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approach for structure-spectra correlations and as a conceptual 
tool for designing further spectroscopic studies. 
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Abstract: Pulsed ion cyclotron double resonance spectroscopy has been employed to obtain heats of formation of 1,1-di-
methylsilaethylene (7 kcal mol-1), 1,1-dimethylgermaethylene (6 kcal mol-1), 1,1-dimethylstannaethylene (31 kcal mol-1), and 
1,1-dimethylplumbaethylene (59 kcal mol"1), neutral products derived from proton abstraction from the corresponding trimethylsilyl, 
trimethylgermyl, trimethylstannyl, and trimethylplumbyl cations in the gas phase. These data, combined with estimates for 
the heats of formation of the corresponding biradical forms (obtained from the heats of formation of the tetramethyl compounds, 
M(CH3)4, and estimates of CH and MC bond dissociation energies), yield x-bond energies of 38, 43, 45, and 30 kcal mol-1 

for the four olefin analogues, respectively. 

The apparent absence of multiple bonding in the higher group 
4A elements is a well-known and intriguing phenomenon. Com­
pounds incorporating multiple bonds between carbon and other 
first-row elements are commonplace, while stable, isolable con­
geners involving silicon are rare1 and (as yet) nonexistent for 
germanium, tin, and lead. Olefin analogues of higher group 4A 
elements have, however, been proposed as transient species or 
short-lived intermediates in many reactions.2 For example, the 
observation that pyrolysis of 1,1-dimethylsilacyclobutane results 
in the formation of the corresponding tetramethyl-1,3-disilacy-
clobutane may best be rationalized in terms of the intermediacy 
of 1,1-dimethylsilaethylene (I).3 Further support for such a 

— S i 

D -CH2 O 
I Si 

mechanism may be found in the work of Grinberg,4 who reported 
that pyrolysis of a mixture of 1,1-dimethylsilacyclobutane and 
the bis(deuteriomethyl-<tf3) derivative led to all three possible 
dimerization products. The silaethylene intermediate has also been 
chemically trapped by carrying out the pyrolysis in the presence 
of ammonia, water, and alcohols.5 Other agents (e.g., phenols, 

(1) A. G. Brook, presented at the 15th Annual Organosilicon Symposium, 
Durham, NC, 1981. 

(2) For a recent review, see: L. E. Gusel'nikov and N. S. Nametkin, Chem. 
Rev., 19, 531 (1979). 

(3) N. S. Nametkin, V. M. Vdovin, L. E. Gusel'nikov, and V. I. Zav'yalov, 
Izv. Akad. Nauk SSSR, Ser. Khim., 584 (1966). 

(4) P. L. Grinberg, Ph.D. Thesis, Topchiev Institute of Petrochemical 
Synthesis, Academy of Science, Moscow, 1969. 

(5) (a) M. C. Flowers and L. E. Gusel'nikov, J. Chem. Soc. B, 419, 1296 
(1968). (b) L. E. Gusel'nikov, J. Chem. Soc, 5, 23 (1968). (c) N. S. 
Nametkin, L. E. Gusel'nikov, W. M. Vdovin, P. L. Grinberg, V. I. Zav'yalov, 
and V. D. Oppengeim, Dokl. Akad. Nauk SSSR, 171, 630 (1966). 

amines, and nitriles) have also been employed as chemical traps.6 

The proposed silaethylene intermediate has also been made to 
undergo [2 + 2] and [2 + 4] cycloaddition upon pyrolysis in the 
presence of olefins and dienes.7 [2 + 2] cycloaddition products 
have also been detected when ketones, thioketones, and imines 
were used in place of olefins.6a'8 By rapidly immobilizing the 
very-low pressure pyrolysis products of 1,1,3-trimethyI-1 -silacy-
clobutane on a frozen argon matrix, Maltsev and co-workers,9 

among others, have obtained infrared spectra of 1. Koenig and 
McKenna10 have recorded the photoelectron spectrum of 1,1-
dimethylsilaethylene, and Montgomery and co-workers" have 
determined its structure by electron diffraction. 

Numerous reports have appeared that strongly implicate the 
existence of other short-lived intermediates containing formally 
unsaturated silicon.2 Among the most interesting are molecules 
related to silabenzene.12 

Pyrolysis of 1,1-dimethylgermacyclobutane does not, as might 
be expected, result in cyclodimerization products of intermediate 

(6) (a) R. D. Bush, C. M. Golino, G. D. Homer, and L. H. Sommer, J. 
Organomet. Chem., 80, 37 (1974). (b) R. D. Bush, C. M. Golino, D. N. 
Roark, and L. H. Sommer, J. Organomet. Chem., 59, C17 (1973). 

(7) (a) N. S. Nametkin, L. E. Gusel'nikov, R. L. Ushakova, and V. M. 
Vdovin, Izv. Akad. NaukSSSR, Ser. Khim., 1840 (1971). (b) N. S. Nam­
etkin, L. E. Gusel'nikov, R. L. Ushakova, and V. M. Vdovin, Dokl. Akad. 
NaukSSSR, 201, 1365 (1971). 

(8) (a) D. N. Roark and L. H. Sommer, J. Chem. Soc, Chem. Commun., 
167 (1973). (b) C. M. Golino, R. D. Bush, D. N. Roark, and L. H. Sommer, 
J. Organomet. Chem., 66, 29 (1974). (c) L. H. Sommer and J. McLick, J. 
Organomet. Chem., 101, 171 (1975). (d) C. M. Golino, R. D. Bush, and L. 
H. Sommer, /. Am. Chem. Soc, 96, 614 (1974). 

(9) A. K. Maltsev, V. N. Khabashesku, and O. M. Nefedov, Izv. Akad. 
Nauk SSSR, Ser. Khim., 1193 (1976). 

(10) T. Koenig and W. McKenna, J. Am. Chem. Soc, 103, 1212 (1981). 
(11) P. G. Mahaffy, R. Gutowsky, and L. K. Montgomery, J. Am. Chem. 

Soc, 102, 2854 (1980). 
(12) T. J. Barton and D. S. Banasiak, J. Am. Chem. Soc, 99, 5199 (1977). 
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1,1-dimethylgermaethylene (2).13 Rather, pyrolysis gives rise 
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to addition products attributable to dimethylgermylene (3). 

Ge-1 

U Me2Ge= 
n -G e - G e -

Intermediacy of either 2 or 3 would explain the production of 
ethylene during the reaction. Lavoyssiere14 has reported evidence 
for a germathianone intermediate, 4, formed in the pyrolysis of 
(Et2GeS)3. He has also postulated the intermediacy of transient 
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germanones (R2Ge=O) formed upon thermolysis of a number 
of heterocyclic germanium compounds.15 Barton and co-workers16 

have reported the product of [4 + 2] cycloaddition of 1,1-di-
ethylgermaethylene (5), formed upon pyrolysis of a germanor-
bornadiene derivative, to 2,3-dimethylbutadiene. 

Et-. 

Et / 
Ge = CH 2 

Far less attention has been given to the possibility of species 
containing multiple bonds to tin or lead. We are aware of only 
a single report describing the intermediacy of a species with a 
tin-carbon double bond,17 and none on lead-containing systems. 

Despite the considerable efforts that have already been ex­
pended, little is known experimentally about the thermochemical 
stabilities of group 4A olefin analogues or about the 7r-bond 
strengths in these compounds. Systems containing silicon are the 
best characterized. Kinetic studies by Gusel'nikov and co­
workers,18 as analyzed by Walsh,19,20 on the pyrolysis of 1,1-di-

(13) N. S. Nametkin, L. E. Gusel'nikov, R. L. Ushakova, V. Yu. Orlov, 
O. V. Kuzmin, and V. M. Vdodin, Dokl. Akad. Nauk SSSR, 194, 1096 
(1970). 

(14) H. Lavoyssiere, G. Dousse, J. Barrau, J. Satge, and M. Bouchaut, J. 
Organomet. Chem., 161, C59 (1978). 

(15) H. Lavoyssiere, J. Barrau, G. Dousse, J. Satge, and M. Bouchaut, J. 
Organomet. Chem., 154, C9 (1978). 

(16) T. J. Barton, E. Kline, and P. M. Garvey, J. Am. Chem. Soc, 95, 
3078 (1973). 

(17) D. R. Dimmel, C. A. Wilke, and P. J. Lamothe, Org. Mass Spec-
trom., 10, 18 (1975). 

(18) L. E. Gusel'nikov, K. S. Konobeevsky, V. M. Vdovin, and N. S. 
Nametkin, Dokl. Akad. Nauk SSSR, 235, 1086 (1977). 

(19) R. Walsh, / . Organomet. Chem., 38, 245 (1972), 
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Table I. Proton Affinities of Me2M=CH2 by ICR Spectroscopy 

M 

Si 
Ge 
Sn 
Pb 

proton affinity, kcal mol ' 

rel to NH3" absolute6 

-22.7 -227.7 
-0 .9 -205.9 

-11.8 -216.8 
-20.8 -225.8 

a Proton affinities (rel. to NH3) of all reference bases used were 
taken from R. W. Taft in "Proton Transfer Equilibria", E. F. 
Caldin and V. Gold, Eds., Wiley-Halstead, N.Y., 1975, p 31, or 
from R. W. Taft, unpublished results, and have been slightly modi­
fied to account for higher ambient temperatures. b Absolute pro­
ton affinities are based on a proton affinity for NH3 of 205 kcal 
mor1 .3 3 

Table II. Heats of Formation of Me3M
+ from 

Appearance Potentials 

M 

Si 
Ge 
Sn 
Pb 

appearance 
potential," 

eV 

10.25b 

10.05 
9.58 
8.77 

A//f(Me4M), 
kcal mol"1 

- 5 5 c 

- 3 0 d 

- 5 " 
33 f 

ATZf(Me3M
+) 

kcal mol"1 

146 
167 
181 
200 

° Unless otherwise noted, appearance potentials are from ref 
34b. b Reference 34a. c Reference 20. d See text. e Refer­
ence 39. ^ Reference 40. 

methylsilacyclobutane have yielded a heat of formation of 7 ± 
5 kcal mol"1 for 1,1-dimethylsilaethylene; the heat of formation 
derived in an analogous manner for 1-methylsilaethylene is 23 
± 5 kcal mol"1.20 These data suggest that the silicon-carbon 
ir-bond strengths in these systems range between 34 and 44 kcal 
mol"1. For comparison, the 7r-bond energy in ethylene is 65 kcal 
mol"1.21 The best theoretical estimate of the ir-bond energy in 
parent silaethylene appears to be 46 kcal mol"1, due to the work 
of Ahlrichs and Heinzmann.22 No quantitative thermochemical 
data on the heats of formation or 7r-bond strengths in the analogous 
germanium, tin, or lead systems have as yet appeared in the 
literature. Theoretical work is also lacking. 

In recent years, we and others23 have successfully applied ion 
cyclotron double resonance spectroscopy to the determination of 
the thermochemical stabilities of a variety of short-lived or oth­
erwise highly reactive molecules. Among the systems studied to 
date in our laboratory are o-benzyne,24 o- and p-xylylene,25 

methanimine,26 hydrogen isocyanide,27 and hydroxymethylene.28 

In addition, we have applied the technique to the determination 
of the heat of formation of 1,1 -dimethylsilaethylene.29 We report 
here the results of our efforts to obtain experimental heats of 
formation for the heavier group 4A isobutene analogues (i.e., 
1,1-dimethylgermaethylene, 1,1-dimethylstannaethylene, and 
1,1-dimethylplumbaethylene) and to assign 7r-bond energies in 
these compounds. 

(20) R. Walsh, Ace. Chem. Res., 14, 246 (1981). 
(21) J. E. Douglas, B. S. Rabinovitch, and F. S. Looney, J. Chem. Phys., 

23, 315 (1955). 
(22) (a) R. Ahlrichs and R. Heinzmann, J. Am. Chem. Soc, 99, 7452 

(1977). Other theoretical work: (b) H. B. Schlegel, S. Wolfe, and K. Mislow, 
J. Chem. Soc, Chem. Commun., 246 (1975). (c) O. P. Strausz, L. Gammie, 
G. Theodorakopoulos, P. G. Mezey, and I. G. Csizmadia, J. Am. Chem. Soc, 
98, 1622 (1976). (d) D. M. Hood, and H. F. Schaefer III, J. Chem. Phys., 
68,43 (1978). 

(23) (a) J. Vogt and J. L. Beauchamp, J. Am. Chem. Soc, 97, 6682 
(1975). (b) S. G. Lias and P. Ausloos, Int. J. Mass. Spectrom. Ion Phys., 
22, 135 (1976). (c) S. G. Lias and P. Ausloos, J. Am. Chem. Soc, 100, 5494 
(1978). (d) M. Ellenberger, R. A. Eades, M. W. Thomsen, W. E. Farneth, 
and D. A. Dixon, ibid., 101, 7151 (1979). 

(24) S. K. Pollack and W. J. Hehre, Tetrahedron Lett., 2453 (1980). 
(25) S. K. Pollack, B. C. Raine, and W. J. Hehre, J. Am. Chem. Soc, 103, 

6308 (1981). 
(26) D. J. DeFrees and W. J. Hehre, J. Phys. Chem., 82, 391 (1978). 
(27) C. F. Pau and W. J. Hehre, J. Phys. Chem., 86, 321 (1982). 
(28) C. F. Pau and W. J. Hehre, / . Phys. Chem., 86, 1252 (1982). 
(29) W. J. Pietro, S. K. Pollack, and W. J. Hehre, J. Am. Chem. Soc, 101, 

7126 (1979). 
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Table III. Heats of Formation and 7r-Bond Energies of Groups 4A Isobutylene Analogues (kcal mol"1) 

M A//£(Me3M-)a ZJ6(MC)6 AZZf(Me2M-CH2-)
0 AZZf(Me2M=CH2)

d E7, 

Si -1 89 45 7e 38 
Ge 3 68^ 49 6 43 
Sn 30 70 76 31 45 
Pb 43 45 89 59 30 

a See text. b Defined as Ai/for Me4M - Me3M- + Me-; AZZf(CH3-) taken as 35 kcal mor1 (ref 37). 0Z)6(CH), i.e., AZZ for CH3-M(Me)3-* 
CH2-M(Me)3 + H-, estimated to be 98 kcal mol"1 for all biradicals on the basis of a bond dissociation energy of 99 kcal mol"1 for ethane, 
corrected by 1 kcal mol"1 for the calculated (3-21G level; J. S. Binkley, J. A. Pople, and W. J. Hehre,/. Am. Chem. Soc, 102, 939 (1980)) 
energy for the reaction SiH3CH2- + CH3CH3 -» SiH3CH3 + CH3CH2- AH1(H-) taken as 52 kcal mol"1 (ref 37). d Based on proton affinities 
from this work. AZZf(H+) taken as 367 kcal mol"1 (ref 37). e Our assignment of the heat of formation of 1,1-dimethylsilaethylene has 
decreased by 13 kcal mol"1 since our initial publication,29 a change not due at all to our measurements but ultimately to a reassessment of the 
preferred value for the heat of formation of tetramethylsilane (ref 38b). ^ A value for Z)6(Me3Ge-CH2) of 76 kcal mol"1 may be determined 
from the measured Z)6(Me3Ge-H) (A. M. Doncaster and R. Walsh, J. Phys. Chem., 83, 578 (1979), and R. Walsh, private communication). 
The calculated En is then 51 kcal mol"1, which appears to be somewhat too large. The situation reflects the high degree of uncertainty associ­
ated with the thermochemistry of germanium compounds. 

Experimental Section 
Chlorotrimethylsilane was purchased from Aldrich (reagent grade) 

and used without further purification. Chlorotrimethylgermane and 
tetramethyltin were purchased from Alfa Ventron and distilled under an 
inert atmosphere prior to use. Tetramethyllead was purchased from 
Nalco and used without further purification. 

Chlorotrimethylsilane or chlorotrimethylgermane was admitted into 
a pulsed ion cyclotron resonance spectrometer30 along with a base in a 
3:1 ratio. The pressure was then increased 50-100 times with an inert 
buffer gas (argon or krypton). The total pressure in the spectrometer 
was typically (1-2) x 10"5 torr. Me3M

+ (M = Si, Ge) ions were pro­
duced by 20-eV electron impact on the chlorinated compound. Signals 
corresponding to the protonated base were observed at 400 ms, and 
standard double resonance techniques30,31 were used to determine whether 
its presence was a consequence of reaction with Me3M

+. 
Trimethyltin and trimethyllead cations were studied in a similar 

manner with the exception that they were created by 16-eV impact on 
tetramethyltin or tetramethyllead, respectively. 

Results and Discussion 
Electron impact ionization of trimethylsilyl chloride in an ICR 

spectrometer resulted in the formation of the trimethylsilyl cation, 
which could be detected for as long as 800 ms. Proton abstraction 
from trimethylsilyl cation, resulting in the production of BH+, 
which can be detected, as well as the formation of the neutral 
product, 1,1-dimethylsilaethylene, were observed when compounds 
of sufficient base strength were also present in the spectrometer. 
The reaction sequence is outlined as follows: 

e " + - -
(CH3J3SiCI (Ch 3 J 3 Si - e + C l 

B 

BH + (CH3J2Si = CH 2 

The proton affinity (PA) of 1,1-dimethylsilaethylene was de­
termined by admitting bases into the spectrometer of gradually 
increasing base strength and monitoring the onset of proton 
transfer.32 In a similar manner, the proton affinities of 
Me2M=CH2 , M = Ge, Sn, Pb, were also determined. The data 
are presented in Table I. Heats of formation of the corresponding 
cations, M(CH3)3

+, as determined from literature appearance 
potentials from the tetramethyl derivatives, are given in Table 
II. For our calculations we used the data of Potzinger and 
Lampe34" for trimethylsilyl cation and those of Lappert, Pedley, 

(30) (a) R. T. Mclver, Jr., Rev. Sci. Instrum., 41, 555 (1970). (b) J. D. 
Baldeschwieler and S. S. Woodgate, Ace. Chem. Res., 4, 114 (1971). (c) R. 
T. Mclver, Jr. and R. C. Dunbar, Int. J. Mass. Spectrum. Ion Phys., 7, 471 
(1971). (d) R. T. Mclver, Jr., Rev. Sci. Instrum., 49, 111 (1978). 

(3I)D. J. DeFrees, W. J. Hehre, R. T. Mclver, Jr., and D. H. McDaniel, 
J. Phys. Chem., 83, 232 (1979). 

(32) The principal assumption made here is that thermoneutral or exo­
thermic proton-transfer processes will be observed and that endothermic 
reactions will not. It is likely, however, that slightly endothermic reactions 
will occur to sufficient extent as to be detected. We suspect that a 2 kcal mol"1 

error bound is large enough to account for any uncertainty in the established 
transfer threshold. 

Simpson, and Spalding34b for the analogous germanium-, tin-, and 
lead-containing molecules. These constitute the lowest appearance 
potential thresholds available for this set of compounds. Many 
other measurements closely agree with these appearance poten­
tials,35 although a few are substantially different.36 These data, 
together with the proton affinities of the olefin analogues and the 
heat of formation of H+,37 yield heats of formation of the latter 
species, i.e., eq 1. They are displayed in Table III. 

AZZf(Me2M=CH2) = 
AJZf(Me3M

+) - AZZf(H+) - PA(Me2M=CH2) (1) 

ir-bond energies of the olefin analogues, also displayed in Table 
III, may now be defined as the difference between heats of for­
mation of the olefin analogues and the heats of formation of the 
corresponding biradicals. The latter quantities are not known 
experimentally but may be estimated by combining the heats of 
formation of the corresponding tetramethyl compounds, Me4M, 
and of H- and CH3-

37 with M-C and C-H bond dissociation 
energies, i.e., eq 2. The M-C bond dissociation energies were 

AZZf(Me2M-CH2-) = 
Z)e(MC) + Z)6(CH) + AZZf(Me4M) - ZZf(H-) - AZZf(CH3-) 

(2) 

calculated according to eq 3. The heat of formation of Me3Si-

ZJ6(M-C) = AZZf(Me3M-) + AZZf(CH3-) - AZZf(Me4M) (3) 

has been taken from the work of Doncaster and Walsh.38 Heats 
of formation for the remaining Me3M- radicals (M = Ge, Sn, Pb) 
have been obtained by a least-squares fit to the appearance po­
tential data of Potzinger and Lampe34a for Me3Si+ from Me4Si 
and of Lappert et al. for Me3M+ (M = Ge, Sn, Pb) from Me4M 
and Me3M-M'Me3 (M, M' = C, Si, Ge, Sn, Pb). Also assumed 
were heats of formation of Me4Si (-55 kcal mol"120), Me4Sn (-5 

(33) The original value of 202.3 kcal mol"1 for the proton affinity of the 
ammonia standard as derived for ICR spectroscopy ((a) J. F. Wolf, R. H. 
Staley, I. Koppel, M. Taagepera, R. T. Mclver, Jr., J. L. Beauchamp, and 
R. W. Taft, /. Am. Chem. Soc, 99, 5417 (1977)) has been revised upward 
to 205 kcal mol"1 due to recent work, (b) 203.6 kcal mol"1: S. T. Ceyer, P. 
W. Tiedmann, B. H. Mahan, and Y. T. Lee, J. Chem. Phys., 70, 14 (1979). 
(c) 207 kcal mol"1: F. A. Houle and J. L. Beauchamp, J. Am. Chem. Soc, 
101, 4067 (1979). (d) 209.2 kcal mol"1: R. G. McLoughlin and J. C. Traeger, 
ibid., 101, 5791 (1979). 

(34) (a) P. Potzinger and F. W. Lampe, J. Phys. Chem., 74, 719 (1970). 
(b) M. F. Lappert, J. B. Pedley, J. Simpson, and T. R. Spalding, J. Orga-
nomet. Chem., 29, 195 (1971). 

(35) (a) A. L. Yergey and F. W. Lampe, J. Organomet. Chem., 15, 339 
(1968). (b) M. F. Lappert, J. Simpson, and T. R. Spalding, ibid., 17, 1 
(1969). (c) S. J. Band, I. M. T. Davidson, and C. A. Lambert, J. Chem. Soc, 
A 2068 (1968). (d) G. G. Hess, F. W. Lampe, and L. H. Sommer, J. Am. 
Chem. Soc, 86, 3174 (1964). (e) G. Distafano, Inorg. Chem., 9, 1919 (1970). 

(36) (a) B. G. Hobrock and R. W. Kiser, J. Phys. Chem., 65, 2186 (1961); 
66, 155 (1962). (b) J. J. deRidder and G. Dijkstra, Red. Trav. Chim. 
Pays-Bas,»6, 737 (1967). 

(37) D. R. Stull and H. Prophet, "JANAF Thermochemical Tables", 2nd 
ed., National Bureau of Standards, Washington, D.C, 1971, NSRDS-NBS 
37. 

(38) (a) A. M. Doncaster and R. Walsh, J. Chem. Soc, Faraday Trans. 
1, 75, 1126 (1979). (b) A. M. Doncaster and R. Walsh, J. Phys. Chem., 83, 
3037 (1979). 
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kcal mor139), Me4Pb (33 kcal mor140J, Me3C- (10 kcal mol"141), 
Me3Si- (-1 kcal mol"138), and Me3C+ (165 kcal mol"142). We 
are aware of a measured value of -21 kcal mol-1 for the heat of 
formation of tetramethylgermane.43 However, we and others44 

feel that this is subject to considerable uncertainty, as it leads to 
a Ge-C bond energy that is conspicuously low. 

It should be stressed that the ir-bond energies in Table III are 
subject to considerable uncertainty. While they are independent 
of the heats of formation of the tetramethyl compounds, they are 
sensitive to the measured appearance potentials. Our estimates 

(39) V. I. Tel'noi and I. B. Rabinowich, Zh. Fiz. Khim., 40 1566 (1966). 
(40) W. D. Good, D. W. Scott, J. L. Lacine, and J. P. McCullough, / . 

Phys. Chem., 63, 1139 (1959). 
(41) J. Pacansky and J. S. Chang, submitted for publication. 
(42) F. A. Houle and J. L. Beauchamp, J. Am. Chem. Soc, 101, 4067 

(1979). 
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The nature of the molecular organization of chlorophylls in 
green plants and photosynthetic bacteria is of fundamental im­
portance in the understanding of the photoreaction processes,3 and 
the extent and structures of the chlorophyll aggregates formed 
have been the subject of many investigations.4 Application of 
NMR spectroscopy to the study of the aggregation process in 
solutions of chlorophyll derivatives has been highlighted by the 
extensive investigations of Katz and co-workers5"7 and also by 
Fong.8 Synthetic approaches to models of the special pair 

(1) Part 17: Abraham, R. J.; Bedford, G. R.; Wright, B. Org. Magn. 
Reson., in press. 

(2) (a) University of Liverpool, (b) University of California. 
(3) E.g.: "Integrated Approach to Plant and Bacterial Photosynthesis"; 

Govindjee, Ed.; Academic Press: New York 1981. 
(4) E.g.: "Chlorophyll Organization and Energy Transfer in 

Photosynthesis"; Ciba Foundation Symposium 61, Excerpta Medica, Am­
sterdam, 1979; p 374. 

(5) Katz, J. J.; Strain, H. H.; Leussing, D. L.; Dougherty, R. C. J. Am. 
Chem. Soc. 1968, 90, 784-791. 

(6) Closs, G. L.; Katz, J. J.; Pennington, F. C; Thomas, M. R.; Strain, H. 
H. J. Am. Chem. Soc. 1963, 85, 3809-3821. 

(7) Katz, J. J.; Closs, G. L.; Pennington, F. C; Thomas, M. R.; Strain, H. 
H. J. Am. Chem. Soc. 1963, 85, 3801-3809. 

are based on what we believe are the best data currently available. 
An interesting picture of the bonding in these compounds arises. 
While the x-bond energy of the silaolefin is considerably less than 
that in the hydrocarbon, in agreement other experimental, work18'19 

and with the best available theoretical calculations,22 no further 
decrease in ir-bond strengths in the corresponding germanium and 
tin compounds is noted. In fact, small increases are suggested. 
The lead-carbon double bond is indicated to be weaker but only 
by about 10 kcal mol"1. Further experimental and theoretical work 
is desirable and is under way in our laboratory. In particular, 
we are attempting to define ir-bond strengths in these and related 
compounds with reference to as little external stabilities of olefin-
and carbene-like isomers. A preliminary report on the silicon 
system will appear shortly.45 

Registry No. Me2Si=CH2, 4112-23-6; Me2Ge=CH2, 82064-99-1; 
Me2Sn=CH2, 82065-00-7; Me2Pb=CH2, 82065-01-8; Me3Si+, 28927-
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photosynthetic reaction center have also been investigated by 
several groups,9,10 and structures of the derived complexes in 
solution have been studied by NMR and other spectroscopic 
techniques. In these investigations, the interpretation of the NMR 
shifts is usually given in terms of the ring-current shifts experienced 
by nuclei situated near to the chlorophyll ring; thus, the ring 
current serves as a geometric probe of the structure of the com­
plexes. Obviously, the more accurate the ring-current model used, 
the better the structural information obtained from it. However, 
in the absence of a refined ring-current model for the chlorophyll 
(7,8-dihydroporphyrin) ring, previous investigations have either 
made use of relatively crude models, such as the single-current 
loop (which does not reflect the asymmetry of the chlorin ring), 
or discussed the observed shifts in an entirely qualitative manner. 
Such qualitative discussions, e.g., into the different postulated 
structures of the aggregates,10 would benefit greatly from a more 

(8) Fong, F. K.; Koester, V. S. J. Am. Chem. Soc. 1975, 97, 6888-6890. 
Fong, F. K.; Ibid. 1975, 97, 6890-6892. 
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Abstract: A double dipole model of the macrocyclic ring current in the dihydroporphyrin ring of chlorophyll derivatives is 
presented and parameterized. The model includes a close-range approximation that has both first-order and second-order 
continuity at all points in space, except through the current loop itself. The model is tested by comparison of the proton chemical 
shifts of methyl pyropheophorbide a (1) with the corresponding porphyrin, 2-vinylphylloerythrin methyl ester (2). Aggregation 
effects were eliminated by use of the zinc(II) complexes bearing an apical pyrrolidine ligand, and substitution effects were 
isolated by use of the corresponding chlorin and porphyrin 9-ketals (3 and 4, respectively). The exocyclic ring E has no appreciable 
effect on the macrocyclic ring current, but the C9 keto function and the reduction in ring D in the chlorin both reduce the 
ring current by about 6 and 10%, respectively. The resulting model gives a good account of the chemical shift differences 
of all the protons in methyl pyropheophorbide a and 2-vinylphylloerythrin methyl ester. Owing to very low yields encountered 
in the preparation of 2-vinylphylloerythrin methyl ester from methyl pyropheophorbide a, a new route involving DDQ oxidation 
of the chlorin 9-ketal (3) is described. 
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