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. Interest ln the effects of the photoly51s of f ,ﬁ_jl"'- fiii
-4 i P . R
orqanlc compounds has lncreased dramatlcally in- recent Lo f%

L4

years, stlmulated by the appllcatmon of | photochemlcal

_ o methods to the synthes1s of natural products and L
_* L 5 compounds prev10usly d1ff1cu1t to obtaln.l.3 Neverthe—'f‘ Co i

‘ .
.less," many facts ‘are Stlll lmperfectly understood and‘

EEEEN 1 ] el Ve N - ’.4".
.the synthetlc use of. 91mp1e phot01nduced cleavage . I

N reactlons has been 1nfrequent due to dlfflculty 1n g

"“predlctlng product ratlos accurately.- ~l ;.v-}' f'Z:-Jii' %"

LA The pr1nc1pal reactlons of saturated cYcllc ketones .j't

' oo
. on photoly51s 1n solut10n are’ a—cleavage, known as the T

&

T'Norrlsh Type I process, and y-hydrogen abstr:;ﬁaon, the

-.Norrish Type II process. Both processes occuyt from an.

“electronically excited state of the_ketdne. " Relatively

\ - . \

feu cases of Type - II processes -from cycllc ketones 1n

'solutlon have been reported .and thls dlscu551on is con—.:.,~v
N 4 a s ) R "I,‘:.'.
' cerned prlmarlly w1th the. Norrlsh Type 1 reactlon. S {
§ ‘ R
The pr1mary product of Norrish, Type I cleavage 1s

.an acyi alkyl dlradlcal formed by homolytlc SClSSlon of

. 1 ' . ) ,?-
. _— the carbon—carbon bond adjacent to the carbonyl group.s -8 )
D > ;'i E Wlth the exceptlon of conpugated cyclopropyl ketonesg 12

Eand some a—cyclhbutyl ketones

‘}3116 the major'product«

corresponds to cleavage of the ‘more hlghly substltuted
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".'f'rformat‘l‘ :n a\;d Stern-volmer analyms 1ndicate that a—cleav-
‘;’"".‘.‘jaqe of@n-c njugated cychc ketones ‘on soiotmn photol- "
. _lﬁ,”"ysxs occurs prmarlly from the tflplet exclted state of

-the ketone.. )

u'alkyl substltuthn enhance the rate of a-cleavage, cons:.st-"x

' 7'1mate1yltwenty tlme' that of cyclopentanone. . Although
) ..the \IELSOHS areu ex and probably 1nvolve the_uelect-"'r’"". "
X Zro')nlc (Llstrlbutlon 1n"the exc:.ted state, trlplet exc:.ted . '
'_”st!ate's have been shown to be at least two 01:ders of magn-- L

) lltude more react:u.ve tha the correspondlng smglet states

'Thé greater :meortance of the trlplet state 1n a-cleavage

\_J i
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‘ 4220725 DecreaSed rlng sxze and- J.ncreased .

. A

"":_:ent w:.th the en' gain from the rellef of’ straJ.n and

the 1ncreased. sta_ 111ty of the d1rad1ca1 23 - ,"*\ . :
he trlplet 1ﬁet1\me of cyclohexanone is. a»Pprox- L e

K \&J

y T

'f ,ketc

fenee in the rates of rea t1v1ty of - the two exc1ted states,

'gnxperlmental results \:annot be acdounted for solely

cdte d1fference. Turro dlscusses the dlfference 1n

4
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'bbnd l’ wever, all cases are cons:.stent W1th the form—.='
1y e 17- 19 ' i
atlon of Ke most stable acyl alkyl dlradlcal e
’ \esults of quenchmg experlments on product R CE
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more sz_gmflcant.: * * o ‘ e
S The secondary reac ions of the acyl-alkyl dlradlcal
R determ:.ne tl:;e obse‘f‘ved p:x}top oducts._‘ Plgure 1 1llustrates
the p;—.\thways by wh:.ch >theﬁlm05. stable d1rad1ca1 for i
blcyclo (m 2 l)alkan-z—one% : eult’ing from preferedtlal s
__q cleavage adjacent to the bxf';cigehead may dlsproport-
' -1onate.'.i"'~’.-_'~' R "‘" ‘ , A Ea ‘ - '1
" | Rec.l‘osure of th radlcal' pa1r 'results 1n regener{-
.atlon of the st.art:Lng keton} and accounts for q‘nant;um E
BN }elds that are less than unlty based 0{1 the observed T
S products. If the rate of cycllzatlon is slower than the |
:“..'-_’.rate of -l:oss of stereochem:.stry at an‘ esymmetrlc a;cerb;"
. " 'on, then racemlzatlon may occur and eplmerlzatL;r/x/\siw . ‘4 '.
T ' Decarbonylatlon 15 e tr;lnor reectlon n%cycllc ‘
. _;‘..ketones J:n solutlon photolysiﬁ.{*énd 1//rally only i; ;T'..‘ \
. ’51gn1f1cant. when the acyl-—alkyl rdfical is’ resonance- -"’\;'f
i vstablllzed or in the case T:‘f/et/relned ketones,' such” -
v ‘a's cycloptobanones and chclobutanones, 1n whlch re11ef R . "4
y .: \ of (nng stra:.n is' the’ dr:.v:.ng ‘fos'ce for the reactlon. :-‘ o
. }Foss of carbon monox;der 1'sl. sensxtive to the solvent |
vi:" edlun‘t'?\l and,“ smce :Lt is ’bela.eved to occur j:'rom a high
A v1brat.1.or:a1' level of the exc1te<.i‘l“s1‘n‘g.1et state, 1t becomes
- . - ‘ ; )
A - N '
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' Subsequent stablllzatlon by m\lgratlon of a hydrogen" atom,

.I,
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: medlate, Wthh ‘subsequently undergoes 1nsertlon intoithe JEERE

,r,more 1mportant at hlgher temperatl.fres,. partlcularly 1n
U

reclosdre to ~a cycllc h¥drocarbon or 1ntramolecu1ar hydrog-

ent, J.n turn, on the numbg\

..: . from the carboﬁns

i 'radacal-'; ‘:1eads to the formatz.on of a ketene whlchwreacts B
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32 33 Th,e resultlng d1rad1ca1 may undergo foe

the gas phase.- .

n-abstractlon to a stralght-chaln saturated or oleflnlc
27, 28 /34,35 I - ';

hydrocarbon .

The formatlon of r1ng expanded cycl;c acetals be-

.\'

comes 51gn1f1cant generally whén the structure of the cycllc

, o IS

ketone makes competlng react:.ons unfaVourable._,, Rellef
/ ‘o

of r1ng straln J.n the case of stralned systems, such as *

cyclobutanones, increases the 1mportance of acetal form—v" . f"? i

A
atlon.i-‘f 42 The acetal orlglnates from ‘an oxycarbene mter-»

O-H bond of an alcoholic solvent to g:.ve the observed pr

N
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The most unportant photoproducts of cycllc ketones

are unsaturated aldehydes and’ ketenes, both formed by \

Y

in.tramolecular hydrogen-transfer to qne of the radlcal

,’a——*“;

djacent to - the acyl rad:l.cal to ’the alkyl v
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L thh nucLeophillc solvents tO/glve the observed product.

;»‘f‘ ~"_ o The ketene ltself has been detected in hydrocarbon solvents i

. by means of 1nfrared spectroscopy w:.th ‘a characterlstlc

i\band at approxmrately 2150 cm 1. 3 “““””‘ 3 I : f
. S e T

- .'. . Unsaturated aldehyde formatlon arlses from 1ntramol—f

R ecular hydrogen-mlgratlon from a centre adjacent to the e :

' I ‘e

.‘.,. s alkyl rad1ca\1 to the acyl radlcal ‘ The best present ev:.d--

TR !ﬂ:e, based on product distr1bnt10ns7 44 And chemlcally

Ao (CIDNP) measure-NV"

R induced dynamlc nuc?lear spa.n polar'
at, . 1y
- ments,‘}_5 is- con51stent Wlth the 1ntermed:.acy ‘of discrete WL

Slel dlradlcals for thJ.S process.. In addltlon, Coyle46 LI b

oy

!

N
e
e Pt
b AN
o)

P
S

/) explamed the Varlatlon of aldehyde s ketene product ratlos‘

‘e

..l:‘.,“ N \

o o . L
e vuth rlng SJ.ze and substltutlon on the ba51s of dlradlcal S
t"“!._‘ mterm dxates, wh:.le deuterz.um labellmg expera.ments have BN

establlshed the J.ntramolecular nature of thg hydrogen ' _ g L8

transfer.l? 47 \ o Ce N ! Py

"' . L The fadtors governmg the compet:.tlon betweeh alde-:-fﬂg oo f
hyd‘e and ketene format:.on are J.ncompletely understood. . n
- # o
the baSJ.s of extens.we studles of sunple cyclopentanones R
i "' . “ 1 . ‘Y"i '

. :_ and cyclohexanones, brldged blcycllc and steroldal ketones,\

‘ .."', .’l H \"" e : s
) Qulnkert concluded that, other factors be:.ng egual the — i
i rat:Lo of aldehyde ' ketene ln the 1rrad1at10n of cycllc /
~ ", \\ ‘ . .. I :t'.- o ' . : .
' ketones l&a functlon of the relatlve rlng straln in the " A 5‘

“\ { tran51t10n states leadu.ng\to moduct.]fj,, 48 51
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Irradlatlon of c§clopentanone ltself by Coyle4§‘,}t
,;n a methanol benzene solutlon gave an aldehyde ketene
s -ratlo o{v$0,lwh11e —alkyf?cyclopentanones had ratlos

-1;;:n\of apo;oflmately\30 405J'T%earat1o for cyclohexanone

15 1. 6 and for 2—a1ky1 cyclohexanones, ratlos vary

from l Y to 2 9 Clearly, ketene formatlon competes

:
N v -4

"more~fa‘furably 1n the case of cyclohexanones. The i

‘f results are explalned %y CQ951der1ng the conformatlons

‘of‘the transitmon states leadlng to hydrogen transfer.a

-~ \ . ‘_". ;. AN « : - : ..
{? A planar transitlon state 1s most favourable for the
. : ‘ . . - . *

jmaxlmum overlap of orb1tals 1n the hydrogen ltansfer

process, but some twlstlng out of the plane;;s necesggry

\

to reduce non bonded 1nteract10ns whlie malntalnlng

i ERMRTNY Y e

. . . . .' '»-' ::\..
close proxlmlty between the reactlve centres. B T

In—the case of cy lopentanones, the transxtlonfﬂ’

. state for ketene formgtlon 1nvolves more severe non-,"”

- . ‘ . .v-‘\ e .

L
—ie

bonded 1nteractlons than that for aidehyde formationf;
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’ . ' , ('X'I,. I) ) Amlnorproduct€<10%)wastentatlvelya551gned
S N £hje:'f",}is‘a}:’qf&_ée-d‘:éi'ééhydlé:?xl\r). oni the-basis’ of its |
¢ - ) \ i‘uﬁrz red spectrum and corresponds”to abstractlon of ‘the.. L
; §YE‘ hydrogen. st W i?
: IR - 'Slmllarlyf on n.rradlatlon of 1—-meth l 3- .oxa-‘."'_ L ‘f C
. e " e blcyc q(3 2. l)octan—s one (XV) in benzene ‘followed by ‘ ‘
- ' o ‘the addltlon of ethanol, two produc'ts' ;ier,e formed A y :
e " ”ml’nor component (<12%) was not 1solated The maJor L o
- ‘ products were the ethyl ester (XVI) derlved from ketene‘ T h
(40%) ,.and an \aldehyde (14_‘8}) . presumed to be l—methyl-\
- 3 oxacyclohexaneacetaldehyde (XVI&v)““‘from 1ts 1nfrared

a

o and nuclear nagnehc resonance spectra. : The dlfferenCe e e

R ,-fi the aldehyde s ketene ratlos for both ketones .'I.S ",f,; R .‘.‘SE{,

(0. . . " L ’. ‘e ot - l,. e :. ..‘( ’ . \ I:‘,' \_:" " 'i‘

B probably a consequence of non-bOnded :.nteract:.ons, o C Ty
<oy B T DR R R

SRR PR although th).s lS not obvxous from models.«.- ‘ TS SRR 0
L ;‘{‘ Whlle thls thes:.s was bemg ertten, Agosta SR
. “..\' . ’ A - . vt -‘;"‘.:\

‘. . :,Eﬁ

: :,l e ?'
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o alkyl substltuent are \expected to force @ﬁ, conversmn

- /‘ . . :.

m Whlch both rlng sub ti tuents are in - equator\n.al

: . A pos:LtJ.ons. : 'I‘he‘“"‘?edomln \nce of aldehyde 'cqrrespondlng'
j". ) to hydrogen ah’etractlon from th:.s 1ntermed1ate ]..S..
‘I,"v_‘ .'os)served w1th negllglblle ketene-derlved product deteqted
- _' In the case o”f brldgehead eubstltuted ketones,' :
‘ .. or exampJ?e; W dl»scussed earller, eohsrderatlon of
.;f, | '\ t‘e Stéwlic 1nteractlone 1nvolved ind, -
. in ermed:.atesJant:.c:.pate,s.more eff:.'cxent compet:.t:.on |
, > : bet een the cha:.r conformatlon b, w:Lth axn.al acyl s1de. ..
e . chal and ci w1th ax:.al alkyl substituent.‘ As expected,
.‘“;".. the a dehyde ‘:l ketene ratlo approaches 'unlty A bulky s
- b L C—l substltuent, $uch as the = butyl grou , is’ suff:.c- \ ,
R ‘ 1ent to force the d1rad1cal to assu;ne the conformatlonr" SR |
| | q ‘:f': for kej:ene formation, possessmg the ‘eq,uat'. ',1 .substlt-" o
\* ',..':_Jl “ uent to mr‘l’nmlze non-bonded lnteractlons, and negllglble\ ‘
. 1 aldehyde 1s observed.: No prbducts wr;]bbh ;,corresponded ‘*‘ ,“-“' .
. et N . S g
N R to hydrogen ‘abstractn.on \u.a the boat cc:hformat:.on a. f i ,“7"‘,
. ’ - . were detected o \..'.,' e ,"f. .: "‘: SRR o 4
[ :."‘ As 1nd1cated by the above dlscussn.on and as, : ":'I‘i':'." . . \' f
i ,\ Chapman lhas po:.nted ‘out.'"_ "The fac o'rs determlnlng t}. - ‘ |
ST .;' " relatzve yﬁ.elds/of aldehyde to est \ are subtle o s
| .:.\‘ : g -'“(and) sma‘.ll changes in molecular structur causek’:j'.. '.":;, B
G N . o g
: : S G
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. Photochemlcal Studles Sl ﬁ e Co
o . b In order to e’xplore more fully the factors—
. - B . . e
- ] gOVernlng the behay:.our of cycl
’ ~

1jketones J.n sol—-

\utJ.on, a’ study of some bloycllc ketones, was under-
/’ "
L

\
A

'./

taken. .'I}he blcyclo(J 2 “l)octan-z-ones have rece:.ved'

llttle attentlon and the *flrst comi:'ciund chosen- was -

.~’:'

e
A

: solutlon‘of' '
R 1;1 methanol :m a«‘ stoppered Pyrex contalner, ‘usmg a

A .

Handv;;‘a 450 .watt( medium pressure lamp, gave a mlxtﬁbs\
. . A -;‘:n .ot , '.
shown byv g.vl c. analySLS to contaln three components

- ln a ratlo of 7 2\.1

The n m r. spectrum of the
PR .mlxtUre dlsplayed\a

- ~a1dehyd1c proton.

¢
et h

—slngle'E' at 63 60 typlcal of meth- - 5‘
oxyl plotons, comp ex absorptlon ln the v1ny1 reglon, -
\
.- as, well as a trlplet at 69 75 characterlstlc of an

A band at 1735 cm

AR

I3

1n the J.nfrared T

groum@ g

T and at 2810 and 2705 o ,'J-nchc-”" T

/“”‘r— "’. "“—.
ated the C—O and'C H stretchlng v1bratlons of

an ald-“ e T

PR

TR
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' ".‘-.: ‘ of the mlnor components, by thln layer chromatography
‘:'.lﬁ'.{“a"l"l . . “ -’ e " .4’. -~ : e ‘
L - 1n a varlety of solvent systems, and by splnnlng-band ,'_
L iidlstlllatron, were unsuccessful. A separatloi was .
, - " . -
L ultlmately achleved by p}:eparatlve g l.c. on. a 20%
‘ X "m: " .
.-'Carbowax 20M column, and the fractLons were obtalned
R in a ratlo of 7 2 l for XVIII : XIX .JXXb.‘ ’I‘he 1den‘t1-"-"~i
.,;"-.’f,,:_‘:_ 3 '.."'\flcatlon of the photoly51s products 15 descrlbed below.,:‘
‘N, . ’ : R L AT . 3 B .
':;: " ~ 1 \‘. \.;
X SR
R R TR a R H

' - R i
P DN . . ! X . D3
. o . . « Y
o - . sl vt P
. PR . CoraoA L ceo- I FE e
P oo e o . c - : v o
+ o N

T

DR ’I‘he predomlnant product dlsplayed 1nfrared absorp— o~ ,
vtz.on at 2810 2705 anci i725 cm l characterlstlc of an (
j.aldehyde The ;m r. spectrum recorded J.n carbOn ~ :”‘. -
. ":..".tetra‘chlorlde possessed a’ trlplet (J~2cps) at 59 74 ~ .
l. N '_icc.)nsn,stent w1th am aldehydlc proton adjacent to a \ L )
‘ ‘méthylene group. A .A mult:.}:let r‘eprea.entlnq two protOns T
t 65' 63 was md:.catlve of v1nyl proths; ’On the basi:;t. ’ ',: ! :
.' ‘of these data and further' characterlzatlon of 1ts 'L .' : ,.-%.j
) v .,"..-_.J’semlcarbazone; tl;ercompound was basl51gned\the strugture - R
o e
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e ’ The second component obtalned by preparatlve g l.c.

~.. possessed snnllar spectral propertles to the.aldehyde :’--

Ta

s
U
-

descrlbed above, 1nc1ud1ng 1nfrared absorptlon at 1725 cm, 2

~’];E=w4-

(ol

and a trlplet at 59", 75 in. the n. m r. spectrum A broad

d’é‘i‘ﬂf

atr

'fyﬁ} - trlplet at 65 55, representlng two protops, lndlcated ttﬁ

frea,l tc e :
P32 LA S S W% o
gt AT L e R

1t e e s

'. C Ctwo equ1vaa1ent protons ad}acent to Aldentlcal mesthylene . ",‘r-,-: _." y §
Eﬁfl. : ifi grghps.. A structure»whlch 15 con51stent Wlth these data r}' §2§'

| U‘ is the aldEhYde (XiX).f=It was further_characterlzed\as‘TFiSawilééﬁ

) "'1ts semlcarbazone derlvatlse,' ' ‘  4'_‘ BT ‘~a{f§§3

0]

%j:<"§.; If these two photoproducts were 1n fact 1somer1c g‘;;,‘-

vl ::",‘ \' , ‘_5_,, ',s', ERETAY qfv,u\ e
< aldehydes differing only 1n the positlon of the carbon-

5‘~carbon double bond, then hydrogenatlon of both would

[N

wiead to tﬁ% same product. Sllver ox1de oxldatldn of a

- L -
= g ey A e b s et A
w3, : o :

fif mlxture of the 1rrad1at10n products, XVIII and XIX ;, ‘ ﬁ
4 C B Cee 5 R
‘ followed by hydrogenatlon catalyzed by 5% palladlum on 'gxh”f‘ i

" charcoai prov1ded an 011 Infrared bands at. 1708, 3510,?."2“”;*55

: . § o

f* and broad absorptlon at 3400 3050 cn were attributedfi _ :
| f’-to the C—O and O-H stretching v1brat10ns, respectlveliruﬁlliﬁjﬂ%
‘ﬂ'e and broad quds at 2750 2550 cm I'were typ1ca1 of the ‘:{Tfli’:g
O-H stretch of carboxyllc ac1ds. ‘The-absence of C— ‘x“; j&f': g
\lwstretch 1n the reglon of 1650 1600 cm ; permltted lf'h 'i
':'the a991gnment df structure (XXa), whlcﬁ'was conflrmed‘ o
' by comparlson w1th an authentlc sample of 3 cyclo;i';;i‘ﬁ "f

Jﬂ- pentylproplonlc acrd The homogeneity of this aC1d ‘L”i;{ﬂifﬁ'
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- . '}:%; was verlfled by g 1 c. ana1y51s of the sweet-smelilng
,ﬂit . yellow1sh 011 obtalned after treatment w1th dlazomethane.g'f
- E . The Lnfrared spectrum contalned:a ban&”atll738 cm : whlch Ei;;f}
‘ 4:;5;: nh;k‘was consxstent‘w1th the- carbonyl group of«an ester;:;Aff i
{o e }'Q;j ;;J jf slngiet at 63 60, represent;ng three protons, was attr;b-ﬁ

4

uted to the méthoxyl‘group of the expe?ted methyl,ester

s

Ixxb)

A sample of methyl 3-cyclopenty1propl°nate was;f“

'h solvents on chemlcal sh1fts,57 ‘a. shleldlng effeot on

t

the V1ny1 protgns, due to bondlng of the n-eleatron

_..u.

c1pated.5 The geometry of the aldehydeSJLlll cause{f”

‘ ;

= ! - . ;.,'.

lﬁ"ﬁﬂf rum of XVIII, recorded 1 Benzene, dlsplayed a solvent

shlftnof

-A60 L ppm relatlve to‘carqu tetrachlor1de,

and 1nd1cates decreased shlelding of the v1ny1 protons.;f.;

I“ °°“trast' an’ 1“°reasedi§h1eldlng effect 6f k80, 03-*'“’

3. .,..”

ppm was experlenced by the V1nyl protons of the‘aldehyde\f7
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eﬁ£s.58_59, The n.m. r.,spectrum oﬁ 3- (2'-cyclopentenyl)—5r'-'
o proplonaldehyde (XVIII), 1n the presence of Eu(fod)3 . ;f{}i..:

T (0. 8M solutlon og the substrate in: carbon tetrachlorlde,“ ;

‘ "1‘ 0 SM ln Eu(fod) ),.Was recorded, and the peaks a551gned

f ‘ .'. by analogy w1th .a. 51m11ar spectrum of.methyl 3-(2'—cycldL ;ﬁ _f'(tai
.k'“ pentenyl)p;op,:.onate.60 A trlplet (J-7 cps) at 69 74 o ff r‘
E":‘_; was attrlbuted to the C 2 methylene protons, in accord . }f}r
"."1. w1th the effect expected due to the cIose prox1m1ty ‘ . :;lg
f;ﬁAx 'to the carbonyl group coordanated mlth the europlum vﬂ:ﬁ{“_ifftigéé
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:;fif- onplex.f'Multlplgts at 66 7. and ‘5, 5, representlng one : 7; ; .

C?’ .proton each, were a551gned to‘the C 2' and/9 3' viny1.§a “f
/;i;;n:protons, respectlvely,.and correspond to & chemlcal ‘ ; ‘.
foT Shlft of approxzmately~l‘ppm relatlve.tq%the spectrum -‘ln ';1;5
)' « 4n the absence of sh;ft reagent. A quartet at "86. 43 ;.f;u-:".féj

‘(J-G cps) and a broad sxgnal at\65 l were attrlbuted to tfx . :§

the C 3 methylene and the C l' methlne protons, respect- : . ;ﬁ;}
1vely ASSLgnment of the more complex absorptlon at 1f | -}'h : ;3

" - \hlgher fleld mas not p0551b1e. Presumably,,lf the s1de .“ﬁjji?ff;
. ‘ | SR g . :
oo | ) RIS oY A 2
;is - T Lo .' - .o §n£¥

been observed w;th the use of lanthanlde Shlft reag—

More pronounced effects on chemlcal shlfts have
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the trlcarboxylmc ac1ds (XXIa and XXIIa) by extractlon
- ' "‘\ -

.,f,.ﬂ'AiV‘ y-]' of the aq eous methanollc ozonoly51s mlxture were unsucc-'b

< essful 1n v1ew of the hlgh&y polar hature of the ac1ds,

’ \ng-

S . wh;ch were. soluble rn the aqueous medlum. _The addltlon

1of sodrum chlorlde to make a saturated solutlon falled

ﬁ; , to force the product 1nto the organlc phase.vhl ’{ 'l;
P Lo e DURE R
:?i‘ S ‘. ‘f; A sample of d1methy1 3 carbomethoxy-l 7-heptane-“ S

.1Nt dloate (XXIb) was prepared by the addltion of diazo—':

‘\\

"*methane to authentlc 3-carboxy—l 7 heptaned101c ac1d

B —— e v T e

e s R B T
R S S e R e e

.

?11\ obtalned from Aldrlch (?entane-l 3 5 trlcarboxyllc acld),

gfL‘ and the n m T spectrum compared wath the ozonolysrs'jfﬂ"f

g e

i product Peaks‘at 63 65 and 3 63,_represent1ng three i ﬁ;
and 1x protons, respectrvely, were attrlbuted to the\h:ﬁ §3$:;}: % ;
QZFE, methoxyl protons.and were in agreement wlthlthe peaks ;ﬁ@ﬁp‘.x: R
HT:T—aSSLgned to the major product of thendegradatlon mlrture.iék"%' ) ;
lfx‘,. . The 1dent1flcatlon of the mlnor ester (XXIIb) uas ?'%ﬂyb._él {
| now possible on the ba51s of the n m.r. and 1nfrared - i'»rl A
. i

spectral propertles of the total product and on the Q?féf.:“Jg;

unequ1voca1 estabflshment of the structure of the‘ester 5::j"'j
by N e
‘{f The third photoly51s product was . 1solated'}rom the f;} g;

g ‘*[‘crude arradlatlon mlxture as a neutral Oll by ethereal ’ ‘:;ﬁ

extractlon of the basrc 51lVer oxlde aidehyde solutlon.«?iéfff“““

},‘*; Methoxyl absorpt;on at 63 6 1n the n.m r. spectrum and

an 1nﬁrared band at 1735 cm l SUggested a/methyl ester.:r
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,talned from the 1somerloialdehydes as desarlbed above,

. retentlon tlme.‘ Thelr n.m. r. and Lnfrared spectra were

,f 1dent1ca1, permlttlng the structure (XXb) to be a551gned:J;

‘gf 1dent1f1ed by comparlson with the methanollc photopro—ifi&

.1ff¥}' Irradlatlon of b1cyclo(3 2, l)octanj

M .' ~
N
.
. S ewn N
. et e R SRR AR L L Y

v ie2ae

G. 1 c. ‘ana1y51s of this compound the methyl ester obe'y}fn

’

“ - i ' |

and an authentlc sample of methyl 3-oyclopentylproplonate,.

revealed that all three compounds possessed the same s

’

-
o l

to the thlrd 1rrad1atlon product._;; wl;?,i“

2 one as beforek¢"‘ )
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1n a- 1 1 nlxture of tetrahydrofuran" ﬂ‘j“"f'g
‘ ’»A SIS ‘k el
ducts._ Examznatlon of the relatlve Lntensltles of the}f:ﬁ.

' DU '.\ [ LR - ,
trlplet at 69 75 and the broadened 51nglet at 610 l 1n y”

the n m, r. spectrum, a551gned to the aldehydlc and

carboxylxc ac1d protons, respectlvely, 1n conjunctlon_ﬂfﬁ:fgnV

%

w1th g 1 c. ana1y51s of the aldehydes, permltted the

calculatlon of a product dlstrlbutlon ratlo of 8 2 1

-'.'\" B B ’..].-,""

for xv111 XIX XXa.‘:i c'.njf:_:lf“*.f‘fzﬂ [j’;‘f"‘?ﬂ L

v

Extraction of the total photoly51s mxxture w1th

aqueous sodlum blcarbonate aCLdlflcatlon of the aqueous S .

phase and extractlon thh ether prOV1ded the thlrd

component, expected to be structurq (XXa) on the ba51s'fW3"l‘

E of the methanollc lrtadlatlon. ;Infrarea bands at 1766 N o
:cj 1 due to carbonfl absorptxon, O—H stretchlng bands 'WV?EIFQ;:£
e 3510 ana 3400 3oso A ;as weli‘as ‘the brdad’ absorp-"'ffffi;i\;
tlon at 2750 2550 cm l typrcai bf carboxyllc‘ac1ds, were i;ffdf‘{.ﬁ
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Sn.m.T.A spectrum, attrabuted to the carboxyllc aCld

' 1n lntenSIty, c01n01dent w1th the’appearance of a peak

ﬂ at shorteroretentlon tlme., The n. m r. epeotrum of a

‘ EX o
the presence of aldehydlc’proton absorptlon.

';1on,,the xnfrared‘spectrum possessed no bands 1n the b?ﬁ;;&

.‘carbonyl reglon.\ ThlS ev1dence suggests an lnternal A 'f,

‘-Paterno—Buchl reactlon to form an oxetane.' Intramolecular

S to g1ve oxetanes A or B: Analogous oxetane formatlon R

“lrradlation of the aldehydes, XXIII and XXIV, photo- “v
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ldentlcal w1th an authentlc sample of 3‘Cy910penty1-\" j

e .

proplonlc ac1d 'broadened SInglet at 610 13 1n the

,‘,

. " »
' N RS . ~ \ ) '

proton, was qonsistent w1th the ass;gned structure.:-v - L

After prolonged photolysxs of XVIII, g l c analys;s

(Column A) reVealed that the aldehyde peak dlmlnlshed 2

'

sample of the unknown, obtalned by preparatIVe g l c.,

>

dlsplayed complex absorptlon at 62 9 and 3 B and lacked

In addlt- 5;{§j;iﬂé
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cycloaddatlon of the carbonyl.group of the aldehyde 7?:??.{ L

(XVIII) to the double bond can proceed 1n two dlrectlons'“ﬂ‘l_fﬁi;i

! 52,61, AT

was d15coVered by Meinwald and Chapnwn on prolonged,g_
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:3 :» prodﬂEts from b1cyc10(2 1. l)hexanmz one and blcyclo(z 2 l)d
| heptan-2 one, and the structures were establlshed by ,
pyrolytlc degradahlon and 11th1um alumlnum hydrlde reduct—' X
"1on as XXIIIa and XXIVa, respectlvely On the ba51s of N
ST XXV e
S \ °“"""T( BT

5 b
e

L s . : : ol i "ffif.“'g ;R
these observatzons anﬂ related'examples,sa 67 the less fgaﬁ, 1N
oo stralned oxetane A 1s proposed.- Insufglclent materlal

- was obtained to enable proof of the structuresby degrad-_' ;; L

atlon, and 1t was not possible to choose between the ~ft_:'~',,'_';=;--‘~

two structures by means of the n m r spectrum.dfﬁ;“f

7?fﬂ_; : As mentloned earller, recent ev1dence supports ‘the. '}"Ww
' ' S

o, 4
i

formatlon of dlscrete‘dlradlcals as prlmary photoproducts :'{'-L
1n the u—cleavage of cycllc ketones._ The presence of a-
dlradlcal 1ntermed1ate from blcyclo(3 2 l)octan 2-03%,;'A~1-4

has recently been observed by means of chemlcally 1nduced ,Ff”
45

dynammc nuclear spln polarlzatlon (CIDNP)

.\ ¢

v1y51s products arlse from cleavage of the bcnd betWeen ;‘f‘gﬂ’g-yli

. Nt . . \
: 1

e the carbonyl group and the brldgehead carbon,,as expected 3}
S 119"

The photo—-'ff;{i“fﬁ

on the ba51s of relatlve radlcal Stabllltlegu\“ T
. AN I ‘}‘ “ L - ‘; S “_ A N ’.: . - u. : L .
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medla, ) respectlvel_y, corresponds \to the reactJ.on of k'

»

¢

1nV°1Ve:/?3t/¢tlon of a hydrogén adjacent to the '
carl:y/ g up, and also occurs through a 51x-membered L v
1 tran51tlon state. . By eXamlnat:Lon of a model of B

%R

im
[
.3 S

7
3
‘e
‘s
i

ketene w1th the nucleop’hlllc solvent. ‘ Ketene for_matlon'

-«4

about the C;—C;. bond 1s necessary to/fbrlng the reagz_” .

centres close enough for reactlon to occur. k&n '

11ke1y path J.nvolves anti-—clockW1se rotatlon in Oﬁféfe'"

that severe ‘steric 1nt“eract10n' between 'the br1d e methy-l _-;sz;;‘;\_._"k 4
lene.';;roup and the acyl radlcal 1s avo:.ded. 4:atlo AN ) fﬁ
1n thls sense allows 'the abstractlonhoﬂf t ebfo:%3 B .
hydrogen. Clearly,. J.f the~ snc-membered'nng exlsts.,.,_;n ‘ o
the chalr conformatlon, non-bonded‘1"_'tera.ct10ns w111 o

et

hydrogen. ’ These ar)e reduced 1f themhlgher energy tw1st
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- Calculated ~.S:15raih‘ Er_le_r'gies_?..z‘: ey _' (kcal. o171
T AU S R S T
"{' . Cy_c,lohex’a,he L e 143
C}'clopentane ‘ : . - 7 28 .

Cycloheptane ~;fﬂf;"w“.ﬂ5.:-;~f.?fT~f'ff 7 65

RN FRIRRT ':s,n-:\ﬁ;:.g : SRR

o trans-BlcycloM 3. O)nonane .I' L v 8 76 " el
L (trans-hydx’lndane) P S

BlcY°1°(3 3 1)nonane TR
. CJ_S"BJ.CYC].O(4 3 0)nonane

Jc1s-—hydr1ndane)

5

Blc_yclo (3 2

Blcyclo (2 2‘ 2) octane

ko e et T gt e wa ep  wn e wren o et - 0oL
- -r P R N ‘.1~ M)
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Bicyclo (2 2 1) heptane

Blcyclo(tl 2 1) nonane . :
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. .'.."i'_j requ:Lred to place the acyl radlcal J.n close enough P

iy .

"y ' -

2 proxlmlty for abstractlon to take‘ place. "- The boat } '

. B (S . . 5& SN ,... NI
conformatlon for the trans:.tmn state causes sterlc
1n‘teract1.on between the C 6 ax:.al and the C-3 axlal

'hydrogen atoms. _;‘ The preferred conformat:.bn J.s the

"" N e v '1

e ]
»

. . I
Thus; the low yleld of aldehyde (XIX) J.s accounted for

L . SR T,
1 e T s L et T Ty
JE P S

"‘,..i"‘ J.n terms of the mcreased stra:.n J.n the trans:LtJ.on state‘ '
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‘ In order to more completely understand the factors -
i influen01ng product dlstrlbutlon, a’ system was selected in -

R . /._

'_ whlch both the ketene and the aldehyde anse from dlffer-‘

ent brldged rmg systems, each of wh:Lch w1ll mvolve a -

::‘ sxx—membered r1ng in the trans:.tlon state.. g

. Irradlatlon of a 0 lM methanollc solutlon of XXV 1n

“
" Lo, . oA,
i ,.‘ 3. x \vx

v Pyrex for four hours gave a mJ.xture whose a.nfrared spectrum

dlsplayed carbouyl absorptlon at 1725 and ’1738 cm l The« -‘“ FL

. < fi.
e

main features of the n. m r.. spectrum of the mlxture were

' .
. }:; .
' N

: (J l 5 cps) " a broad signal at 65 50, ‘

~ and sharp sxnglet_,at 63 62.' Calculatlon of the relatlve ‘ ‘.:.'j'v‘i.

COaR C°2R RSN &
XXVll - XXVlll
R IR b R CH3? 1b/ Rz eHy .':.f:
tensitled from the aldehyde peak at 69 68 and the methyl tvd

'-t- :

ester sxgnal at 63 62\z.nd1cated"a rat:.o of 4 l for aldehyde L .
@ S ,_\ R O ST S f S Tmn e T v
B ester. e v T - . T 1.

-"'.':'f -‘," .. ( . P B - e Sl o, e ¥.
BT _'.'{ ; S;leer oxide Ox1dat10n of the aldehyde to the q[orres-- L

pondlng carboxyllc ac1d enabled the separatlon of this

1solation of

material from the m:.xture and permltted the

‘ the second component.*"-' Ethereal extraction °
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”vg?'lson of the 1nfrared and n m r.: spectral propertles of ?p

e i ~,', . '_ ‘f‘.;

@rOV1ded an 011._ﬁlnfraredaabsorptlon at

‘a- S

1735 cm. l and a 51gnal at 63 62 1n the n. m n. spectrum

. .
> N

suggested a methyl es 'r, and the compound was tentatlvely

a551gned the structure (X

oxide solutlon

Ib),,.Methyl 3—cyclohexenyl-

3-acetate was prepared by an 1ndep 'uent synthe51s from,

-cyclohexenylcarboxyllc ac1d v1a the a o
the d&azoketone, and the resultlng 3-cyclohexan E ;ii

ac1d treated w1th dlazomethane to prov1de the methyl ester;m':Q%'GV

Infrared and n m r. spectral comparlson of the hydrogen->‘

ated mater1a1 w1th the: 1rrad1atlon product conflrmed‘theA”

R

structure of th latter.utﬁf'nﬂ;“

q

n m. r. spectrum dlsplayed peaks at 511 77 typlcal of a. ilw"dl‘

L carboxylzc ac;d, and a 51nglet at 65 57" representlng two 13&;ijz"

protons, lndlcatzve of oleflnlc protons.) Infrared banﬁs ‘ ;
at 3500 3100, 2750—2550, and at 1710~cm 1 werejconSLStent;:-i.. )
'-‘w1th .a non—conjugated carboxyllc a016§?§nd proof that the ;ﬁf::a
‘compound had the structure (XXVIIia)‘was shown by compar:—"""""T !

")

-cyclohexenylacetlc ac1d prepared 1ndependent1y as des-‘ '

crlbed above.‘_wng’fp;'.i' -y,v' 3;::- -%T'“*;§F~m;-'-f\ﬁ -

£

The photolysls of blcyclo(Q 2. 2)octan-2-one ln a 52:; ftn“f

S

1 l mlxture of tetrahydrofuran t water was conducted for

et <

- \; g ooy .
N seyen hour§,< The n m. r. spectrum of the mixtpre with:a et
P , e : LIPS A
B . "\’
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-1tr1plet at 69 63 and ‘a, broadened 51nglet at Gll 35 lndlcated
T ~the photoly51s pfoducts were present ;n a. ratlo of - 10 1 ¢
:(XXVI XXVIIa) - An Oll was 1solated after extractlon of -
SR the mixture w1th scdlum blcarbonate.' Infrared absorptlon'a -

.7 at 2810,.2700, and at 1725 cm l-and a-trmplet at 69 63 1ni

‘the . nqm r.,spectrum were con51stent w1th -an. aldéhyde. " In.
addltlon, unsaturatlon was 1nd1cated by a peak at 65 57
Comparlson of the n.m. r. and 1nfrared spectra Wlth those

of the aldehyde obtalned on methanollc photoly51s revealed

I ) ~ .

they possessed thé same structure (XXVI)
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U Aﬁter a&1d1f;pat10n of the ba51c extract from the S

s phot&dySLS m1Xture .and extractlon w1th dlethyr ether,fa

. 5 i'
colourless 01} wEs dbtalned The structure (XXVIIa) was _ f
a551gned ‘to thls compound by spectral comparlson w1th auth—- L. Q

,fenth,cyclohexylacetlc acid ‘ \:' AT 3k
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"oat The predrmlnaht product of the 1rrad1atlon of xxv is

N

* .
o and results from abstract- ':

1on by the acyl radical of the geometrlcally equ1valent
', e,

.’endq—G or the 'x -7 hydrogep adjacent tocthe alkyl radlcal.
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1sotope effects on the photolysxs of endo—5,6-d;deuterlo—

L ehe d»—aldehyde.' No ketene product; was detected when- the O
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SO bicyc)Q(Z 2. 2)octan-2-one, the only p;odUct 1solated was . ,“.yq‘:
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.ene groups. Afteruu-cleavage, the 51x—membered r1ng is .

free to fllp Lnto\lts more stable chalr conformatlon, rellev—;' 24';

‘ € Ly
lng the ec11p51ng uIn addltlon, the x —7 moves 1nto A f%
closer proximlty to the acyl radlcal for abstractlon to” ;-u*ﬁ““‘ﬁ'?
occur.. O T S ,f\%~?“ ’ ﬁ“':'. f‘n"';’_“'fa

n contrast, qhe tran51t10n state for ketene format—

) a;n apprdaches the geometry of a bxcyclo(Z 2 2)octane, «;?
1nducfhg straln (see Table I) and oau51ng eclloslng of # §f¢
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:-‘f:-jjﬁﬂé L straln energles (Table I), that the' tran51tlon state for

ketene 1s 1ntermedrate to a blcyclo(z 2 l) and a blcyclo—g“

) .
[ '

[ {:. ;Eﬂ?' : (2 2 2) system,.and lS therefore 1ess favoured than that *:

.
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thCh approaches the b1cyclo(3 3. 1) system requlred forn

. the formatlon of aldehyde.,”“:lfﬁiﬂ.ﬁ'gf, "-'ﬁ;} '1\
P e , . N ] L

-_:cf,P: Clearly,'a cohsideratlon of straln eﬂergles alone is; " !
; 1nsuff1c1ent to explain the photolytlc behav10ur of qycllc- ’ ,L-

"ﬂketones, as ev1denced by the formation of the aldehyde (XIX) ?f?né

: ~on 1rrad1atlon of XVII. If dlfferences 1n straln energles '.-ZlﬂfT

alone determlned the fate,of the dlradlcal intermedlate,'
o . - d\ N A T ."“ . ‘ Lo '.».. s
”,‘then a comparlson of the hlgher energy of the blcycIo(4 2 l)-,jvjjgﬁ

.nonane type 1ntermed1ate, relatlve to the other avallable

i‘ffpathways, should render the formatlon of XIX prohlbltlve.ﬂ~.1f“‘"

In v1ew of the behaviour of XVII on 1rrad1at10n,'1t was r‘”*f‘fx'if
. o T - R £
E -ufelt that a further 1nVestlgatlon was warranted of the,rel— RNV B

L.

o ated brcyclo(3 2 l)octan-z—one, homoLamphor (IX), prev AN Ah_' f;
\ e e
Alously examlned by Qulnkert, who found no ev1dence of ald-. R

"yehyde formatlon.;?’so

.

It should grov1de a dlrect;measure ;; S

X '.3o£ the conbetltlon between the blcyclononane and blcyclo- «75.:.r
. - s . "
j?toctane 1ntermed1ates leadlng to aldehyde and ketene. respect— ztd’g
. . 'Wffleaely.ﬁ" {jﬁ _:_*i 1;'5t'. 'f.“?l;‘7i.ti'~ 5f“vl'; ;frdlf;fﬁ.zﬁij;gbfi‘ldtgi,:\ ?g
. P Ano lM solhtlon of homocamphor in methanol was 1rrad-c g j'%
: g '1ated.1nlpyrex for seven hours to prov1de a colourlessApllé“ -
'shown by g. l c- analy51s to be a mlxture of two-components; 4
ﬁ; " «iThe n m1r. spectrum of the mlxture dlsplayed a trlplet at 4
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| S S 59 57 (J 1 5 cps) and a multiplet at 65 15, suggeStlng the !
R iﬁff'* :ilim presence Qf_aldehydlc and v1ny1 protons. A singlet at '
; .ll‘.'.:‘.v}:‘:' L v )

63 60, 1ndicated the methoxyl protons of a methyl ester ~.§5_Jif;“

S . Examination of the relatlve 1nten51ties of the peaks at” o :
L 69 67 and 1. 60 permitted the calculation of a’ ratlo of
e e v" .

SR SRERI . ”L approxlmately 4 1 for aldehydé “ester. .
ifﬁ}% Separatlon of the two components was ach,

——

T ‘.x ;I'
jﬁf?fjggagf the aldehyde follow1ng oxidation to 1t A
XH,T ing carboxylic acid Ethereal extraction of Ehp bas1c sol-i’”'{f’

. . . h«_.._L : ' (T

. ution obtained on treatment of the 1rradiation mixture with
I % Tl
s1lver oxide prov1ded the minor compqnent._ An 1nfrared 1

band at 1740 cm -1 and methoxyl absorption at 63 60 were "

Lt KT} :
w:-,' conSLStent wzth ‘a; methyl ester, and the compound was tent--ﬁ

R atiVely a551gned the structure (XXIXb) N ’;'
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ion and extractlon.w1th dlethyl ether, an 011 wak obtained, ;i-ﬂ:
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.which possessed infrared absorption-at 1705 and 3500 3100 cm 3

and peaks at 65 15 and 12 0 in the n m r.,spectrum Compar-:”ﬂij ?
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AL S son w1th the spectra of the known compound permltted the PR

j{-j : s’f a551gnment of the unsaturated carbbxyllc ac1d (XXX),?? and':‘

\: :133;;; ': ~'//establlshed the ma]or photoly51s product as.. the aldehyde' ‘

R K R : ' (x) Lo - ‘-. -. ‘.:, r. “ ‘-"" .‘ '.'; - " - - e ; ' Loy !
e : . o T T B AL O SORRERIT i
Homocamphor was lrradlated as before 1n al: l mlxture KR

e of tetrahydrofuran } water for four hours and extracted .i;-ﬁ;'z}i
w1th aqueous sodlum blcarbonate to prov1de a neutral 011,~

f-:?{ 1dent1f1ed as the unsaturated aldehyde (x) by comparlsonij~§:ﬁ;

thh the methanolzc photoproduct Acrd;flcatlon of the

2 second component as an 011 whlch d splayed infrared absorp- ‘
S %i and at‘1705 cm 1 ‘

typlcal of the 0 H and ChO stretchlng bands of a‘carboxyllc

e
.
a01d, as well as a broad srnglet at 612 0 1n the n m r. fﬂf
AR P N e " ¢ -
spéctrum The structure.(xXIXa) was a551gned by agreement t 1
L
| i
i

fi of the spectral'propertles Wlth those of the known com—/?

\;" \pound.?? Calculatlon of the relat1Ve 1nten51t1es of the,“‘

f spectrum of the mlx— 4

- peaks at 69 64 and 12 0 1n the m: m.:

ture provzded a product dlstrlbutlon“ratlo of 30 l for

.k XXIXa.. Conflrmatlon of the structure of the methyl
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;f.ac1d (XXIxa) ‘ S S o . e L
Lo - Tk 'f'”-f;:, |

s 'y‘. The prefer ntlal formatlon of the aldehyde (X) 0n
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1rradlat10n of homocamphpr\%n both.methanpl and tetrahydro-‘:p.
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'f 5 furan was rnltlally surprlslng ln view of.the fact that




', of the aldehyde (XIX) from the unsubstltuted analogue (XVII)

\since -the: tran51tlon states for both lnvolve the same

T 15 requlred to explaln the product dlStrlbutlon-

t-u

iQuinkettfdetected only ketene when the photoly51s was ‘con-—.
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suggested that the aldehyde (X) should‘be a mlnor product, ,‘
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blcycllc rlng system. ‘A comparison of the conformatlons " \EK,FQE

‘of the tran51tlon states for ketene aﬁd aldehyde formatlon ca A
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'i The tran51tlon state for aldehyde approaches a blcyclo-):lif.
(4 2 l)nonanone system, 1n whlch the endo-7 hydrogen 1s !

abstracted by the acyl radlcal. ConSLderation of thejf",,‘ﬁ%':n

relatlve straln energles for blcyclo(; 2 l)nonane, blcYCIO—ﬁLT ;? '}
(3 2 l)OCtane a“d”bl?YC1°(2 20 l)heptane suggests that the ;;}i B

formatlon of aldehyde ls prohlblted by the hlgher enet;y :;13 g
of lts transmtlon stdteh, However; the'lntroductlon of a’ R E
carbOnyl group lnto.the tw1st-cha1r conformatlon for cyclo-‘;:. ‘

e .
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heptane has been shown to 1ower the calculated sterlc

A
energy’by 1 5 Kcaz Theréﬁpté, the value*in Table
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K-methyl 1nteract10ns.A These 1nteractlons w111 be present
- - bs . i o

"-.; :f}ﬁ N '1n both blcyclo(3 2. l)octan—Z-one and homocamphor"_ .‘Q?j': w0

RS

- so that aldehyde should predomlnate, as has been found

*vf; ifi : :lHowever, the methyl groups 1n homocanhor may cause the

FRERS -h;” f1Ve—membered ring to be more splayed and result in enhanc-> R

b T N . S e D S K

S me S 'ed tran51tlon state 1nteractlon.g.¢ ”ﬂ,?'.'4ig ng L 'v"“ﬂ.g;iﬁk
B P AP A \ ' : o T R N
’ B ;1 Thus,.the predomlnance of aldehyde over ketene form—, ST
Lfiﬁf'atlon must be expfalned 1n terms'of the relatlve straln 3¢wnﬁ _'E“f

I

' energles and sterlc 1nteract10ns 1n the tran51tlon,states.j-‘ '
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‘; :',:Lf-f u_h, \In V1ew of the format;on of the aldehyde on photoly31s in P

both methanpl and tetrahydr%furan E water, a reexamlnatlonffﬂh'JJZf

'of the reactlon in dlethyl ether, under condltlons ldent1-_f'

v ) /"’

o , ';cal to Qulnkert S was con51dered warrantedt’ 3ﬁ3;-'13l FE
R - v R AN
oo T AU x.i:_‘ A 0 ZSM soiutlon of homocamphor 1nrdlethy1 ether, 5f I O

‘contalnlng cyclohexylamlne, was 1rrad1£t€d\£ozﬁ‘9rty elght

'hhours.i Careful monltorlng by 9: 1 C.. 1nd1cated that no ~f”' R

galdehyde was formedeurlng the reactlon‘ A precipztate f.i

that was,produced as presumed to be the cyclohexyl- / :

[ ..~:5 R .
Tiae .+ amide.. (XI) diSCOVGIEd by Qulnkert._ The large dlscrepancy

R

N 3_1n the melting p01nt of 206 5- 207 5 C of the material
o ’ l"‘.‘- " i R . ., o ‘.4
R o obtalned after recrystallxzatlon from chloroform-benzene

r and the value of 50 55 C reported by Qulnkert,s} is per-nffi

) . P :.4
U AR ST

,/
’
[
-
N Wo—m"ﬁwml‘

RT-RRE R Ty
4 . -

3




[ . . ’ ‘ P .
v e . . R R . Lot v
N o . - g . - : b

TR ’-‘haf,/s,acedunted -for:'bytv'-t'he possxble J.mpurlty of Qulnkert' BRI

proauct (meltlng range of 5 ) and by h:n.s use of optlcally

T - . act:.ve ketone.' Whereas racem:.c materlal generally melts at

L ’,,”l" oa. lower tempe,pat\ure than the (+)-‘ or. the (- )-compound, .' o

several cases of the reverse have been known.

\ . Q\'.

The ‘n. m r. spectrum displayed a broad 51gna1 at 67 9,
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1nd1cat1ve of amlde absorptlon. owever, a band at 1705 cm -1 LB

J,n the J.nfrared spectrum dld not co:.nc:.de w1th Qulnkert' f g
' l —u.- . AN T .--‘.'t’_l.'::
value of 1640 ‘ ) e arbonyl stretchlng frequency !

of the cj“clohexylamlde. A pos:Lt:Lve m.nhydrln test 1mp11ed | ,

an amJ.ne or an am:.?lel and the former was precluded by washlng
of the prec:.pitate w:.th dllute ac;d._ The pure mater1al was I i
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soluble only :m very polar solvents and was undetectable by R ; r
g 1. c. ana\lyszs.; Wh:.le 1t is perhaps surpr151ng that the SENREIR:
mass spectrum dlsplayed no peaks correspondlng to 1ons great- -' g -
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.1 exclusxvely 1 Possxbly, preferentlal solvatlo; of the (
"dlradlcal occurs, alterlng the quantum y131ﬁ, re

L 1n preferentlal rlnq closure..~fﬁu’-*E“Vz‘fn“l';'

R ketone, and hence the acyl radrcal,'reSultlng xn

the coursé of a- related photochemlcal reactlc

demonstrated by the ketone (XXXIV) Irrad1a1
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: ' The mass spectra of the blcycllc ketones (XVII,
.\ , o

: : - ,XXV. IX) and'thelr a—dedterated analogues were studled el
e L. / B : . . . T ‘ " T ’ . 5
R - ' ;Fragmentatlon pathways -are presented’to/account for the L

‘ major mass spectral peaks observed Few cases jof. related '-. o f

s e \ - ;
. blcycllc systems have been report§§:3y~91 - C

maklng gen—A‘

eralizations dlfflcult." - ']g”il S

S I o The a-deuterated blcycllc ;§§$§§s§were prepared . - ﬁynf

e “)"for comparlson of thelr mass spectralkfnagmentatlon patt- .’

C:;g;", " ‘erns w1th those of the non-deuterated analogues. 'A dlox- i 4
- iﬂ ' . T ane solutlon of the ketone was treated w1th ‘a. solutlon :."‘ﬂ_-égﬁ

M R

’

':oﬁfsodlum hydroxlde-ln deuterlum oxlde and the reactlon

N . - M.
}u‘ ' " stlrred at 45 for 51x days.?2 Extractlon W1th dlethyl l.if
e . / . ' . .- ', . ~' & ) ‘{“
L ether provaded the deuterated ketones 1n ylelds ranglng '+
2. —_ D " N o ) S
" from 75% to 99%. R L Jf‘jf.:: o S
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The'mass spectra of the unsubstltuted ketones

AR

S ‘ (XVII, XXV) dlsplay several simllarltxes. Both compounds 'l‘ B
. AR 7. -

- S possess base™ peaks at m/e 80, aEtrlbnted to’ a cyclohex- R

- ' . . \ . S

- ane or methyl cyclopentane fragment, formed By\egﬁnt;”

o i

+ination of carbon monoxlde from the moleculaf 1on. Th o J't

) o :\ B . ., l
mass spectrum of IX. dlsplayed peaks at m/e 94, 95 (base‘ : ‘\Q\ o
foe B peak),‘109 and 110, which: may be represented by anal— N

R : .' ogous methyl-substltuted ‘iens. - In contrast, d XXV ; ' o . %

N possessed a base peak at m/e 91, tentat1Ve1y regarded S ’ZHJ ?{i

A s ) . - -
b . S
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1ve1y 31gn1f1cant 1n the‘spectrum of the deuterated com—-\'“‘;*'f

pound.' The base peaks at m/e 95 and 71 1n the spectra ’ f}" f.‘

1 to- : "," ’
of IX and dz—Ix represent major ions 1n the correspond- sl

: ;mg spectra. All compounds dlsplayed major peaks at |

m/e 28, as. expected, Correspondlng to carbon mOnoxlde..nf'ii‘Q*

.t.~ ’ -1'

A major peak at/mXe 88 1n the spectrum of d -XVII remalns
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Preparation Of Bicyclooctanones. .

Lf}T':f' "'~:"?"_ Although b1cyclo(2 2 2)octan 2% one (XXV) and ltS de—'
S .t ,' i_:eratlves have prev10usf}\;;jn/synthe51zed by varlous other

.45;'5; . - methods,gé 94 - the Dlels-Al r route has proVed the most

—

93- 101 An 1mproved synthe51s was sought whlch

3 useful !
_:; n?f?f'h o would prov1de the ketone readlly and in good yleld nu'hej” § e
"“~v1ew of the successful preparatlon by Corey of b;cyclo-'”' j
. ‘ 7

N
(s

(2 2 1)hePt-5~en-2-one (XXXVII) bY Dlels—Alder addlt—'i '“}::;rﬁkﬁ.if
1on of cyclopentadlene and 2 chloroacryryl chlorlde,;Q?e -

?7,synthe51s of the homologous unsaturated ketone (XXXVIII)

- was antic1pated employlng that dlenophlle and cyclohexa—'

dlene. Catalytlc hydrogenatlon would prov1de the de51red

¥

saturated compound. ae S ‘A,f-ax S e n-;;-i,:w“n,;i_@
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| An ethereal solutlon of the d1ene and 2 chloroacrylyl

%_f chlorlde, thexlatter prepared from the carbox})'l-'i-c a°1d w

‘Q”‘ and thlonyl‘chlorlde,'was stlrred at reflux for two weeks, f,]cn'

. —s .‘;’?’.‘?’c.
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' ~U~at room temperature for eighteen hours wrth a solutlon o

'
Y

- absorption at 2100 and 2140 om

of sodium azide in dimethoxyethane, the precipitate of

"ﬁhours w1th a 2 1 mixture of acetic aC1d : water, after

-eum ether.( Removal of the solvent prov1ded a- yellow 011
'i'in 21% yield, shown by g l c. analy91s to contain one .
'fCOmponent.‘ The 1nfrared spec@rum possessed a band 1n the

.carbonyl region at 1712 cm typical of a non-conjugated

'3ketone. Two six-llne multiplets at 66 19 and 6 42, repres-’

'enting one proton each, were assxgned to the v1nyl pro— B

:-53--...‘ . :: .‘- .> “‘ . N

L during whlch tlme a’ prec1p1tate formed After removal

of. most of the solvent, the adduat (XXXIXa) ‘was stlrred :A

3

sodium chloride removed by filteration and the filtrate_'
dbntalnlng the acyl a21de (XXXbe) heated at reflux for

eight hours to effect Curtius rearrangement to the iso- .
lﬂ

cyanate (XXXIXC):I The solution«was then heated for seven;f;:"

fo

'which it was diluted W1th water and extracted w1th petrol-t'ﬁf:"'

—i

tons of the structure (XXXVIII)

-

Attempts to repeat the preparation on a - large scale

) proved unsuccetsful. The Diels-Alder step was conducted

“d

1n benzene and the 1ntermed1ates 1solated at each step of
the sequence.. In v1ew of the low SOlublllty of.sodium '
azxde xn dinmthoxyethane, a solution of the adduct (XXXIXa)
1n that eolvent ‘'was - added to an aqueous solution of the R
salt and the mixture stirred for eighteen hours. Infrared

-1, was typical of the stretch-

c el
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- 1ng v1bratlon of the expected acyl azide.l-D:? " Vlgourous
. heatmg in dlglyme was regulred ‘to effect rearrangement

| ) to the J.socyanate (XXXIXC), whose mfrared spectrum dis- '

T e

“played the characterlstrc absorptlon at . 2250 cm 1." Treat-'

e NPV

ment wrth a: catalytlc amount of acetlc ac1d at room temp— L
"erature and Subsequent workup permltted the 1solatlon of Do C K

an 01l,lwhose n.m. r- spectrum dlsplayed absorptlon rn the’- -
/. '
-vinyl reglon at- lower fleld than that requlred for the
L

b1cyclo(2 2; 2)octen€- system. Thls absorptlon at 87. 2

-remalned even after catalyt:.c hydrogenat:.on and 1s typ:.cal T
of aromatlc systems. B Possibly, cleavage of the cyclo-

‘ g hexanone rlng occurs with subsequent aromatlzatlon of the
:". I. T A ) . . w. '__.
| T remam:.ng srxbmembered r:mg : ot R

.

Another p0351b111ty 1nvolves ac1d—catalyzed rearrange-r '

ment of the b:Lcyclo(Z 24 2) system to the thermodynamrcally

" more’ stable b.1cyclo(3 2. l) system,‘for whlch there is

: S ample ev:Ldence in the lltex.'r:lture.lp4 107

| ThlS explanatlon
is perhaps unllkely .ln v1ew of the fact that Corey 02 did‘
\ .not observe Wagner-Meerweln rearrangement of the analogous o
‘ "blCYC10(2 2 1) system, shown by solvolysrs. stud:.es to |
~ ;‘ogcur ‘more readlly, -and in v1ew of, the recent publlcatlonlo8

'of an’ :meroved syntheSJ.s of XXXVIII based On Corey rs Dlels—'.,-

.‘ Alder preparatlon, but utlllz:mg the ac:.d—catalyzed deCarb—'
oxylatlon of the sulphenylated carboxyllc ac1d (XL) Wh:.le

‘ thls explanatron remains a p0851b111ty,' it falls to account o

T AT T T e e e B -

g T
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"for the presehce of V1nyl absorptlon at low fJ.eld Satls-
'~factory determlnatlon of the nature of the reactlon pro—~
-ducts was not poss:Lble and perhaps warrants further J.nvest— :

q.gat:.on, partlcularly :Ln v1ew of the s.nccessful small— '

\.. . : Lt

>
sca le preparat .'I.On .

i

1'.‘"

The ketone ()(XV) was ultlmately synthesz.zed m 46%

' 'yleld by hydroboratz.on of blcyclo(z 2. 2)octene (xu) e

' l : -
, based on a paper by Tldweli and coworkers,oj? but whlch

N ,n

s -
‘.‘-prov:.ded no- experlmental detalls.g The olefin was treated

' i‘WIth a suspens:ron Qf sqd:.um borohydnde J.n tetrahydrofuran,

'-‘.'-‘:,,-.w1th the addltlon of boron trlf,luorlde etherate., I_\fter'

"'I' B i . [N oy ~.".~'

. P ! P
Co O T A RS
R L s KA o s ARET
' , S
tor P . Lo
. . . . o
- i . I
. H . ey
- . - . . A . N
. . v ' . . '
TH H . y .
N N s Ch
R J
3 : \ T
Lo M
. N . o
N . -
‘ L. - .
) ' e '
.o N
R e :‘..
B i g .
J ! .
. B N . ¥
. ’ R R N N “ie
R YO . N ]

,v'stz.rr:.ng at room. temperature for four hours, the resulting

"-borohydr:.de comp]sex was treated w:.th chromlc acz.d to effect ‘
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, 2 decOmPOSltlon and ox1dat10n to the hone. | Purlflcatlon 2
‘ by subllmatlon gave a crystallme SOlld melt:.ng at 158- e .
162% (lit. m.p. 178.5- 179° 97y e : R
' S:.nce homocamphor was prev:.ouely acceselble only by.' ' R '_
o a lengthy sequence 1nvolv1ng a tedlous separatJ. of the‘ ST ‘
Lo methyl ethers (XLt and XLII) , followed by redur:: ion and . : ‘ |
. catalytlc hydx:'ogenatlon.l,‘:l_0 116 the development of a, short ’* , ’, a 'g
o efflr.:lent route to t.he ketone was of cons:.derable value / B : ;i
N |
M ','-'.; - Examrnat:.on of a. model of homocamphorqu1none (XLIIIa) it 'ii
o . ; avallable by hydroly51s of ! the ethers (XLI and XLII) .. suggests ’\
' ’ i . that the C—2 carbonyl group 1s stencally lundered due to
the presence of the methyl grbups and therefore, should
be less susceptable to’ attack than the’ mOre exposed C 4 ‘
‘ L group._ Advantage could be taken of thrs ff’ct by the cho:.ce r ]
': | of a reducmg agent whlch would selectlvely reduce the Iess y
| h1ndered carbonyl whlle leavmg the des:l.red group free from ":
| attack. B HydrOgenatlon of the resulting a,; B-unsaturated -'_..“.
ketone (XLIV) would prov:.de ‘the de51red compound. H S
. .
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1':/ ",. |
/(,ﬂqffmellow o:.l, shown*by g 1 c.‘_ analys:Ls to conta:l.n

\'5“\- st1rr1ng an ethereal solutlon f,or threé‘»r

e

B , refluxed fnr ten hours 1n a, n1trogen atmosphe' e,

- chosen for its greater stablllty and comparable reducmg

ARVl \-.,!.

- l . . . . . s . ) ’ '
and I750 cmwv was attnbuted to the C 3 and C 2 carl:onyl_

groups, respectlveiy ‘-%**7?7‘:, -. ;'- !

L al: l mlxture pf the\.e'thers. Hydrolysxs

1zed fromx benzene to prpVJ.de homocamphorqulnone .IXLIIIa) ,

‘ 3 meltlng at 220 222 C (1
L

s

to . N i

". - A‘\ '

Treatment of catmphorqulnone w1th an ethereal sol—

!

utron of dlazomethane, generated from N—methyl—N—m.troso-‘

. =t “

P‘tOluenesulphonam:Lde (Dlazald), accord:.ng to the procedure

o ek

of Favre and’coworkers,l;l and rechal of the solvent,

~

was ef‘:“fected b g

hjrdrochlorlc acid.q-,‘ Followmg extractlon

‘}‘\- - ‘e

1ficat.10n,'-" white preC1pJ.tate* was flltered and recrystall—

-

lof XLIIIa was attempted utlllzlngvf. k }“ﬁ -

‘m.pi 223 224 c

J

= Selectlve reductl

actlv:Lty relatlve to llth.wm alummum h‘ydx‘/lcie.lAIf3 ) stlrred,’f,'ju;.;,ﬁ

sblut;.on of the dione and Red-—al in . ether—benzene was . f"; - v

. alumlnum hydrlde, also resulted only in the recovery of

and the ; f~‘

solld 1solated°after workup was shown to be the un v cted

dJ.one. . Repeated attempts falled to detect any reduced

materlal Use Qf the less bulky reducmg agent, lltﬂuum N
A

homocamphor,. .
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. In llght of the successful reductlon of .some relate.d
. blcycllc ketones, by sodlum cyanoborohydrlde reduct:.on of f -
° . . 1 . '2' . .:
o _,thexr tosylhydrazones,l 9 the selectlve reduct:.on of homo- N

o S -»camphor was ant101pated ‘iﬁhe dlff:.culty experlenced 1nﬂ"-4, . .' il

P

,-.fen, hone suggested that the C—Z carbonyl would be protected

A solut:.on of equ:.molar amounts of the dJ.one '.

(54
(o
o
)

-y . | , .azJ.de 1n aqueous methanol ‘was permltted to i
1y ‘.":stand for\e:ghxe‘ ‘hours- at r00m temperature and “the, result-- R
:'..:f,,' o ing preclpltate fllter ‘ ‘ and recrystaI‘llzed from methanol ‘= AR
e = {'_Tto afford a crystalllne 9011 meltlng at. 220 222 °. . 3' ',

' L molecular mn peak at m/e 348 1nd1ca da the produc:t was the |

: ,?‘;'-'monotosylhydrazone (XLIIIb) . VT

A m:.xture of the tosylhydrazone and a four- old
Ceen L ~'excess of sod:.um cyanoborohydnde in 1 1 sulpholane H d:‘.meth-‘,'”.é"

-

i .-ylformanu.de was refluxed for five hours.. The oil obtamed-

Cee Do S after dllutlon w1th water and enftractlon w1th -cyclohexane o Jl/
yoe 2 \ BN S tt\ 'y .- : -
, lacked 1nfrared absorptzon 1n the NH, ‘OH - and C=0 reglons g

and a hydrocarbon product is: speculated. Attempted .Ln utu .

. . . T ~

formatlon of the tosylhydrazone ;’nd reductlon catalyzed by '
\

3

L)
&
R

.
s AR
L

o

S a small amount of p-toluenesulphonic ac;Ld res lted in thé

“'recovery of the dione..' Use\of a ten—fold exc ss of reduc1ng

1/t

B Co e agent and careful malntalnlng of the pH bé;?w 3 8 WJ_&E ; :- 3 -‘ F

‘concentrated hydrochlonc acld produced -a ‘com le:? mlxture\\

[

4
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reducmg such stencally h.\.ndered ketones as a- camphor and o

o a——
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A method utlllzlng Wolﬁf—Klshner reductlon,_devel— U= '

: oped hy Barton 20 fcr the reductlon of sterlcally h;ndered

. - '

;s, was employed. Attempted reductlon by in A&tu

L Bl

o . e formatlon

. o dlone 1n dlethyle glycol, contalnlng hydrazine hydrate S
RS L ‘e . ) -
SN e and solld pota551um hydroxlge,lz; resulted in recovery

s ) of the drone and unreduced hydr ne.v,’a_“.w. T :

“the,hydrazone (XLIIId) “in a solutlon of the

. lfﬁ‘? 7; : Subsequently, an, attempt was ma fto reduce the f~f‘\

woeoon L semlcarbazone derlvatlve (xﬁiIIc), prepared heatlng an«:

"_iidf‘ s‘f ? aqpecus»methanollc solut;on of equlmolar quantltle ‘7"7 JVQ::”; : T;
T o ‘ the dione’ and semlcarba21de hydrochlorlde An” the presencelh-"':",‘~ - ;f
’“} ;‘f :: . of a small amount of pyrldlﬂ%.‘ The resultxng prec;pitate Lfﬁ- “g.?' 5@
. ! was'flltered and recrystallized from aqueous ethanol to ir~g fﬁiilr :?%

glve a\crystallxne solld, me1t1~g at 230 231 c.. Aamol-z : 4i1.?§J§ 'gl

ecular 1on peak 1n the mass spectrumiit m/e‘237 1nd1cated d{“ :%j; éﬁ

the monosemlcarbazone, as expected due‘to'— eric hlnder?-‘ ) ;;'% 'é:

,&ﬁ;;v .ance - of. the c~2 carbonyl gnoup.‘ Bands at 1690 anf*: B i

f ' i

;;,cmf}<1n the infrared spectrum of the nujol mull were i; N

\i‘p ' 'f asslgned to the semicarbazone and hetone carbOnyls, respect-' {':g; =

ST o _'f :- A solution of XLIIIc and solld pot5551um hydrox1de é

o 123, S I

" in dlmethylsulphoxxde and dxethylene glycol (4 l) s,; E 3

e . . e \~. ke A
: ':'stlrred at 130 180 for flve hours, and the 011 obtalned | b
o after dllutlon thh water and extractlon w;th cyclohexane . J;f"ﬂl%

. wasj. shown by g. 1 -C. analysis to be a. mixture., Bands at g ¥ j

Wl e - et - .J n’ ;

R ; . Wt L \ o |
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: , N ;

) o | ' A Y




}elevated temperaturesh

B T C e

S
1

) 1708 and 1675 cm -1 in the 1?frared spectrum suggestéﬁ

the presence of the a, B-unsaturated ketone (XLVI) Var-

tatlons 1n the reactlon temperature and base concentrdtlon"

,1

~
resulted 1n the formatlon of a compleﬁ mlxture »

In llghb of the successful reductlon of ketones
Whlch pre?!ously gave abnormal products in the standard
WOlff Klshner reactlon, by the use of strong base and

123, solution of XLIIfe ahd pot—

_assilm t- butoxlde in toluene and i—propanol wds pre-

)

\ A
pared. .G.l;c. analy515'faxled to detect any.reéggéd .

N Yy A 4

prodnct after refluxinq for three days. When the semf-.

carbazone was refluxed for}one and one- half’ hours in the

'hlgher bo:.llng solvents, p-xylene;ﬁ 1~ pentanol (1 1),

and three ;Elar equxvalents of the base, followed by

| \fﬂ.




[\

‘dilutian with water and washzng w1th a small amount of

; product appeared to be the a, B-unsaturated ketone (XLVI),
£ "
" by g l c. and rapld workup on comp etlon of the reactlon.
known, obtalned by preparatlve g:l c., appeared to be quate o
polar: on ‘the basxs of a large retentlon tlme«(Column A),

-epectrum Further work -is requzred to determlne the..?f: AR

.'camphor (XLVII), were prepared by a synthe51s employed

_ketones (XLVI ‘and XLVIII)

two hours. and the reSultlng complexes stirred w1th sul

-obtalned after extraction with ether had a. strong smell

AL :‘%ﬂh 3*4:-“#'\:.. i\h e . 4 T,

, . B c,-}.*ﬁ,(
- . 562=. - S D

dilute ac tlc acid qan Qll was obtalned 1n‘35% yleld

On the ba31s bf a- molecular ion ‘peak at m/e 164, the ’)

P
rather than homocamphor as expected‘ Careful monltorlng-

was requlred to prevent the format on of a compound at-

‘t .

the expense of the reduced product.. A sample of the un— o

and possessed a’ molecular‘lon peak at m/e 182 in 1ts mass.

-

17 i

reactlon conditions neCessary for optlmum ylelds.-‘ ’_'v"

Ultlmately, homocamphor and its. isomer, homoepl—.-f L

Kl

by Baker and Dav15112, 1nvolv1ng lithium alumlnum hydrlde

reductaon of the methyl ethers (XLI and XLII), nd sub-

]

sequent hydrogenatlon of ‘the resultlng a,B-uneaturated '

L e T
A suspen51on of the methyl ethers and llthium alum— .

inum hydride 1n anhydrous dlethyl ether was refluxed fo(\‘,

3

phuric ac1d to effect decomposxtlon. The,yellow 011 o ?f. j";:'

-1
of camphor and dlsplayed absorptlon at 1710 -and’ 1680 cm” L

.

EBEBINOIN



'"dlcated al:1 mlxture of homocamphor and homoeplcamphor

=63~

~in'the 1nfrared spectrum.l A doublet of doublets at 66. 98

and a doublet at §5. 79 (J 9 cps) - in the n.m. r. spectrum,

twere a551gned to the vinyl protons of XLVI, whlle doublets 3
at g% 65 and 5.77 (J-lo cps) were attrlbuted to the v1ny1

- protons of. the 1somer, XLVI;I.

An ethanollc solutlon~of the unSaturated ketones, .

contalnlng platlnum oxlde and a. small amount of pyrldlne,

was hydrogenated. Flltratlon through Cellte and removal "
A:of the.solvent afforded an 011, whlch possessed carbonyl

'.absorptlon ‘at 1708 cm },'and lacked absorptlon'ln the n.m.r.

spectrum due to the v1nyl protons. G.l.c. analy51s in-

!
[N

SeparatHOn of the 1somers was ant\elpated by removal

of nomoeplcamphor as rts semlcarbazone derivative. Sterlc

crowding of the carbonyl group of omocamphor by the methyl

groups should lmpede attack ny the nucleophilic semicarb-

azide. ' A’'solution of the ketones in;methanol,loontaining

‘0.5 molar, equivalent of .agieous semicarbazide solution ~

¢ )

nd a small amount of pyrldlne,l24 was' heated gently for

ten minutes. vThe prec1p1tate Wthh formed ort coollng was

' filtered and washed succe551vely w1th water and’ benZene‘

'to prov1de a SOlld, whlch melted at 207 211 °c.

Homocamphor was 1solated by aC1d1f1catlon ‘of the °

)
i

filtrate. and extractlon w1th d1ethyl ether. Purlflcatlon

-~

‘alternat1vely by preparatlve g.l c. (Column }, or by o ;. ;

. J,!,fﬁ'-x‘ :ﬂf’ “,‘Quiﬁb' ,’.ﬁ‘ )

1
cd
{
i
.
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L \ L thin 1ayer chromatography on fluorescent 3111ca gel,“
' V..““' . - -. '."' “ - . ) ‘ % .‘ .
- q;elutlnq with 10% ether-petroleum ether, providaﬂ crystal-~
f ";llne mater1a1 whlch melted at; 178 179TC (11t. miplc .

187- 190° 111,

) The mass spectruh coﬁtalned a. molecular _:pnf

Rt hf"ﬁa‘-lon peak at m/e 166 Infrared absorpilon in the carbonyl

;j ’ : 'khreglon at’ 1706 cm l,,and 51nglets at 60 79, 0 85 and 0 88,
”;Aj i,&.\."f’dhe tb the C9, lO and Cll methyl groups, respectlvely,l-hi 3?;
h ‘:ﬁ ;;t; provided conflrmatlon that the compoqu was homocamphor.jfg”'" ‘Q;
:27;; , 1'lhuflw’5_j IThe remalnzng ketone, blcyclo(3 2 l)octan—2-onev A f;
SR o . o 2k

‘(XVII), was readily avazlable commerclally (Aldrlch)f}:f




" EXPERIMENTAL
- o I LT : a

/

Meltlng p01nts were determlned on d Flsher—Johns‘.

‘ meltrng pornt apparatus or wrth a Thomas-Hoover "Unl-Melt" . :jéf:
f apparatus-andnare uncorrected Elemen l mlcroanalysest'ﬁﬂ.'. f

were performed by Alfred Bernhardt, West Germany '_‘f,.;r: ~ ‘f%}‘

| Infrared spectra were recorded on a Perkln-Elmer

.2375 gratlng spectrometer, and were calibrated aqalnst .

”'.the 2850 -and - 1601 cm = bands of polystyrene frlm. Nuolear *f””; o

_;magnetlc resonance spectra were determlned w1th a Varran‘l

'Model A-GO, Varlan Model EM 360 ‘or Varlan HA 100 spectro-"v; ‘"ﬁfyf

met@r,ABand p081t10ns are reported 1n parts per. milllon -'l::._ {}i L

downfleld from tetranethylSrlane as an 1nternal standard

[}
\ Y

Mass spectra were recorded on a Hrtachl Perkln Elmer Model |
RMU-GE mass spectrometer at an -dionization potentlalrof 70eV t“'€ﬁg -
' unless otherw1se spec1f1ed T | . ”-_"gl\' f'- ';_._fli'
n/ ‘14 Gas llqu1d chromatographlc ahalyses were: conducted - '
on a Varlan Aerograph Model 1720 gas chromatograph u51ng o -

-"' n
hellum as the carrier. gas. Column A refers to a: 8' ; 174", .A-Iz

‘13% SE 30 column supported on Chromosorb W (AW-DMCS)\(707‘¢ ':.,3'-

80 mesh). Column B refers to a 8' x 1/4W,_Zp%-Carbowax 20M ’ . ’ -

. column supported on'Chromosorb W (AWQDMCS) (70-80‘mesh)

~

Irradlatlons were carrled out in stoppered Pyrex con-u o Lo

ta1ners, using a water-cooled Hanovra 450~watq medlum press-
ure mercury arc lamp, on solutlons (ca. 0 OlM) wh1ch had‘ !

\\been thoroughly flushed w1th nltrogen.-u
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Organic solutlons were drled over anhydrous magneslum .
‘ ',}.sulphate and evaporated by means of a Buch1 rotary evapor—- .? ‘
: I .
.-} tor under reduced pressure. Wlth the exceptaon of methandl ///é
s

'jmost organlc solvents were drled and dlstllled from sodlum

. wire; absolute methanol was dlstllled from magne51um» .in:l

.

'certaln cases spectrophotometrrc solvents were used w1thout:;‘ }i' —
{

'Afurther purlflcatlona i Z» . ';9 e B -
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*.The Photochemistry of Some Bicyclooctanones -~ . - . '~ = ~~° 7 ' f,
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LT ce T I
Photoly51s of Blcyclo(3 2. l)octan-z-one (XVII) o ,

.(1) In Methanol '
A solutlon of blcyclo(3 2. l)octan—z-one (0 1509,‘:J;'.fﬂit-a

, 0 0012 mole) in absolute methanol (131nl), to whlch sodlmn l? - L

_lecarbonate (0 040’ g) ‘had been added, .was 1rrad1ated f0r

-

. six hours. After removal of the solvent, carbon tetra- ».'.'5 54 .

. chlorzde was added. the solutlon flltered and concentrated ? ;
. to yleld a colourless oll. G. l c. analysxs (Column A, 140 ) .gi N %
-revealed two ma;or peaks in a, ratlo of" 9:1. Analysis on '3{;. i |
-Column B allowed'a resolut1on of the prlnclpal peak 1nto :

.two components in a. rat1o of 7 2 (XVIII E XIX) The alde—' e - K




\"' -l i
n

hydlc products, XUIII and XIX, were separated by prep-

K aratrve g..l.c. (Column B, 207° ) The maJor product had -

-

the follow:.ng spectral properties
X ir. fcc1,): 2810 (CHO), 2705 (CHO), 1725 (c—o> L.
N n[r. (cc1,): 89, 74 (e, =2 cps, 1 H), 5.63 (m,.2 H),
2 85 1.0 (Complex, 9 H) ppm. | ‘ S
N.m.‘r. _(d,G-benzeng), 41, 0"2 7 (complex, 9 H), 5.53 (m,.l
2@,525(&,1u)pm.f o |

- N‘ﬁ r.. (cc14 + Eu(fod)): 69. 72 (€, 3= ¢ps, 2. H), 668
(m, 1 H), 6. 37 {d ofd J—G cps, ‘2 H), 5.50 (m, 1 H),

5.07 (br m, 1 H), 4.10 (¢, J=7 cps, 1 w, 3 88 (d, J=6

- cps)y 3.3-1.9 (complex) ppm.. . .. .- O " A

§°

Preparat:.on of the Semcarbazone of 3-(2'-c1clo- ‘

pen teryl) propronaldem(de (XVI I1).

L e

- A solutron of semlcarbazlde hydrochlonde (0 100 g,
- 0.0088 mole) and sodium acetate (0. 075 g, 0. 0092 mole) m .
: water (5 ml) was added dropw1se with shakmg to the un- |

saturated aldehyde (0.050 g, 0 40mmole) and 95% ethanol

(5 ml) added The clear solutmn}/was warmed gently for

a few mmutes on a steam bath, cooled  and water.added‘

+

unt:.l a precrp:.tate formed, filtered to -yield a solid

_‘\ (0 036 g, 50%) Recrystalllzatlon from ethanol-water >

A

provrded needles, M. p. ' 126-126. 5 C.:.

Anal. . Calcd. for cgﬂlso N3: c, 59 63 H, 8 35 N,'23 19.

Found: - . . C 59 653 H, 8.16: .N, 23. 37. ¥

e 3

TR
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"

" - | - S— } ‘,E" 5 _/
68~ i
o
 The minor.a}dehyde~(x1x); EQ}}ecpedﬂby.pfeparativé, fi ; ;
| gfléc..ae-a;cqiou;iees:eil, had'tﬁe'follqw%ng §peetrai | ‘E '; .
I;r;(CCi )‘ 3100 (cH) , 1725 (c=0) em . L
'ﬂN‘m r. ~(CC1 ): 69 75 (t, J=2 cps,-l H, CHO), 5. 55 (s. ZH, : '} {:M
‘CH—CH), 2.75-0.9 - (complex, 9H). ppm.’ '.- B '>-\§m
':.N m. r (d -benzene) 60.9—2.7 (complex, 9H), 5.58 (p;'s{ 2H);? ‘ge' .ﬂ
.",9 70 (br s' IH) ppm. | '. oo : | .. " co .\ i
Preparatlon of -the Semlcarbazone of 3- (3'-cyclopent— ’._ "'h\' 1
;.:enyl)proplonaldehyde (XIX): e"' n SV . o ) ‘{ ;<, o {
"A solution of sem1carbaz1de hydrochlorlde (0.050 g, o o ) iz
0.0044 mole)'and sodlum acetate (0 075. g, 0. 00092 mole) in h g l
water (3- 4 drQps) was added to the aldehyde (0° 023 g, 0. 19 :.'J
'mmole) amd 95% ethanol added dropw1se w1th shaklng,untll-the' EE f;@ﬁf

solutlon became clear. After heatlng gently for ten mlnutes T
on a,steam bath, the solutlon was, cooled and a whlte pre-
+ cipitate collected by f;ltratlon. Recrystalllzatlon from

ethanol-water provided a solid* (0.009 g, 25%), meltlng at
1 .

123-123.5°,

Anal. Caled. for C9H150N3 C; 59.63; H, 8.35; N, 23.19..

Found: C . c, 59.55:'H, 8.43; N, 23.34.
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*(11) In Tetrahydrofuran : Water:

Y AT, e -
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A solutxon of b17&c10(3 2. l)octan—2-one (8 0 g, 0 064J

» ! ' L . B




- ~69=

2
& t

, mole) in a 1: l mlxture of THF : watef (640) was lrrad- R

1ated until g l.c. ana1y51s lndlcated ‘the’ photolySLS

was 85% complete. The solution was extracted tw1ce w1th
\

dlethyl ether,,the comblned organic layers washed w1th

aqlieous 10% sodlum b1car onate solutlon and water untll

the washlngs were neutral drled and . concentrated ‘to
glve a mlxture of isomeric aldehydes, XVIIT and XIX, and
. startlng ketone as’ a colourless o0il (6 2 g, 78%) l'c.

ana1y51s showed the aldehydes to be present 1n a ratlo

b

.of 8: 2 (XVIII : XIX).
| y ‘ When'aoportron of’ the 1rra31atron mixture was"
' photolyzed for a further twenty hours, g.l.c. analy51s
\\ 1ndlcated.that the peah correspondlng to the aldehydes

had diminished in intensity Preparatlve g- l.c. per-

’

m1tted the 1solat10n of a new compound whlch eluted at

AN

shorter retentlon tlme and Wthh had the followrng spectral

~

Propert1e5°'f- LT '
I. r. (CClI): 1460-1160 (m-s, c- 0) cm.l .

N.m r. (GCl ) 61 0- 2 5 (complex, 9H), 2.8 %m, 2H), 3.9

(complex m, 2H).. ppm. ; K\\tijs o
. . : - . NV

v
C 372yclopenty1proplon1c Ac1d (XXa): CL

e comblned aqueous layers obtaned from the 1rrad—'

1at10n nrxture were ac1d1f1ed wrth 6N hydrochlorlc acid

and e'tracted twice w1th ether. The organlc phase was

Ny

i
i

bt A sn omt

e T
e ih



. Van

ol
Thogk

C -70- N
- i
p S ' . : l PSR
then washed Wlth water untJ.l the washlngs were neutral, ol ‘
o dned and conce\ntrated to yleld a colourless liquld | ’ , l
’ (0 69, 7. 5%).‘ whose sp tral propertles matched those of"-" ’ i E
an authentlc sample of 3-cyclopentylproplon1c acldl - ' ' |
(Aldrlch) o ' ‘ - '_ S : B “, ! ‘ )
Lir. (cCrp: 3510 (sh, .OH) , 3400=3050" (b, OH), 2750-2550 ¢
- (b, om, 1708 (c-0) i:mjl. o | [
. N.m.r. (cmél; 810. nf'(hr'.-n a : "A‘ . e
13 1) ppm o R / >
: Methle 3-Cyclogeotle>Qplonate (XXb) a : L \ S « E
An ethereal solutlon of the carboxyllc acid (XXa) o | R
.‘ waﬁ treated at 0° with a solut:Lon of dlazonethane :m | :
d1ethy1 etwar unt11 the- yellow colour per51sted After ! : ‘
' stanclllng for a few minutes, the solvent was removed under - ’ ‘ pe i}'.i
.reduced pressure te yield the ester (xxb) as. a‘ colourless'-" . e
Oll with a sweet frulty odour. Y -
Ior. (CCL,): 1738 (c=0) em’. - | g
Nmr (CCl ) - 61.0-2.6 (complex). 3.60 (s, COOCH ) ppm.’ A ',":‘,
o A sample\of methyl 3-cyclopentylprop10nate was -.x!v: : \ '
.'éreparEd from authent1c~ 3-cycloproplon1c acid; accordmg ' ,.'f-'; ‘;1 l‘:.-
. to the method descrrbed above, and posSessed 1dent1cal | | tw , '
spectral propertles. | S . o i‘f
S ' . ol e
o a N
H ,‘.i ¢ ° '\“ 5 | '.



) Silver Oxide OXidation of Isomeric Aldehydes\ (XV‘III- e 4

_ hnd XIX) ¢ Preparatmn of 3 (2'-Cyclopenteny1)— and 3- (3' o '-. ' ,

. Cyclop entenyl)proplonlc Ac1ds and Isolatlon of Methyl 3- = 5 E
Gyclop enjlproLonate Xxb): - T = o e -

. To a- Stlrred dloxane solutJ.on (5 ml) of the methan-": ' ,

‘ ,. olJ.c 1rrad1at10h nu.xture (0 500 g, 0. 004 mole), was added -

a solutlon of nlver nltrate (0 350 g, 0 002 mole) and - ,

I'sodumL\hydroxlde (0 8- g, 0 02 mole) in water (7 ml) at o . Y ‘ '

.4'66 ‘The reaction was stirred for ‘a, furtﬁxer 27 hours at N |

l-r'oom temper_ature‘,-_f,ilte_r.ed, and the remdue.waslhed severa-l' , Ny

‘_tlme‘sb with )no't'wa_ter'. o : . N ‘ . . i P ;

\ - L,mé '~'b.asi'c _firtrate 'wa's ;extr'acted:'with diethy‘l. ether:., a
(tw1ce)\ the combined ethe'real lafers washed with wate’r.. : - %
untll the washmgs were neutral, dr:Led fJ.ltered and con-.. '

centrated to prov1de the este,r (XXb) as a- colourless 01/1 .b ‘-. y ' ,

(0.0-429,75%) IR PR NNE S K

I.r. (CCl ) 1738 cm T , o
' ‘N m. 1'-. (CCl ). 60 9-2 6 (complex). 3 60 (s) PPm. - ,‘: SRE i

- . .

0 The comblnedlaqueous layers were ac1d1f1ed with' 6N ‘ ;
E hydrochlonc acid and extracted w:.th ether (tw:.ce) ﬁfne v “;;J «~ j
combmed organlcl layers were washed w1th water until the ‘“! ' i
' washmgs were neutraal dned flltered and concentrated %;l §
to give ‘the acids as a colourless oa‘l (0. 500 g. 89%) G l c. | }
"analysis 1ndicated a comPlete absence of aldehydes. - o " d;’;“ g
| . | ;&aﬁ% . |
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. \ ’ ' - j.
I 16/1 ) 3600 3200 (br,‘OH),:l705 (c—O) cmv%. e

. ’N LY. (CCl ) 610 47 (s, COOH), 5. 68 (br s, £H—CH),¢_‘1‘ =

2. 7 l 0 (complex) ppm Y

o

Hydrogenatlon of 3-(2' -Cyclgpentenyl)- and 3 (3'

e 3'nglopentenyl)grqplonlc Acids: *Formatxon of 3-Cyclopentyl- o

, ] .
.f N . PP . .
L. ) ' LS,
v

perlOﬁlC Acid (XXa) "-_ :-L:Lf

‘A solutlon of th unsaturated acids obtarned above

—

(0 083 q, 0 0006 mole) in ethyl acetate (20 ml), to whrch

[N

_ 5% palladrum on carbon VO 040 g) had been added, was -

- . P

—Ty,

.,ni , The mlxture was., flltered through Cellte and copcentrated'
to provrde a pale yellow 011 (0 069 g, 83%) ',jut¢3 . |
‘Ivr. (cc1 ): 3520 (sh), 3500~ 3100 (br), 2700 2500 (br),
1705 em. la_': S ﬁ_‘",_ S
N.mz. (cc1 )e éz.s-o,gﬁxeambléx), 12.2 (s)fpﬁn;,
. . , ‘ .‘ :

Ozonolysls and Methylatlon of 3~ (2'-Cyclqpentenyl)-

4'and 3- (3'-Cyclgpenteny1)proplonlc Ac1ds- Eormatlon ‘of

Dxmethyl 4—Carbomethoxy ptane-1, 7-d10ate and Dimetnyl‘

3~ (carbomethoxymethyrfpentane -1, 5-d10ate (XXIb, XXIIb):

Yy

\A solutlon of the mlxture of unsaturated carbdfyllc

N

ac1ds obtalned above in 1 1 methanol dlchloromethane

n

) was prepared in- a 3-necked round bottomed £lask. After

BEREPIRE hydrogenated at room temperature and atmospherlc pressure..'if

o

EA N
FanrEn b
LEN

el A

treatment at -78 w1th’; stream of ~oxygen contalning ozone s

(approx 6%) unt11 the solutlon retaxned a blue colour,

. . L ”

'Inll, P

-
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,untll the yellow colour:: per31sted and . the solvent removed ’g R

.followed by washlng the comb ned extracts wrth Water, ’”_‘

.drylng, filterlng and concentratlng the solutlon pro-"'; . i{.' e o

1t wis allowed €0 reach room temperature. aqueous 30% ‘xl.
hydrogen perOdee solutlon (0 35 mi, 0. 0041 mole) was

added and the solutlon‘stlrred for ezghteen hours. Anu5.~"l

ethereaL.solutlon of dlazomethane was then added‘at 0

k "~ . ;- . l ;" .

under reduced pressure- Extractlon with ether (twide),

~
&.\

pe

‘ .~ 0‘

AN

_v1ded a colourless Orl (0 181 g, 91%) '.‘f ‘-“;43..gid;‘mﬂfi éf L E

CoNimer (cci ):'63.63 (s, 6 m,_s 43 (s, 3 ), 3. 83 (s). l
‘43 65 (s), 2. 8- 1 0 (complex) ppm. “":'. 3{; f;“.{_2a~f::1;.1; !51:) - f;
. _ e e ““'F’ SR P ; 'y L
. .;; Dlmethyl 4-carbomethoxyheptane-l 7-dloate (XXIb) ; é_;;
- iw;;‘prepared by the addrtlon of . an ethereal solutlon of :".; .::; ij f{
‘dlazomethane«at 0° to a sample of authentlc carboxyllq%f“.: - :‘% ,'.‘?:
B ~acld (XXIa) (Aldrlch), .and the spectral properties matched ”:. f;_ié‘ ':pu'#l
‘ . ,w those‘of the major ozonolysls product.: ‘\’ff‘vfgs:-‘- ~;’ o “*@ﬁﬁ”’
. - -2 -ﬂ'_;ii - -_? .~,~'11 ):‘;f..r,: .,m,‘.; 'fi
: .(ui) .In DJ.ethyl Ether- o f*}ﬂ_f | e e
A solutlon of bicyclo(J 2, 1)octan-2-one (0. 250 g, .
ﬁ‘ ‘ 0. 002 mole) 1n d1ethy1 ether (6 ml&, contalning cyclohex-"'
‘ylamlne (0. 3 ml), was’ 1rrad1ated for twelve hours.. The sol—~' }":;
o {'vent was rembved under reduced pressure, .the resxdue diss- -
_\. olved in chloroform and washed with- dllute hydrochlorlq “r'a;i
; .u{ ac1d-andﬂwater until'the_waehrng§~weregneutral; .After'




' o
N
.

prov1de a pale brown oil (0 240 q, 96%)

1nd1cated the reactLOn was approxxmately 10%_complete."
3 v I 4, ‘. M
Calculatlon of:the relatlve 1nten51t;es of the n. mlr.,sxg--\\\

- B . “~

nals prov1déd an approx;mate ratlo for aldehyde "ketene o

Nmr.

W] L,

2o

T o g

l;i,r. (cnc1 ) 2850 (cao), 1715 (v br,\c—o) cm,l, S :
(CDCl ). 62 8 -1. D (complex), 4, 3 (br\B,“NH), 5 6 v .

(br s cn—cu), 9.7 (br s, CHO) ppm.‘-‘}ljﬂ'.”‘;'.? ~’marw{‘f“,*i

¢ f ~.0. 0016 mole) 1n absolute.methanol (20 ml),

PhOtOlYSIS of Bicyclo(2J2;2loctanf2¥one GXXV);.:”"

.
o

(1) In Methanol- :' ," : : z‘f e }f

, A*solutlon of b1cyc10(2 2 2)octan-2-one (0 200 g,

to whlch sodlum

\. R A .1

. blcafbog\\e 10..020 9) ‘had been ?dded, was 1rrad1ated for'

¢
four hours.\‘After removal of - the solyent and addlthn of

petroleum ether, the solutlon was flltered and concentrated
%y L

ta afford a colourless 011 (0 200 g’ 100%) G. l.c. anal—~'y

y51s 1nd1cated essentxally complete reactlon of the—ketone.
. 4]

Comparlson of aldehyde and methoxyl pea&s of the n.m. f
spectrum 1nd1cated an aldehyde s eeter.ratio_of approx- :
1matelxﬁ4.l B R l: . fJf‘ SR ;f
\iur;‘

(CCl ) s 2825 (CHO), 2700 (CHO),’1735,(C-0, ester):,u

1725 (c=0, ald 3 wt
:. <’ [ ‘b ’ \ hd
‘ i , . v s
C ~ 5 Ty
- I - 1

f
i
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1
&
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1
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EYESNE I e

W o S
. N m'r.’(CCI ) 69 68 (t, J 1 5 cps, CHO). 5. 60 (br s,j
:' . CH-CH). 3.62 (s, coocu3) ppm. .g;.f',‘ a '.” o H';; D
) Sllver Oxlde Oxldatlon of 3- CyclohexenylaCetald— { E
3 ehyde (XXVI) Isolation of Methyl Cyclohexylacetate 5”:u{¥fr .;133'2 o
:: (XXVIIb) and Formation of 3-Cyclohexenylacet1c Acid (XXVIIIa) : '('g
‘-ie T, To a solutlon of 51lverxn1trate (0 0170 g, 0.001: .;?i
mole) and sodlum hydroX1de (0 080 g, 0.002° mole) in water ’ ' .,1 ; i
. (3 ml) After st1rr1ng at room temperature for 1.5 hours, , ‘ ﬂ
'%:. the sol&tlon was . flltered, the residue washed several trpes g o ;o
: w1th hot water and the flltrate extracted w1th ether g ’_:'_. P
f-x '-}twlce)~ The combined - organlc extracts were washed w1th R .;. )
) . water; "dried, flltered and COncentrated The methyl ester‘ . ?‘ E
(XXVIIb) wasylsolated as a colourless 011 (0.045 g, 36%)l S l. i§ - fé
1. R (cc1 13 1735 cn -1 ~.3"T: S ;f, R
‘.lNQer. (CCl ) 63 60 (COOCH3, s), 1.1-2. 6 (complex) Ppm., “=";”j |
. S . A L
< : The comblned aque%cs layers were;’ ac1dlf1ed with GN"’I- ; fﬁﬁﬁﬂgt
'hydrochloric acxd and extracted w1th ?ther (tw1ce), the L by |
‘f”ethereal layers comblned and washed w1th water (several 'd'.‘ .
) : R

ijj txmes), drled, flltered and concentrated to yleld the

N iunsaturated carboxyllé\acid (XXOIIIa) as a colourless oil e }
(b 075 9y ssvss) ' V'; '.;”.«~.j; ':';" e l‘aﬂt) R
_, A ' .. 1 Vs _— X o I :‘

I r- (CC]\4 3500 (Bp' Hweak OH) 4 3400 31300 (br; aOH) ? \:‘ “ , ! : .. - : ’

oL e T .g, R
. 2750- 2550 (on), 1710 =0y em™ T W £ ,__gi;a R

e vt 7 " C ' l

P y L"" 'Y‘
e N m.r.. (cc14)4 81, 1+ 2 £} (complex). 5.57 (s, .CH=CH), 11 71 e i
(s, coou) ppm. g ;-,"1- e e ey I
[N I- H v N : Y v o ‘, W *r‘ K "' ' g oor ""‘ \' e ) ¢ "
Y > A IR , ! Y ;«ﬁ‘ [ a i 1,”
° f J N SETRRNE T g
~ N ‘./.',h 9 ’). D ,A|
' | RN \ ‘.. Ly
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© ion was. flltered through Ce11te and the flltrate concent—~'

"'f-\\f?"?‘ - | R
A ‘Ll,:; v . AR N § !
‘“ B _‘ -“ R .v‘: e e _‘.,__._._:._-\' . ~."
- A v
Hydrogenatlon of 3- Cyclohexenylacetlc Ac1ﬂ (XXVIIIa)g
o Formatlon of 3-Cyclohexy1acet1c Acxd (XXVIIa) ‘

A solutlon of the carboxyllc ac1d (0 050 g, 0 35

mmole) in- ethyl acetate (20 ml) was hydrogenated 1n the
‘o

presence of Si palladlum on carbon (0.020 g)

rated to afford a colourless 0il (O 048 g,.95%) :
I.r. (ccl,): 3500-3100, 2750-2500 (br, OH), 1710 (C-O) em ™t

' N;m.r: (édl4).‘61.0-2.6o(complex), 12.0 (s, COQH) ppm.

. . VoA
’ . : -
e . . by

,(11h In Tetrahydrofuran : Water:

A solution of blcyclo(z 2. 2)octan 2-one (0 278 g,

'O 0022¢T01e) in a l 1 mlxture of THF. | water (22 ml) wask‘_

~

irradiated for seven' hours and extracted wlthﬁether (tw1ce)

.The comblned extracts were washed w1th aqueous 10% sodlum

',-blcarbonate solution (thce) and water, drled, filtered

(0 243 9 37 58). . - .% _

.

. and concentrated to prov1de the aldehyde as an oil {
1 ‘ ' }

' ~

-1 .

'ILr. (cc1 )z, 2810 (CH), 2700 (CH) . 1725 (c=0) em™".

L N.m.L. (cCl,): 61. 0-2:4. (complex), s 57 (br’ s, 2 H, HQCH){

9. 63 (t, J=2 cps, 1, cn0) ppm. j,"'ﬁ

. .
’ . . . BN .
: ' . . /

' The combined aqueous layers were acxdified with 6N

~®

'..hydrochlorlc acid and extracted with ether (twicef rhe/

. \\.

)
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I.r. (ccl, ): 1735 C

41Homocamphor) (Ix)

PR A . . . .
o . " . . L
. - . v e -~ .. . .
RS " . T : ) /
B . s v . N
. . .

1

]

combingd ethereal layers wefe washed w1th water untll the '

washlngs were neutral dr1ed flltered and’ concentrated

_to yield an 0il (0.013 g, A. 15%) .f.
’ I.rr (CCl ). 3500 (sh, OH), 3400 3100 (br, OH), 1705 (C—O)'
em Y. S . T S

N“m'% ‘(c01 )i 81. 3 .2.8 (complex), 5. so (s, 2 n), 11 35

I

+
Y

(br s, 1l H) ppm.' o ' A

‘ Preparatlon “of Methyl 3-Cyclohexenylacetate (XVIIIb).

An etherea} sorutlon of 3 cyclohexenylacetlc ac1d

' (0. 050 g, O. 0004 mole) was treated at 0° with a solution
of dlazomethane in ether until the yellow colour perszsted. -

\'Removal of the solvént under reduced pressure afforded :

=

the ester as a pale yellow 011 (0 055 g, 100%) Co.
1. S

N. m’:. (ccly): §i.2-2. 7 (cpmp1ex), 3.63 (s,. COOCH,€ ), 5.60

(br s, CH=CH) ppm.'

. t . . ,
v . - . ’
. o 7

9
Photolys1s of l B 8- Tr1methy1(3 2. 1)octan-2 one

(1) In Methanol: - RO
. [\, LI l I .

A solutlon of homocamphor (0. 055 g, 0 00032 mole)
absolute methanol (3.5 ml) contalnlng sodium b1carbon-'

(0.010 g) was irradiated,for‘seven hours. After -

o




"4. . ] - ">1-79'.—vﬁ-;.

K A eolutlon of’ homocamphor &i 035 g, 0. 0002 mole)

\ colourless 0il (0.028 g, aoz), shbwn by g.lic. analys1s B 1 -

to be a mxxture of aldehyde and startxng ketone.

"u710 (C-O, ket ) em o
"-N.m.r.,(CC14) §0, 75 2 a (comp ex), 5. 08 (m,
) [
'9.64 (t, J=1.5.cps, CHO) ppﬁ.‘-

L e i ———— s

e

r,)
‘

. 7

.. evaporation of the solvent'and the addition of petroleum

ether, the solutlon was flltered and concentrated to yleld

/
a colourless o0il (0. 054 g, 99%),«shown by g l.c. analy31s

,to be a ga;thre of two new components (ratio 4: 1) in add-

1tlon to the startlng ketone (approx; 10%)= Examlnatlon

" of Zne'n .m.r. spectrum 1nd1cated a ratio for aldehdye ‘2

est r of approxlmately 4:1. :, ]

‘I.r. (CCll) 2870 (CHO), 1740 (CTO, ester), 1725 (C—O,

i
!

ald.), 1710 (C=0, ket.) et

' l 2- 2.6 (complex), 3 60 (s, OCH ), 5 15 (m, v1nyl proton),\

9,67 (t, J=1.5 cps,: CHO) ppm. . ; ‘ o KL
’ . ’\ :. \\‘ ) .

(ii) In Tetrahydrofuran : Water.

in l;l'THF : water (2 ml) was irr diated for four hours

: t
After extractlon W1th dlethyl ether (tW1oé), the comblned

extracts were’ washed with aqueous '10% sodlum bxcarbonate

qolutxon (twice), then water until the washlngs were I T

~neutral drzed filtered and concentrated to afford a .
®

(CCl ): 2870 (CHO), 2710 (CHO) ; 1725 (C= 0, ald. ),
1

!
S

b v

. ' ' s
" N.m.r.- (CCl ): 60.80, 0. 83 0 90 and 1.0 (s's, Me' s), -

vinyl ptoton), . 55\ ;?

Sy
ey
I
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6N hydrochloric acid, followed by extraction with diethyl - 7
ether,(twice), washing the'combined extracts with water | :
until the washings'were neutral drying,. filter'ng and

'.'concentrating prov1ded the carboxylic ac1d (XXIXa) I0.00TB

g, 2.1%) ‘as a colourless oil. '~ - . o S S t"h
Ilx. (CCl )‘ 3500 3100 (br, QH). 2750-2400 (br.'QH).'17OB o .E.i S

N ! . H

.N M. (CCl, ): .60, 66, 0.77 and 0.95 gs 5149 H, Me s),\ S
‘1.0- 2.8 (complex), 12. o (bz, coou) ppm. ST e T - »
o . L S :

(i3i) In Dlethyl Ethery ’4 R " S i G
- A solution of hompcampher (0.025 g, 0. 00015 mole) . L ;: :H I

in diethyl ether (0.5 ‘ml1)’ containing cyclohexylamine. »

'(25 ul) was - 1rradiated for seventy-two hours, during ;i‘ ﬁk L

whicH time a prec1p1tate formed G.l.c. analy515 and - ' ﬁ;xuf

"n m.r. spectroscopy. 1ndicated the absence of aldehyde o .;7‘:k“

formation. . The solution was filtered and the flltrate ' ' h

‘washed with 2N hydrochloric ac1d to remove resxdual

;amine, followed by agueous 10% sodium bicarbonate solut-
ﬂion and water until the washings were neutral The pale . §wjl 50

* yellow oil obtained after filtration of the dried solut-' I B R

’

" ion appeared to contain mainly the unreacted ketone, on '

‘_ .the basis’ of g.l c} analysis and the n.m,r. spectrum.

v




:jphotoly51s, followed by wash1ng with' dllute hydrochlorlc' ST
ac1d and benZene, and recrystalllzatlon from chloroform )
afforded a crystalllne solid, meltlng at. 206 207 5 C

The product ‘was ’

Fxlteratlon of the prec1p1tate formed durlng the

. soluble in chlofofornm,

‘43 and 30. -

N.m.r.
‘ .

(br' 2,' H)' _pb.mn

" e

lyzed for a. further ‘ten hours in a 1:1

(CDC13)

»r

T

=

"I r. Jcnc1 ): 3500~ 3200 (eak) , '1705 cm

-1

Col o : : ) T
- The oil obtained from the irradiation was photo-

_carbon tetrachloride,

' ether, petroleum ether and ethyl acetate.

oluble in methanol and ethanol, and-ln—

-

.The mass’

-f'speotrum displayed peaks at m/e 99, 70, SS'ﬂbaée'peak),. -

A

ixture'of THF &

\ether (2 mlLL\oontalnlng cyclohexylamlne (0. 5 ml)

(0. 012 g, 483) appeared to contaln a mxxture of the

A
N workup, as decrlbed above, the resultlng yellow 0il

benzene,

.80, 8- z 3 (coﬁblex), 3.1 (br, 1. H), 7.9

“fter

-~

unreacted ketone, unsaturated aldehyde and cyclohexylamlde.

. (CCl,):

(_C"—‘.O '

‘ket.),

4

1675 (C-O:

-

amlde) cm

-1

3425 3150 (NH),|1728 (c= Or ald ), 1710

L]
A
A
pele
:
'y T
- e
' N
N e "
A3
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The Preparation of Bicyclooctanones., -
EﬁEYc%oig¢2.2)octan—2-one (XXV) . R .
‘ ' '
N ‘\ - ’ B . ) ' . ) { ) .
Preparatlon of 2-Chloroac§yly1 Chlorlde.
Thlonyl chlorlde (30 ml, 0 44 mole) was poured . ﬂ\;
' slowly through the top of a condenser connected to a - \.‘ f‘:, , ‘
flask contalnlng 2—chlqroacry11c acid (20 g, 0.21 mole,v] . "
. W1llow Brook Labs) - The condenser was . fltted W1th a : f?\uﬁ T o
< ’ e . }
calcium chlorlde drylng\tube and the mlxture stirred at . : S ) !
reflux for elghteen hours. ~DlSt111at10n (50—60 C) using - o .
a water asplrator ( 15 mm) afforded a pale yellow 011 S W-;/ ‘ Q
. ' ’ . ;‘-.
(14 3 g, 55%) . ® ; ;
fr. (CCT): 1748 el o T L o w 0
. ’ . '. '“'. |“t . . - . ! N A l s
4 "l. N N ' : N '.?' g v
e Preparatlon o BlcYClo(Z 2 2)oct-5 en-2-one’ (XXXVIII)
SR S 2 - ?
. " a solutlon of 1“ 3- oyclohexhdlene (1.6 g, 0. 020 mole, T -"gi"'zt‘“"?..‘
Aldrlch) ‘and 2-chloroacrylyl chlorlde (2.5 g, 0.020" mole) ‘
‘in anhydrous d1ethy1 ether (20 ml/yas carefully prepared
1n a n1trqgeh dry pox. The. reaction was kept 1n a cold “x_“ &gll
. . . ) S ' ; b iy
C room’( 5 C) for two days, then at room temperature for : ;- o
’ ’ ! § & M
" two weeks, and the ether removed by bubbl1ng nltrogen DR ; SR );
. FE L . . \
. . ) [N N
///;rough the solutlon. 'A.solutxon of.sodium~a;1de (1.3 g, - - . ﬁ;y SRS
- U ‘ P ..' . . S e " . B I:'t'f] ..' . .,!:‘)
' - . , ‘.', . H pe ‘ N , - ,‘ . ' ‘j . . o
- ! ' ’ .,
Sy : v
' ' . K \ ~
‘ '.:‘ i i'!;f '.'. ’ . w
. t LEY . . + \ \
LY " " ' W
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o

. 0.020 mole) in anhydrous dimethoxyethane  was added and

the mlxture stlrred for eighteen hours at ytoom temperat-
'.ure.‘ After f;ltratlon, the flltrate was heat

for eight hours, bY-which time the'colour'had anged

from yeTfow tp dark brown. K The’ solutlon was then treated'

S
- at 0 with 2 l acetic ac1d : water {10 ml) and refluxed
for seven hours, the pmganlc solvente removed [under re-

duced pre5sure 25-300)} and the residual broyn gummy

e A P A i el

) . I .
- tar treated wifth water and-extracted with petroleum

/ © -+ ether, The solution was d;ied, filtered and concentrated

to:yield a yellow oil (0.50 Q, 21%).. G.l.c.'analysié

- _ -
" (Column A, 140 ) 1nd1cated only one: magor component.

-1

| . I.r. (€C1l,): 1712 (C*:O) G

. . Memar. (CCL,): 61.2-2.3 (complex, 8 H), 6.15 (t of d,

AMX system, JAM JAx
d - AMX system,-J

.7 cps, JMx= 1.5-2[0,cps)j 6.42 -

AM Ax % 7 cps, J MX=

A DA NS ; . . K ] ¢ ¥

‘
' ' ]
- 1

Preparatlon of Blcyclo(2'2 2)octan~2 one (XXV)

, /Powdered sodlum borohytr fde (0, 60 g, 0. 016 mole)
¥

v ;. was suspended in dry tetrahydrofuran (40 ml) and blcyclo-'

(2 2. 2)oct- -ene (5. 4 g, 0 . 08 mole, Chem Sample Co )

.added Borom,trlfluorlde etherate (2.9 g, 0.021 mole)-

\

e Stlrring was continued for a further three hours at

D I .‘m v
R & ..;mhw..d L R f,lfs"

at‘reflux,

(t of

1.5-2.0 cps) ﬁpm. 4"

! : .
®

- was added dropwlse to the stlrred mlxture over -one hourq'.

g ey
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room temperature and dlchromate OdelZlng agent 4prepared ;l f
from K,Cr,0, (11 g), sto4 (8 m1) ,. B0 (45 m1)) _added I ?
dropwlse until the resultlng green solutlon‘assuméd a . : i

yellow tone; After stlrrlng for a further houxr at room : _' ':'5.

: temperatureq the‘reactlon m1xture was ‘poured onto 1ce, : %
" A: extfacted w1th gther, an& drled -.fhe}reeidual.solid. ;.hw o }f} f
" "obtarhed after flltratlon and removal offthé solvent B . j

é; ) waslpurlfled by euhllmatlon (50 /lSmm) to glve the ket—'d ‘ {

one (2. 48 g 46%), m p. 158 162 C (11t m.p. 178 5_‘.,.:. N

.-J" . 1790Q103) L T . 1..'.“ ’ s,

" Ly : . s . Sy A N g
e I.r. (cc1,): 1710 em . e e
T Num.g. (ccld):f60.9—2.5.(comblex):ppm.". S - o

wo o S S

1, 8 8 Tr1methy1b1cyc10(3 2 1)octan~2—one (Homocanphor) o

'

ot

(Ix) , f_ ~ o

T

' Selenium Dioxide Oxidation of Camphor (III):117 ' R T

‘ : od a.
4 « .

. Formation of Camphorquihone (XLv). © - .

SPL :A mlxture ‘of camphor (30 g,\O 20 mole) and selenlum _' : ‘t:

dioxlde (36 g, 0 32 mole) in acetlc anhydrlde (30 ml) o hrlii

N
PR . ‘ . v , ‘
o, -was stirred at reflux for twehty-four hours, cooled, o a PR
. . . / s
. . AN b
B S flltered through Cellte and tHe resxdue washed w1th glac‘ o §§ﬂ St i
. . o PR ‘. 20
ial acetlo aeid. The flltrate was neutrallzed w1th aque-' T o
Y A L SR L hfj , . ;;
¢ Al :— 1] &y o ot a § | , » . . ' . 4 @ . '3 .A . . -
M - s --" ' . @ .‘: - & . - 1 * . “ o
o ~: 8 - ! [ 4 ' : -" - ' b !
¢ oo » ' < " . | Y
‘ ‘ ¢ .l e N ..‘ f"‘: 4 '.‘ N -
" 3 . 1'. e ? O *v Co T ‘."
. ’ ) W 8 \ ™ .',:‘ ﬂ. : . 2 RN .40/. r g
. k . . . ~ - - '
. ! 1 el ’.' o A N ’ e PP R




s e e e T

. 4 ous. potass um hydroxlde solution, and the yellow pre-
; c1p1tate

'1n% were neutral. After drylng for several hours in a

- Nemor. (CCL): 51 13 (s, 6 H), 0.92 (s, 3 16 1.5-2.2

' b1cyclo(3 2. l)oct-3-en-2-one (XLI XLII)

. (540 g, O 0030 mole) at 0°. The procedure was: repeated

_vreduced pressure afforded a yellow 011 (5 9 g, 100%) r

- -85-

ltered and washed w1th water unt11 the wash-

vacuum dessicator,. the crude product was dlssolved in’
g

benzene and flltered through Ce11te to remove res:Ldual

e selem.um, The solvent was removed under reduced pressure .

o
~and the product reck}ystalllzed from absolute methanol to

afford brlght yellow needles (29 g, 88%) , Melting at 198-

0 ll7

200 C (sealed tube), (1\.lt. m.p. 198°C ). The mass

spectrum dlsplayed a molecular 1on peak at m/e 152,

(eC1,)s, 1770, 1750 (C=0) em L, S

(cbmplex, 4 H), 2 51 (br t, l H)

Riﬂg' Expansion‘ of Cambhormlinone (XﬁV) . 111,B3 Form- -

ation of l 8 8- Trlmethyl- and 5,8,8=-Trimethyl~ 4-me,tl)oxy-4

X

A solution of diazomethane (approx 0 molev, gen; )
erated from Dxazald) in dlethyl ether (300 ) was added
dr0pw1se with stirrrng to_a solutlon of mphorgquinone: ‘

’

untll g.l o. analySJ.S (Column A, 187 ) J.ndlcated the

reactlon was complete. Remoyal of the solvent under
oa 7/ N

_'_ . . ’
C

[l o S ') ,'-" . T Lo ._:‘..4“ “'Y,‘- o

T e tr e b -

R AT T

L ey

et e g

Vit fomew een




' N.m.r. (CC1) 60 95. 97 andlﬂg (3 s, 9H), 1. 22 4

Curie acid ( 30 ml) was added very slowly (2 2 5 hr), - . o ,,',}

shown by g.1.¢. analysls to contaln approxlmately a l 1 )

~ XLI: and XLII: Formation of 1,8,8- and 5,8,8-Trimeth 1= .

j _bicyclo(3 2.1)oct-3-en—2-ope eriv, XLVI

—— e e e mna -

mlxture of the two components. .‘ oo B R

. -(ccly): 1660, 1655, 1615 em . e

(complex, 5 H), 3.70 (s, 3 H), 5. 08 (br s, 1 H) ppm.

Lithium Aluminum Hydride Reduction of Methyl Ethers, ' °

)112 . I3 . ‘.

A solutlon of a mlxture of the methyl ethers (10 g,

0.052 mole) 1n anhydrous ether (50 ml) was addeﬁdrop-

'The solution was stirred at reflux for two hours, coole'd'

wise w1th stlrrlng to a suspeénsion of lithium aluminum

’hy,dride‘ (1.5 g, 0.04 mole) in anhydrous ether (125 ml). B :l R

.in an ice bath, and a mixture of ice (22 q) and 'water
(8. m1) added carefully with stlrrlng. Concentrated iulph- -

{
while mamtalnlng the. temperature of the solutlon belo'w

0

157, After stlrnng at room temperature for twelve hours,- .‘ l_'\:

the mlxture was extracted w1th ether (three times), and C j. - y
th‘e combined extracts washed success:ulely with aqueous "‘ *‘
10% sbdiurﬁ bic':arbo'n'a‘te eolution and’ wat"er', dried, fil- ‘ : - l ‘ .
ered and concentrated to prov1de a yellow waxy solid - 5{» 3

(7.0 g, 85%) w1th the. characterlstlc odour of camphor. ) ' |

& N PR
. . 1 . AR

[}
. . . 3
‘ s : v R
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Addltlon of benzene 1nduced q talllzatlon.
L (cc1 )2 1710 (sh), - 1%80 cm’ -1
N m.r. (ccl, )i 80, 90,5_0 9) '1.00 and 1.23 (4

s,9H),_

l 3= 2 7 (complex, 5 H), 5.77 (d J 9 cps, 1 H),"S. 80

(a5 J?Wm (a, lH),?OO (d of 4,1 H,.

C4 v1nyl sp11t by C3 vinyl, J—9 Cps, and sle.t by C5 /

proton, J 7 cps) PPMm.
. . .

.
,,

-jdrogenation of.1,8, '8- and 5, B‘érTrimetﬁyibicyc':lo-

(3.2, l)oct-3 en-2 -one (XLIV, XLVI) Formation of- 1;8,8; .

- Tr1methylb1cyc10(3 2. l)octan—z -one (Homocamphor) (IX) - / '

I

and 5 8, 8-Tr1methylb1cxclo(3 2. 1)octan-2 -one (Homoepl-' S

‘ camphor) (XLVII) o N

e
-

. A solut10n° of the unsaturated ketones (XLIV and

XLVI) (599, 0.031 mole) in- 95% ethanol (60 m1), cons - '

talnlng a catalytlc amount of platmum ledee (0 104 g)

.and pyrldlne (0 6 ml) was hydrogenated at atmospherm .

pressure and room temperature. The ~solution was, fJ.ltered

~Wh Cel‘lte and concentrated to afford a pale tygow‘
. ol (4.9'g, 978)." G.l.c. analysis (Column A, 130°) in-

~—

dioéted\ the two ketones were present in a l:1 ratio..

L. (ccl): 1708 cn™.

oy

5 -

N.m.r. -(CCl ): 60.87, 095&nd097 (38,9H),1226

(complex-, 9 H) ppm.
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' achleved by preparatlve g 1 ¢ (Column A; 187 ) or by
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PLparatlon of" the Semlcarbazone of Homoeplcamghor R :
1‘ " ,
(XLVII) Isolation of Homocamphor (IX) . ;
. e ' b e i = —
'I‘o al:1 mlxture of homo- and homoeplcamphor (l 01 g, . I

6.006 mole) was added aqueous se_mlcarbande hydrochlorlde .

solution (l 5 ml,-’,o 5 molar equlvalent) and’ enough meth-— T o

anol (<3 ml) to produce a ‘elear’ solut:.on After the . ‘ N
addltlon of pyridine (0 38 ml, 0 a0s mole), the mlxture - ? 'r :
-was. heated gently on & steam bath for ten mmutes, cooled - _ N \
and the semlcarbazone Erltered washed successrvely ‘with " \ _ L
| cold water and benzene, drled 1n a vacu.um dessmator to R s
yleld a crystallme sol.ld, m. p. 07 211%., ¢ -, . V. : 'A-»‘ : ‘
I.r.'(Nujol)+- 3415 (sh, NH), 3300-3100 (br, NE); 1715 < e
; .(C=(?, ket.); 1690 (C 0, am.tde) cm 1 . ‘q ’ ‘ ‘ S ’ |
N.m.r, (dz0H50) 8072 (s, 3 I, 0.83 (s,6 W), 10-2.4 - - ‘fﬁi '
"(comple’x),_ 6:0 (br, 2_ H)-,_a.e (br, 1 H) ppm. . . \\ " f
¢ S ‘ . - M_ :;‘ R
The -filtrate was ac:Ldlf.led wrth 6N hydrochlorlc - o

3

acid, the layers separated, and the aqueous layer. extracted
w1th d1ethy1 ether (twrce) . The comblned orgamc ex-—
tracts were washed with water until the wash:.ngs were‘

neutral dx’led flltered and concentrated to afford a

s

-Golourless 011 whrch crystalhzed on the addltlon of a ..

A

few drops of ?Fnzene. Purlflcatmn of homocamphor was

’
-
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b . o, ' . ; -.‘i~ ;
; S, = ' L ) . ;
thin 1ayer chromatography on sillca gel elutzng w1th o ! \
,-.IO% ether-petroleum ether.. The meltmg pomt of homo-— ARPEE I '
camphor was 178-179 C (sealed tube) (llbs. ,m p 111. _ L ‘
©g - - . o~ .
-187-190°C) . T e :

.r. (CCl }# 1706 cm 1..'

. . - * v N . . X .‘
N s . " . - L s . )

. ) [

: Td -

I 'N m. r.\(cc1 b: 60 79, 0.85 and 0,88 Zs 5,9 H), 1 1-2 4 I PRI

(complex, 9 H) ppm. B - S ‘-._' S .'ve P
| | | : . | . - 1 1‘. , ":":‘.-UQ' . ; "'5-.1
B R . Hydrolys:.s of Methxl Ethers’ (XLI, XLII): Formatlon .‘ R
\\'-\\' R o ) of 1,8, 8~Trimethylb1cyclo(3 2.1 \)octan-z 4- dlone (XLIIIa) ' "."L. ’ “
‘ _ {@n ethereal solutlon of th methyl ethers - (3.2 ‘. | c S ‘
e ‘0 017 mole) obtamed from rlh:; expansuon of camphg;qulnr-.‘f’ i IEURE R
. ,' one was. s’txrred at room temperature w1th aqueous 15% Lo : i .
'.J , ‘hydrochloric acid (20 ml) for three days. After separat— o ' f '
o -';,an of the layers and extracgn.on of the aqueous i'eyer ', ] ' , ‘ ) e
‘ . w1th d1ethy1 ether ({hree txmes), the comb:.ned ether—" : Tl o
, . eal extracts were extraéted with aqueous 10% sodium hy= - | s ‘ L
. drox1de (thce) and the alkallhe layers ac1d1f1ed w1~th o : }
, R ’..~ .concentrated hydrochloxtlc ac1d gCox}go Red) ; The result- o \ . ,
) '- J.ng sohd was f:.ltered. :ﬂashed with water unt11 ‘the wash- o

‘ \
'mgs were neutral and dried in a wvacuum dessicator;. After

1. . o

- . ‘ ' recrystalhzatlon from benzene, the dlone was obtamed 3 \' U
m T

RN ¢ 9 g[ 62%), m. p. zze 222 ¢ (sealed tube). (11& . P

+ ‘ N
- . o g

222-224 C) The mass spectrum dlsplayed a molecular lon

N . -
./ i \ . . . ' S \/ ’ ‘
I : S } ‘
T ,peak at m/e 180 v S . 7
i/ - I t . Ca . , . o ' . : .
ST i ! e C *\ Ty a0 L I . i ) Gy ) verf
,——l - N v _ . [IERN . . B - 7 ' X . (A o R 1,"‘ » ;
T - l'ﬁ : = - : : .
~ s ) . . -
/ N ' - -r:\ " - op
' . ' ; . . . 3 , ;
! : Q ""-15, . v . .
- . ' ) : S N i
h 7 [ ! ‘ ¢ ’ < .
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o ‘_‘..v.. S ‘ . e - /4/.".‘ (.\ - RS . . :
\ I\’\(C“CL ) 3550 3100 (br, weak, H) , 1730, 171g (C:=”O)7:cin-.l_‘.

Do g \N.m r. (eoc1 o 0. 80 1. 03yahd 1. os (378 s\uL

. -y
- [

ISR (complex), 3—18 (s, .1 H), 3 37 (s, 1 m p'pm.‘-. ‘

- ”:?”'3}?' : Preparat1on of the Semlcarbazone of.l 8 B-Trlmethygf-

o ' blcyclo(3 2 l)octan—2 4 dlone {XLIIIc) C,,?T* ;~"T"L,-”1,~-w~r*
IR T T TN
SR ;*fﬂ?u;“* g To a’ sample of the.d1one (XLIIIa) (1 8 g, 0 010 C ‘

L }t SRR mole) was added aqpeous semlcarbazlde hydrochlorlde sol-”

' \

(iv‘f. -g fﬂim \futlon (5 ml 0 010 mole) and enough methanol to prodhce
O T ;

D s ~ i . -
N s a clear solut:Lon.' Aft‘er the adgltlon of pyr‘LdJ_ne‘( l ml),
..\. - ) 2 : s Y g
. - ' T*the reactlon was heated gently on a steam bath for ten 5
Tl ‘hsﬁi}mmnutes;"and a. £ew drops of’water added to ;nduge pre—d

; . . ——A~—-———rﬁ‘ = :
,{ICLpltatlon. The solid was flltered and washed w1th benz-“ o

}erne.. Recrystalllzatlon from 95% ethanol prov1ded the

-..\ semiearhazone (XLIIIC) aS flne needles (1 8 g: 76%) i’ '_ ‘-\. RN —
- p. 230-231 C A moﬁecular 1on peak at: m/e 237 in’ “the.” R R
I S s T TR AT R P

oL mass~spectrum 1ndicated the product was ‘the, monosemlcarb-:-f SR Y

N v ' R t, e

A . . N e . ) ‘. . . Lot B cud

™ > R ,_“ L0 - A AR ' - g N )
W NI . N . i "

L T azone,“~\:ﬂ IRR i

ST Found“ IERE A \c 60 78 “H, 8 2‘

; 17 59

\x\\ (Nu]ol)~. 1705 (=0, ket ), 1690 (C<0,. amlde) em ',1'.

o
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. RN Tal S ' e
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i - = I .

RO . w1th a small amount of dllutetacetlc ac;d followed by

‘ ;. :‘]'3 aqueous 5% sodlum‘bicarbonate\solutlon and water untli? 3

;i. Th} the washlngs Wete ﬁFﬂtral.. The organlc solvents were;;;&a“x:~T";

R ; Z?. removed by azeotrop;ng\w1th water under reduced press,v;j

;l_' :; ‘EEQ b ure?to'prov1de an 011.:~ . \"analy51s 1ndlcated onezﬁ:”:fh

fngﬁ'l ;",CTiirﬁ component.: ;he mass spectru;‘dfsplayed peaks at‘n/e 42~: A;fi;ﬁ}
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Cfque of the absorpti n. due to\the q-protons in the o

~ N Mer spectrum.:
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