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Irradiation of (4-Methoxyphenyl)-diphenylacetonitrile.--A so- 
lution of l .818 g. (0.00618 mole) of (4-methoxyphenyl)-diphenyl- 
acetonitrile in 450 ml. of dioxane and 300 ml. of water was ir- 
radiated for 6 hr.  a t  25". Work-up and chromatography af- 
forded 0.28 g. (157,) of starting material and 0.72 g. (477,) of 
(4-methoxyphenyl)-diphenylcarbinol. 

Quantum Yield Photolysis of 3-Methoxybenzyl Acetate .-The 
irradiation procedure described in the section on quantum yields 
was followed. In a 1-hr. irradiation 1.71 g. (87c/;.) of recovered 
3-methoxybenzyl acetate and 56 mg. (29y0 based on 13Yc con- 
version) of 3-methoxybenzpl alcohol were isolated; 4.2 mein. 
of light was used. This indicated a quantum yield of 0.099 
mole/ein. 
In a second run V.P.C. analysis of the irradiation mixture was 

employed, making use of a benzyl acetate internal standard. 
Here 3.7 niein. gave 3.34 & 0.09% 3-methoxybenzyl alcohol 
and 96 f 3% 3-methoxybenzyl acetate, and a quantum yield of 
0.13 mole/ein. 

Quantum Yield Photolysis of 3-Methoxybenzyl Acetate in SOCI, 
Ethanol.-Following the same general procedure and using Y.P.C 
analysis, 3.2 mein. of light gave from 2.002 g. (0.0111 mole) of 
reactant 0.99 f 0.037, of 3-methoxybenzyl ethyl ether, 1.50 
f 0.057, of 3-methoxybenzyl alcohol and 94 f 37, 3-methoxy- 
benzyl acetate. The quantum yield of the two solvolysis prod- 
ucts was 0.10 mole/ein. 

Ethyl 3-methoxybenzyl ether was prepared by adding 4.80 g. 
(0.100 mole) of 50% sodium hydride in mineral oil to 110 ml. of 
t-butyl alcohol, followed by 10.0 g. (0.0724 mole) of 3-methoxy- 
benzyl alcohol and 12.4 g. (0.0796 mole) of ethyl iodide. Re- 
fluxing for 5 hr. followed by benzene-water extraction, drying 
and distillation afforded 6.81 g. (575![) of ethyl 3-methoxybenzyl 
ether, b .p .  122" a t  15 mm., T Z ~ ~ D  1.5065. 

A n d .  Calcd. for C,oHtrO?: C,  72.26; H ,  8.19. Found: 
C ,  72.26; H, 8.53. 

Quantum Yield Photolysis of 4-Methoxybenzyl Acetate.- 
With the same procedure used for the m-isomer, 4.4 mein. 
was found to give 0.056 g. of 1,2-di-(4-methosyphenyl)-ethane; 
Y.P.C. analysis indicated 0.52 zk 0.035; of 4-methoxybenzyl 
alcohol and a quantum yield of 0.016 mole/ein. However, 
similar amounts of 4-methoxybenzyl alcohol were observed in 
dark control runs. Also, when 4-methoxybenzyl alcohol was 
photolyzed together with 3.23$ 4-methoxybenzyl alcohol, 
the I'.P.C. analysis after photolysis indicated 3.42 f 0.06y0 of 
this alcohol, showing that  4-methoxybenzyl alcohol was not 
being photolytically destroyed. 

Quantum Yield Photolysis of 3,s-Dimethoxybenzyl Acetate .- 
In this case quantum yield determination was effected by 
column chromatography and Y.P.C.;  0.10 mqle/ein was ob- 
tained. 

Calculations.-The calculations were carried out by the simple 
LCAO MO method with neglect of overlap. The coulomb inte- 
gral for methoxyl oxygen was taken as that  for carbon plus 1.5 
beta. The carbon-oxygen exchange integral was taken as 0 .6  
beta. In each case the secular determinant was simplified as 
far as possible b\- group theory and the residual determinants 
were diagonalized by the Jacobi method using a Control Data 
Corp. 1604 computer. 
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Photochemical solvolyses of substituted-phenyl trityl ethers were uncovered I n  contrast to the non-photo- 
chemical situation, meta-nitrophenyl trityl ether underwent a more efficient photochemical solvolysis than the 
p-isomer Similar reversal of ground state behavior was observed for the cyanophenyl trityl ether isomers 
A LCAO M O  treatment of the excited states involved is given, and a rationale is presented for the observed nfeta 
electron transmission effect 

The present paper is one of a series3 describing 
exploratory and theoretical photochemical research 
stimulated by the realization that corresponding to 
each ordinary, ground state organic molecule there 
exists an excited state relative having the same gross 
structural features but  differing in bond orders, elec- 
tron distribution and reactivity.? These studies have 
had as their objectives: (a) elucidation of the electronic 
structures of excited states of photochemical interest 
and (b) exploration of structure-reactivity relation- 
ships for such excited state species. 

In view of these objectives and during some related 
photochemical investigations, it was with special inter- 
est that a most intriguing publication came to our at- 
tention in 1956. This was a report by Havinga5 of a 

(1) Presented in part  a t  the  17th National Organic Symposium of the 
This research was begun a t  Sorthwestern University and Amer. Chem. Soc. 

completed a t  the  University of Wisconsin 
(2 )  University of Wisconsin. 
( 3 )  (a) Paper I ,  H .  E. Zimmerman and 11. I .  Schuster, J .  A m .  Chew 

SOL. ,  83 ,  4480 11961); (b) paper 11, H. E .  Zimmerman and 1'. R.  Sandel, 
ibid., 86, 915 (1963); (c) paper I V ,  H. E. Zimmerman and I). I ,  Schuster, 
t b t d , ,  84, 4,527 (1962); (d) c.f. also H. E. Zimmerman, Telrahedron,  in press. 

( 4 )  The expectation of novel excited state reactivity has received notice 
by a number o f  authors, e..?., C. Reid, "Excited States in Chemistry and 
Biology," Academic Press, Inc.. N e w  York, S .  Y., 1037, p. O R ;  J. Fer- 
nandez-Alonso, Compl.  wnd , 233, 403 (1931); R .  Ilaudel, R. 1,eFebvre and 
C. l l m e r ,  "Quantum Chemistry, Methods and Applications," Interscience 
Puhliihers, Inc. ,  S e w  \'ark, N .  Y., 1039, p. 2li3, C Sandorfy, C a n  J .  
C h e i n . ,  31, 4.30 (1953). However, general cr,rrelations with experimental 
observation have been lacking. 

photochemical hydrolysis of isomeric nitrophenyl phos- 
phate and sulfate esters. LVhile these compounds were 
found to be stable in aqueous solution over a fairly 
wide p H  range, on irradiation a photochemical hydroly- 
sis to the corresponding nitrophenol and inorganic acid 
was observed. Especially fascinating was the finding 
that  the m-nitrophenyl esters underwent the most 
efficient photochemical hydrolysis. This is, of course, 
the reverse of ground state6 expectation as Havinga 
noted. Whether the hydrolysis proceeds by unimolec- 
ular fission into phenolate and an inorganic species or 
instead requires concerted nucleophilic attack of water 
on phosphorus or sulfur, in ground state6 chemistry P- 
nitrophenolate is the better departing anion and the p -  
nitrophenyl ester would in any event be expected to 
hydrolyze more rapidly than the m-isomer. This de- 
rives from the well known selective electron transmis- 
sion from phenoxy oxygen to a para electron-with- 
drawing group.' -Analogous direct electron delocaliza- 

(a)  E.  Havinga, R .  0. de Jongh and W I)orst, Ret.  l r u v  </Iln7. ,  76, 378 

( 6 )  T h e  term "ground state ' in the present discussion is used to  refer 
t o  the electronic ground state. The  term "starting s ta te ' '  will he used to  
categorize the initial species of a chemical transformation. 

(7) h more precise statement would recognize tha t  the presence of the 
p-nitro group leads t o  stabilization of both starting and transition states. 
However. in such heterolyses the anionic moiety is more electron rich in the 
transition state with the  result of greater stabilization by  nitro in the  transi- 
tion state than in the starting state.  Thus,  introduction of a p-nitro griiul, 
leads to  a decreased energy of activation. 

ll9,ifi). 
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tion and stabilization is not possible for meta related 
groups. Havinga noted5 that an understanding of 
this effect was not to be had from qualitative valence 
bond reasoning. 

ground state 
selective 
para 
transmission 

.o? Na@ . .  
ground state 
independent 
electron 
Withdrawal 
by -SO2 and 
donation by 
oxygen 

Our investigation in this area had the goals of deter- 
mining if this unusual photochemical behavior could 
be understood on a quantum mechanical basis and 
whether the phenomenon was general. 

The previous paper of this series outlined some 
selective electron donation effects in which it is the 
position meta with respect to an electron donor which 
becomes electron rich in the first excited state.3b Also 
briefly mentioned was a selective withdrawal of elec- 
trons from the position meta to an electron-withdrawing 
substituent (-1V) when the molecule is in the first 
excited state. 

The simplest example of CeHb-W is the benzyl cation; 
here -u' is the -CH2@ group. Expectedly. in the 
LCAO AI0 picture of the ground state of the benzyl 
cation there is a selective withdrawal of electrons from 
the 0- and p-positions. One can arrive a t  the ground 
state benzyl cation electron densities (Fig. 1) either 
by complete LCAO M O  calculation or more simply by 
the method of non-bonding molecular orbitals.8 The 
first excited state electron densities are also given in 
Fig. 1. These may be obtained by LCAO M O  calcu- 
lation or by the simplified approach outlined in paper 
I1 of this ~ e r i e s . ~  

The excited state electron distribution of Fig. 1 
indicates that the withdrawing group (here -CH*@) 
has selectively diminished the electron density ortho 
and meta in contrast to  the ortho-para withdrawal of 
ground state chemistry. I t  seemed likely that herein 
lay the reason for the intriguing reversal of ground 
state transmission effects in the nitrophenyl phosphate 
and sulfate hydrolyses. Thus the photochemical reac- 
tion could be depicted as 

I 
A=O P=o 

:O< I >OH :?$ \OH 

:o: 8 
:o: 

where the excited state ,MO description is roughly 
paraphrasedga by structure I. The electron distribution 

( 8 )  (a) Ivl. 1. S. Dewar, "Progress in Organic Chemistry," Vol. 11, Chapter 
1, Academic Press, Inc., Xew York, N. Y., 1953; (b) H. Longuet-Higgens, 
J. Chem. Phrs., 18, 265. 275, 283 (1950); (c) hf. J. S. Dewar, J .  A m .  Chem. 
Soc., 74, 3341 (1952). 

(9 )  Cf. footnote 8b of ref. 3b. 

3/7 (4/7@) 1.00 (0) 

Fig. 1.-Benzyl carbonium ion ground state and excited state 
Numbers adjacent to atoms are the r-elec- electron densities, 

tron densities; numbers in parentheses are formal charges. 

in the excited state I1 of the p- isomer is inappropriate 
for heterolytic fission of the P-0 bond.'O 

I1 
It  seemed of considerable interest to determine 

whether or not the phenomenon of metu'O electron 
withdrawal was general, in which case moieties other 
than phosphate and sulfate bonded to the oxygen atom 
of the m-nitrophenoxy group might be subject to photo- 
chemical heterolytic cleavage. The isomeric m-nitro- 
phenyl and p-nitrophenyl trityl ethers were chosen for 
initial study, since here the relatively stable trityl 
carbonium ion might be engendered in such a heteroly- 
sis. Additionally, the isomeric m-cyanophenyl and p -  
cyanophenyl trityl ethers and the isomeric m-acetyl 
and p-acetylphenyl trityl ethers were investigated. In  
each case preparative scale photolyses were run. Ad- 
ditionally, quantum efficiencies were determined. The 
details are given in the Experimental section and 
summarized in Table I. 

The situation of the isomeric nitrophenyl trityl 
ethers proved especially illustrative of the sharp dif- 
ference between ground state and excited state reac- 
tivity. Thus, in the dark the solvolysis of p-nitro- 
phenyl trityl ether (IV) in 90% aqueous dioxane a t  
25 O j  forming triphenylcarbinol and p-nitrophenol, was 
rapid, with a half-life of ca. 5 hr.; under the same con- 
ditions m-nitrophenyl trityl ether (111) was essentially 
unreactive. This provides a typical example of ground 
state behavior, in which a nitro group withdraws 
electrons selectively from the position para with re- 
spect to its own location on an aromatic ring.' 
(CeH5)3C\%: 

2 p-nitrophenolate p-nitrophenol 

The excited state situation contrasted with this 
ground state behavior. Thus, m-nitrophenyl trityl 
ether, unreactive in the dark, underwent a facile photo- 
chemical solvolysis to yield triphenylcarbinol, some 9- 

(9a) Structures such as I provide crude but convenient symbolism con- 
veying the idea of meta-transmission. 

(10) I n  the study by Havinga and co-workers (ref. 5) o-nitrophenyl 
phosphate was found to be less reactive photochemically than the m-iSOmer. 
While more detailed calculations do indicate a somewhat smaller withdrawal 
from the o-position compared to meta, this effect is not subject to easy inter- 
pretation, This is because the theoretical model does not take into account 
the probable non-coplanarity of the nitro group when ortho to the bulky 
phosphate moiety. 
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Run" 

1P 
1Q 
2P 
2Q 
3P 
3Q 
4P 
451 

HOWARD E. Z I M  MERMAN AND s. SOMASEKHARA VOl. 

TABLE I 
IRRADIATION OF ARYL TRITYL ETHERS 

Product quantum efficiencies and % conversion in 

Compound maximum, mp irradiated, mp RPhOH ( P h ) C O H  9-Ph-fluorene 
Longest absorption Region extended preparative runs 

m-SOzPhOC( Ph)a 324 (3 .54)  >300 81 65 20 

P-?;OgPhOC( Ph)s 307 (3 .38)  >300 , . .  , . .  

m-NOzPhOC( Ph)s 324 (3.54) 290-360 0.062 0,034 0 ,028  

p-SOpPhOC( Ph)a 307 (3.38)  290--360 Less than 0.0066 total 
m-CXPhOC( Ph)a 288.5 (3 .40)  >270 80 66 14 
m-CNPhOC( Ph)s 288.5 (3.40)  265-320 0.36 0.31 0.055 

b 

p-CIfPhOC( Ph)a 250 .5  (4.16)  >230 72 65 19 
9-CSPhOC( Ph)a 250.5 (4 .16)  240-270 0 .15  0 .15  . . .  

85 

a P refers to a preparative run while Q refers to a quantum yield determination. 
quantitatively; however, at least 91Yc derived from dark reaction, 
termination, but an estimation of 0.040 for the quantum yield of this compound can be made from the yields of run 4P. 

Triphenylcarbinol and p-nitrophenol were isolated 
c Too little 9-phenylfluorene was isolated for quantum yield de- 

phenylfluorene and m-nitrophenol when irradiated 
with light of wave length corresponding to its lowest 
energy x-+* transition. p-Nitrophenyl trityl ether, 
so reactive in the dark, was found to solvolyze only 
very slightly (if a t  all) more rapidly on irradiation. 
This qualitative observation made in preparative scale 
experiments was confirmed by determination of quan- 
tum efficiencies. The tenfold greater quantum effi- 
ciency observed for the m-isomer compared to the p- 
isomer is only a lower limit, since reduced accuracy of 
determination resulted from the competing rapid ther- 
mal (dark) reaction of the para compound. Signifi- 
cantly, 9-phenylfluorene, which was a product in the 
photochemical solvolysis of m-nitrophenyl trityl ether 
and the other compounds of the series undergoing photo- 
chemical solvolysis, was absent in the case of the photol- 
ysis of p-nitrophenyl trityl ether (cf. Table I ,  runs lP, 
lQ ,  2P and 2Q). 

The photolysis of m-cyanophenyl trityl ether and p- 
cyanophenyl trityl ether proved qualitatively similar. 
In  this instance both isomers were stable in the dark 
under the conditions of photolysis. However, again 
the quantum efficiency of the meta isomer was greater, 
although in this case the superiority of the meta reac- 
tion was less dramatic and the para isomer did undergo 
some photochemical reaction including formation of 9- 
phenylfluorene (cf. Table I, runs 3P, 3Q, 4P and 4Q). 

Attempts to extend the reaction to include the 
meta and para acetylphenyl trityl ethers were only 
partially successful. m-Acetylphenyl trityl ether 
underwent a normal photochemical solvolysis to afford 
m-acetylphenol, triphenylcarbinol and 9-phenylfluor- 
ene. However, the photolysis of p-acetylphenyl trityl 
ether was anomalous. In  addition to the expected p -  
acetylphenol and triphenylcarbinol there was isolated 
trityl peroxide despite the rigorous exclusion of air 
during photolysis and there was isolated none of the 9- 
phenylfluorene characteristic of the other photochemi- 
cal solvolyses.11 

The photochemical solvolytic behavior of the m- and 
$-isomers of the nitrophenyl and cyanophenyl trityl 
ethers provides additional examples of the unusual 
excited state behavior first observed by Havinga. In 
the present instance the preference for disengagement 
of a trityl carbonium ion from the T - X *  excited state 

( 1 1 )  I t  is t o  be noted tha t  an n-a*  band is expected in the 300 mp region. 
Whether direct excitation t o  the n-a* species is effected with a given filter 
may not be consequential, due to  rapid internal conversion of the initially 
formed high energy (i.e., 274 mp) a-a* state t o  give the lower energy 
(ca.  300 mp) n - a *  state.  I n  the present instance intervention of the n-a*  
species could well be responsible for the differing behavior of p-acetylphenyl 
trityl ether. Application of the  mechanistic reasoning in ref. 1 ,  3a, 3c 
and 3d t o  the n-a* excited state from p-acetylphenyl trityl ether leads to  a 
prediction of homolytic fission t o  give p-acetylphenoxy and trityl free 
radicals, whose disproportionation in the  presence of water could give the 
observed p-acetylphenol and the  triphenylcarbinol. Fission into trityloxy 
radicals could lead to  the observed trityl peroxide. Similar reactions would 
not be expected from any n--7* species formed from the  m-isomer. 

having the electron-withdrawing group meta rather than 
para quite clearly results from the diminution of elec- 
tron density a t  the ring position meta with respect to 
this group itT. Using qualitative valence bond ter- 
minology one may write the reaction as 

I 

I HzO 

ground state electron excited state electron 
distribution unfavor- distribution favorable 
able for heterolytic for heterolytic fission 
fission 1 

._ (c sH 5 )  3 

ground state electron excited state electron 
distribution favorable distribution unfavor- 
for heterolytic fission able for heterolytic 

The formation of 9-phenylfluorene as one of the by- 
products may be interpreted in several ways.12 

The discussion above has been limited to discussion 
of mono-substituted aromatics, and one might note 
that (e.g.) in the case of the nitrophenyl trityl ethers 
i t  is the entire nitrophenyl alkoxy n-system which is 
the chromophore absorbing light and being excited. 
X more accurate description would include both nitro 
and alkoxy substituents and determine whether the 
alkoxy oxygen is indeed more electron deficient in the 

fission 

(12) Thus i t  is possible tha t  the  trityl carbonium disengaged from the  
excited state species is itself electronically excited and undergoes, to  some 
extent, the  oviho-otlho cyclization process reaction which in ground state 
chemistry is kinetically inferior t o  nucleophilic pickup of water. Evidence 
lor this ground state kinetic inferiority of cyclization is found in the dark 
solvolysis of p-nitrophenyl trityl ether where only triphenylcarbinol and no 
9-phenylfluorene is isolated. However, when the  trityl cation is formed re- 
versibly, as in the  high temperature reaction of triphenylcarbinol with phos- 
phoric acid (A. Kliegl, Chem. Ber. ,  98, 284 (1905)), each cation species has 
many opportunities to  cyclize and the slower cyclization process yielding 9- 
phenylfluorene does occur, I t  is less likely tha t  a kinetically excited, and 
hence less discriminant, trityl cation can account for the  9-phenylfluorene, 
since in solution dissipation of excess kinetic energy should he rapid. A 
third and attractive possibility is tha t  the 9-phenylfluorene results from 
homolysis of the excited state with otlho-ortho cyclization of the  trityl 
radical and then disproportionation of the  cyclized radical-aryloxy radical 
pair, I t  is significant tha t  the photolysis of hexaphenylethane has been 
reported (R. L. Letsinger, R .  Collat and M .  Magnusson, J .  A m .  Chem. S O L . ,  

76, 1185 (1934)) to  afford 9-phenylfluorene and triphenylmethane. I n  the  
present case, as a result of the availability of the  aryloxy radical, no tri- 
phenylmethane would be expected and none was found. 
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excited state having the meta electron-withdrawing Preparation of Aryl Trityl Ethers.-The following procedure 
group, LCAO 1 ~ 0  calcu~ations of the electron dis- described for the preparation of p-nitrophenyl trityl ether is 

typical. A 16.0-g. (0.10 mole) sample of sodium p-nitropheno- 
tribution in m-nitro- and p-nitro-substituted phenyl late was dried at 1500 and 0.3 mm. for 12 hr.  and then was re- 
ethers do suggest such a preferential electron with- fluxed for 3 hr. in 100 ml. of benzene together with 28.0 g.  (0.10 
drawal from the meta a c e d  ether oxygen. Further- mole) of trityl chloride. The reaction mixture was filtered hot.  
more, this prediction is rgbtively independent of the The cooled filtrate was washed with three 50-ml. portions of cold 

10% potassium hydroxide solution. The benzene layer was then choice Of LCAo >lo parameters (note I1). washed with cold water and dried over anhydrous sodium sulfate. 
Thus the conclusion is again reached that  excited state Concentration of the extracts in vacuo afforded 38.0 g. of crude 
transmission is best between meta placed groups W product melting a t  90-98'. Two crystallizations from benzene- 

heptane (1  :4)  afforded 24.5, g. (64%) of crystalline p-nitrophenyl 
trityl ether, m.p. 149-150 . and D. 

TABLE I1 
Irradiation of m-Nitrophenyl Trityl Ether without Filter .- 

PHESYL TRITYL ETHERS m-nitrophenyl trityl ether in 630 ml. of pure16 dioxane and 70 ml. 
of distilled water was flushed with ketyl-purified nitrogen for 
15 min. and irradiated for 2 hr., at the end of which time titra- 

NO? Ground Excited tion of an aliquot against standard sodium hydroxide indicated 
CHIO oxygen Isomer state state completion of solvolysis. During the reaction period of 2 hr., 

there was no change in the titration value of a control sample 
0.65" 0 . 5  1 meta l . 764  1.279 of the solution kept dark. 

1.703 1.307 The reaction product had turned brownish-yellow. The solu- para 
1 0 .5  1 nieta 1.821 1.437 tion was concentrated in vacuo a t  50". The residue was chroma- 

pava 1.784 1.461 tographed on a 2 X 55 cm. column of silica gel slurry packed 
1 . 5  0 . 5  1 meta 1 , 8 7 5  1,632 in 1:  19 ether-hexane; 200-ml. fractions were collected. The 

column was eluted as follows: 0.6 1. of 1:19 ether-hexane, 0.4 I .  
para 1.854 1.654 of 1 : 9  ether-hexane, 0.4 1. of 1 :4  ether-hexane, 0.4 1. of 2 : 3  

1 .0  2 1 meta 1.822 1.435 ether-hexane, 0.4 I .  of 1 : l  ether-hexane, 0.4 1. of 3 : l  ether- 
para 1.733 1.449 hexane, 0.4 1. of ether and 1 1. of CHC13. Fraction 1 afforded 

1 . 5  2 1 meta 1,875 1 ,631  98.2 mg. of a solid melting at 110-118" purified by crystallizing 
from ethanol to give 0.540 g. (0.22 mmole) of a colorless, crystal- para line solid melting at 145'. The infrared spectrum was identical 

Cf. footnote 13. with that of authentic 9-phenylfluorene (reported" 148"). Frac- 

ALKOXYL OXYGEX ELECTROS DENSITIES FOR m- AND P-h-ITRO- A 670-ml. portion of a solution of 1.670 g. (4.38 mmoles) of 

Alkoxyl oxygen electron 
density Choice of coulomb parameters (6's) 

TABLE I11 
ARYL TRITYL ETHER SYNTHESES 

Elemental analyses,c % 
Compound h l .p . .  o c .  Amax, myQ C H N Yield, % d  

~ - K O Z C ~ H ~ O C (  Ph)a 149-150 307 (3.38)  (78.74) (4 ,99)  (3 .67)  64 

W Z - S O ~ C ~ H ~ O C (  Ph)s 92-94 324 (3.54)' (78.74) (4 .99)  (3 .67)  42 
78.61 4.79 3 .68  

78.61 4.61 3.92 

86.10 5 . 2 7  4.11 

86.27 5.23 3 .63  

85.80 6.34 

85.83 5 . 7 5  

P-Ch'C&OC( Ph)3 133-135 250 .5 (4 .16 )  (86,44) (5 .26)  (3.88) 53 

m-CI\'CsHdOC( Ph), 143-145 288.5 (3.40) (86.44) (5 .26)  (3.88) 35 

P-XcCsH,OC( Ph)2 94-96 274 (4.51)  (85.70) (5.82)  63 

WZ-ACC~H~OC( Ph)j  89-90 305 (3.21)  (85.70) (5 .82)  35 

Longest wave length band; 95% ethanol except as noted. * 95% dioxane. c Calcd. in parentheses. d After recrystallization to  
constant m.p. 

In conclusion, it may be stated that  despite some 
still unanswered questions14 parallelism between calcu- 
lated charge distribution of aromatic excited states 
and reactivity of these excited states exists, and addi- 
tional theoretical and experimental efforts to explore 
further such structure-reactivity relationships seem 
likely to be rewarding. 

Experimental .b 
Irradiation Procedure .-All irradiations were carried out in 

the apparatus described in detail in the preceding paper of this 
series. jb Benzophenone ketyl-purified nitrogen was used and 
therniostating was to 25 i 0.2". _____ 

(13) The  parameters in entry one of Table I1  were chosen equal to  
those used by J. I. Fernandez-.4lonso and R .  Ilomingo, Anal. Roy. SOL. 
Es9an. F i s .  y Ozdim, B61, 321 (1955), for the  nitroanilines. The  results 
agree closely with the charge distribution calculated by these authors, who 
suggested tha t  the excited state behavior might differ from tha t  of the ground 
state as  a result of differing charge distribution. 

(14) S o  firm decision has been reached concerning the singlet v s .  triplet 
characterization of the  excited states involved. Although Hiickel calcula- 
tions do  not distinguish between these, when a full linear combination of 
Slater determinantal wave functions is used, prediction of energy and 
electron distribution will depend on which species is represented. Experi- 
mental and theoretical work in this direction is being pursued. 

115) (a) All melting points were taken on a Fisher-Johns block checked 
with compounds of known m.p. (b) The  Experimental section has been 
abbreviated a t  the request of the editor and referees; further details may be 
obtained, where lacking, from the senior author 

tions 2 and 3 gave 0.210 g. of an oily product which could not be 
crystallized. Fractions 4 and 5 yielde: 0.1280 g. (0.49 mmole) 
of a crystalline solid melting at 154-156 . Its  infrared spectrum 
was identical with that  of an authentic sample of triphenylcar- 
binol (reported1* 158-160'). Fraction 6 afforded 0.1120 g.  of 
an uncharacterized oily material. Fraction 7 afforded 0.139 g. 
(1  .OO mmole) of m-nitrophenol melting a t  94-95'. I ts  infrared 
spectrum was that  of nz-nitrophenol. The subsequent fractions 
yielded small amounts of brown oils which were not identified, 
and quite a bit of the material, tarry in appearance, was firmly 
held on the column. 

Irradiation of m-Nitrophenyl Trityl Ether with Pyrex Filter .- 
.4 solution of 1.630 g. (4.30 mmoles) of m-nitrophenyl trityl 
ether dissolved in 630 ml. of pure16 dioxane and 70 ml.of distilled 
water was prepared. -4 dark control was set aside. The re- 
maining 670 ml. of the solution was flushed with benzophenone 
ketyl-purified nitrogen for 15 min. and then irradiated, using a 
Pyrex filter, for 2.5  hr.  by  which time titration of an aliquot 
against standard sodium hydroxide indicated 90% solvolysis. 
Throughout the irradiation a positive pressure of l;~ was main- 
tained. There was no change in the titration value of the blank. 

The ir:adiated 
solution was concentrated a t  water-pump vacuum at 50 . The 
2.211 g. of partially crystalline residue was taken up in 200 ml. 
of ether and extracted with 57$ aqueous potassium hydroxide. 
The ether layer was dried over anhydrous sodium sulfate and 

The reaction product had turned yellow. 

(16) I,. F. Fieser, "Experiments in Organic Chemistry," D. C. Heath and 

(17) D. Vorlander and A. Pritzche, Chem. Be?., 46, 1793 (1913). 
(18) A. A. Morton and J. R. Stevens, J .  A m .  Chem. SOL.,  69, 4030 (1931). 

Co., Boston, Mass., 1957, p. 281. 
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concentrated to obtain 1.162 g.  of a slightly gummy solid. The 
combined alkali extracts were made acidic to congo red with 
hydrochloric acid and ether extracted. The dried ether extracts 
gave 0.466 g. of a brown solid. 

The acidic fraction (0.466 8.) was chromatographed on a 
2.5 X 25 cm. silica gel column slurry packed in 1 : 4  ether-hexane; 
200-ml. fractions were collected. The column was eluted with 
0.6 1. of 1 : 4  ether-hexane and 0.4 I .  of ether. Fractions 1 and 2 
afford:d 0.4352 g. (3.13 mmoles) of m-nitrophenol melting a t  
93-94 . The infrared spectrum of this material was identical 
with that  of an authentic sample. Fractions 4 and 5 afforded 
0.0236 g.  of a dark brown viscous liquid which was not charac- 
terized. 

The neutral fraction (1.1620 9.)  was chromatographed on a 
2 X 50 cm. column of silica gel slurry packed in 1 : 19 ether- 
hexane; 200 ml. fractions were collected. The column was 
eluted as follows: 0.4 I. of 1:  19 ether-hexane, 1 I .  of 1 :9  ether- 
hexane, 0.4 I .  of 3:  7 ether-hexane, 0.2 I .  of 3 : 2  ether-hexane, and 
0.2 I .  of ether. Fraction 1 afforded 0.1906 g. (0.788 mmole) of 
9-phenylfluorene melting a t  126-131 with an infrared spectrum 
identical with an authentic sample. Fractions 4-6 afforded 0.585 
g. (2.25 mmoles) of triphenylcarbinol melting a t  158-160" and 
with an infrared spectrum of triphenylcarbinol. 

Control Run; Irradiation of Triphenylcarbino1.-Triphenyl- 
carbinol (2.00 g., i . i O  mmoles) was dissolved in 630 ml. of dioxane 
and 70 ml. of water. The solution was irradiated for 2.5 hr.  
under the conditions of the previous experiment. The reaction 
solution was concentrated and the residue chromatographed 
on a 2.5 X 25 cm. silica gel column slurry packed in 1 : 19 ether- 
hexane; 200-ml. fractions were collected and the column was 
eluted as follows: 0.6 1. of 1:19 ether-hexane and 0.4 1. of 1 :4  
ether-hexane. Fractions 3-5 afford:d 1.985 g. (7.69 mmoles) 
of triphenylcarbinol, m.p. 159-160 , but no 9-phenylfluorene 
could be found in fractions 1 and 2. 

Control Run; Irradiation of m-Nitrophenol.--A 3,408-g. 
(0.0245 mole) sample of m-nitrophenol was dissolved in 650 ml. of 
7056,dioxane and irradiated for 6 hr.  under the conditions of the 
previous experiment. The solution was concentrated and the 
residue, melting at 94-95', weighed 3.310 g. (0.0238 mole). I ts  
infrared spectrum was identical with that  of m-nitrophenol. 

Irradiation of p-Nitrophenyl Trityl Ether Using Pyrex Filter .- 
A 2.030-g. (5.30 mmoles) sample of p-nitrophenyl trityl ether was 
dissolved in 630 ml. of purified dioxane and TO ml. of distilled 
water. Of this, 670 ml. was irradiated as aescribed above a t  
25" for 3 hr. ,  by which time titration with sodium hydroxide 
indicated 797, solvolysis. Titration with 0.0603 M S a O H  of 
irradiation and control aliquots a t  increasing times gave: 0 
min. irradiation, 0.382 ml., control 0.382 ml.; 15 min., 0.449 
ml., 0.418 ml.; 45 rnin., 0.461 ml., 0.432 ml.; 75 rnin., 0.475 
ml., 0.436 ml.; 120 rnin., 0.482 nil.,  0.438 ml.; 180 rnin., 0.501 
nil., 0.456 ml. At the end of 3 hr.  of irradiation the reaction 
product had turned yellow; 600 ml. of this solution was concen- 
trated a t  35-40' in vacuo. The fraction soluble in 10% S a O H  
gave 0.546 g.  (3.90 mmoles) of essentially pure p-nitrophenol. 
This melted at 110-112° (reported'@ 114'; infrared check). 
The neutral fraction (1.250 g , )  was chromatographed on a 2.5 
X 115 cm. column of silica gel slurry packed in 1:19 ether- 
hexane; 200-ml. fractions were collected. The column was 
eluted as follow: 0.6 1. of 1:19 ether-hexane, 0.6 1. of 1 : 9  
ether-hexane, and 1 1. of 1 : 4  ether-hexane. Fractions 4-10 
afforded 1.0621 g. (4.08 mmoles) of triphenylcarbinol melting 
a t  159-161'. 

Irradiation of m-Acetylphenyl Trityl Ether.-Of 2.030 g.  
(5.30 mmoles) of m-acetylphenyl tritpl ether in 700 ml. of 9OC.I 
ethanol, 670 ml. was flushed and irradiated under nitrogen 
through Pyrex for 3.5 hr.  a t  24'. At the end of the run, titration 
of an aliquot with standard sodium hydroxide indicated 44.jC/i 
solvolysis. 

A 620-ml. volume of the irradiated solution was worked up a t  
room temperature under reduced pressure in the same general 
manner as described above. .Acid-base separation gave 0.2960 
g. (2.20 mmoles) of a solid melting a t  88-90" (reportedz0 m.p. for 
m-acetylphenol 96') with infrared spectrum of m-acetylphenol. 
The neutral fraction (1.5270 9.)  was chromatographed to give 
0.2653 g.  (1.10 mmoles) of 9-phenylfluorene, m.p .  135-137"; 
0.5353 g. (2.06 mmoles) of triphenylcarbinol, m.p.  159-161'; 
and 0.620 g. (1.60 mmoles) of m-acetylphenyl trityl ether, m.p. 
86-88'. Infrared comparisons of products were made. 

Irradiation of p-Acetylphenyl Trityl Ether .-Of a 2.200-g. 
(5.80 mmoles) sample of p-acetylphenyl trityl ether in 20 ml. of 
purifiedlB dioxane, 643 ml. of 95Yc ethanol and 37 ml. of distilled 
water, a 670-ml. volume was irradiated for 1.75 hr.  at 24' using 
a Pyrex filter. At the end of this time titration with sodium 
hydroxide indicated 89Yc solvolysis. The thermal contribution 
to solvolysis during the above time interval was 18yc as deter- 
mined by titration of a dark control. 

4 dark band stayed a t  the top of the column. 

X dark control run liberated no acidic product. 

(19) W. Robertson, J .  C h e m .  SOL., 1477 (1902) 
120) P. Pfeiffer, A n n . ,  989, 1-11 (1911). 

A 630-ml. volume of the irradiated solution was concentrated 
in vacuo at 35' and the residue was worked up in the usual man- 
ner t o  give 0.6930 g. (5.10 mmoles) of p-acetylphenol, m.p. 
107-108" (reportedz1 107"); 0.8741 g. (3.36 mmoles) of tri- 
phenylcarbinol, m.p.  160-162O; and 0.t37 g. (0.36 mmole) of 
p-acetylphenyl trityl ether, m.p. 90-92 . All identities were 
checked by infrared comparison. 

Irradiation of p-Acetylphenyl Trityl Ether Using Solution 
Filters Transparent between A 245 mp and k 295 m ~ . - ~ 4  2.0256-g. 
(5.3 mrnoles I sample of P-acetylphenyl trityl ether was dissolved 
in 643 ml. of 957, ethanol, 20 ml. of purified dioxane and 37 ml. 
of distilled water. A 680-ml. volume of the above solution was 
irradiated for 2.5 hr. a t  5.5'. Between the light source and the 
reaction cell was placed a triple decker arrangement of three 
24-mm. thick cells filled with nickel sulfate solution (63.5 g. 
of SiSO4.6H20 in 500 ml. of water, cell I) ,  cobalt sulfate solu- 
tion (68.6 g. of CoS04.7HzO in 500 ml. of water, cell 11), and 
2,7-dimethyldiaza(3,6)cycloheptadiene-l,6 perchlorate22 (0.0617 
g./500 ml. of water, cell 111). The thermal contribution to 
solvolysis during the above time interval was 27, based on titra- 
tion of the dark control also kept at 5 " .  

Work-up gave 0.6473 g. (4.7 mmoles) of p-acetylphenol, m.p. 
104-106°; 0.1960 g. (0.37 mmole) of trityl peroxide, m.p.  182- 
183" (reported23 for trityl peroxide 185'); 0.6252 g.  (2.4 mmoles) 
of triphenylcarbinol, m.p.  156-159'; and 0.4233 g. (1.1 mmoles) 
of p-acetylphenyl trityl ether, m.p. 88-90'. Trityl peroxide 
was analyzed and otherwise infrared comparisons were made. 

Irradiation of m-Cyanophenyl Trityl Ether .-.A 1.8169-g. 
(5.03 mmoles) sample of m-cyanophenyl trityl ether was dissolved 
in 630 ml:of purifiedI6 dioxane and 70 ml. of distilled water; 
660 ml. of the above solution was irradiated for 3.5 hr. a t  21 
using a Corning 9700 (9-53) filter. At the end of the run titra- 
tion indicated 647, solvolysis. The thermal contribution to 
solvolysis during the above time interval was nil. 

.A 620-ml. volume of the irradiated solution was concentrated 
under vacuum a t  30" using a rotary evaporator. The oily semi- 
solid residue was dissolved in ether and extracted with 10% 
potassium hydroxide. The dried ether layer gave 1.410 g.  of a 
gummy solid. The alkaline extracts on acidification and ether 
extraction afforded 0.420 g. (3 .5  mmoles) of m-cyanophenol, 
m.p. 76-78' (reported24 82'; infrared check). The neutral 
fraction (1.410 9.) was chromatographed on a 3.8 X 80 cm. 
column of silica gel slurry packed in 1 : 19 ether-hexane; 200-ml. 
fractions were collected, and the column was eluted as follows: 
1 1.  of 1:19 ether-hexane, 0.4 1. of 1 : 9  ether-hexane, 0.4 I .  of 
3:17 ether-hexane, 0.4 I .  of 1 : 3  ether-hexane, 0.6 1. of 2 : 3  
ether-hexane, 1 1. of 3:2 ether-hexane, 0.4 I .  of 4 : l  ether-hex- 
ane and 0.4 I .  of ether. Fractions 4-5 afforded 0.1596 g. (0.66 
mmole) of 9-phenylfluorene, m.p. 134-136' (infrared check). 
Fractions 8-12 afforded 0.7722 g. (2.9 mmoles) of triphenyl- 
carbinol, m.p.  159-161" (infrared check). Fractions 16-19 
afforded 0.2570 g. of an oily material which could not be made to 
crystallize. This oily fraction (0.257 9.) was chromatographed 
on a 2.5 X 25 cm. column of alumina without obtaining further 
solid product. 

Irradiation of p-Cyanophenyl Trityl Ether.--% 1.8050-g. 
(5.00 mmoles) sample of p-cyanophenyl trityl ether was dis- 
solved in 630 ml. of purifiedI6 dioxane and 70 ml. of distilled 
water; 660 ml. of the above solution was irradiated with a 
Corning 7910 (9-54) filter at 20" for 3.5 hr., by which time titra- 
tion of an aliquot indicated 6170 solvolysis. The thermal contri- 
bution to solvolysis was nil. 

A 610-ml. volume was concentrated a t  28". The 10% base- 
soluble fraction yielded 0.5120 g.  of a viscous liquid. 

The neutral fraction (1.410 8.) was chromatographed on a 3.8 
X 80 cm, column of silica gel slurry packed in 1 : 19 ether-hexane; 
200-ml. fractions were collected. The column was eluted as 
follows: 1 1. of 1:19 ether-hexane, 0 4  I .  of 3:17 ether- 
hexane, 1 1. of 1:4 ether-hexane, 0.4 1. of 2 :3  ether-hexane, 
0.4 I .  of 3 :2  ether-hexane, 0.4 I .  of 4 : l  ether-hexane and 0.4 1. 
of ether. Fractions 2-4 affor$d 0.2005 g.  (0.82 mmole) of 
9-phenylfluorene, m.p. 136-139 . Its infrared spectrum agreed 
with that of 9-phenylfluorene. Fractions 8-11 affordedD0.7471 g.  
12.87 mmoles) of triphenylcarbinol melting at 160-162 . Frac- 
tion 20 yielded 0.0431 g. of a semi-solid which was not charac- 
terized. 

The acidic fraction (0.512 9.)  was chromatographed over a 
2.5 X 25 cm. column of silica gel slurry packed in 1: 19 ether- 
hexane; 200-ml. fractions were collected. The column was 
eluted as follows: 0.6 I .  of 1:19 ether-hexane, 0.6 1. of 1 :9  
ether-hexane, 0.4 I .  of 1 :4 ether-hexane and 0.8 1. of 2 : 3  ether- 
hexane. Fractions 9-11 (600 ml.) yitlded 0.3680 g. (3.1 
mmoles) of p-cyanophenyl, m.p. 111-112 . 

Actinometry.-The procedure used was essentially that  de- 
scribed previ0usly3~ using a double compartment cell for reaction 

(21)  J .  Klingel, Chem. Ber. ,  18, 2691 (1885). 
122) G. Schwarzenbach and K. Lutz, Welu. Chim. Acta, I S ,  1139 (1940). 
(23) M. A. Spielman, J .  Am.  Chem. Soc., 67, 1117 (1935). 
(24)  F. Ahrens, C h e m .  Be?. ,  10, 295-1 (1887). 
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and uranyl oxalate. The triple compartment cell was used for 
filter solutions. The filter solution combinations used and trans- 
parent wave length regions were as follows: 

cell I, solution of 
63.5 g. of NiSOa.6H20/500 ml. of water; cell 11,68.6 g. of c O s 0 4 .  
6H20/500 ml. of water; cell 111, 38.8 g. of CrC1,.6H20/500 
ml. of water. This system was transparent between 290 and 
360 mp. 

cell I ,  solution of 76.2 g. of 
NiSOa.6H20 and 82.3 g. of CoS04~7H20/600 ml. of water; 
cell 11, 0.0372 g. of quinoline hydrochloride/liter; cell I11 1.00 g. 
of 2,7-dimethyldiaza( 3,6)cycloheptadiene-l,6 perchlorate/600 
ml. This filter combination was transparent between 240 and 
270 mp. 

cell I, 127.0 g. of NiSOc 
6HzO/liter; cell 11, 137.0 g. of CoSO4,7HtO/liter; cell 111, 
0.0366 g.  of acridine hydrochloride/500 ml. of 1 % hydrochloric 
acid. This filter combination was transparent in the region 
265-320 m p .  

In these quantum efficiency runs photolysis was continued to 
less than 207', reaction. Products were isolated in the same 
fashion as described in the preparative runs and quantum yields 
determined from the amount of product formed relative to the 
amount of light available with the given filter during the time 
of photolysis. Production of phenolic products was monitored 

For the m- and p-nitrophenyl trityl ethers: 

For p-cyanophenyl trityl ether: 

For m-cyanophenyl trityl ether: 

by titration. Light availability through each filter for the time 
of photolysis was determined using uranyl oxalate and potassium 
permanganate titration. The assumptionzs was made of 0.55 
mein./mmole of oxalic acid utilized. 

Calculations.-The calculation on the isomeric nitroanisoles 
was carried out by the simple LCAO MO method with neglect of 
overlap. Diagonalization of the secular determinant was by the 
Jacobi method using a Control Data Corp. 1604 computer.26 

Acknowledgment.27--Appreciation is expressed by 
the authors for the support of this research by the 
Alfred P. Sloan Foundation and by the Xational 
Science Foundation. Similarly, appreciation is ex- 
pressed for support of computing in this research by 
the Research Committee of the Graduate School of the 
University of Wisconsin from funds supplied by the 
b'isconsin Alumni Research Foundation. 

( 2 5 )  C. R. Masson, V. Boekelheide and W. A.  Noyes, Jr , ,  "Techniques of 
Organic Chemistry," Vol. 11, Second Ed. ,  Interscience Publishers, Inc. ,  
New York, S. Y . ,  1936, Chapter V. 

(26) We thank Mr. John Munch for his assistance in computing. 
(27) Thanks are due hfr.  Gary A.  Zimmerman for proof-reading the pres- 

ent manuscript. 

[CONTRIBUTION FROM THE SCHOOL O F  CHEMISTRY, UNIVERSITY O F  MINNESOTA, MINNEAPOLIS 14, MI?r".] 

Conformations. 111. Estimation of Rotational Conformations of Phenyl in Substituted 
1-Phenylcyclohexenes by Proton Magnetic Resonance 
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Phenyl rotational conformations in twenty substituted 1-phenylcyclohexenes have been estimated by the interrelation of 
olefinic proton chemical shifts and dihedral angles 9 (in I )  using theoretical values of Johnson and Bovey for shieldings ex- 
perienced by a nucleus in the neighborhood of a benzene ring. It was found that  practically identical results were obtained 
when the point dipole approximation method was used. 

Waugh and Fessenden2 have experimentally esti- 
mated that the magnetic anisotropy of the benzene 
ring3 leads to  a chemical shift (6) of -1.50 p.p.m. 
(deshielding) for the benzene proton magneticTesonance. 
From this chemical shift, a spacing of 1.28 A. between 
the maximum ?r-electron density of the two circular 
n-electron clouds in benzene was Using this 
model, Johnson and Bovey4 have calculated the mag- 
netic field (resulting from the magnetically induced 
precession of three n-electrons in each of the circular 
loops) about a freely tumbling benzene ring in an ex- 
ternal magnetic field. The Johnson and Bovey tables4 
provide theoretical chemical shifts for protons in the 
neighborhood (in terms of coordinates p and z)  of 
the benzene ring. For simple aromatic hydrocarbons 
agreement between theory and experiment is good.4 

Non-coplanarity of conjugated systems is readily 
detectable through ultraviolet spectroscopy. The ef- 
fects of non-coplanarity upon the spectra of conjugated 
systems are varied.j The intensity of absorption (or 
more reliably the oscillator strength) is generally con- 
sidered to be uniformly more sensitive to  deviations 
from coplanarity of the conjugated system than is the 
transition energy6,6; however, this generality is neither 
theoretically' nor experimentally8 without exception. 

(1) (a) N.S.F. Postdoctoral Fellow, 1961-1962. Present address: 
Department of Chemistry, University of Chicago, Chicago 37, Ill. (b) 
Paper I and I1 in this series, J .  Org.  C h e m . ,  27, 4243, 4249 (1962). 

(2) J. S. Waugh and R. W. Fessenden, J .  A m .  Chem. Soc., 79, 846 (1957); 
see also correction by J .  S. Waugh, i b i d . ,  80, 6697 (1958). 

(3)  L. Pauling, J .  Chem. Phys., 4, 673 (1936); and J .  A .  Pople, i b i d . ,  24, 
1111 (1956). 

(4)  C. E .  Johnson, Jr., and F .  A .  B o v e y ,  i b i d . ,  29, 1012 (1Y58), 
(3) W. F. Forbes, "Steric Effects in Conjugated Systems," Academic 

Press, Inc., New York, Pi. Y., 19.58, p. 6 2 .  
(6 )  hl. I. S. Dewar, ibid., p. 46;  W. F. Forbes and R.  Shilton. J .  A m .  

Chem. SOL., 81, 786 (1959); E. Heilbronner and R. Gerdil, H e l v .  C h i m .  Acto.  
39, 1996 (1956). 

(7) H .  C. Longuet-Higgins and J ,  S.  Murrell, PYOC.  Phys. Soc , 68, GO1 
(1955). 

(8) W. F. Forhesand W. A.  Mueller, J .  A m .  C h e m .  Soc., 79, 049.5 (1937). 

R e ~ e n t l y , ~  simple LCAO-MO theory has been used to 
correlate the interplanar angle in biphenyls,ga stilbenes 
and styrenesgb with the wave length of maximum absorp- 
tion. 

This paper concerns itself with an estimation of the 
time-averaged dihedral angles ($)loa in C6- and ortho- 
substituted 1-phenylcyclohexenes (I) through chemical 
shifts of the olefinic proton's magnetic resonance.lob 

4 c 

I 
Model and Anisotropy Calculations.-The cyclo- 

hexene model used is that  derived from vector analysis 
by Corey and Sneen" in which total distortion (from 
normal tetrahedral) in all angles is approximately 
equal and as small as possible. The angle between 
each vinyl bond and the carbon-carbon double bond is 
taken as 122.5', Bond lengths taken are: 1.54 A. 
(C-C), 1.09 A. (C-H), 1.4s A. (Colefinic-CAr), 

(9) (a) H. Suzuki, Bail. Chem. SOC. J a p a n ,  32, 1340, 1330, 1367 (1939); 
(b) 33, 019 (1960), and referencescited therein. 
(10) (a) I n  this work, 9 is  no t  t o  be distinguished from - 9  (the supple- 

ment of +); (b) I,. M. Jackman, "Applications of Suclear hlagnetic Reso- 
nance Spectroscopy in Organic Chemistry," Pergamon Press, S e w  York, 
S .  Y., 1939, p,  123 f f . ,  has suggested a similar treatment for the  substituted 
biphenyls. See also: M. Katayma, S. Fujiwara, H. Suzuki, Y .  Nagai 
and 0. Simamura, J .  Mol .  Spectry., 6, 85 (1YGO). 

(11) E.  J,  Corey and R. A.  Sneen, J .  A m .  Chem. Soc.. 77, 2505 (19.55) 
I n  Fig. 3 of this work, the  y-cobrdinate for allylic axial substituents a t  both 
(I and d was taken as  -0.176 in place of -0.175 and 0.173, respectively, as  
reported. The y-coordinate for allylic equatorial substituents a t  both a 
and d was taken as 0.109 in place of 0,109 and -0.109, respectively, as re- 
ported. This typographical error has been confirmed by Professor Corey. 


