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The classical unity of the terpene e,woup of compounds 

as shown by their sin;Jle (.Q~lffi? osition (~imited to three 

o:t>ganogenic eleme1tta, carbon; hyc'li'ogen and oxygen) toge·~her 

with their structural diversity and ubiq1-.1ity of occu.rence 

l1as made terpanes one of the T!lOst: explore~l group of com-

pounds. D1 spite of the ~ong history of these compottnds, 

the field is far from exhauSted and remains a rich SO'LU".Ce 

of new findil"..gs and f':t'esh inspiration. 

Of the large :number of terpenoid nat1.tral prodtlcts 

known today, the sesq~1:hel"Penes represent: the large:st single 

ola:ss: consist·.tng of diverse ~rt-euctl.U:'a:l types:, the: ~rverse 

nature of whose ring systemf1' has·· been t·axi"P.g the ttdents 

and ihve st1gati ve sltills of organic chemists since the -very 

b.egim>.ing of modern organic chemistry. 

The d'iscovery in nature of polyetlwnoid mono- and 

bicarb.ocyclie sesq1.1iterpenes'·derived from cyclononane to 

cyclottndecane:· (Chart I) came as a· great: surprise since 

.G:arlier· large carbocyclic compounds~ found in l'l..ature were~ 
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ma.cr.ocyclic fragrant ketones· like Ci:v.etone (1) and 

Muscone (2). 

These· ring systt:ms"' (cyclononane· to cycloundecana) 

were extremely difficult t·o s'Ylltheaize. and: it was,:. earlier 
. ' 

though"!; tha,t compounds· of this type· wera· products:-· of human 
•' 

The· ertr.ucturd e.,luciclation of these 

compounds by classieaJ. chemical and modern instrumental 

methods is definitely an a-ohievament on· the part of an 

organic chemist. The· s~rnthesis of thes~ sys·cems by class-

ical metnod€l_ poses· certain difficulties· and· t1ew me·~hods· were 

O.avised· a11d are being devised c·ontinuously reflecting ·the 

gr~~t:. intei'eet. in these sys·~em.s. 

It is app~opl!iate ail this .~h.mct'llt'e to review· the 

ther.mod;y'btllllics of· ring· forma.t'ion reactions· in general to 

ap~ecitree. the reasons of.' ·the difficult. accessibi~ity o:r 

·thes¢' ring aya:tems. · 

Ease of· ring forma:tion· may, be disoussed. under· two 
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heads: (i) ·as· a~ ftmc.tion of l"ing size and (ii) a-a a· function 

of -~he n~:ro1..rce- ana· degree, of substitutti:on of' the ring-atoms. 

Ease of ring formation is not S;Ttlo:nymous with ring 

stab-ility• howe'tfer, actl·vation- enengy for ring closure 

might reflect the stability of' the ring formed to some 

extent-~, though other factors enter. -1l'he most important 

of' these involves the probability of having the ends of tho 

ring forming chid.n aj;>proach each- other. This probab-ility 

decreases as ·che ring size. i.."lcrea:s.es and reflects itseli' 

in an unfa"'JOtU."'able activation entropy for the forma·tion of . -
medium and large rings. Tlw overall ease of riv~ closure 

·thus may be deri·ved from t\"fo factors; a- monot·onous c1e­

crease in :bhe ease of havirl..g the ends of -'che rinc;. moet and 

a strain factor which be.ccmcs more fav.:nu-abJ .. e to closure 

4>-CI t11e ~il"..g size increases· from three to six-membered~ th~n 

less favott!:'s.b.l.e· again- as it irtcrea.-ses further up·t~o nine-

membered, then more fa-o:tourable for larger l"ingso !n the 
' 

o .. Jerall resultt ease of ring forwation is relatively high 

±'br tl'iro~--mcmbered rin[;s ('bocaune, of the high :probability 

factoi", three a·boms are necessarily in the optmum :position 

:fi"or ring formationr~ . r·t drops shat.'I)ly for the four-membered 

rings (i:f four atoms are arranged in the most stable con-

±'ormation; as in anti-butane, they cannot form a: rlng; the, 

.best conformation f'or the ring i'orm:?~tio:n is the very u11favour-

able ecclipsed conformationr~ For the five-membered rings 



there is a shgrp rise because . of lihe ·considerable ·reduction 

Tha ease of formation of a s~~ 

membered ring is less than for a· five•mEHtfuered one because 

the slight inmro"TJ'ement in' the strain i'atrtor is outweighed 
. ,, , . . - . ··:. . . . . 

. . 
by a deterioration· ~-the distance factor. There is a 

sharp_er drop for jt~h.e ze·.retr;..moi:ibered ring- (both s·ia"ai11 and 
• ... .• • ' 1 

·<-liEr~a.nce £a:ctore· beco1ue Wottse} ~1d e\len ~>.sharper drop for 
,_ 

eight-:mombel"'ed ring. (Wlle~e _·l'lon"!"classical stra_in sets .in) • 
. '· ,. 

Af:'tol" tha·t i the distance -fa:Cto:r has become about constant 

and the. e~ o:f? i'orming. l.erger -rings ref:l~cts the t:r!irain 
. '• ',• ' 

factor; . low eaa~ ot ring. ·:formation. for 9 ~nd lO membered 
. ; •. ' . 

. . ~!ngs (because of non_-class·ical strai..~) improving for ll 

and-· 12 membered-rings., and ·le;.tellingo:r.f fo:r: still larger 
\ •• j ' 

· ¢YC!af:f~ 
, .. '. 

'' 
The. easier. closure. ·o:rt ·hhree,- mermbered J:t-i:ngs as omnpax>ed 

vtith i'ottr' memb~red- -ones is vroll il.lustrated -b.Y-: the r~ady 
. . . 

formation of .epo:d .. den .from-l,2oiol~lohydrins in contrast to 
•, 

the w. d:i..ff:ieulty in preparing :hrimetnyleme ~xides from · 

l-t3•halc>hydrins. Yet ·the epoxides, ·once .formed, are much 

m.9re. ea.sily opened than the tritne·thylene oxic1cs1 rei'lecting 

the 1~.sser stability of ·the. tnre.e·-membered ring. The 
. ~ . . . . 

A·- similar 

situation exis-ta with regarc1 to the ease ·of :formation and· 

stabd.:t.ity of i'iva and six-membered ri_ngs·~ The :f!ive ... membered 
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,·· ring is easier to olosG· but is less stable. k clear-..cut . 
. l 

illustration o.f this. state of. af'fa:tra is the react.ion· of 

glYcerol with fo!'111aildehyd.e t() g;tve eithe~ a- f!ve-memb~red · 

or· a: .six~..emb.ere·c1 cyclic a;~~al:t! : . .' ·Formation of the , fi "Je­
ra~nibered ring .co:m.potmd, 4--eyaro~.}!llethyl•l. )·cliox.olan~ (;;) . . . . , 

is taster,. ~d' ·this prodtu~t. ·will. pradoti1inate if tha-. r~·tion: 

. 11.1ix.t:ure, is wo!iked up ·a~r a shor-t: tine. l[QwErve;t."' th~· 
-

forr.natiol1 o·f ($} !s J:e'V.e:t't::ibl~• an(:t· it: the i. ... eaotion is 

atl.lowect to· con·tinue. for a, lotlg :P.e:l:.~lo.d• equill.'bl"ium ot· aJ.l. 
' ~ ' 1' •• 

tlte tl'rree' aets of sp~~es will. be. es!tttb;lJ.ahect. If t..lte 
~ - • . I ' • 

' . . ~ 

reaction mixt_t.Wt:r is wo~l,ed·.u;p.· at th~s p<>int. th~ main 

pt!oduct is the. s~·meuiber~d· 5-hyt'lroJt,y-l, :;~io~a.ne ( 4); the 
' . ) . . ,• . . . , . ' 

. toormodynantic~Ui more" .stable of the t'Wo Qyblio ~ca'tttl;s (:;) 
. . ... ·'. . . 

ana- (4) •'. Al.though s:i.x~mam'bered. aeeta-ls at'G· usually mor~ 

(4) 

. ·-
. CH2 01-l 

I 
CHOH + .HCHO~ 
\ 
c.~2.0f.l 

(3) 

atabl~tl~ tho :rive membt;)r~d ones. the oppisit.e· is usually. 
t 

true- o:f· ketal.fi~ The· reaso:n tor this ia ahq\vn il1 .rr:tg,2. 

k~/R' 
Fl~·2· 

,· 

; 



-8· 
- -

- . . 

case in a ketal) an- ~ial in·taraotion· vrill.-necessari!y be . ; 

genora:tect·.tn tl1e sile•membered· ring• diminishing. its stabi- , 

lity below that of. the corr~$ponding five,•melilbel:'ed ring~ 

This is tlte r.ea-son v,hy the tt6etone- d<:lr!vative.s of sug~s-
- '{ 1o 

a1 ... e l~ 2---~e,ta.ls rather j:;han 1•~:?.,.ltatald •. 

The· t1iox~nne ($) is a~:id to bE! ·the ppoduct of 11 kL""l~t~c. 
. ' . . 

Control•1·,. ·\7h;i,ch. nean.s: that. i·t is· tlW' l~¢duc.-~ o'f· .. ~ho fa1rter 

of th¢. two r.etu~tiono~•- · !n ¢ont11riat~· tn~ dioxane ( 4) is -said 

to· be the·· prodttct ·of r•·themn.odyna.mic corrtrol" 1 m~aning the . 
p~odtlat predominating. ·at, equil.i:briunt• 

' ~. . . . . 
. ' 

' ' 

' 
:sev~n~meinberod is not e,a,gy, atld the p:t\)blem oos long b~en 

21 Challeng~ to f;zy:nthot·ic orgal'l~C •Chtamist·s, e.S11eciaJ.J:y $inCO 
., .,. . --

s·onl& va:Luab~ ·naturally occtw.t-iP.t;; p.eri'um~s, such as nn.tscone, 

contain lart;~ rir.gs~ o~ oi' the ·early methods of s;y:nthe• 

si~ing large rings is dua" ·to Ru~ick~2 ancl' consista itt the 

pyrolysilT of.·thEr· thorium· salts o:f' diba.sio acids to e;.iw cyclim~ 

b:erod ring,r as wel:L as ~ings o-£ 1:; members and above (altho.ugh 
'.· . ·, ' .. 

. the yieids :are low) 1),otit fails i'or rings of 9 . ·to 12 ~ew.bers, 
; .·. 7.'. 

• .. ;; ;:r_. . . • AnOther metb.od,, due to Zl.egl~r, .. , .. u:vol:v .. ~·rs r:w.g closure ot 
. . ( ' . 

a:- ~i:.ni·trila '\vith bases· (Fig •. ')). In o~der to optt:1J.n g9od 

yie'lds· in· -thi~l -method:,. it'. is: :necesD&.l\Y to operaJt;o in -very 

dilu .. iie· solutio11a· as to avoid . .i!t1()9~ l,')olymerizatipn o£ the 
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dl:i1mctioru:ti nitriles•·· This. so call~d ."dilution principle'' 
. . . . . . 4 . . . 

~a iirst rE)e~gnized ·and applied by· Ruggli and is ba.·a~~ 

on the. i'act that the··rate o:tr an. intl"amolecul.ar ring clos~e· 
.,· . . ·. 

g~n~a:-ily ~~pe:nds:' on: 1m~· £irs~. P?WO~ of ~bst~s:te· co.n• 

centration• whereas the re:t,e of: an intermol~·ottlar dimeri-
• ,I ' • ' 

t.'::tt!o?Jll .. is propori:{io~~ to.: tlia.~ :~qUat>e o£ t.!Le conce:ntratio:,n 
. ' 'l: • • ;" • • • ' ~;_.. ; 

of the substrata·.·· Therto~e ,,. de·erettsing sub.~trate concen-
. ' 

tr~~tion. de·m:<ettse s-·t"a:te;, o~. di;neti~ati.o~ much mJJ.:t:e than: in~ 
.. 

. ~ata, o:r' .intramolecuiai"' rl~--clos~.,·. ; FfOWe'"ier, e:velt vli.:th 

the us,;· of c:l!lute· so·lutiott~:~;· the .. Zl$gl~r ~ing•cloau:;'e: fe:Ua~ 
. . ' ,·,. .. 

fo1~ rlngis o£ 9t 10, and lJ. l'n.Gmbars·~~- ·. :In: fac·tj thf) r-:ings 

o:t this:· si~ wer.e n6;1t ~ccassi~le·' ·~rl1 'all l.mttl.. the dt$oovary 

· o.f acylo.in cond~nsatiqnr~5 . Acyloin aynthes!t:l· (reaction' of 
. ' . ' . 

a: ctl~_ster With sod.ittm "to· g!ye ~o( .... hyd.roxy!cetone') _is pttrti• 
. . . ' . . . . . -·· 

.oularly s1.dtwle :tor the· s;viitheais' o~ neliittm ri11ga• (Fig 3) 
. . ~ ... ~' . . . I •' . , , 

This synthesis gi"Gs Iltgit yields for· 1ar€;e" af;r Well as medi'Um 

r~tgS pnd ~~S b~en··~J~plJ.ed· to .·.fo~:~· and' £i~ ... m~mbered7·ring~,7 
' ~ . 

· .. 
· · sorn·t:±on: of the· funetior..d §VO'U.Ptt· of. the. d:iesji:e(t' on the sur~ 

~ , • • .,. • • • i ' ' I . , , I ~ • , , •• . , 

:race:· of sodium, \Vh:i'ch·. a.1.ttomtrtlett:l~r brings the, two er1ds of 

· the: mo:Lect.rle in close:. prox.t:ntity~. 

. ' 

· . /"$'a--; r.~rsUlt· cd!' the appld.catiott- of the·· acy~oin sy'l'l:• 
. -

.. -~·--~t~~s:t.s·::_;:~6 ... ;_m,e.dium e.nd- U:..rc,"e· r.ingc·,·. ··!nan_y. titn~tional deri ... 
. . \'' ... · . . - ... : . . ' . 

. vativt)s of.: theze ring.s ru.."'c rimt readily available and hav-e 
..,. 

-~. 
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~t ~mth · ~~ c~$~ly pointed o.ut that tl1;e: ~ ·stab!li ty, of· .. 

tli~ :eing: ay.stema ia rro,;t r$2ated to, the ease· Qt ring fQ:t.-rna'tion, 

ne~~Saat'~~ R~ st®i~ity' d~~artds Qll: (t) .the. ··a:i_Z$ of 
0 oO • ' 0 ' '<, 0 0 0 '• L {'' 0 

the· t!ni ( t:t;} ~he l'laia;u:o: o:£ itl~ ring_ and (.iii) th~ natvxe. 
i•' ' ~· 0 : > 0 o ' , 

0 

>, >, < I • I ,, 

0 

o! ~ , •"";' 0 o ., • ,, i :': 
0 
,,,• 

·of vtwl;ous: 'S;t;tb.:stlttt~lttla on ~h~ ~ing~ , 
•, ' ·.• • . 1' l,. ··' • \ ' ' ' 

. . · .A:~ number· o:f i~t~l~-~ting ·dtttd!e~·- .Corl?.~lat!ng_' atab~'li ty 
' ,· ,· l ' 

trf r!ngs-;·with si~~ .. ~o:·~:tva!!abltj~·· ·:IJ!lia~ nwttni!l$ o:fi'"sotab:U!w~' 

m this cotr~ex~b ls· s®jd:p:t;. :to ··a- ee~ta~n ; maount 'of eofifttsiori~ 

Fo'r e!lcar;r,p)l~!~'· $~sa· r;:t ··ril"l.g: ¢lpsi.tt:e ha-s ·occe;sion's.l+Y b~~h used. 
' . . ' ... , ' ' . .. ... 

tttt; an ·indic~o:tr oi'· etabiiit¥·•·, ·-Ho~·~.tora e·gS~- of ring ol.oauro 
' ; ' .. .. .. 

\o • ' • 

:D:-e.~; Cl'll3rf;W'. be-t"Wijel'r: ·the a;c,ycli'c starj~ing !Ile<.t~l?ia:l · o:nd .~che 

transit:.i,:on state· .for rh'l(t; Ql()sl.l.t'!9t it is:: :not: neC$S$~ilQ 
I ' ' " I ' , ' ,",' ' , ~ .. ~, ' ' . ' • ' • 'I • I . ., ~ 

related· to ·the -stability ot i;he _ product\• Tl'iehl¢d;v.r..a.1!lia 

Stnb,!l·ity o:r-·17~ sh9ui~ . ~~- · · m$~su~~: by·: th~, po·si tion: crt. 
' ' ' • ' • • ... ) . • • • ,I :• ., ., :·· ' .'~ ~ ' 

' . 
equ11ibr!tnn. ~ a r..t'i~ction' in which· an op~n·cba:itr and: a~, ·cycli.e 

•' o', ' ' \ < > > _,. > 0 ' ' > ' ' ' ' j, ' :, • ~) ,;,~ o "> ... I tf ' < 

compound tt:t'a $qtt!li:o:v:.rte:d: ·_(·sueh ns ~· hydroxytte'-tl - l~retp~e 
'• .~ > • ·~ l" "• r ' ·~ , • od •: 

1 
, , • ./. 1 • 1 ' ,;, ,•·,, : ! ',' _ 

equi:t!1.tt:>ium) out ·v~ry _.:U.ttl.a Wormation ·Qf thie: t"J'l')e is 
' ' ·~·· • >' ' ; I • •, ' • I < • ' ' ' > ' ·~ •· I " ' 

a"'.ra!laote. · The· ,~Qst i'i:l:l:onup.int"'a atuai~s so t~ ~E:l' thermo~ 
~·· . . ,, . ' ;;. ·.' '• ··'· ··~\_•••;• $, .~ ._' r' • .' r' •'- ';. ·--~: ' 

ohar.1tcal in· ·nattll:'et. ~hey are ¢qn<.%~r1l~d with heats:· of 
'-~·.~,. ' ~··' . . .. ·, ... ' ... :'' ........ ·~, '~ ·:..~( 

·oom.bttst1on··pf cyc~a-llta:n'e.a :·mtd the O.iff'erenees: in· e.nthalp~ 
,,•.:.: .. , ' •,j: 0:. I < - T J 0 0 - -, • ,.,t/,< 

·'.'' : •' .·. ,, .. , 

I 
I 
i 
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T~bl~l ,.- ,1:• 

~~~~a .of ·ccmhustion of oyol:.odka."ler,; P!r methylene gt-ou_ya 
... 'Xj -,, ' - .• 

i? . 

:Ho/n ·· ;· · (~o/n) -157~ •. 4 

-~. • l 

' 
1~8:•7 .. 

·6 1~1··~·l'' . 
. - ~ . 

. 1' .. i?8•S 

< . 

',,. '". 

' 
•' .-

. ' . ' . 
' 

I· 

9~2 :"' 
'1' .1_J 1(;8 •. 4 . ... . 

'· . 

. 6'~5? ··.·. 1'2'·.' '171'~7. 
· ... 

. :1.:;; ·. . · ·1~ 1'57~•a .· · 
~- 'L•.,..'· \•,r ' ' ' • ' 1:,,.,·~.. • . •, ,1 '' '\,";-. .-, 1, .j 

<hO. -.. ", .. · .. ·--~4_~·.'···. l?1.4. 
~ , ~' • ' , ·) ' ~ ' 'i 'I' ' , , :' ' ,' , ' ', ' •I- '• ~' ' 

0}.,9 ... 15: 1?7 ~s 
0 

,· • I , ,· ,,.•,,.,. :· • I , ' , ,,·, 

' ·:t~2, '' ·., .: ~ 16 157:,!) "·· 

l.aA. .. . . 11' ' 15'7 •. 2' . '' . - . , ... ~-. ' -'. . ' ' ; ... ·.... ' ' 

ocb 
-.• :•1, •. ,1' 

'_ ... ·' 
... .--_··: ·. -.:.•·,• .· 

o •. 4 
. o .• o 
0~1 

a. in _lti,.o'c!!tla:ri~·$ p~:t~ ':t~ole ··'o.f ~a·sE>oUt:r·¢yelo~lk~ne·; di"'"' 
vide,'d· by.· ·oh,'G · lttnl)b~r. ·o:r ·ma:thyle:ne grou.p_s,.n-. Da:ta- from 
Rafe~onO:as .. 9 ,..,. .. :l2· · . · 

'b. Valu.~ p$r·nethylen$ _gt>o~ ;in n~alk~ 
,1, ' y·.' . ' " ' ' • ,- . ' 

.@oup.· is:· ·high •ln oyolqpi'"opane;: ·dl'op~·tq·:a;. m~imum in 
. ( ,, . ·' ' ...... ' . ' . . .. ' 

cyciol~xane .. (1~h:1ch has: about ti:te" ·same heat: of oombuetion. 
' t ' ·:· ,. 

~'X' methyl$!!$ @OlJP· as ·an Op$l't ... c:'ibtCin eo:mpotnttl/.t, z-ises to 
- ' ' , 1. / I ' '--• ,, ' . . 

~ ma.~:tttUm hl:. ·cyelononan~, ·and ~~ih.an· :dr'opp. agttin. "lio :J:.~Gach the 
• ~ ' • .. ' ' .• '" ' l ' ' ' ; ' • ' ,·, .1'' •• ' • -. ,. • ( '''.. • • ~- ( • ' ' : '' '~- • 

n..-a-lltt~· 'vall$ a1t about ¢Yi:;lot\ltr~de·oana-. 
' \• • • • •• '•· • l ,·· ' c:: . ,) j \ •• - ' ' ·:.' •• ". ' • • .)·: 

'· ' ' ,, 

+.f:• '~G'lQg;· m1d' ltt.C·~· ·nro1~Ji havG: ·cUt~nif·i~tt' r~.z-
\ 

.. 

I· 
I 

' 
I 

I 
I ' 
I 

I 
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(three and fout" membel"ed) • ·"common rings" (fi~JG~ s'i.x and 

se-ve11 'membered), flmedium r~s·~ ( ·eight to eleven membered) . . ' . -. . 
and '!large rings~ (12 melnbered and larger), torigina.lly· 

l2o:or;embered :f..jj,_gs were clasd.f~ed wi"tl} the medium rings. 

Hov:rev0r · Tab,le ;r. '!ndica·te s that their heat. o.f comblilstion 

per methy;!.el119 'group is qlos~n.• ·to "tha:c' of i;he larger ring8 ' 
' ' 

then to those of· ·the 8 ·to ll 11l~mbel"'f3d riT~..gs•, Other t'ecen·t 
• I . 

· Table •I £Jhows ·tht(~ ·sruhll 'and · ried.ium rings: tend to hnve· 

anomal9Usly·~ high he·o.-bs· o£ ;ctrmbustion- whoreaf:i large rings 
) .. 

'l .l ,. . ' . , . 

have 'hori,1altt heats d:f. coinl>ustion simi'l.:"ll." ·co :those of ·tha 
• ' ' ! ~ ' 

Among the. cor:.1.1'110n rings, 
' 

cyclohex~ne has '·tt '1 a'lorr.ltll~'1 hee:h of' cor:ibu::Jtion but ·th~\t of 

c;,rciopent~.ne· Oncf Of Cyclohe::d;::tne 'ir:: OO!n~\·rhat enhal~Cod. 

The higl~ he8:t q£ pOI:lbttstiort, o£ small· rings .is appro ... 

pri~tely ·accoi+nted for 't)y ··the. Bneyer strain ~lih~or~l· 14 Btte.y~r 
poi1~·tod out tlfa·t· ·~he bo11.d angles ~n small ring~ (6o0 in· 

oyct,opropane., . ..QI! -90° · ~n c;:t£~,~oou·tru1e and Ra. 108~, in. oyclo .... 

peni;;ane) deviate f'rom the· norrn~l. tEftrah~dre..l alf.gle of 10'}0 28'''. . -o.nd -f?hrrti' tht:rE;fore ·these rings are ErtJ:."ained. /-Be cause · 

l>trliane e.nd o~clqperitane rw.y be -.ml.igh·Gly mnttllerJ ... · Tl!.e 

strain (o:f"ccri called angle .r;;train .o:t:• naey$r t:r'cruin) is I 
I 

' ' 

I 
I 

. I 

- i 



-
cte:rined ~t; ;l-(109° 26' :_;.,.. ~1ma:l bond s.n.glo), ·th0 f.$.et.or of 

! be:l.ng. 1'ft.t7::;: . ilt b.aQnuae the strain !a. spread owir irno bond.s~ : 
... •• • • • • I' • 

!I.'ab1i:l •2 shoYis: tha angle: a"'G:l~~.., :for l"'ings of· fli.ff$t'"en'u aiz~s~~ ·! 

'' 

' I 

--~--~~--~-~~-~-· ~~~~--~~-~--~~----~~~--~~------
,\ 

•',. -.... ~ ._ '.; ~ 

lt.. · J.E) . s~en; ·t:~t de.@~a~~ni angle a·b::'·~n. in the OY,ClQ~ 
' : . } . ' ~ 

p~o:ptlt~a- -~ ~ycJ.obutsh~· .-.. Qyc:L6ptmita:r$· ser~e·s acequttts -fo:t'f 
0 . ~· 1 

' I I , .' ·, • ~ • '. ' ' • I I 

·· t1~ dec~Qntd.ng· h~ats of ~olil?tts!;ion shoWn in· tr.'ab:la.-J! •.. 
1 ' • 

0 '~ J •'. < ' 
0 

1

° ·, t,, ' ' ' 
0 

I' ' < 
1

0 

' 

0 

0 

~ ',: ' • I ' ' ~ '! 

HoWE)"'tal:-;,·.tlte· irt~ease- in atra:~t post-ulated' tor· ey~'loho~e· 
' '!"~· ' •. ~' -~. ··'·v.· ,' ''," ···.-, .\··. "' . ,· -"/ _·;:-1 . • , 

(assumed'. to b-G pl,~ :a;nd na".t-~:-l:te>nd t;J.ngJ.es(o:f 12.0°) is -
' ' 

0 
t ' ' ~ 0 • ' ' ' • J • ' ' 1 ' ' 1 • 1 ) , :· r • 

1

1
, ~ I, 

not .in e-g~i3~nt w.i~h _'the: ·agpec.iaJ.J.y low he~t of co~1oustion .. , 
I ~ , ' 0 • • • l •, 0 '·, _.· ~ , , r { .,; , l < • 0 , • 0 ', ' ',· ' 0 \ 

It !~r now kno:wn;t? ,_ 1~ tll..~t-· the ::rctt$1.$-n-_ ti1~oZ>y.. does: no·t apply' ~ 
• ' ~ ' ' • ' • ' '. J, • : • . ', ., ~ 

·to: :cii1gs Cif sb m~mh~rs and 4-ailger- l;)e-cause s~tch -,.:•ing~. 
' ' ! oi' I' '• • J 

~~. puck~a-t>e:a,. . . cyolohexn::;.,~~" '5,.11 .:f'a:e~t, ex5..s:b~ · in ·a- oora;plete~!t 

s~a--in•freo· chnir _i'trrm a;c' ·L:lv.idenoed· biy _its nnomial"- h~a1f 
'' 

t:t~d ring~ id clue not onw to ~ngle at~a!n but alsQ to . . -

-. ·'. 



as well as· to crowding of atoms across the rir\.gs-.. Lro:•ge 

rings again have 'Jno:rmal" heats of co:mbuntion~ as one might 

.-axpeot on: .the ass·iunption. that ·they be·gin to resemble open-

Agai11 this is · contrat•y to the strnL"'l 

·~heorv -which wq:ul.d · por;rtulate lat-ge negatl"ta ~1le · strnlna 

and.· presumably large he~:rr.n· of oombus~tlon p~r mothylene ~o'Uip . . 

0~ of the 

be:;:;"$d) o7er fu:i.'i'1J."'loss {:fi~;~ 'm:emberod) r:irr_gs· suggest.s t.hat 

. ·th~ form~~ f.l:r~ more stablo-. 

H ..OJf 
~. 

cuo HO H 

H Oll H o·r.r J.~ R QH. 
....;---

no H liD J:r HO li' 

H OH H Olf H OH 

H 0;- H OH H (\-. 

. CH20H CH
2
0H OH OH . 2. 

' . 

1 7. AUG l587 



'· 

. ' 

w.!,i.~ycl!¢' .cyst11ns!· ~he-.· q,ueot;on: m21.Y he .r.aa.sad. as to thE~· 

:$i':f~® of. !tttrortt'Unb'lg $l~ments ot 'Ui'lar.ltu:ratl:on,. hetat'o· a-t.omS"'· 
o • • •' T •' .·• • I ' j ' , 

or ¢rther -~uc~c;~. ·a:tema.nttt (:a~ch tts phe.n.vl ri1~gsl 5-nw 
; , : • •I • •' • ' ,' • ' ; • • ! ' • ' . ' • , • ' ' ' • • , ! ~ • 

· · -qh;a (1.ye!f•· · · tttlfor~tu1it:co ~" very if:ttle· thet'mo ehe1nic?tl. 
. _. . ~ ·. ' '; ~- ' . 

~o~11·1H:on ·on· thfr;. ZX)lwt ie a .. Jt?.ilablo. , ~I!he .. b~rJt. w~ ca11. · 
. . ' ::' ,' ' : . ,'_ . ' ,. . 

do,: itt 'to. tal\:~ s·boek of :so't:t~ ):iYstem~:;:. the.t. hrtVEJ l.)e~n .Q~1'11·~ha- . 
- . . ' ,- ' •• , . ' .. " . ;' ' f, •·• -.·.. •'f , •• ' ' . .~ • ' ' • - \ \ •· • • ' 

stzed:. and ~- :&Ml:."iefore st~'Ple enough to QXitJt·. Some <;>f 
:'···· • •• •• ··' • ••• f,'' ~·· ,.· .. -.~: • •. ·-, ·~ ·-. ~· •·.• . '•• • .• .'· .-. 

~1tf!t·sa · ~rs~ms · ro_ .. e ··d'bV:dous'lY qJ.~i te .t;rtirained. · · ':C:t1'· a· nrnnbez' 
,._;:··, • '• _, ••· ' .•• ,t 

,:Of. case a;,. th~ ~Jl!"the~lg ~-f.· ~ind.lr?J.?' .SYStet1s' :Qf still g?.:'eate!' 
.; • ' ,•· ...... ' .•• i. i• 

·~ttin .haS 'b,e~:::rl, a:t·t6tni>te.di wtthoirt'! S'L1ec$.as~ a!l.:d. thin :r.a.c-~ . 
,, \' 

··~' . 

wi!l be· nQte.cl• · The· ~tet'eJ?.Qe f?Jhould not be· drawn, however., .. 
,, .. 

. tl1.at .beeatt$S ti1~ P'i.J11thesi.a ·of: tt given ·a~r;ruer>1 h2a: bee_tt· }-ll1"" · 
' . ... :·.' 

'j I t 

.S\\Q.b~~sf'ul.: .in ;:t~ atri@le· .trtiiampt Qr eve11 in·· ~pe~ed: dtampta 
the sys~~·1el too ·atr~d ~· <;txia~~ . . . .. . . 

. In· pfg_·. ? aioe litriiecl f)011Q J-;·in:~. R~l~ms:· conte.in.il'lg 

ttn~frln:tpaiioh ;rii'li~l1: h~tve. 1:>6~n ~yattiesi~ed. ·. J.i.~: doub-l&'· bond-
, ' 

· m~y he ii1tl::ooducb~~ even in ·the ~~llest of:·xdngaf .... eyc_lopro . .:.. 

11_$M (Fig :S· ··~ I) a!td a. h1.1.rriber o:r.. i~tis ·der!:·'fat·3:va:a .. haY& b~ett · .. '17 . 
· ~thesi.z;a · d~'t.P.l~be ~he. trb~Piifi· the:t: would app~a.., ·~o: ·be· 

• J ,... ' 

~1v~d 'tutd tM ~stemls .evafi ·tound.· it.r: the· nat~ltll:r ~ . . .. <;) .. • . , . .s - i8 . .. -. ·.. . . ·. . . . . . . 
o:ceU<tfing_ ·•t~?1o-ulie a~:d.d,' . (fig; 5 .... II) • · The· s~os-cdly 

~ ' - - ' 't - ' ·,- ,, ..... - ' ' ' . 

e~e~·~ :lito~. $trained· .oyclop~cit1eno~ l~~ _. uee:n.· -~the$i~a in ·. 

thi· :fot'm ,~t··.;tv~·-di:Ph~nY"l.. e.rtc1 d1:-l!~pt'op~1- de;:i"tfarbi~e:~~~ 
' • • ' • • • • • •• ., ._ ••• ' ~, ' ' '. < • • • 

~ ' .. 

I . 

~ .. 

I 
. ! 
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(Fig, .? .... · III)J. the aystem. a).)pears to he S.p~eoiablU 

::rtah,!lized: l;)y lta""ling. ·aromatic eharac:t~r. The smaile.st. 
·. · · ··. . ~ ·. ·.. ., · . · · : 20a .• h . 

known· oycl:~c. ctiens, cyclobutadi~ne.-. (JJ.ig·.s • _.IV) · has 

. he~n·· 1s<>late·a ~s: ~~- .aUve~ ni~~~ta .CP~112lax2i~ ;·tltt.\ ir~e .. . '.• ..... 

. h~<>e~b:Qn·.ha~.r~:very ;f.'l.a-etil1{;. s:t~hi:U..ty av. best. Tll~ 

niCkel. ch~~-~~ compl~~; ·o:e:· :te~am~thylc;relobuta.di~na, i~ · · 
, ''4 1

' ' ' • I' '·'••·, 1• I " ' 1 • \ • ; ' 

also ·k:t"'..oVftiil .. 22 . · .cons4.dera1l~·.~et:rter ~ability is encountered 
' ..... \, t • • • • ,. ' . ~- ' ". : ' • ._ • • " ., .,, ... 

:tn-· c:ycl.op~ll.~ie:ne (F,.i,.g~? --~· V.} :e;it:titragh this- Izy-drocarbon-
•• _.;_' '.J ,•" ', '.··.-~·-.··).; ·-,.·.~-~ ,~:.r :_J_ .··,··<' ,.,, . ~ .. _ ,'. ' 

d'imeri~s·· ()}l: sta:ndipg~ .. ·. Bpt<h .l,::;- and lr4•oy.elohexadi~nes · 
· .•. ,·; - · ,,· ,,,.'·r~·<·~-····•\·."·-..:·- :: .. •,J.\j••'r~--~' ··'.: ~ ·-.. ~ :t~. •'·.··.-·'-t;·~--{,, 1 · 

ere kl'wVin.t. b/U.t'. lt 2~i~l10 (aJ:lf'.lniC) . system wa·s . .first claimed 
.. · .·- · .. ~:·'· ,_. ':.;r·;~:-·-··,:~·r··.-~,;'·.~~ .. -.·/··:,.~·-. ''23'' ~-,· .. ., ~-' . 
in 1,2~.ey~lohf3ptad~ene (11ig_,?· - V1l. Th~. :SJ1lalle~tti. eyclic 

~ty1en~:· ~~ot:J¢·· .. ·s~~l~~;5.~,--i~~· ·;~en ~~:~J~~aa24 '. is cyclooctyne, 
"~· :· ..... ;,. •'.· • ,"',-}'C;~{''·, ~ ~ ·."'~.·.)·,~ .. "-•.·,.~·-.,, ··,· •• '·. ·'i \i,' 

(:i?!g 5 ..- VII) •.. · £ eyelolwJ~ has·:· been claimed ·as· a> re-
- ._ ... '',·j··\·-·"" .;~: ... ~-- ·, _-:,:~--·-.;· ... :'·:~--~- .·,·.' _·.,.· '·' ··-'-~·-· ·~ 

~ct!on. int.el"1'l'le.diatea F.'~.soaxQ:ig_lia and J.D. Robel."'ts, 
1 ..,•, ., , 

1 
• , , • , ' "' : • l >i -/1 •,._,' 

. Tetrllhedron~J,J 343 (1957) .J A.l2.o.memb:or.a'd: cyclic dj;yne . . ' .. , ...... 25.· . ·········.·· .. ·• .... ,·.' .. ' '· . . ... ·· . . . 26. 
(Pig~? "'! VIII) , and a :l.4-lne~ube2;ed cy~ic;. tetJ.-..~o (:Pig ?~rxr 
~. . ' ''' ' ; . . : -· . -- . ' .. -

.. 
' ' 

or ll.epta-1,·6.-'diy".ae·,. 
-- :I:;• . r . 

HO:: c{cH2):;- c= mr · .i·~· 
' , ! ' 

~ ' . 

The next lo~r no!!ld~QgUe • hexa.o.l~? -dl;tfrta, . HC:!CCH2CH2C:: ClH; , 
' . . . . r . . ~ ., . , ' 

·wottl.d no.t yieM ~he cyol.i~ dimot-26 'tiit~t· 'did giite cycll·c trimel"'s . ·.· . ~ ,· . '. - - . . ' . ' . . - . ' ' ' . . . "7 
(Fig.•?• X),,,. t~.rtralllG:~s .~d penta:raet"s. c: · Tl"&a:'wnent · o~ tho 

' ) • L ~ : • ' , .. , ~ ·'· ·, .. ·,-_ •• , , ! ' , ',. • 

·oy~ll h$~(Pig_ 5 "!"': x)' ·w~th baoe eQ11var~sed it ·co ·chr:: 
. .., ., '{' ·t: . • . ·' > • • • ' ,·· ,, • ' 

fullY conjugated maciz-oeyoJ.e' X! which.il1- turn, upon· mild 
' . . . ~ 

ca:t~lc, h,ydr.og~na·tion· gav;e the ccim,piete~;y ponjuga-~d · cyolic. 

polyo1ef'S~; cyclooct~~c~il~f¥~ ,(~~ig 5-xi, . d~~1b~ ih~tiead 
. , .. · " B·. .. . , . ·., . . . 

of tripie llQ.nds), 2 a-: :co_mpo'und of cqnsidarahla W-ter¢st 

i . 

! 



28a 
because ·of its posz:tb#! aromf.r~ic ch~acte!!ii 

. • : ,1. 

'Table · ·?t .......... .._.........:t 
. a. . ·. ·. ·· . 

. _Heats of.ltydt'Ogenation ··and Relative. 's~~abilit.i~.u3b 
.-o.da: nnd:. tranrJ cyclool~f'ins· 

Ring size lr(:rnt df, hydrogen~·tio:n · 

8 

9 

lO 

u .. 
l2· 

. ' .;. •, 

·-20'tifff 

-· 

a. In acetio· ~.cid Ref· 30 

h. il~om Ref: 31 

~21.24 

';26.49 

. .::.24~.01 

.... 
.,. 

' 

•" 

1P Kcalf Fo 
'·mp:te ' 

>. 

-~9.26' 

' ... 2}.87 
., 
~~-~4 

•-:. 
' 

ct~·12c 
-.. ·. 

·C ' .·.-0.41 
' " 

...... 

~ 

Kori!/ 
mo·la 

... 
.J.~.:~o4 

-l •• 86 

o.67 

0.49 

c:. P.!?o_m tompe:t•.ature dependence of e~tt~iib:td.tun constantsJ. .f.t'om 
Ref: ::>1:• · · .. · ., 

~eate~ thel:"Itlochem!eta stab:iiity o'i'' tlie e!s .... eyc:tpo·lett•·.tns as 
' . ' 

cQmp:ared~ with .. tlie tr.atls,..~som~~s·· f9~ 8•• 9•,, 'ttntr' 1.0-~nib.~l~c! 

cycle:St -the di!:fereneo being by £nr- th~ · tteeat~st .tor tl~ eight 

' 
I 
r 

' i 
' 

I .. 
I 
I, 

I 
I ' 



.rrr~ml>erod r_.i.n.d'~ In: ·the- n- ~.nd 12 ... membere:ci. ri:t~~ •. there· !s 

· ii·t;tl~ difference i..'I'J:· $:rrtl~lpy b~e·tvteen dis -~n'l.cl ·tra:r1s ·isomers. 51' 

~a-a~ ~11ergy_ eJ.~o £a:VoUl"t. the c1s~isome:i? in ¢SC1¢r.tol'i.e)'!.a and 

eyclodee~ne • b.u:~ thete is- a ailgl\t . }.)11G;Ctor.ainance o·t· thO·· 'tra;ns­

is~n~:c at eq~ti.li'b:c.lum for '~;elounda.cene · and cy4odode~ne', :.;l 

In Fie~~ 6- ·are· shbvm · rJcn!te· cyclic ··systents · oont~tining_ .... 
I 

; . 

b~rtzene rineo• 

ey¢lo~J."opane i~r not known· htrli be~cy~l.obtttene· (Fj.g"-6 (l)) 

. ~s-. be~n a~the·sis~c1t~''2 . . . -. 

The hig11er hotnt;';f;ogttes (Jt-srdrindene·; tat~alin etc) ~e 
:.. ·, 

weU· :k110'\1n~· _ Att~mp·ts· to. ob;ttt1n benzocyclohuthdie-ne (Pig,6-I!) 
. " I • , • 

re:suJd;~ct 'in -t!1e fo:r'mrtti~n- of tl1e oorrespo~d,ing d.ime~2-~ _and the 
• l 0' . 

lowe·at· member bf th~ ·cyelot:rlitrtt'tierte ie ·e~!lJ..·ind~ne· .(Flt,{6•III) 
' ' '' . .\ ' . '. ' . :s - . ~ •. ' ' 

' \ ~ . . . .. 
. ·tt-lthot1.g1t_ clibenzocyclob1.ttad.5.ene .·{bipheeyio-na·, l: .. ig~o·6-IV), is . 

' ".... \ • '• I ' '1 \, . 

. · -kirown;, ;)~. Brldgh!~ o:r ar ben~~m,~' :r'~ltg af'.xtO£~: ~he· _ .. m~~1osi·t1ons 
· · ·t·a]c~s :tt: considarabl;V lotl£.(er e·he.in, ' A m~ta bi'"'id~d t"esoro!no];. 

·(F~•V.-) ~a~· bee~· ob:tained34 w~th. seven_ md~lW'le~~ @:'O~l)_b- in· the 
--· ' ' - • • • • ' • • • • ~ ' 1- • • • . : . . 

brid:~·; tnine .tn~mb:ars i.n the. b~ . .ic~' a:J;tog~tht:lr) 1 · ·the lOYt.er· 
....... ·-

1 • ' 

ilomol~gue with an eight mmmbored bridg€!· could ttot be synthe.siz_ed!. 
-, • .. '1'·· ',, 

'How'~"/Qt' in· ·conrJ.)ounds {:Fig. 6!""'\/I· & VI:l:). the .. 1nata:~positiol1S'' were' . ' '. ; . "');·--:· . .·. · ..... '-· ,· :- . -' ,., ·' ., . ''- . .. ., '' 'flj-;,7 
brldeo~d by siX-. l1.nd :fi:ive~m:embal."ed chtidns., re$pe:etivel.y. · 

. ,.,., . . . ' ' ~ ~ ' ' ' 

The· ay:nrthesif}:-: of· compomtd (Pig6~vrr) ·and;· o'thers'· in the serie·s 
. . . . ~· \ . ' . . . . ·,' ' ~ . ~ 

-

.showed.· aome .-p~.rtict~lzt izr~e:!:'emting .~I:!~~U:es; .. the ro":\te' is 
' ~ • •• • ' • • ' • • " • • • • 1 • • • 

indic~tad in Ffg.-7. For n //1~- spec'-~0:?-C,OPiC e'7:1denco !nd.icated' 
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+ 

'· :· . 

L 

.·, 
' ' 

tlte.t -the anion ob~taL""led in· th<J COlt<1ensatiotl .\~a the u:...nitro• 
• ' ' . , ·, ' I , / '• 4' • • • ~ • ~\01 

phenolate iozl (Fig 7.;..I/ ; :v;i th n. =· 6,, bo\~fr~er.1 the · :non~aromn.tic. 

at~o:mat ic. wstam wa:s not i'orn~ct even upon acidities. tiort, 

:P~a:r.ru.r~al:tly heettttse of taxo~ss; strain,. the product had the 

EiPEH~'hral :prop~i"'t!es of' a, di~npne (F!g.--.7 ..... !!!), 
. ,, 

sJt:qvm in F!g. 6 (XII • XIV) ttre ot.· mjerest ll(J~eaU.tJe the length 

of ~h.e br!dge i.~quiret3.· to sp~n the rings depends on, the 11airure 
· . · -- · · ·. . 4o 

o:ll' ·~he internuele·e.$' a:to:m. or · groU:lh · When, X= me-thyl.Qne (XII) , 

. tt· h~ptruneth'Ylel"..e . bridge can 'be accomm6r!ated.t . tor- X=- Still..phur 
'•' ,. 

"'' J,' 

""' 



. -23-

(XIII), the oc·t;amethylene-bridged compound was obtained ( S~i11~ 

thesis· of the hep·~amethylene-bridged compot1nd Yras not attempted 

but that· of the hexamethylen-bridc;ed compound ·failed};; bttt 

when X:::oxygen; the_ syH.thesis. of the octame-thylene-bridg~d 

. comppund failed and only a; decamethylene .. bridge cou.'ld be 

accomr1odated.. With the .oulphone (XV, X-::. so 2 ) a: bridge of as 

fe\7 as five .nethylene groups co1.1!ld be constructed~ 41 
This· 

. . 42 
v::r.r iat ion 0 f t1~ ease of bridging has been ascribed to the 

di~f$ren~es in· bond angles:: at methylene· and sulp'fi.ur (110° toll2°) 
' 

oxygen ( 129°) and sulp_hone ( 90°) • However, ·!;he assigned C-0-C 

angle .in the ether appears to be unreasonabl~t large and the 

c-s-s angle in the sulphone unreason~b1y small;. (vall1es 

of 120° and 100° appear 'more' lilcely; of.· L.E. Sutton, ed., 

"Tables of· Ihtei"'atomic Distances and co:nfic;1.1ration in· ~·Iole.cules . 
and· Ions,'' The Chemica-l .. Society, London, l958), i..!..; would. aJ_)l)ear . 
tha:~: causes other tha11! c1if'ferences in bond anc;les-·. must be·, 

PJ.Jrtl.y responsib-le for the qbs0rved .. ,az.iations-. Among such 

cause~s' may be· ment.ionec1 differences in bendiri.g ... force constants· 

· inclttd'L""lg stiffening o~ the c~x bond by o·verlap of' the 'p' -electrons 

of X with the ~pti electrons of the- aromatic s·ystem •. 

A number .of carb.ooyc1ic eompm .. tnds conta-ining: two p_ara:­

briQ:gec1 benzene rL"<lgs, ca-lled parucyclop_hanes (Fig. 6 :- XV:t) 

have·· been synthesized hy -D~J .,Cram and co-worke.r.s. , T-he sma:lleat 
. 47 . 44 

memher..s· or tho sel"'ies·· have :J in= n = 2 and m7l,· n-=7. The· 

I 
I-



~J:er: members present: quite·~ aham.olous spe.¢tra~ properties 

sugg~sting ~trong interactions. of the b.en~one rings with sach 

other ;Csa· called· "transtt..rtnul~ interactions•" b.ecattse. they 

()Ce;tlr across the r!!lgs}.· Xfi·· the smalJ.eSi;: ring (m-=.fl= 2) it 

·~ been denlollt~trateu by x~ay dii'frnctionstudles4? that ~: 
' 

hat!ZenEi· rings ~a a:in~:t."e.elabl~r distorted from their no~l. 
• ' I ' \, . :i, ~ " ' ~ • ,. ·' 

plan$'~ qhall$~f. oth~r ~rr.bei'-s .of: this-· family !of eompo'Unds 
. ', . . .·. . . .• . . .~. . •. . ~ ' . ' ; '' . . . . 46 

are tn~' €1crub;J.y -unsttturated ~f);'¢yo!Qpnaf!~$ (F,ig6 - XVII) 
. . .·:· ' ' ' .·. <-·.···.· •. ··47···.•.. ' .. 

the mata~oi .. idged ane:lorttt:e of· XVI <m.= n.-=- 2), 'ana· pazoaoyclo• . . .. • ... 48 . '· .. '·. ·. . 
phatm~ Qonttd.rrii·i& tl.lt"ee47 end fot.!t" · aromat.io rings. ~ ' ' . '· .. · . .. . 40 

· , Attempts· to· J.J~epa:re eonpott.nd' XV!.I! (l?ig. 6) ha~~e ftriiedi 
0 

. -~ ' . ' 

'In·· dOn'ipar~ Qtyge~ co~t:ilnmg 'cy¢_les vii ill'} c8rb9CYClic 
'.:) \ . 

oomp~unda (ef•g•. v with V!!i V!~:C with IXl t'.nd~ XVIt.. ro.= lt 

lt-::. 7t \~ith 'x:t!) j it riupearF;t" that the.' S!!ltd1~st· kl1.0\Vtt carb~--
1 ·; ' • .. ~ • .:;.t -. ~ ;. . -

th~ above mentionecl Vat'iat!on- itt bo:hc.t· ailgles', nol\d bond.in€;. 
. ; ' \ ' . . 

~ . 

fo-rce· constants etc~-
' ~. ~ . . 

' .. ~ 

that, ·ror a- g!.;1en ring· si!te;: alkyl stiPSti.tUel'!ts .favow tho-. ' . .., 

~~.·· iorm_ -~··an ~qtli:t.!Q:t:itun. i~vo,l.V'ing .. ~~~ ~pEni!ng and· o+osing . 

<>f. ·fJ;. t"ing, gue11 as the a:c:ruili'tirittm b.e~ean. a clioarhoxyl.ic acid 

ru:ld: . .i~t~· co~"t':O.itiportding r;yclie anhyd.rid~, p:Ltts- .Vtt;t·te.r (P!g~ )'~ 
' -. : . . . 
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DICARHOXYL,IC ACID - CYCLIC ANHYDRIDE EQUILIBRIA! 
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Thus tetramethylsuocinic anhydride (Fig •. 8 ,. I) ia :f'ormer.l 
:1 • ' \ 

by hYdrolYsis'· of este~s .of the acid with ,llyctr.obr-omic .ltc!d., b& 

heating the' a-oid· viith· coneantr:e:tad: a;q~teou~ hyv~oohloric acid . , 
. ' . . ·.. ?l' . 

in"<:g;.) seated tW;:Je5° at· 200~ and even by _steam-distillil'lg the> acidt :.;,..· 
'' . 

dime.~thylhomophthalic anhyctt-ide (II) J.s Qbtain~d b.y the hydro.-

;Lysis of ·c11e· imide hu:aqueous, liydrochl.~ric a~l~lt.52 and 

· o<.fx. ~/ 0<! ·-t~'L-ramethir~ad.ip!-~ ·~1/ .. dride . (Fi€i $~· I:ti·,. seven~ 
' ·:, . . . '· . . ' . '4.; • 

membe:tt:ed r.J.nil) ia· .no;~: affeotect by hot: wa~r· ot aqw~ous 

sodi.t\t.U ·Qarbol~.te_.?:J .. ,r;,the~or~-, tl~ ·~iaillcyL~leic aci~s 
exis·t ~ruy. $.n thQ~: fo;~ of ·thelr . .anhy~ides- ... (Fi~· 8- rv, R.: me:thyl. 

' . ... . .. 
o·thyl:; .or phe:nyl) wlii~l~ are :t~;~ed·, spontane-ou~iY. .upon acidi• 

. . '' . ' . ' ' ' . . h4 
. :t'icat'ion o:ft aqU8oua·- solutions bf .the ~ts· o.f the acids.,-') 

I . 

/! In ail the cases ·aoo unsub.sti tuted homolow,~Er (hydrogen ila• 
"l; • c , , ' • , :~ ·: ,.11 • • '. I t • 

stqad ·o:r sJ.kY.lyf have ·il. :much t~nJ.aller tendent?Y to foro rl:ngj/ 
' • ' I, '· ' • ''. ', • c ; ., ' ' ' ' ' 

< ,. 

' ' ' 

By way .of -~x_plan01tion of, )thsse ·obser"'Jt:r'v'i<)na* Ingold. 

. an~· !Chorpe??: · ~ga.s·cad· long ~o· th~t •the·· di~cd.n~t'oion. of the 

inte;cnh.l. ·angJ;.e in-. a" sDiall :l:'ing (e •. g. ,, 6'0 ° '.3 ... ~ cyclopl'opro'le) . . . . ·. . -; 

I 

'Th:is·- i11 

'. 

to qne and the sa..Tfia carbon (FIG~ 9), thus favoU):'iil.g the ring · 
- ~ 

"~' 0 ~ ,.. . I 09. 2S 
. . ll I 

~ ( JB':) 28. 

'.·/ .· ·i 

Fig. 9. suggestad b:ond a~les in gem.-dime_ thy~~ 
sub:stitutec1 cy.cloal.Jtanas {Thorpe a"'ld ~ld) '· 

_, 
l 



form· over the ope:n•ol~in, :form.·· This ax-planation is probably 

. . t ~ .. ll """'"" ; 56•57 . . .i . cor.c:ec ;l.or sma_ r.~ ... ugs.... In- common r ngs· wi tl1 their 

normal or nearly normal hond. angles the . theory tails. ho.weve~ ,. 

to· eXJ}lain the enhan·ced ril,g. $tahilitYe:: Ev,idt;)nce again-sit 

bond: angle spreading is_ a.l~o found in. the' formation of· 

maorocyolic rings from g~2~b-is(p.:..hydroxyphenyl;.)propani! The 

phenolic gr.oup:s In· this ·dompound could be aparuied \7itl1 a 

deoamethylene or octamethylene ·bridge . (Fig ... l.O) With rto 

Clot~ 

I 
..J--- c ----1 

\ 

'YI. =-6 c:ould not be 
made 

Cf:.\3 

-------4C H,)'Yl 

Fig •. 1;0 Maoroeyole vrith ~rn-dim.e:tfuyl 
groups: 

greater .ea;ae tharr tho sa·· in- the parent. c~mpound lw.vl.ng hydrogen~ 

atoms instead or· methyl. gToups { F,ig, 6, XII) J attempts. to 

spa:tl them wi·th a hexa~thylene bridge £a·iled, aa they· bact. -with 

the unmethylated compound·~ · .. It was attgu!ild. that., if spreading - \ 

o:r· the methyl groups was de ~ira.b1e and was fa:"lottred by a:. (I.e crease 

itt the pheny:t..CR2-phenyl bond tingle, ti1e· system Shovtn; in· 

Fig-l(l": mlght have been spanned v1ith a sma-ller bridge than its 

unmethylmt-:Ged homologue'~ 

-~ . ' .· . 

be· app~ioable at least in the case· of s"ix mem1,1ered ·:ririga has 

' -, 

,.,. 



~ ly ~ . 'd59 • . t f """he .I.} 1: • . d tr 'i~ recent b~en prop.paa. · m e~s o " enu 1a; ;g·a.es an en op :y·s 
( 

to open-chtdm·: vs ring ColllRoundt:f,. AnalYsis~- of a· number of 
. ' ' 

spe·cific oases of sttbsti tutad h~xanes on· one hand. and suh-. .. . 
' sti ~uted· cyclohaxartes on· the other hand discloses that there 

. . 
are :rower e~t-ra gauche·· interactions to the alkyl. substi tuents· 

inr: the cycles tltan' th~re are· .ln· th~ open ohaifia. This nies.ns 
•. 

·~hat·, ·conwared wi·th an· tmsubsti tuted ehail11j the substituted. 

chain hafJ a- more fav.ourab:le enthalpy oi' ring Qlos~e- There 

is, in add-ition,, an en:tropy ei'f$ct due to branching based on 

the faet that branching. reduoo~s the _rota-tiona-l. entropy of 

open-chain compounds, but cannot, of course;_ reduce the entropy 

of the ring compound "/ery much,. because" the ring compound has· 

little . freedom of internal. rotation to begin· with. 49a Thus- the· 

entropy £ttctor·- also ra:vou.:.""s ring. olostn."e· for the mol. .. e:· branched 

comp_o~nd.a,. Since branching __ both reduces· the .enthalpy and 

ino~easa s the e11tropy or ring clos'ltre al1d "thus lends ·to an 

. eqJrl.libriur:l mor¢ favour.ab;.le· to the ring st".cuci.rur·e. The 

er:reot ha--s been-_ ecl.culated .:tor a number o:r m.sthyl-suh'Stituted 
. so . ' 

c;vclohexanes " ancl ~eem.en·t vti·th e1cparimen-'lf};i-l. t.herra.odynmnie . . -

dat~ is remarJ.tahly good, 

It is· apparent from the heats of combustion per 

methylene i.7J. d'i:f'f'erent cyclo$;lka.ne s that compounds . with medit1m· · 

.sized rings (8 .... 11 membel:'ed) a+"e not Simply int~rmediate . 

. bei."tteen common· and- l$l:'&"Elr r~Y-t~zr ~ tifd''!Wlfff i1$i'2l' ~ 

I 

I 
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While colilrl6h and large rings gencraJ .. ly cl:t:li'fer ~it·tJ.e. 

Medi:ur:i. t·~ .. lg,s ~e oh~ac·iieriaatt ·oy a. high anergy content ·~Fig. l;J.). 

l;;ig 11 cl9ai"ly· shows thaiJ 8. to ll membered cycloUltanes ha-ve 

. . 
•• ~~;.ootp"~;~~~ • /"~:~ .. ... -~ ........... ~- . . r_,._.J~\ .· o( ... ~ • .. ··'""'· ·-l· t . .co t " d ... ,.. . . ..,. ~".tr'A; , ~~r;k•::;:J'C'l' ~ b ";x; aa!,~J 1i<.~-'~· ro. a P va. Ul). o.~. s .aggat a · tct.I~~ 

f'trcttor ~ ~rl)Onsl.hl$ foz; the inoraa.aed $7'~~ con:cent of $V.ch 

r·1.JnGs i:J ~tb,. il.J.'t~~.ll:'9leo1.ii.ol:· · ~ver·~:rowQ.iJ::-tt'St as the, r.e.sn.tlt. ·of1 

which the non-htrnded u-coms are forced to arrange themselves 

This type o:f' trtra·in has been called the Prelog strain. 
t· 

Tha s·c~ain p~it' one m.e~thylene· group is 5 .o _l~J/mole in cyclo• 
• . . .. ' .l . 

:'>:~ftr£~ .• 5.9 kJ/rriol~ in cyclQno:na.ne, 5 .o kJ/mole in oycJ.o• 
N 

decar«'i tmd 4:~:2 kJfmole in cyolounc1aQane·, lh cyclododecane 

"Gh$ s~a-in· is only l,:; ltJ/mole per methylen~ group, Which 

clearlY' indicate~ ·tha:li ·this ring doe~. nqt belong to ·the 

categ-ory of mediw.n sized rings' i·~ is the Jti.rst represen·catiV«:) 

A ra-the.r.~ large body of de;·ta: has 

I 
I 

:( 
I 
I 

I· 
I 
I 
I 
I 
I 
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The mo-st proba'h·l.e- ¢ol'lforma.tion for cyclooctane v;aa 
' ' 

belie.,ied at one time tq be t'P..,e extended ~roW:n (12);, more 
- ' 

recent work. ha·a shown- ~ahat there- exists the boat-chair form 

(13) in the s~rie-s of crystal';LinrJ deri"Jati.,J'EH3 o~/ CiTClooctarte. 

(12) 

f:eattlt':e.s of tJYclodec~e-~ which_ is a ~ypi¢~ r~pre~entati~le 

o:r :mectium rings, In conrtrtterb to oye1.ohex~ne.., ~11. the carbon 

~~oms of· which ore ~qui·wxlentt. in cyc:todaoarie three· dif'fer$nt 
, I , I 

tUJ)~s- of carJ:mn· r.rto~s may be d."ii'fer~ntio:~ad• Th~ hydrogen 

atoms in cyclod.ecane ri'.ay occupy six rl:"t..ff'e:r.ent positions 

{itistea:d· of tw~ pos:I:bio~'l5 1- a:a:~-~i r:t:n•~ eqttrd;o!•ittl;,) i:n cy~cloh~xane~, _ 

,. 
I 
I 
I 

' I 
I 

.I 

i· 
I 
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Conformations of cyclononane 
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one of the- iP.lJ!bJ?t~:.n:~ dist:lncti'Ve. f*'eo.tures oi' !n.editun 

sizad :rings· is ·the posa:1b1lity of th-e'fexiatence.· o:r con.i:ormations· 

in whieh so~ . ;~- the bonds of O~b-o~- ~toms we dil;eetad. i~to 
t •- . r· .; 'V\ ~"~' nl;l .. -· ...... -b. 

honda· op substitt\Eintst ·che bond.s (nnd substituen:ts) .arr~"'lged 

outside the 1•ing/are called e:;ctra•mmular oz- perj.lJhe~al 'Po.hcJ.a 
, . . I . 

Qycloclecane in .. its· r.tost fayotu7ed OQ1l- ·. 

· 1\~o:u) this ·1 t £ol~ws _ tlurt · the · c~ €:rOUP a in ~yciodecanE) 
. ' 

are stttireoc~hem.i~., t.LOl1 ... aciuivalettt; among them are such grottps 
1· • . 

' \ ' . 

itt- vthi.oh bo-tlJ, ~he hy~ogetw:liorn.s are peripheral (type II~Pig 15) ~ 

there ·are a-leo· snch s-roupu.- J.n· whic:h ·one, aton !~-peripheral. · 
' ' . ~ 

~d· th~ · o·t;har 5.s i~'rbra~iUlnr (~ypas J: ·and I!I) • The, l:ast two 

. tY,PeS dif.:rer fj."'l11 ·each oth~l .. hi: ;~ha·i; .!i..h one case the 'peripheral 

hydt'og~n is aquP..toria1. -{t1t'PO I) ~'ld iil the other it is ax.iSJ. 
(type II!)''• 

~· t 

layers_ (th¢ " .. lppor s:n.d. th.e l.t:JWO~") -:.::;rh1t~h fol.~~~ ·11w6 eur:-o;t:"i'l.tJ:Jo.eE.;.d 

triangl~s _(Fig !?"'"' iihe. r~dl"Oe;ei1. s:come: belc-ngiqg to' the sru;ue. 

l?,..l,rer are coU&~-c·tect by dt:l8M~1 ~l.tnes). .. It is tht) 
~ . y 

hJJ'"G.r,og~en l\'t~Or.lS '\;;hi!t ct·n~:vh\:! ilr~~·a.TU.ole.culro.." .OVOt"C~"~.JWd:iJlB; vft.~i.Ch 

~£r: re~epcn~;lb.l:t: :t'oi• the il1crE1ased elf'W' of .the wclodeo~a·' 

rt1QJ.eott1e. 

.I 

I 



... 

I 
[· 

Fig - 12. 
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The d:iatt:m.co s be.twocn _!ntr~.m;..Uul.ar lzydr.o~ens o£ tho 

same ~er, an :cletarmined trom the _model•· ar:e eqw;rl .to 
0 ' ' ' Q 

1.84 A (the $um o:f.' tr.& ~an der Wa.als· radii being ·2.4 AY• 

~he.- e~rime11tO:l X•raY d:U'fra.ction dcte:r."'mi1w:·t~on oi: thesa 

. d.i;:;t:;z.ccoc in o: c:r.ysi~l _o:t ;tran~ c~~clodec~"te~l.,6'!"cliol. ga:'YQ· the 

values l.9l ru.1d. 1.:9s. X tor the :~wo ooni'orrnations existil::lg in 
erys·t~~:64 (ii~; · 16) - -

Siibot·ituents ln:~ee~ tha11 lJYdrogen ?toms onnrrot 
- ' 

generell;r occtriJ~". in~!?J:Umular Jt-Q.s1:cions. _. OlJ: ;n.q:noen.ib.sti~tution 
- ' ' 

tl1erq cxo rJe"J'Eil;t coru~o~r:10.rs ::t.X>stnl.b2e.4·. tltr,:•ee· tlnatttiomerio :oairs 
. .. . . . ' .. ~ . . ' . . . . . -

(rnihstituc~;ft$ in 'pos;1:tiolitl · J:la't,: IIe, .p:I} and Ol'l~ ach.irai. -

oo1l£or!:l()1.~ (s'Ubs.~\iitu~nt. 1.~ position I)~- . (J?ig l?) 

' 
s : .. 

;Po~ ~biJ't l,6~c'tiatibst1tut~d d~J:.~lvati'9'~a there· .(lxist~ 

Q~. Ql"le .Pa.i:t;t o£: cmru1·1:iioma~~~ oo~1~ormers.;: for· v.rang 

l,,,;6~iS'ltbfrbltl.tte.d oompquncla ·~here mtri exiErfi four, achirtt~ 
' ' 

'_ ·:oo~o~~l;'s;; it is b~;:U.oved that two of thtls_e c:Ont'or~rs give 
·- . ' . 

-~i~., to ;w,o .erustal.l~e fo)nns. observed: fo~ ~na l.t 6 ... diamino-. . . . . ' . ' 

pt.m- <il ~ . 
- ... ;:,. . .SO.P• 

. ' 

! ' 

- i 

' 

I 
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Fig- 16 

The structural paraTIE ters of· trans cyelodecane-1, 6-diol 

according to X-ray diffracrtion data= (the bond lengths are 

given in ~) 

J 

. 
j 

., 



-- l 

Tll~ same- contomnat'i.;on, with nl~ ·the substituen-tfJ baing peri• 

pher~. may ~~lst to:c 1,.1,3.,, ... qr l.'t1,6-,5~te~ilill.ti~~lt~h:E)d_ 
eyol.Qdi~¢~Q·S~~ .· If the· au'bstltuen·tG. ~$ ioa~tec{-·in' ~~- ·.-. --

1·,1,.2,2•· 6,~ ·J_~·l:~~$·- ·poaitiQtlS then' one Of th~nl ShotU\;l ~"t'e 
b:een il~rtr~nu~· -for tho ttsunl- contormat!on. o:f the eycio-~ 
d~cane ·ring·~ ' since t~iis wo\tld _lead to ~ -~011siclertthle: 
;nct"ea~~ Q~ th~ en¢f~lt![, of ~ mol~Qtile. t~ 'cy¢lodeleane· ~!rtg 

I 

· adcmts · a~ <LU.:rere'l$ donf'ormation, which 'is ob;ser":l.ed·- to~ 
' • • • ' ' I ' ' ' ' ~ ' ' 

~xmnple,_; in the etta~ of' 1,1'.5·,?,•rte·~a~thylcyelodaeana• 
' .. '. 66 - . ' ' ' 

caJ."'bQxylie: acid~ · 

~ ~ 

fore t.t'igo1~1 .carbon aiipnis . (the oer'bQ.l'lYl grcn.!lh the. ~}tQOY'tl.lQ 
- . 

' . . 
ctouble bona,_ ·e'ha C$JJlJ·oni'll!;'l ion) or hat~ro atom.o (nitrogel'lt· 

Olcygen) ooeurJY a po~.d.tion of t:.Jl.Je !II in tt lC)•m.e.nberGd r:tng. · 

I 

i 
' 

I 
I 

I 



·t'. 

,I 
.... >;-.: 

..t 
I • •=-

- . m . . 
This results· · in· t:t da·crease o_f ·the d:i$ta.nee b$':tween the 

trto. c~~bon a.toms_ oi ~~- ~rr. (or._. reS};Jec;tivelYt be~~we.e:n the 
. . . 

·~bon· ~ton~ and ·.the · h~t~?l:oo:to~1.) which ~ on the op:Q.O-ai·te· $ides 

o:i! ~t:tw·.ril~ Ti:n-·.ppai·~ions l ~d 5 >·· :t>~or .oyclodeca.pe i·~se·ti' 

the· c9~resp_o~liig clia'tnnce· i~·· :.;,_29 -i~ to~. o;elQde~ano~: the .. 

on· -co· distan9~- :!~· ;s!;o4 .... :;.l$ X. e.;nd. fozo-l~o:racyclod~Qan-5-otte 
-· ·tne o · .,.. co·· ·cU.~ta..~9e ·,io 2~ St; i:. 

. . ' 

rings is -':lhi.il .matlifosi~t,~ion; of tl."at"'lSEm;"'tula!:' af:f~.cts: {a;l.so kno\'m~ 

~a trans~Ull.tiEu."' · intera:otiona ·o~ :¢:;:d.nuty ai'f'iects) .atui the· 
- ~ ' ,' < 

ooQUre®~. · i;if: -~m'laalld~"""· ~~iltltiotut•, ·. 21ll$sa ~!i'~tts . $t(l 

t'Em.Qtiol'ia d(l , l'iot· o:c~~ at tl'W· carbo'n -~ha.~' a.~<f do not. inv.ol;"Je 
.. ,''} ' 

"'the 'litolgllb~o·u~il15 ator11s;,. ·tnuy take pla:~il he·tv;a~n atQma on· the: 

~P!{~a1t~ siii.~t~J o! the rin$~~- · . 

' 
\ ·T-J.~~satm:ular' hlternct!ona· ~e· · .E)t;,J?~c-~ p~Qmineltt in· 

) 

-~hoso· coop_pt,~lO.s~ ·in w~~ch un·i-ts of al?e.trophiJ.itt. ~d nuo~ophil!e 
. I . . . . . . -

• . C,htt~i-.. ·e-i•e"o"' e•tt>:e 01"''~V\~,;.~'2 ?,"ll +iJtr' ""':h-tn• .. IT~ t:t-:.i<-.••· ."'.··•a···.~. ''.'•_.· ..• J;..·t;, ___ !.~!> ·1'1'6_1:1':. --~~~i:t. ~ .-:-. ~. -#~vu~-U- ~: y_.., .... ...-.·~~~ .S.i ;(, h' ~ ~ ......... \.f.t~V ~ 

' I he Qi:>Served ~~-~a..~C!W.1llttlar tre'!.r~z>aJ.i,g;at.io~'l'·' t as:,-' :fol. .. e~l.e.. 
. .... _ .. ,, . t· • . , • 

!1~·· ~the molecUle of ~h¢· ~~ta'Wl4.l1: -.~Yl,:rto;v.L:~. whic¢h eo.:ntaina-: a; 

ten~meB.be.rscr :):'-i..'16• • ~\l.1a.loaous ph~no~na: J'lttve ·been:;_de~t$eted: in·· 

thta · aeriet1 o:f m~dimn~·h!g g~aacyloin~~· · 
cup. 

0r:ti'\"~'"" -!tie: -"'~P. 

•·.: 

!, 

' ' . I 
I 

I. 

!· 

t 



A 
J> 

' 

-.J...:_ 

a.lU"t~r interaction· b.etween . ni troge;n .and ·the carbonyl. gr.-ottp 

leads:11 u~ :V~"\tiottl.Sr-,, -'co ·the weh."ltenirlg of' ·l.ihe Cotton efrect 
•' ·~ 

( ~"la<fbez•if:it.ic· o.t ·too ca:r:boP..Yl t;,~olip) in ·oh~ J?;>g5~on o:f :500 :n.fu:t. 
. l 

' 

d·ti'c;ro'a:aen ~Eiqf!ehoy o$' ~he :..Jibziiation:s .. '?f tna cal'.;'bonyl. bon~ in. 

the ir SJ?Gbtr:r;W'l o.f cyolooetnnona. (abotrt. 1690 · on*-l inatertd 

ot· 17?0 · cn1"'r~) ~:t(td·. ba O"-'"Pl~inod ~~y tho fo~ion·· ot a 
' . '. ' ,, 

trm101lnU:LP..r · hydrogn bon~ to one of. the ring hyc'b:"ogens. To - . . . : r-a . . - . .- . 
~a;r,~J thia suggest.ipn, Al.lir.g~·ulJ- · ,pbta~nod ~ne partially, 

~ • . ,.. ; ·, r' ' L ' ' 

d~ut~lied:. q~cloo~nnaa ~"1d' ei!elgootanones (18- tQ 2l}-. 
. <.. :. . . ' 

, I 

I, 20 21 
,' 

The· in\1$stj.g~:tioh> of' the c ·"'"'· D ft-equenc.iea · !n the w· · 
spectra; ()f. ·tf!e·se.· compc>1U1tts !tas sho'lrt.n:·.that the¥" are id~ntioal · 

to~ ~oQ~bons {):.8)"aft.d (20) and·katones (·~9) and' (21.) 
I ., 1. • • 

. which is indica:tivs o-r·;:;·~ absertce· o:r· nn ·intramo1e.cttler 
' • - •• - • ' • I' • ' 

hydro~n bond sv.gg~stect by ~~log and ~.kes ntore p1NJb~ble · 

. the explanation· that tel'=e~r into o,.-ceo~m:t. th¢ in~ease o:r ·bh~ 

.. 

I 
f 
[ 
I 
' I 

. ! 

' ' 

I 
I 
I 



I ,· 

' 
"·· 

0 = C~ angl,a. iiT mad.ium•slz~(l t-.iliga S.S Comparect With the 

orcH.nary ~"'l£ijle· .fo~ 'the· oorbt~lWl gl""ou;p i~:t tho a-!iphati.c 

. t ~' 

The tranfia.nntt1M:? . :intGl~tt·(rtion ~n 8::.. ntrd.' 9..,.me!dbOl"'eci: 
\ . . . 

~!ng eompotmdn of the t~roe TR2)_1~·bean dfrtooted' by tr change 
. ,, .... !.. . ' . . J.f? . 

in- the· ·che~~ca.l shift. o:r·....., :o .i!i the erd'bor.Yl gt"6\\p · •o Ci if: . 
· · . · . · ··the 

, th~· ~itt.g eonf.:.~ina,, !tt . etp:ct1:t ioTd· an _ f):J<:;;i~n · trt6!:'r <Jrj:f!te?"-lP:~ 
. 69 . . 

l'rtJ.J~);.. :• '!t 1~--a:a:tro been fe>m1d: t~¥'!-t. t!t~ l.~a:.c·t;:i.vity ·of. this 
~~ "?. ' 

., ' 

'. ' . ' . \ 
X ::0 · or rr-C_.,J~ . ' .. · t:.';} 

. .. I · . •. 
. 1 

. -

-t;ype o£ ($~15onlr~. ~ottlT d~ ct-etttHls · i1t the hUcb:~lon· ~~action'• 

(also dete~ed· with th~ ~.ict' ci:r· l7o· ) , The' t>rt·ta of· tl~:is 

'• \.--_1":1 ·. ro. + E-12:0 >=O··T· ~ 'b . 2. . 

. -~: ~ ' ' ' . .· ' . .. ' . 

t"et!9"t!oh ·d~crea:sa$ · L"it: E¢in¢ from ni~ to ·"'cen ... m~m.lJ:ar~q.· ring 

CQll11)01.4"'ldS; ~he wre·.s$lice· 'ot a htitero·•atorJl x· !~· ·a su~memb.ered 

. ~!rig (za·. ··n'·-= 2) has·· no ·effect tn1 th~· rate ot.·the rea.ction. 
; . . ~ 

ll.ut·. hr 8 ~o 10-menporod .ri1'lg_s· th~ p~aenoe Of· e. heter.o-atot,J. 

sl~ply' lovters tne ~e.act:ion rfit.e, aa a: reaul·t of ·a· transannt.ile:r 



)' 
I. 

-4l~' 
\ ' 

intera.ct"ion. 

is'.the-
• .. f • 

o:o.<.ta"G:u:m: qf' .Du"~Ci ... ¢srclodaoe:hc, (2~} ,~~-th --"i'-'r-r-0 -: .. y,-i 0 a-.... ;c~- ~·''li""h 
- · r· · ., 1 - · .t:' ...... ·• · ..- ... ?.£_ - . ~- ·" f· n.:.. '.I 

Wn:s stuc:ti~c1 by ifL"elo.z. in 19?2• Tn thirz rcnction, along ·with .. , . 
... - . . . . . ~ ' 

~Jl(1 oo~r:ia:;t product· c~rclp.ti.ecane-J..., 2 ... :diol (24). there 8r(j] i'ormec1 . " .. 

rr ntu-~1oe.l" of o·_th'er. ¢oinpounds; th~ n~~::-t :t."'~ma.l:"1cah~e of which ere--
. ' ' I ,, 

cyclodecane-l,0···diol ($) a.."ld ju.:_an.;; ~ ... de_ca:lol (2~). 
I; 

ThG- . J;"eaction is b:e1i<:rn:~d to ~o ceed via:· the i:rrtermerlia te· 

QYclic non-cl~ssica-1 t:·a:tion (t!l) which either pulls a:- hydrogen 

atom with two _o~ec-'Grons. :tl-om. 1JQ~:4 t;i.on · 6 or is :r:rcab-iJ.ized by: 
- - ·, i '· 

bohd: fo:t•na~~iorr b~twec~ c~1 _n:tl<;i Co.6 w~th elimina:tio:n ot. H ~d 
,, 

£orma:t1o~ o£1 '\Jh($ b:lcycl.:i.c 0011lj}Ol.llld (2~). 

T~1e· <ta,U.se of the ·fpl"'oa:Gton ·,of· ·i:;h$' t-ransannttlax-· l'ef.t.ct5.on 

products can b$ 'um1er~rtood ii' 07$ l .. eoo.D.s -·~oo ·above conoider.ed 
' " ' ' ' " 

Specific faa~w.~~s o:C th~ spa;•bi~l structwe o:t? cyolodec::tne and 

the· transiently formed cyclodec;:r~· cation~ in the le.tter;. the 

pooi ti'"le ~hargo of the oat"bonitoo ion centr~- ··ne·rl to the intr~-· 
' 

annulat- hyc'trogea1s, that ,l'>articipata in the hyd.ride shift• 

Tho :study o:,C ·~he ucoto~ysis o.f- the 'cyclodecy~ tO$fla'te 

(pfi!go 4?) with tha·· n.ict. of ·J.abellt:id cal"'bon has~ sl1ovm·· tJ1a.t this 

""' .:t. · • · · co...,.,. ~_.,;; 6 ...,, ~--:u -1:1··~ 'h.,,...,'!.,..'ir~...-~ sl1~;-~-~s of ·.;·n""""'..,...,..,.. .... _.u"'......,.. l).L.OCOBS uOO l..S t'.C . -'-l~:m ... -.,.·v. ..,., ~ ~v. .u.Yv. ... --.t_ ... " ""' vo~-c:~-"""..,."' .J..<:t,l,o 
' . -. 

I~ye;h:"o€tens :!?rom po~itior.,S 5 and .6.· .sines t~ ant~J;ing a-cetoxy 
' ' 

~o\tp· (1bes not. oceupy the placa of its ~redecessoi-, the 
- · · , • •· !t • t.. • ., n ~ter i1t ). t<Jsylo:q grottP.• (The labelled caroon ~s ~l'IDJ.Ca\.ect oy_ a n:~~ • 

--~-;-
~ 
I 
I 
i 
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HCOOOH 

I 
2.7 

25 
H OH 
~ I 
c~c 

I "---
H OH 

24 O:H 

H . ...._ 

2.6 

Reaction of tra:nns Cyc]odecene with Perform.ic aciCl 

,.). 

. 
.! 

-, 

i 
I 
I 
I 

I 

J 
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Aic"etolysis of cyclodecyl' tosylate·" 

. 
) 

H 

CH 3COO 



J 

I 

The· hydride shift· from po_sitions 5 and 6 (reJ.ative 

to an atom where ·the carboniu~ ion oent.re !s located) can be 
' 

,•, tmderstood. 6~ the basis of the geometry of c~rclodecane •. 
\ . ! 

! 

. Transa..nnUla.r rea:ctions in the cyclooctene series~ have 

a-lso been desc~ibedt: for eJtample, 

from ·'cyclooctene oxide ( 28) f under the ac·tion o:f' p,erf.ormio 

acid, e.long with the normal reaction product· (29) there formed 

the l,? ... glycol (;50)as a- resul~ of' a t"..cansannular ,reaction• 

ThiEr !s· a; consequence of a hydride shift similar to that: eM 

considered· for . eyclodecanEf~ · 

Tlte transannular reactions in meditnil-sized rings have 

b:een investigated by many other authors. 

A' characteristic ·feature of ~ansatn11.llar interactions· 

and reac-tions is their· stereospecificity• Thi~l means that·. if. 

the :starting material is_ a certain stereoisom~r, the product 



,·. 

of i;ransannular reactions will also be'- as a rule, a c~rtain· 

Thia ia not 

. . 

and·· raact.i:onst ·as we he.ve alr($.ady seen, is olo.ael.y. related to 

the shape of the ring-.: 

Trn.asannul.ar inter~·tions are most pronounced in meclium. · 

rings. but certain lilahii'estations o£; such interactions may b-e 

'be encountered. in other corilpouncts e.s weJ.l.. Thus, the signs 
. . a . . -

' ' 

of a tre.:nsa.1'l.'l1ular. interaction:' of' hydroxyl gt""Ottpa were detected 
' ' 

in the analysis of the ir speotr~ of cycloheptana-1,4-diol 

series~ 70 
It is believed

71 that in- cycl.ohexan~ too there 

t~ea.place a trans~Ular interaction between the substituents 

ltl:· positions l and 4'~ · -Some a:ttthors be-lieve·- that ·a t".r:"a.nstu-mula.r 

migration"' of byc1..~ge11 may a:l.so. take p~ce in- siX membered· 

. rings~ 7f The· homo conjugation: ei'f'eet S.s, _also an: interaction 

across the r~~-

MetliodtJ fg;t ths snthesis ·of' l'iie.$l'ium ri~ CQ.moJ:lhas.: · 
..... L -;- ' --:>- I .. . - ; - l _ I -. ll .T .I - 1'!-'~ 1~ ._.. , 

soma of' the: mo~ oomr.lOl'l :methoc'f.s· tor jhe synthesis:" of 

ling compouruls· ha .. ie . already been discussed ·alld; · tt(;'!lat~4<>tnt~~~, 
out·. thtrt. the aoqlo 111' method. Y-1as . the mQ st. 'useful:' m$th:od'r . 

~- sni te of' the versatali ty of' the aeylo in method,,,- its 
0 - ' • r ,• 

. . ' 

· ~iinited. ~pp2ieabi~~ty._to tlle ~iltheais o£ unsa-turate~- .cyc:t.ic 

.eomppunds with one or moX'e double bonus ~---the rings,. so highly 

·, ' 



ehara:p~~erist!c of natu:r:-ally occ~ir..g m~ctium r:i.ng ~om:pottnds has 

.led to the e~lora-ti9t1 of na~r·. m.othods :to ec¢om;p2ish this 

enct. . ., 

mhe m()st important me·thod. a.:vailable for the· ::cyl:tthe·sis-· 

of -rne.dium ·ring· compoUndS is ll;/ the ring eXpansion of easily 

available cyclic ketones by ;it'fenett,'ll. • D~mjanov7'1teal:'l:angement . . 
. . . 

of tb.e deri"/Sd l•aminomethy.ZeyoloalkMOls• 
1 I ~ • • 

In -spi~ of the-

.excellen-'~ ov~~all yl.e1ds, th~ f:ormation ~f pot:d.t;ional isomers 

from unsymmetx-ically ·substittttecl· amin<>:methylcycloalkano~s . ,.. . . 

. . 
· ·' .. Other syntheses:: of·l"lladium ring compounds make use of 

b.ioyc:tic pt'eCt'trSors~ For e~a,mple ($1) or (:52) . can give 

cyelodeearte(1.ione by' sta.ntfttr4 tt(;!ttc~iona:•, · The obvious dt"awbacl~ of 

0 Oi-l 

Oj 
;;=.. 

·\ .OH 

i ,. ' 

this apprqaclt ·lies in the p:o¢r yields· _and intrqctuct ion of oth~r 
. . 

- f'u:l:i~ion:a:l ~oups is rather tedious it not. impossible·· . 

Th~· f~eile ol'eava;ge .of' fo ~ketotosylates7 4 
and i -1zydroxy• 

.tosylates7S· !n ~se~ce of- ba.'~;tes givw.g unsnttura·eed aQidS or 
. ' . 

ketones is yet a®ther approach vthiell has been successfully 
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. e~rp·io! ted in; th~ s~1'rthesis oi.' 11.ed.imu ring compounds. "For- eJ$ple · · 

6-me~1;;h~;.lcycJ,.ode¢~ ... el'le-1-ono {3;5) wtt~ :rlbta.it1cd75a .lJ:jr ·n"'eating . 
~ ·~ ' 

... 1..:mcrs:rlo;q-9 .... methyl-10 ... deco.lol (54>." wH;h l1<Y'aagfJitil'1 tel"1fi1?X"Y but_. 

oxid~·-· ;h~ ~1Qe~·~ s;mth~~~s. of .qa~j<n1h~!cn~7?b· is $'.n~thel:'~ 
' • • I .l ~ ,. ' ' 

· OMes 

\- : . 

',. ------4. 

.,.., ' 

.heautifttl.'~~#i~l}!f$~~~@q~:~·c.rif this: ap-f¢'o·aoh• , . Elimination: of. ·hal<)gen· . ' . .. . - , . . ~· .- •.';•;• "; . .' . . 

~~O~·.proper]Jt. COl:tStituted .dllmlide~ itt aia(} e.;· USeftll: 1!!.$thod 

±:or t,hs· sZ;rritho~i's o:f ltitgel:- ~lnga · froin tioyoU:ci prectwool~s~ 
···''. . : ' ·. •' ' . . • • . I. 76 

"lariatior!s. of this nethod -tp:'~ 'kn.0Vtnr· ·C~g~ ,·· !'J$..yashita: P;.t ~ 
'· o • ' • H' • ' ' ' • :• '• • • ' 

. ' . ' . ' 

. ltave p~eparod; b 60~~ v:tolr1 1/t, 7-trinethyl~trrtnm ... trana•l,-9~ 
. ! . . : .• :.. . .. • • • ' '·., ,I ', ·, ··.: . . • ' V.' ' '":' . · •. :··. : ' '. •. •' ' .. ' .. ""."'\'.::. , r·r 10 ' : 

cy:~ct~¢adi~lte (55) bw ~l"eat.ing· the ,pvoduct; of' hydroboration ., ,- ... ·:.··· . 4: . . . . ·, ... ' '·. ' 
of:? 15 .9-trimetnyl,-L\ •oct~i.n-1-yl m~thanesttl.phona:ta (36) 

wittt~ ·lo% .~~ueo~s so~~hw. hydro~d.d.e: .: te~l'"ahydtof~a:.n so,:Ltttion· 
• ' ... ' ' •. • • ,• J . • • • . • 

et. l:~oom temper?-:t"ttre tor 2() hptws~ :tit contrast the· 3-hYd.roxy 
" . ', ' ' ' ","' . . ' : . ' ' . ~ 

derivatlv~ <"57.) ga~,eo: ~~~-iphelt.~ b:Ottd c:teav~ pro.duct: (38) on]$; 
~. l • • • ,' i . • . • . • . '' •• . . . • 

in 40% yield • 
... ' 

. (~G) 

....... 
'· ' .,, ' •• ' ' • - ~ 1 

t\ • f ~.'·' ~ '... ' 

l"\(t M~ . 

(.35) 

I. 



(57) (58) 

. 77 
.. Mander .§! £:!. hn.~·lo succecc.1cd in l)repoJ:oi-ne: n oycJ.odeea-

diai1e derivative ( 46) by Lithium c1iisop~qpylanicle treatment in 

tetrahydroi'ttt>a.."l of tho tocylate (39). 
. . ~ 

W
oso2'~1 ()1 

o-

Il 
CO.zlo\t 

0 

(JQ 
OM11 

(39) (40.) {41) 

This ~::10·f;hocl is sui:i;ahlo f04-" the s: . .rnthesls of highly :func~l;ionrcl.i~ed 

9~methyl-l.-d.ecalol1cs ·suitable:· tor the s~lnthesis o£ germaei::-ane ru1d· 

related sosqtti.ter]_)enes; ' The stereochemical l:'equirements- of this· 
70 

ti1'r'.oe of J?eti:ctions htr~e hoen discussed b:v· Gl:'ob et al. In th€r 
tJ~ - ~ ..... ----

' ..... . .! .; l. :1 :1 ,, ,. h -1· ' ' 1 - * • t ~ 7 9 case OJ:. ~;ap~ ara.J.110.l~c\ J.;a.~ nncL a;,(~Y~ stup o~'la~e ·r;ne;/ 1aa. ;precu.c ·etl 

thair tr O"'"'!C!il:"o110US or one crtc·o mec1u:mism (a) wo1U.d be i'avoured ..,.... . ... 

I I I 
R2N~c-e-c-x 

. I \ \ 

I I I 
R w-c-c-c· 

2 I I I 

(8J ) X. 

SubJstitution + Elimination 

·! 
I 

.I 
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' ' 

:nt:d.r·· · O:ff' the cnitl~Or!en· ·atom War~· both orie11te·d a':;'liii ~;1ltt 1:>~..ile~ .-. . . ·- ,_ - . ......... . . ' ' . . . . . - . - .. 
,. 

(nnt:!pt!r5_p1~s) vtith :t!.espe·c~~: to q~ ho~d Whi~h \l-l'ldt:r@?es 
. ~ f . 

(iteror~s.~, 
• ' ,l '·· 

Compo¢ncta· ·auoh as 4~ln"orooCJJ.:Linttel.idine (42) ?J'!.<:i :;~hl.o~o-
• • .. • ' • 1! •. 1 \ • • -

tr'Qp,a.ne (4:3);' wid.:eh nte~·t tlteae. :t'e':t:t.d.rel~lel1~t.s,, aie"Gt4rl~ fl.'Y~nt · 

l),y the: .Syn¢hligttous· m~ehe.,'ll:i;'am (a) ·:as ahoWn ·by i;lteii.r. anhntlCll<i 

ra~Qttv.it; v;~en .. Wtnp~ed. .. wit!; ~""Y6t~ally gJ.r1iltlr· ~ycltc· 
. - ' '·, ,, . . .· ' ' ?9 ' 

. l~~j;d~·s no~.; ¢ontnin4ng rritrogen· :a:to~·~ r · · 

,((,) .· :·., ,~ 
', w 

, I 

. (44) 

I. 

(411 

(48) (49) ··. 



,. 

·~ 

(50) 

j ' 

(?2}. 
- ~-

,_a~h­
~!1 '"~·~-

:-
' ' 

. .; 

(?l) 

'· 

-~ . (55) 

:tt ~em.nined .. to be rihown tna·~- the C"'Jllclrconous · mechanism 

WOuld no.t be phset..S.Vah!tj in Ptts~S \fu()re' "lihe O~X bond o~ 
. ' I 

r~el.Eh!l'hron pttir_ or both ttre: ~r·cyru1tocr ~ora adoptine the 

rectttdred drtonta;eie5ti'~ . 
~ - . ' .,. _.·,· 

.Tht~J -~ntr ·now QiJql;t clemqns·h"'at¢d b:Y stuc!wJ.ng the solvo::t.ysl.t:t 

_l:'~e-s· tttttt·· .·t~· prodt1cts ?:t· "'Ghe stereoisone:r:s·· .. o:f 4•?~__:a~cl7~·tosylo~· 

:r:r~metliylll~:ez..1-t~~roqui.1~1ine ( 4L!:) _ - (:;io) in 80% ( -~~~~) eth~ol 
mttt- by eomp~~i."lg. the,!r .t:tr~11 pl""dQr ~~;·te -constnn·~£~ vd.th 1;~1-0~!'i;i of 

_. thf.t correopo;ncling 4..- rora· 2~ci:ocal;;l tooyla.ted:._ 



.; 

'· 

J,· 

. 
"';- ',' 

• ·I 

Thua the -~qun·to+"~~ tos:vJ.O.~tr;:s ( 44) , ( 4<)~ ru·ut ( 48) .,. in· · 
' . ' . ' 

vthioh ~.11 t~:.i~~·~:~t~~¥J.J1.tr6tt.'pnh,.s·· :invo:tvod il1 the $Yfl.Qll1'"'0nous 
• ' ••••• --· ,· '::: ;_ •• _ • • .- - > • 

process·-{~) ~t.>·· able· tQ adopt. ttrrti~peripl.:.rmcr orien"~iol1 

. Cinci'ionted.·'itt th~ form.u~.~s ·l)y l1:~avw linea .and spots) ~:rotd· . . . ' 

(44}·, (46) ~n· (48},.l'!~~ .. 4$7fJ; A6 and 56 'ciraee thobo. qt· the· 
t • , I . , , . • ' • I • • : .. . ' • ~ '~ . ' ' ' ' , ', 

:qo:t"J:"'~spontt~ilg. t;dbh~da:enly1 togyla.te·s,. respectivelY~ Tlte·· . ·. . ' . - ~ ' ~ .. ' . ' . . ~ . . . . . . ~ . , 

syncl1l"ollOUS· nat't'!Z'e of _+~hO ~EtgnlEmtErbi<:)'l'(!' p~Oc~as· i$~ al~o · a:.'afieoted 
. - . ' . ' . . ' ' . 

. . in·. the fJ'"(ie~aOsQecitiq fQr''0IQ:l;io:nt c>i' a· .~Jm§ and a ci§'""olet'inio 
; . . ~-

.. -. ' 

the: c-c;a, b.~nct is n!) .lont;e:~;,. anti ·a::n~t :r~ailel. to th¢ q.-c bond, 

react: at )!'ates comparable:· to thoset a:!?' the· correspondtilg axial 

1-deca:l,y!. t.os;ttln-tes,, . !..11 tt¢cot'd.t'Allea· \Vi th s: lieactio:t:: 1JY. Wf?¥ ot: 

~'- o~bqnium iohi. the. to~rl.at~· { 4?; yield'~ an· elimuw:tion · IJt'oduct 

( a4·•19. !'1-metby!oct~.oqtti.~:U.i~e) .besicto~ :f'l."agnent~tio11: 
prodit¢ii (51).1 vrhax-eezs: -~lte .tosylrxte ·· (47) atfotthl. ot.lbs-~itution · · . 

( · · ·: · ).. " · ,. •. .. · ( 5 • lo . . . . -
.:a:~¢ohol a.n¢ ather · and elJ.rll:t.hG.ihcm: prodtrcta." · 8 .... N .... methy~ .... 

oota:h;y"~oqmnoi·t;;'i''''io~;: 
. ' . . 

In· the eq.t1a~q;\:··:tttl 1.-to-::nrlo~ ao1iva-:tiva (4·9). the· N .. ~le;ctron 
' . 

. J!a.ir ia llilV~ia. to ·a:d.opt ·tt positt;,n· ttxtt:t.--pertp:tanar ¥v.lth :th$ c-~ 

·bona, sine$ it is··. cQ.nstrained. ·to os~:S.llate·ln· a· plStm· pta'rpend:!• 

'' '\._ 

,..../ 
•'' 

J .. 

I 

I· 
I 



-. . -~ '' '' ,. 

(;O) the C-Dl$' .bond as wtt-11 ~a ·t,h$ !T""~lec~"''n Datil~ ~.:re 11¢ 

longel:' p;nti....,peripL':!.nar vti~h :t~espQo~r. _ ... a;o the c .. c 1loM•· Both 

· :toSiJ1$t~s.a.s.;:::pr.ed.:tetttbtlo· on rrte~eoelect"ronic ~ount1a;; rt4a-et 
' ' ' • • \ I • ., • 

mo:L~e fitowly· than th~1 eo~respondiftg equatot!a1 d~c~:t to$;Yltttes 
- ' .. 

and···.tt.ffo~d· sub:stitution and. 1.,2.-al:imination proctuots onlY+ · 
' . . . . . . ' . , , I . 

Th$r&:fol?e, ei[.en in GJ two ... t:Jtep: process- via- the cm."'non:iu:m. ion· 

· (54). ~ragrJ.entat:l.on: io pr~v-ented'l;>V: ft ·ae~arture ~om_ an anti ... 
' 

psriplanat" orien:ta:tl.on o:f?. the rlf~elec·cron pair with respeet: t(). · 
' .. 

In r~~tio:n_s of the type (a}- and ·~(b) · prooeedi~ 'Via_ a-11 

internsdiat~ ci'nion~ f'!ss.iqfi· •i$ the :pliltee~red reaotiorr .!n~ the 
. ' 

·' 

. \' 

. c1ue 'tQ. th~· ttda!tiona:t. at'ario· str~d.nr; 'Nhieh have to bt ereate~'tJ, 

. th~ foUl;-· memb&~ed or.J.Cf:l?' ring !~ appro1d.:nu:tGe'-Y p~:t"j_)ettdicttlt<r to 
tlw lie~lde~ •o:t .the•' oy~lbheJi~'"'lB r±r~ l~hicl~-.b~c·ol1tas· ~J:t~ed ·s~. .. - . ' . . . . 

that ·~he· atoms. cl to % 'be tom~ .nearly -?~planar·. nncl roughlY. il) 

nosl·tion to ·f.i.hose in· coril]).a.t'isort to. ·~ c;)l'clopertt~"1€f· ~~.g• This . . •' 

· dt~to~ti,on· .of iihe no~mai cna;l~ :t:."o:-cr:1 pf_ Cy~elohe:r..ro~ :ring~ l~ti$e:e 
" ! . ' -

lncre~$d ~og~n ~ctlpszrngf' ~'sp.eei~ly j;n· ~he·, c2, c,, '~d' c4 
gpottpti:~ su~h eclipairt.g· ~rob~blY e~~w!Jn~tns ~ely to the 

/ 

/ 
/ 

I 
I 

l 

I 

I 

I 
I 
I 
( 
I 

I 
I. 

I 

I 
I 

I' 
I 

! 



. ~ ' . .,..e._.' ~--·.· .. 
.....-~ ""'.,,-

'' .. - -, ·-.:.. 82 ' '. ' ' !t 
. ~O:P• -~ ff?'<. h."i:l$· cL2;r:etti1Strd. ~ch¢ ·mt:ere()Oll:Cin.J;.~l: ~~e:q\t4~• 

monts ~~- jr(;~:roli(l;io ;ft~~l'k?r!tnt!dn ree.otion _of t~: 'tri.Jl)el 

.. . 
-:at thi.s :~?lt¢_l:u:t!iol.t ftom tt s~t:\dlt o.f :ti'J:JlVpJ.ysis ,ta;:te1;t nm:t pt'(ldueta 

o! · trtc-~1'e.oi~~-~~l-6 l .... :':ll~·IJ.hy1~,9- ·.~d 7""'>:.1eGO:rzy-dl<~-Q.u.inolj"J;;t,ol:uen.e·~ 

sui.Dhot:~lil'ktCi$ts,t ·in ··ao% a~~rw:t'!Q~~. -

·_ ~11~· -~qu~,tn~·!al. 40<~- :w:n.d 5ot .. ·.~ toa:r1stas~ CSiJ;) ·a.~ 

(?7J ~a tt~ -e~~o:ttial. s o< ~w toS!l'littte· (?9) ,. tbs c ---o~s ~o1xt 

. and• the· fr~(:!' f1i~e:~.t~6~l ptd$ on· nitr{)f{M ~t.r' t5~d hi $11 nnt'!~· 
' ' • ' ' • ! • 

pe12t1p~~- tn~11i5.an' w! tll ~~·®~ et to tl"W o~ bond• AU ~hG 1!hret, 
. . ' . ' : 

. . .com:poW"&:s .tU1ile~e;o. quanti t.at~"ll~· @tl wte~~~~Q!f!.c. ~t1t~'tl<Jn.~ . 
. s~~ ~;,~ . .a:k~ Z.it%~ct· m;,r.~: .rri:p:i.d~ .i;;b:tt.'4 ~jl,~i!l(JmQ~houst• l~o~c~lVl 

• 
t;~_· "-"~. ~ .. ~..~..... -f' ' -.11.,_. --~VI'i 0 •• 

e11hh!l.o.at:Jettt .~1tu4 t~ th¢ oyne~on¢,!Jt: ~~-chm;l'ilt!m {.f.t·~-;;oiu~:t--io ~t:?o.ct) • 

: . :va~i~a w$t1l• tt~·' :Stoid.u~~y ef. iill,~; !W~wn:'~trtior.: 1")1~oauct f'~rm~· 

tn· trza, tr.ano&tion -sii~r~~~ 

·'' 

1 
'-- --1 

I 

I 
'i 

I 
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(59) 

(55) 

( 5=1) 

.. 
J 

""54.- , 

(5b) 

(ss) 

.(60) 

(~I) 



~ .• / 

' ' 

as··vi~·ll a.s the·.equatori~l 7 p -tOS"Jlate. ~6Q) i~ which an anti~:pori-

P~ alignment o:r the · e le ctr.o:ns on:·· ni ·erogen .and in the c-o~s 
,, ., ' - . . . ,, 

• I I 

anct c-o· bon<ls ia sterica11y excluded, te·ae·t. by the unim.olee~ 
' 

stlb'<Stituri::l:on1 and elimination mechanism (S~ -E1) only• · IoniZation 
,. ' ' . . ' •' ' ' ' 

~a'tes ~e .2 to 8•timeS·' lovter th~"'l. :tho S9 . of. homomorphous 1.;.. a,.'ld 
. . ' ' ' ' ' ., I 

2-de.o~.lyl tos~li.ates:' due 'to .th~' ra~ri: de cr~asing inaucti ve' effect 
' ., 

' ,' 

.,. 
' , I j , 

.. "f.he· 4. t~irt¥1-£!.: "'~ds:ria~e (55~· is e4cep~$:ol'lal $.11 tha-~ fra• 

gments:tion is a;ccompa.niecl by .elimination·. ·· ·The j:'ate ].JI'oduct 

11C!:Ji.ationship indicate~ '¢oii6-rlr:c.~·~·l1"c· unir.1oiem:.t1m." E;llimination b.y · 
. . ' ·. ' . . ,, ·, ' 

wfi:.J of tJ:,le· ':ore.d.O;mine.t;lt a1 J ~ohtd.1~· cohi'or;urtion <ss) .• and s;r.o.c~o.-· 
~ • I, . ' . • - • 

t ·• :·· 

nous fri£~en,t~~tion· v~ the .. slze.w b.oa~ con!ltorma:tion. ( 62) o:t lJipori~ 
' ' . ' ' ' ' 

•'' 

(62)' 
.'f . 

. , ' ' .• 8:5 V nar·to:n ana. H~egel. · had studied_ the· ste:reoohemieal . 
. ' 

r~1~irement fo1" the f':r."a,c;me11~t,;atio1i reac·~ion of' l •. lo .. decalindioJ.. 
' 

mol:fOtosy~a·~o, ~adi.l'}{; ~ro -~b.c foi:r.l8.tion oi' cis and "'tit'ano cyclo­

dsoe~lOl~S~ 

The f'otir 1, 10-dece.lindio·l monotosy~:tes (6:?) .... (66) 
' ~ 

{OTs) were f:JUb jeatad to the. · ~ction: of :potasoium nv.to::-cide.., in 

ter·t •. butanol. :for one hour at 4o~ Uono.JdoS~lls:ti(;fS (64) and (65) 

{ 



(OTs) warG indivic1u~..lly conver·I;ar1 'in high y~eld (~ 90%) to .:tr~. 
' ' ' 84~ 85 

cyc1odecer40n.E.l (trs.ns-5) and (66) _(01Ea) wa:a conver·tect in 

si~.lal." yielcl::to ,s!.~-5,~cyc~odecenone .(Cio-5) 8~a. The resu~ts are· 

in e;ceord with the co11Carted breakage oi' antipet· iplanar ( 180 °) 

d-, h" u_ an o. , 
·• ',. 

(63) '' 

trans-5 

(':65 ) 

( '66) 
0 

cis-5 



' ' 

•'., 

-?7-

The _stai'eoap~cifi.city of each is evident from detection 

by capillary va:potlr phase_ chroma.-tography of no mo~e than o • 2% 

of the- unexpected isomer o-i .s~cyclodecr..mo~a in each product •. 

· The· importanc~ o£ geometry_ is also emppasised by the 

different behaviour on ·treatment: with base of (6:;) (O~Ils) in whieh 
. - . . ' . ' '· ' . 86 -.. 

. bonds "aJ' a;nd "b" are ne.cessarily synclinal (60°) 1 stibjected to 
' ' ' ' the same· condition used ·td fragment (64)•{65) (OTs) ,. (6;r) · (OTs) 

I 

yielded a product wh~oh contained much unreacted. tosylate·. Undel:'" 
' ' 

more drastic co~itions using sodium met:hyl. sulphinyl c~b~ion75b 

or :pt'olonged butoxide t treatm~nt (6:;) (OTs) disin·~egrated \Vith 

lo:ss· of tosylate to· a mixture of ·procluct.s containing no detectable 

·cis-?, the product expected from a concerted• albe-it difficult 

fragmentation. Analysj_.s o£ the pJ."'oduct by infrared spectroscopy 

Y and capillary V,P-~C ware, however; .consistent witl~ the presence 

of 6% o:f trans-s" which might be ex-pected from non...-concerted' 

f'ra€;mentation vla- a carbo11itun ion. 

'·· 
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~ .. l~ (1 _·'; ~.TY.1 ~"' J•l')·.c' .• ~ .o. ~ • ·G 

(.63) 

0 

R-1~ 
~ 

or~ 

(68) 

--->-~ ~ 

t,f':r:.erat-e "!\-l'''OV'J.,.• (ir_, 
(.4,.., 7·' ..... -.. '.,; ion wl:.ich can 
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"(" .. -

eliminate-· the tosyloxy group as· shownr a:hov.e yielding- an un-
• • • t 

saturated monqcyelic: ·aoyloin. · -

I 

· +~' m: oxo 'g:t;~UI> _i·s~ present in- conjuga-tioilr with ·-the· 

oxlrane· ririg system,- spme more- interesting p_oss:ib.:ilities; can he' 
. . . . 87 - . . . . 

envisaged-~ For example, .House and Gilmo~e' har.ta> reported 

thaii: 2,3-epoxycyclohexa:no:nes undergo Favorsidi rearrangement. 

·when: p,i~~ritone oxide {71) and·- i~;Jophorone oxide (1'2) were 
. . . . 

. . 

reacted-· with ba:se·s, d'if":f.erent ppoducts were·· ohtained•-

. o· 

' ' . ( 

~ \No.OMe-
~~ ~H ~ (C>t J<.OH) 

OMe 

• 
~ 

t 
' j; 

i'-" 

+ 

----, 

- . ' ,., . 

>:,.-.,...__ 

"·- ... -

.... _ 

·. cr:OOR 
I A R.::rVJp ot H 



_j 

... ,..,. 

-60• 

The- different hyclroxycyclopent!U1eca.rboxylates are ob~io1.tsly 
' ' 

Favorskii rearrangeni~rit--pro~1uots. Thus, vre argued~ in case-

o:r· app_of3itely substitirted bicyclic- epoxyketot~sylateo Fa-vorskii _ 

rearrangement fbllowecl by ril~g opening is a reasonable p_oss-ibility. 

For example, ('t3) can gi"'c tl1a diffaront products outli~d 
. ( . 

below. 

ors ,.,. 
/~)o 

' / 

0 
I • o· 

--r ' 

C!~ ----t 
() ~ 

0--
0 p 

': 



_j 

j 

•'-' 

.t---__."' 

In order tp; test o'Ur hypothesis w~ synthesized 1-tos::yl~ 
... 

oxymetlWl-50( ,60(epo::cybicycl~· £4.4.9]decan-4-one (74), 1:-tosyloxy• 

metnyll""60(,70( ~~poxyhicyolo /!4~s.oJnonro:1-8~one (75) and 

z·-tosyloxy:-i, ;;. ;;-trim.athyl-6 0(, 7 fJ( .... ~po.xybicyclo,C4.4.oJ-d.ecan-8.-one (76) 
::- . ' . 

as follows. 

Ethyl cycl.ohexanona-2•carboxylate (77) was prepared by 

· CI-I:PT.s 

0 

(74) (76) 

col'ld.ensirt.g diethyl oxa.la.te with oyclohexanorie in p~e sa nee of sodium 

. ethoxide followed by de cnrbo~lation. Condensa-tion: O":t·•.:the:t-~.~ 

methoioo.ide· of -diethylaminob.utanone with the enolate of' ethyl . 

cyolohexanone~2·c~boxyl~rte· gave :tn·· 75% yield ethyl 2•(;5-' -oxob:utyl)• 

cyclohexanone-2•ca.rboxylate· (78')~.. Cyclization· with sodium ethoxid~ 
. ' 

L of' ·the diketone (78) ga'Ve. the octalone (79) itrabotrf; 66% yieJ.d. 

(2·, 4-dinitrophenylhydra:zone ni.p. ll8°C 88). Keta-lization o:rr ·che 
octaJ..one (79) e.:ceording to braiding and Toma~ewsld.08 led to the. 

formation· o:f a lot of ]ligh-bo~ling material rotd the desired: ke,tal (86) 

was ob'ta5.nad: in- about· 50~~ yield. , B~ using just; 1.2 aqubralent 

ethanediol and tt catalytic amoun-t o:f p...otoluenesul.phonic acid', the . ~ ' 

yield. of the ketErl 'vas greatly impro"Jed'• ·Reduction- of the ketal 

I , 
r·. 
I 
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j 
I 

COOC211s COOC~H5 .. ~ 
~COOC2H5 ~, . I 

(CzH~mNl ~H 2CH2COCR3 NooCeH5. 
;1, )" 

N aoCz:Hs 
0 0 

0 0 

(77) (7.8) (79) 

CH 20H COOCzBs 
CB20H I . 

CE 2 0H,R+ Li ALH4 
> 

0) OJ 
(80) (81) 

CR20H CH 20B 

+ I 
H202 jNaOH CH 30R,H 

0 0 

(82) (83) 

> 

0 

(74) 



-, . , ..... 

. \ 
\ · .•. 

v:l·tn1 Li~thiutv eluminium· hydr.id~ g~*ve tho 1;:a~~al alco·hol ($·1) aa . 

a. white· so~id meltw..g. at- '7o0c. 

' 
unsaturated· keto alcohol. (82)• (2,4'"!'dini"LTophenylhydra-zone.-. m.p 155°) 

I . 

Traatment with a'~7{ali:na l'cy'drogen pe.!'Qxide ga:w~ the. e:poxyketdai:cohol 

(83). ( I.R :?480 1 1720 · cm~l, nt.p• 8o0 c)·. cm..~e:e.ul treatment:. with 
I 

. . . 
redis·liilled p-to:tuenesulp:ho:ny~ .chloride in· :gyridine ,at. 0° ga-ve· 
. . 

·the epo~yltetotb~yla"te: (74> -(!_.It.. l720 cm-1) mH>. 98°c~ 

\ ' 

.... ! The. compound on weatmen..tc r;ith sodium hydroxide at o0 

:fop thJ:ree hotu:."s gave a;· .mi:~utn:-e· of ·proucrts from wh.i¢h could be 
l ' -

1~~lated· in-~oout-,20$~ y:1e1d a:-:p~~asant am~l~ Uquid b•P 145J-'2Torr 

'·: 

·The to!tl].1ound which .tras isolatec1 ·may have any one of' the 

·following stl~uetures, · (8.4) to· (89) ~ A bazoo may attacl~ ~q or· 

, ell of· the indion~ted. positio11s· simul.taneousl;y"' or discl'.~te,~~ · 
. . ' 

d~pending upon· ita size• conce:n:tration and other ·rJ~action con-

. ditions• Attaol~ o:t the base ()fi 2 alld.:; positions will t"esuJ.t. 

G:lo 
0 7 

, Ol-f 

. (90} (91)~ 
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0 

\ ' 

'@ 

in the for:mation of the t".c ihyd.roxy compound (91) by {s;) o;peni..~..:g 

of the epoxide ring a.nd (h) 11ucle·oph~~c ctisp~cement of the. 

tosyloxy groupi. Attack o~ position. (1) cen genel"'ate the:' carhanion 

s!iovr.a b:elovr~ The carbanion r.1ay attack position (3) to give the 
, • 1 ! • \ I 

dihydroxy tetraoyclic compound ( 90) • Obviously i;he isolated a 
Cl-12-0T'i H 

:e 
(90) 

compound is neither (90) nor·· ( 91.) • C nlff3 on the otho:r. 

hand the a·ttaek by the carhanion on posi·tion: ( 2) may release the 
• • l, ~· 

s:lkoxide i.on which may trigger ·fiha· rupttU"'e of ·t;he cen-tral '.JonrJ· 
1 

(92). 

The exo c!ouble bond. 1nay isomet•izo to ci"ve (93) or (94) ··The cyclo-



-'( __ 

'· 

(87) and (88) or their endo isomers• · 

( 9:5) . 

- ot· (86) · Qr (87) 

the: al.ltortd.<la · relorrr;e may t-L'ig2·er · Enche:nnq ser .. ·.r.nw.J."ton - Cor·ey 
I 

b.ondad s·liru·c·ttu:*e ( 8~"!) •. · T.his ;b'l turn t1c::] rem"Z>mJ.ge to -'l,jhe ther~o-
.· 

> 

·(84). 
~~:~ 

Tlitl in~.cared . apect:L'Ul"l of the COi:ipoi,.mCt ohoYK!d a b:-coe:d 

b·r.'Y.'Id ,....f:. <;t;t\70 - ~-=;t;o c·-n-1 ; .... 1(1 ~ t-8+~ "<1!" -(~h·~ -:-~J-.~('.ne·r-.cc: o-r h-;;-,.,·,--o,~'.r -r·o!:' ') a,.&..S.: ~v J.; ..,...,_, L... .....i. .... .J... .- "'~ v.Z....t. ... ~ ""'- ....._.. ~·; ....... - •.~' -- - ... t.J , ___ ""'-......J 4_.,..,•-" ,. .. .:. 

;..:.·1 11-~ ""'-• ......__ ~:n-"':.ec· .o ·~.·· - ·~ "'~ u·, . .., .... ~ ·'-ll.,.,..., +"'" :;;;: lJ.t..u..;...t:J.~ .. (:.!...I..~V\.r .t ... ~c.~U ~~wvt;;-\...a. 

indicated b;:/ the --1 
(;;_1 .-

I 

I­
t 
I' 

\ 



/. 

1_ 
r!·. 

. Th~·, l?~fJ~e!lc~~ q:i? . .!a:~O(r -uncim1:tu!:'a1!~d ~~llfl. ~o~!· is 

a:iso L~die·a11ed L"rl._the trt qpectrl,tm. of the C:Qn~_oufi<h · ( >. m:.U~ 236 tmt 

G :?~4·ts ·arid 28l. i?m E 116} ._, · 1rowe'~"J~k' ·the low -$xtir1trtiq~-1 . co~ff''icient 
.~.· 1 t ,. .. ' .,. ·,. t ,1.;, ... ---.h4' ~~,, •. -YJf...t~ . . ·~-- . auggat: ~,f3 ·oib_ t.t'te eoTnpotU1r~ .. J.a no·$ ptu;ei • · ,;,; ;.t1. l;,4·""'~c;r.. !#:l.:O 11 .. ·~ po .~.ttmn 

o.hromatof?',."'?1?~ wa:s ~ten1Yl:ied but ·uhia lad ·to. ~ap5.d po~~rmeris~:ti6:n 
. . J . ·.: 

and. was. :altatuion.e:tf~,. 
' - ~ . . ' - . ~~ • .. ' .· .,• 

.~ .. 

. · : In ~hr:'i :pmr_ sx~~tr'ttm _-of the: eomp6t1i'l~ I ~h~ me"th!r3~ #0\1:})' 

• alJPfJa:ced· a-s::· i:· ~il"..g~t a't_ 1_.18 -~n)lp:~ ·: Orte" ~tot~ld: $~~<r~ t!_l~ methyl· 
. . ' . . ' 

·@ol.q) 6f: (84) -to ':rgpea:t." txs<a dotlib:aet:. . T~- tfth¥1~nic ~otons 
' I ' ' ' o I 

ap:peer as e~pe otec.i at s:.7a .a.tld 6.ol ppm;. :rt a:p1;eara· that th$' 

eom:PQ~d is he·tt~r· r~preaettt~d ·oy· the structure ( 9?-) ·• 

This· can· f'.ris~ :from the- i.'litim1ly tormod {84):~- The 

. 1"$0~1(:1:1 of .. the v~nylogoi'!Jihl$' active: p:t"oton f.r•om c. 8. . : ;t>esul.tac' in, 
. - ' 

the Sor-m~tion of the pa;;~ll~'lion (96) t· th~- a:t:liack of· the carbanion' 

olfi<· ·too ~J.Qc-tr,opi?-il5.c .~at'h~i1 · (c,) ·~:eo:p.9w~~, ~Y a ~~o~on shi~'t 

~ 
OH. 

(~4) ·---. 

> 

i 
j· 

r . I 
I 

I 
i 
I 
I 
I 

.1: 
l 
j:. 

/:. 
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Ba:se Peale. 

Furtltel.". wonk to i~entify any other rearrangement products is in 

Sodio d~rivativa of ethyl cyclohexanone•2 ... carboxylate 

(77/) was condensed· \Vit.h propargyl bromide to give th$ acatyl,enic 

·compounci (96) a-s a· :ma::jor procluct. Hydration of the aoetylenic 

eomppu.nd to tl1e.' di1tetone (97) cb.p~ 13?0/1 ~orr= disemicarbazone 

m.p. 216°, Lit89 195.5 - 195.6°; ir 1720 em-~, 1695: cm""'l(broad)J 

and subso:Q.uent ri!l..g closure. vtith potassium tert•b.utoxide ga .. .te 
. -

the.., ~aturated bi_cyelpltetoester (98)'~.;_-p;.p. 1.52'•5/2~8 Torr; 

s·emicarbazone 202° • Lit09): 202-.6 - 202.8°; ir' 1720 cm.-1 • · . ' . 

1670 em -J. J~ _ : :{:$)8) 'ltm~ converted to th~ keta-l (99) by ref'lu::dv..g 

with 1~2 eg_uivalerit of e;thanediol ~""ld a·· cataly-tic. amount of 

nsra-toluen~sul.:p]1onic a¢id~ _. l,."'lo-.p. 14o.( _o ·5 Torr..J-, ir ~720 · cm"'"l.• 

Reduction of' the k¢td w5. th Li thitun a:luminium hydride ga:v·e the 

k.e"ta-1 alcohol (100)}.~ }:", 'bl~p·~ 1:4-5°/0~5 Torr:J'~~ Deketa-lisation 
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0 
r,-"r)ri-!.-1 ~ ,1. ·L: "-' ____ ,._;;,... 

~~ . ..., 

COOC'-1-1"-":'" 
J. -

~0 

> 

(77) (96) (97) 

( 98) 

(too) (101) 

d5o 
C.I~..._OT:;,. 

~ 

)- ' 
.o"' o· 

....... (102) (75) 
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In the w.::rratod spectrum the compound· showed bancls 

a·t 3450;· :5360 ~!Jl-1. and l72o cm-l. 'ln<?-ica1;ing ·the prenence __ of a 

, hydl;oxy~ groupe and a· sa:tura:tecl .oarbor~il f:.{rt'~UJ;s, 

compotmd.· is !.82. 

The 1ne·th:>d of isolation clearly rules out the structures 

(lo9) and (110) for. the cottpound. 

Si:nilfU:'ls~ st!'tw·t·r::c'e~ (lo6) and. (107) can bo rejected on the basis· 

o:!! ;,:m.s:~J r;l!$(~t:r.·t.cn.· . Stl.."ttcin.wc· (111) also is no·~ compatible with 

at-cribut.ed to the olef.tn:i.c proi~on ct e--ll-. 
' . ·-;:.._, - . 

signa:l· at about 4 ppm sugc;e.~:;ts thnt th~ comp,~u~!.<I ''~¢'~:pr_olJab4:· present. 

in the enoli'c form cf a diketon.e .• - ThirJ· npperu<~·:j to 'ki--a'":;tf renconable· 

'li'no'i ~· d--...,.r; .. .,,.,~c:l .p;."Om ... -·"'···"·c+l,.,...:::.=- 'iA~' 
.:.;A ••O ~ •• v~ .. ) .. .t..a.. .. ot,J.,.w..,_v:'"•"'"').·•· \-.~~.,;.-~( a.nc1 (104·) C:al''J, 'best account 

is l~novm ·chat oc~ p -unsaturated medittm.· rw..g li:e·tones are 1~nown to ., 
. !- ; ~.~ exhibit P.TI.a.m.olouo· .u.: a:1d. 'GV S1Jec-17ra· • The ll" spnctra-- of· these 

cy.clio 1:,::·r;i,nes showed sti:'•o:ng· normal cerbony~ ab.aorption· ltk"1Xima- at 

1 '700 'l7a:- :...1 lo·: -· • ...... · - !.1--~ - • -~ d · b 1 • ~ ~~ .... ,... . _ ··' em, vr l.nuanz.,~. ~~~ co7."1JUfl~ ... e · car on:y._ ?:l~:~w. ~· J. 
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-I 
I 

i 
! 

I 

I' 
I 



.. , ,· 
'' \ 

.. }. 

16'to .. 15 ~-1 •. and c c stcetching ·~eqit$1lc;y ·at 1625: --_16:30 cm-1 

sugg~sitip:g the ~epo~t1erFp.1ae of· ·-eo11.forma~t;io:ns·. in· 'Wh!ch· tha_ carbonyl_ 

K40'U.l'' at~- tlie car.bon~carbon double bonr1 .. (_presu~~. ~o be .0\ t:pu::J.satu-

ratecl) ~'J:'e·· t'"LO~~: c~pla.,"'!~• The 1o~~·t mole:cu_lrtr e:>:t.inction coefif·icietres 
-

of thaaa-' <::ompotnttls· ha"'!e ttlso be:en ati;r.rotr~d- to this. ste-ric 

tha:t-. in coni'dl"liis-,·t;t()~;;s Whez.~ .:~he· d\n."J..>J;.$ bonds 8:L'"~ lll conjur_;_a·t;ipn 

\1itl1 ·the earootr;/i g".t."'Up· th~re it~ -~ se;rG~ over..,crowdlrStr~. 1Ga:d::..lig. · 

to u:nfa-;J:OUl"auit: ·bl'arn.s aJ:L';·mlar ~trtel"a¢tions" · We C.¢ll1sic1er-a_ thE;Jrefore 

· · ~h$.t sttch a co1u11.ouncl is~iJ.:ke1J to ·$ho,·t r...ormal earbJ:>iwl. · ab.$orption 
. - -

in -'.;he :L~ared. ·. We· al."e ther~i'Ol.,e · p~oposing (112) as a ·tentative 

stru(:;-t,~e ~or the lJft sa_ ·trea~cm€mt xJroduct. 

fur the!¢ ~orlt is ifi'a".C;~·ente ch. 
'' 

(1T~) .. --~c:. 

? ;5-dhnethy:tcyc3.ob~xsne ... +, 3-diol? .... tl- (:tl:;) was ]?ep~.l:'ed. _ 

ft'om man.ttv-1, o:d.d€{ and aio~~h:Yl- tl$.1onatt?. aneol"'ding to the 1~vc~d1.t~e 

a£ sod.:i.um ·mG·l;hoxirle g:t~ ... :ve. 2;.5, 5 -tr:l:r~eth~.hcyclohexa:t1.0-l.- :5-<.d .. on~ (ll-4) 

in 'ttJ?otttr _,60% ¥,ieid~ Oon:~enstt:tion: with 4 ... 6U~th~lltttt1~lobv.rtnn~2-;onc 

fo1ld'<'iec1 b.y cy~j~isati6n_o-'£ th~ reai.1l-cing trione .(ll?) gt? .. ,ra 6,6,9-

i:t'~thy:t-;;18, -dioxo- ~'10-o ctaciin (ll.&~,~~&t~~1,'$fc;;Q;'t1mi*i\{ . · 
., 

) I I• 

. I 

i 
I 

i 
I 
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~.:.. 

oct~-l,m with lithium a:luininium hydride -:furnished. 6, 6, 9-trimethyl-

.().4. *O-octalin-3-,8-c1iol(ll7.) ~s _s:· solid m•:P• 18Q'~ ·Oxidation· o:t 

the dial with mB-'11gane-s~ dioxide gave the ketone (118) a:s. a' 

so:Lid m..p. 121~ Treatm~nt of (118) wi·th hydrogen p.erq::tide- in: 

presence of sodiun hydroxide gave- the epoxide -(ll9) which was 

converted into the too~rlate: (76) without further puri:fice.tion• 

Treatment of the tosylate· w~th ba-se gave ·ri low. hoil.ing liquid 
- ' - . 

which wa:s: i'bl;'mea. by the l'osss of the .tosy1o~~oup_; 1 • (m/e '224) 

Theore·t; ica-lly the compound may have fKny one o:f' the . . . 

·following structures~ 

0 

0 

A: simple elimination of the tosyloxy g.coup· and opening up; of the 

ep.oxide ring rlill lead· tq ·the formation ·o:r. (12oy. 

hs:se< at. the 4-ppsition- can: generate an a-Jkoxide ion. at J.O~posi• 
r 

tion (de·ca'lin~ numbering) which can eliminate the tosyloxy grouJt 

with the scission- of· the ce.ntral bond ~o give· the 10-membered 

rilJ't'~. ,compound (l.2l.) ~ Favon.slcii rearrangement. followed 

by the rupture of' the ·:central. hond qan- lead to the. formation 

I 

i 
I 

i 
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~· . 

-.,.,• 

o:f the a¢!d~r:. (122). and_ (l23)+: An ·initial ·forni:;ttion of ,the . 

carhbnion··at c-2· ·ca-111 lead to the· forms:tion of ·(124) ~ · 

The m:e:tliod of isola:tibn foilowe·d rules out the acids 

as th(3 · probftbte· prqchwt... ( 12Lir) cani e.:!so be re·je cted ol:l the 

Thus the oorapdund may e i:ther 

1w- (120) . or (12:4):~.. The compo.und had f£. tendency to d$.compo.se· 

ott standing and '\vith the l.il'11.itecf fa-c~l:itiet: available~ ;i.J:T our 
I 

lab:oratory we are not m a: posi~~ion·· to a·sc-ign.1 may ·definitive· 

struc'ture to . the compou .. YJ.d, Irr all p~ob.ahili tY the compound· . 
. ~'·: .. 

is ~r mixtur-e of:· b:oth · (1120) and· (121)·, 

•'. 

·. ' 

.: }· 

' .. 

. -~.· . . ·' 

. .' 

,. 

/ ' 

[: 

'· j 
,. 

, r 
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_Tit~- mfillting and boilirt..g points are uncorree-Ged'• The 

soivent:· ~}~·tracts· Were dri~d· oVe;r. , 8inhYdri?,US Sodi~m sulp!1~tth 
. . ' 

.Alumina useri fo:r Chromaxog~:·a.phiC. ansorption· \Vas· E ... Merck { !nclitt) 
' ; ' ' I ' 

spe:etrophotonet·~r ant1 Vtrria:n B~nr<!i90 90 ).~a_ f;p~~ct:c.o:p,ho-"\;ometez·, 
' ' .... . 

tious1 addition· of' clean eodiur.J. (2,&;; l ,zn1 mole) tQ t>".nhydl~oufir 

ethanol (200 L"J.} OO!lc't cooled to 0° c in an ieG-sal·!; ba:th. A 

e.hiiled mixture· of: redistilled cyclohexanono (90g,. 1 mo:J..e) ?...nd 

diethy1 .. oxa:la:te (146 g, l mole·) was ~hon ac1clod in one lot anc1 
' ' 

The following c1n.y 

tl1e reaction mixture was diluted,· cooled· X:td acidif52ed wlth 1.0H. 



,. .. ,. 

~o th:e: residue ~o:f'-':J c.;l",_ss JI-OiidcjC' 1-ttts ~H.tcl.ed rJ1C. l'1ft8:ted 
• . . • 't. •. - -.4.1 .,t; 'h . ·• ,. ..... 00 .. ' .. .. .. - ... - i'' d'-l!ll-' an. 0 J. . .tl. ·On vJ.1 a l• £1;..101:\">; ..,.Ul . G 'ltn,.~U £¥) ~QrO Ctll.''DO:t1: :nonox, ·. · 0 

_e .. ..r:o:btoct'~ · Tltij· :raoid\1e, \fit d:·iat·i:1J.Lttiolt~ gm.vc· ·Q·~ltyl cycioltoxanona.•· 

·. 2~Ctlr1;toX',/t::rh~ (l?Og} h.l,) llQQ /l.O Tol~'., 

4-:iJie~hylami~oh:utan.-2..-o·ne ntEr'~ir!od.i.de ;p~~pm"~<r from 

-' 

met~l iod'ide· flO ml) and· 4~di-ethy~a:minob.~ten•2<!0Qtt~ (17gj 0 .• 12 Mole) 
.~ ' \ ' 

VIa'S': co'tl~l:$ct vti tb: tmhY<lr6us· b$nzene (l.Otl t'l!)' •. Etcyl. cyolohexanone·· 

.2~ea:tob'oxyl.;nttl· (~7f3l· 0\:l 'moJJ.s:) _.vtv:a ac1clec1 iri~· one. lot :ffollovtec1 bU 
I' j!. ' • 

c;l.r,o_n.~is~ ·a~di tiot1 of sodiUl1\ etho$.::tdo in· e:thm101 fiP'.c-eDaxccl' ir-om - ·-~ . ' . 
aodium;.·(a~-:?et o .• _lg it_om). artd. anhs·orous t:H;11~,rtol (4o :mi.)~' vrith. 

COntinUOV.S ~oo..l::;ipg a:;ncl -~~~-,:U-~r~.rf!t,; . ~·· ;N$tor th¢ 'adc1i-l:d.o:n, the mb:t'U:L"'G 

aqueous· laye:r." ·ex~~a-oted. with· ethe.:r· ollC~•· :The· eontbiined ax~acts·· . ' . ,-

vrere washed •. · dried· and. eoncentrated. Distillation~ o.f the: ra;aidue· · 
. I 

e;wle· ~t11yl 2-( S ~ .... o:r.obu:t".rl)~eyo?loh~:Jtaz~,-l-Qnc~2-~ttr11t;:i$ai;e (lag) . ' . . . : ' .. 

·b~·P•· 1')8°/0'.5 ~!orr_t: .It vJa;s u:c:e<l as Sl.teh in· ·t;-!te next: atep.:.: 

. 1,9 
lO•carltgt:!T.hq~~ ~ · , ;..ot'ltpt•.2::.Qf'l..t! (7'9') ... , ,. ~ -.,~,_,. ·~~~ -~ .... ~ 

3 . 

To· a soltrt;j,on of sodiun et:hox.id:~ in otha.:no;l 1!-v~e.pw:ed 
... . ,. . . . 

trorQ: ~odium (3,.1g. o.l$ g_.atom) a.hcl ~1Ydroua ~thmtol (160 nll.);Jt 
"' wtts: idde<l t.~lt1er f!l} t~·tmo.:;p_heJ:'e oi' p,j;tn:.•ogen ~ti1Y~ 2-( ;> •-oxo1J:uty~)-

' \ • I o .' 

' ·! 



·~'--'-·~ 
_.,.._,_.'; 

'. 1 

!Voo· :aa·td.cltt(J ~ms· ·-t;n1w21. 'W-1 in 1J;~:r..ze.no ~· vt~nJhatT Wit"~h 'bri11~ •. · .stfi;ilrated 
·, . 

. ' 

aoc.'ti11Pl 'b)!~arbor£t~: .solu~biolt ·tt.:nd. a:r;;ttin. '1.1"'~11 brine, c"¢ied and oo:t.t"" 

·.o~ritl:l~t't¢ec• · ~he renit"h1.e oi1 ·a::bst.U:k::.et.iotl ga;va· lo~of:'!.l:'bo<;;thoxy­

Al,9~o:c:t~l.,2•6n~·· (17g:) li:t).) l;,6C:jemn IR (l~qy.id, in cm. ... 1) 

:CfiP~'<";tltWA ·.~ .1.1',20 (.s)·~ ·· .~670. (s) <L6:?0 ·(siJ ~· ., 
. , .. ' ' . ,'·.''. ,· . ' "'·, ''. . ., 

~ · .. ~. \ 

The 2'14 .. at.~1:tt"'o:prte.~..Ylltyd~n·:t.P.tio·· pr~paretl in the· 'l1ot.ta1 
' . ' . 

senio:~bttZ'of!..e ~opnract it\ -t:I; e ·.UStt&;l YW.,i.T on crYF.rta:~lize-tion :f.".com 

. e·tlt.'lllol ~lt$d tc~- 208°0 

c~ed• .:1!6r c1· 4'fh-, o.o:c r~;;f · , r:t. · ~6 "'l ... ,·tr, .., .. 1.·.~r;~'-.• ·· · .· ''-C:.. · .,J ;Jf , ,V f '-' :~c;. .~ .1. w_, <~g 
. . . 

·F.otw.d c !, 6o·. 2~. H., .. 7•50, !:!, s\·~ 04~ 
' t~ • ' 

Tim·· o¢~dol'ie (79) t-22 ... 1 g,O·.l mole) ·V1a:s refJ~tUter1 w~'i;h\ 

athatl.o d!o1:(7.6g~ o·.l2 mole),, ,lmf~•to.;;tuon~·l?ulgrdlnio acid..o (50 mg) 

and ·~Y ht:rnz~rie· {200 mlt) tis.in.g tt Dean S~:-k w~elZ~. POl:>~.2:tor, ttnt1~ 

ITI}'-""·· 'V'~..,~:4-~ ...... n .,. ... { .... ~·t·n'!"'e .a~~- c· ,...,o .. ·' r.-....1. '.~.~"~lll··e.·d ~ . .Lt; ~ .,.., c: "~· u ....... v-- .. lt;l,..J-t."}. v ·--,.. ~ ., ..._,. ..... .. "' ' .:..;.."!"~ t.!... t;AjoJ " 

. ~ ' ' ' 
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conc~ntraiiea. Distill~tion of the residue a-fforded the ethy .. 
1,9 . 

lel'lS ketal of 10-crtrlloetho:,:y- oeta:l-2-one (80) 24g b •P 

142°/2 Tol.~z- • 

I~'Z •. liquid £:tL-n (om"~l)_ (Sp~ctruz:1 2) 

lo:~c (i:;), l:l20 ·(c) 

A solution· o:P. t:Jte :;-;bo-ve ketal(80) {(~u.P~) )~r! dt7 

e~eher ( 200ml)wa;c ac1CI.ed dropvtiae· vri th ·s1;:1rrin.z; to a s.olutivn 

of lithium aluminium hydr:ide(5,:.8g) in an .. l'lydrous ether (200m.1). 

Aftel .. the add 1-f;iof'l wa·e:r comrliete the :ni::-:tt'!.l"e was·- gerl"i;ly 

The compJ.Grx was care fttlly de:e:onrpo sod 

with a- ~a-ttu:•z::ced ~~olu·t;ion of sodhun sulphate. 

!a::,rer vtc:.s· sen!-l!'ated., dried and concent-rated. The resiclue 

on diz·~-ille:hion ga .. Je the e·hhylens· k~·ta-1 of·· J.O ... hydr.'o.~~~tmc"t.~l~J~:t 

l, 9:...octa-:t-2-one (2:5e;) (81) b•D• 146/l Torr'.. m.p. 7o0c. - " , 

., 
The f'tbo""Je kotal (5';/lc;) Yias · lzycl!.•olyffiWr~J,{ji;tl~ 65:-~ acJueous 

'· ~\~?.'i:. 

othet> e:c'..;:t.'"'a·c·t \TF~s washad vd:l;h bri.11e, s~ttul·~ted sodium hie~.., . , ' 

bonate soltrtion and water, <lriod and concen·ura.terh The· 

resiuue on distillation gave l.O~hydroxyme·chyl~ l, 9 .-octal. ... 
·. ~ 

2-one (82) b!l)p 136° jo.6 Torr• 

r,n ... Liquid filr.r (in· Ci!l""1 ) ·(spe.ctrt.un 4) 

3420,· :i3DO ·(broad),, 1665 · (s). 
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' ':the Et 4-dini tronhenyJ,.. hydrazone qf' the abo"'Je COID110U..'1d :@..re-
. . . - . 

r~n. .(nu.jq~lj.. :tn cm ... :t;: (8J?eot:::•um 5 )' 

3300- ( f3) t 1610 (f~) t 1.ij 90 (B) t :Lj)O (G) 

( 83) ~. 
•I • .I / 

. ' 
(l.,7g, . o .01 mole) ttnd r:-.otha1161. (?OmJ..) was cob leg· to o·0c in 

1 - . 

' . 
and: 50% hydi'-og1~1i. :gerQ!!ti<la· . (lO. ml) WtJ.EI ~.ctecl with eont~.lt'4o1.i.s 

i:,-f• ~.~..;·l"'-!'1"'1~ ..., .V·-~ • --"t:.~ t 

.e~•t·-t~_.·r..$-d·-~o·,.... ""11· !'l..!l, .. -J.,.t-·~ ·¥1 ... 1 h,,....l., .• ;. ..,,,,, . .,. ... ,,.."3rt ·0°0 ·.p ~·7'" l·~o· __ ur~ 1!'1• 
".ll.r.J..i. ¥ .1. ,,,._ . ~--~.U.J. • ...._qJ.l.(;:l. _ H...,, w. o;;;;.uU ·-I;;; I. ~ ,;~. 1 · --0• .. ,_ . ., ~~ 

o-_thor (6o-Bo.) 

A:nt:'J:. C£~1cd !or c11HJ.~-; ?$ = c, 6"'' 69-
I •- ' 

H, 7 ,.9_,._ .·a ~ ... , 
., ~ 

:Pott.Yld G, •'7 .... H? '7 J'f"'!,y.' D· .oo: l.)t.:'l• ., ' .... ,~ 
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r·t was 

·trna:+e:t:'l "'~-1·:~·1··" ...,..,..,os. hi \r di .-.;·H J Ted ·'l~ll.~ ... .._.sliO~' u-~~:lcu:•·\.f1 ")"'o'·"l'r! ChUP'lde ...... . \.1 .l U v .\; .I..J.y __ \• ~· \..JY- .. _ .. ,...' .~.~-':>; . .J,. Q.,.~w .t•l;J..l_ J.· ... qJ"-· . .""'" 

( 2.,g) in :iusolttt~(: :::J~'l"idil10:·;:( 4 m.l) r:mc1 left e:t 10°C tor· 

hyd'rochloric ttcid nnd ·the wh:i.te. £1m!!lY ao.lid ex:t:t;'acted with 
' < 

chlol"'ofor!'ti. The extract was_ via:ahed w.i th ic:r:;t<o!oCOld. water 

.. , 

•' 

·. 29'20 {s} ,. 28.6'0 ( s), 17:2.0 (e) ~590 (m), ll1tP (m), ll.7o(s). 

(7tir·) ( l.Og~:- ),OOJ r.lQle) -~~ meth~J"''L()~ '(? MJ.) at 0°C was 

ecclocl ~ !19'thanolic SQlU tio11 o:t' ~o4ium hydroxide (0;.5g in 
• • < I' 

' ' ' . 

. \ 

Th.~ reection mix-ture was e,J il1.r~e<:l with brine·· G!Xtracted. vti t:,h. 

dtJ?-er:. W!!:oh~d ;·te:C.l w'i-th b:ri.i''le atl<l £i:nall~ with wat;er, ·ih:led 

~.11c.1 ·\';J;le e·ther dir-Jt:i11ed off' •· · ~}he viscous liquid on .d_is-tii-
, ' ., . --·!,::~·. . 0 '. . ·-·::."· . ' 
ltrt iort' ga 7e. ( 9? ) b.!J 1487!. Torr.. ·. 

£ ... -l '"1 . . r.n •. {1iqvJ.d f'ilu) .... itr cn1 -l · (,SJiecti'lw-::1 8) 

'357o. :5:7.30 (brond}. 2920(s),, 2860 .(s)., ~'lOO(rt),, l66?· {s) 

<L62_0 · (m. j ~ l46o (z), ".!-37'0 {w),, ;1.350 (Iii), ~260 ( n), 1200 (w) 

UGJ.· (JU;), (36 5), .81o{s)-* 795 (s) 

'I 

I 
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I 

I· 
' I 
t·· 
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i 
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l,l8 (;>H, a), 1 .•. 41. to _1.99 (?li)- 2,29· (2H)• ·-:.:>~99(1 H) 

s·•·72(tl.Jr.s) ,. 6 .ol, (lH d) 

· ( spe.etrUr.t 10) _. (nt/l!J;) 
'. 

' < 

195, 17<;J·j. !6~>" (bafl~' pemt),,· 2$ .• 121,: lr>1., ·19.;' 51 

trttd e:xtraet<:ld With. ·ch1Qroform; 
' . \ 

r.;• . 
I 11'-'~ ,\,)'!'.~'l'i'\'1'1\17' ·- ~ o~~~"" 

inv~~ti ge:tad fUt'th9~;ll .. -

Etll;.cl•E:JllZ.Q$~t-.!USO~~~=~~b.oJ~bttii~l (96) . '·,'. 

· 
11'0'· ~Jhe: .sqtl:~o""'l#.rr~~-rta~i7.1r#· {;:f: <Z'I;~~~V:l oi/r.:1oh~:)W;t.Pr;<;f"""2""' 

' . ' ' . -~ 
cm."'b.a:ey-.ls~tG -~;.."a-'p~.1"etl .f.tt' ·'thfJ· t~~~UX.J; 'Wa~r £\~om e<ti:tyl, · .w·~,1ci1la:t~lOl'l~• 

·2~ca;;:ho;:yl.atat (?1g, · (l~ ,. m<'tloJ . ®J.1.d. ~'<)C/.::i:&.Ji · dtie"~· · !7. ?g; tJ~;;;t e;a"~;ol]li 

!.n.· an .. l7,~,'T:.~:Z:."v."•'Ll·t1 b.onze. ;ziiJ l r~oo rv.:t \ 1~,8$ ar]dn•;j 'd;t\;•)'n••i:k.rin~ ~,.-l'l'~>)~'•(l-"'""ti''li1'• ~· ~ ' • . . \ •': ,;~, .. ,, >;;>.\.!. . '"~'1:' J.~ ....... ,..~ J;r.·~ .. ~-';o!o ~~~--

cryataliia~rt.ion· ~m., t~CL®o~a ~:tb~.:ol~>m.~1.,M;d e,$ 31$.4~ 
· . ! '5'2= f . =.; I 53 • 5 • ·. . 
raeords ~~-~-~~) · .. 
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A solution, of ethyl. 2-propargyloycl.ohexan--l-one·z~ 

carboxylp;tfi.l {?8.-0g;) o. 27 malo) in 100 m~ tl~thano1 wae: added 

~op_wise ·with sth~ri:ng 'to the ct;ttalyst PJ."ap~ed bif ~nomont~i!y 

vtarmil'lg a·. mi xture of red o:d.de: of nerctre~r (;r.ag), boro!J .... 
' . -

metlltt!ld1 ( ~ ~). ./ll . . slii$h~l:i .e}~othW4lic l"aa~t:ton eltaua-d·~ 

Aftev, the_,_ nl!ctl. tio1:l'· th$ ro~cti~n .. m11.Jtt:tt1.e "~/tar-;. stlrr$d: l:d~ !lQom - ~ . . 

ta.tru;mratura foL'f 2ft adt!l~t;~~ontd .tv-Jb,o ll6'12rt,l a.hcl. p.otu·ed into 
• I 0 • • 1 ' • 

~tery- a·Uw~~ .. ¢0-J..d' tiul.;ph'tlr~C · nci{\ w:l:~h ir't> irz:t'u'tg. T'h¢'. :Qroduct: 
- •'" ~ 1• ' 

1
, I j , ' ' I •' o 

\W.ts~-1 tsolated'~ vt1'2bh, otli.G·r,~ ~:~shed 1'd;uh Yt~d~ar,. cir.i~<i and ·tn$ 
- ' ' ' u • •• 

' .. . ' . 
f.'fOl'Vet\t' di~t11ie~d off., Th~- resid,~~ .on· di·s.'til1t\t1o.n @l.W . " .. 

' • t . ' ~ 

¢thyl 2-(2' -oJ-:oprpp;y4 l) -oy61oh&:it-:al:s-l~fl.J;>.-2· .. ~arbox.Yle:-te ( 4?g) · 

b:.-__ .... ~"~ i 7.!:::: /l · To· · ·~""; ... . ;t:' __ ,.)' • . -~·-·-

t.R {n'Ujol) i:..ut.t11l-.lj.-·. (S'.ge<:rtrut1 U) 

294o(s ) ? :t1eo, 1695. (b~~~)., 1560 (t::), J;220 {a} 
• l ' ~ 

' ' . . ' 
' ·-

: DisGrlicarb-o:ne· pi"~~~ed ir1·· the· u~t Wt.r.y,· had ao: m'.p· .. 

2l6°<f•. :Ct ·qould l1Qt .. be p:ul~if'ieu· dtts,;:f to. ita\ ins01u1H.lit-y. · 
's·o ' ·o . .. . . oo ' . 

fLit ~;./r:ocot·ds l-95 .5~195 •. 6 :c, 214°0;;1 ) 
• I . . ~ 

• • I' I I 

. rotttss:l'!,tm . {ll~ •. Oat 0'~282 g ~tom ¥1b:e clisst>l'"ted in 

tort!~.ry bttt~l. ('5o nll) by :r~a-b:tn:g 1.tnder ·re:!'lt~. il!h.t:>n 
• J '/ 1~ I • 

' . ' 
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_j 

ia<:ila t(;)ct tf:ft$%' sa.-t1Jra.ti11..g th$ l"E.lt.l'<rticin mixture with sodium 
' . 

chlorlde nif extr~c:tion vd. thh r;rth6-l1:~ · The ao1"~nt Qxtract:ea 
!" ' I • ' 

w.a.z wa8h.Sd 7titl1 vta't~~ dri!t~~f= a~a·. <l?noontra:t~d!J Th~r residue 

on ttia,:·tlllatrton . f!J:t'V.e e'th1Ji. 2.,4,5 ,6:7, 8.-hox~.hy~Qindt4"'1•2.-
l ;- • . : . ~ i . •. . ' 

or.e-8-~zob.o:cyla:te (9'T) 2og,, 'b.p~. i)2.? °C/2•8 Ylar-~-­
~ • .R '(l.ifg,~id:ii'il~) c:u1 ¢tr,.~ij: (S]?(le-ctr.u:ra l2) 

. . ',. . '' - '." . -- ·. . . . . .. . . ' 

2920 ( s) , 28:40 < s) 1 · :r{ 20 ( si,- · l67-o (tr) , l'37o :(lil) • 
' ' 

i:540 (w} 
. ' 

1220 (s), lJ.90 (m) •' ll?O (m) 
I < 

•, 

'I ' I 

S;~·raicarba::U>:n:e l'l;t>a:pared L"'!:·. tht;t ur:.uttl way Ql't c;c~n:r!;:a.i.l:toa:hion 
' - b' .. ' -. ' ' -

.fro~· ~thano:l. me;lt$d a•t 202 ... (frit8~· ~e·¢o;L;!ds 20·2 •. 6•20,2'~3°). · 

, Ana-:t .• Cttlcd. fo~ .. ~1;;H19o;)~, t Ct ?8-•. 86Jr R; 7 •;I-6.~ th 15 •33% 

l?otm· d d; 58 •. 84-.( 1-i, 7 .l?,J N• 1? .8:;% ,_ 

' .. 

\ ,, 

N r:.d.xtttt'e bt' the· J~e::to:S·s~r (98). '(.2o.~8g$_: o .1 nlole..) 

- .fzrthane- dio:t ('8~J.6gi. o .• l;> tq.d~~:·) ,_ narA..;toJ.ual1$tW.l11hon-ic ncid 

(SO mE) anct d:c~r 1Jen~t::no ·< ?- oo- ~~1..) wa~s- re~'l'u11-:~d titJ1.ng, &i' cw~:tre:r-· 
' .,. . ' . .. ,, " 

uo;oa:r~·tor :~o)~ ·thr® hottt•-rf' ~fft~r.-. which t i:1e 2''¥> mo!:'e W;Xte.::;-
, ... •. 

t:m:~itra:tad-- so.d:tura bd.ca,1"1:>onn·t~ E1blwti¢nn nn<Ol v1a-t~t"'· and 

G~l·1t:en't1.~~d~od:~,. T1ia re~d.c1u:~· on d. is·~ ::illation· ga;1e 

20 ~- ot· ·thil e"tl£Ulelle ke·cal. -of {98),- b. .• p. l.40°C/5- Torr. 
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r.n· {liquid film) £m em-J._J (Spectrum 13) 

2920 (s); 1720 . (s), 1620 (w); 14?·o· (s), 1370 (m) 

15$0 (\7) • 1260 (m), 1.2.:?0 ~m) 

The soltttiott of the ab'ove ketal in _anhyclrous ether 

(100 ml) wa:s added droP,wise \vi·th stirring to a so~ution of 

lithium· alt1.rnL'I'lilh"':l. hydride· (;>.66g) in ti!1:hyctrous· ether (200ml}. 

Af·lier the addition, the mixture was gently rei'luxec1 

. for 12 hottrs• Excess of the, hydride v;as decomposed vri·th 

cs.re£u1- adclition o£ water (2 inJ,.) :to ·~he well-cooled reaction· 

mix-ture· and the complex was decomposed· with sodium sulpha-te 
. . . 

solution. - Ether:.-layer was separatecl,. -dried and colleen• 

tra-tec.t. The ~esic1tte on diotill~.tion gave the ethylen-e ketal 

(100). of 8-hy~~~uet11y1•2·,4,6~7..8-hexahydroind.en-2 .. one 

(18g) • b·.p··~ 145°/0.5 T' orr. 

A solution of' th~ ketatt. {100) (!,?g) in- m~thanol (.:?Oml) 

was warm~d with 5% hydrochloric acid . at ?0° :roz- one hourJ 

when "Ghe tu:tb:id reaction .. mii;ture, became Ql.ear, the hea.ti!l..g 
' . . 

vta:s stopped. a'nd ~he re ~c-tidn m.ixtttre· cooied'it diluted with 

·-·Distillation of the rr;.sic1ue gave 
' ' . 

brine and eoncentra:te~:t. 

· 8.""hydro:eymethy1-2, 4,5 ;;6, 7 .8-hexahydroi..1"!den-2-ort~· ( 2-.5g) (101) . . . 

I.:R. (liq,l..t~d film) rin em,·l_]7 (Sp~etrum 14). 
I ·, .... ~ • ' • /- • . 

:?5 20 ;, ;>480 (broad} ; 290 o ( s) , -1670 ( s) , 16].0 (m) , 144o ( s) 

141o(w) • 129o (m.), 12:;o (w), :u~ (n), 1160{1}1), loBo, 
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,-
. - ' 

2 •• 4•Dlnitr()phenyllty~zons·. pl.?a-l)Stted bw sulphuric acid; m~tho·d' 

-on- er;rst.a11isaiilpn f:l1qmm- d:::.iluve etl:tanq:£. s~:parat~-ct. .as red -
-- : __ ----:.---.- -:_·\' --- p:· . ._ - ,-
Cl:'1JJi;'d.t:r m,p. l5 2 · 

- < -

Anal. -Ca'!Cd. £or -_ ~.i6·f~l~Ci? !'14,. J· C • ·. 5?'.,6?:; HJ 4·• 92~t 

. _: . ·, -· ( Nl _i$;..2:;% 
. -

a C;. ,;I)~ 62l : ·H.~ · 4" 9 l. N; 16.219; 
. . 

!.Re (nujol)_ ["in em •1 y S-p(;lctJ;"um ·l!,;-

--· 

; ' 

- :;,QO (S), 3lOO('S) • 2920 (S) -,· 286Q.(s) •- 1610(S), 1585 (S) 

1540(W)-~- l500(M):, JL46o(M) • 14:?0 (\V),. 14!0(Vl)', l;80(M)., -
" ~ • • , I • . <' ' • 

! ' 

l;l60(Ei~). 1540(S)_. l.:;iO(S), _12$(M), l22Q {ill),.ll90(W) 
#•- • •" • 

-U:;o (M)', :to&; (t1) ~, ;Lo4o . (Wl ,, 920 {l~Ih a.so (W) 
\ .j . ~ 't \ ... 

' .. . . . . 
: To ~- solltt-;:..i.on: of B•hycit-~xymethyl-2 • 4,.5 ~ 6 • 7 ..-8-hsxaTiydro• . 

.. ' . 

> ¢oo·l~tt to o0c was ·addec~ a mbt~e,- of:· 4r1 sodittm; hydl:'pxid$ (lOnll.) -. ' . 
and bW~o~ett p,-e:~toxict$- (;.>o%, !O:ml)!n· o~e- lot a.~ -the ~ea:ction _ 

m~ttre· was · atirrad for one 11o~ @d·. 1a!t a.t 0°C fOx-- 72 houri·~ - . . .. ' .... ,, .... '" ' 

n!O·bnti)lal was l"'emoved at·:; ·reduced p_reai:lll-ret ·.and;. the r<;Jeidue· - - . ~ . . . . . - .. 

lt11tt1.ied w!tn:.·vm:t~r· (SOird)-. Tll~- ·eolltJ}Puncl wtts· -~~ai9t~d with 
- . \ - '- - - . 

b:enz:en$, •sheet untli. nf;)utr~t., dried a~d the· solvent 

dist.illed_ off1~- · The _@m.my vras ¢r.'ysta1:rt.ised :from pt;Ytrol.et.mt 
.. 

ether-~ther .to give ·the eno!3W•alcoho1 (l.O~) · m,p •.. 72° 
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Afl..S.~• ·, Oalcch tor c 1oH14031 

Fottndr 
. . . 

I.R:·. · (nujol) r1n om-1_1· 
·~' 

c, 65.93; 

c, 6?. 90; 

H,. 7.69% 

H,. 7 .68:~ 

••4.!')0' ·;. ·c.. ' ;3;,4o~'b:t:·os,d), 2910 ( S), ·2840(S), 1720(S) 

14'""(0( S)', l4?0(S) ,14-~0{W), ·1;>80(i'l!} ,· 1290(M), _12'40(M) 

.lzio.(vl), 1190(i~1), ~140 (la) , lo9(?, l06o {broad), 1030 (M) 
' . ' ' ' '. 

""'"··· 0· t!d) .. !:.M J. \!:t f 910. (W), 350 (M); 810 ( \1} 1. 790. (YT) 

(75) 

' ' 

· To a solutton of th~ .$po~+6ohol (lCJ2) ().:;>~:e,:. o.o2 mole) 
• ' I ~· I I • • ' 

i:b: ahsolu·te· 1-,~idine· (S ml) cooled to .. 1o0 c ws.s added a~ 
. ~ : ; ; .. ~ - -

soi~tion of l;l2T.ll·-ct;~iueri¢st~phony~ chloride (4.•?g~ o, ?.1 m.ole) 

in a'b:solttte 1Jy.cidJ.11e . (5 at,) . in ·on9 lo"G and ie:rt at 5 °c £or . . ~ - ' . . 

48 ho'lirs. The reac tkm miAttiZ"e Wt:.ts TJ02Ul:ted i!."):i;;o a 
~ ' ,· - - -. ' . 

'slurry of ice and hydrocblo~ic acic1· ·and ox:LT.acted wii:lih 
- ' - ; . ' . ; - . 

The· crud.c. guw.y toayle.i;e. which 

eottld not 'be. aol1di.fiect vr :t.:s used as such .i,:nth~ he~t at.ep. 

Yield (crude) (4.5g) 

. . 

. l.R. (~m:.~ -mass•· ~-~~n Qm:·l_J (Spe~trum 17) 

2920 s 2Hti~ (broad),. 2670 (W), I.7l5 (S), 1660 (rtl) • ~620 (W) 

1?90(Sh 1470 {S) 1r 144-Q.(S), JArto (S), 1:599{'.V) .. 1370 ( S) 
. . 

~32? ( S) " 1280 (M) ~'· J!.260 (W) ~ 1240 (JJ) Jl :!205 (tJ.): 11.-SO~~S) 

ll60(S)i ll~O(W ), lllO·(~'l), lp8<}(~:1j~ l020(M)~ :t0100il)' 

980(S), 940-, 900 (bro&.d), 860(S),; 84o(M), 8500·1>• 810(M) 

780(i'!I)., 700(S) 
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': 

I. , 

o· 

o. oo:; mol<j) · 

in~ methanol·_ ( 4 ml) at o0 c was. added a; ~ethanolic solution of 

1, R '"" ··('!· •d .,.; .. 1: ) F··...,.. . .,.1 :j. .•. ~ . ,~t:-3.':1.1.1:3. ' J.; l.- m. 1- l.u· Qt!l .... , ' 

"J;.tl5"". 
_, • :,J ' 

1015 

oi'f.. 

(III} 

Then f'r~shl.y distilled mef:sityl. oxicTe (50g, 

After 
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1. r .... ,./ M1.r'J' .. r,\.r,.\ .... , ... n.r \ ... r ... p-.,1 ... m.\i .. ~ ... 
: !, 1: ~ :· ::!;;lil~~-. :,::i.~;jj~~l~~:~i::1i!=!:f!·:.~~:~;; 1 ::~;Ji;:~hi;:{~~~fli~:~~~; 
·: , , ;·; \l~fi\H- ::'!:lt':: 1 ;!4j;~~~:;:Jt~!jl'!g 1 ~1;t!lmigu2U~ 

, _ .. _:'.·\ :::lji\~%~!1: · ~)r\~~l:~::\Jd~i':~;!Hl;l\~!-ll~i~lli!1~~~;l;i1~.j@ 
~-· :l.l.;;:d!·. :,:J:::~:::t:::i!::nii.~:.! (':i~:"J:~!:<!'~j'lEI::!: 
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:further period of 6 hott:::'n. 'Ehe l,o;cact:ton· w~-~ a:cirlif'ied while still 

hoii with dill1tc hjrdj.~octlo:d.e at:id (lt? by "tol1.1.me). After remo'\l'mg 

moct' of tho :,d.oohol by dlstilJ.a·cion. the :~eaction mixture waa-­

boilott for a'O.otft. :LO. minutes with. decolourir:;ine cha~coal (8g) 

The tre·a'liment with decolourising chpx·coa~ 

w:as ln~l)eF.teC.. . The.- re.sidue· \'TS.Et:·netl.trt-tillsed ·~o li·i:iuras by the 

adt-:ti.t.to11 o:f hyctrochlm~lc 2~¢ld a119. boi~cd. 2:g::J.n with dGcolot'l.J:.'inir..g 

charcoal. (8 c) cmd filtered. 
: ' 

' J 

raa:51e··· c1ltttino-tl:r ~c:tdi~~ to methyJ:.. o:can~: with dilute '!I;y-dz·ochloric 
' ) • r 

c1ir.'lec1one· (11)) cryst?:llised out • 
. 

·It was-- fil."tered • washed \~;i th 

Di.w.edone (56 g) wac added vrith stirrir.tg to sotlittm 

metho.:ii:id.e (prepa,red :D.•o:r1 10 •. :t2 r;. ,:;oditnn fj.nd llO _m.l methanol.) 

fo·llo\-ved b;{ me·lihyl. iodide ( fl.-4 1al) at 5° <luring 50. !4ins. After 

The etherea·l solution 

extract e.cit1ifll!cl to I>l;,.ocipitt;j;e_ (114} ·wh~.ch was wa-shed with 
. I 



l':--.• 

, .. ,~,,_,, 
,.~.Lui~ 

The· r.lione- (J~JJi,) (:hl."•-4 g), -- Lr-tliethyJ.amil'lobut?.n..!2•one (16-Sg) • 

~9yr;i;.dine (JJ} •5 mlj~vd hen~·tlo (:!..5 a ~nl.) uex:e J."'v:f'l(.~xctt (J.;; hour a}" 

using t.': De-at1 ... Stark app~~t-u.~~, Usu.rLl worl;: 'li]?~ r:.~o 2. 5 ,:5 .... tr imethyl• 

2•(5•-o:;.;:ol:n.tcy-1) .,..:l, 3-dioxocyclohe::anr~ (17 .~~ g) 

b-•lh· l.;? • ~1'.?8°/<h 6: -Torr • 

! 

as L ""/'~:.ccons oil 

·.·-·~.,: .. -..,;<:\ .. - -., ,..,, -~--~~'1 1<"_--"'·-+o·J."'"'-- (l•7 0 ~-.,) +~·~·-"·~·'L.,_1 • .,_ ...... "-in"'·· f'"'l- ~ 1""·1_\ ~..,.c.--"--• ..:; (l"GQ"•.,.; u.-. .._. ... .., " ,_,__.; ;) • b I v.!.· ... ~;,.; uH.;1 .J.ot;U.-~.... c \ - • ._.... Ll~/ 1 ...,""''"' 

zoic' acid. {S.8g) and :{ylene ··(T_5ml) 'HC;1::_-o :r·of12::ed :i..tsing_ Dec;-1"• 

w· l:>a-le ye·l1on· oil whieh soltdified·,. ' 

ether and pet:r.ole-wn c·chej:~ 4 m. p 4 94-(\; -

C,, 7''" ., •. ~- · • ~ "'l . ' I _•''1 ilo 
. ';' ..,. .. ,. ,,. .. ) 

1 ~ u·"o·o ;·· • M,.~ .. •• • J' 

t 
\ 17-.00Q) 

:I:m· cyolo.dohydJ'}atiol1 a;ppee.i"ec.l. t.o be l~athar tl~:ugglsh J!.;r'0'Surta:bly 

due· i!o tile'' g~m-<:1iJ.ne:thyJ. gt>ou;Pe whlch brtrodupe.- :i.nto1~se 

A so.J.uti.or.t of (il.6) · (l. g) :i.t1 ·ather (l.O ml) · r1es added 
' . 

s:towl.y ·co £~:. Viell_ stirred a~ttttpen8iOi1 oi' ll·trdu!ll aJ.v.n~_iniu.m hyo.:cidc 

5.J::!:· ·(J.O ml)· at l"ochn t~:mpera.tl;we:~ . After s:t;irring 'at. room tempere;ttu::-e 
_: . . . :Q- . - ' ' ' 

{1~5 hours) i·t Wtt:ti cl:ocorn:pqsetl trt 5. , :(ice·-bath) withyt saturated 

aq?.W'QttS _ SOdium Sl.?ilphate soltr'&iOl'lt - . UStW:l. wOl"'k Up _:f.\t~nished .the 



l'lot' show 

., ' 

• - ~ ' I - I 

tfO'ui:VEr. mangii.:nr#~&· dioxide,{ 9 ··g)W(iJI"e'. s~&:irl"od ~;:;t .. lf~om ~,i;&1t'lpef.~a·h'll.rec for· 
,. ' ' ' . ' 41'· ' ' ' • 

. ~4~ hoUl"s•· T}lG! m.L.~·t;ure· was i;,~J;~l1: .fil.~~e:t•eu, the· .. ~g&.:4i¢: residUG' vms11.ed 

~aith: 1·1ot. ch~:>~ofol"'m (SiOnil x 5) .::-r..o:d ·thri:. dl,nibinet1 :i?i:1.1;ra~b:qs: d.rie:d: 

m.ooo). 
·. 
t~m tm~l:.J'c 

\ 

! S'P¢ c·~rtn.n 
-- i. 

2l) .. 

Ahal ~tt:tcd · f~~4 CJ_)t.t2qo2 : (·~, r(f;_i.,.(H) i Hr 9"• 60~ 

J?ounc1 .. c,:rir •. 68; H,9.38~~~ 
........ ' .. 

~~~~.t.h2:-!~Yll~+.-8.~~4.l.l?~1t..~~r.2~ t1Jl9.) 
' - ., ' ' ·. 

To (J.l$) (:t. g;/ o: •. oo;. mole.)' 1;i~ riQ"'((itan.oil (55 ttl.) cooled to, 
. . ~· .. 

cl') · ·w~P zddadi · t'." m.L'!tt~-te; o:f~ 4N· EJoti.it~m ~r:~4o:1:lc1e: (~'i · ml} .m.1Il SO% 

• 'fr, 
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j/',' 
'./ -

·-~:us-~·· 

\"t~...Jiad Yti.th. brine~ untU. l'$:r~trPri?.:' cu ... :1ed _find conce·ntra-'cer.t.. Thev 

. cruder, ~Po~~l COI:l."Q(itmq . f:!.:t$} \;r~-s U~ect r..[r cucb in the nt;~t EJtap ~, 
' ' . '( ' -· ' ~- . 

u· eb$ol.utE:l' pjir¥linen {5 m.l). S:hd .J~reatctd: ·wlth i)%~:shly .d5.st1ll$d 
' ' ' I ' • -

~~ tp~u$ll:trmirt~l1onyl.. ,(ll'ilQ&io~~: ( 2e5 g) -ro1d le·-i'li e/._';' l.ovc . for' 72 
' ' .. . ' -~ \ .. -

-ex:trao.ten with cl&:coform _and· washetl. vi;l.th WBSto:r s~r-J~1:.'a4,. •t-ilr.o·s~ 

and eanceilt~at:od.~' illhe: g:~uy to·~y1t:1te·· Ji;as_ Uf'JQd. as $1.1¢11.· in the . 

.f.t~ont _benzene· ""' ~tr.·o·leu.trr etll~r ~'then the. to~Ylato E!t):t;~~·~.tsd att 
. '.J . 

e·· white• c.ryst:a;ilil1eo··aol.ic! ltt•P•· l-46 c. 

-· To tt·' .st?lttition o£ th€*-· crude to~Jla-te (76} · (i. g). ;tn mat-hanD~ 

(20 ml) at; o0 : ~e aduea· ·$? me~bl"ltiltolie atH.ttt:ion: o:l~ ~ta:a~iurn~ 
. . . ' . .. . 

. . ,_ I 

i'br· :\; !t9u.r· ·vt[t:!'i o~ea"k11ona:l sth~1. ... il16'~· 

· , redttoed p?e~~n:~c}~. . Thft :r!Eisid.u~ ·wa-s d} .. :tzrted vri1;h brine rui:d 

i.1;¢t"t:i:"ae'~acl with e:+ .. he-r ~ ·, · EtJ.•Ler e~trac1t · WatJL waslt~c. suo.c~ ss:bte;ly 
' :~ - . 

With br.i~'l.G'•· c1!:uxte hyt~O¢h1Qrie aeld, -a!.itle:OUtt SOcl;tv..m b;ioSrbonate. 

ai1d' f:"il"ltl:U.Y wi~~lt bltina. \.mti~ :t;t¢tttl:'a-l tuld· ¢6n~e.:n~ed: • 

.. 
alttm:il'-4£': (pagioJ ~nd Edutf.id wi·M1 benzel'IB\-. 
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:tic.tv,3..d' forried. hy ·tho ali'mirJF:CtiOi1 :):,: ·i;J~·1 to;;!~Tlo:~:,r o:'Oill) (-"'._1::! 224). 

r.r•he compout1d P . .:fnJearfl to be :hnr)11t'e :J~d t?:. · ni:<t-:u:a as is 
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