
4060 NOTES VOL. 32 

TABLE I1 
REACTION OF 1,5-DIIODOPENTANE, 5-IODO-l-PENTENE, AND CYCLOPENTYL IODIDE WITH &BUTYL AND BENZOYL PEROXIDES - Per cent yield4 

-Benzoyl peroxide, 70 min, 115O- t-Butyl peroxide, 1 hr, 168’ 
Product I(CH9)aI Cyolopentyl iodide CHI=CH(CHI)II I(CHds1 Cyclopentyl iodide CH2=CH(CHz)sI 

Cyclopentane 4 . 5  22 8 . 2  49 Trace 
Cyclopentene 13 21 Trace 
Ph(CH2)aCH==CH2 4 .4  1 . 4  
Cyclopentyl benzoate 6 .0  Trace 
Cyclopent ylcyclopentane 0 . 3  Trace 
Cyclopent ylbenzene 9.5 0 . 5  
Cyclopentyl iodide Trace Trace Trace Trace 
PhC02(CH,)sCH=CEI, Trace Trace 

a By “trace” we mean an amount which corresponds to less than 10% of the lowest yield reported in this table. 

reaction. In addition, there is a precedented route: 
5-iodo-1-pentene, which is a very minor product, could 
yield the 5-penten-1-yl radical which could then cy- 
clize to the cyclopentyl radical and go on to cyclo- 
pentane. In order t o  help us decide whether this pos- 
sibility, or any other which involves the cyclopentyl 
radical, need be considered seriously, we have per- 
formed experiments designed to indicate the fates of 
5-iodo-1-pentene and the cyclopentyl radical (gener- 
ated from cyclopentyl iodide) under the reaction con- 
ditions.6 Presented in Table I1 are the yields of those 
products derived from reaction of cyclopentyl iodide, 
5-iodo-1-pentene, and 1,5-diiodopentane with benzoyl 
and di-t-but31 peroxides which we feel are pertinent to 
this question. We believe that the results obtained 
with 1,s-diiodopeni ane are sufficiently different from 
those obtained with cyclopentyl iodide and 5-iodo-l- 
pentene so as to enable us to  conclude that i t  is un- 
likely that the products formed from 1,5-diiodopen- 
tane, particularly cyclopentane, result to a significant 
extent from reaction of either 5-iodo-1-pentene or the 
cyclopentyl radical 

Experimental Section 

Reactions were run in sealed nmr tubes in benzene as solvent. 
Products for which numerical yields are reported have been 
identified by direct comparison with independently obtained 
samples. Yields were estimated by use of nmr spectroscopy 
and gas chrom:ttographic analysis. 

1,5-Diiodopentane, di-t-butyl peroxide, benzoyl peroxide, cy- 
clopentane, cyclopentyl iodide, pentenes, 1-iodopentane, 1- 
phenylpentane, iodobenzene, methyl iodide, toluene, acetone, 
t-butyl alcohol, isobutylene, benzene, cyclopentene, cyclo- 
pentylcyclopentane, and cyclopentylbenzene were commercial 
materials. 

5-Iodo-1-pentene6 and (4-pentenyl)benzene7 were prepared 
by literature procedures. 

(4-Pentenyl) benzoate and cyclopentyl benzoate were pre- 
pared by reaction of the corresponding alcohols with benzoyl 
chloride in pyridine. 

(5-Iodopentyl) benzoate and (5-iodopenty1)benzene were pre- 
pared by reaction of (5-bromopentyl) benzoates and (5-bromo- 
pentyl)ben~ene,~ respectively, with sodium iodide in acetone. 

(5) In these circumstances one unfortunately cannot rigorously determine 
the expected fate of a given substance, were i t  formed during the reaction, 
by introducing that aubstance into the reaction mixture or by subjecting i t  to 
the “reaction conditions” since the mere presence of the material in an 
artificially created concentration or in the absence of other materials results 
in a perturbed system, particularly with regard to the probability of occur- 
rence of various bimolecular stepa. The difficulty is compounded by our 
poor material balances. 

(6) T. D. Perrine, J. Org. Chem., 18, 1356 (1953). 
(7) J. von Braun, Ber., 46, 1246 (1912). 
(8) J. von Braun, ibid., 46, 1782 (1913). 
(9) R. Huisgen, W. Rapp, I. Ugi, H. Wals, and I. Glogger, Ann., 686, 

52 (1954). 
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Because phthalaldehydic acid n-as known to give 
derivatives of either 2-carboxybenzaldehyde (I) or 
3-hydroxyphthalide (11), its actual structure has been 
in doubt ever since it was first described.2 

I, R = H  I1 
111, R = D 

The failure of chemical techniques to ascertain the 
structure of phthalaldehydic acid led Buu-Hoi and 
Lin-Chen-Kin3 to examine its ultraviolet spectrum. 
They concluded that the two forms I and I1 were in a 
solvent-dependent equilibrium and that, whereas I1 
was the only form present in dioxane, water solutions 
contained a mixture of I and 11. Later, three groups 
examined the infrared spectrum of phthalaldehydic 
acid in the solid state and in aqueous solution.4-8 All 
agreed that in both cases the compound existed in the 
cyclized form 11. Furthermore, it was shown that 
upon alkali treatment the lactol ring was opened, 
forming the anion of I .6  

In  view of the historical interest of this problem and 
because a recent article7 has implicitly challenged the 
above results, we wish to present the results of a rein- 
vestigation of the structure of phthalaldehydic acid by 
nuclear magnetic resonance. 

The resonance of aldehyde protons occurs near 

(1) Ackbowledgment is made to the donors of the Petroleum Research 
Fund, administered by the American Chemical Society, for partial support 
of this research. We w e  also grateful to the National Science Foundation 
for assistance during the course of this work. 

( 2 )  S. Racine, Chem. Ber., 19, 778 (1888); Ann., 289, 78 (1887). 
(3) Buu-Hoi and Lin-Chen-Kin, Compt. Rend., 209, 221 (1939). 
(4) J. F. Grove and H. A. Willie, J .  Chem. SOC.,  877 (1951). 
(5) D. D. Wheeler, D. C. Young, and D. S. Erley, J .  Org. Chem., 29, 547 

(1957). 
(6) E. Bernatek, Acta Chem. Scand., 14, 785 (1960). 
(7) J. Aknin and D. Molho, Bull. Sac. Chim. France, 1813 (1967). 
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10 ppm, at  a field much lower than1 that of other pro- 
tons attached to  carbon atoms. On the other hand, 
the presence of a 3-hydroxyl is expected to  lower the 
5.3-ppm resonance of the 3-protons of phthalide by 
about 1.5 ppm. The structural problem can there- 
fore be solved simply by checking for the presence of 
the lia1dehyde” proton a t  either 7 or 10 ppm. 

The nmr spectrum of phthalaldehydic acid was 
measured in the following solvents: acetic acid, ace- 
tone, acetonitrile, chloroform-d, dimethyl sulfoxide-&, 
dioxane, ethyl acetate, 2-propanol, methanol, and 
water. In all cases a signal near 7 ppm was o b ~ e r v e d ~ ~ ~  

(8) Preliminary results of P. R. Jones and 0. A. Berchtold pointing to a 

(9) P. R. Jones, Chem. Rev., 68, 479 (1963). 
cyclic structure in acetone-& have been recorded.9 

but no signal near 10 ppm could be found. Occasion- 
ally, the signal was broad because of coupling with the 
hydroxyl, but it became a sharp singlet after exchange 
of that proton with deuterium from a few drops of 
deuterium oxide added to  the sample tube. 

When the compound in water solution (Figure 1) 
was completely neutralized with base, the peak a t  
6.75 ppm was replaced by a sharp signal at 10.15 ppm, 
clearly showing that the anion was that derived from 
the uncyclized structture I. With less than 1 equiv of 
base, a sharp signal appeared a t  a position moving 
downfield toward 10.15 ppm proportionally to the 
amount of base added, indicating a rapid interconver- 
sion between the cyclized forms and the open 
forms. 
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These results fully confirm those obtained by infra- 
red analysis. Any equilibrium I @ I1 must lie very 
far to  the right a t  the total concentrations used for in- 
frared and nuclear magnetic resonance measurements. 
It is not impossible that  at much lower concentrations, 
such as those used for ultraviolet spectroscopy, the 
relative concentration of I may become more signif- 
icant. 

The formation of an oxime of phthalaldehydic acid 
in acidic solutione suggested the presence of some I in 
these conditions. When the compound was dissolved 
in 2 N hydrochloric or sulfuric acid, the nmr spectrum 
was practically identical with that  recorded in water. 
However, when the concentration of acid was in- 
creased, the spectrum changed in a manner analogous 
to  that  observed in alkaline solution. The 6.75-ppm 
signal in water was a t  7.18 in 50% sulfuric acid, 8.48 
in 80% acid, 9.12 in 90% acid, and 9.45 ppm in pure 
sulfuric acid. I n  comparison, the 4-carboxybenzalde- 
hyde showed a sharp singlet a t  9.95 ppm and phthal- 
ide, a singlet a t  5.05 ppm in the same conditions, indi- 
cating no drastic effect of the strong acid on the spec- 
trum of these compounds. No good model compound 
was available for judging the possible effect on the 
nmr spectrum of protonation of I1 or formation of a 
carbonium ion derived from it.lo We noted, however, 
that, whereas all the compounds mentioned above 
gave colorless sulfuric acid solutions, intense colors 
were observed when benzhydrol or benzylic acid were 
dissolved in this acid. Furthermore in these last two 
spectra the benzylic protons did not appear a t  a field 
lower than that of the aromatic ones. We believe, 
therefore, that our results indicate a rapid equilibrium 
between the open and cyclized forms of phthalalde- 
hydic acid in strong acid, favoring the open form. In  
pure sulfuric acid, the equilibrium probably has close 
to  95% of I he open form. 

It is clear that in general the name 2-carboxybenz- 
aldehyde should be avoided in designating phthalalde- 
hydic acid, best described as 3-hydroxyphthalide, ex- 
cept in strong acids or in basic media. Furthermore, 
the claim that  the deuterated acid I11 was easily iso- 
lated' is not supported by the results of either infrared 
or nmr spectroscopy. Although the structure of the 
described pi*oducts may not be affected, the mechanis- 
tic discussions found in that article deserve a more 
critical evaluation. 

Experimental Section 

The starting material used in this work was purchased as 
2-carboxybenzaldehyde from Aldrich Chemical Co., Milwaukee, 
Wis. After recrystallization from water, it melted at  97". The 
sulfuric acid (95-98%) and all solvents for nmr determinations 
were reagent grade and were used without further purification. 

The nmr spectra were determined on a Varian A60-A spec- 
trometer, using a tetramethylsilane standard. I n  the case of 
the water and sulfuric acid solutions, the general position of the 
peaks being more important than their precise location, the 
standard was used externally. 

3-Ethoxyphthalide was obtained by irradiating I1 in ethanol- 
containing chloroform.1l 

(10) The study of 3-ethoxyphthalide in concentrated sulfuric acid shed 
Immediate hydrolysis took place and the spectrum was identical no light. 

with that  of an equimolar mixture of I1 and ethanol. 
(11) J. Ksgan, unpublished results. 
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The reactions of divalent lead salts with organome- 
tallic alkylating agents have been thoroughly stud- 
ied.'J The most frequently used laboratory prepara- 
tion of tetraorganolead compounds is the reaction of 
lead dichloride with an organomagnesium or organo- 
lithium reagent (eq 1). The reactions of organome- 

4RM + BPbCls+ R4Pb + P b  + 4MC1 (1) 

tallic alkylating agents and tetravalent lead salts have 
been studied by several  investigator^.^^^ The interest 
in tetravalent lead salts arises because one might ex- 
pect them to be converted quantitatively to  the de- 
sired tetraorganolead compound without formation of 
any by-product lead metal (eq 2). Previous investi- 

(2) 4RM + PbXd+ RaPb + 4MX 

gations have found no advantage in using tetravalent 
lead salts with Grignard or lithium reagents since sub- 
stantial reduction of the tetravalent lead by the orga- 
nometallic occurred.6 

This study was undertaken to  investigate further 
the reaction of lead tetraacetate with Grignard rea- 
gents and attempt to  find reaction conditions under 
which no by-product lead is obtained. Tetramethyl- 
lead and tetraethyllead were prepared in 89 and 94% 
yield, respectively, according to  eq 2. Unexpectedly 
it was found that  the most critical factors in obtaining 
these high yields is the order in which the reactants 
are mixed and the solvent used. The preferred 
method, resulting in no by-product lead formation, 
is the addition of lead tetraacetate to the Grignard rea- 
gent in tetrahydrofuran (THF). Higher yields are 
obtained by performing the reaction a t  lower tempera- 
ture (5") as compared to ambient temperature (25"). 
These three modifications of reaction conditions ac- 
count for the success of these experiments and the fail- 
ure of earlier workers in obtaining high yields without 
production of lead metal. Because of the availability 
of lead tetraacetate and ability to  obtain high yields 
in short reaction times, this reaction is particularly 
useful for synthesis of many tetraalkyllead compounds. 

An attempt to form tetraneopentyllead from the 
reaction of neopentylmagnesium chloride and lead 
tetraacetate a t  5" resulted in a 507, yield of hexaneo- 
pentyldilead. Previous attempts in preparing tetra- 
neopentyllead by several methods have also met with 

It was found that  reaction of neopentyl- 

(1) R. W. Leeper, L. Summer, and H. Gillman, Chem. Rm., 64, 101 (1954). 
(2) T. H. Pearson, S. M. Blitzer, D. R. Carley, T. W. McKay, R. L. Ray. 

L. L. Sims, and J. R. Ziets, Advances in Chemistry Seriea, No. 23, 
American Chemical Society, Washington, D. C., 1959. p 299. 

(3) 0. Gruttner and E. Krause, Ber., 49, 1415 (1916). 
(4) F. W. Frey, Jr., and 9. E. Cook, J .  Am. Chem. Soc., 85, 530 (1960). 
(5) L. C. Willemsens, "Organolead Chemistry," Institute for Organio 

Chemistry TNO, Utrecht, N. Y., 1964, p 20. 
(6) H. Zimmer and 0. H. Hamburg, J. Org. Chehem., 31, 947 (1966). 
(7) G. Singh, $bid., 31, 949 (1966). 


