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MYRON L. CASPAR, J. B. STCYTHERS, and NANCY K. WILSON. Can. J. Chem. 53,1958 (1975). 
The 13C n.m.r. spectra of anthracene and 11 methylated anthracenes have been examined. 

Analysis of the 'H spectra allowed unequivocal assignments for most of the protonated carbons 
by selective proton decoupling. Parameters describing the methyl substituent effects on the aryl 
carbon shieldings were defined and refined by regression analysis so that the 13C shieldings 
were predicted for 67 independent aryl positions in anthracenes without peri-methyls with a 
standard deviation of 0.12 p.p.m. Perimethyl-methyl interactions cause considerable deviations 
from the predicted substituent effects. The relationships of the.13C shieldings to charge densities 
calculated by the CNDO/2 method were briefly examined. Syntheses of 2,7,9-trimethyl-, 
1,4,5,8- and 1,4,5,9-tetramethyl-, and 1,4,5,8,9-pentamethylanthracene are described. 

MYRON L. CATPAR, J. B. STOTHERS et NANCY K. WILSON. Can. J. Chem. 53,1958 (1975) 
On a examine les spectres de resonance magnktique nucltaire du 13C de I'anthrackne et de 11 

derives methyles de I'anthrackne. L'analyse des spectres 'H permet d'attribuer d'une facon 
non-6quivoque la resonance de la plupart des carbones protonts en faisant appel au decouplage 
selectif du proton. On a dkfini des paramktres dkrivant les effets d'un substituant mCthyle sur 
le blindage des carbones aromatiques. Ces paramktres ont kt6 affines par une analyse de rbres- 
sion d'une facon telle que les blindages du 13C ont pu &re predits (avec une deviation standard 
de 0.12 p.p.m.) pour 67 positions aromatiques indipendantes dans des anthracknes sans groupe- 
ment m6thyle en phi .  Les interactions peri mkthyle-methyle causent des deviations con- 
siderable~ par rapport aux effets de substituants qui sont prbdits. On a examine brikvement les 
relations entre les blindages des 13C par rapport aux densites de charges calculees par la methode 
CNDO/2. On dkrit  la synthkse du trimethyl-2,7,9, des tCtram6thyl-1,4,5,8 et 1,4,5,9 et du 
pentamethyl-1,4,5,8,9 anthrackne. [Traduit par le journal] 

Introduction 
Since the pioneering studies of 13C spectra by 

Lauterbur and Burke and Lauterbur (1) in the 
early sixties, the utility of 13C shieldings for iden- 
tification of hydrocarbons (2-4) and assessment 
of electronic structure (5-6) has been firmly es- 
tablished. There is great interest in the relation- 
ships of the chemical reactivities and electronic 
structures to carcinogenicities of several poly- 
nuclear aromatic hydrocarbons (7-9). Thus the 
potential of 13C n.m.r. studies to elicit informa- 
tion about the local electronic environments of 

'Author to whom correspondence should be addressed. 
Present address: Chemistry Branch, Pesticides and Toxic 
Substances Effects Laboratory, U.S. Environmental Pro- 
tection Agency, Research Triangle Park, N.C. 2771 1. 

these compounds has considerable practical as 
well as theoretical significance. 

Detailed interpretation of the 13C n.m.r. 
parameters of a group of compounds such as the 
methylated polycyclic aromatic carcinogens (10) 
depends to a large extent on an understanding of 
the influences governing 13C shieldings in 
simpler methyl-substituted aryl systems. Methyl- 
benzenes were carefully examined some time ago 
(3) and recently series of methylnaphthalenes have 
been examined in two separate studies (11, 12), 
one of which also included an investigation of the 
relationships of the 13C shieldings to calculated 
charge densities (1 1). 

To aid the further understanding of 13C 
shieldings in aryl systems, in this study the 13C 
spectra of anthracene and 11 methylated anthra- 
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CASPAR ET AL.: ME 

cenes were examined. Analyses of the proton 
n.m.r. spectra allowed unequivocal assignments 
of the resonances of the proton-bearing carbons 
by selective proton decoupling. From the mea- 
sured effects of the methyl substituents on the 
13C shieldings, a set of parameters describing the 
effect of methyl substitution at the 1-, 2-, and 9- 
positions was derived. Deviations from the ex- 
pected substituent effects due to steric interac- 
tions of peri-methyl groups were found. Charge 
densities at the carbons calculated by the CNDO/ 
2 method were found to correlate roughly with 
the 13C shieldings. Two of the compounds 
studied, 1,4,5,9-tetramethylanthracene and 1,4,5, 
8,9-pentamethylanthracene, have not previously 
been reported in the literature. Their syntheses 
are described below. 

Results and Discussion 
Syntheses of Substrates 

Polysubstituted anthracenes are commonly 
prepared by cyclodehydration of o-benzylaceto- 
phenones (13) and o-methylbenzophenones (14) 
or by reduction of the corresponding anthra- 
quinones which are obtained by the cyclodehy- 
dration of o-benzoylbenzoic acids (15). These 
cyclodehydrations, which are carried out under 
vigorous pyrolytic or acid-catalyzed conditions, 
are subject to phenonium ion rearrangements 
(16), alkyl group migrations (17), and dealkyla- 
tions (1 8). As a result of these and other unspeci- 
fied side reactions, anthracenes prepared by these 
cyclodehydration processes are often obtained in 
low yields as difficult to purify mixtures (19). 

In contrast to cyclodehydration leading to an- 
thracenes and anthraquinones, anthrones can be 
prepared by the cyclodehydration of o-benzyl- 
benzoic acids under mild conditions (80% sulfuric 
acid, 0 "C) and in high yields (> 90%) without re- 
arrangement (20). Anthrones are particularly 
useful synthetic intermediates for the present 
study since they can be reduced by complex metal 
hydrides to 9,lO-dihydro-9-anthranols which can 
then be converted to the corresponding anthra- 
cenes by mild acid-catalyzed dehydration. This 
route, summarized in Scheme 1, was used for the 
synthesis of 1,4,5,8-tetramethylanthracene (4). 

Anthrones may also be converted conveniently 
to 9- or 10-alkylated anthracenes by base- 
catalyzed alkylation at the 10-methylene group 
followed by reduction and dehydration, or by 
Grignard addition to the carbonyl group followed 

- 
10% NaOH 

CH3 CH3 

conc. H,S04 
P 

0-20 "C \ / 

( I )  LiAIH, 
(2) DMSO, acetic acid / A 

CH3 CH3 
4 

SCHEME 1. Preparation of 1,4,5,8-tetramethylanthracene 
(4). 

j 

b3 \ 

( I )  LiAlH4 ,' M3 
\ (2) DMSO, \ / /  

acetic acid 
C H 3 0  CH3 CH, CH3 

5 6 

SCHEME 2. Preparation of 1,4,5,8,9-pentamethylanthra- 
cene (6). 

by dehydration. The former route, outlined in 
Schemes 2 and 3, was used for the syntheses of 
1,4,5,8,9-pentamethylanthracene (6) and 1,4,5,9- 
tetramethylanthracene (12). The latter route, 
shown in Scheme 4, was followed for the synthe- 
sis of 2,7,9-trimethylanthracene (16). 

Syntheses of 4 and 16 through the anthrones 
confirm the structures of these anthracenes, 
which previously had been prepared via the an- 
thraquinone for 4 (19) and via a modified Brad- 
sher route for 16 (21). 
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( I )  LiAIH, 
P 

(2) H+ 

Zn 8 
CH3 >- 

10% NaOH p 3  

conc. H2S0, 
0-20 "C I 

CH3 
I 

12 11 10 
SCHEME 3. Preparation of 1,4,5,9-tetramethylanthracene (12). 

(I )  CH,MgBr mc3 (2)  H+ CH3 CH3 CH3 
CH3 0 
16 15 

SCHEME 4. Preparation of 2,7,9-trimethylanthracene (16). 

Nuclear Magnetic Resonance Parameters 
The proton n.m.r. parameters for anthracene 

and 11 methylated anthracenes are given in Table 
1. The deshielding effect of substitution at the 
1-, 4-, 5-, 8-, 9-, or 10-positions on the peri-pro- 
ton resonances is well established (22); thus 
unambiguous assignments were possible for all 
the proton resonances, including those giving 
AA'BB' patterns, with the exception of 2- 
methylanthracene for which there was extensive 

overlap of the subspectral patterns and which 
also had nearly equivalent chemical shifts. Using 
these proton assignments, selective decoupling 
experiments allowed assignments of the 13C 

resonances to specific proton-bearing carbons for 
all the compounds except 2-methylanthracene. 
Quaternary carbon signals were assigned on the 
basis of their relative intensities, with the as- 
sumption of approximately equal effective rota- 
tional correlation times. The nuclear Overhauser 
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TABLE 1. Proton n.m.r. parameters of several methylanthracenes* 

Chemical shift (6, p.p.m. from TMS) 

Substitution CH3 H-1 H-2 H-3 H-4 H-5 H-6 H-7 H-8 H-9 H-10 

9-Me 3.070 8.261 7.482 7.436 7.974 7.974 7.436 7.482 8.261 - 8.311 
9,l 0-Me2 3.086 8.316 7.500 7.500 8.316 8.316 7.500 7.500 8.316 - - 

1 -Me 2.802 - 7.284 7.341 7.851 7.986 7.439 7.458 8.017 8.517 8.396 
1 ,4-Me2 2.768 - 7.174 7.174 - 8.018 7.456 7.456 8.018 8.520 8.520 
1 ,%Me2 2.823 - 7.303 7.344 7.849 7.849 7.344 7.303 - 8.597 8.393 
1 ,4,5,8-Me4 2.783 - 7.189 7.189 - - 7.189 7.189 - 8.591 8.591 
1,4,9-Me, 2.737(4) - 7.130 7.130 - 7.971 7.425 7.472 8.248 - 8.390 

2.940(1) 
3.229(9) 

1 ,4,5,9-Me4 2.772(4) - 7.155 7.155 - - 7.290 7.383 8.152 - 8.515 
2.81 9(5) 
2.948(1) 
3.244(9) 

1 ,4,5,8,9-Me5 2.762(4,5) - 7.160 7.160 - - 7.160 7.160 - - 8.419 
2.872(1. 8) 

Coupling constants (J, Hz) 
- - -- - - - - - 

Substitution 1,2 1,3 1,4 2,3 2,4 3,4 5,6 5,7 5 3  6 7  6 3  7 3  

9-Me 8.6 0.7 0.3 6.2 1.1 8.5 8.5 1.1 0.3 6.2 0.7 8.6 
9,lO-Me, 8.6 1.4 0.0 5.5 1.4 8.6 8.6 1.4 0.0 5.5 1.4 8.6 
1 -Me - - - 6.9 0.9 8.2 8.6 1.6 0.4 7.0 1.6 8.2 
1 - - - - - - 8.5 1.2 0.0 6.6 1.2 8.5 
1 &Me2 - - - 6.7 1.1 8.5 8.5 1.1 - 6.7 - - 
1 ,4,9-Me3 - - - - - 8.9 1 .O 0.3 6.4 0.5 9.8 
1 ,4,5,9-Me4 - - - - - - - - 8.7 1.4 8.4 
2-Me - 1.7 -0.0 - - 8.7 7.6 1.1 0.0 6.2 1.4 9.3 
2,7,9-Me3 - 0.9 -0.0 - - 8.0 8.0 - -0.0 - 0.9 - 

'Obtained for 57 (wlv) solutions in chloroform-d using LAOCN3 program. The mean overall rms error is 0.059 Hz, with a range of 0.029-0.178 Hz, except for 2- 
methylanthracene, ibr which the r.m.s. error is 0.244'~~. 
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TABLE 2. 13C shieldings of several methylanthracenes* 

Substitution C- 1 C-2 C-3 G 4  C-5 C-6 C-7 C-8 C-9 C-10 C-11 C-12 C-13 C-14 Me 

Nil 127.9 125.1 125.1 127.9 127.9 125.1 125.1 127.9 126.0 126.0 131.5 131.5 131.5 131.5 
9-Me 124.3 (124.8) (124.4) 128.7 128.7 (124.4) (124.8) 124.3 129.7 124.3 129.8 131.1 131.1 129.8 13.7 
9, 10-Me2 125.0 124.4 124.4 125.0 125.0 124.4 124.4 125.0 128.1 128.1 129.6 129.6 129.6 129.6 14.1 
1 -Me 133.9 125.4 124.9 126.5 127.7 125.1 125.0 128.3 122.5 126.6 131.2 131.7 131.4 131.2 19.7 
1,4-Me* 132.1 125.2 125.2 132.1 128.1 125.1 125.1 128.1 123.0 123.0 131.0 131.0 131.3 131.3 19.7 
1 ,8-Me2 134.1 125.4 124.9 126.3 126.3 124.9 125.4 134.1 118.7 127.1 130.9 131.4 131.4 130.9 19.7 
1,4,5,8-Me, 132.2 125.2 125.2 132.2 132.2 125.2 125.2 132.2 119.6 119.6 130.6 130.6 130.6 130.6 19.6 
1,4,9-Me, 133.0 128.5 125.1 132.5 128.7 124.7 124.3 124.5 131.5 122.0 131.7 132.1 130.4 131.2 19.6 

(&Me) 
20.3 2: 

(9-Me) 
27.1 

(I-Me) 
1 ,4,5,9-Me4 133.1 128.8 125.0 133.0 134.6 125.3 125.0 123.0 131 .7~  118.3 131.68 132.2 130.2 132.0 19.9 F3 

(&Me) 
20.0 < 

(5-Me) 0 
20.3 

(9-Me) -2 
27.0 - 

(]-Me) 3 
1.4.5.8.9-Me, 134.3 128.5 124.8 132.2 132.2 124.8 128.5 134.3 133.4 118.0 132.3 131.0 131.0 132.3 20.0 "! 

(4.5-Me) 
25.9 

(1.8-Me) 
26.8 

(9-Me) 
2-Me 126.3 134.9 128.2 128.0 128.1 (124.9) (125.2) 128.2 125.2 125.9 132.1 130.4 131.3 131.9 21.9 
2,7,9-Me3 122.7 134.3 126.9 128.7 128.7 126.9 134.3 122.7 127.5 124.5 130.3 129.4 129.4 130.3 13.7 

(9-Me) 
22.4 

(2,7-Me) 

*In p.p.m. from internal TMS in CDCI, solutions; similar values in parentheses may be interchanged. 
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CASPAR ET AL.: METHYLANTHRACENES 
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-5 0 5 
Calculated substituenteffect.~qm, 

FIG. 1 .  Observed us. calculated methyl substituent 
effects on aryl 13C shieldings in several methylated 
anthracenes. 0, anthracenes without peri-methyl groups; 
A, anthracenes withperi-methyl groups. The line drawn is 
that for a perfect correlation with slope + 1 .  The numbers 
beside groups of data points lying far off the line indicate 
the positions of those carbons in the anthracene molecule. 
Some closely clustered points have been omitted for 
clarity. 

enhancements depend on dipolar relaxation by 
protons, which decreases with increases in the 
C-H separation, as the inverse sixth power of 
this separation. Thus the closer the neighboring 
protons, the more intense the carbon resonances, 
up to the maximum enhancement, which is ob- 
tained for entirely dipolar relaxation (23). The 
remaining resonances were assigned in a mutual- 
ly consistent manner, assuming additivity of 
methyl group effects. The 13C shieldings are 
collected in Table 2. 

Using the results for 1-methyl-, 1,4-dimethyl-, 
1,8-dimethyl-, and 1,4,5,8-tetramethylanthra- 
cene, a set of additive parameters describing the 
effects of a 1-methyl group on the 13C shielding 
at all aryl positions was derived. Similarly, from 
the data for 9-methyl- and 9,lO-dimethylanthra- 
cene, parameters for a 9-methyl substituent were 
obtained and from these and the data for 2- 
methyl- and 2,7,9-trimethylanthracene, the cor- 
responding parameters for a 2-methyl substituent 
were found. After refinement of the parameters 
to provide the best overall fit for the set of all 
methylated anthracenes lackingperi substituents, 
the methyl substituent parameters given in Table 
3 were obtained. These parameters predict the 
13C shieldings at all 67 independent aryl positions 
in the methylanthracenes lacking peri-methyl 
substitution with a standard error of 0.12 p.p.m. 
This is illustrated in Fig. 1, which compares the 

predicted to the observed methyl substituent 
effects, where the open circles correspond to data 
points for non-peri-substituted methylanthra- 
cenes. The substituent effects of a 1-methyl group 
on the anthracene 13C shieldings are similar to 
those previously observed for 1 -methylnaphtha- 
lenes (1 I). For positions which are nearly equiva- 
lent in the two systems, these agree within 0.2 
p.p.m., except for the deshielding effects of the 
1-methyl at C-1 and C-2, which are smaller by 
-0.4 and -0.5 p.p.m. in anthracene. The 2- 
methyl substituent effects in anthracene differ 
from those in naphthalene by -0.5,0.0,0.6, and 
0.6 p.p.m., for C- 1, C-2, C-3, and C-4, respective- 
ly. Although these effects are more pronounced 
at positions near the substituent in anthracene, 
at the methyl-substituted carbon C-2, they are 
identical, 9.6 p.p.m. in both naphthalene and an- 
thracene. 

A different picture emerges for the anthracenes 
with peri methyl-methyl interactions, 1,4,9- 
trimethyl-, 1,4,5,9-tetramethyl-, and 1,4,5,8,9- 
pentamethylanthracene. These compounds have 
13C shieldings which differ markedly from those 
predicted on the basis of the derived substituent 
parameters and the assumption of additivity. 
These differences are illustrated by the shaded 
triangles in Fig. 1 and are listed in Table 4. 

In contrast to the increased shielding generally 
associated with crowded carbons separated by 
three bonds (24,25) and observed for the methyl 
carbons with ortho-dimethyl substitution in 
naphthalenes (1 l), steric crowding of carbons 
separated by four bonds leads to deshielding of 
the carbons involved. This 6 effect, only recently 
clearly recognized (26), is evident in the de- 
shielding of the 1-methyl and 9-methyl carbons, 
7.4 and 6.6 p.p.m., respectively, relative to their 
13C shieldings in their nonhindered counterparts. 
Other carbons in the sterically crowded part of 
the molecule likewise evince this deshielding. 
Thus at the methyl-substituted carbons, a single 
peri-methyl interaction results in average de- 
shieldings of 4.9 p.p.m. at C-1 and C-9. In 1,8- 
dimethylnaphthalene (11) this effect was 5.1 
p.p.m. at C-1. At positions ortho to the peri- 
methyl groups, C-2, C-l l ,  and C-14, these effects 
average 3.6, 2.2, and 2.1 p.p.m., respectively. 
These, too, are similar to those observed in 1,8- 
dimethylnaphthalene, 3.0 p.p.m. at C-2 and 1.2 
p.p.m. at C-9. Interestingly, the deshielding 6 
effects appear to be approximately additive, as is 
shown by comparison of the differences between 
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CASPAR ET AL.: ME 

predicted and observed shieldings (Table 4) for 
C-9 of 1,4,5,8,9-pentamethylanthracene, which 
has two peri-methyl interactions, with those dif- 
ferences at the same carbon in 1,4,9-trimethyl- 
and 1,4,5,9-tetramethylanthracene, each of which 
has only one peri-methyl interaction. The 9- 
methyl carbon shieldings in these three com- 
pounds exhibit similar behavior, with two peri- 
methyl interactions giving rise to a deshielding 
of 13.1 p.p.m. and one a deshielding of 6.6 p.p.m. 
This 6.6 p.p.m. methyl carbon deshielding re- 
sulting from oneperi-methyl interaction is exactly 
that observed in 1,8-dimethylnaphthalene (1 1). 
It seems likely that the deviations in Table 4 re- 
sulting from steric crowding of the methyl groups 
arise partially from alterations in the aryl carbon 
-carbon bond orders in the parts of the molecule 
close to the methyl groups. Other factors can- 
not, however, be discounted. 

One contribution to the shielding of a given 
13C nucleus results from the electronic charge 
density at that nucleus (24). Several studies have 
indicated that charge distributions calculated by 
the CND0/2 method (27) correlate reasonably 
well with experimental trends in 13C n.m.r. data 
(28). To test for such correlations between the ob- 
served aryl shieldings and calculated charge den- 
sities for the methylated anthracenes, CND0/2 
calculations (29) for anthracene and its 1-methyl, 
2-methyl, 9-methyl, 1,4-dimethyl, 1,8-dimethyl, 
9,lO-dimethyl, 2,7,9-trimethyl, and 1,4,5,8-tetra- 
methyl derivatives were carried out. The results 
of these calculations are plotted in Fig. 2 us. the 
experimental 13C shieldings. The points shown 
are for the total charge density; the 71. charge den- 
sity gave a similar plot but the correlation was 
slightly poorer. It  was anticipated from the pre- 
vious work on methylated naphthalenes (ll),  
that aryl carbons in the P positions (C-2, C-3, 
C-6, C-7) of unsubstituted rings and these car- 
bons when two bonds removed from the sub- 
stituted carbon in substituted rings would be 
more shielded than the general trend for the other 
carbons, illustrated by the straight line in Fig. 2, 
would indicate. Data points for these P carbons 
were clustered tightly about one point, showing 
no trend in shielding with charge density. The 
peri effects of 1-methyl groups on the C-9 shield- 
ings are sufficiently large that no discernible cor- 
relation of these shieldings with total charge den- 
sity was found. For all carbons at ring junctions, 
C-11, -12, -13, and -14, the trends in both n and 
total charge densities successfully predicted the 

FIG. 2. Total charge densities us. 13C shieldings of 
aryl carbons in methylated anthracenes. 0, anthracene; 
0, 1-methylanthracene; A, 2-methylanthracene; A, 9- 
methylanthracene; 0 ,  1,4-dimethylanthracene; +, 2,7,9- 
trimethylanthracene; 0, 1,8-dimethylanthracene; B, 
1,4,5,8-tetramethylanthracene; V,  9,lO-dimethylanthra- 
cene. The total charge is given in units of e, the charge on 
the electron. 

ordering of the 13c resonances, but extension of 
these predictions to include all quaternary aryl 
carbons was unsuccessful, suggesting that the 
prediction of the ordering of the condensed car- 
bon shieldings was somewhat fortuitous. The ob- 
served 13C shieldings in the methylated anthra- 
cenes are related to the electronic charge distri- 
butions, but crudely, and other contributions to 
these shieldings, including bond orders and pos- 
sibly as yet ill-defined steric effects, must be con- 
sidered. 

Experimental 
Materials 

Anthracene and 2-methyl-, 9-methyl-, and 9,lO- 
dimethylanthracene of reagent quality were commercially 
obtained and used without further purification. Literature 
methods were followed for the syntheses of l-methyl- 
anthracene (30), 1,4-dimethylanthracene (31), 1,8- 
dimethylanthracene (20), and 1,4,9-trimethylanthracene 
(31). 

1,4,5,8,9-Pentamethylanthracene (6)  
( a )  2- (2,5- Dimethylbenzyl) -3,6-dimethylbenzoic 

Acid ( 2 )  
To a well-stirred solution of 14.1 g (0.05 mol) of 2- 

(2,5-dimethylbenzoy1)-3,6-dimethylbenzoic acid (1) in 
1500 ml of 10x  sodium hydroxide heated at reflux, 50 g 
of zinc dust was added over a period of 48 h (19). The 
mixture was refluxed for an additional 24 h and then 
filtered. The filter cake was washed with 10x sodium hy- 
droxide and with boiling water. The combined filtrates 
were strongly acidified with hydrochloric acid and ex- 
tracted with benzene. The benzene extracts were dried, 
treated with charcoal, concentrated and then diluted with 
hexane. Crystallization gave 9.5 g (71%) of 2. 

Anal. Calcd. for C,,H2,0, : C, 80.56; H, 7.51. Found : 
C, 80.72; H, 7.59. 
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I (b) 1,4,5,8-Tetramethylanthrone (3) 
I A mixture of 2.68 g (0.01 mol) of finely powdered 2- 

(2,5-dimethylbenzy1)-3,6-dimethylbenzoic acid (2) and 20 
I ml of ice-cold concentrated sulfuric acid was stirred for 1 ca. 15 min until all the solid had dissolved to give a clear 
I lemon-yellow solution. This solution was allowed to warm 

to room temperature over 30 min, then poured onto ice 
I and the resultant colorless solid was filtered and washed 

with hot water. The crude solid was dissolved in benzene, 
treated with anhydrous potassium carbonate and char- 
coal, and recrystallized from benzene-hexane to give 2.26 
g (90%) of 3, m.p. 198.5-199 "C. 

Anal. Calcd. for C18H180: C, 86.36; H, 7.25. Found: 
C, 86.35; H, 7.25. 

The 'H n.m.r. spectrum of 3 in CDC1, showed singlets 
for the 1- and 8-methyl (6 2.48, 6H), the 4- and 5-methyl 
(6 2.73, 6H), and the methylene (6 3.82, 2H) protons; and 
an AB quartet (centered at 6 7.185, J = 8 Hz, 4H) for the 
aromatic protons. 

(c) 1,4,5,8,10-Pentamethylanthrone (5) 
To a refluxing, vigorously stirred suspension of 1.50 g 

(5.99 mmol) of 1,4,5,8-tetramethylanthrone (3) in 75 ml 
of 95% ethanol and 25 ml of methyl iodide, 9 g (0.15 mol) 
of potassium hydroxide was added over a period of 1 h. 
The cooled reaction mixture was poured into 1 1 of water, 

I filtered, and dried to give 1.61 g of a crude heterogeneous 
yellow and red solid. 

This solid was dissolved in chloroform, treated with 
anhydrous sodium sulfate and charcoal and crystallized 
from chloroform - carbon tetrachloride to give 1.43 g 
(91%) of 5. 

Anal. Calcd. for ClgH2,0: C, 86.35; H, 7.63. Found: 
I C, 86.28; H, 7.71. 

The 'H n.m.r. spectrum of 5 in CDC13 showed singlets 
I 

for the 1- and 8-methyls (6 2.44, 6H) and the 4- and 5- 
1 methyls (6 2.65, 6H); a doublet for the 10-methyl (6 I .33, 

3H, J = 7 Hz); a quartet for the 10-methine proton (6 1 4.40, IH, J = 7 Hz); and an AB quartet (centered at 6 
7.12,4H, J = 8 Hz) for the aromatic protons. A carbonyl 

i absorption at 1665 cm-' was observed in the i.r. spectrum 
of 5 in a KBr pellet. 

(d) 1,4,5,8,9-Pentamethylanthracene (6) 
To a stirred solution of I .O g (26 mmol) of lithium alu- 

minum hydride in 100 ml of absolute ether at 0 "C was 
added I00 mg (0.38 mmol) of 1,4,5,8,10-pentamethyl- 
anthrone (5). The solid dissolved rapidly to give a pale 
yellow-green solution which turned colorless over 15 
min. The reaction was allowed to continue for 1 h at 0 OC. 
Stirring and cooling was continued while ice was added 
over a period of 1 h and while anhydrous magnesium sul- 
fate was added over a second 1 h interval. The mixture 
was filtered and the filtrate evaporated to dryness under 
a stream of nitrogen to give 104 mg of a colorless mixture 
of cis- and trans-1,4,5,8,10-pentamethyl-9-anthranol 
(> 90% cis). 

The 'H n.m.r. sDectrum of this alcohol, 100 mg in 0.5 
ml dimethyl sulfoGde-d6, exhibited singlets for thd 1- and 
8-methyls (6 2.38, 6H), the 4- and 5-methyls (6 2.48, 6H), 
and the aromatic protons (6 6.99, 4H); doublets for the 
10-methyl (6 1.42, 3H, J = 7 Hz), the carbinol proton (6 
5.97, lH, J = 4 Hz) and the hydroxyl proton (6 5.14, lH,  
J = 4 Hz); and a quartet for the 10-methine proton (6 
4.25, lH,  J = 7 Hz). 

Dehydration of the alcohol was carried out in the n.m.r. 
tube by the addition of 0.05 ml of acetic acid-d4 and 
heating to 130 OC. After heating for 10 min the spectrum 
of the alcohol was completely replaced by the spectrum of 
I ,4,5,8,9-pentamethylanthracene (6), which showedsinglet 
resonances for all protons; the 1- and 8-methyls (6 2.82, 
6H), 4- and 5-methyls (6 2.70, 6H), and 9-methyl (6 3.03, 
3H); the 2-, 3-, 6-, and 7-aromatic protons (6 7.16, 4H) 
and the 10- aromatic proton (6 8.36, 1H). 

1,4,5,8,9-Pentamethylanthracene (6) was isolated by 
dilution with water and extraction with chloroform as a 
slightly yellow, blue-green fluorescent solid (81 mg, 87%). 
Aged samples lost their fluorescence and turned yellow. 
Due to rapid oxygen incorporation, with formation of a 
photo-oxide of formula C19HZ002, probably by oxygen 
addition across the 9,10 or 1,4 positions (32), satisfactory 
elemental analyses could not be obtained. 

Vacuum sublimation of 6 at ca. 115 OC and 20 mm Hg 
gave a yellow crystalline solid, m.p. 14C148 "C. This solid 
was sublimed at 0.35 mm Hg and the fraction which sub- 
limed between 110 and 150 "C was passed through a silica 
gel column (Woelm activity grade 1) with 5% benzene- 
hexane. The first-eluting component was concentrated 
and pumped at room temperature for 45 min at 0.15 mm 
Hg. The resulting very pale yellow crystalline solid had 
m.p. 154-1 57 "C. Its mass spectrum had the anticipated 
molecular ion at m/e 248 and the expected mass fragments 
for a pentamethylanthracene of formula ClgHZO. NO 
significant impurities were observed. 

1,4,5,8-Tetramethylanrhracene ( 4 )  
This preparation was similar to the preparation of 6 

above, but 1,4,5,8-tetramethylanthrone (3) was the 
starting material. The 1,4,5,8-tetramethylanthracene, in 
87% yield from 3, recrystallized from benzene-hexane and 
sublimed had m.p. 221-221.5 OC(1it. (I 9) m.p. 220-221 OC). 

Anal. Calcd. for C18H,8: C, 92.26; H, 7.74. Found: C, 
92.34; H, 7.60. 

1,4,5,9-Tetramethylanthracene (12)  
((0 2-(2,5-Dimerhylbenzy1)-6-methylbenzoic Acid (9) 
To a cooled, stirred solution of 50 g (0.31 mol) of 3- 

methylphthalic anhydride (33) in 400 ml of p-xylene was 
added 190 g of anhydrous aluminum chloride. The re- 
action mixture was heated at 60-65 "C for 4 h, poured 
onto ice, acidified with hydrochloric acid, and extracted 
with benzene. The benzene extracts were extracted with 
5% sodium hydroxide. This basic solution was treated 
with charcoal, filtered, and acidified to give, upon filtra- 
tion and washing with hot water, 56 g (68%) of a mixture 
of 2-(2,5-dimethylbenzoy1)-3- and 6-methylbenzoic acids 
(7). This mixture of isomeric acids was dissolved in 3 1 of 
10% sodium hydroxide and heated at reflux for 72 h with 
250 g of zinc dust, which was added in portions over the 
course of the reduction. The hot mixture was filtered and 
the residue washed with hot 10% sodium hydroxide and 
hot water. The filtrates were strongly acidified with hydro- 
chloric acid and extracted with benzene. The benzene ex- 
tract was treated with charcoal, then fractionally recrystal- 
lized from benzene-hexane. From the more soluble frac- 
tions there was isolated 2.4 g of 2-(2,5-dimethylbenzyl)-6- 
methylbenzoic acid (9), m.p. 103-104.5 OC. 

Anal. Calcd. for C17H1802: C, 80.28; H, 7.13. Found: 
C, 80.22; H, 7.26. 
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From the less soluble fractions there was obtained 15.6 
g of 2-(2,5-dimethylbenzy1)-3-methylbenzoic acid (a), m.p. 
184-1 85 "C. 

Anal. Calcd. for C17H1802: C, 80.28; H, 7.13. Found: 
C, 80.20; H, 7.30. 

The structures of the isomeric acids 8 and 9 were de- 
termined from the l H  n.m.r. spectra. The proton ortho 
to the carboxyl group in 8 appeared as a multiplet at 6 
7.8, with the remainder of the aromatic protons absorbing 
at 6 6.8-7.5. With a methyl group ortho to the carboxyl 
group in 9, all of the aromatic proton resonances were at 6 
6.8-7.5. 

(6) 1,4,8-Trimethylanthrone (10) 
A mixture of 1.5 g (5.9 mmol) of 2-(2,5-dimethyl- 

benzy1)-6-methylbenzoic acid (9) and 10 ml of concen- 
trated sulfuric acid was stirred at 0 "C for ca. 10 min until 
a clear yellow solution was obtained. This solution was 
allowed to stand at room temperature for 30 min, then 
poured onto ice. Filtration and washing with water fol- 
lowed by recrystallization from benzene-hexane gave 1.15 
g (83%) of 10. 

Anal. Calcd. for CL7H160: C, 86.40; H, 6.83. Found: 
C, 86.22; H, 6.92. 

The l H  n.m.r. spectrum of 10 in CDCI3 exhibited 
singlet absorptions for the 4-methyl (6 2.36, 3H), the 1- 
and 8-methyls (6 2.72 and 2.77, 6H), and the methylene (6 
4.06, 2H); and a multiplet for the aromatic protons 
(centered at 6 7.25, 5H). 

(c) 1,4,8,10-Tetramethylanthrone (11) 
To a refluxing solution of 500 mg (2.1 6 mmol) of 1,4,5- 

trimethylanthrone (10) in 75 ml of ethanol under a nitro- 
gen atmosphere, was added 1.0 g (1 7 mmol) of potassium 
hydroxide followed by the slow addition of 14 g (0.1 mol) 
of methyl iodide. The reaction was heated at reflux for 30 
min, cooled to room temperature, diluted with 50 ml of 
water, and concentrated with a rotary evaporator. Fil- 
tering and drying gave 519 mg (98%) of pale yellow 
1,4,8,1O-tetramethylanthrone (11). 

The 'H n.m.r. spectrum of 11 in CDCl, showed singlets 
for the 4-methyl (6 2.41, 3H) and the 5- and 8-methyls (6 
2.67 and 2.70, 6H); a doublet for the 10-methyl (6 1.38, 
3H, J = 7 Hz); a quartet for the methine proton (6 4.22, 
IH, J = 7 Hz); and a multiplet for the aromatic protons 
(centered at 6 7.2, 5H). 

Attempts to recrystallize this anthrone 11 from chloro- 
form-pentane caused the formation of a colorless high 
melting, sparingly soluble product. The same product ap- 
peared in aged samples of the anthrone. 

(d) 1,4,5,9-Tetramethylanthracene (12) 
A fresh sample of 1,4,8,10-tetramethylanthrone (11) 

was prepared by the above procedure from 100 mg of 
1,4,8-trimethylanthrone (10) and without purification was 
directly subjected to reduction and dehydration. The 
crude dried 11 was dissolved in 100 ml of ether, to which, 
at the boiling point, 1.0 g (26 mmol) of lithium aluminum 
hydride was added. The reaction was stirred at room tem- 
perature for 45 min, then poured into a vigorously stirred 
mixture of 250 ml of ether and 10 ml of water. After 15 
min of stirring, the mixture was dried with anhydrous 
magnesium sulfate. The filtrate was concentrated to 100 
ml and then heated at the boiling point with several crys- 
tals of p-toluenesulfonic acid and 1 ml of water for 10 
min. The solution was cooled, dried over anhydrous 

potassium carbonate, and evaporated to dryness with a 
stream of nitrogen to give 81 mg (82%) of pale yellow 
crystalline 1,4,5,9-tetramethylanthracene (12). 

The mass spectrum of 12 gave the expected molecular 
ion at m/e 234 and fragments consistent with a tetra- 
methylanthracene C18H18. About 7% of the sample was 
an oxygenated impurity, C18H180Z, probably the trans- 
annular peroxide (32). Since this oxygen adduct formed 
rapidly in solution, n.m.r. analyses were obtained on the 
directly prepared product above. 

Vacuum sublimation of 2 mg of 12 recovered from the 
n.m.r. analyses at 115 "C and ca. 20 mm Hg gave pale 
yellow crystals, m.p. 131-135 "C. 

2,7,9-Trimethylanthracene (16) (34) 
(a) 2- (4-Methylbenzoyl) -5-methylbenzoic Acid (13) 
To 15 ml of 100% sulfuric acid was added 16.3 g (64.2 

mmol) of a mixture of 2-(4-methylbenzoy1)-4- and 5- 
methylbenzoic acids (35). The bright orange mixture was 
heated at 50 "C for 49 h. 

The resulting deep brown solution was poured with 
rapid stirring onto a slurry of crushed ice and water. The 
precipitate was extracted into ether and the ether solution 
extracted with a saturated solution of sodium bicarbonate. 
The basic solution was treated with charcoal, acidified 
with concentrated hydrochloric acid and the precipitated 
keto acid was extracted into ether. The ether solution was 
washed with water and a saturated solution of sodium 
chloride. After the ether solution was dried over magne- 
sium sulfate and evaporated to dryness, 10.6 g of product 
was recovered, m.p. 127-144 'C. Fractional crystallization 
from benzene-heptane and chloroform-heptane as al- 
ternating solvent systems yielded 1.73 g (16.3%) of 2-(4- 
methylbenzoy1)-5-methylbenzoic acid (13), m.p. 162-163 
"C. The i.r. spectrum showed absorption maxima at 760, 
830, and 940 cm-I characteristic of 13, with no bands at 
778, 842, 858, and 963 cm-I characteristic of 2-(4- 
methylbenzoy1)-4-methylbenzoic acid. 

Anal. Calcd. for Cl6Hl4O3: C, 75.57; H, 5.55. Found: 
C, 75.69; H, 5.49. 

The structure of keto acid 13 was proven by decarboxyl- 
ation (36) to 4,4'-dimethylbenzophenone. To 19 mg of 
basic cupric carbonate in a short path distillation appara- 
tus was added 500 mg (1.97 mmol) of keto acid 13. The 
mixture was heated gently with a free flame until the acid 
melted and neutralization was complete. Water was re- 
moved on a steam bath under reduced pressure. Decar- 
boxylation was accomplished by heating the mixture in a 
sand bath at 265 "C until evolution of carbon dioxide 
ceased. Distillation of the residue (0.5 mm) gave 205 mg 
(49.7%) of a yellow oil. Pale yellow needles, m.p. 91-93 
"C, were obtained after a solution of the yellow oil in 95% 
ethanol was allowed to cool slowly. A mixture melting 
point of 91-93°C was obtained for the crystallized prod- 
uct and an authentic sample of 4,4'-dimethylbenzo- 
phenone, m.p. 92.5-93.5 OC (lit. (37) 95 "C). The i.r. 
spectra of the two samples were superimposable. 

(6) 2- (4-Methylbenzyl) -5-methylbenzoic Acid (14) 
To 50 ml of glacial acetic acid in a Parr bottle was add- 

ed 4.65 g (18.3 mmol) of keto acid 13 and 0.6 g of 5% 
palladium-on-carbon. The mixture was hydrogenated on 
a Parr apparatus under 40 psi of hydrogen at 65 "C for 6 h. 
The catalyst was filtered off and the acetic acid filtrate 
diluted with water to give 3.95 g (90%) of 2-(4-methyl- 
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benzy1)-5-methylbenzoic acid (14), m.p. 11 3-1 15 "C. An 
analytical sample was prepared by recrystallization from 
chloroform-benzene, m.p. 116 OC. 

Anal. Calcd. for C16H1602: C, 79.97; H, 6.71. Found: 
C, 79.69; H, 7.00. 

(c) 2,7- Dimethylanthrone (15) 
To 5 ml of 98% sulfuric acid at 0 "C was added 500 mg 

(2.1 mmol) of 2-(4-niethylbenzy1)-5-methylbenzoic acid 
(14). The orange solution was allowed to warm to room 
temperature over 30 min, poured onto ice, and filtered. 
The dried product was recrystallized from chloroform- 
hexane to give 403 mg (87%) of pale yellow needles, m.p. 
153-1 54 "C. 

Anal. Calcd. for C16H150: C, 86.45; H, 6.35. Found: 
C, 86.60; H, 6.25. 

(d) 2,7,9-Trimethylanthracene (16) 
To a chilled solution of methylmagnesium bromide (9 

mmol) in 15 ml of ether was added 400 mg (1.8 mmol) of 
2,7-dimethylanthrone 15. The reaction mixture was vi- 
gorously stirred for 2 h while cooled in an ice-water bath. 
The mixture was then poured into dilute hydrochloric acid 
and extracted with ether. The ether solution was washed 
with water, 5 x  sodium bicarbonate, and saturated sodium 
chloride and dried over anhydrous magnesium sulfate. 
The dried ether solution was treated heavily with char- 
coal and evaporated to dryness. Recrystallization from 
ethanol gave 286 mg (72%) of 2,7,9-trimethylanthracene 
16, m.p. 124-126 "C (lit. 126 "C (21)). 

Spectra 
The 'H n.m.r. spectra were obtained by pulsed Fourier 

transform operation on a Varian XL-100 spectrometer, 
with internal deuterium lock, using 5% (wlv) solutions in 
chloroform-d containing 0.5% tetramethylsilane (TMS) 
at 28 "C. These spectra were examined with methyl pro- 
tons and other protons decoupled as appropriate to ob- 
tain more accurate line positions by removal of line 
broadening due to small long-range couplings. Additional 
spectra in other solvents, e.g., benzene-d6 and acetone-d6, 
were used to aid the interpretation of the overlapping 
patterns observed for some of the compounds. Analysis 
of the spectra was done with the aid of the iterative 
spectral fitting program LAOCN3 (38). Natural abun- 
dance 13C spectra were obtained similarly, using 10-15% 
(wlv) solutions in chloroform-d containing a few drops of 
TMS at 40 "C. The individual aryl carbon shieldings were 
measured from noise-decoupled spectra. Definitive assign- 
ments of the protonated carbon resonances were then 
made by single frequency proton decoupling at relatively 
low decoupler power, with the decoupler frequency set at 
the proper value for each individual proton resonance in 
turn. The 500 Hz sweep widths used for the 13C spectra 
gave precisions of k0.03 p.p.m., however, dilution effects 
are anticipated to be significant in these systems (I I), 
although probably small at the concentrations employed 
(lo), and the shieldings are therefore reported to k0.1 
p.p.m., except for very closely lying signals. 

Mass spectra were obtained by gas-liquid chromatog- 
raphy coupled with methane chemical ionization and 70 
eV electron impact mass spectrometry on a Finnigan 
Model 1015C mass spectrometer interfaced with a Finni- 
gan model 9500 gas chromatograph and on a Hewlett- 
Packard 5930 70 eV electron impact mass spectrometer 
interfaced with a Hewlett-Packard 5700 gas chromato- 

graph. Single components and the expected mass frag- 
ments were observed for I-methyl-, 1,4-dimethyl-, 1,8- 
dimethyl-, and 1,4,5,8-tetramethylanthracene. The 1,4,5,9 
compound (C18H18) contained less than 7% of an oxy- 
genated impurity (C18H18O2) and the 1,4,5,8,9 compound 
contained approximately 4% of a similar impurity 
(Cl9HzoOZ). Attempts to prepare acetate derivatives of 
the concentrated impurities were unsuccessful. These im- 
purities are probably photooxides (32) formed by oxygen 
addition. To prevent formation of photooxides, the solid 
methylated anthracenes were stored in the dark in the 
freezer and solutions for n.m.r. analysis were made up im- 
mediately prior to the acquisition of spectra. 

CNDOI2 Calculations 
Standard bond lengths and bond angles as given by 

Pople and Beveridge (27) and planar ring systems were 
assumed. The CNINDO program from QCPE (29) was 
used without modification. Calculations were done on the 
IBM 3701165 computer of the Triangle Universities 
Computation Center. 

We thank Dr. E. 0. Oswald and Dr. G. W. Sovocool 
for obtaining and interpreting the mass spectra, Dr. R. D. 
Zehr and Miss InAra Grikis for technical assistance, and 
the National Research Council of Canada for partial 
financial support of this research. 

P. C. LAUTERBUR. J. Am. Chem. Soc. 83,1828(1961); 
J. J. BuRKEand P. C. LAUTERBUR. J .  Am. Chern. Soc. 
86, 1870 (1964). 
D. M. GRANT and E. G. PAUL. J. Am. Chem. Soc. 85, 
1701 (1963); 86,2984(1964). 
W. R. WOOLFENDEN and D. M. GRANT. J. Am. Chem. 
SOC. 88, 1496 (1966). 
T. G. ALGER, D. M. GRANT, and E. G. PAUL. J. Am. 
Chern. Soc. 88, 5397 (1966); A. J. JONES and D. M. 
GRANT. Chem. Comrnun. 1670 (1968). 
A. J. JONES, T. D. ALGER, D. M. GRANT, and W. M. 
LITCHMAN. J .  Am. Chem. Soc. 92,2386 (1970). 
A. J. JONES, P. D. GARDNER, D. M. GRANT, W. M. 
LITCHMAN, and V. BOEKELHEIDE. J. Am. Chern. Soc. 
92,2395 (1970). 
P. DAUDEL and R. DAUDEL. Chemical carcinogenesis 
and molecular biology. Wiley, New York. 1966. 
E. D. BERGMAN and B. PULLMAN. (Editors). 
Physico-chemical mechanisms of carcinogenesis. 
Roc. Int. Symp. Israel Acad. Sci. Humanities, 
Jerusalem. 1969. 
E. CAVALIERI and M. CALVIN. Proc. Nat. Acad. Sci. 
U.S.A. 68, 1251 (1971); 5. H. WEISBURGER. In Cancer 
medicine. Edited by J. F. Holland and E. Frei. Lea 
and Febiger, Philadelphia. 1973. pp. 45-90. 
R. S. OZUBKO, G. W. B U C H A N A N , ~ ~ ~  I. C. P. SMITH. 
Can. J. Chem. 52,2493 (1974). 
N. K. WILSON and J. B. STOTHERS. J. Magn. Reson. 
15.31 (1974). 
D. DODDRELL and P. R. WELLS. J .  Chem. Soc. Perkin 
11, 1333 (1973). 

13. C. K. BRADSHER. J. Am. Chern. Soc. 62,486(1940). 
14. K. ELBS. J. Prakt. Chem. (2). 41, 142 (1890). 
15. C. LIEBERMANN. Ber. 7,805 (1874). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

20
6.

22
5.

10
3.

11
1 

on
 1

1/
13

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



CASPAR ET AL.: METHYLANTHRACENES 1969 

16. (a) M. HAYASHI. J. Chem. Soc. 2516(1927). (b) M. S. 
NEWMAN and K. G. IHRMAN. J. Am. Chem. Soc. 80 
3652 (1958). 

17. G. BADDELEY, G. HOLT, and S.  M. MAKAR. J .  
Chem. Soc. 2415 (1952). 

18. L. F. FIESER. Organic reactions. Vol. I. Wiley, New 
York. 1942. p. 129. 

19. W. CARRUTHERS, H. N. M. STEWART, P. S. 
HANSELL, and K. M. KELLY. J. Chem. Soc. 2607 
(1967). 

20. S. J. CRISTOL and M. L. CASPAR. J .  Org. Chem. 33, 
2020 (1968). 

21. J.  COLOGNE and L. BONNARD. Bull. Soc. Chim. Fr. 
742 (1 958). 

22. L. M. JACKMAN and S. STERNHELL. Applications of 
nuclear magnetic resonance spectroscopy in organic 
chemistry. 2nd ed. Pergamon Press, New York. 1969. 
p. 206. 

23. A. J.  JONES, D. M. GRANT, and K. F. KUHLMANN. J .  
Am. Chem. Soc. 91,5013 (1969). 

24. J .  B. STOTHERS. Carbon-13 NMR spectroscopy. 
Academic Press, New York. 1972. 

25. N. K. WILSON and J. B. STOTHERS. In Topics in 
stereochemistry. Vol. 8. Edited by E. L. Eliel and N. 
L. Allinger. Wiley-Interscience, New York. 1974. pp. 
1-158. 

26. S. H. GROVER, J .  P. GUTHRIE, J .  B. STOTHERS, and C. 
T. TAN. J .  Magn. Reson. 10, 227 (1973); K. R. 
STEPHENS, J .  B. STOTHERS, and C. T.  TAN. In  Mass 
spectrometry and NMR spectroscopy in pesticide 
chemistry. Plenum Press, New York. 1974. pp. 
179-196; J .  B. STOTHERS and C. T. TAN. Can. J .  

Chem. 52, 308 (1974); S. H. GROVER and J.  B. 
STOTHERS. Can. J.  Chem. 52,870(1974). 
J.  A. POPLE and D. L. BEVERIDGE. Approximate 
molecular orbital theory. McGraw-Hill, New York. 
1970; J. A. POPLE. ACC. Chem. Res. 3,217 (1970). 
R. J .  PUGMIRE and D. M. GRANT. J .  Am. Chem. Soc. 
93, 1880 (1971); P. LAZZERETTI and F. TADDEI. Org. 
Magn. Reson. 3 ,  282 (1971); G. L. NELSON, G. C. 
LEVY, and J. D. CARGIOLI. J. Am. Chem. Soc. 94, 
3089 (1972); N. K. WILSON and M. ANDERSON. In 
Mass spectrometry and NMR spectroscopy in pes- 
ticide chemistry. Plenum Press, New York. 1974. pp. 
197-218. 
P. A. DOBOSH. Program 141, Quantum Chemistry 
Program Exchange, Indians University, Blooming- 
ton, Indiana. 
J .  0. VON BRAUN and 0 .  BAYER. Ber. 59B, 914(1926). 
E. DEB. B A R N E T T ~ ~ ~ J .  A. LOW. Ber. 648,49(193l). 
J. RIGAUDY, J .  GUILLAUME, and D. MAURETTE. Bull. 
Soc. Chim. Fr., 144(1971). 
M. S. NEWMAN and C. D. MCCLEARY. J. Am. Chem. 
SOC. 63, 1537 (1941). 
R. C. HERMANN. M.S. Thesis. Arizona State Univer- 
sity, Tempe, Arizona. 1966. 
F. MEYERand H. GUNTHER. Ber. 63, 1455 (1930). 
G. DOUGHERTY. J .  Am. Chern. Soc. 50,571 (1928). 
J.  FERRANTE and A. BLOOM. Am. J .  Pharm. 105,381 
(1933). 
A. A. BOTHNER-BY and S. CASTELLANO. Program 
1 1  1 ,  Quantum Chemistry Program Exchange, Indiana 
University, Bloomington, Indiana. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

20
6.

22
5.

10
3.

11
1 

on
 1

1/
13

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 




