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In 1924 Diels, Blum, and Koll (1) reported almost quantitative addition of
dialkyl azodicarboxylate (II) to various conjugated dienes alone or in a number
of non-polar reaction media. On the other hand Diels and Wulff (2) were unable
to isolate the adduct (ITT) from the reaction of one of these dienes, cyclopenta-
diene (I), and diethyl azodicarboxylate in methanol or ethanol, although the
characteristic color of the ester disappeared.
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Then they investigated the reaction of methanol, ethanol, some mercaptans,
and some glycols -with diethyl azodicarboxylate (II) and found that addition
products were formed slowly. The reaction with ethanol yielded a compound
which they designated as diethyl N-ethoxyhydrazodicarboxylate (IV).
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The demonstration that these two types of reaction occurred carried the implica-
tion that one was alternative to the other.

In contrast to the report of Diels and Wulff we have found that the reaction
of eyclopentadiene with dialkyl azodicarboxylates in methanol or ethanol occurs
rapidly to give high yields of 1,2-dicarbalkoxy-3,6-endomethylene-1,2,3,6-
tetrahydropyridazines (ITI). The dimethyl ester (III) is a solid. Although the
diethyl ester (II1) is a liquid it can be characterized easily by conversion to the
solid 1,2-dicarbethoxy-4,5-dibromo-3,6-endomethylenepiperidazine of Diels,
Blum, and Koll (1).

The addition reaction occurs in alcoholic media with 1,3-butadiene (V;, R/,
R”, R/ = H), cis-2-methylpentadiene-1,3 (V;, R’ = H, R” and R = CHj),
and trans-frans-1,4-diphenylbutadiene-1,3 (V; R’, R”” = phenyl, R’ = H)
and either dimethyl or diethy! azodicarboxylate. The yields in methanol or
ethanol are as good as may be obtained in media like diethyl ether, benzene,

1 Present address: Godfrey L. Cabot, Inc., Boston, Mass.
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toluene, dioxane, petroleum ether (b.p. 60-70°) or excess diene. The yield of
the alternative addition product IV in the alcoholic media is negligible in every
instance.
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Two of the adducts have been characterized as solids. Diels and Alder (3) had
previously reported the crystalline 1,2-dicarbomethoxy-3,6-diphenyl-1,2,3,6-
tetrahydropyridazine (VI, R’, R’ = phenyl, R” = H) obtained from V;. The
adduct from butadiene (V,), which is liquid, has been converted to 1,2-dicarb-
ethoxy-4-methoxy-5-chloromercuripiperidazine (VII, R/, R”, R"' = H). The
liquid adduct from 2-methylipentadiene-1,3 and diethyl azodicarboxylate could
not be converted to a solid derivative either by addition of bromine or by meth-
oxymercuration at the 4,5-positions. It is thought to be 1,2-dicarbethoxy-3,5-
dimethyl-1,2,3,6-tetrahydropyridazine (VI, R’ = H; R”, R"" = CH;) because
of its elemental analysis and its alkaline hydrolysis to an oil which should be
3,5-dimethyl-1,2,3,6-tetrahydropyridazine. The picrates from samples of this
oil obtained from. VI prepared in methanol or ethanol were identical.
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The dialkyl ester adducts just described were prepared in alcoholic media from
dialkyl azodicarboxylates which had been synthesized by nitric acid oxidation
of the dialkyl hydrazodicarboxylates (4). The results contradict the opinion of
Diels and Wulff (1) that adducts could not be obtained in alcoholic media. How-
ever the addition in alechols of diethyl azodicarboxylate to 2-methylpentadiene-
1,3 is somewhat less satisfactory when the ester is prepared by the oxidation of
diethyl hydrazodicarboxylate with hypochlorite solution as specified by Rab-
john (5).

The reagent prepared by Rabjohn’s method gives high yields of adduct with
2-methylpentadiene when it is used in media such as diethyl ether or benzene.
The reagent also works satisfactorily in methanol after it has been purified rigor-
ously by treatment with aqueous sodium carbonate. Without this purification
the yield of adduct VI (R’ = H; R”, R""" = CH;) islow and gas is evolved during
the reaction. This gas is found to contain an appreciable amount of carbon di-
oxide.

The presence of diene is not necessary for this gaseous decomposition, since
it occurs in methanol alone. It can be accentuated by addition of hydrogen chlo-
ride or by presence of cadmium-plated copper, although neither of these catalysts
is effective in solvents like diethyl ether or benzene. The rate of decomposition
evidently varies with the amount of impurity that is present, but it may be
stated in general that the gasification rate is much more rapid than the addition
rate of the ester to methanol alone. The disappearance of the color of azoester
because of gas formation in methanol is approximately comparable with the rate
of addition to 2-methylpentadiene-1,3 in formation of the colorless adduct VI
On the other hand it is slower than the observed rate of addition of pure ester to
cyclopentadiene.

These observations lead us to the suspicion that Diels and Wulff were unable
to obtain the adduct III from diethy! azodicarboxylate and cyclopentadiene in
methanol because their ester was impure. We believe that they failed to observe
the evolution of gas and, in consequence, wrongly attributed the disappearance
of color to the much slower addition of methanol to the azoester. While we have
been unable to isolate the impurity in the ester prepared according to Rabjohn,
we know that it contains chlorine. We suspect it to be hydrochloric acid in salt-
like codrdination. If this codrdination is sufficiently weak to be broken by distil-
lation temperature, then recombination will occur in the cool receiver and separa-
tion cannot be achieved by distillation. A lesser amount of the same impurity
might have been present in the ester prepared by the method of Diels and Paquin
(4). Since we shall show in a later report that acids like hydrogen chloride in-
hibit the addition of azoesters to cyclopentadiene in methanol, it is probable
that the impurity in the ester (or the other reagents) not only accelerated the
gaseous decomposition in the reaction of Diels and Wulff, but also decelerated
the addition of ester to diene.

We do not mean to imply that all of Diels’ studies with azoesters were car-
ried cut with impure reagents. Indeed we have discovered evidence to the con-
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trary. We have repeated the addition of pure diethyl and dimethyl azodicarbox-
ylates to anthracene (6) and have obtained the identical adducts (IX) which
were previously described.
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These adducts (dimethyl and diethyl esters) had been characterized by Diels,
Schmidt, and Witte by reaction with warm acetic acid containing a trace of
hydrochloric acid. They specified the highly fluorescent rearrangement produect
as 9,10-di(N-carbalkoxyamino)anthracene (X). We have repeated this acid
treatment; since we were unsuccessful in hydrolyzing the products to 9,10-
diaminoanthracene (XI) we have compared their ultraviolet absorption spectra
in chloroform with those of anthracene (VIII), 9-carbomethoxyaminoanthracene
(XIII, R = CH;), and 9-carbethoxyaminoanthracene (XIII, R = C.H;) (7).
The close similarities shown in Table I confirm the opinion of Diels, Schmidt,
and Witte that the rearrangement products have structures shown as X.

Since X seems adequately to represent the structures of the products obtained
by treatment with hydrochloric and acetic acids it is not unreasonable to assume
that X is formed from the adduct IX by a rearrangement of the benzidine (or
of the 1,2 type). This assumption is strengthened by the observation that the
absorption spectrum of IX (R = CH; or C;H;) decreases continuously from
log B = 4.02 at 287 myu to log En = 1.90 at 400 myp with an inflection at log
E. = 2.82 (320 my) and the suggestion of peaks at 305 mu and 364 mu. This
cannct be interpreted as a spectrum characteristic of anthracene although IX,
like X, is oxidized easily to anthraquinone. This seems to be reasonable evidence
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that the anthracene-azo ester adducts are indeed bridged dihydroanthracenes
(IX). '

Having thus assured ourselves of the authentic nature of the adducts (IX)
we have sought to prepare IX (R = C:H,;) in boiling toluene from anthracene
and diethyl azodicarboxylate (II) prepared by Rabjohn’s method. The trace of
acid present in this ester (II) is found to be sufficient to convert the adduct IX
entirely to the 9,10-di(N-carbethoxyaminc)anthracene during the course of the
reaction. Thus it seems evident that Diels and Wulff were purifying their azo
esters adequately for reactions other than that with cyclopentadiene in methanol.

In order to demonstrate that nitric acid in the form of a salt does not cause
the decomposition in methanol characteristic of the chloride contaminant in the

TABLE I

Maxima OBTAINED 1IN THE SPECTROPHOTOMETRIC STUDIES oF CompoUNDs VIII,
X (R = CH; or CiHj;), anxo XIII (R = CH; or C.Hy)

Vit [ XR=CH; X R = CHs XIII R = CH; ‘ XIIIR = CHs
mp 10g Em ] mey | logEm mu log Em mp | log Em mu log Em
253 5.23 ! 254 5.20 253 . 5.18 254 5.14 254 5.15
279 2.88 —_ ) - —_ — — — —_ —
290 2,94 — —_— - — - - — —
208 2.84 — — —_ — — — —_ —
313 3.08 - — — — —_ — — -
327 | B.42 33¢ | 3.46 333 3.46 334 3.41 334 3.42
342 3.70 350 3.75 350 3.76 350 3.71 350 3.71
359 3.84 369 3.92 369 3.92 . 368 3.85 368 3.85
379 | 3.82 i 390 3.89 i 389 3.88 i 387 ’ 3.78 388 3.79

azo esters we have treated azo-bis-formamidine dinitrate (XIV) with 1,3-
butadiene alone and in methanol solution. No appreciable reaction occurs until
azo-bis-formamidine is freed by the addition of pyridine. The slow reaction
which then cccurs gives a quantitative yield of N, N'-diguanyl-1,2,3,6-tetra-
hydropyridazine dinitrate (XV) without solvent and a 749, yield of XV in
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methanol. We were unable to detect the formation of an addition product of
8z0-bis-formamidine and methanol. However we find some decomposition in
this solvent, and in consequence. a 209, yield of 1,3-diimino-2,8,9-triaza-
4,6,8,9-tetrahydroindan nitrate (XVI) contaminated with ammonium nitrate
is obtained as well as XV, Indeed XV is sufficiently unstable that it can be con-
verted to XVI by crystallization from hot methanol. This instability probably
accounts for the earlier failure (8) to isolate the homolog of XV which may be
prepared from 2-methylpentadiene-1,3.

The authors wish to thank Miss Mary van Stone and the staff of the research
laboratories, Canadian Industries Litd., for help in some of the experimental work,
They are grateful to the National Cancer Institute (Canada) for a grant-in-aid
to one of us (A. R.).

EXPERIMENTAL

Melting points have been corrected against reliable standards.

The dienophiles. Dimethyl azodicarboxylate was prepared and purified according to
Ingold and Weaver (9). Diethyl azodicarboxylate obtained by the method of Rabjohn (5)
was purified by repeated washing with cold 3% aqueous sodium carbonate and then wag
distilled in small lots just prior to the experiment in which it was used.

1,2-Dicarbethoxy-3,8-dimethyl-1,2,8,6-tetrahydropyridazine (VI). Treatment of 3.48 g.
(0.02 mole) of diethyl azodicarboxylate with 1.80 g. (0.022 mole) of freshly distilled 2-meth-
ylpentadiene (washed with ferrous sulfate and dried) gave 4.95 g. (94%) of a colorless vis-
cous oil in 22 minutes, Distillation of this oil gave 3.95 g., b.p. 154.5-155.5° (12 mm.), di°
1.100, n¥ 1.4689. :

Anal. Ca,lc’d for CmHzoNzOU C, 56.2; H, 781, N, 10.9.

Found: C, 55.8; H, 7.93; N, 11.0.

Oxidation of this oil (0.59 g.) with 1.11 g. (0.007 mole) of alkaline potassium perman-
ganate gave 0.15 g. of oil, b.p. 78° (25 mm.), which was converted to a dinitrophenylhy-
drazone in ethanolic hydrogen chloride. After crystallization from ethanol the derivative
melted at 154.5°. A mixture melting point with acetaldehyde dinitrophenylhydrazone was
not depressed. The oil ig evidently pyruvic acid, since this aldehyde derivative also can be
prepared from it,

The yellow solution obtained when VI (2.63 g., 0.0115 mole) was treated with 15 ml.
(0.117 mole) of 409, (w/v) methanolic potassium hydroxide was boiled under reflux for
150 minutes, and then was cooled. Potassium carbonate was filtered off and washed with
methanol, wt. 3.10 g. or 98% of theoretical. The excess methanol was distilled off. Dis-
tillation of the residue yielded 1.08 g. (69%) of an oil assumed to be 3,5-dimethyl-1,2,3,6-
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tetrahydropyridazine, b.p. 61-62° (14 mm.). This oil formed a picrate in ethanol which,
after crystallization from ethanol, melted at 221-224°. The same picrate (m.m.p.) was ob-
tained when VI was prepared either in methanol or ethanol.

When the preparation of VI was carried out in anhydrous methanol with diethyl azodi-
carboxylate prepared and purified according to Rabjohn (5), carbon dioxide could be de-
tected in the gas which was evolved. This gas was absorbed in an Agearite-magnesium per-
chlorate-filled tube saturated with methanol vapor. A mixture of 0.82 g. (0.01 mole) of
2-methylpentadiene-1,3 and 1.74 g. (0.01 mole) of diethyl azodicarboxylate in 30 ml. of
methanol under reflux for 130 minutes gave 0.194 g. (0.0044 mole) of carbon dioxide.

1,%-Dicarbethozy-1,2,8,6-tetrahydropyridazine (VI). When 0.05 mole (8.70 g.) of diethyl
azodicarboxylate and an excess (0.535 mole) of 1,3-butadiene was allowed to react at 23°
in a pressure bottle for 5 hours the yield of adduet, b.p. 154-155° (11.5 mm.) was quantita-
tive (114 g). This product, np 1.4718, was obtained in 93% yield when an equivalent
amount of butadiene was used in 75 ml. of anhydrous methanol.

Anal. Cale’d for C;oH,N:04: C, 52.6; H, 7.03; N, 12.3.

Found: C, 52.4; H, 7.10; N, 12.3.

1,2-Dicarbethozy-4-methoxy-5-chloromercuripiperidazine (VIL), A solution of 0.32 g.
(0.001 mole) of mereuric acetate in 2.5 ml. of methanol was treated with 0.2 g. (0.0009 mole)
of 1,2-dicarbethoxy-1,2, 3, 6-tetrahydropyridazine and 3 drops of 309 hydrogen peroxide.
After 2 hours dilute aqueous sodium chloride was added. After crystallization had oc-
curred, filtration removed 0.3 g., m.p. 130-141°, This was purified by solution in chloro-
form to which 2 volumes of diethyl ether was added. The m.p., 143.2-143.6°, was not raised
by further purification of this kind.

Anal. Cale’d for C,H,;,ClHgN,O;: C, 26.7; H, 4.28; N, 6.25.

Found: C, 27.0; H, 4.14; N, 6.23,

1,8-Dicarbalkozxy-8,6-endomethylene-1,8,8,6-tetrahydropyridazine (III). The eyclopen-
tadiene, b.p. 41.0° (760 mm.), freshly prepared by distillation from dicyclopentadiene
through a 40-cm. fractionating column, was treated with the dialkyl azodicarboxylates
under the conditions shown in Table II. The dimethyl ester adduet, m.p. 83.6-84.1°, boiled
at 150~151° (0.25 mm.). The diethyl ester adduect boiled at 123.5-124.5° (0.75 mm.), and was
identified by conversion with bromine in chloroform to 1,2-dicarbethoxy-4,5-dibromo-
3,6-endomethylenepiperidazine in 75% yield. This product melted at 67.5-68° (1) after
crystallization from 1:1 water-ethanol (8 ml. per g.).

1,8-Dicarbalkoxy-3,8-diphenyl-1,2,8,6-tetrahydropyridazine (VI, R’, R’ = phenyl,
R” = H). Trans-trans-1,4-diphenylbutadiene-1,3 prepared by the method of Corson (10)
wag treated with the azo-esters under conditions shown in Table III. The adduet from the
dimethyl ester melted at 180.5-181.5° (3), while that from the diethyl ester melted at 134.5-
135.0°. Crystallization from acetonitrile (13 ml. per g.) raised this melting point to 135.7-
136.0°.

Anal. Cale’d for CpHN:04: C, 694, H, 636, N, 7.37.

Found: C, 69.4; H, 6.25; N, 7.44.

1-Carbomethoxy-8,6-diphenyl-1,2,3,6-tetrahydropyridazine, The characterization of 1,2-
dicarbethoxy-3,6-diphenyl-1,2,3,6-tetrahydropyridazine (VI, R = C,H;; R’, R =
phenyl; R’ = H) was effected by alkaline hydrolysis with accompanying ester-inter-
change. A mixture of 25 g. (0.0658 mole) of VIin 74 g. (0.53 mole) of 409, (w/v) methanolie
potassium hydroxide was boiled under reflux for one hour. Dilution with 100 ml, of water
and acidification to pH 3 with concentrated hydrochloric acid yielded & solid which was
washed acid-free and dried, wt. 18.3 g., m.p. 80-115°, Crystallization from ethyl acetate
gave 4.72 g. (30%) of 3,6-diphenyl-1,2,3,6-tetrahydropyridazine, m.p. 155-157° (3). The
mother liquor was evaporated to leave a gummy solid which erystallized after addition of
ethanol, wt. 13.5 g., m.p. 58-68°. This crude l-carbomethoxy-3,6-diphenyl-1,2,3,6-tetra-
hydropyridazine (70%) was purified by crystallization from petroleum ether (b.p. 60-70°)
until it melted at 76.5-77.0°. Grignard analysis showed that it contained 0.98 active H/mole
and that it added 0.4-1,74 moles of Grignard reagent per mole, depending on duration of
reaction,
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Anal. Cale'd for C1sH1sN:02: C, 73.4; H, 6.16; N, 9.51.
Found: C, 74.3; H, 6.11; N, 9.50.

N,N’-Diguanyl-1,8,8,6-tetrahydropyridazine dinttrate (XV) (all melting points on mi-
croscope hot-stage). A. In butadiene. A suspension of 4.90 g. (0.02 mole) of azo-bis-formami-
dine dinitrate (11) in 21.6 g. (0.20 mole) of 1,3-butadiene in a 4-ounce pressure bottle was
shaken occasionally for 2 days, but without apparent change. Then 3.16 g. (0.04 mole) of
dry pyridine was added. After 12 days the yellow-grey solid was filtered from the colorless
liquid medium and washed with ether, wt. 5.84 g., m.p. 164.4-166°. The melt evolved gas

TABLE II
ReacTioN BeETwEEN CrcLoPENTADIENE (I) aNp DiALkyL AzopicarBoxyLaTes (II)

mr- | gmm o 2 N | mopocr, | RS
Me ‘0,05 0.05 Ether (8 ml.) 100 0-5
Me .002 .002 Benzene (100 ml.) ] 94 23
Me .05 .05 Methanol (240 ml.) ! 93 23
Et .03 045 Ether (10 ml.) ’ 97 0-5
Et .01 .01 Ether (50 ml.) | 92 0-5
Et .01 .01 Methanol (50 ml.) ‘ 90 1 23

TABLE III
ReicTioN BeTweBN 1,4-DIPHENYLBUTADIENE-1,3 (V,;, R/, R’/ = Paenyr, R” = H)
AND D1arrYL AzoODICARBOXYLATES (II)
mR = | ZER | e, | sogyee ii‘éé’;’jé’f, conprrions

Me 0.0015 | 0.0015 None 86 Steam-bath, 15 min.

Me .0015 | .0015 Methanol (15 ml.) 82 25° for 48 hours

Me .0015 | .0015 Benzene (15 ml.) 81 25° for 48 hours

Et .18 .15 None . 63 ‘Steam-bath, 15 min,

Et L0058 1,005 Methanol (15ml.) | 48 Reflux, 12 hours

Et .0086 | .008 Methanol (60 ml.) 80 25° for 48 hours

Et .0025 | .0025 Benzene (20 ml.) .70 25° for 48 hours

|

and resolidified - at 169°; it re-melted at 227-229° (decomp.). This crude product (99.4%)
was purified by solution in methanol at 25° to which ethyl ether was added immediately,
m.p. 168.4-168.6°, remelt at 252~255°.

Anal, Cale’d for CH1iNsOs: C, 24.5; H, 4.80; N, 38.1.

Found: C, 24.4; H, 4.86; N, 38.5.

The x-ray diffraction pattern using CuK, radiation (Ni filtered) for this compound ig
given in d spacings, A at relative intensities [I/Xo] as follows: [100] 4.97, 3.19, 3.08; [60]
4.56, 2.97; [50] 8.59; [40] 4.27; [25] 5.96, 3.83, 3.45, 2.40; [13] 7.19, 5.30, 3.94, 2.65, 2.33, 1.97;
[10] 2.03; [6] 2.45, 2.22, 1.54; [3] 2.82, 2.73, 2.17, 1.88, 1.71, 1.64, 1.63, 1.34; [2] 2.12, 1.82, 1.60,
1.43,1.37, 1.28; [1] 1.79, 1.77, 1.74, 1.68, 1.59, 1.40, 1.32.

B. In methanol. The procedure described above was repeated with the inclusion of 50 ml.
of methanol. After agitation for 7 days the liquid was reddish and the suspension was a
mixture of suspended white erystals and heavy yellow agglomerates. Decantation left 1.39
g., m.p. 164-168° (remelted 252-255°). This crude product (24%) was identical with that
described above. The decantate was chilled and filtered to remove 1.47 g., m.p. 246-255°,
a 20% yield of 1,3-diimino-2,8,9-triaza-4,6,8,9-tetrahydroindan mononitrate, described
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below, and probably contaminated with the main product. The filtrate was partially evap-
orated and then diluted with diethyl ether. The precipitate (1.34 g.) was impure diguanyl
tetrahydropyridazine dinitrate, m.p. 150-154° (remelt 230-240°), so the total crude yield
of XV was 74%. Further evaporation of the filtrate yielded 0.04 g. (0.7%) of ammonium
nitrate, as well as an oil.

1,8-Diimino-8,8, 8-triaza-4,6,8,9-tetrahydroindan nitrate (XVI) (all melting points on
microscope hot-gtage). It is obvious that this substance ig formed by fusion of diguanyl-
tetrahydropyridazine dinitrate. Alternatively it was prepared by crystallization of the
dinitrate repeatedly from boiling methanol. Ten hours of reflux converted 0.20 g. of the
dinitrate to 0.23 g. (79%) of the mononitrate, m.p. 253-255°. When recrystallized from
methanol this product melted at 261.2°. Less pure material was obtained by boiling the
dinitrate In water. Both products were contaminated with ammonium nitrate.

Anal. Cale’d for CgH;oNO;: C, 83.8; H, 4.72; N, 39.2.

Found: C, 32.7; H, 4.68; N, 39.8.

The x-ray diffraction pattern (Cu, K,, Ni filtered radiation) in d spacings (R) as rela-
tive intensities {I/1,] are as follows: [100] 4.70, 3.27; [75] 6.83, 4.34, 3.76; [50) 8.71; [25] 2.67,
2.19, 1.63; [13] 4.05, 3.44, 3.00, 2.78; [6] 3.15, 2.87, 2.42, 2.02, 1.99; [3] 5.23, 3.58, 2.39, 2.34, 2.31,
2.24, 1.93, 1.87, 1.82, 1.79, 1.60, 1.57, 1.56, 1.53, 1.50, 1.44, 1.42; [2] 2.10, 1.75, 1.36, 1.34,
1.30; [1] 5.62, 2.48, 1.68, 1.67, 1.48. ’

9, 10-Endo-(N, N -dicarballkoxyhydrazo)-9, 10-dihydroanthracene {IX). Thesge adducts were
prepared from anthracene recrystallized from absolute ethanol (m.p. 216.8-217.5°) and the
appropriate dialkyl azodicarboxylate according to the method of Diels, Schmidt, and
Witte (8). The dimethyl ester melted at 191,6~192.0° and the diethyl ester at 138.8-139.5°.
Oxidation of either ester with potagsium dichromate in glacial acetic acid gave anthra-
quinone (XII) in 94% yield. Saponification of either ester with 35% methanolic potassium
hydroxide gave a 98% yield of anthracene.

The dimethyl ester (X, R = CH;) was prepared by the method of Diels, Schmidt, and
Witte (68), m.p. 268.0-260.0°. The diethyl ester (X, R = C,H;) was prepared in the same
manner; alternatively it could be obtained under the conditions used for preparation of
IX (R = C.Hj) if diethyl azodiearboxylate prepared by the method of Rabjohn was used.

Oxidation of the esters X with potassium dichromate in glacial acetic acid gave a 90%
vield of anthraquinone (XII). Attempted saponification of X with either 359, (w/v) meth-
anolic potassivm hydroxide or 22% hydrochloric acid was unsuccessful; the esters were
recovered unchanged in more than 95%, yield.

Bpectrophotometric studies. The ultraviolet absorption spectra were determined in
chloroform solution with use of a Beckman DU instrument at 23° (slit width 0.5 rom.) in
1.0-em. silica cells. Solutions of VIII, X, and XIIT were initially 0.0005-0.0008 molar, while
those of the adduets (IX) were initially 0.30 molar. The 9-carbomethoxy- and the 9-carb-
ethoxy-aminoanthracene (XIIT) which were used for comparison were prepared by the
method of Creech and Franks (7), m.p. 265.0-266.0° and 236.0-237.0° respectively.

Toronro 5, CaNADA

REFERENCES

{1) Dizus, Buom, anp KoLy, Ann., 443, 242 (1925).
(2) Dievrs anp WuLrr, Ann., 437, 309 (1924).

(3) DieLs aNp ALDER, Ann., 460, 237 (1926).

(4) DisLs AnD Paquin, Ber., 46, 2000 (1913).

(5) Rasroun, Org. Syntheses, 28, 58 (1948).

(8) DisLs, ScumipT, aNp WiTTE, Ber., 71, 1186 (1938).
(7) Crercu anp Franks, J. Am. Chem. Soc., 80, 127 (1933).
(8) Wrraur, Can. J. Chem., 80, 62 (1952).

(9). IncoLp AND WEAVER, J. Chem. Soc., 381 (1925).
(10) Corson, Org. Syntheses, 18, 28 (1936).

(11) Turevs, Ann., 270, 1 (1892).



