5818

Table IL. Conversion? to Products as a Function of Photocatalyst
in the Presence of 0.5 M A¢,0 for | M PhNOj and 1 M NMP in
Benzene after 15 h of Irradiation®

N-Methyl-
Porphyrin*¢ PhNHCOMe PhNHOCOMe  pyrrole
ZnTPP 3.84 0.50 5.50
SniVTPPCl, 14.80 2.50 17.70

a Percent of initial nitrobenzene. # Aexeit >500nm. € 5 X 1074 M
porphyrin,

Table ITL. Concentration of Photocatalyst? in Its Steady-State? as
a Function of Donor and Acceptor Substrates

TPC, [soB,
Donor Acceptor % %
Triethylamine, 1 M Nitrobenzene¢, 1 M 60 40
N-Methylpyrrolidine, Nitrobenzene,c 1 M 0 100
1M
N-Methylpyrrolidine, p-Dinitrobenzene,4 50 50

1M 0.1M

25X 1074 M Sn!VTPPCl, in benzene. # 1 h of irradiation. ¢ Aeycir
>500 nm. 4 Aggeit >550 nm.

\

- wihout Ac,0 T

— = with O5M Ac0
0.4~ .

0.2

400

700
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Flgure 2, Optical spectra of photocatalyst (Sn!YTPPCl,) steady state with
and without Ac,0.

as a cocatalyst in the photocatalytic reaction. Table II gives
the results, The reduction step is relatively unaffected by the
addition of acetic anhydride. The reduction products are
mostly acetanilide (PhNHCOMe) and some ester
(PhANHOCOMe).

In Table III is shown how a steady-state concentration of
chlorin and isobacteriochlorin establishes itself soon after the
start of the photocatalytic run. This steady state depends on
the donor and acceptor properties of the substrates. Replace-
ment of triethylamine by the better donor NMP moves the
steady state entirely to isobacteriochlorin, while replacement
of PhNOQ; by the better acceptor, p-dinitrobenzene, moves it
back toward a chlorin-isobacteriochlorin mixture, In Figure
2 is shown how the addition of Ac,O, which accelerates the
phooxidation reaction, moves the steady state from isobac-
teriochlorin toward a chlorin-porphyrin mixture.

ZnTPP in the absence of Ac,Q is inactive as a photocatalyst,
but from Table I it can be seen that in the presence of Ac,O
it is active. Because ZnTPP is not photoreduced by tertiary
amines the cocatalytic effect of Ac,O cannot be attributed to
an acceleration of the photooxidation step in this case and the
mechanism must be different.

The mechanism of porphyrin photocatalysis in photosyn-
thesis is of great importance. Qur observations prove that
metalloporphyrins can act as photocatalysts in vitro and pro-
duce chemical conversions under specific conditions, Work is
in progress to study the mechanism of these reactions in more

detail and to search for other metalloporphyrins with photo-
catalytic properties.
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Intrinsic Acidities of Ketones and Aldehydes.
Bond Dissociation Energies and Electron Affinities

Sir:
Recently! we reported the gas phase acidities of a number

of carbon acids RH, These were obtained from measurement
of the gas phase equilibria 1.

RiH+R,=R;,”+R;H @8]

The data included the acidities of several ketones and dike-
tones. The present communication reports new measurements
for several ketones and aldehydes, The new data, when com-
bined with Brauman’s? recent results on the electron affinities
of the corresponding enolate radicals R, reveal some interesting
regularities in the changes of the gas phase acidities of RH, the
electron affinities of R, and the bond dissociation energies of
R-H.

The results from the measured equilibria | are displayed in
Figure 1. The measurements were made in a high pressure
mass spectrometer,’ using procedures similar to those de-
scribed earlier.!

The free energy changes determined at 500 K, AG,°(500)
= RT In K| shown in Figure 1, include multiple thermody-
namic cycles which are consistent to better than 0.3 kcal/
mol. The AG,°(500) values relating the acidities to that of the
primary standard HCI (eq 2) were obtained via pyrrole whose
AG,°(500) was determined in separate measurements.!* The
AG,°(600) values for pyrrole, acetophenone, and acetone
determined in the earlier publication! (at 600 K) are also
shown in Figure 1. As can be seen the present values for pyrrole
and acetophenone are very close to those obtained earlier.
However the new AG,°(500) value for acetone is some 2
keal/mol higher.5 From AG,°, AH,° can be evaluated by
calculating” AS,°. In turn the AH,° combined with the known
D(H-C]) — EA(C]) = 20 kcal/mol®® leads to D(R-H) —
EA(R).

RH + CI- =R~ + HCI (2)
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Acidity Measurements on Aldehydes and Ketones

0 0 0
AH2 (500°) AGZ (500°) AGZ (600) AG-IO(SOO)
36.4 32,5 30.1 CH,,COCH
\). 82 1.4 y A 3 3
34,6 31,9 Y : I CH3COCH,CH,
7
34.6 31,2 X y - CH,CH,COCH,CH,
1 )
34,0 31.0 \ 1 CH3C0CH(CH3)2
Y 0.88 1.2y 7.3 6.2
33,4 30,1 4 \ [ HCOCH,
32.8 29.9 Y¥0.17 HCOCH ,CH,
5.5 7.9
29,2 25.8 25.6 ‘ y . CgH=COCH,
1.0 y
27.6 24,7 ! 1 CgHsCOCH,CH,
2.4 3,9
25.6 22.2 21,9 Y Pyrrole

Figure 1. Summary of gas phase acidity measurements. Numbers beside double arrows represent directly measured AG,°(500) = —RT In X for reaction
I:RjH + R;™ = R~ + R,H measured at 500 K. R H is the compound on the upper end of the double arrow. AG;,°(500) values, given in second column
on the left, are values for reaction 2: RH + Cl~ = R~ + HCl relating present acidities to the primary standard HCI. AG,°(600) values are results obtained

in previous publication.'

Results for the electron affinities of the enolate radicals R
obtained by Brauman? and D — EA values from the present
determinations are shown in Table . The agreement of the
present results with literature data can be examined for acetone
and 2-butanone. The present D — EA of 56.2 for acetone, when
combined with the EA of 40.6 kcal/mol of Brauman,? gives
D of 96,8 kcal/mol, while the literature value of D is 98.0
kcal/mol.'0 For CH;COCH(CH3)-H, the D — EA of 54,6
kcal/mol combined with EA of 38.6 kcal/mol? gives D of 93.2
kcal/mol, while Benson data!! provide a D of 92.3 kcal/mol.
In both cases the agreement is better than the expected errors
in the measurements.

The top four compounds in Table I, HCOCH,-H,
CH;COCH;-H, C¢HsCOCH,-H, and CF;COCH,-H, differ
only in the substituent to the carbonyl carbon. The corre-
sponding bond energies, 95.1, 96,8, 96.8, and 96.2 kcal /mol,
are remarkably constant. On the other hand, the electron af-
finities change a great deal. For example an increase of 19
kcal/mol occurs from CHj3 to CF3. Thus, for carbonyl carbon
substituents, the acidity follows the electron affinity, which
increases with increasing electron-withdrawing power of the
substituent.

The series HCOCH(CH3)-H, CH;COCH(CH3)-H, and
C,HsCOCH(CH3)-H also differs in the nature of the car-
bonyl carbon substituent and shows changes which exactly
parallel those considered above.

Considering specifically alkyl substituents on the carbonyl
carbon, we find that the change from H to CH; decreases the
electron affinity and increases D(R-H); both these changes
are small but they add to produce a significant decrease of the
acidity. The increase of acidity and electron affinity between
methyl and ethyl is very small, but further increase of the size
of the alkyl group to rerz-butyl leads to a noticeable increase
of electron affinity and acidity. Analogous alkyl substituent
effects were previously found for aliphatic carboxylic acids,
whose acidities increase in the order!? acetic, propionic, bu-
tyric, formic acid, and the acetylenes, whose acidities increase
in the order!3.14 CH,C,-H, C2H5C2-H, n-C;H-,C,-H,
HC,-H. Significantly the position in which the substituent is
changed involves a carbon atom that is conjugated to the
negative charge center(s). As suggested by Brauman,'4 when
H is replaced with methyl,!5 the dipole of the CH3 group
destabilizes the negative charge!6 and decreases the electron

Table I, Acidities, Electron Affinities, and Bond Dissociation
Energies

D(R-H)

Compd —EAR)® EA(R)* D(R-H)9
HCOCH,-H 534 41714 951
CH;COCH,-H 564 406+ 1.3 97.0

(98.0 £ 2)¢

C¢HsCOCH,-H 492 476+ 18 968
CF3COCH,-H 367 59.5+£29 962
(CH;CH,C- (56.1)/ 404 £ 1.3 (96.5)

OCH,-H)
(t-C4HoCOCH - (54.0)/ 425+ 1.5 (96.5)/

H)
HCOCH(CH;)- 528 38912 917

H
CH;COCH(CH3)- 546 38612 932

H (92.3 £ 1.4)¢
C,HsCOC- 546  388+12 934

H(CH;)-H

2 All values in kilocalories/mole. ® From AH;° for proton transfer
equilibria: R;~ + R,H = RjH + R, obtained from corresponding
AG,° and estimates of entropy change AS,°. Estimated error +2
kcal/mol in absolute values. ¢ Zimmerman, Reed, and Brauman?
photodetachment measurements. 4 Evaluated from D(R-H) —
EA(R)? and EA(R), except where otherwise indicated. ¢ Solly,
Golden, and Benson,!9!! kinetic determinations of D(R-H). / Esti-
mates, based on assumption that D(R-H) = 96.5 kcal/mol.

affinity.!” Increase of the alkyl group does not lead to an ap-
preciable increase of the alkyl dipole; however, the increasing
polarizability of the alkyl group leads to increasing stabilization
of the ion.

The introduction of methyl on the carbon carrying the acidic
hydrogen in the carbonyl compounds decreases the electron
affinity. Thus EA(HCOCH;) is bigger than
EA(HCOCHCH;) by ~3 kcal/mol and a similar difference
occurs also for EA in CH;COCH, and CH3;COCHCHa;,
However, the same substitution decreases D(R-H) since the
R-H bond changes from a primary to secondary bond. This
favorable change is larger and offsets the decrease of electron
affinity, This results in an increase of acidity. It is interesting
to note that the bond energy changes with methyl substitution
are HCOCH,-H — HCOCH(CHj3)-H = 3.4 kcal/mol and
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CH;3;COCH,-H — CH3COCH(CH3)-H = 3.6 kcal/mol. This
is very close to the change CH;CH,-H — CH3;CH(CH;)-H
= 3.5 kcal/mol.20 The correspondence of these energy dif-
ferences may be expected, since the introduction of a carbonyl
group does not seem to change the o C-H bond strengths; thus
the strength of CH3;CH,-H = 98 kcal/mol, while that of
CH3;COCH;-H =~ 97 kcal/mol.
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Synthesis, Characterization, and Crystal Structure

of Fey(CO)fC(CHO)P(Ph2CgHy)), a Species Containing
an Ortho-Dimetalated Phenyl Ring

Resembling a Meisenheimer Complex

Sir:

The fission reactions of a wide range of organotin derivatives
(and other organo (group 4B) species of general formula
R3iMX (M = Si, Ge, Sn)) have been noted as providing syn-
thetic routes for the formation of novel metal carbonyl deriv-
atives.! In particular, a variety of organo-nitrogen ligands have
been introduced as bridging ligands, yielding such species as
Mny(CO)s[ua-N=NPh]2,2 Mn,(CO)7[u-N=C(CF3);]2.*
and HRu3(CO)g[u:-C=NMe;].* We now report the exten-
sion of these studies to the reaction of the organotin ylide,
(Me3Sn),C=PPh; (made conveniently® from dimethylami-

Figure 1, Stereochemistry of molecule A in the Fey(CO)¢[C(CHO)-
P(Ph,C¢Hy)] crystal. (ORTEP diagram; 30% probability ellipsoids for all
nonhydrogen atoms.) The aldehyde group is defined by atoms C(A), O(A),
and H(A).

notrimethyltin and methyltriphenylphosphonium bromide)
and dodecacarbonyltriiron, Fe3(CQO)|,). While we had ex-
pected to produce a molecule containing a simple bridging ylide
ligand, the species actually isolated is Fe;(CO)¢[C(CHO)-
P(Ph;C¢Hy)], produced by the reaction shownineq 1.

(Me;Sn)2C=PPh3 + FC3(CO)12
— Fe,(CO)6[C(CHO)P(PhyCeHy)] + CO
+ (Me;Sn),Fe(CO)s (1)

The identity of this unusual molecule has been determined by
a variety of physical techniques,” culminating in a full three-
dimensional crystal structure analysis, The infrared spectrum
of this material contains six bands attributable to terminal
carbonyl ligands (at 2050, 2023, 2019, 1989, 1980, and 1975
cm~!) and one band (1626 cm~!) assigned to an aldehydic
C=0 stretch. The 'H NMR spectrum contains peaks due to
the aromatic protons and a doublet at § 9.35 and 9.02
(3J('H-3!P) = 33.57 Hz), assigned to the aldehydic proton.
The most abundant peak in the parent-ion multiplet of the
mass spectrum is at m/e 582, consistent with the formula
12C,¢'H 556 Fe, 60,31 P*; in addition, there are characteristic
patterns at intervals of 28 mu, consistent with the stepwise loss
of six carbonyl (12C160) ligands.

X-ray diffraction data were collected with a Syntex P2,
diffractometer® and were corrected for absorption (x = 13.13
cm™!)., The complex crystallizes in the centrosymmetric
monoclinic space group P2i/c with a = 18.886 (6) A, b =
15.898 (4) A, c =17.699 (5) A, 8 =115.04 (2) °, V = 4814
(2) A3, pobsa = 1.613 (5) gem~" and pegicq = 1.606 gcm™! for
mol wt 582.073, and Z = 8. The structure was solved by
symbolic addition and refined by full-matrix least-squares
methods (Fe, P, O, and ylide C anisotropic; phosphine and
carbonyl carbon atoms isotropic; hydrogen atoms in calculated
positions) to final discrepancy indices of Rr 5.0% and Ryr
4.4% for the 4070 independent reflections with I = ¢ (/) and
26 < 40° (Mo Ko radiation). All atoms (including all 15 hy-
drogen atoms in each molecule) were located. The crystallo-
graphic asymmetric unit consists of two chemically equivalent
molecules (termed molecule A and molecule B) of composition
Fe,(CO)g[C(CHO)P(Ph,;C¢Hy)]. The molecular stereo-
chemistry is depicted in Figure 1.

(In subsequent discussion the bond length or angle for
molecule A will be given first; that for molecule B will appear
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