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Abstract 

UCRL··1657f 

OXYGtN 18 CXCHANGt RtACTlONS OF ALDEHYDES AMD KETONES 

Marianne Dyrn and Melvin Calvin 

Contribution from Laboratory of Ch.mical Biodynamics, · 

Lawrence Radiation Laboratory, and Department of Chembtry. · 

Un!Yoreity of Californi4~ 8erkol•Y• C.lilornla. 

Using intra-red epa~troacopy• the equilibrium ~xohange timoa hav• been 

determined· for a aeries of ketones, aromatic aldehydes, and ; : .. 

8-ketoeaters raoctin~ with oxygen 18 enriched water. These exchang• 

Thio investigation of th• exchange reactions of aldehydes and 
I 

ketones with o18 enriched water baa been undal"taken in ol'der to bo able 

to. examine the participation of cblorepbyll carbonyl groupe aa chemical 

lntermodiates in the oxidation of water during photoayntheaia, Photo

aynthetic mecbanlsme have been propoaed by Calvinl and Franck2 in which 

the aoparation of oxidant and reductant, req~~ed for oxygon evolution 

and carbon dioxide fixation• is a photocatalytical chlorophyll reaction, 

Esaential to these.mechan1sme lathe ability ot a chlo~phyll carbonyl 
.<' 

group to undorgo hy4rat1ono The present t10tok evaluatearthe exchange 

ability ot chlorophyll in c0111parhon v1tb •!llple ketones• aldehydGs• end 
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The .literature on the .()18 oabange Naotion• of carbonyl tunatic.no · .. ;:··: :;_··<·.' \ 1 
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indicates that aldehydes exchangQ very rapidly in compar.bon to ketones. 

Acetaldehyde exchanges c~pletely at rocmt temporature in neut-ral solution 

within 24 hr •• 3 while acetone exchange !a incomplete ottor 24 hr. at looo.~ 

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

,. 

' . ; ... 
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·A comprohonsive aurYey ot the literature by Samuel and StiverS gives oxcbaDge '. : ' ~j 
I' ·• • • • . ~ 

rates in varioua oolvento, aotdte·and basic; lor acetone, acetaldehyde, 

·acetoacetate, para-substituted benzophenanee• methyl" cyclohexanones, ancl 

aubetitutod benzaldehyd••• 
. '' 

Compounds wore choeen for thh tJtudy because of their aimlllll'itioo to 
, 

chlorophylla a and b (aee Fig, 1), - - Ring V ot chlorophyll ~ie a 8•kotoest:er .. . . , 
ot cyclopentanone which il tused to an aromat: ic nucleus t and chlorophyll .. ·b-. --·:.~. 

!I~. 
hao a pyrrole aldehyde -subunit aa a part ot a la~gor aroma~io ayatem. 

Thus·, cyclopontanonea, other cyclic ketonoa, simple $-kotoestera. and 

aromatic and heteroc:ycl!c aldehydes have been studied.. ·. 

" 
An inh-arect technique ·ia u~ed to analyze the -rate of o18 incorpora• 

,, 
' . 

·tion 1D the carbonyl group. l~lmann and Pinch&a6 cahowod in 1959 that the 

Caol9 ~d pt _benzophenone appears at 1635 cm·l, wheroao the C•ol~ b&1d 

is at 1664 cm·l. This 29 cm•l shift is simila~ to those obtained more 
recantly by numerous obael'Ye~s atudyir.g both esters and ketonas.1•9 In 

addition_, the' magnitude .of the shift is in fair agromnent with the 

theoretical value ot ~0 em-~ calculated using the harmonic oscillator 

approximation.s With this larse abitt one can easily follow the loss of 
. . 

the C•Ol6 band as the C•ol8 band tncreaaese The exohange.t!me·ia measuro.d 

aa ~ complete oxchana• time Nthei" than a halt-t.bni~that is, when the 

cao16 band no longer deeraaeea and the Caol8 band no- longer inaroaaos 

the exchange reaction ·ia oomplet4u · The primary advantage ot using infra• · 

red rather tbon •ale apeotroecopy J.e that aoveral Otl"bonyl fl'OUP8 OD one :· . . . 

: 

. ' ., ~-... :t/'1~ 
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: < .-J>:: .:.: · . . '·. Invest.igations which elucidate the mechanism of addition reactions :<-:'~ :~?;:::,?: 
'. > ·'>.: ·: . '.~ 'to carbonyl grOUps have been summarized recently by Jeneks.lO General . ·i'•:·\@ft;. 

;·:-::.:.·:.::::.:.·{:<:. :.:·. · .... :.acid. catalysis involves·· the concerted addit~on of HX (H2ol~) and ~rarisfer:, .: .·':~:\/:-:-, 
· .':'~f a proton 0 ·_.:_·.:· .. •. 

. ~. . . . ,' ; ... ( -j .. ~:.:. ' ~ 
~ .•• ·:! 1. .•.. • •• 

: .i' 

·.·c: . ·~·I~ n_ tu\ f . · __ _, 

H-X-~H A~H++A-+X-C-OH 
C.~·-·-------

I . 

•_. •.t ' .: ' 'I'~.,' 
. . I I · 

base cataiysTs'-fiivolv.es-tlie -eoncerte<l removal-or a .. proton t'rom 
• • .. i • • ~ 

. .: . '• I•, 

. : ~.·· .; .. ··. ..the attacking reagent 0 to facilitate attack· at the carbonyl group, as. · .... : .· ... -.... ,. 

_·. : };J< ,,: > .· ". ~bown in E~ad~\_-~ ifl:H 'X)~'b .: [ ~-il-x~~~J -~ ;_~j~[~r ·- · . "( ;',t~:+· 
. . · .. ;. ~-- ~- -..L., . . . . . . . ·. 
·,_;'·.;.-~_· . .~.· ....... t~-~ . . -~-·-.· . 

.. · ·. ·· · . ·: . . . . . A-+ x-b-oH 
: o •' I ' : ·~ ' t' • . 

. . · .. ;: ·.' . '.'. ·: :In the back reactions-;· the-roles ~f the.aclc(anclliis.eciit.~ysts are·-
·, .' : .-~-.... -.:·· (' .... 

·. . ··r~versed ~ thus c~piet~hg ·the o18 exchang;,. 10 .. 
,' . :. : ~ :. : . . .. 

, . '..::·' .. ; .: : ·.: .. Experimental· .. . 

·:·-.:·.~.··.· :_' . Tetrahydrofuran (THF)• which is freshly· distilled from lithium 

'/:}:C.;~·:.:-'· · · .... ·.: ... ';al.uminumhydr~de 0 ·.was found to be the only suitable solvent for the hydro-·.< : ... :·.r-;M~:!\;.>1 
,· : .~ :: 
· ·.':\ .'::;·, ~ ... ' .·:·. ·. ::chloric acid .catalyzed exchel?ge reaction·s. It is miscible 'with· water 11 

:/·'~·:':~_· .. <·~·)··· .'. ::: .. .'~r~nsp·ar:ent in the. infrar~ from 1500-1800 cm-lD and dissolves chloro:.. 

·:-::::::::?·?~~:.:;_:·. ·. -,:·. ·. : ·phyll, c.~orophyll derivatives, ketonesll aldehydes and B-ketoesterso 
'·.'.' ··~ .... :'· ~~·,'· ;I·, 

. ·:.-.... ·;:.' ::·,. ..Pip.erid!n,e was used as the solvent and catalyst for the basic reactions~: .. ::·~) ·:/\';.·;:.[y:=.: 
·~ '•,' '· •' ,• ' . I • • ' , • • ' , ;• '·l·:.~.,.'•~'';~~_r·:)-..-;~·; 

:- .. ,····:·; .. ::.,. . . Pyridine was .the :only other basic soivent ·examined which did not posse~s ·:'.:-~ ·.<:·. -:~;:;,·:;:i~f·~ 
; . ' ... 

·--', I ,• 

:-:;' ·.··;·. :: ·. : .. · ::::.:· .. ·-.::interfex-i~g ·absorpt.ion in the infrared 11. but· it was not even stro_ng 
·~ ,· ~-~·:: •• 0 ··,_. •' .•\ •• ' 

. ::; ·. , ··: ··;·.:.enough .a base· to. catalyze the exchange. reaction for acetoneo In all 

.'/:-_:/·.: , ..... :'-;'·.·ca~es 11 ~o·j,al OP o·o~·go of t~e substratell and 10 loll of 60o7% D2o18 . 
·, ~: . . . . . . . . . , .... 

. (analysis. by Weizmann InstitUte) were used .. ·'A ~igh deuterium content · ·· 
. . 

,•.: 1.:. '·:: . 
•. . . ; . ·. 

' . . . > ., . . . .... . water was used· because :normalized water· absorbs in the infrared at ... :: .. :.·-". \:/~>·:\~{ 

··1 , .. · •.. ·. .. <lss·o em:..l o. • . ·A co~trol ~ample: usi;ng ·D2ors ·.w&a ·.run. 'for each compoun~·~ ... · . ... :::'i: :/~\~:.1\~'. 

: -.. -· · -~-~;: ·_ ·:; • · · .,} ·j:~.; ·: -.···· .• ,_.,: • -.-p;.t,< c:i:i;:~; ·:·}? .. : t:::.1r;:Ji~·t,!::_·:·J.\j·n::~:r~E::t:·:{r:: -:::~·\.-:/;;,\] ·,!:~!,' •.. ·~ -: ?.;:- :tf:~~t}ti; 
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to onsu~e that spectral ahannes woro not due to chemical change o~ 
in the water 

dautarium exchange. The molar Gxoeaa of ol&tover exchangeable ol6 va• 

ol the order of 25• to so-fold for tho ketone• and 100-fold for the 

aldehydes. roro the ketone"• 50 SAl ol TJif or pipel"idina wore ·used, 

vhoroaa tho aldehydes were leal aolublo and required 150 SAl ot solvent• 

-~ ' 

~. : 

~ "·' .--'·_ .. -t,?<:.; .,,. 
, .• ,"'I. 

·t· ~. ' 

. ~ -~·~ 
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' •: . ·. ;;~t~,~: ·,~_ . .._. ' ~ 

•. '.-_ •• -/~· >. ·•• 

~' . . . :(, : __ 
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Intz.ared cella (0.025 mm. path length) w!t;h .~-tran window~ vwe· · , "·: : .. ··.,·.·· .. :.;,_~-~{.i.·.~-~'-~. 
' uaed Ql the· Naction veaaele, ainae th.eree windOws ~o resistant to .. _ " 

· aqueous aolutiona, botb acidic and bao!o. Tb!d en~ed tho oxahange 

to be followed .using a Aecknlan IR-'7 opectrometOI' aa the reaction pl"'• · 

cooded at 'room temperaturo. The tirst lev •inutes of reaction time are 
I , 

'' ., . ,. 

. ,- ,. ... -: ~ 
I' •' • • ~ \_ ~ 

spent in ordor to fill the cell and obtain tho first ·spectrum, thus 
.') :. ~{;:.;~ 

\ l. '·. -.:',!!':' 

making it impossible to obtain a "zero t!111e~ reading. Because as much 
: ~--~;; ·.: :-.\. :~~

,·-~-.:~,t::._ ... 
:::·.tCj 

a• 5 min. may have elapsed, in several instances the reaction vas complete .·::\ ··.-:~:;··:~j; 
~-. I . '~~ .. ~~~~ 

by the timo the first spectrum waa obtained. In such cepea, the deaig• . -:~:~> __ :>,~~{~;~ 
nat ion in tho lolloving tables !a lor an bn~~ed!ate r-eaction (Imm. ) • For ; .. _·: ') ?\'d 
the r•ainder ot the case a the time is stated for tho earliest spectrum · · · . · .. : <)..1 

1 subsequent . . · • ·: : :~ :'Ji 
which shovs no/change in the carbonyl banda• this baing the tinlo requ!l-ed ·. :'· · .. :;. '} 

.. .lor tho sllbstrata an4 oll enriched water ~o ba•• aomo to aquUibriiiOI -<.: :;:_:.·.~je~:· 
' . .,'\'I'.:. / ~>.:·; 

according to tha above mentioned mechanisms. The type of epectra obtained · -; · ··'-:·?,;~ 
~ . . -.. ~-f·/ -~· .. -~-~\~-(~_-·::~: 

ia illustrated 1n Figure 21 depicting a tdxtul"e of benzaldehyde in ,ool N _-, . ·: · ·. , .. :;- . 
. . ( . .- . \ . :;r / -:~~ ... ~-,_ ... ~.t:· .. ·; 

HCl in THr. Tho exchanae time of 20 min. ia 'in the optimum range for . · .: ·. ~--· -~~-:~ 
: ··:··:'J(':·::.·:~:_,'<i;: 
. · .. ·-: /,,\,::·:··(~ 

they are more difficult to follow because the kinetics are exponential, ~-'·' 
. ~ '.·.: 1·, 1-;. . ' , 

,· i·: ... 

accuracy using this technique. As the exchange times become longer 0 

. ' 

and as the end point ia approachod the apectroecopto change• become Ve!'y 

I • 

&~Dall, tt. the exchang• time ta greatfll' than a hour~ apecatra ta~en every 
'' . 

10·15 min. a bow little obana• after th• f11'at few a . · 
. , ; l 

' . ; '~~ 

•' .. 
'/ . • I , ' 

" • .. ,: ·, ... 

• ~ •. f '. 
l' 

. . ~. 
..'. ' 

' I 
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High te~peretura exchange reactions were accomplished in scaled 

tubeo in an oil bath.· At the complotion ot the reaction, the solutions · 

. '• 

~ . . . ., .. ' ' 
j· 

.. :·' 

t .... ' • 
;,. ',' 

· wera ovoporated a net the materials pur !tied using tbin layer chroutoaraphy. . ·' i! 

Using thia !nfl'ored technique, it ia impossible to dotormine the 

exact extent ot incorporationa the molar extinction 'coeftioient fol' tho 

heavy iaotope band baA been ehown in ~ovioua.reeearch not to bo the 
"' same as for ~he ol6 car~yl band• and the ~tinction coetflcient8 are 

yet . ' ' 
·not;prodictable.7·~ A rough comparison of the peak sizes indicnteo the 

.exchange approoohea 100\.of the theoretically poaaible o18 incorporation, 

. ' but in some casoa the equilibrium appeal'& to bca at about 60-80\ exchange. 

Thi& could be a solvent eftect on the extinction coefficient, However •. 
:t. 

the extent of !ncorpo~tion of ol8 in several of tho compounds was datGr~ 

. mined using low voltage on the CEC M~sa Spectrometer 2l•l30o .Tan pl of 

ayalopentanone, cyalohexanone• and benzal.dehyd.e were respectively rnixed 

in 100 111 of acidic THF and 10 1'1 of o2ol8 • and allowed t~ s:tond untU 

completion ot the exchange. Fifty ~1 were usoct for an IR spectrum• and 

. . -~. . . 
~~ : . ~ ' j ' 

. . . .~ 

., 
• '·. 0 • !-

....... .. 
1\ .v .:'1, }i 

'.\ :._\{:.: .. ~: 
.. :-. '.!.i ::--.:. 

·. ·. :.~ ~--~-.... ··>? 
' ~· < L • 

. -~. -~/:'·. 

~·~i.,";~·.,.... ' ' 
•• J~ " ... ' 

rrom the ratio of the peale heir.h'tGt the extent of ole tna6t'poration, waa ,: .: .··;.·::,(;::·.: > · . 
deternin.od a 

6 01&. . (M+2 1oo 
"' . • H + H+2) 

·'I. 

Tho limit of detection of c:aol8 by infrared was evaluated by P.e..:· 

paring benzaldehyde sample.s \asing wcoeadvely tJMller amounts. of ol8 

and determining the ••tent ot incorporation by ma~a spectroscopy. It 

wao found that ~ :n ol8 1ncol'porat1on ia barely detectable above the 

nobe level• aoaumins the apeotru11 ia intenoe and the looation of the 
• t : 

isotope absorption b lcn~wru ·,ror less ideal aoncU.~lono• .S•lO\· inoor•' 

.. ' ~- ·' . ~ 

.· :t. : . .. • •, ' 

.. ':•. ·.,,_ 
·'· .. : .. ··.· .. ' .. .. . ; 

. /'' ··: ;' . ' 

' ; . . .·. ', ( .... 
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·, 
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, .- ' , 

' ', :· . ... 
~ ' ... ·• -.\· .. ; . ' 

- ·~ 
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poration can oas!ly be detootod. 
. '."' . 

The assignments faro the banda ot tho O-ketoeatera were taken trona 

the work by Rhoados ~t al.ll The simple ketones and aldohydos showed 
. ''• ~ . 

: .··. '' ..... 
. :• ,•J. J,. -- . ·_·; ·_ ) ~ 

l. 

single banda in the carbonyl region and presented no difficulty. Cyclo• 

pontanone is an mcception·to th18.1'oct in some aqueous aolvent systems• 
·"' 

:. :t, •· .•. 

other compounda 1 aa noted on the tabloa. The infrared spectrum of -~hloro•. .~; .... 

phyll haa boon recently studied by Andoreon~2 a_nd Katzl-3 and their 

aadgnmonta al'e in ag!'eemont. The carbOnyl region is clear in polar 
. ~ 

solventa end allows tor relatively easy analyaia of an J.aotopo shift of 

30 cm•l. 

The ketones, aldehydes and B•k<!toeotera wez-e obtained from commercial. 

sources and uaed without further purification. The chloropbylla were prO. 
ot 

pared by the Mthod/Calvln. and Andersonol.. The Pyro compounds were pre• 

. pared by the method of Pennington· et al. 015 although 1 aingle homogen80\la . -- . 

~ ... . . ~~· 

~·· , ' f 

' 
' '· .•. ··I. 

:··· ·.• . . .: ,, ,~ 

' 
t,l ·" 

', l . ~- ~ . 

· .. ·. ;.-..;;: .. 

. , '--:t~'•.' .:I. 
product waB not obtained aa their procedure stat~ o SepB&tion from . · . . 

. . I .' ~- ' : :'. ·i: 
starting materials using thin layer chl'omatography yielcted the pure product a . : ·.,. 

1
, : ;~:;\ 

. . ~ . ' .... ~ ~ 

. possessing tho co!"l'eot apoctral propef'tie•• . · . :-:. · . ·~f~:;; .. ;n 
Results and Discusoion . ~~~\j-::j~:~· 

:::7:~~:::~:~~:::::c:::::l:k:~~:::::::~ t:::::nge .. · ... · ... :.~;;:'Jill 
acid·concentratlons in order to brinn the exchange time into a measurable 

reston. The exchange time J.a known to be 11no~~ with tho los of. tho acid 

concentration, as demonstrated with indano.ne and anthraldehyde trom · . 

0.001 to 0.1 n HCl., (Aoe rie;. 3). .Thb wae used to detemine relatiVe. 
- ' • ,··:· t I . ' 

_exchange rates whm noccuuaary. , .. ... _ .. 
',' . .. ' 

.. ' 

' I' ;, • •. I 
\. 

•' ; : . . ' .i J-, 

' • t ·• ~ < .. 
~; . : 
~'· 

.. : . ~;~:· -~:-
. . • I ;··~ _, • 

• . ~ ~· • . k .,..._ ' 

! • ' •. 0 o .. R:/ !. ',~ 0 0 . ,• 
I' 

. ' 
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Aldehydes. The results ot the acid eatal12ed reactions of a s~iea : 

of aldehydes are summarized in Table I. For the series of aromatic 

aldehydes which exchange in o.ool !!. HC1 1 the results are cono!stent 

with the mech~nlam discussed earlier. The effect of the protonation 
• 

of the oxynen ift to lncreaee tho electrophllicity of the carbonyl carbon 

and make it more re4ctive toward addition reactions. Opposing this 

increased electrophlliclty ls the effect of the extensive aromatic 

system, which acta as an electron donor) to deloc4llze the positive 

charge on tho c·arbonyi carbon• end hence, t-educa the reactivity of the 
'· . 

dolocalization energy and correspo.nds to the rGSon~nce hybrid.l? 

For the exchange reactions of these aromatic aldehydes, a good 
I . ' 

correlation .exists between the empirical ~eaonanco energy, the time of 
. ' 

the exchange reaction, and the fre~uency.of tho carbonyl absorption• 

both for Cao16 and C•ol9 (see Fig. ~). Tha relationship between. the 

frequency of absorption and. the rate ol reaction is a reflection of the 

well 'known effect ot conjugation qn carbonyl stretching fr~quencies. · ·. 
• • • . .' I ' 

The three remaining·heterocycllc aldehydes, !ndolealdehyde1 • 
. !' 

chlorophyll b and phaophytin hi have idonticai' exchange tirneso - . - Fo!' 

indoloaldehyda thh exchange t ltne • which h three t'lrnea alower than 

benzaldehyde 0 !a not· caused by the aromat·!c ring sinca 1t · !a not directly 

conjugated with the ~arbonyl g~oup. The slow rate can be attributed to 

'' 

. ' . 
• '~· • j 

.~ · . .:..~, 
~ .. '. ~ .· 

•,'· .· 
. \ 
. f 

~ ,; __. ~ 'I 

~ ; . ' 
/ ··'····· 

. . ~: 
~ ,::,. · .. 

stable roaon.ance .forra J.nvolvi~ the n!troaf .. at~• v~io~ ~uld. J · \,~·.· .. ::·'.!·jiA 
' ' . ·>· ,, ; ' ' : ; ~} <<' ~ ·> ,.; ' (: ' ' ' ' ' ,, .• :;/.:·;k.l 

a very 
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Table I. Exchange Reactions of Aldehydes 

Co !!!Pound 

Acetaldehyde a 

Henzaldehydeb 

2·Napthaldehyde 

l•Napthaldehyde 

;. 

rd)':. v 
~ 
l0V··. 

Cone. HCl 

.• 001 N 
. - . ' 

. I 

' .. u 

~ .. 

" 
' ' 

·.·--, . 
. ~ 

9t '.'· .. 
.. , ' 

• \ f t 
~ . . 

Tir.te 
{~lin) 

Imm. 

20 ., 

25 

,, 

·-· . ' 

. v .• . ' 
'' 

> • ~··~ •• , •• 

_,t •.• 

. ~ .. '·.. ·:-'t . 

•• # ;. '. 

~ t • .• ' .-

·1 
" in CTl 

1720 1692 

1675 

·1697 1668 

1692 1664 

' , . ~ ·' . ·~ 

·::·~~; .. ::·/.~:. . . . ···: :·.; :. \:, 
F.mp1r1cal ·,.;.: ·.!.::· 

~ ( . ' , .... resonance<';' .. ,:·.;:.' 
. ·. ·.;""·.:, -~:.:~·:: . 
energr ::~·\·,::-,.: 1 . 

• ''3:;o' ~·{t'~} 
I o ~ ·•:, 's. ~ •' ' 

\ ~:·~;:;::;:~: ;~~\· 
.. ·-.:~~;.: .. :~ ·:' 

··: · .. :.·.;:·.:. . . .· :_.9·An~raldehy~. 
I ' 

01 
•,.. ~·. ~ 0 

I , • 4 °
0 

' 

. ·: :'• 45 < ,:_;·:·~·l676 
•\ . ·: . .. . . 

. ;' ._ .• .~ .. · ... ·~- ,i .. ~". ·, . 
1650 

83 •. ~ ,,':-;~f;~.· 
::·: .t;:·:{~~?;,.;{f/'· 

;·- ':. :' t .:; : :. ,· 
. . · 

· .. ' : ..... ~~ . ::~>·· •\ ., 
·' ' lo, \ \ ,1 I, .. 

•' . 
·, . 

' 

·. ·,;:;;,;;.; .. 
·' r.'. 

. .. . 
' . ' 

9·Phenanthr~ldehyde 
·.· i. . : (; 

·.j· I .·. 

' .. ' •', 

'I--:~.~ •" , 
. ~ .;, ':. -~-~ . \ 

. ·: .. 

• .. "t ~ • •, 
• ' t.' _. . 

. •• ••• d ....... ; . 

• j ( :-:: 

., :.. 

I i:, .' 
.· . ~: ~ 

.. ,. 

1661. 
.. ~ . ~- :: 

· ..... 
; 

', 

, . 
I ·,• . . , . d 

: ..... <·. :: .. >: _ . . .. . Pheaphytin E. 20 1663 1636 
' ; .'. ~ ·': . 

.j. :· ... . ' . 

..... 

.. · 
• • ' I ·~ • 

•;( I 

a 
b 

;.:: .. :.':>·< 
decomooses .rapidly - . : < .\\( :· 
4 7% oiB. detennined. bs mass spectroscopy . . ... ,·:·:;{:.~ 

· purif~cat~on of. CoOts compound on Mamitol . nc· us~g 2% ·methanol in ~sooctane .:-' :.'• i~:~> 
· purif1cat1on o£ c-o compound .on Mannitol 'fl..(:. ~mg 13\ acetone in lsooctane.,·.·.;.;.;·~··.; 
-. F~en1:lyp .a. ~~iderable amount· of the ·labeling ·~.lost during.: pur~fica~ion~:~.!;·t/ 

· · ··· t,'. i· .. · .. · ;·: .·.I. • : ·•:· ••. -!;.;t i. ~(;1JJ ~:~Jr; ,; iz1:1i.itt::R~~:~l:?b:'f!::~iJT'~·:I.~·n~·~;"~,:~·t; ·.: :.._ i:: ·\!H/:~~t~~ 
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·. ;. -~ : .· . 
. . 

·.' 
• ij .t. 

• .... ... /,!' 

... 
; •, ·., . ·. "·'<·-~· 'r • ~ 

_ •• .- ~: j •• ' .... .. -.-;_: ·: 
:inhibit c~rbon"yl addition react ions. 

.f ~-·: 
,.•.. . ·:. 

,= t .-. • '< .~ l. • I ·• 'c· 
· ... _ -;! 
,t-.-

-· ' . . .' '- -~ ' .• . 
. • • ~ r' • : ' 

• •• • '1., ". •' 

-~ .. . :. OcJ(io.l{ 
. ·I I ~<---· ~> 
' ~ .. 

~ . 
·II 

' .. ' 

. . . ', . . ·.: --~ .. 

., 

. The same type of resonance structure can be drawn for both chloro- .~·. 
,• 

'. . p~yll' £. and· pheophytin b. 

{t) 
. N-----<t 

/ 
N 

Mg 

. 1 
\---/ N 

: .I 

. . ' . . -~ . 

•,. .... .· ..... 

. _.,, 

. . . , . ·~. 

II
. . ;; ;. :~ :.·. ;:~_~: 

• ,'. .: . "1 •• 

'\\ .... ,:::··~.;;:.{'(;:· 
., . :.· ... _ 

. .. ·/" ~--/-,::-·:$:> 
•.: .! . ·~:·!,:;I~~~:-.~·.:::~ 

·.·:.'•'t' .· jO'• <f• 

.. ' . . ., ·; ~:-,·~:-~f>. 
• -: •• ~ ' '· •••• _ t ·,...; ~ 

·. i/\li1 
_::. ·: .. ·· >:. <:.:~:: 
';·. ·_, ·:' ~; '\ /~; •. 
.. ':·:.::·.::.·:·.::·(.~··;:::~::·:: 

. . . . . . .. ·:·.: :~·~. ·.~:v>.·+t:: 
~2~ . . ·,';:. / .. \::_·;.·>:·!:<·> . 

However; such contributors are much less stable than the one .for indole- .. <_~:·:.; ·_.:>:.)~;:(~::· 

aldehyde bec.~u.se ot' the electrostatic repulsion of the chelated m.agnesiu'? ·;· : :._.:.·:;.,:· .... )·:, 
. . . ·_; '-::_·.::;_~::.:~>\~>~?: 

anc;l the positively •churgeq 'nit~gen. \-lith indolealdehyde, the hydrogen .... " '. ::: ·:::··(.'~/:_· 

'can. be easily removed from the positive'ly charged nit~o~en 9 while ~his. ..: . .-. ··~:.:':+·--;;:\(:: 
'is' not true· ·of the magnesium. It follows then

9 
that the hydrogens which ··:~::,::.:·,:.~.~.·./:~:~'.:~~<~:.:: 

. ·. ~ ~ ... ; : 

replace the magnesi~m in pheophytin ~must also be unable to freely leave 
'{ .. 

.. ··.·: . 

the heterocyclic nucleus since the excha.nge times for the two compounds ··: >. ,;; .... 
are. identical :h~~he slow exchange time for chlorophyll b. and pheophytin E. . · :.:·> ·;.:.:· .. : 

is d~e to: the ext~n~ive chlorin aromati~ system.; wher~~s indole. aldehy~~ ·.:·_·. :·.;;·:··:·.;.:,.··.~: .. _·'_···:··:····:·.:_:' __ .•; ...•. :o·:·:.·_.: •... : •.. :~···_: ....•. ::'.i·;:.:·::·:··.··· .. ' 

·exchange; is -inhibited by the presence of: the nitrogen ~tom. · ,:.,···:.:;:: · ~ .. 
' • I :I . : .. · ..... :· .. • . ' : • . .. . . . . . . .... :.... . . . . . .:~. · .. ', .. j: 

~ !··-· -~·-_::~ .. ~.·.·.·',, !,·,·.··~ ··.·.·.,_ .... · 
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Base catalyzed aldehyde exchange reftctlona wer.o attempted using 

two diffprent oolventa• pyridine and piperidine. Pyridine vaa not sui•· 

ficiently baoic· to catalyze the J"ellctione at a rate which can be detect~d · 

using the in~arod technique. Piperidine wao found to be so otrongly 
. " 

basic that it fonod an addition product• Nm<Wing the C4t'bonyl aboorp• 
. 

tion band. Inorganic hf4r<mlde~a werG not used because thoy are known to 

allomerize chlorophyll. 

Ketonoa. The result• of a serios·of base catalyzed ketone exchange · 

reactions and several B-ketoester eKchanae reaction~ are summarized in·. 

Tablo.II, There ore no direct correlations between the exchange times• 

the atretchln« trequonciea, or any other readily measurable quantity. 
. 
q 

Cook18 hal tound a relationship between the XX'CmO bond angle, the ioni-· 

zation potenti&l and the carbonyl stretching frequency& but these rela• 

tionohips cannot be extend~ to oncompaam· the eKchange times. ~~wover, · 

~ ' ~ . 
; '•. /' ... 

/' 

·' 

' ; . . . · .. ~ . ' 

. -,. ~· i .. 
' ' ' . -~· ' 

.. :· '.··' .' . . -~-'; 
. '. ... 

! . ". ••. ~ 

., • 1 

·~ .. ' 
~.. t' 

'. '.l ... 

. t•, 
. ~ 

·1 \ ~ ··~ 
'I • ... ·r 

'· . 

these reaulta can be qualitatively analyzed accordtna to the mechanifillll , · ··;·;~~·.:.\ :·::
1 

. . •. ,· r ~· ·:~~:l 
presented above, on the baa!a ot both elect'l'Onic and ster.lc considerations. · · . . .' ·:: 

! .--:; 

Acetone has tho fastest· exchange timo having neit!Yer. storic inter• · .. ~: :; :~:; 
•• :, 

ference nor electron donating groups. to reduce the.electrophilicity of - .· '. ~ I, ;~ 
·,, I 

• ! : .J. -.--.. •· l :·1~; 
Ninhydrin (l•2•3•triketohydr1ndene) is also QXtromely ... .- .. _. i, ~. the carbonyl carbon. 

... . .; ~ ~-

• - J ' ~- • 

. . - .... ~ ·: . ' 
•I' ' '. . • I •• "\. ~ 

-;·.-.:~·-,' ;> . -.. ' 
' .' 

~ -.. _.· -~;'t"·> 

rapid • as could bo expected with the electron withdrawing effects of the 

opposed keto. groups and tho lack of any ateric interference. 
I. ·- 1 ~ 

. •.' ·· .. ':. 
.. ~ ~·n 

• ',. • • '"' .4.~ .. ·:_·, 

The ·aeriea cyclohexanone • oyclobutanon•• cyol.opentanone can be· 
f ' ' I . . 

evaluated by coruaidel"ing the amount of ring et_rain which is lost whan 

. tho ap2 carh<?nyl boncl it hydrated to fon an ap3 ·.tetNttedr-al;.ear:bOh in· the 

intermediate • 
.• 

. . 
.. ;. "' .... ·_.- '' . . '" .· 

" ; '·' 

.6 
; . 

1 .• 
~ .• • 1 

'.'•' ··1· .. 

·. • . .., ... 
~ _. .. . .. 

' . . . 
'f ..... t' 

: -~ .· .... :: . ,... .. .. 
t... ¥ .i 

. . ,,,'' 
·.: " ~. : -~ 

.' \ { .~;' !. ·., . ;",'I-, 
~ ·;· ''; :,. '. ,' .-·.t·?· .·. ;·_ . 

. ·• .· . 
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Table II •. Exchan.~e Rea~tions of Ketones • Base Catalyzed Pipericli71e . . · : ·. 
v in on-1 ·· · · . 

COT1'MOUI)d I . : •·. . Tl.me Ccol6 . c=ol8·'. '. -~·· !• ::: ' 

·Acetone .. l . ~ # ' ••• ~ .• • • • ' llll'l1. . 
.' 

l . 

~linhydrin Imm. 

Cyclohexanone 10 min 

Cyclobutanone 10 'min 

Cyclopcntenone ·15 min 

r.yclopcntanon:e I• ·~ · .. 1 hr 

1 :· ••• •• • 

Fluorenone '·' i hr·· · 
0 ...... 

c .. • 

Indanonc l .. I · .:. -3.-S hr. 
., 
'. 

:. ·: .·,1o min . Ethylaceto~c~tntc · ~ · 
0 

. · .. · 
. u . . . 

. · . 013- -012-C-0-Et _.: . ·. :. , 

Carboe_thoxycyclopcnt~lOneb 
. ·o o . o-~~OEt· 

1708 

a 
1714 
1739 

1707 

1780 

1739 

1735 

· .. · 

. 1678 

1692 

1678 

'1747 

1708 

. 
. 1702' 

.' 

. 1716 . . . : . 1685 

1713.. . . 1683, 

1711 

-1735 

·'· ·, . 
~ : .. .' - . 

:· .. 
·~ . . ' 

.·· .... : .···:( 
. ·. ·~· 

• ·' .• ~. f -:-.. • 

. ' 

.. .. . 
· ...... ·.·:·· 

. '. ".... . 
.· • t,' •. 

. ..... ~ .. : .. · ... . 
. . ·~ : • .. . · .. ·. ···:' . ... 

.. ~ . ""' . . . . 
. ~- ::·. _:_>. 

.· ..... :'. ·. 
:· . " •• - .••• ~ 1 • 

. :,::~··: 

~ •·. ' ........ ·'' : . 
_,,1·, . 

.•:. -~:·~. : . . 

. .. · .· .. .. 
•, ', . , 

·. ·~:.· ............ 't.' 
. . . .': ;. -: (. . . 

a 1\m carbonyl frequencies arc observed for _ninhydrinp as .they often arc · · 
for an!wtlrides. ·, ... ·I 



[b!!\~1,' . 
~~)--,,.,,I;-,. 
l j i ,. I 

'' 

; ' .. 

'• 

.. 

l 

,.;:a, ~. 

The angles are 117° 0 94°• and 100° rcaspec·qvely, for tho carbonyl bondij~(· 
~i : 

~boreas the bond !ormed for the hydrnte is 1100. Thus, cyclopentanono 

is the slowest because it losaa the least amount of ring strain. 

relationship botween aaotone 0 ayclohoManone and ~yolopentanone can be · 

seen in other carbonyl addition rOBctlons euah aa Remicarbazone forma~ 

tion.10 Additional vJ.e~11 are those of Price and JiallU!Iettl9 who note the 

increased reactivity of cyclohexonone compared to acetone as almost 

entirely due to a lower heat o~ activation. DrOwn, Fletchor 0 .and 

Johannoosen20 have pointed out that a cyclohoxano ring ln which all of 
'·· 

the carbon atomo aN· te'trahedr-almay ex!at in tho partic\llarly stable . 

chair form 0 in which all of the valences are staggered• but that when 

one of the carbon atoms ia trigonal, an in cyclohexanonoo this stable 
I ' . 

configuration io imposoiblo. Since tho rate-controling step invoivea 

the transformation ot a tri"onal carbon atew~~ to a tetrah.~oral aonf;igura• · 

tion 0 the reaction o~~ura particularly easily with cyclohexanone. 
f. 

In 

the can of cyolopentanone • the valences are more eaally staggered in 
I 

the ketone than in the reactive intermediate, and a deareas~ in reactivity 

!a o ba<n"~ed • 

In .the r-omalndor of the c0111pounds, cyclopentenone 1 fluorenono• and 

indanone'l) the ring strain !~ approximately the Gllllle since cyclopentanone 

l"in8S are the flmdamental units involved. The exchan~te times can be con.;. 

intermediate and_tho effect of aromatic ringa· in reducing the olec~ro· 
• . I 

. . ./ ·: i· 

philioity of the carbonyl oarbeftt·. Cyclopentenono ill faster th~:tcyclo-· 

pentano~e ~lthough a decree~~ ~n reactivity oauld be expeoted f~m.the 

additional unsaturated bond of cyalopont•non•• How.vea- 6 the, un&QturatGCI 

i·.; 
. .~ 

r # 'f .. 

. ·. I 

,. ,, 

,, ,, 
~ 

· .. ' 

'• . . 
' 

'•.•' I 

. .. . 

' " 

~.... ' 
• ,-.'I' 

•,,.. 
'> •• : • 

• • ·lr-:\·.1 

.. I'" 

>~: •c'~ -~~~;,: I 

-... ' ... -·~ ·. . " 
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.'I • .· . 

• j ,, '• ;,' 
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. . . ·~. (. 
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,.· 

compound haa one l•sa hydr01Jen to ltel'ically' interf'e!"e in the ·intQI'Ift.SUte ·.·· : · . · · 

hydrate. I, 

, .. 
~ ; . 

Anothexo example of the 'predcminance of atet'~o inter Iorence over .:eloctronio 
. . 

inhibition 1~ the dilt'orence in exchanf!e times bet~on indanono and .fluore• · 

none. Fluoxoenone, vith two aromatic rings adjacent to the cyolopentanone 

ring, is /a .s times·.:., fast or than indanono• which has onC! adjacent 8J'omatio 
I " I . 

• , • I . '~ ' 

ring, but two hydronena vhiC~ interfere. 

The' results of the acid catalyzed exchange reactions of ketonos and 
' 

several ~ketoestere aro summarized in Table lito It is immediately 

obvious that the aequence'of compounds from the fastest to the slowest 

!I 
I 

I 
I 

. ~, ' . .. ·· . . " .. · .. " ~ 

. •.·' 

·-·-·· ... 

~ ' ' !· . 
'. . ' ~ . 

'; ... -.. "., ._. 

I ' • 

. ..•. 
. • .• t 

..... ~l-1 ,·: 
" ·:}'.: 

'. ' t 

. ,. 

';. . / .. 
. . ~ . :~· ~ . 

ac1d catalyzed rGc'lCtion io quite different from the bate catalyzed reactions, : .. ·'.'~_. · 
t6 ~···. J " 'r 

.:'. : +:' 

This revt'rsal. of order. on going from acid to base eatalyaili was also notQd ... ~ 
. ; .,,. 

. ' 
· by Kenon21 when studying E_-subctituted benzophe.nones. f~ ' ( ~ ~' l 

,, . -~ -· ~ .. .- .· 

The ll;lveraion of cyclobUtanona and ayclopentanono can be explained 

on .the basis of the bdslcitioa.· of the ketonese Tha ·pl<8~ for oyclohexanona; ·. · ·,.·'. _ .... ;:: 

acetone, cyclopentanono and ayclobutanone are -6.0 1 -7.2 1 -7.5, and .g,s·.· 

rospoctively.22 T~e rata of exchange correlates with the increasing 
., ' 

basicity of the ketones, the l•ost ·basic, cyclobUtanono, is least stahl~· 
1 

in tho hydrated form and thus has tho slowest 'exchange rate. 

Ca~pball and tdward22 ahowed that the basicity of cyclic katonos 
'I • • 

paralleled changes in stretching frequency& this aorrel•tion can be made 

' ;, 

with GXchange ratea foie th& first foUl' compounds1 although for the romaindet' 

of the -conipound• thee !11 no relot1onship between fttf'etahJ.ng frequency, 

· .. ·.· . ·:. ·~;; .. :I~.{:;,:· 
,· / i:' ·.·:.:<; 

' ! • ~ ' 

~ ~:.. :; 
... ··.; .. 

exchange ~t~•• ond b4eia1tyo . ;' .. 
I 'I ' 

·.'·: 
·~.-

.. ~ . . ·.. .} J ~ . ' " f 

.• ' • ••••• ·.) • ·,·· • 1 • ( ' • • ••• "' 

' ._ .. , t { ' • :. ~ : '. •' 
... ·, .t 

... ·. . .. /;~';;~ 
·' I '1' .L i ',0 

~ ' ;;I < ' ~ f • •.· • ' I • .~ ' • ' : ~ : 
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Tnhle III. Exchange Reactions of Ketones 

·Compound 
. . . c 

Cyclohexanone 

Acetone 

ru3~~-a-1~ 

·'. 
' 
··' 

-Cone. HCl 

·-~001 N' 

.001 N 

- Acid · Cat:tlyzcd . 

"' in cm·1 . 

Time· c.,.016 C=o18 

. 1705 

! ' 

Imm. 1710 16RO 

.. 

6 ; .oos N 10 min ·174Sa 
·1728 .. 

1706 

' ' ... ' ..... 

.. 
~ ' ' • • ' I ... ·.· 

:·": ·: . . 

. . . J, . 1,. • 
...· " • ,l,!.·i : ........ ' 

Cyc10butonono0
, do : · · · · ,01 N ''· · Im.. 1782 1749' 1,2>·A··'.:i'',O 

. ' ·. NiMydrin 0 ,01:' '.,-1;5 hr m~a 1704 . nA·'.i~i:]i' 
o:}(,.·.·. ·· .. :· 

.. Cyc~opentenono ·< ... :· o 0 · · ~- 1 N · · 10 min . 1664a 1647 
~- .:-: ·;·.-·· .. :A .. ····,: - .. · .. · .. 11o3· ,··1682 

·,.: ...... IY··:·. u ·, ,, 
• •:.:· .' 'Indanono ! · .. < oj. ,1 >; • , ',. 1~ min";:.: 1713 : ,1686 

:·', ... ·. ·· ... · · .. ·... ' . d ·-· ,'t 

· · · ·., .. ··· F1uorcnonc . .01 N · 2o·s hr 1719 · · :. 1686 . 
• 6 •• ::t:. - . ~. 

.. . ~ .. .'· _/. ·.·· ·' .... ,. 
... ,/ . ·' 

.'r.', .. 
. .. . .... ·.· .. Ethyl~cctoacctatc ~· ~ ooo·s N 

.. _;-. . ~3-C-012-c;:_~OEt 
·2o min 1719 1688· .. 

. . ''. . . . 

~ · .. : .... · ·: · ca·rhoethoxy- .. h .:· 6Q . 
. . / ... · ·. <· · .. : . . crelopen~anonc . ·· . ~-OEt 

l .•. • •• 
• I 

.1 N . Immo · '1750 

. . ·:· 

~··: :. ·::;· ':'.:· · ·a ·>··. shm'IS tt-ro ketone peaks in some solvents 

··· . b :· The keto peak of carbocthoxycyclopcntanone is a shoulder of the. lar~er ester :'!'.~·'}:·~r,. 
: · · . . . . : :.' carbonyl. peak, makin:;! it difficult to follow the cxchan~co The reaction timer:.:·~: .. ::;.\;:::: 

. -~ \'1:15 .Jetermined frOCI the disappearance of tha ()16 shoulder .. · .·:):·.~ .:~~· 
. . ; . ; ... : ·: 

46% ()18, <lete~incd by mass spectroscopy. · ·: :>(-:· . .(:.: 
4 J . - -- ····-- ......... ·-------~ - -------·-· ---·- ---------·- ·-- .. : . ~._:,::;,.::_{1~.·~ 

. 65°C;. at·. :·ro·~m .temp~ra~l(fe __ ln ___ ~c;-~-~.Q!'I~~f!~~a.tion_:oJ.J .. !-.s.ome. ~xch.cu'lge tak~_d:: ;·~:~ ... 
'P 1 ace_ ~mme~!aJe 1 y ~- .~Y..~ _J~.e .sP.eCtM:J~LiL ttery_l};:'9~d __ ~J:HLij1J.fJcuJ.1_~9 __ _in~er~~~t-~~ ·}:.'·~:,.::~. 

c . ·.· dcl•e~ · 7:)~y · i · •..• ~~ · .... · · .. ' · ,· .: : :~· t:;y,l!~\:·: ,;,·: ~; .. :fr .; :::; :r~.: {··; :::.: :' .,.. '·· .... · ·,~ ,,:· f: :.l;:~;f· 
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tanhydrin !a quite alov, and could be compared in basic![~~ to a 
0 
l 

dikotone. For diketonss, badclty decreases as n ~eereas'es · -~-(CI!2 )n~:/ 
and whon n•O baaicity !8 less than typical ketonon--thnt is• the form• 

.J". g~ ia vary unlikely.l9 Since ninhydrin has ~hroe c~nseeutive keto 

.groups (2•hydrate) 1 it follows that the reaction rate should be slower 

than the •imple ketones. The fact that ninhydrin is faotor tbon inaanone ... .,. 
reflects the electron withdrawing effect of ~h• additional keto ~up to 

opposed 
increase the reactivity of the/carbonyl group. 

For the ramainder of the acid catalyzed katone exohange reactiona1 

tha balance between electronic and stor!a effects oro the reverse of 

those for the base catalyzed reactions. Cyclopf!ntonone is conddorably ~I 
'I .. 

slower than oyclopentanono •nd rotlecto the importance of tho add it tonal: 

.. 
J·. ,.f.. 

, ...... ' ~ 

•,' _ ..... 

}'· 

,'} 

, . 
. . ~ . 

. :; ~·' : ·.y 

'' . ~,' ,· :/'.:<:: : ... ;'.:; ,.'·<~ 
: "~,:t 

' > ... ' ' ~ ' -;t 
' ,· ~ i' . \.' ; .. : 

' I::,·~~;·(., 

unaaturatod bond and the relative unimpot'tanae of the aterio effects of " · .. ', ;;.; .. : 
. . . . . ' . \;.:·~· .1.· 

the addition&l·hydrogen. [Dahn23 found the rate of cholestanono (ayclohexanone),:'·.,·:.? 

to be 103 u .... looter thlll\ oholeote.-e (~·ayclohoxenone), ""ich again .• · ·. · .. ··\·~ 
demonstrates the efi'ect of. one alpha-beta unsaturated bond.] Another 

. ' . ' .. . i... ·.·.: 

I .. .. ·; ~ :,_ •. t'_ 

',~··,.,,··~. ~·::.:.~~~ 
•.,• 

instance of the predominant effect of. electron donating functions 1a .the 
".'I:· 

. very Glow t'l~ore~~ .~Jita.hango time relative to· indanone •. The 'aromatio .. ::,.:-.· ·'·T 
ring hinders. the reaction' ~re than the ~dd!t!onal hydrogens on the 1nda• · ·· ·, ,,·::' ·:·.j 

none moiety: . , < '.~ ... '';:! 
' ' : .. ..) 

I t· ' •. ' •. ~· •, 

~ ... -· :. ,:·'· ,r ~-t.\ ..•. ~ .. · 
t_. 1 • ~ 

~,.. .. ::~;· '),j 
· .. I :·, ... •". 

' :. . ·.~:· ~ 

Tho prodoainato' effect of electron donating aromatic rings over 

stericnlly interfering hydrogen a~~c in.~he acid catalyzed reactions 

lB tnechanbtiaal.ly aound 0 a1nco tho stab~llty of tha conjugate licld will I 

be dep~ndent on the eleetronia effects wbile the formation of tho hydrato · · <I .! ·<; 

in the base cAtalyzed react!ono depends no.t only on tho. carbonyl carbon 

olactrophiliclty but ~n the nbUit~ ot th• nualoophil• to OVGI'aoma a~er1c 

interterenco in order to attack tbo oarbonyl. ; 
' . .. 1 

. 1 ·t · . ~ , . I ! . · 
·:! ... " ~::~·._, .. \d -:·~~,.' 

/ ... ,· . . .. ' ; . 
~ I ~ -, . • ~ . . ':. . : . . :. . -. . ~ • • .' ·, , 

1 ._, ;:;.. •• :. ' -. ·-·· •''" ";,· ' .. ~ '"' '•'. -

'' I '; 

'l .f .• j,. 

... 
'• 
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e-Katoeatera. Cohn and Urey~ showed that the exchange roaction of 

· acetone doe a not follov the path of enol hat ion • but b faster than 

enolization• The enol fo~ is not subject t~ electrophilic attack and 

wuld decrease the Nte of uc:hange. 'r.hb b demnstrated with both 

ethyl4oetoacetate and carboathoxycyclopentanone. whtcb are considerably 

slower than acetone and cyclopentanone. 

.. 

. ... 
'· "· . ..... -. 

. ·.··' . 
~ ' ... 

' . ...:·, . ' ~-· ... ·, 
' ' '. 

;\' 

. ·~ 

!Hologicftl Model C01Dpemds. Table IV summarizes the exchange . ;' . :\, ..,~ 
' : ;. :.· .""~' 

reactions that were attempted with· chlol"'phyll and chlorophyll derivatives.~· >. : ··.~::..:::· 
.. -... :r~; .' ..:: ·,~ .·. •. • .. ·.·. ·:, .· 

---------------------------------. ; .... ~r:~~-~··. - · i. (> 1i 
• •',· '# _-:: '~,.t 

Table IV • Exchange Reaations of P.iologieal Kodel Compounds · > ... ;!::;~ 

.~,.,. 

' 
I ' •; 

/ ·~· 
' I 

. Compo\lnd Acid Base .. 

·Chlorophyll a - phoophytinization · decomposition 
·' in HCl. No !nco!'• 

poration in 10~ 
. HOAC 0 66 br, 

.. 
Pyrochlorophyll !. pheophytintzation · no. incorporation 

in p.f.peridina 
. ~. 

Pheophorb14e a -
Pyropheophorbide a 

. . --
..... • .• .... .. ' . , .. l ...... t" • • 

. no incorporation 
.1 N ucl in Tnrr 
l d~y ·at 65° 

incorporation in 
.ol N HCl. in TI:IF, 
1 day at 65° 

1 day5 65° . 

decomposition 

decompodtion 

; . 

.. 

The oxohan&o reactions that were attempted wtth chloi"'phyU .!. and 

·chlorophyll det-.ivatives genaNlly :vere unsuoceastul. The pigments are 

unotable in bas~c solution and the Magnesium ia removed in acid solution. 

Howevor• thosa comP<>unda tor whioh.there ware atable exchange conditions 

were quite resistant to h~ation and exohango•1 The raactionB ware ear• 
more vigorous . . l 

·riod out under 111uoh ( · ·, ··~'I"F cond1Uona than tho· model: compound·a, uta!n~ 

. tempoNtures ,of. 65°. ror the acid exchange reaottona it appears' that the ·. 
,. 

.. 
" _., ,, .... 

.. ·. 
' '~ ·., 

~ . .. . . . .. -

. ' ' ' 

,. ' · . .,t' ,,1- .. 

~' ' 1 ' . ~" 
; 

,.. •o 
.·.;. 

.. - .. -:~ 

:··: .. ;·,0:\t 
. :, I·.:;~ 
I • ~ •I 

•• \. t.l, 

•' \ . , :·~ :~: 

' : '' I" ~,'~ ;~\~~1 

: ~--:r:·/1t 
''t1.',,"7"; •11\.,...· 

:·~ ··!.~!. ~:\'{~~ 
. . : ~ . "'' 
·.:~·::.·;;:t:· 

. · .. , . i• ' ' , 
' ' ~ t , f. :[, 

.. -> :-., _·::·F: 
.. ' 

'•. 

,, 

'f I,.,·· .. 
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la~nromat!a ring of the porphyrin nucleus has conaiderab~ decrcaoed 

·the reactivity of the c9 carbonyl beyond that of any of the model compounds. 

From the result• of tho ketone exc~nga reactions in basic. solution, 

it waa OKpected that tho sl~pl~ ketone derivative of chlorophyll ~ pyro• 

chlorophyll• would shov acme exchange reaction under these atrona con41· 

tiono. Storie hindrance of the two c10 hyd~gena 'is no greater than for 

indanone, al.thoUJb the electronic effect& ere considerably greater. lfovor• · 
. . 

theleas 1. there is no obv1~• reaaon for such complete lack of roactivity of 

, the carbonyl group. It ia, however, clear that the isocyclic carbonyl oxyaeza 

atom would be· etable to exchange during the courae of any normal isolation 

procedure from tho biologic4l aater1al. 
~ 

Aclmowlcpgment • 
,; ' 

The worlc described in tbb papel' vaa supported in ,• .· 

'· . ,· ,··.-... '. 

• :• •·I ·•,,;. • ·,,.:· 

' ...... · ... ' ~ ', .•:.:~' 
' ., . •' . ' ~~· .. 

. ' ... . ·.·· 
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part by tho U~ S, Atom1a Energy Comiadon.• - ' ~ \ :. ' ' J-
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·rig~ 1. Ncrnenclature and Substituent Designations. 
Hg 

Compound .:presenta R R' R" 

I a Chlorophyll a -
Ira Pyrochlorophyll a 

III a :_Methyl pheophoi:'bide · a 
. ·-

IVa 

Ib 

Methyl pyropheophor
bide a 

Chlorophyll b 
. -

+ 

+ 

+ 

CH · 
3 

CH3 

CHO 

Phytol 

H .Phytol 

He 

H Me· 

Phytol 

Vb Pheophytin E.· ,· 
CHO Phytol· 

.a + 1 magnesium present 1. -; .magnesium absent. 
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