wa-s

aga:-n observed. ïIork-up as described- for the preced-ing e:cperi:nent gzwe

a ye1-Low oil vrhich ri.arkened. on stancij¡rg ìn airo The infrared spectrrrm

was id.entical- to thai of the procluct obtajned. fn¡rn the preced.ing

ex'periment.

Attenpted- brunoåecarto>:ylation of (çg]' usi¡q the metho.J- d.escribed. in

the preced-inq exnerinent,

A nixture of (59) , (Z7o ^g, 1.6 nrnole) , red mercuric o>ride

(lrZO 
^g, 1 .6 n'mo1e), and. a sclution of t¡rornine il anhyclrous benzene*

(l7o.O mJ-, 2.0 rn:role), in arùryd.rcus benzene (50 mI) was stired.

vigorousiy at rooin temperature for 90 min rvhen vapou-r phase chrona-

tographic analysis (!1 151(' 5J.52 column zt 11Oo ancl JO rù/nln)

ind.icated. that al.l the starting acid. ha,C. reacted.o At least five major

prod.ucts rvere obsen¡edo Tfo::k-trp as d.escribed. for the preced-ing experi-

ment gave a yellow oil. 'rhictr d.a¡kened. standi-ng jn a:ir. vmaJ, (fjJ¡ù

t freshly purifieô"



.97-

-41780,175Or 170C, ard 123O cm'. Attenpted- purìfication cf this prnduct

(p.poc.) gave dark oil-s of similar cornposition to that of the crud-e

reaction mixture.

Attemnted- chl-o roC-e carbcxyl.ation of the acid (60) usinq a methoC- des-

cribed- b.y Koch"L" 73

To a soLution of the acid. (60) (t5O ng, 0.6 mmole) in degassed.

benzene* (e *f) rzas add,ed. arÀyd.rous lithiun chJ-oride# (3O ^g, .7

rrnote) i-n a-rr abnosphere of nitroçn. Lead- tetraacetate+* (3lO *g,

./0 rn'nole) rt^ aôd.ed- rvith stirrj:rg, and- the rnixture al.lov¡ed. to stir

for t¡8 hr at 8Co. A,fter cooling the mixtr:¡e r 1q" aqr-leous acetic acj-d.

(f *f¡ wa,s add.eC., and. the mixtrs'e extracted.'with three 10 mI portions

of 1V" aqueous sod-ir¡n hyd.roxid.e. The organic phase wa.s separabed.,

.washed.'with v¡ater (tO mf), arla d-ried. over arùryd.rous magnesiun stúphate.

Xvalnration of the solvent gave a ye11o'rv oil which d-arkened. rapid.þ on

-4sta-rrd-ing or on exposure to air. urno 17801 1J6Or and- 1220 cm'.

Thin-layer chrrcrnatography ind.icated. at least five d.ifferent pnrd.ucts.

Attempted. purification of this prrcd.uct (p.p.c.) resulted. in dark oils

of similar composition to that of the crud.e reaction mixture.

the alkal-ine aqueor:s layer lvas aciùified- with concentrated.

hyd.rochloric acid., arrc extracted- with three 10 ml portions of etLer.

* Kirrd-ly suppJ-ied- by R.C. Cross.

Freshly pr.rrified. and. kind.Iy sr4plied- by Ð.C. Slcingleo*È
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lhe combi¡red. ether extracts were v¡ashed. vrith water ar"d. .kied. over

arrJryd.rous magnesir.rn sulphate. 0n evaporati-on of the solvent no

appreci-abIe amount of resid.ue cou1d. be d.etected..

Attempt ed chlorode c arboxvlation of the aci-a (59) r¡sinE the method.

clescribed- in the preced i¡rs exÐerirnent. - [(tOO mg¡ .6 nrnole) of the

a.cid. was r:sed..]

'!¡lork-up a-s described. for the preced.ing experiment gave fzom

the alkal-i insoluble fractionr a ye11o'rv oil (60 mg) " vnax (fíi.rn)

1780, 17+O, and. lZOO sn-l o thin-Iayer chnomatography ind-icated at

least four prod.uots. From the alkali solubl-e fraction, a so1id. (ZO

rng), the irifla¡eC. slectnun of whích rvas identical to that of the

starting acia (59) wa.s obtained..
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