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TaBLE 1

DECOMPOSITION OF TRICHLOROACETIC ACID IN GLYCEROL.
Speciric ReactioN VEvLocity Constants AT 110.1°

Time, Vol. COa Completion Spec. reacn.
sec. at S.T.P.,, ml. of reacn., % velocity
180 11.6 29.0 0.00191
240, 14.8 37.0 .00192
300 17.8 44.5 .00196
360 20.4 51.2 .00192
420 23.0 57.6 . 00204
480 25.3 63.5 .00208
540 27.2 68.2 .00211
600 28.9 72.3 .00213

One run was made at 109.0° on a 509, by weight
mixture of glycerol-water yielding a value of % of
0.00259 sec. ™1, or nearly twice the value in the case
of the 959, glycerol rumn, a result consistent with the
proposed mechanism.

Decomposition of Trichloroacetic Acid Alone.—
The average volume of carbon dioxide at S.T.P.
evolved per minute from one mole of trichloroace-
tic acid at 156.4° was 1.51 ml.; at 159.4°, 2.5 ml.;
at 163.8°, 5.03 ml.; and at 166.6°, 837 ml. These
results yield specific reaction velocity constants
in sec.”t of 1.12 X 1078, 1.865 X 107%, 3.71 X
107% and 6.17 X 1078, respectively. For the tem-
perature range involved £ is 60,700 cal.
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Preparation of N-Substituted Hydrazines from
Amines and Chloramine

By L. H. DiaMonD AND L. F. AUDRIETH
RECE1VED FEBRUARY 14, 1955

We have shown in a recent publication! that the
Raschig hydrazine synthesis may be modified to
yield simple monoalkyl hydrazines. The interac-
tion of chloramine with amines has now been shown
to constitute a general preparative method as il-
lustrated by the conversion of #-hexylamine and
cyclohexylamine into the corresponding hydra-
zines, of allylamine to allylhydrazine, ethanolamine
to 8-hydroxyethylhydrazine, ethylenediamine to 8-
aminoethylhydrazine, and morpholine to N-amino-
morpholine. Attempts to prepare hydrazinoacetic
acid from glycine by this method were unsuccessful.

Experimental

The experimental conditions were similar to those em-
ployed previously for the preparation of the simpler mono-
substituted aliphatic hydrazines.! The cold reaction mix-
ture, consisting of an aqueous chloramine solution prepared
from hypochlorite and ammonia containing 0.04 mole of
NH,Cl in 250 ml., 0.25 g. of gelatin and the desired amine
(mole ratio NH.Cl:amine = 1:8), was allowed to warm to
room temperature over a period of one hour and then heated
on a steam-bath for an additional 10 to 30 minutes to ensure
completion of the reaction. An aliquot of the reaction mix-
ture then was analyzed by the iodate procedure to determine
the percentage conversion of the amine into the correspond-
ing hydrazine. The N-substituted hydrazines were iso-
lated as salts either by concentration of the reaction mix-
ture for the removal of the excess amine and water, followed
by recovery of an aqueous fraction which was converted to
the hydrochloride or the sulfate (method A), or by neutrali-

(1) L. F. Andrieth and 1.. H. Diamond, THIS JOURNAL, T6, 4869
(1854),
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zation of the reaction mixture with acetic acid followed by
treatment with either benzaldehyde or salicylaldehyde for
conversion to the azine, extraction of the latter with ether
and treatment of the ether solution with aqueous oxalic acid
followed by distillation for the removal of the aldehyde and
ether and then subsequent concentration to crystallization,
after which the oxalate was purified for analysis (method B).

n-Hexylhydrazine Hydrogen Oxalate.—Method B: from
32.0 g. of n-hexylamine; 57%, yield. Most of the N-sub-
stituted hydrazine was found to separate from solution
along with the excess amine as a non-aqueous water-insol-
uble layer upon cooling. The reaction mixture was neu-
tralized with 200 ml. of glacial acetic acid, filtered, and the
filtrate condensed with 8 g. (0.069 mole) of benzaldehyde and
extracted with three 75-ml. portions of ether. The ether
extracts were added to 7.5 g. of oxalic acid dihydrate dis-
solved in 100 ml. of water. The suspension was steam dis-
tilled to remove benzaldehyde, and #n-hexylhydrazine hy-
drogen oxalate was obtained by concentration of the residue.
The material was recrystallized from ethanol, m.p. 178°.

Anal. Caled. for CsHisONg: C, 46.59; H, 8.80; N,
13.59. Found: C, 46.55; H, 8.91; N, 13.77.

Cyclohexylhydrazine Sulfate.—Method A: from 30.2 g.
of cyclohexylamine; 609, yield. The product plus the ex-
cess of the amine formed a separate liquid phase. The re-
action mixture was fractionated to remove the amine and
the aqueous hydrazine fraction treated with an excess of
sulfuric acid. Cyclohexylhydrazine hydrogen sulfate was
obtained upon evaporation and recrystallized from methanol
with the addition of ether, m.p. 117°.

Anal. Caled. for CeH1sO:N-S: C, 33.95; H, 7.60; N,
13.20. Found: C, 84.16; H, 7.80; N, 13.16.

Allylhydrazine dihydrochloride: from 18.9 g. of allyl-
amine; 52% yield by analysis. The product was isolated
by mze)thod A as the dihvdrochloride, m.p. 183-35° (lit. 134~
140°2).

B-Hydroxyethylhydrazine Hydrogen Oxalate.—From 19
g. of ethanolamine; 589, yield. The hydrogen oxalate,
m.p. 106°,3 was isolated from the reaction mixture using
method B.

Anal. Caled. for CH,OsN,: C, 28.92; H, 6.07; N,
16.86. Found: C, 28.62; H, 6.19; N, 16.60.

B-Aminoethylhydrazine Dioxalate.—From 20 g. of ethyl-
enediamine; 75%, yield. The dioxalate, m.p. 206°,% was
isolated from the reaction mixture by method B.

Anal. Caled. for CéHisOsN3: C, 28.24; H, 5.14; N,
16.47. Found: C, 28.25; H, 5.11; N, 16.70.

N-Aminomorpholine: from 28 g. of morpholine. A yel-
low o0il remained behind with the residual material upon
distillation. The product was extracted with ether and then
fractionated, that portion boiling at 162-165° being con-
verted to the hvdrochloride. N-Aminomorpholine hydro-
chloride was found to melt at 167° (lit. 164°4).

Anal. Caled. for CGHyN,OC!l: C, 34.65; H, 8.00; N,
20.20. Found: C, 35.08; H, 8.03; N, 19.89.

Acknowledgment.—This investigation was car-
ried out under the sponsorship of the Office of
Ordnance Research as one phase of a fundamental
study of the synthesis of hydrazine, Contract No.
DA-11-022-ORD-828.
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Reductive Cleavage of Esters and Lactones by
Grignard Reagents
By RevynoLp C. FusoN axDp DoNALD E. BRasSUrRE!
RECEIVED JANUARY 29, 1955
Carboxylate ion displacement studies in the di-
mesitylmethyl ester series with Grignard reagents
(1) Socony-Vacuum Fellow, 1952-1953.
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having marked reducing power revealed that the
displacement was accompanied by reductive cleav-
age to give dimesitylmethane.? The reductive
cleavage, which is analogous to that observed ear-
lier in the reaction of dioxolones with #-butylmag-
nesium chloride,® has been realized also with tri-
phenyluethyl acetate and with 3,3-diphenylphthal-
ide. Both triphenylmethane and 1,1,1-triphenyl-
2,2-dimethylpropane were isolated when triphenyl-
methyl acetate was treated with {-butylmagnesium
chloride; and a small amount of o-benzohydrylben-
zoic acid was obtained when the phthalide was
treated with the same reagent. 9-Acetoxyanthra-
cene reacted with the f-butvl reagent to give anthra-
cene in a yield of 279

A dioxolone was prepared from benzaldehyde
and mandelic acid and treated with ¢-butylmagne-
sium chloride. Reductive cleavage was not ob-
served, however,

Experimental

Triphenylmethyl Acetate.—When triphenylmethyl acetate
was treated with the ¢-butyl reagent, triphenylmethane and
1,1,1-triphenyl-2,2-dimethylpropane were obtained in vields
of 10 and 209, respectively. Tle melting point of the tri-
phenyl derivative corresponded to tliat given by Gomberg,
185-187°.4

Anal. Cualed. for CuHey:
C, 92.02; H, 8.98.

3,3-Diphenylphthalide.—Tlic reaction of i-butylmagne-
sium chloride with 3,3-diphenylphthalide, made by the iu-
teraction of phthalyl chloride and diphenylcadmium,’ was
carried out in the usual manner. The reaction mixture, in
this case, turned a deep red when the phthalide was added
to the Grignard reagent, the color persisting throughout the
reaction. o-Benzohvdrylbenzoic acid was obtained in a 149
vield wlien the alkaline wash solutions were acidified. The
acid, melting at 160-162°, was identical with an authentic
sample.’ From the neutral portion a 609, recovery of
phthalide was made.

9-Acetoxyanthracene.—To a Grignard reagent, prepared
from 9.3 g. of {-butyl chloride and 2.4 g. of magnesium in
100 ml. of ether, was added a solution of 2.4 g. of 9-acetoxy-
anthracene in 40 ml. of ether. The reaction mixture was
heated under reflux for an hour before being decomposed
with an ice-hydrochloric acid mixture. The ether laver
was washed with sodium carbonate solution and dried over
anhydrous magnesium sulfate. Removal of the ether left
0.48 g. of red-orange crystals melting at 200-215°. Re-
crvstallization of the compound from benzene raised the
melting point to 214-217°; the melting point was not de-
pressed when these crystals were mixed with an authentic
sample of anthracene.

Preparation of 9-Acetoxyanthracene.—Fifty grams of
acetic anhvdride was added slowly to a solution of 12 g. of
anthrone in 150 ml. of pyridine. After being heated under
reflux for 15 minutes, the reaction mixture was cooled and
poured into 500 ml. of ice-cold water. Treatment of the
crvstalline product with Darco and numerous recrystalliza-
tions from ethanol gave light yellow needles, m.p. 133-134°,
vield 7.2 g. (449%,).

Anal. Caled. for CgHi:0:2: C, 81.34; H, 5.12. Found;
C, 81.32; H, 4.94.

Preparation of the Dioxolone from Benzaldehyde and
Mandelic Acid.—When the procedure for acetone—mandelic
acid? was applied to mandelic acid and benzaldehyde, the
dioxolone was obtained in a yield of 50%, m.p. 104-105°.

Amnal. Caled. for CisH1:O,: C, 74.98; H, 5.04. Found:
C, 74.90; H, 5.21.
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C, 91.93; H, 8.05. Found:
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The infrared spectrum of this dioxoloue contaius an ab-
sorption band at 1780 cm. 7!, assignable to a carbonyvl group.
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The Reaction between Propylene Oxide and the
t-Butyl Grignard Reagent!

By NorRMAN (5. GAYLORD axD LAawrexceE D. CarL
RECEIVED JANUARY 15, 1955

The product of the interaction of the Grignard
reagent and an epoxy compound may result from
cleavage of the ring in either of the two possible di-
rections or may evolve from an initial isomerization
of the epoxide to an aldehyde or ketone, followed
by the usual addition of the reagent to the carbonyl
group. The actual course of any specific reaction
is determined by the structures of the epoxide and
the Grignard reagent, and in some cases by the
reaction conditions.?

The reaction between ¢-butylmagnesium halides
and propylene oxide has been the subject of conflict-
ing reports. Stevens and McCoubrey? reported
that the reaction of {-butvlmagnesium chloride
with the oxide gives 2,2-dimethyl-3-pentanol as
well as propylene chlorohydrin. Huston and his
co-workers, without referring to the earlier work,
reported that the reaction with ¢-butylmagnesium
bromide? as well as with the chloride® yields 4,4-
dimethyl-2-pentanol.! The present investigation
was undertaken to clarifv this discrepancy.

Results

The mixture from the reaction of #-butylmagie-
sium chloride and propvlene oxide, after decomposi-
tion with an aqueous ammonium salt and destruc-
tion of propylene chlorohydrin with concentrated
alkali, yields an alcoholic component (I) which has
proved to be 2,2-dimethyl-3-pentanol (II). This
proof is based on the comparison of the physical
and chemical properties of I to authentic samples of
II and 4,4-dimethyl-2-pentanol (III). In addi-
tion, I was oxidized with chromic acid to a ketone
(IV) and the physical and chemical properties com-
pared to authentic samples of 2,2-dimethyl-3-penta-
none (V) and 4,4-dimethyl-2-pentanone (VI).

The authentic products were prepared by une-
quivocal methods. II was prepared by the reac-
tion of t-butylmagnesium chloride with propional-
dehyde and III was prepared by the reduction of
VI with lithium aluminum hydride. V was pre-
pared by the reaction of the ethyl Grignard reagent
with pivalamide and VI was prepared by the
chromic acid oxidation of diisobutylene.

The 3,5-dinitrobenzoates, l-naphthylurethans
and phenylurethans of I, IT and III and the 2,4-
dinitrophenylhydrazones and semicarbazones of

(1) Abstracted from the M.S. Thesis of L, D. Caul, Canisius College
June, 1954.

(2) N. G. Gaylord and E. I. Becker, Chem. Revs., 49, 413 (1951).
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‘ (4))R. C. Huston and C. O. Bostwick, J. Org. Chem., 13, 331
(1948).,

(5) R.C. Huston and H. E. Ticfenthal, 1bid., 16, 673 (1951).

(6) A summary of the conflicting evidence is given in reference 2,
p. 430.



