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Abstract
Using i{nfra-red spectroscopy, the equilibrium qxchange times have been
determined for a series of ketones, aromatic aldehydes, and

g-ketoesters reacting with oxygen 18 enriched water., These exchange
times have been avaluated in terms of steric and electronic considera~
tions, and applied to a discussion of the exchange times of ohlovophyllof

a and b and chlorophyll derivatives, ’

Introduction

This investigation of the exchange reactions of aldehydes and

ketones wiéh 018 enriched water has been undertaken in order to be able

- to examine the particiﬁation of chlorophyll carbonyl groups as chemical
intermediates in the oxidation of water during photosymtheais. Photo~
synthetic mechanisms have been proposed by Calvinl and Franck? in which
the separation of oxidant and reductant, required for oxygen evolution
and carbon dioxide fixation, is a photocatalytical chlorophyll reaction,
Essential to these mechanisms {s the ability of a chlorophyll carbonyl
group to undergo hydration; The present work -valuatos~§ho exchange
ability of chlorophyll in gomparison with simple kctonoc; aldehydes; and
B-ketoesters., -

The literature on the 018 axchange reactions of carbonyl functions

»
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indicates that aldehydes exchange very rapidly in comparison to ketones,
Acetaldehyde sxchangas completely at room temperature in neutral solution
within 24 hr..a vhile acetone exchange {s incomplete after 24 hr, at 100°,%
A comprehensive survey of the literature by Samuel and Siiver> gives exchange '
rates in varfous uolvantn; agidfc ‘and basic, for acetons, ascetaldehyds,
acetoacetate, para-subatituted bon:opﬁenonoa, hothyt‘cyclohexanonaa, and
substituted benzaldehydes, ’

Compounds were chosan for this study because of their asimilarities to
chlorophylls & and b (see Fig. 1)« Ring V of chlorophyll a is a B~ketoester

-

of cyclopentanone which is fused to an aromatic nucleus, and chlorophyll g:
has a pyrrole aldehyde subunit as a part of a larger aromatic system, J
Thus, cyclopentanones, other cycliec ketones, simple B-~kotoesters, and
aromatic and heterocyclic aldehydes have been studhd.

An infrared technique is used to analyze the rate ofﬁo18 incorpora=~
tion in the c¢arbonyl group. Halmann and Pinchas® showed in 1958 that the . N
c=018 band Pf benzophenone appears at 1635 cm‘l. whereas the C-01§ band
1s at 1664 cn=l, This 29 cn~l shift is similar to those obtained more
recently by numerocus observers studyirg both esters and ketones.”=% In
addition, the magnitude of the shift is in fair agreoment with the
theoretical value of 40 cn‘¥ calculated using the harmonia oscillator
approximation.® With this large ohiff one can easily follow the loss of
the C=016 band as the C=018 band increases. The exchange time i{s measured
ag a complete oiohanso time rather than a half-time¢-that is, when the o
c-o16 band no longer decreases and the c»018 band no longer inoreascs
the exchange reaction is aompletes The primary advantage of using Infra-

red rather than mass spectroscopy is that several ocarbonyl groups on one

compound can often be distinguished, as {s the case with ehlorophyll,

~
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Investigations which elucidate the mechanism of addition reactions
to carbonyl groups have been summarized recently by Jencks.10 General
acid catalysis involves the concerted addition of HX (H2019) and transfer
‘of a proton, as shown in Equation 1l. |

H—Xipéa‘ﬂil::[ﬁ—%mémomHJf]::

. . I ) . e
. E__ _.~..*__.__,_.; o . L..__~___;_..‘l (l) ’
a ‘ o “&4FﬁqA H* 4 A= + X—C—OH SRR
|

General base catalysis {hvolves fhe ‘concerted removal of a proton from

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

shown in Equation 2.‘ AAHE /\;C—"b [A»-H-»x %_0] Y H R C: o~
-a___Jy_*J_ ‘ ] J '
‘ A- +-x—é—on Y

In the back reactions, the roles oF - the acid and base catalysts are
i8 10

fast

e

(2)

, reversed, thus completing'the 0 exchangeo

" Experimental

Tetrahydrofuran (THF), which is freshly distilled from lithium
aluminumhydride, was found to be the only suitable solvent for the hydro-j? f
chloric acid catalyzed exchange reactions: It is miscible with water,

‘transparent in the infrared from 1500-1800 cm~l, and dissolves chloro-

~ phyll, cﬁlorophyll derivatives, ketones, aldehydes and B-ketoesters.
:Piperidine was used as the solvent and catalyst'for the basic reactionsf j'(;u?ff fﬂ
fyriéine was the’qnly other basic solvent  examined which did not‘possess |

';interfering-absorption in the infrared, buf'it was not even strong
aenqugh_a base to‘catalyze the exchange.reactionAfor acetone. In all
cases, 10 il or .0l g. of the substrate, and 10 ul of 60.7% D2018,
A(analysis»by Weizmann Institute) were used. A high deuterium content
water was used because normalized water absorbs in the infrared at

‘1650 cm‘l." A cpatrol sample using 02015 was run for each compound,

-
P R I LN
[ . | .vA >~ ' ~. ‘ l" . ., 1"’. N
| A P R R

T



i)

“lfe
to ensure that spectral changes were not due to chemical change or
in the water

deuterium exchange, The molar excess of 018/over exchangaable 016 was
of the order of 25« to 50-fold for the ketones and 100-fold for the
aldehydes, For the ketones, 50 ul of THF or piperidine were used,
whereas the aldehydes were less soluble and required 150 ul of saolvent,

Infrared cells (0,025 mm, psth length) with IR-tran windows were
used as the reaction vessaels, singe these windows are resistant to
aqueous solutions, both acidfc and basic. This enabled the exahange
to be followed using a Beckman IR-7 gpectrometer as the reaction proe-
ceaded at room fempernturo. The first few minutes of reaction time are
spent in order to fill the cell and obtain the first speatrum, thus ,
making it fmpomsible to obtain a "xzero time" reading, Because an‘muah
as 5 win, may have elapsed, in several iﬁ;tcnces the reaction was complete
by the time the first spectrum was obtained. In such capes, the deaig-
nation In the following tables {s for an iumediate roactlon‘(lmm.). For i
the remainder of the cases the time is stated for the earliest spectrunm

{ subsequent

which shows no/change in the carbonyl ban?a. this being the time required |

for the substrate and 01® enriched water to have come to equil {brium

according to the above mentioned machanisns. The typs of gpectra obtained -

- is {1lustrated in Figure 2, depioting a mixture of benzaldehyde in 001 N .

HCl in THFs The exchange timo of 20 min, is {n the optimum range for
acouracy using this technique. As the exchange times become longer,
they are more difficult to follow because the kinetics are exponential,
and as the aend point is approached the spectroscopic changes become very
snall, If the exchange time is greater than an hour, spectra taken every

10-~15 min, show little change after the firat few,
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High temperature exchange reactions were accomplished in scaled
tubes in an oil bath., At the completion of the reaction, the solutions
were evaporated and the materials purified using thin layer chromatography.

Using this infrared technique, it is impossible to datermine the
exact extent of incorporationy the molar extinction coefficioent for the
heavy isotope band has been shown in previocus research not to be the
same as for the 019 carbonyl band, and the extinctign coefficients are
no¥§;rodiotable.7‘9 A rough comparison of the peak sizes indicates the
‘exchange approaches 100% of the theoretically possible 018 fncorporation,
but in some caso; the equilibrium appears to be at about 66-80% exchange,
This could be a solvent effect on the extinction coefficient, However,
the extent of {ncorporation of 018 in saveral of the compounds was deters
mined using low voltage on the CIC Mass Spectrometer 21-130, Ten ul of
cyclopentanone, cyclohexanone, and benzaldehyde wefe respectively mixed
in 100 ul of acidie THF an& 10 ul of D,018, and allowed to stand until
completion of the exchange, Fifty ul wers usaed for aﬁ IR spectrum, and
50 ul wera taken for a mass spectrum, ;TheJtetfahydpgfuvan bﬁd to be
evaporated in order not to drown out the carbonylkoompound nass npactrum.‘
From the ratio of}th._poék heighta, the oxtont.ot ol8 iﬂcorporation was
determinads

" o« 21100 .

Tho 1imit of detection of Cx018 by Infrared was ovaluated by pre=
paring benzaldehyde sampl;s using successively smaller amounts of 018
and determining the extent of incorporation by mass spectroscopy. It
wan found that a 2% 018 incorporation {s barely detectalle above the
noise level, assuming the spectrua is intsnse and tho location of the

isotope absorption is known. For less ideal conditions, 5«10% incor-

v



possessing thae correct spectral properties,

poration can easily be detected.

The assignments for the bands of the fi=ketossters vere taken fronm
the work by Rhoadas 23.5£;}1 The simple ketones and aldehydes showed
single bands in the carbonyl region and presented no difficulty. Cyclo-
pentanone {s an exception’'to this fact in some aqueous solvent systems,
in which case two peaks are found: Two peaks are a}ao found for several
other compounds, as noted on the tables. The infrared spectrum of chloro=
phyll has baen recently studied by Andersoni? and Xatz}3 and thair
aasignments are {n agreement, The carbonyl region {s clear f{n polar
solvents and allows Ior relatively easy analysis of an isotope shift of
30 em~1,

The katones, aldehydes and B~ketoesters were obtained from commerci;l
sources and used without further purification. The chlorophylls were pre-
pared by the natho:;Enlvin.and Anderson.¥ The Pyro compounds were pre-
pared by the method of Pcnnington'gs.el;mls although a linglobhomogeneous
product was not obtained as their procedure stated. Separation from
starting m;terialn using thin layer chromatography yielded the pure products |

2l

Results and Discussion

~ An unfortunate limitation in determinkng exchange time with this
infrared tochnique {s the very small range (5 to 60 min) which can be
determined with appreciable accuracy, thus making it nacessary to. change .
aci{d concentrations in order to bring the exchange time inté a measurable
reglon, The exchange timo'i- known to be linear with the log of the acid
concantrntion,van demonstrated with indanone and anthraldehyde from -
0,001 to 0.1 N HCL.(see Fig. 5). This was used to deternine relative

exchange rates when necessary.,
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Aldehydes., The results of the acid catalyzed reactions of a series
of aldehydes are summarized in Table I. For the series of aromatic
aldehydes which exchange in 0,001 N HCl, the results are conslstent
with the mechanism discussed earlier, The effect of the protonation oo
of the oxygen is to increésa the alectroph%licity of the carbonyl carbon
and make it more reactive toward addition reactions. Opposing this
increased electrophilicity 1is the effect of the extensive aromatic
system, which acts as an electron donor to delocalize the positive

charge on the carbonyl carbon, and hence, reduce the reactivity of the

- group in addition reactions, as shown in the following resonance formi
' OH
/ . b
/,C"H ) ‘(l‘
+

%

This ability of an aromatic system to delocalize charge can be measured
as the empirical resonance energy,l6 which is directly related to the HMO SRR
delocalization energy and corresponds to the resonance hybrid.17 , '". i;

For t?o exchange reactions of these aromatic aldehydes, a good

correlation exists between the empirical rescnance energy, the time of

the exchange reaction, and the frequency of the carbonyl absorption,

both for C=016 and C=018 (see Fig. 4). The relationship between the
frequency of absorption and the rate of reaction 1; a reflection of the
well known effect of conjugation on carbonyl stretching frequonqiee.

The threse remaining-hoterocyclic aldehydes, indolealdehyde,
chlorophyll b and pheophytin b, have identical exchange times, Por‘
indoloaldahydo this exchange time, which Is three times slower than
benzaldehyde, is not caused by the aromatic ring since it is nbt directly
conjugatad with the carbonyl group. The slow rate can be attributed to
a very stable regonaqco form involving the nitrogﬁp atom, which would

.
t

-
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‘Table I. Exchange Reactions of Aldehydes

Compound ' Conc, HC1  (Min) c=016  (enl8 enerey 7ﬂﬂfw

Acetaldchyde® ~ W001N  Imm. 1720 1692 - 0

Benzaldehyde

2-Napthaldehyde "o2s 1697 1668 61,0 . . -
1-Napthaldehyde | Coow 38 1692 1668 61,0

~ 9-Anthraldehyde

3-Indolealdehyde = - - 005N .'720 U167 1640 0 ee

Chlorophyll b - S w20 1665 1637 .-

(H4CHO

b B 20 1703 1675 36,0

G450 1676 1650 835

Lo U850 1691 1661 91L3

" Pheophytin b S "o 20 1663 1636 L

< W o S~ 1)

decomposes rapidly

47% 0% determined % mass spectroscopy
purification of C 18
purification of C=0"° compound on Mannitol TLC using 13% acetone in isooctane.

Frequeﬁtly, a considerable amount of the labeling was lost durlng purlflcatlon. L

4

. ! . . PR - T - N
S e T

-y .

. -1 . . o
) v 1n cn Fmpirical . .
Time resonance . ;

compound on Mammitol TLC using 2% methanol in 1sooctane .
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‘inhibit carbonyl addition reactions.

' % - . '?H

C-H
®_
. 3
- H e y*
: Ho_sH

The same type of resonance structure can be drawn for both chloro- - °

phyll b and pheophytin b.

4

€0, Me

2

-~

HoweVef, such contributors‘are much less stabie than the onerfor‘indéle-
aldehyde because of the electrostatic repulsionbof thé chelafed magnesium'
and the positively«chargéq'nitrogene With indolealdehyde, the hydrogen
can- be eaéily removed frdm the positively charged nitrogen, while this

is not true of the magnesium. It follows then, that the hydrogens which
replace the magnesium in pheophytin b must also be unable to frecly leave
the heterocyclic nucleus since the exchange times for the two compounds

Thus
are identical. /the slow exchange time for chlorophyll b and pheophytin b

is due to the extensive chlorin aromatic system, whereas indole aldehyde

'exchange is inhibited by the presence of the nitrogen atom.



«10-

Base cataiyzod aldehyde exchange reactions were attempted using
two different solvents, pyridine and piperidine. Pyridine was not suf«
ficiently basic' to catalyze the reactions at a rate which can be detected
using the infrared technique. Piperidine was found to ba so strongly |
basic that {t formod an addition product, removing the carbonyl absorp-
tion band. Inorganic hydroxides were not used because they are known to
allomerizae chlorophyll,

Ketones. The results of a series of base catalyzed ketone exchangae
reactions 4nd several g~ketoester axchanga reagtions are summarized in
Table II, Thero are no direct corrslations betwcenlthe exchange times,
the stratahing frequancles, or any other readily measurable quantity.
Cook!® has found a relationship between the XX'C=0 bond angle, the ioni-‘
zation potentfal and the carbonyl stretching frequencyj but these rela-
tionahips cannot bo extendad to encompaas the exchange times, Howavaer,
these results can be qualitatively.analyzed according to the mechanisn
presented above, on the basis of both electronic and steric considerations.

Acoto;c has the fastest'exchnnge time having ncitp?v steric inter-
ference nor electron donating groups to reduce the electrophilicity of
the carbonyl earbon. Ninhydrin (1.2,3—tr£kefohydr1ndenc) is also extrcmcly’
rapid, as could be expected with the eslectron withdrawing effects of the
opposad keto groups and the 1a;k of any steric interference.

The series cyclohexanone, cyclobutanone, cyglopentanone can be
evaluated by considering the amount of ring strain which {s lost when
the sp? carbonyl bond is hydrated to form an apa tetrahedral carbon in the
intermediate,

: \_OH

N\ Ha0 .
Cn0) ey C o
s ~ Non
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Table II.. Exchange Reactlons of Ketones - Base Catalyzed - Plpcndlnc
_ in cm”
Cormound X ; Time ('-O16 c=018"
Acctone e T 1708 1678
1] ’ ' v
GIS-C'G'{S

. 8 . . ) O . . ! a .
Ninnydrin ‘ : . - Tmm, 1714 1692 -~
o . O’ 0o - 1739
. . O ! ’ ’ K
Cyclohexanone j . ' 10 min 1707 1678
, ) , :

Cyclobutanone - - [~ ' 10 min 1780 1747
' o |
Cyclopentenone ‘ 15 min 1739 1708
Cyclopeﬁtanone R 1 hr 1735 1702
Fluorenone &l : ' . 1hr | 1716 - 1685
. o | , , ,
Indanone . | g 5 ! 3.5 hr - 1713 1683
Fthylacetoacetate o 5 . 10 min - 1711 1684
s 9 | T
Ols-g-mz-C-O-Et - |
qubocthoxycycmpcntmloneb - 1735

Gd “OEt

a Two carbonyl frequencies arc observed for ninhydrin, as they often arc
for anhydrides.

b The ester carbonyl and keto carbonyl stretching” frequencies are both in ™,

“the same region and overlap; therefore. it is impossible to determme a
“rate’ for the reactwn. S \

1
i
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The angles are 117°, 94°, and 108° raspectjvely, for the carbonyl hondi;‘
whareas the bond formed for the hydrate is 110°, Thus, cyclopentanone ;
is the slowest because it losea the least amount of ring strain., The;
relationship between acetone, cyclohexanona and cyalopentanona can be
saen in other carbonyl additfon reactions such as semicarbazone forma-
tfon,}? Additional views are those of Price and Hammettl? who note the
increased re;ctivity of cyclohexanone compared to acetone as almost
entirely due>to a lower heat of aotivation, Brown, Fletchar, and
Johannassen?® have pointed out that a cyoclohexane ring fn which all of
the §arbon atoms are tatrahedralmay exist in the particularly stable
chair form, in which all oi the valences are staggered, but that when
one‘of the carbon atoms {s trigonal, as in eyclohexanone, this stable |

configuration is impossible. Since the rate~controling step involves

the transformation of a trigonal carbon atom to a tetrahedral configura=-

tion, the reaction occurs particularly easily with 6yclohcxanone. In

the case of cyclopentanone, the valences are more easily stagpgered in
|
the ketone than in the reactive intermediate, and a decrease in reactivity

{a obsarved,

In the rcmaindcr of the compounds, cyclopentenone, fluorenoni, and
indanone, the ring strain is approximately the same since oyclopentanone
rings are the fundamental units involveds The exchange times can be cone
sidered on the basis of the number of hydrogens which are eclipsed in the
intermediate and th& effect of aromatic rings in reducing the eleatro-
philicity éf the carbonyl carbon, Cyclbpentenono is famster fhapﬂcyclo-

pentanone although a decrease in reactivity could be expected from the

additional unsaturated dond of cyclopentenones However, the unsaturated
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compound has one less hydrogen to sterically interfere in the intermediate

hydrate,
HO  OH

-

Another example of the predominance of sterifc interference ovev‘elcctronio
inhibition is the difference in exoha;go times betwéon indanone and fluoree
none, Fluorenone, with two éromatic rings adjacent to the cyolopentanon§
ring, {s -3¢5 times .- faster than indanone, which has one adjacent aromatia
ring, but two hydrogens which interfere.

The results of the acid catalyzed exchange reactions of ketones and
sevaral p-ketoestars are summarized In Table III. It is immediately ‘K
obviogs that the saquence of compounda from the fastest to'the slovest

.

acld catalyzed reaction is quite differeﬁt from the base catalyzed roactiona.v .
- This raversal ﬁf order on going from aaid ;o base cataly;ls was also noted |
by Manon?l when studying p-substituted benzophenones,
The inversion of cyélobutnnonn and cyclopentanone can be explained
on the basis of the basicitfes of tha ketones. The pKyt for ayclohexanona, p; 

acetone, cyclopantanone and cyclobutanone are =68.8, =7.2, =7.5, and «9.5

rospoctively;22 The rate of aexchange correlates Qith the increasing
basicity of the ketones; the least basic, cyclobutanone, is leaa% stablét
in tha hydrated form and thus has the slowest exchangebrate.

Campbell and Edward 22 lhoﬁadlthat the basicity of cyclic ketones
paralleled changes in stretahing frequencyj this correlation can ba made
with exchange rates for ths first four compounds, althpugh for the remainder
of the compounds there {s no rolntionshipvbetwten stretching frequenay,

exchange rates, and basiaity.
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Table III. Exchange Reactions of Ketones - Acid Catalyzed

. -1 o
. v o
. 6 " g Relative.
Compound -Conc, HC1 Time: C=0 - (=0 Rates . -.
Cycmhemm“cc 0 . 001N . Imm.. 1705 1682 < .3.: .’
@ | ' . ‘. .'»‘ ,‘ ::‘;
Acctone CL001N Imm, 1710 1680 < ,3 .
. -0{3 H . . .
Cyclopentanonc® R 005N 10 min 17458 1706 1 S0
é 1728 R
'Cvclobutanonee N Imm, 1782 1749 1.2 .
Ninhydrin OLN © LiShr 17300 1704 . 11 L
: ﬁ 1787 | L
Cyclopcntenone o O. 1IN " 10 min _ 16642 1647 le'” TN
B Cﬁ : - .1703 - 1682 . - ~
_Indanone .1 N 1§ min 1713 1686 19 0. e
Fluorecnone .01 :\i ‘205 hr 1719 o 1686 >76 S
| ' : ' "
Ethylacotoacetate ‘,?' 9 005N 20min 1719 1688 ¥

] .
o Qi3-C-Qly-C-0Et | |
 Carboethoxy= . 4 . @ . N TImm, 1750 -
' Cyclopentanone - -0Et - : ‘

a - shows two ketonc peaks in some solvents

b l The keto peak of carboctnoxycyclopentanone is a shoulder of the larger cster Vﬁ'i
- carbonyl peak, making it difficult to follow the exchangse., The reaction time . -
was determined €rom tiae disappcarance of the 016 shoulder.

¢ 46% 013 determined by mass spectroscopy

d  65°C; at room temperature in acid concentration of 1 N some exchange takes '
'place inmediately, but the spectrum is very broad and difficult to 1nterpret. ,

e decomposes rapldly ‘ B >{'f , o o ’4vi"
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Ninhydrin is quite slow, and could be compared in basicity to a

.0 0
F ' |
diketone. For diketones, basiclty decreases as n decreases ‘J‘(CVQ)n-H

and when ns0 basicity is less than typfcal ketonon;-that is, the forms
-Eg-zf is very unlikely.l9 Since ninﬁydrin has three consecutive keto
g:ou;s (2<hydrate), it follows that the reaction rate should be slower
than the simple ketones, The fact that ningydrin i? faster thon indanone
rofleofs tha electron withdrawing effect of the additional keto grouﬁyto
increase the reactivity of°$£:§sjrbonyl group,

For the raemainder of the acid catalyxed ketone exahanga reactions,
the balance between electronic and steric effects are the reverse of
those for the baszae catalyzéd reactions, Cyclopantencne is considerably
>llower than cyclopentanone and reflects the importance of the additionalA
unsaturated bond and the relative unimportance of the steric effeats of -
the additional hydrogen, [Dahn23 found the rate of cholestanone (chlohexanopc)fi'f
to be 103 times faster than cholestenone (2-cyclohexenone), whicﬁ again B };
demonstrates the effect of one alpha-beta unsaturated bond.] Another
instance o} the predominant effect of electron donating fﬁnctions is the
very slow flgorcépnovexchange time rolative to indanone. The aromatia |
ring hindern.tho'reactioﬁ'more than the pdditioﬁal hydrogens on the {nda- '}fff,k
none moiety{ | o

The prodominate effact 6! alectron donatina aromatic rings ovaer
sterically interfering hydrogen atoms in the acid catalyzed reictlons | T Tf
is mechanistloplly sound, since the stability of the conjugate acid will |
be depandent on the electronic effects while the formation of the hydrat§
in the base catalyzed reactions depends not only on tho‘carbonyl carbon

olactrophilicity but on the ability of the nucleophile to overcome steric

interference in order to attack the carbonyl.

3
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g-Ketoestera, Cohn and Urey“ shoved that the exchange reaction of

acaetone does not follow the path of enolization, but is faster than
enolization. The enol form {8 not subject to electrophilic attack and
would decrease the rate of exchange, This i3 demonstrated with both
ethylacetoacetate and carboethoxycyclopentanone, which are considerably
slower than acetone and cyclopentanone.

Biological Model Compounds, Table IV summarizes the exchange

reactions that were attempted with chlorophyll and chlorophyll derivatives,

- e

Table IV, Exchange Reaations of Riologjcal Model Compounds

Compound Aclid Base ;

Chlorophyll a pheophytinization  decompoaition : ;

S in HC1, No incop= .

‘ ' poration fn 10% . i

"HOAC, 66 hr, , .

Pyrochlorophyll a pheophytinization no. incorporat {on R

© in piperidine : e

) 1 dayp 65° . SR
Pheophorbide a " no incorporation docompoéition :

1 N HCL in THF}

! 1 day at 65°

Pyropheophorbide a incorporation in decomposition
A  +0L N HC1 in THF}
1 day at 65°

The exchange reactjons that were attenpted with ¢hlorophyll g:and '~”: L
chlorophyll derivatives generally were unsuccessful. The pigments are _ "
unstable in basic solution an& the magnesium is removed in acid solution, .
However, those compounds for which there were stabls exchange conditions
were quite resistant to hy'hration and exchange, The reactions were car=

more vigorous {

ried out under much ¢ ./ - ¢onditions than the model compounds, using

temparatures of 65°, For the acid exchange reactions it appears that the

y
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largearomatic ring of the porphyrin nucleus has considerably decrcasped
the reactivity of the C9 carbonyl baeyond that of any of the model compounds.

From the results of tha ketone exchange reactions in basic solutfon,
- it was expected that the simple ketona derivative of chlorophyll a, pyro=
chlorophyll, would show some exchange reaction under thesa strong condfe-
tions, Steric hindrance of the two Cyo hydrogens is no greater than for
indanone, although the electronic cffc?tl are conaiderably greater., Never-
thaless, there is no obvious reason for such complete lack of reactivity of
the carbonyl group. It fs, however, clear that thn\isOcyolio carbonyl Qxyzen
atom would S;‘ntablo fo exchange during the course of any normal {solation
procedure from the biological material,

Acknowledgment, The work described in this paper vas supported in "

part'by the U, 5, Atomic Energy Commissions

Referencas

¢

1+ M, Calvin, "Horizons in' Biochemiatry," Kasha, ed., Academic Press
Inc., New York, N, Y.,.1962, p. 34,
2, J. Frangk, "Ressarch in Photosynthesis,” Gaffron, ed., Interscience

2

Publishers, Inc., Naw York, N. Y., 1857, p. 124,

3+ J.BuM. Herbert and I Lauder, Trans, Faraday Soc., 34, 433 (1938),

4, M, Cohn and H., C. Urey, J. Am, Chem., Sogc., 60, 679 (1938).

5, D. Samuel and B, L, Silver, "Organic Isotope Exchange Reactions of

Orgonic Compounds,” from Advances ég_?hyhical Organic Chemistry,

~ Vol. 3, Gold, ed., Academic Press Inc., New York, N. Y., 1965, p. 123,
6. M. Halmann and S+ Pinchas, J, Chem, Soc., 1703 (1958),
7. S. Pinchas, D. Samuel, and M. Weiss-Broaday, J. Chem, Soc., 2666 (1961).
8+ Gs J. Karabatsos, J, Org. Chom., 25, 315 (19680),

9. As Lapidot, S, Pinchas, and D, Samuel, J. Chem. Soo., 1128 (1963).



10,

11,
12,
13.

14,

15,
16,
17,

18

19.

20.

21,
22,

23,

-185
W, P, Jencks, "Mechanism and Catalysis of Simple Carbonyllcroup

Reactions,” from Prograss in Physical Organic Chemistry, Vol. 2,

Cohen et al., eds., Intoracinnca Publishers, New York, N. Y.,
1964, p, 63 § refs. therein,

S« J« Rhoads, J« Cs Gilbert, A, W. Decora, R, J, Spangler, and
M. &. Urbigkit, Tetrahedron,‘lg; 1625 (1953).‘*;

AJF.H, Andorson. Thes{s, University of Callfornia..UCRL~10951,
1963,

L. 14
Jo J. Katz, G, L. Cloes, F, C. Pennington, M« Ry Thomas, and. H. Hi

Strain, g;_Am. Chem, S00., 223 3801 (1963).

AJF.H, Anderson and M. Calvin, Nature, 194, 285 (1962).

fo Co Ponnington, He H. Strain, W, A, Svec, and J. J. Katz, J, Am
M_S&q_._. 86, 1418 (1964), ' .
G. W. Wheland, "Resonance in Organic Chemistry," Joh; Wiley & Sons,
New York, No Yo, 195_5; p. 98, ‘ ’

A, Stﬂeitwddior, Jre "Molacular Orbital Theory for Organic Chemizfs,"
John Wiley & Sons, New York, N, Y., 1961, p. 2uls

D. Cook, Caxiqud. Jo Chem., 39, 31 (1961)s

Fo P. ‘Price, Jr., and L. P, Hammett, J. Am, Chem. Soc., 63, 2387

(19ul),

He Qs Brown, Rs S, Fletgher, and R. B. Johannesen, J, Anm, Cham, Soc.,
73, 212 (1951)s
Sae ref, 53 Menon, Ph.D. Thesis, University of Arkansas, 1964,

He Jo Campbell and J. T+ Edward, Canad, J, Chem., 38, 2109 (1960),

H. Dahn, Proceedings of tha Conference on Marked Molecules, Brussals,

EURATON, 1964, p. 1303,




-19-

Fig. 1. Nomenclature and Substituent Designations. "

Compound : pr:§enta R R! R"
Ia'.Chlorophyll a ' + : CH3' CO,Me | Phytol
'Iia. Pyrochlorophyll a A 5’+‘ CHy H Phytol
IIla Methyl bheophorb_:lde_g - CH3 Co,Me Me
. Iva Méthyl pyropheophor- - CHg H Me
bide & .
Ib Chlorophyll b B 'CHO  CO,Me  Phytol

Vb Pheophytinb.- ° = . CHO COMe  Phytol

3 4, magnesium presentj -, magnesium absent.
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BENZALDEHYDE IN .OOIN HCI IN THF AFTER 20

MIN.

Do0'® mixture
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Fig. 2
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