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ze& 1,74lydqzll shifts and ring ckmrc to bicy- 
clo(3.2.O)hepta-2$dicnes.’ Only the latter two processes 
areimpormtinsohltiollandourattcnti0nwasorigiMlly 
attmctal to tbcm due to (a) the apparent dimtional 
specilicity of the *losure reaction wbae’ two 
products were possible and @) the apparent lack of 
phoWea&ivity of the bicyclo(3.2O)hepta-2,6dienes 
produced. A consideration of the pubii&d work showed 
a marked absence of data on systems possessing elec- 
tron-withdrawing substituents and we therefore turned 
our attention firstly to the ethoxycafbonykyclobep 
tatrienes.InthelightofdatapublisbcdbyChapmanet 
aL2 on metboxycyclobeptatrienes a subsequent logical 
extension of tbc work led to an examination of ethoxy- 
carbonyhnethoxycyclohepta&W. Some results have 
been reported in pfem fomLe12 

IEwn18ANDaKXWMH 
Photochanistry of &uycahnykycfokpt~ in 
q- 

Onir&ationofanitfogenpurgedO.O5Mbenxene 
solution of 7cthoxycarbonykycloheptatriene’J (7E 
CHT,1’)inquartzwithamediumpressurcmuuryarc, 
seven new peaks were observed by gic. These COT- 
respondedtocightisolm?ricpbotoproducts,therclative 
concentrations of which varied with time, ahhough vay 
Iittlematuialwaslostduetopolym&&iocLM 
proclllcts have been isolated by prepa&ve glc of rc~ 
tionmixtllresinWuedforkngthsoftimemostsuitable 
for isolation of the individual compoaent. lbe identieed 
prodMs consisted of (a) the three altm&ve etboxy- 
carbonylcyclob (ECIil?) (b) four ethoxy- 
carbonylbicycb(3.2.O)be@a-2,6dienes (EBCHD*s) and 
(c) a t&acyclic isomer. 

(a) E _lECHT (2) 
rapidlybuiltoptoamaximum~of746after 
Olhr, and had dealyal totally aftez ll.Ohr. It was 
identiEedbyglccomparisonwithaaauthe&~ 
prepared by tbermolysis of 7ECHT (1) (Fixpimntal). 

ZECHT (3) and 3ECHT (4) could not be separated by 
& Their combii concentratkms reached a maximum 
tiof62%afterlhratwhichtimetheratio3:4was 
4:l (NMR). At longer umverskMl times this ratio 
&cfeua&being1:3atacombioedconcentrationof 
17%.TheseproductswaeaolopOad&ctabkafter 
31 hr. Their StluctuM foUow from NMR spectra (Ta& 
1)anddecouplingdataofthetwomixtnresmentioned 
above. 

Irradiation of a &ogen purged 0.05 M benzene solu- 
tion of 1ECHT (2) in quartz resulted in rapid conversion 
toamixtureuusist@ofmainty3and4andvirtuaUy 
identicaItothatowainedfrom7ECHT(1)apartfrofn 
the absence of a minor photopm which arises 
dir&y from 1 (oidc hjm). The high reactivity of 1E 
CHT (2) does not prevent its build up to 7% on kradia- 
tionof7E-CHT(l).Thisfact,utupkdwiththedecnase 
iotbe3:4ratiowithtime,indiaWthesequencc1+ 
2*3+4 via a series of I,‘l-bydrogcn shifts. None of the 
cyclohcptatrienes were detectably in the 6nal photomix- 
tllre. 

(b) &hoxycaliWlylb~(3.2.0)~ta-2,6-diaus The 
strWure3 of these compounds followed p&cipaIly from 
their highly characteristic NMR spectra. of particular 
diagno&valueistbefactthatthecyclobuteEolc5nic 
protonsdonot~withtheringjunctionprotons.’4 
The data for the parent system sod the ethoxycarboilyl- 
derivatives are snmmariarA in Table 2. 

4EBCHD (5) rapidly attained a maximum concea- 
trationof-2%whichthera&rrema&dun&mged.It 
was not formed on irradiation of 1EcHT (2) and the 
infcrencethatitisaprimafypbotoproductof7WHT 
(1)wasco&maifromitaNMRsp&rum(Tabb2).Tbe 
ethoxycarbonyl Broup probabIy occupies the exe posi- 
tionbutthisisnotproveo.Tbeapparentphoto-&tness 
0f5paran&ourobsavationswiththeparent&ne. 

3E-BCHD(6)reachalamaximum cuncentration of 
5546aftc~6hraadthm&tc~sbwlydecayal.ItaNMR 
spectNmW.!le2)sbowalck?altythattheestafunctkm 
was at&hed to the cyclopenieae double bond of a 
bicyck@.2q+W2$dicne. Kinetic evidence (cd& in- 
f~ckartYkartYmged6astpooomdIhuchne.lldshas 

~nwithaaanthenticspeci- 
mensyotbe&dfromtbeknownketooe9’“viathe 
seqwnceoIIt&?dinScheme2 
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Tabk 1. Ring protoo chemical shifta (d, multi&&a ad coupling constants (Hz) d cyclobep~’ 

TE-CHT (1, 

lE-CHT (SJ 

2E-CAT (3J 

SE-CRT (4J 

4E, lM-CHT(48J 

SE, lM-CHT (4’f~ 

lB.S1y-CAT (4eJ 

lE.(IM-CET @) 

4.60 
dde.6 

a. 77 

a@n*a)l9 

2.79 
ac9 

a. 55 
to 

4.59 3.22 
dt;lO. 7 Cl0 

4.50 
ds6 

4.10 
. 

2.97 
dr2 

2.77 
d:6 

a. 36 
ha 

a. 39 
c13 

3.30 

Mani 

2.90 
dll0 

2.39 
dr6 

3.36 
ddilo, 6 

2.36 
L6 

2.63 a. 74 
d16 ddl6.6 

4.04 
dd17.2 

a. 66 
ddl9.7 

a. 76 
dd:lO. 6 

4.60 
dr6 

a. 77 
d&n*@:9 

3.76 
dd:9.5 

3.72 
dd110.6 

a. a0 
dt9 

4.60 7.49 
ddiS.6 06 

iii.7 7.36 
QWH 

4.70 
&6.7 

4.99 
duo. 7 

4.66 
ddl9.7 

4.43 
W9.6 

4.66 
Q9.7 

7.72 
t:7m 

7.76 
wm 

7.41 
Qwm 

7.49 
dt6GH 

7.36 
dt’h2R 

7.16 
El2H 
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Table 2. Rina proton cbmicd ahifb (T), q aEpWjcsjc.s~ CoDptal co&asts (Hz) of bicycb@2O)bcpta-2.6 

Bcrml’ 6. 38fm 7.67;m 
6. ?S$Irl 

1X-BCBD (EJ 6. Sl:ddm,4 7.40;dd&10.10.s 
7.89r*r7.4 

SC-BmD (6J 6.2Svn ?.46~m4SA 
6.6ltm 

IE-Bclm (6J 6.2Svn 
0. 8tlqm 

6. S&m 

6x-Bcm (?J 6.66;lnm 7.(E&rm= 

7l!%. 6CBcED @g 6.23lq#.S ?.49flr¶;2E 

6E, SM-Bcml (60Jb 6. SS~rn 7.1S;dQlT, 2 
7.62~17.3.2 

lit, SW3mD @J - 7.44;l@E 

4. SB~ml2H 3.67&S 
S. 92&S 

4. 14tm 3. aw$s 
4*29$m 3. E&45 

S. S6:qlz 3.72&3 
3.92&s 

S.Wi$lll 3. 6Sgd;S 
4. S4:m 3.8T:dls 

4. sSlm@i 2.97ga 

4.16&6,2 3.1*a;XR 
4. SO&t(l, 2 l 

S. Sbat2 S.T4:&?E 

s.sT~t~2 3.66&S 
3. %scdlS 

6. SlIqlP 3.6zldlS 
3.92:&S 

4. I stl#m S. 61&S 
3. 6wS 

6EBCHD (7) feachcd a maximum concentration of 
~~3.S~.I~N~~~~~2)~~~ 
c&oxycarbony~ fiinction to& attach& to the eyelo- 
buteao double bond and k&tic evidmuz (uldc in@) 
showed7torcpRscntthccQfrccts~. 

1EBCHD (6) reached a maximum coacentraGon of 
2256 after 85hr. Its srnaure followed unsmWtiy 
fnmit8NMRs~fl*2),thekcyfcatureof 
wilichwa8tlecoupiillgof*t&siqgk~pmctionpro~ 
withfbcC(4)-mcthybeprotms,J=1Od4Hz.This 
8hOWS that tit6 SlbStit is at c( 1). 

(c) 2-~~a~ny~~~ 03). of the four 
bicyclic products described 6,7 and II dtcay on irradia- 
tioninq~togiveonencajor~(w,7o96after 
43.0 at). The mechanism of production of this wnpotmd 
willbcthesubjectofascpuatcpapcr.” 

Photochemistry of cthoxycarbonylcyd~t~ in 

PYM 

~.~T~3~4~s~~~s~of 
~O*~M~~~Of 1,2Jmdvarious 
3!4lnixm%~pyrcx*TbesedatacstaMisb7rstker 
~lmQth&o~ 14 as tbc major bicyclh product ad 

as&nmmta Tabk 3 cbiy shows that 7 
andllarcdcrivedfrom3and4nspectivelyandthat7 
tJn?refore has tbe stNctwe shown. In addition, on 
irmdktkn of 1ECIiT (2) (Tabk 4) the 7:6 ratio varied 
from 2: 1 (0.2Shr) to 19: 1 as tbc reaction proowdcd. 
IlliaLXMhmcdtlmt~arisesfrom2aadnot3.Finauythc 
facttimt5i5oalyobacrvcdon’ lrradab of 7ECHT (1) 
(Tabk 9 cstab&&s its origin. We con&de that, as 
summandiascbeme1. 

(a) The photo-interconversion of the cyckhcpta!rienes 
l-4 would lead to the establishment of a photostationary 
state containing essentially only 3 sod 4 ia a ratio strob 
gly~v~4.Thep~~of(on~nof~4 
mixhmrs and the high yield of 7 on ir&ktion of such 
mixtwcs &h in 4 demonstrate the rcvwf5ibility of Steps 

2+3 and 3+4.‘l%ere is w expwimcntal evidence for 
thcnv~ofstep1+2. 

(b) Each cycloheptatrkac riag closes to a sir& bicy- 
~3.2.Olhepta-2&dkne, i.e. closun of 2, 3 and 4 is . 
dtmtmdy speck We have syntbcsised the alter- 
native products of riag &sore of 2 and 3, i.e. 15 and 16 
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nspectively, via routes to be published” Neither wax 
detdabk by glc in our photomixtures. We have so far 
faikd to achieve a syntaesia of the bicyclic dkln? 14, the 
ahemative riag cklsure product of 4. 

!%lce our preliminary commlmkaGml Linstnrmdk” 
haspUbii8bCdlWlltsV~*tOtbose~i80 

faraltbo@ltbebkyclicdknea5and6werenotisolated. 

A2 E m 
E 

13 H 

b 
Photoc~ist~ of methoxy~tot?faM 

These systems have been most thoro@Q invest&al 
by Chapman ct oL2 and Scheme 3 gives the essential 
details of their results. -II of the 7- or I-i%unen 
(17 or 18) kd to the e8tabliahmeot of a photostationary 
state between these two. This ww3 bkd to a singk 
bicyclic diene, 21. No 2 or -tal cyclohep 
-0rtheifpbdoproducrs W~pKUhKCd.00 
indktioaofthe3methoxycumpou&(~)themajor 
bicyciic product was 21 indk&g that 1,7-hy&o#m 
shiftakadintbeoppositedire&atothatob8elvedfor 
the ethoxycarbonyl systems. In additim the formation of 
a cyclobutanooe and a cyclopentiae on acid hydroly- 
siaofapbotomixturefrom~isinagrcementwith,bot 
bynomeaasproofof,r&closureof 19and28to22aad 
23 n?qctive~y. The dienell 21,22 and 23 awreapond to 
cyclobeptatrkoe ring closures which are dircctkaally the 

oppoaik of those observed by ua for the N 
ethoxycarbonyl systems. 

Ourexpcimentswithtbelattczsyatem8aretbeiirstia 
which a complete monosub&utal saks p’ cy- 
tatrknHhavebeenriBgckmedpMo&m&y 

conning the fMthoxycyclobqMrkM9 ckarly ill- 
dicateth&~sOm4XkaUyClectroll&MtiUgaQdwith- 
drawill#groupshavespecitkaQdoppo&&ctsontbe 
dir&ion of light-ioduced ring clo!3lm?. In &dditioa tbc 
1,7-hydrogeo shift sequences appear to proceed in 
ojJpositeseanes. 

$=g”-a-Q 

b qm 
21 22 23 

scbcm 3. 

P&&t&m of the excited state 
Inaucasesnofarillvestigatedb&ltber&kaun 

andhy~n&iftrea&mapoceedviatbesingkt 
excitedstateas-bythcabsenceof& 
by oxygen and the faihrre of attempta to senaitixc uncb 
reactions. The cootrest betweeo the ramha for metboxy- 
and ctboxycarboaylcydoheptabkoea ia a cku ia- 
dicatiollthatekctronicMoppo&tostaicfactor8are 
responsiikfortbedirectioaalsp&kityoftheproces- 
se8 under consideration. We have attempted to mtimml- 

Tabk4.Prodtlctrof 1OOhr’ Irmdsmof0.0sMdboxy~bailzcwrdutionrillpyrcx 

lmmhtw% 

75cm @ IO 1 I n 14 

m-CRT@ 1 0 4 n 10 
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AlIoftbcaboverasuItsScatc(a)thatthedircctionnI 
sp&kityofrbcpIlotoche&d~cIosurcofcyclo- 
hcptat&tcsisarcsuItofexcituIstatepdarisationand 
(-b) that the excited state involved is poIari& in the 
~~~by~~~(~~~~~~~ 
C~~v~It~~~~~~~ 
miaary conunm&atio~“‘~ Lii aud Texuka aad 
Kikllch? have p&Ii&l tbeoreticd treatments which 
SuppLM our conch&Its that the s, state of cycI* 
hcptatriene is poIari& as depicted in 24. However, 
Hilckd &uIations= did not alIow pruWion of riq~ 
closorc dire&ions for monosubsti5lted cycle- 
~~O~~~~~C~~~~~ 

siilc for l,‘l-bydbrogen shifts ass&ng that hydrogen 
m&ted as a positivcIy charged spccics to the more 
lqative adjacent carbon. our anaIysix in terms of the 
rdativeimportanc8of26alld27givescotireIythe 
oppositcrcsuItinthathydrogenmigra&sasaby* 
~~~~~~~ve~~t~~. 
shown ia the foIIowiag section the apnement with 
expaiment is exce&nt. 

1,7-Hydrq7en and 1.7.mcthyf-sh@. Expwimcntal 
d&umaion of the relative e5ciencies of individuaI 
1.7-sbifta is pakulady dikllt since the product may 
itself IX pbotoreactivc with respect to fart&r hydrogen 
shifts and/or ring cfasurc. The net result of such a 
uXupiex photoclWlicaI p-s invoIving Iight absorp- 
tion by a oumbcr of it&m&a& sp&s depends on 
other things, Idative extiadion Wc&kiellts, Iamp 
&ract&&s, etc. besides the intrinsic chemical reac- 
tivitics of individuaI excited states. However, in the lirst 
instance, we ShaII ncgIcct such factors and coDc8lltrate 
on the expected effect of a safe 08 the tendency 
for P (or Cl&? to undergo 1,7-~ within a 
particular excited state. Based on the effect of a a&. 
stituent 011 the rdative StabiWs of 26 aQd 27, the 
&mated r&five &icicncics of 1*7.4ydrogcn migmtion 
for both ao electron acceptor (A) and aa dcctron donor 
@) in a monosubstitutaI series of cycIohqMricaes are 
8~~~~~7,~~~nof~(~ 
CH?‘j to the more positive ceatre takes pIace and 
~~thattheeffectofa1,3,4or6subsbaaent 
shcuIdbcgrcatcrtbanthatofa2or5substi&nt.For 
the sake of CompIetcness one shouki also consida the 
r&tive importance of 42 aad 43, WmpIcteIy polarixcd in 
a 1.6-scnsc. This, of course, gives exactly the same 
pr&ction. AI&oagh it is not always ckar from the 
~~~~~~ta~n~~~~ 
bccnalIowcdtogotoumlplerio~thcscdataalldour 
own, as indicat6d b&w, are &arIy ill exceIIent 
a#rccment with scbeare 7. 

(1) Efcc@vn 4ccep* trrbstitvartt (A) 
(a) fCyan~* and 1-bca7&+ycIo&tatricne~ boih 

yield the correspond& 2-substitntod derivative. 
Q 

0 ” work has* showm (i) T$t 7EcHT (1) tlndm- 
timm~of~~ to * 2a $3). OalY man 

-uonlu (2, 7%) m w. TIM 2. 
isomer ia alowly umvcrtai to M 3-isomer (4) which 
iinaIIy becomes the major monocycIic isomer present. (ii) 
IlTadMoll of the 1-i!Smcr (2) rapidly gives tbc 2&onKs 
(3) but QO 7-isomer (1) is produced as ev&tced by the 
Iack of production of its bicyclic pbotoproduct Q. (iii) 
ImuJia& of a mixture of 2~ and 3isoo~s (3 and 4) 
gives about 5% of l-isomer (2). This is to be CxpWtcd 
&cotheiaterconvcrsionof2aad3sbouldhcfastcrthan 
thatof3aad4. 

(2) &xmPn donating SJlb&n4!nts (0) 
(a) I-Methoxy- aad l+omcthyI~ycIohcpt&rie~P 

give the prcdi&d ‘I-s&mu&d derivatives as the sole 
hYdroeenshiftproducts. 

(b) 3MethoxycycloheptatrieM: gives a complex mix- 
~~p~p~~~7-~l-~xy- 
cyclohcp~!i aad the ring closure product of the 
latter.’ 

(c) 1-MctllyIcycI~tricne gives 9896 of the predic- 
ted ‘I-isomer and 2% of the 2-isomer.@ 

(a) Im&tion of the 2,7.7- and 3,7,7-trimetaykycb 
hcptatricncs 32 and 36 (Scheme 5)“+’ resuItx in a specilic 
methyl shift in the dire&on predicted for CHS*.Iikc 
migration. The products 33 and 35 undergo light-induced 
intcrconve&nl via 1,7*ydrogen shifts exlJ&y as WOukI 
bepradictedInthccaseofJsbotbtbe1-aad3methyl 
groupsdirccthydrogeamigmtiontogive33.lntbccasc 
of 33 the dire&W effect of the 1-methyl will outweigh 
that of the 5-methyl nsuItiag ill formation of 33. 

(e) The tctrametllyl derivative 38 (!Jchcme 6)‘S also 
possesscsMcgoupswhoscdirectiveclfccts&oi~Id 
oppose each other. As prcdic&d the laubs~t 
domiuatcs and 1,7-Me migration to give 4 takea pIace. 

~~~~~ d&rvn accepting ia8d eiiWvn doua&g . 

Apart from our owa work (vi&r tirfm) only one cycb. 
IWptatr& comes into this cata#uy. lrr@Wion of 
InctIlyI thujate. (29, scheme 4,” resuIts in praMed Ml! 
l&atioa to give 3& and prcdicM rin# closure to give 
31. In 30 both tbc l-methyl aad 3-mcthoxycarhonyl 
groups would dire& 1,7-hy~ m&&ion to give hack 
3D its& No other cycloh@&~~ are ohserved. Of 
~~~f~t~~,~~n~t~~,~~ 
undergo ring &sure. we attriite this to St& facbrs 
(oi& fnfm). 

Recently swelltoll et aL= have illv~ the effect 
of substit~ts on the baIancc between light-induced ring 
cIosnre alld 1*7.hydrogen shifts in 1,2.&axotropiIidilW. 
~~~w~~t~~ ia&msofa 
~ns~of~Uf~~l*7~~ns~~ 

~tnetivc 1.7~ydrop1 sbit’t edBcispdsr (A = dsebqa accqh, D - dectroa doaor):+aibwpd by 1.3.4 
;~by2orSsubMumt aWuurmte&ct;--.*rcta&dby2a5subMmat 

rr&Ud&~~~,4or6labrtilDed 
;......, 
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is clearly in @ agreement with our analysis of such 
shifts within cy&heptatrienes. 

-aMion of ethoxycdyimdh~*U 
AlogicaiextensionofC%pamn’sandourownwork 

was the investigation of systems containing both a 
methoxy- and an ethoxycarbonyl-grouping. We hoped to 
preprue compounds in which the substituent effects (a) 
reinforced each other (b) opposed each other. 

Alkaline hydrolysis of the product of thermal decom- 
position of ethykiiax+acetate in anisole has been repor- 
ted to give phenylacetic acid and a methoxycycb- 
heptatriene carboxylic acid.= The latter has st& 
sequently been shown to be the Mdisubstituted com- 
pound 45.w 

From this reaction we have been able to isolate 
cycloheptatrieaes of four disubs&ted types. F&n the 
distilkd thermal aeon mixture the 1,4deriva- 
tive 46 @parative glc) and the two Qdisubstitnted 
derivatives 47 and 49 @epmative tk) were Mated. The 
Mdisubstituted isomer 49 was prepamd by benxene 
sensitixed hmdiation of 47 using a low pressure mercury 
lamp. The yield after dry column Cathy on 
silica gel was -59%. The structures of 4H9 followed 
tmambiguouslyfiumtheirNMRspectrawhichare 
summarked in Tabk 1. 

~~~ of ~~~~- 

The substituents in 4749 are all in a lJ-relationship. 
They will therefore be discussed together since 1,7- 
hydrogen shift sequences represent potential pathways 
for their interconver$on. Initially * nityen pmgcd 
ATOM benzene so!utms were _ffmktal m pyrex, In 

case+ rapid productron ethoxYcathonyf- 
methoxybicyclo(3.2.O&epta - 2.6 - dknes (EM-BCHD’s) 
took place. The products prodin& on consumption of 
start& mate&d and their yields are ~&err in Table 5. 
The bicyclk products were isolated by prepat&ve tk 
andi&nti6edfromtheirNMRspectra(T’abk2)andtheir 
tbCnnaiOpenhngiD~BCdbenZenetOthCcornspond- 
ing cyclohepta&nes (Experimental). 

lheseresuitsindicamthat0f47,#11490nly#and 
49~c~.~~~h~c~~~~~ 
aliyspeciflc.InthecaxofcI,iawhichthes~~t 
etfects should oppose each other, the directive effect of 
the OMe function is domimmb and &sure to 7ESM- 
BCHD (S9) occurs. Both subs&ueots have the same 
~~e~~~~~~~~p~ct~~ 
obtai& 3E5M-BCHD (51). The produc& of 50 and 
Slon~~of~~~~s~hy~o 
shifts may compete e&ctively with ting closure and in 
scheme 8 are shown the seven cycIoheptatrknes which 
may be involved in this system, as a result of sequential 
1,7-hydrogen migrations. Cleariy the approach employed 
in Scheme 7 could become compkx for two sub&rents 
but may be simplitkd for 1.3-related substituents with 
respect to the e&mated relative efhciencies of individual 
1,7-hydrogen shifts as shown in scheme 8. ft is im- 
mediately apparent from this Scheme that such hydrogen 
~~d~e~~~ov~~~~~ 
dire&n to give products. Thus 49 should be converted 
to 49 via 47 which is exactly what the product dis- 
triios in Tabk 5 demonstrate. 

7kz pact of ~~~~~~~-l-rn~~~- 

C w 
Onirradi&nofa&rogenpur@0.Mt5Mbenxene 

sohttion of 4ElMCHT (46) through Pyrex a very slow 
~~n~k~~~ea~~~v~ 
be&ompkteafter4O@hr(compareTable5).Onkradia- 
tionthtoughquartxwahthesamelampthetimc~ 
was16hr.Theproduct~identiseda~lE5M-BCHD(S2) 
ontheba&ofitsNMRspu%um(Tllble2)andits 
essentially quantitative conversion back to 46 on m 
~~~~~Y~. 

l%esub&nentsin46arebothexpectedtodkectring 
&sure in a l&sense to give the observed product The 
very slow reaction must w&t steric hindrance to ring 
closure. This is presumably the reason why ring closure 
of~b~~tof~(~4)~~~~~ 
man and Smith* on iwadia& of methyl thujate (Ir). No 
other cyclohepwienes or phMpw&& derived from 
themwereobservedonkradi&nofY.Thepredicted 

SE, HI-CBZ f&J 1.0 TJL, 8u_BCHD~66% 

Sr,6M-BCEDtSlJS6% 

m, SIN-CRT (48J 1.0 '116, SU-BCBD@OJ66% 

sr,4M-BlaIDce?)S6% 

lE,S,cBT~ S.0 SE, 6)BCED(Il)lOO% 
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Scheme8. P&@x&&yof47,Uandodl).Rdrtivs 1,7-hydrolenshiftdBcieaeig:~bytwo lJ,4a6aub&ucnta;+ahanad 
bya2aS&titut&-+ aubs&aItsopposecachot&retar&dplucc%s~ 

4sRaxm 

- R=E 

52 53 

l,‘l-bydrofen migmtion would give 53, which in ,turn 
WOllklbCpdiC!dtO~~~llbecLtO 

1(.T&latterraKtionbpreMlmPMyfastr&tiveto 
othcrp~TlliEappearstobeafeaturcof7~Me 
subs&ted cyclobeptptriepea M witnessed by the lack of 
formation of ring closure produ& from 17,53 and 51. 

“AbnonrIal” ling closwn-n%uzion via an upper exci& 
state 

Until our finding that the bicyclic dienea 6,7 and 8 
MdUgO &3tOC&Clllid C4XlVCl’SiOll to the QURdiCyCkllC 

1-h’4 we have invl?stigatcd the pos&i@ that tbc 

ratberMCXpCCtCdR?SdtSlUCdercribadbeloW. 

On irradi&n of deg8sed O.o(H M benzene solutions 
of SO, 51 or a mixture of the two in pyrex, slow but 
compkte conversion to two new producta took place in 
-75 hr. No mate&i wan lost to polym&ation. The 
products, formed in approxima&ly 1: 1 ratio were 
i&nti&d as lEM-BCHD (S5) and 5E3M-BCHD (56) 
(scheme 8). the a&an&e ring &sure produ& of 47 
and49ruJpectively!Tbeseenoletllemcouldnotbe 
separateddlEtotbl?iridCllt&lgkCbarecteristicSaDd 
their instabiIity with respect to hydrolysis. Their struc- 
tureafollowfromtbeNMRqectnunofthemixture(nee 

Table 2) and the quantitative hydrolyl of this mixture 
toasin&pmduct,theketone57.‘I%estructmeoftbc 
latter followed froni cpcctrai dat& a&&HCl,): 1749, 
1723 cm-‘; r(CE&): 3.n (d; 3 Hz) and 3.83 (d; 3 HE), 
C(6) and (C(7) AB; 6.44 (d; 9 Hz), 7.45 (dd; 17,9 Hz) and 
7.78 (d; 17Hx), C(4) and C(5) ABX; 7.06 (d; 18Hx) and 
7.5. IN&&,&~;.r$(q; 7 Hz) and 8.72 (t; 7 Hz), 

commeacedwithpure47, 
49waSplsoprodlK&illtlKiU&lSblg&Tbl%eresrrhs 
Bhowtlmttbebicycticdicnca50a+51areabletoopen 
pboto&&nlly to the wmqnn&g cycloJKptat&nea 
which may tbm interconvert via 1.7-hydrogen shifta. 
This revaGbili@ of ring closure provide8 an exp+tion 
for the apparent general lack of pbotorsactMty of 
bicyclo(3.2O)l~pta - 2.6 - d&s: ripg openins will in 
many cases be a ‘Sdden” process due to the pltoto- 
statiomuystatelyinebeavilyontberingslo8edsideasa 
result of the more favoureble light absorbing charac- 
teristic-8 of the cyclobfptatriene!J. In the present case the 
en01 ethers 55 and # slowly accumulate due to their 
inabGtytocompetewitllthe~-ull&m&destersI 
~pssl&$ of UJurse 47 and 49, for the light m 

Inhib&~ offonnat&nofthe"abnodringciosue 
plodwcts lE3M-BCHD (55) Md 5E3M-BCHD (SC) by 
oxyga~ In a number of experiments carried out to 
producessands6tberatiooftheaepmductsshowcd 
diflerencea which led (10 to consider deoxygenation 
vari&nsaaapossiblecause.Wtithisinmindae.3led 
pyrex ampouks containing degassal and nondegaased 
0.007M so&ions of 3ElM-CHT (47) and lE6hf-CH’I’ 
(49) were irradiated on a conventional “merry_gMouad” 
appa&usandthereactionsnx&oredbyNMRamlglc. 
A typical set of product compositions is shown in Table 
6. Whereas the relative rates of production of the “nor- 
mal”p&IKtS,SOandS1,sbow#lsOllEdi.lferencC&the 
str&iqJ6lKlingwasthattbe%molmal”pmduct&land 
s6,werenotpiudu&atauinthepreaaKcofoxygen. 
Control exp&meIlt? $owed that these enol ethers are 
destroyed on &d&ion under tl~ oon&gassed cun- 
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diths of Table 6. However, in the no&egassed 
cxpcrimcntaducrhdinthhTabkvcrylittkmat&l 
waslo8talMlwglcorNMRsignalsconcspolMlingto 
enoletinXoxidathproduchwaeobservabk.we 
thcrcfof.c ConchKk that oxygen prevcllts the formath 
oftbe”abnomml”pmductasSzutdS6asdisthctfrom 
rlstingwitflthemsubacqllcIlttotbcirformation. 

Asimpkexplanationoftbescrcsultswouldbcthatthe 
“mumal”plUdUCtSIiUId51tiviatheS,ShtC,tbC 
“abnormal”plUdUCh55aadS6vietbeT,StfltC.ThC 
tripkt rcactioa, rcsuhhg from a very %&cot inter- 
systcmcrohlgprocesscoukImanif~titsclfovaaloll# 
p@ddlEtothcckanandnoasiblcnaturcofthc 
=&%&=J&=~a~_~offtiP~~ 

lYb 
. . . 

mtcqMahnoftheacfcsults.’ 
An altcrnhe explahon of the oxygen qucllchiug 

phonnoo baa been amsidcral. Both the cyclohcp 
tatrknes47and49showtwouvab6orptionbaDdsas 
shown in FI 1 and it appcand possiik that the “ab 
mmnal”ringclosurcprcXhtswerethereaultofexcita- 
tionintotlElliglKrenergyband.ll&proccsswould 
ckarly be extremely slow in pyrex in agreement with 
obscrvatioll.Airsaturatedbenzeaeabsorbsatl~ 

MOO- 
‘ 

X000- 

300 # 

Nn 

Fw l.UVnpectrad47md1)incthmol. 

waveku8tbtllaltwllatdcox~andtbiscu4tld 
preveltt the l-cqkcd sborta wavm excitation ova 
theexpchelttaltimescak.Tllatthisexplstrptioais 
corrcctwaeabownbyhdiathaincycbbexaneat254 
lmd313nm. 

Wn&Jlgth &pmdenf phomhed@ of 3ElMCHT 
(17)MdlMMCHT(1))ke 

on313nmiIIhdhh’of0.0(#M~ofrlaad 
49incycbhcxaeeolllyt&“wrmsl”bicyctic~so 
and51waefonued.ckarlyinthc8cexpahentsexci- 
htbtOOkphcelFithiUthslOI@WflVl?bXgthbEOdOftbe 

‘-&&*.m a* 1). 
-camedoutatW~*i.e.iuvolV- 

iugexcitationintotbe&ortwav~bendsof17aad 
49(llccFig.1),kdhbo&ca8catoimmahtepmdn&a 
ofbotll9horuml”and”abMmmll”~iuap 
pfOrbnrtely~-.ThCreoctioasWCfCinseb 

8itivetooxygallhlFig.2b&ownttJehitialformatkn 
of 51 and s6 flOm 49. ckxrly the “&nofmar ring 
chareproductXisam8jorprharyproductofexcite 
tioIlatwnm.Tbe&overcaultllckartyprovidecon- 
VhiIlgcvidsaatbrttheOXygCU~eftect&S- 

cribedintbeprevhseedionisdllctotbepreveationof 
excitathintothslmrtcrwa~brrPdsof47aad49 
duetoab8ofpthlcaluedby blXxe-oxygcllintaaction. 

Wavekn@&pe&ntphotochhtryofEandZ 
ha-lf$triabc8 haa becll de8criiJo In tbMe caes 
grolllKi state cunfarmathl fafztors coupkd with 
e~-variatioasamongsttbe~~t 



2320 ARBRWBXUBL 

Fii 2. P&n of 51 and I on kradson nt wnm of 49 
(5 x to-‘mol I-‘) in cy&bc~. 

the ligsnduccd riag ck#wn aud l,%hydrogen shift 
reactions are ht agreement with reaction from.an S, state 
whose &!ctron ~~~~on dctermincs the dire&n in 
which the redon will take place. However, in our 
opinion no evichcc has been presented, here or etsc- 
where, which ruks out the possibility of reaction via an * 

tf!Mldh jll%mld-state ~*~,~~~~* 
kbaspscieseouMrinlsbactithe&wlcon- 
rotatory mode qr lmdmgo all #lltod almafacial 1,7- 
hydrogen shift. clearly tkc redons wouJd necessitate 
the particiin of the hz~8 double bond. Thus, the 
dhctional speciilcity observed couki rc%ect the 
spccifkity of the c&-m iKMnc*a process. It turn!!! 
out that sucii coI)sm kad to the same predictions 
~~Of~~S~~O~~Sf~ 
directreactioofromSr.Wehaveaqucdthatifasub- 
stitucnt stabilises 26 with nfpect to 27 it will contrii 
rno~~~s~of~ex~s~~~~ 
closure and l,‘t-hydrogca shift processes win take place 
in a IA- and a 1.7~sense respectively. The grca& con- 
triiution of 26 should also favour nkxatio~~ of S1 to a 
geometry suitabk for cross-over to a ground state 
cycloheptatriene with a hruu-13 as opposed to a PUJL+ 
5,6 double bond. I&Q closure and hydrogen shift rcac- 
tions would then achy invdve C( 1) aad not C(a), 

It is not immcdktely obvious why geomctrkal 
isomcrisation of the 3,4doubk bond should be less im- 
portant than 12 (or S,a) isomer&ion via the St state of 
a ~yclo~p~~ and with tbis iu mind we have per- 
formed MINDo/3 cakulatioiJs on the S‘ itate of cyclo- 
he@abiene itself.” Two ClKJgy minims were found with 
by far the more stable structure ha- a geometry of 
esscotially Ca symmetty as dew in 28. In hi!3 struc- 
me the “augks of twist” about the C(l)c(2) and C(3)- 
C(4) bonds relative to the pbar arrangement of a nor- 
mal &uMe bond are 57.9 and 38.Y rcspcctivcly. Thus, it 
seems likely that cross-over ffom Sr to a ground-state 
fmns,cis&cyc~~ would be the more 
favoured gc0mctricai isomerisation process. The 
pr~u~n of the altcmativc ring closure products on 

‘Based on simple MO-t&q, excitatkn to s, would invdve 
promotion of an ekctroi~ from no orb&al whkh is 9 
between c(l)-C(2) and C(+C(6) to one which is m&ondiqt.’ 
No such change of tbc C(3)-C(4) it&m&on takes pkcc pad tbur 
cross-over from S, to 8 tm.~~,cis,c&-gfuund-stntc accms ev8n 
more likdy than from St. 

gqict&b of 47 ad 49 into thdr shorter wavekngth 
bandswouldthenrcfkCtcrossovgoftberelaxed8 
state to the al&mat&e tnuu, cis, cis~.’ 

Further work on t&se systems is in progess. 

ijx&nim oi the iiixbue u~b~ idhtkd tbc major 
don’t aa 3 (Tabk I). Pmpamtive gk of a dktilkte obtdocd 
nfttr431u~ofa~sdnprvea1:3~~d3 
sod 4. The NMR spedrum of this mixtum rnamb@W~ty 
htifkd tbc major component as 4 (Tabk 1). 

4.4&BCHD (5). Pspuativa & of tbc dktiUa& ob%hd in 
e~nt3~vea~~~(6~~~a~ 
retention time than the 31J mixture. It was idcntiikd as 5 sokly 
ontbcbmisofitsNhfRapcctrtuu(Tabk2l. 

5. 6EBCHD (7) auf lE-BCHD (8). A N2 pqed sole of f 
(~~~~(~~w~~~q~f~ 
43 hr. After solvent nmsval and dhthtion (0.1 Ton, W, air 
batb)tbtrcs~oiiCmmf)waaaubjcctedto~tiv~ck 
(3ftcolurrm,%Q3togive(a)~(~mg).EDdabrorptioB,cu0-2119. 
v, 1725. NMR data Tabk 2 m/e 164 (M+, 81), 135 (27), 91 (l@), 
43 1321. Ib) 7 1146 la3i) A, 225 06.W. v, 1719,1600, NMR data 
~aik.z..r;J~ i64 *, ii-135 (jz), $1 (loo), 43 (40). 

6. 3E_BCHD1C).A4:1 mixtnrc18oomnlof 2ECXi’(3)and 



Tlw sdution photochemisby of substituted cycbheptatIiews 2321 

dcoftbemuMialoiisbowedtba~of70%)*606%) 
aad~1ntknown(2%).Rspurtiveglc(6ftcobmn,U~yiekJed 
7 (532 w amJ I (167 &. ‘The & waste trap wn sow much 
ficbcrhrtheunknowocomponsntwhose~tiontimewastoo 
cbaetotflatof7toaibwsqnua&oat&6rstntLAsecond 
nmonthewastetrapamtewtseMb&disol&aof6(3rmg).llle 
NMR~abk2)aodgk&&e&iuoftbismataialwere 
ide&aitotlnmeofaspe&ml@bfSiKdasde&bedia 
experhnentr 8-11. 

7. 2-&hoxycal6oa~ (U).ANzpurscdbenzenc 
sohIof1(5omg)iabeuzeoe(25ml)wasindiawthfoughqumtz 
for 5 hr. After removal of solvent di&ation (0.05 Ton, W. air 
bath) mve 13 (3Smg) as a c&mkss oil, v, 3160, 1711. 
r(CDC&) 5.91 (2H; q; 7Hz; -C&C&), 7.61 (1H; d with lloe 
co&@. 7.76 (Hi; d with 6oe c&i@. 7.89 (2H; s with fiae 
coltplisp), 8.01 (Hi; t aritb Bee coup!i& 8.38 (2H; m). 8.78 (3H; 
t&Hzi -CHa3. m/r 164 (M+, 9), 9l(lW). 66 (35). 65 (39), 43 

8: i?thyI 2 - oxobkycloQ.2.0)hept - 6 - du - 3 - curb&ate 
(lo). A soln of methyl lBago&m 
de&&d= uriss M6 (2azs) cod LS$id;v~ 
tubes each cootaill& bkycb(3.2.opept&?oe-2~‘~‘~ (150 log) 
aadmethylmrlaerium arboartesdn(2sml)~beotedat 
l16°for50tilXeco&nedamte&swereaddedtoamixtnre 
of cone H&I, @cd) ami abs EtOH (125ml), kft ovendght 
aodtlnmtbewhokpourediotowatcX(6Wml)andetberexbac- 
ted.After~withsatNaHCO,aq.waterandsatNaClq, 
thedriedsolveotwasremovedll&rvacumo.Di&atimofthc 
~(0.1Torr,8~‘.rirhth)~veloC145~arhiche~trrrn 
~lmixtme,-4:1inchbmform,A,26o(wo),A*~ 
(99). V- 314@-27W, 1750, 1725, 1657, 1615. r(CDClJ 3.604.14 
(2H; H(6) sod H(7)). 5.73 (2H; q. 7 Hz; C&CH& 5.98690 (3H; 
H(l), H(3) sod H(5)), 7.40-8.30 (W; H(4)), 8.75 (3H; t; 7Hz; 
-CHzCB3. m/c 180 (M+. 28). 149 (43), 134 (37), 107 (39.103 (56), 
79 (1WL 78 (56). 77 (58). 77 (25). 58 0.57 (45). 55 (56), 43 (94). 
lEe2+dinitropbenyihydnzof 1owasmm.p. 122.5- 
126’ &O/EJOH) (poaodi C. 53.7; H, 4.4; N, 15.6. Cak. for 
C&&I& C. 53.3; H. 4.4; N, 15.6%). 

9. Ethyl 2 - lyfmxyb~(3.2.O)~t - 6 - me - 3 - catbxyl- 
ate (11). To a sobs of IO klWnm~ in MeOH mmll was ulded 
with‘s&ingasohofNaliH,(3ko&iuti(~~.After 
s~for3hrtbesdvent~removedllndtbe~par- 
tSoaedbetweulether(4x1Wml)aadwater(1alml).Removal 
of dri#i solveot gave a residue which was dktilkd (0.1 Torr, 8(r, 
airl!&l)togivecnxk11(446m&asacoki&msliquid.Tidswas 
used direcny for mesyktiMl (expwiment 10) but on one occasioll 
a pure sampk of 11 was pnpued by cdoma chromatogmphy oo 
&isiJ * 2: 1 hexaoe:ethcr as cloaoc s, 3445 (broad), 1731. 
r(cDc13 3.89 (2H; 9; 3 Hz; H(6) sod H(7)), 5.79 (W; q; 7 Hz; 
-C&C!HJ, 5.87 (1H; m; HO), 6.0-7.10 (3H; m; H(1). H(2) sod 
H(5)). 7.32 (1% broad s; OH, excha& with 40). 7.84-8.52 
(2H; ID; H(4)), 8.74 (3H; t; Hz; -CH&&). m/c 182 (M’, 9), I37 
(u). 129 (30). 1W (40). 1QI (32), 91 PI), 82 0,80 (32). 79 (100). 

10. Ethyi 2 - ma~xybky&(3.2.O)htpt - 6 - ate - 3 - car- 
boxy&(l2).MethaDcsldphonylchbridc@5Omg)wasaddedto 
micecookdsoblof11(92l@iudrypyridioc(10ml).After 
standh@atRTovwnightthemixturewaspolwediutowatcr 
(9oml) and etba extncted (3X45ml). The ether cxtlact was 
wasbal with water (9Oml). 0.15N HCI (3xWml) sod water 
2x9Oml).Afterremovalofthe~ethaapekyeltow~ 
gauu oil (113 m&was ob&ed. u, I731,1357.1236. T(CDC13 
3.90 (W; s; H(6) sod HO), 5.10 (1H; dd; 9 and 7 Hz; H(2)), 5.84 
(2H; q; 7Hz; -CI&CH3. 6.49 (1H; &I: 7 sod 4Hz: H(1)). 
6S6.W (2H; m; H(3) aid H(5));6.9& (3H; s; SQCHj, 7:ti 
8.60 (W; q ; H(4)). 8.74 (3H; t; 7 Hz; -CH$&). m/e 260 (M+, 
Is), 91 (100). 79 (32). 

11. 3EfJCHD (6). To sodium hydrik (- 17Omp) pnpued by 
~a5O%wspeusioainoiIwithbeazeac(4xlml)was 
added i&limetbx~etbaw (2Oml, freshly distiki from i&l). 
l%isaadthcsub=qucatprocedurewencarrkdoutunderNp. 

TotbestimxJmixturemai&iwdat7~wasaddeduwsyktel2 
(114rms)il&letkoxy&ane(Pml)mdtbetemp.~for 
6lw.Totbeicacookdmixtnmwasaddcd&tcidAcfJH(1.6ml). 
tbewl&po0edintowatar(ZlWml)amidbsrextncted(3x 
1OOml).Ibec&inedextracbwerewasbedsucccs&elywitb 
wat=(9omn,satdNeHCG4eoml),~~xWmn~~ 
NaCiq(Wml).Removaloftbcdriedrolventpveaawde 
pOdUCtShOWlltOCOdUOW~jOf compoasat (” np6) by L. . . 
F’uhatm by tk on silka gel (1: 1 chbroform:bemeae) fol- 
lowed by dist&ation (0.1 Tm: ao’. air bath) plvc 6 (19 d as a 
coiowkss oil, A, 2325 (5300). v, 1714, 1627. NMR data 
Table 2 mle 164 (M+, 15). 135 (78), 91 (100). 65 (27). 

12. 3BlM-HCT (47). A N2 purged sola of ethyl d&mc&te 
(loml)in~le(lU)ml)~rehaedfor20hr.Afternmoval 
oftheaoisolemKkrreducedpfessluethe~wasdktilkd 
(0.25 Ton, 100X5-, air bath) to give a pak yeIbw oil (10.5 g). A 
portion of this pNh.hlct (2g) was subjl!4%l to dry coblmu 
chromatopsphy on silica gel (2OOg) wio# 10: 1 hexam?:ethcr as 
&eat. This eve 47 (263 mg) which was dis&d (O.ZTorr. 7O- 
7Y, ail lmth), A, 222 (108W). 264 (4lW), 321 (4100). Flu 1710, 
1615. NMR data Tabk 1. m/e 194 (M*. 5). 193 (50), 165 (26). 161 
(38), 149 (38). 120 (100). 91(6’l), 78 (43). 77 (50). 

13. lE3MCHT (46). Hafly chromuog@ic frac&s con- 
taining47ffomexperimcet12wefeamtamia&dwithamioor 
compoaent.Tbesewerecombioedaodsubjectedtopnpuative 
tk oo abmioa usiog 15:l bexaae:ether as elomt (6 cycks) to 
give 48, A- 262 (41W), 325 (3W). V, 1705.1627. NMR data 
TaMc1.Thetotplamountofthiscompoundisdatedfromo~ 
thermal decompositbo of ethyl d&o&ate in a&ok (expei- 
mult 12)was-2Omg. 

14. 4ElM-CHT (46). Preparative gk (6ft c&mm, 1%‘) of a 
patioo (0.92 e) of tbc distillate from e&t 12 yielded ethyl 
pheooxyacetate (77 mg), 47 (67 mo) and W (91 me), A, 223 
(14500), 314 (95W). v, 1705, 1610. NMR data Tabk 1. m/e 194 
(M+, a), 193 (SO), 164 (32). 148 (90). 120 (1Wh 91(45), 78 (73)s n 
(25). 

15. lE6MCHT (49). A N2 puped soln of 47 (lWm& ia 
benzene(1Wml)wasim&talfof3hrwithalowpressnrc 
mercury lamp. Removal of solvent and cwhy of the 
residue on silice pl (log) using IO:1 baxaoc:etbar a3 elueat 
gave a pek yelbw cil (Son& which was distiUai (0.2Torr. 
70-79, air b&I) to give 49, A, 227 (13300), 260 (2ioo), 34i 
0WO). vs. 1705.1620. NMR data Tabk 1. m/e 1W IM+. 20). 165 
(loo); 1210,91(35). 

..,. 

16. Imufi&m of 3ElM-CHT (47) in bcrucK A Nz pugal 
soh1of3EIM-CHT(7O11rg)inbeozenc(75ml)wasb&iated 
through pyrex for lhr. AfteI this time gk aad tk analysk 
showed complete loss of stmtiog mateial sod tbc. formation of 
twopnxlucts.7%csewen~bypreparativetkoasilica 
gel us& 95:5 he~:acetonc as elneot to give (a) 50 (38mg), 
A, 218 @WO). NMR data Tabk 2. m/e 194 (M’, 3). 166 (25). 149 
(68). 121 (100). 91 (83). 79 (25). 78 (u). 77 (44). (b) 61 (19mp). 
A, W (68W). NMR data Tabk 2 m/e 194 (M+. I), 166 (67), 121 
(48), 105 (33). 91 (100). 78 0. n (99. 

17. Iwad&t&m of IE3M-CHT (49) in &vuene Treatment of 
49 under coeiitioas identical to those of experiment 16 resulted 
ill loss of starting material after lbr. ne total product was 
esseotially identical (gk, UC aod NMR) to that from experiment 
16. 

18. ftmd&don of lE6ti-CHT (49) k benzate Treatwnt of 
49 under co&ions ideoti to those of experiment 16 resulted 
inloarofstutiagmeterialafta2.Ohr.Anslysisbygk.tlc~ 
NMRsbowedtbctotaiproducttobeesseotiuUypureSl. 

19. %Pl+JiJ of ~md_BtXD (SD). A ck+d sob of 5) 
(23mg)iabe~(2ml)waahertediuascakdpyrextubeat 
159 for Jhr. The NMR spcchwn of the product after solveat 
rcmovalwasofamixtureof47(4O%)aod49(6O%). 

20. Svmdyris oj 3E-5M-BCHD (51). Rucedwe ide&al to 
that in exp&leot 19 cooverted 51 quaatitatively into 49. 

21. 7%umdyti of 3ElM-CHT (47). A se& of experiments 
using a pmcedore appmeatly identical to that of expcrimcnt 19 
resahed in vary& degrees of coovelaioa of 47 ioto 49. It would 
appearthatsurfacecatalysisispkyiogarokiothisisommisa- 
tion process. 
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22Zma&hoj4EIM-CHT(Y)kknsrrrTtqatg@of 
46un&?coadithidal~to~of~‘l~~ 
inextledy#lowloaaofsMiqmntaidtogiveonepfohtM 
monitoredbyNMRBeactbawuannple(eaftar100hraadth 
tKodoctwrriddaai~ontbulmaiJof~NMBapectnun 
(Tabk2)rr62Gn~at+ptu+aty~bygkortkooailicagd 
zze;F +=tm6 th fade c of ti 

ocasKmaaemptdprqmnbvetkofr 
prod&abowatobccaseddy~u.s52byNMRrcs~ 
tcdiubo&tbaof46io7s%yidd. 

23. ploQlgrdild&thoj3ElM-CHT(47).Allupaimcnt 
ida1ticalto16wupaformcdcxceptthtidiatbaw~con- 
tioucdfor8Ohr.A&siabygkidiatedthecxpstcdrapid 
pdoctbafoS9andilfolbwedbysbwd&euamxoftbe 
paksductotbaepmduct#aadt!heirrephmcdbyaBin& 
mojapUk.TBsNbfK8pCdtUBoftbChlpdUCti&8tCd 
t&pfueDreoftraasofbandslamitVOmajorpfodocbia 
approximatelycqdamolmts.Tbetmhctscddnotbe 
aqntcfJdmtotbcirirhticalgkchnctaktiaaDdinrElbilily 
withMpCCttohydroly8iS.Tb8yaaSiddlkdUS5aDdS6 
fromtheNMBspccbumoftbcmixturc(Tabk2)andtlmir 
llydxdysistotbckctunes7(expahat25). 

u. J4uhgdf/m&Tthojl~cHT(49).Aaexpaiment 
idUltiCdto18~patormcdCxceptthtidhth~cob 
thlwdfur8Olu.TheNMB8peeIlmoftbo5dpfo&c.twas 
vcrysimihrtotbatobtaiBdin cxparhnt 23. Go rqdithn of 
Cr#rimentS23rad24MwevahtblliatbC5&%ti~ 
olliad. 

25. EUyl 2 - owb&ydo(3.2.O)hqta - 2.6 - d&d - 1 - car- 
boxylate (57). T&e pro&t from txpaimtnt 23 (a01W wta 
reaDxedinU)9CwlEtOH(lJml)contriniPlZNHCI(OJml)for 
3omia. Tbt mix&t WM pomd into wita (lOOmI) aDd tbc 
wbokctlKrtxtnctuLBcmovdoftbedriedsoivcntaddi8- 
tilhtbn af the residue (0.1 Torr, 8.Y. nir bath) pve 67 (Mu&, 
A,303(94).fJhDdNMBdrtrtbMf&idredion.nJ~180(M*. 
29). 152 196). 151 (71. 135 (43). 134 143). 1u 0. 123 (loo). 108 . oij, 107 (83). io6i3ijo,, ios(30), 80 (hjY79 (6ix38 (5oi tijso). 

sidartrtumwtoftbtpfoltwtfwmtxpaimod24~vtm 
taatntially ilwkal rtwlt. 

Tbctuiiwcreindhtdona&ry~rppurtmfor 
95hraadtbeprodochaniilvsedbvNMBwectnanytTablc6). 

27. Imdiiua oj a lli3Mi!HD (sg: sEtiii!HD (SC 
mixtmba&ahnutdbmzmelktcLwdtdPyrtxtubttatb 
caa~rmirlnltdthsdt~sstDd5((24mp)iutir 
muatcdbcazm(17mI)wmirrdatdooamcny~ 
appdtlsfor27aad46hrnqlcdivoty.TbcNMRrprtyrL 
dnm?dpmgmivtbMtftbttnoltIbmtotbtatotof60% 
tfttX46&.NtW&tthiUthttptdtWtftBttpltttittbt 
Nb=&Pp-tbe.dthc-~ 

txpaiwt26.Tllltttttrppli#ltotbtrsrpsetive 
PlechromrtooMu 

28. Imldiuh~ao~wbtbr,3ElMcHT(47) 
at 313mu A Nn purged solo of 47 (372lsr) iu cyckburne 
(3SOml)waahrdhtedtlwongha6ltes8ohhmamaiat&of 
0.02Mpotahmcluomnteh 1%pota8shcahmte.“cob 
vemiontoasi&productwasamdmteafta~hr.ItvU 

at 313~~ A Nz -p&d wh of J) (122&) in cycbbexii 
(2OOml)washadhteduiuupsriment2KConvariontoa 

ai&plwdncthiocauraltothesxtaltof3s%afte9Olw.It 
wu&Jathdu51by&adNMR 

30. ItmdLathojacyd~d&mojlE6l&CHT(49) 
at2Mnu~ANzpargaiaohoflE-6M-CHT(5ln@incyck 
burne(SOml)waahadiah?withabwpruaurcmerauyhmp 
tllrowbchttwhichtrMtmlbtbovt2uomnMdtbtrtttliua 
modoralforJlubygk.TheobswvulpmxMswcrc51aod~ 
(see~2),idedkdbygkandNMR 
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