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(T-electron donor. The ir and <r interactions are thus both favorable 
in HC=CO", leading to a calculated BSE of 225 kJ mol"1. For 
the double-bonded system CH2=CHO", as pointed out above, 
the interaction energy is less sensitive to a effects, and accordingly, 
the BSE, though still indicating a strongly stabilizing interaction, 
is somewhat lower, at 164 kJ mol"1. There is thus a relative 
stabilization of the HC=CO" anion by 61 kJ mol"1 (Figure I).16 

The combination of the relative destabilization of HC=COH 
(by 41 kJ mol"1) and stabilization OfHC=CO" (by 61 kJ mol"1) 
leads to the greater acidity of H C = C O H compared with C-
H 2 =CHOH (by 101 kJ mol"1)- The schematic representation 
of these results (Figure 1) also presents the acidities OfHC=COH 
and CH2=CHOH relative to a common standard, CH3OH. This 
shows that HC=COH and CH 2 =CHOH are both substantially 
more acidic than CH3OH, largely because of relative stabilization 
of the conjugate bases (HC=CO" and CH 2=CHO-). 

Several important points emerge from this study. 
1. The high relative acidity of ethynol (HC=COH) that is 

observed in solution is predicted to carry over to the gas phase. 
2. The high relative acidity of ethynol may be attributed partly 

to relative destabilization of neutral ethynol and partly to relative 
stabilization of the ynolate anion. 

3. Acidities calculated for CH3CHO, CH2CHOH, CH2CO, 
and CH3OH at the MP4/6-311+G** level are generally some­
what higher than, but in reasonable agreement with, experimental 
values. 
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(16) Note that, in calculating the relative stabilizations, it is necessary for 
balance to include acetylene (for the triply bonded systems) or ethylene (for 
the doubly bonded systems); this is done for both the neutrals and anions and 
therefore, together with CH3OH on the one hand and CH3O" + H+ on the 
other, provides useful reference levels for comparison purposes. 
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Figure 1. Structure of 1 (hydrogen atoms omitted) showing 40% prob­
ability thermal motion ellipsoids. Selected mean bond distances (A) are 
as follows: B-C (mean) = 1.586 (9), N-C (mean) = 1.476 (14), C-
(8a)-C(8) = 1.518 (8), C(2)-C(5) = 1.642 (9), B-N v nean) = 1.404 
(7), C(3a)-C(8a) = 1.596 (11), C(8)-C(7) = 1.335 (11), C(8)-C(8') 
= 1.532 (8). 
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Reaction products obtained from aromatic compounds and the 
dehalogenated species formed upon treatment of dichloro(diiso-
propylamino)borane with active metals (Na/K) appear to be 
formed by carben(oidal) processes.1"3 Indeed the formation of 
these polycyclic compounds in some respects resembles the valence 
isomerization in aromatic compounds which results from a tandem 
of carbenoid processes in the Katz reaction.4 However, it differs 
from the Katz mechanism as hydrogen atom transfer is frequently 
observed in our reactions.1'3 The three-dimensional species contain 
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Figure 2. Structure of 2 (hydrogen atoms omitted) showing 40% prob­
ability thermal motion ellipsoids. C(I), C(l'), C(I), C(8), C(8'), and 
C(4) lie on a crystallographic mirror plane. Selected bond distances (A) 
are as follows: B(3')-N(3') = 1.396 (4), C(4)-C(8) = 1.524 (5), C-
(8)-C(7) = 1.329 (6), C(l)-C(2) = 1.520 (4), C(I)-C(T) = 1.502 (6), 
N(3)-C(12) = 1.471 (4), B(3')-C(4) = 1.604 (3), C(8)-C(8') = 1.506 
(4), C(7)-C(l) = 1.487 (4), C(2)-C(2a) = 1.561 (5), C(2)-B(3') = 
1.563 (4), N(3')-C(22) = 1.485 (3). 
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only three-coordinated boron and three- or four-coordinated carbon 
(sp2 and sp3 hybridization) and therefore are quite different from 
carboranes. It has been shown earlier that a nido-carborane 
structure is destabilized by amino substitution at the boron sites, 
giving a bicyclic structure.5 

(5) Herberich, G. E.; Ohst, H.; Mayer, H. Angew. Chem., Int. Ed. Engl. 
1984, 23, 969. 
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The structure of the reaction products of benzene with two and 
three formal "BN(i-Pr)2" moieties2 could be deduced from NMR 
and mass spectral data. The structure of the product from 
naphthalene with two formal borene units was finally resolved 
from spectral data and the hydrolysis products.1,2 However, NMR 
spectra of the products of toluene with four added BN(i-Pr)2 units, 
1, and of m-xylene with two additional diisopropylaminoboradiyls, 
2, were too complicated to allow structural assignments. Therefore 
the structures 1 and 2, which are obtained according to Scheme 
I,6 had to be resolved by X-ray diffraction.7 

In 1 the aromatic ring is split into C2 and C4 units; in 2 the 
ring has been opened and rearranged with the formation of a 
cyclopropane ring. In both molecules one C=C double bond is 
retained. Increased substitution by boron appreciably lengthens 
the C-C bonds in 1: C(3a)-C(8a) (1.596 (11)) is substituted by 
3B and C(2)-C(5) (1.642 (9) A) by 4B. 
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(6) For the preparation of 1, l,3,4,6-tetrakis(diisopropylamino)-8-
methyl-l,2,3,3a,4,5,6,8a-octahydro-2,5-cyclo[l,3]diborolo[4,5-rf]diborepin, 
and 2, 3,5-bis(diisopropylamino)-l,8-dimethyl-3,5-diboratricyclo[2.2.2.05'6]-
oct-7-en, respectively, 1.2 mol of Na/K alloy (1:3, 6.9 g of Na + 35.2 g of 
K) are dispersed in a solution of 2.5 mol of the aromatic compound (230 g 
of toluene or 260 g of m-xylene) and 750 mL of dimethoxyethane (DME). 
0.5 mol (74.5 g) of F2BNO-Pr)2 is slowly added with vigorous stirring to this 
dispersion, and the temperature of the reaction mixture rises to about 35 0C. 
Stirring is continued for 2 days at room temperature until the alloy solidifies. 
Then 3.5 g of potassium are added, and stirring is continued 2 more days at 
reflux temperature. Insoluble materials (alloy and salts) are removed by 
filtration under N2 pressure. Solvent and unreacted aromatic compounds are 
distilled off under reduced pressure. The reaction with toluene delivers 91.5 
g of raw products (red oil). High vacuum distillation gives 32.8 g of a yellow 
oil, bp 90-160 °C/0.01 mbar, which contains mainly C7H8-2BN(i-Pr)2 and 
C7H8-3BN(i-Pr)2. Short-path distillation of the residue at 165 "C/0.001 mbar 
delivers 20.7 g of a highly viscous yellow oil which consists mainly of 1. The 
substance shows a tendency to crystallize if it is held at 50 0C, By crystal­
lization from acetone about 10 g of colorless crystals with mp 152 °C are 
obtained. Anal. Calcd for C31H64B4N4 (536.13): C, 69.45; H, 12.03; B, 8.07; 
N, 10.45. Found, MS (FI and EI) 536 (100%): C, 69.52; H, 11.96; B, 8.11; 
N, 10.41. NMR (only assigned signals are given) 611B 46.2 (h/2 840 Hz); 
51H 1.91 (d, VHH 1.1 Hz, CH3 pos. 8), 5.52 (br, pos. 7); 513C 31.78 (CH3 pos. 
8), 128.3 (pos. 8), 162.3 (pos. 7). The reaction with m-xylene upon distillation 
over a 20-cm Vigreux column along with a lower boiling fraction delivers 12.6 
g of a colorless oil (bp 101 to 115 "C/0.01 mbar) which solidifies on standing. 
Recrystallization from acetone gives colorless needles mp 132-133 0C. Anal. 
Calcd for C20H38B2N2 (328.15): C, 73.24; H, 12.91; B, 6.59; N, 8.54. Found, 
MS (FI and EI) 328 (100): C, 73.37; H, 11.62, B, 6.67; N, 8.50. NMRS11B 
42.6; S1H 0.62 (d, VH , , 6H 4 1.7 Hz pos. 2/6); 1.36 (s, 3 H, CH3 pos. 1'), 1.70 
(d, 3 H, /Hg-H, 1-5 Hz/CH3 pos. 8'), 1.71 (d of t, V H 4 H, 1.5 Hz, VH4H,/6 1-7 
Hz prs. 4), 5.27 (d of q, % ,„ . - 1.5 Hz, VH7H4 1-5 Hz pos. 7); i-Pr (C22) 3.72 
(sept,, 1.11 + 1.09 (d, 3/HH 6.9 Hz); i-Pr (12) 3.58 (sept), 1.20 + 1.22 (d, 
VHH 6.9 Hz); 613C 22.93 (pos. 8'), 25.23 (pos. 1'), 30.89 (br, pos. 2/6), 33.80 
(pos. 1), 37.09 (br, pos. 4), 120.72 (pos. 7), 136.17 (pos. 8); i-Pr (C22) 46.81, 
24.12, 24.33; i-Pr (C12) 48.43, 23.35, 23.58. Assignments have been made 
for 1H by selective decoupling and for 13C by C-H '/-correlation and C-H 
long-range correlation. The numbering (pos.) follows the nomenclature, and 
in case of the CH3- and i-Pr groups the numbering correlates with that of 
Figure 2. 

(7) Crystal data for C31H64B4N4 (1) at 20 0C: a = 12.518 (9) A, b = 
19.426 (10) A, c = 19.357 (10) A, /? = 129.31 (4)°, V = 3642 (6) A3, Z = 
4, daM = 0.98 g cm"3, space group PlJc. A total of 6360 reflections were 
measured by using a real-time profile-fitting procedure on a Stoe-Siemens 
AED. After merging equivalents, 2438 data with F > 3<r(F) were used for 
all calculations (all programs written by author G.M.S.). Final residuals R 
= 0.114, Rw = 0.081. Crystal data for C20H38B2N2 (2) at 20 0C: a = 6.456 
(3) A, 6 = 21.850(17) A, c = 8.139 (6) A,/3 = 112.57 (5)°, V = 1060(2) 
A , Z = 2, daM = 1.03 g cm"3, space group PlxJm. 3936 data were measured, 
after merging 1161 with F > 3<r(F) used for all calculations. Final residuals 
R = 0.060, Rw = 0.057. A riding model with idealized hydrogen geometry 
was employed for H-atom refinement in both structures. 

Resonance Raman Spectrum of the Lowest Triplet State 
of Zinc(II) Tetraphenylporphyrin 

Valerie A. Walters,1" Julio C. de Paula,lb 

Gerald T. Babcock,* and George E. Leroi* 

Department of Chemistry and the LASER Laboratory 
Michigan State University 

East Lansing, Michigan 48824-1322 
Received June 13, 1989 

Porphyrin-based macrocycles in low-energy excited electronic 
states are involved in a number of important biological processes, 
including excitation energy transfer and charge separation. To 
gain insight into the detailed mechanisms by which the excited 
macrocycles perform their functions, knowledge of the confor­
mation and electronic structure of the participating electronic state 
is needed. Previous resonance Raman investigations of metallo-
porphyrin excited states have focused on d,d states.2 Here, we 
report the time-resolved resonance Raman (TR3) spectrum of the 
lowest TT.TT* triplet state of Zn(II) tetraphenylporphyrin (ZnTPP). 
The number of observed vibrational bands is consistent with a 
lowering of the point group symmetry of the porphyrin core 
(excluding phenyl rings) from the D4h symmetry of the ground 
electronic state, which we attribute to the Jahn-Teller effect 
previously predicted for the T1 state.3 In addition, the electronic 
excitation appears to be localized on the porphyrin ring alone and 
does not extend to the phenyl rings. 

Figure 1 shows the TR3 spectrum (1150-1650 cm"1) from T1 
of ZnTPP in tetrahydrofuran (Figure la) and methylcyclohexane 
(Figure lb).4 The T1 state was populated with a ~ 10-ns pulse 
of 532-nm radiation and probed with a second ~ 10-ns pulse with 
a wavelength (460 nm) chosen to coincide with the maximum of 
the triplet-triplet absorption curve.5 Bands are observed at the 
same frequencies in the two solvents. From the absence of ob­
servable scattering at 1551 cm"1, where the ground state (S0) 
exhibits a strong band (Figure Ic), we conclude that all the labeled 
peaks in the TR3 spectra are attributable to scattering from the 
T1 state of ZnTPP. 

Consistent with this assignment are the kinetics of the recovery 
of the ground-state spectrum. With increasing time delay between 
laser pulses, the intensities of the T1 bands decrease and those 
of the S0 bands increase, yielding a time constant of several 
hundred microseconds. This decay time is shorter than the triplet 
lifetime obtained optically,6 owing to triplet-triplet annihilation 
processes5b'7 that occur for the more concentrated samples required 
for the resonance Raman experiment. 

Analysis of the TR3 spectrum yields information on the 
structure of the porphyrin in the triplet excited state. The two 
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pumped by a second Nd:YAG laser. The time delay between pulses was 
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