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Abstract . ¢
L .

Using infra-red spectrogcopy, the equilibrium qxchange times have been
determined for a geries of katones, aromatic aldehydes, and ;;

B-Rotoestevs reacting with oxygen 18 enriched water. These exchange

times have been evaluated in terms of steric and aléctronic considera~ %,'";53

- tions, and applied to a discussion of the exchange times of °h1°r°th1191I;i;“f;

a and b and chlorophyll derivatives, B S ‘vﬁf;°€”

Introduction

This investigation of the exchange reactions of aldehydes and
ketones wléh 018 enriched water has been undertaken in order to be able 1
v ; - " to examine the participation of chlorophyll carbonyl groups as chemical
B intermedfates in the oxidation of water during photosynthesis. Photo~ o
fr | ' synthetic mechanisms have been proposed by Calvinl and Franck? in which
the soparation of oxidant aﬁd reduatant, required for oxygen ejolutgon
and carbon dioxide fixation, i{s & photocatalytical chlorophyll reactions
Essential tb,thoso,mechanisﬁs is the ability of a chlorophyll carbonyl "‘ﬁﬁ
group fo undorgo'hydrationo The pronént work evaluaton%fhe axchange ‘
ab{lity of chiorophyll in @omparilon with simple kctone;, aidehydos, and
.e-ketoesters:tmq% . _ | ‘ '" |
. The 1literature on the-bla cééhange reactions of anpbonyl funotionﬂ'?lwf;iéﬂur
Cpe i ,;p_g‘”;;,;‘,l- ‘ff; . ‘ -
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- Acetaldehyde exchangas completely at room tcﬁpoiaturo in neutral solution ST

‘acetoacetate, para-substituted benzophenones, hathytﬂcyclohexanones. and

_ of oyclopentanone which is fused to an aromatic nucleus, and chlorophyllﬁ}z h

"tion in the carbonyl group. Halmann and Pinohas® showed in 1958 that the

- approximation.8 wWith this large shift one can‘caaily follow the loss of . ok

e

indicates that aldehydes exchange very rapidly in comparison to ketones. f.};f,%;

within 24 hr..3 vhile acetone exchange {a incomplete after 24 hr, at 1000,4

‘A comprehonsive survey of the literature by Samuel and SiiverS gives exchange ° 1

. LA
Lo N

rates in varfous golvents, acidic -and basic, for scetons, scetaldehyde,

substitutad Senzaxdohyden. )

~ Compounds were chosan for this ntudy because of their similarities to

chlorophyliu 3.énd b (see Fig. 1)« Ring V of'ohlorophyli aisa e-kofoestev

“«

v

has a pyrrole aldehyde subunit as a part of a larger aromatic ayafom. l%

Thus, eyclopentanones, other ¢yclic ketones, simple B-katoesters, and
aromatic and heterocyclic aldehydes héva been studied..

An infrared technique is used to analyze tha rate of 018 {ncorpora«

cz0l8 band pf benzophenone appears at 1635 cm=d, vwhercas the C¢01§ band
1s at 1664 cm”l, This 29 cm‘lishift is similar to those obtained more
recently by numerous odbsarvers studyirg both esters and katonas, 7% 1In
addition, the magnitude of tha shift is in fair agreement with the B

theoratical value of 40 om~l calculated using the harmonie oscillator

the C=016 hand as the Cs018 band increases. The axchango:timc'is measurod ‘.ﬁi;;

as a complete axchange time rather than a half—tlm@}~that is, when the

¢201® band no longer decreases and the €=018 band no longer inoreases | {.},.,-5

the exchange reactfon is oomploteo: The primary advantage of using infrae .
red rather thon mass speatroscopy is that several carbonyl groups on one :j‘ ;>f,;ﬁ__

compound can oficn;ﬁo{diatinguishodg q§ is- the duse with chlorophylls -{;3j~z>}

U ;
.. 4 _._!‘ v - K DR A i '\. S ) ‘. P
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« . ' . e . w3
‘fﬁ » Investigations which elucidate the mechanism of addition reactions

to carbonyl groups have been summarized recently by Jencks.lo General

acxd catalysis involves the concerted addition of HX (H2018) and transfer

Coa e f a proton, as shown in Equation 1. ) e
et XL Hp' [HS&‘(E—O»H"-A,]—“‘ N e
B R '\é;_o n L on’ T
I ~X—CHO=H *A === H* + A~ +x—<l>—<)n

.{¥'i§'~{j-j General base catalysis involves the concerted Temoval of a proton from f}“;

the attacking reagent to facilitate attack- at the carbonyl group, as

.a ——— e e bt n e R

'.'-.‘ shown in Bquation 20 A"’H /\;C_ﬁb [A“H“X”‘%:O]—'p-'“ X“‘(:;—'O

’—‘——-\ ——

faot

, , A- 4 x—e—ox . .
In the back reactions, the roles of the Tdeid aﬁa—base catalysts are

33' reversed thus completlng ‘the 018 10

exchangeo

ﬂ1;14‘ f;x“Experimental'

oilﬁgf’lphii.“ Tetrahydrofuran (THF). which is freshly distilled from llthium
Y ' alumlnumhydride, was found to be the only . suitable solvent for the hydro--k
‘chloric acid catalyzed exchange reactions: It is miscible w1th'water,.{;”
transparent in the 1nfrared from 1500-1800 cm‘lD and dissolves chloro- R
phyll, chlorophyll derivatives, ketones, aldehydes and B-Retoesterso

Piperidine was used ‘as the solvent and catalyst for the basic reactions.f

Pyridine was the' only other basic solvent examined which did not possess

“1nterfer1ng-absorptlon in the 1nfrared but it was not even strong

1

enough a base to catalyze the exchange reaction for acetone° In all

'ﬁ: 5J'§ 5€ casesg lo ul or °01 go of the substrate9 and 10 ul of 60.7% D2018

f'-"i_ %L‘f;‘ (analysxs by Weizmann Institute) were usedo ‘A high deuterium content

water was used becauae normalized water’ absorbs in the infrared at

.g}fg~ l[.; 1650 cm"l A control sample uaing 02015 waa run. for each compound. ,




to ensure that spectral changes were not due to chenical change or

aqueous solutfons, both acidié and banfc, This enqbled the axahange
spent in order to £111 tho'coll and obtain the first spectrum, thus h

. nation in the following tables is for an jumediate reaotion'(lmm.). Pov"""

. which shows no/change in the carbonyl bando, this being the time roquired

© is 111ustratod ln Pigure 2, depiating a mixturo of bengaldchyde in ;001 N

.for the substrate and 018 ¢nriched water to have come to equilibrium

wlje

i

. in the water A
deuterium exchange, The molar excess of 018/over exchangaable 016 yag -

of the order of 25+ to 50-fold for the ketones and 100-fold for the . .~ - - i
aldehydes, For the ketones, 50 ul of THF or piperidine were used, :" ' _Qf‘7
whereas the aldehydes were less solublo and required 150 ul of solvents .

Infrared cells (0,025 mm, path length) with IR=-tran windows were- " - .

uged as the reaction vessels, sinae these windows aro resistant to

to be followed using a Peckman IR«7 spectrometar as the reaction pro~ {f§~:J'Q

ceaded at room temperature, The first few minutes of reaction time are AR
] PR TN

making 4t impoasible to obtain a "zero time" reading. Because as much

as 5 nwin, may have elapsed, in several instances the raaction was complcfoﬂfiji

by the time the first spectrum was obtained. In such capes, tho desig-

the remainder of tho cases the time is stated for the carliest ﬁpoctrum
| subsequent

according to the above mentioned machanisns. The type of cpeatra obmained-:Jh

HC1 in THFs The exchange time of 20 min, is In the opt {mum range for
accuracy using this technique. As the exchange times become longer, '

they are more difficult to follow because the kinetics are exponential,

and as'thé end point is approached the spoctiosoopie change:’becomo very
small, If the oxchango time fa greater than a hourg spoatra taken eVGry

10-15 min, show 1ittle ohangc after the flvst fawe .
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High temperaturae exchange reactions were accomplished {n scaled

tuben in an oil baths At the complation of the reaction, the solutions
‘werae avaporated and the materials purified using thin layer chromatography;»ff}igkii
Using this {nfrared technique, it iz impossible to determine the
exact‘extent of incorporationj the molar extinectfon coefficient for the
heavy isotope band has been cho;n in previous research not to be the
. game a8 for the 01? carbonyl band, and the extinatizn coefficients are
-no¥j;rodictablo.7‘9 A rough comparison of the peak sirzes indicates the
. N " exchange approaches 100%. of the theoretically possible 018 {ncorporation,
\ | but in some'cnso; the equilibrium appears to be at about 66-80% exchanga, ;fi
This could be a solvent effact on the oxtinction coefficient: BoweVer,E!.‘v
the extent of i{ncorporation of 018 fn geveral of the compounds was deter: L
tf"mined using low voltage on the CEC Maaa Spectromctcr 21=130, .Ten ul of .
_ 6yelopentanona, cyclohexanone. and benzaldehyde were respectively mixed -
in 100 ul of acidie THF and 10 ul of p,018, and allowed to stand untn
complatfon of the exchange. Fifty ul were usad for an IR spectrum, and J;igfﬂ
50 ul wera ‘taken for a mass spectrum, ;Thefxef%ahydﬁgfuvgn_ﬁﬁg to.be - |
' ;,' - - evaporated in order not to drown out thé carbonyl‘éompdund nass spectrﬁb.if;
i ’ From the rat;o of}the,peék heighta, the oxtent‘of o018 incorporation was 5jf
, °~ B determinedt R : : . | S N
o s RS0 oo
- L | The limit of detection of C=018 by infrared was evaluatod Sy breéx

paring benzaldehyde samples uaing successively smaller amounts. of ol8

and determining the extent of incorporation'by mass spectroscopy. It
wan found that a 2% olé incorporation {s barely detectable above the -
noine laval, assuming the apeotrun is intengse and tho looatlou of tho'

1aotope absorption {s knowns Por less {deal conditlonu. 5-10% incors ".,;_g:'
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;o " poration can easily be deteoted.

The assignments for the bands of the f-kaetoesters vere taken from

_the work by Rhoades 23_954}1 The simple ketones and aldehydes showed ztﬂﬂif@jﬁ}1
.\;'. S single bands in the carbonyl region and presented no difficulty. Cycloe ’v-riﬁgﬂ; *

pentanone {s an exception’to this.fact in some aqueous solvent syatems,

iin which cage two peaks are found: Two ped%o are a}so found for several
other compounda, a8 noted on the tablaa, The infrared spectrum of-phloroaf'iﬁw,ff
phyll has bean recently studied by Andereonié_apd Xatzl? and their - ~{”‘

j assignments are {n agreement, The carbonyl region is clear in polar »j.g;{f-;

.

solvente &nd alloyé'}or relatively easy analysis of an {sotope shift of
‘3ol | SRR

The ketones, aldehydes and B-ketoesters were obtained from commercial -

sources and used without further purifications The chlorophylls were prdh. 3*‘1ﬁf'
of IR
pared by the method/Calvin and Anderson.i® The Pyro compounds were pree

.pared by the method of Pennington'gs_gl;915 although & single homogenecus LT
product was not obtained as their procedura stated, Separation from

. | : ' '
starting materials using thin layer chromatography yf{elded the pure products. . -

4 - 4 .
' _possessing the correct spectral propertiess . N e
" Results and Discusaion )
SR . ~ An unfortunate limitation in determining exchangoe time with this

infraroed tochnique is the very small range (5 to 60 min)'whiéh can be
determined with appraeciable accuiacy, thus making {t necessary to‘change'.gi, ‘*

acid concentrations in order to bring the exchange time into a measurable

. reglon, The exchange time is known to bo-iineérﬁvirh the log of the acid‘}i"?-;f}?
concontrattoq;faa demonstrated with indanone and anthraldehyde from‘_‘>;‘ E »Q.ﬁiﬁfi
lf . :ﬁ 0,001 to 0.1 ﬁ.HCI?(see fig. $)Q_J?hia was ﬁpodlfo dctornipo rola:iv;. Q ‘. Vi}
' exchange rates when nocessary. .;ﬁ. o SR v j

" iR e SR L ‘ P

—
+
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Aldehydes. The results of the acid catalyzed reactions of a aerﬁoa‘}
of aldehydes are summarized in Table I, For the series of aromatic
aldehydes which exchange in 0,001 N HCl, the results are consistent -
with the mechanigm discussed earlier. The effect of the protonation'
of the oxygen is to increésa the electroph%licity of the carbonyl carbon -
and make it more reactive toward addition reactions. Opposing this
" {ncreased electrophilicity is the effect of the extensive aromatic
system, which acts as an electron donor, to delocalize the poaitive

charge on the carbonyl carbon, and henca, reduca the reactivity of the ,

.- group in addition reactions, as shown {n the following rescnance forms
' ' IOH o 4 -
//C"H ) ) ’ ‘%‘
: A
+

v...‘ .

. .Tﬁia ability of an aromatic system to delocalize charge can be measured
" as the empirical resonance energy,l6 which is directly related to the HMO _fﬁ7
- delocalization energy and correspoﬁd: tpvthe roasnénce hybrid.17 '

. ‘ For tPe exchange reactions of these aro?atic aldehydes. a good

fﬁ- ' correlation .exists between the empirical resnnance enorgy, the time of

the exchénge reaction, and the frequencyiof the carbonyl.absprpti;n.

'5( .. both for cuplsiand c=018 (gee Fig. u). ' The relationship between the

I a frequency of absorption and the réte of reaction ié a reflection of the ‘

| | wall known effegt of conjugation on carbonyl stretching frequegqicﬂ.:?-l;gffif

The three remaining-heterocyclic aldehydes, indolealdehyde, o
chlorophyll b and pheophytin b, have idontloai’éichange times, Fofj ;ng'i
ingolealdehydo this exchange time, which is three flmec slower thén | | |

benzaldehyde, is not caused by the aromatic ring since {t {s not divecfly

conjugatad with the carbonyl group. The slow rate can be attributed to

‘4 very stable rosonance form involving the nitrogﬁn atom, which would _{{55;‘;.
: S o , I & U
2 ¢ "‘a SR ’ - ,"..‘y ‘. AR PO
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'Table I,

Compound

Conc,. HC1

Exchange Reactions of Alaehydes

Time

(Min)

v in cm'l

c=n18

Fmpirical -/
resonance

, ACetaldchydca PR
- Gi,ai0

" :9-Anthraldehyde.

-Phenanthraldehyde

g4
e
} .

i,a;-xndd1ea1aehyde[5i?f

Chlorophyll b€~ .% © i i

"

.7, . Pheophytin b

.
. i

r20

4001 N .

Benigldehydeb, _' - v "; ;°':f~ woo

2-Napthaldehyde R

1-Napthaldehyde = = - T i

Imm,

25

1720

Al

" 1697

1692

1663

1703

1681,

1665

1692

1675

11668

R ‘
¢ .
A3
o -
VY
L
V‘v"i "‘ 'l.
1663 ea
P » .
i A
-‘.' o ' v
’ r /‘l
+
1637 +% -
: .

1636

1664 . -

1661

energy’

: decom?gses.rapidly -
47% O determinegogg mass spectroscopy

a

, b

% ;" e . purification of C
- d

compound on Mammitol TLC usinp 2% meth1nol in 1qooctane k&
e , -purification of =018 compound .on Mannitol TLC using 13% acetone in isooctane,-
EEETRCIAAE Frequeﬁtly, [ considerable amount of the labeling was. lost dur1ng purxfxcatlono:

X%



";inhibit carbon&l addition reactions.

. phyll'b and pheophytin b.

~exchange 1s inhxbited by the presence of the nxtrogen atom.'jg‘:r”'

g
‘b

N
|
!

. The same type of resonance structure can be drawn for both chloro-_j L:i5”

v

Hervef, such eoatributora_are much less stable than the one-for‘indele- fm
'aldehyde beeauée'Of'the eleetrostatic repﬂlsion.of the chela;ed magnesiumxf?
~and the positiQel};«cﬁarged;nitrogeno With xndolealdehyde, the hydrogen gjfe
. can: be ea81ly removed from the positively charged nltrogenD whlle this "’
:1s.not.true-of the magnesium. It follows then, that the hydrogens whlch h

“replace the magnesium in pheophytin b must also be unable to‘frecly 1eave"

the heterocyclic nucleus since the exchange tlmes for the two compounds'

Thus |
are. identical. /the slow exchange tlme for chlorophylllg and pheophytin b

.1s due to' the extensxve chlorin aromatic system. whereas indole aldehyde',“

. ' g . Cnt R ¢ . . T e e e
a0ty - LI L. T . .‘ . R . . . AR RN N .
| e - . R . e . N




' zation potentfal and the oarhoﬁyl stretching frequendy; but these relae-

-10- L
Base catéiyzod aldehyde exchange reactions wera attempted using | B

two different solvents, pyridine and piperidine. Pyridine was not suf»i |
ficiently basie' to éatalyzo the reaction; at & rate which can be detect§d"‘

using the infrared technique. Piperidine was found to be so astrongly

basic that {t formod an a&ﬁltion product, removing the cnrhbnyl abgorpe L
tion band, Inorganic hy@rbxidos were not used because thoy are known to N T
allomerize chlorophylls ‘ ‘ : P “?:;fi

Ketones. The results of a serics of base catalyzed katcne-exchango_;f‘) 15
roactions 4nd sevaral 8-ketoester exchange reagtions are summarized in‘_." "A {;”§
Table II. Therae are no direct corralations between'tho exchange times, Q:fJ:}
the stretching frequancies, or any other readily measurable quantity. i f» :ﬁf;§

Cookl® has found a relationship between the XX'Cz0 bond angle, the fonf- ',-' fig:

tionahips cannot be extendad to encompass the exchange times, Howaver, -

these results can be qualitatively.analyzod according to the mechanisn ' ;;;?f,;'

- Iy

presaented above, on the basis of both electronic and steric considerations. i
| . | ST

Acetone has the fastest exchange time having neither steric inter- K

ference nor eleatron donating groups to reduce the electrophilicity of -fifffgj;J
the carbonyl carbon. Ninhydrin (1,2,3~triketohydrindene) is also extromely" ;"_:}§”

rapid, as could bae expected with the electron withdrawing effects of the iyiﬁ”if1ﬂ

\ o -';*::bh"‘;‘..v‘"_..:-,:‘
opposed kato groups and the lack of any steric {nterference. B N
. ’ I' - " . - .i.!“.
The series cyclohexanone, cyélobutanone, cyclopentanone can be. T
evaluated by congidering the amount of ring strain which is lost when :1ﬁ;
‘tha sp? carbonyl bond is hydrated to form an 8p> - tetrahedral’ carbon in- the » B
' o \ Ha0 \N OH : . . : :,,K‘
T ' 7o s e AP RS
:; o "; ' ; B " , T ! ! ’ ‘ Co . PRSPt

5 "' i(‘ ‘; R : " . 9 . ,

RN ) S
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Table Ii. Exchange Reactlons of Ketones - Base Catalyzed - P1pcr1d1nc

o . _ in am”
Comound . | . oo Time C=O16 =018

‘Acetone . 7, Lo St I, 1708 '167841t€;b”’1“
: 0[ ‘C 0"3 ) ' . ) ' . ' . ‘."" ‘ : A,.
.90

s . . L a ‘ C R s
Minnydrin . - T, 1714 - 1692 .- v L o

O o

‘o Wclohexandnc j © 10 min 1707 - 1678 B

Crclobutanone - - [~ RO 10 ‘min 1780 1747 o

Q

~ Cyclopentenone 15 min . 1739 1708

Cyclopentanone ST 1 hr ? 1735 - 1702

Fluorenone _'- ! ,- ,{{‘i hr' . 1716f TQ 11685 L

R R

. Indanone . -1’ GBS hr . 17130 1683

Fthylacetoacetate - = S 10 min a1 1684
0‘13' "(Hz‘C'O‘Et e

C'u-boethoxycyclopcntanoneb E ;"3' o ‘t-': = 1‘ - 1735

[:f::ré -OEt

a Two carbonyl frequencies arc observed for nmhydrm9 as they often are -
for anhydrides. :

b___The ester carbonyl and keto carbonyl “stretching frequencies are both in™

the 'same region and °Verlapo therefore, TitTs imposs1b1e to determine a’” —
o rate for the react1on. ' , _ -~ : _ et

. R
o ;.. FE
. ¢ _'. : L e
| . ie. S . .
. et
. TN i
. P e a PR B




The angles are 117°, 94°, and 108° raspectively, for the carbonyl bondiﬁri

© e

«l2« a.
whereas the bond formed for the hydrate is 110°, Thus, cyclopentanone
is the slowest because {t loses the loast smount of ring strain, Thes.
relationship botween acetone, cyclohexanone and cyalopentanona canibe -
seen in other carbonyl additién reactions auoh as semicarbazone formas
tion,19 Additional vieva are those of Price and Hammettl? who note the
increased reactivity of cyclohexanone compared to acetone as almost
entirely due to a lower heat of activation, bBrown, Fletchor,'and
Johannassen?0 have pointed out that a cyclohexnne ring {n which all of
the carbon atoms aro tétrahedralmay exlist in the particularly stable . .
chair form, in which all of the valences arae stagpgeredy but that when {1
oné.of the carbon atoms is trigonal, as in éyclphexanono. thia stable
configuration is impoénible. Since the rate-controling step involves

the transformation of a trigonal carbon atom to a tetrahedral configurae ' i

tion, the reaction occurs particularly easily with Gyclohexanone. In

v'the case of cyclopentanone, the valences are more easily staggered in
. ‘ .

the ketone than in the reactive intermediate, and & decrease in reactivity L
is obsarved, | ‘ o |

In the famainder of the compounds, cyclopcntenohe. fluorenonhg and
indanono; the ring strain is apprduimately the game since cyclopentanone

rings are tha fundamental units involveds The exchange times can be cone l:ﬂ

'sidered on the basis of the number of hydrogens which are eclipséd'in the

intermediata and tho effect of aronatic ringa {n reducing the electro-

;l
philicity of the oarbonyl carbcn. Cyclopentenono is faster thanfcyclo-

pentanone aithough & deoreaao in reaetivity could be expected from the

‘additional unsaturated bond of cyolopentpnon0¢ Howuvcr, the, uisaturated




LA

. hydratec R

'ring, 13/3 S times:iy fastor than indanono; which has one adjacent aromatlc '  ;;

~ ping, but two hydrogena which interfere.

. This raeversal of order on going from acid to base catalysis was also noted rjfl

' " by Menon?l when studying p-substituted benzophenones,

- paralleled ohangeslin strctohinglfrequeﬁcy; this correlation can be made

compound has one 1csa hydrogen to stcrically intcrfevo in tho intermcd&at° '}:

HO  OH

-,

Another example of the predominance of sterfa 1nterforence over. elcotronic AT
inhibition ia the dlfferenoe in exchanpo times betuéon indnnono and fluoree - -

none. Fluorenone, with two eromatic rings adjacent to the cyolopentanone ‘”'4ﬂi7 

s B
A

"The results of‘the acid catalyzed exchange reactions of ketones and .ig;£f;
. - 1 \ "“'.." "' o
several p-ketossters are summarized in Table III. It is immedfately '& -fsﬁ;"

b}

obvious that the sequence of compounds from the fastest to the slowest 2”;““”'

%

acid catalyzcd reaction i{e quita different from the base catalyzed reactionae

L]

The inversion of eyclobutanone and oyclopentanone can be explained “}%l,?

. on .the basis of the basicities of the ketones. Tha pKpyt for oynlohaxanono. f:ﬂ

acatone, cyclopentanono and cyclobutanone are «6,8, «7.2, =7.5, and -955 o :
rospoctively.22 The rate of exchange correlates wifh the increasing L
basicity of the ketones} the lenst hasio. cyclobutanono. in least stable
in tha hydrated form and thua has tho élpweat axchange rate. L .

Campbell and Ldward?? showed, that the basieity of cyelie ketones

with exchange ratca for tha first four compounds, althouph for the ramainder

of the compounds thcrc ia no ralationship between stretching frequency,

I

exchanga rates, and bnslaityo T ‘ﬂil"_‘;_ - T




'Compound

=14

Table III. .Exchange Reactions of Ketones - Acid Catalyzed i S
’ ' v in cm-l ,1': l

Relative
c=016 . =018 Rates-

- Conc, HC1 Time

Cyclohexanone® S0 L

Accetone ‘

Cyclobutanone® . - 0 ff3~'§.01 N

".Ninhydrin

:.":. ST RN ) d
.4 .-~ Fluorenone .

‘ izf Carboethoxy- .
: ’ Cyclopentanone

, Cyclopentanoncc o ? © . 1,008 N . 10 min ; .f174sa.

_Cyclopentenone e

!
o T
) ~Indanone AR
i

'Ethylécctoacetate

V001 N . Imm,.o

L4 : A K

1705 . 1682 <37

"LW001N  Tmm, 1710

(1{3' °(]{3

1728

N ST Imm, 0 1782

17302

1:5 hr
S 1787

CWOLN

SN T 10 min . 16647
L S I L ..1703
1n3 .

C NS mine

L ,"".t -; . e
. PN - iy
. .
e e,

LN 2she 171971686 576

L005N 20 min 1719

CH3 -¢- cnz L0kt

éﬁm

AN T 1750 eeT

(S

lﬁ.shows two kctonc pcaks 'in some solvents
" The keto peak of carboctnoxycyclopcntanone is a shoulder of the 1arqcr ester

:i was determined from the disappearance of the 016 shouldcr°

carbonyl peak, makingy it difficult to follow the exchange. The reaction time

46% 018, determined by mass spectroscopy.

65°C; at ‘room temperature in acid_ concentration of 1 N_some exchpnqe takes .
’place inmed1ately, but_ the spectrum is very broad _and difficult _to 1nterpret.

decomposes rap1d1y
RS I
I o R
|
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Ninhydrin is quite slow, and could be compared in basicity to a
0
diketones For diketonss, basicity docreases as n decreasas J_(cpz) _ﬂ

14

and whon n=0 basicity im less than typical ketonaa--that is. the formns

H OH

‘-8 g ia very unlikaly.19 Sinca ninhydrin has three consecutive keto
e @

.groups (2<hydrate), it follows that the reaction rate should be slower

than the &imple katonaac The fact that ninhydrin ia faster thon indanone = .

'

. refleots the electron uithdrawing effect of the additional koto pToup to:
increase the reactivity of°E§:7::rbonyl group,

For the ramainder of the acid catalyzed ketone exchangae reactions, -
tha balance between electronic and steri{c effects are the reverse of
v those for tha base catalyzad reactians. Cyclopnntonona is conmiderably
‘alouer than ayclopentanone and rafiectn the importance of the additional

unsaturated bond and the relative uniﬂportance of the steric offects of -

the additional- hydrogen. [Dahn23 found the rate of cholestanone (cyclohexanona) )

to be 103 timas faster than choleatenone (2-cyclohexenone), which again
demonatratas tha effeat of ‘one alpha-beta unsaturated bond.] Another
-inatanca of the predominant offect of electron donating functions is tha'
_very slow flgoraqona axohango time relative to indanona.‘ The aromatio
ring hindara.thaiiaacaion'more than the additloaal bydroéens on the fndae

5

none moiety. .
{

The prodominata effact of electron donating aromatic rings over

i stericnlly interfering hydrogen atomc in the acid entalyzed reactions

is mechanistioall; sound, since tha stability of the oonjugate scid will

be depandent on the electronic effects while the formation of the hydrato"f ‘

in the base catalyzed reactions depends not only on tho'oarbonyl earbon

alactrophilieity but on the nbility of the nuolaophilo to overcome sterie .

interfarenca in ordar to lttnck tho catbonyl. PSRRI \i{

. : . <o
. r I T i
L T R L 1 BRI

* > 'v_»
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Table IV, Exchange Reactions of Riological Model Compounds 'V 1
~_Compound j,, A Acid 7 ;g; " Base o
o .~ Chlorophyll 2_ phoophytinization = : decomposition lh
S . o in M1, No incors
' ¢ L _ ! poration in 10% R
I ", HOAC, 66 hr, K s
= ’ﬁyroohlorophyli a pheophytinization - no. inecorporation
C T A *  in piperidine
' U * 1 dayp 65°
Pheophorbide a . -  ',no incorporation decompoéition
| ; .. W1 N HCL in THF}' _
1 day at 65° ‘ .
Pyropheophorbide & incorporation in decomposition
. T +0L N MC1. in THF} ' '
1 day at 65°

ungtable in basic solution and the magnesiun fo removed in acid solution.

“16-

g-Ketoeatars, Cohn and Urey" showed that the exchange roaction of

- acetone doas not follow the path of enolization, but is faster than
enolizat{ons The enol form {8 not subject to electrophiliec atta;k and
would decrease the rate of exchange, 'Fhio {c demonstrated with both
ethylacetoacetate and carhoaethoxycyclopentanone, which are eonsiderably
slower than acetone and cyslopentanone,

N

Biological Model Compounds, Table IV summarizes the exchanga.

preactions that were attemptod with chlorophyll and chlorophyll derivatLVQs.}“;ﬁT .

’
v

Tha exchange reactions that were attenpted with ohlorophyllvg_and

‘chlorophyll derivatives genarallyivere unsuccansfuls The pigmeﬁté are

Yowever, tﬁoso compounds for whicthharo ware stablé ekchange conditions '

vera quite resistant to hytration and exchange,: The reactions were care -ﬂ‘;?A3
moré vigorous , L ' L SRR
.pled out under much f'anr/.jféonditlona than the model compounds; using . o Ve T

_temporatures of 65°, For the acid exchange reactiens it appears that the . -
{ - e B i e I R ‘A'A-‘.b- I




' the reactivity of the c9 carbonyl beyond that of any of the model compounds.
it was expected that the simple ketona derivativa of ahlorophyll pyroa

. chlorophyll, would show some exchange reaction under these strong condi- .
_tiona. 8taeric hindrance of the two Clo hydrpgenauia no greater than for '}f?fjg;
'the cnrbon}l group. It is, howevor. clear that the 1socyc1io carbonyl oxygen

N procedure from the biologlcal material,

- part by tha U. 8. Atomxc Bnergy Commissiow.

Raferencaos

7=

largearomatie ring of the porphyrin nucleus has conaiderahlp dearcaged -

From the results of tha ketone exchange reactiona in baaic.éolhtlon, : ;“ﬁ?v

indanone, although the slectronic effects are conaideradbly greater. Novor~”~‘;;f'Af§

thelees, there is no obvious reagon for such complete lack of foaotivity of
atom would be stable to exchange during the course of any normal isolation ‘
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