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until the eluate gave a negative silver nitrate test for chloride
ion. The resin was then thoroughly washed with distilled
water until the washings were neutral. It was then dried in an
oven for several hours at about 40° and kept in a vacuum desic-
cator for 24 hr. before use.

C. 1-p-Tolyl-4-carbethoxy-4’-phenylazetidin-2-one (IV).—
Ethyl N-(p-tolyl)-a-chloroacetamidophenylacetate (0.69 g.) was
dissolved in absolute ethanol (10 m!.) and the resin (0.88 g.)
wag added to it and the contents were stirred by means of a
magnetic stirrer for 2 hr. at room temperature. The reaction
mixture was then filtered and the resin was washed once with a
little absolute alcohol. The resin gave a positive test for chlo-
ride ion. The filtrate was evaporated in a vacuum desiccator
leaving behind a colorless viscous liquid. Maceration of this
liquid with petroleum ether (b.p. 90-120°) afforded a colorless
crystalline material (0.56 g., 909). Recrystallization from
petroleum ether afforded colorless crystals, m.p. 40-50°. The
infrared spectrum had peaks at 5.65 u owing to the g-lactam
carbonyl and 5.72 u owing to the carbonyl of the ester group.

Anal. Caled. for C,HuxNO;: C, 73.54; H, 6.12; N, 4.51.
Found: C, 73.48; H, 6.13; N, 4.45.
Synthesis of 1-Phenyl-5,5'-dicarbethoxypyrrolidin-2-one
(VI). A. Diethyl Anilinomalonate (III).—A mixture of 9.3 g.
of freshly distilled aniline and 11.95 g. of diethyl bromomalonate
was placed in a round-bottomed flagk fitted with a two-way
stopcock and evacuated to 40-mm. pressure. The reaction
mixture was then allowed to stand at 70° in an oven for & hr.
Extraction of the solid cake with ether afforded a residue of 8.6
g. of aniline hydrobromide which corresponded to 1009, con-
version. The ethereal solution was washed with 2 N hydro-
chloric acid and then with distilled water. Removal of the
golvent after drying the solution over anhydrous magnesium
sulfate afforded the anilinomalonate as colorless crystalline solid,
m.p. 44-45°, yield 11.9 g. (95%,).
B. Diethyl w-Bromopropionilidomalonate (V).—A mixture of
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diethyl anilinomalonate (5.0 g.), 8-bromopropionic acid (5.0 g.),
and phosphorus trichloride (2.5 ml.) was refluxed in dry benzene
solution for about 4 hr. The cooled reaction mixture was de-
canted and the benzene solution was thoroughly washed with
distilled water. The dried solution was distilled to remove as
much solvent as possible. The residue obtained was a pale
yellow viscous liquid which soon solidified. Recrystallization
from petroleum ether (b.p. 60-80°) afforded colorless plates,
m.p. 51-52°, yield 85%. The infrared spectrum shows peaks at
5.75 u owing to the carbonyl of the ester groups and at 6.0 g
owing to the carbonyl of the open-chain amide function. A flame
test indicated the presence of halogen.

C. 1-Phenyl-5,5'-dicarbethoxypyrrolidin-2-one (VI).—An
absolute ethanolic solution of diethyl w-bromopropionilidemalo-
nate (0.78 g.) was treated with the resin (0.88 g.) and stirred
magnetically at room temperature for a period of 2 hr. The
resin wag filtered off and washed with little absolute aleohol.
The resin gave a positive test for bromide ion. The aleoholic
solution was carefully evaporated in a vacuum desiceator, leaving
a pale yellow liquid. It had a refractive index of 1.5135 at 30°
and was halogen free (yield 85%,). The refractive index agreed
well with that of an authentic sample. A small portion of the
liquid was hydrolyzed with potassium hydroxide giving the
monoacid, 1-phenyl-5-carboxy -5’-carbethoxypyrrolidin-2-one,
m.p. 150-151°. There was no depression in a mixture melting
point with a sample prepared by the conventional method. The
infrared spectrum had peaks at 5.75 and 5.70 u.

Acknowledgment.—The authors wish to express
their sincere thanks to Professor Ajay K. Bose of
Stevens Institute of Technology, Hoboken, New
Jersey, for kindly supplying the infrared spectra of all
the compounds sent to him and for his valuable sug-
gestions.
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The gas phase decarboxylation of aromatic fluoroformates was successfully applied to substituted aromatic
fluoroformates, containing substituents of sufficiently high thermal stability, such as bromine, fluorine, methyl,

or trifluoromethyl.
A polar reaction mechanism (Sni) is suggested.
ing fluoride could not be obtained.

In the preceding paper®’ a novel method has been
described for introducing a fluorine atom into an aro-
matic ring by gas phase decarboxylation of phenyl
fluoroformate or thiol fluoroformate. Yields of fluoro-
benzene as high as 90% have been achieved. In this
paper the application of this method to nuclear-
substituted aromatic compounds will be reported.

Eight different substituted aromatic fluoroformates
were prepared and their decarboxylation was investi-
gated. Table I gives the results of their preparation
from the corresponding phenols and COFCl. When
small amounts of a tertiary amine were used as a
catalyst a nearly quantitative conversion of the starting
material to the fluoroformate was obtained. The use
of an organic solvent such as toluene or benzene in
these reactions was advantageous. All reactions
were carried out in stainless steel cylinders at over
atmospheric pressures; however, a continuous process
at atmospheric pressure should be applicable too.

(1) For part II of this series, see K. O. Christe and A, E. Pavlath, J. Org.
Chem., 80, 3170 (1965).

The method was also successful in the case of the polyeyclic e-naphthyl fluoroformate.
In the case of p-methoxyphenyl fluoroformate the correspond-

The purity of the COFCI was not critical. Impurities
as high as 10%, of-COCI, and COF, did not influence the
yield of fluoroformate so long as COFCl was used in
excess. Table IT shows the physical and spectral
properties of these compounds. All of them are color-
less lachrymatory liquids with a strong fluoroformate
odor. Their thermal stability is higher than that of
comparable chloroformates.

The high-temperature gas phase decarboxylation was
investigated only in quartz tubes with Pt-gauze filling,
since this system had previously given the best results
for phenyl fluoroformate.! Table ITT shows the results
of these reactions; however, no attempts were made to
maximize the yields. Therefore, the yields of the
corresponding substituted aryl fluorides, listed in Table
II1 (ranging from 25 to 579), could probably be in-
creased by investigating the most favorable reaction
conditions.

The new method is limited to substituents that ex-
hibit a higher thermal stability than the fluoroformate
group. In the case of p-methoxyphenyl fluoroformate,
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TasrE I
PREPARATION OF SUBSTITUTED AROMATIC FLUOROFORMATES FROM THE CORRESPONDING PHENOLS AND COFCl=
Reactants, mole——— Reaction Reaction 9% conversion® % yield of
Phenol substituent Phenol COFCl Solvent (ml.) temp., °C. time, hr. of phenol fluoroformate?

2-Bromo 0.14 0.48 Benzene (40) 60 12 45 100

0.14 0.57 Benzene (55) 100 24 99.9 100
4-Bromo 0.1 0.33 Toluene (50) 70 12 100 99.9
2-Fluoro 0.11 0.48 Benzene (50) 60 12 100 100
4-Fluoro 0.1 0.30 Toluene (50) 60 16 100 99
4-Trifluoromethyl 0.09 0.30 Toluene (50) 70 12 99 100
4-Methyl 0.11 0.33 Benzene (50) 60 15 100 99
4-Methoxy 0.1 0.30 Toluene (50) 60 18 100 99
a-Naphthyl fluoroformate 0.07 0.20 Toluene (50) 60 14 100 99

e All reactions were run in a 150-ml. stainless steel lecture bottle, using 0.5 ml. of NBu; as a catalyst.
agitated for the reaction time listed and heated externally by infrared lamps.

The lecture bottles were
® The conversion of the starting material and the yields

were determined by g.c. ratios of the crude product before distillation.

for example, no p-methoxyfluorobenzene was obtained,
only phenyl fluoroformate.

The reaction mechanism for the introduction of a
fluorine atom into a nucleus by the gas phase decarbox-
ylation of an aromatic fluoroformate was not primarily
investigated; however, from the experimental results
and previous reports, certain conclusions concerning
the mechanism can be made. Analogous to the Schie-
mann reaction? the reaction could proceed through
either (i) a carbonium cation, (ii) a free radical, or (iii)
a polar structure.

(i) The ionic reaction mechanism was investigated
in the case of the decarboxylation of aromatic and
aliphatic chloroformates. It was found that aryl
chloroformates react with aromatic hydrocarbons
in the presence of Lewis acids, such as AlCl;, to give
phenyl benzoate or its derivatives.! Under similar
reaction conditions alky! chloroformates decompose
readily to alkyl chlorides, which in turn alkylate the
aromatic hydrocarbon.#® This indicates, that an
aryl-O-CO* cation is more stable than an alkyl-O-
CO* cation. The aryl-O-CO™* cation undergoes a
Friedel-Crafts reaction rather than decomposing to
a phenyl cation.

A similar behavior was found in the case of the fluoro-
formates. It was shown that alkyl fluoroformates
can be readily decarboxylated to alkyl fluorides in the
presence of Lewis acids or bases as catalysts,® while
under similar conditions phenyl fluoroformate under-
goes only polymerization and carbonate formation.!
Therefore, the decarboxylation of aryl haloformates
can be expected to result in the formation of higher
condensed aromatic compounds and not in aryl halides,
provided it follows an ionic reaction mechanism. In
addition, the formation of free ions in a gas phase re-
action at 700° is not very likely. On this basis an
ionic reaction mechanism can be excluded.

(ii) A free-radical mechanism, assuming completely
free radicals of appreciable lifetime outside the van der
Waals interaction sphere, can also be rejected. In
this case isomer formation should be found in the de-
carboxylation of the substituted phenyl fluoroformates.
This was never observed. The fluorine atom always
entered the nucleus at the site of the fluoroformate

(2) A. Roe, Org. Reactions, &, 196 (1949).

(3) W. H. Coppock, J. Org. Chem., 22, 325 (1957).

(4) E. H. Renne, J. Chem. Soc., 41, 33 (1882).

(56) N. P. Buu-Hoi and J. Janicaud, Bull. soc. chim. France, 12, 640
(1945).

(6) S. Nakanishi, T. C. Myers, and E. V. Jensen, J. Am. Chem. Soc., 77,
3099, 5033 (1955).

group.” In addition, one could expect along with the
isomerization some biphenyl formation and fluorine
addition across an aromatic double bond.® This,
however, was not the case.

(iii) The most likely mechanism is an internal
nucleophilic substitution (Sxi),? assuming the following
internal return reaction. The activated intermediate

ﬁ f, 5—
R—@—O—C—F - R

3T .0
<= 20=0
F<

O+

is an ion pair with a partial positive charge on the a-
carbon atom. This mechanism was investigated for
alkyl chlorosulfites and alkyl chloroformates,’® con-
firming the Sni mechanism. In our case, the steric
and electronic configuration (overlapping of the fluo-
rine atom orbitals with the = cloud of the aromatic
system) strongly favor an ion-pair intermediate. The
intermediate could decompose either by a radical
mechanism (elimination of CO,, formation of a phenyl
and fluorine radical and their immediate combination)
or a polar mechanism. We tend to prefer the polar
mechanism due to the pronounced electronegativity
differences between the a-carbon atom and the fluorine
atom. In addition, the C-O-C bond is thermally less
stable than the C-F bond. Therefore, the C-0-C
bond should cleave first, followed by a nucleophilic
attack of the fluorine atom on the electron-deficient
a-carbon atom. Kinetic investigations of the in-
fluence of different substituents and of concentration
effects upon yields and conversion would be a further
proof of the correctness of the suggested mechanism.

Experimental Section

Starting Materials.—Carbonyl chloride fluoride was prepared
from COCL and AsF;.!! No purification of the crude COFCl

(7) During the decarboxylation of bromophenyl fluoroformates bromine-
free or dibromo derivatives were obtained in small quantities. This can be
explained by the fact that bromobenzene itself starts to decompose at 757°
at a contact time of 0.6 sec. at a rate of 1.86%: M. Szwarc and D. Williams,
J. Chem. Phys., 20, 1171 (1952). The rate of decomposition was found to be
independent of the substituent in the ring: M. Szwarc and D. Williams,
Proc. Roy. Soc. (London), A219, 341 (1953).

(8) L. A. Bigelow, et al., Ind. Eng. Chem., 89, 360 (1947).

(9) E. 8. Gould, “Mechanism and Structure in Organic Chemistry,”
Holt, Rinehart, and Winston, New York, N. Y., 1959, p. 294.

(10) E. S. Lewis and W. C. Herndon, J. Am. Chem. Soc., 88, 1955 (1861).

(11) K. O. Christe and A. E. Pavlath, J. Org. Chem., 30, 1639 (1965).



Vor. 30

CHRISTE AND PAVIATH

4106

SBM Qhﬂﬁﬂh@gﬁmww U013983d 9Y T, »

*100%91 JE[qNY} 9Y} JO [[eM OpIsjno 9y} Uo ojdnooourieyy B g pornssour

“g1390d8 "I'UI'U PUE POIGIIUI PUE SOUI) UOT)U)IX XY} £q poyLjuept pue Tmnoo 9°3 sanyerederd € uo peyriedes ozom spunodwos oy, p

.GOE&H&Q@m alIo0Jaq on

-poad 5pnad 81} Jo SO1YBI 0°3 AQPOUIULIIAP 910 SPIL 07} pUE [FLIOjeUr FUMIBIS O} JO UOISIOAUOD Y[, » 988D AIOAD UL "WUI ()] }B PIUIBIUIBUW SBM F)BUIIOJOIONY 3YY JO axnssoxd rodeA oy, 4
-Furjy & g8 0zned 9 J YA (‘UID £ 9UO0Z Pajedr] Jo YjFUs] “uId [ J9JAWIBIP) 1040891 Z)renb re[nqny B pus sed JOLLIRD B $% UeSoriu A1p Fuisn ounssold o11oydsotule )8 N0 PILLIBD SIOM STOTIBL [V »

8¥L

g'es
K4
69
Gg

IES

COFHOEOHOOFHMOISCO®
4 <
N ™

syonpoad

29811 ‘auarey)ydeN
¢ ¢ ‘oudreyyydeN

¢ 0 AP
¥ ¢ TAyjeunoIonpgri],
£'9 ‘[Aypowmosonyy,

£ % ‘omwoIqII-¥T
9'8 ‘OWOXIq-F']
99%I) ‘owoIqId-F‘1
¢ ‘owoiquJ-g‘y

Quezud( PAINIYSANG

‘uduooap

+

< o~
oM

Mmoo
[\ B~ T I o]

K4
90%L],
6°1

eudzusqoION

0° 63 ‘oudreypydenoion]y-| 001 L 089
%' ¥1 ‘eusreyiydeuoion|q-1 001 g 052 AyydeN-1
tals %1% o ‘AxoqyeIN-d 63 rd 099
A2 ¥ 1% o AxoyjeN-d 001 A 002 [AueydAxoqioN-d
961 % 1Z "TAyeIN-4 862 TApoN-d 1°96 ¢ 082, AuoydiLyoy-d
9G¥ ‘[Ayjeworonyiiy-d 221 2 099
¥°9¢ J%ﬂoﬁono:miﬁé G 6% G'1 0Z2 annﬁmﬁoaouo:ﬁ.ﬂn&
681 ‘oron(g-d 1" 1¢ ‘oronpg-d £'88 g 0g2 Auaydozongq-d
665 ‘orong-0 1°Gg ‘oxonfg-o 6 L2 g1 062
9°yg ‘oronjg-0 %' 8¢ ‘ozonfg-o gz 2 069
6°5¢ ‘oronyg-o 1" ST ‘oxonjg-o 8°¥¢ t 082 Aueqdorony -0
70 g'e 6°0¢ ‘owoag-d 0°9L 4 052
eouLy, 90%I], %" 1G ‘omorg-d 606 g1 062,
EDAN 0BI], 6°Gg ‘omroag-d ¥ ¥ e 002 35:&080.5-&
30 13 GG ‘owoxg-o ¥ 6¢ ‘omorg-o 789 g1 082 [Auaydourorg-o
audzus g ogemIojorong Jousyd pernjnsqng JUIZUIYOIONY PNy S[elIejBm ~0938 *Do 9jeuIIojoION]
1AuayJ Funaeys 24} ‘awry o "dueg
JO WOISI0ATWOD 9,  30BjUO))  UWONIBOY

poP[O14 ¥, ‘sjonpoig

¢ pSTATHONT DNIANOISATHO)) THL 0L SELVAUOIOYOATH DILVNOHY dULALIISHNS A0 NOLLVIAXO0gavIA(]

TIT 974V.J,

‘(F96T) T ‘62 “wayy b *p ‘preddoyg "V "M 199TG'T dgt pus ("wiw G'T)

.69 "d"q 9A®Y 0} aInjRIY] o) Ul parrodai sem punodwion ST, » OUER[IS[AYIOWIERIS] WIOL] POYUMODP puodes 1od 89042 s8 pus ¢ woij ppydn uorymu 1od spred se pojonb ore syIys [BIIWAYY)

90UQIYOI [RUAJUL UB 88 () [ ) SUIUIrejuos ¥[)7) ur suornios %¢ Suisn 1ajouwor)dads g9~ UBIIBA B UO PIPIOISL sI1om e130ads [V ¢

*S0T)BUIONB PAMIIsqns Surpuodsenios 9y} 103 surdjyed 0198110}

-D%IRYD A} PUB “;_UID 000T~066 207 “_ WD (9ZI—0gZT 2094 ,_-wd OGT—-OFST 0~0¢ :suondIosqe o)eULIOJOION] SISLINOBIRYD 1) PIMOYS PUE UL B} o1om spunoduiod [[e jo v130ads poreijul oy, »

UOL3AT O1)8ux

-ore Ut W pajestdwo) (dODO- %) 991 L'6 19°¢ 92769 00701 89°¢ 2769 (9°%2)165°T  ($8) @995 T (1) 08 oyswuIojorony [AyrydeN-»
(*HDO- ‘8) L13 ‘(W) qO¥ (AODO- ‘¥ LT €11 IV $2°98 ST'T1T UV 2798 (8¥8)ege’ 1 (ga)yewsy'1 (1) 19 £xoqPIN-¥
(*HD- ‘8) ST1 (W) 00¥ (FONO-®) 991 81T 1'%y 2829 %831 ee'y $2°29 (8¥2)evT'T  ($3) €991 (LTI) 0L AQON-F
(ur) ge% (50— ‘8) 789 “(@O0DO—~ ) 89T 9798 96T 12°9% ¢S 9¢ 26°T 919 ($2) 0681 (9°92) 1ST¥'1 (S3) 89 [AgjowoIongLiy -

(w) gz (A 1&ueyd 8) 61T (FODO—- ¥) 8°9T 8°¢% V% 00°¢S $0°¥% GG°'g A1°88 (8°%2)F0g° 1 (9°€3) 06%% 1  (S1) 5§ oxony -

(w) ¢p¥ (4 Auoyd ‘s) 0gT ‘(A0D0- 8) 61 8°€3 99z SI°€6 F0'¥3 66z LTS (FBYSLE T (€ ¥erv 1 (G79) ge or0n[ -3
(I0DO-‘8)9°9T 88 0898 26T LV'8S 898 €8°9% €8T 9¢'88  (¥2)289'1 (8°€2)0L16°1 (9)G'GL SOWO0IG -

() os¥ (IODO-©)6°8T L'8 96°9¢ T6'T ©9'8C 89'8 €692 €8T 9¢'8¢ (¢°¢3) 0191  (22) 011G T (5°%) 99 oworg-g,

o301 g oud 4 g H 0 a xq H 0 (‘Do) gmoa/ 3 (Do) au () *p, Juanjysqng
@ TN 9%, ‘punoj % "porB): ‘Aysue(y “d-g

pSALVWHOJIOHON T TANTHJ CELAIILSHNG THL 40 STILIIAJIONJ "TVELOHLS ANV TVOISAHJ

II T18v],



DeceMBER 1965

(containing 90 to 959, COFCl) was required, since the presence
of COCl; and COF; as impurities did not result in the formation
of undesired products provided COFCI was used in excess. All
the other chemicals were purchased from supply houses.
Preparation of Substituted Phenyl Fluoroformates.—All reac-
tions were carried out in the same way, except for slight varia-
tions in reaction time, temperature, solvent, and amount of re-
actants (listed in Table I). In a typical experiment, p-fluoro-
phenol (0.1 mole), COFCI (0.3 mole), toluene (50 m.) as a sol-
vent, and tributylamine (0.5 ml.) as a catalyst were placed into
a 150-ml. stainless steel lecture bottle equipped with a pressure
gauge and a Whitey valve. The lecture bottle was agitated 16 hr.
at 60° (external heating by two infrared lamps). The volatile
products, mostly HCI and excess carbonyl halides, were bled off.
The product was degassed at room temperature in a vacuum.
The resulting solution was filtered and vacuum distilled. The
conversion of the starting material and yield of p-fluorophenyl
fluoroformate were determined by the g.c. ratios of the crude
product before distillation and are listed in Table I. The yields
after distillation were usually somewhat lower due to mechanical
losses during the distillation. Physical and spectral properties
of the substituted phenyl fluoroformates are listed in Table II.
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Decarbozxylation of the Substituted Phenyl Fluoroformates.—
The same setup was used for all reactions. A stream of dry N,
monitored by a flowmeter, was passed through a 10-ml. flask,
containing the fluoroformate starting material. A fluoroformate
vapor pressure of 100 mm. was maintained by external heating
of the flask with an oil bath. The fluoroformate—nitrogen mix-
ture was passed through an electrically heated quartz tube with
Pt gauze used as filling. The products were quenched at the exit
of the tube by two cold traps, one at — 78 and the other at —196°.
The second trap was connected to a mercury blowoff. The heat-
ing of the reaction tube was automatically controlled and its
temperature was measured with a thermocouple on its outside
wall. The inlet part of the setup between the flucroformate con-
tainer and the reaction tube was heated by three infrared lamps
to prevent condensation of the starting material. The con-
version of the starting material and the yields were determined
by weighing of the recovered starting material and of the col-
lected products. The composition of the products was analyzed
by g.c. The compounds themselves were identified after g.c.
separation by infrared measurements and by n.m.r. measure-
ments. The results of all these reactions are summarized in
Table III.

Thermochromic Compounds. 11

JessE H. DAY AND ANN JoacHIM!?

Department of Chemistry, Ohio University, Athens, Ohio
Recetved June 9, 1965

B-Hydroxyl secondary amines react with quinones to form monosubstituted compounds which are thermo-

chromic.

N.m.r. spectra show that the structure of the “colorless’’ thermochromic compound is not I, but a

product formed from I by intramolecular reaction between the hydroxyl group and the quinone moiety.

Konig and co-workers?—* have reported that certain
compounds of type I (Y = OH) are thermochromic,’
piezochromic, solvatochromic, fluorescent, soluble in
base as well as in acid, and have an unusual double
polarographic reduction curve.

0O R 0 R
| R l
Ha N—CH,—CH,—y I N—FR/
Hb Hx R,_N
0]
Ia, R = CH,CH,OH; Y=0H 1IlIa, R = H;
b,R=CH;; Y = OH R’ = CH.CH.OH
¢, R=CH;; Y=20C b, NRR’ = morpholinyl

These properties are related to specific structural
details: the hydroxyl group must be on the carbon
B8 to the nitrogen, the R group may not be a hydrogen,
the hydrogen o to the nitrogen may not be substituted,
and the quinone ring may be substituted at H, and Hy
with methyl groups or a fused ring.  Similar compounds
lacking any one of these structural details show none
of the above listed properties. The 2,5-disubstituted
B-ethanolaminoquinones are not thermochromic.

The nonthermochromic aminoquinones are deeply
colored, while the thermochromic quinones are light
in color but become deeply colored when their solutions
are heated. A temperature-dependent equilibrium

(1) Summer N.8.F. Teacher Research Participation Program, Domini~
can College, Racine, Wis.

(2) K.-H. Konig, Chem, Ber., 93, 257 (1959).

(3) K.-H. Konig and G. Letsch, ibid., 92, 1789 (1959).

(4) H. Berg, K.-H. Konig, D. Tresselt, and H. Wagner, “Contributi
Teorici e Sperimentali di Polarografia,” Vol. 5, Consiglio Nazionale Delle

Ricerche, Spoleto, Italy, 1960,
(5) J. H. Day, Chem. Re»., 68, 85 (1963).

has been suggested for the thermochromic mecha-

nism.*

(0]

HO O-—CHZ\
Q'N _CH, N OB—Cit—on
| R

R 0

0O
cold form hot form
11 v

There are several reasonable structures and equilibria
which might be proposed. For this reason the n.m.r.
spectra of three of these compounds and several model
compounds were run at temperatures from 37 to 120°
to determine the structure and equilibrium responsible
for the thermochromism and other unusual properties.

Results

The spectrum of Ic is relatively simple, as seen in
Table I. The spectrum showed no temperature de-
pendence.

Tasrr I
ABsORPTION PEAKS oF CoMPoUND Ic AT 37°
No. of

~In CDCl— .—In DMSO-ds— protons Assignment Ref.
P.p.m. Shape P.p.m. Shape

6.86 2peaks 6.76 2 peaks 2 Ring 314

5.71 Singlet 5.70 Singlet 1 Ring

3.81 Quartet 3.95 Triplet 4 Methylenes 12,29, 31, 199

3.10 Sharp 3.10 Sharp 3 Methyl 91,610

¢ The numbers given are the spectra numbers from “NMR
Spectra Cata}og,” N. 8. Bhacea, L. F. Johnson, and J. N. Shool-
ery, Ed., Varian Associates, Inc., Palo Alto, Calif., 1962.



