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was demonstrated and the average dose rate of 1.24 X 10V (100
ev/g hr) was used to calculate G values.

To determine G values (molecules of product formed per 100
ev absorbed), 20-g samples of solutions containing 2 moles
of hydrocarbon/mole of CCl; were irradiated in the same reactor.
The product formed was determined by vpc analysis. G values

were calculated by dividing the number of molecules of product
produced by the number of 100 ev [(1.24 X 1017)(20)reaction
time, hr)] absorbed.

Acknowledgment. The author wishes to thank Mr.
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Abstract:

Long-range spin-spin coupling between benzylic ortho and para ring protons in a number of substi-

tuted orcinol derivatives is discussed. The data show that coupling of methyl to ortho ring protons is not affected

by the nature of the substituent introduced para to the methyl group.

Introduction of CHO ortho to the methyl

group causes an increase in the ortho coupling constant, a reflection of increased m-bond order between the carbons

holding the methyl and ortho protons.

Utilization of electron-withdrawing groups larger than CHO does not

increase the w-bond order and the or#ho coupling constant in this series because of steric inhibition of resonance.

Desire to obtain orcinol derivatives of the general
structure I for metabolism studies prompted in-
vestigation of these compounds by means of nuclear
magnetic resonance in order to confirm the direction
of the substitution reaction utilized in their synthesis.
During the course of these investigations long-range
spin-spin coupling was observed between the Ar-CH;
group and ring protons.

R Hp
HO OH. HO OH
H R’ Hy R
CH, COOR/
ILR=R'=H X,R=R’'"=H
II, R = COOCH;; R’ = H XI,R = CHO; R’ = CH;
IIILR = COOH; R’ = H
IV,R = NO,; R" = H
V, R = COOCH;; R’ = CHO
VIR = H; R’ = CHO
VI, R = H; R’ = COOH
VIII, R = H; R’ = COOCH;
IX,R = H; R’ = NO;

Long-range coupling has been studied extensively in
other systems but only during recent years has benzylic
coupling received much attention.? Generally, side-
chain ring coupling involving sp?hybridized carbon
atoms has been observed in heterocyclic®® and some
polycyclic?®®* aromatic ring systems. While Hoffman?
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was able to observe splitting of the proton and methyl
resonances in mesitylene, spectra of p- and o-xylenes
showed only single lines. Freeman® also reported that
the methyl proton resonance of 3,5-di-z-butyl-4-hy-
droxytoluene exists as a triplet with [J] = 0.60 cps.
This is in agreement with observations reported by Rot-
tendorf and Sternhell”’ who studied a series of three
isomeric tetrachlorotoluenes. The resonance assigned
to the methyl group in the tetrachlorotoluene series
indicated ortho and para coupling of methyl to ring
protons to be equal (|J| = 0.63 cps), while meta coupling
was considerably smaller (0.36 cps).

Hoffman?® and others? have suggested such long-range
couplings, presumably involving o-r configuration
interactions,”!° are evidence of hyperconjugation
between the methyl group and w-electron orbitals.
While hyperconjugation seems to be necessary for
benzylic coupling, studies with polycyclic®®**” and
heterocyclic®?® compounds indicated the magnitude
of the ortho coupling constant to be dependent upon the
m-bond order between the carbons holding the methyl
and ortho protons. Orcinol (I) derivatives are par-
ticularly suitable to a study of the magnitude of such
long-range couplings relative to their dependence upon
m-bond order since (1) hydroxyl groups prevent ad-
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Table I
Coupling constants, +=0.05 cps
Chemical shift, § ppm———— Ya|Ja-crs +
Compd Ha Hs Other {Jap|  |Ja-cmo| |JB-cmo| |Ja-cms| [JB-cEi| JB-cHi
I 6.14 6.14 Ar-CH; = 2.12 ? 0.60
11 6.20 Ar-CH; = 2.19 0.60 ..
Ar-COOCH; = 4.02
I 6.30 Ar-CH; = 2.23 0.60
v 6.48 Ar-CH; = 2.32 0.60
A% 6.40 Ar-CH; = 2.60 0.20 0.80
Ar-CHO = 10,22
Ar-COOCH; = 3.98
VI 6.28 6.20 Ar-CH; = 2.51 2.35 0.20 0.55 0.77 0.57
Ar-CHO = 10.06
VII 6.32 6.32 Ar-CH; = 2.54 ? 0.60
VIII 6.28 6.28 Ar-CH; = 2.46 ? 0.60
Ar-COOCH; = 3.92
X 6.42 6.42 Ar-CH; = 2.50 ? 0.60
X 7.00 6.56 Ar-COCCH; = 3.96 2.35 0.20 0.55
XI 6.92 6.47 2.35
ditional coupling of methyl to mera ring protons and do  analysis show 'felJem-mi + |[Jem-ms| = 0.60 cps.

not couple with the ortho protons,!! and (2) hydroxyl
groups are in conjugation with electron-withdrawing
groups at the site of R/, Therefore, if R’ is able to lie
in the same plane as the ring the #-bond order between
the carbons holding the methyl group and ortho proton
should increase as the — R effect for R’ increases.

Results and Discussion

Chemical shifts and coupling constants for all com-
pounds studied are listed in Table I. The designation
Hj refers to the proton ortho to the methyl group while
Hp refers to the para proton. Coupling constants re-
ported are accurate to =0.05 cps. Analysis of the
long-range coupling of methyl to ring protons in the
orcinol series is most readily interpreted by first noting
the spectra of the more highly substituted derivatives.
This is because the A;BX; spectrum (Figure 1) of orcinol
is deceptively simple.!?

Scps F
——
Hs
HO OH
K Ha
CHs
AR-H AR-CHs

Figure 1.

For orcinol (I), decoupling!? at frequencies of +240
and —243 cps afforded single lines for the aromatic and
methyl proton resonances, respectively, indicating
(vus — wvmy) < 03 cps. The results of first-order

(11) S. Forsen, B. Akermark, and T. Alm, Acta Chem. Scand., 18,
2313 (1964); S. Forsen and B, Akermark, ibid., 17, 1712 (1963); S.
Forsen, J. Phys. Chem., 67, 1740 (1963); R. Freeman, N, S. Bhacca,
and C. A, Reilly, J. Chem. Phys., 38, 293 (1963).

(12) J. I. Musher and E. J. Corey, Tetrahedron, 18, 791 (1962).

(13) R. Freeman, Mol. Phys., 3, 435 (1960).

Comparison with the analysis of the mesitylene spec-
trum reveals that |Jep,—g,| may or may not equal
\Jem—ms|.  While the major splittings of the mesitylene
spectrum have been interpreted as indicating equal
coupling of ortho and para protons with the methyl
group,®” Rottendorf and Sternhell’” pointed out that a
mathematical analysis'¢ predicts that ortho and para
side-chain ring coupling constants should differ (J,,s, =
0.89 cps; Jpara = 0.45 cps).

For p-orsellenic acid (III) the methyl resonance
(Figure 2) occurs as a triplet and the ortho aromatic

AR-H AR=CHs

Figure 2.

proton resonance is observed as a quartet with |J]| =
0.60 cps. Methyl p-orsellinate (II) and 3,5-dihydroxy-
4-nitrotoluene (IV) exhibit the same coupling pattern
with |[J| = 0.60 cps in accord with the ortho coupling
constant observed in the tetrachlorotoluene series.”

By means of a modified Gatterman reaction!s methyl
2-formyl-p-orsellinate (V) is prepared from methyl
p-orsellinate (I1) in 95% yield. Insertion of the car-
bonyl function causes a slight downfield shift for the
resonances of the aromatic methyl and ortho aromatic
proton with a concomitant increase in the coupling
constant (Figure 3, [Jou,-u| = 0.80 cps). As expected,
no coupling is observed between the formyl proton and
the aromatic proton. This is because hydrogen bond-
ing of the carbony! oxygen to the neighboring hydroxyl

(14) 1. V. Acrivos, ibid., 5, 1 (1962).
(15 R. C. Shah and M, C, Laiwalla, J. Chem. Soc., 1828 (1938).
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5cp:
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AR AR-CHy

Figure 3.

group causes the two protons involved to assume a
cisoid relationship. That a transoid relationship is
necessary for such coupling to occur was recently dis-
cussed by Karabatsos and Vane!¢ and is further sub-
stantiated by the fact that coupling of the formyl proton
in methyl 3,5-dihydroxy-2-formylbenzoate (XI) mainly
takes place with the Hg proton ([Jopo-us| = 0.55 cps).

In the case of orcylaldehyde [4,6-dihydroxy-2-methyl-
benzaldehyde (VI)] the formyl, aromatic, and methyl
hydrogens couple in a YABX; pattern (Figure 4) with
\Jua-ms| = 2.35cps. This is essentially the same mag-
nitude observed for meta splitting in a-resorcylic acid
(XII) and methyl 3,5-dihydroxy-2-formylbenzoate (XI).
Decoupling of the methyl protons utilizing a frequency
of +220 cps afforded an unsymmetrical quartet for
Hs-Hpg in which the inner and outer lines, owing to the
H, resonance, exhibited half-widths of 0.7-0.8 cps.
The inner and outer lines, owing to the Hy resonance,
exhibited half-widths of 1.6-1.7 cps. The Hy resonance
observed during the decoupling procedure could only
be partially resolved because of the high noise
level. Sufficient resolution was obtained to indicate
[Jcro-ms] = 0.55 cps. This is in agreement with the
results found for the Hy resonances of methyl 3,5-di-
hydroxy-2-formylbenzoate (XI). Utilizing [Jy,-ns| =
2.35 cps and |Jego-ns| = 0.55 cps the 16-line spectrum
which best fits the observed spectrum for the Hg reso-
nance yields |Jop,—ms| = 0.57 = 0.05 cps. The reso-
nance for the H, proton exists as a septet owing to cou-
pling with the o-methyl protons. In this case Jogo-m, ~
0 and the septet results from overlap of the center lines
of each quartet of the H, resonance of the AB part
of the spectrum. Therefore, |Jeu,~m, = 0.77 cps is
in agreement with the o-methyl to ring proton coupling
observed for methyl 2-formyl-p-orsellinate (V) and is
approximately 0.15 cps greater than para coupling of
methyl and Hg protons.

These data are in agreement with theoretical concepts
proposed by McConnelll” who derived an equation!®
based on empirical data on hyperfine splittings in
aromatic free radicals. McConnell has shown that
the contribution of = electrons to proton-proton
nuclear spin-spin couplings is such that Jxy is pro-
portional to the square of the w-bond order connecting
carbon atoms N and N’. In long-range spin-spin
coupling contribution to J is largely a factor of the

(16) G. J. Karabatsos and F. M, Vane, J. Am. Chem. Soc., 85, 3886
(1963).

(17) H. M. McConnell, J. Mol, Spectry., 1, 11 (1957).

(18) Jyx'm = (B0n~N")?/hAE, where 3 is the Bohr magneton, O is a
hyperfine splitting constant, nxx’ is the bond order connecting carbon
atoms N and N’, k is Planck’s constant, and AE is an effective elec-
tronic excitation energy.

AR=-CHO AR-Ha AR=Hs AReCH3

Figure 4.

m electrons since their influence is not rapidly atten-
uated by increasing the distance between the involved
protons. In the case of compounds II, III, and IV it is
observed that the substituent inserted para to the methyl
group has no effect upon the coupling constant between
the methyl and ortho aromatic protons. However,
insertion of the aldehyde function ortho to the methyl
group as in compounds V and VI causes an increase
in the m-electron density between the carbons holding
the methyl and orto proton. A corresponding increase
in the coupling constant is observed. Such an insertion
has no effect on the para coupling constant.

Substitution of carboxy, carbomethoxy, and nitro
groups (compounds VII, VIII, IX, respectively) ortho
to the aromatic methyl again yields deceptively simple
spectral? since [Jap| > (vu, — vus). In each of these
spectra the resonance for the methyl group appears
as a triplet and the resonance for the aromatic protons
appears as a quartet. First-order analysis again
shows YolJcmem, + JCHB_HBI = 0.60 cps. While this
is the only value which is experimentally accessible,
data obtained with other compounds in this series sub-
stantiate the proposal Jep-m. = |Jeu-us = 0.60
cps. Therefore, the experimental results are not in
agreement with the mathematical analysis!* which pre-
dicted unequal coupling of methyl to ortho and para
protons in mesitylene. Further, these data represent
strong support for steric inhibition of resonance when
functional groups larger than —CHO are inserted be-
tween hydroxyl and methyl groups. !®

Experimental Section

Nmr spectra were recorded utilizing a Varian A-60 spectrometer.
Decoupling experiments were carried out with the Varian Model
V-6058 attachment. Coupling constants and chemical shifts were
determined in hexadeuterioacetone with concentrations of 103097
utilizing trimethylsilane as an internal standard.

Orcinol (I) was purchased from Fisher Scientific Co. and recrys-
tallized from water, mp 106-108° (lit.2 mp 107.5°).

p-Orsellenic acid (III) was synthesized by the method of St.
Pfau; mp 179-180° (lit.2! mp 179-180°).

(19) M. S. Newman, “Steric Effects in Organic Chemistry,” John
Wiley and Sons, Inc,, New York, N. Y., 1956, pp 429, 437, 162, 174,
175; J. Hine, “Physical Organic Chemistry,” McGraw-Hill Book Co.,
Inc, New York, N. Y., 1962, p 63; E. S. Gould, “Mechanism and
Structure in Organic Chemistry,”” Holt, Rinehart and Winston, Inc.,
New York, N. Y., 1959, pp 70, 236, 455.

(20) K. Schaum, 4nn., 462, 194 (1928).

(21) A. St. Pfau, Helv. Chim. Acta, 9, 650 (1926).
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Methyl p-Orsellinate (II), p-Orsellinic acid (5.05 g, 0.03 mole)
was dissolved in 50 ml of ether. To the solution was added 1.68 g
(0.04 mole) of diazomethane in ether.?? The mixture was allowed
to stand at room temperature for a period of 2 hr. Dilute acetic
acid was added to decompose the excess diazomethane. The ether
layer was separated and extracted with two 25-ml portions of
sodium bicarbonate, dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure affording a white solid.
Recrystallization from hot water yielded a solid (3.5 g, 70%) iden-
tical in all respects with the ester obtained in 107 yield from the
Fisher esterification of p-orsellinic acid, mp 96-98° (lit.1s mp 97°).

Methyl 2-Formyl-p-orsellinate (V). Methyl p-orsellinate (5.0
g, 0.027 mole) and aluminum chloride (11.0 g, 0.082 mole) were
dissolved in 200 ml of ether, with continuous stirring. The solution
turned cloudy in 10 min. Zinc cyanide (5.0 g, 0.065 mole) was
added, and gaseous hydrochloric acid was introduced into the stirred
mixture for a period of 8 hr. Water (100 ml) was added, and the
mixture was heated on a steam bath for 1.5 hr.  On cooling, a solid
(4.7 g, 94%) precipitated and was removed by filtration. Recrystal-
lization from hot water afforded white crystals, mp 146-148° dec.

Anal. Caled for CGH0s: C, 57.15; H, 4.76. Found: C,
57.47; H, 4.98.

Orcylaldehyde [4,6-dihydroxy-2-methylbenzaldehyde (VI)] was
prepared according to the method of Adams and Levine, mp 179~
181° (lit.23 mp 178-180°).

(22) H. A. Blatt, Ed., “Organic Synthesis,” Coll. Vol. 2, John Wiley
and Sons, Inc., New York, N. Y., 1955, p 165.

1911

0-Orsellinic acid (VII) was prepared from orcylaldehyde (VI)
by a reaction sequence developed by Hoesch, 4 mp 194-196° (effer-
vescence) {lit.2s mp 176° (effervescence)].

Methyl o-orsellinate (VIII) was prepared in the same manner as
methyl p-orsellinate (II), mp 138-140° (lit.? mp 140°).

2-Nitroorcinol [3,5-dihydroxy-2-nitrotoluene (IV)] and 4-nitro-
orcinol [3,5-dihydroxy-4-nitrotoluene (IX)] were prepared by nitra-
tion of orcinol according to the method of Henrich and Meyer:
for IV, mp 119-121° (lit.¥ mp 122°); for IX, mp 126-127° (lit.¥
mp 127°).

Methyl 3,5-dihydroxy-2-formylbenzoate (XI) was prepared from
the methyl ester of 3,5-dihydroxybenzoic acid (X) according to the
method of Birkinshaw and Bracken, mp 164-165° (lit.® mp
163.5°).
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Abstract: Treatment of a 9«,118-dichloro or 9«,118-halohydrin steroid in refluxing dimethylformamide or refluxing

pyridine afforded a ring AB aromatic compound.
the appropriate methyl halide.

he preparation of a steroidal ring AB aromatic

compound from simpler aromatic or nonaromatic
systems has been of interest principally to provide
“equilenin”-type compounds. Apart from total syn-
thetic methods,! most of the published procedures de-
pended upon (a) dehydrogenation of a suitable ring
A®4 or ring B? aromatic precursor, (b) dehydrogena-
tion of a AS-ring A aromatic system,’ (c) dehydrogena-
tion of a A®5-19-nor system,® and (d) acid elimination
of an allylic hydroxyl group in a suitably unsaturated
system.” Ionic processes that provide aromatization
with concomitant expulsion of the C-19 methyl group
have generally been applied to prepare ring A aromatic
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It was further shown that the C-19 methyl group was expelled as
A mechanism, based on these facts, is discussed.

compounds only.® This paper is concerned with the
preparation of ring AB aromatic steroids from nonaro-
matic intermediates by a new ionic method? with elim-
ination of the C-19 methyl group. The method, more-
over, may be generalized so that the preparation of ring
AB aromatic steroids with a variety of substituents
may be devised.

The method may be illustrated by the following exper-
iment. 21-Acetoxy-9«,l18-dichloro-17a-hydroxypreg-
na-1,4-diene-3,20-dione (Ia)! was refluxed in DMF for
30 min to produce at least three products as indicated
by thin layer chromatography. One of the products
was not in sufficient quantity to be isolated. A second
product had the ultraviolet!! and infrared spectra char-
acteristic of a ring AB aromatic system and was as-
signed the structure 2l-acetoxy-3,17a-dihydroxy-19-
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