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in the spectra indicated that the derivatives were not iden-
tical.

Anal. Caled. for C»HigN;06Br: C, 50.21; H, 3.07.
Found: C, 50.50; H, 3.60; C, 50.61; H, 3.37; and C,
49.45; H, 3.29; for the derivatives of Ia, Ib and Ic, respec-
tively.

4-Phenyl-1-p-bromophenyl-1,3-butandione, XIV, and its
Copper Enolate.—Ia (1 g., 0.0029 mole) was added to a
solution of sodium hydroxide (2 g.) in 959, alcohol (40 ml.).
The red mixture was left at room temperature overnight,
then poured into ice-water, acidified with dilute sulfuric
acid, and extracted with etlier, The ether extract was
shaken with saturated aqueous cupric acetate, and the green
cupric enolate was separated and washed with ether and with
water. The enolate, nielting at 224-227° dec., was shaken
with a mixture of ether and dilute hiydrochloric acid. The
ether layer was washed with water, dried (MgSQ,), and con-
centrated. The orange residue of XIV crystallized froin
methaglol as light orunge plates (0.25 g., 2v%) melting at
79-81°.

In an identical experiment, Ib was couverted into XIV
(0.30 g., 339%) melting at 77-80°. The enolate (0.30 g.,
30%), melting at 224-227° dec., was obtained froni an ideu-
tical experiment with Ic, but a portion of the material was
lost so that the yield of XIV (0.11 g., 12%), nielting at
79.5-80°, was lower., The melting points of the samples of
X1V obtained in tliese experiments were undepressed when
mixed with the light tan analytical samiple, melting at 80—
80.5°, obtained from a miixture of Ia and Ib.

Anal. Caled. for CiHpisO:Br: C, 60.57;
Found: C, 60.38; H, 1.35.

3-Methoxy-4-phenyl-1-p-bromophenyl-2-buten-1-one
(XV).—In separate experiments, methanolic sodium micthi-
oxide (31 wl., 1 V) was added to each stercoisomner of I (1
g., 0.0029 mole), and the miixture was left at room tempera-
ture for oue day. The red solutioun was poured into ice-
water (160 g.) and extracted with ether (three 40-ml. por-
tious). The combined cther extracts were waslied with 59,
aqueons sodiuim bicarbounate (50 ml.), then with water (two
70-ml. portious). The eciher solution was dried (MgSOy)
and the solvent was removed.,  The residue was crystallized
from absolute metitnol.  Thick orange uecdles of XV (0.20
g., 209; 0.20 g., 30¢;; and 0.25 g., 250, froin Ia, Ib and
Ic, respectively) mclting at 102.5-103.5° were obtained

H, 4.13.
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Found: (inelting at 103-104°) C, 60.00; H, 4.82; and
(melting at 103.5-104.5°): C, 61.77; H, 5.25.

The ultraviolet absorption spectrum (2.85 X 10735 M in
U.S.P. 959, ethanol) of the second analytical sample showed
a maximum at 286 my, € 21,000; there was a slioulder on
the curve; by extrapolation of the main absorption through
this shoulder and subtraction, there remained a second
maximum at 259 mu, € 4,100. .

Hydrolysis of the Enol Ether XV to the Diketone XIV.—
XV (0.20 g., 0.0006 1nole) was dlssolyed_m boiling methanol
(10 ml.), and coned. hydrochloric acid (5 drops) was added.
The solution was boiled for one hour, then poured into water
(75 1nl.) and extracted witl ether (two 10-ml. portions).
The etlier extract was washed with water, dried (MgSOx),
and evaporated. The residue crystallized from_methanol as
light tan plates (0.07 g., 38%) melting at 79.5-80°. The
melting point of a mixture with the analytical sample of
XIV was the saine.

3-Carbomethoxy-4-benzyl-6-p-bromophenyl-2-pyrone
(XVI).—To a boiling solution of sodium (0.0 g., 0.026
mole) and dimethyl malonate (3,96 g., 0.030 mole) in ab-
solute mnetliauol (160 1ul.), Ic (3.1G g., 0.010 mole) was added.
The solution was refluxed {or 1.5 liours, thien sct aside over-
night at room temiperaturc. It was then acidified with
acetic acid to pH 6, and coucentrated. The product, in-
itially as an oil, later solidified. An amnalytical sample of
XVII (0.12 g., 2.59%) melting at 146-148° was prepared
by three recrystallizations from micthanol.

Anal. Caled. for Caul,;;O.Br: C,
Found: C, 59.90; H, 3.83.

The residues from the crystallization of XVII were dis-
solved in benzene and the solution was passed through a
simall cliroinatographic colinnn packed with magunesinm tri-
silicate-Hy-Flo. The most mobile component (0.15 g.),
melting at 93-99°, was isolated. After three reerystalliza-
tious from miethanol, the substance (0.07 g.) niclted at
09.5-104°; the melting peint of o mixture with XV was un-
depressed.

Anal. Caled. fer C,I1:0.Br: C,
Fouud: C, 60.70; II, 5.32.

XVIT was also made from Tu aad from IL by the above
procedurc. XVII (0.12 g., 109 obtained from 1 g. of Ia
nielted at 1.43-145.0°; thet (0.05 g., G0 from 1 g. of Ib
melted at 144-147°; Mclting points of mixtures with the
analytical saiple of XVII were undepressed,

60.17; I, 3.79.

61.64; II, 4.57.
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after two reerystallizatious from absolute uiethanol. The
analytical values were crratic.

Anal. Caled. for C;;:H;;0.Br: C, 61.64; H, 4.57.
Cyclopropanes. XVII.

1-p-Bromobenzoyl-2-nitro-3-phenylcyclopropane :

Actien of

Acidic Reagents!

By Leg IRvIN SMITH AND EarL 1D, HoLLy?

REcEIVED SEPTEMBER 23, 1053

The three stereoisomers of the nitrocyclopropane 1 have been subjected to the action of hiydrogen bromide, hydrogen clito-

ride and browmiue.

Contrary to their behavior toward alkaline reagents, the thirce stercoisoniers of 1 belhave differently

toward these acidic reagents and either give stereoisomeric adducts or two of tliem give stereoisomeric adducts and the third

does not react.

A study has been niade of the stereoisomeric adducts and their transformation products, and several dis-

crepancies between this work and the earlier work of Kohler and Williams have been noted.

In the previous paper! the action of basic rea-
gents upon the three stercoisomers of 1-p-bromo-
benzoyl-2-nitro-3-phenyleyclopropane (I) was re-
ported. The present paper deals with the action of
acidic reagents upon these cyclopropanes and re-
ports results which are at considerable variance
with the results reported by Kohler and Williams,?

(1) Paper X VI, THIS JOURNAL, T8, 1472 (1956).

(2) Abstracted from a thesis by Earl D. Holly, presented to the
Graduate Faculty of the University of Minnesota. in partial fulfill-
ment of the requirements for the Ph.D. dcgree. 1933, National Sci-

ence Foundation Fellow, 1952-1933.
(3) E.P. Kohler and H. E. Williams, TH1s JourNaAL, 41,1644 (1919).

who first prepared and studied cyclopropane I.
The three stereoisomers of I are: Ia, melting at
135.5-136°: Ib, melting at 120.5-121°; and Ic,
melting at 166.5-167.5°.

When Ia or Ib was dissolved in acetic acid, and
hydrogen bromide was passed into the solution, the
same adduct XIXa,* melting at 133-134.5° dec.,
was produced, in yields of 64 and 1297, respectively.
When Ia or Ib was added to a saturated solution of

(1) The numbering of the compounds in this paper, and the preced-

ing and succecding ones, is arranged so that the numbers refer to the
same compounds in all three papers.
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C°H5CH—CHCOC5H4Br-p
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cuNo, C4H CHCHNO,CH,COCHLBr-p | ﬂ O N
b, b 120.5-121° XIXb, X = B, mp. 1701745 dee. CFQ/CeHlBrop CiHa o CHLBr-p
Ic, m.p. 166.5-167.5° XXVII, X = Cl, m.p. 134-135° dec. XVIII XXI
CeHiCH—CCH,COCHBr-p  CeH;CH—CCH,;COC;Hs  CsH;CHNO,CH,COC:H; CsH,C=CHCOC;H;
1|\Io2 XX No, XX (|:H(coocm)2 XXIIL CH(COOCH;); XXIV
CsHC=CHCH,COCsH,Br-p
C¢H,CHBrCHNO,CHBrCOCsH,Br-p CeH;CH,C=CHCOCH,Br-p (|:1

XXVa, m.p. 142-143° dec.
XXVb, m.p. 168-169° dec.

hydrogen bromide in acetic acid, the product was
likewise XIXa in yields of 16 and 187, respectively.
When hydrogen bromide was passed into a solution
of Ic in acetic acid, the product (149;) was the
stereotsomeric adduct XIXb melting at 170-174°
dec. When Ic was added to a solution of hydrogen
bromide in acetic acid, no XIX could be isolated.
Instead, the products were unchanged Ic (84.59%)
and, when the solution was heated, a substance
melting at 154-156° dec. which no longer contained
nitrogen. Kohler and Williams reported that
when Ia or Ic was added to acetic acid previously
saturated with hydrogen bromide, the cyclopro-
pane dissolved rapidly and the first adduct, melting
at 144° dec. separated almost at once; when a solu-
tion of Ia or Ic in acetic acid was slowly saturated
at 0° with hydrogen bromide and then left standing
for 12 hours, the second adduct separated in long
needles melting at 133°. They reported that both
of their adducts were converted into the furan
XVIII, melting at 127°, by action of boiling alcohol.

Of our adducts, XIXa was converted into this
furan, m.p. 127-129°, by action of boiling alcohol,
but action of this reagent upon XIXb produced no
furan. Instead, the products were unchanged
XIXDb (23%,) and the unsaturated nitro ketone XX
(129,). Kohler and Williams reported that their
adduct (they did not say which one) was converted
by action of alcoholic potassium acetate into a de-
hydrobromination product melting at 162-163°
dec. to which they assigned structure XX, without
any proof, even though the analytical values were
not in good agreement for XX. Ouradduct XIXa
was converted, by action of alcoholic potassium
acetate, into a dehydrobromination product XXI
melting at 167-168° dec. (289,), which reduced
permanganate in acetone. The ultraviolet spec-
trum of XXI showed a single maximum at 267 mu
(e 23000). Thermal decomposition of XXI gave
XVIII (59%,) which sublimed away from the main
product, a dark tar. Ozonolysis of XXI produced
p-bromobenzoic acid (95%,) together with an un-
stable neutral substance which was not identified.
XXI was unchanged by action of sodiomalonic es-
ter, and also failed to react with 2,4-dinitrophenyl-
hydrazine. On the basis of these facts, and al-
though the analytical values for carbon were 0.65%,
high, XXI was assigned the structure of a dihydro-
nitrofuran rather than structure XX, assuming
that the substance melting at 162-163° dec. ob-
tained by Kohler and Williams is identical with our
substance melting at 167-168° dec.

Action of alcoholic potassiiun acetate upon XIXb

NO;

XXVIIla, (?), m.p. 183-184°

XXVI XXVIIIb, m.p. 132.5-133°

produced a different dehydrobromination product
XX, melting at 117-118° (609%), which reduced
permanganate in acetone. Theabsorption of XX in
the ultraviolet was roughly the sum of the absorp-
tions of the p-bromobenzoyl group and of §-nitro-
B-methylstyrene. There was a maximum at 259
my (e 24,000), and a shoulder in the 300-my region.
The p-bromobenzoyl group, in other compounds,
produced a maximum at 257 to 264 immu. When this
absorption was subtracted from the spectrum of
XX, a broad maximum at 300-310 mg (e 7500) re-
mained. The maximum for -nitro-g-methylsty-
rene is at 306 mu. Compound XXII shows a
maximum at 243 my (benzoyl group) and a broad
maximum at 298-308 mu.> Ozonolysis of XX pro-
duced p-bromoacetophenone, a small amount of p-
bromobenzoic acid, a trace of benzoic acid and an
aldehyde which was not identified. XX reacted
with sodiomalonic ester, but the product could not
be obtained pure.®

The bromine adducts XX Va and XX Vb of Iaand
Ib were produced when hydrogen bromide was
passed into a cold solution of the mixed cyclopro-
panes and bromine in acetic acid (yield up to 569,).
The two diastercomers were separated by fractionat
crystallization; XXVa crystallized from chloro-
form-petroleum ether as white rhomboids or short
hexagonal prisins melting at 142-143° dec. XXVb
crystallized from the same solvent as white needles
melting at 168-169° dec. In one experiment, the
interinmediate XI1Xa (169,) was isolated, and XXVa
(69%) and XXVb (639,) could be obtained by bro-
mination of XIXa under the conditions used for
bromination of I. Attempts to prepare a bromine
adduct from Ic were unsuccessful; the products were
unchanged Ic and the hydrogen bromide adduct
XIXb. Nor could XIXb itself be brominated to
XXV; unchanged XIXb was recovered (709)
although in one experiment a substance melting at
129-132° resulted in about 259, yield. This ma-
terial appeared to result from replacement of the
nitro group by bromine and no further work was done
with it.

Kohler and Williamns? reported that the unsatu-
rated nitroketone XXVI, melting at 115°, was pro-
duced by action of potassium iodide in acetone
upon XXVb, aud, indeed, the preparation and study
of XX VI had been one of the objects of the present
series of investigations for XXVI is a likely pre-
cursor of the pyrones found by action of sodiomalo-

(5) L. 1. Smith and R. E. Kelly, THis JoUrRNAL, T4, 3300 (1852).

(6) See ref. 5 for reaction of XXII with sodiomalonic ester to give
XXIII and XXIV.
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nic ester upon nitrocyclopropyl!l ketones. It was
found, however, that the chief product of this reac-
tion of XXVb, which melted at 117.5-118° and
presumably was identical with the substance melt-
ing at 115° obtained by Kohler and Williams, was
not XXVI but actually was the isomeric substance
XX. From XXVa also, impure XX (319,) melt-
ing at 97-115.5° was produced. One recrystalliza-
tion of this impure material gave pure XX, m.p. and
mixed m.p. 117.5-118°. Along with XX, there
were produced from XXVa a white solid melting
at 242-244°, a white solid melting at 128-130°, and
a light yellow solid melting at 95-97°. The analyt-
ical values for the 128° material suggested that it
had the same composition as the 1,3-diketone XIV
(previous paper) and hence might be a 1,4-diketone.
However, it could not be transformed into the furan
XVIII by action of acid. The analytical values
for the 95° muaterial suggested that it might be
XXVI, but no pure product could be isolated when
the substance reacted with sodiomalonic ester.

Kohler and Williams reported that the hydro-
gen chloride adduct XXVII melting at 133°, was
formed almost quantitatively by action of alco-
holic hydrogen chloride upon Ia. This adduct,
boiled with alcohol, was converted into the furan
XVIII. Further, XXVII, by action of alcoholic
potassiuim acetate, was converted into a mixture of
the two stereoisommers of the chlorodlefin XXVIII
melting, respectively, at 179-18C° and at 108-109°.

Our results were different in several respects.
Action of hydrogen chloride in acetic acid upon
either Ia or Ib produced XXVII, melting at 134—
135° dec., in respective yields of 32 and 19%,.
XXVII had the required analytical values, and was
converted into the furan XVIII by action of boiling
alcohol. Ic was recovered unchanged (849,) after
action of hydrogen chloride, either in dry ethanol
or in acetic acid at 0°, room temperature, or 80°.
When Ia reacted with hydrogen chloride in acetic
acid, there was isolated, as a second crop of solid
material, a substance (519,) melting at 111-112°
which showed the required analytical values for a
1:1 complex of XXVII and XXVIIIb. This ma-
terial slowly reduced permanganate in acetone, and
probably was identical with the 108-109° substance
assigned structure XXVIII by Kohler and Williams,
who give analytical values for carbon 0.9%, high for
XXVIII. When Ib reacted with hydrogen chlo-
ride in acetic acid, it was partly isomerized into Ic
(129,) which was isolated.

Action of alcoholic potassium acetate upon
XXVII resulted in two products, XXVIIIa (129,)
melting at 183-184°, and a small amount of
XXVIIIb, melting at 132°. Qur XXVIIla was
perhaps identical with the 179-180° compound of
Kohler and Williams, but our analytical values for
XXVIIIa were very poor and the structure of this
compound is open to question. It reduced potas-
sium permanganate in acetone, and gave no reac-
tion with alcoholic silver nitrate. The ultraviolet
spectrum showed a maximum at 265 mu (e 22,500).
XXVIIIb was best prepared by action of alcoholic
potassium acetate upon the 1:1 complex with
XXVII. The vyield was 409, and the product,
melting at 132.5-133°, had the required analytical
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values, slowly reduced permanganate in acetone,
and gave no reaction with alcoholic silver nitrate.

Experimental Part’

3-Nitro-4-bromo-4-phenyl-1-p-bromophenyl-1-butanone
(XIXa), M.p. 133-134.5° dec.—A. Anhydrous hydrogen
bromide was passed into a cooled solution of Ia (or Ib) (5 g.,
0.0145 mole) in glacial acetic acid (200 ml.) for three hours.
The solution was then left at 0° for five days and was then
poured into ice-water (800 g.). The solid was separated,
dissolved in chloroform, and the chloroform solution was
washed with water, dried (MgSO,) and concentrated some-
what. Sufficient petroleum ether (b.p. 60-68°) was then
added to bring about crystallization as the solution cooled.
XIXa (3.96 g., 64%) melting at 131.5-135° dec. was ob-
tained from Ia. XIXa (0.73 g., 129,) melting at 130-
134.5° dec. was obtained from Ib, as the solution was in-
advertently allowed to become warm during the addition of
the hydrogen bromide. The melting points of mixtures
of these products with the analytical sample of XIXa were
undepressed. The analytical sample, melting at 133-
134.5° dec., had been prepared from a mixture of Ia with Ib.

Anal. Caled. for CyHisNO;Bre: C, 45.00; H, 3.07.
Found: C, 45.79, 44.86; H, 3.17, 3.35.

B. A rapid stream of hydrogen bromide was passed for
three hours into glacial acetic acid (250 ml.) cooled in an
ire-bath; compound I (1 g., 0.0029 mole) was then added.
After 15 hours all the I had dissolved and XIX was isolated
asin A. Ia gave XIXa (0.20 g., 169,) melting at 131-133°
dec.; Ib gave XIXa (0.22 g., 18%,) melting at 127-129°
dec. The melting points of mixtures with XIXa fromn A
were undepressed

3-Nitro-4-bromo-4-phenyl-1-p-bromophenyl-1-butanone
(XIXb), M.p. 170-174° dec.—A. Ic (10 g., 0.029 mole) was
dissolved in glacial acetic acid (750 ml.), and hydrogen
bromide was passed into the cooled (ice-bath) solution for

four hours. The solution was left for one day at rooni tem-
perature and then was poured into ice-water (2 kg.). The
product was isolated as in the previous experiment. The

XIXb (1.75 g., 149%,) melted at 169-174° dec. The analyti-
cal sample, recrystallized fromn benzene-petroleum ether
(b.p. 60-68°), melted at 170-174° dec. No other pure sub-
stance could be isolated.

Anal. Caled. for CHizNO3;Bre: C, 45.00; H, 3.07.
Found: C, 45.43, 45.03; H, 3.20, 3.05.

The ultraviolet absorption spectrum (3.10 X 107% M in
U.S.P. 959 ethanol) showed a maximum at 259 mu, €
20,400.

B. Ic (1.80 g., 0.0052 mole) was added to a solution of
hydrogen bromide (3.45 g., 0.043 mole) in glacial acetic
acid (10 ml.). The mixture was heated on the steam-bath
for 15 minutes, then left overnight at room temperature.
The cooled solution deposited a solid which when recrystal-
lized from benzene-petroleum ether (b.p. 60-68°) formed
transparent, white needles (0.78 g.) melting at 154-155.5°
dec. The analytical samples melted at 154-156° dec.

Anal. Caled. for C;sH;3NO;Br,: C, 45.00; H, 3.07.
Caled. for CigH12OBry: C, 50.56; H, 3.18. Found: C,
49.01; H, 3.01; after recrystallized again, found: C, 49.38;
H, 2.95.

This substance no longer contained the nitro group (fer-
rous hydroxide test) or nitrogen (sodium fusion followed by
prussian blue test). It was unchanged by the action of
bromine in carbon tetrachloride, potassium permanganate
in acetone and potassium iodide in acetone. The substance
could possibly be a bromocyclopropyl ketone.

Ic (2.13 g., 0.00616 mole) was added to glacial acetic acid
(5 ml.) saturated with hydrogen bromide. The solid (un-
changed Ic (84.59%,)) was separated after 30 minutes.

2-Phenyl-5-p-bromophenylfuran (XVIII) from XIXa.—
XIXa (1 g., 0.023 mole) was boiled overnight in alcohol (50
ml.) containing a little water (0.5 ml.). The yellow solu-
tion was concentrated and then cooled. The product
XVIII (0.35 g., 509%), m.p. 121-125°, was removed and a
second crop (0.17 g., 249,), m.p. 98-110°, was obtained
from the filtrate. The nearly white analytical sample, re-

(7) Microanalyses were carried out in the Microlaboratory of the
Department of Chemistry, and the spectral data were determined in
the Spectrographic Laboratory of the Department of Chemistry. Uni-
versity of Minnesota,
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ixé%itallized from alcohol and then sublimed, melted at 127—

Anal. Caled. for CyHiOBr: C, 64.23;
Found: C, 63.80, 63.99; H, 3.81, 3.55.
3-Nitro-2-phenyl-5-p-bromophenyl-2,3-dihydrofuran
(XX.I).—A suspension of XIXa (5 g., 0.0127 mole) and po-
tassium acetate (5 g.) in absolute alcohol (30 ml.) was left
at room temperature for two days. The tan solid was re-
mnoved and recrystallized from benzene—petroleum ether
(b.p. 60-68°). There resulted fluffy, white needles of
XXI (0.72 g., 28%,) melting at 165-168° dec. This sub-
stance reduced potassium permanganate in acetone. It
was unchanged by the action of 2,4-dinitrophenylhydrazine
under vigorous conditions such that even the least reactive
stereoisomer of I formed a derivative. The ultraviolet ab-
sorption spectruin (2.67 X 107% A in U.S.P. 959, ethanol)
showed a maximum at 267 my, ¢ 23,000. The analytical
sample, recrystallized from absolute alcohol-benzene,
melted at 167-168° dec.

Anal. Caled. for Ci1sH12NO;Br:
Found: C, 56.15; H, 3.42.

Thermal Decomposition of XXI to Form XVIII.—Only an
impure red substance was obtuined by heating XXI in alco-
hol with or without the addition of liydrochloric acid. When
XXI (0.15 g., 0.00044 mole) was heated in a sublimation
tube, initially at 170° and then for three days at 100-120°,
XVIII (0.006 g., 5%), melting at 126.5-128°, sublimed
away from the reddish-brown tar which formed the main
product. The melting point of a mixture with authentic
XVIII was undepressed.

Ozonolysis of XXI.—A solution of XXI (0.35 g., 0.001
mole) in ethyl acetate (140 tnl.) was cooled in an ice-bath
and ozonized oxygen (ca. 0.00015 mole O;/min.) was passed
through it until absorption of ozone ceased. Water (30 ml.)
and acetic acid (6 ml.) were added and the mixture was
boiled for 90 ninutes; ethyl acetate was then removed by
distillation. A low-melting vellow solid was present in the
residual aqueous soltition. The mixture was made alkaline
by the addition of sodium bicarbonate, and the yellow solid
(0.19 g.) was extracted into ether. An attempt to prepare
a 2,4-dinitrophenylhydrazone from a portion of this sub-
stance was unsuccessful. The remainder of the neutral
fraction decomposed before it could be identified.

Acidification of the aqueous bicarbonate solution caused
the precipitation of a yellow acid (0.19 g., 959, as p-bromo-
benzoic acid), melting at 125~180°. This acid was sub-
limed. There could have been no more than a trace of ben-
zoic acid present since it would sublime very readily, and the
first traces of sublimate melted at 85-185°. The major
portion of the product melted at 246-248° (sealed capillary).
An authentic sample of p-bromobenzoic acid (melting point
standard) melted at 245-247°. A mixture of the two melted
at 246-248°,

The Action of Sodiomalonic Ester upon XXI.—To a sus-
pension of XXI (1 g., 0.0029 mole) in absolute methanol
(20 ml.), cooled in a Dry Ice-isopropyl alcohol bath, a
solution of sodiomalonic ester (prepared from sodium (0.14
g., 0.006 mole), dimethyl malonate (0.79 g., 0.006 mole) and
absolute methanol, (10 ml.)) was added. No change was
apparent at this low temperature, at 0° or at room tempera-
ture. The mixture was boiled for three hours when it be-
came red. It was then cooled and acidified (to pH 6) with
acetic acid. A white solid (0.69 g., 69%,), melting at 115~
140° dec., was removed. After three recrystallizations
from absolute methanol-benzene, XXI melted at 166.5-
168.5° dec.

Anal. Caled. for CisH12NO;Br:
Found: C, 56.40; H, 3.79.

Decomposition of XIXb in Boiling Alcohol.—A solution of
XIXb (0.30 g., 0.0007 mole) in 95%, alcohol (30 ml.) was
boiled for six hours. The yellow solution was concentrated
and cooled. Shiny white plates of XIXb (0.07 g., 23%,)
melting at 155-168° dec. separated. When recrystallized
from alcohol, the substance melted at 170-173.5° dec.
The melting point of a inixture with the starting material
was undepressed.

A second crop of gummy yellow substance was obtained.
After two recrystallizations from alcohol, the light yellow
needles of XX (0.03 g., 129,) melted at 112-115.5°. The
nelting point of a mixture with the analytical sample of XX
was not depressed. No XVIII could be isolated.

H, 3.71.

C, 55.50; H, 3.49.

C, 55.50; H, 3.49.
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3-Nitro-4-phenyl-1-p-bromophenyl-3-buten-1-one (XX).—
A suspension of XIXb (1.20 g., 0.0028 mole) and potassium
acetate (1.2 g.) in absolute alcohol (10 ml.) was left over-
night at room temperature. The solid was separated,
washed with cold alcohol (3 nil.) then copiously with water,
and dried. There resulted light yellow needles of XX (0.58
g., 609%) melting at 115-116.5°. The analytical sample, re-
crystallized from carbon tetrachloride-petroleum ether (b.p.
60-68°), melted at 117-118°.

Anal. Caled. for CyHi2NO;Br:
Found: C, 55.31; H, 3.74.

XX reduced potassium permanganate in acetone. The
ultraviolet absorption spectrum (2.91 X 107% M in U.S.P.
959, ethanol) showed a maxiinuni at 259 mg, € 24,600.
There was a shoulder in the 300-my region. Extrapolation
of the aroyl absorption through this region and subtraction
of it left a broad maximum at 300-310 mg, ¢ 7,500.

Ozonolysis of XX.—A solution of XX (0.50 g., 0.00145
mole) in ethyl acetate (100 ml.) was cooled in an ice-bath as
a slight excess of ozonized oxygen was passed through
(0.000151 mole O3/min.); the solution was then swept out
with oxygen. Water (30 ml.), acetic acid (6 ml.) and zinc
dust (1 g.) were added, and the mixture was boiled for 1.75
hours to decompose tlie ozonide. The zinc was removed,
most of the ethyl acetate was removed by distillation, and
the residue was made alkaline by the addition of 5% aqueons
sodium bicarbonate, and extracted with ether (three 50-ml.
portions). The ether extract was washed with water, dried
{MgSOy) and evaporated. The residue partially solidified.
A 2,4-dinitrophenylhydrazone melting at 235-237° was pre-
pared from a portion of the residue. The melting point of
a mixture with the same derivative of authentic p-bromoace-
tophenone was not depressed.

When the aqueous bicarbonate solution was acidified (dil.
hydrochloric acid) no precipitate formed. The acidic solu-
tion was concentrated, and a small amount of white solid
was removed, which melted at 124-235° with sublimation.
This solid was sublimed. The first traces to sublime melted
at 121-145° and the main portion melted at 245-247° in a
sealed capillary tube. The melting poiut of a mixture with
p-bromobenzoic acid was the same.

The distilled ethyl acetate gave a fuchsin test for an alde-
hyde. A 2,4-dinitrophenylhydrazone was prepared, but
it was contaminated with the derivative of p-bromoaceto-
phenone and could not be separated from it.

The Action of Sodiomalonic Ester upon XX.—XX (0.42
g., 0.0012 mole) was added to a solution of sodiomalonic
ester (prepared from sodium (0.07 g., 0.003 mole), dimethyl
malonate (0.40 g., 0.003 mole) and absolute methanol, (5
ml.)) and cooled in a Dry Ice—isopropyl alcohol bath. The
immediate yellow coloration became red at 0°. After 15
hours at 0°, only a small amount of solid remained undis-
solved. The mixture was acidified with acetic acid, half of
the solvent was evaporated in a current of air, and a fine,
yellow crystalline substance (0.04 g.), melting at 129.5-131°
dec., separated. When recrystallized twice from methanol,
it melted at 140-141° (dec. at 148°). Only a tar was ob-
tained from tlhe filtrate.

Anal. Caled. for CyHxNO;Br: C, 52.95;
Calcd. for C21H1905Br: C, 5848, H, 4.44.
54.39; H, 4.07.

3-Nitro-2,4-dibromo-4-phenyl-1-p-bromophenyl-1-buta-
none (XXV).—Only unchanged Ic was isolated from experi-
ments in which solutions of Ic and bromine in carbon tetra-
chloride were boiled under free radical conditions (ultra-
violet and visible illumination and benzoyl peroxide).

Anhydrous hydrogen bromide was passed for three lionrs
into a cooled (ice-bath) solution of a mixture of Ia aud Ib
(10 g., 0.029 mole) and bromine (5.0 g., 0.031 mole) in
glacial acetic acid (500 ml.). The solution was left at room
temperature for 17 hours, then poured into ice-water (2 kg.).
The flocculent white solid was removed and dissolved in
chloroform (150 ml.), and the solution was washed with
water, then dried (MgSO,) and concentrated. Petroleuun
ether (b.p. 60-68°) was added, and the solid (11.4 g.) was
removed. Fractional crystallization from chloroform
petroleum ether (b.p. 60-68°) gave pure XXVa (3.2 g..
229,), melting at 142-143° dec.

Anal. Caled. for CgH12NO3Br;: C, 37.98; H, 2.39; Br,
47.38. Found: C, 37.95, 37.91; H, 2.58, 2.46; Br, 47.32,
47.45.

In a second experiment, a mixture of Ia and Ib (30 g.,

C, 55.50; H, 3.49.

H, 4.23.
Found: C,
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0.087 mole) gave XXVa (11.3 g., 26.5%,), melting at 142—
143° dec., and XXVb (1.8 g., 4.19%,), melting at 168-169°
dec. The stereoisomers of XXV were separated by frac-
tional crystallization from chloroforni—petroleuin ether
(b.p. 60-68°). XXVb crystallized as white needles.

Anal. Caled. for CieH12NO3;Br;: C, 37.98; H, 2.39.
Found: C, 37.96; H, 2.54.

In a third experiment, the bromination was incoinplete.
XIXa (169,) was isolated, and the presence of XXVa wus
indicated by the presence of the rliombic crystals althiough
the substance was not isolated in a pure state.

In the fourth experiment, a mixture of Ia with Ib (30 g.,
0.087 mole) gave XXVb (24.53 g., 56%) melting at 163—
168° dec.

All experiments designed for the bromination of Ic were
unsuccessful. The products were XIXb and unchanged Ic.

The Bromination of XIX.—A small ainount of hydrogen
bromide was passed into a solution of XIXa (10 g., 0.0234
mole) in glacial acetic acid (750 mil.). A sinall anount
of bromine was added, and the solution was heated on the
steam-bath until the color of the bromine faded. More
bromine was added until the color of bromine persisted.
The reaction mixture was processed in the usual maunner to
isolate XX Vb (7.44 g., 63%,), niclting at 164-168° dec., and
XXVa (0.70 g., 6%), melting at 142-143° dec.

Only unchanged XIXb (709%) was isolated from one at-
tempt to broniinate it. In another experiinent, XIXb
(0.40 g., 0.00094 mole) was converted into a substance
(0.10 g.) nelting at 120-132°. This substance did not give
a ferrous hydroxide test for the nitro group and did not re-
duce potassiuinn perinanganate in acetone. It probably was
formed by the displaceinent of the nitro group by a bromine
atom.

Anal. Caled. for CigH;OBr;:
Found: C, 41.88; H, 3.30

The Action of Potassium Iodide upon XXV.—It was quite
difficult to isolate pure products from this reaction. In one
experiment, XXVa (3.86 g., 0.0076 mole) and potassium
iodide (4 g.) were suspended in ice-cold acetone (25 ml.).
Iodine was liberated almost immediately. The mixture
was kept at 0° for three days, theu most of tlie acetone was
evaporated in an air current, and aqueous sodium thiosul-
fate (50 ml., 0.54 A7) and ether (100 ml.) were added. The
ether layer was separated, washed withh water, dried and
evaporated. After some attempts to separate the products
by crystallization, the residue (2.40 g.) was chromatographed
from 1:1 benzene-petroleuin ether (b.p. 60-68°) (35 ml.)
on silica gel (65 g.) using benzene-petroleuin ether (b.p. 60—
68°) of gradually increasing benzene content (2:3, 1:1,
3:2 and 2:1) as eluting agent. Surprisingly, some of the
iodine remained and came very rapidly through the column.
The chief product (0.82 g., 319,) was XX, melting at 97—
115.5°. After one recrystallization, it melted at 117.5—
118° and did not depress the melting point of XX obtained
by the action of potassium acetate upon XIXb. A sample
of XX from XXVa was analyzed.

Anal. Caled. for CéH12NO;Br: C, 55.50; H, 3.49; Br,
23.09. Found: C, 55.78; H, 3.88; Br, 22.98, 23.32.

Among the other products of the reaction were a white
solid melting at 242-244°, a white solid melting at 128-130°
and, on one occasion, a light yellow solid melting at 95-97°.
The analytical values of the 128°-substance suggested that
it had the same composition as did the 1,3-diketone XIV.
Since this substance could have been a 1,4-diketone, a frac-
tion of the chromatogram melting at 121-127° was sub-
jected to the action of concentrated sulfuric acid in the hope
of congerting it into the furan XVIII, but no XVIII was
isolated.

Anal, Caled. for CyHy130:Br:
Found: C, 60.47; H, 3.84.

The analytical values of the 95°-substance suggested that
it might have had the same composition as did XX, differ-
ing from XX in location of tlie double bond. The ultra-
violet absorption spectrum (3.00 X 10-% Af in U.S.P. 959,
ethanol) showed one maximum at 259 myu, € 14,600, and
another at 329 mu, € 17,600. Unfortunately, this substance
was isolated but once in low yield. Careful examination
of the chromatogram failed to disclose any of it (possibly
the double bond is readily shifted to form XX). The small
amount at hand was subjected to the action of sodiomalonic

C, 41.79; H, 2.85.

C. 60.57; H, 4.13.
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ester, but no pure product could be isolated froin the reac-
tion.

Anal. of 95°-substance. Caled. for CisHpeNO;Br: C,
55.50; H, 3.49. Found: C, 55.90; H, 3.62.

The only product isolated from the action of potassium
iodide (4 g.) upon XXVb (4.00 g., 0.0094 mole) was XX
(0.22 g., 89%,) melting at 117.5-118°. The identity of this
product with the XX arising from XIXb was establislied
by the melting point of a mixture of the two and by coui-
parison of their ultraviolet spectra (maximum at 259 1ng,
€ 24,600 and shoulder around 300 mu).

Other Reactions of XXV.—No pure product could be iso-
lated from the action upon XXV of alcoholic potassium ace-
tate, methanolic sodiomalonic ester, or zinc dust in boiling
alcohol.

3-Nitro-4-chloro-4-phenyl-1-p-bromophenyl-1-butanone
(XXVII). From la.—Anliydrous hydrogen chloride was
passed into a cooled (ice-bath) solution of Ia (3.00 g., 0.0087
mole) in glacial acetic acid (200 ml.) for four hours. The
solution was left at room temperature for one day, then the
product was isolated as was the hydrogen bromide adduct.
The first crop was white needles of XXVII (1.05 g., 32%)
melting at 130.5-133.5° dec. The analytical sumple mclted
at 134-135° dec.

Anal. Caled. for CisH ;s NO;BrCl:
Found: C, 50.44; H, 3.66.

The second crop was fluffy white needles of the 1:1 coin-
plex of XXVII with XXVIIIb (1.60 g., 51%) nielting at
111-112°, The analytical sample also melted at 111-112°.
It slowly reduced potassium permanganate in acectoue.

Anal. Caled. for CzHNO,BrCly: C, 53.50; H, 3.51.
Found: C, 53.79; H, 3.78.

From Ib.—A similar experiment was performed with Ib
(2.00 g., 0.0058 mole). The first crop consisted of XXVII
(0.24 g., 119%) melting at 131.5-134° dec. The wmclting
point of a inixture with the analytical sample was not de-
pressed. The secoud crop, after recrystallization from
benzene—petroleum ether (b.p. 60-68°), yielded Ic (0.24 g.,
129%,) melting at 163-164°. The melting point of a mixture
with authentic Ic was undepressed. The third and fourth
crops were recrystallized from the same solvent to obtain
impure XXVII (0.18 g., 8%,) melting at 129.5-132° decc.

Only unchanged Ic (849%,) was isolated from the action
upon Ic of hydrogen chloride in absolute alcohol or in acctic
acid, at 0°, room temperature or 80°.

Conversion of XXVII into the Furan XVIII.—A solution of
XXVII(0.25 g., 0.00065 mole) in alcohol (50 ml.) and water
(one drop) was boiled for 16 hours. The solution was then
concentrated (4 ml.) and cooled. Fine, white nccdles of
XVII (0.06 g., 309%,), melting at 125.5-127.5°, separated.
The melting point of a mixture with authentic XVII was
undeprsssed. The second crop (0.03 g., 15%) miclted at
98-122°.

The 4-Chloro-4-phenyl-1-p-bromophenyl-3-buten-1-one
(XXVIII).—A suspension of XXVII (0.75 g., 0.0020 mole)
and potassium acetate (0.75 g.) in absolute alcohol (20 ml.)
was left at room temperature for two days. The solid was
removed and recrystallized from alcohol-benzene, when it
formed downy white needles of XXVIIIa (0.08 g., 12%)
melting at 180-182°. The analytical sample, crystallized
from alcohol-benzene, melted at 182.5-184°.

Anal. Caled. for CigH1,OBrCl: C, 57.26;
Found: C, 60.23; H, 4.13.

Another analytical sample, melting at 183-184°, was crys-
tallized from benzene-petroleum ether (b.p. 60-68°). The
ultraviolet absorption spectrum of this substance (2.78 X
1075 M in U.S.P. 959, ethanol) showed a maximum at 265
myu, € 22,500. The substance readily reduced potassium
permanganate in acetone, and gave no precipitate by the
action of alcoholic silver nitrate.

Anal. Caled. for CisH12OBrCl:
Found: C, 59.90; H, 3.53.

A small amount of flocculent crystals of a second sub-
stance, melting at 124-124.5°, was isolated. Attempted
sublimation gave a liquid which solidified on standing. The
solid melted at 130-132°. A mixture with XXVIIIb ob-
tained from the complex melted at 130-133°.

XXVIIb from the 111°-Complex.—A suspension of the
complex of XXVII and XXVIIIb (1.40 g., 0.00196 mole)
and potassium acetate (1.4 g.) in absolute alcohol (10 ml.)
was boiled for ten minutes, then left at room temperature

C, 50.22; H. 3.42.

H, 3.61.

C, 57.26; H, 3.61.
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for 90 minutes. A yellow solid (0.72 g.), melting at 105-
114° separated; light yellow needles of XX VIIIb (0.52 g.,
40%), melting at 131.5-132.5°, were obtained by recrys-
tallization from benzene—petroleum ether (b.p. 60-68°).
The analytical sample, obtained by further recrystallization
from the same solvent, melted at 132.5-133°. It slowly re-
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duced potassiuin permanganate in acetone, and gave 110 test
for reactive halogen with alcoholic silver nitrate.

Anal. Caled. for C;sH,OBrCl; C, 57.26;
Found: C, 57.35; H, 3.56.

MINNEAPOLIS, MINNESOTA

H, 3.61.
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Cyclopropanes. XVIII.

1-p-Bromobenzoyl-2-nitro-3-phenylcyclopropane :

Configurations of the Stereoisomers!

By Lee IrvIN SMITH aND EAarRL D. HoLry?
RECEIVED SEPTEMBER 23, 1955

Ou the basis of chemical studies described in tlie preceding two papers, it has been possible to deduce the configurations

of the three known stereoisomers of the cvclopropane I named in the title.

The arguments lead to configuration F for isomer

Ia, to configuration E for isowuer Ib, and to configuration D for isomer Ic.

A cyclopropane of structure I may exist in four
racemic forms. Three of these four stereoisomers
have been obtained, as described in the two pre-
vious papers. These are Ia, melting at 135.5-
136°, Ib, melting at 120.5-121°, and Ic, melting at
166.5-167.5°.

CeH;CH—CHCOCH,Br-p
chixo, 1
It has been possible to make some deductions con-
cerning the configurations of these stereoisomers
based upon the results described in the two previous
papers. The relevant facts are these:

1. Ia and Ib, by action of hydrogen bromide,
are converted into the same adduct XIXa, whereas
Ic is converted into a stereoisomeric adduct XIXb.?

I |
|
CsHsﬁJ—‘ CHy——

2. Ia and Ib, by action of hydrogen chloride, are
converted into the same adduct XXVII, whereas Ic
is unaffected by this reagent. 3. The respective
rates at which the cyclopropyl ketones are con-
verted into 2,4-dinitrophenylhydrazones vary (uite
widely and are in the order Ic > Ib > Ia. 4. The
nitrodihydrofuran XXI is recovered unchanged af-
ter action of methanolic sodiomalonic ester. a.
Action of mild bases results in conversion of Ia into
Ib and Ic; of Ibinto Ic; and has no effect upon Ic.

The four racemic forms of I may be represented
by D, E, F and G. Facts 1 and 2 above indicate
that the reaction between I and hydrogen halide is
stereospecific and, consequently, a concerted proc-
ess. If this were not true, each stereoisomer of I
would have been converted into either the more

Br Br

———[——-No'z — —_l—Z\'O:
CeH; COCSHJBT'P ‘ I
‘ i CH=CC:H;Br-p CH.COCEILBr-p
\T_"O'-' | C|)H ] XIND
i L
G I
< — A
\I /COCsH4Br-p i Tr
B NO2 \ CSHS“—_ CsI"Is —
O2N'_—"_' E—— Og\Y I
CeHs COCH,Br-p /'
‘ CH=C|C5H4B1"P CH,COC¢HBr-p
\‘ i OH | XIXa
F NO,

(1) Paper XVII, TH1s JoUurNar, T8, 1475 (1956).

(2) Abstracted from a thesis by Earl D. Holly, presented to the
Graduate Faculty of the University of Minnesota, in partial fulfillment
of the requirements for the Ph.D. degree, 1953; National Science
Foundation Fellow, 1952-1953.

(3) The numbering of the compounds cited in this paper is the same
as that in the two previous papers, so that the numbers refer to the
same compounds in all three papers.

stable stereoisomer of XIX (and of XXVII) or else
a mixture of the stereoisomers of XIX (and of
XXVII) would have been produced. The mecha-
nism of the addition reaction, therefore, must
have consisted of an attack by bromide ion at
the back of C-3 as a proton attacked the oxygen



