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Figure 6. Plot of methylaniline chemical shifts vs. (a) excess total
methyl electron densities and (b) excess methyl hydrogen electron
densities. For (a) the values are the sum of the carbon and hydro-
gen electron densities of all the methyl groups, while for (b) only
the hydrogen electron densities were taken. All values are given
with respect to corresponding values in toluene. The least-squares
lines (r = 0.924 and 0.939, respectively) were determined with all
points included.
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the methyl proton chemical shifts. This possibility is being
explored.

It should be noted that the electron density at a given
carbon of a disubstituted aniline is approximately the sum
of the values at the corresponding carbons in the appropri-
ate toluidine. This result is expected and indicates that
there is no mutual electronic interaction between pairs of
methyl groups.

It thus appears that even within the limitations of the
INDO method and particularly the geometrical assump-
tions on which the calculations are based, the aniline nitro-
gen shifts depend on total electron density.
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Treatment of pure trans- 2,3,4-trimethyl-5,7-dichloro-2,3-dihydrobenzofuran (3) with D,8Q, at room tempera-
ture gives the cis and trans equilibrium mixture 2 and 3; these show deuterium uptake at the free afomatic posi-
tion, slow uptake at C-2 and C-3, slower uptake on the 2- and 3-methyl groups, and none at the aromatic methyl.
There is also formed in small amount at room temperature, and in larger amounts at 42°, the 2,2,4-trimethyl com-
pound 4, the product of methyl rearrangement. This compound can exchange all of its hydrogens for deuterium.
The compound without a 2-methyl group, 2,3-dihydro-4-methyl-5,7-dichlorobenzofuran (7), shows only exchange
of the aromatic hydrogen with D2S04. Compound 7 could not be synthesized by the usual cyclization reactions of
B-bromo- or -hydroxyethyl phenyl ethers, presumably because of the steric effect of the o-methyl group (in 8d
and 8e); it was synthesized by a procedure involving the intermediate 2-allyl-3-methyl-4,6-dichlorophenol (9b).
Mechanisms for the isomerizations, exchange, and methyl rearrangements are discussed. The changes due to
D2S04 and HsSO4 on 2, 3, 4, and 7 were followed by using vpc, nmr, and mass spectral methods.

It was shown? earlier that cyclization of the phenol la or
the methyl ether 1b by concentrated HySOy gave a mixture
of the cis- and trans-2,3-dimethyl-2,3-dihydrobenzofurans
2 and 3; a small amount of the product of methyl rear-
rangement, the 2,2-dimethyl compound 4 was also isolated
and identified,?

It was found that isomer 2 was formed under kinetic con-
trol of the cyclization, but at longer reaction times, the
thermodynamically more stable trans form 3 was favored,
the equilibrium favoring the trans form at room tempera-
ture by about 4:1. Treatment of the phenolic ether 1b with
ICl gave mainly the trans-iodomethyl compound 6, which
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was related to the trans-2,3-dimethyl compound 3 by re-
placement of the iodine by hydrogen.

The basis for the configurational assignment for 2 and 3
has been previously described;2? it included, in addition to
other points conclusive in themselves, the determination of
the coupling constants J/2.g_3. for 2 and 3, and the calcu-
lation of coupling constants predicted from the Karplus
equation and the 2-H-3-H dihedral angles, as determined
from models.* It was found that in contrast to six-mem-
bered rings,5 J2.n_3.1 for the cis form 2 was larger than for
the trans form 3. This is mentioned here because there has
been discussion about the applicability of the Karplus
equation to assignment of configurations in 2,3-disubsti-
tuted 2,3-dihydrobenzofurans. It is now agreed, however,
that J2 p-3.4 is larger for cis protons than for trans protons
in this five-membered ring, a conclusion supported by X-
ray crystallography.®

The isomerization and equilibration of 2 and 3 by
H,S0,4, which was shown to be a true equilibration by
starting from pure 2 or pure 3, must involve carbonium ion
formation by cleavage of the oxygen—carbon linkage of the
hetero ring, or at least stretching this bond enough to allow
interconversion of 2 and 3; the methyl-rearranged product
4 must result from a carbonium ion.

The many interesting recent developments in carbonium
ion chemistry” suggested a study of the equilibration of 2
and 3, and the formation of 4, by DsSOy, using vpc, nmr,
and mass spectroscopy. The present paper reports the re-
sults of such a study.

The earlier results? with H»SO4 were first confirmed,
starting with the pure trans compound 3. Compound 3 was
then treated® with concentrated DsSO4 at room tempera-
ture, and the products, as shown by vpc analyses, are indi-
cated in Table I; the results were similar to those in HaSOy,
although the amount of methyl-rearranged product, the
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Table1
Action of D2S04 at Room Temperature on Pure trans-
2,3-Dihydro-2,3,4-trimethyl-5,7-dichlorobenzofuran (3)

2,2-Dimethyl,

trans-2,3-Dimethyl ¢is-2,3-Dimethyl

Time, min product (4), % (3), % (2), %
0.5 1° 96 3

2 1 92 7

3 2 87 11
10 1 71 29
20 1 72 28
30 1 73 27

a These figures are too small to be very accurate.

Table 11
Per Cent Hydrogen Remaining after D2SOy4
Treatment of 3

Time, min Dihyéii?;u.ran Ié_aéc I'é_azt Armﬁatic

0.5 100 90 69 79

2 100 100 73 76

3 100 100 75 66

10 96 41 35 26

30 97 23 23 12

Chemical 1.3-1.4 3.1 4.5 7.1
shift, ppm

2,2-dimethyl compound 4, was slightly smaller, and the
trans/cis ratio was also slightly smaller for D;SO4 than for
H,S0,. These differences are not very significant.

In Table II are given the amounts of hydrogen replace-
ment by deuterium in the various positions for the entire
sample, as a function of time. It is clear that the 2- and 3-
methyl groups showed only a negligible exchange; that
which occurred was undoubtedly due to the small amount
of the 2,2-dimethyl compound present (see Tables I and
1I).

The hydrogen at C-2 exchanged somewhat more rapidly
than the one at C-3, while the aromatic hydrogen ex-
changed most rapidly. Treatment of 2,4-chloro-5-methyl-
phenol (8a) with D;SO, gave only exchange of the aromatic

CH, CH,
Cl Cl R
0 OH
\R
Cl Cl
8, R=H 9a, R = CH,C(CH,)=CH,
b, R=CH, b, R = CH,CH==CH,
¢, R =CH,CH=CH, ¢, R = CH,CH==CH,; OCH, for OH
d, R = CH,CH,0H d, R = CH,COOH; OCH; for OH
e, R =CH,CH.Br e, R = CH,CH,;OH; OCH, for OH

hydrogens, and none with the methyl on the aromatic ring.
There was no evidence for exchange of the aromatic methyl
hydrogens with 3 and its transformation products (see
below).

The results in Table II were confirmed and extended by
mass spectral analysis of the 2,2-dimethyl (4), the trans-
2,3-dimethyl (3), and the cis-2,3-dimethyl (2) compounds,
which were separated in that order from a vpc column and
analyzed by an LKB mass spectrometer for the molecular
ions (Table III).

Table ITT shows that with the trans- and cis-2,3-dimeth-
yl compounds, the deuterium uptake was limited at shorter
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Table II1
Per Cent Deuterium Content of Components of Mixture
from D2S04 and Pure Trans 3 by Mass Spectrometry
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Excess
Timer segms 2,2-Dimethyl o2y i 2
0.5 0 0 94 47
1 0 6 25
2 79 0 24
3 21 0 4
2.0 0 0 84 34
1 0 16 27
2 52 0 32
3 48 0 7
3.0 0 0 74 23
1 0 23 26
2 39 3 39
3 61 0 12
10.0 0 0 16 3
1 11 40 10
2 11 15 26
3 9 24 49
4 10 5 10
5 15 0 2
6 15 0 0
7 12 0 0
8 12 0 0
9 5 0 0
20.0 0 0 6 1
1 5 30 5
2 3 18 17
3 5 38 58
4 6 8 15
5 10 0 4
6 14 0 0
7 18 0 0
8 24 0 0
9 15 0 0
30.0 0 0 5 1
1 5 28 5
2 4 18 21
3 11 42 56
4 8 7 14
5 9 0 3
6 12 0 0
7 17 0 0
8 20 0 0
9 14 0 0

times to three atoms, comprising the hydrogens at C-2 and
C-3 of the hetero ring, and the aromatic proton. At longer
times, there was evidently some limited exchange at the
methyl groups on the hetero ring.

The 2,2-dimethyl compound 4, although it was present in
only small amounts in this mixture, exchanged much more
rapidly up to a maximum of nine atoms (six methyl hydro-
gens on the hetero ring, the C-2, C-3, and the aromatic hy-
drogens). Treatment of the ethyl 2,4-dichloro-5-methyl-
phenyl ether (8b) with D280y caused exchange of both aro-
matic hydrogens, about 50% ether damage after 15 min,
and almost complete cleavage of the ether after 12 hr. The
aromatic proton ortho to the ether group was completely
exchanged after 15 min, but the other proton was only par-
tially exchanged during this interval.

The data in Tables I-1III raised some questions about the

Table IV
Action of H2SO, on Pure trans-2,3-Dimethyl
Compound (3) at 42°
T RRmEL e ceghpe

1 90 10
3 Trace 82 18
5 1 79 20
10 3 75 22
30 10 71 19
45 16 66 18
60 20 62 18

Table V
Per Cent Deuterium Uptake after Treatment of Pure
2,2,4-Trimethyl-2,3-dihydro-5,7-dichlorobenzofuran (4)
with D2SO4 at Room Temperature

,——Reaction time, min—

Excess atoms D 1 4 15
0 40 12 1
1 32 15 1
2 16 17 1
3 7 18 3
4 3 18 7
5 1 8 16
6 1 7 25
7 5 26
8 21 16
9 4

2,2-dimethyl compound, which was formed in only small
amounts and which exchanged all its hydrogens, except for
the aromatic methyl groups, quite rapidly; once formed,
however, it did not appear to re-form the cis- or trans-2,3-
dimethyl compounds, because these did not show high deu-
terium content.

Varying the temperature of the equilibration answered
some of these questions; at 19°, starting with the pure
trans-2,3-dimethyl compound 3 and H,SO, after 1 hr,
there was little equilibration to the cis compound 2, and no
formation of the methyl rearranged product 4. At 26°, the
results of Table I were essentially confirmed. At 42°, how-
ever, the trans/cis equilibrium mixture of about 3.6:1 was
established after 10 min, but the amount of the 2,2-dimeth-
yl compound increased to about 20%. The results are given
in Table IV. The action of HsSO4 on a mixture containing
initially 84% of the cis- and 16% of the trans-2,3-dimethyl
compounds 2 and 3, at 26° and at 43°, gave results very
similar to those in Table IV. Thus, the final mixture could
be approached from both the cis and trans forms. The pre-
dominantly cis starting material in this run was prepared
by a laborious separation (see Experimental Section) of the
cis- and trans- 2-iodomethyl compounds? 5 and 6.

Experiment showed that the pure 2,2-dimethyl com-
pound 4, prepared as before,2 was not converted by HoSO,
at room temperature for 30 min into any detectable
amount of either of the 2,3-dimethyl compounds 2 and 3.
Therefore, the methyl-rearranged product 4 is formed from
2 or 3 irreversibly.

Treatment of the pure 2,2-dimethyl compound 4 with
D3SO0y at room temperature showed the progressive uptake
of deuterium (up to 9 D) given in Table V, in agreement
with Table III, determined by mass spectrometric analysis.
The nature of the hydrogens exchanged at various times, as
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determined by nmr, is given in Table VI, which, like Table
V, shows that exchange has reached a steady state at about
15 min. At this point, there is enough H,80, present so
that replacement of deuterium by hydrogen, or of hydrogen
by hydrogen, becomes significant.

Table VI
Hydrogen Remaining after D2SO4 Treatment
of 4, by Nmr Analysis

,———Reaction time, min——
Functional group (ppm) 0 1 4 15 30

53 4.3 2.1 24
3 3 3 3

1.6 0.8 04 0.5
0.8 0.6 02 02

2,2 ~Dimethyl (1.5)
Aromatic methyl (2.1)
Furan C-3 hydrogens (2.9)
Aromatic hydrogen (7.0)

D)W D

It was found that cyclization of the phenol 9a to 4 by
DyS0,, with a 30-min reaction period, gave about the same
pattern of hydrogen exchange by deuterium as did the ex-
posure of the preformed 2,2-dimethyl compound 4 to
D3SO0, for the same period. This probably means that the
cyclization of the phenol is rapid, and is followed by ex-
change with the cyclized product 4.

Acid cleavage of the O-C linkage in the hetero ring of 2
and 3 would lead to a secondary carbonium ion, and cleav-
age of 4 would give a tertiary carbonium ion. As mentioned
above, the ethyl ether 8b was cleaved to the free phenol.
We, therefore examined the action of D98O, on the cyclic
analog of the ethyl ether, the 2,3-dihydrobenzofuran 7,
which would give a primary carbonium ion on ring cleav-
age.

The synthesis of 7 proved to be more troublesome than
expected; the cyclization of the 8-hydroxyethyl ether 8d
and of the 8-bromoethyl ether 8¢ by a variety of reagents
and conditions, which are reported to give 2,3-dihydroben-
zofuran itself from the corresponding phenyl ether,® was
unsuccessful. Compound 7 was finally obtained by prepara-
tion of the allyl ether 8¢, rearrangement to the allylphenol
9b, methylation of the phenolic hydroxy to 9¢, oxidation of
the allyl group to the acid 9d with permanganate-per-
iodate, 210 reduction to the primary alcohol 9e, and cycli-
zation of this to the dihydrobenzofuran 7 with HBr-AcOH.

A sample of 7, after 10-min exposure to D,SOy, was puri-
fied and subjected to nmr and mass spectral analysis. The
latter showed that 77% of the sample contained no deuteri-
um, and 23% contained one deuterium. The nmr spectrum
showed that the aromatic hydrogen was the only one re-
placed by deuterium, with 73% of the aromatic hydrogen
remaining. There was no detectable amount of deuterium
exchange for hydrogen on the hetero ring, and hence either
no opening of the hetero ring by acid, or if there was, recy-
clization was faster than exchange. The experiments above
on the ethyl ether 8b would suggest that there was a revers-
ible opening of the ring in 7, but that recyclization was fast-
er than exchange.

Discussion

The observations above support the following conclu-
sions. Structure 10, the deuterated oxonium trans form,
could remain undeuterated on carbon by not reacting fur-
ther, or it could open the ring to the carbonium ion 11,
which could recyclize to 10, without change of configura-
tion, more rapidly than any other process. The carbonium
ion in 11 could also cyclize, with rotation around the single
bond joining C-2 and C-3, so that the cis form 12 would be
obtained, with a inversion of configuration at C-2. Neither
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H
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of these processes, as described, would lead to deuterium
exchange.l!

The data in Table III show, however, that there is much
deuterium uptake in the cis form, which is generated from
the pure transform, after 0.5 min, and that the deuterium
content in the cis form increases rapidly with time, and in-
creases (somewhat more slowly) in the trans form. This
means that the simple scheme shown does not agree with
the observations.

Table II shows that the aromatic hydrogen is exchanged
at about the same rate as the C-2 and C-3 hydrogens, and
hence the one deuterium uptake shown in Table III at
short reaction times is not due solely to the aromatic hy-
drogen.!2

The rapid rate of deuterium uptake at C-2 and C-3 must
be due to processes involving 13 and the subsequent ions.

CH,
AR—C—H -D*

=== 10 or 12
OD+C—CH3

e
AR C-——C\

CH,
. | 3 _CH, CH,
5 = —(C— == AR
5 & angel gy
0D D

17 +D*

The relative slowness of exchange at the 2-methyl! and
3-methyl indicates that the process 11 — 18 and 19 is not a
competing one; the same is true for similar processes in-
volving 20 which could incorporate deuterium at the 3-
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methyl group, and then recyclize after several obvious stag-
es.

(IJH;s CIHa
—u CH CH, p* CH
1o AR\/ ~ScHT Y &= ARZ “CHCHD
oD oD
18 19
CH
C// /ZCHS
14 = AR” \c\
\ | H
oD D
20

The irreversible shift of a methyl group to form the
2,2,4-trimethyl compound, via 21 and 23, or via 22 and 24,
is to be expected from the greater stability of a tertiary car-
bonium ion compared to a secondary one.!?

CH, H
12O AR CHC—CH, ~2> AR—C=C(CH,),
shift \ * H
oD oD
2 22
| >
CH H
AR\
\  C(CHy). AR—C
op + \  \ > CCH),
23 oD D~
l 24
CH, CH
/ / D\
Ar C(CH)), A T C(CH),
AN
0 0
+D* 4
4 +D"

The pathway through 23 is rendered unlikely by the data
in Table III, which show that at 0.5 min, the 2,2-dimethyl
compound 4 contains 79% of doubly deuterated product,
which could only come via 22 and 24. The second deuteri-
um would be in the aromatic nucleus.

The rate of exchange of the H at C-3 is roughly the same
as that for the C-2 methyl groups (Table VI), so that the
sequences 22 — 24 — 4 or 22 — 4 directly are indicated.
Exchange of the methyl H in the 2,2-dimethyl compound
may be readily explained via 24 — 25 — 26 — 4, and a re-
versal of this process to complete the exchange of the
methyl H’s,

H

CH,
It VAR
24 = AR—(C—C == AR—CH_  CHD ==
\ \ N\
OD D CH op D e
CH,
25 26
CH
AR p C\
\O/ CH,
4
+D*

The observation that treatment of pure 2,2-dimethyl
compound 4 with D3SO, (Table V) yields appreciable
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amounts of undeuterated or monodeuterated material at 1
and 4 min is probably due to the fact that, if opened, the
hetero ring can close without exchange. Furthermore, in
this experiment, the isomers 2 and 3 were not present.

The carbonium ions written here differ from those usual-
ly suggested, in that the present ones contain a “solvent
molecule” as part of the same molecule, in the shape of the
-OD group; the rearrangement of the carbonium ion may
thus be facilitated by the internal “solvation” by the adja-
cent ~OD (or ~OH) group, with the accompanying forma-
tion of the oxonium ion such as 10. The relationships in the
2,2-dimethyl compound 4 are somewhat similar to those
observed by Lansbury!4 in cyclization-rearrangement reac-
tions.

The failure of 7 to exchange deuterium with D2SO4 un-
doubtedly reflects the much lower stability of a primary as
compared to a secondary carbonium ion.!? In a more
strongly acidic solvent!® such exchange would probably
occur.

Experimental Section!®

The D9SO, used in initial experiments gave extensive decompo-
sition of the dihydrobenzofuran 3, whereas concentrated HsSO,
did not. This was eventually traced to an excess of SOj in this sam-
ple; titration of the sample with D20, using the formation of dense
fumes as indicator,!? gave a sample free!® of SOj.

trans-5,7-Dichloro-2,3-dihydro-2,3,4-trimethylbenzofuran  (3)
was made as described;? the cis compound 2, consisting of 86% cis
and 16% trans, was made from a mixture of the cis- and trans-io-
domethyl compounds 5 and 6,2 by solution in petroleum ether and
allowing solvent to evaporate slowly. Two types of crystals could
be distinguished, which were separated by hand using forceps. The
lower melting ones, after crystallization from the same solvent,
melted at 61-64°. The pure cis-iodomethyl compound? melts at
64.5-65.5°. Replacement of the iodine by hydrogen? gave the cis-
trans mixture of 2 and 3 described above, as determined by vpc.

Allyl 2,4-Dichloro-5-methylphenyl Ether (8c). To 17.7 g of
2,4-dichloro-5-methylphenol dissolved in 46 ml of dry acetone was
added 14.5 g of anhydrous potassium carbonate, 100 mg of potassi-
um iodide, and finally 12.1 g of allyl bromide. This solution was
then heated at reflux with stirring for 24 hr. The product was
worked up in the usual way, and the residual neutral oil (18.4 g)
was analyzed without distillation: -

Anal. Caled for C1oH9OCls: C, 55.33; H, 4.64. Found: C, 55.12;
H, 4.61.

2-Allyl-3-methyl-4,6-dichlorophenol (9b). The allyl ether 8c
(18.4 g) was rearranged by refluxing for 12 hr in 40 m! of diethyl-
aniline under No, and was worked up as described? for a similar
case; the boiling point was 87-88° (0.01 mm).

Anal. Caled for C19H1oCl120: C, 55.33; H, 4.64. Found: C, 55.10;
H, 4.51.

This phenol was methylated to the corresponding methyl ether
9¢, by refluxing with dimethyl sulfate and anhydrous potassium
carbonate in acetone. The product, obtained in high yield by the
usual work-up, boiled at 78-79° (0.01 mm).

Anal. Caled for C;1H20Cls: C, 57.17; H, 5.23. Found: C, 56.99;
H,5.24.

The corresponding phenylacetic acid 9d was prepared by oxi-
dation with potassium permanganate-sodium metaperiodate in
aqueous dixoane, as described for a similar compound.? The prod-
uct (0.5 g from 2.5 g of starting material) was obtained pure by
sublimation and melted at 135-137°.

Anal. Caled for C1gH;003Cly: C, 48.22; H, 4.05. Found: C, 48.41;
H, 4.24.

3,5-Dichloro-2-methoxy-6-methylphenylethanol (9e). To
0.15 g of lithium aluminum hydride dissolved in 10 ml of anhy-
drous diethyl ether was added dropwise 75 ml of anhydrous ether
which contained 2.5 g of 3,5-dichloro-2-methoxy-6-methylphen-
ylacetic acid (9d). After the addition was complete, the reaction
was allowed to stir at room temperature for 15 hr. Then water was
added dropwise to the mixture, the solids were removed by filtra-
tion, and the ether solution was washed with water. The ether so-
lution was then dried, followed by removal of the ether in vacuo.
Distillation of the residue yielded 1 g of the product 9e, bp 134-
135° (0.75 mm).
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Anal. Caled for C10H1202Cly: C, 51.09; H, 5.14. Found: C, 51.34;
H, 5.25.

Cyclization of 9e to 5,7-dichloro-4-methyl-2,3-dihydroben-
zofuran (7). The ethanol derivative 9e (0.5 g) was refluxed for 6 hr
in a mixture of 12 ml of 48% hydrobromic acid and 20 ml of acetic
acid. The hot solution was poured on ice and extracted with three
150-ml portions of ether. The combined ether extracts were
washed with two portions of 10% sodium hydroxide and once with
cold water. The ether portion was dried, the ether was removed in
vacuo, and the residue was sublimed, yielding 0.25 g of product,
mp 108-110°. All of the spectral properties, including the mass
spectrum, were in agreement with the dihydrobenzofuran struc-
ture 7.

Equilibrations in D3804 and H5S04. These were carried out in
general as described.? For D3SO, runs, about a 1:4 (v/v) ratio of
compound to acid was used. For HoSO4 runs at varying tempera-
tures, about 1 g of compound per 12-15 ml of acid was used. After
the desired time, the sample or an aliquot was quenched in water,
extracted with ether, and dried, solvent was removed, and the sam-
ple was analyzed by vpc or mass spectrometry. The recovery of
material in HoSO4 was around 75%, using the cis or trans com-
pounds 2 and 3. With the 2,2-dimethyl compound 4 and DoSQy,
from 0.6 g of sample in 5 g of DyS0y4, 42% of crystalline 4 was re-
covered, after two crystallizations from petroleum ether, using a
Dry Ice-acetone bath.

For nmr determinations, a sample was weighed accurately and
dissolved in a known volume of CCly.

The accuracy of the mass spectral deuterium determinations
was about +2%; the reproducibility of mass spectral runs on the
same sample was £1% or better. The nmr runs were reproducible
on the same sample, and probably accurate within £3%. The vpc
analyses for the cis and trans compounds were accurate to £:2% or
better; the methyl-rearranged product 4 was not completely re-
solved from the trans compound 3, and for small amounts of 4 and
large amounts of 3, as in Table II, the accuracy of détermining 4 is
much lower. The vpc separations were done using 25% Ucon Polar
columns.

Registry No.—2, 1876-14-8; 3, 1876-13-7; 4, 6834-35-1; 5, 6834-
34-0;.6, 2030-78-6; 7, 52259-73-1; 8¢, 1201-79-2; 9b, 52259-74-2; 9e,
52259-75-3; 9d, 52259-76-4; 9e, 52259-77-5; D804, 13813-19-9;
HsS04, 7664-93-9; 2,4-dichloro-5-methylphenol, 1124-07-8; allyl
bromide, 106-95-6.
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Four a-(9-acridanyl)acetonitriles [9-(C13H10N)CRR/CN] were synthesized by the 9,10 addition of the anions
(prepared using sodium amide) of the nitriles RR'HCCN (R = R’ = H; R = H, R’ = CHg; R = CH3, R’ = CHj; and
R = H, R’ = CgHj;) to acridine. Two of these products (R = R’ = H and R = H, R’ = CgH;) were dehydrogenated

to give exclusively the corresponding 9-cyanomethyleneacridans and a third (R = H, R’ = CHs) was dehydrogen-
ated to give a mixture a-(9-acridinyl)propionitrile (major product) and a-cyano-a-methyl-9-methyleneacridan
(minor product). The fourth compound (R = R’ = CHj) could not be dehydrogenated apparently for steric rea-

sOns.

Krohnke and Honig! found that very active methylene
.compounds undergo noncatalytic 9,10 addition to acridine
to give 9 substituted acridans. Since several years ago? we
effected the 9,10 addition of sodio ketones to acridine to
give a-(9-acridanyl) ketones which on dehydrogenation
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gave a-(9-acridanyl) ketones, it was decided to extend this
work to the synthesis of «-(9-acridanyl)acetonitriles, 2.
The sodium derivatives of acetonitrile (R = R’ = H), pro-
pionitrile (R = H,R’ = CHa;), isobutyronitrile (R = R’ =
CH3), and phenylacetonitrile (R = H, R’ = CgH;) added to
acridine to give 78.5%, 76.5%, 49.5%, and 87.0% yield of the
corresponding acridanylacetonitriles, 2. Phenylacetonitrile,
the most reactive of the nitriles, failed to react under
Krohnke and Honig’s noncatalytic conditions.

In all but one case, the only reaction products isolated
were the a-(9-acridanyl)acetonitriles. With acetonitrile, in
addition to 9-cyanomethylacridan (78.5%), there was ob-
tained 10% of the dehydrogenated compound «-cyano-9-



